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Abstract

‘The Botryosphaeriales represents an ecologically diverse group of fungi, comprising endophytes, saprobes,
and plant pathogens. In this study, taxonomic analyses were conducted based on morphological character-
istics and phylogenetic analyses of multi-gene sequence data from four loci (ITS, LSU, zefI-o, and tub2).
Thirteen isolates obtained from Beijing and Yunnan Province were identified as seven species of Botry-
osphaeriales, including Aplosporella javeedii, Dothiorella alpina, Phaeobotryon aplosporum and Ph. rhois,
and three previously undescribed species, namely Aplosporella yanqingensis, Dothiorella baibuashanensis,
and Phaeobotryon platycladi. Additionally, the new records of Dothiorella alpina from the host species
Populus szechuanica, Phaeobotryon aplosporum from Juglans mandshurica, and Phaeobotryon rhois from
Populus alba var. pyramidalis are included.
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Introduction

The Botryosphaeriales C.L. Schoch, Crous & Shoemaker is an ecologically diverse fun-
gal order comprising endophytes, saprobes, and plant pathogens (Schoch et al. 2006;
Ekanayaka et al. 2016; Phillips et al. 2019). Slippers et al. (2013) provided molecular
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and morphological evidence to show that the Botryosphaeriales included six families
(Aplosporellaceae Slippers, Boissin & Crous, Botryosphaeriaceae Theiss. & Syd., Mel-
anopsaceae A.J.L. Phillips, Slippers, Boissin & Crous, Phyllostictaceae Fr., Planistro-
mellaceae M.E. Barr, and Saccharataceae Slippers, Boissin & Crous). Then, Wyka and
Broders (2016) introduced Septorioideaceac Wyka & Broders., Yang et al. (2017) in-
troduced two new families (Endomelanconiopsisaceae Tao Yang & Crous and Pseudo-
fusicoccumaceae Tao Yang & Crous). However, Phillips et al. (2019) argued that only
six families (Aplosporellaceae, Botryosphaeriaceae, Melanopsaceae, Phyllostictaceae,
Planistromellaceae and Saccharataceae) could be accepted in Botryosphaeriales, with
reducing Endomelanconiopsisaceae, Pseudofusicoccumaceae, and Septorioideaceae to
the synonymy under Botryosphaeriaceae, Phyllostictaceae, and Saccharataceae, respec-
tively. In the present study, thirteen isolates were classified as three genera (Aplosporella
Speg., Botryosphaeria Ces. & De Not., and Phaeobotryon Theiss. & Syd.) in two fami-
lies (Aplosporellaceae and Botryosphaeriaceae).

Aplosporellaceae was introduced by Slippers et al. (2013) to accommodate two
genera viz. Aplosporella and Bagnisiella Speg. However, Slippers et al. (2013) suggested
that Aplosporella and Bagnisiella should be synonymized based on their close phyloge-
netic relationships and their remarkably similar multiloculate sporocarps. Ekanayaka et
al. (2016) agreed with this and provided evidence that the sexual morph of Aplosporella
thailandica Ekanayaka, Dissanayaka, Q. Zhao & K.D. Hyde resembles Bagnisiella.
Phillips et al. (2019) formally placed Bagnisiella as a synonym of Aplosporella. Sharma
et al. (2017) introduced Alanomyces Roh. Sharma in Aplosporellaceae based on four
loci phylogeny. Therefore, two genera (Alanomyces and Aplosporella) can be accepted in
Aplosporellaceae. The morphological characters of Aplosporellaceae are multiloculate
ascostromata, septate pseudoparaphyses, aseptate and ellipsoid to ovoid ascospores,
and ellipsoid to subcylindrical and hyaline to pigmented conidia (Slippers et al. 2013;
Phillips et al. 2019).

Botryosphaeriaceae was introduced by Theissen and Sydow (1918) for three genera
(Botryosphaeria, Phaeobotryon, and Dibotryon Theiss. & Syd.). Over the years the fam-
ily and genera have undergone several taxonomic revisions and updates. Currently, the
Botryosphaeriaceae has approximately 100 verified species in 24 genera, according to
DNA sequence data (Phillips et al. 2013; Slippers et al. 2013; Yang et al. 2017; Xiao
et al. 2021; Zhang et al. 2021). Botryosphaeria has uniloculate and clustered ascostro-
mata and septate pseudoparaphyses (Phillips et al. 2019). In the phylogenetic tree of
Botryosphaeriaceae, hyaline or colored conidia or ascospores are distributed randomly
(Slippers et al. 2013). A large number of new species have been described in recent
years, which indicated that the diversity of Botryosphaeriaceae was worthy of further
exploration (Bezerra et al. 2021; Zhang et al. 2021; Sun et al. 2022).

With the modern taxonomic approaches applying, more than 30 novel species
have been identified in the last five years (Zhang et al. 2021; Rathnayaka et al. 2022;
Sun et al. 2022; Wang et al. 2023). Considering the important economic status of
Botryosphaeriales, a survey to explore more hidden species of Botryosphaeriales was
considered imperative. Thus, a survey on the diversity of Botryosphaeriales on diseased
branches was conducted in Beijing and Yunnan Province from 2021 to 2022. In this
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study, we introduce three new species, in which Aplosporella yangingensis and Phaeobot-
ryon platycladi were collected from Platycladus orientalis and Dothiorella baihuashanen-
sis were collected from Juniperus chinensis in China. Moreover, the newly discovered
Dothiorella alpina from Populus szechuanica, Phaeobotryon aplosporum from Juglans
mandshurica, and Ph. rhois from Populus alba var. pyramidalis are featured.

Materials and methods

Fungal isolation

Fresh specimens (woody branches and twigs with canker or dieback symptoms) were
randomly collected in Beijing and Yunnan Province from the summer of 2021 to the
autumn of 2022. The specimens were packed in kraft paper bags and transferred to the
laboratory for fungal isolation following Jiang et al. (2022). Isolates were obtained by
removing the spore mass from conidiomata to sterilised distilled water using sterilised
needle, and generating single spore colonies on potato dextrose agar (PDA: 200 g
potatoes, 20 g dextrose, 20 g agar per L) at 25 °C in the dark. After three to five days,
hyphal tips were transferred to new PDA plates twice to obtain a pure culture. The
cultures are deposited in the China Forestry Culture Collection Center (CFCG; http://
www.cfce-caf.org.cn/), and the specimens in this study are deposited in the Museum of
the Beijing Forestry University (BJFC).

Morphology

Morphological observations were conducted based on conidiomata produced on in-
fected plant tissues. The conidiomata were manually sectioned using a double-edged
blade and examined under a dissecting microscope for macroscopic and microscopic
characterization, while conidiomata structure and size were imaged with a Leica ster-
eomicroscope (M205) (Leica Microsystems, Wetzlar, Germany). Conidia and other
microstructures were selected randomly for observation using a Nikon Eclipse 80i
microscope (Nikon Corporation, Tokyo, Japan) equipped with a Nikon digital sight
DSRi2 high-definition colour camera with differential interference contrast (DIC).
Fifty conidia were measured per species, and 30 measurements were taken of other
morphological structures. Colony characters i.e. colours and texture on PDA and
MEA (malt extract agar; 30 g malt extract, 5 g mycological peptone, 15 g agar per L)
at 25 °C were observed and noted over 14 days. The colony colours were determined
based on the colour charts of Rayner (1970).

DNA extraction, amplification and sequencing

The fresh mycelium from PDA was scraped and put it in a 1.5 mL centrifuge tube
for genomic DNA extraction which used the modified CTAB (cetyltrimethylammo-
nium bromide) method (Doyle and Doyle 1990). For initial species confirmation, the
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internal transcribed spacer (ITS) region was sequenced using the primer pairs ITS1/
ITS4 (White et al. 1990) for all isolates. The BLAST tool (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) was used to compare the resulting sequences with those in GenBank.
After confirmation to the genus level, additional partial loci were amplified, including
the nuclear ribosomal large subunit (LSU), the partial translation elongation factor
1-alpha (zefl-o), and partial beta-tubulin (z#62) using the primer pairs LROR/LR5
(Vilgalys and Hester 1990), EF1-728F/EF1-986R (Carbone and Kohn 1999), and
Bt2a/Bt2b (Glass and Donaldson 1995), respectively. The additional combination of
T1 and Be2b (Glass and Donaldson 1995; O’Donnell and Cigelnik 1997) was used in
case of amplification failure of the primer Bt2a and Bt2b. The genes used in different
genera and the amplification conditions are listed in Table 1. The PCR mixture for all
regions consisted of 1 uL DNA template, 1 pL each 10 pM primer, 10 pL T5 Super
PCR Mix (containing Taq polymerase, ANTP and Mg?*, Beijing TisingKe Biotech
Co., Ltd., Beijing, China), and 7 pL sterile water. PCR products were electrophoresed
in 1% agarose gel and the DNA was sequenced by the SinoGenoMax Company Lim-
ited (Beijing, China). The forward and reverse reads were edited and assembled with
Seqman v. 7.1.0 in the DNASTAR Lasergene core suite software (DNASTAR Inc.,
Madison, Wisconsin USA). All sequences generated in this study were submitted to
GenBank (Suppl. material 1).

Phylogenetic analyses

The sequences obtained in this study were supplemented with additional sequences ob-
tained from GenBank (Suppl. material 1) based on BLAST searches and from relevant
published literature on the related genera (Bezerra et al. 2021; Wijayawardene et al.
2021; Xiao et al. 2021; Zhang et al. 2021; Peng et al. 2023). The individual data-sets
of each gene region were aligned separately using MAFFT v. 6.0 (Katoh and Standley
2013) and trimmed at both terminal ends in MEGA v. 6.0 (Tamura et al. 2013). Maxi-
mum Likelihood (ML) analyses were conducted for the single gene sequence data sets
(ITS and zefI-o regions for Aplosporella; TS, tefI-o, and rub2 regions for Dothiorella;
ITS, LSU, and zef]-u regions for Phaeobotryon). Then the combined data set of each
genus of all gene regions were used for multi-gene phylogenetic analyses including
Maximum Likelihood (ML) and Bayesian Inference (BI) analyses. Alanomyces indica
(CBS 134264), Lasiodiplodia americana (CFCC 500065), and Alanphillipsia aloeicola
(CBS 138896) were selected as the outgroup taxa for Aplosporella, Dothiorella, and
Phaeobotryon analyses respectively.

Table 1. Genes used in this study with PCR primers and optimal annealing temperature.

Locus PCR primers PCR: thermal cycles: (Annealing temp. in bold) Genus
ITS ITS1/ITS4 (95°C: 305,51 °C: 305,72 °C: 1 min) x 35 cycles  Aplosporella, Dothiorella, Phaeobotryon
LSU LROR/LRS (95°C: 455,55 °C: 455, 72 °C: 1 min) x 35 cycles Phaeobotryon
tefl-o EF1-728F/EF1-986R (95 °C: 155,55 °C: 20's, 72 °C: 1 min) x 35 cycles  Aplosporella, Dothiorella, Phaeobotryon
tub2 Bt2a/Bt2b (95°C: 305,55 °C: 305,72 °C: 1 min) x 35 cycles Dothiorella

T1/Be2b
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Maximum Likelihood (ML) analyses were conducted using PhyML v. 3.0 (Guin-
don et al. 2010), employing a GTR model of site substitution with 1000 bootstrap
replicates (Stamatakis 2014). Bayesian Inference (BI) analyses were conducted based
on the DNA dataset from the results of the MrModeltest v. 2.4 (Nouri et al. 2004)
using a Markov Chain Monte Carlo (MCMC) algorithm in MrBayes v. 3.1.2 (Ron-
quist and Huelsenbeck 2003). Two MCMC chains were run from random trees for
1,000,000 generations, resulting in a total of 10,000 trees. The first 25% of trees sam-
pled were discarded as the burn-in phase of each analysis. The posterior probabilities
(BPP) were calculated from the remaining trees (Rannala and Yang 1996). Phyloge-
netic trees were shown using FigTree v.1.4.4 (Rambaut 2018) and processed by Adobe
lustrator 2019.

Results

Phylogenetic analyses

The BLAST results indicated that the 13 isolates in this study resided in Aplosporella,
Dothiorella, and Phaeobotryon. Datasets for the three genera, the number of char-
acters of each gene with gaps and the substitution models used for BI analyses are
provided in Table 2. The topologies of BI analyses did not significantly differ from
the ML analyses.

Species of Aplosporella

Five isolates clustered into two phylogenetic groups for the individual genes (ITS and
tefl-o), as well as the combined gene dataset (Fig. 1). In ML analysis based on the com-
bined gene dataset, the matrix had 221 distinct alignment patterns. Estimated base
frequencies are as follows: A = 0.211117, C=0.277509, G = 0.253698, T = 0.257676;
substitution rates: AC = 3.242352, AG = 4.568839, AT = 2.135067, CG = 2.137396,
CT =5.690231, GT = 1.000000; gamma distribution shape parameter: o = 0.217402.
The isolates CFCC 58330, 58329, and 58412 resided in a clade with Aplosporella
javeedii (ML/BI = 98/1.00), while the isolates CFCC 58791 and 58792 formed an
individual clade distinct from the other species in Aplosporella (ML/BI = 100/1.00).

Table 2. Substitution models used for Bayesian analyses in this study.

Analyses Number of outgroup Substitution models used for Bayesian analyses/
ingroup sequences Number of characters with gaps
ITS LSU tefl tub2
Aplosporella 2-genes 24 Alanomyces indica SYM+G /553 - GTR+G /417 -
CBS 134264
Dothiorella 3-genes 66 Lasiodiplodia americana GTR+1+G /494 - GTR+G /322 GTR+I+G
CFCC 50065 1448
Phaeobotryon 3-genes 36 Alanphillipsia aloeicola  GTR+1 /488 HKY+I/562 HKY+G/299 -

CBS 138896
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03/0.99— Aplosporella macropycnidia CGMCC 37726
Aplosporella macropycnidia CGMCC 37725
-|' Aplosporella sophorae CPC 29688
Aplosporella africana CBS 121777
Aplosporella africana CBS 121778
100/1.00 | Aplosporella yalgorensis MUCC512
Aplosporella yalgorensis MUCC511
98/1.001 Aplosporella prunicola STE-U 6326

9111 Aplosporella prunicola CBS 121167
100/1.00 | Aplosporella papillata CBS 121780
Aplosporella papillata CBS 121781
10011.00 | Aplosporella yanqingensis CFCC 58791
Aplosporella yangingensis CFCC 58792
Aplosporella javeedii CFCC 58412
89-1 Aplosporella javeedii CFCC 58330
Aplosporella javeedii CFCC 58329
98/1.00| Aplosporella javeedii CFCC 50054

%41 Aplosporella javeedii CFCC 50052

" o6/1.00] Aplosporella hesperidica CBS 732.79
— Aplosporella hesperidica CBS 208.37

77/1.00

85/1

80/1.00

77/0.92| gg/1 00 Aplosporella thailandica MFLU 16-0615
Aplosporella artocarpi CPC 227991

Aplosporella ginkgonis CFCC 89661

Aplosporella ginkgonis CFCC 52442

Alanomyces indica CBS 134264

99/1.00

0.03

Figure 1. Phylogram of Aplosporella resulting from a maximum likelihood analysis based on combined
ITS and #efI loci. Numbers above the branches indicateML bootstrap values (ML-BS = 70%) and Bayes-
ian Posterior Probabilities (BPP = 0.9). The tree is rooted with Alanomyces indica CBS 134264. Ex-type
isolates are in bold. Isolates from the present study are marked in blue.

Species of Dothiorella

Three isolates clustered in two clades for the individual genes (ITS, zef1-, and tub2), as
well as the combined gene dataset (Fig. 2). In ML analysis based on the combined gene
dataset, the matrix had 478 distinct alignment patterns. Estimated base frequencies are as
follows: A = 0.203201, C = 0.315247, G = 0.248158, T = 0.233395; substitution rates:
AC = 0.994643, AG = 2.280369, AT = 1.123589, CG = 0.895887, CT = 4.309165,
GT =1.000000; gamma distribution shape parameter: o = 0.210467. The isolate CFCC
58299 grouped with Do. alpina (ML/BI = 84/0.95), while the isolates CFCC 58549
and 58788 formed a distinct clade from the other species (ML/BI = 100/1.00).

Species of Phaeobotryon

Five isolates clustered into three clades for the individual genes (ITS, LSU, and z¢fI-u), as
well as the combined gene dataset (Fig. 3). In ML analysis based on the combined gene
dataset, the matrix had 223 distinct alignment patterns. Estimated base frequencies are as
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Dothiorella omnivora CBS 124716
Dothiorella omnivora CBS 124717
Dothiorella omnivora CBS 392.80
10011900 Dothiorella omnivora CBS 188.87
Dothiorella omnivora CBS 242.51
Dothiorella vidmadera CBS 621.74
Dothiorella vidmadera CBS 725.79
Dothiorella sempervirentis CBS 124718
Dothiorella sempervirentis CBS 124719
Dothiorella iberica CBS 115041
Dothiorella iberica CBS 113188
Dothiorella iberica CBS 113189
Dothiorella parva CBS 125580
Dothiorella parva CBS 124721
Dothiorella parva CBS 124720
Dothiorella sarmentorum IM| 63581b
76/- Dothiorella americana CBS 128309
———— Dothiorella prunicola CBS 124723

409} L pothiorella iranica CBS 124722
100/1.00| Dothiorella baihuashanensis CFCC 58549
Dothiorella baihuashanensis CFCC 58788

Dothiorella sp. CBS 121785
100/1.00{ Dothiorella sp. CBS 121783
Dothiorella sp. CBS 121784
Dothiorella santali MUCC 509
Dothiorella moneti MUCC 505
Dothiorella pretoriensis CBS 130404
Dothiorella thripsita CBS 125445
8111.00 Dothiorella casuarinae CBS 120688
w{{— Dothiorella casuarinae CBS 120689
Dothiorella casuarinae CBS 120690

100/1.00 | Dothiorella capri-amissi CBS 121878
Dothiorella capri-amissi CBS 121763
Dothiorella rosulata CBS 121761
Dothiorella rosulata CBS 121762
87/0.91 Dothiorella rosulata CBS 121760
790.99| Dothiorella rosulata CBS 500.72
Dothiorella mangifericola CBS 124727
Dothiorella citricola CBS 124729
“t Dothiorella citricola CBS 124728
—— 100/1.00 Dothiorella alpina CFCC 58299
Dothiorella alpina CGMCC 3-18001
980096\ || Dothiorella yunnana CGMCC 3-17999
Dothiorella yunnana CGMCC 3-18000
Dothiorella plurivora CBS 124724
— Dothiorella viticola CBS 117009
96/1.00 ! Dothiorella viticola DAR 80529

92/0.9 Dothiorella longicollis CBS 122068

100/1.001 Dothiorella longicollis CBS 122067
_| 100/1.00 Dothiorella longicollis CBS 122066
Dothiorella brevicollis CBS 130411

i 94/0.900) Dothiorella oblonga CBS 121765
100/1.00 | Dothiorella oblonga CBS 121766

70/1.

86/1.00

97/1.00

100/1.00

Dothiorella dulcispinae CBS 130413
Dothiorella dulcispinae CBS 121764
Dothiorella thailandica CBS 133991

100/0.99 Dothiorella striata CBS 124731

99/1.00 {' Dothiorella striata CBS 124730
95/1.00 Dothiorella neclivorem DAR 80992
Dothiorella uruguayensis CBS 124908

Dothiorella vinea-gemmae DAR 81012
Lasiodiplodia americana CFCC 50065

100/1.00

0.05
Figure 2. Phylogram of Dothiorella resulting from a maximum likelihood analysis based on combined

ITS, tefl and 712 loci. Numbers above the branches indicateML bootstrap values (ML-BS > 70%) and
Bayesian Posterior Probabilities (BPP > 0.9). The tree is rooted with Lasiodiplodia americana CFCC

50065. Ex-type isolates are in bold. Isolates from the present study are marked in blue.
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Phaeobotryon negundinis CAA 799
Phaeobotryon negundinis CAA 797
Phaeobotryon negundinis CAA 798
Phaeobotryon negundinis MFLUCC 15-0436
Phaeobotryon negundinis CPC 34752
Phaeobotryon negundinis CPC 33384
— ' Phaeobotryon negundinis CPC 33388
X_{ Phaeobotryon platycladi CFCC 58800
Phaeobotryon platycladi CFCC 58799
100/1 .00\\>_| Phaeobotryon cupressi CBS 124701
Phaeobotryon cupressi CBS 124700
Phaeobotryon aplosporum CFCC 53774
| Phaeobotryon aplosporum CFCC 53773
Phaeobotryon aplosporum CFCC 53776
99/1.00| Phaeobotryon aplosporum CFCC 53775
Phaeobotryon aplosporum CFCC 58596
_|100/1.00' Phaeobotryon aplosporum CFCC 58784
\y Phaeobotryon rhois CFCC 89662
100W>[{

99/1.00|

100/1.00.

Phaeobotryon rhois CFCC 89663
Phaeobotryon rhois CFCC 58679
\\)_{ Phaeobotryon rhoinum CFCC 52449
Phaeobotryon rhoinum CFCC 52450
100/1,09| Phaeobotryon mamane CBS 122980
Phaeobotryon mamane CPC 12442
Phaeobotryon ulmi PB 11f
Phaeobotryon ulmi CBS 174.63
Phaeobotryon ulmi CBS 114123
95/~ 93~ - Phaeobotryon ulmi CMH299
Phaeobotryon ulmi CBS 123.30
Phaeobotryon ulmi CBS 138854
—— Phaeobotryon ulmi 94-13
Alanphillipsia aloeicola CBS 138896

100/1.00

~ X

7

<

98/1.00

0.02

Figure 3. Phylogram of Phaeobotryon resulting from a maximum likelihood analysis based on combined
ITS, LSU, and #¢f1 loci. Numbers above the branches indicateML bootstrap values (ML-BS = 70%) and
Bayesian Posterior Probabilities (BPP = 0.9). The tree is rooted with Alanphillipsia aloeicola CBS 138896.
Ex-type isolates are in bold. Isolates from the present study are marked in blue.

follows: A = 0.223233, C = 0.267753, G = 0.277657, T = 0.231357; substitution rates:
AC =0.862696, AG = 2.117465, AT = 0.455729, CG = 1.132740, CT = 4.957268,
GT =1.000000; gamma distribution shape parameter: o = 0.272408. The isolate CFCC
58679 grouped with Ph. rhois (ML/BI = 100/1.00). The isolates CFCC 58596 and
58784 formed a unique lineage distinct from, but related to Ph. aplosporum as their clos-
est relatives (ML/BI = 99/1.00). The isolates CFCC 58799 and 58800 formed a clade
of their own separating them from other Phaeobotryon lineages (ML/BI = 100/1.00).
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Taxonomy

Based on DNA sequences and morphology, seven species belonging to three genera were
identified. Of these, Aplosporella javeedii, Dothiorella alpina, Phaeobotryon aplosporum,
and Ph. rhois are known species. The remaining three species are identified as new spe-
cies (Aplosporella yanqgingensis, Dothiorella baihuashanensis, and Phaeobotryon platycladi)
and described below. Collect information and notes of all seven species were provided.

Aplosporella javeedii Jami, Gryzenh., Slippers & M.]. Wingf., Fungal Biol. 118(2):
174 (2013)

Description. See Fan et al. 2015.

Materials examined. CHINA, Yunnan Province, Kunming City, Panlong District,
Jinma County, Bailongsi Town, 25°3'44"N, 102°45'22"E, on dead branches of Popu-
lus canadensis, 11 August 2022, Lu Lin & Ziqiang Wu (BJFC CF20230101, living
culture CFCC 58330). Beijing City, Mentougou District, G109 National Highway,
40°3'2"N, 115°52'58"E, on dead branches of Populus beijingensis, 25 August 2022, Lu
Lin & Xinlei Fan (BJFC CF20230102, living culture CFCC 58329). Changping Dis-
trict, Liucun Town, Wangjiayuan Village, 40°10'23"N, 116°4'9"E, on dead branches
of Populus alba var. pyramidalis, 22 September 2022, Lu Lin & Xinlei Fan (BJFC
CF20230103, living culture CFCC 58412).

