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Abstrakt

Spolecenstva mikroorganismti ve svrchnich horizontech pidy piedstavuji vyznamnou slozku
lesnich ekosystémi. Navzdory tomu, Ze kvasinky jsou nedilnou soucést spolecenstev ptidnich
hub, jejich roli v lesnich ekosystémech dosud nebyla vénovana dostatecnd pozornost. Cilem této
dizertacni prace bylo popsat slozeni spolecenstva kvasinek v pad¢ a opadu temperatniho lesa
pomoci sekvenace environmentalni DNA, identifikovat dominantni druhy kvasinek a popsat, jak
slozeni jejich spoleCenstva obrazi biotické a abiotické podminky prostfedi. Dal§im cilem bylo
izolovat kvasinky z lesni ptidy a opadu a popsat nové druhy, které jsou vyznamné zastoupené
v environmentalni DNA. Reprezentativni izolaty byly charakterizovany z hlediska jejich

schopnosti vyuzivat organické latky a podilet se na rozkladu mrtvé organické hmoty.

Vysledky této prace ukazaly, ze kvasinky pfedstavuji podstatnou ¢ast spolecenstev hub v pade¢ a
opadu temperatniho lesa s vy$$im relativnim zastoupenim v padé. V opadu se spolecenstva
kvasinek 1isi mezi porosty buku, dubu a smrku. Faktory, ovliviiujici sloZeni spolecenstva v pudg,
prostiedi ovlivituji spolecenstva kvasinek a vldknitych hub podobné, existuje mezi nimi rovnéz
mnoho rozdil. Navzdory taxonomické heterogenité predstavuji kvasinky houbovou skupinu se
specifickou nutriéni strategii odliSnou od jinych pidnich hub. Zatimco wU€inny rozklad
hemicelulozy, celulézy nebo chitinu se zda byt omezen pouze na nékolik taxonti, schopnost
vyuzivat §iroké spektrum zdroji uhliku naznacuje, Ze kvasinky mohou putisobit jako mutualisté,
vyuzivajici produkty rozkladu, poskytované jinymi mikroorganismy. Za pozornost stoji, ze velka
Cast enzymové aktivity je u kvasinek vazana na povrch bunék. Tato adaptace pravdépodobné
slouzi k snadngj$imu pfijmu produktd rozkladu do bun¢k kvasinek, které enzymy produkuji. Na
zaklad¢ vysledkil této prace lze konstatovat, Ze kvasinky v lesnich ekosystémech obsazuji
unikatni niku, ktera pravdépodobné odrazi jejich jednobunéénou ristovou formu. Byly popsany
tf1 nové druhy kvasinek, které patti do podkmene Pucciniomycotina, tfidy Microbotryomycetes:
Leucosporidium krtinense f.a. sp. nov., Yurkovia mendeliana sp. nov. a Libkindia masarykiana
sp. nov. Analyza environmentalni DNA naznacuje, Ze tyto druhy jsou ve studovaném prostiedi

hojné, a tedy pravdépodobné vyznamné pro ptidu temperatniho lesa.



Abstract

Microbial communities inhabiting upper soil horizons represent an important component of
forest ecosystems. However, despite the evidence that yeasts represent an integral part of topsoil
fungal communities, their role in forest ecosystems received so far little attention. The aims of
my PhD thesis were to describe yeast communities in soil and litter of a temperate forest using
high-throughput sequencing of environmental DNA, identify dominant yeast species and to
explore how the composition of yeast communities reflects the biotic and abiotic factors of the
environment. | also aimed to isolate yeasts from forest topsoil, describe novel yeast taxa
abundant according to the environmental DNA survey and screen representative isolates for the

traits relevant to their involvement in organic matter transformation.

| have demonstrated that in forest topsoil, yeasts represent a substantial proportion of fungal
communities with higher relative abundance in soil than in litter. In litter, yeast communities
differ significantly among beech, oak and spruce-dominated stands. Drivers of community
assembly are probably more complex in soils and comprise the effects of soil chemistry and
vegetation. Even though there are similarities in the response of the communities of yeasts and
filamentous fungi to environmental conditions, many differences are also evident. Despite
taxonomic heterogeneity, yeasts represent a fungal group with a specific nutritional strategy
dissimilar to other soil fungi. While the efficient decomposition of hemicellulose, cellulose or
chitin appears to be restricted to only a few taxa, results of the carbon sources utilization assays
indicate that most yeasts can efficiently act as mutualists that utilize products of decomposition,
provided by other microbes. Importantly, large fraction of enzymes produced by yeasts is
associated with their cell surfaces. This adaptation should ensure that the decomposition takes
place at the cell surface of the unicellular microorganisms and the resulting compounds are
readily available to the producers of the enzymes. Based on the results of this thesis, forest soil
yeasts seem to have unique ecology which may reflect their unicellular growth form. Three novel
yeast species were described, all belonging to the subphylum Pucciniomycotina, class
Microbotryomycetes: Leucosporidium krtinense f.a. sp. nov., Yurkovia mendeliana sp. nov., and
Libkindia masarykiana sp. nov. Based on the analysis of environmental DNA, these new species
are common and abundant in the studied environment which indicates their high environmental

relevance in the temperate mixed forest.



Uvod

Lesy patii k dominantnim terestrickym ekosystémim, které pokryvaji vice nez 40 milionti km’ a
predstavuji 30% souSe (Keenan et al., 2015). Dulezitou soucasti téchto ekosystémi jsou
spolecenstva mikroorganizmd, ktera obyvaji lesni pidu a opad. Tato spolecenstva jsou slozitymi
konsorcii prokaryotickych a eukaryotickych organismi (archei, bakterii, fas, protist a hub) a jsou
zodpovédna za fadu biochemickych procesi, které v lesnich ekosystémech probihaji. Podileji se
napiiklad na dekompozici, pisobi jako rostlinni Symbionti ¢i patogeni a ovliviuji cyklus uhliku a
tim 1 dostupnost zivin v prostfedi (Trivedi et al. 2013; Uroz et al., 2016; Baldrian, 2017).
Pochopeni role mikroorganizmi v téchto procesech je tedy nezbytné pro pochopeni fungovani
lesnich ekosystémt. K nejprostudovanéjsim mikroorganizmtiim v pudé¢ a opadu temperatniho lesa
patii houby, které se vyskytuji v ruznych ristovych formach a vykazuji Siroké spektrum
trofickych strategii, jako je naptiklad saprotrofie, tedy schopnost ziskavat organické slouc¢eniny z

mrtvé organické hmoty, parasitismus, nebo rizné druhy symbioz.

Saprotrofni houby jsou kvuli schopnosti produkovat fadu extracelularnich lignocelulolytickych
enzymi a schopnosti snadno kolonizovat nové substrity povazovany za nejefektivnéjsi
rozkladace mrtvé organické hmoty v lesnim ekosystému. Tyto houby se mohou vyskytovat ve
dvou rlstovych formach (bez ohledu na jejich taxonomickou pfiislusnost) - jako vlaknité
organismy nebo jako kvasinky, pro kter¢ je typicky vyskyt v jednobunécné forme. Kvasinky jsou
polyfyleticka skupina, kterd zahrnuje jak zastupce oddéleni Ascomycota, tak Basidiomycota.
Jednobunécna rastova forma pravdépodobné vznikla jako adaptace usnadnujici Zivot v tekutych
nebo polotekutych substratech s vysokou koncentraci snadno dostupnych Zivin (Starmer and
Lachance, 2011). Vétsina kvasinek, vcetné téch, které rostou jako jednobunécné organismy
béhem vétSiny svého zivotniho cyklu, je schopna piejit na vlaknity riist v reakci na ménici se
podminky prostfedi. PfestoZe mnoho druhti kvasinek tvofi pravé hyfy, nékteré z nich tvoii pouze
pseudohyfy, prodlouzené valcové struktury, které jsou podobné prodlouzenym kvasinkovym

buitkam. VétSina kvasinek tedy neni v tradicnim slova smyslu jednobunécna.

Ptevladajici riistova forma houbového organizmu (vlaknitd nebo kvasinkova) ovliviiuje jeho
realizovanou niku. Piedpokladame, Ze hyfy umoziuji vlaknitym houbam piekonavat mista s
neptiznivymi podminkami pii hledani heterogenné rozlozenych zdroju (de Boer et al., 2005).

