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A novel free-living heterotrophic stramenopile, Platysulcus tardus gen. nov., sp. nov. was 1 

isolated from sedimented detritus on a seaweed collected near the Ngeruktabel Island, 2 

Palau. P. tardus is a gliding flagellate with tubular mastigonemes on the anterior short 3 

flagellum and a wide, shallow ventral furrow. Although the flagellar apparatus of P. tardus 4 

is typical of stramenopiles, it shows novel ultrastructural combinations that are not applied 5 

to any groups of heterotrophic stramenopiles. Phylogenetic analysis using SSU rRNA genes 6 

revealed that P. tardus formed a clade with stramenopiles with high statistical support. 7 

However, P. tardus did not form a subclade with any species or environmental sequences 8 

within the stramenopiles, and no close relative was suggested by the phylogenetic analysis. 9 

Therefore, we concluded that P. tardus should be treated as a new genus and species of 10 

stramenopiles. 11 
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Introduction 1 

Stramenopiles are a major eukaryotic assemblage that is characterized by tripartite flagellar 2 

hairs (tubular mastigonemes) on the anterior flagellum and a unique flagellar apparatus 3 

consisting of four microtubular roots (Andersen 1991; Karpov et al. 2001; Moestrup and 4 

Andersen 1991). Stramenopiles consist of photosynthetic and heterotrophic organisms that 5 

live in marine, freshwater, and terrestrial environments (Andersen 2004). The 6 

photosynthetic stramenopiles are classified into over 10 classes that include well-known 7 

groups of large multicellular brown seaweeds (Phaeophyceae) and several unicellular algae 8 

(e.g., Bacillariophyceae, Chrysophyceae, and Raphidophyceae). Heterotrophic groups have 9 

various morphologies and lifestyles such as phagotrophic flagellates (e.g., Placicidea and 10 

Bikosea), fungus-like osmotrophic organisms (e.g., Pseudofungi and Labyrinthulea), and 11 

intestinal parasites of animals (e.g., Blastocystea and Opalinea). While phylogenetic 12 

analyses have shown that photosynthetic stramenopiles form a monophyletic group, most 13 

heterotrophic members are placed in basal lineages and the detailed phylogenetic position 14 

of each lineage remains uncertain (Cavalier-Smith and Chao 2006; Cavalier-Smith and 15 

Scoble 2013; Risers et al. 2009).  16 

Environmental DNA surveys have shown that there are many unidentified lineages 17 

of marine stramenopiles (MAST) (e.g., Lin et al. 2012; Massana et al. 2002, 2004, 2014). 18 

Sequences from MAST clades have been reported from various marine environments from 19 

the upper ocean to anoxic sediment (e.g., Lin et al. 2012; Takishita et al. 2005). Previous 20 

studies using in situ fluorescence hybridization methods (FISH) showed that some of these 21 

unidentified stramenopiles are relatively small (<10 μm) and bacterivorous (Kolodziej and 22 

Stoeck 2007; Massana et al. 2002). In fact, the small heterotrophic flagellates Solenicola 23 

setigera and Incisomonas marina have recently been confirmed to be included in MAST-3 24 

(Cavalier-Smith and Scoble 2013; Gómez et al. 2011). Nevertheless, more than 10 25 



undescribed environmental clades still exist. Revealing the morphology and ultrastructure 1 

of these undescribed stramenopiles is important for understanding the diversity and 2 

evolution of stramenopiles. 3 

In this study, we established a culture of a small bacterivorous flagellate (strain 4 

SRT153). In phylogenetic analysis using the small subunit ribosomal RNA (SSU rRNA) 5 

gene, the flagellate formed a monophyletic group with stramenopiles with high statistical 6 

support, however, it branched as a distinct lineage from any known stramenopiles or 7 

environmental sequences. We also performed light and electron microscopic observations 8 

on this flagellate, and these provided useful information for discussing the taxonomic 9 

position of the strain. 10 
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Results 1 

Light microscopy 2 

Cells of Platysulcus tardus gen. nov., sp. nov. were oval or ovoid with a length of 5.62 3 

