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SUMMARY

I. Title

Enhancement of international collaboration among AFoPs member countries using
facilities at King Sejong Station: a case study with Malaysia

II. Purpose and Necessity of R&D

O Strengthening the foundation of international collaboration in the study of the
global issue, 'Biodiversity of Antarctic Marine Biota and Impacts of Climate
Changes’ utilizing the King Sejong Station Infrastructure

O Providing 'a Model of a Collaborative Research’ among AFoPS member countries

I. Contents and Extent of R&D

O Upgrading and refining information of taxonomy of marine benthic invertebrates
collected from near-shore waters adjacent to the King Sejong Station

O Collaborative work with a Malaysian Scientist (by invitation)
IV. R&D Results

O DNA analysis on 13 phyla, 243 specimens

O Further sequencing of ascidians using 3 genes (18S rDNA, 16S rDNA, COI) and
acquisition of bar coding of 8 ascidian species

O Confimation of 8 ascidian species based on morphological identification

O Database of additional 380 specimens and 243 DNA extracts

V. Application Plans of R&D Results

O Expediting future development of collaborative studies among AFoPs member
countries

O Providing a basis for the studies of ascidian diversity and evolution

O Advancing our knowledge on unknown Antarctic marine benthic species around
King Sejong Station, and enhancing the utility of ascidians for climate related

studies and for monitoring purposes
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1. Ascidiacea sp. 1_Molgula pedunculata (fairly translucent with a long stalk or
peduncle, solitary, the most common)
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2. Ascidiacea sp. 2_Pyura setosa (surface completely covered with flexible bristles)

3. Ascidiacea sp. 3_Pyura georgiana
(bean-shaped with a long stalk)
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4. Ascidiacea sp. 4 (A Z) (translucent, smooth surface, without stalk)




5. Ascidiacea sp. 5_Cnemidocarpa verrucosa (yellowish to brown, translucent,
cylindrical, covered with protuberances)
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6. Ascidiacea sp. 9 (BEAMH)
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7. Ascidiacea sp. 10_(E4 =) (colonial, pinkish & translucent, cotton-ball shaped)
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8. Ascidiacea sp. 14_Ascidia challengeri (orange to translucent, tough leathery
outer layer)
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Introduction

Antarctica is one of the most remote and pristine regions in the world. Most of
the marine organism, particularly the sessile benthic fauna, makes up the majority of
the Antarctic fauna (Clarke and Johnston 2003). Ascidians are the most abundant
benthic communities found below 20 m in the Southern Ocean (Tatian et al. 1998;
Gutt et al. 2010). Due to their distribution in the isolated Antarctica, their
susceptibility to any climate-induced changes is inevitably high. Physical disturbance
from iceberg scouring and collapse may seriously crushed the bottom substrates and
destroy benthic communities (Gutt et al. 2013; Moon et al. 2015). The sudden
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increase of glacial melt water loaded with terrestrial sediments may also alter seabed
structure and composition, thus impacting the spatial distribution and biodiversity
level of shallow nearshore inhabitants such as ascidians (Pabis et al. 2011; Moon et al.
2015). With the rising extinction rates, relying solely on conventional taxonomy in
resolving species identification would be too late to discover unknown species before
they become extinct. Therefore, there is an urgent incentive to increase biological
monitoring by expediting species discovery for species remains to be identified.

Currently, out of 2,815 ascidian species from 26 families in the class of
Ascidiacea, only 107 Antarctic species have been recorded in the Ascidiacea World
Database (Shenkar and Swalla 2011). Recent phylogenomic study has indicated that
ascidians from the phylum Chordata, are invertebrates with the closest relationship to
vertebrates (Delsuc et al. 2006). In the Antartica, 58% of ascidians species are solitary
and they are also claimed to be predominantly endemic to the Southern Hemisphere,
with modified morphological features and biological functions adapted to survive in
the harsh winter condition (Primo and Vazquez 2009). They have unique stalk
structure, which enables them to grow vertically on soft sediments (Tatian et al. 1998)
and also to improve their food captivity process (Gili et al. 2001).

