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Abstract

Microfungi associated with palm are a significant fungal group with a unique ecological niche and a broad distribution 
in tropical regions. Even though many fungal species have been reported from palm hosts, studies on fungi from Arenga 
tremula are considerably few. In this study, we isolated a saprobic Botryosphaeriaceae species on A. tremula, collected from 
Guangzhou, Guangdong Province, China. Morphological characteristics and phylogenetic analysis of the internal transcribed 
spacer (ITS), small subunit nuclear rRNA gene (SSU),part of the large subunit nuclear rRNA gene (LSU) and translation 
elongation factor 1−alpha gene (tef 1-α). Based on phylogenetic results and morphology we introduced Neodeightonia 
arengae sp. nov., with species description and illustrations. In addition, we provide a comparison of morphological characters 
of currently accepted Neodeightonia species. This is the first report of a Neodeightonia species associated with Arenga 
tremula and so represents an additional contribution to the knowledge of fungi associated with palm trees. 

Keywords: 1 new species, Botryosphaeriaceae, multi-gene, palm fungi, saprobic

Introduction

Palm fungi are one of the most diverse and largest groups of fungi. There are more than 1500 species previously 
described from palm trees representing almost all major fungal classes (Fröhlich & Hyde 2000, Taylor & Hyde 2003). 
Up until 2000, a diverse group of fungal species had been described from palm hosts. In total 794 ascomycetes species 
belonged to 79 families, 278 genera and 79 families had been introduced. (Hyde 1994, Htde & Cannon 1999, Fröhlich 
& Hyde 2000, Hyde et al. 2000, Taylor & Hyde 2003). Thereafter, several new genera and species have been described 
(Pinruan et al. 2010, Ligoxigakis et al. 2013). The consistent new discoveries indicate the potential identification of 
novel fungal taxa from palm trees due to their yet to be fully appreciated diversity. 
 Guangdong Province is one of the most populated cities with a subtropical climate (Gao et al. 2020). During 
the last decades, more than 70 varieties of palm plants from other provinces and abroad were introduced into the 
Guangdong Province. Palm trees are mostly used as a greening tree species, ornamental plants and garden plants 
or natural gardens in Guangdong Province. (Cai et al. 2007). According to the data from the National Specimen 
Information Infrastructure (NSII), 71 palm species in Guangdong Province have been identified. (http://www.nsii.
org.cn/2017/query.php?name=\u5e7f\u4e1c data retrieved on 23/5/2021), including Caryota mitis, C. ochlandra, and 
Rhapis gracilis. However, microfungi associated with these species have not yet been well studied or documented.
 Botryosphaeriaceae (Botryosphaeriales, Dothideomycetes) species are well-known plant pathogens, saprobes, 
and endophytes on a wide range of hosts worldwide (Phillips et al. 2013). Their ecological role varies with the host 
and geography (Slippers & Wingfield 2007, Phillips et al. 2013). Currently, there are 24 genera accepted in this 
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family including Neodeightonia (Garcia et al. 2021). Punithalingam (1969) described Neodeightonia subglobosa 
as the type species in Neodeightonia. However, Arx & Müller (1975) transferred N. subglobosa to Botryosphaeria, 
and Neodeightonia was synonymized under Botryosphaeria. Phillips et al. (2008) distinguished Neodeightonia 
from Botryosphaeria based on differences in morphology (the dark, one-septate ascospores) and phylogeny, then 
Neodeightonia was redefined as a separate genus and N. phoenicum was described as a new species. Currently, there 
are seven species accepted in the genus with accompanying molecular data (Konta et al. 2016, Jayasiri et al. 2019, Wu 
et al. 2021). Up until now, four Neodeightonia species have been recorded from palm and only two of these species 
have been reported as pathogens. Ligoxigakis et al. (2013) reported N. phoenicum causing palm rot in Greece and Liu 
et al. (2010) described N. palmicola on the palm Arenga westerhoutii from Thailand.
 In this study, a saprobic Neodeightonia species was isolated from Arenga tremula. The isolated taxa were identified 
as novel species based on both phylogeny and morphology. Morphological examinations showed that this palm fungus 
is different from the previously described species in Neodeightonia.

