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INTRODUCTION

Soil harbors a vast diversity of microbiota and fauna, therefore it has been
referred to as the ‘poor man's tropical rainforest’ (Giller, 1996). Microbial com-
munities in this diverse habitat play a fundamental role in several processes
including soil formation and microclimate regulation (van der Heijden et al.,
2008; Clemmensen et al., 2013). These processes are often mediated by soil
fauna (Lavelle et al., 2006; Crowther et al., 2015). Most soil animals interact
with microbes primarily through direct predator-prey interactions, which drives
microbial abundance and composition (Crowther et al., 2013). Simultaneously,
microbial parasites and biocontrol agents may also regulate faunal activity
(Siddiqui & Mahmood, 1996; Klironomos & Hart, 2001). Moreover, as soil
invertebrates are frequently in contact with fungal spores and bacteria, they may
further shape microbial communities by dispersing viable propagules.

Collembola (springtails) are probably the most abundant hexapods on Earth
that inhabit all continents, including Antarctica. They are particularly common
members of soil communities, where their densities may reach up to 60,000
specimens per m”> (Hopkin, 1997). These wingless hexapods are usually 0.2—
5 mm in length and classified as members of soil mesofauna. Approximately
8000 species of Collembola have been described, but geographical under-
sampling and increasing evidence from molecular studies suggests much higher
diversity (Emerson et al., 2011). The majority of springtails feed on fungi or
decaying plant material (Hopkin, 1997). Their interactions with fungi may alter
fungal communities, which result in changes in decomposition (Addison et al.,
2003), nutrient cycling (McGonigle, 1995) and plant growth (Seres et al., 2007;
Ngosong et al., 2014). Several studies have demonstrated, that besides active
feeding on microbes, Collembola alter the microbiota by ecto- and endo-
zoochory (Visser et al., 1987; Thimm et al., 1998; Dromph, 2003; Lilleskov &
Bruns, 2005; Seres ef al., 2007; Buse et al., 2014; Nakano et al., 2017).

A few grams of soil may potentially harbor hundreds of species of fungi,
invertebrates, protists and prokaryotes (Gans et al., 2005; Tedersoo et al.,
2016). Identification of these small soil organisms is hampered by the poor
resolution in microscopic morphological characters. The sequence-based mole-
cular identification tool, DNA barcoding, has enabled to overcome this short-
fall. DNA barcoding of selected genes has become a popular and cost-efficient
method that enables to assign taxonomic identity over all ontogenetic stages and
sexes of any organisms, improving precision in determining species richness
from local to global scales. Combined with high-throughput sequencing (HTS)
methods, DNA barcoding provides large amounts of inventory data that enables
to identify whole communities and record changes in biodiversity over space
and time. This so-called metabarcoding approach (Taberlet et al., 2012) is
commonly used to identify selected groups of micro- and macro-organisms
based on a single or several taxonomic markers in combination. Information
about the distribution of organisms is often used in environmental (Tedersoo et



al., 2014; Wilson et al., 2016) and paleoecological surveys (Epp et al., 2012;
Willerslev et al., 2014; Capo et al., 2016), monitoring diseases (Lohan et al.,
2016), species invasions (Cicconardi et al., 2017), forensics (Pechal et al.,
2014), etc.

Traditionally used DNA markers include the Cytochrome ¢ Oxidase subunit
I (COI), rRNA internal transcribed spacer (ITS) and rRNA 18S gene for animals,
fungi and protists, respectively (Hebert et al., 2003; Schoch et al., 2012; Paw-
lowski et al., 2016). Accordingly, soil animal and microbial communities are
typically studied separately using different markers and/or taxonomic group-
specific primers. Studying soil animals and microbes simultaneously would
improve our understanding about their relationships in food webs of ecosystems
and boost data acquisition in biodiversity research. However, finding suitable
high-coverage primers for particular environmental applications is one of the
major challenges of metabarcoding (Coissac et al., 2012). To detect several
eukaryotic groups from environmental samples by performing a single PCR
reaction, the 18S rRNA gene lacks species-level resolution in most eukaryote
groups (Bik et al., 2012; Tang et al., 2012), whereas the COI marker is not
entirely adoptable for environmental applications (Ficetola et al., 2010; Deagle
et al., 2014; Horton et al., 2017) due to the lack of highly conserved primers
sites. Similarly to COI, the ITS region, particularly ITS2 subregion has a high
differentiation success rate among a wide range of eukaryotes (Yao et al.,
2010). Especially mycologists have long used ITS region for low taxonomic
level phylogenetics, barcoding and metabarcoding approaches. The length of
the ITS2 marker is sufficiently short to allow amplification of slightly degraded
DNA (Yao et al., 2010) as the remains or traces of animals can be detected
(Coissac et al., 2012). Thus, use of the ITS markers would potentially enable to
identify a wide range of eukaryotes simultaneously from environmental samples.
For the first step, there is a need for validating the desirable barcoding region
and primers and compiling the appropriate reference database for metabarcoding.

The simultaneous study of soil faunal and microbial communities could be
also conducted by identifying the specific animal-associated microbes. Although
several studies have addressed the spatial structure of soil invertebrate-microbe
associations (e.g. Visser et al., 1987; Varga et al., 2002; Greif & Currah, 2007,
Buse et al., 2014), only a few have examined the temporal aspect of these
interactions. The habitat of soil faunal communities, in particular litter layer, is
exposed to fluctuating environmental variables such as temperature and
moisture, which affects the composition of microbial communities (Rousk &
Bééath, 2011). Thus, the structure of soil food webs is not fixed (Hassall et al.,
2006), especially across temporal scales. Seasonal fluctuations in the fungal
particle consumption by epigeic collembolans have been already noted by
Anderson & Healey (1972). Using stable isotope analysis, Potapov et al. (2014)
demonstrated the seasonal variation in collembolans’ diet. These studies,
however, have been performed within a single year, which disallows to
distinguish seasonality from random temporal change.



So far, the invertebrate-microbe association studies have been mostly
restricted to microscopic identification of spores or cultures or indirect proxies
such as stable isotopes. Visual analysis of small particles and propagules often
lacks sufficient resolution for accurate differentiation between fungal species,
whereas culture-based methods may underestimate the diversity as many
mutualistic and parasitic fungi are very difficult to culture or require specific
culturing techniques. Molecular approaches such as HTS enable to overcome
biases associated with paucity of morphological characters or unculturability.
This method has thus become increasingly popular for identification of animal
host-associated microbial communities (Clements et al., 2014; Poulsen et al.,
2014; Yun et al., 2014).

The development of high-throughput molecular identification methods has
greatly improved our understanding about microbial communities. However,
taking advantage of its benefits requires a bioinformatics expertise and careful
consideration of the bioinformatics workflow before the application (Majaneva
et al., 2015), especially when new methods, protocols or markers are used.
Although there are multiple pipelines for processing HTS data (e.g. Schloss ef
al., 2009; Caporaso et al., 2010; Edgar, 2010), most of these have been optimized
for the prokaryote 16S rRNA gene. Applying the tools that are developed for
processing metabarcoding data from prokaryotes is not straightforward for
eukaryote metabarcoding data, especially that of the ITS region (Gweon ef al.,
2015). Thus, the lack of bioinformatics expertise may pose a serious bottleneck
for metabarcoding studies, which outlines the necessity of appropriate bioinfor-
matics skills or user-friendly tools with graphical view and flexible bioinfor-
matics options.

Because the ITS2 marker has a great potential for simultaneous use in
metabarcoding surveys of multiple taxa, one of the aims of this thesis was to
evaluate its relative performance for barcoding one of the most abundant soil
faunal group — the Collembola (I). Furthermore, this thesis addresses the spatial
and temporal structure of Collembola-associated fungal communities as based
on culturing and HTS (IL, IV). To simplify the HTS analyses, one of the objec-
tives was compilation of a user-friendly and flexible program for bioinformatics
analysis of custom high-throughput amplicon sequencing data (III). In this
thesis, the following hypotheses were postulated:

1) the ITS2 marker provides sufficient resolution for species delimitation of

Collembola (I);

2) HTS outperforms culturing in recovering fungal taxonomic groups asso-

ciated with gut contents and body surfaces of Collembola (II);

3) fungal communities on the body surface of collembolans differ by season

(L IV);

4) the seasonal changes of richness and structure of the Collembola-associated

fungal communities are consistent across years (IV);

5) fungal communities in gut content samples of Collembola differ between

species due to dietary preferences (II, IV).



MATERIAL AND METHODS

Sampling sites and study design

For the Collembola barcoding study (I), we collected litter and soil samples
(~500 cm’) throughout the vegetation periods of 2012 and 2013 from different
sites in Estonia (Figure 1; specific locations are described in study I). Indi-
viduals of Collembola were extracted using a Tullgren funnel method and
stored in 96% ethanol for morphological and genetic analyses. Specimens were
morphologically identified according to Fjellberg (1998; 2007).
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Figure 1. Red dots denote sampling sites of Collembola in Estonia, study I.

The studies addressing the spatial and temporal structure of Collembola-
associated fungal communities (II, IV) were carried out in two circular 2500 m*
forested plots in Estonia (Ilmatsalu and Kardla, Tdhtvere Comm.). The
Ilmatsalu sampling site was comprised of only Norway spruce (Picea abies (L.)
H. Karst). The Kardla sampling site included ca. 5% of silver birch (Betula
pendula Roth) in addition to spruce. These studies included three epigeic
Collembola species — Entomobrya nivalis Linnaeus 1758, Orchesella flavescens
Bourlet 1839 and Pogonognathellus longicornis Tullberg 1871 — that are
abundant on the forest floor of mixed and coniferous forests in North Europe.
These species are considered as epigeic microorganism (and plant material)
consumers, but consume a lower proportion of organic detritus as compared to
endogeic species (Potapov et al., 2016). Specimens were collected throughout
the vegetation period from May to September in 2013-2015 (study II included
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year 2013, study IV included 2013-2015). At least four specimens (max. 9
specimens) of each Collembola species were collected during each sampling
period with a single-animal aspirator (Figure 2). The specimens were instantly
treated with chloroform to prevent their excretion of gut contents and prepared
for molecular (II, IV) and culturing (II) analysis on the day of collection. In
addition, study IV included 22 soil samples in order to characterize the local
fungal communities from both sampling sites during each collection period
(except June 2013). Soil samples were collected and processed following
Tedersoo et al. (2014).

Figure 2. Collection aspirator with Eppendorf tube for a single Collembola individual.
The inflow tube (transparent tube) was cleaned with ethanol (96%) after suction of each
specimen.

The bioinformatics platform, PipeCraft, with graphical user interface for
analyzing the HTS data was built using Gambas (3.8.4), Python (2.7) and bash
programming language on Ubuntu 14.04 (III). PipeCraft has been built on the
Docker container (www.docker.com) in which all the software and depend-
encies have already been installed and configured to process raw data produced
by Illumina, Ion Torrent, Roche 454 and Pacific Biosciences sequencing
platforms. It links a number of third-party applications (Table 1) in which the
users may choose the most suitable options for their specific needs. PipeCraft is
publicly available through PlutoF system (https://plutof.ut.ee/#/datacite/
10.15156%2FBI10%2F587450) without the need of creating user account.
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Table 1. List of third-party applications that are incorporated in PipeCraft, study III.

Analysis step Program Version Source
Create pbccs 2.0.2  github.com/PacificBiosciences/unanimity
circular
consensus
sequences bax2bam 0.08  github.com/PacificBiosciences/pitchfork
Assemble PANDAseq 2.10  Masella et al. (2012)
paired-end FLASH 1.2.11 Magoc & Salzberg (2011)
sequences vsearch 1.11.1 Rognes et al. (2016)
mothur 1.36.1  Schloss et al. (2009)
Quality
. OBltools 1.2.9 Boyeretal (2016)
filtering
vsearch 1.11.1 Rognes et al. (2016)
Demultip- OBItools 1.2.9 Boyeretal 2016
lexing mothur 1.36.1  Schloss et al. (2009)
Chimera
filtering vsearch 1.11.1 Rognes et al. (2016)
ITS extractor 1.0.11 Bengtsson-Palme et al. (2013)
G V-Xtractor 2.1 Hartmann et al. (2010)
n
exetrae ction Metaxa2 2.1 Bengtsson-Palme ef al. (2016)
mothur (cut
sequences) 1.36.1  Schloss et al. (2009)
CD-HIT 4.6 Fu et al. (2012)
vsearch 1.11.1  Rognes et al. (2016)
Clustering  swarm 2.1.8  Mahé et al. (2015)
mothur 1.36.1  Schloss et al. (2009)
usearch 8.1.1861 Edgar (2010)
Taxonomy BLAST+ 2.2.28+ Camacho et al. (2009)
assignment  mothur 1.36.1  Schloss et al. (2009)
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Molecular analysis

To test the relative performance of ITS2 subregion for identification purposes of
Collembola (I), the genomic DNA of collembolans was extracted in a lysis
buffer (0.8 M Tris-HCl, 0.2 M (NH4),SOy4, 0.2% w/v Tween-20; Solis BioDyne,
Tartu, Estonia) using a proteinase K method. Specimens were incubated
(100 ml of lysis buffer and 2.5 ml of proteinase K) at 56 °C for 24 h and at
98 °C for 15 min. To validate the usefulness of ITS marker for barcoding
Collembola, the study I included also COI and large subunit of rDNA (LSU)
markers, which have proven efficient to separate among certain species of
Collembola (Hogg & Hebert, 2004; Porco et al, 2012). Primers used for
amplification of ITS, COI and LSU regions are listed in Table 2. Detailed
descriptions of the PCR conditions and sequencing are given in study L.

