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ABSTRACT

ASSESSMENT OF EUKARYOTIC DIVERSITY AROUND ROBERT ISLAND
IN ANTARCTICA BY METABARCODING

The rapid growth of human population and overuse of natural resources lead to the deterioration
of the balance of ecosystems. Disruption of the environment adversely affects biodiversity and can
even cause species extinctions. Since the traditional species detection methods can be expensive and
time-consuming, a new, cost-effective, and environmental-friendly method has emerged as an
alternative. The new environmental-DNA (eDNA) metabarcoding method is based on DNA isolation,
amplification of barcode region, and sequencing of samples taken from environmental systems
followed by data analysis for taxonomic assignment. In this study, water samples were collected
around Robert Island in Antarctica as a part of the second Turkish Antarctic Expedition (TAE-II) in
2018 to monitor species diversity. Then, mitochondrial cytochrome oxidase | (COI) barcode regions
were amplified and sequenced on Illumina platform. Sequences were formatted via OBITools,
aligned with BLAST+, and compared with three reference databases (MIDORI, WoRMS, and
GenBank) for taxonomic assignment. A total of 39 taxa were found, of which 18 were identified as
animal species, but most of the species were algae. Identifying only one taxon in common in the three
databases revealed the inconsistency between the reference databases. Additionally, 166 OTUs in
MIDORI and 179 OTUs in WoRMS and GenBank databases remained unidentified, indicating that
they are deficient in terms of the reference sequence information of taxa found in Antarctica. We
conclude that various methods and databases should be used in tandem for biodiversity
characterization via metabarcoding in order to increase accuracy and capture species diversity, at least

in Antarctica.



OZET

ANTARKTIKA’DAKI ROBERT ADASI CEVRESINDEKiI OKARYOT
CESITLILIGININ METABARKODLAMA iLE BELIRLENMESI

Modern diinyada insan niifusunun hizla artmasi ve dogal kaynaklarmn asir1 kullanimi
ekosistemlerin dengesinin bozulmasina yol agmaktadir. Cevrenin bozulmasi biyogesitliligi olumsuz
etkilemekte ve hatta tiirlerin yok olmasina neden olmaktadir. Tiir ¢esitliliginin belirlenmesinde
kullanilan geleneksel yontemler pahali ve zaman alic1 olabildiginden, alternatif olarak yeni, uygun
maliyetli ve ¢cevre dostu bir yontem ortaya ¢cikmistir. Yeni ¢evresel DNA (eDNA) metabarkodlama
yontemi, g¢evresel sistemlerden alinan Orneklerin DNA izolasyonu, PCR ile barkod bolgesinin
amplifikasyonu, dizilenmesi ve ardindan taksonomik atama yapilmasi adimlarina dayanmaktadir. Bu
caligmada, tiir ¢esitliligini tespit etmek amaciyla 2018 yilinda 2. Tiirkiye Ulusal Antarktika Seferi
(TAE II) kapsaminda Antarktika'daki Robert Adasi ¢evresinden su 6rnekleri toplanmistir. Daha sonra
mitokondriyal sitokrom oksidaz 1 (CO1) barkod boélgeleri ¢ogaltilmis ve Illumina platformu ile
dizilenmistir. Diziler, OBITools araciligiyla bi¢cimlendirilip, BLAST+ ile hizalanip, taksonomik
atama i¢in Ui¢ referans veri taban1 (MIDORI, WoRMS ve GenBank) ile karsilastirilmistir. Toplamda
39 takson bulunmustur, bunlarin 20 tanesi alg, 18'i hayvan ve 1 tanesi bakteri tiirii olarak
tanimlanmistir. Ug veri tabaninda da ortak olan sadece bir taksonun tanimlanmasi, farkli referans veri
tabanlar1 arasindaki uyusmazligi ortaya ¢ikarmistir. EK olarak, MIDORI'de 166 OTU, WoRMS ve
GenBank veritabanlarinda 179 OTU tanimlanamamustir; bu da veri tabanlarmin Antarktika'da
bulunan taksonlara ait dizi bilgilerinde eksiklikler oldugunu gostermektedir. Antarktika’daki
biyogesitliligin tespit edilmesi i¢in metabarkodlama ile yapilan ¢calismalarda hata payini azaltmak i¢in

gesitli yontemler ve ¢esitli veri tabanlarinin birlikte kullanilmasi gerektigi sonucuna vardik.
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1. INTRODUCTION

Biodiversity can be expressed as the heterogeneity of genes, species, and communities in
ecosystems, and this diversity is shaped by various geographical, environmental, and biological
factors (Cardinale et al., 2012). It is essential for the ability of species to cope with stress and for the
sustainability of ecosystems, and also it is important economically and socially as it provides services
to humans such as food, shelter, medicine, and water purification (Rafferty 2019). Hence, the
conservation of biological diversity is crucial for preserving ecosystem productivity and functioning.
Climate change is one of the current environmental problems that destroy natural habitats, with
negative impacts on biological diversity now and in the future (Bellard et al., 2012). Scientists predict
that species adaptability to the environment will decrease, and species distributions will alter
dramatically, with some species having had to migrate and some even going extinct in the future due

to climate change (Bellard et al., 2012).

A critical step in understanding the current and future impact of climate change on ecosystems,
and hence contributing to prevent and alleviate biodiversity loss due to global warming, is the
identification of the biodiversity of a region to form baseline data (Bellard et al., 2012; Blowes et al.,
2019). A relatively recently developed alternative method to monitor and characterize biodiversity in
a region is the environmental DNA (eDNA) metabarcoding approach, rooted in DNA-based
taxonomy analysis (Ruppert et al., 2019). eDNA refers to all DNA molecules released from different
organisms to the environment through their skin particles, secretions, germ cells, urine, blood, etc.,
and these samples can be obtained from various sources such as water, soil, air, honey, or feces
(Banchi et al., 2020; Bohmann et al., 2014; Bovo et al., 2018).

eDNA samples contain information about a wide array of species, and characterization of each
species is possible with amplifying and sequencing specific gene regions, known as “DNA barcodes”
(Taberlet et al., 2012). In DNA barcoding and metabarcoding studies, the mitochondrial genes are
often used as barcodes in animals instead of the nuclear genes because mitochondrial genes do not
contain introns, evolve rapidly, and are not prone to recombination as they are only inherited
maternally (Hebert et al., 2003; Levine et al., 2019). The mitochondrial cytochrome ¢ oxidase | (COI)
gene is a standard barcode region used in DNA metabarcoding (Elbrecht & Leese, 2017) due to the
presence of universal primers to amplify COI genes and species-associated barcode data that are

stored and accessible in comprehensive public databases (e.g. Barcode of Life Database-BOLD).



When analyzing biodiversity in marine ecosystems, it is evident that traditional methods (e.g.,
visual techniques) are challenging to apply as DNA samples are rapidly degraded or flow away with
water (Goldberg et al., 2016; Liu et al., 2019). For all these reasons, the use of the eDNA
metabarcoding method in studies of species diversity in marine environments gained popularity as an
appropriate method in terms of giving more sensitive results, the requirement of less effort, and cost-
effectiveness (Djurhuus et al., 2018; Liu et al., 2019). Besides, considering the marine metabarcoding
studies carried out to date, CO1 barcodes have been used in diversity analyzes of very large groups
from benthic organisms to higher eukaryotic organisms in various aquatic environments. For
example, Leray and Knowlton (2015) analyzed benthic communities around Atlantic Coast, and
Collins et al. (2019) surveyed the diversity of freshwater fishes in the North Sea. Considering all the
eDNA metabarcoding studies performed, it can be seen that the most studied water is the North
Atlantic. Moreover, Arthropoda, Annelida, Mollusca, and Chordata are the most identified phyla by
scientists when CO1 was used as a barcode.

After amplification of CO1 barcodes with PCR, the amplicons are sequenced with next-
generation sequencing (NGS) technology, which generates a substantial amount of data that are
difficult to store and analyze without using bioinformatics tools (Yoccoz, 2012). There is no single
data analysis method or a specific computational tool in metabarcoding studies, and scientists have
developed different approaches to interpret NGS results. OBITools, a freely available software
package consisting of python scripts, has emerged as an effective tool used in eDNA metabarcoding
studies for data management and manipulation (Boyer et al., 2016; Yoccoz, 2012). This tool can also
be used to perform in silico PCR, a method to find the best primers for a gene to amplify with PCR.
OBITools can read and process different file formats (e.g., FASTA, FASTQ) and was developed to
perform these processes, particularly by taking taxonomic annotation into consideration (Boyer et al.
2016; Coissac et al. 2012). Although OBITools is very useful for cleaning and sorting data, it has
some limitations for further analysis because the reference database and taxonomy need to be
downloaded and require a large amount of disk space (Boyer et al. 2016; Coissac et al. 2012;
Valsecchi et al. 2020).

For an extended period, the classical view on the biodiversity of Antarctica was that the continent
exhibited low levels of species diversity due to its harsh conditions. This view might indeed be the
case in the Southern Ocean for some groups (such as teleost fishes, gastropods, bivalves, and certain
crustaceans); the original work on these groups was considered to represent the entire continent in a
simplistic projection (Chown et al., 2015). However, more recent research suggests that the pattern
of decreasing diversity as one goes to the poles from Ecuador applies more to the North Pole rather



than the South Pole (Clarke, 2008). For instance, Brandt et al. (Brandt et al., 2007) reported 675
isopod species from the Weddell Sea, of which more than 80% were newly discovered. DeBroyer et
al (De Broyer et al., 2014) showed that certain groups such as hexacorals except certain scleractinians,
pycnogonids, and bryozoans show diversity levels compared to those in temperate and tropical
habitats, only secondary to that of coral reefs. The same study also showed high levels of endemicity,
up to 50-97% in certain groups (e.g., sponges, tube worms, amphipods, isopods, sea spiders, and
notothenioid fishes). These high levels of endemism were attributed to complicated geographical
processes such as glaciation and isolation that interacted together to shape the Southern Ocean biota
based on climate projections, the Antarctic Peninsula its surroundings, including the South Shetland
Islands, is one of the regions on the earth expected to be most drastically affected by climate change
in the 2nd half of the 21st century (Siegert et al., 2019). The Antarctic ecosystem has a quite fragile
environmental structure, and especially the Antarctic Peninsula is highly affected by increased human
activities and global warming compared to the other parts of the planet (Vaughan et al., 2003). Many
species living in the region cannot adapt to these rapidly changing climatic conditions due to their
long life cycles. The fact that the Southern Ocean is largely isolated from other marine environments
by the Antarctic Circumpolar Current makes it difficult for living creatures to migrate to the
environments with more favorable conditions (Peck & Welch, 2004). The current status of the marine
and terrestrial biodiversity of this region, whose climate is changing day by day, needs to be better
known, and this information should be presented clearly especially to decision makers who shape

policies to protect the continent (Grant & Linse, 2009).

