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Abstract

Wildlife parks play a positive role in strgthening the publicity and education of wildlife
protection, rational utilization of wildlife resources, and seetonomic development. Due to
anthropogenic influences, wildlife parks are characterized by highly heterogeneous environments,
which inevitaby harbor a great diversity of fungal taxa. Few systematic surveys of soil fungal taxa
in wildlife parks have been reported. We investigated fungal taxa in the soil of Guizhou Wildlife
Park, China, using cultim@ependent methods to enrich the informatiarfungal diversity in such
habitats. Preliminary internal transcribed spacer (ITS) analyses showed that 223 taxa were obtained
in this study. Such taxa belonged to 126 genera, 10 undefined genera, 12 clastesephgila.
This study identifies and dedoes one new order, one new family, two new gené&d, new
species,two new combinatiog one new record from Chinand one asexual morgdased on
morphological and phylogenetic distinctiodaiberculiformaceaés introduced as a new familiy
the new oder Tuberculiformaleswith Tuberculiformaas the type genu$n addition,a new genus,
Paragongromerizawith Paragongromeriza sinensés the type species introduced Taxonomic
novelties: New sectigrGuizhouorums introducedn Penicillium The rovel specieddentified in
this study are Amorocoelophoma sinensisAphanoascus guizhouensig\piospora olivata
Bisifusarium sinenseldriella longispora Marguandomyces sinensibligrograna guizhouensis
Paragongromeriza sinensisParasarocladium sinensePenicillium guizhouense Phaeodothis
sinensis Pseudogymnoascus wildlifiparkensisQuasiconcha sinensis Scolecobasidium
guizhouense Scolecobasidium  inverellipsoidisporum Scolecobasidium  parahumicola
Talaromyces longistipesTalaromyces parapalmad uberaliforma sinensisVolutella sinensis
Yunnanomyces sexualiNew combinatios, Keithomyces echinosporuand Tuberculiforma
catenatusNew record in ChingScolecobasidium longiphoruand the asexuahorphof Nemania
rubi are given as the first reporiBhis work further demonstrated thatldlife park encompasses a
high fungal diversity, including many previously unknown specigsich enhances our
comprehension of soil fungal diversity within urban environments.

Keywords i Ascomycotai new taxai Paragongromerizai soil fungi i Tuberculiformai
Tuberculiformacea& Tuberculiformales

INTRODUCTION
Fungi represent one of the most diverse groups of organisms on the planet and play an
essential role in ecosystem processes and functioning (Hyde RE® et & 2023). Such high
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fungal diversity is partly because many are cosmopolitan, with a wider geographical distribution
than plants and other organisms (Hernaridegtrepo et al. 2017). Additionally, many habitats and
substrates remain unexplored as far agjifare concerned and might support many undescribed
species (HernandeRestrepo et al. 2017). The number of fungi has always been intriguing (Hyde
2022). In recent years, new DNA sequencing technologies have revolutionized studies of fungal
taxonomy and ersity, leading to changes in the estimates of fungal species numbers ranging
from 2.2 to 3.8 based on host association (Hawksworth & Liicking 2017) and 11.7 to 13.2 million
species using cultwiadependent methods such as metabarcoding and metageliGheek et al.

2020 Hawksworth& Licking 2017 Nilsson et al. 2019Peay et al. 2016Tedersoo et al. 2014).

These studies highlight the gap between the formally described fungal taxa and the estimated
diversity, suggesting that only 5%0% of all fungal pecies have been described (James et al.
2020). As far as fungal taxonomy, pure culture methods are still fundamental. Pure cultures of
fungi make studying many aspects of their biology possible, which will help us understand their
function in natural ecgstems. More importantly, cultures are valuable for linking sexual and
asexual morphs and understanding functional guilds and can be preserved as isolates (as dry and
living) in reference collections (Yasanthika et al. 2022). Unfortunately, to date, magal ftaxa

do nothave pure cultures. Researchers have worked hard on this and have developed many new
fungi isolation methods. For example, Yasanthika et al. (2022) systematically reviewed various
methods for isolating fungi from soil, such as baiting dihation plate methods.

Numerous studies have shown that fungi are found in marine, cave, forest, volcanic,
mountain, desert, freshwater aquatic systems, lake, grassland, and indoor environments (Hyde et al.
2022). However, the composition of fungi in @ranments closely related to human life and health
(e.g., in hospitals, campuses, and wildlife parks) has not received enough attention. Guizhou
Wildlife Park is located within the Lengshuigou slidld of the Zhazuo Forestry Farm of Guizhou
Province in Zlazuo Town, Xiwen County, Guiyang City, covering an area of about 5,000 acres.
This is a parainimals and forest landscape display viewing as the maintirseldition,in Guizhou
Wildlife Park wildlife relocation protection, popularization of science edtion, breedingand
scientific research, is for the public to provide excursions and sightseeing, rest, and recreation of
the comprehensive wildlife park. There are 536 wild anispdciesin Guizhou Wildlife Park,
many of which are under national protent In addition, the topography of the park is changeable,
with gentle slopes, mountain cols, broad valleys, mountain peaks, stone forests, karst caves, and
other karst landforms, and the soil heterogeneity is exceptionally high. The fungal diversity and
resources in wildlife parks are of great significance. Theretbeepurposes of this study were as
follows: (1) To investigatethe diversity andcompositionof soil fungi in wildlife park (2) To
provide the description and illustration of the nfewmgaltaxa.

MATERIALS AND METHODS

Sample collection and Fungal isolation

Soil samples were collected from the green belts of Guizhou Wildlife Park in southwest
China on July 17, 2022. Samples were collectetD3Im below the soil surface, placed in Ziploc
plastic bags preserved at°€, brought back to the laboratory, and processed immediately. Three
di fferent modified media were used to maxi mi:
(KH2PQy 1 g/L, MgSQ 0.5 g/L, peptone 5 g/L, glucose 2 g/L, agar A0 4% Bengal red aqueous
solution 3.3 mL/L), Sabourauddés dextrose agar
1% Bengal red aqueous solution 3.3 mL/ L), an
peptone 10 g/L, dextrose 40 g/L, aglrdIL, yeast extract 2 g/L, 1% Bengal red aqueous solution
3.3 mL/L).

Fungi were isolated following the dilution plate method (Zhang et al.&023otal of 2 g of
each collected sample was suspended in 20 ml of sterile water in a 50 ml sterile taskcdlhe
conical flasks were thoroughly shaken using a Vortex vibration meter. The suspension was then
diluted to a concentration of #0Then, 1 ml of the diluted sample was transferred to a sterile Petri
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di sh, and Martinds me b0 mgih,peniSilinfand 5 MgA treptamydna i n i
was added and mixed. Three replicates of each medium. The plates were incubatéiifat 252

weeks, and single colonies were selected from the plates and inoculated into new potato dextrose
agar (PDA, potat@00 g/L, dextrose 20 g/L, agar 20 g/L) plates.

Additionally, according to the description of Li et al. (2022), the soil was treated with the
baiting technique, followed by the isolation
chicken featkrs were placed in a sterile petri dish after adding the soil sample, wetted with distilled
water, and incubated at room temperature for one month (Zhang et al. 2021a). Then, the strains
were isolated using the same methods and media described above.

DNA extraction, PCR amplification and sequencing

Total genomic DNA was extracted from fungal mycelia using a 5% cti€l@xsolution. The
internal transcribed spacer (ITS) sequences of all isolates were amplified and sequenced. According
to Zhang et al. (2021pjhe isolates whose ITS sequences are less than 97% similar to the closest
strain were recognized as potential new species, and more of their loci were amplified for
phylogenetic analysis. However, different loci are often required in the phylogeneiysisrtd
different taxa, so this study also amplified different loci for different taxa, as shown in Table 1. The

amplification reactions were performed in 25
(10 ng/el), 1 Ol forwaedserpmeme(101@MyM) 1 &
Master Mix (containing Taq polymerase, dNTP, and?&angon Biotech Co., Ltd, Shanghai,

China), and 8.5 ¢l sterile water (Zhang et al

(Bio-Rad, California USA), and the resulting amplified PCR products were sequenced in both
directions using PCR primers. The PCR products were visualized on a 1% agarose gel stained with
ethidium bromide, and the positive PCR products were then sent for sequencing to Eategdn
(Shanghai, China). All new sequences generated were deposited to GenBank (Table 2).

Morphological observation

Fungi cultures were cultivated on fresh malt extract agar (MEA), oatmeal agar (OA), potato
dextrose agar (PDA), and synthetic nutripodr agar (SNA) and incubated at 25 in the dark for
3i5 weeks. Colony diameter and characteristics were measured after 14 days of incubation.
The cultures were observed micro morphologically after they produced reproductive structures.
The characterizatn and measurement of fungal microscopic characteristics were performed in
25% clear lactic acidThe doservations were performed with an OLYMPUS BX53 compound
microscope with differential interference contrast (DIC) optics. Photomicrographs and
measuremas were taken with an OLYMPUS DP73 hidgfinition color digital camera using
cellSens v.1.18.

Descriptions of novelties and taxonomic recombination were deposited in MycoBank and
Facesoffungi, and the type strains for the novel taxa represented bycivinges were deposited
at the China General Microbiological Culture Collection Center (CGMCC), China. Additionally,
type collections (dried at 50C) and all living cultures of the novel taxa were deposited in the
College of EceEnvironmental Engineeringsuizhou Minzu University, China.

Phylogenetic analyses
DNASTAR Lasergene SegMan Pro v. 7.1.0 (44.1) was used to edit ambiguous bases at both
ends of the raw forward and reverse reads and to assemble them. The collation of sequences
(including name simjfication and renaming) was performed using TBtools software (Chen et al.
2020). Sequence alignments were generated with MAFFT v. 7 using the default settingst(Katoh
Standley 2013) and manually edited in MEGA v
Sequenceo function in PhyloSuite v.1.2.3 (Xia
The maximum likelihood (ML) and Bayesian inference (Bl) methods were used for
phylogenetic inferences of each concatenated alignment. The best substitotigioevnodel for
each data partition was estimated using ModelFinder v2.2.0 (Kalyaanamoorthy et al. 2017) in
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PhyloSuite v.1.2.3 (Xiang et al. 2023) before the ML and BI analyses. ML analyses were
performed using IFREE v2.2.0 (Nguyen et al. 2015) withtralfast bootstrapping (UFBoot2;
Hoang et al. 2018) in PhyloSuite v.1.2.3 (Xiang et al. 2023). Bayesian analyses were performed
using MrBayes v. 3.2.6 (Ronquist et al. 2012). Markov chain Monte Carlo sampling (MCMC)
analyses of four chains were started arghlel using a random tree topology. Four simultaneous
Markov chains were run for 10 M generations. Trees were sampled every 1,000 generations or until
the run was stopped automatically when the average standard deviation of split frequencies fell
below Q01. The first 25% of the trees were discarded as theibyhase of each analysis, and the
remaining trees were used to calculate the posterior probabilities (PP). The resulting trees were
plotted using FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/ soéitfigtree) and edited using Microsoft
Paint.  Alignments  derived from this study were uploaded to Figshare
(Doi: 10.6084/m9.figshare.24495265).

RESULTS

Ten samples were collected from Guizhou Wildlife Park, and 223 fungal taxa were isolated
(Supplementar Table 1).By conducting a BLASTn search in GenBank using the ITS sequences,
in conjunction with assessments of morphology and phylogeny, it was determined that these taxa
were belonged to 126 genera, 10 undefined genera, 12 classes, and three phiganéatqy
Table 1).

Untreated Hair baiting
(163 taxa) (78 taxa)
a
WZC (79 taxa) WZBC (41 taxa)

WZA WZB WZBA WZBB
(69 taxa) (78 taxa) (43 taxa) (39 taxa)
b c

Figure 11 Venn diagram of fungal taxa numbers obtained from different treatments and mediums

in this study. a) Venn diagrams showing shared and unique taxa numbers in untreated soils, WZA,
WZB, and WZC indicate taxa obtained fromtur eat ed soil s wusing Mar i
medium, respectively. b) Venn diagrams showing shared and unique taxa numbers in feather
treatment soils, WZBA, WZBB, and WZCB indicate taxa obtained from untreated soils using
Martinods, SDA, aspattivelyDAY medi um, re
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Table 1Details of genes/loci with PCR primers used in different taxa.

Genera name Genes/loci Primers References
Amorocoelophomaphanoascus SSuU NS1/NS4 White et al.(1990
Nigrograna ParasarocladiumQuasiconcha ITS ITS1/ITS4 White et al. (1990)
TuberculiformaVolutella LSU LROR/LR7 Vilgalys & Hester(1990, Moncalvo et al(2000
EF1A EF1-983F/EF12218R Rehner & Buckley2005
RPB2 RPB25f/RPB27cR Liu et al.(1999
TUB Bt-2a/Bt2b Glass & Donaldsoli1995
Apiospora Scolecbasidium Yunnanomyces SSU NS1/NS4 White et al. (1990)
ITS ITS1/1TS4 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000)
EF1A EF1-728F/EF2 Carbone & Kohn (1999),
RPB2 RPB25f/RPB27cR Liu et al.(1999)
TUB Bt-2a/Bt2b Glass & Donaldson (1995)
Bisifusarium SSuU NS1/NS4 White et al. (1990)
ITS ITS1/1TS4 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000)
EF1A EF1/EF2 O6Donne(998 et al
RPB2 RPB25f/RPB27cR Liu et al.(1999
TUB Bt-2a/Bt2b Glass & Donaldsoi(i1995
Idriella SSU NS1/NS4 White et al. (1990)
ITS ITS1/1TS4 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000)
EF1A EF1-983F/EF12218R Rehner & Buckley2005
RPB2 RPB25f/RPB27cR Liu et al.(1999
TUB Btub526F/Btub1332R Jewell& Hsiang(2013
KeithomycesMarquandomyces SSuU NS1/NS4 White et al. (1990)
Phaeodothis ITS ITS1ITS4 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et.dR000)
EF1A EF1-983F/EF12218R Rehner & Buckley2005
RPB2 RPB25f/RPB27cR Liu et al.(1999
Nemania SSuU NS1/NS4 White et al. (1990)
ITS ITS1/1TS4 White et al. (1990)
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Table 1 Continued.

