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Abstract

Climate change has exacerbated outbreaks of forest pests worldwide. In recent years,
bark beetles have caused significant damage to coniferous forests of the Northern
Hemisphere. Polygraphus bark beetles are widely distributed secondary pests. Recently,
tree mortality caused by these beetles on the Qinghai-Tibet Plateau has been increasing;
however, few studies have focused on their fungal associations. In the present study, we
explored the diversity of ophiostomatalean fungi associated with these beetles on the
north-eastern and southern Qinghai-Tibet Plateau. We isolated 442 ophiostomatalean
strains from adult beetles and their fresh galleries, specifically targeting Polygraphus
poligraphus and Polygraphus rudis infesting Picea crassifolia and/or Pinus griffithii. Based
on phylogenetic and morphological features, we assigned the 442 strains to 16 spe-
cies belonging to Grosmannia spp., Leptographium spp. and Ophiostoma spp. Amongst
these, Ophiostoma maixiuense and Ophiostoma bicolor were the most frequently isolat-
ed species, accounting for 20.8% and 18.1% of the total number of ophiostomatalean
assemblages, respectively. By comparing their fungal communities, we found that the
different patterns of fungal assemblages of bark beetles from the north-eastern and
southern Qinghai-Tibet Plateau may be influenced by biogeographic barriers and host
tree species. The results of this study enhance our understanding of bark beetle fungal
assemblages, especially Polygraphus, on the Qinghai—Tibet Plateau, with implications
for forest management under changing climate.

Key words: Conifer, forest pest, Grosmannia, Leptographium, Ophiostoma, pine, spruce,
symbiosis

Introduction

Extreme heat and frequent droughts driven by climate change have exacer-
bated forest pest outbreaks (Biedermann et al. 2019). Recently, bark beetles
have inflicted severe damage on coniferous forests across the Northern Hemi-
sphere. In Europe, Ips typographus continues to devastate spruce forests, while
the frequency of Ips acuminatus outbreaks has increased, leading to significant
pine tree mortality (Popkin 2021; Papek et al. 2024). A similar trend has been
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observed in North America, where elevated temperatures have removed climat-
ic barriers, enabling the northward spread of the aggressive beetles Dendroc-
tonus frontalis and Dendroctonus ponderosae, which now threaten additional
pine forest species and regions (Bentz and Jonsson 2015; Lesk et al. 2017).
In China, the Qinghai-Tibet Plateau has not been spared from bark beetle in-
festations, with species such as Dendroctonus, Ips and Polygraphus causing
significant damage (Yin et al. 2016; Wang et al. 2021, 2023). There is growing
evidence that fungal symbionts play a crucial role in the ability of bark beetles
to respond to climate change and cause tree mortality (Netherer et al. 2021).
Despite this, the fungal communities associated with some of these beetles
remain poorly understood.

Ophiostomatoid fungi, the most well-known fungal partners of bark bee-
tles, belong to the orders Ophiostomatales (Sordariomycetidae, Sordariomy-
cetes, Ascomycota) and Microascales (Hypocreomycetidae, Sordariomycetes,
Ascomycota) (De Beer et al. 2013). Amongst these, the Ophiostomatales is
the most diverse group associated with bark beetles, with over 300 species
reported across 20 genera (De Beer et al. 2022). The genera Ophiostoma, Lep-
tographium and Grosmannia are particularly notable for their species diversi-
ty, close symbiotic relationships with insect vectors and inclusion of species
that act as virulent pathogens in host trees. Ophiostoma is an ancient genus
first described by Sydow and Sydow (1919) and its taxonomy has undergone
considerable revision since then. Advances in DNA-based taxonomy and the
implementation of the “one fungus, one name” nomenclature have clarified the
taxonomic status of this genus. Zipfel et al. (2006) demonstrated that Cerato-
cystiopsis and Grosmannia are distinct from Ophiostoma, based on multi-gene
phylogenies of ribosomal DNA and B-tubulin sequences. Subsequently, Sporo-
thrix, which was previously considered part of Ophiostoma, was recognised as
a separate genus, based on four-gene phylogenies and sporothrix-like asexual
morphs (De Beer et al. 2016). The taxonomic boundaries between Grosmannia
and Leptographium were historically blurred, but new species in the Grosman-
nia penicillata complex were later described under the genus Grosmannia (De
Beer and Wingfield 2013; Yin et al. 2020). Today, these two genera are clearly
distinguished, based on genome-wide sequence data (de Beer et al. 2022). Ad-
ditionally, Heinzbutinia, Jamesreidia and Masuyamyces have been recognised
as distinct from Ophiostoma. The current taxonomic framework for ophiosto-
matalean fungi, which is considered the most authoritative, defines Ophiosto-
ma, Leptographium and Grosmannia as comprising six complexes and four
groups, eight complexes and two groups and two complexes and one group,
respectively (De Beer et al. 2022).

Many ophiostomatoid fungi have been shown to play a positive role in the
success of conifer bark beetles, mainly by producing beetle semio-chemicals,
exhausting tree defences, providing nutrition and promoting environmental ad-
aptation (Raffa et al. 2015). Grosmannia penicillata and Leptographium europhi-
oides were found to synthesise the beetle aggregation pheromone 2-meth-
yl-3-buten-2-ol and similar functions have been demonstrated in a variety of
ophiostomatoid fungi, indicating their ability to regulate beetle mass attacks
(Zhao et al. 2015; Kandasamy et al. 2019, 2023). In contrast, Endoconidiophora
polonica can skilfully degrade the phenolic defence compounds of spruce as a
carbon source (Wadke et al. 2016), indirectly providing nutrients for its vector,
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I. typographus. Fungal associates of D. ponderosae, Leptographium clavigerum,
have been shown to contribute to host mortality by triggering the pine tree
myriad defence responses (Fortier et al. 2024). Interestingly, the expression of
high-altitude adaption-related genes in Ips nitidus was upregulated after feed-
ing on Ophiostoma bicolor, suggesting that fungal symbionts may promote the
adaptation of insect vectors to extreme environments (Wang et al. 2023).

The genus Polygraphus is a secondary pest; however, in recent years, it has
been reported to cause an increase in tree mortality in Eurasian coniferous for-
ests (Yin et al. 1984; Viklund et al. 2019). This genus is widely distributed in Chi-
na and mainly attacks conifers, with a few species using hardwoods as a host
(Yin et al. 1984). Only a few fungal associates of Polygraphus have been re-
ported, most of which have been isolated from mites associated with beetles.
Yin et al. (2016, 2019, 2020) successively reported seven ophiostomatalean
species associated with Polygraphus poligraphus, three of which were subse-
quently isolated from beetle mite associates by Chang et al. (2020). In addition,
11 ophiostomatalean species have been isolated from mites associated with
Polygraphus aterrimus, P. poligraphus, Polygraphus szemaoensis, Polygraphus
verrucifrons and Polygraphus sp. in Yunnan and Qinghai Provinces (Chang et
al. 2017, 2020). Overall, only 18 species from six genera (Graphilbum, Gros-
mannia, Leptographium, Masuyamyces, Ophiostoma and Sporothrix) associated
with five Polygraphus beetles were recorded in the two Provinces (Table 1).
Although 16 species of this genus have been recorded (Yin et al. 1984; Huang
and Lu 2015), most of their fungal associates remain unknown.

Table 1. Ophiostomatalean fungi isolated from Polygraphus beetles and their mite associates reported from China.

Fungal species

Graphilbum kesiyae

Gra. puerense
Grosmannia crassifolia
G. maixiuense

G. xianmiense

Leptographium breviscapum

L. conjunctum

L. xiningense

L. yunnanense
Masuyamyces acarorum

Ophiostoma ainoae

0. bicolor

0. ips

0. nitidum
0. ginghaiense

0. quercus

0. shangrilae

Sporothrix nebularis

" *represents the references on fungal isolation from mites associated with Polygraphus beetles.

Host

Pinus kesiya

P. kesiya
Picea crassifolia
P. crassifolia

P, crassifolia

P. crassifolia

P. kesiya
P, crassifolia
P. kesiya
P, kesiya

P. crassifolia

P. crassifolia

P. kesiya

P, crassifolia
P. crassifolia

P, kesiya; P yunnanensis

P, crassifolia

P. kesiya

Beetle vector

Polygraphus sp.; P aterrimus; P. szemaoensis

P. szemaoensis
P. poligraphus
P. poligraphus
P, poligraphus

P, poligraphus

Polygraphus sp.
P. poligraphus

P. szemaoensis; Polygraphus sp.

P. szemaoensis

P, poligraphus

P. poligraphus

P. szemaoensis; Polygraphus sp.

P, poligraphus
P, poligraphus

P, verrucifrons; P szemaoensis

P. poligraphus
Polygraphus sp.
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Location

Simao and Ning’er,
Yunnan, China

Ning'er Yunnan, China
Zeku, Qinghai, China
Zeku, Qinghai, China

Zeku and Menyuan,
Qinghai, China

Zeku, Qinghai, China

Ning'er Yunnan, China
Menyuan, Qinghai, China
Ning'er Yunnan, China
Ning'er Yunnan, China
Zeku, Qinghai, China

Zeku, Qinghai, China

Simao and Ning’er,
Yunnan, China

Zeku, Qinghai, China
Zeku, Qinghai, China

Simao and Ning’er,
Yunnan, China

Zeku, Qinghai, China

Ning'er Yunnan, China

Reference'

Chang et al. (2017)*

Chang et al. (2017)*
Yin et al. (2020)
Yin et al. (2020)

Yin et al. (2020);
Chang et al. (2020)*

Yin et al. (2019);
Chang et al. (2020)*

Chang et al. (2017)*
Yin et al. (2019)
Chang et al. (2017)*
Chang et al. (2017)*

Yin et al. (2016);
Chang et al. (2020)*

Chang et al. (2020)*
Chang et al. (2017)*

Chang et al. (2020)*
Yin et al. (2016)
Chang et al. (2017)*

Chang et al. (2020)*
Chang et al. (2017)*
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In the present study, a survey of fungi associated with P poligraphus and
Polygraphus rudis was conducted on the Qinghai-Tibet Plateau between 2019 and
2020. We sought to increase our understanding of the fungal assemblages asso-
ciated with Polygraphus beetles, based on the accurate identification and com-
parison of fungal associates across geographic ranges, hosts and beetle vectors.