(3.6–7.8) μm and width of 3.76 (3.1–4.5) μm (n = 41) (Fig. 1A–E). Thecae or scales were 4 

not observed on the surface of the cell. Cells often contained oval or rod-like contents that 5 

were considered to be captured bacteria (Fig. 1B). A wide, shallow ventral furrow was 6 

located at the ventral side of the cell (Fig. 1C–E). Two flagella were inserted in the anterior 7 

end of the ventral furrow; the short anterior flagellum (about 9 μm, n = 32) was directed 8 

anteriorly and the long posterior flagellum (about 17 μm, n = 33) was directed posteriorly 9 

(Fig. 1B–E). Most cells in the culture showed slow gliding motion. When the cell was 10 

gliding, the anterior flagellum showed rapid sinusoidal waves and the posterior flagellum 11 

trailed posteriorly and was attached to the substratum. In the aged culture, swimming cells 12 

were frequently observed. Cells swam slowly with a wobbling and spiral motion. Neither 13 

cysts nor a multinucleate stage were observed. 14 

Transmission electron microscopy 15 

Whole-mount observation showed that cells had a short anterior flagellum with tubular 16 

mastigonemes and a long naked posterior flagellum (Fig. 1F, G). The mastigonemes were 17 

composed of at least two parts, a short shaft and a long terminal filament (Fig. 1G, H). 18 

Neither flagellum was acronematic (Fig. 1F). 19 

In ultra-thin section observation, cells were covered only by a plasma membrane 20 

and no additional structures were observed on the surface of the cell (Fig. 2A, E). Cells had 21 

one nucleus with one conspicuous nucleolus (Fig. 2A). The nucleus was located anterior to 22 

the middle part of the cell, and connected to a well-developed rough endoplasmic reticulum 23 

(ER) (Fig. 2A). Thin, fibrous materials were observed in the ER, which probably 24 

corresponded to the mastigonemes on the anterior flagellum (Fig. 2B). Several roundish 25 



mitochondrial profiles with tubular cristae were scattered around the nucleus (Fig. 2A). A 1 

Golgi apparatus was located anterior to the nucleus (Fig. 2A). Several small globular 2 

microbodies were observed around the nucleus (Fig. 2C). Food vacuoles containing 3 

digested bacteria were occasionally observed in the cytoplasm (Fig. 2D, 5A–E). 4 

Electron-dense extrusomes were located just beneath the plasma membrane, especially 5 

along the ventral side of the cell (Fig. 2E). The extrusomes were roundish and 6 

approximately 200 nm in diameter, and contained a cylindrical structure (Fig. 2E). The 7 

cytoplasm containing a nucleus, mitochondria, and microbodies was surrounded by a large 8 

flat vesicle, whereas the food vacuoles and extrusomes were not (Fig. 2A, 4, 5). The flat 9 

vesicle did not enclose the cytoplasm completely but exhibited some gaps such as the 10 

position facing the Golgi body and basal bodies (Fig. 2A). 11 

The middle region of basal bodies was filled with electron-dense material (Fig. 2F, 12 

H). A short cartwheel structure was observed at the proximal end of the basal body (Fig. 13 

2G). The cartwheel structure was less dense and was difficult to be recognized in 14 

longitudinal sections. A dense plate was observed at the flagellar transitional region (Fig. 2F, 15 

I). No additional ring-shaped or helical structures, such as a transitional helix, spiral fiber, 16 

or intrakinetosomal shelves, were observed in the transitional region or basal body (Fig. 17 

2F–J). The anterior and posterior basal bodies were arranged at a right angle (Fig. 3). They 18 

were not in the same plane, and the right side of the posterior basal body was closely 19 

associated with the left side of the anterior basal body (Fig. 3, 5). 20 

To describe the microtubular roots of P. tardus, we applied the terminology in 21 

