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Materials and methods

Collection of sequences and preparation of alignments

To gather all potential homologs to Ycfl6 and Ycf@dcoded on theCeratium
horridum AF490364 minicircle as well as the sequences d2&Rpl33, and the potential
product of the unannotated open reading frame (Feoded on thé&yrocystis lunula
AF490367 minicircle, we carried out comprehensi®-BLAST or BLAST searches of non-
redundant protein and expressed sequence tag dasabin NCBI GenBank
(http://blast.ncbi.nim.nih.gov), Dragonblast (hitgbdata.rutgers.edu/dragon), and the
expressed sequence tag databas&le@ndrium tamarense.’ The identified sequences were
verified by local searches of the Conserved DorRsitabasefor the presence of appropriate
domains. Each of the resulting sets of homologssisted of several thousand sequences.
Initial alignments were performed in MAFFT usingthlow but accurate algorithm L-INS-i
with 1,000 cycles of iterative refinemérand edited manually in JalVievincomplete or
fragmentary sequences were excluded from furthatyaes. Ultimately, more than 100
sequences in each of five protein sets were selewimg T-Coffe2 to remove redundancy
from the datasets and to include representative® fvarious prokaryotic and eukaryotic
groups. Final alignments were obtained in T-Coffiseng profile information (PSI-Coffee)

and combining the output of many alignment methdti<offee).

Phylogenetic analyses

Phylogenetic trees were inferred by six approactsasg five programs: PhyloBayes
3.3e (ref. 6), MrBayes 3.2.1 (ref. 7), TreeFifdéthyML-Structurd and morePhyML 1.14
(ref. 10) based on PhyML 3.0 (ref. 11). In the PBdyes analyses, we applied two
substitution models for all alignment sets, UG3) and CAT Poissori¥5), with the number
of components, weights, and profiles inferred fribva data. Two independent Markov chains
were run through 100,000 cycles (for the Ycf24 sef200,000 cycles (for the other sets) with
the former model and through 1,000,000 cycles wWithlatter model. A posterior consensus
was calculated from the last 10,000-500,000 tremsnfeach chain after obtaining
convergence and good or acceptable runs. In theal® approach, we assumed the
mixed+IH(5) model for all alignment sets to sample appmaiprimodels across the
substitution model space in the Bayesian MCMC asigliyself, avoiding the need for a priori
model testing. In this analysis, two independensrstarting from random trees were applied,
each using eight Markov chains with 40,000,000 getiens (for the Rpl28 and Rpl33 sets)



or four Markov chains with 20,000,000 generatidios the other sets). Trees were sampled
every 100 generations; to calculate a posterioseonsus, we selected trees from the last
5,868,000-26,644,000 generations that reachedostati phase and convergence (the
standard deviation of split frequencies stabiliaead was less than 0.01).

In the TreeFinder approach, we applied approprsafiestitution models that were
chosen according to the Propose Model module is ffiogram assuming optimized
frequencies of amino acids, whereas the models usefmore)PhyML were selected
according to ProtTest 3.2 (ref. 12) assuming oatidon of models, branches, and topology
of the tree (Table 1S). Search depth was set toT2eeFinder, and the best heuristic search
algorithms, NNI and SPR, in (more)PhyML were apgliEdge support was assessed by the
bootstrap analysis with 1,000 replicates in eacltheke two programs. Additionally, we
applied the Local Rearrangements-Expected Liketihdéeights method in TreeFinder and
the approximate likelihood ratio test (aLRT) baseda Shimodaira-Hasegawa-like procedure
in morePhyML® In PhyML-Structure, we used the EX_EHIO($) substitution model for all
alignment sets, whereas edge support was calculsteal RT based on thg test and a
Shimodaira-Hasegawa-like procedure. The minimuntheke two aLRT support values is
shown at selected nodes in the presented treesl(&jg

Topology tests with 10,000,000 replicates wereqraréd in Consel v0.20 (ref. 14) to
compare trees obtained in PhyloBayes under I({G)} with alternative topologies that
assumed different positions of minicircle horridum andP. lunula sequences (Fig. 1S). Site-
wise log-likelihoods for the analyzed trees werkwated in PhyML under the best fitted
substitution models found in ProtTest.

Table 1S. Applied substitution models in the anatlyalignment sets.

