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Abstract

The authors established the taxonomic status of endophytic fungi associated with leaves of Pandanaceae
collected from southern Thailand. Morphotypes were initially identified based on their characteristics in
culture and species level identification was done based on both morphological characteristics and phyloge-
netic analyses of DNA sequence data. Twwenty-two isolates from healthy leaves were categorised into eight
morphotypes. Appropriate universal primers were used to amplify specific gene regions and phylogenetic
analyses were performed to identify these endophytes and established relationships with extant fungi. The
authors identified both ascomycete and basidiomycete species, including one new genus, seven new species
and nine known species. Morphological descriptions, colour plates and phylogenies are given for each taxon.
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Introduction

Endophytic fungi are beneficial to their host plants and have the ability to produce bioac-
tive compounds that have applied uses (Fisher et al. 1994; Strobel et al. 2004; Gunatilaka
2006; Arnold et al. 2007; Saikkonen et al. 20105 Aly et al. 2010; Lin et al. 2010; Rajulu
etal. 2011; Chowdhary et al. 2015). Research on endophytic fungi began approximately
30 years ago and has intensified over the past 20 years (Thomson et al. 1997; Arnold et
al. 2000; Stone et al. 2000; Hyde and Soytong 2008; Lumyong et al. 2009). This rising
interest in endophytic fungi dates back to Bills’ 1996 novel concept that mycelia sterilia
isolates could be assigned to groups based on their degree of similarity in colony surface
texture (Rodrigues 1994; Fisher et al. 1995; Lodge et al. 1996; Brown et al. 1998; Taylor
etal. 1999; Umali et al. 1999; Fréhlich et al. 2000). Lacap et al. (2003) used molecular
data to demonstrate the reliability of Bill's 1996 concept based on the cultural approach.
Guo et al. (2000, 2003) found that morphological characteristics were insufficient to
identify most endophyte isolates, especially when they do not sporulate and so DNA se-
quence data were used for identification of these taxa. Although this has been followed by
numerous authors using I'TS sequence data analysis, the use of ITS alone is not accurate
(Promputtha et al. 2005). Subsequent studies have shown that multi-gene analyses are
needed to identify endophytes (Ko et al. 2011).

Endophytic fungal strains have been isolated from many different plants includ-
ing trees, vegetables, fruits, cereal grains and other crops (Rosenblueth and Martinez-
Romero 2006). Dickinson (1976) published the first study of endophyte - leaf associa-
tions. However, there has been less research on the endophytic fungi associated with
the leaves of tropical plants (Promputtha et al. 2007). The high species diversity of en-
dophytic fungi makes their study a pressing research area. Globally, endophytic fungi
were estimated to comprise 7 % of the 1.5 million species of fungi (Hawksworth 2001;
Chowdhary et al. 2015). The actual numbers may be far higher. Recently, Hawksworth
and Lucking (2017) estimated that there are 2.2 to 3.8 million fungal taxa. Endophytes
are expected to be numerous because their host-specificity will drive diversification and
they can occupy several niches, including that of pathogens and saprobes (Zhou and
Hyde 2001). Several studies have investigated the relationships between endophytes
and saprotrophs and also between endophytes and pathogens (Petrini 1991; Yanna and
Hyde 2002; Ghimire and Hyde 2004; Photita et al. 2004; Hyde et al. 20006).

The authors have been investigating saprobic and endophytic fungi associated
with Pandanaceae (Tibpromma et al. 2016a, b, ¢, 2017a, b) and, in this study, taxo-
nomic details are presented regarding the endophytic fungi that were isolated. Pan-
danaceae are monocotyledonous plants. Their associated endophytic fungi were first
studied by McKenzie et al. (2002), with further research conducted by Thongkantha
et al. (2008), Bungihan et al. (2011), Ariffin (2013), Bungihan et al. (2013) and Es-
kandarighadikolaii et al. (2015).
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The objectives of the present study were to establish the endophytic fungal com-
munity on selected Pandanaceae collected in southern Thailand. The authors isolated
22 endophytic isolates and sorted them in morphotypes and identified the taxa based
on DNA sequence analyses. Both ascomycete and basidiomycete genera were identi-
fied, including one new genus, seven new species and nine known species. The recom-
mendations of Jeewon and Hyde (2016) were followed when introducing the new
species based on molecular data.

Materials and methods

Sample collection and fungal isolation

Healthy mature leaves of Pandanus and Freycinetia species (Pandanaceae, Figure 1) were
collected from Chumphon (10°57'38.2"N 99°29'21.8"E) and Ranong (9°55'15.9"N,
98°38'30.7"E) provinces of southern Thailand during the rainy season (December)
of 2016. Leaves with physical damage or showing signs of pathogenic infection were
excluded from the study. In total, more than 100 healthy leaves were placed in Ziploc
plastic bags, preserved with ice and transported to the laboratory. Leaves were ran-
domly cut into 0.5 cm size pieces (10 pieces/leaf) using a hole puncher under aseptic
conditions. These sections were soaked in 95 % ethanol for 1 minute, then in 3 % so-
dium hypochlorite solution for 3 minutes and finally in 95 % ethanol for 30 seconds.
All samples were rinsed with sterile distilled water and dried on sterile tissue paper.
Leaf sections were placed in Malt Extract Agar (MEA), Potato Dextrose Agar (PDA)
and Water Agar (WA). They were incubated at room temperature (25-30 °C) for 1-3
days. If hyphal tips of any fungal colony appeared during incubation, the colony was
transferred to new PDA plates and incubated to obtain pure cultures.

Cultures and identification

The above methods resulted in 22 isolates which were separated into morphotypes
based on visual assessment of the similarity of the cultures (Bills 1996; Umali et al.
1999; Frohlich et al. 2000; Lacap et al. 2003). All of these cultures were grown on Po-
tato Dextrose Agar (PDA). Growth rate measurements are shown in Table 1 with col-
ony colour defined with the Methuen Handbook of Colour (Kornerup and Wanscher
1967). New taxa were examined in pure culture, allowing photographs, records of
morphological characteristics and descriptions to be recorded. Herbarium specimens
were prepared from cultures that were dried in silica gel. The holotypes were deposited
in the Mae Fah Luang University Herbarium (Herb. MFLU), Chiang Rai, Thailand
and in the Kunming Institute of Botany Academia Sinica (HKAS), Kunming, China.
The ex-types cultures were deposited in the Mae Fah Luang University Culture Col-
lection (MFLUCC) with duplicates deposited in the BIOTEC Culture Collection
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Figure |. Habitats of the host plants: a, b Pandanus spp. ¢, d Freycinetia spp.

Laboratory (BCC) and the Kunming Institute of Botany Culture (KMUCC). New
taxa were registered in Facesoffungi (FoF) (Jayasiri et al. 2015) and MycoBank (Crous
et al. 2004).

DNA extraction, PCR amplification, and sequencing

Genomic DNA was extracted from pure fungal cultures using Biospin Fungal Genom-
ic DNA extraction Kit—=BSC14S1 (BioFlux, PR. China). Polymerase chain reaction
(PCR) was used to amplify partial gene regions of Internal Transcribed Spacers (ITS),
28S ribosomal RNA (LSU), 18S ribosomal RNA (S§SU), RNA polymerase II second
largest subunit (RPB2), 8-tubulin (Tub2), Actin (ACT), Glyceraldehyde-3- Phosphate
Dehydrogenase (GADPH), Chitin synthase 1 (CHS-1) and Translation Elongation
Factor 1-alpha (TEF1) using primers as shown in Table 1. The total volume of PCR
mixtures for amplifications were 25 pl containing 8.5 ul ddH,O, 12.5 ul 2x Easy Taq
PCR Super Mix (mixture of Easy Tag TM DNA Polymerase, dNTPs and optimised
buffer (Beijing Trans Gen Biotech Co., Chaoyang District, Beijing, PR China), 2 ul of
DNA template, 1 pl of each forward and reverse primers (10 pM). The quality of PCR
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Table I. Details of genes/loci with PCR primers and protocols.

