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Fig S9. (Continued). Phylogenetic distribution of freshwater-enriched gene/domains. The phylogenetic
tree is a subtree of genomic tree in Fig.1 that low-quality genomes were pruned. Grey triangle on the
tree denotes outgroups. Colored circles represent ecosystems where strains derived from. Colored

bars denote copy numbers of enriched genes or domains.  
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Fig S9. (Continued). Phylogenetic distribution of freshwater-enriched gene/domains. The phylogenetic
tree is a subtree of genomic tree in Fig.1 that low-quality genomes were pruned. Grey triangle on the
tree denotes outgroups. Colored circles represent ecosystems where strains derived from. Colored

bars denote copy numbers of enriched genes or domains.  

Freshwater (n = 184)
Terrestrial (n = 125)
Thermal springs (n = 26)
Host-associated (n = 33)
Others (n = 24)
Unknown (n = 28)

Habitat classification
Marine (n = 99) 

Enriched genes/domains
gvpA

gvpC

gvpL/gvpF

gvpK



Phorm
idium

 sp. FACHB-1136 cyanobac

No
st

oc
 c

ar
ne

um
 N

IE
S-

21
07

 G
CA

 0
02

36
81

55
.1

Sc
yt

on
em

a 
ho

fm
an

ni
 U

TE
X-

23
49

 G
C

A 
00

05
82

68
5.

1

Xenococcus sp. PCC-7305 GCA 000332055.1

No
du

lar
ia 

sp
um

ige
na

 C
CY

94
14

 G
CA

 0
00

34
05

65
.3

Acaryochloris sp. CCMEE-5410 GCA 000238775.2

Coleofasciculus sp. FACHB-54 cyanobac2

Sy
ne

ch
oc

oc
cu

s 
sp

. K
O

R
D

I-4
9 

G
C

A 
00

07
37

57
5.

1

Synechococcus sp. JA-2-3Ba2-13 GCA 000013225.1

Fischerella sp. PC
C

-9431 G
C

A 000447295.1

Sy
ne

ch
oc

oc
cu

s 
sp

. K
O

RD
I-5

2 
G

CA
 0

00
73

75
95

.1

M
icrocystis wesenbergii LE013-01 GCA 002282955.1

Synechococcus sp. SynAce01 G
C

A 001885215.1

Coleofasciculus sp. FACHB-1120 cyanobac

Cyanobacteria bacterium UBA6050 GCA 002429095.1

Cyanobacte
ria

 bacte
riu

m FACHB-63 cy
anobac

Myxosarcina sp. GI1 GCA 000756305.1

Arthrospira sp. PCC-8005 GCA 000176895.2
Cylindrospermopsis raciborskii ITEP-A1 GCA 001586755.1

Crocosphaera watsonii W
H-0003 GCA 000235665.2

C
yanobium

 sp. PC
C

-7001 G
C

A 000155635.1

Sy
ne

ch
oc

oc
cu

s 
sp

. W
H

-8
10

3 
G

C
A 

00
11

82
76

5.
1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 M
IT

-9
10

7 
G

C
A 

00
07

59
85

5.
1

Pseudanabaena sp. PCC-7367 GCA 000317065.1

Roseofilum sp. UBA2566 GCA 002340255.1

M
icrocystis aeruginosa NIES-44 GCA 000787675.1

No
sto

c s
p.

 N
IE

S-
41

03
 G

CA
 0

02
36

83
35

.1

Desertifil
um sp. IP

PAS-B-1220 GCA 001746915.1

Synechocystis sp. FACHB-383 cyanobac

Pseudanabaena biceps PCC-7429 GCA 000332215.1

Cyanobacteria bacterium UBA6047 GCA 002429135.1

Nostoc punctiforme PCC-73102 GCA 000020025.1

Synechococcus elongatus FAC
H

B-1061 cyanobac

Lyngbya sp. PCC-8106 GCA 000169095.1

Planktothrix serta PCC-8927 GCA 900010725.1

Trichocoleus sp. FACHB-83 cyanobac2

Scytonem
a sp. H

K-05 G
C

A 001904675.1

Pleurocapsa sp. PCC-7327 GCA 000317025.1

Ca
lot

hr
ix 

sp
. F

AC
HB

-1
21

9 
cy

an
ob

ac

Phorm
idium

 tenue NIES-30 G
CA 001904775.1

C
yanobium

 sp. FAC
H

B-1334 cyanobac2

Sy
ne

ch
oc

oc
cu

s s
p.