Genera name Genes/loci Primers References
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000)
RPB2 RPB25f/RPB27cR Liu et al. (1999)
TUB Bt-2a/Bt2b Glass & Donaldson (1995)
Paragongromeriza SSuU NS1/NS4 White et al. (1990)
ITS ITS4/ITS5 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (190), Moncalvo et al. (2000)
EF1A EF1-983F/EF12218R Rehner & Buckley (2005)
RPB2 RPB25f/RPB27cR Liu et al. (1999)
TUB Bt-T1/Bt-2b O6Donnel | & Cigelnik (1
(1995)
Penicillium, Talaromyces SSuU NS1/NS4 White et al. (1990)
ITS ITS1/1TS4 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000)
EF1A EF1-983F/EF12218R Rehner & Buckley (2005)
RPB2 RPB25f/RPB27cR Liu et al. (1999)
TUB Bt-2a/Bt2b Glass & Donaldson (1995)
CaM CF1d/CF4 Peterson (24)
Pseudogymnoascus ITS ITS1/ITS4 White et al. (1990)
LSU LROR/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000)
EF1A EF1-983F/EF12218R Rehner & Buckley (2005)
MCM7 Mcm7-709f/Mcm7-1348r Schmitt et al. (2009)

Table 2lIsolates and sequence agsien numbers of new taxa in this study.

Species Isolates GenBank accession numbers
SSuU ITS LSU RPB2 EF1A TUB CaM McM7
Quasiconcha sinensis CGMCC 3.25498 = OR680859 OR680490 ORG680557 ORB842907 OR865892 OR843197
ZY22.011T
Quasiconcha sinensis ZY22.012 OR680860 OR680491 OR680558 OR842908 OR865893 OR843198
Quasiconcha sinensis 7Y22.013 OR680861 OR680492 OR680559 OR842909 OR865894 OR843199
Amorocoelophoma sinensi CGMCC 3.25499 = OR680862 OR680493 OR680560 OR842910 OR858892 OR843200

ZY22.014T1
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Table 2 Continued.

Species Isolates GenBank accession numbers
SSuU ITS LSU RPB2 EF1A TUB CaM McM7

Amorocoelophoma ZY?22.015 OR680863 OR680494 OR680561 OR842911 OR858893 ORB843201
sinensis
Amorocoelophoma ZY22.016 OR680864 OR680495 OR680562 OR842912 OR858894 0OR843202
sinensis
Phaeodothis sinensis CGMCC 3.25500 = OR680865 OR680496 OR680563 OR842913 OR858895

ZY22.017T
Phaeodothis sinensis Z7Y22.018 OR680866 OR680497 OR680564 OR842914 ORB858896
Nigrograna guizhouensis CGMCC 3.25501 = OR680867 OR680498 OR680565 ORB842915 OR858897 OR843203

ZY22.019T
Nigrograna guizhouensis ZY22.020 OR680868 OR680499 OR680566 OR842916 OR858898 OR843204
Nigrograna guizhouensis ZY22.021 OR680869 OR680500 OR680567 OR842917 OR858899 ORB843205
Scolecobasidium CGMCC 3.25502 = OR680870 OR680501 OR680568 OR842918 OR858900 OR843206
guizhouense ZY22.022T
Scolecobasidium 7Y22.023 OR680871 OR680502 OR680569 OR842919 OR858901 ORB843207
guizhouense
Scolecobasidium 2Y22.024 OR680872 OR680503 OR680570 OR84920 OR858902 OR843208
guizhouense
Scolecobasidium CGMCC 3.25503 = OR680873 OR680504 OR680571 OR842921 ORS858903 OR843209
parahumicola ZY22.025T
Scolecobasidium 2Y22.026 OR680874 OR680505 OR680572 OR842922 OR858904 OR843210
parahumicola
Scolecobasidium CGMCC 3.25504 = OR680875 OR680506 OR680573 OR842923 OR858905 OR843211
inverdlipsoidisporum ZY22.027T
Scolecobasidium 7Y22.028 OR680876 OR680507 OR680574 OR842924 OR858906 OR843212
inverellipsoidisporum
Scolecobasidium Z2Y22.029 OR68®B77 OR680508 OR680575 OR842925 OR858907 OR843213
inverellipsoidisporum
Scolecobasidium ZY?22.030 OR680878 OR680509 OR680576 ORB842926 OR858908 OR843214
inverellipsoidisporum
Scolecobasidium CGMCC 3.25506 = OR680879 OR680510 OR680577 OR842927 OR858909 OR843215
tshawytschae ZY22.031
Scolecobasidium CGMCC 3.25505 = OR680880 OR680511 OR680578 OR842928 ORS858910 OR843216
longiphorum ZY22.032
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Table 2 Continued.

Species Isolates GenBank accession numbers
SSuU ITS LSU RPB2 EF1A TUB CaM McM7
Yunnanomyces sexualis CGMCC 3.2597 = OR680512 OR680579 OR842929 OR858911 OR843217
ZY22.033T
Yunnanomyces sexualis ZY22.034 OR680513 OR680580 OR842930 OR858912 OR843218
Penicillium guizhouense  CGMCC 3.25508 = OR680881 OR680514 OR680581 ORB842931 OR858913 OR843219 OR82840
ZY22.035T
Penicillium guizhouense  ZY22.036 OR680882 ORG680515 OR680582 OR842932 OR858914 OR843220 OR828451
Penicillium guizhouense  ZY22.037 OR680883 OR680516 OR680583 OR842933 OR858915 OR843221 OR828452
Penicillium guizhouense  ZY22.038 OR680884 OR680517 OR68584 OR842934 OR858916 OR843222 OR828453
Talaromyces longistipes CGMCC 3.25509 = OR680885 OR680518 OR680585 OR842935 OR865895 OR843223 OR828454
ZY22.039T
Talaromyces ZY?22.040 OR680886 OR680519 OR680586 OR842936 OR865896 OR843224 OR828455
longistipes
Talaromyces parapalmae CGMCC 3.25510 = OR680520 OR680587 OR842937 OR865897 ORB843225 OR828456
ZY22.041T
Talaromyces parapalmae Z2Y22.042 OR680521 OR680588 OR842938 OR865898 OR843226 OR828457
Talaromyces parapalmae ZY22.043 OR680522 OR680589 OR8429® OR865899 ORB843227 OR828458
Aphanoascus guizhouensi CGMCC 3.25511 = OR680887 OR680523 OR680590 OR842940 ORS858917 OR843228
ZY22.044T
Aphanoascus guizhouensi: ZY22.045 OR680888 OR680524 OR680591 OR842941 OR858918 OR843229
Tuberculiforma sinensis  CGMCC 3.25512 = OR680889 OR680525 OR680592 OR842942 OR858919 OR843230
ZY22.046T
Tuberculiforma sinensis ~ ZY22.047 OR680890 OR680526 OR680593 OR842943 OR858920 OR843231
Tuberculiforma sinensis ~ ZY22.048 OR680891 OR680527 OR680594 OR842944 OR858921 OR84232
Tuberculiforma sinensis ~ Z2Y22.049 OR680892 OR680528 OR680595 OR842945 OR858922 0ORB843233
Pseudogymnoascus CGMCC 3.25513 = OR680529 OR680596 OR858923 OR820946
wildlifiparkensis ZY22.050T
Pseudogymnoascus ZY22.051 OR680530 OR680597 OR858924 OR820947
wildlifiparkensis
Apiospora olivata CGMCC 3.25514 = OR680893 OR680531 OR680598 OR842946 OR858925 OR843234
ZY22.052T
Apiospora olivata ZY?22.053 OR680894 OR680532 OR680599 OR842947 OR858926 OR843235
Apiospora olivata ZY22.054 OR680895 OR68(G33 OR680600 OR842948 OR858927 OR843236
Apiospora olivata ZY22.055 OR680896 OR680534 OR680601 OR842949 OR858928 0OR843237
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Table 2 Continued.

Species Isolates GenBank accession numbers
SSU ITS LSU RPB2 EF1A TUB CaM McM7
Paragongromeriza sinensit CGMCC 3.25515 = OR680897 ORG680535 OR680602 OR842950 OR858929 OR843238
ZY22.056T
Paragongromeriza sinensit ZY22.057 OR680898 OR680536 OR680603 OR842951 OR858930 OR843239
Paragongromeriza sinensi: ZY22.058 OR680899 ORG680537 OR680604 OR842952 OR858931 OR843240
Paragongromeriza sinensi: ZY22.059 OR680900 ORG680538 OR680605 OR842953 ORS858932 OR843241
Paragongromeriza sinensit ZY22.060 OR680901 OR680539 OR680606 ORB842954 OR858933 OR843242
Marquandomyces CGMCC 3.25516 = OR680902 OR680540 OR680607 OR842955 OR858934
marquandii ZY22.061
Marquandomyces 2Y22.062 OR680903 OR680541 OR680608 OR842956 OR858935
marquandii
Keithomyces echinosporus CGMCC 3.25517 = OR680904 OR680542 OR680609 OR842957 OR858936
ZY22.063
Marquandomyces sinensis CGMCC 3.2518 = OR680905 OR680543 OR680610 OR842958 OR858937
ZY22.064T
Marquandomyces sinensis ZY22.065 OR680906 ORG680544 OR680611 OR842959 ORS858938
Bisifusarium sinense CGMCC 3.25519 = OR680907 OR680545 OR680612 OR842960 OR858939 0OR843243
ZY22.066T
Bisifusarium sinense 7Y22.067 OR680908 ORG680546 OR680613 OR842961 OR858940 OR843244
Bisifusarium sinense 2Y22.068 OR680909 OR680547 OR680614 OR842962 OR858941 OR843245
Volutella sinensis CGMCC 3.25520 = OR680910 OR680548 OR680615 OR842963 OR&8942 OR843246
ZY22.069T
Volutella sinensis ZY22.070 OR680911 OR680549 OR680616 OR842964 OR858943 OR843247
Parasarocladium sinense CGMCC 3.25521 = OR680912 OR680550 OR680617 ORB842965 OR865900 OR843248
ZY22.071T
Parasarocladium sinense ZY22.072 OR680913 OR®B0551 OR680618 OR842966 OR865901 OR843249
Idriella longispora CGMCC 3.25522 = OR755847 OR680552 OR680619 OR842967 OR858944 OR843250
ZY22.073T
Idriella longispora ZY22.074 OR755848 ORG680553 OR680620 OR842968 OR858945 OR843251
Idriella longispora ZY22.075 OR755849 OR680554 OR680621 OR842969 OR858946 OR843252
Nemania rubi CGMCC 3.25523 = OR680914 OR680555 OR680622 OR842970 OR843253
ZY22.076
Nemania rubi ZY22.077 OR680915 OR680556 OR680623 OR842971 OR843254

Ex-type strains are indicated Wit .
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A total of 163 taxa were isolated from the untreated soil samples, and they belonged to 99
genera, 12 classes, three phyla, one undefined genus in Lecanoromycete, three undefined genera in
Sordariomycetes, and four undefined genera in Fungi (SupptargeTable 1). A total of 78 taxa
were obtained from the feathenriched soil, and they belonged to 52 genera, seven classes, three
phyla, and one undefined genus in fungi (Supplementary Table 1). Significantly more of the former
than the latter, showinghat baits function as environmental stressors that specifically enrich
holobionts with specific functions (Yasanthika et al. 2022) but reduce the diversity of many taxa
with a wide range of nutrient sources, and thus the composition of the fungal cdrsnimthe
samples.

A comparison of the isolation effects of different mediums revealed no significant difference
in the number of fungal taxa i1isolated using
both from untreated soil and from featteichel treated soil. Still, some endemic taxa were
isolated using each medium (Fig. 1). There are vast treasures of fungi in the natural environment
that have not been purely cultured or formally described. Different tools (media with different
compositions) aalead to more fruitful digging.

Taxonomy

In this study, each novel taxon was treated using the latest and most comprehensive
publications of that particular taxa. Based on morphological and phylogenetic distinctions, this
studyidentifies and describeslZhew specieswo new combinatiog onenew record from China,
and adds the asexuabrphof the known specief§N\emania ruhi

97/1  Lophium mytilinum AFTOL ID1609

Lophium zalerioides MFLUCC 14.0417

100/1 Lophium mytilinum CBS 114111

100/1 | Mpytilinidion resinicola CBS 304.34
Mytilinidion rhenanum EB 0341

—  Lophium mytilimum CBS 123344

— Pseudocamaropycnis pini CBS 115589

100/1 | Mytilinidion thujarum EB 0268

98/1 Mytilinidion andinense EB 0330

100/1 [ Mtilinidion acicula EB 0349

78/0.98 Mytilinidion acicula EB 0379
— Mytilinidion mytilinellum CBS 303.34

Mytilinidion australe CBS 301.34

100/1

94/- L CGMCC3.25498 T
78/?% %99 ZY22.012 Quasiconcha sinensis
]00“‘ 7Y22.013

Quasiconcha reticulata EB QR
Halokirschsteiniothelia maritima CBS 221.60
Mytilinidion tortile EB 377

94/1 Glonium circumserpens CBS 123343
T 006 Glonium stellatum CBS 207.34

Figure 21 Phylogram generated from maximum likelihood analysis based on combined SSU, ITS,
LSU, RPB2 andEF1Asequence dat&stimated base frequencies were as follows; A = 0.256, C =
0.228, G = 0.264, T = 0.252; substitution rates AC = 1.14377, AG = 6.57495, AT = 3.94689, CG =

1.12724, CT = 13.85930, GT = 1.00000; gamma
topologyof .. anal ysis is similar to Bl anal ysi s. E
BYPP O 0.7 are defined as -)BféséhPsuppdritoalues lasdiiean n o
70% in ML and 0.7 in BI. Newl y geesgpeattaie.d sequ
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PhylumAscomycotaCaval-Sm.
ClassDothideomycete®.E. Erikss. & Winka.
Mytilinidiales E. Boehm, C.L. Schoch & Spatafora
Mytilinidiaceae Kirschst.
QuasiconchaM.E. Barr & M. Blackw.

Based on the dataset combined SSU, ITS, LBRB2 and EF1A sequenceshe phylogeny
of Quasiconcha sinensand its related taxa were studi€lonium circumserpenfCBS 123343)
and G. stellatum(CBS 207.34) were used as the outgroup for the phylogenetic analysis. The
concatenated sequences included 21 taxacandisted of 4,018 nucleotides (SSU, 829 bp; ITS,
638 bp; LSU, 809 b@PB2 815 bp; andEF1A 927 bp) with inserted gaps. The phylogenetic trees
showed that three new isolates, CGMCC 3.25498, ZY 22.84@ ZY 22.013 clustered into a
single clade with digh support value (92% BS support [BS]/0.99 posterior probability [mfP])
addition,Q. sinensisandQ. reticulataclustered with moderate support value (78/0(&8. 2).