Gene/Loci PCR primers (Forward/Reverse) References
LSU LROR/LR5 Vilgalys and Hester 1990
ITS ITS5/1TS4 White et al. 1990
SSU NS1/NS4 White et al. 1990
TEF1 983F/2218 Rehner 2001

728F/986R Carbone and Kohn 1999
RPB2 fRPB2-5f/fRPB2-7cR Liu et al. 1999
. BT2a/BT2b Glass and Donaldson 1995
B-tubulin ; - -
T1/T2 O’Donnell and Cigelnik 1997
Actin 512F/783R Carbone and Kohn 1999
CHS-1 79F/354R Carbone and Kohn 1999
GADPH Gpd1/Gpd2 Myllys et al. 2002
GDF/GDR Templeton et al. 1992

products was checked on 1 % agarose gel electrophoresis stained with 4S green nucleic
acid (Life Science Products & Services, Cat. No: A616694). Purification and sequenc-
ing of PCR products were carried out by Sangon Biotech Co., Shanghai, China.

Phylogenetic analysis

The sequence data generated during this study were the subject of BLAST searches in
the nucleotide database of GenBank (www http://blast.ncbi.nlm.nih.gov/) to deter-
mine their most probable closely related taxa. Sequence data were retrieved from Gen-
Bank based on recent publications. Raw forward and reverse sequences were assem-
bled using Geneious Pro.v4.8.5. Sequence alignments were carried out with MAFFT
v.6.864b (Katoh and Standley 2016) and alignments were manually improved where
necessary. The sequence datasets were combined using BioEdit v.7.2.5 (Hall 2004).
Maximum Likelihood (ML) and Bayesian Inference (BI) analyses were performed
for the sequence dataset. The phylogenetic trees were configured in FigureTree v. 1.4
(Rambaut and Drummond 2008) and edited using Microsoft Office PowerPoint 2007
and Adobe Illustrator CS3 (Adobe Systems Inc., USA).

Results and discussion

Identification of morphotypes

Twenty-two fungal isolates from Pandanus and Freycinetia species were recovered and
these mycelia sterilia were separated into eight morphotypes based on the similarity of
their culture characteristics, as summarised in Table 2 (Bills 1996; Umali et al. 1999;
Fréhlich et al. 2000; Lacap et al. 2003).
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Table 2. Culture characteristics of the 22 strains (8 morphotypes) of mycelia sterilia on PDA.

Size (cm) of
- Col
Morpho-| Isolate Host colony Shape oour Mycelium Edge
types | code
3 days| 7 days Above | Reverse

PEO5 | Pandanussp. | 4.6 >A Circular 4A1 4A2 Aerial Undulate
1 PE09 | Pandanussp. | 4.6 >A Circular 6D3 6B3 Aerial Entire

PE15 | Pandanussp. | >A >A Circular 5B2 5B3 Flat Entire

PE10 | Pandanussp. | 1.1 3.2 Irregular 4C1 4A3 Aerial Undulate
PEGO | Pandanussp. | 1.6 | 3.8 Irregular 4B1 4A3 Aerial Undulate
FE46 | Freycinetiasp.| 2.1 5.6 Irregular 5B2 5A2 Aerial Undulate
FE42 | Freycinetiasp. | 1.5 5 Irregular 4A1 4A3 Aerial Undulate
FE43 | Freycinetiasp.| 14 | 4.2 Irregular 5D4 5C4 Flat Undulate
PE75 | Pandanussp. | 1.6 5 Circular | 6A1/6D3 |6A1/6GF5| Aerial Undulate
PEB4 | Pandanussp. | 1.5 | 3.8 Circular 5F4 SF7 Aerial Curled
FE98 | Freycinetiasp.| 1.3 | 3.1 Irregular 5B2 5D5 Flac | Filamentous
3 PE25 | Pandanussp. | >A >A Circular 5E1 5F2 Aerial Entire
PE26 | Pandanussp. | 3.1 7.2 Irregular 5B3 5B5 Aerial Undulate
PE52 | Pandanussp. | 1.2 | 2.9 Circular 5A2 5A3 Aerial Undulate
5 PE35 | Pandanussp. | 1.1 2.7 | Filamentous 8E2 8F2 Aerial | Filamentous
PE92 | Pandanussp. | 5.1 >A Irregular 4B1 4A6 Aerial Curled
PE37 | Pandanussp. | 2.3 | 7.9 Circular 4A1 4B3 Aerial Curled

6 FE88 | Freycinetiasp.| 2.9 | 6.2 Circular 5D3 5B2 Flat Undulate
PE77 | Pandanussp. | 4.2 | 7.1 Irregular | 6B1/6E1 | 6B2 Aerial Undulate
FE41 | Freycinetiasp.| >A >A Irregular 4D2 4F6 Flat Filamentous
7 PE58 | Pandanussp. | <B 1.7 Circular 4F2 4F8 Aerial Entire

8 FE101 | Freycinetia sp.| <B 2 Circular 4B2 4A3 Aerial Entire

Notes: >A Completely covering plate, <B Less than 1 cm

Phylogenetic analysis

Based on phylogenetic analysis, 22 fungal isolates were identified for 16 species. These
include one new genus, seven new species and nine known species. All sequences ob-
tained from this study are summarised in Table 3.

Basidiomycota R.T. Moore
Agaricomycetes Doweld
Polyporales Gaum., 1926

Polyporaceae Fr. ex Corda

Remarks. The family Polyporaceae was introduced by Fr. ex Corda (1839) and includes
92 genera and 636 species (Kirk et al. 2008). According to Cannon and Kirk (2007),
the species in this family are characterised by poroid, irregular or lamellate hymeno-
phores and are saprobes. Recent phylogenetic analyses of Polyporaceae are by Binder
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Table 3. Species of endophytes obtained in this study.

31

No. Original code Species name Culture collection no.

1 PE26 Alternaria burnsii MFLUCC 17-0582
2 PE58 Cladosporium endophyticum MFLUCC 17-0599
3 PE09 Colletotrichum pandanicola MFLUCC 17-0571
4 iﬁgi Colletorrichum fructicola xitﬁgg 1;:82?;
5 PE77 Diaporthe pandanicola MFLUCC 17-0607
6 PE37 Diaporthe siamensis MFLUCC 17-0591
7 FE41 Endomelanconiopsis freycinetiae MFLUCC 17-0547

FE42 MFLUCC 17-0548

FE43 MFLUCC 17-0549
8 FE46 Endopandanicola thailandica MFLUCC 17-0551

PE10 MFLUCC 17-0572

PEGO MFLUCC 17-0600
9 PE25 Lasiodiplodia theobromae MFLUCC 17-0581
10 PE52 Massarina pandanicola MFLUCC 17-0596
11 FE98 Meyerozyma caribbica MFLUCC 17:0556

PE75 MFLUCC 17-0606
12 FE101 Mycoleptodiscus endophytica MFLUCC 17-0545
13 PE05 Pestalotiopsis jiangxiensis MFLUCC 17-0567
14 PE92 Pestalotiopsis microspora MFLUCC 17-0619
15 PE15 Phanerochaete chrysosporium MFLUCC 17-0575
16 PE35 Phyllosticra capiralensis MFLUCC 17-0589

etal. (2013) and Hyde et al. (2017). In this study, a new endophytic genus, Endopan-
danicola with En. thailandica as the type species was discovered. In addition to the new
genus, Phanerochaete chrysosporium was also identified.

Endopandanicola Tibpromma & K.D. Hyde, gen. nov.
MycoBank number: MB823835
Facesoffungi number: FoF03900

Etymology. Named after its habitat as an endophyte of Pandanus.

Type species. Endopandanicola thailandica Tibpromma & K.D. Hyde

Culture characteristics. Colonies on PDA (PE60), superficial, initially white, later
becoming yellow-white, smooth at the surface, irregular, with undulate margin, flossy
to velvety; reverse white to yellow-white. Generative hyphae simple-septate, branched,
sub-hyaline, thin-walled.

Notes. Endopandanicola formed a single, well-supported clade (100 % in ML,
100 % in MP), which is distinct as compared to other genera in Polyporaceae (Figure 3).
This genus comprises resupinate or crust polypores that live inside leaves or wood as endo-
phytes and do not form fruiting bodies (sexual morph), but form flat mycelia. More collec-
tions of Pandanus are needed in the future to locate the sexual morph of Endopandanicola.
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Figure 2. All cultures from this study are grown on PDA at room temperature after 7 days (original codes

are written at the bottom of each picture).

