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The Ocean is a rich source of diverse living organisms include viruses. In this study, we examined
the microbial communities in the sea adjacent to Jeju Island in two seasons by metatranscriptomics.
We collected and extracted total RNA, and, using the next-generation sequencing HiSeq 2000 and de
novo transcriptome assembly, we identified 652,984 and 163,759 transcripts from the March and
December samples, respectively. The most abundant organisms in March were bacteria, while eukar-
yotes were dominant in the December sample. The bacterial communities differed between the two
samples, suggesting seasonal change. To identify the viruses, we searched the transcripts against a vi-
ral reference database using MegaBLAST with the most identified being bacteriophages infecting the
marine bacteria. However, we also revealed an abundance of transcripts associated with diverse her-
pesviruses in the two transcriptomes, indicating the presence or possible threat of infection of fish in
the sea around Jeju Island. This data is valuable for the study of marine microbial communities and

for identifying possible viral pathogens.
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Introduction

Oceans are reservoirs of diverse organisms, including the
three domains of archaea, bacteria, and eukaryotes. Of them,
marine microorganisms, including bacteria as well as vi-
ruses, are the most dominant organisms in the seawater [1].
In particular, diverse viruses, including numerous unknown
species, are abundantly present and their infection in a range
of living organisms causes viral disease [2]. The number of
known marine microorganisms is very small compared to
that of unknown microorganisms, indicating that living mi-
croorganisms in the oceans should be explored in greater
depth [3].

Similar to metagenomics [4], metatranscriptomics reveals
mRNA information from target environments that contain
an array of diverse living organisms without any prior

knowledge of the environmental community [5]. In general,
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there are many technical obstacles to isolating mRNAs from
environments due to the short half-lives of mRNAs and ab-
sence of poly (A) tails of eukaryotic mRNAs [6]. However,
with the advance of library construction as well as next-gen-
eration sequencing, it is now possible to reveal populations
of marine microorganisms with unknown functions [7], the
microbial metabolic process [8], and to monitor emerging
marine pathogens causing the massive mortality of marine
organisms [9].

Korea is a peninsular surrounded by the sea; in particular,
the South Sea is an optimal place for the cultivation of ma-
rine products, including fishes, shellfishes, and many kinds
of seaweeds [10]. Jeju Island is the largest island in Korea.
It is located in the South Sea, South Pacific Ocean, and is
famous as a tourist site and for its fishing industry. However,
the fishing industry in Jeju Island has been threatened by
unknown emerging pathogens for many years. It seems sev-
eral pathogenic bacteria and viruses are possible causes;
however, the information associated with pathogenic marine
microorganisms is currently limited. Furthermore, many un-
known living organisms might be involved in the perishing
of fishes and red tide. In this study, we examined marine
communities through metatranscriptomics in order to identi-

fy new emerging marine pathogens, including bacteria and
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viruses in the sea adjacent to Jeju Island.

Materials and Methods

For metatranscriptomics, we collected seawater samples
from the sea (33.2275 N 126.6006 E) close to Jeju Island,
Korea, in two different seasons in 2014, March and Decem-
ber (Fig. 1). To maximize the number of identified marine
organisms, we have collected 10 1 of ambient seawater de-
rived from three different depths (1-2 m, 10 m, and 20 m)
using sterile plastic bottles and pooled. The main subject of
our project is marine viruses. Therefore, we conducted
FeCl3-mediated flocculation to enrich small-sized viral par-
ticles efficiently, as described previously [11, 12]. After floc-
culation, the incubated seawater was filtered using a poly-
carbonate filter membrane (0.22 um Millipore) (Billerica, MA,
USA) and kept at 4°C for further experiments. We extracted
the total RNA from the filtered membranes possessing viral
particles as well as microbial cells using the QIAeasy Plus
Viral DNA/RNA Extraction Kit (Intron, Seongnam, Korea)
according to the manufacturer’s instructions. The extracted
total RNA was treated with DNase I. The RNA library was
generated using the TruSeq Nano RNA library preparation
kit according to the manufacturer's manual (Illumina, San
Diego, USA). We sequenced two libraries for paired-end se-
quencing using the HiSeq2000 platform, which was per-
formed by Macrogen, Seoul, Korea. To assign the taxonomy
of assembled transcripts, we performed BLAST against
NCBI’s microbial and viral database (http://www.ncbi.nlm.
nih.gov/genome/ Refseq microbial and viruses) [13]. To
classify the transcripts according to taxonomy, the obtained
XML file was imported into the MEGANS program [14].
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Fig. 1. Maps for the sampling location near Jeju Island of Korea.

