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บทคดัย่อ 
 

“ป่าชายเลนครอบคลุมพื้นท่ีชายฝ่ัง 1 ใน 4 ของโลก และเป็นระบบนิเวศท่ีถูกคุกคามมากท่ีสุดใน
ปัจจุบนั” ซ่ึงจากขอ้มูลน้ี ถูกน ามาเป็นท่ีมาของขอ้มูลพื้นฐานของการศึกษาวิจยัในปัจจุบนั และความส าคญั
ด้านการพฒันาป่าชายเลนเพิ่มมากข้ึน รายงานฉบบัสมบูรณ์น้ี เป็นส่วนหน่ึงของโครงการเร่ือง "ความ
หลากหลายทางชีวภาพ วงศว์านวิวฒันาการ และบทบาทของราเอนโดไฟตบ์น Rhizophora apiculata และ 
Nypa fruticans " ไดน้ าเสนอและสรุปผลการวิจยัของโครงการในระยะเวลา 3 ปี ตั้งแต่วนัท่ี 16 มิถุนายน 
พ.ศ. 2560 ถึง 15 มิถุนายน 2562 การศึกษาวิจยัน้ี ไดศึ้กษาทางดา้นความหลากหลายทางชีวภาพ วงศว์าน
วิวฒันาการของเช้ือราระดบัโมเลกุล และบทบาทของเช้ือราเอนโดไฟต์ บนพืช Rhizophora apiculata และ 
Nypa fruticans ในป่าชายเลน ประเทศไทย คณะวิจยัไดท้  าการออกพื้นท่ีเพื่อเก็บตวัอย่าง บริเวณป่าชายเลน
ของแต่ละจงัหวดัในประเทศไทย ไดแ้ก่ จนัทบุรี, ระยอง, ตราด,  เพชรบุรี, ภูเก็ต, ประจวบคีรีขนัธ์, กระบ่ี, 
สมุทรสงคราม และ สมุทรสาคร ซ่ึงสามารถพบลกัษณะของเช้ือราไดท้ั้งในลกัษณะเช้ือรายอ่ยสลาย, เช้ือรา
สาเหตุโรคพืช และเช้ือราแฝง ซ่ึงในช่วงของการด าเนินการการศึกษาวิจยัในช่วงสามปี ไดท้ าการเกบ็ตวัอยา่ง
เช้ือรา จ านวนมากกว่า 200 ตวัอย่าง จากพืช Rhizophora apiculata และ Nypa fruticans ในป่าชายเลน และ
ตวัอยา่งทั้งหมดไดท้ าการศึกษา ณ มหาวิทยาลยัแม่ฟ้าหลวง เพื่อศึกษาลกัษณะของเช้ือรา รวมทั้งการแยกเช้ือ
รา และตวัอยา่งเช้ือราดงักล่าวไดเ้ก็บรักษาและฝากใน Herbarium-MFLU มหาวิทยาลยัแม่ฟ้าหลวง และเส้น
ใยของเช้ือราฝากไวก้บั MFLUCC มหาวิทยาลยัแม่ฟ้าหลวง และศูนยพ์นัธุวิศวกรรมและเทคโนโลยชีีวภาพ
แห่งชาติ (BIOTEC) และประมาณมากกว่า 100 ตวัอยา่งไดส่้งไปยงัประเทศจีนเพื่อการสกดัดีเอน็เอและการ
วิเคราะห์ทางดา้นชีวโมเลกุล เพื่อหาความสัมพนัธ์ของสายวิวฒันาการในระดบัท่ีแตกต่างกนั โดยใชก้ารจดั
หมวดหมู่บนพื้นฐานของขอ้มูลล าดบัดีเอ็นเอ และสัณฐานวิทยา เพื่อเป็นผลการวิจยัในการเผยแพร่ และ
ในช่วงระยะเวลาสามปีของการด าเนินโครงการวิจยั ทางคณะผูว้ิจยัไดน้ าขอ้มูลผลงานบางส่วนไปน าเสนอ
ในการประชุมวิชาการระดับนานาชา ติ  15th International Marine and Freshwater Mycology 

Symposium (IMFMS) คร้ังท่ี 15 ท่ี มณฑลเซียะเหมิน, ประเทศจีน อีกทั้งผลการวิจยัจากโครงการไดมี้การ
ตีพิมพง์านวิจยัในวารสารระดบันานาชาติ จ านวน 38 ฉบบั และอีก 3 ฉบบั ท่ีอยู่ในกระบวนการเรียบเรียง
เพื่อตีพิมพเ์ผยแพร่ขอ้มูล โดยไดร้ะบุงานวิจยัทั้งหมดไดรั้บการสนบัสนุน โดยส านกังานกองทุนสนบัสนุน
การวิจยั(สกว.) และมหาวิทยาลยัแม่ฟ้าหลวง เลขท่ีสัญญา RSA5980068 โครงการเร่ือง ความหลากหลายทาง
ชีวภาพ วงศว์านวิวฒันาการ และบทบาทของราเอนโดไฟตบ์น Rhizophora apiculata และ Nypa fruticans " 
ทุนการศึกษาวิจยัน้ียงัเป็นส่วนหน่ึงของการศึกษาของ นักศึกษาปริญญาเอก จ านวน 2 คน ท่ีได้ร่วมท า
โครงการ ซ่ึงโครงการจะด าเนินต่อไปในอีก 6-12 เดือนขา้งหน้า หรือจนกว่านักศึกษาจะจบการศึกษา 
อย่างไรก็ตาม จากขอ้มูลทั้ งหมดวตัถุประสงค์ของโครงการได้ด าเนินการครบตามวตัถุประสงค์ของ
การศึกษา และไดด้ าเนินการตามเป้าหมาย 
 



ABSTRACT 

 

Mangroves cover a quarter of the world’s coastlines and are one of the most threatened 

ecosystems. Recent studies on mangrove fungi have provided information on frequency of 

occurrence, and host-substratum specificity. However, our lack of knowledge is pronounced 

for specific fungal populations, such as those on the aerial parts of the mangrove trees. Our 

study focused on the biodiversity, phylogeny and role of fungal endophytes on above parts of 

Rhizophora apiculata and Nypa fruticans. By selecting two hosts and accurately accessing the 

entire biodiversity of endophytes, saprobes and pathogens present, we have examined several 

important hypotheses with findings resulting in high impact publications. The duration of our 

study was three years. Within the first two and a half years, we collected specimens near 

coastlines in southern Thailand, and obtained about two hundred isolates, with outcomes of 

identified taxa and a number of relevant publications. We published a new endophytic fungus 

from Rhizophora apiculata and a saprobic fungus from the aerial part of the same, 

Neopestalotiopsis alpapicalis and Rhytidhysteron mangrovei, respectively. In particular, we 

deposited and published many fungal taxa from these two hosts. The pure cultures are kept at 

Mae Fah Luang Culture Collection (MFLUCC) and herbarium specimens are deposited at 

MFLU (Herbarium of Mae Fah Luang University) at Centre of Excellence in Fungal Research, 

Mae Fah Luang University. Along with these, 41 publications with the authors acknowledging 

the Thailand Research Fund (TRF) grant no RSA5980068 entitled Biodiversity, phylogeny and 

role of fungal endophytes on aerial parts of Rhizophora apiculata and Nypa fruticans have been 

published or submitted to top tier publications in Mycology and Plant Science journals. Our 

data regarding to evolutionary analyses and new taxa was presented at the 15th International 

Marine and Freshwater Mycology Symposium (IMFMS), Xiamen, China. With the help of the 

grant we managed to answer various hypotheses, such as using ITS sequence data to identify 

fungal endophytes from Rhizophora apiculata, showed that some groups of fungi may have 

jumped hosts and even to new ecosystems and provided divergence time estimations for the 

marine fungal groups. These results provide additional insights into the fungal community and 

their roles in the above parts as pathogens, saprobes or endophytes on Rhizophora apiculata 

and Nypa fruticans. 

 



EXCUTIVE SUMMARY 

 

The project involved investigating the fungi from Rhizophora apiculata and Nypa 

fruticans to answer several hypotheses pertaining to their life cycles. In the first two and a half 

years, we have collected specimens near coastlines in southern Thailand, and obtained about 

two hundred isolates, with outcomes of identified taxa and a number of relevant publications. 

In the last six months, we continued to write up papers and deposited data to herbaria. New 

taxa isolated from the two mangrove host plants were described and documented: a new 

endophyte Neopestalotiopsis alpapicalis was isolated from healthy leaves of Rhizophora 

apiculata, and a new species Rhytidhysteron mangrovei was discovered (see from Appendix 

X, published papers 2019_06, 2019_07). In addition, an asexual fungus Savoryella nypae was 

recognized, and a pleosporalean family Striatiguttulaceae that accommodates fungi isolated 

from rachides or petioles of Nypa fruticans, was established based on morphology and 

evolutionary phylogenetic analysis (see from Appendix X, published paper 2019_11 and 

submitted papers). Several new taxa have also been identified and written up as papers (see 

from Appendix X, published papers 2019_01, 2019_03, 2019_08). Here we would like to 

provide the final report for this project, which contains the work of the past six months as 

mentioned above, and our answers corresponding to research objectives, as well as our 

outcomes, especially those related publications. 

Herein we are also answer various hypotheses that have been raised in this grant. In our 

case study of using ITS sequence data to identify fungal endophytes from Rhizophora 

apiculata, we showed that there may be 75% or more new species from a single host in 

Thailand. During the survey of fungal diversity of aerial parts of Rhizophora apiculata and 

Nypa fruticans, we found some groups of fungi may have jumped hosts even to new ecosystems 

and speciation occurred. For example, Acuminatispora palmarum was found from Nypa 

fruticans and Phoenix paludosa, while Fasciatispora nypae has been considered as host-

specific for mangrove palm Nypa fruticans, but a new Fasciatispora sp. resembles 

Fasciatispora nypae, was found from a Cocos nucifera near mangroves. Cryptic species from 

these two hosts were also found to exist. Based on the sequence data, we found some species 

may occupy more than one life mode. For example, Lasiodiplodia theobromae and 

Pestalotiopsis have been found with saprobic and pathogenic life modes, Colletotrichum sp. 

and Phomopsis sp. have been isolated from healthy leaves as endophytes, and also been isolated 

from leaves with lesions. We hypothesised that mangrove fungi are slowly evolving as 

compared to those on host crops and that the fungi on mangroves are basal. We found some 

lineages comprising traditional mangrove or aquatic fungi, that are basal based in our 

evolutionary phylogenetic analysis. For example, Savoryellaceae, which diverged from 

ancestral Sordariomycetes, was ranked as a subclass Savoryellomycetidae around 213 MYA 

(198–303). However, there are also some exceptions. The family Striguttulaceae belonging to 

Dothideomycetes comprised taxa isolated from aerial parts of mangrove hosts, diversified 

approximately 60 (35–91) MYA. Based on our research, there is not enough evidence to prove 

the hypothesis about mangrove fungi evolving slowly.  

The three years’ research resulted in 41 publications (38 published and three submitted) 

with the authors acknowledging Thailand Research Fund (TRF) grant no RSA5980068 entitled 



Biodiversity, phylogeny and role of fungal endophytes on aerial parts of Rhizophora apiculata 

and Nypa fruticans. Those research papers published in international academic journals that 

thank this grant are listed in Appendix X. Our data regarding to evolutionary analyses and new 

taxa were presented at the 15th International Marine and Freshwater Mycology Symposium 

(IMFMS), Xiamen, China (see from Appendix X). Two PhD students were trained as a result 

of this grant and will complete their PhDs within 12 months and publish several more papers 

acknowledging this grant. Our results have achieved the research objectives of the project, 

which include 

 

• To establish the biodiversity of fungi on the aerial parts of two mangrove species. 

We collected samples from Cha-am, Chanthaburi, Krabi, Phang-Nga, Phetchaburi, 

Phuket, Prachuap Khiri Khan, Ranong and Samut Songkhram, Trat, the provinces in 

Thailand. The isolates and sequenced strains are listed in Appendix II (Tables 1, 2).  

• To establish the percentage of new species as compared to known species and to describe 

all new species. 

We did a case study of isolate fungal endophytes from Rhizophora apiculata in 

Thailand. One hundred and fifty-four isolates were obtained, and the results from Blast 

searches and ITS phylogeny revealed 15 genera and one unidentified genus. Twenty-five 

of the 30 isolates could not be identified and thus an estimated 20 isolates are likely to be 

new species and one a new genus. This is remarkable, as endophytes of a single host in 

Thailand, may yield 75% or more of new species (as mentioned in published paper 

2017_04). We also studied morphology and phylogeny of fungi that were isolated from 

leaves, rachides and petioles from the two mangrove host plants, and discovered a number 

of new species. The photo plates, descriptions, as well as phylogenetic trees are listed in 

Appendix III (Figures 1–37, Tables 3–10). 

• To identify endophytic isolates and establish their phylogenetic relationships at different 

taxonomic levels based on DNA sequence data. 

Endophytic fungi are widely distributed in mangrove ecosystems and are integral 

contributors to global biodiversity. We recognized a new endophytic species N. alpapicalis, 

and a combined dataset of ITS, β-tublin and TEF1 genes was used to infer the phylogenetic 

placement of the new species (as mentioned in Appendix IV, 38–42). 

• To prepare herbarium material of all collections for future reference. 

The strains isolated in this project were deposited in Mae Fah Luang University 

Culture Collection (MFLUCC) and Guizhou Culture Collection (GZCC). Herbarium 

specimens were deposited at the herbaria of Mae Fah Luang University (MFLU), Chiang 

Rai, Thailand and Biotec Bangkok Herbarium (BBH), Bangkok, Thailand, and Kunming 

Institute of Botany Academia Sinica (KUN), Kunming, China. The herbarium material 

deposit information was listed in Appendix V (Table 11). 

• To sequence appropriate genes of phylogenetically well-studied genera to identify cryptic 

species within species complex. 

Sequence similarity comparison and phylogenetic analysis of the ITS regions were 

used to identify taxa, especially the cryptic species within species complex. We found that 

ITS sequence data is reliable to assign isolates at the generic rank, and can be useful to 



identify taxa to species level in a small number of fungal genera. For example, in the case 

of pestaloid fungi we found that all species were new to science (we have written up one 

paper and already submitted to journal). It cannot generally be used to determine specific 

species in most genera. We mentioned in Appendix VI (Table 12, 13, 14; Figures 43–46) 

and the published paper 2017_04. 

• To investigate evolutionary relationships of unidentified endophytes, poorly studied genera 

and new species based on a polyphasic approach. 

The taxonomic ranking of fungi at higher levels (class, subclass, order, family, 

genus) has always been contentious and prone to subjectivity, and the estimation of 

divergence times using molecular clock methods have been used as objective evidence for 

higher ranking of taxa. A series papers were published which carried out evolutionary 

phylogenetic analysis. As mentioned in Appendix VII (Table 15; Figures 47–51), and the 

published papers in Appendix X: 2017_05, 2017_07, 2017_08, 2019_01, 2019_09, 

2019_11. 

• To establish if any species occupy more than one life mode (e.g. saprobic, endophytic, 

pathogenic). 

Sequence-based analyses have shown that a specific group of endophytic strains 

can act as saprotrophs in the laboratory or in the terrestrial environment. In general, leaf 

decomposition is a process taking several months where succession of different groups of 

decomposers occurs, endophytes are considered within the group of primary decomposers. 

However, fungal endophytes can have a significant effect on leaf decomposition, whether 

participating in it or not. Based on the sequences data, we found some species may occupy 

more than one life mode. From Appendix VIII (Table 16), we can see that Lasiodiplodia 

theobromae and Pestalotiopsis sp. present saprobic and pathogenic life modes, while 

Colletotrichum sp. and Phomopsis sp. have been isolate from health leaves as endophyte, 

and also been isolated from leaves with lesions. 

• To obtain cultures of accurately identified mangrove taxa for novel medicinal compound 

discovery research and future phylogenetic studies. 

Fungi can produce medically significant metabolites or can be induced to produce 

such metabolites using biotechnology. Fungi derived from marine sources, such as 

mangroves, are considered to represent a huge reservoir of secondary metabolites, many of 

which are biologically active and are produced e.g. by multifunctional enzyme complexes 

such as polyketide synthases (PKS) and non-ribosomal peptide synthetases (NRPS). 

Marine (mangrove) fungi are highly potent producers of bioactive substances with 

antifungal, antibacterial, antiviral, cytotoxic and immunosuppressive activity. The various 

biological activities make them a valuable source for pharmaceutical applications. In this 

study, all the obtained cultures were deposited in culture collection, and could be used for 

novel medicinal compound discovery research and future phylogenetic studies. Appendix 

IX (Figures 52–55). 
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RESEARCH CONTENTS 

 

ความหลากหลายทางชีวภาพ วงศ์วานววิฒันาการ และบทบาทของราเอนโดไฟต์บน  

Rhizophora apiculata และ Nypa fruticans  

(Biodiversity, phylogeny and role of fungal endophytes on above parts of  

Rhizophora apiculata and Nypa fruticans) 

 

Introduction to the research problem and its significance: 

Biodiversity and fungal species numbers 

Fungi are thought to be the second most diverse organisms on earth (behind insects) with 

approximately 3.8 million species being the generally accepted figure. However, it is thought 

that only 15% of fungi are presently known. The fungi occurring in intertidal habitats of 

mangroves have been relatively well-researched (especially by the co-investigators), are 

specialized salt tolerant species, and there are thought to be more than 300 intertidal species in 

Malaysia alone. The fungi in the aerial parts of mangroves (i.e. aerial in this document mean 

plant parts that are never inundated by saline waters) are poorly known worldwide. In this study 

we will therefore investigate the biodiversity of aerial fungi of two mangrove tree species, 

based on fresh collection of saprobes and pathogens, and isolation of endophytes and fungi that 

cause dieback and cankers. The ability to accurately identify fungi has advanced significantly 

with the use of molecular data. Previously, mycologists identified species based on morphology 

and naming of species was very much subjective and, in most cases, involved clumping species 

in morphological similar species, now known as species complexes. It is now possible to 

identify genera and species, including cryptic species, by DNA sequence analyses of single 

spore isolates of the taxa collected. Sequence data can also directly be obtained from the fungi, 

especially from basidiomycetes; with microfungi it is more difficult but is possible if enough 

material is available. As long as one is aware that GenBank sequences are mostly wrongly 

named (e.g. 86% wrongly named Colletotrichum gloeosporioides), and that analyses must 

therefore use DNA sequence data from type strains, it is relatively easy to identify species in 

the better studied and important genera. Genera and or groups (Bipolaris, Botryosphaeriaceae, 

Curvularia, Colletotrichum, Diaporthe, Fusarium, Pestalotiopsis, Phomopsis and 

Xylariaceae) that would be common in the mangrove hosts are now relatively well-studied at 

the molecular level. The mangrove hosts should therefore contain cryptic species if fungal 

estimates are correct. Therefore, by studying two trees in a poorly studied habitat we can 

establish whether previous estimates of fungal diversity are realistic. If as estimated, only 15% 

of the fungi are known, then we should discover at least 85% of new species in the aerial parts 

of the two trees under investigation. If we find a much lower percentage of new species, then 

we can suggest that fungal estimates are too high.  

 

Phylogeny and Evolution  

With the use of molecular data, important pathogenic genera have been shown to 

comprise several species complexes that comprise cryptic species. This is particularly true in 
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general crops, fruit orchards and forest plantations, which are planted in large areas in single 

variety plantations. It is important that the fungi evolve rapidly so that they infect and rapidly 

colonize these newly planted areas which occupy large land areas and are nutritious habitats 

for the fungal growth and reproduction. Fungi have therefore probably rapidly evolved to 

occupy these new ecological niches or have jumped hosts to become serious pests. Mangroves 

on the other hand have been around for millennia, with Nypa fruticans being a very ancient 

plant, and therefore there are likely to be less selective pressures for species evolution. We 

would therefore expect to find fewer cryptic species in the various species complexes found in 

mangrove hosts and the species resolved should be basal in the species complexes. There may 

also be novel species outside the various species complexes that are only found on these unique 

mangrove hosts. Our findings will provide evidence as to whether mangrove fungi are slowly 

evolving as compared to those on host crops and indicate if the fungi on mangroves are basal. 

In addition, it is highly likely that a number of endophytes isolated will exist as “mycelia 

sterilia” and therefore cultural studies alone will be insufficient to identify them. DNA based 

phylogenies will unravel their evolutionary relationships and indicate whether these 

endophytes represent a unique or diverse lineage as well as help in their identification.  

 

Role of endophytes  

Microfungi are a heterogeneous group of micro-organisms that have diverse lifestyles. 

The type of association established with their host plant represents a major life history strategy 

that differs greatly among species and may be saprotrophism, parasitism and/or endophytism, 

or some other less common association, such as being predatory. However, these life strategies 

are not fixed, and it has been shown that certain fungi may switch from being endophytes to 

pathogens or saprobes. In this study we will therefore 2) compare the “terrestrial” endophytes 

and saprobes of two mangrove tree hosts, as well as the pathogens causing twig dieback, 

cankers and tree death. In this way we will establish if the species which are endophytes are 

also able to become saprobes on dead canopy wood, and/or cause tree disease.  

In this study we will use morphology combined with sequence data to identify aerial 

species in two mangrove trees. All new species can be described, and the percentage of new 

species can be used to increase our understanding of fungal numbers. Cryptic species will be 

resolved using molecular data to establish if speciation is occurring more rapidly in crops than 

in the relatively unaltered mangrove hosts. We will also establish whether the same species are 

capable of being saprobes, endophytes and/or pathogens.  Literature review: Fungal 

Biodiversity Accurate details of the numbers of organisms worldwide are important because 

only then can we gauge what biodiversity is being lost as result of habitat. 

 

Literature review 

Fungal Biodiversity 

Accurate details of the numbers of organisms worldwide are important because only then 

can we gauge what biodiversity is being lost as result of habitat loss, global warming and other 

changes in our environment. Without such figures we would have no idea whether humans are 

moving towards sustainable living. In the case of fungi, knowledge of numbers is of particular 

importance because fungi are nutrient recyclers and an integral part of all food chains 

(Kendrick 2003). They are economically important plant pathogens and are important 
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biosecurity organisms (KoKo et al. 2011a; Wang et al. 2012), and yet they also have untapped 

potential in discovering new food sources (Klomklung et al. 2012), novel medicinal 

compounds (Aly et al. 2011; Debbab et al. 2012; De Silva et al. 2012a.b) and biofertilizers 

(Kaewchai et al 2009). Fungi are the most diverse organisms on earth, second to insects with 

approximately 1.5 million species being the generally accepted figure (Hyde, 2001). Only 15% 

of fungi are probably presently known (Hyde 2001). It is therefore important that research is 

directed towards establishing fungal numbers worldwide (Hyde 2001). 

The fungi of the tropics are less well known than those or temperate region and it is 

expected that studies would results in numerous new species being discovered (Hyde 2001). 

Therefore if any new habitat in a tropical country is studied one would expect to discover 

novelty. This novelty then has potential to be exploited in various biotechnological applications 

(Aly et al. 2011; Jeewon et al. 2013). The fungi occurring in intertidal habitats of mangroves 

have been relatively well-researched in Malaysia and Brunei (especially by the co-investigators 

– e.g Hyde et al. 1999; Hyde and Alias 2000; Pang et al. 2010; Alias et al. 2010); these are 

specialized salt tolerant species, and there are thought to be more than 300 intertidal species in 

Malaysia alone (Alias et al 2010). The fungi in the aerial parts of mangroves (i.e. those in the 

canopy) are poorly known worldwide.  

 

Phylogeny and evolution 

The ability to accurately identify fungi has advanced significantly in recent years with 

the use of molecular data (Jeewon et al. 2009; KoKo et al. 2011b). Previously, mycologists 

identified species based on morphology and naming of species was very much subjective and, 

in most cases, involved clumping species into morphologically similar species (Hyde et al. 

2009; Jeewon et al. 2002; Udayanga et al 2011, 2012), now known as species complexes 

(KoKo et al. 2011b). It is now possible to identify genera and species, including cryptic species, 

by sequencing single spore isolates of the taxa collected (Boonmee et al. 2012; 

Maharachchikumbura et al. 2012). For example, anthracnose of post harvest fruits were mainly 

thought to be caused by Colletotrichum acutatum and C. gloeosporioides. Phoulivong et al. 

(2010) however showed that neither of these species causes fruit rots in Thailand and that 

several other cryptic species were responsible. Such data has important implications on disease 

causal agents, disease control and to a lesser extent, international movement of fruits.  

As molecular sequence data has become more readily available, it is commonly used to 

classify the fungi in order to develop a natural classification system (Chomnunti et al 2011, 

2012). Sequence data can directly be obtained from the fungi, especially from basidiomycetes 

(mushrooms), although with microfungi it is more difficult, but is possible if enough material 

is available (Jeewon and Hyde 2007). This has resulted in a better understanding of fungal 

classification at the higher taxonomic levels, and has also shown that morphologically similar 

fungi (species complexes) comprise many cryptic species. Endophytes that were previously 

almost impossible to name to species or genera can now be named by blasting DNA sequence 

data in GenBank. However, many researchers have made the mistake of believing the names 

of fungi in GenBank although there is absolutely no control on what is place in this public 

database. Therefore, many of the papers published today are highly erroneous. KoKo et al 

(2011b) explained that researchers must use sequences from type strains in their analyses if 

they want to identify the fungi accurately.  
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As long as one is aware that GenBank sequences are mostly wrongly named (e.g. 86% 

wrongly named Colletotrichum gloeosporioides, Cai et al. 2009), and that analyses must 

therefore use sequence data from type strains, it is relatively easy to identify species in the 

better studied and important genera (Cai et al. 2011). Genera and or groups (Bipolaris, 

Botryosphaeriaceae, Curvularia, Colletotrichum, Diaporthe, Fusarium, Pestalotiopsis, 

Phomopsis and Xylariaceae) that would be common in the mangrove hosts are now relatively 

well-studied at the molecular level (e.g. Liu et al. 2012; Manamgoda et al. 2012; Udayanga et 

al 2012). The mangrove hosts should therefore contain cryptic species if fungal estimates are 

correct. Therefore, by studying two trees in a poorly studied habitat we can establish whether 

previous estimates of fungal diversity are realistic. If as estimated, only 15% of the fungi are 

known, then we should discover at least 85% of new species in the aerial parts of the two trees 

under investigation. If we find a much lower percentage of new species, then we can suggest 

that fungal estimates are too high. With the use of molecular data, important pathogenic genera 

have been shown to comprise several species complexes that comprise cryptic species (Damm 

et al. 2012; Weir et al. 2012). This is particularly true in general crops, fruit orchards and forest 

plantations, which are planted in large areas in single variety plantations. It is important that 

the fungi evolve rapidly so that they infect and rapidly colonize these newly planted areas 

which occupy large land areas and are nutritious habitats for the fungal growth and 

reproduction. Fungi have therefore probably rapidly evolved to occupy these new ecological 

niches or have jumped hosts to become serious pests. Mangroves on the other hand have been 

around for millennia and therefore there are likely to be less selective pressures for species 

evolution. We would therefore expect to find fewer cryptic species in the various species 

complexes found in mangrove hosts and the species resolved should be basal in the species 

complexes. There may also be novel species outside the various species complexes that are 

only found on these unique mangrove hosts. Our findings will provide answer to the above 

questions. 

 

Role of endophytes 

Microfungi are a heterogeneous group of micro-organisms that have diverse lifestyles. 

Plant-infecting fungi in particular affect their host plant in many ways, ranging from 

mutualistic to parasitic interactions (Purahong and Hyde 2011). The type of association 

established with their host plant represents a major life history strategy that differs greatly 

among species and may be saprotrophism, parasitism and/or endophytism, or some other less 

common association, such as being predatory. However, these life strategies are not fixed and 

it has been shown that certain fungi may switch from being endophytes to pathogens or 

saprobes. In this study we will therefore compare the “terrestrial” endophytes and saprobes of 

two mangrove tree hosts, as well as the pathogens causing twig dieback, cankers and tree death. 

In this way we will establish if the species which are endophytes are also able to become 

saprobes on dead canopy wood, and/or cause tree disease. 

Some previous studies have tried to provide evidence to link the various life styles of 

fungi. Brown et al (1998) showed that many endophyte species were also pathogens and 

provided evidence that many endophytes were latent plant pathogens. Further evidence was 

provided by Photita et al. (2004), who did pathogenicity testing with endophytes of banana and 

found that some endophytes could cause disease. Promputtha et al. (2007) analyzed DNA 
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sequence data from endophytes and saprobes and demonstrated that the same species could 

have endophytic or saprobic lifestyles, while Promputtha et al. (2010) showed that endophytes 

can produce the enzymes for a saprobic lifestyle, implicating that they need these when they 

convert life styles from an endophyte to a saprobe. Purahong and Hyde (2011) discussed the 

role of endophytes in grass decay indicating that endophytes had a major role, while Vázquez 

de Aldana et al. (2013) showed that grass endophytes were responsible for decay of grasses 

and that their spores were important in causing allergic disease. In the most recent study, 

Delaye et al (2013) has shown by analysis of molecular data that there have been many shifts 

between saprobic to necrotrophic (pathogenic) life styles, whereas once a species becomes a 

biotroph then it does not revert back to an endophyte. 

 

 

Objective 

1. To establish the biodiversity of fungi on the aerial parts of two mangrove species. 

2. To establish the percentage of new species as compared to known species and to describe 

all new species. 

3. To identify endophytic isolates and establish their phylogenetic relationships at different 

taxonomic levels based on DNA sequence data. 

4. To prepare herbarium material of all collections for future reference. 

5. To sequence appropriate genes of phylogenetically well-studied genera to identify cryptic 

species within species complex. 

6. To investigate evolutionary relationships of unidentified endophytes, poorly studied genera 

and new species based on a polyphasic approach. 

7. To establish if any species occupy more than one life mode (e.g. saprobic, endophytic, 

pathogenic). 

8. To obtain cultures of accurately identified mangrove taxa for novel medicinal compound 

discovery research and future phylogenetic studies. 
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Methodology 

Field observations 

Bi-annual visits to mangroves were made in southern Thailand. During the first two years 

of the study and samples were collected from the two hosts Nypa fruticans and Rhizophora 

apiculata. Saprobes occurring on dead aerial twigs and branches attached to the living trees, 

were broken from the trees, or cut from the larger trunks. Aerial diseased samples with dieback, 

cankers, tree decline and seedling disease were collected in a similar way and symptoms were 

photographed. Healthy leaves and twigs were collected for endophyte isolation. Data for all 

specimens were recorded and specimens were numbered and placed in plastic bags and 

returned to the laboratory for observation. 

 

Morphological study 

Diseased specimens including those with leaf spots, die back, cankers, butt rots and other 

diseases were examined under a stereomicroscope to detect fungi present. If fungi were not 

present, then samples were incubated in moist chambers to induce sporulation or fungi were 

isolated from the edges of disease tissue using standard plant pathological techniques (Pang et 

al. 2010). If sporulation occurs, then the fine forceps were used to remove one or two fruiting 

structures, and been mounted in sterile seawater (Pang et al. 2010). Morphology of the asci and 

ascospores will be documented using various microscopes. 

 

Single spore isolation 

The objective of this part is to get axenic culture of all fungi that causing disease of 

mangrove trees, as well as all saprobes. Isolations were made from single spores, conidia or 

fruiting bodies when they can be found. Fruiting bodies were cut through horizontally and the 

contents transferred to a drop of sterile water on a flamed microscope slide. The spore 

suspension was spread over a few square centimeters of a Petri plate containing 2 % water agar 

(WA) and incubated at 25°C overnight. The next day individual germinating spores could be 

transferred to fresh PDA media following the method of Chomnunti et al. (2011). All cultures 

were deposited in the culture collection. 

 

Method for canker and dieback isolations 

Isolations from cankers were done from wood tissue at the advancing zone of the lesion 

after surface disinfestation in 70% ethyl alcohol for 30 s; rinse twice in sterile distilled water 

and blotted dry on sterile filter paper (Zhu et al. 2013). Disinfested tissue was placed on 2% 

MEA and incubated at room temperature (∼20°C) for 1 week. Colonies were subcultured using 

hyphal typing technique to a fresh 2% MEA plate for further investigation (Pérez et al. 2010). 

Branches with symptomatic wood (e.g. dieback, canker, necrosis) were isolated. Wood 

pieces (2 3 2 mm) from the margin between necrotic and apparently healthy tissue were carried 

out surface sterilization (1 min in 3.5% NaOCl and 30 s in 70% ethanol), then were placed on 

potato-dextrose agar (2% PDA, Biolab, Midrand, South Africa, supplemented with 100 mg/L 

streptomycin sulfate and 100 mg ampicillin) and on synthetic nutrient agar medium (SNA, 

Nirenberg 1976) supplemented with 100 mg penicillin G, 50 mg streptomycin sulphate, 10 mg 

chlortetracycline hydrochloride, pH 6 and incubated under cool fluorescent white light at 25 C. 

Additional isolates were derived from pycnidia on the bark of pruning debris. Single conidial 
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isolates were obtained from all strains for further morphological and molecular characterization 

(Ulrike 2007). 

 

Isolation of endophytes 

Living healthy, random leaves and small branches or twigs were collected from the aerial 

parts of the mangrove plants following the methods of Kjer et al. (2010). Plant samples were 

collected and placed in sterile bags. At every study site, samples were collected and returned 

to the laboratory for processing. Healthy plant tissues were cut into discs and surface sterilized 

using 4% bleach and 70% ethanol after which they were placed on PDC (Potato Dextrose - 

Chloramphenicol) agar plates (Vieira et al. 2014). Chloramphenicol in PDA inhibits the growth 

of bacteria, thus only fungi will grow in them. After incubating for one week, colonies that 

different in color or other culture characters were transferred to new Potato Dextrose Agar 

plates and incubated for 7-10 days at 25º C. (Wikee et al. 2013) 

 

DNA extraction 

Selected fungal isolates were grown on PDA for 21 d at 28 °C in the dark. Genomic DNA 

were extracted from the fresh mycelium using Biospin Fungus Genomic DNA Extraction Kit 

(BioFlux®) according to the manufacturer’s protocol (Hangzhou, P.R. China).  

 

PCR amplification and sequencing 

The methods for PCR amplification and sequencing followed those used in previous 

studies by the authors (Jeewon et al. 2002; Pang et al 2010). DNA amplification were 

performed by polymerase chain reaction (PCR). Primer pairs NS1 and NS4 were used to 

amplify a region spanning the small subunit rDNA. LROR and LR5 primer pairs were used to 

amplify a segment of the large subunit rDNA. Primer pairs ITS5 and ITS4 were used to amplify 

the internal transcribed spacers. Other primers for gene regions were used when necessary. The 

amplifications were performed in a 50 μl reaction volume as follows: 1X PCR buffer, 0.2 

mMd’NTP, 0.3 μM of each primer; 1.5 mM MgCl2, 0.8 units Taq Polymerase and 5–10 ng 

DNA (Cai et al. 2009). The amplification conditions were used 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. The PCR products were checked on 1 % agarose 

electrophoresis gels stained with ethidium bromide. PCR products then would be purified using 

minicolumns, purification resin and buffer according to the manufacturer’s protocols 

(Amersham product code: 27–9602–01). DNA sequencing were carried out by reliable selected 

company (Tao et al. 2013). 

 

Phylogenetic analysis 

The methods for phylogenetic analysis followed those used in previous studies by the 

authors (Jeewon et al. 2002; Pang et al 2010). Sequences generated from different primers were 

analyzed with other sequences obtained from GenBank. A Blast search was performed to reveal 

the closest matches with taxa in the various fungal groups. In addition, fungal members from 

different families and related orders were included in the analyses. Sequences were aligned 

using Bioedit and ClustalX v. 1.83 (Doilom et al. 2013). The alignments were visually checked 

and improved manually where necessary. Phylogenetic analyses were performed by using 
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PAUP v. 4.0b10 for Maximum-parsimony (MP) and Neighbour-joining (NJ) analyses, 

MrBayes v. 3.0b4 for Bayesian analyses and MEGA 5 or RAMxL where needed. Trees were 

rooted to appropriate outgroup taxa.  Maximum-parsimony analyses were performed using the 

heuristic search option with 1000 random taxa addition and tree bisection and reconnection 

(TBR) as the branch-swapping algorithm. All characters 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 were 

assessed by using bootstrap (BT) analysis with 1000 replicates, each with 10 replicates of 

random stepwise addition of taxa. The model of evolution was estimated by using MrModeltest 

2.2. Posterior probabilities (PP) were determined by Markov Chain Monte Carlo sampling 

(BMCMC) in MrBayes v. 3.0b4. Six simultaneous Markov chains were runned for 1 000000 

generations and trees were sampled every 100th generation (resulting in 10000 total trees). The 

first 2000 trees, representing the burn-in phase of the analyses, were discarded and the 

remaining 8000 trees were used for calculating posterior probabilities (PP) in the majority rule 

consensus tree. Phylogenetic trees were viewed in Treeview. Sequences derived in this study 

were deposited in GenBank, and the alignments used for analyses were submitted in TreeBASE 

(www.treebase.org) 
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Schedule for the entire project and expected outputs 

 

Activity Months 1-12 Months 13-24 Months 25-36 
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 

Collection of 

samples to obtain 

biodiversity of 

fungi on the aerial 

parts of two 

mangrove species 

            

      

              

     

              

     

Laboratory work 

(Microscopy), 

cultural studies 

and isolation of 

fungi 

            

      

              

     

              

     

Preparation of 

herbarium 

material of all 

collections 

            

      

              

     

              

     

Isolation of 

genomic DNA 

and RNA, PCR 

amplification and 

purification, DNA 

Sequencing and 

sequence 

alignment 

            

      

              

     

              

     

Identification of 

endophytic 

isolates and 

establishment of 
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Activity Months 1-12 Months 13-24 Months 25-36 
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 

their phylogenetic 

relationships at 

different 

taxonomic levels 

based on DNA 

sequence data 

Evolutionary 

relationships study 

of unidentified 

endophytes, 

poorly studied 

genera and new 

species based on a 

polyphasic 

approach 

            

      

              

     

              

     

Establishment of 

life mode/style of 

isolates (saprobic/ 

endophytic/pathog

enic) 

            

      

              

     

              

     

Presentation of 

data, report 

writing and 

publication 

            

      

              

     

              

     

 

 



OUTPUTS 

 

1. Published papers which acknowledge the grant 

Thirty-eight publications were published in SCI and three manuscripts submitted with 

process to publish with the authors acknowledging the Thailand Research Fund (TRF) grant 

no RSA5980068 entitled Biodiversity, phylogeny and role of fungal endophytes on aerial parts 

of Rhizophora apiculata and Nypa fruticans. A list of publications with attached first pages and 

acknowledgement of publications are provided in Appendix X.  

 

2. Number of PhD (by research) students 

Three PhD students 

1. Shengnan Zhang 

• Doctor of philosophy of Chiang Mai university, Thailand 

• Topic: Taxonomy and phylogeny of microfungi from selected palms 

2. Kumar Vinit 

• Doctor of philosophy of Chiang Mai university, Thailand 

• Topic: Taxonomy and phylogeny of microfungi from Rhizophora apiculata 

3. Chada Norphanphoun 

• Doctor of philosophy of Mae Fah Luang university, Thailand 

• Topic: Ascomycete on mangroves in thailand 

 

3. Specific or potential applications 

As we mentioned in the excutive summary results above and appendixs. Some of result 

from this project were mentioned below with the future utilization. 

1. This project have surveyed the biodiversity disease of mangroves in Thailand. This 

contributes to knowledge of biodiversity, phylogeny and role of fungal endophytes on aerial 

parts of Rhizophora apiculata and Nypa fruticans from Thailand. 