Endopandanicola thailandica Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823836

Facesoffungi number: FoF03901

Figure 4

Etymology. named after Thailand, the country where the fungus was first discovered.
Holotype. MFLU 18-0021
Culture characteristics. Colonies on PDA (Figure 2 PE10, FE42, FE43, FE46
and PEG0), superficial, initially white, later becoming yellow-white, irregular, with un-
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Figure 3. Phylogram generated from maximum likelihood analysis based on ITS sequence data. Maxi-
mum parsimony (left) and maximum likelihood (right) bootstrap support values are given above/below
the nodes. The newly generated sequences are in red text. The tree is rooted with Pirex concentricus.

dulate margin, smooth with flossy to velvety; reverse white to yellow-white. Generative
hyphae simple-septate, branched, with clamp connections, sub-hyaline, thin-walled,
1.5-3.5 pm wide.

Material examined. THAILAND, Chumphon, Pathio District, on healthy leaves
of Pandanus sp. (Pandanaceae), 1 December 2016, S. Tibpromma PE60 (MFLU 18-
0021, holotype); HKAS100856, paratype, ex-type living cultures, MFLUCC 17-0600
= KUMCC 17-0295; Chumphon, Pathio District, 1 December 2016, S. Tibpromma
PE10, living culture, MFLUCC 17-0572; Ranong, Muang, Muang District, 3 De-
cember 2016, S. Tibpromma FE42, living culture, MFLUCC 17-0548; FE43, living
culture, MFLUCC 17-0549 = KUMCC 17-0264; FEA46, living culture, MFLUCC
17-0551 = KUMCC 17-0265.

GenBank numbers. ITS; MFLUCC 17-0545=MG646961, MFLUCC 17-
0548=MG646964, MFLUCC17-0549=MG646963, MFLUCC17-0551=MG646962,
MFLUCC 17-0572=MG646959, MFLUCC 17-0600=MG646960.


http://www.ncbi.nlm.nih.gov/nuccore/MG646961
http://www.ncbi.nlm.nih.gov/nuccore/MG646964
http://www.ncbi.nlm.nih.gov/nuccore/MG646963
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Figure 4. Endopandanicola thailandica (MFLU 18-0021, holotype). a Mycelia masses b, ¢ Clamp con-
nections. Scale bars: 10 pm (a), 5 pm (b, c).

Notes. Endopandanicola is introduced and typified by En. thailandica which is rep-
resented by six isolates and is described as a novel species based on its asexual morph.
The phylogenetic analysis of ITS sequence data showed that this species clustered to-
gether with Panus, but there is a high level of statistical support for its separation
(100% in ML, 100% in MP) (Figure 3).

Phanerochaete chrysosporium Burds., in Burdsall & Eslyn, Mycotaxon 1(2): 124 (1974)

Culture characteristics. Colonies on PDA (Figure 2, PE15), superficial, white, surface
smooth with flat media surface, circular, with entire edge; reverse white to yellow-white.

GenBank numbers. I[TS=MG646957.

Notes. Burdsall and Eslyn (1974) introduced Phanerochaete chrysosporium which
was collected on dead wood of Platanus wrightii in the USA. Phylogenetic analysis
of ITS sequence data shows this taxon groups with Phanerochaete chrysosporium (se-
quences obtained from GenBank) that had been collected from different hosts. The
phylogenetic placement of this species is shown in Figure 3.

Ascomycota Whittaker
Dothideomycetes O.E. Erikss. & Winka

Botryosphaeriales C.L. Schoch, Crous & Shoemaker

Remarks. The order Botryosphaeriales was introduced by Schoch et al. (2006) with Boz-
ryosphaeriaceae as the type family. Botryosphaeriales is a diverse order with a worldwide
distribution, comprising species that vary from endophytes to pathogens (Slippers and
Wingfield 2007; Phillips et al. 2013; Chethana et al. 2016; Daranagama et al. 2016;
Dissanayake et al. 2016; Konta et al. 2016a, b; Linaldeddu et al. 2016a, b, ¢; Manawas-
inghe et al. 2016; Zhang et al. 2017). Currently, nine families are recognised, namely,
Aplosporellaceae, Botryosphaeriaceae, Endomelanconiopsisaceae, Melanopsaceae, Phyllos-
tictaceae, Planistromellaceae, Pseudofusicoccumaceae, Saccharataceae and Septorioideaceae


http://www.ncbi.nlm.nih.gov/nuccore/MG646957

Identification of endophytic fungi from leaves of Pandanaceae...

100 [ Neoscytalidium dimidiatum CBS 499.66
99| Neoscytalidium dimidiatum CBS 251.49
Neoscytalidium dimidiatum CBS 145.78

100 | homina ph

100/ | 'BS 227.33
Macrophomina phaseolina CBS 162.25
1002 Cophinformaairovirens MFLUCC 11-0655
m “ophi;

Cophinforma atrovirens MFLUCC 11-0425
Cophinformamamane CBS 117444
100 Botryosphaeria dothidea CBS 115476
Botryosphaeria agaves MFLUCC 11-0125
Botryosphaeria scharifil IRAN1529C
of Neofiusicoceun parvum CMW908 1
001 Neofusicoccum luteum CBS 110299
" Neofusicoccum australe CMW6837
Dothiorella striatalICMP16824
100 Dothiorella sarmentorum IMI63581b
Dothiorella iberica CBS 115041

98¢ Spencermartinsia mangiferae IRAN1584C
SpencermartinsiarosulataCBS 121760
SpencermartinsiaviticolaCBS 117009
°7(Sard1m£lla urbana CBS 141580

Sardiniella urbana BL180
. *SardiniellaurbanaBL181

100[ Endomelanconiopsis freycinetiae MELUCC 17-0547
9 Endomelanconiopsis endophytica CBS 120397
Endomelanconiopsis endophytica CBS 122550
Endomelanconiopsis microsporaCBS 353.97

Phyllostictacapitalensis CBS 115052
66/ Phyllosticta capitalensis MFLUCC 17-0589
100 PhtHDsflcmctlpllalenslS CBS 115345
92 is CBS 226.77
‘Ph»]lomcramangz/emeCBS 173.77
PhyllostictamusicolaCBS 123405

100 cxrI’\eudoﬁm(wcumndun\amueCBS 122055

P:ﬁudo/u:moccum adansoniae WAC12689

Pseudofusicoccum arde:mcum (/BS 122062

k 100

BS 551.66
Aplosporellajaveedii CMW38166
| dplosporellaprunicola CBS 121167
ApIo:pDrel[n valgorensis MUCC512
78

u

eplurmzdespzm thunbergii CBS 473.91
Septorioides strobi CBS 141444

Septorioides strobi CBS 141443
Saccharata capensis CBS 122693

7 D{Jrohw ‘ata kirstenboschensis CBS 123537
Saccharata proteae CBS 115206

LecanostictaacicolaLNPV252
Melanops tulasnei CBS 116805

Melanops sp. CBS 11839 Botryosphaeriales
100 ’—rKPZ/ermama(‘ranlfpom(,BS 131714
Ke ionis CBS 131715
100

Kellermania macrosporaCBS 131716
!ux MFLUCC 11-C0657
i‘
100 98

100

2

Br)lr}uhumhu\ufu.\lc()ccumMH UCC 11-0143
Marasasiomyces karoo CBS 118718
Mucoharknessiaanthoxanthii MFLUCC 15-0904

190 Mucoharknessia cortaderiae CPC 22208
9 Mucoharknessia cortaderiae CPC 19974
Sakireetamadreeya CBS 532.76
100, Eutiarosporella dactylidis MFLUCC 13-0276
Eutiarosporelladactylidis MFLUCC 15-0915
100 Eutiarosporellaafvicana CMW38424