Kvasinky se musi spoléhat na lokalni zdroje, a proto jsou ovlivnény bezprostfednimi vlastnostmi
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pudy ¢i opadu. Moznosti Sifeni téchto dvou ristovych forem mohou byt také odlisné.
Piedpoklada se, ze kvasinky mohou byt snadno pfenaseny proudy vzduchu a vody, zatimco

hyfové fetézce vazané k substratu maji nizsi pravdépodobnost $ifeni.
Distribuce kvasinek v pidnim horizontu

V opadu se obvykle vyskytuji pocetna a druhové bohata spoleCenstva kvasinek s vysokym
podilem druhti, které¢ byly do tohoto prostiedi pieneseny z fylosféry, kterd obsahuje velké
kvasinkové populace specifické pro jednotlivé druhy stromi (Yurkov et al., 2008). Spolecenstva
kvasinek v pude¢ se zdaji byt méné pocetna a riznoroda (Yurkov et al., 2012a). Pocet kvasinek,
které se vyskytuji vétSinou v hornich 10 cm pidy, se obvykle pohybuje mezi stovkami a tisici V
gramu (Botha, 2006, 2011), avsak relativni podil kvasinkovych sekvenci ve srovnani se

sekvencemi vlaknitych hub se zda byt vyssi v pad¢ (Urbanova et al., 2015).

Doposud bylo popsano pftiblizn¢ 130 druhl kvasinek, které obyvaji pidu jako svoje primarni
prostfedi (Yurkov et al., 2011). Mezi adaptace, které jim umoznuji piezit, patii napiiklad
schopnost ristu v prostiedi s nizkymi koncentracemi zivin (Kimura et al., 1998; Botha, 2006).
Byly také zjiStény aktivni mechanismy, které kvasinky pouzivaji ke sniZeni kompetice s jinymi
druhy. Mezi tyto mechanizmy patii napfiklad killer aktivita, okyselovani prostiedi ¢i produkce
etanolu (napf. Golubev, 2006; Starmer a Lachance, 2011).

Kultiva¢ni studie ukdzaly, Ze vétsina kvasinek vyskytujicich se v piid€ a opadu patii do oddéleni
Basidiomycota (napt. Golubev, 2006; Mestre et al., 2011; Starmer and Lachance, 2011; Yurkov
et al., 2012a; Yurkov et al., 2012b). Bylo zji§téno, ze kvasinky z oddéleni Basidiomycota dokazi
rozkladat rostlinny opad a dfevo efektivnéji nez kvasinky z oddéleni Ascomycota (Fonseca,
1992; Sampaio, 1999; Botha, 2006; Middelhoven, 2006). Ackoli existuji nékteré vyjimky,
vétSina studovanych kvasinek z oddéleni Ascomycota u€¢inné vyuziva jednoduché cukry, zatimco
jejich schopnost rozkladat komplexni polysacharidy je spiSe nizka nebo zcela chybi (Fonseca,
1992; Sampaio, 1999; Botha, 2006; Middelhoven, 2006), a proto jsou tyto kvasinky c¢asto
povazovany za primarni obyvatele Cerstvého opadu nebo rhizosféry (napt. Middelhoven, 2006;
Mestre et al., 2011). Kvasinky z oddéleni Basidiomycota se naopak ¢astéji vyskytuji v Zivinami

chudé okolni ptid¢, kterda neni v pfimém styku s rostlinnymi kofeny. Kromé metabolickych



adaptaci maji kvasinky v okolni puad¢ tendenci agregovat a vytvaret biofilmy obklopené

polysacharidovymi kapsulemi.

Vyznam kvasinek v pidé a opadu

Houby jsou povazovany za primarni rozkladace organickych latek v lesni ptidé a opadu, a proto
existuje mnoho studii, které se zabyvaji rozkladem organické hmoty a vyuzitim uhliku raznymi
skupinami vlaknitych hub (napt. Martinez et al., 2005; Baldrian et al., 2011; Eichlerova et al.
2015), kvasinky ovSem zistavaji opomijenou skupinou. Kvasinky byly opakované izolovany
z rozkladajiciho se rostlinného materialu, coz naznacuje, ze by mohly byt zapojeny do rozkladu
mrtvé organické hmoty, nicméné tyto studie byly zamétfeny hlavné na popis novych druha
kvasinek (napt. Péter et al., 2003; Middelhoven, 2006; Middelhoven a Kurtzman, 2007;
Kurtzman et al., 2011). Nase znalosti o vyznamu kvasinek v rozkladnych procesech jsou tedy
omezeny na nékolik studii (napt. Sampaio, 1999, Middelhoven, 2006, Yurkov et al, 2012b).
Pocatecni faze rozkladu cCerstvého odpadu zacind rychlym vyc€erpavanim jednoduchych cukrii
rychle rostoucimi a Casto fermentujicimi kvasinkami, jelikoZ v této fazi neni velkd konkurence a
kvasinky se opadu dostanou s ¢erstvé spadlym listim z filosféry. Béhem rozkladu opadu jsou tyto
druhy nahrazeny jinymi kvasinkami (Casto zastupci odeleni Basidiomycota), které mohou
vyuzivat §ir$i spektrum zdroju uhliku (napf. Margesin et al. 2005, DeRito a Madsen, 2009).
Studie vyuZivajici sekvenace environmentalni DNA, které se zaméfily na sukcesi houbovych
spolecenstev béhem rozkladu, ukazaly, Ze ¢etnost n€kterych operacnich taxonomickych jednotek
(OTU) identifikovanych jako kvasinky, se ¢asem rychle zvySuje, coz také naznacuje jejich
zapojeni do tohoto procesu (napi. Buée et al., 2009; Votiskova a Baldrian, 2013; Voiiskova et
al., 2014).

Dtlezita funkce kvasinek v lesnim ekosystému vyplyva z jejich schopnost riistu na kamenitych
povrsich (Sterflinger a Prillinger, 2001; Burford et al., 2003), kde pfispivaji ke zvétravani, ¢imz
prispivaji cyklu fosforu a siry v ptd€. Maji také schopnost rozpoustét fosforeCnany obsazené
Vv mineralech a zpfistupniovat je rostlinam (Burford et al., 2003; Botha, 2006, 2011). Kvasinky
hraji kvuli schopnosti produkovat polysacharidové kapsule dilezitou roli pii tvorbé pidnich
agregatu (Vishniac, 1995; Botha, 2006, 2011). Kvasinky také interaguji s jinymi organismy v
pudé a opadu. Bylo pozorovano mnoho riznych typti interakci s zivoc€ichy, jako je mutualismus

nebo antagonistické interakce, ale vétSina z nich byla studovana hlavné in vitro. Kvasinky
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mohou také slouzit jako zdroj potravy pro pudni bakterie, bezobratlé a protista (Botha, 2006;
Yurkov et al., 2008; Botha, 2011). Rostouci pocet studii naznacuje, ze rust rostlin mize byt
pfimo nebo nepiimo podporovan kvasinkami v rhizosféfe (Medina et al., 2004; Nassar et al.,

2005; Cloete et al., 2010).

Vliv biotickych a abiotickych podminek prostiedi na kvasinkova spoleenstva

Kultivaéni studie ukazaly, ze spoleCenstvo kvasinek na jedné lokalité je obvykle tvofeno pouze
nékolika druhy (spolecenstva vykazuji nizkou o-diverzitu; Yurkov et al., 2011). Variabilita
slozeni spolecenstva ve vétsim métitku (B-diverzita) je obvykle velmi vysoka (napt. Slavikova a
Vadkertiova, 2000; Vishniac, 2006; Starmer a Lachance, 2011; Yurkov et al., 2012b). Distribuce
kvasinek v pad¢ je Casto fragmentovana s pouze né€kolik druhii byvé sdileno mezi odbérovymi
misty. Pfedpoklddame, ze kvasinky nejsou limitovany schopnosti Siteni (Fonseca a Inacio, 2006;
Starmer a Lachance, 2011; Francesca et al., 2014) a proto je pravdépodobné, ze jsou ovlivnéna
environmentalnimi podminkami i ve vét§im méfitku, ne jen na trovni lokalnich vlastnosti ptdy.
Bylo zjisténo, ze pocetnost kvasinek a sloZeni jejich spolecenstva ovlivituji abiotické podminky,
jako je pH, vlhkost, teplota a dostupnost Zivin. Slozeni spolec¢enstva kvasinek také ovliviuji
biotické podminky, zejména pak vliv dominantnich stromd (napt. Wuczkowski a Prillinger,
2004; Yurkov et al., 2004; Yurkov et al., 2011; Mestre et al., 2014). VSechny nase poznatky o
vlivu biotickych a abiotickych faktorli nicméné pochézi z kultivacnich experimentil a tyto zavéry

je tedy nutné ovéfit sekvenaci environmentalni DNA.

