
Table S1. Details of the genomes used in this study.  

 

 

 

 

 

 

 

 

 

 

Species Phyla Website/source 

Amphimedon queenslandica Porifera http://metazoa.ensembl.org/Amphimedon
_queenslandica/Info/Index 

Xestospongia bergquistia Porifera Data available from the authors on request 

Tethya wilhelma Porifera http://tethya.spongebase.net/  

Ephydatia muelleri Porifera https://spaces.facsci.ualberta.ca/ephybase/  

Oscarella carmela Porifera http://compagen.unit.oist.jp/index.html 

Sycon ciliatum Porifera http://compagen.unit.oist.jp/index.html 

Mnemiopsis leidyi Ctenophora https://research.nhgri.nih.gov/mnemiopsis
/  

Nematostella vectensis Cnidaria https://www.ebi.ac.uk/ena/browser/view/
GCA_000209225.1?show=blobtoolkit  

Acanthaster planci Echinoderm https://marinegenomics.oist.jp/cots/viewer
/info?project_id=46  

Strongylocentrotus purpuratus Echinoderm https://www.ebi.ac.uk/ena/browser/view/
GCA_000002235.4?show=blobtoolkit     

Branchiostoma floridae Chordata https://mycocosm.jgi.doe.gov/Brafl1/Brafl1
.home.html  

Ciona intestinalis Chordata https://www.ebi.ac.uk/ena/browser/view/
GCA_000224145.1  

Capitella teleta Annelida https://www.ebi.ac.uk/ena/browser/view/
GCA_000328365.1?show=blobtoolkit  

Lingula anatina Brachipoda https://www.ebi.ac.uk/ena/browser/view/
GCA_001039355.1  

Caenorhabditis elegans Nematoda https://downloads.wormbase.org/releases/
WS279/species/c_elegans/PRJNA13758/  

Drosophila melanogaster Arthropoda https://flybase.org/ (release dmel_r6.32 
(FB2020_01)) 

Danio rerio Chordata https://www.ncbi.nlm.nih.gov/grc/zebrafis
h  

Xenopus tropicalis Chordata http://www.xenbase.org/ 

Homo sapiens Chordata https://www.ncbi.nlm.nih.gov/grc/human  
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Table S2.  Details of sequences used from species for evolutionary comparison. Sequences were 