Eutiarosporellaafricana CMW38423
100 [ AlanphillipsiaaloeigenaCBS 136408

8K dlanphillipsiaaloerica CBS 136409
Alanphillipsiaaloeicola CBS 138896
19 DiplodiarosulaiaCBS 116470
DiplodiamutilaCBS 112553
1001 asiodiplodia margaritacea CBS 122063
LasiodiplodiamargaritaceaCBS 122519
100\ Lasiodiplodia bruguierae CMW41470
Lasiodiplodia bruguierae CMW41614
Lasiodiplodiabrasiliense CMM4015
Lasiodiplodiabrasiliense CMM2185
O\ | Lasiodiplodia caatinguensis CMM1325
Lasiodiplodia caatinguensis IBL352
LasiodiplodiamahajanganaCBS 124925
ol [ LasiodiplodiamahajanganaCB$ 124927
Lasiodiplodiaexigua CBS 137785
Lasiodiplodia exiguaBL184
W Lasiodiplodia theobromae CBS 164.96
sl Lasiodiplodiatheobromae CBS 124.13
Lasiodiplodiatheobromae CBS 111530
Lasiodiplodiatheobromae MFLUCC 17-0581
Neodeightonia palmicolaMFLUCC 10-0823
Neodeightonia palmicolaMFLUCC 10-0822
Neodeightonialicuriensis COAD1780
o 00| Barriopsis iranianaIRAN14
Barriopsis iranianaIRAN1448C
o3 Barriopsis tecionae MFLUCC 12-0381
100 E Phaeobotryon mamane CPC 12440
90 Phacobotryoncupressi IRAN1458C
Phacobotryoncupressi CBS 124700
100, Sphaeropsis citrigenaICMP16812
98 | Sphaeropsis citrigenalCMP16818

Sphaeropsis eucalypticolaMFLUCC 11-0579
100, Tiarosporella paludosa CPC 22702

Tiarosporella paludosa CPC 22701

| Outgroups
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(Schoch et al. 2006; Minnis et al. 2012; Wikee et al. 2013; Slippers et al. 2013; Wyka
and Broders 2016; Dissanayake et al. 2016; Yang et al. 2017). In this study, Endomelan-
coniopsis freycinetiae is introduced as a new species and reports are provided on Phyllos-
ticta capitalensis and Lasiodiplodia theobromae.

Endomelanconiopsis freycinetiae Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823837
Facesoffungi number: FoF03902

Figure 6

Etymology. name referring to the host genus on which the fungus was found (Freycinetia).

Holotype. MFLU 18-0002

Culture characteristics. Colonies on PDA (Figure 2, FE41), superficial, initially
white-grey with flat mycelium on media with dark centre, later becoming dark oliva-
ceous with circular rings and flossy at the margin; reverse dark olivaceous. Generative
hyphae simple-septate, branched, sub-hyaline to brown, cylindrical, guttulate, thick-
walled. Not sporulating in culture (Figure 6).

Material examined. THAILAND, Ranong, Muang, on healthy leaves of Freyci-
netia sp. (Pandanaceae), 3 December 2016, S. Tibpromma FE41 (MFLU 18-0002,
holotype); HKAS100853, paratype, ex-type living cultures, MFLUCC 17-0547 =
KUMCC 17-0292.

GenBank numbers. ITS=MGG646955, LSU=MG646948, TEF1=MGG646983,
B-tubulin=MG646924.

Notes. Endomelanconiopsis freycinetiae is closely related to the endophytic fungus
En. endophytica. Therefore, the culture characteristics of these two taxa were compared
and it was found that, in En. endophytica, at first the hyphae are colourless, immersed,
later becoming olivaceous in the centre with irregular concentric rings; aerial mycelia
are dark olivaceous or grey when dense; shiny black when the aerial mycelia are loose
(Rojas et al. 2008) whereas aerial mycelia of En. freycinetiae has dark olivaceous, circu-
lar rings and flossy surface (Figure 2, FE41). Nucleotide base pairs of ITS and TEF1
were also compared and it was found that there are differences (ITS 3 bp, TEF1 8 bp).

Phyllosticta capitalensis Henn., Hedwigia 48: 13 (1908)

Culture characteristics. Colonies on PDA (Figure 2, PE35), superficial, dark oliva-
ceous with filamentous hyphae and raised edge; reverse dark olivaceous. Sporulating in
culture after 2 months.
GenBank numbers. ITS=MG646954, LSU=MG646953, TEF1=MGG646982.
Notes. Phyllosticta capitalensis (Hennings 1908) is known as an endophytic taxon
and a minor plant pathogen. It has a worldwide distribution and has been recorded
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Lo L% P Es - i |
Figure 6. Endomelanconiopsis freycinetiae (MFLU 18-0002, holotype). a=d Mycelia masses. Scale bars:
20 um (a=c), 10 pm (d).

on 70 plant families (Baayen et al. 2002; Okane et al. 2003; Motohashi et al. 2009;
Wikee et al. 2013). The isolate recovered herein clusters with reasonable ML bootstrap
support with other P capitalensis isolates (Figure 5). Morphological examination also
depicts similar morphs and hence it is identified as P capitalensis.

Lasiodiplodia theobromae (Pat.) Griffon & Maubl., Bull. Soc. Mycol. Fr. 25: 57 (1909)

Culture characteristics. Colonies on PDA (Figure 2, PE25), superficial, initially white
with flat mycelium on media, later becoming dark, circular, flossy and velvety; reverse
dark. Not sporulating in culture.

GenBank numbers. ITS=MGG646970, LSU=MG646945, SSU=MGG646976,
TEF1=MG646984.

Notes. Morphological and phylogenetic data supported placement of this isolate
as Lasiodiplodia theobromae. The phylogenetic analysis showed the isolate groups with
Lasiodiplodia theobromae. Nucleotide base pairs of published sequences of Lasiodiplo-
dia theobromae (strain EucN188, CBS 111530, PHLOY9, CDFA145) were also com-
pared with the sequence and found that the nucleotide base pairs of the ITS gene are
100% similar.
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Capnodiales Woron., 1925
Cladosporiaceae Castell. & R.G.Archibald

Cladosporium Link, 1816

Remarks. The genus Cladosporium (Cladosporiaceae, Capnodiales) is a large genus of
the Ascomycota (Wijayawardene et al. 2017). The genus comprises species that are
saprobes, endophytes and pathogens. A few species have been documented as being
etiologic agents in vertebrate hosts (David 1997; Bensch et al. 2012, 2015; Crous et al.
2014). In this study, a new species of Cladosporium is described, with high bootstrap
support in the phylogenetic analysis (Figure 7).

Cladosporium endophyticum Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823838
Facesoffungi number: FoF03903

Figure 8

Etymology. named after its status as an endophytic fungus.

Holotype. MFLU 18-0005

Description. Colonies on PDA attaining 9 cm diam. in six weeks at room tem-
perature, slow growing, dark olivaceous. Mycelium superficial and immersed composed
of septate, branched, 2.3-4.5 pm wide, sub-hyaline, with smooth and thick-walled
hyphae. Sexual morph Undetermined. Asexual morph Conidiophores 6-10 pm high,
3—4 pm diam. (X = 8.24 x 3.52 um, n = 10), terminal and intercalary, cylindrical or
sub-cylindrical, darkened conidiogenous loci. Conidia 3—6 x 2—4 pm (X = 3.64 x 2.75
pm, n = 30), forming long branched chains, hyaline to pale-olivaceous, smooth and
thin-walled, aseptate, globose to ovoid with rounded ends.

Culture characteristics. Colonies on PDA (Figure 2, PE58), superficial, dark oli-
vaceous with dark-grey centre, irregular, undulate with wrinkled and raised on surface
media; reverse dark olivaceous. Generative hyphae simple-septate, branched, sub-hya-
line, guttules, thick-walled (Figure 8).

Material examined. THAILAND, Chumphon, Pathio District, on healthy leaves
of Pandanus sp. (Pandanaceae), 1 December 2016, S. Tibpromma PE58 (MFLU 18-
0005, holotype); HKAS100855, paratype, ex-type living cultures, MFLUCC 17-
0599 = KUMCC 17-0294.

GenBank numbers. ITS=MGG646956, LSU=MG646949, SSU=MG646981,
TEF1=MG646988.