Alignment : PhyML-

set PhyloBayes MrBayes TreeFinder (more)PhyML Structure
LG+ (5), .

FtsY s mixed+I+I'(5) LG+F+I+I(5) LG+ (5) EX_EHO+I(5)
CAT Poisson+I(5)
LG+ (5), : .

Rpl28 s mixed+I+I'(5) witHIV+I+['(5)  LG+F+(5) EX_EHO+I(5)
CAT Poisson+(5)
LG+ (5), :

Rpl33 s mixed+I+I(5) MIX+F+(5) LG+ (5) EX_EHO+I(5)
CAT Poisson+l(5)
LG+ (5), _

Ycfl6 s mixed+I+I'(5) LG+F+I+I(5) LG+F+I(5) EX_EHO+I(5)
CAT Poisson+I(5)
LG+ (5), ,

Ycf24 mixed+I+I'(5) LG+F+I(5) LG+F+I(5) EX_EHO+I(5)

CAT Poisson+I(5)
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Figure 1S. Phylogenetic trees for FtsY, Rpl28, Rpl33, Ycfaéd Ycf24 sequences inferred
in PhyloBayes under the LG&G¢5) model. Sequences localized ®yrocystis lunula
AF490367 andCeratium horridum AF490364 minicircles appear in bold font. Numbats
nodes (in order) correspond to: posterior probidsli estimated in Phylobayes for the
LG+I'(5) and CAT Poissorif5) models as well as in MrBayes, the minimum ogbpsart
values calculated by aLRT based ontBdest and a Shimodaira-Hasegawa-like procedure in
PhyML-Structure, support values obtained by a Skama-Hasegawa-like procedure in
morePhyML, PhyML bootstrap values, Local RearrangaistExpected Likelihood Weights-
support values calculated in TreeFinder, and Treddi bootstrap values. Values of the
posterior probabilities and bootstrap percentagegeld than or equal to 0.50 and 50%,
respectively, were omitted or indicated by a dash Tables show the results of topology
tests comparing the best topology with alternatitret assume different positions of the
minicircle-encoded proteins. Topology test resualis: the p-value for the approximately
unbiased test (au) calculated from the multiscaletdirap, the non-parametric bootstrap
probability calculated from the multiscale bootptfap), the bootstrap probability calculated
in the non-multiscale manner (bp), the Bayesiartepims probability calculated by the BIC
approximation (pp), and the p-values of the KisHitasegawa test (kh), the Shimodaira-
Hasegawa test (sh), the weighted Kishino-Hasegastgskh), and the weighted Shimodaira-
Hasegawa test (wsh).



Gramella forsetii KT0803 (Flavobacteria, Bacteroidetes)
Zunongwangia profunda SM-A87 (Flavobacteria, Bacteroidetes)
Bergeyella zoohelcum CCUG 30536 (Flavobacteria, Bacteroidetes)
Gillisia limnaea DSM 15749 (Flavobacteria, Bacteroidetes)

— Kordia algicida OT-1 (Flavobacteria, Bacteroidetes)

L Flavobacterium frigoris PS1 (Flavobacteria, Bacteroidetes)

Bizionia argentinensis JUB59 (Flavobacteria, Bacteroidetes)
Mesoflavibacter zeaxanthinifaciens S86 (Flavobacteria, Bacteroidetes)
Joostella marina DSM 19592 (Flavobacteria, Bacteroidetes)

Formosa sp. AK20 (Flavobacteria, Bacteroidetes)

Leeuwenhoekiella blandensis MED217 (Flavobacteria, Bacteroidetes)
Aquimarina agarilytica ZC1 (Flavobacteria, Bacteroidetes)

Galbibacter sp. ck-12-15 (Flavobacteria, Bacteroidetes)

— Flexibacter litoralis DSM 6794 (Cytophagia, Bacteroidetes)

L Croceibacter atlanticus HTCC2559 (Flavobacteria, Bacteroidetes)
Capnocytophaga gingivalis ATCC 33624 (Flavobacteria, Bacteroidetes)
Flavobacteria bacterium BBFL7 (Flavobacteria, Bacteroidetes)
Nonlabens dokdonensis DSW-6 (Flavobacteria, Bacteroidetes)
Polaribacter irgensii 23-P (Flavobacteria, Bacteroidetes)