Although ascidian species collected from the Antarctica continent have been
recorded since 1873 following several major expeditions which begun with the
“Challenger Expedition”, most specimens were only briefly described, hampering
routine scrutiny effort for most benthic taxonomist today. High morphological
variability in the shape, size and color caused by genetic characteristics and local
environmental conditions (Dias et al. 2009) makes species identification of ascidians
notoriously difficult. Lack of morphological details and synonymy in ascidians
species further complicates their identification process and hamper the expansion of
taxonomic knowledge and their biodiversity. Misidentification of ascidian species is
common as their classification are mostly based on inner morphological characters
such as gonad or gut loop shape and positions, and branchial sac structures (Monniot
et al. 1991; Mastrototaro and Dappiano 2008; Lambert 2009). In the case when
conventional morphological keys are not feasible enough for species identification,
DNA sequences offers a good complementary aid for morphological approach in
achieving high species discrimination accuracy (Geller et al. 2010). However, both
approaches need to be integrated and work hand in hand for modern taxonomy study.

The lack of reference sequence for Ascidians in the molecular repositories is
one of the biggest challenges in validating the species in our study. The severe lack
of molecular data for Antarctic benthic still continues today even though many
sequences for other Antarctic taxonomic groups have been generated as part of the
Census of Antarctic Marine Life (CAML) efforts (Grant et al. 2011; Dettai et al.
2011). Despite massive sampling expedition, the availability of sequences for marine
invertebrates remains scarce in the public domain since 2009 (Grant and Linse 2009).
In fact, most of the deposited sequences were dominantly obtained from specimens
collected at restricted regions in the Southern Ocean, which include Antarctic
Peninsula, the Dumont D’Urville, Weddell and Ross seas. Therefore, development
and deposition of many reference sequences will be necessary before further routine
species identification can be conducted. Our study will be a pilot study, which
includes an extensive description of morphological features of Antarctic ascidians in
King Sejong station accompanied with DNA sequences comprised of three genes. We
have also highlighted the systematic position and dated the divergence times of each
studied species within the class of Ascidiacea. We aimed to fill up the taxonomic gaps,
by clarifying the taxonomic status and re-examine the morphological features in
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specimens collected in this region, which eventually adds up to the list for the genetic
inventory of the Southern Ocean.

Material and Methods
Sample Collection

Ascidians specimens were collected by SCUBA diving along transect lines spanning
15 to 30 m depths at three stations in Marian Cove (MC2, MC3 and MC4) from Dec.
9™ 2013 till Jan 29™ 2014. All the specimens were sorted out and photographed before
fixation. For morphological identification, specimens were fixed in 4-5% formalin
with seawater or preserved in the 100% ethanol. Tissue samples from each specimen
were also preserved in absolute ethanol for molecular genetic analysis. Voucher
specimens for all species in this study are held in the Korean Polar Research Institute
(KOPRI), University of Science and Technology, Incheon, Korea (Table 1).
Morphological Study

DNA extraction, amplification and sequencing

Total genomic DNA was isolated from tissue samples using QlAamp ® DNA Mini
and Blood kit (QIAGEN, CA, USA) according to the manufacturer’s protocols, but
with slight modification. Targeted genes were amplified using primer pairs listed in
Table S1. Polymerase chain reactions were performed in a total mixture volume of 20
ul containing 1x PCR Buffer (Takara Bio Inc.), 2.5mM MgCl,, 1mM of each dNTP,
5pmol of each primer, 5U of Taq Polymerase (2.5 U of Taq Polymerase for
cytochrome oxidase 1) and 100 ng template DNA. Thermal cycler conditions for each
gene were as follows: 18S rDNA, initial denaturation at 94 °C for 2 min, 35 cycles of
94 °C for 45 s, 53 °C for 50 s, 72 °C for 55 s, followed by a final extension step at
72 °C for 7 min; 16S rDNA, initial denaturation at 94 °C for 2 min, 35 cycles of
94 °C for 30 s, 50 °C for 30 s, 72 °C for 1 min, followed by a final extension step at
72 °C for 7 min; COl, 35 cycles of 95 °C for 1 min, 49 °C for 1 min, 72 °C for 1 min
30s and ended with an elongation step of 72 °C for 7 min. PCR amplicons were gel
purified using Wizard® SV Gel and PCR Clean-Up System (Promega BioSciences,
LLC, USA). Purified PCR products were sequenced bi-directionally on an ABI Prism
3700 automated sequencer using commercial service of macrogen (Seoul, Korea).
Molecular Phylogenetic Analysis

