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Cosmospordin the broad sense; Nectriaceae, Hypocrealegmgcota) are fungi
that parasitize other fungi, particularly fungitire Xylariales (Ascomycota), or scale
insects. Morphologically, these fungi are knownHaring one of the most simplest
and smallest sexual fruiting bodies (<30@) among the Nectriaceae. The sexual
spores are generally warted. The majoritCobmosporapecies have acremonium-
like or fusarium-like asexual states. The nabaesmosporas derived from the
ornamentation in the sexual spores &smos= ornamented + Gepora= spore).
The main goals of this dissertation were to re@ssmosporaensu stricto, and to
determine the evolutionary relationship betw€arsmosporapecies and their
associated fungal hosts. AdditionalGprallomycetellaNectriaceae, Hypocreales,
Ascomycota), a lineage basal@osmosporaensu lato, was revised as well.

Molecular and classical taxonomic tools were usevise the genera. A genus was



recognized if the clade met the following criterla:the clade was well supported, 2)
the clade was associated with a unique asexual stadl 3) the clade was
ecologically different. A species was recognizethd clade met the following
criteria: 1) the clade was well supported in thgamey of single gene trees, 2) the
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in this dissertation. A significant global congraerwas determined between the
Cosmosporand host phylogenies. However, host-switch evesgsned more
abundant in the early lineages of the host, wholgpeciation events seemed more
common in more recent lineages of the host. Thysggfenetic signature is consistent
with pseudocospeciation, but it could not be conéid given that divergence
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Preface

This dissertation contains an introductory chagtar original articles/chapters, and

a concluding chapter. Each original article is preed in manuscript format. The first
three original articles represent taxonomic wonkHseudocosmospor@. Herrera &

P. ChaverriCorallomycetellaHenn., andCosmospord&abenh., respectively, and
have similar methodologies. The fourth originalce&tis a coevolutionary study
between cosmospora-like fungi and their associfateglal hosts. A single reference
section containing all the cited literature throaghthe dissertation is presented at the

end.
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Introduction

This dissertation is a contribution to fungal systéics. Systematics is the science of
biological diversity, specifically the science tlaigcovers, describes, and classifies
all organisms. Taxonomy and nomenclature are paysiematics. Taxonomy deals
with the classification of species, and homenckaprovides the principles and rules
to name species and other taxa (reviewed in SchBhog&ver 2009). In this
dissertation, a classification reflecting phyloganeslationships (phylogeny) was

sought.

Fungi remain a poorly known group of organisms.dgalmliversity is estimated
conservatively at 1.5 million species; howeverydth of fungal species have been
identified and studied (Hawksworth 1991, 2001) haligh the number of described
species has risen exponentially since the firgtadof the Dictionary of the fungi
(reviewed in Blackwell 2011), there is much fundadersity to be discovered. Hence,
taxonomic work, such are the first three artictethis dissertation, is important to

discover new species and to increase our knowletitiee world’s biota.

The fungal system studied in this dissertation @asmospor&abenh. (sensu lato;
Nectriaceae, Hypocreales, Ascomycota). Fungi irHiyeocreales are characterized
by brightly colored, soft-textured, ostiolate asedan(sexual fruiting bodies);
unitunicate asci; and hyaline to golden-yellow/gwiebrown ascospores (sexual

spores; Rogerson 1970; Rossman et al. 1999). Hgal®an asexual states are



numerous, but they generally have phialidic corgdimesis (or conidium
development; Samuels and Seifert 1987). Thereesensfamilies in the
Hypocreales: Bionectriaceae, Clavicipitaceae, Capitaceae, Hypocreaceae,
Nectriaceae, Niessliaceae, and OphiocordycipitaCHae Nectriaceae have generally
superficial, red to purple, uniloculate ascomatd tthange color in 3% KOH and
lactic acid and have non-disarticulating ascospdviesnbers of the Nectriaceae are
unlike species of other major hypocrealean famsigsh as the Hypocreaceae that
have disarticulating ascospores and from the Bimiaeeae that have white to brown
ascomata that do not change color in 3% KOH actitlacid (Rossman et al. 1999).
Higher-level phylogenetic studies have confirmegl tectriaceae to be a distinct
monophyletic family (Rehner & Samuels 1995; Rossetaal., 2001; Castlebury et

al. 2004).

Cosmospordsensu lato) have reddish, small-sized (<300 mg¥cand pear-shaped
sexual fruiting bodies (perithecia). The asci argunicate, cylindrical to clavate, and
usually have an apical ring. Each ascus contagi#,ainiseriately arranged sexual
spores (ascospores). The ascospores are elligseltipsoid-fusiform, one-septate,
yellow-brown and warted at maturity (Samuels efl@B1; Rossman et al. 1999). The
morphology of the sexual state is highly conseragd, it is the main reason that at
one time there were 73 species classified uGdsmosporgsensu lato;
http://www.indexfungorum.org). HoweveZ,osmosporavas thought to be
polyphyletic given the range of asexual statesrtarphs). With the use of molecular
data, the genus was restricted to cosmosporatlikgi fvith an acremonium-like

asexual state3rafenharet al. 2011). Many monophyletic genera were ravioe



created to accommodate the remaining spe€laetopsindRambelli,
NectricladiellaCrous & Schochi-usicollaBonord. Kryptocosmosporélirooka et
al., Macroconia(Wollenw.) GEfenhan et al.MicroceraDesm.Pseudocosmospora
C. Herrera & P. ChaverriStylonectriaHohn., andvolutellaFr. (Schoch et al. 2000,

Grafenharet al. 2011, Luo and Zhang 2010, 2012, Herreed. &013).

Most cosmospora-like fungi are parasites of othagf (mycoparasites) including
Cosmosporaensu stricto. Tsuneda (1982) first describedtteeck by cosmospora-
like mycoparasites. Species@bsmosporgenetrate the fruiting bodies of the host,
and slowly consume the fleshy insides of the fuingest with its vegetative hyphae.
This growth ofCosmosporan their hosts is slow, perhaps to ensure an dgtén
period of nutrient uptake. The fungal host is dblenature, but is prevented from
releasing its ascospores. Ultimately, the host'sh insides are completely replaced
by vegetative hyphae of tli@smosporapecies. The mycoparasitic attack ends with
the formation of perithecia directly on the surfate¢he host’s fruiting bodies, while
simultaneously consuming its own vegetative hygba¢he production of perithecia

(Tsuneda 1982).

An exception to the fungicolous habit of cosmosgdika fungi isMicrocera, which

IS entomo-parasitic on scale insec&sdfenharet al. 2011). Porcelli & Frisullo
(1998) suggested that insect dispersal might berheary dispersal mechanism for
this group of fungi; asexual spores (conidia) aspersed via crawlers. It suggests
that the attack bivicroceraspecies is slow, but ultimately it will kill theale insect
carrying conidia. Species suchMslarvarumonly affects female scale insects,

which are not allowed to reproduce. The bodiesfefated scale insects are



completely colonized with hyphae, and appear axfwaummies.” Sporodochia
(fructifications of the asexual state) and perithece formed on the dead mummified
scale insects; the sporodochia appear as a whitlstdrical stalk and an orange
globular head (Porcelli & Frisullo 1998). Additidlya some species dflicrocera

have been shown to be lichenicolous (Bills et @02 unpublished data).

Species of cosmospora-like fungi are of economoirtance. Species Microcera
have the potential to become biocontrol agentsnagacale insects, and have been
shown to contain pharmaceuticadlgtive secondary metabolites. Studies have shown
high mortality rates of scale insects caused bhaiss ofMicrocerain vitro

conditions (Ganassi et al. 2000; Cozzi et al. 208R)antidiabetic secondary
metabolite (aquastatin A), which could be usefdiast type 2 diabetes and obesity,
was extracted from a specieshitroceraisolated from intertidal sediments (Seo et
al. 2009). Antifungal metabolites called parnafunsgivere extracted from ti.
larvarum species complex. Parnafungins have been showave jotent and broad-
spectrum growth inhibitory activity against impart&linical fungal pathogens such
asAspergillus fumigatuandCandida albicangBills et al. 2009). It is possible that
other cosmospora-like fungi could have similar grbijes toMicrocera Species of
Pseudocosmospoi@e parasites of specieskitypaTul. & C. Tul. andEutypella
(Nitschke) Sacc. (Herrera et al. 2013), which idelsome important plant pathogens.
For exampleEutypadieback of grapevine is causedibytypa lata(Pers.) Tul. & C.
Tul., and is responsible for significant econonaisdes in the wine industry (Siebert
2001). Finding @seudocosmosporspecies that could be used as a biocontrol agent

against plant diseases causedEhyypaandEutypellaspecies is likely.



Chapter Summaries

The goal of the first chapter is to determine thentity ofCosmospora vilior
(Starback) Rossman & Samuelsmospora viliowas a confused species as result
of the conservative morphology 6Gbsmosporapecies. The name was applied to
Cosmosporapecies that grow on xylariaceous fungi (fungmvgng on the fruiting
bodies the Xylariaceae) and had a dark-green calargornmeal-dextrose agar
(CMD; Samuels et al. 1991). However, the holotypecgmen ofC. vilior was
determined to grow onutypellaspecies. A recently collected specimen resembling
the holotype specimen @. vilior was selected as epitype. An epitype is a specimen
that supplements the holotype specimen (i.e.owides information on missing
characters such as DNA barcod€X)smospora vilioclustered with other
Cosmosporapecies that grew diutypaandEutypellaspecies. The clade was
determined to be distinct from other cosmospora-jknera, and described as a new
genusPseudocosmospol@. Herrera & P. Chaverri. The following charactenste
Pseudocosmospospecies: the asexual state (acremoniume-like), afeng (salmon-
pink in potato-dextroxe agar), and the hosts. aties were included in
PseudocosmospoiacludingP. vilior (Starback) C. Herrera & P. ChaveriC.

vilior). The first chapter has been published as Heateah (2013a).

The second chapter is a taxonomic revisio@oifallomycetellaHenn. (Nectriaceae,
Hypocreales, Ascomycotayorallomycetellas basal taCosmospordin the broad
sense, excludinGhaetopsinandVolutellg Hirooka et al. 2011). Two species of
Corallomycetellavere included in Rossman et al. (1999), and aetglathogens of

tropical trees such as rubber trelds\ea brasiliensi$1ill.Arg.). Corallomycetella



species are characterized by the root-like strast(thizomorphs) produced in culture
and in nature. The ascospores are reported to betsrimC. repengBerk. &
Broome) Rossman & Samuels and roughened. ijiatrophae(Moéller) Rossman &
Samuels. However, a recent collection had striagedspores, but otherwise was
similar toCorallomycetellaspecies. This collection led us to re-examine
Corallomycetellaand determine if this unusual specimen repredemteew species.
Striated ascospores (surface view) were deterntmed an overlooked character in
C. repensCorallomycetella repensas determined to comprise two species,@nd
jatrophaewas determined to be unrelatedorallomycetellaCorallonectriaC.
Herrera & P. Chaverri was described to accommoQajatrophae Additionally, we
found sequences in GenBank that have been labgl@deatria mauritiicolg” a
synonym ofC. repengsensu Rossman), but are actually sequenc8arotladium
kiliense(Gritz) Summerb. The second chapter has beenspellias Herrera et al.

(2013b).

The third chapter is taxonomic revision@dsmospora viliusculapecies complex.
Cosmospora viliusculgrows on other fungi, particularly on the fruitibgdies of the
Xylariaceae. It was previously confused w@hvilior. Apart from the host.
viliusculais characterized by the dark-green colony prodwce@MD (Samuels et
al. 1991). Up to now, it has been thought to cdrdia single species, but the
phylogenetic results revealed tl@&ismospora viliusculavas a species complex.
Each well-supported clade was host specific androegl as a specigSosmospora
viliusculawas restricted t€osmosporapecies growing okretzschmariacf. deusta

(in tropical forests). Seven new species and omeauenbination were described.



Additionally, the sexual states Gf arxii a (W. Gams) Grafenhan & Schroers &od
khandalensigThirum. & Sukapure) Grafenhan & Seifevere described for the first

time.

The fourth chapter seeks to determine the evolatiprelationship between
Cosmosporapecies and their associated fungal hosts. Dalnegaxonomic revision
of these fungi (chapter three), it was observetttiese species demonstrated a high
degree of host-specificity, which suggested theirthssociation could not be
random. It was hypothesized tl&dsmosporapecies and their associated fungal
hosts had cospeciated. The phylogenigSagmosporand their hosts were
determined to be congruent. However, there was aglpbal congruence. The only
host-parasite links that could be considered caapen events occurred in more
recent evolutionary lineages of the host. Host-«wes seemed to be occur more
frequently in the early lineages of the host. THiggests that the host-switch events
must have been very conservative (i.e., host-se#idletween closely related hosts)

that mimic the phylogenetic signal of cospeciation.



Chapter 1Pseudocosmospora new genus to accommodate

Cosmospora vilioand related species

C.S. Herrera, A.Y. Rossman, G.J. Samuels, and P. Chaverri. 2013.
Mycologia05(5): 1287-130FReprinted with permission dfycologia.

©The Mycological Society of America.

ABSTRACT

Cosmosporaensu Rossman accommodated necfuoidi with small, reddish,
smooth, thin-walled perithecia but recently wasnidto be polyphyletic and has been
segregated into multiple genera. Not all cosmospkeafungi have been treated
systematically. Some of these species incl0deilior and many specimens often
labeled asCosmosporap.” The objectives of this research were to distalthe
identity of C. vilior through epitypication using a recent collectioatthgrees with
the type specimen in morphology, host and geograginy to determine its
phylogenetic position withi€osmosporaensu lato and the Nectriaceae. A
multilocus phylogeny was constructed based onaik(ITS, LSU, MCM7 rpbl,
tefl, andtub) to estimate a phylogeny. Results from the phytegje analyses
indicated thaC. vilior forms a monophyletic group with othewssmopordike fungi
that have an acremonium-like anamorph and thasjiem@EutypaandEutypella

(Ascomycota, Sordariomycetes, Xylariales, Diatrygzs). The group is



phylogenetically distinct from other previously segated genera. A new genus,
Pseudocosmospora described to accommodate the type speBiesutypellagand

nine additional species in this clade.

INTRODUCTION

Cosmosporaensu Rossman (Nectriaceae, HypocreAlesomycota; Grafenhan et
al. 2011) was erected to accommodate nectroid faitismall, reddish, KOH+,
smooth, thin-walled, laterally collapsing when dngn- or weakly stromatic
perithecia $amuels et al. 199Rossman et al. 1999These fungi have been reported
throughout the world, but they are assumed to yaeater diversity in warm
temperate and tropical regions. In addition, tlendtto have a higher diversity in
recently disturbed stands (1-2 years old) comptrearly successional stands (25—
27 years old) and old-growth stands in tropicaé$ts (Chaverri and Vilchez 2006).
In that study, frequently collected species in ndlgedisturbed stands, whenewly
killed woody substrates and herbacedabris are prevalent, were members of
Chaetopsinectrid.ou & Zhuang and/olutellonectriaLou & Zhang, two genera
segregated fror@osmosporaensu Rossman (Luo and Zhuang 2010, 2042y
species oCosmosporaensu Rossman are parasites of their fungal (sests
Tsuneda 1982). Among genera segregated €osmosporaensu Rossman, some
members ofCosmosporaensu stricto grow on basidiomycetes or xylariasdmsts,
species oDialonectria(Sacc.) Cooke occur ddiatrype Fr. (Diatrypaceae), and

MicroceraDesm. parasitize scale insects (Grafenhan et &ll)20

The generic nam€osmospordas been a source of much taxonomic



confusion. Rabenhorst (1862) described this gdmatstas later reduced to a
subgenus oNectria(Fr.) Fr. by Saccardo (1883). Much later, it wasaymized
with Dialonectria(Moravec 1954), which had been elevated from a enbg of
Nectriato generic rank by Cooke (1884). Rossman et 8Bg)Lresurrected the
generic nam€osmospordased on priority. The group has also been refdoas
Nectriasubgenu®ialonectriaor the Nectria episphaerigroup’ (Booth 1959,
Samuels et al. 1991, Rossman et al. 1988jly on, the group was presumed to be
polyphyletic given its range of anamorphs and egickd niches (Samuels et al.
1991), and at some point, there were about 70 epetassified undé€Zosmospora

(www.indexfungorum.orjy The polyphyly ofCosmosporavas confirmed by recent

phylogenetic studies (Zhuang and Zhuang 2006, IngoZhuang 2008, Samuels et
al. 2009 ,Grafenhan et al. 20)1Following the genus-for-genus concept, i.e. the
delimitation of a genus based on the correlatiothefteleomorph to its
corresponding anamorph (Rossman 19@8smosporavas segregated into new or
revived genera that correlate roughly with the amgains:Chaetopsinectria
CyanonectriasSamuels & P. ChaveriNectricladiellaCrous & Schochk-usicolla
Bonord.,Macroconia(Wollenw.) Grafenhan et aMicrocera StylonectriaHohn.,
andVolutellonectria(see Schoch et al. 2000, Samuels et al. 2009.and Zhuang
2010,2012 Grafenhan et al. 20)1With the change to one scientific name for each
species as directed in the International Code ahélwlature for algae, fungi, and
plants (ICN) (McNeill et al. 2012 haetopsinectriamndVolutellonectriaare

considered synonyms of the older ger@haetopsindRambelli andvolutellaFr.

Cosmospora viliowas described dsectria vilior by Starback (1899) with the
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diagnosis “Peritheciis discretis, superficialibagpideis, coccineis...Hab. in fungillo
valsaceo.” Traditionally, the name has been appbearbliections of cosmospora-like
fungi having short, coarsely warted ascosporesraoguon black stromata,
particularly those of the Xylariales (Weese 191&mn8els et al. 1990, Samuels et al.
1991).Nectria vilior has been reported to have a wide tropical and ¢eabg
distribution (Samuels et al. 1990). Re-examinatibthe type specimen @&. vilior
revealed that its associated host is a speciEsitypella(Nitschke) Sacc.
(Diatrypaceae). Our recent molecular analyses suiglat trueC. vilior is unrelated
to species o€osmospordhat occur on xylariaceous fungi, hereafter refémo as the
C. viliusculaspecies complex. Species of thevilior complex occur only on species
of Eutypella(Diatrypaceae) whil€. viliusculaand related species are restricted to

xylariaceous fungi.

The present paper deals with the phylogenetic axahbmic reassessment of
the Cosmospora vilioand similar taxaThe objectives of this research aretdi)
establish the identity dE. vilior and stabilize the name using epitypificati@i),to
elucidate the phylogenetic placementCoivilior and related species within
Cosmosporaensu Rossman and in the Nectriaceae, (iii) toribesa new genus,
Pseudocosmosparto accommodat€. vilior and related species, and (iv) to describe

new species withiPseudocosmosporiacluding the typd. eutypellae

MATERIALS AND METHODS

Teleomorph and anamorph morphological characterizat

Herbarium specimens were borrowed from the U.SioNat Fungus Collections
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(BPI), the William and Lynda Steere Herbarium, Néark Botanical Garden (NY),
and the Linnean Herbarium, Swedish Museum of Natlistory (S). Fresh
specimens were collected on trips to ArgentinazBr&osta Rica, France, and USA.
For the characterization of the teleomorph, thio¥ahg observations were made for
perithecia: shape, size (length and width), caanamentation, and habit, e.g.
perithecia being solitary or gregarious, immersedubstrata or superficial, stromatic
or non-stromatic, and collapsing laterally or ndten dry. Reaction to 3% w/v
potassium hydroxide (KOH) and 100% lactic acid whserved for the perithecial
wall. Sections of perithecia (ca. fuin in thickness) were made with the aid of a
freezing microtome. Measurements of continuousasttars (e.g. length and width)
were made with Scion Image software beta 4.0.2(SCorp., Frederick, Maryland)
and summarized by descriptive statistics (e.g.jmmim, maximum, mean and

standard deviation).

Cultures were obtained from the culture collecatJSDA, ARS, Systematic
Mycology and Microbiology Laboratory (SMML). Addanal cultures were obtained
by isolating single ascospores from freshly coddcsamples with the aid of a
micromanipulator and grown in cornmeal dextrose §g&D; Difco™ cornmeal
agar + 2% w/v dextrose + antibiotics). Morphologialservations of the colony
were made by growing three pseudoreplicates of satéte on CMD and Difco™
potato dextrose agar (PDA) in an incubator tharalites 12h/12h between
fluorescent light and darkness at Z5 Cultural morphology is described based on
strains grown on PDA; cultures on CMD exhibit éttlariability. Colony color is

described using the color terms in Rayner (197Q)tue growth was measured
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weekly for two weeks. The anamorph was observeclutyng an agar block of a
culture grown in synthetic nutrient-poor agar (SNM.enberg 1976) under the same
conditions mentioned above, covering it with a ceslg, and examining it by light
microscopy (Olympus BX50; Olympus, Tokyo, Japangdgurements of continuous

characters were made and analyzed as described.abov

DNA Extraction, PCR, and Sequencing

Hirooka et al. (2010) described the DNA extractwatocol used here. Briefly, the
isolates were grown in Difco™ potato dextrose b(®bBB), and the mycelial mat
was harvested after a week of growth. DNA was ekechwith PowerPlant® DNA

Isolation Kit (MO BIO Laboratories Inc., Solana BbaCalifornia).

Six partial loci were amplified. These loci ar¢éeimal transcribed spacer (ITS;
primers: ITS5 and ITS4; White et al. 1990), largbunit nuclear ribosomal DNA
(LSU; primers: LROR and LRS5; Vilgalys and Heste®@® MCM7 (a DNA
replication licensing factor; primers: Mcm7-709%Mcm7-1348rev; Schmitt el al.
2009), RNA polymerase Il subunit om@l1; primers: Crpbla & rpblc; Castlebury
et al. 2004), translation elongation factoa {tefl, primers: Tefl-728 and Tef1-986;
Carbone and Kohn 1999), afid¢ubulin ¢ub; O’Donnell and Cigelnik 1997). The
PCR reaction mixture (25 pL total volume) consistéd?2.5 pL GoTag®Green
Master Mix 2X (Promega Corporation, Madison, Wissiaip, 1.25 pL for the forward
and reverse primers each (10 mM), 1.0 pL of dimetbifoxide (DMSO; Sigma-
Aldrich, St. Louis, Missouri), up to 5.0 pL genonidNA template, and RNAse-free

water to complete the total volume. PCR reactioasevearried out in an Eppendorf
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Mastercycler thermocycler (Eppendorf, Westbury, Néwk) under the cycle
conditions listed imMasLE I. I. PCR products were cleaned with ExoSAP-ITEB
Corp., Cleveland, Ohio). Clean PCR products wegeiseced at the DNA
Sequencing Facility (Center for Agricultural Biokemlogy, University of Maryland,
College Park, Maryland) and McLAB DNA sequencingvgees (San Francisco,
California). Sequences were assembled and editddSeigquencher 4.9 (Gene Codes,
Madison, Wisconsin). Sequences were deposited mB&ek (LPPLEMENTARY

TABLE I. I.).

Phylogenetic Analyses

Two separate phylogenetic analyses were performeéd/o separate data sets as
described below. The first data set contained aaed number of isolates of
Cosmospora vilioand related taxa as well as species of other cgisona-like fungi
to elucidate their phylogenetic placement in thetNaceae. The second data set
contained all isolates @osmospora vilioand related taxa to determine their

relationships.

ITS-LSU, MCM7,rpbl, tefl, andtub sequences were aligned with MAFFT 6
(Katoh 2008), and manually edited, if necessaryasquite 2.75 (Maddison and
Maddison 2011). Gaps (insertions/deletiams)e treated as missing data. Alignments

were deposited in TreeBASEt{p://www.treebase.or@ccession no. S14038).

Maximum likelihood (ML) and Bayesian (Bl) analysgere performed on each of
the datasets of individual loci first and then ba toncatenated dataset.

CONCATEPILLAR 1.4 (Leigh et al. 2008) was used &tedtmine whether loci could
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be analyzed by concatenating the datasets or whethehould be analyzed
separately. Loci were concatenated if the p-valas greater than the defauitevel
of 0.05, which indicated that the null hypothesis.{ congruence of loci) could not

be rejected.

For both ML and BI analyses, jModeltest (Guindon &ascuel 2003, Posada
2008) was used to infer the models of nucleotidessution for each locus. Default
settings in jModeltest were used: 11 substituticimesnes with equal or unequal base
frequencies (+F) and invariable sites (+I) andabe variation among sites (+G). The
base tree for likelihood calculations was ML optied. Once likelihood scores were
calculated, thenodels were selected according to the Akaike In&diom Criterion

(AIC).

Maximum likelihood (ML) analyses were performediwiARLI v2.0 (Genetic
Algorithm for Rapid Likelihood Inference; Zwickl B8) by submitting the job via

the GARLI web service dtttp://www.molecularevolution.or(Bazinet and

Cummings 2011), which uses a grid computing sygtéammings and Huskamp
2005) associated with The Lattice Project (Bazaret Cummings 2008). Fifty
independent search replicates were performed talséar the best tree. The starting
tree was generated using a fast ML stepwise-aaddatigorithm. Two thousand
bootstrap replicates were used for bootstrap aisalgayesian analyses were
performed in MrBayes v3.2.1 (Ronquist et al. 2022jnajority rule consensus tree
was generated by running four chains for 10,000M@tkov Chain Monte Carlo
generations, sampling trees every 100th generaimhdiscarding the first 25% of

the sampled trees as burn-in. Tracer version lat@ut and Drummond 2007) was

15



used to confirm whether the negative log likelinebedd reached convergence.

RESULTS

Phylogenetic analyses: phylogenetic placeme.ofilior and related species within
Cosmospora senfRossman.-Fhe analysis performed in CONCATEPILLAR failed
to reject the null hypothesis of congruence amarg(P =0.08). Therefore, all loci
were concatenated. The concatenated matrix incl@@dedgroup isolates that formed
five major groups plus two outgroup tax@ofallomycetella repenand
Pseudonectria pachysandricgldt consisted of 3591 base pairs of which 970ewer
parsimony-informative, 318 were parsimony-uninfotive and 1858 were
invariable sites. The topologies of the generatedqgenetic trees in both ML and BI
were congruent. The negative log likelihoods fa pinylogenetic trees were

-16460.154 and —-16513.115, respectively. The best(ML) is shown (6. 1.1).

Cosmospora viligrC. joca and related species formed a highly supported clade
(94% BP, 100% PP). This clade is relate®ialonectria Cosmosporaensu stricto
and an orphan group that includesflavoviridis C. obscuraandC. stegonsporii
These clades of cosmospora-like fungi were highppsrted as well (>70% BP,
>95% PP), but the inner nodes connecting theseslagre poorly supported. Basal

to all of these groups Microcera another segregate genus of cosmospora-like fungi.

Phylogenetic analyses: relationship amddgvilior and related species.Fae null
hypothesis of congruence among Idei50.11) was not rejected in
CONCATERPILLAR, and therefore, the five loci werencatenated to estimate a

phylogeny. The concatenated matrix included 25issl belonging to the ingroup
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and two outgroup tax&( repensandM. larvarum). The concatenated matrix
consisted of 3353 bp of which 651 were parsimorigrimative, 456 were parsimony-
uninformative, and 1785 invariable sites. The tgmlogies generated with ML and
Bl were congruent with one another. The log likeblds for these two analyses were
—23024.3191 and —-23055.9286, respectively. Thetbssigenerated with ML is

shown (kG. 1.2).

The combined analyses @Gbsmospora vilioand related species revealed that
there were as many as 16 independently evolvirggaties (= putative species). Clade
| is a complex of species whose hostskugypellaspecies. Three species are
recognized within this clade, which inclu@e vilior and two species described below
(Pseudocosmospora eutypelaedP. rogersoni). Sister to clade | iB. eutypae
(described below), whose host is a specidsutypaTul. & C. Tul. Sister to clade Il
(P. eutypaer clade 1) is clade Ill, which comprises two moypt speciesC. joca
andP. metajocddescribed below)Cosmospora joces associated with a species of
BiscogniauxiaKuntze (Xylariaceae), whilB. metajocas associated with a species
of Eutypa All clades corresponding to recognized speciesived maximum BP and

PP support (with one exception).

TAXONOMY

Pseudocosmospor@. Herrera & P. Chaverrgen. nov

MycoBank MB 802432

Type speciesPseudocosmospora eutypell@eHerrera & P. Chaverri
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Etymology “Pseudd from Greek referring to the morphological simitgrto both the

teleomorphic and anamorphic state€Cosmosporaensu stricto.

