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Supplementary Methods
Strains and growth conditions
Cultures of the 2N strain (RCC1216) and the monoclonal 1N strain (RCC1217) derived originally from RCC1216 and experimental conditions used for preparation of cDNA for Sanger and 454 sequencing from these strains were described previously
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. Briefly, after an acclimatization phase of >10 days, 10L cultures were grown in iK/5 media with ammonia at 17˚C, 100 µmol·photons·m-2 on a 14:10 light-dark cycle to a density of 50000-100000 cells ml-1 and harvested at 8 time points equally spaced throughout the day-night cycle.

Cultures were grown at 17˚ C, 50-80 µmol·photons·m-2 on a 14:10 light-dark cycle in a modified K-based medium (iK/5) containing 115 µM nitrate, 20 µM ammonium, 7.2 µM phosphate, trace metals at half the concentration of K/2, and full-strength K/2 vitamins. Three sub-strains of CCMP1516 were included: CCMP1516Ply was fully calcifying and obtained from the Plymouth Marine Labs culture collection in 2009. CCMP1516R has been maintained in the Roscoff Culture Collection (RCC) and CCMP1516B was obtained from the Provasoli-Guillard National Center for the Culture of Marine Phytoplankton (CCMP, now the National Center for Marine Algae and Microbiota). Both CCMP1516R and CCMP1516B exhibited solely non-calcifying, non-flagellated cells. However, microsatellite analysis2
 and flow cytometry of extracted nuclei (not shown) indicated that these non-calcified, non-flagellated cells were diploid. Likewise, transmission electron microscopy (not shown) indicated that cells exhibited diploid ultrastructure (absence of flagellar bases and presence of coccolith deposition vesicle). Thus CCMP1516R and CCMP1516B represent non-calcified diploid cells previously observed to occasionally arise in E. huxleyi cultures3,4
. Cultures of CCMP1516R, B10-5, and B10-8 were made axenic following
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. Absence of bacteria in these strains and in RCC1216 and RCC1217 was confirmed by inoculation in bacterial test media (protocols available at ccmp.bigelow.org) and by extensive epifluorescence examination of samples fixed in 1% formaldehyde, 0.05% glutaraldehyde, stained with Sybr Green I (Invitrogen, Carlsbad, California, USA), and collected onto 0.2 µm pore-size filters (Millipore). These tests were repeated several times, always in comparison to non-axenic cultures as positive controls and sterile media as negative controls. The same procedure was applied to CCMP1516Ply, but axenicity was not achieved as a small number of bacterial cells (very decreased in number compared to the original cultures) could be seen by epifluorescence microscopy of Sybr Green-stained samples (not shown).

For microarray expression experiments, cultures were acclimatized to iK/5 media without ammonium at 17˚C, 100 µmol·photons·m-2 on a 14:10 light-dark cycle for at least 10 days (including two changes of media to maintain cells in exponential growth) before inoculating 2.5L cultures. Cultures were grown to a density of 40000 to 60000 cells ml-1 and harvested at mid-day (6-7 hr into light) and mid-night (4-5 hr into light), at the time when the maximum number of cells was in the G2 phase of cell division as determined by flow cytometry


1

.

DNA extraction
25-50 ml of dense cultures (≈ 106 cells ml-1) were harvested for DNA extraction using DNeasy Plant Mini-kit (Qiagen, Valencia, California, USA). DNA quantity and purity was checked by measuring A260, A280, and A230 using a Nanodrop spectrophotometer (Thermo Fisher Scientific, Waltham, Massachussets, USA) while DNA integrity was evidenced by presence of a single high molecular weight band in agarose gel electrophoresis.

RNA extraction and cDNA preparation
Cells were harvested by filtration onto 1.2 μm pore-size membrane filters (Millipore) and extracted following the Trizol protocol. Ethanol-washed total RNA pellets were resuspended in RNA-free H2O, treated with DNase I and further purified using an RNeasy Minikit following the manufacturer's recommendations (Qiagen, Valencia, California, USA). RNA quantity and quality was assessed using a Nanodrop spectrophotometer and a Bioanalyzer (Agilent Technologies, Inc., Santa Clara, California, USA). The 260:280 ratios were typically greater than 2.2 and absence of degradation was evidenced by sharp 18 s and 28 s bands. PCR tests were used to confirm absence of amplifiable DNA contamination.

454 sequencing
The same RNA samples used in construction of 1N and 2N E. huxleyi normalized cDNA libraries for Sanger sequencing (von Dassow et al. 2009) were used in Oct. 2008 for preparation of random-primed non-normalized cDNA Vertis Biotechnologies (Freising-Weihenstephan, Germany): First, poly(A+) RNA was purified from total RNA and first-strand cDNA synthesis was performed with a N6 randomized primer. Then 454 adapters A (5'- GCCTCCCTCGCGCCATCAGCTACTAGACCTTGGCTGTCACTC) and B (TCGCAGTGAGTGACAGGCTAGTAGCTGAGCGGGCTGGCAAGGC-3') were ligated to the 5' and 3' ends of the cDNA. The cDNA was amplified with PCR using a proof reading enzyme (22 cycles). Amplified cDNA in the size range of 450 – 650 bp was eluted from a preparative agarose gel using the Macherey & Nagel NucleoSpin Extract II kit and sent to Genoscope for 454 sequencing.

Sanger EST analysis
39091 Sanger EST reads from RCC1216/RCC1217 were quality controlled and cleaned for vector, adaptor and poly-A sequences as previously described
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. Selected reads were assembled into 16476 ‘mini-clusters’ with the use of the CPA3 program. Together with 21625 mini-clusters (derived from 72513 Sanger EST reads from CCMP1516; downloaded from www.jgi.doe.gov), these mini-clusters were grouped into 28670 clusters based on the overlap of consensus sequences of mini-clusters after mapping on the draft genomic sequences of the CCMP1516 strain using the previously described protocol
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.

Statistics of Sanger EST read mapping to CCMP1516 genome assembly and 454 read mapping to Sanger EST clusters

BLAT was used to compare the mapping of different sets of EST reads on the CCMP1516 draft genome sequences. If the BLAT alignment of a read covers ≥50% of the length of the read with ≥95% nucleotide sequence identity, we considered the read was mapped on the genome sequences. We used only those reads ≥ 150 bp for this comparison (Table S6). The proportion of mapped reads across different percent identity threshold is given in Supplementary Fig. S3.

Ploidy-specific expression was determined from 454 reads from 1N and 2N cells matching to Sanger EST clusters by calculating the Audic&Claverie statistic5
.
Construction of microarrays

The longest mini-cluster consensus sequences in 28306 final clusters were represented by 84881 60-mer oligonucleotide probes in custom Agilent 105K microarrays (Amadid:022065), with oligonucleotide probes designed using Agilent's eArray online platform (https://earray.chem.agilent.com/earray/, where 28281 clusters were represented by 3 probes each, 12 clusters were represented by 2 probes each, 13 clusters were represented by 1 probe each, and 364 clusters could not be represented.
Microarray analysis of gene expression

Two-color competitive microarray hybridizations were conducted with each RNA sample compared against a reference RNA pool prepared by mixing equal quantities from all total RNA samples and processed in the same way. An RNA Spike-In Mix (Agilent, p/n 5188-5279) internal standard for labeling and hybridization performance was added to 4.15 µg of total RNA from each sample that was reverse-transcribed into cDNA and then Cy3- and Cy5-labeled cRNA was in vitro transcribed using T7 RNA polymerase. All steps followed the Agilent QuickAmp Labeling Kit instructions with the modification that SuperScript III reverse transcriptase was added in addition to the MMLV reverse transcriptase during reverse transcription. Labeling efficiencies of cRNA were in the range 14.8-20.0 pmol dye (µg cRNA)-1. Control arrays were prepared with the Cy3-labeled reference pool against Cy5-labeled reference pool RNA. Hybridizations were performed for 17 hr at 65˚ C in an Agilent Microarray Hybridization Chamber (Agilent #G2534A) at an agitation of 6 rpm following the manufacturer's protocol. After hybridization, arrays were disassembled in Wash Buffer 1 (Agilent, #5188-5325) and then washed 1 min in Wash Buffer 1, 1 min in 37˚ C Wash Buffer 2 (Agilent, #5188-5326), 10 s in acetonitrile, and 30 s in Stabilization and Drying Solution (Agilent, #5185-5979). Arrays were scanned in a G2565BA microarray scanner (Agilent). Raw data was extracted using Feature Extraction Software version 9.0 (Agilent) incorporating the GE2_105_Dec08 protocol. Spots flagged "outliers", "not known" or "bad" were excluded from further processing. Gene expression was analyzed using the GeneSpring software package (Agilent). Day and night time points were analyzed separately to determine probes showing expression differences between 1N and 2N using unpaired T-tests and analyzed together (by ANOVA) with a p-value cut-off of 0.05 (after Benjamini-Hochberg corrections for multiple testing). Then, genes were assigned to be 1N-specific or 2N-specific by combining data from all probes per gene and from day and night time points in the following manner: First, probes were only considered if 1N vs. 2N expression differences were not contradictory between day and night (e.g., a probe showing 1N-specific expression in day and 2N-specific expression in the night was not considered). Second, genes were assigned to be 1N-specific or 2N-specific based on the majority of probes showing significant differences. Finally, a threshold of 2x difference over all probes showing significant differences was selected as only 0.7% of all probes showed a 2x difference in control arrays run with Cy3- and Cy5-labeled reference RNA pools.

Comparative genomic hybridization by microarrays.
Genomic DNA labeling: All steps were performed in biological triplicates in order to avoid methodological errors in the hybridisation patterns interpretation. Genomic DNA was isolated from the samples using Qiagen DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) and were then subjected to amplification according to Agilent’s protocol for oligonucleotide array-based CGH for genomic DNA (version 5.0, June 2007). Restriction digestion was performed as described in Kegel et al. (Genome Variations associated with viral susceptibility and calcification in Emilinia huxleyi, PLoSOne, submitted). Briefly, 200 ng of genomic DNA was digested for 8 h at 37°C. Digested DNA from each test strain and species was labelled with Cy5-dUTP whereas E. huxleyi strain RCC1216 was labeled with Cy3 as reference. Labeled DNA sample yields and dye incorporation efficiencies were calculated using the Nanodrop ND-1000 spectrophotometer.

Microarray hybridizations: Labeled samples were then co-hybridized with the reference E. huxleyi strain RCC1216 in triplicates to Agilent 105K custom-made microarrays (Amadid:022065) (described above). A self-versus-self hybridization was performed in triplicates for determining probe specificity, array reproducibility, and microarray feature uniformity. Hybridizations were done using a SureHyb hybridization chamber (Agilent technologies, p/n G2534A) in a hybridization oven (Agilent p/n G2545A) for 24 h with 20 rpm. After hybridization, the microarrays were washed with aCGH wash buffer 1 (Agilent p/n 5185221) and aCGH wash buffer 2 (Agilent p/n 51885222) according to the manufacturer’s instructions for aCGH. A treatment with Stabilization and Drying Solution (Agilent, p/n 5185979) was performed in order to avoid signal degradation during the data acquisition.

Data acquisition and analysis
Microarrays were scanned using an Agilent microarray scanner (Agilent p/n G2565BA) according to the manufacturer’s recommendations. Signal intensities were detected by Feature Extraction software version 9.5 (Agilent Technologies) using the GE protocol and matrix. Spots which were not well above background in the self-self hybridization were removed before further analysis. 

Original data files for all arrays were uploaded in MIAME format for expression arrays at GEO (http://www.ncbi.nlm.nih.gov/geo/; Accession numbers E-MEXP-3531 und E-MEXP-3533 and can be also be retrieve here: http://www.ebi.ac.uk/arrayexpress/experiments/search.html?query=%22Emiliania+huxleyi%22+)

Illumina whole genome resequencing

Whole genome resequencing of CCMP1516, EH2, 92A, and 92F has already been previously described6
. Of the 13 strains re-sequenced by Illumina, 92A and EH2 represent two of the strains that were most deeply paired-end sequenced.

PCR amplification and end-sequencing

gDNA samples were diluted to 1 ng ul-1 prior to testing by PCR. cDNA samples were prepared as described previously
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. PCRs were performed using the GoTaq PCR Core System I kit (Promega, Madison, Wisconsin, USA) with 1 mM MgCl2, 0.2 mM dNTPs, and 0.2 μM of forward and reverse primers (see Table S7 for primers used). The thermocycler protocol included an initial 2 min denaturation at 95˚ followed by 35 cycles of 45 s denaturation at 95˚, 30 s annealing at 60˚, 90 s extension at 72˚. When preliminary PCR tests showed that the product from genomic DNA was less than 1 kb, the extension was typically shortened to 60 s.

Long-range PCRs were performed using a Qiagen LongRange PCR kit with 0.5 mM dNTPs, 0.4 µM of forward and reverse primers, but without the optional Q Solution provided in the kit. The thermocycler protocol included an initial 3 min denaturation at 93˚ followed by 11 cycles of 15 s denaturation at 93˚, 30 s annealing at 60˚, 12 min extension at 68˚. Following manufacturer's recommendations, after the first 11 cycles, the extension time was lengthened by 20 s each cycle for a total of 29 cycles. 

PCR products were purified using a Qiagen PCR purification kit or a Qiagen Gel Purification kit (for long PCR products) before Sanger sequencing using an ABI PRISM BigDye Terminator Cycle Sequencing Kit (Perkin-Elmer) on a DNA auto sequencer ABI PRISM 3100 xl Genetic Analyzer (Perkin-Elmer).

Phylogenetic analysis of cox genes
Amplification of cox1 and cox3 genes was performed using the following primers: EGcox1F5 5'-GCT CAC CGA ACT CCT TTA TTT G-3' as forward and EGcox1R8 5'-GAA GCA ATT GCA TTT CAT TGA G-3' as reverse for cox1; and cox3 F1 5’-TCCTACACTTGGATATTTAG-3’ as forward and cox3 R1 5’-TCGCATTTTTGGTTTGGAAGACC-3’ as reverse. Amplification was performed in 25µL with the GoTaq polymerase kit (Promega) following manufacturers PCR protocol on a ABI thermal cycler. PCR products were sequenced directly using the ABI PRISM BigDye Terminator Cycle Sequencing Kit (Perkin-Elmer) by DNA auto sequencer ABI PRISM 3100 xl Genetic Analyzers (Perkin-Elmer).

cox1 sequences of 670 bp and cox3 sequences of 812 bp lengths were used for alignment which was performed manually before choosing Gephyrocapsa oceanica strain sequences as phylogenetic outgroups. The most appropriate model of DNA substitution and associated parameters were estimated based on the corrected Akaike information criterion (AICc; 7
) using TREEFINDER8
. A HKY substitution model9
 was selected for both dataset was then used to perform phylogenetic analysis. Phylogenetic trees were determined by maximum likelihood (ML) using TREEFINDER for each alignment to compare the topologies and for the final concatenated dataset (Fig. 3 and Supplementary Fig. S11). The robustness of the branching in the trees was tested by bootstrapping on 1000 replicates. All cox sequences are listed in Bendif et al. (2014) 50.
Observation of flagellated cell formation
Microscopic observations of cultures have been routinely collected (performed by co-author Probert) for over the past decade first at the Algobank culture collection (Caen, France) and, since 2007, at the Roscoff Culture Collection during regular maintenance of archival cultures. A second experienced observer (author von Dassow) made an independent survey of all E. huxleyi strains tested for presence/absence of flagellar genes in this study. All strains were observed multiple times over two culture transfers for the presence of non-calcified flagellated cells. Cultures that were not in good condition (failure to achieve cell yields typical of E. huxleyi cultures and/or heavy bacterial presence) were not considered. Cultures were scored as containing flagellated cells if cells were observed to exhibit the normal swimming behavior typical of E. huxleyi 1N clonal cultures (RCC1217 and several clonal 1N cultures established by von Dassow by single-cell isolation in 2009 from strains B10-8, BOUM77, BOUM70, and BOUM71). Routine observations were performed on a Nikon TS100 inverted microscope in the same plastic 50 ml culture flasks in which cultures were grown (to minimize possible mechanical disturbance of motility) and flagellated cells were considered absent from a culture only if no flagellated cells were observed over 5 minutes of intensive examination conducted in early exponential and early stationary phase growth of two successive transfers.

Flow cytometric analysis of genome size of RCC1216 and CCMP1516 substrain “Plymouth”
Nuclear extraction of late exponentially growing cultures of RCC1216 and CCMP1516, with Isochrysis galbana as internal standard, following the protocol described in Houdan et al.10
 with the modification that extraction was performed for 10 minutes at 55˚ C. Nuclear extracts were stained with Sybr Green I and analyzed on a FACS Canto II flow cytometer (BD Biosciences, San Jose, CA, USA).

Satellite Data used in Discriminant Analysis of E. huxleyi strains 

The E. huxleyi strains analyzed for this study were collected over a known period that stretches from 1959 through 2008 (Supplementary Excel File 2). Due to the incomplete overlap with extent ocean color satellite data (SeaWiFS 1997–2010 and MODIS/Aqua 2002–present), it was decided to perform the discriminant analysis by matching longitude and latitude of the E. huxleyi strain sample stations with satellite climatologies on a long-term (10 year) and monthly basis. Additionally, MODIS/A provides sea surface temperature data collected by the same sensor in the same orbit conformably, consequently SeaWiFS data was not considered for this analysis. 

Monthly particulate inorganic carbon, chlorophyll-a and sea surface temperature data files were downloaded from the Goddard Space Flight Center Ocean Biology Processing Group’s OceanColor web site (http://oceancolor.gsfc.nasa.gov). Only complete years were obtained (2003–2012) as Level-3 standard mapped images (9km nominal resolution). The particulate inorganic carbon (PIC) data are derived from the 2-band algorithm of Balch et al.11
, but at higher concentrations the 3-band algorithm of Gordon et al.12
 is used. The chlorophyll (CHL) data were processed with the base algorithm reported by O’Reilly et al.13
 modified for MODIS in the 2013 reprocessing (R2013.0), also known as OC3M. The MODIS sea surface temperature (SST) data are produced from a two-band (31 and 32) brightness temperature algorithm at 11 and 12 µm described in Brown et al.14
.

The monthly resolution data files were processed into four products each: ten-year mean satellite-climatology, monthly climatologies and annual mean maximum and minimum climatologies all with 9 km resolution. The long-term climatologies were created from the monthly data by forming the mean of the PIC and CHL concentrations and SST temperatures (120 months for each product), while accounting for missing data. The monthly climatologies were formed by averaging all the January’s, all the February’s, etc. into twelve mean months. Means for the PIC and CHL data were formed from the geometric mean15
 and SST data by arithmetic mean. The mean maximum and minimum values were calculated by first finding the max/min pair for each pixel by year, then averaging the years. Each strain in Supplementary Excel File 2 was then located within these data products using its longitude and latitude (±5 minutes of a degree) and station occupation month (where applicable).

The depth of the strain collection station was extracted from the ETOPO5 digital elevation database (http://www.ngdc.noaa.gov/mgg/global/relief/ETOPO5) and used as a proxy for proximity of each to the shore. Two derived products were used the monthly climatological north-south and east-west decorrelation scale lengths16
. They were computed in a manner similar to the abovementioned monthly climatologies and values were extracted using the E. huxleyi strain occupation geographical coordinates and month. 

Analysis of metagenomic data sets
Marine metagenomic sequence data were downloaded from CAMERA (158 metagenomes; http://camera.calit2.net/) as well as NCBI/SAR and GenBank (2 metagenomes; http://www.ncbi.nlm.nih.gov/). The metagenomic data sets were classified into 10 “regions” depending on their geographic origin (Supplementary Data 2 (Excel)). Genomic sequence data for eight EhVs were downloaded from NCBI [EhV84 (JF974290.1), EhV86 (NC_007346.1), EhV88 (JF974310.1), EhV201 (JF974311.1), EhV202 (HQ634145.1), EhV203 (JF974291.1), EhV207 (JF974317.1), EhV208 (JF974318.1)]. EhV sequences were searched against the metagenomic sequences using BLASTN (DUST low complexity filter, E-value<10-10, nucleotide identity≥95%). BLAST alignments ≥150 nt or those ≥75nt with coverage of read ≥75% were considered as positive detections.

To determine if EhV sequences could be detected in Humboldt Current waters, this strategy was independently performed on two other datasets deposited in CAMERA from this region. The Microbial Initiative in Low Oxygen areas off Concepción and Oregon (MiLOCO) data set represents planktonic gDNA sequencing from summer and winter in 2009-2011 collected at the COPAS Time Series station 18 in front of Concepción (Lat. -36.513, Long. -73.129) at 5, 35, 50, and 85 m depths in March and August 2009, September 2010, and March 2011. This data set contains 13,222,934 sequences from 16 samples, with average sequence length of 340 nt. The Peru Margin Sediment data set includes 5 sediment samples collected at depths from 1 to 50 meters below seafloor, at latitude -10,976, longitude -77.958, at a site where the water depth is 150 m. It includes 601,632 sequences.