Materials & methods

Sample collection, Morphological observations, and isolation

A decaying leaf sample of the Arenga tremula was collected from the palm garden of the South China Botanical Garden 
in Guangzhou City, Guangdong Province, China on December 17, 2020. The sample was collected and photographed 
in the laboratory.
 Macro morphological characters of the fungi were observed using a Cnoptec SZ650 (China) series stereo microscope, 
and photographs were taken using the Nikon Eclipse 80i and the industrial DigitaL Sight DS-Fi1 (Panasonic, Japan) 
microscope imaging system. Fruiting bodies were cut into 30 µm thin sections by a freezing sliding microtome (Bio-
Key science and technology Co., LTD, LEICA CM1860, Germany) for photographing and measuring. Digital images 
of micromorphological structures were recorded with an Eclipse 80i photographic microscope (Nikon, Japan). Conidial 
length and width were measured for at least 40 spores and processed by TaroSoft® Image FrameWorks v0.9.7. The 
mean values were calculated along with standard deviations (SDs). Adobe Photoshop CS6 software (Adobe Systems 
Inc.) was used to develop images. Following Senanayake et al. (2020) single spore isolation was performed to obtain 
pure cultures. Germinated spores were transferred to potato dextrose agar (PDA) plates after 16 h in water agar (WA) 
at 25 ˚C. Cultures were incubated at 25˚C in natural light/dark for up to 7 days. Culture characteristics such as colony 
shape, and mycelium colour were determined and colony colour was assessed as previously described by Rayner 
(1970). All pure cultures obtained in this study were deposited in the culture collection of Zhongkai University of 
Agriculture and Engineering (ZHKUCC) in PDA slants at 4˚C. Herbarium materials were deposited in the herbarium 
of  Zhongkai University of Agriculture and Engineering (ZHKU).

DNA extraction and PCR amplification

Genomic DNA was extracted from fresh mycelium grown on PDA for four days using the Biospin Fungus Genomic 
DNA Extraction Kit (BioFlux®, Hangzhou, P.R. China). The ITS region was amplified using ITS4 and ITS5 primer 
pairs (White et al. 1990). The LSU region with LR0R and LR5 (Vilgalys & Hester 1990), the SSU with NS1 and NS4 
(White et al. 1990), and the tef 1-α gene with EF1-728F and EF1-986R (Carbone & Kohn 1999). The PCR reaction 
mixture contained 25 μL of total volume, which consisted of 12.5 μL 2×FastTaq Premix (mixture of FastTaq TM DNA 
Polymerase, buffer, dNTP Mixture, and stabilizer) (Beijing Qingke Biological Technology Co., Ltd., Beijing, P.R. 
China), 1 μL of each forward and reverse primers, 9.5 μL ddH2O and 1 μL DNA. PCR amplification was performed 
in BIO-RAD. Thermal cycler conditions for each primer pair is given in Table 1. The PCR products were checked on 
1% agarose electrophoresis gels stained with ethidium bromide under UV light using a Gel DocTM XR Molecular 
Imager (Bio-Rad, USA). The unpurified PCR products were sequenced by Tianyi Huiyuan Gene Technology Co., Ltd, 
China.
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TABLE 1. Gene regions, primer pairs and respective thermal cycler conditions used in this study.