The analysis of fungal communities associated with three epigeic Collem-
bola species were carried out separately for body surface and gut content (II,
IV). The body surface samples included the extracted appendages (legs, anten-
nae, body hairs or scales). For the analysis of gut contents, the same specimen
without appendages was surface sterilized with 1.5% sodium hypochlorite
(NaOCl) for 15 sec and subsequently rinsed in sterilized water for 1 min.
Surface sterilization of the body degraded most of the body hairs and scales and
thus minimized potential cross-contamination between the body surface and gut
content. Further, the head capsule was removed and gut content extracted. The
specimens were prepared in a biosafety cabinet with laminar flow. For culturing
purposes in study II, these samples were placed into 1.5 ml Eppendorf tubes
filled with 50 ml sterile water. Tubes were vortexed for 10 sec, followed by
pipetting the liquid onto Petri dishes with Modified Melin-Norkrans (MMN)
culture medium (Marx, 1969; 2% agar, 0.1% glucose, penicillin 200 mg/ml,
kanamycin 20 mg/ml) and dispersing it with a spatula. The Petri dishes were
stored at 20 °C for 30 days. For identification purposes, culturable fungi were
subjected to genomic DNA extraction in a lysis buffer using the proteinase K
method as described above. The ITS2 region was amplified using the primers
5.8SF and ITS4 (Table 2). For the direct molecular analysis in studies II and
IV, the appendages and gut contents of each Collembola specimen were
subjected to DNA extraction by use of Power-Soil*DNA Isolation Kit (MoBio,
Carlsbad, CA, USA) following manufacturer's instructions. The samples were
prepared as described above. The fungal ITS2 region was targeted using primers
gITS7 and ITS4ngs (Table 2), the latter being tagged with 10-11 base unique
identifiers (specified in study IV). Thermocycler conditions and sequencing are
described in study II.
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Table 2. Primers used in studies I, Il and IV. Reg. denotes amplification region.

Marker Primer  Sequence 5'-3' Reference Study
name
COI  LCO1490 GGTCAACAAATCATAAAGA Folmer et al. (1994) I
TATTGG
HCO02198 TAAACTTCAGGGTGACCAA Folmer et al. (1994) I
AAAATCA
ITS ITS5 GGAAGTAAAAGTCGTAACA White et al. (1990) I
AGG
ITS4 TCCTCCGCTTATTGATATGC White et al. (1990) L1l
5.8SF ATGCATCGATGAAGAACGC Martin & Rygiewicz I, 1I
(2005)
ITS7-Coll GTGAACTGCAGGACACATG Anslan & Tedersoo 1
(2015)
ITS4-Coll GCTTAAATTTAGCGGGTAATC ér(l)sllgl&TederSOO I
gITS7 GTGARTCATCGARTCTTTG  IThrmark ez al. (2012) 1L, IV
ITS4ngs TCCTSCGCTTATTGATATGC Tedersoo ef al. IL IV
(2014)
LSU CTB6 GCATATCAATAAGCGGAGG unite.ut.ee/primers.php I
TW13 GGTCCGTGTTTCAAGACG  T.J. White, I
unpublished
cr ACCCGCTGAATTTAAGCAT D’Haese (2002) I
C2 TGAACTCTCTCTTCAAAGTT D’Haese (2002) I
CTTTTC
C2’coll GAGACCGATAGCGAACAAG D’Haese (2002) I
TACCGTGA
D2coll  ACCACGCATGCWTTAGATTG D’Haese (2002) I

14



Data analysis

Quality check and manual trimming of sequences obtained from Collembola
specimens (I) and cultured fungi (II) were performed using Sequencher 5.1
(Gene Codes Corporation, Ann Arbor, USA). Bioinformatics for the HTS data
in study II and IV were performed using the early unpublished version of
PipeCraft and PipeCraft v1.0 software (III), respectively. The detailed options
are specified in papers II and IV. After the bioinformatics processing,
operational taxonomic units (OTUs) were separated based on 97% sequence
similarity threshold and these were further checked and filtered based on
BLASTn search values, positive and negative controls to remove putative
contaminants, non-fungal OTUs, potential artefacts and tag-switching errors
(Nguyen et al., 2015; Schnell et al., 2015). OTUs with 75, 80, 85, 90, 95 and
97% similarity were considered to represent phylum, class, order, family, genus
and species level, respectively (Tedersoo et al., 2014). Based on taxonomic
assignments, we parsed fungal OTUs into trophic guilds using FUNGuild
(Nguyen et al., 2016).

The Collembola DNA sequences in study I were aligned using MAFFT 7
(Katoh et al., 2002) and edited in Seaview 4.4.2 (Gouy et al., 2010). The ITS
sequences were trimmed to include only the ITS2 subregion without the
flanking genes by using the ITS2 database annotation tool (Keller et al., 2009).
LSU sequences were manually trimmed to include only the D1-D2 variable
domains. The sequences of COI were trimmed to 606 bp because of the poor
quality of 5’ and 3’ ends of some COI sequences. Intraspecific and interspecific
sequence divergence was calculated based on Levenshtein distance (raw
distance, equally weighing indels and substitutions) and Kimura two-parameter
distance (K2P) using usearch 7.0.1090 (Edgar, 2010) and MEGAG6 (Tamura et
al., 2013), respectively. Neighbor-Joining trees of COI, LSU and ITS2 were
conducted to illustrate clustering of Collembola species (conducted in
MEGADS®).

To minimize the effect of inconsistencies in sequencing depth across
samples in HTS studies, a subsampling procedure was performed to the depth of
1100 sequences using mothur (II; Schloss et al., 2009) or the number of
sequences (log-transformed) per sample was included in the analysis as a
covariate (IV). The differences in recovering fungal richness between HTS and
culturing was tested using Mann-Whitney U test (II). The effect of season
(fixed factor with levels May, June, August and September), year (fixed factor
with levels 2013, 2014, 2015), Collembola species (fixed factor with levels
E. nivalis, O. flavescens, P. longicornis) and site (random factor with levels
Ilmatsalu and Kardla) on log-transformed fungal OTU richness were tested
using factorial ANOVA (II) or ANCOVA (IV) followed by Tukey HSD tests.
To address the relative importance of these factors on fungal community
structure, PERMANOVA analysis (Anderson, 2005) was performed on Bray-
Curtis similarity matrix based on Hellinger transformed data. Because
PERMANOVA is sensitive to differences in multivariate dispersion among
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groups (Clarke & Gorley, 2006), PERMDISP was used to test whether there are
differences in the within-group multivariate dispersion among groups (IV). The
analyses were performed using PRIMERG6 software (Clarke & Gorley, 2006).
Additionally, Mantel tests were performed to determine whether the
dissimilarity of fungal community composition (FCC) was related to temporal
distance using R v.3.2.2 (IV; R-Core-Team, 2015). OTUs that occurred only
once across the dataset were excluded. Additionally, in study IV, for the
analysis of gut content samples, OTUs that occurred in less than 5% of the gut
samples were removed to account for potential environmental contamination in
detecting the diets by molecular means (de la Cadena et al., 2017). Outliers
were screened and removed based on non-metric multidimensional scaling
(NMDS). After removing non-significant terms with the smallest mean square,
only significant factors were included in the final model. Statistical significance
was considered at 0=0.05. Monte Carlo P levels (Pyc) were used in case of low
permutation levels (<100).
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RESULTS AND DISCUSSION

The Collembola barcoding study (I) included 33 species from 10 families. For
COlI, LSU and ITS2 markers, the study respectively included 162, 154 and 162
high-quality sequences (range: 2—13 specimens per species) to determine
barcoding gaps. The intraspecific variability of collembolan COI sequences was
in the range of 0-10.7% and the barcoding gap lied between 10.7 and 13.9%
(Levenshtein distance). As an exception, interspecific variability of Isotoma
viridis (Bourlet, 1839) and Isotoma riparia (Nicolet, 1842) remained in the
boundaries of intraspecific variability (10.1-10.7%). There was no intraspecific
variability in LSU sequences, whereas interspecific variability ranged from
0.7% to 28.7%. The intraspecific ITS2 sequence variability of Collembola
specimens was in the range of 0.0-3.7%. All ITS2 interspecific differences were
greater than 6% (6.4% to ca. 60%) and thus the barcoding gap ranged between
3.7 and 6.4% sequence dissimilarity for these Estonian specimens of selected
species. Thus, all tested markers proved to be useful for species identification
purposes. | anticipate, however, that a distinct gap may represent artefacts of
insufficient sampling across taxa and geographical scales (Bergsten et al.,
2012).

As the ITS2 marker has been used for metabarcoding studies for a long time
and it has a high species-level discrimination power across eukaryotes (Yao et
al., 2010), it could serve as a potential marker for targeting several eukaryotic
groups simultaneously from environmental samples. The study I revealed that
ITS2 marker is a viable alternative to COI and LSU for identification purposes
of Collembola species, thus we used its application in a metabarcoding study to
detect several eukaryotic groups from soil samples (Tedersoo et al., 2016). The
latter study utilized the information about the barcoding gap (dissimilarity
threshold, 6%) as established in study I. Compared with the 3% dissimilarity
threshold, the number of Collembola OTUs were reduced 3-fold and the
environmental effects in tree diversity experiments on Collembola richness and
composition became more strongly supported. Moreover, we found that soil
C/N ratio was the strongest predictor of taxonomic richness of Collembola
OTUs, with a positive effect (Tedersoo et al., 2016), indicating that Collembola
spp. tend to favor soils rich in humus and degraded litter. Globally, higher C/N
ratio corresponds to greater fungal biomass (Fierer et al., 2009). This suggests
that the higher resource (fungal abundance) availability may drive richness and
abundance of the predominately fungivorous Collembola (Wardle, 2002). These
trophic relationships outline the importance of studying soil animals and
microbes simultaneously to be able to learn more about their relationships in the
context of food chain and boost data acquisition in biodiversity research.

To further characterize Collembola-fungal associations, we studied fungal
communities associated with common epigeic Collembola species on the forest
floor (II, I'V). Collembolans’ appendages and gut samples were plated on solid
agar medium in Petri dishes, which resulted in successful fungal propagule

17



germination in 48 (32.0%) and 34 (22.7%) dishes (150 in total), respectively
(ID). Of the 84 total spore germination events, 46 fungal OTUs were detected
based on ITS2 sequence similarity threshold of 97%. In contrast to culturing,
the HTS data of Collembola appendages and gut samples detected 1277 fungal
OTUs (97% similarity threshold of ITS2 sequences). As expected, the HTS
method revealed much greater fungal richness compared with culturing (II).
However, the Collembola-associated fungal OTU accumulation curves exhibited
no signs of reaching an asymptote, indicating potentially much higher richness.
Consequently, our following study (IV) with more Collembola samples in two
extra years detected over 2800 Collembola-associated fungal OTUs. Both of
these HTS studies (II, IV) revealed that the largest part of the Collembola-
associated fungal OTUs was assigned to Ascomycota, followed by Basidio-
mycota. Amongst identifiable trophic groups, Collembola were mostly asso-
ciated with saprotrophic fungi, with a few taxa belonging to ectomycorrhizal
fungi, plant pathogens and entomopathogens.

Studies II and IV revealed that the richness and structure of fungal com-
munities associated with Collembola body surface exhibited weak seasonal
variation. However, these seasonal changes were largely unpredictable across
years due to some annual effects and a significant year x season interaction term
(IV). Top layers of the forest floor are exposed to environmental variables such
as temperature and moisture that fluctuate nocturnally and across seasons. Thus,
the uppermost soil layers exhibit highest temporal variability of fungal
communities (Vortiskova et al., 2014; Bahram et al., 2015). The studied epigeic
Collembola species dwell mostly in the litter layer, thus, these patterns suggest
that their fungal associations may represent the available mycota rather than
seasonality-driven preference per se. Besides the fungal community changes
arising from seasonal fluctuations, we found that Collembola-associated fungal
community composition and richness on body surface as well as in guts
exhibited annual changes (IV). Several studies have demonstrated that the
fungal community composition may exhibit annual turnovers (Izzo et al., 2005;
Hanackova et al., 2015; Matsuoka et al., 2016; Mundra et al., 2016). Investi-
gating the fungal succession in the litter of Picea abies over several years,
Hanackova et al. (2015) found that time was the most significant factor
affecting the structure of the fungal community, i.e. fungal community com-
position exhibited significant temporal distance decay of similarity. Accordingly,
the soil samples from the immediate environment of collected collembolans in
our study (IV) exhibited significant temporal distance decay of similarity, which
was also evident considering Collembola-associated fungal communities.
Although we cannot determine the underlying mechanisms, these successional
changes may reflect annual fluctuation of environmental conditions such as
moisture and temperature that may alter the competitive balance among soil
inhabiting fungal species (Rousk & Baath, 2011). The temporal distance decay
of collembolan-associated fungi probably reflects shifted feeding habits related
to the succession of the litter fungal community. These results emphasize the
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importance of considering temporal scales in determining the diets of soil
invertebrates that dwell in habitat with fluctuating resource availability.

Despite seemingly irregular foraging behavior, collembolans are reactive to
the quality of their environment and may exhibit specific preferences for food
sources (Varga et al., 2002; Jorgensen et al., 2003; Nakamori & Suzuki, 2005;
Men'ko et al., 2006; Rotheray et al., 2011; Chauvat et al., 2014). We found that
the soil samples from collembolans’ habitat were characterized by similar
proportion of saprotrophic and mycorrhizal fungi, whereas considerably more
saprotrophic than mycorrhizal fungi were detected from the gut samples (IV).
This suggests the collembolans’ preference for saprotrophs over mycorrhizal
fungi, which has been also proposed by Malmstrom & Persson (2011) and
Potapov & Tiunov (2016). However, we did not detect fungal dietary differences
among the studied Collembola species (II, IV). Collembolans are able to switch
their food sources (Chahartaghi ef al., 2005; Rotheray et al., 2009; Krab et al.,
2013) and generally benefit from mixed diet (Scheu & Folger, 2004). Moreover,
microbivorous soil animals live in close contact with their food resources and
simultaneous consumption of various microorganisms may be simply inevitable
(Scheu & Folger, 2004). Thus, diet specialization is often difficult to detect in
natural conditions of heterogeneous habitats with fluctuation of available
resources, especially among species that dwell in the same microhabitats, thus
sharing same resources. The inability to detect diet partitioning with our HTS
analysis does not exclude the possibility that they have species-specific impact
on the associating fungal communities (Tordoff et al., 2008; Fujii et al., 2016)
by promoting or suppressing certain taxa through dispersal and feeding.