Figure 31 Quasiconcha sinens{fCGMCC 3.25498).iad Upper and reverse viewss cultures on
PDA, MEA, SNA, and OA 14 d after inoculatiori.he j Asci. i Ascospores. k Conidia. Scale bars:
eik =10 pm.

Quasiconcha sinensighi Y. Zhang & Y. F. Han, sp. nov. Fig. 3
MycoBank number: MB850364-acesoffungi numbeFoF15073
Etymologyi Named after the location China, where the holotype was collected.
Holotypei ZY H-22.011
Descriptioni Hyphae branched, septate, hyaline, smoothi31l ¢ m di a m. Sexua
Ascomatarare, superficial, blackAsci14i16.5 x 11.512.5 um (av. 15.3 x 11.9 um,+30), 8
spored, obovate, pyriform to subglobose, abundant;whifed at maturity; paraphyses not seen.
Ascospores3.5/10.5 x 4.56 um (av. 9.6 x 5.2 um, i 30), brown, broadly ellipsoid, symmetric,
one septate, slightly constricted at septum; coarsely reticulate in surface view, in side view tips of
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ridges protruding as low echinulations, surrounded by lecade outer layer when immature;
uniseriate, straight, oblique or transverse in the ascus. Asexual morph conidiophores simple or
absent, cylindrical, smooth, hyalin€onidiogenous cellsolitary on aerial hyphae, cylindrical to
ampulliform, straight or Igghtly curved, smooth, hyalin€Conidiairregularly chained, subglobose

to globose, hemispherical, pyriform, oval, or irregular, smooth, hyalirf&x44.57 pum (av. 6.1 x

5.7 um, n=30).

Culture characteristics (14 d at 25 °CLolony on PDA 810 mm, fuffy, light Ivory, aerial
mycelium dense, elliptical, margin regular; reverse light Ivory to ochre yellow from centre to
margin. Colony on MEA 79 mm, fluffy, pure white, aerial mycelium dense, elliptical, margin
regular; reverse mouse grey. Colony on SMA mm, flocculent, olive grey to pure white from
centre to margin; reverse olive grey to pure white from centre to margin. Colony oni Q2 rhén,
aerial mycelia sparse, grey white; reverse olive grey to pure white from centre to margin.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.011), extype CGMCC 3.25498 = ZY 22.01ibid. ZY
22.012 ad ZY 22.013.

Notesi In the phylogenetic analyses (FB), Quasiconcha sinensi®rmed a distinct clade
andseparated fron@. reticulataandHalokirschsteiniothelia maritimaAlthoughQ. sinensishad a
similar morphology t®. reticulatg they can be disiguished by their asci and ascospore sizé (14
16.5 x 11.512.5¢e m a nid0.5& 456 ¢ nQ. sinensis4555xG7 . 5 ¢ m8xabhbd 6
e m Q. meticulatg (Barr 1980).Quasiconchasinensisproduces an asexual morph, which is not
observed im. reticulata(Barr 1980).As of now, Q. reticulatais known to haveonly one strain,

EB QR, which lackssequence data f@SU, ITS,RPB2 andEF1A Althoughthe LSU sequences
of CGMCC 3.25498 (type strain @). sinensi$ and EB QR (strain of. reticulatg exhibit high
similarity (99.7%, two base pairs (bp) differences in Hq), the similarity of their SSU, ITS,
RPB2 andEF1Asequencesemains unknowrnFurthermoreQ. reticulatawas foundon undigested
seeds ofJuniperusvirginiana excreted in the dungf Bassariscus astutu@Barr 1980) while
Q. sinensiswas isolated fromsoil. Therefore, we identified our isolates & sinensisand
illustrated it, representing a nespecies

97/1 | Angustimassarina populi MFLUCC 13-0034 T

PN Angustimassarina arezzoensis MFLUCC 13-0578 T Angustimassarina
Angustimassarina italica MFLUCC 15-0082 T
~{ —— Podocarpomyces knysnanus CBS 146076 Podocarpomyces ,
Neoangustimassarina sichuanensis CGMCC 3.20937 T : .
Neoangustlmassarma

1001 Neoangustimassarina sichuanensis UESTC 22.0001

CGMCC 3.25499 T

7Y22.015

85/0.99 7Y22.016

Amorocoelophoma cassiae C259

100/1" gimorocoelophoma cassiae MFLUCC 17-2283 T Amorocoelophoma

Amorocoelophoma neoregeliae CBS 146820 T

Amorocoelophoma camelliae NTUCC 18-097-1 T

Amorocoelophoma camelliae NTUCC 18-097-3 /

-/0.99 Amorocoelophoma camelliae NTUCC 18-097-2

-/0.99 Neothyrostroma encephalarti CBS 146037
1001 Neothyrostroma encephalarti CPC 35999

Alfoldia vorosii CBS 145501 T !

Alfoldia vorosii REF113 Alfoldia

Alfoldia vorosii REF117 3

Amorosia littoralis NN6654 T Amorosia

100/1 [~ Flabellascoma aquaticum KUMCC 15-0258 T
003 — Flabellascoma cycadicola CBS 143644 T

Amorocoelophoma sinensis

100/1

Amorosiaceae
100/1

Neothyrostroma
A

b 95/1
91/1

Figure 47 Phylogram generated from maximum likelihood analysis based on combined SSU, ITS,
LSU, andEF1Asequence data. Estimated base freqgesneere as follows; A = 0.243, C = 0.246,
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G = 0.270, T = 0.241; substitution rates AC = 0.94803, AG = 2.10070, AT = 1.67042, CG =
0.77655, CT = 9.62980, GT =1.00000 gamma di stri buti on shape
topology of ML analysis is similar to Bl an

p ¢
al

BYPP O 0.7 are defined as -)BféséhPsuppdritoalues lasstiean n o c
70%inM. and 0.7 in Bl. Newly generated sequence

Pleosporaled.uttr. ex M.E. Barr
Amorosiaceaélhambug. & K.D. Hyde
Amorocoelophomalayasiri, E.B.G. Jones & K.D. Hyde

Based on the dataset combined SSU, ITS, L&wl EF1A sequencesthe phylogeny of
Amorocoelophoma sinensand its related taxa were studidélabellascoma cycadicoldCBS
143644) andF. aquaticum(KUMCC 15-0258) were used as the outgroup for the phylogenetic
analysis. The concatenated sequences inclu8gdxa and consisted of 2,4 nucleotides (SSU,
862 bp; ITS503bp; LSU, &3 bp; andEF1A 726 bp) with inserted gapshe phylogenetic trees
showed that genera éfmorosiaceaelustered into a group wita high support value (100/Fig.
4). The new isaites, CGMCC 3.25499, ZY 22.015, and ZY 22.016 clustered into a single clade
with a high support value (100/1) and close relationships AittassiaeandA. neoregeliagFig.
4). In addition, three isolates &. camelliaeclustered into a single clade asdparated froni.
cassiag A. neoregeliacandA. sinensigFig. 4), which is consistent with Yu et al. (2022) results.
Therefore, the genusmorocoelophomahould be polyphyletic.

Figure 5 7 Amorocoelophoma sinens{f€CGMCC 3.25499). iad Upper and resrse views of
cultures on PDA, MEA, SNA, and OA 14 d after inoculatidrng €onidiogenous cells and conidia.
hi'i Conidioma wall. j Conidia. Scale bars;je 10 um.
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Amorocoelophoma sinensighi Y. Zhang & Y. F. Han, sp. nov. Fig. 5

MycoBank numberMB850365; Facesoffungi numbeEoF15074

Etymologyi Named after the location China, where the holotype was collected.

Holotypei ZY H-22.014

Descriptioni Hyphaebranched, septate, hyaline, smootti2 1 ¢ m di a m. Sexual
observed. Asexual morph: Coelomimes. Conidiomatapycnidial, solitary to gregarious, ovoid to
globose, brown, covered with hyaline to pale brown, septate, branched hyphal growth as an outer
brown layer.Conidiomata wall two-layered, inner hyaline textura angularis, outer layer textura
angularis brownConidiogenous cell§.511.5x 12 . 5 em ( av. 9.2 1T 1.7 O
ampulliform, doliform, curved, hyaline, smoot@Gonidia3i5.5x 1.52 em ( av. 4.1 1
30), hyaline, aseptate, cylindrical, smoadhd thinwalled.

Culture characteristics (14 d at 25)%CColony on PDA 2528 mm, flocculent, pure white,
nearly round, margin regular; reverse pure white. Colony on MER£L2nm, fluffy, papyrus
white at the centre, pure white at the margin, margin regular; reverse pure white. Colony on SNA
20i 24 mm, floccuént, petaloid, pure white, margin undulated; reverse pure white. Colony on OA
22i 23 mm, fluffy, pure white, flat, compact, sectorization; reverse pure white.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil colleted from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.014), extype CGMCC 3.25499 = ZY 22.01#id. ZY
22.015. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected
from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 202X,uém Zhang
ZY 22.016.

Notesi In the phylogenetic analysedmorocoelophoma sinensiermed a distinct clade
separated from\. cassiaeandA. neoregeliagFig. 4). However,A. sinensidiffers fromA. cassiae
in its presence of ampulliform conidiogenous cells, and smaller conid®a5(%* 1.2 e m i n
A. sinensis9 11 x 23 ¢ nA\. dagsiag (Jayasiri et al. 2019Amorocoelophomainensiscan be
distinguished fromA. neorgeliae by its solitary to gregarious conidiomata and -tagered
conidiomata wallCrous et al. 2021)n addition,they can be distinguished by their low sequence
similarities. In a comparison of SSU, ITS, LSldnd EF1A nucleotidesA. sinensis(Type stran
CGMCC 3.25499 has99.8%, 95.80, 94.3%6, and 96.26 similarity, in SSU (0271031 bp, one
gap), ITS 440461 bp, threegaps), LSU (817864 bp, 37 gags), and EF1A (880/914 bp, no gap),
which is different fromA. cassiagType strain MFLUCC 172283. In a mmparison of ITS, LSU
and EF1A nucleotidesA. sinensiCGMCC 3.25499) ha82.%6, 943%, and95.%% similarity, in
ITS (344370bp, eightgaps), LSU (83851 bp, 37 gapslandEF1A (867907 bp, no gap), which is
different fromA. neoregeliaéType strainCBS 14682

Didymosphaeriacea®lunk
PhaeodothisSyd. & P. Syd.

Based on the dataset combined SSU, Hrfsl LSU sequencethe phylogeny ofPhaeodothis
sinensis and its related taxa were studiedremateia arundicola(MFLU 16-1275) and
T. guiyangensiGZAASO1) were used as the outgroup for the phylogenetic analysis. The
concatenated sequences included 41 taxa and consisted of 2,233 nucleotides (SSU, 940 bp; ITS,
465 bp; and LSU, 828 bp) with inserted gapbe phylogenetic trees showed that genera of
Didymosphaeriaceaare clustered into a growyth a high support value (100/1). Additionally, our
two new isolates, CGMCC 3.25500 and ZY 22.018 clustered into a single clade with a high support
value (99/0.99) and close relationship withwinteri (Fig. 6).

Phaeodothis sinensighi Y. Zhang & Y. F. Han, sp. nov. Fig. 7
MycoBank number: MB850366-acesoffungi numbeFoF15075
Etymologyi Named after the location China, where the holotype was collected.
Holotypei ZY H-22.017
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97/0.99 | Curreya pityophila CBS 149.32

Curreya pityophila  CBS 986.69
Paraphaeosphaeria michotii MFLUCC 15-0041

Paraphaeosphaeria angularis CBS 167.70 T

Karstenula rhodostoma CBS 690.94

Karstenula rhodostoma CBS 691.94

Didymosphaeria rubi-ulmifolii CBS 100299 T

95/~

g Didymosphaeria rubi-ulmifolii. MFLUCC 14-0023
sg//g;; Paracamarosporium hawaiiense CBS 120025 T
-1098 Paracamarosporium psoraleae CPC 21632 T

Pseudocamarosporium lonicerae MFLUCC 13-0532 T
Pseudocamarosporium corni MFLUCC 13-0541 T
Austropleospora keteleeriae MFLUCC 18-1551 T
Austropleospora archidendri CBS 168.77
Paraconiothyrium estuarinum CBS 109850

100/1
85/0.99

100/1
99/1
80/1

Paraconiothyrium cyclothyrioides CBS 972.95
Chromolaenicola nanensis MFLUCC 17-1477
Chromolaenicola chiangraiensis MFLUCC 17-1493
Cylindroaseptospora leucaenae  MFLUCC 17-2424

Curreya

Paraphaeosphdeti@}
o

Karstenula

Didymosphmﬁj

Paracamarosporium

Pseudocamamspaﬁmi

Austropleospora

Chromolaenicola

Paraconiothyriu

100/1 | Letendraea cordylinicola MFLUCC 11-0148 T
Letendraea
Letendraea cordylinicola MFLUCC 11-0150 i
100/1 [~ Spegazzinia deightonii yone 212 S
Spegazzinia
Spegazzinia tessarthra SH287 .
78/0.994 e z

EA S 100/1 | Montagnula cirsii MFLUCC 13-0680
r Montagnula scabiosae  MFLUCC 14-0954 T Montagnyla
100/1 Paramassariosphaeria anthostomoides CBS 615.86
Paramassariosphaeria clematidicola MFLU 16-0172 Paremasserié ]
100/1| Pseudopithomyces chartarum KUMCC 16-0222 5
—‘ ) i ) Pseudopithomyces
Pseudopithomyces kungmingnensis YGS55
73/0.99 100/1 | Phaeodothis mori KUMCC 19-0136
Phaeodothis mori MFLUCC 18-1634
| —1 Phaeodothis winteri CBS 182.58 5
94/0.99 oy e
o1l 90/-] Phaeodothis winteri AFTOL ID 1590 Prococell
’ CGMCC3.25500 T | . . wic sinensi
. . 99/0.990 7v23 018 aeodothis sinensis L
Didymosphaeriacéae — Didymocrea sadasivanii CBS 438.65 Didymocrea
10071 100/1 | Deniquelata barringtoniae MFLUCC 11-0257 -
em.que ata arrI-ng om.ae Denigueliis
| Deniquelata barringtoniae MFLUCC 11-0422
Bimuria novae-zelandiae CBS 107.79 T Bimuria
100/1 | Tremateia arundicola MFLU 16-1275
0.02 Tremateia guivangensis GZAASO]

Figure 67 Phylogram generatddom maximum likelihood analysis based on combined SSU, ITS,

and LSU sequence datastimated base frequencies were as follows; @245 C =0.228 G =

0.278 T =0.249 substitution rates AC £.77319 AG =2.22177 AT = 1.61533 CG =1.02611

CT =7.49524 GT =1.00000 gamma di stri but 0.254The thea foplogy afr a me
ML analysis is similar to BI analysis. Boot st
are defined as BS/PP above the nodes. Hyphe¢mspresent support valuésss than 70% in ML
and 0.7 in BI Newly generated seguences

ar e

Descriptioni Hyphaebranched, septate, hyaline, smooth21 5 e m di am. Sext
Ascomatadark brown to black, subglobose to globoBeridium composing several layers of
irregular cells arranged in a textura angularis, cells towards the inside hyaline, at the outside, light
brown, thickwalled, somewnhat flattenefsci45.552x68 . 5 em (av. 49.1 | 6.
spored, bitunicate, cylindrit&o cylindric-clavate, short pedicellate with furcate to obtusely ends,
apically rounded with an indistinct ocular chamb&scospore8.514 x 34 e m ( av. 11.
pm, n = 30), overlapping biseriate, yellowish brown, subfusoid, septate at the cewoinglys
constricted at the septum, straight or slightly curved, enlarged near the septum at the upper cell,
nonsurrounded by the thin mucilaginous sheath, smuoatied. Asexual morph: Not observed.
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Culture characteristics (14 d at 25 °C)Colony on PDA56I 59 mm, flocculent, exudates
hyaline, pure white, margin slightly undulated; reverse pure white. Colony on ME35hm,
fluffy, flat, pure white, margin slightly undulated; reverse rape yellow. Colony on SWNA43mMm,
flocculent, white, aerial myceliuraparse, zonate with different sectors, margin serrated; reverse
white. Colony on OA 6164 mm, fluffy to velvety, pure white, flat, margin slightly undulated;
reverse pure white.

