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Abstract
Karst formations represent a unique eco-environment. Research in the microfungi inhabiting this area is 
limited. During an ongoing survey of ascomycetous microfungi from karst terrains in Guizhou Province, 
China, we discovered four new species, which are introduced here as Hypoderma paralinderae, Terriera 
karsti, T. meitanensis and T. sigmoideospora placed in Rhytismataceae, based on phylogenetic analyses and 
morphological characters. Molecular analyses, based on concatenated LSU-ITS-mtSSU sequence data, 
were used to infer phylogenetic affinities. Detail descriptions and comprehensive illustrations of these new 
taxa are provided and relationships with the allied species are discussed, based on comparative morphology 
and molecular data.
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Introduction

Rhytismataceae (Rhytismatales) was established by Chevallier (1826), typified by 
Rhytisma with R. acerinum (Pers.) Fr. as the type species and belongs in Rhytismatales, 
Leotiomycetes, Ascomycota (Wijayawardene et al. 2020). Members of this family pro-
duce variously shaped apothecia that may be sessile, circular, navicular or hysteriform 
and that typically open by a longitudinal split or radial fissures. Asci are cylindrical, 
saccate to clavate. Ascospores are one-celled or multi-septate and vary from bacilliform 
to fusiform or filiform, with or without a sheath (Darker 1967; Ekanayaka et al. 2019). 
Species of Rhytismataceae occur on a wide range of hosts with a worldwide distribu-
tion (Cannon and Minter 1986; Johnston 1986; Hou and Piepenbring 2009; Hernán-
dez et al. 2014; Li et al. 2014; Tanney and Seifert 2017; Cai et al. 2020).

Darker (1967) proposed the generic delimitation for Rhytismataceae, based on 
ascoma and ascospore shapes, although this has been challenged in later studies (Can-
non and Minter 1986; Johnston 1990, 2001; Hou et al. 2005). However, Darker 
(1967) and Cannon and Minter (1986) were followed due to lack of an alternative 
scheme. Molecular studies (Gernandt et al. 2001; Johnston and Park 2007; Lantz et al. 
2011; Tian et al. 2013; Zhang et al. 2015) had revealed the phylogenetic relationships 
amongst members of Rhytismatales, but the available sequence data for this group re-
mains limited and a phylogenetic classification of some members is unresolved. There 
are around 50 genera with 1000 species presently accepted in Rhytismataceae (Lumb-
sch and Huhndorf 2007; Wijayawardene et al. 2018; Index Fungorum 2020); how-
ever, a systematic genus-level taxonomic revision is needed to provide a clear, natural 
generic delimitation within this family and the relationship between Rhytismataceae 
and allied families within Rhytismatales needs to be resolved (Johnston et al. 2019).

Karst formations are generally characterised by sinking streams, caves, enclosed de-
pressions, fluted rock outcrops and large springs (Ford and Williams 2007). Guizhou, 
as the eastern portion of the Yunnan-Guizhou Plateau, has the largest proportion of 
rocky desertification and karst landforms in China (Huang and Cai 2006). The flora in 
this area, comprising of 264 families with 1667 genera and 7505 vascular plants spe-
cies, were inventoried from Guizhou Province (Liu et al. 2018). Therefore, it would be 
interesting to study the fungi in this area because of its unique ecological environment 
and rich plant resources. A series of studies have already been carried out and yielded 
several new species (Zhang et al. 2016, 2017a, b, 2018, 2019). The objectives of this 
study are to introduce four novel species of Rhytismataceae, based on phylogenetic and 
morphological evidence and elucidate their affinities with related species.

Materials and methods

Collection, examination, isolation and specimen deposition

Specimens were collected from Guizhou Province from 2016 to 2017 and examined in 
the laboratory with a Motic SMZ 168 stereomicroscope. Vertical sections of fruiting 
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bodies were made by hand and mounted in water for microscopy. Macro-morpho-
logical characters were captured using a stereomicroscope (Nikon SMZ800N) with 
a Cannon EOS 70D digital camera. Micro-morphological characters were observed 
by differential interference contrast (DIC) using a Nikon ECLIPSE 80i compound 
microscope and captured by a Cannon EOS 600D digital camera. Measurements were 
processed in a Tarosoft (R) Image Frame Work version 0.9.7 programme and photo-
graphic plates were edited in Adobe Photoshop CS6 (Adobe Systems Inc., USA).

The single spore isolation technique described in Chomnunti et al. (2014) was fol-
lowed to obtain the pure cultures of these specimens. Single germinated ascospore was 
picked up and transferred to potato dextrose agar (PDA; 39 g/l distilled water, Difco 
potato dextrose) for recording growth rates and culture characteristics.

The holotypes are deposited at the Herbarium of Mae Fah Luang Univer-
sity (MFLU), Chiang Rai, Thailand or Guizhou Academy of Agricultural Sciences 
(GZAAS), Guizhou, China. Ex-type living culture is deposited at Guizhou Culture 
Collection (GZCC), Guiyang, China. Index Fungorum and Facesoffungi numbers are 
provided according to Jayasiri et al. (2015) and Index Fungorum (2020). New species 
were established, based on the recommendations from Jeewon and Hyde (2016).

DNA extraction, PCR and phylogenetic analyses

Following the manufacturer’s instructions, the total genomic DNA was extracted from 
cultures using a Biospin Fungus Genomic DNA Extraction Kit (BioFlux, Hangzhou, 
P. R. China) or extracted from the fruiting bodies using an E.Z.N.A. Forensic DNA 
kit (Omega Bio-Tek, Doraville, Georgia, USA).

Polymerase chain reactions (PCR) were performed in 25 μl reaction volumes, 
which contained 9.5 μl distilled-deionised-water, 12.5 μl of 2 × Power Taq PCR Mas-
ter Mix (TIANGEN Co., China), 1 μl of DNA template and 1 μl of each forward and 
reverse primers. Three different loci were used in this study. The internal transcribed 
spacer (ITS) and 28S large subunit of the nuclear ribosomal DNA (LSU) regions were 
amplified by using the primers ITS4/ITS5 and LR0R/LR5, respectively (White et al. 
1990; Gardes and Bruns 1993). The primers mrSSU1 and mrSSU3R were used for 
amplification of the mitochondrial small subunit (mtSSU) partial regions (Zoller et al. 
1999). The PCR thermal cycle programme was performed according to White et al. 
(1990), Gardes and Bruns (1993) and Zoller et al. (1999). Amplicon size and concen-
tration were assessed by gel electrophoresis with 1.2% agarose stained with ethidium 
bromide. PCR products were purified and sequenced at Sangon Biotechnology Co. 
Ltd (Shanghai, P. R. China).

For phylogenetic reconstruction, newly-generated sequences were initially sub-
jected to BLAST search (BLASTn) in NCBI (https://www.ncbi.nlm.nih.gov) and ad-
ditional related sequences were selected and downloaded from GenBank (https://www.
ncbi.nlm.nih.gov/genbank/), based on BLASTn results and recent publications (Tian 
et al. 2013; Wang et al. 2013; Zhang et al. 2015; Johnston et al. 2019; Cai et al. 2020). 
The sequences used in this study for phylogenetic analysis are listed in Table 1. All of 
these sequences were aligned and manually improved with BioEdit v. 7.2 (Hall 1999) 

https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
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Table 1. Taxa used in this study. Strains generated/sequenced in this study are given in bold.

Taxa Specimen/Strain No. GenBank accession numbers
LSU ITS mtSSU

Bifusella camelliae HOU 1094 KF797447 KF797435 KF797458
HOU 701B KF797448 KF797436 KF797459

Coccomyces anhuiensis BJTC 201610 MK371314 MK371313 MK371315
Coccomyces dentatus AFTOL ID-147 AY544657 DQ491499 AY544736
Colpoma ledi Lantz 379 (UPS) HM140512 – HM143788
Colpoma quercinum Lantz 368 (UPS) HM140513 – HM143789
Cryptomyces maximus Lantz and Minter 424 (UPS) HM140514 – HM143790
Discocainia nervalis BITC 201405 KJ513473 KJ507206 –
Duplicariella phyllodoces Lantz 389 (UPS) HM140516 – –
Hypoderma berberidis HOU 892 JX232420 JX232414 KF813010

HOU 942 JX232421 JX232415 KF813009
Hypoderma campanulatum ICMP 17383 HM140517 – HM143792
Hypoderma carinatum ICMP 18322 HM140518 – HM143793
Hypoderma cordylines ICMP 17344 HM140521 JF683421 HM143796

ICMP 17396 HM140520 – HM143795
Hypoderma hederae Lantz and Minter 421 (UPS) HM140522 JF690770 HM143797
Hypoderma liliense ICMP 18323 HM140523 MH921859 HM143798

ICMP 18324 HM140524 – HM143799
Hypoderma minteri BJTC 201203 JX232418 JX232416 –
Hypoderma obtectum ICMP 17365 HM140525 – HM143800
Hypoderma paralinderae GZAAS 19-1769 MN638878 MN638873 MN638868
Hypoderma rubi Hanson 2006-451 (UPS) HM140519 JF690769 HM143794

ICMP 17339 HM140526 JF683419 HM143801
ICMP 18325 HM140527 JF683418 HM143802

Lantz 405 (UPS) HM140530 JF690772 HM143805
Hypoderma sticheri ICMP 17353 HM140529 MK039702 HM143804
Hypohelion anhuiense BITC 201311 KF797443 KF797431 KF797455
Hypohelion scirpinum Lantz 394 (UPS) HM140531 – HM143806
Lirula macrospora Hou et al. 13 (BJTC) HQ902159 HQ902152 –
Lirula yunnanensis BJTC 2012 HQ902149 HQ902156 –
Lophodermium arundinaceum Lantz 323 (UPS) HM140535 – HM143811
Lophodermium culmigenum ICMP 18328 HM140538 – HM143814
Marthamyces emarginatus ICMP 22854 MK599203 MH921869 MK598751
Meloderma dracophylli ICMP 17343 HM140561 MH921871 HM143833
Nematococcomyces oberwinkleri BJTC 201205 KC312686 – KC312689
Nematococcomyces rhododendri HOU 469A KC312687 KU213975 KC312691
Rhytisma huangshanense HOU 564 FJ495192 GQ253101 –
Rhytisma salicinum Lantz 370 (UPS) HM140566 – –
Sporomega degenerans Lantz 367 (UPS) HM140567 – HM143839
Terriera camelliicola AAUF 66555 KP878552 – KP878553
Terriera cladophila Lantz & Minter 423 (UPS) HM140568 – HM143840
Terriera elliptica BJTC 201419 KP878550 KP878549 KP878551
Terriera guihzouensis BITC 2020149 MT549890 MT534526 –