2. A modern natural classification of fungi causing disease on aerial parts of Rhizophora 

apiculata and Nypa fruticans will be established and this will be a very important document 

and used by researchers worldwide. 

3. This project will provide baseline data of biodiversity, phylogeny and role of fungal 

endophytes on aerial parts of Rhizophora apiculata and Nypa fruticans disease cause by fungi 

in Thailand and provide a small booklet for disease identification 

4. The results will be published and be useful to systematics, plant health practitioners, 

organic chemists, quarantine experts, and all users of fungi. 

5. This project has done with development and promotion of utilization of science, 

technology, research and development and innovation. 

In the future, if any novel compounds are discovered during research additional it may 

have potential applications. 
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Appendix II To establish the biodiversity of fungi on the aerial parts of two mangrove species. 

 

Table 1. Endophytic fungi isolated from Rhizophora apiculata and Nypa fruticans collected in this research. 

MFLUCC Original Code Species Name Habitat Host Collection Date Isolation Method 

  RYE1/2A Phyllosticta spp. Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE1/2C Phyllosticta spp. Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE1/2D Unknown Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE2/1A Unknown Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE2/1C Unknown Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

17-0030 RYE3/2A Phyllosticta spp. Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE3/2B Unknown Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE3/2C Unknown Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE3/4A Unknown Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE3/4B Unknown Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE4/1 Phyllosticta spp. Asymptomatic petiole Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE4/2A Unknown Asymptomatic petiole Rhizophora apiculata 06-07-16 Tissue transplanting 

17-0031 RYE5/1A Phyllosticta spp. Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

17-0032 RYE5/1B Phyllosticta spp. Asymptomatic leaf Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/1 Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/2A Unknown Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/3A Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/3B Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/3C Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/3D Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/4A Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE6/4B Unknown Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

17-0033 RYE6/4C Unknown Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

17-0034 RYE6/4D Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE7/1A Unknown Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE7/1B Unknown Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE7/1C Unknown Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE7/1D Unknown Leaf spot symptom Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/1A Unknown Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 



 

MFLUCC Original Code Species Name Habitat Host Collection Date Isolation Method 

  RYE8/1B Unknown Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/2A Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

17-0035 RYE8/2B Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/2C Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/2D Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/3A Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/3B Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  RYE8/3C Diaporthe sp. Asymptomatic aerial root Rhizophora apiculata 06-07-16 Tissue transplanting 

  CBE9/3A Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE9/3B Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE9/3D Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

17-0036 CBE12/1A Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE12/1B Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE12/2A Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE12/3A Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE13/2C Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE13/2D Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE13/3B Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE13/3C Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE14/1A Unknown Asymptomatic leaf Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE15/1A Phyllosticta spp. Asymptomatic petiole Rhizophora apiculata 07-07-16 Tissue transplanting 

17-0037 CBE15/2A Phyllosticta spp. Asymptomatic petiole Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE15/2B Phyllosticta spp. Asymptomatic petiole Rhizophora apiculata 07-07-16 Tissue transplanting 

  CBE16/1B Unknown Asymptomatic petiole Rhizophora apiculata 07-07-16 Tissue transplanting 

17-0002 SRNE1AL Phanerochaete sp. Asymptomatic leaf Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0003 SRNE1BL 
Stagonosporopsis 

cucurbitacearum 
Asymptomatic leaf Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0004 SRNE1DL Colletotrichum spp.  Asymptomatic leaf Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0005 SRNE1EL Nemania diffusa  Asymptomatic leaf Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0006 SRNE1AP Phyllosticta spp. Asymptomatic petiole  Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0007 SRNE1BP Rigidoporus vinctus  Asymptomatic petiole  Rhizophora apiculata 30/11/2016 Tissue transplanting 

  SRNE7R Pestalotia sp. Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0021 SRNE9AR Unknown Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 



 

MFLUCC Original Code Species Name Habitat Host Collection Date Isolation Method 

  SRNE9BR Unknown Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0022 SRNE9CR Preussia sp. Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0023 SRNE9DR Preussia sp. Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0024 SRNE13AR Pestalotiopsis spp.   Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0025 SRNE13BR Pestalotiopsis spp.   Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

17-0026 SRNE13CR Pestalotiopsis spp.   Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

  SRNE13DR Pestalotiopsis spp.   Asymptomatic root Rhizophora apiculata 30/11/2016 Tissue transplanting 

  NNSE1AL1 Unknown Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

  NNSE1AL2 Unknown Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

  NNSE4AL Hypoxylon lechatii  Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

  NNSE4BL Colletotrichum spp.  Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

17-0027 NNSE4CL Hypoxylon griseobrunneum Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

  NNSE4DL Unknown Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

17-0020 NNSE4EL Hypoxylon sp.  Asymptomatic leaf Rhizophora apiculata 2/12/2016 Tissue transplanting 

17-0028 NNSE6AR Unknown Asymptomatic root Rhizophora apiculata 2/12/2016 Tissue transplanting 

17-0029 NNSE6BR Penicillium citrinum  Asymptomatic root Rhizophora apiculata 2/12/2016 Tissue transplanting 

  NNSE6CR Schizophyllum commune  Asymptomatic root Rhizophora apiculata 2/12/2016 Tissue transplanting 

  NNSE6CRA2 Schizophyllum commune  Asymptomatic root Rhizophora apiculata 2/12/2016 Tissue transplanting 

  RNNP1AP Skeletocutis diluta  Asymptomatic petiole  Nypa fruticans 5/12/2016 Tissue transplanting 

  RNNP2AL Grammothele lineata  Asymptomatic leaf Nypa fruticans 5/12/2016 Tissue transplanting 

  RNNP2BL Unknown Asymptomatic leaf Nypa fruticans 5/12/2016 Tissue transplanting 

  RNNP3AP Unknown Asymptomatic petiole  Nypa fruticans 5/12/2016 Tissue transplanting 

  RNE2AR Unknown Asymptomatic root Rhizophora apiculata 4/12/2016 Tissue transplanting 

  RNE2BR Unknown Asymptomatic root Rhizophora apiculata 4/12/2016 Tissue transplanting 

  RNE7R Unknown Asymptomatic root Rhizophora apiculata 4/12/2016 Tissue transplanting 
 MCD 044 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 046 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 052 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 053 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 054 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 055 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 060 Unknown Submerged wood Rhizophora apiculata 6/12/2016 Single spore isolation 
 MCD 085 Unknown Submerged wood Rhizophora apiculata 2/12/2016 Single spore isolation 



 

MFLUCC Original Code Species Name Habitat Host Collection Date Isolation Method 
 MCD 087 Unknown Submerged wood Rhizophora apiculata 2/12/2016 Single spore isolation 
 MCD 088 Unknown Submerged wood Rhizophora apiculata 2/12/2016 Single spore isolation 
 MCD 090 Hysterium angustatum Submerged wood Rhizophora apiculata 2/12/2016 Single spore isolation 
 MCD 091 Unknown Submerged wood Rhizophora apiculata 2/12/2016 Single spore isolation 
 MCD 092 Unknown Submerged wood Rhizophora apiculata 2/12/2016 Single spore isolation 
 MCD 021 Unknown Submerged wood Rhizophora apiculata 4/12/2016 Single spore isolation 
 MCD 022 Unknown Submerged wood Rhizophora apiculata 4/12/2016 Single spore isolation 
 MCD 023 Unknown Submerged wood Rhizophora apiculata 4/12/2016 Single spore isolation 

 

 

Table 2. Endophytic fungi isolated from Rhizophora apiculata and Nypa fruticans used for sequencing 

Original Code Suspected/Family/ Genus/ Species Sample recived date Assigned code CTAB 
ITS TEF 

ITS5 & ITS4 983 & 2218R 

SRNE1AL Phanerochaete sp. 24-02-17 J04 used ITS5 & ITS4 success   

SRNE1BL Stagonosporopsis cucurbitacearum 24-02-17 J05 used ITS5 & ITS4 success   

SRNE1DL Colletotrichum spp.  24-02-17 J03 used ITS5 & ITS4 success   

SRNE1EL Nemania diffusa  24-02-17 J07 used ITS5 & ITS4 success   

SRNE1BP Rigidoporus vinctus  24-02-17 J02 used ITS5 & ITS4 success   

SRNE4DL Colletotrichum sp. 24-02-17 J12 used ITS5 & ITS4 success   

SRNE6AP Unknown 24-02-17 J14 used ITS5 & ITS4   

SRNE7R Pestalotia sp. 24-02-17 J06 used ITS5 & ITS4 success   

SRNE9CR Preussia sp. 24-02-17 J16 used ITS5 & ITS4 success   

SRNE9DR Preussia sp. 24-02-17 J15 used ITS5 & ITS4 success   

SRNE13AR Pestalotiopsis spp.   24-02-17 J17 used ITS5 & ITS4 success   

SRNE13BR Pestalotiopsis spp. 24-02-17 J20 used ITS5 & ITS4 success   

SRNE13CR Pestalotiopsis spp.  24-02-17 J18 used ITS5 & ITS4 success   

SRNE13DR Pestalotiopsis spp. 24-02-17 J19 used ITS5 & ITS4 urgent wrong   

NNSE4AL Hypoxylon sp. 24-02-17 J34 used ITS5 & ITS4 success   

NNSE4BL Colletotrichum spp.  24-02-17 J35 used ITS5 & ITS4 success   

NNSE4CL Hypoxylon griseobrunneum 24-02-17 J36 used ITS5 & ITS4 success   



 

Original Code Suspected/Family/ Genus/ Species Sample recived date Assigned code CTAB 
ITS TEF 

ITS5 & ITS4 983 & 2218R 

NNSE4EL Hypoxylon sp.  24-02-17 J33 used ITS5 & ITS4 success   

NNSE6AR Unknown 24-02-17 J38 used ITS5 & ITS4 success   

NNSE6BR Penicillium citrinum  24-02-17 J39 used ITS5 & ITS4 success   

NNSE6CR Schizophyllum commune  24-02-17 J37 used ITS5 & ITS4 success   

NNSE6CRA2 Schizophyllum commune  24-02-17 J40 used ITS5 & ITS4 success   

RNNP1AP Skeletocutis diluta  24-02-17 J01 used ITS5 & ITS4 success   

RNNP2AL Grammothele lineata  24-02-17 J29 used ITS5 & ITS4 success   

RYE3/2A Phyllosticta spp.  24-02-17 J23 used ITS5 & ITS4 success EF1-728F& EF2 

RYE3/4B Colletotrichum spp.  24-02-17 J24 used ITS5 & ITS4 success   

RYE4/1 Phyllosticta spp. 24-02-17 J25 used ITS5 & ITS4 success   

RYE5/1 Phyllosticta spp.  24-02-17 J26 used ITS5 & ITS4 success EF1-728F& EF2 

RYE6/3A Unknown 24-02-17 J27 used ITS5 & ITS4 unsuccess   

RYE8/3B Diaporthe spp. 24-02-17 J28 used ITS5 & ITS4 success   

CBE9/3B Unknown 24-02-17 J21 used ITS5 & ITS4 success   

CBE14/1A Unknown 24-02-17   used ITS5 & ITS4 please ignor   

CBE17/2B Unknown 24-02-17 J22 used ITS5 & ITS4 urgent wrong   

SRNE9BR Unknown 01-04-17 J42 used ITS5 & ITS4 urgent   

RYE8/2B Diaporthe sp. 01-04-17 J45 used ITS5 & ITS4 success   

CBE12/1B Unknown 01-04-17 J46 used ITS5 & ITS4 success   

CBE14/1A Unknown 01-04-17 J43 used ITS5 & ITS4 urgent   

NNSE1AL1 Unknown 01-04-17 J44 used ITS5 & ITS4 urgent   

NNSE1AL2 Unknown 01-04-17 J41 used ITS5 & ITS4 success   

 

 



 

Appendix III To establish the percentage of new species as compared to known species and 

describe all new species. 

 

In this study, we isolated fungal endophytes from Rhizophora apiculata in Thailand and 

established how many can be identified to species level based on ITS sequence data. 

Endophytic fungi were isolated from leaves, petioles and aerial roots of R. apiculata in four 

provinces of Thailand. One hundred and fifty-four isolates were obtained and initially grouped 

into 20 morphotypes based on cultural characteristics. Nine were sporulating morphotypes, 

which were assigned to seven genera (Colletotrichum, Cytospora, Diaporthe, Hypoxylon, 

Neopestalotiopsis, Neodevriesia, Pestalotiopsis, Phyllosticta, Pseudopestalotiopsis), and 

eleven morphotypes were non-sporulating mycelia sterilia. The results from Blast searches and 

ITS phylogeny of the 15 genera and the one unidentified genus are discussed. Twenty-five of 

the 30 isolates could not be identified and thus an estimated 20 isolates are likely to be new 

species and one a new genus. This is remarkable, as endophytes of a single host in Thailand, 

may yield 75% or more of new species.  

We also studied morphology and phylogeny of fungi that were isolated from leaves, 

rachides and petioles form the two mangrove host plants. The photo plates, descriptions are 

provided as below, as well as some rough phylogenetic trees. 

 

Table 3. Microfungi from Nypa fruticans Collection 

Date Site/Province Quantity 

6 July, 2016 Thang Kwian 5 

7 July, 2016 Chanthaburi 1 

2 Dec. 2016 Prachuap Khiri Khan 6 

3-7 Dec. 2016 Ranong 35 

25 April 2017 Chanchaburi 11 

27 April 2017 Koh Chang 5 

Total 63 

Note: Some collections without fungi are excluded. Isolated fungi from 51 specimens and 

obtained 36 germinated stains. 

 



 

 
 

Figure 1 – 1–8 Spores of marine fungi from submerged wood in mangrove forest.  



 

 
 

Figure 2 – 10–31 Spores of marine fungi from submerged wood in mangrove forest. 



 

 
 

Figure 3 – 32–45 Spores of marine fungi from submerged wood in mangrove forest. 



 

 
 

Figure 4 – Spores and ascus of some common micro-fungi found in marine habitat. a) 

Lulworthia sp. b,c) Halosphaeriaceae sp. d) Saagaromyces sp. e) Vaginatispora sp. f) 

Halosphaeriaceae sp. g) Savoryella sp. h) Hydea sp. i) unverified fungal spore from 

Pleosporales. Scale bars: a,b,c,f) 10 µm d,e,g,h,i) 5 µm. 



 

We carried out phylogenetic analysis for new taxa and some of them have been written 

into papers (see from no 3). The Figures 5,6,7,8 are associate with Rhizophora apiculata, and 

Figures 9, 10, 11, 12, 13, 14 are the fungi associate with Nypa fruticans. 

 

Acuminatispora S.N. Zhang, K.D. Hyde & J.K. Liu gen. nov. 

Etymology: Name refers to the ascospores with acute or narrowly pointed ends. 

Saprobic in mangrove habitats. Sexual morph: Ascomata black, subglobose, solitary, 

scattered, immersed, with an erupment short neck. Ostiole central, periphysate, cylinder-like 

opening. Peridium composed several brown outside layers and inter layers with hyaline cells 

of textura angularis. Hamathecium comprising numerous, filamentous, hyaline, branched, 

cellular pseudoparaphyses, embedded in a gelatinous matrix. Asci 8-spored, cylindrical, 

slightly curved, with overlapping biseriate to triseriate ascospores, long pedicellate, apically 

rounded with an ocular chamber. Ascospores hyaline to brown, fusiform with acute or narrowly 

pointed ends, 1-(rarely 3) septate, constricted at the central septa, the upper cell broader, each 

cell with one large guttule and sometimes several small ones, smooth-walled. Asexual morph: 

Undetermined. 

Type species: Acuminatispora palmarum S.N. Zhang, K.D. Hyde & J.K. Liu 

 

Phylogenetic analyses 

The BLAST search of LSU gene in NCBI showed that Acuminatispora palmarum is 

related to taxa in Pleosporales, and the closer species are regarding to the family Testudinaceae, 

as well as a putatively named strain of Pseudotrichia guatopoensis. To clarify the relationship 

of the newly described species within Pleosporales, we have carried out phylogenetic analysis 

with most of the families (Liu et al. 2017) in Pleosporales and some taxa Pleosporales family 

Incertae sedis which are referred to Hashimoto et al. (2017), which included most of taxa with 

molecular data available to represent families of the order.  We conducted phylogenetic 

analyses using gene regions of LSU, SSU, TEF and RPB2 individually (not shown) and 

combined of LSU (1–902 bp), SSU (903–2129 bp), TEF (2130–3032 bp) and RPB2 (3033–

3980 bp) (Figure 5) sequences data. The final dataset consisted of 126 taxa with total 3980 

characters after the alignment, of which 2462 characters were constant and 1239 characters 

were parsimony informative, 279 variable characters were parsimony uninformative. After a 

heuristic search using PAUP, 575 equally most parsimonious trees were obtained (tree length 

= 9053 steps, CI = 0.277, RI = 0.614, RC = 0.170, HI = 0.723).  

The best-sorting RAxML tree (Figure 5) showed that the two suborders Massarineae and 

Pleosporineae are well-supported, and have the similar topology in the family assignment to 

previous studies (Hyde et al. 2013, Ariyawansa et al. 2015, Liu et al. 2017). The new collections 

of Acuminatispora palmarum is close to Astrosphaeriellaceae Phook. & K.D. Hyde 2015 and 

Caryosporaceae Huang Zhang, K.D. Hyde & Ariyaw. 2015, while the genus Acrocordiopsis 

Borse & K.D. Hyde 1989 which was assigned into Caryosporaceae formed a distinct clade 

from the type genus Caryospora and showed closely phylogenetic relationship with 

Astrosphaeriellaceae and Astrosphaeriellopsis. 

 



 

 
 

Figure 5 –  RAxML tree of Pleosporales based on analysis of combined LSU, SSU, TEF1 and 

RPB2 sequences data. Bootstrap values for ML and MP equal to or greater than 75 are placed 

above and below the branches respectively. Branches with Bayesian posterior probabilities 

(PP) from MCMC analysis equal or greater than 0.95 are in bold. Newly generated sequences 

are indicated in blue. The tree is rooted with Mytilinidion mytilinellum and Mytilinidion 

andinense. 



 

 
 

Figure 5 – Continued 

 

 

Acuminatispora palmarum S.N. Zhang, K.D. Hyde & J.K. Liu sp. nov. 

Etymology: The epithet refereeing to the host on which the fungus was collected. 

Saprobic on mangrove palms. Sexual morph: Ascomata 430–580 µm high (including 

neck), 360–430 µm diam. (  = 315.8 × 387.6 µm, n = 5), black, subglobose, solitary, scattered, 

immersed, with an erumpent short neck. Ostiole 72–85 µm diam., central, periphysate, 

x



 

cylinder-like opening. Peridium 10–20 µm wide, composed several brown outside layers and 

inter layers with hyaline cells of textura angularis. Hamathecium up to 2.5 µm wide, 

comprising numerous, filamentous, hyaline, branched, cellular pseudoparaphyses, embedded 

in a gelatinous matrix. Asci 93–125 × 13–22 µm, (  = 109.5 × 16 µm, n = 15), 8-spored, 

cylindrical, slightly curved, with overlapping biseriate to triseriate ascospores, long pedicellate, 

apically rounded with an ocular chamber. Ascospores 24–30 × 7–10 µm (  = 27.2 × 8.1 µm, 

n = 30), hyaline to brown, fusiform with acute or narrowly pointed ends, 1-(rarely 3) septate, 

strongly constricted at the central septa, the upper cell broader, each cell with one large guttule 

and sometimes several small ones, smooth-walled. Asexual morph: Undetermined. 

Culture characteristics: Ascospores germinating on PDA within 24 hours at room 

temperature in natural light. Germ tubes produced from each end. Colonies growing well on 

both PDA and MEA media and attaining a diameter of 1.5 cm on PDA after 21 days at room 

temperature, slow growing, obverse olive to grey-green or light grey-green, tufted colony 

center elevated, reverse dark green. Mycelium 2.5–3.5 µm wide, hyaline to pale brown, aerial, 

septate, ornamented, branched and anastomosing, producing Chlamydospores. 

Material examined: THAILAND, Ranong, Ranong Mangrove Forest Research Center, 

on decayed rachis of Phoenix paludosa (Arecaceae Roxb.), immersed mangrove mud and 

water, 6 December 2016, S.N. Zhang SNT53 (MFLU, holotype, HKAS, isotype), ex-type 

living culture MFLUCC 18-0264 = TBRC; Ibid., Koh Chang, on decayed rachis of Phoenix 

paludosa immersed mangrove mud, 27 April 2017, S.N. Zhang SNT107 (MFLU, paratype), 

living culture MFLUCC 18-0460; Ibid., Koh Chang, on decayed petiole of Nypa fruticans 

(Arecaceae Wurmb), immersed mangrove mud, 27 April 2017, S.N. Zhang SNT111 (MFLU, 

paratype), living culture MFLUCC 18-0461; Ibid., Chanthaburi, on decayed petiole of Phoenix 

paludosa, immersed mangrove mud, 25 April 2017, S.N. Zhang SNT133 (MFLU, paratype), 

living culture MFLUCC 18-0462. 

Notes: This monotypic genus Acuminatispora is characterized by having immersed 

ascomata with an erumpent short neck, and a central, periphysate, cylinder-like opening ostiole, 

cellular pseudoparaphyses, cylindrical, slightly curved, long pedicellate asci, and brown, 

fusiform ascospores with acute or narrowly pointed ends, 1-(rarely 3) septate, strongly 

constricted at the central septa. 

Acuminatispora palmarum shares similar morphological characters to Coronopapilla 

mangrovei (K.D. Hyde) Kohlm. & Volkm.-Kohlm. 1991 (≡ Caryospora mangrovei K.D. Hyde 

1989), which was considered to be conspecific of Coronopapilla avellina Kohlm. & Volkm.-

Kohlm.1990, and having almost total immersed ascomata merges into clypeus around the 

ostiole and brown, 1-3-septate ascospores with median septum constricted. However, the 

relatively thinner peridium, cellular pseudoparaphyses and fusiform ascospores with acute or 

narrowly pointed ends of Acu. palmarum are distinct from Cor. mangrovei and Cor. avellina . 

The genus Coronopapilla was placed in the family Zopfiaceae G. Arnaud ex D. Hawksw. 1992 

(Lumbsch & Huhndorf 2007, 2010, Wijayawardene et al. 2018) based on the morphology and 

there is no phylogenetic evidence to support this treatment. While based on such morphology 

distinction, in this study we introduce a new genus Acuminatispora to accommodate the new 

fungus Acuminatispora palmarum. 

x

x



 

 
 

Figure 6 – Acuminatispora palmarum (MFLU, holotype). a-c Appearance of ascomata on host 

surface. d Vertical section of ascomata. e Ostiolar with periphyses. f Structure of peridium. g 



 

Cellular pseudoparaphyses. h-k Asci. l-q Ascospores. q, 3-septate ascospore in lactophenol 

cotton blue reagent with acute ends clearly. s-r Germinating ascospores. t Colony on PDA. 

Sacle bars: a = 500 µm, b-c = 100 µm, d = 200 µm, f, h-k = 20 µm, e, g, l-s = 10 µm. 

 

 

Akanthomyces Lebert, Z. Wiss. Zool. 9: 449 (1858) 

Index Fungorum Fnumber: IF7083 

Type species: Akanthomyces aculeatus Lebert, Z. Wiss. Zool. 9: 449 (1858) 

 

Akanthomyces muscarius (Petch 1932), Spatafora, Kepler & B. Shrestha (2017) 

Index Fungorum Fnumber: IF484535, Facesoffungi number: FoF04377 

Synonyms, see (Zare & Gams 2001). 

Endophyte on leaves of Nypa fruticans Wurmb. Asexual morph: Colonies reaching 2–

2.5 cm diam. after 10 days at 26°C on PDA, circular, compact, with reverse cream to pale 

yellow (rarely yellow). Mycelium composed of septate, branched, hyaline, smooth hyphae. 

Conidiophores macronematous, mononematous, erect, flexuous, septate, branched, smooth, 

13.6–28.4 x 1.8–2.5µm (x̅ = 22.6 × 2.3 µm, n = 9). Conidiogenous cells 10–28 × 1.5–2.8 µm 

(x̅ = 15 × 1.6 µm, n = 11), phialidic, with a minute collarette, develop at the tip of prostrate or 

on secondary branches of conidiophores, singly or in verticels, swollen at the base, partly-

tapered toward the tip, smooth. Conidia solitary 2.4–7.2 × 1.7–2.6 µm (x̅ = 4.5 × 1.8 µm, n = 

25), slimy, ellipsoid, subcylindrical to cylindrical with attenuate base, 1-celled, variable in size, 

shape, smooth hyaline to subhyaline. Sexual morph: Undetermined (Zare & Gams 2001). 

Culture characteristics: Endophytic, isolations were done, by transferring growing 

hyphae on a PDA plate. Colony on PDA, above white, fluffy and regular, bottom yellowish, 

hyphae, septate, branched, and smooth, after 10 days. 

Material examined: THAILAND, Krabi Province, isolated from leaves of Nypa fruticans 

(Arecaceae), 11 Sept. 2017, Vinit K., E104 (MFLU xxxx, culture: MFLUCC 17-2540). 

Notes: Akanthomyces muscarius is cosmopolitan with a wide range of hosts and has been 

synonymized several times (See Zare & Gams 2001). Phylogenetically this species clearly 

differs from all other species used in this analysis such as A. lecanii, A. tuberculatus, L. 

antillanum, L. aphanocladii, L. aranearum, A. attenuates. Our isolate is very similar to A. 

muscarius, and hence we have added it as a new host record. The basic morphological 

comparison between similar taxa and their distribution are listed. Conidiogenous cells, 

phialides and conidia were selected morphs used to compare among mentioned taxa (Zare & 

Gams 2001, 2008). 

 



 

 
 

Figure 7 – Akanthomyces muscarius (MFLU-CC 17-2540). a,b Fresh leaf of Nypa fruticans., c 

Culture plate d Conidiogenesis, e, f Conidiophore, Conidiogenous cells and phialides. g – j 

Conidia. Scale bars = d = 50 µm, e,f = 20 µm, g,h = 5 µm. 



 

 
 

Figure 8 – Maximum likelihood majority rule consensus tree for the isolates based on ITS 

sequence data. Bootstrap support values for maximum likelihood (ML) is greater than 50% are 



 

indicated above the nodes as MLBS. The scale bar represents the expected number of changes 

per site. The tree is rooted with Simplicillium lanosoniveum CBS704.86. The strain numbers 

are noted after the species names. The new strain is in red bold. 

 

 

Cytospora Ehrenb., Sylv. mycol. berol. (Berlin): 28 (1818) 

Index Fungorum Number: IF7904 

Type species: Cytospora chrysosperma (Pers.) Fr., Syst. mycol. (Lundae) 2(2): 542 

(1823) 

 

Phylogenetic analysis of combined ITS, LSU, ACT and RPB2 sequences 

The combined alignment of ITS, LSU, ACT, and RPB2 sequences comprised 86 taxa, 

including our strains, with Diaporthe eres (CBS 183.5) as the outgroup taxon. The total length 

of the dataset was 2037 characters including alignment gaps (1–199, 200–357, 358–518, 519–

1056, 1057–1296 and 1297–2037 corresponding to ITS1, 5.8S, ITS2, LSU, ACT and RPB2, 

respectively). The combined dataset contained 1426 constant, 144 parsimony uninformative 

and 467 parsimony informative characters. The result from the partition homogeneity test 

(PHT) was not significant (level 95%), indicating that the individual datasets were congruent 

and could be combined. The combined dataset was analyzed using MP, ML and Bayesian 

analyses. The trees generated under different optimality criteria were essentially similar in 

topology and did not differ significantly (data not shown). The descriptive statistics of the 

phylogram generated from MP analysis based on the combined dataset of ITS, LSU, ACT and 

RPB2 were TL = 2418, CI = 0.375, RI = 0.650, RC = 0.244, HI = 0.625. The best scoring 

likelihood tree selected with a final value for the combined dataset = -14466.797686. The 

aligned sequence matrix of the ITS1+ITS2 dataset comprising 19 taxa had 279 constant, 23 

parsimony uninformative and 57 parsimony informative characters. The descriptive statistics 

of the most parsimonious tree were TL = 2418, CI = 0.375, RI = 0.650, RC = 0.244, HI = 0.625. 

The best scoring likelihood tree obtained for the ITS1+ITS2 dataset had a log-likelihood of= -

1276.782916. 

 

 



 

 
Figure 9 –  Phylogram generated from maximum parsimony analysis based on analysis of a 

combined ITS, LSU, ACT and RPB2 sequence data. The tree is rooted to Diaporthe eres 

(AFTOL-ID 935). Maximum parsimony and maximum likelihood bootstrap values ≥50%, 

Bayesian posterior probabilities ≥0.90 (MPBS/MLBS/PP) are given at the nodes. The species 

obtained in this study are in blue font. Ex-type taxa from other studies are in black bold. 



 

 
 

Figure 10 –  Maximum parsimony phylogenetic tree inferred from ITS1 and ITS2 sequence 

data. Maximum parsimony and maximum likelihood bootstrap values ≥50%, Bayesian 

posterior probabilities ≥0.90 (MPBS/MLBS/BIPP) are given at the nodes. The species obtained 

in this study are in blue font. Ex-type taxa from other studies are in black bold. 

 

 

Taxonomy 

Cytospora lumnitzericola Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF554778; Facesoffungi number: FoF 04603 Fig. 11 

Etymology: refers to the host where the fungus was isolated. 

Holotype: MFLU 18-1227 

Isolated from leaf spot of Lumnitzera racemosa. Culture characteristic: Colonies on 

MEA reaching 5–6 cm diameter after 2 days at room temperature, colonies circular to irregular, 

medium dense, flat or effuse, slightly raised, with edge fimbriate, fluffy to fairy fluffy, white 

to gray from above, light yellow to green from below; not producing pigments in agar. Asexual 

morph: Conidiogenous cells (8–)8.5–14 × 0.6–1.4(–1.6) μm (  = 8.4 × 1.4, n = 15), blastic, 

enteroblastic, flask-shaped, phialidic, hyaline, and smooth-walled. Conidia (3.7–)4–4.5 × 1–

1.3(–1.5) µm (x̅ = 4 × 1.2 µm, n = 30), unicellular, subcylindrical, hyaline, smooth-walled. 

Material examined: THAILAND, Phetchaburi, the Sirindhorn International 

Environmental Park, on leaf spot of Lumnitzera racemosa, 30 November 2016, Norphanphoun 

Chada NNS23-2a (MFLU 18-1227 dried culture, holotype; PDD, isotype); ex-type-living 

culture, MFLUCC 17-0508. 

Notes: Cytospora lumnitzericola is phylogenetically based on combine gene region 

closely related to Cytospora thailandica. Although conidial sizes of both species are similar 

but differ among nucleotide positions: ITS (26 nt), ACT (22 nt), and RPB2 (53 nt). The 

x



 

phylogenetic tree of C. lumnitzericola independent lineage is close to C. brevispora CBS 

116829 and C. eucalyptina CMW5882. In future more collections are needed to confirm 

whether life cycle of C. lumnitzericola is saprobe, endophyte or pathogen. 

 

 
 

Figure 11 – Cytospora lumnitzericola (MFLUCC 17-0508, from culture). a Mangrove 

collecting site b, c Lumnitzera racemosa in mangroves forest d, e Colonies on MEA after 6 

days (left) and 30 days (right) (d-from above, e-from below) f, g Conidiomata produced on 

MEA h, l Transverse sections of conidioma i, j, n Conidiogenous cells with attached conidia k, 

m Conidia. Scale bars: f = 1000 µm, g, h = 500 µm, i, j = 10 µm, k = 5 µm. 

 

  



 

Cytospora thailandica Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF554779; Facesoffungi number: FoF 04605 Fig. 12 

Etymology: refers to the country where the fungus was collected. 

Holotype: MFLU 17-0709 

Associated with twigs and branches of Xylocarpus moluccensis. Sexual morph: 

Stromata immersed in bark. Ascostromata 400–1000 × 70–250 µm diameter, semi-immersed 

in host tissue, scattered, erumpent, uni- or multi-loculate, with ostiolar neck. Ostiole 70–150 

µm diameter, numerous, dark brown to black, at the same level as the disc, occasionally area 

below disc a lighter entostroma. Peridium comprising several layers of cell of textura 

angularis, with inner most layer thick, brown, outer layer dark brown. Hamathecium 

comprising long cylindrical, cellular, anastomosed paraphyses. Asci (21–)23–25 × 4.1–4.7(–5) 

μm (  = 22 × 4.3 μm, n = 15), 6–8-spored, unitunicate, clavate to elongate obovoid, with a J-, 

refractive apical ring. Ascospores (5.6–)6–6.8 × 1.3–1.5(–2) μm (  = 6.6 × 1.5 μm, n = 20), 

biseriate, elongate-allantoid, unicellular, hyaline, smooth-walled. Asexual morph: 

Conidiomata 400–1200 × 180–380 µm diameter, semi-immersed in host tissue, solitary, 

erumpent, scattered, discoid, circular to ovoid, with multi-loculate, pycnidial, embedded in 

stromatic tissue, with ostiole. Ostioles 230–300 µm long, with an ostiolar neck. Peridium 

comprising few layers of cells of textura angularis, with inner most layer thin, pale brown, 

outer layer brown to dark brown. Conidiophores unbranched or occasionally branched at the 

bases, formed from the inner most layer of pycnidial wall, with conidiogenous cells. 

Conidiogenous cells (3.3–)6–9.1 × 1–1.3(–1.7) μm (  = 6 × 1.3 μm, n = 15), blastic, 

enteroblastic, flask-shaped, phialidic, hyaline, and smooth-walled. Conidia (3.3–)3.8–4 × 1–

1.3(–1.5) µm (x̅ = 3.8 × 1.3 µm, n = 30), unicellular, subcylindrical, hyaline, smooth-walled. 

Material examined: THAILAND, Ranong Province, Ngao Mangrove Forest, on branches 

of Xylocarpus moluccensis, 6 December 2016, Norphanphoun Chada NG02a (MFLU 17-0709, 

holotype; PDD, isotype); ex-type-living cultures, MFLUCC 17-0262, MFLUCC 17-0263, 

ICMP. 

Notes: Cytospora thailandica was collected from branches of Xylocarpus moluccensis. 

The new species resembles some other to Cytospora species, but is characterized by uni- or 

multi-loculate ascomata/conidiomata with unicellular, subcylindrical, and hyaline spores in 

both morphs. Cytospora species associated with Xylocarpus granatum is also reported in this 

study as C. xylocarpi (MFLUCC 17-0251). Cytospora xylocarpi is similar to C. thailandica in 

its conidiomata being multi-loculate and in the length of conidia in the asexual morph (C. 

xylocarpi: conidia 3 × 1.1 µm versus 3.8 × 1.3 µm in C. thailandica). However, C. thailandica 

differs from C. xylocarpi in having shorter ostiolar necks, and larger asci and ascospores. 

Phylogenetic analysis of our combined gene also reveals C. thailandica is closely related to C. 

lumnitzericola, which the nucleotide differences were mentioned in notes of C. lumnitzericola. 

The individual ITS1+ITS2 phylogenetic tree, C. thailandica is formed separately from other 

species with good support (Fig. 10). 
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Figure 12 – Cytospora thailandica (MFLU 17-0709, holotype). a Xylocarpus moluccensis b 

Branch of Xylocarpus moluccensis c Ascostromata on host substrate d, e Surface of ascomata 

f Transverse sections through ascostroma to show distribution of locules g–h Longitudinal 

sections through ascostroma to show distribution of locules i Peridium j Ostiolar neck ka–kd, 

n Asci l, m Apical ring oa–of Ascospores p Surface of conidioma q Transverse sections through 

conidioma to show distribution of locules r, s Longitudinal sections through conidioma to show 

distribution of locules t Peridium u Ostiolar neck va–vc, w Conidiogenous cells with attached 

conidia x, y Conidia za, zb Colonies on MEA (za-from above, zb-from below). Scale bars: d = 

1000 µm, e–g = 400 µm, h, j, p–s = 200 µm, i, u = 100 µm, ka–kd, n = 10 µm, l, m = 2 µm, 

oa–of, va–vc, w = 5 µm, t = 50 µm, x, y = 4 µm. 



 

Cytospora xylocarpi Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF554810; Facesoffungi number: FoF 04604 Fig. 13 

Etymology: refers to the host genus that fungus was collected. 

Holotype: MFLU 17-0708 

Associated with Xylocarpus granatum branches. Sexual morph: Stromata immersed in 

bark. Ascostromata 230–600 × 90–250 µm diameter, semi-immersed in host tissue, scattered, 

erumpent, multi-loculate, with ostiolar neck. Ostiole 160–200 µm diameter, numerous, dark 

brown to black, at the same level as the disc, occasionally area surrounded with white hyphae. 

Peridium comprising several layers of cells of textura angularis, with inner most layer thick, 

pale brown, outer layer dark brown to black. Hamathecium comprising long cylindrical, 

cellular, anastomosed paraphyses. Asci (22–)24–28.8 × 3.6–4.8(–5.1) μm (  = 26 × 4 μm, n = 

15), 6–8-spored, unitunicate, clavate to elongate obovoid, with a refractive,, J-, apical ring. 

Ascospores (5.5–)6–6.5 × 1.7–1.8(–2) μm (  = 5.7 × 1.8 μm, n = 20), biseriate, elongate-

allantoid, unicellular hyaline, smooth-walled. Asexual morph: Conidiomata 700–1200 × 400–

480 µm diameter, semi-immersed in host tissue, solitary, erumpent, scattered, multi-loculate, 

with ostiole. Ostioles 200–250 µm long, with 1–2 ostiolar necks. Peridium comprising several 

layers of cells of textura angularis, with inner most layer brown, outer layer dark brown to 

black. Conidiophores unbranched or occasionally branched at the bases, formed from the inner 

most layer of pycnidial wall, with conidiogenous cells. Conidiogenous cells (6.3–)7.9–10 × 

0.9–1.4(–1.6) μm (  = 8.5× 1.4 μm, n = 15), blastic, enteroblastic, flask-shaped, phialidic, 

hyaline, and smooth-walled. Conidia (2.4–)3–3.1 × 0.8–1 (–1.2) µm (x̅ = 3 × 1 µm, n = 30), 

unicellular, subcylindrical, hyaline, smooth-walled. 

Material examined: THAILAND, Ranong Province, Ngao Mangrove Forest, on branches 

of Xylocarpus granatum, 6 December 2016, Norphanphoun Chada NG09b (MFLU 17-0708, 

holotype; PDD); ex-type-living cultures, MFLUCC 17-0251, ICMP 

Notes: The asexual morph of C. xylocarpi studied here is most similar to C. rhizophorae 

from dead roots of Rhizophora mangle L. in Guatemala, in having multi-loculate conidiomata 

and allantoid, slightly curved, hyaline and 3–6 × 1.1–1.5 μm conidia (Kohlmeyer and 

Kohlmeyer 1971). However, in the phylogenetic tree, C. xylocarpi belonged to a clade distinct 

from C. rhizophorae (ATCC 38475), a strain from Rhizophora mangle that was identified by 

Kohlmeyer, the author of the species (Fig. 10). The two species differ by 25 substitutions in 

ITS1+ITS2 and were collected from different hosts. Therefore, the collection in the present 

study is designated as a new species. 

