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Supplementary material 
Supplementary Figure 1: A maximum likelihood phylogeny (MLP) tree of single-domain parvulins. Based 
on the filtered dataset of 241 parvulin sequences, MLP calculations were performed using the PhyML algorithm 
with 1000 bootstraps. SlyD from E. coli has been chosen as outgroup to root the tree, because of its structural 
analogy to the parvulin fold without having any sequential similarities. The bacterial clades cluster as expected 
with only the Altero- and Aeromonadales not forming autonomous branches. The species of Shewanella is 
forming a branch within the Vibrionales. Additionally, the Thiotrichales cluster with the delta-Proteobacteria. 
The tree is provided as scalable pdf file with abbreviated organism names. All abbreviations used here are listed 
in Supplementary Table 2. 



Psp.NPT3_1

Pp
ro

23
79

Abau~AYE

Ecol-3-5

V
sp

.E
x2

5

Taue9187

VfisMJ11

P
put2440_1

Fn
ov

35
48

S
put~

200_1

S
ha

l-E
B

4_
1

Ecol85-1

Yroh3380

Y020912937

Ypes1001

Vha
r1

DA3

Ftu
lU

~S
4

Vsp
l2B01

Acal2202

PcarPP14

Ypse2953

Vfur2972

D
vu

li~
F

'

Pingi~37_1

IloiL2TR

Asp.H024

Sdysd197

Y020179599

A
vi

ni
~D

J

Vpars~16

VmimM573

Vha
r1

11
6

S
fri

~4
00

_1

SamaSB2B_1

Patl*T
6c]

K
sp.1_55_1

AjunSH
205

Sfle8401

XJ01008586

Yber3970

YpesM~10

Vcho6961

P
st

u1
50

1_
1

IbalS145

S
pi

e~
W

P
3_

1

P
aerP

A
14_1

S
entL476

E
clo3047

A
johH

046

Vp
ar

38
10

Dsa
l2638

Pang~S14

Vsp
.D

22
2

S
sp

.M
R

-7
_1

sp|P0A9K9|

P
syr2250_1

D
ba

c4
02

8

Amacype'

