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Abbreviations 

INSD: the International Nucleotide Sequence Databases (http://www.insdc.org/), 
which have been developed and maintained collaboratively between 
DDBJ (DNA Data Bank of Japan), ENA (European Nucleotide Archive) 
and GenBank (NIH genetic sequence database). 

ITS: internal transcribed spacer (ITS1–5.8S–ITS2). 
L-INS-i: iterative refinement method incorporating local pairwise alignment 

information. 
LSU: large subunit. 
PCR: polymerase chain reaction. 
rDNA: the nuclear-encoded ribosomal RNA genes (for example ITS and LSU). 
TBR: tree-bisection-reconnection. 
 

Glossary 

(Compiled according to Kirk et al. 2008 and Knudsen & Vesterholt 2008) 
Adnate (lamellae): broadly attached to the stipe (see Knudsen & Vesterholt 

2008, fig. 23C). 
Adnexed (lamellae): rounded towards the spite, narrowly attached (see Knud-

sen & Vesterholt 2008, fig. 23B). 
Amyloid, inamyloid: staining greyish to blackish blue in Melzer’s reagent or 

not having this reaction. 
Annulus: a ring-like partial veil or part of it, round the stipe after expansion of 

the pileus of basidiomata (a ring). 
Arthroconidium (pl. arthroconidia): seriate, vegetative spores resulting from 

fragmentation of hyphae. 
Basidioma (pl. basidiomata): a basidium-producing organ (a fruit-body). 
Basidiospore: a propagative cell containing one or two haploid nuclei, pro-

duced after meiosis on a basidium. 
Basidium (pl. basidia): the cell diagnostic for Basidiomycetes from which, 

after karyogamy and meiosis, basidiospores (generally 4) are produced 
externally, each on an extension (sterigma) of its wall. 

Caulocystidia: cystidia on the surface of the stipe. 
Clamp: a hyphal outgrowth which, at cell division, makes a connection 

between the resulting two cells by fusion with the lower; characteristic to 
Basidiomycetes only. 

Collybioid: resembling a Collybia, in the traditional sense including Gym-
nopus. 

Cheilocystidia: cystidia at the edge of the lamellae. 
Cystidium (pl. cystidia): a sterile body, frequently of distinctive shape, occur-

ring at any surface of a basidiomata. 
Decurrent tooth (lamellae): a tooth-like prolongation of the lamellae down the 

stipe (see Knudsen & Vesterholt 2008, fig. 23E). 
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Emarginate (lamellae): notched near the stipe (see Knudsen & Vesterholt 
2008, fig. 23F). 

Hyaline: transparent or translucent, frequently used in the sense of colourless. 
Lamella (pl. lamellae): one of the characteristic hymenium-covered vertical 

plates on the underside of the pileus of an agaric (a gill). 
Meiospore: a basidiospore that is the product of meiosis. 
Pileus: the hymenium-supporting part of the basidioma of non-resupinate 

Agaricomycetes (a cap). 
Pileipellis: the cellular cortical layers of a pileus, not belonging to the veils. 
Pleurocystidia: cystidia at the side of the lamellae. 
Sphaerocysts: globose cells in tissues of fungi. 
Stipe: the pileus-bearing part of basidiomata (a stem, a stalk). 
Suprahilar zone: the area above the hilar appendage – the small wart-like or 

cone-like projection that connects the basidiospore with the sterigma. 



9 

INTRODUCTION 

Fayod (1889) established a new agaric genus Cystoderma, transferring several 
species from the tribe Lepiota of the genus Agaricus sensu Fries (1821). Six 
species were assigned to this new genus – Lepiota amianthina Scop., L. granu-
losa Batsch, L. cinnabarina Alb. & Schwein., L. carcharias Pers., L. seminuda 
Lasch, L. fumosopurpurea, and L. georginae suggested as a possible member. 
The first four species have been widely accepted as representatives of genus 
Cystoderma, but other species have been considered members of the other 
genera. Nowadays, taxon names Cystolepiota seminuda (Lasch) Bon, Leu-
coagaricus georginae (W.G. Sm.) Candusso and Melanophyllum haema-
tospermum (Bull.) Kreisel (synonym L. fumosopurpurea) are accepted. 

The first monograph of genus Cystoderma by Smith and Singer (1945) 
included 14 species, which were assigned into two sections: Granulosa (with 
inamyloid basidiospores) and Amianthina (with amyloid basidiospores); the 
latter was renamed Cystoderma by Singer (1962). Heinemann and Thoen 
(1973b) recognised 26 species and allocated taxa into four sections, introducing 
two new ones: Superba (basidiospores amyloid only at the suprahilar zone) and 
Cinnabarina (with inamyloid basidiospores and cheilo-, pleuro-, and caulo-
cystidia). Harmaja (2002), having evaluated the taxonomic weight of the spore 
amyloidity within genus Cystoderma, considering the results of studies on the 
nuclear DNA content of selected species (Saar and Kullman 2000) and the 
phylogenetic analysis of nucLSU data (Moncalvo et al. 2002), divided Cysto-
derma into two genera. Cystoderma sensu stricto contains species possessing 
amyloid basidiospores and Cystodermella, a new genus, encompasses species 
with inamyloid basidiospores. Three species of both genera (Cystoderma 
amianthinum (Scop.: Fr.) Fayod, C. carcharias (Pers.: Fr.) Fayod, C. jasonis 
(Cooke & Massee) Harmaja and Cystodermella adnatifolia (Peck) Harmaja, 
C. cinnabarina (Alb. & Schwein.: Fr.) Harmaja, C. granulosa (Batsch: Fr.) 
Harmaja) feature binuclear basidiospores, but different nuclear DNA content 
(Saar and Kullman 2000). 

Singer (1986) assigned seven genera to the tribe Cystodermateae: Cysto-
derma, Dissoderma (A.H. Sm. & Singer) Singer, Horakia Oberw., Phaeole-
piota Maire ex Konrad & Maubl., Pseudobaeospora Singer, Ripartitella Singer 
and Squamanita Imbach. Kühner (1980) regarded three, Cystoderma, Phaeole-
piota, Squamanita, as members of this tribe, but assigned Pseudobaeospora in 
the tribe Tricholomateae. Singer regarded the Cystodermateae as a member of 
the Agaricaceae, while Kühner transferred it to the Tricholomataceae. Jülich 
(1981) considered Cystodermateae a member of the Agaricales, raising it to the 
rank of family under the name Squamanitaceae (nomen rejectum, Greuter et al. 
1994), but assigned Phaeolepiota in the family Cortinariaceae. Bon (1999) 
assigned tribes Cystodermateae and Dermolomateae Bon into the family 
Dermolomataceae (Bon) Bon (nomen rejectum, Greuter et al. 1994) under the 

3
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Tricholomatales. The latter tribe embraced the genera Dermoloma J.E. Lange 
ex Herink and Camarophyllopsis Herink (Bon 1999). 

The exclusion of the tribe Cystodermateae from the Agaricaceae and the 
transfer to the Tricholomataceae based on morphological grounds (Heinemann 
and Thoen 1973b; Bas 1988) was supported later by phylogenetic analyses of 
rDNA LSU sequences (Johnson and Vilgalys 1998). In further large-scale 
studies of agaricoid fungi, the phylogenetic relationships of the members of the 
Cystodermateae remained unresolved (Moncalvo et al. 2000, 2002). The former 
study included two representatives from two genera (Cystodermella granulosa 
and Ripartitella brasiliensis (Speg.) Singer) that did not form a clade. The latter 
study included seven species (Cystoderma amianthinum, C. chocoanum Franco-
Mol., Cystodermella granulosa, Phaeolepiota aurea (Matt.: Fr.) Maire ex 
Konrad & Maubl., Ripartitella brasiliensis, Squamanita odorata (Cool) Imbach 
and S. umbonata (Sumst.) Bas) representing four genera that dispersed across 
various clades of the trees. Two separate lineages Cystoderma and 
Cystodermella–Ripartitella formed the unsupported sister groups of the clade 
comprising members of the Agaricaceae. Neither molecular analysis combined 
with conidiogenesis (Walther et al. 2005) nor basidiospore ultrastructure 
(Garnica et al. 2007) could resolve the phylogenetic placement of these taxa. 

The recent multi-locus analysis of the Agaricales resolved the position of 
Cystoderma, together with Cyathus Haller and Crucibulum Tul. & C. Tul. as a 
moderately supported sister group of the Agaricaceae in the Agaricoid clade 
(Matheny et al. 2006). The results of the study by Garnica et al. (2007) support 
a close relationship between the genera Cystoderma and Phaeolepiota, which 
are combined with Crucibulum and Cyathus into a well-supported lineage. 
Unfortunately, both studies included only the type species of Cystoderma. 

According to Kirk et al. (2008) the genus Cystoderma contains approxi-
mately 35 and Cystodermella 12 species, with C. amianthinum (Scop.: Fr.) 
Fayod and C. granulosa (Batsch: Fr.) Harmaja as the respective type species.  

