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Supplementary Figure S1. Vertebrate RHO gene tree estimated by maximum
nodes are aLRT support values.

likelihood (PHYML). Numbers at the
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Supplementary Figure S2. Vertebrate RHO gene tree estimated by Bayesian inference (MrBayes). Numbers at the
nodes are posterior probabilities.
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Supplementary Figure S3. Mammalian RHO gene tree estimated by maximum likelihood (PHYML). Numbers at the
nodes are aLRT support values.
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Supplementary Figure S4. Mammalian RHO gene tree estimated by Bayesian inference (MrBayes). Numbers at the

nodes are posterior probabilities.
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Supplementary Figure S5. Vertebrate RPE65 gene tree estimated by maximum likelihood (PHYML). Numbers at the

nodes are aLRT support values.



_ Balaenoptera acutorostrata scammoni
1004 | ipotes vexillifer
1% & Physeter catodon

100% rcinus orca
Jro I Q/Turs:ops truncatus
g Bos mutus

100% Bos taurus

00| L]" Bubalus bubalis

Capra hircus

Ovis aries
wgyPantholops hodgsonii

557, Sus scrofa

L[ Camelus ferus

Vicugna pacos

Pteropus alecto

Eptesicus fuscus
Myotis davidii

Myotis brandtii
Myotis lucifugus

89.9% - Sorex araneus
R Erinaceus europaeus
Ceratotherium simum simum
ore% EQuus caballus
T Canis lupus familiaris
- Odobenus rosmarus divergens
é\niluropoda melanoleuca
% Mustela putorius furo
Felis catus
Condylura cristata
Chrysochloris asiatica
~=— Flephantulus edwardii
Oryctergpus afer
chinops telfairi
—..] fichechus manatus latirostris
"Loxodonta africana
Dasypus novemcinctus
— Tupaia chinensis
Callithrix jacchus
\?'?imiri oliviensis
orocebus sabaeus
100%
s Macaca mulatta
® Papio anubis
"Gorilla gorilla
omo sapiens
100%, .
o6 7G/Pan paniscus
“"Pan troglodytes
58I\ngmascus letcogenys
Poano abelii
arsius syrichta
Spermophilus tridecemlineatus
Jaculus jaculus
100 Cricetulus griseus
Mesocricetus auratus
=*Peromyscus maniculatus bairdii
Microtus ochrogaster
Mus musculus
Rattus norvegicus

100% Cavia porcellus
w5 Chinchilla lanigera
7 Octodon degus
Heterocephalus glaber
— Ochotona princeps

Oryctolagus cuniculus

- Monodelphis domestica
_@mhﬂus harrisii

o Ornithorhynchus anatinus
% 100%e Alligator mississippiensis
100% —{ Alll%ator sinensis
Chelonia mydas

97.9% a4

100%

100%

60%

84.3%

99.5%
99.9%

99%

84.5%

96.7% [ ]99:4%

50.9%

100%

Chr]ysemys picta bellii
97.7% = Pelodiscus sinensis
Anas f)latyrhynchos
Gallus gallus
WMeleagris gallopavo

81.4%

Ficedula albicollis
Geospiza fortis
LI Taeniopygia guttata
Zonotrichia albicollis.
Pseudopodoces humilis
Columba livia
Falco peregrinus
| Melopsittacus undulatus
L Anolis carolinensis
Python bivittatus
100% [ Ambystoma tigrinum
g L Cynops pyrrhogaster
—— Xenopus laevis
L% Xenopus tropicalis

56.5%

100%.

100%

100%

Latimeria chalumnae

" Astyanax mexicanus
Danio rerio RPE65a
Haplochromis burtoni
Pundamilia nyererei
Maylandia zébra
Oreochromis niloticus
Neolamprologus brichardi

100% Oryzias latipes
100% Poecilia formosa

oo 76.9% 100%= Xiphophorus maculatus

. Takifugu rubripes

Astyanax mexicanus Mueller
ﬂ anio rerio RPE65b
100% == Danio rerio RPE65¢c
s6.3% Haplochromis burtoni Mueller

100% Maylandia zebra Mueller
Pundamilia nyererei Mueller

Neolamprologus brichardi Mueller
Oreochromis niloticus Mueller

oot Oryzias latipes Mueller
84.1% 100%= Poecilia formosa Mueller
84.3% Xiphophorus maculatus Mueller

Takifugu rubripes Mueller
Lepisosteus oculatus

100%

100%

100%

- Callorhinchus milii
Petromyzon marinus

0.1

Supplementary Figure S6. Vertebrate RPE65 gene tree estimated by Bayesian inference (MrBayes). Numbers at the
nodes are posterior probabilities.
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Supplementary Figure S7. Mammalian RPE65 gene tree estimated by maximum likelihood (PHYML). Numbers at the

nodes are aLRT support values.
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Supplementary Figure S8. Mammalian RPE65 gene tree estimated by Bayesian inference (MrBayes). Numbers at the
nodes are posterior probabilities.