Although collembolans use fungi as a main food source, their antagonistic
interactions may also provide certain benefits to the grazed fungi. In particular,
their trophic relationships may contribute to the dispersal of viable fungal
propagules by means of ecto- and endozoochory (Visser et al., 1987; Klironomos
& Moutoglis, 1999; Dromph, 2001; Seres et al., 2007; Nakano et al., 2017). The
culturing treatment in study II revealed that 32.0% of body surface and 22.7%
of gut content samples resulted in successful fungal propagule germination of
mostly saprotrophic taxa. The absence of collembolans may result in significant
reduction in litter colonization frequencies of saprobic fungi (Lussenhop, 1992),
suggesting the contribution of collembolans in dispersing propagues, thus pro-
moting fungal colonization. Because of their feeding preference, collembolans
seem to mainly associate with saprobic fungi (Malmstrom & Persson, 2011;
Potapov & Tiunov, 2016), yet our studies detected various mycorrhizal, espe-
cially ectomycorrhizal fungi on body surface and in guts of Collembola (II, IV).
Although fungal spores can be wind-dispersed over long distances (Horton,
2017), a high concentration of the ectomycorrhizal fungal spores falls within
near proximity of the fruit body (Li, 2005; Galante et al., 2011). The basidio-
spores of many ectomycorrhizal fungal species exhibit high degree of orna-
mentation, which could aid spore dispersal via attaching to arthropods
(Halbwachs et al., 2015). Therefore, vectors such as soil invertebrates may be
important for reaching into suitable microhabitats, where compatible host is
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available (Lilleskov & Bruns, 2005). Because Collembola lack external cavities
(mycangia) and internal sacs (sporothecae) to carry microbial propagules, their
role in dispersal on body surfaces can be regarded as passive. Nevertheless, the
role of these microarthropods in promoting or suppressing microbial coloni-
zation and diversity through assisted dispersal and feeding may have a great
importance for ecosystem processes through shaping the microbial communities
(Crowther et al., 2011), providing inoculum for decomposition (Visser ef al.,
1987; Wardle, 2006) and root colonization by mycorrhizal fungi (Klironomos &
Moutoglis, 1999; Lilleskov & Bruns, 2005; Seres et al., 2007).

The HTS data for studies II and IV were analyzed using PipeCraft platform,
which represents a wide compilation of open source bioinformatics software
and custom scripts, and analysis over a user-friendly graphical interface (III;
Figure 3). This platform, which converts data formats and links the analytical
procedures of several public tools enabled fast and efficient HTS data analysis.
In PipeCraft, users are able to customize the pipeline by selecting the most
suitable tools and options to process raw data from Illumina sequencing plat-
form as well as from lon Torrent and Roche 454 second-generation sequencing
platforms. The latest version includes scripts and routines to run both raw and
fastg-formatted output of the third-generation sequencing platform Pacific
Biosciences (PacBio). Because the software and all the dependencies are
compiled in a single downloadable image, users are free of struggle to set up
multiple tools for bioinformatics analyses. Using PipeCraft analysis pipeline,
our team recently published one of the first methodological studies about the
use of PacBio sequencing for identification of fungi and other eukaryotes based
on various rRNA genes and their combinations with fragment length of 250—
2500 bp (Tedersoo et al., 2017). As a scientific novelty, such long barcodes
enable combining variable and conserved regions of markers to provide both
accurate species delimitation and taxonomic placement of divergent sequences.
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Figure 3. Illustration of the graphical interface of PipeCraft.

20



CONCLUSIONS

The following main conclusions and working hypothesis can be inferred from
my thesis:

The ITS2 barcoding marker provides sufficient resolution for discriminating
among Collembola species (I); thus, ITS2 may serve as an alternative
barcode to COI and LSU markers to identify Collembola. The advantage of
this alternative barcode is its potential to be used in metabarcoding analyses
for identifying several eukaryotic groups to species level.

High-throughput sequencing (HTS) of collembolans’ appendages and guts
recovered considerably more fungal OTUs compared with the culturing
method (II). HTS data demonstrated that collembolans are associated with
much higher diversity of fungi than previously anticipated (1L, IV).

Fungal communities on the body surface and in guts of epigeic, litter layer
dweller collembolans exhibited seasonal (II, IV) and annual variation (IV).
However, the seasonal changes were unpredictable across years (IV).

We did not detect any fungal dietary differences among the studied epigeic
Collembola species, which suggests that they possess relatively opportunistic
feeding behavior (IL, IV).

With the use of our compiled high-throughput amplicon sequencing data
analysis platform, PipeCraft (III), the bioinformatics processes were
efficient and fast for the analysis of fungal ITS2 sequences in soil and
Collembola-associated samples.
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SUMMARY

Microbial and faunal communities are highly diverse in soils where they play
fundamental roles in several ecosystem processes. The identification of small
soil organisms has benefited from the development of molecular methods that
enable identification of single species to whole communities. However, the
members of soil communities (e.g. animals and microbes) are typically studied
separately due to different expertise, research interests and methods. Studying
soil animals and microbes simultaneously would improve our understanding
about their relationships in food webs of ecosystems and boost data acquisition
in biodiversity research. However, finding suitable high-coverage primers for
simultaneous identification various eukaryotes from environmental samples is
one of the major challenges of metabarcoding. The simultaneous study of soil
faunal and microbial communities has been conducted by identifying the
specific animal associated microbes. However, the majority of studies have
been mainly restricted to microscopy and culturing techniques, which have
biases associated with paucity of morphological characters or unculturability.
Moreover, we know little about the temporal aspects of soil faunal-microbial
associations since most of the studies have addressed only the spatial structure
of these associations. In this thesis, I examined the usefulness of the rDNA ITS2
subregion for identification purposes of Collembola, because of its potential for
simultaneous use in metabarcoding surveys of multiple taxa. Furthermore, this
thesis addresses the spatial and temporal structure of Collembola-associated
fungal communities as based on culturing and high-throughput sequencing
(HTS). To simplify the HTS data analyses, one of the objectives of this thesis
was the compilation of a user-friendly and flexible platform for bioinformatics
analysis of custom high-throughput amplicon sequencing data. In ecological
case studies, the following hypothesis were postulated: 1) the ITS2 marker
provides sufficient resolution for species delimitation of Collembola; 2) HTS
outperforms culturing in recovering fungal taxonomic groups associated with
gut content and body surface of Collembola; 3) fungal communities on the body
surface of collembolans differ by season; 4) the seasonal changes of richness
and structure of the Collembola-associated fungal communities are consistent
across years; 5) fungal communities in gut content samples of Collembola differ
between species due to dietary preferences.

The main results and conclusions are the following: 1) the ITS2 barcoding
marker provides sufficient resolution for discriminating among Collembola
species; 2) HTS outperformed the culturing method in terms of recovering
Collembola-associated fungal species, and it revealed that collembolans are
associated with much higher diversity of fungi than previously anticipated; 3)
the Collembola-associated fungal richness and community structure exhibited
significant variation in different temporal scales, which probably reflects the
succession of the litter fungal community; 4) diet specialization among the
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studied epigeic Collembola species was not evident, suggesting that these
arthropods possess relatively opportunistic feeding behavior; 5) the compiled
high-throughput amplicon sequencing data analysis platform enabled efficient
bioinformatics workflow for the analysis of fungal ITS2 amplicons in soil and
Collembola-associated samples.
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SUMMARY IN ESTONIAN

Hooghdnnaliste (Collembola) ja nendega seotud seeneliikide
molekulaarne madramine

Muld on mitmekesine elupaik, mis hdlmab suurt mikroobide ja loomade
liigirikkust. Rikkalik mullaelustik on olulisel kohal paljudes looduslikes prot-
sessides alates mulla kujundamisest ja lagundamisprotsessidest kuni mikro-
kliima reguleerimiseni. Molekulaarsete identifitseerimismeetodite areng on
kaasa aidanud mullaorganismide tuvastamisele, mis voimaldavad mééirata liike
nii indiviidi kui ka koosluste tasemel. Mullaloomade ja -mikroobide {iheaegne
uurimine voib vdimaldada paremini tundma Oppida loomade ja mikroobide
suhteid toiduahela kontekstis. See kiirendaks iihtlasi liigiandmete kogumist
elurikkuse uuringutes. Vaatamata sellele uuritakse mullaloomade ja -mikroo-
bide kooslusi tavaliselt eraldiseisvalt. Uheks peamiseks mullafauna ja mikroobide
samaaegse uurimise takistuseks on universaalsete praimerite puudumine, mis
oleksid voimelised amplifitseerima nii mikroobide kui ka mullaloomade DNA
piirkondi. Paljulubavaks DNA piirkonnaks selles osas on ribosomaalse DNA
sisemine transkribeeritav speisser ehk ITS 16ik. Looma- ja mikroobikoosluste
samaaegset uuringut voib teostada ka niiteks identifitseerides teatud loomadega
seotud mikroobiliike. Selliste uuringute puhul on mikroobikoosluste tuvasta-
miseks enamasti kasutatud mikroskopeerimist voi mikroobikultuuride kasvata-
mist. Sageli ei voimalda aga viimased meetodid morfoloogiliste tunnuste puu-
dumise voi kultuurides kasvatamise ebadnnestumise tottu mikroobiliikide ja
nende rohkuse tdpset tuvastamist. Kuna enamus vastavaid uurimustoid kesken-
dub vaid mikroobikoosluste ruumilise struktuuri kirjeldamisele, siis on véhe
andmeid selle kohta, kuidas muutuvad mullaloomade ja -mikroobide interakt-
sioonid ajas. Oma doktorit6ds uvurisin ITS2 rakendatavust hooghédnnaliste
(Collembola) midramisel, kuna vastava DNA 1diguga on potentsiaalselt voi-
malik mullaproovidest méérata samaaegselt mitmesugused eukariiootide riih-
mad liigi tasemele. Kuna hooghénnalised on tihedalt seotud seenekooslustega
(seened moodustavad olulise osa hooghénnaliste toidust), siis uurisin oma
doktorité0s ka hooghinnalistega seotud seenekoosluste ruumilist ja ajalist
struktuuri kasutades nii seente kultuurides kasvatamise kui ka mass-sekve-
neerimise (HTS) meetodit. Vastavate HTS andmete lihtsaks ja kiireks bioinfor-
maatiliste analiiliside teostamiseks oli vaja vilja to6tada mass-sekveneerimis-
andmete tootlemise todlaud. Doktoritoé peamised testitavad hiipoteesid olid
alljargnevad: 1) rDNA ITS2 15igul on piisav liikidevaheline varieeruvus voi-
maldades méérata hooghénnaliste liike; 2) mass-sekveneerimise meetodiga on
seeneliikide tuvastamine hooghénnaliste keha pinnalt ja mao sisust tdhusam
vorreldes traditsioonilise eluskultuuride meetodiga; 3) uuringus kasutatud hoog-
hinnaliste kehapinnalt tuvastatud seenekoosluste struktuur on mdjutatud
sesoonist; 4) hooghdnnalistega seotud seenekoosluste sesoonne soltuvus on
erinevate aastate vahel sarnane; 5) erinevate hooghinnaliste liigid eelistavad
toituda erinevatest seentest.
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Doktoritdd peamised tulemused ja jéreldused on jargmised: 1) ITS2 16ik
omab piisavat liikidevahelist erinevust, et eristada hooghénnaliste liike;
2) hooghénnalistega seotud seeneliikide tuvastamine on tdhusam mass-sekve-
neerimise meetodiga, mis t0i esile, et hooghdnnalised on seotud palju rohke-
mate seeneliikidega kui seni tuvastatud; 3) tulenevalt seenekoosluste suktses-
sioonist on hooghénnalistega seotud seenekoosluste struktuur ja liigirikkus
mojutatud nii sesoonist kui aastast; 4) t60s kasutatud hooghénnaliste liikide
vahel ei tuvastatud toitumiseelistusi seente osas; 5) koostatud HTS andmete
tootlemise programm voimaldas kiiret ja tdhusat DNA jérjestuste tootlust.

25



ACKNOWLEDGEMENTS

During my studies, especially when it started on collembolans, my mother has
reminded me several times how | was always more fascinated who crawls under
the loose bark of trees and in forest litter than picking chanterelles, while
mushrooming with my family. I am very grateful to my supervisor, Leho
Tedersoo, who has guided me throughout the university studies so far and
thanks to whom the childhood fascination observing the “hidden world” of
small animals has got a scientific output in combination with more interest in
“chanterelles” as well. I thank Mohammad Bahram who has been always open
to share his knowledge, especially introducing me to the bioinformatics, which
boosted my further development in that area. I thank Urmas Koljalg for the
overall support and the enthusiasm towards biodiversity informatics, which has
aided the management of biodiversity information. I am thankful to my
colleagues for all the assistance and support: Kessy Abarenkov, Rasmus
Puusepp, Ingrid Liiv, Sergei Pdlme, Indrek Hiiesalu, Eveli Otsing, Helery
Harend, Heidi Tamm, Jane Oja, Kadri P6ldmaa, Irma Zettur and many others! 1
thank Toomas Tammaru for the feedback and suggestions to improve the text of
this thesis. Special thanks to my family for the all-time encouragement and to
my dearest Kertu, who has accepted my long days at work and no summer
vacation during the preparation of this thesis.

Financial support was provided by Estonian Science Foundation grants (9286,

PUTO0171, PUTI317, PUTI1399, EMP265), 1UT20-30, MOBERC, ECOL-
CHANGE and FIBIR.

26



REFERENCES

Addison JA, Trofymow JA, Marshall VG. 2003. Functional role of Collembola in suc-
cessional coastal temperate forests on Vancouver Island, Canada. Applied Soil
Ecology 24(3): 247-261.

Anderson JM, Healey IN. 1972. Seasonal and inter-specific variation in major com-
ponents of the gut contents of some woodland Collembola. Journal Anim Ecol
41(2): 359-368.

Anderson MJ. 2005. Permutational multivariate analysis of variance. Department of
Statistics, University of Auckland, Auckland.

Anslan S, Tedersoo L. 2015. Performance of cytochrome c oxidase subunit I (COI),
ribosomal DNA Large Subunit (LSU) and Internal Transcribed Spacer 2 (ITS2) in
DNA barcoding of Collembola. European Journal of Soil Biology 69(0): 1-7.

Bahram M, Peay KG, Tedersoo L. 2015. Local-scale biogeography and spatiotemporal
variability in communities of mycorrhizal fungi. New Phytologist 205(4): 1454—
1463.

Bengtsson-Palme J, Ryberg M, Hartmann M, Branco S, Wang Z, Godhe A, De Wit P,
Sanchez-Garcia M, Ebersberger I, de Sousa F, et al. 2013. Improved software
detection and extraction of ITS1 and ITS2 from ribosomal ITS sequences of fungi
and other eukaryotes for analysis of environmental sequencing data. Methods in
Ecology and Evolution 4(10): 914-919.

Bengtsson-Palme J, Thorell K, Wurzbacher C, Sjoling A, Nilsson RH. 2016. Metaxa2
Diversity Tools: Easing microbial community analysis with Metaxa2. Ecological
Informatics 33: 45-50.

Bergsten J, Bilton DT, Fujisawa T, Elliott M, Monaghan MT, Balke M, Hendrich L,
Geijer J, Herrmann J, Foster GN, et al. 2012. The Effect of Geographical Scale of
Sampling on DNA Barcoding. Systematic Biology 61(5): 851-869.