Our phylogeny also indicates a close relationship to unpublished sequences from 

GenBank. The similarity in the ITS1 and ITS2 sequence between our strain and the sequences 

from GenBank (HAB16R13, M225, A761, MUCC302) are presented in Table 5. Those 

sequences were collected from difference hosts (Table 4), and together with our strain, show 

substantial variation and the positions of nucleotides differences in the ITS1 and ITS2 (Table 

5). More collections are needed to further study morphological and genetic variation in this 

group and better delineate the species. 
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Figure 13 – Cytospora xylocarpi (MFLU 17-0708, holotype). a Xylocarpus granatum. b Branch 

of Xylocarpus granatum c Ascostromata on host substrate d Surface of ascomata e Transverse 

sections through ascostroma to show distribution of locules f, g Longitudinal sections through 

ascostroma to show distribution of locules h Peridium i–l, n Asci m, o Ascospores p 

Germinating spore q, r Colonies on MEA (q-from above, r-from below) s Transverse sections 

through conidioma to show distribution of locules t Longitudinal sections through conidioma 

to show distribution of locules u, v Conidiogenous cells with attached conidia w Mature 

conidia. Scale bars: c = 2000 µm, d–f = 500 µm, g = 200 µm, h = 20 µm, i, p = 10 µm, j–o, u–

w = 5 µm, s, t = 400 µm. 



 

Table 4. Synopsis of species of Cytospora discussed in the paper. 

 

Taxon 
Sexual morph Asexual morph 

References 
Ascostoma Ostiolar neck Asci Ascospores Conidiomata Ostiolar neck Conidiogenous cell Conidia 

C. lumnitzericola - - - - - - 8.4 × 1.4 4 × 1.2 In this study 

C. rhizophorae - - - - 370–500 × 100–

310 

30 × 10–25 13–20 × 1–1.8 3–6 × 1.1–1.5 Kohlm. and 

Kohlm. (1971) 

C. thailandica 400–1000 × 

70–250 

70–150 22 × 4.3 6.6 × 1.5 400–1200 × 180–

380 

230–300 6 × 1.3 3.8 × 1.3 In this study 

C. xylocarpi 230–600 × 

90–250 

160–200 26 × 4 5.7 × 1.8 700–1200 × 400–

480 

200–250 8.5× 1.4 3 × 1 In this study 

 

Table 5. GenBank BLAST search from ITS1 and ITS2 of Cytospora xylocarpi (MFLUCC 17-0251) with sequence from GenBank identified as 

Cytospora rhizophorae. 

 

Toxon Strain Host Country Accessions ITS1 ITS2 ITS1+ITS2 
Identities (I),  

Query cover (QC) 
References 

C. “rhizophorae” HAB16R13 Cinnamomum porrectum Malaysia HQ336045 213/215 167/169 380/384 I=98.9%, QC=99% Harun et al. (2011) 

C. “rhizophorae” M225 Rhizophora mucronata Philippines KR056292 213/217 167/169 380/386 I=98.4%, QC=100% Unpublished 

C. “rhizophorae” A761 Morinda officinalis China KU529867 213/217 166/169 379/386 I=98.2%, QC=100% Unpublished 

C. “rhizophorae” MUCC302 Eucalyptus grandis Australia EU301057 213/217 164/169 377/386 I=97.7%, QC=100% Unpublished 

C. rhizophorae ATCC38475 Rhizophora mangle LA, USA DQ996040 187/202 156/166 343/368 I=93.2%, QC=100% He et al. (2003) 

  



 

Table 6. Nucleotide differences in the ITS1+ITS2 of Cytospora xylocarpi (MFLUCC 17-0251) with sequence from GenBank identified as 

Cytospora rhizophorae. 

 

Taxon Strain ITS1 

  14 16 18 30 92 93 96 99 102 103 104 105 113 115 118 119 135 154 

C. xylocarpi MFLUCC 17-0251 - G A C C C C G G G C G C T T C A G 

C. rhizophorae ATCC38475 G A C T G A T A T T T A T - C T - T 

C. “rhizophorae” HAB16R13 ? G A C C C C G G G C G C T T C A T 

C. “rhizophorae” M225 ? G A T C C C G G G C G C T T C A T 

C. “rhizophorae” A761 ? G A T C C C G G G C G C T T C A T 

C. “rhizophorae” MUCC302 ? G A T C C C G G G C G C - T C A T 

                    

Taxon Strain ITS2           

  13 24 40 46 47 50 51 75 111 112 115 123       

C. xylocarpi MFLUCC 17-0251 C C A T - T T C A A C T       

C. rhizophorae ATCC38475 T T - T - - T C G T A T       

C. “rhizophorae” HAB16R13 C T A T - T T C A A C C       

C. “rhizophorae” M225 C T A T - T T C A A C T       

C. “rhizophorae” A761 C T A T T - T C A A C T       

C. “rhizophorae” MUCC302 C T A - - - - T A A C T       

  



 

Table 7. Nucleotides differences in the ITS, ACT and RPB2 sequences of Cytospora lumnitzericola, C. thailandica, and C. xylocarpi. 

 

Taxon Strain ITS 
  29 88 91 92 93 94 96 97 99 101 102 103 104 105 106 107 108 111 

C. lumnitzericola MFLUCC 17-0508 T C T T T T C T C G G A C T A T A G 

C. thailandica MFLUCC 17-0262 T - T - - - T C T C A G - - A C G C 

C. thailandica MFLUCC 17-0263 T - T - - - T C T C A G - - A C G C 

C. xylocarpi MFLUCC 17-0251 C C C - - C C C C G G G - - G C G G 
                    

Taxon Strain                   
  119 120 121 122 123 124 125 134 157 389 396 404 405 412 413 414 415 420 

C. lumnitzericola MFLUCC 17-0508 T T C - - - - - T T A A - - - - T G 

C. thailandica MFLUCC 17-0262 C T T C - G G - T T G T T - - - - A 

C. thailandica MFLUCC 17-0263 C T T C - G G - T T G T T - - - - A 

C. xylocarpi MFLUCC 17-0251 T C T C C G G A G C A A A C T T T G 
                    

Taxon Strain   ACT    
  439 468 485 487 488 74 78 80 92 95 96 97 107 122 125 129 136 137 

C. lumnitzericola MFLUCC 17-0508 T T C T A G C A T T - - C T A G A A 

C. thailandica MFLUCC 17-0262 T T T C T T G A A T - - T C T G A G 

C. thailandica MFLUCC 17-0263 T T T C T T G A A T - - T C T G A G 

C. xylocarpi MFLUCC 17-0251 C C C T T G C T A C C C T C A A G A 
                    

Taxon Strain                   
  139 146 147 148 149 150 152 159 165 198 209 210 212 215 216 217 218 223 

C. lumnitzericola MFLUCC 17-0508 A A G C T C C G T C T C G A A A C A 

C. thailandica MFLUCC 17-0262 A G - - T T T T T T T C A A A - C A 

C. thailandica MFLUCC 17-0263 A G - - T T T T T T T C A A A - C A 

C. xylocarpi MFLUCC 17-0251 G G - - A A C T C C A T A T G - A - 
                    

Taxon Strain    RPB2     
 224 225 231 234 242 245 246 4 18 33 42 57 84 85 96 102 108 120 

C. lumnitzericola MFLUCC 17-0508 C G C - - A A T T C T C C T T C G A 

C. thailandica MFLUCC 17-0262 T T C T G T G T C A T C T C T C A G 

C. thailandica MFLUCC 17-0263 T T C T G T G T C A T C T C T C A G 

C. xylocarpi MFLUCC 17-0251 T T A C G T A C T C C T T C C A A G 

 

 

 



 

Taxon Strain 
                  

 123 126 129 144 153 171 174 177 204 210 213 216 222 231 237 243 246 279 

C. lumnitzericola MFLUCC 17-0508 C G C G T G C C G C T C T T C T C T 

C. thailandica MFLUCC 17-0262 T A T A C G T C G T C C C T T T T C 

C. thailandica MFLUCC 17-0263 T A T A C G T C G T C C C T T T T C 

C. xylocarpi MFLUCC 17-0251 C A C A T A T T C C C T C G C C C T 
                    

Taxon Strain                   
 282 294 306 309 336 339 342 351 352 357 378 390 393 396 402 405 435 441 

C. lumnitzericola MFLUCC 17-0508 C A T C T C G T C G A C C G T T C T 

C. thailandica MFLUCC 17-0262 T G C T C A A C T C G C T A T C C T 

C. thailandica MFLUCC 17-0263 T G C T C A A C T C G C T A T C C T 

C. xylocarpi MFLUCC 17-0251 T A C C T C G T C C A T T A C T T G 
                    

Taxon Strain                   
 456 465 468 492 498 510 516 517 543 561 570 576 603 612 613 615 627 633 

C. lumnitzericola MFLUCC 17-0508 C T C G T T A T T A A G T T C C C G 

C. thailandica MFLUCC 17-0262 C C G C C C A T C A G A C C T G C G 

C. thailandica MFLUCC 17-0263 C C G C C C A T C A G A C C T G C G 

C. xylocarpi MFLUCC 17-0251 T T T G T C G C C G G G T C T G G A 
                    

Taxon Strain                   
 651 663 675 678 690 693 699 702 711 732         

C. lumnitzericola MFLUCC 17-0508 T A C T T G T C C T         

C. thailandica MFLUCC 17-0262 C G T C G A C T C C         

C. thailandica MFLUCC 17-0263 C G T C G A C T C C         

C. xylocarpi MFLUCC 17-0251 C A T C T A C C T T         

 

All isolates are new taxa in this study; “-” gap (insertion/deletion); “?” missing data. 

 

 

 



 

 

 

Hysterium Pers., Tent. disp. meth. fung. (Lipsiae): 5 (1797) 

Index Fungorum Number – IF2464 

Type species: Hysterium pulicare Pers., Neues Mag. Bot. 1: 85 (1794) 

Hysterium, a genus belongs to Hysteriaceae fmily, with characterized by having 

hysterothecium ascomata which are thick-walled, navicular, characteristically dehiscing by an 

invaginated slit or sulcus (Zogg 1962, Boehm et al. 2009). However, recent molecular data 

shows the potential for morphology to be difficult to interpret, and even unhelpful in 

phylogenetic inference and reconstruction for this group of fungi (Schoch et al. 2006, Boehm 

et al. 2009, Mugambi & Huhndorf 2009, Boehm et al. 2009). 

 

 
 

Figure 14 – Phylogram generated from maximum parsimony analysis of combined LSU, SSU 

and TEF1 sequence data of selected taxa. Maximum parsimony bootstrap (black) values > 60%, 

maximum likelihood bootstrap (green) values > 60% and Bayesian posterior probabilities 

(blue) > 0.90%) are given above the nodes. The new isolates are in blue bold. The tree is rooted 

with Psiloglonium clavisporum. 

 

 

  



 

 

 

Hysterium rhizophorae Dayarathne & K. D. Hyde 

Facesoffungi number: FoF 02911  Fig. 15 

Saprobic on bark attached to the living plant of Rhizophora apiculata, attached to the 

living plant. Sexual morph Ascomata hysterothecial, 1500–2500 µm long, 200–250 µm high, 

170–200 µm wide, erumpent to superficial, with base immersed, solitary to gregarious, straight 

to flexuous, ellipsoid or elongate, with pointed ends, opening by a depressed longitudinal slit, 

in vertical section subglobose to globose, carbonaceous, black,. Peridium 42–64 µm wide, 

carbonaceous, comprising an outer layer of dark brown cells of textura globosa and inner layer 

of hyaline to pale brown cells of textura globosa. Pseudoparaphyses 1–1.5 µm (n = 30) wide, 

cellular, septate, flexuous, branched. Asci 45–50 × 3.5–5.5 µm (x̅ = 48 × 4 µm, n = 10), 8-

spored, bitunicate, cylindric to claviform, short pedicellate. Ascospores 14–18 × 4–6 µm (x̅ = 

16 × 5 µm, n = 10), overlapping biseriate, light brown, ellipsoidal, slightly curved, with 3 

transverse septa, often slightly constricted at medium septum, with 1 guttule in cell. Asexual 

morph: Undetermined.  

Culture characteristics: Colonies on MEA slow growing at 25–28 C reaching 2 cm in 14 

days, yellow at first, becoming ash when mature and reverse yellow. 

Material examined: THAILAND, Phetchaburi Province, Hat Chao Samran, on bark 

attached to the living plant of Rhizophora apiculata (Rhizophoraceae), 28 July 2015, Monika 

Dayarathne, CHAM 013 (MFLU 16-1179, holotype), ex-type living culture, MFLUCC 15-

0950, ICMP 

Notes: Hysterium rhizophorae differs from H. angustatum Alb. & Schwein., the most 

similar species, mainly by relatively smaller hysterothecial ascomata (1500–2500 × 200–250 

× 170–200 µm viz 3000–2000 × 250–300 × 200–300 µm), asci (45–50 × 3.5–5.5 µm viz 64–

120 × 8–14 µm) and ascospores (14–18 × 4–6 µm viz 16–30 × 4–8.5 µm) 

(http://fungi.myspecies.info/all-fungi/hysterium-angustatum). Ascomata, asci and ascospores 

sizes of H. angustatum relies on wide range such as, Lohman (1933) and Zogg (1962) described 

larger asci (105–120 × 10–16 µm and 100–120 × 11–14 µm, respectively), while Ellis & 

Everhart (1892) reported wider asci with similar lengths (75–80 × 12–15 µm). Ellis & Everhart 

(1892) and Lohman (1933) described H. angustatum with relatively larger ascospores (15–22 

× 6–7 µm and 22–26 × 6.5–8(9) µm, respectively). Therefore, our new species is clearly distinct 

from H. angustatum by sizes of asci, ascospores. Combined LSU, SSU and TEF1 phylogenetic 

analyses demonstrated that H. rhizophorae is closely related to H. angustatum but form a 

separate lineage (76%MP, 60%ML) within Hysterium. Strains of H. angustatum showed 

different placements within the genus hence, species complex.  

 



 

 

 

 
 

Figure 15 – Hysterium rhizophorae (MFLU 16-1179) a Host. b, c Appearance of hysterothecia 

on host. d Vertical section through hysterothecium. e Peridium. f Pseudoparaphyses. g–i Asci. 

j–m Ascospores. n Germinating ascospores. o,p Culture on MEA (o upper, p lower). Scale bars: 

c = 200 µm, d = 100 µm, e, f = 20 µm, g–i = 10 µm, j–n = 5 µm. 

Kamalomyces R.K. Verma, N. Sharma & Soni, Forest Fungi of Central India: 196 (2008) 



 

 

 

Index Fungorum Number – IF512509 

Type species: Kamalomyces indicus R.K. Verma, N. Sharma & Soni, Forest Fungi of 

Central India: 196 (2008) 

 

Kamalomyces mangrovei Dayarathne & K.D. Hyde sp. nov. 

Index Fungorum Number – IF555385, Facesoffungi Number: FoF 04946 Fig. 17 

Etymology – Epithet derived from the mangrove habitat that species found 

Holotype – MFLU 18-1691 

Saprobic on decaying wood in a mangrove strand. Sexual morph: Ascomata 280–315 × 

250–300 µm, superficial, solitary to gregarious, embedded in a subiculum of crowded, black, 

septate, thickwalled hyphae, superficial, solitary, gregarious, globose to subglobose, glabrous, 

short stalked, apapillate, indistinct ostiolate. Peridium 30–45 µm wide, comprising light brown 

cells of textura angularis, and inwardly small, subhyaline cells of textura prismatica. 

Hamathecium comprising numerous, 1.5–2 µm wide, filiform, septate, branched, hyaline 

pseudoparaphyses. Asci 148–180 × 16–20 µm (x̅ = 165 × 18 µm, n = 20), 8-spored, bitunicate, 

fissitunicate, cylindrical to clavate, short pedicellate, apically rounded, with an ocular chamber. 

Ascospores 52–67 × 6.5–8.5 µm (x̅ = 62 × 7.5 µm, n = 30), 2–3-seriate, hyaline becoming light 

brown when mature, elongate cylindrical to fusiform-clavate, tapering towards the lower cells, 

enlarged at the 4rd and 5th cell, straight or slightly curved, 8–9 septa, distoseptate. 

Culture characteristics: Colonies on PDA reaching 3 cm diam. after 30 days at 25°C, 

circular, smooth margin white at first, dark gray to black after 6 weeks, flat on the surface, 

without aerial mycelium, reverse brownish black. 

Material examined: THAILAND, Ranong province, Amphoe Maung, Mu 4 Tombol 

Ngao, Ranong Mangrove Research Center (GPS: 9°43' to 9°57'N; 98°29' to 98°39'E) on 

decaying wood of Rhizopora sp., 07 December 2016, Monika C. Dayarathne, MCD 053 

(MFLU 18-1691 holotype), ex-type living culture, MFLUCC 17-0407, TBRC. 

Notes: Kamalomyces mangrovei is characterized by having solitary to gregarious, 

globose to subglobose, short stalked ascomata, lacking ostioles and embedded in a subiculum 

of black hyphae, bitunicate, cylindrical to clavate asci and hyaline, elongate cylindrical to 

fusiform-clavate, septate ascospores. Kamalomyces mangrovei is morphologically highly 

similar to the genus Kamalomyces (Verma et al. 2008, Dubey & Neelima 2013, Boonmee et 

al. 2011, 2014, Phookamsak et al. 2018, Lu et al. 2018b). Kamalomyces mangrovei closely 

resembles K. bambusicola Y.Z. Lu & K.D. Hyde and K. thailandicus Phook., Y.Z. Lu & K.D. 

Hyde due to its ascomatal characters and asci, ascospore shape. However, K. mangrovei differs 

significantly from K. bambusicola and K. thailandicus ascospore by having fewer ascospore 

septa (8-9 vs 27–30 and 33–36 septa), being swollen at the 4th and 5th cells In contrast, 

ascospores of K. bambusicola are swollen at the 3rd or 5th cell and 7th cell of K. thailandicus. 

Further, novel species is also different by its occurrence on Mangrove sp. while K. bambusicola 

and K. thailandicus have been reported from Bamboo. This is the first record of Tubeufiaceae 

fungi reported from a marine habitat. According to our phylogenetic analyses with 

concatenated LSU, ITS and TEF sequence data, our new species clustered within the genus 

Kamalomyces with high statistical support (84 % ML, 75 % MP, 0.99 PP). 



 

 

 

 
Figure 16 



 

 

 

Figure 16 – Phylogram generated from maximum likelihood analysis based on combined LSU, 

ITS and TEF1 sequence data of selected taxa. Related sequences were obtained from GenBank. 

Data set comprises 2530 characters including gaps. Single gene analyses were carried out and 

compared with each species, to compare the topology of the tree and clade stability. Tree was 

rooted with Botryosphaeria agaves (MFLUCC 10-0051) and Botryosphaeria dothidea (CBS 

115476). Tree topology of the ML analysis was similar to the MP and BI. The best scoring 

RAxML tree with a final likelihood value of -27950.184903 is presented. The matrix had 1137 

distinct alignment patterns, with 26.87% of undetermined characters or gaps. Estimated base 

frequencies were as follows; A = 0.234676, C = 0.258513, G = 0.266669, T = 0.240142; 

substitution rates AC = 1.053687, AG = 4.072971, AT = 3.048439, CG = 0.739670, CT = 

8.539737, GT = 1.000000; gamma distribution shape parameter α = 0.712704. The maximum 

parsimonious dataset consisted of constant 1587, 768 parsimony-informative and 175 

parsimony-uninformative characters. The parsimony analysis of the data matrix resulted in the 

maximum of two equally most parsimonious trees with a length of 5615 steps (CI = 0.273, RI 

= 0.584, RC = 0.160, HI = 0.727) in the first tree Maximum parsimony bootstrap (MPBT, blue) 

values > 65%, Bayesian posterior probabilities (PP, green) > 0.80% and maximum likelihood 

bootstrap (ML, black) values > 65%) are given above the nodes. The scale bar indicates 0.05 

changes. The ex-type strains are in bold and new isolates in blue bold. 

 

 

Neopestalotiopsis Maharachch., K.D. Hyde & Crous, in Maharachchikumbura, Hyde, 

Groenewald, Xu & Crous, Stud. Mycol. 79: 135 (2014) 

Index Fungorum number: IF809759 

Type species: Neopestalotiopsis protearum (Crous & L. Swart) Maharachch., K.D. 

Hyde & Crous, in Maharachchikumbura, Hyde, Groenewald, Xu & Crous, Stud. Mycol. 79: 

147 (2014) 

 

The alignment of Neopestalotiopsis (Fig. 18) comprised 52 taxa, with the outgroup taxon, 

Pestalotiopsis diversiseta (MFLUCC 12- 0287).  The total length of the dataset was 1358 

characters including alignment gaps, 1– 324, 325– 482, 483– 700, 701– 886, 887– 1054 and 

1055– 1358 corresponding to ITS1+ ITS2, 5. 8S, β- tubulin (exon), β- tubulin (intron), EF1α 

(exon) and EF1α (intron), respectively. The combined dataset contained 1001 constant, 175 

parsimony uninformative and 182 parsimony informative characters.  The combined dataset 

was analyzed using MP, ML and BI.  The trees generated under different optimality criteria 

were essentially similar in topology and did not differ significantly (data not shown). The 

descriptive statistics generated from MP analysis based on the combined dataset of ITS1+ITS2, 

5.8S, β-tubulin (exon), β-tubulin (intron), EF1α (exon), and EF1α (intron) were TL = 643, CI 

= 0.673, RI = 0.670, RC = 0.451, HI = 0.327. The best scoring likelihood tree selected with a 

final value for the combined dataset = -5197.543923. 

 



 

 

 

 
 

Figure 17 – Kamalomyces mangrovei (MFLU 18-1691). A,B. Ascomata. C. Section of 

ascomata. D. Section through peridium. E–G Asci and pseudoparaphyses. H–K. Ascospores. 

L. Germinating ascospores, M,N Cultures on PDA (M-upper, N-lower). Scale bars: A = 500 

μm, C = 100 μm, E–G = 50 μm, H–L = 20 μm. 



 

 

 

 
 

Figure 18 – One of the 1000 most parsimonious trees obtained from a heuristic search of 

combined ITS, ꞵ- tubulin and EF1α sequence data for the genus Neopestalotiopsis.  The tree is 

rooted to Pestalotiopsis diversiseta (MFLUCC 12-0287). Maximum parsimony and maximum 

likelihood bootstrap values ≥ 50% , Bayesian posterior probabilities ≥ 0.90 

(MPBS/MLBS/PPBY) are given at the nodes. The species obtained in this study are in red. Ex-

type taxa from other studies are in black bold. 

 

 

Neopestalotiopsis acrostichi Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556434; Facesoffungi number: FoF 05780  Fig. 19 

Etymology – refers to the host from which the fungus was isolated, Acrostichum 

aureum L. 

Holotype – MFLU 19-0774 



 

 

 

Associated with leaf spots of Acrostichum aureum L. Symptoms sub circular to irregular 

shape, pale brown, appear on adaxial surface leaves of A. aureum, which later expand outwards. 

Small brown spots appeared initially and then gradually enlarged, changing to pale brown 

circular spots with a black border. They were usually 4–5 circular spots occurred on a single 

affected leaf . Asexual morph: Conidiomata pycnidial, globose, brown, semi- immersed on 

PDA, releasing conidia in a black, slimy, globose, glistening mass.  Conidiophores indistinct. 

Conidiogenous cells discrete to lageniform, hyaline, smooth, thin- walled, proliferating once 

percurrently, collarette present and not flared, 10–25 × 2–5 μm. Conidia (22–)23–26(–27) × 

(5–)5.5–6.5(–7) μm, (mean ± SD = 24.3 ± 1.3 × 6 ± 0.6 μm), fusiform to clavate, straight to 

slightly curved, 4- septate; basal cell obconic with a truncate base, hyaline or sometimes pale 

brown, thin- and smooth-walled, (4.5–)5–6(–7) μm long (mean ± SD = 5.5 ± 0.8 μm); three 

median cells (14–)15–16(–18) μm long (mean ± SD = 15.9 ± 1 μm), brown, septa and periclinal 

walls darker than rest of the cell, versicolored, wall rugose; second cell from base pale brown, 

(4.5–)5–6(–6.5) μm long (mean ± SD = 5.6 ± 0.6 μm); third cell brown, 4.5–6 μm long (mean 

± SD = 4.9 ± 0.5 μm); fourth cell brown, (4–)4.5–5(–6.5) μm long (mean ± SD = 5.4 ± 0.6 

μm); apical cell (3–)4.5–5(–6) μm long (mean ± SD = 4.9 ± 0.8 μm), hyaline, conic to acute, 

with 3–5 tubular appendages on apical cell, inserted at different loci but in a crest at the apex 

of the apical cell, unbranched, flexuous, (16–)19–28.5(–33.5) μm long (mean ± SD =24.5 ± 

4.7 μm); single basal appendage, tubular, unbranched, centric, (4.5–)5–7(–12) μm long, (mean 

± SD = 7.1 ± 2 μm). 

Culture characteristics – Colonies on PDA reaching 6– 8 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Chanthaburi Province, leaf spots of Acrostichum 

aureum L., 25 April 2017, Norphanphoun Chada JT12-1 (MFLU 19-0774 dried culture, 

holotype; PDD, isotype); ex-type-living cultures, MFLUCC 17-1754, TNCC. THAILAND, 

Chanthaburi Province, leaf spots of Acrostichum aureum L., 25 April 2017, Norphanphoun 

Chada JT12-2 (MFLU 19-0775 dried culture, paratype); ex-type-living cultures, MFLUCC 17-

1755. 

Notes – Neopestalotiopsis acrostichi was isolated from a leaf spot of Acrostichum 

aureum.  The new species resembles several other Neopestalotiopsis species.  The combined 

phylogenetic tree indicated that N.  acrostichi is sister to N.  protearum (CBS 114178) and N. 

surinamensis (CBS 450. 74) (Fig. 18), but they differ in morphology.  Neopestalotiopsis 

acrostichi have larger conidia than N. protearum (N. protearum: (14–)16–17(–18) × (6.5–)8–

9(–10)). Neopestalotiopsis acrostichi is very much similar to N.  surinamensis (Crous et al. 

2011, Maharachchikumbura et al.  2014).  However, N. acrostichi differs from this species by 

having smaller conidia (N. surinamensis: (23–)24–28(–29) × (7–)7.5–9(–9.5)) with four apical 

tubular appendages (N. surinamensis: (15–)18–27(–28)) (Table 8, Maharachchikumbura et al. 

2014). This is the first report of Neopestalotiopsis on A. aureum. 

 



 

 

 

 
 

Figure 19 – Neopestalotiopsis acrostichi (MFLU 19-0774, holotype). a Habitat. b, c Leaf spots 

on Acrostichum aureum. d, e Culture on PDA (d-above, e-reverse). f–h Colony sporulating on 

PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: f–h = 200 µm, i–p 

= 20 µm. 

 



 

 

 

Neopestalotiopsis brachiata Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556435; Facesoffungi number: FoF 05771  Fig. 20 

Etymology – the specific epithet “brachiata” refers to the character of apical appendages 

(Latin ‘brachiata’ means ‘branches’). 

Holotype – MFLU 19-0776 

Associated with leaf spots of Rhizophora apiculata Blume.  Symptoms circular or sub 

circular shape, grayish brown, slightly sunken spots appear on adaxial surface leaves of R. 

apiculata, which later expand outwards. Small auburn spots appeared initially and then 

gradually enlarged, changing to grayish brown circular ring spots with a dark brown border. 

They were usually >5 circulars, which occurred on a single affected leaf. In severe cases, 

lesions spreaded evenly on the leaves. Asexual morph: Conidiomata pycnidial, globose, brown, 

semi- immersed on PDA, releasing conidia in a black, slimy, globose, glistening mass. 

Conidiophores indistinct. Conidiogenous cells discrete to ampulliform to lageniform, hyaline, 

smooth- and thin- walled, simple, proliferating 1–2 times percurrently, collarette present and 

not flared, 5–10 × 5–8 μm. Conidia (18–)18.5–25(–26) × (5–)5.5–6(–6.5) μm (mean ± SD = 

21 ± 2.2 × 5.5 ± 0.6 μm), fusiform to clavate, straight to slightly curved, 4- septate; basal cell 

obconic with a truncate base, hyaline or sometimes pale brown, thin-  and smooth-walled, (3–

)3.5–4(–5) μm long (mean ± SD = 3.8 ± 0.7 μm); three median cells (10–)10.5–15(–16) μm 

long (mean ± SD =  12.7 ± 1.7 μm), brown, septa and periclinal walls darker than rest of the 

cell, versicolored, wall rugose; second cell from base pale brown, (3–)4–5(–6) μm long (mean 

± SD = 4.4 ± 0.8 μm); third cell brown, (3.5–)4–5(–6) μm long (mean ± SD = 4.2 ± 0.7 μm); 

fourth cell brown, (3–)4–5(–5.5) μm long (mean ± SD = 4.1 ± 0.5 μm); apical cell (4–)4.5–5(–

6) μm long (mean ± SD = 4.5 ± 0.7 μm), hyaline, conic to acute; with 1–3 tubular appendages 

on apical cell, inserted at different loci in a crest at the apex of the apical cell, branched, 

flexuous, (8. 5– )9.5–33(–34) μm long (mean ± SD = 20 ± 7.6 μm); single basal appendage, 

tubular, unbranched, centric, (3.5–)4–9(–10) μm long (mean ± SD = 6.5 ± 1.6 μm). 

Culture characteristics – Colonies on PDA reaching 6– 7 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Ngao, Ranong Province, Ngao Mangrove Forest 

Research Centre, leaf spots of Rhizophora apiculata, 6 December 2016, Norphanphoun Chada 

NG33 (MFLU 19-0776 dried culture, holotype; PDD, isotype); ex-type-living cultures, 

MFLUCC 17-1555, TNCC. 

Notes – Neopestalotiopsis brachiata is similar to N.  rosicola (strain CFCC 51992) in 

conidial size (N. brachiata (18– )18. 5– 25(– 26) × (5– )5. 5– 6(– 6. 5) μm vs. N.  rosicola: 

(19−)20−25.5(−26) × (5−)5.5−8(−8.5) μm) but phylogenetically distinct (Jiang et al. 2018). In 

the multigene phylogenetic analysis presented here, the new species formed a sister clade to N. 

aotearoa (strain CBS 367.54), N. piceanae (strain CBS 394.48) and N. petila (in this study), 

which appear to be phylogenetically distinct (Fig. 18). The conidia of N. brachiata are different 

from N. aotearoa ((19.5–)21–28(–29) × (6–)6.5–8.5(–9) μm), N. piceanae ((19–)19.5–25(–

26) × (7–)7.5–9(–9.5) μm) and N. petila ((20–)21–26.5(–27.5) × (5.5–)6–7(–8) μm) and also 

differs by having branched, flexuous apical tubular appendages (Maharachchikumbura et al. 

2014). 



 

 

 

 

 
 

Figure 20 – Neopestalotiopsis brachiata (MFLU 19-0776, holotype). a Habitat. b, c Leaf spots 

on Rhizophora apiculata.  d, e Culture on PDA (d- above, e- reverse).  f–h Colony sporulating 

on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: g = 1000 µm, h 

= 500 µm, i–p = 20 µm.  

  



 

 

 

Neopestalotiopsis petila Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov.  

Index Fungorum number: IF556436; Facesoffungi number: FoF 05772  Fig. 21 

Etymology – the latin “petilus” meaning slander/ slim, which refers to the shape of 

conidia. 

Holotype – MFLU 19-0777 

Associated with leaf spots of Rhizophora mucronata Lam. Symptoms subcircular to the 

irregular shape, pale brown, slightly sunken spots appear on adaxial surface leaves of R. 

mucronata, which later expand outwards. Small auburn spots appeared initially and then 

gradually enlarged, changing to pale-auburn circular ring spots with a dark auburn border. They 

were usually >5 circulars, which occurred on a single affected leaf. In severe cases, lesions 

spread evenly on the leaves. Asexual morph: Conidiomata pycnidial, globose, brown, semi-

immersed on PDA, releasing conidia in a black, slimy, globose, glistening mass. Conidiophores 

distinct.  Conidiogenous cells discrete to integrated, hyaline, smooth- and thin- walled, 

proliferating one time percurrently, collarette present and not flared. Conidia (20–)21–26.5(–

27.5) × (5.5– )6–7(–8) μm (mean ± SD =  24.5 ± 2.0 × 6. 7 ± 0.7 μm), fusiform to clavate, 

straight to slightly curved, 4- septate; basal cell obconic with a truncate base, hyaline or 

sometimes pale brown, thin- and smooth-walled, (3–)4–5.5(–6) μm long (mean ± SD = 4.52 ± 

0.8 μm); three median cells (12.5– )13.5–15(–17) μm long (mean ± SD =  15.3 ± 1.0 μm), 

brown, septa and periclinal walls darker than rest of the cell, versicolored, wall rugose; second 

cell from base pale brown, (4. 5– )5–6(–7) μm long (mean ± SD =  5.2 ± 0.5 μm); third cell 

brown, (3.5–)4–5(–5.5) μm long (mean ± SD = 4.8 ± 0.5 μm); fourth cell brown, (4.5–)5–5.5(–

6) μm long (mean ± SD = 5.3 ± 0.5 μm); apical cell (3–)4–5(–7) μm long (mean ± SD = 4.6 ± 

1. 0 μm), hyaline, conic to acute; with 2– 3 tubular appendages on apical cell, inserted at 

different loci but in a crest at the apex of the apical cell, unbranched, flexuous, (21– )22–29(–

33) μm long (mean ± SD =  25.5 ± 3.1 μm); single basal appendage, tubular, unbranched, 

centric, (2–)3–8(–9) μm long (mean ± SD = 6 ± 2.1 μm). 

Culture characteristics – Colonies on PDA reaching 5– 6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Kor Chang, Trat Province, leaf spots of Rhizophora 

mucronata, 27 April 2017, Norphanphoun Chada KC05-1 (MFLU 19-0777 dried culture, 

holotype; PDD, isotype); ex-type-living cultures, MFLUCC 17-1737, TNCC. THAILAND, 

Kor Chang, Trat Province, leaf spots of R. mucronata, 27 April 2017, Norphanphoun Chada 

KC05-2 (MFLU 19-0778 dried culture, paratype); living cultures, MFLUCC 17-1738. 

Notes – Based on multigene analyses, Neopestalotiopsis petila is closely related to N. 

aotearoa (strain CBS 367.54), N. piceana (strain CBS 394.48), N. brachiata (in this study) and 

N. samarangensis (strain MFLUCC 12-0233) (Fig. 18).  However, N. petila differs from N. 

aotearoa in having long apical appendages (N. petila: (21–)22–29(–33) vs. N. aotearoa: (3–

)5– 12(– 13)) and differs from N.  piceana by having 2– 3 apical appendages (N.  piceana 

containing only 3 appendages) and short basal appendage (N. petila:  (2– )3– 8(– 9) vs. N. 

piceana:  6–23) and larger conidia than N. samarangensis (N. petila:  (20– )21–26.5(–27.5) × 

(5.6– )6–7(–7.8) vs. N. samarangensis:  18–21 × 6.5–7.5) (Maharachchikumbura et al. 2014, 

2013). The morphological differences between N. petila and N. brachiata have been mentioned 

above as notes of N. brachiata. Thus, N. petila is considered a novel species. 



 

 

 

 
 

Figure 21 – Neopestalotiopsis petila (MFLU 19-0777, holotype). a Habitat. b, c Leaf spots on 

Rhizophora mucronata. d, e Culture on PDA (d-above, e-reverse). f–h Colony sporulating on 

PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: g–h = 200 µm, i–

p = 20 µm. 

 

  



 

 

 

Neopestalotiopsis rhizophorae Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556437; Facesoffungi number: FoF 05773  Fig. 22 

Etymology – refers to the host from which the fungus was collected, Rhizophora 

mucronata Lam. 

Holotype – MFLU 19-0779 

Associated with leaf spots of Rhizophora mucronata Lam. Symptoms irregular to 

subcircular shape, brown, slightly sunken spots appear on adaxial surface leaves of R. 

mucronata, which later expand outwards on the surface of the leaves. Small auburn spots 

appeared initially and then gradually enlarged, changing to tawny circular ring spots with a 

dark mahogany border and jagged edge. They were usually >5 circulars, which occurred on a 

single affected leaf. In severe cases, lesions spread evenly on the leaves. Asexual morph: 

Conidiomata pycnidial, globose, brown, semi- immersed on PDA releasing conidia in a black, 

slimy, globose, glistening mass.  Conidiophores distinct.  Conidiogenous cells discrete or 

integrated, ampulliform, clavate or subcylindrical, hyaline, smooth, 8–20 × 4–8 μm.  Conidia 

(20–)20.5–27(–27.5) × (6–)6.5–7.5(–8) μm (mean ± SD = 24.5 ± 0.3 × 7.2 ± 0.6 μm), fusiform 

to clavate, straight to slightly curved, 4-septate; basal cell obconic with a truncate base, hyaline 

or sometimes pale brown, thin- and smooth-walled, (2–)3–4(–5) μm long (mean ± SD = 3.7 ± 

0.6 μm); three median cells (14– )15.5–17(–19.5) μm long (mean ± SD =  16.7 ± 1.4 μm), 

brown, septa and periclinal walls darker than restof the cell, versicolored, wall rugose; second 

cell from base pale brown, (4. 5– )5–6(–7) μm long (mean ± SD =  5.9 ± 0.7 μm); third cell 

brown, (4–)5–7(–10) μm long (mean ± SD = 5.2 ± 0.6 μm); fourth cell brown, (4–)5–5.5(–6.5) 

μm long (mean ± SD = 5.5 ± 0.6 μm); apical cell (3–)3.5–4(–5.5) μm long (mean ± SD = 4.1 

± 0.7 μm), hyaline, conic to acute; with 2–3 tubular appendages on apical cell, inserted at 

different loci but in a crest at the apex of the apical cell, unbranched, flexuous, (6–)12.5–22(–

24) μm long (mean ± SD =  17.5 ± 4.4 μm); single basal appendage, tubular, unbranched, 

centric, with or without knob (2.5–)3–9.5(–10) μm long (mean ± SD = 5.2 ± 1.8 μm). 

Culture characteristics – Colonies on PDA reaching 7– 8 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Ngao, Ranong Province, Ngao Mangrove Forest 

Research Centre, leaf spots of Rhizophora mucronata, 6 December 2016, Norphanphoun 

Chada NG16a (MFLU 19-0779 dried culture, holotype; PDD, isotype); ex-type-living cultures, 

MFLUCC 17- 1550, TNCC.  THAILAND, Ngao, Ranong Province, Ngao Mangrove Forest 

Research Centre, leaf spots of Rhizophora mucronata, 6 December 2016, Norphanphoun 

Chada NG16b (MFLU 19-0780 dried culture, paratype); ex-type-living cultures, MFLUCC 17-

1551. 

Notes – The new species Neopestalotiopsis rhizophorae (MFLUCC 17-1550, MFLUCC 

17-1551) is isolated from R. mucronata, from Ranong province in Thailand. Neopestalotiopsis 

rhizophorae is most similar to N. petila and N. thailandica (this study) in its conidial size (N. 

petila: (20–)21–26.5(–27.5) × (5.5–)6–7(–8) μm, N. thailandica: (20–)21–25(–25.5) × (5.5–

)6– 7(– 7. 5) μm) (Table 8).  However, based on combined gene phylogenetic analysis, N. 

rhizophorae is separated from N. petila and N.  thailandica, and nested between these two 

species; N. alpapicalis (MFLUCC 17-2544, MFLUCC 17-2545), the collections from R. 

mucronata in Phuket, Thailand and N.  rosicola (strain CFCC 51992, CFCC 51993), the 

collections from Rosa chinensis in China (Fig. 18).  Neopestalotiopsis rhizophorae can be 



 

 

 

distinguished from N. alpapicalis by larger conidia and longer appendages (N. alpapicalis: 

conidial size 14–22.5 × 5–7 µm, apical appendages 5.5–15 µm, basal appendages 3–6.5 µm, 

Table 8) with polymorphic nucleotide differences of β-tubulin (5- bp) and EF1α (3- bp) 

sequence data. It differs from N. rosicola by ITS (4-bp) and EF1α (4-bp) sequence data. 

