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Palm fungi are a taxonomically diverse group. Recent collections of fungi from
palms in northern Thailand resulted in the discovery of a new species of Neodeight-
onia, herein described as N. palmicola. This new species is distinct in having hya-
line, aseptate ascospores surrounded by a remarkable sheath. This study compares
this new species with related taxa of Botryosphaeria and Neodeightonia using mor-
phological and molecular characteristics. Sequence data show our species is more
closely related to Neodeightonia subglobosa (the type species of the genus) than to
Botryosphaeria species. Morphological and molecular features of the new species
are described.

Keywords: ascomycetes, Botryosphaeriaceae, ITS, LSU, SSU, taxonomy.

Palm fungi are a taxonomically diverse group, with more than
1500 described species, which include representatives from almost all
major fungal classes (Frohlich & Hyde 2000, Taylor & Hyde 2003). The
ascomycetes which have been described from palms are a very diverse
assemblage. In 2000, 794 species of ascomycetes distributed in 278
genera and 79 families had been described from palms (Frohlich &
Hyde 2000, Hyde et al. 2000, Taylor & Hyde 2003) and many more have
recently been described (Pinruan et al. 2008, 2010, Pinnoi et al. 2010).

Botryosphaeria-like species and their anamorphs have previously
been recorded from palms (Frohlich & Hyde 1995, 2000, Hyde et al.
2000, Taylor & Hyde 2003, Phillips et al. 2008 ), including six Botry-
osphaeria species (Taylor & Hyde 2003). Botryosphaeria Ces. & De
Not. was introduced by Cesati & De Notaris (1863). Species of Botry-
osphaeria are cosmopolitan and occur on a wide range of monocotyle-
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donous, dicotyledonous and gymnosperm hosts, on woody branches,
herbaceous leaves, stems and culms of grasses, or on twigs and in the
thalli of lichens (Barr 1987, Denman et al. 2000, Mohali et al. 2007,
Lazzizera et al. 2008, Marincowitz et al. 2008). Taxa range in habit
from being saprobic, to parasitic or endophytic (Smith et al. 1996,
Denman et al. 2000, Slippers & Wingfield 2007, Huang et al. 2008, Pé-
rez et al. 2010) and can cause die-back and canker diseases of numer-
ous woody hosts (von Arx 1987, Phillips et al. 2007, Slippers et al. 2007,
Alves et al. 2008, Lazzizera et al. 2008, Marincowitz et al. 2008, Zhou
et al. 2008, Phillips & Alves 2009, Pérez et al. 2010). Botryosphaeria
has been shown to be a polyphyletic genus comprising several teleo-
morphic and anamorphic groups such as Barriopsis, Dothidotthia,
Dothiorella, Gibberella, Guignardia, Lasiodiplodia, Lisea, Phaeobot-
ryon, Phaeobotrosphaeria and Neodeightonia (Saccardo 1877, Punith-
alingam 1969, von Arx & Miiller 1975, Barr 1989, Hyde 1995, Slippers
et al. 2004a, Crous et al. 2006, Alves et al. 2008, Lazzizera et al. 2008,
Phillips et al. 2008, Abdollahzadeh et al. 2009, Pitt et al. 2010).

Neodeightonia C. Booth was introduced by Booth (1969). Howev-
er, von Arx & Miiller (1975) transferred the type, N. subglobosa to Bot-
ryosphaeria, reducing Neodeightonia to synonymy under Botry-
osphaeria. Phillips et al. (2008) reinstated this genus, which is distin-
guishable from Botryosphaeria morphologically (based on the dark,
1-septate ascospores) and phylogenetically and described a new spe-
cies N. phoenicum.

In this study, we collected an interesting fungus from palms in
Chiang Rai, Thailand. The taxon fits well with the current concept of
Neodeightonia , and can be distinguished from Botryosphaeria by the
uniloculate ascomata and aseptate ascospores surrounded by a well-
developed sheath (von Arx & Miiller 1954, Punithalingam 1969, Hyde
et al. 2000, Taylor & Hyde 2003, Alves et al. 2004, Phillips et al. 2005,
2008). Critical morphological examination showed that this palm fun-
gus differs from all previously described species in Neodeightonia (Pu-
nithalingam 1969, Phillips et al. 2008), and we therefore described it
here as a new species.

Materials and Methods
Isolation and identification

Palm fronds were collected from Khun Korn Waterfall, Chiang
Rai Province, Thailand. Samples were processed and examined follow-
ing the methods described in Hyde et al. (2000) and Taylor & Hyde
(2003).