The basidiomata of genera Cystoderma and Cystodermella are collybioid and 
small to medium sized (figure 1). Pileus up to 10 (–20) cm wide, often umbonate, 
sometimes radially wrinkled, granulose to finely scaly, mat, dry, margin at first 
denticulate from veil remnants, with various colour. Lamellae adnexed to adnate, 
emarginate or with a decurrent tooth, white to pale cream or yellowish buff. Stipe 
silky striate at top, below minutely to coarsely granulose-floccose, concolorous 
with pileus. Smell unpleasantly musty-earthy or indistinct. Taste mild, indistinct 
to unpleasant. Spore deposit white to pale cream. Basidiospores ellipsoid, oblong 
or fusiform (figure 2A), smooth, without germ pore, hyaline. Pileipellis an 
epithelium. Outer velar layer on pileus and stipe formed by chains of inflated 
globose to ellipsoid sphaerocysts (figure 2C). Clamps present.  
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Figure 1. The basidiomata of A. Cystodermella granulosa (TU 101314); B. C. cinna-
barina (TU 106009); C. Cystoderma amianthinum (TU 106010); D. C. jasonis (TU 
118180); E. C. carcharias (TU 106011); F. C. aureum (TU 106197); G. C. japonicum 
(TU 101697); H. C. simulatum (TU 101549). Photos by Vello Liiv (A–G) and Rasmus 
Ejrnæs (H). 
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Figure 2. Cystoderma jasonis (TAAM 147383): A. Basidiospores and basidia, B. 
Arthroconidia; C. Sphaerocysts of C. japonicum (TU 101697); D. Pleurocystidium and 
basidiospores of Cystodermella cinnabarina (TU 106009). Bars = 10 µm. 

 

The species of genus Cystoderma are characterized by weakly to strongly 
amyloid basidiospores, stipe with a persistent membranous annulus with gra-
nulose underside and filamentous upper surface or with an evanescent floccose-
scaly ring zone, arthroconidia formed in the upper part of pileus context in a few 
species (figure 2B). The species of genus Cystodermella are characterized by 
inamyloid basidiospores, an evanescent floccose-scaly ring zone and presence of 
urticoid cheilo-, pleuro-, and caulocystidia in a few species (figure 2D). 

The species of both genera can be found mostly in forest ecosystems, but 
also in open areas, growing on soil, among mosses and litter, some species on 
rotten wood remains. However, it is still unknown if Cystoderma and Cysto-
dermella species have saprotrophic and/or biotrophic lifestyle. Their basidio-
spores are difficult to germinate in pure culture and probably therefore experi-
mental studies on their lifestyle are missing. The meiospores that are hard to 
germinate often point to the biotrophic lifestyle, but it still needs to be proved. 
Pantidou et al. (1983) managed to establish pure cultures from fresh basidio-
mata of Cystodermella cinnabarina and C. granulosa. Walther et al. (2005) 
isolated the strains from basidiospore deposits of freshly collected basidiomata 
of species Cystoderma amianthinum and C. jasonis, but the strains of the latter 
did not survive. The mycelium of species Cystoderma amianthinum was 
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sequenced and assigned from the soil sample in North America, but no lifestyle 
has been proven (Lamarche et al. 2011). The members of genus Cystoderma 
ought to be saprotrophic or according to Heinemann and Thoen (1973b) they 
may be symbiotic or parasitic on mosses. Harmaja (1979, 1985) suggested that 
at least two species (Cystoderma lilacipes Harmaja and C. saarenoksae 
Harmaja) are obligately associated with mosses belonging to the genus 
Polytrichum. 

According to Kirk et al. (2008) the genera Cystoderma and Cystodermella 
are known worldwide, but the majority of species are described from temperate 
regions, which indicate that tropical regions are understudied. 

The aims of the thesis were: (1) to present hypothesis for the species delimi-
tation in Cystoderma and Cystodermella applying both morphological and 
molecular characters; (2) to verify distinction between genera Cystoderma and 
Cystodermella and their monophyly; (3) to recover the sister taxa of these two 
genera; (4) to describe new species hypothesis from Ecuador (South America); 
(5) to compile a global checklist of all known taxa of the genera Cystoderma 
and Cystodermella. 
 
 

4
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MATERIAL AND METHODS 

The specimens collected by the author or other Estonian mycologists and 
determined by the author are deposited in TAAM or TU fungaria. The speci-
mens’ data have been uploaded into PlutoF cloud database (http://plutof.ut.ee/; 
Abarenkov et al. 2010b). The specimens of Cystoderma sensu lato from 
following fungaria are also studied: BR, C, FH, G, H, K, L, LE, LOU, MICH, 
NY, NYS, O, PDD, REG, S, SGO, TMI, TNS, TUR and WU. 

The colours of the basidiomata were designated using the colour names by 
Kornerup & Wanscher (1974) (II, III). Microscopic investigations were carried 
out using a Swift M4000-D (I) or a Zeiss Axioskop 2 (II, III) light microscope 
at magnification x1000. Measurements were made in 3% KOH solution (II) or 
Melzer’s reagent (I, III). The pictures were adjusted and the measurements were 
made with AxioVision 3.0 software (Carl Zeiss Vision GmbH) (II, III, V, VI). 
The spore measurements are based on ten (I) or 25 (II, III) randomly taken 
basidiospores from each specimen. 

World geographical regions have been designated using Brummitt (2001), 
but locations in Fennoscandia incorporate abbreviations for biogeographic 
provinces in this area (Hansen & Knudsen 1992) (I). The abbreviations of 
fungaria are used according to the Index Herbariorum (Thiers 2011). 
 
 

Molecular methods 

Genomic DNA was extracted with a CTAB procedure (Gardes and Bruns 1993) 
with the following modifications: 1% -mercaptoethanol in 600 µl CTAB, 
tissues were crushed and incubated at 65°C for 30 min, DNA eluted in 40 µl of 
ddH2O or with High pure PCR template preparation kit (Roche Applied 
Science, Mannheim, Germany) following the protocol of the manufacturer. The 
CTAB extraction was followed by DNA purification with GeneClean®III kit 
(Qbiogene, Heidelberg, Germany) or UltraCleanTM15 kit (Mo Bio Lab., 
Carlsbad, USA), according to the manufacturers’ instructions. PCR amplifi-
cation was accomplished with the primer pairs ITS1F–ITS4B, ITS1F–ITS4 or 
ITS0Ft–ITS4 and LR0R–LR7 or CTB6–TW13 (Table 1) for ITS (ITS1–5.8S–
ITS2) and partial LSU regions, respectively. PCR was performed using 
puReTaq Ready-To-GoTM PCR Beads (GE Healthcare, Freiburg, Germany) 
with 0.8 µM of each primer and 5 µl of DNA solution on a Mastercycler® EP 
gradient (Eppendorf AG) thermal cycler. The amplification program was as 
follows: an initial denaturation at 95C for 3 min, followed by 35 cycles at 95C 
for 30 sec, at 55C for 30 sec, at 72C for 1 min (increasing time 2 sec per 
cycle), and a final extension at 72C for 10 min. PCR products were purified 
with QIAquick PCR purification kit (Qiagen, Hilden, Germany), UltraCleanTM 
PCR Clean-up kit (Mo Bio Lab., Carlsbad, USA), NucleoFast® 96 PCR Clean-
up kit (Macherey-Nagel, Düren, Germany) or Exo-SAP (GE Healthcare, 
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Freiburg, Germany), according to the manufacturers’ instructions. The 
sequences were performed on an ALFexpressII (GE Healthcare, Freiburg, Ger-
many) automated sequencer or by MWG-Biotech AG (Ebersberg, Germany) or 
Macrogen Inc. (Seoul, Korea) using primers ITS1 or ITS5 and ITS4 or CTB6 
and LR5 for ITS and LSU regions, respectively. In some cases, additional 
primers were used: ITS2, ITS3 for ITS region and LR3R, LR21, TW13, TW14 
for LSU region (Table 1). For ALFexpressII sequencer cycle sequencing was 
performed using Thermo Sequenase Primer Cycle Sequencing kit (GE 
Healthcare, Freiburg, Germany), according to the manufacturer’s instructions, 
using 0.2 µM Cy5 primers. 

Sequence fragments were inspected and assembled using Sequencher  
4.6–4.9 (Gene Codes, Ann Arbor, USA). DNA sequences were submitted to the 
European Molecular Biology Laboratory (EMBL) and PlutoF cloud databases 
(Abarenkov et al. 2010b). PlutoF based databases include also exhaustive 
specimen data, which partly are reachable through public web outputs like 
UNITE (http//unite.ut.ee) or Estonian National Fungarium database 
(http://unite.ut.ee/EestiLiigid/index.php; Abarenkov et al. 2010a). 
 
Table 1. The sequences of primers. 

Name Sequence 5’3’ 

CTB6 GCATATCAATAAGCGGAGG 

ITS0Ft ACTTGGTCATTTAGAGGAAGT 

ITS1 TCCGTAGGTGAACCTGCGG 

ITS1F CTTGGTCATTTAGAGGAAGTAA 

ITS2 GCTGCGTTCTTCATCGATGC 

ITS3 GCATCGATGAAGAACGCAGC 

ITS4 TCCTCCGCTTATTGATATGC 

ITS4B CAGGAGACTTGTACACGGTCCAG 

ITS5 GGAAGTAAAAGTCGTAACAAGG 

LR0R ACCCGCTGAACTTAAGC 

LR3R GTCTTGAAACACGGACC 

LR5 TCCTGAGGGAAACTTCG 

LR7 TACTACCACCAAGATCT 

LR21 ACTTCAAGCGTTTCCCTTT 

TW13 GGTCCGTGTTTCAAGACG 

TW14 GCTATCCTGAGGGAAACTTC 
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Phylogenetic analyses 

Alignments were performed using L-INS-i strategy as implemented in MAFFT 
v 6.240 (Katoh et al 2002, 2005). Minor manual adjustments were performed 
with Se-Al 2.0a11 (Rambaut 1996). 

Phylogenetic analyses were performed separately for the LSU and ITS data-
sets due to incomplete ITS data and alignment problems between distantly 
related genera (III, IV). The initial analyses of the LSU dataset (IV) were based 
on a more exhaustive data matrix that included representatives of the main 
groups of the euagaric clade (Moncalvo et al. 2002). For additional phy-
logenetic analyses of ITS data some newly acquired sequences and available 
sequences from INSD were incorporated (figure 4–5). Ripartitella for Cysto-
dermella and Crucibulum for Cystoderma as outgroups were served, based on 
the results of previous analyses of LSU data revealed these as the closest sister 
groups (IV). 

