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Abbreviations 

CRX, cone-rod homeobox 

ERG, electroretinogram 

GCL, ganglion cell layer 

INL, inner nuclear layer 

IPL, inner plexiform layer 

ipRGC, intrinsically photosensitive retinal ganglion cell 

LD, light-dark cycle 

NR2E3, nuclear receptor subfamily 2, group E, member 3 

NRL, Neural Retina Leucine zipper 

ONL, outer nuclear layer 

OPL, outer plexiform layer 

Opn4, melanopsin gene 

Rev-erbα (NR1D1), nuclear receptor subfamily 1, group D, member 1 

SCN, suprachiasmatic nucleus 

SLO, scanning laser ophthalmoscopy 

ZT, zeitgeber time 
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Abstract 

The circadian clock is thought to adjust retinal sensitivity to ambient light levels, yet 

the involvement of specific clock genes is poorly understood. We explored the 

potential role of the nuclear receptor REV-ERBα in this respect. In light-evoked 

behavioural tests, compared to wild-type littermates Rev-Erbα-/- mice showed 

enhanced negative masking at low light levels (0.1 lux). Rev-Erbα-/- mice retinas 

displayed significantly higher numbers (62% more compared to wild-type) of 

intrinsically photosensitive retinal ganglion cells (ipRGCs), and more intense 

melanopsin immunostaining of individual ipRGC cells. In agreement with a pivotal 

role for melanopsin, negative masking at low light intensities was abolished in Rev-

Erbα-/- Opn4-/- double null mice. Rev-Erbα-/- mice showed shortened latencies of both 

“a” and “b” electroretinogram waves, modified scotopic and photopic b-wave and 

scotopic threshold responses, and increased pupillary constriction, all suggestive of 

increased light sensitivity. However, wild-type and Rev-Erbα-/- mice displayed no 

detectable differences by in vivo fundus imaging, retinal histology or expression of 

cell type-specific markers for major retinal cell populations. We conclude that REV-

ERBα plays a major role in retinal information processing, and we speculate that 

REV-ERBα and melanopsin set sensitivity levels of the rod-mediated ipRGC pathway 

to coordinate activity with ambient light.  

 

Keywords: circadian clock; photoreceptors; intrinsic photosensitive retinal ganglion 

cells; negative masking; electroretinogram. 
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Introduction 

Many physiological processes within the retina exhibit regular daily variations, such 

as melatonin synthesis [1], ion channel sensitivity [2], rod-cone coupling [3] and 

photoreceptor disk shedding [4]. These cyclical activities are thought to adapt retinal 

sensitivity to the alternating day-night cycle, and to be modulated by both light and 

circadian clock mechanisms [5]. The retina also coordinates rhythmic behaviour 

elsewhere in the body, through providing visual input to the central circadian clock in 

the suprachiasmatic nuclei (SCN) within the ventral hypothalamus. This ”non-image 

forming” vision is mediated by intrinsically photosensitive retinal ganglion cells 

(ipRGC) [6, 7], which project to multiple brain targets including the SCN [8, 9]. Non-

image forming vision underlies processes such as pupillary constriction, light-dark 

cycle alignment and negative masking (acute suppression of locomotor activity in 

response to light) [10-12]. 

Molecular organisation of the circadian clock has been studied extensively in 

mammals, especially in the SCN [13], and is based on the interconnection of 

transcriptional⁄translational feedback loops principally involving the core clock genes 

Clock and Bmal1, with Per1-3 and Cry1-2 forming a negative feedback loop, and 

Rev-Erbα and Rorβ that act as a further modulatory loop [14]. The coordinated action 

of this network drives the expression of clock-controlled genes in order to generate 

rhythmic physiology. Outside of the SCN, clock genes have been identified in almost 

all cell types including the retina [5, 15], and form a robust oscillating network driving 

retinal physiology [16], but experimental proof of the involvement of specific clock 

genes in a given retinal behaviour is not common. Available evidence suggests an 

important role for Rev-Erbα in the retina: we showed that the protein product of Rev-

Erbα complexes with the rod-specific transcription factors NRL, CRX and NR2E3, 
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leading to additive stimulation of rhodopsin transcription [17]. More recently, it was 

shown that siRNA silencing of Rev-Erbα mRNA within the developing eye leads to 

pan-retinal spotting and reduced amplitude of the electroretinogram (ERG) “b” wave 

[18], and that Rev-Erbα expression counteracts loss of rod-specific transcription 

factor Nr2e3 and prevents degeneration [19]. But clear links between Rev-Erbα gene 

expression, visual processing and behavioural responses have not yet been 

established. 

 We have used a variety of anatomical, cellular and molecular biological, 

functional and behavioural approaches to explore the retinal phenotype of mice 

lacking the Rev-Erbα gene. The data show that Rev-Erbα-/- mice display a unique 

and remarkable increased sensitivity to light with enhanced outer and inner retinal 

responses, and higher ipRGC numbers, giving rise to modified light-mediated 

behaviours. The data suggest that Rev-Erbα is important in setting rod pathway 

sensitivity levels. 

 

Materials & Methods 

Animals 

Experiments were conducted using homozygote knockout mice in which the normal 

Rev-Erbα gene was disrupted by replacing exons 3 and 4 (encoding the DNA binding 

domain of REV-ERBα) and part of exons 2 and 5 by an in-frame LacZ allele and a 

PGK-neo gene using homologous recombination in SV129 ES cells [20] (generous 

gift of Dr. U. Schibler, Dept. Molecular Biol., Univ. Geneva, Switzerland). We also 

generated double knockout Rev-Erbα-/- Opn4-/- by crossing with melanopsin null mice 

in which a loss-of-function mutation was created through deletion of amino acids 116 

to 128 [21] (generous gift of Dr. P. Bourgin, INCI Strasbourg). Mice were bred as 



6 
 

heterozygotes (Rev-Erbα+/-) in our animal facilities (Chronobiotron, UMS3415, 

Strasbourg), and maintained on an LD cycle [12L/12D, 300 lux broad spectrum white 

light during the light phase, dim red light (<5 lux) during the dark phase], with an 

ambient temperature of 22±1° C. The animals were supplied ad libitum with water 

and standard chow. Genotyping of littermates allowed selection of Rev-Erbα+/+ 

(defined as wild-type, WT), Rev-Erbα-/-, Opn4-/- and Rev-Erbα-/- Opn4-/-. All 

experimental procedures were performed in accordance with the rules laid down by 

the European Communities Council Directive of 24 November 1986 (86/609/EEC), 

the Association for Research in Vision and Ophthalmology Statement on Use of 

Animals in Ophthalmic and Vision Research, as well as institutional ethical 

guidelines.  