Cile prace

Navzdory tomu, ze kvasinky tvofi nedilnou soucast pudnich spolecenstev hub, jejich roli v
lesnich ekosystémech dosud nebyla vénovana dostatecna pozornost. Vzhledem k odlisené zivotni
strategii kvasinek a vlaknitych hub mizeme ocekavat, ze jejich spolecenstva budou ovlivnéna
jinymi faktory. NaSe soucasné poznatky o spoleCenstvech kvasinek v lesni pudé a opadu jsou
zalozeny predevSim na kultivacnich experimentech, které ovS§em mohou poskytnout zkreslené

zaveéry. Prestoze existuje cela fada studii zabyvajicich se studem spolecenstev hub pomoci



sekvenace environmentidlni DNA, tento piistup je$té nebyl pouzit pro analyzu specificky

zamé&fenou na kvasinkova spole¢enstva v lesnich ptdach a opadu.

Cilem této prace bylo rozsifeni souc¢asnych poznatkl o diverzité a ekologické roli kvasinek v
opadu a pudé temperatnich lesti. K dosazeni tohoto cile jsem vyuzila kombinace sekvenovani
environmentalni DNA a kultiva¢nich technik S néslednou fyziologickou charakterizaci

vybranych izolatu.
Cile mé dizertacni prace byly:

1. Popsat spolecenstvo kvasinek v pidé¢ a opadu temperatniho lesa pomoci sekvenovani
environmentalni DNA, identifikovat dominantni druhy kvasinek a prozkoumat, jak se jejich

spoledenstvo méni v zavislosti na abiotickych a biotickych faktorech prostfedi (Clanek I).

2. Srovnat vliv dominantni vegetace a abiotickych podminek na slozeni spolecenstva kvasinek a

vlaknitych hub pomoci sekvenovéani environmentalni DNA (Clanek II).

3. Izolovat kvasinky z lesni pidy a opadu a popsat nové druhy, které jsou dominantni mezi

environmentalnimi DNA sekvencemi (Clanek I1T).

4. Charakterizovat reprezentativni kvasinkovi izolaty z hlediska jejich schopnosti podilet se na
rozkladu mrtvé organické hmoty a vyuzivat vybrané zdroje uhliku a porovnat vlastnosti kvasinek

s jinymi skupinami vlaknitych saprotrofnich hub (Clanek IV).

Pro zodpovézeni t&chto otizek byly provadény terénni experimenty v oblasti Skolniho lesniho
podniku Masarykova lesa Kitiny patiicimu Mendelové univerzité v Bmé (SLP Kitiny).
Vzhledem k variabilnim podminkam prostfedi a slozeni porosti je tato oblast vhodna pro

charakterizaci houbovych spolecenstev vV temperatnich lesich.

Materialy a metody
Analyza diverzity a statistické analyzy (Clanek I, 11, III, TV)

Bioinformaticka analyza amplikonovych sekvenacnich dat (Clanek I, II, ITI, TV)
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Enzymatické testy (Clanek 111, IV)

Extrakce DNA z kultur (Clanek III, IV)

Extrakce DNA z pady (Clanek 1, II)

Kultivace kvasinek (Clanek III, IV)

Kvantifikace houbové biomasy (Clanek II)

Molekularni taxonomicka identifikace izolovanych kvasinek (Clanek III, IV)
Odbér pudnich vzorki (Clanek 1, 11, TIT)

Polymerazova fetézova reakce (Clének L, 11, 111, TV)

Popis novych druhti kvasinek (Clanek III)

Piiprava knihovny pro sekvenaci environmentalni DNA (Clanek I, I, III, TV)

Vysledky a diskuze

V ramci této dizertacni prace byly pomoci sekvence environmentalni DNA popsany dominantni
druhy kvasinek v pudé a opadu temperatniho lesa a byl studovan vliv abiotickych a biotickych
faktort na spolecenstvo kvasinek. Byly srovnavany faktory, které ovliviiuji sloZeni spolecenstva
kvasinek s témi, které jsou dulezité pro vlaknité houby. Na zéklad¢ sekvenace environmentalni
DNA byly vybrany izolaty vhodné reprezentujici spolecenstvo kvasinek na studovanych
lokalitich v SLP Kitiny. Tyto izolaty byly vyuzity pro fyziologickou charakterizaci s cilem
objasnit zapojeni kvasinek do cyklu uhliku a rozkladu mrtvé organické hmoty. Dale byly

popsany tii nové druhy kvasinek s vysokou relevanci pro temperatni lesy.
Diverzita a sloZeni kvasinkovych spolecenstev v ptidé a opadu temperatnich lesi

Na osmnacti lokalit v SLP Kitiny s porosty smrku, dubu a buku byl opakované odebran opad a
puda za ucelem izolace kvasinkovych kment. Celkem bylo izolovano 198 kmenti kvasinek a 128
z nich bylo identifikovano do 24 rodi: Candida, Cryptococcus, Cutaneotrichosporon,
Cystofilobasidium, Dioszegia, Fellozyma, Filobasidium, Heterocephalacria, Holtermaniella,

Itersonilia, Kwoniella, Lachancea, Leucosporidium, Pichia, Piskurozyma, Rhodosporidiobolus,
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Saitozyma, Sporobolomyces, Solicoccozyma, Trichosporon, Vishniacozyma, Yamadamyces.
Neidentifikované kmeny patrné¢ patii k vice nez 20 dosud nepopsanym druhiim kvasinek.
Ptedchozimi studie ukdzaly, ze vice nez 30% druhii kvasinek nachdzejicich se v lesich mirného
pasma doposud nebylo popsano (Mestre et al., 2011; Yurkov et al., 2012b; Yurkov et al., 2016),
coz je v souladu s nasimi zavéry. Proto jsou dalsi studie zabyvajici se popisem diverzity kvasinek

a formalnim popisem novych druhii nezbytné.

Byly popsany tii nové druhy kvasinek, které patfi do pododdéleni Pucciniomycotina, tfidy
Microbotriomycetes. Tyto druhy byly oznaceny jako Leucosporidium krtinense f.a. sp. nov.,
Yurkovia mendeliana sp. nov. a Libkindia masarykiana sp. nov. Protoze dva nové druhy
nemohly byt zafazeny do existujicih rodt, byly popsany nové rody Libkindia gen. nov. a
Yurkovia gen. nov. Analyza environmentalni DNA naznacuje, Ze tyto druhy jsou ve studovaném

prostiedi hojné, a tedy pravdépodobné vyznamné pro ptidu temperatniho lesa.

V SLP Kitiny bylo pomoci sekvenace environmentdlni DNA zkoumano 82 lokalit, 18 z nich ve
ctyfech sezonach. Pocet druhti kvasinek na jednotlivych odbérovych mistech byl 28 + 9 v ptidé€ a
31+ 11 v opadu. Tyto pocty jsou srovnatelna s jinymi kultivaénimi studiemi (Mestre et al., 2011;
Yurkov et al., 2011; Yurkov et al., 2012a). Vice nez 90% kvasinkovych environmentalnich
sekvenci bylo identifikovano jako kvasinky z oddéleni Basidiomycota, které také dominovaly
mezi izolovanymi kmeny, coz je vsouladu s piedchozimi kultiva¢nimi studiemi (napf.
Maksimova a Chernov, 2004; Yurkov et al., 2012b; Yurkov et al., 2016) i studiemi vyuzivajicimi
sekvenace environmentalni DNA (Buée et al., 2009; Yarwood et al., 2010).