Moestrup (2000). The posterior basal body had three microtubular roots. Root 2 (R2) 22 

emerged from the right side of the posterior basal body. The base of the R2 consisted of 11 23 

microtubules that were aligned in an “L”-shape (Fig. 3D, E). We numbered each 24 

microtubule of R2 as described in Moestrup and Thomsen (1976) (1–8 and a–c, from right 25 



to left). The microtubules of the R2 were split into two rows, and the number of 1 

microtubules gradually decreased from the middle part. Microtubules 5, 6, and 7 of the R2 2 

initially disappeared and the R2 was split into inner (8, a–c,) and outer (1–4) rows (Fig. 3F, 3 

G), and, finally, each row decreased into a single microtubule (Fig. 4E, F, 5A, B). Each row 4 

of R2 ran just beneath the ventral surface and supported the right side of the ventral furrow 5 

(Fig. 5). Root 1 (R1) consisted of three or four microtubules and emerged from the left 6 

anterior side of the posterior basal body (Fig. 3C–H, 4, 5B–D). The R1 ran just beneath the 7 

ventral surface and supported the left side of the ventral furrow (Fig. 3C–H, 4, 5B–D). The 8 

S tubule consisted of a single, short microtubule that emerged from the posterior side of the 9 

posterior basal body (Fig. 3B–G, 4A–C, 5A–D). The S tubule joined together with the R1 10 

and supported the anterior part of the left side of the ventral furrow (Fig. 3B–G, 4A–C, 11 

5A–D). The anterior basal body had two microtubular roots. Root 3 (R3) emerged from the 12 

right side of the anterior basal body and went towards the dorsal side of the cell (Fig. 5C–F). 13 

The R3 consisted of two microtubules (Fig. 5C–F). Root 4 (R4) emerged from the opposite 14 

side of the R3 and ran parallel to the R3 (Fig. 5B–D). The R4 consisted of one microtubule 15 

(Fig. 5B–D). The microtubular roots are illustrated in Figure 6. 16 

Phylogenetic analysis 17 

We sequenced almost the complete length of the SSU rRNA gene of P. tardus (1786 bp). 18 

No intron was confirmed in the sequence. Our phylogenetic analysis, including all major 19 

taxonomic groups and environmental clades of stramenopiles, showed that P. tardus 20 

branched as a sister lineage of a clade of stramenopiles, and the monophyly of P. tardus and 21 

stramenopiles was strongly supported (Fig. 7). However, statistical support for the 22 

monophyly of stramenopiles, except for P. tardus, was weak, and the phylogenetic position 23 

of P. tardus within stramenopiles was unsolved. 24 
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Discussion 1 

Our molecular phylogenetic analysis using the SSU rRNA gene showed that Platysulcus 2 

tardus gen. nov., sp. nov. was included in the stramenopiles with high statistical support 3 

(bootstrap probability = 89%, Bayesian posterior probability = 1.00). In the ML tree, P. 4 

tardus branched as the most basal lineage of stramenopiles. However, the phylogenetic 5 

analysis could not reveal the detailed phylogenetic position of P. tardus within 6 

stramenopiles. Interestingly, P. tardus did not form a subclade with any known species or 7 

MAST environmental sequence, which suggests that P. tardus represents a novel lineage 8 

that has never been detected, even by the environmental DNA survey. Microscopic 9 

observations showed that P. tardus has shared characteristics of stramenopiles, namely 10 

tubular mastigonemes on the anterior flagellum and four major microtubular roots (R1–R4). 11 

On the other hand, the general morphology and the flagellar apparatus of P. tardus can be 12 

distinguished from known stramenopiles. 13 

Light microscopic observation showed that P. tardus exhibit slow gliding 14 

movement with the long, trailing posterior flagellum. Although gliding movement is 15 

common in several groups of heterotrophic protists (e.g., Cercozoa, Apusozoa, and 16 

Euglenozoa), it is relatively rare in stramenopiles. Placididea, a known group of gliding 17 

stramenopiles, includes two species (Placidia cafeteriopsis and Wobblia lunata). However, 18 

both species have a long anterior flagellum and a short posterior flagellum (Moriya et al. 19 

2000, 2002), whereas P. tardus has a short anterior flagellum and a long posterior flagellum. 20 