Isolations were made from single ascospores. Ascomata were cut
through horizontally and the contents were transferred to a drop of
sterile water on a flamed microscope slide. A portion of this was taken
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and spread over a few square centimeters of a plate of 2 % water agar
(WA). The Petri dish bearing the spores was incubated at 25 °C over-
night. The next day individual germinating spores were transferred to
fresh plates of PDA (Alves et al. 2006). To induce sporulation, isolates
were grown on 2 % water agar (WA) (Biolab, S.A) with sterilized pine
needles placed onto the medium, at 25 °C near-UV light.

Observations and photomicrographs were made from material
mounted in water using Nikon ECLIPSE 80i microscope. Measure-
ments were made with the Tarosoft (R) Image Frame Work. From
measurements of 50 conidia and ascospores the mean, standard devia-
tion and 95 % confidence intervals were calculated. Dimensions are
given as 95 % confidence limits with minimum and maximum dimen-
sions in parentheses. Dimensions of other fungal structures are given
as the range of at least 20 measurements. Mean values are in brackets
with ‘n’ being the number of measurements. The holotype is deposited
at the herbarium of Mae Fah Luang University (MFLU), Chiang Rai,
Thailand. Fungi isolated in our study were deposited at Mae Fah Luang
University Culture Collection (MFLUCC) and BIOTEC Culture Collec-
tion (BCC).

DNA extraction, PCR amplification and sequencing

Fungal isolates were grown on PDA for 7 d at 25 °C in the dark.
Genomic DNA was extracted from the fresh mycelium using Biospin
Fungus Genomic DNA Extraction Kit (BioFlux®) according to the
manufacturer’s protocol (Hangzhou, P.R. China).

DNA amplification was performed by polymerase chain reaction
(PCR). Primer pairs NS1 and NS4 as defined by White et al. (1990)
were used to amplify a region spanning of the small subunit rDNA.
LROR and LRb5 primer pairs as defined by Vilgalys and Hester (1990)
were used to amplify a segment of the large subunit rDNA. Primer
pairs ITS4 and ITS5 as defined by White et al. (1990) were used to am-
plify the internal transcribed spacers. The amplifications were per-
formed in a 50 pl reaction volume as follows: 1X PCR buffer, 0.2 mM
d’NTP, 0.3 uM of each primer; 1.5 mM MgCl,, 0.8 units Taq Polymerase
and 5-10 ng DNA (Cai et al. 2009). The amplification conditions were
as follows: initial denaturation of 5 min at 95 °C, followed by 35 cycles
of 45 s at 94 °C, 45 s at 48 °C and 90 s at 72 °C, and a final extension
period of 10 min at 72 °C (Phillips et al. 2008). The PCR products were
checked on 1 % agarose electrophoresis gels stained with ethidium
bromide.

PCR products were then purified using minicolumns, purification
resin and buffer according to the manufacturer’s protocols (Amersham
product code: 27-9602-01). The sequences were carried out by Shang-
hai Sangon Biological Engineering Technology & Services Co., Ltd
(Shanghai, P.R. China). For each fungal strain, sequences obtained for
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the respective primers (ITS4 and ITS5, LROR and LR5, NS1 and NS4)
were manually aligned to obtain an assembled sequence using Bioedit
(Hall 1999). The reference nucleotide sequences of ITS, LSU and SSU
regions of various genera Botryosphaeria, Diplodia, Lasiodiplodia and
Neodeightonia were obtained from GenBank (Table 1).

Phylogenetic analysis

Sequences were aligned using ClustalX v. 1.83 (Thompson et al.
1997). The alignments were checked visually and improved manually
where necessary. Phylogenetic analyses were performed by using
PAUPv. 4.0b10 (Swofford 2002) for Maximum-parsimony (MP) analy-
ses and MrBayes v. 3.0b4 (Ronquist & Huelsenbeck 2003) for Bayesian
analyses. Trees were rooted to Diplodia porosum and visualized with
TreeView (Page 1996).

Maximum-parsimony analyses were performed using the heuris-
tic search option with 1000 random taxa addition and tree bisection
and reconnection (TBR) as the branch-swapping algorithm. All char-
acters were unordered and of equal weight and gaps were treated as
missing data. Maxtrees were unlimited, branches of zero length were
collapsed and all multiple, equally parsimonious trees were saved.
Clade stability was assessed using a bootstrap (BT) analysis with 1000
replicates, each with 10 replicates of random stepwise addition of taxa
(Hillis & Bull 1993).

