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Fig. S1 A phylogenetic tree of RepH homologs of haloarchaeal plasmids.
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The dendrogram is based on the similarities of protein sequences of RepH identified in the

GenBank databases. The ruler in the bottom indicates the branch length corresponding to 5 %

dissimilarity, while plasmids which do share sequences are separated by smaller branch

lengths. Each RepH is indicated by its gene annotation and name of the plasmid.



I1. Supplementary tables

Table S1. Archaeal viruses'

Taxonomy
. Genome
Viron Virus Species name Host References
morphology Family Genus , 2 | .
Size(kb) Type int

SSV1 Sulfolobus spindle-shaped virus 1 Sulfolobus 15.4 ds, C + (1,2)

SSv2 Sulfolobus spindle-shaped virus 2 Sulfolobus 14.7 ds, C + (3)

SSv4 Sulfolobus spindle-shaped virus 4 Sulfolobus 15.1 ds, C + (4)

Alphatfusellovirus | ggys Sulfolobus spindle-shaped virus 5 Sulfolobus 15.3 ds,C | + (4)

Fuselloviridae ; -

SSv7 Sulfolobus spindle-shaped virus 7 Sulfolobus 17.6 ds, C + (4)

SSv8 Sulfolobus spindle-shaped virus 8 Sulfolobus 16.4 ds, C + (5)

SSV9 Sulfolobus spindle-shaped virus 9 Sulfolobus 17.4 ds, C + (5)

. Betafusellovirus SSV6 Sulfolobus spindle-shaped virus 6 Sulfolobus 15.6 ds, C + (4)

Spindle U ASV1 Acidianus spindle-shaped virus 1 Acidianus 241 ds, C + (4)
Bicaudaviridae Bicaudavirus ATV Acidianus two-tailed virus Acidianus 62.7 ds, C + (6,7)
Unclassified Salterprovirus His1 His virus 1 Haloarcula 14.4 ds, L - (8,9)
p His2 His virus 2 Haloarcula 16.1 ds,L | - (8,9)

STSVA Sulfolobus tengchongenesis spindle- Sulfolobus 75.3 ds, C + (10)

shaped 1
STSV2 f:;’sé%bgs tengchongenesis spindle- | g, ro/0pus 76.1 ds,C | + (11)
Unclassified Unclassified PAV1 Pyrococcus abyssi virus 1 Pyrococcus 18.1 ds, C - (12, 13)
TPVA Thermococcus prieurii virus 1 Thermococcus 21.5 ds, C + (14)




Unclassified ACV Aeropyrum coil-shaped virus Aeropyrum 24.9 ss, D (18)
. Sulfolobus neozealandicus droplet-
Alphagutt NDV ) Ifol ~2 , 19
Droplet Guitaviridae Iphaguttavirus S shaped virus Sulfolobus 0 ds, C (19)
Betaguttavirus APOV1 Aeropyrum pernix ovoid virus 1 Aeropyrum 13.8 ds, C (15)
Alphalipothrixvirus | TTVA Thermoproteus tenax virus 1 Thermoproteus 15.9 ds, L (20)
SIFV \ﬁtrﬁ;o/obus islandicus filamentous Sulfolobus 40.8 ds, L 1)
‘ AFV3 Acidianus filamentous virus 3 Acidianus 40.4 ds, L (22)
Lipoth | geyalipothrixvirus | AFV6 Acidianus filamentous virus 6 Acidianus 39.5 ds, L (22)
f Z‘;g ! AFV7 Acidianus filamentous virus 7 Acidianus 36.8 ds, L (22)
AFV8 Acidianus filamentous virus 8 Acidianus 38.1 ds, L (22)
3 inear Ligame AFV9 Acidianus filamentous virus 9 Acidianus 41.1 ds, L (23)
nvirales Gammalipthrixvirus | AFV1 Acidianus filamentous virus 1 Acidianus 20.9 ds, L (24)
Deltalipothrixvirus | AFV2 Acidianus filamentous virus 2 Acidianus 31.7 ds, L (25)
SIRV2 j‘rjé’:’é’bus islandicus - rod-shaped | g ro10pus 35.4 ds, L (26, 27)
Rudivi Rudivirus SIRVA Sulfolobus islandicus rod-shaped Sulfolobus 323 ds. L (26, 27)
ridae virus 1 ) ’ ’
ARV1 Acidianus rod-shaped virus 1 Acidianus 24.6 ds, L (28)
Unclassified SRV Stygiolobus rod-shaped virus Stygiolobus 28.1 ds, L (29)
PSV Pyrobaculum spherical virus Pyrobaculum 28.3 ds, L (30)
Globulaviridae Globulovirus TTSVA z'hermoproteus tenax spherical virus Thermoproteus 216 ds, L (31)
STIV Sulfolobus turreted icosahedral virus | Sulfolobus 16.6 ds, C (32)
STIV2 2Sulfo/obus turreted icosahedral virus Sulfolobus 176 ds, C (11)
Spherical Haloarcula/Hal
Unclassified Unclassified SHA1 Spherical halovirus 1 oferax/Halorub 30.9 ds, L (33)
rum
HHIV-2 \’;i’ftj‘;azm"’a hispanica icosahedral |\ il 30.6 ds, L (34)
PHA1 Pink Lake Har. hiapanica virus 1 Haloarcula 28.1 ds, L (35)
Haloarcula hispanica pleomorphic
HHPV-1 . Hal I 8.1 ds, C 36
Pleomorphic Unclassified Unclassified virus 1 aloarcuia S (36)
HHPV-2 Haloarcula hispanica pleomorphic | Haloarcula 8.2 ss, C (37)