Materials and methods
Sample collection and isolation

Adult beetles of P poligraphus and P. rudis and/or their galleries were collected
during the emergence period from four sites on the north-eastern and southern
Qinghai-Tibet Plateau from 2019 to 2020 (Suppl. material 1: table S1). The branch-
es or trunks of the host tree damaged by the beetles were cut into one-metre-long
logs and brought back to the laboratory. After peeling the bark, 15 vigorous adults
and/or their fresh galleries were selected for fungal isolation from each Polygra-
phus species at each sampling site. Each adult was separated into approximately
15 tissue pieces and transferred to the surface of 2% water agar. The galleries were
surface-disinfected with 1.5% sodium hypochlorite and then placed on the surface
of 2% water agar. After incubation in the dark at 25 °C, single hyphal tips were trans-
ferred to the surface of 2% malt extract agar (MEA) medium to purify the fungal
isolates. All strains were deposited in the culture collection at the Forest Pathology
Laboratory of the Chinese Academy of Forestry (CXY). Representative strains were
deposited at the China Forestry Culture Collection Center, Beijing, China (CFCC).

Morphological studies

The morphological structure of each pure culture was carefully observed using
an Olympus BX43 microscope (Olympus Corporation, Tokyo, Japan) and record-
ed using a BioHD-A20c colour digital camera (FluoCa Scientific, China, Shang-
hai). For the holotype of the new species, we measured the lengths and widths
of 30 reproductive structures and presented the following format: (minimum-)
mean minus standard deviation-mean plus standard deviation (-maximum).
5-mm diameter agar plugs were transferred from the actively growing margin
of fungal colonies and placed in the centre of a 90-mm-diameter Petri plate con-
taining 2% MEA to conduct cultural character studies. Five replicates of culture
were incubated at temperatures ranging from 5 °C to 40 °C at 5 °C intervals in
darkness. The colony diameters were measured daily until the mycelia reached
the margins of the Petri dishes. Culture features were observed and recorded
daily until the colonies no longer showed any significant changes. All the data
from the type specimens were deposited in MycoBank (www.MycoBank.org).

DNA extraction, PCR amplification and sequencing

Actively growing mycelia of each representative strain were collected for DNA
extraction using an Invisorb Spin Plant Mini Kit (Tiangen, Beijing, China), following
the manufacturer’s instructions. The internal transcribed spacer regions 1 and 2
of the nuclear ribosomal DNA operon, including the 5.8S region (ITS), internal tran-
scribed spacer 2, part of the 28S of the rDNA operon (ITS2-LSU), B-tubulin gene
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region (tub2) and transcription elongation factor 1-a gene region (tef7-a) were
amplified using the primer pairs of ITS1-F/ITS4 (White et al. 1990; Gardes and
Bruns 1993), ITS3/LR3 (Vilgalys and Hester 1990; White et al. 1990), Bt2a/Bt2b
(Glass and Donaldson 1995) or T10/Bt2b (O'Donnell and Cigelnik 1997) or EF1F/
EF2R (Jacobs et al. 2004), respectively, using 2 x Taq PCR MasterMix (Tiangen,
Beijing, China), following the manufacturer’s instructions. PCR and sequencing
were performed according to protocols described by Wang et al. (2020, 2021).

Phylogenetic analysis

Newly-obtained sequences were identified using a standard nucleotide BLAST
search in NCBI and deposited in GenBank. Reference sequences in the phylo-
genetic analyses were confirmed, based on the BLAST results, relevant litera-
ture and sequences downloaded from GenBank. MAFFT v.7 (Katoh et al. 2019)
was used to construct the multiple sequence alignment. Molecular Evolution-
ary Genetic Analyses (MEGA) 7.0 (Kumar et al. 2016) were used to edit and/or
splice alignments to generate combined gene datasets.

Maximum Likelihood (ML) analyses were conducted using RAXML-HPC
v.8.2.3 (Stamatakis 2014) with 1000 replicates using the GTRGAMMA model.
The bootstrap support values of the nodes were estimated using 1,000 boot-
strap replicates after retaining the best tree. jModelTest v.2.1.7 (Darriba et al.
2012) was used to determine the best substitution models for conducting
Bayesian Inference (BI) analyses in MrBayes v. 3.1.2 (Ronquist and Huelsen-
beck 2003). Four Markov Chain Monte Carlo (MCMC) chains were run simulta-
neously from a random starting tree for 10,000,000 generations. The trees were
sampled every 100 generations. Posterior probabilities were calculated, based
on the remaining trees after discarding the first 25% of the sampled trees.
Phylogenetic trees were edited and polished using FigTree v.1.4.3 (http://tree.
bio.ed.ac.uk/software/figtree/) and Adobe lllustrator CS6. The final sequence
datasets were submitted to TreeBASE (31618).

Results
Sampling collection and fungal isolation

In the present study, 442 ophiostomatalean strains were isolated from 75 vigor-
ous adult Polygraphus species and 180 fresh galleries of Picea crassifolia and
Pinus griffithii. Morphological characterisations and tub2 or ITS sequence fea-
tures, based on standard nucleotide BLAST searches at GenBank, were used
for preliminary identification. Subsequently, 49 representative strains were se-
lected for detailed morphological and phylogenetic analyses (Table 2).

Phylogenetic analysis

Grosmannia spp. and Leptographium spp.

The ITS2-LSU dataset was used to construct phylogenetic inferences for
the two genera. The dataset contained 610 characters, including gaps and
the best evolutionary model for Bl analysis was estimated to be GTR+I+G.
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Table 2. Representative strains of ophiostomatalean fungi isolated from Polygraphus bark beetles in this study. ' CFCC:
the China Forestry Culture Collection Center; CXY: the culture collection at the Forest Pathology Laboratory of the Chi-
nese Academy of Forestry.

GenBank accession no

Species Taxon | lIsolate no’ Host Insect vector Location ITS or
ITS2-LSU tub2 tef1-a

Grosmannia

G. penicillata complex

G. crassifolia 1 CFCC57904 | Picea crassifolia | Polygraphus poligraphus | Zeku, Qinghai, China ' PQ166546 | PQ166449 # PQ166498

G. maixiuensis 2 CFCC57902 | P, crassifolia P. poligraphus Zeku, Qinghai, China | PQ166547 | PQ166450 # PQ166499
CFCC57903 | P, crassifolia P. poligraphus Zeku, Qinghai, China - PQ166451 | PQ166500

Grosmannia sp. 1 3 CFCC57905 | P, crassifolia P rudis Zeku, Qinghai, China | PQ166548 | PQ166452 | PQ166501
CFCC57906 P crassifolia P rudis Zeku, Qinghai, China - PQ166453 | PQ166502
CFCC57907 | P, crassifolia P. poligraphus Qilian, Qinghai, China - PQ166454 | PQ166503
CFCC57908 | P, crassifolia P, poligraphus Qilian, Qinghai, China - PQ166455 | PQ166504

Leptographium

L. lundbergii complex

L. griffithii 4 CFCC57893 | Pinus griffithii P, rudis Yadong, Tibet, China | PQ166549  PQ166456 PQ166505
CFCC57894 | P griffithii P, rudis Yadong, Tibet, China - PQ166457 | PQ166506
CFCC57895 | P griffithii P rudis Yadong, Tibet, China - PQ166458 A PQ166507

L. jilongense 5 CFCC57896 | P, griffithii P, rudis Jilong, Tibet, China | PQ166550 ' PQ166459  PQ166508

L. pseudojilongense 6 CFCC57901 | P, griffithii P rudis Jilong, Tibet, China | PQ166551  PQ166460 PQ166509

CXY3348 | P griffithii P rudis Jilong, Tibet, China - PQ166461 | PQ166510
CXY3349 | P griffithii P, rudis Jilong, Tibet, China - PQ166462 | PQ166511

L. yadongense 7 CFCC57897 | P griffithii P, rudis Yadong, Tibet, China | PQ166552 A PQ166463  PQ166512
CFCC57898 | P griffithii P, rudis Yadong, Tibet, China - PQ166464 | PQ166513
CFCC57899 | P griffithii P rudis Yadong, Tibet, China - PQ166465  PQ166514
CFCC57900 | P, griffithii P rudis Yadong, Tibet, China - PQ166466 | PQ166515

L. olivaceum complex

L. breviscapum 8 CFCC57890 | P, crassifolia P. poligraphus Zeku, Qinghai, China | PQ166553 | PQ166467 | PQ166516
CFCC57891 | P, crassifolia P, poligraphus Zeku, Qinghai, China - PQ166468 A PQ166517
CFCC57892 | P crassifolia P. poligraphus Zeku, Qinghai, China - PQ166469 | PQ166518

Ophiostoma

0. clavatum complex

0. pseudobrevipilosi 9 CFCC57916 | P griffithii P rudis Yadong, Tibet, China - PQ166470 -
CFCC57917 | P, griffithii P rudis Yadong, Tibet, China | PQ166530 | PQ166471 -
CFCC57918 | P, griffithii P rudis Yadong, Tibet, China - PQ166472 -
CFCC57919 | P, griffithii P rudis Yadong, Tibet, China - PQ166473 -

