Supplementary Figures and Tables

Fig S1. Parasitisation of the Greenland shark cornea. Representative photograph of the
head and eye of a Greenland shark, Somniosus microcephalus, showing attachment of the
copepod parasite, Ommatokoita elongata, to the cornea. This image was provided with
permission for use by Ghislain Bardout from the Under the Pole expedition.
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RRH Homo sapiens Icl NM 006583.5 cds NP 006574.1 1 translation

RRH Mus musculus Icl NM 001409853.1 cds NP 001396782.1 1 translation

RRH Danio rerio Icl NM 001004654.2 cds NP 001004654.2 1 translation

RRH Heterodontus francisci Icl XM 068018875.1 cds XP 067874976.1 1 translation
RRH i i cds d

RRH Carcharodon carcharias Icl XM 041194575.1 cds XP 041050509.1 1 translation
RRH Rhincodon typus Icl XM 020529220.2 cds XP 020384809.2 1 translation

J— RRH Hemiscyllium ocellatum Icl XM 060828421.1 gene 1 translation

RRH Chiloscyllium plagiosum Icl XM 043697840.1 cds XP 043553775.1 1 translation
OPNS-like x2 Chil i i cds i

OPNS Isurus oxyrinchus cds translation

OPNS-like iorhil cds

OPNS5-like x2 iorhinus canicula cds

OPNS-like Chi i i cds

OPNS-like Rhincodon typus cds translation

OPNS-like iorhinus canicula cds

OPNS Danio rerio Icl XM 009294766.4 cds XP 009293041.1 1 translation

—
r
e
OPNS Homo sapiens Icl XM 017010410.2 cds XP 016865899.1 1 translation
OPNS5 Mus musculus Icl XM 006524453.1 cds XP 006524516.1 1 translation
OPN5 josus mi partial i
OPNS Chi i i cds i
| OPNS Rhincodon typus cds translation

OPN4 Mus musculus Icl NM 013887.2 cds NP 038915.1 1 translation
OPN4 Homo sapiens Icl NM 033282.4 cds NP 150598.1 1 translation

g
OPN4a Danio rerio Icl NM 001128761.2 cds NP 001122233.2 1 translation
OPN4b Danio rerio Icl XM 009306568.4 cds XP 009304843.1 1 translation
OPN4 i i partial i
OPN4 Scyliorhinus canicula cds translation
OPN4 iorhi cds i
OPN4 Isurus oxyrinchus cds translation
OPN4 Chil i i cds i
OPN4 Rhincodon typus cds translation

OPN3-like Rhincodon typus cds translation

OPN3 Danio rerio Icl XM 068212873.1 cds XP 068068974.1 1 translation

— — OPN3 Homo sapiens Icl BC062622.1 cds AAH62622.1 1 translation

L OPN3 Mus musculus Icl NM 010098.4 cds NP 034228.1 1 translation

— OPN3 iosus mi partial

OPN3 Heterodontus francisci Icl XM 068044149.1 cds XP 067900250.1 1 translation
OPN3 Rhincodon typus cds translation

OPN3 Chil i i cds

OPN3 Hemiscyllium ocellatum Icl XM 060830839.1 cds XP 060686822.1 1 translation
OPN3 Scyliorhinus canicula cds translation

OPN3 iorhi cds i

OPN3 Carcharodon carcharias Icl XM 041175611.1 cds XP 041031545.1 1 translation
OPNS3 Isurus oxyrinchus cds translation

VAa Danio rerio Icl NM 131586.2 cds NP 571661.1 1 translation

VAb Danio rerio Icl NM 001110280.2 cds NP 001103750.1 1 translation

VA i i cds i

VA Isurus oxyrinchus cds translation

VA iorhinus canicula cds

VA iorhil cds

VA Rhif typus cds translation

VA Chil i i cds

VA Hemiscyllium ocellatum Icl XM 060841786.1 cds XP 060697769.1 1 translation
RH2 Homo sapiens Icl NM 000513.2 cds NP 000504.1 1 translation

LWS Homo sapiens Icl NM 020061.6 cds NP 064445.2 1 translation

RH2 Mus musculus Icl AF190672.1 cds AAG17991.1 1 translation

LWS1 Danio rerio Icl NM 001313715.1 cds NP 001300644.1 1 translation

LWS Callorhinchus milii Icl XM 042345508.1 cds XP 042201442.1 1 translation

LWS Aptychotrema vincentiana Icl MN519163.1 cds QGW08860.1 1 translation
LWS Neotrygon kuhlii lcl MN519164.1 cds QGW08861.1 1 translation

LWS Rhincodon typus cds translation

LWS H i Icl XM .1 cds XP 060678405.1 1 translation
RH2-4 Danio rerio Icl AB087808.2 cds BAC24132.1 1 translation

RH2-3 Danio rerio Icl AB087807.1 cds BAC24131.1 1 translation

RH2-1 Danio rerio Icl AB087805.2 cds BAC24129.1 1 translation

RH2-2 Danio rerio Icl AB087806.2 cds BAC24130.1 1 translation

RH2 Carcharhinus melanopterus Icl MN519158.1 cds QGW08855.1 1 translation
RH2 Neotrygon kuhlii Icl MN519153.1 cds QGW08850.1 1 translation

RH2 Scyliorhinus canicula cds d

RH2 Heterodontus francisci Icl XM 068057192.1 cds XP 067913293.1 1 translation
RH2 X . . .