Notes. Aplosporella javeedii was first discovered on Celtis africana and Searsia lancea
in South Africa (Jami et al. 2014). Fan et al. (2015), Zhu et al. (2018), and Pan et al.
(2019) expanded the host range of Aplosporella javeedii to more than ten host families
in China. This species has not been reported outside South Africa and China.

Aplosporella yanqingensis L. Lin & X.L. Fan, sp. nov.
MycoBank No: 847680
Fig. 4

Etymology. Named after the collection site of the type specimen, Yanqing District in
Beijing City.

Description. Conidiomata pycnidial, immersed to semi immersed, erumpent
from bark surface, multilocular, 650-1500 pm in diam. Disc straw to green-
ish olivaceous, circular to ovoid, 350-650 pm in diam, with one central ostiole
per disc. Ostioles inconspicuous, sometimes covered below disc by lighter en-
tostroma, 100-300 pm in diam. Locules multiple, irregularly arranged, sub-
divided frequently by invaginations with common walls. Conidiophores re-
duced to conidiogenous cells. Conidiogenous cells hyaline, phialidic, 6.0-
13.5 x 2.0-3.0 pm (av. £ S.D. = 10.7 £ 2.0 x 2.5 £ 0.2 pm). Paraphyses pre-
sent, hyaline, smooth-walled, septate, unbranched, 26.5-37.5 x 2.0-3.0 pm
(av.£5.D.=32.0£3.5x2.4+0.3um).Conidiaaseptate,smooth,ellipsoidtosubcylindrical,
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Figure 4. Aplosporella yanqgingensis (BJFC CF20230104) A, B habit of conidiomata on twig C transverse
section of conidiomata D longitudinal section through a conidioma E, F conidiogenous cells and para-
physes G conidia H colony on PDA at 14 days | colony on MEA at 14 days. Scale bars: 2 mm (A); 1 mm
(C); 500 pm (B, D); 10 pm (E=G).

brown when mature, 16.0-21.5x6.0-9.5 um (av. £ S.D.=18.5£ 1.3 x 7.7 £0.7 um).
Sexual morph not observed.

Culture characters. Colonies on PDA spreading, white to pale grey, covering a
90 mm plate after 14 days at 25 °C. Colonies on MEA spreading, uniform with ap-
pressed aerial mycelium and crenate edge, upper white, reverse pale luteous covering a
90 mm plate after 14 days at 25 °C.

Materials examined. CHiNa, Beijing City, Yanqing District, Yeyahu National
Wetland Park, 40°24'55.43"N, 115°50'26.42"E, on branches of Platycladus orientalis,
25 July 2022, Yukun Bai & Xinlei Fan (holotype BJFC CF20230104, ex-holotype
culture CEFCC 58791); 40°24'55.46"N, 115°50'26.42"E, on branches of Platycladus
orientalis, 25 July 2022, Yukun Bai & Xinlei Fan (paratype BJFC CF20230105, ex-
paratype culture CFCC 58792).

Notes. In the multi-gene analyses, A. yangingensis is distinct and forms a moder-
ately supported lineage clade (Fig. 1). In the ITS tree, A. yangingensis shows a close
relationship with a clade containing A. africana E].J. Van der Walt, Slippers & G.].
Marais, A. macropycnidia Dou & Y. Zhang ter, A. papillata F.].]. Van der Walt, Slip-
pers & G.J. Marais, A. prunicola Damm & Crous, A. sophorae Crous & Thangavel,
and A. yalgorensis KM. Taylor, PA. Barber & T.I. Burgess. However, it differs from
A. africana by longer conidia (18.5 x 7.7 vs. 14 x 8.5 um) (Slippers et al. 2014), dif-
fers from A. macropycnidia by shorter paraphyses (32.0 x 2.4 vs. 38.4 x 2.9 pm) (Dou
et al. 2017), differs from A. papillata by larger conidiogenous cells (10.7 x 2.5 vs.
7.4 x 2 um) (Slippers et al. 2014), and differs from A. prunicola and A. yalgorensis by
smaller conidia (18.5 x 7.7 vs. 20.2 x 11 for A. prunicola and 19.9 x 10.7 for A. yal-
gorensis) (Damm et al. 2007; Taylor et al. 2009). Besides, A. yangingensis differs from
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A. sophorae by 25/528 in ITS region. Therefore, A. yangingensis is introduced herein
as a novel species. This is a new record of species in Aplosporella occurring on the host
genus Platycladus.

Dothiorella alpina (Y. Zhang ter. & Min Zhang) Phookamsak & Hyde, Asian
Journal of Mycology 3(1): 168 (2020)

= Spencermartinsia alpinaY. Zhang ter. & Ming Zhang, Mycosphere 7(7): 1058 (2016).

Description. See Hyde et al. 2020.

Materials examined. CHINA, Yunnan Province, Diging Tibetan Autonomous Pre-
fecture, Shangri-La City, Sanba County, East Ring Road, 27°36'18"N, 100°1'19"E,
on dead branches of Populus szechuanica, 9 August 2022, Lu Lin & Min Lin (BJFC
CF20230106, living culture CFCC 58299).

Notes. Dothiorella alpina was first introduced by Zhang et al. (2016a) as Spen-
cermartinsia alpina, which has dark brown and 1-septate conidia. Hyde et al. (2020)
transfer S. alpina to Dothiorella based on phylogenetic analyses of a concatenated data-
set (ITS+zefl-o) and morphological similarity. Dothiorella alpina was recorded on Cirus
unshin in Hunan Province, China, and Platycladus orientalis and Ipomoea sp. in Yun-
nan Province, China. In this study, a new record of Do. alpina from the host Populus
szechuanica is included.

Dothiorella baihuashanensis L. Lin & X.L. Fan, sp. nov.
MycoBank No: 847681
Fig. 5

Etymology. Named after the collection site of the type specimen, Baihuashan Natural
Scenic Area in Beijing City.

Description. Conidiomata pycnidial, superficial or immersed, separate,
ovoid, 350-500 pm in diam, occasionally aggregated into botryose clusters.
Disc black, 200-300 pm in diam. Ostioles single, central, papillate. Conidi-
ophores reduced to conidiogenous cells. Conidiogenous cells hyaline, holoblas-
tic, cylindrical to subcylindrical or broadly lageniform, 7.5-16.0 x 3.5-6.5 pm
(av. £ S.D. =11.7 £ 2.2 x 4.6 £ 0.7 pm). Conidial-septate, hazel to blackish brown,
mostly truncate at the base and constricted at the septum or with a thickening at
the base of the septum, moderately thick-walled, ovoid or oblong to ellipsoidal,
22.5-35.0 x 11.0-19.0 pm (av. £ S.D. =279 £ 2.9 x 14.3 £ 2.2 pm).

Culture characters. Colonies on PDA spreading, covering a 90 mm plate after 14
days at 25 °C, upper white to pale grey, reverse buff to dark grey. Colonies on MEA
spreading, covering a 90 mm plate after 14 days at 25 °C, uniform with appressed
aerial mycelium and crenate edge, upper white to pale grey, reverse honey to dark grey.
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Figure 5. Dothiorella baihuashanensis (BJFC CF20230107) A, B habit of conidiomata on twig C trans-
verse section of a conidioma D longitudinal section through a conidioma E, F conidiogenous cells
G conidia H colony on PDA at 14 days I colony on MEA at 14 days. Scale bars: 1 mm (A); 200 pm
(B=D); 10 um (E=G).

Materials examined. CHiNa, Beijing City, Mentougou District, Qingshui
County, Baihuashan Natural Scenic Area, 39°50'18.21"N, 115°34'21.13"E, on dead
branches of Juniperus chinensis, 23 August 2022, Lu Lin & Xinlei Fan (holotype BJFC
CF20230107, ex-holotype culture CFCC 58549); 39°50'18.16"N, 115°34'21.24"E,
on dead branches of Juniperus chinensis, 23 August 2022, Lu Lin & Xinlei Fan (para-
type BJFC CF20230108, ex-paratype culture CFCC 58788).

Notes. The isolates CFCC 58549 and 58788 in this study formed a distinct linage
in the phylogenetic trees of each individual gene (ITS, #ef1-o, and 62) and the com-
bined gene dataset (Fig. 2). They were isolated from the branches Juniperus chinensis.
Dothiorella iberica was also recorded to host genus Juniperus (Alves et al. 2013). How-
ever, these two species are not closely related in our phylogenetic analysis.

Phaeobotryon aplosporum M. Pan & X.L. Fan, Mycol. Prog. 18(11): 1356 (2019)

Description. See Pan et al. 2019.

Materials examined. CHiNa, Beijing City, Mentougou District, Qingshui Coun-
ty, Baihuashan Natural Scenic Area, 39°51'11"N, 115°32'37"E, on dead branches of
Juglans mandshurica, 23 August 2022, Lu Lin & Xinlei Fan (BJFC CF20230112, liv-
ing culture CFCC 58596; BJFC CF20230113, living culture CECC 58784).

Notes. Phacobotryon aplosporum was first discovered from Rhus typhina and
Syzygium aromaticum (Pan et al. 2019). It can be distinguished from other species
in Phaeobotryon by its aseptate conidia (Pan et al. 2019). In this study, the conidia
formed on the specimen BJFC CF20230112 are dark brick when mature, aseptate,
(16.5-20.0 x 6.0-9.0 pm (av. = S.D. = 18.3 = 1.1 x 7.5 + 0.8 um), which overlap
with the morphological characteristics described by Pan et al. (2019). Phylogenetically,
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the isolates CFCC 58596 and 58784 were clustered in a clade with Ph. aplosporum
with high statistical support (ML/BI = 99/1). Therefore, the isolates CFCC 58596
and 58784 are identified as Ph. aplosporum. The current study extends its host range
to Juglans mandshurica.

Phaeobotryon platycladi L. Lin & X.L. Fan, sp. nov.
MycoBank No: 847682
Fig. 6

Etymology. Named after the host genus, Platycladus.

Description. Conidiomata pycnidial, scattered, subglobose to globose, erumpent,
exuding faint yellow translucent conidial droplets from central ostioles, unilocu-
lar, 150-250 pm diam. Disc black, 80-200 pm in diam. Ostioles single, central,
papillate, 21-35 pm. Conidiophores reduced to conidiogenous cells. Conidiog-
enous cells hyaline, smooth, thin-walled, cylindrical, holoblastic, phialidic, pro-
liferating internally with visible periclinal thickening, 5.5-14.0 x 2.5-4.0 pm
(av. £ S.D. = 10.2 £ 2.5 x 3.2 * 0.4 um). Conidia initially hyaline, oval, both ends
broadly rounded, aseptate, rarely becoming 1-septate, 23.0-31.0 x 9.5-12.5 pm
(av. £8.D.=26.2 £ 2.5 % 10.8 £ 0.8 um).

Culture characters. Colonies on PDA spreading, upper white to buff, reverse
buff to isabelline covering a 90 mm plate after 14 days at 25 °C. Colonies on MEA
spreading, stratiform, with appressed aerial mycelium and crenate edge, upper white to
isabelline, reverse buff to hazel, covering a 90 mm plate after 14 days at 25 °C.

Materials examined. CHINa, Beijing City, Haidian District, National Botanic
Gardens, 39°59'42.41"N, 116°12'47.24"E, on dead branches of Platycladus orientalis,

Figure 6. Phacobotryon platycladi (BJFC CF20230110) A, B habit of conidiomata on twig € transverse sec-
tion of a conidioma D longitudinal section through a conidioma E-G conidiogenous cells and conidia H col-
ony on PDA at 14 days | colony on MEA at 14 days. Scale bars: 2 mm (A); 200 pm (B-D); 10 pm (E-G).
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4 August 2022, Yukun Bai & Xinlei Fan (holotype BJFC CF20230110, ex-holotype
culture CFCC 58799); 39°59'42.43"N, 116°12'47.46"E, on dead branches of Plazycla-
dus orientalis, 4 August 2022, Yukun Bai & Xinlei Fan (paratype BJFC CF20230111,
ex-paratype culture CFCC 58800).

Notes. Phacobotryon platycladi is monophyletic with Ph. cupressi in the phyloge-
netic tree without a significant statistical support. Conidial sizes of the two species
overlap, but there are differences in 6/488 in ITS region, 3/556 in LSU region, and
18/293 in tefl-o gene with gaps.

Phaeobotryon rhois C.M. Tian, X.L. Fan & K.D. Hyde, Phytotaxa 205(2): 95 (2015)

Description. See Fan et al. 2015.

Materials examined. CHiNa, Beijing City, Yanqing District, Zhangshanying
County, 40°28'33"N, 115°49'58"E, on dead branches of Populus alba var. pyramidalis,
16 September 2022, Lu Lin & Chengming Tian (BJFC CF20230109, living culture
CFCC 58679).

Notes. Phaeobotryon rhois was first discovered on Rhus typhina distributed in
Ningxia Province, China (Fan et al. 2015). Pan et al. (2019) reported this species from
Dioscorea nipponica, Platycladus orientalis and Rhamnus davurica in Beijing, China.
The current study extends its host range to Populus alba var. pyramidalis.

Discussion

In this study, a total of 13 isolates are identified as seven species of Botryosphaeri-
ales, including three new species (Aplosporella yangingensis, Dothiorella baibuashan-
ensis, and Phaeobotryon platycladi) and four known species (A. javeedii, Do. alpina,
Ph. aplosporum, and Ph. rhois). All three new species were isolated from coniferous
trees: A. yangingensis and Ph. platycladi from Platycladus orientalis and Do. baibuashan-
ensis from Juniperus chinensis. Furthermore, the new records of Do. alpina from the
host species Populus szechuanica, Ph. aplosporum from Juglans mandshurica, and Ph.
rhois from Populus alba var. pyramidalis are included.

The fungi of Botryosphaeriales play various ecological roles, such as sapro-
trophs, endophytes, or plant pathogens (Phillips et al. 2005, 2008, 2013; Luque
et al. 2016). Some fungi exhibit strong pathogenicity, leading to severe diseases in
different parts of various plants, such as Botryosphaeria dothidea, which can cause
apple ring rot of stems and fruits (Zhang et al. 2016b), as well as poplar cankers (Li
et al. 2019), and the dieback and leaf spot diseases of Euonymus japonicus (Lin et
al. 2023). Sometimes their ecological roles change, such as Diplodia sapinea, which
is both an endophytic and a plant pathogenic fungus (Slippers et al. 2013). In this
article, all species were isolated from diseased plant tissues, and their pathogenicity
remains to be verified.
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In this study, both Dothiorella and Phaeobotryon belong to Botryosphaeriaceae.
Slippers et al. (2013) mentioned that some morphological features within Botryospha-
eriaceae are not always stable, such as pigment production of conidia. These features
might have already existed before the diversification of the group and have under-
gone further changes later (Slippers et al. 2013). In this study, only aseptate conidia
were observed in Phaerobotryon platycladi, and they may become pigmented with age.
Moreover, whether septate or not seem to be an unstable characteristic throughout
the genus Phaerobotryon. Phillips et al. (2013) mentioned that in most cases, the co-
nidia of Phaeobotryon have two septa when mature. However, both the Phaeobotryon
aplosporum observed in this study and the one described by Pan et al. (2019) have pig-
mented but without septa. Phaeobotryon rhoinum also shows pigmented and aseptate
conidia (Daranagama et al. 2016). Other species of Phacobotryon with pigmented and
septate conidia are either saprobic or pathogenic, but Ph. aplosporum and Ph. rhoinum
are both pathogenic (Rathnayaka et al. 2023). The phylogenetic state analysis of the
trophic pattern, conidial colour, and separation of Botryosphaeriales conducted by
Rathnayaka et al. (2023) indicate that this may correspond to nutritional mode.
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Abstract

Trichoderma spp. are diverse fungi with wide distribution. In this study, we report on three new species of
Trichoderma, namely T. nigricans, T. densissimum and T. paradensissimum, collected from soils in China.
Their phylogenetic position of these novel species was determined by analyzing the concatenated sequenc-
es of the second largest nuclear RNA polymerase subunit encoding gene (7p6.2) and the translation elonga-
tion factor 1— alpha encoding gene (z¢f7). The results of the phylogenetic analysis showed that each new
species formed a distinct clade: 7. nigricans is a new member of the Atroviride Clade, and 1. densissimum
and T paradensissimum belong to the Harzianum Clade. A detailed description of the morphology and
cultural characteristics of the newly discovered Trichoderma species is provided, and these characteristics
were compared with those of closely related species to better understand the taxonomic relationships
within the Trichoderma.

Keywords

Hypocreales, new species, phylogenetic analysis, taxonomy, Trichoderma

Introduction

The genus Trichoderma (Ascomycota, Sordariomycetes, Hypocreales) is widely studied
and applied because of their economical and ecological significance. In agriculture,
they are avirulent plant symbionts used for plant protection and growth promotion

Copyright Rui Zhao et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



22 Rui Zhao et al. / MycoKeys 97: 21-40 (2023)

(Harman et al. 2004), and as a biological agent to control of fungal diseases (Lorito
et al. 2010; Zin and Badaluddin 2020). In addition, 7richoderma species have been
applied for the production of enzymes and bioactive compounds of industrial utility
(Ahamed and Vermette 2008; Sun et al. 2016; Stracquadanio et al. 2020). Trichoderma
species possessing stress tolerance to different environmental factors hold significant
promise for addressing environmental issues such as severe contamination (Kredics et
al. 2001; Tripathi et al. 2013). Meanwhile, a few of 7richoderma species cause disease in
cultivated mushrooms or are reported as causes of serious infections in humans (Kuhls
etal. 1999; Savoie and Mata 2003). Members of 7richoderma are widely distributed in
varied ecosystems, and are frequently found on soil, decaying wood, compost, or other
organic matter and as endophytes in plant tissues (Samuels 2006; Zheng et al. 2021).

Traditionally, 77ichoderma species were identified based on their morphology and
growth characteristics (Rifai 1969; Bissett 1984, 1991a, b). However, as the Trichoder-
ma species richness has increased, it has been difficult to distinguish them because spe-
cies in this genus are highly similar in morphology (Bissett et al. 2003; Overton et al.
2006). With the development of molecular biology, more reliable identification is pro-
vided as DNA barcoding was introduced to recognize T7ichoderma (Druzhinina et al.
2006). The most commonly used DNA barcode loci are the internal transcribed spacer
(ITS), translation elongation factor 1- alpha encoding gene (z¢fI) and the second larg-
est nuclear RNA polymerase subunit encoding gene (7p62) (Druzhinina et al. 2006;
Atanasova et al. 2013; Chaverri et al. 2015; Cai and Druzhinina 2021). The combina-
tion of multi—gene (7p62 and zefI) phylogenetic analysis and phenotypic characteristics
is usually applied in the species identification of Zrichoderma (Chaverri and Samuels
2004; Zhu and Zhuang 2015a, b; Zheng et al. 2021; Cao et al. 2022). Recently, Cai
and Druzhinina (2021) have developed an authoritative protocol that provides a stand-
ard for the molecular identification of Trichoderma. It is based on 7pb2 > 99% and
tef1= 97%, one species can be identified. If the unique sequences do not meet the 7pb2
> 99% or tefl= 97%, it can be considered a new species. This protocol is advocated
for the identification of 7richoderma species by the International Subcommission on
Taxonomy of Trichoderma (https://trichoderma.info/; accessed on 18 Oct 2022).

Fungal diversity is enormous in China (Sun et al. 2012; Lu 2019). Since the first
record of Trichoderma from China in 1895, many new Trichoderma species have been
ceaselessly discovered, with most of them isolated from soils, litter, mushrooms and en-
dophytes (Zhang et al. 2005; Yu et al. 2007; Zhang et al. 2007; Li et al. 2013; Zhu and
Zhuang 2015a, b; Chen and Zhuang 2016; Qin and Zhuang 2016; Chen and Zhuang
2017; Qiao et al. 2018; Gu et al. 2020; Zhang et al. 2020; Zheng et al. 2021; An et al.
2022; Cao et al. 2022). In a previous study conducted by Dou et al. (2019), a total of
485 Trichoderma strains were obtained from soils in three provinces of China: Shanxi,
Shaanxi, Shandong. The online multilocus identification system (MIST) was em-
ployed in a previous study conducted by Dou et al. (2020) to re-identify Zrichoderma.
The present study therefore had to identify new taxa, the sequences of which do not
meet the known Trichoderma species, based on the multi loci phylogenetic analysis and
morphological features observation.
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Materials and methods
Isolation of strains

In accordance with a prior study by Dou et al. (2019), a total of 485 Trichoderma strains
were extracted from soil samples gathered from three provinces in China. Of these
strains, 334 were sourced from Shandong, 107 from Shanxi, and 44 from Shaanxi The
isolation of these strains was aided by the use of a selective medium (Dou et al. 2019).

All strains of Trichoderma were kept in 4 °C Refrigerator and —80 °C Ultra Low
Temperature Refrigerator in the Ministry of Agriculture Key Laboratory of Molecular
Biology of Crop Pathogens and Insects, Institute of Biotechnology, Zhejiang Univer-
sity, Hangzhou, China. In addition, the holotype and ex-type culture were deposited
in the China General Microbiological Culture Collection Center (CGMCC; https://
www.cgmcc.net/english/; accessed on 16 Sep 2022).

Morphological characterizations

The morphological observation of the colonies was based on strains grown on potato
dextrose agar (PDA; 10g potato extract, 20g dextrose, 13g agar, 1 L distilled water),
cornmeal dextrose agar (CMD; 40g cornmeal, 20g dextrose, 15g agar, 1 L distilled
water), malt extract agar (MEA; 20g malt extract, 15g agar, 1 L distilled water), and
synthetic low nutrient agar (SNA; 1 g KH,PO,, 1 g KNO,, 0.5 g MgSO,, 0.5 g KCl,
0.2 g glucose, 0.2 g sucrose, 15 g agar, 1 L distilled water) medium for 7 d in an in-
cubator at 25 °C with alternating 12 h/12h light/dark cycle. Growth—rate trials were
performed on 9 cm Petri dishes with CMD, PDA, MEA and SNA at 25 °C, 30 °C, and
35 °C. The Petri dishes were incubated in darkness for up to 1 week or until the colony
covered the agar surface. Colony radii were measured daily, and trials were replicated
three times.

Microscopic preparations were made by mounted on lactic acid, and at least 30
measurements per structure were documented and examined under a Nikon Eclipse
80i microscope (Nikon Corp.). Length (L) and width (W) of the phialides, conidia
and chlamydospores were measured, respectively, and the ratio of length to width was
calculated. Measurement values are expressed as (a—)b—c(—d), where (a) represents the
lowest extreme value, b—c contains the minimum value of 90% of the calculated val-
ues, and (d) denotes the highest extreme value. The letter “n” indicates the total num-
ber of measurements taken (Aignon et al. 2021; Li et al. 2021).

DNA extraction, polymerase chain reaction (PCR) and sequencing

The mycelia of pure cultures were scraped directly from plates after 2—3 d growth on PDA
at 25 °C and used to extract DNA, and the genomic DNA was extracted as described by
Jiang et al. (2016). For the amplifications of 762 and zef] gene fragments, two differ-
ent primer pairs were used EF1/EF2 for z¢f1 (O’Donnell et al. 1998) and fRPB2—7cR/
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fRPB2-5F for 7pb2 (Liu et al. 1999). The polymerase chain reaction (PCR) amplifica-
tions were performed in a total reaction volume of 20 pL, including 10 pL of Easy Flash
PCR MasterMix (Easy—Do, China), 0.8 L of each primer (10 pM), 0.4 uL genomic
DNA (-0.2 pg). PCR reactions were run in a LifePro Thermal Cycler (Technology Co.,
Ltd. Hangzhou, China) following the PCR thermal cycle programs described by Zhu
and Zhuang (2015b). PCR products were purified with the PCR product purification
kit and sequencing was carried out in both directions with the same primers on an ABI
3730 XL DNA sequencer (Applied Biosystems, Foster City, CA, USA) by Sunya Bio-
technology Co., Hangzhou, China. Sequences generated in this study are deposited in
GenBank and the accession numbers are provided in Table 1.