Vvu
lM

CP6

E
sp.~638

Abau~SDF

S
entC

T18

K
vart-22_1

Sdeg2-40

E
tas1/99

S
on

eM
R

-1
_1

MaciAN-2

G
lo

vi
~S

Z

E
am

y1430

Ppro3TCK

VmimM603

AsalA449

Pcar1692

D
vu

lo
ug

h

P
sav3335_1

P
sp

.w
f-1

S
lo

iP
V

-4
_1

P
syrax13_1

Alw
oH

145

Ymol3969
S

pe
a0

34
5_

1

Psp.t-9b

P
aerA

C
S

2_1

D
ac

e~
68

4

Ecol69-1

Csp.30_2

Y023784421

D
vu

l~
D

P
4

Ecol1655

Asp.~D
R

1

Vsp.C341

Ddadh586

S
ent5109

Ypesiqua

P
cr

ys
~K

5

Tc
ru

C
L-

2

Etar3685

Vcho~V52

Y020565072

PhalC125_1
G

ur
a~

R
f4

P
aer~P

A
7_1

S
ba

lS
18

3_
1

Cpsy~34H_1

Kpne~342_1

Asal1238

Ft
ul

35
49

C
tur3032

Y020172942

S
entL483

Vp
ar

50
30

Y022114635

EcolAI39

S
w

oo
19

08
_1

Fph
i50

15

Vori2
891

Yint9909

P
en

t~
L4

8_
1

G
sp

.C
-3

2

Dzea1591

Mpal1-9c

Pc
ar

23
80

Y021994642

Sboyb227

Pcar~PC1

EcolL933

Ft
ult

ica

E
pyr1/96

P
syro~T

1_1

P
flu

f0
-1

_1

Ykri3638

Y023104196

SodoRx13

Vsp
.A

ND4

P
syr1528_1

P
putG

B
-1_1

Mpet1571

S
sp

.1
8-

1_
1

Asp.7244

Sfle~301

NmarSCM1

Ahyd7966

S
ent3_--

Va
lg

2G
01

Mlabum~Z

P
putW

619_1

Vsp
lG

P32

Ahae9194

D
vu

lg
R

C
H

1

Yent8081

Mboo~6A8

Ghol1886

YpseB1/+

Ecolakai

Kpne3884_1

Msp.PE36_1

G
sp

.~
M

21

Csymum~A

Patr1043

S
se

d-
E

B
3_

1

Ypesl516

Cyou9220

umcAD1000

Pana0103

VfisS114

P
m

en
~

ym
p_

1

G
be

m
~B

em

AY02052126

Vco
r-4

50

Abau7978

Ftu
l~2

57

Vp
ar

50
34

Eclo9394

Vcho0-80

EtarB202

Sodo4582

E
can5316

VbacA
T-3

Y023772022

CrodC168

Vp
ar

06
33

Vh
ar

HY0
1

AbacTW-7_1

Vvu
lJ0

16

Y023721900

Fph
i50

17

S
vi

oS
S

12
_1

P
syr~K

40_1

P
syr728a_1

Amac7126

Sfle457T

G
su

lN
40

0

S
sp

.M
R

-4
_1

G
su

l~
P

C
A

Ecol45-1

PaciAN-4

Pdam2761

Ptuna~D2_1

P
puta~

F
1_1

Psp.KA34

Ealb7627

PwasP163

YpsePIII

P
aerP

A
O

1_1

Yfre3641

Psp.~aB~

S
de

nS
21

7_
1

M
th

iS
01

0

S
sp

.N
A

-3
_1

C
sak-894

G
sp

.~
M

18

E
bilb661

Vsh
i~AK1

Ckos-895

Kpne8578_1

Vmet9.14

EcolSE11

Asp.2624

Ddadh703

D
de

s~
G

20

AbauCICU

Yald5236

S
entL317

Ppro~SS9

EF01053500

P
ar

c7
3-

4

P
flu

P
f-

5_
1

EcolED1a

A
sp.A

D
P

1

Kpne2044_1

E
am

y9946

A
radH

164

Spro~568

P
flu

B
W

25
_1

Ssons046

S
be

nK
T

99
_1

P
syr448A

_1

P
syr~

1_6_1

S
balS

155_1

Y023450473

Gsp
.2999

Yruc9473

32

10
00

1000

99
9

38

64
6

10
00

1000

10
00

98
3

126

38
0

324

573

368

1000

1000

60
1

1000

536

10
00

1000

507

1000

68

1000

1000

17
8

1000

99
2

1000

604

1000

46

92
8

10
00

1000

1000

10

1000

267

6

1000

1000

1000

65
0

292

695

16
1

997

1000

51

10
00

416

10
00

1000

10
00

1000

968

10
00

59
9

924

10
00

244

979

1000

1000

71 1000

10
00

1000

765

1000

1

1

14
5

1000

1000

88
3

10
00

10
4

1000

1000

1000

606

10
00

1000

384

1000

594

239

119

1000

1000

356

342

978

661

72
0

616

1000

1000

342

10
00

84

10
00

1000

1000

1000

56
1

10
00

457

234

875

13
4

1000

1000

10
00

10
00

32
8

1000

10
00

1000

1000

1000

1000

173

1000

545

1000

47
1

10
00

259

1000

457

542

10
9

437

98
7

987

534

398

10
00

1000

1000

1000

913

416

636

1000

124

631

476

10
00

1000

1000

1000

248

1000

1000

872

996

480

240

1000

655

10
00

98
7

44

1000

1000

1000

34
6

207

10
00

10
00

1000

1000

363

1000

1000

1000

231

1000

1000

16
4

57

404

534

50
9

1000

439

10
00

865

2

1000

1000

923

63

925

99
0

422

68

27
7

491

92

1000

1000
10

00

63

1000

1000

1000

1000

1000

396

1000

10
00

1000

1000

1000

1000

1000

990

61

1000

231

11
1

1000

1000

692

1000

10
00

1000

77
2

10
00

114

14

10
00

85
1

289

621

834

88
0

10
00

1000

784

10
9

1000

1000

39

43
5

10
00

10
00

598

1000

36

43
9

275

1000

1000

1000

1000

10
00

233

1000

10
00

99
9

1000

350

565

993

96
1

1000

1000

361

112

1000

694

47
1

646

10
00

1000

617

1000

24
7

165

1000

2

1000

1000

336

262

10
00

1000

1000

10
00

204

1000

67
9

10
00

18
0

26
1

1000

31
9

10
00

70
1

1000

186

72
6

622

714

1000

981

10
00

16
8

42
0

1000

142

1000

1000

1000

919

276

10
00

10
00

397

1000

1000

86

1000

25
9

686

453

40
8

403

1000

1000

442

1000

80
9

10
00

1000

1000

10
00

10
00

782

1000

1000

1000

10
00

983

1000

10
00

21
8

485

1000

10
00

1000

1000

25
6

50
0

14

604

1000

1000

1000

619

1000

10
00

1000

10
00

1000

931

51
9

10
00

1000

1000

1000

1000

1000

1000

978

1000

10
00

10
00

75
9

1000

744

1000

718

31
8

1000

1000

449

942

29
1

10
00

23

1000

184

10
00

922

506

10
00

1000

1000

986

719

925

1000

1000

3

1000

10
00

10
00

1000

30
9

10
00

281

652

150

22
4

156

10
00

1000

26
7

66
5

707

10
00

712

236

999

981

1000

1000

1000

85
1

1000

32
2

19
8

591

832

304

4

10
00

10
00

243

1000

719

10
00

517

1000

1000

1

42

1000

1000

941

1000

1000

10
00

1000

1000

1000

10
00

33

627

704

1000

633

874

60
2

35
6

446

10
00

352

1000

1000

30
2

962

1000



Supplementary Table 1: Occurrence of prolyl isomerases in archaeal genomes 
Species Kingdom 

 
Subgroup 

 
FKBPs Cyclophilins PPIC-PPIases 

SlyD/SlpA-type FkpA-
type

Trigger 
factors

ppiB-type(only) Multi-domain LMW SurA/PrsA nifM 

Aeropyrum pernix K1 
(taxid:56635) 

Crenarchaeota Desulfurococcales [GeneID:7001995] none none none none none none none 

Desulfurococcus 
kamchatkensis 1221n 

(taxid:490899) 

Crenarchaeota Desulfurococcales [GeneID:7171348] none none none none none none none 

Hyperthermus butylicus 
DSM 5456 

(taxid:415426) 

Crenarchaeota Desulfurococcales [GeneID:4781357] none none none none none none none 

Ignicoccus hospitalis 
KIN4/I (taxid:453591) 

Crenarchaeota Desulfurococcales [GeneID:5561788] none none none none none none none 

Ignisphaera aggregans 
DSM 17230 

(taxid:583356) 

Crenarchaeota Desulfurococcales [GeneID:9715359] none none none none none none none 

Staphylothermus 
hellenicus (taxid:84599) 

Crenarchaeota Desulfurococcales [GeneID:9234816] none none none none none none none 

Staphylothermus marinus 
F1 (taxid:399550) 

Crenarchaeota Desulfurococcales [GeneID:4907414] none none none none none none none 

Thermosphaera 
aggregans DSM 11486 

(taxid:633148) 

Crenarchaeota Desulfurococcales [GeneID:9166293] none none none none none none none 

Caldivirga maqui-
lingensis IC-167 
(taxid:397948) 

Crenarchaeota Thermoproteales [GeneID:5709608] none none none none none none none 

Pyrobaculum aerophilum 
str. IM2 (taxid:178306) 

