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Dynamic and complex network connecting oxidative stress resistance, iron
homeostasis and autophagy in Alternaria alternata

Kuang-Ren Chung and Pei-Ching Wu
Department of Plant Pathology, College of Agriculture and Natural Resources, National
Chung-Hsing University, Taichung, Taiwan

Necrotrophic fungi often deploy toxins or cell wall-degrading enzymes to kill host
cells prior to invasion and thus are less affected by the hypersensitive reaction.
Necrotrophic fungi may utilize ROS-induced damages to their advantage. The
tangerine pathotype of Alternaria alternata relies on the production of a host-selective
toxin to colonize its host plants.  The ability to mitigate the toxicity of reactive oxygen
species (ROS) also is required for pathogenesis. Considerable advances have been
made in the understanding of the mechanisms by which A. alternata is protected from
deleterious effects of ROS. A. alternata is capable of producing ROS by a membrane-
bound NADPH oxidase (Nox), which plays regulatory roles during conidial formation
and for ROS resistance and also has a substantial contribution to fungal virulence and
to effective penetration of citrus hosts. A low level of ROS generated by Nox is critical
for activating global regulators involved in the detoxification of ROS, cellular
protection, and the biosynthesis of siderophores for iron acquisition. ROS
detoxification is a complex process that involves multiple transcription regulators and
signaling pathways. Studies have identified several proteins and pathways that are
required for ROS resistance in the pathotype of A. alternata. Those include the Yapl
bzip transcription factor, the Skn7 response regulator, the Hogl mitogen-activated
protein kinase (MAPK)-mediated pathway, as well as peroxisome and autophagy-
mediated processes. Through the coordinate balance of generating, sensing and
detoxification of ROS, A. alternata can colonize within the citrus hosts.
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Mycobiota associated with Turtle Island Hydrothermal Vent Field, Taiwan

Ka-Lai Pang
Institute of Marine Biology and Centre of Excellence for the Oceans, National Taiwan
Ocean University, Taiwan (ROC)

Fungi associated with marine hydrothermal vent ecosystems are little known.
Diversity of fungi associated with sediment, seawater and animals collected at/near the
marine shallow-water hydrothermal vents of Turtle Island, Taiwan was investigated.
Fifty-four and Fifty-nine species of fungi were isolated from black and yellow (with
sulfur) sediment, respectively. A total of 26 species were isolated from the vent crab
Xenograpsus testudinatus. Ascomycota was the dominant taxa over Basidiomycota.
Majority of the fungi recovered are terrestrial species but have been previously reported
from the marine environment. A growth study of selected species under a range of pHs,
salinities and temperatures revealed different responses of the fungi: (1) wide pH,
salinity and temperature ranges, (2) salinity-dependent and temperature-sensitive, and
(3) temperature-tolerant. A transcriptome analysis of the thermal-tolerant Aspergillus
terreus NTOU4989 suggested its stress response to pH, salinity and temperature.
Further examination of growth response of a number of terrestrial and marine isolates
of A. terreus under different pHs (3, 7), temperatures (25 °C, 45 °C) and salinities (0
%0, 30 %0) categorized these isolates into three groups according to their ecological
origin: marine hydrothermal vent, terrestrial and marine algal isolates. However,
phylogeny of these isolates based on various protein genes including calmodulin, B-
tubulin, elongation factor 1o and RNA polymerase Il subunit did not correspond to
their ecological origin. The marine environment may harbor both terrestrial and marine
isolates of A. terreus, which have the physiological/genetic capacity to adapt to the
marine conditions. Metabolic activity of A. terreus NTOU4989 was examined using
BIOLOG FF MicroPlate™ under different pHs (3, 7), temperatures (25 °C, 45 °C) and
salinities (0 %o, 30 %o) and in the presence of three metal ions in effluent of vents (AI%*,
Fe?* and Mn?"). Nitrogen-containing compounds were highly utilized over other types
of carbon sources, such as monosaccharides. Monomers of lignin, cellulose and
hemicellulose, and common sugars and amino acids of algae were utilized in selected
conditions, providing evidence of a decomposer role of this fungus at the hydrothermal
vent site.
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Food of the Gods: Ambrosia Symbiosis between Beetles and Fungi

