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Table S1 - Classifications of the genes

Genes were assigned classifications according to their photoreceptor cell-type specificity, the process in which

the encoded protein is primarily active, and the general function of the encoded protein. (Note: here

”enzyme” specifically refers to enzymes involved in retinoid recycling.)
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gene cell type process function
ABCA4 shared retinoid cycle enzyme
AIPL1 shared phototransduction other
ARR3 cone phototransduction signal regulator
ASCL1 rod development transcription regulation
CNGA1 rod phototransduction ion channel
CNGA3 cone phototransduction ion channel
CNGB1 rod phototransduction ion channel
CNGB3 cone phototransduction ion channel
CRX shared development transcription regulation
GNAT1 rod phototransduction G protein
GNAT2 cone phototransduction G protein
GNB1 rod phototransduction G protein
GNB3 cone phototransduction G protein
GNB5 shared phototransduction G protein
GNGT1 rod phototransduction G protein
GNGT2 cone phototransduction G protein
GPSM2 shared phototransduction other
GRK1 shared phototransduction signal regulator
GUCA1A shared phototransduction signal regulator
GUCA1B shared phototransduction signal regulator
GUCY2D shared phototransduction other
GUCY2F shared phototransduction other
LRAT shared retinoid cycle enzyme
NEUROD1 shared development transcription regulation
NR2E3 rod development transcription regulation
NR2F1 cone development transcription regulation
NRL rod development transcription regulation
OPN1SW cone phototransduction other
OTX2 shared development transcription regulation
PDC shared phototransduction signal regulator
PDE6A rod phototransduction phosphodiesterase
PDE6B rod phototransduction phosphodiesterase
PDE6C cone phototransduction phosphodiesterase
PDE6G rod phototransduction phosphodiesterase
PDE6H cone phototransduction phosphodiesterase
PIAS3 rod development transcription regulation
PRPH2 shared development other
RBP1 shared retinoid cycle chaperon
RBP3 shared retinoid cycle chaperon
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gene cell type process function
RCVRN shared phototransduction signal regulator
RDH12 shared retinoid cycle enzyme
RDH5 shared retinoid cycle enzyme
RDH8 shared retinoid cycle enzyme
RGR shared retinoid cycle enzyme
RGS9 shared phototransduction signal regulator
RGS9BP shared phototransduction other
RHO rod phototransduction other
RLBP1 shared retinoid cycle chaperon
ROM1 shared development other
RORA cone development transcription regulation
RORB shared development transcription regulation
RPE65 shared retinoid cycle enzyme
RXRG cone development transcription regulation
SAG rod phototransduction signal regulator
SLC24A1 rod phototransduction ion channel
SLC24A2 cone phototransduction ion channel
THRB cone development transcription regulation
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Table S2 - Protein interactions in the phototransduction signaling pathway

The status of each interaction is defined as ”confirmed”, or generally considered to be true by multiple sources

such as reviews; ”suggested”, or proposed by a primary research source but not replicated; or ”inferred”, or

inferred from a primary research source, such as indirect interactions across a molecular complex where no

direct interaction is described or interactions of a paralogous protein to that described in the research.

Gene 1 Gene 2 Status Primary Source
SAG SAG confirmed [1]
GRK1 RCVRN confirmed [2]
SLC24A2 CNGA3 confirmed [3]
SLC24A2 CNGB3 confirmed [3]
SLC24A1 CNGA1 confirmed [3]
SLC24A1 CNGB1 confirmed [3]
CNGB1 PRPH2 confirmed [4]
CNGB3 CNGA3 confirmed [5]
CNGA3 CNGA3 confirmed [5]
CNGB3 CNGB3 confirmed [5]
CNGA1 CNGB1 confirmed [6]
CNGA1 CNGA1 confirmed [7]
CNGB3 PDE6C inferred [8]
CNGB3 PDE6H inferred [8]
CNGB1 PDE6A suggested [8]
CNGB1 PDE6B suggested [8]
CNGB1 PDE6G suggested [8]
GPSM2 GNAT2 suggested [9]
GPSM2 GNAT1 suggested [9]
PDE6C GNAT2 inferred [10]
PDE6H GNAT2 inferred [11]
GNAT1 PDE6A inferred [10]
GNAT1 PDE6G confirmed [11]
GNAT1 PDE6B inferred [10]
ARR3 OPN1SW confirmed [12]
GRK1 OPN1SW confirmed [12]
OPN1SW GNAT2 inferred [13,14]
OPN1SW GNB3 inferred [15]
OPN1SW GNGT2 inferred [16]
SAG RHO confirmed [17]
GRK1 RHO confirmed [18]
RHO GNAT1 confirmed [19]
RHO GNB1 confirmed [19]
RHO GNGT1 confirmed [19]
PRPH2 PRPH2 confirmed [20]
PRPH2 ROM1 confirmed [20]
PDC GNB3 confirmed [21]
PDC GNGT2 confirmed [21]
PDC GNB1 confirmed [22]
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Gene 1 Gene 2 Status Source
PDC GNGT1 confirmed [22]
PDE6C PDE6H confirmed [23,24]
PDE6C PDE6C inferred [24]
PDE6H PDE6H inferred [25]
PDE6A PDE6G confirmed [26]
PDE6A PDE6B confirmed [26]
PDE6B PDE6G confirmed [26]
PDE6G PDE6G inferred [25]
GUCY2D GUCY2F inferred [27]
GUCY2D GUCY2D confirmed [27]
GUCY2F GUCY2F inferred [27]
GNAT2 GUCY2D confirmed [28]
GNAT2 GUCY2F confirmed [28]
GNAT1 GUCY2D confirmed [28]
GNAT1 GUCY2F confirmed [28]
GUCA1A GUCY2F confirmed [29]
GUCA1B GUCY2F confirmed [29]
GUCA1A GUCY2D confirmed [29]
GUCA1B GUCY2D confirmed [29]
RGS9 GUCY2F confirmed [30,31]
RGS9 GUCY2D confirmed [30,31]
RGS9 RGS9BP confirmed [32]
GNB5 RGS9 confirmed [33]
GNB5 GNAT1 inferred [34]
RGS9 PDE6G confirmed [34,35]
RGS9 GNAT1 confirmed [34]
GNAT2 RGS9 inferred [34]
GNB5 GNAT2 inferred [34]
PDE6H RGS9 inferred [34,35]
ROM1 ROM1 confirmed [20]
GNAT2 GNB3 inferred [14,15,19]
GNAT2 GNGT2 inferred [14,16,19]
GNB3 GNGT2 inferred [15,16,19]
GNAT1 GNB1 confirmed [19]
GNAT1 GNGT1 confirmed [19]
GNB1 GNGT1 confirmed [19]

