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Part 1:Coelomycetes

Chapter 1 Introduction andliterature review

Coelomycetes

Inthe 1990s mycologiss estimatedthat there might bel.5 millionspecies ofungion
the Earth (Hawksworth 1991)Recent estimatesbased on higtthroughput sequencing
methods suggest that as many as 5.1 million fungal species may exist (Blackwell\2€x]11).
only about 100 00Ospecies have so far been describ@€rk et al. 2008) More recent
estimateof fungisuggestedver 712000 specie$Schmit & Mueller 20074r 611000 (£ 297
000) (Moraet al. 2011) These numbers aretruly approximate because about @00 new
species are described each year (Moeteal. 2011). The biggest groups in the kingdom
Fungiare the Ascomycotaandthe BasidiomycotaKirket al. 2008. With about 64000 know
species Ascomycotds the largest groupTraditionally Ascomycetesre classified with the
reproductivestructures viz. ascomata, asci and ascospodi$erentiated during thesexual
reproductive phase More recent classifications are based on molecular dags, gene
sequencegKirket al.2008) Howevera large number oAscomycetesencountered in their
asexual reproductive phasevere formerly classified in theDeuteromycetesTwo groups
were defined within the Deuteromycetes namely theCoelomycetesin whichthe asexual
spores areproduced within a cavitylike structure and the Hyphomycetes in which the

asexual spores are produced directly on the myceli{Egure 1)

Figure 1Fruting structures of Coelomycetes (A) and htypycetes (B)
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There aremore than 1592)enerawith no known sexual stageepresentings55% of all
known genera(Wijayawardeneet al. 2012). With the advancement of moleculdrased
taxonomy,however,this number is decreasing amge now know the connectionsbetween

sexual andasexwal stagesof Ascomycetedor more than 7000 name (http://www.cbs.

knaw.nl/databases/anateleo.htin

Theterm Coelomycetesvasintroduced by Grove (19194935 1937 for a section of
imperfect or asexudly reproducing group ofungi @euteromyetes anamorphic fungi
producing pycnidial and acervular fruiting bodieg. Kendrick (2000) considered
Coelomycetesisanartificial assemblage of fungi with pycnidial (coelehke) and acervular
(cupshaped, stromatic) fruiting body within which conidia develop on conidiophores and
condiogenous celldVlost of hese were found to banamorphicAscomycetesHowever,
the Basidiomycota a few generasuch ag-ibulocoelaand Chaetospermunare known to be
coelomycetoudungi (Nag Raj 197&ungjindamaet al. 2008).The systematic arrangement
of Coelomycetegjiven belowfollows that of The Fifth Kingdom {BEdition) of Kendrick
(2000):

Domain: Eukaryota
Kingdom: Eumycota
Phylum: Ascomycota
SubphylumPezizonycotina
Anamorph:Coelomycetes

The Coelomycetescontains morethan 1 000 genera (+500 synonyms) and0@0
species (Kirkt al.2008).Theyhave a wide geographical rangédistributionin the tropical
and temperate regionsand even extend to the antarctic and arctic domains The
coelomyceteousungi have the ability togrow, survive and reproduce in a wide variety o
ecologicalkituations (Suttor1980).For exampleThaung (2008) reporte@oelomycete®n
plants inthe monsoon ecosystem of Burmwith 61 genera in 343 taxalhese included
genera such a€ollectotrichumPestalotiopsisPhoma Phyllosticta PhomopsisAsteromella

and Septoria
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Coelomycetoudungi often appear asplant pathogensinfecting all parts of plants
(leaves, branches, twigs, stems, bark, floral structures andsfrartd causng damage to a
variety of different plant species arourtde world, which rendes their study important for
food crop growth Important speciesncludeleaf spot of banan@ausng S eumusagCarlier
et al. 2000, tree peony(the king of flowers)nfecting Hainesia lythri(Zhanget al. 2008),
anthracnose ofsaltwort-causing C truncatum (Kubota et al. 2011), or strawberry and
mango rot-causingC. acutatum(Nam et al. 2008 Nelson 2008,Garrido et al. 2009.
Additional diseasesclude anthracnoseby C. gloeosporioidesn pitahaya(Palmateeet al.
2007, OrtizHernandez &CarrilloSalazar 2012 canker and twig dieback of blueberky
Pestalotiopsisp. or Truncatellasp. (Espinozaet al. 2008) zalea petal blighby P. guepini
(Rivera & Wright 2000)bitter rots of grapes byGreeneriasp. (Navarreteet al. 2009,
Samueliaret al. 2013),or Bur oak blight orQuercus macrocarphy Tubakia iowensisp.
nov. (Harringtonet al. 2012) black spotsjeaf blotchand leaf blighton variousfruits by
Phyllostictaspecies(GlienkeBlancoet al. 2002, Silva & Pereira 200 oelomycetesnay
also live as endophys®n living plantg{Pazoutovéet al. 2012 andassaprobes on moribund
or dead plant material (Yannaet al. 1998. Theycan be detectedin many different
environments €.g, plants, vertebrates, fungi, lichens, dung, soil, fresh water and marine).
SomeCoelomycetesre important producers ofnovel compoundsThe species within the
genus Pestalotiopsisalone were shown to produce more than 130 new secondary
metabolites in the last few years (Xet al. 2010) showing various antifungal and
antimicrobial activities against grapositive bacteriaThesealsoinclude metabolites from
Phomopsis sp. with antimycobacterial activity againsMycobacterium tuberculosis
(Rukachaisikul et al. 2008). Some haveshown promise of anticancer activities.For
example,Calvéet al. (2011)found a novel oxazatricycloalkenone extracted fron cirsii
with anticancer activity.P. cirsiiproduces a mycoherbicide with potential for biological
control (Evidenteet al. 2008).Coelomycetesire therefore an extremely important group of
microorganisms being involved icausingplant diseass, effecting biological control, and
important sources of novel medicinal metabolitdédowever, a8 a group they are poorly
known and their classification is outdated, based on subjective decisioase with

morphology,before the days of molecular techniques.



Thecoelomycetousungi produce reproductive structurensistingof conidiophores
and conida enclosed irdefinitive fruit bodies (conidiomata) thamay be inthe form ofan
acervdus (Figure2, N), a pycnidum (Figure2, AcF) a pycnothyrum (Figure2, GgM), which
may even becupulate(Figure2, O)or stromaic (Figure 2, F5,Sutton 1980 Nag Raj 1993).
The structures are formed within a cavity linedth fungal tissue, host tissue or a
combination of both that usually develop beneath the surface layers of the plant suhstrate
The conidiomatan different genera may be superficidtigure 2 D), semimmersed Figure

2,B or immersed Figure 2 F)(Kirket al. 2008).

