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1. Summary

As molecular and bioinformatics techniques are used more frequently and new marine
habitats are analysed, a constant increase of marine fungal diversity has been reported,
suggesting that marine fungi are a diverse but somewhat ignored organism group. The overall
objective of this thesis was to further increase our knowledge about fungal diversity in marine
environments by (1) investigating the fungal communities in the pelagic at different depths
and dates using an Illumina amplicon sequencing approach, and (2) investigating the fungal
communities in sediments using a 454 shotgun metagenomic pyrosequencing dataset. From
the arctic marine environment only 14.3% of the DNA amplified was of fungal origin. This
demonstrated that the primer pair ITS1F-ITS2 is not fungal specific in a marine environment.
In the marine sediments, fungi accounted for, on average, 13.7% of the eukaryotic reads.
Yeasts dominated in the sediments samples and are probably adapted to life in anoxic marine
sediments. Mortierellales (Zygomycota), which includes known marine fungi, dominated the
pelagic arctic fungal communities. What may be terrestrial fungi were detected in both
habitats, but it is not clear whether they were deposited and dormant in the marine
environment or if they were actively growing and adapted to marine environments. The
pelagic fungal communities were not structured according to location or depth, but there
seemed to be a seasonal fluctuation in the pelagic communities. Lack of taxonomic coverage
of fungal taxa in the reference databases proved to be one of the major obstacles in
determining the fungal diversity in both studies. While my study provides insight into the
fungal communities in sediments and the pelagic, it also highlights the need for improved
databases and further studies with proper sampling techniques and replicates in order to
determine what factors actually structures these communities and what role fungi play in the

marine system.



2. Introduction

”Invariably when new substrata are surveyed for fungi, a wide range of new genera and

species are encountered” (Jones 2011D).

Fungi comprise a major component of terrestrial environments, act as degraders, parasites and
symbionts (Jones 2011b; Kendrick 2000), and are ecologically important in chemical cycles
and food webs (Gadd 2004). A large proportion of the total microbial diversity and biomass in
terrestrial environments is fungal microbes (Lawley et al. 2004; Richards & Bass 2005).
Similarly, in marine ecosystems and in the marine food web, fungi play a vital role (Jones
2011b). Even so, marine fungi are among the least studied of all marine organisms (Hyde
2002) and are understudied in comparison to their terrestrial counterparts. However there is
increasing evidence showing the active role fungi play in the marine environment by
participating in biogeochemical processes (Edgcomb et al., 2011). Molecular diversity
estimates suggest a much more diverse range of fungi are present in marine environments
than previously thought, which also points to their probable importance in particular

ecological niches in the marine environment (Richards et al., 2012).

Definition and the main groups of marine fungi

While most organisms are defined by taxonomy, marine fungi form a group defined
by physiology and ecology (Hyde & Pointing 2000). Historically marine fungi have been
subdivided by taxonomy into “Filamentous fungi” and “Zoosporic fungi” (Jones & Pang
2012). Marine fungi can also be classified by their ecology as facultative or obligate.

Facultative marine fungi have physiologically adapted to the marine environment and
can grow and most likely sporulate in seawater, yet may originate from terrestrial and
freshwater habitats. By contrast, obligate marine fungi originate from seawater and are also
restricted to it, as their growth and sporulation occurs solely in seawater (Kohlmeyer &
Kohlmeyer 1979).

The majority of marine fungi are microscopic and represented mostly by yeast and
lower zoosporic fungi (Jones & Pang 2012). Yeasts are defined by their unicellular growth
form, and occur in the major fungal lineages; Basidiomycota and Ascomycota. Yeast is one of
the dominant groups found in the deep sea and sediments (Bass et al. 2007; Kutty & Philip
2008). A wide range of yeast diversity is often affiliated with benthic animals in the deep sea

(Nagahama et al. 2003), while sediments seem to act as a reservoir for yeast species (Singh et



al. 2011). Bass and colleagues (2007) showed that fungal diversity in deep-sea surficial
sediments is dominated by basidiomycetes and ascomycetes; further, fungi with yeast growth
forms appeared to be the dominant and most successful fungal form in the deep seas. Many
new species of yeast have been described and current estimates include 1500 species in the
marine environment (Fell et al. 2010).