 M
IT

-S
95

08
 G

CA
 0

01
63

21
65

.1

C
yanobacteria bacterium

 U
BA5018 G

C
A 002396505.1

Geitlerinema sp. PCC-7105 GCA 000332355.1

Planktothricoides sp. FACHB-1261 cyanobac

Aphanizomenon sp. FACHB-1416 cyanobac

Anabaena sp. WA102 GCA 001277295.1

Trichocoleus sp. FACHB-90 cyanobac

Anabaena sp. CRKS33 GCA 001672075.1

Le
pto

lyn
gb

ya
 sp

. O
-77

 G
CA 0

01
54

83
95

.1

Lim
nothrix sp. P13C2 G

CA 001698445.1

Synechococcus sp. PCC-8807 GCA 001693295.1

Nostoc calcicola FACHB-389 cyanobac1

Gloeomargarita lithophora Alchichica-D10 GCA 001870225.1

Cyanobacterium sp. IPPAS-B-1200 GCA 001747005.1

Synechococcus sp. 65AY6Li GCA 002760345.1

Anabaena sp. 90 GCA 000312705.1

Leptolyn
gbya borya

na dg5 GCA 002142495.1

Nostoc sp. KVJ20 GCA 001712795.1

Planktothrix sp. FAC
H

B-1375 cyanobac

Leptolyngbya boryana PCC-6306 GCA 000353285.1

Geminocystis sp. NIES-3708 GCA 001548095.1

Nos
toc

 sp
. F

AC
HB-

11
0 c

ya
no

ba
c

Anabaena 7120 FACHB-418 cy
anobac

Planktothricoides sp. FACHB-1370 cyanobac

Arthrospira platensis str. Paraca GCA 000175415.3

M
icrocystis sp. LSC13-02 GCA 002282935.1

Sy
ne

ch
oc

oc
cu

s 
sp

. W
H-

80
20

 G
CA

 0
01

04
08

45
.1

Pseudanabaena sp. UBA1465 GCA 002325645.1

Nostoc paludosum FACHB-159 cyanobac

Aliterella atlantica C
EN

A595 G
C

A 000952155.1

Nostoc muscorum FACHB-395 cyanobac

Nodosilinea sp. FACHB-141 cyanobac

Micr
oc

ole
us

 sp
. F

ACHB-1
51

5 c
ya

no
ba

c

Fi
sc

he
re

lla
 s

p.
 J

SC
-1

1 
G

C
A 

00
02

31
36

5.
2

Cyanobacterium aponinum PCC-10605 GCA 000317675.1

Ca
lo

th
rix

 s
p.

 N
IE

S-
20

98
 G

CA
 0

02
36

81
75

.1

Nodosilinea sp. FACHB-13 cyanobac

No
st

oc
 s

p.
 1

06
C 

G
CA

 0
02

15
47

25
.1

C
al

ot
hr

ix
 s

p.
 N

IE
S-

41
05

 G
C

A 
00

23
68

41
5.

1

Fi
sc

he
re

lla
 th

er
m

al
is

 P
C

C
-7

52
1 

G
C

A 
00

03
17

22
5.

1

Cya
no

ba
cte

ria
 ba

cte
riu

m FA
CHB-4

7 c
ya

no
ba

c1

Cyanobacte
ria bacte

rium FACHB-DQ100 cy
anobac

Microcoleus sp. FACHB-1 cyanobac

R
ic

he
lia

 s
p.

 U
BA

33
08

 G
C

A 
00

23
61

33
5.

1

Sy
ne

ch
oc

oc
cu

s 
sp

. B
L1

07
 G

CA
 0

00
15

38
05

.1

Leptolyngbya sp. FACHB-161 cyanobac

Fi
sc

he
re

lla
 m

us
ci

co
la

 P
C

C
-7

41
4 

G
C

A 
00

03
17

20
5.

1

Synechococcus sp. 65AY6A5 GCA 002760415.1

C
al

ot
hr

ix
 e

ls
te

ri 
C

C
AL

A-
95

3 
G

C
A 

00
22

89
45

5.
1

Spirulina subsalsa PCC-9445 GCA 000314005.1

Synechococcus 7942 FAC
H

B-805 cyanobac

Cyanobacteria bacterium ESFC-1 GCA 000380225.1

Cya
no

ba
cte

ria
 ba

cte
riu

m JS
C-12

 G
CA 00

03
09

94
5.1

To
lyp

ot
hr

ix 
sp

. P
CC

-7
60

1 
G

CA
 0

00
30

01
15

.1

Phorm
idesm

is priestleyi Ana GCA 001314865.1

Arthrospira platensis FACHB-439 cyanobac

Pseudanabaena sp. FACHB-1050 cyanobac

C
hroogloeocystis siderophila 5.2 s.c.1 G

C
A 001904655.1

Aulo
sir

a s
p. 

FA
CHB-61

5 c
ya

no
ba

c

C
yanobium

 sp. M
W

101C
3 G

C
A 002252635.1

C
al

ot
hr

ix
 s

p.
 P

C
C

-7
50

7 
G

C
A 

00
03

16
57

5.
1

Nos
toc

 sp
. N

IES-21
11

 G
CA 00

23
68

21
5.1

Synechococcus sp. PCC-7002 GCA 000019485.1

To
lyp

ot
hr

ix 
sp

. P
CC

-7
60

1 
G

CA
 0

02
36

82
75

.1

Cyanobacteria bacterium
 FACHB-47 cyanobac2

C
al

ot
hr

ix
 m

em
br

an
ac

ea
 F

AC
H

B-
23

6 
cy

an
ob

ac

Synechococcus sp. 65AY640 GCA 002760445.1

Anabaena cylindrica PCC-7122 GCA 000317695.1

Lim
nothrix sp. FAC

H
B-1083 cyanobac

G
loeocapsa sp. PC

C
-7428 G

C
A 000317555.1

Tr
ich

oc
ole

us
 sp

. F
AC

HB-
59

 cy
an

ob
ac

1

No
st

oc
 lin

ck
ia

 F
AC

HB
-1

04
 c

ya
no

ba
c

Microcoleus sp. FACHB-68 cyanobac

Sy
ne

ch
oc

oc
cu

s 
sp

. W
H

-8
10

2 
G

C
A 

00
01

95
97

5.
1

Cyanobacteria bacterium USR001 GCA 001698425.1

Leptolyngbya sp. FACHB-402 cyanobac

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 N
AT

L2
A 

G
C

A 
00

00
12

46
5.

