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Fig. S1. Plastid genome map of Porphyra pulchra. Functional gene groups are color-coded.
Genes drawn inside of the circle indicate the transcriptionally clockwise strand, and genes on

outside indicate the counter-clockwise strand.

Fig. S2. Plastid genome map of Sporolithon durugm. Functional gene groups are color-coded.
Genes drawn inside of the circle indicate the transcriptionally clockwise strand, and genes on

outside indicate the counter-clockwise strand.

Fig. S3. Plastid genome map of Gelidium elegans. Functional gene groups are color-coded.
Genes drawn inside of the circle indicate the transcriptionally clockwise strand, and genes on

outside indicate the counter-clockwise strand.

Fig. S4. Plastid genome map of Gelidium vagum. Functional gene groups are color-coded.
Genes drawn inside of the circle indicate the transcriptionally clockwise strand, and genes on

outside indicate the counter-clockwise strand.

Fig. S5. Plastid genome map of Gracilaria chilensis. Functional gene groups are color-coded.
Genes drawn inside of the circle indicate the transcriptionally clockwise strand, and genes on

outside indicate the counter-clockwise strand.

Fig. S6. Maximum likelihood tree based on aligned amino acid sequences of concatenated
193 protein encoding genes from 16 published and 5 new (underlined) plastid genomes (2000

replications, bootstrap support > 50%).

Fig. S7. Synteny of all plasmid-derived regions in red algae. Colored boxes indicate each
homolog region in red algal plasmid and plastid genomes. Porphyra pulchra plasmid Pp6859

orf4 and orf5 homolog regions are also presented with two cyanobacterial species.

Fig. S8. Maximum likelihood tree based on aligned amino acid sequences of Gracilariopsis
lemaneiformis plasmid GL3.5 orf2 related genes and its homologs from BLASTp search
(cutoff e-value 1.0¢”) (2000 replications, bootstrap support > 50%). Taxon information and
their sequence localities are color-coded as follows: bacteria (black), red algae (red), virus

(violet), plastid (green) and plasmid (brown).



Fig. S9. Maximum likelihood tree based on aligned amino acid sequences of red algal
replicase genes from Pyropia tenera (GI: 254029132, 17980119) plasmids, Porphyra pulchra
plasmid (GI: 7108461, 7108459, 7108457) and their homologs from BLASTp search (cutoff
e-value 1.0¢™”) (2000 replications, bootstrap support > 50%). Taxon information and their
sequence localities were indicated with color-code as follows: parasitic bacteria (blue), plant
(green), red algae (red), rhizaria (cyan), stramenopile (brown), plasmid (violet), mitochondria

(orange) and nucleus (black).



Table S1. Information about the NGS data for five newly sequenced red algal plastid

genomes.
Total bases Size of Average
of NGS complete Total bases of coverage of
No. Taxa . . mapped >
sequencing plastid plastid genome (bp) plastid
data (Mbp) genome (bp) genome (X)
1 Gelidium elegans 1,529 Mbp 174,749 bp 44,027,950 bp 228X
2 Gelidium vagum 990 Mbp 179,852 bp 66,802,278 bp 339X
3 Gracilaria chilensis 506 Mbp 185,637 bp 87,006,562 bp 445X
4  Porphyra pulchra 263 Mbp 194,175 bp 12,007,987 bp 52X
5 Sporolithon durum 3,190 Mbp 191,464 bp 32,008,868 bp 159X




Table S2. Gene compositions of red algal plastid genomes.