BITC 2020147 – MT534519 MT549863
BITC 2020148 – MT534527 MT549874
BITC 2020149 MT549872 MT534528 MT549865
BITC 2020150 – MT534591 MT549888

Terriera houjiazhuangensis BITC 2020145 MT549889 MT549882 –
BITC 2020146 MT549864 MT549879 MT549884
BITC 2020192 MT549869 MT549883 –

Terriera ilicis BJTC 2020141 MT549885 MT549875 MT549868
BJTC 2020193 MT549873 MT549861 MT549886
BJTC 2020142 MT549881 MT549877 MT549870

Terriera karsti MFLU 18-2288 MN638881 MN638876 MN638871
Terriera meitanensis MFLU 18-2299 MN638879 MN638874 MN638869
Terriera meitanensis MFLU 18-2301 MN638880 MN638875 MN638870

http://www.ncbi.nlm.nih.gov/nuccore/KF797447
http://www.ncbi.nlm.nih.gov/nuccore/KF797435
http://www.ncbi.nlm.nih.gov/nuccore/KF797458
http://www.ncbi.nlm.nih.gov/nuccore/KF797448
http://www.ncbi.nlm.nih.gov/nuccore/KF797436
http://www.ncbi.nlm.nih.gov/nuccore/KF797459
http://www.ncbi.nlm.nih.gov/nuccore/MK371314
http://www.ncbi.nlm.nih.gov/nuccore/MK371313
http://www.ncbi.nlm.nih.gov/nuccore/MK371315
http://www.ncbi.nlm.nih.gov/nuccore/AY544657
http://www.ncbi.nlm.nih.gov/nuccore/DQ491499
http://www.ncbi.nlm.nih.gov/nuccore/AY544736
http://www.ncbi.nlm.nih.gov/nuccore/HM140512
http://www.ncbi.nlm.nih.gov/nuccore/HM143788
http://www.ncbi.nlm.nih.gov/nuccore/HM140513
http://www.ncbi.nlm.nih.gov/nuccore/HM143789
http://www.ncbi.nlm.nih.gov/nuccore/HM140514
http://www.ncbi.nlm.nih.gov/nuccore/HM143790
http://www.ncbi.nlm.nih.gov/nuccore/KJ513473
http://www.ncbi.nlm.nih.gov/nuccore/KJ507206
http://www.ncbi.nlm.nih.gov/nuccore/HM140516
http://www.ncbi.nlm.nih.gov/nuccore/JX232420
http://www.ncbi.nlm.nih.gov/nuccore/JX232414
http://www.ncbi.nlm.nih.gov/nuccore/KF813010
http://www.ncbi.nlm.nih.gov/nuccore/JX232421
http://www.ncbi.nlm.nih.gov/nuccore/JX232415
http://www.ncbi.nlm.nih.gov/nuccore/KF813009
http://www.ncbi.nlm.nih.gov/nuccore/HM140517
http://www.ncbi.nlm.nih.gov/nuccore/HM143792
http://www.ncbi.nlm.nih.gov/nuccore/HM140518
http://www.ncbi.nlm.nih.gov/nuccore/HM143793
http://www.ncbi.nlm.nih.gov/nuccore/HM140521
http://www.ncbi.nlm.nih.gov/nuccore/JF683421
http://www.ncbi.nlm.nih.gov/nuccore/HM143796
http://www.ncbi.nlm.nih.gov/nuccore/HM140520
http://www.ncbi.nlm.nih.gov/nuccore/HM143795
http://www.ncbi.nlm.nih.gov/nuccore/HM140522
http://www.ncbi.nlm.nih.gov/nuccore/JF690770
http://www.ncbi.nlm.nih.gov/nuccore/HM143797
http://www.ncbi.nlm.nih.gov/nuccore/HM140523
http://www.ncbi.nlm.nih.gov/nuccore/MH921859
http://www.ncbi.nlm.nih.gov/nuccore/HM143798
http://www.ncbi.nlm.nih.gov/nuccore/HM140524
http://www.ncbi.nlm.nih.gov/nuccore/HM143799
http://www.ncbi.nlm.nih.gov/nuccore/JX232418
http://www.ncbi.nlm.nih.gov/nuccore/JX232416
http://www.ncbi.nlm.nih.gov/nuccore/HM140525
http://www.ncbi.nlm.nih.gov/nuccore/HM143800
http://www.ncbi.nlm.nih.gov/nuccore/MN638878
http://www.ncbi.nlm.nih.gov/nuccore/MN638873
http://www.ncbi.nlm.nih.gov/nuccore/MN638868
http://www.ncbi.nlm.nih.gov/nuccore/HM140519
http://www.ncbi.nlm.nih.gov/nuccore/JF690769
http://www.ncbi.nlm.nih.gov/nuccore/HM143794
http://www.ncbi.nlm.nih.gov/nuccore/HM140526
http://www.ncbi.nlm.nih.gov/nuccore/JF683419
http://www.ncbi.nlm.nih.gov/nuccore/HM143801
http://www.ncbi.nlm.nih.gov/nuccore/HM140527
http://www.ncbi.nlm.nih.gov/nuccore/JF683418
http://www.ncbi.nlm.nih.gov/nuccore/HM143802
http://www.ncbi.nlm.nih.gov/nuccore/HM140530
http://www.ncbi.nlm.nih.gov/nuccore/JF690772
http://www.ncbi.nlm.nih.gov/nuccore/HM143805
http://www.ncbi.nlm.nih.gov/nuccore/HM140529
http://www.ncbi.nlm.nih.gov/nuccore/MK039702
http://www.ncbi.nlm.nih.gov/nuccore/HM143804
http://www.ncbi.nlm.nih.gov/nuccore/KF797443
http://www.ncbi.nlm.nih.gov/nuccore/KF797431
http://www.ncbi.nlm.nih.gov/nuccore/KF797455
http://www.ncbi.nlm.nih.gov/nuccore/HM140531
http://www.ncbi.nlm.nih.gov/nuccore/HM143806
http://www.ncbi.nlm.nih.gov/nuccore/HQ902159
http://www.ncbi.nlm.nih.gov/nuccore/HQ902152
http://www.ncbi.nlm.nih.gov/nuccore/HQ902149
http://www.ncbi.nlm.nih.gov/nuccore/HQ902156
http://www.ncbi.nlm.nih.gov/nuccore/HM140535
http://www.ncbi.nlm.nih.gov/nuccore/HM143811
http://www.ncbi.nlm.nih.gov/nuccore/HM140538
http://www.ncbi.nlm.nih.gov/nuccore/HM143814
http://www.ncbi.nlm.nih.gov/nuccore/MK599203
http://www.ncbi.nlm.nih.gov/nuccore/MH921869
http://www.ncbi.nlm.nih.gov/nuccore/MK598751
http://www.ncbi.nlm.nih.gov/nuccore/HM140561
http://www.ncbi.nlm.nih.gov/nuccore/MH921871
http://www.ncbi.nlm.nih.gov/nuccore/HM143833
http://www.ncbi.nlm.nih.gov/nuccore/KC312686
http://www.ncbi.nlm.nih.gov/nuccore/KC312689
http://www.ncbi.nlm.nih.gov/nuccore/KC312687
http://www.ncbi.nlm.nih.gov/nuccore/KU213975
http://www.ncbi.nlm.nih.gov/nuccore/KC312691
http://www.ncbi.nlm.nih.gov/nuccore/FJ495192
http://www.ncbi.nlm.nih.gov/nuccore/GQ253101
http://www.ncbi.nlm.nih.gov/nuccore/HM140566
http://www.ncbi.nlm.nih.gov/nuccore/HM140567
http://www.ncbi.nlm.nih.gov/nuccore/HM143839
http://www.ncbi.nlm.nih.gov/nuccore/KP878552
http://www.ncbi.nlm.nih.gov/nuccore/KP878553
http://www.ncbi.nlm.nih.gov/nuccore/HM140568
http://www.ncbi.nlm.nih.gov/nuccore/HM143840
http://www.ncbi.nlm.nih.gov/nuccore/KP878550
http://www.ncbi.nlm.nih.gov/nuccore/KP878549
http://www.ncbi.nlm.nih.gov/nuccore/KP878551
http://www.ncbi.nlm.nih.gov/nuccore/MT549890
http://www.ncbi.nlm.nih.gov/nuccore/MT534526
http://www.ncbi.nlm.nih.gov/nuccore/MT534519
http://www.ncbi.nlm.nih.gov/nuccore/MT549863
http://www.ncbi.nlm.nih.gov/nuccore/MT534527
http://www.ncbi.nlm.nih.gov/nuccore/MT549874
http://www.ncbi.nlm.nih.gov/nuccore/MT549872
http://www.ncbi.nlm.nih.gov/nuccore/MT534528
http://www.ncbi.nlm.nih.gov/nuccore/MT549865
http://www.ncbi.nlm.nih.gov/nuccore/MT534591
http://www.ncbi.nlm.nih.gov/nuccore/MT549888
http://www.ncbi.nlm.nih.gov/nuccore/MT549889
http://www.ncbi.nlm.nih.gov/nuccore/MT549882
http://www.ncbi.nlm.nih.gov/nuccore/MT549864
http://www.ncbi.nlm.nih.gov/nuccore/MT549879
http://www.ncbi.nlm.nih.gov/nuccore/MT549884
http://www.ncbi.nlm.nih.gov/nuccore/MT549869
http://www.ncbi.nlm.nih.gov/nuccore/MT549883
http://www.ncbi.nlm.nih.gov/nuccore/MT549885
http://www.ncbi.nlm.nih.gov/nuccore/MT549875
http://www.ncbi.nlm.nih.gov/nuccore/MT549868
http://www.ncbi.nlm.nih.gov/nuccore/MT549873
http://www.ncbi.nlm.nih.gov/nuccore/MT549861
http://www.ncbi.nlm.nih.gov/nuccore/MT549886
http://www.ncbi.nlm.nih.gov/nuccore/MT549881
http://www.ncbi.nlm.nih.gov/nuccore/MT549877
http://www.ncbi.nlm.nih.gov/nuccore/MT549870
http://www.ncbi.nlm.nih.gov/nuccore/MN638881
http://www.ncbi.nlm.nih.gov/nuccore/MN638876
http://www.ncbi.nlm.nih.gov/nuccore/MN638871
http://www.ncbi.nlm.nih.gov/nuccore/MN638879
http://www.ncbi.nlm.nih.gov/nuccore/MN638874
http://www.ncbi.nlm.nih.gov/nuccore/MN638869
http://www.ncbi.nlm.nih.gov/nuccore/MN638880
http://www.ncbi.nlm.nih.gov/nuccore/MN638875
http://www.ncbi.nlm.nih.gov/nuccore/MN638870
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Taxa Specimen/Strain No. GenBank accession numbers
LSU ITS mtSSU