In the last decade, the approach of metabarcoding of environmental DNA (eDNA) gained
traction and popularity in describing and monitoring biodiversity. The approach has also been used
in exploring Antarctic bacterial and eukaryotic biodiversity. Considering the eukaryotes, the groups
explored included microscopic species such as protists (Zoccarato et al., 2016), algae (Camara et al.,
2021; Davey et al., 2019; Soto et al., 2020), fungi (Canini et al., 2020; Coleine et al., 2018, 2020;
Lacerda et al., 2020; Ogaki et al., 2020; Rosa et al., 2020), and invertebrates (Czechowski et al.,
2017). In addition, broad biodiversity surveys for eukaryotes, as well as prokaryotes, were carried out
in certain studies (Fraser et al., 2018; Rippin et al., 2018). In the studies above, eDNA samples were
collected from various environments and surfaces, including soil crusts from geothermal sites and
coastal sites, algal assemblages, plastic surfaces, sandstone rocks, deep-sea sediments, air, and ice

cores.

In the present study, we examined eDNA samples collected from Robert Island in Antarctica
during the Turkish Antarctic Expedition Il (TAE I1) in 2018. The diversity assessment of vertebrate,



invertebrate, and algal organisms in this marine environment was done by the CO1 metabarcoding
approach. The main goal of this study is to introduce a new approach for data analysis that we think
is more useful than the other bioinformatical approaches. We use the BLAST+ method and OBITools
combined with an in-house script. Secondly, we aimed to compare three databases, MIDORI,
WoRMS, and GenBank, to demonstrate the deficiencies in CO1 reference databases in Antarctica.
Our other aim is to help describe biodiversity in this under-explored area to add to the baseline

biodiversity information in the Antarctic peninsula.



2. LITERATURE REVIEW

Within the last decade, eDNA metabarcoding studies gained momentum in biodiversity analysis.
There are many different methodological approaches to metabarcoding to assess marine eDNA
samples. This literature research was undertaken using the keywords of cytochrome oxidase, marine,
and metabarcoding on the Web of Science. As a result, there were 48 article hits, 18 of which were
excluded because of not being research papers or not being about eDNA. Based on the remaining 30
papers, | checked the most commonly used methods to assign sequences to a reference database and
to process raw metabarcoding data, the geographical location of the sampling, the levels of taxonomic
diversity detected, and the locus of choice for DNA metabarcoding, the details of which are discussed

below.

The most used method to assign sequences to databases included the GenBank BLAST service
from the National Center for Biotechnology Information (NCBI) nucleotide database. This approach
was adopted in 20 papers out of 30, corresponding to about 67 percent of the studies reviewed. To
illustrate, Von Ammon et al. (2019) have used Blast for taxonomy assignment to investigate the
relationship between eDNA and eRNA samples, and Jeunen et al. (2019) have also used BLAST to
see the habitat-specificity and dispersal of eDNA. Similarly, Borrell et al. (2017), Cheang et al.
(2020), and Holman et al. (2019) have utilized the BLAST method for the detection of invasive,
indicator, and indigenous species, respectively.

The other databases used in 30 research papers were Barcode of Life Database (BOLD) (15
papers), World Register of Marine Species (WoRMS) (four papers), and European Molecular Biology
(EMBL) (four papers). Two of the databases have been combined in 13 papers. In addition, Von
Ammon et al. (2019), Holman et al. (2019), and Wood et al. (2019) did their taxonomic assignments
by using the metazoan mitochondrial gene sequence reference database MIDORI (which is a more
tightly curated version of GenBank), and Giinther et al. (2018) used Senckenberg Barcode reference
library within EMBL. The distribution of the databases used in the 30 articles is visualized with a pie
chart (Figure 2.1).
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Figure 2.1. The distribution of the databases used in the 30 articles (at least two of these databases

were used in 13 articles.)

Another method for taxonomy assignment is in silico PCR (or ecoPCR). In silico PCR is a
computational procedure to simulate PCR with a given set of primers, checks the primer specificity,
and provides the theoretical PCR results, and this method was used in about 20 percent (Six papers)
of the marine eDNA metabarcoding studies. Antich et al. (2020), Wangensteen et al. (2018), and
Giinther et al. (2018) used in silico PCR to determine the efficiency of metabarcoding in species
detection. In two studies, conducted by Collins et al. (2019) and Aglieri et al. (2020), both methods
(BLAST and in silico PCR) were used to compare traditional surveys with eDNA surveys. The

remaining six papers include different Linux-based methods such as Usearch (Edgar, 2010).

As discussed in the introduction, OBITools is one of the software packages used for cleaning
and sorting raw metabarcoding data, and besides, OBITools is a valuable tool to perform in silico
PCR. OBITools uses the ecoPCR command to check the quality of barcode and ecotag command to
assign sequences to taxa (Boyer et al., 2016). In five of 30 studies, OBITools was used to perform
ecoPCR on CO1 barcodes. Antich et al. (2020), Turon et al. (2020), and Wangensteen et al. (2018)
used ecoPCR as integrated in OBITools to analyze the taxonomy of various marine benthic
communities. Additionally, Aglieri et al. (2020) performed ecoPCR within OBITools to find
taxonomic identities of Mediterranean fishes, and Collins et al. (2019) applied in silico PCR using a
tool rather than OBITools, namely MFEprimer v2.0 (Qu et al., 2012) for their research on freshwater

fishes in the British Isles.



Although environmental DNA studies date back to the late 1980s (Ogram et al. 1987), the
approach began to develop and attract attention in the early 2000s (Rondon et al., 2000), and since
then millions of different species have been identified from many different marine environments.
When the seas from which the samples were taken are compared in the 30 articles reviewed (Figure
2.2), it is seen that the most studied location is the North Atlantic Ocean, where samples were
collected from in 16 studies. The North Atlantic Ocean included Florida coasts, Bays of Biscay, and
the North Sea. To illustrate, surface water samples from three coral reef sites within South Florida
were collected by Sawaya et al. (2019) in 2015 to demonstrate eukaryotic diversity, and by Djurhuus
et al. (2018) in 2016 to find zooplankton diversity. eDNA samples in eight studies were collected
from the Mediterranean Sea, making it the second most studied marine environment. The Pacific
Ocean is also a highly researched water (six papers in Southern Pacific and one paper in Northern
Pacific), and the Baltic Sea was surveyed in three articles. One of the surveys was conducted by
Atherton and Jondelius (2020) where they sampled marine sediments on Swedish Coasts to identify
meiobenthic species diversity. Cahill et al. (2018) and Pearman et al. (2020) used samples collected
from three different seas (Baltic Sea, Mediterranean Sea, and North Atlantic Ocean); on the other
hand, Dias et al. (2017) collected the samples from all over the world. None of the 30 articles studied

the seas around Antarctica, the primary geographic region of interest for this study.

Marine
Environment

I Morth Atlantic Ocean
M Mediterranean Sea
M Pacific Ocean
W Baltic Sea

Other

Figure 2.2. The distribution of the marine environments from which the samples were collected by
the number of articles. The samples in five articles were collected from more than one sea.

The idea of using the CO1 gene as a DNA barcode in taxonomy assignments was first put
forward in 2003 by Hebert et al. In this study, the research group achieved a hundred percent success
with COL1 profiles on the taxonomic identification of Lepidoptera species, which is one of the most



diverse animal groups. Since then, many species have been identified using CO1 barcodes in eDNA
metabarcoding studies, but most of the studies showed taxonomic assignments at the phylum level.
Arthropoda, Mollusca, Annelida, and Chordata are the most found phyla in the 30 studies (Figure
2.3). The most diverse phyla results were represented by Antich et al. (2020), Ransome et al. (2017),
and Borrell et al. (2017). Antich et al. (2020) studied benthic species diversity, and they identified 22
metazoan phyla; though some are not the phyla which benthos belong to. Using more specific primers
instead of universal CO1 primers can help to overcome this problem (Antich et al., 2020). Ransome
et al. (2017) found 28 phyla, but most of them did not show high threshold matches. This result
supports the need for a more comprehensive CO1 reference database for more accurate species
identification.

30

| I I I I I
a

Annelida Arthropoda Chordata Cnidaria Mollusca

# of papers

Phylum

Figure 2.3. The simple bar graph for the distribution of the most observed phyla by the number of

articles.

Finally, in 11 studies, details of biodiversity were determined using only the CO1 gene, but there
are several barcode genes used other than the CO1 gene, and researchers usually prefer to compare
the efficiencies of one or more barcodes in diversity analysis. Nuclear 18S small ribosomal subunit
(18S rDNA) gene is the most common DNA barcode used for comparison with CO1. 10 of the 30
papers reviewed used the 18S gene in metabarcoding besides the CO1 gene. The results of the study
carried out by Atherton and Jondelius (2020) displayed that the CO1 gene has a limited effect on
identifying meiofauna communities against 18S. However, this finding also proves that CO1 is a good
barcode for animal species, but not suitable for the non-metazoan species (Hebert et al., 2003). 12S

and 16S rDNA genes were also used as DNA barcodes in different studies.



Another approach to determine the efficacy of the eDNA metabarcoding method is to compare
the findings with morphological assessments. A comparison between the metabarcoding and
morphology-based species identification was made in nine articles. The studies indicate that although
both methods are very informative in diversity analysis, metabarcoding method offers more
comprehensive taxonomic information, thus, the choice of method depends on the purpose of the
study (Steyaert et al. 2020; Schroeder et al. 2020; Djurhuus et al. 2018; Cabhill et al. 2018; Pearman
et al. 2020; Borrell et al. 2017; Aglieri et al. 2020; Deagle et al. 2018; Jeunen et al. 2019).
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3. MATERIALS AND METHODS

3.1. Sample Collection

During the second Turkish Antarctic Expedition (TAE I1) in 2018, environmental DNA samples
were collected from two coves on Robert Island, which can be reached on foot from the mainland;
these were Carlota and Coppermine Coves. In addition, water samples were collected from offshore
around Robert Island. eDNA samples were also collected from the islands of Nansen and Deception,
which were visited as part of the expedition. In total, water samples were collected from five different
regions on three islands. Detailed information about the sample collection is given in Table 3.1, and

the exact locations are shown on the map in Figure 3.1, Figure 3.2, and Figure 3.3.