GC Codi
Species Reference ocing tRNAs rRNAs Introns
(%) genes
Cyandiophyceae
Cyanidioschyzon merolae o i a12003 376 207 31 3 0
(NC_004799) ) '
Cyanidium caldarium Glockner et al.
32.7 199 (2* 30 3 0
(NC_001840) 2000 (2%)
Galdieria sulphuraria
Jain et al. 2014 28.5 182 39 6 0
(NC_024665) ameta
Porphyridiophyceae
Porphyridium purpureum ..
T tal. 2014 30.3 224 29 6 43
(NC_023133) ammacta
Bangiophyceae
Porphyra pulchra This study 333 207 37 6 0
Porphyra purpurea Reith &
(NC_000925) Munholland 1995 330 209 37 6 0
Porphyra umbilicalis )
Smith et al. 2012 32.9 208 (1* 37 6 0
(JQ408795) mifeta (1%
Pyropia fucicola Hughey etal. 2014 327 207 (4%) 35 3 0
u . .
(KJ776837) ghey
Pyropia haitanensis
W tal. 2013 33.0 213 (2* 37 6 0
(NC_021189) amgcta %
Pyropia kanakaensis
Hughey et al. 2014 32.8 210 (4* 35 3 0
(KJ776836) vgliey eta “%
Pyropia perforata
Hughey et al. 2014 32.9 211 (2%* 35 3 0
(NC_024050) vgliey eta @
Pyropia yezoensis
W tal. 2013 33.1 213 37 6 0
(NC_007932) angeta
Florideophyceae
Calliarthron tuberculosum  Janouskovec et al.
29.2 201 31 3 2
(NC _021075) 2013
Sporolithon durum This study 29.3 202 30 3 2
Chondrus crispus Janouskovec et al.
28.7 204 30 3 1
(NC_020795) 2013
Gelidium elegans This study 30.2 202 30 3 1
Gelidium vagum This study 29.9 201 30 3 1
Gracilaria chilensis This study 29.3 203 30 3 1
Gracilaria salicornia Campbell et al.
28.8 203 (1*) 30 (1* 3 1(1*
(NC_023785) 2014 (%) 30(1%) (1*)
Gracilaria tenuistipitata Hagopian et al.
29.2 205 (2*) 30 (1* 3 1(1*
var. liui  (NC_006137) 2004 2% (1% (1%
Grateloupia taiwanensis DePriest et al.
30.6 234 (1*) 30 (1* 3 1(1*
(NC _021618) 2013 (% (1% (1%

*: including un-annotated genes in previous reports



Table S3. List of 193 plastid protein-coding genes used in the ML tree search.

See the file “Table S3 S4 S7 supplementary tables.xIsx” (sheet Table S3).



Table S4. Newly annotated genes from previously published red algal plastid genomes.
These genes have been overlooked, underestimated or mis-annotated in previous studies.

Detailed information is shown in remarks.

See the file “Table S3 S4 S7 supplementary tables.xIsx” (sheet Table S4).



Table S5. Results of BLASTx search using plasmid-derived regions in plastid genomes. Cutoff of e-value is 1.0¢™”” and two cases of relaxed e-

value (2.0 and 3.0¢'?) are adapted to G1e4293 orf4 of Sporolithon and Gro4059 orf2347 of Grateloupia. Abbreviations: HyP indicates

hypothetical protein same as in orf for the open reading frame, PG for the pseudogenized gene. The plastid genome region of Sporolithon durum

between argB and fisH gene is 4.2 kb non-coding part that includes two plasmid-derived pseudogenized genes. Between rRNAs and ycf27 in

plastid genome of S. durum, pm_orf86 shows uncertain mixed plasmid signals from BLASTx search results. The plastid genome of

Gracilariopsis tenuistipitata var. liui also shows uncertain plasmid signals between /euD and psbD gene.

