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Supplementary figure 1: 

(A) Reproducibility of cell isolation as measured by RNA-seq. Correlation 

heatmap comparing RNA-seq signal for biological replicates. Pearson correla-

tion for genic RNA-seq signal for samples issued from independent cell sorts 

for each cell type studied. 

 (B) Comparison of the generated expression profiles with photo-receptors 

sorted by INTACT nuclei-purification procedure. Correlation heatmap compar-

ing RNA-seq signal obtained in this study using whole cell purification (bold 

labels) with previously generated nuclear RNA-seq datasets for the same cell 

types (Mo et al, 2016) (normal labels).  
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Supplementary figure 2: 

(A) Comparison of the generated WGBS data with datasets previously generated by INTACT-nuclei purification 

procedure. Correlation heatmap comparing single CpG methylation levels at LMRs (bold labels) with previously 

generated datasets for retinal and neuronal cell types (Mo et al, 2015, 2016) (normal labels).  

(B) Rod specific hypo-methylation is observed at the Rhodopsin gene locus. Shown is the average smoothed 

methylation for the indicted cell types over a 70 kb chromosomal region around the rod specific Rhodopsin 

gene. Read counts for accessibility measure of total retinas (ATAC-seq) is shown as smoothed signal. Black boxes 

denote regions having low methylation in at least one of the analyzed cell types, representing putative retinal 

CREs. (C-H) Variation of DNA methylation levels at LMRs across the four retina cell types. Pairwise smoothed 

scatter plots representing average methylation levels for LMRs in the corresponding cell types. (I) Quantitative 

comparison of methylation levels at LMRs with chromatin accessibility as measured by ATAC-seq. Correlation 

heatmap comparing average methylation levels at LMRs (bold labels) with previously generated ATAC-seq 

datasets in whole-retina and isolated photoreceptors (Mo et al, 2016) (normal labels). (J) Overlap between cell 

type-specific LMRs identified in isolated cell types with accessibility in whole-retina and photoreceptors. Heat-

map depicting the percentage overlap between LMRs detected in isolated cell types (x axis) and ATAC-seq 

signal in whole retina or isolated photoreceptors (log2(RPKM)>0.5) (y axis) (Mo et al, 2016).  
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Supplementary figure 3: 

(A) Experimental procedure used to construct the PRA libraries.

Methylation maps informed on putative CREs, fragments were PCR amplified in 384-well format and pooled. 

Pooled fragments were cloned into a vector containing the expression cassette consisting of a multiple cloning 

site, a random 15bp barcode sequence and a polyA signaling sequence (pA). In order to average out the contri-

bution of barcode specific biases to the signal we aimed for at least ten different barcodes per unique fragment. 

To link CREs to barcodes the CRE-barcode sequences were amplified using Primer #2 and one of the Indexing 

primers (Primers #3-11) containing the Illumina flow cell annealing sequences. PCR products were purified and 

sequenced. Next the vector was cut between the enhancer and BC and a sequence containing a 31bp minimal 

promoter, CpG free eGFP and the annealing sequence for Primer #1 was cloned in. Subsequently the construct 

was cut out of the cloning vector into the AAV vector for virus packaging. (Also see methods)

(B) Most tested putative CREs are located kilobases away from genes. Histogram displaying distance distribution 

of assayed CREs to nearest transcriptional start site.  (C) The tested CREs are restricted in size, not exceeding 

600bp. Histogram displaying size distribution of assayed CREs. 

(D) Histogram displaying distribution of number of barcodes per CRE. The red line indicates cutoff for minimal 

number of Barcodes per CRE in the reporter assay (3 BCs), the blue line represents median BCs per CRE (13 BCs).

(E) Fraction of recovered barcodes scales the number of sampled cells and cell number tested. Boxplot display-

ing percentage of unique barcodes recovered in the different cell types relative to their representation in the 

AAV input for all cell types tested. Each box shows % recovered barcodes of all replicates for per cell type. 

(F) PRA signal reproducibility at the level of barcodes in sorted rod photoreceptors.  Reproducibility of barcode 

level activity is illustrated here by comparing two independent biological replicates. 

(G) Using multiple barcodes to derive CRE activity levels enhance PRA accuracy. PRA signal reproducibility at the 

level of fragment in sorted rod photoreceptors. Activities of multiple barcodes (median ~13) is used to derive 

mean activity for each tested fragment to reducing the technical noise of the assay. 