Bik HM, Porazinska DL, Creer S, Caporaso JG, Knight R, Thomas WK. 2012. Se-
quencing our way towards understanding global eukaryotic biodiversity. Trends in
Ecology & Evolution 27(4): 233-243.

Boyer F, Mercier C, Bonin A, Le Bras Y, Taberlet P, Coissac E. 2016. OBITOOLS: a
UNIX-inspired software package for DNA metabarcoding. Molecular Ecology
Resources 16(1): 176—182.

Buse T, Ruess L, Filser J. 2014. Collembola gut passage shapes microbial communities
in faecal pellets but not viability of dietary algal cells. Chemoecology 24(2): 79-84.

Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K, Madden TL.
2009. BLAST+: architecture and applications. BMC Bioinformatics 10(1): 421.

Capo E, Debroas D, Arnaud F, Guillemot T, Bichet V, Millet L, Gauthier E, Massa C,
Develle AL, Pignol C. 2016. Long-term dynamics in microbial eukaryotes commu-
nities: a palaeolimnological view based on sedimentary DNA. Molecular Ecology
25(23): 5925-5943.

Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello EK, Fierer
N, Pefia AG, Goodrich JK, Gordon JI. 2010. QIIME allows analysis of high-
throughput community sequencing data. Nature Methods 7(5): 335-336.

Chahartaghi M, Langel R, Scheu S, Ruess L. 2005. Feeding guilds in Collembola based
on nitrogen stable isotope ratios. Soil Biology and Biochemistry 37(9): 1718-1725.

Chauvat M, Perez G, Ponge J-F. 2014. Foraging patterns of soil springtails are impacted
by food resources. Applied Soil Ecology 82: 72-77.

27



Cicconardi F, Borges PAV, Strasberg D, Oromi P, Lopez H, Pérez-Delgado AlJ,
Casquet J, Caujapé-Castells J, Fernandez-Palacios JM, Thébaud C, et al. 2017.
MtDNA metagenomics reveals large-scale invasion of belowground arthropod
communities by introduced species. Molecular Ecology: in press.

Clarke K, Gorley R. 2006. PRIMER V6: User manual/tutorial. Primer-E Ltd. Plymouth,
192pp.

Clements KD, Angert ER, Montgomery WL, Choat JH. 2014. Intestinal microbiota in
fishes: what’s known and what's not. Molecular Ecology 23(8): 1891-1898.

Clemmensen KE, Bahr A, Ovaskainen O, Dahlberg A, Ekblad A, Wallander H, Stenlid
J, Finlay RD, Wardle DA, Lindahl BD. 2013. Roots and Associated Fungi Drive
Long-Term Carbon Sequestration in Boreal Forest. Science 339(6127): 1615-1618.

Coissac E, Riaz T, Puillandre N. 2012. Bioinformatic challenges for DNA meta-
barcoding of plants and animals. Molecular Ecology 21(8): 1834-1847.

Crowther TW, Boddy L, Jones TH. 2011. Outcomes of fungal interactions are determined
by soil invertebrate grazers. Ecology Letters 14(11): 1134-1142.

Crowther TW, Stanton DWG, Thomas SM, A'Bear AD, Hiscox J, Jones TH, Voriskova
J, Baldrian P, Boddy L. 2013. Top-down control of soil fungal community com-
position by a globally distributed keystone consumer. Ecology 94(11): 2518-2528.

Crowther TW, Thomas SM, Maynard DS, Baldrian P, Covey K, Frey SD, van Diepen
LTA, Bradford MA. 2015. Biotic interactions mediate soil microbial feedbacks to
climate change. Proceedings of the National Academy of Sciences 112(22): 7033—
7038.

D’Haese CA. 2002. Were the first springtails semi-aquatic? A phylogenetic approach by
means of 28S rDNA and optimization alignment. Proceedings of the Royal Society
B-Biological Sciences 269(1496): 1143—1151.

de la Cadena G, Papadopoulou A, Maes JM, Gomez-Zurita J. 2017. Evaluation of bias
on the assessment of diet breadth of herbivorous insects using molecular methods.
Insect Science 24(2): 194-209.

Deagle BE, Jarman SN, Coissac E, Pompanon F, Taberlet P. 2014. DNA metabarcoding
and the cytochrome c oxidase subunit I marker: not a perfect match. Biology Letters
10(9): 20140562.

Dromph KM. 2001. Dispersal of entomopathogenic fungi by collembolans. Soi! Biology
and Biochemistry 33(15): 2047-2051.

Dromph KM. 2003. Collembolans as vectors of entomopathogenic fungi. Pedobiologia
47(3): 245-256.

Edgar RC. 2010. Search and clustering orders of magnitude faster than BLAST. Bio-
informatics 26(19): 2460-2461.

Emerson BC, Cicconardi F, Fanciulli PP, Shaw PJA. 2011. Phylogeny, phylogeography,
phylobetadiversity and the molecular analysis of biological communities. Royal
Society Philosophical Transactions Biological Sciences 366(1576): 2391-2402.

Epp LS, Boessenkool S, Bellemain EP, Haile J, Esposito A, Riaz T, Erseus C, Gusarov
VI, Edwards ME, Johnsen A, et al. 2012. New environmental metabarcodes for
analysing soil DNA: potential for studying past and present ecosystems. Molecular
Ecology 21(8): 1821-1833.

Ficetola GF, Coissac E, Zundel S, Riaz T, Shehzad W, Bessiere J, Taberlet P, Pom-
panon F. 2010. An In silico approach for the evaluation of DNA barcodes. BMC
Genomics 11(1): 434.

Fierer N, Strickland MS, Liptzin D, Bradford MA, Cleveland CC. 2009. Global patterns
in belowground communities. Ecology Letters 12(11): 1238-1249.

28



Fjellberg A. 1998. The Collembola of Fennoscandia and Denmark. Part 1: Poduro-
morpha. Fauna Entomologica Scandinavica 35: 1-183.

Fjellberg A. 2007. The Collembola of Fennoscandia and Denmark. Part II: Ento-
mobryomorpha and Symphypleona. Fauna Entomologica Scandinavica 42: i—vi, 1—-
264.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. DNA primers for ampli-
fication of mitochondrial cytochrome ¢ oxidase subunit I from diverse metazoan
invertebrates. Molecular Marine Biology and Biotechnology 3(5): 294-299.

Fu L, Niu B, Zhu Z, Wu S, Li W. 2012. CD-HIT: accelerated for clustering the next-
generation sequencing data. Bioinformatics 28(23): 3150-3152.

Fujii S, Mori AS, Kominami Y, Tawa Y, Inagaki Y, Takanashi S, Takeda H. 2016. Dif-
ferential utilization of root-derived carbon among collembolan species. Pedo-
biologia 59(4): 225-227.

Galante TE, Horton TR, Swaney DP. 2011. 95% of basidiospores fall within 1 m of the
cap: a field-and modeling-based study. Mycologia 103(6): 1175-1183.

Gans J, Wolinsky M, Dunbar J. 2005. Computational improvements reveal great bac-
terial diversity and high metal toxicity in soil. Science 309(5739): 1387—-1390.

Giller PS. 1996. The diversity of soil communities, the ‘poor man’s tropical rainforest'.
Biodiversity and Conservation 5(2): 135-168.

Gouy M, Guindon S, Gascuel O. 2010. SeaView Version 4: A Multiplatform Graphical
User Interface for Sequence Alignment and Phylogenetic Tree Building. Molecular
Biology and Evolution 27(2): 221-224.

Greif MD, Currah RS. 2007. Patterns in the occurrence of saprophytic fungi carried by
arthropods caught in traps baited with rotted wood and dung. Mycologia 99(1): 7—
19.

Gweon HS, Oliver A, Taylor J, Booth T, Gibbs M, Read DS, Griffiths RI, Schonrogge K.
2015. PIPITS: an automated pipeline for analyses of fungal internal transcribed
spacer sequences from the Illumina sequencing platform. Methods in Ecology and
Evolution 6(8): 973-980.

Halbwachs H, Brandl R, Bissler C. 2015. Spore wall traits of ectomycorrhizal and
saprotrophic agarics may mirror their distinct lifestyles. Fungal Ecology 17: 197—
204.

Hanackova Z, Koukol O, Stursova M, Kolatik M, Baldrian P. 2015. Fungal succession
in the needle litter of a montane Picea abies forest investigated through strain
isolation and molecular fingerprinting. Fungal Ecology 13: 157-166.

Hartmann M, Howes CG, Abarenkov K, Mohn WW, Nilsson RH. 2010. V-Xtractor: An
open-source, high-throughput software tool to identify and extract hypervariable
regions of small subunit (16 S/18 S) ribosomal RNA gene sequences. Journal of
Microbiological Methods 83(2): 250-253.

Hassall M, Adl S, Berg M, Griffiths B, Scheu S. 2006. Soil fauna—microbe interactions:
towards a conceptual framework for research. European Journal of Soil Biology 42:
S54-S60.

Hebert PDN, Ratnasingham S, deWaard JR. 2003. Barcoding animal life: cytochrome ¢
oxidase subunit 1 divergences among closely related species. Proceedings of the
Royal Society B-Biological Sciences 270: S96—S99.

Hogg ID, Hebert PDN. 2004. Biological identification of springtails (Hexapoda: Col-
lembola) from the Canadian Arctic, using mitochondrial DNA barcodes. Canadian
Journal of Zoology-Revue Canadienne De Zoologie 82(5): 749-754.

29



Hopkin SP. 1997. Biology of the springtails (Insecta: Collembola): Oxford University
Press.

Horton DJ, Kershner MW, Blackwood CB. 2017. Suitability of PCR primers for charac-
terizing invertebrate communities from soil and leaf litter targeting metazoan 18S
ribosomal or cytochrome oxidase I (COI) genes. European Journal of Soil Biology
80: 43-48.

Horton TR 2017. Spore Dispersal in Ectomycorrhizal Fungi at Fine and Regional
Scales. Biogeography of Mycorrhizal Symbiosis: Springer, 61-78.

Ihrmark K, Bodeker ITM, Cruz-Martinez K, Friberg H, Kubartova A, Schenck J, Strid
Y, Stenlid J, Brandstrom-Durling M, Clemmensen KE, et al. 2012. New primers to
amplify the fungal ITS2 region — evaluation by 454-sequencing of artificial and
natural communities. FEMS Microbiology Ecology 82(3): 666—677.

1zzo A, Agbowo J, Bruns TD. 2005. Detection of plot-level changes in ectomycorrhizal
communities across years in an old-growth mixed-conifer forest. New Phytologist
166(2): 619-630.

Jorgensen HB, Elmholt S, Petersen H. 2003. Collembolan dietary specialisation on soil
grown fungi. Biology and Fertility of Soils 39(1): 9-15.

Katoh K, Misawa K, Kuma K, Miyata T. 2002. MAFFT: a novel method for rapid
multiple sequence alignment based on fast Fourier transform. Nucleic Acids
Research 30(14): 3059-3066.

Keller A, Schleicher T, Schultz J, Mueller T, Dandekar T, Wolf M. 2009. 5.8S-28S
rRNA interaction and HMM-based ITS2 annotation. Gene 430(1): 50-57.

Klironomos JN, Hart MM. 2001. Food-web dynamics — Animal nitrogen swap for plant
carbon. Nature 410(6829): 651-652.

Klironomos JN, Moutoglis P. 1999. Colonization of nonmycorrhizal plants by mycorrhi-
zal neighbours as influenced by the collembolan, Folsomia candida. Biology and
Fertility of Soils 29(3): 277-281.

Krab EJ, Berg MP, Aerts R, van Logtestijn RSP, Cornelissen JHC. 2013. Vascular plant
litter input in subarctic peat bogs changes Collembola diets and decomposition
patterns. Soil Biology and Biochemistry 63: 106—115.

Lavelle P, Decaéns T, Aubert M, Barot S, Blouin M, Bureau F, Margerie P, Mora P,
Rossi JP. 2006. Soil invertebrates and ecosystem services. European Journal of Soil
Biology 42: S3-S15.

Li D-W. 2005. Release and dispersal of basidiospores from Amanita muscaria var. alba
and their infiltration into a residence. Mycological Research 109(11): 1235-1242.
Lilleskov EA, Bruns TD. 2005. Spore dispersal of a resupinate ectomycorrhizal fungus,

Tomentella sublilacina, via soil food webs. Mycologia 97(4): 762—769.

Lohan KMP, Fleischer RC, Carney KJ, Holzer KK, Ruiz GM. 2016. Amplicon-Based
Pyrosequencing Reveals High Diversity of Protistan Parasites in Ships' Ballast
Water: Implications for Biogeography and Infectious Diseases. Microbial Ecology
71(3): 530-542.

Lussenhop J. 1992. Mechanisms of Microarthropod Microbial Interactions in Soil.
Advances in Ecological Research 23: 1-33.

Magoc T, Salzberg SL. 2011. FLASH: fast length adjustment of short reads to improve
genome assemblies. Bioinformatics 27(21): 2957-2963.

Mahé F, Rognes T, Quince C, De Vargas C, Dunthorn M. 2015. Swarm v2: highly-sca-
lable and high-resolution amplicon clustering. PeerJ 3: e1420.

30



Majaneva M, Hyytidinen K, Varvio SL, Nagai S, Blomster J. 2015. Bioinformatic
amplicon read processing strategies strongly affect eukaryotic diversity and the
taxonomic composition of communities. PLoS ONE 10(6): e0130035.

Malmstrom A, Persson T. 2011. Responses of Collembola and Protura to tree girdling —
some support for ectomycorrhizal feeding. Soil Organisms 83(2): 279-285.

Martin KJ, Rygiewicz PT. 2005. Fungal-specific PCR primers developed for analysis of
the ITS region of environmental DNA extracts. BMC Microbiology 5(1): 28.

Marx DH. 1969. The influence of ectotrophic mycorrhizal fungi on the resistance of
pine roots to pathogenic infections. II. Production, identification, and biological acti-
vity of antibiotics produced by Leucopaxillus cerealis var. piceina. Phytopathology
59(4): 411-417.

Masella AP, Bartram AK, Truszkowski JM, Brown DG, Neufeld JD. 2012. PANDAseq:
paired-end assembler for illumina sequences. BMC Bioinformatics 13(1): 31.

Matsuoka S, Kawaguchi E, Osono T. 2016. Temporal distance decay of similarity of
ectomycorrhizal fungal community composition in a subtropical evergreen forest in
Japan. FEMS Microbiology Ecology 92(5): fiw061.