RH1 Danio rerio Icl NM 131084.2 cds NP 571159.2 1 translation

RH1 Homo sapiens Icl NM 000539.3 cds NP 000530.1 1 translation

RH1 Mus musculus Icl XM 006505860.2 cds XP 006505923.1 1 translation

RH1 Heterodontus francisci Icl XM 068051339.1 cds XP 067907440.1 1 translation
RH1 Carcharodon carcharias Icl XM 041190931.1 cds XP 041046865.1 1 translation
RH1 Isurus oxyrinchus cds translation

LWS Chiloscyllium punctatum Icl MN519165.1 cds QGW08862.1 1 translation
RH1 Etmopterus molleri Icl LC460311.1 cds BBI36950.1 1 translation

RH1 i i cds i

RH1 Scyliorhinus canicula cds

RH1 Scyliorhi cds

RH1 Rhincodon typus cds translation

RH1 Hemiscyllium ocellatum Icl XM 060835794.1 cds XP 060691777.1 1 translation
RH1 Chi i i cds i

Fig S2. Opsin phylogeny. Gene tree with sequences from several shark species and outgroup
species (Danio rerio, Homo sapiens and Mus musculus). The scale bar denotes substitutions
per site.
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Il
SAG Mus musculus Icl NM 009118.2 cds NP 033144.1 1 translation
L SAG Homo sapiens Icl NM 000541.5 cds NP 000532.2 1 translation

£ SAGa Danio rerio Icl NM 200559.2 cds NP 956853.1 1 translation
SAGb Danio rerio Icl NM 001033749.1 cds NP 001028921.1 1 translation

SAG-like Scyliorhinus canicula cds translation
E SAG-like Chiloscyllium plagiosum cds translation
SAG-like Rhincodon typus cds translation

SAG Callorhinchus milii Icl XM 007904213.2 cds XP 007902404.2 1 translation

SAG-like i i cds partial

SAG-like Heterodontus francisci Icl XM 068041377.1 cds XP 067897478.1 1 translation

SAG-like x2 Scyliorhinus canicula cds translation

SAG-like Scyliorhinus torazame cds translation

SAG-like Isurus oxyrinchus cds translation

SAG-like x2 Chiloscyllium plagiosum cds translation

SAG-like x2 Rhincodon typus cds translation

SAG-like Stegostoma tigrinum Icl XM 059650815.1 cds XP 059506798.1 1 translation

ARRCa Danio rerio lcl NM 001002405.1 cds NP 001002405.1 1 translation

ARRCDb Danio rerio Icl NM 200792.1 cds NP 957086.1 1 translation

ARRC Homo sapiens Icl NM 004312.3 cds NP 004303.2 1 translation

ARRC Mus musculus Icl XM 006527862.3 cds XP 006527925.1 1 translation

ARRC Heterodontus francisci Icl XM 068046977.1 cds XP 067903078.1 1 translation

ARRC Isurus oxyrinchus g6746.t1 translation

ARRC Rhincodon typus lcl XM 020527480.2 cds XP 020383069.1 1 translation

ARRC Rhincodon typus GCF 021869965.1 sRhiTyp1.1---rna-XM 020527480.2 translation

ARRC Chiloscyllium punctatum Icl MG063666.1 cds AUG68944.1 1 translation

ARRC x1 Chiloscyllium plagiosum GCF 004010195.1 ASM401019v2---rna-XM 043705045.1 translation
ARRC x2 Chiloscyllium plagiosum GCF 004010195.1 ASM401019v2---rna-XM 043705043.1 translation

ARRB2 Danio rerio lcl XM 068222202.1 cds XP 068078303.1 1 translation
& ARRB2 Homo sapiens Icl NM 004313.4 cds NP 004304.1 1 translation
ARRB2 Mus musculus Icl XM 036156573.1 cds XP 036012466.1 1 translation

ARRB1 Mus musculus lcl NM 177231.2 cds NP 796205.1 1 translation
ARRB1 Homo sapiens Icl XM 017017750.1 cds XP 016873239.1 1 translation
ARRBL1 Danio rerio Icl NM 001159822.2 cds NP 001153294.1 1 translation

ARRB1 cds partial
ARRB1 spinax
ARRB1 francisci lcl XM 068033050.1 cds XP 067889151.1 1 translation

ARRB1 Carcharodon carcharias Icl XM 041199904.1 cds XP 041055838.1 1 translation
ARRB1 Scyliorhinus canicula Icl XM 038818752.1 cds XP 038674680.1 1 translation

ARRB1 Hemiscyllium ocellatum lcl XM 060826908.1 cds XP 060682891.1 1 translation
ARRBL1 Chiloscyllium plagiosum Icl XM 043692724.1 cds XP 043548659.1 1 translation

Fig S3. Arrestin phylogeny. Gene tree with sequences from several shark species and
outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar denotes
substitutions per site.
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Tree scale L] 1 — CNGB3 Danio rerio Icl XM 068217243.1 cds XP 068073344.1 1 translation

CNGB3 Mus musculus Icl NM 013927.2 cds NP 038955.1 1 translation

CNGB3 Homo sapiens Icl NM 019098.5 cds NP 061971.3 1 translation

CNGB3 Somniousus microcephalus cds translation

CNGB3 x2 Scyliorhinus canicula GCF 902713615.1 sScyCanl.1---rna-XM 038809103.1 translation
CNGB3 x1 Rhincodon typus GCF 021869965.1 SRhiTypL.1—rna-XM 048596143.1 translation
CNGB3 x2 Chiloscyllium plagiosum GCF 1 M 1 translation
CNGB1a Danio rerio lcl XM 009293846.4 cds XP 0092921211 1 translation

CNGB1 Mus musculus Ic XM 006531140.4 cds XP 006531203.1 1 translation

CNGB1 Homo sapiens Icl NM 001297.5 cds NP 001288.3 1 translation

CNGB1 Carcharhinus amblyrhynchos lcl KY820623.1 cds ARF06959.1 1 translation

CNGB3 x1 Seyliorhinus canicula GCF 902713615.1 sScyCan1.1--ma-XM 038807005.1 translation
CNGB1 Somniosus microcephalus cds partial translation

CNGB1 Neotrygon kuhlii Icl KT749730.1 cds ANV21119.1 1 translation

CNGB1 Amblyraja radiata Icl XM 033036466.1 cds XP 032892357.1 1 translation

CNGB1 Chiloscyllium punctatum lcl KT749731.1 cds ANV21120.1 1 translation

CNGB3 x1 Chiloscyllium plagiosum GCF 004010195.1 ASM401019v2-—rna-XM 043707256.1 translation
CNGB1 typus lcl XM 1cds XP .1 1 translation

CNGB3 x2 Rhincodon typus GCF 021869965.1 SRhiTyp1.1-—rna-XM 048606008.1 pseudogene translation
CNGA2b Danio rerio lcl XM 068221083.1 cds XP 068077184.1 1 translation