Filamentous fungi also occur in the marine habitats, but the rough environment of the
ocean does not allow large, fleshy fruiting bodies to develop. Abrasion by particles, grains,
waves and currents all hinder these structures growth and persistence. However fruiting
bodies of smaller size fractions (2 — 4 mm) can be found. The deep sea, anchored wood and
sheltered areas are some of the places such small fungal fruiting bodies have been observed.
The second largest source of marine fungi isolated from the ocean are connected to algae as
endophytes, epiphytes or parasites and of all known higher filamentous marine fungi one third
are associated with algae, seaweeds and sea fans (Bugni & Ireland 2004; Alker et al. 2001;
Zuccaro et al. 2004; Alva et al. 2002).

The distribution of marine fungi seems to be limited more by temperature and oxygen
deficiency (favouring yeast growth forms) than salinity (Kohlmeyer & Kohlmeyer 1979).
Nevertheless, there is concern that the majority of the diversity of fungal attributes in the
marine environment is overlooked (Richards et al. 2012) by focusing only on fungi able to
grow in culture with distinguishing morphological features, and excluding taxa only

detectable by sequencing or other methods (Jones 2011a; Jones 2011b; Jones 2011).

Number of marine fungi

The total species richness of fungi is unknown and there is not a good estimate for
how many marine fungi there are in the world. Even so total fungal diversity has been
estimated at 1.5 million species (Hawksworth 1991). However, recent studies indicate that a
more reasonable number may be ten times higher (O'Brien et al. 2005), given that fungi
affiliated with animals, freshwater and marine ecosystems or sediments, as well as cryptic
species, were not included in the 1.5 million estimate and it was only based on morphological
observations (Richards et al. 2012; Hawksworth 2001; Hawksworth 1991).

In the early years of this century, there were in total 444 accepted and 800 reported
obligate marine fungi species (Kohlmeyer & Volkmann-Kohlmeyer 1991; Hawksworth 2001;
Hyde & Pointing 2000). Among these 800, the largest fraction belongs to Ascomycota and a
small fraction to Basidiomycota. Kis-Papo (2005) reported that 467 isolates of cultureable

fungi of 244 genera have been collected from marine environments. These relatively small



numbers have traditionally led to the conclusion that marine fungi are of low abundance and
diversity (Burgaud et al. 2009; Le Calvez et al. 2009).

Advances in molecular methods have recently revealed a wealth of previously
unknown uncultureable fungi and indicate that the estimate for all fungi worldwide could be
raised from 1.5 to 3.5 — 5.1 million species (O'Brien et al. 2005). As these techniques,
including high throughput sequencing (HTS) (see below), are used more frequently, and new
marine habitats are analysed, a constant increase of known marine fungal diversity is reported,

suggesting that marine fungi are indeed a diverse group (Jones 2011b).

History

The first extensive study of marine fungi was conducted early in the 20" century
focusing on fungi growing on macro algae (Cotton 1909; Sutherland 1915). In the years to
follow the main research on marine fungi has generally been on those associated with
substrata like mangrove trees, sea grass, sea weed, algae, drift wood, decomposing wood and
plant detritus from coastal waters, corals, calcareous tubes of molluscs and intestines of
crustaceans (Hyde et al. 1998; Cuomo et al. 1985; Jones 201 1b; Zuccaro et al. 2008;
Kohlmeyer & Kohlmeyer 1979; Barghoorn & Linder 1944; Raghukumar et al. 1992; Mouton
etal. 2012).