obtained from either the UniProt data base https://www.uniprot.org/ or NCBI 

https://www.ncbi.nlm.nih.gov/  

Species Phylum Gene ID Uniprot 
accession 

Pseudanabaena.ABRG5-3 Cyanobacteria CuZnSOD A0A2Z5WSM0 

Pseudanabaena.PCC7367 Cyanobacteria CuZnSOD K9SG01 

Pseudanabaena.PCC7429 Cyanobacteria CuZnSOD L8N810 

Pseudanabaena.SR411 Cyanobacteria CuZnSOD A0A256BEG9 

Pseudanabaena.ABRG5-3.sodB Cyanobacteria MnSOD A0A2Z5WSL4 

Pseudanabaena.PCC7367 Cyanobacteria MnSOD K9SFI2 

Pseudanabaena.PCC7429 Cyanobacteria MnSOD L8MYC0 

Pseudanabaena.SR411 Cyanobacteria MnSOD A0A256BCV0 

Gloeobacter.kilaueensis.JS1.SODC Cyanobacteria CuZnSOD U5QI46 

Gloeobacter.kilaueensis.JS1.GKIL_3379 Cyanobacteria CuZnSOD U5QPK5 

Gloeobacter.violaceus.PCC7421.glr2170 Cyanobacteria CuZnSOD Q7NIL3 

Gloeobacter.violaceus.PCC7421.glr1981 Cyanobacteria CuZnSOD Q7NJ51 

Gloeobacter.violaceus.PCC7421.sodB Cyanobacteria MnSOD Q7NDA9 

Gloeobacter.kilaueensis.JS1.sodA Cyanobacteria MnSOD U5QI99 

Gloeobacter.violaceus.PCC7421.sodB Cyanobacteria MnSOD Q7NMT3 

Algoriphagus machipongonensis Bacteroidetes MnSOD A3HUU8 

Arabidopsis thaliana Spermatophyta CuZnSOD_1 P24704 

Arabidopsis thaliana Spermatophyta CuZnSOD_2 O78310 

Arabidopsis thaliana Spermatophyta RBOHD Q9FIJ0 

Arabidopsis thaliana Spermatophyta RBOHF O48538 

Arabidopsis thaliana Spermatophyta RBOHC O81210 

Arabidopsis thaliana Spermatophyta RBOHB Q9SBI0 

Arabidopsis thaliana Spermatophyta RBOHA O81209 

Arabidopsis thaliana Spermatophyta RBOHE O81211 

Podospora anserina Ascomycota (filamentous 
fungus) 

CuZnSOD_1 Q711T9 

Podospora anserina Ascomycota (filamentous 
fungus) 

CuZnSOD_2 B2ATY8 

Podospora anserina Ascomycota (filamentous 
fungus) 

MnSOD_1 Q711T6 

Podospora anserina Ascomycota (filamentous 
fungus) 

MnSOD_2 Q9C208 

Podospora anserina Ascomycota (filamentous 
fungus) 

NOX3(C/D) B2AAS7 

Podospora anserina Ascomycota (filamentous 
fungus) 

NOX2 (A/B) B2AL10 

Podospora anserina Ascomycota (filamentous 
fungus) 

