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Supplementary Materials and Methods

Samples and Sequencing
	The Ostreobium quekettii sample (voucher SAG 6.99) was obtained from the Culture Collection of Algae at the University of Gottingen. The Halimeda discoidea sample (voucher HV04923) was collected in New Ireland, Papua New Guinea in 2014. Caulerpa cliftonii (voucher HV03798) was collected in Point Lonsdale (VIC, Australia) in 2013. The strain of Derbesia sp. (WEST4838) was obtained from the culture collection of John West (University of Melbourne). 
	Total genomic DNA was extracted using a modified cetyl trimethylammonium bromide (CTAB) method as described in Cremen et al. (2016). The library preparation and sequencing was performed by the Georgia Genome Facility (Ostreobium) or by the Genome Center of Cold Spring Harbor Marine Laboratory (Halimeda, Derbesia and Caulerpa). The Ostreobium DNA extraction was sheared to ca. 500 bp (Duty 5%, PIP 105, CpB 200, time 80 sec), transferred to 96-well plate (with other libraries) and processed using the Kapa Biosystems DNA Library Preparation Kit using ligation with a common adapter stub followed by PCR addition of full length dual indexed adapters and with dual spri size selection. After six cycles of PCR, the amplification was checked by agarose gel electrophoresis and low concentration samples subjected to additional amplification. Libraries were purified and the concentration determined by fluorometry. The libraries were normalized to 10nM, quantified with qPCR and pooled at equivalent amounts of libraries. The pools of libraries were run on the Illumina NextSeq 500 using PE150 High Output settings. The sequencing run generated 11.4 million paired-end reads (2 × 151 bp) for the Ostreobium library. The DNA extraction of Caulerpa, Derbesia and Halimeda were sheared to ca. 350 bp, the library was prepared with a TruSeq Nano LT Kit (Illumina) and sequenced on an Illumina HiSeq 2000 platform (2 × 100 bp). The sequencing run generated 15.7 million paired-end reads for Caulerpa, 24.5 million paired-end reads for Derbesia and 19.4 million paired-end reads for Halimeda.


Assembly
[bookmark: _GoBack]	Sequences were assembled using CLC Genomics Workbench 7.5.1 (http://www.clcbio.com). Quality trimming was done within CLC using default settings. De novo assembly was done using automatic word (k-mer) and bubble sizes, minimum contig size of 1000bp, simple contig production, and default parameters for the rest. The chloroplast contigs were identified using BLAST. Circularity and ambiguous scaffold regions were resolved by comparing the CLC assembly with assemblies generated independently with MEGAHIT (Li et al. 2015), SOAPdenovo2 (Luo et al. 2012) and SPADES (Nurk et al. 2013). For MEGAHIT assembly, raw (not trimmed) sequence reads were used, a minimum contig length of 1000bp was set and default values were used for the remaining settings. For SOAPdenovo2 assembly, the following settings were used: max. read length = 150 bp for Ostreobium and 101 bp for the other seaweeds; average insert size = 200bp and 300bp for Ostreobium and the other algae, respectively; reads length cut off (quality trimming) = 140 and 95, for Ostreobium and the other algae, respectively; cut off of pair number = 3; minimum aligned length to contigs for a reliable read location = 40bp. For the SPADES assembly, sequences were trimmed with Trimmomatic (Bolger et al. 2014), SPADES was run using the --careful flag and other default settings. Scaffolds regions were checked and resolved by comparing the results of different assemblers, by “closing the gaps” with GapCloser (Luo et al. 2012) and by mapping the sequence reads to the scaffold in Geneious 9.0.4 (Kearse et al. 2012). The assembly generated by CLC workbench for Halimeda had two gapped scaffold regions that are uncertain: one, assembled with the SPADES assembler, has a coverage peak, suggesting that a higher number of repeats may be present. The other region was not assembled with any of the software (only identified as a scaffold based on paired-end reads by the assemblers) and was coded as 100 Ns. We did not attempt to use PCR to solve these regions because they will not affect the conclusions of this manuscript. Coverage of all genomes, including a detail with the coverage peak on the Halimeda scaffolds, can be found in Supplementary Figure S2. Coverage was calculated with Geneious.