Table S1. RHO and RPE65 Accession numbers

Species Name

Vertebrate RHO data set:

Ailuropoda melanoleuca
Alligator mississippiensis
Alligator sinensis
Ambystoma tigrinum
Anas_platyrhynchos
Anolis carolinensis
Astyanax mexicanus

Balaenoptera acutorostrata scammon

Bos mutus

Bos taurus
Bubalus bubalis
Callithrix jacchus
Callorhinchus milii
Camelus ferus
Canis familiaris
Cavia porcellus

Ceratotherium simum simum

Chelonia mydas
Chinchilla lanigera
Chlorocebus sabaeus
Chrysemys picta bellii
Chrysochloris asiatica
Columba livia
Condylura cristata
Cricetulus griseus
Cynops pyrrhogaster
Danio rerio

Dasypus novemcinctus
Echinops telfairi
Elephantulus edwardii
Eptesicus fuscus
Equus caballus
Erinaceus europaeus
Falco peregrinus
Felis catus

Ficedula albicollis
Gallus gallus

Geospiza fortis
Gorilla gorilla gorilla
Haplochromis burtoni
Heterocephalus glaber
Homo sapiens

Jaculus jaculus
Latimeria chalumnae
Lepisosteus oculatus
Lipotes vexillifer
Loxodonta africana
Macaca mulatta
Maylandia zebra
Meleagris gallopavo
Melopsittacus undulatus
Mesocricetus auratus
Microtus ochrogaster
Monodelphis domestica
Mus musculus
Moustela putorius furo

Accession Number

XM_002921249.2
NM_001287282.1
XM_006039400.1
U36574.1
XM_005012054
NM_001291387.1
U12328.1
XM_007192608.1
XM_005902834.1
NM_001014890.1
XM_006078900.1
XM_008982215.1
NM_001292252.1
XM_006180073.1
X71380.1
NM_001173085.1
XM_004442424.1
XM_007059947.1
XM_005387085.1
XM_007985378.1
XM_008168043.1
XM_006868670.1
XM 005509036
XM_004692360.1
NM_001244407.1
AB043890.1
HM367063.1
XM_004477246.1
XM_004702378.1
XM_006901040.1
XM_008152292.1
XM_001490301.3
XM_007517079.1
XM_005240222.1
NM_001009242.1
XM_005053322.1
NM_001030606.1
XM_005426641.1
XM_004036292.1
NM_001287832.1
XM_004902702.1
NM_000539.3
XM_004651581.1
XM_005997817.1
XM_006630625.1
XM_007461564.1
NM_001280858.1
XM_001094250.1
AY775114.1
XM_003210211.2
AF021242.1
XM_005066100.1
XM_005365058.1
XM_001366188.2
BC031766.1
XM_004738577.1



Myotis brandtii

Myotis davidii

Myotis lucifugus
Neolamprologus brichardi
Nomascus leucogenys
Ochotona princeps

Octodon degus

Odobenus rosmarus divergens
Orcinus orca

Oreochromis niloticus
Ornithorhynchus anatinus
Orycteropus afer afer
Oryctolagus cuniculus
Oryzias latipes

Ovis aries

Pan paniscus

Pan troglodytes

Pantholops hodgsonii

Papio anubis

Pelodiscus sinensis
Peromyscus maniculatus bairdii
Petromyzon marinus
Physeter catodon

Poecilia formosa

Pongo abelii

Pseudopodoces humilis
Pteropus alecto

Pundamilia nyererei

Python bivittatus

Rattus norvegicus

Saimiri boliviensis boliviensis
Sarcophilus harrisii

Sorex araneus

Spermophilus tridecemlineatus
Sus scrofa

Taeniopygia guttata

Takifugu rubripes

Tarsius syrichta

Trichechus manatus

Tupaia chinensis

Tursiops truncatus

Vicugna pacos

Xenopus (Silurana) tropicalis
Xenopus laevis

Xiphophorus maculatus
Zonotrichia albicollis

Vertebrate RPE6S data set:
Ailuropoda melanoleuca
Alligator mississippiensis
Alligator sinensis
Ambystoma tigrinum

Anas platyrhynchos

Anolis carolinensis

Astyanax mexicanus
Astyanax mexicanus Mueller
Balaenoptera acutorostrata scammoni
Bos mutus

Bos taurus

Bubalus bubalis

Callithrix jacchus

XM_005870029.1
XM_006758300.1
XM_006083811.1
AY775110.1
XM_003265030.3
XM_004581320.1
XM_004645617.2
XM _004395657.1
XM_004284305.2
AY775108.1
NM_001127627.1
XM 007956743
XM_008260202.1
AB180742.1
XM_004018534.2
XM _003829435.2
XM_516740.5
XM_005955745.1
XM_003906878.2
XM _006132837.1
XM_006978532.1
AH005459.1
XM_007126220.1
XM _007562291.1
XM_002813145.3
XM_005521947.1
XM_006917646.1
XM_005740519.1
XM_007423262.1
NM_033441.1
XM_003926159.2
XM _003762449.1
XM_004613232.1
XM_005333784.1
NM_214221.1
NM_001076695.1
NM_001078631.1
XM_008047820.1
AF055319.1