Phylogenetic analyses

The phylogeny was constructed with the concatenated sequences of 7p62 and zef1. The
species closely related to our strain were determined by NCBI BLAST searches with
rpb2 and refl sequences (Altschul et al. 1990; https://blast.ncbi.nlm.nih.gov/Blast.
cgi/; accessed on 16 Jun 2022), and the closely related sequences were retrieved from
NCBI database for subsequent phylogenetic analysis. The GenBank accession num-
bers of sequences retrieved are provided in Table 1. The sequences were aligned with
MAFFT (Katoh and Standley 2013), and then the alignments were manually adjusted
with MEGA7 (Kumar et al. 2018) and the fragments that were suitable for molecular
identification were trimmed according to Cai and Druzhinina (2021). The trimmed
sequences were concatenated using SequenceMatrix v.1.8 (Vaidya et al. 2011). The
following phylogenetic analysis was performed in PhyloSuite platform (Zhang et al.
2020). The best—fit partition model was selected using ModelFinder (Kalyaanamoor-
thy et al. 2017) according to BIC criterion. Maximum likelihood (ML) phylogenies
were inferred using IQ-TREE (Lam-Tung et al. 2015) under Edge-linked partition
model for 5000 ultrafast (Minh et al. 2013) bootstraps, as well as the Shimodaira—
Hasegawa—like approximate likelihood-ratio test (Guindon et al. 2010). Bayesian In-
ference phylogenies were inferred using MrBayes 3.2.6 (Ronquist et al. 2012) under
partition model. The phylogenetic tree was visualized in FigTree v1.4.3. (http:/tree.bio.
ed.ac.uk/software/figtree/; accessed on 04 Oct 2016) with maximum likelihood boot-
strap proportions (MLBP) greater than 70% and Bayesian inference posterior prob-
abilities (BIPP) greater than 0.9, as shown at the nodes.

Results
Sequence analysis
The comparison of 7pb2 and zef] sequences between the query strain and the reference

strain revealed that the similarity did not meet the rpb2 > 99% and tefl > 97% criteria
as outlined in Table 2. Additionally, the query strain exhibited unique z¢f7 and 7pb2
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Table 1. Strain numbers and corresponding GenBank accession numbers of sequences used for phylo-

genetic analyses.

Species name

Strain number

GenBank accession numbers

pb2 tefl
T. afrobarzianum CBS 124620 £° FJ442691 FJ463301
1. afroharzianum GJS 04-193 FJ442709 FJ463298
T anaharzianum YMF 1.00383 T MH158995 MH183182
1. asiaticum YMEF 1.00168 MH262575 MH236492
1. asiaticum YMF 1.00352 7" MH158994 MH183183
T atrobrunneum CBS 548.92 " - AF443942
T atrobrunneum GIS 04-67 FJ442724 FJ463360
T. atrobrunneum GJS 05-101 FJ442745 FJ463392
T. atroviride CBS 119499 FJ860518 FJ860611
1. atroviride CBS 142.95°FT EU341801 AY376051
T breve CGMCC 3.18398 " KY687983 KY688045
1 breve HMAS 248845 KY687984 KY688046
T. densissimum T31818 0OPr357965 0OPr357967
T. densissimum T32434 = CGMCC 3.24126 " OPr357966 0Or357971
T. densissimum T32465 0OPr357963 0OPr357972
T. densissimum T32353 0OP357964 0OPr357970
1. guizhouense CBS 131803 " JQ901400 JN215484
T. guizhouense HGUP 0039 JQ901401 JX089585
T harzianum CBS 226.95 &1 AF545549 AF348101
T harzianum TRS55 KP009121 KP008803
T harzianum TRSY94 KP009120 KP008802
T. nigricans T32450 OPr357958 0OPr357973
T. nigricans T32794 OP357960 OP357975
T. nigricans T32781 = CGMCC40314 ™ OP357959 OP357974
T obovatum YMF 1.06211 7" MT038432 MT070144
T. obovatum YMEF 1.6190 MT038433 MT070143
T. paradensissimum T31823 = CGMCC 3.24125™ OPr357962 OPr357968
T. paradensissimum T31824 OP357961 OP357969
1. paratroviride CBS 136489 " KJ665321 KJ665627
1. paratroviride S$489 KJ665322 KJ665628
T. paraviride YMF 1.04628 * MK775513 MK775508
1. pholiotae JZBQH12™" ON649972 ON649919
1. pholiotae JZBQHI11 ONG649971 ONG649918
1. pyramidale CBS 135574 &* KJ665334 KJ665699
1. pyramidale T20 KX632570 KX632627
T simile YMF 1.06201 T MT052184 MTO070154
T simile YMF1.6180 MT052185 MT070153
T uncinatum YMF 1.04622 " MK795990 MK795986
T viride TRS575 KP009081 KP008931
T. viride CBS 119325 EF EU711362 DQ672615
1. zelobreve CGMCC 3.19695 " MNG605872 MN605883
T zelobreve CGMCC 3.19696 MNG605873 MNG605884
1. zeloharzianum YMEF 1.00268 £* MH158996 MH183181
Protocrea farinosa CBS 121551 T OP357962 EU703889
Protocrea pallida CBS 299.78 £1 EU703948 EU703900

Note: Newly—sequenced material is indicated in bold type. T Indicates a type culture. ET Indicates an epitype culture.
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Table 2. The similarity of 7p62 and refl between the query species and related species.

Query species Related species Sequences similarity value(%)
pb2 tef1
Trichoderma nigricans T32781" T. atroviride CBS 142.95 BT 97.91 91.29
T. obovatum YMF 1.06211 T 98.15 86.68
T paratroviride CBS 136489 " 98.65 87.53
T uncinatum YMF 1.04622" 98.56 94.40
1. paradensissimum T31818" T. densissimum T31823" 97.54 99.20
T. asiaticum YMF1.003527 96.92 98.06
1. guizhouense HGUP 0038 © 97.05 98.29
1. pholiotae JZBQH12" 97.42 99.16
T. simile YMF 1.06201" 97.17 97.83
T. densissimum T31823" T paradensissimum T31818" 97.54 99.20
T. asiaticum YMF 1.003527 97.79 98.06
1. guizhouense HGUP 0038 © 97.17 98.29
1. pholiotae JZBQH12" 98.04 100
T. simile YMF 1.06201" 97.66 97.83

Note: T Indicates a type culture. ET Indicates an epitype culture.

sequences that do not conform to the spa!(rpb2, =tefl, ) standard for known Tricho-
derma species, according to Cai and Druzhinina (2021). These findings suggest that
these strains could potentially be classified as new species, and therefore, phylogenetic
analyses were conducted on their 7p62 and zef] sequences.

Multi-locus phylogeny

Multi-loci phylogenetic analyses were performed on sequences obtained from 43
strains, consisting of 30 strains from the Harzianum Clade, 10 strains from the Azro-
viride Clade, and 3 strains from the Viride Clade. The combined 7p62 and zefl re-
gions were further analyzed by the methods of ML and BI, with Protocrea farinosa
CBS 121551 and P, pallida CBS 299.78 as the outgroup. The tree topology derived
from the ML analysis (Fig. 1) was consistent with that obtained in a BI analysis.
However, details regarding the BI analysis were not provided in the text. All strains
formed a monophyletic group with higher statistical support, designated as 7. nig-
ricans (MLBP/BIBP = 100/1.00), 7. densissimum (MLBP/BIBP = 100/1.00) and 7.
paradensissimum (MLBP/BIBP = 99/1.00). Of the three new species, 1. nigricans be-
longed to the Atroviride Clade, whereas 7. densissimum and T. paradensissimum were
located in the Harzianum Clade (Fig. 1). Trichoderma nigricans was closely related
with 77 atroviride, and associated with 7. obovatum, T. uncinatum, and 1. paratro-
viride. This clade had high statistics support (MLBP/BIBP = 94/0.99). Trichoderma
densissimum was closely related with 77 paradensissimum, and associated with 7. pho-
liotae, 1. guizhouense, 1. asiaticum and T. simile, with high support value (MLBP/
BIBP = 95/1.00).
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Figure 1. Phylogenic tree generated by the maximum likelihood analysis using the concatenated sequences
of 7pb2 and tef1 loci of the genus Trichoderma. Maximum Likelihood Bootstrap values 270% (left) and Bayes-
ian posterior probability values 20.9 (right) are indicated at nodes (MLBP/BIBP). Protocrea farinosa CBS
121551 and P pallida CBS 299.78 were chosen as the outgroup. Novel species proposed here are indicated

in bold.
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Taxonomy

Trichoderma nigricans C.L. Zhang, sp. nov.
MycoBank No: 845506
Fig. 2

Etymology. The Latin specific epithet “nigricans” refers to the “blackish green” color
of the mass of conidia.

Diagnosis. Phylogenetically, 7. nigricans was found to form a distinct clade and
was closely related to 7. atroviride, T. paratroviride, T. obovatum, and T. uncinatum
(Fig. 1). In terms of growth characteristics, 7. nigricans was observed to have a larger
colony radius on CMD after 72 h, and its mycelium covered the plate at both 25 °C
and 30 °C. On PDA, T nigricans grew faster than 7. atroviride, 1. paratroviride, 1. obo-
vatum, and T. uncinatum at 25 °C, with its mycelium also covering the plate.

Type. Cuina: Shandong Province, Dezhou City, 37°21'07"N, 116°23'40"E,
5 m alt., isolated from soils of peach rhizosphere. Oct 2015, Y. Jiang T32781 (Holo-
type CGMCC 40314, stored in a metabolically inactive state. Ex-type culture CG-
MCC 40314).

Description. Optimal growth at 25 °C, slow at 35 °C on all media.

Colony radius on CMD after 72 h: mycelium covers the plate at 25 °C and 30 °C,
20-22 mm at 35 °C. Colony well-defined, hyaline, sparse aerial mycelia, indistinctly
zonate, conidiation begins to develop within 72 h, white at first and turning green
after 3—4 d. After 7 d, abundant dark green conidiation around the margin, radially
arranged within 2-3 ill-defined concentric zones in the outer half of the colony. Abun-
dant chlamydospores. No diffusing pigment noted, pleasant odor apparent.

Colony radius on PDA after 72 h: mycelium covers the plate at 25 °C, 55-61 mm
at 30 °C, 16 mm at 35 °C. Colony similar to CMD but growth a little slower, colony
not dark green. Colony well-defined at 35 °C, abundant white thick aerial mycelia.
Chlamydospores abundant. No diffusing pigment noted, obvious pleasant odor.

Colony radius on MEA after 72 h: 58-60 mm at 25 °C, 53-55 mm at 30 °C,
11-12 mm at 35 °C. Colony also similar to CMD, but conidiation is yellow green,
more abundant around the inoculation plug, uniform distribution all around. No dif-
fusing pigment noted, odor indistinct.

Colony radius on SNA after 72 h: 5-7 mm at 25 °C, 5-6 mm at 30 °C and
35 °C. Colonies well-defined, hyaline, scant aerial mycelia. Slight conidiation dis-
persedly distributed around the inoculation plug, with white floccose indistinctly
zonate tufts or pustules in the margin. No diffusing pigment noted, odor indistinct.
Conidiophores consisting of a main axis with side branches mostly at right angles
or slightly inclined upward; branches straight or curved, often only longer in basal
positions, not re—branching, solitary, paired or in whorls of three. Phialides solitary
or commonly in whorls of 2-3, variable in shape, either narrowly lageniform to subu-
late, particularly when terminal on the main axis, or stout to nearly ampulliform and
distinctly swollen, sometimes ampulliform to subglobose, (4.7-)6.0-8.9(-12.1) x
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Figure 2. Cultures and anamorph of 7. nigricans strain T32781 a—d cultures on different media at 25 °C
with a 12 h light and 12 h darkness cycle after 7 d (a on PDA b on MEA ¢ on CMD d on SNA) e Co-
nidiation pustules on PDA after 7 d f conidia g, i~k conidiophores and phialides (g, k on CMD 3d i on
PAD 3d j on SNA 3d,) h chlamydospores. Scale bars: 10 pm (f-=k).

(2.5-)2.9-3.4(—4.5) pm (mean =7.7 x 3.3 pm), base (1.5-)1.6-2.6(-3.0) pm (mean
= 2.1 pm); phialide length/width ratio (1.2-)1.8-2.9(-3.6) (mean = 2.4) (n = 30).
Conidia subglobose to globose, green, smooth, (3.0-)3.2-3.6(-3.9) x(2.8-)3.1-
3.4(-3.8) pm (mean = 3.3x3.4 um) with length/width ratio of 1.0-1.1 (mean = 1.1)
(n = 30). Abundant chlamydospores, common single, sometimes terminal and
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intercalary, globose to subglobose, (7.2-)7.8-9.2(-10.1) x (6.1-)7.1-9.0(=9.7) pm
(mean = 8.6x8.1 pm) (n = 30).

Sexual morph. Unknown.

Substrate. Soil.

Distribution. China, Shandong Provinces.

Additional material examined. Cuina: Shandong Province, Jinan City,
36°33'45"N, 116°57'05"E, 105 m alt., isolated from corn soils. Aug 2015, Y. Jiang
T32450. CHiNa: Shandong Province, Dezhou City, 37°21'07"N, 116°23'40"E, 5 m
alt., isolated from soils of corn rhizosphere, Oct 2015, Y. Jiang, T32794.

Notes. Trichoderma nigricans can be distinguished from similar species based on
growth. After 72 h at 25 °C, T nigricans mycelium covers the plate on PDA and CMD,
1" atroviride grows to 42.8-60.5 mm on PDA, 7. obovatum grows to 38—41 mm on
CMD, T uncinatum grows to 55-62 mm on CMD, T paratroviride to 49—62 mm on
CMD and 54-56 mm on PDA (Samuels et al. 2002; Jaklitsch and Voglmayr 2015;
Zheng et al. 2021). In addition, it can be distinguished by its chlamydospores and
odor. At 35 °C the growth of 7. nigricans is restricted, and no growth occurs in 7. para-
troviride and 1. uncinatum. Chlamydospores are either unobserved or uncommon in
1" obovatum, 1. uncinatum, and 1. paratroviride. Meanwhile, the chlamydospores of
1" atroviride and 1 nigricans are abundant, and the volume in 77 atroviride is usually
larger than those in 7. nigricans [(5.2-)8.5-12.0(-16.3) vs. (7.2-)7.8-9.2(-10.1) x
(6.1-)7.1-9.0(-9.7) pm]. On PDA, the odor of 7. paratroviride is pungent; it is indis-
tinct in 7. obovatum and T. uncinatum, and pleasant in 7. atroviride and 1. nigricans.

Trichoderma densissimum C.L. Zhang, sp. nov.
MycoBank No: 845507
Fig. 3

Etymology. The Latin specific epithet “densissimum” refers to the thick wall of chla-
mydospores of this species.

Diagnosis. It is easily distinguished from these related species by its relatively large
chlamydospores (11.7-)13.3-16.4 (-19.5) x (11.5-)12.8-14.6-12.8 (~16.0) pm
(mean = 14.8 x 13.6 pm) (n = 30).

Type. Cuina: Shandong Province, Weifang City, 36°38'27"N, 119°01'21"E,
80 m alt., isolated from soils of apple tree rhizosphere. Oct 2015, Y. Jiang T32434
(Holotype CGMCC 3.24126, stored in a metabolically inactive state. Ex-type culture
CGMCC 3.24120).

Description. Optimum temperature for growth is 30 °C on CMD, MEA and
SNA and 25 °C on PDA. Growth slow at 35 °C on PDA and SNA. Chlamydospores
are common on all media.

Colony radius on CMD after 72 h: 38-45 mm at 25 °C, 55-62 mm at 30 °C,
42-43 mm at 35 °C. Colonies well-defined, white, thin, aerial hyphae sparse. Conidi-
ation was noted after 2 d around the inoculation plug, which was white at first, turning
yellow green after 3—4 d, then dark green after 5-6 d. Conidiation formed 4 obvi-
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Figure 3. Cultures and anamorph of 7. densissimum strain T32434 a—d cultures on different media at
25 °C with a 12 h light and 12 h darkness cycle after 7 d (@ on PDA b on MEA ¢ on CMD d on SNA)
e conidiation pustules on PDA after 7d g, i-l conidiophores and phialides (g, i~k on CMD 3d | on SNA
3d) f chlamydospores h conidia. Scale bars: 10 um (f-1).

ous concentric zones. No diffusing pigment noted, odor indistinct. Chlamydospores
common single, sometimes terminal and intercalary, globose to subglobose, (11.7—
)13.3-16.4(-19.5) x (11.5-)12.8-14.6-12.8(~16.0) um (mean = 14.8 x 13.6um);
with length/width ratio of 1.0 x 1.3 (mean = 1.1) (n = 30).



32 Rui Zhao et al. / MycoKeys 97: 21-40 (2023)

Colony radius on PDA after 72 h: 61-66 mm at 25 °C, 60—63 mm at 30 °C, 24—
31 mm at 35 °C. Colony white, regularly circular, distinctly zonate; mycelium dense
and radial. Conidiation in the form on pustules, yellow—green, relatively abundant in
the zonation regions. No diffusing pigment noted, odor indistinct.

Colony radius on MEA after 72 h: 62-63 mm at 25 °C, 66-67 mm at 30 °C,
44-47 mm at 35 °C. Colonies similar to that on PDA, but indistinctly zonate. No
diffusing pigment noted, odor indistinct.

Colony radius on SNA after 72 h: 53 mm at 25 °C, 41-47 mm at 30 °C, 27—
32 mm at 35 °C. Colony white; aerial mycelia scant and loose. Conidiation in the form
of minute pustules, radial and inconspicuously zonate. No diffusing pigment noted,
odor indistinct. Conidiophores pyramidal with opposing branches, the main axis with
side branches is sometimes at right angles or inclined upward. The main axis and each
branch commonly terminating verticillate, whorl of 3—4 phialides, sometimes in a cru-
ciate whorl, sometimes solitary phialides. Phialides commonly ampulliform, sometimes
ampulliform to subglobose (3.4-)5.7-8.0(-10.1) x (1.9-)2.5-2.9(-3.2) um (mean =
6.2 x 2.6pm), base (1.0-)1.4-2.1(-2.6) pm (mean = 2.2 um); phialide length/width
ratio (1.4-)2.1-3.2(-3.9)(mean = 2.6) (n = 30). Conidia subglobose to globose, green,
(2.3-)2.8-3.1(-3.4) x (2.2-)2.4-2.9(-3.3) pm (mean = 2.9 x 2.7 pm), with length/
width ratio of 1.0—1.4 (mean = 1.1) (n = 30).

Sexual morph. Unknown.

Substrate. Soil.

Distribution. China, Shandong and Shanxi provinces.

Additional material examined. CHiNa: Shandong Province, Jinan City, 36°32’33”N,
117°01°08”E, 201 m alt., isolated from soils of wheat, Jun 2015, Y. Jiang (T31818);
Shandong Province, Jining city, 34°56’21”N, 116°29’03”E, 34 m alt., isolated from
soils of peach, Aug 2015, Y. Jiang T32353; Shaanxi Province, Baoji city, 34°23°25”N,
107°10°’18”E, 802 m alt., isolated from soils of corn, Aug 2015, Y. Jiang T32465.

Notes. Although 7 densissimum, T. paradensissimum and T guizhouense share simi-
lar conidia and pyramidal conidiophores, 7. densissimum cannot produce pigments
while 7 paradensissimum and T pholiotae can produce yellowish pigment on PDA and
CMD at 35 °C in the dark (Li et al. 2013; Cao et al. 2022). Characterized by produc-
ing globose to subglobose chlamydospores, the chlamydospores of 7. simile are elliptic
or round, unobserved in 7. guizhouense and 1. asiaticum (Jaklitsch and Voglmayr 2015;
Zheng et al. 2021).

Trichoderma paradensissimum C.L. Zhang, sp. nov.
MycoBank No: 845508
Fig. 4

Etymology. The Latin specific epithet “para” means similar, and “paradensissimum”
refers to the phylogenetic proximity and morphological similarity to 7. densissimum.
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Diagnosis. 1. paradensissimum is characterized by the green to yellow and white
pustules formed inconspicuously zonate on PDA or MEA at 25 °C of a 12— h photo-
period after 7 d.

Type. CHina: Shanxi Province, Jincheng City, 35°26'57.9"N, 112°45'19.0"E,
929 m alt., isolated from soils of wheat rhizosphere, Jun 2015, Y. Jiang T31823
(Holotype CGMCC 3.24125, stored in a metabolically inactive state. Ex-type culture
CGMCC 3.24125).

Description. Optimum temperature for growth is 30 °C on CMD, PDA and
SNA and 25 °C on MEA. Chlamydospores were common on all media.

Colony radius on CMD after 72 h: 40-42 mm at 25 °C, 63-64 mm at 30 °C,
38-40 mm at 35 °C. Colony well-defined, white, aerial myceli loose and radial. White
minute pustules were noted after 2 d around the inoculation plug, white at first, turn-
ing yellow green after 3—4 d, then dark green after 5-6 d. Around the point of inocula-
tion, conidiation from dark green to pale green, inconspicuously zonate. Distinctive
odor absent. The production of pigment was related to light, media and temperature:
around the point of inoculation, it was yellowish at 35 °C in the dark.

Colony radius on PDA after 72 h: 59-65 mm at 25 °C, 64—67 mm at 30 °C,
20-24 mm at 35 °C. Colonies similar to that on MEA. Pustules were noted after
4-5 d. After 7 d, the green to yellow and white pustules were formed as inconspicu-
ously zonate. Distinctive odor absent. The production of pigment was related to light
and temperature; it was yellowish at 35 °C in the dark.

Colony radius on MEA after 72 h 58-59 mm at 25 °C, 51-53 mm at 30 °C, 34—
35 mm at 35 °C. Colonies white and thick, regularly circular and radial, aerial myceli
dense. A few white—yellow large pustules formed inconspicuously zonate. Diffusing
pigment or distinctive odor absent.

Colony radius on SNA after 72 h 35-37 mm at 25 °C, 43-44 mm at 30 °C, 15—
16 mm at 35 °C. Colony pale white; aerial myceli loose. Conidiation was minute pus-
tules, radial and inconspicuously zonate. Around the point of inoculation, the pustules
were green, but white far away from the inoculation. Diffusing pigment or distinctive
odor absent. Conidiophores pyramidal; the main axis with side branches sometimes
at right angles or inclined upward. The main axis and each branch commonly termi-
nating verticillate, whorl of 3 phialides, sometimes solitary. Phialides ampulliform,
(5.4-)7.4-11.0(-15.0) x (2.1-)2.7-3.1(-3.3) pm (mean = 9.4 x 2.9 um), base (1.6—
)1.8-2.3(=2.6) pm (mean = 2.0 pm); phialide length/width ratio (2.1-)2.6-3.7(-4.9)
(mean = 3.2) (n = 30). Conidia subglobose to globose, green, (2.6-)2.7-3.0(-3.5) x
(2.4-)2.5-2.9(-3.2) pm (mean = 2.9 x 2.7 pum), with length/width ratio of 1.0-1.2
(mean = 1.1) (n = 30). Chlamydospores abundant, common single, sometimes ter-
minal and intercalary, globose to subglobose, (4.6-)5.1-6.2(-6.8) x (3.7-)4.6-5.9(-
6.7) pm (mean = 5.7 x 5.4 pm); length/width ratio 1.0x1.3(mean = 1.1) (n = 30).

Sexual morph. Unknown.

Substrate. Soil.

Distribution. China, Shanxi Province.
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Figure 4. Cultures and anamorph of 7. paradensissimum strain T31823 a~d cultures on different me-
dia at 25 °C with a12 h light and 12 h darkness cycle after 7 d (a on PDA b on MEA ¢ on CMD d on
SNA) e culture on PDA at 35 °C with darkness after 7 d f conidiation pustules on PDA after 7 d g, j-m
conidiophores and phialides (g, j on CMD 3d k=m on SNA 3d) h conidia i chlamydospores. Scale bars:

10 pm (g-m).
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Additional material examined. CuiNa: Shanxi Province, Jincheng City,
35°26'58.1"N, 112°45'19.4"E, 929 m alt., isolated from soil of wheat rhizosphere,
Jun 2015, Y. Jiang T31824.