Figure 77 Phaeodothis sinensfCGMCC 3.25500). iad Upper and reverse wis of cultures on
PDA, MEA, SNA, and OA 14 d after inoculationi g jik Asci. h Ascospores. i Ascoma wall.
Scale bars:i&k = 10 pum.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green betis Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.017), extype CGMCC 3.25500 = ZY 22.01ihid. ZY
22.018.

Notesi According to the multiocus phylogenetic analyseBhaeodothis sinensi®ermed a
single clade rm&ted in the genuPhaeodothisand is closely related tB. winteri (a synonym of
Didymosphaeria winte)i(Fig. 6). However, our novel specieB, sinensiscan be distinguished
from P. winteriin having small asci (45152 x 68 . 5 ¢ m) ,P. winterethasdaager asci (60
80x1012 & m) ( NiFwtkearore, 1th8 GenBank database (March 2024) contains only 12
records ofP. winteri Within these records, certain strains are representexshlgyone sequences,
whereas the strains selected for phylogenetic analysis, CBS 182.58 and AFTOL ID 1590, possess
both SSU and LSU sequences. It is worth noting that CBS 162.31 is characterized by an ITS
sequence exclusively. Despite the high similarftyosinensigType strain CGMCC 3.25500) to
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the SSU and LSU sequences of CBS 182.58 and AFTOL ID 1590, the resemblance to the ITS
sequence of CBS 162.31 (MH855163) is considerably lower (84.3% similarity, 78 bp difference
with 20 gaps).

89/0.97

82/0.92 |

85/-|

L0 Nigrograna wuha

Nigrograna acerico
99/0.99 Nigrograna thaxldndm

CGMCC 3.25501
M' ZY 22.020
ZY 22.021
100/1 | Mgrograna ooﬁm

100/1

98/0.99

Nigrograna oleae C(
Nigrograna oleae

y ] 01(3(1)/1 Nigrogram /
100/1 4|__‘Nig.mgram
Nigrogr
100/1 Occul
97/0.98 E Occultib
100/1 Versicoloris

e

100/1_ Parad:cryoarthrimumd
Y— Paradictyoarthrini
100/1 | Cyclothyriella rubronotata CBS 419.85
| Cyclothyriella rubronotata CBS 141486 T

0.04

Figure 81 Phylogram generated from maximum likelihood analysis based on combined SSU, ITS,
LSU, RPB2 andEF1Asequence data. Estimated base frequencies were as follows; A = 0.247, C =
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0.247, G = 0.268, T = 0.238; substitution rates AC = 1.52552, AG = 4.01441, ABELB,5CG =
0.93046, CT = 10.14103, GT =1.00000 gamma di stri buti on shape p:

topology of ML analysis is similar to Bl anal
BYPP O 0.7 are defined as -)BfésénPsuppdrtovalues legsstiean n o c
70%inM. and 0.7 in Bl. Newly generated sequence

Nigrogranaceaelaklitsch & Voglmayr
Nigrograna Gruyter, Verkley & Crous

Based on the dataset combined SSU, ITS, LBRB2 and EF1A sequenceshe phylogeny
of Nigrograma sinensisand its related taxa were studied. Two strains, CBS 419.85 and CBS 141486
of Cyclothyriella rubronotatawere used as the outgroup for the phylogenetic analysis. The
concatenated sequences includ&daka and consisted & 734 nucleotides (SSU984 bp; ITS,
462bp; LSU, 9 bp; RPB2 755bp; andEF1A 704bp) with inserted gap3.he phylogenetic trees
showed thatnembers of the famililigrogranaceaere clustered into a group withhigh support
value (100/1) Additionally, ourthree new isolagg CGMCC 3.25501, ZY 22.02@nd Z2Y22.021
clustered into a single clade with a high support value (100/1) and close relationshp cuitfeae

(Fig. 8).

Figure 91 Nigrograna guizhouensi€CGMCC 3.25501).iad Upper and reverse views of cultures
on PDA, MEA, SNA, and OA 14 d after inoculationijeConidiogenous cells and conidia.
k Conidia. Scale barsik =10 pm.
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Nigrograna guizhouensiZhi Y. Zhang Heng Par& Y. F. Han, sp. nov. Fig. 9

MycoBank number: MB85036 Facesoffungi numbeFEoF15076

Etymdogy 1 Named after the location Guizhou, where the holotype was collected.

Holotypei ZY H-22.019

Descriptioni Hyphaebranched, septate, hyaline, smootti2 1 ¢ m di a m. Sexual
observed. Asexual morph: CoelomycetoRgcnidiaglobose to subglobose, or pyriform, solitary,
unilocular, dark brown.Pycnidial wall brown, the wall with pseudoparenchymatous cells.

Conidophores absent, or simplePhialides9i15 x 23 . 5 em (av. 12.9 | 2
subcylindrical to cylindrical, ampulliform, lageniform, straight or slightly curvednidia3.56 x
213 em (av. 4.7 | 2.6 Om, n = ofgld, unicellslar, laseptdte; n d r

granules absent, hyalin, smoatfalled.

Culture characteristics (14 d at 25 °C)Colony on PDA 4243 mm, flocculent to fluffy,
papyrus white to white from centre to margin, nearly round, margin regular; reverse grey white.
Codony on MEA 3G 33 mm, fluffy, papyrus white to white from centre to the margin; reverse light
Ivory. Colony on SNA 2425 mm, flocculent, white, margin undulated; reverse white. Colony on
OA 3536 mm, aerial mycelium dense, flocculent, reed green to wiotae tentre to margin,
margin regular; reverse reed green to white from centre to margin.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.25 Nlay
2022, ZhiYuan Zhang (holotype, ZY 122.019), extype CGMCC 3.25501 = ZY 22.01fyid. ZY
22.020.China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected
from thegreen belts of Guizhou Wildlife Park, 106.69 E, 26.85 NMz2ty 2022, ZhiYuan Zhang
ZY 22.021.

Notesi In the phylogenetic analyseljgrograna guizhouensi®rmed a distinct clade and
close relationship witiN. coffeae(Fig. 8). However,N. guizhouensigroduces an asexual morph,
which is not observed iN. cofeae(Lu et al. 2022). Additionally, they can be distinguished by
their low sequence similarity (75% similarity, 337 gaps in 1338 base pairs (bp) of SSU; 96%
similarity, 21 bp differences in 503 bp of ITS; 98% similarity, 16 bp differences in 855 bp of LSU;
89% similarity, 100 bp differences in 899 bpRIPB2 96% similarity, 35 bp differences in 954 bp
of EF1A).

VenturialesY. Zhang ter, C.L. Schoch & K.D. Hyde
Sympoventuriacea¥. Zhang ter, C.L. Schoch & K.D. Hyde
Scolecobasidiunt.V. Abbott

Based on théataset combined SSU, ITS, LSTYB, andEF1Asequences, the phylogeny of
Scolecobasidiumwas studied.Pseudosigmoidea excentriqgg@ BS 469.59) andSympoventuria
capensiCBS 120136) were used as the outgroup for the phylogenetic analysis. The contatenate
sequences included 78 taxa and consisted of 3,600 nucleotides (SSU, 973 bp; ITS, 814 bp; LSU,
830 bp;TUB, 412 bp; anEF1A 571 bp) with inserted gaps. The phylogenetic trees showed that
members ofScolecobasidiumare clustered into a group with a higlupport value (100/1).
Additionally, our three new isolates (CGMCC 3.25502, ZY 22.023, and ZY 22.024) of
S. guizhouensdustered into a single clade with a high support value (100/1) and closely related to
S. terrestreand S. constrictun{Fig. 10). Two ew isolates (CGMCC 3.25503 and ZY 22.026) of
S. parahumicolalustered into a single clade with a high support value (100/1) and closely related
to S. humicolaandS. podocarp({Fig. 10) and four new isolates (CGMCC 3.25504, ZY 22.028, ZY
22.029, and ZY22.030) of S. inverellipsoidisporuntlustered into a single clade with a high
support value (100/1) and closely relatedstaechinulatungFig. 10). In addition, the new isolates
CGMCC 3.25506 and CGMCC 3.25505 were belongs tdshawytschaand S. longigorum
respectively (Fig. 10).

Scolecobasidium guizhouengthi Y. Zhang & Y. F. Han, sp. nov. Fig. 11
MycoBank number: MB85036&acesoffungi numbeFoF15077
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Figure 107 Phylogram generated from maximum likelihood analysis based on combined SSU, ITS,
LSU, TUB, andEF1Asequence dat&stimated base frequencies were as follows; 8241, C =
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0.242 G =0.292 T =0.228§ substitution rates AC 8.95877 AG =1.89661 AT =0.92859 CG =
0.89348 CT =3.51585 GT =1.00000 gamma distribution shape parame r 0.443 Fhe tree

topology of ML analysis is similar to Bl anal
BYPP O 0.7 are defined as -)BfésénPsuppdrtovalues legsstiean n o c
70% in ML and 0.7 in Bl. Newly generatede quences are in blue and a°

Figure 117 Scolecobasidium guizhouen€&GMCC 3.25502). iad Upper and reverse views of
cultures on PDA, MEA, SNA, and OA 14 d after inoculatian.@onidiophores and conidiogenous
cells bearing cadia. ji | Hyphal coil and conidiogenous cells bearing conidia. Scale bdrs:
pm.

Etymologyi Named after the location Guizhou, where the holotype was collected.

Holotypei ZY H-22.022

Descriptioni Hyphaebranched, septate, hyaline to pale brownpathwalled, 0.52 & m
diam. Sexual morph: Not observed. Asexual mo@bnidiophoressubcylindrical to cylindrical,
arising from the aerial hyphae or hyphal ropes, continuous or septate, usually reduced to
conidiogenous cellsConidiogenous cell®i 2-sepate, solitary, hyaline to pale brown, smooth,
clavate, sometimes subcylindrical, straight to genicuBgous, with single or several sympodial

apical loci with rhexolytic conidiogenesis, B8 x 23 em (av. 6. 8 Conidla. 3 On
echinulate toverruculose, subhyaline to pale brown, cylindrical, sometimes ellipsoidal, usually
constricted at the septum, ends obtusely roundetl] Y33 em (av. 9.2 | 2.6

Culture characteristics (14 d at 25 °C)Colony on PDA 1819 mm, flocculent, toom
yellow, flat; reverse brown beige. Colony on MEAI 18 mm, flocculent, light lvory, nearly round,
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margin regular; reverse ocher brown. Colony on SNA153mm, flocculent, aerial mycelium
sparse, light lvory; reverse light Ivory. Colony on OAI 22 mm,compact, flat, flocculent, green
brown; reverse quartz grey.

Material examinedi’ China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zham (holotype, ZY H22.022), extype CGMCC 3.25502 = ZY 22.02id. ZY
22.023. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected
from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 202X uém Zhang
ZY 22.024.

Notesi In the phylogenetic analyseScolecobasidium guizhouen$sismed a distinct clade
andseparated frons. terrestreandS. constrictun{Fig. 10). AlthoughS. guizhouensisas a similar
morphology tacS. terrestreandS. constrictumSitill, the conidia sizes and shapesSofguizhouensis
are significantly differentScolecobasidiunguizhouensigliffers fromS. terrestreby echinulate to
verruculose conidia and the number of septE3(0s. G1) in the conidia (Song et al. 2023).
Additionally, S. guizhouensidiffers fromS. constrictumn the shape of its conidia (cylindrical vs.
broadly ellipsoidal to cylindrical) (Song et al. 2028ei et al. 2022)In addition, they can be
distinguishedby their low sequence similarities. In a comparisorS8U, ITS, LSU,TUB, and
EF1A nucleotides,S. guizhouensig¢Type strain CGMCC 3.25502) has 100%, 71.7%, 99.1%,
76.5% and 87.8%similarity, in SSU (955/955 bp, one gap), ITS (554/772 bp, 123 gaps), LSU
(789/796 bp, three gapshUB (363/474 bp, 14 gapsand EF1A (324/369 bp, no gap), which is
different fromS. terrestrgType strain CBS 211.53n a comparison of SSU, ITS, LSTUUB, and
EF1AnucleotidesS. guizhouensi@CGMCC 3.25502) has 100%, 73.8%, 99%, 77,.a%d 68.6%
similarity, in SSU (955/955 bmne gap), ITS (530/718 bp, 114 gaps), LSU (863/871 bp, no gap),
TUB (367/472 bp, 14 gaps)and EF1A (261/380 bp, 50 gaps), which is different from
S. constrictunfType strain CBS 202.27).