Maximum parsimony (MP) analyses were conducted in PAUP* 4.0b10 
(Swofford 2002) using 1000 heuristic searches with random taxon addition 
sequences, TBR branch swapping, Maxtrees set to 10 000, the restriction to 
save 100 trees in each replicate applied, followed by additional swapping of the 
resulting trees. The confidence of branching was assessed using bootstrap re-
sampling (bs): 1000 replicates, each with 10 random taxon addition sequences 
and MulTrees off. All characters were treated as unordered, equally weighted, 
treating gaps as missing data. 

Bayesian inference of phylogeny was performed with MrBayes 3.1.2 
(Huelsenbeck and Ronquist 2001, Ronquist and Huelsenbeck 2003), applying 
substitution model chosen by the AIK information criterion in the program 
MrModeltest 2.2 (Nylander 2004). The parameter of generations (Ngen) was 
modified for different datasets; otherwise default values of prior settings were 
used. Tracer ver. 1.4 (Rambaut & Drummond 2007) was used for summarizing 
the results of Bayesian phylogenetic analyses. 

Additionally, two constraint analyses were performed on the LSU dataset to 
test the probability of two species forming a monophyletic clade together with 
the species of Cystoderma. The likelihood values of resulting constrained trees 
with the lowest – ln L were compared to the best unconstrained MP tree using 
the Shimodaira-Hasegawa test (Shimodaira and Hasegawa 1999) in PAUP* 
with a resampling estimated log-likelihood (RELL) bootstrap with 1000 repli-
cates (IV). The pairwise base differences for ITS datasets were calculated with 
the default settings in PAUP* 4.0b10 (IV). 
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RESULTS 

Species delimitation in genera Cystoderma and Cystodermella was evaluated 
based on the results of the phylogenetic relationships obtained in the analyses of 
ITS and LSU regions, the variation of ITS sequences based on pairwise base 
differences as well as morphological data (IV). Combining species was con-
sidered when the variability of ITS sequences between two taxa was less than 
1% (p = 0.01). The study included 15 species from genus Cystoderma and 5 
species from Cystodermella, the type specimens from five species were repre-
sented. The results of the analyses of ITS and LSU data supported the distinc-
tion of ten species of Cystoderma and four species of Cystodermella sensu 
Harmaja. Two Cystoderma species – C. fallax A.H. Sm. & Singer, C. inter-
medium Harmaja – were synonymised with C. carcharias, three species – 
C. lilacipes, C. niveum Harmaja, C. saarenoksae – with C. jasonis, C. arcticum 
Harmaja with C. tuomikoskii Harmaja, and Cystodermella ambrosii (Bres.) 
Singer with C. granulosa. Five new combinations were proposed: Cystoderma 
carcharias (Pers.: Fr.) Fayod var. fallax (A.H. Sm. & Harmaja) I. Saar, C. jasonis 
(Cooke & Massee) Harmaja var. lilacipes (Harmaja) I. Saar, C. jasonis (Cooke 
& Massee) Harmaja var. niveum (Harmaja) I. Saar, C. jasonis (Cooke & 
Massee) Harmaja var. saarenoksae (Harmaja) I. Saar, Cystodermella granulosa 
(Batsch: Fr.) Harmaja var. ambrosii (Bres.) I. Saar. 

For the thesis additional phylogenetic analyses of ITS data were made incor-
porating some newly acquired sequences and available sequences from INSD 
(figure 4–5). The results of the phylogenetic analyses support the hypotheses 
published before by Saar et al. (2009). 

The spore wall amyloidity as a main morphological character has been 
applied for distinguishing the genera Cystoderma and Cystodermella. The 
results presented in the study (IV) reveal that amyloidity of spores, considered 
to be consistent within the treated genera (Harmaja 2002), varies in Cysto-
derma. Harmaja transferred Cystoderma japonicum Thoen & Hongo to genus 
Cystodermella because possessing inamyloid basidiospores. The results of 
phylogenetic analyses of LSU and ITS regions, however, show that it belongs to 
genus Cystoderma. Therefore the spore wall amyloidity alone cannot be 
considered as a reliable feature to distinguish these two genera. 

The results of phylogenetic analyses of partial LSU rDNA data have 
revealed Cystoderma and Cystodermella as distinct monophyletic genera, with 
Ripartitella representing a well-supported sister group of the latter. The species 
Phaeolepiota aurea represents either an unsupported sister group or a member 
of Cystoderma in the phylogenies based on LSU and ITS sequences data, 
respectively. The tribe Cystodermateae sensu Singer did not appear mono-
phyletic according to analyses of LSU sequences and on the basis of these data 
the phylogenetic relationships of the analyzed genera could not be resolved 
unequivocally (IV). 

5
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Two new species, Cystoderma andinum I. Saar & Læssøe and C. papal-
lactae I. Saar & Læssøe were described from high Andean Ecuador, the latter 
was transferred to genus Cystodermella by Vizzini (2008). The distribution data 
of the species from genus Cystoderma sensu lato in South America have been 
overviewed (II). Cystoderma luteohemisphaericum Dennis was revised based 
on type studies, examination and phylogenetic analysis of recent material from 
South America. The new combination, Cystolepiota luteohemisphaerica 
(Dennis) I. Saar & Læssøe, was proposed. This was the first published record of 
this species from Ecuador and Brazil (III, figure 3 D–F). The coloured pictures 
of the type specimens of Cystoderma andinum and Cystodermella papallactae 
are published here for the first time (figure 3 A–C). 

The checklist of the genera Cystoderma and Cystodermella includes 68 taxa 
with information on synonymy, type specimens, original diagnoses and selected 
illustrations (VII). The general distribution of the species of both genera is 
overviewed in Tables 2–3. The morphological characters of the type specimens 
of following Cystoderma species were studied (Saar 2011): C. simulatum P.D. 
Orton (1960) collected from England, C. clastotrichum (G. Stev.) E. Horak 
(1971) from New Zealand, C. neoamianthinum Hongo (1974) from Japan, and 
C. freirei Justo & M.L. Castro (2003) from Spain. It revealed that all specimens 
belong into one species. Thus, Cystoderma simulatum as the earliest name 
should be used and other three – C. clastotrichum, C. freirei, C. neoamian-
thinum – are considered as synonyms. Distribution is known from Europe 
(Denmark, England, France, Germany, Spain), Asia-Temperate (Japan, Turkey) 
and Australasia (New Zealand). The first collection was found from Nothofagus 
forest in 1949 in New Zealand, where some other specimens were also collected 
in the 1950s and described as Baeospora clastotricha (Stevenson 1964). The 
finding of specimens in Europe started in 1957, when a specimen from the 
plantation of unknown trees in Surlingham was collected (East of England, 
United Kingdom) and described as a new species C. simulatum (Orton 1960). 
Later the findings in other countries were reported (Calonge 1986, Galliot & 
Sugny 2003, Glowinski & Gumbinger 1981, Kasparek 1991, Saar 2011), but 
this species seem to be rather rare everywhere in Europe. Thus, it is possible 
that this species originated from New Zealand and it has spread elsewhere. The 
picture of specimen found in Denmark can be seen in figure 1H. 

The specimen of Cystoderma japonicum was collected in 2011 in Estonia 
(TU 101697; see figure 1G). It has probably been the first finding outside 
Japan, where the type specimen was found. The morphological characters and 
ITS sequence of this specimen are identical to the type specimen. Unlikely, it 
was growing on fallen rotten branches of birch, while the type specimen grew 
on heaps of rice-hulls (Thoen and Hongo 1985). 
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Figure 3. The basidiomata of A. Cystoderma andinum (C 57998, isotype); B.–C. 
Cystodermella papallactae (C 58002, isotype); D.–F. Cystolepiota luteohemisphaerica 
(TL-11724). Photos by Thomas Læssøe (A–C) and Jens H. Petersen (D–F). 
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Figure 4. Phylogeny of ITS data for the Cystodermella inferred by MP analysis. 
Bootstrap support (≥70%) and posterior probabilities (≥95%) are shown above and 
below branches (bs/pp), respectively. The type specimens are marked with asterisks (*); 
the original names of INSD sequences are used; C. = Cystodermella. 
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Figure 5. Phylogeny of ITS data for the Cystoderma inferred by MP analysis. Bootstrap 
support (≥70%) and posterior probabilities (≥95%) are shown above and below 
branches (bs/pp), respectively. The type specimens are marked with asterisks (*); the 
original names of INSD sequences are used; C. = Cystoderma. 

6
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Table 2. General distribution of species Cystoderma. The continent names are 
according to Brummitt (2001). 

Species Distribution References 
C. amianthinum EuropeT, Africa, Asia-

Temperate, Northern America, 
Southern America 

Saar 2003 

C. andinum Southern AmericaT Saar & Læssøe 2006 
C. aureolum D Southern AmericaT Raithelhuber 1987 
C. aureum EuropeT, Asia-Temperate, 

Northern America 
Wasser 1993 

C. austrofallax Southern AmericaT Singer 1969, Minter et al. 2001 
C. bonnardii EuropeT Thoen 2005 
C. carcharias EuropeT, Africa, Asia-

Temperate, Northern America, 
Southern America 

Saar 2003 

C. caucasicum Asia-TemperateT Smith & Singer 1945 
C. chocoanum Southern AmericaT Franco-Molano 1993 
C. ferruginosum AfricaT, Southern America (?) Pegler 1966, Guzmán & 

Guzmán-Dávalos 1984 
C. granosum Northern AmericaT Smith & Singer 1945 
C. fulvolateritium D Southern AmericaT Raithelhuber 1983 
C. gruberianum Northern AmericaT Smith 1949 
C. haematites EuropeT Huijsman 1956 
C. japonicum Europe, Asia-TemperateT Thoen & Hongo 1985 
C. jasonis EuropeT, Northern America Saar 2003 
C. jeoliense D Asia-TropicalT Dhancholia et al. 1991 
C. muscicola AustralasiaT Grgurinovic 1997 
C. pulveraceum Northern AmericaT Smith & Singer 1945 
C. simulatum EuropeT, Asia-Temperate, 

Australasia 
Saar 2011 

C. subornatum D Southern AmericaT Raithelhuber 1987 
C. subvinaceum Europe, Northern AmericaT Smith & Singer 1945, 

Hausknecht 1994 
C. superbum EuropeT, Asia-Temperate Huijsman 1956, Saar 2003 
C. texense Northern AmericaT Thiers 1957 
C. tricholomoides EuropeT Heinemann & Thoen 1973b 
C. tuomikoskii EuropeT, Asia-Temperate, 

Northern America 
Saar 2003 

T = type specimen; D = doubtful species. 
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Table 3. General distribution of species Cystodermella. The continent names are 
according to Brummitt (2001). 