0. stebbingi 10 CFCC57920 | P, griffithii P, rudis Jilong, Tibet, China - PQ166474 | PQ166519
CFCC57921 | P, griffithii P rudis Jilong, Tibet, China | PQ166531 | PQ166475 -
CFCC57922 | P griffithii P, rudis Jilong, Tibet, China - PQ166476 -

Ophiostoma sp. 1 11 CFCC57923 | P griffithii P rudis Jilong, Tibet, China | PQ166532 | PQ166477 | PQ166520
CFCC57924 | P, griffithii P rudis Jilong, Tibet, China - PQ166478 -
CFCC57925 | P, griffithii P rudis Jilong, Tibet, China - PQ166479 -

0. ips complex

0. bicolor 12 | CFCC57909 | P crassifolia P. poligraphus Zeku, Qinghai, China | PQ166533 | PQ166480 -
CFCC57910 | P, crassifolia P, poligraphus Zeku, Qinghai, China - PQ166481 -
CFCC57911 | P, crassifolia P. poligraphus Zeku, Qinghai, China - PQ166482 -
CFCC57912 | P crassifolia P. poligraphus Qilian, Qinghai, China - PQ166483 -

0. shigatsense 13 CFCC57913 | P, griffithii P rudis Jilong, Tibet, China | PQ166534  PQ166484 -
CFCC57914 | P, griffithii P rudis Jilong, Tibet, China - PQ166485 -
CFCC57915 | P, griffithii P rudis Jilong, Tibet, China - PQ166486 -
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http://www.ncbi.nlm.nih.gov/nuccore/PQ166479
http://www.ncbi.nlm.nih.gov/nuccore/PQ166533
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http://www.ncbi.nlm.nih.gov/nuccore/PQ166481
http://www.ncbi.nlm.nih.gov/nuccore/PQ166482
http://www.ncbi.nlm.nih.gov/nuccore/PQ166483
http://www.ncbi.nlm.nih.gov/nuccore/PQ166534
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http://www.ncbi.nlm.nih.gov/nuccore/PQ166485
http://www.ncbi.nlm.nih.gov/nuccore/PQ166486

Zheng Wang et al.: Ophiostomatalean fungi associated with Polygraphus

Species

Group A

0. maixiuense

0. pacis

0. sanum

Taxon

15
16

GenBank accession no

Isolate no' Host Insect vector Location ITS or
ITS2-LSU tub2 tef1-a

CFCC57930 | P, griffithii P rudis Jilong, Tibet, China | PQ166535 | PQ166487 -
CFCC57931 | P, griffithii P rudis Jilong, Tibet, China | PQ166536 | PQ166488 -
CFCC57932 | P crassifolia P. poligraphus Zeku, Qinghai, China | PQ166537 | PQ166489
CFCC57933 | P, crassifolia P, poligraphus Zeku, Qinghai, China | PQ166538 | PQ166490
CFCC57934 | P, griffithii P rudis Yadong, Tibet, China | PQ166539 | PQ166491
CFCC57935 | P, griffithii P rudis Yadong, Tibet, China ' PQ166540 | PQ166492
CFCC57936 | P, crassifolia P, poligraphus Zeku, Qinghai, China | PQ166541 | PQ166493
CFCC57926 | P. crassifolia P rudis Zeku, Qinghai, China | PQ166542 | PQ166494
CFCC57927 P crassifolia P rudis Zeku, Qinghai, China | PQ166543 | PQ166495
CFCC57928 | P crassifolia P rudis Zeku, Qinghai, China | PQ166544 | PQ166496
CFCC57929 | P crassifolia P, rudis Zeku, Qinghai, China | PQ166545 | PQ166497

The results showed that our eight representative isolates nested into three
complexes, namely the G. penicillata, L. lundbergii and L. olivaceum complex-
es (Fig. 1). Amongst these, the G. penicillata complex belongs to Grosmannia,
whereas the L. lundbergii and L. olivaceum complexes belong to Leptographi-
um. Subsequently, we constructed the phylogenetic inference of tub2, tef1-a
and the concatenated (tub2+tef71-a) datasets for each complex.

Grosmannia penicillata complex

The tub2, tef1-a and concatenated (tub2+tef1-a) datasets were aligned (con-
taining 402, 694 and 1096 characters, including gaps, respectively) and used
to construct the phylogenetic inference. The best models of the three datasets
for Bl analysis were estimated as HKY+I (tub2 dataset) and GTR+G (tef7-a and
concatenated datasets). Based on the concatenated tree (Fig. 2), the seven iso-
lates formed three separate well-supported terminal clades, representing two
known and one undescribed taxa: G. crassifolia (Taxon 1), G. maixiuensis (Tax-
on 2) and Grosmannia sp. 1 (Taxon 3). These three species formed a subclade
with G. chlamydata and G. nitidi that was phylogenically consistent, based on
the three datasets (Fig. 2, Suppl. material 2: figs S1, S2).

Leptographium lundbergii complex

The tub2, tef1-a and concatenated (tub2+tef1-a) datasets were aligned (con-
taining 373, 666 and 1039 characters, including gaps, respectively) and used
to construct the phylogenetic inference. The best models of the three datasets
for Bl analysis were SYM+l, HKY+G and GTR+G. Based on the concatenated
tree (Fig. 3), our ten isolates formed four separate well-supported terminal
clades, representing three known (Taxon 4: L. griffithii; Taxon 5: L. jilongense;
Taxon 7: L. yadongense) and one undescribed (Taxon 6) taxa. Taxa 4, 5 and 6
were sister species and formed a subclade with L. panxianense, L. yunnanensis,
L. puerense, L. wushanense and L. conjunctum, all of which were isolated from
Pinus trees in southwest China (Fig. 3, Suppl. material 2: figs S3, S4). The four
isolated strains were identical in sequence to the two strains isolated from Ips
schmutzenhoferi, representing L. yadongense, which was a phylogenetic sister
to L. sejilanum (Fig. 3, Suppl. material 2: figs S3, S4).
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88/ MN516728 L. sagmatosporum CMW34135 T
.00l MN516724 L. rhizoidum CMW22809 T
IT 2 L MN516716 L. olivaceum CBS138.51 T
- *10.950 MT637211 L. raffai CMW34451 T
MN516722 L. olivaceapini CBS504.86 T
MN516732 L. xiningense CMW38891 T
AJ538335 L. cucullatum CBS218.83 T
MH144122 L. duchongi CMW44455 T
MN516700 L. conplurium CMW23315 T
+10.99| MN516723 L. pseudoalbum CBS276.54 T
MN516714 L. erubescens CBS278.54 T
PP656942 L. changduense CFCC57652 T
MN516730 L. sylvestris CMW34140 T
MN516731 L. vescum CMW34186 T
MN516711 L. davidsonii CMW790 T
94/1.00|| PP656945 Leptographium sp. CFCC57662
PP656944 L. mangkangense CFCC57659 T
PP656943 L. leiwugiense CFCC57657 T
L. breviscapum CFCC57890 Taxon 8
MN516697 L. breviscapum CMW38888 T
— MN516715 L. francke-grosmanniae T
AY744552 L. galeiforme CMW5290 T
AY744551 L. radiaticola KUC2036 T
MZ327901 L. zekuense CFCC55645 T
MZ327900 L. sanjiangyuanense CFCC55641 T PR
90/1.00/ NH740930 L. cainii KFL355NBK16R] L. cainii lineage
AY744548 L. cainii WIN46
JN135314 L. serpens CMW304 T I

xa|dwod wnaoeajjo -7

100/1.00

L. galeiformis complex I

80/0.96/ JN135315 L. yamaokae CMW4726 T L. serpens complex
JIN135313 L. alacris CMW2844 T
AY553381 L. douglasii CMW2078 I

*10.99]

AF343708 L. wageneri L. wageneri complex
AF343690 L. reconditum
EU296773 L. sinoprocerum MUCL46352 T
KM491423 L. procerum CMW34542 L. procerum complex
KM491419 L. sinense CMW38172 T
MH144098 L. heilongjiangense CMW44456 T
PP656949 L. sichuanense CFCC57715 T
KM236108 L. zhangii CXY1552 T
AF343694 L. piceiperdum L. piceiperdum complex
PP656946 L. hebeiense CFCC57702 T
AY553389 L. aenigmaticum CMW2199 T
PP656948 L. pseudoaenigmaticum CFCC57711 T
85/0.00|| |AY816686 L. longiclavatum T I

97/0.99

93/0.98

wniydeiboydoa

AY553398 L. wingfieldii CMW2096 L. clavigerum complex
AY544613 L. clavigerum ATCC18086 T
PP656936 L. linjiangense CFCC57634
r PP656939 L. sejilanum CFCC57643 T
— PP656938 L. ginlingense CFCC57638
L. pseudojilongense sp. nov. CFCC57901 T Taxon 6
PP656934 L. jilongense CFCC57627 T
. 1L. jilongense CFCC57896 Taxon 5
——10.99| |- griffithii CFCC57893 Taxon 4
*10.98/ 1 PP656933 L. griffithii CFCC57623 T
9711.00 B PP656940 L. yadongense CFCC57644 T
L. yadongense CFCC57897 Taxon 7
DQ062052 L. truncatum CMW28 T
- DQ062068 L. lundbergii CMW17264 T
MH195235 L. puerense T
F AY553415 L. yunnanense CMW5304 T
PP656937 L. luobeianum CFCC57636 T
{DQOGZOBO L. pinicola CMW2398 T
AY707197 L. koreanum KUC2102 T
MG878407 L. wushanense YMF104934 T
HQ406831 L. conjunctum CMW12473 T
MN644474 G. maixiut
MNG644475 G. crassi
g6+| G- crassifolia CFCC
Grosmannia sp. 1 C
G. maixiuensis CFC!

xajdwoo nbiagpuny

9

HQ406851 G. altior
MN644479 G. xiani
PP656925 G. tians
MN644478 G. penicill
MT269759 G. tibete
MN644476 G. purpul
MH121683 G. zekuel
MN644472 G. american.
MN644477 G. abietina
MN644471 G. xeno-abietil
MN644484 G.
HQ406846 g
100/1.00 MN644482 G.
720097 MN644483 G.