Table 3.1. Sampling dates and locations (longitudes and latitudes).
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Sample | Sampling Location 1 Location 2 Longitude Latitude

ID Date

AD 1.1 | 13/04/2018 | Deception Telephone 60°38'38.64" W | 62°55'17.56" S

Island Cove
AD 1.2 | 13/04/2018 | Deception Telephone 60°38'38.64" W | 62°55'17.56" S
Island Cove

AN 1 11/04/2018 | Nansen Island | Turkish Point | 68°07'64.67°> W | 64°54'37.74” S

AN 2 12/04/2018 | Nansen Island | Turkish Point | 68°07'64.67>° W | 64°54'37.74”* S

AR 1.1 | 29/03/2018 | Robert Island | Coppermine 59°42'11.96" W | 62°22'46.24" S
Cove

AR 1.2 | 29/03/2018 | Robert Island | Coppermine 59°42'11.96" W | 62°22'46.24" S
Cove

AR 1.3 | 29/03/2018 | Robert Island | Coppermine 59°42'11.96" W | 62°22'46.24" S
Cove

AR 2.1 | 29/03/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62° 22'35.83" S

AR 2.2 | 29/03/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62° 22'35.83" S

AR 3 30/03/2018 | Robert Island | Coppermine 59°41'41.28" W | 62°22'45.44" S
Cove

AR 4.1 | 31/03/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62° 22'35.83" S
(ASPA)

AR 4.2 | 31/03/2018 | RobertIsland | Carlota Cove | 59°42'08.38" W | 62° 22'35.83" S
(ASPA)

AR 5.1 | 03/04/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62° 22'35.83" S

AR 5.2 | 03/04/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62°22'35.83" S

AR 6.1 | 06/04/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62° 22'35.83" S

AR 6.2 | 06/04/2018 | RobertIsland | Carlota Cove | 59°42'08.38" W | 62°22'35.83" S

(NC)

AR 7 07/04/2018 | Robert Island | Coppermine 59°42'11.96" W | 62°22'46.24" S
Cove

AR 8 07/04/2018 | Robert Island | Carlota Cove | 59°42'08.38" W | 62°22'35.83" S

AR 9 08/04/2018 | Robert Island Offshore 59°42'25.46" W | 62°23'25.44" S




Antarctica

Figure 3.1. The map shows the location of Robert Island (red square) in Antarctica.
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Figure 3.2. The locations of Robert Island, Deception Island, and Nansen Island in Antarctic
Peninsula.

Figure 3.3. The locations where the samples were collected around Robert Island.
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eDNA samples were filtered using syringes and sterivex filters of 0.22 um pore size (Merck,
Germany). The water in the syringe was filtered by attaching a sterile sterivex filter to the syringe tip.
This process was repeated until the filter was clogged. For this reason, as seen in Table 3.2, different
amounts of water could be filtered with each filter. A maximum of 3 liters of water was filtered
through the filters. After the filtration process, 2 ml of PBS chemical was passed through the filters.
Then the outlet of the filter was closed with parafilm, and the filters were filled with 2 ml of DNA
Shield (AMBRD, Turkey). Afterward, the inlet of the filter was closed with parafilm.

Table 3.2. Amount of filtered water, filtration place and equipment information.

Sample ID Filtration | Water Filtration site
equipment | quantity (ml)
AD 1.1 Syringe 2000 On site
AD 1.2 Syringe 2000 On site
AN 1 Syringe 3000 On site
AN 2 Syringe 3000 On ship
AR 1.1 Syringe 1000 On site
AR 1.2 Syringe 1000 On site
AR 1.3 Syringe 1000 On site
AR 2.1 Syringe 800 On site
AR 2.2 Syringe 1300 On site
AR 3 Syringe 1600 On site
AR 4.1 Syringe 700 On site
AR 4.2 Syringe 750 On site
AR 5.1 Syringe 750 On site
AR 5.2 Syringe 600 On site
AR 6.1 Syringe 1200 On camp
AR 6.2 (NC) Syringe 1000 On camp
AR 7 Syringe 1300 On camp
AR 8 Syringe 850 On camp
AR 9 Syringe 3000 On ship
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3.2 DNA Extraction

Qiagen DNeasy Blood & Tissue Kit was used for total DNA extraction. Two different methods

applied.
Protocol 1: Isolation from the sealed filter
With the help of a 2 ml syringe, the liquid in the Sterivex filter was transferred to an empty 2
ml Eppendorf tube.
The solutions were centrifuged at 6000g (8000 rpm) for 30-45 minutes, and the supernatant
was discarded.
180 uL of ATL buffer and 20 pL of proteinase K mixture were added to each sample.
After vortexing for 15 seconds, the samples were incubated for 24 hours in a water bath at 56
°C.
The Sterivex filter capsule was left to dry in the fume hood with the inlet side down.
A mixture of 180 pL of ATL buffer, 20 pL of proteinase K, and 600 puL of distilled water was
prepared for each sample.
After closing the outlet side cover, 800 uL of the prepared lysis mixture was poured So that it
flowed between the outer part of the filter and the side surfaces of the capsule. The hatch on
the entrance side was also closed and shaken for a few seconds.
Samples were incubated in a water bath at 56 °C for 24 hours. During the incubation, the
samples were shaken from time to time.
After the end of the incubation, the filters were vigorously shaken again.

10. With the help of a 2 ml syringe, all the liquid in the capsule was withdrawn from the inlet and

divided into several 2 ml Eppendorf tubes by knowing their volume. (The volume of liquid
added to the filter is 800 ml, but in some samples, a decrease or increase in this liquid was
observed after incubation.)

11. The same volume of 99% cold ethanol (molecular grade) and AL buffer was added to the

sample.

12. The samples were shaken vigorously.

13. A maximum of 700 pL was taken once and transferred to 2 ml DNeasy Mini Spin Columns.

14. Centrifuged for 1 minute at 4°C and 6000g (8000 rpm).

15. The supernatant was discarded.

16. The 10", 11" and 12" steps were repeated until the entire volume was filtered.
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The DNeasy spin column was transferred to new 2 ml tubes, 500 uL of AW1 buffer was
added, and centrifuged at 6000g (8000 rpm) for 1 minute.

The DNeasy spin column was transferred to new 2 ml tubes, 500 uL. of AW2 buffer was
added, and the membrane was dried by centrifuging at 20000g (14000 rpm) for 3 minutes.
Then the spin columns were transferred to new tubes and centrifuged at 17000g (13000 rpm)
for 1 minute.

Spin columns were transferred to new 1.5- or 2-ml tubes (with open caps).

50 uL of AE buffer was added to the tubes.

Spin columns were incubated at room temperature for 10 minutes.

The samples were centrifuged at 6000g (8000 rpm) for 1 minute.

Spin columns were discarded.

DNA was transferred to clean tubes and stored.

Protocol 2: Isolation from open filter

With the help of a 2 ml syringe, the liquid in the Sterivex filter was transferred to an empty 2
ml Eppendorf tube.

The solutions were centrifuged at 6000g (8000 rpm) for 30-45 minutes and the supernatant
was discarded.

180 pL of ATL buffer and 20 pL of proteinase K mixture were added to each sample.

After vortexing for 15 seconds, the samples were incubated for 24 hours at 56 °C 400 rpm in
a shaking heat block.

The filter paper was cut into small pieces and placed in 2 ml Eppendorf tubes.

A mixture of 360 pL of ATL buffer, 40 uL of proteinase K and 600 pL of distilled water was
added to each tube.

The samples were incubated for 24 hours at 56 °C 400 rpm in a shaking heat block.

After incubation, the samples were divided into 2 ml Eppendorf tubes in known volumes.
The same volume of 99% cold ethanol (molecular grade) and AL buffer was added to the
samples.

The samples were shaken vigorously.

A maximum of 700 pL was taken at once and transferred to 2 ml DNeasy Mini Spin Columns.
Centrifuged for 1 minute at 4°C and 6000g (8000 rpm).

The supernatant was discarded.

The 10", 11" and 12 steps were repeated until the entire volume was filtered.
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The DNeasy spin column was transferred to new 2 ml tubes, 500 uL of AW1 buffer was
added, and centrifuged at 6000g (8000 rpm) for 1 minute.

The DNeasy spin column was transferred to new 2 ml tubes, 500 uL of AW2 buffer was
added, and the membrane was dried by centrifuging at 20000g (14000 rpm) for 3 minutes.
Then the spin columns were transferred to new tubes and centrifuged at 17000g (13000 rpm)
for 1 minute.

Spin columns were transferred to new 1.5- or 2-ml tubes (with open caps).

50 uL of AE buffer were added to the tubes.

Spin columns were incubated at room temperature for 10 minutes.

The samples were centrifuged at 6000g (8000 rpm) for 1 minute.

Spin columns were discarded.

DNA was transferred to clean tubes and stored.

3.3. PCR Amplification and Gel Electrophoresis

CO1 barcode regions on the isolated DNA samples were amplified with amplicon-specific

primers. The names and sequences of forward and reverse primers are shown on Table 3.

Table 3.3. Forward and reverse primers that were used for the first PCR

Primer Name Sequences Primers with lllumina overhangs

mICOlintF GGWACWGGWTGAACW | TCGTCGGCAGCGTCAGATGTGTATAAGA

(Forward) GTWTAYCCYCC GACAGGGWACWGGWTGAACWGTWTA
YCCYCC

dgHCO-2198 TAAACTTCAGGGTGAC | TAAACTTCAGGGTGACCAAARAAYCAG

(Reverse) CAAARAAYCA TCTCGTGGGCTCGGAGATGTGTATAAGA
GACAG

Each PCR tube had a 25 pl reaction volume which contained 12.5 ul 2X PCR ready-mix
(AMBRD, Turkey), 0.6 ul forward primer (10 uM), 0.6 ul reverse primer (10 uM), 7.8 ul distilled
water, 0.5 ul MgClz and 3 pl DNA sample. PCR cycles were 30 seconds at 98 °C, 35 cycles of 10

seconds at 98 °C, 30 seconds at 48 °C, 45 seconds at 72 °C followed by a final extension of 5 minutes

at 72 °C. Then, gel electrophoresis procedure was applied to observe the presence of DNA in PCR

product, using negative and positive controls. Remaining PCR products were used for a second PCR

amplification. In this case, different index primers were used, therefore each PCR product had a

unique combination of forward and reverse primers. Similar to the first PCR, each PCR-2 tube had a
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25 ul reaction volume in the second PCR. Each tube comprised of 12.5 pl 2X PCR ready-mix
(AMBRD, Turkey), 0.1 ul i7 primer (10 uM), 0.1 ul i5 primer (10 uM), 8 ul distilled water, and 2.5
ul of PCR-1 product. Again, gel electrophoresis procedure was applied to check the presence of DNA

using a 1% agarose gel.