Terriera minor ICMP 13973 HM140570 – HM143842
Terriera pandanicola MFLU 16-1931 MH260320 MH275086 MW334971
Terriera sigmoideospora MFLU 18-2297 MN638882 MN638877 MN638872
Terriera thailandica MFLUCC 14-0818 KX765301 – –
Therrya abieticola HOU 447A KP322580 KP322574 KP322587
Tryblidiopsis pinastri CBS 445.71 MH871979 JF793678 AF431963
Tryblidiopsis sichuanensis BJTC 201211 KC312683 KC312676 KC312692
Tryblidiopsis sinensis BJTC 201212 KC312681 KC312674 KC312694

and then assembled as a dataset of LSU-ITS-mtSSU to infer the phylogenetic place-
ment of newly identified taxa.

Phylogenetic analyses were performed using the algorithm of Maximum-Parsimo-
ny (MP) and Bayesian Inference (BI). MP analyses were run using PAUP v. 4.0b10 
(Swofford 2002) with 1000 replications and inferred using the heuristic search option 
with 1000 random taxa. All characters were unordered and of equal weight and gaps 
were treated as missing data. Maxtrees was set as 1000, zero-length branches were col-
lapsed and all equally parsimonious trees were saved. Clade stability was accessed using 
a bootstrap (BT) analysis with 1000 replicates, each with ten replicates of random 
stepwise addition of taxa (Hillis and Bull 1993).

BI analyses were carried out by using MrBayes v. 3.2 (Ronquist et al. 2012). The 
best-fit model (GTR+I+G for LSU, ITS and mtSSU) of evolution was estimated in Mr-
Modeltest 2.3 (Nylander 2008). Posterior Probabilities (PP) (Rannala and Yang 1996; 
Zhaxybayeva and Gogarten 2002) were determined by Markov Chain Monte Carlo 
sampling (MCMC) in MrBayes v. 3.2. Six simultaneous Markov chains were run for 
10,000,000 generations and trees were sampled every 100th generation. The tempera-
ture values were lowered to 0.15, burn-in was set to 0.25 and the run was automatically 
stopped as soon as the average standard deviation of split frequencies reached below 0.01.

The phylogram was visualised in TreeView (Page 1996) and edited in Adobe Il-
lustrator CS v. 5 (Adobe Systems Inc., USA). The finalised alignment and tree were 
deposited in TreeBASE, submission ID: 27401 (http://www.treebase.org).

Results

Phylogenetic analyses

The dataset for phylogenetic analysis comprised 64 strains, with Marthamyces emargi-
natus (Cooke & Massee) Minter selected as the outgroup taxon. This dataset consists 
of 2078 characters (including the gaps), of which 1205 are constant, 236 are vari-
able parsimony-uninformative, while 637 characters are parsimony-informative. The 
most parsimonious tree showed with length of 2843 steps (CI = 0.480, RI = 0.759, 
RC = 0.364 and HI = 0.520). The best tree revealed by the MP analysis was selected 
to represent relationships amongst taxa (Fig. 1). The tree generated from Bayesian in-

http://www.ncbi.nlm.nih.gov/nuccore/HM140570
http://www.ncbi.nlm.nih.gov/nuccore/HM143842
http://www.ncbi.nlm.nih.gov/nuccore/MH260320
http://www.ncbi.nlm.nih.gov/nuccore/MH275086
http://www.ncbi.nlm.nih.gov/nuccore/MW334971
http://www.ncbi.nlm.nih.gov/nuccore/MN638882
http://www.ncbi.nlm.nih.gov/nuccore/MN638877
http://www.ncbi.nlm.nih.gov/nuccore/MN638872
http://www.ncbi.nlm.nih.gov/nuccore/KX765301
http://www.ncbi.nlm.nih.gov/nuccore/KP322580
http://www.ncbi.nlm.nih.gov/nuccore/KP322574
http://www.ncbi.nlm.nih.gov/nuccore/KP322587
http://www.ncbi.nlm.nih.gov/nuccore/MH871979
http://www.ncbi.nlm.nih.gov/nuccore/JF793678
http://www.ncbi.nlm.nih.gov/nuccore/AF431963
http://www.ncbi.nlm.nih.gov/nuccore/KC312683
http://www.ncbi.nlm.nih.gov/nuccore/KC312676
http://www.ncbi.nlm.nih.gov/nuccore/KC312692
http://www.ncbi.nlm.nih.gov/nuccore/KC312681
http://www.ncbi.nlm.nih.gov/nuccore/KC312674
http://www.ncbi.nlm.nih.gov/nuccore/KC312694
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Figure 1. Phylogram of Rhytismataceae is presented as the best tree revealed by MP analysis, based on 
the concatenated LSU-ITS-mtSSU sequence dataset. MP bootstrap support values (MPBP ≥ 50%) and 
Bayesian inference posterior probabilities (BYPP ≥ 0.95) are shown near the nodes. The tree is rooted to 
Marthamyces emarginatus (ICMP 22854), the scale bar showing 10 changes. Type strains are indicated in 
bold and new sequences, generated in this study, are given in red.
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ference analyses had similar topology. The phylogram (Fig. 1) shows that Hypoderma 
is non-monophyletic (Clade A, B, C and D), with H. paralinderae clusters with three 
existing species viz. H. cordylines P.R. Johnst., H. hederae (T. Nees ex Mart.) De Not. 
and H. rubi (Pers.) DC. In contrast, all of the Terriera species with available sequences 
(including the newly generated sequences) form a monophyletic clade with strong 
statistical support (MPBP 100% and BYPP 1.00). This corresponds to the phylogeny 
in Zhang et al. (2015). Terriera meitanensis and T. karsti group together with three 
reported species viz. T. camelliicola (Minter) Y.R. Lin & C.L. Hou, T. elliptica T.T. 
Zhang & C.L. Hou and T. thailandica Jayasiri & K.D. Hyde, while T. sigmoideospora 
is placed within another clade that comprises T. houjiazhuangensis C.L. Hou & S.R. 
Cai and T. pandanicola Tibpromma & K.D. Hyde.

Taxonomy

Hypoderma De Not., G. bot. ital. 2(2): 13 (1847)

De Candolle (1805) introduced Hypoderma to accommodate taxa resembling Hyste-
rium Pers., but with apothecia that are immersed in host-plant tissue and the hymenia 
are exposed via a longitudinal split in the substratum. Subsequently, the nomenclature 
of Hypoderma was challenged by various authors (Chevallier 1822, 1826; Fries 1823; 
Wallroth 1833). De Notaris (1847) recognised the distinction between Hypoderma 
and Lophodermium Chevall. and separated them, based on the ascospore shapes. So 
far, there are 214 epithets included in Index Fungorum (2020), but around half of 
these species are synonymized under other genera, such as Lophodermium, Meloderma 
Darker and Terriera.

Hypoderma paralinderae J.F. Zhang & Z.Y. Liu, sp. nov.
Index Fungorum number: IF556909
Facesoffungi Number No: FoF06797
Figure 2

Etymology. Referring to the morphological similarity with Hypoderma linderae.
Holotype. GZAAS 19-1769.
Description. Apothecia developing on dead stems, scattered, dark brown to black, 

shiny, long elliptical to slightly fusiform, straight or somewhat curved, ends rounded 
or obtuse, rising above the surface of the substrate, opening by a single longitudinal 
split. Lips moderately developed, pale brown (Fig. 2a, b). In median vertical section 
(Fig. 2c), apothecia subcuticular, 200–280 μm deep. Covering stroma (Fig. 2e) up to 
38–45 μm thick near the opening, becoming to 12–18 μm thick towards the edges, 

http://www.facesoffungi.org/?s=IF556909
http://www.facesoffungi.org/?s=FoF06797
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Figure 2. Hypoderma paralinderae a, b apothecia observed under a dissecting microscope in face view 
c vertical section through an apothecium d lips adjacent to the top of covering stroma e section of cov-
ering stroma f section of basal stroma g paraphyses and asci in various states of maturity h immature 
ascus i, j ascospores. Note: c–j mounted in water. Scale bar: 1 mm (a), 500 μm (b), 200 μm (c), 20 μm 
(d, g, h), 10 μm (e, i, j), 5 μm (f).

extending to the basal stroma, consisting of an outer layer of host cuticle and several 
layers of dark brown, thick-walled cells of textura angularis. Lip cells (Fig. 2d) clavate 
to cylindrical, 11–23 × 2–3 μm, thin-walled, hyaline to pale brown, 0–1-septate. Basal 
stroma (Fig. 2f ) 10–16 μm thick, consisting of several layers of brown, thick-walled 
cells, arranged in textura angularis, becoming colourless, thin-walled cells of textura 
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prismatica towards the subhymenium. Subhymenium 19–27 μm thick, composed of 
several layers of hyaline, thin-walled cells of textura angularis. Paraphyses 1.5–2 μm, 
filiform, aseptate, unbranched, often curved, but not swollen at the apex, anastomo-
sing at the base. Asci (81.5–)110–120(–129) × 10–14 μm (x̄  = 108 × 12 μm, n = 25), 
8-spored, unitunicate, cylindrical-clavate, round to subtruncate at the apex, with a 
38–49 μm long stalk, thin-walled, J-, apical ring, without circumapical thickening. 
Ascospores 26–32.5 × 2.5–4.5 μm (x̄  = 30.5 × 3.5 μm, n = 35, measured without the ge-
latinous sheath), multi-seriate and mostly arranged in the upper half of ascus, fusiform 
to slightly cylindrical, straight or lightly curved, apex rounded and tapering slightly to 
an acute base, aseptate, hyaline, guttulate, surrounded by a 0.5–1.5 μm thick gelati-
nous sheath (extending to 2.5 μm at the poles). Asexual morph: Not observed.