1
Pr

oc
hl

or
oc

oc
cu

s 
m

ar
in

us
 b

v.
 H

N
LC

1 
G

C
A 

00
02

18
70

5.
1

M
icrocoleus sp. FACHB-83 cyanobac1

An
ab

ae
no

ps
is 

cir
cu

lar
is 

NIE
S-

21
 G

CA 
00

23
67

97
5.1

Fi
sc

he
re

lla
 s

p.
 F

AC
H

B-
38

0 
cy

an
ob

ac

Sy
ne

ch
oc

oc
cu

s 
sp

. K
O

R
D

I-1
00

 G
C

A 
00

07
37

53
5.

1

Pleurocapsa sp. PCC-7319 GCA 000332195.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 E
Q

PA
C

1 
G

C
A 

00
07

59
87

5.
1

Aphanizomenon flos-aquae UKL13-PB GCA 001593825.1

Synechococcus elongatus PC
C

-7942 G
C

A 000012525.1

Coleofasciculus sp. FACHB-125 cyanobac

Ana
ba

en
a s

p. 
4-3

 G
CA 00

15
97

74
5.1

Lim
nothrix sp. CACIAM

-69d G
CA 001913845.1

Dolichospermum compactum NIES-806 GCA 002368115.1

Microcoleus sp. FACHB-53 cyanobac

Synechococcus sp. Tous G
C

A 002006815.1

Nos
toc

 sp
. F

ACHB-19
0 c

ya
no

ba
c

Ocu
lat

ell
a s

p. 
FA

CHB-
28

 cy
an

ob
ac

Arthrospira platensis FACHB-971 cyanobac

Planktothrix sp. PCC-11201 GCA 900009135.2

Aphanizomenon flos-aquae FACHB-1040 cyanobac

Aphanizomenon flos-aquae LD13 GCA 001672165.1

Anabaena va
ria

bilis
 FACHB-319 cy

anobac

C
hlorogloeopsis fritschii PC

C
-9212 G

C
A 000317265.1

Le
pt

oly
ng

by
a 

sp
. h

en
so

nii
 G

CA
 0

01
93

91
15

.1

Pseudanabaena sp. FACHB-2040 cyanobac

Sy
ne

ch
oc

oc
cu

s 
sp

. N
AT

40
 G

CA
 0

02
69

85
05

.1

Cylindrospermopsis raciborskii CENA303 GCA 002114155.1

Arthrospira platensis FACHB-835 cyanobac

Nostoc sp. Peltigera membranacea cyanobiont 213 GCA 002245975.1
Stanieria sp. NIES-3757 GCA 002355455.1

Sy
ne

ch
oc

oc
cu

s 
sp

. R
ED

SE
A-

S0
2 

B4
 G

CA
 0

01
62

83
25

.1

Ana
ba

en
a a

zo
tica

 FA
CHB-11

9 c
ya

no
ba

c

Arthrospira sp. PCC-8005 GCA 000973065.1

Phorm
idium

 am
biguum

 IAM
-M

-71 G
C

A 001904725.1

Synechococcus sp. C
B0101 G

C
A 000179235.1

Scytonem
a sp. H

K-05 G
C

A 002368235.1

Synechococcus sp. PCC-7003 GCA 001693255.1

Nostoc sp. FACHB-973 cyanobac

Arthrospira maxima CS-328 GCA 000173555.1

Crocosphaera watsonii W
H-0401 GCA 001039615.1

Leptolyngbya sp. PCC-7376 GCA 000316605.1

Synechocystis sp. PC
C

-7509 G
C

A 000332075.2

Gloeobacter violaceus PCC-7421 GCA 000011385.1

Pr
oc

hl
or

oc
oc

cu
s 

sp
. M

IT
-0

60
1 

G
C

A 
00

07
60

17
5.

1

Sy
ne

ch
oc

oc
cu

s 
sp

. C
C

96
16

 G
C

A 
00

05
15

23
5.

1

C
al

ot
hr

ix
 s

p.
 N

IE
S-

40
71

 G
C

A 
00

23
68

45
5.

1

Synechococcus sp. NKBG042902 GCA 000715475.1

Planktothrix prolifica NIVA-CYA-406 GCA 000464765.1

Sy
ne

ch
oc

oc
cu

s 
sp

. N
P1

7 
G

CA
 0

02
72

98
35

.1

Tolypothrix bouteillei VB521301 G
C

A 000760695.2

Trichocoleus sp. FACHB-40 cyanobac

Anabaena cylindrica FACHB-243 cyanobac

Nos
toc

 pi
sc

ina
le 

CENA21
 G

CA 
00

12
98

44
5.1

To
ly

po
th

rix
 s

p.
 N

IE
S-

40
75

 G
C

A 
00

22
18

08
5.

1

Anabaena cy
lindrica

 FACHB-318 cy
anobac

Nostoc foliaceum FACHB-393 cyanobac

Coleofasciculus sp. FAC
HB-SPT36 cyanobac

C
al

ot
hr

ix
 p

ar
as

iti
ca

 N
IE

S-
26

7 
G

C
A 

00
23

68
09

5.
1

Leptolyngbya sp. FACHB-239 cyanobac

Cylindrospermopsis raciborskii CS-505 GCA 000175835.1

Richelia sinica FACHB-800 cyanobac

Crocosphaera watsonii W
H-8501 GCA 000167195.1

Synechocystis sp. PCC-6803 GCA 001318385.1

Cyanothece sp. CCY0110 GCA 000169335.1

Moorea bouillonii PNG GCA 001942495.1

H
apalosiphon sp. M

R
B220 G

C
A 001275395.1

Fischerella sp. N
IES-4106 G

C
A 002368315.1

Anabaena sp. LE011-02 GCA 001672225.1

R
ic

he
lia

 in
tra

ce
llu

la
ris

 H
H

01
 G

C
A 

00
03

50
10

5.
1

Dolichospermum circinale AWQC310F GCA 000426925.1

Crocosphaera watsonii W
H-8502 GCA 001039555.1

Anabaena lutea FACHB-196 cyanobac

Arthrospira sp. TJSD091 GCA 000974245.1

C
yanobacteria bacterium

 H
T-58-2 G

C
A 002163975.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 M
IT

-9
51

5 
G

C
A 

00
00

15
66

5.
1

Anabaena sp. MDT14b GCA 001672195.1

Oscillatoria acuminata PCC-6304 GCA 000317105.1

Lim
nothrix sp. PR1529 G

CA 002742025.1

Ca
lo

th
rix

 s
p.