Isolation of new E. huxleyi monoclonal strains from Chilean coastal and oceanic waters
Water was collected by Niskin bottles from 5 m and 30 m depth at three sites of strong coastal upwelling center in front of Punta Lengua de Vaca and Tongoy Bay along the Chilean coast (Lat/Long: -30.25˚/-71.69˚; -30.18˚/-71.59˚; -30.12˚/-71.62˚) from the R/V Stella Maris II on the 13-14 Oct. 2011, and from a rented fishing vessel at two sites located 15.5-15.6 km east of Robinson Crusoe Island (Lat/Long: -33.66˚/-78.60˚; -33.60˚/-78.66˚). At the coastal upwelling site, surface water temperature ranged from 12.4˚ C to 12.98˚ C, surface nitrate concentrations were between 16-17 µM, and surface seawater pCO2 was between 600-700 µatm, consistent with upwelling of nutrient rich and naturally high pCO2 water as previously described for this site
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17,18
. At the offshore (Robinson Crusoe Island) sites, surface water temperature was 14.8˚ and 14.9˚ C and pCO2 was 312 and 291 µatm. During the NBP13-05 cruise aboard the R/V Nathaniel B. Palmer on 9 July 2013, water was collected by Niskin from 5, 60, and 100 m depth (at Lat/Long -16.75/-86.00).
Water samples were initially filtered through 20 µm or 40 µm nitex, and stored dark and cool (<15˚) for transport to the laboratory in Concepción, Chile for flow cytometric sorting within 48 hours of collection (in 2011) or directly isolated onboard the ship within 8 hr of collection (in 2013). Prior to sorting, samples were filtered through 12 µm isopore filters using gravity alone to remove microplankton. To concentrate heavy (mineralized) nanoplankton cells, 2 subsamples of 50 ml were concentrated by centrifugation for 10 min at 500x g + 3 min at 1000x g, 45 ml of supernatant was discarded, and the two subsamples were combined and centrifuged again, to concentrate 100 ml to approximately 2 ml.

Coccolithophores were identified using an InFlux Mariner flow cytometer using the polarization-sensitive forward scatter detector as previously described19
. Briefly, laser light retains incident polarization when scattered in the forward direction off of most cell surfaces, but is depolarized when scattered off of calcite plates. A novel detector based on Brewster's Angle optics permits high sensitivity to forward scatter light polarization, creating a signal that is highly specific and proportional to the degree of calcification of individual cells. Calcified chlorophyll-containing (red fluorescent) cells were sorted into 96 well PCR plates loaded with 100 µl of iK/5 (half of the plate) or 100 µl of iK/5 diluted 1:5 with seawater from the same sample (0.2 µm filtered twice to assure sterility). Plates were incubated at the same temperature and light conditions as for E. huxleyi RCC strains, and individual colonies began to be visible within 1 month. Light microscopy confirmed that almost all strains isolated represented coccolithophores, and only these were retained for further analysis. Strains were grown in iK/5 and harvested for DNA extraction and analysis by scanning electron microscopy, which confirmed all to be E. huxleyi. These strains have been deposited in the Roscoff Culture Collection.

Supplementary Note

This section provides detailed results and discussion.
Review of evidence for the life cycle of Emiliania huxleyi
Emiliania huxleyi has long been considered to have a life cycle involving two main cell types, including a calcified cell that is not motile and is the cell type most easily observed in the environment, and a flagellated cell with organic scales that has been observed almost exclusively in laboratory culture3,4
, both of which are capable of indefinite mitotic division. Klaveness3,4
 suspected that these cell types represented a diploid (2N) phase for the calcified cell and a haploid (1N) phase for the haploid cell, presumably connected by meiosis and syngamy in a life cycle. In support of this model, these two cell types differ in DNA contents, with the flagellated cell type having half the DNA content per cell of the calcified cell
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1,10,20
, and the estimated DNA content of 2N cells is twice the estimated size of a (single copy) haploid genome6
. Formation of 1N cells in culture is sporadic, and frequently happens within the first year of isolation of a 2N cell clone. Formation of calcified (presumably 2N cells) has very rarely been observed
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3,4,21
, although it is possible that this might usually require distinct 1N "mating types" and therefore would be unseen in monoclonal 1N cultures. Thus it is assumed that E. huxleyi exhibits a haplo-diplontic life cycle, where meiosis forms 1N cells from 2N cells and 1N cells eventually engage in syngamy (fuse) to re-form 2N cells.

Non-flagellated naked cells have also been observed to arise from both cell types. From both the flagellated and calcified cells a naked cell is observed that can exhibit amoeboid motion, and is thought to be a stage in cell division, when sometimes the coccosphere or organic scales are discarded3
. Non-calcified cell types also arise in culture that have all the ultrastructural elements of the 2N calcified cells, but calcification does not occur in the calcification deposition vesicle3,4
. These are thought to represent mutant forms that have lost calcification4
, and indeed microsatellite analyses revealed that they have the same ploidy level as the parent calcified cells2
. Such non-calcified apparently 2N cells exhibit a thick organic covering3,4
 visible in light microscopy19
.
It is not possible to completely rule out that E. huxleyi exhibits a parasexual cycle instead of a haplo-diplontic sexual cycle involving meiosis and syngamy, but this possibility seems highly unlikely. Parasexual cycles have been described in some pathogenic fungi such as Candida albicans22
, and in all known cases involve the fusion of two 2N cells to form a temporary 4N cell that reduces ploidy to a 2N state by gradual elimination of excess chromosomes. A similar parasexual cycle in E. huxleyi would have to involve 1N cells fusing to create the 2N phase (that is not temporary but the main phase seen in the environment). Some mechanism would have to ensure that only genetically distinct 1N cells fuse, to account for the very high heterozygosity seen in 2N cells: Microsatellite analyses have shown that all 2N cells yet tested are highly heterozygous, and this heterozygosity is lost (for markers that have two alleles in the 2N cells, but not for markers where more than 2 alleles can exist in the same 2N cell)
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2,23,24
. The parasexual cycle would also have to be highly efficient at eliminating excess chromosomes from 1N cells, but also have some mechanism to prevent loss of both copies of a given chromosome, to explain both the DNA content changes between 1N and 2N cells and the fact that whole genome sequencing of multiple strains has not yet revealed evidence consistent with high levels of aneuploidy and entire chromosomes missing from some strains6
, and instead the most important genomic signatures represent hemizygous deletions (this study). Neither meiosis nor syngamy have yet been observed directly in E. huxleyi in laboratory culture, although both meiosis and syngamy have been observed directly in other coccolithophores (see, e.g., 10
). However, the earliest observations of E. huxleyi (by Lohmann) included descriptions of the occasional formation of 3-4 flagellated cells containing chloroplasts within the coccosphere25
. Micrographs published by Frada et al. from mesocosm experiments also show multiple flagellated, chloroplast-containing cells originating from E. huxleyi coccospheres that look, at the light microscope level, exactly like the 1N flagellated cells seen in culture26
. For these reasons, we consider that the life cycle of E. huxleyi is sexual (as assumed by other authors), and not parasexual, although any possible parasexual cycle would also have to involve the fusion of distinct 1N genomes and thus lead to identical evolutionary and ecological conclusions in the rest of this study.

Expression differences between 1N and 2N cells
Microarray analysis indicated potential 1N-specificity for 6327 gene clusters (22.1%) and potential 2N-specificity for 7296 gene clusters (25.4%). Microarray expression analysis was validated first by comparing matching 454 reads to each cluster from 1N and 2N libraries. We consider this a highly robust test for the validity of microarray data to predict expression differences as RNA for each approach was generated in completely separate experiments, involving different growth conditions, and both methods analyze the transcriptome globally. 454 EST reads overlapped 16883 (58.9%) of the 28670 Sanger EST clusters, with 454 reads from both 1N and 2N libraries matching to 8516 clusters. 454 reads overlapped 4534 clusters predicted to be 1N-specific and 4825 clusters predicted to be 2N-specific from microarray analysis.
The number of 454 read numbers per cluster for each library showed very significant correlations with the raw microarray fluorescence reads from corresponding probes on microarrays (Supplementary Fig. S1). Likewise, the ratio of the total 454 reads that came from the 2N vs the 1N library also showed a highly significant correlation with the 1N:2N relative fluorescence ratios from microarrays (averaging across all probes and both day and night time points) (Supplementary Figure S2) and there was significant agreement between 454 and microarray analysis in assigning ploidy-specificity (Table S2). In spite of the statistically highly significant correlations, in all analyses (read numbers versus raw fluorescence within a library and ploidy state, and read ratios versus fluorescence ratios between ploidy states), there was strong scatter about the central tendency. This variation may result from the fact that 1) cells harvested for the libraries were grown under somewhat different conditions than cells harvested for microarray analysis, and 2) the 454 libraries were prepared from RNA collected at 8 different time points over the day-night cycle whereas microarray analysis was conducted just at mid-day and mid-night time points. Indeed, much of the discrepancy between 454 and microarray 1N vs. 2N expression ratios was accounted for by clusters which displayed opposite ploidy specificity between day and night time points according to microarray data (not shown).

We then examined the validity of microarray and 454 profiling of 1N- vs. 2N- specificity of gene expression at the individual gene level. We checked 23 genes (represented by 24 clusters) previously found to be highly 1N-specific and 10 genes (10 clusters) previously found to be highly 2N-specific
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. In both cases, there was strong agreement between microarray and 454 data (Table S3). Only 1 gene (GJ03005, a putative cGMP protein kinase previously found to have highly 1N-specific expression) showed disagreement between microarray expression data and previous expression findings, as microarray results assigned the gene as 2N-specific. We also determined correlations between microarray results and previously published qRT-PCR analysis of the ploidy-specific expression of a further 15 genes2,27
 (Table S3).

Finally, we examined whether the microarray and 454 profiling of 1N- vs. 2N- specificity of gene expression successfully predicted expected expression differences based on known structural differences between 1N and 2N E. huxleyi cells. We considered all 82 genes previously identified in the E. huxleyi Sanger EST databases encoding homologs of proteins with functions highly restricted to the eukaryotic flagellum/cilium
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 (Tables S4, S5). These genes are expected to be expressed only in 1N cells as only 1N cells are flagellated and no flagellar structures are found in 2N cells. 56 showed significant evidence for 1N-specific expression by microarrays. In all 82 genes, the average microarray fluorescence signal from 1N RNA (averaged over all probes per gene, all replicates, and both time points) was greater than the signal from 2N RNA. Likewise, 454 reads mapped to 72 clusters. In all cases, the number of 454 reads mapping from the 1N library was greater (in fact, in only one cluster, GJ22899, did any reads map from the 2N library) and this was judged to be significant (p<0.05, Audic & Claverie statistic) for 46 clusters.

Full lists of all genes predicted to be 1N-specific, 2N-specific, or not ploidy specific based on microarray expression data are given in Supplementary Data File S5. In these lists, the results of all homology analyses are given. Here we list the gene ids mentioned in the main text as 2N-specific and potentially related to 2N-specific function: The homologs of HCO3- transporters in the SLC4 family specific to 2N cells include GJ00318, GJ00654 GJ07173, GJ10380, GJ12344, GJ15963, and GJ19156, of which GJ15963 was previously identified
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. The NCKX-homologs include GJ03946 (previously identified as GS00463 in von Dassow et al. (2009)
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, and GJ08643 and GJ00579, identified here as 2N-specific (athough only GJ08643 showed significant homology in Swissprot and Uniprot databases). In addition to the t-SNARE homolog previously identified as 2N-specific (GJ03030)
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, other 2N-specific syntaxin, synaptobrevin, or SNARE homologs included GJ06968, GJ28539, GJ05640, GJ06968, and GJ10967 (only GJ05640 showed homology in the Swissprot and Uniprot databases).
Comparative genomic hybridization and EST cluster mapping to CCMP1516 draft genome assembly
Three independent and very different whole genome scale analyses agreed that 1N-specific EST clusters (expressed genes) from the RCC1216/1217 genetic background showed decreased representation in the CCMP1516 genome assembly compared to 2N-specific genes or genes not showing ploidy specificity. This was first observed by mapping of all EST clusters to the JGI CCMP1516 genome assembly (Table S8). The same pattern was also observed in mapping to CCMP1516 gDNA Illumina contigs and for analysis by comparative genomic hybridization of CCMP1516 against RCC1216 gDNA using microarrays (Table S8).

The proportion of clusters with an identifiable BLASTN hit in the CCMP1516 genome dropped and the average bit score of clusters with a hit dropped as the CGH signal ratio CCMP1516 to RCC1216 dropped below 0.5. The threshold of 2-fold lower CCMP1516 gDNA signal to RCC1216 gDNA signal was arbitrarily chosen for the results presented to be consistent with the 2-fold threshold chosen for microarray expression analysis, however increasing this threshold did not change fundamental patterns (Fig. S3C).

There were strong correlations (p < 0.0001) the three different methods (BLASTN mapping against JGI assembly, BLASTN mapping against Illumina contigs, and CGH) with respect to genome content variations (p < 0.0001 for all comparisons). Pair-wise correlations of any two techniques by contingency analysis was most effective in negative prediction, i.e., if one technique (e.g., CGH) failed to show evidence of genome variation for a given gene, the probability that another technique would also fail to show genome variation for the same gene varied between 88.9%-98.5% across all comparisons (Table S9). The positive predictive value of genome variation detected by one technique for another technique was always lower, ranging from 18.5% to 72.7%. Generally, there was stronger positive predictive value between Illumina and JGI results than between CGH results and either Illumina or JGI, and always positive predictive values between techniques were significantly higher for 1N-specific genes than for 2N-specific or non-ploidy-specific genes. That is, if CGH indicated that a particular gene was under-represented in CCMP1516 compared to RCC1216, the likelihood of the same gene being absent from CCMP1516 Illumina contigs or whole genome assembly was much greater for 1N genes than for 2N or non-specific genes.

Disagreement between techniques can have three causes. First, a multi-copy gene can vary in copy number, and show a difference in CGH but not necessarily in Illumina or JGI mapping. For copy number variations, JGI mapping and Illumina mapping may also not correlate, depending on the level of coverage. Second, many genes were found to be fragmented and converted into pseudo-genes in the CCMP1516 genome, as is shown in the main text and later in Supporting Informations for the dynein heavy chain genes. Fragments of a gene may produce positive signals in one analysis but not in another (for example, if no remnant of a fragmented gene corresponds to one of the three probes on the microarray, it will produced a diminished signal by CGH but the fragments that exist might be identified in JGI or Illumina data sets). Finally, disagreement could reflect technical artifacts, for example gaps in coverage by Illumina reads or JGI assembly, or cross-hybridization between similar genes or DNA sequences in CGH analysis.

Here we were most interested in conserved functions that were present in some strains (ancestrally) of E. huxleyi but had been recently lost from others, and so we focused on genes for which all three genome-scale analyses exhibited a consensus (absence from JGI genome assembly, absence from Illumina reads from CCMP1516, and >2x reduced signal from CCMP1516 gDNA in comparison to RCC1216 gDNA by CHG). We also examined statistically genes which may reflect possible copy number variation (CNVs), which are those genes that were detected in the JGI genome assembly and in Illumina contigs, but showed a decreased signal on all three independent probes by CGH.

1N-specific genes were three-fold more likely than 2N-specific genes and 12-fold more likely than not ploidy-specific genes to be absent from the CCMP1516 genome. 2N-specific genes were also nearly four-fold more likely to be absent from the CCMP1516 genome than genes without ploidy-specificity (Table S10). These differences were less strong for putative CNVs, but the pattern was similar. 1N-specific genes were 60% more likely than 2N-specific genes to represent putative decreased CNV in CCMP1516. 1N-specific genes slightly more than three-fold more likely, and 2N-specific genes approximately twice as likely as genes without ploidy-specificity to exhibit putative decreased CNV in CCMP1516.

Of the 82 flagellar-specific gene homologs identified in RCC1216/RCC1217 EST database, only weak homologies (bit score <100, corresponding to e-values >>10-10) or no homologies were detected for 22 genes (27%) in both the JGI whole genome assembly and the database of CCMP1516 paired-end contigs. These 22 genes also were down-represented in the CCMP1516 genome according to CGH results (Table S14).

The homology analyses is provided in Supplementary Data S1 (Excel) for all genes for which BLAST searches against the JGI genome assembly, BLAST searches against the CCMP1516 Illumina database, and the CGH results all agreed that the genes were absent in the CCMP1516 genome (BLASTN scores <100, CGH showing >2x under-representedin CCMP1516 gDNA). In that file, the homology analysis of all GJ EST sequences previously reported by Rokitta et al.28
 is listed under the column “Definition from Blast2GO”. The homology analyses of the original GS EST sequences, provided previously by von Dassow et al.
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 against Swissprot, Uniprot, KOG, and Cdd are given. Of the 471 1N-specific genes absent from the CCMP1516 genome, homology to known proteins was found in 156. 

Besides the genes with homology to proteins with known essential roles in flagella/cilia, some of the notable genes included genes involved in cell regulation: GJ07340 and GJ13039 showed homology to ADP-ribosylation factor proteins (e-values 3e-53 and 1e-20, respectively). GJ13283 was related to the human nucleotide-binding oligomerization domain protein 3 (CARD15-like protein, involved in transcriptional regulation (e-value=6e-24)). GJ17791 showed modest homology to cell division control protein cdc2a (e-value 7e-09). GJ19937 showed homology to a cytosine-specific DNA methylase (e-value 1e-12). GJ22698 showed homology to a potassium/sodium hyperpolarization-activated cyclic nucleotide-gated channel 4 (E-value=5e-14). Another 1N-specific gene missing from CCMP1516 was a potential K+-dependent Ca2+,Na+ exchanger NCKX1 (GJ15668, e-value 3e-26). NCKX is essential to maintain swimming in sea urchin sperm29
, and might be required for a similar role in 1N E. huxleyi cells.

Of the genes expressed in 2N cells (either specific to 2N cells or showing non-specific expression), among the most interesting were GJ06995, a MAP2 kinase homolog (1e-52 for the closest Uniprot homolog and 2e-37 for the Swissprot homolog) and GJ10238, a histone H4 with an unusual N-terminus that was specifically lost in CCMP1516 and EH2, and which is discussed more below (GJ10238 is not listed in Supplementary Data S1 because it was identified by a targeted search using only the 5’ 479 nt of the gene, as the remainder of the gene had high nucleotide homology to the genes for conventional H4s found in E. huxleyi genomes, which all were highly conserved at the nucleotide level, causing GJ10238 not to be detected as absent in automatic BLAST searches).

Targeted PCR survey of presence/absence of key genes required for flagellar function in other E. huxleyi strains and sub-strains

An initial survey included all sub-strains of CCMP1516, strains RCC1216 (2N) and RCC1217 (1N isolated from RCC1216) as positive controls, 15 other E. huxleyi strains of diverse origins, and two strains of Gephyrocapsa oceanica. The targeted genes included outer arm dynein heavy chain b (OA-DHCb; GJ04706), inner arm dynein heavy chain 3 (GJ01064), inner arm dynein heavy chain 1b (DHC1β; GJ10775), cytoplasmic dynein heavy chain (cDHC; GJ11760-GJ12389), and outer arm dynein docking complex protein 3 (ODA-DC3; GJ14925).

For every series of PCR reactions run, positive controls were run in a parallel PCR series using primers targeting the elongation factor 1a gene (GJ000953), a gene whose loss would be expected to be lethal. Every PCR series also included at least two negative control samples (H2O) and RCC1216 DNA in a positive control. Finally, each gene was tested using at least two independent primer pairs targeting different regions of the gene (with the exception of DHC3, for which only one primer pair was used, so it was not used in analyses of further strains). An example PCR analysis for the presence the cDHC gene in RCC1216, RCC1217, the three substrains of CCMP1516, and 9 other strains is shown in Fig. S11A. In the case of cDHC, a total of 4 primer pairs were used. This strategy made it very unlikely that failure to amplify a gene from an E. huxleyi strain could have resulted from minor sequence divergence at the target loci (especially as overall average sequence identity among shared transcripts was >99%). A gene was only scored as potentially lost from a strain if A) elongation factor 1a successfully amplified from the same DNA extract in a parallel PCR run simultaneously, and B) none of the primer pairs for the target gene produced a product.

Among the first 15 E. huxleyi strains analyzed (in addition to RCC1216, RCC1217, and the three sub-strains of CCMP1516), all primer pairs targeting cDHC and DHC1β failed to amplify from four strains. All primer pairs targeting OA-DHCb, DHC3, and ODA-DC3 also failed to amplify from each of three of these four strains. In contrast, all primer pairs targeting four 2N-specific genes (SLC4 GJ15964, t-SNARE GJ03030, NCKX GJ03946, and VCX1 GJ03349) successfully amplified expected products from all strains (Supplementary Table S17, Supplementary Data S2).

This preliminary survey indicated that potential loss of certain essential 1N genes was widespread among E. huxleyi strains and the survey was extended to 85 further RCC strains, focusing on cDHC and DHC1β. In total, either cDHC and DHC1β (but not elongation factor 1a) failed to amplify from 41 strains. Only cDHC failed to amplify from 3 more strains and only DHC1β failed to amplify from 4 strains, but in general failure to amplify cDHC paralleled failure to amplify DHC1β. In contrast, the t-SNARE gene only failed to amplify from one strain out of 77 of these strains tested. (Supplementary Data S2). A complete summary of all strains analyzed by this approach, including strain origins, phylogenetic clade based on cox gene analysis, and phenotype shown in culture (presene/absence of calcified cells or flagellated cells) is provided in Supplementary Data 3 (Excel).

Representation of 1N-specific, 2N-specific, and not ploidy specific genes in strains 92A, 92F and Eh2 by Illumina whole genome re-sequencing.

The longest mini-cluster consensus sequence of all GJ clusters were searched by BLASTN against the Illumina contigs originating from strains 92A, 92F and strain Eh2. A previous CGH study of E. huxleyi strains using microarrays based on the gene models in the CCMP1516 genome assembly suggested that strain Eh2 had a genome content most similar to that of CCMP1516 of 16 strains compared30
. Likewise, this strain has not been reported to produce flagellated cells and originates from the tropical Pacific Ocean. Based on the phylogeographic pattern observed among all strains compared by targeted PCR analysis for the presence of cDHC and DHC1β genes, Eh2 was suspected to have preferentially lost 1N-specific genes. 92A was selected for deep pair-end sequencing. This strain (also known as CCMP379 in the NCMA culture collection, where it is photographed with flagella) originates from the opposite site of the world as RCC1216 (the English Channel versus the Tasman Sea coast of New Zealand) and has been in culture since 1957, so is also the most separated by time in culture. 