Behavioural experiments 

Nocturnal rodents exhibit strong inhibition of locomotor activity by light (negative 

masking), dependent on light intensity [22]. We evaluated the negative masking 

responses at different light intensities in two different experiments: in the first we 

used WT and Rev-Erbα-/- animals (n=6 per genotype); in a second experiment we 

used WT (n=4), Rev-Erbα-/- (n=4), Opn4-/- (n=5) and Rev-Erbα-/- Opn4-/- (n=5) mice. 

Animals were housed in individual cages under a LD cycle (12/12; during the dark 

period animals were in total darkness). Locomotor activity was monitored with 

infrared detectors on top of the cage, linked to an automated recording system 

(CAMS, Circadian activity monitoring system, Lyon, France). Data were recorded 

every 5 min. Clocklab software (Actimetrics, Wilmette, IL) was used to plot locomotor 

activities as actograms and to determine the total activity of each animal. Mice were 

exposed to 3 h of light stimulation, from ZT14 (2 h after lights off) to ZT17, at 

intensities of 0.1, 22 or 100 lux given on subsequent, alternate nights (ie. each 3 h 
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light exposure was separated by a normal 24 h LD cycle without light pulse during the 

dark period), as follows: d 1: normal LD; d 2: ZT14-17 0.1 lux; d 3: normal LD; d 4: 

ZT14-17 22 lux; d 5: normal LD; d 6: ZT14-17 100 lux; d 7: normal LD. We evaluated 

the percent of activity change during light exposure relative to the activity during the 

same period (from ZT14 to ZT17) in the normal LD cycle the day before stimulation 

(d1). 

Retinal Wholemount Immunohistochemistry 

We also performed immunolabelling of retinal wholemounts prepared from 3-6 month 

WT and Rev-Erbα-/- mice using polyclonal anti-melanopsin (Opn4) antibody (AF006, 

generous gift of Dr. I. Provencio, Univ. Charlottesville, N.C., USA) (n=5 animals for 

each strain), as previously published [23, 24]. Retinas were incubated in antibody for 

48-72 h at 4°C under gentle agitation, washed extensively in PBS and incubated 

overnight in goat-anti rabbit IgG–Alexa 488 (Molecular Probes Inc., Eugene OR, 

USA). Quantification was performed by counting total numbers of immunolabelled 

cells within the GCL under x40 optics. Sections and whole-mounted retinas were 

observed using either a Nikon Optiphot 2 fluorescence microscope (Nikon, Melville, 

NY, USA) equipped with differential interference contrast optics, and images were 

captured using Nikon NIS-Elements BR 3.0 image analysis software (Nikon, Melville, 

NY USA). Photographs were taken with identical exposure times between control and 

treated specimens. Any Photoshop™ treatment of images was done using identical 

parameters between the two sets. These treatments were performed on whole 

images and did not obscure or misrepresent information present in the original data. 

Cholera B tracing of axonal projections 

WT, Rev-Erbα-/-, Opn4-/- and Rev-Erbα-/- Opn4-/- mice (n=2-3 for each genotype) were 

anesthetized with ketamine® (87 mg/kg, i.m.) and xylazine® (1.3 mg/kg, i.p.) prior to 
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unilateral intravitreal injection of 1 µl cholera toxin B (CTB) subunit-Alexa 555 (Life 

Technologies Invitrogen) into the left eye, as described in [25]. Animals were 

maintained under LD cycle (12/12, intensity 100 lux), and 48 h after CTB injection the 

animals were killed at ZT7 by pentobarbital overdose and immediately perfused with 

50 ml 4% paraformaldehyde in PBS. After perfusion, the brains were dissected free 

of the skull and post-fixed overnight at 4°C. The superior colliculi were removed by 

undercutting with sharp forceps under dissecting microscope guidance, and 

examined by fluorescence optics to ensure complete filling of the right hemisphere as 

a control for successful intravitreal injection. After cryoprotection of the remaining 

brain tissue in 10, 20 and 30% sucrose, 30 µm coronal sections were obtained by 

cryostat, using the Brain Atlas as reference for the SCN, and free floating sections 

were collected and mounted in series on microscope slides. Sections were viewed 

with 40x objectives using a Nikon Optiphot 2 microscope equipped with filters, and 

photographs were taken covering the entire SCN. The surface area occupied by 

fluorescently tagged CTB was quantified using ImageJ™ software (NIH, USA). 

Electroretinography 

Electroretinograms (ERG) were recorded as described in previously published 

procedures [26, 27]. The recording setup featured a Ganzfeld bowl, an amplifier, and 

a computer-based control and recording unit (RETI port/scan 21, Stasche & Finger 

GmbH, Roland Consult, Brandenburg, Germany). WT (n=6) and Rev-Erbα-/- (n=6) 

mice were anesthetized by sub-cutaneous injection of ketamine (50 mg/kg, 

Imalgène® 1000, Merial, Lyon, France) and xylazine (10 mg/kg, Rompun® 2%, 

Bayer, Puteau, France). The pupils were dilated with 0.5% tropicamide (Ciba Vision 

Ophthalmics, Blagnac, France). After 5 min, animals were positioned on a warming 

plate to maintain a constant body temperature, and ground, reference and corneal 
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electrodes (thin gold wire with a 2 mm ring end) were placed accordingly. 

Methylcellulose (Humigel; Virbac) was applied to ensure good electrical contact and 

to keep the cornea hydrated during the entire procedure. Single-flash recordings 

were obtained under both dark-adapted (scotopic) and light-adapted (photopic) 

conditions, from both eyes simultaneously after the mice were placed in the Ganzfeld 

bowl. Light-adaptation was performed with a background illumination of 30 cds/m2 

presented 10 minutes before recording to stabilize photopic responses.  Single flash 

stimuli were presented with increasing intensities, from 3x10-4 to 10 mcds/m2, divided 

into ten steps: 3×10-4, 10−3, 3×10-3, 10-2, 3×10-2, 10-1, 3×10-1, 1, 3, and 10 mcds/m2). 

Recordings were obtained in the morning and early afternoons, and genotypes were 

randomized to avoid bias from circadian variations in responses. 

Scotopic Threshold Responses (STRs) were recorded independently following 

overnight dark adaptation of a separate group of WT (n=7) and Rev-Erbα-/- (n=6) 

mice, using the same procedures and with intensities of 3×10-5, 6×10-5, and 9×10-5 

mcds/m², essentially as described in [28]. These very faint flash stimuli were obtained 

by placing neutral density filters over the LED display within the Ganzfeld. For each 

intensity, 25 responses were averaged with an inter-stimulus interval of 7 seconds. 