 N
IE

S-
21

00
 G

CA
 0

02
36

81
95

.1

M
icrocystis wesenbergii FACHB-1339 cyanobac

Lim
nothrix sp. FACHB-708 cyanobac

Leptolyn
gbya sp

. N
IES-2104 GCA 001485215.1

Cyanobacteria bacterium CG2 30 44 21 GCA 001873375.1

Prochloron didemni P4-Papua New Guinea GCA 000252485.1

Lim
nothrix sp. FAC

HB-881 cyanobac

Synechococcus lividus PCC-6715 GCA 002754935.1

Nostoc sp. FACHB-133 cyanobac

Ne
os

yn
ec

ho
co

cc
us

 sp
ha

gn
ico

la 
sy

1 
GCA

 0
00

77
52

85
.1

Leptolyn
gbya sp

. FACHB-17 cy
anobac

Moorea producens JHB GCA 001854205.1

Cyanobacterium aponinum FACHB-410 cyanobac1

Nosto
c s

p. N
IES-3756 G

CA 001548375.1

Synechococcus sp. 63AY4M1 GCA 002760395.1

Nostoc sp. FACHB-857 cyanobac

Prochloron didemni P2-Fiji GCA 000252425.1

Nosto
c s

p. P
CC-7120 GCA 000009705.1

R
ic

he
lia

 in
tra

ce
llu

la
ris

 G
C

A 
00

06
13

06
5.

1

Cyanothece sp. PCC-7822 GCA 000147335.1

Arthrospira platensis YZ GCA 001611905.1

Microcoleus sp. PCC-7113 GCA 000317515.1

Cyanobacteria bacterium CG2 30 40 61 GCA 001873365.1

C
hroococcidiopsis sp. FAC

H
B-1243 cyanobac

Sphaerospermopsis sp. FACHB-1094 cyanobac

Le
pto

lyn
gb

ya
 sp

. F
AC

HB-
67

 cy
an

ob
ac

1

Synechococcus sp. U
TEX-2973 G

C
A 000817325.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 M
IT

-1
32

0 
G

C
A 

00
16

32
07

5.
1

C
oleofasciculus sp. FAC

H
B-SPT9 cyanobac

Aphanizomenon flos-aquae FACHB-1290 cyanobac

Prochlorothrix hollandica PC
C

-9006 G
C

A 000341585.2

No
st

oc
 s

p.
 T

09
 G

CA
 0

02
15

46
95

.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 G
P2

 G
C

A 
00

07
59

88
5.

1

Leptolyn
gbya sp

. N
IES-3755 GCA 001548435.1

Sphaerospermopsis kisseleviana NIES-73 GCA 002368075.1

Oscillatoria nigro-viridis PCC-7112 GCA 000317475.1

Synechococcus sp. PCC-6312 GCA 000316685.1

Thermosynechococcus elongatus BP-1 GCA 000011345.1

Planktothrix sp. FACHB-1365 cyanobac

Moorea producens PAL GCA 001942475.1

Pseudanabaena sp. SR411 GCA 002251945.1

Nostoc sp. FACHB-892 cyanobac

Tr
ich

oc
ole

us
 sp

. F
AC

HB
-4

6 
cy

an
ob

ac

M
astigocladopsis repens PC

C
-10914 G

C
A 000315565.1

Le
pto

lyn
gb

ya
 oh

ad
ii I

S1 G
CA 00

22
15

03
5.1

Cyanothece sp. PCC-8801 GCA 000021805.1

Pr
oc

hl
or

oc
oc

cu
s 

sp
. s

cB
24

1 
52

8O
2 

G
C

A 
00

06
34

11
5.

1

Nosto
c p

arm
elioides F

ACHB-392 cy
anobac1

Arthrospira platensis C1 GCA 000307915.1

Le
pto

lyn
gb

ya
 sp

. F
AC

HB-
54

 cy
an

ob
ac

1

Nodosilinea nodulosa PCC-7104 GCA 000309385.1

Nos
toc

 sp
. P

CC-75
24

 G
CA 00

03
16

64
5.1

Sy
ne

ch
oc

oc
cu

s 
sp

. C
C

99
02

 G
C

A 
00

00
12

50
5.

1

Trichocoleus sp. FACHB-6 cyanobac cyanobac

Cylindrospermopsis raciborskii CYRF GCA 002321945.1

C
al

ot
hr

ix
 s

p.
 3

36
3 

G
C

A 
00

07
34

89
5.