TeleomorphStroma absent. Perithecia superficial or slightiypnersed in fungal host
stroma, scattered to gregarious, subglobose toridbpy with a blunt papilla,
generally less than 250m high, soft-textured, smooth-walled, scarlet, KOblaod-
red, LA+ yellow, collapsing laterally when dry, logulate. Perithecial surface cells
formingtextura angularis Perithecial wall generally 20—-30n thick, of two regions;
outer region of cells forminggxtura globulsao t. angularis inner region of cells
formingtextura prismaticaAsci unitunicate, cylindrical to narrowly clavate
increasing in size asscospores mature, without a conspicuous apiaal with eight
spores arranged uniseriately. Ascospores ellipkdieseptate, slightly constricted

septum, yellow-brown, verrucose, sometimes appgamnmooth at maturity.

Anamorph in cultureAfter 21 d at room temperature on PDA, colonyace
crustose with no aerial mycelium or cottony withiglemycelium, rosy-buff, pale-
luteous, or salmon-pink. Sporulation on SNA usualtyndant, arising directly from
agar surface. Anamorphic state acremonium-likeettiaillium-like; conidiophores
generally simple, unbranched, sometimes vertieljabranched, rarely densely
aggregated. Phialides monophialidic, cylindricgi&line. Conidia ellipsoidal, ovoid,

or reniform, smooth, sometimes guttulated, nonaeptiyaline.

Habitat On stromata of diatrypaceous fungi, particulapgcies oEutypaand

Eutypellg rarely on species @&iscogniauxia

Distribution: Asia, Africa, Europe, North America, Oceania, Boimerica, possibly

18



cosmopolitan.

Notes Pseudocosmospoia similar toCosmosporaensu stricto in its cosmospora-
like teleomorph and acremonium-like anamorph, aitothey differ in cultural
characteristics and host preferereeeudocosmospoia most common on
diatrypaceous fungi except fBr joca which occurs on Biscogniauxiasp. The latter
does not belong among the known host€a$mosporaensu stricto, although these
attack xylariaceous fungi as well as polyporegydneral species of
Pseudocosmospotzave pinkish-colored colonies, while specie€osmospora
sensu strictiave olivaceous-green colonies on PDA. Phylogealétic
Pseudocosmospoipears to be closely relateddimlonectria Both occur on
diatrypaceous fungi, although they attack differgeriera. The genera also differ in

their anamorphic stat®ialonectriahas a fusarium-like anamorph.

Key to species d?seudocosmospora

1. OnBiscogniauxigXylariaceae)............cccoveeviiviiicieiieiin e v nennn P joca
1. OnEutypaor Eutypella(Diatrypaceae).........c.ouvveveieiii i iiiiiiieiiecee e e 2
P2 O o 8 = 11/ o - 3
2. OnEuUtypella.. ... oo D

3. Ascospores smooth, 6.3—-8&iih long; colony rosy buff, 6—15 mm diam after 14 d
at25 CONPDA. ... eGP EULYPAE
3. Ascospores verrucose, 7.7-1r long; colony salmon-pink, 24—-25 mm diam

after 14 d at 25C ON PDA. ...t P. metajoca
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. Perithecia with a discoidal @peX...........cviiiiiiiii i 5

. Perithecia with @ blunNt apeX..........cooiiiiii i e 6

. Fungal host o\Inussp.; ascospores smooth, 9-10M™................. P. pithoides
. Fungal host oi:speletiasp.; ascospores verrucose, 11

0 o P. pseudepisphaeria

. Conidiophores branching, becoming densely ramuliaseiculate) on
SN A . e P THIQUA

. Conidiophores not branching or sparingly branche®NA.......................... 7

. Colonies pale-luteous on PDA; conidia reniform,hativo guttules at opposite
eNnds, 3.4—7. M IONG... ..o e P. vilior

. Colonies white to salmon-pink 0N PDA........cooi i e, 8

. Colonies white on PDA; ascospores smooth, 1Q#h5
) o P. metepisphaeria

. Colonies salmon-pink oN PDA..........oiiiiii e D

. Ascospores verrucose, 7.1-18r8 long; colonies 7.5-20 mm diam after 14 d at
25 C on PDA,; conidia oblong to ellipsoidal, with twattules at opposite ends,
316 2UM 0Nttt ettt P. eutypellae

. Ascospores smooth, 7.9-121éh long; colonies 18-27.5 mm diam after 14 d at
25 C on PDA,; conidia oblong to ellipsoidal, withouttfyues, 2.9-5.5um

o) o P. rogersonii

Pseudocosmospora eutyp@e Herrera & P. Chaversp. nov Fc. 1.3.
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Mycobank MB 802433

Holotype FRANCE, Poitou-Charentes, Saint George de RexgMdoitevin), on
Eutypasp., 26 Apr. 2011C. Herrera(C.H. 11-01), BPI 884164, ex-holotype culture

CBS 133961.

Etymology In reference to its fungal ho&utypa.

TeleomorphPerithecia solitary, superficial, nonstromatighglobose with a
discoidal apex, collapsing laterally when dry, ssaismooth, 171-200 150-183

um (mean = 182 165; SD 16.1, 16.5; n = 3). Asci cylindrical tagslly clavate,

with eight spores arranged uniseriately, 54x@65—7um (mean = 5% 6; SD 5.4,
0.7; n = 4). Ascospores ellipsoid, equally two-eeé)lone-septate, slightly constricted
at septum, smooth, hyaline, 6.3-8.3.1-4.1im (mean = 7.& 3.6; SD 0.7, 0.3; n =

30).

Anamorph Colonies 6—-15 mm diam (mean =11.4; SD 4.1; nafter 14 d. at 25 C
on PDA, cottony with rosy-buff aerial mycelium, egge concolorousporulation on
SNA usually abundant, arising directly from agarfate. Anamorphic state
acremoniume-like; conidiophores generally simpldyramched. Phialides
monophialidic, cylindrical, collarette not flardulyaline, length 36-58m (mean =
41.3; SD 4.1; n = 13), width at base 1.542® (mean = 1.8; SD 0.2; n = 13), width
at tip 1-1.3um (mean = 1.1; SD 0.1; n = 13). Conidia oblonggcalhilar, smooth,

hyaline, 4.6-6.% 1.2—-2.1um (mean =5.% 1.7; SD 0.6, 0.2; n = 30).

Habitat On Eutypacf. lata (Diatrypaceae) on bark.
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Distribution: France, United Kingdom.

Additional isolates examinetdNITED KINGDOM, onCrataegussp., 1958S.

Francis, culture IMI 73016.

Notes Pseudocosmospora eutypaecurs orEutypacf. lata and has small and
smooth ascosporeBseudocosmospora metajosathe only other species of

Pseudocosmospom@ Eutypa but it has longer and verrucose ascospores.

Pseudocosmospora eutypell@e Herrera & P. Chaverrgp. nov FG. 1.4.

Mycobank MB 802434

Holotype USA, Maryland, Beltsville, otutypellasp., on dead twigs of unidentified
tree, 7 Oct. 2008y. Hirooka(Y.H. 08-17), BPI 884165, ex-holotype culture CBS

133966 = A.R. 4562.

Etymology In reference to its fungal ho&utypella.

TeleomorphPerithecia gregarious, slightly immersed in lstgimata, subglobose
with a blunt apex to obpyriform, collapsing latéyakcarlet, smooth, 143-363108—
205um (mean = 202 150; SD 39, 22.7; n = 22). Asci cylindrical togsitly clavate,
eight-spored, uniseriately arranged, 63—28%9—-7.9um (mean = 71.& 6.7; SD
4.5, 0.6; n = 27). Ascospores ellipsoid to fusifpequally two celled, slightly
verrucose, yellow-brown, 7.1-12<53.6-5.6um (mean = 9.% 4.5; SD 0.9, 0.4; n =

136).

Anamorph Colonies 7.5-20 mm diam (mean = 12.6, SD 3.418)after 14 d. at 25
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C on PDA, sometimes crustose, with or without aenigcelium, buff, rosy-buff, or
salmon-pink, reverse concolorous. SporulabarSNA usually abundant, arising
directly from agar surface, sometimes from latpeays. Anamorphic state
acremonium-like to verticillium-like; conidiophoresmple, unbranched, or branched,
becoming densely branched. Phialides monophialgimdrical, collarette not

flared, hyaline, length (3.8-) 7.8-15.1 (-1818) (mean = 10.2; SD 3.0; n = 29),
width at base 0.9-2;8n (mean = 1.3; SD 0.3; n = 29), width at tip 0.2+4m

(mean = 0.9; SD 0.14; n = 29). Conidia oblong tipgbidal, unicellular, with two
guttules at opposite ends, smooth, hyaline, 3.1<@.2-2.4um (mean = 4.% 1.5;

SD 0.6, 0.2; n =1 80).

Habitat OnEutypellasp. (Diatrypaceae) on bark.

Distribution: France and U.S.A.

Additional specimens and isolates examitdANCE, Oloron, Forét de Bugangue,
on Eutypellasp., on bark oRobinia pseudoacaci¢’), 17 May 1993F. Candoussau
& J.D. RogerqF. 262), BPI 802567, culture CBS 128986 = G.J3185; USA,
Kentucky, Clermont, Bernheim Arboretum and Rese&@test, orEutypellasp., on
dead branch of unidentified tree, 27 June 201@¢{irooka BPI 884169, culture CBS
133977 = G.J.S. 10-248; Maryland, Frederick Cou@tynningham Falls State Park,
on Eutypellasp., onRhus typhing26 Aug. 2007L. VasilyevaBPI 878454, culture
CBS 129430 = A.R. 4453; Pennsylvania, Greensburgudypellasp., Aug. 2008J.
Plitschke culture CBS 133965 = A.R. 4527; West Virginiaa@on, onEutypella

sp., on bark of unidentified tree, 26 June 20AG;lirooka BPI 884168, culture CBS
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133960 = C.H. 1@2.

Notes Pseudocosmospora eutypeligenost closely related and similarRo
rogersonij but can be distinguished from the latter by theamentation of its
ascosporeg?seudocosmospora eutypella@s verrucose ascospores, while

rogersoniihas smooth ascospores.

Pseudocosmospora jod®amuels) C. Herrera & P. Chaveoomb. nov Fac. 1.5.

Mycobank MB 802435

BasionymNectria jocaSamuels, Mycol. Pap. 164: 21. 1991.

= Cosmospora jocéSamuels) Rossman & Samuels, Stud. Mycol. 42: 122.

1999.

TeleomorphPerithecia gregarious, superficial, nonstromatithglobose with a
minute papilla, collapsing laterally, scarlet asfj becoming blood red, darker at
apex, smooth, 375-384317-349um (mean = 380.2 336.3; SD 4.9, 16.9; n = 3).
Asci cylindrical to clavate, eight-spored, unisteig arranged, 90.7-112:68.8—-11.1
um (mean = 102.2 9.8; SD 8.5, 0.7; n = 9). Ascospores ellipsoidjady two-
celled, one-septate, constricted at septum, vesejoeellow-brown, 10.9-14 6.4—

7.7um (mean =12.& 7; SD 0.8, 0.3; n = 30).

Anamorph Colonies 4 mm diam (n = 3) after 14 d. at 25 (P@A, crustose,
salmon-pink to orange colony, reverse concolorBasely sporulating on SNA.
Anamorphic state acremonium-like; conidiophoresegalty simple, unbranched.

Phialides monophialidic, cylindrical, hyaline, lehd4.3-24.2um (mean = 18.8; SD
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5.0; n = 3), width at base 1.6—2ith (mean = 2.0; SD 0.4; n = 3), width at tip 1.1 (n
= 3). Conidia oblong, unicellular, smooth, hyaliBe)—5.5x 1.3-2.1um (mean = 4.1

x 1.6; SD 0.6, 0.2; n = 30).

Habitat OnBiscogniauxiasp. on bark.

Distribution: Argentina and Brazil.

Holotype BRAZIL, Amazonas, Pico Rondon, Km 211 on Periralelforte, ca 3h
walk from FUNAI post toward summit, 022’N, 02°48'W, onBiscogniauxiasp., 25
Mar. 1984,G.J. Samuel§1094) Pipoly & GuedesINPA (not seen)lSOTYPESBPI

802606, NY 00671973 (not seen).

Epitype designated hereiIARGENTINA, Rio Negro Province, San Carlos de
Bariloche, Luma forest, oBiscogniauxiasp., on very rotten wood, 15 Apr. 204L,

Romerg BPI 884175, ex-epitype culture CBS 133967 = AR/9.

Notes The application of the name is restricted hergpecies oPseudocosmospora
on Biscogniauxia The isotype and the designated epitype both amtwpecies of

BiscogniauxiaThe colony and the anamorph are similar to thephnogy described
in the original description although the peritheaial ascospores of the epitype are

larger than those reported in the literature.

Pseudocosmospora metajo€a Herrera & P. Chaverrsp. nov. FG. 1.6.

Mycobank MB 802436

Holotype NEW ZEALAND, North Island, Mt. Williams, oiEutypasp., on dead
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woody branch oBeilschmiedia tawa7 Mar. 2009A.Y. Rossman & P. Chaverri

(P.C. 952), BPI 879088, ex-holotype culture CBSI683= A.R. 4576.

Etymology ‘Metd from Greek meaning adjacent andca’ in reference to the fact
that it was originally classified &. jocg and later found to be phylogenetically close

to C. joca

TeleomorphSolitary or gregarious, superficial, nonstromasigbglobose with a
discoidal apex, some collapsing laterally, scadgetpoth, 222—-25% 204—-213um
(mean = 236 208; n = 2). Asci clavate, eight-spored, unisehaarranged, 62.2—
69.2x 5.9-7.2um (mean = 65.% 6.4; SD 2.5, 0.5; n = 5). Ascospores ellipsoid,
equally twoeelled, one-septate, slightly constricted at septlightly verrucose,

yellow-brown, 7.7-11.% 3.3-5.3um (mean = 8.% 4.3; SD 0.9, 0.5; n = 29).

Anamorph Colonies 24-25 mm diam (mean = 24.5; SD 0.53) after 14 d. at 25
C on PDA, slightly cottony, pale salmon-pink, reseeconcolorous. Sporulation on
SNA usually abundant, arising directly from agarfate. Anamorphic state
acremoniume-like; conidiophores generally simpldyramched. Phialides
monophialidic, cylindrical, collarette not flarduyaline, length 26—4Am (mean =
37.3; SD 5.7; n = 9), width at base 2.14208 (mean = 2.4; SD 0.2; n = 9), width at
tip 1-1.3um (mean = 1.2; SD 0.1; n = 9). Conidia oblong tipsbidal, unicellulay
guttulated, smooth, hyaline, 3.8-&1.6-3.1um (mean = 4.& 2.1; SD 0.6, 0.3; n =

30).

Habitat OnEutypasp. (Diatrypaceae) on dead branclBefischmiedia tawa
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Distribution: New Zealand.

Notes Pseudocosmospora metajogas originally identified a€. jocabased on its
occurrence on what was thought to be a stromaBid@gniauxiaspecies and its
salmon-pink culture on PDA. On close examinatiothefspecimen, the host was
found to be a species Blitypa The colony oP. metajocahas a faster growth rate
than that oP. joca In addition,P. metajocehas much smaller perithecia and
ascospores comparedRojoca Pseudocosmospora metajodiéfers frompP.

eutypaethe othelPseudocosmospoian Eutypa by having verrucose ascospores.

Pseudocosmospora metepisphagitamuels) C. Herrera & P. Chaveoamb. nov

Mycobank MB 802437

BasionymNectria metepisphaeri@amuels, Mycol. Pap. 164: 29. 1991.

= Cosmospora metepisphae@amuels) Rossman & Samuels, Stud. Mycol.

42:123. 1999.

Anamorph Acremonium-like

Habitat OnEutypellasp. (Diatrypaceae) on unidentified bark.

Distribution: Venezuela (known only from the type collection)

Holotype VENEZUELA, Drt. Federale, vic. Macarao, &utypellasp., on
unidentified bark, 21 Jun. 197K,P. DumontVE 335),J.H. Haines, G. Morillo & E.

Moreng VEN (not seen), ISOTYPE NY.

Notes The isotype specimen was studied and determmeddur on &utypellasp.
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Based on this host, it can be predicted @ametepisphaeriavould fall within the
Pseudocosmospordade. In addition to the host, the reported acréomm-like
anamorphic state supports the placement of thisep@Pseudocosmospora
Unique to this species is its smooth ascospor@s,) (1-14(-15um long and the
white, crustose colony on PDA, reverse brown (Sdsnefeal. 1991). A culture no

longer exists.

Pseudocosmospora pithoid€sllis & Everh.) C. Herrera & P. Chaverdpmb. nov.

Mycobank MB 802438

BasionymNectria pithoide<llis & Everh., Proc. Acad. Nat. Sci. Philad. 237

(1891).

Anamorph Unknown

Habitat On anEutypellasp. (Diatrypaceae) on bark of dead alder.

Distribution: British Columbia (known only from the type coltem).

Holotype CANADA, British Columbia, on bark of dead aldétay 1889,J. Macoun

(122), NY 00927939.

Notes The holotype specimen dlectria pithoidesvas examined and determined to
agree with the concept &seudocosmosporia regard to the host, which appears to
be aEutypellaspecies. The perithecia have a prominent discaiok, which
according to the description, gives an impressidmemg barrel-shapegithosfrom
Greek = barrel). No asci were observed. The ascesf@ve ellipsoidal, one-septate,

slightly constricted at the septum, smooth, 9—%0441-4.5um (mean = 9.% 4.4;
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SD 0.5,0.1; n =8).

Pseudocosmospora pseudepisphagBamuels) C. Herrera & P. Chaveogmb.

nov.

Mycobank MB 802439

BasionymNectria pseudepisphaertdamuels, Mycol. Pap. 164: 34. 1991.

= Cosmospora pseudepisphae(Bamuels) Rossman & Samuels, Stud. Mycol.

42:124. 1999.

Anamorph Acremonium-like.

Habitat OnEutypellasp. (Diatrypaceae) on branchEdpeletiasp.

Distribution: Venezuela (known only from the type collection).

Holotype VENEZUELA, Merida, Parque Nacional Sierra Nevagear Apartaderos,
E. of Laguna Mucubaji, Laguna Negra, Batypellasp., onEspeletiasp., 18 Jul.

1971,K.P. Dumon{(VE 2277),J.H. Haines, G.J. Samuels & A. Revay¥ 01013169.

Notes Based on our examination of the holotype specijrttenfungal host of.
pseudepisphaeriss aEutypellasp. The fungal host and the reported acremoniken-li
anamorphic state support the placemer@.gbseudepisphaeria the genus
Pseudocosmosparénique to this species are the discoidal perithh@pices, its
verrucose, (11-) 11.2-13(-14m long ascospores, and its white to pale salmon-

colored colony (Samuels et al. 1991). A culturdarger exists.

Pseudocosmospora rogersoiiii. Herrera & P. Chaverrsp. nov. Rc. 1.7.
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Mycobank MB 802440

Holotype USA, New York, Dutchess County, Pawling, PawliMature Reserve, on
Eutypellasp., 6-8 Oct. 199@.J. Samuels & C.T. RogersdPl 1107121, ex-

holotype culture CBS 133981 = G.J.S. 90-56.

Etymology In honor of Clark T. Rogerson for his work on thgpocreales that has

guided all of us.

TeleomorphPerithecia gregarious, slightly immersed in lstsimata, subglobose
with a blunt papilla, collapsing laterally, scarlstnooth, 163—24% 131-180um
(mean = 19% 152; SD 37, 21; n = 7). Asci broadly cylindricalriarrowly clavate,
eight-spored, uniseriately arranged, 54&®8.7-8.4um (mean = 6% 6.7; SD 4.9,
0.7; n = 12). Ascospores ellipsoid, equally twolasl one-septate, slightly
constricted at septum, smooth, yellow-brown, 7.92%23.3—-4.9um (mean = 9.&

4.1: SD 0.9, 0.3; n = 86).

Anamorph Colonies 18-27.5 mm diam (mean = 22.4; SD 348y after 14 d. at 25
C on PDA, crustose, rosy-buff to salmon-pink, reeectoncolorous. Sporulation on
SNA usually abundant, arising directly from agarfate. Anamorphic state
acremoniume-like; conidiophores generally simpleéhramched. Phialide cylindrical,
smooth, straight, collarette not flared, hyalirmadth 6.8—29.44m (mean = 12.3; SD
5; n = 30), width at base 1.0-218 (mean = 1.5; SD 0.3; n = 30), width at tip 0.7—
1.2um (mean = 0.9; SD 0.13; n = 30). Conidia oblongltipsoidal, unicellular,

smooth hyaline, 2.9-5.5 1.1-2.6um (mean = 3.& 1.6; SD 0.6, 0.3; n = 89).
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Habitat OnEutypellasp. (Diatrypaceae) on bark.

Distribution: USA.

Additional specimens and isolates examing8A, New York, Dutchess County,
Pawling, Pawling Nature Reserve, Batypellasp., 6-8 Oct. 199@.J. Samuels &
C.T. RogersonBPI1 1107120; New York, Huguenot, YMCA GreenkikfReat enter,
on Eutypellasp., 26 Sept. 200€,. Herrera(C.H. 09-02), BP1 884167, culture =
G.J.S. 09-1384; New York, Painted Post, Watson Heael Conference and Retreat
Center, ortutypellasp., on dead branch Bagus grandifolia17 Sept. 2010C.
Herrera (C.H. 10-11), BPI1 884166, culture CBS 133978 =&.10-296; New York,
Painted Post, Watson Homestead Conference andaR€eater, orcutypellasp., on
dead branch dfagusgrandifolia, 17 Sept. 201GZ. Herrera(C.H. 10-12) BPI

884170 culture CBS 133978 G.J.S. 10-297.

Notes Pseudocosmospora rogersoisiclosely related t&. eutypellagbut differs
conspicuously in the ornamentation of its ascosp&geudoscosmospora rogersonii

has smooth ascospores in contrafl.teutypellagwhich has verrucose ascospores.

Pseudocosmospora triqugsamuels) C. Herrera & P. Chaveoomb. nov

Mycobank MB 802441

BasionymNectria triquaSamuels, Mycol. Pap. 164: 40. 1991.

= Cosmospora triqu#Samuels) Rossman & Samuels, Stud. Mycol. 42: 125.

1999.
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Anamorph Acremonium-like.

Habitat OnEutypellasp. (Diatrypaceae) on unidentified bark.

Distribution: French Guiana (known only from the type colleg}io

Holotype ofNectria triqua: FRENCH GUIANA, Upper Marouini Riveric. roche
Koutou, 0255'N, 54°04’'W, elev. 400 m., oButypellasp., on unidentified bark, 17
Aug. 1987,G.J. Samuel$5818),J.-J. de Granville, L. Allorge, W. Hahn, M. Hoff

NY 01013269.

Notes Examination of the holotype revealed that the loaEutypellasp., which
suggests that. triquashould be placed in the gerseudocosmospaora
Additionally, the reported anamorphic state is famio that ofP. vilior andP.
eutypellaein having branching conidiophores branch that beate with multiple
phialides. Cultural morphology in PDA was not repdrin the description dfectria
triqua (Samuels et al. 1991). The culture no longer exiBhe ascospores are

verrucose and (6-8 7.8-9.7 £10.5)um long.

Pseudocosmospora viligiStarback) C. Herrera & P. Chavemamb. nov. FG. 1.8.

Mycobank MB 802442

BasionymNectria vilior Starbéack, Bih. Kongl. Svenska Vet.-Acad. Handl.32bY:

28. 1899.

= Cosmospora vilio(Starback) Rossman & Samuels, Stud. Mycol. 42: 126

1999.
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TeleomorphPerithecia gregarious, slightly immersed in lstsimata, subglobose
with blunt apex, collapsing laterally, scarlet, stig 195-224 136—-183um (mean
=213x 164; SD 9.1, 14.7; n = 10). Asci cylindrical tacate, eight-spored,
uniseriately arranged, 59-815.3-11.0um (mean = 6% 7.6; SD 6.2, 1.7; n = 18).
Ascospores ellipsoid, equally two-celled, one-sieptslightly constricted at septum,
slightly verrucose, yellow-brown, 8.3—13«34.1-6.4um (mean = 10.2 5.2; SD 1.0,

0.5; n = 90).

Anamorph Colonies 23—-65 mm diam (mean = 49; SD 16.9; n afi@r 21 d. at 25C
on PDA, cottony with pale luteous aerial myceliusyerse concolorous. Sporulation
on SNA usually abundant, arising directly from agarface; acremonium-like to
verticillium-like; conidiophores simple and unbréaed at first, becoming densely
branched. Phialides cylindrical, smooth, straigbtlarette not flared, hyaline, length
5.9-19.5um (mean = 12.9; SD 3.4; n = 9), width at base 184t (mean = 1.5; SD
0.2; n = 29), width at tip 0.7-18n (mean = 1.0; SD 0.2; n = 2@onidia reniform,
unicellular, smooth, with two guttules at oppost®ls, hyaline, 3.4-741.1-2.3um

(mean =4.8 1.7; SD 0.7, 0.3; n = 90).

Habitat OnEutypellasp. (Diatrypaceae) on bark.

Distribution: Argentina and Brazil.

Holotype BRAZIL, Rio Grande do Sul, Santo Angelo pr. Caaina, onEutypella

sp., 12 Jan. 189&ustav Malmg114), S F46424.

Epitype designated hereiARGENTINA, Misiones Province, Iguazu Biological
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Station, orEutypellasp., 25 Apr. 2011A.Y. Rossman, C. Salgado, A. Romero, R.

SanchezBPI 884176, ex-epitype culture CBS 133971 = A&10.

Additional specimens and isolates examid&RGENTINA, Tucuman Province,
Tucuman, orkutypellasp., on standing dead branchPaper tucumanuml9 Apr.
2011,A. RomerpBPI1 884174, culture CBS 133970 = A.R. 4771; BRABahia,
Igrapiuina, orEutypellasp., 12 Aug. 201®. Chaverri(P.C. 1246)Q. Liparini

Pereira, D. Pinho, A. Luiz FirmindBP1 884172, culture CBS 133963.

Notes An epitype was needed to establish an anamorgh. falior and to determine
its phylogenetic placement. The epitype was saldoésed on the relatively close
proximity to the collecting site of the holotypehd application of the name is
restricted to species &seudocosmosporan Eutypellafrom South America that
have pale-luteous colonies on PDA. However, ieognized here th&t vilior

consists of a species complex.

DISCUSSION

Genus Concept

The generic conce@osmosporaensu strictés based on its typ€osmospora
coccineaRabenh., which hagerticillium olivaceum//. Gamsas its anamorph.
Although the anamorph bears the naveeticillium Nees, the anamorphic state is
acremonium-like (single phialide, unbranched) tdie#lium-like (branching into
multiple phialides). Accepted speciesGnsmosporaensu stricto have an
acremonium-like anamorph, and it is the charattatr ¢circumscribes the genus

(Grafenharet al. 2011). Conidiophore branching is not unitputhe anamorph df.

34



coccineaas this is also observed in some anamorphs iGdlsenospora viliuscula

species complex.

Pseudocosmospofdescribed above) is recognized as a new genesl mas
the one-to-one genus concept suggested by Rosdi9@8) (to accommodate. vilior
and related species. The one-to-one genus conasiiiden used extensively in the
Ascomycota to delimit genera (e@rafenharet al. 2011, Luo and Zhang 2010,
2012). Briefly, this genus concept suggests thgeraus should be circumscribed
based on the correlation of its teleomorph to itisjue anamorph state and vice versa.
The groups circumscribed based on this concepharephyletic and often
supported by ecological traits (e@rafenharet al. 2011, Luo and Zhang 2010,
2012). InGrafenhan et al. (2011), the reported hosts for beemofCosmospora
sensu stricto were basidiomycetes (d=gmitopsisP. Karst. InonotusP. Karstand
StereunHill ex Pers.) and xylariaceous fungi (e lgypoxylonBull.). Microceraand
Dialonectriaspecies have fusarium-like anamorg¥ig;roceraspecies are parasites
of scale insects, and the lectotype specid3iabnectria D. episphaeriais reported
on Diatrype stigmaHoffm.) Fr. (Diatrypaceae; Booth 1959). The haofst
Dialonectria ullevole&Seifert & Grafenharhas not been identified, but it is predicted
here that the host will be a diatrypaceous fungjhs. orphan clade consisting ©f
flavoviridis (Fuckel) Rossman & SamuelS, stegonsporiRossman, Farr & Akulov,
andC. obscuraLowen has not been taxonomically revised, and regyire generic
recognition. Species in this clade have a fusaldiksnanamorphs, but little is known
about their fungal hosts. Only the hostfstegonsporjiStegonsporium pyriforme

(Hoffm.: Fr.) Corda (Diaporthales, Sordariomycetés)s been identified to species.
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It is possible that all fungal hosts of speciethis clade are members of the

Diaporthales.

