
Dissection Supplemental Methods 

 

Retinas were removed from the eyecups and bubbled with 95% O2-5%CO2 bicarbonate buffered 

Ames’ solution (Sigma, St. Louis, MO) at room temperature in a dark room with minimal 

ambient light.  Prior to recording, retinas were treated with Ames’ solution containing 

collagenase/hyaluronidase (240 and 1000 U/ml, respectively) at room temperature for 15 minutes 

to remove vitreous.  No adverse effects of this treatment on retinal health were observed.   

 

Electrophysiology and Analysis Supplemental Methods 

 

To ensure that we were successfully able to identify stratification subtype using this technique, 

we filled single ipRGCs in three individual retinas with neurobiotin and AF-594 and classified 

their stratification using AF-594. Retinas were then processed for immunocytochemistry and 

coimmunostained for choline acetyl transferase (ChAT) as described previously (Schmidt et al. 

2008).  An independent observer then classified the stratification of these cells based on confocal 

images of the neurobiotin staining with streptavidin.  Stratification was correctly identified using 

AF-594 in all three cases (data not shown), demonstrating the fidelity of this technique in 

identifying stratification directly following recordings from individual cells.  If a cell was 

bistratified or if its stratification could not be identified, that cell was excluded from subsequent 

analyses. Liquid junction potentials (6.1 mV) were corrected for all recordings.  In full-field 

white light experiments, cells were given 3-5 minutes following visualization of EGFP under 

epifluorescence prior to a single stimulation with light.   



For nucleated patch experiments, tightly sealed whole cell recording was obtained prior 

to pulling out a nucleated patch.  A nucleated patch was formed by slowly (1-2 min.) pulling the 

patch pipette away from the whole cell while applying a gentle negative pressure (Sather et al., 

1992)*.  Effectiveness of formation of a nucleated patch was monitored by following the 

capacitive transients during the course of the experiment. 

 Whole cell currents, and current step data were analyzed off-line with Clampfit 

(Molecular Devices) and membrane potential values were measured from raw traces for white-

light experiments and over a 1 s sliding time window for irradiance-response and nucleated patch 

experiments to maximize the signal to noise ratio using Igor Pro.  For spike analysis, threshold 

for spike detection was set at 0 mV for all traces.  For hyperpolarizing current steps, membrane 

voltage was measured from the average value over the last 10 ms of the 1 s current pulse. 

Resting membrane potential (Vm) values were calculated by taking the average membrane 

voltage of the first 10 s of baseline prior to any light stimulation.  For light response experiments, 

cells whose Resting membrane potential (Vm) did not reach -40 mV were excluded from the 

analyses.  Cell capacitance (Cm) and input resistance (RN) were calculated from those currents 

evoked by stepping the cell potential to a 10 mV hyperpolarized value for 20 ms from a holding 

potential of -60 mV.  Only recordings with an access resistance of < 30 MΩ were included in the 

analysis.  Charge Q was estimated by time integration of evoked current during the step voltage.  

RN was estimated from the steady-state evoked current during the step voltage.  Light responses 

were defined as the maximum depolarization of the averaged trace during the first 30 s following 

light onset.  Irradiance-response experiments were performed and analyzed as described 

previously (Schmidt et. al., 2008). 



Retinas were allowed to dark adapt for 5 min. prior to the first stimulus, and stimuli were 

placed 5 min. apart to allow the cell to return completely to baseline.  Curve fits for normalized, 

averaged irradiance-response data were determined by nonlinear regression using Origin 7.5 

(MicroCal, Northampton, MA) according to the logistic dose-response function: y = A2 + [(A1-

A20/1+(IR/IR50)^nH], where A1 is the maximum response plateau, A2 is the minimum response 

plateau, IR is irradiance, IR50 is the irradiance values that generate half-maximal response, and 

nH is the Hill slope.  Light stimuli for some experiments were full-field, broadband white light 

(7.6 X 1014 photons.cm-2.s-1 measured at 480 nm by interposing a narrow bandpass filter) 

delivered from below the retina using the microscope’s 100-W halogen lamp and 

transillumination optics.  An electromechanical shutter (Vinicent Assoiates, Rochester, NY) was 

used to control the duration and timing of the light stimulus.  In irradiance-response experiments, 

light stimulation was performed using a xenon lamp feeding the camera port.  A filter wheel 

fitted with various neutral-density filters and narrow band-pass filters (Chroma Technologies, 

Rockingham, VT) and shutter (Lambda-3, Sutter Instruments) was used to control the 

wavelength, intensity, and duration of light stimuli.  Irradiance measurements were made with a 

calibrated radiometer model S370 (UDT Instruments, San Diego, CA). 

Statistical analyses were performed using Origin 7.5 (MicroCal).  Statistical comparison 

of means was performed using a Student’s t-test, and significance was concluded when P < 0.05.  

Data are presented as mean ± SE. 

 

Immunocytochemistry Supplemental Methods 

Sholl analysis was performed using the Sholl analysis plugin for ImageJ software 

(http://rsb.info.nih.gov/ij/) on tracings from neurons using circles starting 10 µm from center and 



15 µm steps.   Relative fluorescence levels for EGFP were measured using ImageJ software by 

defining a fixed region of interest (ellipse) that encompassed most of the cell body for the EGFP-

positive cells.  Mean pixel intensity of the measured region was subtracted from background 

levels for each cell and then EGFP signals were compared between cells in the same frame. 
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