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ABSTRAKT

Cilem této prace bylo objasnit mezidruhové hranice v druhovém komplexu Aspergillus
viridinutans. Druhy patfici do tohoto komplexu jsou primarné ptdni organismy, ale stale
Castéji jsou zaznamenavany jako oportunni patogeni zvifat i ¢loveéka. U celkem 98 izolath
z ruznych substrati a zemi byly ziskany sekvence ¢tyt gend (kalmodulin, beta tubulin, aktin,
velka podjednotka RNA polymerazy II) pro fylogenetickou analyzu, zjisténo pohlavni ladéni
a provedeny parovaci pokusy na raznych kultivacnich médiich a pfi riznych teplotach.
Zkoumany byly téz fyziologické a morfologické charakteristiky. Obdobny postup byl
aplikovan i u nékterych dal$ich heterothalickych druhii v sekci Fumigati, u nichz zatim

nebylo popsano pohlavni stadium.

Klic¢ova slova: Aspergillus viridinutans, Aspergillus turcosus, fylogeneticka analyza, MAT

geny, anamorfa, teleomorfa, parovaci pokusy, MAT1-1, MAT1-2

ABSTRACT

The aim of this study was to determine the species boundaries within the Aspergillus
viridinutans species complex. The species belonging to this complex are predominantly soil-
inhabiting organisms that are increasingly reported as opportunistic human and animal
pathogens. A total number of 98 isolates from various substrates and countries was subjected
to morphological, physiological and molecular analysis (calmodulin, B-tubulin, actin and
RNA polymerase Il subunit 2 gene) and mating experiments were provided on different media
and temperatures. Some other heterothallic species from section Fumigati with unknown

sexual state were analysed using similar method as well.

Key words: Aspergillus viridinutans, Aspergillus turcosus, phylogenetic analysis, mating-

type genes, anamorph, teleomorph, mating experiments, MAT1-1, MAT1-2



OBSAH

1. TEORETICKY UVOD ...t sisss s 8
1.1 Sekce Fumigati - vyznam a druhovy KONCEPL ......eiiieriiiieiiieiiiiisesie e 8
1.2 Komplex druhtt A, VIFIAINUTANS .......oviiiiiee s 9
1.3 Patogenita zastupct druhti z Komplexu A. VIFIdINUEANS .........cccvoiiiiiiiieccceesese e 10
1.4 Pohlavni systém v SeKCi FUMIGALT......cvvviiiiiiii i 10
1.5 Dalsi druhy s neznamou teleomorfou v sekci FUMIGALi .........cccvviiiiiiiiniiiecsce e 11

1.6 Znaky a metody pouzitelné v deliminaci druhid v sekci Fumigati a komplexu A. viridinutans .. 12

2. METODIKA . .ttt r ettt b s 13
2.1 ZA10J@ 1ZOIALT ..ot b et re e nre e 13
2.2 Kultivace, uchovavani kultur a fotodoKumentace ..........cccceevvivieeiiiiiiee et 13
2.3 KFIZICT POKUSY vttt ettt b et n b nr e b e bt r e n e r e e nnennes 14
2.4 1Z018CE DINA ... 14
2.5 PCR amplifiKace @ SEKVENACE .......ccviiviiieiiecieete sttt te st st s re et te e sbesta e benre s 14
2.6 UPLAVa SEKVEINCT .....vovocvececeseeceesee ettt s e s s s s s bbbttt 17
2.7 Konstrukce fylogenetickEho StIOMU..........c.ciiiiiiiiieiiniecie e 17
2.8 MONOSPOTICKA 1Z0IACE. .....ueieeieitie it b ettt re e b 17
2.9 Testovani citlivosti kK antimyKOtTKUM .......cc.oiiiiiiiiieiiiice e s 18
2.10 Statistick€ ZPraCOVANT dal.........oieiiiiiiieicii bbb 18

3. VY SLEDKY L.oooiiiimiiiiiaeissssisss s 19
3.1 Molekularng geneticka CAST........couiiiiiiiiiiiii et 19

3.1.1 DNA sekvenovani, PCR .........cccciiiiiiii sttt e sae e st e e stve e snraeennne e 19
3.1.2 Fylogeneticka analyZa ..........ccceiiiieiiiiiie ittt nne s 27
3.2 KFIZICT @XPETIMENLY ...vevveiveireeniesie et sre et nr e er e r e ne e n e nn e e nreen e e renne s 30
K IR 1Y/ o] o] [ 1= PSP SST 39
3.3.1 Morfologie komplexu A. VIFIAINUEANS .........couiiiiiiieiieee s 39
3.3.2 Morfologie pohlavniho stadia ASPErgillus tUrCOSUS...........ccovirreriirrericieieiee e 46
3.4 Testovani citlivosti na antimykotiKa .........cooveoiiiiiiiii e 47



A DISKUZE ... 52

4.1 Druhovy komplex A.viridinutans, morfologické znaky ............cccooiirineneniicisiise e 52
4.2 Rosifeni a vyskyt druhti komplexu A. VIFIQINUEANS ......ocvoviiiiiiiiiiecsee e 52
4.3 Biologicky koncept a pArovaci POKUSY........cccueeiiiiiiiiiiiieie et 53
4.4 Aplikace polyfazického pfistupu na druhy Aspergillus viridinutans komplexu ............c..ccc....... 54
4.5 MezZIdruhOVE KFIZENI. ... ecueeriiieiiieie e nne s 54
4.6 Citlivost k antimyKOtIKUIM .......couveiiiiiiiiiie et 55
5. ZAVER ...ttt 56
B. LITERATURA . ..ottt e b bbbt bbbt bbb bttt 57
PRILOHY ...ttt 61



PREDMLUVA

Tato prace studuje taxonomii druhového komplexu Aspergillus viridinutans ze sekce
Fumigati. Bezprostfedné navazuje na moji bakalaiskou praci, ve které jsem se zabyvala
sexualni reprodukci u vieckovytrusych hub. Prace byla feSena na katedfe botaniky P¥F UK
a v Laboratofi genetiky a metabolismu hub MBU AV CR.

V ramci predkladané diplomové prace se rozvinula spoluprace s dalSimi
akademickymi pracoviti v CR jako je Lékaiska fakulta Univerzity Palackého v Olomouci
(Doc. MUDr. Petr Hamal, PhD., MUDr. Lucie Svobodova - testovani citlivosti
k antimykotikiim) a Ustavem ptidni biologie AV CR v Ceskych Budgjovicich (RNDr. Alena
Novékova, CSc.). Cast metodiky se opird o poznatky japonské vyzkumné skupiny zabyvajici
se taxonomii rodu Aspergillus (Prof. T. Yaguchi, PhD.; T. Matsuzawa, PhD.), kterd zaroven
poskytla i znaény pocet izolatd. Primarné¢ padni druhy komplexu A. viridinutans,
jehoz mezidruhové hranice nebyly dosud jasné vymezeny, jsou stale Castéji zaznamenavany
jako oportunni patogeni zvitat i Clovéka. Vyznam objasnéni hranic jednotlivych druhi
komplexu je nejen  taxonomicky, ale 1  medicinsky, jelikoz  citlivost

k n¢kterym antimykotikim, pouzivanych k 1é¢bé oportunnich infekci, je druhové specificka.

Cile prace:
1) Zjistit pohlavni systém a cilenymi parovacimi pokusy se pokusit navodit tvorbu teleomorfy
u druhtt v komplexu A. viridinutans a dal$ich druhd ze sekce Fumigati s neznamou
teleomorfou
2) Objasnit mezidruhové vztahy v komplexu A. viridinutans pfistupem zahrnujicim

mnohagenovou fylogenezi, morfologii a sexualni kompatibilitu (biologicky koncept druhu)



1. TEORETICKY UVOD

1.1 Sekce Fumigati - vyznam a druhovy koncept

Sekce Fumigati obsahuje asi 40 druht, z nichz fada ma slabou morfologickou podporu (velka
fenoplasticita a prekryvajici se znaky). Proto byla velka ¢ast druhl popsana teprve s nastupem
molekularnich metod (Balajee et al., 2005; Hong et al., 2005; Hong et al., 2008; Samson et
al., 2007). Sekce je vyznamna predevsim z hlediska patogenity nékterych zastupct (Balajee et
al., 2005; Barrs et al., 2013; Guarro et al., 2002; Padhye et al., 1994; Vinh et al., 2009a; Vinh
et al., 2009b). Druhy Neosartorya (teleomorfa) znehodnocuji pasterizované potraviny diky
jejich termorezistenci (Samson, 1989). N¢které druhy jsou téZ producenty vyznamnych
mykotoxind (Fujimoto et al., 1993; Samson et al., 2007) a nebo naopak latek, vyuzivanych
jako lé¢iva (Tomoda et al., 1994). K dispozici jsou genomické sekvence dvou druhu -
A. fumigatus (Nierman et al., 2005; Wortman et al., 2006) a N. fischeri (Fedorova et al., 2008;
Wortman et al., 2006).

Objektivné nejpouzivanéjSim piistupem v identifikaci a popisu novych druhd u rodu
Aspergillus je kombinace morfologickych dat podpofena sekvencemi z nékolika na sobé
nezavislych lokust. Naproti tomu fylogeneticky druh odpovida nejmensim monofyletickym
shlukim jedincd (clusters), podpofenych analyzou nékolika nezavislych DNA sekvenci
(Genealogical Concordance Phylogenetic Species Recognition-GCPSR) (Dettman et al.,
2006). Alternativné se pro popis druhii rodu Aspergillus vyuziva polyfazicky piistup, ktery
krom¢ sekvenacnich dat z nékolika nezavislych lokusi a morfologie dale pridava
charakterizaci zékladni fyziologie druht a zohlediiuje odliSnosti v produkovanych
sekundarnich metabolitech (Hong et al., 2008; Hubka et al., 2013b; Samson et al., 2007).
Biologicky koncept druhu byl vyuZitelny jen u omezeného poctu heterothalickych druht
(Horie et al., 1995; Kwon-Chung and Kim, 1974; Novakova et al., 2014; Takada et al., 2001;
Takada and Udagawa, 1985).

Napfti¢ rodem Aspergillus i sekci Fumigati se vyskytuji druhy homothalické (schopné
rozmnozovani bez opacné ladéného partnera), heterothalické (k rozmnozovani potiebuji
opacné ladéného pratnera) a druhy, u nichz neni znamo, zda definitivné ztratily schopnost
pohlavni reprodukce, nebo maji pohlavni stadium, které se zatim nepodatilo pozorovat. Mezi
ptiblizn¢ 300 popsanymi druhy Aspergillus je znama teleomorfa asi jen u ¢tvrtiny druht,
Z toho jen necelé dvé desitky jsou heterothalické, z nichz je vyznamna Cast pravé v sekci

Fumigati. Mezi tyto druhy patéi i A. fumigatus, ktery byl diive povazovan za ukazkovy



piiklad striktné asexualniho druhu vlaknité houby, ale teleomorfu se systematickym kiizenim
izolatt podafilo indukovat (O’Gorman et al., 2008). Tvorba teleomorfy vyzaduje ¢asto velmi
specifické kultivaéni podminky a nalezeni kompatibilnich kmenti, a¢koliv ani to neni zarukou
uspésnosti parovacich pokust a ty Casto selhavaji (Sugui et al., 2010). Da se piedpokladat,
ze fada druhii, dnes povazovanych za asexudlni, jsou ve skute¢nosti druhy heterothalické
S nepopsanym pohlavnim stadiem.

Odhaleni sexualni reprodukce umoznuje pochopit biologii a evoluci druhu, pomaha
vysvétlit pritomnost riznych genotypi navzdory pievazujici nepohlavni reprodukci.
Rekombinace v asexualnich populacich nékterych hub je casto pfiCitana parasexualnim
procestim, podle souc¢asnych poznatkl je ale ziejmé, Ze ptinejmensim v nékterych ptipadech
bude primarnim ¢initelem krypticky sexualni cyklus (Kiick and Péggeler, 2009; Paoletti et al.,
2005; Taylor et al., 1999). Odhaleni sexualniho procesu ma také fadu medicinskych dasledkd.
Pohlavni reprodukci miize vznikat potomstvo s rostouci virulenci a rezistenci
k antimykotikiim. Dale mize pohlavni reprodukce zkreslovat vysledky fady diagnostickych

testl, které jsou zalozeny na predpokladech klonality.

1.2 Komplex druhii A. viridinutans

Primarné pudni druh, A. viridinutans, je oportunni patogen zpusobujici invazivni aspergilozu
A. fumigatus (Coelho et al., 2011; Vinh et al., 2009a). Na patogenezi onemocnéni se
pravdépodobné podileji i produkované mykotoxiny, zejména viriditoxin, ktery vykazuje
hemolytické, myotoxické a hepatotoxické ucinky (Lillehoj and Milburn, 1973; Weisleder,
1971). Odliseni od A. fumigatus je dualezité z hlediska rezistenci nékterych druhd komplexu
A. viridinutans k bézn¢ uzivanym antimykotikiim ze skupiny azolti a amfotericinu B (Van Der
Linden et al., 2011). Pfesto je A. viridinutans ziejmé v klinickém materialu zaménovan
za A. fumigatus (Balajee et al., 2006; Hong et al., 2010; Katz et al., 2005; Yaguchi et al.,
2007), coz muze vést k neadekvatni 1é¢be.

Uloha druhti tohoto komplexu v piidni nice neni zcela objasnéna a zachyty
A. viridinutans z ptdy a jinych substrati (mimo klinicky material) byly vzdy spiSe sporadické.
Jako pomé&rné bohaty zdroj izolath se podafilo identifikovat vysypky a rekultivované plochy
VUSA a CR (viz Tabulka 3.1) (Novakova et al., 2014), které pravdépodné mohou
predstavovat vyznamny rezervoar nejen A. viridinutans, ale i dalSich oportunné patogennich

druht ze sekce Fumigati jako napt. A. udagawae, A. lentulus a A. fumigatiaffinis. Aspergillus
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fumigatus, ktery v pudnich vzorcich byva dominantni (Hong et al.,, 2010) se v téchto
spole¢enstvech ptitom vibec nepovedlo zachytit, coz naznacuje velmi specifickou ulohu non
- A. fumigatus druht v urcitych stadiich sukcese na téchto stanovistich.

V této praci se podatilo shromazdit fadu novych kment, ale také autentickych izolatt
(diive publikovanych), z riznych lokalit po celém svéte (Tab. 3.1). Vétsina téchto kment byla

publikovana pod druhovym nazvem A. viridinutans nebo N. udagawae.

1.3 Patogenita zastupci druht z komplexu A. viridinutans

Nékteré druhy z komplexu A. viridinutans byly zaznamenany jako oportunni patogeni zvifat
i ¢lovéka. Mezi tyto druhy patii A. felis, A. udagawae a nejnovéji také A. wyomingensis, ktery
byl zachycen u kocky domaci (Barrs et al., 2014). Druhy A. aureolus, A. viridinutans,
A. arcoverdensis a A. siamensis a ,,A. acrensis“ nebyly v klinickém materialu zachyceny.

Aspergillus felis byl u ¢lovéka zachycen jako ptivodce invazivni plicni aspergilézy
(CCF 4557 - Portugalsko; NIHAV1 a NIHAV2-USA) (Coelho et al., 2011; Pelaez et al.,
2013; Vinh et al., 2009b) a osteomyelitidy (IFM 60053 - Japonsko). Dalsi izolaty zpusobily
invazivni onemocnéni plic a retrobulbarni absces u kocky domaci (CBS 130245, FRR 5679
a FRR 5680 - Australie) (Barrs et al., 2012; Barrs et al., 2013; Katz et al., 2005).

Druh A. udagawae byl izolovan jako ptvodce keratitidy u ¢lovéka (IFM 59502 -
Japonsko) (Shigeyasu et al., 2012), zptisoboval invazivni aspergilozu (Balajee et al., 2007;
Kano et al., 2013; Posteraro et al., 2011; Sugui et al., 2010); akutni respira¢ni syndrom
(ARDS) (Farrell et al., 2014) a oéni infekci (Posteraro et al., 2011). V CR byl tento druh
zachycen jako pravdépodobny ptivodce onychomykézy (CCF 4233, nehet na dolni koncetiné,
Zena, 53 let). Tento druh byl téZ zaznamenam u kocky domaci, u které zplsobil ocni

aspergilozu (Kano et al., 2008; Kano et al., 2013; Katz et al., 2005).

1.4 Pohlavni systém v sekci Fumigati

Molekularn€ genetické pozadi pohlavniho rozmnozovani u rodu Aspergillus je velmi
podrobné¢ prozkoumané, jelikoz byl tento rod pouzivan jako modelovy organismus
pro studium této problematiky. Za esencialni v procesu indukce pohlavniho cyklu a produkce
pohlavnich struktur se povazuji MAT geny (mating type genes) (Hiscock and Kiies, 1999).
Obsahuji sekvence kodujici DNA vazebné domény, které funguji jako transkripéni faktory

(Jacobsen et al., 2002). Jako transkrip¢ni aktivator ptisobi tzv. alfa doménu obsahujici protein
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koédovany MATI-1-1 genem. Ten kooperuje s dal§imi proteiny specifickymi pro sexualni
rozmnozovani (Coppin et al., 1997). Produktem MAT1-2-1 genu je tzv. HMG doména
obsahujici oblast bohatou na prolin, ktera je velmi podobna oblastem nalézanym
u transkripénich aktivatora (Coppin et al., 1997). In vitro bylo prokazano, ze samotna HMG
doména je schopna vazby na DNA (Kronstad and Staben, 1997).

MAT geny jsou v genomu umistény na tzv. MAT lokusu (mating type locus).
U heterothalickych druhii je v MAT lokusu pfitomen jeden ze dvou MAT gent (MATI-1
nebo MAT1-2). MAT geny jsou od sebe vyrazné odlisné a jsou oznaCovany jako idiomorfy
(Metzenberg and Glass, 1990). U homothalickych druhi jsou v  MAT lokusu pfitomny
MAT1-1i MAT1-2 geny.

V oblasti MAT1-1 a MAT1-2 lokusu mohou byt mohou byt v zavislosti na konkrétnim
druhu pfitomny rizné MAT geny napt. geny MAT1-1-1, MAT1-2-1, MAT1-2-4 atd. Druhov¢
specifické jsou téz geny, které k MAT idiomorfam piiléhaji, pozice nékterych z nich jsou

konzervativni a lze je vyuzit pro navrhovani primett pro amplifikaci MAT gend.

Obr. 1.1 Znazornéni MAT1-1 a MAT1-2 lokusu u A. lentulus (Swilaiman et al., 2013)

dMAT1-2-1 MAT1-1-1
MAT1-1
- - ] —] ]
LOCAH AL51 AL33 AL32 AFM3
MAT1-2-1 MAT1-2-4
MAT1-2 | <] I T s 7711 T T |I>—|:|
— — - | ~a] |
LOCA AL52 ALS3 AL34 AL31 AFM3

200 bp

Obrazek 1.1 ukazuje uspotadani geni v MAT1-1 a MAT1-2 lokusu, ktery ma stejné
uspofadani a strukturu jako bylo popsano u A. fumigatus (Paoletti et al., 2005). Spravna
identifikace MAT genli je zdsadni pro uspéSné parovaci pokusy a ndsledné nalezeni

pohlavniho stadia (Swilaiman et al., 2013).

1.5 DalSi druhy s neznamou teleomorfou v sekci Fumigati

Sekce Fumigati obsahuje, kromé& A. viridinutans fadu dal$ich popsanych druhli bez znamé
teleomorfy (A. arcoverdensis, A. brevipes, A. brevistipitatus, A. conversis, A. duricaulis,

A. fumigatiaffinis A. fumisynnematus, A. novofumigatus, A. unilateralis,) (Hubka et al., 2013b;
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Samson et al., 2007). V roce 2013, bylo popsano pohlavni stadium A.lentulus (Swilaiman et
al., 2013), ktery byl do té doby téz povazovan za asexualni. V této praci se podafilo objevit

pohlavni stadium druhu A. turcosus (nepublikovana data).

1.6 Znaky a metody pouzitelné v deliminaci druhii v sekci Fumigati a
komplexu A. viridinutans

Pouziti mikro- a makromorfologie k rozeznani druhti v sekci Fumigati je pomérné
problematické napfic¢ celou sekei, véetné A. viridinutans a jeho nejpiibuznéjSich druhd. Podle
provedenych meéfeni a pozorovani se nedd makromorfologie, ani mikromorfologie
anamorfniho stddia aplikovat k rozeznani izolatd nalezZejicich k jiz popsanym a hypotetickym
nepopsanym druhiim v komplexu A. viridinutans (Balajee et al., 2006; Novakova et al., 2014).
Zahnuty méchyiek nesouci fialidy (tzv. nodding head), ktery byl piivodné popsan jako znak
typicky pro A. viridinutans byl nalezen i u dalSich pfibuznych i fylogeneticky vzdalenych
druht.

Jako potencidlné velmi pouzitelné se naopak zdaji byt znaky ptfitomné na pohlavnim
stadiu, zejména askosporach (velikost téla askospor, ekvatorialni hiebinky).