As in 1516, a higher proportion of 1N-specific genes were not found in the Eh2 Illumina dataset than 2N-specific genes and genes without ploidy specificity (Table S12). In contrast, 1N-specific genes were slightly more likely to be found than genes without ploidy specificity in the Illumina datasets from 92A and 92F (Table S12). In general, gene loss from CCMP1516 was a stronger predictor of gene absence from the EH2 data set than from the 92A dataset (Table S13), compared using the strategy of Altman and Bland31
. Similar to the case of CCMP1516, 21 of the highly flagellar-specific genes appear absent from the Eh2 Illumina dataset (Table S14). In contrast, all of the 82 highly flagellar-specific genes were represented in both 92A and 92F data sets (Table S15).
Analysis of dynein heavy chain gene loci in the genomes of CCMP1516, RCC1216, 92A, 92F, and Eh2
All DHC homologs identified in EST clusters originating from RCC1216/7 (composed exclusively of 1N ESTs) were used to query the CCMP1516 draft genome by BLASTN against the CCMP1516 draft genome assembly and unplaced genomic reads, identifying a total of 9 loci. As the Sanger EST clusters from RCC1216/7 only include the 3' portions of transcripts encoding N-terminal sections of long proteins such as DHC (4000-4500 aa), DHC sequences from C. reinhardtii and other organisms in Swissprot were used to further query the CCMP1516 draft genome for homology, which identified 10 further loci. Although all 19 loci in the CCMP1516 draft assembly (Table S16) appeared to encode high homology to the highly conserved DHC proteins, none could encode a full length DHC: All known DHCs are ≈4500 aa long, yet the maximum length that could be encoded by a DHC-homologous locus in the CCMP1516 draft assembly was ≈2700 aa. 9 loci appeared to show a discontinuous homology, encoding regions homologous to ≈150-600 aa of the C-terminal 2500 aa immediately upstream of regions encoding regions highly homologous to ≈150-1000 aa of the N-terminus of a DHC gene, with the homology to the intervening DHC missing (Table S16). This was particularly striking as residues ≈1000-4000 are the most highly conserved in DHC proteins. In most cases, predicted genes existed immediately upstream and downstream of the DHC locus in the CCMP1516 draft assembly, and these genes had support either in homology to known proteins from other organisms and/or from Sanger and/or 454 ESTs. We also noticed that the DHC loci in the CCMP1516 assembly often occurred in pairs, where both members showed the highest homology to the same C. reinhardtii DHC protein. Further examination revealed that these pairs existed on Scaffolds in the CCMP1516 draft assembly already identified by JGI as "diploid" loci, i.e., largely homologous. We verified this pairing by aligning 20000 nt sections contain each DHC loci against other scaffolds in the CCMP1516 draft assembly.

To confirm that the CCMP1516 genome did not contain intact DHC genes required for flagellar function but that RCC1216/7 genomes do contain full length DHCs, we started with EST cluster GJ04706, highly homologous to the C terminal of OA-DHCa (referred to as GS00667 in 


1

), a gene that in other organisms leads to severe defects in flagellar function if absent or mutated32
. GJ04706 mapped to Scaffold_529_Contig_4 at a locus where there were no gaps in the assembly. This locus contained a region homologous to the residues 1031-1270 of C. reinhardtii OA-DHCa (DYHA_CHLRE; SwissProt Q39610.2) immediately upstream of a region homologous to residues 3948-4500. The most conserved DHC domains (residues 1271-3947 in DYHA_CHLRE) appeared to be deleted (5 of 6 ATP binding domains and the microtubule-binding stalk domain completely deleted, and the 6th ATP-binding partially deleted) from Scaffold_529. Most of Scaffold_529, including all of Scaffold_529_Contig_4, showed high nucleotide identity to Scaffold_68. The break in homology to Scaffold_529 on Scaffold_68 (positions 170563-194508) contained a section of strong homology to DYHA_CHLRE residues 1881-2975 on positions 185195-188446. No homology to residues 1271-1880 or 2976-3947 was identified on other parts of Scaffold_68 or in JGI genomic reads not placed in the draft assembly. Gene models immediately upstream and downstream on both scaffolds had support from 454 expression data, suggesting that there was no room in either locus to encode a full DHC gene. Scaffold_68 and Scaffold_529 thus appear to show sister loci, each containing relicts of an OA-DHCa that have undergone separate loss-of-function rearrangements (Fig. S4A).
Using DYHA_CHLRE as a query by tBLASTn, we identified a single 454 read (FGFGJ1101DOR30) with trimmed length of 223 nt that had high homology to the missing motor domain but had a 100% nucleotide match to Scaffold_529 3’ of the putative breakpoint (Fig. S4B). Read FGFGJ1101DOR30 originated from 1N cells of the RCC1216 background. PCR primers were designed to amplify from the 5’ end of FGFGJ1101DOR30 to Scaffold_529, 3’ outside of the breakpoint area matching FGFGJ1101DOR30. PCR product of the predicted size was successfully obtained from genomic DNA of both 1N and 2N cells of the RCC1216 background and from cDNA prepared from 1N cells, but not from CCMP1516 (Fig. S4B). PCR tests with two independent primer sets designed to amplify across the Scaffold_529 OA-DHCa homology breakpoint produced the predicted product sizes and sequences from CCMP1516 genomic DNA, confirming that the CCMP1516 genome assembly reflects the true CCMP1516 genome structure at this locus (Fig. S4). The expected product size from a complete DHC gene would be >8000 nucleotides. Using long-range PCR, these primer sets produced a product >8000 nucleotides from gDNA of 1N or 2N cells and cDNA of 1N cells of the RCC1216 background (Fig. S4B). End sequencing confirmed this product encoded a homolog of the missing DYHA_CHLRE residues 1271-3957 (Fig. S5). These results are consistent with an intact OA-DHCa homolog in RCC1216 that has experienced loss-of-function rearrangements in CCMP1516.
Several pairs of homologous DHC loci were selected for further investigation, including the pair Scaffold_529/Scaffold_68, Scaffold_399/Scaffold_48, Scaffold_722/Scaffold_21, Scaffold_31/Scaffold_53, Scaffold_67/682, and Scaffold_43/Scaffold_329, and Scaffold_175/Scaffold_248. First, we searched for whether CCMP1516 Illumina contigs supported the assembly at DHC loci on these scaffolds using 14000-20000 nt segments centered on the DHC loci as queries. We also conducted targeted PCR amplification and re-sequencing of CCMP1516 gDNA at homology breakpoints in Scaffold_48, Scaffold_399, Scaffold_21, and Scaffold_722 to confirm the fragmented gene structure indicated in the CCMP1516 JGI Genome assembly. Both sets of results confirmed the presence of remnant DHC genes exhibiting major internal deletions of functional domains on Scaffold_529, Scaffold_48, Scaffold_399, and Scaffold_722 (Fig. 2, Fig. S6-S10).
We then searched the 92A Illumina paired-end and 92F contigs by BLASTN with the partial genes found in the JGI assembly and by tBLASTN with C. reinhardtii dynein heavy chain genes. In almost all cases, either 92A or 92F contigs were found that encoded homology to the entire C. reinhardtii DHC gene, or, in the case of 92A_paired_contig_17967, good homology over the N-terminal 800 amino acids was found to the human DYH1 protein, but not any C. reinhardtii DHC. Due to the longer average size of 92A contigs, usually the 92A contig was long enough to cover more than the complete homology to a DHC protein (typically with gaps in the homology apparently representing intron locations), while between 1-3 92F contigs were required (Fig. S6-S10). In one case, the homologs to the CCMP1516 JGI assembly Scaffold_67/Scaffold_682 pair (allele group 6), containing homology to the C. reinhardtii DYH1A_CHLRE protein, two 92A contigs and 3 92F contigs were required to cover the full homology. Nevertheless, in no case was there evidence for alternate assembly possibilities in the 92A or 92F contig datasets, nor was there evidence for internal deletions (gene fragmentation) as seen in the CCMP1516 datasets.

We then searched the EH2 contigs by TBLASTN using C. reinhardtii DHC orthologs DYHA, DYH1B, and DYHC2 as queries and by BLASTN using the longest 92A (or 92F) contigs identified above. Although mostly only relative short contigs were recovered, fragmented homology indicating major internal deletions in DHC homologs was found on several EH2 contigs, including EH2_contig_24083 (Fig. S7), EH2_contig_20915 (Fig. S6), and EH2_contig_1845 (Fig. S8).
From these data it is concluded that both CCMP1516 and EH2 genomes have experienced a similar pattern of internal deletions in DHC homologs. Combining the JGI assembly with Illumina contigs and targeted PCR strongly for the CCMP1516 genome indicated that the loss-of-function deletions were occurring in homologous alleles, and likely represent separate hemizygous deletions on homologous chromosomes.

Analysis of homologs of Spo11, DMC1, and Rad50 in E. huxleyi genomes
Putative homologs of Spo11, DMC1 and Rad50 were identified by TBLASTN searches of the CCMP1516 draft genome assembly and Illumina contigs from CCMP1516, 92F, and Eh2. Two Spo11/Top6A homologs were identified in the CCMP1516 draft genome. One (located at scaffold_20:251870-253975, protein id 462990, gene name estExtDG_fgeneshEH_pg.C_200044) was judged to be an ortholog of Spo11-2, known to be up-regulated during and essential for meiosis in plants, based on its top BLAST hit in the Arabidopsis genome and alignment and phylogenetic tree analysis based on Spo11/Top6A homologs from a variety of eukaryotes and archaea (not shown). The other homolog (located at scaffold_50:597939-600914, protein id 66465, gene name e_gw1.50.61.1) was, using a similar procedure, judged to be an ortholog of the Top6A (Spo11-3) of plants and some other eukaryotes, which has been shown to have essential non-meiotic functions in plants, interacting with a Top6B protein. 

The Spo11-2 homolog on scaffold_20 was represented in cDNA libraries of the E. huxleyi strain RCC1216/1217 and CCMP1516: Two matching Sanger reads came from the 2N (RCC1216) library and three Sanger reads came from the CCMP1516 library to form cluster GJ09894 (GS11157), and two 454 reads from the 1N (RCC1217) library and one 454 read from the 2N (RCC1216 library) hit the full predicted gene (E-values e-120, 3e-25, 7e-20). Signal was too low for expression analysis by microarray. Thus, although this gene is predicted to be up-regulated during meiosis, it appears to be expressed at a low level in both non-meiotic 1N and 2N cells.

The predicted Top6A homolog was also represented in cDNA libraries with four Sanger reads from the 1N (RCC1217) and two Sanger reads from the 2N (RCC1216) libraries forming cluster GJ02431 (GS00142), and the predicted transcript also hit by two 1N and two 2N 454 reads. No significant difference in expression was observed in microarray data.

A single putative DMC1 homolog was identified in the CCMP1516 genome assembly at scaffold_1:2164198-2165707 and a gene model was manually generated based on top hits to mammalian and plant DMC1 proteins (protein id 522017, gene name PVO_EhDMC1). The top five homology hits for this predicted gene were to mammalian, yeast, and plant DMC1 genes (top hit: sp|Q14565.2|DMC1_HUMAN Homo sapiens, 3e-79; 4th top hit sp|Q39009.2|DMC1_ARATH Arabidopsis thaliana, 2e-73; 5th top hit sp|P50265.1|DLH1_CANAL Candida albicans DMC1, 5e-73).

Examination of E. huxleyi cultures for presence of calcified cells and flagellated cells in relation to the ability to amplify DHC1β and/or cDHC genes
DHC1β and/or cDHC genes were successfully amplified from all four monoclonal cultures of flagellated 1N cells, including RCC1217, BOUM77-1N8b, BOUM70-1N#3, and BOUM71-1N#2, 86 RCC cultures were examined over a one month time frame (Table S17). Table S17 also includes the results of longer-term observations of both RCC1216 and RCC1217 (the 1N monoclonal strain isolated originally from the same diploid parent culture as strain RCC1216), and from all three sub-strains of CCMP1516, but all observations from sub-strains are considered only once per parent strain in totals. Swimming non-calcified flagellated cells (assumed to be 1N cells) could be found in 20 distinct strains. In addition to the 4 monoclonal strains originating from single cell isolation of a 1N flagellated cell, cultures of 5 strains contained all or mostly swimming flagellated cells. In cultures of another 9 strains, flagellated swimming cells were observed, but calcified non-flagellated (2N) cells were the dominant form. 

12 cultures contained only non-calcified but non-motile cells. Cells in these cultures contained a thick organic wall that has previously been observed in non-calcified diploid cells where calcification has been lost or prevented by physiological conditions
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, and so were not considered further.
PCR amplification of both of two dynein heavy chain genes, DHC1β and cDHC, was successful from 100% of the 20 distinct strains where swimming flagellated cells were observed (Supplementary Data S2 and Table S17). In contrast, either the DHC1β or cDHC genes (or, more usually, both) failed to amplify from 39 of the 68 strains in which flagellated cells were not observed. Thus the ability to amplify the DHC1β or cDHC genes is highly correlated with the production of flagellated cells (Fisher’s exact test, p < 0.0001).

Expanded survey of loss/retention of crucial flagellar genes DHC1β and cDHC in 99 strains from the Roscoff Culture Collection and new strains isolated from Chilean coastal and oceanic waters
Tests against RCC1216/1217 and the different sub-strains of CCMP1516 revealed that the PCR approach yielded results that coincided with the results of Illumina and CGH analyses, with no primer pairs amplifying these genes from CCMP1516 sub-strains. Therefore, the approach was used to expand the total number of strains examined to a total of 99 from the Roscoff Culture Collection (see Supplementary Data S2-S3 and Table S17). 

As shown by the analysis of flagellar genes in whole genome sequencing of strains CCMP1516 and EH2, which specific genes were lost varied between strains, and both strains retained evidence of large pseudo-gene fragments, highly conserved at the nucleotide level, of all or most dynein heavy chains. Thus, it is possible that a PCR amplicon may in fact represent only a fragmented pseudo-gene and not a full-length functional gene. Thus, this PCR approach is considered conservative, as a strain is only counted as having lost a gene if two or more independent primer pairs both yield negative results.

Analysis of an unusual histone H4 gene
An unusual H4 gene with an extended N-terminal region was previously identified as being expressed in 2N cells of RCC1216, but being completely absent from genomic DNA of the 1N cells (RCC1217) (cluster id GJ10238, referred to as GS02435 in
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). This gene was not found in the JGI genome assembly of CCMP1516 or in Illumina datasets from CCMP1516, EH2, or CHC428. In contrast, the 5’ region of this H4 gene (479 nucleotides encoding for the unusual N-terminus) was identified in 92A, 92F, and CHC307 datasets (e-values of 0.0, bit scores >700, BLASTN alignments not shown). Genomic DNA from several other 2N and 1N strains was surveyed by PCR using the three primer pairs previously designed specifically to the unusual 5’ end of the gene, encoding for the unusual N-terminus (e02435F5/R4, e02435F4/R4, and e02435F5/R5)


1

. None of these primer pairs could successfully amplify from any sub-strain of CCMP1516, confirming Illumina and JGI results (all results are shown in Supplementary Excel File 1). These primers all amplified the expected product from several 2N strains, including TQ22, B10-5, B10-8, BGI2, RCC948, and CCMP374 all of which were strains from which all flagellar or other 1N-specific genes could also be amplified. In addition, the unusual H4 gene could also be detected in one clonal 1N strain, BOUM77-1N8B. In contrast, no primer pair could successfully amplify the gene from RCC1217 1N gDNA (as reported previously


1

), or from three other strains that were found to have switched to completely 1N cells at the time of testing (TQ21, TQ23, and TQ25). 

This pattern would be consistent with that expected if the unusual H4 gene, GJ10238, was a locus associated with a particular mating type. If E. huxleyi in fact has a heterothallic sexual system, requiring separate mating types for the syngamy between 1N cells, that would explain why the formation of new calcified 2N cells from 1N cell clones has never been reported.

No primer pair could amplify the unusual H4 gene from the 2N strains tested which appeared to have lost key flagellar genes: MT0610B, MT0610E, RCC920, BOUM12, or RCC192 (see Supplementary Excel File 1). If this H4 gene represents a mating type-specific locus, its loss would be consistent with these 2N strains being obligate asexuals.

Flow cytometric genome size comparisons
According to the genome size analysis previously published by Read and Kegel et al.6
, the nuclear DNA content of two strains which had lost essential 1N genes was: CCMP1516 “AWI” (originally obtained from the “Plymouth” sub-strain) at 137 Mb, EH2 at 120 Mb. In contrast, the nuclear DNA content of 92A, which did not lose 1N genes, was reported at 100 Mb. The relative DNA content of RCC1216 was not reported in that study, so was estimated here. RCC1216 nuclei exhibited 2.49±0.22 times and CCMP1516 sub-strain “Plymouth” nuclei exhibited 2.39±0.20 times the Sybr fluorescence of Isochrysis galbana nuclei. The difference was within the margin of error of the measurement. Thus, the pattern of DNA content variability between strains is not consistent with “genome streamlining” driving loss of 1N genes.

Unfortunately, it was not possible to achieve a clean nuclear extract from CCMP1516 sub-strains “R” (Roscoff) or “Bigelow”, possibly due to the presence of the organic wall overlying these cells. However, microsatellite results comparing sub-strains of CCMP1516 show that they appear to represent the same genotypes and are all effectively diploid2
. 

Analysis of biogeographic and oceanographic parameters associated with putative asexuality in E. huxleyi
Strains were divided based on latitude of origin into sub-polar (>45˚ N or S latitude), sub-tropical (10˚-45˚ N or S), and equatorial (<10˚ from the equator). None of the 7 sub-polar strains, 31 of 79 sub-tropical strains, and 10 of 12 equatorial strains lost flagellar genes (Fig. S12A) (2 test for trend, with 1 degree of freedom 13.71, p = 0.0002). Strains could also be defined as whether they originated from continental shelf (arbitrarily defined as water depth <200 m) or open ocean waters. All 28 strains isolated from over the continental shelf retained flagellar genes, whereas 41 out of 70 strains isolated from open ocean waters lost flagellar genes (Fisher’s exact test p < 0.0001) (Fig. S12B).
Discriminant analysis of all 32767 combinations of the 15 variables is detailed in Supplementary Excel File 4 (note that only 98 of the E. huxleyi strains from the Roscoff Culture Collection were included, as the origin of one strain was not known). The analysis strategy tests the effect of progressively eliminating variables on the ability to produce a linear function that can successfully discriminate the sites from which strains that lost flagella originated. That is, the strategy specifically searches for the minimum variable combinations where eliminating the missing variables had no significant effect on classification (Mahalanobis distance) between “lost flagella” and “kept flagella” categories (such combinations are those with the F-ratio is below the critical value, and p values are high, in the Supplementary Excel File 4). The optimal classification success was achieved by 16 combinations of 6 variables (F-test with ν1 = 6, ν2 =84 degrees of freedom, 3.0321, p=0.0099). The classification error achieved ranged between 15.4%-21.9% among these 16 combinations, with three combinations tied at 15.4%. All combinations included sea surface temperature (SST), with putative asexuality (loss of flagellar genes) associated with higher temperatures and lower chl and PIC.
The possible importance of lower intra-annual (e.g. seasonal) ocean variability was indicated because all significant combinations included the difference between two or more parameters of either chl or PIC (e.g., the difference between the mean annual max and the mean annual min or the 10-year climatological annual mean). For example, one of the 3 most successful combinations included the following discriminant function (DF):

DF6 variables, #10 = -0.184 + [3.881x”monthly PIC” – 3.821x”mean max PIC” + 1.519x”mean min PIC] – [6.967x”monthly Chl”-6.058x”mean max Chl”] + 2.406x”long-term SST climatology”,

where the brackets highlight combinations of terms that also incorporate the intra-annual variability in PIC and Chl. 

Likewise, spatial variability was explicitly included as the N-S range (decorrelation scale) in 5 (33%) of the combinations and as the ocean depth in another 5 (the variability associated with meso-scale and sub-mesoscale features increases, and spatial scales of variability decrease, as the distance to coasts and the ocean depth decreases). However, the 5˚x5˚ semivariogram analysis of spatial decorrelation scales cannot capture scales of variability near coasts or in fjords (and several coastal strain origins could not be included in the analysis), where important variation occurs at much smaller scales. Also, while the decorrelation scales appear to correlate with geostrophic eddies in sub-tropical and sub-polar latitudes, near the equator these scales might be dominated by interplanetary waves, which could have different roles in shaping plankton communities.

As an independent statistical test of the discriminant analysis results, the proportion of strains with lost flagella from each site was tested against the same 15 variables, and also specifically against the intra-annual range (mean max – mean min, over the 10-year MODISA dataset) by a Spearman-rank correlation matrix. Highly significant correlations were found for every variable except East-West range (spatial decorrelation scale) and North-South range (spatial decorrelation scale) (Spearmant correlation coefficients ranged from -0.348 for mean minimum PIC to -0.542 for mean max PIC and 0.580 for monthly mean SST, with p values of 0.030, 0.00036, and 0.000089, respectively). Although there was no significant correlation with the range of SST (correlation coefficient -0.093, p = 0.561), there were significant correlations both with the range of PIC and the range of Chl (correlation coefficients -0.507 and -0.411, p values 0.001 and 0.009, respectively). The degree of ocean productivity can be classified by surface Chl concentrations measured by satellite, with >1 mg m-3 representing eutrophic, 0.1-1 mg m-3 representing mesotrophic, and <0.1 mg m-3 representing oligotrophic waters. All 7 strains from waters classed as eutrophic, based on 10-year mean surface Chl, retained flagellar genes, whereas 25 out of 60 strains from mesotrophic waters and 16 out of 27 strains from oligotrophic waters lost flagellar genes (numbers do not add to 99 because satellite data was not available for all strain origin sites) (Fig. S12), a trend that was considered statistically significant (2 test for trend, with 1 degree of freedom 7.238, p = 0.0071).