Relativni zastoupeni kvasinkovych sekvenci v ramci houbového spolecenstva se pohybovalo v
rozmezi 0,4-14,3% v padé¢ a 0,2-9,9% v opadu. Vyssi relativni zastoupeni kvasinek
v environmentalni DNA v pad¢ ve srovnani s opadem bylo také zjisténo ve studii Urbanové et al.
(2015). Tradi¢ni pohled ziskany na zdklad¢ kultivacnich studii ovSem piedpokladd vyssi
zastoupeni kvasinek v opadu, ktery piedstavuje vhodnéjsi prostiedi pro jejich preziti. (Yurkov et
al., 2012a). Mnozstvi houbové biomasy na gram substratové susiny v opadu ovsem mtize byt az
desetkrat vyssi nez v padé¢ (Baldrian et al., 2013), coz naznacuje, Ze nekteré kvasinky jsou dobie
piizptisobeny ptidnimu prostiedi s nizkym obsahem zZivin a zaujimaji zde specifickou niku, diky

c¢emuz dosahuji vysokého relativniho zastoupeni.
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Slozeni spolecenstva kvasinek se signifikantné liSilo mezi opadem a ptadou. Ptudni spolecenstvo
kvasinek v SLP Kitiny bylo reprezentovana nékolika dominantnimi OTU a mnoha méné &etnymi
OTU, zatimco slozeni spolecenstva v opadu bylo rovnomérnéjsi. Mezi nejpocetnéjsi OTU patii
OTU identifikované jako Solicoccozyma terricola (Fillobasidiales), Saitozyma podzolica
(Tremellales),  Apiotrichum  porosum  (Trichosporonales),  Apiotrichum  dulcitum
(Trichosporonales), Cutaneotrichosporon moniliiforme (Trichosporonales) a Fellozyma
inositophila (Sporidiobolales). Srovnani relativniho zastoupeni kvasinek ziskaného pomoci
kultivaci a sekvenace environmentalni DNA neni mozné, jelikoz kultivace byla zaméfena na
zachyceni kvasinkové diverzity, a pocet izolatl, které byly izolovany z jednotlivych mist, nemusi
nutn¢ odpovidat jejich Cetnosti v prostiedi. Nase vysledky vSak ukazuji dobry piekryv mezi

obéma metodami, coz znaci, ze padni kvasinky patii mezi dobte kultivovatelné mikroorganizmy.
Bioticka a abiotické faktory ovliviiujici sloZeni kvasinkovych spolefenstev

Biotické a abiotické faktory ovliviiujici slozeni kvasinkovych spolecenstev byly studovany
pomoci sekvenace environmentalni DNA. Spolecenstva v opadu byla signifikantné odlisna

V ramci porostt smrku, dubu a buku, zatimco vliv abiotickych podminek byl nizsi. Je znamo, Ze
vysoky podil kvasinek vyskytujicich se v opadu se sklada z taxonti, které do tohoto prostiedi
vstoupily pasivné (napf. Vishniac, 2006; Yurkov et al., 2012a), jelikoz fylosféra obsahuje bohata
spole¢enstva kvasinek (Yurkov et al., 2008). Je pravdépodobné, Zze kvasinky v opadu jsou
selektovany na zakladé vyskytu sekundarnich metabolitil spi§ neZ na zéklad€ obsahu
makronutrientll, coZ naznacuje, Ze tyto sekundarni metabolity predstavuji pro kvasinky
vyznamny zdroj zivin. Tato hypotéza mize byt podpofena zjisténim Urbanové et al. (2015),
ktera demonstrovala, Ze opad se stejnym obsahem Zivin ale jinym pGvodem hostil odlisné
mikrobidlni komunity. Yurkov et al. (2012a) ukézal, ze pida pod opadem hosti rozmanité;jsi
kvasinkové komunity nez ptida pod patezy, kde stabilni a specifické podminky ptispivaji ristu
nékolika specializovanych druht kvasinek. Navic relativni zastoupeni kvasinek bylo odlisné

V porostech dominovanych smrkem, dubem a bukem.

Vysledky naznacuji, ze vliv dominantni dfeviny na druhové slozeni spolecenstva kvasinek
specificka kvasinkova spolecenstva, zatimco jiné mohou sdilet podobné taxony, stejné jako

Vv ptipadé houbovych spolecenstev (Urbanova et al., 2015). Zda se, ze pudni spoleenstva jsou
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také vysoce ovlivnéna abiotickymi faktory, zejména pH a vlhkosti, coz je v souladu s
piedchozimi studiemi, které ukazaly vliv téchto dvou faktorti na slozeni kvasinkovych

spolecenstev (Vishniac, 2006; Yarwood et al., 2010; Yurkov et al., 2016).
Role kvasinek v rozkladu organické hmoty a vyuziti zdroja uhliku kvasinkami

Za ucelem zjisténi potencialni role kvasinek v rozkladu mrtvé organické hmoty a schopnosti
vyuzivat rizné zdroje uhliku bylo charakterizované 25 izolati. Zkoumané izolaty reprezentovaly
OTU, které spolecné predstavovaly 42,3% a 29,4% sekvenci kvasinek v pudé a opadu.
Testované kvasinky patfily do podkmenti Saccharomycotina, tfidy Saccharomycetes (Ctyfi
druhy), Agaricomycotina, tfidy Tremellomycetes (16 druhi) a Pucciniomycotyna, tfidy
Microbotryomycetes (pét druht).

Piedchozi studie prokazaly, Ze kvasinky z oddéleni Basidiomycota jsou schopny rychleji a
ucinnéji rozkladat rostlinny opad a dievo nez kvasinky z oddéleni Ascomycota (Fonseca, 1992;
Sampaio, 1999; Botha, 2006; Middelhoven, 2006). Aktivita ¢tyf kvasinek z oddé€leni
Ascomycota se Vv nasi studii podstatné neliSila od kvasinek z oddéleni Basidiomycota, z nichz

nékteré také vykazovaly omezené schopnosti z hlediska rozkladu organickych latek.

Kvasinky ¢asto produkovaly enzymy ucastnici se rozkladu hemicelulozy: B-xylosidazu, a-
galactosidazu, B-galactosiddzu, B-manosidazu, B-glucuroniddzu, and arabinosiddzu. Aktivita
téchto enzymu byla pozorovana u 44-92% kment. Schopnost vyuzivat celulozu byla relativné
Casta, jelikoz 84% kvasinkek vykazovalo schopnost produkovat exocelulazu a vSechny testované
kmeny vykazovaly vysokou aktivitu B-glukosidazy. Aktivita lakazy, enzymu, ktery se
pravdépodobné ucastni rozkladu lignin a dalSich fenolickych latek, byla pozorovana jen
vyjime¢né a pouze véazand na bunéfnou sténu. Chitindzovou aktivitu vykazovalo 72%

kvasinkovych kmenti, nicméné¢ tato aktivita byla ve vétSin€ pripadi velmi nizka.

7Zda se, Ze pouze nékolik druhti kvasinek je schopno ucinné rozkladat celulozu, chitin nebo
hemicelulozy, avsak vétsina z nich mize ucinné pusobit jako mutualisté, ktefi vyuzivaji produkty
rozkladu dodévané jinymi mikroorganizmy. Tento ndzor je podpofen pozorovanim vysokého
mnozstvi Kvasinek pii rozkladu rostlinného opadu a houbovych mycelii (Vofiskova a Baldrian,

2013; Brabcova et al., 2016) a schopnosti akumulovat uhlik z celulézy (Stursova et al., 2012).

14



Vysledky sekvenace environmentdlni DNA na studovanych lokalitich se vSak zdaji byt
protichiidné, jelikoz ukazuji, ze relativni zastoupeni kvasinek je vyssi v piid€ nez v opadu, 1 kdyz
rozkladné procesy probihaji rychleji v opadovém horizontu. Jednobunécnost kvasinek je
pravdépodobné také diivodem pro vysoky podil enzymové aktivity vdzané na bunénou sténu.
Tato adaptace pravdépodobné slouzi k snadnéjSimu piijmu produktii rozkladu do bunck

kvasinek, které enzymy produkuji.

