
Supplementary Table 1. List of all opsin sequences used in this analysis and their associated Genbank accession numbers

Taxon NCBI accession number

Genera Species SWS1 SWS2 RH2 LWS RH

Alligator mississippiensis U23802

Ambystoma tigrinum AF038948 AF038946 AF038947 U36574

Anguilla anguilla L78008

japonica AJ249202

Anolis carolinensis AF134192 AF133907 AF134191 U08131 L31503

Aotus trivirgatus AB081277

Astyanax mexicanus AF134766 S75255 U12024+5 M90075 U12328

Atherina boyeri Y18676

Bos taurus NM_174567 AF280398 AH001149

Bufo bufo U59921

Bufo marinus U59922

Callithrix jacchus L76201 AB046546-8

Canis familiaris X71380

Capra hircus U68004

Cavia porcellus AF132042

Carassius auratus D85863 L11864 L11865+6 L11867 L11863

Columba livia AJ238856 AF149242 AF149233 AF149248 AF149231

Conger myriaster AB043817

Cottus gobio AF430489

Cynops pyrrhogaster AB052889 AB040148 AB043891 AB043890

Cyprinus carpio AB113669 AB113668 AB110602+3 AB055656 Z71999

Danio rerio AF109373 AF109372 AF109369+70 AB087805-8 AF109371 AF109368

Delphinus delphis AY228451

Dimidiochromis compressiceps AF191220 AF247113+17 AF247130 AF247128 Carleton et al

Equus caballus AF132043

Felis catus AF132040 AJ417432

Gambusia affinus Y11146

Galeus melastomus Y17586

Gallus gallus M92039 M92037 M92038 M62903 D00702

Gecko gecko AY024356 M92035 M92036

Geotria australis AY366495 AY366492 AY366491

Globicephala melas AY228446 AF055315

Gobius niger Y18675

Hippoglossus hippoglossus AF156264 AF316497 AF156263 AF316498 AF156265

Homo sapiens NM_001708 NM_020061 NM_000513 NM_000539

Latimeria chalumnae AF131262 AF131257

Lucania goodei AY296735 AY296736+7 AY296739 AY296740 AY296738

Macaca fascicularis AF158977 AF158968+75 S76579

Macropus eugenii AY286017 AY286018

Melopsittacus undulatus Y11787 AF021241 AF021242

Mesoplodon bidens AF055316

Metriaclima zebra AF191222 AF247114+8 AF247122 AF247126 Carleton et al

Miopithecus talapoin L76226

Mus musculus NM_007538 NM_008106 NM_145383

Nonnospalax ehrenbergi AF139726

Odocoileus virginianus AF132041

Oncorhynchus mykiss AF425074 AF425075 AF425076 AF425073 AF425072

Oreochromis niloticus AF191221 AF247116+20 AF247124 AF247128 Carleton et al

Oryctolagus cuniculus U21688

Oryzias latipes AB001605 AB001602 AB001603 AB001604 AB001606

Phelsuma madagascariensis AF074045 AF074044 AF074043

Phoca vitulina AY228448 AF055317

groenlandica AF055318

Poecilia reticulata Y11147

Raja erinacea U81514

Rana catesbeiana AB001983 AB010085 S79840

pipiens S49004

temporaria U59920

Rattus norvegicus U63972 NM_053548 Z46957

Sardina pilchardus Y18677

Sciurus carolinensis AF132044

Scyliorhinus canicula Y17585

Continued



Supplementary Table 1. Continued

Taxon NCBI accession number

Genera Species SWS1 SWS2 RH2 LWS RH

Serinus canaria AJ277922

Sminthopsis crassicaudata AY159786

Solea vulgaris Y18672

Sus scrofa AY091587 AF008947

Taeniopygia guttata AF222331 AF222332 AF222330 AF222333 AF222329

Takifugu rubripes Genome scaffold 5 AF226989 Genome scaffold 5 AF201471

Trichechus manatus AY228447 AF055319

Tursiops truncatus AF055457 AF055456

Xenopus laevis U23463 AY177405 U90895 L04692

Zosterisessor Ophiocephalus Y18678
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Supplementary Table 3. Likelihood ratio test results for pairwise comparisons of the rod opsin class with each of the cone opsin classes

A) Test for rate heterogeneity comparing M0 and M3. P-values are determined from a v2 distribution with 4 degrees of freedom.

Cone opsin class M0 M3 LRT P-value Largest x Fraction of sites

SWS1 )7617.74 )7481.7 272.1 1e)57 0.122 0.092

SWS2 )8267.6 )8062.8 409.6 2e)87 0.20 0.132

RH2 )6811.5 )6657.5 308.0 2e)65 0.223 0.134

LWS )7546.6 )7407.0 279.3 3e)59 0.178 0.155

B) Test for positive selection comparing M1 and M2. P-values are determined from a v2 distribution with 2 degrees of freedom.

Cone opsin class M1 M2 LRT P-value Largest x Fraction of sites

SWS1 )8439.6 )7512.7 1853.8 0 0.036 0.72

SWS2 )8870.4 )8108.3 1524.2 0 0.069 0.65

RH2 )7188.5 )6668.3 1040.5 0 0.096 0.54

LWS )8387.0 )7456 1862.1 0 0.049 0.72

C) Test for positive selection comparing M7 and M8. P-values are determined from a v2 distribution with 2 degrees of freedom.