Yin-Tse Huang % * 7

Assistant Professor, Department of Biomedical Science and Environment Biology,
Kaohsiung Medical University.

ythuangmyco@kmu.edu.tw, ythuangmyco@gmail.com

Ambrosia symbiosis is a mutualistic lifeform between ambrosia beetles and
ambrosia fungi. Ambrosia beetles are a group of specialized weevils excavate tunnels
underneath tree barks, and cultivate their fungal associates, ambrosia fungi, as their sole
food source. The ambrosia lifeform contains species, both beetles and fungi, that
display a wide array of ecological forms in the environment. Some colonize the stressed
or freshly dead trees and pose no significant impacts to the environment. Some prefer
the fallen dead trees and facilitate wood decomposition. Some infest living trees and
lead to enormous economic losses; examples such as avocado disease in the west USA,
laurel wilt in the southeast USA, decline of tea trees in Sri Lanka, and oak wilt in Japan
and Korea. These pestiferous species, though, account for only a small fraction of the
overall ambrosia species (10 — 15 pestiferous beetle species out of 3200 known
ambrosia species). Moreover, there are no apparent features for predicting their
potential tree-killing capacity. Fundamental research such as the ecology, biology, and
systematics of these diverse life forms are therefore essential to further our
understanding of the symbiosis. As more is learned about their fundamental nature, we
will be better able to prepare and prevent the next pestiferous species.
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Surveillance of molecular epidemiology, antifungal sensitivity and pathogenicity
of Cryptococcus gattii in Taiwan
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Cryptococcosis is a potentially fatal disease mainly caused by Cryptococcus
neoformans species complex or C. gattii SC, which usually affects subjects with
compromised immunity. After the outbreak of cryptococcosis in North America,
attention to infections caused by C. gattii SC had risen. However, the rarity of human
cryptococcosis caused by C. gattii SC limited the studies for this fungal pathogen.
Studying the environmental strains is an alternative way to understand C. gattii SC. In
this study, we developed a two-step method with a newly designed selective medium
and used it to isolate C. gattii SC from the environment in Taiwan without the
interference of coexisting filamentous fungi. Strains of C. gattii SC can be isolated in
their tree habitats in Taiwan. Seven sequence types (STs) were identified, 4 in the VGI
group and 3 in the VGII group. Three of the seven STs were newly identified in this
study. According to the molecular epidemiology and geographical distributions, the
clinical strains are closely related to the environmental strains. The phylogenetic
analyses revealed that the C. gattii SC strains in Taiwan might have the same origin as
those in South America and South Asia. The antifungal susceptibility tests
demonstrated a significant difference in antifungal susceptibility between strains of
different sequence types. The pathogenicity and virulence tests disclosed that all the
environmental strains were pathogenic, and the difference of virulence between strains
of each sequence type was significant. The newly identified ST 630 strains have the
lowest antifungal susceptibility and the highest virulence among the strains of STs in
the VGI group.

The newly developed two-step method provides an effective way to study the
environmental strains of C. gattii SC, and the results of this study provided important
information on molecular epidemiology, antifungal susceptibility and virulence of C.
gattii SC in Taiwan.
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Species diversity, taxonomy and multi-gene phylogeny of phlebioid clade
(Phanerochaetaceae, Irpicaceae, Meruliaceae) of Polyporales

Chen, Che-Chih® 23, Chen, Chi-Yu?, and Wu, Sheng-Hua??

!Biodiversity Research Center, Academia Sinica, Taipei, Taiwan

2Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan
3Department of Biology, National Museum of Natural Science, Taichung, Taiwan