059/~

0.69/0.65/0.8/0.92/0.92/-1/-

0.62/0.54/-/0.67/0.81/-1-

FtsY

~H--10.79/0.81-1--

0.52/-10.51/-1--/50-

-1-110.79/0.781-169/-
<-1--40.861-1-

0.64/0.59/0.61/0.76/0.85/-/67/-

---10.87/0.81---

--+0.7910.78-11- 0.6310.69/0.72/0.86/0.9/-/76/-

0.9210.71/0.91/0.82/0.87/51/85/67

0771571

--10.7/0.81/0.93)-/64/-

--0.78/0.76/-/-
T -1-1-H--1661- — Aequorivita sublithincola DSM 14238 (Flavobacteria, Bacteroidetes)
" Flavobacterium johnsoniae UW101 (Flavobacteria, Bacteroidetes)
o0 744 0.93/0.67/0.97/0.92/0.9/58/92/93 — Dokdonia donghaensis MED134 (Flavobacteria, Bacteroidetes)
L Krokinobacter sp. 4H-3-7-5 (Flavobacteria, Bacteroidetes)
-84 — Polaribacter sp. MED152 (Flavobacteria, Bacteroidetes)

L Lacinutrix sp. 5H-3-7-4 (Flavobacteria, Bacteroidetes)

— Bl bacterium sp. Blattella germanica Bge (Flavobacteria, Bacteroidetes)
@ Blattabacterium sp. Panesthia angustipennis spadica BPAA (Flavobacteria, Bacteroidetes)
Subdoligranulum variabile DSM 15176 (Clostridia, Firmicutes)

(— Pyrocystis lunula (Di )

L Pontibacter sp. BAB1700 (Cytophagia, Bacteroidetes)

Marinilabilia salmonicolor JCM 21150 (Bacteroidia, Bacteroidetes)
Porphyromonas catoniae FO037 (Bacteroidia, Bacteroidetes)

Barnesiella intestinihominis YIT 11860 (Bacteroidia, Bacteroidetes)
Prevotella saccharolytica FO055 (Bacteroidia, Bacteroidetes)

Indibacter alkaliphilus LW1 (Cytophagia, Bacteroidetes)

Bacteroidetes oral taxon 274 F0058 (Bacteroidetes)

Prevotella stercorea DSM 18206 (Bacteroidia, Bacteroidetes)

Candidatus Azobacteroides pseudotrichonymphae CFP2 (Bacteroidia, Bacteroidetes)
Bdellovibrio exovorus JSS (Deltaproteobacteria, Proteobacteria)

Niastella koreensis GR20-10 (Sphingobacteria, Bacteroidetes)

Niabella soli DSM 19437 (Sphingobacteria, Bacteroidetes)

Chitinophaga pinensis DSM 2588 (Sphingobacteria, Bacteroidetes)

D fermentans DSM 18053 (Cytophagia, Bacteroidetes)
Salinibacter ruber DSM 13855 (Bacteroidetes)

Candidatus Cloacamonas acidaminovorans Evry (candidate division WWE1)

0.72/-/0.97/0.91/0.86/-/76/- Candidatus Amoebophilus asiaticus 5a2 (Bacteroidetes)
M&Hdmium endosymbiont cEper1 of Encarsia pergandiella (Bacteroidetes)
H--10.84/0.91/--)- Haliscomenobacter hydrossis DSM 1100 (Sphingobacteria, Bacteroidetes)
{ — Alistipes shahii WAL 8301 (Bacteroidia, Bacteroidetes)

LSaprospira grandis DSM 2844 (Sphingobacteria, Bacteroidetes)
Flavobacteria bacterium MS024-2A (Flavobacteria, Bacteroidetes) .