McGonigle TP. 1995. The significance of grazing on fungi in nutrient cycling. Cana-
dian Journal of Botany 73(S1): 1370-1376.

Men’ko EV, Chernov 1Y, Byzov BA. 2006. Interrelationships between yeast fungi and
collembolans in soil. Microbiology 75(6): 708-715.

Mundra S, Halvorsen R, Kauserud H, Bahram M, Tedersoo L, Elberling B, Cooper EJ,
Eidesen PB. 2016. Ectomycorrhizal and saprotrophic fungi respond differently to
long-term experimentally increased snow depth in the High Arctic. Microbio-
logyOpen 5(5): 856—869.

Nakamori T, Suzuki A. 2005. Preference of three collembolan species for fruit-bodies
of three species of basidiomycete fungi. Pedobiologia 49(2): 119-125.

Nakano M, Ochiai A, Kamata K, Nakamori T. 2017. The preference of Morulina alata
(Collembola: Neanuridae) feeding on some fungal sporocarps and the effects of
passage through the gut on spores. European Journal of Soil Biology: in press.

Ngosong C, Gabriel E, Ruess L. 2014. Collembola grazing on arbuscular mycorrhiza
fungi modulates nutrient allocation in plants. Pedobiologia 57(3): 171-179.

Nguyen NH, Smith D, Peay K, Kennedy P. 2015. Parsing ecological signal from noise
in next generation amplicon sequencing. New Phytologist 205(4): 1389-1393.

Nguyen NH, Song Z, Bates ST, Branco S, Tedersoo L, Menke J, Schilling JS, Kennedy
PG. 2016. FUNGuild: An open annotation tool for parsing fungal community data-
sets by ecological guild. Fungal Ecology 20: 241-248.

Pawlowski J, Lejzerowicz F, Apotheloz-Perret-Gentil L, Visco J, Esling P. 2016. Protist
metabarcoding and environmental biomonitoring: time for change. European
Journal of Protistology 55: 12-25.

Pechal JL, Crippen TL, Benbow ME, Tarone AM, Dowd S, Tomberlin JK. 2014. The
potential use of bacterial community succession in forensics as described by high
throughput metagenomic sequencing. International Journal of Legal Medicine
128(1): 193-205.

Porco D, Potapov M, Bedos A, Busmachiu G, Weiner WM, Hamra-Kroua S, Dehar-
veng L. 2012. Cryptic Diversity in the Ubiquist Species Parisotoma notabilis
(Collembola, Isotomidae): A Long-Used Chimeric Species? PLoS ONE 7(9):
€46056.

31



Potapov AA, Semenina EE, Korotkevich AY, Kuznetsova NA, Tiunov AV. 2016.
Connecting taxonomy and ecology: Trophic niches of collembolans as related to
taxonomic identity and life forms. Soil Biology and Biochemistry 101: 20-31.

Potapov AM, Semenyuk II, Tiunov AV. 2014. Seasonal and age-related changes in the
stable isotope composition (N-15/N-14 and C-13/C-12) of millipedes and collem-
bolans in a temperate forest soil. Pedobiologia 57(4—6): 215-222.

Potapov AM, Tiunov AV. 2016. Stable isotope composition of mycophagous collem-
bolans versus mycotrophic plants: Do soil invertebrates feed on mycorrhizal fungi?
Soil Biology and Biochemistry 93: 115-118.

Poulsen M, Hu H, Li C, Chen Z, Xu L, Otani S, Nygaard S, Nobre T, Klaubauf S,
Schindler PM, et al. 2014. Complementary symbiont contributions to plant
decomposition in a fungus-farming termite. Proceedings of the National Academy of
Sciences of the United States of America 111(40): 14500-14505.

R-Core-Team. 2015. R Foundation for Statistical Computing; 2015. R: 4 language and
environment for statistical computing.

Rognes T, Flouri T, Nichols B, Quince C, Mahé F. 2016. VSEARCH: a versatile open
source tool for metagenomics. PeerJ 4: e2584.

Rotheray TD, Boddy L, Jones TH. 2009. Collembola foraging responses to interacting
fungi. Ecological Entomology 34(1): 125-132.

Rotheray TD, Chancellor M, Jones TH, Boddy L. 2011. Grazing by collembola affects
the outcome of interspecific mycelial interactions of cord-forming basidiomycetes.
Fungal Ecology 4(1): 42-55.

Rousk J, Baath E. 2011. Growth of saprotrophic fungi and bacteria in soil. FEMS
Microbiology Ecology 78(1): 17-30.

Scheu S, Folger M. 2004. Single and mixed diets in Collembola: effects on reproduction
and stable isotope fractionation. Functional Ecology 18(1): 94-102.

Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, Lesniewski
RA, Oakley BB, Parks DH, Robinson CJ, et al. 2009. Introducing mothur: Open-
Source, Platform-Independent, Community-Supported Software for Describing and
Comparing Microbial Communities. Applied and Environmental Microbiology
75(23): 7537-7541.

Schnell 1B, Bohmann K, Gilbert MTP. 2015. Tag jumps illuminated — reducing
sequence-to-sample misidentifications in metabarcoding studies. Molecular Ecology
Resources 15(6): 1289—1303.

Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, Chen W,
Bolchacova E, Voigt K, Crous PW, et al. 2012. Nuclear ribosomal internal transcribed
spacer (ITS) region as a universal DNA barcode marker for Fungi. Proceedings of the
National Academy of Sciences of the United States of America 109(16): 6241-6246.

Seres A, Bakonyi G, Posta K. 2007. Collembola (Insecta) disperse the arbuscular
mycorrhizal fungi in the soil: Pot experiment. Polish Journal of Ecology 55(2): 395—
399.

Siddiqui ZA, Mahmood I. 1996. Biological control of plant parasitic nematodes by
fungi: A review. Bioresource Technology 58(3): 229-239.

Taberlet P, Coissac E, Pompanon F, Brochmann C, Willerslev E. 2012. Towards next-
generation biodiversity assessment using DNA metabarcoding. Molecular Ecology
21(8): 2045-2050.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGAG6: Molecular
Evolutionary Genetics Analysis Version 6.0. Molecular Biology and Evolution
30(12): 2725-2729.

32



Tang CQ, Leasi F, Obertegger U, Kiencke A, Barraclough TG, Fontaneto D. 2012. The
widely used small subunit 18S rDNA molecule greatly underestimates true diversity
in biodiversity surveys of the meiofauna. Proceedings of the National Academy of
Sciences of the United States of America 109(40): 16208-16212.

Tedersoo L, Bahram M, Cajthaml T, Polme S, Hiiesalu I, Anslan S, Harend H, Buegger
F, Pritsch K, Koricheva J, et al. 2016. Tree diversity and species identity effects on
soil fungi, protists and animals are context dependent. Isme Journal 10(2): 346-362.

Tedersoo L, Bahram M, Polme S, Koljalg U, Yorou NS, Wijesundera R, Ruiz LV,
Vasco-Palacios AM, Thu PQ, Suija A, et al. 2014. Global diversity and geography
of soil fungi. Science 346(6213): 1078—+.

Tedersoo L, Tooming-Klunderud A, Anslan S. 2017. PacBio metabarcoding of Fungi
and other eukaryotes: errors, biases and perspectives. New Phytologist: in press.

Thimm T, Hoffmann A, Borkott H, Munch JC, Tebbe CC. 1998. The gut of the soil
microarthropod Folsomia candida (Collembola) is a frequently changeable but
selective habitat and a vector for microorganisms. Applied and Environmental
Microbiology 64(7): 2660-2669.

Tordoff GM, Boddy L, Jones TH. 2008. Species-specific impacts of collembola grazing
on fungal foraging ecology. Soil Biology and Biochemistry 40(2): 434—442.

van der Heijden MGA, Bardgett RD, van Straalen NM. 2008. The unseen majority: soil
microbes as drivers of plant diversity and productivity in terrestrial ecosystems.
Ecology Letters 11(3): 296-310.

Wardle DA. 2002. Communities and ecosystems. Linking the aboveground and below-
ground components. Monographs in Population Biology 34: i—vii, 1-392.

Wardle DA. 2006. The influence of biotic interactions on soil biodiversity. Ecology
Letters 9(7): 870-886.

Varga J, Naar Z, Dobolyi C. 2002. Selective feeding of collembolan species Tomocerus
longicornis (Mull.) and Orchesella cincta (L.) on moss inhabiting fungi. Pedo-
biologia 46(6): 526-538.

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct sequencing of fun-
gal ribosomal RNA genes for phylogenetics. PCR protocols: a guide to methods and
applications 18: 315-322.

Willerslev E, Davison J, Moora M, Zobel M, Coissac E, Edwards ME, Lorenzen ED,
Vestergard M, Gussarova G, Haile J. 2014. Fifty thousand years of Arctic vegetation
and megafaunal diet. Nature 506(7486): 47.

Wilson JJ, Sing KW, Lee PS, Wee AKS. 2016. Application of DNA barcodes in
wildlife conservation in Tropical East Asia. Conservation Biology 30(5): 982-989.

Visser S, Parkinson D, Hassall M. 1987. Fungi associated with Onychiurus subtenuis
(Collembola) in an aspen woodland. Canadian Journal of Botany-Revue Cana-
dienne De Botanique 65(4): 635—642.

Votiskova J, Brabcova V, Cajthaml T, Baldrian P. 2014. Seasonal dynamics of fungal
communities in a temperate oak forest soil. New Phytologist 201(1): 269-278.

Yao H, Song J, Liu C, Luo K, Han J, Li Y, Pang X, Xu H, Zhu Y, Xiao P, et al. 2010.
Use of ITS2 Region as the Universal DNA Barcode for Plants and Animals. PLoS
ONE 5(10): e13102.

Yun J-H, Roh SW, Whon TW, Jung M-J, Kim M-S, Park D-S, Yoon C, Nam Y-D, Kim
Y-J, Choi J-H. 2014. Insect gut bacterial diversity determined by environmental
habitat, diet, developmental stage, and phylogeny of host. Applied and Environ-
mental Microbiology 80(17): 5254-5264.

33






PUBLICATIONS



CURRICULUM VITAE

Name: Sten Anslan

Date of Birth: 25.03.1987

Citizenship:  Estonian

Address: Institute of Ecology and Earth Sciences, 14a Ravila St, 50411,
Tartu, Estonia

Phone: +372 5837 2084
E-mail: sten.anslan@gmail.com
Education:

1994-2006 Viike-Maarja Gymnasium
20062011 University of Tartu, B.Sc. student, Ecology and Biodiversity

Conservation
20112013 University of Tartu, M.Sc. student, Botany and Mycology
2013 - University of Tartu, Ph.D. student

Publications:

Tedersoo L, Bahram M, Pdlme S, Koljalg U, Yorou NS, Wijesundera R, Ruiz
LV, Vasco-Palacios AM, Thu PQ, Suija A, Smith ME, Sharp C, Saluveer E,
Saitta A, Rosas M, Riit T, Ratkowsky D, Pritsch K, P6ldmaa K, Piepenbring
M, Phosri C, Peterson M, Parts K, Pértel K, Otsing E, Nouhra E, Njouonkou
AL, Nilsson RH, Morgado LN, Mayor J, May TW, Majuakim L, Lodge DJ,
Lee SS, Larsson KH, Kohout P, Hosaka K, Hiiesalu I, Henkel TW, Harend
H, Guo LD, Greslebin A, Grelet G, Geml J, Gates G, Dunstan W, Dunk C,
Drenkhan R, Dearnaley J, De Kesel A, Dang T, Chen X, Buegger F,
Brearley FQ, Bonito G, Anslan S, Abell S, Abarenkov K. 2014. Global
diversity and geography of soil fungi. Science 346: 1078—+.

Tedersoo L, Anslan S, Bahram M, P6lme S, Riit T, Liiv I, Kdljalg U, Kisand V,
Nilsson H, Hildebrand F, Bork P, Abarenkov K. 2015. Shotgun meta-
genomes and multiple primer pair-barcode combinations of amplicons reveal
biases in metabarcoding analyses of fungi. MycoKeys 10: 1-43.

Tedersoo L, Bahram M, Polme S, Anslan S, Riit T, Koljalg U, Nilsson RH,
Hildebrand F, Abarenkov K. 2015. Response to Comment on “Global
diversity and geography of soil fungi”. Science 349: 936-936.

Anslan S and Tedersoo L. 2015. Performance of cytochrome c oxidase subunit
I (COI), ribosomal DNA Large Subunit (LSU) and Internal Transcribed
Spacer 2 (ITS2) in DNA barcoding of Collembola. European Journal of Soil
Biology 69: 1-17.

Tedersoo L, Bahram M, Cajthaml T, Polme S, Hiiesalu I, Anslan S, Harend H,
Buegger F, Pritsch K, Koricheva J, Abarenkov K. 2016. Tree diversity and
species identity effects on soil fungi, protists and animals are context
dependent. ISME Journal 10: 346-362.

105



Bahram M, Kohout P, Anslan S, Harend H, Abarenkov K, Tedersoo L. 2016.
Stochastic distribution of small soil eukaryotes resulting from high dispersal
and drift in a local environment. ISME Journal 10: 885-896.

Tedersoo L, Liiv I, Kivistik PA, Anslan S, Koljalg U, Bahram M. 2016. Geno-
mics and metagenomics technologies to recover ribosomal DNA and single-
copy genes from old fruit-body and ectomycorrhiza specimens. Mycokeys
13: 1-20.

Anslan S, Bahram M, Tedersoo L. 2016. Temporal changes in fungal commu-
nities associated with guts and appendages of Collembola as based on cul-
turing and high-throughput sequencing. Soil Biology and Biochemistry 96:
152-159.

Riit T, Tedersoo L, Drenkhan R, Runno-Paurson E, Kokko H, Anslan S. 2016.
Oomycete-specific ITS primers for identification and metabarcoding.
Mycokeys, 14: 17-30.

Corrales A, Turner BL, Tedersoo L, Anslan S, Dalling JW. 2017. Nitrogen
addition alters ectomycorrhizal fungal communities and soil enzyme acti-
vities in a tropical montane forest. Fungal Ecology 27: 14-23.

Anslan S, Bahram M, Hiiesalu I, Tedersoo L. 2017. PipeCraft: flexible open-
source toolkit for bioinformatics analysis of custom high-throughput
amplicon sequencing data. Molecular Ecology Resources, in press.

He J, Tedersoo L, Hu A, Han C, He D, Wei H, Jiao M, Anslan S, Nie Y, Jia Y.
2017. Greater diversity of soil fungal communities and distinguishable
seasonal variation in temperate deciduous forests compared with subtropical
evergreen forests of eastern China. FEMS Microbiology Ecology, in press.