2

Planktothrix paucivesiculata PCC-9631 GCA 900009265.1

Anabaena va
riabilis

 FACHB-171 cy
anobac

Sy
ne

ch
oc

oc
cu

s 
sp

. W
H-

78
05

 G
CA

 0
00

15
32

85
.1

Coleofasciculus chthonoplastes PCC-7420 GCA 000155555.1

Fo
rti

ea
 c

on
to

rta
 P

C
C

-7
12

6 
G

C
A 

00
03

32
29

5.
1

Aphanizomenon flos-aquae FACHB-1265 cyanobac

Halothece sp. PCC-7418 GCA 000317635.1

Microcoleus sp. FACHB-61 cyanobac

Leptolyn
gbya borya

na NIES-2135 GCA 002368255.1

Synechococcus sp. PCC-73109 GCA 001521855.1

Aphanizomenon flos-aquae MDT14a GCA 001672095.1

Desertifil
um sp. FACHB-868 cyanobac

Gloeobacter kilaueensis JS1 GCA 000484535.1

Au
lo

sir
a 

sp
. F

AC
HB

-1
13

 c
ya

no
ba

c

Synechococcus sp. TM
ED

19 G
C

A 002168155.1

Tolypothrix cam
pylonem

oides VB511288 G
C

A 000828075.2

Moorea producens 3L GCA 000211815.1

Nostoc flagellifo
rme FACHB-838 cyanobac

Cyanobacteria bacterium SU2 GCA 002110465.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 b
v.

 H
N

LC
2 

G
C

A 
00

02
18

74
5.

1

Anabaena sp. FACHB-1237 cyanobac

C
oleofasciculus sp. FAC

H
B-50 cyanobac1

Leptolyn
gbya borya

na IAM-M-101 GCA 002142475.1

Pr
oc

hl
or

oc
oc

cu
s 

sp
. s

cB
24

5a
 5

21
B1

0 
G

C
A 

00
06

35
83

5.
1

Sy
ne

ch
oc

oc
cu

s 
sp

. B
O

 8
80

1 
G

C
A 

00
22

52
67

5.
1

Ca
lot

hr
ix 

pa
rie

tin
a 

FA
CH

B-
28

8 
cy

an
ob

ac

Oscillatoria sp. FACHB-1406 cyanobac

Cylindrospermopsis raciborskii MVCC14 GCA 001858125.1

Fi
sc

he
re

lla
 s

p.
 N

IE
S-

37
54

 G
C

A 
00

15
48

45
5.

1

Nos
toc

 sp
. F

ACHB-2
80

 cy
an

ob
ac

Cyanothece sp. PCC-8802 GCA 000024045.1

Pseudanabaena sp. FACHB-1998 cyanobac

Sy
ne

ch
oc

oc
cu

s 
sp

. C
C9

31
1 

G
CA

 0
00

01
45

85
.1

C
al

ot
hr

ix
 rh

iz
os

ol
en

ia
e 

SC
01

 G
C

A 
90

01
85

59
5.

1

Aphanizomenon sp. FACHB-1401 cyanobac

Microcoleus sp. FACHB-84 cyanobac

Pr
oc

hl
or

oc
oc

cu
s 

sp
. M

IT
-0

70
2 

G
C

A 
00

07
60

31
5.

1

C
andidatus Synechococcus spongiarum

 SP3 G
C

A 001007665.1

Lyngbya aestuarii BL-J GCA 000478195.2

Aphanizomenon flos-aquae WA102 GCA 001672105.1

Pr
oc

hl
or

oc
oc

cu
s 

sp
. M

IT
-0

60
3 

G
C

A 
00

07
60

21
5.

1

R
ic

he
lia

 s
p.

 U
BA

39
58

 G
C

A 
00

23
85

31
5.

1

Dolichospermum sp. FACHB-1091 cyanobac

Microcoleus sp. FACHB-DQ6 cyanobac
Microcoleus vaginatus FGP-2 GCA 000214075.2

M
icrocystis elabens FAC

H
B-917 cyanobac

Anabaena catenula FACHB-362 cyanobac

No
st

oc
 s

p.
 R

F3
1Y

 G
CA

 0
02

15
51

85
.1

Scytonem
a tolypothrichoides VB-61278 G

C
A 000828085.2

C
yanobium

 sp. N
IES-981 G

C
A 900088535.1

Scytonem
a hofm

annii PC
C

-7110 G
C

A 000346485.2

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 M
IT

-9
21

1 
G

C
A 

00
00

18
58

5.
1

Synechococcus sp. C
B0205 G

C
A 000179255.1

Leptolyngbya sp. FACHB-60 cyanobac

Cyanothece sp. ATCC-51142 GCA 000017845.1

Microcoleus sp. FACHB-45 cyanobac

Synechococcus sp. 8F6 G
C

A 002252665.1

Ana
ba

en
a s

p. 
ATCC-33

04
7 G

CA 00
15

97
85

5.1

C
al

ot
hr

ix
 s

p.
 P

C
C

-6
30

3 
G

C
A 

00
03

17
43

5.
1

Oscillatoria sp. PCC-10802 GCA 000332335.1

Pho
rm

idi
um

 te
nu

e F
ACHB-88

6 c
ya

no
ba

c

Cylindrospermopsis raciborskii CYLP GCA 002321935.1

Synechococcus sp. PCC-7336 GCA 000332275.1

C
hroococcidiopsis therm

alis PC
C

-7203 G
C

A 000317125.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 P
AC

1 
G

C
A 

00
07

60
23

5.
1

Synechocystis sp. FACHB-929 cyanobac

Cyanothece sp. PCC-7425 GCA 000022045.1

Pr
oc

hl
or

oc
oc

cu
s 

sp
. M

IT
-0

60
2 

G
C

A 
00

07
60

19
5.