100/1.00

eiuueuwisod

MN644481 G. abiocarpa
MN644473 G. curvispora CBS
AJ538340 G. dryocoetidis
KM236107 G. innermongolica CXY1547 T
JF279980 G. taigensis ES15_2 T
9500.99 ppE56929 G. abaensis CFCC57718 T G. taigensis group
PP656930 G. linzhiensis CFCC57724 T
KT362234 G. gestamen CIEFAP453 T .

100/1.00——— Fragosphaeria reniformis AB278193-AB189155

L F purpurea AB278192-AF096191

0.05

Figure 1. Phylogram of Grosmannia spp. and Leptographium spp. based on ITS2-LSU sequence data. The ML bootstrap
support values = 70% and posterior probability values = 0.9 are recorded at the nodes. T = ex-type isolates.
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tub2+tef1-a
G. maixiuensis CM\W39235 F
| CFCC57903 Picea crassifoli
84/1.00 Picea koraiensis Ips t
991.00 100/1.60
93/1.00

70/

100/1.00
‘//—Ja

G. purpurea CMW39928 Picea purp

100/1.00] G. purpurea CMW38886 Picea purpi

84/0.95) G. purpurea CMW39927 Picea purpurea Ips shangrila China
98/1.00| | G. tiber
G. tibei
G. zekuensis CMWA48852 Picea crassifolia Ip

99/1.00f

70/"
99/0.99| G. abiocarpa CMW24906 Picea engelmannii x glauca |
10011.00(1 G, abiocarpa CMW24905 Pj T

G. abiocarpa CMW65 Pic
- 100/1.00

0.06

thas

Figure 2. Phylogram of Grosmannia penicillata complex (including Taxa 1-3) based on combined (tub2+tef1-a) sequence data.
The ML bootstrap support values = 70% and posterior probability values = 0.9 are recorded at the nodes. T = ex-type isolates.

Leptographium olivaceum complex

The tub2, tef1-a and concatenated (tub2+tef1-a) datasets were aligned (con-
taining 278, 677 and 955 characters, including gaps, respectively) and used
to construct the phylogenetic inference. The best models of the three data-
sets for Bl analysis were estimated as (tub2 dataset) and GTR+G (tef7-a and
concatenated datasets). Based on the concatenated tree (Fig. 4), the three
isolates formed a separate, well-supported, terminal clade representing L. bre-
viscapum (Taxon 8). The 10 strains of L. breviscapum formed a subclade with
L. leiwugiense, L. mangkangense and Leptographium sp. 1, all of which were
isolated from Picea trees on the Qinghai-Tibet Plateau (Fig. 4, Suppl. material
2: figs S5, S6).

Ophiostoma spp.

An ITS dataset was used to construct a phylogenetic inference for this genus.
The dataset contained 743 characters, including gaps and the best evolution-
ary model for Bl analysis was estimated to be GTR+I+G. The results showed
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tub2+tef1-a

98/1.00]

CFCC57895 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
/0.97| CFCC57894 Pinus griffithii Polygraphus rudis Yadong, Tibet, China Taxon 4: L. griffithii
L. griffithii CFCC57624 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
L. griffithii CFCC57623 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China T
87/0.99, L. jilongense CFCC57627 Pinus griffithii Ips stebbingi Jilong, Tibet, China T
L. jilongense CFCC57626 Pinus griffithii Ips stebbingi Jilong, Tibet, China
CFCC57896 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
CXY3349 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
T‘CXY3348 Pinus griffithii Polygraphus rudis Jilong, Tibet, China | Taxon 6: L. pseudojilongense sp. nov.
CFCC57901 Pinus griffithii Polygraphus rudis Jilong, Tibet, China T
94/1.00/ L. panxianense YMF1.06197 Pinus armandii Tomicus armandii China T
L. panxianense YMF1.04966 Pinus armandii Tomicus armandii China
L. yunnanensis CMW5304 Pinus yunnanensis Tomicus piniperda China T
L. yunnanensis CMW5152 Pinus yunnanensis Tomicus piniperda China
L. puerense YMF1.06172 Pinus kesiya Tomicus minor China T
L. puerense YMF1.05067 Pinus kesiya Tomicus minor China
—— L YMF1.04936 Pinus armandii Tomicus armandii China T
100/1.00| L- conjunctum CMW12452 Pinus yunnanensis Hylurgops major China
L. conjunctum CMW12473 Pinus yunnanensis Hylurgops major China T

8

<‘:FCC57893 Pinus griffithii Polygraphus rudis Yadong, Tibet, China

*11.00.

100/1.00, Taxon 5: L. jilongense

821

78/0.98.

.
84/1.00]

88/0.98| . gieshaoense CXY4042 Pinus koraiensis Tomicus pilifer China

100/1.00

91/0.99

89/1.00.

/0.9

99/1.00,

*0.94| 'L. gieshaoense CXY4043 Pinus koraiensis Tomicus pilifer China
L. luobeianum CFCC57636 Pinus koraiensis Ips chinensis China T
L. luobeianum CFCC57637 Pinus koraiensis Ips chinensis China

L. pinicola CMW2399 Pinus resinosa Unknown Canada
/0, sﬁ‘—ﬁ

ﬁL. qgieshaoense CXY4041 Pinus koraiensis Tomicus pilifer China

L. pinicola CMW2398 Pinus resinosa Unknown Canada T
L. koreanum KUC2078 Pinus densiflora Tomicus piniperda Korea
L. koreanum KUC2102 Pinus koraiensis Tomicus piniperda Korea T
L. ginlingense CFCC53941 Pinus armandii Dendroctonus armandi China
760.96| L. qinli CFCC53939 Pinus dii Dendroctonus armandi China
98/1.00| ' L. qinlingense CFCC53940 Pinus armandii Dendroctonus armandi China
L. ginlingense CFCC57638 Pinus armandii Ips sp. China
7410941 ginlingense CFCC57639 Pinus armandii Ips sp. China

991,00/ L. truncatum CMW28 Pinus taeda Unknown South Africa T
L. truncatum CMW29 Pinus taeda Unknown South Africa
L. yadongense CFCC57644 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China T
L. yadongense CFCC57645 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
CFCC57897 Pinus gri Polygraphus rudis rudis Yadong, Tibet, China
CFCC57898 Pinus lygraphus rudis rudis Yadong, Tibet, China
10011.00 CFCC57899 Pinus griffithii Polygraphus rudis rudis Yadong, Tibet, China
CFCC57900 Pinus griffithii Polygraphus rudis rudis Yadong, Tibet, China
L. sejilanum CFCC57641 Picea likiangensis var. linzhiensis Ips nitidus China
100/1.00| L. sejil CFCC57642 Picea likiangensis var. linzhiensis Ips nitidus China

Taxon 7: L. yadongense

‘L, sejilanum CFCC57643 Picea likiangensis var. linzhiensis Ips nitidus China T
L. linjiangense CXY4044 Pinus koraiensis Tomicus pilifer China T
99/1.00| L. linjiang CFCC57634 Pinus armandii Ips sp. China
I L. linjiangense CXY4045 Pinus koraiensis Tomicus pilifer China

100/1.00)

96/1.00| L. lundbergii CMW17264 Pinus sylvestris Unknown Sweden T
M,—{ L. lundbergii CMW17267 Picea abies Unknown Estland

L. i CMW44462 Unknown Ips typographus China T

001

Figure 3. Phylogram of Leptographium lundbergii complex (including Taxa 4-7) based on combined (tub2+tef1-a) se-
quence data. The ML bootstrap support values = 70% and posterior probability values = 0.9 are recorded at the nodes.

T = ex-type isolates.

that our eight representative isolates nested into two complexes and one
Group A, namely the O. clavatum complex, O. ips complex and Group A (Fig.
5). Subsequently, we constructed the phylogenetic inference of tub2, tef1-a
and/or the concatenated (tub2+tef1-a or ITS+tub2) datasets for each com-
plex or Group.

Ophiostoma clavatum complex

The tub2, tef1-a and concatenated (tub2+tef1-a) datasets were aligned (con-
taining 438, 594 and 1032 characters, including gaps, respectively) and used
to construct the phylogenetic inference. The best models of the three datasets
for Bl analysis were estimated as HKY+l, GTR+G and GTR+I+G. Based on the
concatenated tree (Fig. 6), our ten isolates formed three separate well-support-
ed terminal clades, representing two known (Taxon 9: O. pseudobrevipilosi; Tax-
on 10: O. stebbingi) and one undescribed (Taxon 11: Ophiostoma sp. 1) taxa.
Ophiostoma pseudobrevipilosi, O. stebbingi and Ophiostoma sp. 1 formed the
main subclade in this complex with O. ainoae, O. brevipilosi, O. pseudobrevipilosi,
0. schmutzenhoferi, O. shangrilae and O. yadongense (Fig. 6, Suppl. material 2:
figs S7, S8).
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100/1.00; L. olivaceapini CMW116 Unknown Unknown USA T
L. olivaceapini CMW63 Unknown Unknown USA
tu b 2+ tef1 'a L. pseudoalbum CMW40671 Pinus sylvestris Tomicus piniperda Sweden T
L. duchongi CMW 44455 Pinus koraiensis Ips typographus China T
96/1.00 L. xiningense CMW39238 Picea crassifolia Polygraphus poligraphus China
100/1.00. L. xiningense CMW38891 Picea crassifolia Polygraphus poligraphus China T
L. xiningense CMW39237 Picea crassifolia Polygraphus poligraphus China
— L. erubescens CMW40672 Pinus sylvestris Unknown Sweden T
97/1.00. L. conplurium CMW23295 Picea abies Dryocoetus autographus Finland
L. conplurium CMW23315 Picea abies Dryocoetus autographus Finland T
L. conplurium CMW23289 Picea abies Dryocoetus autographus Finland
L. raffai CMW34445 Unknown Dendroctonus valens USA
L. raffai CMW34451 Unknown Dendroctonus valens USA T
L. davidsonii CMW3094 Picea sp. Unknown bark beetle Canada
97/ L. davidsonii CMW3095 Picea sp. Unknown bark beetle Canada
100/1.0011} . davidsonii CMW790 Pseudotsuga menziesii Unknown Canada T
L. vescum CMW34186 Picea engelmannii Ips pilifrons, Dendroctonus engelmanni USA T
L. cucullatum CMW1141 Picea abies Ips typographus Norway T
L. cucullatum CMW1871 Picea jezoensis Ips typographus Japan
L. cucullatum CMW5022 Picea abies Ips typographus Austria
= L. sylvestris CMW23300 Picea abies Ips typographus Finland
L. sylvestris CMW34140 Pinus sylvestris Unknown Poland T
100/1.00 L‘ L. changduense CFCC57654 Picea likiangensis var. balfouriana Ips shangrila Riwoqé, Tibet, China

100/1.00.