 Pupillometry 

Following dark-adaptation of at least 8 hours, animals were anesthetized by 

subcutaneous injection of ketamine (50 mg/kg, Imalgène® 1000, Merial, Lyon, 

France) and xylazine (10 mg/kg, Rompun® 2%, Bayer, Puteau, France) in a 

completely dark room under dim red light (650 nm). As according to published 

procedures for analysing the pupillary light reflex (PLR) [29], they were then placed in 

another room under very dim light (intensity 1-2 lux) in front of the camera of the 

Heidelberg Retina Angiograph (HRA I, Heidelberg Engineering, Germany), set to the 
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830nm-infrared laser. A single white flash was delivered to the eye (flash taken from 

a disposable camera, model Kodak Fun Saver, Kodak, Chalon sur Saône, France), 5 

s after the start of HRA video recording. The absolute pupil diameter was measured 

every second before flash, every 500 ms during 15 s after light stimulus, and then 

every second for 5 s using the embedded software of the HRA. The baseline pupil 

diameter was determined from the mean pupil size during the 5 s preceding the light 

stimulus. All pupil sizes were converted to relative pupil diameter against the baseline 

(=100%). 

Histological Analysis 

Following functional or behavioural testing, animals were killed by CO2 inhalation and 

decapitation. Eyes were treated exactly as described in previous publications [27, 

30]. Cell layer thicknesses and nuclear density counts were performed according to 

previously published standardized methodologies [30, 31]. Micrographs were 

captured from the posterior eyecup within 1 mm of the optic nerve head. A rectangle 

covering 200 µm in width, extending over the entire retinal width from the 

photoreceptor outer segments (OS) to the inner limiting membrane was placed over 

the image, and widths of the outer nuclear layer (ONL), inner nuclear layer (INL) and 

ganglion cell layer (GCL), as well as the outer and inner plexiform layers (OPL and 

IPL respectively) were recorded. Numbers of cell nuclei for each layer within the 

boundaries of the rectangle were counted manually. This operation was repeated for 

a minimum of five images for each eye from three different animals of each strain. 

Retinal Immunohistochemistry 

Immunohistochemical staining was performed exactly as described previously [23, 

27, 30]. Sections were incubated overnight at 4°C with monoclonal anti-rhodopsin 

rho-4D2 [32]. This antibody has been used widely and its specificity has been verified 
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by appropriate immunological controls. Secondary antibody incubation was 

performed at room temperature for 2 h with goat anti-mouse IgG-Alexa 488 

conjugated antibody (Molecular Probes Inc., Eugene, OR, USA). Cell nuclei were 

stained with 4,6-di-amino-phenylindolamine (DAPI) (Molecular Probes Inc.). 

Immunolabelling studies were performed a minimum of three times for each antibody, 

using at least four sections obtained from different individuals. All experiments gave 

similar results, and representative stained images are shown. 

Western Blotting 

Retinas (n=3-4 animals were dissected from adult (3-6 months) mice of both strains, 

immediately frozen in liquid nitrogen and stored at -80°C. Tissue extraction, migration 

on polyacrylamide gels and immunoblotting were done as described previously [27, 

30]. The membranes were incubated in rho-4D2 (0.05 µg/ml), incubated overnight at 

4°C, then incubated with goat anti-mouse IgG-horseradish peroxidase secondary 

antibodies (1:20,000; Jackson ImmunoResearch Laboratories, West Grove, PA). 

Immunoreactive bands were visualized using the Super Signal chemiluminescence 

ECL kit (Super Signal West Pico; Pierce, Rockford, IL) according to the 

manufacturer’s instructions. Analyses of immunoblots were performed for three 

retinas from each strain, and normalised against anti-β-actin immunoblots of the 

same membrane after stripping. 

mRNA extraction and Quantitative Real-Time PCR 

WT (n=3) and Rev-Erbα-/- (n=5) animals housed in LD 12:12 were euthanized at 

ZT17. Whole retinas were rapidly collected and immediately frozen on dry ice and 

stored at -80°C. Total RNAs were extracted with TriReagent (MRC, Cincinnati, USA) 

and purified with the RNeasy Micro Kit (Qiagen Gmbh, Hilden, Germany) according 

to the manufacturer’s instructions. Total RNA quantity and purity (A260/A280 and 
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A260/A230 ratios between 1.8-2) were measured using a NanoDrop ND-1000 V 3.5 

Spectrophotometer (NanoDrop Technologies, USA) and the RINs (higher than 7) 

were assessed using the 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, 

USA). 500ng of total RNA were reverse transcribed into first-strand cDNA using the 

High-capacity-RNA-to-cDNA kit (Applied Biosystems, Foster City, USA). Quantitative 

Real-time PCR was performed using an Applied Biosystems 7300 Real-time PCR 

System and 1 µL of cDNA,  1X TaqMan Gene Expression Assay (Applied 

Biosystems) and 1X TaqMan Gene Expression Master Mix (Applied Biosystems). 

The following TaqMan Gene Expression Assays were used: Opn4 

(Mm00443524_m1), Tbp (Mm00446971_m1), Hprt (Mm01545399_m1) and GAPDH 

(Mm99999915_g1). The PCR program was: 10 min at 95 °C, followed by 40 cycles of 

denaturation at 95 °C for 15 s and annealing–elongation at 60 °C for 1 min. Each 

PCR reaction was done in duplicate. A dilution curve of the pool of all cDNA samples 

was used to calculate the amplification efficiency for each assay. qPCR data was 

analyzed using the ΔCq method modified to take into account gene-specific 

amplification efficiencies and multiple reference genes (qBase v1.3.5) [33]. Opn4 

transcript levels were normalized to Tbp, Hprt, and GAPDH and calculated relative to 

the sample showing the lowest expression, which was rescaled to 1.  

Statistics 

Results are expressed as means±S.E.M. (or means±S.D. for qPCR data). 

Comparisons of two groups were performed by using t-test. Comparison of several 

groups was performed using factorial analysis of variance (ANOVA) for independent 

and repeated measures, followed by a post hoc LSD test of Fisher. P <0.05 was 

considered as statistically significant. Calculations were performed using 
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STATISTICA 8.0 (StatSoft, France) or SigmaPlot 12 software (Systat Software, San 

Jose, CA, USA). 