Incisomonas marina is a nanomonadean gliding flagellate, but it is different from P. tardus 21 

and most stramenopiles in only having a naked posterior flagellum (Cavalier-Smith and 22 

Scoble 2013). The bikosean Caecitellus parvulus is also a gliding heterotrophic 23 

stramenopile with a short anterior flagellum and a long posterior flagellum. However, C. 24 

parvulus lacks mastigonemes on the anterior flagellum (O’Kelly and Nerad 1998). In 25 



addition, P. tardus is also distinguishable from these gliding heterotrophic stramenopiles in 1 

having a wide ventral furrow. 2 

The flagellar apparatus is one of the most significant taxonomic traits for the 3 

higher classification of stramenopiles (Andersen 1991, Cavalier-Smith and Chao 2006,). 4 

Helical structures in the flagellar transitional region or basal bodies are widely observed 5 

among stramenopiles, although P. tardus lacks these structures. A single transitional helix 6 

in the flagellar transitional region has been reported in various groups of Ochrophyta, such 7 

as Chrysophyceae and Eustigmatophyceae, but some xanthophyceans have a double 8 

transitional helix and several groups (e.g., Bolidophyceae, Phaeophyceae, and 9 

Raphidophyceae) lack these structures (Andersen 2004; Cavalier-Smith and Chao 2006; 10 

Preisig 1989). Pseudofungi (oomycetes, hyphochytrids, and Developayella) usually have a 11 

double transitional helix (Barr and Désaulniers 1989; Beakes et al. 2012; Cavalier-Smith 12 

1997). The early divergent stramenopiles Placididea and Opalinea also have a double 13 

transitional helix just above the transitional plate (Cavalier-Smith 1997; Cavalier-Smith and 14 

Chao 2006; Moriya et al. 2002; Patterson 1985; Patterson and Delvinquier 1990). 15 

Placididea and Opalinea additionally have a spiral structure (intrakinetosomal shelves) in 16 

the basal body (Moriya et al. 2002; Patterson 1985). Labyrinthulea have a bell-shaped 17 

structure in the transitional region (Barr and Allan 1985). Some bikosean flagellates have a 18 

spiral fiber (e.g., Adriamonas peritocrescens, Bicosoeca maris, and Boroka karpovii), or 19 

intrakinetosomal shelves (e.g., Rictus lutensis), while most species lack these structures like 20 

P. tardus (Cavalier-Smith and Chao 2006; Karpov et al. 2001; Yubuki et al. 2010). 21 

The microtubular roots of P. tardus are similar to those of typical stramenopiles, 22 

especially Bikosea and Placididea. Typical bikosean flagellates have an “L”-shaped R2 23 

consisting of 8+3 microtubules like P. tardus, and several species also have an S tubule 24 

(e.g., Bicosoeca maris, Boroka karpovii, and Rictus lutensis) (Karpov et al. 2001; Moestrup 25 



and Thomsen 1976; Yubuki et al. 2010). However, P. tardus is different from Bikosea in the 1 

absence of a single microtubule that is associated with R2 (x fiber). The x fiber is reported 2 

in all orders in Bikosea and is regarded as one of the taxonomic traits of this class 3 

(Cavalier-Smith and Chao 2006; Karpov et al. 2001). The placididean flagellate lacks x 4 

fiber, the same as P. tardus (Moriya et al. 2000, 2002). However, in contrast to P. tardus, 5 

placidians lack the S tubule and their R2 consists of 7+3 microtubules arranged in a 6 

“U”-shape (Moriya et al. 2000, 2002). 7 

These light and electron microscopic observations revealed that there are no 8 

stramenopiles that show strong morphological affinity with P. tardus. Additionally, we also 9 

confirmed that P. tardus can be distinguished from gliding flagellates with uncertain 10 

taxonomic positions or without molecular and ultrastructural data (e.g., Glissandra, 11 