87/1.00.

98/1.00.

“1.00 L. changduense CFCC57653 Picea likiangensis var. balfouriana Ips shangrila Riwoqé, Tibet, China
L. changduense CFCC57652 Picea likiangensis var. balfouriana Ips shangrila Riwoqgé, Tibet, China T
L. olivaceum CMW31059 Pinus sylvestris Unknown Sweden T

100/1.00| /. olivaceum CMW28090 Pinus sylvestris Ips typographus Russia
930,91 ' L olivaceum CMW23348 Picea abies Ips typographus Finland
L. rhizoidum CMW22811 Pinus radiata Ips sexdentatus Spain
0700 L. rhizoidum CMW22809 Pinus radiata Hylastes ater Spain T

L. rhizoidum CMW22810 Pinus radiata Hylastes attenuatus Spain

L. sagmatosporum CMW34135 Pinus strobus Unknown Canada T
CFCC57891 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai, China
L. breviscapum CMW38889 Picea crassifolia Polygraphus poligraphus Qinghai, China
CFCC57892 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai, China
CFCC57890 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai, China
L. breviscapum CMW38890 Picea crassifolia Polygraphus poligraphus Qinghai, China
L. breviscapum CMW38888 Picea crassifolia Polygraphus poligraphus Qinghai, China T
e L. breviscapum CFCC57651 Picea crassifolia Ips nitidus Zeku, Qinghai, China

T L. breviscapum CFCC57648 Picea likiangensis var. balfouriana Ips shangrila Riwogé, Tibet, China

10011.001L breviscapum CFCC57650 Picea likiangensis var. balfouriana Ips shangrila Riwogé, Tibet, China

L. breviscapum CFCC57649 Picea likiangensis var. balfouriana Ips shangrila Riwogé, Tibet, China
L. mangkangense CFCC57659 Picea likiangensis var. balfouriana Ips nitidus Mangkang, Tibet, China T
10011.00} [, mangkangense CFCC57660 Picea likiangensis var. balfouriana Ips nitidus Mangkang, Tibet, China
L. mangkangense CFCC57658 Picea likiangensis var. balfouriana Ips nitidus Mangkang, Tibet, China
. iense CFCC57655 Picea likiangensis var. balfouriana Ips nitidus Riwogé, Tibet, China
L. leiwugiense CFCC57656 Picea likiangensis var. balfouriana Ips nitidus Riwogé, Tibet, China
L. leiwugiense CFCC57657 Picea likiangensis var. balfouriana Ips nitidus Riwoqé, Tibet, China T
97/1.00| Leptographium sp. 1 CFCC57661 Picea likiangensis var. balfouriana Ips nitidus Riwoqgé, Tibet, China

Leptographium sp. 1 CFCC57662 Picea likiangensis var. balfouriana Ips shangrila Riwoqé, Tibet, China
3 Leptographium sp. 1 CFCC57663 Picea likiangensis var. balfouriana Ips shangrila Riwoqé, Tibet, China

L. francke-grosmanniae CMW445 Quercus sp. Hylecoetus dermestoides Germany T

*10.93] Taxon 8: L. breviscapum

Figure 4. Phylogram of Leptographium olivaceum complex (including Taxon 8) based on combined (tub2+tef1-a) se-
quence data. The ML bootstrap support values = 70% and posterior probability values = 0.9 are recorded at the nodes.
T = ex-type isolates.

Ophiostoma ips complex

The tub2 dataset was aligned (containing 274 characters including gaps) and
used to construct a phylogenetic inference. The best model of the three data-
sets for Bl analysis was estimated to be HKY+I. The seven isolates formed two
clades: O. bicolor (Taxon12) and O. shigatsense (Taxon 13) (Fig. 7).

Group A

The ITS, tub2 and concatenated (ITS+tub2) datasets were aligned (contain-
ing 685, 445 and 1130 characters, including gaps) and used to construct the
phylogenetic inference. The best models of the three datasets for Bl analysis
were estimated to be GTR+I+G (ITS dataset) and GTR+G (ITS and concatenated
datasets). Based on the concatenated tree (Fig. 8), the 11 isolates formed three
separate well-supported terminal clades representing three known taxa (Taxon
14: 0. maixiuense, Taxon 15: O. pacis and Taxon 16: 0. sanum). Ophiostoma
maixiuense and O. sanum showed intraspecific sequence variation and were
phylogenetic sisters to 0. aggregatum and O. pacis (Fig. 8, Suppl. material 2:
figs S9, S10).
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71/0.95)AY466626 Ophiostoma quercus CMW2467 T
IT S e FJ804490 Ophiostoma denticiliatum CMW29493 T

GU797218 O. undulatum CMW19396 T
FJ441287 O. tsotsi CMW15239 T

EF408593 O. catonianum CMW18966 T
AY573258 O. bacillisporum MUCL45378
AF198233 O. himal-ulmi C1183

AF198236 O. novo-ulmi C510

AF198232 O. ulmi CBS102.63

*/0.98 KT362247 O. patagonicum CIEFAP465

5 AY934525 O. triangulosporum DSMZ4934
KU184418 O. araucariae CBS114.68 T

MF576438 O. pehueninum RGM2389 T

AY934524 O. tetropii CBS428.94

MH837046 O. pityokteinis CMW52056 T

| P v— AB506674 O. nikkoense YCC430 T

LC090227 O. sugadairense YCC589 T

CFCC55624 O. huangnanense CFCC55623 T

KU184446 O. ginghaiense CMW38904 T

MK748197 O. rufum CFCC52618

MK748186 O. xinganense CFCC52679 T

KU184423 O. brunneum CMW1027 T

KIUI18AAAD O piceae CMWA23249
RU184440 0. piceae UVIVW 15243

KU184427 O. flexuosum CMW907 T O. piceae complex
AB200424 O. subalpinum YCC408
LC090225 O. breviusculum YCC326

KI11184436 O nitidum CMW328005 P
KuU184436 O. nitiaum CMW38305 P

KU184424 O. canum CMW29495
KU184433 O. micans CMW38909 P
”/0.95,( MK748199 O. genhense CFCC52675 T
MK748196 O. multisynnematum CFCC52677 T
- PP656990 O. nyangense CFCC57830 T
MH144059 O. typographi CMW44483 T
- PP656989 O. jingoulingense CFCC57826 T
100/ KU551303 O. olgensis CXY1410 T
100/1.001' KY(094074 O. album CFCC52169 T
AY304436 O. kryptum DAOM229701 T
AF221070 O. piliferum CBS129.32 T
HMO031497 O. minus CMW28117 0. minus complex
AY542502 O. pseudotsugae 92-634/302/6
MH144061 O. wuyingense CMW44474 T
AB096209 O. ssiori MAFF410973 T
MK748200 O. subelongati CFCC52693 T
MK748194 O. hongxingense CFCC52695 T
. KU094684 O. brunneolum CMW23143 T
/097 KU094686 O. pseudocatenulatum CMW43103 T
RE KU094683 O. brunneo-ciliatum CMW39827
R HMO031499 O. macroclavatum CMW23115 T
==L MK748198 O. peniculi CFCC52687 T
KU094685 O. clavatum CMW37983 T
PP656973 O. hongshiense CFCC57749 T
OM397409 O. pilifer CFCC57370 T
OM397412 O. tonghuaense CFCC57374 T
PP656972 O. daofuense CFCC57746 T
PP656970 O. armandii CFCC57737 T
PP656974 O. miyingense CFCC57753 T
PP656982 Ophiostoma sp. 1 CFCC57777
Ophiostoma sp. 1 CFCC57923 Taxon 11
PP656979 O. stebbingi CFCC57770 T
O. stebbingi CFCC57921 Taxon 10
854100 N PP656977 O. schmutzenhoferi CFCC57762 T
PP656981 O. yadongense CFCC57775 T
U184454 O. shangrilae CMW38901 T
KU094682 O. ainoae CMW1037 T
MG205660 O. brevipilosi CMW41662 T
. 0. pesudobrevipilosi CFCC57917 Taxon 9
/094 ppPE56976 O. pseudobrevipilosi CFCC57760 T
<l HMO031494 O. tapionis CMW23265 T