The model of evolution was estimated by using MrModeltest 2.2
(Nylander 2004). Posterior probabilities (PP) (Rannala & Yang 1996,
Zhaxybayeva & Gogarten 2002) were determined by Markov Chain
Monte Carlo sampling (BMCMC) in MrBayes v. 3.0b4 (Huelsenbeck &
Ronquist 2001). Six simultaneous Markov chains were run for 1 000
000 generations and trees were sampled every 100th generation (re-
sulting 10 000 total trees). The first 2000 trees, which represented the
burn-in phase of the analyses, were discarded and the remaining 8000
trees were used for calculating posterior probabilities (PP) in the ma-
jority rule consensus tree (Cai et al. 2006, 2008).

Results
Phylogenetic analysis

The ITS, LSU and SSU sequences for the isolates studied were
combined and aligned with 32 sequences of 15 taxa retrieved from Gen-
Bank, representing a selection of genera and species in the Botry-
osphaeriaceae (Table 1). Incomplete portions at the ends of the sequenc-
es were excluded from the analyses. The combined dataset after align-
ment consisted of 1943 characters including gaps. A partition homoge-
neity test in PAUP was not significant (P = 0.47) indicating that the
individual datasets were congruent and produced trees with the similar
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Botryosphaeria parva CMW994
‘|7 Botryosphaeria parva CMW4049
Botryosphaeria parva CM'W9080
| Botryosphaeria ribis CMW7772
Botryosphaeria ribis CMW7773
]33 Botrvosphaeria ribis CMW7054

— Botryosphaeria ribis K194.09

1 gg Botryesphaeria parva CMW9077
04 93 Botryosphaeria lutea CMW9076
1.00| 100" Botryosphaeria lutea CBS110299
o6 Botryesphaeria sarmentorum IM16358b
1.00] Botryosphaeria iberica CBS 115041
100 Botryosphaeria dothidea CMW8000
1.00 100 Botryvosphaeria dothidea KJ 94.26
1.00 Botryosphaeria dothidea KJ 93.12
]]_gg Botryosphaeria dothidea CMW 7999
. 93] Q{ Botryosphaeria dothidea K193.23
0.99

Botryosphaeria dothidea CMW9075
Botryosphaeria mamane GS97-59
Neodeightonia phoenicum CBS122528
1063 Neodeightonia phoenicum CBS169.34
Ig—g“ — Neodeightonia phoenicum CBS123168
Neodeightonia subglobosa CBS448.91

100 97~ Neodeightonia palmicola MFLUCC10 0822
1.00! Neodeightonia palmicola MFLUCC10 0823
0;2 Lasiodiplodia theobromae CBS111530
— Lasiodiplodia psendotheobromae CBS116459
— Lasiodiplodia theobromae CBS 124.13
56 74

1.00 ' Lasiodiplodia gonubiensis CMW14077
Lasiodiplodia crassispora WAC12533
Botryvosphaeria corticola CBS112549

1 ?]3 Botryosphaeria corticola CBS678.88
Botryosphaeria corticola CBS112545
Diplodia porosum CBS110496

Fig. 1. — Phylogenetic tree generated from parsimony analysis based on combined
ITS rDNA sequences, LSU and SSU. Data were analyzed with random addition
sequence and treating gaps as missing data. MP bootstrap values > 50 % and Baye-
sian values > 95 % are shown above and below branches, respectively. The tree is
rooted with Diplodia porosum. The type species and new species are in bold face.
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topology. Therefore the three datasets were combined in a single anal-
ysis. Of the 1943 characters, 1798 were constant, while 29 were variable
and parsimony-uninformative. Maximum parsimony analysis of the
remaining 95 parsimony informative characters resulted in a single tree
with TL = 160, CI = 0.802, RI = 0.944, RC = 0.757 and HI = 0.198. The
overall topology of the 50 % majority rule consensus tree of 8000 trees
sampled in the Bayesian analysis had a similar topology as the MP tree,
which is presented in Fig. 1 with bootstrap support above the branches.
The Bayesian trees are therefore not shown, but the Bayesian values are
marked below branches of parsimony tree (Fig. 1).

Isolates obtained in this study clustered in the Neodeightonia
clade and were distinct from the Botryosphaeria and Lasiodiplodia
clades. The two isolates from palms formed a sister group to N. subglo-
bosa and N. phoenicum within the Neodeightonia clade with high
bootstrap support (97 %, Fig. 1).

Taxonomy

Based on morphological characteristics as well as DNA phylog-
eny, we conclude that the fungus collected from palms in Thailand is
distinct from N. subglobosa and Botryosphaeria spp. compared in our
study. Our data also indicate that this fungus should reside in Neo-
deightonia as a new taxon. We provide the following description for
this new species.

Neodeightonia palmicola J K. Liu, R. Phookamsak and K.D. Hyde., sp.
nov.—Figs. 2,3
MycoBank: MB 518304

Etymology: Referring to the host on which the fungus was col-

lected.