All sequences were manually assembled and trimmed using CodonCode Aligner
(CodonCode Corporation, USA) and SeqMan Pro (DNASTAR, Inc., USA). The
edited sequences were the first set of sequences representing all the species submitted
to GenBank. The accession numbers of all new sequences generated in this study is
listed in Table 1. Additional sequences retrieved from GenBank for other genera were
also used to generate consensus sequence representing each species for phylogenetic
reconstruction (Table S2). Due to absence of geological calibration point information
related with ascidians, we have adopted Bayesian approach using a generalized clock
to estimate time of divergence for the Antartica specimens. Following jModelTest

56



143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

2.1.3 (Darriba et al. 2012), HKY model of sequence evolution was selected for
subsequent times of divergence estimation. We used an uncorrelated lognormal
relaxed molecular clock model (standard deviation of the uncorrelated lognormal
molecular clock rate for both partitions >1.0) and a Yule tree prior. Two runs,
consisting of 20,000,000 generations each and sampling every 1,000 generations,
were performed using BEAST version 1.8.2 (Drummond et al. 2012). Estimated times
to the most recent common ancestor (MRCA) was assessed from both runs using
Tracer 1.6 (Drummond et al. 2012) as mean values in million years (Ma) with 95%
highest and lowest posterior density intervals (HPD). A maximum credibility tree
with annotated node ages was calculated with TreeAnnotator v 1.8.2 (part of the
BEAST package) and visualized using FIGTREE v. 1.4.2 (Rambaut 2014).

Result
Morphological Study

Taxanomy

Etymology

Holotype

Diagnosis

Description
Distribution and habitat
Remarks

Ecological notes

Species Delimitation

Our sequence showed no match with any of the neither 18S rDNA reference sequence
in GenBank nor BOLD sequences. These discrepancies are largely due to the absence
of sequence data for our targeted species.

Discussion

Currently, there are four Corella species found in the Antarctic: Corella antartica
(Sluiter 1905), C. eumyota, C. dohrni and C. benedeni (Van Beneden and de Selys
Longchamps 1913). Due to their similar morphological features, their synonymy
leads to imprecise species identification. In fact, Corella antarctica Sluiter

(1905) has long been considered a junior synonym to C. eumyota. Therefore, the high
similarity (99%) for COI sequences for both of these species should be anticipated
given that the morphological characters traditionally used to identify the C. eumyota
is unable to accurately delimitate this species from its congeners. The vague
morphological keys fail to adequately differentiate both species, which led to the
taxonomic confusion presented here.

Whilst barcoding work is technically straightforward for most taxa groups,
this is not always the case for less well-studied taxa. Acquisition of sequences
becomes the first hindrance even multiple pairs of primers have been used. Technical
problems arose from amplifying and sequencing COI such as in some species in our
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study for both COI and 16S rDNA genes have proven the difficulty of using
molecular data alone to delimitate ascidians species. Most of the sequences deposited
for ascidians is of non-COl data and from the nuclear region, 18S rDNA. The same
result has also been observed in larger barcoding project in which only a minority of
collected ascidian species was successfully barcoded (Dettai et al. 2011). Monniot et
al. (2011) indicated that composition biases and poly-Ts in a number of species have
intensified the difficulty of COI sequencing. Besides, the fast-evolving nature of
ascidians has also increased the challenges in retrieving reliable amplified sequences
which further complicates the usage of molecular characters to infer their
evolutionary relationship (Delsuc et al. 2006; Rubinstein et al. 2013).

The presence of cryptic species was reported to be common features for many
Antartica marine taxa. Molecular techniques have discovered high numbers of
morphologically indistinguishable species with deep intra-specific divergence
(Allcock et al. 1997; Linse et al. 2007; Wilson et al. 2007; Hunter and Halanych 2008;
Krabbe et al. 2010; Branda™o et al. 2010). The high intra-specific diversity for the
same species in XXXX, suggested the presence of cryptic species in XXXX within
this region as previously documented for Pyura bouventensis (Dettai et al. 2011) and
Limacina helicina (Hunt et al. 2010). Larger amount of specimens need to be
investigated to assess intra-specific variation.