Crenarchaeota Thermoproteales [GeneID:1465269] none none none none none none none 

Pyrobaculum arsen-
aticum DSM 13514 

(taxid:340102) 

Crenarchaeota Thermoproteales [GeneID:5054545] none none none none none none none 

Pyrobaculum cali-
difontis JCM 11548 

(taxid:410359) 

Crenarchaeota Thermoproteales [GeneID:4909273] none none none none none none none 

Pyrobaculum islan-dicum 
DSM 4184 

(taxid:384616) 

Crenarchaeota Thermoproteales [GeneID:4618310] none none none none none none none 

Thermofilum pendens 
Hrk 5 (taxid:368408) 

Crenarchaeota Thermoproteales [GeneID:4601708] none none none none none none none 

Thermoproteus 
neutrophilus V24Sta 

(taxid:444157) 

Crenarchaeota Thermoproteales [GeneID:6165121] none none none none none none none 

Vulcanisaeta distributa 
DSM 14429 

(taxid:572478) 

Crenarchaeota Thermoproteales [GeneID:9753294] none none none none none none none 

Metallosphaera sedula 
DSM 5348 

(taxid:399549) 

Crenarchaeota Sulfolobales [GeneID:5104317] none none none none none none none 

Sulfolobus acidocaldarius 
DSM 639 (taxid:330779) 

Crenarchaeota Sulfolobales [GeneID:3474124] none none none none none none none 



Sulfolobus islandicus 
Y.N.15.51 

(taxid:419942) 

Crenarchaeota Sulfolobales [GeneID:7811842] none none none none none none none 

Sulfolobus islandicus 
Y.G.57.14 

(taxid:439386) 

Crenarchaeota Sulfolobales [GeneID:7806765] none none none none none none none 

Sulfolobus islandicus 
L.S.2.15 (taxid:429572) 

Crenarchaeota Sulfolobales [GeneID:7799103] none none none none none none none 

Sulfolobus islandicus 
L.D.8.5 (taxid:425944) 

Crenarchaeota Sulfolobales [GeneID:8761410] none none none none none none none 

Sulfolobus islandicus 
M.16.4 (taxid:426118) 

Crenarchaeota Sulfolobales [GeneID:7939888] none none none none none none none 

Sulfolobus islandicus 
M.16.27 (taxid:427318) 

Crenarchaeota Sulfolobales [GeneID:7814194] none none none none none none none 

Sulfolobus islandicus 
M.14.25 (taxid:427317) 

Crenarchaeota Sulfolobales [GeneID:7793825] none none none none none none none 

Sulfolobus solfataricus 
98/2 (taxid:555311) 

Crenarchaeota Sulfo-lobales [NCBIRefSeq: 
ZP_06388952.1]* 

none none none none none none none 

Sulfolobus solfataricus 
P2 (taxid:273057) 

Crenarchaeota Sulfolobales [GeneID:1455021] none none none none none none none 

Sulfolobus tokodaii str. 7 
(taxid:273063) 

Crenarchaeota Sulfolobales [GeneID:1458264] none none none none none none none 

Candidatus Korarchaeum 
cryptofilum OPF8 

(taxid:374847) 

Korarchaeota - [GeneID:6094685] none none none none none none none 

Archaeoglobus fulgidus 
DSM 4304 

(taxid:224325) 

Euryarchaeota Archaeoglobales 
 
 

[GeneID:1485214] none none none none none none none 

Archaeoglobus profundus 
(taxid:84156) 

Euryarchaeota Archaeoglobales 
 

[GeneID:8739784] none none none none none none none 

Ferroglobus placidus 
(taxid:54261) 

Euryarchaeota Archaeoglobales [GeneID:8778595] none none none none none none none 

Ferroplasma acidarmanus 
fer1 (taxid:333146) 

Euryarchaeota Thermoplasmatales [NCBIRefSeq: 
ZP_05570485.1] 

none none [NCBIRefSeq: 
ZP_05570770.1] 

none none none none 

Picrophilus torridus DSM 
9790 (taxid:263820) 

Euryarchaeota Thermoplasmatales [GeneID:2844276] none none [GeneID:2844972] none none none none 

Thermoplasma 
acidophilum DSM 1728 

(taxid:273075) 

Euryarchaeota Thermoplasmatales [GeneID:1456533] none none none none none none none 

Thermoplasma 
volcanium GSS1 
(taxid:273116) 

Euryarchaeota Thermoplasmatales [GeneID:1441094] none none none none none none none 

Pyrococcus abyssi GE5 
(taxid:272844) 

Euryarchaeota Thermococcales [GeneID:1496093] none none none none none none none 

Pyrococcus furiosus 
DSM 3638 

(taxid:186497) 

Euryarchaeota Thermococcales [GeneID:1469277] none none none none none none none 

Pyrococcus horikoshii 
OT3 (taxid:70601) 

Euryarchaeota Thermococcales [GeneID:1443723] none none none none none none none 

Thermococcus barophilus 
MP (taxid:391623) 

Euryarchaeota Thermococcales [GeneID:7426805] 
[GeneID:7426996] 

none none none none none none none 

Thermococcus 
gammatolerans EJ3 

(taxid:593117) 

Euryarchaeota Thermococcales [GeneID:7988442] 
[GeneID:7988769] 

none none none none none none none 



Thermococcus 
kodakarensis KOD1 

(taxid:69014) 

Euryarchaeota Thermococcales [GeneID:3234635] 
[GeneID:3234052] 

none none none none none none none 

Thermococcus 
onnurineus NA1 
(taxid:523850) 

Euryarchaeota Thermococcales [GeneID:7016901] 
[GeneID:7017347] 

none none none none none none none 

Thermococcus sibiricus 
MM 739 (taxid:604354) 

Euryarchaeota Thermococcales [GeneID:8095145] 
[GeneID:8096967] 

none none none none none none none 

Thermococcus sp. AM4 
(taxid:246969) 