Figure 2 Conidiomatal type AGF: pycnidial; B: dehiscence by a central circoktiole; C: dehiscence by a
longitudinalslit; D: superficial; E: sermmersed F: immersed{>¢M: pycnothyrial; G: with upper wall only; H:
with upper and lower walls; I: with a central supporting column; J: multilocular with several supporting
columns; K: dehiscence from the margin; L: dehiscence by a central ostiole; M: dehiscence by irssgudar f

N: acervular; O: cupulate; ¢R: eustromatic; P: convoluted, immersed; Q: multilocular, immersed; R:
multilocular, superficial; S: pseudosinatic. (Kirket al.2008)
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Coelomycete<lassification
Morphological ¢assification

Morphological characters used for classification @foelomycetes included
conidiomatal typeX { I OO NR 2 Q Zseptaticl?, NuBn oH $hBrerhdhicolor) and
conidiogenousstructures andevents. Thisartificial class has been separatedtonthree
orders(Kirket al.2008) namelySphaeropsidalesMelanconialesand Pycnothyrialeshat are
characterized by pycnidial, acervular and pycnothyrial conidiomrapectively(Figure?2;

Table ). Within these w@ders, conidiomata types, conidiogenous cells, conidiophores,
conidial morphology, conidiogenesis and conidium appendages are treated as important,

diagnostic characters in the classification.

Table 1Explanation of Orders iGoelomycetegKirket al.2008).

Order Explanation Example

Sphaeropsidales Mycelia are immersed in the substratum or superfici Sphaeroidaceae
Conidia may be dry or slimy and conidiogenous cells Phyllostictales
varied. Conidiomata are superficial, seémimersed or Nectriodaceae
immersed with conidiogenous layer lininthe wall of the Phomales
conspicuous locule. Diversity in conidiomata structure
considerable in terms of tissue composition

Melanconiales  Mycelium within host or substratum. Conidiogenous cell i Melanconiaceae
varied. Conidiomata are subcuticular, epiderm Coryneaceae
subepidermal, peridermal or subperidermal. Conidiogent Stilbosporaceae
layer is formed within substratum. Dehiscence is by rupture
the overlying tissues and nalial masses may be dry or slim
Conidiomata become erumpent at maturity and grade ir
sporodochial conidiomata.

Pycnothyriales Mycelium may be immersed in substratum or superfic Pycnothyriaceae
when superficial it maybear hyphopodia and/or setae Microthyriopsidaceae
Conidia are produced in several ways. Conidiomata Actinothyriaceae
superficial or subcuticular, flattened unor multi-locular,
sometime attached to substratum by central column of tiss
or hypostroma, otherwise attached at peripher
Caoidiogenous layer may be restricted to upper or lown
surfaces or occur on both; tissue structure of pycnothyriu
and nature of marginal cells are important generic critel
Anamorphs of Dothideales
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Additional classifications existGrove (1935) classifing the Coelomycetesunder
Deuteromyetes subdivided them into two orders Sphaeropsidales(pycnidial) and
Melanconialeqacervular) Using these morphological featureSutton (1980yeviewed370
genera ofCoelomycetesHe also usedwo fundamentaltypes oforigin of the conidim
(conidiogenesishlasticor thallic (Figure3), in his treatment This gaveise totwo classes
the blastodeuteromycetes andhe thallodeuteromycetesEach classwas further divided
into subclasss according tothe origin of conidium walli.e., holoblasticand enterdlastic
type (Figure 4). Nag Raj (1993%tudied 417 species in 142 genera aseparatedthe
Coelomycetesising appendageof conidia. Qudiogenesisvas used for separation of taxa
at the class, subclass and ordinal levéls usedconidiomata structurdfor classificatiomat

the sub-ordinallevel Ths treatment resultedn 9 types(Table 2).

A 7\ B 7 77\
I: hll I
| | |

- I". / .:! | pe ‘ I|
V2N V2N
Fy At |

Figure 3Type of conidiogenesis|astic (A) and thalli(B) (redrawn fromKendrick 2000)
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Thallodeuteromyceteas
/ Enterothallomycetidae —— Enterothallales —| Enterothallineae

Deuteromycotina

Blastohyphineae
) Blastopycnidineae
Holoblastomycetidae —— Blastales — Blastopycnothyriineae
/ Blastostromatineae

Thallohyphineae

Thallopycnidineae
Holothallomycetidae —— Thallales Thallopycnothyriineae

Thallostromatineae

Blastodeuteromycetes = =
Phialohyphineae
\ Phialidales —] Phialopycnidineae
/ Phialopycnothyriineae
Enteroblastomycetidae Phialostromatineae

Tretales ——| Tretohyphineae

Figure4 Classification o€oelomycetedollowing Sutton (1980).

Table2 Types and nature of appendagesCoelomycetegextracted fromNag Raj 1993

Type

Nature of appendages

A

Al

A2

Cellular: formation of conidiunproper precedes formation of appendages; appegeés)
attenuated or filiform, simple or branched, nucleate or enucleate, volume of lumen
altered by centripetal thickening of appendage wall.

Cellular: formation of conidiurproper preceding formabn of appendages; appengde(s)
attenuated or filiform, simple or branched, nucleate or enucleate, volume of lumen red
by centripetal thickening of appendage wall.

Cellular: appendage formation preceding development of conidwoper, appendae(s)
attenuated or filiform, nucleate or enucleatprimary or secondary droth.

Extracellular: appendage apical, arising from mucilaginous material around devel
conidia, gradually receding toward conidium apex.

Extracellular: appendage (@pical or basal, originating by eversion of partial or full muc
sheath.

Extracellular: appendages apical, originating by structural changes in parts of cor
sheath.

Extracellular: appendages formed inside the conidium sheath.

Extracellularconidium sheath contributing to formation of appendages

Extracellular: appendages resulting from new wvhalilding and subsequent structal
changes in wall material.

Extracellular: appendages arising from structural changes (progregsiadinization) in
appendage primordial (wall areas) delimited on the developing conidium.
Extracellular: appendages extruded through pores in the conidium wall.

Molecular classification

More recently, molecular techniques and phylogenetmalyseshave beenappliedto

elucidate the relationship othe different groups of fungi andhe identification and

classification ofCoelomycetes Such technologies includRestriction Fragment Length

Polymorphism (RFLP), Amplified Fragment Length Polymorphism (REhEBmM Amlified

13



Polymorphic DNA (RAPDNnd Polymerase Chain Reaction (PCR) followed by DNA

sequencing.
Restriction Fragment Length Polymorphism (RFLP)

In this method, DNA fragments are amplified from different strains and the PCR
fragments cut with diagnostic restriction enzymdsis is a rather crude method with low
resolution power. For example, Johnseial. (1997)compared 9 isolates dfolletotrichum
sp. collected in North America, Rhode Island and Europe using RAPD and Rif¢.P of
internal transcribed spacers of the nuclear ribosomal DNA gdig= (TS15.8SITS2)yegion.