The one-to-one genus concept is ideal for thaimseription of genera in the
Ascomycota because it forces the study of the hotpmand not only the
teleomorph or anamorph. Such view is crucial ifitsig to one name (Norvell 2011).
Discarding information of either the teleomorphaoamorph in order to favor one
generic hypothesis over the other may result ia{ar polyphyletic groups. For
example, a weak case could be made to g&&ngmosporaDialonectria,
Pseudocosmospoi@nd the orphan clade that consist€oflavoviridis C.
stegonsporiandC. obscuranto one genus because they have a cosmospora-like
teleomorph and occur generally on Sordariomycétesever, when the anamorphs
are superimposed on the phylogeny, a paraphylatigogs formed with two groups
having acremonium-like anamorphs and the remaitviroggroups fusarium-like
anamorphs. It suggests that the teleomorp sta®smbly a symplesiomorphic
character (or ancestral), while the anamorp reptesesynapomorphic character
(derived). Moreover, segregation of the discussetem is supported by

specialization to different host taxa.

The cosmospora-like teleomorphic stat€séudocosmosporaas correlated
here to an acremonium-like anamorph. Our phylod€m 1.2) demonstrates that
Pseudocosmospo@P 100%, PP 100%) is not congeneric vidilsmospora s.str
the only other group of cosmospora-like fungi vathacremonium-like anamorph
(Hirooka et al. 2010Grafenharet al. 2011). The two groups differ primarily hetr

cultural characteristics. In generBseudocosmosypa produces pinkish colonies,
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while Cosmosporaensu stricto, produces olivaceous-green colame2DA.

Members of each genus considered in this studyramdy on a particular
group of host fungiPseudocosmospoia reported here to occur primarily Batypa
andEutypellaspecies (Diatrypaceae) with the exeptiol€osmospora joca
(Samuels) Rossman & Samuels, whose host is a spadéscogniauxiaThe genus
Dialonectriaalso occurs on diatrypaceous fungi but has aifusalike anamorphic

state as do species in the geMisrocerathat occur primarily on insects

Species Concept

The Genealogical Concordance Phylogenetic Spe@esdrition was used to

delimit species boundaries (GCPSR; Taylor et @020According to this

operational species concept, putative specieslalesthat are concordant across all
single gene trees. The morphological species retognvas also used to support the
species inferences made when applying GCPSR. Herieaed species may be
associated with uniqgue morphological features seathem apart from other closely

related species.

Another species concept that could be useful ferdening additional
characters to delimit species is the ecologicatigigeconcept. According to this
species concept, ecological niches or adaptiveszoae be used to delimit species
(reviewed in de Queiroz 2007). Host, an ecolognethe, could be a character
specific to a particuladPseudocosmospopecies. However, host identification of
EutypaandEutypellato species was not possible based on morpholageal

Identification of the fungal host based on DNA seages would resolve this
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problem. Moreover, analyzing DNA sequences of caguom-like fungi and their
associated fungal hosts would allow testing theoktygsis of cospeciation. Evidence
for cospeciation woul@rovide independent evidence tbe delimitation of species

in this genus.

A problem of GCPSR is that it requires multipldiinduals per species. By
definition a clade is formed by a minimum of twalividuals per species (reviewed
in Vinuesa 2010). In the case of this paper, ordingle collection was made for
many of the lineages, and it left us with a dilemonehow to deal with the many
singletons present in the phylogenyg(FL.2). It was decided to use the rule of rarity
(reviewed in Lim et al. 2012) to recognize a sitghePseudocosmospora metajoca
(described below), as a species. This specie®iphologically and ecologically
distinct from species recognized with GCPSR aneragingletons.
Pseudocosmospora metajosecurs on aitutypasp. onBeilschmiedia tawa
(A.Cunn.) Kirk(Lauraceae), which is a broadleaf tree native tev Mealand, and has
verrucose ascospores. Also supporting the viewRhatetajocds a distinct species
is the relatively long branch length, which indesthat there have been multiple

substitutions per site since its segregation.

Cosmospora viliorepresents a case where morphology is insuffi¢ent
distinguish closely related species. This spec&haracterized by its relatively fast
growing, pale luteous colony on PDA. However, tlagle probably represents a
species complex given the highly supported subdiaaeconsists of the strains AR
4771 and PC 1246. The species complex may corfaigt to three species, but the

selected epitype strain, AR 4810, is consideredeclto the tru€. vilior based on
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geographical proximity to the original collectinigesof the type specimen and its

host.

Phylogenetic placement Gosmospora joca-The phylogenetic placement of
Cosmospora jocahe host of which is Biscogniauxia spis puzzling considering
that other members éfseudocosmospoitzave arEutypaor Eutypellaspecies
(Diatrypaceae) as their host. Two potential exgdiana for this observation are i)
that theBiscogniauxiasp. represents the ancestral hosPeedocosmosporgpecies,
or ii) that theBiscogniauxighost ofC. jocarepresents an independent host shift.
Given thatPseudocosmospoipecies have diatrypaceous and xylariaceous apdts
assuming the first viewRseudocosmospoi@uld represent a link in the divergence
from Cosmosporaensu stricto t®ialonectria(or vice-versa). Phylogenies of the
fungal hosts have placed the Diatrypaceae asex sistle to Xylariaceae (Moster et
al. 2004, Tang et al. 2009), and these cosmospadringi could have tracked their
hosts faithfully as they diverged. Host specifiaggynot uncommon in the
Hypocreales (e.g., species@brdycepssensu lat@are known to be hospecific to
insect species; Sung et al. 200Zpevolution/cospeciation analyses are neededto te

these hypotheses.
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PC 1246 - F. vilior

56182
i 100/100 i GJS 90-56 - P. rogersonii
L AR4s62- P eutypeliae Pseudocosmospora
94/100 HH i
CH 11-01 - P. eutypae (C. vilior and related species)
AR 4779 - P. joca
53/57 4
1004100 GJS 10-198 - D. species
100/100 GJS 10-193 - D. episphaeria " "
Dialonectria
100/100 GJS 09-1197 - D. species
<50/53
1 CH 11-06 - D. species
CBS 102433 - C. viridescens
AR 2741 - C. coccinea
GJS 10-247
Cosmosporas.s.
95/100 —_—  GJS 83197 5 4
94/100 C. viliuscula
X !
94/100 | 98/100 GJS.08-411 | SR, COMPIX
GJS B6-315
IMI 338173 - “"Cosmospora” flavoviridis
52/52 100/100
| MAFF 241484 - “"Cosmospora” obscura
LAl AR 4385 - “Cosmospora” slegonsporii
100/100 AR 4580 - M. larvarum
= 100/100 E MAFF 241482
GJS 98-50 WM. coccophila Microcera
—‘— Spp. complex
87/100 GJS 83-198
AR 4592 - Pseudonectria pachysandricola
52!5?[ AR 4547 - Corallomycetelia repens

004
Fic. 1.1.Phylogenetic placement C. vilior and related species withtosmospor
sensu Rossmdmsed on combined 5-loci (ITS-LSU, MCM7pb1, tefl, andtub)
dataset. Best tregenerated with ML analysi—16460.154)Values at branche
indicate Maximum Likelihood bootstrap (ML BP)/Bajess posterior probabilitie

(Bl PP).
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I 10000

100/100

{m 4576 | New Zeland / Eutypa sp. Bl P, metajoca

AR 4779/ Argentina | Biscogniauxiasp. [ P, joca
1 IMI 73016/ Great Britain / Unknown

99/100

I P. eutypae

L cH 11-01/ France | Eutypa cf. lata

100/100

AR 4810 [ Argentina / Eutypella sp.

100/100

100/100

P. vilior
species complex

_E\R 4771/ Argentina [ Eutypella sp.
98100 PC 1246 / Brazil [ Eutypella sp.

— AR4826 / Argentina [ Eutypella sp.

99/100

L GJs96-216/USA | Unknown

AR 4768 / Argentina / Eutypella sp.

100/100

100

76/99

100/100

100/100

GJS 95-143 ( Uganda / Eutypella sp.

72195
CH 11-02 / France / Eutypella sp.
96/

GJS 95-141 / Uganda / Eutypelia sp.
MAFF 241531 / Japan / Unknown

GJS 10-197 / USA | Eutypella sp.

GJS 10-296 / USA | Eutypeila sp.
100/ | GJS 90-56 / USA | Eutypelia sp.
160 GJS 09-1384 / USA [ Eutypella sp.
AR 4527 | USA | Eutypelia sp.

GJS 10-194 / USA | Eutypella sp.
100/

100 | AR 4453 / USA | Eutypella sp.

P. rogersonii

GJS 93-15 / France | Eutypella sp. [ P- eutypellae
AR 4562 / USA | Eutypella sp.
GJS 10-248 / USA | Eutypella sp.

MAFF 241499 / Japan / Unknown

99/100 1

AR 4547 - Corallomycetella repens

0.03

AR 4580 - Microcera larvarum

Fic. 1.2. Phylogeneticatationshigof C. vilior and related speciémsed on .

combined 5-loci (IT9-SU, MCM7,rpbl, tefl, andtub) dataset. Best tregenerated

with ML analysis (23024.319). Values at branches indicate Maximum Likelihc

bootstrap (ML BP)/Bayesian posterior probabilitis PP).
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Fic. 1.3.Pseudocosmospora eutyp@®) Perithecia on natural substrata. Scale bar =
200um. (B) Perithecium in 3% KOH. Scale bar = 108. (C) Median section of
perithecium. Scale bar = 1@@n. (D) Perithecial surface cells. Scale bar = 100

(E) Asci. Scale bar = 1m. (F) Ascospore. Scale bar =. (G) Cultures after 3
wks at 25 C on PDA. Scale bar =in. (H) Phialide. Scale bar = Jn. (1)

Conidia. Scale bar = 1m.
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Fic. 1.4.Pseudocosmospora eutypell§ad, B) Perithecia on natural substrata. A.
Scale bar = 60m. B. Scale bar = 200m. (C) Perithecium in 3% KOH. Scale bar
=100um. (D) Median section of perithecium. Scale barG{ith (E) Perithecial
surface cells. Scale bar = 1. (F) Asci. Scale bar = 1m. (G). Ascopore. Scale
bar = 10um. (H, 1) Cultures after 3 wks at 25 C on PDA. &da&rs = 10 mm. (J, K)
Phialides. Scale bars = in. (L) Lateral phialidic pegs. Scale bar =ra. (M)

Conidia. Scale bar = 1om.
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Fic. 1.5.Pseudocosmospora jocgh, B) Perithecia on natural substrata. A. Stele

=2 mm. B Scale bar = 2Q0n. (C) Asci. Scale bar = 10n. (D) Ascospores. Scale
bar = 10um. (E) Cultures after 3 wks at 25 C on PDA. Scaleh10mm. (F)

Phialide. Scale bar = 1m. (G). Conidia. Scale bar = 1in.
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Fic. 1.6.Pseudocosmospora metajo¢A, B) Perithecia on natural substrata. A.

Scale bar =2 mm. B. Scale bar = 200. (C) Perithecium in 3% KOH. Scale bar =
100um. (D) Median section of perithecium. Scale b&08um. (E) Asci. Scale bar
=10um. (F) Ascospores. Scale bar =if. (G) Cultures after 3 wks at 25 C on
PDA. Scale bar = 1t6hm. (H, I) Phialides. Scale bars = fith. (J) Conidia. Scale bar

=10um.
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Fic. 1.7.Pseudocosmospora rogersor{i, B) Perithecia on natural substrata. A.

Scale bar =2 mm. B. Scale bar = 200. (C) Perithecium in 3% KOH. Scale bar =
100um. (D) Perithecial surface cells. Scale bar = @0 (E) Ascus. Scale bar =10
um. (F) Ascospores. Scale bar =jid. (G, H) Cultures after 3 wks at 25 C on PDA.
Scale bar = 1@hm. (I) Phialide. Scale bar = 30n. (J) Conidia. Scale bar = lfn.

Scale bars: (A) 2 mm, (B) 2Q0m, (C, D) 100um, (E,F, I-J) 1Qum, (G, H) 10 mm.
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FIG. 1.8.Pseudocosmospora VviliofA, B) Perithecia on natural substrata. A. Scale
bar = 2 mm. B. Scale bar = 20fh. (C) Perithecium in 3% KOH. Scale bar = 100
um. (D) Asci. Scale bar = 1om. (E) Ascospore. Scale bar =d@. (F) Cultures
after 3 wks at 25 C on PDA. Scale bar = 10 mm. R@iplides. Scale bar = 10n.

(H) Conidia. Scale bar = Lm.
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Chapter 2: Revision of the genGsrallomycetellawith
Corallonectriagen. nov. folC. jatrophae(Nectriaceae,

Hypocreales)

C.S. Herrera, A.Y. Rossman, G.J. Samuels, C. Lechat and P. Cha26d.3.

Mycosystem&2(3): 518-544Reprinted with permission dycosystema.

ABSTRACT

The genus Corallomycetella (Ascomycota, Sordariomycetes, Hypocreales,
Nectriaceae) has been defined to include red wo@ttrfungi associated with
rhizomorphs in nature and culture. With the reaailection of an unusual specimen
having striated ascospores, the genus was re-eedmining this and previously
obtained cultures. A multilocus tree was constridtased on three loci (IT&cm7
B-tubulin) to determine phylogenetic relationship®ur results indicate that
Corallomycetella repensensu latdforms two clades associated with biogeography.
Corallomycetella repensensu strictas restricted to specimens from Asia while
elegansis resurrected for specimens from Africa and AceeriMinute striations in
the ascospores are an overlooked character in espeai Corallomycetella

Corallomycetella jatrophaes related toNeonectria sensu latand unrelated t&C.
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repens and C. elegans thus, a new genusCorallonectria is described to
accommodate this specié€3orallonectriais characterized by furfuraceous perithecia

and synnematous fusaridlike anamorph.

INTRODUCTION

The genusCorallomycetellaHenn. is recognized for two species having large,
orange-red to red, smooth to scurfy ascomata agrhmy caespitose clusters, and
smooth to roughened ascospores (Rossm@ral. 1999). These species occur
primarily in tropical regions. Based on the reddiBlOH+ ascomata this genus is
placed in the Nectriaceae, Hypocreales. One speCieepens(Berk. & Broome)
Rossman & Samuels, has a synnematal asexual stHtered, rhizomorph-like
strands at the base that has been referredRbiasstilbella hibisc{Pat.) Seifert. The
reddish rhizomorph-like strands are also produoecllture as well as ellipsoid, non-
septate conidia each with a truncate base. Thisepeauses a number of diseases,
specifically ‘violet root rot’ of Theobroma cacad., root rot of Carica papayal.,

and ‘stinking root disease’ of several tropical wg@lants (Booth & Holliday 1973).
Corallomycetella jatrophadA. Mgller) Rossman & Samuels has a similar logkin
ascomatal state with a reddish synnematal asetatal that produces large, fusiform,

multi-septate conidia.

A specimen collected in French Guiana has stristespores although otherwise is
similar to C. repens As part of a study to determine if this unusys¢smen is a
distinct species, the phylogenetic placement @drallomycetella within the

Nectriaceae was investigated. Previous studiesshgdested that it was basal to the
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genus CosmosporaRabenh., which has recently been shown to be pylgpb

(Grafenharet al.2011).

MATERIALS AND METHODS

Herbarium specimens and cultures

Fresh specimens @orallomycetellasensu Rossmaet al. (1999) were collected on
trips to Brazil, Costa Rica, French Guiana, and daafiKadri Pdldmaa). Cultures
were obtained by isolating single asci or ascosparel grown in cornmeal dextrose
agar (CMD; Difco™ cornmeal agar + 2% w/v dextroseantibiotics). Dried

specimens were deposited at the U.S. National Fu@mllections (BPI), Beltsville,

Maryland, USA. Cultures were deposited at Centraaldu voor Schimmelcultures
(CBS), Utrecht, The Netherlands (Table 1) from vehadditional fungal strains were

obtained.

Herbarium specimens dforallomycetellawere borrowed from the U.S. National
Fungus Collections (BPI), Farlow Reference Librang Herbarium of Cryptogamic
Botany (FH), Royal Botanic Gardens Kew (K), and l\&ith and Lynda Steere

Herbarium, New York Botanical Garden (NY).

Morphological characterization

The macro-morphology of the teleomorph was obserusthg a stereoscope
(Olympus SzX12 Olympus, Tokyo, Japan). The coltigpe, size, ornamentation,
and habit of the perithecia were characterizedodserve their internal structures, the

perithecia were rehydrated in 3% KOH and the cemtigolated on a glass slide and
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covered with a coverslip. Microscopic characterg,. @sci and ascospores, were
observed with a compound microscope (Olympus BXB@mpus, Tokyo, Japan).
The color reaction of the perithecial wall was alied using 3% KOH and 100%
lactic acid (LA). Sections of perithecia (ca.ub® in width) were made with the aid of

a freezing microtome.

To observe colony morphology strains were growrDdico™ potato dextrose agar

(PDA) in an incubator that alternates between #sgoent light and darkness

(12h/12h) at 28C. Two replicates with two pseudoreplicates werewgrdor each

isolate. Culture growth was measured weekly for tweeks. Colony color is
described using the terms in Rayner (1970). Torvlesthie mononematous anamorph
isolates were grown in synthetic nutrient-poor a@A; Nirenberg 1976) under the
conditions described above. A block of agar was platced on a microscope slide,
covered with a coverslip, and examined by light nmscopy (Olympus BX50;

Olympus, Tokyo, Japan).

Measurements of continuous characters, e.g. leagdhwidth, were made with Scion
Image software beta 4.0.2 (Scion Corp., Fredefid&ryland), and summarized by

descriptive statistics, e.g., minimum, maximum, maad standard deviation.

DNA extraction, PCR, and sequencing

The detailed DNA extraction protocol is describedHirookaet al. (2010). Briefly,
the strains were grown in Difco™ potato dextrosatib(PDB) for one week, and the

mycelial mat harvested for DNA extraction. DNA wastracted with PowerPlant®
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DNA Isolation Kit (MO BIO Laboratories Inc., Solarizeach, California). DNA of

Corallomycetella jatrophagP.C. 1300) was amplified directly from the seVera

centra of the perithecia because the isolate didumwive—80°C storage. The centra

were isolated in antibiotics, transferred to a wientrifuge tube with 10n RNAse-

free water, incubated for 10min at°€ and homogenized using a micropestle. The

sample was centrifuged, an@drb of the supernatant was transferred to a new tube.
DNA was amplified with lllustra GenomiPhi V2 DNA Aplification Kit (GE
Healthcare Bio-Sciences Corp., Piscataway, New eygrsfollowing the

manufacturer’s instructions.

Four partial loci were amplified. These loci incutlS ribosomal DNA (ITS; White
et al. 1990) and three protein coding regiomsactin @ct Samuelset al. 2006),

mcm7(a DNA replication licensing factor; Schmét al. 2009), and3-tubulin ¢ub;

O’Donnell and Cigelnik 1997). The PCR reaction mixture (25uLatovolume)

consisted of 12.5uL GoTag® Green Master Mix 2X (fega Corporation, Madison,
Wisconsin), 1.25uL 10mmol/L forward primer, 1.251Dmmol/L reverse primer,
1.0pL of dimethyl sulfoxide (DMSO; Sigma-Aldricht.S ouis, Missouri), 2.0uL
genomic DNA template, and 7uL of sterile RNAse-freater. PCR amplifications
were carried out in an Eppendorf Mastercycler tlwayoler (Eppendorf, Westbury,
New York) under the cycle conditions listed in T@l. PCR products were cleaned
with ExXoSAP-IT® (USB Corp., Cleveland, Ohio). Cled®CR products were
sequenced at the DNA Sequencing Facility (CenteAfyricultural Biotechnology,

University of Maryland, College Park, Maryland) aMtLAB DNA sequencing
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services (San Francisco, California). Sequences vassembled and edited with
Sequencher 4.9 (Gene Codes, Madison, Wisconsimuehees were deposited in

GenBank (Table 2.1).

Phylogenetic analyses

A multiple sequence alignment for each locus watopaed in the MAFFT v.6 web

service (http://mafft.cbrc.jp/alignment/seryerKatoh 2008) with the E-INS-i
alignment strategy. Alignments were manually editedch Mesquite 2.75 (Maddison

& Maddison 2011).

CONCATEPILLAR 1.4 (Leigh et al. 2008) was used &etmine which loci could
be concatenated and analyzed to generate a phylogeci were concatenated if the
p-value was greater than the defawlievel of 0.05, which indicated that the null

hypothesis, i.e. congruence of loci, could notdjeated.

JModeltest (Guindoand Gascuel 2003; Posada 2008) was used to infer tidelnd

nucleotide substitution for each locus. Defaultisgs in jModeltest were used: 11
substitution schemes with equal or unequal baspuémcies (+F), and with/without
invariable sites (+1) and/or rate variation amontess (+G). The base tree for
likelihood calculations was ML optimized. Once likeod scores were calculated,

the models were selected according to the Akaik@mation Criterion (AIC).

Maximum likelihood (ML) analyses were performed WIiGARLI v2.0 (Genetic

Algorithm for Rapid Likelihood Inference; Zwickl 28) in the GARLI web service

(http://www.molecularevolution.orgBazinetand Cummings 2011), which uses a
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grid computing system associated with The Latticgdet (Cummings and Huskamp

2005; Bazinetand Cummings 2008). Fifty independent search replgatere

performed to generate the starting tree and sdarcthe best tree with a fast ML
stepwise-addition algorithm. Two thousand bootstraplicates were used in the
bootstrap analysis. Bayesian analyses were pertbrmilrBayes v3.2.1 (Ronquist

al. 2012). A majority rule consensus tree was generhterunning four chains for
10,000,000 Markov Chain Montecarlo generations sagptrees every 100th

generation, and discarding the first 25% of the @ath trees as burn-in. Tracer

version 1.5 (Rambauénd Drummond 2007) was used to confirm whether the

negative log likelihoods had reached convergence.

Species recognition ifCorallomycetellasensustricto was based on genealogical
concordance phylogenetic species recognition (GCPRflor et al. 2000), 95%
connection limit in statistical parsimony networkPosada & Crandall 2001;
Templeton 2001), and genealogical sorting indgsii (Cummings et al. 2008).
Haplotype networks based on statistical parsimoasevgenerated for each locus and
the combined multilocus dataset in TCS v1.21 (Cletne¢ al. 2000). Haplotypes are
joined by an edge only if the edge has a probgbdft parsimony greater than or
equal to 95% (default settings in TCS). Thei is a statistic that measures
genealogical exclusivity of a group of individualsécies on a rooted tree with
O=polyphyly and 1=monophyly. Thgsi was implemented in thgsi web interface
(http://www.genealogicalsorting.org/) with singleclus trees generated with GARLI

(as described above) and 10,000 permutations tatisstical significance of thgsi
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value P<0.05). The ensemble statistigig) was estimated from a multi-tree file

containing all single locus trees.

RESULTS

The analysis performed in CONCATEPILLAR rejecteck thull hypothesis of
congruence among all loci (P-value < 0.001), andtlics reasoract was analyzed
separately (Fig. 2.1). The analysis determined tmdy ITS, mcm7 andtub were
congruent (P-value=0.3), and therefore these lamildc be concatenated. The
concatenated matrix consisted of 2,304 base paisgha@h 799 were parsimony-
informative, 236 were parsimony-uninformative, &4 were invariable (Table 2.2).
The topologies of the generated phylogenetic treedoth ML and Bl were
congruent. The negative log likelihoods for the Ipggnetic trees were —17491.8148

and —17588.5333, respectively. The best tree (MlIshiown in Figure 2.2.

The combined analyses of specieCiorallomycetellasensu Rossmaet al. (1999)
revealed that these taxa consisted of three cladiésugh distantly related, i.e. the
genus is polyphyletic. One clade is composedCofallomycetella repensensu
Rossmanet al. (1999) (100% BP, 100% PP), and allied wiflosmosporasensu
stricto, Dialonectria (Sacc.) Cooke,Fusicolla Bonord., Macroconia (Wollenw.)

Grafenharet al, andMicroceraDesm. (94.5% PP).

Corallomycetella repensensu Rossmaet al. (1999) clustered into two well-
supported subclades that correlated with geograpign (Fig. 2.2). One subclade is
known only from Asia (99.6% BP, 100% PP), and repntéed in Fig. 2.2 by isolates

from India, Java, and Sri Lanka. In single genedyehis clade was presentant,
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ITS, andmcm7 but onlyact andmcm7strongly supported this clade (Fig. 2.3). This

subclade is recognized below@srepenssensu stricto.

The second subclade @orallomycetella repensensu Rossmaat al. (1999) is
known from tropical regions in the western hemisphand Africa. It is well
supported (87.9% BP, 100% PP; Fig. 2.2) and radetre asC. elegans(see
Taxonomy section). It is present and strongly sujgabin act, ITS, andtub single
gene trees (Fig. 2.3). Within tl& eleganslade, ITS was the only locus supporting
the monophyly of specimens from America, whild was the only locus strongly

supporting the monophyly of specimens from AfriEgy( 2.3).

TCS analyses resolved two segregate haplotype netvabCorallomycetella repens
sensu Rossmaet al. (1999; Fig. 2.4). The smaller haplotype networknposed two
haplotypes from Asia, and the larger one includedr fhaplotypes from tropical
America and Africa. Within the larger haplotype wetk, eight polymorphic sites
separated two small subgroups that showed geograomgruence. In single gene
haplotype networks, only the analysistab reconstructed two separate haplotype
networks as seen in the combined haplotype netvaditkough ITS anagncm7had a
relatively high number of mutational differencestviieen the “American” and

“African” subgroups (five and six, respectivelygFR.5).

Gsi analyses did not support the monophyly @brallomycetella repensensu
Rossmaret al. (1999). The ensemblgsir value was 1, but not significant (p-value =
0.075). Complete sorting was not observed in arth@tubclades. The ensembi:

values for theC. repenssensu stricto an@. elegansubclades were 0.928 (p-value =
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<0.001) and 0.735 (p-value = 0.001). The ensergbievalues for the “American”
and “African” populations o€. elegansvere 0.928 (p-value = <0.001) and 0.735 (p-

value = 0.001), respectiveléasivalues for each locus are reported in Table 2.3.

The second species included @orallomycetellasensu Rossmaet al. (1999), C.
jatrophae formed a well-supported clade distinct from tgahus (100% BP, 100%
PP, Fig. 2.2). This species is closely allied wigtonectria P. Chaverri & Salgado,
NeonectriaWollenw., andViridispora Samuels & Rossman, although this inner node
is not well supported in the combined analysis (8P% Fig. 2.2).Act strongly
supports a clade comprisi) jatrophae llyonectria,andNeonectria(100% PP, Fig.

1). Given the distinctive morphology @Gf. jatrophaeand the lack of affinity with any
known genus, this species is placed in a new geBosallonectria (described

below).

Three isolates identified adlectria” mauritiicola (Henn.) Seifert & Samuels, a name
considered a synonym dZorallomycetella repengRossmanet al. 1999), were
distinct from all isolates referred to @orallomycetella The ITS sequence of these
isolates are identical (Max. Ident.=100% in Blast#ast.ncbi.nlm.nih.gov/) to the
sequence of CBS 122.29, ex-type cultur&safocladium kiliens€éGritz) Summerb.
(76% BP, 82% PP; Fig. 2.2), and related to othecigs ofSarocladiumwW. Gams &

D. Hawksw. (100% BP, 100% PP; Fig. 2.2).
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DISCUSSION

Genus concepts

In the prior taxonomic revision by Rossmah al. (1999), Corallomycetellawas
based orC. repengneotype ofC. heinseniidesignated by Rossmahal.1999). The
genus included nectrioid fungi with scurfy to fudceous perithecia with
rhizomorphs, roughened or smooth ascospores, amiesyatous, fusariuike or
Rhizostilbellaanamorphs. The circumscription©@brallomycetellavas revised based
on the genus-for-genus concept (Rossman 1993) ichwé teleomorphic fungal
genus correlates with its unique anamorph. Using tloncept teleomorphic and
anamorphic genera are observed to be monophyketic Chaverret al.2008, 2011,

Grafenharet al.2011; Luo and Zhuang 2010, 2012).

