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Abstract  Protists (microbial eukaryotes) are indispensable members of the marine microbial food web. In recent years, organisms 
living in the deep sea (> 1000 m water depth) have increasingly become the focus of research; however, studies on protistan assem-
blages are relatively scarce compared with their prokaryotic counterparts. In the present study, high-throughput sequencing of the 
hypervariable V9 region of the 18S rRNA gene was used to explore the community composition of protists in bathypelagic waters of 
the South China Sea. Based on the analysis of the alpha and beta diversities of 14 samples, we discovered: 1) members belonging to 
Rhizaria, Alveolata, and Excavata were the dominant groups in terms of both relative sequence abundance and operational taxonomic 
unit (OTU) richness in all samples, although their relative contributions differed among different samples; 2) cluster analysis showed 
that the distribution of protistan assemblages was related neither to the sampling location nor to the water depth, and other environ-
mental factors might have caused the differences among the communities; 3) phototrophs, including members of the Bacillariophyta, 
Bolidophyceae, Dictyochophyceae, Prasinophyceae, and Prymnesiophyceae, were detected in all samples, which indicated their con-
tributions to the downward transportation via the biological pump and the potential presence of phagotrophy of these phototrophic 
cells in the deep ocean. 
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1 Introduction 
Marine protists (microbial eukaryotes) are highly di-

verse (both morphologically and phylogenetically) uni-
cellular eukaryotes that occur in almost every branch of 
eukaryotic evolutionary tree (Bass et al., 2005; Guillou  
et al., 2008; Song et al., 2009; Caron et al., 2012; Sun  
et al., 2017; Adl et al., 2019; Hu et al., 2019). Their size 
range spans more than four orders of magnitude (Caron  
et al., 2009). The nutritional modes of protists include 
phototrophy, heterotrophy, and mixotrophy, and they serve 
as primary producers, consumers, decomposers and tro-
phic links in aquatic food webs which are essential for the 
biogeochemical cycles of the ocean (Azam et al., 1983; 
Jiao et al., 2010; Caron et al., 2017).  

The deep dark ocean is divided into three parts: the 
mesopelagic zone (200–1000 m depth), the bathypelagic 
zone (1000–4000 m depth), and the abyssal zone (> 4000 

m depth). It is considered to be the largest habitat on 
Earth and is characterized by high inorganic nutrient con- 
centrations, low temperature, high pressure, and is the 
world’s largest reservoir of dissolved organic carbon  
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(Arístegui et al., 2009; Herndl and Reinthaler, 2013). Due 
to the expense and technical difficulties in sampling and 
performing in situ experiments, both prokaryotic and eu-
karyotic microbes living in the deep waters are under-
studied compared with the microbes living in the sunlit 
ocean (Arístegui et al., 2009). Fortunately, the culture- 
independent techniques such as denaturing gradient gel 
electrophoresis (DGGE), clone library, and high-through- 
put sequencing using marker genes (e.g., the small sub-
unit ribosomal DNA) have provided powerful methods 
for studying microbial diversity in the deep ocean (Arís- 
tegui et al., 2009). Nevertheless, deep sea protists have 
been largely neglected compared with their prokaryotic 
counterparts (bacteria and archaea), leaving their diversity 
and community composition largely unresolved. Studies 
on deep sea protists both on local and global scales have 
increased significantly in recent years, uncovering their 
new clades, distribution patterns and potential ecological 
roles (Countway et al., 2007; Not et al., 2007; Pernice  
et al., 2015; Xu et al., 2017a, b). However, given the vast 
area of the deep sea environment, much work needs to 
be done in order to reveal the biodiversity of protists and 
the roles they play in biogeochemical cycles in the deep 
sea. 

In the present study, high-throughput sequencing of the 
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hyperviable V9 region of the SSU rRNA gene was per-
formed to investigate the community composition of pro-
tists from the bathypelagic waters of the South China Sea, 
one of the largest marginal seas in the world. 