XM 0061606641
NM_001280659.1
XM_006206787.1
NM_001097334.1
NM_001087048.1
XM_005805648.1
XM_005490154.1

XM_002924661
XM_006273833
XM_006037631
AF047465
XM_005022335
XM_003225837
XM_007254601
XM_007256147
XM_007182907
XM_005906391
NM_174453
XM_006052721
XM_002750946



Callorhinchus milii
Camelus ferus

Canis lupus familiaris
Capra hircus

Cavia porcellus
Ceratotherium simum simum
Chelonia mydas
Chinchilla lanigera
Chlorocebus sabaeus
Chrysemys picta bellii
Chrysochloris asiatica
Columba livia

Condylura cristata
Cricetulus griseus
Cynops pyrrhogaster
Danio rerio (RPE65a)
Danio rerio (RPE65b)
Danio rerio (RPE65¢)
Dasypus novemcinctus
Echinops telfairi
Elephantulus edwardii
Eptesicus fuscus

Equus caballus
Erinaceus europaeus
Falco peregrinus

Felis catus

Ficedula albicollis
Gallus gallus

Geospiza fortis

Gorilla gorilla
Haplochromis burtoni
Haplochromis burtoni Mueller
Heterocephalus glaber
Homo sapiens

Jaculus jaculus
Latimeria chalumnae
Lepisosteus oculatus
Lipotes vexillifer
Loxodonta africana
Macaca mulatta
Maylandia zebra
Maylandia zebra Mueller
Meleagris gallopavo
Melopsittacus undulatus
Mesocricetus auratus
Microtus ochrogaster
Monodelphis domestica
Mus musculus

Mustela putorius furo
Myotis brandtii

Myotis davidii

Mpyotis lucifugus
Neolamprologus brichardi
Neolamprologus brichardi Mueller
Nomascus leucogenys
Ochotona princeps
Octodon degus
Odobenus rosmarus divergens
Orcinus orca
Oreochromis niloticus
Oreochromis niloticus Mueller

XM 007909431
XM 006191021
NM_001003176
XM 005678276
XM_003479100
XM_004431484
XM_007063459
XM 005385268
XM_007978338
XM_005300122
XM_006862419
XM_005498947
XM_004679108
XM_007622486
AB095018
NM_200751
NM_001089433
NM_001113653
XM_004483698
XM_004699612
XM_006879787
XM_008139423
XM_001498619
XM_007525692
XM 005244483
XM_003990180
XM_005050653
NM_204884
XM_005429539
XM_004025957
XM_005912639
XM 005951067
XM_004899378
NM_000329
XM 004671381
XM 006011611
XM_006635249
XM_007460114
XM 003411238
XM_001095946
XM 004542781
XM_004562051
XM_003208913
XM 005151194
XM_005086971
XM_005357442
XM_007480405
NM_029987
XM_004762993
XM_005861199
XM_006770093
XM_006099228
XM_006786395
XM_006797803
XM_003260179
XM_004588764
XM_004633990
XM_004415169
XM_004280749
XM 003437873
XM 005462114



Ornithorhynchus anatinus
Orycteropus afer afer
Oryctolagus cuniculus
Oryzias latipes

Oryzias latipes Mueller

Ovis aries

Pan paniscus

Pan troglodytes

Pantholops hodgsonii

Papio anubis

Pelodiscus sinensis
Peromyscus maniculatus bairdii
Petromyzon marinus
Physeter catodon

Poecilia formosa

Poecilia formosa Mueller
Pongo abelii
Pseudopodoces humilis
Pteropus alecto

Pundamilia nyererei
Pundamilia nyererei Mueller
Python bivittatus

Rattus norvegicus

Saimiri boliviensis
Sarcophilus harrisii

Sorex araneus

Spermophilus tridecemlineatus
Sus scrofa

Taeniopygia guttata
Takifugu rubripes

Takifugu rubripes Mueller
Tarsius syrichta

Trichechus manatus latirostris
Tupaia chinensis

Tursiops truncatus

Vicugna pacos

Xenopus laevis

Xenopus tropicalis
Xiphophorus maculatus
Xiphophorus maculatus Mueller
Zonotrichia albicollis

Mammal RHO data set:
Ailuropoda melanoleuca
Amblysomus hottentotus
Artibeus jamaicensis
Balaenoptera acutorostrata scammoni
Bathyergus suillus

Bos mutus

Bos taurus

Bubalus bubalis

Caluromys philander
Camelus ferus

Canis lupus familiaris

Cavia porcellus
Ceratotherium simum simum
Chaerephon plicatus
Chinchilla lanigera
Chlorocebus sabaeus
Chrysochloris asiatica
Condylura cristata

XM 007673238
XM_007959394
XM_002715929
XM 004079386
XM_004068058
XM_004002070
XM_003807877
XM_009460457
XM 005978384
XM_009210604
XM_006123356
XM 006996780
IX115001

