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Supplementary materials

Methods

Microscopy observations. Samples were prepared for imaging and visualizing on the
Zeiss LSM 780 Confocal microscope using two methods. Briefly, high cell densities
samples (<10° Richelia L") were transferred to a glass slide by carefully dragging the
filter with the cells side down into a 10 puL droplet of milliQ. Subsequently, a coverslip
was added, and cells immediately viewed. A second approach was optimized where
small pieces (5 mm diameter) of the filters were excised and directly mounted onto a 170
um thick coverslip (#1.5) using ProLong® Diamond Antifade Mountant (Molecular
Probes). The latter method was also used for the H. hauckii-R. intracellularis enrichment
culture samples and the R. clevi-R. intracellularis and C. compressus-C. rhizosoleniae
symbioses samples collected from the South China Sea. A 1:100 mix of 0.5 mg mL™
DAPI (4',6-diamidino-2-phenylindole) and anti-fading medium was applied for 15 min in
order to visualize the host cell nucleus. Each cyanobacteria was measured for 1) length of
the trichome, 2) the number and diameter of vegetative cells and 3) heterocyst diameter.
Moreover, the cell diameter of the diatom hosts in girdle view was also measured,

specifically in the region where the symbiont was housed.

PCR, cloning and sequencing. The PCR primer selection for the diatom hosts was based
on previous studies showing high resolution in the class Bacillariophyceae using the 1D
form of rbcL (Paul et al.1999, 2000; Mann et al.2001; Wawrik et al.2002; Tamura et
al.2005; MacGillivary and Kaczmarska 2011; Li ef al.2013) and the variable regions of

the SSU (Sorhannus 2004; Theriot et al.2009, 2010; Zimmermann et al.2011; Luddington
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et al.2012; Pernice et al.2013). All PCRs were performed with a MJ Mini Thermal
Cycler (Bio-Rad; Hercules, California, USA) in 25 uL reaction containing: 18.15 L.
sterile distilled water, 2.5 uL. 10 X Taq buffer (Thermo Scientific), 0.75 uLL MgCI2 (50
mM), 0.5 uLL. ANTP mixture (10 mM), 0.5 uL each primer (10 M), 1 U Tag DNA
polymerase (Thermo Scientific) and 2 uLL. DNA template. The rbcL PCR thermocycler
was programmed with initial denaturation at 94 °C for 2 min, followed by 40 cycles of 94
°C for 1 min, annealing at 52 °C for 1 min, 72 °C for 1.5 min with a final elongation at 72
°C for 15 min. The 18S rRNA was amplified with the following reaction conditions:
initial denaturation at 94 °C for 2 min, then 5 cycles of denaturation at 94 °C for 45 s,
annealing at 54 °C for 45 s and 72 °C for 1 min, followed by 35 cycles of 94 °C for 45 s,
annealing 52 °C for 45s and 72 °C for 1 min, and final elongation at 72 °C for 10 min.
NifH and 16S rRNA reactions were performed as previously described in Foster and Zehr
(2006). The PCR products were gel electrophoresed and appropriately sized products
were excised and purified using the QIAquick Gel Extraction Kit (Qiagen) and eluted in
20 uL of EB Buffer (Qiagen). Three pL of the purified PCR product was ligated with the
pGEM®-T Easy Vector System (Promega) following the manufacturer’s protocol. Eight
to 24 white colonies were inoculated in 1mL aliquot of 2X Luria Bertani (LB) media
amended with ampicillin (100 pg mL™) in sterile 96 well blocks and incubated overnight
at 37 °C with agitation. Eight to twelve clones were picked for each gene library and are
summarized in Supplementary Table S6. Plasmids were purified using the Montage
Plasmid Minniprepgs Kit (Millipore) following the manufacturers full lysate protocol.
The purified plasmids (15 pL) was sequenced using T7 primer (5 pmol pL™") with an ABI