Tedersoo L, Tooming-Klunderud A, Anslan S. 2017. PacBio metabarcoding of
Fungi and other eukaryotes: errors, biases and perspectives. New Phyto-
logist, in press.

106



ELULOOKIRJELDUS

Nimi: Sten Anslan
Siinniaeg: 25.03.1987
Kodakondsus: Eesti

Aadress: Okoloogia ja Maateaduste Instituut, 14a Ravila St, 50411,
Tartu, Eesti

Telefon: +372 5837 2084

E-mail: sten.anslan@gmail.com

Hariduskaik:

1994-2006 Viike-Maarja Glimnaasium

20062011 Tartu Ulikool, B.Sc, dkoloogia ja elustiku kaitse

2011-2013 Tartu Ulikool, M.Sc, bioloogia

2013 — Botaanika osakond, Okoloogia ja Maateaduste Instituut, Tartu
Ulikool, doktorant

Publikatsioonid:

Tedersoo L, Bahram M, Pdlme S, Koljalg U, Yorou NS, Wijesundera R, Ruiz
LV, Vasco-Palacios AM, Thu PQ, Suija A, Smith ME, Sharp C, Saluveer E,
Saitta A, Rosas M, Riit T, Ratkowsky D, Pritsch K, Pdldmaa K, Piepenbring
M, Phosri C, Peterson M, Parts K, Pértel K, Otsing E, Nouhra E, Njouonkou
AL, Nilsson RH, Morgado LN, Mayor J, May TW, Majuakim L, Lodge DJ,
Lee SS, Larsson KH, Kohout P, Hosaka K, Hiiesalu I, Henkel TW, Harend
H, Guo LD, Greslebin A, Grelet G, Geml J, Gates G, Dunstan W, Dunk C,
Drenkhan R, Dearnaley J, De Kesel A, Dang T, Chen X, Buegger F,
Brearley FQ, Bonito G, Anslan S, Abell S, Abarenkov K. 2014. Global
diversity and geography of soil fungi. Science 346: 1078—+.

Tedersoo L, Anslan S, Bahram M, P6lme S, Riit T, Liiv I, Kdljalg U, Kisand V,
Nilsson H, Hildebrand F, Bork P, Abarenkov K. 2015. Shotgun meta-
genomes and multiple primer pair-barcode combinations of amplicons reveal
biases in metabarcoding analyses of fungi. MycoKeys 10: 1-43.

Tedersoo L, Bahram M, Polme S, Anslan S, Riit T, Koljalg U, Nilsson RH,
Hildebrand F, Abarenkov K. 2015. Response to Comment on “Global
diversity and geography of soil fungi”. Science 349: 936-936.

Anslan S and Tedersoo L. 2015. Performance of cytochrome ¢ oxidase subunit
I (COI), ribosomal DNA Large Subunit (LSU) and Internal Transcribed
Spacer 2 (ITS2) in DNA barcoding of Collembola. European Journal of Soil
Biology 69: 1-7.

Tedersoo L, Bahram M, Cajthaml T, Polme S, Hiiesalu I, Anslan S, Harend H,
Buegger F, Pritsch K, Koricheva J, Abarenkov K. 2016. Tree diversity and
species identity effects on soil fungi, protists and animals are context
dependent. ISME Journal 10: 346-362.

107



Bahram M, Kohout P, Anslan S, Harend H, Abarenkov K, Tedersoo L. 2016.
Stochastic distribution of small soil eukaryotes resulting from high dispersal
and drift in a local environment. ISME Journal 10: 885-896.

Tedersoo L, Liiv I, Kivistik PA, Anslan S, Koljalg U, Bahram M. 2016. Geno-
mics and metagenomics technologies to recover ribosomal DNA and single-
copy genes from old fruit-body and ectomycorrhiza specimens. Mycokeys
13: 1-20.

Anslan S, Bahram M, Tedersoo L. 2016. Temporal changes in fungal com-
munities associated with guts and appendages of Collembola as based on
culturing and high-throughput sequencing. Soil Biology and Biochemistry
96: 152-159.

Riit T, Tedersoo L, Drenkhan R, Runno-Paurson E, Kokko H, Anslan S. 2016.
Oomycete-specific ITS primers for identification and metabarcoding. Myco-
keys, 14: 17-30.

Corrales A, Turner BL, Tedersoo L, Anslan S, Dalling JW. 2017. Nitrogen addi-
tion alters ectomycorrhizal fungal communities and soil enzyme activities in a
tropical montane forest. Fungal Ecology 27: 14-23.

Anslan S, Bahram M, Hiiesalu I, Tedersoo L. 2017. PipeCraft: flexible open-
source toolkit for bioinformatics analysis of custom high-throughput
amplicon sequencing data. Molecular Ecology Resources, ilmumas.

He J, Tedersoo L, Hu A, Han C, He D, Wei H, Jiao M, Anslan S, Nie Y, Jia Y.
2017. Greater diversity of soil fungal communities and distinguishable
seasonal variation in temperate deciduous forests compared with subtropical
evergreen forests of eastern China. FEMS Microbiology Ecology, ilmumas.

Tedersoo L, Tooming-Klunderud A, Anslan S. 2017. PacBio metabarcoding of
Fungi and other eukaryotes: errors, biases and perspectives. New Phyto-
logist, ilmumas.

108



N =

11.

12.

13.

13.

14.
15.

16.

17.

18.

19.

DISSERTATIONES BIOLOGICAE
UNIVERSITATIS TARTUENSIS

. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p.
. Enn K. Seppet. Thyroid state control over energy metabolism, ion trans-

port and contractile functions in rat heart. Tartu, 1991, 135 p.

. Kristjan Zobel. Epifiiiitsete makrosamblike véértus dhu saastuse indikaa-

toritena Hamar-Dobani boreaalsetes mégimetsades. Tartu, 1992, 131 1k.

. Andres Mie. Conjugal mobilization of catabolic plasmids by transpos-

able elements in helper plasmids. Tartu, 1992, 91 p.

. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp.

strain EST 1001. Tartu, 1992, 61 p.

. Allan Nurk. Nucleotide sequences of phenol degradative genes from

Pseudomonas sp. strain EST 1001 and their transcriptional activation in
Pseudomonas putida. Tartu, 1992, 72 p.

. Ulo Tamm. The genus Populus L. in Estonia: variation of the species bio-

logy and introduction. Tartu, 1993, 91 p.

. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli

ribosome. Tartu, 1993, 68 p.

. Ulo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p.
. Arvo Kaird. The development of an automatic online dynamic fluo-

rescense-based pH-dependent fiber optic penicillin flowthrought biosensor
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p.
Lilian Jérvekiilg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p.

Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu,
1993, 47 p.

Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst.
trees grown under different enviromental conditions. Tartu, 1994, 119 p.
Mati Reeben. Regulation of light neurofilament gene expression. Tartu,
1994, 108 p.

Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p.

Ulo Puurand. The complete nucleotide sequence and infections in vitro
transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p.
Peeter Horak. Pathways of selection in avian reproduction: a functional
framework and its application in the population study of the great tit
(Parus major). Tartu, 1995, 118 p.

Erkki Truve. Studies on specific and broad spectrum virus resistance in
transgenic plants. Tartu, 1996, 158 p.

Hlar Pata. Cloning and characterization of human and mouse ribosomal
protein S6-encoding genes. Tartu, 1996, 60 p.

Ulo Niinemets. Importance of structural features of leaves and canopy in
determining species shade-tolerance in temperature deciduous woody
taxa. Tartu, 1996, 150 p.

109



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.
36.

37.

38.

39.

40.

41.

Ants Kurg. Bovine leukemia virus: molecular studies on the packaging
region and DNA diagnostics in cattle. Tartu, 1996, 104 p.

Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996,
100 p.

Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor
transcription factors in neurogenesis. Tartu, 1996, 109 p.

Maido Remm. Human papillomavirus type 18: replication, transforma-
tion and gene expression. Tartu, 1997, 117 p.

Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,
124 p.

Kalle OIli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p.

Meelis Pirtel. Species diversity and community dynamics in calcareous
grassland communities in Western Estonia. Tartu, 1997, 124 p.

Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania:
distribution, morphology and taxonomy. Tartu, 1997, 186 p.

Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,
80 p.

Arvo Tuvikene. Assessment of inland water pollution using biomarker
responses in fish in vivo and in vitro. Tartu, 1997, 160 p.

Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of
23S rRNA. Tartu, 1997, 134 p.

Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of
Riga ecosystem. Tartu, 1997, 138 p.

Lembi Lougas. Post-glacial development of vertebrate fauna in Estonian
water bodies. Tartu, 1997, 138 p.

. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors,

galanin-based chimeric peptides. Tartu, 1998, 110 p.

Andres Saag. Evolutionary relationships in some cetrarioid genera
(Lichenized Ascomycota). Tartu, 1998, 196 p.

Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p.
Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the
eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p.

Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis
on the competition and coexistence of calcareous grassland plant species.
Tartu, 1998, 78 p.

Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keropla-
tidae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu,
1998, 200 p.

Andrus Tasa. Biological leaching of shales: black shale and oil shale.
Tartu, 1998, 98 p.

Arnold Kristjuhan. Studies on transcriptional activator properties of
tumor suppressor protein p53. Tartu, 1998, 86 p.

Sulev Ingerpuu. Characterization of some human myeloid cell surface
and nuclear differentiation antigens. Tartu, 1998, 163 p.

110



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic
factors in the shallow lake Vortsjarv. Tartu, 1998, 118 p.

Kadri Poldmaa. Studies in the systematics of hypomyces and allied
genera (Hypocreales, Ascomycota). Tartu, 1998, 178 p.

Markus Vetemaa. Reproduction parameters of fish as indicators in en-
vironmental monitoring. Tartu, 1998, 117 p.

Heli Talvik. Prepatent periods and species composition of different Oeso-
phagostomum spp. populations in Estonia and Denmark. Tartu, 1998,
104 p.

Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p.

Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998,
77 p.

Indrek Ots. Health state indicies of reproducing great tits (Parus major):
sources of variation and connections with life-history traits. Tartu, 1999,
117 p.
Juan Jose Cantero. Plant community diversity and habitat relationships in
central Argentina grasslands. Tartu, 1999, 161 p.

Rein Kalamees. Seed bank, seed rain and community regeneration in
Estonian calcareous grasslands. Tartu, 1999, 107 p.

Sulev Kéks. Cholecystokinin (CCK) — induced anxiety in rats: influence
of environmental stimuli and involvement of endopioid mechanisms and
serotonin. Tartu, 1999, 123 p.

Ebe Sild. Impact of increasing concentrations of O; and CO, on wheat,
clover and pasture. Tartu, 1999, 123 p.

Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p.

Andres Valkna. Interactions of galanin receptor with ligands and
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p.

Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999,
101 p.

Ana Rebane. Mammalian ribosomal protein S3a genes and intron-
encoded small nucleolar RNAs U73 and US82. Tartu, 1999, 85 p.

Tiina Tamm. Cocksfoot mottle virus: the genome organisation and trans-
lational strategies. Tartu, 2000, 101 p.

Reet Kurg. Structure-function relationship of the bovine papilloma virus
E2 protein. Tartu, 2000, 89 p.

Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p.

Niilo Kaldalu. Studies of the TOL plasmid transcription factor XyIS.
Tartu, 2000, 88 p.

Dina Lepik. Modulation of viral DNA replication by tumor suppressor
protein p53. Tartu, 2000, 106 p.

111



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

Kai Vellak. Influence of different factors on the diversity of the bryo-
phyte vegetation in forest and wooded meadow communities. Tartu, 2000,
122 p.

Jonne Kotta. Impact of eutrophication and biological invasionas on the
structure and functions of benthic macrofauna. Tartu, 2000, 160 p.

Georg Martin. Phytobenthic communities of the Gulf of Riga and the
inner sea the West-Estonian archipelago. Tartu, 2000, 139 p.

Silvia Sepp. Morphological and genetical variation of Alchemilla L. in
Estonia. Tartu, 2000. 124 p.

Jaan Liira. On the determinants of structure and diversity in herbaceous
plant communities. Tartu, 2000, 96 p.

Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu,
2001, 111 p.

Tiit Teder. Direct and indirect effects in Host-parasitoid interactions:
ecological and evolutionary consequences. Tartu, 2001, 122 p.

Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its
transport across the plasma membrane. Tartu, 2001, 80 p.

Reet Marits. Role of two-component regulator system PehR-PehS and
extracellular protease PrtW in virulence of Erwinia Carotovora subsp.
Carotovora. Tartu, 2001, 112 p.

Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus
major, breeding in Nothern temperate forests. Tartu, 2002, 126 p.

Rita Horak. Regulation of transposition of transposon Tn4652 in Pseudo-
monas putida. Tartu, 2002, 108 p.

Liina Eek-Piirsoo. The effect of fertilization, mowing and additional
illumination on the structure of a species-rich grassland community.
Tartu, 2002, 74 p.

Kro66t Aasamaa. Shoot hydraulic conductance and stomatal conductance
of six temperate deciduous tree species. Tartu, 2002, 110 p.

Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002,
112 p.

Neeme Tonisson. Mutation detection by primer extension on oligonucleo-
tide microarrays. Tartu, 2002, 124 p.

Margus Pensa. Variation in needle retention of Scots pine in relation to
leaf morphology, nitrogen conservation and tree age. Tartu, 2003, 110 p.
Asko Lohmus. Habitat preferences and quality for birds of prey: from
principles to applications. Tartu, 2003, 168 p.

Viljar Jaks. p53 — a switch in cellular circuit. Tartu, 2003, 160 p.

Jaana Minnik. Characterization and genetic studies of four ATP-binding
cassette (ABC) transporters. Tartu, 2003, 140 p.

Marek Sammul. Competition and coexistence of clonal plants in relation
to productivity. Tartu, 2003, 159 p

Ivar Ilves. Virus-cell interactions in the replication cycle of bovine
papillomavirus type 1. Tartu, 2003, 89 p.

112



83.

84.

85.

86.

87.

88.
89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Andres Ménnik. Design and characterization of a novel vector system
based on the stable replicator of bovine papillomavirus type 1. Tartu,
2003, 109 p.

Ivika Ostonen. Fine root structure, dynamics and proportion in net pri-
mary production of Norway spruce forest ecosystem in relation to site
conditions. Tartu, 2003, 158 p.

Gudrun Veldre. Somatic status of 12—15-year-old Tartu schoolchildren.
Tartu, 2003, 199 p.