Our phylogenetic analyses of molecular sequence ateal thaCorallomycetella
sensu Rossmaet al. (1999) consists of two distantly related majodels (Fig. 2.2).
The clade that compriseSorallomycetellasensu stricto is related Gosmopora
sensu Rossman (94.5% PP) as previously shown byokéret al. (2012). The
anamorph ofCorallomycetellasensu stricto is a synnematoRsizostilbella The
genus is also characterized by scurfy peritheaa dievelop from rhizomorphs or at
the base of synnemata, and produce finely striasedspores that appear roughened

in median section because the outer wall is ofii@mosis.

Corallomycetella jatrophaéorms a second clade Gorallomycetellasensu Rossman
et al.(1999), but it is most closely related to neoneeliike fungi (92% PP; Fig. 2.2).

Although the exact relationship is not well resol\{ow node support), the topology
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of this subclade is similar to that reported by @ha et al. (2011) in which the inner
nodes are well supported due to the higher numbeocordant loci used in the
combined analyse€orallomycetella jatrophaés characterized by its synnematous
fusarium-like anamorph, which is unigue among netreelike fungi. Synnematous
fusarium-like anamorphs are also observedAimactium Link and Microcera
(Grafenhanet al. 2011), but these genera appear to be unrelatégl jatrophae
Representatives dAtractiumwere not included in our phylogeny, but Grafenlkean
al. (2011) showed that the typ&, stilbasterLink and a second species Atfractium
form a distinct genus allied witAseudonectriamndVolutella The genugtractiumis
not included the major clade of neonectria-like dgunMicrocera and allies
(Cosmosporasensu Rossmaet al. 1999) are closely related tGorallomycetella
(94.5% PP; Fig. 2.2). This suggests that the syat@ms fusarium-like anamorph has
been independently derived three separate timesedBan these results, the clade
previously regarded a<Corallomycetella jatrophae is segregated into a new

monotypic genugorallonectria(described below).

Species concepts

The species previously referred to@arallomycetella repensensu Rossmagt al.
(1999) is recognized in this study to comprise species, namelZ. repenssensu
stricto andC. eleganspased on our multi-method approach (GCPSR, coiomeof
haplotypes with>95% parsimony probability, anglsi). In addition to these criteria
the two species are supported by morphological lindeographical differences.
Corallomycetella repenss restricted to isolates from South and Southaagt (Fig.

2.2), while isolates from Africa and America areagnized a£. elegans
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Corallomycetella repensis circumscribed in the strict sense based on our
phylogenetic results. The clade is well supportedhie combined analyses (99.6%
BP, 100% PP; Fig. 2.2). The ensembk value obtained for this clade (0.902, p-
value = 0.004; Table 2.3) suggested that it is @pprating monophyly (i.e.,
complete sorting). The clade is present in all Ieingcus trees excepuib, but only
supported inact and ITS (Fig. 2.3). Under GCSPR (Tayler al. 2000) the clade
could not be recognized probably because completade sorting has not occurred.
This criterion seems too conserved, and we dedidddllow the criterion used by
Pringleet al. (2005), which recognizes a species if the cladeel supported in the
majority of single gene trees. The segregate n&wdrC. repenshaplotypes also
suggests thaC. repensis not conspecific withC. elegans A segregate network
occurs when the observed mutational differencegexkdhe maximum number of
mutational connections, i.e. the 95% parsimony @bdlly cutoff, between
haplotypes. Segregate parsimony networks have besociated to correspond to

species boundaries (reviewed in Hart & Sunday 2007)

The case forCorallomycetella eleganss slightly more complicated, but also
conforms to the species recognition used in thislyst The clade is well supported

(87.9% BP, 100% PP; Fig. 2.2), and exhibits a matgegenealogical exclusivity

across single gene treegsi=0.838, p-value=0.001; Table 2.3). Monophyly of the
clade was supported by ITS andb single gene trees. Conflicting with the
monophyly of this clade is the monophyly of the “Antan” isolates supported by

the ITS locus, whilgub supported the monophyly of these isolates for dnas

Africa (Fig. 2.3). Under the applied criterion ofCBSR (Pringleet al. 2005), these
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populations cannot be segregated into species ey a single gene supports its
monophyly. Under the 95% parsimony probability, siaesubgroups were not
separated into their own haplotype networks. Thhis, method also supports the

hypothesis that isolates from Africa and Amerioa @nspecific.

As mentioned above, the recognized specie€afallomycetellaare correlated to
geographic origin. It is possible that the obserdestribution of Corallomycetella
species may be the result of vicariance. Suppottirgghypothesis are the plant hosts
of Corallomycetella some of which are native to the same geogramgon. For
example,C. elegangarasitizedHevea brasiliensiMull. Arg. (Table 2.1), which is
native to the Americas. It could explain why happas from Africa are conspecific
with those in America (Fig. 2.3). African haplotgeould be the result of
anthropogenic introductions from America into pltitins of H. brasiliensisin
Africa. Vicariance has been used to explain theggguhic distribution of species of
the biotrophic fungu<yttaria Berk. and their hosts in the plant geristhofagus

Blume (Petersoet al.2010).

The incorrect application of a name: “Nectria mauticola”

In our revision of the genuSorallomycetellaan isolate labeled CBS 400.52, initially
identified asNectria mauritiicola a synonym ofC. repens was determined to be
unrelated to the genu3orallomycetellasensu Rossmaegt al. (1999). ITS sequences
labeledNectria mauritiicolaand retrieved from GenBank were identical to thiose

CBS 400.52. The source of the GenBank sequencebstasas human blood, which

cast doubt on the identity of these fungi becagseimens ofCorallomycetellaare
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reported to be plant pathogens (reviewed in Boathkolliday, 1973). Additionally,
the observed anamorph of CBS 400.52 was acremokéantnlike the anamorph of

species ofCorallomycetelladescribed below).

The herbarium specimen of CBS 400.52 listed as4¥B10 was not observed, and
we could not determine whether the name was cdyreqiplied to the original
specimen/isolate. Examination of the type speciofedectria mauritiicolarevealed
that this name is correctly considered a synonynCafallomycetella eleganésee
Taxonomy section). Thus, the namectria mauritiicolawas incorrectly applied to

CBS 400.52 and the other sequences in GenBank.

The sequences of CBS 400.52 and others retrieosd @enBank were found to be
identical to that of CBS 122.29, ex-type culture $&rocladium kiliense(=
Acremonium kilienge The acremonium-like anamorph produced by CBS5®also
suggests this species. Therefore, the sequenceblethtbiNectria mauritiicold in
GenBank are determined to be conspecific \8itkkiliensg76% BP; Fig. 2.2). They
are incorrectly annotated creating confusion in shentific community especially
those who depend on the database for identificablowvicki et al. (2003) and Jangt
al. (2012) are examples of clinical literature wheme tncorrect identification was
assigned, although Novickt al. (2003) questioned the validity of the GenBank name
because their samples did not cluster with CBS 72L3a trueCorallomycetella
repensincluded in our study). This example calls for athod to change annotations
in GenBank and highlights the importance of taxomostudies to correct these

crucial errors.
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TAXONOMY

CorallomycetellaHenn., Hedwigia 43: 245. 1904.

Generic type: Corallomycetella heinsenii[as heinesi] (Henn.) Henn. =

Corallomyces heinsenienn., Bot. Jahrb. Syst. 23: 358. 1897).

[= CorallomycesBerk & M.A. Curtis, J. Acad. Nat. Sci. Philadelphter. 2, 2:

289. 1853, non Fr. 1849. — Typeé: elegandBerk. & M.A. Curtis]

= Rhizostilbellawolk, Mycol. Zentbl. 4: 237. 1914.

Generic typeR. hibisci(Pat.) Seifert=£ Stiloum hibscPat., =R. rubraWolk, Mycol.

Zentbl. 4: 237. 1914 fide Seifert, 1985).

Perithecia solitary to gregarious, associated watidish rhizomorphs or synnemata,
obpyriform, scarlet to blood-red, KOH+ blood-redA+ yellow, slightly scurfy,
uniloculate. Perithecial surface cells formitextura angularis Perithecial wall of
one region of cells formingextura angularis becoming narrow, compressed towards
the centrum, 50—10n thick. Asci narrowly clavate, apex with a ringittweight-
ascospores arranged uniseriately. Ascospores atlipssmooth, one-septate,
constricted at septum, thick-walled, outer wall stimes sinuous, appearing rough

(optical section), finely striated (surface viewgllow-brown.

Anamorph synnematouRhizostilbella Synnemata on natural substrata solitary or
gregarious, 2-5 caespitose, arising laterally or tasninal extension of the
rhizomorphs or directly from the substratum, cytinetapitate, subulate-capitate,

cylindrical, slender to robust, straight, curvedsmuous, unbranched or once or twice
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branched, hirsute, pale luteous to luteous, KOHie Ired to purple, LA+ yellow.
Marginal hyphae echinulate to verrucose, pale ge®&OH+ livid red, with clavate
terminal cells, covering entire surface of stip@n{diophores unbranched, or once
simple monochasial or monoverticillate. Phialidgdindrical, terminal, lateral and
terminal, collarettes not flared, periclinal thickeg conspicuous. Conidial mass
white to yellow, subglobse. Conidia ellipsoidal,oaal with a truncate base, non-

septate, smooth-walled, hyaline.

Habitat On bark and roots of decaying or living (diseasedpical trees, and also

isolated from soil.

Distribution: Africa, Asia, America (pantropical).

Notes Species ofCorallomycetellaare unique nectriaceous fungi in that they have a
synnematoufhizostilbellaanamorph Corallomycetellais similar toCorallonectria
in that species in these genera produce rhizomarpRBA, butCorallonectriahas a

synnematous, fusarium-like anamorph.

Corallomycetella elegangBerk. & M.A. Curtis) C. Herrera & P. Chavercgpmb.

nov. Fig. 2.6

MycoBank No. MB803107

Basionym: {orallomyces eleganBerk. & M.A. Curtis, J. Acad. Nat. Sci.

Philadelphia, Ser. 2, 2: 239. 1853, genus illegt, B3].

= Stilbum hibscPat., J. Bot. Paris 1891: 320 fide Seifert, 1985.

= Rhizostilbella hibisc{Pat.) Seifert, Stud. Mycol. 27: 162. 1985.
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[= Corallomyces heinsenklenn., Bot. Jahrb. Syst. 23: 538. 1897, genus.jllag.

53].

= Corallomycetella heinsenfHenn.) Henn., Hedwigia 43: 245. 1904.

[= Corallomyces elegangar. camerunensisienn., Bot. Jahrb. Syst. 22: 76. 1897,

genus illeg., Art. 53].

[= Corallomyces camerunendislenn.) Henn., Bot. Jahrb. Syst. 23: 538. 1897,

genus illeg., Art. 53].

[= Corallomyces berolinensidenn., Verh. Bot. Vereins Prov. Brandenburg 40:.153

1898, genus illeg., Art. 53].

= Nectria coccinedPers : Fr.) Fr. vaplatysporaRehm, Ann. Mycol. 7: 137. 1900.

= Nectria platysporaRehm) Weese, in Hohn. & Weese, Ann. Mycol. 8:.464

1910.

[= Corallomyces mauritiicolddenn., Hedwigia 43: 244. 1904, genus illeg., A&].5

= Nectria mauritiicola(Henn.) Seifert & Samuels, Stud. Mycol. 27: 161339

= Rhizostilbella rubraNolk, Mycol. Zentbl. 4: 237. 1914 fide Seifert,8®

Anamorph: synnematoushizostilbella

Teleomorph: Perithecia solitary to gregarious, eisged with reddish rhizomorphs
and/or synnemata, obpyriform, scarlet, KOH+ bloed;r LA+ yellow, with

concolorous scurf, 512-940(-1033B09-634um (mean = 71% 486; SD 127, 70; n
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= 30). Asci narrowly clavate, apex with a ring, lwieight-ascospores arranged
uniseriately, (123-)145-21% 8.6-14.3m (mean=16811; SD 21, 1.6; n=24).
Ascospores ellipsoid, smooth, one-septate, cotstriat septum, thick walled, outer
wall sometimes sinuous, appearing rough (opticati®@e), finely striated (surface

view), 13.7-22.45.8-9.21m (mean=16.87.7; SD 1.5, 0.7; n = 110).

Culture and anamorph: Colonies 42—69 mm diam (m&&nSD 7; n=34) after 14d.
at 25C on PDA. Colony surface with synnemata formingrnéne inoculum or
scattered, aerial mycelium white to pale-luteoustiony to velvety; below aerial
mycelium greenish olivaceous; sometimes agar dise yellow-green; reverse
isabelline at center becoming buff toward colongesdvith isabelline dichotomously
branching rhizomorphs immersed in agar. Synnemyditadecical-capitate, cylindrical,
slender to robust, straight, hirsute, orange tecedus, KOH+ livid red, 876—
2,536:248-621im (mean=1,394424; SD 545, 108; n=19). Marginal hyphae of
synnemata, septate, echinulate, covering entifaciof stipe, with clavate terminal
cells, 15-297.6-9.9 (mean=28.5; SD 5.1, 0.8; n=7). Conidiophores unbranched or
once simple monochasial or monoverticillate. PHedi cylindrical, slightly tapering
towards tip, hyaline. Conidial mass buff-coloredh GNA, conidiophores simple,
unbranched, acremonium-like. Phialides cylindricgightly tapering towards tip,
collarettes not flared, periclinal thickening comsjus, hyaline, length 27—gmh
(mean=55; SD 11.8; n=81), width at base 2.2xHh.Amean=3.3; SD 0.4; n=81),
width at tip 1.5-2.8m (mean=2.1; SD 0.3; n=81). Conidia ellipsoidalpiokal with a
truncate base, non-septate, smooth-walled, hyalk®;26(—28.4)x 7-13 pum

(mean=1910; SD 2.5, 1.1; n=270).
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Habitat: On bark and roots of decaying or livingséhsed) tropical trees, and also

isolated from soil.

Distribution: Brazil, Colombia, Costa Rica, Fren@uiana, Nicaragua, Panama,
Venezuela (Samuels 1973; Samuels & Dumont, 19823smRanet al, 1999), DR

Congo, Gabon, Guadeloupe, Ivory Coast, Jamaicariaib

Holotype of Corallomyces elegan§&uriname, on bark,Holotype ex herb. Schw. in
herb. Berkeley (KNeotypeof Corallomycetellaheinseniidesignated in Rossmaat

al. 1999).

Epitype ofCorallomyces elegargesignated hereirFrench Guiana, Région de Salll,
Layon des Eaux Claires, on bark of unidentifiedetr@ May 2008, C. Lechat

(CLL8064),Epitype BPI 881071, ex-epitype culture CBS 123826 = AR 4547

Additional type specimens examin®&tazil, Rio Grande do Sul, Sad Leopoldo, on
bark, Oct. 1907, S.J. Rick (exsiccati no. 1813; I6type of Nectria coccineavar.
platysporg; Estado de Amazonas, Rio Jurua, Miry, Mauritia flexuosa July 1901
(E. Ule Herbarium Brasiliense no. 283oplotype of Corallomyces mauritiicolg
Cameroon, on bark, J.R. Jungner (FHHolotype of Corallomyces elegansar.

camerunens)s

Additional specimens and isolates examiri&azil, Bahia, Igrapiiina, on dead bark,
12 Sep. 2010, P. Chaverri (PC 1261), O. LiparinePa, D. Pinho, A. Luiz Firmino,
BPI 884207, culture CBS 134440; Estado do ParateBel Maguari, Floresta
Nacional do Tapajos, elev. 28 m., S2°46'59.6", WH%8.9", on dead tree blievea

7 May 2011, O. Liparini Pereira & P. Chaverri (P80T), BPI 884208, culture CBS
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134441 .Colombia, Puerto Japon, Rio Peneya, Caqueta, on bark,|252J{8—-28 Jul.
1973, Y. Doi, BPI 842181 = TNS-F-224942 = TNS.D-Q72osta Ricg isolated
from rhizosphere oMusa sapientumR.D. Goos (No. 1127), culture CBS 276.60 =
ATCC 14043 = IMI 84360; Heredia Province, La Selt&ological Station,
succession plots 2-3 years old, N10° 25' 23.5" W8d@°04.8", on dying base of
Musaceae, 16 Mar. 2010, P. Chaverri (PC 1123),8R2b40; Limén, Santa Rita de
Pococi, on canker dfectona grandisM. Arguedas, BPI 748185; Heredia Province,
La Selva Biological Station, Sendero Tres Rios &ainino Experimental Norte,
N10°26'7.3" W84°00'31.4", alt. 64 m., on unideng&li Liana, 17 Mar. 2010, P.
Chaverri (PC 1166), BPI 881547, culture CBS 13128&.J.S. 10-133; Heredia
Province, La Selva Biological Station, Sendero TRess and Camino Experimental
Norte, N10°26'7.3” W84°00’31.4", alt. 64 m., on dentified palm, 17 Mar. 2010, P.
Chaverri (PC 1169), BPI 882353, culture CBS 131285.J.S. 10-134DR Conga
stem base, INEAC, Afd. Phyto, No. 1191, culture CB®.60.French Guiana
Cayenne. Montagne Cacao, Piste Coralie, 4°32'@®N550"W, on bark, 14 Feb.
1988, A. Rossman & C. Feuillet (3142), BPI 11072Gabon, Crystal Mountains
National Park, on dead bark, 30 Apr. 2009, K. P@dr(GAB 18), TU 107818 BPI
879302, culture CBS 125531 = A.R. 4638uadeloupe Sentier de la Cascade,
Vauchelet, Gorges de la Riviere, alt. 600 m., ork,b& Jan. 1996, J. Vivant, BPI
744460.lvory Coast, IRCA Plantation, near Abidjafjevea brasiliensis1968, J.J.
Guillaumin, culture CBS 119.84 = IMI 13550Bamaica, Surrey, St. Andrew Parish,
on decaying seed pod, 12 Jan. 1971, RP Korf (CUB2M)J JR Dixon, DP Dumont,

RW Erb, DH Pfister, DR Reynolds, AY Rossman, GJ Gelsy NY. Liberia,
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Cavalla, HarbelHevea brasiliensis25 Nov. 1963, J. Schreurs (No. 72), culture CBS
379.64.Venezuela Territorio Federal Amazonas, Neblina Base CamfRonBaria

(= Rio Mawarinuma), left bank, downstream from camgdt. 140 m., on
undetermined substrate, 18 Feb. 1985, A. RossmdR. (&L75), BPI1 552587; Edo.
Barinas, Caimital Forest, La Montana. Ca. 5 km NEaimital Village and ca. 10
km NE of intersection with Barinas-Opisbo Rd., égcondary forest, alt. 800 m.,
8°35'N 70°15'W, on bark, 25 Nov. 1990, G.J. SamuBlsHein, S. M. Huhndorf

(7501), BP1 744870.

Notes: Corallomycetella elegans and C. repens are indistinguishable
morphologically, except for the synnemata produice@DA. The synnemata «f.
eleganscan attain a height of up to 2,50én as described by Seifert (1985). The
synnemata of C. repens only reaches 600um and are cushion-shaped.
Corallomycetella eleganis apparently restricted to the tropical Westeemtisphere

and Africa.

Corallomycetella repengBerk. & Broome) Rossman & Samuels, Stud. Mycol. 42

113.1999. Fig. 2.7

Basionym:Sphaerostilbe reperBerk. & Broome, J. Linn. Soc., Bot. 14: 114. 1875.

= Stilbum hibiscPat., J. Bot., Paris 1891: 320. 1891.

= Rhizostilbella hibisc{Pat.) Seifert, Stud. Myco. 27: 162. 1985.

= Rhizostilbella rubravan der Wolk, Mycol. Centralbl. 4: 237. 1914.

= Stilbum incarnatumWakker, Ziekten van het Suikerriet op Java, Leidenl197.
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1898.

= Stilbum incarnatunvar. dioscoreaeSacc., Boll. Orto Bot. Regia Univ. Napoli 6:

63. 1918.

= Cephalosporium kashiengeY. Roy & G.N. Singh, Curr. Sci. 37: 535. 1968.

= Acremonium kashiengR.Y. Roy & G.N. Singh) W. Gam€§ ephalosporium

artige Schimmelpilze (Hyphomycetes) p. 138. 1971.

Anamorph: synnematoushizostilbella

Teleomorph: Perithecia solitary to gregarious, eiséed with reddish rhizomorphs
and/or synnemata, obpyriform, scarlet, KOH+ bloed;rLA+ yellow, covered with
scurfs, 386-65264—-367um (mean= 548318; SD 112, 34; n=6). Asci narrowly
clavate, apex with a ring, with eight-ascosporearaged uniseriately, 194—-2286—
20um (mean =21818; SD 12.9, 1.4; n=10). Ascospores ellipsoid, stmoo@ne-
septate, constricted at septum, thick walled, owtdl sometimes sinuous, appearing
rough (optical section), finely striated (surfadew), yellow-brown, 15-21:%6.7—

8.8um (mean=187.8; SD 2.2, 0.7; n=20).

Culture and anamorph: Colonies 42—61mm diam (meanSb 6.5; n=12) after 14d.
at 25C on PDA. Colony surface with white aerial myceliuoottony to velvety;
conidial masses buff colored, slimy, pionnotal poeld by synnemata near the
inoculum; agar discoloring yellow-green; reversabmline with conspicuous
isabelline dichotomously branching rhizomorphs imsed in agar. Surface of sterile

colonies with white aerial mycelium, cottony, resersaffron. In culture, synnemata
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cushion-shaped, orange to salmon, KOH+ livid red)3-$2%520-594m
(mean=458552; SD 64, 38; n=3). Hyphae of synnemata, septathinulate.
Conidiophores unbranched or once simple monochasialonoverticillate. Phialides
monophialidic, cylindrical, hyaline. On SNA, cormgihores simple, unbranched,
acremonium-like. Phialides cylindrical, collarettest flared, periclinal thickening
conspicuous, hyaline, length 39+ (mean=53; SD 12.9; n=10), width at base 2.5—
3.8um (mean=3.1; SD 0.5; n=10), width at tip 1.8+&r/(mean=2.3; SD 0.2; n=10).
Conidia ellipsoidal to ovoidal with a truncate bas®nseptate, smooth-walled,

hyaline, 13—-1% 7-11um (mean=169; SD 1.5, 0.9; n=30).

Habitat: On bark and roots of decaying or livingsésed) tropical trees, and also

isolated from soil.

Distribution: China, India, Indonesia, and Sri Lank

Holotype of Sphaerostibe repensSri Lanka (Ceylon), Peradeniya, on decaying

wood ofArtocarpus integrifolia August,Holotype Herb. Berkeley (K), no. 1005.

Additional specimens and isolates examin€tina, alt. 650m., on bark, 01 OCT.
1993, Y. Doi (93-10), BPI 802510ndia, Uttar Pradesh, Varanasi, isolated from
rhizosphere oLinum usitatissimumJan. 1967, G.N. Singh, culture ITCC 1330=CBS
313.72=IMI 132119 [ex-holotype dfephalosporium kashierisdndonesia Java,
Bogor, on bark ofCarica papaya 16 May 1955, A. Kurnadi, BPIl 631169; Java, on
root of Carica papaya Jun. 1948, K.B. Boedijn & J. Reitsma (No. B.R/48),
culture CBS 358.49Sri Lanka, isolated from soil, 1963, O.S. Peries, culturd IM

101072=CBS 118.84.
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Notes: Corallomycetella repends only known from South to Southeast Asia.
Morphologically, it is nearly indistinguishable froC. elegansexcept for its short,
cushion-shaped, synnemata in PDA. The observecesyarare from a single culture
(CBS 118.84), which was isolated in 1963. One cauldstion whether conidiomata
development has changed from a stipitate synnent@atahe cushion-shaped
synnemata over the years. Fresh collections frora &% needed to select an epitype

in order to stabilize the name and determine thergxof morphological variation.

CorallonectriaC. Herrera & P. Chavermgen. nov

MycoBank No. MB803108

Generic typeCorallonectria jatrophadA. Mgller) C. Herrera & P. Chaverri

Etymology: From Greelkorallion=coral. Referring to the short, red stalk on which

the perithecia develop and making reference tgémeisCorallomycetella.

Perithecia seated on a short red stalk, in caespittusters of 2 to several, ovoid to
obpyriform, collapsing laterally or not collapsindnen dry, scarlet, KOH+ blood-red,
LA+ yellow, with a white to yellow furfuraceous dozy of hyphae below apex;
furfuraceous coating missing in age; apex acutegosim uniloculate. Perithecial
surface cells formingextura angularis Perithecial wall of one region of cells
forming textura angularis becoming narrow, compressed towards the centBim,

40um thick. Asci clavate, apex simple, with eight agmmres arranged biseriately.
Ascospores fusiform-ellipsoid, sometimes reniforfitseptate, often constricted
slightly at septum, pale brown when discharged, atmavalled. Anamorph

synnematous, fusariwike.
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Habitat: On bark of decaying or living (diseasedpical trees.

Distribution: Tropical America and Greater Antilles

Notes:Corallonectriais similar toCorallomycetellain that it produces rhizomorphs
on PDA. However, the anamorphic states are difter@orallomycetellahas a

synnematousRhizostilbella anamorph, whileCorallonectria has a synnematous
fusarium-like anamorphCorallonectriais also characterized by a white to yellow
furfuraceous coating below the apex of the peritheand relatively large, pale-

brown, and smooth ascospores.

Corallonectria jatrophae (A. Mgller) C. Herrera & P. Chaverricomb. nov

Fig. 2.8

MycoBank No. MB803109

Basionym: Corallomyces jatrophaé. Mgller, Bot. Mitt. Tropen 9: 295. 1901, genus

illeg., Art. 53].

= Nectria jatrophagA. Mgller) Wollenw., Z. Parasitenk. (Berlin) 398. 1931

= Corallomycetella jatrophadA. Mgller) Rossman & Samuels, Stud. Mycol.

42:114. 1999.

= Nectria madeirensislenn., Hedwigia 43: 244. 1904.

[= Corallomyces caricaélenn., Hedwigia 43: 245. 1904, genus illeg., Ag].

= Macbridella amazonensiat., J.L. Bezerra & C.R. Almeida, An. XIV congjac.

Soc. Bot. Brasil, 1963: 118. 1964.
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= Nectria amazonensi8at., J.L. Bezerra & C.R. Almeida) Samuels, Carad.

Bot. 51: 1278. 1973.

Anamorph: synnematous, fusarium-like.

Teleomorph: Perithecia seated on a short red stalicaespitose clusters of 2 to
several, ovoid to obpyriform, 729-130817-74&m (mean=932575; SD 171, 83;
n=17), not collapsing or collapsing by lateral img, orange-red to scarlet, with a
white to yellow furfuraceous coating below apexexamcute, smooth, scarlet. Asci
clavate, apex simple, with eight ascospores archngseriately, 93-128.0.3—
19.aum (mean=10815; SD 12.1, 3.1, n=9). Ascospores fusiform-elligso
sometimes reniform, 1-septate, often constricteghly at septum, pale brown when

discharged, smooth, (26-)27-44678-12.2 (mean=3®; SD 2.9, 0.9; n=139).

Culture and anamorph: Colonies 42-57mm diam (me&nSB 9.7; n=4) after 14d.
at 25C on PDA. Colony surface with white aerial mycelijuwottony to velvety; agar
discoloring amber; synnemata produced near inoculagar discoloring amber;
reverse saffron, with saffron dichotomously branghirhizomorphs immersed in
agar. Synnemata cylindrical, slender to robussigit or curved, rarely branching,
appearing furfuraceous with loose, white hyphadh &iterminal cupulate capitulum
(several with age), pale-luteous, KOH+ apricot ¢arket, 1,178-2,46825-35%m

(mean=1,698286; SD 425, 43; n=10; taller with age). Conidiogsounbranched or
once simple monochasial or monoverticillate. Pt&dicylindrical, hyaline, length 9—
34um (mean=22; SD 10.5; n=7), width at base 2.%8.9mean=3.3; SD 0.3; n=7),

width at tip 1.9-2.dm (mean=2.2; SD 0.3; n=7). Conidial mass formingida
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cupulate capitula, flame-shaped, luteous. Conidigarium-like, long-fusiform,
slightly curving at the apical and basal ends, aptell acute, basal cell pedicellate,
hyaline, forming on PDA, not observed on SNA, 3-5){septate: 3-septate (68—)71—
84x 5.2-7.1um (mean=7¥6.5; SD 3.8, 0.6; n=30), 4-septate 73-9(%.0—7.7um
(mean = 8@6.6; SD 3.9, 0.6; n=30), 5-septate (75—-)92-B)0-7.2um (mean = 9k

6.0; SD 8.4, 0.7; n=6).

Habitat: On bark of decaying or living (diseasedpical trees.