XM 007116544
XM_007548703
XM_007543119
XM 002810712
XM_005521247
XM_006919310
XM 005721435
XM_005753540
XM_007433578
AF035673

XM 003921428
XM 012547548
XM_004607272
XM_005332357
XM_003127931
XM 002187684
XM_003975265
XM_003977490
XM 008048441
XM_004369044
XM_006167148
XM_004331382
XM 006205347
NM_001086800
NM_001127066
XM_005807594
XM 005805238
XM_005496384

XM 002921249.2
GQ290298
GQ290299

XM 007192608.1
GQ290300

XM 005902834.1
NM 001014890.1
XM 006078900.1
AY313946.1

XM 006180073.1
XM 005632035.1
NM 001173085.1
XM 004442424.1
GQ290301.1

XM 005387085.1
XM 007985378.1
XM 006868670.1
XM 004692360.2



Cricetulus griseus
Cryptomys damarensis
Cynopterus brachyotis
Cynopterus sphinx
Dasypus novemcinctus
Delphinus delphis
Dobsonia viridis
Echinops telfairi
Elephantulus edwardii
Enhydra lutris
Eonycteris spelaea
Eptesicus fuscus

Equus caballus

Equus przewalskii
Erignathus barbatus
Erinaceus europaeus
Eubalaena glacialis
Felis catus
Globicephala melas
Gorilla gorilla
Heterocephalus glaber
Hipposideros larvatus
Hipposideros pomona
Hipposideros pratti
Homo sapiens
Hydrurga leptonyx
Jaculus jaculus
Leptonychotes weddellii
Lipotes vexillifer
Loxodonta africana
Macaca fascicularis
Macaca mulatta
Macroscelides proboscideus
Megaderma spasma
Mesocricetus auratus
Mesoplodon bidens
Microtus ochrogaster
Miniopterus fuliginosus
Mirounga angustirostris
Monodelphis domestica
Mus musculus

Mustela putorius furo
Myotis brandtii

Mpyotis davidii

Myotis laniger

Myotis lucifugus
Mpyotis ricketti
Nomascus leucogenys
Nyctalus plancyi
Nyctimene cephalotes
Ochotona princeps
Octodon degus
Odobenus rosmarus divergens
Orcinus orca
Ornithorhynchus anatinus
Orycteropus afer afer
Oryctolagus cuniculus
Otolemur crassicaudatus
Ovis aries

Pan paniscus

Pan troglodytes

NM 001244407.1
XM 010637946.1
GQ290303
GQ863420.1

XM 004477246.1
AF055314.1
GQ290304

XM 004702378.1
XM 006901040.1
AY883931.1
GQ290305

XM 008152292.1
XM 001490301.3
XM 008531022.1
AY883932.1

XM 007517079.1
JQ730751.1

NM 0010092421
AF055315.1

XM 004036292.1
XM 004902702.1
GQ290308.1
GQ863426.1
GQ290309.1
AB464154.1
AY883930.1

XM 004651581.1
XM 006740235.1
XM 007461564.1
NM 001280858.1
NM 001283360.1
XM 001094250.1
GQ290310
GQ290316.1

XM 005066100.1
AF055316.1

XM 005365058.1
GQ290311
AY228452.1

XM 001366188.2
BC031766.1

XM 004738577.1
XM 005870029.1
XM 0067583001
GQ863435.1

XM 006083811.1
GQ290312.1

XM 003265030.3
GQ863422.1
GQ290313

XM 004581320.1
XM 004645617.2
XM 004395657.1
XM 004284305.2
NM 001127627.1
XM 007956743.1
NM 001082349.1
AB112591.1

XM 004018534.2
XM 003829435.2
XM_516740



Panthera tigris altaica
Pantholops hodgsonii

Papio anubis

Peromyscus maniculatus bairdii
Phoca groenlandica

Phoca vitulina

Physeter catodon

Pongo abelii

Pteropus alecto

Rattus norvegicus
Rhinolophus ferrumequinum
Rhinolophus pearsonii
Rhinolophus pusillus
Rhinolophus sinicus
Rousettus leschenaultii
Saimiri boliviensis boliviensis
Sarcophilus harrisii
Sminthopsis crassicaudata
Sorex araneus

Spalax ehrenbergi
Spermophilus tridecemlineatus
Sus scrofa

Tachyglossus

Taphozous melanopogon
Tarsius syrichta

Trichechus manatus

Tupaia chinensis

Tursiops truncatus

Ursus maritimus

Vicugna pacos

Zalophus californianus

Mammal RPE6S data set:
Ailuropoda melanoleuca
Balaenoptera acutorostrata scammoni
Bos mutus

Bos taurus

Bubalus bubalis

Callithrix jacchus

Camelus ferus

Canis lupus familiaris
Capra hircus

Cavia porcellus
Ceratotherium simum simum
Chinchilla lanigera
Chlorocebus sabaeus
Chrysochloris asiatica
Condylura cristata
Cricetulus griseus
Dasypus novemcinctus
Echinops telfairi
Elephantulus edwardii
Eptesicus fuscus