Euryarchaeota Thermococcales [GeneID:7418919] 
[GeneID:7419996] 

none none none none none none none 

Halalkalicoccus jeotgali 
B3 (taxid:795797) 

Euryarchaeota Halobacteriales [GeneID:9419389] 
[GeneID:9418425] 

  [GeneID:9418521]     

Haloarcula marismortui 
ATCC 43049 

(taxid:272569) 

Euryarchaeota Halobacteriales [GeneID:3127862] 
[GeneID:3128230] 

none none [GeneID:3128306] none none none none 

Halobacterium salinarum 
R1 (taxid:478009) 

Euryarchaeota Halobacteriales [GeneID:5952907] none none [GeneID:5954432] none none none none 

Halobacterium sp. NRC-
1 (taxid:64091) 

Euryarchaeota Halobacteriales [GeneID:1447940] none none [GeneID:1448405] none none none none 

Haloferax volcanii DS2 
(taxid:309800) 

Euryarchaeota Halobacteriales [GeneID:8924699] 
[GeneID:8925005] 
[GeneID:8923307] 

none none [GeneID:8925930]  none none none 

Halogeo-metricum 
borinquense DSM 11551 

(taxid:469382) 

Euryarchaeota Halobacteriales [NCBIRefSeq: 
ZP_04000362.1] 

none none [NCBIRefSeq: 
ZP_03999137.1] 

none none none none 

Halomicrobium 
mukohataei DSM 12286 

(taxid:485914) 

Euryarchaeota Halobacteriales [GeneID:8411845] none none [GeneID:8411113] none none none none 

Haloquadratum walsbyi 
DSM 16790 

(taxid:362976) 

Euryarchaeota Halobacteriales [GeneID:4194314] 
[GeneID:4194313] 
[GeneID:4194312] 

none none [GeneID:4194498] none none none none 

Halorhabdus utahensis 
DSM 12940 

(taxid:519442) 
 

Euryarchaeota Halobacteriales [GeneID:8382782] 
[GeneID:8384584] 

none none [GeneID:8384143] none none none none 

Halorubrum 
lacusprofundi ATCC 
49239 (taxid:416348) 

Euryarchaeota Halobacteriales [GeneID:7400771] 
[GeneID:7402232] 

none none [GeneID:7400425] none none none none 

Haloterrigena turkmenica 
DSM 5511 

(taxid:543526) 

Euryarchaeota Halobacteriales [GeneID:8742261] none none [GeneID:8741099] none none none none 

Natrialba magadii ATCC 
43099 (taxid:547559) 

Euryarchaeota Halobacteriales [GeneID:8826329] none none [GeneID:8825771] none none none none 

Natronomonas pharaonis 
DSM 2160 

(taxid:348780) 

Euryarchaeota Halobacteriales [GeneID:3702947] 
[GeneID:3702948] 

none none [GeneID:3703045] none none none none 

Methano-caldococcus 
fervens AG86 
(taxid:573064) 

Euryarchaeota Methanococcales [GeneID:8365604] 
[GeneID:8364799] 

none none None none none none none 

Methanocaldococcus 
infernus (taxid:67760) 

Euryarchaeota Methanococcales [GeneID:9131349] 
[GeneID:9132173] 

 

none none none none none none none 

Methano-caldococcus 
jannaschii DSM 2661 

(taxid:243232) 

Euryarchaeota Methanococcales [GeneID:1451708] 
[GeneID:1451133] 

none none none none none none none 



Methanocaldococcus sp. 
FS406-22 (taxid:644281) 

Euryarchaeota Methanococcales [GeneID:8804103] 
[GeneID:8805198] 

none none none none none none none 

Methano-caldococcus 
vulcanius M7 
(taxid:579137) 

Euryarchaeota Methanococcales [GeneID:8512450] 
[GeneID:8513737] 

none none none none none none none 

Methanococcus aeolicus 
Nankai-3 (taxid:419665) 

Euryarchaeota Methanococcales [GeneID:5326237] 
[GeneID:5326811] 
[GeneID:5327109] 

none none none none none none none 

Methanococcus 
maripaludis strain S2 

(taxid:267377) 

Euryarchaeota Methanococcales [GeneID:2761543] 
[GeneID:2762184] 

none none [GeneID:2761226] 
[GeneID:2762628] 

none none none none 

Methanococcus 
maripaludis C5 
(taxid:402880) 

Euryarchaeota Methanococcales [GeneID:4928726] 
[GeneID:4929282] 

none none [GeneID:4928849] 
[GeneID:4928828] 

none none none none 

Methanococcus 
maripaludis C6 
(taxid:444158) 

Euryarchaeota Methanococcales [GeneID:5739045] 
[GeneID:5737737] 

none none [GeneID:5737739] 
[GeneID:5737327] 

none none none none 

Methanococcus 
maripaludis C7 
(taxid:426368) 

Euryarchaeota Methanococcales [GeneID:5328019] 
[GeneID:5328180] 

none none [GeneID:5328199] 
[GeneID:5328198] 

none none none none 

Methanococcus vannielii 
SB (taxid:406327) 

Euryarchaeota Methanococcales [GeneID:5324844] 
[GeneID:5325660] 

none none [GeneID:5325337] none none none none 

Methanococcus voltae 
A3 (taxid:456320) 

Euryarchaeota Methanococcales [GeneID:9275343] 
[GeneID:9275600] 

none none [GeneID:9275576] none none none none 

Methanocella paludicola 
SANAE (taxid:304371) 

Euryarchaeota Methanocellales [GeneID:8681611] 
[GeneID:8681613] 
[GeneID:8682716] 
[GeneID:8682163] 

none none [GeneID:8680336] none none none none 

Methanopyrus kandleri 
AV19 (taxid:190192) 

Euryarchaeota Methanopyrales [GeneID:1477826] none none none none none none none 

Methanohalophilus mahii 
DSM 5219 

(taxid:547558) 