0.98/0.54/0.95/0.96/0.99/70/98/74 Paulinella chromatophora (Cercozoa, Rhizaria)
ESynechococcus sp. RCC307 (Oscillatoriophycideae, Cyanobacteria)

X QTR Oscillatoria acuminata PCC 6304 (Oscillatoriophycideae, Cyanobacteria) Cyanobacte ria
OSBHO B0 B0 SII00S ( - Gloeobacter violaceus PCC 7421 (Gloeobacteria, Cyanobacteria)
{ Pseudanabaena sp. PCC 7367 (Oscillatoriophycideae, Cyanobacteria)
uncultured Flavobacteria bacterium (Flavobacteria, Bacteroidetes)
Acidaminococcus fermentans DSM 20731 (Negativicutes, Firmicutes)
Candidatus Pelagibacter ubique HTCC1062 (Alphaproteobacteria, Proteobacteria)
prima MesG1.Ag.4.2 (Thermotogales, Thermotogae)
— Oryza sativa Japonica Group (Streptophyta, Viridiplantae)
L Zea mays (Streptophyta, Viridiplantae)

0.99/0.93/1/0.97/1/88/97/93

0.64/-1-10.63)1-11-

sojaplos)oeg

-0.591-0.631---

—---0.791-H-

107105711~
0.62/-/0.65/0.89/0.83/-169/-

0.99/0.63/0.99/0.98/0.97/64/89/65

0.91/0.68/0.95/0.79/0.83/76/81/87

0.9610.82/0.99/0.99/0.99/75/76/80

0.6810.92/0.79/111/77/-184

— Arabidopsis thaliana (Streptophyta, Viridiplantae)

L Vitis vinifera (Streptophyta, Viridiplantae)

Physcomitrella patens patens (Streptophyta, Viridiplantae)
OE8HO G T2 Guillardia theta CCMP2712 (Pyrenomonadales, Cryptophyta) I t'd
OSTHEEHETE Coccomyxa subellipsoidea C-169 (Chlorophyta, Viridiplantae) p astua-

Chlorella variabilis (Chlorophyta, Viridiplantae) conta i n i n g

0.991-11/1/1/85192/82

0.75/-10.751-1--91/74

0.771-0.691-10.92/56/-/66

0.9710.71/1/0.9410.82/86/88/86

0.50.89/0.64/0.81/--/581-

Topology \ au np bp pp kh sh wkh wsh

Chlamydomonas reinhardtii (Chlorophyta, Viridiplantae)
: eukaryotes

-8 -8 -23 -7 -7 -7 -6
1 7-10_7 5-10_5 0 7'10»23 9107 9107 9107 2:10 Micromonas pusilla CCMP1545 (Chlorophyta, Viridiplantae)
2 21 07s 51 078 0 21 049 0 0 0 0 0.96/0.85/0.8/0.89/0.81/68/75/70 Phaeodactylum tricornutum CCAP 1055 1 (Bacillariophyta, Stramenopiles)
3 2:10° 2:10° 0 210 0 0 0 0 0.61-0.89/0.5200.771-+- Thalassiosira oceanica (Bacillariophyta, Stramenopiles)

Aureococcus anophagefferens (Pelagophyceae, Stramenopiles)
Cyanidioschyzon merolae strain 10D (Bangiophyceae, Rhodophyta)
Nannochloropsis gaditana CCMP526 (Eustigmatophyceae, Stramenopiles) _|
Neorickettsia risticii lllinois (Alphaproteobacteria, Proteobacteria)
Propionibacterium propionicum F0230a (Actinobacteridae, Actinobacteria)

691

0.8610.83/0.85/0.61--77/61
H10.89/0.61/0.861-1- EAclinomyces sp. oral taxon 178 F0338 (Actinobacteridae, Actinobacteria)
{ coccineum YM16-304 (Acidimicrobidae, Actinobacteria)
(— uncultured delta proteobacterium HF0070 10102 (Deltaprc ia, Pr ia)

L Bacteriovorax marinus SJ (Deltaproteobacteria, Proteobacteria)

Helicobacter cinaedi CCUG 18818 (Epsilonproteobacteria, Proteobacteria)
Zymomonas mobilis pomaceae ATCC 29192 (Alphaproteobacteria, Proteobacteria)
Novosphingobium sp. Rr 2-17 (Alphaproteobacteria, Proteobacteria)
Candidatus Puniceispirillum marinum IMCC1322 (Alphaproteobacteria, Proteobacteria)
Orientia tsutsugamushi Ikeda (Alphaproteobacteria, Proteobacteria)
Asticcacaulis excentricus CB 48 (Alphaproteobacteria, Proteobacteria)

—Ar phagocytophilum HZ (Alphaproteobacteria, Proteobacteria)