5



Table S3 - Results

The results calculated for each gene are listed: the human protein length in amino acids, the non-synonymous

substitution rate (dN ), the synonymous substitution rate (dS), and the ratio dN/dS (ω).

gene length dN dS ω
ABCA4 2273 0.13 0.94 0.139
AIPL1 384 0.095 2.329 0.041
ARR3 388 0.178 0.802 0.222
ASCL1 236 0.012 1.534 0.008
CNGA1 759 0.096 1.043 0.092
CNGA3 698 0.156 1.452 0.107
CNGB1 1251 0.173 1.423 0.121
CNGB3 809 0.253 0.81 0.312
CRX 299 0.052 1.322 0.039
GNAT1 350 0.004 1.894 0.002
GNAT2 354 0.041 0.882 0.047
GNB1 340 0.003 1.047 0.003
GNB3 340 0.042 1.094 0.039
GNB5 395 0.011 1.011 0.01
GNGT1 74 0.037 1.01 0.037
GNGT2 69 0.119 1.056 0.113
GPSM2 684 0.076 0.994 0.077
GRK1 563 0.157 2.422 0.065
GUCA1A 205 0.052 2.569 0.02
GUCA1B 200 0.056 1.542 0.036
GUCY2D 1103 0.158 1.533 0.103
GUCY2F 1108 0.122 0.621 0.196
LRAT 230 0.215 1.367 0.157
NEUROD1 356 0.037 1.407 0.026
NR2E3 410 0.079 1.386 0.057
NR2F1 423 0.004 0.927 0.004
NRL 237 0.191 1.165 0.164
OPN1SW 348 0.157 0.972 0.162
OTX2 297 0.023 0.377 0.06
PDC 270 0.099 0.918 0.108
PDE6A 860 0.055 1.187 0.046
PDE6B 854 0.1 1.884 0.053
PDE6C 858 0.142 1.051 0.135
PDE6G 137 0.022 0.817 0.027
PDE6H 83 0.091 0.953 0.096
PIAS3 628 0.042 0.771 0.054
PRPH2 346 0.08 1.579 0.051
RBP1 197 0.023 1.141 0.021
RBP3 1274 0.161 2.025 0.08
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gene length dN dS ω
RCVRN 200 0.121 1.293 0.094
RDH12 316 0.125 1.104 0.113
RDH5 318 0.129 0.883 0.146
RDH8 311 0.149 1.183 0.126
RGR 297 0.219 1.556 0.141
RGS9 674 0.117 1.275 0.092
RGS9BP 235 0.179 2.468 0.073
RHO 348 0.052 1.905 0.027
RLBP1 347 0.091 1.461 0.063
ROM1 198 0.209 0.794 0.263
RORA 556 0.012 0.697 0.017
RORB 470 0.025 0.574 0.043
RPE65 533 0.061 0.98 0.062
RXRG 463 0.027 1.035 0.027
SAG 405 0.137 1.09 0.126
SLC24A1 1099 0.4 0.91 0.44
SLC24A2 661 0.107 0.696 0.153
THRB 476 0.041 0.668 0.062
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Table S4 - GenBank Accession Numbers for resequenced exons

Several exons were resequenced to account for their absence or poor sequence quality in the public genome

databases. All exon sequences are available on GenBank

gene species exon Accession Number
CNGB1 P. pygmaeus 1 KC484731
CNGB1 P. pygmaeus 24 KC484732
CNGB1 P. troglodytes 5 KC484733
CNGB1 P. troglodytes 6 KC484734
CNGB1 P. troglodytes 24 KC484735
CNGB1 G. gorilla 28 KC484736
GRK1 P. troglodytes 3 KC484737
PDE6B P. troglodytes 2 KC484738
PDE6B P. troglodytes 4 KC484739
PDE6B P. troglodytes 9 KC484740
PDE6B P. troglodytes 10 KC484741
PDE6B P. troglodytes 13 KC484742
PDE6B P. troglodytes 14 KC484743
PDE6B P. troglodytes 21 KC484744
PDE6B P. pygmaeus 5 KC484745
PDE6B P. pygmaeus 10 KC484746
RGS9 R. norvegicus 1 KC484747
RGS9 R. norvegicus 6 KC484748
SLC24A1 P. pygmaeus 7 KC484749
SLC24A1 G. gorilla 7 KC484750
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