 

 
 

Figure 22 – Neopestalotiopsis rhizophorae (MFLU 19-0779, holotype).  a Habitat.  b, c Leaf 

spots on Rhizophora mucronata.  d, e Culture on PDA (d- above, e- reverse).  f– h Colony 



 

 

 

sporulating on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: g = 

1000 µm, h = 100 µm, i = 50 µm, j–p = 20 µm. 

 

Neopestalotiopsis sonneratae Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556438; Facesoffungi number: FoF 05774  Fig. 23 

Etymology – refers to the host from which the fungus was isolated, Sonneronata alba L. 

Holotype – MFLU 19-0781  

Associated with leaf spots on Sonneronata alba L.  Symptoms small circular shape, 

auburn, slightly spots appear on adaxial surface leaves of S. alba, which later expand outwards 

on the surface of the leaves. Small auburn spots appeared initially and then gradually enlarged, 

changing to dark brown circular spots and border with blurred edge. They were usually > 5 

circulars, which occurred on a single affected leaf. Asexual morph:  Conidiomata pycnidial, 

200–400 μm diam, globose, brown, semi- immersed on PDA, releasing conidia in a black, 

slimy, globose, glistening mass.  Conidiophores indistinct.  Conidiogenous cells discrete to 

lageniform, hyaline, smooth- and thin- walled, 3– 8 × 2– 6 μm, proliferating one time 

percurrently, collarette present and not flared. Conidia (21.5–)24–26(–28) × 7–7.5(–8), (mean 

± SD =  24 ± 1.6 × 7.51 ± 0.4 μm), fusiform to clavate, straight to slightly curved, 4- septate; 

basal cell obconic with a truncate base, hyaline or sometimes pale brown, thin-  and smooth-

walled, (2–)3–3.5(–4) μm long (mean ± SD = 3 ± 0.6); three median cells (14.5–)15–16.5(–

17.5) μm long (mean ± SD = 15.8 ± 0.9), brown, septa and periclinal walls darker than rest of 

the cell, versicolored, wall rugose; second cell from base pale brown, (4.5–)5–6(–7) μm long 

(mean ± SD =5.6 ± 0.8 μm); third cell brown, (4–)5–5.5(–6) μm long (mean ± SD = 5.2 ± 0.7 

μm); fourth cell brown, (4–)5–6(–7) μm long (mean ± SD = 5.1 ± 0.7 μm); apical cell (3.5–)4–

4.5(–5) μm long (mean ± SD =4 ± 0.6 μm), hyaline, conic to acute; with 1–3 tubular appendages 

on apical cell, inserted at different loci but in a crest at the apex of the apical cell, unbranched, 

flexuous, (5. 5– )7–8(–14) μm long (mean ± SD =  8.5 ± 2); single basal appendage, tubular, 

unbranched, centric, (2.5–)3–4(–5) μm long (mean ± SD = 3.4 ± 0.9) long. 

Culture characteristics – Colonies on PDA reaching 5– 6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), 

moderate-to-strongly fluffy, fluffy to floccose, white from above and reverse; fruiting bodies 

black. 

Material examined – THAILAND, Kor Chang, Trat Province, leaf spots of Sonneronata 

alba, 27 April 2017, Norphanphoun Chada KC01-1 (MFLU 19-0781 dried culture, holotype; 

PDD, isotype); ex-type-living cultures, MFLUCC 17-1744, TNCC. THAILAND, Kor Chang, 

Trat Province, leaf spots of Sonneronata alba, 27 April 2017, Norphanphoun Chada KC01-2 

(MFLU 19-0782 dried culture, paratype); ex-type-living cultures, MFLUCC 17-1745. 

Notes – Neopestalotiopsis sonneratae was isolated from a leaf spot of Sonneronata alba 

in Thailand.  In the phylogenetic analyses of combined genes, N. sonneratae forms a sister 

group to N.  coffea-arabicae (strain HGUP4015) and N.  thailandica (in this study) (Fig. 18). 

However, there are significant differences in morphological characteristics; N. coffea-arabicae 

and N. thailandica conidia are smaller (N. coffea-arabicae: 16–20 × 5–7 μm, N. thailandica: 

(20– )21– 25(– 25. 5) × (5. 7– )6– 7(– 7. 3) μm) with both species containing longer apical 

appendages (N. coffea-arabicae: 11–16 μm, N. thailandica: (30–)32.5–38(–40) μm) and N. 

thailandica having two apical appendages (Song et al. 2013). 

 



 

 

 

 
 

Figure 23 – Neopestalotiopsis sonneratae (MFLU 19-0781, holotype).  a Habitat.  b, c Leaf 

spots on Sonneronata alba. d, e Culture on PDA (d-above, e-reverse). f–h Colony sporulating 

on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: g = 1000 µm, h 

= 500 µm, i, j = 20 µm, k–p = 10 µm.  



 

 

 

Neopestalotiopsis thailandica Norphanphoun & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556439; Facesoffungi number: FoF 05775 Fig. 24 

Etymology – refers to the country where the fungus was collected, Thailand. 

Holotype – MFLU 19-0783 

Associated with leaf spots of Rhizophora mucronata Lam. Symptoms small irregular to 

subcircular shape, brown, slightly sunken spots appear on adaxial surface leaves of R. 

mucronata, which later expand outwards on the surface of the leaves. Small auburn spots 

appearedinitially and then gradually enlarged, changing to tawny circular ring spots with a dark 

mahogany border and jagged edge. They were usually >5 circulars, which occurred on a single 

affected leaf. In severe cases, lesions spread evenly on the leaves. Asexual morph: Conidiomata 

pycnidial, globose, brown, semi- immersed on PDA, releasing conidia in a black, slimy, 

globose, glistening mass. Conidiophores distinct. Conidiogenous cells discrete to lageniform, 

hyaline, smooth- and thin- walled, proliferating 1–2 times percurrently, collarette present and 

not flared. Conidia (20–)21–25(–25.5) × 6–7(–7.5) μm (mean ± SD = 22.6 ± 1.3 × 6.6 ± 0.5 

μm), fusiform to clavate, straight to slightly curved, 4(–7)-septate; basal cell obconic with a 

truncate base, hyaline or sometimes pale brown, thin- and smooth-walled, (2.5–)3–4(–4.5) μm 

long (mean ± SD = 3.7 ± 0.5 μm); threemedian cells (12–)12.5–15(–16) μm long (mean ± SD 

=  14.2 ± 0.9 μm), brown, septa and periclinal walls darker than rest of the cell, versicolored, 

wall rugose; second cell from base pale brown, (4–)4.5–5(–5.5) μm long (mean ± SD = 4.6 ± 

0.3 μm); third cell brown, (3.5–)11–26(–27.5) μm long (mean ± SD = 4.5 ± 0.4 μm); fourth 

cell brown, (4–)5–5.5(–6) μm long (mean ± SD = 5.1 ± 0.6 μm); apical cell (3.5–)4–5.5(–6) 

μm long (mean ± SD = 4.7 ± 0.6 μm), hyaline, conic to acute; with 1–2 tubular appendages on 

apical cell, inserted at different loci but in a crest at the apex of the apical cell, unbranched, 

flexuous, (30–)32.5–38(–40) μm long (mean ± SD = 34.5 ± 3.7 μm); single basal appendage, 

tubular, unbranched, centric, (3–)6–9(–10) μm long (mean ± SD = 7.6 ± 2.2 μm).  

Culture characteristics – Colonies on PDA reaching 5– 6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Kor Chang, Trat Province, leaf spots of Rhizophora 

mucronata, 27 April 2017, Norphanphoun Chada KC11-1 (MFLU 19-0783 dried culture, 

holotype; PDD, isotype); ex-type-living cultures, MFLUCC 17-1730, TNCC.THAILAND, 

Kor Chang, Trat Province, leaf spots of Rhizophora mucronata, 27 April 2017, Norphanphoun 

Chada KC11-2 (MFLU 19-0784 dried culture, paratype); ex-type-living cultures, MFLUCC 

17-1731. 

Notes – The collections (MFLUCC 17- 1730, MFLUCC 17- 1731) were observed and 

introduced as N.  thailandica.  The new species is introduced with the type from Rhizophora 

mucronata from Trat Province in Thailand. Neopestalotiopsis thailandica is most similar to N. 

petila and N. rhizophorae (both species are introduced in this study) with its conidial size. The 

morphological differences between N. petila and N. rhizophorae have been mentioned above 

as notes of N. rhizophorae (Table 8).  However, based on the combined gene phylogenetic 

analysis, N. thailandica is separated from other species in the genus and is sister to N. coffea-

arabicae (HGUP4015, Song et al. 2013), which was isolated from leaves of Coffea arabica L. 

and N. sonneratae (in this study) from leaf spots of Sonneronata alba (Fig. 18). However, their 

morphology is different.  Neopestalotiopsis thailandica differs from N.  coffea- arabicae by 

having larger conidia (N.  thailandica:  (20– )21– 25(– 25. 5) × 6– 7(– 7. 5) vs. N.  coffea-

arabicae:16–20 × 5–7)), and longer apical appendages (N. thailandica:(30–)32.5–38(–40) vs. 



 

 

 

N. coffea-arabicae:11–16) (Table 4). The morphological differences between N. thailandica 

and N. sonneratae are mentioned above under the notes of N. sonneratae.  Thus, based on 

morphology and phylogeny it is considered that N. thailandica is a novel species. 

 

 
 

Figure 24 – Neopestalotiopsis thailandica (MFLU 19-0783, holotype).  a Habitat.  b, c Leaf 

spots on Rhizophora mucronata.  d, e Culture on PDA (d- above, e- reverse).  f– h Colony 

sporulating on PDA. i Conidiogenous cells giving rise to conidia. j–o Conidia. Scale bars: f = 

500 µm, g = 200 µm, h = 50 µm, i–o = 20 µm. 



 

 

 

Pestalotiopsis Steyaert, Bull. Jard. bot. État Brux. 19: 300 (1949) 

Index Fungorum number: IF9272 

Type species: Pestalotiopsis guepinii (Desm.) Steyaert [as 'guepini'], Bull. Jard. bot. 

État Brux. 19(3): 312 (1949) 

 

The phylogenetic tree, Fig. 25 (Pestalotiopsis) comprised 70 taxa with the outgroup, 

Neopestalotiopsis saprophytica (MFLUCC 12-0282). The total length of the dataset was 1440 

characters including alignment gaps, 1–380, 381–538, 539–779, 780–979, 980–1147, and 

1148– 1440 corresponding to ITS1+ ITS2, 5. 8S, β- tubulin (exon), β- tubulin (intron), EF1α 

(exon), and EF1α (intron), respectively. The combined dataset contained 887 constant, 174 

parsimony uninformative and 379 parsimony informative characters.  The combined dataset 

was analyzed using MP, ML and BI.  The trees generated under different optimality criteria 

were essentially similar in topology and did not differ significantly (data not shown). The 

descriptive statistics generated from MP analysis based on the combined dataset of ITS1+ITS2, 

5.8S, β-tubulin (exon), β-tubulin (intron), EF1α (exon), and EF1α (intron) were TL = 1664, CI 

= 0.510, RI = 0.685, RC = 0.349, HI = 0.490. The best scoring likelihood tree selected with a 

final value for the combined dataset = -10362.397645. 

 

Pestalotiopsis rhizophorae Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556440; Facesoffungi number: FoF 05781  Fig. 26 

Etymology – refers to the host from which the fungus was isolated, Rhizophora apiculate 

Blume. 

Holotype – MFLU 19-0785 

Associated with leaf spots of Rhizophora apiculata Blume. Symptoms small irregular 

spots shape, rufous, slightly sunken spots adaxial surface leaves of R. apiculata, which later 

expand outwards on the surface of the leaves. Small rufous spots appeared initially and then 

gradually enlarged, changing to tawny circular ring spots with a dark brown border and smooth 

edge. They were usually few circulars, which occurred on a single affected leaf. Asexual 

morph: Conidiomata 20–70 μm diam, pycnidial, globose, brown, semi- immersed on PDA, 

rreleasing conidia in a black, slimy, globose, glistening mass.  Conidiophores indistinct. 

Conidiogenous cells discrete to lageniform, hyaline, smooth- and thin-walled, 10–20  × 1–2 

μm, proliferating 1–2 times percurrently, collarette present and not flared. Conidia (17–)17.5–

23(–23.5) × (5.5–)6–6.5(–7) μm (mean ± SD = 20 ± 1.6 × 6.3 ± 0.5 μm), fusiform to clavate, 

straight to slightly curved, 4- septate; basal cell obconic with a truncate base, hyaline or 

sometimes pale brown, thin- and smooth-walled, (2–)3–3.5(–5) μm long (mean ± SD = 3.7 ± 

0.7 μm); three median cells (11– )11.5–14(–14.5) μm long (mean ± SD =  13.2 ± 1.2 μm), 

brown, septa and periclinal walls darker than rest of the cell, concolorous, wall rugose; second 

cell from base pale brown, (3.5–)4–5(–5.5) μm long (mean ± SD = 4.6 ± 0.6 μm); third cell 

brown, (3–)4–4.5(–5) μm long (mean ± SD = 4.1 ± 0.6 μm); fourth cell brown, (3.5–)4–5(–

5.5) μm long (mean ± SD = 4.6 ± 0.5 μm); apical cell (1.8–)2–3(–4.5) μm long (mean ± SD = 

3.1 ± 0.5 μm), hyaline, conic to acute; with 1–2 tubular appendages on apical cell, inserted at 

different loci but in a crest at the apex of the apical cell, unbranched, flexuous, (7. 5– )8–13(–

14.5) μm long (mean ± SD =  11.4 ± 2.4 μm); single basal appendage, tubular, unbranched, 

centric, 1.5–4.5(–5) μm long (mean ± SD = 2.5 ± 1.1 μm). 

 



 

 

 

 
 

Figure 25 – One of the 1000 most parsimonious trees obtained from a heuristic search of 

combined ITS, ꞵ- tubulin and EF1α sequence data for the genus Pestalotiopsis.  The tree is 

rooted to Neopestalotiopsis saprophytica (MFLUCC 12- 0282). Maximum parsimony and 

maximum likelihood bootstrap values ≥ 50%. Bayesian posterior probabilities ≥ 0. 90 

(MPBS/MLBS/PPBY) are given at the nodes. The species obtained in this study are in red font. 

Ex-type taxa from other studies are in black bold. 



 

 

 

 
 

Figure 26 – Pestalotiopsis rhizophorae (MFLU 19-0785, holotype).  a Habitat b, c Leaf spots 

of Rhizophera apiculata. d, e Culture on PDA (d-above, e-reverse). f–h Colony sporulating on 

PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: f–h = 100 µm, i–p 

= 20 µm. 

 

Culture characteristics – Colonies on PDA reaching 5– 6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 



 

 

 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, The Sirindhorn International Environmental Park, 

Cha- am District, Phetchaburi Province, leaf spots on Rhizophora apiculata, 30 November 

2016, Norphanphoun Chada NNS28a (MFLU 19-0785, holotype; PDD, isotype); ex- type-

living cultures, MFLUCC 17- 0416, TNCC. THAILAND, The Sirindhorn International 

Environmental Park, Cha- am District, Phetchaburi Province, leaf spots on Rhizophora 

apiculata, 30 November 2016, Norphanphoun Chada NNS28b (MFLU 19-0786, paratype); 

living cultures, MFLUCC 17-0417. 

Notes – Pestalotiopsis rhizophorae formed a distinct clade in the multi- locus tree and is 

sister to P. formosana (strain NTUCC 17-009), P. parva (strain CBS 265.37) and P thailandica 

(in this study) (Fig. 25).  Pestalotiopsis rhizophorae differs from P thailandica and P. 

formosana by shorter conidia (P. rhizophorae: (17–)17.5–23(–23.5) μm vs. P thailandica: (17–

)17.5–28(–29) μm, P. formosana: (15–)18–22(–26) × (5–)6–7 μm); shorter apical appendages 

(P. rhizophorae: (7.5–)8–13(–14.5) μm vs. P thailandica: (5.5–)11–34(–38) μm) and basal 

appendages (P. rhizophorae: (1.3–)1.5–4.5(–5) μm vs. P thailandica: (2–)2.5–9.5(–10) μm, P. 

formosana:  (2–)3–5(–6) μm) (Table 9, Ariyawansa and Hyde 2018, Maharachchikumbura et 

al.  2014).  Pestalotiopsis rhizophorae is similar to P.  parva in conidial size (P.  parva:  (16–

)16. 5– 20(– 21) × 5– 7(– 7. 5) μm) but differs by having 1– 2 apical appendages (Table 9, 

Ariyawansa and Hyde 2018, Maharachchikumbura et al.  2014).  The two species (P. 

rhizophorae, P. thailandica) are also different in four base pairs in ITS, one base pair in β-

tubulin and EF1α. Therefore, the collection in the present study is designated as a new species. 

 

 

Pseudopestalotiopsis Maharachch., K.D. Hyde & Crous, in Maharachchikumbura, Hyde, 

Groenewald, Xu & Crous, Stud. Mycol. 79: 180 (2014) 

Index Fungorum number: IF809753 

Type species: Pseudopestalotiopsis theae (Sawada) Maharachch., K.D. Hyde & Crous, 

in Maharachchikumbura, Hyde, Groenewald, Xu & Crous, Stud. Mycol. 79: 183 (2014) 

 

The phylogenetic tree, Fig. 27 comprised 27 taxa, with Neopestalotiopsis natalensis 

(CBS 138. 41) as the outgroup taxon.  The total length of the dataset was 1404 characters 

including alignment gaps, 1–335, 336–493, 494–742, 743– 925, 926–1093 and 1094–1404 

corresponding to ITS1+ ITS2, 5. 8S, β- tubulin (exon), β- tubulin (intron), EF1α (exon), and 

EF1α (intron), respectively).  The combined dataset contained 1122 constant, 193 parsimony 

uninformative and 89 parsimony informative characters.  The combined dataset was analyzed 

using MP, ML and BI. The trees generated under different optimality criteria were essentially 

similar in topology and did not differ significantly (data not shown).The descriptive statistics 

generated from MP analysis based on the combined dataset of ITS1+ ITS2, 5. 8S, β- tubulin 

(exon), β- tubulin (intron), EF1α (exon), and EF1α (intron) were TL = 386, CI =  0.832, RI = 

0.823, RC = 0.685, HI = 0.168. The best scoring likelihood tree selected with a final value for 

the combined dataset = -3905.071762. 

 



 

 

 

 
 

Figure 27 – One of the 93 most parsimonious trees obtained from a heuristic search of 

combined ITS, ꞵ-tubulin and EF1α sequence data of the genus Pseudopestalotiopsis. The tree 

is rooted with Neopestalotiopsis natalensis (CBS 138.41). Maximum parsimony and maximum 

likelihood bootstrap values ≥ 50% , Bayesian posterior probabilities ≥ 0.90 

(MPBS/MLBS/PPBY) are given at the nodes. The species obtained in this study are in red font. 

Ex-type taxa from other studies are in black bold. 

 

  



 

 

 

Pseudopestalotiopsis avicenniae Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556442; Facesoffungi number: FoF 05776  Fig. 28 

Etymology – refers to the host from which the fungus was isolated, Avicennia marina 

(Forssk.) Vierh. 

Holotype – MFLU 19-0789 

Associated with leaf spots of Avicennia marina (Forssk.) Vierh. Symptoms circular to 

irregular, grayish-brown, slightly sunken spots adaxial surface leaves of A. marina, which later 

expand outwards on the surface of the leaves (Fig. 12c). Small black spots appeared initially 

and then gradually enlarged, changing to beige circular ring spots with a black border and 

smooth edge. They were usually >5 circulars, which occurred on a single affected leaf. In 

severe cases, lesions spread evenly on the leaves (Fig. 12b). Asexual morph: Conidiomata 300–

1000 μm diam, pycnidial, globose, brown, semi- immersed on PDA, releasing conidia in a 

black, slimy, globose, glistening mass. Conidiophores indistinct. Conidiogenous cells discrete 

to lageniform, hyaline, smooth- and thin- walled, 3– 6 × 2– 56 μm, proliferating 1– 2 times 

percurrently, collarette present and not flared. Conidia (22–)22.5–26.5(–27) × (5–)5.5–6(–6.5) 

μm (mean ± SD = 23.9 ± 1.4 × 6 ± 0.4 μm), fusiform to clavate, straight to slightly curved, 4-

septate; basal cell obconic with a truncate base, hyaline or sometimes pale brown, thin-  and 

smooth- walled, (3– )4–4.5(–6) μm long (mean ± SD =  4 ± 0.7 μm); three median cells (15–

)15.5–17(–18) μm long (mean ± SD = 16.3 ± 0.8 μm), brown, septa and periclinal walls darker 

than rest of the cell, versicolored, wall rugose; second cell from base pale brown, (4.5–)5–6(–

6.5) μm long (mean ± SD = 5.5 ± 0.5 μm); third cell brown, (4.5–)5–5.5(–6) μm long (mean ± 

SD = 4.9 ± 0.4 μm); fourth cell brown, (5–)5.5–6(–7) μm long (mean ± SD = 5.9 ± 0.5 μm); 

apical cell (2–)2.5–4(–5) μm long (mean ± SD = 3.5 ± 1.0 μm), hyaline, conic to acute; with 

1–3 tubular appendages on apical cell, inserted at different loci but in a crest at the apex of the 

apical cell, unbranched, flexuous, (14–)15.5–28.5(–35.5) μm long (mean ± SD = 21.3 ± 5.9 

μm); single basal appendage, tubular, unbranched, centric, (2–)3–4(–4.5) μm long (mean ± SD 

= 3.1 ± 0.7 μm). 

Culture characteristics – Colonies on PDA reaching 5– 7 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, The Sirindhorn International Environmental Park, 

Cha-am, Cha-am District, Phetchaburi Province, leaf spots of Avicennia marina, 30 November 

2016, Norphanphoun Chada NNS05-1 (MFLU 19-0789, holotype; PDD, isotype); ex-type-

living cultures, MFLUCC 17-0434, TNCC. 

Notes – The combined phylogenetic tree showed that Ps.  avicenniae is sister to Ps. 

jiangxiensis (strain LC4479) and Ps. elaeidis (=Ps. myanmarina, strain NBRC 112264) (Fig. 

27, Liu et al. 2017, Nozawa et al. 2017). Pseudopestalotiopsis avicenniae is morphologically 

similar to Ps.  jiangxiensis, but phylogenetically clearly distinct as an independent lineage. 

Pseudopestalotiopsis avicenniae is phylogenetically closer to Ps.  elaeidis (strain NBRC 

112264), which was collected from Averrhoa carambola in Myanmar, but can be distinguished 

by its larger conidia (Ps. elaeidis: 31–38.5 × 6.5–9 µm) and 2–3 apical appendages (Table 10, 

Nozava et al. 2017). 

 



 

 

 

 
 

Figure 28 – Pseudopestalotiopsis avicenniae (MFLU 19-0789, holotype). a Habitat. b, c Leaf 

spots on Avicennia marina. d, e Culture on PDA (d-above, e-reverse). f–h Colony sporulating 

on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: f = 1000 µm, g 

= 200 µm, h = 500 µm, i–p = 20 µm. 

 

 

Pseudopestalotiopsis curvatispora Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556443; Facesoffungi number: FoF 05777  Fig. 29 



 

 

 

Etymology – in reference to the Latin word “curvatus” in reference to the shape of the 

conidia. 

Holotype – MFLU 19-0790 

Associated with leaf spots of Rhizophora mucronata Blume. Symptoms small subcircular, 

grayish brown, slightly sunken spots adaxial surface leaves of R. mucronata, which later 

expand outwards on the surface of the leaves. Small brown spots appeared initially and then 

gradually enlarged, changing to beige circular ring spots with a dark brown border and smooth 

edge. They were usually >5 circulars, which occurred on a single affected leaf. In severe cases, 

lesions spread evenly on the leaves. Asexual morph:  Conidiomata 200– 400 μm diam, 

pycnidial, globose, brown, semi- immersed on PDA, rreleasing conidia in a black, slimy, 

globose, glistening mass. Conidiophores indistinct. Conidiogenous cells discrete to lageniform, 

hyaline, smooth- and thin- walled, 5. 5–11 × 3–5.5 μm, proliferating 1–2 times percurrently, 

collarette present and not flared. Conidia (18.5–)22–25(–26.5) × (6–)6.5–7 μm (mean ± SD = 

23.5 ± 2 × 6.6 ± 0.4 μm), fusiform to clavate, straight to slightly curved, 4- septate; basal cell 

obconic with a truncate base, hyaline or sometimes pale brown, thin-  and smooth-walled, (3–

)3.5–4(–5) μm long (mean ± SD = 4.3 ± 0.7 μm); three median cells (11–)13–14(–15) μm long 

(mean ± SD =  13.8 ± 1.1 μm), brown, septa and periclinal walls darker than rest of the cell, 

versicolored, wall rugose; second cell from base pale brown, 4–5 μm long (mean ± SD = 4.5 ± 

0.5 μm); third cell brown, (3.5–)4–5(–5.5) μm long (mean ± SD = 4.4 ± 0.6 μm); fourth cell 

brown, (3.5–)4–5(–5.5) μm long (mean ± SD = 4.6 ± 0.6 μm); apical cell (3.5–)4–6(–7) μm 

long (mean ± SD = 5.1 ± 1.1 μm), hyaline, conic to acute; with 1–2 tubular appendages on an 

apical cell, inserted at different loci but in a crest at the apex of the apical cell, unbranched or 

branched irregularly along their length resulting in 1–2 branches, flexuous, (10– )20–29(–35) 

μm long (mean ± SD =  22.7 ± 8.1μm); single basal appendage, tubular, unbranched, centric, 

(5.5–)9–12(–13.5) μm long (mean ± SD = 9.2 ± 2 μm). 

Culture characteristics – Colonies on PDA reaching 3– 4 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Trat Province, leaf spots of Rhizophora mucronata, 

27 April 2017, Norphanphoun Chada KC12-1, (MFLU 19-0791, holotype; PDD, isotype); ex-

type-living cultures, MFLUCC 17-1722, TNCC. THAILAND, Trat Province, leaf spots of 

Rhizophora mucronata, 27 April 2017, Norphanphoun Chada KC12-2, (MFL 19-0792, 

paratype); living cultures, MFLUCC 17-1723. THAILAND, Trat Province, leaf spots of 

Rhizophora apiculata, 27 April 2017, Norphanphoun Chada KC18-2 (MFLU 19-0790, 

paratype); ex-type-living cultures, MFLUCC 17-1747. 

Notes – The new species Pseudopestalotiopsis curvatispora is introduced, which was 

isolated from a leaf spot on Rhizophora mucronata, with the morphology of curved conidia 

and flexuous branched apical appendages.  Based on combined gene phylogenetic analyses, it 

showed that Ps. curvatispora is nested in between Ps. simitheae (MFLUCC 12-0121) and Ps. 

thailandica (in this study), which are morphologically different (Table 10). 

Pseudopestalotiopsis simitheae is (MFLUCC 12-0121), distinct from other species by forming 

a well-separated clade (Fig. 27).  This is also supported by morphological differences (larger 

conidia (22–30 µm) and 2–4 tubular, shorter apical and basal appendages (apical appendages: 

14. 5– 26. 5 µm, basal appendages:  4– 6. 5 µm, Song et al.  2014)).  Pseudopestalotiopsis 

thailandica is different from Ps. simitheae by having larger conidia ((24–)24.5–30(–30.5) µm), 



 

 

 

longer apical appendages ((26.5–)28–36(–39.5) µm) and shorter basal appendages ((3.5–)4.5–

5(–6.5) µm) (Table 6, Song et al. 2014). 

 

 
 

Figure 29 – Pseudopestalotiopsis curvatispora (MFLU 19-0791, holotype). a Habitat. b, c Leaf 

spots of Rhizophera mucronata.  d, e Culture on PDA (d- above, e- reverse).  f– h Colony 

sporulating on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: f = 

1000 µm, g, h = 500 µm, i–p = 20 µm.  



 

 

 

Pseudopestalotiopsis rhizophorae Norphanphoun, T.C. Wen & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556444; Facesoffungi number: FoF 05778  Fig. 30 

Etymology – refers to the host from which the fungus was isolated, Rhizophora 

apiculata Blume. 

Holotype – MFLU 19-0793 

Associated with leaf spots of Rhizophora apiculata Blume. Symptoms irregular shape, 

pale brown, slightly sunken spots adaxial surface leaves of R. apiculata, which later expand 

outwards on the surface of the leaves. Small brown spots appeared initially and then gradually 

enlarged, changing to pale brown irregular spots with auburn border. They were usually >5 

circular spots occurred on a single affected leaf. In severe cases, lesions spread evenly on the 

leaves with defected leaves. Asexual morph:  Conidiomata 100– 200 μm diam, pycnidial, 

globose, brown, semi- immersed on PDA, releasing conidia in a black, slimy, globose, 

glistening mass. Conidiophores indistinct. Conidiogenous cells discrete to lageniform, hyaline, 

smooth- and thin-walled, 5–8 × 5–6 μm, proliferating 1–2 times percurrently, collarette present 

and not flared. Conidia (23–)24–29.5(–30) × 5–5.5(–6) μm (mean ± SD = 26 ± 2.5 × 5.4 ± 0.4 

μm), fusiform to clavate, straight to slightly curved, 4-septate; basal cell obconic with a truncate 

base, hyaline or sometimes pale brown, thin- and smooth-walled, (3–)4–5(–6) μm long (mean 

± SD = 4.5 ± 0.9 μm); three median cells (14.5–)15–19(–19.5) μm long (mean ± SD = 16.4 ± 

2 μm), brown, septa and periclinal walls darker than rest of the cell, versicolored, wall rugose; 

second cell from base pale brown, (4–)5–5.5(–7) μm long (mean ± SD = 5.8 ± 1 μm); third cell 

brown, 4–5(–5.5) μm long (mean ± SD = 4.7 ± 0.4 μm); fourth cell brown, (4.5–)5.5–6(–7.5) 

μm long (mean ± SD = 5.9 ± 1.0 μm); apical cell (3.5–)4–5(–7) μm long (mean ± SD = 5.2 ± 

0. 8 μm), hyaline, conic to acute; with 2– 3 tubular appendages on apical cell, inserted at 

different loci but in a crest at the apex of the apical cell, unbranched, flexuous, (16.5–)18–25(–

26) μm long (mean ± SD = 22 ± 3.1 μm); single basal appendage, tubular, unbranched, centric, 

(3–)3.5–6(–7) μm long (mean ± SD = 5 ± 1.2 μm). 

Culture characteristics – Colonies on PDA reaching 5–6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Ngao, Ranong Province, Ngao Mangrove Forest 

Research Centre, leaf spots of Rhizophora apiculata, 6 December 2016, Norphanphoun Chada 

NG38a (MFLU 19-0793, holotype; PDD, isotype); ex-type-living cultures, MFLUCC 17-1560, 

TNCC. 

Notes – Pseudopestalotiopsis rhizophorae formed an independent branch in the 

phylogeny presented here (Fig. 27) and is closely related to Ps.  dawaina (MM14-F0015) and 

Ps.  kubahensisa (UMAS KUB- P20).  Pseudopestalotiopsis rhizophorae differs from Ps. 

dawaina and Ps.  kubahensisa in length of appendage in both ends:  shorter apical appendage 

(Ps. dawaina: 20.5–33.5 µm, Ps. kubahensisa: 16–29.5 µm) and longer basal appendage (Ps. 

dawaina:  2. 5– 6. 5 µm, Ps.  kubahensisa:  3– 6 µm) (Table 10).  Thus, Ps.  rhizophorae is 

introduced as a new species. 



 

 

 

 
 

Figure 30 – Pseudopestalotiopsis rhizophorae (MFLU 19-0793, holotype). a Habitat. b, c Leaf 

spots of Rhizophora apiculata.  d, e Culture on PDA (d- above, e- reverse).  f– h Colony 

sporulating on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: g = 

500 µm, h = 200 µm, i–p = 20 µm. 

 

  



 

 

 

Pseudopestalotiopsis thailandica Norphanphoun & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556445; Facesoffungi number: FoF 05779  Fig. 31 

Etymology – refers to the country where the fungus was collected, Thailand. 

Holotype – MFLU 19-0794 

Associated with leaf spots of Rhizophora mucronata Blume. Symptoms subcircular to the 

irregular shape, pale brown, slightly sunken spots adaxial surface leaves of R. mucronata, 

which later expand outwards on the surface of the leaves. Small auburn spots appeared initially 

and then gradually enlarged, changing to pale-auburn circular ring spots with a dark auburn 

border. They were usually >5 circulars, which occurred on a single affected leaf. In severe 

cases, lesions spread evenly on the leaves. Asexual morph:  Conidiomata 250–500 μm diam, 

pycnidial, globose, brown, semi- immersed on PDA, releasing conidia in a black, slimy, 

globose, glistening mass. Conidiophores indistinct. Conidiogenous cells discrete to lageniform, 

hyaline, smooth- and thin- walled, proliferating 1–2 times percurrently, collarette present and 

not flared. Conidia (24–)24.5–30(–30.5) × (5–)5.5–6(–6.7) μm (mean ± SD = 26.6 ± 2.2 × 

5.9±0.3 μm), fusiform to clavate, straight to slightly curved, 4-septate; basal cell obconic with 

a truncate base, hyaline or sometimes pale brown, thin-  and smooth-walled, (3.5–)4–5(–6.6) 

μm long (mean ± SD = 4.4 ± 1 μm); three median cells (13.5–)16–18(–19) μm long (mean ± 

SD = 17.2 ± 1.5 μm), brown, septa and periclinal walls darker than rest of the cell, versicolored, 

wall rugose; second cell from base pale brown, (5–)5.5–6(–7.5) μm long (mean ± SD = 5.8 ± 

0.9 μm); third cell brown, (5–)5.5–6(–6.2) μm long (mean ± SD = 5.6 ± 0.5 μm); fourth cell 

brown, (5.5–)6–6.5(–7) μm long (mean ± SD = 6.2 ± 0.6 μm); apical cell (3.5–)4.5–5(–7) μm 

long (mean ± SD =  4.5 ± 1.1 μm), hyaline, conic to acute; with 1–2 tubular appendages on 

apical cell, inserted at different loci but in a crest at the apex of the apical cell, unbranched, 

flexuous, (26.5–)28–36(–39.5) μm long (mean ± SD = 31.3 ± 3.9μm); single basal appendage, 

tubular, unbranched, centric, (3.5–)4.5–5(–6.5) μm long (mean ± SD = 4.8 ± 1 μm). 

Culture characteristics – Colonies on PDA reaching 5–6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, Chanthaburi Province, leaf spots of Rhizophora 

mucronata, 27 April 2017, Norphanphoun Chada KC21-1 (MFLU 19-0794, holotype; PDD, 

isotype); ex-type-living cultures, MFLUCC 17-1724, TNCC. THAILAND, Chanthaburi 

Province, leaf spots of Rhizophora mucronata, 27 April 2017, Norphanphoun Chada KC21-12 

(MFLU 19-0795, paratype); ex-type-living cultures, MFLUCC 17-1725. 

Notes – The new species, Pseudopestalotiopsis thailandica was isolated from a leaf spot 

from Rhizophora mucronata from Chanthaburi Province, Thailand.  Based on the combined 

gene phylogenetic analysis, it showed that Ps. thailandica is sister to Ps. curvatispora (in this 

study), and morphology differences as mentioned in the notes of Ps.  curvatispora.  Thus, it is 

considered that Ps. thailandica is a novel species. 

 



 

 

 

 
 

Figure 31 – Pseudopestalotiopsis thailandica (MFLU 19-0794, holotype). a Habitat. b, c Leaf 

spots on Rhizophora mucronata. d, e Culture on PDA (d-above, e-reverse). f–h Colony 

sporulating on PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: f = 

1000 µm, g, h = 500 µm, i–p = 20 µm. 

 



 

 

 

Table 8. Comparison of conidia of Neopestalotiopsis species related to this study. 

Species Strain Conidial size (μm) 
Apical appendages Basal appendage 

Length (μm) Number Length (μm) 

N. acrostichi MFLUCC 17-1754/ 

MFLUCC 17-1755 

(22–)23–26(–27.2) × (5–)5.5–6.5(–7.1) 3–4 (4) (16–)19–65(–69.5) (7–)12.5–36(–37) 

N. alpapicalisg MFLUCC 17-2544 14–22.3 × 5–6.8 1–4(1, 2) 5.6–15 3.1–6.4 

N. aotearoad CBS 367.54 (19.5–)21–28(–29) × (6–)6.5–8.5(–9) 2–3 (3–)5–12(–13) 1.5–4 

N. coffea-arabicaef HGUP4015 16–20 × 5–7 2–4 11–16 3–5 

N. musaeb MFLUCC 15-0776 18.6–25 9 4.1–5 2–3 16.3–25 4.6–10.3 

N. piceanad CBS 394.48 (19–)19.5–25(–26) × (7–)7.5–9(–9.5) 3 (19–)21–31(–33) 6–23 

N. protearuma CBS 114178 (14–)16–17(–18) × (6.5–)8–9(–10) 2–4 (10–)15–17(– 22) (2–)3–3.5(–5) 

N. brachiata MFLUCC 17-1555 (18–)18.5–25(–26) × (4.7–)5.5–6(–6.3) 1–3 (8.5–)9.5–33(–34) (3.5–)4–9(–10) 

N. rhizophorae MFLUCC 17-1550/ 

MFLUCC 17-1551 

(20–)20.5–27(–27.5) × (6–)6.5–7.5(–8.2) 1–4 (3) (6–)12.5–22(–24) (2.5–)4–9.5(–10) 

N. rosicolac CFCC 51992 (18.9−)20.2−25.5(−26.2) ×(5−)5.5−8(−8.5) 2–4 (2, 3) (16.5−)17−22.8(−25.9) 2−9.5 

N. samarangensise MFLUCC 12-0233 18–21 × 6.5–7.5 3 12–18 3.5–5.2 

N. sonneratae MFLUCC 17-1744/ 

MFLUCC 17-1745 

(21.6–)24–26(–28.2) × (6.8–)7–7.5(–8.1) 1–3 (5.3–)7–8(–13.8) (2.5–)3–4(–4.7) 

N. surinamensisd CBS 450.74 (23–) 24–28(–29) × (7–)7.5–9(–9.5) 2–3 (15–)18–27(–28) Up to 5–7 

N. thailandica MFLUCC 17-1730/ 

MFLUCC 17-1731 

(20–)21–25(–25.5) × (5.7–)6–7(–7.3) 1–2 (30–)32.5–38(–40) (3–)6–9(–10) 

N. petila MFLUCC 17-1737/ 

MFLUCC 17-1738 

(20–)21–26.5(–27.5) × (5.6–)6–7(–7.8) 2–3 (21–)22–29(–33) (2–)3–8(–9) 

Strains in this study are in bold. 
aCrous et al. (2011); bHyde et al. (2016); cJiang et al. (2018); dMaharachchikumbura et al. (2014); eMaharachchikumbura et al. (2013); fSong et al. (2013); gKumar et al. 

(2019). 

 

  



 

 

 

Table 9. Comparison of conidia of Pestalotiopsis species related to this study. 

Species Strain Conidial size (μm) 
Apical appendages (μm) 

Basal appendage (μm) 
Number Length 

P. formosana a NTUCC 17-009 (15–)18–22(–26) × (5–)6–7 2–3 (8–)11–16(–20) (2–)3–5(–6) 

P. parva b CBS 265.37 (16–)16.5–20(–21) × 5–7(–7.5) 2–3 (6–)6.5–12(–13) 2–4 

P. rhizophorae MFLUCC 17-0416/ 

MFLUCC 17-0417 

(17–)17.5–23(–23.5) × (5.5–)6–6.5(–7) 1–2 (7.5–)8–13(–14.5) (1.3–)1.5–4.5(–5) 

P. thailandica MFLUCC 17-1616/ 

MFLUCC 17-1617 

(17–)17.5–28(–29) × (4.9–)5.5–6.5(–7.1) 1–2 (5.5–)11–34(–38) (2–)2.5–9.5(–10) 

Strains in this study are in bold. 
aAriyawansa & Hyde (2018); bMaharachchikumbura et al. (2014). 