Species Locality Region Feature Size Matched results E-value Identities GI Remarks
Porphyra pulchra orf121-apcF - PG 585 bp Pp6427 orf3 1.LE-39 45% 11466611
petG-rps14 - PG 414 bp Pp6859 orf7 3.E-44 63% 11466621
petG-rps14 - PG 291 bp Pp6859 orf'6 3.E-22 48% 11466620
Pyropia haitanensis petG-rps14 pm_orf72 orf 216 bp Pp6859 orf'5 9.E-12 55% 11466341 un-annotated gene previously
yef12-frB - PG 399 bp Pp6859 orf4 4.E-36 51% 11466618
yef12-frB pm_orf93 orf 279 bp Pp6427 orf 1 1.E-12 59% 11466609  un-annotated gene previously
PG(sy/B)-rpsl pm_orf185 orf 555 bp Gle4293 orf'4 2.E-01 26% 11465618  relaxed e-value, Pp6859 orf1 region mixed
PG(sy/B)-rpsl pm_orf73 orf 219 bp Pp6859 orf'6 4.E-06 37% 11466620
Sporolithon durum PG(sy/B)-rpsl pm_orf819 orf 2457 bp Calothrix sp. HyP 1.E-146 36% 668693613  Pp6859 orfd and orf5 homolog
argB-fisH - PG 312 bp Calothrix sp. HyP 8.E-09 78% 668693613 copy region of pm_or/819
argB-fisH - PG 381 bp Gch7220 orf'5 5.E-14 36% 11465596
Gelidium elegans yef27-psbD - PG 831 bp Pp6859 orf'5 2.E-38 36% 11466341
rps6-rRNAs - PG 2091 bp Calothrix sp. HyP 2.E-107 34% 66863613  Pp6859 orf4 and orf5 homolog
Gelidium vagum
rps6-rRNAs - PG 555 bp Gro4970 orf'5 2.E-12 25% 11466341
yef27-psbD - PG 306 bp GL3.5 orf'1 1.E-05 35% 18514 overlapped to unique orf31 & orf32
Grateloupia taiwanensis rRNAs-ycf27 - PG 183 bp GL3.5 orf2 3.E-12 74% 18515 overlapped to unique orf06
yef27-psbD - PG 303 bp Gro4059 orf 2347 3.E-03 27% 11466334 relaxed e-value, overlapped to unique orf32
Gracilaria salicornia y¢f27-psbD orf139 orf+PG 495 bp Gro4970 orf'1 3.E-24 50% 11466337
Gracilaria tenuistipitata var. liui rRNAs-ycf27 - PG 441 bp Gle4293 orf 1 5.E-14 64% 11465615
leuD-psbD - PG 606 bp Gle4293 orf'1 7.E-37 61% 11465615
Gracilaria chilensis leuD-psbD - PG 300 bp Gle4293 orf2 6.E-08 36% 11465616
leuD-psbD - PG 408 bp Gle4293 orf3 1.E-23 52% 11465617




Table S6. Sampling information used in this study.

No. Taxa Strain No. Date Locality
SKKU18 Oct. 27,2012 Anin, Gang-reung, Korea
1 Gelidium elegans SKKU22 Oct. 27,2012 Gamchusa, Donghae-si, Korea
SKKU28 Oct. 22,2012 Wando, Jungdo-ri, Korea
2 Gelidium vagum - Jul. 23,2012 Manripo, Tae-an, Korea
3 Gracilaria chilensis - Feb. 1,2003 Ancud, Chile
UC1879714 Jun. 20, 1970 Moss Beach, California, USA
4  Porphyra pulchra
UC1454976 Jun. 20, 1970 Moss Beach, California, USA
SKKU SDO1  Nov.6,2012  Army Bay, Whangaparaoa,
- New Zealand
5 Sporolithon durum SKKU SD02 Aug. 28,2014 Army Bay, Whangaparaoa,
New Zealand
SKKU SD03  Aug, 28,2014  rmy Bay, Whangaparaoa,

New Zealand




Table S7. Information about the combination and separation of plasmid-derived regions.
Several partial orfregions were combined into one single orf, while an orf was separated into
two genes based on the complementary alignment. In the genome of Moorea producens,
hypothetical protein (GI: 332351884) and its flanking regions (both of sides) were combined
and these bacterial sequences were translated using the Bacterial, Archaeal and Plant Plastid
Code (codon table 11). In the mitochondrial genome of Marchantia polymorpha, orf196 (GI:
11467138) and orf207 (GI: 11467137) were combined with their flanking non-coding regions,
respectively, and their two regions were also combined as a single orf (89 bp interval between
two regions). For phylogenetic analysis, these plant mitochondrial sequences have been
translated to amino acids using a standard code (codon table 1). In red algae, each part of
sequences were translated. All these red algal sequences were translated using the codon table

11.