3730XL sequencer (Eurofins Genomics).
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Phylogenetic Analyses. Compared to previous studies estimating the appearance of other
symbiotic N,-fixing cyanobacteria through molecular clock analyses (e.g. Nakayama et
al.2011; Cornejo-Castillo et al.2016), we implemented the time calibrated reconstructions
to reflect a biologically more realistic model. Specifically, , an independent branch rate
relaxed-clock model (IGR; Lepage et al., 2007) was applied and combined with the
fossilized birth-death process (FBD; (Zhang et al., 2016)) to account for lineage specific
rate variation and incomplete taxon sampling. The IGR model was compared with a strict
molecular clock, and one other relaxed clock model (autocorrelated lognormal, TK02;
Thorne and Kishino, 2002) implemented in the software (MrBayes v.3.2.7; Ronquist et
al.,2012). The alternative clock models were compared using Bayes factors (Kass and
Raftery, 1995; Lepage et al., 2007). Model likelihoods were not, however, estimated by
the computationally demanding approach of thermodynamic integration (Lartillot and
Philippe, 2006), but were based on the harmonic means of the likelihoods as reported by
the MrBayes software. For both the Cyanobacteria and Diatom data sets, the IGR model
appears to provide a larger Bayes factor (where a 2*log BF > 10 represents "very strong
evidence of the first model over the second" (Kass and Raftery, 1995)) compared to both
the strict, or TK02 clock models (Cyanobacteria: IGR vs. Strict: 196.72, IGR vs. TK02:
60.66; Diatoms: IGR vs. Strict: 582.48, IGR vs. TK02: 274.03), and was selected as the

preferred clock model

For both data sets, we assumed that taxa where sampled to maximize diversity, and with
a sample probability of 48/8,000 for Cyanobacteria, and 62/20,000 for Diatoms, based on

an estimate of the number of extant species for those taxa (Guiry, 2012). For further
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settings for the FBD, we assumed an exponential prior with mean 10 for the net
speciation rate, a beta (1,1) distribution as prior for the relative extinction rate, and a
fixed (0) value for the fossilization rate (no fossil samples included). For the IGR, we
assumed an exponential distribution with mean 10.0 as a prior for the variance of the
gamma distribution from which the branch lengths are drawn, and a log normal
distribution with mean -7.0 and variance 1.0 as a prior for the base substitution rate for
the tree. We applied multiple calibration points for the trees, with information about ages
for specific taxa taken from the literature. See Supporting Information Table S5A for
details about assumed ages and priors used. For each data set, respectively, the
concatenated genes were assumed to have evolved on the same underlying topology, but
allowed to have partition (gene) specific substitution models and model parameters.
Partition-specific nucleotide substitution models were allowed to vary using a reversible-
jump Markov chain Monte Carlo (jfMCMC; Ronquist et al., 2012), and combined with
an assumption about rate variation following a Gamma distribution (Yang, 1993). Four
parallel runs of the yMCMC were run, applying a stopping rule where an average
standard deviation of split frequencies below 0.01 would indicate satisfying convergence

(Lakner et al., 2008). 25% of the samples were discarded for the final summary.

Ancestral Traits. In order to assign a state for each character (or trait) literature searches
were performed (e.g. Round et al.1990; Tomas 1997; Garrity et al.2004; Mann 2010; Cox
2011). Additionally, the trait “life-history” in the Diatoms ancestral state reconstruction
exclusively refers to symbiosis with cyanobacteria. In addition, the state “facultative”

was assigned depending on observations found in literature, 1.e. if a specific strain of
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symbiont (or host) was found both as free-living and symbiotic, then it was characterized
as “facultative”; conversely, if in literature there were only reports of that specific strain

as symbiotic, then the state “obligate” was assigned.

Results.

Non-target sequences in clone libraries. All sequences retrieved from each clone
library were characterized using BLASTn (NCBI). Specifically, the symbiont sequences
were identified based on the similarity (>98%) with previously sequenced DDA
symbionts (Supplementary Table S7A). Given the lack of sequences in the database for
any of the diatom-hosts, these were characterized based on the similarity to the genus
they belong to (Supplementary Table S7B). In two of the 18S rRNA libraries (C.
compressus sample ID 10010, H. hauckii sample ID 404, 405) one clone out of eight
(Supplementary Table S6) was 99% identical to a fungus belonging to the phylum
Ascomycota. Fungi belonging to this phylum have been recently found in marine
environments (Zhang et al.2014; Raghukumar 2017). It is not uncommon to observe
other algae caught in the siliceous projections (spines) typical of diatoms, especially the
subclass Chaetocerotophycidae (Round er a/.1990), and since these samples were initially
used in a WGA step, contaminating templates were likely also amplified. Since our
objective was to sequence the eukaryotic diatom hosts, we did not report the fungal 18S
rRNA sequences. The second phylotype in the 5239 rbcL library was a minor component
(2 sequences out of 24 clones) and was 93% similar to eukaryotic clone from North

Pacific, station ALOHA (Accession no. KC533903). We suspect that collection by
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plankton net for this sample also contained non-symbiotic cells, which was reflected in

the multiple phylotypes.
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