 

Table 10. Comparison of conidia of Pseudopestalotiopsis species related to this study. 

Species Strain Conidial size (μm) 
Apical appendages (μm) 

Basal appendage 

(μm) Number Length 

Ps. ampullaceab LC6618 21–31.5 × 6.5–9 2–3 17–25 3.5–7 

Ps.avicenniae MFLUCC 17-0434 (22–)22.5–26.5(–27) × (5–)5.5–6(–6.4) 1–3 (14–)15.5–28.5(–35.5) (2–)3–4(–4.5) 

Ps. chinensisb LC3011 25.5–35.5 × 6–9 2–3 24–41 5–12 

Ps.rhizophorae  MFLUCC 17-1560 (18.5–)22–25(–26.5) × (6.2–)6.5–7(–7.2) 1–2 (10.2–)20–29(–35) (5.5–)9–12(–13.5) 

Ps. dawainad MM14-F0015 22–31 × 8–9.5 3 20.5–33.5 2.5–6.5 

Ps. elaeidis 

(=Ps. myanmarina) c 

NBRC 112264 31–38.5 × 6.5–9 2–3 22.5–38.5 unbranched 

Ps. jiangxiensisb LC4479 22–29 × 6–9 2–4(3) 16.5–32 6.5–19.5 

Ps. kawthaunginad MM14-F0083 29.5–34.5 × 7–9 3 28–41 4.5–9 

Ps. kubahensisa UMAS KUB-P20 (26–)27–30(–33) × 5.6–7.3 2–4(3) 15.9–29.4 3.1–6.0 

Ps.curvatispora MFLUCC 17-1722/ 

MFLUCC 17-1723 

(18.6–)19–26(–26.4) × (5.5–)6–7(–7.4) 2–3 (5.5–)6–24(–26.6) (5.8–)5–11(–12.2) 

Ps. simitheaee MFLUCC 12-0121 22–30 × 5–6.5 2–4 14.5–26.5 4–6.5 

Ps. taiwanensisf NTUCC 17-002.1 21–26 × 6–7 2–5 16–25 3–7 

Ps. thailandica MFLUCC 17-1724/ 

MFLUCC 17-1725 

(24–)24.5–30(–30.5) × (5–)5.5–6(–6.7) 1–3 (26.5–)28–36(–39.5) (3.5–)4.5–5(–6.6) 

Strain in this study are in bold. 
aLateef et al. (2015); bLiu et al. (2017); cNozawa et al. (2017); dNozawa et al. (2018); eSong et al. 2014; fTsai et al. (2018). 

 



 

 

 

Supplementary Table (1). Nucleotides differences in the ITS, β-tubulin and EF1α sequences of Neopestalotiopsis discussed in the paper. 

Taxon Strain 
ITS β-tubulin 

68 85 100 370 372 373 374 375 449 487 163 169 201 205 

Neopestalotiopsis acrostichi MFLUCC 17-1754 T A T T C A T T T T C T T A 

N. alpapicalis MFLUCC 17-2544 - A T T - - A T T T - - - - 

N. aotearoa CBS 367.54 T G T T - - A T T T C T C T 

N. brachiata MFLUCC 17-1555 T A T T - - A T T T T T C T 

N. coffea-arabicae HGUP4015 T A T T - - A T T T - - - - 

N. ellipsospora MFLUCC 12-0283 T A T C - - G G T T - - - - 

N. petila MFLUCC 17-1737 T A T T - - A T T T T T C T 

N. piceana CBS 394.48 T G T T - - A T T T T T C T 

N. protearum CBS 114178 T A T C - - G G T C C T T A 

N. rhizophorae MFLUCC 17-1550 T A T T - - A T T T T T C T 

N. rosicola CFCC 51992 T A T T - - T A C T T T C T 

N. samarangensis MFLUCC 12-0233 T A T T - - A T T T - - - - 

N. sonneratae MFLUCC 17-1744 T A T T - - A T T T C T T A 

N. surinamensis CBS 450.74 T A T T - - T T T T C A T A 

N. thailandica MFLUCC 17-1730 T A C T - - A T T T C T T A 

Taxon Strain 
β-tubulin 

218 341 355 364 369 370 373 374 375 376 378 379 382 383 

Neopestalotiopsis acrostichi MFLUCC 17-1754 G C C C G G T G T T C C T C 

N. alpapicalis MFLUCC 17-2544 - - C T G G T G T A T C T C 

N. aotearoa CBS 367.54 T C T C G G T G T A T C T C 

N. brachiata MFLUCC 17-1555 T C T C G G T G T A T C T C 

N. coffea-arabicae HGUP4015 - - - - A A C A C A C G A T 

N. ellipsospora MFLUCC 12-0283 - - C T G G T G T A T C T C 

N. petila MFLUCC 17-1737 T C T C G G T G T A T C T C 

N. piceana CBS 394.48 T C T C G G T G T A T C T C 

N. protearum CBS 114178 G C C C G G T G T T C C T C 

N. rhizophorae MFLUCC 17-1550 T C T C G G T G T A T C T C 

N. rosicola CFCC 51992 T C T C G G T G T A T C T C 

N. samarangensis MFLUCC 12-0233 - - C T G G T G T A T C T C 

N. sonneratae MFLUCC 17-1744 T T C C G G T G T T C C T C 

N. surinamensis CBS 450.74 T C C C G G T G T T C C T C 

N. thailandica MFLUCC 17-1730 T T C C G G T G T T C C T C 

 



 

 

 

Supplementary Table (1). Continued. 

Taxon Strain 
β-tubulin 

384 385 386 393 402 428 437 438 441 446 459 469 471 472 

Neopestalotiopsis acrostichi MFLUCC 17-1754 T G C A C C A C - A G G T A 

N. alpapicalis MFLUCC 17-2544 T G C A A C T C - T C G T G 

N. aotearoa CBS 367.54 T G C A A C T C - T C G T G 

N. brachiata MFLUCC 17-1555 T G C A A C T C - T C G T G 

N. coffea-arabicae HGUP4015 C T G - A C A C T A G A G A 

N. ellipsospora MFLUCC 12-0283 T G C A A T T C - T C G T G 

N. petila MFLUCC 17-1737 T G C A A C T C - T C G T G 

N. piceana CBS 394.48 T G C A A C T C - T C G T G 

N. protearum CBS 114178 T G C A C C A A - A G G T A 

N. rhizophorae MFLUCC 17-1550 T G C A A C T C - T C G T G 

N. rosicola CFCC 51992 T G C A A C T C - T C G T G 

N. samarangensis MFLUCC 12-0233 T G C A A C T C - T C G T G 

N. sonneratae MFLUCC 17-1744 T G C A A C A C T A G A T A 

N. surinamensis CBS 450.74 T G C A C C A C - A G G T A 

N. thailandica MFLUCC 17-1730 T G C A A C A C T A G A G A 

Taxon Strain 
β-tubulin EF1α 

543 544 571 674 683 70 81 84 85 86 87 88 89 90 

Neopestalotiopsis acrostichi MFLUCC 17-1754 A C T T C T C C A T - - - - 

N. alpapicalis MFLUCC 17-2544 T T C T C - - C A T - - - - 

N. aotearoa CBS 367.54 T T C T C T C C A T - - - - 

N. brachiata MFLUCC 17-1555 T T C T C T C C A T - - - - 

N. coffea-arabicae HGUP4015 A C C T T T C C A T - - - - 

N. ellipsospora MFLUCC 12-0283 T T C T C T A C A T - - - - 

N. petila MFLUCC 17-1737 T T C C C T C C A T - - - - 

N. piceana CBS 394.48 T T C T C T C C A T - - - - 

N. protearum CBS 114178 A C T T C T C - - - - - - - 

N. rhizophorae MFLUCC 17-1550 T T C T C T C C A T - - - - 

N. rosicola CFCC 51992 T T C T C T C C A T - - - - 

N. samarangensis MFLUCC 12-0233 T T C C C T C C A T - - - - 

N. sonneratae MFLUCC 17-1744 A C C T T T C C A T C A T C 

N. surinamensis CBS 450.74 A C T T C C C C A T - - - - 

N. thailandica MFLUCC 17-1730 A C C T T T C C A T C A T C 

 



 

 

 

Supplementary Table (1). Continued. 

Taxon Strain 
EF1α 

91 92 93 97 104 105 112 113 114 118 120 124 133 167 

Neopestalotiopsis acrostichi MFLUCC 17-1754 - - - C C A C A T A T T T T 

N. alpapicalis MFLUCC 17-2544 - - - C C A - - - A T C T T 

N. aotearoa CBS 367.54 - - - C C A C A T A T C T T 

N. brachiata MFLUCC 17-1555 - - - C C A C A T A A C T T 

N. coffea-arabicae HGUP4015 - - - C C A C A T A T C T T 

N. ellipsospora MFLUCC 12-0283 - - - C C A C A T A T C T T 

N. petila MFLUCC 17-1737 - - - C C A C A T A T C T T 

N. piceana CBS 394.48 - - - C C A C A T A T C T G 

N. protearum CBS 114178 - - - C C A C A T A T C T T 

N. rhizophorae MFLUCC 17-1550 - - - C C A - - - A T C T T 

N. rosicola CFCC 51992 - - - C C A C A T A T C T T 

N. samarangensis MFLUCC 12-0233 - - - C G A C A T A T C T T 

N. sonneratae MFLUCC 17-1744 C C C C C A C A T A T C T T 

N. surinamensis CBS 450.74 - - - T C T C G T G T C C T 

N. thailandica MFLUCC 17-1730 C C C C C A C A T A T C T T 

Taxon Strain 
EF1α 

169 186 210 246 287 290 407 456 462 480 485    

Neopestalotiopsis acrostichi MFLUCC 17-1754 - G G G A T T C A A A    

N. alpapicalis MFLUCC 17-2544 - G G G A T C T A A G    

N. aotearoa CBS 367.54 - G G G A T C C A T A    

N. brachiata MFLUCC 17-1555 - G G G A T C C A T A    

N. coffea-arabicae HGUP4015 - G G G A T C C A T A    

N. ellipsospora MFLUCC 12-0283 - A A A A T C C A T A    

N. petila MFLUCC 17-1737 - G G G A T C C A T A    

N. piceana CBS 394.48 - G G G A T C C A T A    

N. protearum CBS 114178 T G G G A T C C A T A    

N. rhizophorae MFLUCC 17-1550 - G G G A T C C A A G    

N. rosicola CFCC 51992 - G G G A T C C A A A    

N. samarangensis MFLUCC 12-0233 - G G G A T C C T A A    

N. sonneratae MFLUCC 17-1744 C G G G A C C C T A A    

N. surinamensis CBS 450.74 - G G T G T C C T A A    

N. thailandica MFLUCC 17-1730 C G G G A C C C T A A    

 



 

 

 

Supplementary Table (2). Nucleotides differences in the ITS, β-tubulin and EF1α sequences of Pestalotiopsis discussed in the paper. 

Taxon Strain 
ITS β-tubulin 

14 23 162 164 433 491 539 547 551 558 559 14 36 38 

Pestalotiopsis rhizophorae MFLUCC 17-0416 A T C A A A T T T T G A T C 

P. thailandica MFLUCC 17-1616 A T C G G - C T T T G T T C 

P. formosana NTUCC 17-009 - - T G A - C T - G T - - - 

P. parva CBS 278.35 T A T G A - C C - T G A G G 

Taxon Strain 
β-tubulin 

39 43 130 131 132 153 174 260 360 368 372 403 428 430 

Pestalotiopsis rhizophorae MFLUCC 17-0416 C C A A G C C C C T A G A T 

P. thailandica MFLUCC 17-1616 C C A A G C C C C T A G A T 

P. formosana NTUCC 17-009 - - - - - - - - - - C G A T 

P. parva CBS 278.35 A C - - - G T A T C A A T C 

Taxon Strain 
 EF1α 

762 33 34 36 56 57 58 71 81 123 126 226 261 434 

Pestalotiopsis rhizophorae MFLUCC 17-0416 A T C C C C A C C A C T C G 

P. thailandica MFLUCC 17-1616 G T C C C C A C C A C T C G 

P. formosana NTUCC 17-009 A T C C - - - G T G A C C A 

P. parva CBS 278.35 A A T T T C A G C A C T T A 

 

 

Supplementary Table (3). Nucleotides differences in the ITS, β-tubulin and EF1α sequences of Pseudopestalotiopsis discussed in the paper. 

Taxon Strain 
ITS 

30 39 75 119 147 409 410 482 527 545 546 549 553 554 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 A T A G A - - T T G A A G C 

Ps. curvatispora MFLUCC 17-1722 A T A G G - - C T G A A G C 

Ps. dawaina MM14 F0015 T A A T G - - C T G A A G C 

Ps. jiangxiensis LC4479 - - - G A - - T T G A A G C 

Ps. kawthaungina MM14 F0083 T A A G A - - T T G A A G C 

Ps. myanmarina NBRC 112264 T A A G A - - T T G A A G C 

Ps. rhizophorae MFLUCC 17-560 A T A G G A A C T G A A G C 

Ps. simitheae MFLUCC 12-0121 T A A G A - - T - - - G A T 

Ps. taiwanensis NTUCC 17-002.1 T A A G A - - T - - - - - - 

Ps. thailandica MFLUCC 17-1724 A T A G G A A C T G A A G C 



 

 

 

Supplementary Table (3). Continued. 

Taxon Strain 
ITS β-tubulin 

556 22 107 125 134 148 149 150 151 153 158 183 192 194 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 G G T A C T - - - T C A A A 

Ps. curvatispora MFLUCC 17-1722 G G G C C G C A G C C G G A 

Ps. dawaina MM14 F0015 G - - - - - - - - - - - - - 

Ps. jiangxiensis LC4479 G G T A C T - - - T C A A A 

Ps. kawthaungina MM14 F0083 G - - - - - - - - - - - - - 

Ps. myanmarina NBRC 112264 G - - - - - - - - - - - - - 

Ps. rhizophorae MFLUCC 17-560 G A T C T G C A G T A A G G 

Ps. simitheae MFLUCC 12-0121 C - - - - - - - - - - - - - 

Ps. taiwanensis NTUCC 17-002.1 - - - - - - - - - - - - - - 

Ps. thailandica MFLUCC 17-1724 G A T C T G - - - T A A G G 

Taxon Strain 
β-tubulin 

198 206 223 225 250 302 330 355 361 362 363 364 365 372 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 A G A G C G A C G T A T G A 

Ps. curvatispora MFLUCC 17-1722 T A G A T G G C G T A T G A 

Ps. dawaina MM14 F0015 - - - - - - - - G T A T G A 

Ps. jiangxiensis LC4479 A G A G C G A C G T A T G A 

Ps. kawthaungina MM14 F0083 - - - - - - - - G T A T G A 

Ps. myanmarina NBRC 112264 - - - - - - - - - - - - - A 

Ps. rhizophorae MFLUCC 17-560 T A A A T A A C G T A T G A 

Ps. simitheae MFLUCC 12-0121 - - - - - - - - A G T C A - 

Ps. taiwanensis NTUCC 17-002.1 - - - - - - - T G T A T G A 

Ps. thailandica MFLUCC 17-1724 T A A A T G A C G T A T G A 

Taxon Strain 
β-tubulin 

376 413 434 435 445 453 459 505 538 539 540 558 559 560 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 A T T G C - G T - - - C A T 

Ps. curvatispora MFLUCC 17-1722 A T T A A G G T C C C T C C 

Ps. dawaina MM14 F0015 A T T A A G G T C C C T C C 

Ps. jiangxiensis LC4479 A T T G C - G T - - - C A C 

Ps. kawthaungina MM14 F0083 A T T A A G G T C C C T C C 

Ps. myanmarina NBRC 112264 A T T G C - G T - - - C A T 

Ps. rhizophorae MFLUCC 17-560 C C G A A G G C T T C C A C 

Ps. simitheae MFLUCC 12-0121 - C G A A G G T T T C C A C 

Ps. taiwanensis NTUCC 17-002.1 C C G A A G G T T T C C A C 

Ps. thailandica MFLUCC 17-1724 C C G A A G A C T T C C A C 

 



 

 

 

Supplementary Table (3). Continued. 

Taxon Strain 
β-tubulin EF1α 

571 572 573 581 625 628 691 715 739 772 88 89 93 95 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 T T G G T C T C T C A C T T 

Ps. curvatispora MFLUCC 17-1722 T C A T T C C T C T A T T C 

Ps. dawaina MM14 F0015 T C A T T C C T C T A C T T 

Ps. jiangxiensis LC4479 T T G G T C T C T C A C T T 

Ps. kawthaungina MM14 F0083 T C A T T C C T C T A C T T 

Ps. myanmarina NBRC 112264 T T G G T C T C T C A C T T 

Ps. rhizophorae MFLUCC 17-560 T C A T C G C T C T C C T T 

Ps. simitheae MFLUCC 12-0121 C C A T T C C T C T G C A T 

Ps. taiwanensis NTUCC 17-002.1 C C A T T C C T C T A C T T 

Ps. thailandica MFLUCC 17-1724 T C A T C C C T C T C C T T 

Taxon Strain 
EF1α 

99 100 102 105 114 115 123 125 127 128 134 137 140 150 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 T C A G - - A C T C C G C C 

Ps. curvatispora MFLUCC 17-1722 T G T A A A A T C C A A T C 

Ps. dawaina MM14 F0015 C - - A - - T C C C C A T A 

Ps. jiangxiensis LC4479 T C A G - - A C T C C G C C 

Ps. kawthaungina MM14 F0083 T C A G - - A C T C C G C C 

Ps. myanmarina NBRC 112264 T C A G - - A C T C C G C C 

Ps. rhizophorae MFLUCC 17-560 T C T A - - G C C C C A T C 

Ps. simitheae MFLUCC 12-0121 T C T A - - G C C C C A T C 

Ps. taiwanensis NTUCC 17-002.1 T C T A A - A C T T C G T C 

Ps. thailandica MFLUCC 17-1724 T C T A - - G C C C C A T C 

Taxon Strain 
EF1α 

151 152 157 167 172 176 186 252 267 268 269 270 271 272 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 C A A C A G T A C A G C A A 

Ps. curvatispora MFLUCC 17-1722 - - C T A C C A C A G C A A 

Ps. dawaina MM14 F0015 G A A T A C C A C A G C A A 

Ps. jiangxiensis LC4479 C A A T A C T T C A G C A A 

Ps. kawthaungina MM14 F0083 C N A T A C T A C A G C A A 

Ps. myanmarina NBRC 112264 C A A T A C T A C A G C A A 

Ps. rhizophorae MFLUCC 17-560 G A A T C C C A - - - - - - 

Ps. simitheae MFLUCC 12-0121 G A A T C C C A - - - - - - 

Ps. taiwanensis NTUCC 17-002.1 A A A T A C T A C A G C A A 

Ps. thailandica MFLUCC 17-1724 G A A T C C C A - - - - - - 

 



 

 

 

Supplementary Table (3). Continued. 

Taxon Strain 
EF1α 

273 274 275 276 277 278 279 280 281 282 283 286 290 304 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 C - - - C A T G C A C C T A 

Ps. curvatispora MFLUCC 17-1722 C - - - C A T G C A C T T A 

Ps. dawaina MM14 F0015 C T A C C A T G C A C C T A 

Ps. jiangxiensis LC4479 C - - - C A T G C A C C T A 

Ps. kawthaungina MM14 F0083 C - - - C A T G C A C C T A 

Ps. myanmarina NBRC 112264 C - - - C A T G C A C C T A 

Ps. rhizophorae MFLUCC 17-560 - - - - - - - - - - - C C A 

Ps. simitheae MFLUCC 12-0121 - - - - - - - - - - - C T C 

Ps. taiwanensis NTUCC 17-002.1 C - - - C A T G C A C C T A 

Ps. thailandica MFLUCC 17-1724 - - - - - - - - - - - C C A 

Taxon Strain 
EF1α 

306 308 312 318 321 343 475 476 478 479 480 484 487 488 

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 T A C C C C G T C C T C G C 

Ps. curvatispora MFLUCC 17-1722 C A C C C C T T C C T A A C 

Ps. dawaina MM14 F0015 C A C C C C T T C T T C A C 

Ps. jiangxiensis LC4479 T A C C C C G T C C T C G C 

Ps. kawthaungina MM14 F0083 C A C C C C T T A C T C G T 

Ps. myanmarina NBRC 112264 T A C C C C G T C C T C G C 

Ps. rhizophorae MFLUCC 17-560 C G C T A T T C C T C C G C 

Ps. simitheae MFLUCC 12-0121 C A C C C C T C C T T C G C 

Ps. taiwanensis NTUCC 17-002.1 C A T C C C T T C C C C A C 

Ps. thailandica MFLUCC 17-1724 C G C T A T T C C T C C G C 

Taxon Strain 
EF1α 

491 492 493 496 500 501 504 510 512 521 524    

Pseudopestalotiopsis avucenniae MFLUCC 17-0434 A G C C G A T T - T C    

Ps. curvatispora MFLUCC 17-1722 A G C C G C T C - T T    

Ps. dawaina MM14 F0015 A G T C G A T T T T T    

Ps. jiangxiensis LC4479 A G C C G A T T - T C    

Ps. kawthaungina MM14 F0083 A A C C G A G T - T C    

Ps. myanmarina NBRC 112264 A G C C G A T T - T C    

Ps. rhizophorae MFLUCC 17-560 T C C C G A T T - C C    

Ps. simitheae MFLUCC 12-0121 A C G C A A T T - C C    

Ps. taiwanensis NTUCC 17-002.1 A G C T G A T T - T G    

Ps. thailandica MFLUCC 17-1724 T C C C G A T T - C C    



 

 

 

Savoryella E.B.G. Jones & R.A. Eaton, Trans. Br. mycol. Soc. 52(1): 161 (1969) 

Index Fungorum number: IF 4870; Facesoffungi number: FoF 02131 

Emended description: Asexual morph: Colonies effuse, black, glistening, punctiform. 

Mycelium subhyaline to pale brown. Conidiophores micronematous, mononematous, smooth, 

thin-walled, hyaline to pale brown. Conidiogenous cells holoblastic, determinate, integrated, 

terminal and intercalary, cylindrical. Conidia solitary or aggregated, pyriform to oboviod, 

thick-walled, 2−5-septate, septa thick and band-like, dividing the conidium into unequal cells, 

the upper cell being largest and dark brown, middle cells brown or paler, and the basal cell 

subhyaline or pale brown. 

 

Savoryella nypae (K.D. Hyde & Goh) S.N. Zhang, K.D. Hyde & J.K. Liu, comb. nov. 

≡ Trichocladium nypae K.D. Hyde & Goh, Mycological Research 103(11): 1420 

(1999) 

Index Fungorum number: IF 556269; Facesoffungi number: FoF 05833 Fig. 33 

Family: Savoryellaceae 

Saprobic on submerged rachides of mangrove palm (Nypa fruticans). Sexual morph: 

Undetermined. Asexual morph: Colonies effuse, black, glistening, punctiform distributed on 

substrates. Mycelium 1.5–2.5 µm, subhyaline to pale brown, septate, branched. Conidiophores 

inconspicuous or micronematous, mononematous, hyaline to pale brown, smooth, thin-walled. 

Conidiogenous cells holoblastic, determinate, integrated, terminal becoming intercalary, 

cylindrical. Conidia 15–21(–25) × 9−13(–18) (x̅ = 18.6 × 11.6 µm, n = 25), solitary or 

aggregated, rhexolytic, pyriform to obovoid, broadly rounded at the apex, straight or slight 

curved, thick-walled, 2(−3)-septate, septa thick and band like, dividing the conidium into 

unequal cells, the upper cell being largest and dark brown, 10–17 µm long and 10–15 µm wide, 

middle cells brown or paler, and the basal cell subhyaline or pale brown. 

Culture characteristics: Colonies growing well on PDA, and attaining a diameter of 12 

mm after 21 days at 25ºC, obverse olive to grey-green or light grey-green, tufted colony center 

elevated, reverse dark green. Mycelium in culture up to 5.5 µm wide, hyaline to brown, septate, 

branched. Chlamydospore-like structures are apparent in culture and developed to conidia. 

Conidia in culture 14–22(–24) × 9−16(–18) (x̅ = 18.5 × 13.6 µm, n = 50). 

Material examined: THAILAND, Ranong, on submerged petiole of Nypa fruticans 

Wurmb. (Arecaceae), 4 December 2016, S.N. Zhang, SNT97 (MFLU 19-0011, HKAS 

102604); living culture: MFLUCC 18-1570. 

Notes: Morphological characters of Savoryella nypae resemble several genera, such as 

Bactrodesmiastrum, Bactrodesmium and Trichocladium, but S. nypae is phylogenetically 

distinct from species in these genera (Hernández-Restrepo et al. 2013, 2015, 2017, Tanaka et 

al. 2015, Dayarathne et al. 2019, Wang et al. 2019). However, the new collection of Savoryella 

nypae is identical to Trichocladium nypae K.D. Hyde & Goh (1999), which was found from 

the same host Nypa fruticans. The dimension of conidia in Savoryella nypae is 15–21(–25) × 

9−13(–18) µm, in which 15–21 × 9−13 contains 92% of the number of measured conidia and 

extreme values are given in parentheses. The dimension of conidia of S. nypae is slightly larger 

but also comparable (15–21(–25) × 9−13(–18) µm vs. 15–20 × 10–13(–15) µm) to 

Trichocladium nypae. We identify our new collection as the same species of Trichocladium 

nypae, and the multi-gene phylogenetic analyses showed that Savoryella nypae as an asexual 



 

 

 

species nested in the genus Savoryella. Therefore, we synonymize Trichocladium nypae as 

Savoryella nypae, and provide a reference specimen with living culture in this study. 

 

 
 

Figure 32 – RAxML tree of Savoryellaceae based on analysis of ITS, LSU, SSU, TEF1α and 

RPB2 gene region sequnces data. Bootstrap values for ML and MP equal to or greater than 75 

are placed (ML/MP) above the branches respectively. Branches with Bayesian posterior 

probabilities (PP) from MCMC analysis equal or greater than 0.95 are in bold. Newly generated 

sequences are indicated in red. The tree is rooted with Pleurothecium semifecundum (CBS 

131482 and CBS 131271). 



 

 

 

 
 

Figure 33 – Savoryella nypae (MFLU 19-0011) a Colonies on host substrate. b–e Conidia. f 

Germinated conidium. g Colony of conidia growing on PDA media. h–m Sporulating conidia 

in culture. Scale bars: a = 200 µm, b,f,h = 20 µm, c–e, i–m = 10 µm. 



 

 

 

 

Tirisporella E.B.G. Jones, K.D. Hyde & Alias, Can. J. Bot. 74(9): 1489 (1996) 

Index Fungorum Number: IF27659 

Type species: Tirisporella beccariana (Ces.) E.B.G. Jones, K.D. Hyde & Alias, in 

Jones, Hyde, Read, Moss & Alias, Can. J. Bot. 74(9): 1490 (1996) 

 

 
 

Figure 34 – RAxML tree of Tirisporellales and closely related groups based on analysis of 

combined LSU and SSU rDNA sequences data. Bootstrap values for ML and MP equal to or 

greater than 75 are placed above and below the branches respectively. Branches with Bayesian 

posterior probabilities (PP) from MCMC analysis equal or greater than 0.95 are in bold. Newly 

generated sequences are indicated in bold and red. The tree is rooted with Togninia novae-

zealandiae (WIN 113BI) and Tonginia fraxinopennsylvanica (ATCC 26664). 

 

 

Tirisporella beccariana (Ces.) E.B.G. Jones, K.D. Hyde & Alias Fig. 35 

Saprobic on Nypa fruticans petiole, collected in mangrove forest. Sexual morph: 

Ascomata 590–930 µm black, globose to subglobose, solitary to scattered, uniloculate, 

coriaceous, carbonaceous, superficial, with a short neck and central ostiole. Peridium 95–125 

µm wide, an outer layer of textura angularis of thick-walled, black to reddish brown cells, and 

a narrow inner layer of hyaline, thin-walled, elongate cells of textura prismatica. Paraphyses 

4.5–9 µm wide, hyaline, unbranched, septate, constricted at the septa and tapering. Asci 125–

220 × 15–21 µm (  = 175.5 × 18.3 µm, n = 10), 8-spored, bitunicate, fissitunicate, cylindrical, 

short pedicellate, apex flattened, with an apical appendage. Ascospores 28–45 × 6–11 µm, (  

= 37.6 × 7.6 µm, n = 20), brown, 4-septate, falcate to lunate, verrucose, apical cell appendaged, 

x

x



 

 

 

basal cell pointed and hyaline. The first septum formed in the ascospores is near the base and 

delimits the light-coloured basal cell. Asexual morph: Phialophora cf. olivacea. 

 

 
 

Figure 35 –  Tirisporella beccariana (MFLU 18-1582, MFLU 18-1585). a, b Appearance of 

ascomata on host surface with ostioles. c Vertical section through the ascoma. d–g Asci. h 

Ostiole with periphyses. i Structure of peridium. j Paraphyses. k Apex of ascus in Lugol’s 

iodine, with a J-, apical ring. l–q Ascospores. q Germinating spore. r Colony on PDA. s–u 

Asexual morph structure in culture. Scale bars: a = 500 μm, b, c = 200 μm, d–g = 50 μm, h–j, 

l–q = 20 μm, k, s, u = 10 μm, t = 5 μm. 



 

 

 

Vaginatispora K.D. Hyde, Nova Hedwigia 61(1-2): 234 (1995) 

Index Fungorum Number: IF27644 

Type species: Vaginatispora aquatica K.D. Hyde, Nova Hedwigia 61(1-2): 235 (1995) 

 

 
 

Figure 36 – Phylogram generated from maximum likelihood analysis based on combined ITS, 

LSU, SSU, TEF1α and RPB2 sequence data for Vaginatispora species and several closely 

related genera in Lophiostomataceae. Related sequences were referred to Thambugala et al. 

(2015); Wanasinghe et al. (2016); Devadatha et al. (2017) and Hashimoto et al. (2018). Thirty-

four strains are included in the combined genes sequence analyses which comprise total 4243 

characters (605 characters fro ITS, 832 characters for LSU, 895 characters for SSU, 894 

characters for TEF1, 1017 characters for RPB2) after alignment. Angustimassarina populi 

MFLUCC 13–0034 and Angustimassarina acerina MFLUCC 14-0505 (Amorosiaceae, 

Pleosporales) are used as the out group taxa. Single gene analyses are carried out and the 

topology of each tree with clade stability. Tree topology of the maximum likelihood analysis 

is similar to the maximum parsimony analysis and the Bayesian analysis. The best sorting 

RaxML tree with a final likelihood value of –17911.101212 is presented. Bootstrap values for 

maximum likelihood (ML) and maximum parsimony (MP) equal to or greater than 75 are 

placed above and below the branches respectively. Branches with Bayesian posterior 

probabilities (BYPP) equal or greater than 0.95 are in bold. The ex-type strains are in bold and 

newly generated sequences are indicated in bold and blue. 



 

 

 

Vaginatispora palmae S.N. Zhang, J.K. Liu & K.D. Hyde sp. nov. 

Index Fungorum Number: IF556316; Facesoffungi Number: FoF 05089 Fig. 37 

Etymology: The epithet reflects the family of host plant. 

Holotype:  MFLU 18–1586 

Saprobic on immersed rachis of Nypa fruticans. Sexual morph: Ascomata in vertical 

section 250–340 µm high, 215–385 µm diam. (  = 310.2 × 325.9 µm, n = 10), dark brown to 

black, scattered, semi-immersed, erumpent, subglobose to elongated, base flatted, coriaceous 

to carbonaceous. Ostiole crest-like, variable in shape, central papillate. Peridium 15–38 µm 

wide, wider at the apex and thinner at the base, composed of several pale brown to brown cells 

of textura angularis, cells towards the inside lighter, at the outside, darker, somewhat flattened, 

fusing and with the host tissues. Pseudoparaphyses 1–2.5 µm wide, hypha-like, numerous, 

septate, rarely branched and anastomosed, tapering towards the apex. Asci 89–115 × 12–20 µm 

(  = 100.5 × 16.0 µm, n = 20), 8-spored, bitunicate, fissitunicate, cylindric-clavate, with a 

short bulbous pedicel, rounded at the apex, with an ocular chamber. Ascospores 23–45 × 6–9 

µm, (  = 35.3 × 7.5 µm, n = 30), hyaline or rarely pale brown, uniseriate or overlapping to 

biseriate, 1-septate, occasionally producing pseudosepta, slightly constricted at the central 

septum, cell above central septum swollen, guttulate, smooth-walled, surrounded by a narrow 

mucilaginous sheath and drawn out towards each end to form tapering appendages, 6–8 µm 

long. Asexual morph: Undetermined. 

Culture characteristics: Ascospores germinating on PDA within 24 h. Colonies growing 

on PDA reaching 2.0 cm diam. after 21 days at 25°C, the off-white hyphae in first one week, 

then becoming grayish blue and dark bluish, composed of brown to dark brown, septate, 

smooth or verrucose hyphae. 

Material examined: Thailand, Ranong, on immersed rachis of Nypa fruticans Wurmb 

(Arecaceae), 03 December 2016, S.N. Zhang, SNT92 (MFLU 18–1586, holotype); ibid. 

(HKAS 102207, isotype), ex-type living culture MFLUCC 18–1526. 

GenBank numbers: ITS: MK085055; LSU: MK085059; SSU: MK085057; TEF1α: 

MK087657. 

Notes: Most species assigned to the genus Vaginatispora are in tropical regions and 

commonly occur in fresh water and marine environments. Morphologically, almost all the 

known Vaginatispora species have 1-septate ascospores with terminal appendages or sheath. 

But the detailed characters of ascospores are useful for distinguishing taxa in species level, and 

molecular sequence data is the key for the identification of taxa in this group. In this study, the 

multi-gene database included all species within this genus and, the result indicated that the new 

isolate Vaginatispora palmae clustered with V. amygdali. V. palmae differs from V. amygdali 

because the latter speciespresent a lateral pad-like structure within the sheath and an internal 

chamber at both ends of ascospores, while V. palmae lacks those structures or that is not clearly 

observed. They are also different in the width of peridium (15–38 µm vs. 37.5–62.5 µm), the 

size of asci (mean: 100.5 × 16.0 µm vs. 115.0 × 18.5 µm) and ascospores (mean: 35.3 × 7.5 

µm vs. 30.6 × 8.8 µm). In addition, the polymorphic nucleotides comparison showed that these 

two strains are differed in eight positions of ITS1 and ITS2 regains including two gaps, and 

differed in eight positions of TEF1α. The difference in molecular sequence data also 

distinguishes V. palmae from V. amygdali, therefore, we introduce a new species V. palmae in 

this study. 

x

x

x



 

 

 

 
 

Figure 37 – Vaginatispora palmae (MFLU 18–1586, Holotype). a-b Appearance of stromata 

on host surface. c Structure of peridium. d Vertical section through the stromata with ascomata. 

e Pseudoparaphyses. f-h Ascus. i-l Ascospores, l Ascospore in India Ink, with clearly terminal 

appendages and narrow sheath. Sacle bars: a = 200 µm, b = 500 µm, c,e = 20 µm, d = 100 µm, 

f-h = 20 µm, i-l =10 µm.  



 

 

 

Appendix IV To identify endophytic isolates and establish their phylogenetic relationships at 

different taxonomic levels based on DNA sequence data. 

 

Mangroves are highly complex habitats sustaining a diverse array of terrestrial and 

aquatic fungal species. Endophytic fungi are widely distributed in mangrove ecosystems and 

are integral contributors to global biodiversity. Neopestalotiopsis and Pestalotiopsis species 

occur as endophytes, saprobes and opportunistic pathogens of many plant hosts. Herein, two 

strains of novel species, Neopestalotiopsis alpapicalis and Pestalotiopsis thailandica clustered 

together and have a close affinity to other species as we have mentioned in species notes. Based 

on a combined dataset of ITS, β-tub and TEF1 genes was used to infer the phylogenetic 

placement of the new species and morphology. Some endophyte species for this study were 

mentioned in Appendix VI, which an estimated 20 morphotypes in this study based on ITS 

sequence data and cultural characteristic as well as support with available morphological study 

of sporulating species. 

 

Neopestalotiopsis Maharachch., K.D. Hyde & Crous, in Maharachchikumbura, Hyde, 

Groenewald, Xu & Crous, Stud. Mycol. 79: 135 (2014) 

Index Fungorum number: IF809759 

Type species: Neopestalotiopsis protearum (Crous & L. Swart) Maharachch., K.D. 

Hyde & Crous, in Maharachchikumbura, Hyde, Groenewald, Xu & Crous, Stud. Mycol. 79: 

147 (2014) 

See the phylogenetic tree from Appendix III, Fig 18 

 

Neopestalotiopsis alpapicalis Vin. Kumar, Gentekaki & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556161, Facesoffungi number: FoF 05753  Fig. 34 

Etymology: Refers to small size of the apical cell, ‘alpa’ = small (Sanskrit), apicalis = 

apical (Latin). 

Holotype: MFLU 19-0405 

Endophyte isolated from healthy leaves of Rhizophora mucronata and symptomatic 

leaves of R. apiculata. Asexual morph: Conidiomata (on PDA) pycnidial, globose to clavate, 

solitary or confluent, embedded or semi-immersed to erumpent, dark brown, 200–450 µm 

diam., exuding globose, dark brown to black conidial masses. Conidiophores indistinct often 

reduced to conidiogenous cells. Conidiogenous cells discrete, subcylindrical to ampulliform, 

hyaline, 8–15 × 1.5–2.5 µm. Conidia fusoid, ellipsoid, straight to slightly curved, 4-septate, 

14–22.3 × 5–6.8 µm (x̄ = 18.5 × 6.0 µm, n = 20); basal cell conic with a truncate base, hyaline, 

rugose and thin-walled, 2.7–6.5 µm long; three median cells doliiform, 12–15 µm long (x̄ = 

12.50 µm), wall smooth, versicoloured, septa darker than the rest of the cell (second cell from 

the base pale brown, 3.5–5.5 µm long; third cell honey brown, 3.4–5.6 µm long; fourth cell 

brown, 3.2–6.0 µm long); apical cell 0.75–2.3 (x̄ = 1.25 µm) µm long, hyaline, subcylindrical, 

rugose, thin- and smooth-walled; with 1–4 tubular apical appendages (mostly 1 and 2, seldom 

3 and 4), arising from the apical crest, unbranched, filiform, 5.6–15 µm (x̄ = 9.3 µm); basal 

appendage single, tubular, unbranched, centric, 3.1–6.4 µm (x̄ = 4.7 µm) long. Sexual morph: 

Undetermined. 



 

 

 

 
 

Figure 38 –  Maximum-likelihood phylogenetic tree inferred from combined ITS, β-tub and 

TEF1 gene sequences of 65 taxa. The GTR+ I model of nucleotide evolution was used. Strains 

of the newly described species are depicted in bold lettering. Values at tree nodes indicate 

bootstrap support and posterior probabilities in that order. Only bootstrap values above 60 and 

posterior probabilities above 0.9 are shown. 



 

 

 

Culture characteristics: Colonies on PDA attaining 25–30 mm diameter after 7 days at 

26 ± 1 °C, with undulate edge, white, sparse aerial mycelium on the surface with black, 

gregarious conidiomata; reverse pale yellow. 