Kultivacni studie i studie zalozené na sekvenaci envioronmentalni DNA naznacuji, Ze pudni
kvasinky jsou pocetnéjsi v pidach mirnych a borealnich lest, pro které jsou typické pomalé
rozkladné procesy. I kdyZ nejcastéji vyuzivanymi zdroje uhliku byly mono- a oligosacharidy,
mnoho pldnich kvasinek je polytrofickych. Existuje rostouci mnozstvi dikazli o tom, Ze
kvasinky z oddé¢leni Basidiomycota mohou vyuzivat rizné enzymatické mechanismy, které
mohou byt aktivovany v urcité fazi jejich zivotniho cyklu (Oberwinkler, 2017). Proto mtizeme
ocekavat, Ze schopnosti pldnich kvasinek jsou mnohem rozmanitéj$i nez ty, které jsou bézné
méfeny v laboratofi a budouci studie studujici rozklad organickych latek Vv lesnich pidach a

opadi pomoci mezo- a mikrokosmu, metatranskriptomiky a stabilnich izotopt, by se mély

zamétit také na kvasinky.
Rozdily mezi kvasinkami a vlaknitymi houbami

Prevladajici ristovd forma hubového organizmu (vléknitd nebo kvasinkova) ovliviiuje jeho
realizovanou niku. Proto jsme porovnali schopnost produkovat Siroké spektrum enzymu u
kvasinek a vlaknitych saprotrofnich hub a faktory ovliviiujici sloZeni spolecenstva kvasinek a tti
ekofyziologickych skupin vldknitych hub (saprotrofti, ektomykorhiznich hub (ECMF) a
arbuskularné mykorhiznich hub (AMF)).

Kvasinky jsou typicky schopné produkovat $ir§i spektrum enzymd, které jim umoziuji vyuzivat
biopolymery obsazené v odumfielé rostlinné biomase, nicméné vétsinu téchto enzymu produkuji
v nizkych koncentracich, a proto je jejich zapojeni do rozkladnych procesii niz§i. Abychom
podporili tuto hypotézu, porovnali jsme schopnost produkce vybranych enzymi pomoci testu
APl ZYM™ u kvasinek sjingmi skupinami saprotrofnich vlaknitych hub: se dfevem
asociovanymi houbami z oddéleni Ascomycota, Saprotrofnimi mikromycety, houbami bilé

hniloby, houbami hnédé hniloby a houbami z oddéleni Basidiomycota podilejicimi Se na
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rozkladu opadu (Eichlerova et al., 2015). SloZeni a aktivita enzyml produkovanych padnimi
kvasinkami se 1i§i od hub z oddéleni Basidiomycota podilejicich se na rozkladu opadu a hub bilé
a hnédé hniloby. Nékteré s dievem asociované houby z oddéleni Ascomycota a saprotrofnimi
kromycety vykazovaly enzymatické schopnosti podobné vlastnostem kvasinek. Kvantitativni
piistup vsSak ukazal, Ze enzymatické schopnosti kvasinek byly vyznamné odlisné od vSech
ostatnich funk¢nich skupin hub. Celkové byly enzymatické aktivity méfené v kulturach kvasinek

niz8i nez u ostatnich skupin hub.

Pro porovnani faktorti ovliviiujicich slozeni spolecenstva kvasinek a vlaknitych hub bylo ve
ctyfech rocnich obdobich studovano 18 lokalit, 6 znich dominovanych smrkem, bukem a
dubem. Kvasinky byly v mnoha ohledech podobné jinym funkénim skupindm vldknitych hub
(ECMF, AMF, saprotrofim). Nesouvislé lesni porosty dominované bukovymi, dubovymi nebo
smrkové lesy, hostily odlisnd spolecenstva vlaknitych hub i kvasinek. Spolecenstva vlaknitych
hub i kvasinek nachazejici se v opadu méla rovnomérnéjsi zastoupeni kvasinkovych druhi nez
pudni spolecenstva. Ob¢ skupiny v pudé¢ i opadu byly v jednotlivych porostech charakterizovany
nékolika indikatorovymi druhy s vysokou specificitou, ovSem nizkou relativni cetnosti. V opadu
byl hlavnim faktorem urcujicim sloZeni obou skupin hub druh dominantni dieviny. V pidé byl
vyznamnym faktorem nejen druh dominantni dfeviny, ale také abiotické podminky. Bylo také
zjisténo nekolik odliSnosti, které potvrzuji specificitu kvasinkovych spolecenstev. Ukazali jsme,
ze kvasinkova spolecenstva jsou do jisté miry ovlivnéna jinymi environmentalnimi vlastnostmi
nez ostatni ekofyziologické skupiny hub, nejblize vSak maji k saprotrofim. Kvasinky tedy
Vv lesnich ekosystémech reprezentuji vyznamnou skupinu hub s mnoha specificky, které

pravdépodobné souvisi s jejich jednobunécénou ristovou formou.

Zavéry

Tato prace se sklada ze 4 ¢lankd, které ptispivaji k porozuméni ekologii a roli kvasinek v pidé a
opadu temperatniho lesa. V prvnim c¢lanku byly pomoci sekvence environmentdlni DNA
popsany dominantni druhy kvasinek v pudé a opadu temperatniho lesa a byl studovan vliv
abiotickych a biotickych faktorGi na spoleCenstvo kvasinek. Ukazali jsme, ze kvasinky

pfedstavuji vyznamnou ¢ast houbovych spolecenstev s vysSim relativnim zastoupenim v ptdé
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nez v opadu. V opadu se kvasinky znacn¢ liSily mezi dubovymi, bukovymi a smrkovymi
porosty. Faktory ovliviiyjici slozeni kvasinkovych spoleCenstev v pude jsou pravdépodobné

slozit&jsi a kombinuji vliv abiotickych podminek a vegetace.

Ve druhém ¢lanku byl porovnan vliv dominantni vegetace a abiotickych podminek na slozeni
spolecenstva kvasinek a vlaknitych hub. Piestoze spolecenstva kvasinek a vlaknitych hub
reagovala v mnoha ohledech podobné, vyznamné rozdily byly také identifikovany. Lze tedy
konstatovat, Ze kvasinky maji jedine¢nou ekologii v lesnich ekosystémech, kterd mize souviset s

jejich jednobunécnou ristovou formou.

Ve tfetim clanku byly popsany tfi nové druhy kvasinek pattici do pododdéleni
Pucciniomycotina, tfidy Microbotryomycetes: Leucosporidium krtinense f.a. sp. nov., Yurkovia
mendeliana sp. nov. a Libkindia masarykiana sp. nov. Analyza environmentalni DNA ukazala,
ze tyto druhy piedstavuji hojné taxony ve studovaném prostiedi, coz naznacuje jejich vysokou

relevanci pro ekosystém mirnych lest.

Ve c¢tvrtém ¢lanku byla u 25 izolatd zkoumana schopnost rozkladu organickych latek a
schopnost vyuzivat vybrané zdroje uhliku. Vysledky ukazuji, Ze kvasinky ptedstavuji navzdory
taxonomické heterogenité skupinu hub se specifickou vyzivovou strategii odlisnou od jinych
hub. Zda se, Ze pouze nékolik druhti kvasinek je schopno u¢inné rozkladat celulozu, chitinu nebo
hemicelulozy, avsak vétSina kvasinek miiZze U¢inné pisobit jako mutualisté, kteti vyuzivaji
produkty rozkladu dodavané jinymi mikroorganizmy. Jednobunécnost kvasinek je
pravdépodobné také dlivodem pro vysoky podil enzymové aktivity vdzané na bunécnou sténu.
Tato adaptace pravdépodobné slouzi k snadnéjSimu piijmu produktdi rozkladu do bunck

kvasinek, které enzymy produkuji.
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Introduction

Forests are major terrestrial ecosystems that cover more than 40 million km? and represent 30%
of the global land area (Keenan et al., 2015). Microbial communities inhabiting upper soil
horizons represent an important component of forest ecosystems. These communities are
complex assemblages of prokaryotic and eukaryotic organisms, including archaea, bacteria,
algae, protists and fungi that mediate a wide range of biogeochemical processes. They play an
important role as decomposers, plant symbionts or pathogens, influencing the C turnover and
retention and the availability of other nutrients (Trivedi et al., 2013; Uroz et al., 2016; Baldrian,
2017). Therefore, understanding of their role in these processes is thus essential for
understanding forest ecosystems. Fungi are the most studied microbes in temperate forests soils.
They exhibit a variety of growth forms and trophic strategies including saprotrophs obtaining

organic compounds from dead organic matter or various symbionts.