Annotation
	The sequences were submitted to MFannot (http://megasun.bch.umontreal.ca/RNAweasel), DOGMA (Wyman et al. 2004) and ARAGORN (Laslett 2004) online tools. MFannot was run with the table 11 genetic code and otherwise default parameters. DOGMA was run with a 60% cutoff for protein coding genes, 80% for RNAs, and a BLAST e-value of 1e-5. ARAGORN was run with the following settings: type (tRNA and tmRNA) = both; allow introns = yes; topology = circular; strand = both. The results were converted to the GFF3 file format and inspected manually in Geneious. All resulting annotations were manually compared, vetted, and added to the final annotation layer once their accuracy was verified. Start and stop positions of coding sequences and introns were visually verified by aligning them with sequences of other algae using MAFFT (Katoh et al. 2002). Intron types were determined with RNAweasel (http://megasun.bch.umontreal.ca/RNAweasel). Open read frames (ORFs) were predicted with the GLIMMER (http://ccb.jhu.edu/software.shtml) plugin in Geneious. 
	For the comparative analyses, we excluded all hypothetical ORFs with less than 300 bp and re-annotated the tilS gene as a pseudogene (not a CDS) in species where it has a frame shift or a stop codon in the middle of the gene (Tydemania and Bryopsis). The number of repeats larger than 50bp was calculated in Geneious, allowing zero mismatches, excluding repeats up to 10bp longer than contained repeat, excluding contained repeats when longer repeat has a frequency at least 3. We used the Geneious implementation of Phobos v.3.3.11 (Mayer 2007) to identify tandem repeats with lengths between 15 and 1000bp, using the “perfect” search mode. Palindromic repeats were calculated with the Emboss suite (http://emboss.bioinformatics.nl/), using with default values (minleng = 10, max len = 100, maximum gap = 100bp). In order to compare the genomes’ synteny (Figure 2), the genomes were rearranged to start at the 16S rDNA position and aligned with the progressive Mauve algorithm implemented in Geneious, using the full alignment option and automated calculation of minimum locally collinear block score.

Searching cemA:
	The cemA gene was lost from the chloroplast genome of Ostreobium. In order to access whether it has been transferred to the nucleus, we performed blast searches in the contigs generated by the CLC assembly, and in a transcriptome data kindly provided by a member of the Verbruggen lab who generated this data for another unrelated study. The transcriptome was obtained from the same Ostreobium strain (SAG 6.99) used to sequence the chloroplast genome. We used the cemA gene of Bryopsis plumosa as a reference.
	We performed blastn and tblastx searchers using CLC contigs as a blast database. No hit was obtained with E-value < 1. The three obtained hits (all with tblastx) had bit scores between 34 and 31.
	We performed similar searches (blastn and tblastx) using the contigs generated from the transcriptome data. No hit was obtained with tblastx. With blastn, one hit was obtained with e-value = 0.62 (bit score = 37), and the matching sequence was 27 bp long.

Rates of evolution
	Besides estimating whether rates of evolution are significantly different along the branch leading to Ostreobium with the model selection procedure implemented in PAML (Yang 2007), we also we also verified the rates of molecular evolution under a relaxed clock model, whereby rates are free to vary on all branches of the phylogeny. We ran a PhyloBayes (Lartillot et al. 2009) analysis with a relaxed lognormal (autocorrelated) clock model, a root prior (610 Ma) and a CAT-GRT substitution model for 131,956 cycles. After verifying convergence with Tracer (Rambaut et al 2014), we applied a burnin of 25,000 to summarize the trees. The analysis produced a chronogram (whereby branch lengths represent time from coalescence) and a phylogram (where branch lengths represent the amount of substitutions). We then estimated the amount of molecular change per time unit for each branch by dividing the branch lengths of the chronogram by the branch lengths of the phylogram.
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