virus 2

HRPV-1 Halorubrum pleomorphic virus 1 Halorubum,3 7.0 ss, C - (38)
HGPV-1 fl-lalogeometncum pleomorphic virus ll;l;logeometnc 97 ds, C _ (39, 40)
HRPV-2 Halorubrum pleomorphic virus 2 Halorubrum 10.7 ss,C - (39, 40)
HRPV-3 Halorubrum pleomorphic virus 3 Halorubrum 8.8 ds, C - (39, 40)
HRPV-6 Halorubrum pleomorphic virus 6 Halorubrum 8.5 ss, C - (39, 40)
. Phihlikevirus phiH Halobacterium phage phiH Halobacterium ~59 ds, L + (41)
Myoviridae -
Unclassified phiCh1 phiCh1 Natrialba 58.5 ds, L - (42)
Psimunalikevirus | psiM1 Methanobacterium phage psiM1 %g;hanobacter 30.4 ds, L ? (43)
psiM2 | Methanobacterium phage psiM2 Methanobacter 26.1 ds,L | + (44)
Head-tail Siphoviridae YT — - ;‘L/’Imth -
Unclassified psiM100 c_et anothermobacter prophage ethanotherm 28.8 ds, L . (45)
psiM100 obacter
BJ1 BJ1 Halorubrum 42.3 ds, C + (46, 47)
SNJ1 SNJ1 Natrinema 16.3 ds, C - (39, 48, 49)
Unclassified Unclassified HF1 HF1 Halobrum 75.9 L + (41, 50, 51)
HF2 HF2 Halobacterium 77.7 L + (52, 53)

" This table is prepared in accordance with the 2012 version of the ICTV catalogue.

% The genome type is indicated as follows: ds, double-stranded DNA genome; ss, single-stranded DNA genome; L, linear genome; C, circular genome.

? Linear viruses are assigned to the only order of archaeal viruses Ligamenvirales.