Locus Primer Reaction condition (5’-3’) Amplification References

ITS ITS5: 5’-DDAAGTAAAAGTCGTAACAAGG-3’ (Forward) Initial denaturation at 94˚C for 3 min, followed by 

35 cycles consisting of denaturation at 94˚C for 30 s, 

annealing at 55˚C for 30 s and extension at 72˚C for 1 

min, and a final extension at 72˚C for 10 min

White et al. 
(1990)

ITS4: 5’-TCCTCCGCTTATTGATATGC-3’(Reverse)

LSU LR0R: 5’-ACCCGCTGAACTTAAGC-3’ (Forward) Initial denaturation at 94˚C for 3 min, followed by 

35 cycles consisting of denaturation at 94˚C for 30 s, 

annealing at 55˚C for 1 min and extension at 72˚C for 1 

min, and a final extension at 72˚C for 10 min

Vilgalys, & 
Hester. (1990)

LR5: 5’-TCCTGAGGGAAACTTCG-3’ (Reverse)

tef 1- α EF1-728F: 5’-CATCGAGAAGTTCGAGAAGG-3’ (Forward) Initial denaturation at 94˚C for 3 min, followed by 

35 cycles consisting of denaturation at 94˚C for 45 s, 

annealing at 55˚C for 1 min and extension at 72˚C for 1 

min, and a final extension at 72˚C for 10 min

Carbone & Kohn 
(1999)

EF1-986R: 5’-TACTTGAAGGAACCCTTACC-3’ (Reverse)

SSU NS1: 5’-GTAGTCATATGCTTGTCTC-3’ (Forward) Initial denaturation at 94˚C for 3 min, followed by 

35 cycles consisting of denaturation at 94˚C for 30 s, 

annealing at 55˚C for 30 s and extension at 72˚C for 1 

min, and a final extension at 72˚C for 10 min

White et al. 
(1990)

NS4: 5’-CTTCCGTCAATTCCTTTAAG-3’ (Reverse)

Phylogenetic analysis

The sequence quality was assured by checking chromatograms of resulted sequences using BioEdit v.7.0.5.2 (Hall 
1999). BioEdit v.7.0.5.2 was used to combine the sequences generated by the forward and reverse primers. Sequences 
obtained in this study were analyzed using the National Center for Biotechnology Information (NCBI) search engine 
BLASTn (https://blast.ncbi.nlm.nih.gov/Blast.cgi) for initial species confirmation. Based on blast results, reference 
sequences were obtained from GenBank following Konta et al (2016). and Jayasiri et al. (2019) (Table 2). Sequences 
obtained in this study were aligned with sequences downloaded from GenBank using MAFFT v. 7 at the webserver 
(http://mafft.cbrc.jp/alignment/server). The sequence sets of ITS, LSU, SSU, and tef 1-α were combined by BioEdit 
v.7.0.5.2 (Hall 1999). Using Alignment Transformation Environment online (https://sing.ei.uvigo.es/ALTER/) files 
were converted to run phylogenetic trees. Phylogenetic analyses were conducted using maximum likelihood (ML) 
inferred in RAxML v. 8.2.12 (Stamatakis 2014), maximum parsimony (MP) implied on PAUP v. 4.0b10 (Swofford 
2003), and Bayesian analysis on MrBayes v. 3.1.2 (Huelsenbeck & Ronqvist 2001).
 Maximum parsimony analysis was performed in PAUP (phylogenetic analysis using parsimony) v.4.0b10 
(Swofford 2003) using the heuristic search option with tree bisection-reconnection (TBR) branch swapping and 1000 
random sequence additions. Ambiguous regions in the alignment were excluded, and gaps were treated as missing 
data. The stability of the trees was evaluated by 1000 bootstrap replications. Branches of zero length were collapsed 
and all multiple parsimonious trees were saved. Descriptive statistics including tree length (TL), consistency index 
(CI), retention index (RI), relative consistency index (RC), and homoplasy index (HI) were calculated.
 The best evolution model was determined by MrModeltest v. 2.2 for each gene. Maximum likelihood analyses 
were accomplished using RAxML-HPC2 on XSEDE v. 8.2.8 (Stamatakis et al. 2008, Stamatakis 2014) in the CIPRES 
Science Gateway platform (Miller et al. 2010) using the GTR+I+G model of evolution with 1000 non-parametric 
bootstrapping iterations. MrBayes v.3.0b4 was (Huelsenbeck & Ronqvist 2001) used for the Bayesian analyses. The 
Markov Chain Monte Carlo sampling (BMCMC) analysis was conducted with four simultaneous Markov chains. They 
were run for 1,000,000 generations: sampling the trees at every 100th generation. From the 10,000 trees obtained, 
the first 2,000 representing the burn-in phase were discarded. The remaining 8,000 trees were used for calculating 
posterior probabilities in the majority rule consensus tree. Taxonomic novelties were submitted to the Faces of Fungi 
database (Jayasiri et al. 2015) and Index Fungorum (http://www.indexfungorum.org). All sequences derived from this 
study are deposited in GenBank (Table 2).
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TABLE 2. GenBank accession numbers of the sequences used in phylogenetic analyses. All type strains are bold. The newly 
generated sequences are indicated in red.