Kiitoksia, and Pseudophyllomitus) (Lee 2002; Patterson and Simpson 1996; Vørs 1992) by 12 

the combination of general morphological features such as cell shape and size, flagellar 13 

length, and presence of a wide ventral furrow. Therefore, we concluded that P. tardus is a 14 

new genus and species of stramenopiles. Our phylogenetic analysis showed that P. tardus 15 

does not form a subclade with any available sequences. Characteristics of the flagellar 16 

apparatus of P. tardus also did not correspond with any classes or orders of stramenopiles. 17 

Therefore, we treated P. tardus as   stramenopiles incertae sedis. 18 

 19 

Taxonomic treatment 20 

Platysulcidae fam. nov. Shiratori, Nakayama, and Ishida (ICZN) 21 

Description: Phagotrophic biflagellates with tubular mastigoneme on anterior flagellum. 22 

Cells with mitochondria with tubular cristae. Basal body and flagellar transitional region 23 

lacking ring-shaped or helical structures. Cells with S tubule but without x fiber. Root 2 24 

consisting of 11 microtubules and aligning “L”-shape at its origin. 25 



Type genus: Platysulcus. 1 

 2 

Platysulcus gen. nov. Shiratori, Nakayama, and Ishida (ICZN) 3 

Description: Marine bacterivorous flagellates with short anterior flagellum and long 4 

posterior flagellum. Cells with wide, shallow ventral furrow. Cells showing slow gliding 5 

movement. 6 

Type species: Platysulcus tardus.  7 

Etymology: The genus name “Platysulcus” derived from the Latin platy (wide) and sulcus 8 

(furrow), referring to the wide ventral furrow of the cell. Platysulcus is considered to be of 9 

male gender 10 

 11 

Platysulcus tardus sp. nov. Shiratori, Nakayama, and Ishida (ICZN) 12 

Description: Cells oval or ovoid, 5.62 (3.6–7.8) μm in length and 3.76 (3.1–4.5) μm in 13 

width. Anterior flagellum about 9 μm and posterior flagellum about 17 μm in length. 14 

Extrusomes present. Large, flat vesicle surrounding cytoplasm containing a nucleus, 15 

mitochondria, and microbodies. 16 

Hapantotype: One monoclonal culture used for describing this study (NIES-3720), 17 

deposited and maintained at the National Institute for the Environmental Sciences, Tsukuba. 18 

Paratype: One microscope slide (TNS-AL-58905S) and one EM block 19 

(TNS-AL-58905TB), deposited in the herbarium of the National Museum of Nature and 20 

Science (TNS), Tokyo. These cells are derived from the same sample as the holotype. 21 

DNA sequence: Small subunit ribosomal DNA, LC028904. 22 

Type locality: Sedimented detritus on seaweed, Ngeruktabel Island, Republic of Palau 23 

(latitude = 7.2545, longitude = 134.4444).  24 

Collection date: November 11, 2011.  25 



Etymology: Specific epithet “tardus” (slow, late) refers to the slow gliding movement of 1 

the cell. 2 
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Methods 1 

Culture establishment 2 

We collected a sample of sedimented detritus on seaweeds at the Ngeruktabel Island, Palau 3 

on November 11, 2011 (latitude = 7.2545, longitude = 134.4444). A sufficient volume of 4 

ESM medium (Kasai et al. 2009) was added to the sample and kept at 20°C under a 14-h 5 

light/10-h dark cycle for initial cultivation. A culture of Platysulcus tardus gen. nov., sp. 6 

nov. (strain SRT153) was established using a single-cell isolation technique from the 7 

enriched sample. The culture was cultivated with ESM medium and contaminant bacteria 8 

as a food source and kept at 20°C under dark conditions. The strain SRT153 was deposited 9 

at the National Institute for the Environmental Sciences, Tsukuba as NIES-3720. 10 

Light and electron microscopy 11 

The cells of the strain SRT153 were observed using an Olympus IX71 inverted microscope 12 

(Olympus, Tokyo, Japan) equipped with an Olympus DP71 CCD camera (Olympus). 13 

For the observation of whole-mount cells under TEM, cell suspensions were 14 

mounted on formvar-coated copper grids and fixed by OsO4 vapor. The copper grids were 15 

washed with distilled water and stained with 2% (w/v) uranyl acetate and observed using a 16 