Figure 1271 Scolecobasidium parahumico(@ GMCC 3.25503). iad Upper and reverse views of
cultures on PDA, MEA, SNA, and OA 14 d after inoculatioik €onidiophores, conidiogenous
cells and conidia. Scale bar$ke= 10 pm.
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Scolecobasidium parahumicolZhi Y. Zhang & Y. F. Han, sp. nov. Fig. 12

MycoBank number: MB850®; Facesoffungi numbeFEoF15078

Etymologyi Based on its close phylogenetic relationshiftolecobasidium humicola

Holotypei ZY H-22.025

Descriptioni Hyphaebranched, septate, hyaline to pale browir2 1 e m di a m. Sexua
Not observed. Asexual onph: ConidiophoredJi 7-septate, branched, straight to irregularly curved,
subcylindrical to cylindrical, hyaline to pale brown, arising from the aerial hygP@@diogenous
cellspolyblastic, sympodial, terminal or intercalary, subhyaline to brown, smeabcylindrical to
cylindrical, straight or curved, 330.5%x1.%53. 5 e m ( av. 6.9 Ti2ermial Om,
or lateral conidiaConidia Oi 1-septate, smoottvalled, subhyaline to pale brown, cylindrical with
rounded ends, pyriform, rarely @foidal, 411.5x34 e m ( av. 7.2 1 3.58 Om

Culture characteristics (14 d at 25 °C)Colony on PDA 2831 mm, flocculent, yellow
brown, flat; reverse green grey. Colony on MEA 28 mm, flocculent to felty, reed green to grey
white from centre tanargin, nearly round; reverse dusty grey. Colony on SNA330nm, flat,
grey white, aerial mycelia sparse; reverse grey white. Colony on ©3635m, flat, felty, beige
grey; reverse beige grey.

Material examinedi China, Guizhou Province, Guiyang City,iudven County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.025), extype CGMCC 3.25503 = ZY 22.02Hgid. ZY
22.026.

Notesi In the phylogenetic analyseScoleobasidium parahumicoltormed a distinct clade
separated fron®. humicolaand S. podocarpiFig. 10). Although Scolecobasidiunparahumicola
has similar morphological characteristics $0 humicolaand S. podocarpi conidiophores and
conidia shapes 0% parahumicolaare significantly different (Barro& Bush 1962 Crous et al.
2017). Scolecobasidiunparahumicoladiffers from S. humicolain its conidia shape (cylindrical,
pyriform, smoothwalled vs. ovoid to short cylindric, finely echinulate) (Bar@nBush 1962).
Scolecobasidiumparahumicola differs from S. podocarpiby the conidiophores (J-septate,
branched, straight to irregularly curved vsseptate, erect, unbranched), and conidia (cylindrical,
pyriform, smoothwalled vs. fusoidellipsoid to subculirical, verruculose) (Crous et al. 201If).
addition, they can be distinguished by their low sequence similarities. In a comparison of SSU, ITS,
LSU, TUB, and EF1A nucleotides,S. parahumicola(Type strain CGMCC 3.253) has99.8%,
95.4%, 99.1%,95.3%6 ard 93.1% similarity, in SSU 942/943 bp, one gap), ITS6RE656 bp, 7
gaps), LSU (73780 bp, no gap), TUB (413433 bp, no gap) and EF1A (352378 bp, six gars),
which is different fromS. humicola(Type strain CBSL16655. In a comparison of IT&ndLSU
nucleotides,S. guizhouensigCGMCC 3.25502) ha$6.8% and96.8% similarity, inITS (579755
bp, 65 gaps) and LSU(810'836 bp, 114 gaps), which is different froB podocarpi(Type strain
CBS143174.

Scolecobasidium inverellipsoidisporuhi Y. Zhang & Y.F. Han, sp. nov. Fig. 13

MycoBank number: MB85037 Facesoffungi numbeFEoF15079

Etymologyi Referring to its inverted ellipsoidal conidia.

Holotypei ZY H-22.027

Descriptioni Hyphaebranched, septate, hyaline to pale brownf®.55 e m di am.
morph Not observed. Asexual morphConidiophores simple, solitary, erect, smooth,
subcylindrical to cylindrical, often reduced to conidiogenous c€lisidiogenous cellsitegrated,
terminal, polyblastic, sympodial, cylindrical tapering towards the apex, tsop®e apical 13
branches, continued growth or sporulation, subhyaline to pale bra@s,®x 1.52 . 5 e m ( awv
13.7 x 2 um, n = 30)Conidia solitary, inverted ellipsoidal, rarely cylindrical, constricted at the
septum, the upper cells slightly wider thiwe lower ones, subhyaline to pale brown]-8eptate,
smooth or somewhat verrucose, constricted at the septum,76x635. 5 em ( av. 9.9
n = 30).
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Culture characteristics (14 d at 25 9CTolony on PDA 1416 mm, flocculent to fluffy, dark
Ivory; reverse reed green. Colony on MEAL9 mm, raised, flocculent, olive grey; reverse granite
grey. Colony on SNA 1i3l5 mm, flat, flocculent, olive grey, aerial mycelia sparse; reverse beige
grey. Colony on OA 11315 mm, flat, flocculent, beige grey, revergeen grey.

Figure 137 Scolecobasidium inverellipsoidisporuf@GMCC 3.25504). iad Upper and reverse
views of cultures on PDA, MEA, SNA, and OA 14 d after inoculatioil. @onidiophores,
conidiogenous cells and conidia. Scale bark=el0 pm.

Mateiial examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.027), extype CGMCC 3.25504 = ZY 22.02ihid. ZY
22.028. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected
from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 202X/ uém Zhang
ZY 22.029;ibid. ZY 22.030.

Notes T In the phylogenetic analyse§mlecobasidium inverellipsoidisporurformed a
distinct clade separated frog echinulatunfFig. 10). However, the conidiophores and conidia of
S. inverellipsoidisporum are significantly different. Conidiophores are simple in
S. inverellipsoidisporumrwhich is differentiated irs. echinulatumand conidia inverted ellipsoidal
in S. inverellipsoidisporugmwhich is ellipsoidal to cylindrical i5. echinulatunfWei et al. 2022).

In addition, they can be distinguished by their low sequence similarities.dmpacison of SSU,

ITS, LSU, TUB, andEF1A nucleotidesS. inverellipsoidisporunfType strain CGMCC 3.25504)

has 93.3%, 74.3%, 90.5%, 70.7% and 62.3% similarity, in SSU (942/1,009 bp, three gaps), ITS
(545/733 bp, 65 gaps), LSU (780/861 bp, nine gaps)B (317/448 bp, 30 gaps), arleF1A
(255/409 bp, 78 gaps), which is different fr@nechinulatuniType strain GUCC 18247).

Scolecobasidium longiphorunMatsush., Icones Microfungorum a Matsushima lectorum, Kobe,
p. 127, 1975. Fig. 14
Descriptioni Hyphaebranched, septate, subhyaline to pale browit2 15 e m di am.
morph: Not observed. Asexual morpgBonidiophoresarising from aerial hyphae, brown, solitary,
branched, simple,i2-septate, straight or curve@onidiogenous cellgitegrated, terminal, latal,
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polyblastic, subcylindrical to cylindrical, straight or slightly curved, subhyaline to pale brown,
11.5315%x2%4 .5 em (av. 1 8 . ConidiasuBcyliddric@lrto, cylimdrical, radirgded.
at both ends, i13-septate, not or slightly constrict@t the septum, smooth or verruculose, 1245
x559 em (av. 18.3 I 7.5 Om, n = 30), crowded,
Culture characteristics (14 d at 25 9CTolony on PDA 1#15 mm, flocculent to fluffy, light
Ivory; reverse brown beige. Colony on MEA&mm, rased, flocculent, pure white; reverse clay
brown. Colony on SNA 1.2 mm, flat, flocculent, powdery, light Ivory, aerial mycelia sparse;
reverse grey beige. Colony on OAI 13 mm, flat, flocculent, felty, sand yellow; reverse curry.
Material examined’ China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang ZY 22.032 = CGMCC 3.25505.

Figure 1471 Scolecobasidium longiphorug€GMCC 3.2556). a d Upper and reverse views of
cultures on PDA, MEA, SNA, and OA 14 d after inoculatioimeConidiophores, conidiogenous
cells and conidia. Scale bar$ne= 10 pum.

Notesi Scolecobasidium longiphorumas introduced by Matsushima (1975). In this gtud
one newly collected isolate clustered wih longiphorumwas fully phylogenetically supported
(Fig. 10). The comparison of the morphological characteristics of the two strains found them to be
similar (Matsushima 1975, Samerpitak et al. 2014). Notdbbextype culture (CBS 435.76) of
S. longiphorunhad the following nucleotide similarities with the sequences of our newly collected
strain (ZY 22.032). On SSU, ITS, LSTOUB, andEF1A respectively: 949/949 (100%, no gap),
613/615 (99.6%, no gap), 77G6 (100%, no gap), 450/450 (100%, no gap), and 318/321 (99%,
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including one gap). Therefore, we identified our isolateSadongiphorumand illustrated it,
representing a new record from China.

Acroconidiellina ai
Scolecobasidiui

93/0.98
76/0.99

Scolecobasidium
Scolecobasidium ai

Scolecobasidium
88/0.99 Scolecobasidium
Scolecobasidium I
Scolecobasidium

108 99/0.99 Verruconis panacx's Cl 1
10071 Verruconis gallog

Verruconis verruculosa
Mycosisymbrium cirrhosum
Mycosisymbrium ci
Clavatispora thailandiaca
Melnikomyces thailandicus
Melnikomyces viel

Melnikomyces longispc
100/1] Echinocatena sinensis CGi
Echinocatena sinensis GZ1

100/1

74/-

Sterila eucalypti CBS 144
Sterila eucalypti CPC 1494
CGMCC3.25507 T ¥
7Y22.034 y
Yunnanomyces pandanicol
100/1| Yunnanomyces phoenicis MFLI
821095 Yunnanomyces phoenicis MFLI
Fuscohilum siciliana CBS
Fuscohilum rhodensis CB:
Matsushimaea fasciculata CBS 16
Matsushimaea fasciculata GUC
Matsushimaea monilioides CBS 14
Neocoleroa metrosideri 1
99/1 100/1 Neocoleroa cameroonensis
1 100/1 [~ Pinaceicola cordae CBS 126959 T
Pinaceicola pini CBS 463.82 T

98/0.99 — Parafusicladium paraam
% Parafusicladium amoenum
Parafusicladium intermedit
100/1| Sympoventuria capensis CBS 120136 T

90/0.99

100/1\ 100/1

99/0.99~]

L

93/0.99 |

911

10071 Sympoventuria capensis CP 40
Helicopsis olivaceum CBS 7.
83/0.981 Pseudosigmoidea excentrica CBS 469.95 T

Pseudosigmoidea ibarakiensis NBR!
Pseudosigmoidea alnicola CBS 145034 T
Troposporella fumosa CBS 351.94

Troposporella monilipes MUCL 1986
Bellamyces quercus CBS 46217 T
Guizhoumyces aciculaea GUCC
Guizhoumyces aciculaea GUCC
Veronaeopsis simplex CBS 58

99/0.86 | Neofusicladium eucalypticola CBS
4100/1['— Neofusicladium regnans CBS 143
Neofusicladium eucalypti CBS 128216

100/1 Venturia saliciperda CBS 480.61 T
Tyrannosorus lichenicola CBS 144018 T

100/1

0.2

Figure 157 Phylogram generated from maximum likelihcaahlysis based on combined ITS, LSU,
EF1A TUB, and RPB2sequence dat&stimated base frequencies were as follows; 8.241],
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C =0.254 G =0.289 T =0.218 substitution rates AC £.44873 AG =2.75029 AT = 1.48756
CG =1.12302 CT =5.67486 GT =1.0000Q gamma distribution shagea r a me 0.888 Th& =

tree topology of ML analysis is similar to BI
and BYPP O 0.7 are defined 9 spreBedtsipportaatuesvess t h
than 70% in ML and 0.7 in Bl. Newlygeneat ed sequences are in blue

Yunnanomycedibpromma & K.D. Hyde

Based on the dataset combined ITS, LEB1A TUB, andRPB2sequences, the phylogeny
of Sympoventuriaceaavas studied.Venturia saliciperda (CBS 480.61) andTyrannosorus
lichenicola (CBS 144018) were used as the outgroup for the phylogenetic analysis. The
concatenated sequences included 59 taxa and consisted of 3,389 nucleotides (ITS, 769 bp; LSU,
812 bp;EF1A 686 bp;TUB, 340 bp; andRPB2 782 bp) with insertedaps. The phylogenetic trees
showed that members of the genMisinanomyceslustered into a single group with a high support
value (95/1) (Fig. 15). Additionally, our two new isolates (CGMCC 3.25507 and ZY 22.034) of
Y. sexualiclustered into a single adle with a high support value (100/1) and closely related to
Y. pandanicolaandY. phoenicigFig. 15). Sympoventuriaceagenera sections in the phylogenetic
tree were followed by Wei et al. (2022).

Figure 167 Yunnanomyces sexua(lEGMCC 3.25507).1ad Upper and reverse views of cultures
on PDA, MEA, SNA, and OA 14 d after inoculatiorif &dscomata. g Ascosporesi|PAsci. Scale
bars:gil = 10 pum.

Yunnanomyces sexualighi Y. Zhang, Heng Pan & Y. F. Han, sp. nov. Fig. 16

MycoBank number: MB85037 Facesoffungi numbe-0F15080
Etymologyl Named after the present sexual morph.
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Holotypei ZY H-22.033

Descriptioni Hyphaebranched, septate, hyaline, smooth21 5 e m di am. Sext
Ascomatas uper yci al , gut tidlea teem thd @ é lg Imi 2pesiomaanal \&all | 33
orangeb r own, of textura epidermoidea in surface
brown, septateAsci36i146 x5.57 em (av. 41.6 [ 6.-§porednbjtunicate= 30

broadly cylindrical to somewhat obclavate, straight or curved, with a short;likeopedicel or
pedicel lacking, each with an inconspicuous ocular chamsepspores6i8.5x3d2 . 5 e m ( av.
I 2.2 em, n = 30), narrowly fusif or meptate,thb hy a |
upper cells wider and longer than the lower ones, smwalled. Asexual morph: Not observed.

Culture characteristics 41d at 25 °C)i Colony on PDA 1112 mm, flocculent, beige;
reverse brown curry. Colony on MEA 80 mm, flocculent, dark Ivory to oyster white from centre
to margin; reverse curry. Colony on SNA%mm, flocculent, felty, rape yellow; reverse curry.
Colonyon OA 11 13 mm, flat, aerial mycelia sparse, flocculent, grey beige; reverse curry.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 Nags M
2022, ZhitYuan Zhang (holotype, ZY $22.033), extype CGMCC 3.25507 = ZY 22.03yid. ZY
22.034.