1

Geitlerinema sp. BBD-1991-9 GCA 001657325.1

Nos
toc

 sp
. F

AC
HB-

14
5 c

ya
no

ba
c

Anabaena sp. WA113 GCA 001672155.1

M
icrocystis aeruginosa PCC-9806 GCA 000312725.1

Ana
ba

en
a m

inu
tis

sim
a F

ACHB-25
0 c

ya
no

ba
c

Microcoleus sp. FACHB-SPT15 cyanobac

Anabaena va
ria

bilis
 NIES-23 GCA 002368015.1

Synechococcus elongatus FAC
H

B-242 cyanobac

Hydrococcus rivularis NIES-593 GCA 001904635.1

Raphidiopsis curvata NIES-932 GCA 002368135.1

Synechococcus sp. 7002 GCA 900177825.1

Nostoc sp. Peltigera malacea cyanobiont DB3992 GCA 002631755.1

Leptolyngbya sp. FACHB-238 cyanobac

Nostoc linckia z1 GCA 002607965.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 M
IT

-9
20

1 
G

C
A 

00
07

59
95

5.
1

Planktothrix mougeotii NIVA-CYA-405 GCA 000464745.1

Geminocystis sp. NIES-3709 GCA 001548115.1

Cyanobacteria bacterium SU3 GCA 002172675.1

R
ic

he
lia

 s
p.

 U
BA

39
57

 G
C

A 
00

23
85

34
5.

1

Cyanothece sp. PCC-7424 GCA 000021825.1

Cylindrospermum stagnale PCC-7417 GCA 000317535.1

Sy
ne

ch
oc

oc
cu

s 
sp

. R
S9

91
6 

G
CA

 0
00

15
38

25
.1

Sy
ne

ch
oc

oc
cu

s 
sp

. R
S9

91
7 

G
CA

 0
00

15
30

65
.1

Phorm
idium

 tenue FACHB-1052 cyanobac

Sy
ne

ch
oc

oc
cu

s 
sp

. W
H-

81
09

 G
CA

 0
00

16
17

95
.2

Synechococcus sp. 1G
10 G

C
A 002252625.1

Halom
icronem

a hongdechloris C2206 GCA 002075285.2

Anabaena sp
. FACHB-709 cy

anobac

Geitlerinema sp. PCC-9228 GCA 001870905.1

Trichormus sp. NMC-1 GCA 001858025.1

No
du

lar
ia 

sp
um

ige
na

 C
CY

94
14

 G
CA

 0
00

16
91

35
.1

Aphanizomenon flos-aquae FACHB-1249 cyanobac

Phorm
idium

 sp. FACHB-32 cyanobac2

Planktothrix tepida PCC-9214 GCA 900009145.1

Cyanothece sp. ATCC-51472 GCA 000231425.3

Anabaena va
ria

bilis
 ATCC-29413 GCA 000204075.1

Planktothricoides sp. SR001 GCA 001276715.1

Synechococcus sp. BDU 130192 GCA 002721235.1

Trichocoleus sp. FACHB-69 cyanobac

Anabaena cy
lindrica

 FACHB-170 cy
anobac

Synechocystis sp. PCC-6714 GCA 000478825.2

Planktothrix rubescens GCA 900009275.1

Phorm
idesm

is p
rie

stle
yi B

C1401 G
CA 001650195.1

Moorea producens PAL-8-15-08-1 GCA 001767235.1

Cyanobacteria bacterium UBA1583 GCA 002322275.1

Synechocystis sp. FACHB-908 cyanobac

Fischerella sp. PC
C

-9339 G
C

A 000315585.1

Crinalium
 epipsam

m
um

 PCC-9333 G
CA 000317495.1

Aphanizomenon flos-aquae FACHB-1287 cyanobac

Anabaena cylindrica NIES-19 GCA 002367955.1

Au
lo

sir
a 

la
xa

 N
IE

S-
50

 G
CA

 0
02

36
80

55
.1

C
al

ot
hr

ix
 s

p.
 P

C
C

-7
10

3 
G

C
A 

00
03

31
30

5.
1

Sy
ne

ch
oc

oc
cu

s 
sp

. C
C9

60
5 

G
CA

 0
00

01
26

25
.1

Leptolyngbya sp. PCC-7375 GCA 000316115.1

Sy
ne

ch
oc

oc
cu

s 
sp

. R
ED

SE
A-

S0
1 

B1
 G

CA
 0

01
62

82
95

.1

Aphanizomenon flos-aquae NIES-81 GCA 000521175.1

Acaryochloris marina MBIC11017 GCA 000018105.1

Leptolyn
gbya sp

. FACHB-1624 cy
anobac

M
icrocystis wesenbergii FACHB-1317 cyanobac

Cylindrospermopsis raciborskii CS-505 GCA 001676585.1

Sc
yt

on
em

a 
ho

fm
an

ni
 F

AC
H

B-
24

8 
cy

an
ob

ac

Anabaena sp. AL93 GCA 001672085.1

Sphaerospermopsis sp. FACHB-1194 cyanobac

Rubidibacter lacunae KORDI 51-2 GCA 000473895.1

Synechococcus elongatus PC
C

-6301 G
C

A 000010065.1

C
oleofasciculus sp. FAC

H
B-129 cyanobac

Thermosynechococcus sp. NK55a GCA 000505665.1

Aphanizomenon flos-aquae FACHB-1171 cyanobac

Roseofilum reptotaenium AO1-A GCA 001890975.1

Ca
lo

th
rix

 b
re

vis
sim

a 
NI

ES
-2

2 
G

CA
 0

02
36

79
95

.1

Phorm
idesm

is p
rie

stle
yi U

LC007 GCA 001895925.1

Synechococcus sp. 63AY4M2 GCA 002760475.1

Cylindrospermopsis raciborskii CS-508 GCA 001858115.1

Anabaena su
btro

pica
 FACHB-260 cy

anobac

Leptolyngbya sp. Heron-Island-J GCA 000482245.1

Nos
toc

 sp
. M

BR 21
0 G

CA 0
01

69
84

35
.1

Le
pto

lyn
gb

ya
 sp

. F
ACHB-32

 cy
an

ob
ac

1

Lim
nothrix sp. FAC

H
B-1088 cyanobac

R
ic

he
lia

 in
tra

ce
llu

la
ris

 U
BA

34
81

 G
C

A 
00

23
77

92
5.