Euryarchaeota Methanosarcinales [GeneID:8983418] 
[GeneID:8982542] 
[GeneID:8982568] 
[GeneID:8982618] 

none none [GeneID:8984001] none none none none 

Methanosarcina 
acetivorans C2A 
(taxid:188937) 

Euryarchaeota Methanosarcinales [GeneID:1474709] 
[GeneID:1475030] 
[GeneID:1475031] 
[GeneID:1475032] 

none none [GeneID:1473549] none none none none 

Methanosarcina barkeri 
str. Fusaro 

(taxid:269797) 

Euryarchaeota Methanosarcinales [GeneID:3626252] 
[GeneID:3627606] 
[GeneID:3627607] 
[GeneID:3624750] 

none none [GeneID:3626318] none none none none 

Methanosarcina mazei 
Go1 (taxid:192952) 

Euryarchaeota Methanosarcinales [GeneID:1478722] 
[GeneID:1478723] 
[GeneID:1478724] 
[GeneID:1480998] 

none none [GeneID:1481171] none none none none 

Methano-coccoides 
burtonii DSM 6242 

(taxid:259564) 

Euryarchaeota Methanosarcinales [GeneID:3997468] 
[GeneID:3997208] 
[GeneID:3997207] 

none none [GeneID:3998383] none none none none 

Methanosaeta concilii 
(taxid:2223)** 

Euryarchaeota Methanosarcinales [Gene ID: 1046200] 
[Gene ID: 10459846] 

none none [Gene ID: 10460885] 
[Gene ID: 10460886] 

none [Gene ID: 10461003] none  

Methanosaeta 
thermophila PT 
(taxid:349307) 

Euryarchaeota Methanosarcinales [GeneID:4462468 
[GeneID:4462528 

none none [GeneID:4462737] none none none none 

Methanobrevibacter Euryarchaeota Methanobacteriales [GeneID:8771571] none none [GeneID:8769764] none none none none 



ruminantium M1 
(taxid:634498) 

Methanobrevibacter 
smithii ATCC 35061 

(taxid:420247) 

Euryarchaeota Methanobacteriales [GeneID:5217512] none none [GeneID:5216835] none none none none 

Methanobrevibacter 
smithii str. DSM 2374 

(taxid:521002) 

Euryarchaeota Methanobacteriales [NCBIRefSeq: 
ZP_05975630.1] 

none none [NCBIRefSeq: 
ZP_05975200.1] 

none none none none 

Methanobrevibacter 
smithii str. DSM 2375 

(taxid:483214) 

Euryarchaeota Methanobacteriales [NCBIRefSeq: 
ZP_03607742.1] 

none none [NCBIRefSeq: 
ZP_03608184.1] 

none none none none 

Methanosphaera 
stadtmanae DSM 3091 

(taxid:339860) 

Euryarchaeota Methanobacteriales [GeneID:3855930] none none [GeneID:3855043] none none none none 

Methanothermobacter 
marburgensis 

(taxid:145263) 

Euryarchaeota Methanobacteriales [GeneID:9705217] none none [GeneID 9705431] none none none none 

Methano-thermobacter 
thermautotrophicus str. 
Delta H (taxid:187420) 

Euryarchaeota Methanobacteriales [GeneID:1471533] none none [GeneID:1471055] none none none none 

Methanothermus fervidus 
DSM 2088 

(taxid:523846) 

Euryarchaeota Methanobacteriales [GeneID:9962176] none none none none none none none 

Candidatus 
Methanoregula boonei 

6A8 (taxid:456442) 

Euryarchaeota Methanomicrobiales [GeneID:5411405] 
[GeneID:5411786] 
[GeneID:5411319] 

none none [GeneID:5412153] 
[GeneID:5412152] 

none [GeneID:5411813] 
 

none none 

Methano-corpusculum 
labreanum Z 

(taxid:410358) 

Euryarchaeota Methanomicrobiales [GeneID:4794580] 
[GeneID:4795207] 
[GeneID:4795418] 

none none [GeneID:4795487] none [GeneID:4795525] none none 

Methanoculleus 
marisnigri JR1 
(taxid:368407) 

Euryarchaeota Methanomicrobiales [GeneID:4847319] 
[GeneID:4847837] 
[GeneID:4847823] 
[GeneID:4848080] 

none none [GeneID:4846938] none none none none 

Methanoplanus 
petrolearius DSM 11571 

(taxid:679926) 

Euryarchaeota Methanomicrobiales [GeneID:9743706] 
[GeneID:9744011] 
[GeneID:9744558] 
[GeneID:9743704] 

none none [GeneID:9742482] none [GeneID:9742630] none none 

Methanos-phaerula 
palustris E1-9c 
(taxid:521011) 

Euryarchaeota Methanomicrobiales [GeneID:7271116] none none [GeneID:7270787] 
[GeneID:7270788] 

none [GeneID:7271584] none none 

Methano-spirillum 
hungatei JF-1 
(taxid:323259) 

Euryarchaeota Methanomicrobiales [GeneID:3922974] 
[GeneID:3921981] 

none none [GeneID:3922973] none none none none 

Cenarchaeum symbiosum 
A (taxid:414004) 

Thaumarchaeot
a 

Cenarchaeales [GeneID:6371728] none none [GeneID:6371618] [GeneID: 6372024] [GeneID:6371363] none none 

Nitrosopumilus 
maritimus SCM1 
(taxid:436308) 

Thaumarchaeot
a 

Nitrosopumilales [GeneID:5773731] none none [GeneID:5773982] [GeneID: 5773972] [GeneID:5772970] none none 

Nitrosoarchaeum limnia 
[886738] SFB1** 

Thaumarchaeot
a 

Nitrosopumilales 
[ZP_08257666.1] none none [ZP_08257676.1] none [ZP_08256866.1] none none 

uncultured methanogenic 
archaeon RC-I 
(taxid:351160) 