L Candidatus Blochmannia floridanus (Gammaproteobacteria, Proteobacteria)
Pirellula staleyi DSM 6068 (Planctomycetia, Planctomycetes)

Schlesneria paludicola DSM 18645 (Planctomycetia, Planctomycetes)
Truepera radiovictrix DSM 17093 (Deinococci, Deinococcus-Thermus)
Lentisphaera araneosa HTCC2155 (Lentisphaeria, Lentisphaerae)
Anaerolinea thermophila UNI-1 (Anaerolineae, Chloroflexi)

Neisseria meningitidis serogroup C (Betaproteobacteria, Proteobacteria)
Acidobacterium capsulatum ATCC 51196 (Acidobacteriales, Acldobacterla)
<-1-10.51/10.751-1-1- — Methylobacter tundripaludum SV96 bacteria, Pi

[ Persephonella marina EX-H1 (Aquificales, Aquificae)

Thermanaerovibrio acidaminovorans DSM 6589 (Synergistia, Synergistetes)
Jonquetella anthropi E3 33 E1 (Synergistia, Synergistetes)

Anaerobaculum mobile DSM 13181 (Synergistia, Synergistetes)

~-1-10.58-1--

1091111~

0.62/-1/0.9/0.87/-1761-

0.63/--/0.9/0.62/-1--

-0.81-1-1-1681-

-1-1--0.771-160-

0.821-10.97/0.82/-158/68/61

0.851-10.97/0.82/0.81/-/85/-
0781~

LHOTE Candidatus Riesia pediculicola USDA (Gammaproteobacteria, Proteobacteria)
Thermodesulfatator indicus DSM 15286 (Thert iales, Thermodest ia)
0521+ — alpha proteobacterium HIMB114 (Alphapr ia, Prc ia)
ECandidatus Liberibacter americanus PW SP (Alphapr ia, Prc ia)

~1-1-0.691-- E Lawsonia intracellularis PHE MN1-00 (Deltaproteobacteria, Proteobacteria)
Slackia piriformis YIT 12062 (Coriobacteridae, Actinobacteria)

Ureaplasma urealyticum serovar 7 ATCC 27819 (Mollicutes, Tenericutes)

Mycoplasma genitalium G37 (Mollicutes, Tenericutes)

0.56/-10.52/--/52/78/53

---10.9/0.85/-/51/-

Mycoplasma haemofelis Ohio2 (Mollicutes, Tenericutes)
Mycoplasma mycoides (Mollicutes, Tenericutes)

Mycoplasma hyorhinis MCLD (Mollicutes, Tenericutes)

Mycoplasma canis UF31 (Mollicutes, Tenericutes)

Eubacterium cylindroides T2-87 (Erysipelotrichi, Firmicutes)
Turicibacter sanguinis PC909 (Erysipelotrichi, Firmicutes)
0.64/-/0.7710.8/0.81-/56/- — Treponema vincentii ATCC 35580 (Spirochaetales, Spirochaetes)

L Treponema pallidum pallidum Nichols (Spirochaetales, Spirochaetes)
— Buchnera aphidicola BCc (Gammaproteobacteria, Proteobacteria)

L Wigglesworthia glossinidia endosymbiont of Glossina morsitans (Gammaproteobacteria, Proteobacteria) _|

-0.50/0.79/0.721-+--

0.791-1-10.68/0.81/-/59/-

+-1--10.64/-168/-

0.50/-1/0.77/0.931-+-
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o
0.9910.86/1108710.87/58651

(— Candidatus i CFP2
_Parabacteroides distasonis ATCC 8503 (Bacteroidia, Bacteroidetes)

sp.1114

0.710.68/0.88/0.76/0 81+

091/0.54/0.9410 807811

ATCC 33563
sp. oral taxon 279 F0450 (Bacteroidia, Bacteroidetes)

L Prevotell

0930510.971085/0.814

uenonis 60-3 3

0.9710.9910.8810.921 1001

Rpl28

052011

r
_ Odoribacter DSM 20712 .,

. HS1

0.9710.69/0.86/0.96/100-

069140.9110.7710.751-1551

asthe p. Panesthia angustipennis spadica BPAA (Flavobacteria, Bacteroidetes)