 

Results 

Light-mediated behaviours in Rev-Erbα-/- mice show increased light sensitivity 

compared to WT mice 

Rev-Erbα+/+ (wild-type, WT) and Rev-Erbα-/- littermate mice were subjected to a 3 h 

light pulse during the early night (zeitgeber time, ZT14-17) of standard light/dark (LD) 

cycles, using successive light intensities of 100, 22 and 0.1 lux, each separated by a 

normal LD cycle with full dark period (Figure 1A). In WT mice, whereas both 100 and 

22 lux pulses induced significant negative masking responses (54% reduction at 100 

lux and 25% reduction at 22 lux in the activity levels observed under normal dark 

conditions at the corresponding time window on the preceding night), there was no 

negative masking behaviour following a 0.1 lux pulse. On the other hand, Rev-Erbα-/- 

mice displayed significant negative masking behaviour to all three light intensity 

regimens: 100 lux (61% reduction), 22 lux (39% reduction) and 0.1 lux (38% 

reduction) in motor activity compared to the same time period under normal dark 

conditions (Figure 1B) (genotype effect: F 1,30 = 7.75, P = 0.009), with a light effect (F 

2,30 = 8.99, P = 0.0008) (genotype X light intensity effect: F2,30 = 5.06, P = 0.013). This 

result was confirmed by using a combined jet-lag and stepped light intensity protocol 

in which KO mice mostly showed a strong masking response subsequent to a shift to 

a new LD cycle, compared to WT animals (Figure S1).  

Light hypersensitivity induced by Rev-Erbα gene deletion depends on melanopsin  

Since this enhanced photic response could be due to differences in ipRGC number 

and/or melanopsin expression, we examined these parameters in the two strains. 
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Melanopsin immunoreactivity was clearly more intense in Rev-Erbα-/- mice, with 

pronounced staining of cell bodies and dendritic arborisations compared to WT using 

the same fluorescent exposure times (Figure 2A). Quantification of the total number 

of immunolabelled ipRGC cell bodies within whole flat-mounted retinas demonstrated 

a 62% increase in Rev-Erbα-/- mice compared to WT [Figure 2B; F1,8 = 11.484, P = 

0.01 (Anova, one variable); t = -3.389, P = 0.010 (t Test)]. We further separated total 

ipRGCs into the two major sub-populations, M1 and M2, identified by the stronger 

melanopsin immunoreactivity and different position of the soma in M1. M1 ipRGC 

showed a ~75% increase in Rev-Erbα-/- compared to WT mice (Figure 2C; F1,4 = 

36.55, P = 0.0037)). By inference based on the percentages of M1 and M2 ipRGCs in 

mouse retinas [44% M1, 50% M2: 26], M2 ipRGC showed a roughly 50% increase in 

mutant retinas.  

Since these immunohistochemical data strongly implicated ipRGC in the 

enhanced behavioural responses to light, we repeated the negative masking 

experiments using WT, Rev-Erbα-/- and Opn4-/- single null, and Rev-Erbα-/- Opn4-/- 

double null mice. As before, we applied stepped 3 h light pulses of 100, 22 and 0.1 

lux intensity during the early night. At 0.1 lux, only Rev-Erbα-/- mice showed 

significant light-induced inhibition, the other three strains all possessing normal 

activity (Figure 2C; F3,17 = 3.91, P = 0.03). Negative masking was immediately 

evident in Rev-Erbα-/- mice, with rapid diminution of general activity compared to 

littermates from the other genotypes (Figure 2D). As before, 100 and 22 lux pulses 

revealed negative masking responses in WT and Rev-Erbα-/- mice, whereas Opn4-/- 

mice did not show significant inhibition over the 3 h period (Figure S2A).  
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Cholera toxin tracing of ipRGC axonal projections to the SCN showed robust 

innervation in all four genotypes, with label filling the ventral regions of the nuclei as 

well as being present within the optic chiasma (Figure S2B). 

Rev-Erbα-/- mice show increased pupillary light reflexes (PLR) compared to WT mice 

The basal level of pupillary constriction appeared greater in Rev-Erbα-/- compared to 

WT mice, but this was not statistically significant (p=0.10, Figures 3A and B). Light 

flash stimulation resulted in rapid pupillary constriction that was followed by 

progressive return towards baseline in both genotypes (Figures 3A and C). The 

maximal constriction amplitude was larger for Rev-Erbα-/- mice (mean value 24%) 

compared to WT controls (mean value 14%) under our experimental conditions 

(Figure 3C). The similar shapes of the PLR curves between 5 and 20 s after 

stimulation indicate rapid dilation of the pupil after maximal constriction, comparable 

between WT and Rev-Erbα-/- mice. 

Rev-Erbα-/- mice show altered retinal light flash responses compared to WT mice 

In order to see whether modifications in the light information pathway were present 

upstream of the ipRGC in mutant mice, functional analyses of Rev-Erbα-/- and WT 

mice were performed by recording of STR, scotopic and photopic ERG patterns. WT 

STR traces showed a conventional profile of a large positive STR (pSTR) followed by 

a rapid hyper-polarisation and negative STR (nSTR). On the other hand, Rev-Erbα-/- 

STR were characterized by a distinctive hump on the descending part of the 

response (Figure 3D), whose size was not related to the stimulus intensity. The 

presence of this distortion meant that it was not possible to quantify the amplitude of 

the nSTR in mutant mice. When compared to controls, Rev-Erbα-/- mice displayed a 

significantly higher pSTR, but only at a stimulus intensity of 3×10-5 mcds/m² 
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(log(intensity)=-4.60, Figure 3E). No difference between groups was observed in 

pSTR latencies (data not shown). 

Compared to WT, Rev-Erbα-/- mice displayed atypical dark-adapted scotopic 

ERG responses (Figure 4A, left panel). The most visible difference consisted in the 

response of inner retinal cells, and as seen for the STR was characterized by the 

presence of a single or double hump on the descending part of the b-wave at all 

intensities of stimulation (Figure 4A). This distortion was not due to changes in the 

pattern of oscillatory potentials (data not shown). When superimposed on that of WT 

mice, Rev-Erbα-/- mice also displayed reduced implicit times for both the a- and b-

waves of the ERG (Figure 4A). The shortened latencies were observed in all Rev-

Erbα-/- animals irrespective of the size of the hump on the descending part of the b-

wave. Measurement of ERG a- and b-wave latencies at different intensities of 

scotopic stimulation confirmed a significant reduction in Rev-Erbα-/- mice [F1,45 = 6.76, 

P = 0.048 for b-wave (Figure 4B); F1,35 = 11.332, P = 0.02 for a-wave Figure 4D)], 

and is shown in higher detail in a representative single recording in Figure 4C. 