Ulo Vili. The greater spotted eagle Aquila clanga and the lesser spotted
eagle A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004,
159 p.

Aare Abroi. The determinants for the native activities of the bovine
papillomavirus type 1 E2 protein are separable. Tartu, 2004, 135 p.

Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004, 116 p.

Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension
feeders and mesograzers in the northern Baltic Sea. Tartu, 2004, 117 p.
Maarja Opik. Diversity of arbuscular mycorrhizal fungi in the roots of
perennial plants and their effect on plant performance. Tartu, 2004, 175 p.
Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004, 109 p.
Kristiina Tambets. Towards the understanding of post-glacial spread of
human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004, 163 p.

Arvi Joers. Regulation of p53-dependent transcription. Tartu, 2004,
103 p.

Lilian Kadaja. Studies on modulation of the activity of tumor suppressor
protein p53. Tartu, 2004, 103 p.

Jaak Truu. Oil shale industry wastewater: impact on river microbial
community and possibilities for bioremediation. Tartu, 2004, 128 p.
Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu,
2004, 105 p.

Ulo Maiviili. Studies on the structure-function relationship of the bacterial
ribosome. Tartu, 2004, 130 p.

Merit Otsus. Plant community regeneration and species diversity in dry
calcareous grasslands. Tartu, 2004, 103 p.

Mikk Heidemaa. Systematic studies on sawflies of the genera Dolerus,
Empria, and Caliroa (Hymenoptera: Tenthredinidae). Tartu, 2004, 167 p.
Ilmar Tonno. The impact of nitrogen and phosphorus concentration and
N/P ratio on cyanobacterial dominance and N, fixation in some Estonian
lakes. Tartu, 2004, 111 p.

Lauri Saks. Immune function, parasites, and carotenoid-based ornaments
in greenfinches. Tartu, 2004, 144 p.

Siiri Rootsi. Human Y-chromosomal variation in European populations.
Tartu, 2004, 142 p.

Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative
plasmid pEST4011. Tartu, 2005. 106 p.

113



104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Andres Tover. Regulation of transcription of the phenol degradation
pheBA operon in Pseudomonas putida. Tartu, 2005, 126 p.

Helen Udras. Hexose kinases and glucose transport in the yeast Han-
senula polymorpha. Tartu, 2005, 100 p.

Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005, 162 p.

Piret Lohmus. Forest lichens and their substrata in Estonia. Tartu, 2005,
162 p.

Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005, 156 p.

Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005, 121 p.

Juhan Javois. The effects of experience on host acceptance in ovipositing
moths. Tartu, 2005, 112 p.

Tiina Sedman. Characterization of the yeast Saccharomyces cerevisiae
mitochondrial DNA helicase Hmil. Tartu, 2005, 103 p.

Ruth Aguraiuja. Hawaiian endemic fern linecage Diellia (Aspleniaceae):
distribution, population structure and ecology. Tartu, 2005, 112 p.

Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA
operon in Pseudomonas putida. Tartu, 2005, 106 p.

Mait Metspalu. Through the course of prehistory in india: tracing the
mtDNA trail. Tartu, 2005, 138 p.

Elin Lohmussaar. The comparative patterns of linkage disequilibrium in
European populations and its implication for genetic association studies.
Tartu, 2006, 124 p.

Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006, 126 p.

Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas
Putida. Tartu, 2006, 120 p.

Silja Kuusk. Biochemical properties of Hmilp, a DNA helicase from
Saccharomyces cerevisiae mitochondria. Tartu, 2006, 126 p.

Kersti Piissa. Forest edges on medium resolution landsat thematic mapper
satellite images. Tartu, 2006, 90 p.

Lea Tummeleht. Physiological condition and immune function in great
tits (Parus major 1.): Sources of variation and trade-offs in relation to
growth. Tartu, 2006, 94 p.

Toomas Esperk. Larval instar as a key element of insect growth sche-
dules. Tartu, 2006, 186 p.

Harri Valdmann. Lynx (Lynx Iynx) and wolf (Canis lupus) in the Baltic
region: Diets, helminth parasites and genetic variation. Tartu, 2006. 102 p.
Priit Joers. Studies of the mitochondrial helicase Hmilp in Candida albi-
cans and Saccharomyces cerevisia. Tartu, 2006. 113 p.

Kersti Lillevili. Gata3 and Gata2 in inner ear development. Tartu, 2007,
123 p.

114



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.
143.

144.

145.

Kai Riink. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007, 143 p.
Aveliina Helm. Formation and persistence of dry grassland diversity: role
of human history and landscape structure. Tartu, 2007, 89 p.

Leho Tedersoo. Ectomycorrhizal fungi: diversity and community struc-
ture in Estonia, Seychelles and Australia. Tartu, 2007, 233 p.

Marko Migi. The habitat-related variation of reproductive performance of
great tits in a deciduous-coniferous forest mosaic: looking for causes and
consequences. Tartu, 2007, 135 p.

Valeria Lulla. Replication strategies and applications of Semliki Forest
virus. Tartu, 2007, 109 p.

Ulle Reier. Estonian threatened vascular plant species: causes of rarity and
conservation. Tartu, 2007, 79 p.

Inga Jiiriado. Diversity of lichen species in Estonia: influence of regional
and local factors. Tartu, 2007, 171 p.

Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based
cooperation. Tartu, 2007, 112 p.

Signe Saumaa. The role of DNA mismatch repair and oxidative DNA
damage defense systems in avoidance of stationary phase mutations in
Pseudomonas putida. Tartu, 2007, 172 p.

Reedik Migi. The linkage disequilibrium and the selection of genetic
markers for association studies in european populations. Tartu, 2007, 96 p.
Priit Kilgas. Blood parameters as indicators of physiological condition
and skeletal development in great tits (Parus major): natural variation and
application in the reproductive ecology of birds. Tartu, 2007, 129 p.

Anu Albert. The role of water salinity in structuring eastern Baltic coastal
fish communities. Tartu, 2007, 95 p.

Kiirt Padari. Protein transduction mechanisms of transportans. Tartu, 2008,
128 p.

Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu,
2008, 125 p.

Ulle Jogar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008, 99 p.

Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008, 133 p.
Reidar Andreson. Methods and software for predicting PCR failure rate
in large genomes. Tartu, 2008, 105 p.

Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008, 175 p.
Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea.
Tartu, 2008, 98 p.

Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008,
190 p.

Daima Ord. Studies on the stress-inducible pseudokinase TRB3, a novel
inhibitor of transcription factor ATF4. Tartu, 2008, 108 p.

115



146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p.

Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches — assessment of the costs of immune activation and mechanisms of
parasite resistance in a passerine with carotenoid-based ornaments. Tartu,
2008, 124 p.

Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p.

Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild
carnivores and ungulates. Tartu, 2008, 82 p.

Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO, concentration. Tartu, 2008, 108 p.

Janne Pullat. Design, functionlization and application of an in situ synthe-
sized oligonucleotide microarray. Tartu, 2008, 108 p.

Marta Putrin$. Responses of Pseudomonas putida to phenol-induced
metabolic and stress signals. Tartu, 2008, 142 p.

Marina SemtSenko. Plant root behaviour: responses to neighbours and
physical obstructions. Tartu, 2008, 106 p.

Marge Starast. Influence of cultivation techniques on productivity and
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.

Age Tats. Sequence motifs influencing the efficiency of translation. Tartu,
2009, 104 p.

Radi Tegova. The role of specialized DNA polymerases in mutagenesis in
Pseudomonas putida. Tartu, 2009, 124 p.

Tsipe Aavik. Plant species richness, composition and functional trait
pattern in agricultural landscapes — the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p.

Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying
the replication and interactions of alphaviruses and hepaciviruses. Tartu,
2009, 104 p.

Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic
Instability in its Host Cell. Tartu, 2009, 126 p.

Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of
young duplicated genes. Tartu, 2009, 168 p.

Ain Vellak. Spatial and temporal aspects of plant species conservation.
Tartu, 2009, 86 p.

Triinu Remmel. Body size evolution in insects with different colouration
strategies: the role of predation risk. Tartu, 2009, 168 p.

Jaana Salujée. Zooplankton as the indicator of ecological quality and fish
predation in lake ecosystems. Tartu, 2009, 129 p.

Ele Vahtmée. Mapping benthic habitat with remote sensing in optically
complex coastal environments. Tartu, 2009, 109 p.

116



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Liisa Metsamaa. Model-based assessment to improve the use of remote
sensing in recognition and quantitative mapping of cyanobacteria. Tartu,
2009, 114 p.

Pille Sailik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p.

Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,
147 p.

Lea Hallik. Generality and specificity in light harvesting, carbon gain
capacity and shade tolerance among plant functional groups. Tartu, 2009,
99 p.

Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance
mechanisms under starvation stress. Tartu, 2009, 191 p.

Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p.

Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p.

Signe Altmie. Genomics and transcriptomics of human induced ovarian
folliculogenesis. Tartu, 2010, 179 p.

Triin Suvi. Mycorrhizal fungi of native and introduced trees in the
Seychelles Islands. Tartu, 2010, 107 p.

Velda Lauringson. Role of suspension feeding in a brackish-water coastal
sea. Tartu, 2010, 123 p.

Eero Talts. Photosynthetic cyclic electron transport — measurement and
variably proton-coupled mechanism. Tartu, 2010, 121 p.

Mari Nelis. Genetic structure of the Estonian population and genetic
distance from other populations of European descent. Tartu, 2010, 97 p.
Kaarel Krjut$kov. Arrayed Primer Extension-2 as a multiplex PCR-based
method for nucleic acid variation analysis: method and applications. Tartu,
2010, 129 p.

Egle Koster. Morphological and genetical variation within species comp-
lexes: Anthyllis vulneraria s. 1. and Alchemilla vulgaris (coll.). Tartu, 2010,
101 p.

Erki Ounap. Systematic studies on the subfamily Sterrhinae (Lepidoptera:
Geometridae). Tartu, 2010, 111 p.

Merike Jéesaar. Diversity of key catabolic genes at degradation of phenol
and p-cresol in pseudomonads. Tartu, 2010, 125 p.

Kristjan Herkiil. Effects of physical disturbance and habitat-modifying
species on sediment properties and benthic communities in the northern
Baltic Sea. Tartu, 2010, 123 p.

Arto Pulk. Studies on bacterial ribosomes by chemical modification
approaches. Tartu, 2010, 161 p.

Maria Pollupiiii. Ecological relations of cladocerans in a brackish-water
ecosystem. Tartu, 2010, 126 p.

Toomas Silla. Study of the segregation mechanism of the Bovine
Papillomavirus Type 1. Tartu, 2010, 188 p.

117



185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

Gyaneshwer Chaubey. The demographic history of India: A perspective
based on genetic evidence. Tartu, 2010, 184 p.

Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic
variation in Estonian and Czech populations. Tartu, 2010, 164 p.

Virve Séber. The role of biotic interactions in plant reproductive per-
formance. Tartu, 2010, 92 p.

Kersti Kangro. The response of phytoplankton community to the changes

in nutrient loading. Tartu, 2010, 144 p.

Joachim M. Gerhold. Replication and Recombination of mitochondrial
DNA in Yeast. Tartu, 2010, 120 p.

Helen Tammert. Ecological role of physiological and phylogenetic diver-
sity in aquatic bacterial communities. Tartu, 2010, 140 p.

Elle Rajandu. Factors determining plant and lichen species diversity and
composition in Estonian Calamagrostis and Hepatica site type forests.
Tartu, 2010, 123 p.

Paula Ann Kivistik. ColR-ColS signalling system and transposition of
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p.

Siim Séber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p.

Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination.
Tartu, 2011, 178 p.

Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect.
Tartu, 2011, 134 p.

Tambet Tonissoo. Identification and molecular analysis of the role of
guanine nucleotide exchange factor RIC-8 in mouse development and
neural function. Tartu, 2011, 110 p.

Helin Réidgel. Multiple faces of cell-penetrating peptides — their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.

Andres Jaanus. Phytoplankton in Estonian coastal waters — variability,
trends and response to environmental pressures. Tartu, 2011, 157 p.

Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts.
Tartu, 2011, 152 p.

Signe Virv. Studies on the mechanisms of RNA polymerase II-dependent
transcription elongation. Tartu, 2011, 108 p.

Kristjan Vilk. Gene expression profiling and genome-wide association
studies of non-small cell lung cancer. Tartu, 2011, 98 p.

Arno Pollumie. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions.
Tartu, 2011, 153 p.

Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011,
143 p.

118



205.

206.

207.

208.

2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.
Kessy Abarenkov. PlutoF — cloud database and computing services
supporting biological research. Tartu, 2011, 125 p.

Marina Grigorova. Fine-scale genetic variation of follicle-stimulating
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p.

Anu Tiitsaar. The effects of predation risk and habitat history on butterfly
communities. Tartu, 2011, 97 p.

Elin Sild. Oxidative defences in immunoecological context: validation and
application of assays for nitric oxide production and oxidative burst in a
wild passerine. Tartu, 2011, 105 p.

Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p.

Pauli Saag. Natural variation in plumage bacterial assemblages in two
wild breeding passerines. Tartu, 2012, 113 p.

Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein sub-
strate: arrangements for the perfect marriage. Tartu, 2012, 143 p.

Mari Jérve. Different genetic perspectives on human history in Europe
and the Caucasus: the stories told by uniparental and autosomal markers.
Tartu, 2012, 119 p.

Ott Scheler. The application of tmRNA as a marker molecule in bacterial
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p.
Anna Balikova. Studies on the functions of tumor-associated mucin-like
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p.

Triinu Koéressaar. Improvement of PCR primer design for detection of
prokaryotic species. Tartu, 2012, 83 p.

Tuul Sepp. Hematological health state indices of greenfinches: sources of
individual variation and responses to immune system manipulation. Tartu,
2012, 117 p.

Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p.
Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-
ferent spatial scales. Tartu, 2012, 165 p.

Annely Lorents. Overcoming the plasma membrane barrier: uptake of
amphipathic cell-penetrating peptides induces influx of calcium ions and
downstream responses. Tartu, 2012, 113 p.

Katrin Minnik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general
population. Tartu, 2012, 171 p.

Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p.

Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas
syringae pv. tomato DC3000: heterologous expression, biochemical
characterization, mutational analysis and spectrum of polymerization pro-
ducts. Tartu, 2012, 160 p.

119



224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p.

Tonu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu,
2012, 149 p.

Timo Arula. Ecology of early life-history stages of herring Clupea haren-
gus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p.