The result showed differentiated and separated North Americad Buropean isolates.
Pandeyet al. (2003)isolatedPhyllostictaspecies from different tropical trees in India. They
examined genetic variation among the isolates by RFLP analysis. Their study did not detect
any variation among the isolates, which led theasuggest that they all belong to the same

species.
Amplified Fragment Length Polymorphism (AFLP)

This method is similar to the previous one, but analyzes differences in the size of the
amplified products. It suffers from the same drawbacks. However, it may help to classify
species. For examplé&belnet al. (2002)have investigated 43 strains Bf exgua by AFLP
coupled withsequence analysis of the ITS region of the rDNW& resulshowedthat the ITS
sequences of the 43 differe® exiguastrains wereidenticaland revealed no subgroups
within P. exigug while the AFLP patternsith two specificprimers showed clear clustering
of mostisolatesbetween varieties SilvaMann et al. (2005) presenteddata of a study on
C. gossypistrains that causeanthracnose in cottonmade with AFLP markers. 318
polymorphic bands were selected to estimate similarities. The results showed clear
distinction between ramulose and anthracnose isolates, which also agreed with

morphological and pathogenicity testing.
Random Amplified Polymorphic DNA (RAPD)

In this method, DNA is amplified by degenerate primers, giving diagnostic patterns for

each genotype. This method is often more dis@namt than the previous ones. Problem is

14



often lack of reproducibility, especially when the same samples are processed in different
labs. Munaut et al. (2002 using RAPD amplification @9 MexicanC. gloeosporioides
isolates allowed the generation of four polymorphic clustérsjesviet al. (2007) analyzed
genetic diversity among isolates ®festalotiopsisand Bartalinia isolated from different
locations in southern India using RAPD. Guetaal. (2010) analyzed 25 isolates of

C. gloeosporioidesausing mango anthracnose, collected from different zones of India. The
genetic characterization was done usihg RAPD technique. The random primers €RA,

5,9, 11, 15, 16 and 18 were used and tkeerity five isolates were grouped into two
clusters. The data suggest that RAPD may be of value by virtue of its rapidity, efficiency and

reproducibility in generating genetic fingerprints©f gloeosporioides
Polymerasethain Reactionand DNA sequencing.

This is the besimethod to identify fungi. Several regions can be amplified and

sequenced. They include the large subu@8SnrDNA orLSU) and the small subunit8S
NnrDNA or SSU)of nuclear ribosomal RNA gene, IT&d unique copy genes such as

-tubuline (TUB) translation elongation factor 1 (eEF1A TEFm "RNA Polymerase |l
Largest Subunit (RPB1), RNA Polymerase Il Second Largest Subunie{&MBR)rtheless,
some regions may not be amplified, because the primers may not be approgdate
amplification, and sequences may not be discriminant to allow identification up to the
species level. Especially, the fungal community chose the ITS region as barcoding, but it may
not be discriminant in some cases. This method &lasadybeen appliel to the study of

someCoelomycetes

Rekd et al. (2004) studied the diversity of 16 isolatesof Diaporthe helianthi(the
sexual stage dP. helianth) from different geographic origs usinganalysisof the ITS and
the mitochondrial ATPase subunit @tp6) gene. Rungjindamaket al. (2008) usd patrtial
sequence of LSU and SSU to determine the phylogenetic tree ofthe genera
ChaetospermumGiulia and Mycotribilus They especiallyshowed relationships ofthese
three genera tosexual stats in the BasidiomycetesSimilaty, De Gruyteret al. (2009)
reclassifed the Phomacomplexon the bads of morphological characters arsequence data
analysis fronLSU and SSUiuet al. (2010)resolvedthe taxonomic relationships amomnp

strains ofPestalotiopsisp. by molecular phyloggntree on the ITS regions anthe TUB2
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gene. Maharachchikumburaet al. (2012) presenteda backbone phylogenytree for new
species ofPestalotiopsigrom various host plants in China. Tihphylogenywas based on
multilocusanalyseswith ITSTUBandTEFv genes, as well as witkelectedregionsof LSU,
SSU, actin (ACT), glutamine synthase (GS), glyceraldgipjaesphate dehydrogenase
(GPDH),RPBland calmodulin (CALyenes Samuelianet al. (2013) investigated the
phylogenetic relationshgpof Greeneria uvicoldrom different country withITS, LSU and

TUB They could clearly separate the different isolates.

Presenty, for identification down to the species levegxonomyand classificationof
fungi, the best way is to usa combination ofmorphdogical physiologicahnd molecular
evidences, as donefor exampleby Somrithipolet al. (2008) forthe classification othe
genusInfundibulomycedy morphology and phylogenetic relationshigasedon LSU and
SSUDNA sequencesSimilarly,Watanabeet al. (2012) classifiedPestalotiopsispecies by
morphology and phylogenetic analysimsed on ITS.Barber et al. (2011) reassessed
Vermisporiumthanks to theresults from DNA sequence data analyseBl& and LSWhich
indicated that this genusis a synonym ofSeimatosporiumTanakaet al. (2011) used a
combination of morphology and phylogenetiatato classiy Discosiaand Seimatosporium
and created the new genusImmmersidiscosiaCrous et al. (2012) usedthe genus
Dinemasporiumto evaluate the validity of conidid appendages forgeneric level
classification. FinalllDammet al. (20122 & b) revised the taxonomyof the Colletotrichum
species complex usingnorphology andmultilocus moleculamphylogenetic analyess (e.g,
ITS, ACT,UB CAL, GAPD#hitin synthase 1GHSL) andhistone3 HIS 3.

Objectives

In view of great importance ofCoelomycetesas crop pathogens iragriculture
producersof new chemicals endowed with interestirdyug properties and saprobes on
fallen dead organic matter of plant origin,is important to have a precisenderstanding
and classification of these fungi. However, to date, most of them are classified using the old
morphological schemeThe main objectivesof my thesisare to (i) provide a modern

systematicsof Coelomycetesfungi and (ii) expand our understanding on diversity of
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Coelomycetesn Thailand BecauseCoelomycetesre so numerous, | restricted my analysis
to those species that grow on leaf littare., species that are saprobic on falleshead and

decayingeaves.

Saprobes on leaf litter

Most of the described species ofungi, in general,are saprobes. Theaprobes
saprotrophicor saprophytic fungiare important becausethey recyclethe dead organic
material especially fallen dead leaves, branches, fruits amndood in nature. The
decomposingactivity of saprophytic fungeadsdead plant biomasgto simple molecules
that go back to the sodnd atmosphereThe rutrients canthen be reused by plants and all
other organismsThe species which are strictly limited tihis one mode of existencare
calledobligate saprophyteThespecieshat havesaprophyticability, but in additionlive as
parasites are calleca hemisaprophyteor a facultative parasit§ GwynneVaughan & Barnes
1962.

The tiemical compositiosof leaf litter vary with the timethat the latter spert on the
ground. During the early stageof decomposition,first, easily soluble componentsare
degradedand cellulosegets decomposed,n the second stagelignin becomeghen the
dominant component. fie rate of mass loss te litter is then slowed down because lignin
is difficult to degrade (sesecond partof this PhD thesis). Finalljiiter reaches a point
whereverylittle degradation takes place atdimus(e.g., humic acids resulting from lysis of
lignin) accumulatesin the soil (Osono 20050sono & Hirose 2009)Generally, litter is
composed of leaves f@0¢70% small branches fot2¢15%, barkfor 1¢14%and fruit @nd
seed)for 1¢17%.The fungal community involved in decomposition process gets altered as
the degradationprocess is advanced and tlebemicalconstituents of organic matter get
changed. Several factors, biological, chemical and ecological, enhance the process of
decomposition (DiX¥. Webster 1995).