Amplitude of the b-wave showed a tendency to be higher in Rev-Erbα-/- mice than in 

WT, in particular at stimulus intensities corresponding to rod-evoked responses (from 

0.3-100 mcds/m²), although not reaching statistically significant difference by two-way 

ANOVA analysis (Figure 4E). No modification or tendency was observed for the 

scotopic a-wave amplitude in Rev-Erbα-/- mice (Figure 4F). 

Light-adapted photopic ERGs recorded from both genotypes also showed the 

presence of an atypical “humped” b-wave in Rev-Erbα-/- compared to WT mice 

(Figure 4G).  

Rev-Erbα-/- mice do not exhibit detectable retinal structural changes compared to WT 

mice 
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Since our earlier work demonstrated that Rev-Erbα is involved in regulation of 

rhodopsin transcription [17], we also examined general histological structure (Figure 

5A), rhodopsin expression levels and photoreceptor phenotype in Rev-Erbα-/- mice 

compared to WT littermates. There were no differences in overall retinal structure as 

determined either by cell density (Figure 5B) [ONL (F 1,4 = 0.615, P = 0.477); 

t=0.784; p=0.477, INL (F 1,4 = 2.941, P =0.162); t=1.715 ; p=0.162, GCL (F 1,4 = 

2.584, P = 0.183)]; t=1.607; p= 0.183] or thickness of cell layers (Figure 5C) [ONL (F 

1,4 = 0.271, P = 0.630); t=0.521; p=0.630,  OPL (F 1,4 = 0.817, P = 0.417); t=-0.904; 

p=0.417,  INL (F 1,4 = 0.0566, P = 0.824); t=-0.238; p=0.824, IPL (F 1,4 = 0.983, P = 

0.378)] by one-way ANOVA and t test. We performed immunohistochemical staining 

for rhodopsin and a number of cone- and bipolar cell-specific proteins using frozen 

retinal sections prepared from the two genotypes: both intensity and distribution of 

the respective immunostained profiles were similar (Figures 5D-H). We saw no 

quantitative differences in the level of rhodopsin expression by western blotting of 

retinal extracts from WT and Rev-Erbα-/- mice (Figure 5I), or of other retinal proteins 

(mid-wavelength sensitive cone opsin, PKCα or synaptophysin: Figure S3A). Finally, 

quantification of melanopsin mRNA expression levels by qPCR showed similar 

values for both genotypes (Figure 5J). 

The fundus aspect of anaesthetized living mice was examined by scanning 

laser ophthalmoscopy. Under different modes of illumination, their retinas appeared 

normal without visible spots or inclusions, autofluorescent granules or pigmentary 

patches in either genotype. Retinal blood vessels also exhibited normal aspects and 

branching patterns and did not differ between the two strains (Figure S3B). 
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Discussion 

The present study describes a novel visual phenotype in Rev-Erbα-/- mice, namely a 

marked hypersensitivity to low ambient light levels, seen at the level of the eye as 

increased pupillary constriction, accelerated time-to-peak and prolonged atypical b-

wave ERG and STR patterns, and increased numbers and melanopsin-like 

immunoreactivity of ipRGC; and at the level of the brain by heightened negative 

masking responses, compared to normal WT littermate controls. Furthermore, the 

enhanced negative masking was abolished by cross-breeding the mice onto a 

melanopsin-null background. These features are very different from the visual 

phenotype previously attributed to knockdown-of-function Rev-Erbα mice [18], and 

implicate this clock gene in modulating light sensitivity levels and visual information 

processing. 

We first investigated an important aspect of light information processing by the 

brain, namely light-evoked negative masking of locomotor output. There was clear 

evidence for heightened behavioural light sensitivity in knockout mice especially at 

low light levels, manifested as enhanced negative masking. Rev-Erbα-/- mice 

exposed to very faint light pulses (0.1 lux) exhibited significantly reduced activity 

compared to WT mice exposed to the same intensities. Negative masking is 

proposed to depend on ipRGC, since melanopsin knockout mice show altered 

masking responses to light compared to WT animals [12]. The enhanced masking 

response was not seen in Rev-Erbα-/- Opn4-/- double null mice. A hypothetical model 

to explain these findings is shown in Figure 6, interpreted as follows: ipRGC output is 

a summation of intrinsic light stimulation (melanopsin excitation) and synaptic input 

from rod and cone-specific bipolar cells. In WT mice, under sufficiently high levels of 
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ambient light the combination of these influences contributes to membrane 

depolarisation and triggering of action potentials in ipRGCs. At very low ambient light 

intensities (ie. 0.1 lux), both sources of input would decline till excitation is no longer 

possible, although the resting potential of ipRGCs would still be near to threshold 

levels, as suggested by previous reports [34]. In the Rev-Erbα-/- mice, increased input 

from the rod pathway, and/or the increased expression of melanopsin, due to a 

currently unknown mechanism, would be sufficient to depolarise ipRGCs even at low 

light levels. In the Rev-Erbα-/- Opn4-/- double null mice, even though the increased 

input from the rod pathway is still operating, there would be no partial depolarisation 

from melanopsin activation, and the cell would not reach threshold. It is noteworthy 

that previous studies involving Rev-Erbα-/- mice have also reported heightened 

responses to light. Much larger phase advances were seen in knockout compared to 

WT mice when exposed to a 2 h pulse of 500 lux light in the late night [20], and 

another study showed high amplitude phase resetting to 400 lux pulses in double 

mutant Rev-Erbα-/-/Per1Brdm1 mice [35]. 

To see whether such hyper-sensitive light-mediated behavior could be due to 

changes in melanopsinergic input into the SCN, we examined three non-mutually 

exclusive possibilities: numbers of melanopsin-immunopositive ipRGC, intensity of 

melanopsin expression in individual cells, and extent of ipRGC innervation of the 

SCN. We scored total ipRGC numbers in entire flat-mounted retinas, as well as the 

specific M1 ipRGC sub-population, using a validated melanopsin antibody that 

enabled immunodetection of the major sub-types within the GCL [23, 24]. There were 

significantly more (62%) total melanopsin-immunopositive ipRGC in Rev-Erbα-/- 

compared to WT mice, and the M1 sub-population [constituting 44% of the overall 

ipRGCs: 23] showed a roughly 75% increase in Rev-Erbα-/- compared to WT mice. 



20 
 

By deduction the M2 sub-population [representing 50% of the total ipRGCs: 23] also 

increased by around 50%. In addition to greater numbers, individual cell 

immunoreactivity was clearly more intense in knockout compared to WT retinas. 