Material examined. CHINA, Guizhou Province, Leishan County, dead stems of 
unidentified herbaceous plants, 2 November 2017, J.F. Zhang, LS-21 (GZAAS 19-
1769, holotype).

Notes. Our phylogenetic analysis shows that Hypoderma paralinderae is placed in 
Hypoderma D clade (Fig. 1) and clustered with H. cordylines, H. hederae and H. rubi. 
Both H. paralinderae and H. codylines have similar sized asci (110–122.5 × 5.5–7 μm 
vs. 90–140 × 11–16 μm); however, they can be distinguished by the different shape and 
size of ascospores (fusiform to slightly cylindrical, 26–32.5 × 2.5–4.5 μm in H. par-
alinderae vs. elliptic, 14–21 × 4.5–6 μm in H. cordylines) (Johnston 1990). Hypoderma 
paralinderae shares similar-sized asci with H. hederae; however, it is differentiated from 
the latter by larger ascospores (26–32.5 × 2.5–4.5 μm vs. 18–22 × 3.5–4 μm) (Powell 
1974). Moreover, H. hederae was described with oblong-cylindrical ascospores that 
are bluntly round on both ends; however, the ascospores in H. paralinderae are fusi-
form to cylindrical, but rounded at the apex and tapering slightly to an acute base 
(Powell 1974), while H. paralinderae differs from H. rubi by having obviously larger 
asci (110–122.5 × 5.5–7 μm vs. 60–100 × 10–12.5 μm) and ascospores (26–32.5 × 
2.5–4.5 μm vs. 14–18 × 3.5–4.5 μm) (Hou et al. 2007). Besides, the recommendations 
of delineation taxa from Jeewon and Hyde (2016) are followed and comparisons of 
the ITS gene region between H. paralinderae and H. cordylines (ICMP 17344), as well 
as H. paralinderae and H. rubi (ICMP 17339) are processed. The results showed that 
there are 9/468 bp (1.9%) and 9/467 (1.9%) bp differences (including gaps) between 
them, respectively. According to the above evidence, H. paralinderae is introduced 
herein as new to science.

Terriera B. Erikss., Symb. bot. upsal. 19(no. 4): 58 (1970)

Terriera was segregated from Lophodermium by Eriksson (1970) with T. cladophila as 
its type species. Johnston (2001) elucidated some distinctive morphological features 
(described as oblong to sublinear ascomata with single longitudinal opening slit, nar-
row-cylindrical asci and 1-septate ascospores that taper slightly at both ends and often 
becoming gently sigmoid on release and lacking a gelatinous sheath) for this genus and 
justified its monophyletic classification. There are 38 species accepted in Terriera (In-
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dex Fungorum 2020) and around half of these species were discovered recently from 
China (Chen et al. 2011, 2013; Yang et al. 2011; Zheng et al. 2011; Gao et al. 2012; 
Song et al. 2012; Zhou et al. 2012; Li et al. 2015a, b; Lu et al. 2015; Wu et al. 2015; 
Cai et al. 2020). Here, we introduce three novel species. These three species share 
morphological characters typical of Terriera and cluster together with existing Terriera 
species in LSU-ITS-mtSSU phylogenetic analyses. In addition, a synopsis for Terriera 
species is also provided and listed in Table 2.

Terriera karsti J.F. Zhang & J.K. Liu, sp. nov.
Index Fungorum number: IF556901
Facesoffungi Number No: FoF06799
Figure 3

Holotype. MFLU 18-2288.
Etymology. Refers to the karst landscape where the holotype was collected.
Description. Apothecia developing on dead branch, elliptical or oblong-elliptical 

in outline, ends slightly acute to obtuse. Apothecia surface black, matt or slightly glossy, 
moderately raising the substratum surface, opening by a single longitudinal split that 
extends to the ends of the apothecium (Fig. 3a, b). Lips absent. In median vertical sec-
tion (Fig. 3d), apothecia deeply embedded in host tissue, with host cells becoming filled 
with fungal tissue as the apothecium develops. Covering stroma (Fig. 3c) 30–45 μm 
thick, composed of blackish-brown to black, thick-walled cells of textura angularis to-
wards the exterior and several layers of pale to nearly hyaline, thin-walled cells towards 
the interior. Along the edge of the apothecial opening, there is a flattened, 12–20 μm 
thick extension adjacent to the covering stroma that is composed of strongly melanised 
tissue with no obvious cellular structure. Basal stroma 8–18 μm thick, dark brown or 
blackish-brown, composed of angular to globose, thick-walled cells, 2.5–4 μm diam. A 
triangular space between the covering stroma and basal stroma consists of thin-walled, 
nearly hyaline to grey-brown cells arranged in textura prismatica. Paraphyses 1–2 μm, 
filiform, hyaline, septate, gradually swollen or branching once at the apex, embedded 
in gelatinous sheaths. Asci (103–)110–122.5 × 5.5–7 μm (x̄ = 113 × 6 μm, n = 20), 
8-spored, unitunicate, cylindrical, long stalk, thin-walled, apex truncate to somewhat 
round, J-, without circumapical thickening. Ascospores 55–66 × 1.5–2.0 μm (x̄  = 61 × 
1.8 μm, n = 25), fascicle, but not coiled, filiform, gradually tapering toward the ends, 
hyaline, aseptate, smooth-walled, straight or slightly curved, lacking gelatinous sheath. 
Asexual morph: Not observed.

Culture characteristics. Colonies on PDA reaching 51 mm after 14 days at 25 °C, 
irregular in shape, cottony with moderately dense, fluffy aerial mycelium. At first, 
white, becoming slightly greyish in the centre, reverse side bronze in the centre and 
pale towards the edge.

Material examined. CHINA, Guizhou Province, Guiyang, Yunyan District, dead 
branch of unidentified ligneous plants, 6 May 2016, J.F. Zhang, SH-06 (MFLU 18-2288, 
holotype); ibid. (GZAAS 19-1720, isotype); ex-type living culture, GZCC 19-0047.

http://www.facesoffungi.org/?s=IF556901
http://www.facesoffungi.org/?s=FoF06799
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Figure 3. Terriera karsti a, b apothecia observed under the dissecting microscope c detail of covering 
stroma in vertical section d vertical section through an apothecium e, f asci in various states of maturity 
g apices of paraphyses h, i ascospores. Note: c–i mounted in water. Scale bar: 1 mm (a), 500 μm (b), 
20 μm (c, e, f), 100 μm (d), 10 μm (g, i).

Notes. In the present study (Fig. 1), Terriera karsti is phylogenetically close to 
T.  camelliicola and T. thailandica with moderate support (MPBP 63% and BYPP 
1.00). Terriera karsti is not significantly distinguished from T. camelliicola, based only 
on morphological characters as they share similar-sized asci (110–122.5 × 5.5–7 μm 
vs. 85–120 × 5.5–6.5 μm) and ascospores (55–66 × 1.5–2 μm vs. 50–70 × 1 μm) 
(Johnston 2001). However, the ascospores of T. camelliicola are covered by a 0.5 μm 
wide gelatinous sheath, while this is not observed in T. karsti (Sharma 1982). In order 
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to clarify their affinity, the recommendations of species delineation from Jeewon and 
Hyde (2016) were followed and the comparison of each gene region between these two 
taxa is processed and showed that there are 9/840 bp (1%) and 10/694 bp (14.4%) 
differences in LSU and mtSSU regions, respectively, while T. karsti can be easily dif-
ferentiated from T. thailandica by its larger asci (110–122.5 × 5.5–7 μm vs. 80–105 × 
3.4–6.6 μm) and ascospores (55–66 × 1.5–2 μm vs. 38–60 × 1–1.5 μm) (Hyde et al. 
2016). A comparison of the LSU gene region between these two taxa has also been 
processed and the result showed that there are 3/838 bp (base pair) differences. Based 
on phylogenetic analyses, coupled with morphological distinction, Terriera karsti is 
introduced herein as a new species.

Terriera meitanensis J.F. Zhang & Z.Y. Liu, sp. nov.
Index Fungorum number: IF556900
Facesoffungi Number No: FoF06798
Figure 4

Holotype. MFLU 18-2299.
Etymology. Referring to the locality of the holotype, Meitan County, Guizhou 

Province, China.
Description. Apothecia developing on dead stems (Fig. 4a), semi-immersed to 

superficial, elliptical or oblong-elliptical, ends slightly acute to obtuse, surface black, 
matt, raising the substratum surface, opening by a single longitudinal split that extends 
nearly the entire length (Fig. 4b, c). In median vertical section (Fig. 4d), apothecia 
deeply embedded in host tissue, with host cells becoming filled with fungal tissue as the 
apothecium develops. Covering stroma (Fig. 4e) 33–42 μm thick, composed of blackish-
brown, thick-walled cells that are fused with host tissue in the outermost layers, becom-
ing pale pigmented or nearly colourless towards the hymenium, thin-walled cells, ar-
ranged in textura angularis or textura globulosa. Along the upper edge of the apothecial 
opening, there is a flattened, 19–34 μm thick extension adjacent to the covering stroma 
that is composed of strongly melanised tissue with no obvious cellular structure. Basal 
stroma (Fig. 4g) 8–18 μm thick, dark-brown or blackish-brown, composed of angular 
to globose, thick-walled cells, 2.5–4 μm diam. Where the covering stroma meets the 
basal stroma, there is a triangular-shaped, 35–60 μm thick, tissue composed of thin-
walled, hyaline to pale brown cells forming a textura prismatica (Fig. 4f ). Subhymenium 
12–16 μm thick, consisting of hyaline textura angularis to textura intricata. Paraphyses 
1–2 μm, filiform, hyaline, septate, gradually swollen or branching once at the apex, em-
bedded in gelatinous matrix, anastomosing at the base. Asci (98.5–)113–125.5(–131.5) 
× 6–7.5 μm (x̄  = 117 × 6.5 μm, n = 20), 8-spored, unitunicate, cylindrical, somewhat 
long-stalked, thin-walled, apex generally truncate, J-, without circumapical thickening. 
Ascospores 47–54.5 × 1.5–2.5 μm (x̄  = 50.5 × 2 μm, n = 35), fascicle, filiform, gradually 
tapering towards the ends, hyaline, aseptate, smooth-walled, straight or slightly curved, 
lacking a gelatinous sheath. Asexual morph: Not observed.

http://www.facesoffungi.org/?s=IF556900
http://www.facesoffungi.org/?s=FoF06798
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Figure 4. Terriera meitanensis a habit of apothecia on substrate b, c apothecia observed under the dissect-
ing microscope in face view d vertical section through an apothecium e covering stroma f triangular space 
in section between the covering stroma and basal stroma g basal stroma h paraphyses with anastomoses 
amongst asci in various states of maturity i, j immature asci k, l ascospores. Note: d–l mounted in water. 
Scale bar: 1 cm (a), 1 mm (b), 500 μm (c), 100 μm (d), 10 μm (e, g, k, l), 30 μm (f), 20 μm (h–j).