Species Distribution References 
C. adnatifolia Europe, Asia-Temperate, 

Northern AmericaT 
Saar 2003 

C. australis Northern AmericaT Smith & Singer 1945 
C. cinnabarina EuropeT, Africa, Asia-

Temperate, Northern America 
Saar 2003 

C. contusifolia Southern AmericaT Pegler 1983 
C. cristallifera AfricaT Thoen 1969 
C. elegans AfricaT Heinemann & Thoen 1973a, Kost 

2002 
C. granulosa EuropeT, Africa, Asia-

Temperate, Northern America, 
Southern America 

Saar 2003 

C. myriadocystis EuropeT Heinemann & Thoen 1973b 
C. papallactae Southern AmericaT Saar & Læssøe 2006 
C. subpurpurea Europe, Northern AmericaT Smith & Singer 1948, Cheype 1997 

T = type specimen  
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DISCUSSION 

The distinction of genera Cystoderma and Cystodermella sensu Harmaja (2002) 
were supported in all analyses based on partial LSU and ITS rDNA sequences. 
In this respect, our results concur with those obtained in the analyses of LSU 
data in recent studies (Johnson and Vilgalys 1998, Moncalvo et al. 2002) that 
incorporated some members of the taxa treated here. In both studies, Cystoder-
mella granulosa (as Cystoderma) appeared closely related with genus Riparti-
tella. Cystoderma chocoanum formed a sister group of the Cystodermella-
Ripartitella clade (Johnson and Vilgalys 1998). In the analyses by Moncalvo et 
al. (2002) Cystoderma chocoanum and C. amianthinum formed a well-suppor-
ted clade, with Floccularia albolanaripes (G.F. Atk.) Redhead as their sister 
group. 

The genus Cystoderma sensu Harmaja (2002) appears monophyletic in the 
Bayesian analysis of the LSU data with the inclusion of Phaeolepiota aurea. 
While in the MP analysis, the lineage C. superbum-Phaeolepiota was distin-
guished as an unresolved sister clade with Cystoderma. Testing the constraint 
hypothesis, however, could not reject the inclusion of C. superbum Huijsman 
from the Cystoderma clade (IV). Heinemann and Thoen (1973b) regarded it as 
the single species of the section Superba, delimited by basidiospores that are 
amyloid only at the suprahilar zone. Singer (1986) did not accept the section 
Superba and treated this species as a member of the section Cystoderma, 
corresponding to genus Cystoderma by Harmaja (2002). Pegler and Young 
(1971) stated that the whole spore of C. superbum is weakly grey amyloid 
except for the suprahilar region, which is strongly amyloid. Considering the 
results of the phylogenetic analyses, C. superbum is regarded to be a member of 
the genus Cystoderma. 

The study on the phylogeny of Agaricales by Garnica et al. (2007) support a 
close relationship between the monotypic genus Phaeolepiota and the type spe-
cies of the Cystoderma (C. amianthinum) that form a significantly supported 
clade with the Crucibulum-Cyathus lineage. The multi-gene phylogeny pre-
sented by Matheny et al. (2006), likewise involving only the type species of 
Cystoderma, reveals the Cystoderma-Crucibulum-Cyathus lineage as a mode-
rately supported sister group of the Agaricaceae in the Agaricoid clade. Walther 
et al. (2005) reported the similarity of the modes of conidiogenesis between 
Cystoderma and the representatives of Agaricaceae (conidiophores were not 
differentiated, conidia were formed by the fragmentation of branched hyphae 
and released rhexolytically), referring to a close relationship between these taxa. 
In contrast to the majority of the studied Agaricaceae, the conidia of Cysto-
derma did not usually swell. The results of the analyses of LSU data obtained in 
the present study, based on more extensive species sampling, do not support a 
close relationship between the species of Cystoderma and the Cyathus-
Crucibulum lineage. The Bayesian analysis of LSU data demonstrates a well-
supported sister group relationship of Phaeolepiota aurea and Cystoderma 
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superbum to the Cystoderma clade, which does not receive considerable support 
in the MP analysis. Phylogenies based on ITS rDNA data, however, include 
Phaeolepiota aurea in genus Cystoderma. The results of the recent ITS analyses 
support the inclusion of Phaeolepiota in genus Cystoderma (figure 5), therefore 
the evaluation of the combination of Phaeolepiota aurea in Cystoderma as 
proposed by Kühner and Romagnesi (1953) should be preferred. Members of 
Phaeolepiota and Cystoderma share similar features of the epithelial covering 
of pileus and stipe. A chemotaxonomical study by Benedict et al. (1972) shows 
that the distribution patterns of urea and 10 chromatographically measured 
compounds supports a close relationship between these two genera. 

The genetic variation of ITS region within species Cystoderma amianthinum 
exhibits paraphyletic nature of this species, which the neotropical C. andinum is 
derived from (Matheny and Griffith 2010). The results of ITS data indicate the 
occurrence of two infrageneric taxa, with C. andinum as a basal lineage 
(figure 5). In some other taxa, for example C. jasonis, C. carcharias and C. 
tuomikoskii, the intraspecific variation of ITS region was rather low, which 
brings up the issue of the species delimitation within these taxa. At least four 
Squamanita species: S. basii Harmaja, S. paradoxa (A.H. Sm. & Singer) Bas, 
S. pearsonii Bas, S. umbilicata Harmaja are suspected to parasitize Cystoderma 
species based on morphological evidence (Harmaja 1988, Redhead et al. 1994). 
Redhead et al. (1994) presume that the host of S. phaeolepioticola nom. prov. 
(S. odorata ss. Nagasawa et al. 1990) may be Phaeolepiota aurea. Matheny and 
Griffith (2010) succeeded in sequencing S. paradoxa, both parasite and host, 
which was determined as Cystoderma amianthinum. They also indicate that 
these Squamanita species may parasitize closely related species within their 
own clade, but this association was not supported by any analyses. 

It is highly unlikely that the species C. simulatum occur naturally both in 
New Zealand and Europe. This species is presumably indigenous for New 
Zealand and has spread into Europe by means of imported seedlings and/ or 
soil. The type specimen from the UK and the only sequenced European speci-
men from Denmark were found in plantations. However, it is not known which 
tree species were cultivated in the UK plantation, whereas the Danish specimen 
was found in Abies sp. plantation. Therefore it is premature to reach the deci-
sion on the invasiveness of the species C. simulatum in Europe. Prior to that, 
more European specimens should be sequenced and the history of their habitat 
should be carefully recorded. It is recommended that this species should be 
included into nature monitoring lists in order to study if its distribution is 
expanding and what the rate of spreading is. 

The genus Cystodermella appeared monophyletic in almost all analyses, 
receiving considerable support except for the Bayesian analysis of LSU data. 
MP analysis of the LSU data supported the sister group relationship between 
Cystodermella and Ripartitella, concordantly to the result of an earlier phylo-
genetic study (Moncalvo et al. 2002). Likewise, the culture studies by Pantidou 
et al. (1983) and Ovrebo (1988) indicated a close relationship between Cysto-

7
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dermella and Ripartitella. The representatives of both genera shared similar 
conidiogenesis: conidiophores were not differentiated, arthroconidia were 
formed by the fragmentation of hyphae. However, the conidia of Cystoderma 
are also formed in the same way (Walther et al. 2005). Ripartitella differs from 
Cystodermella by echinulate spores, which are similarly inamyloid, also having 
trichodermium instead of epithelium in pileus and stipe (Singer 1947: 85). 

In infrageneric taxonomy of the Cystoderma sensu Singer (1986), the spore 
wall amyloidity has been used extensively as a defining characteristic. The 
results presented in this study reveal that amyloidity of spores, considered con-
sistent within the treated genera (Harmaja 2002), varies in Cystoderma. Har-
maja transferred Cystoderma japonicum to Cystodermella because it produces 
inamyloid basidiospores. Our results, however, show that it belongs to Cysto-
derma. Based on the author’s experience, determining the state of this charac-
teristic is complicated because most basidiospores are comparatively small and 
the colouring reaction is often rather weak. Therefore this characteristic alone 
cannot be considered as a reliable feature to distinguish these genera. 

Based on the studied species, the genus Cystoderma can be defined by the 
formation of amyloid basidiospores, exceptionally C. aureum and C. japonicum 
possessing inamyloid basidiospores, and having a persistent membranous ring 
on upper part of the stipe. In contrast, species of Cystodermella are charac-
terised by inamyloid spores, evanescent floccose-scaly ring zone and the 
presence of cystidia in some species. Further studies are needed to understand 
the relationships between species not treated in this study. Considering only 
morphology can result in misleading generic relationships as recently exem-
plified by relocating Cystodermella luteohemisphaerica (Dennis) Harmaja into 
the genus Cystolepiota Singer (Saar and Læssøe 2008). 