Habitat: Endophytic on leaves of Rhizophora mucronata and R. apiculata. 

Material examined: THAILAND, Krabi Province, fresh asymptomatic leaves of 

Rhizophora mucronata (Rhizophoraceae), 22 Sept. 2017, Vinit Kumar, RM5 (MFLU 19-

0405), holotype, ex-type culture MFLUCC 17-2544), ibid. BBH isotype. 

Notes: Neopestalotiopsis alpapicalis (MFLUCC 17-2544) falls within Neopestalotiopsis 

and forms a separate branch with a sister strain, MFLUCC 17-2545. N. alpapicalis is 

morphologically similar to N. samarangensis. However, N. samarangensis has 3 tubular apical 

appendages, which are long and thin, while N. alpapicalis has 1–4 short and thick apical 

appendages (Maharachchikumbura et al. 2013a). Along with this, N. alpapicalis has smaller 

apical cell as compared to other species within Neopestalotiopsis (Maharach. et al. 2014). 

When comparing the 472 TEF1 nucleotides of N. alpapicalis with other N. rosicola in the 

clade, there are only 6 bp differences, 5 bp differences in ITS, and 2 bp difference in β-tub. 

Morphological characters of the two strains of N. alpapicalis (MFLUCC 17-2544 and 

MFLUCC 17-2545), such as, the size of conidia, are often overlapping, but differ based on the 

size of apical cells, 0.75–2.3 (x̄ = 1.25 µm) in MFLUCC 17-2544 and 2.0–4.0 (x̄ = 2.75 µm). 

The sister taxon, N. rosicola (CFCC 51992, CFCC 51993), is different from N. alpapicalis in 

terms of conidial size and in the number and size of apical appendages (1–4 in N. alpapicalis 

and 2–4 in N. rosicola), while the size of apical appendages varies from 17–22.8 µm (x̄ = 20.5 

µm) in N. rosicola and 5.6–15 µm (x̄ = 9.3 µm) in N. alpapicalis (Crous et al. 2012, Maharach. 

et al. 2014, Jiang et al. 2018). Dashes indicate BP/BI with less than 50/0.9. The tree is 

artificially rooted to Pestalotiopsis humus (CBS 336.97), P. anacardiacearum (IFRDCC 

2397), P. adusta (ICMP 6088), P. linearis (MFLUCC 12-0271) and P. inflexa (MFLUCC 12-

0270). 

 

 

Pestalotiopsis Steyaert, Bull. Jard. bot. État Brux. 19: 300 (1949) 

Index Fungorum number: IF9272 

Type species: Pestalotiopsis guepinii (Desm.) Steyaert, Bull. Jard. bot. État Brux. 19(3): 

312 (1949) 

See the phylogenetic tree from Appendix III, Fig 25 

 

Pestalotiopsis thailandica Norphanphoun, Doilom & K.D. Hyde, sp. nov. 

Index Fungorum number: IF556441; Facesoffungi number: FoF 05782  Fig. 40 

Etymology – refers to the country where the fungus was collected, Thailand. 

Holotype – MFLU 19-0787 

Isolated from asymptomatic leaf of Rhizophora apiculata Blume.Asexual morph: 

Conidiomata pycnidial, globose, brown, semi-immersed on PDA, releasing conidia in a black, 

slimy, globose, glistening mass. Conidiophores indistinct. Conidiogenous cells discrete to 

lageniform, hyaline, smooth- and thin-walled, proliferating 1–2 times percurrently, collarette 

present and not flared. Conidia (17–)17.5–28(–29) × (4.9–)5.5–6.5(–7.1) μm (mean  

 



 

 

 

 
 

Figure 39 –  Neopestalotiopsis alpapicalis (holotype MFLU 19-0405) on healthy leaf of 

Rhizophora mucronata and symptomatic leaf of R. apiculata. b, c Colony on PDA (above and 

below). d Conidiomata on PDA. e, f Conidia germinating from mycelia. g Conidiogenous cell. 

h–l Conidia. Scale bars: e–h = 10 µm, i–l = 5 µm. 



 

 

 

± SD = 23.3 ± 3.0 × 5.8 ± 0.5 μm), fusiform to clavate, straight to slightly curved, 4-septate; 

basal cell obconic with a truncate base, hyaline or sometimes pale brown, thin-  and smooth-

walled, (1.8–)2–4(–6) μm long (mean ± SD = 3.9 ± 1.3 μm); three median cells (12–)12.5–

16(–18) μm long (mean ± SD = 15.3 ± 1.5 μm), brown, septa and periclinal walls darker than 

rest of the cell, versicolored, wall rugose; second cell from base pale brown, (4–)4.5–6(–7) μm 

long (mean ± SD = 5.6 ± 0.8 μm); third cell brown, (3.5–)4–4.5(–5.5) μm long (mean ± SD = 

4.6 ± 0.5 μm); fourth cell brown, (3.5–)4–5(–6.5) μm long (mean ± SD = 5.1 ± 0.7 μm); apical 

cell (2– )3.5–4(–6) μm long (mean ± SD =  4.2 ± 1.0 μm), hyaline, conic to acute; with 1–2 

tubular appendages on apical cell, inserted at same loci at the apex of the apical cell, 

unbranched, flexuous, (5.5–)11–34(–38) μm long (mean ± SD = 22.2 ± 8.5 μm); single basal 

appendage, tubular, unbranched, centric, (2–)2.5–9.5(–10) μm long (mean ± SD = 4 ± 2.0 μm). 

Culture characteristics – Colonies on PDA reaching 5– 6 cm diam after 7 d at room 

temperature (±25 °C), under light 12 hr/dark 12 hr, colonies filamentous to circular, medium 

dense, aerial mycelium on surface flat or raised, with filiform margin (curled margin), fluffy, 

white from above and reverse; fruiting bodies black. 

Material examined – THAILAND, The Sirindhorn International Environmental Park, 

Cha-am, Cha-am District, Phetchaburi Province, asymptomatic leaf of Rhizophora apiculata, 

30 November 2016, Mingkwan Doilom NNSE03AL (MFLU 19-0787, holotype; PDD, 

isotype); ex-type-living cultures, MFLUCC 17-1616, TNCC. THAILAND, The Sirindhorn 

International Environmental Park, Cha-am, Cha-am District, Phetchaburi Province, 

asymptomatic leaf of Rhizophora apiculata, 30 November 2016, Mingkwan Doilom 

NNSE03DL (MFLU 19-0788, paratype); living cultures, MFLUCC 17-1617. 

Notes – Pestalotiopsis thailandica isolated as an endophyte from a living leaf of 

Rhizophora apiculata is introduced here as a new species. In the phylogenetic analyses based 

on combined genes, the species appeared as a distinct species represented by two strains and is 

sister to P.  rhizophorae (in this study) (Fig. 2).  Although these two species are found on the 

same host and location, P. thailandica differs by having larger conidia (P. rhizophorae:  (17–

)17.5–23(–23.5) × (5.5–)6–6.5(–7) μm) and longer apical appendages (P. rhizophorae: (7.5–

)8–13(–14.5) μm) than P.  rhizophorae (Table 5) (see notes under P.  rhizophorae).  In the 

phylogenetic analyses, P. rhizophorae is also related to P. formosana (NTUCC 17-009) and P. 

parva (CBS 265.37).  However, Pestalotiopsis formosana and P.  parva are different from P. 

thailandica by having smaller conidia (P.  formosana:  (15–)18–22(–26) μm, P.  parva:  (16–

)16.5–20(–21) μm) and shorter apical appendages (P.  formosana:  (8– )11–16(–20) μm, P. 

parva: (6–)6.5–12(–13) μm) with 2–3 tubular apical appendages (Table 5, Ariyawansa & Hyde 

2018, Maharachchikumbura et al. 2014). 

 



 

 

 

 
 

Figure 40 – Pestalotiopsis thailandica (MFLU 19-0787, holotype). a Habitat.  b, c Leaf of 

Rhizophera apiculata.  d, e Culture on PDA (d- above, e- reverse).  f– h Colony sporulating on 

PDA. i Conidiogenous cells giving rise to conidia. j–p Conidia. Scale bars: g = 1000 µm, h = 

100 µm, i–p = 20 µm.  



 

 

 

Rhytidhysteron Speg, Anal. Soc. cient. argent. 12(4): 188 (1881) 

Index Fungorum number: IF4740 

Type species: Rhytidhysteron brasiliense Speg., Anal. Soc. cient. argent. 12(4): 188 

(1881) 

 

Rhytidhysteron mangrovei Vin. Kumar & K.D. Hyde, sp. nov.  

Index Fungorum number: IF555374, Facesoffungi number: FoF 04883  Fig. 41 

Etymology: The specific epithet refers to the mangrove plant in Latin on which the 

fungus was collected. 

Holotype: MFLU 18-1894. 

Saprobic on decaying wood of standing mangrove tree. Sexual morph: Ascomata 0.93–

1.98 long, 0.78–0.91 wide and 0.5–0.52 mm high (x̅ = 0.94 × 0.8 × 0.5 mm, n = 10), 

apothecioid, crowded to aggregate, superficial to semi-immersed, subiculum, brown-black, 

with exposed, lenticular to irregular, brown-black disc, folded along the margins, compressed 

at the apex, perpendicularly striate along the axis. Exciple 65–90 µm wide (x̅ = 85, n = 10), 

composed of dark brown to black, thin-walled cells of textura angularis. Hamathecium 

comprising 1.8–2.8 µm wide, hymenium turns blue in Melzer’s reagent, J+, comprised dense, 

septate pseudoparaphyses, compressed at the septa, hyaline, unbranched and forming a dark 

epithecium above the asci, at the apex and enclosed in a gelatinous matrix. Asci 110–150 × 

9.4–10 µm (x̅ = 146 × 9.5, n = 20), (2–6–)8-spored, bitunicate, cylindrical, with short pedicel, 

rounded at the apex, with distinct ocular chamber. Ascospores 21–28 × 7.5–8.5 µm (x̅ = 23 × 

8.3, n = 30), uniseriate, slightly overlapping, hyaline to lightly pigmented when immature, 

becoming reddish-brown when mature, ellipsoidal to fusiform, straight or curved, rounded to 

slightly pointed at both ends, (1–)3-septate, guttulate, smooth wall. Asexual morph: 

Undetermined. 

Material examined: THAILAND, Cha-am District, Phetchaburi Province, on dead twigs 

of mangrove tree, 11 January 2018, Vinit Kumar (MFLU 18-1894, holotype); ibid. (BBH 

isotype), ex-type living culture (MFLUCC 18-1113). 

Notes: The new species, Rhytidhysteron mangrovei is different from the other 

Rhytidhysteron species based on morphological and molecular data. Rhytidhysteron mangrovei 

is characterized by large, conspicuous ascomata with coloured pruina, and fits well within the 

species concept of Rhytidhysteron. However, R. mangrovei differs in size of exciple (65–90 vs. 

72–130 µm), appearance of ascomata (perpendicularly rough-striate vs. rough-without 

striations) and ascospore septations and size (1–3 vs. 3-septate, 21–28 × 7.5– 8.5 vs. 20–31 × 

7.5–12 µm, respectively) from R. thailandicum. R. mangrovei is phylogenetically close to R. 

thailandicum (MFLUCC 12-0530, MFLUCC 14-0503) (100% MLBS/1.00 PP; 100% 

MLBS/1.00 PP). Apart from this, we compared the genetic distance of R. thailandicum and R. 

mangrovei for gene regions of ITS, LSU and TEF (Jeewon & Hyde 2016). R. mangrovei has 

24 (ITS), 12 (LSU), and 27 (TEF) base-pair differences with R. thailandicum). Hereby, we 

established R. mangrovei as a new species following the recommendations from Jeewon & 

Hyde (2016). 



 

 

 

 
 

Figure 41 –  Simplified phylogram generated from maximum likelihood (RAxML) analysis, 

based on combined LSU, ITS and TEF sequence dataset including 23 taxa from 

Rhytidhysteron. The tree is rooted in Gloniopsis calami (MFLUCC 15-0739). Maximum 

likelihood bootstrap values (MLBS) ≥70 % are defined as MLBS above or below the nodes. 

The new species is in bold font. 

 



 

 

 

 
 

Figure 42 –  Rhytidhysteron mangrovei (MFLUCC 18-1113, holotype). a Appearance of 

ascomata on the host substrate. b, c Close up of Hysterothecium. d Section of ascoma. e 

Exciple. f J+ hymenium. g–i Asci. j Ascospore with guttules. k–p Ascospores. Scale bars: d = 

100 µm, e–i = 20 µm, j–p = 10 µm. 



 

 

 

Appendix V To prepare herbarium material of all collections for future reference. 

 

The strains isolated in this project were deposited in Mae Fah Luang University Culture Collection (MFLUCC) and Guizhou Culture 

Collection (GZCC). Herbarium specimens were deposited at the herbaria of Mae Fah Luang University (MFLU), Chiang Rai, Thailand, Biotec 

Bangkok Herbarium (BBH), Bangkok, Thailand, and Kunming Institute of Botany Academia Sinica (KUN), Kunming, China. 

 

Table 11. Herbarium material deposit information. 

 

Taxa Order Class 
Original 

code 
Herbarium code 

Culture 

collection 

(MFLUCC) 

Host Substrate Life mode Collection date Collector 

Linocarpon sp. Chaetosphaeriales Sordariomycetes SNT01 HKAS105422 * Nypa fruticans rachis saprobic 6-July-2016 M. Doilom 

Xylariaceae sp. Xylariales Sordariomycetes SNT05 GZCC 19-0112 16-1328 N. fruticans rachis saprobic 6-July-2016 M. Doilom 

Neodeightonia sp. Botryosphaeriales Dothideomycetes SNT06 HKAS105423 16-1329 N. fruticans petiole saprobic 6-Jul-2016 M. Doilom 

Linocarpaceae sp. Chaetosphaeriales Sordariomycetes SNT34 HKAS105436 * N. fruticans rachis saprobic 2-Dec-2016 S.N. Zhang 

Pestalotiopsis sp. Amphisphaeriales Sordariomycetes SNT35 HKAS105437 18-1522 N. fruticans rachis saprobic 2-Dec-2016 S.N. Zhang 

Neodeightonia sp. Botryosphaeriales Dothideomycetes SNT36 HKAS105438 * N. fruticans petiole saprobic 3-Dec-2016 S.N. Zhang 

Linocarpaceae sp. Chaetosphaeriales Sordariomycetes SNT37 HKAS105439 18-1472 N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Astrosphaeriellaceae sp. Pleosporales Dothideomycetes SNT42 MFLU 19-0805 18-1439 N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Xylariaceae sp. Xylariales Sordariomycetes SNT43 HKAS105442 18-1474 N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Striatiguttula nypae Pleosporales Dothideomycetes SNT44 MFLU 18-1576 18-0265 N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Rhytismataceae sp. Rhytismatales Leotiomycetes SNT45A HKAS105443 18-1523 N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Linocarpaceae sp. Chaetosphaeriales Sordariomycetes SNT45B HKAS105444 * N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Neopestalotiopsis piceana Amphisphaeriales Sordariomycetes SNT46 MFLU 19-0806 18-1475 N. fruticans leaves saprobic 3-Dec-2016 S.N. Zhang 

Xylariaceae sp. Xylariales Sordariomycetes SNT80 HKAS105459 18-0459 N. fruticans leaves saprobic 2-Dec-2016 S.N. Zhang 

Linocarpaceae sp. Chaetosphaeriales Sordariomycetes SNT81 HKAS105460 * N. fruticans rachis saprobic 4-Dec-2016 S.N. Zhang 

Tirisporella beccariana Tirisporellales Sordariomycetes SNT82 MFLU 18-1583 18-1572 N. fruticans petiole saprobic 7-Dec-2016 S.N. Zhang 

Phaeoacremonium 

sphinctrophorum 
Diaporthales Sordariomycetes SNT86 HKAS105462 * N. fruticans rachis saprobic 6-Dec-2016 S.N. Zhang 

Vaginatispora palmae Pleosporales Dothideomycetes SNT92 MFLU 18-1586 18-1526 N. fruticans rachis saprobic 3-Dec-2016 S.N. Zhang 

Longicorpus striataspora Pleosporales Dothideomycetes SNT93 MFLU 18-1580 18-0267 N. fruticans rachis and 

petiole 

saprobic 4-Dec-2016 S.N. Zhang 

Savoryella nypae Savoryellales Sordariomycetes SNT97 MFLU 19-0011 18-1570 N. fruticans petiole saprobic 4-Dec-2016 S.N. Zhang 

Longicorpus striataspora Pleosporales Dothideomycetes SNT195 MFLU 18-1582 17-2515 N. fruticans petiole saprobic 30-Aug-2017 S.N. Zhang 

Tirisporella beccariana Tirisporellales Sordariomycetes SNT203 MFLU 18-1585 * N. fruticans petiole saprobic 30-Aug-2017 S.N. Zhang 



 

 

 

Taxa Order Class 
Original 

code 
Herbarium code 

Culture 

collection 

(MFLUCC) 

Host Substrate Life mode Collection date Collector 

Striatiguttula nypae Pleosporales Dothideomycetes SNT207 MFLU 18-1577 17-2517 N. fruticans petiole saprobic 30-Aug-2017 S.N. Zhang 

Akanthomyces muscarius  Hypocreales Sordariomycetes E104 MFLU 18-1145 17-2540 N. fruticans leaf endophyte 11-Sep-2017 Vinit Kumar 

Halocyphina sp. Agaricales Agaricomycetes SS7b * * N. fruticans leaf sheath saprobic 11-Jun-2018 Vinit Kumar 

Oxydothis sp.  Xylariales Sordariomycetes SS7 * * N. fruticans leaf sheath saprobic 11-Jun-2018 Vinit Kumar 

Tubeufia sp. Tubeufiales Dothideomycetes VPH-12 * * N. fruticans leaf sheath saprobic 5-May-2019 Vinit Kumar 

Peroneutypa scoparia  Xylariales Sordariomycetes KC-6 MFLU 19-0623 18-1111 
Rhyzophora 

apiculata 
aerial branch saprobic 11-Jan-2018 Vinit Kumar 

Peroneutypa sp. Xylariales Sordariomycetes KC-4 * 18-1110 Rh. apiculata aerial branch saprobic 11-Jan-2018 Vinit Kumar 

Rhytidhysteron mangrovei Hysteriales Dothideomycetes KC-8 MFLU 18-1894 18-1113 Rh. apiculata aerial branch saprobic 11-Jan-2018 Vinit Kumar 

Rhytidhysteron sp. Hysteriales Dothideomycetes KC-3 * 18-1112 Rh. apiculata aerial branch saprobic 11-Jan-2018 Vinit Kumar 

Neopestalotiopsis alpapicalis Amphisphaeriales Sordariomycetes RM-5 MFLU 19-0405 17-2544 Rh. apiculata fresh leaf endophyte 22-Sep-17 Vinit Kumar 

Neopestalotiopsis alpapicalis Amphisphaeriales Sordariomycetes RM-1 * 17-2545 Rh. apiculata fresh leaf endophyte 22-Sep-17 Vinit Kumar 

Diaporthe sp. Diaporthales Sordariomycetes E103 * 17-2541 Rh. apiculata fresh leaf endophyte 11-Sep-2017 Vinit Kumar 

Diaporthe sp. Diaporthales Sordariomycetes E106 * 17-2543 Rh. apiculata fresh leaf endophyte 11-Sep-2017 Vinit Kumar 

Halosarpheia sp.  Microascales Sordariomycetes VPH-17 * * Rh. apiculata dead branch saprobic 5-May-2019 Vinit Kumar 

Lulworthia grandispora Lulworthiales Sordariomycetes S-102 * 17-2539 Rh. apiculata dead branch saprobic 11-Sep-2017 Vinit Kumar 

Hysterium sp.  Hysteriales Dothideomycetes VPH-2 * * Rh. apiculata aerial branch saprobic 5-May-2019 Vinit Kumar 

Dictyosporium marinum Pleosporales Dothideomycetes GJ357 BBH on process * * * saprobic 12-May-2017 M.C. Dayarathne 

Boeremia exigua var. maritima Pleosporales Dothideomycetes GJ389b BBH on process * * * saprobic 20-Jun-2017 M.C. Dayarathne 

Neocamarosporium artemisiae Pleosporales Dothideomycetes GJ392 BBH on process * * * saprobic 20-Jun-2017 M.C. Dayarathne 

Neocamarosporium maritima Pleosporales Dothideomycetes GJ389a BBH on process * * * saprobic 21-Jun-2017 M.C. Dayarathne 

Nigrograna  rhizophorae Pleosporales Dothideomycetes MCD185 BBH on process * * * saprobic 18-jan-2018 M.C. Dayarathne 

Periconia  salina Pleosporales Dothideomycetes GJ374 BBH on process * * * saprobic 12-May-2017 M.C. Dayarathne 

Amarenographium 

ammophilicola 
Pleosporales Dothideomycetes GJ448 BBH on process * * * saprobic 15-Oct-2017 M.C. Dayarathne 

Salsuginea rhizophorae Pleosporales Dothideomycetes MCD055 BBH on process * * * saprobic 7-Dec-2016 M.C. Dayarathne 

Halotestudina muriformis Pleosporales Dothideomycetes MCD163 BBH on process * * * saprobic 31-Aug-2017 M.C. Dayarathne 

Asterodiscus mangrovei Stigmatodiscales Dothideomycetes KLA025 BBH on process * * * saprobic 16-Dec-2015 M.C. Dayarathne 

Diaporthe salinicola Diaporthales Sordariomycetes MCD072 BBH on process * * * saprobic 6-Dec-2016 M.C. Dayarathne 

Chaetopsina aurantisalinicola Hypocreales Sordariomycetes MCD21Y BBH on process * * * saprobic 2-Dec-2017 M.C. Dayarathne 

 



 

 

 

Appendix VI To sequence appropriate genes of phylogenetically well-studies genera to 

identify cryptic species within species complex. 

 

Culture-based studies have recovered fungal endophytes from numerous plant hosts, 

while direct examination of sporulating cultures has enabled identification. However, many 

endophytes cannot be identified due to the fact that they only form mycelia sterilia in culture. 

Although next generation sequencing (NGS), as well as ITS sequence analyses have been used 

to identify endophytes, identification is still rudimentary. In this study, we isolated fungal 

endophytes from Rhizophora apiculata in Thailand and established how many can be identified 

to species level based on ITS sequence data. Endophytic fungi were isolated from leaves, 

petioles and aerial roots of R. apiculata in four provinces of Thailand. One hundred and fifty 

four isolates were obtained and initially grouped into 20 morphotypes based on cultural 

characteristics. Nine were sporulating morphotypes, which were assigned to seven genera 

(Colletotrichum, Diaporthe, Hypoxylon, Neopestalotiopsis, Neodevriesia, Pestalotiopsis and 

Phyllosticta), and eleven morphotypes were non-sporulating mycelia sterilia. Sequence 

similarity comparison and phylogenetic analysis of the ITS regions were further used to 

identify taxa. While ITS sequence data is reliable to assign isolates at the generic rank, and can 

be useful to identify taxa to species level in a small number of fungal genera, it cannot generally 

be used to determine specific species in most genera. ITS analysis classified 30 representative 

isolates into 20 taxonomic units residing in 15 known genera: Allophoma sp., Colletotrichum 

spp., Diaporthe spp., Hortaea werneckii, Hypoxylon griseobrunneum, Hypoxylon sp., 

Pestalotiopsis sp., Phanerochaete sp., Phyllosticta spp., Pseudopithomyces maydicus, Preussia 

sp., Nemania sp., Neodevriesia sp., Neopestalotiopsis sp., Rigidoporus vinctus, Schizophyllum 

sp. and one unidentified genus. Of the morphotypes, four were identified to species.  

 

Cultural characteristics 

Based on cultural characteristics such as colony shape, colour of hyphae and surface, 154 

isolates were grouped into 20 morphotypes. Of these, nine morphotypes sporulated on PDA 

and they were identified to seven genera viz. Colletotrichum, Diaporthe, Hypoxylon, 

Neopestalotiopsis, Neodevriesia, Pestalotiopsis and Phyllosticta. The remaining eleven groups 

were mycelia sterilia on PDA. Different endophytic taxa were selected to be potentially 

identified to assess our current taxonomic concept based on morphotypes. Growth rate and 

colony were observed and noted (Table 12, Figs 43, 44). These characters are provided as they 

may be useful for primary identification of endophytic fungi from mangroves and/or other host 

plants, at least for certain taxonomic groups. However, the colour of mycelium, and growth 

rates, can vary under different conditions such as media, light and temperature. Moreover, 

grouping of taxa into morphotypes does not reflect species phylogeny as morphotypes are not 

real taxonomic units (Guo et al. 2003). Surprisingly, some isolates having different cultural 

characters were found to belong to the same genus (Figs 44a, 44b). Two replicates of the same 

morphotype showed slightly different cultural characteristics (Figs 44g, 44h). 

 

  



 

 

 

Phylogenetic analysis 

The blast search results of ITS sequence data are shown in Table 5. The ITS alignments 

length including gaps comprised 901 and 708 characters for the two datasets investigated (Figs. 

45, 46, respectively). The RAxML analysis resulted in a best scoring likelihood tree selected 

with a final value for the ITS dataset = –11994.67091, and –1963.727247 The likelihood of the 

final tree was evaluated and optimized under GAMMA model parameters, with 694 distinct 

alignment patterns and 38.29% of completely undetermined characters and gaps, and 167 

distinct alignment patterns and 21.66% undetermined characters or gaps. The ITS phylogeny 

resulted in the detection of 20 taxonomic units residing in 15 known genera (Allophoma, 

Colletotrichum, Diaporthe, Hortaea, Hypoxylon, Pestalotiopsis, Phanerochaete, Phyllosticta, 

Pseudopithomyces, Preussia, Neodevriesia, Neopestalotiopsis, Nemania, Rigidoporus, 

Schizophyllum) and one unidentified ascomycete genus from 30 representative strains out of 

the 154 isolates. Thirteen of the genera belong to Ascomycota, while three genera, 

Phanerochaete, Rigidoporus and Schizophyllum are basidiomycetes. Basidiomycetous fungi 

such as Polyporales and Rigidoporus have also been found as endophytes in leaves of 

coniferous trees and Paphiopedilum villosum (Yoo & Eom 2012, Khamchatra et al. 2016). 

Details of representative strains of the determined endophytic fungal genera on R. apiculata 

are listed (Table 14). The results of Blast search and ITS phylogeny of these 16 genera as well 

as additional data and genes are discussed below. 

 

Allophoma – MFLUCC 17-0003 had 100% matches with many isolates in the 

MegaBLAST search of NCBIs GenBank nucleotide database. The maximum score was 981, 

which is similar to e.g. Stagonosporopsis cucurbitacearum E-271 (Table 13). Our ITS based 

phylogeny does not clearly separate Allophoma from Stagonosporopsis (Fig 25: K). Strain 

MFLUCC 17-0003 is assigned to Allophoma as the ITS sequence was most similar to this 

genus. However, S. cucurbitacearum E-271 has not been formally published. A combined 

multi-locus phylogenetic analysis based on ITS, large subunit rDNA (LSU), second largest 

subunit of RNA polymerase II (RPB2) and β-tubulin (Tub2), and morphological studies are 

needed for a better generic delimitation for these closely related genera as has been the case for 

the Didymellaceae (Chen et al. 2015, 2017, Hyde et al. 2016).  

 

Colletotrichum – Three representative isolates (MFLUCC 17-1943, MFLUCC 17-1944, 

MFLUCC 17-0004) were identified as Colletotrichum based on morphological and cultural 

characteristics. ITS sequence data of MFLUCC 17-1943 and MFLUCC 17-1944 were 

identical, but differed from MFLUCC 17-0004. Based on a MegaBLAST search, the ITS of 

MFLUCC 17-1943 matched 100% with many isolates of Colletotrichum and fungal 

endophytes, but had max score (1074) with C. gloeosporioides AAP-018 and Fungal sp. SF3 

(Table 13). Isolate MFLUCC 17-0004 also shared 99% with many Colletotrichum species, but 

had a 1088 max score with C. brevisporum PC-1 (Table 13). However, it is known that many 

species of Colletotrichum cannot be distinguished reliably using ITS (Hyde et al. 2009, Weir 

et al. 2012), and hence the three representative isolates are named as Colletotrichum spp. Multi-

locus gene regions would help determine the current species. Cai et al. (2009) provided detailed 

protocols for studying Colletotrichum species. Multilocus phylogenetic analyses have typically 

been used to resolve Colletotrichum species (e.g. Talhinhas et al. 2002, Weir et al. 2012, Damm 



 

 

 

et al. 2013, Tao et al. 2013). Recommended genetic markers were suggested (Hyde et al. 2014). 

Genes and combination of genes that can be used for identification of the Colletotrichum 

species complexes were recommended (Cannon et al. 2012, Hyde et al. 2014) and have been 

summarized by Jayawardena et al. (2016). For example, a combined of ITS, glyceraldehyde-

3-phosphate dehydrogenase (GAPDH), chitin synthase 1 (CHS-1), histone H3 (HIS3), actin 

(ACT) and Tub2 sequences data was used to identify species in the Colletotrichum acutatum 

species complex (Jayawardena et al. 2016). 

 

Diaporthe – Comparison of nucleotide polymorphism of the ITS sequences data between 

MFLUCC 17-1942 and MFLUCC 17-0035 showed the major differences over a span of c. 29 

polymorphisms. These consist of two deletions, five insertions, 12 transitions and 10 

tranversions. Based on the recommendations of Jeewon & Hyde (2016), we consider these two 

isolates to be distinct. Blast searches of the ITS, MFLUCC 17-0035 and MFLUCC 17-1942 

are provided in Table 5. ITS phylogenetic analysis showed that MFLUCC 17-1942 grouped 

with Phomopsis sp. MA194 with weak bootstrap support, and next to Diaporthe arengae CBS 

114979 (ex-type) with 95% ML and 0.95 PP (Fig 45: F). These three isolates grouped with 

Diaporthe arecae CBS 161.64 (ex-isotype) and MFLUCC 17-0035 with 100% ML and 1.00 

PP. However, multiple gene analyses are required to improve the accuracy of species 

delimitation of these two isolates. Identification of Diaporthe species is not always appropriate 

using morphological characters, because of their plasticity and overlap between different 

species (Santos & Phillips 2009). ACT, calmodulin (CAL), HIS3, ITS, translation elongation 

factor 1-alpha (TEF) and Tub2 should be used in combined analyses with at least 4–5 genes 

with recommended primers (Udayanga et al. 2012, 2014a, b, Gomes et al. 2013, Hyde et al. 

2014, Dissanayake et al. 2017). Santos et al. (2017) suggested that if only four loci can be 

sequenced these should be TEF, Tub2, CAL and HIS3; if three loci these should be TEF, Tub2 

and CAL; if two loci TEF and Tub2; if only one locus TEF as TEF sequence data is the most 

informative for species separation. ITS sequence data is the least informative to resolve 

Diaporthe species (Santos et al. 2017). However multi-loci sequence analysis (MLSA) 

provides more accurate estimation of phylogeny and has less separation errors than single locus 

analysis, if reasonable loci are used (Gadagkar et al. 2005, Mirarab et al. 2016, Santos et al. 

2017). 

 

Hortaea – Based on a MegaBLAST search of NCBIs GenBank nucleotide database, the 

closest hit using the ITS sequence of MFLUCC 17-1940 matched 100% and had max score 

(966) with many isolates such as Hortaea werneckii MCw215 (Table 12). This latter isolate is 

from a sample of water, collected during the pre-monsoon summer season from mangroves at 

Santa Cruz, India (Nayak et al. 2012). The ITS phylogeny grouped MFLUCC 17-1940 with H. 

werneckii MCw215 and CBS 107.67 (ex-neotype) with 100% ML and 1.00 PP, and is therefore 

considered to be Hortaea werneckii. 

 

Hypoxylon – ITS sequence data of MFLUCC 17-0020 was identical to MFLUCC 17-

0027. The closest hits using a MegaBLAST search of the ITS DNA sequence data of MFLUCC 

17-0020 had 100% similar to several strains, but had a 935 max score to H. anthochroum 

EGJMP20 and Xylariaceae sp. AT4 (unpublished in GenBank 2017) (Table 13). The types and 



 

 

 

published strains of H. griseobrunneum were also included in the ITS phylogeny based on the 

information from Kuhnert et al. (2014a). Two isolates in this study grouped with H. 

griseobrunneum agrEK07, STMA06148, CBS 331.73 (ex-type), BCRC 34050 (as H. 

anthochroum), and H. anthochroum EGJMP20 with 93% ML and 0.99 PP support. MFLUCC 

17-0020 and MFLUCC 17-0027 are identified as H. griseobrunneum based on similarity of 

ITS sequence data and morphology of the asexual morph being similar to H. griseobrunneum 

(Kuhnert et al. 2014a). Blast searches of another isolate MFLUCC 17-1945 are provided in 

Table 5. This isolate grouped sister to H. lechatii MUCL 54609 and CBS 123577 (ex-type) 

(Kuhnert et al. 2014b), and Xylariaceae sp. D11a4 with 87% ML and 0.97 PP. Comparison of 

nucleotide polymorphism of the ITS sequence data differs between our collection MFLUCC 

17-1945 and H. lechatii CBS 123577 (ex-type) strain with eight polymorphisms consisting of 

five transitions, two deletions and one insertion. Thus, MFLUCC 17-1945 is considered to be 

Hypoxylon sp., however, it is necessary to compare the Tub2 gene to clarify species level 

reliably (Kuhnert et al. 2014a, b, Daranagama et al. 2017).  

 

Nemania – MFLUCC 17-0005 was closely related to Nemania diffusa BCC 18754 

(Okane et al. 2012) with 100% sequence similarity and 1003 max score based on a 

MegaBLAST search (Table 13). Nemania diffusa BCC 18754 has been reported as a 

xylariaceous endophytic fungus from Pteris decrescens in Thailand (Okane et al. 2012). There 

are many isolates of N. diffusa with ITS sequences data available in GenBank, but the type 

strain is not sequenced. MFLUCC 17-0005 had high ITS sequence similarity to N. diffusa BCC 

18754. However, N. diffusa BCC 18754 (Okane et al. 2012) showed multiple nucleotide 

differences from other N. diffusa isolates GZ AT-F006 and FR AT-113 (Tang et al. 2007, 

2009). MFLUCC 17-0005 is named as Nemania sp. The isolate should be compared with ex-

type cultures for resolving the species name. An epitype for this species should be designated. 

Neodevriesia – The ITS of MFLUCC 17-1939 was 99% similar to Neodevriesia pakbia 

CBS 139914 (ex-type) (Table 13). This isolate grouped close to, but was distinct from N. 

pakbia CBS 139914 (ex-type) with 100% ML and 1.00 PP. MFLUCC 17-1939 is determined 

to be Neodevriesia sp. LSU, TEF and Tub2 should be used for further species identification 

coupled with morphological characterization (Crous et al. 2014).  

 

Neopestalotiopsis – Blast searches of the ITS for isolate MFLUCC 17-1941 is provided 

in Table 5. The ITS phylogeny suggests it is closely related to Neopestalotiopsis aotearoa CBS 

367.54 (ex-type), N. piceana CBS 394.48 (ex-type), N. eucalypticola CBS 264.37 (ex-type), 

and Pestalotiopsis sp. LH162 (from blast search) with 90% ML and 1.00 PP, Morphological 

examination of characters also pointed to the genus Neopestalotiopsis and hence we refer 

isolate MFLUCC 17-1941 to Neopestalotiopsis sp. However, we refrain from assigning a 

species name because of morphological plasticity among those species (Jeewon et al. 2002, 

2003, Maharachchikumbura et al. 2014). Analysis of combined sequence data of ITS, Tub2 

and TEF gene regions is necessary to delimit the species according to Maharachchikumbura et 

al. (2014, 2016). 

 

Pestalotiopsis – ITS sequence data of MFLUCC 17-0016, MFLUCC 17-0018, MFLUCC 

17-0019, MFLUCC 17-0024, MFLUCC 17-0025, MFLUCC 17-0026 and MFLUCC 17-1941 



 

 

 

were aligned together in MAFFT. All of these isolates shared identical sequences, except 

MFLUCC 17-1941. Isolate MFLUCC 17-0019 was selected as the representative strain of this 

group and blasted using the GenBank BLAST option. The ITS of MFLUCC 17-0019 had 100% 

similarity to several strains, and one of these was Pestalotiopsis sp. SC5A8 with 1075 max 

score (Table 5). MFLUCC 17-0016, MFLUCC 17-0018, MFLUCC 17-0019, MFLUCC 17-

0024, MFLUCC 17-0025 and MFLUCC 17-0026 are named as Pestalotiopsis sp. as they were 

similar to Pestalotiopsis sp. based on morphological and cultural characteristics, and ITS 

phylogeny. Most of the key conidial characters are unstable for species level separation as they 

vary with host range, generation, culture and other environmental conditions (Jeewon et al. 

2003, Hu et al. 2007). Naming of species based on morphological characters should be taken 

into account rather than host association (Jeewon et al. 2004, Maharachchikumbura et al. 2011). 

Maharachchikumbura et al. (2012) utilized ten gene regions (ACT, Tub2, CAL, GAPDH, 

glutamine synthetase (GS), ITS, LSU, largest subunit of RNA polymerase II (RPB1), SSU and 

TEF) to resolve cryptic Pestalotiopsis species, and showed that ITS, Tub2 and TEF were better 

markers. The other gene regions were less useful owing to poor success in PCR amplification 

and/or in their ability to determine species delimitation. TEF appeared to be an ideal candidate 

and functions well to determine species delimitation due to its better species resolution and 

PCR success. Tub2 showed fairly good differences among species. Combined ITS, Tub2 and 

TEF gene regions has given a high number of strongly supported nodes at the terminal clades 

as compared to single gene analysis (Maharachchikumbura et al. 2012, 2014). 

 

Phanerochaete – ITS of MFLUCC 17-0002 had similarity (97% identity) with 946 max 

score to Phanerochaete stereoides He2309 (Table 12). ITS phylogeny of MFLUCC 17-0002 

grouped sister to P. stereoides He2309 (Liu & He 2016) with bootstrap support of ML (96%) 

and PP (1.00). Isolate MFLUCC 17-0002 is therefore assigned to Phanerochaete sp. RPB1, 

RPB2, ITS and LSU were used to revised the taxonomy of Phanerochaete (Polyporales, 

Basidiomycota) (Floudas & Hibbett 2015).  

 

Phyllosticta – Isolate MFLUCC 17-0030 had 92% similarity with many species of 

Phyllosticta, but showed 845 max score with P. aristolochiicola BRIP 53316a (Table 13). 

MFLUCC 17-0030 and MFLUCC 17-0031 grouped together with 100% ML and 1.00 PP, but 

separated from Guignardia sp. 1-3-5-1-3-1 with weak bootstrap support, and next to P. 

styracicola CGMCC 3.14985 (ex type) with 70% ML and weak support of PP. Another isolate, 

MFLUCC 17-1937 was 99% similar to many isolates, but had max score (1064) with Fungal 

sp. isolate 59815 (Table 5). MFLUCC 17-1937 grouped 100% ML and 1.00 PP with Fungal 

sp. isolate 59815 and P. fallopiae MUCC 0113. There are two species of Phyllosticta from 

Rhizophora apiculata in this study based on ITS sequence data. However multiple genes are 

required to clarify species names reliably. Wikee et al. (2013a) compared phylogenies of five 

genes analysis (ACT, GAPDH, ITS, LSU and TEF) with two genes analysis (ACT and ITS). 