Although fingal communities of leaf litteare known toplay key ecologicalroles,

there arefew data on fungal communitiesand successiof fungi occurring on litter in
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tropical forests (Seephueadt al. 2010). Especially veryfew studieson Coelomycetesare
available Duonget al. (2008)collectedCoelomycete$rom Castanopsis diversifollaavesat
Doi suthep-Pui Northern Thailandand found thatspeciesof Beltraniaand forms of other
Coelomycetegroups were of common occurrenceWanget al. (2008)studied the fungal
diversity on Ficus from Northern Thailand and found Alternaria sp., Beltrania sp.,
Chaetospermumsp., Colletotrichum sp., Discosiasp., Fusarium sp. Lasiodiplodiasp.,
Pestalotiopsissp. Phomasp. and Phomopsissp, etc. Pinruanet al. (2007) reported65
species offungi from decaying palm material dficuala longicalycatdrom Southern
Thailand Seephuealet al. (2010) reported405 taxaassociated with rubbetree leaf litter in
Southern ThailandTheir data was similarto those ofWanget al. (2008).Recently Monkai
et al. (2013) studed the diversity of fungi on decayintpavesof Magnolia liliiferaand
Cinnamomum inersn Northern Thailand They identified 27 taxa of anamorphic fungi,
among whichl1 were CoelomycetesFungl communityon leaf litterin atropical forest in
Puerto Ria has been studied byPolishook et al. (1996) They isolated pecies of
Pestolotiopsis, Collectotrichufdhomaand Phomopsidrequentlyfrom decomposing leaves
A few data are also available for temperate regiarserein Coelomycetesppear to be an
important component of the saprotrophic successidm.Argentina, Saparragt al. (2010)
found Ciliochorellasp. as themost frequentand importantfungus afflictingdegradationof
Scutia buxifolideaf litter. Punithalingam & Spooner (201identified Caducirostrungen.

nov.from decayindeatf litter in theUKand Italy

Overall, the data suggest th&@oelomycetesare commonly found in decayingleaf
litters and play an importantole in the process ofdecomposition Yet, they are poorly

investigated and gap#ill remain in our knowledge of these fungi.
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Chapter 2: Materials and Methods

Sample collection

Goelomycetous fungi were collected dallen leavesor decaying leaf litter in various
habitats such aagricultural fields, road sides, rivbanks, open fields andatural (primary
or secondary) forests in various parts of Thailanibre specifically in the Northern
provinces, during 201%2012 (Figure 5). The Coelomycetesare microscopic and their
fructifications cannot be seen by naked eye. Nevertheless, in ¢ tihey can be located
on plant parts using a hadéns (10¢ 20X and 25). Samplescollected were placed in
plastic ziplock bags or paper enveloge appropriately labeled with information on
collecting locatios, date and name of the collector anorought to the laboratoryfor

examination(Figureo).
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Figure5 Map showing black point of collection sites in Thailand.
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Figure6 Basidools: A for collectingandB for single spore isolation.

The leaf litter was observed first under stereomicroscope to locate the fruiting
bodies. If the fruiting bodies were found immature, the speanswere kept for incubation
in sterile moist chambex consisting of plastic buttecup lined with sterile tissue paper
overlad with small plastic tubes or toothpicks and soaked with sterile distilled wW&igure

7). Samples were kepor a few days and observed at periodic intervals.

The collected specimanwith fungi were divided into two parts. Tharét part was
deposited & the MFLU herbarium of Institute of Excellence in Fungal Research, Mae Fah
Luang University, Chiang K&hailang, as a herbarium specimen. The second peasused
to study morphologial details of fruiting bodieand their contents as well adsolation of

the fungiin pure culture from single spose

Plastic box

Leaf

— Small tube/toothpick
Tissue paper

Figure7 Moist chamber box.
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Fungal cultivation and preservation

Singlespore isolation was performed as described by Chomnantal. (2011). A
pycnidium was cut using a razor bladeteased witha finetipped needle and the inner
content was released into a drop of water on a single cavity slide. The watéent was
spread on watengar plategWA) and/orpotato dextrose agaplates(PDA). The plates were
incubated overnight. Germinating sp@eavere located under a stereoscope anthen
aseptically transferreanto a fresh PDA plate with antibiotics (Ampicillin, 1.25/a@0 ml).

The pure culture wasincubated at room temperature for¢d days and then subultured

into afresh PDA plates. Theolae wasobserved for growth rate and colony characteristics

I G or3g1hs days on PDA/V8/M2 plat¢ior media compositionthe PDA was purchased

from Sigma and prepared as recommended by the manufacturer, &8 prepared by
mixing200 ml/L of V8 fromCanpbell soup companywith 15 g/L of agar and 2 g/L of CaCO

M2 was prepared as indicated in Espagtel. 2008) The purecultureswere depositedat

0KS aLyadGAGdziS 2F 9EOSttSyO0OS Ay Cdzyalrt wSas
Fah Luang University, Thailand, in 1.5 ml tube containing PDA and in 2.0 ml screw cap tube
gAlOK ¢ O heElturesiat MFLAICCParalso kept in 2.0 ml screwap tube with 10%
glycerol for storage atH n eFUn@al isolates are also separately consenved.0 ml screw

cap tube with liqguid RG mediu@i2 medium supplementedith 2009/l of saccharosefpr

storage at-y n ¢ /(i KIEEnétigue and Epigénétigieeam culture collection (P. Silar,
administrator). Someisolates were deposied at (i K $nteraational Collection of Micro
organisms from Planéds(ICMP), New Zealand. The pure cultures so derived were used for

molecular analysis.

Morphology study

Pycnidia the coelomycete fruiting bodywere observedunder a sterescope and
crosssectioned by fredhand using a sharp razor bladdhe sectioned material was
squashed and teased apart in a drop of water on a slide and examined under a light
microscope to studyhe morphological details of conidiomata, viz. pycnidium or acervulus

(shape, colour, size and position), conidiomata wall, conidiophores, conidiogenous cells and
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conidia. A thin section of the fruiting body, depicting all parts of the fructification, was
chosen forepresentativephoto-micrograph. All taxonomically significant fungal parts were
examined carefully. The photomicrographs were takeith an Eclipse80i (Nikon Make)
photographic unit fitted to a microscope. The fungus and fungal parts were measured using
the Image Frame Workrogram (Version 0.9.7). Final mounted platesre producedwith

Adobe PhotoShoi©S5 softwareOver 20 conidia were measuredrfeize. Besides water,
70% lactic acid or lacto phenol cotton blue were used as mountants. This technique has
been used to observe the image of the conidiogenous cell and appendages or surface

sheaths, wherever present.

Molecular study

DNA and PCR amfitation

Fungal genomic DNA was extracted as in Lecellier & Silar (1994mphged regions
as well as the primers used are reported in TablelfBe 50 pL PCR reaction mixtures
contained 1 pl of each primer at 10 puMol/L, 2 pl of dNTPs (5 pMol/L) 1 afnitaq

Polymerase and 1X buffer recommended by the provider (often Promega).