The tribe Cystodermateae sensu Singer (1986) appeared paraphyletic 
according to the analyses of LSU rDNA sequences. The phylogenetic relation-
ships among the genera involved could not be unequivocally resolved based on 
partial LSU sequences only. The genus Pseudobaeospora appeared to be 
closely related to the genera Tricholoma (Fr.) Staude and Lepista (Fr.) W.G. 
Sm., concordant to Kühner (1980) who included it in the tribe Tricholomateae. 
Lack of support in the backbone of the trees based on LSU data indicate the 
need for further studies on the tribe Cystodermateae implying phylogenetic 
analyses of multiple genes. 
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CONCLUSIONS 

The separation of genus Cystodermella from Cystoderma was well supported in 
phylogenetic analyses of LSU and ITS rDNA data. In contrast, there are no 
definite morphological characters distinguishing these two genera. The majority 
of studied species from genus Cystoderma are characterized by weakly to 
strongly amyloid basidiospores, except for C. aureum and C. japonicum having 
inamyloid basidiospores. Infrequently, a persistent membranous annulus or 
arthroconidia in the upper part of pileus context are present in a few species. 
The species from genus Cystodermella possess inamyloid basidiospores and the 
presence of cystidia is distinctive to few species. 

The recent study on the phylogeny of Agaricales supports a close relation-
ship between the monotypic genus Phaeolepiota and the type species of Cysto-
derma (Garnica et al. 2007) with Crucibulum-Cyathus lineage as significantly 
supported sister group (Garnica et al. 2007, Matheny et al. 2006). The results of 
the analyses of ITS data support the inclusion of Phaeolepiota in genus Cysto-
derma, therefore the following combination – Cystoderma aureum (Matt.) 
Kühner & Romagn. should be preferred. The results of previous studies and this 
thesis support the sister group relationship between Cystodermella and Riparti-
tella (Moncalvo et al. 2002, Saar et al. 2009). Ripartitella differs from Cysto-
dermella by echinulate spores, which are similarly inamyloid, also having 
trichodermium instead of epithelium in pileus and stipe (Singer 1947). The 
representatives of genus Ripartitella are known from tropical America, but 
recently a couple of sequences from collections in Japan have been deposited in 
INSD. 

Two new species, Cystoderma andinum I. Saar & Læssøe and C. papal-
lactae I. Saar & Læssøe were described from high Andean Ecuador. Cysto-
derma andinum, characterised by a greyish-orange pileus and strongly amyloid, 
broadly ellipsoid to ellipsoid basidiospores (6.0–7.5 × 4.5–5.5 µm), is closely 
related to C. amianthinum. Cystodermella papallactae (I. Saar & Laessøe) 
Vizzini, collected in Ecuador at high elevations, is characterised by brownish-
orange pileus and large inamyloid, ellipsoid to oblong basidiospores (5.0–6.0  
3.0–4.0 µm). Evaluating the morphological and molecular characters of species 
Cystoderma luteohemisphaericum, the new combination – Cystolepiota luteo-
hemisphaerica (Dennis) I. Saar & Læssøe was proposed. 

The morphological study of the type specimens of some Cystoderma species 
revealed that Cystoderma simulatum as the earliest name should be used and the 
other three – C. clastotrichum, C. freirei, C. neoamianthinum – are considered 
as synonyms. The specimen of Cystoderma japonicum in Estonia was collected; 
it is probably the first finding outside Japan, where the type specimen was 
found. 
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SUMMARY IN ESTONIAN 

Seeneperekondade Cystoderma ja Cystodermella (Agaricales) 
taksonoomia ja fülogenees 

Fayod (1889) kirjeldas perekonda Cystoderma, eraldades sinna seitse liiki 
perekonna Agaricus triibusest Lepiota (Fries 1821): Lepiota amianthina Scop., 
L. granulosa Batsch, L. cinnabarina Alb. & Schwein., L. carcharias Pers., 
L. seminuda Lasch, L. fumosopurpurea ja L. georginae. Esimest nelja liiki 
tunnistatakse siiani perekonda Cystoderma kuuluvat, kuid viimased kolm on 
hilisemate autorite poolt tõstetud teistesse perekondadesse. Nende puhul on 
hetkel üldkasutatavad nimed Cystolepiota seminuda (Lasch) Bon, Leuco-
agaricus georginae (W. G. Sm.) Candusso ja Melanophyllum haematospermum 
(Bull.) Kreisel (sünonüüm L. fumosopurpurea). 

Esimene perekonna Cystoderma monograafia sisaldas 14 liiki, mis olid 
kandeoste amüloidsuse alusel jagatud kahte sektsiooni: inamüloidsete kande-
ostega Granulosa ja amüloidsete kandeostega Amianthina (Smith ja Singer 
1945). Viimase asemel võttis Singer (1962) kasutusele sektsiooni nimetusega 
Cystoderma. Hilisem monograafiline uurimus (Heinemann ja Thoen 1973b) 
sisaldas juba 26 liiki, uuena võeti kasutusele kaks sektsiooni: Superba, mille 
kandeosed on amüloidsed ainult suprahilaarses vööndis, ning Cinnabarina, 
inamüloidsete kandeoste ja tsüstiididega. 

Harmaja (2002) tõstis perekonna Cystoderma inamüloidsete kandeostega 
liigid uude perekonda Cystodermella, võttes arvesse Moncalvo jt (2002) rDNA 
LSU regiooni fülogeneetilise analüüsi tulemused ja tuuma DNA-sisalduse 
valitud Cystoderma liikides (Saar ja Kullman 2000). Singer (1986) määratles 
triibuse Cystodermateae liikmetena perekondi Cystoderma, Phaeolepiota Maire 
ex Konrad & Maubl., Squamanita Imbach., Dissoderma (A. H. Sm. & Singer) 
Singer, Horakia Oberw., Pseudobaeospora Singer ja Ripartitella Singer. 
Kühner (1980) pidas sellesse triibusesse kuuluvaks neist kolme esimest, kuid 
tõstis perekonna Pseudobaeospora triibusesse Tricholomateae. 

Erinevad autorid on seda triibust paigutanud erinevatesse taksonitesse. 
Singer (1986) paigutas triibuse Cystodermateae sugukonda Agaricaceae, aga 
mitmed teised autorid (Heinemann ja Thoen 1973b, Kühner 1980, Bas 1988) 
tõstsid selle sugukonda Tricholomataceae. Viimaste autorite morfoloogiliste 
tunnuste alusel esitatud hüpoteesi kinnitas hiljem rDNA LSU geenijärjestustel 
põhinev töö (Johnson ja Vilgalys 1998). Hilisemates lehikseente fülogeneeti-
listes uuringutes jäi triibuse Cystodermateae paiknemine fülogeneesipuul 
lahendamata (Moncalvo jt 2000, 2002), seda ka juhtudel, kui molekulaarseid 
tunnuseid kasutati koos konidiogeneesi (Walther jt 2005) või kandeoste 
ultrastruktuuri andmetega (Garnica jt 2007). 

Uusima seltsi Agaricales multigeense analüüsi põhjal lahenes perekonna 
Cystoderma asukoht fülogeneesipuul, kus see moodustas koos perekondade 
Cyathus ja Crucibulum esindajatega sugukonna Agaricaceae mõõdukalt 
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toetatud sõsarrühma (Matheny jt 2006). Perekondade Cystoderma ja Phaeo-
lepiota lähedane sugulus ja toetatud ühisklaadi moodustumine perekondadega 
Crucibulum ja Cyathus leidis kinnitust ka Garnica jt (2007) töös. 

Perekonda Cystoderma arvatakse tänapäeval ligikaudu 35 ja perekonda 
Cystodermella 12 liiki, neist esimesel on tüüpliigiks C. amianthinum (Scop.: 
Fr.) Fayod ja teisel C. granulosa (Batsch: Fr.) Harmaja (Kirk jt 2008). 

Perekondade Cystoderma ja Cystodermella viljakehad on väikese kuni 
keskmise suurusega. Kübar on kuni 10 (…20) cm laiune, sageli näsaga, 
mõnikord radiaalselt kurruline, teraline kuni peenelt soomuseline, matt, kuiv, 
erinevat värvi, serv noorelt loorijäänustega. Lamellid on kinnitunud kuni 
ümardunult, nõgusalt või hambaga külge kasvanud; valged kuni kahvatu-
kreemid või kollakad. Jalg on ülaosas paljas ja õrnalt triibuline, allpool peenelt 
kuni jämedalt teralisvatjas, kübara tooni. Lõhn on ebameeldiv või puudub 
eriline lõhn üldse. Maitse poolest mahe või ebameeldiv, eriline maitse võib ka 
üldse puududa. Eospulber on valge kuni kahvatukreem. Kandeosed on ellip-
soidsed, piklikud või käävjad, siledad, idupoorita, hüaliinsed. Kübaranahk on 
epiteelstruktuuriga. Üldloori jäänused kübara- ja jalapinnal koosnevad 
ümaratest kuni ellipsoidsetest sfärotsüstidest. 

Perekonna Cystoderma liike iseloomustavad nõrgalt kuni tugevalt amüloid-
sed kandeosed; jalal esinev püsiv, teralise alaosaga nahkjas rõngas või kaduv 
teralisvatjasebemeline rõngas ja artrokoniidide moodustumine kübaranaha-
aluses seenelihas mõnedel liikidel. Perekonna Cystodermella liikidele on ise-
loomulik inamüloidsete kandeoste, kaduva teralisvatjasebemelise rõnga ja 
mõnel üksikul liigil ka tsüstiidide esinemine. 