Qualitative examination of spatial patterns also suggested that seasonality might be important: Strains from the North Atlantic and the NW coastal Mediterranean retained flagellar genes. The North Atlantic
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, and the northern part of the NW basin of the Mediterranean (French and Catalan coasts)36
 exhibit very pronounced seasonality in phytoplankton production due to intense spring blooms. In contrast, the 39 of 41 strains which lost flagella originated from the Equatorial Pacific, the South Pacific Gyre, or the open ocean Mediterranean, all regions where seasonal variation is low33,36
.
All of the discriminant functions predicted that asexual E. huxleyi would be found particularly in large sub-tropical and tropical regions of the world’s oceans. The predictive maps produced by three example discriminant functions are shown in Supplementary Figure S13.
Results of searches of metagenome datasets for the presence of EhV

BLASTN searches against 176 metagenomes detected 1783 reads that were similar to EhV genomes. These reads were detected in 23 metagenomes covering five oceanic regions. Interestingly, there was a statistically significant negative correlation between the detection of viral sequences in the metagenomes of different regions and the frequency of isolated host strains lacking flagella genes (Spearman's rho = -0.743; p = 0.011, two-sided test). We note that presence of EhV indicates that the virus was in high enough abundance to be detected but the absence of detection of EhV in the metagenome datasets does not mean that EhV was absent. EhV might still be present but in low abundance. Thus, this correlation suggested a role of viruses (EhVs) for the conservation of the heteromorphic biphasic sexual life cycle of their hosts (E. huxleyi) when viral pressure is high.

Both the discriminant analysis and the onshore/offshore contrast in the Mediterranean led us to consider the Southeast Pacific Sub-tropical waters, especially the gradient from onshore to offshore across the Humboldt Current System. Therefore, it was of particular interest to know whether the Humboldt Current was a site where EhV-controlled of blooms was prevalent. In addition to the planktonic metagenome (Miloco) databases available from 4 time points in the COPAS time series station 18 in front of Concepción, Chile (where no EhV sequences were identified), we also searched the Peru Margin Sediment metagenome dataset, and also found no EhV-homologous sequences. Thus, although EhV might be present at low levels, these results suggest it is not prevalent as it is Atlantic waters such as the English Channel, Norwegian fjords, or Gulf of Maine.

Targeted examination of E. huxleyi from the Southeast Pacific as an independent test of biogeographic patterns of asexuality
Both discriminant analyses and the onshore/offshore contrast seen in the Mediterranean suggested that the Southeast Pacific sub-tropical waters would provide an important site for testing what biogeographical patterns control the loss or retention of the life cycle in E. huxleyi. The Humboldt Current System is very productive37
, with upwelling of waters very rich in nutrients and naturally high in pCO2
 ADDIN EN.CITE 

17,18,38-40
. Previous observations have shown that E. huxleyi is abundant in both coastal and offshore waters of the Humboldt Current System and the adjacent South Pacific Gyre
 ADDIN EN.CITE 

38,39
, but blooms have not been observed (see, e.g., 
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41,42
). Metagenome searches reported in this study suggest that EhV is not prevalent in these waters (although we do not rule out that it could be present at low levels), so is not expected to be the main control on E. huxleyi. The Coquimbo upwelling system was chosen because the continental shelf is very narrow (less than a few km) in this location, minimizing the possibility of a “continental shelf” population, and because it remains mesotrophic despite high upwelling, possibly due to low iron limiting diatom production17
. In the absence of an oceanographic investigation in this area with an ocean-going vessel, the farthest offshore waters we could reach were the waters surrounding Robinson Crusoe Island (which can be reached by airplane and sampled by renting small day vessels). However, these waters are at the border between the Humboldt Current System and the offshore waters of the South Pacific Gyre, as eddies transporting coastal waters reach this longitude43
.

In Oct. 2011, 53 new E. huxleyi strains were successfully isolated from the high pCO2 coastal upwelling south of Coquimbo (including Bay of Tongoy and in front of Punta Lengua de Vaca), 24 new E. huxleyi strains were successfully isolated from the oceanic sampling stations (near Robinson Crusoe Island). In July 2013, 9 new E. huxleyi strains were from an oceanic station in the eastern border of the South Pacific Subtropical Gyre (at lat. -16. 749, lon. -85.998). All newly isolated strains were analyzed by the same PCR approach as used for the Roscoff Culture Collection strains (Table S17).
Strains of E. huxleyi that lost flagella were prevalent in offshore oceanic waters, representing 42% (14 newly isolated strains plus 2 strains from the RCC collection out of a total of 33 newly isolated strains plus 5 strains from the RCC collection), whereas only 9.4% (5 out of 53 newly isolated strains) from the coastal upwelling site (Fig. S14). It is interesting to note that the continental shelf is exceptionally narrow (less than a few km) in the Coquimbo region, so it is possible that the small percentage of strains that lost flagella might represent part of an offshore population advected onshore with oceanic waters (as this is a part of the world where the possibility of a population specific to the continental shelf is minimal). Nevertheless, flagellar gene loss was much more prevalent in oceanic populations than in coastal populations. In particular, the difference in proportion of strains that lost versus kept flagellar genes was not significantly different between the Mediterranean Coast and the Chilean Coast (0 out of 9 versus 5 out of 53; non-significant p = 1.0 by Fisher’s Exact Test), despite the fact that these regions are otherwise very different in oceanographic functioning.
Estimated sizes and time scales of E. huxleyi populations and meta-populations inhabiting mesoscale features and ocean gyres
In silico studies have modeled how spatial or temporal heterogeneity is predicted to affect the evolutionary stable recombination rate. Models of temporal heterogeneity focus on fluctuations (due to abiotic or biotic factors) that are sufficient to alter the sign of epistatic interactions determining which allele combinations are favored at in a particular environment. The evolutionarily stable recombination rate is predicted to decrease as the period of such strong environmental fluctuations increases above 10 generations. Likewise, a metapopulation model (incorporating migration between populations experiencing different, unsynchronized environmental fluctuations) predicted that gene flow due to migration can also decrease the evolutionarily stable recombination rates44
. Maximum generation times of asexually dividing phytoplankton are on the order of one division per day (in situ growth rates typically 0.3-1.5 day-1, see, e.g., 
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). Mesocale features have lifetimes of weeks to several months49
, corresponding to a few to up to hundreds of asexual generation times. The geostastical analysis of spatial scales at the sites of strain origin in this study found that N-S and E-W ranges varied from 51-360 km (average 99 km), consistent with previous studies and the sizes of geostrophic eddies16,49
. Conservative estimates of the sizes of sub-tropical open ocean population of E. huxleyi can be made considering a relatively low concentration (for this species) of 10 cells ml-1 in eddies of 25 km to 180 km radii with mixed layer (euphotic depths) of 100 m, which leads to predicted populations of 7.8x1018 to 4.1x1020 cells. These ephemeral populations would be expected to be part of larger metapopulations inhabiting larger oceanic features such as ocean gyres.
Illumina sequencing of E. huxleyi strains CHC307 and CHC428.
Strain CHC307 and CHC428 were isolated from, respectively near Robinson Crusoe Island (40 m depth at 33.65˚ S, 78.60˚ W) and the eastern edge of the South Pacific Gyre (60 m depth at 16.75˚ S, 86.00˚ W), by flow cytometry, cultured, and prepared axenic as above.  gDNA of these strains was sequenced by Illumina to estimated coverage of 57x and 94x, respectively (Table S19).
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Description of Supplementary Data S1-S4

Supplementary Data S1 includes homology analysis of all genes judged to be absent from CCMP1516, and BLASTN scores against the JGI and Illumina databases from CCMP1516, EH2, 92A, and 92F. 1N-specific, 2N-specific, and genes not showing life cycle specificity are included in different worksheets of the file.

Supplementary Data S2 includes the results of all targeted PCRs (including each primer pair) on all RCC strains.

Supplementary Data S3 summarizes all information about every strain tested, including strain name, strain code in the RCC collection (if available), geographic origin and date of isolation, classification of ocean region of origin, and whether the flagellar genes DHC1β and cDHC were lost or retained.

Supplementary Data S4 contains the detailed results of discriminant analyses of all 32767 combinations of 15 oceanographic variables in relation to loss or retention of the DHC1β and cDHC genes.
Supplementary Data S5 contains lists of all EST clusters (“genes” for simplicity) predicted to be 1N-specific, 2N-specific, or not ploidy-specific based on microarray analysis, and all homology analysis results for these sequences.

Legends for Supplementary Figure S1-S14
Figure S1. Correlation between 454 read numbers and raw microarray fluorescence. (A) Number of 2N 454 reads mapping to Sanger EST clusters vs. raw probe fluorescence from 2N RNA samples. The correlation between read numbers and fluorescence was considered highly significant (p<0.0001, Pearson R = 0.45). (B) Number of 1N 454 reads mapping to EST clusters vs. raw probe fluorescence from 1N RNA samples. The correlation between read numbers and fluorescence was considered highly significant (p<0.0001, Pearson R = 0.44). In each case, raw probe fluorescences were averaged over all probes and day and night time points for each ploidy. 454 read numbers of 0 were substituted for 0.1 to allow plotting on log scale.

Figure S2. Histograms showing correlation between 2N:1N microarray fluorescence ratios and specificity predicted by 454 read numbers from 1N and 2N libraries. (A) 2N:1N fluorescence ratios from clusters predicted to be not significantly different by 454 reads (>10 total reads matching to each cluster, with difference between 1N and 2N 454 read numbers not significantly different by Audic & Claverie statistic with threshold p>0.05). (B) 2N:1N fluorescence ratios from clusters predicted to be 2N-specific by 454 read numbers (p<0.05) with a minimum difference of 2x. (C) 2N:1N fluorescence ratios from clusters predicted to be 1N-specific by 454. (D) 2N:1N fluorescence ratios from clusters predicted to be highly 2N-specific by 454 (p<0.05, no 1N reads matching). (E) 2N:1N fluorescence ratios from clusters predicted to be highly 1N-specific (p<0.05, no 2N reads matching). (F) 2N:1N fluorescence ratios from clusters predicted to be 2N-specific (p<0.05) by 454 with a minimum difference of 2x, but which show opposite ploidy-specific expression between day-night by microarrays. (G) 2N:1N fluorescence ratios from all clusters predicted to be 1N-specific (p<0.05) by 454 with a minimum difference of 2x, but which show opposite ploidy-specific expression between day-night by microarrays.

Figure S3. Proportions of EST reads mapped on the CCMP1516 genome assembly with varying BLAT threshold for the nucleotide sequence identity. (A) Sanger ESTs: 72513 ESTs from CCMP1516 (2N), 18988 ESTs from RCC1216 (2N) and 18998 ESTs from RCC1217 (1N). (B) 454 ESTs: 198920 ESTs from RCC1216 (2N) and 209791 ESTs from RCC1217 (1N). The proportion of non-mapped ESTs were found to be significantly higher for the ESTs from 1N cells compared to those from 2N cells for both normalized Sanger and non-normalized 454 reads (Fisher’s exact test at the 97% identity threshold, p<2.2e-16). EST reads longer than or equal to 150 bp were analyzed. (C) Relationship between BLASTN score of Sanger EST clusters against the CCMP1516 genome assembly and CGH results for possible down-representation of Sanger EST clusters in CCMP1516 gDNA compared to RCC1216 gDNA.

Figure S4. Independent loss-of-function rearrangements affect two alleles of OA- DHCα in CCMP1516 genome and demonstration that the corresponding functional gene is present in RCC1216/17 and expressed specifically in the 1N flagellated stage. (A) Scaffold_68 (top bar) and Scaffold_529 (bottom bar) contain homology to parts of C. reinhardtii OA-DHCα (Q39610.2) (middle bar). Conserved DHC structure elements indicated within middle bar: AAA ATPase domains, A1-A6; N-terminal region, N2; Stalk, S. Nucleotide positions are indicated above scaffolds. Arrows: gene model locations/directions (dark blue=Sanger EST supported). 454 read mapping density is graphed on each side of the scaffolds to show that the homologous regions in RCC1216/17 are expressed only in 1N flagellated cells, as expected, and to show there is expression support for the existence of other predicted genes flanking each section in the JGI assembly of the CCMP1516 genome: light blue, reads from RCC1217 1N cells; light green, reads from RCC1216 2N cells. Blue arrow bar: Sanger 1N EST cluster GS00667. (B) 1N 454 read FGFGJ1101DOR30 (blue arrow) matched to Q39610.2 residues 3898-3817 (E-value 3e-27). The last 46 bp were identical to Scaffold_529. Read portion not matching to Scaffold_529 angled. Top left gel image: Targeted PCR confirmed that this 454 read corresponded to a segment of a gene present in both 1N and 2N cells of RCC1216/17, not present in CCMP1516, and only expressed in the 1N flagellated cells, as predicted. Bottom left gel images: Targeted PCRs confirmed predicted break of Scaffold_529 (red bar) where homology to Q39610.2 residues 1271-3957 (requiring 8074 coding nt) were deleted existed in CCMP1516 gDNA but not in RCC1216/17 cDNA or gDNA (PCRs with primers 529F2-R2 in center left gel, 529F1-R2 in bottom left gel). Bottom center gel image: Targeted PCR confirmed that the gene section corresponding to GJ04706 (PCR product GS000667F1-R1) was present in RCC1216, RCC1217, and CCMP1516 gDNA but only expressed in the RCC1217 1N flagellated cells. Samples tested by PCR: random-primed RCC1217 1N cDNA, 1; oligo-dT-primed RCC1217 1N cDNA, 2; RT- RCC1217 1N RNA, 3; RCC1216 2N gDNA, 4; RCC1217 1N gDNA, 5; CCMP1516 gDNA, 6; H2O, 7; RCC1216 2N cDNA, 8). (C) Long-range PCR using primers 529F1-R1 and 529F2-R2 (not shown) amplified ≈8 kb fragments from RCC1217 1N cDNA and gDNA. End sequencing confirmed fragments’ homology to Q39610.2 residues 1271-3957 (see Fig. S5).
Figure S5. End-sequences determined for the large fragment of the flagellar gene amplified from RCC1217 cDNA by the long-range PCR shown in Fig. S5C. This fragment indeed represents the section of OA-DHCα gene that is missing in the CCMP1516 genome.

Figure S6. (A) Summary analysis of the homologous loci pair Scaffold_68/Scaffold_529 (allele group 1) containing independent loss-of-function rearrangement at the Outer Arm-Dynein Heavy Chain a (OA-DHC) gene loci. Chlamydomonas reinhardtii Swissprot protein sequence (DYHA_CHLRE) is represented between the scaffolds, with the annotation of conserved DHC structural elements: A1-A6, AAA ATPase domains; N2, N-terminal region; S, Stalk. Light beige bars flanking scaffolds indicate CCMP1516 Illumina contigs supporting the JGI assembly (>99% nucleotide identity over >99% contig length). From left to right for Scaffold_68 are shown CCMP1516 Illumina contig CCMP1516_contig_20734 (which confirms break in homology to the OA-DHC and corresponding 92A and 92F contigs) and CCMP1516_contig_26393. Flanking Scaffold_529 is shown CCMP1516_contig_36446, which confirms the loss-of-function rearrangement of the DHC gene in CCMP1516 as indicated in the JGI assembly. White bar within Scaffold_529 indicates where targeted PCR and re-sequencing were performed to confirm this break. Flanking the DYHA_CHLRE structure are shown 92A and 92F Illumina contigs which encode homology to this protein: 92A_paired_contig_3082, 92F_contig_18009, 92F_contig_2812, 92F_contig_12305, and 92F_contig_45883. Blue block arrow shows mapping of RCC1217 (1N) EST cluster GJ04706. (B) Further homology analysis of 92A_paired_contig_3082, which appears to encode a complete DHC homolog (including 4 introns). The only significant EH2 Illumina contig that matches to both 92A_paired_contig_3082 and to DYHA_CHLRE is EH2_contig_21025 (shown). (C) Analysis of the homologous loci pair Scaffold_21/Scaffold_722 (allele group 3) containing independent loss-of-function rearrangement of an ortholog of flagellar Inner Arm Dynein Heavy Chain 1b (OA-DHCb) ortholog. From left to write for Scaffold_21 are shown CCMP1516_contig_12104, which crosses a breakpoint in the homology between Scaffold_21 and Scaffold_722 and matches exactly to Scaffold_21 but not Scaffold_722, and CCMP1516_contig_9338, which does not cross a break-point in inter-scaffold homology and so matches equally to both scaffolds. Shown for Scaffold_722: CCMP1516_contig_28163, CCMP1516_contig_27586, and CCMP1516_contig_7489, all of which cross breakpoints in the homology between Scaffold_722 and Scaffold_21, and CCMP1516_contig_9338, which matches equally to both scaffolds. White bars within scaffolds indicate targeted PCR and re-sequencing confirmation of Scaffold assembly at putative breakpoints. The top Chlamydomonas reinhardtii Swissprot homolog (DYH1B_CHLRE) is shown flanked by Illumina contigs from E. huxleyi strains 92A (92A_paired_contig_5111) and 92F (92F_contig_12550, 92F_contig_29045) that have regions of >97% nt identity to the scaffold pairs and top homology to the same C. reinhardtii DHC. (D) Further homology analysis of 92A_paired_contig_5111 and the only major corresponding contig from EH2 (EH2_contig_20915). The 92A contig matches best to DYH7_RAT (inner arm dynein complex). The corresponding EH2 contig shows a different loss-of-function rearrangement to those seen at this locus in CCMP1516.

Figure S7. (A) Analysis of the homologous loci pair Scaffold_48/Scaffold_399 (allele group 2) containing independent loss-of-function rearrangement at the Outer Arm-Dynein Heavy Chain b (OA-DHC) gene loci. Chlamydomonas reinhardtii Swissprot homolog (DYHB_CHLRE) is shown between the scaffolds, with the conserved DHC structural elements indicated: A1-A6, AAA ATPase domains; N2, N-terminal region; S, Stalk. Light beige bars flanking scaffolds indicate CCMP1516 Illumina contigs supporting the JGI assembly (>99% nucleotide identity over >99% contig length). From left to right for Scaffold_48 are shown CCMP1516_contig_29263, CCMP1516_contig_4600, CCMP1516_contig_4599, CCMP1516_contig_48006, and CCMP1516_contig_22200. 29263 and 48006 cross breakpoints in the homology between scaffolds, matching Scaffold_48 and not Scaffold_399 (helping to confirm JGI assembly). 4599 confirms the loss-of-function break in the DHC gene. Shown for Scaffold_399 are CCMP1516_contig_53625, CCMP1516_contig_29263, and CCMP1516_contig_23555, the first two of which match better to Scaffold_399 than to Scaffold_48 and 23555 confirms the loss-of-function break in the DHC gene. White bars within scaffolds indicate targeted PCR and re-sequencing confirmation of Scaffold assembly at putative breakpoints. Green bars flanking the Swissprot homolog represents Illumina contigs from E. huxleyi strains 92A (92A_paired_contig_2987) and 92F (92F_contig_4922, 92F_contig_4062, 92F_contig_43092, 92F_contig_17689) that have regions of >97% nt identity to the scaffold pairs and top homology to the same C. reinhardtii DHC. (B) Further homology analysis of 92A_paired_contig_2987 and the only major corresponding contigs from EH2. EH2_contig_24083 indicates a different loss-of-function rearrangement exists in strain EH2 to those seen at this locus in strain CCMP1516.

Figure S8. Analysis of the homologous loci pair Scaffold_31/Scaffold_53 (allele group 5), containing a homolog of the Inner Arm Dynein Heavy Chain 1 DYH7_RAT (top C. reinhardtii homolog DYH1B_CHLRE). (A) Shown flanking Scaffold_31 are matching Illumina contigs CCMP1516_contig_25490, CCMP1516_contig_49854, CCMP1516_contig_28680, CCMP1516_contig_31973. Shown flanking Scaffold_53 are matching CCMP1516_contig_38361, CCMP1516_contig_64125, and CCMP1516_contig_33508. Matching Illumina contigs from 92A (92A_paired_contig_10427, 92A_paired_contig_4441) and 92F (92F_contig_5171) are shown. (B) 92F_contig_5171 can encode a complete homolog of DYH7_RAT. The matching EH2_contig_1845 reveals a distinct loss-of-function rearrangement to those seen in CCMP1516.

Figure S9. (A) Analysis of the homologous loci pair Scaffold_67/Scaffold_682 (allele group 6), containing a homolog of the Inner Arm Dynein Heavy Chain DYH1A_CHLRE. CCMP1516 contig matching Scaffold_67: CCMP1516_contig_27791. CCMP1516 Illumina contigs matching Scaffold_682: CCMP1516_contig_4247, CCMP1516_contig_21317, CCMP1516_contig_68513. Illumina contigs from 92A and 92F that match: 92A_paired_contig_17967, 92A_paired_contig_2603, 92F_contig_14707, 92F_contig_54314, 92F_contig_25245. (B) Further analysis of 92A_paired_contig_17967 homology (which shows higher N-terminal homology to DYH1_HUMAN) and search for corresponding EH2 contigs. (C) Analysis of the homologous loci pair Scaffold_43/Scaffold_329 (allele group 7), containing a homolog of the Cytoplasmic Dynein Heavy Chain DYHC2_CHLRE. CCMP1516 contig matching Scaffold_43: CCMP1516_contig_20978. CCMP1516 Illumina contig matching Scaffold_329: CCMP1516_contig_11753. Illumina contigs from 92A and 92F that match: 92A_paired_contig_11080, 92F_contig_16403, 92F_contig_23572, 92F_contig_31438. (D) Further analysis of 92A_paired_contig_11080 homology and search for corresponding EH2 contigs. EH2 appears to contain only fragments of this gene, which do not correspond to the portions retained in the CCMP1516 genome.

Figure S10. Analysis of the homologous loci pair Scaffold_175/Scaffold_248 (allele group 8), containing remnants of a homolog of DYHG_CHLRE only on Scaffold_248. CCMP1516 Illumina contigs supporting Scaffold_175: CCMP1516_contig_47933. Supporting Scaffold_248: CCMP1516_contig_49480, CCMP1516_contig_3947, CCMP1516_contig_30350, CCMP1516_contig_27349. Flanking DYHG_CHLRE structure are Illumina contigs from 92A (92A_paired_contig_8234) and 92F (92F_contig_761), which also have >99% nt homology to CCMP1516_contig_30350 and Scaffold_248 over the shared section. EH2_contig_30466 indicates that a distinct loss-of-function rearrangement occurred in strain EH2 than at the loci in CCMP1516.