NOX1 (A/B) B2AA06 

Phaeosphaeria nodorum Ascomycota (Sac fungi) CuZnSOD_1 Q0UEY3 

Phaeosphaeria nodorum Ascomycota (Sac fungi) CuZnSOD_2 Q0UPE0 

Phaeosphaeria nodorum Ascomycota (Sac fungi) CuZnSOD_3 Q0UD72 

Phaeosphaeria nodorum Ascomycota (Sac fungi) CuZnSOD_4 Q0UMZ2 

Chondrus crispus Red algae (Irish moss) CuZnSOD_1 R7QQ00 

https://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/


Chondrus crispus Red algae (Irish moss) CuZnSOD_2 R7QRY5 

Chondrus crispus Red algae (Irish moss) MnSOD_1 R7QCE3 

Chondrus crispus Red algae (Irish moss) MnSOD_2 R7QI02 

Chondrus crispus Red algae (Irish moss) NOX_rboh (C/D) Q2FA46 

Pyropia yezoensis Red algae (glume blotch) MnSOD Q3YB09 

Pyropia yezoensis Red algae (glume blotch) NOX_rboh (C/D) Q2F9N3 

Dictyostelium discoideum Amoebozoa CuZnSOD_1 Q55GQ5 

Dictyostelium discoideum Amoebozoa CuZnSOD_2 Q54TU5 

Dictyostelium discoideum Amoebozoa CuZnSOD_3 Q54G70 

Dictyostelium discoideum Amoebozoa CuZnSOD_4 Q54TW8 

Dictyostelium discoideum Amoebozoa MnSOD Q55BJ9 

Dictyostelium discoideum Amoebozoa NOXA Q9XYS3 

Dictyostelium discoideum Amoebozoa NOXB Q86GL4 

Dictyostelium discoideum Amoebozoa NOXC Q54F44 

Fonticula alba Amoebozoa CuZnSOD_1 A0A058ZE05 

Monosiga brevicollis Choanoflagellata MnSOD A9VBJ0 

Trichoplax adhaerens Placozoa CuZnSOD B3S9R7 

Trichoplax adhaerens Placozoa MnSOD_1 Q55BJ9 

Trichoplax adhaerens Placozoa MnSOD_2 B3SFQ5 

Trichoplax adhaerens Placozoa MnSOD_3 B3SFI3 

Bombyx mori Arthropoda BmSOD6 (Rsod) A0A455R4Z2    
NCBI accession 

Monosiga brevicollis Choanoflagellata NOX1(A/B) XP_001746171.1 

Monosiga brevicollis Choanoflagellata NOX2 XP_001748123.1 

Trichoplax adhaerens Placozoa NOX_1(NOX5) XP_002115436.1 

Trichoplax adhaerens Placozoa NOX_2 XP_002112911.1 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S1. Maximum likelihood phylogene�c tree of CuZnSOD enzyme family. Black numbers on branches 
indicate bootstrap support. Filled in coloured shapes indicate monophyle�c group; SOD1 (pink), and Rsod 
(green). SOD3 sequences from Vertebrata and CuZnSOD sequences from ancestral cyanobacteria, 
Pseudanabaena sp. and Gloeobacter violaceus [40] are indicated. Constructed based on edited alignment 
(Addi�onal file 5), 1000 bb and the WAG+R5 evolu�onary model. 

Tethya.wilhelm
a 81 CuZnSO

D

Tethya.wilhelm
a 82 CuZnSOD

Tethya.wilhelm
a 83 CuZnSO

D

Tethya.wilhelm
a 84 CuZnSO

D

Tethya.wilhelm
a 79 CuZnSOD

Tethya.wilhelm
a 80 CuZnSOD

Tethya.wilhelma 78 CuZnSOD

Tethya.wilhelma 88 CuZnSOD

Tethya.wilhelma 89 CuZnSOD

Tethya.wilhelma 85 CuZnSOD

Tethya.wilhelma 86 CuZnSOD

Tethya.wilhelma 87 CuZnSOD

Amphimedon.queenslandica 76 CuZnSOD

Xestospongia.bergquistia 77 CuZnSOD

Xestospongia.bergquistia 90 CuZnSOD

Tethya.wilhelma 91 CuZnSOD

Tethya.wilhelma 92 CuZnSOD

Ephydatia.muelleri 106 CuZnSOD

P.nodorum CuZnSOD 3

P.nodorum CuZnSOD 4

Amphimedon.queenslandica 108 CuZnSOD

Xestospongia.bergquistia 109 CuZnSOD

Tethya.wilhelma 110 CuZnSOD

Sycon.ciliatum 96 CuZnSOD
Sycon.ciliatum 97 CuZnSOD
Sycon.ciliatum 99 CuZnSODSycon.ciliatum 98 CuZnSOD

Sycon.ciliatum 101 CuZnSOD
Sycon.ciliatum 102 CuZnSOD

Sycon.ciliatum 100 CuZnSOD

Sycon.ciliatum 104 CuZnSOD

Amphimedon.queenslandica 71 CuZnSOD

Xestospongia.bergquistia 74 CuZnSOD

Ephydatia.muelleri 111 CuZnSOD

Ephydatia.muelleri 107 CuZnSOD Tethya.wilhelma 72 CuZnSOD

Tethya.wilhelma 73 CuZnSOD

Acanthaster.planci 62 CuZnSOD

Strongylocentrotus.purpuratus 66 CuZnSOD

Acanthaster.planci 61 CuZnSOD

Danio.rerio 65 CuZnSOD

Xenopus.tr
opica

lis 
67 CuZnSOD

Drosophila.m
elanogaste

r 1
05 CuZnSOD

Bran
ch

ios
tom

a.f
lor

ida
e 6

3 C
uZ

nS
OD

Cion
a.i

nte
sti

na
lis 

75
 C

uZ
nS

OD

Cion
a.i

nte
sti

na
lis

 94
 C

uZ
nS

OD

Syc
on

.ci
lia

tum
 68

 C
uZ

nS
OD

Sy
co

n.c
ilia

tum
 69

 C
uZ

nS
OD

Sy
co

n.
cil

iat
um

 7
0 

Cu
Zn

SO
D

B.
flo

rid
ae

 9
3 

Cu
Zn

SO
D

Sy
co

n.
cil

iat
um

 1
03

 C
uZ

nS
OD

O
sc

ar
el

la
.c

ar
m

el
a 

95
 C

uZ
nS

O
D

Ci
on

a.
in

te
st

in
al

is 
11

2 
Cu

Zn
SO

D

Ho
m

o.
sa

pi
en

s 
46

 C
uZ

nS
O

DS
O

D3

Xe
no

pu
s.