Notes. Similar species can be distinguished according to the pigment: 7. paradensis-
simum can produce yellowish pigment on PDA and CMD at 35 °C in the dark, where-
as T guizhouense typically at 35 °C reverse forming a dull orange to brown pigment.
However, 1. densissimum, T. asiaticum, T. simile and T zelobreve cannot produce diffus-
ing pigment on PDA. Trichoderma pholiotae and T. paradensissimum can both produce
yellow pigment on PDA, but 77 pholiotae has a slightly fruity odor on both PDA and
CMD, while 7. paradensissimum does not have a distinctive odor (Cao et al. 2022).

Discussion

All three new species were isolated from soils. Based on morphology and phylogenetic
analyses, the taxonomic positions of three new species were explored. Of these species,
1" nigricans was grouped into the Atroviride Clade, while T densissimum and T. pa-
radensissimum were associated with the Harzianum Clade.

The genus Trichoderma contains at least eight infrageneric clades, of which the
Harzianum clade is one of the largest (Cai and Druzhinina 2021). The Harzianum
clade consists of more than 95 accepted species, which are morphologically heteroge-
neous and phylogenetically complicated (Cao et al. 2022). Two of the newly described
species, 1. densissimum and 1. paradensissimum, belong to the Harzianum Clade, which
are closely related to 7. pholiotae, associated with 77 guizhouense, 1. asiaticum, and
1. simile. The chlamydospores of the Harzianum Clade members are usually either rarely
numerous or not observed, and this is consistent with observations for 7. guizhouense,
1. asiaticum, 1. breve, T. bannaense, and 1. atrobrunneum, among others. In 7. simile,
the chlamydospores are either elliptic or round in shape (Li et al. 2013; Chaverri et al.
2015; Jang et al. 2018; Gu et al. 2020). In contrast, the chlamydospores of 7. densis-
simum and 1. paradensissimum are numerous, globose to subglobose, and relatively
large, especially in 7. densissimum. Our phylogenetic analyses revealed that 7. densis-
simum and T. paradensissimum are closely related due to the minimal genetic variation
observed in their I'TS and z¢f sequences. Moreover, both species exhibit similar growth
characteristics and possess numerous chlamydospores. However, their genetic variation
in the sequences of 7pb2 (similarity < 99%) differentiate them as distinct species. In
addition, 7. densissimum exhibits green conidiation with 3—4 distinct concentric zones
and no diffusing pigment, while 7. paradensissimum exhibits inconspicuously zonate
green to yellow conidiation with white pustules and yellowish pigment.

Trichoderma atroviride and T. paratroviride were classified to the Viride Clade (Jak-
litsch and Voglmayr 2015). However, with the addition of 7. obovarum and T. uncina-
tum, they were assigned to the Azroviride Clade by (Zheng et al. 2021). In this study,
the new species 1. nigricans was also identified as a member of the Azroviride Clade. The
results of the phylogenetic analysis indicated a close relationship between 7. nigricans
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and 7. atroviride. Morphologically, 7. nigricans shares many similarities with 7. azrovir-
ide, including the production of a strong coconut odor in PDA cultures and the pres-
ence of abundant chlamydospores. Trichoderma nigricans exhibits a faster growth rate
on PDA in comparison to 7. atroviride, with the former’s mycelium covering a larger
area of the plate and its colony radius measuring between 42.8—60.5 mm after 72 h at
25 °C. Colony radius is 7" nigricans 16 mm vs. 1. atroviride (0-)0.3-3.2(~8.3) mm at
35 °C (Samuels et al. 2002).

Numerous biological control agents have been derived from species in the Azro-
viride and Harzianum clade to effectively control soil-borne diseases (Chaverri et al.
2015), such as 1 atroviride, T. guizhouense, 1. afroharzianum, and 1. atrobrunneum
(Longa et al. 2010; Rees et al. 2022; Zhang et al. 2022; Zhao et al. 2022). The discov-
ery of 1. nigricans, T densissimum, and 1. paradensissimum in this study highlights the
diversity of Trichoderma in China and provides valuable information for the develop-
ment of Trichoderma-based biocontrol agents. Further research is necessary to explore
the diversity of Zrichoderma in China and to investigate their potential as biocontrol
agents against plant diseases.
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Abstract

Ophiostomatales (Ascomycota) contains many species, most of which are associated with bark beetles. Some
members of this order are plant or animal pathogens, while others colonize soil, different plant tissues, or
even carpophores of some Basidiomycota. However, little is known about soil-inhabiting Ophiostomatales
fungi. A survey of these fungi associated with soil under beech, oak, pine, and spruce stands in Poland yield-
ed 623 isolates, representing 10 species: Heinzbutinia grandicarpa, Leptographium procerum, L. radiaticola,
Ophiostoma piliferum, O. quercus, Sporothrix brunneoviolacea, S. dentifunda, S. eucastaneae, and two newly
described taxa, namely Sporothrix roztoczensis sp. nov. and S. silvicola sp. nov. In addition, isolates collected
from fallen shoots of Pinus sylvestris that were pruned by Tomicus sp. are described as Sporothrix tumida
sp. nov. The new taxa were morphologically characterized and phylogenetically analyzed based on multi-loci
sequence data (ITS, B-tubulin, calmodulin, and translation elongation factor 1-a genes). The Ophiostoma-
tales species were especially abundant in soil under pine and oak stands. Leptographium procerum, S. silvicola,
and S. roztoczensis were the most frequently isolated species from soil under pine stands, while S. brunneo-
violacea was the most abundant in soil under oak stands. The results highlight that forest soil in Poland has
a wide diversity of Ophiostomatales taxa, but further studies are required to uncover the molecular diversity

and phylogenetic relationships of these fungi, as well as their roles in soil fungal communities.
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Introduction

Ophiostomatales (Sordariomycetidae, Ascomycota) contains a single family, the Ophi-
ostomataceae, which includes 16 well-defined genera together with many taxa of un-
certain phylogenetic position. Leptographium, Ophiostoma, and Sporothrix represent
the genera with the largest numbers of taxa, which are grouped into species complexes
based on morphology and phylogenetic relationships. These fungi are characterized
by the presence of globose ascomata with short to very long necks and ascospores that
vary in size and shape, mostly allantoid, bacilliform, and cylindrical with sheaths. The
asexual morphs exhibit five conidiophore types: hyalorhinocladiella-like, leptographi-
um-like, pesotum-like, raffaclea-like, and sporothrix-like. The species in this order are
best known as wood-inhabiting fungi that live in association with various arthropods,
but many species can also occupy other habitats such as soil, carpophores, plant in-
fructescences or animal tissues (de Beer and Wingfield 2013; de Beer et al. 2013a, b,
2016, 2022).

Little is known about the diversity of Ophiostomatales species in different soil
ecosystems, although some Sporothrix spp. have been reported in soil worldwide. The
currently known soil-inhabiting species include S. aurorae (X.D. Zhou & M.]. Wingf.)
Z.W. de Beer, T.A. Duong & M.]. Wingf., S. bragantina (Pfenning & Oberw.) Z.W.
de Beer, T.A. Duong & M.]. Wingf., S. brasiliensis Marimon, Gené, Cano & Guarro,
S. brunneoviolacea Madrid, Gené, Cano & Guarro, S. chilensis A.M. Rodrigues, Cho-
appa, G.E Fernandes, de Hoog & Z.P. de Camargo, S. dimorphospora (Roxon & S.C.
Jong) Madrid, Gené, Cano & Guarro, S. globosa Marimon, Cano, Gené, Deanna A.
Sutton, H. Kawas. & Guarro, S. guttiliformis de Hoog, S. humicola de Mey., Z.\. de
Beer & M.]. Wingf., S. inflata de Hoog, ‘S. inflata 2, S. luriei (Ajello & Kaplan) Mari-
mon, Gené, Cano & Guarro, S. mexicana Marimon, Gené, Cano & Guarro, S. narcissi
(Limber) Z.W. de Beer, T.A. Duong & M.]. Wingf., S. pallida (Tubaki) Matsush.,
S. schenckii Hektoen & C.F. Perkins, S. stenoceras (Robak) Z.W. de Beer, T.A. Duong
& M.]. Wingf., and S. stylites de Mey., Z.W. de Beer & M.]. Wingf. (de Beer et al.
2003, 2016). Among them, S. brunneoviolacea, S. dimorphospora (Madrid et al. 2010),
S. inflata, “S. inflara 2’ (de Hoog 1974; de Beer et al. 2016), S. pallida, S. schenckii (de
Meyer et al. 2008; de Beer et al. 2016), and S. stenoceras (Novotny and Srtitka 2004)
have been reported from European soils. Some of these soil-borne species, namely
S. brasiliensis, S. chilensis, S. globosa, S. luriei, and S. schenckii, are agents of human and
animal sporotrichosis (Lopez-Romero et al. 2011; Zhang et al. 2015; Rodrigues et al.
2017; Ramirez-Soto et al. 2018).

Members of the Ophiostomatales are typically tree- or wood-infecting fungi, and
are commonly associated with bark- and wood-dwelling beetles and their associated
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mites (de Beer et al. 2022). The association between these fungi and subcortical insects
has been extensively investigated in Poland (e.g. Jankowiak and Kolaiik 2010; Jankow-
iak and Bilanski 2013a, b, ¢; Jankowiak et al. 2017, 2019a). Polish and South African
studies have demonstrated that wounded hardwoods provide habitat for a large diver-
sity of Ophiostomatales species (Musvuugwa et al. 2016; Jankowiak et al. 2019b). The
findings from studies in Poland also provided the first evidence that European nitidulid
beetles act as effective vectors of Ophiostoma spp. and Sporothrix spp. (Jankowiak et al.
2019b). The Polish surveys led to the discovery and description of many Ophiosto-
matales species (e.g. Linnakoski et al. 2016; Aas et al. 2018; Jankowiak et al. 2018a,
2019c, 2020, 2021; Strzatka et al. 2020; Ostafifiska et al. 2021).

Previous studies of soil-borne fungi belonging to the Ophiostomatales were lim-
ited to Sporothrix species (e.g. de Meyer et al. 2008; Madrid et al. 2010) and even this
genus remains largely unstudied. The aim of this study was to explore the diversity of
Ophiostomatales members associated with soil under forest trees in Poland from a tax-
onomic perspective and to describe potential resultant new species. Fungi were baited
with branch fragments that were buried in soil under beech, oak, pine, and spruce for-
ests. We also describe a Sporothrix species that was isolated from fallen shoots of Pinus
sylvestris L. mentioned in a previously published study (Jankowiak and Kolatik 2011).

Materials and methods

Study area

Wood samples were collected from four forest districts located in southern Poland
(Jozetéw, Krzeszowice, Siewierz, and Wegierska Gérka) between 2015-2019. In
each district, 10 stands dominated by Fagus sylvatica L. (Krzeszowice, Matopolskie
Province), Picea abies (L.) H. Karst. (Wegierska Gérka, Slaskie Province), P sylvestris
(Jézeféw, Lubelskie Province), and Quercus robur L. (Siewierz, Slaskie Province) were
selected, making a total of 40 stands (10 stands for each tree species). The stands were
managed and between 35 to 135 years of age.

All sampled stands have temperate climates. Wegierska Goérka is located in the
lower montane belt of the Western Carpathians (607-896 m a.s.l.) with an average an-
nual temperature and precipitation of 6.5 °C and approximately 950 mm, respectively.
The other forest stands are in the Highlands of Poland (217-347 m a.s.l.) with average
annual temperature and precipitation of 7-8 °C and approximately 600-800 mm,
respectively. Tree-stratum vegetation in J6zeféw is dominated by P sylvestris, but also
consists of Abies alba Mill., Alnus glutinosa (L.) Gaertn., Betula pendula Roth, P abies,
and Q. robur. In Krzeszowice, F sylvatica is the dominant tree species, but other spe-
cies are also present, such as Carpinus betulus L., P sylvestris, and Q. robur. Siewierz
stands are dominated by Q. robur, but also include Acer pseudoplatanus L., A. glutinosa,
B. pendula, C. betulus, Larix decidua Mill., P abies, and P sylvestris. Finally, vegetation
in Wegierska Gérka is dominated by P abies, but also contains A. alba and F sylvatica.
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Soil samples for laboratory analyses were collected from each stand (10 samples per
stand, for a total of 400 samples). The samples were collected from the humus A min-
eral horizon (10 cm deep) after the upper organic O horizon was removed. Freshly col-
lected soil samples were dried and then sieved through a 2 mm mesh sieve. The particle
size distribution was analyzed using a laser diffraction method (Analysette 22, Fritsch,
Idar-Oberstein, Germany). The pH of soil samples in H,O and KCI was determined
by a potentiometric method (Ostrowska et al. 1991). All stands were characterized by
high soil acidity, with the pH ranging from 3.81 t0 6.10 (in H,0) and 2.91 to 5.67 (in
KCI). After air-drying, soil samples were sifted through a sieve with a mesh diameter of
2 mm. The particle size distribution was determined using laser diffraction (Analysette
22, Fritsch, Idar-Oberstein, Germany). Soil textures were sandy in 27 stands and silty
in the remaining 13 stands.

Isolation of fungi

Fungi were isolated using branches (25 cm x 5 cm x 5 c¢m) of E sylvatica, P abies,
P sylvestris, and Q. robur that were cut along the axes. Healthy branches were taken
from trees that represented the dominant species in each stand; for example, in stands
dominated by F sylvatica, only its branches were used. Each branch was autoclaved in
a sterile plastic bag and was stored for 1-2 days at a temperature of 5 °C. They were
then removed from the bags and immediately placed in the soil. Ten sterilized branches
were placed in each stand. Branches were buried in the humus mineral A horizon
after the organic O horizon was removed, at random locations in the stands (Suppl.
material 1: fig. S1). There is no information about the occurrence of Ophiostomatales
species in specific soil levels. We have used the humus mineral horizon (A) because this
level is characterized by high thermal and humidity stability (Ekici et al. 2014; Neto
et al. 2017). Due to potential fungal infection from roots, the branches were placed
2 m away from tree roots. The branches were buried after the main flight period of the
root-feeding bark beetles to avoid colonization by insects carrying other Ophiostoma-
tales species (Jankowiak and Bilariski 2013a) and were retrieved two months after they
were initially buried. After removal, the branches were placed in separate sterile bags
and moved to the laboratory of Robert Jankowiak at the University of Agriculture in
Krakow, Poland (Suppl. material 1: fig. S2). A total of 400 samples were collected dur-
ing the study from every stand type (100 from beech stands, 100 from oak, 100 from
pine, and 100 from spruce). No signs of insect presence (adults, larvae, bites, wood
holes, galleries) were visible on any branch.

The branches were washed under tap water and dried on blotting paper and covered
with cotton wool saturated with 96% ethanol for 15 seconds to sterilize the wooden
surfaces. A sterile wood chisel was then used to remove the surface of the wood up to a
depth of 2 mm. From each block, six small fragments of discolored wood (4 x 4 mm)
were taken with a sterile chisel and placed in Petri dishes containing 2% malt extract
agar (MEA; Biocorp Polska Sp. z 0.0., Warszawa, 20 g Biocorp malt extract, 20 g
Biocorp agar, and 1000 mL sterile water) amended with cycloheximide (200 mg/L,
Aldrich-Sigma, St. Louis, Co. LLC.) and tetracycline (50 mg/L, Aldrich-Sigma, St.
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Louis, Co. LLC). Based on the preliminary morphological investigation, emerging
cultures resembling members of the Ophiostomatales were purified by transferring
small pieces of mycelium or spore masses from individual colonies to fresh 2% MEA.
Cultures were incubated at room temperature in the dark at 22 °C. After two weeks of
incubation, the purified fungal cultures were grouped into morphotypes. Depending
on the number of isolates that belonged to the same morphotype, 1-12 isolates per
morphotype were chosen for molecular identification (Table 1). In the end, the isolates
were categorized into ten morphotypes.

The collection details for the Sporothrix species isolated from fallen shoots of
P sylvestris (Table 1) are described in a study by Jankowiak and Kolatik (2011). The
cultures are maintained in the culture collection of the Department of Forest Ecosys-
tems Protection, University of Agriculture in Krakow, Poland. The ex-type isolates and
representative isolates of the new species described were deposited in the culture collec-
tion (CBS) of the Westerdijk Fungal Biodiversity Institute, Utrecht, The Netherlands
and in the culture collection (CMW) of the Forestry and Agricultural Biotechnology
Institute (FABI) at the University of Pretoria, South Africa. Dried cultures were depos-
ited as holotype specimens in the Mycological Herbarium (O) of the Natural History
Museum at the University of Oslo, Norway.

Microscopy and growth studies

Morphological characters were examined for selected isolates including the type speci-
mens. Cultures were grown on 2% Malt Extract Agar (MEA) made up of 20 g Bacto
malt extract and 20 g Bacto agar powder (Becton Dickinson and Company, Franklin
Lakes, USA) in 1 L of deionized water. In attempts to induce ascomata formation,
autoclaved twigs of host trees were placed at the centres of agar plates containing 2%
MEA. To promote the production of ascomata, single conidial isolates were crossed
following the technique described by Grobbelaar et al. (2009). These cultures were in-
cubated at 25 °C and monitored regularly for the appearance of developing structures.

Samples of fungal tissues were placed in 80% lactic acid on glass slides, and devel-
oping structures were observed using a Nikon Eclipse 507 microscope (Nikon Corpo-
ration, Tokyo, Japan) with an Invenio 5S digital camera (DeltaPix, Maalov, Denmark)
to capture photographic images. Color designations were based on the color charts
of Kornerup and Wanscher (1978). For each taxonomically relevant structure, fifty
measurements were made, when possible, using the Coolview 1.6.0 software (Precop-
tic, Warsaw, Poland). Averages, ranges, and standard deviations were presented in the
format ‘(min—)(mean—SD)—(mean+SD)(—max)’.

Growth characteristics of the novel species were determined by analyzing the radial
growth for two isolates per species. Agar disks (5 mm in diameter) were cut from the
actively growing margins of fungal colonies and these disks were placed at the centres
of plates containing 2% MEA. Four replicate plates for each isolate of the three puta-
tive new species were incubated in the dark. The isolates were grown at 5, 10, 15, 20,
25, 30 and 35 °C. The radial growth was determined 14 days after inoculation, and
growth rates were calculated as mm/day.
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PCR, sequencing, and phylogenetic analyses

DNA was extracted using the Genomic Mini AX Plant Kit (A&A Biotechnology,
Gdynia, Poland) according to the manufacturer’s protocol. For fungi that resided in
the genus Leptographium, the nuclear large subunit (LSU) region was amplified using
the primers LROR and LR5 (Vilgalys and Hester 1990), the B-tubulin (7UB2) gene
was amplified using the primers Bt2a and Bt2b (Glass and Donaldson 1995), and the
elongation factor 1-o (7EF1) gene was amplified using the primers EF2F (Marincow-
itz et al. 2015) and EF2R (Jacobs et al. 2004). For all other fungi, the internal tran-
scribed spacer regions 1 and 2 (ITS), including the 5.8S region, were amplified using
the primers ITS1F and ITS4 (White et al. 1990; Gardes and Bruns 1993), the 7UB2
gene was amplified using the primers Bt2a and Bt2b (Glass and Donaldson 1995), and
the 7EF1 gene was amplified using the primers F-728F (Carbone and Kohn 1999) and
EF2 (O’Donnell et al. 1998). In addition, the calmodulin (CAL) gene was amplified
with the primer pairs CL1 and CL2a (O’Donnell et al. 2000) or CL3F and CL3R
(de Beer et al. 2016) for fungi that reside in the genus Sporothrix. For new Sporothrix
species, LSU region was amplified using the primers LROR and LR5 (Vilgalys and
Hester 1990). PCR and sequencing were conducted following the protocols described
by Jankowiak et al. (2019¢c). All sequences obtained in this study were deposited in
GenBank. The obtained ITS/LSU sequences were compared with sequences in NCBI
GenBank for preliminary identifications and were used to determine generic place-
ment in the Ophiostomatales. For Leprographium and Ophiostoma spp. the TUB2 and
TEF1 datasets were analyzed separately for each species complex. For Sporothrix spp.,
the CAL, TUB2 and TEF1 datasets were analyzed across the entire genus.

Phylogenetic trees were generated independently for each gene. Resulting trees
were visually compared for topological incongruences. Genes showing no topologi-
cal incongruence for Sporothrix spp. were combined and analyzed as a concatenated
dataset. Sequence alignments were performed using the online version of MAFFT
v7 (Katoh and Standley 2013). The ITS, LSU, TUB2, CAL, and TEF1 datasets were
aligned using the E-INS-i strategy with a 200PAM/k=2 scoring matrix, a gap opening
penalty of 1.53 and an offset value of 0.00. The alignments were checked manually
with BioEdit v.2.7.5 (Hall 1999). Phylogenetic trees were inferred for each of the data-
sets using three different methods: Maximum likelihood (ML), Maximum Parsimony
(MP), and Bayesian inference (BI). For ML and BI analyses, the best-fit substitution
models for each aligned dataset were established using the corrected Akaike Informa-
tion Criterion (AIC) in jModelTest 2.1.10 (Guindon and Gascuel 2003; Darriba et al.
2012). ML analyses were carried out with PhyML 3.0 (Guindon et al. 2010), utilizing
the Montpelier online server (http://www.atgc-montpellier.fr/phyml/). Node support
values and the overall reliability of the ML tree topology were assessed using 1000
bootstrap pseudoreplicates.

MP analyses were performed using PAUP* 4.0b10 (Swofford 2003). Gaps were
treated as a fifth state. Confidence levels for the nodes within the inferred tree topolo-
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gies were determined using 1000 bootstrap replicates. Tree bisection and reconnection
(TBR) were selected as the branch swapping option. The tree length (TL), Consistency
Index (CI), Retention Index (RI), Homoplasy Index (HI), and Rescaled Consistency
Index (RC) were recorded for each analyzed dataset after the trees were generated.

BI analyses using Markov Chain Monte Carlo (MCMC) methods were carried
out with MrBayes v3.1.2 (Ronquist and Huelsenbeck 2003). Four MCMC chains
were run for 10 million generations applying the best-fit model for each dataset. Trees
were sampled every 100 generations, resulting in 100,000 trees. Tracer v1.4.1 (Ram-
baut and Drummond 2007) was used to determine the burn-in value for each dataset.
The remaining trees were used to generate a 50% majority rule consensus tree, which
allowed for calculating posterior probability values for the nodes. All alignments and
trees were deposited into TreeBASE (Reviewer access URL: http://purl.org/phylo/tree-
base/phylows/study/TB2:529855?x-access-code=62dd9f4ad30f131a52104b44860daf
9e&format=html).

Results

Collections of fungi

In total, 623 Ophiostomatales isolates were obtained from 2400 wooden samples (six
pieces from each of 400 branches; Table 2). Five hundred and forty-one isolates were
collected from pine, 79 isolates were collected from oak, and three isolates were col-
lected from Norway spruce. No isolates were obtained from the beech wooden frag-
ments (Table 2).

Based on morphological observations, the fungal isolates obtained from this study
were arranged into 10 species. Five fungal species were isolated from pine while six
species were isolated from oak fragments. Only one species (designated as taxon 10;
Table 2) was isolated from pine, oak, and spruce samples. The most frequently isolated
fungi were taxon 2 and taxon 10 represented by 263 and 174 isolates, respectively.
The third most abundant fungus was named as taxon 9, which was isolated 66 times.
In addition, 53 isolates of taxon 6 were gathered from buried oak branches (Table 2).

DNA sequence data and phylogenetic analysis

Based on analysis of ITS and LSU sequence data, of the 623 isolates collected in this
study, 305, 298, 17 and 3 isolates resided in Sporothrix (Fig. 1), Leptographium (Suppl.
material 2: fig. S3), Ophiostoma and Heinzbutinia (Suppl. material 2: fig. $4), respec-
tively. Most of the isolates belonging to Leptographium grouped in the L. procerum species
complex, while most of the isolates belonging to Sporothrix nested in the S. inflata species
complex. Phylogenetic analyses of these datasets separated the isolates into 11 distinct
taxa, eight of which were previously described species and three represented novel species.
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Table 2. Number of isolates of Ophiostomatales fungi obtained from “wood traps” buried in the soil of
40 stands in this study.