The phlebioid clade is a large group of the Polyporales (Basidiomycota),
comprising of three families (Phanerochaetaceae, Irpicaceae, and Meruliaceae) and
about 54 genera. Most species are corticioid fungi and resupinate polypores, the rest
are pileate polypores and hydnoid fungi. Members of the phlebioid clade play an
essential role in the maintenance of forest ecosystems. Most species in the phlebioid
clade are saprotrophs on dead wood, causing a white rot. Nevertheless, some species
may be endophytic, pathogenic on trees and symbiotic with other organisms, such as
mycoheterotrophic orchids and ambrosia beetles. Despite the importance of the
phlebioid clade, compared to the antrodia and core polyporoid clades of Polyporales,
it has not been intensively studied. Generic delimitation within this clade is still not
settled. Some genera with abundant species are known as paraphyletic or polyphyletic,
and their members are scattered in different lineages, not fully consistent with the
morphological features. Furthermore, there are still a considerable number of new
species (especially corticoid species) requiring description, and molecular sequences
are lacking for many known species. Thus, it is essential to provide a comprehensive
investigation on a broad overview of the phlebioid clade, based on more studied taxa
and multi-gene analyses. The present study used morphological and phylogenetic
approaches to revise the generic classification of the phlebioid clade and survey species
diversity. The phylogenetic analyses were performed using sequences of multiple genes,
including the nuc rDNA ITS1-5.8S-ITS2 (ITS), the D1-D2 domains of 28S rDNA (28S),
the RNA polymerase Il largest subunit (rpbl), the RNA polymerase Il second largest
subunit (rpb2), and the translation elongation factor 1-a (tefl). We overall recognize 57
genera including six new ones, describe 32 species including 26 new species belonging
to 15 genera, and present 18 new combinations belonging to 12 genera. Descriptions,
illustrations and notes of new species and some new records are provided, as well as
identification keys to genera of each family.
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Engineered biosynthesis of natural products in Aspergillus nidulans

Shu-Lin Chang (38 % k)
Ea®p g

Fungal natural products are an important source of drugs in the pharmaceutical
industry. The sequencing projects have revealed that many fungal genomes contain
large numbers of nature product biosynthetic clusters for which the products are still
unknown. This indicates that most fungal biosynthetic gene clusters are either silent or
expressed at very low levels under normal laboratory growth conditions. Here, we
conducted Aspergillus nidulans as a model strain to demonstrate some approaches to
unlock cryptic gene clusters, to elucidate their corresponding products and pathways.
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Molecular mechanisms of regulation of antifungal drug resistance by CZT-1
Yu-Tung Lai, A. Pedro Gongalves

Exploring the epigenetic-associated fungal development through profiling
DNA methylome and transcriptome of Termitomyces

Yu-Chun Huang, Huei-Mei Hsieh, Yu-Ming Ju, Pao-Yang Chen

Elucidating Dub module functions of SAGA complex in the human fungal
pathogen Candida glabrata
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P BIPRS00 R0 B IR

EHOS R BERHEE AFAFRE

Functional characterization of genes potentially involved in low virulence
and slow growth of Colletotrichum scovillei T-DNA insertion mutant B42
Kuang-Heng Chen, Miin-Huey Lee
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Evaluation of potentially anti-diabetic from edible mushroom ( Pholiota
nameko ) extracts

Seng-Kai Vong, Yu-Ming Ju, Chiao-Ming Chen, Sing-Chung Li

A network-based method for predicting fungal essential genes through
identification of core genes

Pei-Yu Lin, Yu-Chun Huang, Hsiao-Ching Lin, Wen-Neng Chou, and Pao-Yang
Chen
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Molecular mechanisms of regulation of antifungal drug resistance by CZT-1

Yu-Tung, Lai', and A. Pedro Gongalves'*
!Department of Cell Biology and Anatomy, National Cheng Kung University, Tainan,
Taiwan
*Email address: pedro@gs.ncku.edu.tw