The study of marine fungi has also expanded into deep sea, pelagic, benthic and
hydrothermal habitats, particularly in the last decade (Kohlmeyer & Kohlmeyer 1979;
Mouton et al. 2012; Bass et al. 2007; Le Calvez et al. 2009; Lopez-Garcia et al. 2003; Jobard
et al. 2010; Lai et al. 2007). Here the fungi again prove to be one of the most ecologically
adaptable eukaryotic lineages, and are even found at the great depths of the Mariana trench,
which exceeds 10 km (Takami et al. 1997; Lopez-Garcia et al. 2003). The small amount of
data representing fungi isolated from the deep sea provides little information about their
importance and role. The knowledge of fungi isolated from marine sediments is also poor and
it is uncertain if the fungi isolated are dormant spores or active fungi (Jones 2011b).

Studies of marine fungi have predominantly been made in USA and Europe, but in the
last decade, additional research in Asia has increased our knowledge of the flora in that area.
However, investigations of marine fungi in Arctic and Antarctic regions are few in number
(Bahnweg & Sparrow 1974; Loque et al. 2009; Pang et al. 2008; Pang et al. 2009; Pang et al.
2011; R4dma et al. 2014). Pang et al. (2008, 2009, 2011) and Rédma4 et al. (2014) conducted a

few studies on Svalbard and in Northern Norway in relation to fungi connected to drift wood.



However, to my knowledge there have been no HTS studies done on marine fungi in the

Arctic.

Detection and classification of marine fungi

The study of marine fungi has mainly focused on the morphology and ultrastructure of
cultivated fungi found on marine substrates and has primarily provided taxonomic data (Jones
2011b; Kohlmeyer & Kohlmeyer 1979). Most studies have failed to demonstrate with
certainty that the obtained isolates can grow and sporulate in the marine environment, calling
into question their status as obligate or facultative marine fungi (Kohlmeyer & Kohlmeyer
1979).

In the last decades, environmental gene libraries targeting specific areas in the
ribosomal RNA (rRNA) region have been used successfully to identify fungi in marine
environments (Richards et al. 2012). Two main regions have been targeted; (1) SSU rDNA
(small ribosomal subunit) and the (2) ITS (internal transcribed spacer) region. The ITS region
consists of two parts; ITS1 which is located in the rRNA genes between the 18S (SSU) and
the 5.8S and ITS 2; located between the 5.8S and the 28S LSU (large subunit). The ribosomal
subunits are highly conserved areas while the ITS is a very variable region. The SSU region
therefore provides good resolution for identifying fungi at higher levels of taxonomy and is
poor at distinguishing fungi at species and genus levels while the ITS region gives increased
resolution and accuracy within well sampled groups when assigning to genus and species
level (Gardes & Bruns 1993; Horton & Bruns 2001). Well sampled sequence databases are
thus necessary to provide good match results (Buchan et al. 2002; O'Brien et al. 2005). ITS
divergence variation between taxonomic groups can be an obstacle using these sequences
(Nilsson et al. 2008; Vilgalys 2003; Nilsson et al. 2006) and databases have high rates of
erroneous classification of sequences (Vilgalys 2003), creating added challenges to using
molecular methods to detect fungi in marine environments. Nevertheless, molecular methods
present a promising approach to further increase our knowledge of fungi in marine

environments.

High throughput sequencing (HTS)

Next Generation Sequencing (NGS) sequencing has advanced microbial ecology by
allowing unprecedented detection of uncultureable organisms and profiling of microbial
communities, both fungal and bacterial. In the last decades, NGS has facilitated fundamental

knowledge acquisition about the fungal communities in the environment by providing



massive amounts of data on microbial community composition (Sun et al. 2010; Heidelberg et
al. 2010; Richards et al. 2012). [llumina and 454 (see below) are both commonly used high
throughput NGS techniques for environmental sequencing. Both approaches greatly increase
the sensitivity of environmental analyses because they allow high sequencing depth and can
potentially capture and allow detection of template (DNA) that is present in only very small
quantities, for example detecting a single yeast cell of a specific species (Gadd 2004; Orellana
2013; Logares et al. 2012). While Sanger sequencing, typically generates 10” sequences of
600 — 900 base pairs (bp) length in one run while (NGS) provides 10° — 10’ sequences with
100 — 700 bp in a single run and up to 800 bp with the upgraded version, for a fraction of the
cost per sequence (Lawley et al. 2004; Glenn 2011; Richards & Bass 2005; Scholz et al. 2012;
Lanzén et al. 2012).