CNGA2a Danio rerio lcl XM 068213244.1 cds XP 068069345.1 1 translation

CNGA2 Homo sapiens Icl NM 005140.3 cds NP 005131.1 1 translation

CNGA2 Mus musculus Icl XM 0065277611 cds XP 006527824.1 1 translation

CNGA3a Danio rerio lcl XM 005166084.4 cds XP 0051661411 1 translation

CNGA3 Mus musculus Ic XM 017313745.3 cds XP 017169234.1 1 translation

CNGA3 Homo sapiens Icl XM 047443222.1 cds XP 047299178.1 1 translation

CNGA3 Neotrygon kuhlii Icl KT749721.1 cds ANV21110.1 1 translation

CNGA3 Amblyraja radiata Ic| XM 033023450.1 cds XP 032879341.1 1 translation

CNGA3 Somniosus microcephalus cds translation

CNGA3 Rhincodon typus extraction translation

CNGA3 Chiloscylium plagiosum GCF 004010195.1 ASM401019v2--ma-XM 043692268.1 translation
CNGAB Chiloscyllium punctatum lcl KT749722.1 cds ANV21111.1 1 translation

CNGA3 x3 Seyliorhinus canicula GCF 902713615.1 sScyCan1.1--ma-XM 038818718.1 translation
CNGA x2 Scyliorhinus canicula GCF 902713615.1 sScyCan.1--ma-XM 038818717.1 translation
CNGA3 x1 Seyliorhinus canicula GCF 902713615.1 sScyCan1.1--ma-XM 038818716.1 translation
CNGA x4 Scyliorhinus canicula GCF 902713615.1 sScyCan1.1--ma-XM 038818719.1 translation

CNGAL Homo sapiens Ic XM 011513623.3 cds XP 011511925.1 1 translation
CNGA1 Mus musculus Ic| XM 006503709.1 cds XP 006503772.1 1 translation
CNGA1a Danio rerio lcl NM 001145623.1 cds NP 001139095.1 1 translation
CNGA1 Amblyraja radiata Icl XM 033034140.1 cds XP 032890031.1 1 translation
CNGA1 Somniosus microcephalus cds partial translation

CNGAL Etmopterus spinax exoneratepredicted translation

CNGAL Chiloscyllium punctatum lcl KT749718.1 cds ANV21107.1 1 translation
CNGAL Rhincodon typus rna-XM 048599775.1 translation

CNGAL Chiloscyllium plagiosum ma-XM 043691529.1 translation

CNGAL Carcharhinus amblyrhynchos Icl KY820622.1 cds ARF06958.1 1 translation
CNGAL Scyliorhinus torazame gene-scyTo 0011951 translation
CNGA1 Scyliorhinus canicula Icl XM 038791244.1 cds XP 038647172.1 1 translation
CNGAL Scyliorhinus canicula rna-XM 038791244.1 translation

Fig S4. Cyclic nucleotide gated channel phylogeny. Gene tree with sequences from several
shark species and outgroup species (Danio rerio, Homo sapiens and Mus musculus). The
scale bar denotes substitutions per site.
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GNGT1 Danio rerio Icl NM 199967.1 cds NP 956261.1 1 translation
GNGT1 Mus musculus Icl XM 017321388.3 cds XP 017176877.1 1 translation

GNGT1 Homo sapiens Icl NM 021955.5 cds NP 068774.1 1 translation

GNGT1 Isurus oxyrinchus cds translation

GNGT1 x3 Isurus oxyrinchus cds translation

GNGT1 x2 Isurus oxyrinchus cds translation

GNGT1 spinax cds exor

GNGT1 i phalus cds

GNGT1 Scyliorhinus torazame cds translation

GNGT1 Scyliorhinus canicula cds translation

GNGT1 Chiloscyllium plagiosum cds translation

GNGT1 Rhincodon typus cds translation

GNGT1 Hemiscyllium ocellatum Icl XM 060825456.1 cds XP 060681439.1 1 translation
GNAZ Mus musculus lcl NM 010311.5 cds NP 034441.1 1 translation

GNAZ Homo sapiens Icl NM 002073.4 cds NP 002064.1 1 translation

GNAZ Danio rerio lcl XM 005155633.5 cds XP 005155690.2 1 translation

GNAZ Somniosus microcephalus cds complete translation

GNAZ Scyliorhinus canicula Icl XM 038793238.1 cds XP 038649166.1 1 translation
GNAZ Carcharodon carcharias Icl XM 041203453.1 cds XP 041059387.1 1 translation
GNAZ Rhincodon typus lcl XM 048611487.1 cds XP 048467444.1 1 translation

GNAZ Chiloscyllium plagiosum Icl XM 043716093.1 cds XP 043572028.1 1 translation
GNAZ Hemiscyllium ocellatum Icl XM 060843788.1 cds XP 060699771.1 1 translation

GNAI1 Mus musculus Icl NM 010305.1 cds NP 034435.1 1 translation

GNAI1 Homo sapiens Icl NM 002069.6 cds NP 002060.4 1 translation

GNAI1 Danio rerio Icl NM 200971.1 cds NP 957265.1 1 translation

GNAI1 Etmopterus spinax Icl MK923750.1 cds QGWS52006.1 1 translation

GNAI1 Somniosus microcephalus cds complete translation

GNAI1 Carcharodon carcharias Icl XM 041202637.1 cds XP 041058571.1 1 translation
GNAI1 Chiloscyllium plagiosum Icl XM 043713795.1 cds XP 043569730.1 1 translation
GNAT2 Scyliorhinus canicula GCF 902713615.1 sScyCanl.1---rna-XM 038811501.1 translation
GNAT2 Danio rerio Icl NM 131869.2 cds NP 571944.1 1 translation

GNAT2 Homo sapiens Icl NM 005272.5 cds NP 005263.1 1 translation

GNAT2 Mus musculus lcl XM 006501008.4 cds XP 006501071.1 1 translation

GNAT2 Chiloscyllium plagiosum GCF 004010195.1 ASM401019v2---rna-XM 043716408.1 translation
GNAT2 Somniosus micr 1s pseudogene i d translation

GNAT2 Isurus oxyrinchus g7331.t1 translation

GNAT2 Rhincodon typus GCF 021869965.1 sRhiTyp1.1---rna-XM 020519755.2 translation
GNAT1 Danio rerio Icl XM 068221624.1 cds XP 068077725.1 1 translation

