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Supplement 1 

SUPPLEMENTAL MATERIALS AND METHODS 

Media preparation 

Previous studies use serum seawater agar (SSA) to culture Labyrinthula zosterae (Lz) 

(Muehlstein et al. 1991; Muehlstein 1992; Bockelmann et al. 2013; Groner et al. 2014, 2016, 

2018; Brakel et al. 2014, 2017). To summarize, SSA consists of 1 L of seawater with 12 g 

noble agar, 1.0 g dextrose, 0.1 g peptones, 0.1 g yeast extract, and 1.5 mg germanium dioxide 

(diatom inhibitor). We made SSA accordingly, autoclaving for 20 min and setting in 100-mm 

petri dishes. 

We adapted methods to culture plant-associated microbes (Youssef et al. 2016; Saleh et 

al. 2017) to make an eelgrass-based medium. We collected 25 eelgrass leaves on 5-Oct-2017 

from an eelgrass bed near the Charleston Marina, Oregon, USA (43.3435°N, 124.3230°W). 

We cleaned leaves of epibionts in the field before storing the damp eelgrass at -80°C. The 

following day, we weighed the frozen eelgrass (42.5 g) and added 382 mL of 0.2-µm filtered 

seawater (FSW, 1:10 w/v dilution). We homogenized the eelgrass and water in a blender for 

3 min and coarsely filtered the resulting slurry through cheesecloth (Youssef et al. 2016; 

Saleh et al. 2017). We added 250 mL of the resulting juice to 6 g agar dissolved in 250 mL of 

FSW (1:20 w/v dilution). We autoclaved resulting “eelgrass agar” (EGA) for 20 min and set 
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in 100-mm petri dishes. We stored the EGA plates at 4°C until use. We repeated this method 

on 2-Nov-2017 for EGA originally intended to be used for this study. However, Lz did not 

grow efficiently from liquid inoculations (see “Sample production and eelgrass segment 

inoculation”), so we ultimately used 5-Oct-2017 EGA plates for this study. 

We prepared sterile seawater (SSW) by autoclaving FSW. Similarly, we prepared SSW 

agar by autoclaving and setting 10 g noble agar in 1 L FSW into 100-mm petri dishes. 

  

Lz isolation and culture 

We collected EWD lesions in the South Slough National Estuarine Research Reserve, 

Oregon, USA (43.3156°N, 124.3209°W) on 9-Sep-2017. To facilitate genetic diversity 

among collected isolates, we collected each lesion from different eelgrass shoots. We plated 

each lesion onto serum seawater agar (SSA), and after Lz cells grew from the lesion, we 

transferred a piece of colonized agar onto a new SSA plate. We established nine isolates in 

this manner (V17-25). We maintained cultures of each isolate at room temperature, 

transferring pieces of colonized agar to new SSA plates when colonies approached plate 

edges. We confirmed the generic identity of the isolates through ordinary light microscopy 

and tentatively identified the isolates as Lz based on the description of Muehlstein et al. 

(1991). 

  

Sample production and eelgrass segment inoculation 

We collected eelgrass leaves and cleaned of epibionts on 2-Nov-2017 from the 

Charleston Marina eelgrass bed. We collected either the second or third youngest leaves of a 

turion, selecting only leaves without disease signs. We used a portion of these to make EGA 

and cut the remaining into 5-cm segments using a sterile razor. We discarded the tip and base 

of each leaf and incubated the segments in SSW until use. 
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On 4-Nov-2017, we created an inoculum of each Lz isolate by harvesting cells from an 

SSA plate and suspending them in SSW. For inoculations, we adapted methods of Dawkins 

et al. (2018). We counted the cells in each inoculum with a hemacytometer and diluted with 

SSW to ~106 cells/mL. For each isolate, we pipetted 10 µL of the inoculum onto 4 SSA 

plates, 4 EGA plates, and 4 SSW plates. We placed an eelgrass segment onto the inoculum on 

each SSW plate to allow the Lz to infect the segment. We made four negative controls of 

each substrate using SSW as a sham inoculum. After 4 hours, we added 3 mL of SSW to each 

plate with an eelgrass segment and wrapped the edges of each plate with parafilm to limit 

potential desiccation and contamination, incubating them at 15.6±0.34°C (mean ± sd) with 

12/12-hr light/dark fluorescent lighting. We inoculated each isolate in a random order. 

We stored all collected samples at -80°C until FA extractions. Ten-days post-inoculation, 

Lz colonies on SSA plates had grown to near each plate’s edge. From one SSA plate of each 

isolate, we collected and stored a ~4-cm2 piece of colonized agar (Lz-colonized substrate, n = 

8). We then harvested remaining cells from all SSA plates by scraping, pooling cells within 

isolates (Lz cells, n = 8). We collected and stored ~4-cm2 of agar from each control SSA 

plate (substrate alone, n = 4). 

We collected inoculated (Lz-colonized substrate) and control (substrate alone) eelgrass 

segments 18-days post-inoculation, prompted by the degraded appearance of a control. Prior 

to storing, we photographed each eelgrass segment to record disease and measured the 

percentage of lesioned area using ImageJ (Rasband 1997). We collected segments inoculated 

with V20 four days earlier due to especially fast disease progression. We stored segments 

separately but pooled them within isolates (Lz-colonized substrate n = 8, substrate alone n = 

1) for FA extractions and analyses to ensure necessary material amounts. The n = 1 control 

prevented statistical comparisons, so a later set of segment samples were prepared. 
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Observations of EGA plates confirmed intact Lz cells with some growth and organization 

on some plates; however, the cultures did not grow sufficiently quickly to produce samples. 

