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Supplementary Methods
Cultivation and DNA isolation. Trachydiscus minutus CCALA 838 (Ptibyl et al. 2012) was grown
in the BBM medium (Nichols 1973) or on agar plates (2% agar in Zehnder medium; Staub 1961) at

the light intensity of 40 umol m-2 s-1 PhAR and temperature 24 °C. Ochromonas sp. CCMP1393
was purchased from the NCMA (Bigelow, Maine, USA) and grown at 21°C in the K medium
(Keller et al. 1987) with reduced salinity (25% reduction) Sargasso seawater as the base and
supplemented with yeast extract. The phylogenetic position of this isolate was determined by
sequencing the 18S rRNA gene and performing phylogenetic analysis (Fig. S1). The culture used to
attain Ochromonas DNA was grown from a single cell (initially sorted via flow cytometry). Total
DNA was isolated using the Dellaporta protocol (Dellaporta et al. 1983) in case of 7. minutus (using
independent isolations from different cultures for different sequencing runs) and the CTAB method
(Winnepenninckx et al. 1993) in case of Ochromonas.

DNA Sequencing and assembly. 1 ug of whole genomic DNA from 7. minutus was subjected to
454 sequencing on the Titanium platform according to GS FLX Library Preparation Method
protocols (Roche). In total over 900,00 reads were produced from a shotgun and a 3-kb paired-end
library and assembled using Newbler 2.6 (Roche), resulting in ~20,000 contigs and 18.7 Mb of a
unique sequence. Contigs representing the two single-copy regions and the inverted repeat region of
the T minutus plastid genome were identified by BLAST (Altschul et al. 1997) and manually
assembled into a contiguous circular-mapping sequence by taking into account linking information
from pair-end reads. To improve the assembly, Illumina reads (a PE library sequenced by GATC,
Konstanz) were mapped onto the plastid genome assembly using Bowtie 2 (Langmead and Salzberg
2012); mismatches or indels were identified visually using GenomeView (Abeel et al. 2012), which
led to correcting seven frame-shift errors in the original assembly and identification of a single-
nucleotide indel differentiating the two otherwise identical inverted repeats. DNA from
Ochromonas sp. CCMP1393 was sequenced using 454 and Illumina (2x100 with 4 kb average
insert size). Plastid data was identified as a significant peak in the linear 454 24mer histogram at
approximately 100x. Potential plastid reads were extracted if they were composed of at least 85% of
the 24mers found in the vicinity of the 100x peak. An initial assembly was constructed using the
combined linear 454 and Illumina paired reads using Newbler. The resulting initial assembly was
composed of four contigs joined into one scaffold, which was closed into a contiguous circular-
mapping sequence by re-mapping 454 reads using Blasr (Chaisson and Tesler 2012) and by
mapping [llumina reads using BWA (Li and Durbin 2009). By iterative extension of the sequence
into gaps and at both termini all five gaps (including the gap between the very 3'-terminus and very
5'-terminus of the original scaffold) could be closed and 19 frame-shift errors could be corrected.
Mapping of the reads onto the sequence was visually checked by using GenomeView.

Annotation of the plastid genomes. Initial automated annotation of the assembled plastid genome
sequences obtained using MFannot (http://megasun.bch.umontreal.ca/cgi-
bin/mfannot/mfannotInterface.pl) was further checked and improved manually. Comparison to
homologous sequences identified by blastp searches (Altschul et al. 1997) against the non-
redundant protein sequence database at NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was
employed to check the assignment of gene names and selection of most likely initiation codons. All
putative intergenic regions were screened by blastn and blastx searches against the non-redundant
protein sequence database to identify possible short or less conserved genes. The absence of genes
known from other plastid genomes was verified by tblastn searches against the 7. minutus and
Ochromonas sequences or by hmmer (v3.1) searches (http://hmmer.org/; Finn et al. 2011) against
the genome sequences conceptually translated in all six frames with queries represented by HMM
models obtained from the Pfam database (Finn et al. 2014). The identity of the c/pN gene (see
Results and discussion for details) was confirmed using the I-TASSER program (Zhang 2008) with



default settings. Genome maps (Fig. S2) were drawn using the GenomeVx program (Conant and
Wolte 2008).

