
Characterization of retinal 
ganglion cell subtypes by single-

cell RNA-seq 



Why study the transcriptomes of single cells? 



President Obama’s BRAIN initiative  

$100 million initial investment 

Ultimate goal of understanding all the neuronal connections 

One of the first aims put forth by the advisory committee: 

Generate a census of neuron and glia cell types 



However what exactly is a cell type? 

- Many definitions rely in some way on function 
(especially in the nervous system) 
Electrophysiological properties 

-  Others are based on morphology  



Neurons have a variety of morphologies

http://www.mind.ilstu.edu/curriculum/neurons_intro/imgs/neuron_types.gif



However what exactly is a cell type? 

- Many definitions rely in some way on function 
(especially in the nervous system) 

-  Others are based on morphology  

What about the cellular transcriptome? 
 

How well will the molecular profile correlate with other 
properties? 



Tasic et al 2016 



The Retina 

Kolb, Fernandez and Nelson 2006 
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http://webvision.med.utah.edu 



Why Retinal Ganglion Cells? 

•  2nd leading 
cause of 
blindness 
worldwide 

© Claris Eye Care & Surgery, P.A. 2009



Retinal Ganglion Cells 

Rockhill et al., 2002 



How do we label different populations of ganglion cells? 

1. Genetically (relies on the knowledge of specific promoters) 

-  Fluorescent proteins 
-  Transgenic animals 
-  FAC-sorting 
-  Higher throughput 

2. Injection (different dyes) 
         - Can show morphology of the cells 

                   - Lower throughput 

3. No label/cells randomly chosen from an area 
                   - Samples identified post hoc 
                   - Very reliant on computation 



Isolating RGCs by fluorescent 
reporter 

•  Genetically engineered 
mice with red 
fluorescent protein to 
visualize ganglion 
cells (Parv-cre or 
Thy1-cre)

•  Pick single cells 
•  Determine 

transcriptomes
•  Sort out types 

computationally

Parv-cre X Tomato 



Single-cell  
Isolation 
Overview 

(“historic” method) 
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But many reporter mice are not 100% cell-type specific 

RGCs 

ACs 



One way around these issues 

Use Drop-seq and sequence A LOT of cells 

Notice what happened with RGCs – only 1 class 

Macosko et al 2015  



Electrophysiological 
classifications 



Dissect adult retina 
and attach electrode 

Characterize 
function 

Isolate cell 
for analysis 

Our single cell strategy 



Single cell cDNA library methodologies 



Picelli et al. (2014) 

SMART-seq: 



Smart-seq and Illumina sequencing 

Picelli et al. (2014) 

•  Libraries are 
fragmented and 
adapters added 
before sequencing

•  (And indexes)
•  Paired-end, 100bp 

reads are sequenced 
and analyzed



Single cell RNA-seq libraries 

After amplification After tagmentation 



Flow chart of RGC 
transcriptome profiling 
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