Mõlema perekonna liigid kasvavad enamasti metsaökosüsteemides, kuid 
võivad esineda ka avamaastikel, kasvades pinnasel, kõdukihil, samblas ja 
mõned liigid ka väga kõdunenud puidul. Siiani pole täpselt teada, kas need 
seened on saprotroofse ja/või biotroofse eluviisiga, kuid mitmed autorid on 
märganud nende kooskasvamist sammaldega ja arvanud, et tegemist võib olla 
sammalde biotroofidega (Heinemann ja Thoen 1973b; Harmaja 1979, 1985). 
Perekonnad Cystoderma ja Cystodermella on levinud ülemaailmselt, kuid 
enamik kirjeldatud liike on pärit parasvöötmest, mis viitab troopilise piirkonna 
vähesele uuritusele. 

Minu töö eesmärkideks oli 1) esitada hüpoteesid perekondade Cystoderma ja 
Cystodermella liikide piiritlemiseks, kasutades morfoloogilisi ja molekulaarseid 
tunnuseid; 2) testida hüpoteesi perekondade Cystoderma ja Cystodermella 
monofüleetilisusest; 3) leida nende perekondade sõsarrühmad; 4) kirjeldada 
Ecuadorist (Lõuna-Ameerika) kogutud materjali põhjal uusi liike teaduses; 
5) koostada perekondade Cystoderma ja Cystodermella kõigi teadaolevate 
liikide kriitiline nimestik. 

Perekondade Cystoderma ja Cystodermella eristamine Harmaja (2002) poolt 
leidis kinnitust rDNA ITS ja LSU geenijärjestuste fülogeneetilistes analüüsides. 
Samas ei leitud morfoloogilisi tunnuseid, mis võimaldaks neid kahte perekonda 
üksteisest eristada. Suuremat osa autori poolt uuritud perekonna Cystoderma 
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liikidest iseloomustavad nõrgalt kuni tugevalt amüloidsed kandeosed. Erandiks 
on liigid C. aureum ja C. japonicum, millel need inamüloidsed on. Harva esineb 
selle perekonna liikidel kas püsiv nahkjas rõngas või artrokoniidid kübaranaha-
aluses seenelihas. ITS geenijärjestustel põhineva analüüsi tulemused toetavad 
monotüüpse perekonna Phaeolepiota arvamist perekonda Cystoderma. Ka teiste 
autorite varasemad tööd näitasid nende kahe perekonna lähedast sugulust 
(Garnica jt 2007, Matheny jt 2006), mistõttu aktsepteerib selle töö autor 
kombinatsiooni Cystoderma aureum (Matt.) Kühner & Romagn. perekonna 
Phaeolepiota ainsa liigi kehtiva nimena. Varasemate tööde (Moncalvo jt 2002, 
Saar jt 2009) ja selle väitekirja tulemused toetavad perekondade Cystodermella 
ja Ripartitella sugulust lähedase sõsarrühmana. Perekonna Ripartitella liike 
iseloomustavad näsalised kandeosed, mis on sarnaselt Cystodermella liikidega 
inamüloidsed. Erinev on kübaranaha struktuur: Ripartitella puhul on kübara-
nahk trihhodermstruktuuriga, aga perekonnal Cystodermella on see epiteel-
struktuuriga (Singer 1947). 

Antud töös kirjeldati kaht uut liiki Ecuadorist: Cystoderma andinum I. Saar 
& Læssøe ja C. papallactae I. Saar & Læssøe. Liiki Cystoderma andinum 
iseloomustab hallikasoranž kübar ja tugevalt amüloidsed, laiellipsoidsed kuni 
ellipsoidsed kandeosed (6,0–7,5 × 4,5–5,5 µm). See liik on lähedane liigile C. 
amianthinum. Liigile Cystodermella papallactae (I. Saar & Laessøe) Vizzini on 
iseloomulik pruunikasoranž kübar ja suured inamüloidsed, ellipsoidsed kuni 
piklikud kandeosed (5,0–6,0  3,0–4,0 µm). Hinnates liigi Cystoderma luteo-
hemisphaericum Dennis morfoloogilisi ja molekulaarseid tunnuseid, leiti, et see 
liik tuleb üle viia teise perekonda ja esitati uus nimekombinatsioon Cystolepiota 
luteohemisphaerica (Dennis) I. Saar & Læssøe. Mõnede Cystoderma liikide 
tüüpeksemplaride morfoloogiline uurimine viis järelduseni, et järgnevad kolm 
liiki – C. clastotrichum, C. freirei, C. neoamianthinum – on liigi C. simulatum 
sünonüümid. 

Siiani pole teada seeneliike, mis leviksid looduslikult nii Uus-Meremaal kui 
ka Euroopas. Arvatavasti on liik Cystoderma simulatum pärit Uus-Meremaalt, 
kust ta on sissetoodud seemikute ja/või mullaga Euroopasse levinud. 
Suurbritanniast pärit tüüpeksemplar ja siiani ainuke Euroopa sekveneeritud 
eksemplar Taanist leiti istandustest, esimese kohta pole puuliik teada, aga teine 
kasvas nulupuistust (Abies sp.). Andmete vähesuse tõttu ei saa otsustada liigi 
invasiivsuse üle Euroopas, kuid soovitav oleks tulevikus molekulaarsesse 
analüüsi rohkem eksemplare kaasata. Ühtlasi tuleks selgitada leitud eksemp-
laride elupaikade muster. Riikides, kust seda liiki on juba leitud, on soovitav see 
lisada seiratavate liikide nimekirja, et selgitada, kas selle liigi levikuala on 
laienemas ja milline on levimiskiirus. Eestist leiti 2011. aastal esmakordelt liigi 
Cystoderma japonicum eksemplar, mis on ilmselt esimene leid väljaspool 
Jaapanit, kust selle liigi tüüpeksemplar on leitud ja kus seda on kirjeldatud. 

 



35 

ACKNOWLEDGEMENTS 

    

I thank my supervisor professor Urmas Kõljalg for advice and guidance. I am 
very grateful to my first supervisor professor Kuulo Kalamees for leading my 
beginner’s steps in the wonderful world of fungi and sharing his great expertise 
with me. I acknowledge Bellis Kullman, my second supervisor during the 
Master’s studies, for cheerful encouragement and company during my studies 
and our fieldtrips. My special thanks go to Vello Liiv and late Mall Vaasma for 
their endless tuition of mushrooms and sharing their time and knowledge. I am 
indebted to all co-authors, especially those who were involved in the articles the 
thesis is based on: Thomas Læssøe, Kadri Põldmaa and Urmas Kõljalg. I am 
grateful to Erast Parmasto for the revision of the Latin diagnoses and useful 
nomenclatural comments. I am thankful to all my other colleagues from 
University of Tartu and the members of the Estonian Mycological Society. 
Sincere thanks are due to Thomas Læssøe and Rasmus Kjöller for their 
comprehensive help during a stay in Copenhagen. I am indebted to Tiina Muld 
for her help in improving English text of this thesis and to Karin Veske for 
correcting Estonian summary. 

I am very thankful to my family that they have always been there for me. 
I thank the directors and curators of the herbaria BR, C, FH, G, H, K, L, LE, 

LOU, MICH, NY, NYS, O, PDD, REG, S, SGO, TAAM, TMI, TNS, TU, TUR 
and WU for the loans of specimens, and Paavo Höijer, Maija and Martin 
Rantala for collecting Finnish samples. 

Studies were supported by the Estonian Science Foundation grants no. 4989, 
6606 and 6939; and by the Estonian Ministry of Education and Research 
targeted financing no. SF0182536As03 and SF0180153s08 to Urmas Kõljalg. 
The author’s work in Copenhagen in 2005 was supported by a grant from the 
European Commission’s (FP 6) Integrated Infrastructure Initiative program 
SYNTHESYS (DK-TAF 527). 
  





 

 

 

 

 

 

 

PUBLICATIONS 

 

  

10



CURRICULUM VITAE 

I. General 

Name: Irja Saar 
Date and place of birth: 06.03.1973, Nõgiaru, Tartu County 
Citizenship and nationality: Estonian 
Address, phone, e-mail: Department of Botany, Institute of Ecology and Earth 

Sciences, University of Tartu, 14A Ravila Street 50411 Tartu, 
Estonia. +3727376170, irja.saar@ut.ee 

Current position: Department of Botany, Institute of Ecology and Earth 
Sciences, University of Tartu, researcher 

 
Education: 
1979–1991  Gymnasium of Luunja 
1991–1995  University of Tartu, Botany and Ecology, B.Sc. 
1995–1997  University of Tartu, Botany and Mycology, M.Sc. 
1997–2003, 2011–2012 University of Tartu, Botany and Mycology, Ph.D. 

student 
 
Language skills: Estonian (mother tongue), English, Russian 
 
Institutions and positions held: 
2002–2007 University of Tartu, Institute of Botany and Ecology, researcher 
2007– University of Tartu, Institute of Ecology and Earth Sciences, 

researcher 
 
 

II. Scientific and research activity 

Research interests: 
Diversity of multitaxon assemblages associated with fruitbodies of 

basidiomycetes 
Poorly known fungal groups in Estonia: their conservation status and threats 
Coevolution of selected taxa of ectomycorrhizal fungi and their plant hosts 
 
Publications (CC): 
Saar I. 2003. The genera Cystoderma and Cystodermella (Tricholomataceae) in 

temperate Eurasia. Mycotaxon 86: 455–473. 
Saar I, Læssøe T. 2006. Two new Cystoderma species from high Andean 

Ecuador. Mycotaxon 96: 123–127. 
Tedersoo L, Suvi T, Beaver K, Saar I. 2007. Ectomycorrhizas of Coltricia and 

Coltriciella (Hymenochaetales, Basidiomycota) on Caesalpiniaceae, Dip-
terocarpaceae and Myrtaceae in Seychelles. Mycological Progress 6 (2): 
101–107. 

151 



Saar I, Læssøe T. 2008. A re-evaluation of Cystoderma luteohemisphaericum. 
Mycotaxon 104: 313–319. 