2 Materials and Methods 
2.1 Sample Collection 

Six sampling stations were chosen to represent the cen-
tral part of the deep basin in the South China Sea (SCS) 
(Fig.1). Seawater samples were collected using Niskin 
bottles attached to a CTD rosette system aboard the R/V 
Dongfanghong-2 in April 2012. Six samples were taken 
from 1000 m depth at all stations, five samples were taken 
from 2000 m depth except at station H7, and three sam-
ples were taken at 4000 m depth at stations H7, O3 and 
O14, respectively. For each sample, two liters of sea wa-
ter were prefiltered through 200 µm Nitex (Sefar) mesh 
and then collected by polycarbonate filters with a pore- 
size of 0.22 µm (Millipore). The filters were immediately 
frozen in liquid nitrogen and stored at −80℃ until further 
treatment. 

 

 
Fig.1 Geographic locations of the sampling sites in the 
central South China Sea. The map was generated using 
Ocean Data View 4 software (Schlitzer, 2011). 

2.2 DNA Extraction, PCR Amplification, and High- 
Throughput Sequencing of SSU rRNA Gene 

Genomic DNA was extracted from each sample using 
the Power-Water DNA Isolation Kit (MoBio Laborato-
ries, Inc., Carlsbad, CA) following the protocols from the 
manufacturer with minor modifications (Sun et al., 2017; 
Xu et al., 2017a). Extracted DNA was stored at −20℃ for 
later processing. Universal primers 1389F (5’-TTGTACA 
CACCGCCC-3’) and 1510R (5’-CCTTCYGCAGGTTC 
ACCTAC-3’) were used to amplify the hypervariable V9 
region of the SSU rRNA gene (Amaral-Zettler et al., 2009). 
Six individual PCR reactions for each sample were run 
employing Ex Taq DNA polymerase (TaKaRa, Dalian, 
China) and the products were pooled to collect sufficient 
amplicons for sequencing. The pooled PCR products 
were purified using Wizard®SV Gel and PCR Clean-Up 
System (Promega, Beijing, China). Bridge amplification 
and paired end sequencing of the amplicons were per-
formed with an Illumina MiSeq platform by a commercial 

sequencing company. Sequence data generated have been 
deposited in the NCBI Sequence Read Archive with ac-
cession number SRP104547. 

2.3 Sequence Analysis 

Quality filtering, demultiplexing and assembly of raw 
data were conducted with Trimmomatic (Bolger et al., 
2014) and Flash software (Magoč and Salzberg, 2011) 
and criteria employed followed Li et al. (2018). Potential 
chimeras were identified and removed using UCHIME 
(Edgar et al., 2011) applying both de novo and reference- 
based chimera searches against the Protist Ribosomal 
Database 2 (PR2) (de Vargas et al., 2015). Singletons (reads 
present as a single copy) were removed from downward 
analysis. Operational taxonomic units (OTUs) were clus-
tered at a 95% similarity threshold using UPARSE (Ed-
gar, 2013). Taxonomy assignment of each OTU were 
achieved using BLAST method against PR2 as imple-
mented in QIIME (Caporaso et al., 2010). Non-protistan 
OTUs (e.g., bacteria, archaea, metazoa, fungi, plastids, or 
OTUs classified as ‘Unassigned’) were removed. 

All datasets were sub-sampled at a uniform depth of 
13842 sequences (the lowest sequence count for all sam-
ples) before downstream analysis. An OTU table was 
generated and alpha diversity indices (Chao1, Shannon, 
ACE, Inverse of Simpson, and Phylogenetic Diversity) 
were calculated using QIIME (Caporaso et al., 2010). Non- 
metric multidimensional scaling (NMDS) was constructed 
using the Vegan package as implemented in R based on 
the Bray-Curtis coefficient. Weighted Unifrac metric, 
which compares samples based on the phylogenetic re-
latedness of OTUs in a community and considers relative 
OTU abundance, was used to infer the grouping of sam-
ples (Lozupone and Knight, 2005). 

3 Results 
To infer the diversity of protistan assemblages in the 

bathypelagic waters of the central South China Sea, a 
total of 14 samples from 6 stations were collected (Fig.1). 
After quality-screening, a total of 857544 sequences with 
an average length of 123 bp (mean ± std: 123.0545 ± 16.4996) 
were generated. After removal of potential chimeras, sin-
gletons, and sequences that were not affiliated with pro-
tists, there were a total of 366951 sequences, ranging 
13842 to 45271 reads per sample (Table 1). All datasets 
were rarefied at a uniform depth of 13842 sequences (the 
lowest number of sequences for all samples). The final 
OTU table containing 1911 OTUs and 193788 sequences 
was used to analyze alpha and beta diversities and taxo-
nomic affiliations of bathypelagic protists. 