Euryarchaeota Environmental 
samples 

[GeneID:5144689] 
[GeneID:5143556] 
[GeneID:5144961] 
[GeneID:5143608] 

none none [GeneID:5144163] none none none none 



Candidatus 
Micrarchaeum 

acidiphilum ARMAN-2 
(taxid:425595) 

Euryarchaeota Undefined 
Euryarchaeota 

[GenBank: 
EET90174.1] 

[GenBank: 
EET89914.1] 

none none none none [GenBank:EET90507
.1] 

none none 

Candidatus 
Parvarchaeum 

acidiphilum ARMAN-4 
(taxid:662760) 

Euryarchaeota Undefined 
Euryarchaeota 

[GenBank:EEZ92935.1] 
[GenBank:EEZ92550.1] 
[GenBank:EEZ92554.1] 

none none none none [GenBank:EEZ92924
.1] 

none none 

Candidatus 
Parvarchaeum 

acidophilus ARMAN-5 
(taxid:662762) 

Euryarchaeota Undefined 
Euryarchaeota 

[GenBank:EFD92809.1] 
[GenBank:EFD93075.1] 
[GenBank:EFD93064.1] 

none none none none none none none 

Nanoarchaeum equitans 
Kin4-M (taxid:228908) 

Nanoarchaeota Nanoarchaeales none none none none none none none none 

Candidatus 
Caldiarchaeum 
subterraneum 

(taxid:311458)** 

- - [GenBank: BAJ48241.1] 
[GenBank: BAJ47041.1] 
[GenBank: BAJ48185.1] 

none none none none none none  

All fully und near fully sequenced genomes were taken into account. This also includes whole genome shotgun sequencing projects. The only two kingdoms containing 
parvulin genes are the Euryarchaeota and the Thaumarchaeota. 25 crenarchaeal, 63 euryarchaeal, 2 thaumarchaeal, 1 nanoarchaeal and 1 korarchaeal genome have been 
examined. BLASTp and tBLASTn have been used to scan the NCBI databases for the existence of single-domain parvulins in the corresponding genomes. ** very recent 
genomes. 



Supplementary Table 2: Abbreviations used in the scalable tree of Supplementary Figure 1 
Abbreviation Full name 
AbacTW-7_1 Alteromonadales bacterium TW-7 
Abau~AYE Acinetobacter baumannii AYE 
Abau~SDF Acinetobacter baumannii SDF 
Abau7978 Acinetobacter baumannii ATCC 17978 
AbauCICU Acinetobacter baumannii ACICU 
Acal2202 Acinetobacter calcoaceticus RUH2202 
Ahae9194 Acinetobacter haemolyticus ATCC 19194 
Ahyd7966 Aeromonas hydrophila subsp. hydrophila ATCC 7966 
AjohH046 Acinetobacter johnsonii SH046 
AjunSH205 Acinetobacter junii SH205 
AlwoH145 Acinetobacter lwoffii SH145 
Amac7126 Alteromonas macleodii ATCC 27126 
Amacype' Alteromonas macleodii 'Deep ecotype' 
AradH164 Acinetobacter radioresistens SH164 
Asal1238 Aliivibrio salmonicida LFI1238 
AsalA449 Aeromonas salmonicida subsp. salmonicida A449 
Asp.~DR1 Acinetobacter sp. DR1 
Asp.2624 Acinetobacter sp. RUH2624 
Asp.7244 Acinetobacter sp. ATCC 27244 
Asp.ADP1 Acinetobacter sp. ADP1 
Asp.H024 Acinetobacter sp. SH024 
Avini~DJ Azotobacter vinelandii DJ 
AY020521263 AACY020521263 � 
Ckos-895 Citrobacter koseri ATCC BAA-895 
Cpsy~34H_1 Colwellia psychrerythraea 34H 
CrodC168 Citrobacter rodentium ICC168 
Csak-894 Cronobacter sakazakii ATCC BAA-894 
Csp.30_2 Citrobacter sp. 30_2 
Csymum~A Cenarchaeum symbiosum A 
Ctur3032 Cronobacter turicensis z3032 
Cyou9220 Citrobacter youngae ATCC 29220 
Dace~684 Desulfuromonas acetoxidans DSM 684 
Dbac4028 Desulfomicrobium baculatum DSM 4028 
Ddadh586 Dickeya dadantii Ech586 
Ddadh703 Dickeya dadantii Ech703 
Ddes~G20 Desulfovibrio desulfuricans subsp. desulfuricans str. G20 
Dsal2638 Desulfovibrio salexigens DSM 2638 
Dvul~DP4 Desulfovibrio vulgaris subsp. vulgaris DP4 
DvulgRCH1 Desulfovibrio vulgaris RCH1 
Dvuli~F' Desulfovibrio vulgaris str. 'Miyazaki F' 
Dvulough Desulfovibrio vulgaris str. Hildenborough 
Dzea1591 Dickeya zeae Ech1591 
Ealb7627 Escherichia albertii TW07627 
Eamy1430 Erwinia amylovora CFBP1430 
Eamy9946 Erwinia amylovora ATCC 49946 
Ebilb661 Erwinia billingiae Eb661 