Pii fyziologické charakterizaci druhti se u rodu Aspergillus vyuziva predev§im
maximalni, pfipadn¢ i minimalni ristova teplota (Balajee et al., 2007; Hubka et al., 2013a;
Hubka et al., 2013b).
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2. METODIKA

2.1 Zdroje izolati

Celkem bylo v této praci pouzito 98 izolatd, jejichZ pivod (substraty, ze kterych byly ziskany,
lokality, datum sbéru) a pfistupova ¢isla k sekvencim v databazi GenBank jsou uvedeny
v Tabulce 3.1. Jednalo se ptedevsim o druhy z komplexu Aspergillus viridinutans (A. felis,
A. arcoverdensis, A. viridinutans, A. udagawae, A. aureolus, A. wyomingensis, A.siamensis),
ale byly zde zafazeny také dal$i heterothalicke druhy sekce Fumigati (A. nishimurae,
A. marvanovae, A. turcosus, A. fumigatiaffinis, A. novofumigatus a dalsi). Nékteré tyto druhy
se znamym pohlavni stadiem jsou heterothalické (A. felis, A. udagawae, A. wyomingensis sp.
nov., A. nishimurae, A. turcosus-nepublikovana data), n¢které homothalické (A. aureolus,
A. siamensis). U ¢asti druhii nebylo zatim pohlavni stadium pozorovano a pravdépodobné se
jedna o heterothalické druhy (A. viridinutans, A. arcoverdensis, A. fumigatiaffinis,
A. novofumigatus, A. marvanovae). Kmeny byly izolovany Vv piedchozich letech v CR

i zahrani¢i a ziskany jak z ¢eskych, tak zahrani¢nich, vefejnych ¢i soukromych sbirek.

2.2 Kultivace, uchovavani kultur a fotodokumentace

Kultivace kmenil probihala ve tmé pfiteploté¢ 25 °C, nej€astéji na agaru s maltdbzovym
extraktem (MEA) ¢i na sladinovém agaru (SL). Vyrobci a sloZzeni médii je uvedeno v Tabulce
2.1. U nékterych izolath byla testovana schopnost riistu v rozmezi teplot 37 az 45 °C.
Dlouhodobé byly kmeny uchovany v lednici (4 °C) na Sikmych pudach (MEA, SL°2). VétSina
izolatt byla uloZena do Sbirky kultur hub (CCF - Culture Collection of Fungi) na katedie
botaniky PiF UK v Praze, kde jsou uchovavany jako zivé kultury, nebo jako lyofilizaty.
S kulturami bylo zachazeno podle pravidel pro praci pro organismy skupiny BSL-2
(http://lwww.cdc.gov/biosafety/publications/bmbl5/bmbl5_sect_iv.pdf). Pti praci byl pouzivan
flowbox, rouska a rukavice.

Fotodokumentace mikrostruktur byla provedena na mikroskopu Olympus BX-51
vybavenym digitalnim fotoaparatem Olympus DP72. Petriho misky s koloniemi byly foceny
fotoaparatem Cannon EOS 500D a plodnice binokularni lupou Olympus SZ61.

Skenovaci elektronova mikroskopie (SEM) byla provedena Dr. Alenou Kubatovou,
které byl dodan material pochazejici z této prace. Konidiofory a plodnice s askosporami

na MEA nebo OA byly fixovany parami tetraoxidu osmicelého po dobu 14 dnt v 5-10 °C.
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Nasledn¢ byly preparaty pozlaceny pomoci piistroje Bal-Tec SCD 050. Vzorky byly
pozorovany elektronovym mikroskopem 6380 LV (JEOL).

Tab 2.1 Média pouzita v této praci

Médium Zkratka SloZeni na 1000 ml destilované vody

agar s maltézovym MEA(malt extract Malt extract 20 g (Oxoid, Basingstoke, Velka
extraktem agar) Britanie), glukéza 20 g (Lachner, Ceské
Republika), pepton 1 g, pH 5,6

ovesny agar OA(oatmeal agar) Difco (La Ponte de Claix, Francie), pH 6,0
bramborovo PDA(potato-dextrose  Himedia (Mumbai, Indie), pH 5,6

dextrozovy agar agar)

sladinovy agar SL 2° Ballinga sladina 1000 ml, agar 20g (Dr. Kulich

Pharma, Ceska Republika), pH 5,2-5,5

2.3 Krizici pokusy

Pro kiizici pokusy byla pouzita média MEA, OA a PDA a tii inkubacni teploty - 25, 30 a 37
°C. Misky byly béhem prvnich c¢tyt tydnt kazdy tyden opétovné parafilmovany, aby se
zabranilo vysychani. Inkubace probihala ve tmé a trvala 6-12 (20) tydni. Od tfetiho tydne

byly misky kazdy tyden kontrolovany s cilem zjisténi zda jsou pfitomné pohlavni struktury.

2.4 Izolace DNA

DNA byla izolovana ze 4 dny starych monosporickych kultur (metodika viz nize) komeréni
sadou ArchivePure DNA Yeast & Gram-+ Kit (5 PRIME) podle pokynti vyrobce. Kvalita
izolované DNA byla kontrolovana na spektrofotometru Nanodrop ND-1000. Vétsinu DNA
izolovala RNDr. Milada Chudickova.

2.5 PCR amplifikace a sekvenace

Pro amplifikaci, ktera byla provadéna v termocykleru Mastercycler Gradient (Eppendorf) byly

nejcastéji pouzivany nasledujici programy:
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Program ¢. 1: 94 °C/2 min (1x), 94°C/30 s, 55 °C/1 min, 72°C/1 min (35%), 72 °C/10 min
(1>).

Program ¢. 2 (Touchdown): 94 °C/2min (1x), 94 °C/30s, 66 °C — 60 °C/45s, 72 °C/1min
(5%), 94 °C/30s, 60 °C/45s, 72 °C/45s (30%), 72 °C/10 min (1x).

PCR reak¢ni smési byly pripraveny v objemech 25 pl:
deionizovana H,O 15 pl

dNTP’s (2 mM) 2,5 pl

PerfectTaq PCR pufr 10x (5 PRIME) 2,5 pl

primery (10 pM/ul), kazdy 2 pl

PerfectTaq polymeraza (5 PRIME) 0,2 ul

DNA 1 pl

K amplifikaci byla vétsinou pouzita PerfectTaq polymeraza (5 PRIME, Némecko),
nebo Maximo Taq DNA polymeraza (GeneOn, Némecko), u obtizné amplifikovatelnych
vzorki Platinum® Taq DNA Polymeraza (Invitrogen, USA), vSechny s pfislusnymi pufry.
Sekvenace vzorkti amplifikovanych polymerazou Platinum® Taq neméla az na vyjimky
dobr¢ vysledky.

K amplifikaci fragmentt gent benA, caM, act, RPB2, MAT1-1, MAT1-2 a ITS oblasti
byly pouzity primery uvedené v Tabulce 2.2.

Pro amplifikaci genu benA, koédujiciho B-tubulin, byly pouzity kombinace primert T10
s Bt2b, Bt2a s Bt2b a Bt2a s T22 a vyse popsany program ¢. 1.

Gen caM, ktery koduje kalmodulin, byl amplifikovan primery CF1IM a CF4, nebo
CF1L a CF4. U obtizn€¢ amplifikovatelnych vzorkli byly vyzkouSeny i kombinace primeri
cmd5 s CF4, CF1L s cmd6 a CF1M s cmd6. Nejvhodnéjsi byla kombinace CF4 s CF1M.

Pro gen act, kédujici aktin, byly pouzity primery ACT-512F a ACT-783R a program
¢. 1, ve kterém byl annealing zvySen na 60°C.

Gen RPB2, ktery koduje velkou podjednotku RNA polymerazy 11, byl amplifikovan
primery fRPB2-5F s fRPB2-7cR, standardné programem ¢.1 a pfi nedostatecné specificite
nasedani primert (vice produkti na gelu) programem Touchdown, ve kterém je b&hem
prvnich péti cykll sniZovana teplota annealingu béhem kazdého cyklu o 1 °C. Z divodu

obtizné amplifikace n€kterych vzorkl byly na zdklad¢ jiz diive amplifikovanych sekvencich
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navrzeny nové primery, z nichZz nejlépe fungovaly kombinace FumF1 s FUmR2 a FumF2
s FumR1.

Amplifikace ¢asti MAT1-1 genu, ktera kéduje alfa box doménu genu, byla provedena
primery Alphal s Alpha2. K amplifikaci ¢asti MAT1-2 genu, kterd koduje HMG doménu
(High Mobility Group box), byly pouzity primery HMG1 s HMG2. V obou piipadech byl
pouzivan program Touchdown.

Pro amplifikaci ITS rDNA byly pouzity primery ITSIF s NL4 nebo LR6 s NL4
a program ¢.1.

Purifikace PCR produkti a sekvenovani byly feSeny servisné u spole¢nosti Macrogen
Europe (Holandsko), nebo v Stiedisku sekvenovani DNA v Mikrobiologickém ustavu AV

CR, v.v.i. Sekvenace byla provedena ob&ma koncovymi primery.

Tab. 2.2 Primery pouzité k amplifikaci fragmentd studovanych genu

Gen Forward primer Reverz primer

benA T10 (ACGATAGGTTCACCTCCAGAC) Bt2b (ACCCTCAGTGTAGTGACCCTTGGC)
Bt2a (GGTAACCAAATCGGTGCTGCTTTC) T22 (TCTGGATGTTGTTGGGAATCC)

RPB2 fRPB2-5F (GAYGAYMGWGATCAYTTYGG) | fRPB2-7cR (CCCATRGCTTGYTTRCCCAT)
FumF1 (GGCCAGTACCTTGACYGGAG) FumR1 (TCIAGRTCTTCIGGRGTCAT)
FumF2 (CTCRCAGGTGYTGTCWCGTT) FumR2 (GGCRTMGACATACTCGACAA)
FumF3 (GTCACATCTTCGCCGTACCA) FumR3 (GACCAAICCATCCCAICCGA)

FumR4 (TTCCTCMGGRAGAGCGTAAC)

act ACT-512F (ATGTGCAAGCCGGTTTCGC) ACT-783R (TACGAGTCCTCCTGGCCCAT)
caM CF1M (AGGCCGAYTCTYTGACYGA) CF4 (TTTYTGCATCATRAGYTGGAC)
CF1L (GCCGACTCTTTGACYGARGAR) cmd6 (CCGATAGAGGTCATAACGTGG)

cmd5 (CCGAGTACAAGGAGGCCTTC)

ITS ITSIF (CTTGGTCATTTAGAGGAAGTAA) NL4 (GGTCCGTGTTTCAAGACGG)

LR6 (CGCCAGTTCTGCTTACC)

MAT1-1 Alphal (CTGGAGGAGCTTCTGCAGTAC) Alpha2 (GGAGTACGCCTTCGCGAG)

MAT1-2 HMGL1 (CTCTTGTGGCAGGATGCTCT) HMG2 (TTGCTGGTAGAGGGCAGTCT)
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2.6 Uprava sekvenci

Pro praci  se  sekvencemi byl  pouzit  program Bioedit . 7.0.0

(www.mbio.ncsu.edu/BioEdit/bioedit.ntml).

2.7 Konstrukce fylogenetického stromu

Pro sestrojeni fylogenetického stromu (kladogramu) byly sekvence alignovany za pouziti
algoritmu ClustalW (Thompson et al., 1994). Kladogram byl vytvofen Bayesovskou analyzou
v programu MrBayes 3.2.2 (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck,
2003) metodou Markov Chain Monte Carlo se dvéma paralelnimi b&éhy po ¢tyfech fetézcich
ateploté¢ 1.0. Alignment byl rozdé€len na 20 samostatnych segmentd (partitions), které
zahrnovaly jednotlivé exony a introny a v pfipadé genu RPB2, obsahujiciho pouze jeden
priblizn¢ 950 pozic dlouhy exon, i jednotlivé pozice v tripletu. Pro vSechny partitions byl
spocitan nejvhodné&jsi substitu¢ni model v programu MEGA6 (Kumar et al., 2008). Model
K2+G ¢i K2+1 byl vybran jako prvni ¢i druhy nejvhodnéjsi pro vSechny segmenty a proto byl
prvni z nich pouzit ve vSech piipadech. Analyzy jednotlivych gent bézely 100000 generaci
a "burning” (cast fetézce, ktera se po analyze odstraiuje) byl stanoven pomoci programu
Tracer v. 1.5 (Drummond and Rambaut, 2007) a nasledn¢ byl vygenerovan fylogeneticky
strom (,,50% majority rule consensus”). Maximum Likelihood analyza byla pocitana
v programu MEGAG6 za pouziti modelu K2+G a 1000 bootstrapovych vybért. Podpory vétvi
byly ziskany ze stromu s nejvyssim log likelihood skore (-3986.0185).

2.8 Monosporicka izolace

Monosporické izolaty, byly ziskdny vysévanim suspenzi askospor kiiZencli na misky
s agarovym médiem MEA pomoci fedici fady. Do zkumavek bylo vloZeno n¢kolik plodnic,
které byly nasledné rozdrceny pomoci sklenéné trubicky nebo sklenénych kuli¢ek a nasledné
vortexovany po dobu 1 min (1500 ot/min). Zkumavky byly po té inkubovany 30 minut
pii 70°C. Toto zahiati zni¢i vSechny tenkosténné konidie (testovano u vSech linii komplexu
A. viridinutans) a zaroven aktivuje termorezistentni askospory u druhii sekce Fumigati, ¢ehoz
bylo vyuzivano jiz v diivéjsich studiich (Sugui et al., 2011). Nasledn¢ byla v takto oSetfenych
vzorcich upravena koncentrace spor pomoci pocitani v Biurkerové komitrce. Vysledné

koncentrace (ptiblizn¢ 100 spor v objemu 100 pl) byly vysévany na misky s agarovym
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médiem ve tfech koncentracich (nefedéné, fedéné 10x a 100x). Misky byly nasledujici dny
sledovany a po cca 24-48 hodinach byly patrné jednotlivé kolonie. Ty byly sledovany
pod optickym mikroskopem piimo na Petriho misce a pokud bylo patrné, ze kolonii dala
vznik pouze jedna askospora, byla tato kolonie jehlou odebrana a inokulovana na jinou

Petriho misku s médiem MEA.

2.9 Testovani citlivosti k antimykotikiim

Testovani provedla MUDr. Lucie Svobodova (Ustav Mikrobiologie Lékaiské fakulty
Univerzity Palackého v Olomouci) pomoci metody Sensititre YeastOne (Yeast-One
s Anidulafunginem & Micafunginem, vyrobce: TREK Diagnostic Systems LTD). Metoda je
zalozena na principu mikrodiluéniho kolorimetrického testu. Test se sklada z mikrotitraéni
desticky s jamkami, ve kterych je naneseno vysusené antimykotikum v fedéni odpovidajicim
standardu CLSI. K rehydrataci antimykotik dochazi pfidanim 100 pl inokula 0 koncentraci
1,5 x 10® CFU/mI. Indikatorem v testu je Almar blue. Vysledkem testu je zména barvy
Z ptuvodni modré na rizovou, coz znaci rust houby a tedy jeji necitlivost k antimykotiku pii
dané koncentraci. Vyhodnoceni probiha spektrofotometricky. V nasem piipadé byl test

inkubovan po dobu 48 hodin pfi teploté 35 °C.

2.10 Statistické zpracovani dat

Pro statistické analyzy byl pouzit volné pfistupny program Past (Hammer et al., 2009).
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3. VYSLEDKY

3.1 Molekularné geneticka cast

3.1.1 DNA sekvenovani, PCR

V této praci bylo analyzovano celkem 98 izolatd z komplexu A. viridinutans a blizce
ptibuznych druhi ze sekce Fumigati. Substraty, ze kterych byly izolaty ziskany, lokality
a pristupova Ccisla k sekvencim v databazi GenBank jsou uvedeny v Tabulce 3.1. Nejvice
kment bylo izolovano z pidy a z vysypek, dale pak z klinického materialu (Clovek, zvifata).
Z jinych substrati byly nalezy spiSe sporadické.

U vétSiny izolatd byly pro fylogenetickou analyzu ziskany sekvence 4 genl (BenA,
caM, act, RPB2). Do fylogenetické analyzy byly zahrnuty i dal$i izolaty, jejichz sekvence
byly ziskany z databaze GenBank (Tab. 3.2). Pomoci PCR bylo ur¢eno pohlavni ladéni
izolatt (Tab. 3.1) na zéakladé pfitomnosti ¢i absence fragmenti MAT1-1 (ptiblizné 1000 bp)
a MAT1-2 (pfiblizné 500 bp) genti na elektroforetogramu (Obr. 3.1 a 3.2 - elektroforetogram
pted optimalizaci PCR). PCR bylo dale optimalizovano a spravnost produktt byla ovérena

sekvenacné u vybranych izolatt.

Obr. 3.1
Elektroforetogram
s fragmenty MAT1-1

genu

Obr. 3.2
Elektroforetogram
s fragmenty MAT1-2

— e — genu
- e
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Délky jednotlivych gent byly odlislé, stejné tak i poCty intront a exoni. Gen RPB2
obsahoval pouze 1 exon a délka produktu i vysledného alignmentu (ClustalW, MEGA®6) byla
973 bazi. Fragment genu pro aktin mél délku v rozmezi 319-331 bazi a obsahoval 2 introny
a2 exony, délka alignmentu byla 355 pozic. Fragment genu pro beta tubulin mél délku
Vv rozmezi od 386 do 395 bazi, obsahoval 3 introny a 3 exony, alignment mél celkovou délku
404 pozic. Amplifikovany usek genu caM mél 676-689 bazi, obsahoval 3 introny a 4 exony
a délka alingmentu byla 722 pozic.

Tabulka 3.3 udava poc¢ty unikatnich haplotypt v komplexu A. viridinutans pro kazdy
gen. Nejvyssi rozliSovaci schopnost mél gen caM, ktery mezi 83 sekvencemi rozlisil

50 haplotypi. Druhou nejvyssi rozliSovaci schopnost mél gen RPB2.

Tab. 3.3 Pocty unikatnich haplotypi pro kazdy lokus

Druh (pocet izolatii) benA caM RPB2 act
A. arcoverdensis (13) 2 6 7 6
A. aureolus (6) 3 1 2 2
A. felis (22) 14 16 13 13
A. siamensis (2) 1 2 1* 1
A. udagawae (23) 10 16 17 7
A. viridinutans (1) 1 1 1 1
A. wyomingensis (14) 2 4 5 3
»A. acrensis* (2) 2 2 1* 1
Celkem (83) 34 50 47 24

*sekvence dostupna jen pro 1 izolat
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Tab. 3.1 Seznam izolatt pouzitych v této praci s jejich pivodem a piistupovymi &isly sekvenci v databazi GenBank

Druh / Cislo izolatu Substrat Lokalita Rok izolace MAT ITS BenA act caM RPB2
A. felis
CBS 1302457 rohovka, kocka Australie <2013 MAT1-2  KF558318 JX021700 sekv.* JX021715 KJ914735
CBS 458.75, KACC 41203 puda Indie <1971 MAT1-2 AY685178 DQO094853 HG426048 sekv.
Ceska Republika, okoli
CCF 2937 pudni vzorek z vysypky Kladna, kamenouhelny dil 1993 MAT1-2 sekv. sekv. sekv. sekv.
Vitek
CCF 4002, AK196 07 substrt starého odvaluz - Ceskd Republika, Markovicky, 540 MAT1-2 FR733865 FR775350  sekv. sekv.  FR732055
dolu na stiibro okoli Kutné Hory
povrchova pudni krusta 3
CCF 4003, AK 27/07 byvalé sedimenta¢ni Ceska Republika, Chvaletice 2007 MAT1-2 FR733866 FR775349 sekv. sekv. sekv.
nadrze
T P39 CMEISB 2162 ni vzorek 2 visypky  USA, Wyoming, Glenrock 2010 MAT1-2 HF933350  sekv.  HF933402  sekv.
ﬁ:cl:\}l: ggggg F22, CMF ISB 1975, pldni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-1 HE578084 sekv. HF933404 sekv.
Ceska Republika, okoli
CCF 4376, AK 102/11 pudni vzorek z vysypky Abertam, 2 km JV od Pottck, 2011 MAT1-1 HF933380 sekv. HF933422 sekv.
Krus$né hory
CCF 4497, F6, CMF ISB 1936 pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-2 HF933349 sekv. HF933401 sekv.
CCF 4498, F49, IFM 60853 pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-2 HF933351 sekv. HF933403 sekv.
bronchoalveolarni
CCF 4557, Viridi-Pinheiro lavaz,chronickd invazivni Spanélsko 2007 MAT1-1 sekv. sekv. sekv. sekv.
aspergiloza, muz, 56 let
kostni dfen, absces v
CCF 4559, IFM 60053 blizkosti stehenni kosti, Japonsko 2012 MAT1-1 HF933382 sekv. HF933421 sekv.
osteomyelitis, muz, 40 let
CCF 4561, IFM 59502, 156 ;‘;ﬂ‘;vgz’ltframmykoza’ Japonsko 2011 MATI-1 sekv. sekv. sekv. sekv.
CCF 4562, IFM 59503, 157 {OhOVka’ keratomykoza, Japonsko 2011 MATI1-1 sekv. sekv. sekv. sekv.
Zena, 26 let
CCF 4570, IFM 54303 potraviny Japonsko <2007 MAT1-1  AB250780 AB248299 sekv. AB259973 sekv.
FRR 5679 hrudni absces, kocka Australie <2005 MAT1-2 AY590129 sekv. sekv. sekv.
FRR 5680 retrobulbarni absces, kocka Australie <2005 MAT1-2 HF933381 sekv. HF933420 sekv.
IFM 55266 plice Japonsko neznamy MAT1-1 sekv. sekv. sekv. sekv.
IFM 59564 pacient Japonsko 2011 MAT1-2 sekv. sekv. sekv. sekv.