HTS techniques can be used to perform both shotgun sequencing of fragmented
environmental or genomic DNA, and amplicon sequencing, where a specific region is
targeted by PCR and these amplicons are then sequenced (Logares et al. 2012). There are
several platforms for NGS and Roche 454 and Illumina are two of the most widely used
platforms for environmental sequencing. Other platforms include e.g. SOLiD from Applied
Biosystems/Life-Technologies and lonTorrent PGM by Life Technologies, but both of these
are rarely used for ecological studies (Hyde 2002; Logares et al. 2012; Iverson et al. 2012;
Mardis 2008). Illumina and Roche 454 were used in this project and only these platforms will
be described further. They are both high throughput and involve massively parallel
sequencing (Hyde & Pointing 2000; Glenn 2011).

The 454 pyrosequencing platform uses a single nucleotide addition where the template
is fixed on beads and amplified during an emulsion PCR step. In a fixed order, the different
nucleotides are flowed over wells and are incorporated when the complementary bases are
available at the next position of the template DNA. A flash of light gives the signal when the
incorporation is complete and the strength of this signal defines how many nucleotides were
attached to the strand. The machine’s capability to distinguish between the flash of light
decreases as the number of nucleotides incorporated increases. Therefore, homopolymer
length is the main sequencing error associated with the 454 platform (Logares et al. 2012). In
[llumina all four nucleotides, each with its own fluorophore, are flushed over glass cells
where the template with the adapter has been attached to the surface and amplified by a so-
called “bridge amplification”. This approach incorporates only one nucleotide at a time.
[llumina can be run singly or paired end, where both ends of a template molecule are

sequenced for a fixed, overlapping length, resulting in a pair of sequences that can be



assembled to give longer reads (Metzker 2009; Logares et al. 2012; Bartram et al. 2011). The
major difference between the two approaches is total read length, error profiles and cost. The
error profile is higher with 454, but the read length greater. While 454 provide sequences up

to 800 bp the paired-end Illumina can generate sequences with 500 bp (2 x 250). The cost of
running the platforms is quite different as well, since Illumina is considerably cheaper to run

compared to a 454 platform (Logares et al. 2012; Glenn 2011).

Aim of the study

The overall objective of this thesis was to increase our knowledge about fungal
diversity in marine environments. More specifically, the aims of my master’s project were to;
(1) investigate the fungal communities in the pelagic at different depths and dates using an
[llumina amplicon sequencing approach and (2) investigate the fungal communities in
sediments using a 454 pyrosequencing metagenomic dataset. Exploring this diversity of
marine fungi using these two different approaches is intended to provide information about
the fungal groups that are present in a pelagic fjord system in the Arctic (1) as well as the
marine sediments around oil and methane seeps (2). The thesis is organized into two different
parts addressing (1) and (2), respectively, with a common summary, introduction and

conclusion.
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3. Pelagic marine fungi in an arctic fjord

3.1 Materials and methods
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Figure 1. Map of Svalbard showing the location of the ISA sampling station marked with a star at the junction of

Isfjorden and Adventfjorden. Map modified from Serensen et al. (2012).

Study site and sample collection

Samples were collected close to the Isfjorden-Adventfjorden (ISA) mooring located at
78°15'6.0012" N and 15° 32'4.9200" E (Fig. 1) on the west coast of Spitsbergen, the largest
island in the Svalbard archipelago. The Svalbard archipelago is situated between 76° N and
81° N and 10° E and 34° E and lies at the borders of the Arctic Ocean in the north, the Barents
Sea in the south and east and the Fram Strait in the west. Spitsbergen has numerous fjords, the
largest of which is Isfjorden, which is oriented in a SW (78° 7°'N) — NE (78° 27'N) direction.