Material examined. CHINA, Guizhou Province, Zunyi, Meitan County, dead 
stems of unidentified host, 28 August 2017, J.F. Zhang, MT-1 (MFLU 18-2299, holo-
type); ibid. (GZAAS 19-1731, isotype).
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Notes. In our phylogenetic analysis (Fig. 1), Terriera meitanensis is placed in a robust 
clade with T. camelliicola, T. elliptica, T. karsti and T. thailandica by strong statistical 
support (MPBP 100% and BYPP 1.00). Terriera meitanensis has larger asci than T. ca-
melliicola and T. thailandica, while the ascospores of T. meitanensis are smaller (John-
ston 2001; Hyde et al. 2016). Both T. meitanensis and T. karsti share similar-sized asci, 
but T. karsti has larger ascospores (47–54.5 × 1.5–2.5 μm vs. 55–66 × 1.5–2.0 μm). 
Terriera meitanensis differs from T. elliptica by its obviously smaller asci (113–122.5 × 
6–7.5 μm vs. 135–175 × 7–9 μm) and ascospores (47–54.5 × 1.5–2.5 μm vs. 60–85 × 
1.5–2 μm) (Zhang et al. 2015). Moreover, the ascospores of T. camelliicola and T. el-
liptica are enveloped by a gelatinous sheath, respectively, while this is not observed in 
T. meitanensis. In addition, the comparison of the ITS gene region is processed be-
tween T. meitanensis and its closest species T. elliptica, based on the recommendations 
from Jeewon and Hyde (2016) and the results showed that there are 15/489 bp (3%) 
differences. Therefore, we introduce T. meitanensis herein as a new species, based on 
morphological and molecular evidence.

Terriera sigmoideospora J.F. Zhang & K.D. Hyde, sp. nov.
Index Fungorum number: IF556902
Facesoffungi Number No: FoF06800
Figure 5

Holotype. MFLU 18-2297.
Etymology. Refers to its sigmoidal ascospores.
Description. Apothecia developing on fallen leaves, scattered, dark brown to black, 

matt, elliptical, sometimes 3-lobed or triangular, straight or slightly curved, ends 
rounded to subacute, strongly raising the surface of the substrate at maturity, opening 
by a single longitudinal split that extends almost the whole length of the apothecium 
(Fig. 5a, b). Immature apothecia appearing as a single dark brown protrusion, circu-
lar to slightly elongated. In median vertical section (Fig. 5d), apothecia 185–220 μm 
deep. Covering stroma (Fig. 5c) 20–25 μm thick near the centre of the apothecium, 
consisting of an outer layer of host cuticle, remains of epidermal and hypodermal cells 
filled with thick-walled, angular fungal cells and an inner layer of textura angularis to 
textura globulosa with 4–7 μm diam., dark brown, thick-walled cells, slightly thinner 
towards the edges, extending to the basal stroma, but conspicuously thicker towards 
the apothecial opening, with a 15–27 μm thick extension comprising highly melanised 
tissue with no obvious cellular structure. Excipulum moderately developed, closely ad-
hering to the covering stroma and the extension, arising from the marginal paraphyses, 
becoming thinner towards the base. Basal stroma concave, 12–15 μm thick, composed 
of dark brown, thick-walled, angular cells. A triangular space between the covering 
stroma and basal stroma is composed of thin-walled, colourless cells that are verti-
cally arranged in rows. Subhymenium 6–9 μm thick, flat, consisting of hyaline cells of 
textura intricata. Paraphyses filiform, hyaline, septate, gradually or suddenly swollen to 

http://www.facesoffungi.org/?s=IF556902
http://www.facesoffungi.org/?s=FoF06800
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Figure 5. Terriera sigmoideospora a, b apothecia observed under the dissecting microscope c section of 
covering stroma d median vertical section through an apothecium e immature ascus f paraphyses and asci 
in various states of maturity g, h ascospores. Note: c–h mounted in water. Scale bar: 1 mm (a), 500 μm 
(b), 100 μm (c), 20 μm (d–h).

2.5 μm near the apex, covered by a thin gelatinous sheath, forming a 4–8 μm thick 
epithecium. Asci (93.5–)102–121 × 5–6 μm (x̄  = 108.5 × 5.5 μm, n = 20), 8-spored, 
unitunicate, cylindrical, apex tapering to round, thin-walled, J-, without circumapical 
thickening. Ascospores 79–95 × 1.5–2 μm (x̄  = 89.5 × 1.9 μm, n = 30), fascicle, filiform, 
sigmoid, tapering slightly towards the ends, hyaline, aseptate, guttulate, gelatinous 
sheath not observed. Asexual morph: Not observed.

Material examined. CHINA, Guizhou Province, Guiyang, dead leaves of uni-
dentified host, 5 October 2016, J.F. Zhang, GZ-28 (MFLU 18-2297, holotype); ibid. 
(GZAAS 19-1729, isotype).

Notes. In the present phylogenetic analysis (Fig. 1), Terriera sigmoideospora is 
placed within Terriera and is related to T. houjiazhuangensis C.L. Hou & S.R. Hou 
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by strong statistical support (MPBP 99% and BYPP 1.00). Terriera sigmoideospora 
shares similar-sized asci with T. houjiazhuangensis (102–121 × 5–6 μm vs. 103–128 × 
4–6 μm), but has larger ascospores (79–95 × 1.5–2 μm vs. 73–82 × 0.6–0.9 μm) (Cai 
et al. 2020). Besides, the ascospores of T. houjiazhuangensis are enveloped by an incon-
spicuous gelatinous sheath, while this is not observed in T. sigmoideospora. In addition, 
the comparison of the ITS gene region between these two taxa has been processed and 
showed that there are 19/815 (2.3%) bp differences. Terriera pandanicola is sister to 
the above two taxa; however, it is significantly distinguished from T. sigmoideospora as 
its obviously smaller asci (50–66 × 4–5 μm vs. 102–121 × 5–6 μm) and ascospores 
(55–78 × 1–2 μm vs. 79–95 × 1.5–2 μm) (Tibpromma et al. 2018).

Discussion

The diversity of microfungi in many parts of the world is understudied. This is evi-
dent from the numerous new species being described from Asia and South America 
(Hyde et al. 2018, 2019a, 2020). With this in mind, we are studying the fungi of the 
Karst regions in China and Thailand, where we are also finding numerous new species 
(Zhang et al. 2016, 2017a, b, 2018, 2019). Our study is contributing to the knowl-
edge of fungal diversity in the region, where species may also have biotechnological 
potential (Hyde et al. 2019b). Additionally, as Rhytismataceae is a relatively poorly 
studied group, we report on one new species from Hypoderma and three new Terriera 
species, thereby illustrating the diversity and potential for new discoveries of these 
fungi in Asia.

Hypoderma, a large genus in Rhytismataceae, is a complicated group. There are 
only a few species in this genus with sequence data, but these have shown the group to 
be polyphyletic (Lantieri et al. 2011; Wang et al. 2013). This is also true of the phy-
logenies in this study (Fig. 1). Hypoderma is morphologically similar to Lophodermium 
and they mainly differ on the basis of ascospore shape as the former have elliptical to 
cylindrical-fusiform ascospores, while the latter has filiform ascospores (Powell 1974). 
However, there are no molecular studies that provide a natural classification for these 
two genera, even though more than 35 species have been synonymized under Lopho-
dermium (Index Fungorum 2020). Fresh collections and molecular sequences are re-
quired to move toward a revision of these genera.

Terriera is one of the few genera in Rhytismataceae that can be considered a mono-
phyletic group, based on distinctive morphology and phylogenetic characterisation 
(Zhang et al. 2015). Our molecular analyses corroborate this. However, there are only 
nine taxa with available sequences in GenBank and most of Terriera species were estab-
lished, based only on morphological features (Yang et al. 2011; Gao et al. 2012; Song 
et al. 2012; Zhou et al. 2012; Chen et al. 2013; Li et al. 2015b; Lu et al. 2015; Zhang 
et al. 2015; Cai et al. 2020). In the latest study (Cai et al. 2020), T. pandanicola was 
distant from Terriera in ITS analysis, but included in this group on the basis of concat-
enated LSU-mtSSU sequence data. Cai et al. (2020) indicated that this taxon should 
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be revised in a future study. Based on their suggestion, we checked the sequence data 
of T. pandanicola and found that the ITS sequence of this species is misidentified as it 
is not a related Terriera or even a Rhytismataceae species in BLASTn results. However, 
the newly generated available sequences (ITS and mtSSU) of T. pandanicola have been 
uploaded in GenBank and included in our phylogenetic analysis and the results indi-
cated that it is a unique species in Terriera in the present study (Fig. 1).

