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Supplementary Fig. 1. Phylogenetic network of Suessiales genomes based on alignment-free analysis of
21-mers. Similarity network constructed based on shared 21-mers among the genome sequences of the
Suessiales isolates. Each panel shows the network at a similarity threshold (7), at edges (connections) with a
similarity value below the threshold are discarded; see Bernard et al. [30] for more detail. Data points
representing each dataset are coloured following the bottom legend. S. microadriaticum isolates are the last
Symbiodinium clique at 7= 9.0.
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Supplementary Fig. 5. Assessment of Symbiodinium genome data generated from this study. (a-g)
GenomeScope?2 profiles (p:1; haploid) based on 21-mers for each of the seven genome datasets. The single
peak of the k-mer frequency distribution suggests that the genome is likely haploid (17). (h) Number of the
duplicated gene blocks found within each analysed genome (x-axis) against the number of implicated genes
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Supplementary Fig. 6. G+C content of third codon position (x-axis) against average G+C content of first
and second positions (y-axis) of full-length CDS in genomes of Symbiodinium taxa. The grey diagonal
line indicates the values where the nucleotide composition is the same in both metrics, indicative of
neutral evolution. The red line represents the regression line estimated from the CDS data; the corre-
sponding slope (m), Pearson’s correlation coefficient (r) and statistical significance (p) are shown in red.
To highlight overall patterns of nucleotide composition, the plot is split into four quadrants with coordi-
nates at 50% from both axes. Dots falling into each quadrant are coloured in a different shade of blue; the
corresponding number of CDS for each quadrant is shown.



S. microadriaticum CasskKB8

[o) ¢ JC D

o
it

4]
it

Effective number of
codons used (N¢)

o
<

(&)
o
1

Effective number of
codons used (N¢)

Effective number of
codons used (N¢)

0 25 50 75 100
G+C of synonymous third
codon positions (%)

S. microadriaticum 04-503SCI.0

0 25 50 75 100
G+C of synonymous third
codon positions (%)

3 S. microadriaticum CCMP2467
60 - :

50
40 -

30 1

60 4

50 -

404

30 1

0 25 50 75 100

0 25 50 75 100
G+C of synonymous third
codon positions (%)

Supplementary Fig. 7. Effective number of codons used (N, y-axis) as a function of the G+C content
of synonymous third codon positions (x-axis) in genomes of Symbiodinium taxa. The curve line
represents the neutral expectation of Ne. CDS with a N¢ 25% smaller than the expected are considered
to display strong codon usage preference and are highlighted in a darker shade of blue; the
corresponding CDS count is shown in each graph.



Row Z-Score
- 7r r T
-2 0 2
Genus Lifestyle
Symbiodinium M Mutualistic symbiont
Breviolum Opportunistic symbiont
Cladocopium M Free-living
Fugacium Psycrophilic
I Polarella

Genus

I D L ifestyle

N-gycan biosynthesis and processing

G0:0006491 N-glycan processing

G0:0016258 N-glycan diversification

G0:0016257 N-glycan processing to secreted and cell-surface N-glycans
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I PF13428 Tetratricopeptide repeat
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e PF13431 Tetratricopeptide repeat
- PF13432 Tetratricopeptide repeat
PF13512 Tetratricopeptide repeat
PF14559 Tetratricopeptide repeat
PF14561 Tetratricopeptide repeat
- PF14852 Fis1 N-terminal tetratricopeptide repeat
- PF14853 Fis1 C-terminal tetratricopeptide repeat
| ] [ ] PF16669 Tetratricopeptide repeat protein 5 OB fold domain
PF16918 Protein kinase G tetratricopeptide repeat
PF18028 Zmiz1 N-terminal tetratricopeptide repeat domain
PF18391 CHIP N-terminal tetratricopeptide repeat domain
PF18710 ComR tetratricopeptide
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[ ] G0:0005976 Polysaccharide metabolic process
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G0:0005996 Monosaccharide metabolic process
G0:0009311 Oligosaccharide metabolic process

Nitrogen metabolism

G0:0015696 Ammonium transport
G0:0019740 Nitrogen utilization
G0:0042128 Nitrate assimilation