21


http://www.straininfo.net/sequences/AY685178
http://www.straininfo.net/sequences/DQ094853
http://www.straininfo.net/sequences/HG426048

IMI1 182127, KACC 41614 Pinus caribea Sri Lanka <1974 neidentif. AF134777 DQ094850 DQ094888 sekv.
NIHAV1, viridi 1720 plicni tkan, muz, 14 let USA 2004 MAT1-1 GQ144441 sekv. GQ144442 sekv.
NIHAV?2, viridi 2594 plicni tkan, muz, 8 let USA 2004 MAT1-1 GQ144440 sekv. GQ144443 sekv.
CCF 4665, IFM 57289 piida 7 pastviny prazilic, stat Pemambuco, R0 510,201 MATL-2 sekv. sekv. sekv. sekv.
A. arcoverdensis

CCF 4560, IFM 59922 puda Cina 2008 MAT1-1 sekv. sekv. sekv. sekv.
CCF 4569, IFM 59923 pada Cina 2008 MAT1-1 sekv. sekv. sekv. sekv.
fff)z“g% EQBF52128125,\53|5C 2551 piscita pida Qg;gﬁgfbgﬁmmb“”g'e 1971 MATL-1  JX021672  sekv. sekv. sekv. sekv.
IFM 61333, 10-2-3 pada Brazilie 2011 sekv. sekv. sekv. sekv.
IFM 613347, 6-2-32 puda Brazilie 2011 MAT1-1 AB818845 AB818867 AB818856 sekv.
IFM 61337, 1-1-34 puda Brazilie 2011 MAT1-1 AB818846 AB818868 AB818857 sekv.
IFM 61338, 6-2-3 puda Brazilie 2011 MAT1-2 AB818847 AB818869 AB818858 sekv.
IFM 61339, 2-1-11 puda Brazilie 2011 MAT1-1 AB818848 AB818870 AB818859 sekv.
IFM 61340, 7-2-33 puda Brazilie 2011 MAT1-1 AB818849 AB818871 AB818860 sekv.
IFM 61345, 3-2-2 puda Brazilie 2011 MAT1-2 AB818850 AB818872 AB818861 sekv.
IFM 61346, 4-2-14 puda Brazilie 2011 MAT1-2 AB818851 AB818873 AB818862 sekv.
IFM 61349, 4-2-9 puda Brazilie 2011 MAT1-2 AB818852 AB818874 AB818863 sekv.
IFM 61362, 5-2-2 puda Brazilie 2011 MAT1-2 AB818853 AB818875 AB818864 sekv.
A. viridinutans

CCF 43827, IFM 47045", IMI

3674157, NRRL4365", trus kralika Australie <1954 MAT1-1 EF669978 EF669834 sekv. EF669904 EF661238
NRRL576", CBS 127.56"

A. udagawae

B3 puda, Zizali exkremetny Ceska Republika, Hostéradice tnor 2012 sekv. sekv. sekv. sekv.
CCF 4660, IFM 55207 puda neznamé MAT1-2 sekv. sekv. sekv. sekv.
CCF 4661, IFM 54745 puda Cina, Shaanxi MATI1-1 sekv. sekv. sekv. sekv.
CCF 4663, IFM 54131 puda Cina, Shaanxi MAT1-1 sekv. sekv. sekv. sekv.
CCF 4475, F2 puda prérie USA, Wyoming, Glenrock 2010 MAT1-2 HF933366 sekv. HF933407 sekv.
CCF 4476, F32 pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-1 HF933371 sekv. HF933412 sekv.
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CCF 4478, F66, CMF ISB 2193 piuidni vzorek z vysypky ~ USA, Wyoming, Gilette 2011 MAT1-2 HF933376 sekv. HF933416 sekv.
CCF 4479, F70, CMF ISB 2189 piidni vzorek z vysypky USA, lllinois 2011 MAT1-2 HF933377 sekv. HF933417 sekv.
CCF 4481, F83 pudni vzorek z vysypky USA, Wyoming, Gilette 2011 MAT1-2 HF933379 sekv. HF933419 sekv.
CCF 4491, CMF ISB 1971, F3 ptida prérie USA, Wyoming, Glenrock 2010 MAT1-2 HF933370 sekv. HF933411 sekv.
CCF 4492, F21 pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-2 HF933368 sekv. HF933409 sekv.
CCF 4494, FA4 ptida prérie USA, Wyoming, Glenrock 2010 MAT1-2 HF933374 sekv. HF933413 sekv.
CCF 4502, F11, CMF ISB 1972 piidni vzorek z vysypky ~ USA, Wyoming, Glenrock 2010 MAT1-2 HE578061 HE578075 sekv. HF933405 sekv.
LFl'l"sg?mT' CBS 1142177, KACC 4 blantaze Brazlie, stt Sao Paulo 2381993  MATI-2 JNO43591 AB248302  sekv.  AY689372  sekv.
CCF 4662, IFM 5058 &lovek neznima MAT1-1  AB250402 AB248292 sekv. AB260927 sekv.
CCF 4664, IFM 54132 pida Cina, Shaanxi MAT1-2 AB201358 sekv. sekv. sekv.
CCF 4667, IFM 53868 &lovek neznama MAT1-2 AB250405 AB248295  sekv. AB259971 sekv.
CCF 4668, IFM 62155 pada neznama MAT1-1 sekv. sekv. sekv. sekv.
CCF 4671, IFM 51744 &lovek nezndma 2002 MAT1-1  AB250403 AB248293 sekv. AB260928  sekv.
F20, CMF ISB 2509 ptdni vzorek z vysypky ~ USA, Wyoming, Glenrock 2010 MAT1-2 HF933367 sekv. HF933408 sekv.
F37 pudni vzorek z vysypky USA, Wyoming, Gilette 2008 MAT1-1 sekv. sekv. sekv. sekv.
F76, CMF ISB 2190 ptdni vzorek z vysypky ~ USA, Indiana 2011 MAT1-1 HG426055  sekv. HG426049  sekv.
CCF 45587, IFM 469727, CSB

114218", CMB FA 0703", KACC  pida z plantaze Brazilie, stat Sao Paulo 1993 MAT1-1 AB185265 AB248303 sekv. AY689373  sekv.
41156"

"A. acrensis’ sp. nov.

CCF 4666, IFM 57290 Fei‘;a tropického destného fﬂr;‘rf;llj: stat Amazonas, 11112001  MATL-2 sekv. sekv. sekv. sekv.
CCF 4670, IFM 57291 ?;‘riﬁaz pastviny, dobytei  pthie, stat Acre, Xapuri 6.11.2001  MAT1-1 sekv. sekv. sekv. chybi
A. aureolus

CCF 4571, IFM 53615 (fe‘szé‘fgsl?;e“y v tropickém ES?Z“ie’ stat Acre, Cruzeirodo 559 homothal. sekv. sekv. sekv. sekv.
CCF 46447, IFM 470217, CBS

105.55", NRRL2244", IM1 06145, puda Ghana 1950 homothal. AF057319 sekv. AY689369 sekv.
KACC 41095"

CCF 4645, IFM 46584 puda Brazilie, stat Sao Paulo 10.8.1993 homothal. HG426057 sekv. HG426050 sekv.
CCF 4646, IFM 46935 pada neznama neznamy homothal. HG426058 sekv. HG426051 sekv.




CCF 4647, IFM 46936 puda Brazilie, stat Sao Paulo 10.8.1993 homothal. HG426059 sekv. HG426052 sekv.
CCF 4648, IFM 53589 pada Brazilie homothal. sekv. sekv. sekv. sekv.
A. wyomingensis sp. nov.

CCF 4169, CMF ISB 2486, F24 puda USA, Wyoming, Glenrock 2010 MAT1-1 HF933354 sekv. HF933394 sekv.
CCF 4170, F12 puda USA, Wyoming, Glenrock 2010 MAT1-2 HF933356 sekv. HF933392 sekv.
CCF 4383, IMI 133982 puda Rusko <1968 MAT1-1 sekv. sekv. sekv. sekv.
g&j“‘é&’ CMFISBI977,IFM i dni vzorek z visypky  USA, Wyoming, Glenrock 2010 MAT1-2 HE578077  sekv.  HF933389  sekv.
CCF 4412, F9 plidni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-1 HF933352 sekv. HF933390 sekv.
CCF 4413, F10 ptdni vzorek z vysypky ~ USA, Wyoming, Glenrock 2010 MAT1-1 HF933360  sekv. HF933391  sekv.
GC(%ZE‘S"“FlféCMF ISB1974,1FM  dni vzorek z visypky ~ USA, Wyoming, Glenrock 2010 MAT1-1 HF933353  sekv.  HF933393  sekv.
CCF 4415, CMF ISB 2487, F28  putdni vzorek z vysypky ~ USA, Wyoming, Glenrock 2010 MAT1-1 HF933357  sekv. HF933395  sekv.
f%iég%i'zgw ISB1976, CBS 111 vsorek zvisypky  USA. Wyoming, Glenrock 2010 MAT1-2 HF933358  sekv.  HF933396  sekv.
f;igg%ggw ISB 24947, CBS 11 vsorek zvisypky  USA. Wyoming, Glenrock 2010 MAT1-1 HF933359  sekv.  HF933397  sekv.
g(%';g 4&?’1CMF ISB 2162, IFM pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-2 HF933355 sekv. HF933398 sekv.
CCF 4419, CMF ISB2495, F53 pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-2 HF933361 sekv. HF933399 sekv.
CCF 4420, CMF ISB 2491, F60 pudni vzorek z vysypky USA, Wyoming, Glenrock 2010 MAT1-1 HF933362 sekv. HF933400 sekv.
CCF 4563, IFM 59681 puda Cina 2008 MAT1-2 HG426056 HG426053 sekv.
A. siamensis

IFM 597937 puda Thajsko 2008 homothal. AB646989 sekv. AB776704 sekv.
53%@ 4686, IFM 61157, KUFC . 4a. termiti chodbicky ~ Chiang Mai, Thailand 2009 homothal. sekv. sekv. sekv. chyb
A. marvanovae

§f2§§33.fg,.“é§§7§?2é?§;’ EIBE(-)I—ST E?S:lfn‘y’ysgﬁfgn obsahem SZT{‘:féfn‘;pgT&i‘; (’ijri]i;ierné 1986 MAT1-1  HE974450 HE974387 HE974401 HE974389 HE974396
A. turcosus

(2:7(:9';3 693, KACC 42090, IBT klimatizace Korea, Inchen 2005 MAT1-1  HF545009 DQ534142 DQ534178 DQ534147 sekv.
CCF 4694, KACC 41955, CBS klimatizace v auté Korea, Soul 2005 MAT1-1 HF545010 sekv. DQ534180 sekv. sekv.

117265, IBT 3016
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NRRL 58107, ZJ) 766 ovzdusi v budové USA, Missouri 2008 MAT1-2 sekv. sekv. sekv. sekv.

IBT 279217, KACC 420917 klimatizace Korea, Soul MAT1-1  HF545008 DQ534143 DQ534179 DQ534148 HF545310
A. nishimurae

CBS 117265, IBT 3016 MAT1-2  HE974451 DQ534154 DQ534110 DQ534163 HE974395
g:lg/l 54133, IBT 29024, CBM-FA- lesni puda Kena, Nairobi 15.10.1974 MAT1-1  HE974449 AB201360 HE974404 HE974392 HE974393
IFM 53610, CBM-FA-932 neznamy neznama neznamy MAT1-1  HE974448 AB201361 HE974403 HE971391 HE974394

A. novofumigatus

CCF 4695T, KACC 41934", CBS

1175207, IBT 16806" pada Equador neznamy MAT1-2 sekv. sekv. sekv. sekv.
?f?l:sfg 9|6E’3.:_< '16‘57(5:541937 , CBS puda Equador neznamy MAT1-1 sekv. sekv. sekv. sekv.
CCF 4078, CMF ISB 1811 puda Spanélsko 2009 MAT1-1  FR733874 FR775377 sekv. FR839688 HES578105
A. fumigatiaffinis

CCF 4482, CMF ISB 2158, F35  ptdni vzorek z vysypky ~ USA, Wyoming, Gilette 2008 MAT1-2 HE578083  sekv. HF933384  sekv.
CCF 4499, CMF ISB 2188, F82 pldni vzorek z vysypky USA, Wyoming, Gilette 2011 MAT1-2 HF933348 sekv. HF933385 sekv.
CCF 4116, CMF ISB 1942, F1 puda Spanglsko, Malaga 2010 MAT1-1  HES578059 HE578074 sekv. HE578096 HE578104

*sekvence ziskané v této praci, ale zatim neuloZené v databazi GenBank
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Tab. 3.2 Dalsi izolaty, jejichz sekvence byly pouZité v této praci

Druh

Izolat

benA

caM

RPB2

act

A. duricaulis

CBS 481.65; ATCC 16900; IMI

172282; JCM 01735; IBT 23177,
NRRL 4021; VKM F-3572; WB
4021; KACC 41137

EF669827

EF669897

EF669758

DQ094854

>

. fumigatus

IMI 016152; Thom 118; QM 1981,
WB 163; CBS 133.61; NRRL 163;
ATCC 1022; LSHB Ac71; NCTC
982; KACC 41143

EF669791

EF669860

EF669719

>

. lentulus

FH5; KACC 41940; NRRL 35552;
IBT 27201

EF669825

EF669895

EF669756

DQ094873

>

. unilateralis

CBS 126.56; ATCC 16902; IFO
8136; IMI 062876; NRRL 577; QM
8163; WB 4366; WB 4779; IBT
3210; KACC 41140

EF669852

EF669923

EF669784

DQ094847

N. aurata

CBS 466.65; ATCC 16894, IFO
8783; IMI 075886; NRRL 4378; QM
7860; WB 4378, IBT 3028

EF669835

EF669905

EF669766

DQ534112

=z

. australensis

CBS 112.55; IMI 061450; NRRL
2392; IBT 3021; WB 2392; Warcup
SAl4

EF669811

EF669880

EF669741

DQ534141

>

. fenneliae

AF4, CBS 599.74, NRRL 5535,
ATCC 24326, KACC 41150 (A);
AF5, CBS 598.74, NRRL 5534,
ATCC 24325, KACC 41125 (a)

EF669850
EU014108

EF669921
EF669920

EF669782
EF669781

DQ114128
DQ534121

=z

. fischeri

CBS 544.65; ATCC 1020; DSM
3700; IMI 211391; NRRL 181; QM
1983; Thom 4651.2; WB 181, IBT
3018; KACC 41182

EF669796

EF669865

EF669724

DQ094863

=z

. glabra

CBS 111.55; ATCC 16909; IFO
8789; IMI 061447; NRRL 2163; QM
1903; WB 2163; KACC 41617

EU014107

EU014120

EF669736

DQ534183

N.pseudofischeri

NRRL 20748; CBS 208.92

EF669805

EF669874

EF669734

DQ534187

N. quaricincta

CBS 135.52; ATCC 16897,
IMI1048583; NRRL 2154; QM 6874;
WB2154

EF669806

EF669875

EF669735

DQ534132

N. spathulata

NHL 2948, CBS 408.89, IMI
308593, NRRL 20549, KACC 41174
(A); NHL 2949, CBS 409.89, IMI
308593, NRRL 20550, KACC 41131

(a)

EF669803
EF669804

EF669872
EF669873

EF669731
EF669732

DQ534138
DQ534139

N. spinosa

CBS 483.65; ATCC 16898; IFO
8782; IMI 211390; NRRL 5034; WB
5034, IBT 3022; KACC 41162

EF669844

EF669914

EF669775

DQ094869

N. stramenia

CBS 498.65; ATCC 16895; IFO
9611; IMI 172293; WB 4652; NRRL
4652

EF669840

EF669910

EF669771

DQ534188

A. cervinus

CBS 196.64

FJ491634

FJ491595

JN121452
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3.1.2 Fylogeneticka analyza

Fylogeneticky strom zaloZeny na sekvenacnich datech ze 4 genu (BenA, caM, act, RPB2)
obsahujici 116 izolati byl vytvofen Bayesovskou analyzou Vv programu MrBayes 3.2.2
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003). Alingment
m¢l celkovou délkou 2454 pozic, ze kterych bylo 941 variabilnich. Pofadi gent v alingmentu

a rozhrani intont a exonu bylo nasledujici:

act exonl =1-29

act intronl = 30-263

act exon2 = 264-294

act intron2 = 295-355
benA intronl = 356-389
benA exonl = 390-431
benA intron2 = 432-527
benA exon2 = 528-582
benA intron3 = 583-652
benA exon3 = 653-759
caM exonl = 760-791
caM intronl = 792-881
caM exon2 = 882-897
caM intron2 = 898-1034
caM exon3 = 1035-1166
caM intron3 = 1167-1246
caM exon4 = 1247-1481
RPB2 exonl = 1482-2454

Ziskany fylogeneticky strom ukazuje (Obr. 3.3), ze komplex Aspergillus viridinutans
obsahoval 8 dobfe podpofenych linii reprezentujici 6 heterothalickych druhil
(A. wyomingensis sp. nov., ,A. acrensis“, A. udagawae, A. felis, A. viridinutans
a A. arcoverdensis) a 2 homothalické druhy ( A. siamensis a A. aureolus).

Analyza konkordance podle GCPSR konceptu (shoda mezi stromy zalozenymi
na jednotlivych genech - data nezafazena do diplomové prace) (Dettman et al., 2006; Taylor
et al., 2000) byly jako fylogenetické druhy podpofené 2 linie v ramci vétve oznacené jako
A. felis (Obr. 3.3). Tyto linie byly provizorn¢ oznaceny jako ,felis 1 a ,felis 2* (Obr. 3.3).
Vétev ,, felis 2 obsahovala izolaty IFM 55266, CBS 458.75, NIHAV1, NIHAV2, IFM 59502,
IFM 59503, IMI 182127 a IFM 57289. Vétev ,.felis 1 obsahovala vSechny zbyvajici izolaty
A. felis. I dalsi hlubsi vétve téchto dvou hlavnich vétvi A. felis mély dobrou podporu, proto by
s ohledem pouze na molekularni data mohly tyto linie reprezentovat nékolik druht.
Vzijemnym UspéSnym kiiZenim izolath z vzdalenych vétvi, a testovanim citlivosti

k antimykotikiim (dvé hlavni vétve se v citlivosti k zadnému antimykotiku signifikantné
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nelisily) se zda byt pravdépodobné, Ze se jedna pouze o jeden druh s velkou vnitrodruhovou
variabilitou. Téz morfologické znaky nebyly mezi jednotlivymi vétvemi odlisné.

Druh A. udagawae piedstavoval jeden Siroky fylogeneticky druh, s n¢kolika vnitinimi
vétvemi. Jeho mezidruhové hranice byly téz podpoifeny kiizicimi experimenty (viz nize),
na zéklad¢ uspeésnych kiizeni izolath jednotlivych vétvi, stejné tak 1 morfologickou odlisnosti
pohlavnich struktur od ostatnich druh.

Dva z Sesti heterothalickych druhti predstavovaly nepopsané druhy. Jednalo se o druhy
A. wyomingensis a ,,A. acrensis“. Druh A. wyomingensis byl popsan nasi skupinou v roce
2013 (Novakova et al., 2014) na zaklad¢ dat z této prace. Popsani druhu A. wyomingensis bylo
podpoieno fylogenetickou analyzou a kiizicimi experimenty. Jednotlivé izolaty v rdmci této
vétve se mezi sebou kiizily a pohlavnim procesem vzniklé askospory se signifikantné liSily
velikosti od askospor jinych druhti komplexu.

Nova fylogeneticka linie, sesterska druhu A. aureolus, bude popsana pozdéji, a nese
zatim provizorni pracovni jméno ,,4. acrensis‘ podle lokality izolace. Na rozdil od druhu
A. aureolus je tento druh heterothalicky a morfologicky podobny A. udagawae. Pohlavni
stadium se indukovat nepodatilo.

Pohlavni stadium heterothalického druhu A. arcoverdensis se nepodafilo pozorovat.
Jeho vymezeni je vSak podle fylogenetického stromu pomérné zietelné. Aspergillus
virirdinutans s. str. predstavuje sestersky druh A. arcoverdensis (Obr. 3.3).

Aspergillus siamensis a A. aureolus piestavovaly jediné dva homothalické druhy

komplexu.

Obr. 3.3 Fylogeneticky strom ukazujici vzajemné vztahy druhtt uvnitf komplexu
A. viridinutans a pozici komplexu vzhledem k dal$imi druhy ze sekce Fumigati. Statistické
podpory jsou uvedeny posteriorni pravdépodobnosti (pp z bayesovské analyzy)
a bootstrapové podpory (%) z Maximum likelihood analyzy. Uvedeny jsou jen podpory
presahujici 0.50 pp a 50 %. Aspergillus cervinus CBS 196.64 byl zvolen jako outgroup.
Fylogenetické druhy podle GCPSR konceptu jsou oznaceny zelenymi kruhy.
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VIV

3.2 Krizici experimenty

U vétSiny izolatu byla identifikovana MAT1-1 nebo MAT1-2 idiomorfa. K¥iZzeny byly opacné
ladéné izolaty v ramci hlavnich vétvi i mezi vzdalenymi vétvemi fylogenetického stromu
(Obr. 3.3). Podminky vhodné pro tvorbu pohlavniho stadia - plodnic (telomorfy)
U jednotlivych druhti byly odlisné. Plodnice u Aspergillus felis byly pfitomné ve vSech
testovanych teplotach (25, 30, 37 °C) i na v8ech médiich (MEA, OA, PDA). U A. udagawae
a A. wyomingensis pouze na MEA a OA v 25, 30 a 37 °C. Aspergillus wyomingensis tvofil
plodnice na OA ve vétsim poctu kombinaci nez na MEA. U A. felis bylo na OA pfitomno
vetsi mnozstvi plodnic nez na MEA. Pro indukci teleomorfy bylo obecné nejméné vhodné
médium PDA a nejvhodnéjsi OA.

Tabulka 3.4 shrnuje vSechna provedena kiizeni. V Tabulkach 3.5-3.7 jsou
pro piehlednost uvedeny pouze uspesné kiizici experimenty a také podminky pti kterych
vznikly plodnice, vcetné jejich cetnosti. Nazorné jsou uspéSna kiizeni zndzornéna
na Obrazku 3.4.