See the file “Table S3 S4 S7 supplementary tables.xIsx” (sheet Table S7).



Table S8. Contents of subfamily groups in DNA polymerase type-B family catalytic domain
(POLBc) superfamily from conserved domain database (CDD).

Conserved domain database Accession

POLBc superfamily cl10023
DNA polymerase type-B family catalytic domain (POLBc) cd00145
DNA polymerase type-B B1 subfamily catalytic domain (POLBc B1) cd05530
DNA polymerase type-B B2 subfamily catalytic domain (POLBc B2) cd05531
DNA polymerase type-B alpha subfamily catalytic domain (POLBc alpha) cd05532
DNA polymerase type-B delta subfamily catalytic domain (POLBc delta) cd05533
DNA polymerase type-B zeta subfamily catalytic domain (POLBc zeta) cd05534

DNA polymerase type-B epsilon subfamily catalytic domain (POLBc alpha) cd05535
DNA polymerase type-B B3 subfamily catalytic domain (POLBc B3) cd05536
DNA polymerase type-II subfamily catalytic domain (POLBc Pol II) cd05537
DNA polymerase type-II B subfamily catalytic domain (POLBc Pol II B) cd05538




Table S9. List of published red algal plasmids. 13 species out of a total 36 red algal species

surveyed contain plasmids (marked as “present [O]”). Among 13 species, 14 plasmid

sequences were reported from only 5 species (Porphyra pulchra, Pyropia tenera, Gracilaria

chilensis, Gracilaria robusta and Gracilariopsis lemaneiformis) in NCBI database. 14

plasmid sequences encoded 56 open-reading frames (orf).

Reported
. Present (O), No. of p . NCB,I Gl
Order Species Absent (X) lasmids plasmid (retained References
p sequences proteins)
Erythropeltidales Smithora naiadum 3 X Goff and Coleman 1990
Glaucosphaerales Glaucosphaera vaculolata Goff and Coleman 1990
Porphyra linearis X Villemur 1990a
11466614 (7),
11466608 (5),
Porphyra pulchra o 5 5 7108460 (1), Moon and Goff 1996, 1997
7108458 (1),
Bangiales 7108456 (1)
Pyropia perforata X Goff and Coleman 1990
) 17980118 (1), )
» 9 ;
Pyropia tenera o ? 2 254029130 (2) Choi et al. 2001
Wildemania miniata o 3 X Villemur 1990a
Ceramiales Asterocolax gardneri X
Campylaephora californica X
Choreocolax polysiphoniae X
Harveyella mirabilis X
Janczewski gardneri X
Micorcladia coulteri X
Goff and Coleman 1990
Odonthalia floccosa X
Odonthalia washigtoniensis X
Osmundea spectabilis o ? X
Polyneura latissima X
Polysiphonia elongata X
Vertebrata lanosa X
Gigartinales Gardneriella tubifera X Goff and Coleman 1990
Gymnogongrus sp. o 2 X Villemur 1990a
Sarcodiotheca gaudichaudii X Goff and Coleman 1990
Gracilariales Gracilaria chilensis (1) 4 1 18476 (1) Villemur 1990a
(6]
Lo 11465608 (5), :
. 9 . .
Gracilaria chilensis (2) ? 2 11465591 (16) Goff and Moon (unpublished)
Gracilaria pacifica o 4 X Goff and Coleman 1990
o 11466336 (7), )
. » 9 . .
Gracilaria robusta (1) o ? 2 11466333 (2) Goff and Moon (unpublished)
Gracilaria robusta (2) 1 X
Goff and Coleman 1990
Gracilaria textorii o 2 X
Gracilaria tikvahiae o 3 X Villemur 1990a
Gracilariophila oryzoides o 2 X Goff and Coleman 1990
Gracilariopsis langissima X Villemur 1990a
o P 18513 (2), ) )
Gracilariopsis lemaneiformis o 3 2 11465614 (5) Goff and Coleman 1990
Gracilariopsis sp. X Villemur 1990a
Halymeniales Prionitis lanceolata X Goff and Coleman 1990
Plocamiales Plocamiocolax pulvinata X
Goff and Coleman 1990
Plocamium cartilagineum X
Rhodymeniales Lomentaria divaricata X Goff and Coleman 1990