However, qPCR analysis of Opn4 mRNA in both genotypes did not show any 

differences, and we were unable to prepare satisfactory western blots to measure 

protein levels. It is plausible that gene deletion affects generation or apoptosis rates 

of ipRGC, either directly or indirectly. The ipRGC undergo substantial apoptotic loss 

and remodelling during early postnatal development, postulated to be necessary for 

correct rod-cone input into the network [36]. As circadian clocks are strongly linked 

with cell cycle control and apoptosis [37], maybe these processes are modified in 

Rev-Erbα-/- mice, although gene deletion did not lead to changes in overall retinal cell 

numbers, including total cells within the GCL. We tested commercially available 

antibodies to REV-ERBα but were unable to obtain reliable images of co-localized 

REV-ERBα and melanopsin immunostaining to confirm a possible relationship 

between the two. A previous report successfully localized CLOCK, BMAL1, NPAS2, 

PER1, PER2 and CRY2 to ipRGC, but REV-ERBα was not tested [38]. Since early 

light history influences both ipRGC numbers [39] and light-mediated behaviour [40], 

the heightened light sensitivity in this strain may somehow modify these parameters 

indirectly. Despite the increase in ipRGC numbers in knockout mice, we could not 

detect any significant quantitative changes in innervation of the SCN between WT 

and Rev-Erbα-/- mice (neither in Opn4-/- nor Rev-Erbα-/- Opn4-/- double null mice). In 

all genotypes CTB tracer showed robust coverage of the ventral SCN, and within the 

optic chiasma. Perhaps differences in axonal packing or size render the method of 

quantification (intensity and area of tracer within the SCN) unable to visualize the 

increase. Taken together these data indicate significant modifications in the 
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melanopsinergic system which would explain the higher sensitivity to light in knockout 

mice in the PLR, masking and jetlag experiments. 

There were clear changes in light-driven responses seen in Rev-Erbα-/- 

compared to WT mice, as measured by PLR, STR and scotopic and photopic ERGs. 

Compared to WT, Rev-Erbα-/- mice tended to have smaller pupil areas in baseline 

conditions, and showed stronger PLR upon stimulation by a bright white light flash. 

While WT STR and single flash ERGs showed a predictable pattern of a small 

descending a-wave and large depolarising b-wave followed by a smooth return to 

baseline, traces in Rev-Erbα-/- mice retinas differed in two ways: there were 

significantly decreased a- and b-wave latencies at virtually all stimulus intensities and 

a tendency towards higher b-wave amplitude at low stimulus intensities; and they 

showed abnormal “double humped” scotopic and photopic b-waves suggesting 

sustained signal elevation. There are at least two potential sources of such atypical 

signals: firstly, delayed sustained b-waves are seen in rod responses of mice 

deficient in hyperpolarisation-activated cyclic nucleotide (HCN) channels [41, 42]. 

Interestingly, HCN1 constitutes one of the clock-controlled genes expressed in retina, 

as revealed by transcription expression analysis of mouse eyes [5]. Secondly, 

previous reports have suggested ipRGCs themselves form a major component of the 

STR [28]. We speculate that the prolonged STR and ERG b-wave responses may 

also originate from the increased melanopsinergic content and activation. Future 

studies will address both these possibilities.  

Within the molecular mechanism of the mammalian circadian clock, Rev-Erbα 

transcription is driven by BMAL1/CLOCK heterodimers which bind to and activate E-

boxes in the Rev-Erbα promoter region [13, 20, 43, 44]. REV-ERBα in turn acts as a 

transcriptional repressor in a modulatory loop, providing negative feedback to the 
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core positive loop composed of BMAL1 and CLOCK. Within the retina, we originally 

identified REV-ERBα as a direct interacting partner of the rod-specific transcription 

factor NR2E3, but in which it acts as a transcriptional activator leading to increased 

expression of the downstream target gene rhodopsin [17]. The data linking REV-

ERBα localisation and function to rod photoreceptors [17-19, 45] led us to carefully 

examine possible changes in their number and phenotype in the Rev-Erbα-/- mouse 

retina. However we could not find any differences in cell density or layer thickness, or 

changed expression levels of rhodopsin protein, or other photoreceptor and retinal 

neuronal markers.  

In conclusion, these data collectively indicate that deletion of Rev-Erbα leads 

to heightened sensitivity of the non-image forming pathway in the retina, with 

apparent involvement of the rod and/or ipRGC circuit. We do not yet know the 

mechanism underlying this hyper-sensitivity, though it is conceivable that increased 

numbers of ipRGCs and/or melanopsin expression levels would provide both 

increased capture of rod-mediated pathway input and enhanced delivery of visual 

information to the brain, and maybe feedback to inner retina through intra-retinal 

projections [46]. The retinal circadian clock is under intensive investigation due to its 

amenability [47], and there appears to be a finely regulated interplay between 

ipRGCs and the clock since it is known that circadian clock function is altered in 

Opn4-/- mice [48] and melanopsin expression itself is rhythmic [49]. We speculate 

that Rev-Erbα-/- plays an important role in fine-tuning retinal light sensitivity as a 

function of the light-dark cycle, and consistent with its transcriptional repressor 

activity, gene deletion leads to amplified sensitivity of the non-image forming 

pathway. The data are consistent with a major effect on ipRGCs, adding a further 

layer of complexity to an already intricately regulated network [50]. We feel the data 
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presented here are more likely to reflect the true visual phenotype associated with 

Rev-Erbα loss rather than the very different characteristics seen using shRNA 

interference technology [18]. The large differences between the two studies possibly 

come from the approach used here (total gene deletion) compared to partial siRNA 

knockdown, or to influences of endogenous transcription factors as modifiers [19]. 