tro
pi

ca
lis

 4
8 

C
uZ

nS
O

D

D
an

io
.re

rio
 4

9 
C

uZ
nS

O
D

D
an

io
.re

rio
 4

5 
C

uZ
nS

O
D

Ac
an

th
as

te
r.p

la
nc

i 6
0 

C
uZ

nS
O

D

Li
ng

ul
a.

an
at

in
a 

4 
C

uZ
nS

O
D

Li
ng

ul
a.

an
at

in
a 

35
 C

uZ
nS

O
D

Ac
an

th
as

te
r.p

la
nc

i 3
 C

uZ
nS

O
D

Br
an

ch
io

st
om

a.
flo

rid
ae

 2
 C

uZ
nS

O
D

Acanthaster.planci 1 C
uZnSO

D

M
nem

iopsis.leidyi 52 C
uZnSO

D

M
nem

iopsis.leidyi 53 C
uZnSO

D

M
nem

iopsis.leidyi 54 C
uZnSO

D

M
nem

iopsis.leidyi 50 C
uZnSO

D

M
nem

iopsis.leidyi 51 C
uZnSO

D

M
nem

iopsis.leidyi 59 C
uZnSO

D
C.crispus CuZnSO

D 1

C.crispus CuZnSO
D 2

Capitella.teleta 37 CuZnSO
D

Strongylocentrotus.purpuratus 57 CuZnSO
D

Strongylocentrotus.purpuratus 58 CuZnSOD

Branchiostom
a.floridae 42 CuZnSOD

Nematostella.vectensis 41 CuZnSOD

Capitella.teleta 39 CuZnSOD

Caenorhabditis.elegans 29 CuZnSODSOD1

Caenorhabditis.elegans 30 CuZnSODSOD1

Caenorhabditis.elegans 32 CuZnSODSOD5

Mnemiopsis.leidyi 27 CuZnSOD

Homo.sapiens 10 CuZnSODSOD1

Homo.sapiens 11 CuZnSODSOD1

Danio.rerio 9 CuZnSOD

Podospora.anserina 1 SODCuZn

Podospora.anserina 2 SODCuZn

P.nodorum CuZnSOD 1

Lingula.anatina 12 CuZnSOD

Lingula.anatina 13 CuZnSOD

Trichoplax.adhaerens SODCuZn

Nematostella.vectensis 14 CuZnSOD

Arabidopsis.thaliana 1 SODCuZn

Fonticula.alba CuZnSOD 1

Arabidopsis.thaliana 2 SODCuZn

Sycon.ciliatum 8 CuZnSOD
Capitella.teleta 7 CuZnSOD

Dictyostelium.discoideum 2 SODCuZnDictyostelium.discoideum 4 SODCuZn
Dictyostelium.discoideum 3 SODCuZn