It is estimated that there are approximately 1 billion cases and 1.5 million deaths
from fungal infections worldwide, each year. Besides, fungal infections also affect
animal and plants, with examples of fungal diseases causing massive death in staple
grains, which leads to a heavy impact in regional economies and livelihoods. Despite
the fact that some types of antifungal drugs are available for the treatment of fungal
infections, their variety is insufficient. Therefore, understanding the mechanisms of
antifungal drug resistance is an urgent issue. Previous research using Neurospora
crassa as a model fungus demonstrated an association between czt-1 and resistance to
the cell death inducer staurosporine. The transcription factor gene czt-1 regulates the
expression of ATP-binding cassette transporters, including the gene encoding ABC-3.
Expression levels of czt-1 and abc-3 are positively correlated with drug resistance, and
the lack of czt-1 or abc-3 leads to hypersensitivity to staurosporine. In a wild population,
a single nucleotide polymorphism in czt-1 was linked to the expression of another
transcription factor, tah-3, which appears to also contribute to drug resistance.
Moreover, a point mutation in czt-1 (L680F) was found to explain the increased
tolerance of the acr-3 mutant strain to certain drugs. | propose to further explore the
relationship between czt-1 and tah-3 and to analyze the functional consequences of the
L680F mutation. Altogether, we plan to investigate the molecular mechanisms of czt-1,
tah-3 and their target genes and potentially recommend new therapeutic strategies to
overcome antifungal drug resistance.



Exploring the epigenetic-associated fungal development through profiling DNA
methylome and transcriptome of Termitomyces

Yu-Chun Huang'?, Huei-Mei Hsieh?, Yu-Ming Ju?, and Pao-Yang Chen?
! Bioinformatics Program, Taiwan International Graduate Program, Academia Sinica,

National Taiwan University, Taipei, Taiwan.
2 Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan.

DNA methylation is an epigenetic modification often associated with gene
regulation in response to the genetic and environmental factors. It has been found in
many fungal species with context-specific methylation due to the diverse usage of DNA
methyltransferases across fungal phyla. Mycelium was consistently found to display a
lower methylation than other tissues in several fungal species, implying potential stage-
specific DNA methylation in fungi. Termitomyces eurrhizus is an edible fungus having
a symbiotic relationship with black winged subterranean termite. As the mushroom
formation of Termitomyces is complicatedly triggered by external conditions, we
hypothesized that the growth process of Termitomyces may be epigenetically influenced
by genome-wide DNA methylation. We assembled the Termitomyces genome, then
profiled genome-wide DNA methylation at single-nucleotide resolution throughout five
developmental stages. Our results indicated that the DNA methylation is mostly found
at transposons and depleted from genebodies. We observed clear changes in the global
methylation level throughout the course of mushroom forming, in particular at non-CG
cytosines. Primordium, as the initiation stage of fruiting, has the highest methylation
level than those from other tissues, with the differentially methylated regions
specifically enriched in transposons and intergenic regions, mostly at non-CG cytosines.
Intriguingly, although the transposons are abundantly methylated, we found that the
transposons around highly expressed genes are mostly hypo-methylated; suggesting a
potential gene regulation by the nearby transposons. Along with the stage transition
from non-fruit body to fruit body, we identified specific sets of genes including several
known fruiting genes where the changes of gene expression are also anti-correlated with
the changes of non-CG methylation at their nearby transposons. This suggested that the
stage-specific non-CG methylation of transposons nearby the genes may be responsible
for mushroom initiation as well as other growth processes.

Keywords: Epigenomics; DNA methylation; transposon; Termitomyces; Fungal
development



Elucidating Dub module functions of SAGA complex in the human fungal

pathogen Candida glabrata

Yue-Han Huang?, Ying-Lien Chen!
!Department of Plant Pathology and Microbiology, National Taiwan University,
Taipei, Taiwan

Candidiasis is one of the most important fungal diseases, and generally refers to
diseases caused by Candida species in skin or mucosal organs. Biofilm formation in
Candida species is critical for host infection, but the regulation of biofilm formation is
limited. Besides, due to the innate antifungal drug resistance of C. glabrata and the
difficulty in the development of antifungal agents, the frequent use of a few antifungal
drugs had gradually increased the pathogenicity of non-albicans Candida species. Post-
translational modification has an important function in characterizing heredity, and
SAGA complex contains two different post-translational modifications including
histone acetylation (HAT module) and deubiquitination (Dub module), which are
decisive in gene regulation, and highly conserved in many organisms. Previous research
in our laboratory found that the HAT module ADA2 regulates C. glabrata oxidative
stress tolerance, drug tolerance and cell wall integrity. Meanwhile, HAT module
deletion mutants increased their virulence in a murine model of systemic infection,
which is different from the results of other pathogenic fungi. The roles of Dub module
(UBP8, SGF73, SGF11 and SUS1) in C. glabrata SAGA complex is not yet understood,
thus we further characterize its function in C. glabrata. We found that all Dub module
mutants increased ubH2B level except sgf73 mutant. Furthermore, mutants that
increased ubH2B level were sensitive to cell wall perturbing agent SDS and antifungal
drug amphotericin B, while exhibited decreased level of biofilm formation. Besides,
sgf73 mutant was susceptible to oxidative stresses, antifungal drugs and cell wall
perturbing agents compared to wild type. By transcript analysis, the inhibition of CTAL
was observed in sgf73 mutant upon treating H20.. In conclusions, the Dub module
module of SAGA complex plays vital roles in regulating ubH2B level and biofilm
formation, but the mechanism is not clear.