Saprotrophic fungi are considered to be the most efficient decomposers found in forest
ecosystem due to their ability to produce a variety of extracellular lignocellulolytic enzymes and
the capability to readily colonize new substrates. Saprotrophic fungi may occur in two growth
forms (regardless of their taxonomical relatedness) — as filamentous organisms or yeasts that
typically exist as single cells. Yeasts are polyphyletic heterogeneous group of fungi that includes
both the members of Ascomycota and Basidiomycota. Functionally, yeasts can be conceived as
special adaptation to live in liquid or semi liquid mediums with a high concentration of easy-to-
use nutrients (Starmer and Lachance, 2011). However, most yeasts, even those that grow as
single-celled organisms during most of their lifecycle, are able to switch to filamentous growth
as a response to changing environmental conditions. Some of them produce only pseudohyphae,
cylindrical cells that are more similar to elongated yeast cells than to real hyphae, but many
species can form typical hyphae too. Thus, most yeasts are not exclusively unicellular in the

traditional sense.

The predominant growth form (filamentous or yeasts) affects the realized niche of the fungus. It
is assumed that fungal hyphae allow it to bridge sites with unfavourable conditions and cross
nutrient-poor spots in searching for the heterogeneously distributed nutrient resources. This
enables them to easily colonize new substrates and virtually dominate certain decomposition

niches (de Boer et al., 2005). Yeasts have to rely on local resources and are, therefore, highly
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affected by the patchiness of soil properties. Dispersal abilities of these two growth forms may
also differ. Yeast cells are easily transmitted with air and water currents, while hyphal chains

attached to a substrate have a lower probability of distribution.

Distribution of yeasts in forest topsoil

Litter usually hosts highly abundant and variable yeast communities with high proportion of
transient species brought to this habitat from phyllosphere that contain abundant tree species-
specific yeast populations (Yurkov et al., 2008). Yeast communities in soils seem to be less
numerous and diverse (Yurkov et al., 2012a). The number of yeasts that mostly occur in the top
10 cm of soil usually ranges between hundreds and thousands per gram (Botha, 2006, 2011),
however, the relative proportion of yeast sequences compared to those of the filamentous fungi

seems to be higher in soil (Urbanova et al., 2015).

Approximately 130 yeast species have been reported to be associated with soils worldwide
(reviewed in (Yurkov et al., 2011) which indicates that soil is a primary habitat of these species.
Several adaptations might facilitate yeast capability for surviving in this environment. For
example, species frequently found in soil have been shown to grow in media with low
concentrations of nutrients (Kimura et al., 1998; Botha, 2006). Oligotrophy is thought to provide
a competitive advantage over other soil microbes. Yeasts have developed active mechanisms
allowing them to outcompete other species involving e.g. killer activity, substrate depletion,

acidification and ethanol production (e.g. Golubev, 2006; Starmer and Lachance, 2011).

Culture-based studies on yeast communities from upper forest soil horizons have yielded mainly
isolates belonging to the Basidiomycota (e.g. Golubev, 2006; Mestre et al., 2011; Starmer and
Lachance, 2011; Yurkov et al., 2012a; Yurkov et al., 2012b). It has been reported that
saprotrophic basidiomycetous yeast are able to break down plant litter and wood more rapidly
than Ascomycetes (Fonseca, 1992; Sampaio, 1999; Botha, 2006; Middelhoven, 2006). Although
some exceptions exist, most ascomycetous yeasts tested so far efficiently utilized simple sugars,
while their ability to degrade complex polysaccharides was reported as absent or low (Fonseca,
1992; Sampaio, 1999; Botha, 2006; Middelhoven, 2006). Therefore, they are often considered to
be primary inhabitants of fresh litter or rhizosphere (e.g Middelhoven, 2006; Mestre et al., 2011).

In contrast, basidiomycetes are expected to be more abundant in the nutrient-limited bulk soil.
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Besides metabolic adaptations, yeast communities in the bulk soil tend to aggregate and form

biofilms surrounded by polysaccharide capsules that facilitate their survival in this environment.

Importance of yeasts in soil and litter

The decomposition and carbon utilization by various groups of filamentous fungi that are
considered as primary degraders of organic matter in temperate forest soil and litter have been
frequently addressed (e.g. Martinez et al., 2005; Baldrian et al., 2011; Eichlerova et al., 2015).
However, the role of yeasts in these processes received less attention. Although yeasts were
repeatedly isolated from decaying plant material indicating that they might be involved in
decomposition of such materials, those studies mainly focused on description of the novel yeast
species (e.g. Péter et al., 2003; Middelhoven, 2006; Middelhoven and Kurtzman, 2007;
Kurtzman et al., 2011). Our understanding of functional relationships of yeasts in decomposition
processes is thus limited to a few studies (e.g. Sampaio, 1999; Middelhoven, 2006; Yurkov et al.,
2012b). The initial phase of fresh litter decomposition starts with the rapid depletion of simple
sugars by fast-growing and often fermenting yeasts which may not experience much competition
during this phase and are often brought to the litter horizon with freshly fallen litter as a part of
the phylosphere. During the litter decomposition, these species are replaced by other yeasts
(often basidiomycetous) that can utilize a wider spectrum of carbon sources (e.g. Margesin et al.,
2005; DeRito and Madsen, 2009). Culture-independent studies that targeted the involvement of
fungal communities during the decomposition showed that some operational taxonomic units
(OTUs) identified as yeast species tend to rapidly increase with time indicating their involvement

in this process (e.g. Bueé et al., 2009; Vofiskova and Baldrian, 2013; Votiskova et al., 2014).

Other important functions of yeast in forest ecosystems are related to their ability to grow on
rock surfaces (Sterflinger and Prillinger, 2001; Burford et al., 2003) where they contribute to the
weathering thus contributing the phosphorus and sulphur cycles within soil. In addition, yeasts
have also been observed to solubilize insoluble phosphates making this nutrient more readily
available to plants (Burford et al., 2003; Botha, 2006, 2011). Yeasts also play an important role
in formation of soil aggregates due to the ability of many species to produce extracellular
polymeric capsules that bind soil particles (Vishniac, 1995; Botha, 2006, 2011). Yeasts also
interact with other organisms in soil and litter. Many different types of interactions with animals

such as mutualism or antagonistic interactions have been observed, but most of them have been
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so far studied mainly in vitro. Yeasts may also serve as a food source for soil inhabiting bacteria,
invertebrates and protists (Botha, 2006; Yurkov et al., 2008; Botha, 2011). A growing number of
studies indicate that plant growth may be directly or indirectly enhanced by yeasts in the
rhizosphere (Medina et al., 2004; Nassar et al., 2005; Cloete et al., 2010).

Effect of biotic and abiotic conditions on yeast communities

Cultivation studies showed that yeast communities on a single plot consist of a few species only
and thus exhibit low a-diversity (Yurkov et al., 2011). Variability in a community composition
on a larger scale (B-diversity) is usually very high (e.g. Slavikova and VVadkertiova, 2000;
Vishniac, 2006; Starmer and Lachance, 2011; Yurkov et al., 2012b) indicating that yeast
distribution in soils is often fragmented with a few species only shared between sampling sites. It
is considered that yeast community composition is not limited by dispersal constrains (Fonseca
and Inacio, 2006; Starmer and Lachance, 2011; Francesca et al., 2014) and, therefore, we can
expect that yeast communities might be affected by local environmental properties also on a
larger scale than just at the level of patchiness of soil properties. It has been reported that
community composition and abundance of yeasts reflect abiotic conditions such as pH, water
activity, temperature and nutrient availability. Also effect of biotic conditions have been
previously reported, especially the effect of dominant trees on the composition of yeast
communities in temperate forest soils has been addressed and significant effect has been shown
several times (e.g. Wuczkowski and Prillinger, 2004; Yurkov et al., 2004; Yurkov et al., 2011,
Mestre et al., 2014). However, despite all of the above information, drivers of yeast communities

need to be confirmed in culture-independent studies.