Figure S11. (A) Example PCR confirmation of gene loss from CCMP1516. Top gel: Primers for the control gene EF1a successfully amplified for all strains tested. Middle and bottom gel: Independent primer pairs for the cDHC homolog successfully amplified the expected product from the RCC1216 genetic background and several other strains. In contrast, no primer pair amplified this gene from any sub-strain of the CCMP1516 genetic background or from several other strains. Two other primer pairs yielded identical results. (B) Loss or retention of flagellar genes plotted on concatenated cox1-cox3 phylogeny for 83 E. huxleyi strains with G. oceanica strain BOUM47. Numbers above branches indicate bootstraps.

Figure S12. Comparison of environmental parameters of strain origins for sexual versus asexual strains. The type of strain from each strain origin is indicated by filled circles (strains that did not lose key flagellar genes) and open circles (strains that lost flagellar genes), with the size of the circle representing the number of each type of strain (scale at right of figure). (A) Comparison of origins by latitude and the climatological mean of surface chlorophyll detected by satellite (mean over 10 years). (B) Comparison of origins by the distance offshore and the ocean depth at sample location.

Figure S13. Maps produced using the three most successful discriminant functions (tied for classification error rates of 15.4%) showing predicted distributions of putative asexual E. huxleyi (“lost flagella”) versus E. huxleyi that retained the life cycle (“kept flagella”). Green pixels mark where the predominance is expected to vary seasonally. (A) Combination 6. (B) Combination 10. (C) Combination 14. In each case, the discriminant function is given above the map. Each map shows summary results obtained from MODIS/A monthly climatologies (10 years).

Figure S14. Biogeographic distribution of obligate asexuality in E. huxleyi. (A) Magnified view for the results on strains isolated from the Mediterranean. (B) New strains isolated from Chilean coastal upwelling (south of Coquimbo) and offshore (near Robinson Crusoe Island). Also shown are offshore strains isolated from the RCC collection (BIOSOPE cruise, 2004, left-most pie chart) and the long-term time series metagenome dataset (Miloco) searched for EhV (in front of Concepción). As in Fig. 4 of the main text, sites are plotted onto maps of MODIS/A satellite chl-a 2002-2011 mission average.

Supplementary Table S1-S18
Table S1. Statistics of Sanger and 454 ESTs.
	
	Sanger 5’ reads
	454 reads

	
	RCC1217 (1N)
	RCC1216 (2N)
	CCMP1516
	RCC1217 (1N)
	RCC1216 (2N)

	Number of ESTs after trimming and quality control
	19198
	19188
	72513
	228506
	222469

	Length of ESTs, mean 

± standard deviation

(minimum/maximum)
	599.51

(143.14 (50/897)
	563.55

(151.37 (55/866)
	678.78

(163.42 (150/977)
	210.08

(32.63 (90/321)
	206.21

(35.22 (90/340)

	%GC
	64.49
	64.68
	68.21
	64.46
	64.32

	Number of mini-clusters (i.e. consensus sequences)
	16476
	21625
	-


Table S2. Comparison of assignment of ploidy-specific expression by microarray and 454 read counts. Specificity was defined by 50% difference between 2N and 1N expression defined by normalized fluorescence (microarrays) or read counts (454). Significance was determined with a threshold p<0.05 (Bonferroni corrected p-value by ANOVA for microarray, Audic-Claverie statistic for 454 reads).
	
	2N specific 454
	1N specific 454

	2N specific microarray
	844
	190

	1N specific microarray
	161
	909

	Proportion
	83.9%
	17.3%

	2, df, p value
	934, 1, p < 0.0001

	Pos. pred.
	81.6% (79.1%-83.9%)

	Neg. pred.
	85.0% (82.7%-87.0%)


Table S3. Comparison of RT-PCR and QRT-PCR analysis of ploidy-specificity of expression from three previous studies (1, von Dassow et al. 2009; 2, MacKinder et al. 2011; 3, Rokitta et al. 2011) to microarray and 454 expression data for 48 clusters (representing 47 individual genes) from the present study. For each gene the cluster id in the current analysis ("GJ_____") is listed with the cluster id ("GS_____") used previously in von Dassow et al. (2009) or the corresponding JGI protein ID for comparison. Expression ratio (2N/1N) was measured quantitatively by QRT-PCR in MacKinder et. al. (2011) and Rokitta et al. (2011). There was a strong correlation between the log2 of average expression ratio determined by microarrays in the present study (across all probes for each gene) and the log2 of expression ratio determined in MacKinder et al. 2011 (y=0.7473x-0.0198, R2=0.90, p<0.0001). The quantitative correlation was weaker and not significant between the present study and QRT-PCR expression data reported by Rokitta et al. 2011 (y=0.3705x-0.8166, R2=0.45, p=0.14), however microarray expression data did assign the same significant specificity in agreement with Rokitta et al. 2011 for 5 of 6 genes. The exception (cluster GJ04919) did not show significant expression differences by microarray but the difference in fluorescence intensity was consistent with 1N-specific expression as reported by Rokitta et al. 2011.
	ID
	Functional annotation
	Previous studies
	Microarray expression
	454 expression

	GJ cluster
	GS cluster
	Description
	Study
	specificity (log2 ratio 2N/1N)
	ANOVA 

(# probes sig)
	log2(2N/1N) (sig probes only)
	1N reads
	2N reads
	p

	
	
	
	
	
	
	day
	night
	
	
	

	GJ04148
	GS00508
	1N-specific putative cyclin
	1
	1N only
	1
	-5.74
	-5.72
	30
	0
	7.03E-10

	GJ06368
	GS01285
	1N-specific ankaryin-repeat protein
	1
	1N only
	3
	-5.87
	-0.16
	15
	0
	1.89E-05

	GJ05427
	GS00910
	possible cGMP protein kinase
	1
	1N only
	3
	-4.08
	-4.40
	13
	0
	7.35E-05

	GJ03005
	GS00234
	1N-specific calcium/calmodulin-dependent protein kinase
	1
	1N only
	
	(0.35)
	(2.04)
	14
	0
	3.73E-05

	GJ02754
	GS00184
	1N-specific protein kinase
	1
	1N only
	1
	-3.21
	-3.69
	3
	0
	6.59E-02

	GJ03196
	GS00273
	Myb superfamily transcription factor
	1
	1N only
	3
	-4.31
	-4.47
	12
	0
	1.45E-04

	GJ04706
	GS00667
	outer arm DHC-beta
	1
	1N only
	3
	-4.40
	-2.37
	31
	0
	3.56E-10

	GJ03046
	GS00242
	conserved flagellar-related protein
	1
	1N only
	3
	-5.06
	-2.96
	4
	0
	3.34E-02

	GJ01064
	GS00012
	inner arm DHC2
	1
	1N only
	3
	-4.98
	-1.49
	1
	0
	2.57E-01

	GJ11768
	GS02894
	false GPA homolog
	1
	1N only
	
	(-1.75)
	(-3.88)
	15
	0
	1.89E-05

	GJ02503
	GS00157
	1N-specific putative beta-carbonic anhydrase
	1
	1N only
	3
	-4.89
	-2.18
	8
	0
	2.20E-03

	GJ12061
	GS02990
	1N-specific putative DNA N-6-adenine-methyltransferase
	1
	1N only
	
	(-2.48)
	(-5.12)
	5
	0
	1.69E-02

	GJ06307
	GS01257
	1N-specific orphan
	1
	1N only
	
	(-4.04)
	(-5.66)
	38
	0
	3.06E-12

	GJ07659
	GS01805
	1N-specific orphan
	1
	1N only
	
	(-4.07)
	(-3.87)
	11
	0
	2.86E-04

	GJ14925
	GS04411
	ODA-DC3
	1
	1N only
	3
	-4.81
	-0.08
	33
	0
	9.15E-11

	GJ10775
	GS02579
	inner arm DHC1β
	1
	1N only
	3
	-4.42
	-4.71
	2
	0
	1.30E-01

	GJ11760
	GS02889
	cytoplasmic DHC
	1
	1N only
	3
	-5.93
	-6.90
	1
	0
	2.57E-01

	GJ12389
	GS03135
	cytoplasmic DHC
	1
	1N only
	3
	-2.57
	-2.91
	2
	0
	1.30E-01

	GJ11290
	GS02724
	FAP58/FAp189 conserved flagellar protein
	1
	1N only
	3
	-3.63
	-3.40
	9
	0
	1.12E-03

	GJ05256
	GS00844
	conserved basal body protein BBS5
	1
	1N only
	3
	-3.66
	-5.00
	8
	0
	2.20E-03

	GJ02346
	GS00132
	phototropin homolog
	1
	1N only
	3
	-3.43
	-2.98
	2
	0
	1.30E-01

	GJ05454
	GS00920
	phototropin homolog
	1
	1N only
	3
	-5.55
	-0.31
	31
	0
	3.56E-10

	GJ16213
	GS05223
	false agglutinin homolog
	1
	1N only
	2
	-4.05
	-6.20
	0
	0
	NA

	GJ24001
	GS10455
	1N-specific histone H2A variant
	1
	1N only
	
	(-0.98)
	(-3.65)
	79
	0
	2.40E-24

	GJ03894
	GS00451
	2N-specific putative aquaporin
	1
	2N only
	1
	5.45
	4.73
	0
	7
	3.51E-03

	GJ10238
	GS02435
	2N-specific histone H4 variant
	1
	2N only
	3
	4.63
	6.19
	0
	35
	8.96E-12

	GJ03946
	GS00463
	NCKX
	1
	2N only
	3
	5.53
	5.12
	0
	34
	1.82E-11

	GJ15963
	GS05051
	SLC4 homolog (AEL1)
	1,2
	2N only (>6.64)
	3
	6.17
	3.48
	0
	661
	6.97E-204

	GJ03030
	GS02941
	t-SNARE homolog
	1
	2N only
	3
	4.23
	4.32
	0
	8
	1.73E-03

	GJ12935
	GS03351
	2N-specific unknown protein
	1
	2N only
	3
	5.02
	4.06
	0
	8
	1.73E-03

	GJ10509
	GS02507
	2N-specific orphan
	1
	2N only
	3
	4.13
	6.98
	0
	66
	2.75E-21

	GJ06072
	GS01164
	2N-specific orphan
	1
	2N only
	3
	6.05
	5.57
	0
	19
	7.28E-07

	GJ07652
	GS01802
	2N-specific orphan
	1
	2N only
	2
	3.87
	3.35
	0
	2
	1.20E-01

	GJ03349
	GS00304
	VCX1 (CAX3)
	1,2
	2N only (>6.64)
	
	(3.74)
	(4.08)
	0
	147
	3.81E-46

	GJ16299
	GS11002
	orphan present in 2N library
	1
	1N and 2N
	2
	1.30
	-0.49
	520
	480
	2.00E-01

	GJ00953
	GS00217
	Elongation factor 1-alpha
	1,2
	equal (0)
	
	(-0.18)
	(0.24)
	680
	929
	7.19E-12

	GJ05656
	GS01006
	Pyruvate kinase
	2
	equal (0)
	
	(-0.64)
	(0.00)
	39
	34
	3.21E-01

	GJ01771
	GS09822
	GPA
	1,2
	1N (-1)
	3
	-1.56
	-0.26
	23
	3
	3.26E-05

	GJ01185
	GS00019
	CAX4
	2
	1N (-1.74)
	
	(-1.11)
	(-0.65)
	27
	15
	4.00E-02

	GJ13760
	GS03783
	ATPVc/c'
	2
	2N (0.58)
	
	(0.86)
	(0.71)
	96
	141
	8.72E-04

	GJ01493
	522053
	ECA2 (JGI
	2
	1N (-1)
	
	(-0.08)
	(-0.22)
	6
	19
	3.84E-03

	GJ05299
	432493
	gamma carbonic anhydrase
	2
	similar (0.32)
	
	(0.20)
	(0.25)
	27
	22
	2.70E-01

	GJ06602
	558382
	AP2B
	3
	2N (2.08)
	1
	1.24
	0.53
	9
	6
	2.44E-01

	GJ00588
	439538
	APTVa
	3
	2N (11.06)
	
	(1.21)
	(1.03)
	44
	153
	1.86E-16

	GJ08579
	97942
	Kinesin
	3
	1N (-8.00)
	3
	-1.24
	-0.26
	0
	0
	NA

	GJ07186
	464996
	beta-tubulin
	3
	1N (-3.32)
	2
	-2.24
	0.90
	191
	199
	2.52E-01

	GJ00130
	442731
	Subtilisin
	3
	2N (7.97)
	3
	5.08
	7.77
	0
	259
	1.62E-80

	GJ04919
	99888
	DynH
	3
	1N (-3.75)
	3
	-8.01
	-2.80
	3
	0
	6.59E-02


Table S4. Analysis of microarray and 454 expression data for 82 genes homologous to proteins with functions only in the eukaryotic cilium/flagellum. For each gene, the cluster id in the current analysis ("GJ_____") is listed with the cluster id ("GS_____") used previously in von Dassow et al. (2009) for comparison. The functional annotation and homology scores for each cluster are following von Dassow et. al. (2009). For microarray expression, the number of probes for each gene that showed a significant difference in ANOVA analysis is given, followed by the -log2 of the average normalized relative microarray fluorescence signal (relative to reference RNA pool and averaged across all replicates and time points) of probes judged to show significant differences (when no probes were significant, the average of all probes is given in parentheses). For 454 expression, the number of matching 1N reads and 2N reads are listed followed by the probability (p) of the difference in read numbers from each library determined from the Audic&Claverie statistic.
	ID
	Functional annotation
	Microarray expression
	454 expression

	GJ cluster
	GS cluster
	Description
	Homol. (E-value)
	ANOVA 

(# probes sig)
	log2(2N/1N) (sig probes only)
	1N reads
	2N reads
	p

	
	
	
	
	
	day
	night
	
	
	

	Outer dynein arm

	GJ02013
	GS00095
	dynein heavy chain beta (ODA4)
	2.00E-39
	3
	-4.58
	-2.93
	12
	0
	1.45E-04

	GJ04706
	GS00667
	dynein heavy chain alpha (ODA11)
	1.00E-53
	3
	-4.40
	-2.37
	31
	0
	3.56E-10

	GJ04856
	GS00708
	dynein, 70 kDa intermediate chain, flagellar outer arm (ODA6)
	6.00E-62
	3
	-3.84
	-0.72
	19
	0
	1.24E-06

	GJ05102
	GS00788
	outer dynein arm docking complex 2 (ODA-DC2)
	7.00E-13
	3
	-4.39
	-0.43
	3
	0
	6.59E-02

	GJ06089
	GS01171
	outer dynein arm light chain 5, 14KD (DLC5)
	5.00E-11
	3
	-2.58
	-2.79
	1
	0
	2.57E-01

	GJ07019
	GS01589
	outer dynein arm light chain 2 (ODA12)
	3.00E-12
	3
	-2.33
	-1.06
	10
	0
	5.65E-04

	GJ07070
	GS01613
	dynein heavy chain beta (ODA4)
	2.00E-89
	3
	-4.38
	-3.08
	42
	0
	2.01E-13

	GJ09445
	GS02246
	outer dynein arm docking complex 3 (ODA-DC3)
	2.00E-26
	3
	-4.29
	-1.75
	33
	0
	9.15E-11

	GJ12531
	GS03181
	dynein heavy chain beta (ODA4)
	3.00E-22
	3
	-4.02
	-2.99
	3
	0
	6.59E-02

	GJ13160
	GS03471
	outer dynein arm light chain 1 (DLC1)
	4.00E-56
	3
	-5.96
	-3.69
	19
	0
	1.24E-06

	GJ14925
	GS04411
	outer dynein arm docking complex 3 (ODA-DC3)
	6.00E-22
	3
	-4.81
	-0.08
	33
	0
	9.15E-11

	GJ15830
	GS04968
	outer dynein arm light chain 5, 14KD (DLC5)
	6.00E-08
	3
	-5.13
	-1.83
	5
	0
	1.69E-02

	GJ18014
	GS06421
	outer dynein arm light chain 5, 14KD (DLC5)
	4.00E-12
	3
	-4.56
	-2.02
	24
	0
	4.16E-08

	GJ18066
	GS06462
	dynein heavy chain alpha (ODA11)
	3.00E-16
	
	(0.03)
	(0.07)
	0
	0
	NA

	GJ18642
	GS06867
	outer dynein arm intermediate chain 1 (ODA9)
	4.00E-68
	3
	-4.32
	-3.07
	8
	0
	2.20E-03

	GJ19896
	GS07741
	dynein, 70 kDa intermediate chain, flagellar outer arm (ODA6)
	7.00E-37
	3
	-3.77
	-0.72
	5
	0
	1.69E-02

	GJ21869
	GS09082
	outer dynein arm light chain 8, 8KD (FLA14)
	5.00E-23
	3
	-4.95
	-4.47
	7
	0
	4.34E-03

	GJ22899
	GS09765
	outer dynein arm light chain 8, 8KD (FLA14)
	7.00E-46
	3
	-2.10
	0.74
	122
	12
	5.14E-24

	GJ23692
	GS10274
	outer dynein arm light chain 7b (DLC7b)
	5.00E-25
	3
	-5.18
	-3.70
	6
	0
	8.57E-03

	Inner dynein arm

	GJ01064
	GS00012
	dynein heavy chain 2 (DHC2)
	1.00E-138
	3
	-4.98
	-1.49
	1
	0
	2.57E-01

	GJ02288
	GS00124
	dynein heavy chain 9 (DHC9)
	2.00E-133
	3
	-7.11
	-2.17
	22
	0
	1.62E-07

	GJ04162
	GS00514
	inner dynein arm I1 intermediate chain IC140 (IDA7)
	8.00E-49
	3
	-5.26
	-2.98
	2
	0
	1.30E-01

	GJ04919
	GS00730
	dynein heavy chain 2 (DHC2)
	8.00E-104
	3
	-8.01
	-2.80
	3
	0
	6.59E-02

	GJ05604
	GS00981
	dynein heavy chain 2 (DHC2)
	4.00E-112
	3
	-3.26
	-1.97
	3
	0
	6.59E-02

	GJ06205
	GS01222
	inner dynein arm I1 intermediate chain (IC138)
	2.00E-60
	3
	-4.73
	-2.01
	0
	0
	NA

	GJ06612
	GS01392
	dynein heavy chain 9 (DHC9)
	5.00E-94
	3
	-4.78
	-0.96
	7
	0
	4.34E-03

	GJ07425
	GS01741
	inner dynein arm ligh chain p28 (IDA4)
	1.00E-80
	3
	-6.19
	-0.69
	18
	0
	2.46E-06

	GJ10775
	GS02579
	inner dynein arm heavy chain 1-beta (DHC1β/DHC10/IDA2)
	6.00E-82
	3
	-4.42
	-4.71
	2
	0
	1.30E-01

	GJ13654
	GS03727
	inner dynein arm heavy chain 1-alpha (DHC1a)
	2.00E-77
	3
	-6.08
	-3.33
	5
	0
	1.69E-02

	GJ15229
	GS04604
	subunit of axonemal inner dynein arn (A9ZPM1_CHLRE)
	2.00E-09
	3
	-4.64
	-1.44
	1
	0
	2.57E-01

	GJ17684
	GS06225
	inner dynein arm heavy chain 1-beta (IDA2)
	1.00E-57
	2
	-1.06
	-1.28
	1
	0
	2.57E-01

	GJ17971
	GS06393
	dynein light chain Tctex2b
	3.00E-33
	3
	-3.21
	-3.20
	45
	0
	2.62E-14

	GJ20153
	GS07942
	inner dynein arm heavy chain 1-beta (IDA2)
	9.00E-10
	1
	-4.00
	-4.04
	0
	0
	NA

	GJ20605
	GS08244
	dynein light chain tctex1 (TCTEX1)
	3.00E-33
	2
	-4.04
	-4.27
	93
	0
	1.76E-28

	GJ22896
	GS09760
	dynein light chain tctex1 (TCTEX1)
	7.00E-10
	
	(-4.11)
	(-6.19)
	39
	0
	1.55E-12

	GJ25632
	GS11376
	dynein heavy chain 8 (DHC8)
	9.00E-07
	3
	-3.73
	-2.31
	0
	0
	NA

	Central pair

	GJ06719
	GS01450
	central pair protein (PF16)
	1.00E-80
	3
	-5.16
	-1.85
	49
	0
	1.73E-15

	GJ08256
	GS01964
	central pair associated WD-repeat protein
	6.00E-59
	3
	-5.64
	-5.40
	4
	0
	3.34E-02

	GJ08266
	GS01971
	central pair protein (PF16)
	2.00E-17
	3
	-4.85
	-4.25
	4
	0
	3.34E-02

	GJ14940
	GS04426
	central pair protein (PF6)
	4.00E-08
	3
	-4.46
	-0.39
	2
	0
	1.30E-01

	Radial spoke associated proteins

	GJ06172
	GS01207
	radial spoke protein 9
	2.00E-27
	3
	-3.09
	-0.34
	10
	0
	5.65E-04

	GJ11774
	GS02902
	radial spoke protein 14
	2.00E-09
	
	(-2.43)
	(0.21)
	1
	0
	2.57E-01

	GJ14514
	GS04163
	radial spoke protein 4 (PF1)
	2.00E-21
	3
	-3.13
	-2.49
	13
	0
	7.35E-05

	GJ18435
	GS06727
	radial spoke protein 11
	1.00E-06
	1
	-0.97
	0.01
	34
	0
	4.64E-11