Notes. Cladosporium endophyticum was isolated as an endophyte from Pandanus sp. in
Thailand. In the phylogenetic analysis of combined gene sequence data of ITS, LSU, SSU
and TEF1, the new taxon Cladosporium endophyticum is sister to C. halotolerans (Figure 7),
but well-separated with high bootstrap support (90% in ML). Moreover, the morphology
of this new taxon was compared with Cladosporium halotolerans which has brown to dark
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Figure 7. Phylogram generated from maximum likelihood analysis based on ITS, TEF1 and Actin se-

quenced data. Maximum likelihood bootstrap is given above/below the nodes. The newly generated se-
quences in red bold. The tree is rooted with Cercospora beticola.
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Figure 8. Cladosporium endophyticum (MFLU 18-0005, holotype). a Colony on MEA media b Myce-
lium masses c—e Conidia and conidiogenous cells f, g Conidia h Conidia and conidiogenous cells. Scale
bars: 5 pm (b=h), 10 pm (h).

brown, subglobose to globose with verrucose, less often short-ovoid conidia, narrower
at both ends (Zalar et al. 2007), while C. endophyticum has globose to ovoid, hyaline to
pale-olivaceous conidia with rounded ends. Here, the authors introduce the new species
C. endophyticum and provide an updated phylogenetic tree for the genus Cladosporium.

Pleosporales Luttr. ex M.E. Barr, 1987

Massarinaceae Munk.

Remarks. The family Massarinaceae was introduced by Munk (1956) under Pleospo-
rales together with Cucurbitariaceae and Didymosphaeriaceae. Later, Barr (1987) seg-
regated Massarinaceae under Lophiostomataceae based on morphology, while based on
multigene phylogenetic analysis Schoch et al. (2009) also showed Massarinaceae is a
distinct family in order Pleosporales. Recently, Zhang et al. (2009, 2012) recognised
Massarinaceae as a distinct lineage based on both morphology and molecular phylog-
eny. In this study, a new species of endophytic Massarina, based on morphological and
phylogenetic support, is introduced from Pandanus sp. in Thailand.

Massarina pandanicola Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823839
Facesoffungi number: FoF03904

Figure 10

Etymology. name referring to the host genus of the plant on which the fungus was first
discovered (Pandanus).


http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=823839

Identification of endophytic fungi from leaves of Pandanaceae... 41

Corynesp diandrae CBS 138902
Ilelmmthmpnrmm dalbergiae H 4628
Helminthosporium magnisporum H 4627
ul Helminthosporium hispanicum 1.109
Helminthosporium veluurmm H 4626
cola MFLUCC 17-0596
9 [ Massarina cisti CBS 266.62
9 [ Massarina eburnea CBS 473.64
Massarina eburnea JCM 14422
Stagonospora paspali CBS 331.37
100 LSmgonmparapaludma CBS 135088
Sfagonu\porap\eudncarurr CBS 135132
100 haeria spartii MFLUCC 13-0273
x;rPseudodzd) moxphaena spartii MFLUCC 14-1212
Pseudodidymosphaeria spartii CBS 183.58
Suttonomyces clematidis MFLUCC 14-0240
100 Periconia sp. H4151 L
100 ~ Periconia sp. H 4600 Periconiaceae
Péruamu digitata KT 644
Dictyosporium digitatum KT 2660
Dictyosporium tetrasporum KT 2865
Dictyocheirospora pseudomusae KH 412
Katumotoa bambusicolaXT 1517a l
Lentithecium fluviatile CBS 122367
100 Macrodiplodiopsis desmazieri CPC 24648
87 Macrodiplodiopsis desmazieri CBS 125026 ; iopsi
95 [ Camarographium koreanum CBS 117159 Macrodiplodiopsidaceae
Pseudochaetosphaeronema larense (,BS 640.73
Aquastroma lata KT 2485
Multiseptospora thailandica MFLUCC 11-0183
[Parabambusicola bambusina H 4321
Parabambusicola bambusina KH 139
100 Falciformispora senegalensis CBS 196.79
Falciformispora lignatilis BCC 21118
lelLlfurrmApora tompkmstt CBS 200.79 .
ina thalassiae BCC 17054 Trematosphaeriaceae
96 Halomaxsarma thalassiae JK 5262D
Trematosphaeria grisea CBS 332.50
Trematosphaeria pertusa CBS 122368
Asteromassaria pulchra CBS 124082
ol Inﬂati,ypum pseudostromatica YZ-2011
Monodictys capen sis HR 1
Bactr cubense CBS 680.96
Helicascus nypae BCC 36752

Murusphaerm ramunculicola BCC 18405 3
BCC 17059 Morosphaeriaceae

Massarinaceae

Dictyosporiaceae

100
Parabambusicolaceae

Aqu[lnmyces rebum’mzs KT 732
100 Sulcatispora sp. KT 1607
Su/catmpara sp. KT 2982
100 B la massarinia MFLUCC 11-0389
Bambmtco[a .sp/endlda MFLUCC 11-0439
| P omassaria fagi KT 2966
" Pseudoasteromas saria fagi KT 3432
Matsushimamyces bohaniensis CBEC001
100 Latorua grootfonteinensis CBS 369.72
Latorua caligans CBS 576.65
100 LPulyALhema congolensis CBS 542
1 Polyschema terricola CBS 301.65
l1— Polyschema larviformis CBS 463 88
— Polyschema sclerotigenum UTHSC DI14-305
Matsushimamyces venustum CBS 140212
Pseudoxylomyces elegans KT 2887 inedic
Longipedicellata aptrootii MFLUCC 10-0297 Longipedicellataceae
Fuscostagonospora sasae KT 1467
Montagnula aloes CPC 19671
Dldymosphaeﬂa rubi-ulmifolii MFLUCC 14-0024 Didymosphaeriaceae
Neokalmusia brevispora KT 1466
Deniquelata barringtoniae MFLUCC 11-0422
Lo Alternaria alternata AFTOL-ID 1610
~ Pleospora herbarum CBS 191.86

Sulcatisporaceae

Bambusicolaceae

Latoruaceae

Outgroups

0.04
Figure 9. Phylogram generated from maximum likelihood analysis based on ITS, TEF1, SSU, LSU and
RPB2 sequenced data. Maximum likelihood bootstrap values are given above/below the nodes. The newly
generated sequences in red bold. The tree is rooted with Alternaria alternata and Pleospora herbarum.

Holotype. MFLU 18-0004

Description. Colonies on PDA attaining 9 cm diam. in 4 weeks at room temperature,
slow growing, white to yellow-white. Mycelium superficial and immersed composed of
septate, branched, 2.5-7 pum wide, sub-hyaline, with smooth and thick-walled hyphae.
Sexual morph Undetermined. Asexual morph Conidiophores 12-25 pm high, 8-14 um
diam. (X = 15.12 x 10.45 pm, n = 10), enteroblastic, phialidic, cylindrical or sub-cylindri-
cal, sub-hyaline. Conidia 3-5 x 1-3 pm (X = 4.34 x 1.75 pm, n = 30), cylindrical, hyaline,

smooth and thin-walled, aseptate, rounded ends, guttulate, without sheet or appendages.
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Figure 10. Massarina pandanicola (MFLU 18-0004, holotype). a Colony on MEA media b Mycelium
masses ¢=g Conidia and conidiogenous cells h Conidia. Scale bars: 20 pm (b), 2 um (c=g), 5 pm (h).

Culture characteristics. Colonies on PDA (Figure 2, PE52), superficial, white
to yellow-white, irregular, undulate with smooth and raised on surface media; reverse
yellow-white. Generative hyphae simple-septate, branched, sub-hyaline, with guttulate
cells, thin-walled. Sporulating in culture within 3 months (Figure 10).

Material examined. THAILAND, Chumphon, Pathio District, on healthy leaves
of Pandanus sp. (Pandanaceae), 1 December 2016, S. Tibpromma PE52 (MFLU 18-
0004, holotype); HKAS100854, paratype, ex-type living cultures, MFLUCC 17-
0596 = KUMCC 17-0293.

Genbank numbers. ITS=MGG646958, LSU=MG646947, SSU=MG646979,
TEF1=MG646986.

Notes. The genus Massarina has been known as a phylogenetically diverse group in
the order Pleosporales based on molecular data (Liew et al. 2002) and most members in
Massarina except for the type species (M. eburnea) are morphologically variable. The taxon,
Massarina pandanicola collected from Pandanus sp. in Thailand is introduced here as a
new species with both morphology and phylogeny support. The morphology of the taxon
showed similar conidia with Massarina eburnean (Tanaka et al. 2015), but based on phy-
logenetic analysis of combined ITS, LSU, SSU and TEF1 gene sequence data, the new
taxon M. pandanicola is well-separated from other species in Massarina (Figure 9) with high
bootstrap support (79 % in ML). This is the first record of Massarina from Pandanus sp.