Rev-Erbα appears to be an important gene for retinal function, since other reported 

clock gene mutations present relatively mild retinal phenotypes: the Bmal1-/- mouse 

exhibits a ~30% decrease in scotopic ERG b-wave amplitude [5]; and double clock 

gene mutant Per1Brdm1/Per2Brdm1 mice exhibit slightly delayed photoreceptor 

differentiation and alterations in short wavelength cone distribution [30], but do not 

exhibit behavioural changes in light sensitivity (unpublished observations). 
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Figure Legends 

Figure 1: Rev-Erbα-/- mice show enhanced negative masking light responses 

compared to WT mice. A. General motor activity was plotted as actograms during the 

LD cycle (night indicated by black rectangles above actograms). Both strains (n=6) 

were subjected to an alternating lighting regime of normal 12/12 LD cycle followed by 

an LD cycle during which a 3 h light pulse was delivered during the early dark period, 

from ZT14-ZT17 (ZT12 represents lights off). An entire experimental series was 

designed as follows: first day, normal 12/12 LD cycle; second day, 12 L/0.1 lux light 

pulse from ZT14-17 during night period; third day, normal 12/12 LD cycle; fourth day, 

12 L/22 lux light pulse from ZT14-17 during night period; fifth day, normal 12/12 LD 

cycle; sixth day, 12 L/100 lux light pulse from ZT14-17 during night period. The 

design is shown with shaded yellow boxes at the corresponding time for each 

genotype, deeper yellow corresponding to brighter light. Whereas all three intensities 

inhibited motor activity in Rev-Erbα-/- mice, the dim light pulse (0.1 lux) did not induce 

negative masking in WT mice. The figure shows a representative trace from 

individual mice of both strains. B. The difference in masking behavior was statistically 

significant when analyzed by ANOVA. Whereas WT and Rev-Erbα-/- mice showed 

similar levels of activity during 100 (WT: 46%, Rev-Erbα-/-: 39% dark levels) and 22 

(WT: 75%, Rev-Erbα-/-: 61% dark levels) lux light pulses, WT mice showed 

significantly more activity (180%) compared to Rev-Erbα-/- (62% dark levels) at 0.1 

lux. *, P < 0.05. 

Figure 2: Rev-Erbα-/- mice display increased melanopsin expression. A) When 

flatmounts of retinas from WT (left) and Rev-Erbα-/- (right) mice were immunostained 

for melanopsin, at the same incubation and photographic exposure time the knockout 

retinas showed clearly enhanced immunofluorescence, with distinct demarcation of 
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cell bodies and dendrites. The soma location and level of dendrite arborisation 

indicates these are M1 type ipRGC. B) Quantification of total immunostained ipRGC 

(n=5 retinas each genotype) showed a highly significant increase (62%) in knockout 

retinas. *=p<0.05. C) Quantification of M1 sub-type ipRGC (more intensely 

immunostained, somata located more superficially) (n=5 retinas each genotype) 

showed a highly significant increase (75%) in knockout retinas. *=p<0.05. D) 

Exposure to a 0.1 lux light pulse during the night phase of a 12L/12D cycle (ZT14-17) 

was performed in WT (black), Rev-Erbα-/-(grey), Opn4-/- (red) and Rev-Erbα-/- Opn4-/- 

(blue) mice. Only the Rev-Erbα-/- mice display negative masking behaviour, with a 

64% reduction in locomotor activity with respect to dark levels (*, P < 0.05, n=4-5 per 

genotype). E). General locomotor activity is shown for each of the four genotypes 

across the entire dark period and during the 0.1 lux pulse. It can be seen that the 

Rev-Erbα-/- mouse (grey trace) rapidly decreased activity upon light exposure, 

whereas WT (black trace)and Opn4-/- (red) mice showed small positive masking 

effects; double Rev-Erbα-/- Opn4-/- (blue) mice did not alter their behaviour during the 

light pulse. 

Figure 3. Rev-Erbα-/- mice display increased pupillary light reflexes and altered 

scotopic threshold responses compared to WT mice. A) Representative pictures of 

pupils of WT (n=7) and Rev-Erbα-/- (n=6) mice taken using an infrared camera. WT 

mice displayed larger pupil dilation after dark adaptation. Following illumination, both 

strains showed pupil constriction and a subsequent slow dilation until 20 sec after 

light stimulus. B) Absolute pupil diameter of WT (n=7) and Rev-Erbα-/- (n=6) mice 

before light stimulation. C) Pupillary constriction curve responses of WT (n=7) and 

Rev-Erbα-/- (n=6) mice. Rev-Erbα-/- mice displayed a different pattern of pupil dilation 

characterized by a more sustained constriction. D) STRs from Rev-Erbα-/- mice were 
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characterized by a hump-shaped distortion at implicit times corresponding to the 

nSTR response. The magnitude of this hump was not related to stimulus intensity. E) 

positive STR (pSTR) amplitudes of WT (n=7) and Rev-Erbα-/- (n=6) mice. The 

amplitude of pSTR response at a stimulus intensity of 3×10-5 mcds/m² 

(log(intensity)=-4.60) was significantly higher in Rev-Erbα-/- when compared to WT 

animals (p<0.05, Two-tailed Student’s t-test). No difference between the two groups 

of animals was observed for pSTRs at stimulus intensities of 6×10-5 and 9×10-5 

mcds/m² (log(intensity)=-4.20 and -4.02, respectively). Black traces, WT; grey traces, 

Rev-Erbα-/-. 

Figure 4: Light-evoked ERG responses are modified in Rev-Erbα-/- compared to WT 

mice. A) When compared to WT (left panel, black traces), Rev-Erbα-/- mice (middle 

panel, red traces) were characterized by a humped distortion on the descending b-

wave trace. The two traces are shown super-imposed in the right panel. The 

magnitude of this hump was variable between knock-out mice. Rev-Erbα-/- mice also 

displayed shortened implicit times in the ERG b-wave (*, right panel). B) In 

comparison to littermate WT controls, dark-adapted b-wave latency was significantly 

reduced in Rev-Erbα-/- mice (P = 0.048, two-way ANOVA, repeated measures). C) 

Focus on a- and b-wave forms. The light-activated photoreceptor hyperpolarizing 

response (a-wave) was shifted to the left in Rev-Erbα-/- (red) compared to WT 

(black). Similarly, the depolarising rise of the b-wave is also advanced. The traces 

presented here were obtained at a light stimulation at 2500 mcds/m². D) This 

shortening of the photoreceptor response was confirmed by measuring the implicit-

time of the ERG a-wave, which also proved significantly decreased with respect to 

WT mice (P = 0.02, two-way ANOVA with repeated measures). E) When compared 

to control animals, Rev-Erbα-/- mice showed a tendency to display higher scotopic b-
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wave amplitudes, without reaching statistical significance. F) Such a tendency was 

not observed for the scotopic a-wave amplitude. G) A hump similar to that observed 

on dark-adapted scotopic responses was also present on the descending part of the 

b-wave of light-adapted photopic ERG traces. For WT animals in panels B, D, E, F, 

the area delimiting 5% and 95% quantiles is represented by the two black lines. For 

Rev-Erbα-/- mice, the graphs make use of box-and-whisker-plots showing 5% and 

95% quantiles (whiskers), 25% and 75% quartiles (grey box), and the median value 

(marked by a cross).  