1

Nostoc sp. Peltigera membranacea cyanobiont 210A GCA 002246015.1

Synechococcus sp. W
H

-5701 G
C

A 000153045.1

Gloeocapsa sp. PCC-73106 GCA 000332035.1

Anabaena variabilis FACHB-164 cyanobac

Alka
line

ma s
p. 

CACIAM-70
d G

CA 00
21

48
40

5.1

Pseudanabaena sp. PCC-6802 GCA 000332175.1

Cyanobacteria bacterium UBA999 GCA 002291895.1

Nos
toc

 sp
. F

ACHB-87
 cy

an
ob

ac

Sy
ne

ch
oc

oc
cu

s s
p.

 M
IT

-S
95

04
 G

CA
 0

01
63

21
05

.1

Osc
illa

tor
ia 

sp
. F

AC
HB-

14
07

 cy
an

ob
ac

Fischerella m
uscicola PC

C
-73103 G

C
A 000317245.1

Cham
aesiphon m

inutus PCC-6605 G
CA 000317145.1

Tr
ich

oc
ole

us
 sp

. F
AC

HB
-2

6 
cy

an
ob

ac
2

Tychonema bourrellyi FEM-GT703 GCA 002412335.2

Aphanizomenon sp. FACHB-1399 cyanobac

Synechococcus sp. NIES-970 GCA 002356215.1

Sy
ne

ch
oc

oc
cu

s 
sp

. W
H-

80
16

 G
CA

 0
00

23
06

75
.2

Crocosphaera watsonii W
H-0402 GCA 001039635.1

Synechococcus sp. 60AY4M2 GCA 002760375.1

Fi
sc

he
re

lla
 m

aj
or

 N
IE

S-
59

2 
G

C
A 

00
19

04
64

5.
1

C
yanobium

 sp. C
AC

IAM
-14 G

C
A 000708525.1

Geit
ler

ine
m

a 
sp

. P
CC

-7
40

7 
GCA

 0
00

31
70

45
.1

Pseudanabaena sp. Roaring-Creek GCA 001402795.1

Ca
lot

hr
ix 

an
om

ala
 F

AC
HB

-3
43

 cy
an

ob
ac

Le
pto

lyn
gb

ya
 sp

. F
ACHB-16

 cy
an

ob
ac

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 A
S9

60
1 

G
C

A 
00

00
15

64
5.

1

Lim
nothrix sp. FACHB-406 cyanobac

Pr
oc

hl
or

oc
oc

cu
s 

sp
. M

IT
-0

80
1 

G
C

A 
00

07
57

86
5.

1

Synechocystis sp. FACHB-898 cyanobac

Desertifil
um sp. FACHB-1129 cyanobac

Cya
no

ba
cte

ria
 ba

cte
riu

m FA
CHB-50

 cy
an

ob
ac

2

C
hlorogloeopsis fritschii PC

C
-6912 G

C
A 000317285.1

Ana
ba

en
a s

p. 
FA

CHB-83
 cy

an
ob

ac

C
al

ot
hr

ix
 s

p.
 F

AC
H

B-
15

6 
cy

an
ob

ac

C
andidatus Synechococcus spongiarum

 bin9 G
C

A 002238435.1

Dolichospermum circinale AWQC131C GCA 000426905.1

Anabaena sp. FACHB-1391 cyanobac

Prochloron didemni P3-Solomon GCA 000252465.1

C
yanobium

 gracile PC
C

-6307 G
C

A 000316515.1

Crocosphaera watsonii W
H-0005 GCA 001050835.1

Arthrospira platensis NIES-39 GCA 000210375.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
tr.

 N
AT

L1
A 

G
C

A 
00

00
15

68
5.

1

Phormidium sp. HE10JO GCA 900149785.2

C
oleofasciculus sp. FAC

H
B-64 cyanobac

Oscillatoria sp. PCC-6506 GCA 000180455.1

Nostoc linckia FACHB-391 cyanobac

Le
pto

lyn
gb

ya
 sp

. F
ACHB-71

 cy
an

ob
ac

1

Cylindrospermopsis sp. CR12 GCA 001432185.1

Nodosilinea sp. FACHB-131 cyanobac

Sy
ne

ch
oc

oc
cu

s s
p.

 W
H-

78
03

 G
CA

 0
00

06
35

05
.1

Sphaerospermopsis aphanizomenoides BCCUSP55 GCA 001586785.1

Kamptonema formosum PCC-6407 GCA 000332155.1

Synechococcus sp. NKBG15041c GCA 000485815.1

To
lyp

ot
hr

ix 
te

nu
is 

PC
C-

71
01

 G
CA

 0
02

36
82

95
.1

Synechococcus sp. PCC-7335 GCA 000155595.1

Limnothrix rosea IAM M-220 GCA 001904615.1

Coleofasciculus sp. FACHB-T130 cyanobac

Anabaena sp. AL09 GCA 001672255.1

C
al

ot
hr

ix
 s

p.
 H

K-
06

 G
C

A 
00

19
04

74
5.