O. ulmi complex

81/0.94

*/0.90

H144065 O. songshui CMW44473 T
100/0.99 MIH 144064 O. jiamusiensis CMW40512 T
OM397414 O. yaluense CFCC57382 T
96/0.99) MZ328852 O. maixiuense CFCC55627 T
-96' 0. maixiuense CFCC57930 Taxon 14
MH555894 O. aggregatum CFCC52615 T
PP657010 O. ginghense CFCC57854 T
PP656996 O. altaiense CFCC57840 T
PP657005 O. pacis CFCC57849 T
0. pacis CFCC57936 Taxon 15
MZ328857 O. sanum CFCC55632 T
0. sanum CFCC57926 Taxon 16
MH121648 O. kunlunense CMW41927 T
MHB857246 O. tingens CBS336.53

— MH857247 O. macrosporum CBS367.53 T
PP656986 O. sexdentati CFCC57812 T

87/100) pP656987 O. shigatseense CFCC57815 T
1o1-00L0. shigatseense CFCC57913 Taxon 13
MT637227 O. gilletteaec CMW30681 T
AY546696 O. adjuncti CMW135 T
AY546704 O. ijps CMW7075 T
AY546714 O. pulvinisporum CMW9922 T

MK748188 O. pseudobicolor GH30 T
49mlibicolor CFCC57909 Taxon 12
DQ268604 O. bicolor CBS492.7 T
. HMO031504 O. fuscum CMW23196 T
10.96 L AY546711 O. montium CBS13221 T
GU134169 O. japonicum YCC099 T
MH121662 O. manchongi CMW41954 T
100/1.00—— AF484462 Sporothrix stenoceras
L AF484453 S. abietina

100/1.00 100/1.00]

96/1.00

0.06

Figure 5. Phylogram of Ophiostoma spp. based on ITS sequence data. The ML bootstrap support values = 70% and pos-

terior probability values > 0.9 are recorded at the nodes. T = ex-type isolates.
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O. daofuense CFCC57746 Pinus armandii Ips sexdentatus Daofu, Sichuan, China T
99/1.001 O. daofuense CFCC57747 Larix griffithii Ips sp. Xiaojin, Sichuan, China
t b 2+ t f1 701.00 ' O. daofuense CFCC57745 Pinus armandii Ips sexdentatus Daofu, Sichuan, China
u e -a 100/1.00[ | | O. armandii CFCC57736 Pinus armandii Ips sexdentatus Daofu, Sichuan, China
0. armandii CFCC57737 Pinus armandii Ips sexdentatus Daofu, Sichuan, China T
O. armandii CFCC57738 Pinus armandii Ips sexdentatus Daofu, Sichuan, China
O. hongshiense CFCC57750 Pinus koraiensis Ips sexdentatus Huadian, Jilin, China
O. hongshiense CFCC57749 Pinus koraiensis Ips sexdentatus Huadian, Jilin, China T
O. hongshiense CFCC57748 Pinus koraiensis Ips sexdentatus Huadian, Jilin, China
O. piliferi CFCC57371 Pinus koraiensis Tomicus pilifer Jilin, China
O. piliferi CFCC57377 Pinus koraiensis Tomicus pilifer Jilin, China
O. piliferi CFCC57370 Pinus koraiensis Tomicus pilifer Jilin, China T
96/1.00. O. miyingense CFCC57753 Pinus koraiensis Ips sexdentatus Huadian, Jilin, China T
O. miyingense CFCC57752 Pinus koraiensis Ips sexdentatus Huadian, Jilin, China
10011.00 ' O. miyingense CFCC57751 Pinus koraiensis Ips sexdentatus Huadian, Jilin, China
O. tonghuaense CFCC57374 Pinus koraiensis Tomicus pilifer Jilin, China T
O. tonghuaense CFCC57384 Pinus koraiensis Tomicus pilifer Jilin, China
O. tonghuaense CFCC57375 Pinus koraiensis Tomicus pilifer Jilin, China
L_| O. tonghuaense CFCC57877 Picea jezoensis Ips typographus Luobei, Heilongjiang, China
100/1.00, O, tonghuaense CFCC57879 Pinus koraiensis Ips chinensis Luobei, Heilongjiang, China
91/0.98' O. tonghuaense CFCC57878 Pinus koraiensis Ips chinensis Luobei, Heilongjiang, China
100/1 00 O. clavatum CMW41043 Pinus sylvestris Ips acuminatus Buskerud,Norway
O. clavatum CMW37983 Pinus sylvestris Ips acuminatus Lunsen, Sweden T
100/1.00; O. subelongati CFCC52693 Larix gmelinii Ips subelongatus Heilongjiang, China T
O. subelongati CFCC52694 Larix gmelinii Ips subelongatus Heilongjiang, China
0. hongxingense CFCC52695 Larix gmelinii Ips subelongatus Heilongjiang, China T
O. hongxingense CFCC52696 Larix gmelinii Ips subelongatus Heilongjiang, China
O. pseudocatenulatum CMW5212 Larix decidua Ips cembrae Atholl, Scotland
O. pseudocatenulatum CMW43103 Larix decidua Ips cembrae Rudziniec, Poland T
100/1.00, O. brunneolum CMW23152 Picea abies Ips typographus Ohtama, Russia
O. brunneolum CMW23143 Picea abies Ips typographus Ohtama, Russia T
O. brunneo-ciliatum CMW39827 Pinus sylvestris Ips sexdentatus Pateraki, Poland
O. brunneo-ciliatum CMW39828 Larix decidua Ips cembrae Wierzchostawice,Poland
98/1.00) O. macroclavatum CMW23116 Picea abies Pityogenes chalcographus Lisino-Korpus,Russia
O. macroclavatum CMW23115 Pinus sylvestris Pityogenes chalcographus Lisino-Korpus,Russia T
O. peniculi CFCC52687 Larix gmelinii Ips subelongatus Inner Mongolia, China T
98/1.00' O. peniculi CFCC52688 Larix gmelinii Ips subelongatus Inner Mongolia, China
Ophiostoma sp. 1 CFCC57779 Pinus griffithii Ips stebbingi Jilong, Tibet, China
8pZios;oma sp. 1 gggggg% Einus gri;fggif ;ps stezzingi ji:ong, Pget, gnina
iostoma sp. inus griffithii Ips stebbingi Jilong, Tibet, ina . :
CPCC57923 Pinus griffithii Polygraphus rudis Jilong, Tibet, China Taxon 11: Ophiostoma sp. 1
CFCC57924 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
CFCC57925 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
99/1.001  CFCC57920 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
— 8 stebbingi 8F8857771 Pinus grizithii Ips stebbingi Jilong, Tibet, ghina
92/1.00. . stebbingi CFCC57770 Pinus griffithii Ips stebbingi Jilong, Tibet, China T : 0. ingi
O. stebbingi CFCC57772 Pinus griffithii Ips stebbingi Jilong, Tibet, China LTI B sisslelaiiite]
CFCC57921 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
99/1.001  |CFCC57922 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
4 O. schmutzenhoferi CFCC57764 Pinus griffithii Ipos schmutzenhoferi Yadong, Tibet, China
~

82/0.90)

100/1.00 O. schmutzenhoferi CFCC57763 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
O. schmutzenhoferi CFCC57762 Pinus griffithii Ipos schmutzenhoferi Yadong, Tibet, China T
100/1.00 O. schmutzenhoferi CFCC57765 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
| O. yadongense CFCC57774 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
100/1.00 0. yadongense CFCC57773 Pinus griffithii Ios schmutzenhoferi Yadong, Tibet, China T
0. yadongense CFCC57776 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
O. yadongense CFCC57775 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
100/1.00 O. pseudobrevipilosi CFCC57758 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
O. pseudobrevipilosi CFCC57757 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
O. pseudobrevipilosi CFCC57760 Pinus griffithii [ps schmutzenhoferi Yadong, Tibet, China T
0. pseudobrevipilosi CFCC57759 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China N S
O. pseudobrevipilosi CFCC57761 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China | Taxon 9: O. pseudobrevipilosi
CFCC57918 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
CFCC57917 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
——— | |CFCC57916 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
10011.001 | CFCC57919 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
O. brevipilosi CMW41662 Pinus semaonensis Tomicus brevipilosi Yunnan,China T
100/1.00' O. brevipilosi CMW41624 Pinus semaonensis Tomicus brevipilosi Yunnan,China
100/1.00; O. shangrilae CMW38900 Picea purpurea Ips shangrila Qinghai,China
*/0.99)

100/1.00]

O. shangrilae CMW38901 Picea purpurea Ips shangrila Qinghai,China T

0. ainoae CMW1037 Picea abies Ips typographus Norway T
100/1.00' O. ainoae CMW1903 Picea abies Ips typographus Norway

99/1.00) O. songshui CMW44601 Pinus koraiensis Ips typographus Heilongjiang, China
O. songshui CMW44473 Pinus koraiensis Ips typographus Heilongjiang, China T
O. jlamusiensis CMW40512 Picea sp. Ips typographus Jilin,China T
4‘ 10071 -00\_( O. tapionis CMW23265 Pinus sylvestris Hylurgops palliatus Lisino-Korpus, Russia T
100/1.00' O. tapionis CMW23266 Pinus sylvestris Hylastes brunneus Punkaharju, Finland
100/1.00[ O. yaluense CFCC57381 Pinus koraiensis Tomicus pilifer Jilin, China
O. yaluense CFCC57382 Pinus koraiensis Tomicus pilifer Jilin, China T

0.05

Figure 6. Phylogram of Ophiostoma clavatum complex (including Taxa 9-11) based on combined (tub2+tef1-a) se-
quence data. The ML bootstrap support values = 70% and posterior probability values = 0.9 are recorded at the nodes.
T = ex-type isolates.

Taxonomy

Leptographium pseudojilongense Z. Wang & Q. Lu, sp. nov.
MycoBank No: 855413
Taxon 6, Fig. 9

Etymology. The epithet pseudojilongense (Latin) refers to its sister species
L. jilongense.