3.4. PCR Purification, Pooling and Sequencing

The second PCR products were purified with magnetic bead purification method. There were 19

ul PCR products in each tube. The procedure is listed below.

1. Each PCR product was placed into a clean tube.

2. The Agencourt AMPure XP bottle was shaken and 34.2 ul of the Agencourt AMPure XP was
added to each sample.

The amount of Agencourt AMPure XP was calculated as the following equation:
Volume of Agencourt AMPure XP per reaction = 1.8 x (Reaction VVolume)

3. The solutions were mixed by pipette mixing 10 times and incubated for five minutes at room
temperature.

4. Tubes were placed on a magnetic rack for two minutes.

5. The supernatants were aspirated from the tubes without touching the beads.

6. 200 pl of 70% ethanol was added to each tube and the tubes were incubated for 30 seconds at
room temperature. Then, ethanol was aspirated and discarded. This step was repeated for two
times.

7. The tubes were removed from the magnetic rack.

8. 40 ul of elution buffer was added to each tube and incubated for two minutes at room
temperature.

9. The tubes were placed on the magnetic rack and incubated for one minute at room
temperature.

10. The supernatants were taken and stored into a clean tube.

The concentration of DNA in each sample was measured with Qubit fluorometer. Firstly, a
working solution was prepared mixing 199 ul of Qubit buffer and 1 pl of Qubit reagent. Then, 199
ul of working solution was mixed with 1 pl of sample in a Qubit tube and measured. The samples
were diluted according to their DNA concentration and pooled in a sequencing tube. The pooled DNA
products were sent to Gen-Era for commercial sequencing on the Illumina Miseq Platform, generating

20 million of 300 bp paired-end reads.
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3.5. Data Analyses

All computational analyses were conducted using High Performance Computing System (HPC)

provided by the Turkish National e-Science e-Infrastructure (TRUBA).

DNA sequences were trimmed with Trimmomatic 0.39 (Bolger et al., 2014). The first and last
26 nucleotides of each sequence were cropped to remove Illumina adaptors. The quality of sequences
was checked with FastQC (Andrews, 2010).

OBITools v1. (Boyer et al., 2016) program was used to filter, clean, and sort the data. A for-loop
was created to apply OBITools commands (illuminapairedend, obigrep, obiunig, obiannotate, and
obiclean) to each sequence. The sequences were concatenated to generate a single fasta file.
Taxonomy annotations were done by using three different approaches and databases. Firstly,
MIDORI database was used for alignment and taxonomic lineages. Secondly, taxonomic lineages of
the unique taxa were identified from WoRMS, using an in-house Python script. Thirdly, the same
BLAST+ output was used, but the taxonomic lineages were taken from GenBank database. All
dendrograms were built using PRIMER-e v7. software to show the hierarchical clustering between
filters and PCR replicates based on the databases. The number of reads for each sequence was

calculated using obiclean command through OBITools.
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4. RESULTS AND DISCUSSION

4.1. Amplification with PCR

25 ng of DNA extracted from each filter were amplified with PCR to check for amplification. It
can be seen from Figure 6 and Figure 7, 14 filters out of 19 had proper DNA bands on the gel; AR
2.2, AR 4.2, AR 6.1, AR7, and ARS8 did not have any PCR products.

Figure 4.1. The gel image shows the results of PCR amplification of the water samples filtered
from coastal regions of Robert Island. AR 6.2 is the negative control.
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Figure 4.2. The gel image of PCR amplifications of the water samples filtered from Deception

Island, Nansen Island, and offshore of Robert Island.

4.2. Analyses of sequences

After conducting the OBITools workflow which includes filtering and editing of files, six PCR
replicates did not have any sequences and they were discarded from the data. The filter IDs and the
number of replicates is shown in Table 4.1. There were 1269 sequences in the combined fasta file and
317 sequences out of these were unique sequences. The length of the sequences varied between 304
— 352 bp, and the mean of the sequence length was 313 bp (SD =5). The sequence lengths are reliable
since the primer set used in this project targets CO1 fragments that are313 bp in length. Additionally,
the filter AR 6.2 was the negative control (PCR replicates are 3-4, 3-5, and 3-6) and was produced in

Carlota Cove on Robert Island.
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Table 4.1. The name of the islands and locations where the samples were collected with their filter
and PCR replicate’s IDs.

Island Location Filter PCR Replicate
Deception Telephone Cove AD 1.1 4-7
Island 4-8
4-10
AD 1.2 5-1
5-2
Nansen Turkish Point AN 1 4-1
Island 4-3
AN 2 4-4
4-5
4-6
Robert Carlota Cove AR 2.1 2-4
Island 2-5
AR 4.1 2-7
2-8
AR 5.1 2-10
3-1
AR 5.2 3-2
3-3
AR 6.2 3-4
(Negative Control) 3-5
3-6
Coppermine Cove AR 1.1 1-1
1-3
AR 1.2 1-4
1-6
AR 1.3 1-8
1-10
AR 3 2-3
Offshore AR 9 3-7
3-8

3-10
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4.3. Species Identification by MIDORI Database

For a second approach, MIDORI database was used for the alignment and taxonomic
classifications of the queries obtained from OBITools. RDP Classifier program in MIDORI server
(Machida et al., 2017) was employed for the alignment. The queries were aligned with the longest
CO1 database (Confidence cut-off = 0.8). Nine taxa were ascertained from MIDORI reference
database, but one taxon was discarded from data since it was found in a negative control sample.
Species with percent identity that was 97% or higher were taken into consideration for taxonomic
assignment. Based on MIDORI database, those nine taxa were identified in three out of five locations
(Telephone Cove, Carlota Cove, and Coppermine Cove).

The taxonomic classification of eight taxa is displayed in Table 4.2. There was only one kingdom
which is Animalia. Four phyla were found, and these phyla were divided into seven classes, seven
orders, nine families, nine genera, and nine species. In addition to this information, the number of
reads for the sequences corresponding to each species were calculated and are displayed in Figure
4.3. The highest number of sequence reads belongs to Halozetes marinus, a mite, which has 55 (55%
of the total reads). Harpagifer georgianus, a fish, comprises 17% of the data with 17 sequence reads
in MIDORI.



Table 4.2. Taxonomic lineages of unique taxa found in all locations were identified using MIDORI database.
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Kingdom

Phylum Class Order Family Genus Species # of reads
Chordata Actinopteri Perciformes Harpagiferidae | Harpagifer Harpagifer georgianus | 17
Chordata Actinopteri Perciformes Nototheniidae | Notothenia Notothenia coriiceps 3
Chordata Chondrichthyes Myliobatiformes | Myliobatidae Myliobatis Myliobatis aquila 3
Arthropoda Malacostraca Amphipoda Pontogeneiidae | Gondogeneia Gondogeneia antarctica | 3

Arthropoda

Arachnida

Oribatida

Ameronothridae

Ctenocalanus

Halozetes marinus

55
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= Acutuncus antarcticus = Ctenocalanus citer = Gondogeneia antarctica
Halichondria panicea = Halozetes marinus = Harpagifer georgianus
= Myliobatis aquila = Notothenia coriiceps

Figure 4.3. The pie chart shows the number of reads of sequences corresponding to each species.

The only species identified in Telephone Cove on Deception Island is Ctenocalanus citer as

shown in Table 4.3.

Table 4.3. Taxonomic lineage of unique taxon found in Telephone Cove on Deception Island.

Kingdom | Phylum Class Order Family Genus Species

Ctenocalanus

Animalia | Arthropoda | Maxillopoda | Calanoida | Calanidae | Ctenocalanus | citer

Carlota Cove on Robert Island contains information of two taxa: Acutuncus antarcticus, and
Myliobatis aquila. These belong to one kingdom, two phyla, two classes, two orders, two families,
and two genera (Table 4.4).



Table 4.4. Taxonomic lineage of unique taxa found in Carlota Cove on Robert Island.

Kingdom Phylum Class Order Family Genus Species
Animalia Tardigrada Eutardigrada Parachela Hypsibiidae Acutuncus | Acutuncus antarcticus
Animalia Chordata Chondrichthyes | Myliobatiformes | Myliobatidae Myliobatis | Myliobatis aquila

The taxonomic classifications of eDNA samples gathered from Coppermine Cove are shown in Table 4.5. The samples include one kingdom, three

phyla, four classes, four orders, five families, and five genera.

Table 4.5. Taxonomic lineage of unique taxa found in Coppermine Cove on Robert Island.

Kingdom Phylum Class Order Family Genus Species

Animalia Chordata Actinopteri Perciformes Harpagiferidae | Harpagifer Harpagifer georgianus
Animalia Chordata Actinopteri Perciformes Nototheniidae Notothenia Notothenia coriiceps
Animalia Arthropoda Malacostraca Amphipoda Pontogeneiidae | Gondogeneia | Gondogeneia antarctica
Animalia Arthropoda | Arachnida Oribatida Ameronothridae | Halozetes Halozetes marinus
Animalia Porifera Demospongiae | Halichondrida Halichondriidae | Halichondria | Halichondria panicea

Figure 4.4 is a clustered column chart that shows the distribution of the numbers of taxonomic levels by region. According to the chart,

Coppermine Cove has the most number of species which is five.
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Figure 4.4. The numbers of genera, families, orders, classes, phyla, and kingdoms identified in the

three locations.

The number of species found in each location was demonstrated in a column chart in Figure 4.5.

The regions with the most species diversity is Coppermine Cove on Robert Island.

# of species
w

1 -
0
Deception Is./Telephone Robert Is./Carlota Robert Is./Coppermine
Location

Figure 4.5. The numbers of species identified in the three locations as a bar chart.