Building phylogenomic matrices. Homologous proteins encoded by plastid genomes of various
algae and plants were identified by BLAST (the list of plastid genomes analysed and accession
numbers to sequences are provided in Table S1) and each group of homologs was analyzed by
inferring a maximum-likelithood (ML) tree (sing the CpREV+F+I" substitution model) to check for
possible misidentifications, paralogs, contaminations or other sources of artifacts. 68 conserved
genes we included in the analysis: acsF, atpA, atpB, atpH, atpl, ccsl, ccsA, clpC, petA,petB, petD,
petG, petN, psaA, psaB, psaC, psaD, psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK,
psbN, psbT, psbV, rpl2,rpl3, rpl4, rpl5, rpl6, rplll, rpll4, rpll6, rpll9, rpl20, rpl23, rpl27, rpl31,
rpoA, rpoB, rpoCl, rpoC2, rps2, rps3, rps4, rpsS, rps7, rps8, rpsll, rpsl2, rpsl3, rpsl4, rpsl6,
rpsl7, rpsl8, rpsl9, secA, secY, sufB, tatC, tufA, ycf3, ycf4. Orthologous sequences were aligned
using MAFFT (Katoh et al. 2002) and unreliably aligned regions were manually discarded.
Alignments were concatenated using Phyutility 2.2 (Smith and Dunn 2008), leaving 16,948 amino
acid (aa) positions in the main (“Full”) alignment (hereafter referred to as the dataset F). An
alternative alignment was constructed to include only sequences of the slowly evolving 34 plastid
genes as defined by Janouskovec et al. (2010). The respective protein sequences were aligned using
MAFFT, trimmed using Gblocks (Talavera and Castresana 2007) and concatenated using
FASconCAT (Kiick and Meusemann 2010), yielding the dataset SG (“Slow Genes”; 14,699 aa). A
topology-independent compatibility method implemented in TIGER (Cummins and Mclnerney
2011) was used to remove the fastest-evolving category of sites (out of 10 categories) from the full
dataset F, leaving 11,208 aligned aa positions (dataset SP - “Slow Positions™). All alignments are
available upon request from the corresponding author Marek Elias.

Phylogenetic analyses. Phylogenetic trees were inferred using two different methods. ML trees
were obtained using RAXML 7.4.8a (Stamatakis 2006). The GTRGAMMA model of amino acid
substitution yielded the highest likelihood score in initial analyses of concatenated datasets (with
topology being consistent among all models explored), and was thus used as the only model
throughout all subsequent analyses. The best scoring trees were estimated using rapid-bootstrapping
from 500 replicates. The branching support was assessed using thorough (‘slow’) non-parametric
bootstrap from 500 replicates. Bayesian inference of concatenated datasets was performed using
PhyloBayes 3.3f (Lartillot et al. 2009). Cross-validation (CV) revealed that the most complex
infinite mixture model (CAT), with components differing by their equilibrium frequencies, but
sharing the relative exchange rates as defined by GTR model, yielded the best CV score. For each
dataset, four MCMC chains were run until converged (i.e. maximum observed discrepancy was 0.3
or lower) and effective sample size of model parameters reached 100. Posterior probabilities
computed after discarding first 1/5™ of generations represent statistical support of branching.

Analysis of evolutionary rates of ochrophyte plastid genes. Root-to-tip distances of ochrophyte
species were extracted from 51 single-gene phylogenetic trees using TreeStat
(http://tree.bio.ed.ac.uk/software/treestat/). Only the plastid genes with monophyletic ochrophytes
were considered and sequences from the extremely divergent plastid genomes of V. brassicaformis
and K. veneficum were omitted from the phylogenetic reconstruction. The values were averaged
within each of the following ochrophyte clades: diatoms, pelagophytes, extended “PX” clade
(including Heterosigma akashiwo) and Limnista. Ratios of average root-to-tip distance comparing
Limnista to each of the remaining ochrophyte clades were then calculated for every particular gene
and visualized as box-plots using Prism 6 statistical package (GraphPad). Significance of deviation
of distribution of ratios from 1.0 was tested using one-tailed t-test and non-parametric Wilcoxon
signed-rank test as included in Prism 6.