Table S2. Archaeal plasmids

Order/Family Type Classificatio | Name Size Host Main features Refs
n (kb)
Sulfolobaceae Cryptic pRN family | pDL10 7.6 Acidianus ambivalens Putative Pri/Pol domain replicase of (54)
plasmids pRN family
pRNI1 53 Sulfolobus islandicus Pri/Pol domain replicase of pRN (55-57)
family, shuttle vector pC etc.
pRN2 6.9 S. islandicus Putative Pri/Pol domain replicase of (56, 58-61)
pRN family, shuttle vector pHZ2,
pZCl1, expression plasmid pSeSD,
pEXA
pHEN7 7.8 S. islandicus Putative Pri/Pol domain replicase of (62)
pRN family
Unclassified | pIT3 4.9 Sulfolobus solfataricus | Putative Pri/Pol domain replicase (63)
pXZ1 6.9 S. islandicus strain Putative Pri/Pol domain replicase (64)
ARN3/6
pTIK4 13.6 Sulfolobus Putative Pri/Pol domain replicase (65)
neozealandicus
pTAU4 7.2 S. neozealandicus MCM as putative replicase (65)
pORA1 9.7 S. neozealandicus Putative Pri/Pol domain replicase (65)
Virus satellites | pRN family | pSSVx 5.7 S. islandicus Plasmid-virus hybrid, Pri/Pol domain (66)
replicase of pRN family
Unclassified | pSSVi 5.7 S. solfataricus Plasmid-virus hybrid, SF III Helicase (67)
Conjugative plasmids pAHI1 28.6 | Acidianus hospitalis Conjugative (68)
strain W1
pARN3 26.2 S. islandicus Conjugative (69)
pARN4 26.5 S. islandicus Conjugative (69)
pHVE14 354 S. islandicus Conjugative (69)
pING1 24.5 S. islandicus Conjugative (70)
pKEF9 28.9 S. islandicus Conjugative CRISPR (69)
pSOG1 29 S. islandicus Conjugative (71)
pSOG2 259 S. islandicus Conjugative (71)




pLD8501 26.6 S. islandicus L.D.8.5 Conjugative, identified from genome Reno et al,,
sequencing unpublished
pYNOI 422 S. islandicus Y .N.15.51 | Conjugative, identified from genome (72)
sequencing
pNOBS 41.2 Sulfolobus sp. Conjugative, carrying a CRISPR array, | (73, 74)
NOBS8H2 conjugative ParA and ParB implicated in plasmid
segregation
pTC 20.4 Sulfolobus Conjugative plasmid, lacking an Xiang and
tengchongensis integrase Huang,
unpublished
Host unknown Enrichment culture pHALI 33.8 Archaeon enrichment Conjugative plasmid identified from (75)
culture clone 1 metagenomics
Thermoproteaceae pTPENO1 315 Thermofilum pendens Copeland et
Hrk 5 al.,
unpublished
Haloarchaeceae Small 0 family pZMX101 3.9 Halorubrum Shuttle vector pZMX108, RepA, (76)
plasmids saccharovorum minimal replicon
pSCM201 34 Haloarcula sp. AS7094 | Unidirectional theta mechanism, (77,78)
minimal replicon defined, expression
vector pPbop
RCR family | pZMX201 1.6 Natrinema sp. CX2021 | RCR mechanism, RepZ (79
pNB101 2.5 Natronobacterium sp. RCR mechanism, RepN (80)
AS-7091
pSN 2.2 Haloterrigena You and Lai,
thermotolerans strain unpublished
H13
pEHSP 1.7 Halobacterium Putative RCR replicase, (81)
halobium
pHGNI1 1.7 Halobacterium sp. Putative RCR replicase, similar to (82)
GN101 pHSB
pGRB1 1.8 Halobacterium GRB Putative RCR replicase, Rep (83-85)
pHSBI 1.7 Halobacterium strain Putative RCR replicase, shuttle vector | (81, 86)
SB3/strain GRB
pHK?2 10.8 | Haloferax Putative RCR replicase, shuttle vector | (87-89)