GNAT1 Mus musculus Icl NM 008140.3 cds NP 032166.1 1 translation

GNAT1 Homo sapiens Icl NM 144499.3 cds NP 653082.1 1 translation

GNAT1 Chiloscyllium punctatum Icl KY820599.1 cds ARF06935.1 1 translation

GNAT1 Rhincodon typus cds translation

GNAT1 Chiloscyllium plagiosum cds translation

GNAT1 Isurus oxyrinchus cds translation

GNAT1 Scyliorhinus torazame cds translation

GNAT1 Scyliorhinus canicula cds translation

GNAT1 Etmopterus spinax Icl MK923752.1 cds QGW52008.1 1 translation

GNAT1 Somniosus 1s cds partial

= =

Fig SS5. Transducin phylogeny. Gene tree with sequences from several shark species and
outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar denotes

substitutions per site.
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RCVRN Homo sapiens Icl NM 002903.3 cds NP 002894.1 1 translation
RCVRN Mus musculus Icl NM 009038.2 cds NP 033064.1 1 translation
RCVRNa Danio rerio Icl NM 001030248.1 cds NP 001025419.1 1 translation

RCVRN Etmopterus spinax exoneratepredicted translation
e RCVRN Somniosus microcephalus cds translation

RCVRN Rhincodon typus cds translation

RCVRN Chiloscyllium plagiosum cds translation

RCVRN Hemiscyllium ocellatum Icl XM 060844846.1 cds XP 060700829.1 1 translation

RCVRN Isurus oxyrinchus cds translation

RCVRN Scyliorhinus canicula cds translation

RCVRN Scyliorhinus torazame cds translation

Fig S6. Recoverin phylogeny. Gene tree with sequences from several shark species and
outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar denotes
substitutions per site.
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|: RGS9BP Mus musculus Icl NM 145840.3 cds NP 665839.1 1 translation

RGS9BP Homo sapiens Icl NM 207391.3 cds NP 997274.2 1 translation

RGS9BP Danio rerio Icl NM 001327915.1 cds NP 001314844.1 1 translation
RGS9BP Rhincodon typus Icl XM 020530037.2 cds XP 020385626.1 1 translation
RGS9BP Somniosus microcephalus cds translation
RGS9BP Chiloscyllium plagiosum lcl XM 043689530.1 cds XP 043545465.1 1 translation
RGS9BP Etmopterus spinax exoneratepredicted translation
RGS9b Somniosus microcephalus cds partial translation
RGS9 Homo sapiens Icl NM 003835.4 cds NP 003826.2 1 translation
RGS9 Mus musculus Icl XM 011248828.3 cds XP 011247130.2 1 translation
RGS9b Danio rerio Icl XM 021480167.2 cds XP 021335842.1 1 translation
RGS9b Scyliorhinus canicula Icl XM 038776864.1 cds XP 038632792.1 1 translation
RGS9b Carcharodon carcharias Icl XM 041216848.1 cds XP 041072782.1 1 translation
RGS9b Rhincodon typus Icl XM 048611087.1 cds XP 048467044.1 1 translation
RGS9b Chiloscyllium plagiosum Icl XM 043715031.1 cds XP 043570966.1 1 translation
RGS9b Hemiscyllium ocellatum Icl XM 060844448.1 cds XP 060700431.1 1 translation

"

Fig S7. Regulator of G protein signalling 9 phylogeny. Gene tree with sequences from
several shark species and outgroup species (Danio rerio, Homo sapiens and Mus musculus).
The scale bar denotes substitutions per site.
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PDE6D Chiloscyllium plagiosum cds translation

PDES6D Danio rerio Icl NM 001002708.1 cds NP 001002708.1 1 translation

PDE6D Homo sapiens Icl NM 002601.4 cds NP 002592.1 1 translation

PDEGD Mus musculus Icl NM 008801.4 cds NP 032827.1 1 translation

PDE6D Somniosus microcephalus cds partial translation

PDES6D Scyliorhinus canicula cds translation

PDE6D Carcharodon carcharias Icl XM 041207015.1 cds XP 041062949.1 1 translation
PDE6D Rhincodon typus cds translation

PDES6D Scyliorhinus torazame cds translation

PDES6D Heterodontus francisci Icl XM 068042259.1 cds XP 067898360.1 1 translation
PDES6D Isurus oxyrinchus cds translation

PDES6D x2 Chiloscyllium plagiosum cds translation

PDEGD Hemiscyllium ocellatum Icl XM 060834798.1 cds XP 060690781.1 1 translation
PDES6D x2 Scyliorhinus canicula cds translation

PDE6G Homo sapiens Icl XM 017024736.2 cds XP 016880225.1 1 translation

PDEGG Mus musculus Icl XM 006532455.3 cds XP 006532518.1 1 translation

PDE6G Scyliorhinus torazame cds translation

PDE6Gb Danio rerio Icl NM 001243082.2 cds NP 001230011.1 1 translation

PDE6G Scyliorhinus canicula cds translation

PDE6G Somniosus microcephalus cds translation

PDE6G Rhincodon typus cds translation

PDEGG Chiloscyllium plagiosum cds translation

PDE6G Chiloscyllium punctatum Icl KT749747.1 cds ANV21136.1 1 translation

PDE6G Carcharhinus amblyrhynchos Icl KT749748.1 cds ANV21137.1 1 translation
PDES6G Isurus oxyrinchus cds translation

PDE6G Neotrygon kuhlii Icl KT749746.1 cds ANV21135.1 1 translation

PDE6Ga Danio rerio Icl NM 001159826.2 cds NP 001153298.1 1 translation

PDEGC Danio rerio Icl NM 200871.1 cds NP 957165.1 1 translation

PDEGC Homo sapiens Icl NM 006204.4 cds NP 006195.3 1 translation

PDE6C Mus musculus Icl NM 033614.3 cds NP 291092.1 1 translation

PDE6C Heterodontus francisci Icl XM 068053330.1 gene 1 translation

PDE6C Rhincodon typus GCF 021869965.1 sRhiTyp1.1---rna-XM 048608977.1 translation
PDE6C Hemiscyllium ocellatum Icl XM 060841779.1 cds XP 060697762.1 1 translation
PDE6C Chiloscyllium plagiosum GCF 004010195.1 ASM401019v2---rna-XM 043713147.1 translation
PDE6C Somniosus microcephalus cds translation