Notesi In phylogenetic analyse¥,unnanomyces sexuahgsts in the genugunnanomyces
and is the sibling tof. pandanicolaandY. phoenicigFig. 16). Havever,Y. sexualigoroduces a
sexual morph, which is not observed¥n pandanicolaandY. phoenicigTibpromma et al. 2018,
Zhang et al. 2019). In addition, they can be distinguished by their low sequence similarities. In a
comparison of ITS, LSU, anBPR2 nucleotides,S. sexualigType strain CGMCC 3.25507) has
79.4%, 98.2% and 73.6% similarity, in ITS (372/468 bp, 15 gaps), LSU (787/801 bp, no gap), and
RPB2(753/1,022 bp, 13 gaps), which is different fr@npandanicolgType strain MFLUCC 17
2260). Ina comparison of LSU andPB2nucleotidesS. sexualigCGMCC 3.25507) has 95% and
74.1% similarity, in LSU (784/825 bp, three gaps) &RB2(756/1,019 bp, nine gaps), which is
different fromS. phoenicigType strain MFLUCC 19254).

ClassEurotiomyceteO.E. Erikss. & Winka
EurotialesG.W. Martin ex Benny & Kimbr.
Aspergillacead.ink
Penicillium Link

Based on the dataset combined IT&JB, CaM, and RPB2 sequencesthe phylogeny of
subgenusAspergilloides of Penicillium was studied.Aspergillus glaucus(CBS 516.65) and
Hamigera avellanedCBS 295.48) were used as the outgroup for the phylogenetic analysis. The
concatenated sequences included 109 taxa and consisted of 2,642 nucleotides (ITSTB®) bp;
482 bp;CaM, 671 bp; andRPB2 880 bp) with insertedaps.The phylogenetic trees showed that
members of each sectioof subgenusAspergilloidesof Penicillium are clustered into separate
branches with high supporalues (Fig. 17) Additionally, ourfour new isolates (CGMCC 3.25508,
ZY 22.036, ZY 22.037ard Z2Y22.038) ofPenicillium guizhouenselustered into a single clade
with a high support value (100/1) and closely related to secéspergilloides Sclerotiorum
Charlesiag Eremophila and Griseola (Fig. 17). In addition, Houbraken et al. (2020) defined
Penicillium thiersiias a series (i.eThiersiorun) in sectionAspergilloides subgenugspergilloide
but the phylogenetic tree they constructed showed low support for this result)(AA%iis study,
Penicillium thiersii formed a single clade, whicimay be a distinctive section in the subgenus
AspergilloidesPenicilliumsections in the phylogenetic tree (Fig) Were followed by Houbraken
et al. (2020).

SectionGuizhouorumzhi Y. Zhang & Y. F. Han, sp. nov. sect. nov.
MycoBank number: MB850373
EtymologyT Named after the type species of the seResicillium guizhouense
Type species Penicillium guizhouense
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Penicillium simplicissimum CBS 37248 T
Penicillium panissanguineum CBS 140989
Pemclllmm daleae CBS 21128 T

P

Penmllmm ochrochloron CBS 35748 T
/1

Pemcxllmm clunme CBS 326.89 T

Penicillium subarcticum CBS 111719 T
Penicillium stolkiae CBS 315.67 T
Penicillium aquaticum JMRC SF 013660

Penicillium estinogenum CBS 3:
Penicillium gracilentum CBS 599.73 T §
Penicillium angustxpomamm CBS 202. 84’]' 1
0011 1

93/0.98 |

94/0.97 Penicillium hetheringtonii
Penicillium citrinum CBS 1.
97/0.99 illi

Penicillium euglaucum
Penicillium terrenum CBS 313.67 T
Penicillium lapidosum CBS 343.48 T
Penicillium cravenianum CBS 139138 T
Penicillium corylophilum CBS 31248 T
Penicillium fundyense CBS 140980 T I ser.
Pemclllmm citreonigrum CBS 25829 T R~
icillium chalabudae CBS 219.66 T
Penicillium restrictum CBS 367.48 T
Penicillium decumbens CBS 230.81 T
Penicillium alutaceum CBS 317.67 T
Penicillium erubescens CBS 318.67 T
Penicillium vinaceum CBS 389.48 T
Penicillium inusitatum CBS 3
Penicillium fractum CBS 1
Penicillium cartierense CBS 137956 T l
Penicillium thomii CBS 225.81 T
Penicillium roseomaculatum CBS 137962 T
Penicillium spinulosum CBS 37448 T
Penicillium kiamaense CBS 137947T | s
Penicillium glabrum CBS 125543 T ;
Penicillium pulvis CBS 138432 T
Penicillium longicatenatum CBS 137735 T
Penicillium fuscum CBS 295.62 T
Penicillium tsitsikammaense CBS 328.71 T
Pemclllmm ranomafanaense CBS 137953 T

Penicillium saturniforme CBS 122276
Penicillium malmesburiense CBS 137744 T
Penicillium sublectaticum CBS 138217 T

Penicillium fortuitum DTO313-A3T |
Penicillium improvisum CBS 140994 T
Penicillium lividum CBS 34748 T
Pemc:llmm kananaskense CBS 530.93 T
Penicillium zhuangii CBS 137464 T
Penicillium hoeksii CBS 137776 T
Penicillium quercetorum CBS 417.69 T
/1 Penicillium vanoranjei CBS 1
Penicillium sclerotiorum CBS
Penicillium malachiteum CBS ¢
Penicillium verrucisporum CGM(
Penicillium angulare CBS 130293 T
Penicillium adametzioides CB!

87/1 | Pemctl/mm thiersii CBS 117503 T
Penicillium coffeae CBS 11
Penicillium phamm
Penicillium indicum CBS 1
85/0.76 1 P&mcillmm chermesinum

Penicillium co.émricem CBS
Penicillium eremophilum CBS
CGMCC 3.25508 T
ZY 22.036
ZY 22.037
ZY 22.038

99/0.93 |

Penicillium isariiforme CBS 24756 T
Penicillium ochrosalmoneum CBS 489.66 T
Penicillium ramusculum CBS 251.56 T
Penicillium capsulatum CBS 301.48 T
Penicillium georgiense CBS 132826 T
Penicillium taxi CBS 206.57 T
Penicillium hennebertii CBS 3.
Penicillium idahoense CBS 341.68 T
Penicillium monsserratidens NRRL 3:
Penicillium nodulum CBS 22789 T
Penicillium shennongjianum CBS 228.§
Penicillium parvulum CBS 132825 T
Penicillium cinnamopurpureum  CBS 429.65

Pemctllmm crypum CBS 271.89 T
Penicillium alfredii CBS 138224 T | _ser. A

Penicillium cantabricum CBS 120415 T l el
Penicillium aeris CBS 135897 T 2
Asperglllus glaucus CBS 516.65T

1le CBS29548T

0.1

Figure 177 Phylogram generated from maximum likelihood analysis based on combinetUBS,
CaM, andRPB2sequence data. Estimated basguencies were as follows; A = 0.226, C = 0.273,
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G = 0.271, T = 0.230; substitution rates AC = 1.13471, AG = 3.20290, AT = 1.36830, CG =
0.78656, CT = 5.78072, GT = 1.00000; gamma distmbnti s hape par ameter U

topology of ML analysis is similar to BI anal
BYPP O 0.7 are defined as -)BfésénPsuppdrtovalues legsstiean n o c
70% inMLand0.7inBl.dwl y generated sequences are in bl

Descriptioni Hyphae branched, septate, hyaline, smooth. Sexual morph: Not observed.
Asexual morphSclerotiaabsentStipesv e si cul at e ynely r ouRhialidesal | e«
ampulliform to subcylindrical, #20 per stipe.Conidia in moderately long chains, ellipsoidal,
globose to subglobose, smooth or rough.

Notesi Phylogeny SectionGuizhouorumbelongs to the subgenefsspergilloidesand is
phylogenetically most closely relateth the sect. Aspergilloides Sclerotiorum Charlesia
Eremophila andGriseola(Fig. 17).Morphology of these sections, only all members of the sect.
Eremophilaproduced sexual morphs; some members of the Aspergilloidesproduced sexual
morphs, and one of the members in the remaining sections produced sexual morphs (Hodbraken
Samson 2011, Houbraken et al. 2014, Houbraken et al. 2020). In addition, members of sections
Sclerotiorumand Charlesiahave monoverticillate conidiophores, biverticillate ichophores, or
both (Houbrake& Samson 2011, Peterson et al. 2005, Visagie et al. 2013). Furthermore, members
of the sect. Griseola are conspicuously echinulate, with conspicuous connective conidia
(Houbraken et al. 2020), a different s€gtlizhouorum

Penicillium guizhouensezhi Y. Zhang & Y. F. Han, sp. nov. Fig. 18

MycoBank number: MB850374acesoffungi numbeFoF15081

Etymologyi Named after the location Guizhou, where the holotype was collected.

Holotypei ZY H-22.035

Descriptioni Hyphaebranched septate, hyaline, smoothi,4. € m di a m. Sexual
observed. Asexual morpBclerotiaabsentConidiophoress0i1 50 e m | ong, sti pes
10 em di am, ynel y r ouBhmlidesampulliéodn, to sohayhinunca, ®20i c i | |
perstipe, 14195 x 35 em (av. 16. 9 Conidiinimoderately lang chaing 0 ) .

ellipsoidal, globose to subglobose, smooth or rougf,435 . 5 em (av. 4.9 | 4.
Culture characteristics (14 d at 25 °C)Colony on PDA 3240 mm, good porulation;
conidia dull green to greyish green, texture

absent; soluble pigment not produced; margin low, wide, entire; reverse greenish white. Colony on
MEA 38143 mm, good spor ulvavety at the edge;ecanidia pue grpea or puses e ,
to dull green; exudate absent; soluble pigment not produced; reverse light yellow to greyish yellow.
Colony on SNA 2629 mm, sporul ation moderately dense
conidia greenish hite to greyish green; exudate absent; soluble pigment not produced; reverse
greenish white. Colony on OA BB1 mm, good sporulation; conidia dull green to greyish green,
texture velutinous and poccose, | ow; verseudat e
greenish white.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY $22.035), extype CGMCC3.25508 = ZY 22.035pid. ZY
22.036.China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected
from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 202X,uém Zhang
ZY 22.037;ibid. ZY 22.038.

Notesi Basedon multilocus phylogenies, the four new isolates formed a single clade and
separated from members in the sekspergilloides Sclerotiorum Charlesia Eremophila and
Griseola (Fig. 17). Of these sections, only all members of the dectmophilaprodu@d sexual
morphs; some members of the se&spergilloidesproduced sexual morphs, and none of the
members in the remaining sections produced sexual morphs (Houb&k8amson 2011
Houbraken et al. 2014oubraken et al. 2020). Additionally, members oftsms Sclerotiorum
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and Charlesia have monoverticillate conidiophores, biverticillate conidiophores, or both
(Houbraken& Samson 2011Peterson et al. 200¥isagie et al. 2013). Furthermore, members of
the sectGriseolaareconspicuously echinulate, wittonspicuous connective conidia, which differs
from P. guizhouensé@Houbraken et al. 2020)n addition, they can be distinguished by their low
sequence similaritiedn a comparison of ITSTUB, CaM, and RPB2nucleotidesP. guizhouense
(Type strain CGMCQC3.25508) ha®92.68%, 77.%6, 73.8%, and85.%% similarity, in ITS 605545
bp, 12 gaps),TUB (345444 bp, 23 gaps), CaM (528715bp, 46 gaps), andRPB2(819957 bp, three
gaps), which is different fron®. griseolum(Type strainCBS 277.5§ type species of s#&on
Griseola Penicillium guizhouense(CGMCC 3.25508) has37.1%, 65%, 64.3%, and 84.1%
similarity, in ITS @97/570 bp, 17 gaps),TUB (266409 bp, 70 gaps),CaM (302469 bp, 79 gaps)
andRPB2(819/973 bp, no gap), which is different fror?. eremophilun{Type strain CBI2336)
type species of sectideremophila Penicilliumguizhouens¢CGMCC 3.25508) ha82.1%, 73.%%,
69.2%, and .3% similarity, in ITS 607550 bp, nine gaps),TUB (321434 bp, 13 gaps),CaM
(504728 bp, ™ gaps) and RPB2 (788957 bp, threegas), which is different fromP. charlesii
(Type strain CBS304.49 type species of sectio@harlesia Penicillium guizhouensdCGMCC
3.25508) ha®93.3%0, 69.1%, 68.4%, and 828% similarity, in ITS 609544 bp, eight gaps),TUB
(343496 bp, 67 gaps),CaM (354517 bp, 73 gaps) and RPB2 (756912 bp, no gap), which is
different from P. sclerotiorum (Type strain CBS287.39 type species of sectioBclerotiorum
Penicillium guizhouensédCGMCC 3.25508) ha94.4%, 73.1%, 71.%%, and &.2% similarity, in
ITS (5112541 bp, four gaps),TUB (322440 bp, 23 gaps),CaM (367510 bp, 45 gaps) andRPB2
(822/975 bp, no gap), which is different frof. glabrum(Type strain CB3.25543 type species of
sectionAspergilloides

Figure 1871 Penicillium guizhouensgCGMCC 3.25508). ad Upper and reverse views of cultures
on PDA, MEA, SNA, and OA 14 d after inoculatioril €onidiophores, conidial heads and conidia.
Scale bars:id = 10 pum.
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95/0.96 Talaromyces marneffei CB~
10&‘1—— Talaromyces duclauxii
Talaromyces flavus CBS

100/1

85/0.81 |

96/0.99\
Tt alaromycm
g Talaromyc:

Talaromyces

93/0.99
100/1 ]

76/0.91 |

98/0.94
\\
100/1

96/0.99 |

ME

100/1
100/1

100/1

Talaromyces purpureus CBS4?5

Talaromyces ptychoconidi ‘
Talaromyces guizhc
Talaromyces guizh

Talaromyces subinatus

Talaromyces tzapot

Talaromyces paecilomyc:

E Talaromyces paecil
98/- CGMCC 3.25510 T
! OLIIOT/_;‘ ZY 22.042

7Y 22.043

Talaromyces palmae
100/1 | Talaromyces jiangxiensis

Talaromyces jiangxi
Talaromyces resedar
Talaromyces mimosinus CBS
Talaromyces bacillisporus CBS
100/1 _— Talaromyces i
“— Talaromyces
Trichocoma paradoxa CBS 788.83 T

99/1

77/-

0.2

Figure 197 Phylogram generated from maximum likelihood analysis based on combBeiuUB,
CaM, andRPB2sequence data. Estimated base frequencies were as follows; A = 0.239, C = 0.257,
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G = 0.267, T = 0.237; substitution rates AC = 1.40725, AG = 5.07808, AT = 1.4?:514, CG =

0.97933, CT = 6.45110, GT = 1.00000; gamma distribution shapeg amet er U = 1.0
topology of ML analysis is similar to Bl anal
BYPP O 0.7 are defined as -)BféséhPsuppdritoalues lasstiean n o c
70% inMLand 0.7inBl. Newlygemeat ed sequences are in blue ar

Talaromyce<C.R. Ben,;.

