
1 
 

Supplementary Figures 
for 

 
 
 

Evolution of the shut-off steps of vertebrate phototransduction 
 
 

Trevor D. Lamb1, Hardip R. Patel2, Aaron Chuah3, and David M. Hunt4,5 

 
1Eccles Institute of Neuroscience, 2National Centre for Indigenous Genomics, and 3Genome 
Discovery Unit, John Curtin School of Medical Research, The Australian National University, 
ACT 2600, Australia, and 4The Lions Eye Institute and 5School of Biological Sciences, The 
University of Western Australia, WA 6009, Australia. 

 
 
 
 

Contents 
 
            Page 
 
Supplementary Figure S1.  Fully-expanded unconstrained molecular phylogeny  

for vertebrate GRKs excluding birds GRK1s, corresponding to the  
collapsed tree shown in Fig. 1B.         2 

 
Supplementary Figure S2.  Molecular phylogeny for vertebrate GRKs, including  

GRK1 sequences from birds and agnathans, in collapsed form.     3 
 
Supplementary Figure S3.  Fully expanded unconstrained molecular phylogeny  

for jawed and agnathan vertebrate arrestins, corresponding to the  
collapsed tree shown in Fig. 3B.         4 

 
Supplementary Figure S4.  Unconstrained molecular phylogeny for vertebrate  

RGS9 and RGS11, corresponding to Fig. 7A.       6 
 
Supplementary Figure S5.  Fully expanded molecular phylogeny for jawed  

and agnathan vertebrate Gβ5 subunits, corresponding to the collapsed  
tree shown in Fig. 8A.           7 

 
Supplementary Figure S6.  Fully expanded molecular phylogeny for R9APs,  

corresponding to the collapsed tree shown in Fig. 9A.      8 
 
Supplementary Figure S7.  Molecular models of GRK isoforms.      9 
 
Supplementary Figure S8.  Molecular models of visual arrestin isoforms.   10 
 



2 
 

 GRK7 Human NP-631948
 GRK7 Cattle NP-776757

 GRK7 Opossum XP-001364799
 GRK7 Tasmanian devil XP-003766156
 GRK7 Xenopus NP-001120573
 GRK7 Nanorana XP-018415869
 GRK7 Gecko XP-015268958

 GRK7 Anole XP-003218299
 GRK7 Chicken XP-426681
 GRK7 Pigeon XP-005505950
 GRK7 Ground-tit XP-005527115

 GRK7a Medaka NP-001098131
 GRK7a Zebrafish NP-001027011

 GRK7b Zebrafish NP-001028262
 GRK7b Medaka XP-004075863

 GRK7 Florida gar 30401-2-1
 GRK7 Bowfin 27257-5-2
 GRK7 Elephant shark XP-007891889

 GRK7 Reef shark 15561-1-1
 GRK7 Bamboo shark 35291-1-1

 GRK7 Western ray 39734-1-1
 GRK7 Bluespot ray 37188-7-2

7 Jawed

 GRK7-1 P.marinus S4RD08
 GRK7-1 G.australis 58623-2-1w1-2
 GRK7-1 M.mordax 40500-6-1

7-1 Agnathan

 GRK7-2 E.cirrhatus 127887-1-1
 GRK7-2-Non-contig G.australis 26295-2-1w27699-1-1

 GRK7-2 P.marinus S4RL90
 GRK7-2 L.camtschaticum JL9580

7-2 Agnathan

 GRK-Trimmed C.intestinalis XP-009860997
 GRK-Partial C.savignyi H2YPC9 7 Ciona
 GRK1X-Partial L.camtschaticum JL8961