3.1 Alpha and Beta Diversities of Bathypelagic Protists 

Alpha diversity estimates are shown in Table 1. The 
richness observed varied among samples, ranging from 
927 to 1577 OTUs per sample. The average Shannon in-
dex was 5.57 ± 0.40, while the highest one (7.24) was 
found at 2000 m deep waters of station O1 and the lowest  
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Table 1 Diversity estimates of South China Sea samples 

Sample ID Site Depth (m) Coordinates Clean reads OTU0.05
* Chao1* ACE* Shannon* Simpson* PD*

G4.1000 G4 1000 20920 1123 1862 2027 4.41 0.003 161.7
G4.2000 G4 2000 

115.975˚E, 17.966˚N 
13842 995 1703 1794 4.38 0.003 150.5

H7.1000 H7 1000 14580 1014 1824 1961 5.14 0.005 152.4
H7.1500 H7 1500 

112.987˚E, 17.002˚N 
45271 1195 1856 1913 5.77 0.006 167.5

O1.1000 O1 1000 24601 1577 2327 2381 7.15 0.012 213.5
O1.2000 O2 2000 

117.004˚E, 16.414˚N 
28665 1467 2348 2441 7.24 0.024 196.8

O14.1000 O14 1000  14722 1369 2250 2374 5.79 0.005 180.3
O14.2000 O14 2000 118.809˚E, 15.101˚N 43760 951 1631 1748 3.25 0.002 138.5
O14.4000 O14 4000  21128 1433 2057 2105 7.81 0.031 186.3
O3.1000 O3 1000  30349 985 1704 1928 3.50 0.002 142.1
O3.2000 O3 2000 115.242˚E, 14.724˚N 16970 1063 1692 1817 5.26 0.005 159.9
O3.4000 O3 4000  27149 1157 1788 1854 6.83 0.027 165.0
O7.1000 O7 1000 28379 1501 2437 2435 7.07 0.014 199.7
O7.2000 O7 2000 

117˚E, 13.457˚N 
36615 927 1742 1677 4.31 0.005 137.9

           

Notes: OTU0.05, Operational taxonomic unit at 95% 18S rRNA V9 gene sequence identity. * Standardized numbers based on subsampling 
of 13842 sequences without replacement. 
 

 

Fig.2 Alpha diversity of protists in bathypelagic waters of the South China Sea as inferred by clustering reads at 95% 
similarity. (A) Rarefaction curves for each sample. (B) Global rarefaction curve. 

 

Fig.3 Alpha diversity measures (Observed species, Phylogenetic Diversity, Shannon and Chao1) for the pooled samples 
grouped by water depths. The box delimits the 25th and 75th percentiles. The whisker shows the range and the line in 
every box plot indicates the median. 
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one was at 2000 m deep waters of station O14. Phyloge-
netic diversity (PD), which measures the total branch 
length connecting all OTUs in the SSU rRNA gene phy-
logeny, ranged from 213.5 (1000 m deep waters at station 
O1) to 137.9 (2000 m deep waters at station O7) (Table 
1). Rarefaction curves showed that all samples were not 
fully sampled (Fig.2A). However, a rarefaction curve for 
the pooled dataset from all samples showed a symbol 
saturation that a maximal richness of bathypelagic protists 
was approximately 2000 OTUs (Fig.2B).  

To reveal the differences of alpha diversity at different 
depths, samples retrieved from the same depth were 
pooled and the nonparametric test (Monte Carlo permuta-
tions) was conducted based on the Observed species, 
Phylogenetic diversity, Shannon and Chao1. As a general 
trend, the average alpha diversity decreased as water depth 

increased although there was no significant difference 
among sample groups (Fig.3). 