U typového kmene A. viridinutans byla spouzitim primeri Alphal a Alpha2
identifikovana MATI1-1 idiomorfa, pii pouziti primert HMG1 a HMG2 nebyl pozorovan
na elektroforetogramu zadny produkt, coz naznacuje, Ze se jedna o heterothalicky druh.
V soucasné dobé vSak neni znamy jiny opacné ladény izolat, se kterym by se typovy kmen
mohl kiizit a mohlo by byt indukovano pohlavni stadium.

U druhu A.felis bylo celkem identifikovano 10 izolata s idiomorfou MAT1-1 a 12
s MAT1-2. U izolatu IMI 182127 se nepodaiilo idiomorfu identifikovat. Zadné izolaty
se nektizily s typovymi kmeny A. viridinutans. Izolaty se vramci tohoto druhu uspé$né
ktizily.

Druh A. wyomingensis zahrnoval 8 izolatt MATI1-1 a 6 MAT1-2. Nejvétsi pocet
kleistothécii byl pozorovan u kombinace CCF 4416 a CCF 4417 (suSena kultura byla uloZena
do herbaie mykologického oddéleni v Narodnim muzeu v Praze pod ¢islem PRM 860737-8).

U A. udagawae byl pomér MATI1-1 ku MAT1-2 9:13. Velké mnozstvi kombinaci dalo
vznik pohlavnimu stadiu. Typovy kmen IFM 46972 se kiizil krom¢ izolatd A. udagawae
I s dvéma izolaty A. wyomingensis (F5 a F29), jednim izolatem ,,4. acrensis* (IFM 57290)
a dvéma izolaty A. felis (CBS 458.75 a CCF 4171). Je zajimavé, ze kmen CBS 458.75,
ktery ptfedstavoval jeding MATI1-2 izolat z vétve ,,A4. felis 2*, vytvotil plodnice s typovym
kmenem A.udagawae ackoli se nekfizil s jinymi kmeny A. felis. Druhy kmen, ktery dal vznik

pohlavnimu stadiu s izoldtem z vzdalené vétve byl F76 s IFM 57290 z druhu ,,4. acrensis “.
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Morfologie askospor mezidruhovych kiizencti byla ve vétSin¢ piipadl nejednotna,
nékdy ovSem meély askospory morfologii nékterého z matefskych druhd. Je ovSem
pravdépodobné, ze v piirodé se toto mezidruhové kiizeni nevyskytuje, nebo zcela minimalné.
Také je pravdépodobné, Ze Zivotaschopnost spor mezidruhovych hybridl je sniZena, coz bude

predmétem dalSiho studia.

Tab. 3.4 VSechna provedena kiizeni*

Druh / Cislo izolatu Tvorba plodnic Kf¥iZeni neprobéhlo

Aspergillus felis

CBS 1302457

IFM 46972 CCF 4376, IFM 54303, IFM
60053, CCF 4148, CCF 4557,
CBS 458.75, KACC 41203 IFM 55266, IMI 182127,
NIHAV1, NIHAV2, IFM 59502,
IFM 59503

CCF 2937

CCF 4002, AK196 07

CCF 4003, AK 27/07

CCF 4171, F39, CMF ISB 2162, IFM 60852  IFM 60053, IFM 59502, IFM 46972

CCF 4498 CBS 458.75, FRR 5679, IFM
CCF 4148, F22, CMF ISB 1975, IFM 60868 59564, FRR 5680, CCF 4171,
CCF 4497, CCF 4003

CBS 458.75, FRR 5679, IFM
59564, FRR 5680, CCF 4171,
CCF 4498, CCF 4497, CCF
4003

CCF 4376, AK 102/11

CCF 4497, F6, CMF ISB 1936 viridi 1720

CCF 4498, F49, IFM 60853 CCF 4148, IFM 59502

CBS 458.75, FRR 5679, IFM
59564, FRR 5680, CCF 4171,
CCF 4498, CCF 4497, CCF
4003

CCF 4557, Viridi-Pinheiro

CCF 4171, FRR 5679 CBS 458.75, IFM 59564, FRR
CCF 4559, IFM 60053 5680, CCF 4498, CCF 4497,
CCF 4003

CCF 4171, CCF 4498, FRR 5680, CCF 4497 CBS 458.75, FRR 5679, IFM

CCF 4561, IFM 59502, 156 59564, . CCF 4003

CBS 458.75, FRR 5679, IFM
59564, FRR 5680, CCF 4171,
CCF 4498, CCF 4497, CCF
4003

CCF 4562, IFM 59503, 157

CBS 458.75, FRR 5679, IFM
59564, FRR 5680, CCF 4171,

CCF 4570, 1FM 54303 CCF 4498, CCF 4497, CCF

4003

FRR 5679 CCF 4148, IFM 60053
FRR 5680 CCF 4148, IFM 60053, IFM 59502
IFM 55266 CBS 458.75
IFM 59564
IMI 182127, KACC 41614 CBS 458.75

CCF 4497 CBS 458.75, FRR 5679, IFM
NIHAV1, viridi 1720 59564, FRR 5680, CCF 4171,

CCF 4498, CCF 4497, CCF
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4003

NIHAV2, viridi 2594

CBS 458.75, FRR 5679, IFM
59564, FRR 5680, CCF 4171,
CCF 4498, CCF 4497, CCF
4003

CCF 4665, IFM 57289

Aspergillus arcoverdensis

CCF 4560, IFM 59922

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

CCF 4569, IFM 59923

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

CCF 4574, CBS 121595, FRR 1266, DTO
19F2, SZMC 2091

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

IFM 61333, 10-2-3

IFM 613347, 6-2-32

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

IFM 61337, 1-1-34

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

IFM 61338, 6-2-3

IFM 59923, IFM 59922, CBS
121595, IFM 61337, IFM 61339,
IFM 613347 IFM 61340, IFM
470457

IFM 61339, 2-1-11

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

IFM 61340, 7-2-33

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

IFM 61345, 3-2-2

IFM 59923, IFM 59922, CBS
121595, IFM 61337, IFM 61339,
IFM 613347 IFM 61340, IEFM
470457

IFM 61346, 4-2-14

IFM 59923, IFM 59922, CBS
121595, IFM 61337, IFM 61339,
IFM 613347 IFM 61340, IFM
470457

IFM 61349, 4-2-9

IFM 59923, IFM 59922, CBS
121595, IFM 61337, IFM 61339,
IFM 613347 IFM 61340, IFM
470457

IFM 61362, 5-2-2

IFM 59923, IFM 59922, CBS
121595, IFM 61337, IFM 61339,
IFM 613347 IFM 61340, IFM
470457

Aspergillus viridinutans

IFM 61362, IFM 61338, IFM
61346, IFM 61349, IFM 61345

CCF 43827, IFM 470457, IMI 367415,
NRRL4365T, NRRL576", CBS 127.56"

Aspergillus udagawae

B3

CCF 4660, IFM 55207 IFM 46972, F76, IFM 54131

IFM 62155, IFM 51744, IFM
57291

CCF 4661, IFM 54745

CCF 4663, IFM 54131 IFM 46972, F76, IFM 54131

F21, IFM 46973, IFM 57290

CCF 4475, F2

CCF 4476, F32

CCF 4478, F66, CMF I1SB 2193 IFM 46972, F76, IFM 54131

IFM 62155, [IFM 51744, IFM
57291

CCF 4479, F70, CMF ISB 2189

IFM 62155, IFM 51744, IFM
51791

CCF 4481, F83

CCF 4491, CMF ISB 1971, F3
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CCF 4492, F21

IFM 62155, IFM 51744, IFM
51791, F76, IFM 54131

CCF 4494, F44

CCF 4502, F11, CMF ISB 1972

IFM 469737, CBS 1142177, KACC 411557

IFM 46972

IFM 62155, IFM 51744, IFM
51791, F76, IFM 54131

CCF 4662, IFM 5058

CCF 4664, IFM 54132

CCF 4667, IFM 53868

CCF 4668, IFM 62155

IFM 55207, F70, F21, F66, IFM
46973, IFM 57290

CCF 4671, IFM 51744

IFM 55207, F70, F21, F66, IFM
46973, IFM 57290

F20, CMF ISB 2509

F37

F76, CMF ISB 2190

IFM 55207, F70, F66, IFM 57290

IFM 46973, F21, IFM 57290

CCF 45587, IFM 469727, CSB 114218,
CMB FA 0703", KACC 41156"

IFM 55207, F70, F21, F66, IFM 46973, IFM
57290, CCF 4411, CCF 4171, CBS 458.75

""Aspergillus acrensis' sp. nov.

CCF 4666, IFM 57290

IFM 46972, CCF 4479

IFM 62155, IFM 51744, IFM
51791, F76, IFM 54131

CCF 4670, IFM 57291

IFM 55207, F70, F21, F66, IFM
46973, IFM 57290

Aspergillus wyomingensis sp. nov.

CCF 4169, CMF ISB 2486, F24

CCF 4416', CCF 4419

CCF 4170, CCF 4411, CCF
4563,

CCF 44177 CCF 4414, CCF 4413, CCF
CCF 4170, F12 4169, IM1 133982, CCF 44177
CCF 4170, CCF 4419, CCF
CCF 4383, IM1 133982 4411, CCF 4563, CCF 44167
IFM 46972 CCF 4414, CCF 4413, CCF

CCF 4411, CMF ISB 1977, IFM 60854, F5

4169, IM1 133982, CCF 44177

CCF 4412, F9

CCF 4413, F10

CCF 4170, CCF 4419, CCF
4411, CCF 4563, CCF 4416"

CCF 4414, CMF ISB 1974, IFM 60856, F13

CCF 4170, CCF 4419, CCF
4411, CCF 4563, CCF 4416"

CCF 4415, CMF ISB 2487, F28

CCF 4416", CMF ISB 1976", CBS 135455,
F29"

CCF 4169, CCF 4417", IFM 46972

CCF 4414, CCF 4413, IMI
133982

CCF 44177, CMF ISB 2494", CBS 135456,
F30"

CCF 4416", CCF 4419, CCF 4170

CCF 4170, CCF 4411, CCF
4563

CCF 4418, CMF ISB 2162, IFM 60855, F31

CCF 4419, CMF 1SB2495, F53

CCF 4169, CCF 44177

CCF 4414, CCF 4413, IMI
133982

CCF 4420, CMF ISB 2491, F60

CCF 4563, IFM 59681

CCF 4414, CCF 4413, CCF
4169, IMI 133982, CCF 44177

Aspergillus marvanovae

CCF 40377, NRRL 62486, IBT 31279,
IFM 60873", CCM 80037

NRRL 58107, CBS 117265

A. turcosus

CCF 4693, KACC 42090, IBT 27920

NRRL 58107, CBS 117265

CCF 4694, KACC 41955, CBS 117265, IBT NRRL 58107

3016

NRRL 58107, CBS 117265

NRRL 58107, ZJ 766

CCF 4037, CCF 4693, IBT
279217
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IBT 279217, KACC 420917

NRRL 58107, CBS 117265

Aspergillus nishimurae

CBS 117265, IBT 3016

CCF 4037, CCF 4693, IBT

279217, IFM 54133, IFM 53610

IFM 54133, IBT 29024, CBM-FA-912

CBS 117265, NRRL 58107

IFM 53610, CBM-FA-932 (N58)

CBS 117265, NRRL 58107

Aspergillus novofumigatus

CCF 46957, KACC 41934", CBS 117520,
IBT 168067

CCF 4696, CCF 4078, CCF
4116

CCF 4696, KACC 41937, CBS 117519, IBT
16755

CCF 4695", CCF 4482, CCF
4499

CCF 4078, CMF 1SB 1811

CCF 4695, CCF 4482, CCF
4499

Aspergillus fumigatiaffinis

CCF 4482, CMF ISB 2158, F35

CCF 4696, CCF 4078, CCF
4116

CCF 4499, CMF ISB 2188, F82

CCF 4696, CCF 4078, CCF
4116

CCF 4116, CMF ISB 1942, F1

CCF 4695, CCF 4482, CCF
4499

*Barvy rozlisuji jednotlivé druhy komplexu A. viridinutans podobné jako v Obr. 3.4
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Tab 3.5 Usp&iné kiiici experimenty na médiu MEA *

A. felis A. wyom. A. udagawae wA. acrensis“
A. felis FRR5679 F39 FRR5680 F49 CBS 458.75 | F29 IFM 46973 IFM 55207 F70 F21 F66 IFM 57290
F22 6 (37°C) 6 (37°C)
IFM60053 | 6 (37°C) 5 5
(25,30,37°C) | (25,30,37°C)
A. F24 5(25°C)
wyom.
F30 s
(25,30,37°C)
A. udg IFM 46972 5(25°C) 5(25°C) 5(30°C) 5(25°C) 5(30°C) 5(30°C) 5(30°C) 5(30°C) 5(30°C)
F76 5(30°C) 5(30°C) 5(30°C)
IFM 54131 5(30°C) 5(30°C) 5(30°C)

*Cislo udava pocet plodnic, v zdvorce je uvedena teplota, ve které byla teleomorfa indukovana, zelena barva znaci vnitrodruhové kiizeni, cervena mezidruhové
1: 1-10 plodnic
2: 20-50 plodnic
3: 50-200 plodnic

4: 200-vic plodnic
5: plodnice, pocet nebyl zjistén

6: plodnice bez askospor
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Tab 3.6 Usp&sné kiizici experimenty na médiu OA (vysvétlivky viz Tab. 3.5)

A. felis A.wyom. A. udagawae wA. acr.”
FRR567 | F39 FRR568 | F49 CBS458 | F6 F29 F53 F12 F5 IFM469 | IFM552 | F70 F21 F66 IFM5729
9 0 .75 73 07 0
A. felis F22 6 (30, 6 (37°C) | 3(37°C)
37°C)
IFM600 | 6 (30, | 5 5 1|2
53 37°C) (25,30,3 | (25,30,3
7°C) 7°C)
IFM 2(30°C) | 2(25, 5(30°C) | 1(25°) 2 (30°C)
59502 30°C)
VIRIDI 2 (30°C)
1720
A. F24 1,1,5(25 | 5(30°C)
wyom. ,30,37°
C)
F30 5(25,30, | 2(30°C) | 5(30°C)
37°C)
A. udg. IFM469 5(25°C) | 1(30°C) [ 2 (30, | 4 (30, | 4(30,37° | 1(37°C) | 3(30°C)
72 37°C) 37°C) C)
F76 4 (30°C) 1(30°C) | 4(30°C) 1 (30°C)
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Tab 3.7 Usp&sné kiizici experimenty na médiu PDA (vysvétlivky viz Tab. 3.5)

A. felis
A. felis FRR5679 F39 FRR5680
F22 6 (30, 37°C)
IFM60053 6 (30, 37°C) 2 (25°C) 5,6 (25,37°C)
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Obr. 3. 4 Ktizeni

NRRL 2154

druhtt komplexu A. viridinutans (zelené vnitroduhové, ¢evené mezidruhové)

NRRL 20748
I~ N. spathulata NRRL 20550

L N. spathulata NRRL 20549
[~ N. fennelliae NRRL 5535

N. fennelliae NRRL 5534
N. glabra NRRL 2163

100 0.91] IFM 54133 MAT1-1
4&14/1 53610 MAT1-1

N. NRRL 2392
N. stramenia NRRL 4652
N. aurata NRRL 4378

A. nishimurae

A.turcosus

CBS 117265 MAT1-2
NRRL 58108 MAT1-2
KACC 42090 MAT1-1
KACC 41955 MAT1-1
IBT 279217 MAT1-1
A. marvanovae CCF 4037

complex

A. viridinutans

FL‘— A. duricaulis NRRL 4021
.00
1.00
[L.00

1.00

0.90
1.00
1.00
099
1.00

A.
N. spinosa NRRL 5034

NRRL 577

CCF 4499 \T1-:
CCF 4482 MAT1-2
1.00 CCF 4116 MAT1-1

1.00 1 KACC 41937 MAT1-1

KACC 419347 MAT1-2

A. fumigatiaffinis

A. novofumigatus
CCF 4078

A. lentulus NRRL 35552
N. fischeri NRRL 181

A. fumigatus NRRL 1637

A. siamensis

100

100 [- IFM 61157

IFM 597937

IMI 133982 MAT1-1
IFM 59681 MAT1-2
CCF 4419 MAT1-2
CCF 4411 MAT1-2
CCF 4418 MAT1-2
CCF 44167 MAT1-2
CCF 4169 MAT1-1
CCF 4170 MAT1-2
CCF 4412 MAT1-1
CCF 4420 MAT1-1
CCF 44177 MAT1-1
CCF 4415 MAT1-1
CCF 4414 MAT1-1
CCF 4413 MAT1-1
IFM 57291 MAT1-1
IFM 57290 MAT1-2
IFM 53615

IFM 53589

IFM 470217

IFM 46935
IFM 46936
IFM 46584

IFM 55207 MAT1-2_meee |
IFM 53868 MAT1-2
IFM 51744 MAT1-1

IFM 5058 MAT1-1

CCF 4479 MAT1-2 —u
IFM 54132 MAT1-2
IFM 54745 MAT1-1
IFM 54131 MAT1-1
CCF 4481 MAT1-2
CCF 4478 MAT1-2
1.00] F37 MAT1-1
F20 MAT1-2
CCF 4494 MAT1-2
-00% CCF 4475 MAT1-2
CCF 4476 MAT1-1
CCF 4491 MAT1-2

CCF 4492 MAT1-2
1.00% cCF 4502 MAT1-2

_—

A.wyomingensis sp. nov.

N
//

"A. acrensis" sp. nov.

A. aureolus

1.00
0.97,
0.93]

00|

7]

1.00

1.00

A. udagawae

098 IFM 62155 MAT1-1
IFM 469737 MAT1-2
099 T MAT1. L —
oE IFM 469727 MAT 1. |l!£
F76 MAT1l  — ——
098 p3

NIHAV 2 MAT1-1
NIHAV 1 MAT1-1 ———e
IMI 182127

IFM 59503 MAT1-1
IIFM 59502 MAT1-1

IFM 55266 MAT1-1
IFM 57289 MAT1-2
CBS 458.75 MAT1-2
IFM 59564 1IAT1-2
FRR 5679 MAT1-2 —|
CCF 4557 MAT1-1~——]
CCF 4497 MAT1-2
CCF 4498 MAT1-2
CCF 4171 MAT1-2
CCF 2937 MAT-2
CCF 4003 MAT1-2
CCF 4002 MAT1-2 —
FRR 5680 MAT1-2
IFM 60053 MAT1:1—
IFM 54303 MAT-1
CBS 1302457 MAT1-2
CCF 4148 MAT1-1
CCF 4376 MAT1-1

A. felis

L

1.00!

IFM 470457 MAT1-1
CBS 121595 MAT1-1

IFM 59923 MAT1-1
IFM 59922 MAT1-1
IFM 61349 MAT1-2
IFM 61346 MAT1-2

IFM 61345 MAT1-2
IFM 61338 MAT1-2
IFM 61334 MAT1-1

IFM 61340 MAT1-1
IFM 61362 MAT1-2
IFM 61339 MAT1-1
IFM 61333

IFM 61337 MAT1-1

A. viridinutans

A. arcoverdensis

cervinus CBS 196.647

0.1
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3.3 Morfologie
3.3.1 Morfologie komplexu A. viridinutans

Na Obrazku 3.5 jsou znazorné€na pohlavni stiddia tiéi heterothalickych druhti z komplexu
druhti byla velikost téla askospor a Sifka ekvatoridlnich hiebinkti. OdliSnosti ve velikosti
askospor mezi jednotlivymi druhy byly statisticky testovany. Ornamenentace a struktura
povrchu askospor je patrna na fotografiich ze skenovaciho elektronového mikroskopu
(Obr. 3.6), ale jako rozliSovaci znak nem¢la velky vyznam.

Statistické rozdily velikosti téla askospor mezi jednotlivymi druhy byly porovnany
s pouzitim testu ANOVA. Testovana data méla normalni rozdéleni podle Shapiro-Wilkova
testu normality (predpoklad testu). Analyza byla provedena pro dva rozméry askospor,
tj. pro sitku (del8i rozmér, ekvatorialni) a vysku (kratsi rozmér).

Sitka askospor A. udagawae byla signifikantné vétsi nez A. felis, A. wyomingensis
a A. siamensis. Askospory A. felis byly signifikantné méné Siroké nez A. udagawae
a A. aureolus. Askospory A. wyomingensis a A. siamensis byly signifikantn¢ mén¢ Siroké
nez A. udagawae a A. aureolus. A. aureolus mél signifikantné Sir$i askospory nez A. felis,
A.wyomingensis aA. siamensis (Obr. 3.7). Pro druhy testovany rozmér - vySku byly
signifikantni rozdily stejné, jako pro Sitku (Obr. 3.8).

Sitka hiebinki se lisila vyznamné mezi jednotlivymi druhy a byla pouzitelna jako
rozliSovaci znak. U druhu A. wyomingensis byla Sitka hiebinkd nejmensi (mensi nez 0,2 pm)
nebo nebyly hiebinky viibec patrné. Druhy Aspergillus udagawae a Aspergillus felis m¢ly dva
zietelné hiebinky S$irsi nez 0,5 um, v ptipad¢é A. udagawae byly uzsi nez 1 um, naproti tomu
uA. felis byly 8irsi nez 1 um. U homothalickych druhti mély hiebinky $itku 0,5-1 pm
u A. aureolus a u A. siamensis byly $irsi nez 1 um.

V Tabulce 3.8 jsou shrnuty morfologické znaky vSech druhtt komplexu
A.viridinutans. Znaky pfitomné na nepolavnim stadiu (konidiofory, konide atd.) nemély
v komplexu A. viridinutans velkou rozliSovaci hodnotu a zna¢né se ptekryvaly mezi druhy.
| presto vSak byly nekteré znaky odlisné u riznych druhd. Druh Aspergillus aureolus tvofil
zluté kolonie na vSech médiich zatimco vSechny ostatni druhy tvofily kolonie spiSe zelené
nebo bilé. Druh Aspergillus viridinutans mél ve srovnani s ostatnimi druhy komplexu vyrazné
pomalejsi rist, na médiu CYA m¢él jako jediny z heterothalickych druht primér kolonie
po sedmi dnech mensi neZ 40 mm a i na ostatnich médiich byl jeho rlst vyrazné pomalejsi.