 GRK1X G.australis 57773-1-1
 GRK1X M.mordax 42166-5-1

1X Agnathan

 GRK1B Anole XP-003228556
 GRK1B Bearded dragon XP-020665279

 GRK1B Turtle XP-006112219
 GRK1B Spotted gar XP-006627541

 GRK1B Bowfin 26676-4-1
 GRK1B Asian bonytongue XP-018581705

 GRK1B Zebrafish NP-001017711
 GRK1B Pike XP-010901292

 GRK1B Bamboo shark 26651-1-1
 GRK1B Western ray 34447-1-1

 GRK1B Bluespot ray 4032-1-1

1B Jawed

 GRK1A Bluespot ray 29212-2-1
 GRK1A Western ray 41513-9-2

 GRK1A Bamboo shark 8046-1-1
 GRK1A Reef shark 53758-1-1

 GRK1A Elephant shark XP-007889799
 GRK1A Bowfin 29529-1-1
 GRK1A Florida gar 24879-1-1

 GRK1A-2 Medaka XP-004081538
 GRK1A Zebrafish NP-001029353

 GRK1A-1 Medaka NP-001188419
 GRK1A Xenopus XP-002937018

 GRK1A Nanorana XP-018428616
 GRK1A Cattle NP-776598

 GRK1A Human NP-002920
 GRK1A Opossum XP-001364656
 GRK1A Tasmanian devil XP-003765754

1A Jawed

 GRK B.floridae XP-002608270
 GRK B.floridae XP-019631688

 GRK C.intestinalis XP-009859302
 GRK4 Human NP-892027

 GRK5 Human NP-005299
 GRK6 Human NP-002073

Out

84
100

97

100

94
100

86

100
100

98

100

99

100

100

99

83
100

84

100

100
89

100
100

98

100

69

100
100

100

82
97

100
77

100
100

95

95

100
100

99

100

97

100

100

100

62

99

100
100

100

91

75
100

98

95

99

100

100

97
100

79

98

100
100

0.2  
 
Supplementary Figure S1.  Fully-expanded unconstrained molecular phylogeny for vertebrate 
GRKs excluding birds GRK1s, corresponding to the collapsed tree shown in Fig. 1B. 
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Supplementary Figure S2.  Molecular phylogeny for vertebrate GRKs, including GRK1 
sequences from birds and agnathans, in collapsed form.  A, Unconstrained.  B, Constrained to 
conform to the collapsed tree shown in Fig. 1B, where bird GRK1 sequences had been omitted 
and no constraint had been applied.  Constraint tree is shown below.  The constrained tree in B 
differed in log likelihood from the unconstrained tree in A by ∆LogL ≈ 9.8, and it passed the 
three tests of topology, with p-AU ≈ 0.29. 
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Supplementary Figure S3.  Fully expanded unconstrained molecular phylogeny for jawed and 
agnathan vertebrate arrestins (excluding the single sequence lamprey Arr-VY), corresponding to 
the collapsed tree shown in Fig. 3B. 
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Supplementary Figure S4.  Unconstrained molecular phylogeny for vertebrate RGS9 and 
RGS11, corresponding to Fig. 7A. 
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Supplementary Figure S5.  Fully expanded molecular phylogeny for jawed and agnathan 
vertebrate Gβ5 subunits, corresponding to the collapsed tree shown in Fig. 8A. 
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Supplementary Figure S6.  Fully expanded molecular phylogeny for R9APs, corresponding to 
the collapsed tree shown in Fig. 9A. 
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Supplementary Figure S7.  Molecular models of GRK isoforms.  The structures predicted by 
SWISS-MODEL (see MATERIALS AND METHODS) for the six isoforms are shown.  A kinase 
template (Protein Data Base ID 4PNI) was used as template for the modelling.  Colours identify 
structural features: Blue, coil; orange, helix; green, strand.  N- and C-termini are indicated. 
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Supplementary Figure S8.  Molecular models of arrestin isoforms.  The structures predicted by 
SWISS-MODEL (see Materials and Methods) for jawed and agnathan vertebrate isoforms are 
shown.  An arrestin template (Protein Data Base ID 1SUJ) was used as template for the 
modelling.  Colours identify structural features: Blue, coil; orange, helix; green, strand.  N- and 
C-termini are indicated. 
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