The dendrogram that shows the clustering of the species diversity in the filters is given below
(Figure 4.6). The filters AR 1.1, AR 1.2, and AR 1.3 are clustered together, and they were collected
from Coppermine Cove on Robert Island. The filters AR 2.1, AR4.1, and AD 1.2 do not cluster with

any other filters.
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Figure 4.6. The dendrogram shows the similarity of the species diversity found in the filters
according to the results obtained from MIDORI database.

Figure 4.7 indicates the hierarchical clustering of the species diversity found in PCR replicates
using MIDORI database. According to the dendrogram, the PCR replicates acquired from the filter
AR 1.2 filter (1-4 and 1-6) include the same information about the species detected. Similarly, PCR
replicates 1-1 and 1-8 contain the same species even though they were taken from different filters (1-
1is from AR 1.1 and 1-8 is from AR 1.3). The samples collected from Deception Island (5-1 and 5-
2) are also share the same types of species. However, PCR replicates 2-7 and 2-5 involve completely

different species than the others, based on the characterization through the MIDORI database.
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PCR replicates

Figure 4.7. The dendrogram displays the similarity of the species diversity found in the PCR
replicates according to the results obtained from MIDORI database.

The RDP Classifier algorithm was employed in the MIDORI Server to align sequences for
taxonomic assignment instead of BLAST+. The RDP classifier is a naive Bayesian classifier initially
designed to rapidly assign taxonomies based on rRNA sequence data (Wang et al., 2007). But the
classifier can be adapted to classify mitochondrial DNA genes. The RDP Classifier has been trained
for each reference database and made ready to use in MIDORI software. Porter and Hajibabaei (2018)
used RDP Classifier with a CO1 training set for taxonomic assignment of insect species by
metabarcoding. They also compared the trained classifier with the other popular method, BLAST.
They found that the RDP classifier taxonomically allocates more queries per minute than the top
BLAST hits method. Still, the accuracy of taxonomic assignment is higher for the BLAST hit method
than for the RDP classifier method. These findings support the results obtained from MIDORI
software since the BLAST+ required about 16x more time to give results than RDP Classifier in this
study. The number of reads per sequence is relatively higher in the BLAST+ outcome than in the
RDP classifier. In this data, only animal species were identified in MIDORI, which is reliable because
the CO1 database used by the RDP classifier program in MIDORI includes only metazoan sequences.
Thus, the analysis resulted in three fish, a shellfish, a water bear, a copepod, a mite, and a sponge.

166 operational taxonomic units (OTUs) remained uncharacterized in the MIDORI data, which
corresponds to 95.4% of the total unique sequences. A higher percentage of OTUs indicates
deficiencies in the MIDORI CO1 reference database. Another explanation for the high number of
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OTUs and the low number of identified taxa may be that the RDP Classifier was not adequately

trained for CO1 sequences.

Sample collection type dramatically influences the number of unidentified OTUs and the
taxonomic composition of metazoan communities (Gielings et al., 2021). As it is mentioned in the
materials and methods part, the quantity of the filtered water in Coppermine Cove on Robert Island
(3000 ml) is higher than the quantity of the filtered water in Carlota Cove on Robert Island (1500 ml)
and Telephone Cove on Deception Island (2000 ml). Therefore, we expect more sequence reads for
identified taxa in Coppermine Cove. In the MIDORI database, as expected, the highest number of

sequence reads was calculated in Coppermine Cove (84 reads in total).

The number of reads of sequences can give us information about the species abundance. In other
words, as the number of individuals of the same species increases, the amount of DNA they will
release into the environment will also increase. According to the MIDORI database, we can assume

that Halozetes marinus was the most abundant organism on Robert Island at that time.

4.4. Species ldentification by WoRMS Database

In this approach, unique sequences with BLAST percent identities are 97% or higher were
retained. The taxonomic classification of each unique hits was identified using an in-house script.
The scientific names of the taxa were used to gather taxonomic information from WoRMS database.
20 taxa were identified in total. Two taxa out of 20 are found in negative control, thus they were
eliminated from the entire data set. Thus, the final number of taxa detected in WoRMS database was
equal to 18. Of these, 16 taxa were identified to the species level, one taxon to the genus level, and

one taxon to the family level.

Table 4.6 shows the lineages of all samples collected from five locations. There include three
kingdoms, nine phyla, 11 classes, 15 orders, 17 families, 17 genera and 16 species. The pie chart in
Figure 4.8 displays the read numbers of sequences of species identified via WORMS database.
Accordingly, Petalonia fascia (seaweed) has the highest number of reads (922, 27% of the total
reads). Bathycoccus prasinos (algae) and Sarcopeltis skottsbergii (seaweed) have the second and the
third highest number of reads that are 502 and 462 (15% and 14% of the total reads), respectively.
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Table 4.6. Taxonomic lineage of unique taxa obtained from all water samples collected from five regions (Coppermine Cove, Carlota Cove,

Telephone Cove, Turkish Point and Offshore) on three islands (Robert Island, Deception Island and Nansen Island) were identified using WoRMS

database.
Kingdom | Phylum Class Order Family Genus Species # of Reads
Cnidaria Staurozoa Stauromedusae | Haliclystidae Haliclystus Haliclystus antarcticus 246
Arthropoda | Copepoda Calanoida Clausocalanidae | Ctenocalanus Ctenocalanus citer 8
Chordata Actinopteri Perciformes Harpagiferidae Harpagifer Harpagifer antarcticus 17

Myzozoa

Plantae Chlorophyta | Mamiellophyceae | Mamiellales Bathycoccaceae | Bathycoccus Bathycoccus prasinos 502
Plantae Rhodophyta | Florideophyceae | Gigartinales Gigartinaceae Sarcopeltis Sarcopeltis scottsbergii 462
Plantae Rhodophyta | Florideophyceae | Gracilariales Gracilariaceae Curdiea Curdiea racovitzae 271
Plantae Rhodophyta | Florideophyceae | Ceramiales Delesseriaceae Myriogramme Myriogramme manginii 119
Plantae | Rhodophyta | Forideopyceae | IHelymentales | Felymeniaceaei | Cryptoneria. 11| Cryptonemiasp. . (61 Iy

Dinophyceae

Florenciellales 27
Dictyochophyceae | Florenciellales | incertae sedis Pseudochattonella | Pseudochattonella farcimen
Chrysophyceae Parmales Triparmaceae Triparma Triparma laevis 5
Desmarestiales | Desmarestiaceae | Desmarestia Desmarestia menziesii 155
Scytosiphonaceae | Petalonia Petalonia fascia 922
Acinetosporaceae | Pylaiella Pylaiella washingtoniensis

Ascoseirales

Gymnodiniales

Ascoseiraceae

Gymnodiniaceae

Ascoseira

Margalefidinium

Ascoseira mirabilis

Margalefidinium polykrikoides

Myzozoa

Dinophyceae

Gymnodiniales

Kareniaceae

Kareniaceae gen.

Kareniaceae sp.
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= Ascoseira mirabilis
Ctenocalanus citer

= Haliclystus antarcticus

= |itoditis marina

= Phaeocystis antarctica

Sarcopeltis skottshergii

= Bathycoccus prasinos

= Curdiea racovitzae

= Harpagifer antarcticus

= Myriogramme manginii

= Pseudochattonella farcimen

= Triparma laevis

= Cryptonemia sp.
= Desmarestia menziesii
= Kareniaceae sp.
= Petalonia fascia
Pylaiella washingtoniensis

= Margalefidinium polykrikoides

Figure 4.8. The pie chart shows the number of reads of sequences corresponding to each species.

Focusing on individual islands, eDNA samples collected from Telephone Cove on Deception

Island contained information on four species. These includes three kingdoms, three phyla, three

classes, three orders, four families, and four genera, as shown in Table 4.7.
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Table 4.7. Taxonomic lineage of unique taxa found in Telephone Cove on Deception Island.

Kingdom Phylum Class Order Family Genus Species

Animalia Arthropoda Copepoda Calanoida Clausocalanidae Ctenocalanus | Ctenocalanus citer
Plantae Chlorophyta Mamiellophyceae | Mamiellales Bathycoccaceae Bathycoccus Bathycoccus prasinos
Chromista | Ochrophyta Phaeophyceae Ectocarpales Scytosiphonaceae | Petalonia Petalonia fascia
Chromista | Ochrophyta Phaeophyceae Ectocarpales Acinetosporaceae | Pylaiella Pylaiella washingtoniensis

Table 4.8 displays the taxonomic classification of species found on Turkish Point on Nansen Island. These belonged to two kingdoms, four phyla,

four classes, four orders, four families, and four genera.

Table 4.8. Taxonomic lineage of unique taxa found in Turkish Point on Nansen Island.

Kingdom Phylum Class Order Family Genus Species
Bathycoccus

Plantae Chlorophyta Mamiellophyceae Mamiellales Bathycoccaceae Bathycoccus prasinos

Plantae Rhodophyta Florideophyceae Gracilariales Gracilariaceae Curdiea Curdiea racovitzae

Phaeocystis

Chromista Haptophyta Prymnesiophyceae Phaeocystales Phaeocystaceae Phaeocystis antarctica

Margalefidinium

Chromista Myzozoa Dinophyceae Gymnodiniales Gymnodiniaceae Margalefidinium polykrikoides

Nine species were identified in Carlota Cove on Robert Island, and the hierarchical structure of taxonomy is shown in the following table (Table

4.9). The species belonged to three kingdoms, five phyla, five classes, nine orders, nine families, and nine genera.



Table 4.9. Taxonomic lineage of unique taxa found in Carlota Cove on Robert Island.

Kingdom | Phylum Class Order Family Genus Species

Animalia | Cnidaria Staurozoa Stauromedusae | Haliclystidae Haliclystus Haliclystus antarcticus
Animalia | Nematoda | Chromadorea Rhabditida Rhabditidae Litoditis Litoditis marina
Plantae Chlorophyta | Mamiellophyceae | Mamiellales Bathycoccaceae | Bathycoccus | Bathycoccus prasinos
Plantae Rhodophyta | Florideophyceae | Gigartinales Gigartinaceae Sarcopeltis Sarcopeltis scottsbergii
Plantae Rhodophyta | Florideophyceae | Gracilariales Gracilariaceae Curdiea Curdiea racovitzae
Plantae Rhodophyta | Florideophyceae | Ceramiales Delesseriaceae | Myriogramme | Myriogramme manginii
Plantae Rhodophyta | Florideophyceae | Halymeniales | Halymeniaceae | Cryptonemia | Cryptonemia sp.
Chromista | Ochrophyta | Phaeophyceae Desmarestiales | Desmarestiaceae | Desmarestia | Desmarestia menziesii
Chromista | Ochrophyta | Phaeophyceae Ascoseirales Ascoseiraceae Ascoseira Ascoseira mirabilis

34

In Coppermine Cove on Robert Island, nine species were found, which belonged to three kingdoms, five phyla, five classes, nine orders, nine

families, and nine genera (Table 4.10).