Supplementary Notes

Supplementary Note 1 — notable features if the gene sets in the Ochromonas sp. CCMP1393
and Trachydiscus minutus plastid genomes

We found 25 and 28 different tRNA genes in the plastid genomes of Ochromonas sp. CCMP1393
and Trachydiscus minutus, respectively. The difference in the numbers of tRNA genes is due to
extra tRNAs for each arginine, glycine, and leucine in the 7. minutus plastid genome (Table S3).
Both sets of tRNAs are predicted to be able to decode all existing codons if the super-wobble
pairing mechanism is considered (Rogalski et al. 2008). Ochromonas uniquely among ochrophytes
lacks the tRNA-Gly(GCC) gene and all Gly codons are thus most likely decoded by tRNA-
Gly(UCC), considering super-wobble pairing between the third position of the codons and the U
residue in the anticodon. Trachydiscus is unique among ochrophytes in having a tRNA-Leu(CAA)
gene. As in bacteria and other plastids (Silva et al. 2006), the isoleucine codon AUA is apparently
decoded by a tRNA [tRNA-Ile(CAU)] with the CAU anticodon post-transcriptionally modified to
lysidine (2-lysyl-cytidine ) at the wobble position. We could distinguish the three tRNAs with the
CAU anticodon, i.e. tRNA-fMet(CAU), tRNA-Met(CAU), and tRNA-Ile (CAU), by comparison
with previously annotated genes (Kurihara and Kunisawa 2004).

Additional non-coding RNAs encoded by the two plastid genomes include all three ribosomal
RNAs (16S, 23S, 5S); in contrast to some other ochrophytes, genes for transfer-messenger RNA
(tm-RNA) and signal recognition particle RNA (4.5S RNA encoded by the ffs gene) are absent
(Table S2 and Fig. S2).

We evaluated variations in plastid gene content and genome architecture among eustigmatophytes
on a broader phylogenetic scale than previously possible. The different Nannochloropsis spp. have
nearly identical protein-coding gene sets (Wei et al. 2013; Starkenburg et al. 2014), whereas more
pronounced differences were observed between Nannochloropsis and Trachydiscus. Specifically,
Nannochloropsis spp. have retained the ycf36 gene (lost in Trachydiscus), in contrast to
Trachydiscus, which has retained acpP, lysR (=rbcR), and tsf genes (lost in Nannochloropsis; Table
S3). Furthermore, while the Nannochloropsis species have little to no difference in the gene order
and orientation (Wei et al. 2013; Starkenburg et al. 2014), 17 different blocks of colinear genes are
apparent when the plastid genomes of Trachydiscus and Nannochloropsis spp. are compared (Fig.
S2), indicating a number of rearrangements of the plastid genomes since the last common ancestor
of eustigmatophytes.

Except the ycf49 gene present in Trachydiscus and other eustigmatophytes, the two newly
sequenced plastid genome do not harbour any genes of recognizable homology that would be absent
from other ochrophytes. However, the Ochromonas genome includes five ORFs (putative protein-
coding genes) with no discernible homology to sequences in databases, and no hints as to the
possible origin of these ORFs by extreme divergence of known genes could be obtained by
comparing their relative position to other genes. The Trachydiscus genome bears three ORFs that
are most likely homologous to ORFs at equivalent positions in plastid genomes of Nannochloropsis
spp. (Table S3); however, comparing the relative position of these ORFs to other plastid genomes
provided no conclusive evidence for possible homology to known genes.

The Ochromonas plastid genome is unique among sequenced ochrophytes in lacking the thiS gene
encoding a sulfur carrier protein involved in thiamine biosynthesis, whereas the Trachydiscus
plastid genome does not seem to lack any gene that would be ubiquitous in other ochrophytes.
However, sequenced eustigmatophyte plastid genomes, 1i.e. those of Trachydiscus and
Nannochloropsis spp., share the absence of rpl24. This gene encodes a protein of the large
ribosomal subunit and is present in all other sequenced ochrophyte plastid genomes, including



Ochromonas (Table S3), but is missing from most plastid genomes from outside ochrophytes
(Maier et al. 2013). Since Trachydiscus and Nannochloropsis represent the two main
eustigmatophyte sublineages (Pfibyl et al. 2012; Fawley et al. 2014), rp/24 seems to have been lost
in the eustigmatophyte stem lineage. No potential nucleus-encoded plastid-targeted homolog of the
Rpl24 protein could be found in available genome sequences from Nannochloropsis spp. or our
transcriptome data from Trachydiscus (data not shown), suggesting that the eustigmatophyte plastid
ribosomes could dispense with the Rpl24 protein, although it is maintained in other ochrophytes.