	GJ18938
	GS07077
	radial spoke protein 1
	8.00E-21
	3
	-4.33
	-0.10
	0
	0
	NA

	Intraflagellar transport

	GJ03792
	GS00419
	intraflagellar transport protein 80 (CHE2)
	5.00E-77
	
	(-2.56)
	(-3.30)
	3
	0
	6.59E-02

	GJ06686
	GS01432
	intraflagellar transport protein 57 (IFT57)
	2.00E-31
	
	(-4.50)
	(-3.00)
	2
	0
	1.30E-01

	GJ07678
	GS01814
	intraflagellar transport protein 81 (IFT81)
	2.00E-37
	
	(-2.33)
	(-4.66)
	14
	0
	3.73E-05

	GJ11926
	GS02951
	intraflagellar transport protein 121 (IFT121)
	1.00E-40
	3
	-4.98
	-5.68
	4
	0
	3.34E-02

	GJ19217
	GS07252
	intraflagellar transport protein 72 and 74 (IFT72/74)
	8.00E-17
	
	(-1.10)
	(-1.60)
	0
	0
	NA

	GJ19615
	GS07544
	intraflagellar transport protein 139 (IFT139)
	3.00E-58
	1
	-3.67
	-4.19
	3
	0
	6.59E-02

	GJ19868
	GS07726
	intraflagellar transport protein 140 (IFT140)
	3.00E-47
	
	
	
	12
	0
	1.45E-04

	GJ20187
	GS07961
	intraflagellar transport protein 20 (IFT20)
	4.00E-15
	3
	-4.12
	-4.48
	12
	0
	1.45E-04

	GJ25205
	GS11159
	dynein 1b light intermediate chain (D1bLIC)
	8.00E-12
	3
	-2.17
	-2.39
	1
	0
	2.57E-01

	GJ26000
	GS11582
	intraflagellar transport protein 172 (IFT172)
	5.00E-26
	3
	-3.51
	-5.74
	2
	0
	1.30E-01

	GJ28517
	GS12902
	intraflagellar transport protein 80 (CHE2)
	3.00E-16
	1
	-1.09
	-1.34
	0
	0
	NA

	Miscellaneous

	GJ06676
	GS01427
	conserved uncharacterized flagellar associated protein FAP189
	3.00E-63
	3
	-3.46
	-3.12
	6
	0
	8.57E-03

	GJ07273
	GS01693
	flagellar protofilament ribbon protein (RIB43a)
	2.00E-41
	1
	-2.37
	-0.64
	9
	0
	1.12E-03

	GJ09529
	GS02259
	dynein regulatory complex protein (PF2)
	4.00E-86
	3
	-5.71
	-3.22
	34
	0
	4.64E-11

	GJ11290
	GS02724
	conserved uncharacterized flagellar associated protein FAP189
	8.00E-68
	3
	-3.63
	-3.40
	9
	0
	1.12E-03

	GJ15964
	GS05052
	conserved uncharacterized flagellar associated protein FAP58
	2.00E-54
	3
	-4.77
	-2.58
	3
	0
	6.59E-02

	GJ19606
	GS07533
	tektin
	4.00E-07
	3
	-4.71
	0.63
	1
	0
	2.57E-01

	GJ22970
	GS09812
	nucleoside-diphosphokinase regulatory subunit p72 (RIB72)
	9.00E-19
	3
	-4.76
	-0.37
	2
	0
	1.30E-01

	Proteins found by manual search of Uniprot/Swissprot hits related to eukaryotic flagella and basal-body

	GJ02489
	GS00154
	flagellar associated protein (A7S8J6_NEMVE)
	3.00E-39
	3
	-6.42
	-3.84
	20
	0
	6.30E-07

	GJ02593
	GS00165
	flagellar associated protein (A8J0N6_CHLRE)
	2.00E-22
	3
	-3.85
	-1.00
	2
	0
	1.30E-01

	GJ03270
	GS00287
	flagellar associated protein (A8IXS4_CHLRE)
	9.00E-12
	3
	-4.69
	-0.56
	18
	0
	2.46E-06

	GJ05256
	GS00844
	Bardet-biedl syndrome 5 protein (BBS5_DANRE)
	5.00E-93
	3
	-3.66
	-5.00
	8
	0
	2.20E-03

	GJ05288
	GS00857
	flagellar associated protein (A8HZK8_CHLRE)
	1.00E-09
	2
	-3.85
	-2.38
	2
	0
	1.30E-01

	GJ05559
	GS00963
	flagellar associated protein (A8J7D6_CHLRE)
	4.00E-25
	3
	-4.23
	-0.70
	61
	0
	4.95E-19

	GJ07340
	GS01715
	ADP-ribosylation factor-like protein 6 (BBS3)
	8.00E-57
	3
	-5.30
	-1.23
	18
	0
	2.46E-06

	GJ08337
	GS01983
	flagellar associated protein (A8J1V4_CHLRE)
	3.00E-44
	3
	-3.89
	-3.67
	9
	0
	1.12E-03

	GJ09654
	GS02294
	flagellar associated protein (A8JB22_CHLRE)
	3.00E-43
	3
	-5.49
	-1.33
	2
	0
	1.30E-01

	GJ10785
	GS02585
	Bardet-biedl syndrome 1 protein (A8JEA1_CHLRE)
	7.00E-48
	3
	-3.25
	-2.42
	0
	0
	NA

	GJ12240
	GS03063
	flagellar associated protein (A8I9E8_CHLRE)
	2.00E-22
	3
	-5.59
	-1.00
	13
	0
	7.35E-05

	GJ15572
	GS04802
	flagellar associated protein (A8JDM7_CHLRE)
	5.00E-23
	3
	-1.52
	-4.04
	0
	0
	NA

	GJ17850
	GS06330
	flagellar associated protein (A8HMZ4_CHLRE)
	2.00E-33
	3
	-4.16
	-2.01
	5
	0
	1.69E-02

	GJ18725
	GS06922
	flagellar/basal body protein (A8I6L8_CHLRE)
	1.00E-10
	3
	-4.31
	-2.02
	1
	0
	2.57E-01

	GJ19526
	GS07471
	flagellar/basal body protein (A8J795_CHLRE)
	6.00E-63
	3
	-2.64
	0.15
	5
	0
	1.69E-02

	GJ20023
	GS07835
	flagellar associated protein (A8I9E8_CHLRE)
	1.00E-08
	3
	-4.08
	-0.17
	6
	0
	8.57E-03

	GJ22383
	GS09434
	Bardet-biedl syndrome 9 protein (PTHB1_HUMAN)
	5.00E-16
	3
	-1.38
	-4.05
	2
	0
	1.30E-01

	GJ23579
	GS10201
	Bardet-biedl syndrome 7 protein (BBS7_MOUSE)
	3.00E-34
	1
	-0.76
	-1.16
	0
	0
	NA

	GJ25363
	GS11232
	Bardet-biedl syndrome 2 protein (BBS2_MOUSE)
	9.00E-14
	2
	-0.67
	-3.60
	2
	0
	1.30E-01


Table S5. Summary of expression data from 454 read numbers and microarrays for 82 Sanger EST clusters homologous to proteins highly specific to eukaryotic flagella.

	
	1N-specific by microarray
	Specificity not defined by microarray
	2N-specific by microarray

	1N 454 reads > 2N 454 reads
	31
	3
	0

	Sig. 1N-specific by 454 read #s*
	35
	3
	0

	No matching 454 reads
	8
	2
	0

	2N 454 reads > 2N 454 reads
	0
	0
	0

	Sig. 2N-specific by 454 read #s
	0
	0
	0


Table S6. Mapping statistics of the ESTs (proportion/average percent identity) against CCMP1516 genome assembly.
	
	RCC1216 (2N)
	RCC1217 (1N)
	CCMP1516

	Sanger ESTs
	89.9% (17065/18988); 99.28%
	84.2% (15988/18998); 99.31%
	90.0% (65286/72513); 99.60%

	454 ESTs
	92.9% (184775/198920); 99.30%
	86.4% (181286/209791); 99.25%
	-


Table S7. PCR primers used.
	ClusterID
	Description
	Forward Primers
	Reverse Primers

	GJ00953 (GS00217)
	Elongation factor 1
	e00217F1-AAGTTCAAGGTCGGCAAGG

e00217F2-AGGTCGGCTGGAAGAAGG
	e00217R1-CTTCTGGATGACGGACACG
e00217R2-GCAGAAGTCGTTGAGGCACT

	GJ04706 (GS00667)
	Outer arm -DHC
	GS00667F1-TGAACCTCGTCCTCAACACA

GS00667F2-GGCAAGGAGGAGAAGGTCA
	GS00667R1-GAATCATCGGCATCACTGG

GS00667R2-CTCGCCGTCTCCAACTTTAT

	
	Scaffold-529, break in outer arm -DHC homology
	529F1-GACATCCACAACCCGAACTT

529F2-GATGGAGGACGAGACCAAGA
	529R1-GCGAAAAGAGCGACAACG

529R2-CAAGACAGAGTGCGTGGAAG

	
	454 read-GJ04706
	DOR30-529F1-CAGGAGAAGAATGCCGAGAA
	DOR30-529R1-AACCTTGATGGACGACTGC

	GJ10775 (GS02579)
	Inner arm DHC1
	1948BF1-GCTTTCTCACTGCGCTCAT
1948CF1-TTCCGCTTCTACCTGACCAC
	1948BR1-GTAGAGCGGGCACGAGTACA
1948CR1-GACTAGCTTGCGCTTTCCTG

	GJ11760-GJ12389
	cytoplasmic DHC
	1876BF1-GTCGTCGTAAGTGGCCTTG 

e03135F1-GCGGACTATTTGCGTGCTAT

e03135F2-GTGGCTGACTACCGAGCAG
	1876BR1-GTGCGTTATTGCGTTCACTC

e03135R1-TGCCACAGCGACAGGACT

e03135R2-GCAGGAAGGAATGGAGCAG

e02889F3R-GAGAGAGCAAGCCACCACC

	GJ01064 (GS00012)
	Inner arm DHC3
	e00012F1-GCAGCGAGAAGGACTACGAG
	e00012R1-CGCGAGCACACTCACATTAT

	GJ14925 (GS04411)
	Flagellar ODA-DC3
	4602AF1-AGTTTCTGGGGTGCAAGATG

4602BF1-AGAAGGCAAGGCGAGAGAAG
	4602AR1-TTTTCCTCCTCGAAGACAGC
4602BR1-CACAAACTCGTGGCCGTACT

	GJ10238 (GS02435)
	Unusual 2N-specific histone H4
	e02435F4-CTCTCGGTCCTCGCAATG

e02435F5-GCTGGCAACGATGTTCAGT
	e02435R4-CGTGCTCCGTGTAGGTGAC

e02435R5-GTGATGCCCTGGATGTTTTC

	GJ15963 (GS05051)
	SLC4
	e05051,3F1-AAGGGGAAGAAGCCCATC
e05051,4F1-CGCTCTTCCAGTTCTCCTG
	e05051,3R1-AGAGGCAGGCGAAGAAGAG
e05051,4R1-GGCTCCCATCCCTGTTTACT

	GJ03030 (GS02941)
	t-SNARE
	e02941,1F1-CGGGCAGGAGGAGGTCTT

e02941,2F1-TCACTGGCTCGTCTCTTCAC

e02941,4F1-AGGAGGTGAATGGCGTGA
	e02941,1R1-ACGACAATCAGCAGCGTCA

e02941,2R1-CGTCCATCGCCTTGAGTT

e02941,4R1-CGGTGCTTGGATTTGAACC

	GJ03946 (GS00463)
	NCKX
	e00453AF1-GAGGAGGAGGAGAAGGAGGA
	e00453AR1-GACCATGACGAAGGAGAGGA

	GJ003349 (GS00304)
	VCX1
	e00304F1-AGGAGGAGGAGGAGGAGGAG
e00304F2-TGCTCGTCGTCTATGTCTGC
	e00304R1- GCGGAGACGAAGGCGTAG
e00304R2- CTCCTACTCGTGATGGTGCTC

	GJ02346 (GS00132)
	phototropin-like
	e00132F1-TCACCCTGCTCAACTACAAGG
	e00132R1-CTCACGACACCCGACATTC

	GJ05454 (GS0920)
	phototropin-like
	e00920F1-CGAAGTCTCCAGCCAAGC
	e00920R1-GCCAACCTGAGCAACCTT


Table S8. Contingency analysis comparing representation of genes with 1N, 2N, and no ploidy specificity in the JGI whole genome assembly of CCMP1516, in Illumina paired-end read contigs of CCMP1516 gDNA, and comparative genome hybridization (CGH) of genes showing 2-fold underrepresentation (>2x down) in CCMP1516 gDNA vs RCC1216 gDNA. In each case, a global 2 analysis was performed to determine significance of differences between 1N-specific, 2N-specific, and no ploidy specificity genes. Odds ratios were calculated comparing 1N-specific to 2N-specific and 1N-specific to no ploidy specificity genes (95% confidence interval, p-value of difference from 2x2 2 tests given in parentheses).
	JGI
	1N-specific
	2N-specific
	No ploidy specificity

	Number absent
	646
	253
	853

	Number present
	3943
	4299
	17131

	Proportion absent
	14.1%
	5.6%
	4.7%

	2, df, p value
	535, 2, <0.0001

	Rel. risk 1N-vs-2N
	2.53 (2.20-2.91, <0.0001)

	Rel. risk 1N-vs-No ploidy-spec.
	2.97 (2.69-3.27, <0.0001)


	Rel. risk 2N-vs-No ploidy-spec.
	1.17 (1.02-1.34, 0.0230) (not significant)

	Illumina
	1N-specific
	2N-specific
	No ploidy specificity

	Number absent
	776
	445
	2093

	Number present
	3813
	4107
	15891

	Proportion absent
	16.9%
	9.8%
	11.6%

	2, df, p value
	125, 2, <0.0001

	Rel. risk 1N-vs-2N
	1.73 (1.55-1.93, <0.0001)

	Rel. risk 1N-vs-No ploidy-spec.
	1.45 (1.35-1.57, <0.0001)

	Rel. risk 2N-vs-No ploidy-spec.
	0.840 (0.762-0.926, 0.0004)

	CGH
	1N-specific
	2N-specific
	No ploidy specificity

	Number >2x down
	1275
	691
	1256

	Number not down
	3314
	3861
	16728

	Proportion >2x down
	27.8%
	15.2%
	7.0%

	2, df, p value
	1570, 2, <0.001

	Rel. risk 1N-vs-2N
	1.83 (1.68-1.99, <0.0001)

	Rel. risk 1N-vs-No ploidy-spec.
	3.98 (3.71-4.27, <0.0001)

	Rel. risk 2N-vs-No ploidy-spec.
	2.17 (1.99-2.37, <0.0001)


Table S9. Contingency analysis of correlations between absence in JGI genome assembly of CCMP1516, absence in CCMP1516 Ilumina paired-end read contigs, and greater than two-fold down-representation in comparative genome hybridization (CGH) analysis of CCMP1516 genomic DNA compared to RCC1216 genomic DNA. Within each expression category, the 2 test was used test the inter-associations between the absence (BLASTN bit score<100 against JGI or Illumina datasets), or diminished representation (> two-fold) of a gene in CCMP1516 detected by any two methods. The positive prediction values and negative prediction values between methods are given (± width of the 95% confidence interval). Positive or negative predictive values are marked with * if significantly different between 1N and no-ploidy-specificity genes or 2N and no-ploidy-specificity genes, ** if significantly different between 1N and 2N specific genes but not between 1N and no-ploidy-specificity genes, and *** if significantly different between 1N genes and all others (threshold p<0.001).
	JGI-vs-Illumina
	1N-specific
	2N-specific
	No ploidy-specificity
	All

	
	Absent JGI
	Present JGI
	Absent JGI
	Present JGI
	Absent JGI
	Present JGI
	Absent JGI
	Present JGI

	Absent Illumina
	564
	212
	190
	255
	563
	1530
	1317
	1997

	Present Illumina
	82
	3731
	63
	4044
	290
	15601
	435
	23376

	Proportion absent
	87.3%
	5.4%
	75.1%
	5.9%
	66.0%
	8.9%
	75.2%
	7.9%

	2, df, p value
	2650, 1, <0.0001
	1290, 1, <0.0001
	2570, 1, <0.0001
	6920, 1, <0.0001

	Pos. pred.
	72.7% (±6.1%)***
	42.7% (±9.4%)*
	26.9% (±3.8%)
	39.7% (±3.4%)

	Neg. pred.
	97.9% (±1.0%)
	98.5% (±0.8%)
	98.2% (±0.4%)
	98.2% (±0.4%)

	JGI-vs-CGH
	1N-specific
	2N-specific
	No ploidy-specificity
	All

	
	Absent JGI
	Present JGI
	Absent JGI
	Present JGI
	Absent JGI
	Present JGI
	Absent JGI
	Present JGI

	CGH >2x down
	492
	783
	163
	528
	177
	1079
	832
	2390

	CGH not down
	154
	3160
	90
	3771
	676
	16052
	920
	22983

	Proportion down
	76.2%
	19.9%
	64.4%
	12.3%
	20.8%
	6.8%
	47.5%
	9.4%

	2, df, p value
	874, 1, <0.0001
	501, 1, <0.0001
	259, 1, <0.0001
	2265, 1, <0.0001

	Pos. pred.
	38.6% (±5.4%)***
	23.6% (±6.5%)*
	14.1% (±3.9%)
	25.8% (±3.1%)

	Neg. pred.
	95.4% (±1.5%)***
	97.7% (±1.0%)*
	96.0% (±0.7%)
	96.2% (±0.5%)

	Illumina-vs-CGH
	1N-specific
	2N-specific
	No ploidy-specificity
	All

	
	Absent Illumina
	Present Illumina
	Absent Illumina
	Present Illumina
	Absent Illumina
	Present Illumina
	Absent Illumina
	Present Illumina

	CGH >2x down
	544
	731
	206
	485
	232
	1024
	982
	2240

	CGH not down
	232
	3082
	239
	3622
	1861
	14867
	2332
	21571

	Proportion down
	70.1%
	19.2%
	46.2%
	11.8%
	11.1%
	6.4%
	25%
	9%

	2, df, p value
	831, 1, <0.0001
	368, 1, <0.0001
	60.6, 1, <0.0001
	1140, 1, <0.0001

	Pos. pred.
	42.7% (±5.5%)***
	29.8% (±7.0%)*
	18.5% (±4.4%)
	30.5% (±3.2%)

	Neg. pred.
	93.0% (±1.7%)*
	93.8% (±9.6%)*
	88.9% (±1.0%)
	90.2% (±0.8%)


Table S10. Apparent absence from CCMP1516 genome and diminished copy number (down CNV) in CCMP1516 genome between 1N-specific, 2N-specific, or not ploidy-specific genes. Apparent absence is indicated when the best BLASTN bit scores <100 against both JGI genome assembly and CCMP1516 Illumina paired-end read contigs, and CGH results gave <2-fold lower signal from CCMP1516 gDNA compared to RCC1216 gDNA. The global 2 test calculates the significance of the difference among all expression categories. Odds ratios are given (with 95% confidence interval, p-value for 2x2 2 tests) for 1N-specific versus 2N-specific and 1N-specific versus not ploidy-specific genes. Overall, ploidy-specific genes (1N-specific or 2N-specific) were approximately 8.5 times more likely than not ploidy-specific genes to be absent from the CCMP1516 genome by all three measures (2 = 775, p < 0.0001) and approximately 2.5 times more likely than not-ploidy genes to exhibit lower copy number (2 = 628, p < 0.0001). The proportions of genome content differences attributable to 1N-specific genes (60%) and 2N-specific genes (20%) were calculated from the number of 1N-specific genes (471 genes) or 2N-specific genes (153 genes) found to be absent from CCMP1516 divided by the total genes identified as absent from CCMP1516 by the consensus of JGI, Illumina, and CGH measures (778).
	
	1N-specific
	2N-specific
	No ploidy specificity

	Consensus absent
	471 (10.3%)
	153 (3.4%)
	154 (0.8%)

	Possible down CNV
	804 (17.5%)
	538 (11.8%)
	1102 (6.1%)

	Others
	3314 (72.2%)
	3861 (84.8%)
	16728 (93.0%)

	Contingency analysis of absence
	1N-specific
	2N-specific
	No ploidy specificity

	Consensus absent
	471
	153
	154

	All others
	4118
	4399
	17830

	2, df, p value
	1170, 2, <0.0001
	
	

	Rel. risk 1N-vs-2N
	3.05 (2.56-3.65, <0.0001)
	
	

	Rel. risk 1N-vs-No ploidy-spec.
	12.0 (10.0-14.3, <0.0001)
	
	

	Rel. risk 2N-vs-No ploidy-spec.
	
	43.93 (3.15-4.90, <0.0001)
	

	Contingency analysis of CNV
	1N-specific
	2N-specific
	No ploidy specificity

	Possible down CNV
	804
	538
	1102

	Others not absent
	3314
	3861
	16728

	2, df, p value
	763, 2, <0.0001
	
	

	Rel. risk 1N-vs-2N
	1.60 (1.44-1.77, <0.0001)
	
	

	Rel. risk 1N-vs-No ploidy-spec.
	3.16 (2.90-3.44, <0.0001)
	
	

	Rel. risk 2N-vs-No ploidy-spec.
	
	1.98 (1.80-2.18, <0.0001)
	


Table S11. PCR validation of comparative genome hybridization (CGH) and mapping analyses of genome content differences between CCMP1516 and RCC1216. CGH results for each gene are expressed as the number of probes showing a significant difference, the max and min fold decrease of signal from CCMP1516 gDNA relative to RCC1216 gDNA in competitive microarray hybridization. BLASTN score refers to the best hit of when the longest EST mini-cluster sequence was blasted against the JGI whole genome assembly of CCMP1516 (including unassembled reads).
	