Dictyostelium.discoideum 1 SODCuZn

Drosophila.melanogaster 16a CuZnSODSOD1

Drosophila.melanogaster 16b CuZnSODSOD1

Nematostella.vectensis 15 CuZnSOD

Ciona.intestinalis 24 CuZnSOD

Branchiostoma.floridae 17 CuZnSOD

Drosophila.melanogaster 36a CuZnSODSOD3

Drosophila.melanogaster 36e CuZnSODSOD3

Drosophila.melanogaster 36d CuZnSODSOD3

Branchiostoma.flo
ridae 6 CuZnSOD

Acanthaste
r.planci 5

 CuZnSOD

Te
thya

.wilhelm
a 20 CuZnSOD

Te
thy

a.w
ilh

elm
a 2

1 C
uZ

nS
OD

Tethya.wilhelma 22 CuZnSOD

Tethya.wilhelma 23 CuZnSOD

Stro
ng

ylo
ce

ntr
otu

s.p
urp

ura
tus

 28
 C

uZ
nS

OD

Mne
miop

sis
.le

idy
i 1

15
 C

uZ
nS

OD

Ep
hy

da
tia

.m
ue

lle
ri 1

8 C
uZ

nS
OD

Ep
hy

da
tia

.m
ue

lle
ri 1

9 C
uZ

nS
ODEp

hy
da

tia
.m

ue
lle

ri 
40

 C
uZ

nS
OD

Am
ph

im
ed

on
.q

ue
en

sla
nd

ica
 2

6 
Cu

Zn
SO

D

Xe
st

os
po

ng
ia

.b
er

gq
ui

st
ia

 2
5 

Cu
Zn

SO
D

Ca
en

or
ha

bd
itis

.e
le

ga
ns

 3
3 

Cu
Zn

SO
DS

O
D4

Ca
en

or
ha

bd
itis

.e
le

ga
ns

 3
4 

Cu
Zn

SO
DS

O
D4

M
ne

m
io

ps
is.

le
id

yi 
44

 C
uZ

nS
O

D

C
ae

no
rh

ab
di

tis
.e

le
ga

ns
 1

13
 C

uZ
nS

O
D

C
ae

no
rh

ab
di

tis
.e

le
ga

ns
 1

15
 C

uZ
nS

O
D

C
ap

ite
lla

.te
le

ta
 3

8 
C

uZ
nS

O
DD
ro

so
ph

ila
.m

el
an

og
as

te
r 5

5b
 C

uZ
nS

O
D

 S
O

D
q

O
sc

ar
el

la
.c

ar
m

el
a 

43
 C

uZ
nS

O
D

C
ap

ite
lla

.te
le

ta
 5

6 
C

uZ
nS

O
D

Pseudanabaena.ABR
G

5-3 C
uZnSO

D
Pseudanabaena.SR

411 C
uZnSO

D
Pseudanabaena.PC

C
7429 C

uZnSO
D

Pseudanabaena.PC
C

7367 C
uZnSO

D

G
loeobacter.kilaueensis.JS1.G

KIL 3379 C
uZnSO

D

G
loeobacter.violaceus.PC

C
7421.glr1981 C

uZnSO
D

G
loeobacter.violaceus.PC

C
7421.glr2170 C

uZnSO
D

G
loeobacter.kilaueensis.JS1.SO

D
C

 C
uZnSO

D

99

94

100

70

46

55
75

63

42

26

54

46

100

100

100

100

87

100

100

98

82

10
0

100

48

71

99

99

92

75

97

83

96

77

10
0

97

9780

96

10
0

98

100

100

95

50

19

100

35

87

65

51

99

36

100

94

99

98

65

35

97

10
0

40

98

10
0

100

22

83

10
0

88

97

58

74

82

100

98

100

91

99

88

96

91
44

41

38

69

100

70

88

71

37

80

37

87

10
0

52

100

85

90

100

92

68

64

100

46

100

100

99

99

91

88

86

83

90

99

100

98

92

96

34

100

92

100

100

62

100

100

100

85

100

79

93

100

94

78

100

Tree scale: 1

SOD1Rsod

Vertebrata SOD3

Cyanobacteria



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Maximum likelihood phylogene�c tree of MnSOD enzyme family. Black numbers on branches 
indicate bootstrap support. Filled in coloured shapes indicate monophyle�c group; SOD2 (turquoise), and  
SOD2X (purple). Constructed based on edited alignment (Addi�onal file 5), 1000 bb and the WAG+I+G4 
evolu�onary model.
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