Aa2.2/Haloarcula

pMLH3, pMDS20




hispanica

Unclassified | pHV2b 6.3 Haloferax volcanii DS2 | Replicase unknown, Shuttle vector (90, 91)
pTA963
pHV2 6.3 H. volcanii DS2 Replicase unknown, shuttle vectors (90, 92)
PL6A 6.1 Haloquadratum Genome sequencing (93)
walsbyi C23
PL6B 6 H.walsbyi C23 Genome sequencing 93)
pHI6 6.9 Halalkalicoccus Genome sequencing (94)
Jjeotgali B3
Thermococcaceae | Cryptic pGT5 RCR | pGT5 34 Pyrococcus abyssi GE5 | RCR mechanism, Rep75, Shuttle (95-97)
plasmids family vector pAGl series; pYS2
pTNI1 3.6 Thermococcus nautilus | RCR mechanism, Rep74, Shuttle (98, 99)
30-1 vector pLC64
pTP1 3.1 Thermococcus prieurii | RCR mechanism, homologous to (100)
pGTS, RepTPl
pTP2 2 Thermococcus prieurii | Putative RCR plasmid (100)
Unclassified | pAMTI11 20.5 Thermococcus sp. From black smokers of the East Pacific | (101)
AMTI11 Rise,
pRT1 33 Pyrococcus sp. JT1 (102)
pT26-2 pT26-2 21.5 Thermococcus sp. 26/2 | Integrative, (103)
family
pTN2 family | pTN2 13 Thermococcus nautilus | Encoding a novel Pri/Pol replicase (103)
strain 30/1
pCIR10 133 Thermococcus sp. pTN2-like Pri/Pol replicase (104)
CIR10
pP12-1 12.2 | Pyrococcus sp. 12/1 pTN2-like Pri/Pol replicase (103)
pIR48 12.9 Thermococcus sp. IR48 | pTN2-like Pri/Pol replicase (104)
pEXT9a PAMT7 8.5 Thermococcus sp. Novel type of replicase (104)
family AMT7
pEXT9a 10.5 Thermococcus sp. Novel type of replicase (104)
EXT9
pIRI33 11 Thermococcus sp. Novel type of replicase (104)
IRI33
Methanogen Methanococca | pT26-2 pMEFERO1 | 22.2 Methanocaldococcus Genome sequencing, Acc. No. Lucas et al.
plasmids ceae family fervens AG86 CP001697 unpublished




pURBS500 8.3 Methanococcus Shuttle vector pDLT44 (105)
maripaludis
pMMC501 8.3 Methanococcus Genome sequencing, Acc. No. Copeland et
maripaludis C5 CP000610 al.
unpublished
pEXT9a pMETVUOL | 10.7 | Methanocaldococcus Genome sequencing, Acc. No. Lucas et al.
family vulcanius M7 CP001788 unpublished
Unclassified | pMETVUO02 | 4.7 Methanocaldococcus Genome sequencing, Acc. No. Lucas et al.
vulcanius M7 CP001789 unpublished
pMIJ-ECE2 58.4 Methanocaldococcus Genome sequencing, Acc. No. L77118 | (106)
Jjannaschii DSM 2661
pMIJ-ECEL1 16.5 Methanocaldococcus Genome sequencing, Acc. No. L77119 | (106)
Jjannaschii DSM 2661
pFSO1 12.2 Methanocaldococcus Genome sequencing, Acc. No. Lucas et al.
sp. FS406-22 CP001902 unpublished
Methanobacter | Unclassified | pMETEVOL | 163.9 | Methanohalobium Genome sequencing, Acc. No. Lucas et al.
iaceae evestigatum Z-7303 CP002070 unpublished
pMTBMA4 | 4.4 Methanothermobacter | Genome sequencing, Acc. No. (107)
marburgensis str. CP001711
Marburg
pMP1 ~7 Methanogen PL-12/M | Cryptic (108)
pME2001 4.4 Methanothermobacter | Cryptic (109-111)
autotrophicum
Marburg
pME2200 6.2 Methanothermobacter | Cryptic (111)
autotrophicum strain
ZH3
pFV1 13.5 M. thermoformicicum Orc1/Cdcé6 as the putative replicase, (112, 113)
THF Type 11 R-M
pFZ1 11 M. thermoformicicum Orc1/Cdcé6 as the putative replicase, (112)
7245 Type 11 R-M
Methanosacin | Unclassified | pC2A 5.4 Methanosarcina Integrative, shuttle vector pWM307 etc | (114, 115)
aceae acetivorans
pl 36.3 Methanosarcina Genome sequencing, Acc. No. (116)




barkeri str. Fusaro

CP000098

Other plasmids pPO1 7.6 Picrophilus oshimae Orc1/Cdcb6 as the putative replicase, (117)
encoding a putative R-M system
pGS5 2.8 Archaeoglobus Cryptic plasmid, negative supercoiled (118)
profundus strain AV18
pArcpr01 2.8 Archaeoglobus Cryptic plasmid, similar to pGS5 (119)