Acknowledgements

Kevin D. Hyde thanks the Thailand Research grants entitled “The future of specialist 
fungi in a changing climate: baseline data for generalist and specialist fungi associated 
with ants, Rhododendron species and Dracaena species” (Grant No. DBG6080013) 
and “Impact of climate change on fungal diversity and biogeography in the Greater 
Mekong Subregion” (Grant No. RDG6130001). Jason M. Karakehian is thanked for 
revising the manuscript. Dr. Shaun Pennycook (Manaaki Whenua Landcare Research, 
New Zealand) is gratefully thanked for advising on the fungal names. Dr. Saowaluck 
Tibpromma is thanked for updating the new sequences of T. pandanicola. Jin-Feng 
Zhang would like to thank Dr. Peter R. Johnston for providing literature and sugges-
tions.

References

Cai SR, Wang SJ, Lv T, Hou CL (2020) Three new species of Terriera (Rhytismatales, Ascomy-
cota) from China. Mycological Progress 19: 825–835. https://doi.org/10.1007/s11557-
020-01594-4

Cannon PF, Minter DW (1986) The Rhytismataceae of the Indian subcontinent. Mycological 
Papers 155: 1–123.

Chen JL, Lin YR, Hou CL, Wang SJ (2011) Species of Rhytismataceae on Camellia spp. from 
the Chinese mainland. Mycotaxon 118: 219–230. https://doi.org/10.5248/118.219

Chen L, Minter DW, Wang SJ, Lin YR (2013) Two new species of Rhytismataceae on fagaceous 
trees from Anhui, China. Mycotaxon 126: 109–120. https://doi.org/10.5248/126.109

Chevallier FF (1822) Essai sur les Hypoxylons lichenoides. Journ. Phys. Chim. Hist. Nat. 94: 28–61.
Chevallier FF (1826) Flore Generale des Environs de Paris. 1: 439–440.
Darker GD (1967) A revision of the genera of the Hypodermataceae. Botany 45: 1399–1444. 

https://doi.org/10.1139/b67-145
De Candolle AP (1805) Flore Francaise, edn 3, vol. 2, Paris, 600 pp.
De Notaris G (1847) Prime linee di una nuova disposizione dei Pirenomicete Isterni. Giornale 

Botanico Italiano 2: 5–52.
Ekanayaka AH, Hyde KD, Gentekaki E, McKenzie EHC, Zhao Q, Bulgakov TS, Camporesi E 

(2019) Preliminary classification of Leotiomycetes. Mycosphere 10: 310–489. https://doi.
org/10.5943/mycosphere/10/1/7

https://doi.org/10.1007/s11557-020-01594-4
https://doi.org/10.1007/s11557-020-01594-4
https://doi.org/10.5248/118.219
https://doi.org/10.5248/126.109
https://doi.org/10.1139/b67-145
https://doi.org/10.5943/mycosphere/10/1/7
https://doi.org/10.5943/mycosphere/10/1/7


New species of Rhytismataceae from Guizhou Province, China 101

Eriksson B (1970) On Ascomycetes on Diapensiales abd Ericales in Fennoscandia. I. discomy-
cetes. Symbolae Botanicae Upsalienses 19: 1–71.

Ford DC, Williams P (2007) Karst Hydrogeology and Geomorphology. Wiley, Chichester 
562 pp. https://doi.org/10.1002/9781118684986

Fries EM (1823) Systema mycologicum, sistens fungorum ordines, genera et species. 2. Gryph-
iswaldiae: Sumtibus Ernesti Mauritti, 610 pp.

Gao XM, Zheng CT, Lin YR (2012) Terriera simplex, a new species of Rhytismatales from 
China. Mycotaxon 120: 209–213. https://doi.org/10.5248/120.209

Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for basidiomycetes-applica-
tion to the identification of mycorrhizae and rusts. Molecular Ecology 2: 113–118. https://
doi.org/10.1111/j.1365-294X.1993.tb00005.x

Gernandt DS, Platt JL, Stone JK, Spatafora JW, Holst-Jensen A, Hamelin RC, Kohn LM 
(2001) Phylogenetics of Helotiales and Rhytismatales based on partial small subunit nucle-
ar ribosomal DNA sequences. Mycologia 93: 915–933. https://doi.org/10.2307/3761757

Hall TA (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis pro-
gram for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95–98.

Hernández MC, Johnston PR, Minter DW (2014) Rhytismataceae (Ascomycota) in Cuba. 
Willdenowia 44: 65–75. https://doi.org/10.3372/wi.44.44110

Hou CL, Lin YR, Piepenbring M (2005) Species of Rhytismataceae on needles of Juniperus spp. 
from China. Botany 83: 37–46. https://doi.org/10.1139/b04-149

Hou CL, Liu L, Piepenbring M (2007) A new species of Hypoderma and description of H. rubi 
(Ascomycota) from China. Nova Hedwigia 84: 487–493. https://doi.org/10.1127/0029-
5035/2007/0084-0487

Hou CL, Piepenbring M (2009) New species and new records of Rhytismatales from Panama. 
Mycologia 101: 565–572. https://doi.org/10.3852/08-216

Huang QH, Cai YL (2006) Assessment of karst rocky desertification using the radial basis 
function network model and GIS technique: a case study of Guizhou Province, China. 
Environmental Geology 49: 1173–1179. https://doi.org/10.1007/s00254-005-0162-4

Hyde KD, Hongsanan S, Jeewon R, Bhat DJ, McKenzie EMC, Jones EBG, Phookamsak 
R, Ariyawansa HA, Boonmee S, Zhao Q, Abdel-Aziz FA, Abdel-Wahab MA, Banmai S, 
Chomnunti P, Cui BK, Daranagama DA, Das K, Dayarathne MC, de Silva NI, Dissanay-
ake AJ, Doilom M, Ekanayaka AH, Gibertoni TB, Góes-Neto A, Huang SK, Jayasiri SC, 
Jayawardena RS, Konta S, Lee HM, Li WJ, Lin CG, Liu JK, Lu YZ, Luo ZL, Manawas-
inghe IS, Manimohan P, Mapook A, Niskanen T, Norphanphoun C, Papizadeh M, Perera 
RH, Phukhamsakda C, Richter C, Santiago ALCMA, Drechsler-Santos ER, Senanayake 
IC (2016) Fungal diversity notes 367–490: taxonomic and phylogenetic contributions to 
fungal taxa. Fungal Diversity 80: 1–270.

Hyde KD, Jeewon R, Chen YJ, Bhunjun CS, Calabon MS, Jiang HB, Lin CG, Norphanphoun 
C, Sysouphanthong P, Pem D, Tibpromma S, Zhang Q, Doilom M, Jayawardena RS, Liu 
JK, Maharachchikumbura SSN, Phukhamsakda C, Phooksmsak R, Al-Sadi AM, Thong-
klang N, Wang Y, Gafforov Y, Jones EBG, Lumyong S (2020) The numbers of fungi: is 
the descriptive curve flattening? Fungal Diversity 103: 219–271. https://doi.org/10.1007/
s13225-020-00458-2

https://doi.org/10.1002/9781118684986
https://doi.org/10.5248/120.209
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.2307/3761757
https://doi.org/10.3372/wi.44.44110
https://doi.org/10.1139/b04-149
https://doi.org/10.1127/0029-5035/2007/0084-0487
https://doi.org/10.1127/0029-5035/2007/0084-0487
https://doi.org/10.3852/08-216
https://doi.org/10.1007/s00254-005-0162-4
https://doi.org/10.1007/s13225-020-00458-2
https://doi.org/10.1007/s13225-020-00458-2


Jin-Feng Zhang et al.  /  MycoKeys 76: 81–106 (2020)102

Hyde KD, Norphanphoun C, Chen J, Dissanayake AJ, Doilom M, Hongsanan S, Jayawardena 
RS, Jeewon R, Perera RH, Thongbai B, Wanasinghe DN, Wisitrassameewong K, Tibprom-
ma S, Stadler M (2018) Thailand’s amazing diversity – up to 96% of fungi in northern Thai-
land are novel. Fungal Diversity 93: 215–239. https://doi.org/10.1007/s13225-018-0415-7

Hyde KD, Tennakoon DS, Jeewon R, Bhat DJ, Maharachchikumbura SSN, Rossi W, Leon-
ardi M, Lee HB, Mun HY, Houbraken J, Nguyen TTT, Jeon SJ, Frisvad JC, Wanasinghe 
DN, Lücking R, Aptroot A, Cáceres MES, Karunarathna SC, Hongsanan S, Phookamsak 
R, de Silva NI, Thambugala KM, Jayawardena RS, Senanayake IC, Boonmee S, Chen J, 
Luo ZL, Phukhamsakda C, Pereira OL, Abreu VP, Rosado AWC, Bart B, Randrianjohany 
E, Hofstetter V, Gibertoni TB, da Silva Soares AM, Plautz Jr. HL, Sotão HMP, Xavier 
WKS, Bezerra JDP, de Oliveira TGL, de Souza-Motta CM, Magalhães OMC, Bundhun 
D, Harishchandra D, Manawasinghe IS, Dong W, Zhang SN, Bao DF, Samarakoon MC, 
Pem D, Karunarathna A, Lin CG, Yang J, Perera RH, Kumar V, Huang SK, Dayarathne 
MC, Ekanayaka AH, Jayasiri SC, Xiao YP, Konta S, Niskanen T, Liimatainen K, Dai YC, 
Ji XH, Tian XM, Mešic A, Singh SK, Phutthacharoen K, Cai L, Sorvongxay T, Thiyagaraja 
V, Norphanphoun C, Chaiwan N, Lu YZ, Jiang HB, Zhang JF, Abeywickrama PD, Aluth-
muhandiram JVS, Brahmanage RS, Zeng M, Chethana T, Wei DP, Réblova M, Fournier 
J, Nekvindová J, Barbosa RN, dos Santos JEF, de Oliveira NT, Li GJ, Ertz D, Shang QJ, 
Phillips AJL, Kuo CH, Camporesi E, Bulgakov TS, Lumyong S, Jones EBG, Chomnunti 
P, Gentekaki E, Bungartz F, Zeng XY, Fryar S, Tkalčec Z, Liang J, Li GS, Wen TC, Singh 
PN, Gafforov Y, Promputtha I, Yasanthika E, Goonasekara ID, Zhao RL, Zhao Q, Kirk 
PM, Liu JK, Yan JY, Mortimer PE, Xu JC (2019a) Fungal diversity notes 1036–1150: 
taxonomic and phylogenetic contributions on genera and species of fungal taxa. Fungal 
Diversity 96: 1–242. https://doi.org/10.1007/s13225-019-00429-2