The genes ycf33 and ycf39 are poorly characterized concerning their function yet present in all
ochrophyte plastids expect those of eustigmatophytes and Ochromonas (Table S3). If the absence of
these two genes from other eustigmatophyte and chrysophyte (and synchromophyte) plastid
genomes is confirmed by future sampling, these losses would constitute putative synapomorphies
for the whole clade comprising these ochrophyte classes, i.e. Limnista. There are other shared, but
less notable, gene absences from the eustigmatophyte and Ochromonas plastid genomes,
specifically, genes that are missing in some other ochrophytes as well (Table S3).

Supplementary Note 2 — phylogenetic relationships outside the Ochrophyta inferred from
analyses of plastid genomes

In the main text we focus on the results of our phylogenomic analyses directly relevant to the
phylogeny of ochrophytes; here we briefly describe and discuss aspects of our trees (Figs 1, 2, and
S6-13) concerning other algal lineages.

First, we observed an unstable position of the highly supported clade of the green algae Mesostigma
viride and Chlorokybus atmophyticus (currently classified as Streptophyta) in our trees. Depending
on the dataset and phylogenetic method, this clade was either a basal branch within the
monophyletic Streptophyta, or was sister to all remaining Chloroplastida combined. These
alternating positions were observed in previous analyses (Lemieux et al. 2007; Baurain et al. 2010;
Lang and Nedelcu 2012) and the reasons for this incongruence are not clear. Regardless, the
position of at the base of the Streptophyta is supported by anlayses based on nuclear and
mitochondrial genes (Rodriguez-Ezpeleta et al. 2007).

Second, our analysis is the first to include full plastid genome data from the cyanidiphyte red alga
Galdieria sulphuraria (a draft plastid genome sequence could be extracted from the data generated
by the G. sulphuraria genome project; Schonknecht et al. 2013). G. sulphuraria branched together
with other members of Cyanidiophyceae (Cyanidioschyzon merolae and Cyanidium caldarium) as
their sister, which is in agreement with previous phylogenetic analyses based on a smaller number
of markers (Yoon et al. 2006).

Third, “chromalveolate” plastids were monophyletic and consistently branched between the
Cyanidiophyceae and the remaining red algae, including the Florideophyceae, Bangiophyceae, and
Porphyridium purpureum (Porphyridiophyceae). The same general topology was recently recovered
by Tajima et al. (2004). Lang and Nedelcu (2012) reported a PhyloBayes tree based on a multigene
plastid dataset lacking G. sulphuraria and P. purpureum yet instead including data from
unpublished plastid genome sequences from two rhodophyte lineages missing from our analysis, the
Stylonematophyceae and Compsopogonophyceae. These two lineages clustered with maximal
support with the Bangiophyceae and Florideophyceae to the exclusion of the Cyanidiophyceae and
“chromalveolates”. Collectively these results supports the insights from analyses based on datasets
including much fewer genes yet better taxonomic sampling (Yoon et al. 2002) that the red algal
endosymbiont giving rise to the “chromalveolate” plastids came from a deep rhodophyte lineage
having diverged before the radiation of modern red algal classes except the Cyanidiophyceae.



Four, our trees differed in the relative positions of cryptophytes and haptophytes. All ML trees
except one recovered them as a monophyletic group, albeit rarely with stronger support, whereas all
PhyloBayes trees and the ML tree derived from the F+V dataset showed haptophytes branching
with ochrophytes, although again with low support in most cases. These two alternative
relationships were also observed previously in different analyses (Baurain et al. 2010; Janouskovec
et al. 2010; Lang and Nedelcu 2012). The latter topology is supported by the shared unique
replacement of the rp/36 gene in the haptophyte and cryptophyte plastid genomes by horizontal
gene transfer (Rice and Palmer 2006) and is in principle consistent with the existence of the
hypothetical assemblage Hacrobia (or CCTH; Okamoto et al. 2009; Burki et al. 2009) having a
plastid-bearing ancestor, but the most recent phylogenomic analyses based on nuclear genes (Burki
et al. 2012; Yabuki et al. 2014) do not favour the existence of this assemblage. The alternative
topology with the Haptophyta+Ochrophyta clade in the plastid phylogeny would be consistent with
the position of the Haptophyta sister to the SAR clade (including ochrophytes) suggested by some
phylogenomic analyses (Burki et al. 2012) and the ancestral presence of the plastid in the
Haptophyta+SAR group; however, this grouping is not recovered in other phylogenomic analyses
(e.g. Brown et al. 2013; Yabuki et al. 2014).