Results and Discussion

Transcriptome sequencing yielded 11.33 GB (Gigabytes)
and 8.39 GB of raw data for the March and December sam-
ples, respectively. The raw data were subjected to de novo
transcriptome assembly using the Trinity program [15]. We
identified 652,984 and 163,759 transcripts from the March
and December libraries, respectively (Table 1). The number
of transcripts from the March library produced 4.5 times
more than that of the December library. The GC percentages
for March and December were 58.86% and 39.91%, respec-
tively. The N50 values of the assembled contigs for March
and December were 477 bp and 291 bp, respectively.

Through BLAST the transcripts, biological community
was identified in March and December. In March, most tran-
scripts were derived from bacteria (35.36%), followed by eu-
karyota (3.47%), viruses (0.04%) and archaea (0.02%) (Fig.
2A). In December, many transcripts were assigned to eukar-
yota (11.00%), followed by bacteria (3.54%) and viruses (0.15
%) (Fig. 2B). As we expected, many transcripts, such as
60.32% (March) and 84.00% (December), did not show any
homology to known sequences in the nt database. From the
March sample, we identified diverse organisms that were
assigned in 55 phyla, 121 classes, 333 orders, 576 families,
1,128 genera and 2,124 species, and 28 phyla, 57 classes, 146
orders, 217 families, 354 genera and 471 species were identi-
fied in the December sample (Fig. 3). We compared com-
monly identified marine organisms between the March and
December libraries based on species. We found that 326 spe-
cies were commonly identified in both seasons, and 1,798
species and 145 species were specific to March and Decem-
ber.

The BLAST search revealed that the most abundant or-
ganisms were derived from the bacteria in the March sam-
ple, while eukaryota were dominant in the December sample.
The most frequently identified species in March were

Halomonas campaniensis, Halomonas sp. KO116, Marinobacter

Table 1. Result of transcriptome assembly

March December
Number of total genes 615,373 136,249
Number of total transcripts 652,984 163,759
GC (%) 58.86 39.91
N50 477 291
Median contig length (bp) 333 268
Average contig length (bp) 468.42 316.99
Total assembled bases (bp) 305,872,232 51,909,863
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Fig. 2. The distribution of blast results in March (A) and December (B) samples based on taxonomy binning using MEGAN program.

salarius and Alcanivorax dieselolei, all of which belong to the

2500
2124 gammaproteobacteria (Fig. 4A). In December, three bacteria,
2000 Zunongwangia profunda (Bacteroidetes), Pseudoalteromonas sp.
T 1500 SM9913 (y-proteobacteria) and Oleispira antarctica (y-proteo-

) 1128 bacteria) (Fig. 4B).

1000 To identify marine viruses in two metatranscriptomes, we
576 - blasted all transcripts against the viral reference database us-
500 " 333146 Izﬁ a ing Megablast with the E-value 1 x e” as a cutoff. As a result,
. 5528 -E ] L] I I we identified 215 and 66 viruses from the March and
Phyum  Class  Order  Family — Genus  Species December samples, respectively (Fig. 5A). Of the two sam-
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Fig. 3. The number of transcripts and percentages of March (A)

and December (B) samples.

ples, 39 viruses were commonly identified. The most identi-
fied viruses in the two transcriptomes were bacteriophages
infecting marine bacteria (72%) (Fig. 5B). Based on viral ge-