Pleosporaceae Nitschke
Remarks. The family Pleosporaceae was introduced by Nitschke (1869) and is the larg-

est family of the order Pleosporales (Hyde et al. 2013; Ariyawansa et al. 2015b; Liu et al.
2017). Members of this family can be endophytes, aquatic or terrestrial saprobes, plant
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pathogens or opportunistic animal pathogens (Sivanesan 1984; Carter and Boudreaux
2004). A backbone tree for Pleosporaceae was provided by Ariyawansa et al. (2015a). In
this study, Alternaria burnsii is reported from a Pandanus sp. host in Thailand.

Alternaria burnsii Uppal, Patel & Kamat, Indian J. Agric. Sci. 8: 49 (1938)

Culture characteristics. Colonies on PDA (Figure 2, PE26), superficial, white-orange to
cream, circular, entire edge, smooth, flossy, velvety and raised on surface media; reverse
yellow-white at the margin and yellow-brown in centre. Not sporulating in culture.
GenBank numbers. ITS=MG646973, LSU=MG646952, TEF1=MGG646987.
Notes. Alternaria burnsii was introduced by Uppal et al. (1938) from India on Cum-
nium cyminum. This species has a close phylogenetic relationship with Alzernaria tomato
and A. jacinthicola (Woudenberg et al. 2015). Results from phylogenetic analysis show
that the authors’ collection belongs to Alternaria burnsii with a relatively high bootstrap
support (89% in ML) (Figure 11). Nucleotides across the I'TS regions of Alternaria burnsii
CBS 108.27 and the isolates were compared and the authors noted that they are identical.
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Figure 11. Phylogram generated from maximum likelihood analysis based on ITS, TEF1, LSU and
RPB2 sequence data. Maximum likelihood bootstrap values are given above/below the nodes. The newly
generated sequences are in red bold. The tree is rooted with Pleospora herbarum.
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Sordariomycetes O.E. Erikss. & Winka
Diaporthales Nannf.

Diaporthaceae Hohn. ex Wehm.

Remarks. The family Diaporthaceae was introduced by von Héhnel (1917) and
was placed in the order Diaporthales. This family comprised two Diaporthe genera
(Phomopsis and Mazzantia) (Wehmeyer 1975; Castlebury et al. 2002). Later, Dia-
porthaceae was given the synonym Valsaceae (Barr 1978). Based on DNA sequence
data, some other genera have been placed in Diaporthaceae (Dai et al. 2014; Voglmayr
and Jaklitsch 2014). Recently, Maharachchikumbura et al. (2015) and Senanayake et
al. (2017) listed further genera that belong to Diaporthaceae. In this study, a new and
a known species of Diaporthe from Pandanaceae hosts in Thailand is reported.

Diaporthe pandanicola Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823840
Facesoffungi number: FoF03905

Figure 13

Etymology. Name referring to the host genus on which the fungus was first discovered
(Pandanus).

Holotype. MFLU 18-0006

Culture characteristics. Colonies on PDA (Figure 2, PE77), superficial, white, circu-
lar with entire edge, smooth and raised on surface media, flossy and velvety; reverse yellow-
white, 9 cm diam. in 10 days. Generative hyphae simple-septate, branched, sub-hyaline,
cells with guttules, thin-walled, 1.5-7 pm wide. Not sporulating in culture (Figure 13).

Material examined. THAILAND, Chumphon, Pathio District, on healthy leaves
of Pandanus sp. (Pandanaceae), 1 December 2016, S. Tibpromma PE77 (MFLU 18-
0006, holotype); HKAS100858, paratype, ex-type living cultures, MFLUCC 17-
0607 = KUMCC 17-0297.

GenBank numbers. [TS=MG646974, 3-tubulin=MG646930, ACT=MG646930.

Notes. Diaporthe species are plant pathogens, endophytes or saprobes (Carroll
1986; Garcia-Reyne et al. 2011; Udayanga et al. 2011, 2012, 2014, Hyde et al. 2014).
Here, a new species Diaporthe pandanicola is introduced based on phylogeny support.
Based on phylogenetic analysis, the new species was well-separated from closely related
species of Diaporthe (61% in ML, 0.97 in PP). However, this isolate is an endophytic
fungus and did not sporulate in culture during 5 months (Figure 13).

Diaporthe siamensis Udayanga, X.Z. Liu & K.D. Hyde, 2012

Culture characteristics. Colonies on PDA (Figure 2, PE37), superficial, white to yellow-
white, irregular, curled and raised on media surface, flossy; under surfaceyellow-white.


http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=823840
http://www.ncbi.nlm.nih.gov/nuccore/MG646974
http://www.ncbi.nlm.nih.gov/nuccore/MG646930
http://www.ncbi.nlm.nih.gov/nuccore/MG646930

Identification of endophytic fungi from leaves of Pandanaceae... 45
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Figure 12. Phylogram generated from maximum likelihood analysis based on ITS, TEF1 and §$-tubulin
sequenced data. Maximum likelihood (left) and Bayesian inference (right) bootstrap values are given above/
below the nodes. The newly generated sequences are in red bold. The tree is rooted with Diaporthe ambigua.

Figure 13. Diaporthe pandanicola (MFLU 18-0006, holotype). a=c Mycelia masses. Scale bars: 5 pm
(a=c).

GenBanknumbers. ITS=MG646975, TEF1=MG646989,3-tubulin=MG646925,
ACT=MG646940.

Notes. In the phylogenetic analysis, the authors’ collection grouped with Dia-
porthe siamensis MFLUCC 10-0573 with high statistical values of 100% in ML and
1.00 in PP. Diaporthe siamensis is an endophytic fungus collected from a Pandanaceae

host in Thailand.
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Figure 14. Phylogram generated from maximum likelihood analysis based on combined ITS, Actin,
B-tubulin, GADPH and CHS-1 sequenced data. Maximum likelihood (left) and Bayesian inference
(right) bootstrap values are given above/below the nodes. The newly generated sequences are in red text.
The tree is rooted with Colletotrichum truncatum.

Glomerellales Chadef. ex Réblovi et al.

Glomerellaceae Locq. ex Seifert & W. Gams, in Zhang et al. (2007)

Remarks. The family Glomerellaceae was introduced by Locquin (1984), but was in-
validly published. To date, most Glomerellaceae have been recorded to be pathogens
(Maharachchikumbura et al. 2016b). Earlier studies reported that the position of the
family Glomerellaceae was not stable (Zhang et al. 2006; Kirk et al. 2001; Kirk et al.
2008). Réblovd et al. (2011) resolved the placement of Glomerellaceae by using phy-
logenetic analysis of combined ITS, LSU, SSU and RPB2 sequence data. Recently,
the family Glomerellaceae was established based on the genus Glomerella (Zhang et al.
2006), which had been given a synonym under its asexual morph Colletotrichum (Ma-
harachchikumbura et al. 2015). Recently, Jayawardena et al. (2016) provided notes
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on currently accepted species of Colletotrichum. In this study, the authors introduce
a new endophytic Colletotrichum species and report a known species of endophytic
Colletotrichum from gloeosporioides species complex based on morphology and phy-
logenetic analysis.

Colletotrichum fructicola Prihast., L. Cai & K.D. Hyde, 2009

Culture characteristics. Colonies on PDA (Figure 2, PE84, 88), superficial, white
to olivaceous in the beginning and later become olivaceous to dark-olivaceous, circu-
lar, entire edge, smooth, dense and raised on surface media; reverse dark-olivaceous.
Sporulating in culture after 1 month.

GenBanknumbers. MFLUCC17-06131TS=MG646968, 3-tubulin=MG646927,
GAPDH=MG646932, CHS-1=-MG646937, ACT=MG646939. MFLUCC 17-
0555 ITS=MG646969, B-tubulin=MG646928, GADPH=MG646933, CHS-
1=MG646936, ACT=MGG646944.