Distribution: South and Central America (Belize,aBit, Colombia, Costa Rica,
French Guiana, Nicaragua, Panama, Puerto Rico,Adetee Rossman et al., 1999;

Samuels, 1973; Samuels & Dumont, 1982).

Lectotype ofCorallomyces jatrophagesignated hereirA plate of illustrations in the
original paper ofCorallomyces jatrophgd._ectotype (BPI-Stevenson Library) Mgller

1901, Taf. | Figs. 21-28.

Epitype of Corallomyces jatrophaalesignated hereinPuerto Rico, Cordillera
Central, Guavate Picnic Area, off Rte. 184, altOrQ base of living tree, 25 Feb.
1996, G.J. Samuels (8120), H.-J. Schroers, D.Jgéddpitype BPI 745232, ex-

epitype culture CBS 913.96 = G.J.S. 96-18.

Additional type specimens examindgrazil, Manaus, on bark of unidentified plant,
Batista, 20 Feb. 1961 (URM 2BRiplotype of Macbridella amazonengisRio Jurua,
Cacoeria, on dead stems Gfrica sp., May 1901, Ule 2822 (FHsotype of
Corallomyces caricge Marmellos, Rio Madeira, on decaying bark, Ma&302, Ule

3115, Mycotheca Brasiliensis no. 69 (The Botanid&liseum, University of
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Copenhagerisotype of Nectria madeirens)s

Additional specimens examinedBelize Cayo Distr., Blue Hole National Park,
Hermons trail, 19 Nov. 2001, L. Ryvarden (44387F B43763.Brazil, Estado do
Para, Belterra, Maguari, Floresta Nacional do T@paglev. 28m., S2°46'59.6",
W55°01'38.9", on bark, 7 May 2011, O. Liparini @& & P. Chaverri (PC 1300),
BPI 884209.French Guiana, Route de Belizon, track to Montage Tortue, 15km.
from road N2, 52°20', 4°25', on bark of newly kildree, 18 Feb. 1988, A.Y.
Rossman & C. Feuillet (3222), BPI 1107291; ibid.YARossman & C. Feulillet
(3230B), BPI 1107295Martinique, Precheur, Anse Couleuvre, on bark, 18 Aug.
2011, C. Lechat CLL MAR11044C (BPI 82934@uerto Rico, Luquillo Mountains,
Bisley Watershed in Valley left of Walkup Tower, Ito@ Landslide, Luquillo
Experimental Forest, on tree trunk, 14 Mar. 1990J).0.odge (PR 700), BPI
1109351 Venezuela Edo. Bolivar, along Rio Caroni near Rapids Jetow Uriman,
elevation 393m., on bark, 11 Jan. 1955, J.A. Sieget & J.J.Wurdack (80), BPI
552420; Chimanta Massif, Torono-Tepui, Estado Bwlivainforest Slopes above
Base Camp, on bark, 24 Jan. 1955, J.A. Steyermaidkl&Wurdack, BPI 1107269;
Amazonas, Cerro de La Neblina, Valley at N. BasPiob Phelps, Cloud Forest, alt.
1,000-1,250m, 00°49'N, 66°00'W, on bark, 12 ApB84tA.3 Apr. 1984, G.J. Samuels
(1297), BPI 1107268; Edo. Miranda, Parque Naci@gdaatopo, trail between Agua
Blanca and La Cruceta, alt. 500-600m., 10°3'N 6%%2®n bark, 27 Nov. 1990-30

Nov. 1990, G.J. Samuels, B. Hein, S.M. Huhndorf7f(M5BPI 744831.

lllustrations. —Samuels (1973, Figs 10-13NasamazonensjsWollenweber (1930,

No. 684, aLC. jatrophag.
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Notes: Corallonectria jatrophaeis the only species in the genGsrallonectria It
can be easily identified by furfuraceous perithammaa short red stalk. On PDA, this
species produces a luteous colony with rhizomorihsally an epitype from the
same collecting region as the type would be deggghavhich it would make our
isolate from Brazil (PC 1300) ideal. However, tl®late did not survive -80C
storage. Our phylogeny demonstrated that isolatas Puerto Rico (CBS 913.96)
and Brazil (PC 1300) are conspecific, and sugggsirbroad biogeographic range.
Based on the teleomorph, they are indistinguishalilas, the specimen from Puerto

Rico is designated as epitype.
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Table 2.2. Loci used in the phylogenetic analysekformation on the primers,

including base pairs, PCR protocols, and models afucleotide substitution are

indicated.

Locus ITS act mcm7 tub Combined
Included sites gy 584 576 583 2304
Phylogenetically
informative sites

248 102 167 282 799
Uninformative
polymorphic sites

48 38 73 77 236
Invariable sites 154 0 192 345
Nucleotide TVM+G TIM1+I+G TIM1+G HKY+I+G
substitution (nst=6, rates= (nst=6, rates= (nst=6, rates= (nst=2, rates =
models (coded gamma) invgamma) gamma) invgamma)
as)
Primers used ITS5, ITS4 Tactl, Tact2 mcm?7-709for, Btub-TI, BtubT2
(reference) (White et al. (Samuelsetal. mcm71348rev (O’Donnell &

1990) 2006) (Schmitt et al. Cigelnik 1997)

2009)

PCR protocol: 53 °C, 1 min, 65 °C, 30 s, 15x 56 °C, 50 s, 38x 55 °C, 30 s, 35x
Annealing temp.  40x 48 °C, 30 s, 30x

& cycles

Table 2.3. Genealogical Sorting Indexgsi) and probability values for single gene

trees and the ensemble of gene trees.

C. repenssensu C. renenss. str C. elegans C. elegans C. elegans

G Rossmaret al. (A.sia% clade) * (African + (Africagn Clade) (American
ene (1999) American clades) Clade)

gsi P gsi P gsi P gsi P gsi P
act 1 0.071 1 0.003 0.675 0.001 0.711 0.001 0.711 40.00
ITS 1 0.069 1 0.003 1 0.001 0.711 0.001 1 <0.001
mcm7 1 0.072 1 0.002 0.675 0.001 0.519 0.005 1 <0.001
tub 1 0.075 0.6061 0.014 1 0.001 1 <0.001 1 0.001
g';l;) 1 0.075 0.902 0.004 0.838 0.001 0.735 0.001 0.9020030
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Fig. 2.2 Phylogenetic placement of Corallomycetellsensu Rossman et al. (1999)

loci (ITS, mcm7, and tub) daset Best tree generated with

based on a combined 3-

ML analysis (-Ln = 17491.8148). Values at brandhdgcate Maximum Likelihood

bootstrap (ML BP)/Bayesian posterior probabilitis PP).

90



- - - - . - - -
= = - = = i = = =
5 ¥ = = = = e = = T
= o = = -z - = S e i
R - r - = | i
e = = | ?—‘ =
= = v i -
4 2
£ A__A 817
! - =
]
= =
- - [ =
i i E
e e -
| = i i
= i o T w ]
Ui = 3 o - o
T—. % & £ T 49 g = :
. i o = ; = - =l s
ke B o Bl £ o = = = - &=
. 1 1 zl ~ 14 £ o3 ] == |
£ | 1 = : i - =
= | 5 Fu - = ~
E I
3 = ek -
i 3 = & =
=i = 3 = i
= - = =) =}
w 3£ - "
i e =
E = & g 3 3 &
I .4 —_ -
3 M B EX T s ol o
- - - - - L¥) = =
= | — - ] = =
:'f; -
&
i
iy
. |
= % = :
] - =] =
,‘?I g ] 5
i = S :
#
- . | =
= o i =
= o = E e = =
: 3| 5 =3 = [
- = i = = ] - - %
= = - = = E '_._ -'_';
B 1 i — - iy
= i1 (5] ™. i3
5] =] = o o Fa
: I
- I

Fig. 2.3. Phylogenetic relationship ofCorallomycetella repensensu Rossmaret
al. (1999).Trees with the best log likelihood are presentad(A) act, (B) ITS, (C)

mcm7 and (D)tub. Thicker lines indicate well-supported branches 2L BP).
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Fig. 2.4. Multilocus haplotype network for Corallomycetella reper sensu
Rossmanet al. (1999). The network was constructed in TCS v1.Ehach colore(
circle represents a haplotype; size of circle ispprional to haplotype frequenc
Within each haplotype circle, geographic origins isblates are proportional
represented as a pie chart. Empty circles repras@armediate haplotypes inferr

by TCS. Each line segmt represents a single mutation.
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Fig. 2.5. Haplotype networks ofact, ITS, mcm7 and tub. The network was
constructed in TCS v1.214) act B) ITS; C) mcnv; D) tub. Each colored circle
represents a haplotype; size of circle is propodido haplotype frequency. Within
each haplotype circle, geographic origins of issdadre proportionally represented as
a pie chart. Empty circles represent intermediatgldtypes inferred by TCS. Each

line segment represents a single mutation.
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Fig. 2.6. Corallomycetella elegansA, B: Perithecia on natural substrata; C:
Perithecium in 3% KOH; D: Median section of pertthen; E: Perithecial surface
cells; F: Asci; G: Ascospores (optical section); Alscospore (surface view); I
Synnemata on PDA; J: Conidia produced by synnenkat&onidium produced by
mononematous anamorph; L: Synnema in 3% KOH; M: dital hyphae of
synnema; N-O: Conidiophores/phialides of synnemayléhonematous anamorph;
Q-S: Colonies after 2 wks at 2%n PDA. (T-U) Colony reverse after 2 wks at 25
on PDA. Scale bars: A-C, 1=5060; D=20Qum; E, G, H, J, K, O=20m; F, M, N,

P=5Qum; R-U=10mm.
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Fig. 2.7. Corallomycetella repensA: Perithecia/synnemata on natural substrata; B:
Perithecia on natural substrata; C: Synnemata turalsubstrata; D: Perithecium in
3% KOH; E: Ascospore (surface view); F: Ascus; Gnfdial masses; H, I: Synnema
in 3% KOH; J-K: Conidiophores/phialides of synnenha;Conidia produced by
synnema; M: Mononematous anamorph; N: Colony &ftwks at 25/ on PDA; O, P:
Colony reverse; Q: Colony of sterile isolate azewks at 25/ on PDA;R: Colony
reverse of sterile isolate. Scale bars: A, G:16500B, D: 10@um; C, H, I: 20@m; E,

L: 10um; F, J, K: 2@m; N—-R: 10mm.
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Fig. 2.8. Corallonectria jatrophae.A: Perithecia on natural substrata; B: Median
section of perithecium; C: Ascus; D: Peritheciun8% KOH; E: Ascospores (optical
section); F: Ascospore (surface view); G: Colonte@® wks at 25 on PDA; H, I:
Colony reverse; J: Synnemata after 2 wks at 28 PDA; K: Synnema after 8 wks at
2571 on PDA,; L: Phialides of synnema; M: Conidia proeéddy synnema. Scale bars:
A, D: 20Qum; B: 10Qum; C: 2Qum; E, F, L, M: 1@m; G-I: 10mm; J: 70&m; K:

1,00Qum.
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Chapter 3: Phylogenetic and taxonomic revisiorhef t
Cosmospora viliusculapecies complexZosmosporapecies

that grow on xylariaceous fungi.

ABSTRACT

The genuosmosporancludes nectroid fungi that grow on polypores and
xylariaceous fungi. The species growing on xyla@es fungi have been known
previously asCosmospora viligf although recently these fungi have been referred
to asCosmospora viliusculdn this paper, the phylogenetic relationships and
taxonomy ofC. viliusculaare revised. A phylogeny was generated with magimu
likelihood and Bayesian inference methods based thinee-partition dataset (ITS,
LSU, andmcm#rpbl-tub?). We demonstrate th@osmospora viliusculeepresents a
species complex of which each well-supported ciladegarded as species. A few
rare species were also described, nar@elipmiticolg C. novazelandicaandC.
stilbohypoxyli For the first time the sexual morphstfarxiiandC. khandalensis

are described.
INTRODUCTION

The generic concept @osmospord&abenh.lectriaceae, Hypocreales,
Sordariomycetes, Ascomycdtaas based on sexual state morpholdgyssman et
al. 1999; also referred to @osmosporaensu Rossman). It included nectria-like

species wittsmall, reddish, KOH+, smooth, thin-walled, lateyalbllapsing when
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dry, non- or weakly stromatic perithec®amuels et al. 199Rossman et al. 1999
Asexual states d@osmosporaensu Rossman included fusarium-like, acremonium-
like, ChaetopsindRambelli,StilbellaLindau, andvolutellaFr. (Rossman et al. 1999).
Cosmosporapecies exhibit greater diversity in warm tempeeatd tropical regions,
and have a fungicolous, insecticolous, rarely tgtous, corticolous, anderbicolous
habits(Samuels et al. 199Rossman et al. 1999Given its range of asexual states
and ecological habits, the genus was considerggbpyletic, and has been split into
monophyletic groups based on asexual characteri§tiaetopsindRambelli,
NectricladiellaCrous & Schochi-usicollaBonord.,Macroconia(Wollenw.)
Grafenhan et al.MicroceraDesm.,Pseudocosmospofa. Herrera & P. Chaverri
StylonectriaHohn. andvolutellaFr. (Schoch et al. 200Grafenharet al. 2011, Luo
and Zhang 2010, 2012, Herrera et al. 2013). Hepeah (2013) presented a detail

history ofCosmosporaensu Rossman.

The nameCosmospora vilio(Starback) Rossman & SamuetsNectria vilior), a
common tropical species of nectria-like fungi, v@gplied to collections growing on
stromata of Xylariaceae (XylarialeéSprdariomycetesAscomycota). However, it was
recognized early on that the type specimen ofrthate did not occur on a
xylariaceous fungus (e.g. Samuels et al. 199@)adtsince been demonstrated that the
name ‘C. vilior” was misapplied t€osmosporaccurring on Xylariaceous fungi (see
Herrera et al. 2013). Herrera et al. (2013) retétoethe group of fungi occurring on
xylariaceous fungi as th@osmospora viliusculéSamuels, Yoshim. Doi & Rogerson)
Rossman & Samuels species complex because itspgmemen grew on a

xylariaceous funguKfetzschmariacf. deusta(Hoffm.) P.M.D. Matrtin). In addition,
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Samuels et al. (1990) diagnogeédsmospora viliusculéasN. viliusculg as being
morphologically similar toNectrid vilior but having slightly smaller ascospores.
Cosmospora viliohas been transferred to the newly described genus
Pseudocosmospori@. Herrera & P. Chaverri, whose species occur manEutypa
Tul. & C. Tul. andEutypella(Nitschke) Sacc. species (Diatrypaceae, Xylariales,

SordariomyceteAscomycota; Herrera et al. 2013).

The present taxonomic treatment deals withGbemospora viliusculapecies
complex, which up to now, had been thought to bimgle species. We describe
many seven new species in this complex based ot loeds phylogenetic analyses,
and report an apparent host specificity by thegetzed species within this complex.
Results from this study show once again the prexcal®f morphologically similar
species complexes in the Hypocreales and theyuiimolecular methods for

defining cryptic species.

MATERIALS AND METHODS

Herbarium specimens and cultures

Fresh specimens @fosmosporapp. were collected on trips to Argentina, Brazil,
Costa Rica, Peru, and USA. Pure cultures were rddaby isolating single
ascospores from the freshly collected samples emargin cornmeal dextrose agar
(CMD; Difco™ cornmeal agar + 2% w/v dextrose + hiatiics). Dried specimens
were deposited at the U.S. National Fungus Codlast{BP1I), Beltsville, Maryland,

USA, and the cultures derived from the fresh speosnwere deposited at
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Centraalbureau voor Schimmelcultures (CBS), UtreEhé Netherlands. Accession

numbers are listed in Table 3.1.

Herbarium specimens @fosmosporapp. were borrowed from the U.S. National
Fungus Collections (BPI); Royal Botanic Gardens K&y William and Lynda
Steere Herbarium, New York Botanical Garden (NY@wNZealand National Fungal
Herbarium (PDD); and Herbarium of the Botany Demamt, Swedish Museum of
National History (S). Extant cultures correspondinghese herbarium specimens
were obtained from the culture collection at USIMRS, Systematic Mycology and
Microbiology Laboratory (SMML) and CABI Biosciené¢aingus Collection

(formerly International Mycological Institute, IMIAdditional cultures were obtained
from CBS and Ministry of Agriculture, Forestry aRsheries (MAFF) culture

collection (see Table 3.1).

Morphological characterization

Sexual state morphology was observed using a stewpe (Olympus SZX12
Olympus, Tokyo, Japan). The features of the pesith@ere characterized (e.g. color,
shape, size, ornamentation, and habit). To obgsbeieinternal structures, the
perithecia were rehydrated in 3% KOH, and the centisolated on a glass slide and
covered with a coverslip. Microscopic charactershsas asci and ascospores were

observed under a compound microscope (Olympus BRb@npus, Tokyo, Japan).

Colony morphology was characterized in two différgrowing media: cornmeal
dextrose agar (CMD; Difco™ cornmeal agar + 2% weéxtdose) and Difco™ potato

dextrose agar (PDA). Two replicates with two pseaplcates were grown for each
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isolate in each growing medium. Cultures were grawan incubator that alternates
between fluorescent light and darkness (12h/12BpAE. Colony growth rate was
measured weekly for two weeks. Colony color is dbed using the terminology in

Rayner (1970).

Asexual state morphology (in culture) was charagerin synthetic nutrient-poor
agar (SNA; Nirenberg 1976). Isolates were growneurtkde conditions described
above. A block of agar was cut, placed on a mi@psaclide, covered with a
coverslip, and examined by light microscopy (OlysBX50; Olympus, Tokyo,

Japan).

Measurements of continuous characters, such athlang width, were made with
Scion Image software beta 4.0.2 (Scion Corp., krekleMaryland), and were
summarized by descriptive statistics, e.g., minimoraximum, mean and standard

deviation.

DNA extraction, PCR, and sequencing

DNA extraction was performed as described in Hieoekal. (2010). Briefly,
Cosmosporasolates were grown in Difco™ potato dextrose lprand the mycelial
mat was harvested after one week of growth for DaXfaction. DNA was extracted
with PowerPlant® DNA Isolation Kit (MO BIO Laboraies Inc., Solana Beach,
California). Six partial loci were amplified andggenced. These loci comprised two
ribosomal DNA regions and four protein-coding regioThese loci and the primers
used to amplify them are listed in Table 3.2. PE&ction mixtures were prepared as

described in Herrera et al. (2013). PCR amplifaragiwere carried out in an
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Eppendorf Mastercycler thermocycler (Eppendorf, ibi@y, New York) under the
cycle conditions listed in Table 3.2. PCR prodwetse cleaned with ExXoSAP-IT®
(USB Corp., Cleveland, Ohio) and the cleaned prtedwere sequenced at the DNA
Sequencing Facility (Center for Agricultural Biokewlogy, University of Maryland,
College Park, Maryland) or McCLAB DNA sequencing\sees (San Francisco,
California). Sequences were assembled and editddSeiquencher 4.9 (Gene Codes,
Madison, Wisconsin). Sequences were deposited mB&mk (accession numbers are

listed in Table 3.1).

Phylogenetic analyses

Multiple sequence alignment for each locus wasgperéd via the MAFFT v.6 web
service (http://mafft.cbrc.jp/alignment/server/;tila et al. 2002, 2013) with the E-
INS-i alignment strategy and the 1PAM=2 scoring matrix for nucleotide
sequences. Alignments were manually edited in isddde 2.75 (Maddison and
Maddison 2011). Alignments were deposited in TressBander accession number

XXXXX.

PartitionFinder (Lanfear et al. 2012) was used w#hault settings to find the best-fit
partitioning scheme among the sequenced loci. CONEFALLAR 1.4 (Leigh et al.
2008) was used to determine which partitions cbeldoncatenated and analyzed to
estimate a phylogeny. Partitions were concatenatbd p-value was greater than the
estimatedi-level correction of 0.025, which indicated thas thull hypothesis, i.e.,

congruence of loci, could not be rejected.
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JModeltest (Guindon and Gascuel 2003; Darriba.€1(dl2) was used to infer the
model of nucleotide substitution for each locugwdefault settings (11 substitution
schemes, +F, +I, +G). The base tree for likelihcaldulations was ML optimized.
Once likelihood scores were calculated, the bestelfor each partition was selected

according to the Akaike Information Criterion (ALC)

The phylogeny foCosmosporavas estimated with maximum likelihood and
Bayesian methods. Maximum likelihood (ML) analysese performed with GARLI
v2.0 (Genetic Algorithm for Rapid Likelihood Inferee; Zwickl 2006) via the
GARLI web service (http://www.molecularevolutiongoBazinet and Cummings
2011), which uses a grid computing system assatiaii The Lattice Project
(Cummings and Huskamp 2005; Bazinet and Cummin@8)2Fifty independent
search replicates were performed to find the bestwith a fast ML stepwise-
addition algorithm. Two thousand bootstrap repésawere used in the bootstrap
analysis. Bayesian analyses were performed in MeBa®.2.2 (Ronquist et al.
2012). A majority rule consensus tree was geneliagadnning four chains for
10,000,000 Markov Chain Montecarlo generations sagpprees every 100th
generation, and discarding the first 25% of theathtrees as burn-in. Tracer
version 1.5 (Rambaut and Drummond 2007) was usedrtfirm whether the

negative log likelihoods had reached convergence.

Species Recognition

Species were recognized@osmospordased on the modified criterion used by

Pringle et al. (2005) of the genealogical concocggphylogenetic species
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recognition (GCPSR; Taylor et al. 2000). Accordiaghe criterion used by Pringle
et al. (2005) of the GCPSR, a putative speciesdsgnized if a clade is well
supported in the majority of single gene treesg®igene trees were generated with
MrBayes v3.2.2 as described above, except that®m00,000 Markov Chain

Montecarlo generations were run.

Morphological species recognition and ecologic&csgs recognition were used to
support the species inferences made when apply@BSR. Thus, a clade, or
putative species, may be associated with uniqu@hotogical and/or ecological

traits that set it apart from other closely relaspdcies.

RESULTS

Phylogenetic analyses

PartitionFinder determined four partitions: ITS,WSncmArpb1+tub2 andtefl

The null hypothesis that these partitions were coeigt was tested in
CONCATEPILLAR, which rejected this null hypothe$is < 0.025). In a separate
analysis, the partitions ITS, LSU, amtmArpb1+tub2were found to be congruent
(P =0.043; i.e., we failed to reject the null hijpesis that these loci were congruent),
and were concatenatefeflwas analyzed separately (Supplemental Figure Btis).
ITS, LSU, andncm?rpbl1+tub2concatenated matrix comprised of 3327 total
characters; 681 characters were parsimony infovea®54 characters were
parsimony uninformative; and 1991 characters wevrariable. Table 3.2 lists

information for each individual locus.
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The topologies of the generated phylogenetic ti@eBIL and Bl were not congruent
(Figures 3.1, 3.2). The negative log likelihoodstfee phylogenetic trees were
—18580.293 and —-18297.8348, respectively. The tapes differed primarily in deep
node relationships of the gendssmospordnode labeled “A” in Figures 3.1 and
3.2; 74% ML BP; 100% BI PP). Basal relationshipsemenresolved in the Bayesian
tree with a polytomy that includes the followingdagesCosmospora fomiticola
(described below)C. viridescensand theCosmospora viliusculspecies complex
(node labeled “B” in Figures 3.1 and 3.2). In anbhif basal nodes of the Bayesian
tree were unsupported (<70% BI PP). In the ML ttiee,topology was resolved,
although basal nodes were poorly supported (<70%BH). Basal species such@s
coccineaandC. fomiticolaoccur on polypores (Polyporaceae, Basidiomycothjlew

C. viridescens occurs on various ascomycetous Hreat substrates.

All lineages within theCosmospora viliusculapecies complex corresponding to
recognized species received high ML BP and Bl Ripaxi (with one exception;
Figures 3.1 and 3.2; Table 3.3). At least two gesuggpoorted the recognized species
(Supplemental Figures S3.1-S3.6; Table 3.3). Cladlbsén this complex correlate

with specific fungal hosts belonging to the Xylagae (Ascomycota).

Morphological studies

Little morphological variation exists among spe@ésheCosmospora viliuscula
complex. The confidence intervals of character ra€argy. ascospore length, width,
ratio of length and width; conidia length, widthtio of length and width; colony

growth) generally overlapped among species in timeptex with some exceptions.
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The ascospores @fosmospora novazelandi¢described below) were longer and
wider compared to other species in this complex ddnidia length o€osmospora
arxii andC. stilbohypoxyl(described below) were not different, but had kEmg
conidia compared to other species in the com@@smospora stilbohypoxyiiad

wider conidia. Full pairwise comparisons are présegim Supplemental Table 3.1.

DISCUSSION

Cosmospor&Rabenh

The generic concept @osmosporas based on its typ€osmospora coccinea
Rabenh., which was lectotypified by Rossman gt18199). Its asexual state was
described a¥erticillium olivaceumV. Gams, although it is unrelated\erticillium
Nees in the strict sense. Morphologically the aakstate ofC. coccineavaries from
acremonium-like (single phialide, unbranched) tdie#lium-like (branching into 1—
3 phialides). The asexual state of some speci€osimosporgproduce secondary
branches, ultimately terminating in 1-3 phialidBlse asexual state is the character
that unites species fDosmosporaensu strictoGrafenharet al. 2011). Herrera et al.
(2013) describe®seudocosmosporfar a cosmospora-like clade that has an
acremonium-like asexual state, but is unrelateddsmosporapecies.
Pseudocosmosporspecies have different hosts, which belong tdtiag¢rypaceae
(Xylariales, Ascomycota). The reported fungal hadt€osmosporapecies belong
to two unrelated fungal families: Xylariaceae (Asg@ota) and Polyporaceae

(Basidiomycota).

The genuosmosporaensu stricto is monophyletic and well supportextié
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labeled A in Figs. 3.1 and 3.2; 74% ML BP; 100%F#). However, basal
relationships are poorly resolved. In the ML tieasal nodes have low support values
(<70% ML BP), and in the Bayesian tree, a basaftpaly is presentCosmosporas
likely to have undergone a putative early fastatdn given this basal phylogenetic
structure. Similar deep node relationships have lobserved in other organisms that
have undergone a fast radiation (e.g., birds, Roat 2005; fishes, Chen et al. 2003;
plants, Fishben and Soltis 2004; snakes, Kelly.&99; among others).
Reconstructing basal relationships in systems guiieg early radiations is difficult
because phylogenetic signal is often masked byipheihits, which increase with
time (reviewed in Donoghue and Sanderson 1992)oB&getic resolution can be
accomplished by increasing the number of charaetsitor by doing a more

exhaustive sampling of taxa (reviewed in Hillis aigens 2000).

Species recognition

Species were recognized as described in Herrexla @013), except that we follow
the GCPSR criterion used by Pringle et al. (2088)clades with high support
(>95% BI PP) in the majority of single gene treesewecognized as species
(Supplemental Figures S3.1-S3.6). Further supporetognizing these clades as
species is their apparent host specificity, angbime instances, these recognized
species exhibit uniqgue morphological charactersdiferentiate them. Species such
asCosmospora viliusculare well supported (100% ML BP; 100% Bl PP), picala
penicillate asexual state, and h#dretzschmariacf. deustaas its host. This host
differs fromKretzschmariadeustan that it occurs in tropical regions, while the

native range oK. deustas in temperate regions (Rogers & Ju 1998). Oreisp of
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Cosmospora, C. ustilinaeccurs orK. deustan temperate regions, and is highly
supported as well (100% ML BP; 100% Bl PEhsmospora scruposgeoduces
long phialides, occurs oXylaria scruposaand is highly supported (100% ML BP;
100% BI PP). SimilarlyC. arxii, C. clavi andC. micropediccur on diverse hosts
(Hypoxylon fragiforme/H. howeanuidretzschmaria clavuk. sp, andK.
micropugH. cyclopicumrespectively), and have maximum support. Speamesach
host set are probably closely related, but havédaeh treated phylogenetically.
Identification of the hosts fdE. khandalensisould not be determined to species
rank. A more holistic approach, i.e. studying bpé#nasite and host together, is

needed as suggested by Herrera et al. (2013).