Holotype. CXY3312.

Description. Sexual morph: not observed. Asexual morph: Leptographium-like.
Conidiophores occurring singly, upright, arising directly from the mycelium,
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tu b 2 PP666456 O. bicolor CFCC57790 Picea crassifolia Ips nitidus China

75/0.96

72

80/0.92.

72/0.94|

*10.92|

1.00] = DQ268635 O. bicolor CBS492.77 Picea engelmannii Ips sp. USA T

72/0.94

PP666457 O. bicolor CFCC57791 Picea crassifolia Ips shangrila China

CFCC57912 Picea crassifolia Polygraphus poligraphus Qilian, Qinghai,China
PP666466 O. bicolor CFCC57800 Picea crassifolia Ips nitidus China

CFCC57911 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai,China
CFCC57910 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai,China
n PP666462 O. bicolor CFCC57796 Picea crassifolia Ips nitidus China

L CFCC57909 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai,China Taxon 12: O. bicolor
MH124284 O. bicolor CMW44472 Pinus koraiensis Ips typographus China

MH124283 O. bicolor CMW44471 Pinus koraiensis Ips typographus China

HMO031560 O. bicolor CMW23179 Picea abies Ips typographus Russia

HMO031561 O. bicolor CMW23189 Picea abies Ips typographus Russia

PP666460 O. bicolor CFCC57794 Picea likiangensis var. balfouriana Ips nitidus China
PP666461 O. bicolor CFCC57795 Picea likiangensis var. balfouriana Ips shangrila China
PP666450 O. bicolor CFCC57784 Picea likiangensis var. balfouriana Ips shangrila China

MN896040 O. pseudobicolor CXY2012 Larix gmelinii Ips subelongatus China

MN896039 O. pseudobicolor GH40 Larix gmelinii Ips subelongatus China

MN896038 O. pseudobicolor GH30 Larix gmelinii Ips subelongatus China T

MN896041 O. pseudobicolor CXY1910 Larix principis-rupprechtii Ips subelongatus China

CFCC57914 Pinus griffithii Polygraphus rudis Jilong, Tibet, China

PP666482 O. shigatseense CFCC57816 Pinus griffithii Ips stebbingi China

PP666483 O. shigatseense CFCC57817 Pinus griffithii Ips stebbingi China

CFCC57915 Pinus griffithii Polygraphus rudis Jilong, Tibet, China Taxon 13: O. shigatseense
CFCC57913 Pinus griffithii Polygraphus rudis Jilong, Tibet, China

PP666481 O. shigatseense CFCC57815 Pinus griffithii Ips stebbingi China T

- PP666484 O. shigatseense CFCC57818 Pinus griffithii Ips stebbingi China

PP666477 O. sexdentati CFCC57811 Pinus koraiensis Ips sexdentatus China

PP666480 O. sexdentati CFCC57814 Pinus koraiensis Ips sexdentatus China

PP666478 O. sexdentati CFCC57812 Pinus koraiensis Ips sexdentatus China T

PP666479 O. sexdentati CFCC57813 Pinus koraiensis Ips sexdentatus China

DQ296100 O. pulvinisporum CMW9022 Pinus pseudostrobus Dendroctonus mexicanus Mexico T
EU977487 O. pulvinisporum CMW9020 Pinus pseudostrobus Dendroctonus mexicanus Mexico
KF515870 O. gilletteae CMW30680 Unknown Dendroctonus valens USA

MT637200 O. gilletteae CMW30681 Unknown Dendroctonus valens USA T

AY 194956 O. ips CBS137.36 Unknown Ips integer USA

94/1.00 Q296101 O. jps CMW7075 Unknown Ips integer USA T

82/*

75/0.99

100/1.00] HM031563 O. fuscum CMW23196 Picea abies Pityogenes chalcographus Finland T

HMO031564 O. fuscum CMW28019 Picea abies Pityogenes chalcographus Russia
MH124467 O. manchongi CMW41978 Picea crassifolia Ips nitidus China

89/1.00l MH124466 O. manchongi CMW41975 Picea crassifolia Ips nitidus China
MH124465 O. manchongi CMW41954 Picea crassifolia Ips nitidus China T
MH124281 O. japonicum CMW44470 Pinus koraiensis Ips typographus China
92/1.001MH 124282 O. japonicum CMW44592 Pinus koraiensis Ips typographus China

0.03

Figure 7. Phylogram of Ophiostoma ips complex (including Taxa 12—-13) based on tub2 sequence data. The ML bootstrap
support values = 70% and posterior probability values = 0.9 are recorded at the nodes. T = ex-type isolates.

macronematous, mononematous, (247.7-)343.3-484.6(-513.7) ym in length
including the conidiogenous apparatus, rhizoid-like structures absent. Stipes
light olivaceous, not constricted, cylindrical, simple, 3—10-septate, (98.8—)103.0—
230.0(=301.2) pm in length, (9.0-)11.1-16.9(=18.6) um wide at base, the basal
cell swollen or not, (7.1-)8.5-14.2(-16.6) um wide below primary branches, api-
cal cell not swollen. Conidiogenous apparatus (100.8-)180.1-362.1(-417.4) ym
in length, excluding the conidial mass, consisting of 1—4 series of branches, the
primary branching type B. Primary branches light olivaceous, cylindrical, (15.4-
)19.6—31.8(-35.4) x (6.2-)7.3-10.6(-12.3) um; secondary branches light oliva-
ceous, aseptate, (12.4-)13.3-16.7(-18.4) x (6.0-)6.4-9.5(-10.2) um; tertiary
branches light olivaceous or hyaline, aseptate, (8.0-)8.4-14.0(-16.1) x 5.3~
7.6(—8.9) um. Conidiogenous cells discrete, 2-3 per branch, smooth or rough,
cylindrical, (16.9-)22.2-35.4(-52.6) x (3.9-)4.0-4.8(=5.1) ym. Conidia hyaline,
smooth, aseptate, obovoid, (11.9-)12.9-15.7(-17.9) x (5.5-)6.3-7.8(-8.2) ym.
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O. maixiuense CFCC57844 Pinus griffithii Ips stebbingi Jilong, Tibet, China
|T S + tu b 2 CFCC57931 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
CFCC57930 Pinus griffithii Polygraphus rudis Jilong, Tibet, China
O. maixiuense CFCC57845 Pinus griffithii Ips stebbingi Jilong, Tibet, China
O. maixiuense CFCC55628 Picea crassifolia Dendroctonus micans Qinghai China
CFCC57932 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai, China
O. maixiuense CFCC55629 Picea crassifolia Dendroctonus micans Qinghai China
*10.93| CFCC57933 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai, China
O. maixiuense CFCC55627 Picea crassifolia Dendroctonus micans Qinghai China T
CFCC57934 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
O. maixiuense CFCC57848 Pinus griffithii Ios schmutzenhoferi Yadong, Tibet, China
O. maixiuense CFCC57847 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
CFCC57935 Pinus griffithii Polygraphus rudis Yadong, Tibet, China
O. maixiuense CFCC57846 Pinus griffithii Ips schmutzenhoferi Yadong, Tibet, China
100/1.00r O- aggregatum CFCC52617 Pinus kesiya Tomicus minor Yunnan China
O. aggregatum CFCC52615 Pinus yunnanensis Tomicus yunnanensis Yunnan China T
Ophiostoma sp. CFCC53933 Pinus armandi Dendroctonus armandi China
88/0.991 Ophiostoma sp. CFCC53934 Pinus armandi Dendroctonus armandi China
O. ginghense CFCC57855 Picea obovata Ips typographus Qinghe, Xinjiang, China
O. ginghense CFCC57853 Picea obovata Ips typographus Qinghe, Xinjiang, China
100/1.00 0, ginghense CFCC57856 Picea obovata Ips typographus Qinghe, Xinjiang, China
| O. ginghense CFCC57854 Picea obovata Ips typographus Qinghe, Xinjiang, China T
O. altaiense CFCC57838 Picea obovata Ips typographus Habahe, Xinjiang, China
100/1.00| O. altaiense CFCC57839 Picea obovata Ips typographus Habahe, Xinjiang, China
O. altaiense CFCC57840 Picea obovata Ips typographus Habahe, Xinjiang, China T
O. altaiense CFCC57841 Picea obovata Ips typographus Habahe, Xinjiang, China
0. sanum CFCC55632 Picea crassifolia Dendroctonus micans Qinghai China T
0. sanum CFCC57881 Picea crassifolia Ips nitidus Zeku, Qinghai, China
0. sanum CFCC57880 Picea crassifolia Ips nitidus Zeku, Qinghai, China
820099 0. sanum CFCC55633 Picea crassifolia Dendroctonus micans Qinghai China
O. sanum CFCC55634 Picea crassifolia Dendroctonus micans Qinghai China Taxon 16: O. sanum
CFCC57927 Picea crassifolia Polygraphus rudis Zeku, Qinghai, China
CFCC57928 Picea crassifolia Polygraphus rudis Zeku, Qinghai, China
CFCC57929 Picea crassifolia Polygraphus rudis Zeku, Qinghai, China
CFCC57926 Picea crassifolia Polygraphus rudis Zeku, Qinghai, China
O. pacis CFCC57849 Picea crassifolia Ips nitidus Zeku, Qinghai, China T
O. pacis CFCC57850 Picea crassifolia Ips nitidus Zeku, Qinghai, China
931,00/ | O- pacis CFCC57852 Picea crassifolia Ips nitidus Zeku, Qinghai, China Taxon 15: O. pacis
CFCC57936 Picea crassifolia Polygraphus poligraphus Zeku, Qinghai, China
9611.007 10, pacis CFCC57851 Picea crassifolia Ips nitidus Zeku, Qinghai, China
O. kunlunense CMW48853 Picea purpurea Ips shangrila Qinghai China
99/1.001 O kuinit

U. Runiunense

Taxon 14: O. maixiuense
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Figure 8. Phylogram of Group A (including Taxa 14-16) based on combined (ITS+tub2) sequence data. The ML bootstrap
support values = 70% and posterior probability values = 0.9 are recorded at the nodes. T = ex-type isolates.