Aims of the study

Despite the evidence that yeasts represent an integral part of soil fungal communities, their role
in forest ecosystems received so far little attention. Due to unicellularity, we can expect that
yeast communities will be affected by different factors than filamentous fungi. Our current
knowledge about soil-inhabiting yeasts is based mainly on cultivation experiments that might
give a biased picture of the yeast community. Unfortunately, despite the existence of high-
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throughput sequencing datasets, this approach has not yet been used for specific analyses of
yeasts in forest topsoils.

The aim of this thesis was to expand the current knowledge about the diversity and ecological
role of yeasts in the litter and soil of temperate forests. To reach this aim, | have combined high

throughput sequencing (HTS) with strain isolation and characterization.
The aims of my PhD thesis were:

1. To describe yeast communities in soil and litter of a temperate forest using high-throughput
sequencing of environmental DNA, identify dominant yeast species and explore how the

community of yeasts changes across a range of abiotic and biotic factors (Paper I).

2. To compare the effect of dominant vegetation and site properties on the community
composition of yeasts and filamentous fungi using HTS of environmental DNA (Paper I1).

3. To isolate yeasts from forest topsoil and to describe novel taxa among the yeasts most

abundant in environmental DNA surveys (Paper Il1).

4. To screen representative isolates of abundant yeasts for the traits relevant to their involvement
in organic matter transformation and nutrition and compare their decomposition potential with

other groups of saprotrophic filamentous fungi (Paper 1V).

To answer these questions, field sampling experiments were conducted in the area of the
Training Forest Enterprise Masaryk Forest Kitiny of the Mendel University in Brno (Kitiny
forest). Due to the variation of environmental conditions and stand composition, the area is
suitable for the characterization of fungal communities in the temperate forest zone.

Materials and Methods

Bioinformatic analyses of amplicon sequencing data (Paper I, II, I11, 1V)
Cultivation of yeasts (Paper I, IV)

Description of new yeast species (Paper I11)
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DNA extraction from cultures (Paper 111, 1V)

DNA extraction from soil (Paper I, I1)

Enzyme assays (Paper IlI, IV)

Library preparation for DNA high-throughput sequencing (Paper I, II, 111, 1V)
Molecular taxonomical identification of isolated yeast strains (Paper 11, 1V)
Polymerase chain reaction (Paper 1, 11, 11, 1V)

Quantification of fungal biomass (Paper II)

Soil sampling (Paper I, I1, 111)

Statistical and diversity analyses (Paper I, 11, 111, V)

Results and Discussion

For the first time, HTS was used in order to identify dominant yeast species and explore how
yeast community reflects the abiotic and biotic factors including variable ground vegetation and
the composition of the tree layer. The factors that are shaping yeast community composition with
those that are important for filamentous fungi were compared. The combination of HTS and
isolations was used to select those isolates that were representative for the yeasts community and
these isolates were further used for physiological characterization in order to elucidate the
involvement of yeast in carbon cycling and decomposition of dead organic matter. Furthermore,
three novel yeast species with high relevance for the temperate forest environment were

described.

Diversity and community composition of yeasts in temperate forest soil and litter

Eighteen sites in the Kitiny forest dominated by spruce, beech and oak were repeatedly sampled
to isolate yeast strains. In total, 198 strains were isolated and 128 of them were identified as
members of 24 genera: Candida, Cryptococcus, Cutaneotrichosporon, Cystofilobasidium,
Dioszegia, Fellozyma, Filobasidium, Heterocephalacria, Holtermaniella, Itersonilia, Kwoniella,

Lachancea, Leucosporidium, Naganishia, Oberwinkleozyma, Pichia, Piskurozyma,
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Rhodosporidiobolus, Saitozyma, Sporobolomyces, Solicoccozyma, Trichosporon,
Vishniacozyma, Yamadamyces. The rest of the isolated strains probably belong to more than 20
yet undescribed yeast species. This is in accordance with previous studies that indicated that
more than 30% of yeast species inhabiting temperate forests have not been described previously
(Mestre et al., 2011; Yurkov et al., 2012b; Yurkov et al., 2016) Therefore, further studies dealing

with the description of yeast diversity and formal description of new yeast species are necessary.

Three new yeast species belonging to the subphylum Pucciniomycotina, class
Microbotriomycetes were described. These species were named as Leucosporidium krtinense f.a.
sp. nov., Yurkovia mendeliana sp. nov., and Libkindia masarykiana sp. nov. Since the later two
novel taxa cannot be assigned to existing genera, two new genera, Libkindia gen. nov. and
Yurkovia gen. nov. were also described. Based on the analysis of environmental DNA, the new
species constitute common and abundant taxa in the studied environment which indicates their

high environmental relevance in the temperate mixed forest ecosystems.

Eighty-two sites in the Kitiny forest were explored with HTS, 18 of them across four seasons.
The species richness of yeasts at individual sites was 28 + 9 in soil and 31 + 11 in litter. These
numbers are comparable to the number of species obtained with cultivation approaches (e.g.
Mestre et al., 2011; Yurkov et al., 2011; Yurkov et al., 2012a). Basidiomycetous yeasts acounted
for more than 90% of sequence reads in our study and also dominated among isolated strains.
This is in line with the previous reports concerning forest soils that aslo yielded mainly isolates
belonging to this group (e.g. Maksimova and Chernov, 2004; Yurkov et al., 2012b; Yurkov et al.,
2016). The same was also shown in other culture-independent surveys (e.g. Buée et al., 2009;
Yarwood et al., 2010).

Relative abundance of yeast sequences within the total fungal community ranged from 0.4-
14.3% in soil and 0.2-9.9% in litter. Higher mean relative abundances of yeasts in soil than in
litter has also been indicated by the analyses of amplicon sequencing data by Urbanova et al.,
2015. The traditional view based on cultivation studies expects, however, higher abundances of
yeasts in litter than in soil as litter represents more suitable habitat for survival of yeast species
than soil (Yurkov et al., 2012a). Considering the fact that the amount of fungal biomass in litter

per g substrate dry mass can be 10-fold higher than in soil (Baldrian et al., 2013), we can
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conclude that some yeasts are well adapted to the nutrient-poor soil environment and occupy

specific niches that allow them to reach high relative abundances.

Yeast communities differed significantly between litter and soil. Soil yeast community in the
studied temperate forest was highly uneven, represented by a few highly abundant operational
taxonomic units (OTUs) and many rare taxa, while the yeast community in litter was more even.
The most abundant OTUs identified in metagenomics study were Solicoccozyma terricola
(Fillobasidiales), Saitozyma podzolica (Tremellales), Apiotrichum porosum (Trichosporonales),
Apiotrichum dulcitum (Trichosporonales), Cutaneotrichosporon moniliiforme
(Trichosporonales) and Fellozyma inositophila (Sporidiobolales). Unfortunately, comparison of
relative abundances of yeast species obtained with cultivations and HTS is not possible as the
cultivations were focused on capturing the yeast diversity and thus, number of strains that were
isolated from individual sites does not necessarily correspond to their abundance on plates.
However, our results showed a good overlap between cultivated and detected species suggesting

that soil yeasts can be fairly well cultured.

Biotic and abiotic drivers of yeast community composition

Biotic and abiotic drivers affecting yeast community composition were studied using amplicon
sequencing of environmental DNA. Communities in litter were significantly different among tree
species while the effect of abiotic conditions was lower. It is known that a high proportion of
litter-associated yeast communities is composed of taxa that are not restricted to this habitat and
may passively enter litter (e.g. Vishniac, 2006; Yurkov et al., 2012a). Litter input may contribute
substantially to the composition of yeast communities because phylloplane may contain
abundant tree species-specific yeast populations reaching up to millions of cells per gram
(Yurkov et al., 2008). It is also likely that yeasts are selected by the composition of secondary
metabolites in litter rather than the content of macronutrients, indicating that these secondary
metabolites are the source of their nutrition. Indeed, litters with similar nutrient content but of
different origin were found to host different microbial communities (Urbanova et al., 2015). Also
Yurkov et al. (2012a) showed that soil collected underneath litter hosted more variable

communities than soils underneath logs where selective and stable conditions promote growth of
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few highly specialized soil-borne yeasts. This hypothesis may be also supported by the fact that
the relative abundance of yeasts was significantly different between dominant tree species.