We also recognize some singletons as species basbé rule of rarity (reviewed in
Lim et al. 2012) given the apparent high fidelifyfGpnsmosporapecies to their hosts.
Cosmospora fomiticolaC. novazelandicaandC. stilbohypoxyloccur onFomes
fomentariugPolyporaceae, Basidiomycot@nnulohypoxylon bovéKylariaceae,
Ascomycota), an&tilbohypoxylon quisquiliarurfXylariaceae, Ascomycota),
respectively. With extensive searching in herbamawere able to identify additional
specimens with the same hosts and similar morpladsghes€osmosporapecies.
However, no extant cultures are associated witbetlspecimens, and thus, DNA
could not be extracted. These species have beetygampled due to lack of experts
in their regions of origin. Apart from the uniqueoéogical roles of these fungi, these
species bear morphological differences that sen ttgart from other recognized
species. For exampl€, novazelandicaas cells that protrude from the apex of the

perithecia, which results in a roughened appearammC. stilbohypoxylhas
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extremely slow growing colonies in PDA. Additionglin the phylogenetic tree these
species have relatively long branches, which sugbasthere have been multiple

substitutions per site since their speciation.

TAXONOMY

Cosmospord&abenh., Hedwigia 2: 59. 1862.

Generic typeCosmospora coccindaabenh., Fungi europ. exsicc.: no. 459. 1862.
Habitat On polypores (e.gromes(Fr.) Fr.,FomitopsisP. Karst.nonotusP. Karst.,
andStereunHill ex Pers.), xylariaceous fungi (e.@nnulohypoxylory .M. Ju, J.D.
Rogers & H.M. HsiehHypoxylonBull., Kretzschmaria-r., Stilbohypoxylon Henn.,
andXylaria Hill ex Schrank); often isolated from soil.

Distribution: Cosmopolitan.

Descriptions and illustrationsGrafenharet al. (2011); Rossman et al. (1999)
Notes The present paper follows the generic concefitagmospordy Grafenharet
al. (2011). InGrafenharet al. (2011), the genus was restricted to cosorasike
fungi tending to occur on other fungi, particulaoky polypores and xylariaceous
fungi, and have an acremonium-like to verticillidike asexual state. The perithecia
are nonstromatic, collapsing laterally, scarlet] ganerally less than 3@Q@n. The
ascospores are ellipsoid, minutely verrucose, eese®, or tuberculate, yellow-brown
at maturity, and <1(m. On PDA, colonies aneelvety, slightly flocculose,

olivaceous, and on CMD, colonies are dark-greex, fl

Key to species dfosmosporasensu stricto

1. On bone anRuzenia spermoid€kasiosphaeriaceae)................C..viridescens
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1. On Polyporaceae and Xylariaceae (exclu@isgogniauxiaspp.) .......ccccvene...2

2. ON POIYPOraCEaE. .. ... ottt et et e e e e e e e e e 3

2. 0N XYIAIACEAE. .. ...ttt et e e e e e e e 4

3. Onlnonotusspp.; ascospores tuberculate................................C..coccinea

3. OnFomes fomentarigsaSCOSPOres VErruUCOSEe. ......ccovvvveeereeneennn. C..fomiticola

4. OnHypoxylon fragiformendH. howeanum....................................C. arxii

4. On other XylariaCeous fUNGi.......ccoe i e e e e e e e 5

ST ©]aVANaT 0 1¥] o] )%/ 010 )47 0] 7 o] o 5 o

5. On other xylariaceous fUNGi.........ov i e e e e 8

6. OnAnnulohypoxylon boveascospore length mean =10
710 C. novazelandica

6. OnAnnulohypoxylorspp.; ascospore length mean €19.............................7

7. OnAnnulohypoxylon cohaereasdA. multiforme ascospore length mean =7.5
um; on CMD, colony amber...........ccoeevvevvvviinvvniieenn e ... Co@annulohypoxyli
7. On anmAnnulohypoxylorsp.; ascospore length mean = @8, on CMD, colony

Jark-greeN. .. o e e C. khandalensis

ST O ] a1 N =] 4=T0d ] .4 F= U = ] o o J P

8. On other xylariaceous fUNGI........coouv i e 13
9. ON USLUIINOIA FUNGI....en i e e e e 10
9. On kretzschmariod fUNQi..........oeuie e e e e e e 11
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10. OnKretzschmaria deust@gemperate forest); asexual state simple; ascospore
length mean =7.Qm; conidia length mean =4pMm.......................... C. ustulinae
10. OnKretzschmariacf. deusta(tropical forest); asexual state penicillate; apcos

length mean =7.8m; conidia length mean =4\0n.......................... C. viliuscula

11. OnKretzschmaria cetrarioidesscospore length mean >10
T 0 C. rickii

11. On other kretzschmariod fungi with ascospongtle mean < 10

12. OnKretzschmaria clavuandK. cf. pavimentosaascospores 7.5 x 3.@n
(mean); conidia 4.4 x 2AmM (Mean)..........cccevrrireireeneeieeeennennnenn.nn.Co Clavi
12. OnKretzschmaria micropuandHypoxylon cyclopicumascospores 6.9 x 3um

(mean); conidia 3.7 x 148M (Mean).........c.cccevvvevveveeneennenn a2 Comicropedis

13. OnStilbohypoxylomuisquiliarum conidia 5.9 x 2.&um (mean); on CMD, 9.5
mm diam (Mean)........c.coeveiiiiiiiie i ii i iei e e e e 2. 2.CL STITDONYPOXY i
13. OnXylaria scruposaconidia 4.8 x 2.(um (mean); on CMD, 49.5 mm diam

(1= 10 ) C. scruposae

Cosmospora annulohypoxy(C. Herrera & P. Chaverrgp. nov Fig. 3.3.

Mycobank MB XXXXXX

Holotype USA, Louisiana, East Baton Rouge Parish, Port HudBort,Hudson State
Commemorative Area, oAnnulohypoxylomrf. cohaerenson bark of unidentified

tree, 19 Aug. 19965.J. Samue|dM. Blackwell& M. Camara BPI 744521, ex-
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holotype culture G.J.S. 96-186 = CBS XXXXXX.

Etymology In reference to the fungal hogthnulohypoxylospecies

Sexual statePerithecia solitary, sometimes in groups of a eviive), superficial,
subglobose with a blunt apex, collapsing lateralbgrlet, smooth, 207-2%4181—
232um (mean = 232.6 198.4; SD 21.2, 15.2; n = 10). Asci cylindricaghe-
spored, uniseriately arranged, 50-68.0-5.7um (mean = 59.& 5.0; SD 4.9, 0.6; n
= 20). Ascospores ellipsoid, equally two-cellede-@eptate, slightly constricted at
septum, minutely verrucose, yellow-brov5—8.9x 3.2—4.2um (mean = 7.5 3.6;

SD 0.5, 0.2; n = 60).

Culture and asexual stat®n PDA colonies 30-39 mm diam (mean = 35.1; SI) 2.
n =7) after 14 d at 2%, velvety, slightly floccose, olivaceous, reveaseber. On
CMD colonies 40-46 mm diam (mean = 42.7; SD 24;%) after 14 d at Z%&, flat,
amber, with aerial mycelium sparsely spread, reveosicolorous. Sporulation on
SNA abundant, arising directly from agar surfaceeXual state acremonium-like;
conidiophores simple, unbranched, or dichotomobsiyched. Phialides
monophialidic, cylindrical, collarette flared, hy##, length (26-)36—68m (mean =
50.4; SD 8.5; n = 20), width at base 1.8—421% (mean = 2.2; SD 0.3; n = 20), width
at tip 0.8-1.4um (mean = 1.1; SD 0.2; n = 20). Conidia ovoid tgpsbidal,
unicellular smooth, hyaline, 3.0-5:41.6—-2.7um (mean = 4.& 2.0; SD 0.5, 0.2; n

= 60).

Habitat Fungicolous orAnnulohypoxylon cohaereasidA. multiforme
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(Xylariaceae), on unidentified bark.

Distribution: United States (Indiana, Louisiana).

Additional specimens and isolates examinggA, Indiana, Yellow Wood State
Forest, Brown Co., alt. 200 m., 39°09’ N, 86°06’ Ydckson Creek Management
Trail, onAnnulohypoxyloref. multiforme on bark of unidentified tree, 30 Sep. 1995,

G.J. Samue|BPI 737773, culture G.J.S. 95-199 = CBS XXXXXX.

Notes This species is only known to grow Annulohypoxylon cohaerens and A.
multiforme Cosmospora novazelandieadC. khandalensialso occur on
Annulohypoxylorspecies, but have different ascospore len@bsmospora
novazelandicdnas longer ascospores (mean suff) than C. annulohypoxyli (mean

= 7.5um), andC. khandalensitave slightly shorter ascospores (mean ué@

Cosmospora arxi{(W. Gams) Géfenhan & Schroers, Studies in Mycology 68: 95.

2011. Fig. 3.4.

BasionymAcremonium arxiWW. Gams, Cephalosporium-artige Schimmelpilze

(Stuttgart) p. 123. 1971.

Asexual stateacremonium-like.

Habitat Fungicolous omHypoxylon fragiforméPers.) J. Kickx fandH. howeanum

Peck (Xylariaceae).

Distribution: France, Germany, and USA (KY, NY).

Sexual statePerithecia solitary, superficial, globose withlant apex, collapsing
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laterally, scarlet, smooth, 172—22862—-209um (mean = 206.2 186.8; SD 19.4,
18.7; n = 8). Asci cylindrical, eight-spored, umiagely arranged 55.7-68:04.5-5.9
um (mean = 63.% 5.2; SD 3.7, 0.4; n = 17). Ascospores ellipsogljadly two-
celled, one-septate, slightly constricted at septmmutely verrucose, yellow-brown,

6.4-8.6(—9.9k 3.0-4.2um (mean = 7.& 3.5; SD 0.7, 0.3; n = 40).

Culture andasexual stateOn PDA colonies 16—23 mm diam (mean = 20.1; SID 2.
n = 8) after 14 d at 2&, velvety, slightly floccose, pale salmon-pinkyeese
concolorous. On CMD colonies 23-31 mm diam (me&@.2; SD 3.0; n = 8) after
14 d at 258C, flat, hyaline, with no aerial mycelium, reversmcolorous. Sporulation
on SNA abundant, arising directly from agar surfasexual state acremonium-like;
conidiophores simple, unbranched, or dichotomobsiyched. Phialides
monophialidic, cylindrical, collarette flared, hya, length 42—6&m (mean = 52.1;
SD 7.7; n = 20), width at base 1.6—r8 (mean = 2.0; SD 0.2; n = 20), width at tip
0.9-1.3um (mean = 1.2; SD 0.1; n = 20). Conidia ellipsojdalicellular smooth,

hyaline, 4.0-8.4 1.5-2.4um (mean = 5.4 2.0; SD 1.0, 0.2; n = 60).

Specimens and isolates examinécnce, Foret de I'Hermitage, oHypoxylon
howeanunforiginally identified adH. fuscun), onPrunus spinosal7 Apr. 2008A.
Gminder BPI 879925¢ulture A.R. 4521 = CBS XXXXXXUSA, Kentucky,
Clermont, Bernhein Arbor & Research Forest, Jackéoa Loop, 37°54.3225'N,
85°38.4079'W, omHypoxylon fragiformgonFagus grandifolia27 Jun. 2010, C.

Herrera (C.H. 10-05), BP1 XXXXXX, culture G.J.S.-P@7 = CBS XXXXXX.

Additional descriptions and illustration&ams (1971)Grafenharet al. (2011).
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Notes Identity of these isolates was confirmed by segirgy RNA polymerase 1"
largest subunit (RPB2; A.R. 4521: JQ014128; G10s247: JQ014118) and
comparing the sequences against the sequence ex-type culture, CBS 748.69
(HQ897725 retrieved from GenBank). CBS 748.69 v8% Similar to G.J.S. 10-247
and 97% similar to A.R. 4521. Unique to this spedcseits fungal hostdHypoxylon

fragiformeor H. howeanumand its salmon-pink colony on PDA.
Cosmospora clavC. Herrera & P. Chaverrsp. nov. Fig. 3.5.
Mycobank MB XXXXXX

Holotype Costa Rica, Heredia, Puerto Viejo de Sarapigufelva Biological
Station, Sendero Tres Rios and Camino Experimental NbrtE)’26’7.3”, W
84°00’31.4",elev. 600 m, ofkretzschmaria clavysl7 Mar. 2010P. Chaverri(P.C.
1167),G.J. Samue|A.Y. RossmarC. Salgada& C. Herrerg holotype BPI
XXXXXX, ex-holotype culture G.J.S. 10-112 = CBS XXXX.

Etymology Referring to the fungal host of the type specinkaetzschmaria clavus.

Sexual statePerithecia solitary, superficial, globose withitl apex to obpyriform,
collapsing laterally, scarlet, smooth 181— 258 5-4315um (mean = 214.3 x 179.1;
SD 27.8, 30.5; n = 15). Asci cylindrical, eight-spd, uniseriately arranged, 49-67 x
5-6um (mean = 56.3 x 5.8D 3.9, 0.4n = 30). Ascospores ellipsoid, equally two-
celled, one-septate, slightly constricted at septarrucose, yellow-brown, 6.1-9.1 x

3.2-4.7um (mean = 7.5 x 3.9; SD 0.6, 0.3; n = 90).

Culture and asexual stat®n PDA colonies (32-)37-53 mm diam (mean = 430,

6.5; n = 15) after 14 d at 26, velvety, floccose, greenish-olivaceous or pakeyv,
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with a sienna pigment diffusing in medium, reveusaber. On CMD colonies 50-61
mm diam (mean = 54.4; SD 3.4; n = 16) after 14 25€, flat, dark-green,
becoming greenish-yellow at edge, reverse concoforSporulation on SNA
abundant, arising directly from agar surface. As¢state acremonium-like;
conidiophores simple, unbranched, or dichotomobsiyched, rarely with three
phialides. Phialides monophialidic, cylindrical llacette flared, hyaline, length 21—
68 um (mean = 47; SD 11.2; n = 49), width at base 1.5g (mean = 2.1; SD 0.3;
n = 49), width at tip 0.9-1.4m (mean = 1.1; SD 0.1; n = 39). Conidia rarely dyoi
ellipsoidal to reniform, unicellulasmooth, hyaline, 3.5-6:61.5-2.6um (mean =

4.4x2.1; SD 0.5, 0.2; n = 150).

Habitat Fungicolous orKretzschmaria clavuandK. cf. pavimentos&Xylariaceae),

on unidentified bark.

Distribution: Possibly pan Neotropical, known from Brazil, GoRica, Puerto Rico

and Venezuela.

Additional specimens and isolates examiri@zil, State of Amazonas, Pico
Rondon, Perimetral Norte Road, km 211, vine focast3 hr. walk from FUNAI,
01°31'N, 62°48'Won Kretzschmaria clavyon bark of unidentified tree, 24—26 Mar.
1984,G.J. Samuel§l076),J. Pipoly& W. RodriguesNY, culture G.J.S. 84-290 =
CBS XXXXXX. Puerto Rico, Caribbean Nat. Forest, Luquillo Mts., El Verde
Research Area, along La Prieta Creek, elev. 350A#00nKretzschmariacf.
pavimentosa20 Feb. 19965.J. Samuel§8047) &H.-J. SchroersBP| 744678,

culture G.J.S. 96-7 = CBS XXXXXX. Cordillera Certr@hario Azul, off Rte.184,
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elev. 550 m, ofKretzschmariacf. pavimentosa25 Feb. 19965.J. Samuel§8106),
H.-J. Schroers & D.J. Lodg8PI 745249, culture G.J.S. 96-48 = CBS 448.96.
Venezuela Edo. Bolivar, on road between El Dorado and Bkena, ca 118 km S of
El Dorado, trail up N-facing slope of Uei-Tepuipin old military camp ‘Ciento
Veinticinco’, onKretzschmaria clavysn bark of unidentified tree, 5 Aug 19KRP.
Dumont R.F. Cain G.J.Samuel& C. Blancqg Dumont-VE 6918 (NY). Distrito
Federal, on the road between EIl Portachuelo anch€iviche, ca 7 km south of
Chichiriviche, onKretzschmaria clavyson bark of unidentified tree, 30 July 1972,

K.P. DumontR.F. Cain G.J. Samue|8. Manarg Dumont-VE 6706 (NY).

Notes This Cosmosporapecies grows oretzschmaria clavuand on a

Kretzschmariasspecies with an ustulinoid shape.

Cosmospora coccineRabenh., Fungi europ. exsicc.: no. 459. 1862. g. Fb.

= Nectria cosmariospor&es. & De Not.,, Comm. Soc. Crittog. Ital. 1(4)519863.
= Dialonectria cosmariosporéCes. & De Not.) Cooke, Grevillea 12(no. 64):
110. 1884.

= Verticillium olivaceumW. Gams, Cephalosporium-artige Schimmelpilze (§aut)

p. 123. 1971.

Asexual stateAcremonium-like.

Habitat Fungicolous orinonotusspp. onFagusandAlnus

Distribution: Europe.

Specimens and isolates examin@drmany, Bavaria, Burghausen-Unterhadermark,

on dead crusts dhonotus nodulosy®n fallen branch dfagus sylvatica02 Oct.
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1993,R. BoesmillerBP1 802729, culture A.R. 2741 = CBS 114050, #l4®. 2743.

Additional descriptions and illustration&ams (1971; a¥. olivaceur) Samuels et

al. (1991; a®N. cosmariospora Rossman et. al (199%prafenharet al. (2011).

Notes:Cosmospora coccineaas lectotypified by Rossman et al. (1999), and
reported to grow on pores bfonotusspp Its ascospores are tuberculate.
Cosmospora cymosa also known to occur dnonotusspp., and is presumed to be
sister species witl. coccinegGrafenharet al. 2011). However, the sexual state of
C. cymosas not known. It is possible th@& cymosas a morphological variation of

C. coccinea

Cosmospora fomiticol&. Herrera & P. Chaverrgp. nov Fig. 3.7.

Mycobank MB XXXXXX

Holotype New Zealand Westland, Mt Aspiring National Park, Haast Pass,
Fomes fomentariyd 2 Apr. 1983(G.J. Samuel|R.E. Beeve& R.H. PetersenPDD

46398, ex-holotype culture G.J.S. 83-194 = CBS XXX

Etymology Fromfomitis (latin) = tinder andcola (latin) = growing on; referring to

the host of this species, the tinder fungus, a comnmame foFFomes fomentarius.

Sexual statePerithecia solitary, rarely in groups of a fewperficial, globose to
ovoid with an acute apex, collapsing laterally,ng@ smooth, 212—-304176-272
um (mean = 240.4 201.3;SD 33.2, 35.4n = 6). Asci cylindrical, eight-spored,
uniseriately arranged, 59-8%—-8um (mean = 73.9 6.0;SD 7.7, 1.1n = 10).

Ascospores ellipsoid, equally two-celled, one-septslightly constricted at septum,
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minutely verrucose, yellow-browg,9-9.7x 2.8—-4.1um (mean = 7.% 3.6; SD 0.6,

0.3; n = 50).

Culture and asexual stat®n PDA colonies 24-27.5 mm diam (mean = 25.8;2) =
after 14 d at 25C, velvety, slightly floccose, white, with a sienpigment diffusing

in medium, reverse umber. On CMD colonies 12—-17 dram (mean = 14.5; n = 2)
after 14 d at 2%C, flat, olivaceous, with white aerial mycelium tasds center, with

an olivaceous pigment diffusing into medium, reeezencolorous. Sporulation on
SNA abundant, arising directly from agar surfaceeXual state acremonium-like;
conidiophores branched with 3—4 phialides. Phialis@nophialidic, cylindrical,
collarette flared, hyaline, length 19—d& (mean = 35; SD 6.3; n = 10), width at base
1.3-2.8um (mean = 1.9; SD 0.4; n = 10), width at tip 0.84Im (mean = 1.1; SD

0.1; n = 10). Conidia ovoid to ellipsoidal, unicgdlr, smooth, hyaline, 2.8—-4:81.6—

2.4um (mean = 3.% 2.0; SD 0.5, 0.2; n = 30).

Habitat Fungicolous orFomes fomentariu@olyporaceae, Basidiomycota).

Distribution: New Zealand.

Additional specimens examinddew Zealand North Island, Gisborne District,
Track to Lake Ruapani (Site 74), Bomessp, 31 May 1983A.Y. Rossmari.

MatsushimaP. Johnstor& G.J. Samue|BPI 745118.

Notes This monotypic species is the only species kntawoccur orFomes
fomentarius The shape of the perithecia resembles the shkgpeaa with a minute

acute apex. Also, the colonies producedbyomiticolaon PDA and CMD are very
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distinct. On PDA, the colony is floccose and whéegd on CMD, the colony is

olivaceous with sporulation occurring towards tkeater.

Cosmospora khandalensi{@hirum. & Sukapure) Grafenhan & Seifert, Stud.ddly

68: 96. 2011. Fig. 3.8.

Basionym Cephalosporium khandalensé&irum. & Sukapure, Mycologia 58: 359.

1966.

Habitat Fungicolous orAnnulohypoxyosp.(Xylariaceae); asexual state on

decayingstem and stumpf Bambusa

Distribution: Argentina, Brazil, India, and Japan.

Sexualkstate: Perithecia solitary, superficial, globos#hva blunt apex, collapsing
laterally, scarlet, smooth, 163—-228 x 143—68(mean = 188.9 x 164.$D 20.3,
19.5;n = 11). Asci cylindrical, eight-spored, uniseeigtarranged, 44—61 x 4-4Mm
(mean =52.7 x 5.8D 4.5, 0.7n = 15). Ascospores ellipsoid, equally two-celled,
one-septate, slightly constricted at septum, vesacyellow-brown, 5.5-8.0 x 2.6—

4.2um (mean = 6.8 x 3.3; SD 0.5, 0.3; n = 80).

Culture and asexual stat®n PDA colonies (23-)31.5-43 mm diam (mean =;36.5
SD 5.8; n = 12) after 14 d at 5, velvety, floccose, citrine, with a sienna pigmen
diffusing in medium, reverse sienna. On CMD colem@-51 mm diam (mean =
45.6; SD 3.4; n = 11) after 14 d at’25 flat, dark-green, becoming pale-luteous at
edge, with white aerial mycelium sparsely spreaderse concolorous. Sporulation

on SNA abundant, arising directly from agar surfaksexual state acremonium-like;
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conidiophores simple, unbranched, or dichotomobsiyched. Phialides
monophialidic, cylindrical, collarette flared, hya, length 34—64m (mean = 50.5;
SD 9.2; n = 30), width at base 1.5-#r& (mean = 2.0; SD 0.2; n = 30), width at tip
0.8-1.3um (mean = 1.0; SD 0.1; n = 30). Conidia ovoid tgpsobidal, unicellulay

smooth, hyaline, 3.0-5:21.5-2.4um (mean = 3.& 2.0; SD 0.4, 0.2; n = 90).

Holotype ofCosmospora khandalensisdia, MaharashtrakKhandala, on decaying
stem and stumpf BambusaAug. 1964.M. J. Thirumalacharholotype HACC 148.
(not seen)isotypesCBS H-15076 (not seen) = K(M) 16934&-type cultures

ATCC 16091 (not seen) = CBS 356.65 (not seen) =1MA790 = MUCL 7974 (not

seen).

Specimens and isolates examinggyentina, Tucuman Province, Tucuman, San
Javier trail just past Yerba Buena, Annulohypoxylorsp., 21 Apr. 2011C. Salgado
BPI XXXXXX, Culture A.R. 4798 = CBS XXXXX; TucumaRrovince, Tucuman,
San Javier tralil just past Yerba BuenaAomulohypoxylorsp., 21 Apr. 2011A.
Romerg BPI XXXXXX, Culture A.R. 4799 = CBS XXXXXBrazil, Estado do Para,
Belterra, Maguari, Floresta Nacional do Tapaj6s48%9.6", W55°01'38.9", elev. 28
m., onAnnulohypoxylorsp., on decaying tree, 7 May 2001, Liparini Pereira& P.
Chaverri(P.C. 1306), BPI XXXXXX, culture CBS XXXXXXJapan, Chinen-son,
Shimajiri-gun, Okinawa Pref., Okinawa Islands, odentified pyrenomycete, 19

Jan. 2003Y. Hirooka(h81), TFM FPH-7823 (not seen), culture MAFF 251500

Additioinal descriptions and illustrationSukapure & Thirumalachar (1966),

Hirooka et al. (2008; aSosmospora triqua Grafenharet al. (2011).
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Notes The sexual state @osmospora khandalenssreported for the first time.
Isolates derived from single ascospores (e.g. ARS8, A.R. 4799, and P.C. 1306)
formed a well-supported clade with the ex-typewatofC. khandalensi§iMI
112790) This result resolved the identity of these issdatind suggested a wide

distribution of this species.

Cosmospora micropediS. Herrera & P. Chaverrsp. nov. Fig. 3.9.

Mycobank MB XXXXXX

Holotype French Guiana, Saul, ca. 20 km SW of Saul3®0'N, 53°20'W/toward
Mt. Galbao (@°50'N, 53°20'V), elev. 650 m, okretzschmaria micropy2 Jan.
1986,G.J. Samuel§3182) &J.R. BoiseNY, ex-holotype culture G.J.S. 86-108 =

CBS XXXXXX.

Etymology Referring to the fungal host of the type specinkaetzschmaria

micropus

Sexual statePerithecia solitary, superficial, subglobose vathlunt apex, collapsing
laterally, scarlet, smooth, 186—2R7167-233um (mean = 208.3 196.8;SD 14.7,
23.1;n = 6). Asci cylindrical, eight-spored, uniserigtarranged, 50—-6% 4—7um
(mean = 55.% 5.3;SD 3.5, 0.6n = 9). Ascospores ellipsoid, equally two-celled,
one-septate, slightly constricted at septum, vesacyellow-brown5.2—-8.7x 2.8—

4.4um (mean = 6.% 3.7; SD 0.6, 0.3; n = 84).

Culture and asexual stat®n PDA colonies 41-54 mm diam (mean = 47.6; SI) 4.

n = 12) after 14 d at 2&, velvety, slightly floccose, olivaceous, with amber
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pigment diffusing into medium, reverse amber. OnBC&blonies 48—-63 mm diam
(mean =57.6; SD 5.2; n = 12) after 14 d a&t@Hlat, dark-green, becoming pale-
luteous towards edge, with white aerial myceliurarsply spread, reverse
concolorous. Sporulation on SNA abundant, arisiingctly from agar surface.
Asexual state acremonium-like; conidiophores simpidranched. Phialides
monophialidic, cylindrical, collarette flared, hya, length 22-53m (mean = 41.2;
SD 7.9; n = 29), width at base 1.6—am (mean = 2.1; SD 0.2; n = 29), width at tip
0.9-1.4um (mean = 1.1; SD 0.1; n = 29). Conidia ovoid tgsobidal, unicellulay

smooth, hyaline, 2.9-5:81.2—-2.4um (mean = 3.% 1.8; SD 0.5, 0.2; n = 90).

Habitat Fungicolous orKretzschmaria micropuandHypoxylon cyclopicum

(Xylariaceae).

Distribution: Possibly pan Neotropical, known from Brazil, GoRica, French

Guiana and Guadeloupe.

Additional specimens and isolates examirig@zil, Estado do Par4, Municipio de
Ruro6polis, Comunidade Novo Horizonte, S4°06'49W55°00'24.9", elev. 69 m., on
Hypoxylon cyclopicugron rotten wood, 02 May 2016, Baratg O. Liparini

Pereirg D.N. Skaltsag P. Chaverri(P.C. 1285), BPI XXXXXX, culture CBS
XXXXXX; 0-3 km S. of Central Portion of Serra Araéa0—8 km E. of Rio Javari,
elev. 60 m, OM9’N, 63°19'W,on Hypoxylon cyclopicugil-5 & 12-13 Mar. 1984,
G.J. Samuel§61), NY; Serra Araca, elev. 60 m, Hgpoxylon cyclopicunl0-13
Mar. 1984,G.J. Samuel§805), NY.Costa Rica Heredia, Puerto Viejo de Sarapiqui,

La Selva Biological Station, Sendero Tres Rios and Camino Experimental Nbite,
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10°26°7.3”, W 84°00'31.4" elev. 800 m, odypoxylon cyclopicumil7 Mar. 2010P.
Chaverri(P.C. 1164)G.J. Samuel|A.Y. RossmarC. Salgada& C. Herrera BPI
XXXXXX, culture G.J.S. 10-113 = CBS XXXXXX; Puertdiejo de Sarapiquil.a
Selva Biological Station, Sendero Tres Rios and Camino Experimental Nbite,
10°26°7.3”, W 84°00'31.4" elev. 800 m, odypoxylon cyclopicumil7 Mar. 2010P.
Chaverri(P.C. 1158)(.J. Samue|A.Y. RossmarC. Salgada& C. Herrera BPI
XXXXXX, culture G.J.S. 10-121 = CBS XXXXXXGuadeloupe Trace Delgres,

Basse Terre, odretzschmaria micropyslan. 1997J. Vivant BPI 744480.