Hyde KD, Xu JC, Rapior S, Jeewon R, Niego AGT, Abeywickrama PD, Alithmuhandiran JVS, 
Brahamanage RS, Brroks S, Chaiyasen A, Chethana KWT, Chomnunti P, Chepkirui C, 
Chuankid B, de Silva NI, Doliom M, Faulds C, Gentekaki E, Gopalan V, Kakumyan P, 
Harishchandra D, Hemachandran H, Hongsanan S, Karunarathna A, Karunarathna SC, 
Khan S, Kumla J, Jayawardena RS, Liu JK, Liu NG, Luangharn T, Macabeo APG, Maras-
inghe DS, Meeks D, Mortimer PE, Mueller P, Nadir S, Nataraja KN, Nontachaiyapoom 
S, O’Brien M, Penkhrue W, Phukhamsakda C, Ramanan US, Rathnayaka AR, Sadaba RB, 
Sandargo B, Samarakoon BC, Rathnayaka AR, Sadaba RB, Sandargo B, Samarakoon BC, 
Tennakoon DS, Siva R, Sriprom W, Suryanarayanan TS, Sujarit K, Suwannarch N, Su-
wunwong T, Thongbai B, Thongklang N, Wei DP, Wijesinghe SN, Winiski J, Yan JY, Yas-
anthika E, Stadler M (2019b) The amazing potential of fungi: 50 ways we can exploit fungi 
industrially. Fungal Diversity 97: 1–136. https://doi.org/10.1007/s13225-019-00430-9

Jayasiri SC, Hyde KD, Ariyawansa HA, Bhat DJ, Buyck B, Cai L, Dai YC, Abd-Elsalam 
KA, Ertz D, Hidayat I, Jeewon R, Jones EBG, Bahkali AH, Karunarathna SC, Liu JK, 
Luangsa-ard JJ, Lumbsch HT, Maharachchikumbura SSN, McKenzie EHC, Moncalvo J, 
Ghobad-Nejhad M, Nilsson H, Pang KL, Pereora OL, Phillips AJL, Raspé O, Rollins AW, 
Romero AI, Etayo J, Selcuk F, Stephenson SL, Suetrong S, Taylor JE, Tsui CKM, Vizzini 
A, Abdel-Wahab MA, Wen TC, Boonmee S, Dai DQ, Daranagama DA, Dissanayake AJ, 
Ekanayaka AH, Fryar SC, Hongsanan S, Jayawardena RS, Li WJ, Perera RH, Phookamsak 
R, de Silva N, Thambugala KM, Tian Q, Wijayawardene NN, Zhao RL, Zhao Q, Kang 

https://doi.org/10.1007/s13225-018-0415-7
https://doi.org/10.1007/s13225-019-00429-2
https://doi.org/10.1007/s13225-019-00430-9


New species of Rhytismataceae from Guizhou Province, China 103

JC, Promputtha I (2015) The Faces of Fungi database: fungal names linked with morphol-
ogy, phylogeny and human impacts. Fungal Diversity 74: 3–18. https://doi.org/10.1007/
s13225-015-0351-8

Jeewon R, Hyde KD (2016) Establishing species boundaries and new taxa among fungi: rec-
ommendations to resolve taxonomic ambiguities. Mycosphere 7: 1669–1677. https://doi.
org/10.5943/mycosphere/7/11/4

Johnston PR (1986) Rhytismataceae in New Zealand 1. Some foliicolous species of Coccomyces 
de Notaris and Propolis (Fries) Corda. New Zealand Journal of Botany 24: 89–124. https://
doi.org/10.1080/0028825X.1986.10409723

Johnston PR (1990) Rhytismataceae in New Zealand 3. The genus Hypoderma. New Zealand 
Journal of Botany 28(2): 159–183. https://doi.org/10.1080/0028825X.1990.10412355

Johnston PR (2001) Monograph of the monocotyledon-inhabiting species of Lophodermium. 
Mycological Papers 176: 1–239.

Johnston PR, Park D (2007) Revision of the species of Rhytismataceae reported by Spegazzini 
from south America. Boletín de la Sociedad Argentina de Botánica 42: 87–105.

Johnston PR, Quijada L, Smith CA, Baral H-O, Hosoya T, Baschien C, Pärtel K, Zhuang WY, 
Haelewaters D, Park D, Carl S, López-Giráldez F, Wang Z, Townsend JP (2019) A multi-
gene phylogeny towards a new phylogenetic classification of Leotiomycetes. IMA Fungus 
10: 1–22. https://doi.org/10.1186/s43008-019-0002-x

Koorders SH (1907) Botanische Untersuchungen. Verhandelingen Koninklijke Nederlandse 
Akademie van Wetenschappen Afdeling Natuurkunde 13: 1–263.

Lantieri A, Johnston PR, Park D, Lantz H, Medardi G (2011) Hypoderma siculum sp. nov. from 
Italy. Mycotaxon 118: 393–401. https://doi.org/10.5248/118.393

Lantz H, Johnston PR, Park D, Minter DW (2011) Molecular phylogeny reveals a core clade 
of Rhytismatales. Mycologia 103: 57–74. https://doi.org/10.3852/10-060

Li Q, Wang SJ, Chen YX, Tang YP, Lin YR (2015a) Terriera transversa sp. nov. from Hainan, 
China. Mycotaxon 130: 893–898. https://doi.org/10.5248/130.893

Li Q, Wu Y, Lu DD, Xu YF, Lin YR (2015b) A new species of Terriera (Rhytismatales, Ascomy-
cota) on Photinia villosa. Mycotaxon 130: 27–31. https://doi.org/10.5248/130.27

Li ZJ, Cao N, Chen HF, Taylor JE, Hou CL (2014) New species and new records of Rhyt-
ismataceae from Japan. Mycological Progress 13: 951–958. https://doi.org/10.1007/
s11557-014-0979-x

Liu B, Zhang M, Bussmann WR, Liu HM, Liu YY, Peng YD, Zu KL, Zhao YM, Liu ZB, Yu 
SX (2018) Species richness and conservation gap analysis of karst areas: A case study of vas-
cular plants from Guizhou, China. Global Ecology and Conservation 16: e00460. https://
doi.org/10.1016/j.gecco.2018.e00460

Lu DD, Yang MS, Wang SJ, Lin YR (2015) Terriera intraepidermalis sp. nov. on Photinia pruni-
folia from China. Mycosystema 34(6): 1025–1030. https://doi.org/10.13346/j.mycosys-
tema.140169

Lumbsch HT, Huhndorf SM (2007) Outline of Ascomycota-2007. Myconet 13: 1–58.
Minter DW, Sharma MP (1982) Three Species of Lophodermium from the Himalayas. Mycolo-

gia 74: 702–711. https://doi.org/10.1080/00275514.1982.12021576
Nylander J (2008) MrModeltest2 version 2.3 (program for selecting DNA substitution models 

using PAUP*). Evolutionary Biology Centre, Uppsala, Sweden

https://doi.org/10.1007/s13225-015-0351-8
https://doi.org/10.1007/s13225-015-0351-8
https://doi.org/10.5943/mycosphere/7/11/4
https://doi.org/10.5943/mycosphere/7/11/4
https://doi.org/10.1080/0028825X.1986.10409723
https://doi.org/10.1080/0028825X.1986.10409723
https://doi.org/10.1080/0028825X.1990.10412355
https://doi.org/10.1186/s43008-019-0002-x
https://doi.org/10.5248/118.393
https://doi.org/10.3852/10-060
https://doi.org/10.5248/130.893
https://doi.org/10.5248/130.27
https://doi.org/10.1007/s11557-014-0979-x
https://doi.org/10.1007/s11557-014-0979-x
https://doi.org/10.1016/j.gecco.2018.e00460
https://doi.org/10.1016/j.gecco.2018.e00460
https://doi.org/10.13346/j.mycosystema.140169
https://doi.org/10.13346/j.mycosystema.140169
https://doi.org/10.1080/00275514.1982.12021576


Jin-Feng Zhang et al.  /  MycoKeys 76: 81–106 (2020)104

Page RDM (1996) Tree View: An application to display phylogenetic trees on personal com-
puters. Bioinformatics 12: 357–358. https://doi.org/10.1093/bioinformatics/12.4.357

Powell PE (1974) Taxonomic studies in the genus Hypoderma. Thesis (Ph.D.) Cornell Uni-
versity, Ithaca.

Rannala B, Yang Z (1996) Probability distribution of molecular evolutionary trees: a new 
method of phylogenetic inference. Journal of Molecular Evolution 43: 304–311. https://
doi.org/10.1007/BF02338839

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Höhna S, Larget B, Liu L, 
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: efficient Bayesian phylogenetic in-
ference and model choice across a large model space. Systematic Biology 61: 539–542. 
https://doi.org/10.1093/sysbio/sys029

Song JF, Liu L, Li YY, Hou CL (2012) Two new species of Terriera from Yunnan Province, 
China. Mycotaxon 119: 329–335. https://doi.org/10.5248/119.329

Species Fungorum (2020) CABI Databases. http://www.speciesfungorum.org/ [Accessed De-
cember 2020]

Swofford DL (2002) PAUP 4.0 b10: Phylogenetic analysis using parsimony. Sinauer Associates, 
Sunderland.

Tanney JB, Seifert KA (2017) Lophiodermium resinosum sp. nov. from red pine (Pinus resinosa) 
in Eastern Canada. Botany 95: 773–784. https://doi.org/10.1139/cjb-2017-0012

Terrier CA (1942) Essai sur la systématíque des Phacidiaceae (Fr.) sensu Nannfeldt (1932). 
Matériaux Flore Crytogamique Suise 9: 1–99.