Table 4.10. Taxonomic lineage of unique taxa found in Coppermine Cove on Robert Island.

35

Kingdom Phylum Class Order Family Genus Species
Haliclystus
Animalia Cnidaria Staurozoa Stauromedusae Haliclystidae Haliclystus antarcticus
Harpagifer
Animalia Chordata Actinopteri Perciformes Harpagiferidae Harpagifer antarcticus
Bathycoccus
Plantae Chlorophyta Mamiellophyceae Mamiellales Bathycoccaceae Bathycoccus | prasinos
Sarcopeltis
Plantae Rhodophyta Florideophyceae Gigartinales Gigartinaceae Sarcopeltis scottsbergii
Curdiea
Plantae Rhodophyta Florideophyceae Gracilariales Gracilariaceae Curdiea racovitzae
Myriogramme
Plantae Rhodophyta Florideophyceae Ceramiales Delesseriaceae Myriogramme | manginii
Cryptonemia
Plantae Rhodophyta Florideophyceae Halymeniales Halymeniaceae Cryptonemia | sp.
Desmarestia
Chromista Ochrophyta Phaeophyceae Desmarestiales Desmarestiaceae Desmarestia | menziesii
Ascoseira
Chromista Ochrophyta Phaeophyceae Ascoseirales Ascoseiraceae Ascoseira mirabilis

The taxonomic information of six species found in the offshore around Robert Island are shown in the Table 4.11. They were in two kingdoms, four

phyla, five classes, five orders, and five genera.




Table 4.11. Taxonomic lineage of unique taxa found in the offshore around Robert Island.
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Kingdom Phylum Class Order Family Genus Species

Plantae Chlorophyta | Mamiellophyceae Mamiellales Bathycoccaceae Bathycoccus Bathycoccus prasinos
Florenciellales Pseudochattonella

Chromista | Ochrophyta Dictyochophyceae Florenciellales incertae sedis Pseudochattonella farcimen

Chromista | Ochrophyta Chrysophyceae Parmales Triparmaceae Triparma Triparma laevis

Chromista | Haptophyta Prymnesiophyceae Phaeocystales Phaeocystaceae Phaeocystis Phaeocystis antarctica

Chromista | Myzozoa Dinophyceae Gymnodiniales Kareniaceae Kareniaceae gen. Kareniaceae sp.

Figure 4.9 is a clustered column chart that shows the distribution of the numbers of taxonomic levels by region. According to the chart, the maximum

numbers of species, genus, family, and order found in a location are the same and equal to nine. These locations were species diversity is much higher at

Coppermine and Carlota Coves on Robert Island.
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Figure 4.9. The numbers of genera, families, orders, classes, phyla, and kingdoms identified in the

five locations.

The number of species found in each location is demonstrated in a column chart in Figure 4.10.
The regions with the highest number of species are Carlota Cove and Coppermine Cove on Robert

Island.
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Figure 4.10. The numbers of species identified in the five locations.
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Figure 4.11 is a clustered bar chart which is showing how many different sites each species is
found in. Bathycoccus prasinos is the only species identified in all five sites. Curdiea racovitzae is
detected in three locations through Robert Island and Nansen Island. Sarcopeltis scottsbergii,
Myriogramme manginii, Desmarestia menziesii, Ascoseira mirabilis, Phaeocystis antarctica,
Haliclystus antarcticus, and Crytonemia sp. were detected in two of the five locations. The remaining
species (Others in the Figure 4.11) are identified in one region. Species names and the regions where
they are defined are presented in the Table 4.12.

Ascoseira mirabilis
Bathycoccus prasinos
Cryptonemia sp.
Curdiea racovitzae
Desmarestia menziesii

Haliclystus antarcticus

Species

Myriogramme manginii
Phaeocystis antarctica
Sarcopeltis skottsbergii

Others

o
[EnY
N

3
# of location

B
(O3]

Figure 4.11. The number of locations where each species found.

Table 4.12. The species were identified in only one region.

Species Location
Ctenocalanus citer Telephone Cove
Harpagifer antarcticus Coppermine Cove
Kareniaceae sp. Offshore

Litoditis marina Carlota Cove

Margalefidinium polykrikoides | Turkish Point

Petalonia fascia Telephone Cove
Pseudochattonella farcimen Offshore
Pylaiella washingtoniensis Telephone Cove

Triparma laevis Offshore




39

Figure 4.12 shows the hierarchical clustering for the species diversity between the filters. The
species diversities in the filters of Deception Island (AD 1.1 and AD 1.2) are highly similar, and the
filters of Nansen Island (AN 1 and AN 2) also have similar species diversity and clustered together.
The percentages of similarity were about 80% for both islands. The filters of Robert Island (AR 1.2,
AR 3, AR 2.1, AR5.1, AR5.2, AR 1.1, AR 4.1, and AR 1.3) are clustered together except the filter
AR 9. The similarity rate is more than eighty percent according to the species whose existence has
been detected. The similarity percentage is 100% for filters AR 2.1 and AR 5.1. In other words, the
same species were identified in both filter samples. The filter AR 9 which was collected from offshore

of Robert Island is clustered with the filters from Nansen Island.
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Figure 4.12. The dendrogram shows the similarity of the species diversity found in the filters

according to the results obtained from WoRMS database.

The similarities of species diversity between the PCR replicates are shown in Figure 4.13.
According to the dendrogram, PCR replicates of the water samples from Deception Island (5-1, 4-7,
4-8, 4-10, and 5-2) is clustered together. 4-7, 4-8, 4-10, and 5-2 include the same species (percentage
of similarity is 100%), and 5-1 has an extra species than the others. The PCR replicates obtained from
the eDNA samples collected from Nansen Island (4-1, 4-3, 4-4, 4-5, and 4-6) and offshore of Robert
Island (3-7, 3-8, and 3-10) are clustered together. PCR replicates of the other regions in Robert Island
except the offshore also show similarity among themselves in terms of species diversity. PCR
replicates of the negative control (3-4, 3-5, and 3-6) can be seen in the left side of the dendrogram;

they are not clustered neither among themselves nor with other replicates.
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Figure 4.13. The dendrogram displays the similarity of the species diversity found in the PCR

replicates according to the results obtained from WoRMS database.

As it is known that WoRMS contains taxonomic information of only marine species, we expect
to detect marine species in our eDNA sample. When we look at the species groups the identified
species belong to, we see eight seaweeds, seven algae, a fish, a jellyfish, and a copepod. All species
live in the marine environment; thus, expectations were met. Additionally, although offshore Robert
Island is closer in the distance to Carlota and Coppermine Coves, it showed high similarities with
Nansen Island and Deception Island regarding identified taxa in WoRMS. The taxa distribution in
each location presents that Turkish Point on Nansen Island and offshore of Robert Island have the
taxonomic information of only algae species, unlike the other locations. The absence of fish taxa in
Turkish Point may be explained by the presence of Margalefidinium polykrikoides, a species known
to cause fish deaths by producing red tides (Son et al., 2011). However, another probable reason may
be that no fish DNA got into the filter due to the surrounding algae density.

As another species, to note, Sarcopeltis skottsbergii is an endemic seaweed of southern of South
America (Castro-varela et al., 2022) and was identified in both Carlota and Coppermine Coves on
Robert Island, with 462 reads in the taxonomic assignment processed in the WoRMS database. One
of the reasons for the occurrence of this seaweed native to South America in Antarctica may be that
this species came with water currents from South America towards this region. Another reason could
be shipping activities; shipping can facilitate the spread of non-native species through ballast water
and hull marine growth (K. E. Costello et al., 2022).
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4.5. Species Identification by GenBank

Species diversity in Antarctic Peninsula was identified using the information taken from the
GenBank database via an in-house script. There were 391 unique sequences in the data when the
percent identity cut-off is 97%, and a name at a taxonomical category was assigned if that name was
found in more than 85% of the first 100 hits in GenBank. The unique sequences were detected in 32
PCR replicates of 14 filters, including the negative controls. A total of 43 taxa were ascertained, but
seven were discarded from the species data because they were found in the negative controls. Overall,

36 taxa were identified from GenBank database.

Several pie charts were built in order to demonstrate the frequencies of the sequences of the
detected taxa from GenBank database. Figure 4.14 displays the species identified using GenBank
database corresponding to their number of reads. Petalonia fascia, a seaweed, had 922 reads (26% of
the total number of reads), making it the species with the highest number of reads in this dataset. In
addition, another species with a relatively higher number of reads is Bathycoccus prasinos, an algae;
it had 502 reads (14% of the total number of reads). The third highest number of reads was 462, and

belonged to Sarcopeltis skottsbergii, a seaweed (13% of the total number of reads).



= Acutuncus antarcticus
Bathycoccus prasinos

= Curdiea racovitzae

= Halichondria panicea

= Homaxinella sp. SV-2015
Litoditis aff. marina PmIV

= Myliobatis aquila

= Navicula glaciei

= Obrimoposthia wandeli
Phaeocystis antarctica

= Pterocirrus giribeti

= Thalassiosira nordenskioeldii

= Ascoseira mirabilis

= Cryptonemia sp.

= Desmarestia menziesii

= Haliclystus antarcticus
Hymenocladiopsis prolifera

= Lumbricillus sp. 1 RBL-2018

= Myriogramme manginii

= Neanthes kerguelensis
Patella pellucida
Protoperidinium depressum

= Pylaiella washingtoniensis

= Triparma laevis

= Bacillus infantis NRRL B-14911

= Ctenocalanus citer

= Gondogeneia antarctica

= Harpagifer antarcticus
Kareniaceae sp.

= Marionina sp. CE34648

= Mysella subquadrata

= Notothenia coriiceps
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Pseudochattonella farcimen

= Sarcopeltis skottsbergii

= uncultured dinoflagellate
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Figure 4.14. The pie chart shows the number of reads of sequences corresponding to each species
identified in GenBank.