Taxon no. Fungus species Forest stands dominated by
Quercus robur  Pinus sylvestris Picea abies Fagus sylvatica

1 Heinzbutinia grandicarpa 3
2 Leptographium procerum 263
3 Leptographium radiaticola 35
4 Ophiostoma piliferum 7
5 Ophiostoma quercus 10
6 Sporothrix brunneoviolacea 53
7 Sporothrix dentifunda 11
8 Sporothrix eucastaneae 1
9 Sporothrix roztoczensis sp. nov. 66
10 Sporothrix silvicola sp. nov. 1 170 3

Total no. of isolates 79 541 3

Total no. of species 6 6 1

Number of examined fragments 600 600 600 600

In the genus Heinzbutinia, analyses of TUB2 sequences data (Suppl. material 2:
fig. S5) showed that taxon 1 belonged to Heinzbutinia grandicarpa (Kowalski & Butin)
Z.\. de Beer & M. Procter. In Leprographium genus, taxon 2 was represented by nine
isolates grouping in the L. procerum species complex (Suppl. material 2: fig. S3) and 7UB2
and 7EF1 sequence analyses confirmed this taxon was conspecific with L. procerum (\W.B.
Kendr.) M.]J. Wingf. (Suppl. material 2: figs S6, S7). Taxon 3 was represented by four
isolates that grouped in the L. galeiforme species complex (Suppl. material 2: fig. S3) and
TUB2 and TEF1 sequence analyses confirmed that these isolates represented L. radiaticola
(J.J. Kim, Seifert & G.H. Kim) M. Procter & Z.W. de Beer (Suppl. material 2: figs S8, S9).

In the genus Ophiostoma taxon 4 was represented by two isolates that did not
group in any species complex (Suppl. material 2: fig. $4). Analyses of 7UB2 sequence
data (sSuppl. material 2: fig. S5) showed that this taxon belongs to O. piliferum (Fr.)
Syd. & . Syd. Taxon 5 was represented by four isolates in the O. u/mi species complex
(Suppl. material 2: fig. S4), while 7UB2 sequences grouped this taxon with O. quercus
(Georgev.) Nannf. (Suppl. material 2: fig. S5).

In the genus Sporothrix, the four isolates of taxon 7 resided in the S. inflata spe-
cies complex and grouped with the ex-type isolate of S. dentifunda (Aghayeva & M.].
Wingf.) Z.W. de Beer, T.A. Duong & M.]. Wingf. based on the ITS, 7UB2, CAL,
and 7EF1 phylogenies (Figs 1-4). Taxa 9 and 10 also belonged to the S. inflata spe-
cies complex (Fig. 1) as defined by de Beer et al. (2022) and were represented by four
and seven isolates, respectively. Based on the 7UB2 phylogeny, taxon 9 was close to
S. dimorphospora and °S. inflata 2’ and formed a distinct and well-supported clade,
while taxon 10 formed a distinct and well-supported clade which included isolates of
‘S. inflara 2’ (Fig. 2). Based on the CAL phylogeny, taxa 9 and 10 formed two distinct
and well-supported clades which were close to, but distinct from S. dimorphospora
(Fig. 3). Based on the 7EF1 sequence data (Fig. 4), both taxa formed distinct and well-
supported clades, and thus represented novel species. This was supported by the com-
bined analyses of the ITS, 7UB2 and CAL datasets (Fig. 5). Taxon 8 was represented
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Figure |. Phylogram from Maximum Likelihood (ML) analyses of I'TS data for Sporothrix spp. Sequences ob-
tained in this study are in bold. Bootstrap values (if = 75%) for ML and Maximum Parsimony (MP) analyses
are presented at the nodes as follows: ML/MP. Bold branches indicate postetior probabilities values > 0.95 ob-
tained from Bayesian Inference (BI) analyses. * Bootstrap values < 75%. The tree is drawn to scale (see bar) with

branch lengths measured in the number of substitutions per site. Graphilbum fragrans represents the outgroup.
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Figure 3. Phylogram from Maximum Likelihood (ML) analyses of CAL data for Sporothrix spp. Se-
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(MP) analyses are presented at the nodes as follows: ML/MP. Bold branches indicate posterior probabili-
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[fragrans represents the outgroup.
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Figure 4. Phylogram from Maximum Likelihood (ML) analyses of 7EF1 data for the Sporothrix spp. Se-
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Figure 5. Phylogram from Maximum Likelihood (ML) analyses of the combined datasets of ITS+B7+CAL
for Sporathrix spp. Sequences obtained in this study are in bold. Bootstrap values (if = 75%) for ML and
Maximum Parsimony (MP) analyses are presented at the nodes as follows: ML/MP. Bold branches in-
dicate posterior probabilities values > 0.95 obtained from Bayesian Inference (BI) analyses. * Bootstrap
values < 75%. The tree is drawn to scale (see bar) with branch lengths measured in the number of substitu-
tions per site. Graphilbum fragrans represents the outgroup.
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by one isolate and grouped in the S. gossypina & S. stenoceras species complexes (Fig. 1).
TUB2, CAL, and TEF1 phylogenies (Figs 2—4) showed that this taxon is S. eucastaneae
(R.W. Davidson) Z.W. de Beer, T.A. Duong & M.]. Wingf. Taxon 11 was represented
by two isolates collected from fallen pine shoots and did not group in any species
complex (Fig. 1). The combined analyses of the ITS, 7UB2, and CAL datasets (Fig. 5)
showed that this taxon formed a distinct and well-supported clade which was closest
to, but clearly distinct from S. macroconidia H.M. Wang, Q. Lu & Zhen Zhang, and
thus represented a novel species.

Taxon 6 was represented by nine isolates grouped separately from Sporothrix and
belonged to lineage XIX (Fig. 1) as defined by de Beer et al. (2022). Analyses of 7UB2
and CAL sequences data (Figs 2, 3) showed that this taxon is Sporothrix brunneoviolacea.

Taxonomy

Sporothrix roztoczensis R. Jankowiak & P. Bilaniski, sp. nov.
MycoBank No: 845660
Fig. 6

Etymology. Referring to the highland (from Polish: Roztocze) located in eastern Po-
land where this fungus was collected.

Diagnosis. Sporothrix roztoczensis differs from the phylogenetically closely related
species S. dimorphospora and S. silvicola with respect to its conidia dimensions.

Type. Poranp, Lubelskie Province, Jézeféw, from wood buried in soil under
58-year- old managed Pinus sylvestris forest, July 2015, £. Chyrzyriski (O-F-259436
holotype, culture ex-type CBS 147973).

Description. Sexual morph not observed. Asexual structures produced on steri-
lized Scots pine twigs placed on the surface of malt agar in Petri dishes. Conidiophores
hyaline, one-celled, micronematous, simple or branched, either borne on vegetative
hyphae or on upright hyphae. Conidiogenous cells blastic, cylindrical, terminal, lateral
or intercalary, straight or curved, constricted at the base and tapering towards the apex,
(2.3-)6.6-32.8(-50.5) pum long, (0.6-)1.1-1.6(-2) um wide at the base, apical part
forming conidia by sympodial proliferation on swollen a cluster of conidium-bearing
denticles, (0.9-)1.6-3.3(-5) um long and (1-)1.9-3.9(~6.2) pm wide, denticles very
seldom arise below the swollen cluster. Conidia of two types: 1) abundant in cultures,
hyaline, unicellular, smooth, ellipsoid, guttuliform, pointed at the base, sometimes
curved (2.5-)3.2-5.1(=7) x (1.4-)1.6-2.1(=2.5) um, formed directly on denticles; 2)
abundant in cultures, subhyaline to lightly pigmented, unicellular, globose to subglo-
bose, sometimes pointed at the base, (2.5-)2.9-3.6(—4.1) pm in diameter, formed
singly, on lateral or intercalary conidiogenous cells or denticles directly emerging from
vegetative hyphae.

Culture characteristics. Colonies with optimal growth at 20 °C on 2% MEA
reaching an average of 31.3 mm (+ 3.98 mm) after 14 days, with a radial growth rate
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Figure 6. Sporothrix roztoczensis sp. nov. (CBS 147973) a conidiogenous cell with an inflated cluster

of denticles at the apex b conidia ¢ globose conidia arising on conidiophore d globose conidia arising
on denticles formed directly from hyphae e globose conidia f fourteen-day-old culture on MEA. Scale
bars: 10 pm.

of 0.87 (£ 0.14) mm/d, growth somewhat slower at 15 °C (26.3 mm diameter), no
growth at 30 and 35 °C; white gray, floccose, flat, growing in a circular pattern with
entire margins.

Distribution. Known only from the type location (Poland).

Additional specimen examined. PoranDp, Lubelskie Province, Jézeféw, from
wood buried in soil under 88-year-old managed Pinus sylvestris forest, July 2015,
L. Chyrayriski (O-F-259435, culture CBS 147972).

Notes. This species is phylogenetically distinct from the other Sporothrix species
based on the TUB2, CAL, and TEF1 sequences. Sporothrix roztoczensis is closely related
to S. dimorphospora, and S. silvicola sp. nov. Sporothrix silvicola has larger sympodial
conidia (3.2-10.4 x 1.4-3.6 um) compared with S. dimorphospora (3-8 x 1.5-3 pm,
Madrid et al. 2010) and S. rozroczensis (2.5-7 x 1.4-2.5 pm). In addition, denticles
in S. silvicola arise abundantly below the swollen cluster compared with other spe-
cies, where denticles are limited to the apical cluster. Also the shape of pigmented
conidia differed. In S. roztoczensis they are globose or subglobose while more obovoid
in S. dimorphospora and S. silvicola. Conidia of S. roztoczensis are smaller (2.5-4.1 um
in diam.) compared to S. dimorphospora (3—5 x 3.5 pm) and S. silvicola (2.6-4.8 x 1.4—
3.9 um). In addition, S. rozroczensis rarely produced intercalary conidiogenous cells,
which are commonly found in culture of S. silvicola.
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Sporothrix silvicola R. Jankowiak & P. Bilasski, sp. nov.
MycoBank No: 845658
Fig. 7

Etymology. Referring to the Latin sifva (forest) and —cola (inhabiting), with reference
to its woody habitat.

Diagnosis. Sporothrix silvicola differs from the phylogenetically closely related spe-
cies S. dimorphospora and S. roztoczensis with respect to its conidia dimensions.

Type. Poranp, Lubelskie Province, Jézeféw, from wood buried in soil under
43-year- old managed Pinus sylvestris forest, July 2015, £. Chyrzyriski, (O-F-259451
holotype, culture ex-type CBS 149241).

Description. Sexual morph not observed. Asexual structures produced
on sterilized Scots pine twigs placed on the surface of malt agar in Petri dishes.
Conidiophores hyaline, one-celled, micronematous, simple, either borne on veg-
etative hyphae or on upright hyphae. Conidiogenous cells blastic, cylindrical, ter-
minal, lateral or intercalary, straight or curved, constricted at the base and tapering
towards the apex, (2.2-)11.6-35.6(-60.5) um long, (0.7-)1-1.5(-1.8) pm wide at
the base, apical part forming conidia by sympodial proliferation on swollen clus-
ter of conidium-bearing denticles, (1.4-)2.6-4.4(-5.5) pm long and (1.5-)2.1-
3.4(—4.1) pm wide, denticles often arise below the swollen cluster. Conidia of two
types: 1) abundant in cultures hyaline, unicellular, smooth, guttuliform, ellipsoid,
pointed at the base, sometimes curved (3.2-)3.6-6.4(-10.4) x (1.4-)1.6-2.5(-3.6)
pm, formed directly on denticles; 2) abundant in cultures, subhyaline to lightly pig-
mented, unicellular, smooth, subglobose to broadly ellipsoidal, sometimes pointed
at the base, (2.6-)3.1-4.1(—4.8) pm x (1.4-)2.1-3.4(-3.9) pm diam., formed sin-
gly, on lateral or intercalary conidiogenous cells or denticles directly emerging from
vegetative hyphae.

Culture characteristics. Colonies with optimal growth at 20 °C on 2% MEA
reaching an average of 32 mm (£ 1.86 mm) after 14 days, with radial growth rate 0.89
(+ 0.07) mm/d, growth somewhat slower at 15 °C (26.6 mm diameter), no growth
at 30 and 35 °C; dark grey to olivaceous with white margins, floccose, lanose with
abundant white aerial hyphae, flat, growing in a circular pattern with entire margins.

Distribution. Known only from the type location (Poland).

Additional specimen examined. PoranDp, Lubelskie Province, Jézeféw, from
wood buried in soil under 93-year old managed Pinus sylvestris forest, July 2015, £.
Chyrzyiiski (0-F-259450, culture CBS 149240).

Notes. This species is phylogenetically distinct from the other Sporothrix spe-
cies based on the 7UB2, TEF1, and CAL sequences. The morphological differences
between S. dimorphospora and S. roztoczensis are described in the section treating
S. roztoczensis. Sporothrix silvicola had identical ITS and 7UB2 sequences as two
isolates of ‘S. inflara 2’ (CBS 156.72, CBS 427.74) obtained from greenhouse soil
and isolated from Lilium sp. in the Netherlands (Aghayeva et al. 2005; de Beer et
al. 2016).
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Figure 7. Sporothrix silvicola sp. nov. (CBS 149241) a, b conidiogenous cell with an inflated cluster of
denticles at the apex ¢ conidia d globose conidia arising on conidiophore e globose conidia arising on
denticles formed directly from hyphae f fourteen-day-old culture on MEA. Scale bars: 10 pm.

Sporothrix tumida R. Jankowiak & P. Bilasiski, sp. nov.
MycoBank No: 845661
Fig. 8

Etymology. Referring to the Latin zumeo (swollen) to reflect the characteristically in-
flated hyphae and conidiogenous cells.

Diagnosis. Sporothrix tumida differs from the phylogenetically closely related S.
macroconidia in respect of dimensions of its conidia.

Type. PorLanDp, Podkarpackie Province, Mielec, from fallen shoots of Pinus sylves-
tris pruned by Tomicus sp., October 2007, P Bilariski, (O-F-259433 holotype, culture
ex-type CBS 147970).

Description. Sexual morph not observed. Asexual structures produced on steri-
lized Scots pine twigs placed on the surface of malt agar in Petri dishes. Conidiophores
hyaline, one- or two-celled, micronematous, simple or slightly branched, either borne
on vegetative hyphae or on upright hyphae, often inflated. Conidiogenous cells blastic,
cylindrical, terminal, straight, constricted at the base and strong tapering towards the
apex, (7.8-)12-25.4(-34.7) um long, (1.3-)1.6-2.6(-3.5) pm wide at the base, apical
part forming conidia by sympodial proliferation on swollen a cluster of conidium-
bearing faintly developed denticles, (1-)1.2-2.5(-3.3) um long and (1.1-)1.4-2.9(-
4.7) pm wide, denticles sometimes arise directly from hypha. Conidia abundant in
cultures hyaline, unicellular, smooth, guttuliform, ellipsoid, sometimes curved, slightly

pointed at the base (3.4-)4.2-6.6(-8.7) x (1.3-)1.9-3.1(-3.9) pm.
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Figure 8. Sporothrix tumida sp. nov. (CBS 147970) a, b conidiogenous cell with an inflated cluster of
denticles at the apex ¢ denticles arising directly from hyphae d conidia e fourteen-day-old culture on

MEA. Scale bars: 10 pm.

Culture characteristics. Colonies with optimal growth at 25 °C on 2% MEA
reaching an average of 36.3 mm (+ 0.62 mm) after 14 days, with radial growth rate
1.05 (+ 0.02) mm/d, growth somewhat slower at 30 °C (29.6 mm diameter); white,
flat, floccose, growing in a circular pattern with entire margins.

Host tree. Pinus sylvestris.

Insect vector. Tomicus spp.

Distribution. Known only from the type location (Poland).

Additional specimen examined. PoLanD, Podkarpackie Province, Mielec, from
fallen shoots of Scots pine pruned by Zomicus sp., October 2007, R. Jankowiak, (O-F-
259434, culture CBS 147971).

Notes. This species is phylogenetically distinct from the other Sporothrix species
based on the ITS, TUB2, and CAL sequences. Sporothrix tumida grouped most closely
with S. macroconidia (ITS, CAL) from which it can also be distinguished by dimen-
sions of conidia (3.4-8.7 x 1.3-3.9 pm vs. 3.6-9.9 x 2.5-9.9 um, Wang et al. 2019).

Discussion

This study reported 10 members of the Ophiostomatales associated with soil under
European beech, pedunculate oak, Scots pine, and Norway spruce stands in Poland.
Two of these species are newly described here (Sporothrix roztoczensis and S. silvicola)
and were the most abundant species in the forest soil. This demonstrates that there is
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a rich and poorly studied diversity of species of the Ophiostomatales associated with
soil in European forests.

Our results revealed a greater than expected diversity of Ophiostomatales fungi in
soil, while confirming that the methods used here (autoclaved branches buried in the
soil) are useful for the detection of soil-borne fungi from this order. To date, Sporothrix
is the main Ophiostomatales genus to be found in soil samples (e.g., de Hoog 1974;
de Meyer et al. 2008; Madrid et al. 2010; de Beer et al. 2016; Rodrigues et al. 2017;
Ramirez-Soto et al. 2018). Leprographium species have also been isolated from soil,
although these are found primarily in tree roots (Eckhardt 2003). For example, Lep-
tographium wageneri (\W.B. Kendr.) M.J. Wingf., a causative agent of black stain root
disease of conifers in the western United States and Canada, can be transmitted be-
tween diseased and healthy roots through continuous xylem in root grafts (Landis and
Helburg 1976), by short-distance growth through soil (Goheen and Cobb 1978) and
by insect vectors (Harrington and Cobb 1988).

The dominant tree species in the stands strongly affected fungal species richness
and taxonomic diversity. Most of the fungi were isolated from the pine and oak stands,
while only three isolates were obtained from the spruce stands, and no fungi were iso-
lated from the beech stands. Sporothrix silvicola was the only fungal species found in
pine-, oak- and spruce-dominated stands, although it was highly abundant only in pine
stands. Leprographium procerum and, to alesser extent, L. radiaticola and S. roztoczensis,
were also abundant in pine stands. In contrast, wood buried in oak stands was mostly
colonized by S. brunneoviolacea and less frequently by S. dentifunda and O. quercus.

This research demonstrated that Sporothrix species can be soil-borne, validating
previous studies in South Africa (de Meyer et al. 2008), Spain and USA (Madrid et al.
2010). Five of the species collected in this study belong to Sporothrix, including the two
newly described species. Sporothrix brunneoviolacea (Madrid et al. 2010) and °S. inflata
2’ (de Hoog 1974; de Beer et al. 2016) were previously reported in soil from Europe,
and this study shows that S. dentifunda and S. eucastaneae also occur in forest soil.
The identified Sporothrix species showed different affinities to tree hosts, as S. brun-
neoviolacea, S. dentifunda, and S. eucastaneae were found in oak stands while S. silvicola
and S. roztoczensis were reported in pine stands. This is in congruence with previous
reports: Sporothrix brunneoviolacea was already isolated from meadow soil in Germany,
from soil under mixed stands in Spain, and from the roots of Quercus spp. in Austria
(Halmschlager and Kowalski 2003; Madrid et al. 2010). Similarly, S. dentifunda has
been isolated from the wood of Quercus sp. in Poland and Hungary (Aghayeva et al.
2005), as well as from wounds on Q. robur in Poland (Jankowiak et al. 2019b). Sporo-
thrix eucastaneae has also been previously isolated from oak stands in Poland, where
this fungus was associated with oak-infesting bark beetles (Jankowiak et al. 2019a) and
wounded oaks (Jankowiak et al. 2019b).

The Sporothrix species from pine stands, S. silvicola and S. roztoczensis, are newly
described sister species that reside in the S. inflata species complex (de Beer et al.
2022). Although both species inhabited the same environment, they can be distin-
guished based on phylogenetic analyses and morphological characteristics, such as
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differences in conidia dimensions and shapes. Both species produced two different
conidial types, which is a characteristic that has been found in other Sporothrix species,
including Sporothrix dimorphospora and S. brunneoviolacea (Madrid et al. 2010), S. bra-
siliensis, S. globosa, and S. mexicana (Marimon et al. 2007), as well as S. eryprarchum R.
Jankowiak & A. Ostafiiska and S. undulata R. Jankowiak & A. Ostafiriska (Ostafiriska
et al. 2021). In Poland, S. silvicola named as ‘S. inflata 2’ was also sporadically found
in association with Scolytus intricatus (Ratzeburg) on Q. robur (Jankowiak et al. 2019a)
and wounded 7ilia cordata Mill. (Jankowiak et al. 2019b), suggesting that the fungus
may not be limited to conifer-dominated habitats. More surveys should be conducted
to determine the range of the fungus, and to test their affinities to pine forests.

Our results also demonstrated that some Leprographium species are soil-borne,
supporting the findings of Eckhardt (2003) that L. procerum is a soil-borne fungus.
This species was previously isolated from roots of dying and dead young Scots pines
(Jankowiak et al. 2012) and was often found to be carried by root-feeding bark beetles
and weevils in Poland (Jankowiak and Bilanski 2013a, b, c). A high abundance of this
species in soil and pine roots suggests that L. procerum may be capable of infecting
roots via soil. According to previous studies, L. procerum can spread over short dis-
tances via root-to-root contact between infected and uninfected host trees, as well as
through soil as short term survival in the soil around infected trees has been observed
(Lackner and Alexander 1984; Alexander et al. 1988; Jacobs and Wingfield 2001;
Eckhardt et al. 2004). In our opinion, the presence of L. radiaticola in the soil of pine
stands suggests that other Leprographium species may be similarly transmitted. Possible
transmission through soil has been also observed for L. wageneri (Goheen and Cobb
1978). In addition, L. costaricense G. Weber, Spaaij & M.]. Wingf. (Weber et al. 1996)
and L. reconditum Jooste (Jooste 1978) were found in the rhizospheres of 7alauma
sambuensis Pittier and Triticum, respectively.

Although O. piliferum was rarely isolated in this study, we confirmed that it is soil-
borne. Its presence was unsurprising because this species is commonly found staining
pine wood in Poland (Jankowiak et al. 2018b, 2021). In addition, O. piliferum was
also found in soil from sites exposed to different wood preservative types (Kirker et al.
2017). Finally, O. quercus was also reported in soil in this study. This globally wide-
spread species (Taerum et al. 2018) is a common wood-infecting fungus associated
with many species of bark and wood boring beetles in Poland (Jankowiak et al. 2019a,
b), and may be more commonly found in soil with additional surveys.

Sporothrix tumidawas collected from fallen shoots of Scots pine that were pruned by
Tomicus species in Poland (Jankowiak and Kolatik 2011). The species is the most close-
ly related to S. macroconidia, which was recently described from Zomicus yunnanensis
Kirkendall & Faccoli and 77 brevipilosus Eggers on Pinus yunnanensis Franch. and P
kesiya Royle ex Gordon in south-western China (Wang et al. 2019). The new species
identified in this study can be easily distinguished from S. macroconidia by phyloge-
netic analysis and morphological characteristics.