Keywords: Candida glabrata, SAGA complex, Dub module, UBP8
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Functional characterization of genes potentially involved in low virulence and
slow growth of Colletotrichum scovillei T-DNA insertion mutant B42

Kuang-Heng Chen?, Miin-Huey Lee?
! Department of Plant Pathology, National Chung Hsing University, Taichung,
Taiwan

The yield and quality of chili pepper, a kind of worldwide spice, can be influenced
by many pathogens. Colletotrichum scovillei as a pathogen of pepper anthracnose is
prevalent in Taiwan and causes severe yield loss of chili. To study genes that are
involved in development and pathogenicity of this pathogen, T-DNA insertional
mutagenesis library was created. B42 is one of the mutant strains and showed slower
growth and lower virulence than wild-type strain. After inverse PCR analysis and DNA
sequencing, T-DNA of B42 was found to insert the noncoding region between two
genes, hyp866 and hyp582. Through bioinformatics analysis, hyp866 encodes a
hypothetical protein and hyp582 encodes a protein carrying a functional domain that
belongs to the superfamily of aminoglycoside phosphotransferase (APH). In the result
of semi-Q RT-PCR, the two genes showed lower expression levels in B42 than wild-
type strain when cultured on PDA. To understand the function roles of the two genes in
the slow growth and low virulence of B42, gene knockout mutants of hyp866 and
hyp582 were generated. Mutants of hyp866 appeared to grow slightly faster than wild-
type strain on modified Cazpek’s medium, while mutants of hyp582 were more resistant
to hygromycin and geneticin (G418) than wild-type on MS agar medium. Compared to
wild-type strain, the hyp866 knockout strains didn’t show significant difference on
virulence on chili pepper fruit.
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Evaluation of potentially anti-diabetic from edible mushroom (Pholiota nameko )
extracts

Seng-Kai Vong !, Yu-Ming Ju 3, Chiao-Ming Chen 2, Sing-Chung Li **
1 School of Nutrition and Health Sciences, College of Nutrition, Taipei Medical
University, Taipei, Taiwan
2 Department of Food Science, Nutrition, and Nutraceutical Biotechnology, Shih
Chien University, Taipei, Taiwan
3 Institute of Plant and Microbial Biology, Academia Sinica, Taipei, 11529, Taiwan