Table S10. Primer information for population analysis. Different individuals of Gelidium

elegans, Porphyra pulchra and Sporolithon durum were used to check the presence or

absence of plasmid-derived region. The plasmid-derived regions of G. elegans (between

vef27 and psbD gene), P. pulchra (between orf121 and apcF gene) and S. durum (between

pseudogenized sy/B and rps1 gene) were confirmed by PCR.

Speices Strain Primer set
SKKUI18 [Forward 1]
Gele F1 _1: 5-ATTCAGTCTTCTAGAACTACTAGTAA-3'
Gele F1 2:5-AAAGACATGTTGATACAAGAGTTGTC-3'
Gelidium elegans SKKU22
[Reverse 1]
Gele R1 _1: 5'-CTTGTCCAATTGCTATGGTCATATTA-3'
SKKU28 Gele R1_2: 5“AACCTTCTAGATAAGAACTAGCTAA-3'

[Forward 1]

UC1879714 Pp F1 1: 5-TCTAGATTATAGATAGATTTAGTGCTC-3'
Pp F1 2: 5-AAGACTAGTATATTTGTTAGTGCATCA-3'

Porphyra pulchra

[Reverse 1]

UC1454976 Pp R1 1:5-AACTTTGAAGCTTTATTAGATGCAAGA-3'
Pp R1 2:5-GCTTAGGATATTAGAATTCACAGATAA-3'
[Forward 1]

SKKU_SDO1 Spo_F1: 5’-CTGACACTGAGACAGATATAGAAAATTA-3'
[Reverse 1]
Spo R1: 5’-AATTATTCATCGATCTTTCATTAGACAC-3'

Sporolithon durum SKKU SDO02

[Forward 2]
Spo F2: 5’-GTGCTAGTGTATTTAAGCTATATGAAG-3'

SKKU spo3  LReverse2]

Spo_R2: 5>-TTATTAAATAGAAGTTTAGCTCCATCT-3'




Porphyra pulchra
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GC content: 33.3 %

[ ribosomal RNA B transfer RNA

- ATP synthase . Photosystem

- ribosomal protein LSU . ribosomal protein SSU
[l Other genes B orF

[] Intron B pseudogenized genes

Fig. S1. Plastid genome map of Porphyra pulchra. Functional gene groups are color-coded. Genes drawn
inside of the circle indicate the transcriptionally clockwise strand, and genes on outside indicate
the counter-clockwise strand.
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Fig. S2. Plastid genome map of Sporolithon durum. Functional gene groups are color-coded. Genes drawn
inside of the circle indicate the transcriptionally clockwise strand, and genes on outside indicate
the counter-clockwise strand.
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Fig. S3. Plastid genome map of Gelidium elegans. Functional gene groups are color-coded. Genes drawn
inside of the circle indicate the transcriptionally clockwise strand, and genes on outside indicate
the counter-clockwise strand.
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Fig. S6. Maximum likelihood tree based on aligned amino acid sequences of concatenated 193 protein encoding genes from 16 published and 5 new (underlined)
plastid genomes (2000 replications, bootstrap support > 50%).
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Fig. S7. Synteny of all plasmid-derived regions in red algae. Colored boxes indicate each homolog region in red algal plasmid and plastid genomes.
Porphyra pulchra plasmid Pp6859 orf4 and orf5 homolog regions are also presented in some cyanobacterial species.