Equus caballus

Erinaceus europaeus

Felis catus

Gorilla gorilla
Heterocephalus glaber
Homo sapiens

Jaculus jaculus

Lipotes vexillifer

XM 007075434.1
XM 005955745.1
XM 003906878.2
XM 006978532.1
AF055318.1
AF055317.1

XM 007126220.1
XM 002813145.3
XM 006917646.1
NM 033441.1
GQ290314.1
GQ863432.1
GQ290315.1
GQ863434.1
GQ290317.1

XM 003926159.2
XM 003762449.1
AY159786.2

XM 004613232.1
AF309568.1

XM 0053337841
NM 214221.1
JX103830
GQ290318.1

XM 008047820.1
AF055319.1

XM 0061606641
NM 001280659.1
AY883926.1
XM_006206787.1
AY883924.1

XM_002924661
XM_007182907
XM_005906391
NM_174453
XM_006052721
XM_002750946
XM 010963423
NM_001003176
XM_005678276
XM_003479100
XM 004431484
XM 005385268
XM_007978338
XM_006862419
XM_004679108
XM_007622486
XM_004483698
XM_004699612
XM_006879787
XM_008139423
XM_001498619
XM_007525692
XM_003990180
XM_004025957
XM_004899378
KJ892021
XM_004671381
XM_007460114



Loxodonta africana

Macaca mulatta
Mesocricetus auratus
Microtus ochrogaster
Monodelphis domestica

Mus musculus

Mustela putorius furo

Mpyotis brandltii

Myotis davidii

Myotis lucifugus

Nomascus leucogenys
Ochotona princeps

Octodon degus

Odobenus rosmarus divergens
Orcinus orca
Ornithorhynchus anatinus
Orycteropus afer

Oryctolagus cuniculus

Ovis aries

Pan paniscus

Pan troglodytes

Pantholops hodgsonii

Papio anubis

Peromyscus maniculatus bairdii
Physeter catodon

Pongo abelii

Pteropus alecto

Rattus norvegicus

Saimiri boliviensis
Sarcophilus harrisii

Sorex araneus

Spermophilus tridecemlineatus
Sus scrofa

Tarsius syrichta

Trichechus manatus latirostris
Tupaia chinensis

Tursiops truncatus

Vicugna pacos

XM 003411238
XM_001095946
XM_005086971
XM_005357442
XM_007480405
NM_029987
XM_004762993
XM_005861199
XM_006770093
XM_006099228
XM_003260179
XM_004588764
XM_004633990
XM_004415169
XM_004280749
XM_007673238
XM_007959394
XM_002715929
XM_004002070
XM_003807877
XM_009460457
XM_005978384
XM_009210604
XM 006996780
XM 007116544
XM_002810712
XM_006919310
AF035673

XM 003921428
XM 012547548
XM_004607272
XM_005332357
XM 003127931
XM_008048441
XM_004369044
XM_006167148
XM_004331382
XM_006205347



Supplemental table 2. Rhodopsin disease sites found in various mutation databases (OMIM, dbSNP, UniProt,

HGMD) used in analyses. Vertebrate, mammal, and human amino acid numberings are listed. RHO disease

sites confirmed to be pathogenic via in vitro or family co-segregating studies are also listed with references.
All Pathogenic Sites