	
	CGH results
	
	PCR results

	ClusterID
	Description
	Probes diff
	Max fold diff
	Min fold diff
	BLASTN score
	F primer
	R primer
	RCC 1216
	RCC 1217
	CCMP 1516R2
	CCMP 1516Ply
	CCMP 1516B

	GJ00953
	Elongation factor 1
	0
	
	
	1552
	e00217F1
	e00217R1
	+
	+
	+
	+
	+

	
	
	
	
	
	
	e00217F2
	e00217R2
	+
	+
	+
	+
	+

	GJ15963
	SLC4 
	0
	
	
	1086
	e05051,3F1
	e05051,3R1
	+
	+
	+
	+
	+

	
	
	
	
	
	
	e05051,4F1
	e05051,4R1
	+
	+
	+
	+
	+

	GJ03030
	t-SNARE
	0
	
	
	638
	e02941,1F1
	e02941,1R1
	+
	+
	+
	+
	+

	
	
	
	
	
	
	e02941,2F1
	e02941,2R1
	+
	+
	+
	+
	+

	
	
	
	
	
	
	e02941,4F1
	e02941,4R1
	+
	+
	+
	+
	+

	GJ03946
	NCKX 
	0
	
	
	819
	e00453AF1
	e00453AR1
	+
	+
	+
	+
	+

	GJ03349
	VCX1 
	0
	
	
	1306
	e00304F1
	e00304R1
	+
	+
	+
	+
	+

	
	
	
	
	
	
	e00304F2
	e00304R2
	+
	+
	+
	+
	+

	GJ05454
	phototropin-like
	0
	
	
	2030
	e00920F1
	e00920R1
	+
	+
	-
	+
	+

	GJ04706
	outer arm DHC
	1
	3.0
	
	2081
	GS00667F1
	GS00667R1
	+
	+
	+
	+
	+

	GJ01064
	inner arm DHC3
	3
	2.5
	2.1
	3071
	e00012-F1
	e00012-R1
	+
	+
	+
	+
	+

	GJ10775
	DHC1 (inner arm)
	3
	148.1
	97.0
	0
	1948BF1
	1948BR1
	+
	+
	-
	-
	-

	
	
	
	
	
	
	1948CF1
	1948CR1
	+
	+
	-
	-
	-

	GJ11760-GJ12389
	cytoplasmic DHC
	3

2
	306.1

23.7
	167.9

2.6
	0

0
	1876BF1
	1876BR1
	+
	+
	-
	-
	-

	
	
	
	
	
	
	e03135F1
	e03135R1
	+
	+
	-
	-
	-

	
	
	
	
	
	
	e03135F2
	e03135R2
	+
	+
	-
	-
	-

	
	
	
	
	
	
	e03135F1
	e02889F3R
	+
	+
	-
	-
	-

	GJ14925
	ODA-DC3 (flagella)
	3
	74.2
	6.2
	0
	4602AF1
	4602AR1
	+
	+
	-
	-
	-

	
	
	
	
	
	
	4602BF1
	4602BR1
	+
	+
	-
	-
	-

	GJ02346
	phototropin-like
	3
	20.4
	3.5
	0
	e00132F1
	e00132R1
	+
	+
	-
	-
	-

	GJ10238
	unique 2N-specific histone H4 variant
	3
	94.2
	4.2
	347
	e02435F5
	e02435R4
	+
	-
	-
	-
	-

	
	
	
	
	
	
	e02435F4
	e02435R4
	+
	-
	-
	-
	-

	
	
	
	
	
	
	e02435F5
	e02435F5
	+
	-
	-
	-
	-


Table S12. Contingency analysis showing that probability of finding genes in Illumina contigs of EH2 is much lower for 1N-specific genes than for other genes. In contrast, 1N-specific genes were more slightly likely to be found in Illumina contigs of 92A and 92F.
	EH2
	1N-specific
	2N-specific
	No ploidy specificity

	Number absent
	1165
	493
	1995

	Number present
	3424
	4059
	15989

	Proportion absent
	25.4%
	10.8%
	11.1%

	2, df, p value
	674, 2, <0.0001

	Rel. risk 1N-vs-2N
	2.34 (2.13-2.58, <0.0001)

	Rel. risk 1N-vs-No ploidy-spec.
	2.29 (2.15-2.44, <0.0001)

	Rel. risk 2N-vs-No ploidy-spec.
	not significant

	92A
	1N-specific
	2N-specific
	No ploidy specificity

	Number absent
	338
	372
	1752

	Number present
	4251
	4180
	16232

	Proportion absent
	7.4%
	8.2%
	9.7%

	2, df, p value
	30.4, 2, <0.0001

	Rel. risk 1N-vs-2N
	not significant

	Rel. risk 1N-vs-No ploidy-spec.
	0.756 (0.676-0.846, <0.0001)

	Rel. risk 2N-vs-No ploidy-spec.
	0.839 (0.754-0.934, 0.0012)

	92F 
	1N-specific
	2N-specific
	No ploidy specificity

	Number absent
	654
	925
	3950

	Number present
	3935
	3627
	14034

	Proportion absent
	14.3%
	20.3%
	22.0%

	2, df, p value
	134, 2, <0.001

	Rel. risk 1N-vs-2N
	0.701 (0.640-0.768, <0.0001)

	Rel. risk 1N-vs-No ploidy-spec.
	0.649 (0.601-0.700, <0.0001)

	Rel. risk 2N-vs-No ploidy-spec.
	0.925 (0.868-0.986, 0.0162)


Table S13. Contingency analysis relating the absence of genes in the CCMP1516 genome (JGI genome assembly, Illumina paired-end reads, and CGH) to the absence in EH2 and 92A Illumina paired-end read contigs. The difference between positive predictive values was highly significant (p < 0.0001).
	
	EH2 absent
	EH2 present
	92A absent
	92A present

	CCMP 1516 absent
	598
	180
	218
	560

	CCMP 1516 present
	1845
	24539
	1297
	25087

	2, df, p value
	4510, 1, p<0.0001
	766, 0, p<0.001

	Pos. pred.
	76.9% (73.7%-79.8%)
	28.0% (24.9%-31.3%)

	Neg. pred.
	93.0% (92.7%-93.3%)
	95.1% (94.8%-95.3%)


Table S14. Absence of flagellar-specific EST clusters in CCMP1516 and Eh2. Best BLASTN hits of the ESTs (sequenced from RCC1216/17) against the JGI genome assembly for the CCMP1516 stain are presented with scores and E-values. Comparative genome hybridization (CGH) results are presented with change (relative fluorescence of CCMP1516 gDNA competitively hybridized against RCC1216 gDNA), number of probes showing a significant difference, and maximum and minimum fold decrease in signal for CCMP1516 gDNA relative to RCC1216 gDNA. BLASTN results against llumina paired-end reads derived from gDNA of CCMP1516 and Eh2 are with the contig numbers, bit scores, and E-values of best hits. Bit scores less than 100 were considered as lack of detection. Highlighted in yellow corresponds to those ESTs that were missing in CCMP1516 (by three methods) or in Eh2 by BLASTN.
	ID
	BLASTN against JGI CCMP1516 draft genome assembly
	CGH
	BLASTN against CCMP1516 Illumina contigs
	BLASTN against Eh2 Illumina contigs

	GJ cluster
	Bit Score
	E-value
	Change
	# probes sig
	Max fold decrease
	Min fold decrease
	Contig number
	Bit Score
	E-value
	Contig number
	Bit Score
	E-value

	 Outer dynein arm
 

 

 

 

 

 

 

 

 

 

 

 

	GJ02013
	975
	0
	No change
	No change
	No change
	No change
	6872
	975
	0
	37745
	975
	4.00E-164

	GJ04706
	2081
	0
	down
	1
	2.96
	No change
	8347
	1762
	0
	21025
	599
	5.00E-170

	GJ04856
	1158
	0
	No change
	No change
	No change
	No change
	6872
	426
	2.00E-118
	26110
	291
	2.00E-77

	GJ05102
	2097
	0
	No change
	No change
	No change
	No change
	20255
	1701
	0
	11540
	2113
	0

	GJ06089
	1189
	0
	up
	3
	0.46
	0.48
	44025
	319
	3.00E-86
	17708
	293
	4.00E-78

	GJ07019
	837
	0
	No change
	No change
	No change
	No change
	35857
	583
	1.00E-165
	45153
	698
	0

	GJ07070
	1780
	0
	No change
	No change
	No change
	No change
	23555
	1378
	0
	24083
	1780
	0

	GJ09445
	569
	5.00E-161
	No change
	No change
	No change
	No change
	40988
	569
	2.00E-161
	13803
	513
	2.00E-144

	GJ12531
	305
	1.00E-81
	No change
	No change
	No change
	No change
	8658
	305
	3.00E-82
	37745
	305
	8.00E-82

	GJ13160
	910
	0
	No change
	No change
	No change
	No change
	19174
	733
	0
	18774
	733
	0

	GJ14925
	0
	not found
	down
	3
	74.23
	6.17
	not found
	NA
	NA
	13540
	432
	5.00E-120

	GJ15830
	58
	4.00E-07
	No change
	No change
	No change
	No change
	72990
	58
	1.00E-07
	13265
	672
	0

	GJ18014
	0
	not found
	down
	3
	61.43
	60.03
	12253
	44.1
	2.00E-03
	3762
	44.1
	4.00E-03

	GJ18066
	145
	2.00E-33
	down
	3
	14.77
	2.41
	72213
	145
	6.00E-34
	22601
	115
	1.00E-24

	GJ18642
	0
	not found
	down
	3
	37.32
	15.65
	not found
	NA
	NA
	not found
	NA
	NA

	GJ19896
	367
	3.00E-100
	No change
	No change
	No change
	No change
	25169
	367
	8.00E-101
	62931
	204
	2.00E-51

	GJ21869
	488
	1.00E-136
	No change
	No change
	No change
	No change
	49120
	488
	3.00E-137
	12766
	272
	8.00E-72

	GJ22899
	579
	3.00E-164
	No change
	No change
	No change
	No change
	6755
	46.1
	3.00E-04
	39556
	579
	2.00E-164

	GJ23692
	414
	1.00E-114
	down
	3
	2.14
	2.05
	65337
	414
	3.00E-115
	4325
	65.9
	8.00E-10

	 Inner dynein arm
 

 

 

 

	GJ01064
	3071
	0
	down
	3
	2.46
	2.15
	44255
	3071
	0
	42670
	2072
	0

	GJ02288
	2738
	0
	down
	1
	2.13
	No change
	28680
	1802
	0
	1845
	2355
	0

	GJ04162
	2292
	0
	No change
	No change
	No change
	No change
	1151
	2292
	0
	33776
	478
	1.00E-133

	GJ04919
	2101
	0
	No change
	No change
	No change
	No change
	9338
	2101
	0
	20915
	2101
	0

	GJ05604
	1061
	0
	No change
	No change
	No change
	No change
	27791
	591
	5.00E-168
	20915
	65.9
	2.00E-09

	GJ06205
	1033
	0
	No change
	No change
	No change
	No change
	26820
	1033
	0
	87
	46.1
	2.00E-03

	GJ06612
	1875
	0
	down
	3
	2.26
	2.12
	18275
	1193
	0
	50125
	1875
	0

	GJ07425
	517
	2.00E-145
	No change
	No change
	No change
	No change
	11321
	517
	5.00E-146
	25036
	383
	5.00E-105

	GJ10775
	0
	not found
	down
	3
	148.09
	97.04
	44255
	44.1
	2.00E-03
	42670
	44.1
	5.00E-03

	GJ13654
	163
	1.00E-38
	No change
	No change
	No change
	No change
	not found
	NA
	NA
	50043
	204
	2.00E-51

	GJ15229
	151
	4.00E-35
	No change
	No change
	No change
	No change
	44767
	151
	1.00E-35
	4293
	135
	2.00E-30

	GJ17684
	0
	not found
	down
	2
	35.65
	2.97
	25490
	42.1
	7.00E-03
	77343
	44.1
	4.00E-03

	GJ17971
	238
	2.00E-61
	down
	3
	5.72
	3.53
	32494
	238
	5.00E-62
	6445
	569
	3.00E-161

	GJ20153
	626
	2.00E-178
	down
	1
	3.01
	No change
	18535
	438
	3.00E-122
	1144
	446
	3.00E-124

	GJ20605
	531
	8.00E-150
	No change
	No change
	No change
	No change
	24340
	272
	3.00E-72
	4926
	272
	9.00E-72

	GJ22896
	379
	6.00E-104
	No change
	No change
	No change
	No change
	21106
	379
	2.00E-104
	31781
	371
	1.00E-101

	GJ25632
	383
	3.00E-105
	No change
	No change
	No change
	No change
	37653
	383
	9.00E-106
	37745
	383
	2.00E-105

	 Central pair
 

 

 

 

 

	GJ06719
	0
	not found
	down
	3
	14.6
	8.44
	49583
	50.1
	4.00E-05
	43515
	52
	2.00E-05

	GJ08256
	1703
	0
	No change
	No change
	No change
	No change
	20630
	1711
	0
	not found
	NA
	NA

	GJ08266
	821
	0
	No change
	No change
	No change
	No change
	45095
	821
	0
	20106
	91.7
	3.00E-17

	GJ14940
	537
	2.00E-151
	No change
	No change
	No change
	No change
	49088
	537
	5.00E-152
	not found
	NA
	NA

	Radial spoke associated proteins 

 

 

 

 

 

	GJ06172
	93.7
	1.00E-17
	down
	3
	3.23
	3.1
	22350
	1715
	0
	29502
	1713
	0

	GJ11774
	0
	not found
	down
	3
	87.12
	63.14
	not found
	NA
	NA
	not found
	NA
	NA

	GJ14514
	58
	4.00E-07
	down
	3
	8.5
	6.86
	14080
	58
	1.00E-07
	not found
	NA
	NA

	GJ18435
	1197
	0
	No change
	No change
	No change
	No change
	24792
	817
	0
	6149
	817
	0

	GJ18938
	0
	not found
	down
	3
	3.17
	2.72
	26462
	1108
	0
	41867
	44.1
	4.00E-03

	 Intraflagellar transport 

 

 

 

 

 

	GJ03792
	153
	2.00E-35
	No change
	No change
	No change
	No change
	4626
	111
	2.00E-23
	42704
	44.1
	7.00E-03

	GJ06686
	1197
	0
	No change
	No change
	No change
	No change
	27306
	1128
	0.00E+00
	33186
	1084
	0

	GJ07678
	658
	0
	up
	3
	0.25
	0.26
	6019
	426
	1.00E-118
	30591
	662
	0

	GJ11926
	0
	not found
	down
	1
	2.15
	No change
	72235
	42.1
	8.00E-03
	not found
	NA
	NA

	GJ19217
	0
	not found
	down
	3
	12.89
	6.88
	not found
	NA
	NA
	not found
	NA
	NA

	GJ19615
	0
	not found
	down
	1
	3.4
	No change
	not found
	NA
	NA
	not found
	NA
	NA

	GJ19868
	0
	not found
	down
	3
	16.18
	15.32
	30634
	42.1
	6.00E-03
	not found
	NA
	NA

	GJ20187
	1183
	0
	No change
	No change
	No change
	No change
	7042
	1179
	0
	6485
	1205
	0

	GJ25205
	0
	not found
	down
	1
	5.79
	No change
	not found
	NA
	NA
	2269
	44.1
	3.00E-03

	GJ26000
	799
	0
	No change
	No change
	No change
	No change
	13823
	666
	0
	7913
	799
	0

	GJ28517
	0
	not found
	No change
	No change
	No change
	No change
	not found
	NA
	NA
	not found
	NA
	NA

	Miscellaneous
 

 

 

 

 

	GJ06676
	1098
	0
	No change
	No change
	No change
	No change
	45825
	1098
	0.00E+00
	14108
	1098
	0

	GJ07273
	1764
	0
	No change
	No change
	No change
	No change
	40359
	1558
	0.00E+00
	2435
	1356
	0

	GJ09529
	569
	5.00E-161
	No change
	No change
	No change
	No change
	21566
	569
	1.00E-161
	not found
	NA
	NA

	GJ11290
	0
	not found
	No change
	No change
	No change
	No change
	45825
	52
	8.00E-06
	14108
	52
	2.00E-05

	GJ15964
	1364
	0
	No change
	No change
	No change
	No change
	21000
	1364
	0.00E+00
	1161
	805
	0

	GJ19606
	1193
	0
	No change
	No change
	No change
	No change
	5994
	1193
	0.00E+00
	938
	1096
	0

	GJ22970
	603
	2.00E-171
	No change
	No change
	No change
	No change
	1871
	589
	1.00E-167
	33901
	603
	2.00E-171

	Proteins found by manual search of Uniprot/Swissprot hits related to eukaryotic flagella and basal-body (highly conserved Bardet-Biedl Syndrome basal body genes marked by *)
 

 

 

 

	GJ02489
	1100
	0
	up
	3
	0.4
	0.45
	32905
	1786
	0
	19342
	321
	2.00E-86

	GJ02593
	2260
	0
	No change
	No change
	No change
	No change
	6285
	1691
	0
	38720
	1691
	0

	GJ03270
	977
	0
	No change
	No change
	No change
	No change
	4862
	977
	0
	52487
	54
	8.00E-06

	GJ05256*
	355
	2.00E-96
	No change
	No change
	No change
	No change
	50354
	355
	5.00E-97
	4420
	355
	1.00E-96

	GJ05288
	1318
	0
	down
	1
	2.61
	No change
	32095
	1031
	0
	18350
	1318
	0

	GJ05559
	2036
	0
	No change
	No change
	No change
	No change
	5250
	1778
	0
	495
	2020
	0

	GJ07340*
	0
	not found
	down
	3
	32.69
	26.26
	13797
	44.1
	2.00E-03
	12841
	44.1
	5.00E-03

	GJ08337
	180
	5.00E-44
	No change
	No change
	No change
	No change
	65801
	161
	1.00E-38
	15010
	839
	0

	GJ09654
	0
	not found
	down
	3
	6.65
	3.9
	17787
	50.1
	3.00E-05
	22312
	50.1
	8.00E-05

	GJ10785*
	464
	2.00E-129
	No change
	No change
	No change
	No change
	13823
	446
	1.00E-124
	not found
	NA
	NA

	GJ12240
	416
	4.00E-115
	down
	3
	3.28
	3.2
	34891
	416
	1.00E-115
	not found
	NA
	NA

	GJ15572
	1380
	0
	No change
	No change
	No change
	No change
	19961
	1380
	0
	20281
	1396
	0

	GJ17850
	0
	not found
	down
	3
	6.46
	5.75
	not found
	NA
	NA
	65303
	44.1
	4.00E-03

	GJ18725
	0
	not found
	down
	1
	2.12
	No change
	not found
	NA
	NA
	not found
	NA
	NA

	GJ19526
	301
	1.00E-80
	No change
	No change
	No change
	No change
	72325
	184
	7.00E-46
	22519
	349
	5.00E-95

	GJ20023
	0
	not found
	down
	3
	2.53
	2.2
	not found
	NA
	NA
	3986
	337
	2.00E-91

	GJ22383*
	811
	0
	No change
	No change
	No change
	No change
	21527
	704
	0
	4257
	652
	0

	GJ23579*
	0
	not found
	down
	1
	3.54
	No change
	not found
	NA
	NA
	not found
	NA
	NA

	GJ25363*
	0
	not found
	down
	2
	2.25
	2.08
	not found
	NA
	NA
	not found
	NA
	NA


Table S15. Strains 92A and 92F retain all flagellar-specific genes identified in strain RCC1216/RCC1217. BLASTN analysis against llumina paired-end reads from gDNA of 92A and 92F. Shown are contig numbers, Bit score, and E-value of best match. Flagellar gene ids highlighted in yellow appear to be lost from one or both strains CCMP1516 and EH2, as in Table S14.