Lipid metabolism
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Supplementary Fig. 8. Symbiosis-related gene functions that are encoded in 15 Suessiales genomes. The
relative abundance of GO terms and Pfam domains are shown as Z-scores; those with a row of Z = 0 are
absent in all genomes. Genus and lifestyle are colour-coded based on the legend on the top-right corner.
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Supplementary Fig. 9. Gene functions related to stress response, cell division, DNA damage repair,
photobiology and flagellum, which are encoded in 15 Suessiales genomes. The relative abundance of GO

terms and Pfam domains are shown as Z-scores. Genus and lifestyle are colour-coded based on the legend on
the top-right corner.
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G0:0042301 Phosphate ion binding

G0:0099580 lon antiporter activity in regulation of membrane potential

GO:0016041 Glutamate synthase (ferredoxin) activity
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G0:0030247 Polysaccharide binding

GO:0001871 Obsolete pattern binding

GO0:0016301 Kinase activity

G0:0016832 Aldehyde-lyase activity

G0:0008792 Arginine decarboxylase activity
GO:0004061 Arylformamidase activity

GO0:0000246 Delta24(24-1) sterol reductase activity
G0:0047456 2-methylisocitrate dehydratase activity
G0:0008336 Gamma-butyrobetaine dioxygenase activity

I G0:0016643 Oxidoreductase activity on CH-NH2 donors

StSn
-log, (p-val) GO:0008233 Peptidase activity
30 GO:0004540 Ribonuclease activity
20 GO:0003964 RNA-directed DNA polymerase activity
GO:0003887 DNA-directed DNA polymerase activity
10 GO:0003676 Nucleic acid binding
GO:0004523 RNA-DNA hybrid ribonuclease activity
Absent GO:0003723 RNA binding
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GO:0004190 Aspartic-type endopeptidase activity
GO0:0004519 Endonuclease activity
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GO:0004385 Guanylate kinase activity
GO:0004351 Glutamate decarboxylase activity
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GO0:0036459 Thiol-dependent ubiquitinyl hydrolase activity
GO:0017061 S-methyl-5-thioadenosine phosphorylase activity
GO:1904265 Ubiquitinyl hydrolase activity
GO:0004198 Calcium-dependent cysteine-type endopeptidase activity
GO:0015375 Glycine:sodium symporter activity

I GO:0005295 Neutral amino acid:sodium symporter activity

. GO:0015098 Molybdate ion transmembrane transporter activity

GO:0005416 Amino acid:cation symporter activity
GO:0005343 Organic acid:sodium symporter activity
G0:0005283 Amino acid:sodium symporter activity

Supplementary Fig. 10. Overrepresented gene functions in S. tridacnidorum (St) and in S. natans (Sn).
GO Molecular Function terms that are enriched in (a) genes with conserved DinoSL relicts in the
upstream regions and (b) genes encoding reverse-transcriptase domains.
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Supplementary Fig. 11. Genome proportion (in percentage of the sequence length) of distinct
elements in genomes of S. tridacnidorum, S. natans and P. glacialis.
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Supplementary Fig. 12. Comparison between genome sequences of S. tridacnidorum versus
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of the number of gene copies implicated in the blocks.
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Supplementary Fig. 13. Analytic workflow of Iso-Seq sequencing data and assessment of k-mers in the
generated genome data. Diagram showing the detailed steps followed to process PacBio IsoSeq data to
generate full-length transcript evidence for gene prediction. The traditional IsoSeq 3.1 workflow (blue
arrows) was followed to obtain low- and high- quality transcripts. In an alternative approach (red
arrows), circular consensus sequences (CCS) were called and polished simultaneously. These polished
CCS were further trimmed and refined into full-length transcripts skipping the clustering step. IsoSeq
sequences from the DinoSL library were processed apart from the other libraries. Boxes in dark blue
represent the transcript evidence subsequently used for gene prediction and the values in parentheses
show the corresponding number of sequences from the standard (left) + the DinoSL (right) libraries for

both S. tridacnidorum (St) and S. natans (Sn).
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Supplementary Fig. 14. Proportion of (a) distinct and (b) unique k-mers observed in the genome

data for each isolate across different values of k length.
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