Based on the dataset combined IT&IB, CaM, and RPB2 sequences, the phylogeny of
Talaromyceswas studiedTrichocoma paradoxdCBS 788.83) was used as the outgroup for the
phylogenetic analysis. The concatenated sequences included 68 taxa and consisted of 2,465
nucleotides (ITS, 516 b@UB, 494 bp;CaM, 560 bp; andRPB2 895 bp) with inserted gaps. The
phylogenetic trees showed that two new isolates (CGMCC 3.25509 and (29p2of
T. longistipesclustered into a single clade with a high support value (100/1) and nested in the
section Trachyspermi and closely related to speci@s brasiliensisand T. resinae(Fig. 19).

In addition, three new isolates (CGMCC 3.25510, ZY022, and ZY22.043) of. parapalmae
clustered into a single clade with a high support value (100/1) and nested in the Sebtidlati
and closely related to speci&s palmae(Fig. 19). Talaromycessections in the phylogenetic tree
were followed by Holraken et al. (2020) and Sun et al. (2020).

Figure 201 Talaromyces longistipglCGMCC 3.25509).iad Upper and reverse views of cultures
on PDA, MEA, SNA, and OA 14 d after inoculatiofij €hialides, conidia and conidia chain. Scale
bars: &j = 10 um.
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Talaromyces longistipeghi Y. Zhang & Y. F. Han, sp. nov. Fig. 20

MycoBank number: MB85037%acesoffungi numbeFoF15082

Etymologyi Referring to its longer stipes.

Holotypei ZY H-22.039

Descriptioni Hyphaebranched, septate, hyaline, smodiit6b e m di a m. Sexual
observed. Asexual morpt8clerotia absent.Conidiophoresbiverticillate, stipes smoottvalled,
nonvesiculate, 50200 x 3 4.5 um; metulaei® per stipe, 1219 x 3.55.5 um.Phialidesacerose,
tapering into very thin neck,i8 per metulae, 13(38 x 2.54 pym. Conidia in long chains,
ellipsoidal to broad fusiform, rough, pale greenj8834 Om (av. 4.7 1 3.4 ¢

Culture characteristics (14 d at 25 “CEolony on PDA 1415 mm, moderately deep, plane;
margin entire sporulation moderately dense; coniéia masse@reyish green; mycelium greenish

yel |l ow; colony texture poccose; exudat es ab:
greenish yellow. Colony on MEA 120 mm, moderately deep, margin entire; sporutatong;
conidiaen massggr eyi sh gr een; mycelium | ight yell ow

exudates absent; soluble pigments absent; reverse greenish yellow. Colony on iSISANN2,

plane; margin irregular; sporulation moderate; conahamass greenish yellow; mycelium grey
yell ow to grey white; colony texture poccose
greenish yellow. Colony on OA 180 mm, flat, margin entire; sporulation strong; conidia
massegreenish yellow; mycelium gyeyellow; exudates absent; soluble pigments absent; reverse
grey white.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY $22.039), extype CGMCC 3.25509 = ZY 22.03fid. ZY
22.040.

Notesi Phylogenetically,Talaromyces longistipefalls into a terminal clade of section
Trachyspermiincluding specied. brasiliensis T. phuphaphetensig. resina, T. satunensiand
T. subericolaFig. 19).Talaromycesrasiliensis T. longispory T. resinagandT. subericolahave
smoothwalled stipes and conidial ornamentation, wherBaphuphaphetensiand T. satunensis
can be differentiated as having tubdate stipes and smoacthalled conidia (Barbosa et al. 2018,
RodriguezAndrade et al. 2020, Nuankaew et al. 2022&Q{ong 1982).Talaromycedongistipes
differs from T. resinae in having biverticillate conidiophore (most biverticillate and
monoverticillae symmetric inT. resinag (Qi & Kong 1982).Talaromycedongistipesdiffers from
T. brasiliensign having longer stipes (129 x 3.55 . 5 4&.dongistipesvs. 811 x2533 . 5 & m
in T. brasiliensi$, and larger conidia (i x 34 € ni.longistipesvs. 23 e m) ( Bar bosaea
2018).Talaromycedongistipesdiffers fromT. subericolan its conidia shape (ellipsoidal to broad
fusiform vs. ellipsoidal to globose) (Rodrigu@ndrade et al. 2020)in addition, they can be
distinguished by their lovgequene similarities. In a comparison of ITS,UB, CaM, and RPB2
nucleotides,T. longistipes(Type strain CGMCC 3.25%) has93.1%, 87.%%, 78.76, and 91.8%
similarity, in ITS @10440bp, two gaps),TUB (303346 bp, 18 gaps),CaM (401509 bp, 24 gaps)
andRPB2(916997 bp, no gap), which is different fronT. brasiliensis(Type strain CB342493.
Talaromycedongistipes(CGMCC 3.25509) has21%, 84.36, 73.3%, and 89.26 similarity, in
ITS (493535bp, eightgaps),TUB (392465 bp, 21 gaps),CaM (386526 bp, 50 gaps) andRPB2
(886993 bp, no gap), which is different fronT. resinae (Type strain CGMCC 3.4387.
Talaromyceslongistipes (CGMCC 3.25509) ha$8.8%, 81.8%, and 76.26 similarity, in ITS
(480’540 bp, 12 gaps), TUB (372453 bp, 17 gaps) and CaM (401526 Ip, 26 gaps), which is
different from T. satunensis(Type strain TBRC 16246¢. Talaromyceslongistipes (CGMCC
3.25509) has38.8%0, &.8%, 78.3%, and 89.2% similarity, in ITS475536 bp, 10 gaps), TUB
(378456 bp, 17 gaps),CaM (410523 bp, 22 gaps) and RPB2(9431,057 bp, no gap), which is
different fromT. phuphaphetensiélype strainTBRC 1628). Talaromycedongistipes(CGMCC
3.25509) has89.1%, 86.%0, 79.26, and 90.6% similarity, in ITS @18469 bp, nine gaps),TUB
(287330 bp, six gaps),CaM (370467 bp, 27 gaps) and RPB2 (772852 bp, no gap), which is
different fromT. subericolaType strain CBS 144322).
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Talaromyces parapalmaghi Y. Zhang & Y. F. Han, sp. nov. Fig. 21
MycoBank number: MB850376-acesoffungi numbeFoF15083
Etymologyi Based on itslose phylogenetic relationship T@laromyces palmae
Holotypei ZY H-22.041

Descriptioni Hyphaebranched, septate, hyaline, smoott61 ¢ m di a m. Sexual
observed. Asexual morpRonidiophorediverticillate with a minor proportion having subtanal
branches, sometimes monoverticille#dtipessmooth walled, 2080 x 35 € m, briahchms 2

Metulaeli 4 per stipe, divergent, 185 x 2.55 . 5 . Phialidesacerose, 15 per metulae, IP9 x
214 . 5. Conidia smooth, chain, subglobose to ellipsdjda5 6(8) x 24 . 5 em ( av. 3.
em, n = 30).

Figure 2171 Talaromyces parapalmg€GMCC 3.25510).iad Upper and reverse views of cultures
on PDA, MEA, SNA, and OA 14 d after inoculation.kePhialides and conidia. | Conidia. Scale
bars: & = 10 pm.

Culture characteristicé (14 d at 25 °C) Colony on PDA 2627 mm, raised at the centre,
sulcate, margins low; mycelia white, yellow; sporulation absent; soluble pigments absent; exudates
absent; reverse yellow. Colony on MEAI3% mm, slightly raise , pbuffy; mar gi ns
white to grey yellow; texture poccose; sporul
reverse zinc yellow. Colony on SNA 22 mm, low, margins entire; mycelia grey white; texture
pboccose; S p ¢ soludlegignments absert; £xaidates absent; reverse grey white. Colony
on OA 2527 mm, low, plane; margins plane, entire; mycelia white and grey yellow; texture
velvety; sporulation strong in the centre, conidia massealark green; soluble pigments absent
exudates absent; reverse light yellow.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
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2022, ZhitYuan Zhang (holotype, ZY 122.041), extype CGMCC 3.25510 = ZY 22.04ibid. ZY

22.042ibid. ZY 22.043.

Notesi Currently, seven species are accepted in the sestibimflati(Houbraken et al. 2020,
Sun et al. 2020, Zhang et al. 2023Bglaromyces parapalmas classified as a newnkeage in the
section Subinflati forming a strongly supported clade (100/1) (Fig. 19). Phylogenetically,
T. parapalmases closely related td@. palmae(Fig. 19). Morphologically,T. parapalmaediffers
from T. palmaein having monoverticillate and biveriiate conidiophore (biverticillate in
T. palmag. Talaromycespalmaeproduces synnemata, which is not observed .iparapalmae
(Yilmaz et al. 2014). In addition, they can be distinguished by their low sequence similarities. In a
comparison of ITS,TUB, CaM, and RPB2 nucleotides,T. parapalmae(Type strain CGMCC
3.25510) has 95.8%, 90.6%, 69.7&hd 95.3% similarity, in ITS (535/558 bp, five gapsyB
(396/437 bp, six gapsfzaM (422/605 bp, 39 gapsand RPB2(703/737 bp, no gap), which is
different fran T. palmagType strain CBS 442.88).

Aphanoascus fulvescens CBS 305.67

Aphanoascus fulvescens FMR 5484

34/0.9¢ Aphanoascus fulvescens FMR 5652
Aphanoascus fulvescens CBS 115955

78/0.95 | Aphanoascus fulvescens CBS 743.68

Aphanoascus fulvescens CBS 121.64

it Aphanoascus fulvescens CBS 741.68

Aphanoascus fulvescens CBS 742.68

Aphanoascus fulvescens NBRC 30411

Aphanoascus reticulisporus CBS 392.67 T

Aphanoascus reticulisporus NBRC 32373

Aphanoascus reticulisporus UAMH 4320

Aphanoascus jingzhouense EB1303M T

CGMCC 325511 T

ZY 22.045

Aphanoascus sp. NBRC 31723

Aphanoascus keratinophilus CBS 104.62

99/1 Aphanoascus keratinophilus IMI 319010 T

70/~ Aphanoascus foetidus CBS 143.77

103/41/ '|:{_l: Aphanoascus foetidus CBS 320.86

N Aphanoascus foetidus EM 14.2002
95/0.75 Aphanoascus foetidus CBS 453.75 T

sa0s7 _ Aphanoascus mephitalis CBS 783.70 T
95/0.89 Aphanoascus pinarensis  CBS 113874 T
Aphanoascus crassitunicatus CBS 167.78 T
Aphanoascus canadensis UAMH 4574 T
99/ Aphanoascus verrucosus CBS 171.62
Aphanoascus verrucosus CBS 468.88 T
Aphanoascus verrucosus GZAC EB1601M.1
Aphanoascus cubensis FMR 4220 T
Aphanoascus sp. CBS 663.78
A 78/0.92 Aphanoascus sp. CBS 111.58
Aphanoascus orissae CBS 116064
100/1 }‘ Aphanoascus orissae CBS 437.88
Aphanoascus orissae CBS 340.89
s/ 83\{ Aphanoascus orissae CBS 466.88 T
) Aphanoascus clathratus IMI'329400 T
100/1 | Keratinophyton lemmensii BiMMF 76 T
Keratinophyton alvearium 1.C11684 T

97/0.97

Aphanoascus guizhouensis
94/0.93

y
91/0.98”

86/-~
-/0.78

100/1

0.03

Figure 227 Phylogram generated from maximum likelihood analysis based on combined ITS and
LSU sequence data. Estimated base frequencies were as follows; A = 0.234, C = 0.235, G = 0.292,
T = 0.239; substitution ras AC = 1.33380, AG = 3.50342, AT = 2.17538, CG = 0.80264, CT =

9.43457, GT = 1.00000; gamma di stribution she
analysis is similar to Bl anal ysi s. Boot str ar
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defined as BS/PP above the nodes. Hyphénepresent support values less than 70% in ML and
0.7 in Bl. Newly generated sequences are in b

Onygenale<Cif. ex Benny & Kimbr.
Onygenacea®erk.
AphanoascugZukal

Based on theataset combined ITS and LSU sequentiesphylogeny ofAphanoascusvas
studied.Keratinophyton lemmens(BiMMF 76) andK. alvearium(LC11684) were used as the
outgroup for the phylogenetic analysis. The concatenated sequences included 39 taxa aed consist
of 1,337 nucleotides (ITS, 514 bp; and LSU, 823 bp) with inserted gapsphylogenetic trees
showed that members of the gemf\ghanoascusglustered into a group with high support value
(100/1) (Fig. 22). Additionally,our two new isolates (CGMCC %311 and ZY22.040) of
A. guizhouensiglustered into a single clade with a high support value (97/1) and closely related to
speciesA. jingzhouensandA. reticulisporus(Fig. 22). In this study, sequences data mostly from
Kandemir et al. (2022), were doWwaded from NCBI GenBank for molecular phylogenetic
analyses.