Our results suggest that relationship between dominant trees and yeast communities in soil may
be more complex, and perhaps result from the strong effect of some tree species while others
may share similar taxa. This would not be surprising, as stands of different trees exhibit different
levels of specificity to their soil fungal communities (Urbanova et al., 2015). On the other hand,
soil communities seemed to be highly affected by abiotic factors, especially by pH and moisture.
This is in agreement with previous studies that showed the effect of these two factors on
community composition of yeasts (Vishniac, 2006; Yarwood et al., 2010; Yurkov et al., 2016).

Decomposition potential and the utilization of carbon sources by yeasts

25 yeast species were tested for their potential involvement in decomposition of dead organic
matter and ability to utilize different carbon sources. The studied isolates represented OTUs that
together accounted for 42.3% and 29.4% of the sequence counts of yeasts in soil and litter,
respectively. They belonged to three lineages of fungi, Saccharomycotina, class
Saccharomycetes (four species), Agaricomycotina, class Tremellomycetes (16 species) and
Pucciniomycotyna, class Microbotryomycetes (five species).

It has been repeatedly demonstrated that saprotrophic basidiomycetous yeasts are able to break
down plant litter and wood more rapidly and efficiently than Ascomycetes (Fonseca, 1992;
Sampaio, 1999; Botha, 2006; Middelhoven, 2006). In our study, the activity of four
ascomycetous yeasts did not differ substantially from basidiomycetous yeasts, some of which
also displayed a limited decomposition potential. Yeast isolates frequently produced enzymes
involved in the degradation of hemicellulose: f-xylosidase, a-galactosidase, B-galactosidase, 3-
mannosidase, B-glucuronidase, and arabinosidase activity was observed in 44-92% of strains.
The ability to utilize cellulose was relatively common, with 84% of strains producing
exocellulase, and all of the tested yeast strains exhibited high B-glucosidase activity. The activity
of laccase, an enzyme that potentially contributes to the transformation of lignin and other
phenolics, was rarely observed, and only in association with yeast cell walls. Chitinase activity

was present in 72% of yeast strains, although it was typically low.
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While the efficient decomposition of cellulose, chitin or hemicelluloses is probably restricted to
only a few yeast taxa, most yeasts can efficiently act as mutualists that utilize products of
decomposition, provided by other microbes. This view is supported by the observation of yeasts
associated with decomposing litter and fungal mycelia (Voiiskova and Baldrian, 2013; Brabcova
et al., 2016) as well as the accumulation of carbon from cellulose (Stursova et al., 2012). The
HTS results of yeast abundance, however, seem to be contradictory, showing that the relative
share of yeasts is higher in soil than in litter despite decomposition rates are higher in the latter
environment. The unicellularity of yeasts is probably also the reason for the association of their
enzymes with their cell walls. This should ensure that decomposition products are produced at

the cell surface and can be readily taken up.

Both culture-dependent and culture-independent studies suggest that soil yeasts are more
prominent in temperate and boreal soils, where decomposition rates are slow. Although the C
sources most frequently utilized by the screened yeasts were mono- and oligosaccharides, many
soil yeasts are polytrophic. There is a growing body of evidence that basidiomycetous yeasts
possess diverse enzymatic machinery that can be activated in a certain stage of their life cycle
(Oberwinkler, 2017). Therefore, we can expect that capabilities and functions of soil yeasts are
far more diverse than those routinely measured in the lab. Thus, future studies that address
decomposition in forest soils using meso- and microcosms, metatranscriptomics and stable

isotopes probing should include fungi commonly considered as yeasts.

Difference between yeasts and filamentous fungi

The predominant growth form of fungi (filamentous or yeasts) affects its realized niche.
Therefore, enzyme production patterns of yeasts and filamentous saprotrophs were compared as
well as the factors shaping community composition of yeasts and three ecophysiological guilds
of filamentous fungi (saprotrophs, ectomycorrhizal fungi (ECMF), and arbuscular mycorrhizal
fungi (AMF)).

Yeasts are typically able to produce multiple enzymes that allow them to utilize carbohydate
biopolymers, however, they produce most of these enzymes in lower extent and thus their

involvement in decomposition processes is probably lower. To prove this hypothesis, API
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ZYM™ was used to compare yeasts with other groups of saprotrophic filamentous fungi: wood-
associated Ascomycota, saprotrophic micromycetes, white-rot fungi, brown-rot fungi and litter
decomposing Basidiomycota (Eichlerova et al., 2015). Composition and activity of enzymes
produced by soil yeasts was different from litter decomposing Basidiomycota, white-rot fungi,
and brown-rot fungi. Some wood-associated ascomycetes and saprotrophic micromycetes
showed enzymatic capabilities similar to those of the yeasts. However, a quantitative approach
showed that the analysed properties of yeast enzymatic machineries were significantly different
from all other functional groups of fungi. Overall, enzyme activities measured in yeast cultures

were lower than in the other groups of fungi.

To compare factors shaping community composition of yeasts and filamentous fungi, 18 sites, 6
of them dominated by spruce, beech and oak were sampled in 4 seasons. Yeasts were found to
be in many respects similar to other functional groups of filamentous fungi (ECMF, AMF,
saprotrophs). Non-contiguous forest stands dominated by mature beech, oak or spruce harboured
distinct filamentous fungal and yeast communities. Litter communities of filamentous fungi as
well as yeasts had significantly higher evenness than soil communities. Both litter and soil
communities of yeasts and filamentous fungi in each stand type were characterized by a subset of
indicator species with high fidelity but relatively low abundance. In litter, the main factor driving
community composition of both groups was the dominant tree species. In soils both the dominant
tree species and local abiotic variables were important drivers. On the other hand, several
dissimilarities indicating the specificity of yeast communities were found as well. We showed
that yeast communities are to some extent shaped by other environmental properties, however,
they seems to be most closely related to saprotrophs. Therefore, this group may have unique
ecology in forest ecosystems which may be related to their unicellular growth form and,
therefore, we should see them as a unique group of fungi with many specifics.

Conclusions

This thesis consists of 4 papers that contribute to the understanding of ecology and role of yeasts

in temperate forest topsoil. In the first paper, amplicon sequencing of environmental DNA was
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used to describe the composition of yeast communities and identify the potential biotic and
abiotic drivers of community assembly. Yeasts represented a substantial proportion of fungal
communities with higher relative abundance in soil. In litter, yeast communities differed
significantly among beech, oak and spruce-dominated stands. Drivers of community assembly
were more complex in soils and comprised the effects of abiotic environmental conditions and

vegetation.

In the second paper, effects of dominant vegetation and local site properties on community
composition of yeasts and filamentous fungi were compared. Even though yeasts” and
filamentous fungal communities were in many respects similar to each other, many differences
are also evident. Therefore, it can be concluded that yeasts have unique ecology in forest

ecosystems which may be related to their unicellular growth form.

In the third paper three novel yeast species were described, all belonging to the subphylum
Pucciniomycotina, class Microbotryomycetes: Leucosporidium krtinense f.a. sp. nov., Yurkovia
mendeliana sp. nov., and Libkindia masarykiana sp. nov.. Based on the analysis of
environmental DNA, the new species constitute common and abundant taxa in the studied
environment which indicates their high environmental relevance in the temperate mixed forests

ecosystems.

In the fourth paper, the decomposition potential and carbon utilization profiles of twenty five
dominant yeasts from a temperate forest topsoil was explored. The results indicate that despite
taxonomic heterogeneity, yeasts represent a fungal group with a specific nutritional strategy
dissimilar from other soil fungi. While the efficient decomposition of hemicellulose, cellulose or
chitin appears to be restricted to only a few taxa, results of utilization of carbon sources indicate
that most yeasts can efficiently act as mutualists that utilize products of decomposition, provided
by other microbes. Importantly, large fraction of total enzyme activity was associated with yeast
cell surfaces. This adaptation should ensure that the decomposition products are produced at the
cell surface of the unicellular microorganisms and are readily available to the producers of the

enzymes.
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