Our work has led to the discovery of three novel Sporoshrix species, bringing the total
number of Sporothrix species in Poland to 20. The present study has shown that forest soil
under pine and oak stands in Poland is remarkably rich in Ophiostomatales species. Our
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surveys were conducted in 35-135 year old managed stands, showing that even recently
managed forests can house undescribed fungal species. Additional species of these fungi
will most likely emerge when more extensive surveys are conducted in other parts of Eu-
rope as forest soil fungi are influenced by a variety of biotic and abiotic factors, including
climate, soil physicochemical properties, forest age, tree compositions and management
type (e.g. Baldrian et al. 2012; Tedersoo et al. 2014; Goldmann et al. 2015; Urbanovi et
al. 2015). Therefore, future research should focus on identifying soil-borne Ophiostoma-
tales species in forests with different tree compositions and soil characteristics.
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Abstract

Woody oil plants are important economic trees which are widely cultivated and distributed throughout
China. Surveys conducted during 2020 and 2021 on several woody oil plantations from five regions of
Sichuan Province, China, revealed a high diversity of Botryosphaerialean fungi. The identification of
50 botryosphaeriaceous isolates was carried out based on both morphology and multi-gene phyloge-
netic analysis of internal transcribed spacer region (ITS), translation elongation factor 1-alpha gene (zef7)
and f-tubulin gene (#16.2). This allowed the identification of twelve previously known Botryosphaeriales
species: Aplosporella prunicola, A. ginkgonis, Barriopsis tectonae, Botryosphaeria dothidea, Bo. fabicerciana,
Diplodia mutila, Di. seriata, Dothiorella sarmentorum, Neofusicoccum parvum, Sardiniella guizhouensis,
Sphaeropsis citrigena, and Sp. guizhouensis, and four novel species belonging to the genera Diplodia and
Dothiorella, viz. Di. acerigena, Di. pistaciicola, Do. camelliae and Do. zanthoxyli. The dominant species
isolated across the surveyed regions were Botryosphaeria dothidea, Sardiniella guizhouensis and Diplodia
mutila, representing 20%, 14% and 12% of the total isolates, respectively. In addition, most isolates
were obtained from Pistacia chinensis (14 isolates), followed by Camellia oleifera (10 isolates). The present
study enhances the understanding of Botryosphaeriales species diversity on woody oil plants in Sichuan

Province, China.
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Introduction

Botryosphaeriaceae is a diverse group of fungi that includes endophytes, saprobes and
plant pathogens (Phillips et al. 2013). They have broad host ranges, and are widely
distributed in tropical and temperate regions (Batista et al. 2021). Botryosphaeriaceae
was introduced by Theissen and Sydow (1918) to accommodate three genera Borry-
osphaeria, Dibotryon and Phacobotryon. Botryosphaeriales was proposed to include
the single family, Botryosphaeriaceae, based on multi-gene phylogeny (Schoch et al.
2006). Up to date, six families and 32 genera are accepted in Botryosphaeriales, while
Botryosphaeriaceae is known to be the largest monophyletic family, including 22
genera and more than 200 species (https://botryosphacriales.org/, accessed on 15®
April 2023).

The members of Botryosphaeriaceae have been taxonomically characterized
based on both sexual and asexual morphs. The production of large, ovoid to oblong,
typically hyaline, aseptate ascospores, which may become brown and septate with
age, as well as bitunicate asci within unilocular or multilocular botryose ascomata
known as pseudothecia is typical to the sexual state (Sivanesan 1984; Phillips et al.
2005). The asexual states of Botryosphaeriaceae exhibit a wide range of conidial
morphologies; for example, its conidia can be thin-walled and hyaline, or thick-
walled and pigmented, aseptate or 1-2-septate (Phillips et al. 2005). Additonaly,
the spermatial states were also frequently observed in Botryosphaeriaceae species,
which produced unicellular, hyaline, allantoid to rod-shaped spermatia on culture.
Botryosphaeriaceae species are significantly different from other fungi in that the
color of its aerial hyphae, changing from gray to black with age on 2% potato
dextrose agar (PDA), which can be used for the rapid determination of botryospha-
eriaceous fungi.

The geographic distribution and host range of botryosphaeriaceous taxa are di-
verse. Seven genera in Botryosphaeriaceae: Botryosphaeria, Diplodia, Dothiorella,
Lasiodiplodia, Neodeightonia, Neofusicoccum and Phaeobotryon are common and fre-
quently reported from various geographical regions (Batista et al. 2021), while Bozryo-
bambusa, Oblongocollomyces, Sakireeta and Sardiniella appear to be limited to a single
region or country (Liu et al. 2012; Crous et al. 2015; Linaldeddu et al. 2016; Yang
et al. 2017; Dissanayake et al. 2021). Many Botryosphaeriaceae species have wide
host ranges (e. g. Botryosphaeria dothidea, Diplodia mutila, Dothiorella sarmentorum,
Lasiodiplodia theobromae and Neofusicoccum parvum), while other species have nar-
rower host ranges (e. g. Diplodia olivarum was reported on olive, oleaster, carob, grape-
vine, almond et al.) (Lazzizera et al. 2008; Granata et al. 2011; Linaldeddu et al. 2015;
Olmo et al. 2016) or even in very specific hosts (e. g. Eutiarosporella darliae was only
reported on infected wheat and wheat-stubble) (Thynne et al. 2015; Farr and Ross-
man 2021). Different species of Botryosphaeriaceae exhibit different environmental
adaptations and host preferences (Braunsdorf et al. 2016). Botryosphaeriaceous taxa
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with narrow host ranges or limited geographic distribution will be more susceptible to
climatic effects (Slippers et al. 2017; Li et al. 2020).

Woody oil plants are economically important as they are used for the production
of cooking and industrial oil. Recently, many Botryosphaeriaceae species have been
frequently reported on woody oil plants. Diplodia olivarum was first reported from
rotting olive drupes in Italy (Lazzizera et al. 2008) and later it was reported as as-
sociated with declining Prunus dulcis trees in Spain (Gramaje et al. 2012). Diplodia
insularis was isolated from branch canker of Pistacia lentiscus in Italy (Linaldeddu
et al. 2015). Dothiorella gregaria was isolated from the stems with asymptomatic
of Zanthoxylum bungeanum in China (Li et al. 2016b). Botryosphaeria dothidea,
Diplodia mutila, Di. seriata, Dothiorella iberica, Do. omnivora, Do. sarmentorum,
Lasiodiplodia citricola, L. pseudotheobromae, L. theobromae, Neofusicoccum mediter-
raneum, N. nonquaesitum, N. parvum, N. ribis, N. vitifusiforme, and Neoscytalidium
dimidiatum have been reported as pathogens of English walnut (Juglans regia L.)
in California (Chen et al. 2014), Chile (Jimenez Luna et al. 2022), China (Li et
al. 2016a; Zhang et al. 2017), Iran (Abdollahzadeh et al. 2013; Panahandeh et al.
2019), South Africa (Cloete et al. 2011), Spain (Gramaje et al. 2012) and USA
(Chen et al. 2014). However, very little is known about the Botryosphaerialean
species occurring on native woody oil plants in China. Hence, the aim of this
study was to gain a more comprehensive understanding of the diversity of Botry-
osphaeriaceae species associated with common woody oil plants grown in Sichuan
Province, China.

Materials and methods

Isolates and morphology

The isolates in this study were collected from the woody oil tree plantations in Sichuan
Province during the period of 2020 and 2021. The hosts include Acer truncatum,
Camellia oleifera, Idesia polycarpa, Olea europaea, Paeonia suffruticosa, Pistacia chinensis,
Vernicia fordii and Zanthoxylum bungeanum. The samples were collected from decayed
stems, branches and twigs of woody oil trees. Mature fruiting bodies were selected for
fungal isolation and for morphological observations under stereo microscope Motic
SMZ 168 series. Measurements were made with Tarosoft Image Frame Work program
v. 0.9.7 (Liu et al. 2010). Thirty conidia/ascospores were measured per isolate, and 10—
30 measurements were taken of other morphological structures. At least 20 conidia/
ascospores were used to calculate the average length/width ratio (L/W). Single spore
isolation was conducted in accordance with the methods described in Chomnunti et
al. (2014). Germinated spores were individually placed on PDA plates and grown at
25 °C in daylight.
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Herbarium specimens were stored in the herbarium of Cryptogams Kunming
Institute of Botany, Academia Sinica (KUN-HKAS) and duplicated at Herbarium,
University of Electronic Science and Technology (HUEST), Chengdu, China. Living
cultures were deposited at China General Microbiological Culture Collection Centre
(CGMCQ), Beijing, China and duplicated at the University of Electronic Science and
Technology Culture Collection (UESTCC), Chengdu, China. MycoBank numbers
were registered as outlined in MycoBank (http://www.MycoBank.org. Accessed on
11* November 2022).

DNA extraction, PCR amplification and sequencing

The total genomic DNA was extracted from 7day-old isolates grown on 2% PDA
median at 25 °C, using the EZ geneTM fungal gDNA kit (GD2416), following
the manufacturer’s instructions and protocols. Partial gene sequences were deter-
mined for the internal transcribed spacer 1 and 2 including the intervening 5.8S
nrDNA gene (ITS), the nuclear ribosomal 28s large subunit (LSU), the translation
elongation factor 1-alphagene (zefI), and the B-tubulin gene (##62). The primers
used for amplification are ITS5/ITS4 for ITS (White et al. 1990), LROR/LR5
for LSU (Vilgalys and Hester 1990), EF1-728F/EF1-986R for zef7 (Carbone and
Kohn 1999) and Bt2a/Be2b for rub2 (Glass and Donaldson 1995). Polymerase
chain reaction (PCR) amplification conditions were followed as of Dissanayake et
al. (2021). PCR products were sent for sequencing at Beijing Tsingke Biological
Engineering Technology and Services Co. Ltd. (Beijing, PR. China). All newly
generated sequences are deposited in GenBank, and the obtained accession num-
bers are listed in Table 1.

Phylogenetic analyses

Sequence data for phylogenetic analyses were obtained from GenBank and from recent
publications regarding Botryosphaeriaceae fungi (Dissanayake et al. 2021; Xiao et al.
2021; Zhang et al. 2021; Rathnayaka et al. 2022) (See Suppl. material 1). The single
gene alignments were performed using MAFFT v.7.429 online service (https://mafft.
cbre.jp/alignment/server/, accessed on 15 October 2022) (Katoh et al. 2019) and am-
biguous regions were excluded using TrimAI with the option “-automated1”, which
trimmed sequences based on similarity statistics (Capella-Gutiérrez et al. 2009). Multi-
gene sequences were concatenated by Sequence matrix software (Vaidya et al. 2011).
Multi-gene phylogenetic analyses were obtained from maximum likelihood (ML) and
Bayesian inference (BI) analyses following Dissanayake et al. (2020).

ML analyses was performed using RAXML (Stamatakis 2006). The tree search
included 1,000 non-parametric bootstrap replicates and the best scoring tree was se-
lected from suboptimal trees under the GTRGAMMA substitution model. Maximum
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Table I. All newly generated sequences in this study. Ex-type strains are indicated with *. N/A: Not available.

Taxon Stain Number GenBank Accession Number
ITS tefl tub2
Aplosporella ginkgonis UESTCC 22.0091 0Q190504 0Q241438 N/A
Aplosporella prunicola UESTCC 22.0090 0Q190505 N/A N/A
Barriopsis tectonae UESTCC 22.0092 0Q190506 0Q241439 N/A
Botryosphaeria dothidea UESTCC 22.0111 0Q190507 0Q241440 N/A
UESTCC 22.0109 N/A 0Q241441 N/A
UESTCC 22.0112 0Q190508 0Q241442 N/A
UESTCC 22.0113 0Q190509 0Q241443 N/A
UESTCC 22.0108 0Q190510 0Q241444 N/A
UESTCC 22.0116 0Q190511 0Q241445 N/A
UESTCC 22.0114 0Q190512 0Q241446 N/A
UESTCC 22.0115 0Q190513 0Q241447 N/A
UESTCC 22.0110 0Q190514 0Q241448 N/A
UESTCC 22.0107 0Q190515 0Q241449 N/A
Botryosphaeria fabicerciana UESTCC 22.0117 0Q190516 0Q241450 N/A
UESTCC 22.0118 0Q190517 0Q241451 N/A
Diplodia acerigena*™ CGMCC 3.24157 0Q190518 0Q241452 N/A
Diplodia acerigena UESTCC 22.0074 0Q190519 0Q241453 0Q338163
UESTCC 22.0075 0Q190520 0Q241454 0Q338164
Diplodia mutila UESTCC 22.0064 0Q190521 0Q241455 0Q338165
UESTCC 22.0065 0Q190522 0Q241456 0Q338166
UESTCC 22.0069 0Q190523 0Q241457 0Q338167
UESTCC 22.0068 0Q190524 0Q241458 0Q338168
UESTCC 22.0067 0Q190525 0Q241459 0Q338169
UESTCC 22.0063 0Q190526 0Q241460 0Q338170
Diplodia pistaciicola * CGMCC 3.24156 0Q190527 0Q241461 0Q338171
Diplodia pistaciicola UESTCC 22.0071 0Q190528 0Q241462 0Q275062
Diplodia seriata UESTCC 22.0072 0Q190529 0Q241463 N/A
Dothiorella camelliae UESTCC 22.0080 0Q190530 N/A 0Q275063
Dothiorella camelliae * CGMCC 3.24158 0Q190531 0Q241464 0Q275064
Dothiorella camelliae UESTCC 22.0079 0Q190532 0Q241465 0Q275065
UESTCC 22.0078 0Q190533 0Q241466 0Q275066
Dothiorella sarmentorum UESTCC 22.0076 0Q190534 N/A 0Q275067
UESTCC 22.0077 0Q190535 0Q241467 0Q275068
Dothiorella zanthoxyli * CGMCC 3.24159 0Q190536 0Q241468 0Q275069
Dothiorella zanthoxyli UESTCC 22.0083 0Q190537 0Q241469 0Q275070
UESTCC 22.0084 0Q190538 0Q241470 0Q275071
Neofusicoccum parvum UESTCC 22.0096 0Q190539 0Q241471 N/A
UESTCC 22.0094 0Q190540 N/A N/A
UESTCC 22.0093 0Q190541 N/A N/A
UESTCC 22.0095 0Q190542 N/A N/A
Sardiniella guizhouensis UESTCC 22.0100 0Q190543 0Q241472 N/A
UESTCC 22.0101 0Q190544 0Q241473 N/A
UESTCC 22.0099 0Q190545 0Q241474 N/A
UESTCC 22.0097 0Q190546 0Q241475 N/A
UESTCC 22.0098 0Q190547 0Q241476 N/A
UESTCC 22.0102 0Q190548 0Q241477 N/A
UESTCC 22.0103 0Q190549 0Q241478 N/A
Sphaeropsis citrigena UESTCC 22.0106 0Q190550 0Q241479 N/A
Sphaeropsis citrigena UESTCC 22.0105 0OQ190551 0Q241480 N/A
Sphaeropsis guizhouensis UESTCC 22.0104 0Q190552 0Q241481 N/A
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likelihood bootstrap values equal or greater than 75% are marked near each node of
the phylogenetic tree.

Bayesian analyses was performed in MrBayes 3.2.6 (Ronquist et al. 2012). The
program MrModeltest 2.2 (Nylander 2004) was used to determine the best nucleo-
tide substitution model for each data partition. The Markov Chain Monte Carlo
(MCMC) sampling approach was used to calculate the posterior probabilities (PP)
(Rannala and Yang 1996). Bayesian analyses of four simultaneous Markov chains
were run for 10,000,000 generations with trees sampled every 1,000 generations.
The first 20% of trees, representing the burn-in phase of the analyses, were dis-
carded, and the remaining trees were used for calculating posterior probabilities
(PP) in the majority rule consensus tree. PP values equal or greater than 0.95 are
marked near each node.

Trees were visualized with FigTree v1.4.0 (Rambaut 2006), and the layout was
edited using Adobe Illustrator CS6 software (Adobe Systems, USA).

Results

Phylogenetic analyses

A concatenated dataset of ITS and zef7 was used to determine the phylogenetic posi-
tion of Aplosporellaceae and Botryosphaeriaceae isolates obtained in this study. Com-
bined sequences of ITS and zefl were used for the analyses of Botryosphaeria, while
ITS, #efl and tub2 were used for the analyses of Diplodia and Dothiorella isolates. All
details of the alignments are provided in Table 2.

In an overview phylogenetic tree (Fig. 1), sixteen newly obtained isolates were
nested with four genera of Botryosphaeriaceae, representing seven known species
viz. Barriopsis tectonae, Neofusicoccum parvum, Sardiniella guizhouensis, Sphaeropsis
guizhouensis and Sp. citrigena. Two isolates were clustered with the genus Aplosporella
(Aplosporellaceae), and were identified as A. ginkgonis and A. prunicola.

Three individual phylogenetic trees were constructed for the genera Botryosphaeria,
Diplodia and Dothiorella. Twelve isolates belonged to the genus Botryosphaeria and ten
of them were nested with Bo. dothidea, while the remaining two isolates clustered with
Bo. fabicerciana (Fig. 2). Another twelve isolates were treated in Diplodia and seven
isolates were clustered with two known species of Diplodia (Di. mutila and Di. seriata,
Fig. 3). The other five isolates did not cluster with any previously known Diplodia
species, thus, two novel species were preliminarily identified based on phylogenetic
evidence. Eight isolates were nested within Dothiorella and six isolates of them were
occupied in the basal position of the Dothiorella tree and formed two well-supported
subclades, representing two new species. The other two isolates were nested within the
Do. sarmentorum isolates (Fig. 4).
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Figure 1. Phylogram generated from RAXML analysis based on combined I'TS and ¢f sequence data of
Botryosphaeriaceae and Aplosporellaceae isolates. The tree was rooted to Lecanosticta acicula (LNPV 252).
The ML (2 75%) and BI (= 95%) bootstrap supports are given near the nodes, respectively. Isolates from
this study are marked in red and ex-type strains are marked in bold.
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Figure |. Continued.

Table 2. Alignment details and ML, BI analyses results of each phylogenetic tree constructed in this study.

Character Overview Botryosphaeria Diplodia Dothiorella
phylogenetic tree
Number of base pairs in each ITS (603 bp), ITS (555 bp), tefl |ITS (537 bp), tef1(311 bp), |ITS (523 bp), zef 1 (294 bp),
gene region (including the gaps |  zefl (320 bp) (315 bp) tub2 (381 bp) tub2 (427 bp)
after alignment)
Number of isolates obtained in 17 12 11 9
this study
Number of taxa originated 94 45 64 73
from GenBank
Outgroup taxa Lecanosticta Barriopsis iraniana Dothiorella dulcispinae | Neofusicoccum lutewm (CBS
acicula (IRAN1448C) and (CMW 36460) and 562.92) and Neofusicoccum
(LNPV252) Barriopsis iraniana Dothiorella dulcispinae luteum (CMW 41365)
(IRAN1449C) (CMW 36462)
BI (model ITS GTR+I+G SYM K80+I+G HKY+1+G
of each gene refl GTR+I+G HKY+G GTR+G GTR+G
region) b2 - - GTR+G GTR+1+G
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Figure 2. Phylogram generated from RAxML analysis based on combined ITS and ¢f sequence data of
Botryosphaeria isolates. The tree was rooted to Barriopsis iraniana (IRAN1448C and IRAN1449C). The
ML (= 75%) and BI (= 95%) bootstrap supports are given near the nodes, respectively. Isolates from this

study are marked in red and ex-type strains are marked in bold.
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Figure 3. Phylogram generated from RAxML analysis based on combined ITS, z¢f and tub2 sequence
data of Diplodia isolates. The tree was rooted to Dothiorella dulcispinae (CMW 36460 and CMW 36462).
The ML (2 75%) and BI (= 95%) bootstrap supports are given near the nodes, respectively. Isolates from
this study are marked in red and ex-type strains are marked in bold.
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Figure 4. Phylogram generated from RAxML analysis based on combined ITS, zefI and #ub2 sequence
data of Dothiorella isolates. The tree was rooted to Neofusicoccum luteum (CBS 562.92 and CMW 41365).
The ML (2 75%) and BI (= 95%) bootstrap supports are given near the nodes, respectively. Isolates from
this study are marked in red and ex-type strains are marked in bold.
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Taxonomy

Aplosporella ginkgonis CM. Tian, Z. Du & K.D. Hyde. Mycosphere 8(2):
1249 (2017).

MycoBank No: 552938

Fig. 5

Description. Saprobic on decaying branches of Zanthoxylum bungeanum. Sexual
morph: Not observed. Asexual morph: Coelomycetous, Conidiomata 558-
657 x 216-241 pum (x = 235.5 x 228.5 um, n = 10), immersed, partially erumpent
when mature, multilocular, locules separated by pale brown cells of textura angula-
ris. Peridium 65-106 um wide, wall 6-10 cell-layers thick, outer layers composed
of 3—4 layers of pale brown cells of textura globulosa, intermediate layers composed
of dark brown cells of textura angularis, becoming pale brown towards the inner
region. Ostiole 138—171 pum diam., central. Conidiophores reduced to conidiogenous
cells. Conidiogenous cells 12-13 x 7.5-8 pm (¥ = 12.5 x 8 pm, n = 20), holoblas-
tic, hyaline, cylindrical to doliiform, smooth-walled. Conidia 17-20 x 6.5-7.5 pm
(x = 18.5 x 7 pm, n = 30), L/W ratio = 2.5, ellipsoidal to subcylindrical, with both
ends rounded, initially hyaline, becoming dark brown, aseptate.

Culture characteristics. Colonies on PDA developing dense aerial mycelium with
age, becoming white to gray-brown at the surface, and whitish to yellowish brown at
the reverse, producing a brown pigment, with sinuate edges.

Material examined. CHiNa, Sichuan Province, Yaan City, Hanyuan County,
29°16'51"N, 102°37'48"E, elevation 1,689 m, on dead branches of Zanthoxylum
bungeanum, 30" October 2021, W.L. Li, HJ 511 (HUEST 22.0092), living culture
UESTCC 22.0091.

Notes. Aplosporella ginkgonis was introduced by Du et al. (2017) and isolated
from diseased branches of Ginkgo biloba and Morus alba from Gansu Province in
China. One isolate (UESTCC 22.0091) obtained in this study from Zanthoxylum
bungeanum is morphologically similar to the original description of Aplosporella gink-
gonis, and the sequences data are identical to the previous data (99%-100%). We,
thus, identify the new collection as Aplosporella ginkgonis and this is the first report
from Zanthoxylum bungeanum.

Aplosporella prunicola Damm & Crous Fungal Diversity 27: 39 (2007).
MycoBank No: 504373
Fig. 6

Description. Saprobic on decaying branches of Zanthoxylum bungeanum. Sexual
morph: Not observed. Asexual morph: Coeclomycetous, Conidiomata 355-
408 x 568.5-599 um (x = 381.5 x 584 um, n = 10), immersed, partially erumpent
when mature, multilocular, locules divided by pale brown cells of textura angularis.
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Figure 5. Aplosporella ginkgonis (HUEST 22.0092, new host record) a—c appearance of conidiomata on
natural substrate d vertical section of conidioma e section of peridium f conidiogenous cells and develop-
ing conidia g—k brown aseptate conidia I upper view of the colony on PDA after 14 d m reverse view of
the colony on PDA after 14 d. Scale bars: 100 um (d); 40 pm (e); 10 pm (f=k).

Peridium 107-122 pm wide, composed of 3—5 layers of pale brown cells of textura
globulosa. Ostiole 70—88 pm diam., central. Conidiophores reduced to conidiogenous
cells. Conidiogenous cells 6.5-10 x 2-3 um (¥ = 8 x 2.5 pm, n = 20), holoblastic, hya-
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Figure 6. Aplosporella prunicola (HUEST 22.0091, new host record) a, b appearance of conidiomata on
natural substrate ¢ vertical section of multiloculate conidioma d, e section of peridium f=i conidiogenous
cells and developing conidia j~n brown aseptate conidia. Scale bars: 100 pm (c); 20 pm (d, €); 10 um (f~n).

line, cylindrical, smooth-walled. Conidia 20-23.5 x 12-13.5 pm (¥ = 21.5 x 13 pum,
n = 30), L/W ratio = 1.6, ellipsoidal to subcylindrical, with both ends broadly round-
ed, initially hyaline, becoming dark brown, aseptate, smooth.

Culture characteristics. Colonies on PDA after 7 d, becoming pale olivaceous-
gray to olivaceous-black at the surface, and olivaceous black at the reverse, with ir-
regular edges.
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Material examined. CHiNa, Sichuan Province, Yaan City, Hanyuan County,
29°16'51"N, 102°37'48"E, elevation 1,689 m, on dead branches of Zanthoxylum
bungeanum, 30" October 2021, W.L Li, HJ 509 (HUEST 22.0091), living culture
UESTCC 22.0090.