Ecan5316 Enterobacter cancerogenus ATCC 35316 
Eclo3047 Enterobacter cloacae subsp. cloacae ATCC 13047 
Eclo9394 Enterobacter cloacae subsp. cloacae NCTC 9394 
Ecol1655 Escherichia coli str. K-12 substr. MG1655 
Ecol-3-5 Escherichia coli SMS-3-5 
Ecol45-1 Escherichia coli MS 45-1 
Ecol69-1 Escherichia coli MS 69-1 
Ecol85-1 Escherichia coli MS 185-1 
EcolAI39 Escherichia coli IAI39 
Ecolakai Escherichia coli O157: H7 str. Sakai 
EcolED1a Escherichia coli ED1a 
EcolL933 Escherichia coli O157 H7 EDL933 
EcolSE11 Escherichia coli SE11 
EF01053500 ABEF01053500 
Epyr1/96 Erwinia pyrifoliae Ep1/96 
Esp.~638 Enterobacter sp. 638 
Etar3685 Edwardsiella tarda ATCC 23685 
EtarB202 Edwardsiella tarda EIB202 
Etas1/99 Erwinia tasmaniensis Et1/99 
Fnov3548 Francisella novicida GA99-3548 
Fphi5015 Francisella philomiragia subsp. philomiragia ATCC 25015 
Fphi5017 Francisella philomiragia subsp. philomiragia ATCC 25017 
Ftul~257 Francisella tularensis subsp. holarctica 257 
Ftul3549 Francisella tularensis subsp. novicida GA99-3549 
Ftultica Francisella tularensis subsp. holarctica 
FtulU~S4 Francisella tularensis subsp. tularensis SCHU S4 
Gbem~Bem Geobacter bemidjiensis Bem 
Ghol1886 Grimontia hollisae CIP 101886 
Glovi~SZ Geobacter lovleyi SZ 
Gsp.~M18 Geobacter sp. M18 
Gsp.~M21 Geobacter sp. M21 
Gsp.2999 Glaciecola sp. HTCC2999 
Gsp.C-32 Geobacter sp. FRC-32 
Gsul~PCA Geobacter sulfurreducens PCA 
GsulN400 Geobacter sulfurreducens KN400 
Gura~Rf4 Geobacter uraniireducens Rf4 
IbalS145 Idiomarina baltica OS145 
IloiL2TR Idiomarina loihiensis L2TR 
Kpne~342_1 Klebsiella pneumoniae 342 
Kpne2044_1 Klebsiella pneumoniae NTUH-K2044 
Kpne3884_1 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884 
Kpne8578_1 Klebsiella pneumoniae subsp. pneumoniae MGH 78578 
Ksp.1_55_1 Klebsiella sp. 1_1_55 
Kvart-22_1 Klebsiella variicola At-22 
MaciAN-2 Candidatus Micrarchaeum acidiphilum ARMAN-2 
Mboo~6A8 Candidatus Methanoregula boonei 6A8 
Mlabum~Z Methanocorpusculum labreanum Z 



Mpal1-9c Candidatus Methanosphaerula palustris E1-9c 
Mpet1571 Methanoplanus petrolearius DSM 11571 
Msp.PE36_1 Moritella sp. PE36 
MthiS010 Methylophaga thiooxidans DMS010 
NmarSCM1 Nitrosopumilus maritimus SCM1 
PaciAN-4 Candidatus Parvarchaeum acidiphilum ARMAN-4 
Paer~PA7_1 Pseudomonas aeruginosa PA7 
PaerACS2_1 Pseudomonas aeruginosa PACS2 
PaerPA14_1 Pseudomonas aeruginosa UCBPP-PA14 
PaerPAO1_1 Pseudomonas aeruginosa PAO1 
Pana0103 Pantoea ananatis LMG 20103 
Pang~S14 Photobacterium angustum S14 
Parc73-4 Psychrobacter arcticus 273-4 
Patl*T6c] Pseudoalteromonas atlantica T6c 
Patr1043 Pectobacterium atrosepticum SCRI1043 
Pcar~PC1 Pectobacterium carotovorum subsp. carotovorum PC1 
Pcar1692 Pectobacterium carotovorum subsp. brasiliensis PBR1692 
Pcar2380 Pelobacter carbinolicus DSM 2380 
PcarPP14 Pectobacterium carotovorum subsp. carotovorum WPP14 
Pcrys~K5 Psychrobacter cryohalolentis K5 
Pdam2761 Photobacterium damselae subsp. damselae CIP 102761 
Pent~L48_1 Pseudomonas entomophila L48 
PfluBW25_1 Pseudomonas fluorescens SBW25 
Pfluf0-1_1 Pseudomonas fluorescens Pf0-1 
PfluPf-5_1 Pseudomonas fluorescens Pf-5 
PhalC125_1 Pseudoalteromonas haloplanktis TAC125 
Pingi~37_1 Psychromonas ingrahamii 37 
Pmen~ymp_1 Pseudomonas mendocina ymp 
Ppro~SS9 Photobacterium profundum SS9 
Ppro2379 Pelobacter propionicus DSM 2379 
Ppro3TCK Photobacterium profundum 3TCK 
Pput2440_1 Pseudomonas putida KT2440 
Pputa~F1_1 Pseudomonas putida F1 
PputGB-1_1 Pseudomonas putida GB-1 
PputW619_1 Pseudomonas putida W619 
Psav3335_1 Pseudomonas savastanoi pv. savastanoi NCPPB 3335 
Psp.~aB~ Pantoea sp. aB 
Psp.KA34 Photobacterium sp. SKA34 
Psp.NPT3_1 Psychromonas sp. CNPT3 
Psp.t-9b Pantoea sp. At-9b 
Psp.wf-1 Psychrobacter sp. PRwf-1 
Pstu1501_1 Pseudomonas stutzeri A1501 
Psyr~1_6_1 Pseudomonas syringae pv. oryzae str. 1_6 
Psyr~K40_1 Pseudomonas syringae pv. tomato K40 
Psyr1528_1 Pseudomonas syringae pv. tabaci ATCC 11528 
Psyr2250_1 Pseudomonas syringae pv. aesculi str. 2250 
Psyr448A_1 Pseudomonas syringae pv. phaseolicola 1448A 