While the sequences from our study represents only a few specimens from a
small region in the Southern Ocean, the integrated conventional and molecular
taxonomy could serve as useful reference for population and other evolutionary
related studies. Besides elucidating the taxonomy, these data offers the most optimal
way in recording and protecting the ascidians biodiversity in the Antarctic, including
many more species that are yet to be discovered.
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Table S2 Sequences of five families and outgroups of class Ascidiacea obtained from Genbank

Species Family Accession Number
18S rDNA col
Ascidia ahodori Ascidiidae KJ725172.1
KF414704.1
AB104870.1
Ascidia ceratodes KJ720729.1
L12378.2
Ascidia mentula U21670.1
Ascidia virginea KP842723.1
KJ725162.1
KF309647.1
AB794956.1-
Ascidia zara AF165820.1 AB794961.1
AJ250777.1 AB610839.1
Cnemidocarpa clara Styelidae AJ250775.1
Cnemidocarpa finmarkiensis L12413.2
Cnemidocarpa humilis FM244859.1
Cnemidocarpa verrucosa AJ830012.1
Corella aff. brasiliensis RL-2014 KJ802431.1-KJ802430.1
Corella aff. zahlbruckneri RL-2014 KJ780570.1
KJ802444.1
Corella brasiliensis Corellidae KJ802432.1-KJ802443.1
KJ802428.1-KJ802429.1
KF443229.1
EU140805.1-
Corella eumyota FM244846.1 EU140818.1
Corella inflata AY903930.1
Corella japonica AF165822.1
Molgula arenata Molgulidae  AY903919.1
Molgula bleizi L12418.2
Molgula citrina HM807351.1
L12420.2
Molgula complanata L12422.2
Molgula echinosiphonica L12424.1
HM574345.1-
Molgula manhattensis AB921971.1-AB921975.1 HM574375.1

Molgula occidentalis

Molgula occulta
Molgula oculata
Molgula pacifica
Molgula provisionalis

IJN573245.1-IN573260.1
HM574380.1-HM574388.1
EF035105.1

L12426.2

FM244850.1

L12428.1

L12430.2

L12432.2

AY040738.1

HM574389.1 HM574376.1
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JQ742950.1-JQ742955.1



Molgula pugetiensis
Molgula retortiformis

Molgula socialis

Molgula tectiformis

L12434.2

EF035106.1
AY903920.1
AY903921.1

HM574390.1-HM574393.1
HM574390.1-HM574391.1
HM574393.1

L12436.1

L12438.1

HM574377.1-
HM574379.1

Pyura australis Pyuridae FM897335.1-FM897336.1 FJ528616.1-FJ528617.1
KC918366.1-

Pyura chilensis KC918536.1

Pyura dalbyi JF961823.1-JF961825.1 JF962208.1-JF962228.1
FJ528618.1-FJ528619.1
KC751899.1-

Pyura doppelgangera KC751948.1

Pyura dura FM244856.1 KF309596.1

FM897337.1

Pyura gangelion FM244857.1

Pyura gibbosa FM897338.1 FJ528613.1-FJ528615.1

Pyura haustor AY903926.1

Pyura herdmani JF961936.1-JF961847.1
JF961792.1-JF961806.1

Pyura mirabilis AF165828.1
DQ663771.1-

Pyura praeputialis DQ663780.1
FJ528624.1
DQ658850.1
FJ528621.1-FJ528623.1
KC751895.1-
KC751898.1

Pyura spinifera FM897342.1 FJ528611.1-FJ528612.1

JF961826.1

Pyura squamulosa FM897341.1 FJ528625.1

Pyura stolonifera JF961787.1-JF961791.1 JF961827.1-JF961846.1

Pyura vittata AJ250772.1

Ciona intestinalis Cionidae JN573240.1-JN573244.1 KF597182.1-KF597195.1

HM045491.1-HM045493.1
HM045478.1-HM045488.1

AB013017.1
AJ250778.1
HG005358.1

XM_002129770.2
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EF209056.1-EF209099.1
EF471245.1-EF471254.1
HM151199.1-
HM151249.1
HM209056.1-
HM209059.1
HQ219608.1-
HQ219628.1
HQ872423.1-
HQ872454.1
JF919711.1-JF919715.1
KF494354.1-KF494355.1



KF309602.1-KF309604.1
KF309613.1-KF309614.1
KF309532.1
KF309554.1
KF309570.1
KF309575.1
KF309578.1
KF309580.1
KF309587.1
KF309591.1
KF309593.1
KF309628.1
KF309651.1
KF309658.1
KF309662.1
Ciona savignyi AF165823.1 EF209106.1-EF209110.1
HM151256.1-
HGO005359.1 HM151267.1
HM209060.1-
HMO045494.1 HM209062.1
JF919699.1-JF919710.1
KF597196.1-KF597213.1
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