Table 3The oligonucleotide primer use to amplify in this study.

Regions t NA Y&N2I0O p Q Reference

ITS ITS1 (F)TCC GTA GGT GAA CCT GCG G White et al. 1990
ITS4 (R)FCC TCC GCT TAT TGA TAT GC White et al. 1990

SSuU NS1 (F): GTAGTC ATATGC TTG TCT C White et al. 1990
NS8 (R): TCC GCA GGT TCA CCT ACG GA White et al. 1990

LSU LROR (F): GTACCC GCT GAACTT AAG C Rehner & Samuels 1994
LR7 (R): TAC TAC CAC CAAGATCT Vilgalys &Hester 1990

RPB1 RPB1Af: GA(G/T) TGT CC(T/G) GG(A/T) CATTTT GG Stiller & Hall 1997
RPB1Cr (R): C(A/C/GIT)G C(A/TIG)A T(A/CIGIT)T C(A/G)T T(¢ Mathenyet al.2002
CCATA/G)TA

RPB2  fRPBZF (F): GA(T/C) GA(T/C) (AIC)G(AIT) GAT CA(T/C) TT(1 Liuet al. 1999
fRPB27cR (R): CCC AT(A/G) GCT TG(T/C) TT(A/G) CCC AT  Liuet al. 1999

TEF®h  EF1 (F): ATG GGT AAG GA(A/G) GAC AAG AC O'Donnelket al. 1998
EF1728 (F): CAT CGA GAA GTT CGA GAA GG Carboneet al. 1999
EF2 (R): GGA (G/A)GT ACC AGT (G/C)AT CAT GTT O'Donnelket al. 1998

TUB T1 (F): AAC ATG CGT GAG ATT GTA AGT O'Donnell & Cigelnik 1997
T22 (R): TCT GGA TGT TGT TGG GAA TCC O'Donnell & Cigelnik 1997
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The amplification reactianwere performed in a ThermaCycler WG AG Biotech,
Primug andthe cyclingconditions depended upon the amplified regiofiable 4). ThePCR
products wererun on 1.0 % agarose gelnd visualized with ethidium bromideFor
sequencing The PCR products were sent to Beckman Coulter Genomics (Danvers, MA and

Grenoble, Frange The new DNA sequences were deposited at GenBank.

Table 4PCR cycling in this study.

Regions Step ¢ SYLISNI (d Time (sec) Cycles
ITS Initial denaturation 94 300 1
Denaturation 94 60
Annealing 52 60 30
Extension 72 60
Final extension 72 600 1
SSU, LSU, RPB1, RPB2, Initial denaturation 96 180 1
TEF? | TWR Denaturation 94 45
Annealing 45i 50 45 30i 35
Extension 72 180
Final extension 72 600 1

Phylogeny analysis

Phylogenetic analyses of aligned nucleotide sequerwese carried out withthe
newly determined sequences along with additiorsdquencesselected from GenBank
(Bensonet al. 2010) using programs such as BLASAs{fiband blastx). Sequences were
optimized to allow maximum alignment and maximum sequence similarity as detailed in
Maharachchikumburaet al. (2012). Preliminary multiple alignment were used on MAFFT
(version 7) (Katoh & Standley 2013). Finalignments wee manually adjusted usinipe
Jalview (version 2Waterhouseet al. 2009)and Bioedit (version 7) (Hall 199&ftwares.
Datasets wereconducted bymaximum parsimony analysis (MP) with PAUP version 4b10
(Swofford 2002). The heuristic search option was done with Tree Bisection and
Reconnection (TBR) branch swapping and addition of 1000 random sequence additions.
MaxTrees reset to 1000 and Tree lengiiL], consistency index [CI], retention index [RI],
rescaled consistency index [RC] were calculated for trees generated under different

optimality criteria. The robustness of the most parsimonious trees was evaluated with 1000
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bootstrap replicates resultinfrom maximum parsimony analysi$he phylogenetic trees
were displayed on Treeview (Page 1996). On the other feam@dximum likelihood analyses
was performed with a usefriendly, graphical, fronend software, raxmIGUI version 1.3
(Silvestro & Michalak012) using the settings of Maharachchikumbuwet al. (2013).

Phylogenetic trees were viewed FigTssdtware (v1.4.Q http://tree.bio.ed.ac.uk/software/

figtree/). Then the final phylogenywasprepared in Adobe Illustrator CS3.
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Chapter 3: Resudt

Diversity ofceolomycetes in Thailand

In all, we isolated58 species otoelomycetous fungbelonging tol3 different taxa.
The most abundant species werdom known gerera, viz. Pestalotiopsis (19%),
Colletotrichum (17.2 %),Phomopsis(13.8%),Chaetospremum(10.4%) Pseudorobillarda
(10.4%,) Coniella(5.2%)and Discosig5.2%). All the species are reported in Tahldmong

those, a few wee chosen for further analyseasreported in the followingour papers:

- Morphology and phylogeny é&fseudorobillarda eucalypp. nov., from Thailand

by NARUMON TANGTHIRASUNUN, PHILIPPE SILAR, DARBHE JAYARAMA BHAT, EKACH
CHUKEATIROTE,N. NALIN WIJAYAWARDEMIEEWA S.MAHARACHCHIKUMBURA

KEVIN D. HYDE

Accepted for publication in Phytotaxa

- Morphology and phylogeny @haetospermunfasexual coelomycetougasidiomycota)

by NARUMON TANGTHIRASUNUN, PHILIPPE SILAR, DARBHE JAYARAMA BHAT, EKACH
CHUKEATIROTE, SAOWANEEEWIB&AEIEEWA S.N. MAHARACHCHIKUMBURA, KEVIN D.
HYDE & YONG WANG

Accepted for publication in Phytotaxa

- Greereria saprophyticasp nov. from Mae Fah Luang, Chiang Rai, Thailand

by NARUMON TANGTHIRASUNUN, PHILIPPE SILAR, DARBHE JAYAFSAVEERMAT,.N.
MAHARACHCHIKUMBURKEVIN D. HYDE

In preparation.

- Novel Pestalotiopsispecies from Thailand point to the rich undiscovered diversity of this
chemically creative genus

by YU SONG, NARUMON TANGTHIRASUMUIEEWA S. N. MAHARACHCHIKUMBURA,
YULAN JIANGA, JUNJIE XU, KEVIN D. HYDE & YONG WANG

In the press in Cryptogamie Mycologie: doi/10.7872/crym.v35.iss2.2014.