Notes. Our isolate UESTCC 22.0090 morphologically lines up with the descrip-
tion of Aplosporella prunicola provided by Damm et al. (2007) in having immersed to
erumpent, multilocular conidiomata and brown, smooth-walled, ovoid to oblong co-
nidia. The strain UESTCC 22.0090 is phylogenetically and morphologically similar to
A. yalgorensis and A. prunicola, however, A. yalgorensis can be distinguished from other
Aplosporella species by its pitted conidial walls. Thus, the strain UESTCC 22.0090 was
identified as A. prunicola based on current evidence. This is the first time A. prunicola
is reported from Zanthoxylum bungeanum in China.

Diplodia acerigena L.W. Li & Jian K. Liu, sp. nov.
MycoBank No: 847163
Figs 7, 8

Etymology. The epithet “acerigena” refers to the host genus Acer, on which the holo-
type was collected.

Holotype. HKAS 125891.

Description. Saprobic on decaying branches of Acer truncatum. Sexual morph:
Ascomata 304.5-321 x 217-260 (¥ = 313 x 238.5 pm, n = 20), more or less subglo-
bose, solitary or gregarious, semi-immersed, medium brown to dark brown, unilocular,
papillate, ostiolate. Ostiole 101115 pm diam., conical or circular, central, papillate,
periphysate. Peridium 23-29 pm wide, composed of 3—5 layers of dark brown cells
of textura angularis. Pseudoparaphyses 3.5-5 pm wide, hyaline, branched, septate.
Asci 98-120 x 24-32.5 pm (¥ = 109 x 28 pm, n = 30), (4-)8-spored, clavate, stipi-
tate, irregularly bitunicate, apex rounded with an ocular chamber. Ascospores 24.5—
31.5 x 13.5-16 pm (x = 28 x 14.5 um, n = 30), L/W ratio = 2, biseriate, broadly fusi-
form to oval, widest in the middle, both ends obtuse, hyaline, moderately thick-walled,
smooth, becoming brown and 2-septate when aged. Asexual morph: Coelomycetous,
pycnidia produced on mycelium in PDA. Conidiomata stromatic, mostly solitary,
gray to black, globose to subglobose. Paraphyses 2—3.5 um wide, hyaline, subcylindri-
cal, branched, septate. Conidiophores absent. Conidiogenous cells 9—12 x 3.5-5 pm
(x = 10.5 x 4.5 um, n = 20), holoblastic, hyaline, cylindrical. Conidia 21-24 x 10—
11 pm (x = 22.5 x 10.5 pm, n = 30), L/W ratio = 2, aseptate, thick-walled, wall exter-
nally smooth, roughened on the inner surface, initially hyaline becoming dark brown,
obovoid to ellipsoid, both ends broadly rounded. Spermatogenous cells 7-9.5 x 2.5~
3.5 pm (¥ = 8 x 3 um, n = 20), discrete or integrated, hyaline, smooth, cylindri-
cal, holoblastic or proliferating via. determinate phialides with periclinal thickening.
Spermatia 7-11.5 x 3—4 pm (¥ = 9 x 3.5 pm, n = 30), hyaline, smooth, aseptate,
rod-shaped with rounded ends.
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Figure 7. The sexual morph of Diplodia acerigena (HKAS 125891, holotype) a, b appearance of as-

comata on natural substrate ¢ vertical section of ascoma d ostiole e section of peridium f=h asci with
hyaline ascospores i asci with brown 2-sepatate ascospores j, k hyaline immature aseptate ascospores
I-n mature brown 2-septate ascospores 0 germinated ascospore p upper view of the colony on PDA
after 14 d q reverse view of the colony on PDA after 14 d. Scale bars: 100 um (c); 10 um (d, e, j-0);
20 pm (f-i).
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Figure 8. The asexual morph of Diplodia acerigena (HKAS 125891, holotype) a—d appearance of conidi-
omata on PDA e~i conidiogenous cells and developing conidia j, k hyaline immature conidia l-0 mature
brown aseptate conidia p—t Spermatogenous cells and Spermatia. Scale bars: 10 pm (e—o, t); 5 pm (p-s).

Culture characteristics. Ascospores germinating on PDA within 12 h. Colonies
growing on PDA, reaching a diam. of 4 cm after five days at 25 °C, effuse, velvety, with
entire to slightly undulate edge. Surface initially white and later turning dark oliva-
ceous from the surrounding of the colony and dark gray in reverse.

Material examined. CHiNa, Sichuan Province, Chengdu City, Pidu District,
30°19'57"N, 103°59'47"E, elevation 442 m, on dead branches of Acer truncatum
(Anacardiaceae), 19" March 2021, W.L Li, YBF 96 (HKAS 125891, holotype), ex-
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type living culture UESTCC 22.0073 = CGMCC 3.24157; ibid., YBF103 (HUEST
22.0075, paratype), living culture UESTCC 22.0074. Additional sequences: LSU:
0Q164827 (CGMCC 3.24157), OQ164828 (UESTCC 22.0074).

Notes. Three isolates of Diplodia acerigena clustered closer to Di. pseudoseriata
(CBS 124906) with high bootstrap support (ML/BI 100%/1). The asexual morph
of Diplodia pseudoseriata was introduced by Pérez et al. (2010), collected and isolat-
ed from the Blepharocalyx salicifolius in Uruguay and its sexual morph has not been
reported. The asexual morph of Diplodia acerigena differs from Di. pseudoseriata in
having conidia which become 1-septate when aged. Diplodia acerigena shares similar
sexual morph characters as of other Diplodia species by having immersed to semi-
immersed pseudothecia, clavate asci, broadly fusiform to ovoid and hyaline ascospores.
However, conidia of Diplodia acerigena become brown and septate when aged, which
is rarely observed in any other sexual morph species of this genus.

Diplodia mutila (Fr.) Mont., Ann. Sci. nat., sér. 2, 1: 302. 1834.
MycoBank No: 201741
Fig. 9

Sphaeria mutila Fr., Syst. Mycol. (Lundae) 2: 424. 1823. Basionym.
= Physalospora mutila (Fr.) N.E. Stevens, Mycologia 28: 333. 1936.
= Botryosphaeria stevensii Shoemaker, Canad. ]. Bot. 42: 1299. 1964.

Description. Saprobic on decaying branches of Camellia oleifera. Sexual morph: Not
observed. Asexual morph: Coelomycetous, Conidiomata 330-394 x 215-230 pm
(x = 362 x 223 pm, n = 10), immersed, erumpent, gregarious, dark brown to black,
subglobose, unilocular. Ostiole 48.5—67 pm diam., central. Peridium 29-38 um wide,
thick-walled, outer and inner layers composed of 1-2 layers dark brown textura angu-
laris, intermediate layers composed of 3—5 layers of hyaline cells of textura angularis.
Conidiophores reduced to conidiogenous cells. Conidiogenous cells 8.5-12 x 3—5 um
(x = 10 x 4 pm, n = 20), cylindrical, thin-walled, hyaline, holoblastic, indetermi-
nate, proliferating at the same level to produce periclinal thickenings, or proliferating
percurrently giving rise to 2-3 indistinct annellations. Conidia 19-21 x 9.5-11 pm
(x =20 x 10.5 pm, n = 30), L/W ratio = 2, oblong, with broadly rounded apex and
truncate base, thick-walled, wall externally smooth, roughened on the inner surface,
hyaline, aseptate, becoming dark brown when aged.

Culture characteristics. Colonies on PDA initially olivaceous buff in the center
of the colony and white at the edge, becoming olivaceous within 7 d on the surface,
with smooth edge.

Materials examined. CHINA, Sichuan Province, Jiangyou City, Shuanghe County,
31°54'10"N, 104°55'57"E, elevation 657 m, on dead branches of Camellia oleifera,
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Figure 9. Diplodia mutila (HUEST 22.0069, new host record) a, b appearance of conidiomata on
natural substrate ¢ vertical section of conidioma d ostiole e section of peridium f=i conidiogenous cells

and developing conidia j hyaline immature conidium k—=n mature brown conidia. Scale bars: 40 um (c);
20 um (d, ); 10 pm (f=n).
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11* July 2021, W.L Li, 286 (HUEST 22.0069), living culture UESTCC 22.0068;
ibid., 289 (HUEST 22.0068), living culture UESTCC 22.0067; ibid., Guangyu-
an city, Qingchuan County, 32°40'38"N, 105°28'57"E, elevation 634 m, on dead
branches of Olea europaea, 20* April 2021, W.L Li, 188 (HUEST 22.0065), living
culture UESTCC 22.0064; ibid., 257 (HUEST 22.0070), living culture UESTCC
22.0069; ibid., on dead branches of Vernicia fordii, 20™ April 2021, W.L Li, 238
(HUEST 22.0066), living culture UESTCC 22.0065; #bid., Chengdu City, Pidu
District, 30°49'27"N, 103°47'42"E, elevation 442 m, on dead branches of Pistacia
chinensis, 5 March 2021, W.L Li, A61 (HUEST 22.0064), living culture UESTCC
22.0063. Additional sequences: LSU: OQ164832 (UESTCC 22.0063), OQ164830
(UESTCC 22.0064), OQ164831 (UESTCC 22.0065).

Notes. The phylogenetic tree show that six strains isolated from Camellia oleifera,
Olea europaea and Vernicia fordii nested with Diplodia mutila (CBS 112553) with a
moderate bootstrap support (ML/BI 86%/1). Diplodia mutila, the type of the genus,
is a well-known and most commonly reported species. It has been recorded mainly
from woody substrates, and it is known from more than 50 hosts (Batista et al. 2021).
Morphologically, one of the isolates obtained in this stcudy UESTCC 22.0068 shares
similar conidia shape and size with Di. mutila, but hardly observed the mature conidia
with septa. We identify these taxa as Di. mutila based on morphology and phylogeny
evidences. This is the first report of Di. mutila, isolated from Camellia oleifera, Olea
europaea and Vernicia fordii.

Diplodia pistaciicola L.W. Li & Jian K. Liu, sp. nov.
MycoBank No: 847166
Fig. 10

Etymology. The epithet “pistaciicola” refers to the host genus Pistacia, on which the
holotype was collected.

Holotype. HKAS 125890.

Description. Saprobic on decaying branches of Pistacia chinensis. Sexual morph:
Not observed. Asexual morph: Coclomycetous, Conidiomata 353-441 x 274.5—
316 pm (¥ = 397 x 295 pm, n = 10), immersed, forming split-like opening on the
host, solitary or gregarious, globose to subglobose, dark brown to black, unilocular,
papillate, ostiolate. Ostiole 38—49.5 pm diam., conical or circular, centrically located.
Peridium 42-60 pum wide, composed of thick walled, dark brown to hyaline cells
of textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous
cells 10-14 x 3—4 pm (¥ = 12 x 3.5 pm, n = 20), holoblastic, discrete, cylindrical, hya-
line, smooth, indeterminate, arising from the inner cavity of the conidiomata. Conidia
24.5-27 x 11-13 pm (x = 25.5 x 12 pm, n = 30), L/W ratio = 2.2, ellipsoid to obo-
void, aseptate, hyaline, thick-walled, guttulate.

Culture characteristics. Conidia germinate on PDA within 12 h. Colonies grow-
ing on PDA, reaching a diameter of 4 cm after five days at 25 °C, effuse, velvety, with
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Figure 10. Diplodia pistaciicola (HKAS 125890, holotype) a—c appearance of conidiomata on natural
substrate d, e vertical section of conidiomata/conidioma f ostiole g section of peridium h-l conidiog-
enous cells and developing conidia m—q hyaline aseptate conidia. Scale bars: 200 um (d); 50 pm (e);
20 pum (f, g); 10 pm (h-q).

entire to slightly undulate edge. The early stage of the colony is white, later turning
dark olivaceous and dark gray in reverse.

Material examined. CHiNa, Sichuan Province, Chengdu City, Pidu District,
30°49'27"N, 103°47'42"E, elevation 442 m, on dead branches of Pistacia chinensis
(Anacardiaceae), 5% March 2021, W.L Li, 049 (HKAS 125890, holotype), ex-type
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living culture UESTCC 22.0070 = CGMCC 3.24156; 7bid., 049B (HUEST 22.0072
isotype), ex-isotype living culture UESTCC 22.0071. Additional sequence: LSU:
0Q164833 (CGMCC 3.24150).

Notes. Phylogenetic analyses showed that two strains of Diplodia pistaciicola isolat-
ed from Pistacia chinensis are distinct but closely related to Di. agrifolia (CBS 124.30).
The comparison of ITS, zefI and #ub2 of these two species indicate 5 bp (502), 3bp
(224), 9 bp (425) differances, respectively. Morphologically, Di. agrifolia differs from
Di. pistaciicola in producing two to three times larger ascomata than that of Di. pistaci-
icola (721-836 vs. 274.5-316 pm) and possessing smaller conidia (27-36.5 x 14.5—
17.8 pm vs. 24.5-27 x 11-13 pm). In addition, conidia of Di. pistaciicola are hya-
line, aseptate, rarely becoming pale brown and uniseptate with age, whereas conidia
of Di. agrifolia are mostly dark brown and uniseptate before discharge from pycnidia.

Diplodia seriata De Not., Micr. Ital. Dec. 4: 6. (1942).
MycoBank No: 180468
Fig. 11

Description. Saprobic on decaying branches of Camellia oleifera. Sexual morph:
Ascomata 301-343 x 293-340 (¥ = 322 x 316 pum, n = 10), more or less subglo-
bose, solitary or gregarious, semi-immersed, medium brown to dark brown, unilocular,
papillate, ostiolate. Ostiole 72—78 pm diam., conical or circular, central, papillate, pe-
riphysate. Peridium 33—44 pm wide, composed of dark brown, 4-6 layers of textura
angularis. Pseudoparaphyses 2—2.5 pm wide, hyaline, branched, septate. Asei 112—
141 x 27.5-30 pm (¥ = 126 x 28.5 pm, n = 30), clavate, stipitate, bitunicate, contain-
ing eight, biseriate ascospores. Ascospores 31.5-32.5 x 12-13.5 pm (x = 32 x 13 pum,
n = 30), L/W ratio = 2.5, broadly fusiform to oval, widest in the middle, both ends ob-
tuse, hyaline, moderately thick-walled, smooth, becoming brown when aged. Asexual
morph: Not observed.

Culture characteristics. Ascospores germinate on PDA within 12 h. Colonies
growing on PDA, reaching a diameter of 4 cm after five days at 25 °C, effuse, velvety,
with entire to slightly undulate edge.

Material examined. CHiNa, Sichuan Province, Jiangyou City, shuanghe County,
31°54'10"N, 104°55'57"E, elevation 656 m, on dead branches of Camellia oleifera,
10* June 2021, W.L Li, 288 (HUEST 22.0073), living culture UESTCC 22.0072.

Notes. The morphology of the taxa isolated from decaying woody oil plants is
similar to Diplodia seriata. In the multi-gene phylogenetic analysis, our new collection
clustered with the ex-type strain of Di. seriata (CBS 112555) with strong bootstrap
support. Diplodia seriata has been isolated from a wide range of hosts (121 species) and
has a worldwide distribution (reported in 46 countries) (Batista et al. 2021). This is the
first report of Di. seriata isolated from Camellia oleifera.
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Dothiorella camelliae L.W. Li & Jian K. Liu, sp. nov.
MycoBank No: 847167
Fig. 12

Etymology. The epithet “camelliae” refers to the host genus Camellia, on which the
holotype was collected.

Holotype. HKAS 125892.

Description. Saprobic on decaying branches of Camellia oleifera. Sexual morph:
Ascomata 199-222 x 237-269 pm (¥ = 210.5 x 253 pm, n = 10), submerged in the
substrate, partly erumpent at maturity, solitary or gregarious, dark brown to black,
subglobose, multilocular or unilocular. Ostiole 17-37 pm diam., central. Peridium
35-43 pm wide, thick-walled, outer layers composed of 1-2 layers dark brown cells
of textura angularis, becoming hyaline towards the inner region. Pseudoparaphyses
3—4 pm wide, hyaline, frequently aseptate. Asci 80-96 x 22-25 pm (x = 88 x 23.5 pm,
n = 30), stipitate, clavate, thick-walled, bitunicate, (6-)8-spored, irregularly biseriate.
Ascospores 21-25 x 9.5-12 um (¥ = 23 x 10.5 pm, n = 30), L/W ratio = 2, oblong,
ovate to sub-clavate, (0—)1-septate, slightly constricted at the septum, hyaline to dark
brown, moderately thick-walled, straight or inequilateral, basal cell tapering towards
the acute end. Asexual morph: Not observed.

Culture characteristics. Ascospores germinate on PDA within 12 h. Colonies
growing on PDA, reaching a diameter of 4 cm after five days at 25 °C, effuse, velvety,
with entire to slightly undulate edge. Surface initially white and later turning dark
olivaceous from the surrounding of the colony and dark gray in reverse.

Materials examined. CHiNa, Sichuan Province, Leshan City, Wutonggiao Dis-
trict, 29°22'28"N, 103°45'49"E, elevation 383 m, on dead branches of Camellia oleif-
era (Theaceae), 23™ July 2021, Z.P Liu, 351 (HKAS 125892, holotype), ex-type living
culture UESTCC 22.0081 = CGMCC 3.24158; ibid., 347 (HUEST 22.0081), living
culture UESTCC 22.0080; ibid., Shizhong District, 29°42'13"N, 103°52'25"E, eleva-
tion 356 m, on dead branches of Paeonia suffruticosa, 23" July 2021, W.L Li, A240
(HUEST 22.0080), living culture UESTCC 22.0079; ibid., A234 (HUEST 22.0079),
living culture UESTCC 22.0078. Additional sequences: LSU: 0Q164834 (CGMCC
3.24158), OQ164835 (UESTCC 22.0079), 0Q164836 (UESTCC 22.0078).

Notes. Four strains isolated from Vernicia fordii and Camellia oleifera occupy a
basal position in the Dothiorella phylogenetic tree by forming a well-supported sub-
clade sister to Do. zanthoxyli (ML/BI 97%/1, Fig. 4). The BLASTn searches of the ITS
sequence of Dothiorella zanthoxyli resulted in 97% matches with Neofusicoccum viti-
Sfusiforme BRIP64010, the zefl showed 91.23% matches with Do. symphoricarposicola
BL158, and the #u62 BLASTn results indicated 96.53% similarity with Do. uruguay-
ensis CBS 124908 and Deo. viticola B116-3. Dothiorella camelliae can be distinguished
from Do. zanthoxyli in the size of ascomata, ascus and L/W ratio of ascospores (Table 3).
Dothiorella camelliae resembles the sexual morph of Do. sarmentorum in producing im-
mersed to sub-immersed ascomata, clavate asci and ovate to sub-clavate, hyaline to
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Figure 12. Doshiorella camelliae (HKAS 125892, holotype) a, b appearance of ascomata on natural sub-
strate € vertical section of ascoma d section of peridium e=g asci h—m ascospores n germinated ascospore.
Scale bars: 50 um (c); 10 pm (d, h=n); 20 um (e-g).
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Table 3. A morphological comparison of the sexual morph of three Dorhiorella species.

Taxa Ascomata (um) Asci (um) Peridium (um) Ascospores
Size(um) Color L/W ratio
Dothiorella camelliae ~ 199-222 x 237-269  80-96 x 22-25 35-43 21-25 x 9.5-12 Hyaline to 2
dark brown
Dothiorella sarmentorum 350-400 140-210 x 17-24 50-75 24.5-25.5 x 11.5-12.5 Dark brown 2.4
Dothiorella zanthoxyli  258-280 x 170-174 63.5-77 x 20-24.5 35-40 22.5-25 x9.5-11 Hyaline to 2.6
dark brown

brown conidia with (0-)1-septate. However, Do. sarmentorum morphologically can be
distinguished from Do. camelliae in having larger ascomata (350-400 pm vs. 237—
269 um), thicker peridium (50—75 pm vs. 35-43 um), and longer asci (140-210 pm vs.
80-96 pm) (Table 3). Phylogenetically, these two species reside in two distinct clades.

Dothiorella sarmentorum (Fr.) A.J.L. Phillips, J. Luque & A. Alves, Mycologia 97:
522. (2005).

MycoBank No: 501403

Fig. 13

Sphaeria sarmentorum Fr., K. svenska Vetensk-Acad. Handl. 39: 107. 1818. Basionym.

= Diplodia sarmentorum (Fr.) Fr., Summ. veg. Scand. (Stockholm) 2: 417. 1849.

= Diplodia pruni Fuckel, Jahrb. Nassauischen Vereins Naturk., 23-24: 169. 1870 [1869].

= Botryosphaeria sarmentorum A.].L. Phillips, J. Luque & A. Alves, Mycologia 97:
522.2005.

Description. Saprobic on decaying branches of Pistacia chinensis. Sexual morph: Not
observed. Asexual morph: Conidiomata 278-338 x 240-280 pm (¥ = 308 x 260 pm,
n = 10), immersed, erumpent, forming split-like opening on the host, gregarious, glo-
bose to subglobose, dark brown to black, unilocular or multilocular, papillate, ostio-
late. Ostiole 52—57 pm diam., conical or circular, centrically located. Peridium 28.5—
44 pum, comprising 5-8 layers of thick-walled, dark brown to hyaline cells arranged in
a textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous
cells 2.5-3.5 x 69 pm (¥ = 3 x 7.5 pm, n = 20), holoblastic, discrete, cylindrical,
hyaline, smooth, indeterminate, proliferating at the same level giving rise to periclinal
thickenings, or rarely proliferating percurrently to form one or two close, indistinct an-
nellations. Conidia 21.5-24 x 9-10 pm (¥ = 22.5 x 9.5 pm, n = 30), L/W ratio = 2.4,
ellipsoid to obovoid, with rounded ends, initially hyaline and aseptate becoming pig-
mented brown and 1-septate often while still attached to conidiogenous cell, brown
walled, slightly constricted at the septum.

Culture characteristics. Conidia germinate on PDA within 12 h. Colonies grow-
ing on PDA, reaching a diameter of 4 cm after three days at 25 °C, effuse, velvety, with
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Figure 13. Dothiorella sarmentorum (HUEST 22.0077, new host record) a, b appearance of conidiomata
on natural substrate ¢ vertical section of conidioma d=g conidiogenous cells and developing conidia
h-l brown conidia. Scale bars: 50 pm (c); 10 pm (d-l).
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entire to slightly undulate edge. Surface initially white and later turning dark oliva-
ceous from the surrounding of the colony and dark gray in reverse.

Materials examined. CHiNa, Sichuan Province, Chengdu City, Pidu District,
30°19'57"N, 103°59'47"E, elevation 442 m, on dead branches of Pistacia chinensis,
19* March 2021, W.L Li, 072 (HUEST 22.0077), living culture UESTCC 22.0076;
ibid., Guangyuan City, Qingchuan County, 32°40'38"N, 105°28'57"E, elevation
638 m, 20™ April 2021, W.L Li, A189 (HUEST 22.0078), living culture UESTCC
22.0077. Additional sequences: LSU: OQ164837 (UESTCC 22.0076), OQ164838
(UESTCC 22.0077).

Notes. Dothiorella sarmentorum was introduced by Phillips et al (2005) with
both asexual and sexual morphs. Recently, nine Dothiorella species (Do. californica,
Deo. iberica, Do. italica, Do. guttulata, Do. omnivora, Do. parva, Do. sempervirentis,
Do. symphoricarpicola, Do. vidmadera) were synonymized under Do. Sarmentorum
by Zhang et al. (2021) based on phylogenetic analyses. Two isolates obtained in the
present study clustered with the group of Do. sarmentorum taxa in the phylogenetic
analyses (Fig. 4).

Dothiorella zanthoxyli L.W. Li & Jian K. Liu, sp. nov.
MycoBank No: 847168
Fig. 14

Etymology. The epithet “zanthoxyli” refers to the host genus Zanthoxylum, on which
the holotype was collected.

Holotype. HKAS 125893.