They indicated that the combined ACT and ITS gene loci is sufficiently robust to distinguish 

most taxa in Phyllosticta, except those closely related to P. capitalensis. Wikee et al. (2013b) 

used analysis of combined ITS, ACT and TEF gene data to confirm the identity of all isolates 

of P. capitalensis. ITS gene and combined analyses of ITS, TEF, GAPDH and ACT sequence 

data are recommended for generic level and inter-specific delineation respectively (Hyde et al. 



 

 

 

2014). A polyphasic approach including morphological, molecular and proteomic techniques 

were used to improved species identification and delimitation (Wulandari et al. 2009, Glienke 

et al. 2011, Wicht et al. 2012, Wong et al. 2012, Guarnaccia et al. 2017). 

Preussia – The ITS sequences of MFLUCC 17-0022 and MFLUCC 17-0023 were 

identical. Isolate MFLUCC 17-0023 was selected to blast and it matched 99% with many 

isolates, but had max score (983) with Preussia sp. CY218 (Table 13). The ITS phylogeny, 

grouped MFLUCC 17-0022 and MFLUCC 17-0023 close to Preussia sp. CY218 with 100% 

ML and 0.97 PP, and sister to P. persica CBS 117680 (ex-type) with 100% ML and 1.00 PP. 

Nucleotide differences comparison of the ITS sequence data between our isolates and P. 

persica CBS 117680 (ex-type) strain reveal nine polymorphisms. Thus, the two isolates are 

described herein as Preussia sp. Additional genes and morphological characteristics are needed 

for more precise species delimitation. Arenal et al. (2007) used morphological characters and 

combined ITS, LSU and TEF loci to erect and identify new species of Preussia. 

 

Pseudopithomyces – Isolate MFLUCC 17-0028 had the highest similarity (100%) to 

many isolates, but had max score (1040) with Pithomyces maydicus UTHSC 06-1549 (da 

Cunha et al. 2014) However, Pithomyces maydicus (Sacc.) M.B. Ellis was combined as 

Pseudopithomyces maydicus (Sacc.) J.F. Li, Ariyawansa & K.D. Hyde by Ariyawansa et al. 

(2015). The genus Pseudopithomyces comprises P. chartarum (Berk. & M.A. Curtis) M.B. 

Ellis, P. maydicus (Sacc.) M.B. Ellis, P. sacchari (Speg.) M.B. Ellis and some unidentified 

Pithomyces strains, which group together in Didymosphaeriaceae (Ariyawansa et al. 2015). 

The isolate in this study (MFLUCC 17-0028) grouped with P. maydicus UTHSC 06-1549 and 

UTHSC 06-3954 with high statistical support. Pseudopithomyces species can be separated 

based on ITS phylogeny in this study. Isolate MFLUCC 17-0028 is therefore considered as P. 

maydicus. A combined dataset of ITS, LSU, GAPDH and RPB2 has also been reported to 

resolve taxonomy of Pseudopithomyces species (Crous et al. 2016). 

 

Rigidoporus – MFLUCC 17-0007 had a high sequence similarity (100%) identity and 

1158 max score with Rigidoporus vinctus FRIM142 (Table 12). ITS phylogeny placed this 

isolate with R. vinctus FRIM142, PAPH04 and N_L7_E6 with 100% ML and 1.00 PP, and it 

is therefore considered to be Rigidoporus vinctus. 

 

Schizophyllum – ITS sequence data of MFLUCC 17-1946 was selected to blast as it was 

identical to the ITS sequence of MFLUCC 17-1947. Isolate MFLUCC 17-1946 showed 99% 

sequence similarity and 1146 max score with Schizophyllum commune isolate UZ1552_14 

(Table 13). Other published isolates and reference strains of Schizophyllum were also included 

in the ITS phylogeny (Siqueira et al. 2016). The isolates in this study could not be well 

separated from S. commune and S. radiatum. Therefore, the two isolates are determined to be 

Schizophyllum sp. Siqueira et al. (2016) noted that the phylogenetic analyses of the individual 

ITS and LSU genes were much conserved and did not discriminate well between the closely 

related species S. commune and S. radiatum. The LSU, TEF, and RPB2 markers showed 

consistency and were used to perform a concatenated study.  

 



 

 

 

Unidentified – MFLUCC 17-1938 showed a sequence similarity (99%) and max score 

(983) with Mycosphaerellaceae sp. MA12 (Table 13). Isolate MA12 is an endophyte on a 

mangrove plant in the South of Thailand, and Buatong (2010) placed it in Mycosphaerellaceae 

and reported that the isolate displayed strong antifungal activity against Cryptococcus 

neoformans ATCC90112. ITS phylogeny groups our isolate (MFLUCC 17-1938) with 

Mycosphaerellaceae sp. MA12 with 100% ML and 1.00 PP. MFLUCC 17-1938 and 

Mycosphaerellaceae sp. MA12 are nested in between the genera Devriesia and Hortaea which 

are classified in the Teratosphaeriaceae. We could not observe morphological details on culture 

of MFLUCC 17-1938 as it did not produce spores. Thus, isolate MFLUCC 17-1938 remains 

an unidentified taxon. 

The use of highest nucleotide similarity in MegaBLAST searches of NCBIs GenBank 

nucleotide database is a preliminary step towards determining fungal endophyte species. The 

top score match may not necessarily indicate the same species (Kang et al. 2010). It is difficult 

to make conclusions for isolates within or related to species complexes based on MegaBLAST 

searches and phylogenetic analysis of ITS sequences data. However, the ITS region is still 

useful in some cases for reconstruction of interspecific relationships (Cai et al. 2009). Although 

ITS has been formally proposed as the primary barcoding marker for fungi by the Consortium 

for the Barcode of Life, there is the possibility that supplementary barcodes may be developed 

for particularly narrowly circumscribed taxonomic groups (Schoch et al. 2012). It is better to 

use multigene analysis to accurately identify species of fungal endophytes (Guo et al. 2001, 

Huang et al. 2009, Ko et al. 2011, Sun et al. 2011). Moreover, most of the sequences named in 

GenBank are erroneously named, such as Colletotrichum and Curvularia lunata (Cai et al. 

2009, 2011, da Cunha et al. 2013). A comparison of sequence data from fungal endophytes 

with ex-type cultures of named species must be considered (Dayarathne et al. 2016). This will 

prevent misidentification of endophytes isolated from various hosts and localities (Ko et al. 

2011). Correct identification of fungi is important for understanding the biology, ecology, 

evolutionary relationships, for controlling plant diseases, and useful for future application in 

biotechnology (Santos & Phillips 2009, Ko et al. 2011, Udayanga et al. 2011, Hyde et al. 2014). 

 

Comparison between culture-dependent and culture-independent techniques 

ITS is the targeted region in culture-dependent or NGS analysis. In this study, we 

identified the fungal endophytes based on ITS sequence data using the culture-dependent 

approach, which is different from culture-independent methods (e.g. study using NGS that 

reads into operational taxonomic units (OTUs)). The identification of bacteria and fungi by 

culture-dependent methods has resulted in lower numbers of microorganisms than culture-

independent methods (Carraro et al. 2011, Stefani et al. 2015). This is because culture 

conditions used (aeration, nutritional, temperature, etc.) can affect growth of organisms. 

Artificial medium usually allows growth of only a small fraction of the organisms (Carraro et 

al. 2011). Fast-growing species suppress growth of others, thus slow-growing organisms are 

out-competed (Nocker et al. 2007). Culture-independent methods can also reveal the 

community of unculturable organisms. Nevertheless, culture-dependent methods have higher 

taxonomical accuracy (discriminative power), and ease of performance and interpretation when 

compared to culture-independent methods ((denaturing gradient gel electrophoresis (DGGE) 



 

 

 

and 454 Pyrosequencing) (Vaz-Moreira et al. 2011). Moreover, culturing is essential for future 

applications in agricultural, industrial, food and medicine.  

New high-throughput methods, in the culture-independent approach, are a useful strategy 

to estimate diversity of the mycobiome from any substrate. However, methodological biases, 

limitations of the markers and bioinformatic analysis, may lead to misleading conclusions 

(Lindahl et al. 2013, Vaz et al. 2017). Operational taxonomic units are based on sequences with 

≥ 97% similarity. However, several problems can be seen in this method. If the ITS sequences 

of two species are ≥ 97% similar they can be assigned into one OTU instead of two. Another 

problem is that the same species that has a similarity less than 97% can be assigned as two 

different OTUs. This can be observed clearly in species complexes such as Colletotrichum and 

Diaporthe. Also, in the OUT dataset, species that occur only once are considered as rare OTUs 

or singletons considering that they may have originated from sequencing errors. In most cases, 

the fungal identifications from both methods can be consistent. However, inconsistent 

identifications can occur due to the lower power of taxonomic assignment in the culture-

independent (amplicon sequencing) as compared with culture dependent approaches. This will 

result in identifying the organisms to family, order or class level instead of species level. 

 

Conclusions 

We resolved four endophyte species out of an estimated 20 morphotypes in this study 

based on ITS sequence data and cultural characteristic as well as support with available 

morphological study of sporulating species. These were Hortaea werneckii, Hypoxylon 

griseobrunneum, Pseudopithomyces maydicus and Rigidoporus vinctus and accuracy depends 

on the fungal group. These four species are first reports on Rhizophora apiculata. Both 

Ascomycota and Basidiomycota genera were found from Rhizophora apiculate, with 

Ascomycota being the most abundant. ITS sequence data can be used to identify taxa that have 

identical nucleotide sequence data to those of ex-types of species. ITS can separate species or 

indicate new species when having nucleotide sequence clearly diverges from previous 

described species. Individual ITS can clearly discriminate Pseudopithomyces species. ITS 

sequence data are hardly enough to identify the species boundary for species complex such as 

Colletotrichum and Diaporthe, in fact for most genera isolated in this study, but can provide 

an idea for taxonomic groups at least to genus level in most cases. Additional data and analysis, 

especially from multiple gene loci, are required to identify fungal endophytes. 



 

 

 

Table 12. Cultural characteristics of the 20 morphotypes from Rhizophora apiculata on potato dextrose agar (PDA) at 25 °C in the dark. 

 

Morphotype Representative strain 

Size (mm)  

of colony after 

7 days 

Coloura,b 

Form or Shape Elevation Margin Density Figure 

Above Below 

1 MFLUCC17-0025 27–35 Orange white 

(6A2) mix with 

white (6A1) 

Light brown 

(6D6)a, Pale orange 

(5A3)b 

Irregular Raised to lower convex Erose or dentate Spare 1a 

2 MFLUCC 17-1941 60–65 White (5A1)a,  

light orange (5A4)b 

Orange white 

(5A2)a, light orange 

(5A5)b 

Irregular Convex with papillate 

surface 

 

Undulate Spare 1b 

3 MFLUCC 17-0005 14–20 Brownish grey 

(7D2) mix with 

white (7D1)  

Black mix with 

orange white (6A2) 

Irregular Flat Erose or dentate Spare 1c 

4 MFLUCC 17-0020 37–45 Brown (7E5) mix 

with white (7A1) 

Light brown (7D6) 

mix with white 

(7A1) 

Irregular, 

punctiform 

Raised Undulate Spare 1d 

5 MFLUCC 17-1945 40–50 Brownish grey 

(6F2), brownish 

orange (6C4), 

alternate 

white (6A1)  

Brownish grey 

(6F2), white (6A1) 

Irregular to 

circular 

Raised to convex with 

papillate surface 

Undulate Medium 1e 

6 MFLUCC 17-0004 52–60 Greyish brown 

(6F3) to (6E3) 

alternate white 

(6A1) 

Greyish brown 

(7F3), white (7D1) 

and greyish brown 

(7D3) 

Circular Flat or effuse to raise Entire edge Dense 1f 

7 MFLUCC 17-1943 50–60 Brownish grey 

(7C2)a, white 

(7A1)b 

Brownish grey 

(7D2)a, white 

(7A1)b 

Circular Raised to convex with 

papillate surface 

Undulate Medium 1g 

8 MFLUCC 17-0035 70–80 Yellowish white 

(4A2) 

Light yellow (4A4) Irregular Raised convex with 

papillate surface 

Lobate, with 

concentric rings  

Dense 1h 

9 MFLUCC 17-1942 37–45 Pale yellow (4A3)a, 

white (4A1)b 

 

Yellowish brown 

(5F8)a,  

pale yellow (4A3)b 

Irregular Raised to lower convex Lobate to undulate Dense 1i 

10 MFLUCC 17-0003 22–31 Greyish orange 

(5B4)a, white 

(5A1)b 

Light brown 

(6D5)a, white 

(6A1)b 

Circular Raised to lower convex Entire edge Medium 1j 

11 MFLUCC 17-0028 40–45 Light brown (6D4) 

alternate brown 

(6E4) 

Brown (6F4) 

alternate brown 

(6E5) 

Circular Raised to lower convex Undulate Medium 1k 



 

 

 

Morphotype Representative strain 

Size (mm)  

of colony after 

7 days 

Coloura,b 

Form or Shape Elevation Margin Density Figure 

Above Below 

12 MFLUCC 17-0022 7–18 Pale orange (5A3)a, 

orange white 

(5A2)b 

Orange white 

(5A2) 

Irregular Flat Entire edge Spare 1l 

13 MFLUCC 17-0030  10–15 Olive brown 

(4E2)a, yellowish 

white (4A2)b 

Greyish beige 

(4D2)a, yellowish 

white (4A2)b 

Irregular Flat to lower convex Crenated to lobate Medium 2a 

14 MFLUCC 17-1937 15–22 Olive grey (3F2) Olive (3F3) Irregular Flat or effuse Crenated to lobate Medium 2b 

15 MFLUCC 17-1938 

 

8–13 Olive grey (2F2) Olive grey (2F2) Irregular Raise Undulate to Entire 

edge 

Medium 2c 

16 MFLUCC 17-1940 11–13 Olive grey (3F2) Olive brown (4F3) Irregular Flat Undulate Spare 2d 

17 MFLUCC 17-1939 7–10 Grey (3F1) Olive grey (2F2) Irregular Lower convex Undulate Spare 2e 

18 MFLUCC 17-0007 Completely 

covering the 

Petri-dish 

White (4A1) 

 

Yellowish white 

(4A2) 

Circular Raised Entire edge Dense 2f 

19 MFLUCC 17-0002 60–70 Yellowish white 

(4A2)a,  

violet brown 

(11F4)b 

Yellowish white 

(4A2)a, violet 

brown 

(11F4)b 

Irregular Flat or effuse Crenated Spare 2g, h 

20 MFLUCC 17-1946 Completely 

covering the 

Petri-dish 

White (4A1) 

 

Yellowish white 

(4A2) 

Circular Raised, convex in center Crenated Medium 

dense 

2i 

aCenter of culture, bedge of culture.



 

 

 

 
 

Figure 43 – Colony morphology of fungal endophytes on PDA, at 25 °C in the dark, isolated 

from Rhizophora apiculata. a Pestalotiopsis sp. MFLUCC 17-0025 (22 d). b Neopestalotiopsis 

sp. MFLUCC 17-1941 (30 d). c Nemania sp. MFLUCC 17-0005 (22 d). d Hypoxylon 

griseobrunneum MFLUCC 17-0020 (22 d). e Hypoxylon sp. MFLUCC 17-1945 (22 d). f 

Colletotrichum sp. MFLUCC 17-0004 (25 d). g Colletotrichum sp. MFLUCC 17-1943 (14 d). 

h Diaporthe sp. MFLUCC 17-0035 (5 d). i Diaporthe sp. MFLUCC 17-1942 (14 d). j 

Allophoma sp. MFLUCC 17-0003 (14 d). k Pseudopithomyces maydicus MFLUCC 17-0028 

(25 d). l Preussia sp. MFLUCC17-0022 (14 d). 



 

 

 

 
 

Figure 44 – Colony morphology of fungal endophytes on PDA, at 25 °C in the dark, isolated 

from Rhizophora apiculata. a Phyllosticta sp. MFLUCC 17-0030 (14 d). b Phyllosticta sp. 

MFLUCC 17-1937 (14 d). c Fungal endophyte (unidentified) MFLUCC 17-1938 (14 d). d 

Hortaea werneckii MFLUCC 17-1940 (30 d). e Neodevriesia sp. MFLUCC 17-1939 (30 d). f 

Rigidoporus vinctus MFLUCC 17-0007 (30 d). g, h Phanerochaete sp. MFLUCC 17-0002 (25 

d). i Schizophyllum sp. MFLUCC 17-1946 (30 d). 

 

  



 

 

 

Table 13. Closest match for endophytes following MegaBLAST search of NCBI GenBank 

nucleotide database. Max identity and max score are shown. 

 

Isolate number in 

this study 

Nearest match BLAST 

search result  

 

Voucher/ 

Culture 

ITS 

GenBank 

accession 

number 

Max 

score 

Max 

identity 

(%) 

Ascomycota      

MFLUCC 17-0003 
Stagonosporopsis 

cucurbitacearum  
E-271 KU059901 981 531/531(100%) 

 
Stagonosporopsis 

cucurbitacearum 
SE5 AB714984 981 531/531(100%) 

 Didymella bryoniae MA71 GU592001 981 531/531(100%) 

MFLUCC 17-0004 
Colletotrichum 

brevisporum 
PC-1 KX756146 1088 602/608(99%) 

MFLUCC 17-0005 Nemania diffusa BCC 18754 AB625422 1003 543/543(100%) 

MFLUCC 17-0019 

Pestalotiopsis sp. SC5A8 KU252287 1075 582/582(100%) 

Pestalotiopsis sp. SC3A14 KU252282 1075 582/582(100%) 

Pestalotiopsis sp. SC3A4 KU252277 1075 582/582(100%) 

MFLUCC 17-0020 
Hypoxylon anthochroum EGJMP 20 KF192825 935 506/506(100%) 

Xylariaceae sp. AT4 KX953392 935 506/506(100%) 

MFLUCC 17-0023 Preussia sp. CY218 HQ608038 983 539/542(99%) 

MFLUCC 17-0028 Pithomyces maydicus 
UTHSC 06-

1549 
HG933801 1040 563/563(100%) 

MFLUCC 17-0030 
Phyllosticta 

aristolochiicola 
BRIP 53316a 

NR_11179

1 
845 574/627(92%) 

MFLUCC 17-0035 Diaporthe arecae CBS 161.64 KC343032 1026 560/562(99%) 

MFLUCC 17-1937 Fungal sp.  59815 KP890364 1064 592/600(99%) 

MFLUCC 17-1938 Mycosphaerellaceae sp.  MA 12 GU591997 983 542/547(99%) 

MFLUCC 17-1939 Neodevriesia pakbiae 
CPC 25044/  

CBS 139914 
KR476742 998 557/565(99%) 

MFLUCC 17-1940 

Hortaea werneckii MCw215 HQ711621 966 523/523(100%) 

Fungal endophyte 2789 KR015340 966 523/523(100%) 

Hortaea werneckii RY 51 KM014604 966 523/523(100%) 

Hortaea werneckii JY 54 KM014589 966 523/523(100%) 

Hortaea werneckii Hw5  JN997374 966 523/523(100%) 

Hortaea sp. F47 FJ755827 966 523/523(100%) 

Hortaea werneckii IFM 4988 AB087199 966 523/523(100%) 

MFLUCC 17-1941 

Pestalotiopsis sp. LH162 HQ832816 1003 547/549(99%) 

Pestalotiopsis sp. MA129 GQ254681 1003 547/549(99%) 

Pestalotiopsis sp. MA165 GU592005 1003 547/549(99%) 

Pestalotiopsis sp. 14JAES EF451799 1003 547/549(99%) 

MFLUCC 17-1942 Phomopsis sp.  MA194 GU592007 1029 572/579(99%) 

MFLUCC 17-1943 

Colletotrichum 

gloeosporioides 
AAP-018 KU534983 1074 581/581(100%) 

Fungal sp. SF3 MF962538 1074 581/581(100%) 

MFLUCC 17-1945 

Xylariaceae sp. D11a4 JQ341090 1068 604/616(98%) 

Hypoxylon lechatii 
MUCL 

54609 
KF923407 1068 606/619(98%) 

Basidiomycota      

MFLUCC 17-0002 
Phanerochaete 

stereoides 
He2309 KX212219 946 547/564(97%) 

MFLUCC 17-0007 Rigidoporus vinctus  FRIM 142 HQ400710 1158 627/627(100%) 

MFLUCC 17-1946 Schizophyllum commune  UZ1552_14 KP326577 1146 625/627(99%) 

Note: When more than one isolate shared similarity of ITS sequence alignment then a 

representative isolate was blasted. 



 

 

 

 
 

Figure 45 – Phylogram generated from maximum likelihood analysis (RAxML) based on ITS 

sequence data. The tree is rooted to Rhizopus oryzae CBS 112.07. Maximum likelihood 

bootstrap values (MLBS) ≥ 70% and Bayesian posterior probabilities ≥ 0.95, (MLBS/PP) are 

given at the nodes. Ex-epitype, ex-isotype, ex-neotype, ex-type and reference strains are 

marked with E, I, N, T and R, respectively. The new isolates are in bold. 
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KM199369 Neopestalotiopsis aotearoa CBS 367.54 T
KM199368 Neopestalotiopsis piceana CBS 394.48 T
MG545079 Neopestalotiopsis sp. MFLUCC 17-1941
KM199376 Neopestalotiopsis eucalypticola CBS 264.37 T
HQ832816 Pestalotiopsis sp. LH162

KM199317 Pestalotiopsis humus CBS 336.97 T
KU252287 Pestalotiopsis sp. SC5A8
MG545060 Pestalotiopsis sp. MFLUCC 17-0019
MG545059 Pestalotiopsis sp. MFLUCC 17-0018
MG545062 Pestalotiopsis sp. MFLUCC 17-0025
MG545061 Pestalotiopsis sp. MFLUCC 17-0024 
MG545058 Pestalotiopsis sp. MFLUCC 17-0016
MG545063 Pestalotiopsis sp. MFLUCC 17-0026

MG545055 Nemania sp. MFLUCC 17-0005 
AB625422 Nemania diffusa BCC 18754
FJ438909 Nemania diffusa  GZ AT-F006 

DQ658238 Nemania diffusa  FR AT-113
AM993141 Xylaria hypoxylon  CBS 122620

EU178738 Xylaria acuminatilongissima 95060506 T
EU179864 Xylaria escharoidea 95071801 E

EU179862 Xylaria brunneovinosa  95060505 T
KC968909 Hypoxylon griseobrunneum agrEK07
KC968928 Hypoxylon griseobrunneum STMA06148
MG545064 Hypoxylon griseobrunneum MFLUCC 17-0020
KF192825 Hypoxylon anthochroum EGJMP20
JN660819 Hypoxylon griseobrunneum (= Hy. anthochroum) BCRC 34050
KC968918 Hypoxylon griseobrunneum CBS 331.73 T
MG545065 Hypoxylon griseobrunneum MFLUCC 17-0027

KF923407 Hypoxylon lechatii  MUCL 54609
JQ341090 Xylariaceae sp  D11a4 
KF923406 Hypoxylon lechatii CBS 123577 T
MG545056 Hypoxylon sp. MFLUCC 17-1945 

JQ009321 Hypoxylon vinosopulvinatum BCRC 34101 T
KU534983 Colletotrichum gloeosporioides AAP 018
MG545077 Colletotrichum sp. MFLUCC 17-1943 
JX010244 Colletotrichum aenigma  ICMP 18608 T
KR016576 Fungal endophyte 6760
MG545078 Colletotrichum sp. MFLUCC 17-1944 
KU527801 Colletotrichum gloeosporioides MC 17 F
JX010149 Colletotrichum gloeosporioides  ICMP 12939
JX010152 C. gloeosporioides  ICMP 17821 T
KX756146 Colletotrichum brevisporum PC- 
NR_111637 Colletotrichum brevisporum BCC 38876 T
MG545054 Colletotrichum sp. MFLUCC17-0004  
MG545076 Diaporthe  sp. MFLUCC 17-1942
GU592007 Phomopsis sp  MA194 
KC343034 Diaporthe arengae  CBS 114979 T

KC343032 Diaporthe arecae CBS 161.64 I
MG545075 Diaporthe sp. MFLUCC 17-0035
KF442532 Devriesia staurophora CBS 375.81
KF442505 Devriesia shelburniensis CBS 115876
KF442506 Devriesia thermodurans CBS 115878 T

GU591997 Mycosphaerellaceae sp  MA12 
MG545072 Fungal endophyte MFLUCC 17-1938

Hortaea werneckii MFLUCC 17-1940
HQ711621 Hortaea werneckii MCw215 
NR_145338 Hortaea werneckii CBS 107.67 N

GU214633 Neodevriesia hilliana CPC 15382 T
NR_144962 Neodevriesia xanthorrhoeae CBS 128219 T

GU214634 Neodevriesia lagerstroemiae CPC 14403
KR476742 Neodevriesia pakbia CBS 139914 T
MG545073 Neodevriesia sp. MFLUCC 17-1939
MG545068 Phyllosticta sp. MFLUCC 17-0030
MG545069 Phyllosticta sp. MFLUCC 17-0031

KX065260 Guignardia sp   1-3-5-1-3-1
JX025040 Phyllosticta styracicola  CGMCC 3.14985 T
AB454307 Phyllosticta fallopiae  MUCC 0113
KP890364 Fungal sp   59815
MG545070 Phyllosticta sp. MFLUCC 17-1937

JX486129 Phyllosticta aristolochiicola  BRIP 53316a  T
KJ796400 Leptosphaerulina chartarum CBS 329.86 T

GU237862 Stagonosporopsis dorenboschii CBS 426.90 T
GU237807 Stagonosporopsis caricae CBS 248.90
GU237780 Stagonosporopsis cucurbitacearum CBS 133.96
GU237899 Stagonosporopsis dennisii CBS 631.68 E
GU237864 Allophoma tropica CBS 436.75 I
GU237876 Allophoma nicaraguensis CBS 506.91 T
MG545053 Allophoma sp. MFLUC 17-0003 

KU059901 Stagonosporopsis cucurbitacearum E-271
 MG545067 Preussia sp. MFLUCC 17-0023
MG545066 Preussia sp. MFLUCC 17-0022
HQ608038 Preussia sp. CY218
NR_137730 Preussia persica  CBS 117680 T

MG545071 Pseudopithomyces maydicus MFLUCC 17-0028
HG933801 Pseudopithomyces maydicus UTHSC 06-1549
HG933802 Pseudopithomyces maydicus UTHSC 06-3954

HQ400710 Rigidoporus vinctus FRIM142
MG545057 Rigidoporus vinctus MFLUCC 17-0007
AB971170 Rigidoporus vinctus PAPH04
KY992567 Rigidoporus vinctus N_L7_E6 

JN710525 Cerrena unicolor 3115
JQ409462 Rigidoporus pouzarii MJ27 04 T

KX212219 Phanerochaete stereoides He2309 
MG545052 Phanerochaete sp. MFLUCC 17-0002
KP676125 Phanerochaete laevis
KP135149 Phanerochaete laevis HHB-15519

MG545080 Schizophyllum sp. MFLUCC 17-1946
MG545081 Schizophyllum sp. MFLUCC 17-1947
LT217533 Schizophyllum commune MUCL 29305 R
KP326577 Schizophullum commune UZ1552_14
LT217530 Schizophyllum commune CBS 132304 R
LT217532 Schizophyllum commune FMR 14713 R
LT217537 Schizophyllum radiatum  CBS 301.32 R
LT217531 Schizophyllum commune CBS 476.64 R

AB097334 Rhizopus oryzae CBS 112.07 T
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Figure 46 – Phylogram generated from maximum likelihood analysis (RAxML) based on ITS 

sequence data in Pseudopithomyces species. The tree is rooted to Deniquelata barringtoniae 

MFLUCC 11-0422. Maximum likelihood bootstrap values (MLBS) ≥ 70% are given at the 

nodes. Ex-isotype, ex-type and reference strains are marked with I, T and R, respectively. The 

new isolate is in red bold. 
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Table 14. Details of representative strains of isolated endophytic fungi from Rhizophora 

apiculata. 

 

 Classification Strain no Locality Habitat 

Ascomycota, 

Dothideomycetes 

Botryosphaeriales,  

Phyllostictaceae 

   

 Phyllosticta spp. MFLUCC 17-

0030 

 

Kram Subdistrict, 

Kleang District, 

Rayong Province 

Leaf 

  MFLUCC 17-

0031 

 

Phra Samut Chedi 

Klang Nam, Mueang 

District, Rayong 

Province 

Leaf 

  MFLUCC 17-

1937 

 

Phra Samut Chedi 

Klang Nam, Mueang 

District, Rayong 

Province 

Petiole 

 Capnodiales, 

Neodevriesiaceae 

   

 Neodevriesia sp. MFLUCC 17-

1939 

 

Sirinart rajini, Pak 

Nam Pran Sub 

district, Pranburi 

District, Prachuap 

Khiri Khan Province 

Leaf 

 Capnodiales, 

Teratosphaeriaceae 

   

 Hortaea werneckii MFLUCC 17-

1940 

 

Ao Khung Kraben, 

Khlong Khut Sub 

district, Tha Mai 

District, Chanthaburi 

Province 

Leaf 

 Pleosporales, 

Didymellaceae 

   

 Allophoma sp. MFLUCC 17-

0003 

 

Sirindhorn, Cha-am 

Subdistrict, Cha-am 

District, Phetchaburi 

Province 

Leaf 

 Pleosporales, 

Didymosphaeriaceae 

   

 Pseudopithomyces 

maydicus 

MFLUCC 17-

0028 

 

Sirinart rajini, Pak 

Nam Pran 

Subdistrict, Pranburi 

District, Prachuap 

Khiri Khan Province 

Aerial 

stilt root 

 Pleosporales, 

Sporormiaceae 

   



 

 

 

 Classification Strain no Locality Habitat 

 Preussia sp.  

 

MFLUCC 17-

0022 

and MFLUCC 

17-0023 

Sirindhorn, Cha-am 

Subdistrict, Cha-am 

District, Phetchaburi 

Province 

Aerial 

stilt root 

 Ascomycota genera, 

incertae sedis 

   

 Fungal endophyte 

(unidentified) 

MFLUCC 17-

1938 

Ao Khung Kraben, 

Khlong Khut Sub 

district, Tha Mai 

District, Chanthaburi 

Province 

Leaf 

Ascomycota, 

Sordariomycetes 

Amphisphaeriales, 

Pestalotiopsidaceae 

   

 Pestalotiopsis spp. MFLUCC 17-

0016, MFLUCC 

17-0018, 

MFLUCC 17-

0019, MFLUCC 

17-0024, 

MFLUCC 17-

0025 and 

MFLUCC 17-

0026 

Sirindhorn, Cha-am 

Subdistrict, Cha-am 

District, Phetchaburi 

Province 

Aerial 

stilt root 

 Neopestalotiopsis sp. MFLUCC 17-

1941 

 

Sirindhorn, Cha-am 

Subdistrict, Cha-am 

District, Phetchaburi 

Province 

Aerial 

stilt root 

Ascomycota, 

Sordariomycetes 

Diaporthales, 

Diaporthaceae 

   

 Diaporthe sp.  MFLUCC 17-

0035 

 

Kram Subdistrict, 

Kleang District, 

Rayong Province 

Aerial 

stilt root 

 Diaporthe sp.  MFLUCC 17-

1942 

 

Kram Subdistrict, 

Kleang District, 

Rayong Province 

Aerial 

stilt root 

 Glomerellales, 

Glomerellaceae 

   

 Colletotrichum sp. MFLUCC 17-

0004 

 

Sirindhorn, Cha-am 

Subdistrict, Cha-am 

District, Phetchaburi 

Province 

Leaf 

 Colletotrichum sp.  MFLUCC 17-

1943 

 

Kram Subdistrict, 

Kleang District, 

Rayong Province 

Leaf 

 Colletotrichum sp.  MFLUCC 17-

1944 

Sirinart rajini, Pak 

Nam Pran 

Leaf 

http://www.indexfungorum.org/names/Names.asp?strGenus=Neopestalotiopsis
http://www.indexfungorum.org/names/Names.asp?strGenus=Neopestalotiopsis


 

 

 

 Classification Strain no Locality Habitat 

 Subdistrict, Pranburi 

District, Prachuap 

Khiri Khan Province 

 Xylariales, Xylariaceae     

 Hypoxylon 

griseobrunneum 

MFLUCC 17-

0020 

and MFLUCC 

17-0027 

Sirinart rajini, Pak 

Nam Pran 

Subdistrict, Pranburi 

District, Prachuap 

Khiri Khan Province 

Leaf 

 Hypoxylon sp. MFLUCC 17-

1945 

 

Sirinart rajini, Pak 

Nam Pran 

Subdistrict, Pranburi 

District, Prachuap 

Khiri Khan Province 

Leaf 

 Nemania sp. MFLUCC 17-

0005 

Sirindhorn, Cha-am 

Subdistrict, Cha-am 

District, Phetchaburi 

Province 

Leaf 

Basidiomycota, 

Agaricomycetes 

Agaricales, 

Schizophyllaceae 

   

 Schizophyllum sp. MFLUCC 17-

1946 

and MFLUCC 

17-1947 

 

Sirinart rajini, Pak 

Nam Pran 

Subdistrict, Pranburi 

District, Prachuap 

Khiri Khan Province 

Aerial 

stilt root 

 Polyporales, 

Cerrenaceae 

   

 Rigidoporus vinctus MFLUCC 17-

0007 

 

Sirindhorn, Cha-am 

District, Phetchaburi 

Province 

Petiole 

 Polyporales, 

Phanerochaetaceae  

   

 Phanerochaete sp. 

 

MFLUCC 17-

0002 

 

Sirindhorn, Cha-am 

District, Phetchaburi 

Province 

Leaf 



 

 

 

Appendix VII To investigate evolutionary relationships of unidentified endophytes, poorly 

studied genera and new species based on a polyphasic approach. 

 

The taxonomic ranking of fungi at higher levels (class, subclass, order, family, genus) 

has always been contentious and prone to subjectivity, since higher taxa are perceived as human 

constructs and not as natural entities, and their ranking is arbitrary, which in some instances 

has resulted in unnecessary personal attacks in the literature. Accurate and natural 

classifications should rely on clear scientific principles, with evidence from as many avenues 

as possible, and provide objective criteria for their use by others. Earlier classifications based 

on phenotype were certainly more subjective; however, remarkably many of these old 

arrangements have stood the test of time. More recently, phylogenetic analyses have provided 

evidence towards a natural classification, resulting in significant changes in many lineages. 

The classification arrangements however, are still subjective and dependent on the taxa 

analysed, resulting in different taxonomic interpretations and schemes, particularly when it 

comes to ranking. Thus, what have been considered as genera by some, have been introduced 

as families by others. More recently, estimation of divergence times using molecular clock 

methods have been used as objective evidence for higher ranking of taxa. To investigate 

evolutionary relationships of unidentified endophytes, poorly studies genera based on 

polyphasic approach, a series papers were published with thankful to this grant.  

In the paper Hyde et al. 2017, we provided an overview over Ascomycota, showing how 

application of temporal banding could affect the recognition of higher taxa at certain rank 

levels. We then use Sordariomycetes as an example where we use divergence times to provide 

additional evidence to stabilize ranking of taxa below class level. We propose a series of 

evolutionary periods that could be used as a guide to determine the various higher ranks of 

fungi: phyla 550 MYA, subphyla 400–550 MYA; classes 300–400 MYA; subclasses 250–300 

MYA, orders 150–250 MYA, and families 50–150 MYA. It is proposed that classification 

schemes and ranking of taxa should, where possible, incorporate a polyphasic approach 

including phylogeny, phenotype, and estimate of divergence times. 

In the paper Hongsanan et al. 2017, Hongsanan and co-authors provide an updated 

phylogeny of Sordariomycetes and recommended changes based on both phylogenetic and 

molecular clock evidence. 

In the paper Liu et al. (2017), Liu and coauthors use Dothideomycetes and Pleosporales 

as case studies for evidence from molecular clock data for ranking orders and families, 

respectively. 

Recently, Phillips et al. (2019) selected families in Botrypsphaeriales, carried out 

morphological, phylogenetic and evolutionary study, and synonymizd three families under 

existing families based on evidence of divergence time analysis. Dayarathne et al. (2019) 

provided evolutionary phylogenetic analysis of Savoryellaceae, and ranking it as a subclass 

Savoryellomycetidae. 

During our study of fungi from aerial parts of Nypa fruticans, a new family 

Striatiguttulaceae was established based on morphology and multi-gene phylogenetic evidence, 

and it diverged approximately 60 (35–91) MYA. The phylogenetic analysis and taxonomy 

notes are provided as below: 

 

  



 

 

 

Phylogenetic results 

The multi-gene dataset comprised 113 taxa and 4113 characters after alignment (LSU: 

919 bp; SSU: 1245 bp; TEF1α: 929 bp; RPB2: 1020 bp) including gaps. RAxML, MP and 

Bayesian analyses were conducted and resulted in generally congruent topologies, and the 

familial assignments are similar to previous work (Hashimoto et al. 2017, Liu et al. 2017). 

Maximum parsimony analyses indicated that 2,302 characters were constant, 355 variable 

characters parsimony uninformative and 1,456 characters are parsimony-informative. A 

heuristic search yield four equally most parsimonious trees (TL = 10905, CI = 0.278, RI = 

0.561, RC = 0.156, HI = 0.722). The combined dataset provided higher confidence values for 

the familial level than those of the individual gene trees (data not shown), and RAxML analysis 

based on LSU, SSU, TEF1α and RPB2 yielded a best sorting tree (Figure 47) with a final 

optimization likelihood value of –52455.532059. 

The eight newly generated strains clustered together and positioned outside the two 

suborders (Massarineae and Pleosporineae) of Pleosporales, and formed a well-supported 

monophyletic clade and represented as a new linage of Pleosporales. The phylogeny also 

revealed that this clade is close to Ligninsphaeriaceae, Pseudoastrosphaeriellaceae, 

Testudinaceae and Tetraplosphaeriaceae, and can be recognized as a novel family 

(Striatiguttulaceae). Furthermore, the eight strains formed two well-supported monophyletic 

sub-clades, which can be identified as two new genera (Longicorpus and Striatiguttula) and 

three new species (Longicorpus striataspora, Striatiguttula nypae and S. phoenicis). 

 

Divergence times estimates 

The maximum clade credibility (MCC) tree with divergence estimates (Figure 48) 

obtained through BEAST was topologically identical to those recovered by Bayesian and ML 

procedures with regards to the placement Pleosporales and several major lineages within 

Dothideomycetes. The mean dates of Pleosporales crown is corroborate with reported estimates 

(Phukhamsakda et al. 2016, Liu et al. 2017, 2018). Divergence estimates for crowns of the 

newly generated family in Pleosporales and three calibration points used in this study are 

provided in Table 15. 

 

  



 

 

 

Table 15. Divergence time estimates of Pleosporales and selected lineages of Dothideomycetes 

obtained from a Bayesian approach (BEAST) on basis of three calibrations. For each 

divergence, the median and the 95% highest posterior density (HPD) are provided. Divergence 

times are provided in millions of years (MYA). 

 

Nodes Crown group 

Divergence times 

This study 

Phukhamsak

da et al. 

(2016) 

Liu et al. 

(2017) 

Liu et al. 

(2018) 

Crown age Stem age Crown age 

1 
Arthoniomycetes-

Dothideomycetes 

312  

(220–413) 
– 317 – 310~320 

2 Capnodiales 
195  

(131–266) 

269  

(196–347) 
147 

216 

(151–283) 
~120 

3 Aigialus  
41  

(35–56) 

64 

(44–91) 
39 – ~50 

4 Dothideomycetes 
286 

(210–369) 

312 

(220–413) 

293 

~(210–370) 

341 

(257–425) 

255 

(166–344) 

5 Pleosporales 
206 

 (148–274) 

221  

(158–292) 

211  

~(140–270) 

204 

(148–260) 

195 

(124–271) 

6 Striatiguttulaceae 
39  

(20–63) 

60  

(35–91) 
– – – 



 

 

 

 
 

Figure 47 –  RAxML tree of Pleosporales based on analysis of combined LSU, SSU, TEF1α 

and RPB2 sequence data. Bootstrap values for ML and MP equal to or greater than 75% are 

placed above and below the branches respectively. Branches with Bayesian posterior 

probabilities (PP) from MCMC analysis equal or greater than 0.95 are in bold. Newly generated 

sequences are indicated in red.  