In the following sections, | will only present the first three papers for which | am first

author.
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Table 5Thedetail of coelomyctus fungi species on deadales from Thailand

Species name MFLUCC MFLU IGM/original ICMP Host Collection site Collection date
Chaetospermunsamelliae 12-0318 13-0270 NTCIO75 20006 - THAILAND, Chiang Mai, MRC 2012.05.22
12-0433 13-0287 NTCI0962 20007 - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
12-0436 13-0290 NTCI097-3 20008 - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
12-0535 130296 NTCLO41 - - THAILAND, Phang Nga 2012.08.03
12-0537 13-0297 NTCLL051 20010 - THAILAND, Phang Nga, Takuapa 2012.08.03
C.artocarpi 12-0536 13-0296 NTCL042 - - THAILAND, Phang Nga 2012.08.03
Ciliochorella mangiferae 12-0310 13-0264 NTCIO67 20052 - THAILAND, Chiang Mai, MRC 2012.05.22
Colletotrichurrsp. 12-0140 130235 NTClO182 - - THAILAND, Phang Nga 22.12.2011
12-0143 13-0238 NTCI025 - Hoya kerriiCraib THAILAND, Chiang Rai 2012.02.01
12-0199 13-0246 NTCIO381 - - THAILAND, Chiang Mai, Doi Suthep 2012.02.04
12-0206 13-0252 NTCI049 - Plumeriasp. THAILANDZhiang Rai, MFU 2012.03.12
12-0420 13-0276 NTCI087-2 - - THAILAND, Chiang Rai, Doi mae salong 2012.05.10
12-0424 13-0280 NTCl091-1 - - THAILAND, Chiang Rai 2012.07.15
12-0425 13-0280 NTCIl091-2 - - THAILAND, Chiang Rai 2012.07.15
12-0426 13-0281 NTCI092 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.14
12-0437 13-0291 NTCIL098 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.14
12-0539 13-0299 NTCLL06 - Alstonia scholaris THAILAND, Chiang Mai, MRC 2012.08.04
Coniella castaneicola 12-0427 13-0282 NTCI093 - - THAILAND, Phitsanullok, Tung Salang Lu 2012.06.18
12-0428 13-0283 NTCl0941 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
12-0434 130288 NTCILO97-1 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
Discosiarasiliensis 12-0429 13-0284 NTCI0942 20054 - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13

26



Species name MFLUCC MFLU IGM/original ICMP Host Collection site Collection date

12-0431 130285 NTCI0951 20053 - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
12-0435 130289 NTCI097-2 20055 - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
Greengia saprophytica* 12-0298 13-0255 NTCI052-1 20057 - THAILAND, Chiang Rai, MFU 2102.03.21
Neofusicoccump. 12-0413 13-0273 NTCI0821 20058 - THAILAND, Nakhonratchasima, Khao Yai 2012.06.16
Lasiodiplodiasp. 12-0309 13-0263 NTCILO65 - - THAILAND, Kanchanaburi 2012.05.05
12-0534 13-0295 NTCLO01-2 - Orchidaceae THAILAND, Sukhothai, Sinang home 2012.08.05
Pestalotiopsis simitheae* 12-0121 13-0305 NTPLOO01-3 - Pandanus odoratissimu THAILAND, Suratthani, Khao Sok 2011.12.24
Pestalotiopsisp. 12-0201 13-0247 NTCIO41-1 - - THAILAND, Chiang Rai, Doi oab garden 2012.03.04
12-0302 130259 NTCIO58 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.05.02
12-0312 130266 NTCIO701 - - THAILAND, Chiang Mai, MRC 2012.05.22
12-0317 130269 NTCIO74 - - THAILAND, Chiang Mai, Temple near MR 2012.05.22
12-0322 130272 NTCIO79 - - THAILAND, Nakhonratchasima, Khao Yai 2012.06.16
12-0432 13-0286 NTCI0961 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
12-0663 13-0304 NTCLO21 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.07.13
12-0538 13-0298 NTCLO052 - - THAILAND, Phang Nga, Takuapa 2012.08.03
12-0540 13-0300 NTCLO7 - - THAILAND, Chiang Rai, MFU 2012.08.09
12-0541 130301 NTCLO081 - - THAILAND, Chiang MBioi Suthep 2012.08.05
Phomopsisp. 12-0202 13-0248 NTCl041-2 - - THAILAND, Chiang Rai, Doi oab garden 2012.03.04
12-0299 13-0256 NTCI0542 - - THAILAND, Pha Yao, Jam Pa Thong Wat 2012.03.12
12-0300 13-0257 NTCIO561 - - THAILAND, Chiang RdFU 2102.03.21
12-0301 13-0258 NTCIO57 - - THAILAND, Chiang Rai, Doi Mae Salong 2012.05.02
12-0304 13-0261 NTCIO62-1 - - THAILAND, Kanchanaburi 2012.05.05
12-0306 13-0262 NTCIO631 - - THAILAND, Kanchanaburi 2012.05.05
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Species name MFLUCC MFLU IGM/original ICMP Collection site Collection date
12-0419 130276 NTCLO87-1 - - THAILAND, Chiang Rai, Doi mae salong 2012.05.10
12-0542 130301 NTCLO082 - - THAILAND, Chiang Mai, Doi Suthep 2012.08.05
Pseudorobillarda eucalyipt ~ 12-0417 13-0275 NTCL085 20061 Eucalyptus THAILAND, Sakaeo, Pang Sida 2012.06.17
P.siamensis 12-0414 130273 NTCI082-3 20059 - THAILAND, Nakhonratchasima, Khao Yai 2012.06.16
P. sojae 12-0316 13-0268 NTCIO73 20060 - THAILAND, Chiang Mai, Temple near MR 2012.05.22
12-0421 13-0277 NTCIO88 20062 - THAILAND, Sakaeo, Pang Sida 2012.06.17
12-0422 13-0278 NTCIO89 20063 - THAILAND, Sakaeo, Pang Sida 2012.06.17
12-0423 13-0279 NTCI090 20064 - THAILAND, Sakaeo, Pang Sida 2012.06.17
Septoriasp. 12-0200 13-0246 NTCIO0382 - - THAILAND, Chiang Mai, Doi Suthep 2012.02.05
Tubakiasp. 12-0303 13-0260 NTCI059 20066 - THAILAND, Chiang Rai, Doi Mae Salong 2012.05.02
Coelomycetes sp.1 12-0305 13-0261 NTClO624 - - THAILAND, Kanchanaburi 2012.05.05
Coelomycetes sp.2 12-0307 130262 NTClO632 - - THAILAND, Kanchanaburi 2012.05.05
Coelomycetes sp.3 12-0311 13-0265 NTCI069 - - THAILAND, Chiang Mai, MRC 2012.05.22
Coelomycetes sp.4 12-0533 13-0294 NTCLUOI1 - Orchidaceae THAILAND, Sukhothai, Sinang home 2012.08.05

*New species
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Morphology and phylogeny ofPseudorobillarda eucalyptsp. nov.,

from Thailand

NARUMON TANGTHIRASUNUN, PHILIPPE SILAR, DARBHE JAYARAMA BHAT, EKACHAI CHUKENTNROTE,
WIJAYAWARDENEAJEEWA S.N. MAHARACHCHIKUMBYRXIN D. HYDE