100| Candidatus Contendobacter odensis (Run_B_J11) [hypothetical protein, gi736412757 (1093 aa); genome]
Candidatus Contendobacter odensis (Run_B_J11) [hypothetical protein BN874 520004, g¢i577001070 (1099 aa); genome]

Meiothermus taiwanensis (DSM14542) & Meiothermus ruber (strain A) [hypothetical protein, gi738241737 (299 aa); genome]
100 Gracilariopsis lemaneiformis [GL3.5 unnamed product, gi18515 (144 aa); 1

L Grateloupia taiwanensis [orf06 (gi519704879 ) + non-coding, (61 aa); plastid]

Burkholderia phage KL.1 (virus) [primase, gi399528746 (769 aa)]

93
Pseudomonas phage vB_PaeS_SCH_Ab26 (virus) [replicative primase/helicase, gi658311493 (780 aa)]

100 76 § Pseudomonas phage 73 (virus) [hypothetical protein orf036, gi148912864 (773 aa)]
54

Pseudomonas phage vB_Pae-Kakheti25 (virus) [replicative primase/helicase, gi388542697 (773 aa)]

mol Oceanithermus profundus (DSM14977) [hypothetical protein, gi753799345 (292 aa); |
Oceanithermus profundus (DSM14977) [hypothetical protein Ocepr_2371, gi313153969 (282 aa); |

100 I Staphylococcus saprophyticus (strain SU8) [DNA primase, gi751611956 (780 aa); genome]

IStaphylococcus saprophyticus subsp. saprophyticus (ATCC15305) [primase, gi499622876 (780 aa); genome]
67

Staphylococcus equorum subsp. equorum (Mu2) [primase, gi488442802 (780 aa); genome|

Selenomonas ruminantium (AB3002) [hypothetical protein, gi657823897 (119 aa); genome]

Lachnospiraceae bacterium (2_1_46FAA) [nucleoside triphosphatase, gi497442865 (769 aa); genome]

93

100 I' Desulfotomaculum alkaliphilum (DSM2257) [nucleoside triphosphatase, gi671530997 (767 aa); genome]|

0.3 Clostridium kluyveri (DSMS5S5) [nucleoside triphosphatase, gi5S01051961 (769 aa); genome]

Fig. S8. Maximum likelihood tree based on aligned amino acid sequences of Gracilariopsis lemaneiformis plasmid GL3.5 orf2 related genes and its homologs
from BLASTp search (cutoft e-value 1.0e-03) (2000 replications, bootstrap support > 50%). Taxon information and their sequence localities are color-coded
as follows: bacteria (black), red algae (red), virus (violet), plastid (green) and plasmid (brown).
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Rhynchosia yellow mosaic virus [replication associated protein, gi256996647]

100, Asystasia mosaic Madagascar virus [replication-associated protein, gi761719712]

Asystasia mosaic Madagascar virus [replication-associated protein, gi756558185]
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55 Nicotiana tomentosiformis [uncharacterized protein LOC104099419, gi697190580, nucleus]
Nicotiana tabacum [AL1 protein, gi1 587991, nucleus]

Nicotiana tomentosiformis [uncharacterized protein LOC104099148, gi697190578, nucleus]
Nicotiana tomentosiformis [uncharacterized protein LOC104086178, gi697159806, nucleus]
g6[ Nicotiana tomentosiformis [uncharacterized protein LOC104092751, gi697175541, nucleus]
Nicotiana tomentosiformis [uncharacterized protein LOC104099147, gi697190576, nucleus]
Nicotiana tomentosiformis [uncharacterized protein LOC104115566, 697140845, nucleus]

Plant

Nicotiana tomentosiformis [uncharacterized protein LOC104119210, gi697149473, nucleus]

78

— Dalechampia chlorotic mosaic virus [replication associated protein, gi408355352]

= Tomato mottle leaf curl virus recombinant [replication-associated protein, gi85665888]
8 ssDNA viruses

84 ssDNA viruses

<] 3 ssDNA viruses
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‘Chrysanthemum coronarium’ phytoplasma [hypothetical protein, gi754689944]
Onion yellow phytoplasma [replication associated protein, giS1172577]
100 [| Onion yellow phytoplasma [replication protein, gi501877271]
Onion yellow phytoplasma [replication protein, gi499583384]
Onion yellow phytoplasma [replication protein, gi504873008]
Onion yellow phytoplasma [geminivirus-like replication protein, gi504873005]