Téz maximalni délka konidioford u A. viridinutans byla vyrazné krats$i nez u ostatnich druhti
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s vyjimkou A. siamensis, ktery mél konidiofory téz kratsi nez ostatni druhy. Fyziologicka
odlisnost druhu A. viridinutans od ostatnich druhti byla neschopnost ristu pii teploté
nad 42°C.

Obr. 3.5 Morfologie pohlavnich stadii druhti z komplexu A. viridinutans

a-d) Aspergillus felis: a) plodnice vzniklé kiiZzenim izolati IFM 60053 a FRR 5679 na MEA
po Sesti tydnech pii 30° C, b-c) detail plodnic, d) askospory a viecka, métitko 10 um;

e-j) Aspergillus udagawae: a) plodnice vzniklé kiiZzenim izolatd IFM 46972 s IFM 46973 na
MEA po Sesti tydnech pti 30° C, f-h) detail plodnic, i) askospory, j) viecko, méfitka 5 um;
k-p) Aspergillus wyomingensis: k) plodnice vzniklé kiizenim izolati CCF 4416 a CCF 4417
na OA po Sesti tydnech pii 37° C, I-m) detail plodnic, n-0) viecka, p) askospory, méfitka 5

pm
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Tab. 3.8 Morfologické charakteristiky druhti komplexu A. viridinutans

Znak A. felis A. arcoverdensis A. udagawae A. viridinutans A. wyomingensis A. aureolus A. siamensis

CZA (25°C, 7 d, mm) 45-48 52-62 (14 d) 37-47 19-25 38-42 48-53 35-55

MEA (25°C,7d, mm)  54-65 78-82 (14 d) 42-65 31-33 43-44 38-70 55 -61

CYA (25°C, 7 d, mm) 52-65 56-58 40-60 28-40 52-58 54-62 57-63

Délka konidioforu(um) az 250 80 — 150 az 252 20-70 (112) az 275 az 450 75-110

Sifka stonku (um) 3-5,5(-6,5) 4-5 3-5,5(-6,5) 3-4(-5) (3-)4-6,5(-7) 2,5-3,5(-5) 3-4

Méchy¥ek (um) (7-)9-18(-20) 10-17 11-18(-19,5) um 7,5-12(-14) 11-19(-24) 8-13,5 5,8-10

Konidie subglobozni, lehce subglobozni az Siroce 2,4-3,2 um 2-2,8 um 1,7-2,8(-3,3) subglobdzni az subglobozni az
zdrsnélé, 2,3-2,8 um elipsoidni, 2-2,5 x 2- lehce zakulacené, globozni, hladké,

3 pum 2,1-2,8 um 2-2,5 um
Pohlavni systém heterothalicky heterothalicky (?) heterothalicky heterothalicky (?) heterothalicky homothalicky homothalicky

Plodnice

Viecka

Askospory

Maximalni ristova
teplota

kleistothécia zluto-
bila, 300-1000 (-1250)
pum

8-sporova, 10-12 x
9,5-11 um

Cockovité se dvéma
vyraznymi
ekvatorialnimi
hirbinky

$itka 5.0-7.0 pm

povrch s kratkymi
ostny

nekteré izolaty 45° C,
ostatni 42° C

pohl. stddium neznamé

pohl. stadium neznamé

pohlavni stadium
neznamé

neznama

kleistothécia zluto-
bila, 300-600 (-1000)
pm

8-sporova, 9,5-11,5
x 9-11 um

cockovité se dvéma
vyraznymi
ekvatorialnimi
hiebinky

Sitka 4,1-5,2 um
hrbolkaty povrch

nékteré izolaty 45°C,
ostatni 42° C
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pohl. stddium
neznameé

pohl. stadium
neznamé

pohlavni stadium
neznameé

neschopnost riistu pii
42°C

bila kleistothécia
180-500(-600) um

8-sporova, 10-12 x
10-11 pm
¢ockovité,
ekvatorialni
hiebinky malo
zietelné

Sitka (3,2-)3,6-5
um

povrch ostnity

nekteré izolaty
45°C, ostatni 42° C

7luta kleistothécia,
200-650 um

8-sporova, 10,5 -
13,5 x 10-12 pm

Cockovité, 2
ekvatorialni
hiebinky

Sitka (4-)4,5-5,5
um

nékteré izolaty
45°C, ostatni 42°C

svétle zluta
kleistothécia, 250-
320 pm

8-sporova 10-11 x
9-10

Cockovité
sitka 5, 5-6 um

povrch ostnity,
vrasCity

neznama



Obr. 3.6 Fotografie askospor a konidii druht komplexu Aspergillus viridinutans ziskané skenovaci
elektronovou mikroskopii (na levé strané askospory, na pravé strané konidie); a-b) A. siamensis, c-d)
A. wyomingensis, e-f) A. aureolus, g-h) A. felis, i-j) A. udagawae.
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Obr. 3.7 Srovnani §itky askospor druhtit komplexu A. viridinutans, na obrazku a) jednotlivé izolaty,

na obrazku. b) vSechny izolaty setjnych druht spole
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3.3.2 Morfologie pohlavniho stadia Aspergillus turcosus

KfiZenim opacné ladénych izolath A. turcosus se podafilo indukovat tvorbu pohlavniho stadia,
které dosud nebylo pozorovano a je dokumentovano na Obrazku 3.9. Plodnice na médiu MEA
byly zluté, na OA bilé¢ a dosahovaly velikosti (122-)164-300 um v priméru. Viecka byla
elipticka, osmisporova, s rozméry 12,5-17,7 x 8,5-10,2 pm, askospory byly cockovité
s hladkym povrchem a dvéma hiebinky 0,6-1,4 pm Sirokymi, t€lo askospory mé¢lo rozméry
4-5,2 x 3,8-5 um.

Obr. 3.9 Morfologie pohlavniho stadia Aspergillus turcosus a-b) plodnice vzniklé kiiZzenim izolatd
NRRL 58108 a KACC 42090 po Sesti tydnech kultivace na MEA pii 25 °C; ¢) plodnice na OA; d)

plodnice, méfitko 100 um; €) sténa plodnice; f-q) viecka; h-i) askospory; f-i) méfitko 10 um

\
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3.4 Testovani citlivosti na antimykotika

V Tabulce 3.9 jsou uvedeny minimalni inhibi¢ni koncentrace (MICs) a minimalni efektivni
koncentrace (MECSs) (ug/ml) druhti komplexu A. viridinutans k antimykotikim amfotericinu
B (AMB), 5-fluorcytosinu (5-FC), posakonazolu (POS), vorikonazolu (VOR), itrakonazolu
(ITR) a flukonazolu (FLU) méfené paneclem YeastOne. Napii¢ vSemi druhy v komplexu
se jako nejvice ucinny ukazal byt posakonazol. VSechny druhy byly rezistentni K5 -
fluorocytosinu a flukonazolu. Citlivost k ostatnim testovanym latkdm byla druhové

specificka.

Tab. 3.8 Citlivosti druhtt komplexu A. viridinutans k antimykotiktim testované
metodou Sensititre YeastOne (ug/ml)

druh kmen AMB 5-FC POS VOR ITR FLU
A. arcoverdensis CBS 121595 0,25 >64 0,25 2 >16 >256
IFM 59922 0,5 >64 0,12 1 >16 >256
IFM 59923 1 >64 0,12 2 >16 >256
IFM 61362 2 64 0,06 1 >16 >256
IFM 61338 1 >64 0,25 2 >16 >256
IFM 61345 1 64 0,12 1 >16 >256
IFM 61349 2 >64 0,06 1 >16 >256
IFM 61340 1 >64 0,06 2 >16 >256
IFM 61346 2 >64 0,06 1 >16 >256
IFM 61334 2 >64 0,12 1 0,25 >256
IFM 61333 1 >64 0,03 0,5 0,25 >256
IFM 61337 1 16 0,008 0,25 <0,015 >256
IFM 61339 1 2 0,015 0,25 <0,015 >256
A. aureolus IFM 46584 0,5 32 0,06 0,5 0,25 256
IFM 46935 1 32 0,03 0,25 0,06 256
IFM 46936 0,5 64 0,12 1 16 256
IFM 47021 1 64 0,12 1 0,25 256
IFM 53589 1 64 0,015 0,5 0,12 128
IFM 53615 0,25 32 0,06 0,25 0,12 256
A. felis FRR 5679 2 >64 0,25 4 >16 >256
CCF 4002 2 >64 0,12 2 >16 >256
IFM 54303 0,5 64 0,25 4 >16 >256
IFM 60053 1 >64 0,12 4 >16 >256
CCF 4498 2 >64 0,12 2 >16 >256
CCF 4497 2 >64 0,12 2 >16 >256
CCF 4148 1 32 0,12 2 >16 >256
CCF 4003 1 >64 0,12 2 >16 >256
FRR 5680 1 64 0,12 2 >16 >256
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CCF 4376 1 >64 0,12 2 >16 >256
CCF 4171 2 >64 0,12 4 >16 >256
CCF 4557 2 >64 0,25 4 >16 >256
IFM 59564 2 >64 0,12 4 >16 >256
CCF 2937 2 >64 0,06 0,5 0,12 >256
IFM 55266 2 >64 0,25 4 >16 >256
CBS 458.75 2 >64 0,12 4 >16 >256
NIHAV1 2 >64 0,25 4 >16 >256
NIHAV2 2 >64 0,25 2 >16 >256
IFM 59502 1 >64 0,12 4 >16 >256
IFM 59503 2 >64 0,25 2 >16 >256
IMI 182127 1 64 0,12 1 >16 >256
CBS 130245 2 >64 0,12 4 >16 >256
A. udagawae CCF 4479 2 >64 0,12 0,25 >16 >256
F76 2 >64 0,06 1 >16 >256
IFM46972 2 >64 0,12 0,25 >16 >256
IFM 46973 0,5 64 0,25 2 >16 >256
CCF 4478 2 >64 0,06 1 0,06 >256
CCF 4481 0,5 64 0,06 0,5 0,03 >256
CCF 4494 2 >64 0,12 2 >16 >256
CCF 4475 1 4 0,12 1 0,12 >256
CCF 4492 1 >64 0,015 0,12 0,03 256
CCF 4502 2 >64 0,06 1 >16 >256
CCF 4476 2 >64 0,06 1 0,06 >256
CCF 4491 2 >64 0,12 1 >16 >256
B3 2 >64 0,12 0,5 0,12 >256
A.viridinutans  IFM 47045 0,5 0,25 <0,008 0,25 <0,015  >256
A. wyomingensis CCF 4170 0,12 64 0,015 0,5 0,06 >256
CCF 4419 2 32 0,015 0,12 0,03 >256
CCF 4169 1 32 0,03 2 0,03 >256
CCF 4418 2 32 0,5 1 0,03 >256
CCF 4416 2 64 0,03 0,5 0,06 >256
CCF 4411 1 16 0,008 0,5 <0,015  >256
CCF 4412 0,25 16 0,03 0,5 0,06 >256
CCF 4414 1 32 0,03 1 0,03 >256
CCF 4413 2 32 0,03 0,5 0,06 >256
CCF 4415 2 32 0,03 0,5 0,03 >256
CCF 4420 1 32 0,015 1 0,03 >256
CCF 4417 4 32 0,03 0,5 0,03 >256
IFM 59681 2 64 0,03 0,5 0,06 >256
IMI 133982 2 64 0,015 0,5 0,03 >256
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U druht, u kterych byla citlivost k antimykotikim méfena u dostate¢ného poctu
izolata (alespon 7 a vice) bylo testovano, zda jsou tyto citlivosti k jednotlivym antimykotikiim
signifikantn¢ odlisné od jinych druht (A. felis, A. arcoverdensis, A. udagawae,
A. wyomingensis). Pro vyhodnoceni citlivosti k antimykotikim byl pouzit Mann-Whitneyav
test, ktery lze pouzit pro nespojitd (ordinalni) data. V Tabulkach 3.10 az 3.14 jsou
uvedeny vysledné p-hodnoty parovych srovnani, hladina vyznamnosti testu byla zvolena jako
0,05 (signifikantni hodnoty p<0,05 jsou v tabulkach oznaceny tu¢né¢). Druh A. felis byl
testovan celkové jako jeden druh, ale také rozdéleny na dvé skupiny podle vysledk
fylogenetické analyzy (mohou reprezentovat jiné druhy). Citlivosti k zadnému antimykotiku
experimenty) podporuje nazor, ze se jedna o jediny druh.

Citlivost k flukonazolu byla u vSech druhti téméf identicka (vétsi nez 128 ug/ml).
Podobn¢ citlivosti k amfotericinu B se mezi jednotlivymi druhy signifikantné neliSily
(Tab. 3.10). Senzitivita kvorikonazolu a posakonazolu byla signifikantné nejvyssi
u A. wyomingensis a dale signifikantn¢ klesala v poradi A. arcoverdensis, A.udagawae
anejnizsi byla u A. felis (Tab 3.11, 3.12). Cilivost A. felis k posakonazolu byla vyrazné nizsi
nez u ostatnich druhti. Na itrakonazol byl signifikantné nejcitlivéjsi A. wyomingensis
a A. udagawae, signifikantné¢ méné A. arcoverdensis a nejméné A. felis (Tab. 3. 13) Citlivost
k 5-fluorocytosinu byla u A. wyomingensis signifikantné vyssi nez u vSech ostatnich druht
(Tab. 3.14).

Tab. 3.10 Hodnoty srovnavajici citlivosti druhti k amfotericinu B (statisticky signifikantni p-hodnoty jsou zvyraznény tu¢né)

A. felis A. felis 1 A. felis 2 A. arcov. A. udag. A. wyoming.
A. felis 0,1301 0,119 0,05398 0,9512 0,7538
A. felis 1 0,7124 0,1301 0,8437 0,9328
A. felis 2 0,119 0,7934 0,9328
A. arcoverdensis 0,1265 0,2746
A. udagawae 0,7403

A. wyomingensis
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Tab. 3.11 Hodnoty srovnavajici citlivosti druhii k vorikonazolu (statisticky signifikantni p-hodnoty jsou zvyraznény tu¢ng)

A felis A. felis 1 A. felis 2 A. arcov. A. udag. A. wyoming.
A felis 0,9176 0,8461 0,0001286 2,329x10°  3,339x10°
A. felis 1 0,791 0,0002333 1,132x10° 3,713x10°°
A. felis 2 0,003109 0,00091159  0,0001118
A. arcoverdensis 0,3199 0,04295
A. udagawae 0,3543

A. wyomingensis

Tab. 3.12 Hodnoty srovnavajici citlivosti druhii k posakonazolu (statisticky signifikantni p-hodnoty jsou zvyraznény tu¢ng)

A felis A. felis 1 A. felis 2 A. arcov. A. udag. A. wyoming.
A felis 0,4392 0,3458 0,007909 0,004945 8,843x10°
A. felis 1 0,126 0,03309 0,02021 2,243x10°
A. felis 2 0,01673 0,00943 0,000516
A. arcoverdensis 0,7104 0,008994
A. udagawae 0,0003923

A. wyomingensis

Tab. 3.13 Hodnoty srovnavajici citlivosti druhti k itrakonazolu (statisticky signifikantni p-hodnoty jsou zvyraznény tucné)

A felis A. felis 1 A. felis 2 A. arcov. A. udag. A. wyoming.
A felis 0,8128 1 0,03788 0,002855 2,026x10°
A. felis 1 1 0,1091 0,0162 2,579x10°
A. felis 2 0,1554 0,7973 8,6x10™°
A. arcoverdensis 0,4946 0,0006429
A. udagawae 0,000319

A. wyomingensis
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Tab. 3.14 Hodnoty srovnavajici citlivosti k 5-fluorocytosinu (statisticky signifikantni p-hodnoty jsou zvyraznény tu¢ng)

A. felis A. felis 1 A. felis 2 A. arcov. A. udag. A. wyoming.
A. felis 0,8128 1 0,2607 0,7026 3,094x107
A. felis 1 1 0,3452 0,7421 0,0004051
A. felis 2 0,5211 1 0,003801
A. arcoverdensis 0,74 0,02615
A. udagawae 0,00388

A. wyomingensis
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4. DISKUZE

4.1 Druhovy komplex A.viridinutans, morfologické znaky

Dosavadni studie zaloZzené na molekularnich datech ukazaly, Ze A. viridinutans zahrnuje
nékolik linii, jejichz druhové hranice nebyly zcela vymezeny a A. viridinutans byl dosud
veden jako druhovy komplex (Hong et al., 2010; Katz et al., 2005; Shigeyasu et al., 2012).
Izolaty identifikované jako A. viridinutans vykazuji zna¢nou morfologickou variabilitu,
ale vétsinou sdili pfitomnost tzv. ,nodding heads* v mikromorfologii (méchyfek zahnuty
smérem ke stonku) a relativné malo sporulujici kolonie s objemnym vzduSnym myceliem
(ve srovnani s Aspergillus fumigatus s. str). Jak ukazaly posledni fylogenetické studie,
,nodding heads* se nevyskytuji vyhradné v komplexu A. viridinutans, a neni je tedy mozné
pouzit jako znak charakteristicky pro A. viridinutans komplex. Nodding heads se totiz
vyskytuji i u druhti neptibuznych A. viridinutans, napi. u A. brevipes (Smith, 1952), A.
duricaulis (Raper and Fennell, 1965), A. marvanovae (Hubka et al., 2013b), N. pseudofischeri
(Paden, 1968) a u dvou nedavno popsanych druhi A. brevistipitatus a A. conversis (Novakova
etal., 2014).

4.2 Rosireni a vyskyt druhii komplexu A. viridinutans

Druhy ze sekce Fumigati, v¢etné A. viridinutans jsou primarné pidni, ale jsou také Casto
izolovany z klinického materidlu. V této praci bylo zahrnuto velké mnoZstvi izolath
z rekultivovanych pudnich ploch z USA, které izolovala RNDr. Alena Novakova, CSc.
Na zakladé sekvenci ulozenych v databazi GenBank se ptredpokladalo, Ze vSechny klinicky
vyznamné piipady lidskych a zvifecich infekci zpisobené druhy komplexu A. viridinutans
byly ve skute¢nosti zpisobené A. felis (Alcazar-Fuoli et al., 2008; Barrs et al., 2012; Barrs et
al., 2013; Coelho et al., 2011; Kano et al., 2013; Katz et al., 2005; Pelaez et al., 2013;
Shigeyasu et al., 2012; Vinh et al., 2009a; Yaguchi et al., 2007) a A.udagawae (Balajee et al.,
2009; Gyotoku et al., 2012; Kano et al., 2008; Kano et al., 2013; Katz et al., 2005; Posteraro
et al., 2011; Vinh et al., 2009b; Yaguchi et al., 2007). Nové studie vSak zachytily jako
patogena u kocky domaci i A. wyomingensis (Barrs et al., 2014). Aspergillus viridinutans
S. str. doposud nebyl v klinickém materialu zachycen, stejné tak ani A. aureolus, A. siamensis,
A. arcoverdensis a ,,4. acrensis“. Vé&tSina druhtt komplexu A. viridinutans se zda byt

rozSifena v pidé po celém svété. Aspergillus aureolus se pravdépodobné vyskytuje pouze
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v tropickych oblastech (Novakova et al.,, 2014). Druh A. viridinutans byl izolovan pouze
z kraliciho trusu v Australii a podle druhového konceptu aplikovaného v této praci se jevi jako

velmi vzacny druh.

4.3 Biologicky koncept a parovaci pokusy

Pomoci kiizicich pokust byly v komplexu identifikovany pohlavni stadia u tii druhd, véetné
dvou nepopsanych druhti. Jeden z nich byl v pribéhu vypracovavani této prace popsan jako
A. felis (Barrs et al., 2013), druhy druh byl popsan jako ,,A. wyomingensis Novakova, Dudova
& Hubka® v nasledujicim roce na zaklad¢ dat z této prace (Novakova et al., 2014).

.....

askospor a délka hiebinkti) - Obr. 3.5, ale piesvéd¢ivé ve skenové elektronové mikroskopii
(Obr. 3.6).

U heterothalickych druhti A. arcoverdensis a ,,A. acrensis“se zatim nepodafilo
indukovat tvorbu pohlavniho stadia navzdory tomu, ze ve studii byly izolaty MATI-1
i MAT1-2. Indukce teleomorfy je dlouhodoby proces komplikovany zejména rozdilnymi
naroky jednotlivych druhli na kultivaéni média, vhodné teploty a casové obdobi nutné
k jejimu vytvofeni. Pfi vétSim mnozstvi izolatl tak zavratné rychle roste pocet nutnych
téchto druhil se zfejmée nepodafilo in vitro simulovat vhodné podminky pro vytvofeni plodnic.

Interpretace vysledkut kiizeni A. udagawae byla obtizna. Askospory byly pozorovany
jen u omezeného poctu kombinaci, predev§im s typovym kmenem IFM 46972. Nasledné byly
provedeny dalsi pokusy s vétSim poctem izolatl, jejichz vysledkem bylo vice kombinaci,
které daly vznik pohlavnimu staddiu. Pozitivni vysledky kiiZzeni byly mezi vSemi hlavnimi
vétvemi v linii oznacené jako A. udagawae (Obr. 3.3), coZz naznaluje, ze A. udagawae je
relativné Siroky druh. Strukturalizace A. udagawae na vice oddélenych linii byla jiz dfive
popsana (Sugui et al., 2010; Yaguchi et al., 2007), ale dosud publikované parovaci pokusy
nebyly vétsinou usp&$né a nebo u velmi omezeného mnozstvi izolati (Balajee et al., 2006;
Sugui et al., 2010; Vinh et al., 2009b; Yaguchi et al., 2007). Data shromazdéna v této praci
naznacuji, ze A. udagawae piedstvuje jeden geneticky Siroky druh, coZz podporuje i uniformita
askospor mezi jednotlivymi kfizenci (Obr. 3.5, 3.6 ).