Tedersoo L, Jairus T, Horton BM, Abarenkov K, Suvi T, Saar I, Kõljalg U. 
2008. Strong host preference of ectomycorrhizal fungi in a Tasmanian wet 
sclerophyll forest as revealed by DNA barcoding and taxon-specific primers. 
New Phytologist 108 (2): 479–490. 

Saar I, Põldmaa K, Kõljalg U. 2009. The phylogeny and taxonomy of genus 
Cystoderma (Agaricales) based on evidence from nuclear ITS and LSU 
sequences. Mycological Progress 8 (1): 59–73. 

Abarenkov K, Tedersoo L, Nilsson RH, Vellak K, Saar I, Veldre V, Par-
masto E, Prous M, Aan A, Ots M, Kurina O, Ostonen I, Jõgeva J, Halapuu S, 
Põldmaa K, Toots M, Truu J, Larsson K-H, Kõljalg U. 2010. PlutoF – a Web 
Based Workbench for Ecological and Taxonomic Research, with an Online 
Implementation for Fungal ITS Sequences. Evolutionary Bioinformatics 6: 
189–196. 

Tedersoo L, Nilsson RH, Abarenkov A, Jairus T, Sadam A, Saar I, Bahram M, 
Bechem E, Chuyong G, Kõljalg U. 2010. 454 Pyrosequencing and Sanger 
sequencing of tropical mycorrhizal fungi provide similar results but reveal 
substantial methodological biases. New Phytologist 188 (1): 291–301. 

 
Other scientific publications: 
Saar I, Kullman B. 2000. Nuclear DNA content and spore dimensions in some 

species of the genus Cystoderma. Folia Cryptogamica Estonica 36: 87–94. 
Kalamees K, Saar I. 2006. Mycobiota of the Naissaar Nature Park (Estonia). 

Folia Cryptogamica Estonica 42: 25–41. 
Saar I, Lõhmus A, Parmasto E. 2007. Mycobiota of the Poruni primeval old-

growth forest (Estonia, Puhatu Nature Reserve). Forestry Studies 47: 71–86. 
Saar I. 2008. Cystoderma Fayod. In: Knudsen H, Vesterholt J (Eds.). Funga 

Nordica. Agaricoid, boletoid and cyphelloid genera. Nordsvamp, Copen-
hagen: 510–512. 

Saar I. 2008. Cystodermella Harmaja. In: Knudsen H, Vesterholt J (Eds.). 
Funga Nordica. Agaricoid, boletoid and cyphelloid genera. Nordsvamp, 
Copenhagen: 512–513. 

 
Conference presentations: 
Järva L, Kalamees K, Kullman B, Parmasto E, Raitviir A, Saar I, Vaasma M. 

1998. Red list of Estonian Fungi. In: Perini C. (Ed.). Conservation of fungi 
in Europe. Proceedings of the 4th meeting of the European Council for the 
Conservation of Fungi, Vipiteno (Sterzing, Italy), 9–14 September 1997. 
Università degli Studi di Siena, Siena, Italy: pp. 136–138. 

Külvik M, Palo A, Kukk Ü, Kull T, Vellak K, Roosaluste E, Jüriado I, Parmasto 
E, Saar I, Hurt E. 2004. Preliminary list of Important Plant Areas, Estonia. 

152

Kõljalg U, Bernicchia A, Saar I. 2009. Tomentellopsis pulchella sp. nov. from 
St. Vitale Pine Forest (Ravenna, Italy). Mycotaxon 107: 53–60. 



In: Aguilella A, Ibars AM, Laguna E, Péres B (Eds.). Planta Europa. Pro-
ceedings of the 4th European Conference on the Conservation of Wild Plants. 
A workshop on the implementation of the Global Strategy for Plant 
Conservation in Europe, Valencia, Spain, 17–20th September 2004. 

Saar I. 2007. The phylogeny of genus Cystoderma (Agaricales) based on 
evidence from nuc rDNA ITS and LSU sequences. In: Kovalenko AE, 
Melnik VA, Vedenyapina EG, Zmitrovich IV. (Eds.). XV Congress of 
European Mycologists, Saint Petersburg, Russia, September 16–21, 2007. 
Abstracts. St. Petersburg, Komarov Botanical Institute: 56–57. 

Saar I, Suija A (Eds.). 2008. XVII Symposium of the Baltic Mycologists and 
Lichenologists. Estonia, Saaremaa, Mändjala, 17–21 September 2008. 
Abstracts. Tartu University Publishing, Tartu. 40 p. 

Saar I. 2011. Type studies of some Cystoderma species. In: Diamandis S, Topa-
lidou, E. (Eds.). XVI Congress of European Mycologists, Porto Carras 
Resort, Halkidiki, Greece, September 19–23, 2011. Abstracts. NAGREF-
Forest Research Institute, Vassilika, Thessaloniki, Greece: 215. 

 
Awards and scholarships 
Molecular phylogeny of Tricholomataceae and Thelephorales (Homobasi-

diomycetes, Fungi), European Commission’s (FP 6) Integrated Infrastructure 
Initiative program SYNTHESYS (DK-TAF 527), 16.01–12.02.2005. 

LLOOM08108 Environmental Investments Centre project no 12 “Inventory of 
the myco- and lichen biota of the Viieristi, Odalätsi and Kaugatoma-Lõo 
protected areas, during the XVII Symposium of the Baltic Mycologists and 
Lichenologists”, 02.06.2008–30.11.2008. 

 
Other activities and memberships 
Since 1994 member of the Estonian Naturalists’ Society 
2003–2006 Secretary of the Estonian Mycological Society (at Estonian 

Naturalists’ Society) 
2007–2012 President of the Estonian Mycological Society  

153 
39



CURRICULUM VITAE 

I. Üldandmed 

Ees- ja perekonnanimi: Irja Saar 
Sünniaeg ja koht: 06.03.1973, Nõgiaru, Tartumaa 
Kodakondsus: Eesti 
Aadress, telefon, e-post: Botaanika osakond, Ökoloogia ja Maateaduste 

Instituut, Tartu Ülikool, Ravila 14A, 50411 Tartu, Eesti. 
+3727376170, irja.saar@ut.ee 

Praegune töökoht, amet: Botaanika osakond, Ökoloogia ja Maateaduste 
Instituut, Tartu Ülikool, teadur 

 
Haridus: 
1979–1991 Luunja Keskkool 
1991–1995 Tartu Ülikool, B.Sc. Botaanika ja ökoloogia eriala 
1995–1997 Tartu Ülikool, M.Sc. Botaanika ja mükoloogia eriala 
1997–2003, 2011–2012 Tartu Ülikool, Botany and Mycology, doktorant 
 
Keelteoskus: Eesti (emakeel), inglise, vene 
 
Töökogemus 
2002–2007 Tartu Ülikool, Botaanika ja Ökoloogia Instituut, teadur 
2007– Tartu Ülikool, Ökoloogia ja Maateaduste Instituut, teadur 
 
 

II. Teaduslik ja arendustegevus 

Peamised uurimisvaldkonnad 
Kandseente viljakehades elunevate organismide mitmekesisus 
Looduskaitseliselt oluliste ning Eestis väheuuritud seenerühmade seisund ja 

ohustatus 
Ektomükoriisat moodustavate seente ja peremeestaimede valitud taksonite 

koevolutsioon 
 
Publikatsioonid (CC): 
Saar I. 2003. The genera Cystoderma and Cystodermella (Tricholomataceae) in 

temperate Eurasia. Mycotaxon 86: 455–473. 
Saar I, Læssøe T. 2006. Two new Cystoderma species from high Andean 

Ecuador. Mycotaxon 96: 123–127. 
Tedersoo L, Suvi T, Beaver K, Saar I. 2007. Ectomycorrhizas of Coltricia and 

Coltriciella (Hymenochaetales, Basidiomycota) on Caesalpiniaceae, Dip-
terocarpaceae and Myrtaceae in Seychelles. Mycological Progress 6 (2): 
101–107. 

154 



Saar I, Læssøe T. 2008. A re-evaluation of Cystoderma luteohemisphaericum. 
Mycotaxon 104: 313–319. 

Tedersoo L, Jairus T, Horton BM, Abarenkov K, Suvi T, Saar I, Kõljalg U. 
2008. Strong host preference of ectomycorrhizal fungi in a Tasmanian wet 
sclerophyll forest as revealed by DNA barcoding and taxon-specific primers. 
New Phytologist 108 (2): 479–490. 

Saar I, Põldmaa K, Kõljalg U. 2009. The phylogeny and taxonomy of genus 
Cystoderma (Agaricales) based on evidence from nuclear ITS and LSU 
sequences. Mycological Progress 8 (1): 59–73. 

Abarenkov K, Tedersoo L, Nilsson RH, Vellak K, Saar I, Veldre V, Par-
masto E, Prous M, Aan A, Ots M, Kurina O, Ostonen I, Jõgeva J, Halapuu S, 
Põldmaa K, Toots M, Truu J, Larsson K-H, Kõljalg U. 2010. PlutoF – a Web 
Based Workbench for Ecological and Taxonomic Research, with an Online 
Implementation for Fungal ITS Sequences. Evolutionary Bioinformatics 6: 
189–196. 

Tedersoo L, Nilsson RH, Abarenkov A, Jairus T, Sadam A, Saar I, Bahram M, 
Bechem E, Chuyong G, Kõljalg U. 2010. 454 Pyrosequencing and Sanger 
sequencing of tropical mycorrhizal fungi provide similar results but reveal 
substantial methodological biases. New Phytologist 188 (1): 291–301. 

 
Teised teaduslikud publikatsioonid: 
Saar I, Kullman B. 2000. Nuclear DNA content and spore dimensions in some 

species of the genus Cystoderma. Folia Cryptogamica Estonica 36: 87–94. 
Kalamees K, Saar I. 2006. Mycobiota of the Naissaar Nature Park (Estonia). 