Notes This Cosmosporapecies grows olretzschmaria micropuandHypoxylon
cyclopicum Experts in the Xylariaceae consider these fuhgats to be
morphological variants of the same species (Ro§ehs 1998). The conidia of.
micropedisare generally smaller compared to those of dilemmosporapecies

growing onKretzschmariaspecies.

Cosmospora novazelandica. Herrera & P. Chaverrgp. nov Fig. 3.10.

Mycobank MB XXXXXX

Holotype New Zealand Buller, 21 Km S. of Murchison, oinnulohypoxylon bovgi
17 Apr. 1983G.J. Samue|s.R. Johnso/R.E. Beeve& R.H. PetersenPDD 46401,

ex-holotype culture G.J.S. 83-197 = CBS XXXXXX.

Etymology In reference to the geographical origin of thpsses, New Zealand.

Sexual statePerithecia solitary, superficial, obpyriform, legdsing laterally, scarlet,

with cells protruding around the apex (appearinggheened), 292— 330211- 330
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um (mean = 312.% 289.9; SD 19.1, 54.1; n = 4). Asci cylindricaldavate, eight-
spored, uniseriately arranged, 70-9(5—-)6—8um (mean = 80.% 7.0; SD 5.8, 0.8; n
= 18). Ascospores ellipsoid, equally two-cellede-@eptate, slightly constricted at

septum, minutely verrucose, yellow-brown, 8.0-11x380-5.8um (mean = 10.0 x

4.8; SD 0.6, 0.4; n = 60).

Culture and asexual stat®n PDA colonies 16—20 mm diam (mean = 18.3; S 1.
n = 4) after 14 d at 2%, velvety, slightly floccose, citrine to olivacewvith a

citrine pigment slightly diffusing into medium, rense olivaceous. On CMD colonies
18-19 mm diam (mean = 18.5; SD 0.6; n = 4) afted &4 25C, flat, citrine, with an
citrine pigment diffusing in medium, reverse gréyi®llow-green to citrine green.
Sporulation on SNA abundant, arising directly fragar surface. Asexual state
acremoniume-like; conidiophores simple, unbranclirddalides monophialidic,
cylindrical, collarette flared, hyaline, length 3-um (mean = 42.7; SD 4.2; n = 10),
width at base 1.9-3;0m (mean = 2.2; SD 0.4; n = 10), width at tip 1.@+4Im

(mean = 1.1; SD 0.1; n = 10). Conidia ovoid topsitidal, unicellulgrsmooth,

hyaline, 2.6-5.% 1.4-2.4um (mean = 3.& 1.8; SD 0.5, 0.2; n = 50).

Habitat Fungicolous orAnnulohypoxylon bovéKylariaceae) on unidentified bark.

Distribution: New Zealand.

Additional specimens examinddew Zealand South Island, Boyle River Lodge,
172223’E, 42°31'Spn Annulohypoxylon boveon unidentified bark, 13 Sep. 1981,

Brako (No. 3991A), NY.
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Notes Cosmospora novazelandicahost specific té\nnulohypoxylon boveAlso,
this species is unusual in respect to the ornarmentat the apex in which cells are
protruding, thus giving the apex the appearandeeofg roughened. Perithecial
ornamentation is generally absentiasmosporaAdditionally, this species have the

largest ascospores among species o€Cibemospora viliusculapecies complex.

Cosmospora rickiifRehm) Rossman & Samuels, Stud. Mycol. 42: 129919

BasionymNectria rickiiRehm, Hedwigia 44: 2. 1905.

= Nectria episphaeriavar. kretzschmariaélenn., Bot. Jb. 14(4): 364. 1891.

= Nectria kretzschmariafHenn.) Weese, Akad. Wiss. Wien Sitzungsber.,

Math.-Naturwiss. Kl., Abt. 1, 125: 506. 1916.

= Nectria stigmeRehm, Hedwigia 44: 2. 1905.

Anamorph not known.

Habitat Fungicolous orKretzschmaria cetrarioides

Distribution: Brazil and Republic of the Congo.

Holotype of Nectria rickiiBrazil, Sao Leopoldo, on disintegrated stroma of
Kretzschmaria cetrarioidegsK. lichenoide} 1903,S.J. RickF10125. (holotype of

N. rickii).

Additional specimens examindgtazil, S. Sao Leopoldo, dhretzschmaria
cetrarioides(asK. lichenoide}, 1903,S.J. RickF10189 ( S - holotype ™. stigmé.

Republic of the Congo(as Loango), oKretzschmaria cetrarioide§@sK. pechueli),
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1876,Pechuel-LoscheB (holotype ofNectria episphaeriaar. kretzschmaria@ot

seen; destroyed by the war-dependent fire of 1943).

Notes Weese (1916) was the last researcher to haveieedrall three holotype
specimens. He concluded tiNatepisphaeriavar. kretzschmariagN. rickii, andN.
stigmerepresented the same species. He rdisaxpisphaeriazar. kretzschmaria¢o
species rank in 1916. The principle of priority bggonly to names within the same
rank, thusN. rickii or N. stigme published in the same article in 1905 and thwsniga
equal priority, provide older names at the spe@e&. Rossman et al. (1999) already
selectedN. rickii to represent this species and transferred the ta@esmospora
The holotype oN. rickii consists of the mature form (ascospores ellipsoidutely
verrucose, yellow-brown, 14.1-18¢3%.1-8.9um, mean = 16.@ 7.5um) while the
holotype ofN. stigmerepresents an immature form of the same specesgpores
ellipsoid, minutely verrucose, yellow-brown, 7.168-13.2)x 3.8-4.8(—7.4um,

mean = 8.6« 4.1 um). The holotype oNectria episphaeriaar. kretzschmariabdas
been destroyed. All three type specimens are regpdotoccur on the same host,
Kretzschmaria cetrarioidesvhich supports the idea that these specimens each
represent the same single species. A living culiara a specimen is needed to

determine the phylogenetic placement of this sgecie

Cosmospora scruposde. Herrera & P. Chaverrgp. nov. Fig. 3.11.

Mycobank MB XXXXXX

Holotype French Guiana, Montagne de Kaw, Route de I'est, km 50 Xgtaria

scruposa25 Mar. 1986G.J. Samuel& C. Feuillet, GIJS 4487 (NY), ex-holotype
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culture G.J.S. 86-331 = CBS XXXXXX.

Etymology In reference to its fungal ho3tylaria scruposa.

Sexual statePerithecia solitary, superficial, subglobose vathacute apex,
collapsing laterally, orange, or scarlet, smoo#v-239 x 159-224m (mean =
212.6 x 189.2; SD 17.0, 18.0; n = 18). Asci cylindl, eight-spored, uniseriately
arranged, 45-71 x 4+6n (mean = 56.4 x 4.8; SD 6.4, 0.5; n = 20). Asco=po
ellipsoid, equally two-celled, one-septate, sligltbnstricted at septum, verrucose,

yellow-brown, 6.0-9.0 x 2.9-448n (mean = 7.3 x 3.7; SD 0.6, 0.3; n = 130).

Culture and asexual stat®n PDA colonies 28—-41.5 mm diam (mean = 33.3; SD
3.8; n = 16) after 14 d at 26, velvety, floccose, olivaceous buff, with a siaria
umber pigment diffusing into medium, sometimes withite aerial mycelium
densely spread, reverse sienna to umber. On CMihies 33-55 mm diam (mean =
49.5; SD 6.6; n = 17) after 14 d at’25 flat, white, sometimes with an amber
pigment, reverse concolorous. Sporulation on SNéndhant, arising directly from
agar surface. Asexual state acremonium-like; copitbres simple, unbranched, or
dichotomously branched, rarely terminating in thpb&lides. Phialides
monophialidic, cylindrical, collarette flared, hya, length 36—-66m (mean = 59.6;
SD 9.0; n = 38), width at base 1.4-2r@ (mean = 2.1; SD 0.4; n = 38), width at tip
0.8-1.3um (mean = 1.1; SD 0.2; n = 38). Conidia ovoid tgpsobidal, unicellulay

smooth, hyaline, 3.5-61.4-2.8um (mean = 4.& 2.0; SD 0.8, 0.3; n = 90).

Habitat Fungicolous orXylaria cf. scruposaXylariaceae).
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Distribution: Possibly pan Neotopical, known from French Guj&ayana, Puerto

Rico and Venezuela.

Additional specimens and isolates examirtgénch Guiana, Piste de Saint-Elie, km
16 on road between Sinnamary and St. Elie, ECERERSTOM research area,
05°20' N, 53°W, on stromata Kiylaria cf. scruposaFeb—Mar 1986G.J. Samuels
G.J.S. 3899 (NY); Paul Isnard Area, ca. 150 km Stot.aurent du Moroni, Citron,
Mt. Lucifer, 04°70'N, 53°90'Won stroma oKylaria cf. scruposaMar. 1986G.J.
Samuels P. Searway GJS 4129 (NY), culture G.J.S. 86-278 = CBS XXXXXX
Paul Isnard Area, ca. 150 km S of St. Laurent dudviip Citron, small ridge at SW
edge of the village,£270'N, 53°90'W, oiXylaria cf. scruposal6-17 Mar. 1986,

G.J. Samuel& P. Searway G.J.S. 4326 (NY), culture G.J.S. 86-315 = CBS
XXXXXX; Montagne de Kaw, Route de I'est, km 274°80'N, 52°40'Won Xylaria

cf. scruposa2l Mar. 1986(.J. Samuel& C. Feuillet, G.J.S. 4393 (NY), culture
G.J.S. 86-320 = CBS XXXXXXGuyana, Upper Demerara-Berbice Region, Upper
Demerara subregion, Mabura Hill, along Warapute&relev. 0-50 m,¥14'N,
58°47'W,on stroma oKylaria cf. scruposa28 Mar. 1987G.J. Samuel& L. Wong
Kam G.J.S. 5303 (NY); Demerara-Mahaica Region, Mahaitregion, Linden
Highway between Georgetown & Yarowcabra, Yarowcadkmeestry Station, elev.
50-100 m, 6°30'N, 58°15'Won stromata oKylaria cf. scruposa26—27 Apr. 1987,
G.J. Samuel& J. Pipoly, G.J.S. 5563 (NY); Cuyuni-Mazarun Region, Mazarun
Subregion, along Koatze River, ca. 2 km E of PongRca. 5 hr walk of
Chinoweing Village, elev. 600-650 mE®@8'N, 60°04'Won stroma oKylaria cf.

scruposaFeb—Mar 1990G.J. Samuels). Pipoly, G. Gharbarran, J. Chin & R.
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Edwards, G.J.S. 5002 (NYRuerto Rico, Caribbean National Forest, Luquillo Mts.,
La Prieta Creek, elev. 350-400 m, on stromXydéria cf. scruposa20 Feb. 1996,
G.J. Samuel$8039) &H.-J. SchroersBPI 744671, culture G.J.S. 96-6 = CBS
455.96.Venezuela Edo. Aragua, Henry Pittier National Park, RanGrande
Biological Station, Toma Trail to water source vel£200-1300 m, 10°21'N,
67°41'W, on stroma oKylaria cf. scruposa03 Dec. 1990G.J. Samuel§7853),B.
Hein& S.M. HuhndorfBPI 745150, culture G.J.S. 90-224 = CBS XXXXXXJd&
Aragua, Henry Pittier National Park, Rancho GraBatdogical Station, Trail to
Guacamayo, elev. 1250-1400 m, 10°21'N, 67°41'Wswoma ofXylaria cf.
scruposa04 Dec. 1990G.J. Samuel$7891),B. Hein& S.M. HuhndorfBPI 744778,

culture G.J.S. 90-217= CBS XXXXXX.

Notes Cosmosporapecies growing oKylaria tend to have perithecia with an acute
apex. Although fresh cultures were apparently daden as indicated by the dried
culture specimens in herbarium packets, regrowlatise ofC. scruposagroduced a
white colony on CMD, thus the white colony cannetdonsidered to an unique
character of this species. It suggests that thedigolates have degraded in storage

such that they no longer produce the pigmentation.

Cosmospora stilbohypoxy@. Herrera & P. Chaverrgp. nov Fig. 3.12.

Mycobank MB XXXXXX

Holotype Argentina, Tucuman Province, San Javier,stilbohypoxylon
quisquiliarum on decorticated wood, 20 Apr. 2011, SalgadoBP1 XXXXXX, ex-

holotype culture A.R. 4783 = CBS XXXXXX.
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Etymology In reference to its fungal hoStilbohypoxylomuisquiliarum

Sexual statePerithecia solitary, superficial, subglobose vialtint apex, sometimes
appearing acute, collapsing laterally, scarlet,@mal52—-188 145-185um (mean
=169x 158;SD 11.2, 12.8n = 8). Asci narrowly clavate, eight-spored, urietely
arranged, 45-6% 4— 6um (mean = 51.6 4.9;SD 4.5, 0.5n = 10). Ascospores
ellipsoid, equally two-celled, one-septate, sligltbnstricted at septum, minutely
verrucose, yellow-browr§.5-7.9(-10.1x 3.0—-4.0um (mean = 6.% 3.5; SD 0.4,

0.2; n = 40).

Culture and asexual stat®n PDA colonies 5—6 mm diam (mean = 5.3; SD 0.8;
4) after 14 d at 28, velvety, slightly floccose, herbage-green, veitslight sulphur-
yellow pigment diffusing into medium, reverse colocous. On CMD colonies 8—
11.5 mm diam (mean = 9.5; SD 1.5; n = 4) after M 25C, flat, greenish-yellow at
center, becoming white towards edge, reverse cormas. Sporulation on SNA
abundant, arising directly from agar surface. As¢state acremonium-like;
conidiophores simple, unbranched. Phialides moradiplig, cylindrical, collarette
flared, hyaline, length 34—44m (mean = 40.1; SD 3.2; n = 10), width at base 2®-
um (mean = 2.3; SD 0.3; n = 10), width at tip 1.54im (mean =1.3; SD 0.2; n =
10). Conidia ovoid to ellipsoidal, unicellulaamooth, hyaline, 4.6—7:62.2—3.7um

(mean =5.% 2.8; SD 0.6, 0.3; n = 30).

Habitat Fungicolous orstilbohypoxylomuisquiliarum(Xylariaceae) on unidentified

bark.
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Distribution: Argentina and Venezuela.

Additional specimens and isolates examingehezuela Distrito Federal, South of
Los Caracas, along Rio Los Caracasstitbohypoxylomuisquiliarum on bark of
unidentified tree, 22 July 7K.P. Dumont{Dumont-VE 5665)R.F. Cain G.J.

SamuelsX B. Manarg NY.

Notes Cosmosporatilbohypoxyliis only known to grow ostilbohypoxylon
quisquiliarum This species is extremely slow growing on PDA @D compared

to other species.

Cosmospora ustulinaéTeng) C. Herrera & P. Chaverdpmb. nov Fig. 3.13.

Mycobank MB XXXXXX

BasionymNectria ustulina€leng, Sinensia, Shanghai 4: 275 (1934).

Habitat Fungicolous orKretzschmaria deustgylariaceae).

Distribution: China, Japan, Portugal, USA (AL, FL, MI, NY, TN).

Holotypeof Nectria ustulinaeChina, Kiangsu, Pao-hua Shan, on stroma of
Kretzschmaria deust@sHypoxylon ustulatuin S.C. Tend2027), holotype BPI

553261.

Sexual statePerithecia solitary, in clusters (<10), rarelynsely aggregated,
superficial, subglobose with a blunt apex, collagdaterally, scarlet, smooth, 185—

225x 146-195um (mean = 205.6 169.9;SD 15.9, 17.7n = 6). Asci narrowly

clavate, eight-spored, uniseriately arranged, 42-835um (mean = 50.3% 4.8;SD
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6.5, 0.4;n = 12). Ascospores ellipsoid, equally two-cellede-septate, slightly
constricted at septum, verrucose, yellow-bro8-8.3x 2.7—4.8um (mean = 7.&

3.6; SD 0.6, 0.4; n = 62).

Culture and asexual stat®n PDA colonies 35-51 mm diam (mean = 42.9; SI) 5.
n = 14) after 14 d at 2&, velvety, slightly floccose, olivaceous to cigjrsometimes
becoming greenish-yellow at edge, with a slighegreh-yellow or sienna pigment
diffusing in medium, sometimes black droplets farghat center of colony, reverse
concolorous. On CMD colonies 44-52 mm diam (med8.4; SD 2.8; n = 14) after
14 d at 258C, flat, dark-green, or greenish-yellow at the egnbecoming hyaline
towards edge of colony, reverse concolorous. Spbonl on SNA abundant, arising
directly from agar surface. Asexual state acremmoHike; conidiophores simple,
unbranched, or dichotomously branched. Phialidesaplialidic, cylindrical,
collarette flared, hyaline, length 35—pih (mean = 45.9; SD 5.8; n = 28), width at
base 1.7-3.im (mean = 2.3; SD 0.3; n = 28), width at tip 0.84Im (mean = 1.1,
SD 0.1; n = 28). Conidia ovoid to ellipsoidal, wllalar, smooth, hyaline, 3.3—6:6

1.6-3.1um (mean = 4.% 2.2; SD 0.7, 0.3; n = 120).

Epitype designated hereibdSA, Tennessee, Blount Co., Great Smoky Mts. National
Park, 25 mi W Gatlinburg, Cades Cove, Gum Swangy, dl800 ft, 35°35'13.7"N,
83°50'19.2"W,on stroma oKretzschmaria deusi®6 Sep. 2005. HuhndorfBPI

871089, ex-epitypeulture A.R. 4215 = CBS XXXXXX.

Additional specimens and isolates examikaghan, Kumamoto Prefecture, Kikushi

City, Kikuchi valley, on remnants of old stromakietzschmariacf. deusta 31 May
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2004,Y. Hirooka(h278), BPI XXXXXX, culture MAFF 241532JSA, Alabama,
Talledega Nat. Forest, Cheaha State Park, Clay@eek Trail,on stroma of
Kretzschmaria deust23 Sep. 19925.J. Samuel|<.T. RogersonS.M. Huhndorf
BPI 802840culture G.J.S. 92-95 = CBS XXXXXXortugal, isolated from cut

treated stump dflethra arborea 2000, culture IMI 389101.

Additional descriptionTeng (1934; no illustrations).

Notes This species grows dfretzschmaria deusti& temperate forests. In contrast
to the asexual state 6f viliusculg which is highly branched, i.e. penicillate, the

asexual state @. ustulinaas simple, unbranched or branching into two pHedi

Cosmospora viliusculdSamuels) Rossman & Samuels, Stud. Mycol. 42: 19689).

Fig. 3.14.

BasionymNectria viliusculaSamuels, Mem. New York Bot. Gard. 59: 44 (1990).

Habitat Fungicolous orKretzschmariecf. deusta(Xylariaceae).

Distribution: Australia, Costa Rica, Indonesia and New Zealand.

Holotypeof Nectria viliuscula Indonesia, North Sulawsi, Eastern Dumoga-Bone
National Park, Gn. Muajat, Danau Alia, elev. 14000F45'N, 124°25’E, on
Kretzschmariacf. deusta(asHypoxyloncf. deustuny, 26 Oct. 1985, G.J. Samuels

2385, Holotype BO (Not Seen), Isotype NY 01013285.

Sexual statePerithecia solitary, or in clusters (<10), sueaf, subglobose with a

blunt apex, collapsing laterally, scarlet, smod®8-255x 159-236um (mean =
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224.9x 236;SD 20.7, 29.4n = 10). Asci cylindrical, eight-spored, uniseeist
arranged, 46—638 4—-6(7) um (mean = 54.%2 5.1;SD 4.9, 0.7n = 12). Ascospores
ellipsoid, equally two-celled, one-septate, sligltbnstricted at septum, verrucose,

yellow-brown,6.2—9.8x 2.2-5.1um (mean = 7.& 3.8; SD 0.8, 0.4; n = 54).

Culture and asexual stat®n PDA colonies 39-56 mm diam (mean = 46.4; SI) 6.
n = 11) after 14 d at 2&, velvety, slightly floccose, amber, or olivacepssmetimes
sienna pigment diffusing in medium, sometimes withte aerial mycelium sparsely
or densely spread, reverse sienna. On CMD col@1e85 mm diam (mean = 45.8;
SD 10.2; n = 12) after 14 d atZ5, flat, white, reverse concolorous. Sporulation on
SNA abundant, arising directly from agar surfaceeXual state acremonium-like to
penicillate; conidiophores simple, unbranched,iohatomously branched; forming
primary, secondary, and rarely tertiary branchashaerminal branch producing 2—-4
phialides. Phialides monophialidic, cylindrical llacette flared, hyaline, length 28—
57 um (mean = 43.6; SD 6.3; n = 30), width at base A.3lgm (mean = 1.8; SD 0.3;
n = 30), width at tip 0.8-1.2gm (mean = 1.0; SD 0.1; n = 30). Conidia ovoid to
ellipsoidal, unicellularsmooth, hyaline, 2.2-5x1.3-2.9um (mean = 4.& 2.1; SD

0.6, 0.3; n = 90).

Epitype designated hereiAustralia, Queensland, Lake Barrine, elev. 750 m,
17.0°14.0'43.0"S, 145°38.0’, 21.0’E, on stromakoktzschmariacf. deusta(as
Ustulina deusty 20 Feb. 200R. Chaverri(P.C. 858) &A.Y. RossmarBP| 878994,

ex-epitypeculture G.J.S. 09-411 = CBS XXXXXX.

Additional specimens and isolates examir@asta Ricg Heredia, Puerto Viejo de
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Sarapiqui, La SelvBiological Station, Sendero Tres Rios and Camino Experimental
Norte, N 10°26'7.3", W 84°00'31.4", elev. 100-30Q an stroma oKretzschmaria

cf. deusta 17 Mar. 2010P. Chaverri(P.C. 1150)G.J. Samuel|A.Y. Rossmart.
Salgado& C. Herrerg BPI XXXXXX, culture G.J.S. 10-114 = CBS XXXXXX.

New Zealand Auckland Prov. Bay of Islands Co., Puketi Foreststroma of
Kretzschmariacf. deusta(asUstulinasp.), 02 Mar. 1973].M. Dingley PDD 30869,

cultureG.J.S. 73-2 = CBS XXXXXX.

Additional descriptions and illustrationSamuels, Doi, & Rogerson (1990), Samuels

et al. (1991), Rossman et al. (1999).

Notes This species grows dfretzschmariaf. deustain tropical forests. In addition

this species is unique in producing a penicillaexaal state.

Cosmospora viridescen€. Booth) Grafenhan & Seifert, Stud. Mycol. 68. 2011.

BasionymNectria viridescen€. Booth, Mycol. Pap. 73: 89. 1959.

Habitat On bone and fungicolous &tuzenia spermoidé€kasiosphaeriaceae).

Distribution: Czech Republic, Denmark and United Kingdom.

Holotypeof Nectria viridescensUK, England, Yorkshire, Sawley Woods, on black
pyrenomycete on branchesSdlix, 22 Apr. 1954, C. Booth, holotype IMI 56376 (not
seen), isotype BPI 553304 = DAOM 83074 (not se@rgles, Llanrwst, Gwydyr
Forest, orRuzenia spermoidesnBetulg May 1958,C. Booth paratype K(M)

169349, ex-paratype culture IMI 73377a.

Additional isolates examine@zech Republic Sumava Mts. National Park, vicinity
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of Breznik, Mt. Studna hora, on bark of dead stagdrunk, 11 Aug. 1999\.
Reblova culture CBS 102430; Sumava Mts. National Parinity of Breznik,
Pytlacky, on dead tree, 14 Aug. 1998, Reblovaculture CBS 10243®enmark,

on bone, 24 Jul. 1998, Laessogeculture A.R. 2783 = CBS XXXXXX.

Descriptions and illustrationdBooth (1959)Grafenhan et al. (2011).

Notes The isolatdMI 73377a represents the only living culture dedvrom
specimens cited by Booth (1959) in his originaladiggion of Nectria viridescensBy
definition, K(M) 169349 represents a paratyp&oliridescensand phylogenetic
placement of this species in the strict sense wasiple with this isolate. It clustered
with other isolates previously considered tdbeviridescengseeGrafenhan et al.
2011), but the clade may consist of a species amplhe ascospores are ellipsoid,
slightly constricted at septum, minutely verrucogglow-brown, 7.6-12.% 3.7-4.7

um (mean = 9.4 4.3um).

Additional accepted species not treated in this pagy

Cosmospora berkeleyan®. Karst.) Grafenhan, Seifert & Schroers Stud. Mycaol.

68: 95. 2011.

Basionym Verticillium berkeleyanur®. Karst., Meddeland. Soc. Fauna FIl. Fenn. 18:

64. 1891.

= Acremonium berkeleyanufR. Karst.) W. Gams, Netherlands J. PI. Pathol.

88: 76. 1982.

Asexual stateAcremonium-like.
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Habitat Onlnonotus radiatusind Stereum hirsutum

Distribution: Canada, Finland, Germany, and Netherlands.

Descriptions and illustrationKarsten (1891), Gams (1971), and Gams & Zaayen

(1982).

Notes The sexual state of this species is unknown.idéetity of the isolate CBS
258.70 reported to be growing bronotus radiatuss questionable. Given the host,
the isolate could be a morphological varian€Cosmospora coccinedhis isolate has

not been sequenced.

Cosmospora butyr{J.F.H. Beyma) Grafenhan, Seifert & SchroersStud. Mycol.

68: 96. 2011.

Basionym Tilachlidium butyriJ.F.H. Beyma, Zentralbl. Bakteriol., 2 Abt. 99: 388

1938.

= Acremonium butyr{J.F.H. Beyma) W. Gams, Cephalosporium-artige

Schimmelpilze (Stuttgart) p. 126. 1971.

Asexual stateAcremonium-like.

Habitat Isolated from butter.

Distribution: Denmark (only known from the type).

Descriptions and illustration8Beyma (1938) and Gams (1971).

Notes The sexual state of this species is unknown. Sewrbetl et al. (2011) noted
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that the ex-type culture might comprise a mixedwel We suspect th&t. butyrihas
a fungal host, but it has not been found. The teplcsubstrate suggests that this

fungus might have a secondary nutrition mode (saprophytic).

Cosmospora cymos@V. Gams) Grafenhan, Seifert & SchroersStud. Mycol68:

96. 2011.

BasionymAcremonium cymosulv. Gams, Cephalosporium-artige Schimmelpilze

(Stuttgart) p. 131. 1971.

Asexual stateAcremonium-like.

Habitat OnlInonotus radiatus

Distribution: Germany.

Descriptions and illustrationgGams (1971).

Notes The sexual state of this species is unknown.pfyogeny inGrafenhanret al.
(2011) include<. coccineaandC. cymosas sister taxa. It is possible tliatcymosa
is a morphological variant &. coccineagiven that they are 97% similar based on
ITS sequences. However, protein-coding loci shothiedh to be more divergent.
Differences are found primarily at third codon piosi sites of the protein-coding

genes.

Cosmospora lavitskia€Zhdanova) Grafenhan, Seifert & Schroers Stud. Mycol.

68: 96. 2011.

Basionym Gliomastix lavitskia&Zhdanova, Mikrobiol. Zhurn. 28: 37. 1966.
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Asexual stateAcremonium-like.

Habitat Isolated from soil rhizosphere déa mays

Distribution: Ukraine.

Descriptions and illustrationsZhdanova (1966) and Gams (1971).

Notes The sexual state of this species is unknown. Wpect thaC. lavitskiaehas a
fungal host, but it has not been found. This fungusdd have a secondary nutrition

mode (e.g., saprophytic).
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C. stilbohypoxyli

C. clavi

C. ustulinae

| C. viliuscula

C. micropedis

CH1001 - Dialonectria episphaeria

AR4562 - Pseudocosmospora eutypellae

AR4580 - Microcera larvarum

-

N
N

AR4547 - Corallomycetella elegans

0.03

Fig. 3.1ML phylogeny (best tree; LnL = —18580.293)@fviliusculaspecies

complex based on three partition (ITS, L®Wwm7rpbl- tub2) dataset. Label A,

Cosmosporanode; label BCosmospora viliusculapecies complex. Black bold

branches indicate >70% ML BP.
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1 AR4580 - Microcera larvarum
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C. ustulinae

C. micropedis

Fig. 3.2BI phylogeny (consensus tree; LnL = -18297.835} ofiliusculaspecies
complex based on three partition (ITS, L$atm7rpbl- tub?) dataset. Label A,
Cosmosporanode; label BCosmospora viliusculapecies complex. Gray bold

branches indicate >90% BI PP; black bold branchésate >95% Bl PP.