A non-metric multidimensional scaling ordination (NMDS) 
analysis, based on Bray-Curtis similarity, was imple-
mented to explore the community composition of bathy-
pelagic protists among all 14 samples. The samples were 
clustered into three groups. Group 1 contained samples 
O14.4000 and G4.2000; group 2 contained samples 
O14.1000, O3.1000, and H7.1000; and group 3 contained 
the rest of the samples (Fig.4A). This grouping pattern 
was also supported by the principle component analysis 
(PCoA) of community taxonomic relatedness quantified 
by the Weighted Unifrac metric (Fig.4B). Statistical ana- 
lyses showed the composition of the three groups was sig- 
nificantly different (ANOSIM, R = 0.999, P = 0.001 for the 
NMDS and R = 0.9343, P = 0.001 for the PCoA analysis).  

 

 

Fig.4 Plots of nonmetric multidimensional scaling (nMDS) ordination (A) and unweighted unifrac principal coordinates 
analysis (PCoA) (B). 

 

Fig.5 Venn diagram shows the OTUs shared among group 
1 (samples G4.2000 and O14.4000), group 2 (samples 
H7.1000, O3.1000, and O14.1000), and group 3 (the rest 
samples) of protistan communities as indicated in Fig.4. 
Pie charts show the unique OTUs in each group and OTUs 
occurred in all three groups. 

OTUs found only in group 1 were dominated by mem-
bers in Alveolata (about 74%), followed by Hacrobia 
(about 14%). OTUs occurred only in group 2 were mainly 
composed of members in Alveolata (about 56%), fol-
lowed by Rhizaria (about 14%) and Stramenopiles (13%). 
Group 3 specific OTUs were dominated by members in 
Excavata (about 71%), followed by Alveolata (about 
15%). Approximately 45% of all OTUs were discovered 
from all three groups and were mainly composed of 
members in Rhizaria (55%), followed by members in Al-
veolata (25%) and Excavata (11%) (Fig.5). 

3.2 Community Composition of Bathypelagic Protists 

Pooling all data from all samples gave the first insight 
of the protistan community composition in the bathype-
lagic waters of the South China Sea. The reads affiliated 
with Rhizaria represented over half of the total protists, 
followed by Alveolata (26%) and Excavata (13%) (Fig.6A). 
The other supergroups, including Stramenopiles, Opist-
hokonta, Archaeplastida, Amoebozoa, Hacrobia and Pi-
cozoa, collectively contributed less than 8% to the total 
reads (Fig.6A). The community composition varied sub-
stantially in each sample, e.g., Rhizaria dominated protis-
tan communities in most samples except those retrieved 
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from waters with 2000 m depth at site G4 (G4.2000), 
4000 m depth at site O14 (O14.4000), and 1000 m depth 
at site O3 (O3.1000) in which Alveolata replaced Rhizaria 
as the dominant taxon (Fig.6B). In at least half samples, 
Excavata surpassed Alveolata to be the second-most domi- 
nant group (Fig.6B). In terms of OTU richness, the domi- 
nant supergroup in the pooled dataset was Alveolata (about 
47%), followed by Excavata (about 23%), Rhizaria (about 
12%), and Stramenopiles (about 9%) (Fig.6C). This trend 
was consistent in all individual samples except G4.2000 
and O14.4000 (Fig.6D). 

The three dominant supergroups, including Rhizaria, 
Alveolata and Excavata, were further examined at lower 
taxonomic ranks (Fig.7). For Rhizaria, Spumellarida was 
the most dominant group (on average 85% of rhizarian 
reads) in all samples, followed by RAD-A (on average 
10%) (Figs.7A, B). For Alveolata, Dinophyceae and MALV- 
I were the two most dominant groups, representing 35% 
and 27% of all reads, respectively. Members in MALV-II 
contributed 18% of Alveolata-affiliated reads. Apicom- 
plexa was the fourth most dominant supergroup; however, 
in samples O3.1000 and O3.2000, it replaced Dinophy- 
ceae to be the most dominant alveolate group with a con- 
tribution of 40% (Figs.7C, D). For Excavata, members in 
Diplonemea and Neobodonid contributed equally and they 
constituted 91% of all Excavata-affiliated reads (Figs.7E, F). 
Phototrophic groups, including Bacillariophyta, Bolido- 

phyceae, Dictyochophyceae, Prasinophyceae, and Prymnesi- 
ophyceae, were retrieved from all samples and their con- 
tributions to total reads ranged from 0.3% to 16% in each 
sample (Figs.7G, H).  