Inga Hiiesalu. Belowground plant diversity and coexistence patterns in
grassland ecosystems. Tartu, 2012, 130 p.

Kadri Koorem. The influence of abiotic and biotic factors on small-scale
plant community patterns and regeneration in boreonemoral forest. Tartu,
2012, 114 p.

Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria.
Tartu, 2012, 122 p.

Kaupo Kohv. The direct and indirect effects of management on boreal
forest structure and field layer vegetation. Tartu, 2012, 124 p.

Mart Jiissi. Living on an edge: landlocked seals in changing climate.
Tartu, 2012, 114 p.

Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p.
Rauno Veeroja. Effects of winter weather, population density and timing
of reproduction on life-history traits and population dynamics of moose
(Alces alces) in Estonia. Tartu, 2012, 92 p.

Marju Keis. Brown bear (Ursus arctos) phylogeography in northern Eura-
sia. Tartu, 2013, 142 p.

Sergei Pdlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi — from regional to global scale. Tartu, 2013, 90 p.

Liis Uuskiila. Placental gene expression in normal and complicated
pregnancy. Tartu, 2013, 173 p.

Marko Looke. Studies on DNA replication initiation in Saccharomyces
cerevisiae. Tartu, 2013, 112 p.

Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.
Heidi Tamm. Comprehending phylogenetic diversity — case studies in
three groups of ascomycetes. Tartu, 2013, 136 p.

Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-
Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-
synthetic Bacteria. Tartu, 2013, 150 p.

Margus Leppik. Substrate specificity of the multisite specific pseudo-
uridine synthase RluD. Tartu, 2013, 111 p.

Lauris Kaplinski. The application of oligonucleotide hybridization model
for PCR and microarray optimization. Tartu, 2013, 103 p.

Merli Piarnoja. Patterns of macrophyte distribution and productivity in
coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p.
Tonu Margus. Distribution and phylogeny of the bacterial translational
GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p.

120



245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

Pille Mind. Light use capacity and carbon and nitrogen budget of plants:
remote assessment and physiological determinants. Tartu, 2013, 128 p.
Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural,
biochemical and psychopharmacological characterization. Tartu, 2013,
144 p.

Georgi Hudjasov. Maps of mitochondrial DNA, Y-chromosome and tyro-
sinase variation in Eurasian and Oceanian populations. Tartu, 2013,
115 p.

Mari Lepik. Plasticity to light in herbaceous plants and its importance for
community structure and diversity. Tartu, 2013, 102 p.

Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia.
Tartu, 2013, 151 p.

Ulle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-
nemoral forest ecosystems. Tartu, 2013, 151 p.

Eneli Oitmaa. Development of arrayed primer extension microarray
assays for molecular diagnostic applications. Tartu, 2013, 147 p.
Jekaterina Jutkina. The horizontal gene pool for aromatics degradation:
bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013,
121 p.

Helen Vellau. Reaction norms for size and age at maturity in insects: rules
and exceptions. Tartu, 2014, 132 p.

Randel Kreitsberg. Using biomarkers in assessment of environmental
contamination in fish — new perspectives. Tartu, 2014, 107 p.

Krista Takkis. Changes in plant species richness and population per-
formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p.
Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent
pregnancy loss. Tartu, 2014, 211 p.

Triin Triisberg. Factors influencing the re-vegetation of abandoned
extracted peatlands in Estonia. Tartu, 2014, 133 p.

Villu Soon. A phylogenetic revision of the Chrysis ignita species group
(Hymenoptera: Chrysididae) with emphasis on the northern European
fauna. Tartu, 2014, 211 p.

Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis
for the Detection of Positive-Strand RNA Viruses by Vertebrate Host
Cells. Tartu, 2014, 207 p.

Eele Ounapuu-Pikas. Spatio-temporal variability of leaf hydraulic con-
ductance in woody plants: ecophysiological consequences. Tartu, 2014,
135 p.

Marju Minniste. Physiological ecology of greenfinches: information con-
tent of feathers in relation to immune function and behavior. Tartu, 2014,
121 p.

Katre Kets. Effects of elevated concentrations of CO, and Oj;on leaf
photosynthetic parameters in Populus tremuloides: diurnal, seasonal and
interannual patterns. Tartu, 2014, 115 p.

121



263.

264.

265.

266.

267.

268.

2609.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

Kiilli Lokko. Seasonal and spatial variability of zoopsammon commu-
nities in relation to environmental parameters. Tartu, 2014, 129 p.

Olga Zilina. Chromosomal microarray analysis as diagnostic tool: Esto-
nian experience. Tartu, 2014, 152 p.

Kertu Lohmus. Colonisation ecology of forest-dwelling vascular plants
and the conservation value of rural manor parks. Tartu, 2014, 111 p.

Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu,
2014, 167 p.

Chandana Basu Mallick. Genetics of adaptive traits and gender-specific
demographic processes in South Asian populations. Tartu, 2014, 160 p.
Riin Tamme. The relationship between small-scale environmental hetero-
geneity and plant species diversity. Tartu, 2014, 130 p.

Liina Remm. Impacts of forest drainage on biodiversity and habitat qua-
lity: implications for sustainable management and conservation. Tartu,
2015, 126 p.

Tiina Talve. Genetic diversity and taxonomy within the genus Rhinanthus.
Tartu, 2015, 106 p.

Mehis Rohtla. Otolith sclerochronological studies on migrations, spawning
habitat preferences and age of freshwater fishes inhabiting the Baltic Sea.
Tartu, 2015, 137 p.

Alexey Reshchikov. The world fauna of the genus Lathrolestes (Hyme-
noptera, [chneumonidae). Tartu, 2015, 247 p.

Martin Pook. Studies on artificial and extracellular matrix protein-rich
surfaces as regulators of cell growth and differentiation. Tartu, 2015, 142 p.
Mai Kukumégi. Factors affecting soil respiration and its components in
silver birch and Norway spruce stands. Tartu, 2015, 155 p.

Helen Karu. Development of ecosystems under human activity in the
North-East Estonian industrial region: forests on post-mining sites and
bogs. Tartu, 2015, 152 p.

Hedi Peterson. Exploiting high-throughput data for establishing relation-
ships between genes. Tartu, 2015, 186 p.

Priit Adler. Analysis and visualisation of large scale microarray data,
Tartu, 2015, 126 p.

Aigar Niglas. Effects of environmental factors on gas exchange in deci-
duous trees: focus on photosynthetic water-use efficiency. Tartu, 2015,
152 p.

Silja Laht. Classification and identification of conopeptides using profile
hidden Markov models and position-specific scoring matrices. Tartu, 2015,
100 p.

Martin Kesler. Biological characteristics and restoration of Atlantic
salmon Salmo salar populations in the Rivers of Northern Estonia. Tartu,
2015, 97 p.

Pratyush Kumar Das. Biochemical perspective on alphaviral nonstruc-
tural protein 2: a tale from multiple domains to enzymatic profiling. Tartu,
2015,205p

122



282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

Priit Palta. Computational methods for DNA copy number detection.
Tartu, 2015, 130 p.

Julia Sidorenko. Combating DNA damage and maintenance of genome
integrity in pseudomonads. Tartu, 2015, 174 p.

Anastasiia Kovtun-Kante. Charophytes of Estonian inland and coastal
waters: distribution and environmental preferences. Tartu, 2015, 97 p.

Ly Lindman. The ecology of protected butterfly species in Estonia. Tartu,
2015, 171 p.

Jaanis Lodjak. Association of Insulin-like Growth Factor I and Corti-
costerone with Nestling Growth and Fledging Success in Wild Passerines.
Tartu, 2016, 113 p.

Ann Kraut. Conservation of Wood-Inhabiting Biodiversity — Semi-Natural
Forests as an Opportunity. Tartu, 2016, 141 p.

Tiit Ord. Functions and regulation of the mammalian pseudokinase TRIB3.
Tartu, 2016, 182. p.

Kairi Kiiro. Biological Quality According to Macroinvertebrates in
Streams of Estonia (Baltic Ecoregion of Europe): Effects of Human-induced
Hydromorphological Changes. Tartu, 2016, 126 p.

Leidi Laurimaa. Echinococcus multilocularis and other zoonotic parasites
in Estonian canids. Tartu, 2016, 144 p.

Helerin Margus. Characterization of cell-penetrating peptide/nucleic acid
nanocomplexes and their cell-entry mechanisms. Tartu, 2016, 173 p.
Kadri Runnel. Fungal targets and tools for forest conservation. Tartu,
2016, 157 p.

Urmo Vdasa. MicroRNAs in disease and health: aberrant regulation in lung
cancer and association with genomic variation. Tartu, 2016, 163 p.
Kristina Miemets-Allas. Studies on cell growth promoting AKT signa-
ling pathway — a promising anti-cancer drug target. Tartu, 2016, 146 p.
Janeli Viil. Studies on cellular and molecular mechanisms that drive
normal and regenerative processes in the liver and pathological processes
in Dupuytren’s contracture. Tartu, 2016, 175 p.

Ene Kook. Genetic diversity and evolution of Pulmonaria angustifolia L.
and Myosotis laxa sensu lato (Boraginaceae). Tartu, 2016, 106 p.

Kadri Peil. RNA polymerase Il-dependent transcription elongation in
Saccharomyces cerevisiae. Tartu, 2016, 113 p.

Katrin Ruisu. The role of RIC8A in mouse development and its function
in cell-matrix adhesion and actin cytoskeletal organisation. Tartu, 2016,
129 p.

Janely Pae. Translocation of cell-penetrating peptides across biological
membranes and interactions with plasma membrane constituents. Tartu,
2016, 126 p.

Argo Ronk. Plant diversity patterns across Europe: observed and dark
diversity. Tartu, 2016, 153 p.

123



301.

302.

303.

304.

305.

306.

307.

308.

3009.

310.

311.

312.

313.

314.

315.

316.

317.

318.

3109.

320.

Kristiina Mark. Diversification and species delimitation of lichenized
fungi in selected groups of the family Parmeliaceae (Ascomycota). Tartu,
2016, 181 p.

Jaak-Albert Metsoja. Vegetation dynamics in floodplain meadows:
influence of mowing and sediment application. Tartu, 2016, 140 p.

Hedvig Tamman. The GraTA toxin-antitoxin system of Pseudomonas
putida: regulation and role in stress tolerance. Tartu, 2016, 154 p.

Kadri Pirtel. Application of ultrastructural and molecular data in the
taxonomy of helotialean fungi. Tartu, 2016, 183 p.

Maris Hindrikson. Grey wolf (Canis lupus) populations in Estonia and
Europe: genetic diversity, population structure and -processes, and hybridi-
zation between wolves and dogs. Tartu, 2016, 121 p.

Polina Degtjarenko. Impacts of alkaline dust pollution on biodiversity of
plants and lichens: from communities to genetic diversity. Tartu, 2016,
126 p.

Liina Pajusalu. The effect of CO, enrichment on net photosynthesis of
macrophytes in a brackish water environment. Tartu, 2016, 126 p.

Stoyan Tankov. Random walks in the stringent response. Tartu, 2016,
94 p.

Liis Leitsalu. Communicating genomic research results to population-
based biobank participants. Tartu, 2016, 158 p.

Richard Meitern. Redox physiology of wild birds: validation and appli-
cation of techniques for detecting oxidative stress. Tartu, 2016, 134 p.
Kaie Lokk. Comparative genome-wide DNA methylation studies of healthy
human tissues and non-small cell lung cancer tissue. Tartu, 2016, 127 p.
Mihhail KuraSin. Processivity of cellulases and chitinases. Tartu, 2017,
132 p.

Carmen Tali. Scavenger receptors as a target for nucleic acid delivery
with peptide vectors. Tartu, 2017, 155 p.

Katarina Oganjan. Distribution, feeding and habitat of benthic sus-
pension feeders in a shallow coastal sea. Tartu, 2017, 132 p.

Taavi Paal. Immigration limitation of forest plants into wooded landscape
corridors. Tartu, 2017, 145 p.

Kadri Ounap. The Williams-Beuren syndrome chromosome region protein
WBSCR22 is a ribosome biogenesis factor. Tartu, 2017, 135 p.

Riin Tamm. In-depth analysis of factors affecting variability in thiopurine
methyltransferase activity. Tartu, 2017, 170 p.

Keiu Kask. The role of RIC8A in the development and regulation of mouse
nervous system. Tartu, 2017, 184 p.

Tiia Moller. Mapping and modelling of the spatial distribution of benthic
macrovegetation in the NE Baltic Sea with a special focus on the eelgrass
Zostera marina Linnaeus, 1753. Tartu, 2017, 162 p.

Silva Kasela. Genetic regulation of gene expression: detection of tissue-
and cell type-specific effects. Tartu, 2017, 150 p.

124



321.

322.

323.

324.

325.

Karmen Siild. Food habits, parasites and space use of the raccoon dog
Nyctereutes procyonoides: the role of an alien species as a predator and
vector of zoonotic diseases in Estonia. Tartu, 2017, p.

Ragne Oja. Consequences of supplementary feeding of wild boar — concern
for ground-nesting birds and endoparasite infection. Tartu, 2017, 141 p.

Riin Kont. The acquisition of cellulose chain by a processive cellobio-
hydrolase. Tartu, 2017, 117 p.

Liis Kasari. Plant diversity of semi-natural grasslands: drivers, current
status and conservation challenges. Tartu, 2017, 141 p.

Sirgi Saar. Belowground interactions: the roles of plant genetic related-
ness, root exudation and soil legacies. Tartu, 2017, 113 p.



	study I. Anslan et al. 2015. Performance of COI, LSU and ITS2.pdf
	Performance of cytochrome c oxidase subunit I (COI), ribosomal DNA Large Subunit (LSU) and Internal Transcribed Spacer 2 (I ...
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	4.1. The promise of alternative barcodes

	Acknowledgments
	Appendix A. Supplementary data
	References


	study II. Anslan et al. 2016. HTS vs culturing.pdf
	Temporal changes in fungal communities associated with guts and appendages of Collembola as based on culturing and high-thr ...
	1. Introduction
	2. Materials and methods
	2.1. Study sites and sampling methods
	2.2. Molecular analyses
	2.3. Bioinformatics
	2.4. Statistical analysis

	3. Results
	3.1. Culturing data
	3.2. High-throughput sequencing data

	4. Discussion
	Acknowledgments
	Appendix A. Supplementary data
	References


	Study II. Figure S1 PDF.pdf
	Page 1

	Study II. Figure S2 PDF.pdf
	Page 1

	Study IV. Figure S7.pdf
	Page 1

	Study IV. Figure S8.pdf
	Page 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