Tian HZ, Yang Z, Wang S, Hou CL, Piepenbring M (2013) A new species and phylogenetic 
data for Nematococcomyces. Botany 91: 592–596. https://doi.org/10.1139/cjb-2012-0306

Tibpromma S, Hyde KD, McKenzie EHC, Bhat DJ, Phillips AJL, Wanasinghe DN, Samara-
koon MC, Jayawardena RS, Dissanayake AJ, Tennakoon DS, Doilom M, Phookamsak 
R, Tang AMC, Xu JC, Mortimer PE, Promputtha I, Maharachchikumbura SSN, Khan 
S, Karunarathna SC (2018) Fungal diversity notes 840–928: micro-fungi associated with 
Pandanaceae. Fungal Diversity 93: 1–160. https://doi.org/10.1007/s13225-018-0408-6

Wallroth FG (1833) Flora Cryptogamica Germaniae. Pars posterior. Norimbergiae, 923 pp.
Wang S, Taylor JE, Hou CL (2013) Species of Rhytismatales on Berberis from China. Myco-

logical Progress 12: 629–635. https://doi.org/10.1007/s11557-012-0868-0
White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fungal ri-

bosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Shinsky JJ, White TJ 
(Eds) PCR protocols: a guide to methods and applications. Academic Press, New York, 
315–322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wijayawardene NN, Hyde KD, Al-Ani LKT, Tedersoo L, Haelewaters D, Rajeshkumar KC, 
Zhao RL, Aptroot A, Leontyev DV, Saxena RK, Tokarev YS, Dai DQ, Letcher PM, Ste-
phenson SL, Ertz D, Lumbsch HT, Kukwa M, Issi IV, Madrid H, Phillips AJL, Selbmann 
L, Pfliegler WP, Horváth E, Bensch K, Kirk PM, Kolaříková K, Raja HA, Radek R, Papp V, 
Dima B, Ma J, Malosso E, Takamatsu S, Rambold G, Gannibal PB, Triebel D, Gautam AK, 
Avasthi S, Suetrong S, Timdal E, Fryar SC, Delgado G, Réblová M, Doilom M, Dolatabadi 
S, Pawłowska JZ, Humber RA, Kodsueb R, Sánchez-Castro I, Goto BT, Silva DKA, de Souza 
FA, Oehl F, da Silva GA, Silva IR, Błaszkowski J, Jobim K, Maia LC, Barbosa FR, Fiuza 

https://doi.org/10.1093/bioinformatics/12.4.357
https://doi.org/10.1007/BF02338839
https://doi.org/10.1007/BF02338839
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.5248/119.329
http://www.speciesfungorum.org/
https://doi.org/10.1139/cjb-2017-0012
https://doi.org/10.1139/cjb-2012-0306
https://doi.org/10.1007/s13225-018-0408-6
https://doi.org/10.1007/s11557-012-0868-0
https://doi.org/10.1016/B978-0-12-372180-8.50042-1


New species of Rhytismataceae from Guizhou Province, China 105

PO, Divakar PK, Shenoy BD, Castañeda-Ruiz RF, Somrithipol S, Lateef AA, Karunarathna 
SC, Tibpromma S, Mortimer PE, Wanasinghe DN, Phookamsak R, Xu J, Wang Y, Tian F, 
Alvarado P, Li DW, Kušan I, Matočec N, Mešić A, Tkalčec Z, Maharachchikumbura SSN, 
Papizadeh M, Heredia G, Wartchow F, Bakhshi M, Boehm E, Youssef N, Hustad VP, Lawrey 
JD, Santiago ALCMA, Bezerra JDP, Souza-Motta CM, Firmino AL, Tian Q, Houbraken J, 
Hongsanan S, Tanaka K, Dissanayake AJ, Monteiro JS, Grossart HP, Suija A, Weerakoon 
G, Etayo J, Tsurykau A, Vázquez V, Mungai P, Damm U, Li QR, Zhang H, Boonmee S, Lu 
YZ, Becerra AG, Kendrick B, Brearley FQ, Motiejūnaitė J, Sharma B, Khare R, Gaikwad S, 
Wijesundara DSA, Tang LZ, He MQ, Flakus A, Rodriguez-Flakus P, Zhurbenko MP, Mc-
Kenzie EHC, Stadler M, Bhat DJ, Liu JK, Raza M, Jeewon R, Nassonova ES, Prieto M, Jay-
alal RGU, Erdoğdu M, Yurkov A, Schnittler M, Shchepin ON, Novozhilov YK, Silva-Filho 
AGS, Gentekaki E, Liu P, Cavender JC, Kang Y, Mohammad S, Zhang LF, , Xu RF, Li YM, 
Dayarathne MC, Ekanayaka AH, Wen TC, Deng CY, Pereira OL, Navathe S, Hawksworth 
DL, Fan XL, Dissanayake LS, Kuhnert E, Grossart HP, Thines M (2020) Outline of fungi and 
fungus-like taxa. Mycosphere 11: 1060–1456. https://doi.org/10.5943/mycosphere/11/1/8

Wijayawardene NN, Hyde KD, Lumbsch HT, Liu JK, Maharachchikumbura SSN, Ekanayaka 
AH, Tian Q, Phookamsak R (2018) Outline of Ascomycota: 2017. Fungal Diversity 88: 
167–263. https://doi.org/10.1007/s13225-018-0394-8

Wu Y, Wang SJ, Meng YQ, Tang YP, Lin YR (2015) Terriera fici sp. nov. on Ficus vasculosa from 
Hainan Province, China. Mycotaxon 130: 1111–1116. https://doi.org/10.5248/130.1111

Yang ZZ, Lin YR, Hou CL (2011) A new species of Terriera (Rhytismatales, Ascomycota) from 
China. Mycotaxon 117: 367–371. https://doi.org/10.5248/117.367

Zhang JF, Liu JK, Hyde KD, Chen YY, Liu YX, Liu ZY (2017a) Two new species of Dyf-
rolomyces (Dyfrolomycetaceae, Dothideomycetes) from karst landforms. Phytotaxa 313: 
267–277. https://doi.org/10.11646/phytotaxa.313.3.4

Zhang JF, Liu JK, Hyde KD, Liu YX, Bahkali AH, Liu ZY (2016) Ligninsphaeria jonesii gen. et. 
sp. nov., a remarkable bamboo inhabiting ascomycete. Phytotaxa 247: 109–117. https://
doi.org/10.11646/phytotaxa.247.2.2

Zhang JF, Liu JK, Hyde KD, Yang W, Liu ZY (2017b) Fungi from Asian Karst formations II. 
Two new species of Occultibambusa (Occultibambusaceae, Dothideomycetes) from karst 
landforms of China. Mycosphere 8: 550–559. https://doi.org/10.5943/mycosphere/8/4/4

Zhang JF, Liu JK, Jeewon R, Wanasinghe DN, Liu ZY (2019) Fungi from Asian Karst forma-
tions III. Molecular and morphological characterization reveal new taxa in Phaeospha-
eriaceae. Mycosphere 10: 202–220. https://doi.org/10.5943/mycosphere/10/1/3

Zhang JF, Liu JK, Ran HY, Khongphinitbunjong K, Liu ZY (2018) A new species and new 
record of Lophiotrema (Lophiotremataceae, Dothideomycetes) from karst landforms in 
southwest China. Phytotaxa 379: 169–179. https://doi.org/10.11646/phytotaxa.379.2.5

Zhang TT, Tong X, Lin YR, Hou CL (2015) A new species and a new combination of Terriera 
based on morphological and molecular data. Mycological Progress 14: 1–6. https://doi.
org/10.1007/s11557-015-1078-3

Zhaxybayeva O, Gogarten JP (2002) Bootstrap, Bayesian probability and maximum likelihood 
mapping: exploring new tools for comparative genome analyses. BMC Genomics 3: 1–4. 
https://doi.org/10.1186/1471-2164-3-4

https://doi.org/10.5943/mycosphere/11/1/8
https://doi.org/10.1007/s13225-018-0394-8
https://doi.org/10.5248/130.1111
https://doi.org/10.5248/117.367
https://doi.org/10.11646/phytotaxa.313.3.4
https://doi.org/10.11646/phytotaxa.247.2.2
https://doi.org/10.11646/phytotaxa.247.2.2
https://doi.org/10.5943/mycosphere/8/4/4
https://doi.org/10.5943/mycosphere/10/1/3
https://doi.org/10.11646/phytotaxa.379.2.5
https://doi.org/10.1007/s11557-015-1078-3
https://doi.org/10.1007/s11557-015-1078-3
https://doi.org/10.1186/1471-2164-3-4


Jin-Feng Zhang et al.  /  MycoKeys 76: 81–106 (2020)106

Zheng Q, Lin YR, Yu SM, Chen L (2011) Species of Rhytismataceae on Lithocarpus spp. from 
Mt Huangshan, China. Mycotaxon 118: 311–323. https://doi.org/10.5248/118.311

Zhou F, Wang XY, Zhang L, Lin YR (2012) Terriera angularis sp. nov. on Illicium simonsii from 
China. Mycotaxon 122: 355–359. https://doi.org/10.5248/122.355

Zoller S, Scheidegger C, Sperisen C (1999) PCR primers for the amplification of mitochon-
drial small subunit ribosomal DNA of Lichen-forming Ascomycetes. The Lichenologist 
31: 511–516. https://doi.org/10.1006/lich.1999.0220

Supplementary material 1

Dataset for molecular analyses
Authors: Jin-Feng Zhang, Jian-Kui Liu, Kevin D. Hyde, Anusha H. Ekanayaka, Zuo-
Yi Liu
Data type: phylogenetic
Explanation note: The dataset of combined of LSU_ITS_mtSSU to build the phylo-

genetic tree.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.76.58465.suppl1

https://doi.org/10.5248/118.311
https://doi.org/10.5248/122.355
https://doi.org/10.1006/lich.1999.0220
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.76.58465.suppl1

	Morpho-phylogenetic evidence reveals new species in Rhytismataceae (Rhytismatales, Leotiomycetes, Ascomycota) from Guizhou Province, China
	Abstract
	Introduction
	Materials and methods
	Collection, examination, isolation and specimen deposition
	DNA extraction, PCR and phylogenetic analyses

	Results
	Phylogenetic analyses

	Taxonomy
	Hypoderma paralinderae J.F. Zhang & Z.Y. Liu, sp. nov.
	Terriera karsti J.F. Zhang & J.K. Liu, sp. nov.
	Terriera meitanensis J.F. Zhang & Z.Y. Liu, sp. nov.
	Terriera sigmoideospora J.F. Zhang & K.D. Hyde, sp. nov.

	Discussion
	Acknowledgements
	References