99 LCandldalus Su\cla muelleri GWSS (Flavobacteria, Bacteroidetes)
Candidatus Uzinura i ASNER
Weeksella virosa DSM 16922 (Flavobacteria, Bacteroidetes)

0,891

0.8/-0.94/0.89/0 965168/~

0.710.86/0.7610.801-

L i DSM 15997 (F
Lacinutrix sp. 5H-3-7-4 (Flavobacteria, Bacteroidetes)

agarilytica ZC1 (
Flavobacteriales bacterium ALC-1 (Flavobacteria, Bacteroidstes)
profunda SM-A87 (Flavobacteria, Bacteroidetes)
ochracea DSM 7271 (Flavobacteria, Bacteroidetes)

0.5710.1/0.681-1

08140.94/0.780.7511-

075HO.8BH-L1-

90881

073110591-08814521- ~c
[ sp. CF136
0990560951011 8354181 586 (F
L Robiginitalea biformata HTCC2501 (Flavobacteria, Bacteroidetes)

agri PB92

0980781053052 7 15619167
LSphlngobaclenum spiritivorum ATCC 33300 (Sphingobacteria, Bacteroidetes)

%Ahsnpes putredinis DSM 17216 (Bacteroidia, Bacteroidetes) B -
acteroidetes

Fluviicola taffensis DSM 16823 (Flavobacteria, Eactermdetes)

<-10.8900.86/-

0720405710 760771591
185!
0.98410.7910.9110.8811-

Salinibacter ruber DSM 13855 )
Rhodothermus marinus DSM 4252 i
Chitinophaga pinensis DSM 2588 (Sphingobacteria, Bacteroidetes)
Niastella koreensis GR20-10 (Sphingobacteria, Bacteroidetes)
AMV16 (Cytophagia, Bacteroidetes)
Fibrisoma limi BUZ 3 (Cytophagia, Bacteroidetes)

Runella slithyformis DSM 19594 (Cytophagia, Bacteroidetes)
Microscilla marina ATCC 23134 (Cytophagia, Bacteroidetes)

0.9900.54110.9710.981751--

0TS0
0991/1/0.810838774/53

089108210 8610.7710.881

L Emticicia DSM 17448 (Cytophagia, Bacteroidetes)
ytophaga ii ATCC 33406 (Cytophagia, Bacteroidetes)

Belliella baltica DSM 15883 (Cytophagia, Bacteroidetes)
Nitritalea halalkaliphila LW7 (Cytophagia, Bacteroidetes)
DSM 17526 (Cytophagia, Bacteroidetes)

0.5-10.54/0.8710.85/--

05208109111

0.92/0.68/0.7810830851/
P Echinicola

OSREOE e Indibacter LW1 (Cytophagia, Bacteroidetes)

0841108307903 1150 - -
[ AK6 (Cytophagia, Bacteroidetes)
B marinum DSM 745 (Cytophagia, Bacteroidetes)
05210.7410.871088:14- :
andidatus asiaticus 52 (
i sp. BAB1700 (Cytophagia, Bacteroidetes)
Fubivirga is AK7 (Cytophagia,

ga tractuosa DSM 4126 (Cytophagia, Bacteroidetes)
lata)

ososnsunssosuezeass  — Pyrocystis lunula (Dinofiageliata, Alveolata)
C Haliscomenobacter hydrossis DSM 1100 (Sphingobaceria, Bacteroidetes)

0.9710.710.9810.8810.871-1001

09910571110 9610 92196172

grandis Lewin
Emiliania huxleyi (Isochrysidales, Haptophyta)
Isochrysis galbana (Isochrysidales, Haptophyta)
parvum
Paviova lutheri (| . )

0.72/0.62/0.99/0.8810.73/591--

Vitis vinifera (Strep
C is thaliana

{ o {
Lci reinhardtii (C!

rrﬂlgelowwel\a natans (Cercozoa, Rhizaria) .
sp. RCC299 (Chiorophyt Cyanobacterla

OS5

0710780811505

L—Chlore\la variabilis (Chlorophyta, Vlrldlp\amae) and

C Paulinella chromatophora (Cercozoa, Rhizaria)
Prochlorococcus marinus MIT 9312 (Prochlorales, Cyanobacteria) - =
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