Figure 5: WT and Rev-Erbα-/- mice retinas do not differ in terms of structure or 

photoreceptor phenotype. A) Examination of histological sections of WT (left) or Rev-

Erbα-/- (right) retinas (n=3 animals per genotype) revealed similar cell layer 

thicknesses and numbers. This was confirmed by quantification of cell densities (B) 

and layer thickness (C). D-H) Different antibody markers of rod and cone 

photoreceptors also did not show differences between the two genotypes: top row, 

WT; bottom row, Rev-Erbα-/- mice. D) DAPI staining of total nuclei; E) anti-rhodopsin 

(Rho) staining, visible as intense label within the rod outer segments (OS) and 

surrounding the cell bodies in the outer nuclear layer (ONL); F) anti-mid wavelength 

sensitive cone opsin (MW COp) staining, present within the cone OS; G) anti-short 

wavelength sensitive cone opsin (SW COp) staining, present within a subset of cone 

OS; H) WT and Rev-Erbα-/- mice retinas immunostained with anti-PKCα antibody. In 

both cases the labelling was visible throughout ON bipolar cells, extending from post-

synaptic elements in the OPL through the cell bodies till the synaptic terminals in the 

INL. Additional abbreviations: GCL= ganglion cell layer, INL= inner nuclear layer, IPL 

= inner plexiform layer, IS = inner segments. I) Rhodopsin expression was assayed 

by western blotting and showed similar levels in both genotypes.  Scale bar in panel 
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=20 µm for A; 60 µm for E-H I; 30 µm for I. J) qPCR analysis of Opn4 mRNA 

expression levels in WT and Rev-Erbα-/- mouse retinas. There was no significant 

difference between the two groups. 

Figure 6: Schematic diagram of hypothetical mechanism. Output of ipRGC is a 

summation of rod and cone synaptic input and melanopsin stimulation. Under strong 

light conditions, sufficient drive from one or other components will depolarise ipRGCs 

and lead to firing. Under faint light, WT ipRGCs will not be sufficiently stimulated and 

remain silent, though the cells are partly depolarised and exhibit resting potentials 

close to threshold. Rev-Erbα-/- mice display enhanced synaptic input from the rod 

pathway, coupled with increased melanopsin content in individual ipRGCs, sufficient 

to lead to ipRGC firing. Although such increased rod drive is also present in double 

Rev-Erbα-/- Opn4-/- mice, the absence of partial contribution from melanopsin 

stimulation results in the cells remaining at sub-threshold potentials. Opn4-/- mice also 

fail to elicit firing for the same reasons. The number of “+” indicates the hypothetical 

level of stimulation. R = rod, C = cone, G = ipRGC. Curved arrow between rods and 

cones, and ipRGC, indicates bipolar contact. 

 















 
 

 
 
Figure S1. Rev-Erbα-/- mice show altered responses to combined jetlag and light 
intensity reduction compared to WT mice. A) one representative WT double plotted 
actogram; B, C) Two representative Rev-Erbα-/- actograms. The successive LD 
cycles are represented by overlays of increasing grayness, duration of each LD cycle 
is given on the left and light intensities are indicated on the right (100, 22, 0.1 lux or 
DD for constant dark). Numbers below actograms signify time. In the initial phase, 
both WT and Rev-Erbα-/- mice were synchronized to the 100 lux LD cycle. After 18 d, 
animals were subjected to a 6 h phase delay coupled with a reduction in light 
intensity to 22 lux; whereas WT mice required ~4 days to re-adjust their onset of 
activity in the new cycle (shown in D, enlargement of the rectangle in A), in all cases 
Rev-Erbα-/- mice very rapidly re-aligned their onset of activity with the start of the new 
night phase (rectangles in B and C shown enlarged in E and F respectively). When 
similar tests were conducted with a 6 h phase delay combined with light reduction 
from 22 to 0.1 lux, all WT mice were unable to re-entrain to new times, whereas Rev-
Erbα-/- mice showed two different behaviors: one group of animals (4 of 10) (B) 
continued to react to low light levels by adjusting onset of activity with the new LD 
cycle, and the other group (C) (6 of 10) displayed free-run behavior. In DD condition, 
both genotypes displayed free run patterns. 
 
  



 
 
 
S. 2: Masking responses to higher light intensities and SCN projections in mice 
lacking Rev-Erbα and/or Opn4. 
A) Exposure to a 22 and 100 lux light pulse during the night phase of a 12L/12D 
cycle (ZT14-17) was performed in WT, Rev-Erbα-/-, Opn4-/- and Rev-Erbα-/- Opn4-/- 
mice. Whereas the Opn4-/- mice did not show masking at either light intensity 
(ANOVA 22 lux, F 3,17 = 7.81, P = 0.003; 100 lux, F 3,17 = 7.2, P = 0.004), double null 
Rev-Erbα-/- Opn4-/- mice did not display negative masking behaviour at the 100 lux 
light intensity. *significantly different from the other genotypes and # different to the 
control WT (post-hoc test, P < 0.05). B) CTB tracing of ipRGC terminals within the 
SCN showed intense staining in all genotypes. Representative images, n=2-3 for 
each strain; P = 0.962. 
 
  



 
S. 3: No structural differences could be seen between WT and Rev-Erbα-/- retinas. A) 
Quantitative levels of retinal proteins are similar between WT and Rev-Erbα-/- mice. 
Western blotting of candidate photoreceptor and retinal neuronal proteins showed 
similar expression levels in both genotypes. Top: MW COp; middle : PKCα; bottom 
synaptophysin ; α-Tubulin was used as a representative loading control. In each 
immunoblot, samples from 3 independent WT retinas are shown on the left, and from 
3-4 independent Rev-Erbα-/- retinas on the right; MW markers are given in the left 
margin. B) The retinal structures of the mice still under anesthesia were visualized via 
imaging with a Heidelberg Retina Angiograph (HRA I, Heidelberg Engineering, 
Germany) and a confocal scanning laser ophthalmoscope (SLO), according to 
previously described procedures [40]. The HRA features two argon wavelengths (488 
nm and 514 nm) in the short wavelength range and two infrared diode lasers (795 nm 
and 830 nm) in the long wavelength range. Laser wavelengths used for fundus 
visualization were: 514 nm (red-free channel), and 488 nm for autofluorescent 
images, with a barrier filter at 500 nm. Two device settings for the field of view were 
used: for fundus overview, the focus was adjusted to 20°, and for magnification and 
detailed view, the focus was set at 10°. 
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