Psyr728a_1 Pseudomonas syringae pv. syringae B728a 
Psyrax13_1 Pseudomonas syringae pv. tomato Max13 
Psyro~T1_1 Pseudomonas syringae pv. tomato T1 
Ptuna~D2_1 Pseudoalteromonas tunicata D2 
PwasP163 Pectobacterium wasabiae WPP163 
SamaSB2B_1 Shewanella amazonensis SB2B 
SbalS155_1 Shewanella baltica OS155 
SbalS183_1 Shewanella baltica OS183 
SbenKT99_1 Shewanella benthica KT99 
Sboyb227 Shigella boydii Sb227 
Sdeg2-40 Saccharophagus degradans 2-40 
SdenS217_1 Shewanella denitrificans OS217 
Sdysd197 Shigella dysenteriae Sd197 
Sent3:-- Salmonella enterica subsp. arizonae serovar 62:z4,z23:-- 
Sent5109 Salmonella enterica subsp. enterica serovar Enteritidis str. P125109 
SentCT18 Salmonella enterica subsp. enterica serovar Typhi str. CT18 
SentL317 Salmonella enterica subsp. enterica serovar Newport str. SL317 
SentL476 Salmonella enterica subsp. enterica serovar Heidelberg str. SL476 
SentL483 Salmonella enterica subsp. enterica serovar Agona str. SL483 
Sfle~301 Shigella flexneri 2a str. 301 
Sfle457T Shigella flexneri 2a str. 2457T 
Sfle8401 Shigella flexneri 5 str. 8401 
Sfri~400_1 Shewanella frigidimarina NCIMB 400 
Shal-EB4_1 Shewanella halifaxensis HAW-EB4 
SloiPV-4_1 Shewanella loihica PV-4 
Sodo4582 Serratia odorifera DSM 4582 
SodoRx13 Serratia odorifera 4Rx13 
SoneMR-1_1 Shewanella oneidensis MR-1 
Spea0345_1 Shewanella pealeana ATCC 700345 
Spie~WP3_1 Shewanella piezotolerans WP3 
Spro~568 Serratia proteamaculans 568 
Sput~200_1 Shewanella putrefaciens 200 
Ssed-EB3_1 Shewanella sediminis HAW-EB3 
Ssons046 Shigella sonnei Ss046 
Ssp.18-1_1 Shewanella sp. W3-18-1 
Ssp.MR-4_1 Shewanella sp. MR-4 
Ssp.MR-7_1 Shewanella sp. MR-7 
Ssp.NA-3_1 Shewanella sp. ANA-3 
SvioSS12_1 Shewanella violacea DSS12 
Swoo1908_1 Shewanella woodyi ATCC 51908 
Taue9187 Tolumonas auensis DSM 9187 
TcruCL-2 Thiomicrospira crunogena XCL-2 
umcAD1000 uncultured marine crenarchaeote AD1000-56-E4 
Valg2G01 Vibrio alginolyticus 12G01 
VbacAT-3 Vibrionales bacterium SWAT-3 
Vcho~V52 Vibrio cholerae V52 
Vcho0-80 Vibrio cholerae 2740-80 



Vcho6961 Vibrio cholerae O1 biovar eltor str. N16961 
Vcor-450 Vibrio coralliilyticus ATCC BAA-450 
VfisMJ11 Vibrio fischeri MJ11 
VfisS114 Vibrio fischeri ES114 
Vfur2972 Vibrio furnissii CIP 102972 
Vhar1116 Vibrio harveyi ATCC BAA-1116 
Vhar1DA3 Vibrio harveyi 1DA3 
VharHY01 Vibrio harveyi HY01 
Vmet9.14 Vibrio metschnikovii CIP 69.14 
VmimM573 Vibrio mimicus VM573 
VmimM603 Vibrio mimicus VM603 
Vori2891 Vibrio orientalis CIP 102891 
Vpar0633 Vibrio parahaemolyticus RIMD 2210633 
Vpar3810 Vibrio parahaemolyticus AQ3810 
Vpar5030 Vibrio parahaemolyticus K5030 
Vpar5034 Vibrio parahaemolyticus AN-5034 
Vpars~16 Vibrio parahaemolyticus 16 
Vshi~AK1 Vibrio shilonii AK1 
Vsp.AND4 Vibrio sp. AND4 
Vsp.C341 Vibrio sp. RC341 
Vsp.D222 Vibrio sp. MED222 
Vsp.Ex25 Vibrio sp. Ex25 
Vspl2B01 Vibrio splendidus 12B01 
VsplGP32 Vibrio splendidus LGP32 
VvulJ016 Vibrio vulnificus YJ016 
VvulMCP6 Vibrio vulnificus CMCP6 
XJ01008586 ACXJ01008586 
Y020172942 AACY020172942 
Y020179599 AACY020179599 
Y020565072 AACY020565072 
Y020912937 AACY020912937 
Y021994642 AACY021994642 
Y022114635 AACY022114635 
Y023104196 AACY023104196 
Y023450473 AACY023450473 
Y023721900 AACY023721900 
Y023772022 AACY023772022 
Y023784421 AACY023784421 
Yald5236 Yersinia aldovae ATCC 35236 
Yber3970 Yersinia bercovieri ATCC 43970 
Yent8081 Yersinia enterocolitica subsp. enterocolitica 8081 
Yfre3641 Yersinia frederiksenii ATCC 33641 
Yint9909 Yersinia intermedia ATCC 29909 
Ykri3638 Yersinia kristensenii ATCC 33638 
Ymol3969 Yersinia mollaretii ATCC 43969 
Ypes1001 Yersinia pestis biovar Microtus str. 91001 
Ypesiqua Yersinia pestis Antiqua 



Ypesl516 Yersinia pestis Nepal516 
YpesM~10 Yersinia pestis KIM 10 
Ypse2953 Yersinia pseudotuberculosis IP 32953 
YpseB1/+ Yersinia pseudotuberculosis PB1/+ 
YpsePIII Yersinia pseudotuberculosis YPIII 
Yroh3380 Yersinia rohdei ATCC 43380 
Yruc9473 Yersinia ruckeri ATCC 29473 

 
 