1 C
yanobacteria bacterium

 PC
C

-7702 G
C

A 000332255.1

Nostoc azollae 0708 GCA 000196515.1

Trichodesmium erythraeum IMS101 GCA 000014265.1

Anabaena sp. FACHB-1250 cyanobac

Cyanobacterium aponinum B-1201 GCA 002736005.1

Planktothrix agardhii NIVA-CYA-1268 GCA 000710505.1

Synechococcus sp. LL G
C

A 002252705.1

Spirulina major PCC-6313 GCA 001890765.1

Cyanobacterium stanieri PCC-7202 GCA 000317655.1

Nos
toc

 sp
. F

AC
HB-

15
2 c

ya
no

ba
c

Leptolyngbya sp. PCC-6406 GCA 000332095.2

Stanieria cyanosphaera PCC-7437 GCA 000317575.1

M
icrocystis flos-aquae FACHB-1344 cyanobac

Nostoc sp. FACHB-888 cyanobac

Leptolyngbya sp. BC1307 GCA 002286735.1

Anabaena sphaerica FACHB-251 cyanobac

No
du

lar
ia 

sp
um

ige
na

 C
EN

A5
96

 G
CA

 0
01

62
34

85
.1

Synechococcus sp. JA-3-3Ab GCA 000013205.1

Pho
rm

idi
um

 sp
. F

ACHB-59
 cy

an
ob

ac
2

Synechococcus sp. R
C

C
307 G

C
A 000063525.1

Nostoc linckia NIES-25 GCA 002368035.1

Sy
ne

ch
oc

oc
cu

s 
sp

. F
AC

H
B-

90
9 

cy
an

ob
ac

M
icrocystis viridis FACHB-1342 cyanobac

Phorm
idium

 sp. FACHB-77 cyanobac

Nostoc calcicola FACHB-389 GCA 001904715.1

Le
pto

lyn
gb

ya
 sp

. J
SC-1 

GCA 0
00

73
34

15
.1

Geminocystis herdmanii PCC-6308 GCA 000332235.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
ub

sp
. p

as
to

ris
 s

tr.
 C

C
M

P1
98

6 
G

C
A 

00
00

11
46

5.
1

No
du

lar
ia 

sp
. N

IE
S-

35
85

 G
CA

 0
02

21
80

65
.1

Raphidiopsis brookii D9 GCA 000175855.1

Chondrocystis sp. NIES-4102 GCA 002368355.1

Microcoleus sp. FACHB-67 cyanobac2

Nostoc punctifo
rme FACHB-252 cyanobac

Sy
ne

ch
oc

oc
cu

s s
p.

 M
IT

-S
95

09
 G

CA
 0

01
63

19
35

.1

Desertifil
um sp. FACHB-866 cyanobac

Synechococcus sp. OG1 GCA 900177365.1

Alka
line

ma s
p. 

FA
CHB-95

6 c
ya

no
ba

c

Prochlorothrix hollandica PC
C

-9006 G
C

A 000332315.1

To
lyp

ot
hr

ix 
sp

. F
AC

HB
-1

23
 c

ya
no

ba
c

Pseudanabaena sp. FACHB-723 cyanobac

Phormidium sp. OSCR GCA 001314905.1

R
iv

ul
ar

ia
 s

p.
 P

C
C

-7
11

6 
G

C
A 

00
03

16
66

5.
1

Dactylococcopsis salina PCC-8305 GCA 000317615.1

Anabaena sp. PCC-7108 GCA 000332135.1

Leptolyngbya sp. FACHB-26 cyanobac1

Synechococcus sp. PCC-7502 GCA 000317085.1

Cylindrospermopsis raciborskii CENA302 GCA 002027345.1

Nos
toc

 sp
on

gia
efo

rm
e F

ACHB-13
0 c

ya
no

ba
c

Nostoc sp. Peltigera membranacea cyanobiont 232 GCA 002245985.1

Leptolyngbya sp. KIOST-1 GCA 000763385.1

Synechococcus sp. PCC-7117 GCA 001693275.1

Fischerella sp. PC
C

-9605 G
C

A 000517105.1

Pr
oc

hl
or

oc
oc

cu
s 

m
ar

in
us

 s
ub

sp
. m

ar
in

us
 s

tr.
 C

C
M

P1
37

5 
G

C
A 

00
00

07
92

5.
1

Cylindrospermum sp. FACHB-282 cyanobac

Geitlerinema sp. FC-II GCA 002286845.1

Ca
lot

hr
ix 

sp
. F

AC
HB

-1
68

 cy
an

ob
ac

Le
pto

lyn
gb

ya
 sp

. F
ACHB-8 

cy
an

ob
ac

Nos
toc

 sp
. P

CC-7
10

7 G
CA 

00
03

16
62

5.1

C
al

ot
hr

ix
 s

p.
 N

IE
S-

39
74

 G
C

A 
00

23
68

39
5.

1

Pseudanabaena sp. FACHB-1277 cyanobac

Scytonem
a sp. N

IES-4073 G
C

A 002368435.1

Fig S9. (Continued). Phylogenetic distribution of freshwater-enriched gene/domains. The phylogenetic
tree is a subtree of genomic tree in Fig.1 that low-quality genomes were pruned. Grey triangle on the
tree denotes outgroups. Colored circles represent ecosystems where strains derived from. Colored

bars denote copy numbers of enriched genes or domains.  
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