The main basin of Isfjorden is 24 km wide and 7 km long and the total system contains
four smaller fjord systems. The ISA sampling station was located at the mouth of one of these
smaller systems, Adventfjorden. The inlet from Isfjorden into Adventfjorden is 100 m deep
and 3.4 km wide, providing easy water exchange between the two. Adventfjorden itself has a
main depth between 50 and 80 m. Two currents run parallel to one another along the west
coast of Spitsbergen. Closest to the coast is the East Spitsbergen current (ESC), which arrives
from the east of Spitsbergen carrying arctic waters with low salinity and low temperature. The
West Spitsbergen current (WSC) arrives from the Atlantic Ocean in the south, carrying warm
Atlantic water with high salinity. When the WSC is strong it penetrates trough the ESC and
enters the Isfjorden system (Nagahama et al. 2003; Wassmann et al. 2006; Nilsen et al. 2008).
In addition to influences from the ESC and WSC, the Adventfjorden system is supplied by
freshwater from two rivers; Advent River and Longyear River. The Advent River runs for 35
km through Adventdalen before entering the fjord (Dobrzyn et al. 2005), while the Longyear

River runs from the Longyear Glacier and Lars Glacier before entering the fjord after 4 km.
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They are both braided rivers and supply a huge amount of sediment to the fjord
(Zajaczkowski et al. 2009; Kane & Yang 2004).

As part of an on going project, water samples and environmental data are collected
regularly at ISA (Fig. 1) at predetermined depths (5, 15, 25, 60 m). For this study, 10 samples
from 25 m were analysed representing the winter/spring/summer season of 2011 — 2012
(Table 1). An additional 9 samples were analysed to provide information from all depths (5,
15, 25, and 60 m) on three of the sampling dates (Table 1). All samples were collected and
pre-filtered on site through a 10 um mesh. Four litres of the filtrate were filtered again
through a 0.45um filter (Millipore, HVLP04700) in the laboratory. Chlorophyll a was
measured from both filters using a 10-AU-005-CE Fluorometer (Turner Designs, Sunnyvale,

USA) (Thomson 2014, unpublished data).

DNA extraction, amplification, and sequencing

DNA extracted from the 0.45um filters using the DNeasy Plant Mini Kit (Qiagen
69106) was made available to this project. [llumina amplicon library preparation was
conducted by Courtney Nadeau in the UNIS Arctic Biology labs. The primers ITS1F (Gardes
& Bruns 1993) and ITS2 (White et al. 1990) were used to target the ITS1 region. The PCR
reaction mixture contained 1X Dreamtaq buffer, 0.5 uM forward primer, 0.5 uM reverse
primer, 1 mM dNTPs (0.25mM of each dNTP), 1.625 U enzyme and 0.5 pug BSA. The total
volume of the reaction was 25ul whereas the template was 4ul (approximately 4% of the total
template extraction). PCR conditions used were: 2min at 95°C, followed by twenty four
cycles of 30s at 95°C, 30s at 55°C, and 1min at 72°C), followed by 30min at 72°C and a final
holding stage at 10°C. Illumina adaptors including a 4-8 bp barcode were ligated to each
sample to allow downstream identification of the samples. Then, a second SPRI purification
was conducted before qPCR was used to determine the optimal number of PCR cycles, (Cr)
for library enrichment. Enrichment PCR was carried out to amplify the DNA fragments that
had an adaptor attached at both sides. An additional SPRI-treatment was performed in order to
remove the excess of salts, primers, dNTPs from the PCRs. Illumina libraries were then
pooled in equimolar amounts and sent to Source Bioscience (Nottingham) for paired end

250bp sequencing on an [llumina MiSeq version 2.