Figure 4.15 displays the relative frequencies of the number of reads of genera in the BLAST+
output corresponding to the information obtained from the GenBank database. The most frequent
sequences are associated with Petalonia, Bathycoccus, and Sarcopeltis. The numbers of reads are
922,502, and 462, respectively. Additionally, there are 77 not available (N/A) sequences at the genus

level.



= Ascoseira = Bacillus = Bathycoccus = Cryptonemia = Ctenocalanus

= Desmarestia = Gondogeneia = Halichondria = Haliclystus = Harpagifer

= Homaxinella = Hymenocladiopsis = Litoditis = Lumbricillus = Marionina
Myliobatis = Myriogramme = Mysella = N/A = Navicula

= Neanthes = Notothenia = Obrimoposthia = Patella = Petalonia

= Phaeocystis Pseudochattonella = Pterocirrus = Pylaiella = Sarcopeltis

= Thalassiosira

= Triparma
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Figure 4.15. The pie chart shows the number of reads of sequences corresponding to each genus
identified in GenBank.

Figure 4.16 demonstrates the families with the number of reads of sequences found in the
GenBank database. The pie chart indicates that Scytosiphonaceae (algae) has the maximum number
of reads, and it is 922. Palmariaceae (seaweed) and Bathycoccaceae (algae) families become second
and third in terms of the read-number. Palmariaceae has 544 reads, and Bathycoccaceae has 502

reads. 382 sequence-reads remain N/A at the family level.
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Figure 4.16. The pie chart shows the number of reads of sequences corresponding to each family
identified in GenBank.

Distribution of the counts of the sequences that indicate orders found in GenBank can be seen in

Figure 4.17. The maximum number of reads is 1092 and belongs to the order of Ectocarpales

(seaweed). Palmariales (seaweed) has the highest second number of reads that is 544, and

Mamiellales (seaweed) has the highest third number of reads which is 502. There are 76 N/A reads

for the order level.



= Amphipoda = Ascoseirales

= Ectocarpales = Enchytraeida
= Halymeniales = Mamiellales

= Parachela = Parmales

= Rhodymeniales = Spariformes

Figure 4.17. The pie chart shows the number of reads of sequences corresponding to each order

= Bacillales Calanoida

= Florenciellales = Galeommatida
Myliobatiformes = N/A
= Perciformes = Phaeocystales

Stauromedusae - Suberitida

detected in GenBank.

= Ceramiales = Desmarestiales
= Gigartinales = Gymnodiniales
= Naviculales = Palmariales

= Phyllodocida = Rhabditida

Thalassiosirales = Tricladida
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The pie chart below (Figure 4.18) was built to see the relative frequencies of sequence reads in

terms of classes. The read numbers of the two classes with the highest number of reads are close to

each other. Phaeophyceae (algae) has 1529 reads, while Florideophyceae (seaweed) has 1500 reads.

Mamiellophyceae (seaweed) has the third most number of reads which is 502. Besides, there are 43

N/A reads in the class data.
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= Actinopteri = Bacillariophyceae = Bacilli = Bivalvia

= Bolidophyceae = Chondrichthyes = Chromadorea = Clitellata

= Coscinodiscophyceae = Demospongiae = Dictyochophyceae = Dinophyceae
= Eutardigrada = Florideophyceae = Gastropoda Hexanauplia
= Malacostraca = Mamiellophyceae = N/A = Phaeophyceae
= Polychaeta = Rhabditophora = Staurozoa

Figure 4.18. The pie chart shows the number of reads of sequences corresponding to each class

found in GenBank.

Figure 4.19 indicates the phyla with the number of reads of sequences found in the GenBank
database. The pie chart shows that Rhodophyta (algae) has the maximum number of reads which is
1500. Chlorophyta (algae) is the second phylum (1447), and Cnidaria (jellyfish) is the third phylum

(246), corresponding to their number of reads. 1651 sequence reads remain N/A at the phylum level.
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= Annelida = Arthropoda = Bacillariophyta = Chlorophyta = Chordata
= Cnidaria = Firmicutes = Haptophyta = Mollusca = N/A
= Nematoda = Platyhelminthes = Porifera = Rhodophyta = Tardigrada

Figure 4.19. The pie chart shows the number of reads of sequences corresponding to each phylum
identified in GenBank.

The dataset obtained from GenBank includes the sequence reads of five kingdoms. The relative
frequencies of the sequence reads are shown in Figure 4.20. Plantae have 2947 reads, the maximum
number of counts (58.2% of the total count), Animalia species comprised 387 sequence reads (7.6%
of the total count), and 1651 sequence reads were stated as N/A (32.6%).
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= Animalia = Chromista =Plantae = Bacteria = Protista

Figure 4.20. The pie chart shows the number of reads of sequences corresponding to each kingdom
identified in GenBank.

Coppermine Cove on Robert Island has the most species richness, with 19 unique taxa; similarly,
17 taxa were found in Carlota Cove on Robert Island (Figure 4.21). There were detected ten taxa in

common in both locations.
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Figure 4.21. The column graph represents the number of unique taxa identified in each location
based on the GenBank database.
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The dendrogram in Figure 4.22 were formed to observe the similarity in species diversity
determined for each filter. As stated earlier, AR 6.2 is the negative control filter, and did not cluster
with the other filters. The filters used in Deception Island (AD 1.1 and AD 1.2) clustered together,
and shared 40% of similarity in terms of taxa they contain. The same result can be seen for the filters
used in Nansen Island (AN 1 and AN 2). The filter AR 9 is clustered with the filters AN 1 and AN 2.
The filters obtained from the coastal regions of Robert Island (AR 4.1, AR 5.2, AR 1.3, AR 2.1,
AR5.1, AR 3, AR 1.1, and AR 1.2) contain at least 60% species diversity similarity, and they were

clustered together.
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Figure 4.22. The dendrogram indicates the similarity of the species diversity found in the different

filters according to the results obtained from GenBank.

A dendrogram that shows the similarity in species diversity between the PCR replicates was also
constructed (Figure 4.23). 3-4, 3-5, and 3-6 are the PCR replicates of the negative control. PCR
replicates 5-1 and 5-2 have the exact same taxa (similarity percentage is 100%). Altough 2-4 is the
PCR replicate of the sample from filter AR 2.1 and 2-10 is the PCR replicate of the sample obtained
from the filter AR 5.1, both PCR replicates involved identical taxa.

The PCR replicates of eDNA samples collected from Nansen Island (4-1, 4-2, 4-3, 4-4, 4-5 and
4-6) were clustered together. 4-3, 4-4 and 4-6 show the 100% similarity in species diversity. 4-4 and
4-6 are from the filter AN 2, but 4-3 is from the filter AN 1.
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Figure 4.23. The dendrogram indicates the similarity of the species diversity found in the different

PCR replicates according to the results obtained from GenBank.

GenBank includes sequences of all kinds of species and is the most widely used database for
biodiversity analysis. Thus, observing a relatively higher number of taxa in GenBank, when compared
to the other databases is expected. The identified taxa were classified into 11 algae, eight seaweeds,
three fish, five marine worms, two sponges, three shellfish, a water bear, a copepod, a jellyfish, and
a bacteria species. The total read number of algae and seaweeds is 3152, which equals about 90% of

total reads. This finding displays a relatively high abundance of algal species in our data set.

Since we used the CO1 gene, a mitochondrial gene, in our study, we expect only eukaryotic
organisms to be detected. However, we see that one bacterial species was found in the data obtained
from the GenBank database. There could be several different reasons for this unexpected result. The
very low number of sequence reads of Bacillus infantis (3) supports that this may be a PCR error.
Most primers targeted to amplify the CO1 region can also amplify many prokaryotic genes
(Zafeiropoulos et al., 2021; Collins et al., 2019). In addition, a misidentification in the GenBank
database or not taking into account the query coverage value in the BLAST result may have caused

the detection of a prokaryotic organism.
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4.6. Comparison of Species Identification in MIDORI, WoRMS and GenBank

All data acquired from the three databases (MIDORI, WoRMS, and GenBank) were combined
to see how many different species have been detected cumulatively. The number of unique taxa
identified using MIDORI, WoRMS, and GenBank databases are 8, 18, and 36, respectively. In total,
23 species have been detected in at least two databases. Hence, there are 39 unique taxa in total,
according to the combined information of the three databases. There was only one species common
across the three databases: Ctenocalanus citer, a copepod. The scientific names of taxa and their

distribution corresponding to the databases can be seen in the following Venn diagram (Figure 4.24).
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Figure 4.24. The Venn diagram shows the distribution of the taxa identified in the total dataset

according to the three databases.

A stacked column chart was constructed to observe the relative number of reads of sequences of

unique taxa found in the three databases separately. The graph in Figure 4.25 demonstrates the
similarities and helps to compare the differences in the three databases.
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When evaluated in terms of both species diversity and read numbers, the data from the WoRMS
and GenBank databases showed similarity, but the MIDORI database has a quite different distribution
from these two. According to the graph, 55% of the total reads are Halozetes marinus, and 17% of
the total reads are Harpagifer georgianus in MIDORI. For WoRMS and GenBank databases, the
frequencies are similar since they have 16 species in common. About 27% of the total reads are
Petalonia fascia in both databases. Moreover, Bathycoccus prasinos makes up about 15% of the total

data, and Sarcopeltis skottsbergii represents about 14% of the total reads in both databases.
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Figure 4.25. The stacked column graph demonstrates the read counts of species found in MIDORI,
WOoRMS, and GenBank databases.
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Figure 4.26. The stacked column graph displays the presence of taxa found in MIDORI, WoRMS,
and GenBank databases.
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Figure 4.27. The column graph shows the number of different taxa contained in the phylum
detected, according to the data obtained from the three databases: MIDORI, WoRMS, and
GenBank.
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Figure 4.28. The pie chart displaying the number of sequence reads of each phylum found in the
three databases; MIDORI, WoRMS, and GenBank.
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39 different taxa were identified in the data collected from three databases. The most diverse
taxa were identified in GenBank database (36 taxa), which is reliable since the GenBank database
contains sequence information of a wide array of species such as Eukaryota, Prokaryota, etc. (Leray
et al., 2019). In addition, again as expected, the least diverse taxa assemblage were obtained from
MIDORI (eight taxa) since the MIDORI database is designed for alignment and taxonomic
assignment of metazoan species (Machida et al., 2017). In WoRMS database, 18 taxa were identified,
which is consistent with the fact that WoRMS database involves taxonomic information on marine
species (M. J. Costello et al., 2013). When all taxa were grouped among themselves, the following
result was obtained: 12 algae, eight seaweeds, four fish, five marine worms, two sponges, three
shellfish, a water bear, a copepod, a jellyfish, a mite, and a bacteria species. These species belonged
to 14 phyla; Ochrophyta, Annelida, and Rhodophyta were the most found phyla in our data set. On
the other hand, the most abundant phyla were Ochrophyta, Rhodophyta, and Chlorophyta, regarding
the number of sequence reads. The reason why the most abundant species are algal organisms can be
because of the presence of an algal bloom in the Antarctic Peninsula when the eDNA samples were
collected. The term algal bloom refers to the overgrowth of algae and the rapid increase of the algae
population as substances such as nitrogen or phosphorus enter the water system. When looking at the
distribution of the taxa found in each database according to the locations, it is seen that no species
have been detected in Nansen Island and offshore Robert Island in MIDORI. This result is reasonable
because the data obtained from WoRMS and GenBank demonstrate that the taxa found in Nansen

Island and offshore Robert Island belong to groups of algae and seaweeds.