Hitachi H-7650 electron microscope (Hitachi High-Technologies Corp., Tokyo, Japan) 17 

equipped with a Veleta TEM CCD camera (Olympus Soft Imaging System, Munster, 18 

Germany). 19 

A specimen for ultra-thin section observation using transmission electron 20 

microscopy was prepared as follows: pellets of centrifuged cells were placed on a 21 

formvar-coated copper loop and plunged rapidly into liquid propane. The frozen pellets 22 

were plunged into liquid nitrogen for several seconds and placed in a mixture of 0.1% 23 

glutaraldehyde and 2% osmium tetroxide in acetone at -80°C for 48 h. Then, the fixing 24 

solution was kept at -20°C for 2 h, and -4°C for 2 h. The pellets were rinsed with acetone 25 



three times and replaced by Agar Low Viscosity Resin R1078 (Agar Scientific Ltd, 1 

Stansted, England). The resin was polymerized by heating at 60°C for 8 h. Ultrathin 2 

sections were prepared on a Reichert Ultracut S ultramicrotome (Leica, Vienna, Austria), 3 

double stained with 2% (w/v) uranyl acetate and lead citrate (Hanaichi et al. 1986; Sato 4 

1968), and observed using a Hitachi H-7650 electron microscope (Hitachi 5 

High-Technologies Corp., Tokyo, Japan) equipped with a Veleta TEM CCD camera 6 

(Olympus Soft Imaging System, Munster, Germany). 7 

DNA extraction and polymerase chain reaction (PCR): Cells of the strain SRT153 were 8 

centrifuged and total DNA was extracted from the pellet using a DNeasy Plant mini kit 9 

(Qiagen Science, Valencia, CA), according to the manufacturer’s instructions. SSU rRNA 10 

of the strain SRT153 was amplified by polymerase chain reaction (PCR) with 18F-18R 11 

primers (Yabuki et al. 2010). Amplifications consisted of 30 cycles of denaturation at 94°C 12 

for 30 s, annealing at 55°C for 30 min, and extension at 72°C for 2 min. An additional 13 

extension for 4 min at 72°C was performed at the end of the reaction. Amplified DNA 14 

fragments were purified after gel electrophoresis with a QIAquick Gel Extraction Kit 15 

(Qiagen Science), and then cloned into the p-GEM® T-easy vector (Promega, Tokyo, Japan). 16 

The inserted DNA fragments were completely sequenced by a 3130 Genetic Analyzer 17 

(Applied Biosystems, Monza, Italy). The SSU rDNA sequence of the strain SRT153 is 18 

deposited as LC028904 in GenBank. 19 

Sequence alignments and phylogenetic analysis: We newly created the SSU rDNA 20 

alignment set of stramenopiles, and the SSU rDNA sequence of the strain SRT153 was 21 

added to this alignment set. The sequences of the alignment set were automatically aligned 22 

with MAFFT (Katoh and Toh 2008) and then edited manually with SeaView (Galtier et al. 23 

1996). For phylogenetic analysis, ambiguously aligned regions were manually deleted from 24 

each alignment. Finally, we prepared SSU rDNA alignment (1,607 positions). The 25 



alignment file that was used in the analysis is available on request. The maximum 1 

likelihood (ML) tree was heuristically searched using RAxML v.7.2.6 (Stamatakis 2006) 2 

under the GTR+Γ model. Tree searches started with 20 randomized maximum-parsimony 3 

trees, and the highest log likelihood (lnL) was selected as the ML tree. A non-parametric 4 

bootstrap analysis with 1000 replicates was conducted under the GTR+Γ model. A 5 

Bayesian analysis was run using MrBayes v. 3.2.2 (Ronquist and Huelsenbeck 2003) with 6 

the GTR + Γ model for the same dataset. One cold and three heated Markov chains with 7 

default temperature parameter were run for 5  106 generations, sampling lnL values and 8 

trees at 100-generation intervals. Convergence was assessed by average standard deviation 9 

of split frequencies and the first 1  106 generations of each analysis were discarded as 10 