Notes. The glocosporioides species complex is mainly plant pathogens (Weir et al.
2012) and some species are endophytes (Liu et al. 2015). Colletotrichum fructicola has
a wide host range (Weir et al. 2012) and was originally reported from coffee berries in
Thailand (Prihastuti et al. 2009). In this study, the authors followed Jayawardena et al.
(2016) and identify the collection as Colletotrichum fructicola which was isolated from
a Pandanaceae host. Based on phylogenetic analysis, this taxon grouped with Colleotri-
chum fructicola with 90 % in ML and 1.00 in PP. The ITS, B-tubulin, GAPDH, CHS-
1 and ACT DNA nucleotide comparison showed that the taxon and other strains of
Colletotrichum fructicola Prihast., L. Cai & K.D. Hyde have 100% similarity.

Colletotrichum pandanicola Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823841
Facesoffungi number: FoF03906

Figure 15

Etymology. name referring to the host genus (Freycinetia).

Holotype. MFLU 18-0003

Description. Colonies on PDA attaining 9 cm diam. in 7 days at room tempera-
ture, dark-grey. Sexual morph Undetermined. Asexual morph Conidiophores hyaline,
smooth-walled, cylindrical to slightly inflated. Conidia 9-18 um high, 4-8 pm diam. (
X =13.39 x 5.35 pum, n = 20), hyaline, cylindrical with rounded ends tapering slightly
towards the base, smooth, septate, guttulate.

Culture characteristics. Colonies on PDA (Figure 2, PE09), superficial, white
in the beginning and later becoming dark-grey, circular, entire edge, smooth, flossy,
velvety and raised on surface media; reverse dark. Sporulating in culture after 1 month.
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Figure 15. Colletotrichum pandanicola (MFLU 18-0003, holotype). a Colony on PDA media b Conidia
and conidiogenous cells c=g Conidia on PDA culture. Scale bars: 5 um (b), 2 pm (c-g).

Material examined. THAILAND, Chumphon, Pathio District, on healthy leaves of
Pandanus sp. (Pandanaceae), 1 December 2016, S. Tibpromma PE09 (MFLU 18-0003,
holotype); GZAAS 16-0145, paratype, ex-type living cultures, MFLUCC 17-0571.

GenBank numbers. [TS=MG646967, B-tubulin=MG646926, GAPDH-=
MG646931, CHS-1=MG646935, ACT=MG646938.

Notes. Colletotrichum pandanicola is introduced here as a new species in the gloe-
osporioides species complex based on morphological and phylogenetic data. The phy-
logenetic analysis shows that this new taxon is well-separated from other known Colle-
totrichum species (Figure 14). The authors also compared nucleotides of B-tubulin,
GAPDH, CHS-1 and ACT and found that there are differences between Colletotri-
chum tropicale and this new species (3-tubulin 7 bp, GAPDH 11 bp, CHS-1 7 bp and
ACT 3 bp).

Magnaporthaceae P.F. Cannon

Remarks. The family Magnaporthaceae was introduced by Cannon (1994) and was
placed as a family within the class Sordariomycetes (Kirk et al. 2001; Lumbsch and
Huhndorf 2007). According to Thongkantha et al. (2009), the placement of the taxa
Magnaporthaceae has long been problematic due to a lack of convincing morphological
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Figure 16. Phylogram generated from maximum likelihood analysis based on combined ITS, LSU, SSU
and TEF1 sequenced data. Maximum parsimony bootstrap values are given above/below the nodes. The

newly generated sequences are in red bold. The tree is rooted with Zhyridium vestitum.

characteristics and inconclusive molecular data. Thongkantha et al. (2009) established
a new order, Magnaporthales, to accommodate Magnaporthaceae, based on a combi-
nation of morphological characteristics and the phylogenetic analysis of combined
sequence data. Maharachchikumbura et al. (2015) provided an updated outline of
the family Magnaporthaceae with 20 genera, which included both sexual and asexual
morphs. In this study, Mycoleptodiscus endophyticus is introduced as a new species.

Mycoleptodiscus endophyticus Tibpromma & K.D. Hyde, sp. nov.
MycoBank number: MB823842
Facesoffungi number: FoF03907

Figure 17

Etymology. Named after its original habitat as an endophytic fungus.

Holotype. MFLU 18-0001

Culture characteristics. Colonies on PDA (Figure 2, FE101), superficial, dark oli-
vaceous with circular rings with filiform edge and rough and raised on media surface;
reverse dark olivaceous. Mycelium composed of branched, pale-brown to dark-brown,
thick-walled, guttulate, hyphae, with cells sub-globose to ovoid in shape. Not sporulat-
ing in culture.

Material examined. THAILAND, Ranong, Muang, on healthy leaves of Freyci-
netia sp. (Pandanaceae), 3 December 2016, S. Tibpromma FE101 (MFLU 18-0001,
holotype); HKAS100847, paratype, ex-type living cultures, MFLUCC 17-0545 =
KUMCC 17-0263.

GenBank numbers. LSU=MG646946, SSU=MGG646978, TEF1=-MG646985.

Notes. Mycoleptodiscus Ostaz. (1968) belongs to Magnaporthaceae, Magna-
porthales. Since 1968, there have been 17 records of Mycoleptodiscus in Index Fun-
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Figure 7. Mycoleptodiscus endophyticus (MFLU 18-0001, holotype). a Colony on MEA media b, ¢ Mycelia
masses d—f Vegetative hyphae in culture. Scale bars: 10 um (b—=d), 5 um (e, f).

gorum. Most of these species were described without molecular data. In this study,
a new species Mycoleptodiscus endophyticus is introduced, based on culture charac-
teristics and phylogenetic analysis (100 % in ML). Mycoleptodiscus endophyticus was
found as an endophytic fungus on leaves of Freycinetia sp; Mycoleptodiscus freycinetiae
Whitton, K.D. Hyde & McKenzie was found as a saprobic fungus on the same host
but there was no molecular data available to confirm this identification. The authors
were unable to compare the morphological differences between the new taxon and
Mycoleptodiscus freycinetiae, because only culture characteristics are presented here for
this new taxon (Fig. 17).

Sporocadaceae Corda, 1842

Remarks. Sporocadaceae was introduced by Corda (1842) with Pestalotiopsis-like asex-
ual morphs and confirmed by Senanayake et al. (2015). Members of Sporocadaceae are
saprobes, endophytes or foliar pathogens in tropical and temperate regions (Jeewon
et al. 2004; Tanaka et al. 2011). Pestalotiopsis can be found as saprobes or pathogens
worldwide (Jeewon et al. 2002, 2003; Maharachchikumbura et al. 2011, 2012, 2013,
2014a, b, 20164, c). Recently, Chen et al. (2017) provided updates for this genus based
on morphology and phylogeny. In this study, two known species of Pestalotiopsis from
Pandanaceae hosts were isolated.
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Figure 18. Phylogram generated from maximum likelihood analysis based on the combination of ITS,
B-tubulin and TEF1 sequenced data. Maximum parsimony bootstrap is given above/below the nodes. The
newly generated sequences are in red bold. The tree is rooted with Seiridium camelliae.

Pestalotiopsis jiangxiensis F. Liu & L. Cai, 2017

Culture characteristics. Colonies on PDA (Figure 2, PE05), superficial, white at the
margin with yellow-white in the centre, with circular to undulate at the edge and raised



52 Saowaluck Tibpromma et al. | MycoKeys 33: 25-67 (2018)

and dense aerial mycelia on surface; reverse yellow-white. Sporulating in culture after
2 months.

GenBank numbers. [TS=MGG646966, ACT=MG646942, GAPDH=MG646934,
B-tubulin=MG646929.

Notes. The authors’ collection from Pandanaceae host in Thailand was identified
as Pestalotiopsis jiangxiensis. This taxon grouped with Pestalotiopsis jiangxiensis LC4399
which is collected from Eurya sp., with high bootstrap support of 100% in ML.

Pestalotiopsis microspora (Speg.) G.C. Zhao & N. Li, 1995

Culture characteristics. Colonies on PDA (Figure 2, PE92), superficial, white to
yellow-white, edge irregular, flossy and velvety; under surface yellow-white to yellow.
Sporulating in culture after 2 months.

GenBank numbers. [TS=MGG646965, ACT=MGG646943.