PDEGC Carcharodon carcharias Icl XM 041210451.1 cds XP 041066385.1 1 translation
PDE6C Scyliorhinus canicula GCF 902713615.1 sScyCan1.1---rna-XM 038773848.1 translation
PDES6C Scyliorhinus torazame gene-scyTo 0001920 translation

PDE6B Neotrygon kuhlii Icl KT749703.1 cds ANV21092.1 1 translation

PDE6B Somniosus microcephalus cds partial translation

PDE6B Chiloscyllium punctatum Icl KY820615.1 cds ARF06951.1 1 translation

PDE6B Scyliorhinus torazame cds translation

PDE6B Carcharhinus amblyrhynchos Icl KT749702.1 cds ANV21091.1 1 translation
PDES6A Danio rerio Icl NM 001007160.2 cds NP 001007161.1 1 translation

PDE6A Homo sapiens Icl XM 054352802.1 cds XP 054208777.1 1 translation

PDE6A Mus musculus Icl XM 006525880.5 cds XP 006525943.2 1 translation

PDE6A Somniosus microcephalus cds partial translation

PDEGA Heterodontus francisci Icl XM 068042956.1 cds XP 067899057.1 1 translation
PDESGA Chiloscyllium plagiosum cds translation

PDEGA Hemiscyllium ocellatum Icl XM 060836768.1 cds XP 060692751.1 1 translation
PDESGA Scyliorhinus torazame cds translation

PDESGA Scyliorhinus canicula cds translation

PDESGA Isurus oxyrinchus cds translation

PDES6A Carcharodon carcharias Icl XM 041193610.1 cds XP 041049544.1 1 translation
PDE6B Danio rerio Icl XM 679910.9 cds XP 685002.1 1 translation

PDE6B Homo sapiens Icl XM 047415772.1 cds XP 047271728.1 1 translation

PDE6B Mus musculus Icl NM 008806.2 cds NP 032832.2 1 translation

Fig S8. Phosphodiesterase phylogeny. Gene tree with sequences from several shark species
and outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar denotes

substitutions per site.
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Tree scale " 1 ) ! GRK7 Homo sapiens Icl XM 047447449.1 cds XP 047303405.1 1 translation
i GRK7a Danio rerio Icl NM 001031841.3 cds NP 001027011.2 1 translation
GRK7b Danio rerio Icl NM 001033090.1 cds NP 001028262.1 1 translation

GRK?7 Isurus oxyrinchus g1993.t1 translation
GRK7 Somnious microcephalus cds translation
GRK?7 Scyliorhinus canicula GCF 902713615.1 sScyCan1.1---rna-XM 038816154.1 translation
GRK?7 Scyliorhinus torazame gene-scyTo 0003831 translation
GRK?7 Chiloscyllium plagiosum rna-XM 043702798.1 translation
GRK?7 Rhincodon typus GCF 021869965.1 sRhiTyp1.1---rna-XM 020517872.2 translation
|_— GRK1 Mus musculus Icl NM 011881.3 cds NP 036011.3 1 translation
GRK1 Homo sapiens Icl XM 047430493.1 cds XP 047286449.1 1 translation
GRK1 Danio rerio Icl NM 001034181.2 cds NP 001029353.2 1 translation
GRK1 Isurus oxyrinchus cds translation
GRK1 Carcharodon carcharias Icl XM 041211548.1 cds XP 041067482.1 1 translation
GRK1 Scyliorhinus canicula cds translation
GRK1 Scyliorhinus torazame cds translation
GRK1 Etmopterus spinax exoneratepredicted translation
GRK1 Somniosus microcephalus cds translation
GRK1 Rhincodon typus cds translation
GRK1 Chiloscyllium plagiosum cds translation
GRK1 Hemiscyllium ocellatum Icl XM 060832899.1 cds XP 060688882.1 1 translation

Fig S9. G-protein coupled receptor kinase phylogeny. Gene tree with sequences from
several shark species and outgroup species (Danio rerio, Homo sapiens and Mus musculus).
The scale bar denotes substitutions per site.
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GUCY2F Homo sapiens Icl NM 001522.3 cds NP 001513.2 1 translation

GUCY2F Mus musculus Icl XM 006528841.5 cds XP 006528904.1 1 translation
GUCY2F Etmopterus spinax partial exoneratepredicted translation

GUCY2F Somniosus microcephalus cds partial translation

GUCY2F Danio rerio lcl XM 021481329.2 cds XP 021337004.1 1 translation

GUCY2F Rhincodon typus cds translation

GUCY2F Chiloscyllium plagiosum cds translation

GUCY2F Hemiscyllium ocellatum Icl XM 060827000.1 cds XP 060682983.1 1 translation
GUCY2F Heterodontus francisci Icl XM 068032771.1 cds XP 067888872.1 1 translation
GUCY2F Scyliorhinus canicula cds translation

GUCY2F iorhinus torazame cds translation
GUCY2F Isurus oxyrinchus cds translation
GUCY2F Carcharodon carcharias Icl XM 041199335.1 cds XP 041055269.1 1 translation

Fig S10. Guanylate cyclase 2F phylogeny. Gene tree with sequences from several shark
species and outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar

denotes substitutions per site.
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ERCC1 Danio rerio Icl NM 001103138.1 cds NP 001096608.1 1 translation
— ERCC1 Mus musculus Icl NM 007948.3 cds NP 031974.2 1 translation
L ERCC1Homo sapiens Icl NM 202001.3 cds NP 973730.1 1 translation
ERCC1 Somniosus microcephalus g18179.t1 translation
[ ERCC1 Rhincodon typus GCF 021869965.1 sRhiTyp1.1---ra-XM 048594375.1 translation

S ERCC1 Hemiscyllium ocellatum Icl XM 060823532.1 cds XP 060679515.1 1 translation
ERCC1 Carcharodon carcharias Icl XM 041180093.1 cds XP 041036027.1 1 translation
ERCC1 x2 Isurus oxyrinchus g21111.t1 translation