Bioinformatics

Paired reads were merged into full length ITS1 sequences using Flash v.1.2.8 and de-

multiplexed by barcode. Chimera checking, quality filtering, and trimming of the sequences in
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the dataset were performed in Mothur (Schloss et al. 2009) using the Abel computing cluster
at UiO (www.hpc.uio.no). De novo chimera checking was performed on each sample using
the uchime algorithm (Edgar et al. 2011) with the minimum divergence parameter set to 1,
removing sequences as chimeric only when the minimum divergence between the two
identified parental sequences is greater than 1% (those sequences with identified parental
sequences that are less than 1% divergent from each other were considered non-chimeric).
The parental sequences were assumed to be at least twice as abundant as the resulting
chimera; therefore the abundance skew was set to 2. Sequences with ambiguous bases were
removed, together with sequences shorter than 200 bases and longer than 450 bases. The
minimum average quality score for sequences retained in the dataset was set to 35.9, which,
assuming high quality scores to have PHRED quality scores >35 and low quality positions <5,
allows for 1-2 low quality base pairs within a single sequence. Filtered and chimera-checked
sequences were then clustered using the uclust algorithm (Edgar 2010) as implemented in
Qiime (Caporaso et al. 2010) with a 97% similarity threshold. The most abundant sequence
variant was selected to represent the different OTUs and global singletons were removed as
presumed sequencing errors.

The representative sequences of each OTU were compared to the GenBank non-

redundant nucleotide database using BLASTn on Lifeportal (www.lifeportal.uio.no). The E-

value parameter in the BLAST algorithm (Altschul et al. 1990) provides an index where a low
E-value indicates a lower risk of the hits occurring by random chance. The standard cut off E-
value of 1.0E™ at Lifeportal (www.lifeportal.uio.no) was used. The retrieved BLAST output
was analysed in MEGAN (version 5.1.0) (Huson et al. 2007). MEGAN uses the Lowest

Common Ancestor (LCA)-algorithm to parse BLAST match output and extract the most
parsimonious NCBI taxonomy for each sequence. Taxonomic assignments in MEGAN
therefore depend on the parameters set. In this analysis, top hits were set to five, allowing
only the five highest hits per sequence to be considered in MEGAN (if there were four or less
hits these will be pushed back up in the taxonomy to “higher nodes”). The minimum support
value was set to one, so only one read assigned is needed for a taxon to appear in the results.
The minimum score value was set to 50; ignoring hits in the input dataset with bit scores were
less than this threshold. A maximum threshold was set for the expected value of hits, ignoring
any hit in the input data, which exceeded the value 0.01. The top percentage provides a
threshold for a maximum percentage a hit may fall below with its best score for a given read
and still be considered in the dataset: this was set to 10%. Minimum complexity was used to

identify low complexity reads at 0.44, which were then placed on a special low complexity
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node in the tree. This prevents low complexity sequences that perform badly in BLAST from
being incorrectly assigned because they pull out a huge number of sequences unrelated to one
another. Based on these settings, any OTU identified as fungal by its representative sequence
was extracted from the dataset. All 190,528 sequences belonging to the OTUs that had been
identified as fungal in this analysis were extracted from the original dataset using Qiime.
These were then run on BLASTn with the previous mentioned settings through Lifeportal.
The complete fungal dataset was then imported to MEGAN for visualization on the NCBI
taxonomic tree with the settings: minimum score value at 70, max expected at 0.001 and the
minimum support at 1. The MEGAN tree was summarized to show taxonomy at the order
level. Order level was chosen as the best resolution to present the taxonomy due to few

species- and genus-level BLAST hits (Fig. 3).