Jediny MAT-1 izolat je k dispozicicu druhti A. viridinutans s. str., ktery navzdory
tomu, Ze dal jméno celému komplexu, je zfejmé velmi vzacny druh a nebyla u né€j pozorovéana

schopnost kiizeni s ostatnimi druhy komplexu.
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4.4 Aplikace polyfazického pristupu na druhy Aspergillus viridinutans
komplexu

V komplexu A. viridinutans bylo na zakladé molekularnich dat, fyziologickych
a morfologickych charakteristik a kiizicich pokusi identifikovano osm druhl, mezi kterymi
byly i ¢tyfi nepopsané druhy, z nichz 3 byly popsany v prab¢hu této prace: ,,A. acrensis
(zatim nepopsan), A. felis (Barrs et al., 2013), A. arcoverdensis (Matsuzawa et al., 2014)
a A.wyomingensis (Novakova et al., 2014). Pohlavni stadia tifi heterothalickych druhi
z komplexu — A. felis, A. udagawae a A. wyomingensis vykazovaly odliSnou morfologii
druhti nevytvofil plodnice pfi kiizeni s typovym kmenem A.viridinutans.

Jedine¢na byla vnitrodruhova geneticka variabilita pozorovana u druhu A. felis.
V ramci kalmodulinového i beta-tubulinového genu zde byla nalezena varialita dosahujici
5 %, pfitom vnitrodruhova variabilita byva u rodu Aspergillus v téchto genech pomérn¢ nizka
(typicky kolem 1 %) i u heterothalickych druhti. Dvou az pétiprocentni variabilita v tomto
lokusu spiSe odpovida klasickym mezidruhovym vztahim (Hubka et al., 2013a; Hubka et al.,
2013b). Vysvétleni pro tento fakt je bud’ velmi intenzivni vnitrodruhovy sexualni proces
(tomu by odpovidalo i zhruba stejné zastoupeni MAT-1 a MAT-2 izolatil), nebo pfitomnost
n¢kolika kryptickych druhti, které zatim nebyly odhaleny. Tomu ale odporuji vysledky
hlavnich vétvi. Navic bylo v rdamci tohoto druhu pozorovdno i mnozZstvi odliSnych
fingerprintovych pattern za pouziti primerd M13-core a 834T (Novakova et al., 2014), které
byly v minulosti pouzity u jinych druht a sekci Aspergillus a nejcastéji tato jednotliva pattern
odpovidala druhové trovni (Hubka and Kolarik, 2012; Hubka et al., 2013a; Hubka et al.,
2013b; Novakova et al., 2014; Novakova et al., 2012). Pro vyfeseni taxonomie tohoto druhu
bude zifejm¢ tieba detailné prozkoumat zivotaschopnost jednotlivych hybridi a jejich

schopnost dat vzniku potomstvu dalSich generaci.

4.5 Mezidruhové kiizeni

Zajimavym jevem, dosud neznamym u rodu Aspergillus a pozorovanym opakované zatim
u skupiny Bazidiomycetes, rodu Neurospora a pravych kvasinek (Giraud et al., 2008;
Strandberg et al., 2010), byla tvorba plodnic pfi kiizeni opa¢né ladénych izolatti vzdalenych

linii reprezentujicich fylogenetické a dokonce 1 morfologicky podpoiené druhy (dle askospor).
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Mezidruhovi ktizenci se v této praci vyskytli v nékolika piipadech, jednalo se o dva izolaty
A. udagawae (IFM 46927, F76), které byly schopné dat vznik mezidruhovym hybridam
sdruhy A. felis, A. wyomingensis a ,,A. acrensis®. Nicméné morfologie velkého procenta
askospor uvolnénych z plodnic téchto kiiZzenci vykazovala vysokou nehomogennost
ve velikosti itvaru, ktery byl casto kulovity bez struktur jako ekvatorialni zlabek,
nebo hiebinky. Cast askospor si ale zachovavala morfologii ptivodnich druhii. Pozorovéni
pohlavnich utvart (plodnice, viecka a askospory) totiz pravdépodobné nemusi znamenat,
7e K toku genetické informace mezi témito dobfe definovanymi liniemi (respektive druhy)
piirozené dochazi. Kifizenci mohou byt nezivotaschopnymi (tzv. postzygoticka bariéra)
anemusi dale prispivat ke genofondu daného druhu v dalSich generacich. To by jasné
demostrovalo opravnény status druhi pro fylogeneticky vymezené skupiny izolatt podle
zasad fylogenetického konceptu (Dettman et al., 2006).

Vymezeni hranic téchto mezidruhovych hybridi vi¢i matetskym izolatim/druhtim
pomoci molekularnich metod (PCR-fingerprinting, sekvenovani nékolika lokusii) a zkoumani

jejich Zivotaschopnosti v F1 a F2 generacich bude predmétem nasledujiciho studia.

4.6 Citlivost k antimykotiktim

Diky spolupraci s Lékaiskou fakultou University Palackého v Olomouci se podafilo nalézt
unékterych linii odpovidajicich novym druhim 1 specifickd spektra citlivosti
k antimykotikiim. Tyto vysledky mohou mit vyznam i v klinické praxi vzhledem k tomu,

ze komplex zahrnuje ptivodce infekci ¢loveka a zvifat (Dudova et al., 2013).
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5. ZAVER

Pfi vymezovani hranic heterothalickych druhii se podle poznatkli shromazdénych v této praci
neni mozné opiit o druhovy koncept zalozeny pouze na molekuldrnich datech. Tento Cisté
fylogeneticky piistup mize vést k nadhodnocovani poctu druhd. Dulezité je zahrnuti
dostatecného mnozstvi izolati do fylogenetickych analyz a propojeni s biologickym
konceptem druhu a morfologickymi charakteristikami pohlavniho stddia. Snahou této prace
bylo podpofit fylogeneticky koncept druhu péarovacimi experimenty, které¢ mély ukazat
existenci pohlavniho procesu mezi izolaty danych linii reprezentujici druhy. Dalsim dtlezitym
faktorem bylo zohlednéni morfologie a fyziologickych charakteristik. Zejména stabilita
morfologie askospor uvnitf jednotlivych druhti se ukazala byt dulezitym znakem, narozdil
od mezidruhovych hybridi, ktefi vykazovali odlisnou morfologii.

V této praci se podafilo na zaklad¢ fylogenetické analyzy a ktizicich experimentl
vymezit mezidruhové hranice 8 druhti komplexu Aspergillus viridinutans, mezi kterymi byly
I nepopsané druhy. Parovacimi pokusy se téZ podatilo indukovat tvorbu teleomorfy u druhu
Aspergillus turcosus, ktera do té doby nebyla pozorovana.

Pozornost by méla byt dale vénovana piedev§im zkoumani zivotaschopnosti
vnitrodruhovych kfizenci a prokazani predpokladané snizené Zivotaschopnosti
mezidruhovych hybridi. Zodpovézeni této otazky bude predmétem studia moji dizertacni
prace a tyto vysledky by mély déale upfesnit druhovy koncept u heterothalickych druht
Aspergillus. Tyto vysledky by mély byt aplikovatelné i na dalsi skupiny hub.
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Abstract The Aspergillus viridinutans complex includes mor-
phologically similar, soil-inhabiting species. Although its species
boundaries have not been fully defined, many isolates from the
complex have been isolated as opportunistic human and animal
pathogens. In the present study, these species were dominant in
spoil sites subjected to various types of reclamation management
after coal mining. These species were characterised using two
different PCR-fingerprinting methods, sequence data from the (3-
tubulin (benA ) and calmodulin (caM) genes, macro- and micro-
morphology (optical and scanning electron microscopy), maxi-
mum growth temperatures and mating experiments. In addition,
RNA polymerase II gene (RPB2), actin (actl) and ITS se-
quences were deposited for the ex-type isolates of newly de-
scribed species. The mating experiment results, phylogenetic
analyses and ascospore morphology suggested the presence of
five species in the A. viridinutans complex. Aspergillus aureolus
(syn. Neosartorya aureola) was the only homothallic species.
Three species, A. felis, A. udagawae (syn. N. udagawae) and A.
wyomingensis sp. nov., were heterothallic and their morpholog-
ically distinguishable teleomorph was induced by systematic
mating experiments. Aspergillus viridinutans s. str. seems to be
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a very rare species and was represented only by the ex-type
isolate in which the MAT1-1 locus was amplified. Aspegillus
viridinutans and A. aureolus were typified in accordance with
the rules of the new botanical code. Other species outside the A.
viridinutans complex isolated from the reclamation sites were A.
Sfumigatiaffinis and A. lentulus as well as two new sister species,
A. brevistipitatus sp. nov. and 4. conversis sp. nov. which were
closely related each to other and to N. papuensis. Both new
species are phylogenetically distant from all anamorphic species
and resemble A. brevipes, A. duricaulis and A. unilateralis in
micromorphology and are distinguishable from each other by the
slower growth of A. conversis on all tested media. Interestingly,
no isolate from the reclamation sites represented A. fumigatus s.
str. which is usually reported as the dominant species from the
section Fumigati in soil.

Keywords Aspergillus fumigatus - Heterothallic species -
MAT locus - Neosartorya udagawae - PCR fingerprinting -
Soil fungi

Introduction

Aspergillus section Fumigati includes species that have an
overall economic impact. Some of these species are causal agents
of human and animal infections or important decomposers of
organic matter in soil, and they are isolated as foodstuff contam-
inants (Samson 1989; Tournas 1994; Balajee et al. 2005, 2009;
Katz et al. 2005; Yaguchi et al. 2007, 2012; Hubka et al. 2012).
Section Fumigati members produce many different compounds,
including mycotoxins which are used or have potential to be used
in pharmacology and biotechnology (Wong et al. 1993; Tomoda
et al. 1994; Larsen et al. 2007; Samson et al. 2007a). Soil is the
most important reservoir of section Fumigati members and 4.
fumigatus is usually reported as the most common species
worldwide (Klich 2002; Domsch et al. 2007).

@ Springer
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Morphological differentiation of heterothallic and anamor-
phic species is limited because of their overlapping features on
the anamorph, and molecular methods are routinely used to
identify them. Four new anamorphic species were recently
described based on molecular data from a group considered in
the past to represent A. fumigatus (Balajee et al. 2005; Hong
et al. 2005, 2008). In contrast to anamorph micromorphology,
ascospore features belong to the most informative phenotypic
characteristics in section Fumigati taxonomy. Using system-
atic crossing of opposite mating type isolates verified by
molecular methods, the teleomorph was discovered in A.
Sfumigatus (O’Gorman et al. 2009) which was previously
treated as a strictly anamorphic species. This systematic ap-
proach replaced previous teleomorph discovery attempts
based on randomly crossing phenotypically similar isolates
which were successful in several heterothallic species (Kwon-
Chung and Kim 1974; Takada and Udagawa 1985; Horie et al.
1995; Takada et al. 2001).

During the course of a survey of soil microorganisms in
spoil sites subjected to various types of reclamation manage-
ment after coal mining in Wyoming (U.S.A.), Aspergillus
section Fumigati members were among the most frequently
isolated organisms. These isolates were characterised using
PCR-fingerprinting methods, sequence data, phenotypic anal-
ysis and mating experiments. This approach resulted in the
discovery of three new species which are described in this
study.

Material and methods

Description of studied sites and sampling and isolation
methods

Soil samples were collected from two coal mine reclamation
sites in the Powder River Basin, Converse County, Wyoming,
U.S.A. One site was the Belle Ayr Mine, a functional coal
mine located just south of Gillette. This site was dominated by
cool season grass. The average annual precipitation in this
area is 376 mm and the average air temperature is 6.7 °C
(Wick et al. 2007). Samples were collected from this site in
May 2008 and 2011. The other site was the Rolling Hills Wind
Plant (formerly the Dave Johnson Coal Mine), located to the
north of Glenrock. The mine was closed down in 2002 and the
whole mine is currently being reclaimed. This research site
was dominated by sagebrush grassland (Rana et al. 2007). The
average annual precipitation in this area is 266 mm and the
average air temperature is 7.4 °C (Ganjegunte et al. 2009).
Samples were collected from this site in September 2010. All
soil samples from both sites were collected from a depth of 0—
5 cm by trowel and placed into sterile bags.

The soil dilution plate method and soil washing technique
(Garrett 1981; Kreisel and Schauer 1987) and dichloran rose
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bengal chloramphenicol agar (DRBC), Sabouraud glucose
agar (SGA) and beer-wort agar (BWA) (Atlas 2010) were
used to isolate microscopic fungi. The method of heating of
soil samples at 75 °C for 30 min according to Samson et al.
(1996) and Marvanova (1999) was used to isolate thermo-
resistant microfungi. Keratin and cellulose bait techniques
were also used for the isolation of soil microfungi in damp
chambers in laboratory conditions. Pronghorn antelope and
jackrabbit dungs collected at the studied sites were cultivated
on filtrate paper or soil samples in damp chambers at room
temperature to isolate coprophilic microfungi.

Phenotypic studies

The strains were grown on malt extract agar (MEA; malt
extract—Fluka Chemie GmbH, Switzerland), Czapek Yeast
Autolysate Agar (CYA; yeast extract—Fluka Chemie GmbH,
Switzerland), yeast extract sucrose agar (YES) and Czapek-
Dox agar (CZA) plates at 25 °C. Agar media were formulated
following the methods of Frisvad and Samson (2004) and
Atlas (2010). Micromorphology was observed on MEA.
Colour determination was performed according to the ISCC-
NBS Centroid Colour Charts (Kelly 1964). Scanning electron
microscopy (SEM) was performed using a JEOL JSM-6380
LV scanning electron microscope (JEOL Ltd, Tokyo, Japan).
Pieces of colonies growing on OA or MEA (5x5 mm) with
ascomata were fixed and observed using the settings described
in Hubka et al. (2013a).

Growth at 42, 45 and 47 °C was tested on MEA plates
sealed with Parafilm. The production of cyclopiazonic acid or
related alkaloids was tested using the Ehrlich test and the
production of acid compounds in the agar medium was tested
on creatine sucrose agar (CREA) following the methods of
Samson et al. (2007b).

Molecular studies and phylogenetic analysis

DNA was extracted from seven-day-old colonies using the
Microbial DNA Isolation Kit (Mo-Bio Laboratories). PCR
fingerprinting, using the phage M1I3-core sequence as an
oligonucleotide primer (5'-GAGGGTGGCGGTTCT) and
the primer 834¢ [(AG)sCG], was performed and evaluated as
described previously (Hubka and Kolafik 2012; Novakova
et al. 2012). Partial ben4 and caM sequences were amplified
from at least one isolate with a unique combination of finger-
printing patterns. The PCR conditions for amplification of
ITS, bend and caM loci were as described by Hubka et al.
(2012). The annealing temperature for amplification of act/
gene was 60 °C. The RPB2 gene was amplified using
Touchdown cycling conditions, as described by Hubka and
Kolafik (2012). The partial bend gene (encoding 3-tubulin)
was amplified with primers 770 (5'- ACGATAGGTTC
ACCTCCAGAC) or Bt2a (5'- GGTAACCAAATCGGTG
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CTGCTTTC) and Bt2b (5'- ACCCTCAGTGTAGTGACC
CTTGGC); the partial caM gene (encoding calmodulin), with
CFIM (5'- AGGCCGAYTCTYTGACYGA) and CF4 (5'-
TTTYTGCATCATRAGYTGGAC); the partial actl gene
(encoding actin), with ACT-512 F (5'-ATGTGCAAGGCCG
GTTTCGC) and ACT-783R (5'-TACGAGTCCTTCTGG
CCCAT); the partial RPB2 gene (encoding RNA polymerase
), with fRPB2-5F (5'-GAYGAYMGWGATCAYTTYGG)
and fRPB2-7cR (5'-CCCATRGCTTGYTTRCCCAT); and
the ITS region with ITSIF (5- CTTGGTCATTTAGAGG
AAGTAA) and NL4 (5'- GGTCCGTGTTTCAAGACGG).

Sequences were inspected and assembled using Bioedit v.
7.0.0 (www.mbio.ncsu.edu/BioEdit/bioedit.html). Alignments
of the regions were performed using the FFT-NSi strategy, as
implemented in MAFFT v. 6.861b (Katoh et al. 2005). The
benA and caM loci were combined and Maximum likelihood
(ML) analysis was performed using RAXML version 7.0.4 with
bootstrapping (1,000 replicates) (Stamatakis et al. 2008) run-
ning on the CIPRES web portal (www.phylo.org). The analysis
was performed with the model (GAMMA + P-I) and the «
parameter was estimated using the same software. Bayesian
Inference analysis (BI) was performed using MrBayes v3.1
(Ronquist and Huelsenbeck 2003), the substitution model K2
+ G + [ was determined as the most suitable using MEGA 5.0
(Tamura et al. 2011) and metropolis-coupled Markov chain
Monte Carlo search algorithm was run with 5x 10° generations.
The burn-in and convergence of the chains were determined
with TRACER v1.5 (available from http://tree.bio.ed.ac.uk/
software/tracer). Twenty-six data partitions were recognised
in the RAXML and MrBayes analyses which include introns
and exons and splitting of each codon position to a separate
partition.

Mating experiments

The genotype of the MAT locus was determined using the
primers described by Sugui et al. (2010). Opposite mating
type strains were paired within and between major clades
(Fig. 1) on MEA, PDA and OA plates and incubated at 25,
30 and 37 °C in the dark. The plates were sealed with Parafilm
and examined periodically for 3 months under a stereomicro-
scope for the production of ascomata and ascospores.

Results

Using the above-mentioned isolation techniques, many mi-
croscopic fungi were isolated from soil samples, including
those that, according to their micromorphological characteris-
tics, belonged to the Aspergillus section Fumigati. Long-term
whitish cottony colonies with varying sporulation types and
coloration that were dissimilar from A. fumigatus were

isolated and characterised using molecular methods, pheno-
typic methods and mating experiments.

Molecular studies

Eight unique fingerprinting pattern types (and five subtypes in
pattern VIII) were observed among 73 isolates (Table 1) when
using fingerprinting with M13-core primer. Similarly, eight
pattern types (and four subtypes in pattern VIII) were observed
when using fingerprinting with 834 t primer (Table 1). There
were 19 unique combinations resulting from the two finger-
printing methods and for each combination the benA4 and caM
genes were amplified for at least one isolate.

No major conflicts were observed between single locus
trees (ML as well as BI) based on bend and caM, and the
data were combined into one dataset. There were 104 se-
quences and 1,030 positions in the final dataset of which
520 were variable and 398 were parsimony informative. The
single gene alignments were deposited in TreeBASE (submis-
sion ID 14615). A pseudogene with stop codons within cod-
ing regions which was derived from the calmodulin gene, was
amplified for isolate CCF 4477 (see the long branch in Fig. 1).
The insertions within exons were eliminated from the align-
ment. Based on the bend gene sequence, this isolate belongs
to the A. udagawae clade. Two additional protein coding loci
(RPB2 and actl) were amplified for the ex-type isolates of the
newly described species and were deposited under accession
numbers HF937377-HF937384. Similarly, the sequence of ITS
region was deposited for the ex-type isolates because of interest
in barcoding fungi (HG324081, HF937385, HF937386).
However, data for section Fumigati are incomplete, and these
three loci were not used for the phylogenetic analysis. The
sequences of all five loci were able to uniquely determine all
species of A. viridinutans complex.

Among 73 isolates from the reclamation sites, 68 belonged
to the A. viridinutans complex. Aspergillus udagawae (n=>52)
was the most frequently isolated species, followed by A.
wyomingensis sp. nov. (n=12) and A4. felis (n =4). Two isolates
(CCF 4499 and CCF 4482) were conspecific with 4.
fumigatiaffinis and one isolate (CCF 4117) was conspecific
with A. lentulus. Two isolates (CCF 4149 and CCF 4190)
showed unique, fingerprinting patterns, ITS sequences and
exhibited 2-3 % dissimilarity on protein coding loci (bend,
caM, actl and RPB2) each to the other and to the most closely
related N. galapagensis ; these isolates are proposed as the new
species A. brevistipitatus sp. nov. and 4. conversis sp. nov.

Mating experiments
MAT1-1 and MAT1-2 idiomorphs were determined for almost
all isolates (Tables | and 2) based on different lengths of gene

products in the assay described by Sugui et al. (2010). The
identity of products was verified by DNA sequencing in
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several isolates (accession numbers HF937387— HF937392).
Systematic mating experiments were performed within and
between major clades. Suitable conditions for successful mat-
ing differed between species (for details, see Taxonomy sec-
tion below).

The MAT1-2 gene was amplified in three of four 4. felis
isolates. Five additional isolates from different sources
(Table 2) were included in the mating experiments (CCF
4376, IFM 54303 and IFM 60053 which had the MAT1-1
idiomorph, and CBS 135240" and FRR 5680 which had
MAT1-2). Fertile cleistothecia were present in almost all
possible combinations, and the ascospore morphology was
consistent between the crosses. The isolates did not mate with
type isolates of 4. wyomingensis, N. udagawae and A.
viridinutans . The isolates CBS 458.75 (MAT1-1, the ex-type
strain of A. fumigatus var. sclerotiorum; Rai et al. 1971) and
IMI 182127 (MAT idiomorph was not identified) which are
both closely related to A. felis clade, did not produce
cleithothecia with any isolate of A. felis and as well as with
other species. However, both these isolates were held for
decades in culture collections, and it is possible that their
ability to reproduce sexually was decreased by repeated pas-
saging and degeneration. As no other morphological and
physiological differences from A. felis were found, these
isolates are considered here to represent 4. felis. The exami-
nation of mating bahaviour of genetically similar and fresh
isolates would definitely confirm that both these strains rep-
resent eighter A. felis or separate species. The isolates IMI
280490 and NRRL 6106 previously examined by Varga et al.
(2000) are no longer available but based on deposited se-
quence data also represent 4. felis. Other two “atypical”
isolates IMI 306135 and JV3 mentioned by Varga et al.
(2000) are not included in A. viridinutans complex and are
related to A. lentulus and A. fumisynnematus.