Species Taxon
Culture Collection 
number

GenBank accession number

ITS LSU SSU tef 1-α

Alanphillipsia aloeicola CBS 138896 KP004444 KP004472 - -

Alanphillipsia aloeigena CBS 136408 KF777137 KF777193 - -

Alanphillipsia aloes CBS 136410 KF777138 KF777194 - -

Alanphillipsia aloetica CBS 136409 KF777139 KF777195 - -

Alanphillipsia euphorbiae CBS 136411 KF777140 KF777196 - -

Neodeightonia arengae ZHKUCC 21-0074 MZ647513 MZ647497 MZ647509 MZ669855

Neodeightonia arengae ZHKUCC 21-0075 MZ647514 MZ647498 MZ647510 MZ669856

Neodeightonia arengae ZHKUCC 21-0076 MZ647515 MZ647499 MZ647511 MZ669857

Neodeightonia licuriensis COAD1780 KP165429 - - KP165430

Neodeightonia microspora MFLUCC 11-0483 KU940110 KU863099 - -

Neodeightonia palmicola MFLUCC 10-0822 HQ199221 HQ199222 HQ199223 -

Neodeightonia planchoniae MFLUCC 17-2427 MK347755 MK347972 MK347861 -

Neodeightonia phoenicum CBS 122528 KF766198 EU673261 KF766285 EU673309

Neodeightonia rattanica MFLUCC 15-0313 KX646358 KX646353 - KX646361

Neodeightonia rattanicola MFLUCC 15-0319 KX646359 KX646354 KX646358 KX646362

Neodeightonia subglobosa CBS 448.91 KF766199 DQ377866 KF766286 EU673306

Phaeobotryon aplosporum CFCC 53774 MN215836 MN215871 - MN205996

Phaeobotryon cupressi CBS 124700 FJ919672 KX464538 - FJ919661

Phaeobotryon mamane CBS 122980 EU673332 EU673248 - EU673298

Phaeobotryon rhoinum CFCC 52450 MH133924 MH133941 - MH133958

Phaeobotryon rhois CFCC 89662 KM030584 KM030591 - KM030598

Phaeobotryon ulmi CBS 123.30 KX464232 DQ377861 - KX464766

Phaeobotryon negundinis MFLUCC 15-0436 KU820970 NG_069332.1 - KU853997

Sphaeropsis chromolaenicola MFLUCC 17-1499 MT214366 MT214460 MT214412 -

Sphaeropsis citrigena ICMP 16812 EU673328 EU673246 EU673180 EU673294

Sphaeropsis eucalypticola CBS 133993 JX646802 JX646819 JX646835 -

Sphaeropsis porosa CBS 110496 AY343379 DQ377894 EU673179 AY343340

Sphaeropsis visci CBS 100163 EU673324 EU754215 EU754116 EU673292

Abbreviations of culture and herbarium collections: CBS, Centraalbureau voor Schimmelcultures, The Netherlands; MFLUCC, Mae 
Fah Luang University Culture Collection, Chiang Rai, Thailand; CFCC, China Forestry Culture Collection Centre; ICMP, International 
Collection of Microorganisms from Plants, Landcare Research, New Zealand; ZHKUCC, Zhongkai University of Agriculture and 
Engineering Culture Collection.
ITS: the internal transcribed spacer, LSU: large subunit nuclear rRNA gene, SSU: small subunit nuclear rRNA, tef 1-α: translation 
elongation factor 1-alpha.
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Results