The ten most abundant OTUs in the pooled dataset be-
longed to Spumellarida (three OTUs), Discoba (three OTUs), 
RAD-A (two OTUs), and Dinophyceae (two OTUs). These 
OTUs had high similarities with environmental sequences 
in the GenBank database, and seven of them showed 100% 
similarities (Table 2). OTU_1 was the most abundant OTU 
and was a polycystine radiolarian that was 94.3% similar 
to Cladococcus viminalis. It was followed by OTU_3091 
which showed 92.8% similarity to the same species 
whereas OTU_25 was identical to C. viminalis. OTU_10 
and OTU_37 showed rather low similarities with their 
nearest named neighbor in the GenBank database, namely 
Sticholonche sp. (HQ651785) (79.4% and 80.3%, respec-
tively). OTU_31 and OTU_35 were members of Discoba 
and showed 77.6% and 77.8% similarities with their 
nearest named neighbors Hemistasia phaeocysticola 
(AB948221) and Rhynchopus sp. (AF38 0997), respec-
tively (Table 2). OTU_15 was also a member of Discoba 
and showed 100% similarity with Neobo- do designis 
(DQ207580). OTU_21 and OTU_74 showed high simi-
larities with their nearest named neighbors, Lepidodinium 
viride (AB686256) (100%) and thea toxic bloom-forming 
dinophyceaen, Karlodinium micrum (JF79 1049) (99.2%). 

 

 

Fig.6 Relative abundance of reads in pooled samples (A) and in each sample (B). Relative OTU richness in pooled sam-
ples (C) and in each sample (D). 
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Fig.7 Pie charts calculated for the percentage of total reads in all samples of different taxa from Rhizaria (A), Alveolata 
(C), Excavata (E), and phototrophic (G) groups. Histogram shows the relative abundances of reads from Rhizaria (B), 
Alveolata (D), Excavata (F), and phototrophic (H) groupsin each sample. Different groups are depicted in different colors. 

Table 2 List of the top ten most abundant OTUs 

OTU ID Reads Group NN %-S NNN %-S 

OTU_1 48068 (24.9%) Spumellarida KJ761720 100.0 Cladococcus viminalis (HQ651782) 94.3 
OTU_3091 28221 (14.6%) Spumellarida KJ760941 99.3 Cladococcus viminalis (HQ651782) 92.8 
OTU_10 5963 (3.1%) RAD-A KJ762813 99.3 Sticholonche sp. (HQ651785) 79.4 
OTU_25 5082 (2.6%) Spumellarida KF129727 100.0 Cladococcus viminalis (HQ651782) 100.0
OTU_31 2700 (1.4%) Discoba KJ762626 100.0 Hemistasia phaeocysticola (AB948221) 77.6 
OTU_21 2675 (1.4%) Dinophyceae KU743849 100.0 Lepidodinium viride (AB686256) 100.0
OTU_37 2473 (1.3%) RAD-A KF129909 100.0 Sticholonche sp. (AY268045) 80.3 
OTU_15 1799 (0.9%) Discoba EF432544 100.0 Neobodo designis (DQ207580) 100.0
OTU_35 1766 (0.9%) Discoba KJ762516 99.2 Rhynchopus sp. (AF380997) 77.8 
OTU_74 1687 (0.9%) Dinophyceae KF130115 100.0 Karlodinium micrum (JF791049) 99.2 

   Notes: %-S, similarities; NN, the nearest neighbor; NNN, the nearest named neighbor.  
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4 Discussion 
High-throughput sequencing, which can detect species 

at rather low abundance and bypass the difficulties of 
conventional morphology-based methods, was used to 
reveal the composition of protist communities in bathy-
pelagic waters of the central South China Sea. The main 
aim was to characterize the community structure and di-
versity patterns of protists, which is helpful for under-
standing their roles in deep oceanic waters. 

4.1 Protistan Community Compositionin the 
Bathyal Zone of the South China Sea 

In the present study, the average alpha diversity was 
found to decrease as water depth increased, although no 
significant difference was found among sample groups. 
Previous studies have shown that bacterial richness de-
clines by about 25% from the epipelagic layer to the 
bathypelagic waters (Moeseneder et al., 2001; Hewson  
et al., 2006) and temperature was proposed to be a major 
stratifying factor of bacterial communities overriding 
hydrostatic pressure (Martin-Cuadrado et al., 2007). Stud-
ies have also shown that protistan diversity declines with 
depth along the water columns (Countway et al., 2007; 
Xu et al., 2017b; Giner et al., 2019). The decline of pro-
tistan diversity with depth has been interpreted as an in-
dication of a finite number of ecological niches present in 
the deep ocean for protists (Countway et al., 2007). 