Cone opsin class M7 M8 LRT P-value Largest x Fraction of sites

SWS1 )7488.7 )7482.2 12.94 0.0015 4.15 0.0000

SWS2 )8065.7 )8065.7 0 1 7.74 0.0000

RH2 )6663.6 )6663.6 0 1 1.83 0.0000

LWS )7412.0 )7409.2 5.6 0.06 1.6 0.0000



Supplementary Table 4. Comparison of invariant ET sites with previous mutational studies. Sites marked with * have one sequences which
differs from all other 187 sequences and so are included as invariant. Sites which are listed as ‘‘Other G protiens’’ have been shown to be
important in mutation studeis of other G proteien coupled receptors (Madabushi et al 2004)

Location Site Mutation Importance Reference

N terminus M1 Start codon

P23 Del21-29 Retinal binding; glycosylation Doi et al 1990

TM-I N55 N55C Chromophore regeneration Klein-Seetharaman et al 2001

C-1 K67* K66A/K67A K67C No effect; Gt activation Shi et al 1995; Klein-Seetharaman et al 1999

L68 L68A/R69A/T70A L68C No effect; Gt activation Shi et al 1995; Klein-Seetharaman et al 1999

TM-II L72* L72A Arrestin binding Raman et al 2003

N73 N73A Arrestin binding Raman et al 1999; 2003

L76* Other G proteins

N78* Other G proteins

E-1 Y102 Del101-108 Retinal binding Doi et al 1990

TM-III G106 Del101-108 Retinal binding Doi et al 1990

C110 C110S; C110A Protein folding Karnik et al 1988 Davidson et al 1994

E113* E113Q Schiff base counterion Sakmar et al 1989

G121 G121A,S,T,V,I,L,W Pigment stability Han et al 1996

W126

L128 Other G proteins

E134 E134D E134A/R135A Gt activation Franke et al 1992

R135 R135Q Gt activation Franke et al 1992 Shi et al 1998

C-2 C140

K141*

P142

F148 R147A/F148A/G14 9A Phosphorylation Shi et al 1995

TM-IV W161 W161L No effect in

RH Other G proteins

Nakayama and Khorana 1991

P171 Del171-172 Retinal binding Doi et al 1990

E-2 G174 Del173-174 Retinal binding Doi et al 1990

W175 W175A,C,H Chromophore regeneration Madabushi et al 2004

S176* Del 175-176 Retinal binding Doi et al 1990

R177 Del 177-178 Retinal binding Doi et al 1990

P180* Del 179-180 Retinal binding Doi et al 1990

G182 Del 181-182 Retinal binding Doi et al 1990

C187 C187S Protein folding Karnik et al 1988

G188

D190 D190A Retinal binding Doi et al 1990

TM-V P215* Other G proteins

Y223 Other G proteins

C-3 S240 S240A Gt activation Franke et al 1992

T243 T243V; T243C Gt activation Franke et al 1992; Yang et al 1996

TM-VI A246*

E249

V250*

M253

P267 P267A(N,S) Gt activation Nakayama and Khorana 1991

Y268

TM-VII K296 Schiff base binds to retinal Wang et al 1980

N302 Other G proteins

P303 Other G proteins

I305 Other G proteins

Y306 Y306C Gt activation Cai et al 1999

TM-VIII N310 N310C Gt activation Cai et al 1999

Q312

C terminus T340 T340A Arrestin binding Zhang et al 1997



Supplementary Table 5. Comparison of disease states resulting from point mutations in the opsin genes. Amino acid mutations identified in
OMIM: rhodopsin (#180380), red (LWS) opsin (#303900), green (MWS) opsin (#303800), and blue (SWS1) opsin (#190900). The site
numbers listed are those for the corresponding human gene. For the rod opsin, this is the same as the bovine RH1 amino acid numbers. For
the cone opsins, the corresponding bovine RH # is also given. Opsin invariant sites are identical in all five opsin classes sequenced to date.
Class unanimous sites are conserved in the corresponding opsin class for the human disease gene being examined. For variable sites, the
other amino acids which occur at this location are listed

Gene Site Bovine RH # Mutation Disease # Opsin invariant Class unanimous Variable/Other AA

Rhodopsin (RH1) 15 N15S 0.0029 1

17 T17M 0.0006 S

23 P23H 0.0001 1

P23A 0.0043

45 F45L 0.0007 1

51 G51R 0.0034 1

53 P53R 0.0024 1

58 T58R 0.0004 1

87 V87D 0.0008 I

89 G89D 0.0009 C

90 G90D 0.0032 1

94 T94I 0.0042 1

106 G106W 0.0010 1

G106R 0.0025

110 C110Y 0.0035 1

114 G114D 0.0036 1

135 R135L 0.0011 1

R135W 0.0012

150 E150K 0.0033 S, T

164 A164E 0.0037 1

171 P171S 0.0038 1

178 Y178C 0.0013 1

182 G182S 0.0021 1

190 D190G 0.0014 1

D190N 0.0017

D190Y 0.0027

207 M207R 0.0028 1

0.0030

211 H211P 1

267 P267L 0.0022 1

292 A292E 0.0031 S

296 K296E 0.0016 1

345 V345L 0.0040 1

V345M 0.0044

347 P347L 0.0002 1

P347S 0.0003

P347R 0.0020

P347Q 0.0041

Red opsin (LWS) 180 164 S180A 0.0002 S, A

203 187 C203R 0.0003 1

338 322 G338E 0.0004 1

Green opsin (MWS) 94 78 N94K 0.0003 1

203 187 C203R 0.0001 1

0.0002

330 314 R330G 0.0004 1

Blue opsn (SWS1) 79 82 G79R 0.0001 A C G S

214 217 S214P 0.0002 A S M T

264 267 P264S 0.0003 1