“burn-in”. Bayesian posterior probability and branch lengths were calculated from the 11 

remaining trees. 12 
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Figure 1. Light and transmission electron micrographs of Platysulcus tardus gen. nov., sp. 1 

nov. AF, anterior flagellum; PF, posterior flagellum. White arrowheads indicate the ventral 2 

furrow. The double arrowhead indicates the tubular shaft. The triple arrowhead indicates 3 

the terminal filament. A–E. Differential interference contrast (DIC) micrographs of 4 

hapantotype. Scale bar = 10 µm. F. Whole-mount transmission electron micrograph. Scale 5 

bar = 2 µm. G. High magnification view of the anterior flagellum. Scale bar = 1 µm. H. 6 

High magnification view of a flagellar hair. Scale bar = 200 nm. 7 

 8 

Figure 2. Transmission electron micrographs of Platysulcus tardus gen. nov., sp. nov. Ex, 9 

extrusome; Fv, food vacuole; G, Golgi apparatus; Mt, mitochondrion; Mb, microbody; N, 10 

nucleus; n, nucleolus. Arrows indicate the large flat vesicle. Double arrows indicate the 11 

transitional plate. Arrowheads indicate the electron-dense material in the basal body. 12 

Asterisks indicate thin fibrous materials. A. General cell image of P. tardus. Scale bar = 1 13 

µm. B. High magnification view of endoplasmic reticulum (ER) including fibrous material. 14 

Scale bar = 500 nm. C. High magnification view of the nucleus and the microbody. Scale 15 

bar = 500 nm. D. High magnification view of food vacuoles. Scale bar = 500 nm. E. High 16 

magnification view of extrusomes. Scale bar = 500 nm. F. High magnification view of 17 

longitudinal section of the basal body. Scale bar = 200 nm. G. High magnification view of 18 

cross-section of the proximal part of the basal body. Scale bar = 200 nm. H. High 19 

magnification view of cross-section of the middle part of the basal body. Scale bar = 200 20 

nm. I. High magnification view of cross-section of the transitional region. Scale bar = 200 21 

nm. J. High magnification view of cross-section of the proximal end of the flagellum. Scale 22 

bar = 200 nm. 23 

 24 

Figure 3. Selected serial sections of Platysulcus tardus gen. nov., sp. nov. taken from 25 



anterior to posterior. AF, anterior flagellum; Ex, extrusome; Mt, mitochondrion; PB, 1 

posterior basal body; PF, posterior flagellum. S, S tubule; R1, root 1; R3, root 3. Scale bar = 2 

500 nm. 3 

 4 

Figure 4. Selected serial sections of Platysulcus tardus gen. nov., sp. nov. taken from 5 

anterior to posterior. Ex, extrusome; Fv, food vacuole; Mt, mitochondrion; PF, posterior 6 

flagellum. S, S tubule; R1, root 1; R2, root 2. Arrows indicate the large thin vesicle. Scale 7 

bar = 500 nm. 8 

 9 

Figure 5. Selected serial sections of Platysulcus tardus gen. nov., sp. nov. taken from dorsal 10 

to ventral. AB, anterior basal body; Ex, extrusome; Fv, food vacuole; PB, posterior basal 11 

body; PF, posterior flagellum. S, S tubule; R1, root 1; R2, root 2; R3, root 3; R4, root 4. 12 

Arrows indicate the large thin vesicle. Scale bar = 500 nm. 13 

 14 

Figure 6. Illustration of the microtubular roots of Platysulcus tardus gen. nov., sp. nov. AB, 15 

anterior basal body; PB, posterior basal body; S, S tubule; R1, root 1; R2, root 2; R3, root 16 

3; R4, root 4. 17 

 18 

Figure 7. Maximum-likelihood tree of 103 stramenopiles, 5 rhizarians, and 5 alveolates 19 

using 1,607 positions of the small subunit (SSU) rRNA gene. Environmental sequences 20 

were labeled with accession numbers. Only bootstrap probability ≥50% is shown. Nodes 21 

supported by Bayesian posterior probabilities ≥0.98 are highlighted by bold lines. 22 
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