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Abstract

Talaromyces marneffei, a thermally dimorphic saprophytic fungus, causes talaromycosis in immunocompromised patients.
Differential gene expressions determine the morphology of this species at different growing temperatures. It is known that
alternative splicing (AS) is common in eukaryotes, including fungal species, however, there is not a systematic AS analysis yet
in T. marneffei. We collected over 2.3 billion paired RNA-sequencing reads and mapped these reads to the reference genome. A
total of 36,769 AS events, including 3,512 alternative acceptor sites, 2,216 alternative donor site, 219 exon skipping, 12,442
intron retention, and 18,380 other events were identified by the genome-wide mapping analysis. These AS events were identified
from 1,734 protein-coding gene models and 752 newly identified genomic loci, including 46 genes encoding carbohydrate active
enzymes. The AS rate was estimated to be ~19.8%. A total of 46,249 unique RNA transcripts were assembled and 45,296
polypeptides were predicted and functionally annotated. Preliminary analysis using data collected from samples grown at 25 <C
and 37<C or in dimorphic transitions by switching temperatures identified treatment specific events, suggesting that AS may
play some roles in establishing specific morphological characteristics in this species. The data collected in the work, including
RNA-seq data mapping information, assembled RNA transcripts, identified AS events, and new genomic loci, provide a solid
resource for further investigation of the gene regulations in the dimorphism of T. marneffei.
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1. Introduction

Talaromyces marneffei, formerly known as Penicillium
marneffei, was renamed in 2011 based on several DNA
marker sequences [1]. It was classified as an opportunistic
pathogen as it causes infections, called talaromycosis, in im-
mune-compromised individuals, particularly, HIV-positive
persons [2]. T. marneffei is a thermally dimorphic saprophytic

fungus which has a multicellular hyphal form growing around
25<C or has a single celled yeast form around 37 <C [3]. The
biology of T. marneffei and associated disease taloromycosis
was recently comprehensively reviewed [2, 4].

Research efforts have been made to investigate the molec-
ular mechanisms of the dimorphic switching in this species
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and more than 30 genes have been identified involved in reg-
ulation of T. marneffei growth and morphogenesis, including
areA, abaA, msgA, hgrA, madsA, and drkA particularly in-
volved in dimorphic transition [2]. Along with the applica-
tions of RNA-sequencing (RNA-seq) technologies, recently
RNA-seq data have been generated in T. marneffei and dy-
namic transcriptomic changes during dimorphic transitions
have been investigated [5-12]. Yang et al. (2013) measured
global gene expression profiles of mycelial cells grown at
25<C and yeast cells at 37 <C for a week [5]. A total of 2,861
differentially expressed genes were identified, including 1,447
over-expressed and 1,414 under-expressed in yeast cells at
37<C, compared with mycelial cells at 25<C [5]. Further, Yang
et al. (2014) collected samples in temperature switch experi-
ments with yeast or mycelial growth plates were transferred to
25<C or 37<C for 6 hours, respectively, for RNA sequencing
[6]. They classified 2,718 genes with variable expression lev-
els in switching experiments and these genes were clustered
into 14 different groups. Du et al. (2024) recently reported a
large scale of gene expression profiling during the dimorphic
transition of T. marneffei through time-course analysis [7].
They identified 5,223 dimorphic transition induced genes. In
addition to the publications mentioned above on global gene
expression studies related to dimorphic transitions, Lau et al.
(2018) reported the effect of T. marneffei partitivirus-1
(TmPV1) on the gene expression in T. marneffei, with poten-
tial virulence factors up-regulated and RNA interference re-
lated genes down-regulated [8]. Wangsanut et al. (2024) com-
pared gene expression of wildtype, the acuM deletion strain,
and the acuK deletion strain growing at 25<C, demonstrated
the role of AcuK and AcuM as globlal regulators controlling
multiple cellular adaptations to harsh environmental condi-
tions in T. marneffei [9]. Dan et al. (2024) reported that global
gene expression profiling of T. marneffei grew at 37<C and
prediction and functional analysis of secreted proteins for dis-
covery of biomarkers [10]. All these works through exploring
RNA-seq data have significantly increased our understanding
of gene regulations of T. marneffei growth and dimorphic de-
velopment.

Intron-containing genes in eukaryotic organisms can be
transcribed to generate multiple RNA transcripts through a
process of alternative splicing (AS). Since AS alters the
mMRNA sequences, different isoform sequences may encode
different functional proteins or may become non-coding. Nu-
merous studies have shown that AS plays important biological
roles in regulation of biological development, adaptations and
evolution to the changing environments through increasing
both the diversities of transcriptome and proteome [13, 14]. A
survey reveals AS events in fungi ranged from 0.2% in non-
pathogenic yeast Saccharomyces cerevisiae to 38.44% of ex-
pressed transcripts in Shiraia bamlusicola [15-17]. However,
our recent study revealed that about 50% of expressed genes
and up to 55.8% of intron containing genes subjected to AS in
Aspergillus niger [18]. As mentioned above, research works
have been published in T. marneffei using RNA-seq data for
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investigating global gene expression changes, however, only
Yang et al. (2013) mentioned that there were 2,908 genes
(26.3%) expressed more than one isoform through AS but de-
tailed elaboration was not provided [5]. In considering the im-
portance of T. marneffei as a human pathogen, collecting in-
formation on genes subjecting AS is necessary for understand-
ing of the gene functional regulation of dimorphic transitions
in the process of infections. In this work we carry out a ge-
nome-wide identification and analysis of AS events in T.
marneffei by integrating a large amount of RNA-seq data ob-
tained from multiple published projects. The aim is to compile
a catalog of genes subjecting to AS and their associated iso-
form sequences. Such a collection and analysis of these genes
subjected to the regulation of AS at different developmental
stages and dimorphic transitions may provide information for
further characterizing the biological functions of the products
of these genes and for finding medical solutions for treatments
of the diseases in patients caused by T. marneffei infection.