A March B December
Normalized ber of tig Normalized number of contigs
Halomonas campaniensis IEEEEEEEEEEEEEEEES————— 811 2 gwangia pi 541
k sp. KO116 521 Pseudoalteromonas sp. SM9913 487
Marinobacter salarius I 476 Trachurus murphyi == 49
Alcanivorax dieselolei IINEEGG_—_———— 466 Oleispira antarctica w49
Methy i ti e 428 Echinicola vietnamensis w= 44
Pseudoalteromonas sp. SM9913 IEEEEE—————— 419 P: P - 44
Pseudomonas sp. 12M76_air IEESS————— 397 Cyclobacterium marinum == 32
Alteromonas macleodii IIEEEEE————— 391 Cytophaga hutchinsonii == 31
Thalassocituus oleivorans I 378 Vibrio splendidus = 27
Pseudomonas mendocina I 376 Pelagibacter phage HTVCO10P w26
Marinobacter similis IEEG——— 343 Belliella baltica m 24
Chromohalobacter salexigens IS 318 Roseobacter phage SIO1 = 22
Alcanivorax pacificus IEE— 311 Cellulophaga baltica = 21
Methylobacterium oryzae I 233 Cyclob i Ky = 20
Oleispira antarctica IEE—8 232 Pelagibacter phage HTVC008M = 19
P I 218 Gramella forsetii = 17
agaricid. N 214 Cellulophaga algicola » 17
Phychrobacter arcticus I 206 Emticicia oligotrophica = 17
Pseudomonas protegens WSS 185 Flexibacter litoralis = 16
Halomonas sp. AJH) N 184 Cellulophaga lytica » 15
[} 100 200 300 400 500 600
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Fig. 4. The numbers of assigned taxonomies in March and December samples. The top 20 species abundantly present in March
(A) and December (B) samples based on normalized number of transcripts.
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Fig. 5. Comparison of identified virus species between March
and December samples (A). Distribution of identified vi-
ruses in both samples according to the host range (B)
and viral genome (C).

A March

Cyprinid herpesvirus 1 strain NG-J1 215
Human herpesvirus 6B 176
Human herpesvirus 7 I 148

Gallid herpesvirus 2 EE——— 114
Micromonas pusilla virus 12T EE———— 76
Choristoneura occidentalis granulovirus — IEE—— 70
Shamonda virus N and NSs genes 48
Puniceispirillum phage HMO-2011  m—— 42
Micromonas sp. RCC1109 virus MpV1 e 39
Pseudomonas phage phiKZ w36
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Human herpesvirus 6B 526
Cyprinid herpesvirus 1 strain NG-J1  ssssssss——" 202
Pelagibacter phage HTVCO10P  mssssn 103

Synechococcus phage S-RIP1 mm33

Roseobacter phage SIO1 w33

Pelagibacter phage HTVCO08M mi26
Pelagibacter phage HTVC019P =19
Choristoneura occidentalis granulovirus m17
Pandoravirus salinus 513
Adelie penguin polyomavirus 112
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Fig. 6. The top ten viruses which were dominantly present in
March (A) and December (B) samples.

nome types, the majority of viruses were composed of linear
DNA (78%), followed by circular DNA (21%) and linear
RNA (1%) (Fig. 5C).

Based on the number of assembled transcripts, the most
frequently identified viruses in the March transcriptome
were homologous to the four herpesviruses, Cyprinid herpes-

virus 1 strain NG-J1 (215 transcripts), Human herpesvirus 6B
(176 transcripts), Human herpesvirus 7 (148 transcripts) and
Gallid herpesvirus 2 (114 transcripts). In addition, many tran-
scripts were matched to the known two algae viruses,
Micromonas pusila virus 12T (76 transcripts) and Micromonas
sp. RCC1108 virus (39 transcripts) (Fig. 6A). In the December
transcriptome, many transcripts were homologous to the
two known herpesviruses, Human herpesvirus 6B and Cyprinid
herpesvirus 1 strain NG-J1 (Fig. 6B). We found the presence
of high levels of herpesviruses in both the March and
December transcriptomes. The herpesviruses are important
pathogens in fish as well as in many mammals and birds
[16]. In general, infection with most herpesviruses causes
mild disease symptoms or is non-symptomatic; however, an
abnormal host or environmental changes can affect the path-
ogenicity of the herpesvirus infection [17-19]. The abundance
of transcripts associated with several herpesviruses indicates
the presence or potential risks of marine viral diseases
caused by herpesviruses in the sea adjacent to Jeju Island.

Taken together, we conducted metatranscriptome profil-
ing for the first time in the sea adjacent to Jeju Island, Korea,
at two different time points by RNA-Sequencing. Our results
showed specificity and commonality in marine communities
between the March and December samples. In general, ma-
rine bacteria were dominantly present in both samples; how-
ever, the detailed bacterial communities between the two
samples were different from each other, suggesting changes
of bacterial communities during seasonal changes. To be spe-
cific, we revealed the abundance of transcripts associated
with diverse herpesviruses in the two transcriptomes, in-
dicating the presence or possible threat of herpesviruses in-

fecting fishes in the sea adjacent to Jeju Island, Korea.
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