In summary, phylogenomic analyses are consistent with previous results in that they support a
common origin of plastids in “chromalveolate” lineages, but do not provide conclusive evidence for
or against another central tenet of the “chromalveolate hypothesis”, i.e. that plastids in the different
“chromalveolate” lineages were inherited vertically from a hypothetical chromalveolate ancestor.
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Figure S1. Phylogenetic position of Ochromonas sp. CCMP1393 deduced from the 18S rRNA gene sequence.
Shown is a ML tree inferred using the program Phylip. Ochromonas sp. CCMP1393 (marked with an arrow)
is nested within the class Chrysophyceae with high bootstrap support.
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Figure S2. Genome maps of the eustigmatophyte 7Trachydiscus minutus and the chrysophyte Ochromonas sp. CCMP1393.
Moving from the outside inwards, the rings represent genes, the extent of inverted repeats (IR1 and IR2),

and (in the case of the Trachydiscus genome) conserved blocks of genes shared with the plastid genomes

of Nannochloropsis spp. (the blocks are numbered by Roman numerals to reflect their relative order

in the Nannochloropsis genomes, arrows at the Roman numerals indicate that the blocks are inverted relative

to the Trachydiscus sequence, the Arabic numerals at the blocks indicate consecutively numbered genes

in the N. oceanica genome that belong to the blocks). The unusually short small single copy region in the Ochromonas
plastid genome is indicated by the red arrow. Note that genes on the outer side and inner side of the gene ring

are transcribed in the clockwise orientation and counter-clockwise orientation, respectively.
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Figure S4. Examples of unusual indels in plastid-encoded proteins in the Limnista clade. Sequence alignments of
plastid genome-encoded proteins from diverse ochrophytes are shown to document the increased tendency of
proteins from the eustigmatophytes and chrysophytes to depart from the pattern conserved in other ochrophytes by
exhibiting unusual indels (highlighted in yellow). Species names are coloured to indicate taxonomic assignment:
dark green — Limnista (Eustigmatophyceae and Chrysophyceae), red — Raphidophyceae, orange — Xanthophyceae,
light green — Phaeophyceae, violet — Pelagophyceae, brown — Bacillariophyceae. Sequence identifiers are
provided on the right, numbers flanking the sequences indicate coordinates of the sequence regions are shown.
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Figure S5. Rapid evolution of plastid genes of eustigmatophytes and Ochromonas sp. CCMP1393.

Distribution of ratios of root-to-tip distances as inferred from 51 plastid genes illustrates elevated relative rates of substitution
in Limnista as compared to other ochrophyte clades.

See Supplementary Methods for details on the procedure used to obtain the data presented in the graph.
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Figure S6. Plastid phylogeny inferred from protein sequences encoded by 69 conserved plastid genes (dataset F, 16,948 aa positions).

(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.
(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.
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Figure S7. Plastid phylogeny inferred from protein sequences encoded by 69 conserved plastid genes after removal of the most rapidly
evolving sites (dataset SP, 11,208 aa positions). (A) Maximum likelihood tree (RAXML, GTRGAMMA model);

only the “chromalveolate” subtree is shown for simplicity. (B) PhyloBayes tree inferred using the CAT+GTR model.

The convention for indicating branch support values is the same as in figure 1.
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Figure S8. Plastid phylogeny inferred from protein sequences encoded by 69 conserved plastid genes, including genes

from Vitrella brassicaformis but not from Karlodinium veneficum (dataset F+V-K, 16,948 aa positions).

(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.

(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.
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Figure S9. Plastid phylogeny inferred from protein sequences encoded by 69 conserved plastid genes after removal of the most rapidly
evolving sites, including genes from Vitrella brassicaformis but not from Karlodinium veneficum (dataset SP+V-K, 11,208 aa positions).
(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.

(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.
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Figure S10. Plastid phylogeny inferred from protein sequences encoded by 69 conserved plastid genes, including genes

from both Vitrella brassicaformis and Karlodinium veneficum (dataset F+V, 16,948 aa positions).