(H) The tested set of CRE shows very similar activity between rods and whole retina. Scatterplot comparing 

activity of CREs at the fragment level in whole Retina and rods.
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A B

Supplementary figure 4:

(A-B) Scatterplot depicting the average methylation levels of the regions used to design the constructs in (A) library 

#2 and (B) library #3. Methylation is compared among photoreceptors or interneurons. 

(C) Active fragments have slightly more TF binding sites than inactive ones. TF motifs enriched within fragments 

showing activity in photoreceptors or interneurons. Activity of a fragment was defined by PRA. Shown are motif 

occurrence frequencies in % for the indicated set of fragments after subtracting motif frequency in a background 

set of sequences. (D) Methylation levels of endogenous regions from which fragments originate are displayed as a 

function of their activity in the PRA. (E) Active fragments tend to have higher chromatin accessibility than inactive 

ones. Same as D but showing chromatin accessibility of endogenous regions relative to their activity in the PRA. 

ATAC-seq data from whole retina were used (Mo et al, 2016). p-values were derived using a bi-directional t-test. 

(F-G) Single fragment validation results are in good agreement with PRA activity measures. Boxplot depicting 

comparing the PRA measured activity for fragments showing or not detectable Chrd2-GFP in (F) photoreceptors (G) 

interneurons. The fragments where Chr2-GFP is detected by immunostaining have significantly higher PRA activity 

in the respective cell type. P-value was calculated using an unidirectional t-test.
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Supplementary figure 5: 

(A) Repertoire of nuclear receptors expressed in the studied cell types. Heatmap representing RPKM for 

nuclear receptors expressed in at least one of the studied cell type.  Heatmap was organized by hierarchical 

clustering.



 
cell	type	 mouse	strain	
rods	 b2-Cre	x	B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J	#	007913	
cones	 d4-Cre	x	B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J	#	007911	

horizontal	cells	 B6Cf1-Tg(Gja10-Cre,	#14)BR	x	B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J	#	
007917	

starburst	amacrine	cells	 129S6-Chat_tm1(cre)Lowl/J	x	B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J	#	
007921	

	
Supplementary	Table	1:	Table	of	mouse	strains	used	to	FACS	sort	specific	cell	types	from	the	whole	retina	(Siegert	et	
al,	2009).	
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GFP signal detected in

Supplementary Table 2: Table of individually tested enhancers and their activity pattern in the whole 

retina and log2 activity in csPRA. Second last column shows in which cell types GFP signal was detected 

under the microscope when single CREs were tested. 'negative' means no GFP signal could be found. The 

last column shows in which cell type CREs are expected to be active in csPRA. 'negative' means that activity 

is below threshold in csPRA.



Sequences	
  of	
  mutated	
  CREs:	
  
	
  
>107_WT	
  
GAGGCTTTCACTGACCTTTCCATGTACGAGACTAGCCCCGCCCAGAGTGCTGTCTGGGATTAACTGTTACAGTCT
TAATTGTATTAGTATTTAGGTGACTTTGGGATTATTAGACTATTCCTGTGCATAGCTGCCTCTTGAGGGGAGAGC
CGGGAGAGAGAAGCAGCTGCATGTGCTGTGAGTAGGACATCTGGGGGCATCACTTTACCATCTCATAGTTCTA
GGGCCCTTGAAAACCTGGTATTGTCATGCTGGAAGGGT	
  
>107_all_MEIS1_mut	
  
GAGGCTTTCACTGACCTTTCCATGTACGAGACTAGCCCCGCCCAGAGTGCTGTCTGGGATTAACTGTTACAGTCT
TAATTGTATTAGTATTTAGGTGACTTTGGGATTATTAGACTATTCCTGTGCATAGCTGCCTCTTGAGGGGAGAGC
CGGGAGAGAGAAGCAGCTGCATGTGCTGTGAGTAGGACATCTGGGGGCATCACTTTACCATCTCATAGTTCTA
GGGCCCTTGAAAACCTGGTTTCTAGTTGCTGGAAGGGT	
  
>107_all_SP1_mut	
  
GAGGCTTTCACTGACCTTTCCATGTACGAGACTAAGGTAGTACAGAGTGCTGTCTGGGATTAACTGTTACAGTC
TTAATTGTATTAGTATTTAGGTGACTTTGGGATTATTAGACTATTCCTGTGCATAGCTGCCTCTTGAGGGGAGAG
CCGGGAGAGAGAAGCAGCTGCATGTGCTGTGAGTAGGACATCTGGGGGCATCACTTTACCATCTCATAGTTCT
AGGGCCCTTGAAAACCTGGTATTGTCATGCTGGAAGGGT	
  