53 Confirmed Pathogenic Sites

Vert Mamm Human Vert Mamm Human References
4 4 4 4 4 4 Kaushal & Khorana, 1994
15 15 15 15 15 15 Kaushal et al., 1994
17 17 17 17 17 17 lggzg et al., 1991; Kaushal & Khorana, 1994; Kaushal et al.,
Sung et al., 1991; 1993; Olsson et al., 1992; Kaushal & Khorana,
20 20 20 2 23 23 19945 McKibbin et al, 2007
23 23 23 28 28 28 Kaushal & Khorana, 1994
28 28 28 44 44 44 Andrés et al., 2003; Bosch et al., 2003; Piechnick et al., 2012
40 40 40 45 45 45 Matias-Florentino et al., 2009, but see Vincent et al., 2013
Kaushal & Khorana, 1994; Hwa et al., 1997; Bosch et al., 2003;
44 44 44 > > > Bosch-Presegué et al., 2011
45 45 45 53 53 53 Sung et al., 1993
46 46 46 58 58 58 Min et al., 1993
51 51 51 64 64 64 Shi et al., 1995
52 52 52 87 87 87 Sung et al., 1991; Kaushal & Khorana, 1994; Bosch et al., 2003
53 53 53 88 88 88 Audo et al., 2010
56 56 56 89 89 89 Hwa et al., 1997;Sung et al., 1991; Bosch et al., 2003
Rao et al., 1994; Gross et al., 2003b; Bosch-Presegué et al., 2011;
37 37 37 %0 %0 20 Toledo et al., 2011; Singhal et al., 2013 y
53 53 53 94 94 94 al(jr;)gsl;t al., 2003a; 2003b; Janz & Farrens, 2004; Piechnick et
64 64 64 106 106 106 Sung et al., 1991; Kaushal & Khorana, 1994
78 78 78 110 110 110 Karnik et al., 1988; Hwa et al., 1999; Krebs et al., 2010
87 87 87 114 114 114 Dryja et al., 2000a
88 88 88 125 125 125 Sung et al., 1993; Garriga et al., 1996
89 89 89 127 127 127 Garriga et al., 1996
Sakmar et al., 1989; Weitz & Nathans, 1993; Min et al., 1993;
% 20 2 135 135 135 Sung et al., 1993; Acharya & Karnik, 1996
94 94 94 137 137 137 Andrés et al., 2003
104 104 104 140 140 140 Natochin et al., 2003; Yamashita et al., 2000
106 106 106 150 150 150 Zhu et al., 2006; Zhang et al., 2012
109 109 109 161 161 161 Kartasasmita et al., 2011
110 110 110 164 164 164 Hwa et al., 1997
Dryja et al., 1991; Sung et al., 1993; Kaushal & Khorana, 1994,
114 114 114 167 167 167 Breﬁers ot al. 2002 &
Antifiolo et al., 1994; Dryja et al., 1991; Sung et al., 1993;
122 122 122 17 17 17 Kaushal & Khorana, 1994};/JVaithinathan et al.,g 1994
125 125 125 178 178 178 Sung et al., 1991; Kaushal & Khorana, 1994
127 127 127 180 180 180 lannaccone et al., 2006
Dryja et al., 1991; Sung et al., 1993; Kaushal & Khorana, 1994;
131 131 131 181 181 181 Yan et al., 2002; Lewis et al., 2004; Janz & Farrens, 2004,
Liideke et al., 2005; Feldman et al., 2012
135 135 135 182 182 182 Fishman et al., 1992; Sung et al., 1993
136 136 136 184 184 184 Dryja et al., 2000
137 137 137 185 185 185 Karnik et al., 1988; McKibbin et al., 2007
Liu et al., 2013; Sung et al., 1993; Kaushal & Khorana, 1994;
140 140 140 186 186 186 Janz & Farrens, 2004; Yan et al., 2007; Liu et al., 2011; Piechnick
etal., 2012
150 150 150 187 187 187 Hwa et al., 1999;Karnik et al., 1988
160 160 160 188 188 188 Dryja et al., 1991; Sung et al., 1993; Kaushal & Khorana, 1994
161 161 161 190 190 190 Spng et al., 1991; Kaushal & Khorana, 1994; Janz et al., 2003;
Liuetal., 2013
164 164 164 207 207 207 Aguila et al., 2009; Piechnick et al., 2012
Weitz & Nathans, 1992; Sung et al., 1993; Kaushal & Khorana,
167 167 167 211 211 21 1994; Hwa et al., 1997, Lewi% et al., 2006
170 170 170 222 222 222 Kaushal & Khorana, 1994
171 171 171 249 249 249 Rosenfeld et al., 1995



All Pathogenic Sites

53 Confirmed Pathogenic Sites

Vert Mamm Human Vert Mam Human Reference

176 176 176 292 292 292 Weitz & Nathans, 1992; Dryja et al., 1993; Jin et al., 2003
178 178 178 296 296 296 Robinson et al., 1992; Kaushal & Khorana, 1994
179 179 179 297 297 297 Hwa et al., 1997
180 180 180 343 341 341 Zhao et al., 2001
181 181 181 349 347 342 Scott et al., 1993
182 182 182 350 348 343 Zhang et al., 1997
184 184 184 351 349 344 Concepcion & Chen, 2010
185 185 185 352 350 345 Dryja et al., 1991
136 136 136 354 350 347 ﬁggznletaL,1991;SungetaL,1991;LietaL,1996;Banh1etﬂ“
187 187 187

188 188 188

190 190 190

193 193 193

207 207 207

209 209 209

211 211 211

215 215 215

216 216 216

220 220 220

222 222 222

249 249 249

252 252 252

267 267 267

270 270 270

284 284 284

289 289 289

292 292 292

295 295 295

296 296 296

297 297 297

311 311 311

312 312 312

328 328 328

343 341 341

349 347 342

350 348 343

351 349 344

352 350 345

353 351 346

354 352 347



Supplemental table 3. RPE65 pathogenic sites found in various mutation databases (OMIM,
dbSNP, UniProt, HGMD) used in analyses. Vertebrate, mammal, and human amino acid
numberings are consistent.