Notes. Pestalotiopsis microspora was isolated from a Pandanaceae host in Thailand.
This strain clusters with Pestalotiopsis microspora DPX3-1 with a strong bootstrap support.

Saccharomycetes

Debaryomycetaceae Kurtzman & M. Suzuki

Remarks. Debaryomycetaceae was introduced by Kurtzman and Suzuki in 2010 and
was typified by Debaryomyces Klocker. Meyerozyma belongs to family Debaryomyceta-
ceae and was detailed in Kurtzman and Suzuki (2010). In this study, Meyerozyma carib-
bica was found on a Pandanaceae host as an endophytic fungus. Species identification
was confirmed by DNA sequence data.

Meyerozyma caribbica (Vaughan-Mart., Kurtzman, S.A. Mey. & E.B. O’Neill)
Kurtzman & M. Suzuki, Mycoscience 51(1): 8 (2010)

Culture characteristics. Colonies on PDA (Figure 2, PE75, 98), superficial, white
to yellow-white, rings with irregular, undulate edge and curled, raised on the surface
media; reverse yellow-white to yellow at the margin and dark-brown at the centre.
Sporulating in culture after 2 months.

GenBank numbers. MFLUCC 17-0556 ITS=MG646971, LSU=MGG646950,
SSU=MG646977. MFLUCC 17-0606 ITS=MG646972, LSU=MGG646951,
SSU=MG646980.

Notes. Meyerozyma caribbica collected in this study is represented by two endo-
phytic isolates from Pandanaceae. Phylogenetic analysis also supported the identifica-
tion of this sample as Meyerozyma caribbica.


http://www.ncbi.nlm.nih.gov/nuccore/MG646966
http://www.ncbi.nlm.nih.gov/nuccore/MG646942
http://www.ncbi.nlm.nih.gov/nuccore/MG646934
http://www.ncbi.nlm.nih.gov/nuccore/MG646929
http://www.ncbi.nlm.nih.gov/nuccore/MG646965
http://www.ncbi.nlm.nih.gov/nuccore/MG646943
http://www.ncbi.nlm.nih.gov/nuccore/MG646971
http://www.ncbi.nlm.nih.gov/nuccore/MG646950
http://www.ncbi.nlm.nih.gov/nuccore/MG646977
http://www.ncbi.nlm.nih.gov/nuccore/MG646972
http://www.ncbi.nlm.nih.gov/nuccore/MG646951
http://www.ncbi.nlm.nih.gov/nuccore/MG646980

Identification of endophytic fungi from leaves of Pandanaceae...

Candida sake Y-1622
Candidapalnioleoplila 17323
dida glachosa Y-6949
szdzdu peudoglachosa Y-17T911
Candida saitoana Y-17316
Candida fluviatilis Y-7711
(99 - Schefersomycessipits -7124
ffersomyces segobiensis Y-11571
ces shehatae var. insectosaY-12854
shehatae var.shehatag 17029

Lodderomyces sojae Y-17909
Lodderomyces tropicalis Y-12968
Lodderomyces neerlandica Y-27057
Lodderomyces maltosa Y-17671
-4239

L s YB:
HLudd&rumym albicans Y- 12983
L Y-1

Lodderomyces viswanathii Y-6660
‘ Lodderomyces lodderae Y-17317

Lodderomyces parapsilosis Y-12969
99— Spathaspora passalidarum Y-27907
91 L Spathaspora jeffriesii Y-27738
74 —Spathaspora lyxosophila Y-17539

Y-7786
a acaciae Y-T117
\cheﬁer\omyces etchéllsii Y-1121
100] somyces spartinae JCM 10741 V4220

T Debaryomyees nepalensis Y7108
Debaryomyces prosopidis Y-27369
2| Debaryomyces coudertii Y-
Debaryomyces hansenii var. fabryi Y-17914
Debaryomyces psychrophila Y-17665
Yamadazyma triangularis Y-5714
o8 Yamadazyma friedrichii Y-17653
famadazyma buinensis Y-11706
Yamadazyma membranifaciens Y-2089
L | 9% Yamadazyma aimosphaerica Y-17642
Yamadazyma atlantica Y-17759
Yumuduz{mu insectonum VTSI
amadazyma mexicana
Yamadazyma conglobata Y-1504
Yamadazyma aaseri YB-3897
Yamadazyma scolyti Y-5512
7 Yamadazyma tenuis Y-1498
— Yamadazyma diddensiae Y-7589
L Yamadazyma dendronema Y-7781

var. 12

t va
Yamadazyma philogaea Y-T813

Candida glucosophila Y-17781
Meyerozyma guilliermondii Y-2
Meyerozyma caribbica MFLUCC 17-0556
1a caribbica MELUCC 17-0606

Priceomyces media Y-7122
Priceomyces castillae Y-1501
Debaryomyces carsonii YB-4275

— Debaryomyces rob

- Debaryinm ﬁvccv uden
R 179
Candide guer&itrusa ¥-3392
“andida natalensis Y-17680
Candida sophiaereginae Y-17668
Candida zeylanoides Y-1774
Candida santamariae var santamariae JCM 1816
Candida santamariae var. santamariae Y-6656
Candida oleophila Y-2317
ob Candida boleticola Y-17080
Candida schatavii Y-17078

Y-12698

0.02

hi: s pombe Y-12796

Y-7903

is Y-7904

53

Candida

Scheffersomyces

Lodderomyces

Spathaspora

Millerozyma

Scheffersomyces

Debaryomyces

Yamadazyma

Meyerozyma

Priceomyces

Debaryomyces

Candida

Babjeviella
Outgroup

Figure 19. Phylogram generated from maximum likelihood analysis based on combined LSU and SSU
sequence data. Maximum parsimony bootstrap is given above/below the nodes. The newly generated

sequences are in red text. The tree is rooted with Schizosaccharomyces pombe.

Conclusion

In this study on fungal endophytes found on leaves of Pandanaceae, it was found that
the taxa belonged to both Ascomycota and Basidiomycota. The majority of the taxa
were Ascomycota, as found in most previous endophytic studies (Crozier et al. 2006;
Selim et al. 2017). In classical mycology, most endophytic fungi were described based
on their morphological features (Barseghyan and Wasser 2010). However, there are
difficulties in identifying ascomycetes to the species level based only on morphological
features (Lu et al. 2012), because they have only a small set of morphological charac-
teristics and exhibit homoplasy (Barseghyan and Wasser 2010).

The 22 endophytic fungal strains found in this study were chiefly identified using
their microscopic characteristics and DNA sequence data and holotype materials in the
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form of dried cultures. Future studies are however needed to recollect the taxa which
are sporulating to describe sexual and asexual characteristics (sezsu Lacap et al. 2003).
In this study, 22 endophytes were isolated and sorted into eight morphotype based
on colony characteristics. The authors, however, subjected all isolates to phylogenetic
analysis and found they belong to 16 different taxa. The taxa were sorted roughly into
morphotypes, but they did not reflect the actual species. Several isolates of this study
did not sporulate, but are introduced as new species because DNA sequence com-
parison and multi-gene phylogenetic analyses provided sufficient evidence to show
that they are distinct taxa (Jeewon and Hyde 2016). The new taxa are, however, code
compliant, as they are provided with MycoBank numbers, full descriptions, colour
photographss and illustrations.

The species composition of endophytic microorganisms is likely to depend on
the plant age, genotype, sampled tissue, host type and season of isolation (Rosen-
blueth and Martinez-Romero 2006). Promputtha et al. (2007) showed that endo-
phytic species can change their ecological strategies and adopt a saprotrophic life-
style. However, it was found that for the cultures of some endophytic fungal species,
mycelia are the only visible morphological structures. According to these conclu-
sions, the authors agree with Petrini (1991), Yanna and Hyde (2002), Ghimire and
Hyde (2004) and Hyde et al. (2006) regarding the relationships between fungal
endophytes and saprobic fungi. However, the use of next-generation sequencing
(NGS) (Shendure and Ji 2008) is another option for identification of fungal species
that cannot be cultured iz vitro and has now become popular. These methods have
also been applied to large-scale culture-independent molecular biological methods
(Zoll et al. 2016). Future developments in technology are likely to produce further
novel methods that mycologists could apply to the field of taxonomy (e.g. Hawks-
worth and Lucking 2017).
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