In terms of relative sequence abundances, members af-
filiated with Rhizaria constituted the most dominant 
group followed by Alveolata,though there were variabili-
ties among individual samples. Excavata surpassed Stra-
menopiles to be the third most dominant group (Figs.5A, 
B). In terms of OTU richness, Alveolata was the most 
dominant group followed by Excavata and Rhizaria 
(Figs.5C, D). Rhizarians have been repeatedly identified 
to dominate deep sea protistan communities and, in some 
cases, they were also reported to possess the highest 
richness (Pernice et al., 2015; Xu et al., 2017a). In the 
present study, the dominant groups of rhizarians were 
RAD_A, B, C and Polycystinea, which is consistent with 
previous analyses of bathypelagic radiolarian communi-
ties (Pernice et al., 2015). A survey using clone library 
construction performed on the samples collected from the 
same cruise also showed the dominance of Rhizaria in 
deep waters with Spumellarida being the greatest con-
tributor in this supergroup (Xu et al., 2017a). It is note-
worthy that the cell-size of rhizarians is usually larger 
than the majority of planktonic protists, the standing stock 
of which in the top 200 m of the world’s oceans is esti-
mated to be equivalent to 5.2% of the total oceanic biota 
carbon reservoir (Biard et al., 2016). Furthermore, rhi-
zarians also contribute to the downward transportation of 
carbon via the so-called biological pump. For example, 
large colonial rhizarians of the order Collodaria have been 
shown to correlate significantly with downward fluxes of 
carbon (Guidi et al., 2016). Additionally, the large-celled 

members of Phaeodaria are reported to play a major role 
in carbon flux attenuation in the twilight zone in the 
California Current Ecosystem (Stukel et al., 2018). An-
other rhizarian group, Acantharia, has been shown to con-
tribute to the particulate organic carbon flux via cyst for-
mation down to meso-/bathy-pelagic waters in the Sou- 
thern Ocean and the Atlantic Ocean (Decelle et al., 2013; 
Belcher et al., 2018). Thus, the rhizarian-affiliated se-
quences retrieved from the deep sea were thought to de-
rive from extracellular material of larger cells sinking 
from the upper waters (Not et al., 2009). Other data, 
however, do not support this conclusion. For example, 
novel rhizarian OTUs/clades have been reported, both in 
the deep oxygenated meso-/bathy-pelagic waters and in 
anoxic basins (Not et al., 2007a; Gilg et al., 2010; Orsi  
et al., 2011; Xu et al., 2017a). Furthermore, RNA-based 
sequence data, which is not subject to the same distor-
tions as DNA-based sequence data (e.g., sequences gen-
erated from the inactive/dead cells and extracellular nu-
cleic acids), have confirmed the presence of active rhi-
zarians in deep oceanic waters (Hu et al., 2016; Xu et al., 
2017b). Radiolarians, which have characteristic cell struc- 
tures and photosynthetic symbionts, are classified as pho- 
tosynthetic organisms in surface waters. However, little 
knowledge has been known for their lifestyle in the bathy- 
pelagic zone where photosynthetic symbionts are not ex-
pected (Stoecker et al., 2009; Ishitani et al., 2012). Thus 
the unknown rhizarian species dwelling in the deep wa-
ters needs to be further studied. When combined with 
paired, i.e., RNA- and DNA-based, molecular sequencing 
approaches, these data will serve as a basis to gain a bet-
ter understanding of the ecological role of rhizarians and 
other protists in the deep sea. 