Ascomata globosa vel subglobosa, 180-230 pm high, 270-420 pm diametro,
immersa vel erumpescentia, uniloculata. Ostiolis centralibus. Pseudoparaphyses
hyalines, filiformes, septatis. Asci 110-210 (-225) x 17-22.5 (-24) pm, cylindricae to
clavatae, stipitate, bitunicate, 8-sporae. Ascosporae 23-32 x 8-13 pm, ellipsoideae
vel fusiformes, unicellulares, hyalinae vel sheath. Pycnidia subimmersa, solitarita,
globosa vel subglobosa, black, mycelio tecta, usque ad 240 pm diametro. Paraphy-
ses cylindricae, non septatae, hyalinae. Cellulae conidiogenae holoblasticae, cylin-
dricae, hyalinae. Conidia primaria hyalinae, unicellulares, ellipsoideia vel obovoid-
eia, contentu granulari, apice rotundata, interdum basi truncata. Conidia senia cin-
namomescenita vel brunnescentia, unum ad tria septa formantia.

HOLOTYPUS: THAILAND, Chiang Rai Prov., Muang District, Khun Korn
Waterfall, on dead leaves of Arenga westerhoutii., 18 Dec 2009, J.K. Liu, JKA0022
(MFLU10 0407); ex-type culture MFLUCC10 0822.

Ascomata 180-230 pm high (excluding the neck), 270-420 pm
diam., uniloculate, immersed to erumpent in host tissue, globose to
subglobose, brown to dark brown, rounded at the base. Ostiole cir-
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cular, central, papillate. Peridium 26-55 pm wide, comprising sev-
eral layers of brown-walled cells, the outer stratum of 1-3 cells com-
prising thick, dark brown walls, the inner layer 3-5 cells, textura an-
gularis comprising pale brown to hyaline, thin-walled cells. Pseu-
doparaphyses thin-walled, hyaline, frequently septate, often
constricted at the septa, up to 3-5 pm diam. Asci (-80)110-210 (-225)
x 17-22.5 (-24) pm (£ = 154.2 x 20.5 pm, n = 25), 8-spored, bitunicate,
fissitunicate, endotunica thick-walled, clavate to cylindrical-clavate,
stipitate, apically rounded, with a well developed ocular apical cham-
ber (3.7-7.3 pm, n = 20), arising from the base of ascoma. Ascospores
23-31.5 x 8.5-12.5 pm, (£ = 27 x 10 pm, n = 50), obliquely uniseriate or
irregularly biseriate, ellipsoidal-fusiform or fusiform, widest in the
middle, both ends obtuse, 1-celled, aseptate, hyaline, smooth, thin-
walled, with bipolar germ pores, surrounded by a complex sheath.
Pycnidia (formed on WA on sterilized pine needles within 21-28
days) uniloculate, semi-immersed, solitary, globose, covered by myc-
elium, up to 240 ym wide, wall 4-8 cell layers thick, composed of dark
brown thick-walled textura angularis, becoming thin-walled and hya-
line toward the inner region. Paraphyses cylindrical, aseptate, hya-
line. Conidiogenous cell holoblastic, cylindrical to subcylindri-
cal, hyaline, 9-20 x 3-6 pm. Conidia initially hyaline, unicellular,
ellipsoid to obovoid, thick-walled with granular content, rounded at
apex, occasionally truncate at base. Aging conidia becoming cinnamon
to sepia, forming one septa, 17.5-24.5 x 9.5-12.5 pm (£=21.5 x 11.0 pm,
n =50).

In Culture: Circular sterile isolate, fast growing (50 mm in 4 days);
Colour: The first two days colony is white and after 4 days becoming
brownish grey (5F2); raised, fluffy, fairly dense, and aerial with an
erose edge.

Distribution: Chiang Rai, Thailand.

Other material examined: THAILAND, Chiang Rai Prov., Muang District,
Khun Korn Waterfall, on living leaves of Caryota urens., 22 Jul 2009, R. Phookam-
sak, RP0004 (MFLU10 0409) — (culture MFLUCC10 0824); on dead leaves of Caryota
urens., 18 Dec 2009. J.K. Liu, JKC0004 (MFLU10 0408) — (culture MFLUCC10
0823).