 

 

 

 
Figure 47 – Continued 



 

 

 

 
Figure 48 –  Maximum clade credibility (MCC) tree with divergence times estimates for 

Pleosporales and selected groups in Dothideomycetes, obtained from a Bayesian approach 

(BEAST) using one secondary and two fossil calibrations. Numbers at nodes indicate posterior 

probabilities (pp) for node support; bars correspond to the 95% highest posterior density (HPD) 

intervals. Numbers inside green circles indicate nodes used for calibrations: 1) the split of 

Arthoniomycetes and Dothideomycetes; 2) Metacapnodiaceae; 3) Margaretbarromyces 

dictyosporus. 

 

  



 

 

 

Taxonomy 

Striatiguttulaceae S.N. Zhang, K.D. Hyde & J.K. Liu, fam. nov. 

MycoBank: MB828272; Facesoffungi: FoF 05032 

Etymology: Name refers to the name of the type genus. 

Description: Saprobic on palms distributed in mangrove habitats. Sexual morph: 

Stromata black, scattered to gregarious, immersed beneath host epidermis, and erumpent to 

superficial, with a papilla or a short to long neck, ampulliform, subglobose or conical, uni-

loculate or bi-loculate, coriaceous to carbonaceous, ostiolate, periphysate, papillate, clypeate 

or not clear, glabrous or somewhat interwoven pale brown hyphae or setae. Peridium composed 

of several brown to hyaline cell layers. Hamathecium of trabeculate pseudoparaphyses. Asci 8-

spored, bitunicate, cylindric-clavate, pedicellate, apically rounded, with an ocular chamber. 

Ascospores hyaline to brown, uniseriate to biseriate or triseriate, fusiform or ellipsoidal, 1–3-

septate, striate, guttulate, with paler end cells and surrounded by a mucilaginous sheath. 

Asexual morph: Undetermined. 

Type genus: Striatiguttula S.N. Zhang, K.D. Hyde & J.K. Liu 

Notes: The family Striatiguttulaceae is introduced to accommodate two new genera 

Longicorpus and Striatiguttula, characterized by the immersed, and erumpent to superficial 

stromata, with a papilla or a short to long neck, trabeculate pseudoparaphyses, bitunicate asci, 

and hyaline to brown, fusiform to ellipsoidal, striate, guttulate, 1–3-septate ascospores, with 

paler end cells and surrounded by a mucilaginous sheath. Members of Striatiguttulaceae are 

morphologically similar to the genera Leptosphaeria and Trematosphaeria, but they are 

phylogenetically distinct and also differ in ascospores characteristics. Multi-gene phylogenetic 

analysis revealed a close relationship of Striatiguttulaceae to Ligninsphaeriaceae and 

Pseudoastrosphaeriellaceae. However, Striatiguttulaceae differs from 

Pseudoastrosphaeriellaceae as the latter has narrowly fusiform, 1–3-septate or 2–5-septate 

ascospores. The slit-like ascomata and rather large ascospores in Ligninsphaeriaceae are 

distinct from those found in Striatiguttulaceae. Additionally, a divergence time estimate 

analysis indicated that the crown age 39 (20–63) MYA and stem age 60 (35–91) MYA of 

Striatiguttulaceae, match with the recommendations of using divergence times to recognize 

families in Liu et al. (2017). The morphological examination of both asexual and sexual morphs 

was also conducted in order to build comprehensive familial concept for Striatiguttulaceae, but 

unexpectedly, we did not obtain the asexual morphs. Further morphological investigations 

together with more molecular data are needed. 

 

Striatiguttula S.N. Zhang, K.D. Hyde & J.K. Liu, gen. nov. 

MycoBank: MB828273; Facesoffungi: FoF 05033 

Etymology: Name refers to the striate and guttulate ascospores. 

Description: Saprobic on palms which are distributed in mangrove habitats. Sexual 

morph: Stromata black, scattered to gregarious, immersed beneath host epidermis, and 

erumpent to superficial, with a papilla or a short to long neck, ampulliform, subglobose or 

conical, uni-loculate or bi-loculate, coriaceous to carbonaceous, ostiolate, periphysate, 

papillate, clypeate or not, glabrous or somewhat interwoven pale brown hyphae or setae, lying 

at apex of the neck. Peridium thin, composed of several pale brown to hyaline angular cells. 

Wall of the neck having elongated angular cells. Hamathecium filament thin, trabeculate 

pseudoparaphyses, septate, branched, anastomosing, embedded in a gelatinous matrix. Asci 8-



 

 

 

spored, bitunicate, cylindric-clavate, pedicellate, apically rounded, with an ocular chamber. 

Ascospores hyaline to brown, uniseriate to biseriate or triseriate, fusiform to ellipsoidal, 1–3-

septate, constrict, the middle cells slightly swollen towards the central septa, striate, guttulate, 

end cells slightly paler or not, surrounded by a mucilaginous sheath. Asexual morph: 

Undetermined. 

Type species: Striatiguttula nypae S.N. Zhang, K.D. Hyde & J.K. Liu 

 

Striatiguttula nypae S.N. Zhang, K.D. Hyde & J.K. Liu, sp. nov. 

MycoBank number: MB828274; Facesoffungi number: FoF 05034, Figure 49 

Etymology: The epithet reflects the genus name of the host plant Nypa fruticans, from 

which the specimens were collected. 

Type: THAILAND. Ranong: Ranong, on decayed rachis of Nypa fruticans, 3 December 

2016, S.N. Zhang, SNT44 (holotype: MFLU 18-1576; isotype: HKAS 97480; ex-type living 

culture MFLUCC 18-0265 = GZCC 18-0005). 

Description. Saprobic on mangrove palm Nypa fruticans. Sexual morph: Stromata in 

vertical section 240–380 µm high, 195–385 µm diameter, (mean = 318.2 × 289.0 µm, n = 15), 

black, scattered, gregarious, immersed beneath host epidermis, and erumpent to superficial, 

with a papilla or short to long neck up to 550 µm, subglobose or conical, uni-loculate or bi-

loculate, coriaceous to carbonaceous, ostiolate, periphysate, papillate and clypeate, glabrous or 

somewhat interwoven pale brown hyphae or with setae, lying at apex of the neck. Peridium 9–

16 µm, thin, composed of several pale brown to hyaline angular cells, compressed and pallid 

inwardly. Wall of the clypeus composed of cells of textura epidermoidea and host tissue. Wall 

of the neck with thicker and elongated angular cells. Hamathecium 1–2 µm wide, trabeculate 

pseudoparaphyses, septate, branched, filamentous, anastomosing, embedded in a gelatinous 

matrix. Asci 64–145 × 8–17 µm, (mean = 106.3 × 13.8 µm, n = 30), 8-spored, bitunicate, 

fissitunicate, cylindric-clavate, pedicellate, apically rounded, with an ocular chamber. 

Ascospores 18–26 × 4–6 µm, (mean = 22.2 × 5.3 µm, n = 50), hyaline to brown, uniseriate to 

biseriate or triseriate, fusiform, 1–3-septate, constricted at the central septum, the upper middle 

cell slightly swollen towards the central septum, straight or slightly curved, striate, guttulate, 

end cells slightly paler, surrounded by a mucilaginous sheath. Asexual morph: Undetermined. 

Culture characteristics: Colonies on PDA attaining 15 mm diam. within 21 days at 25 ºC 

under natural light, velvety, centrally raised, greenish grey or greyish olivaceous, reverse dull 

green or grey olivaceous, with a margin of translucent, milky white to hyaline mycelia.  

Additional specimens examined: Thailand. Krabi: near Pali, Mueang Krabi District, on 

submerged decaying rachis of Nypa fruticans, 30 August 2017, S.N. Zhang, SNT207 (paratype: 

MFLU 18-1577; living culture MFLUCC 17-2517 = GZCC 18-0006); Thailand. Krabi: near 

Pali, Mueang Krabi District, on submerged decaying rachis of Nypa fruticans, 30 August 2017, 

S.N. Zhang, SNT208 (paratype: MFLU 18-1578; living culture MFLUCC 17-2518 = GZCC 

18-0007).  

Habitat and distribution: Inhabiting Thai mangrove forests, Andaman sea (west) 

coastline, Thailand. 

Notes: Striatiguttula nypae varies in ascomatal appearance, mostly immersed beneath the 

plant surface, sometimes visible as a papilla or dome-shaped area on the plant surface, and 

becomes erumpent to superficial, with a papilla or a short to long neck. The typical 

morphological characters of S. nypae are the appearance of stromata, with interwoven pale 



 

 

 

brown hyphae or setae at the apex of the neck, and the hyaline to brown, 1–3-septate, fusiform 

ascospores, striate, guttulate, with slightly paler end cells and a mucilaginous sheath. We have 

compared Striatiguttula nypae to previously encountered species on Nypa fruticans, and 

several morphologically similar mangrove fungal species. However, the striation of ascospores 

can be a reliable morphological character to distinguish Striatiguttula nypae from 

Astrosphaeriella nipicola (Hyde and Fröhlich 1998), A. nypae (Hyde 1992a) and Leptosphaeria 

spp. (Spegazzini 1881, Cribb and Cribb 1955, Hyde et al. 1999, Pang et al. 2011), which are 

characterized by one or three septa and hyaline or brown ascospores. The presence of erumpent 

to superficial stromata, the number of septa and size of ascospores in S. nypae are also different 

from Trematosphaeria spp., despite being quite similar in ascospore morphology. In addition, 

the phylogenetic analysis showed that the three isolates of Striatiguttula nypae clustered 

together and were distinct from S. phoenicis. 

 

Striatiguttula phoenicis S.N. Zhang, K.D. Hyde & J.K.Liu, sp. nov. 

MycoBank: MB828275; Facesoffungi: FoF 05035, Figure 50 

Etymology: The epithet referring to the host on which the fungus was collected. 

Type: THAILAND. Ranong: Amphoe Mueang Ranong, Tambon Ngao, on decayed 

rachis of Phoenix paludosa, 6 December 2016, S.N. Zhang, SNT51 (holotype: MFLU 18-1579; 

isotype: HKAS 97481; ex-type culture MFLUCC 18-0266 = GZCC 18-0008). 

Description: Saprobic on mangrove date palm Phoenix paludosa. Sexual morph: 

Ascomata in vertical section 195–580 µm high, 135–390 µm diameter, (mean = 396.0 × 230.3 

µm, n = 15), black, scattered, rarely gregarious, immersed, and erumpent through host 

epidermis by a papilla or a short neck, ampulliform, subglobose, uni-loculate, coriaceous to 

carbonaceous, ostiolate, periphysate, papillate, glabrous or somewhat interwoven pale brown 

hyphae or setae, lying around apex of the neck. Peridium 10–24 µm, composed of several pale 

brown to hyaline cells of textura angularis, compressed and pallid inwardly. Wall of the neck 

composed thick and elongated angular cells. Hamathecium of 1–2 µm wide, septate, branched, 

filamentous, anastomosing, trabeculate pseudoparaphyses, embedded in a gelatinous matrix. 

Asci 89–141 × 12–18 µm, (mean = 120.5 × 15.4 µm, n = 20), 8-spored, bitunicate, fissitunicate, 

cylindric-clavate, pedicellate, apically rounded, with an ocular chamber. Ascospores 20–29 × 

6–10 µm, (mean = 24.5 × 7.8 µm, n = 40), hyaline to brown (all cells nearly concolorous), 

uniseriate to biseriate, fusiform to ellipsoidal, 1–3-septate, constricted at the central septum, 

the upper middle cell slightly swollen and larger, straight or slightly curved, striate, guttulate, 

surrounded by an irregular mucilaginous sheath. Asexual morph: Undetermined. 

Culture characteristics: Colonies on PDA attaining 14 mm diam within 21 days at 25 ºC 

under natural light, velvety, centrally raised, greenish grey or greyish olivaceous, reverse dull 

olivaceous or grey, with a margin of translucent, milky white to hyaline mycelium.  

Habitat and distribution. Inhabiting Thai mangrove forests, Andaman sea (west) 

coastline, Thailand. 

Notes: The fusiform to ellipsoidal, 1–3-septate ascospores of Striatiguttula phoenicis is 

similar to those of Trematosphaeria mangrovis, associated with submerged roots of mangrove 

trees. However, Striatiguttula phoenicis differs from T. mangrovis (Kohlmeyer 1968) as the 

latter has larger ascospores and lacks striations. Striatiguttula phoenicis is morphologically 

different from S. nypae as it has ellipsoidal ascospores which are broader in width. Currently, 

the erumpent to superficial stromata have not been found in S. phoenicis. The phylogenetic 



 

 

 

analysis also confirms that they are distinct species. There are 26 noticeable nucleotide 

differences across the 474 nucleotides of ribosomal ITS sequence data (strains: MFLUCC 18-

0266 vs. MFLUCC 18-0265, MFLUCC 17-2517 and MFLUCC 17-2518). 

 

Longicorpus S.N. Zhang, K.D. Hyde & J.K. Liu, gen. nov. 

MycoBank: MB828276; Facesoffungi: FoF 05036 

Etymology: Name refers to the elongated ascomata and ascospores. 

Description: Saprobic on mangrove palms. Sexual morph: Ascomata black, scattered to 

gregarious, immersed, and erumpent through host epidermis by a papilla or a short to long 

neck, sometimes visible as a slightly raised, dome-shaped area, with a clypeus comprises host 

tissue and fungal hyphae, ampulliform, subglobose or conical, uni-loculate, coriaceous to 

carbonaceous, ostiolate, periphysate, papillate, glabrous or somewhat interwoven pale brown 

hyphae or setae. Peridium composing of pale brown or brown angular cells. Hamathecium of 

septate, branched, thin, anastomosing trabeculate pseudoparaphyses, embedded in a gelatinous 

matrix. Asci 8-spored, bitunicate, cylindric-clavate, pedicellate, apically rounded, with an 

ocular chamber. Ascospores uniseriate to biseriate, hyaline to brown, fusiform, 1–3-septate, 

the upper middle cell slightly swollen towards the central septum, and the end cells paler and 

smaller, striate, guttulate, surrounded by a mucilaginous sheath. Asexual morph: 

Undetermined. 

Type species. Longicorpus striataspora (K.D.Hyde) S.N.Zhang, K.D.Hyde & J.K.Liu 

Notes: Longicorpus differs from Striatiguttula in not having stromata and elongate, 

fusiform ascospores with relatively larger middle cells and paler end cells (Figures 49, 50, 51). 

Multi-gene phylogeny also strongly supports the establishment of two genera. Longicorpus is 

sister to Striatiguttula but forms a distinct phylogenetic sub-clade (Figure 47). There are 

noticeable differences (nucleotide substitutions) at specific positions in the large subunit 

nuclear ribosomal DNA: 51, 428, 436, 465 (T substituted by C); 53, 55, 102, 153, 163, 166, 

251, 367, 369, 427, 435, 440, 446, 448, 466, 504, 550, 654 (C substituted by T); 130 (G 

substituted by A); 362, 406 (G substituted by T); 370 (C substituted by A); 547 (A substituted 

by C). 

 

Longicorpus striataspora (K.D.Hyde) S.N.Zhang, K.D.Hyde & J.K.Liu, comb. nov. 

Trematosphaeria striataspora K.D. Hyde, Botanical Journal of the Linnean Society 

98(2): 142. 1988. Astrosphaeriella striataspora (K.D. Hyde) K.D. Hyde, Botanical Journal of 

the Linnean Society 110(2): 97. 1992. Type: North Sumatra. K.D. Hyde (holotype: IMI 

312390). 

MycoBank: MB828277; Facesoffungi: FoF 05037, Figure 51 

Epitype: THAILAND. Ranong: Ranong, on decayed rachis of Nypa fruticans, 6 

December 2016, S.N.Zhang, SNT93 (epitype designated here: MFLU 18-1580; epi-isotype 

designated here: HKAS 97479; ex-epitype living culture MFLUCC 18-0267 = GZCC 18-

0009). 

Description: Saprobic on mangrove palms. Sexual morph: Ascomata in vertical section 

(including short papilla) 300–500 µm high, 230–560 µm diameter, (mean = 405.3 × 376.6 µm, 

n = 15), long neck up to 1285 µm, black, scattered to gregarious, immersed, and erumpent 

through host epidermis by a papilla or a short to long neck, sometimes visible as a slightly 

raised, dome-shaped area, with a clypeus comprises host tissue and fungal hyphae, 



 

 

 

ampulliform, subglobose or conical, uni-loculate, coriaceous to carbonaceous, ostiolate, 

periphysate, papillate, glabrous or somewhat interwoven pale brown hyphae or setae, lying at 

apex of the neck. Peridium 11–15 µm wide, composing of brown to pale brown angular cells, 

thicker at the rim towards the apex. Hamathecium comprising up to 1.5 µm wide, septate, 

branched, filamentous, trabeculate, anastomosing pseudoparaphyses, embedded in a gelatinous 

matrix. Asci 85–160 × 10–17 µm (mean = 122.7 × 13.7 µm, n = 22), 8-spored, bitunicate, 

cylindric-clavate, pedicellate, apically rounded, with an ocular chamber. Ascospores 24–45 × 

7–8.8 µm, (mean = 34.2 × 7 µm, n = 40), uniseriate to biseriate, hyaline to brown, fusiform, 1–

3-septate, the upper middle cell slightly swollen towards the central septate, middle cells larger 

and longer, end cells paler and smaller, straight or slightly curved, striate, guttulate, surrounded 

by a mucilaginous sheath. Asexual morph: Undetermined. 

Culture characteristics: Colonies on PDA attaining 12 mm diameter within 21 days at 25 

ºC under natural light, velvety, centrally raised, irregular to circular in shape, greenish grey and 

mixed with milky white mycelium at the edge of a colony, the reverse dull green or grey 

olivaceous.  

Additional specimens examined: Thailand. Chanthaburi, 12°26′43″ N; 102°15′47″ E, on 

rachis of Phoenix paludosa, immersed mangrove mud and water, 25 April 2017, S.N.Zhang, 

SNT130 (epi-paratype MFLU 18-1581; living culture MFLUCC 18-0268 = GZCC 18-0010); 

Thailand. Krabi, near Pali, on decayed rachis of Nypa fruticans, immersed mangrove mud and 

water, 30 August 2017, S.N.Zhang, SNT195 (epi-paratype MFLU 18-1582; living culture 

MFLUCC 17-2515 = GZCC 18-0011; MFLUCC 17-2516 = GZCC 18-0012). 

Habitat and distribution: Inhabiting in Thai mangrove forests, the Andaman sea (west) 

coastline and the Gulf of Thailand (east). 

Notes: Longicorpus striataspora was found on two mangrove palm species, Nypa 

fruticans and Phoenix paludosa. The typical characteristics of L. striataspora are the deeply 

immersed, carbonaceous ascomata with a long neck, and the striate, guttulate, fusiform, 1–3-

septate ascospores, with larger middle cells and relatively smaller and paler end cells, 

surrounded by a mucilaginous sheath. However, such characteristics are similar to 

Trematosphaeria spp., and match with Trematosphaeria striataspora (Hyde 1988), the 

holotype collected from intertidal wood of Nypa fruticans in North Sumatra. Trematosphaeria 

striataspora was later accommodated in Astrosphaeriella Syd. & P. Syd. (Hyde 1992a) with 

proposals for recollection and further phylogenetic studies (Liu et al. 2011, Phookamsak et al. 

2015). We have compared the fresh collections of Longicorpus striataspora with the type 

material of Trematosphaeria striataspora, and concluded that the two are identical in 

morphology. On the other hand, the genus Trematosphaeria Fuckel has been assigned to the 

family Trematosphaeriaceae K.D. Hyde, Y. Zhang ter, Suetrong & E.B.G. Jones, based on 

molecular data of its type species T. pertusa Fuckel. Therefore, we follow Ariyawansa et al. 

(2014) and designate an epitype for Longicorpus striataspora in this study. 



 

 

 

 
 

Figure 49 –  Striatiguttula nypae (holotype MFLU 18-1576, paratype MFLU 18-1578). a-c 

Appearance of stromata on host surface. d-f Vertical section through a stroma. g Structure of 

peridium. c Structure of clypeus near the ostiole, composed of epidermoidea cells and host 

tissue. i Ostiole with periphyses. j Pseudoparaphyses. k Apex of the neck, with somewhat 

interwoven pale brown hyphae or setae. l-o Ascus. p-s Ascospores. t Ascospore in India ink 

and presenting a clear mucilaginous sheath. u Germinating ascospore. v Colony on PDA. Scale 

bars: a = 500 µm, b-c = 200 µm, d-f = 100 µm, g, p-s, u = 10 µm, h-i, l-o, t = 20 µm, k = 50 

µm.  



 

 

 

 
 

Figure 50 – Striatiguttula phoenicis (holotype MFLU 18-1579).  a-c Appearance of ascoma on 

host surface. d-e Vertical section through an ascoma. f Ostiole. g Apex of the neck, with 

somewhat interwoven pale brown hyphae or setae. h Structure of peridium. i-j 

Pseudoparaphyses. k-n Asci. o-u Ascospores. u Ascospore in India ink and presenting a clear 

mucilaginous sheath. v Germinating ascospore. w Colony on PDA. Scale bars: a = 500 µm, b, 

c = 100 µm, d, e = 200 µm, f, g = 50 µm, h, k-n = 20 µm, i, j, o-v = 10 µm. 



 

 

 

 
 

Figure 51 – Longicorpus striataspora (epitype MFLU 18-1580, epi-paratype MFLU 18-1582). 

a-b Appearance of ascoma on host surface. c-e Vertical section through an ascoma, with a 

clypeus near the ostiole. f Ostiole with periphyses. g Apex of the neck, with somewhat 

interwoven pale brown hyphae or setae. h-k Ascus. l Structure of peridium. m Structure of the 

neck, with thicker angular cells. n Pseudoparaphyses. o-r Ascospores. s Ascospore in India ink 

and presenting a clear mucilaginous sheath. t Germinating ascospore.  u-v Colony on PDA. 

Scale bars: a = 500 µm, b = 200 µm, c-e = 100 µm, f, l, n-t = 10 µm, g = 50 µm, h-k, m = 20 

µm.  



 

 

 

Appendix VIII To establish the biodiversity of fungi and also establish if any species occupy 

more than one life mode (e.g. saprobic, endophytic, and pathogenic). 

 

Table 16. List of isolate fungi with deposit information and identification based on sequence 

data 

Original 

Code 

Taxa (BLAST result based on ITS 

sequence data) 
Substrate Life Mode 

E05-2 Phyllosticta Leaves Endophytic 

E10A Hypoxylon monticulosum Leaves Endophytic 

E104 Akanthomyces muscarius Leaves Endophytic 

E09A-1 Neopestalopsis Leaves Endophytic 

E09A-2 Phullosticta Leaves Endophytic 

E09B-3 Phyllosticta Leaves Endophytic 

E12A Nigrospora sphaerica Leaves Endophytic 

E14 Biscogniauxia uniapiculata Leaves Endophytic 

E07 Physalospora Leaves Endophytic 

E11-2 Nectria sinopica Leaves Endophytic 

E30-1 Colletotrichum sp. Leaves Endophytic 

P01-1 Colletotrichum gloeosporioides Leaves Pathogenic 

P01-3 Colletotrichum gloeosporioides Leaves Pathogenic 

E29-1 Phomopsis sp. Leaves Endophytic 

E29-2 Phomopsis sp. Leaves Endophytic 

P01-4 Phomopsis sp. Leaves Pathogenic 

P02-1 Pseudopestalotiopsis Leaves Pathogenic 

P02-2 Wardomyces sp. Leaves Pathogenic 

P02B Neopestalotiopsis Leaves Pathogenic 

P09B-2 Phyllosticta Leaves Pathogenic 

P09H Neopestalotiopsis Leaves Pathogenic 

P10A-1 Pestalotiopsis Leaves Pathogenic 

SNT35 Pestalotiopsis rachis Saprobic 

SNT46 Pestalotiopsis rachis Saprobic 

P11A-1 Lasiodiplodia theobromae Leaves Pathogenic 

P11B-1 Pestalotiopsis/ Neopestalotiopsis Leaves Pathogenic 

P11A-3 Lasiodiplodia theobromae  Leaves Pathogenic 

SNT21 Lasiodiplodia theobromae  Inflorescence Saprobic 

 

Sequence-based analyses have shown that a specific grou of endophytic strains can act 

as saprotrophs in the laboratory or in a terrestrial environment. In general, leaf decomposition 

is a process taking several months where succession of different groups of decomposers occurs, 

endophytes being considered within the group of primary decomposers. However, fungal 

endophytes can have a significant effect on leaf decomposition, whether participating in it or 

not.  

Based on the sequences data, we found some species may occupy more than one life 

mode. From table 16, we can see that Lasiodiplodia theobromae and Pestalotiopsis appearant 

saprobic and pathogenic life modes, while Colletotrichum sp. and Phomopsis sp. have been 

isolate from health leaves as endophyte, and also been isolated from leaves with lesions. 

 

  



 

 

 

Appendix IX To obtain culture of accurately identified mangrove taxa for novel medicinal 

compound discovery research and future phylogenetic studies. 

 

Fungi can produce medically significant metabolites or can be induced to produce such 

metabolites using biotechnology. The range of medically active compounds that have been 

identified include antibiotics, anti-cancer drugs, cholesterol inhibitors, psychotropic drugs, 

immunosuppressants and even fungicides. Although initial discoveries centred on simple 

moulds of the type that cause spoilage of food, later work identified useful compounds across 

a wide range of fungi. 

Fungi derived from marine sources, such as mangroves, are considered to represent a 

huge reservoir of secondary metabolites, many of which are biologically active and are 

produced e.g. by multifunctional enzyme complexes such as polyketide synthases (PKS) and 

non-ribosomal peptide synthetases (NRPS). Marine (mangrove) fungi are highly potent 

producers of bioactive substances with antifungal, antibacterial, antiviral, cytotoxic and 

immunosuppressive activity. The various biological activities make them a valuable source for 

pharmaceutical applications. In this study, all the obtained cultures were deposited in culture 

collection, and could be use for novel medicinal compound discovery research and future 

phylogenetic studies. 

 



 

 

 

 
 

Figure 52 – Cultures of fungi isolated from Nypa fruticans. 



 

 

 

 
 

Figure 53 – Culture characteristics observation. 



 

 

 

 
 

Figure 54 –  Acuminatispora palmarum. a Germinating ascospore. b–c Colony on PDA, above 

(b) and below (c). d Mycelium on PDA showing aerial hyphae. e–h Mycelium growing on 

PDA after one month, f-h Mycelium with a chlamydospore. Scale bars: a = 20 µm. 

 

 



 

 

 

 
 

Figure 55 – Culture characters observation. 

  



 

 

 

Appendix X Research published with international academic journals, conections and 

conferences. 

 

38 published papers were published and three manuascript have been submitted with the 

authors acknowledging Thailand Research Fund (TRF) grant no RSA5980068 entitled 

Biodiversity, phylogeny and role of fungal endophytes on aerial parts of Rhizophora apiculata 

and Nypa fruticans. 

 

List of five submitted manuascripts and process to publish 

Jones EBG, Devadatha B, Abdel-Wahab MA, Dayarathne MC, Zhang SN, Hyde KD et al. 2019 

– New marine fungal genus and species. Botanica Marina (submitted) 

Zhang SN, Abdel-Wahab MA, Jones EBG, Hyde KD, Liu JK 2019 – Additions to the genus 

Savoryella (Savoryellaceae), with the asexual morphs Savoryella nypae comb. nov. and 

S. sarushimana sp. nov. Phytotaxa (in press) 

Zhang SN, Liu JK, Jones EBG, Cheewangkoon R. et al. 2019 – Morphology and Phylogeny of 

Yunnanomyces phoenicis sp. nov. (Sympoventuriaceae) from Thailand. Asian Journal of 

Mycology (ready to submit) 

 

List of thirty-six publications since June 2017–June 2019 

• Papers published in 2017 (16 publications) 

 

2017_01 

Dayarathne MC, Abeywickrama P, Jones EBG, Bhat DJ, Chomnunti P, Hyde KD 2017 – 

Multi-gene phylogeny of Jattaea bruguierae, a novel asexual morph from Bruguiera 

cylindrica. Studies in Fungi 2(1), 235–245. 

2017_02 

Dayarathne MC, Maharachchikumbura SSN, Jones, EBG, Goonasekara ID et al. 2017 – 

Neophyllachora gen nov. (Phyllachorales), three new species of Phyllachora from 

Poaceae and resurrection of Polystigmataceae (Xylariales). Mycosphere 8: 1598–1625. 

2017_03 

Devadatha B, Sarma VV, Wanasinghe DN, Hyde KD et al. 2017 – Introducing the new Indian 

mangrove species, Vaginatispora microarmatispora (Lophiostomataceae) based on 

morphology and multigene phylogenetic analysis. Phytotaxa 329: 139–149. 

2017_04 

Doilom M, Manawasinghe IS, Jeewon R, Jayawardena RS et al. 2017 – Can ITS sequence data 

identify fungal endophytes from cultures? A case study from Rhizophora apiculata. 

Mycosphere 8: 1869–1892. 

2017_05 

Hongsanan S, Maharachchikumbura SSN, Hyde KD, Samarakoon MC et al. 2017 – An updated 

phylogeny of Sordariomycetes based on phylogenetic and molecular clock evidence. 

Fungal Diversity 84: 25–41. 

2017_06 

Hyde KD, Norphanphoun C, Abreu VP, Bazzicalupo A et al. 2017 – Fungal diversity notes 

603–708. Taxonomic and phylogenetic notes on genera and species. Fungal Diversity 

87: 1–235. 



 

 

 

2017_07 

Hyde KD, Maharachchikumbura SSN, Hongsanan S, Samarakoon M. et al. 2017 – The ranking 

of fungi: a tribute to David L. Hawksworth on his 70th birthday. Fungal Diversity 84: 1–

23. 

2017_08 

Liu JK, Hyde KD, Jeewon R, Phillips AJ, Maharachchikumbura SSN et al. 2017 – Ranking 

higher taxa using divergence times: a case study in Dothideomycetes. Fungal Diversity 

84: 75–99. 

2017_09 

Norphanphoun C, Jeewon R, Mckenzie EHC, Wen TC, et al 2017 – Taxonomic position of 

Melomastia italica sp. nov. and phylogenetic reappraisal of Dyfrolomyces. Cryptogamie 

Mycologie 38: 507–525. 

2017_10 

Phookamsak R, Wanasinghe DN, Hongsanan S, Phukhamsakda C, et al. 2017 – Towards a 

natural classification of Ophiobolus and ophiobolus-like taxa; introducing three novel 

genera Ophiobolopsis, Paraophiobolus and Pseudoophiobolus in Phaeosphaeriaceae 

(Pleosporales). Fungal Diversity 87: 299–339. 

2017_11 

Senanayake IC, Crous PW, Groenewald JC, Maharachchikumbura SSN et al. 2017 – Families 

of Diaporthales based on morphological and phylogenetic evidence. Studies in Mycology 

86: 217–296. 

2017_12 

Senwanna C, Phookamsak R, Doilom M, Hyde KD, et al. 2017 – Novel taxa of Diatrypaceae 

from Para rubber (Hevea brasiliensis) in northern Thailand; introducing a novel genus 

Allocryptovalsa. Mycosphere 8: 1835–1855. 

2017_13 

Tibpromma S, Hyde KD, Jeewon R, Maharachchikumbura SSN et al. 2017 – Fungal diversity 

notes 491–602: taxonomic and phylogenetic contributions to fungal taxa. Fungal 

Diversity 83: 1–261. 

2017_14 

Wanasinghe DN, Hyde KD, Jeewon R, Crous PW et al. 2017 – Phylogenetic revision of 

Camarosporium (Pleosporineae, Dothideomycetes) and allied genera. Studies in 

Mycology 87: 207–256. 

2017_15 

Wijayawardene NN, Hyde KD, Rajeshkumar KC, Hawksworth DL et al. 2017 – Notes for 

genera: Ascomycota. Fungal Diversity 86: 1–594. 

2017_16 

Zhang SN, Hyde KD, Jones EBG, Cheewangkoon R et al. 2017 – Novomicrothelia pandanicola 

sp. nov, a non-lichenized Trypetheliaceae species from Pandanus. Phytotaxa 321: 254–

264. 

 

  



 

 

 

• Papers published in 2018 (11 publications) 

 

2018_01 

Dayarathne MC, Wanasinghe DN, Jones EBG, Chomnunti P, Hyde KD 2018 – A novel marine 

genus, Halobyssothecium (Lentitheciaceae) and epitypification of Halobyssothecium 

obiones comb. nov. Mycological Progress 17: 1161–1171. 

2018_02 

Doilom M, Hyde KD, Phookamsak R, Dai DQ et al. 2018 – Mycosphere Notes 225–274: types 

and other specimens of some genera of Ascomycota. Mycosphere 9(4): 647–754. 

2018_03 

Hyde KD, Chaiwan N, Norphanphou C, Boonmee S et al. 2018 – Mycosphere notes 169–224. 

Mycosphere 9: 271–430. 

2018_04 

Kumar V, Doilom M, Wanasinghe DN, Bhat DJ et al. 2018 – Phylogenetic placement of 

Akanthomyces muscarius, a new endophyte record from Nypa fruticans in Thailand. 

Current Research in Environmental & Applied Mycology 8(3): 404–417. 

2018_05 

Norphanphoun C, Raspé O, Jeewon R, Wen TC, Hyde KD 2018 – Morphological and 

phylogenetic characterization of novel Cytospora species associated with mangroves. 

MycoKeys 38: 93–120. 

2018_06 

Phookamsak R, Lu YZ, Hyde KD, Jeewon R et al. 2018 – Phylogenetic characterization of two 

novel Kamalomyces species in Tubeufiaceae (Tubeufiales). Mycological Progress 17: 

647–660. 

2018_07 

Senanayake IC, Jeewon R, Chomnunti P, Wanasinghe DN et al. 2018 – Taxonomic 

circumscription of Diaporthales based on multigene phylogeny and morphology. Fungal 

diversity 93: 241–443. 

2018_08 

Tibpromma S, Hyde KD, McKenzie EHC, Bhat DJ et al. 2018 – Fungal diversity notes 840–

928: micro-fungi associated with Pandanaceae. Fungal diversity 93: 1–160. 

2018_09 

Wanasinghe DN, Phukhamsakda C, Hyde KD, Jeewon R et al. 2018 – Fungal diversity notes 

709–839: taxonomic and phylogenetic contributions to fungal taxa with an emphasis on 

fungi on Rosaceae. Fungal Diversity 89: 1–236. 

2018_10 

Wijayawardene NN, Hyde KD, Lumbsch HT, Liu JK et al. 2018 – Outline of Ascomycota: 

2017 – Fungal Diversity 88: 167–263.  

2018_11 

Zhang SN, Hyde KD, Jones EBG, Cheewangkoon R, Liu JK 2018 – Acuminatispora palmarum 

gen. et sp. nov. from mangrove habitats. Mycological progress 17: 1173–1188. 

 

  



 

 

 

• Papers published in 2019 (11 publications) 

 

2019_01 

Dayarathne MC, Maharachchikumbura SSN, Jones EBG, Dong w. et al. 2019 – Phylogenetic 

revision of Savoryellaceae and evidence for its ranking as a subclass. Frontiers in 

Microbiology 10: 840. 

2019_02 

Ekanayaka AH, Jones EBG, Hyde KD, Zhao Q. 2019 – A stable phylogeny for 

Dactylosporaceae. Cryptogamie Mycologie 40(3): 23–44. 

2019_03 

Hyde KD, Tennakoon DS, Jeewon R, Bhat DJ, Maharachchikumbura SSN et al. 2019 – Fungal 

diversity notes 1036-1150: taxonomic and phylogenetic contributions on genera and 

species of fungal taxa. Fugnal diversity 96: 1–242. 

2019_04 

Jiang HB, Hyde KD, Jayawardena RS, Doilom M, Xu JC, Phookamsak R. 2019 – Taxonomic 

and phylogenetic characterizations reveal two new species and two new records of 

Roussoella (Roussoellaceae, Pleosporales) from Yunnan, China. Mycological progress 

18: 577–591. 

2019_05 

Jones EBG, Pang KL, Abdel-Wahab MA, Scholz B, Hyde KD et al. 2019 – An outline resource 

for marine fungi. Fungal diversity (accepted). 

2019_06 

Kumar V, Cheewangkoon R, Gentekaki E, Maharachchikumbura SSN, Brahmanage RS, Hyde 

KD et al. 2019 – Neopestalotiopsis alpapicalis sp. nov. a new endophyte from tropical 

mangrove trees in Krabi Province (Thailand). Phytotaxa 393(3): 251–262. 

2019_07 

Kumar V, Cheewangkoon R, Thambugala K, Jones EBG, Brahmanage RS, Doilom M, Jeewon 

R, Hyde KD 2019 – Rhytidhysteron mangrovei (Hysteriaceae), a new species from 

mangroves in Phetchaburi Province, Thailand. Phytotaxa 401(3): 166–178. 

2019_08 

Norphanphoun C, Jayawardena RS, Chen Y, Wen TC, Meepol W, Hyde KD. 2019 – 

Morphological and phylogenetic characterization of novel pestalotioid species associated 

with mangroves in Thailand. Mycosphere 10: 531–578. 

2019_09 

Phillips AJL, Hyde KD, Alves A, Liu JK 2019 – Families in Botryosphaeriales: a phylogenetic, 

morphological and evolutionary perspective. Fungal diversity 94: 1–22. 

2019_10 

Phookamsak R, Hyde KD, Jeewon R, Bhat DJ, Jones EBG et al. 2019 – Fungal diversity notes 

929–1035: taxonomic and phylogenetic contributions on genera and species of fungi. 

Fungal diverisity 95: 1–273. 

2019_11 

Zhang SN, Hyde KD, Jones EBG, Jeewon R, Cheewangkoon R, Liu JK 2019 – 

Striatiguttulaceae, a new pleosporalean family to accommodate Longicorpus and 

Striatiguttula gen. nov. from palms. MycoKeys 49: 99–129. 

  



 

 

 

Abroad connection and award  

Prof. Kevin D. Hyde is Emeritus professor in Kunming Institute of Botany of the Chinese 

Academy of Sciences (KIB, CAS), China, and the Director of the Center of Excellence in 

Fungal Research, Mae Fah Luang University, Thailand. Prof. Kevin D. Hyde received an award 

from Thompson Reuters for being one of the World Most Influential Scientific Minds on 25 

August 2016. In receiving the reward, he thanked the students he said - "the students did all the 

work - not me - so I have received this award because of my students" - "thank you students". 

He also thanked Mae Fah Luang University and The Thailand Research Fundation and other 

grants for the enormous support. Right now, he is ranked by Thompson Reuters as one of the 

top 3000 of the world 9 million estimated researchers. 

An award of “2017 HIGHLY CITED RESEARCHER” also presented to Prof. Kevin D. 

Hyde on 11th January 2018, which is in recognition of ranking among the top 1% of researchers 

for most cited documents, in the area of Plant & Animal Science. 

 

International conference and presentation 

• Poster presentation in TRF conferences 2018 at Cha-am Province, Thailand 

15th International Marine and Freshwater Mycology Symposium (IMFMS), Xiamen, China 
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