Phylogenetic analysis of Neodeightonia species and other related taxa in Botryosphaeriaceae

Phylogenetic trees were generated by ML, MP, and Bayesian analyses of combined ITS (589 bp), LSU (998 bp), SSU 
(1054 bp), and tef 1-α (319 bp) sequence data. The tree topologies generated by these three methods were similar and 
the best scoring MP tree is shown in FIGURE 1. The sequence alignment comprised 29 taxa of representative strains 
of Botryosphaeriaceae, including three different isolates obtained in this study. Sphaeropsis species were used as the 
outgroup taxa. Maximum parsimony analysis consisted of 1,342 constant characters and 208 informative characters 
resulting in 545 equally parsimonious trees (FIGURE 1) (CI = 0.694, RI= 0.846, RC = 0.587, HI = 0.306). The best 
scoring ML tree had an optimization likelihood value of -5345.279103. The matrix had 379 distinct alignment patterns 
with a 13.16% proportion of gaps and completely undetermined characters. Estimated base frequencies were as follows: 
A = 0.228596, C = 0.259861, G = 0.290292, T = 0.221251; substitution rates: AC = 0.979993, AG = 2.226357, AT 
= 0.422697, CG = 1.473656, CT = 4.848545, GT = 1.000000; gamma distribution shape parameter α = 0.078161. 
Incomplete portions at the ends of the sequences were excluded from the analysis. Three single spore isolates from this 
study clustered within the Neodeightonia clade which forms a sister clade to Alanphillipsia in Botryosphaeriaceae. 
Our isolates developed a sister clade to N. palmicola with high bootstrap support (75% ML, 78% MP, 1.00 BYPP). 
Based on the phylogenetic evidence and morphology, here we describe a novel Neodeightonia species following the 
recent species delineation guidelines given in Chethana et al. (2021) and Pem et al. (2021). 

FIGURE 1. Maximum parsimony tree derived from analysis of a combined ITS, LSU, SSU, and tef 1-α sequence dataset. Bootstrap 
support values for maximum parsimony (MP) greater than 75% and maximum likelihood (ML) greater than 75% and Bayesian posterior 
probabilities (BYPP) greater than 0.95 are given at the nodes. Five Sphaeropsis taxa are used as the outgroup. Strain numbers are given 
after the species names. The new species identified are highlighted in red. Ex-type strains are in bold.
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FIGURE 2.  Neodeightonia arengae (ZHKU 21-0095  Holotype): a. Specimen observed. b–c. Conidiomata. d, e Peridium. f. 
Conidiogenous cells. g–j. conidia. k. germinating conidia. l. The front of culture on PDA at 25℃. m. The reverse of culture on PDA at 
25℃. Scale bars: b, c = 300 µm, d = 100 µm, e = 30 µm, f = 15 µm, g–j, k = 10 µm. 
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Taxonomy