ERCC1 x1 Isurus oxyrinchus g21100.t1 translation

Fig S11. ERCC excision repair 1 phylogeny. Gene tree with sequences from several shark
species and outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar
denotes substitutions per site.
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| ERCC4 Somniosus microcephalus g12828.t1 translation
| | ERCCA4 Chiloscyllium plagiosum GCF 004010195.1 ASM401019v2---rna-XM 043712108.1 translation

ERCC4 Rhincodon typus GCF 021869965.1 sRhiTyp1.1---rna-XM 048609798.1 translation
I-‘ [ ERCC4 Scyliorhinus canicula GCF 902713615.1 sScyCan1.1---rna-XM 038819346.1 translation

ERCC4 Danio rerio Icl NM 199785.1 cds NP 956079.1 1 translation
ERCC4 Mus musculus Icl NM 015769.2 cds NP 056584.2 1 translation
ERCC4 Homo sapiens Icl XM 054379810.1 cds XP 054235785.1 1 translation

Fig S12. ERCC excision repair 4 phylogeny. Gene tree with sequences from several shark
species and outgroup species (Danio rerio, Homo sapiens and Mus musculus). The scale bar
denotes substitutions per site.
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dN/dS Value

Fig S13. Distribution of dN/dS (®) values of rod phototransduction genes in

Branches under relaxed selection
(RELAX p-value < 0.05)

All other branches

under ying
(aBSREL corrected p-value < 0.05)

CNGA1
CNGB1
GNAT1
GNBS
GNGT1
GRK1
GUCY2F
PDEBA
PDEGB
PDEGD
PDEGG
RCVRN
RH1
SAG

chondrichthyan species. Violin plots showing per-species distributions of ® ratios for genes
involved in rod-based phototransduction, coloured by gene type. Source data are provided as

a Source Data file.
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Fig S14. Distribution of dN/dS (®) values of all retrieved cone and non-visual
phototransduction genes in chondrichthyan species. Box-and-whisker plots showing per-
species distributions of  ratios for genes involved in cone-based and non-visual
phototransduction, coloured by order. Source data are provided as a Source Data file.
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A Free Ratio Tree B Two Ratio Tree
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C One Ratio Tree D Pt ses (-
. ks l !
B - ¢ P PSR
0 5 10
E  Model np InL F Comparison LRT df p.value
FreeRatio 35 -7129.829 TwoRatio vs OneRatio  5.727874 1 0.0166976855
OneRatio 19 -7150.629 FreeRatio vs OneRatio 41.599588 16 0.0004526283
TwoRatio 20 -7147.765 FreeRatio vs TwoRatio 35.871714 15 0.0018447019

Fig S15. Selection analysis on chondrichthyan CNGA1 genes. PAML was used to
compute the dN/dS (= w) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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0% | AWy
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XM 043692263 _1 & L L el
0 5 10

E  Model np InL F Comparison LRT df p.value
FreeRatio 35 -6059.964 TwoRatio vs OneRatio  1.06385 1 0.3023387
OneRatio 19 -6070.006 FreeRatio vs OneRatio 20.08317 16 0.2164979
TwoRatio 20 -6069.474 FreeRatio vs TwoRatio 19.01932 15 0.2128595

Fig S16. Selection analysis on chondrichthyan CNGA3 genes. PAML was used to
compute the dN/dS (= o) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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TwoRatio 12 -14215.55

TwoRatio vs OneRatio  0.063506 1 0.8010380
FreeRatio vs OneRatio 10.671648 8 0.2210070
FreeRatio vs TwoRatio 10.608142 7 0.1566485

Fig S17. Selection analysis on chondrichthyan CNGBI1 genes. PAML was used to
compute the dN/dS (= w) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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Fig S18. Selection analysis on chondrichthyan CNGB3 genes. PAML was used to
compute the dN/dS (= o) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus

microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®

ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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A Free Ratio Tree

GAK1_
AT
GRK1,

GAKT

I_He ocel
E@ﬁm Chiloscylium_plagiosum_cds

—— 7 1_Fihincodon_typus_cds

Iel_XM_041211548_1_cds_XP_041067482_1_1

dN/dS
15

0.5

0.0

B Two Ratio Tree

1_XM_041211548_1_cds_XP_041067482_1_1

W 311_Chiloseylium_plagiosum_cds

1_Ahincodon_typus_cds

0 5

C One Ratio Tree

RK1_Rhincodon_typus_cds

0 5

E Model np InL
FreeRatio 31 -5321.285
OneRatio 17 -5348.864
TwoRatio 18 -5341.773

0 5 10
o — _—

a0% M reference
80%

0%

60%

s0%

0%

a0%

20%

10%

0% A

s s SR

F Comparison LRT df p-value
TwoRatio vs OneRatio 14.18285 1 1.658753e-04
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Fig S19. Selection analysis on chondrichthyan GRK1 genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S20. Selection analysis on chondrichthyan GRK?7 genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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A Free Ratio Tree B Two Ratio Tree
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Fig S21. Selection analysis on chondrichthyan GNAT1 genes. PAML was used to
compute the dN/dS (= o) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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Fig S22. Selection analysis on chondrichthyan GNAT?2 genes. PAML was used to
compute the dN/dS (= o) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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Fig S23. Selection analysis on chondrichthyan GNBS genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S24. Selection analysis on chondrichthyan RH1 genes. PAML was used to compute
the dN/dS (= ®) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one ® ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S25. Selection analysis on chondrichthyan PDE6A genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one ® ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S26. Selection analysis on chondrichthyan PDE6B genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-

likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test

(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S27. Selection analysis on chondrichthyan PDE6C genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.