Description. Saprobic on decaying branches of Zanthoxylum bungeanum. Sexual
morph: Ascomata 258-280 x 170-174 pm (¥ = 269 x 172 pm, n = 10), submerged in
the substrate, partly erumpent at maturity, solitary or gregarious, dark brown to black,
subglobose, unilocular. Ostiole 42—44 pm diam., central. Peridium 35-40 pm wide,
thick-walled, outer layers composed of 35 layers dark brown cells of textura angu-
laris, becoming hyaline towards the inner region. Pseudoparaphyses 3—4.5 um wide,
hyaline, frequently aseptate. Asci 63.5-77 x 20-24.5 pm (¥ = 70 x 22.5 pym, n = 30),
short stipe, clavate, thick-walled, bitunicate, 8-spored, irregularly biseriate. Ascospores
22.5-25 x 9.5-11 um (¥ = 24 x 10 pm, n = 30), L/W ratio = 2.6, oblong, ovate to
sub-clavate, (0—)1-septate, slightly constricted at the septum, hyaline to dark brown,
moderately thick-walled, straight or inequilateral, basal cell tapering towards the acute
end. Asexual morph: Not observed.

Culture characteristics. Ascospores germinate on PDA within 12 h. Colonies
growing on PDA, reaching a diameter of 4 cm after five days at 25 °C, effuse, velvety,
with entire to slightly undulate edge. Surface initially white and later turning dark
olivaceous from the surrounding of the colony. Dark gray in reverse.
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substrate ¢ vertical section of ascoma d ostiole e section of peridium f, k=n asci g—j brown ascospores.

Scale bars: 50 pm (c); 20 pm (d=f); 10 pm (g—n).
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Materials examined. CHiNa, Sichuan Province, Yanan City, Hanyuan County,
29°16'51"N, 102°37'48"E, elevation 1,689 m, on dead branches of Zanthoxylum
bungeanum (Rutaceae), 30" October 2021, W.L Li, 504 (HKAS 125893, holotype),
ex-type living culture UESTCC 22.0082 = CGMCC 3.24159; ibid., 506 (HUEST
22.0084), living culture UESTCC 22.0083; 7bid., 507 (HUEST 22.0085), living cul-
ture UESTCC 22.0084. Additional sequences: LSU: OQ164839 (CGMCC 3.24159),
0Q164840 (UESTCC 22.0083), 0Q164841 (UESTCC 22.0084).

Notes. Three strains of Dothiorella zanthoxyli isolated from Zanthoxylum bungeanum
correspond well with sexual morph of Dothiorella described by Phillips et al. (2013),
but morphologically differ from other species (Do. camelliae, Do. iberica and Do. sar-
mentorum) in the size of ascomata and asci (Table 3). A comparison of ITS and ref7
nucleotides shows that Do. zanthoxyli is significantly different from its sister species,
Do. camelliae by 4/550 bp (0.72%) in ITS and 14/242 bp (5.8%) in zef1. In the phy-
logenetic analysis, these two species formed two distinct clades in Dothiorella (Fig. 4).

Neofusicoccum parvum (Pennycook & Samuels) Crous, Slippers & A.J.L. Phillips,
Stud. Mycol. 55: 248. (2006).

MycoBank No: 500879

Fig. 15

Fusicoccum parvum Pennycook & Samuels, Mycotaxon 24: 455. 1985. Basionym.
= Botryosphaeria parva Pennycook & Samuels, Mycotaxon 24: 455. 1985.

Description. Saprobic on decaying branches of Idesia polycarpa. Sexual morph:
Ascomata 284-321 x 129-223 pym (¥ = 302.5 x 176 um, n = 10), pseudothecial,
forming a botryose aggregation of up to 30, solitary or gregarious, stromatic, immersed,
partially erumpent when mature, dark brown to black, more or less circular, multi-
loculate, individual locules 143.5-161 pm diam, thick-walled. Peridium 59-78 pm
diam., composed of several layers of thick-walled, pale brown cells of textura angula-
ris. Ostiole 43.5-58 pm wide, circular, central, papillate. Asei 95-99 x 20-21.5 pm
(x =97 x 20.5 pm, n = 30), (6-)8-spored, bitunicate, fissitunicate, cylindrical to
clavate, apex rounded with an ocular chamber, sometimes short pedicellate. Ascospores
18.5-23 x 7-10.5 um (¥ = 20.5 x 9 pm, n = 30), L/W ratio = 3, fusoid to ovoid, with
tapered ends and appearing spindle-shape, hyaline, aseptate, externally smooth, inter-
nally finely verruculose, biseriate in ascus. Asexual morph: Not observed.

Culture characteristics. Ascospores germinate on PDA within 12 h. Colonies
growing on PDA, reaching a diam., of 7 cm after five days at 25 °C, effuse, velvety,
with entire to slightly undulate edge. Surface initially white and later turning dark
olivaceous from the surrounding of the colony and dark gray in reverse.

Materials examined. CHiNa, Sichuan Province, Leshan City, Jingyan County,
29°30'27"N, 103°57'14"E, elevation 682 m, on dead branches of Idesia polycarpa, 23*
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Figure 5. Neofusicoccum parvum (HUEST 22.0097, new host record) a, b appearance of ascomata on
natural substrate ¢, d vertical section of ascomata e ostiole f section of peridium g—j ascospores k, I im-
mature asci M, N mature asci. Scale bars: 100 pm (d); 25 pm (e, f); 10 um (g—j); 20 pm (k—n).
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July 2021, W.L Li, STZ 327 (HUEST 22.0095), living culture UESTCC 22.0094;
ibid., STZ 359 (HUEST 22.0094), living culture UESTCC 22.0093; 7bid., Leshan
City, Shizhong Distinct, 29°42'13"N, 103°52'25"E, elevation 356 m, on dead branch-
es of Paconia suffruticosa, 23" July 2021, W.L Li, YMD 366 (HUEST 22.0096), living
culture UESTCC 22.0095; 7bid., Guangyuan City, Qingchuan County, 32°40'38"N,
105°28'57"E, elevation 638 m, on dead branches of Vernicia fordii, 20* April 2021,
W.L. Li, YT 175 (HUEST 22.0097), living culture UESTCC 22.0096.

Notes. The morphology of our collections obtained from decaying woody oil
plants are similar to the original description of Neofusicoccum parvum (Crous et al.
2006). In the multi-gene phylogenetic analysis, these four isolates clustered together
(ML/BI 75%/0.99) with the ex-type of N. parvum. Neofusicoccum parvum has a wide
range of hosts and has a worldwide distribution (Phillips et al. 2013). This is the first
report of N. parvum on ldesia polycarpa.

Sardiniella guizhouensisY.Y. Chen & Jian K. Liu. Phytotaxa 508 (2): 190. (2021).
MycoBank No: 558352
Fig. 16

Description. Saprobic on decaying branches of Pistacia chinensis. Sexual morph: Not
observed. Asexual morph: Conidiomata223-232 x 150-176 pm (x =227.5 x 163 pm,
n = 10), dark brown to black, globose, submerged in the substrate, partially erumpent
at maturity, ostiolate. Ostiole 28.5-45 um diam., circular, central. Peridium 21-30 pm
thick, composed of dark brown thick-walled cells of textura angularis, becoming
thin-walled and hyaline towards the inner region. Conidiophores reduced to conid-
iogenous cells. Conidiogenous cells 6-9.5 x 3.5-5 um (¥ = 7.5 x 4 pm, n = 20), hya-
line, short obpyriform to subcylindrical, holoblastic, indeterminate. Conidia 20.5—
24 x 11.5-14 pm (¥ = 22 x 13 pm, n = 30), L/W ratio = 1.6, ellipsoid to ovoid with
both ends rounded, hyaline, aseptate, externally smooth, internally finely verruculose.

Culture characteristics. Conidia germinate on PDA within 12 h. Colonies grow-
ing on PDA, reaching a diameter of 7 cm after five days at 25 °C, effuse, velvety, with
entire to slightly undulate edge. Surface initially white and later turning dark oliva-
ceous from the surrounding of the colony and dark gray in reverse.

Material examined. CHiNa, Sichuan Province, Chengdu City, Pidu District,
29°16'50.70"N, 102°37'47.53"E, elevation 442 m, on dead branches of Pistacia chin-
ensis, 19® March 2021, W.L Li, 047 (HUEST 22.0101), living culture UESTCC
22.0100; ibid., 070 (HUEST 22.0102), living culture UESTCC 22.0101; ibid.,
071 (HUEST 22.0100), living culture UESTCC 22.0099; ibid., 150 (HUEST
22.0098), living culture UESTCC 22.0097; ibid., 151 (HUEST 22.0099), living
culture UESTCC 22.0098; ibid., A39 (HUEST 22.0103), living culture UESTCC
22.0102; ibid., A40 (HUEST 22.0104), living culture UESTCC 22.0103. Additional
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Figure 16. Sardiniella guizhouensis (HUEST 22.0100, new host record) a—c appearance of conidiomata
on natural substrate d vertical section of conidioma e section of peridium f ostiole g-j conidiogenous cells

and developing conidia k=n conidia. Scale bars: 40 pm (d); 20 um (e, f); 10 pm (g-n).

sequences: LSU: OQ164842 (UESTCC 22.0100), OQ164843 (UESTCC 22.0101),
0Q164844 (UESTCC 22.0099), OQ164845 (UESTCC 22.0097), OQ164846
(UESTCC 22.0098), OQ164847 (UESTCC 22.0102).

Notes. Seven isolates of our collection are morphologically similar to the original
description of Sardiniella guizhouensis (Chen et al. 2021). The multi-gene phylogenetic
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analysis showed that the newly obtained isolates clustered together with ex-type of
Sa. guizhouensis (CGMCC 3.19222) and this is the first report of Sa. guizhouensis from

Pistacia chinensis.

Sphaeropsis citrigena (A.J.L. Phillips, P.R. Johnst. & Pennycook) A.J.L. Phillips &
A. Alves. Stud. Mycol. 76, 157. (2013).

MycoBank No: 805463

Fig. 17

Description. Saprobic on decaying branches of Camellia oleifera. Sexual morph:
Ascomata 219-252 x 216-241 pum (¥ = 235.5 x 228.5 um, n = 10), brown to black,
solitary or aggregated, immersed, becoming erumpent, ostiolate. Ostiole 71-92 pm,
central, relatively broad. Peridium 37.5-45 pm diam., composed of several layers of
dark brown cells of textura angularis. Pseudoparaphyses 1.5-2 pm wide, hyaline,
smooth, septate. Asei 93.5-107 x 28.5-33 um (¥ = 100 x 30.5 pm, n = 30), bituni-
cate, 8-spored, stipitate, thick-walled, with well-developed apical chamber. Ascospores
29-35 x 13-15 pm (¥ = 32 x 14 pm, n = 30), L/W ratio = 2.3, yellowish brown to
dark brown, ellipsoid to ovoid with both ends rounded, with an apiculus at either end,
aseptate, externally smooth, internally finely verruculose, widest in middle to upper
third. Asexual morph: Not observed.

Culture characteristics. Ascospores germinate on PDA within 12 h. Colonies
growing on PDA, reaching a diam. of 7 cm after five days at 25 °C, effuse, velvety,
with entire to slightly undulate edge. Surface initially white and later turning dark
olivaceous from the surrounding of the colony and dark gray in reverse.

Materials examined. CHiNa, Sichuan Province, Chengdu City, Pidu District,
31°54'10"N, 104°55'57"E, 656 m, on dead branches of Camellia oleifera, 10" June
2021, W.L Li, 285 (HUEST 22.0107), living culture UESTCC 22.0106; ibid., on
dead branches of Acer truncatum, 30°19'57"N, 103°59'47"E, elevation 442 m, 19*
March 2021, W.L Li, A33 (HUEST 22.0106), living culture UESTCC 22.0105.
Additional sequence: LSU: OQ164848 (UESTCC 22.0105).

Notes. The phylogenetic tree shows that two isolates of Sphaeropsis from our col-
lection clustered together with the ex-type strain of Sp. citrigena (ICMP 16812) with
high bootstrap support (ML/BI 100%/1). Sphaeropsis citrigena was first described as
Phaeobotryosphaeria citrigena by Phillips et al. (2008), later transferred to Sphaeropsis
based on morphological and phylogenetic analyses (Phillips et al. 2013). The new
collection (UESTCC 22.0105) isolated from Camellia oleifera resembles Sp. citrigena
isolated from Citrus sinensis (Phillips et al. 2013) in the shape of asci and ascospores,
though their asci are somewhat smaller than those of Sp. citrigena (93.5-107 x 28.5—
33 pm vs. 180-230 x 3543 um). In addition, there are no base pair differences in
ITS and zef] sequences of these two strains. We, thus, identify the new collection as
Sp. citrigena and this is the first record of Sp. citrigena from Camellia oleifera.



Botryosphaerialean fungi associated with woody oil plants in China 105

Figure 17. Sphaeropsis citrigena (HUEST 22.0107, new host record) a, b appearance of ascomata on
natural substrate ¢ vertical section of ascomata d section of peridium e—h mature asci i-m dark brown
ascospores. Scale bars: 100 pm (c); 20 pm (d=h); 10 pm (i-m).
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Sphaeropsis guizhouensis Y.Y. Chen, A. J. Dissanayake & Jian K. Liu., J. Fungi 7,
893. (2021).

MycoBank No: 558475

Fig. 18

Description. Saprobic on decayed branched of Camellia oleifera. Sexual morph:
Ascostromata 166-198 x 146.5-175 pm (x = 182 x 160.5 um, n = 20), initially
immersed under host epidermis, becoming semi-immersed to erumpent, solitary or
gregarious, uniloculate, black, globose to subglobose, membraneous, ostiolate. Ostiole
75-80 pm wide, central, papillate, pale brown, relatively broad, periphysate. Peridium
23-27 pm wide, comprising 35 layers of relatively thick-walled, dark brown to black-
walled cells arranged in a textura angularis. Pseudoparaphyses 2—2.5 pm diam., hy-
phae-like, numerous, embedded in a gelatinous matrix. Asei 87.5-135 x 28.5-35 pm
(x = 111 x 32 pum, n = 20), 8-spored, bitunicate, fissitunicate, cylindrical to clavate,
sometimes short pedicellate, mostly long pedicellate, apex rounded with an ocular
chamber. Ascospores 28.5-33 x 13—15 pum (x = 30.5 x 14 um, n = 20), overlapping un-
iseriate to biseriate, ellipsoidal to obovoid, pale brown to dark brown, septate, slightly
wide at the center, minutely guttulate, smooth-walled. Asexual morph: Not observed.

Culture characteristics. Ascopores germinate on PDA within 12 h. Colonies
growing on PDA, reaching a diam. of 7 cm after five days at 25 °C, effuse, velvety,
with entire to slightly undulate edge. Surface initially white and later turning dark
olivaceous from the surrounding of the colony and dark gray in reverse.

Material examined. CHINa, Sichuan Province, Chengdu City, Pidu District, on
dead branches of Pistacia chinensis, 30°19'57"N, 103°59'47"E, elevation 442 m, 24%
March 2021, W.L Li, 290 (HUEST 22.0105), living culture UESTCC 22.0104.

Notes. Sphaeropsis guizhouensis was introduced by Dissanayake et al. (2021) and
isolated from an unknown host. One isolate obtained in the present study clustered
with the ex-type isolate of Sp. guizhouensis (CGMCC 3.20352) in the phylogenetic
analyses of combined I'TS and 7ef7 sequence data with high bootstrap support. A com-
parison of ITS and zefI shows that there are no base pair differences between the iso-
lates of UESTCC 22.0104 and CGMCC 3.20352. The new collection is morphologi-
cally similar to Sp. guizhouensis, with immersed to erumpent, black ascostromata and
biseriate, aseptate, ellipsoid to obovoid, thick-walled conidia. In addition, ascospores
become brown and septate when aged. Considering similar morphology and strong
molecular evidence, we identify UESTCC 22.0104 as Sp. guizhouensis and this is the
first record of Sp. guizhouensis on Camellia oleifera.

Diversity of Botryosphaerialean fungi collected in this study

Based on the phylogenetic and morphological analyses, 50 Botryosphaeriales iso-
lates collected from the five regions (Chengdu, Guangyuan, Leshan, Mianyang and
Yaan City) in Sichuan Province were identified as 16 species. Of these, Botryosphaeria
dothidea was the most prevalent species (20%), followed by Sphaeropsis guizhouensis
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Figure 18. Sphaeropsis guizhouensis (HUEST 22.0105, new host record) a, b appearance of ascomata on

natural substrate ¢ vertical section of ascoma d section of peridium e—h mature asci il brown ascospores.

Scale bars: 20 um (c=h); 5 um (i=1).

(14%) and Diplodia mutila (12%) (Fig. 19a). Aplosporella ginkgonis, Barriopsis tectonae
and Sphaeropsis guizhouensis were identified only once. There are 14 isolates (28%)
isolated from Pistacia chinensis, including Di. acerigena, Di. mutila, Di. pistaciicola,
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Figure 19. Botryosphaeriales species composition a the proportion of each species to the total number of
isolates b the number of Botryosphaeriales fungi on each host and host distribution of species.

Dothiorella sarmentorum and Sardiniella guizhouensis. Ten isolates were from Camel-
lia oleifera (20%), including Bo. dothidea, Bo. fabicerciana, Di. mutila, Do. camelli-
ae, Sp. citrigena and Sp. guizhouensis. Nine isolates were from Olea europaea (18%),
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including Ba. tectonae, Bo. dothidea, Bo. fabicerciana, Di. mutila and Do. sarmentorum.
Relatively few strains were found on Idesia polycarpa, Paconia suffruticosa and Vernicia
fordii, as each host presents two species, respectively. As of final conclusion, Bo. doth-
idea were isolated from five hosts, Di. mutila were isolated from four hosts, V. parvum
were isolated from three hosts, Bo. fabicerciana, Di. acericola, Do. camelliae, Do. sar-
mentorum and Sp. citrigena were isolated from two hosts, but several fungal isolates
were only isolated from one host species, such as A. prunicola, Sa. guizhouensis and

Sp. guizhouensis (Fig. 19b).

Discussion

In this study, 48 Botryosphaeriaceae isolates and two Aplosporellaceae isolates were
obtained from woody oil plants in Sichuan Province, China, and they were identified
as 16 species based on morphological characters and multi-gene phylogenetic anal-
yses. These species included Aplosporella prunicola, A. ginkgonis, Barriopsis tectonae,
Botryosphaeria dothidea, Bo. fabicerciana, Diplodia acerigena, Di. mutila, Di. pistacii-
cola, Di. seriata, Dothiorella camelliae, Do. sarmentorum, Do. zanthoxyli, Neofusicoccum
parvum, Sardiniella guizhouensis, Sphaeropsis citrigena and Sp. guizhouensis. Of these,
Di. acerigena, Di. pistaciicola, Do. camelliae and Do. zanthoxyli are introduced as novel
species. Descriptions, illustrations and notes were provided for 13 species, and only
sequences data were provided for the remaining three species viz. Barriopsis tectonae,
Botryosphaeria dothidea and Bo. fabicerciana due to low specimen quality.

According to previous studies, Barriopsis tectonae, Sardiniella guizhouensis,
Sphaeropsis citrigena and Sp. guizhouensis have limited geographical distribution. So far,
Barriopsis tectonae has been reported from China, Thailand and South Africa (Doilom
et al. 2014; Dissanayake et al. 2021). Sardiniella guizhouensis and Sphaeropsis guizho-
uensis were only found in China while Sp. citrigena was isolated from China, Colombia
and New Zealand. It’s worth noting that most of the species obtained from this study
were also reported previously from Guizhou province (Dissanayake et al. 2021). Earlier
studies have shown that the distribution of Botryosphaeriaceae species is influenced by
the climate condition (Urbez-Torres et al. 2006; Pitt et al. 2010; Li et al. 2020; Vivas
etal. 2021). Thus, we speculate that the adjacent geographical location and similar cli-
matic conditions may be important reasons for the similarity of fungal species isolated
from the Sichuan and Guizhou provinces.

The remaining Botryosphaeriaceae species identified in this study are all well-
known and reported from various geographic regions. Botryosphaeria dothidea, Di. se-
riata and Ne. parvum are recognized to be globally distributed while Di. mutila and
Do. sarmentorum are founded only in the temperate and Mediterranean areas. In addi-
tion, these species have a broad host range. Batista et al. (2021) reported Neofusicoccum
parvum from 223 hosts, B. dothidea from 403 hosts and Di. seriata from 121 hosts.
Diplodia mutila and Di. seriata have previously been reported on Olea europaea in Uru-
guay (Herndndez-Rodriguez et al. 2022). Botryosphaeria dothidea was recently isolated
from diseased Camellia oleifera in China (Hao et al. 2022). In this study, Bo. dothidea,
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Di. mutila and Ne. parvum occurred on most of the woody oil plants species we exam-
ined. However, some common genera e. g. Lasiodiplodia, Neodeightonia and Phaeobot-
ryon have never been collected from this group of hosts (Fig. 19). The absence of these
genera from there is likely a sampling effect.

Aplosporella (Aplosporellaceae) was introduced by Spegazzini (1880) with A. chlo-
rostroma as the genetic type. In a previous study, Aplosporella represents anamorph
lineage within the Botryosphaeriaceae. Slippers et al. (2013) later proposed the family
Aplosporellaceae to accommodate Aplosporella and Bagnisiella. Aplosporella species are
infrequently isolated in China. Aplosporella ginkgonis, isolated from Gansu Province,
was first descripted by Du et al. (2017) while Aplosporella macropycnidia was reported in
Yunnan Province. Subsequently, Jiang et al. (2021) isolated a new collection of A. pru-
nicola. However, other species have not been recorded in China. Our study revealed
new host records of A. ginkgonis and A. prunicola. Though the phylogenetic analyses
indicated that A. yalgorensis and A. prunicola have a low genetic divergence (Taylor et
al. 2008, in this study), A. yalgorensis is still considered as a different species as it dif-
fers from other Aplosporella species (including A. prunicola) by its pitted conidial walls.

Though there are more than 1,000 Diplodia epithets listed in Index fungorum
(www. Index Fungorum. Accessed in November 2022), presently only 30 species are
accepted in this genus based on phylogenetic analyses (Slippers et al. 2017; Wu et al.
2021). Holomorphic species in Diplodia are Di. tsugae, Di. seriata, Di. mutila and
Di. sapinea. This study revealed two previously known Diplodia species, Di. mutila
and Di. seriata, and two new species, Di. acerigena and Di. pistaciicola. Among them,
Di. acerigena is a holomorphic species, as its sexual stage was observed on the dead
branches of Acer truncatum, and the asexual stage produced on culture (PDA). How-
ever, the sexual morph of Di. mutila and Di. pistaciicola, as well as the asexual morph
of Di. seriata have not been observed on woody oil plants.

Dothiorella was established by Saccardo with Do. pyrenophora as the type species (Sac-
cardo 1880). Recently, Dothiorella encountered a series of revisions as many species in
this genus have been reduced to synonymy, such as Do. americana, Do. eriobotryae and
Deo. iberica (Dissanayake et al. 2021; Zhang et al. 2021). So far, 31 species are valid in
Dothiorella. Most of the species were reported as the asexual morph of Dothiorella and the
sexual stage is rarely founded on nature (Dissanayake et al. 2016). Phillips et al. (2013)
initiated a link of asexual-sexual morph for Do. sarmentorum, Deo. iberica and Do. vidmad-
era. However, the latter two species were synonymized under Do. sarmentorum (Zhang et
al. 2021). In this study, two new species Do. camelliae and Do. zanthoxyli are introduced
based on their sexual morphs as well as strong molecular evidences. Besides, new collec-
tions of Do. sarmentorum is reported on Pistacia chinensis for the first time.

Multiple molecular systematic studies, mainly of pathogenic fungi of woody plants
(Phillips et al. 2013; Slippers et al. 2013; Dissanayake et al. 2021; Zhang et al. 2021),
have generated a robust phylogeny for Botryosphaeriaceae. However, the classification
and identification of some species in this family remains a major challenge, due to the
reasons 1) With the increase of the number of Botryosphaeriaceae species, morpho-
logical feature of inter-genera and inter-species is vague, 2) Some species occurred as
asexual morph on nature and it is difficult to establish the link of asexual and sexual
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morph, 3) In general, Botryosphaeriaceae species do not show an obvious host speciali-
zation, while some populations displayed a certain degree of host association. Thus,
the traditional host-based classification system made taxonomic position confusion of
some species. Therefore, collection of more fresh specimens is very important for better
understanding the life cycle of Botryosphaeriaceae species, their host range (e. g. native
plants) and potential pathogenicity.
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