Neodeightonia arengae Y.R. Xiong, Manawas., K.D. Hyde & Z.Y. Dong, sp. nov. (FIGURE 2)
 Index Fungorum number: IF558659
 Facesoffungi number: FoF 10227 
 Etymology: Epithet refers to the host genus from which the fungus was isolated
 Holotype: ZHKU 21-0095
 Saprobic on leaf of Arenga tremula (Arecaceae). Sexual morph: not observed. Asexual morph: Conidiomata 
200–330 µm length × 140–190 µm diam. (x =250 × 160 µm, n=10), pycnidial, semi-immersed, solitary, globose, 
unilocular, black dots, a crack on the surface of the host where the conidiomata is located. Peridium 20–30 µm  
(x =21 µm, n=5), composed of thick-walled, brown-black cells of textura angularis, thin inner wall, almost reduced to 
conidiogenesis region. Conidiophores reduced to conidogenous cells. Conidiogenous cells hyaline, holoblastic, rough. 
Conidia 10–30 µm × 10–15 µm (x =21 × 11 µm, n=40), hyaline, subglobose to ellipsoid, aseptate, granular content, 
one to two large guttules, broadly rounded at both ends, thin-wall without mucilaginous.
 Culture characters: colonies on PDA reach 7 cm diam. at 28˚C after five days. Upper view wrinkled, filamentous, 
entire margin, flat, cloudy, fluffy for aerial hyphae, become gray-black with time, dense for aerial hyphae, reverse 
becomes black.
 Material examined: CHINA. South China Botanical Garden, Guangzhou, Guangdong Province, dead leaves of 
Arenga tremula (Blanco) Becc., 17 December 2020, Yinru Xiong, (holotype ZHKU 21-0095), living cultures ZHKUCC 
21-0074 ex-holotype; ZHKUCC 21-0075, ZHKUCC 21-0076 ex-Paratype.
 Notes: Three isolates in the present study clustered together with the Neodeightonia species. The taxa from 
this study form two sister clades to N. palmicola (MFLUCC 10-0822) and N. planchoniae (MFLUCC 17-2427). 
Neodeightonia planchoniae is a sexual morph and it was characterized by sheaths around the ascospores, while N. 
arenge is an asexual morph and there was no sheath observed around the conidia. Neodeightonia arengae differs from 
N. palmicola conidia by the absence of the truncate base, while N. palmicola conidia sometimes appeared truncate at 
the base (Table 3). Neodeightonia arengae has one or two large guttules in conidia, while the conidia of N. palmicola 
lack guttules (Liu et al. 2010). The conidia of N. arengae have one morphological stage, hyaline, and aseptate, while 
the conidia of N. palmicola have two morphological stages initially hyaline. With age, conidia become cinnamon to 
sepia, forming one septum. Based on these polyphasic approaches we identified our isolates as novel Neodeightonia 
species. 

Discussion

Palms are one of the most widely planted trees worldwide (Sayan 2001). They are monocot plants that comprise over 
181 genera and about 2,600 species (Christenhusz & Byng 2016). In a simple search on the USDA plant and fungal 
database (https://nt.ars-grin.gov/fungaldatabases/), a dazzling array of palm plants and fungal associations can be 
observed (Farr & Rosaman 2021). However, fungi on the Arenga tremula have not been well documented (Farr & 
Rosaman 2021). Additionally, there are no records on Botryosphaeriaceae species on A. tremula arengae and so the 
novel taxon described in this study is the first of such species to be reported on Arenga tremula.
 Botryosphaeriaceae is a well-established family with opportunistic fungal pathogens (Phillips et al. 2013). 
Thus, the identification and characterization of species belonging to this family have both ecological and economic 
importance. The updated taxonomic treatments of this family are given in Hongsanan et al. (2020) and Zhang et al. 
(2021). The sexual morph of Neodeightonia is characterized by hyaline, aseptate ascospores, with polar apiculi and 
surrounded by a mucilaginous sheath (Liu et al. 2012). The asexual morph is characterized by conidia that are initially 
hyaline that may become brown and 1-septate upon maturity, with smooth to finely roughened walls or with fine 
striations (Phillips et al. 2008, Liu et al. 2012, Phillips et al. 2013, Dai et al. 2016, Konta et al. 2016). Based on these 
morphological characteristics and combined with phylogenetic analysis, seven Neodeightonia species are currently 
accepted (Phillips et al. 2008, Liu et al. 2010, Dai et al. 2016, Konta et al. 2016, Jayasiri et al. 2019).
 Although the sexual morph of Neodeightonia subglobosa (type species) has been reported in cultures (Punithalingam 
1969), we could not observe the sexual morph of Neodeightonia arengae after two months of incubation on PDA at 
25˚C. The only pathogenicity record on this genus is palm rot caused by N. phoenicum (Ligoxigakis et al. 2013). 
However, in this study, we isolated a species from dead leaf materials. Therefore, whether this novel species is the main 
pathogen of the diseased host previously described remains to be studied.
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