It has been suggested that the universal primers target-
ing the SSU rRNA gene favor some eukaryotic clades 
over others, leading to bias in the resulting molecular 
datasets (Amaral-Zettler et al., 2009). Compared with the 
V4 region of the SSU rRNA gene, it has been suggested 
that the shorter V9 region might mitigate such biases 
(Pawlowski et al., 2011). This finding appears to be espe-
cially true for excavates and foraminiferans (Pawlowski 
et al., 2011). Recent studies have shown that diplonemids 
(Excavata, Diplonemea), a major component of Excavata, 
is the most diverse and the sixth most abundant eu-
karyotic taxon in the global plankton, with a huge undis-
covered diversity in the deep ocean (de Vargas et al., 
2015; Flegontova et al., 2016). In the present study, Ex-
cavata was found to be the third most abundant group in 
terms of relative sequence abundance, and the second 
most diverse group in terms of OTU richness in the deep 
waters of the South China Sea. Members in Diplonemea 
were the major contributors of Excavata which is consis-
tent with previous reports (Figs.6E, F). Members of the 
family Neobodonidae (Excavata, Kinetoplastida) were 
also retrieved from the deep waters of the South China 
Sea and constituted about 8% of all sequences affiliated 
with Excavata (Figs.6E, F). In the deep dark ocean, pro-
tistan grazing is considered to be one of the major causes 



LI et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2020 19: 161-170 

 

168 

of prokaryote mortality, arguably surpassing viral lysis 
(Nagata et al., 2010). The deep sea protistan grazers are 
mostly small, nano-sized, flagellated cells. They are com- 
monly referred to as heterotrophic nanoflagellates (HNFs), 
which include a wide range of phylogenetically diverse 
microbial eukaryotes. Members in Neobododid are con-
sidered to be important protistan bacterivores in the ocean 
(Chavez-Dozal et al., 2013; Mukherjee et al., 2015). Us-
ing catalyzed reporter deposition fluorescence in situ hy-
bridization (CARD-FISH), it has been reported that kine-
toplastids represented a significant fraction (average 
21.8%) of total eukaryotic microbes in the deep subtropi-
cal North Atlantic (Morgan-Smith et al., 2011, 2013). It 
has also been reported that neobodonids are dominant 
kinetoplastids in the global ocean (Flegontova et al., 2018). 
Thus neobodonids are probably a major component of 
deep sea HNF communities and may play key roles in 
deep sea biogeochemical cycling through active grazing 
on prokaryotes.  

4.2 Phototrophic Protists in the Bathy Zone of the 
South China Sea 

In recent years, signals from deep sea phototrophic 
cells (both prokaryotes and eukaryotes) have been re-
peatedly reported in studies using various approaches 
including microscopy, flow cytometry and DNA/RNA- 
based sequencing (Scharek et al., 1999; Jiao et al., 2014; 
Pernice et al., 2015; Xu et al., 2017b). For instance, vi-
able diatoms were retrieved from the global deep ocean 
collected by customized bottle-net sampler followed by 
vital stain and DNA-based sequencing (Agusti et al., 
2015). Using both SSU rRNA and p23S rRNA gene 
analysis, phototrophic signals were found in the Chal-
lenger Deep of the Mariana Trench (Guo et al., 2018). By 
integrating epifluorescence microscopy observation and 
sequencing of SSU rRNA and psbA gene transcripts, 
live/active pigmented nano-sized eukaryotes (primarily 
haptophytes) were detected in the deep Western Pacific 
Ocean (Xu et al., 2018). In the present study, the contri-
bution of phototrophic signals (mainly from Bacillario-
phyta, Bolidophyceae, Dictyochophyceae, Prasinophy-
ceae, and Prymnesiophyceae) to the total microbial eu-
karyote biota ranged from 0.3% to 16%, with an average 
value of 3% (Figs.6G, H). Previous studies have shown 
that phototrophic microbes make a significant contribu-
tion to the downward transportation of carbon via various 
fast-sinking mechanisms (Jiao et al., 2014; Cai et al., 
2015; Pernice et al., 2015). Based on DNA rather than 
RNA sequencing, the present study further confirmed the 
presence of phototrophic microbial eukaryotes in the deep 
sea. It has also been proposed that deep sea phototrophic 
signals are possibly from mixotrophs as many planktonic 
protists have a mixotrophic mode of nutrition (Stoecker  
et al., 2017; Xu et al., 2018). In the present study, mem-
bers of Prymnesiophyceae, some of which are mixotro-
phic organisms, were recovered. It indicates the possible 
existence of heterotrophy of these cells that can make 
themselves adapt to and survive in the bathypelagic envi-

ronment. 
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