>107_all_ID4_mut	
  
GAGGCTTTCACTGACCTTTCCATGTACGAGACTAGCCCCGCCCAGAGTGCTGTCTGGGATTAACTGTTCAGTCTT
AATTGTATTAGTATTTAGGTGACTTTGGGATTATTAGACTATTCCTGTGCATAGCTGCCTCTTGAGGGGAGAGCC
GGGAGAGAGACGCGATAGCATGTGCTGTGAGTAGGACATCTGGGGGCATCACTTTACCATCTCATAGTTCTAG
GGCCCTTGAAAACCTGGTATTGTCATGCTGGAAGGGT	
  
>107_all_Nr1h3_mut	
  
GAGGCTTTCATTACAATTTCCATGTACGAGACTAGCCCCGCCCAGAGTGCTGTCTGGGATTAACTGTTACAGTCT
TAATTGTATTAGTATTTAGGTGACTTTGGGATTATTAGACTATTCCTGTGCATAGCTGCCTCTTGAGGGGAGAGC
CGGGAGAGAGAAGCAGCTGCATGTGCTGTGAGTAGGACATCTGGGGGCATCACTTTACCATCTCATAGTTCTA
GGGCCCTTGAAAACCTGGTATTGTCATGCTGGAAGGGT	
  
>483_WT	
  
CGGGGCAGGAGTGAGTCATTCACACAGAGGCGGGTCAGAGAGTAGTGGTCACTCTTCAGCTTACAGCTCTCTC
TAGTCCTCTATCCAGACTCTAGTTTCATGAACTTTGTAGTTAGACATTTTTCCTAGTGAATATTTATTACCCCCCAC
TGTAATCCTTCATTTAACATAATATAAAATTTGTGGAAAGGGAGAGTAATTAGTAATAAATCATCATCTCATCCA
TTAGCAGTAAATAATGCCACTTTATCAAAGTCACAGCCATCGAACAGGCGGCTAGAGGTGGTTATGTATGCCAC
CCGACTGGAAGCAGGCCAAAAGCAAACCGCAGCCCCCGTTTATTATCCTAATTATGCCCTAATACGATGCCATC
TTTTTCTCCTATAAACTTGATGACAATAAAAGGGTAACAATGAAAATTGGCAGGGTAAGTGAGCAAGGAAGAT
AGGCTGGGAAACCACCTAGCCCCACCGGCTACCA	
  
GCCTGAGTCCTGAGGCTGAAAGGGCTGAAAACCCCATGGGAATGAAATGGAGCAGGGGACTCAAGTGGTTGG	
  
>483_all_MEIS1_mut	
  
CGGGGCAGGAGTGAGTCATTCACACAGAGGCGGGTCAGAGAGTAGTGGTCACTCTTCAGCTTACAGCTCTCTC
TAGTCCTCTATCCAGACTCTAGTTTCATGAACTTTGTAGTTAGACATTTTTCCTAGTGAATATTTATTACCCCCCAC
TGTTCTAGTTCATTTAACATAATATAAAATTTGTGGAAAGGGAGAGTAATTAGTAATAAATCATCATCTCATCCA
TTAGCAGTAAATAATGCCACTTTATCAAAGTCACAGCCATCGAACAGGCGGCTAGAGGTGGTTATGTATGCCAC
CCGACTGGAAGCAGGCCAAAAGCAAACCGCAGCCCCCGTTTATTATCCTAATTATGCCCTAATACGATGCCATC
TTTTTCTCCTATAAACTTGATGACAATAAAAGGGTAACAATGAAAATTGGCAGGGTAAGTGAGCAAGGAAGAT
AGGCTGGGAAACCACCTAGCCCCACCGGCTACCA	
  
GCCTGAGTCCTGAGGCTGAAAGGGCTGAAAACCCCATGGGAATGAAATGGAGCAGGGGACTCAAGTGGTTGG	
  
>483_all_CRX_mut	
  
CGGGGCAGGAGTGAGTCATTCACACAGAGGCGGGTCAGAGAGTAGTGGTCACTCTTCAGCTTACAGCTCTCTC
TAGTCCTCTATCCAGACTCTAGTTTCATGAACTTTGTAGTTAGACATTTTTCCTAGTGAATATTTATTACCCCCCAC
TGTAATCCTTCATTTAACATAATATAAAATTTGTGGAAAGGGAGAGTAATTAGTAATAAATCATCATCTCATCCA
TTAGCAGTAAATAATGCCACTTTATCAAAGTCACAGCCATCGAACAGGCGGCTAGAGGTGGTTATGTATGCCAC
CCGACTGGAAGCAGGCCAAAAGCAAACCGCAGCCCCCGTTTATTATCCTAATTATGCCCTAATACGATGCCATC
TTTTTCTCCTATAAACTTGCAGGTGTTAAAAGGGTAACAATGAAAATTGGCAGGGTAAGTGAGCAAGGAAGAT
AGGCTGGGAAACCACCTAGCCCCACCGGCTACCA	
  