Aphanoascus guizhouensighi Y. Zhang, Heng Pan & Y. F. Han, sp. nov. Fig. 23
MycoBank number: MB85037 Facesoffungi numbeFoF15084
Etymologyi Named after the location Guizhou, where tbéotype was collected.
Holotypei ZY H-22.044

Figure 23 7 Aphanoascus guizhouengl€GMCC 3.25511). iad Upper and reverse views of
cultures on PDA, MEA, SNA, and OA 14 d after inoculatioig &erminal, lateral and intercalary
conidia. hii Arthroconidia. j Ascomata wall. k Asci. | Ascospores. Scale bdns=d0 um.
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Descriptioni Hyphae branched, septate, hyaline, smooth31 ¢ m di a m. Sexua
Ascomata superficial, spherical, neastiolate, light brown.Asci numerous, subglobose to
ellipsoidal, 115116 x 81 1 ¢ -appredBevanescerscosporeglobose to ellipsoidal, narrew
ridged reticulatealveolate, with small verrucae in the pits, @edled, paleborown, 56.5%x 46 & m
(av. 5.8 1 5 &m, @onidiateBronpl and Jateral xssig on shom proprisions,
the short stalk or the side branches, solitary, hyaline, smooth, clavate, ellipsoidal, with a truncate
base, 4595 x 254 em ( av. 6. 8 IInteRalaty camidigabumdant: solRaéy) .
cylindrical, clavate to barregi13.5x46 e m ( av. 9 . 6 Arthrocbnidiaabyndant, = 3
thin-walled, cylindrical, smooth,i83x34 . 5 em ( av. 10.9 I 3.9 &m, N

Culture characteristidd4 d at 25 °C) Colony on PDA 7879 mm, fluffy, flocculent, white,
aerial mycelium dese; reverse white. Colony on MEA fagbwing, more than 90 mm, flocculent,
granular, white, aerial mycelium dense; reverse grey yellow. Colony on SN@056m, aerial
mycelium very sparse, white; reverse white. Colony on OAdesiiing, more than 90 mnfiiuffy,
flocculent, white, aerial mycelium dense; reverse white.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuanZhang (holotype, ZY F22.044), extype CGMCC 3.25511 = ZY 22.04#id. ZY
22.045.

Notesi Phylogenetically, Aphanoascus guizhouendmms a distinct clade and is closely
related toA. jingzhouenseA. keratinophilusandA. reticulisporugFig. 22). Amorng these species,

A. jingzhouensedoes not produce sexual morph, which is observedAinguizhouensjs
A. keratinophilusandA. reticulisporus(Cano& Guarro 1990, Zhang et al. 2017Aphanoascus
guizhouensisliffers from A. keratinophilusn ascosporelsape and size (globose to ellipsoidal, 5
6.5x 46 ¢ m\. guibhouensiss. globose to oblatej 8.5 x 4.56 ¢ m\. keratinophilu}, and
has intercalary conidia and arthroconidia, which is not observel ieratinophilus(Cano &
Guarro 1990)Aphanoasus guizhouensigliffers from A. reticulisporusin conidia shape and size
(clavate, ellipsoidal, 4i®.5 x 2.54 ¢ mA. gurehouensiys. clavate, 716 x 44 . 5 em i n
A. reticulisporuy (Cano& Guarro 1990).In addition, they can be distinguished by thiew
sequence similarities. In a comparison of ITS and LSU nucleotidegylizhouensi§Type strain
CGMCC 3.2551) has97.26 and 99.£46 similarity, in ITS 645560 bp, four gaps)and LSU
(856861 bp, two gaps), which is different fronA. reticulisporus(Type strain CBS392.67.
AphanoascuguizhouensigCGMCC 3.25511) has 9R similarity, in ITS 644560 bp,no gap),
which is different fromA. jingzhouensgType strain EB1303M. Aphanoascusguizhouensis
(CGMCC 3.25511) ha83.®%6 similarity, in ITS 637573 bp, 15 gaps), which is different from
A. keratinophilugType strainMI 319010.

Tuberculiformaleszhi Y. Zhang & Y. F. Han, ord. nov.

MycoBank number: MB850378

Etymologyi Named after its tuberculiforsike conidiogenous structure.

Type familyi Tuberculiformaceae

Descriptioni Hyphae branched, septate. Sexual morph: Not observed. Asexual morph:
Conidiophoresare usually reduced to conidiogenous célisnidiogenous cellarise in clusters on
intercalary or terminal, swollen, subglobose to inequiliterampulliform, cupshaped, like
tuberculiform.Conidiasolitary or in chains.

Based on the dataset combined SSU, ITS, LSU, RRB2 sequences, the phylogeny of
Tuberculiforma sinensiand its related taxa were studi€koglossum nigritunOSC 100009) ah
Trichoglossum hirsuturfKH032320031) were used as the outgroup for the phylogenetic analysis.
The concatenated sequences included 77 taxa and consisted of 3,668 nucleotides (SSU, 974 bp; ITS
789 bp; LSU, 853 bp; andPB2 1,052 bp) with inserted gapBhe phylogenetic trees showed that
four new isolates (CGMCC 3.25512, ZY 22.047, ZY 22.048, and ZY22.049). ginensis
clustered into a single clade with a high support value (100/1) and closely rel@techtenataand
three beetlassociated isolatéNBio4503Q, INBio4513L, and INBio4513J) (Fig. 24).
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Figure 247 Phylogram generated from maximum likelihood analysis based on combined SSU, ITS,
LSU, andRPB2sequence dat&stimated base frequencies were as follows; 3256 C =0.227,
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Figure 2571 Tuberculiforma sinensi€CGMCC 3.25512).iad Upper and reverse views of cultures
on PDA, MEA, SNA, and OA 14 d after inoculatiori keConidiogenous cells and conidia. Scale
bars: & = 10 pum.

Notesi Réblova et al. (2017) created the subcl8sterococcomycetidaand the order
Sclerococcaledased a morphological diagnoses and molecular phylogenetic data. Réblova et al.
(2017) may not have been aware of the spegiethopsis catenat§van Oorschot& de Hoog
1982), the morphological characters of beadsociated isolates (INBio4503Q, INBio4513Jd an
INBio4513L) are not recorded in the literature, and therefore incorrectly treated these isolates as
taxa inSclerococcalebased on phylogenetic analyses. In this study, we proposed the new species
Tuberculiforma sinensjsA. catenate and three beetleelated isolates (INBio4503Q, INBio4513J,
and INBio4513L) clustered into a single clade and separated $ScarococcalesAlthough no
sexual stage was observed Tarsinensisand A. catenataVan Oorscho& de Hoog 1982), their
asexual phenotypes are dist from those of thesclerococcalesTherefore, we propose a new
order of Tuberculiformalesby combining molecular phylogenetic data and morphological
diagnoses.

Tuberculiformaceaezhi Y. Zhang & Y. F. Han, fam. nov.

MycoBank number: MB850379

Etymologyi Named after its tuberculiforsike conidiogenous structure.

Type genug Tuberculiform

Descriptioni Hyphae branched, septate. Sexual morph: Not observed. Asexual morph:
Conidiophoresare usually reduced to conidiogenous célignidiogenous cellarisein clusters on
intercalary or terminal, swollen, subglobose to inequilaterally ampulliform;shaped, like
tuberculiform.Conidiasolitary or in chains, semicircular or ellipsoidal to subglobose, with truncate
bases.
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Tuberculiforma zhi Y. Zhang & Y. F. Han, gen. nov.

MycoBank number: MB850380

Etymologyi Named after its tuberculiforiike conidiogenous structure.

Type specie$ Tuberculiforma sinensis

Descriptioni Hyphaebranched, septate; fertile parts of hyphae aerial, lateral or terminal,
with short kteral secondary branches consisting of subglobose cells. Sexual morph: Not observed.
Asexual morph:Conidiophoresare usually reduced to conidiogenous cedllsnidiogenous cells
arise in clusters on intercalary or terminal, swollen, subglobose to inegqalia ampulliform, cup
shaped, like tuberculiformrConidia solitary or in chains, semicircular or ellipsoidal to subglobose,
with truncate bases.

Tuberculiforma sinensiszhi Y. Zhang & Y. F. Han, sp. nov. Fig. 25

MycoBank number: MB85038Facesoffunghumber:FoF15085

Etymologyi Named after the location China, where the holotype was collected.

Holotypei ZY H-22.046

DescriptionT Hyphae branched, septate, hyaline, smoothd1 ¢ m di a m; fertdi
hyphae aerial, lateral or terminal, with short tatesecondary branches consisting of subglobose
cells. Sexual morph: Not observed. Asexual morglmnidiophoresare usually reduced to
conidiogenous cellsConidiogenous cellsarise in clusters on intercalary or terminal, usually
swollen, subglobose to igailaterally ampulliform, sometimes cighaped.Conidia solitary,
smoothwalled, semicircular or ellipsoidal to subglobose, with truncate basé<.2.5 2.54 & m
(av. = 3.1 1T 3.2 &gm).

Culture characteristics (14 d at 25 °C)Colony on PDA 1718 mm, fluffy, white, aerial
mycelium sparse at the margin; revevghite. Colony on MEA 1314 mm, fluffy, white, sulciform,
aerial mycelium dense; reverse white. Colony on SNA184mm, fluffy, flat, white, aerial
mycelium sparse; reverse white. Colony on OA énm, fluffy, flat, silk grey, aerial mycelium
sparse; revee silk grey.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.046), extype CGMCC 3.25512 ZY 22.046;ibid. ZY
22.047. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected
from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 202X,u&m Zhang
ZY 22.048,ibid. ZY 22.049.

Notes 1 Phylogeneticly, Tuberculiforma sinensidorms a distinct clade and is closely
related to A. catenataand three beetlassociated isolates (INBio4503Q, INBio4513J, and
INBio4513L) (Fig. 24). MorphologicallyT. sinensigliffers fromA. catenatan its solitary conidia
(Van Oorscho®& de Hoog 1982). In addition, INBio4503Q, INBio4513J, and INBio4513L were
obtained from the beetle gut content of Passalidae and their lack of morphological description
(VargasAsensio et al. 2014). Thus, we did not compare the morpholatheahcteristics between
these isolates andl sinensisin addition,T. sinensigiffers fromA. catenatdy their low sequence
similarities. In a comparison of ITS and LSU nucleotid€s,sinensis(Type strain CGMCC
3.25512) has 93.6% and 87.4% similarin ITS (474/506 bp, nine gaps) and LSU (804/919 bp,
104 gaps)which is different fromA. catenatgType strain CBS 492.81).

Tuberculiforma catenatugOorschot, de Hoog & G. Schiler) Zhi Y. Zhang & Y. F. Han, com.
nov.

[ Anthopsis catenat®orschot, deHoog & G. Schiler, van Oorschot & de Hoog, Antonie
van Leeuwenhoek 48(1): 63 (1982).

The genusAnthopsiswas established in 1977, with the type spegiedeltoidea(Marchisio
et al. 1977). RecenthAnthopsis deltoideivas transferred to the genGyphelophora named as
Cyphellophora deltoideéCrous et al. 2023). Additionally, in our phylogenetic stullycatenatads
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closely related to the new gentisberculiforma Therefore, we propose a new combination for that
species.

ClassLeotiomycete®.E. Erikss. & Winka
ThelebolaleHaeckel
Thelebolaceadngl.
PseudogymnoascuRaillo

Based on the dataset combined ITS, LSWCM7, RPB2 and EF1A sequencesthe
phylogeny ofPseudogymnoascusas studiedLeuconeurospora pulcherrimgCBS 343.76) and
Leuconeurosporasp. (02NH04 and 15PA04) were used as the outgroup for the phylogenetic
analysis. The concatenated sequences included 103 taxa and consisted of 4,021 nucleotides (ITS,
544 bp; LSU, 1,202 bpgyICM7, 596 bp;RPB2 761 bp; andEF1A 918 bp) with inserted gapshe
phylogenetic trees showed that members of the gPsesdogymnoascudustered into a group
with a high support value (100/1) (Fig. 26). Additionally, two new isolates (CGMCC 3.25513
and ZY 22.01) oP. wildlifiparkensisclustered into a singleadlie with a high support value (100/1)
and closely related t®. campensiand 13 undescribed isolates (Fid) 2. Cl ades are
using clade nomenclature (A to M) formally de

Pseudogymnoascus wildlifiparkens#&hi Y. Zhang & Y. F. Han, sp. nov. Fig. 27

MycoBank number: MB85038ZFacesoffungi numbeFoF15086

Etymologyi Namel after the location of Guizhou Wildlife Park, where the holotype was
collected.

Holotypei ZY H-22.050

Descriptioni Hyphaebranched, septate, hyaline, smoofiR 1 5 e m di a m. Somet
hyphae end in pyriforashaped arthroconidia with a truncatesé®aSexual morph: Not observed.
Asexual morphConidiophoresabundant, solitary, erect, arising in right or acute angles with the
main axis, hyaline, smooth, usually bearing verticils of one to two branches arising from the stipe at
an acute angleAleurioconidia solitary, pyriform or subglobose, with a broad truncated basal scar,

254%x23 em (av. 3.2 | 2.5, n = 30), in coni di «
Intercalary conidiapyriform to elongated, drum, cylindrical with slightly wider time middle, or
irregular, with a broad truncated scar at the base or bothend8 3553 . 5 em (av. 5.5

n = 30), smoothArthroconidianot observed.

Culture characteristics (14 d at 25 °C)Colony on PDA 1618 mm, white to pale green,
fluffy , flocculent, sectorization, sulcate, margin corrugated, exudates and diffusible pigments absent;
reverse broom yellow to dahlia yellow. Colony on MEAI 28 mm, white, fluffy, flocculent,
sulcate, margin regular, exudates and diffusible pigments abseetseezinc yellow. Colony on
SNA 22 24 mm, white, fluffy, flocculent, margin regular, exudates and diffusible pigmentstabsen
reverse white. Colonyon OA189 mm, white, fluffy, exudates ¢
white pigment; reverse white.

Material examinedi China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo
Town, soil collected from the green belts@t@izhou Wildlife Park, 106.69 E, 26.85 N, 25 May
2022, ZhiYuan Zhang (holotype, ZY 122.050), extype CGMCC 3.25513 = ZY 22.05{id. ZY
22.051.

Notes i Based on multlocus phylogenetic analyses (Fig. 26) and morphological
characteristicsP. wildlifiparkensisis proposed as a novel species belonging to clade A (M&nis
Lindner 2013). Clade A consists &f. campensie nd sever al uni de&ti yed
Lindner 2013, Zhang et al. 2023b). MorphologicalB;, wildlifiparkensismainly differs from
P. campensis intercalary conidia shape and size (pyriform to elongated, drum, cylindrical with
slightly wide inthemi ddl e, or i rr e g WPlwidifiparkensisvs. Batreh, reifor,. 1 ¢
pyriform to el ongat ed Paampéns)tZeagget ah 2023b)alw additién, T 2
P. wildlifiparkensis differs from P. campensidy their MCM7 sequene similarities (97.7%,
597/611, no gap).
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Figure 261 Phylogram generated from maximum likelihood analysis based on combined ITS, LSU,
MCM7, RPB2 and EF1A sequence dat&stimated base frequencies were as follows; @247,
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