Candidatus Phytoplasma australiense [replication associated protein, gi501453683]
Italina clover phyllody phytoplasma [hypothetical protein, gi515760571]
100 Phytoplasma sp. [hypothetical protein, gi4468959]

0.7

Vaccinium witches’-broom phytoplasma [hypothetical protein, gi515761095]

Wheat blue dwarf phytoplasma [replication-associated protein, gi504896643]

Paulownia witches’-broom phytoplasma [replication-associated protein, gi501254467]

Wheat blue dwarf phytoplasma [replication-associated protein, gi504896653]

Periwinkle little leaf phytoplasma [replication-associated protein, gi504873735]

08 Candidatus Phyoplasma australiense [replication associated protein, giS01453688]
Chrysanthemum yellow phytoplasma [hypothetical protein, gi735683554]

Chinaberry witches’-broom phytoplasma [replication associated protein, gi503512976]
Paulownia witches’-broom phytoplasma [replication-associated protein, gi501254473]
Chrysanthemum yellows phytoplasma [hypothetical protein, gi735684243]

Wheat blue dwarf phytoplasma [replication-associated protein, gi504896657]

New Jwersey aster yellows phytoplasma [Rep protein, gi307902848]

Aster yellows witches’-broom phytoplasma [hypothetical protein, gi499732216]

Aster yellows witches’-broom phytoplasma AYWB [conserved hypothetical protein, gi84789653]
Aster yellows witches’-broom phytoplasma AYWB [conserved hypothetical protein, gi84789536]
Aster yellows witches’-broom phytoplasma [hypothetical protein, gi499732224]

Niminivirus [Rep, gi603013937]
Grapevine red-blotch associated virus [C1 protein, gi528746544]
Sewage-associated circular DNA virus-18 [replication-associated protein, gi751868117]
100 - Sewage-associated circular DNA virus-28 [replication-associated protein, gi751868297]
Sewage-associated circular DNA virus-14 [replication-associated protein, gi664651390]
uncultured marine virus [replication protein, gi444298144]
Odonata-associated circular virus-8 [replication-associated protein, gi744824948]
73 Phytophthora sojae [mitochondrial 0798, gi145932354, mitochondria] Stramenopile
—@Pympm tenera [putative replicase (plasmid), gi254029132, plasmid]
Pyropia tenera [replication associated protein (plasmid), gi17980119, plasmid] R 1
Porphyra pulchra [replicase (plasmid), gi7108461, plasmid] d
EPorphym pulchra [replicase (plasmid), gi7108459, plasmid] e a gae
Porphyra pulchra [replicase (plasmid), gi7108457, plasmid]
Reticulomyxa filosa [hypothetical protein RFI 31564, gi569354614, nucleus . :
Reticulomyxa filosa \rcp: giS()‘).’vXZgl‘)l‘ nucleus| l : I Rlllzarla
McMurdo Ice Shelf pond-associated circular DNA virus-2 [rep-associated protein, gi667699509]
uncultured marine virus [replication protein, gi444297942]
Odonata-associated cirular virus-7 [replication-associated protein, gi744824944]
Avon-Heathcote Estuary associated circular virus 25 [replication-associated protein, gi765702697]
Odonata-associated circular virus-15 [replication-associated protein, gi744824968]

Parasitic Bacteria

T (1]00 1 ssDNA virus and 3 unclassified viruses
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Fig. S9. Maximum likelihood tree based on aligned amino acid sequences of red algal replicase genes from

Pyropia tenera (GI: 254029132, 17980119) plasmids, Porphyra pulchra plasmid (GI: 7108461, 7108459, 7108457)
and their homologs from BLASTp search (cutoff e-value 1.0e-05) (2000 replications, bootstrap support > 50%).
Taxon information and their sequence localities were indicated with color-code as follows: parasitic bacteria (blue),
plant (green), red algae (red), rhizaria (cyan), stramenopile (brown), plasmid (violet), mitochondria (orange) and
nucleus (black).
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