27



A Free Ratio Tree B Two Ratio Tree

scylium_plagiosum_cds

\_plagiosum_cds 0.5

1_ocellatum_ic/

PDESD_| PDEGD_Hemis _ocellatum_icl
_XM_060834798_1_cds_XP_060690781 _XM_060834798_1_cds,

(P_060690781_1_1
cds

)_Isurus_oxyrinchus_cds 0.0
0 5 10 0 5 10
C One Ratio Tree D oot sies W
sum.cds o [l Reterence
o e I NNV
& P
0 5 10
E Model np InL F Comparison LRT df p.value
FreeRatio 39 -1257.830 TwoRatio vs OneRatio 9.001858 1 2.697053e-03
OneRatio 21 -1296.878 FreeRatio vs OneRatio 78.096334 18 1.841249e-09
TwoRatio 22 -1292.377 FreeRatio vs TwoRatio 69.094476 17 3.086404e-08

Fig S28. Selection analysis on chondrichthyan PDE6D genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S29. Selection analysis on chondrichthyan PDE6G genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S30. Selection analysis on chondrichthyan GNGT1 genes. PAML was used to
compute the dN/dS (= o) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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Fig S31. Selection analysis on chondrichthyan GUCY2F genes. PAML was used to
compute the dN/dS (= ®) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.
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Fig S32. Selection analysis on chondrichthyan OPN3 genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S33. Selection analysis on chondrichthyan OPN4 genes. PAML was used to compute
the dN/dS (= ®) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S34. Selection analysis on chondrichthyan OPNS genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus

microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test

(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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OneRatio 15 -1849.292 FreeRatio vs OneRatio 15.40496 12 0.22003392
TwoRatio 16 -1847.410 FreeRatio vs TwoRatio 11.64164 11 0.39117389

Fig S35. Selection analysis on chondrichthyan RCVRN genes. PAML was used to
compute the dN/dS (= ®) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative
model, assigning Somniosus microcephalus as test branches and all other shark species as
reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)
and statistical significance (p.value) for each comparison.

35



A  Free Ratio Tree B  Two Ratio Tree

RGS9S_Chiosoytium_plagiosum_icl_XM_043715031_1_cds RGES_Chiosoytium_plagiosum_icl_XM_043715031_1_cds_XP_043570965_1_1
XP_043570965_1_1 dN/dS
RGSSS_Hemiscylium_oceNatum_iol_XM_060844443_1_ods 15 AGSSS_Hemiscylum_ocelatum_iol_XM_060844448_1_ods_XP_060700431_1_1
XP_060700431_1_1
RGSS6_RNncodon_typus_Iol_XM_048611087_1_ods 10 RGSS6_Rnncocon_typus_JolXM_04861 1087_1_ods_XP_048467044_1_1
XP_043467044_1_1
3596_Samniosus_ ods_partial 05 3696_Somnlosus_ «ods_partial
AGS_S. ocantouta_lol_XM_ 1_ods 00 AGSH_S: cantouta_lol_XM_038776864_1_ods _XP_038632792_1_1
XP_038632792_1_1
AGSR_Cy carcharias_ i XM_041216848_1_cds AGSR_Cy carcharias_ic{_XM_041216848_1_cds_XP_041072782_1_1
XP_osr072782_1_1
0 5 10 0 5 10
C One Ratio Tree D P _
sosd W =otoronce
AGESS_Chiosoytium_plagiosum_lcl_XM_043715031_1_cds_XP_043570966_1_1
L
RGE90_Hemiscyum_oceNatum_io_XM_060844443_1_ods_XP_0S0700431_1_1 s
]
RGSSG_Rnincodon_typus_Iol_XM_048611087_1_ods_XP_048467044_1_1 W+
e Y N
3696_Somnosus_ ods_partial s
e ]
AGSY,_; oantouta_lol_XM_| ¢_1_ods XP._| Tt
AGS9_Cq carcharias_kcl_XM_041216848_1_cds_XP_041072782_1_1 = /
AR 'ﬁs"ﬂ&?{{«\t SEER Q}mﬁ&ﬁm&z&&ﬁp
[ 5 10
E Model np InL F Comparison LRT df p.value
FreeRatio 19 -5532.320 TwoRatio vs OneRatio 0.851874 1 0.35602273
OneRatio 11 -5541.759 FreeRatio vs OneRatio 18.877902 8 0.01552644
TwoRatio 12 -5541.333 FreeRatio vs TwoRatio 18.026028 7 0.01185312

Fig S36. Selection analysis on chondrichthyan RGS9b genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one ® ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S37. Selection analysis on chondrichthyan RGS9BP genes. PAML was used to
compute the dN/dS (= o) per branch under four different models. A, Free-ratio model which
fits one o ratio per branch. B, Two-ratio model with one o ratio for Somniosus
microcephalus and one o ratio for other shark species. C, One-ratio model with the same ®
ratio for all shark species. D, RELAX o distribution results under the RELAX alternative

model, assigning Somniosus microcephalus as test branches and all other shark species as

reference branches. E, Log-likelihood (InL) and number of parameters (np) of each model. F,
Log-likelihood ratio test (LRT) between each of the models, showing degrees of freedom (df)

and statistical significance (p.value) for each comparison.
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Fig S38. Selection analysis on chondrichthyan RH2 genes. PAML was used to compute

the dN/dS (= ®) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus

microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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TwoRatio 12 -2382.763 FreeRatio vs TwoRatio 10.597382 7 0.15717066

Fig S39. Selection analysis on chondrichthyan RRH genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one ® ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S40. Selection analysis on chondrichthyan SAG genes. PAML was used to compute
the dN/dS (= ®) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one ® ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S41. Selection analysis on chondrichthyan VA genes. PAML was used to compute the
dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-

likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test

(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S42. Selection analysis on chondrichthyan ERCC1 genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S43. Selection analysis on chondrichthyan ERCC4 genes. PAML was used to compute
the dN/dS (= o) per branch under four different models. A, Free-ratio model which fits one ®
ratio per branch. B, Two-ratio model with one o ratio for Somniosus microcephalus and one
o ratio for other shark species. C, One-ratio model with the same o ratio for all shark species.
D, RELAX o distribution results under the RELAX alternative model, assigning Somniosus
microcephalus as test branches and all other shark species as reference branches. E, Log-
likelihood (InL) and number of parameters (np) of each model. F, Log-likelihood ratio test
(LRT) between each of the models, showing degrees of freedom (df) and statistical
significance (p.value) for each comparison.
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Fig S44. Per-gene correlations between measures of gene expression. For each gene
analysed in this study, transcripts per-million (TPM) is plotted against the proportion of reads
mapped to each gene in up to five shark species (Scyliorhinus canicula, S. torazame, Isurus
oxyrinchus, Rhincodon typus, and Chiloscyllium plagiosum). The per-gene equations
describing the linear regressions were used to extrapolate the TPM values for Somniosus
microcephalus from the proportion of reads mapped. Source data are provided as a Source