All disease sites

Human Human

1 417
6 431
22 434
25 435
32 436
40 443
44 452
60 457
64 460
68 462
70 470
79 473
85 515
91 528
95 533
101

102

104

118

124

132

144

148

162

167

182

205

215

234

239

244

249

251

287

294

303

313

318

321

330

341

343

360

363

368

370

393

402

403

407

408



Supplemental table 4. Random sites (PAML) analyses for RHO based on the Bayesian vertebrate and mammal trees

Tree Model np InLL k Parameters Null LRT df P
Vertebrate MO 199 -25222.6  2.52 0.05538 n/a

Mla 200 -24968.5  2.67 p: 0.935 0.065 MO 508.0 1 0.0000
w: 0.045 1.000

M?2a 202 -24968.5  2.67 p: 0.935 0.065 0.000 Mla 0.0 2 1.0000
w: 0.045 1.000 5.230

M3 203 -243249  2.53 p: 0.628 0.268 0.105 MO 1795.4 4 0.0000
w: 0.007 0.095 0.313

M7 200 -24306.5  2.53 p: 0.267 q: 3.279 n/a

MS8a 201 -24301.0  2.53 p: 0.281 q: 3.955 n/a
pl: 0.006 w: 1.000

M8 202 -24301.0  2.53 p: 0.281 q: 3.955 M7 11.0 2 0.0042
pl: 0.006 w: 1.000 M38a 0.0 1 1.0000

Mammal MO 213 -18022.4  4.19 0.04136 n/a

Mla 214 -17762.4  4.38 p: 0.959 0.041 MO 520.0 1 0.0000
w: 0.032 1.000

M?2a 216 -17762.4  4.38 p: 0.959 0.000 0.041 Mla 0.0 2 1.0000
w: 0.032 1.000 1.000

M3 217 -17324.0  4.29 p: 0.767 0.194 0.039 MO 1396.9 4 0.0000
w: 0.006 0.130 0.463

M7 214 -17319.8  4.28 p: 0.163 q: 2.032 n/a

M8 216 -17319.8  4.28 p: 0.163 q: 2.032 M7 0.0 2 1.0000
pl: 0.000 w: 1.000

Note: np, number of parameters; In L, In likelihood; «, transition/transversion ratio; df, degrees of freedom. For models M7-M8, p and q describe the shape of the

beta distribution, and o, refers to the positively selected site class (with proportion in parentheses) for models M8 and M8a (where it is constrained to one).



Supplemental table 5. Random sites (PAML) analyses for RPE65 based on the Bayesian vertebrate and mammal trees

Tree Model np InLL k Parameters Null LRT df P
Vertebrate MO 222 411564 2.09 0.06459 n/a

Mla 223 -40986.4 2.09 p: 0.972 0.028 MO 339.9 1 0.0000
w: 0.060 1.000

M?2a 225  -40986.4 2.19 p: 0.972 0.028 0.000 Mla 0.0 2 1.0000
w: 0.060 1.000 999.000

M3 226 -40188.4 2.09 p: 0.513 0.345 0.142 MO 1935.9 4 0.0000
w: 0.007 0.086 0.254

M7 223 -40170.4 2.09 p: 0.397 q: 4.698 n/a

MS8a 224 -40159.8 2.09 p: 0.408 q: 5.155 n/a
pl: 0.002 w: 1.000

M8 225  -40159.0 2.09 p: 0.408 q: 5.143 M7 22.7 2 0.0000
pl: 0.002 w: 1.350 MS8a 1.5 1 0.2146

Mammal MO 125 -16164.7 2.99 0.05513 n/a

Mla 126  -16063.6 3.18 p: 0.955 0.045 MO 202.2 1 0.0000
w: 0.040 1.000

M2a 128 -16063.6 3.17 p: 0.955 0.045 0.000 Mla 0.0 2 1.0000
w: 0.040 1.000 6.196

M3 129 -15913.5 2.99 p: 0.735 0.206 0.059 MO 502.4 4 0.0000
w: 0.008 0.136 0.406

M7 126  -15914.4 2.99 p: 0.210 q: 3.051 n/a

M8 128  -15914.2 2.99 p: 0.213 q: 3.184 M7 0.5 2 0.7922
pl: 0.001 w: 1.000

Note: np, number of parameters; In L, In likelihood; «, transition/transversion ratio; df, degrees of freedom. For models M7-M8, p and q describe the shape of the
beta distribution, and o, refers to the positively selected site class (with proportion in parentheses) for models M8 and M8a (where it is constrained to one).



Supplemental table 6. Vertebrate RHO and RPE65 all pathogenic vs. non-pathogenic dn/ds
site estimates produced by FUBAR, FEL and M8 compared with Mann-Whitney tests