153



Fig. 3.3Cosmospora annulohypox. (A) Habit. Scale bar = 3 mm. (B)abit. Scale

bar = 4 mm. (CPerithecia on natural substreScale bar = 20Qm. (D) Peritheciurr
in 3% KOH. Scale bar 200um. (E) Asci. Scale bar = im. (F) Ascospore. Sca
bar = 10um. (G)Phialide.Scale bar = 1@m. (H) Conidia. Scale bar 20 um. (I-J)
Cultures after 3 wks at  C on PDA. Scale bar = 10 miK) Cultures aler 3 wks at

25 C on CMDScale bar =10 mm
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Fig. 3.4Cosmospora arx. (A) Habit. Scale bar = 4 mm. (B)erithecia on natur:
substrata. Scale bar20C pm. (C) Perithecium in 3% KOH. Scale bat&C um. (D)
Asci. Scale bar = 10m. (E) Ascospore. Scale bar = ifh. (F)Conidia.Scale bar =
10 um. (G) PhialideScale bar =10 um. (H-I) Cultures after 3 wks at C on PDA.

Scale bar = 10 mn{J) Cultures after 3 wks at C on CMD.Scale bar :10 mm
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Fig. 3.5Cosmospora cla. (A—-B) Habit. Scale bar = 4 mm. (@prithecia on natur:
substrata. Scale bar20C pm. (D) Perithecium in 3% KOH. Scale bai100um. (E)
Asci. Scale bar = 10m. (F) Ascospore. Scale bar = fith. (G—H)Phialide.Scale
bar =10 um. (I) Conidia.Scale bar = 1@m. (J-K)Cultures after 3 wks at . C on
PDA. Scale bar 20 mm (L) Cultures after 3 wks at 25 C on CM8Bcale bar -10

mm
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Fig. 3.6Cosmospora&occinei. (A) Habit. Scale bar = 4 mm. {Perithecia o1
natural substrat&cale bar 200 um. (C) Peritheimm in 3% KOH. Scale bar 100
um. (D) Ascospore. Scale barl0um. (E-F) Phialide. Scale barl® um. (G)
Conidia. Scale bar £#0 um. (H-I) Cultures after 3 wks at 25 C on PD®@cale bar =

10 mm. (J Cultures after 3 wks at C on CMD. Scale bar = 10 mm
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Fig. 3.7Cosmospordomiticole. (A) Habit. Scale bar = 3 mm. (Berithecia or

natural substrat&cale bar =200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10 um. (E) Ascospore. Scale bar =d@. (F Phialide.
Scale bar = 1am. (G Conidia.Scale bar = 1@m. (H) Culturesafter 3wks at 2 C

on PDA. Scale bar #0 mm (1) Cultures after 3 wks at 25 C on CM8cale bar =10

3

m
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Fig. 3.8Cosmospor&handalensi. (A) Habit. Scale bar =5 mm. (Berithecia or
natural substrat&cale bar 200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10 um. (E) Ascospores. Scale bar =,if. (F-G)

Phialide. Scale bar £0 um. (H) Conidia. Scale bar = 4n. (1-J)Culture: after 3
wks at 25 C on PDAScale bar :10 mm. (K) Cultures after 3 wks at £5on CMD

Scale bar =10 mm
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Fig. 3.9Cosmosporanicropedi. (A) Habit. Scale bar = 1 mm. (Berithecia ot

natural substrat&cale bar =200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10um. (E) Ascospores. Scale bar =,if. (F) Phialides
and conidia. Scale bar® um. (G—H) Cultures after 3 wks at Z5on PDA Scale

bar = 10 mm. (I)Culture¢ after 3 wks at 25 C on CMD. Scale batGmrm
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Fig. 3.10Cosmosporaovazelandic. (A) Perithecia on natural substreScale bar =
200um. (B) Perithecium in 3% KOH. Scale bail00um. (C) Cells protruding
around the perithecial ap: Scale bar = 1Qm. (D) Asci. Scale bar #0um. (E)
Ascospores. Scale barl® um. (F) Phialides and conidia. Scale batGum. (G)
Culturesafter 3 wks at 2 C on PDA. Scale bar = 10 mm. (H) Cultuedter 3 wks a

25 C on CMD Scale bar =10 mm
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Fig. 3.11Cosmospora saposat. (A) Habit. Scale bar = 2 mm. (Berithecia or
natural substrat&cale bar 200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10um. (E) Ascospores. Scale bar =if. (F) Phialides.
Scale bar = 1@m. (G)Conidic. Scale bar = 1Qm. (H-I) Culturesafter 3 wks at 2
C on PDA. Scale bar #0 mm (J) Cultures after 3 wks at Z5on CMD Scale bar =

10 mm
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Fig. 3.12Cosmosporatilbohypoxyl. (A) Habit. Scale bar = 1 mm. (Berithecia or

natural substrat&cale bar =200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10um. (E) Ascospores. Scale bar =,if. (F) Phialides.
Scale bar = 1@m. (G)Conidie. Scale bar = 1gm. (H) Culturesafter 3wks at 2 C
on PDA. Scale bar £0 mn. (I) Cultures after 3 wks at 25 C on CM8cale bar =10

mm
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Fig. 3.13Cosmosporaistulinac. (A) Habit. Scale bar = 4 mm. (Berithecia ot
natural substrat&cale bar =200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10um. (E) Ascospores. Scale bar =if. (F) Phialides.
Scale bar = 1@m. (G)Conidie. Scale bar = 1am. (H-I) Culturesafter 3 wks at 2
C on PDA. Scale bar #0 mm (J) Cultures after 3 wks at Z5on CMD Scale bar =

10 mm
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Fig. 3.14Cosmosporailiuscula. (A) Habit. Scale bar = 4 mm. (Berithecia ot

natural substrat&cale bar =200 um. (C) Perithecium in 3% KOH. Scale ba100
um. (D) Asci. Scale bar :10um. (E) Ascospores. Scale bar =if. (F) Phialides.
Scale bar = 1@m. (G)Conidie. Scale bar = 1am. (H-I) Culturesafter 3 wks at 2
C on PDA. Scale bar #0 mm (J) Cultures after 3 wks at Z5on CMD Scale bar =

10 mm
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Chapter 4. Pseudocospeciation of the mycopar@sisgnospora

with their associated fungal hosts.

ABSTRACT

Species oCosmosporare parasites of other fungi (mycoparasites)uihiolg species
belonging to the Xylariales. Based on prior taxormowork, these fungi were
determined to be highly host specific. We suspetttatithe association of
Cosmosporand their hosts could not be a result of randoanch, and tested the
cospeciation o€osmosporand the their hosts with contemporary methods (e.g
Parafit, PACo, and Jane). The cophylogenZo$mosporand their hosts was found
to be congruent, but only host-parasite links imemecent evolutionary lineages of
the host were determined as coevolutionary. Retatioh reconstructions
determined at least five host switch events earlyré evolution ofCosmosporaThis
pattern is more likely to be explained by pseudpeogtion (i.e., host switches

followed by cospeciation), which also produce coegit cophylogenies.
INTRODUCTION

Evolutionary relationships of fungus-fungus systdrage been rarely studied.
Millanes et al. (20143%tudied theBiatoropsisRasanerdsneaDill. ex Adans. system
(a fungal parasite-fungal host association), andatestrated that host-switch events

played a more prevalent role than cospeciationtevartheir reconciliation
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reconstructions dBiatoropsisandUsneaphylogenies. Also, the fungal cultivars of
the fungus-growing ants (fungi belonging to the Aggceae and Tricholomataceae)
and their associated fungal parasites;ovopsis.J. Muchovej & Della Lucia, have
been shown to have highly congruent phylogeniesr{€at al. 2003). In other non-
fungal systems, host-parasite relationships ha@@oduced congruent
cophylogenies (e.g. Clayton and Johnson 2003; Bah&k 2006; Hosokawa et al.
2006; Marussich and Machado 2007; Hughes et al7;200da et al. 2007; Jackson et
al. 2008; Lanterbecq et al. 2010; Goker et al. 20&/hich have been taken as
evidence of cospeciation between hosts and pasakitavever, congruent
cophylogenies can also result from other evolutipmaechanisms besides
cospeciation such as coevolution and sequentidligen. Coevolution is the
evolution in two or more species that leads topmwal evolutionary changes, and in
sequential evolution, changes in one taxon leadbanges in the other taxon, but the
change is not reciprocal (reviewed in Ridley 20@hspeciation involves the joint
speciation of two or more species that are ecosttlgiassociated (e.g. host-parasites;
Page 2003). There are also evolutionary eventsitbald lead to incongruent
cophylogenies: 1) duplication (independent spemigfi2) host-switching, and 3)
lineage sorting (e.g. extinction and “missing tloat); reviewed in Page 2003;

reviewed in Paterson and Banks 2001).

In the present study, we studied the associatibmd®sn species d€osmospora
Rabenh. (sensu lato; a mycoparasite—a fungus #raspizes other fungi) and their
associated fungal hostSosmosporgAscomycota, Hypocreales, Nectriaceae) is a

fungal genus that was determined to be artifieia] segregated into many
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monophyletic genera (Schoch and Crous 2000; Lowan@ng 2010, 2012;
Grafenhan et al. 2011; Herrera et al. 2013). Theadruiting bodies (perithecia) in
Cosmosporaensu lato are highly conserved to the degreeiafandistinguishable.
Briefly, the perithecia are reddish, small-sizedd& microns), and pear-shaped (Fig.
4.1A). The sexual spores (ascospores) are elligsatlipsoid-fusiform, one-septate,
yellow-brown and warted at maturity (Samuels eil@B1; Rossman et al. 1999). The
perithecia usually grow in-clusters on other fursggle insects, rarely on wood and
herbaceous substrata (Rossman 1983; Samuelsl84at. Rossman et al. 1999).
Cosmospora-like fungi are reported to be most commaecently disturbed forest
stands (Chaverri and Vilchez 2006), and to havemgueater diversity in warm
temperate and tropical regions (Rossman et al.)L$f8vever, they are not

infrequent outside those regions.

Most cosmospora-like fungire mycoparasites of fungi in the families Xylaeae
and Diatrypaceae (Xylariales, Ascomycota; Graferdgtaad. 2011). Tsuneda (1982)
first described the attack by these mycoparadgesfly, the fruiting bodies of the
fungal host are penetrated by thesmosporapecies, and the fleshy insides of the
fungal host are slowly attacked and consumed b tsmnospora vegetative
hyphae. It is thought that the slow attack ensaresxtended period of nutrient
uptake. The fungal host is able to mature but mo¢kease ascospores. Ultimately,
the host’s fleshy insides are replaced by vegetdtixphae of th€osmosporaThe
mycoparasitic attack ends with the formation obi perithecia directly on the
surface of the host’s fruiting bodies (Fig. 4.1®}ile simultaneously consuming its

own vegetative hyphae for the production of peoithéTsuneda 1982).
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Cosmosporaensu stricto include species that grow on xytaoas fungi (fungi
belonging to the Xylariaceae, Xylariales, Ascomg}obDuring the taxonomic
revision of these fungi (see Herrera et al. 20it4yas observed that these species
demonstrated a high degree of host-specificity, (ilbeir association was not
random). Host-specificity is a trait that often cierizes the intimate relationship of
a host and its associated parasite. Given thisdpestific trait, we hypothesized that
species oCosmospordnave cospeciated with their xylariaceous fungak$io
following Fahrenholz’ rule (i.e., host and assamibparasites form cophylogenies;
reviewed in Ridley 2004). In this paper, we invgated associations between

Cosmosporapecies and their associated xylariaceous hosts.

METHODS

Cosmospora phylogeny

Thirteen species were selected based on the avaylalb host data (see below).
Sequences were generated in prior taxonomic woekr@ta et al. 2013; Herrera et al.
2014). Briefly, DNA was extracted from mycelium gno for one week in Difco™
potato dextrose broth with PowerPlant® DNA Isolatkit (MO BIO Laboratories
Inc., Solana Beach, California). Internal transedispacer (ITS), large subunit
nuclear ribosomal DNA (LSUDNA replication licensing factomicm, RNA
polymerase Il Subunit oneppl), andp-tubulin tub2) were amplified in an
Eppendorf Mastercycler thermocycler (Eppendorf, ihiey, New York) and

sequenced at the DNA Sequencing Facility (CenteAfpicultural Biotechnology,
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University of Maryland, College Park, Maryland).el'belected species and the

associated sequences are listed in Table 4.1.

Sequences were aligned via the MAFFT v.6 web servic
(http://mafft.cbrc.jp/alignment/server/; Katoh ét2002, 2013) implementing the E-
INS-i alignment strategy and the 1PAM=2 scoring matrix for nucleotide
sequences. Alignments were manually edited in Migs@u75 (Maddison and
Maddison 2011). Ambiguous regions were excludee. Gdst-fit partitioning scheme
among the sequenced loci and the model of nuckestitdstitution for each partition
were determined with PartitionFinder v1.1.1 (Lanfelal. 2012) using the default

settings.

Phylogenetic analysis was performed using GARLO¥ZGenetic Algorithm for
Rapid Likelihood Inference; Zwickl 2006) via the ®Al web service
(http://'www.molecularevolution.org; Bazinet and GQuimgs 2011), which uses a grid
computing system associated with The Lattice Pt¢f@ammings and Huskamp
2005; Bazinet and Cummings 2008). Fifty independeatch replicates were
performed to find the best tree with a fast ML stese-addition algorithm. One

thousand bootstrap replicates were used in thestraptanalysis.

Host phylogeny

Effort was made to extract DNA directly from theifmg bodies of the host.
However, in most cases, we obtained sequenceg @isgociate@osmospora
species suggesting that the mycoparasite had glegtatked the host. We were able

to obtain ITS sequences from the host€o$mospora khandalensasd
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Pseudocosmospora jotsy amplifying DNA with lllustra GenomiPhi V2 DNA
Amplification Kit (GE Healthcare Bio-Sciences Cqrpiscataway, New Jersey)
following the manufacturer’s instructions. The itgnof the host folP. jocawas
determined to bBiscogniauxia capnoddXylariaceae), while the host f@.
khandalensigould only be identified to genus rankAsnulohypoxylon
(Xylariaceae). In our previous taxonomic revisidriiee Cosmospora viliuscula
species complex (Herrera et &hapter 3, we conservatively identified the hosts in
the complex based on morphological characters. Xifaated sequences (IT&GIA,
rpb2, and tub2) from GenBank for these species, aggkteequences are listed in
Table 4.2. Phylogenetic analysis was performedeasribed for the mycoparasite

(above).

Cophylogenetic analyses

Thirteen host species and thirt€eéosmosporapecies were included in the
cophylogenetic analyses. We performed two distdrased methods: PACo
(Balbuena et al. 2013) and ParaFit (Legendre &0&l2). Additionally, two tree-
reconciliation methods were performed: Jane v.Ah({@oet al. 2010) and CoRe-PA
v0.5.1 (Merkle et al. 2010). A tanglegram betw€&€msmosporapecies and their

associated host was generated with TreeMaf3\&0@arleston 2011).

Distance-based methods were implemented iR R¢re Tean2013) with the APE
package (Paradis et al. 2004). Host and parasyiegdnies were transformed into
matrices of patristic distances, and transformedraigto principle coordinates to

describe the phylogenies. The host principle coateis, parasite principle

177



coordinates, and host-parasite association matnees used to test the degree of
congruence between the host and parasite phylaetitie a global host-parasite
statistic, and the significance of the statisticwatermined using a permutation test.
100000 permutations were run for PACo, whereaspg@@utations were run for
ParaFit. PACo and ParaFit algorithms test the mgplothesis that the host and

parasite phylogenies are independent (or randosdgaated).

In an evaluation of tree reconciliation methodsREdPA, Jane and TreeMap), CoRe-
PA was determined to be the most precise tool @viglin predicting the associations
between hosts and parasites, although it doesradupe an optimal estimate of the
number of cospeciation and switching events. Jasedetermined to yield the

correct estimate of cospeciation events (Kellerrsidhet al. 2011). Because they are
based on theptimality criterionof Maximum Parsimony, these methods seek to find
the cophylogeny with the minimum cost. CoRe-PA aade assign costs to four
evolutionary events: cospeciation, duplication,tlswgtch and sorting. Additionally,
Jane assigns a cost to failure to diverge. We tisedefault cost settings in CoRe-PA

and Jane.

RESULTS

Phylogenetic analyses

PartitionFinder determined three partitions in @@smosporaupermatrix, which
included 3217 total characters (ITS: 570; LSU: #2m7 615;rpbl: 690; andub2
560). These partitions were ITS, LSU, andm#rpbl+tub2 The best model of

nucleotide substitution was TIMef+I, K80+, and NG, for each partition
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respectively. The negative log likelihood for thesbtree was —10885.2025.

Cosmospordineages were well supported with some exceptibits 4.2).

Three partitions were determined for the host supénix that comprised 3159 total
characters (ITS: 46@&ctA: 301;rpb2: 1199; andub2 1193). These partitions were
ITS, actA+rpb2, andtub2 TIMef+G, K80+I, and TrN+G were selected as thetbe

models for each partition, respectively. The negaliog likelihood for the best tree

was —12636.6736. Lineages of xylariaceous fungewezll supported with some

exceptions (Fig. 4.2).
Distance-based analyses

A procrustean superimposition plot of axes onetarg corresponding to patristic
distances o€osmosporand their fungal hosts, suggested three groupssif h
parasite associations (Fig. 4.3). One group is az®gp ofCosmosporapecies
associated witl\nnulohypoxylorandHypoxylon Another group is composed of
Cosmosporapecies associated wittetzschmariaStilbohypoxylorandXylaria. A
third group is composed @fialonectria episphaerigPseudocosmospownd their

associated hosts.

Distance-based methods supported an overall congeusetween the phylogenies of
Cosmosporand their associated hosts. The PACo analysisupsatla residual sum
of squaresrfxy) of 0.4193 with an associated permutatidhal 0.00001. Similarly,
the ParaFit global fit statistic was 0.02 < 0.005). The contribution of each host-
parasite to the global fit was assessed with &jafi procedure applied in PACo,

which estimated the squared residual and its 958kidence interval of each
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individual link (Fig. 4.4). Most links associatedtlvKretzschmariaStilbohypoxylon
andXylaria hosts contributed relatively little to the residaaim of squares. The
Eutypa lataPseudocosmospora eutypaedEutypella scoparidPseudocosmospora
eutypelladinks were also determined to contribute relagndtle to the residual sum
of squares. ParaFitLink1 analysis also considdresé links #Kretzschmaria deusta

Cosmospora ustulina@s coevolutionary at 0.05 significance level.

Tree reconciliation analyses

The Tanglegram betwed&nsmosporand host phylogenies showed some internal
congruence (Fig. 4.2). The reconciliation of @@smospordree with the host tree
revealed a maximum of seven cospeciation eventhtrh@yve happened in their
evolution (Fig. 4.5). This reconciliation also caimed five host-switches and three
sorting events. The total cost for this recondiatwas 18 in CoRe-Pa and 13 in
Jane. Jane generated another equally parsimoraoasailiation between
Cosmosporand host trees (Fig. 4.6). This reconciliation Bdcospeciations, six
host-switches, and one sorting event. In only aséince out of 100 did a better

random sample solution produced a reconciliaticst below 13 = 0.01).

DISCUSSION

Distance based methods confirmed that the phylegesfiCosmosporand the

fungal host were more congruent than expected bgad (PACoP = 0.00001;
ParaFit,P = 0.005). The global congruence between host amakfie phylogenies
have been interpreted as a result of cospeciatiomainy studies prior to this one (e.qg.

ants and plants, Itino et al. 2001; fungi and @adackson 2004; penguins and their
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lice, Banks et al. 2006; mycoviruses and their &lrngpsts, Goker et al. 2011; among
others). However, not all individual host-parasin&s were found to be
coevolutionary (Fig. 4.4). Most host-parasite licksisidered coevolutionary
includedCosmosporassociated witKretzschmariaStilbohypoxylonandXylaria
hosts. These host genera represent recent evauibneages of the Xylariaceae
(Tang et al. 2009; Hsieh et al. 2010). CharlestmhRobertson (2002) observed a
similar global congruency of host-parasite cophglugs and codivergences
occurring at the tip of the host phylogeny. Givieattthere was a large difference in
evolutionary rates between host and parasites,|€3tan and Robertson (2002)
determined that the observed evolutionary pattettdcnot be explained by
cospeciation events alone, and suggested thatdttesrn was a result of host-
switches followed by cospeciation events. Cospietias expected to have congruent
phylogenies but also to have similar divergencesirfreviewed in Page 2003).
Similar congruent topologies as seen in cospeciatuld arise as a result of host-
switches followed by cospeciation events (or pseadpeciation) but not have
similar divergence times (Hafner and Nadler 1988jawed in Page 2003; de Vienne

et al. 2007, 2013).

Tree reconciliation based methods also supporeedita that the cophylogeny
betweenCosmosporand their fungal hosts could not be interpretedifstrict
cospeciation events (Fig. 4.5 and 4.6). The retemtrees contained five—six host
switch events (Fig. 4.5 and 4.6), which occurretlyea the host phylogeny.
Cospeciation events were more prevalent towardspha the host phylogeny.

Divergence time estimates could not be determindgla current study due the lack
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of fossil records for fungi in general (Taylor aBdrbee 2006). Calibration points are
needed within the in-group of study to obtain maceurate estimates of divergence
times. Therefore, we cannot determine whether bCesmosporand the host have
similar divergent times or not. Strict speciati@noot be ruled out, but strict
cospeciation is probably unlikely given the relatwhigh number of suspected host
switch events in the reconciliation reconstructidPseudocospeciation represents a
better hypothesis to explain the apparent conggubatweernCosmosporand the

host phylogenies.

Pseudocospeciation is often confused in the lileeads cospeciation given the
significant global congruency between host andgt@hylogenies, even though the
parasites have been shown to diverge more reciathythe host (e.g. Reed et al.
2007; Light and Hafner 2008). The lack of congryeincdivergence times (or
temporal congruency) between host and parasitagdhave refuted the hypothesis
of cospeciation (e.g. Charleston and Robertson ;280&nson et al. 2004; Huyse and
Volckaert 2005). De Vienne et al. (2013) reviewedpeciation literature, and
determined than only seven percent of the liteeatepresented convincing cases of
cospeciation. These cases involved symbionts thed Wwansmitted vertically, which
does seem to be the case@msmosporaln contrast, Hafner and Nadler (1988)
posited that pseudocospeciation resulted from $wkthes by the symbiont onto
closely related hosts of the original host (horiabtransmission) followed by
speciation on the new host. The resulting phylogenf the host and the symbiont
resemble the phylogenetic signature of cospecidtiencophylogenies) as result of

the conserved host switching of the symbionts (Eiaémd Nadler 1988; Charleston
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and Robertson 2002; Sorenson et al. 2004; Huys&/alo#taert 2005). Host
switching consists of a two-step process (revieinedorton and Carpenter 1998).
Firstly, the acquisition of a new host by the paeaquires that the new host is
found within the parasite’s range and is relateth&oold host (i.e. phylogenetically
similar; e.g. Davies and Pedersen 2008), or hawi&as ecological habitat to the old
host (i.e. ecologically similar; e.g. Nikoh and ktdu 2000). Secondly, the parasite
has to adapt to the new host in a way that dimessgfene flow between populations
on the old host and populations on the new hosimidtely, the parasite on the new
host will speciate as a result of limited gene flover time. Host switching involves
an initial decrease in host specificity during todonization of a new host, and an
increase in host specificity as speciation on @ host occurs (Norton and

Carpenter 1998).

This study represents a preliminary account oeti@utionary relationships between
cosmospora-like fungi and their associated hosts farther study of this group of
fungi is likely to yield intriguing and complex ndts. Some species @osmospora
sensu stricto are associated with basidiomycetasididmycota, Mycota; Herrera et
al. 2014; Grafenhan et al. 2011), which could repn¢ a putative inter-phylum host-
switch early in the evolution @osmosporaln other fungi, rapid speciation was
observed after host switches, particularly thogg#atng new adaptive zones
(Zaffarano et al. 2008; Chaverri and Samuels 204&jlitionally, species of
MicroceraDesm. (Nectriaceae, Hypocreales, Ascomycota)iradogroup of fungi

of Cosmosporaensu lato, are parasites of scale insects (CieapHemiptera,
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Insecta; Grafenhan et al. 2011) and lichens (ungiud data). This lineage of

cosmospora-like fungi could represent a putativerkingdom host switch.
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Fig. 4.1.Cosmosporapecies. ACosmosporgerithecia (reddish)B. Median
section ofCosmosporagerithecia (stained in Lactic Acid: yellow) anditing body
of xylariaceous host (darkl.osmosporgerithecia growing directly above the host

perithecia (empty spaces).
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Fig. 4.2. Tanglegram betweeil€osmospordred) and host (black) phylogenies.
Solid lines betweefRosmosporapecies and the associated host indicast-parasite
associations. ML bootstraps are provided for eaxtenSee Tables 1 and 2 for

abbreviations of taxa.
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Conclusions

This dissertation represents one of the most camepive systematic works
performed on the genwosmospordin the broad sense) so far. It included more taxa
than any other previous study. Many of which hagerbrecognized as new species.
Additionally, a few names (e.G.osmospora viliorwere stabilized with the selection
of an epitype, which enabled determining correassification of the fungus based on
phylogeny. However, a high proportion of singlelimeages were also observed in
the phylogenies. Singleton lineages do not conflarthe species recognition concept
(i.e., Genealogical Concordance Phylogenetic Spdtexognition, GCPSR) used in
this dissertation. By definition, a singleton ligeacannot be called a clade; a clade is
composed by two or more specimens/isolates (redew¥inuesa 2010). It was
decided to recognize selected singleton lineagspades if the lineages were
morphologically and/or ecologically distinct tha&ts them apart from other species
(reviewed in Lim et al. 2012). The host@bsmosporapecies, in particular, has
been recognized in this dissertation to be a vegrimative character to diagnose
Cosmosporapecies. Becauseosmosporapecies appear to have a high fidelity to
their associated hosts, the recognized singleteaiap are likely to represent species.
By recognizing singleton species, it was thought thwould make it easier to
recognize the species again in nature, and fresplsa can be used to expand the

morphological ranges of the species.
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Two new genera, nine new combinations, and eleeangpecies were described in
the taxonomic work included in this dissertatiofthAugh progress has been made in
increasing fungal diversity knowledge, diversitycokmospora-like fungi is likely to
be much higher that our current knowledge. Theaogeized singleton lineages, the
many herbarium specimens, and fresh collections metv hosts are evidence that
more work is needed. Unfortunately, extracting Di¥#m the fleshy insides of
fruiting bodies stored in herbaria has been unssfak and their phylogenetic
position could not be determined. Either, the DNAerbarium specimens has been
degraded, or a better DNA extraction method need® tfound for this material.
Additionally, DNA should be extracted from the fahdpost for future collections of
cosmospora-like fungi. It would provide a more aatel identity of the fungal hosts,
and a better dataset for coevolutionary studiesdrtCosmosporapecies and their

associated fungal hosts.

Chapter 4 represents one of the first fungal stusliedying evolutionary

relationships between a mycoparasite and the ageddungal host (e.g., Currie et al.
2003;Millanes et al. 2014)The results suggested that host switch events wer
common early in the evolution @fosmosporapecies, while cospeciation events
more prevalent late in the evolution@bsmosporapecies. This phylogenetic pattern
is consistent with pseudocospeciation reportedherssystems (e.g., Hafner and
Nadler 1988; Charleston and Robertson 2002; Soregisal. 2004; Huyse and
volckaert 2005). Given that cosmospora-like furegiresent the only group of fungi

in the family Nectriaceae that have fungicolousguticolous, and lichenicolous life-
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style habits, future work will probably focus onodwtion of life of lifestyle habits at

the molecular level.

The data generated in this dissertation can beouskentify Cosmosporapecies. The
dichotomous keys inside the dissertation are usefie identification of
Cosmosporapecies based on based on morphological and hasiaters. DNA
sequences were deposited to GenBank, and unknonpiesican be blasted against
the deposited sequences. Sequence alignments lsemeposited to a public online
database, TreeBASE. Additionally, isolates wereodépd to The Centraalbureau
voor Schimmelcultures (CBS), Utrecht, The Nethattarior long-term storage. CBS
is a public fungal repository of strain culturesdahe strain cultures are available to
all scientists for a relatively small fee that igihuted to the costs of handling and
maintenance of cultures. New specimen collectioasewdeposited to the U.S.
National Fungus Collections (BPI), USDA-ARS, Beili®y Maryland, and the

specimens can be borrowed from BPI herbarium fadyst
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