Data file.
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Fig S45. Structural integrity of the retina of the Greenland shark. Radial sections
through the retina of Somniosus microcephalus showing all retinal layers (a, ¢) or zoomed
images of the photoreceptor and inner nuclear layers (b, d). Dashed boxes represent the areas
in panels a and c that are magnified in panels b and d, respectively. Scale bars: 50 pm.
Abbreviations: PRL, photoreceptor layer; ONL, outer nuclear layer; INL, inner nuclear layer;
GCL, ganglion cell layer.
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Dorsal Ventral Central Nasal Temporal

Fig S46. Retinal architecture in different regions of the Greenland shark retina.
Transverse sections through five regions of the retina of Somniosus microcephalus. Scale
bars: 50 um. Abbreviations: PRL, photoreceptor layer; RPE, retinal pigment epithelium;
ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer.
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GS23-6(2)

b

Human Left Eye Human Right Eye

Fig S47. Corneas used in transmissivity experiment. Images of corneas from Greenland
sharks (a) and humans (b) used to measure the transmission of light. All reference scales
show units in centimetres.
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Table S1. Details of specimens used in this study. All individuals were adult Greenland
sharks (Somniosus microcephalus) collected off the coast of Greenland. M, male; F, female;
n.a., not known.

Sex TL (m) | Specimen ID | Depth of capture | Estimated age | Analyses
(m) (years)

M 3.35 GS24 6 115 n.a. Transcriptome

F 3.65 GS24 9 190 134+ 20 Transcriptome

F 3.60 GS24 12 195 130+ 19 Transcriptome

M 3.14 GS23 1 180 n.a. Ultramicrotomy

F 3.31 GS23 6 292 110+ 18 Ultramicrotomy,
RNAscope, Chromatin
staining, H&E staining,
TUNEL assay, Corneal
transmission (both left
and right corneas)

F 3.54 GS24 4 214 126 + 19 Ultramicrotomy

M 2.76 GS23 8 n.a. n.a Corneal transmission

M 3.05 GShark21- 8 | n.a. n.a Corneal transmission,
Lipidome

M 3.06 GS23-7 n.a. n.a Genome, Lipidome,
Corneal transmission

F 1.03 Capella 2 n.a. <100 Corneal transmission
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Table S2. Genomes and transcriptomes used in this study. All genomes are available from
the NCBI Genome database and all transcriptomes are available from the Sequence Read

Archive.
Species Data type Accession no.
Somniosus microcephalus Genome SRR32965274
Transcriptome — retina (adult) SRR32965277
Transcriptome — retina (adult) SRR32965276
Transcriptome — retina (adult) SRR32965275

Scyliorhinus torazame

Genome

GCA_003427355.1

Transcriptome — retina (adult)

DRR111795

Transcriptome — retina (adult)

DRR111817

Scyliorhinus canicula

Genome

GCF_902713615.1

Transcriptome — retina (adult) SRR12813952
Transcriptome — retina (adult) SRR12813953
Transcriptome — retina (adult) SRR12813954
Transcriptome — retina (adult) SRR12813957
Transcriptome — retina (adult) SRR12813958

Rhincodon typus

Genome

GCF_021869965.1

Transcriptome — retina (juvenile)

SRR19140294

Isurus oxyrinchus

Genome

GCA_026770705.1

Transcriptome — retina (juvenile)

SRR10998462

Transcriptome — retina (juvenile)

SRR10998463
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Transcriptome — retina (juvenile)

SRR10998464

Chiloscyllium plagiosum Genome GCF_004010195.1
Transcriptome — retina (adult) SRR7539029
Transcriptome — retina (adult) SRR7539030
Transcriptome — retina (adult) SRR7539034
Transcriptome — retina (adult) SRR7539035
Transcriptome — retina (adult) SRR7539036
Amblyraja radiata Genome GCA _010909765.2
Callorhinchus milii Genome GCA 018977255.1
Carcharodon carcharias Genome GCA 017639515.1
Chiloscyllium punctatum Genome GCA _003427335.1
Ginglymostoma cirratum Genome GCA 024137785.1
Hemiscyllium ocellatum Genome GCA 020745735.1
Leucoraja erinacea Genome GCA _028641065.1
Pristis pectinata Genome GCA _009764475.2
Raja brachyura Genome GCA _963514005.1
Sphyrna mokarran Genome GCA_024679065.1
Squalus acanthias Genome GCA 030390025.1
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Table S3. Assembly statistics for the Greenland shark genome. Statistics generated for a
scaffold-level assembly using the de novo sequence assembler, ABySS.

Total number of scaffolds (n) 29940000
Number of sequences that are at least 500 bp long (n:500) 1175830
L50 191587
Length of shortest sequence (min) 500

N75 1623

N50 3383

N25§ 6343
Effective size (E-size) 4810
Length of longest sequence (max) 149844
Total length of all sequences in the assembly (sum) 2365000000
BUSCO complete (%) 14.2
BUSCO fragmented (%) 41.0
BUSCO missing (%) 44.8
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Table S4. Corneal diameters. Diameters of corneal samples used for transmission
experiments. Note that the specimen ID is matched to that given in Table S1.

Specimen ID Corneal diameter (mm)
GS21-8 7.26

GS23-7 15.00

GS23-6 8.10

GS23-6(2) 6.53

GS23-8 7.90

Capella 2 5.00

Human (Left) 10.00

Human (Right) 10.00




Table S5. RNAscope probes. Details of probes used for RNAscope experiments.

RNAscope Probe Catalog number
Smi-Rh1-Cl 1595991-Cl1
Smi-Gad1-C2 1596161-C2
Smi-pkcalpha-C3 1595891-C3
Smi-Glula-Cl 1595881-Cl
Smi-RBPMS2-C2 1595851-C2
Smi-ELOVL2-C3 1596121-C3
Smi-Slc6a9-C 1596131-C3
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