Abstract

Pseudorobillardas a coelomycete genus of Dothideomyceteish appendaged conidia
and 15 species epithets. In this study, we isolated four strair3sefidorobillarddrom dead
leaves in ThailandNA sequence data generated from the lasgdunit (28S)ibosomal DNA
(LSU) gene was used in phylogenetic studies. The phylogenetic trees generated indicate that
Pseudorobillardaform a distinct lineage in Dothideomycetes that may eventually require
separate family statusThe Pseudorobillardatrains comprised two distinct species and this is
also supported by morphological characteristics. In this paper we introduce a new species of
PseudorobillardaP. eucalyptiand compare it with other species of the genWge also deposit
data from the inernal transcribed spacer (ITS), small subunit (18S) ribosomal DNA (SSU), the
RNA polymerase Il 2nd largest subunit genes (RPB2), Translation Elongatiod+act® ¢ 9C m

|y RTubulin (TUBgenes fromeach strain in GenBank for future studies
Key word: appendage@oelomycetesnew species, molecular phylogeny
Introduction

The genudseudorobillardavas introduced by Morelet (1968) férobillarda phragmitis
(Cunnell) M. MoreleandR. muhlenbergiaéR. Sprague) M. Morelgawith the former species as
the type Sutton (1980), Nag Raj (1993) and Vujanovic-&rsaud (2003) presented keys to
species in the genu$resentlythe number of described names undEeseudorobillardas 15
(Index Fungorum 2014fppecies oPseudorobillardaare known from temperée and tropical
countries including Argentina, Canada, Cuba, Germany, India, Nigeria, Thailand, UK, Ukraine,
and the USA (Nag Raj 1993, Bianchinotti 1997, VujanovicA&n8ud 2003, Plaingaret al.
2005). They have a broad host range, and are saprobpgatibogenic as well as endophytic
(Petrini 1986, Nag Raj 1993, Vujanovic &Rtaud 2003)Pseudorobillardaspeciesoccur on
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both living and dead leaves, stems and bark (Petrini 1986, VujanovicA&n&id 2003).
Pseudorobillardaspecies are also commonfpund in soil. Kadowaket al. (2013) recently

reported P. texanaas one of top ten most abundant soil fungi.

Revised descriptions and illustrations ®&seudorobillarda,based on morphological
characteristics, are available in Plaingatal. (2005). InPsudorobillarda,conidiomata are
generally immersed pycnidia with a central ostiole. Paraphyses are present only at the base in
some species or mostly absent. Conidiogenous cells are discrete or integratecoaiia
fusiform, subcylindrical, ellipsoidal maviculate, @4-euseptate, with 29 apical appendages.
Plaingamet al. (2005) clearly showed thd&seudorobillardaliffers fromRobillardain conidium
ontogeny and conidial appendages. Specie®séudorobillardaare mainly distinguished by
presence or bsence of paraphyses and conidial features such as position, shape, length/size
and septation (Nag Raj 199%or exampleP. sojadJecker & Kulik an®. siamensi®laingam,
Somrith & E.B.G. Jonesck paraphyses; whered3. texanaNag Rajhas unicellularconidia;

P. indicaNag Raj, Morgadones & W.B. Kendand P. magnaBianchin.possess muliseptate
(mostly 3euseptate) conidia; those iR. siamensiare broadly fusiform to ellipsoidal with
pointed bases (Bianchinotti 1997, Plaingam 2@2ajngamet a. 2005, Vujanovic & S&rnaud
2003). So far, no sexual state is linked to anys#udorobillardaspecies(Hydeet al. 2011,
Wijayawardeneet al. 2012). Molecular data support the placement BSeudorobillardan
Pleosporomycetidad)othideomyceteswhere they form a welsupported monophyletic group
with Farlowiella carmichaelianas sister group and basal to thdytilinidiales(Suetrong et al.
2009), while Robillarda cluster within Amphisphaeriacege Sordariomycetes. fg&cies of
Pseudorobillardaand Robillardaare clearly phylogenetically unrelateRungjindamaiet al.
2012.

During studies on microfungi of Thailand, we isolated four appendaged strains of
Pseudorobillarda The strains are described and subjected to phylogenetic analysis. In this

paper, we introduce a new species and further regdrsiamensigom Thailand.
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Results
DNA analyses

A total of 24 DNA sequees were generated from ITS, SSU, LSU, RPB2andUEEFt
regions. Sequences are deposited in GenBank under the accession numbers listed & Table
The dataset oLSU contained 88 strains representing 21 taxa belonging to Dothideomycetes
with Schismatommadecolorans(Arthoniomycete$ as outgroup, andonsisted of 822 total
characters, including gagg&igure 8) Most of the isolates had variation in colony morphology,
thus making it hard to differentiate betweeRseudorobillardaspecies.The LSUphylogeny
showsPseudorobillardapecies to be placed beeen the orderTubeufialesand Mytilinidiales
We did maximum parsimony (MP) analyzes (results not shown) and maximum likelihood (ML)
analysis, and note that the position of tieseudorobillardayroup is not stable. In the tree,
Pseudorobillardasp. strain MFLUCQ2-0414) clustered withP. siamensigBCC12513) with
100% support indicating that our strain in alBo siamensisTwo other straingMFLUCQ2-

0316 and MFLUCQ2-0422) were basal betweel. siamensiand P.cf. sojae(BCC 20495)put

with less supportP. sojaeis the name given to an isolate from Thailand by Plaingaral.

(2005), but we suspect that these taxa are not relatedPtosojaewhich is a pathogen of
soybean Further collections and careful study are needed to restihe status of these strains
which may represent new specid3seudorobillardap. (straintMFLUCQ2-0417) clusters basal

to the above taxa and is clearly unrelated. The species has unicellular conidia and sparse
paraphyses and unlike any other specie®geudorobillardalt is therefore introduced as new

speciesP. eucalypti

Table 6 Accession number d¥seudorobillardap. from this study.

GenBank accession number

Species MFLUCC nc MFLU no

ITS LSU SSU TUB RPB2 TEFH
Pseudorobillarda 12-0417 130275 KF827449 KF827455 KF827461 KF827488 KF827494 KF827482
eucalypti
P.siamensis 12-0414 130273 KF827448 KF827454 KF827460 KF827487 KF827493 KF827481

Pseudorobillardap. 12-0316 130268 KF827447 KF827453 KF827459 KF827486 KF827492 KF827480
12-0422 13-0278 KF827451 KF827457 KF827463 KF827490 KF827496 KF827484
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Trematosphaeria pertusa c8s122368 FJ201990
Massarina cisti cBs266 62 FJ795447
Bambusicola irregulispora MFLUCC11-0437 JX442036
i JK53048 GU479794

Lentithecium aquaticum CBs123099 GU301823
Biatriospora marina cy1228 GQg25848

F T ABS524625
Thyridaria rubronotata c8s419.85 GU301875
Karstenula rhodostoma cgs690.94 GU301821

Julella avi i Gua7Ie22
Corynespora smithii CABIS649b GU323201
POl cBs191

Leptosphaeria biglobosa cBs303 51 GU301826

Coniothyrium palmarum cBs400.71 EU754153

Phaeosphaeria oryzae c8s110110 KF251689

Cucurbitaria berberidis cBs394.84 GQ387605

Dothidotthia aspera cpPc12933 EU673276 Pleosporales
Didymella bryoniae ces133.96 GU301863