Molecular . Non- . Non-
Tree Gene evolutionary Patl.logenlc pathogenic Pathogenlcz pathogenic U V4 p
analysis site N site N Mean Rank Mean Rank’
RHO FUBAR 84 271 34.99 143 8853 -3.077 0.0021
ML RHO FEL' 81 261 33.98 137.5 8301 -3.037 0.0024
RHO M8 84 271 37.02 141 9657 -2.417 0.0156
RPEG65 FUBAR 66 467 26.17 240.8 11740 -3.136 0.0017
ML RPEG65 FEL' 66 465 25.37 240.6 11260 -3.582 0.0003
RPE65 M8 66 467 26.72 240.3 12030 -3.222 0.0013
RHO FUBAR 84 271 34.89 143.1 8817 -3.121 0.0018
Bayes RHO FEL' 81 260 33.88 137.1 8234 -3.082 0.0021
RHO M8 84 271 37.37 140.6 9695 -2.490 0.0128
RPEG65 FUBAR 66 467 26.33 240.7 11830 -3.061 0.0022
Bayes RPEG65 FEL' 66 465 25.58 240.4 11370 -3.487 0.0005
RPEG65 M8 66 467 26.84 240.2 12090 -3.168 0.0015
1. FEL d\/dj site estimates for all datasets were corrected to remove undefined and infinite values before Mann-
Whitney tests.
2. Mann-Whitney U statistics were calculated for pathogenic vs non-pathogenic dy/ds mean ranks for all RHO and RPE65
datasets.
Supplemental table 7. Results of Mann-Whitney tests between FUBAR-estimated d/ds of
pathogenic vs non pathogenic sites.
Tree Gene Patzli(t)eg:nic Dataset Pazlilt(;ggnic patI;:));lenic I\P;[it:llfie;;i Patlﬁzlglenic U Z p
site N Mean Rank
RHO Confirmed  Vertebrate 53 302 17.54 160.5 4795 -4.655 0.0000
RHO Confirmed Mammal 53 302 20.08 156.9 5657 -3.347 0.0008
ML RHO All Vertebrate 84 271 34.99 143 8853 -3.077 0.0021
RHO All Mammal 84 269 36.67 140.3 9374 -2.356 0.0185
RPEG65 All Vertebrate 66 467 26.17 240.8 11740 -3.136 0.0017
RPE65 All Mammal 66 467 29.61 237.4 13570 -1.569 0.1166
RHO Confirmed  Vertebrate 53 302 17.47 160.5 4770 -4.691 0.0000
RHO Confirmed Mammal 53 302 20.11 156.9 5667 -3.333 0.0009
Bayes RHO All Vertebrate 84 271 34.89 143.1 8817 -3.121 0.0018
RHO All Mammal 84 269 36.7 140.3 9384 -2.344 0.0191
RPEG65 Full Vertebrate 66 467 26.33 240.7 11830 -3.061 0.0022
RPE65 Full Mammal 66 467 29.6 237.4 13560 -1.577 0.1148




Supplemental table 8. Results of Mann-Whitney tests between FEL estimated dn-ds of

pathogenic vs non pathogenic sites.

. . Non- . Non-
Tree Gene Path_o BEME " DPataset Patl‘logenlc pathogenic Pathogenic Pathogenic U V4 p
Sites site N . Mean Rank
site N Mean Rank
RHO Confirmed Vert 53 302 21.89 156.1 6339 -2.414 0.0158
RHO Confirmed Mamm 53 302 22.05 155 6352 -2.333 0.0197
ML RHO All Vert 84 271 39.38 138.6 10410 -1.181 0.2376
RHO All Mamm 84 269 38.69 138.3 10090 -1.480 0.1388
RPE65 All Vert 66 467 27.12 239.9 12240 -2.705 0.0068
RPEG65 All Mamm 66 467 30.71 236.3 14160 -1.068 0.2854
RHO Confirmed Vert 53 302 21.69 156.3 6271 -2.514 0.0120
RHO Confirmed Mamm 53 302 22.09 154.9 6367 -2.311 0.0208
Ba RHO All Vert 84 271 39.15 138.9 10330 -1.283 0.1996
Y RHO All Mamm 84 269 38.68 1383 10080 -1.488 0.1367
RPEG65 All Vert 66 467 26.98 240 12170 -2.767 0.0057
RPEG65 All Mamm 66 467 30.72 236.3 14160 -1.066 0.2862
Supplemental table 9. Vertebrate RHO disease vs. non-disease dN and dS site estimates
calculated from FUBAR.
Non-
. . Non- Pathogenic .
Tree Gene Path.o geme Metric Patl.logenlc pathogenic Mean pathogenic U Z p
Sites site N . Mean
site N Rank
Rank
RHO Confirmed dN 53 302 18.41 159.6 5103 -4.208 0.0000
RHO Confirmed ds 53 302 30.81 147.2 6500 -2.180 0.0293
ML RHO All dN 84 271 34.86 143.1 8806 -3.134 0.0017
RHO All ds 84 271 43.19 134.8 11000 -0.464 0.6425
RPEG65 All dN 66 467 27.61 239.4 12510 -2.479 0.0132
RPEG65 All ds 66 467 38.17 228.8 12690 -2.324 0.0201
RHO Confirmed dN 53 302 18.41 159.6 5102 -4.209 0.0000
RHO Confirmed ds 53 302 30.81 147 6441 -2.266 0.0235
Bayes RHO All dN 84 271 34.86 143.1 8806 -3.134 0.0017
RHO All ds 84 271 43.19 134.5 10900 -0.588 0.5563
RPE65 All dN 66 467 27.61 239.2 12620 -2.384 0.0171
RPEG65 All ds 66 467 38.17 228.7 12610 -2.391 0.0168
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