Skeletal muscle plays an important role in glycaemic control and maintains
glucose homeostasis. Impaired insulin action in muscles leads to insulin resistance (IR)
and Type 2 diabetes (T2DM), as known as chronic metabolic disorder has been rapidly
increasing all over the world. Reactive oxygen species (ROS) generated from oxidative
stress is directly involved in IR in T2DM. Pholiota nameko (PN), a kind of edible and
medicinal fungus. It is now widely cultivated in China and Japan for food and
traditional medicine. Previously it has been reported that the phytosterol such as
Vitamin D2 (VD) and ergosterol (ERG) and antioxidant can improve IR in T2DM. But
the hypoglycemic effect of PN is still unclear. Therefore, the objective of this study is
to compare the phenolic and antioxidant activity from PN extract in different polar ratio,
along with cell viability assessment through C2C12 myoblast cell. 5 grams of PN was
ground into powder by liquid nitrogen and treated with 95% ethanol to obtain PN
ethanol extract (PN-EE). Freeze-dried PN-EE sample was partition into ethyl acetate
layer (PN-EA) and water layer (PN-EW). Subsequently, the VD, and ERG level of PN’s
extracts were examined by UPLC followed by MTT assay of cell viability. UPLC
assessment shows that VD; level was high in PN-EE (12.23 ug/g DW) and low in PN-
EA (4.53 ug/g DW), whereas, ERG level was high in PN-EA (0.84 mg/g DW) and low
in PN-EE (0.66 mg/g DW). However, VD2 and ERG cannot be detected in PN-EW
through UPLC. Folin-Ciocalteu and 2,2-dipheny-1-picryl-hydrazyl-hydrate (DPPH)
indicates both PN-EE and PN-EW have high phenolic contents (5 + 0.17, 8.59 + 0.3
mg of GAE /g) and antioxidant activity (47.19 £ 1.54%, 56.76 + 1.49%) compares with
PN-EA. Furthermore, MTT assay was performed by applying PN-EE in concentration
from 12.5 to 400 ug/mL for 24-48 hours. The result showed that PN-EE did not cause
any toxicity in dose dependent manner. Finally, it is concluded that PN-EE/PN-EW
have more therapeutic potential among all the extracts, with high phytosterol and
antioxidant activity and it can be used to develop antidiabetic ingredients to improve
ROS associated IR. In accordance with current study outcomes further work has been



pursuing to explore the molecular mechanism of PN-EE or PN-EW in IR muscle cell.

Keywords: Pholiota nameko, Ethanol extract, Water extract, phytosterol, Vitamin D,
Ergosterol, C2C12 cell



A network-based method for predicting fungal essential genes through
identification of core genes

Pei-Yu Lin?, Yu-Chun Huang®?, Hsiao-Ching Lin%, Wen-Neng Chou*, and Pao-Yang Chen??
YInsititute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan
2 Bioinformatics, Taiwan International Graduate Program, Academia Sinica, National Taiwan
University, Taipei, Taiwan
3 Institute of Biological Chemistry, Academia Sinica, Taipei, Taiwan
4 Department of Botany, National Museum of Natural Science, Taichung, Taiwan

In fungal species, the essential genes are particularly helpful for the identification
of antifungal drug targets, and the prediction of biosynthetic gene clusters. With
resource expensive for experimentally constructing a catalog of essential genes,
computational approaches to precisely identify candidate essential genes would be
invaluable. Here, we present a network-based approach to predict fungal essential genes.
To this end, a total of 491 fungal genomes (68% of assembled) kindly shared by
communities were collected. We implemented Louvain algorithm for effectively
clustering 6M fungal proteins from these fungal genomes based on sequence similarity,
resulted in 67,826 orthologous gene clusters; each represents a group of similar proteins
sharing amongst several fungal species. Each ortholog cluster was exploited as a sub-
network where nodes are proteins and edges are the protein similarity. With their
network statistics as parameters, a generalized linear model (GLM) and a random forest
model were built to accurately rank these subnets by their likelihood of originating from
an essential gene. We found that the top ranked subnets were of two types, one exhibits
in many species (global) and the other is only vital for a few closed-relative fungi (local)
with a higher network density, suggesting these local essential genes may be unique to
specific yet close fungal families for living. For examples two of our predicted local
essential genes, CFT1 which takes part in mMRNA cleavage and UTP6 encoding for
nucleolar proteins, are found to be close species well within genus Nakaseomyces. As
a validation, our approach coupling with either GLM or random forest model reached
84% and 91% accuracy in predicting known essential genes from three well-studied
species (S. pombe, S. cerevisiae and A. fumigatus). Additionally, GLM-based prediction
tends find more previously undiscovered essential genes, for instance, several novel
gene subnets associated with specific functions such as tetratricopeptide repeats coding
protein or citrate synthase which have been shown to be essential for Eukaryotes. Our
prediction strategy is based on a large number of fungal genomes, combining network
biology, statistical modelling and machine learning, to provide a ranked list of fungal



core genes. The results as a web database would serve as a valuable resource for fungal
genomic research.

Keywords: core genes, essential genes, fungi, orthologs
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