The ratio of MAT1-1 isolates to MAT1-2 isolates in 4.
wyomingensis (n=14) was 8:6. The isolates within the clade
produced fertile cleistothecia and did not mate with other
species from the A4. viridinutans complex. The isolates CCF
4416 and CCF 4417" produced particularly high numbers of
cleistothecia, and dried cultures with cleistothecia were de-
posited into the herbarium of the Mycological Department,
National Museum in Prague (PRM). Aspergillus viridinutans
s. str., represented only by the ex-type isolate, had the MAT1-1
idiomorph and was used only to demonstrate cross-sterility
with other species.

The isolates designated in this study as A. udagawae (Fig. 1)
clustered into three subclades (clade 1: all isolates from
Wyoming; clade 2: two mating ex-type isolates, IFM
46972MT and IFM 46973MT, from Brazilian soil; clade 3:
additional isolates CCF 4479 and CMF ISB 2190 from
[llinois and Indiana). The ratio of MAT1-1 isolates to MAT1-
2 isolates was 13:42 (n=55; not determined in two isolated).
Eight MATI1-1 isolates (IFM 46972™", CMF ISB 2190, CCF
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Fig. 1 Phylogenetic tree showing relationships of isolates from P>
reclamation sites in Wyoming to other species in section Fumigati. The
strains isolated in Wyoming are in bold font (accession numbers are listed
in Table 1 and 2; for other accession numbers see Hubka et al. (2013b)).
Thick lines indicate branches that support Bayesian probabilities greater
than 0.95 and a bootstrap value greater than 90 %. Only bootstrap values
>50 % and Bayesian probabilities >0.50 are shown. The ex-type isolates
are designated by a superscript T. Dichotomomyces cejpii NRRL 5183"
was used as outgroup

4476, CMF ISB 2687, CMF ISB 2688, CMF ISB 2689, CMF
ISB 2690 and CMF ISB 2691) and eight MAT1-2 isolates
(IFM 46973MT CCF 4475, CCF 4478, CCF 4479, CCF
4481, CCF 4491, CCF 4494 and CMF ISB 1972) were chosen
for mating experiments in all possible combinations. In the
mating assay, only the mating ex-type isolate [FM 46972M7"
produced fertile cleistothecia with all MAT1-2 strains with
exception of CCF 4481. Additional pair producing fertile
cleistothecia was CCF 4479xCMF ISB 2689. Cleistothecia
without ascospores were produced by pair CCF 4502 x CMF
ISB 2688. Other crosses did not produce cleistothecia.

Future studies are needed to confirm genetic recombination
based molecular genetic methods in species from A.
viridinutans complex, especially in species with high intra-
species genetic diversity such as A. udagawae and A. felis.
However, we believe that the species boundaries as deter-
mined here using mating experiment (cross-fertility and
cross-sterility) and strongly supported by morphology of as-
cospore could represent the true species limits.

Phenotypic species differentiation

The A. viridinutans complex includes five species. Aspergillus
aureolus (syn. A. indohii) is the only homothallic species
within the complex, the remaining species are probably hetero-
thallic, and the teleomorph form (neosartorya-morph) was ob-
served in 4. udagawae, A. wyomingensis and A. felis (Fig. 2).

Species differentiation based solely on anamorph pheno-
type and macromorphology is difficult. However, A4.
viridinutans s. str. could be distinguished from other species
within the complex by its slower growth and shorter conidio-
phores (rarely exceeding 100 pm). Nodding heads occurred in
all species within the A. viridinutans complex and in some
non-related species from section Fumigati (see Discussion).
In contrast, the morphology of ascospores alone clearly dif-
ferentiates all heterothallic species within the A. viridinutans
complex (see sections Taxonomy and Dichotomous key to
species from Aspergillus viridinutans complex).

No acid production on CREA was observed in A4. felis or in
A. viridinutans s. str., A. brevistipitatus, or A. conversis. In
contrast, isolates of A. fumigatiaffinis and A. lentulus showed
strong acid production. Variation in acid production on CREA
occurred in isolates of A. udagawae and A. wyomingensis. In
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; CCF—Culture

Collection of Fungi in the Department of Botany of Charles University in Prague; IFM—Collection at the Medical Mycology Research Center, Chiba University; NRRL—Agricultural Research Service
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particular, the colony morphology of 4. udagawae isolates is
highly variable in terms of sporulation rate, reverse
colouration and acid production on CREA. Additionally, the
inability of many strains to produce fertile cleistothecia with
tester strains made A. udagawae difficult to identify without
molecular methods.

All isolated species had maximum growth temperatures be-
tween 42 and 45 °C, all isolates grew at 42 °C, and no isolates
grew at 47 °C. Aspergillus viridinutans s. str., A. brevistipitatus
and A. conversis had a maximum growth temperature of 42 °C
and did not grow at 45 °C. Isolate-dependent growth at 45 °C
after 7 d on MEA was observed in 4. wyomingensis (0—16 mm),
A. udagawae (07 mm) and A. felis (020 mm).

Aspergillus conversis and A. brevistipitatus are phyloge-
netically distant from all other anamorphic and heterothallic
species. Closely related homothallic Neosartorya spp. (Fig. 1)
are easily differentiated from A. conversis and A. brevistipitatus .
The micromorphology of both these species is reminiscent of A.
brevipes, A. unilateralis and A. duricaulis which share with
these two species echinulate conidia, short conidiophores and
nodding heads (see Diagnoses in the section Taxonomy below).

Taxonomy

Current nomenclature requires the use of only one name for a
species (McNeill et al. 2012), whereas previously two or more
names could be applied to the same fungus. We continue the
trend in naming Aspergillus species with pleomorphic life cycle
only as Aspergillus (Samson et al. 2011; Hubka et al. 2013a, b).

Aspergillus brevistipitatus A. Novakova & Hubka, sp.
nov. — MB803934; Fig. 3

Etymology. Named after its short conidiophores.

Description. Colonies on CYA 31-37 mm in diam at 25 °C
in 7 days, velutinous, wrinkled, sporulation greater in margin-
al parts, light greenish grey (ISCC-NBS No. 154) to greenish
grey (No. 155), darker coloured margin (greyish green — No.
150), no exudate or soluble pigment production, reverse yel-
lowish white (No. 92) to greyish yellow (No. 90). Good
growth (40-45 mm in diam) and sporulation at 37 °C,
velutinous, wrinkled colonies, olive grey (No. 113) with light
orange yellow (No. 70) reverse, exudate yellowish white.
Colonies on MEA 3643 mm, velutinous, wrinkled, light
bluish grey (No. 190) to greenish grey (No. 155), no exudate
or soluble pigment production, reverse moderate yellow (No.
87) to strong yellow (No. 84). Colonies on YES 40—45 mm in
diam, velutinous, wrinkled, yellowish grey (No. 93) to light
olive grey (No. 112) with light greenish grey margins (No.
154), no exudate or soluble pigment production, reverse mod-
erate yellow (No. 87). Colonies on CZA 28-30 mm in diam,
no sporulation, no exudate or soluble pigment production,
reverse colourless. Colonies on CREA 25 mm in diam, no
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Fig.2 Comparison of ascospores
morphology of homothallic 4.
aureolus and three heterothallic
species in A. viridinutans
complex as observed by SEM. a
A. aureolus; b A. felis; ¢ A.
udagawae; d A. wyomingensis .
— Scale bars 2 pm

visible sporulation, no acid production. Ehrlich test negative.
Maximum growth temperature is 42 °C.

Conidial heads short columnar. Conidiophores arising from
aerial hyphae, smooth, most commonly 34-144x2.5—3.2 um,
septate, sometimes extremely short measuring only several pm,
nodding heads common. Conidial heads uniseriate, vesicles
subglobose to pyriform, 7-13 wm, phialides ampuliform, 3.5
—4.5 um, covering the upper half to two-third of vesicle.
Conidia subglobose, rough, verrucose to spinose, 2-2.9 pm.

Diagnosis. The micromorphology is reminiscent of A.
brevipes, A. unilateralis and A. duricaulis which also have
echinulate conidia and short conidiophores with common
nodding appearance. Colonies of 4. brevipes are purple-red,
and A. unilateralis has nearly black reverses on CZA. The
growth of A. conversis and A. duricaulis on all media is
slower in comparison with 4. brevistipitatus .

Type. us.A, Wyoming, Converse Country, Powder River
Basin, Glenrock—Rolling Hills Wind Plant (former Dave
Johnson Coal Mine), site recultivated by crested wheatgrass
(Agropyron cristatum), ex soil, 2010, A. Novdkovda, holotype
PRM 860543, a dried culture, isotype PRM 860544, culture
ex-holotype CCF 4149”7 (= CMF ISB 2152"=NRRL
62500"=IFM 60858 "=CBS 135454").

Aspergillus conversis Hubka & A. Novékova, sp. nov. —
MBR803935; Fig. 4

Etymology. Relating to Converse County, Wyoming, U.S.A.

Description. Colonies on CYA 25-26 mm in diam at 25 °C
in 7 days, velutinous, wrinkled, with white margin, light
greenish grey (ISCC-NBS No. 154) to greyish yellow green

@ Springer

(No. 122), no exudate or soluble pigment production, reverse
yellowish white (No. 92) to pale yellow (No. 89). Colonies at
37 °C 3040 mm, velutinous, wrinkled, yellowish grey (No.
93), light greenish grey (154) in margin, reverse pale orange
yellow (No. 73). Colonies on MEA 30-32 mm, velutinous
with floccose centre, light greenish grey (No. 154) with pale
green (No. 149) centre, no exudate or soluble pigment pro-
duction, reverse brilliant yellow (No. 83) to brilliant orange
yellow (No. 67). Colonies on YES 32-38 mm in diam,
velutinous, wrinkled, light greenish grey (No. 154) to greenish
grey (No. 155), exudate yellowish white (No. 92) to pale
greenish yellow (No. 104), no soluble pigment, reverse strong
yellow (No. 84). Colonies on CZA 28-30 mm in diam, no
sporulation, no exudate or soluble pigment production.
Colonies on CREA 15-20 mm in diam, no visible sporulation,
no acid production, reverse colourless. Ehrlich test negative to
very light yellow. Maximum growth temperature is 42 °C.

Conidial heads short columnar. Conidiophores arising from
aerial hyphae, smooth, septate, most commonly 47—70(—90)x
2.5—4 um, sometimes extremely short measuring only several
um, nodding heads common. Conidial heads uniseriate, vesicles
subglobose to subclavate, 6.5—9(—12) um, phialides ampuliform,
3.5—5 um, covering the upper half of vesicle. Conidia ellipsoidal
to subglobose, delicately roughened, 2.0—2.8 pum.

Diagnosis. The species is most closely related and
similar to A. brevistipitatus (see “Diagnosis” above) but
the growth of A. conversis is slower on all media and at
all temperatures. The colonies of A. conversis on CZA
lack broad areas of submerged growth which are present
in A. duricaulis.
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Fig.3 Aspergillus brevistipitatus CCF 4149". a—¢ Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d—g conidiophores; h

conidia. — Scale bars 10 pm

Type. us.A, Wyoming, Converse Country, Powder River
Basin, Glenrock—Rolling Hills Wind Plant (former
Dave Johnson Coal Mine), site recultivated by crested
wheatgrass (Agropyron cristatum), ex soil, 2010, A.
Novdkovd, holotype PRM 860541, a dried culture,
isotype PRM 860542, culture ex-holotype CCF
4190"=CMF ISB 2151"=NRRL 62496'=IFM
60857"=CBS 135457".

Aspergillus viridinutans complex

Aspergillus aureolus Fennell and Raper 1955, Mycologia
47: 71 — MB292836; Fig. 5

= Sartorya aureola (Fennell & Raper) Subram. 1972, Curr.
Sci. 41: 760 — MB323108

= Neosartorya aureola (Fennell & Raper) Malloch & Cain
1973, Can. J. Bot. 50: 2620 — MB318627

= Aspergillus aureoluteus Samson & W. Gams 1985, in
Samson & Pitt (eds), Adv. Penicillium Aspergillus Syst.: 34
— MB114698

= Aspergillus indohii Y. Horie 2003, Mycoscience 44: 398
— MB489533

= Neosartorya indohii Y. Horie 2003, Mycoscience 44:
398 — MB489536

Description. Colonies on CYA 54-62 mm in diam at 25 °C
in 7 days, floccose, delicatelly furrowed to irregularly wrin-
kled, pale yellow (ISCC-NBS No. 89), light yellow (No. 86)
to strong yellow (No. 84) with yellowish white margins, no
exudate, no diffusible pigment, reverse deep yellowish brown
(No. 75) to medium olive brown (No. 95) with 3-5 mm
medium yellow (No. 87) margins. Colonies at 37 °C 65—
70 mm in diam, plane to irregularly furrowed, floccose to
lanose with umbonate centre, visible ascomata in some strains,
yellowish white (No. 92) to pale yellow (No. 89), light olive
grey (No. 112) sporulation in some strains, no exudate, no
diffusible colour, reverse reverse yellowish white, pale orange
yellow (No. 73) to strong yellow (No. 84). Colonies on MEA
38-70 mm in diam, velutinous to floccose with umbonate
centre, delicately furrowed to irregularly wrinkled, yellowish
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white (No. 92), pale yellow (No. 89) to brilliant orange yellow
(No. 67), no exudate, no diffusible colour, reverse strong
yellow (No. 84), deep orange (No. 51) to strong brown (No.
55) with light yellow (No. 86) to strong yellow margins.
Colonies on YES 43-58 mm in diam, floccose to lanose,
plane, yellowish white (No. 92) with pale yellow tint in the
colony centre, brilliant orange yellow (No. 67) to pale orange
yellow with paler margins, no exudate, no diffusible colour,
reverse brilliant yellow (No. 83) with vivid orange yellow or
strong to vivid orange (No. 68 and 66) colonies centre or
strong orange (No. 50) to vivid orange (No. 48). Colonies
on CZA 48-53 mm in diam, floccose to lanose, plane, yel-
lowish white (No. 92) to pale yellow (No. 89), colony centre

@ Springer

& .
Fig. 4 Aspergillus conversis CCF 4190". a—¢ Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d—g conidiophores; h
conidia. — Scale bars 10 um

pale yellow (No. 98) to greyish yellow (No. 90) or with pale
orange yellow (No. 73) coloured central parts, no exudate, no
diffusible pigment, reverse yellowish white with strong yel-
low (No. 84) colony centre with several dark greyish yellow
(No. 91), light olive brown (No. 94) or dark olive brown (No.
96) spots or yellowish white with pale yellow tint in colonies
centre. Colonies on CREA 28-43 mm in diam, sparse
colourless to yellow coloured mycelium with visible ascomata
or dense mycelial ring in some strains, weak acid production
under colonies. Ehrlich test negative.

Conidial heads columnar. Conidiophores arising from ae-
rial hyphae, smooth, septate, up to 450.0x2.5—3.5(=5) um,
nodding heads rarely present. Conidial heads uniseriate,
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Fig. 5 Aspergillus aureolus TFM 46935. a—c Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d cleistothecia; e asci; f.

ascospores; g—j conidiophores; k conidia. — Scale bars 10 pm

vesicle clavate, 8—13.5 pum, phialides ampuliform covering
the upper half of vesicle. Conidia broadly subglobose, deli-
cately roughened, 2.1-2.8 um.

Homothallic species; the ascomata visible after 1 week of
incubation on CYA, CYA37, MEA, YES and CREA.
Cleistothecia yellowish white to yellow, globose or
subglobose, 200-650 um in diameter, covered by a felt of
yellowish hyphae; asci eight-spored, globose to subglobose,
10.5—13.5x10-12 um; ascospores lenticular, spore bodies
(4-)4.5-5.5 um in longer axis, with two well-separated,
1-1.5 um wide, irregular equatorial crests, convex surface
echinulate and tuberculate. The species is able to grow at
42 °C and does not grow at 45 °C.

Diagnosis. The species is homothallic in contrast to other
members of A. viridinutans complex. The most of isolates

have typical yellow to golden yellow colonies, most conspic-
uous on MEA and CYA. The ascospores have echinulate and
tuberculate convex surface, broad equatorial crests and are
very similar to those of heterothallic A. felis. Colonies in
shades of yellow and orange can be found in several other
species (4. auratus, A. laciniosus, A. multiplicatus and A.
stramenius) and all of them can be distinguished by different
ascospores morphology and spectrum of produced secondary
metabolites (Samson et al. 2007a). Aspergillus laciniosus and
A. auratus have ascospores with convex surface smooth or
slightly roughened by light microscopy, in addition 4. auratus
has slower growth paramethers on all media and temperatures
and has smaller cleistothecia. Aspergillus laciniosus is able to
grow at 47 °C in contrast to 4. aureolus. Ascospores of A.
multiplicatus lack equatorial crests and have ribbed to
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reticulate ornamentation. The cleistothecia of A. stramenius are
smaller and its ascospores are less conspicuously roughened.

Ecology. Soil of tropical countries (Brazil, Ghana, Liberia,
Suriname), passion-fruit juice (Fiji). References: Fennell and
Raper (1955); Peterson (1992); Horie et al. (1995); Horie et al.
(2003); Samson et al. (2007a).

Specimens examined. Five isolates, see Table 2.

Nomenclatural notes. The new botanical code (McNeill
et al. 2012) enables the use of some well known holomorphic
names that were treated as invalid in the dual nomenclature
system and have priority over names proposed later separately
for teleomorph and anamorph. This is true for A. aureolus.
However, inappropriate type (living culture) was designated by
the Fennell and Raper (1955), and the species is neotypified

Fig. 6 Aspergillus felis CCF 4497. a—¢ Colonies incubated 7 days at

25°Con CYA, MEA and YES, from left to right; d fertile cleistothecia as
a result of crossing of isolates IFM 60053 and FRR 5679 on MEA after

@ Springer

here. Incorrect type designation before 1st January 1958 do not
affect validity of published name [Art. 40.1; McNeill et al. 2012].
Type. Ghana, ex soil, 1950, C. F. Charter, a dried culture
Herb. CBS 105.55 derived from the living culture CBS
105.55 is here designated as neotype. Ex-neotype culture
CBS 105.55"=NRRL 2244"=IFM 47020"=IMI 06145".

Aspergillus felis Barrs, van Doormn, Varga & Samson 2013,
Plos One 8: 64871 — MB560382; Fig. 6

=? Aspergillus fumigatus var. sclerotiorum J.N. Rai, S.C.
Agarwal & J.P. Tewari 1971, J. Ind. Bot. Soc. 50: 66 —
MB347792

Description. Colonies on CYA 52—-65 mm in diam at 25 °C
in 7 days, floccose, plane to slightly wrinkled in central part of

6 weeks. e—f cleistothecia. g asci and ascospores. h—j conidiophores; k.
conidia. — Scale bars 10 pm
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colonies, yellowish white (ISCC-NBS No. 92) to very pale
green (No. 148), pale green (No. 149) in marginal parts,
greyish yellow green sporulation (No. 122) after 14 days, no
exudate or soluble pigment production, reverse yellowish
white (No. 92) to pale yellow (No. 89). Colonies at 37 °C
65—70 mm, lanose, irregularly wrinkled, yellowish white (No.
92), reverse pale yellow (No. 89). Colonies on MEA 54—
68 mm, floccose, white to yellowish white (No. 92) to very
pale green (No. 148), after 14 days greenish grey (No. 155) to
greyish green (No. 150) sporulation, no exudate or soluble pig-
ment production, reverse brilliant yellow (No. 83) to strong yellow
(No. 84). Colonies on YES 65-70 mm in diam, floccose, regularly
wrinkled, white, light yellow (No. 89) to very pale green (No.
148), no exudate or soluble pigment production, reverse moderate
yellow (No. 87). Colonies on CZA 4548 mm in diam, plane,
whitish yellow. Colonies on CREA 40-55 mm in diam, poor
mycelial growth, no acid production, reverse colourless. Ehrlich
test negative to very light violet. Only some isolates were able to
grow restrictedly (up to 20 mm) at 45 °C.

Conidial heads short columnar. Conidiophores arising from
aerial hyphae, smooth, up to 252 x3-5.5(=6.5) um, nodding
heads occasionally present. Conidial heads uniseriate, vesicles
subglobose to subclavate, (7—)9—18(—20) um, phialides
ampuliform covering the upper half of vesicle. Conidia broad-
ly subglobose, delicately roughened, 2.3—2.8 um.

Heterothallic species; the ascomata visible after 3 weeks of
incubation on MEA, OA and PDA at 25, 30 and 37 °C, mature
ascospores present after 4—6 weeks. Cleistothecia yellowish
white, globose or subglobose 300—1,000(—1,250) um in di-
ameter, glabrous or covered by a loose felt of white hyphae;
asci eight-spored, globose to subglobose 10-12%9.5-11 pum;
ascospores lenticular, spore bodies 3.2-5 pum in longer axis,
with two well-separated, 1-1.5(—2) pm wide, irregular equa-
torial crests, convex surface echinulate and tuberculate.