profundus DSM 5631




Table S3 Extrachromosomal genetic elements: host, size and integrase

Viruses/plasmids Host Size Integrase Reference
SSV1 S. shibatae 15.4 SSV1-type integrasi (120-126) (127)
’ Integrate at a tRNA™ gene.
SSv2 S. islandicus 147 SSV1-type integrase a (3, 128)
) Integrated at a tRNA™" gene
SSv4 S. islandicus 151 SSV1-type integrase o (4, 64)
' Integrated at a tRNA™" gene
SSV5 S. islandicus 15.3 SSV1-type integrase 4)
SSV7 S. islandicus 17.6 SSV1-type integrase 4)
SSV8 S.  solfataricus P2, 16.4 SSV1-type integrase (5)
natural host unknown ) Integrate at a non-tRNA gene
SSV9 S.  solfataricus P2, | 173 SSV1-type integrase
natural host unknown &)
SSV6 Sulfolobus species 15.6 SSV1-type integrase 4)
SMF1 Unknown Sulfolobus 14.8 Putitve integrase (129)
strains )
ASV1 Acidianus species 24.1 SSV1-type integrase 4)
STSV1 S. tenchongensis 75.3 Putative integrase (130)
STSV2 S. tenchongensis 76.1 Putative integrase (131)
HB25 )
ATV Acidianus species 62.7 | Putative integrase (132)
APSV1 Aeropyrum pernix K1 | 38 SSV1-type integrase (133)
APOV1 Aeropyrum pernix K1 | 13.8 | SSVI-type integrase (133)
phiChl Natrialba magadii 58.5 | Putative integrases 1 and 2 (134, 135)
BJ1 Halorubrum BJ1 B11 | 42.2 | Putative integrase (46)
psiM1 Methanobacterium 30.4 | Putative integrase (136)
psiM2 Methanothermobacter | 26.1 | Tyrosine recombinase (44)
psiM100 Methanothermobacter | 28.8 | Putative integrase (45)
HF1 75.9 | Putative integrase (41, 50, 137)
HF2 77.7 | Putative integrase
TPV1 Thermococcus 215 SSV1-type integrase (138)
prieurii
HCTV-5 Halorcula 102.1 | Putative integrase (139)
HRTV-5 Halorubrum 76.1 | Putative integrase (139)
HRTV-7 Halorubrum 69.0 | Putative integrase (139)
HRTV-8 Halorubrum 74.5 | Putative integrase (139)
pSSVi S. solfataricus 5.7 SSV1-type integrase (67)
pXZ1 S. islandicus strain 7.0 SSV1-type integrase (64)
ARN3/6
pNOBS8 Sulfolobus sp. pNOBS8-type integrase (73, 74, 140)
NOBS8H2 conjugative Integrate at tRNA™ genes
pAHI1 Acidianus hospitalis 28.6 | pNOB8-type integrase (68)
strain W1
pARN3 S. islandicus 26.2 | pNOBS-type integrase (69)
pARN4 S. islandicus 26.5 | pNOBS-type integrase (69)
pHVE14 S. islandicus 35.4 | pNOBS8-type integrase (69)
pING1 S. islandicus 24.6 | pNOBS-type integrase (70)
pKEF9 S. islandicus 28.9 | pNOBS-type integrase (69) (Q. She
Integrate at tRNA" genes unpublished
data)
pSOG1 S. islandicus 29.0 | pNOB8-type integrase (7D
pSOG2 S. islandicus 26.0 | pNOB8-type integrase (7D
pLD8501 S. islandicus 1..D.8.5 26.6 | Putative integrase (72)
pYNOI S. islandicus 42.2 | Putative integrase (72)

Y.N.15.51

10



pHA1 archaeal enrichment 33.8 | Integrase? (75)
culture clone 1

pT26-2 Thermococcus sp. 21.6 | SSVl1-type integrase (103)
26/2

pC2A Methanosarcina 55 pNOBS-type integrase (114, 115)

acetivorans
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