(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.

(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.
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Figure S11. Plastid phylogeny inferred from protein sequences encoded by 34 slowly-evolving conserved plastid genes, including genes
from both Vitrella brassicaformis and Karlodinium veneficum (dataset SG+V 14,699 aa positions).

(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.
(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.



A
ML topology of Ochrophytes
0.2

Durinskia baltica
Kryptoperidinium foliaceum
Fragilariopsis cylindrus
Fistulifera sp. JPCC DA0580 Bacillariophyceae
Phaeodactylum tricornutum Ochrophyta
Odontella sinensis
Thalassiosira pseudonana
Aureoumbra lagunensis
Aureococcus anophagefferens I Pelagophyceae
uncultured Pelagomonas
Ectocarpus siliculosus
Saccharina japonica Phaeophyceae
Fucus vesiculosus
Vaucheria litorea Xanthophyceae
Heterosigma akashiwo Raphidophyceae
Nannochloropsis oceanica
Nannochloropsis gaditana I Eustigmatophyceae I LIMNISTA
Trachydiscus minutus

91

Vitrella brassicaformis

Ochromonas sp. CCMP1393 I Chrysophyceae [ ]
Diacronema (Pavlova) lutheri

Phaeocystis antarctica

Emiliania huxleyi

o Karlodinium veneficum

Cryptomonas paramecium
Guillardia theta
Rhodomonas salina

B

Bl with ML branching support
0.2

Durinskia baltica

Kryptoperidinium foliaceum
Fragilariopsis cylindrus .
Fistulifera sp. JPCC DA0580 Bacillariophyceae

Phaeodactylum tricornutum Ochrophyta
Odontella sinensis

Thalassiosira pseudonana
uncultured Pelagomonas |

0.96/d.t.

Aureococcus anophagefferens

Pelagophyceae
Aureoumbra lagunensis

I 40% of actual length I

Vitrella brassicaformis
Ectocarpus siliculosus

— Saccharina japonica Phaeophyceae
Fucus vesiculosus

Vaucheria litorea Xanthophyceae ,;’g?Q
Heterosigma akashiwo Raphidophyceae & &
Nannochloropsis gaditana N K\
0.99/d*. : ; NP
—'_L_Nannochloropsw oceanica < R LIMNISTA
- Trachydiscus minutus (\9
vt Ochromonas sp. CCMP1393 (ko)

1/d.t.

1/85 Diacronema (Pavlova) lutheri

o,m:Phaeocysﬁs antarctica Habtobhvta
-/76 Emiliania huxleyi (o erameionar] o ] aLait s A
40% of actual length Karlodinium veneficum
1/99 /76 - - Cryptomonas paramecium

B Guillardia theta
Rhodomonas sql{na
Porphyridium purpureum
Calliarthron tuberculosum

|

Cryptophyta

Chondrus crispus
Gracilaria tenuistipitata
Porphyra purpurea Rhodophyta
Pyropia yezoensis
Galdieria sulphuraria
—| | Cyanidium caldarium
Cyanidioschyzon merolae
Cyanophora paradoxa I Glaucophyta
1/66 Monomastix sp. OKE-1
Pyramimonas parkeae
Nephroselmis olivacea
Chlorella vulgaris
” Pedinomonas minor
0.99/d1 Chlamydomonas reinhardtii .
Arabidopsis thaliana Chloroplastida
Marchantia polymorpha

Syntrichia ruralis
Chara vulgaris
Chlorokybus atmophyticus
Mesostigma viride

Figure S12. Plastid phylogeny inferred from protein sequences encoded by 69 conserved plastid genes after removal of the most rapidly
evolving sites, including genes from both Vitrella brassicaformis and Karlodinium veneficum (dataset SP+V 11,208 aa positions).

(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.

(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.
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Figure S13. Plastid phylogeny inferred from protein sequences encoded by 34 slowly-evolving conserved plastid genes, including genes
from Vitrella brassicaformis, Chromera velia and Karlodinium veneficum (dataset SG+V 14,699 aa positions).

(A) Maximum likelihood tree (RAXML, GTRGAMMA model); only the “chromalveolate” subtree is shown for simplicity.

(B) PhyloBayes tree inferred using the CAT+GTR model. The convention for indicating branch support values is the same as in figure 1.
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