Westerdykella cylindrica cBs454.72 AY004343

Lophiostoma caulium cgse23.86 Gu301833

1824

ia villosa
Prosthemium betulinum ces279.74 AB553759

i i T2507.1 GUA79800
Anteaglonium parvulum smMH5223 Ga221909
Lophiotrema lignicola ces1223s4 GU301836

i ia maxima K JCM13172 AB524637
Aigialus par GU479779
Amniculicola parva cs123082 GU301797
i i e AB521736

Ulospora bilgramii c8s110020 00384108
Delitschia winteri AFTOL1599/CBS 225.62 DQ678077
ia anomia cBss91.
arp Hysterobrevium smilacis ces114601 FJ161174
Hysterobrevium mori cBs123336 F161204 Hysteriales
Psiloglonium clavisporum cBs123338 FJ161197

Gu27722 Strigulales
Hysterium barrianum ANMm1495 GQ221885
Oedohysterium insidens cBs238.34 FJ161182 :
- Hysteriales
Gloniopsis praelonga ces112415 F1161173
Rhytidhysteron rufulum 361A Gu3o1867 Dothideomycetes
sar— Mytilinidion mytilinellum cBs30a.34 FJ161184
o ilinidi i CBS123562 FJ161199
Lophium elegans e8o3se Gu323210
_ - i i e it 60 GU323203 Mytilindiales

L Lophium mytilinum ces114111 EF596819
=4l Glonium stellatum ces207.34 Fute117e
Glonium circumserpens ces123342 FJ161208

MFLL
Pseudorobillarda sojae Bcc20495 Fis25376
Pseudorobillarda sp. MFLUCC12-0316
&seudombi/lsldﬂ slamensis MFLUCC12-0414
Pseudorobillarda siamensis Bcc12531 Fus2sars
F il SP. MFLUCC12-0422
100 Pseudorobillarda phragmitis cesss2.84 Eu7s4202
F 61 EU754203
Pseudorobillarda texana 8cc12535 Fus2ss7?

A ,, Tubeufia cerea AFTOL1316/CBS254.75 DQ470982 "
_EHelicom Tubeufiales
1yCeS rOSeUS AFTOL1613/CBS 263.51 DQ678083
i AFTOL .33 DQ678088
Otthia spiraeae cBs114124 EF204498
Bo.‘ryosp.haen'a- Isu.g.ascas«s 84 DQ377867 Botryosphaeriales
Guignardia citricarpa CBs102374 KF206324
ie CBSS51.4
BPI JX444883
AFTOL DQ678084
Dissoconium aciculare cBs204.89 Gu214419
C: bieti 1 DQ678002 Capnodiales
L i i UCC10-0086 JNB32604
ClI [ ioic 0.54/AFTOL1289 NG027578
Elsinoe veneta AFTOL1853/CBS150.27 DQ767658 T
i 4 Myriangiales |
Myriangium duriaei 85260 36/AFTOL1304 NG027579
Dothiora elliptica cBs736.71 Gu3o1811 Dothideales
Lichenothelia convexa 1609 KCo15071 Lichenotheliales
it BCC24217 Fu743447
Jahnula siamensiae ss81.02 EF175666 Jahnulales |
Lichenoconium usneae J.352-09 HQ174265 Lichenoconiales
'apensis CPC12839 DQBB5905 .
Coleroa robertiani c8s4ss 64 JQ036231 Veniuriales |
i inii CBS541.72 AY004340 Phaeotrichales
ipusil PE91_1b JX474864 Natipusillales
Gusoress  Microthyriales
EUB40104 Acrospermales
i JK5456A GU479799 Dyfrolomycetales
104 GU327718 Monoblastiales
4 Asterina phenacis THses GUs86217 Asterinales
T ium tropicum 25 Guaz27730 Trypetheliales
D (outgroup) Arthoniomycetes

0.08

Fgure 8 The maximum likelihood majority rule consensus tree for the analiPzsiidorobillardand related taxa.
RAXML bootstp support values above 508#e given at the nodes. Phylogeny tree is roote&tdecolorans
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Taxonomy
PseudorobillardaM. Morelet, Bull. Soc. Sci. n&trch. Toulon et du Var 175: 5 (1968)
SynonymyNeokellermanid@unith.,Nova Hedwigia 34(1 & 2): 85 (1981)

PseudorobillardeNag Raj, Morgadones & W.B. Kendr., Ann. Soc. Sci. Nat. Arch.
Toulon et du Var 50(4): 862 (1972)

Type specieseudorobillarda phragmiti€unnell) M. Morelet, Bull. Soc. Sci. nat. Arch. Toulon
et du Var 175: 6 (1968)

Robillarda phragmtis Cunnell, Trans. Br. myc&8oc. 41(4): 405 (1958)

Pseudorobillarda siamensBlaingam, Somrithipol & E.B.G. Jones, Nova Hedwigia; 8 @37.
2005. (Figre 9

Type species: Holotype BBH 7303!

Saprobioon dead leavesConidiomata99¢123 @ = 111) um high, 13853 @ = 142) pum diam.,
pycnidial, globose to obclavate, uniloculseparate to gregarious, immersed in the substratum,
with a central long ostiolar canal on each conidiof@anidiomatavall 11¢23 @= 17) um wide,
3¢5-layered, dark brown to black, witkthick-walled cells, oftextura angularis Paraphyses
lacking.Conidiophoresbsent.Conidiogenous celfghialidic, sometimes proliferatingg3 times,
cylindrical, hyaline, smootldeliquescing at matuty. Conidial6¢21 @@= 19) x 68 ®= 7) um,
mean conidium length/width ratio = 3:1, cylindrical to fusiform, smoeatiled, hyaline,
rounded at both endswith 4¢5 extracellular appendages, arising from splitting of the conidial

sheath.

Coloniexream or lightyellow from above and reverse, with sparse to medium mycelium, flat,

irregular form, undulate margin, and attaining a diam of 39 mm on PDA in 7 days &t 27

HostSubstratum/Locality On leaf of dicotyledons, Thailand.
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Material examinedp ¢ 1 ! L [ Nakhbngatchasima, Khao Yan unidentified dead leaves, 16
June 2012, N. Tangthirasunun (MFL3d0273!); extype living culture = MFLUQQ-0414, NTCL
082-3, ICMP20059(Figure9).

Notes: This species is morphologically typicd? . odiamensiand clusters with the type strain in

the phylogenetic tree with 100% support.
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Fgure 9 P. siamensigMFLUCQ@2-0414): A. Specimen on dead leaf. B. Conidiomata on the host surideel..S.

of a conidioma. &H. Conidiogenous cells with developing conidia. I. Conidiogenous cells with developing conidia
stained with lactophenol cotton blue.cll. Conidia. [N. Conidia stained with lactophenol cotton blue. O.
Germinating conidium.d®. Coloies on PDA; P. From top; Q. From reverse. Scale¢®r: € p gh >IYTm/® > Y ®
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