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Supplementary Figure 1

Supplementary Figure 1 Anatomical characteristics of the Atlantic tarpon
cranium

A, Atlantic tarpon head viewed from the dorsal side. Rostral is to the left. A
small dusky-red spot (indicated by arrowhead) is observed in the center of the
brain without removing the skin and cranium. Scale bar: 2 mm. B, Sagittal
section of Atlantic tarpon head including the cranium around the pineal gland
(indicated by arrowhead) with Alcian Blue staining. Rostral is to the left, and
dorsal is up. Scale bar: 200 um. Abbreviations: E, epidermis; D, dermis; B,

bony cranium; C, chondrocranium.



Supplementary Figure 2

004 -1 0.04 -

Absorbance
=
o
N
T
]
Absorbance
(=]
[=]
N
1

0.00 0.00
1 1 | | 1 1

400 500 600 400 500 600
Wavelength (nm) Wavelength (nm)

0.08 T T T T T T

e
o
£
T
1
=}
-
=)

Absorbance
o
o
=
|
]
Absarbance
Absorbance
o
[=]
o

000
1 1 1 1 1 1 1 1 1

400 500 600 400 500 600 400 500 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)

0.00

o
=]
@

0.15 T T T oo E T T LI——

el
o
R
o
o
T
1

o

2
T
1

o
o

e

o

(4]

1
Absorbance

Absorbance
Absorbance

0.00 0.00 bt
1 1 ] 1 1 1 1 1 1

600 400 500 600 400 500 600
Wavelength (nm) Wavelength (nm)

0.00

500
Wavelength (nm)

Supplementary Figure 2 Absorption spectra of rhodopsin and pinopsin
proteins of the basal Teleostei

The absorption spectra of Australian bonytongue rhodopsin proteins encoded
by the intron-less rhodopsin gene (A, Amax = 501 nm) and the intron-containing
rhodopsin gene (B, 498 nm), Japanese eel rhodopsin proteins encoded by the
intron-less rhodopsin genes, fw-rho (C, 502 nm) and ds-rho (D, 483 nm), and
the intron-containing rhodopsin gene (E, 499 nm), Atlantic tarpon rhodopsin
proteins encoded by the intron-less rhodopsin gene (F, 501 nm) and the intron-
containing rhodopsin gene (G, 496 nm), and Atlantic tarpon pinopsin protein

encoded by the pinopsin gene (H, 499 nm) are shown.
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Supplementary Figure 3 Comparison of the amino acid sequences among

pinopsin proteins

Amino acid sequences of bovine rhodopsin (K0O0506), Atlantic tarpon pinopsin

(LC818095), Indo-Pacific tarpon pinopsin (XM_036523016), spotted gar

pinopsin (XM_015367820), and X. tropicalis pinopsin (XM_002934345) were

aligned using ClustalW. The numbers above the sequence alignment indicate

the residue positions of bovine rhodopsin.

292 are highlighted in red.

Two residues at positions 269 and
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Supplementary Figure 4 Comparison of the amino acid sequences among

rhodopsin proteins in the Actinopterygii

Amino acid sequences of bovine rhodopsin encoded by the intron-containing

gene (Rh1) (KO0506), gray bichir rhodopsin encoded by the intron-containing

gene (Rh1l) (LC438460), Siberian sturgeon rhodopsin encoded by the intron-

less gene (Rh1-2) (LC438462), spotted gar rhodopsin encoded by the intron-



containing gene (Rh1-1) (XM_006630940), spotted gar rhodopsin encoded by
the intron-less gene (Rh1-2) (XM_006630625), Australian bonytongue
rhodopsin encoded by the intron-less gene (Rho) (LC818096), Japanese eel
rhodopsins encoded by the intron-less genes, fw-rho (LC464071) and ds-rho
(LC464070), Atlantic tarpon rhodopsin encoded by the intron-less gene (Rho)
(LC818093), Australian bonytongue rhodopsin encoded by the intron-containing
gene (Exorh) (LC818097), Japanese eel rhodopsin encoded by the intron-
containing gene (Exorh) (LC464064), and Atlantic tarpon rhodopsin encoded by
the intron-containing gene (Exorh) (LC818094) were aligned using ClustalW.
The numbers above the sequence alignment indicate the residue positions of
bovine rhodopsin. Residues at positions 88, 98, 107, 151, 194, 201, 210, 224,
and 277 are highlighted in red.
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Supplementary Figure 5 Molecular properties of the mutants of Atlantic
tarpon exo-rhodopsin protein encoded by the intron-containing rhodopsin
gene

Comparison of the decay of meta Il of exo-rhodopsin mutants, V88F (A), A98S
(B), V107E (C), K151N (D), P194L (E), T201E (F), L210V (G), S224G (H), and
A277T (l). Black trace in each panel indicates the average calculated based
on three (A-C, E, G-I) or four (D, F) independent measurements with standard
errors shown by shaded region. The data were fitted by a single exponential
function (red curve) to estimate the decay time constant as follows: 106 sec for
V88F, 107 sec for A98S, 132 sec for V107E, 90 sec for K151N, 163 sec for
P194L, 72 sec for T201E, 112 sec for L210V, 115 sec for S224G, and 88 sec



for A277T. (inset) Absorption spectrum of the rhodopsin mutant in each panel.
Amax of these proteins was estimated to be 497 nm (A, E, F) or 496 nm (B-D,

G-I) or, which are comparable with that of wild-type protein (496 nm).