Culture characters. Colonies on 2% MEA at 25 °C reaching a diameter of
50.1 mm in 4 days, initially hyaline or light white, later becoming light oliva-
ceous from the centre of the colony to the sides, then becoming dark oliva-
ceous, mycelium submerged and superficial with abundant aerial mycelia and
the colony margin thinning radially. Optimal temperature for growth was 25 °C,
with slow growth observed at 5 °C (45.3 mm in 30 days) and no growth at 35 °C.

Associated insects. Polygraphus rudis.

Hosts. Pinus griffithii.

Material examined. CHINA * Xizang Autonomous Region, Shigatse City, Jilong
County, from Polygraphus rudis infesting Pinus griffithii, July 2019, Z. Wang and
Q. Lu, holotype: CXY3312, ex-type culture CFCC57901, ibid. CXY3348, CXY3349.

Notes. Leptographium pseudojilongense was a phylogenetic sister to L. grif-
fithii and L. jilongense (Fig. 9), both of which were associated with Pinus griffithii
in Shigatse, Xizang (Wang et al. 2024). Leptographium pseudojilongense can be
distinguished from L. griffithii in the concatenated alignment by 1/373 bp in tub2
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Figure 9. Morphological characteristics of Leptographium pseudojilongense sp. nov. (Taxon 9, CXY3312, holotype)
A four-day-old cultures on 2% MEA B-E Leptographium-like asexual morph: conidiogenous cells and conidia. Scale bars:
10 pm (B, D, E); 40 pm (C).

and 3/666 bp in tef1-a and from L. jilongense in the concatenated alignment by
3/666 bp in tef1-a. In terms of morphological characteristics, L. pseudojilongense
can be distinguished from the other two species by the presence of a leptographi-
um-like asexual state, which is absent in the latter two. For culture characteristics,
the optimum growth temperature for both was 25 °C, but the former grew slower
than the latter two (4 days: 50.1 mm vs. 64.5 and 76.0 mm). At 5 °C, L. pseudo-
jilongense was observed growing slowly with 45.3 mm in 30 days, whereas the
other two did not grow. Furthermore, L. pseudojilongense was isolated from Jilong
County, whereas L. griffithii and L. jilongense were isolated from Ips schmutzen-
hoferi from Yadong County and Ips stebbingi from Jilong County, respectively.

Discussion

In total, 442 ophiostomatalean strains representing 16 species were obtained
from adult Polygraphus beetles and their galleries in Picea crassifolia and Pinus
griffithii on the north-eastern and southern Qinghai-Tibet Plateau. These species
were assigned to Grosmannia (G. crassifolia, G. maixiuensis and Grosmannia sp. 1
in G. penicillata complex), Leptographium (L. griffithii, L. jilongense, L. pseudojilon-
gense and L. yadongense in L. lundbergii complex; L. breviscapum in L. olivaceum
complex) and Ophiostoma (O. pseudobrevipilosi, O. stebbingi and Ophiostoma sp.
1in O. clavatum complex; O. bicolor and O. shigatsense in O. ips complex; O. maix-
iuense, O. pacis and O. sanum in Group A). Amongst them, 12 species were first
recorded as associated with Polygraphus beetles in China. Yin et al. (2016, 2019,
2020) reported seven ophiostomatalean associates of P poligraphus, but we only
collected three of them, which may be because of sample size and sampling time
or because the remaining four species are occasional (the previous reports did
not count the proportions of each species). To date, three genera (20 species) of
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ophiostomatalean fungi have been reported to be associated with Polygraphus
beetles in China (Yin et al. 2016, 2019, 2020), increasing to six genera (30 species)
when the fungi isolated from mites associated with these beetles are included
(Chang et al. 2017, 2020), showing an abundance of species diversity (Tables 1, 3).
The dominant species in this study were O. maixiuense, O. bicolor, L. yadon-
gense and O. pseudobrevipilosi, representing 20.8%, 18.1%, 17.4% and 13.4%
of the ophiostomatalean isolates, respectively, while the other 12 species all
had < 10% (Table 3). Ophiostoma maixiuense was first reported to be associ-
ated with Dendroctonus micans infesting P crassifolia on the north-eastern
Qinghai-Tibet Plateau (Wang et al. 2021). This species was also obtained from
P. poligraphus from the same host tree and sampling location. In addition, al-
though several fungal associates of P. rudis, I. schmutzenhoferi and I. stebbingi
have been isolated from P, griffithii in the Jilong and Yadong Counties on the
southern Qinghai-Tibet Plateau, only O. maixiuense was shared (Table 3; Wang
et al. (2024)). Therefore, this species may be widespread on the Qinghai-Tibet
Plateau and its pathogenicity to host trees and association with bark beetles
deserve further study. Ophiostoma bicolor is frequently associated with bark
beetles that harm spruce trees, such as some Ips and Polygraphus beetles in the
Northern Hemisphere (Yamaoka et al. 1997; Kirisits 2004; Alamouti et al. 2007;
Chang et al. 2019, 2020; Wang et al. 2021, 2024). It plays multiple roles in the
association between beetles and spruce. Solheim (1988) found that it is weakly
pathogenic to spruce trees, which may induce the host defence rather than de-
plete it (Liu et al. 2022). This is not necessarily beneficial during the early stages
of insect vector attacks on trees (Mageroy et al. 2020). Conversely, although
0. bicolor is not attractive to I. typographus (Kandasamy et al. 2019; Zhao et
al. 2019), I. nitidus prefers to feed on O. bicolor-colonised substrates and may
benefit from their aid in detoxification and improved ecological fitness (Wang et
al. 2023). The mechanisms underlying the functional diversity traits in O. bicolor
and their roles in tree—beetle—fungal interactions need to be further explored.

Table 3. Strains of ophiostomatalean fungi associated with Polygraphus in this study.

Taxon

o N g W N =

O

10
11
12
13
14
15
16
Total

Genus

Grosmannia

Leptographium

Ophiostoma

Numbers of isolates’

Species group and complex Species Total | Total Percentages
PrJ Pry Prz Ppz PpQ
G. penicillata G. crassifolia 8 8 1.81%
G. maixiuensis 9 9 2.04%
Grosmannia sp. 1 10 2 12 2.71%
L. lundbergii L. griffithii 14 14 3.17%
L. jilongense 1 1 0.23%
L. pseudojilongense 3 3 0.68%
L. yadongense 77 77 17.42%
L. olivaceum L. breviscapum 33 33 7.47%
0. clavatum 0. pseudobrevipilosi 59 59 13.35%
0. stebbingi 16 16 3.62%
Ophiostoma sp. 1 18 18 4.07%
0. ips 0. bicolor 20 60 80 18.10%
0. shigatsense 4 4 0.90%
Group A 0. maixiuense 28 39 25 92 20.81%
0. pacis 1 1 0.23%
0. sanum 15 15 3.39%
70 189 25 96 62 442 100.00%

" Prd = Polygraphus rudis from Jilong County; PrY = P. rudis from Yadong County; PrZ = P. rudis from Zeku County; PpZ = P. poligraphus from Zeku County;

PpQ = P, poligraphus from Qilian County.
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Comparisons of the fungal assemblages of bark beetles from the north-east-
ern and southern Qinghai-Tibet Plateau showed different patterns (30 vs. 12
fungal species), with only 0. maixiuense being a shared species (Suppl. material
1: tables S2, S3), which may be due to biogeographic barriers and host species.
On the north-eastern Qinghai-Tibet Plateau, there are 14,21 and 14 fungal asso-
ciates of Dendroctonus, Ips and Polygraphus, respectively (Yin et al. 2016, 2019,
2020; Chang et al. 2020; Wang et al. 2021, 2024). Ophiostoma ainoae, O. bicolor,
0. nitidum, O. sanum and O. shangrilae are shared by these three beetle genera,
the latter three of which are currently found only on the Qinghai-Tibet Plateau,
whereas the first two are thought to be widely distributed in the coniferous for-
ests of China and are associated with a variety of bark beetles (Chang et al.
2019; Wang et al. 2024). Six fungal associates of Polygraphus were shared only
with Ips and only two were shared with Dendroctonus (Suppl. material 1: table
S2). This may be because of overlap in the niches of the first two genera of bee-
tles. Furthermore, Dendroctonus mainly harms trunks below the DBH (diameter
at breast height) of the host tree, which is not the preferred choice for Polygra-
phus and Ips. On the southern Qinghai-Tibet Plateau, although the straight-line
distance between Jilong and Yadong Counties is not large, the fungal assem-
blages of bark beetles from the two Counties are divergent, with only one of the
12 species shared (Suppl. material 1: table S3). Interestingly, the fungal associ-
ations of different beetles at the two sites were highly coincident. Four of the six
fungal associates of P. rudis are shared with I. stebbingi. Similarly, all four of the
P rudis’ fungal associates in Yadong County were also isolated from I. schmu-
tzenhoferi by Wang et al. (2024). This suggests that the biogeographic barrier
caused by the high mountain-and-gorge landform on the southern slopes of the
Himalayas creates this fungal assemblage pattern of bark beetles, even though
the host species are the same and geographical distances are not far.

Overall, this study deepens our understanding of the composition of
ophiostomatoid fungi associated with bark beetles, especially Polygraphus, on
the Qinghai-Tibet Plateau. The discovery of a large number of new fungal spe-
cies and new tree-bark beetle-fungal associations has made it an urgent task
to reveal their biological functions and ecological features.
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