Diagnosis. The morphology of ascospores with markedly
echinulate and tuberculate convex and broad equatorial crests
(> 1 um wide) differentiates A. felis from other heterothallic
species in A. viridinutans complex. Some other heterothallic
species have somewhat similar ascospores but all of them can
be differentiated using morphology and physiology. The con-
vex surface of ascospores of A. spathulatus is smooth, A.
nishimurae has broadly ellipsoidal conidia and is able to grow
at 47 °C in contrast to A. felis, the convex surface of asco-
spores of A. fennelliae and A. otanii is only delicately rough-
ened, and their colonies on MEA have greyish colour.

Ecology. Soil (Czech Republic, India, U.S.A., Zambia),
Pinus caribea (Sri Lanka), indoor air (Germany); human
pathogen (or clinical material contaminant in some cases)—
lungs, upper respiratory tract, thigh bone, cornea, nail (Japan,
Portugal, Spain, U.S.A.), animal pathogen—thoracic mass
and retrobulbar abscess in cats (Australia, Japan, UK), vitre-
ous humor in dog (Australia). References: Rai et al. (1971);
Varga et al. (2000); Katz et al. (2005); Yaguchi et al. (2007);

Alcazar-Fuoli et al. (2008); Vinh et al. (2009a); Coelho et al.
(2011); Barrs et al. (2012); Shigeyasu et al. (2012); Barrs et al.
(2013); Kano et al. (2013); Pelaez et al. (2013)

Specimens examined. Eleven isolates, see Tables 1 and 2.
A dried colony from a paired culture of isolates CCF 4171=
CMF ISB 2162=IFM 60852 xIFM 60053 was deposited as
PRM 860735 and PRM 860736.

Type. Australia, retrobulbar mass in domestic short-haired
cat, holotype CBS H-21125, culture ex-holotype CBS 130245,

Aspergillus udagawae Horie, Miyaji and Nishim. 1995,
Mycoscience 36: 199 — MB412533; Fig. 7

= Neosartorya udagawae Y. Horie, Miyaji & Nishim.
1995, Mycoscience 36: 199 — MB413573

Description. Colonies on CYA 40-60 mm in diam at 25 °C
in 7 days, velutinous to effuse, wrinkled, yellowish white
(ISCC-NBS No. 92) to light greenish grey (No. 154) but
strongly coloured in some strains with moderate greenish blue
(No. 173), dark bluish green (No. 165) to dark greenish blue
(No. 174) colour with sporulation in marginal area or on the
whole colony surface, no exudate or soluble pigment produc-
tion, reverse yellowish white (No. 92). Colonies on CYA at
37 °C 65-70 mm, lanose, yellowish white (No. 92) to greenish
grey (No. 155) to dark greenish grey (No. 156) in parts with
visible sporulation, reverse pale yellow (No. 89). Colonies on
MEA 42-65 mm in diam, floccose, plane to very fine wrin-
kled, white to yellowish white (No. 92), in some strains with
pale yellow in the centre, sporulation in very light bluish green
(No. 162) to moderate bluish green (No. 164), no exudate, no
diffusible pigment in some strains or yellow pigment in other
ones, reverse yellowish white (No. 92) to vivid yellow (No. 82)
in the case of diffussible pigment production. Colonies on YES
62—75 mm in diam, floccose, plane to wrinkled, yellowish
white (No. 92) to light greenish grey (No. 154), no exudate or
soluble pigment production, reverse yellowish white (No. 92).
Colonies on CZA 37-47 mm in diam at 25 °C, velutinous,
plane to sporadicaly wrinkled, with 0.3-0.5 mm submerse
margins, yellowish white (No. 92), no exudate, no soluble
pigment, reverse yellowish white. Colonies on CREA 46—
50 mm in diam, floccose, pure sporulated, without acid pro-
duction in some strains to slight or very strong acid production
in other ones. Ehrlich test negative. Only some isolates were
able to grow restrictedly (up to 7 mm) at 45 °C, all grew at
42 °C.

Conidial heads columnar. Conidiophores arising from the
aerial hyphae up to 500%(2.5-)3—6.5 um with stipes smooth,
vesicles hemispherical to subglobose, 11-18(—19.5) um, nod-
ding heads occasionally present. Conidia globose, subglobose
to ellipsoidal, smooth, 2.4-3.2 um.

Heterothallic species; the ascomata visible after 3 weeks
of incubation on MEA at 25 °C, mature ascospores present
after 5-6 weeks. Cleistothecia yellowish white, globose or
subglobose 300—600(—1,000) um in diameter, glabrous or
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Fig.7 Aspergillus udagawae CCF 4493. a—c Colonies incubated 7 days

at25 °C on CYA, MEA and YES, from left to right; d fertile cleistothecia
as a result of crossing of mating ex-type isolates IFM 46972M" and IFM

covered by a loose felt of white hyphae; asci eight-spored,
globose to subglobose 9.5-11.5%x9—11 pum; ascospores len-
ticular, spore bodies 4.1-5.2 um in longer axis, with two
well-separated, 0.5-0.8 um wide equatorial crests, convex
surface tuberculate.

Diagnosis. The species can be differentiated from other
heterothallic species by the ascospores with tuberculate con-
vex surface and two well visible equatorial crests that do not
exceed 1 um. The ascospores of recently described
teleomophic stage of A. lentulus (Swilaiman et al. 2013) have
similar morphology with tuberculate convex surface and
equatorial crests <1 um (Céline M. O’Gorman, personal com-
munication). However, reticulate convex surface texture may
be more pronounced in 4. lentulus ascospores. The isolates of
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46973MT on MEA after 6 weeks. e—f cleistothecia. g ascospores. h ascus.
i—k conidiophores; 1 conidia. — Scale bars: g-h=5 pum; i-1=10 pm

A. lentulus always grow at 45 °C and produce different
spectrum of secondary metabolites (Samson et al. 2007a).

Ecology. Soil (Brazil, Korea, U.S.A.), food (Japan), human
pathogen (or clinical material contaminant in some cases)—
lungs, upper respiratory tract, brain, cornea, nail (Czech
Republic, Italy, Japan, U.S.A.), animal pathogen—respiratory
tract and retrobulbar mass in cats (Australia, Japan). References:
Horie et al. (1995); Katz et al. (2005); Balajee et al. (2006); Vinh
et al. (2009b); Yaguchi et al. (2007); Kano et al. (2008); Balajee
et al. (2009); Hong et al. (2010a, b); Posteraro et al. (2011);
Gyotoku et al. (2012); Kano et al. (2013)

Specimens examined. Fifty-seven isolates, see Tables 1 and 2.

Type. Brazil, Sdo Paulo, Botucatu, Lagoa Seka Avea, ex soil
in plantation, 1993, Y. Horie, holotype CBM-FA-0711, a dried
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colony from a paired culture of isolates MAT1-1 ITFM 46972MT=
CBS 114218MTxMAT1-2 IFM 46973MT=CBS 114217MT,

Aspergillus viridinutans Ducker and Thrower 1954, Aust.
J. Bot. 2: 355 — MB292864; Fig. 8

Description. Colonies on CYA in 2840 mm in diam at
25 °C in 7 days, velutinous to floccose, plane to slightly
wrinkled and umbonate in central part of colonies, yellowish
white (ISCC-NBS No. 92) to pale yellow (89), no exudate or
soluble pigment production, reverse pale orange yellow (No.
73) to light orange yellow (No. 70). Colonies at 37 °C 40—
50 mm, velutinous, irregularly wrinkled with umbonate cen-
tral part, greyish white (No. 153) to light greenish grey (No.
154), reverse light orange yellow (No. 70) to pale orange
yellow (No. 73) in marginal part of the colony or greyish

N

yellowish brown (No. 80) to moderate olive brown (No. 95)
to greyish green (No. 150). Colonies on MEA 31-33 mm,
velutinous to floccose, plane to lightly wrinkled, umbonate in
the centre, white margin 1-3 mm, sporulation pale green (No.
149), greyish green (No. 150) to light greyish grey (No. 154)
in the central umbonate part of colony, reverse light yellow
brown (No. 76) with yellowish white margin or yellowish
white to pale orange yellow (No. 73) to dark orange yellow
(No. 72) in the centre. Colonies on YES 32-37 mm, floccose,
irregularly lightly wrinkled, yellowish white, yellowish white
to pale yellow (No. 89), pale orange yellow exudate, droplets
to 1 mm, some of them to 2-3 mm in diam, reverse light
yellow brown (No. 76) to moderate orange yellow (No. 71).
Colonies on CZA 19-25 mm in diam at 25 °C, velutinous,
plane with umbonate centre, yellowish white (No. 92) with

-‘." i |

2

Fig. 8 Aspergillus viridinutans TFM 47045, a—¢ Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d—h conidiophores; i

conidia. — Scale bars 10 pm
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light greenish grey (No. 154) to pale green (No. 149) sporu-
lation, no soluble pigment, reverse yellowish white. Colonies
on CREA 18-21 mm, effuse, yellowish white, no visible
sporulation, no acid production. Ehrlich test negative.

Conidial heads columnar. Conidiophores arising from ae-
rial hyphae, smooth, most commonly 20-70(—112)*3—-4(-5)
pum, sometimes extremely short measuring only several pm,
nodding heads common. Conidial heads uniseriate, vesicles
globose, 7.5-12(—14) wm, phialides ampuliform covering the
upper half of vesicle. Conidia globose to subglobose, smooth
to delicately roughened, 2-2.8 pum.

Diagnosis. The species can be differentiated from other
anamorphic or heterothallic species by overall relatively slow
growth parameters, inability to grow at 45 °C, colourless
reverse on CZA, presence of nodding heads, short conidio-
phores, globose and almost smooth conidia.

Ecology. Dung of Oryctolagus cuniculus and soil (both at
Frankston, Australia). References: McLennan et al. (1954).

Specimens examined. The species is only represented by
the ex-type isolate.

Nomenclatural notes. Original material represented by illus-
tration is extant for 4. viridinutans, however the species was
lecto- and later neotypified by a specimen dried from the original
living culture (Samson and Gams 1985; Pitt and Samson 2000).
In this study, we designated a lectotype (iconotype) to supersede
neotype designated by Pitt and Samson (2000) and this “neo-
type” is here designated as epitype.

Type. Australia, Frankston, dung of Oryctolagus cuniculus ,
lectotype designated here—Fig. 2 in McLennan et al. 1954,
Aust J Bot 2: 359; epitype designated here—Herb. IMI 62875,
a dried culture, culture ex-epitype CBS 127.56"'=NRRL
4365"=NRRL 576" =IFM 47045"=IMI 367415"=CCF 4382".

Aspergillus wyomingensis A. Novakova, Dudova and
Hubka, sp. nov. —MB803936; Fig. 9

Etymology. Named after the state of Wyoming (U.S.A.).

Description. Colonies on CYA in 52-58 mm in diam at
25 °C in 7 days, velutinous, wrinkled, yellowish white (ISCC-
NBS No. 92) with poor sporulation on the colony margin (pale
yellow green—No. 121) after 14 days, no exudate or soluble
pigment production, reverse pale yellow (No. 89). Colonies at
37 °C 65-70 mm, floccose to lanose, wrinkled, yellowish white
(No. 92), reverse pale yellow (No. 89). Colonies on MEA 43—
44 mm, floccose, plane, yellowish white (No. 92), no exudate,
soluble pigment present after 14 days—brilliant greenish yel-
low (No. 98) to vivid greenish yellow (No. 97), reverse light
yellow (No. 86) with moderate yellow (No. 87) parts, brilliant
greenish yellow (No. 98) to vivid greenish yellow (No. 97).
Colonies on YES (60—)68—70 mm in diam, velutine to
floccose, wrinkled, yellowish white (No. 92), no exudate, no
soluble pigment, reverse strong yellow (No. 84) to deep yellow
(No. 85). Colonies on CZA 38-42 mm in diam, plane, whitish
yellow. Colonies on CREA 46-50 mm in diam, poor mycelial
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growth, acid production strong or only under the colony.
Ehrlich test negative. Only some isolates were able to grow
restrictedly (up to 16 mm) at 45 °C, all grew at 42 °C.

Conidial heads columnar. Conidiophores arising from aerial
hyphae, smooth, up to 275.0x(3—)4—6.5(=7) um, nodding
heads occasionally present. Conidial heads uniseriate, vesicles
subglobose to globose, pigmented, 11—19(—24) um, two-thirds
covered by ampuliform phialides. Conidia subglobose, deli-
cately rough, 1.7—2.8(—3.3) um, light green in mass.

Heterothallic species; the ascomata visible after 3 weeks of
incubation on OA at 25, 30 and less abundant at 37 °C, mature
ascospores present after 4—5 weeks. Cleistothecia white, glo-
bose or subglobose 180—500(—600) wm in diameter, covered
by a dense felt of white hyphae; asci eight-spored, globose to
subglobose 10-12x10-11 pum; ascospores lenticular, spore
bodies (3.2—)3.6—5 pm in longer axis, equatorial crests absent
or are very low and difficultly distinguishable by light micros-
copy, shallow equatorial furrow is present, short ribs, rough
tubercles and echines are present on the convex surface and
clearly visible using light microscopy, a part of ascospores
lack ornamentation as well as equatorial crests and furrow.

Diagnosis. The morphology of ascospores with convex
surface covered by ribs and echines and very low to absent
equatorial creast differentiating A. wyomingensis from all
species in A. viridinutans complex as well as from all other
heterothallic species in section Fumigati.

Ecology. Soil (USA, Russia, China). References: Varga
et al. (2000).

Specimens examined. Fourteen isolates (see Tables 1 and
2). A paired culture of isolates CCF 4416 (= CMF ISB 1976=
CBS 135455)xCCF 4417" (= CMF ISB 2494"=CBS
135456") was deposited as PRM 860737-8.

Type. us.A, Wyoming, Converse Country, Powder River
Basin, Glenrock—Rolling Hills Wind Plant (former Dave
Johnson Coal Mine), site recultivated by crested wheatgrass
(Agropyron cristatum), ex soil, 2010, A. Novdkova, holotype
PRM 861504, a dried culture, isotype PRM 861505, culture
ex-holotype CCF 4417"=CMF ISB 2494

Dichotomous key to species from Aspergillus viridinutans
complex

la) homothallic .............coooiiiiiiiiinns, A. aureolus
1b) heterothallic or anamorphic ............c.oeveeeviiinannnn. 2
2a) colonies on MEA after 7 d at 25 °C<35 mm; conidio-
phores on MEA <120 pm ......................A. viridinutans
2b) colonies on MEA after 7 d at 25 °C>35 mm; at least some
conidiophores on MEA>120 um .....ccooveveeceeennenn 3

3a) ascospores without equatorial crests or with very low crests
(O02HUMm) ..eveiiiivciceivvenee e e e e oo . LA Wyomingensis
3b) ascospores with two clearly distinguishable equatorial
crests (> 0.5 pmwide) ....vvvveen i 4
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Fig. 9 Aspergillus wyomingensis CCF 4417". a—¢ Colonies incubated
7 days at 25 °C on CYA, MEA and YES, from left to right; d fertile
cleistothecia as a result of crossing CCF 4416 and CCF 4417" on OA

4a) equatorial crests narrower than 1 pum ...............A. udagawae
4b) equatorial crests wider than 1 um ......................A. felis

Discussion

The isolates traditionally named A. viridinutans show consid-
erable phenotypic variability but typically share nodding
heads (some vesicles borne at an angle to the stipe) and
relatively poorly sporulating colonies with abundant aerial
mycelium (in comparison with 4. fumigatus s. str.) as impor-
tant morphological characteristics. Previous studies based on
molecular data confirmed that 4. viridinutans includes several
lineages but the species boundaries were not clearly

after 6 weeks. e—f cleistothecia. g—h asci. i ascospores. j—1 conidio-
phores; m conidia. — Scale bars: g—i=5 pm; j-m=10 pm

determined, and A. viridinutans was retained as a species
complex (Varga et al. 2000; Katz et al. 2005; Hong et al.
2010b). Aspergillus viridinutans was originally described
from rabbit dung (Australia) (McLennan et al. 1954) and
seems to be very rare species according to the species concept
presented here. As far we know, no other isolate identical to
the ex-type strain based on molecular methods has been
published. As discussed by Varga et al. (2000), the use of
nodding heads as a morphological characteristic is misleading
because it is present in not only the 4. viridinutans complex but
also many non-related species from the section Fumigati, includ-
ing A. brevipes (Smith 1952), A. duricaulis (Raper and Fennell
1965), A. marvanovae (Hubka et al. 2013b), A. unilateralis
(McLennan et al. 1954), N. pseudofischeri (Paden 1968;
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Peterson 1992) and two newly described species, A.
brevistipitatus and A. conversis.

Species of the section Fumigati, including those of the 4.
viridinutans complex, are most commonly isolated from soil
and clinical material (Katz et al. 2005; Yaguchi et al. 2007;
Hong et al. 2010a, b). In this study, we examined many
isolates belonging to A. viridinutans complex which were
dominant inhabitants of reclamation site soils. Seven species,
including three undescribed species, were identified using an
approach combining morphological, physiological, molecular
and mating data. The boundaries between species from the A.
viridinutans complex were established with an emphasis on our
and previous mating experiment results. Three teleomorphs of
heterothallic A. felis, A. udagawae and A. wyomingensis sp. nov.
showed different ascospores morphology which is treated here as
the most important phenotypic feature for these species (Fig. 2).
None of these three species produced cleistothecia when paired
with the ex-type isolate of A. viridinutans. The MAT1-1
idiomorph was partially characterised in the ex-type isolate of
A. viridinutans TFM 470457 using the primers alphal and
alpha? (Sugui et al. 2010). No product was observed on elec-
trophoretograms when using the primers HMGI1 and
HMG2 designed for the MATI1-2 locus. These results
suggest that 4. viridinutans is also heterothallic, although no
opposite mating type isolate is currently available for mating
experiments.

Aspergillus felis and A. udagawae both include several
strongly supported lineages which could be considered to rep-
resent separate species (Fig. 1) when only molecular data are
taken into account. However, mating experiments clearly de-
fined species boundaries in 4. felis, as the opposite mating type
isolates readily produced fertile cleistothecia and did not mate
with species of the other clades. Similar results were obtained for
A. wyomingensis. The interpretation of the mating experiment
results for A. udagawae was problematic. The ascospores were
observed in only limited number of crosses, most commonly
with the mating ex-type isolate IFM 46972, However, these
crosses were distributed across all three major subclades
(Fig. 1), supporting A. udagawae as relatively large species.
Substructuring in 4. udagawae isolates based on sequence data
was also observed by Yaguchi et al. (2007) and Sugui et al.
(2010). Previous mating experiments were either unsuccessful
or successful in a very limited number of clinical isolates of 4.
udagawae (Balajee et al. 2006; Yaguchi et al. 2007; Vinh et al.
2009b; Sugui et al. 2010). Some isolates examined by Sugui
etal. (2010) and Matsuzawa et al. (unpubl. data) were similar or
identical based on sequence to a majority of A. udagawae
isolates from Wyoming and were mated successfully with the
ex-type strain. These data suggest that A. udagawae is one
genetically diverse species with decreased ability to produce
fertile ascomata rather than multiple cryptic species. A decline
in the level of sexual reproduction was also reported for the
human pathogen A. fimigatus (O’Gorman et al. 2009).

@ Springer

In contrast to Sugui et al. (2010) who observed a MA1-
1:MAT1-2 ratio of 6:4 among clinical isolates of 4. udagawae,
we observed considerable bias toward MAT1-2 over MAT1-1
isolates (42:13). A comparable number of opposite mating type
isolates were identified among A. felis (MAT1-1:MAT1-2, 4:6)
and 4. wyomingensis (8:6) isolates. Unequal ratios between
MAT1-1 and MAT1-2 isolates in A. udagawae populations
could indicate decreased sexuality levels, as observed in some
other genera (Brygoo et al. 1998; Yun et al. 2000). Further
studies from geographically distant regions are needed to sup-
port our observation and to exclude the link between virulence
and mating type idiomorph which was, for example, described
in Cryptococcus neoformans (Nielsen et al. 2003).

Based on sequence data previously deposited in GenBank,
all clinically important cases of human and animal infections
due to species from the A. viridinutans complex belong to the
A. udagawae (Katz et al. 2005; Balajee et al. 2006; Vinh et al.
2009b; Yaguchi et al. 2007; Kano et al. 2008; Balajee et al.
2009; Posteraro et al. 2011; Gyotoku et al. 2012; Kano et al.
2013) and A. felis clades (Katz et al. 2005; Yaguchi et al. 2007,
Alcazar-Fuoli et al. 2008; Vinh et al. 2009a; Coelho et al. 2011;
Barrs et al. 2012, 2013; Shigeyasu et al. 2012; Kano et al. 2013;
Pelaez et al. 2013). No clinically relevant cases have been
reported for A. viridinutans s. str. or A. wyomingensis sp. nov.
The majority of species in A. viridinutans complex (4. felis,
A. udagawae and A. wyomingensis) seems to be worldwide
distributed in soil, 4. aureolus is probably restricted to soil of
tropical countries (see “Ecology” in section Taxonomy).

An unexpected species spectrum, with the notable absence
of A. fumigatus, was obtained using a combination of several
isolation techniques from reclamation site soils. Our results
and data previously published by Hong et al. (2010a) for
arable soil indicate that the spectrum of species from the
section Fumigati in soil is relatively wide and is not restricted
to A. fumigatus which was usually referred to as predominant.
On the other hand, reclamation sites and arable soil share
unstable environmental conditions affected by human-
mediated external interventions, and non-fumigatus species
could play a specific role in these sites. Data on the occurrence
of section Fumigati members in climax soils that have been
verified by molecular methods are not currently available, and
the species spectrum could be diametrically different.
Aspergillus udagawae, an opportunistic human and animal
pathogen with increasing incidence in the U.S.A. and world-
wide, has never been reported as a dominant species in soil.
Reclamation sites and dump soils could be an important
source of this pathogen, together with other non-fumigatus
opportunistic pathogens such as A. felis and A. lentulus.
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