As mentioned earlier, we used a trained RDP Classifier algorithm in MIDORI software with the
MIDORI COL1 reference database, but we used the BLAST+ alignment method with WoRMS and
GenBank databases. In a study conducted to compare RDP Classifier and BLAST hit method for CO1
data of Arthropods and Chordates, it was found that the RDP classifier is faster than the top BLAST
hits approach and shows a much lower false positive rate (Porter & Hajibabaei, 2018). They
demonstrate that RDP Classifier gives more accurate results than the widely used top BLAST hits
method for taxonomic assignment of CO1 metabarcodes. In this study, we identified eight animal
species in MIDORI with the RDP Classifier program but 16 animal species in GenBank with the
BLAST hit method (all species are also found in WoRMS with the BLAST hits approach). There
were Six species in common in both databases. In contrast to the findings of Porter, we can not claim
that the RDP Classifier gives more accurate results than the BLAST. The number of sequence reads
was significantly lower in RDP Classifier than in BLAST+ output. A low number of sequence reads

is also not ideal for increased reliability of the RDP Classifier.
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One of the most interesting findings of our study was the identification of Sarcopeltis skottsbergii
in WoRMS and GenBank databases. Sarcopeltis skottsbergii is an endemic organism and has been
found only in southern of South American waters. Sarcopeltis skottsbergii was only detected in
Carlota and Coppermine Coves on Robert Island, according to two databases. The fact that Robert
Island is close to the southern coast of South America supports the idea that this species may have
spread to this location by water currents or shipping activities. In addition to all these possibilities,
since this is an eDNA study and we do not have any observational information, it is also likely not
this species itself, but its DNA was carried to Antarctic Peninsula by water currents. The fact that the
number of sequence reads of Sarcopeltis skottsbergii is significantly higher than the other taxa in the
dataset indicates that this is not a PCR error or a false positive error caused by the BLAST+. Detection
of Bacillus infantis, a bacterium, in GenBank is also unexpected. CO1 barcode region is a
mitochondrial gene, meaning the bacteria do not have this gene. Thus, it is a false positive result

probably derived from a PCR error or insufficiency of filtering the data.

Apart from Bacillus infantis, 13 taxa; Bathycoccus prasinos (algae), Cryptonemia sp. (seaweed),
Halichondria panicea (sponge), Halozetes marinus (mite), Kareniaceae sp. (algae), Litoditis marina
(algae), Marionina sp. (worm), Myliobatis aquila (fish), Patella pellucida (shellfish),
Protoperidinium depressum (algae), Pseudochattonella farcimen (algae), Pylaiella washingtoniensis
(seaweed), and Thalassiosira nordenskioeldii (algae) had not been documented before in Antarctica
when their geographic distributions were checked in the WoRMS, AlgaeBase, and Ocean
Biodiversity Information System (OBIS) databases (Table 4.13). Considering the geographical
distribution of these 13 species, Halozetes marinus, Litoditis marina, Protoperidinium depressum,
and Thalassiosira nordenskioeldii were documented in the regions close to Antarctica so that their
DNA molecules can spread through the water currents into Antarctic Peninsula or they could have
existed in Antarctica without having been detected previously. The rest of the species have not been
detected in the areas close to Antarctica. Among these, Myliobatis aquila is widespread around the
world, however its southernmost distribution is South Africa. Patella pellucida and
Pseudochattonella farcimen were documented only in the North Sea, and Pylaiella washingtoniensis
was documented only in the North American waters. It would not be expected for the DNA of these
species to naturally arrive in Antarctica, and their detection in this study could potentially indicate
the movement of their DNA through ballast waters of ships or the first evidence of their existence in
Antartica, pending confirmation. In addition, no information about the location distribution of
Pterocirrus giribeti (worm) could be found in the three databases. It should also be noted that,
although Sarcopeltis skottsbergii is considered as an endemic species in South America (Castro-
Varela et al., 2022), it has been recorded before in Antarctica according to the AlgaeBase.



Table 4.13. The table shows whether the 39 species identified in this study were previously

recorded in Antarctica.
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Has it been recorded in

Species Antarctica before? Database
Acutuncus antarcticus Yes OBIS
Ascoseira mirabilis Yes AlgaeBase
Bacillus infantis -- --
Bathycoccus prasinos No AlgaeBase
Cryptonemia sp. No --
Ctenocalanus citer Yes WoRMS
Curdiea racovitzae Yes AlgaeBase
Desmarestia menziesii Yes AlgaeBase
Gondogeneia antarctica Yes WOoRMS
Halichondria panicea No OBIS
Haliclystus antarcticus Yes WOoRMS
Halozetes marinus No --
Harpagifer antarcticus Yes OBIS
Harpagifer georgianus Yes OBIS
Homaxinella sp. Yes OBIS
Hymenocladiopsis prolifera Yes AlgaeBase
Kareniaceae sp. No --
Litoditis marina No --
Lumbricillus sp. Yes Wo
Margalefidinium polykrikoides Yes AlgaeBase
Marionina sp. No --
Myliobatis aquila No --
Myriogramme manginii Yes AlgaeBase
Mysella subquadrata Yes OBIS
Navicula glaciei Yes AlgaeBase
Neanthes kerguelensis Yes WoRMS
Notothenia coriiceps Yes OBIS
Obrimoposthia wandeli Yes WOoRMS
Patella pellucida No --
Petalonia fascia Yes AlgaeBase
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Phaeocystis antarctica Yes AlgaeBase
Protoperidinium depressum No --
Pseudochattonella farcimen No --

Pterocirrus giribeti -- --

Pylaiella washingtoniensis No --
Sarcopeltis skottsbergii Yes AlgaeBase

Thalassiosira nordenskioeldii No --
Triparma laevis Yes AlgaeBase

Uncultured dinoflagellate
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5. LIMITATIONS OF THE STUDY

eDNA studies have many limitations due to the fact that the method is novel and relatively few
studies has been undertaken on this method. Unfortunately, it was inevitable that these limitations
would also affect our study. The most important of these limits is that the eDNA samples do not stay
long in the environment and degrade in about two weeks, thus, the biodiversity we found only gives
us the information of the species present at the time of sampling. Therefore, the environmental
conditions such as water temperature, salinity, acidity, and nutrients at the time the samples were
collected also affect both the eDNA samples and the species detected in the environment. For
example, the presence of an algal bloom in Antarctica at the time of sampling caused algae species
to dominate in our study. Therefore, the results found should be evaluated according to that period of
the year. As a second limitation, we can point to the sequencing method, having used the Illumina
Miseq platform, even though providing longer reads, resulted in a lower number of reads per sample.
The relatively low number of sequences potentially affects the reliability of the study. Therefore, the
use of a sequencing machine like Illumina Nextseq or Novaseq that can generate more reads could
increase the resolution of the study.
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6. CONCLUSIONS AND RECOMMENDATIONS

In this study, we identified species diversity in Antarctic Peninsula using eDNA metabarcoding
technique and compared the results obtained from three databases, MIDORI, WoRMS, and GenBank.
We found a total of 39 taxa, and out of these 39 taxa, 34 are identified at the species level, three to
the genus level, one to the family level, and one to the class level. We identified 18 animal species
when the data of three databases were combined, but our samples primarily include planktonic algae
and seaweeds corresponding to the sequence reads. Based on our findings, the finding of 14 new taxa
in Antarctica comprises the first records for the continent. According to the results, Coppermine and

Carlota Coves on Robert Island are the regions with the most species diversity.

Despite the fact that all three databases contain information about the sequences of taxa
belonging to different groups, it is a problem that only one species appears in common in all three
datasets. Besides, 166 unidentified OTUs in MIDORI and 179 unidentified OTUs in WoRMS and
GenBank were calculated. The fact that the species in the three databases produce such different
results and the high number of unidentified OTUs shows that the CO1 reference databases are limited
in their taxonomic coverage and do not contain sufficient information for Antarctica. In addition,
when we examined in detail the non-common taxa in the three databases and which sequence they
correspond to, we detected that some taxa have the same sequence but are named differently in
different databases. For instance, Harpagifer georgianus and Harpagifer antarcticus were identified
in MIDORI and GenBank databases, respectively, but they have the same sequence. Similarly, a
sequence corresponding to a species named Margalefidinium polykrikoides in the WoRMS database
is named Uncultured dinoflagellate in the GenBank database. All these contradictions demonstrate
the inconsistencies across these popular reference databases.

Assigning taxonomic information to the thousands of sequences produced by high-throughput
sequencing is difficult because many DNA reference libraries are deficient in information about
particular groups of organisms and may contain incorrect sequences. A combination of several
reference databases would be promising in terms of taxonomic coverage and reliability of results.
Moreover, the query coverage value should also be taken into account, and an acceptable threshold
should be applied in blast searches, besides the percent identity value, to avoid false positive results.
eDNA studies are often like a snapshot of the moment the samples were collected. Therefore, eDNA
samples should be collected from the same region at different times of the year and from different

depths to conduct a more comprehensive biodiversity analysis in general, and this could also be
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beneficial for this study. In our study, we used the short region of the CO1 gene as a barcode but
using the long region of the CO1 gene as a barcode will increase the accuracy of the results. In
addition, using multiple barcode genes in a study is recommended to increase the number of identified

species, which might comprise the next step of this study.
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