GCCTGAGTCCTGAGGCTGAAAGGGCTGAAAACCCCATGGGAATGAAATGGAGCAGGGGACTCAAGTGGTTGG	
  
>483_all_NRL_mut	
  



CGGGGCAGGAGTGAGTCATTCACACAGAGGCGGGTCAGAGAGTAGTGGTCACTCTTCAGCTTACAGCTCTCTC
TAGTCCTCTATCCAGACTCTAGTTTCATGAACTTTGTAGTTAGACATTTTTCCTAGTGAATATTTATTACCCCCCAC
TGTAAGCGAACGTAGAACATAATATAAAATTTGTGGAAAGGGAGAGTAATTAGTAATAAATCATCATCTCATCC
ATTAGCAGTAAATAATGCCACTTTATCAAAGTCACAGCCATCGAACAGGCGGCTAGAGGTGGTTATGTATGCCA
CCCGACTGGAAGCAGGCCAAAAGCAAACCGCAGCCCCCGTTTATTATCCTAATTATGCCCTAATACGATGCCAT
CTTTTTCTCCTATAAACTTGATGACAATAAAAGGGTAACAATGAAAATTGGCAGGGTAAGTGAGCAAGGAAGA
TAGGCTGGGAAACCACCTAGCCCCACCGGCTACCA	
  
GCCTGAGTCCTGAGGCTGAAAGGGCTGAAAACCCCATGGGAATGAAATGGAGCAGGGGACTCAAGTGGTTGG	
  
>483_all_En2_mut	
  
CGGGGCAGGAGTGAGTCATTCACACAGAGGCGGGTCAGAGAGTAGTGGTCACTCTTCAGCTTACAGCTCTCTC
TAGTCCTCTATCCAGACTCTAGTTTCATGAACTTTGTAGTTAGACATTTTTCCTAGTGAATATTTATTACCCCCCAC
TGTAATCCTTCATTTAACATAATATAAAATTTGTGGAAAGGGAGAGCGGAGTAAACTAAATCATCATCTCATCCA
TTAGCAGTAAATAATGCCACTTTATCAAAGTCACAGCCATCGAACAGGCGGCTAGAGGTGGTTATGTATGCCAC
CCGACTGGAAGCAGGCCAAAAGCAAACCGCAGCCCCCGTTTATTATCCCGGAGTAAACCTAATACGATGCCATC
TTTTTCTCCTATAAACTTGATGACAATAAAAGGGTAACAATGAAAATTGGCAGGGTAAGTGAGCAAGGAAGAT
AGGCTGGGAAACCACCTAGCCCCACCGGCTACCA	
  
GCCTGAGTCCTGAGGCTGAAAGGGCTGAAAACCCCATGGGAATGAAATGGAGCAGGGGACTCAAGTGGTTGG	
  
	
  
	
  
	
  
	
  
Primers	
  used	
  for	
  csPRA	
  library	
  preparation:	
  
	
  
Name	
   Sequence	
  

Primer	
  #1	
   AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT	
  

Primer	
  #2	
   AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTCCACTGGGAGAAGAGGAAGTCAAA	
  

	
  
Indexing	
  Primers:	
  
Name	
   Sequence	
   Index	
  

Primer	
  #3	
   CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   1	
  

Primer	
  #4	
   CAAGCAGAAGACGGCATACGAGATACATCGGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   2	
  
Primer	
  #5	
   CAAGCAGAAGACGGCATACGAGATATTGGCGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   6	
  

Primer	
  #6	
   CAAGCAGAAGACGGCATACGAGATTACAAGGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   12	
  

Primer	
  #7	
   CAAGCAGAAGACGGCATACGAGATTGGTCAGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   4	
  

Primer	
  #8	
   CAAGCAGAAGACGGCATACGAGATGATCTGGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   7	
  

Primer	
  #9	
   CAAGCAGAAGACGGCATACGAGATGACTGTGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   5	
  

Primer	
  #10	
   CAAGCAGAAGACGGCATACGAGATTCAAGTGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   8	
  

Primer	
  #11	
   CAAGCAGAAGACGGCATACGAGATGTGATCGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT	
   9	
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