Folia Cryptogamica Estonica 42: 25–41. 
Saar I, Lõhmus A & Parmasto E. 2007. Mycobiota of the Poruni primeval old-

growth forest (Estonia, Puhatu Nature Reserve). Forestry Studies 47: 71–86. 
Saar I. 2008. Cystoderma Fayod. In: Knudsen H, Vesterholt J (Eds.). Funga 

Nordica. Agaricoid, boletoid and cyphelloid genera. Nordsvamp, Copen-
hagen: 510–512. 

Saar I. 2008. Cystodermella Harmaja. In: Knudsen H, Vesterholt J (Eds.). 
Funga Nordica. Agaricoid, boletoid and cyphelloid genera. Nordsvamp, 
Copenhagen: 512–513. 

 
Konverentsiettekanded: 
Järva L, Kalamees K, Kullman B, Parmasto E, Raitviir A, Saar I, Vaasma M. 

1998. Red list of Estonian Fungi. In: Perini C. (Ed.). Conservation of fungi 
in Europe. Proceedings of the 4th meeting of the European Council for the 
Conservation of Fungi, Vipiteno (Sterzing, Italy), 9–14 September 1997. 
Università degli Studi di Siena, Siena, Italy: pp. 136–138. 

Külvik M, Palo A, Kukk Ü, Kull T, Vellak K, Roosaluste E, Jüriado I, Parmasto 
E, Saar I, Hurt E. 2004. Preliminary list of Important Plant Areas, Estonia. 

155 

Kõljalg U, Bernicchia A, Saar I. 2009. Tomentellopsis pulchella sp. nov. from 
St. Vitale Pine Forest (Ravenna, Italy). Mycotaxon 107: 53–60. 



In: Aguilella A, Ibars AM, Laguna E, Péres B (Eds.). Planta Europa. 
Proceedings of the 4th European Conference on the Conservation of Wild 
Plants. A workshop on the implementation of the Global Strategy for Plant 
Conservation in Europe, Valencia, Spain, 17–20th September 2004. 

Saar I. 2007. The phylogeny of genus Cystoderma (Agaricales) based on 
evidence from nuc rDNA ITS and LSU sequences. In: Kovalenko AE, 
Melnik VA, Vedenyapina EG, Zmitrovich IV. (Eds.). XV Congress of 
European Mycologists, Saint Petersburg, Russia, September 16–21, 2007. 
Abstracts. St. Petersburg, Komarov Botanical Institute: 56–57. 

Saar I, Suija A (Eds.). 2008. XVII Symposium of the Baltic Mycologists and 
Lichenologists. Estonia, Saaremaa, Mändjala, 17–21 September 2008. 
Abstracts. Tartu University Publishing, Tartu. 40 p. 

Saar I. 2011. Type studies of some Cystoderma species. In: Diamandis S, 
Topalidou, E. (Eds.). XVI Congress of European Mycologists, Porto Carras 
Resort, Halkidiki, Greece, September 19–23, 2011. Abstracts. NAGREF-
Forest Research Institute, Vassilika, Thessaloniki, Greece: 215. 

 
Saadud uurimistoetused ja stipendiumid 
Molecular phylogeny of Tricholomataceae and Thelephorales (Homobasidio-

mycetes, Fungi), European Commission’s (FP 6) Integrated Infrastructure 
Initiative program SYNTHESYS (DK-TAF 527), 16.01–12.02.2005. 

LLOOM08108 KIK 2008. a “Looduskaitse, liikide kaitse korraldamine” 
programmi projekt nr 12 “Kolme Saaremaa kaitseala seente ja samblike 
inventuur XVII Balti mükoloogide ja lihhenoloogide sümpoosiumi raames”, 
02.06.2008–30.11.2008. 

 
Muu teaduslik-organisatsiooniline ja erialane tegevus 
Alates 1994 Eesti Looduseuurijate Seltsi liige 
2003–2006 ELUS Eesti Mükoloogiaühingu sekretär 
2007–2012 ELUS Eesti Mükoloogiaühingu esimees 

156



157 

DISSERTATIONES BIOLOGICAE 
UNIVERSITATIS TARTUENSIS 

 

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

and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-

toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transposable 

elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 

strain EST 1001. Tartu, 1992, 61 p. 
  6. 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. 

  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 

  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli ribo-
some. Tartu, 1993, 68 p. 

  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. 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. 

11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 

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

13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  

13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 

14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 

transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. 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. 

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

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

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

40



158 

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

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

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

23. Maido Remm. Human papillomavirus type 18: replication, transformation 
and gene expression. Tartu, 1997, 117 p. 

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

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

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

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

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

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

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

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

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

33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 

34. Andres Saag. Evolutionary relationships in some cetrarioid genera (Liche-
nized Ascomycota). Tartu, 1998, 196 p. 

35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36. Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 

eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis on 

the competition and coexistence of calcareous crassland plant species. 
Tartu, 1998, 78 p. 

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

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

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



159 

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

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

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

44. Markus Vetemaa. Reproduction parameters of fish as indicators in 
environmental monitoring. Tartu, 1998, 117 p. 

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

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

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

48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 

49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 

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

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

52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 

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

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

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

56. Ana Rebane. Mammalian ribosomal protein S3a genes and intron-encoded 
small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 

57. Tiina Tamm. Cocksfoot mottle virus: the genome organisation and transla-
tional strategies. Tartu, 2000,  101 p. 

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

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

60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. Tartu 
2000. 88 p. 



160 

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

62. Kai Vellak. Influence of different factors on the diversity of the bryophyte 
vegetation in forest and wooded meadow communities. Tartu 2000. 122 p. 

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

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

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

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

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

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

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

70. 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. 

71. 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. 

72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in 
Pseudomonas putida. Tartu, 2002. 108 p. 

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

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

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

76. Neeme Tõnisson. Mutation detection by primer extension on oligo-
nucleotide microarrays. Tartu, 2002. 124 p. 

77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003. 110 p. 

78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003. 168 p. 

79. Viljar Jaks. p53 — a switch in cellular circuit. Tartu, 2003. 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 

cassette (ABC) transporters. Tartu, 2003. 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation to 

productivity. Tartu, 2003. 159 p 



161 

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

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

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

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

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

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

88. Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004. 116 p. 
89. Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 

feeders and mesograzers in the northern Baltic Sea. Tartu, 2004. 117 p. 
90. Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 

perennial plants and their effect on plant performance. Tartu, 2004. 175 p.  
91. Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004. 109 p. 
92. 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. 

93. Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004. 103 p. 
94. Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 

protein p53. Tartu, 2004. 103 p. 
95. Jaak Truu. Oil shale industry wastewater: impact on river microbial  

community and possibilities for bioremediation. Tartu, 2004. 128 p. 
96. Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 

2004. 105 p. 
97. Ülo Maiväli. Studies on the structure-function relationship of the bacterial 

ribosome. Tartu, 2004. 130 p.  
98. Merit Otsus. Plant community regeneration and species diversity in dry 

calcareous grasslands. Tartu, 2004. 103 p. 
99. Mikk Heidemaa. Systematic  studies  on  sawflies of  the  genera Dolerus,  

Empria,  and  Caliroa (Hymenoptera:  Tenthredinidae). Tartu, 2004. 167 p. 
100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 

N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004. 111 p. 

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

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

41



162 

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

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

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

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

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

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

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

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

111.  Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005. 103 p.  

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

113.  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.  

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

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

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

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

118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006. 126 p. 

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

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

121. Toomas Esperk. Larval instar as a key element of insect growth schedules. 
Tartu, 2006. 186 p.  

122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region:  Diets,  helminth parasites and genetic variation. Tartu, 2006. 102 p. 



163 

123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida 
albicans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 

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

125. Kai Rünk. 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.  

126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007. 89 p.  

127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community structure 
in Estonia, Seychelles and Australia. Tartu, 2007. 233 p.  

128. Marko Mägi. 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.  

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

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

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

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

133. 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. 

134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007. 96 p.  

135. 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.  

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

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

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

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

140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008. 133 p. 

141. Reidar Andreson. Methods and software for predicting PCR failure rate in 
large genomes. Tartu, 2008. 105 p.  

142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008. 175 p. 



164 

143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 
Tartu, 2008, 98 p.  

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

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

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

147. 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. 

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

149. 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. 

150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 

151. Janne Pullat. Design, functionlization and application of an in situ 
synthesized oligonucleotide microarray. Tartu, 2008, 108 p. 

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

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

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

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

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

157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2008, 112 p. 

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

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

160. 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. 

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



165 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 

177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 

178. Egle Köster. Morphological and genetical variation within species complexes: 
Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 101 p. 

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

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

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

42



166 

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

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

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

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

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

187. Virve Sõber. The role of biotic interactions in plant reproductive 
performance. Tartu, 2010, 92 p. 

188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 

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

190. Helen Tammert. Ecological role of physiological and phylogenetic 
diversity in aquatic bacterial communities. Tartu, 2010, 140 p. 

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

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

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

194. 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. 

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

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

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

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

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

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

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



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

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

205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   

206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  

207. 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. 

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

209. 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. 

 


	IV-Saar_Irja_MycProg-2009.pdf
	The phylogeny and taxonomy of genera Cystoderma and Cystodermella (Agaricales) based on nuclear ITS and LSU sequences
	Abstract
	Introduction
	Materials and methods
	Taxon sampling
	Molecular methods
	Alignments and phylogenetic analyses

	Results
	Analyses of the LSU dataset
	Analyses of the ITS datasets
	Taxonomy
	Genus Cystoderma Fayod
	Genus Cystodermella Harmaja


	Discussion
	Polyphyletic genus Cystoderma sensu Singer
	Cystoderma sensu Harmaja and its closest relatives
	Cystodermella Harmaja and its closest relatives
	Morphological delineation of Cystoderma versus Cystodermella
	Tribe Cystodermateae
	References