	ID
	BLASTN against 92A Illumina contigs
	BLASTN against 92F Illumina contigs

	GJ cluster
	Contig number
	Bit Score
	E-value
	Contig number
	Bit Score
	E-value

	 Outer dynein arm


	GJ02013
	3502
	959
	0
	32654
	638
	0

	GJ04706
	3082
	1808
	0
	45883
	1740
	0

	GJ04856
	4300
	383
	4.00E-105
	25953
	301
	9.00E-81

	GJ05102
	23688
	2113
	0
	15868
	2113
	0

	GJ06089
	2417
	363
	4.00E-99
	17849
	363
	2.00E-99

	GJ07019
	21568
	698
	0
	7794
	541
	5.00E-153

	GJ07070
	2987
	1812
	0
	17689
	1812
	0.00E+00

	GJ09445
	1642
	529
	2.00E-149
	45440
	424
	7.00E-118

	GJ12531
	3502
	305
	6.00E-82
	63021
	291
	6.00E-78

	GJ13160
	3740
	733
	0
	30221
	733
	0

	GJ14925
	319
	620
	7.00E-177
	17893
	565
	2.00E-160

	GJ15830
	5172
	345
	6.00E-94
	6064
	446
	2.00E-124

	GJ18014
	21715
	1308
	0
	56944
	500
	1.00E-140

	GJ18066
	3502
	331
	9.00E-90
	10959
	331
	6.00E-90

	GJ18642
	9376
	460
	1.00E-128
	42657
	460
	9.00E-129

	GJ19896
	4300
	367
	1.00E-100
	25953
	321
	5.00E-87

	GJ21869
	16472
	496
	2.00E-139
	32481
	339
	2.00E-92

	GJ22899
	3589
	579
	2.00E-164
	84342
	412
	2.00E-114

	GJ23692
	6702
	448
	4.00E-125
	18901
	357
	8.00E-98

	 Inner dynein arm
 

 

 

 

	GJ01064
	8279
	3311
	0
	1452
	3295
	0

	GJ02288
	4441
	2738
	0
	5171
	2652
	0

	GJ04162
	18933
	2292
	0
	23886
	1889
	0

	GJ04919
	5111
	2093
	0
	12550
	2046
	0

	GJ05604
	2603
	1061
	0
	32178
	1053
	0

	GJ06205
	18287
	1033
	0
	26815
	1033
	0

	GJ06612
	2293
	1883
	0
	5302
	1859
	0

	GJ07425
	13072
	391
	1.00E-107
	37752
	517
	6.00E-146

	GJ10775
	3004
	1229
	0
	31298
	1221
	0

	GJ13654
	3818
	1332
	0
	11941
	811
	0

	GJ15229
	1929
	622
	2.00E-177
	48247
	615
	3.00E-175

	GJ17684
	3004
	963
	0
	16088
	751
	0

	GJ17971
	18671
	581
	6.00E-165
	12324
	446
	1.00E-124

	GJ20153
	40708
	438
	5.00E-122
	19423
	446
	1.00E-124

	GJ20605
	25266
	272
	6.00E-72
	20414
	272
	4.00E-72

	GJ22896
	19227
	371
	8.00E-102
	33049
	361
	5.00E-99

	GJ25632
	3502
	383
	2.00E-105
	10959
	262
	3.00E-69

	Central pair 

 

 

 

	GJ06719
	37642
	583
	2.00E-165
	78367
	545
	3.00E-154

	GJ08256
	17069
	1711
	0
	5002
	1679
	0

	GJ08266
	31553
	914
	0
	17931
	874
	0

	GJ14940
	10829
	1429
	0
	27180
	1386
	0

	 Radial spoke associated proteins 

 

 

 

 

 

	GJ06172
	11173
	1824
	0
	12371
	1231
	0

	GJ11774
	10568
	1530
	0
	30140
	1467
	0

	GJ14514
	4860
	950
	0
	34043
	918
	0

	GJ18435
	7996
	856
	0
	21363
	831
	0

	GJ18938
	9739
	1273
	0
	5322
	1164
	0

	Intraflagellar transport 

 

 

 

	GJ03792
	15567
	565
	6.00E-160
	7888
	557
	1.00E-157

	GJ06686
	13448
	1225
	0
	761
	1179
	0

	GJ07678
	4831
	662
	0
	13870
	646
	0

	GJ11926
	11137
	957
	0
	10657
	950
	0

	GJ19217
	14940
	642
	0
	29717
	599
	2.00E-170

	GJ19615
	2246
	819
	0
	17017
	819
	0

	GJ19868
	1489
	1205
	0
	5357
	1213
	0

	GJ20187
	5597
	1213
	0
	11129
	799
	0

	GJ25205
	4032
	456
	1.00E-127
	28341
	456
	1.00E-127

	GJ26000
	3484
	791
	0
	2893
	791
	0

	GJ28517
	15567
	311
	2.00E-84
	7888
	311
	1.00E-84

	 Miscellaneous
 

 

 

 

 

	GJ06676
	9359
	1098
	0
	26129
	1098
	0

	GJ07273
	8779
	1574
	0
	14894
	1574
	0

	GJ09529
	28531
	561
	6.00E-159
	6066
	561
	4.00E-159

	GJ11290
	17871
	567
	1.00E-160
	54043
	636
	0

	GJ15964
	2550
	1380
	0
	7049
	1372
	0

	GJ19606
	2659
	1219
	0
	28705
	1172
	0

	GJ22970
	15197
	585
	3.00E-166
	41026
	595
	2.00E-169

	 Proteins found by manual search of Uniprot/Swissprot hits related to eukaryotic flagella and basal-body (highly conserved Bardet-Biedl Syndrome basal body genes marked by *)

	GJ02489
	8041
	1792
	0
	20268
	1762
	0

	GJ02593
	10501
	1651
	0
	10175
	1643
	0

	GJ03270
	8278
	993
	0
	47738
	993
	0

	GJ05256*
	12513
	355
	9.00E-97
	31652
	347
	2.00E-94

	GJ05288
	27997
	1354
	0
	14603
	1291
	0

	GJ05559
	17815
	2012
	0
	25841
	1915
	0

	GJ07340*
	3166
	1051
	0
	46652
	1039
	0

	GJ08337
	3572
	1471
	0
	15626
	1447
	0

	GJ09654
	6202
	904
	0
	28031
	878
	0

	GJ10785*
	3484
	454
	1.00E-126
	51288
	381
	9.00E-105

	GJ12240
	3200
	535
	3.00E-151
	30973
	511
	3.00E-144

	GJ15572
	26103
	1380
	0
	17378
	1364
	0

	GJ17850
	2708
	1298
	0
	919
	1263
	0

	GJ18725
	11549
	1213
	0
	12289
	1205
	0

	GJ19526
	32503
	428
	5.00E-119
	70183
	428
	3.00E-119

	GJ20023
	3200
	440
	1.00E-122
	17159
	420
	8.00E-117

	GJ22383*
	9072
	704
	0
	9558
	680
	0

	GJ23579*
	18349
	383
	2.00E-105
	36019
	375
	3.00E-103

	GJ25363*
	13825
	874
	0
	28693
	799
	0


Table S16. Location of pseudogenes corresponding to partial Dynein Heavy Chain (DHC) homologs in the CCMP1516 genome assembly. When high homology was found among DHC pseudogene loci along more than one contigs, loci were grouped as likely alleles. The summary of BLAST results to the top C. reinhardtii SwissProt homologs and length of total residues encoded at the loci are shown. Scaffold and contig numbers are according to the draft genome of E. huxleyi CCMP1516. None of the homologs in the CCMP1516 genome assembly could encode a complete DHC with all of the conserved protein domains. In contrast, in all cases, homologous contigs in the 92A and/or 92F Illumina assemblies could encode complete DHCs with all known highly conserved protein domains.
	Allele group and

top Chlamydomonas SwissProt homolog (aa length)
	Scaffold (Contig)
	Scaffold start position
	Length (nt)
	Homology summary (expect values)
	Total aa coded

	allele group 1

DYHA_CHLRE (4499) 
	68(11)
	193785(+)
	3245
	1881-2975 (0.0)
	1095

	
	529(4)
	42353(+)
	2281
	1030-1269 (2E-53); 3957-4496 (7E-115)
	780

	allele group 2

DYHB_CHLRE (4568)
	48(11)
	288734(-)
	4437
	1335-2706 (0.0); 4474-4568 (1E-21)
	1467

	
	399(10)
	78715(-)
	3370
	6-178 (1E-18); 3638-4568 (0.0)
	1104

	allele group 3

DYH1B_CHLRE (4513)
	21(14)
	314833(-)
	1484
	4031-4511 (1E-84)
	481

	
	722(1)
	3712(-)
	4088
	971-1615 (2E-68); 3833-4511 (1E-139)
	1324

	allele group 4

DYHG/DYH1B_CHLRE (4485 or 4513)
	28(19)
	486481(+)
	2414
	908-1516 (5E-40); 4328-4485 (1E-10)
	767

	
	160(14)
	193785(+)
	8330
	1762-4511 (0.0)
	2717

	
	699(1)
	13760(-)
	2426
	904-1516 (8E-41); 4328-4485 (8E-11)
	771

	allele group 5

DYH1B_CHLRE (4513)
	31(25)
	872963(+)
	7451
	2124-2272 (2E-33); 2270-2909 (0.0); 2913-4513 (0.0)
	2389

	
	53(8)
	254946(+)
	413
	4376-4523 (3E-15)
	148

	allele group 6

DYH1A_CHLRE (4625)
	682(1)
	6760(-)
	2788
	1502-2088 (8E-141), 2085-2145 (8E-141), 4467-4624 (3E-19)
	799

	
	67(14)
	248421(-)
	290
	4420-4511 (4E-09)
	92

	allele group 7

DYHC2_CHLRE (4334)
	329(9)
	113251(-)
	2246
	1023-1764 (1E-146)
	742

	
	43(5-6)
	195353(-)
	152
	2023-2073 (3E-10)
	52

	allele group 8

DYHG_CHLRE (4485)
	248(4)
	39102(-)
	1805
	3887-4485 (1E-167)
	599

	
	175(10-16)
	no significant homology to dynein heavy chain

	allele group 9

DYH1B_CHLRE (4513)
	466(2)
	6342(+)
	2480
	2477-2807 (9E-56), 4034-4513 (3E-89) 
	822

	
	80(22-26)
	no significant homology to dynein heavy chain

	allele group 10 (single)

DYHB_CHLRE (4568)
	7(33)
	160955(-)
	425
	4401-4534 (4E-18)
	134

	allele group 11 (single)

DYH1A_CHLRE (4625)
	8(48)
	1312928(+)
	2073
	1714-1905 (2E-61), 1906-2121 (4E-84), 3109-3312 (5E-43)
	609


Table S17. Summary of PCR analysis of presence of DHC1β and cDHC genes in all E. huxleyi strains and substrains from culture collections.
	Strain
	EF1-alpha (GJ000953) amplifies?
	DHC1β (GJ10775) amplifies?
	cDHC (GJ11760-GJ12389) amplifies?
	Both DHC1β and cDHC retained?
	Flagellated cells observed?
	Comments

	RCC1216 (TQ26, 2N parent strain)
	Yes
	Yes
	Yes
	Yes
	Yes
	Formation of RCC1217

	RCC1217 (TQ26, clonal 1N of TQ26 2N)
	Yes
	Yes
	Yes
	Yes
	Yes
	Fully flagellated 1N cell clone

	CCMP1516R2
	Yes
	No
	No
	No
	No
	

	CCMP1516Ply
	Yes
	No
	No
	No
	No
	

	CCMP1516B
	Yes
	No
	No
	No
	No
	

	TQ22 (RCC1220), 2N strain
	Yes
	Yes
	Yes
	Yes
	No
	

	TQ25 (RCC1218), putative 1N strain
	Yes
	Yes
	Yes
	Yes
	Yes
	Most flagellated

	MT0610E
	Yes
	No
	No
	No
	No
	

	B10-5
	N/A
	Yes
	Yes
	Yes
	No
	

	B10-8
	Yes
	Yes
	Yes
	Yes
	Yes
	Most calcified non-flagellated cells

	BGI2
	Yes
	Yes
	Yes
	Yes
	No
	

	TQ21 (RCC1231), 1N strain
	Yes
	Yes
	Yes
	Yes
	Yes
	All flagellated cells

	RCC920
	Yes
	No
	No
	No
	No
	

	TQ23 (RCC1219), 2N strain
	Yes
	Yes
	Yes
	Yes
	Yes
	Most calcified non-flagellated cells

	BOUM77-1N8B (clonal 1N strain)
	Yes
	Yes
	Yes
	Yes
	Yes
	Fully flagellated 1N cell clone

	0S2
	Yes
	Yes
	Yes
	Yes
	Yes
	

	1902-28A
	Yes
	Yes
	Yes
	Yes
	No
	

	1902-28C
	Yes
	Yes
	Yes
	Yes
	No
	

	AC460=N4420C
	Yes
	Yes
	Yes
	Yes
	No
	

	BDV1
	Yes
	Yes
	Yes
	Yes
	No
	

	BG10-2
	Yes
	Yes
	Yes
	Yes
	No
	

	BGC1
	Yes
	Yes
	Yes
	Yes
	Yes
	Most flagellated

	BGD1
	Yes
	Yes
	Yes
	Yes
	Yes
	Most flagellated

	BOUM6
	Yes
	No
	No
	No
	No
	

	BOUM12
	Yes
	No
	No
	No
	No
	

	BOUM13
	Yes
	No
	No
	No
	No
	

	BOUM14
	Yes
	No
	No
	No
	No
	

	BOUM15
	Yes
	No
	No
	No
	No
	

	BOUM16
	Yes
	No
	No
	No
	No
	

	BOUM17
	Yes
	No
	No
	No
	No
	

	BOUM18
	Yes
	No
	No
	No
	No
	

	BOUM19
	Yes
	No
	No
	No
	No
	

	BOUM20
	Yes
	Yes
	Yes
	Yes
	No
	

	BOUM21
	Yes
	No
	No
	No
	No
	

	BOUM22
	Yes
	No
	No
	No
	No
	

	BOUM23
	Yes
	Yes
	No
	No
	No
	

	BOUM24
	Yes
	Yes
	No
	No
	No
	

	BOUM25
	Yes
	No
	No
	No
	No
	

	BOUM36
	Yes
	No
	No
	No
	No
	

	BOUM37
	Yes
	No
	No
	No
	No
	

	BOUM38
	Yes
	No
	No
	No
	No
	

	BOUM39
	Yes
	No
	No
	No
	No
	

	BOUM40
	Yes
	No
	No
	No
	No
	

	BOUM41
	Yes
	No
	No
	No
	No
	

	BOUM42
	Yes
	No
	No
	No
	No
	

	BOUM48
	Yes
	No
	No
	No
	No
	

	BOUM49
	Yes
	No
	No
	No
	No
	

	BOUM51
	Yes
	No
	No
	No
	No
	

	BOUM58
	Yes
	Yes
	No
	No
	No
	

	BOUM62
	Yes
	No
	No
	No
	No
	

	BOUM63
	Yes
	No
	No
	No
	No
	

	BOUM65
	Yes
	No
	No
	No
	No
	

	BOUM70-1N#3 (clonal 1N strain)
	Yes
	Yes
	Yes
	Yes
	Yes
	Fully flagellated 1N cell clone

	BOUM71-1N#2 (clonal 1N strain)
	Yes
	Yes
	Yes
	Yes
	Yes
	Fully flagellated 1N cell clone

	BOUM73
	Yes
	Yes
	Yes
	Yes
	Yes
	

	BOUM74
	Yes
	Yes
	Yes
	Yes
	No
	

	BOUM75
	Yes
	Yes
	Yes
	Yes
	Yes
	

	BOUM76
	Yes
	Yes
	Yes
	Yes
	No
	

	BOUM81
	Yes
	Yes
	Yes
	Yes
	Yes
	

	Bp81
	Yes
	Yes
	Yes
	Yes
	No
	

	Bp91
	Yes
	Yes
	Yes
	Yes
	No
	

	CCMP370
	Yes
	Yes
	Yes
	Yes
	N/A
	

	CCMP373
	Yes
	Yes
	Yes
	Yes
	No
	

	CCMP374
	Yes
	Yes
	Yes
	Yes
	No
	

	ESP41
	Yes
	Yes
	Yes
	Yes
	No
	

	MT0610B
	Yes
	No
	No
	No
	No
	

	NAP21
	Yes
	Yes
	Yes
	Yes
	Yes
	

	NS10Y
	Yes
	Yes
	Yes
	Yes
	N/A
	

	Ply92
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC174=Ply92D
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC192
	Yes
	No
	No
	No
	No
	

	RCC502
	Yes
	Yes
	Yes
	Yes
	Yes
	Most flagellated

	RCC868
	Yes
	No
	No
	No
	No
	

	RCC911
	Yes
	No
	No
	No
	No
	

	RCC948
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC958
	Yes
	No
	No
	No
	No
	

	VF21
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC1208
	Yes
	Yes
	Yes
	Yes
	N/A
	

	RCC1213
	Yes
	Yes
	Yes
	Yes
	Yes
	Most calcified non-flagellated cells

	RCC1215
	Yes
	Yes
	Yes
	Yes
	Yes
	

	RCC1221
	Yes
	Yes
	Yes
	Yes
	Yes
	

	RCC1246
	Yes
	Yes
	Yes
	Yes
	N/A
	

	RCC1247
	Yes
	Yes
	Yes
	Yes
	N/A
	

	RCC1245
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC1250
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC1251
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC1254
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC1261
	Yes
	Yes
	Yes
	Yes
	N/A
	

	RCC538
	Yes
	Yes
	Yes
	Yes
	Yes
	

	RCC904
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC867
	Yes
	No
	No
	No
	N/A
	

	RCC874
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC914
	Yes
	No
	No
	No
	No
	

	RCC651
	Yes
	Yes
	Yes
	Yes
	N/A
	

	RCC955
	Yes
	No
	Yes
	No
	N/A
	

	RCC956
	Yes
	Yes
	Yes
	Yes
	No
	

	RCC962
	Yes
	No
	Yes
	No
	No
	

	RCC963
	Yes
	No
	No
	No
	No
	

	RCC1001
	Yes
	No
	No
	No
	N/A
	

	276
	Yes
	Yes
	Yes
	Yes
	N/A
	

	EH2
	N/A
	N/A
	N/A
	No
	N/A
	

	92F
	N/A
	N/A
	N/A
	Yes
	N/A
	


Table S18. PCR analysis results of presence/absence of cDHC and DHC1 in E. huxleyi strains isolated from Chilean coastal (Coast. Up.., upwelling center between Punta Lengua de Vaca and Tongoy Bay, near Coquimbo) and oceanic stations (Rob. Crus., Robinson Crusoe Island; ESTP Gyre, at the eastern border of the South Pacific Subtropical Gyre). Strains selected for Illumina genome re-sequencing are marked *.
	Strain number
	Origin
	Control eF1α amplified?
	cDHC
	DHC1β
	Flagellar genes lost?

	14
	Coast. Up.
	Yes
	Kept
	Kept
	No

	61
	Coast. Up.
	Yes
	Kept
	Kept
	No

	78
	Coast. Up.
	Yes
	Kept
	Kept
	No

	80
	Coast. Up.
	Yes
	Kept
	Kept
	No

	81
	Coast. Up.
	Yes
	Kept
	Kept
	No

	82
	Coast. Up.
	Yes
	Kept
	Kept
	No

	83
	Coast. Up.
	Yes
	Kept
	Kept
	No

	84
	Coast. Up.
	Yes
	Kept
	Kept
	No

	86
	Coast. Up.
	Yes
	Kept
	Kept
	No

	87
	Coast. Up.
	Yes
	Kept
	Kept
	No

	88
	Coast. Up.
	Yes
	Kept
	Kept
	No

	89
	Coast. Up.
	Yes
	Kept
	Kept
	No

	91
	Coast. Up.
	Yes
	Kept
	Kept
	No

	92
	Coast. Up.
	Yes
	Lost
	Lost
	Yes

	93
	Coast. Up.
	Yes
	Kept
	Kept
	No

	94
	Coast. Up.
	Yes
	Lost
	Lost
	Yes

	97
	Coast. Up.
	Yes
	Kept
	Kept
	No

	98
	Coast. Up.
	Yes
	Kept
	Kept
	No

	99
	Coast. Up.
	Yes
	Kept
	Kept
	No

	100
	Coast. Up.
	Yes
	Kept
	Kept
	No

	102
	Coast. Up.
	Yes
	Kept
	Kept
	No

	103
	Coast. Up.
	Yes
	Kept
	Kept
	No

	108
	Coast. Up.
	Yes
	Kept
	Kept
	No

	109
	Coast. Up.
	Yes
	Kept
	Kept
	No

	111
	Coast. Up.
	Yes
	Kept
	Kept
	No

	112
	Coast. Up.
	Yes
	Kept
	Kept
	No

	115
	Coast. Up.
	Yes
	Kept
	Kept
	No

	116
	Coast. Up.
	Yes
	Kept
	Kept
	No

	118
	Coast. Up.
	Yes
	Kept
	Kept
	No

	119
	Coast. Up.
	Yes
	Kept
	Kept
	No

	120
	Coast. Up.
	Yes
	Kept
	Kept
	No

	122
	Coast. Up.
	Yes
	Kept
	Kept
	No

	124
	Coast. Up.
	Yes
	Kept
	Kept
	No

	127
	Coast. Up.
	Yes
	Lost
	Lost
	Yes

	128
	Coast. Up.
	Yes
	Kept
	Lost
	Yes

	129
	Coast. Up.
	Yes
	Kept
	Kept
	No

	130
	Coast. Up.
	Yes
	Kept
	Kept
	No

	131
	Coast. Up.
	Yes
	Kept
	Kept
	No

	132
	Coast. Up.
	Yes
	Kept
	Kept
	No

	134
	Coast. Up.
	Yes
	Kept
	Kept
	No

	135
	Coast. Up.
	Yes
	Kept
	Kept
	No

	136
	Coast. Up.
	Yes
	Kept
	Kept
	No

	138
	Coast. Up.
	Yes
	Kept
	Kept
	No

	139
	Coast. Up.
	Yes
	Kept
	Kept
	No

	152
	Coast. Up.
	Yes
	Kept
	Kept
	No

	153
	Coast. Up.
	Yes
	Kept
	Kept
	No

	165
	Coast. Up.
	Yes
	Kept
	Kept
	No

	186
	Coast. Up.
	Yes
	Lost
	Lost
	Yes

	207
	Coast. Up.
	Yes
	Kept
	Kept
	No

	208
	Coast. Up.
	Yes
	Kept
	Kept
	No

	209
	Coast. Up.
	Yes
	Kept
	Kept
	No

	210
	Coast. Up.
	Yes
	Kept
	Kept
	No

	217
	Coast. Up.
	Yes
	Kept
	Kept
	No

	287
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	288
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	290
	Rob. Crus.
	Yes
	Lost
	Kept
	Yes

	291
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	292
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	293
	Rob. Crus.
	Yes
	Kept
	Lost
	Yes

	294
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	297
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	298
	Rob. Crus.
	Yes
	Kept
	Lost
	Yes

	299
	Rob. Crus.
	Yes
	Kept
	Lost
	Yes

	303
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	305
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	307*
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	310
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	311
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	312
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	313
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	314
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	315
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	320
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	325
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	333
	Rob. Crus.
	Yes
	Lost
	Lost
	Yes

	334
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	337
	Rob. Crus.
	Yes
	Kept
	Kept
	No

	428*
	ESTP Gyre
	Yes
	Lost
	Lost
	Yes

	440
	ESTP Gyre
	Yes
	Lost
	Lost
	Yes

	445
	ESTP Gyre
	Yes
	Kept
	Kept
	No

	446
	ESTP Gyre
	Yes
	Kept
	Kept
	No

	447
	ESTP Gyre
	Yes
	Kept
	Kept
	No

	448
	ESTP Gyre
	Yes
	Kept
	Kept
	No

	449
	ESTP Gyre
	Yes
	Kept
	Kept
	No

	450
	ESTP Gyre
	Yes
	Kept
	Kept
	No

	531
	ESTP Gyre
	Yes
	Lost
	Lost
	Yes


Table S19. Illumina genome re-sequencing coverage of strains CHC307 and CHC428.

	Strain
	Number of reads
	Read length
	Assembled genome size
	Fold coverage

	CHC307
	47584334
	100
	83100879
	57x

	CHC428
	71193494
	100
	75365337
	94x
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