On 13-Dec-2017, we took pieces of Lz-colonized EGA of each isolate and plated them onto 

October 5 EGA, incubating them as other samples. On 24-Jan-2018 (42-days post-

inoculation), we collected and stored ~4 cm2 of each of colonized (Lz-colonized substrate, n 

= 8) and uncolonized (substrate alone, n = 8) EGA from each isolate plate. The culture of 

V22 did not grow sufficiently to produce samples and was omitted from all further analyses 

and samples sizes described are without V22. 

To better determine how FA changed with Lz infection on eelgrass, we collected more 

eelgrass from the Charleston Marina eelgrass bed on 19-Jan-2019. We collected five eelgrass 

leaves with EWD lesions present. We separated diseased and healthy tissue from each, 

immediately storing a portion of each (field diseased and field healthy, n = 5 each). To 

confirm Lz as the agent of the lesion, we plated a subsample of the diseased tissue from each 

leaf onto SSA and monitored for Lz growth. 

We produced a second set of eelgrass segment samples, as the initial set of eelgrass 

segments had a limited sample size that prevented statistical analysis. On 19-Jan-2019, we 

collected six additional leaves without lesions to be inoculated as previously described, 

except that we cut two 7-cm segments from each leaf, used a coin flip to determine which of 

the pair was inoculated with Lz, and used only the isolate V20. Each pair was stored at the 

same time, depending on the degree of lesion development (8-31 days post-inoculation). One 

pair, “19”, did not develop disease before tissue would be too degraded otherwise and was 

omitted. This yielded five pairs (n = 5 each) of Lz-colonized substrate and substrate alone 

eelgrass. 
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Fatty acid extraction and measurement 

Lipid extraction and transesterification were modified from Taipale et al. (2016). Briefly, 

we freeze dried samples for 48 hours before grinding, weighing, and adding to chloroform 

and capped under N2 gas. We did not grind harvested cells. We added 70 µL of 1.123-µg µL-1 

nonadecanoic acid (19:0) to each sample as a procedural standard. For each set of extractions, 

we included an identically-treated procedural blank without sample. We pooled the two 

resulting chloroform layers as our final lipid extract. To produce fatty acid methyl esters 

(FAME), we evaporated the chloroform off the lipid extract under N2 gas and then 

transesterified the lipids in toluene with acidic methanol in a 90°C water bath for 90 minutes. 

We neutralized the acid by adding KHCO3 in water. We extracted the FAME from the 

solution twice by adding hexane, vortexing, and centrifuging. To analyze FAME, we used a 

gas chromatograph-mass spectrometer (GCMS, Model QP2020, Shimadzu) equipped with a 

DB-23 column (30 m x 0.25 mm x 0.15 µm, Agilent) using helium as a carrier gas. The 

heating program started at 50°C for 1 min, followed by a 10°C min-1 increase to 140°C, after 

which the heating rate was 1.40°C min-1 to 190°C. This temperature was held for 3 min, 

raised to 220°C at 5°C min-1, and then to 240°C at 13°C min-1, held for 2 min (Schram et al. 

2018). Each set of GCMS runs included a Nu-Chek-Prep 566C standard in four dilutions (15 

ng µL-1, 50 ng µL-1, 100 ng µL-1, and 250 ng µL-1) to produce standard curves for FA 

concentration calculations. We analyzed GCMS data with Shimadzu GCMSSolutions 

software using retention times and mass spectra to identify FA (Taipale et al. 2013). 

  

Data analyses 

We standardized FA concentrations by sample dry weight (µg mg-1 dry weight) for each 

sample. For each sample, we subtracted the FA concentrations of respective procedural 

blanks and scaled FA concentrations using the measured and expected 19:0 concentrations to 
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account for potential differences in recovery during extraction and transesterification. We 

calculated proportions of each FA using the summed concentrations of identified FA within 

each sample and omitted FA from analyses if they were on average less than 1% of the FA of 

at least one substrate-sample type combination (23 FA used). Statistical analyses were 

performed as described the in the main text. Prior to performing PERMANOVA, we tested 

homogeneity of multivariate dispersions with PERMDISP (betadisper in vegan package, 

Oksanen et al. 2018) to assess whether significant results were due to differences among 

substrate-sample types in dispersion or location. 

We show a non-metric multidimensional scaling figure (NMDS, Fig. S1) using identical 

methods as for Fig. 2 but including the first set of eelgrass samples. 
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. 
SUPPLEMENTAL FIGURE 

NB Supplemental Tables are presented in Supplement 3 at http://www.int-

res.com/articles/suppl/d135p000_supp3.xls 

 

Fig. S1. Non-metric multidimensional scaling (NMDS; on Euclidean distances of arcsine-

transformed FA proportions) plot of fatty acid (FA) compositions by substrate and sample 

type using all samples produced in this study. Each point is an individual analyzed sample. 

Vectors show relative correlations of FA (>5% total identified FA of at least 1 substrate-

sample type combination) with NMDS dimensions. The first set of eelgrass samples (omitted 

in the main text) are shown as darkened points and used samples are shown as lighter points. 
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