Community richness and composition

The OTU data was split into two subsets, one consisting of 10 samples taken at 25
meters depth on different dates throughout the season and the other consisting of samples
from four different depths on three separate dates (Table 1). All analyses were conducted on
both the subsets. To estimate how deeply the different samples were sequenced, rarefaction
curves were calculated in Qiime (Edgar 2010) version 1.5 through the Abel cluster
(www.hpc.uio.no) by averaging the number of OTUs recovered from 10 random resamplings
of the data at increasing sequencing depths in intervals of 500 sequences (Fig. 4 and 7). The
Shannon Wiener index (Fig. 5 and 8) was calculated for each sample in R (R Team 2012)
using the diversity function in the package “vegan” (Oksanen et al.. 2006). The main changes
in community composition were visualized through ordination plots run in R, utilizing the
vegan package. A Detrended Correspondence Analysis (DCA) was run with default settings
with a Bray Curtis distance matrix. A general non-metric multidimensional scaling (GNMDS)
was run for two dimensions with default settings. Environmental factors were related to the
observed structure of community composition in each ordination using the envfit function in

R. The proportional abundance for individual OTUs versus dates and depth was plotted in R.

3.2 Results
Data characteristics

A total of 1,315,767 full-length ITS1 reads were generated. Of the 1,251,178 that

passed quality filtering and chimera checking, only 179,465 sequences were at the end

identified as belonging to fungi, although a presumed fungal specific primer (ITS1F) was
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used. The remaining sequences were identified as marine animals, algae, protists and
alveolates. In general, fungal sequences accounted for only about 14.3% of the total
sequences (See table 1 for more information). The exception is during the spring bloom
(April), when a drop occurs in the percentage of fungal sequences and OTUs recovered (Fig.
2). The fungal order Mortierellales dominated greatly (Fig. 3). In addition, a number of reads
were assigned to Basidiomycota (particularly Agaricomycetes), Ascomycota (particularly
Hypocreales), and Chytridiomycota (Fig. 3). BLAST hits were generally of poor quality with
high similarity over only short fragments in the conserved SSU and 5.8 regions or low
similarity (average of 96% over a total average length of 80) over longer stretches within the

ITS1 region.

Table 1. Sequence and sample information for pelagic samples taken at the ISA station during 2011-2012.

Sample Sampling Julian Sampling Total Fungal % Fungal Total Fungal % Fungal
Date Date Depth (m) Sequences Sequences Sequences OTUs OTUs OTUs
Samplel 14.12.11 -17 5 62149 15242 25 928 204 22
Sample2 14.12.12 -17 15 57588 13749 24 921 195 21
Sample3 14.12.12 -17 25 47508 10144 21 892 183 21
Sample4 14.12.12 -17 60 72057 16934 24 952 190 20
Sample5 17.01.12 17 5 32923 4734 14 944 177 19
Sample6 17.01.12 17 15 39905 6616 17 1077 196 18
Sample7 17.01.12 17 25 70642 12607 18 1297 242 19
Sample8 17.01.12 17 60 94340 14122 15 1414 236 17
Sample9 28.01.12 28 5 68717 10233 15 1197 212 18
Samplel0 28.01.12 28 15 68182 11715 17 1264 228 18
Samplell 28.01.12 28 25 90017 14410 16 1339 249 19
Sample 12 28.01.12 28 60 62202 10576 17 1172 217 18
Samplel3 16.02.12 47 25 62907 9989 16 973 188 19
Samplel4 08.03.12 67 25 57959 7426 13 1000 204 20
Samplel5 22.03.12 81 25 73651 7422 10 881 154 17
Samplel6 11.04.12 101 25 127233 9177 7 1004 190 19
Samplel7 26.04.12 116 25 92582 1449 2 433 57 13
Samplel8 10.05.12 130 25 68335 836 1 217 33 15
Samplel9 06.07.12 157 25 66870 12660 19 337 64 19
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Figure 2. Chlorophyll a fluorescence levels and fungal OTU richness recovered at the ISA station during a single
winter-summer cycle. A: Proportion of the total number of OTUs recovered that belonged to fungi, co-plotted with
measurements of chlorophyll a fluorescence through the 2011-2012 winter-summer cycle. B. Proportion of the total
amount of sequences belonging to fungi co-plotted with measurements of chlorophyll a fluorescence through the 2011-

2012 winter-summer cycles.
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Figure 3. Taxonomic classification output from MEGAN assigning sequences from the ISA s