Note: Neodeightonia palmicola has asci and ascospores of similar
shape to N. subglobosa, the type species of the genus. The two taxa are
also similar in uniloculate ascomata morphology and septa pseudopar-
aphyses. Despite these similarities, there are other characters that can
readily differentiate two species. N. palmicola has larger ascospores
(23-31.5 x 8.5-12.5 pm vs. 20-26 x 7-10 pm.) and asci (110-210 (- 225)
x 17-22.5 (-24) pm vs. 110-130 (-140) x 16-20 pm). Most importantly,
N. palmicola has hyaline; aseptate ascospores surrounded by a remark-
able well developed sheath which is different to N. subglobosa where
the mature ascospores are described as brown and 1-septate. Further-
more, their anamorph characters are different. N. palmicola has ellip-
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soid to obovoid, 1-septate, conidia (17.5-24.5 x 9.5-12.5 pm), which are
larger than that of N. subglobosa with spherical to subglobose, asep-
tate, conidia (9-12 x 6-9 pm).

The isolates from palms, irrespective of whether they were derived
from single ascospores or conidia, were morphologically similar. Colo-
nies on PDA formed abundant aerial mycelium that was initially white
but turned dark olivaceous after 3-4 d at room temperature. The re-

Fig. 2. — Neodeightonia palmicola (Holotype). A. Appearance of ascomata on host
surface. B. Section of ascoma. C. Section of peridium comprising a few cells layers
of textura angularis. D. Pseudoparaphyses. E-G. Ascus. H-K. Ascospores with a well
developed sheath. Scale bars: A =1 mm, B,C =100 pm, D = 30 pm, H- K = 10 pm.
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verse side was almost black in older cultures. Pycnidia appeared on the
pine needles on WA within 21-28 d, the conidia (Fig. 3. F-J) were sim-
ilar to Diplodia corticola, the anamorph of B. corticola and N. phoeni-
cum in shape and colour. These isolates, however, differed from D.
corticola in having markedly smaller conidia (17.5-24.5 x 9.5-12.5 pm),

I J

Fig. 3. - A-J. Neodeightonia palmicola (Holotype). A-B. Conidiomata on pine nee-
dles. C: Section of conidioma. D-E: Conidiogenous cells. F-G: Young conidia. G-J.
Mature conidia with septa. Scale bars: A,B =500 pm. C = 100 pm. D,E = 30 pm. G-J
=10 pm.
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while those of D. corticola are mostly (23.7-) 29.6-30.3(-46.1) x (9.1-)
13.4-13.8(-20.5) pm (Alves et al. 2004), and is distinguished from N.
phoenicum by the absence of conidial striations (Phillips et al. 2008).

Discussion

Botryosphaeria is a widespread genus comprising approximately
36 species (Kirk et al. 2008). The taxonomy of Botryosphaeria is very
confusing and the genus is in need of monographing. Several similar
genera have been moved and transferred to the genus Botryosphaeria
(Saccardo 1877, von Arx & Miiller 1975, Phillips et al. 2008). Recent
studies on Botryosphaeria have employed molecular methods to reveal
phylogenetic relationships among species (Jacobs & Rehner 1998) and
to help resolve species complexes (Smith et al. 1996, Denman et al.
2000, Alves et al. 2004, Slippers et al. 2004a, Slippers et al. 2004b,
Crous et al. 2006, Phillips et al. 2008 ). Molecular species concepts are
narrower than traditional morphology based taxa (Kirk et al. 2008). By
employing the molecular and traditional morphological approaches,
some genera have been emended and reinstated, and some new genera
were introduced, such as Barriopsis, Phaeobotryon and Neodeightonia
(Crous et al. 2006, Phillips et al. 2008, Abdollahzadeh et al. 2009).

Neodeightonia is a genus supported by molecular and morpho-
logical data (Phillips et al. 2008, Abdollahzadeh et al. 2009). Three spe-
cies were described in Neodeightonia,i.e. N. phoenicum, N. ramulicola
and N. subglobosa, while, N. ramulicola has been transferred to Dothi-
dotthia ramulicola (Barr 1989). The new data on morphology of the
teleomorph and anamorph, as reported in this paper, reveal further
distinctions from other genera in the Botryosphaeriaceae, namely the
hyaline; aseptate ascospores surrounded by a well developed sheath
and uniloculate ascomata. Our molecular data (Fig. 1) indicates that
the new taxon groups with N. phoenicum and N. subglobosa in a well
supported clade (97 %).

Palms continue to be a source of many new species (Frohlich &
Hyde 2000, Hyde et al. 2000, Taylor & Hyde 2003, Pinnoi et al. 2006,
Pinruan et al. 2007, Rungjindamai et al. 2008) and it is not surprising
that Neodeightonia palmicola has been found on the palms Arenga
westerhoutii and Caryota urens in Thailand. N. phoenicum was also
described from the palm Phoenix sp. while N. subglobosa was found on
a Bambusa species.
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