2. Materials and Methods

2.1. Reference Genome Sequences and RNA-seq
Datasets

T. marneffei reference genome sequences with annotated
genomic GFF (General Feature Format) file (Genome assem-
bly ASM955685v1) and other related files were downloaded
from the genome database of the National Center for Biotech-
nology Information (NCBI,
https://www.ncbi.nIm.nih.gov/datasets/ge-
nome/GCF_009556855.1/). The genome assembly was gener-
ated from isolate 11CN-20-091 with a total size of 28.2 Mb
and 10,066 genes including 9,994 protein coding genes anno-
tated [19].

The RNA-seq data were downloaded from the NCBI SRA
database  (https://www.ncbi.nlm.nih.gov/sra/docs/sradown-
load/) using SRA Toolkit (version 3.1.1). The RNA-seq da-
tasets were selected from 8 projects with a total of 94 samples
(Table 1). The detailed treatments of samples from which
RNA-seq data were generated can be found from respective
references [5-12] (Table 1).

2.2. RNA-seq Reads Mapping and AS Events
Identification

The RNA-seq reads were mapped to the reference genome
sequences using HISAT2 (v2.2.1) with default parameters
[20]. HISAT2 is a fast and sensitive alignment program for
mapping next-generation sequencing reads to a single refer-
ence genome. The mapping file generated by HISAT2 was
further processed using Samtools and StringTie tool for gen-
erating the transcripts GTF (Gene Transfer Format) file fol-
lowing the protocol described by Pertea et al. (2016) [21].
The individual sample “transcripts.gtf” files were further
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merged using StringTie merge function for samples in each
project and for the whole work. The default parameters were
used with “-G <reference.gff>" for providing a reference an-
notation to guide the merge and include known isoforms and
“-1” for keeping merged transcripts with retained introns, as
the intron retention type is known to be a prevalent AS event
type in fungal genes. Astalavista was used for AS event clas-
sification [22]. Basic AS events are generally classified as
exon skipping (ES), alternative donor site (AltD), alternative

accepter site (AltA), intron retention (IR) and mutually ex-
clusive exons (MXE). Other “complex” events can be formed
with two or more basic AS events, such as an event contain-
ing both AltA and AltD.

AS events were analyzed in selected samples for identify-
ing morphology specific and morphology transition specific
AS events using in-house tools. The Venn diagram was gen-
erated using R4.2.1.

Table 1. RNA-seq data sources and associated references.

Projects Samples Length (bp) Treatments References
PRINA1041082 3 150 \Zl\élclgtype (ATCC18224), acuK or acuM deletion strains at [9]
PRINA1108869 3 150 Wildtype (ATCC18224) at 37<C [10]
PRINA1163092 4 150 :/c\)/l:!sdtype (ATCC18224) at 37T yeast form and 25 <C filamen- [12]
PRINA212740 4 90 Strain PM1 mycelia at 25<C or yeast cells at 37<C [5]
PRINA251718 4 90 Strain PM1 dimorphic transitions by switching (25 or 37 <C) [6]
PRINA353903 8 101 Strain PM1 TmPV1- free or infected isolates of T. marneffei [8]
Strain PM1 and the madsA deletion nutant dimorphic transi-

PRINA431116 8 100 tions at 25<C or at 37<C [11]
PRINAG70557 60 150 Strain PM1 time-course profiling during dimorphic transi- 7]

tions

2.3. Functional Annotation of Transcripts and
Data Availability

The assembled RNA transcript sequences were retrieved
using gtf_to_fasta tool in the TopHat package based on the
GTF file generated by StringTie tool after merging all GTF
files. These transcripts were functionally annotated, including
protein sequence prediction, Translated BLAST (Basic local
alignment search tool; BLASTX) against UniProt/Swiss-Prot
database (cutoff E-value 1e-5), protein family (Pfam) search
(cutoff E-value le-5), and mapping their genomic locations
with reference gene models [23]. The Pfams of carbohydrate-
active enzymes (CAZymes) were analyzed based on the infor-
mation of the CAZyme classification
(http://lwww.cazy.org/Home.html) [24]. The transcript se-
guences, detailed information of AS events, and supplemen-
tary files are available at our bioinformatics site (http://bioin-
formatics.ysu.edu/publication/data/Tmarneffei/).
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3. Results

3.1. Mapping RNA-seq Data to the Genome

We collected and then mapped a total of 94 RNA-seq da-
tasets to the reference genome of T. marneffei. The accession
numbers and detailed mapping information of all samples
data can be found in supplementary Table 1. The mapping
information for each project was summarized in Table 2. The
overall mapping rates varied in different projects includ-
ing >90% mapping rates in 7 projects and only 70.3% in
PRJINA353903. Combining all data of 8 projects revealed
that a total of 2.3 billion paired reads were collected with 2.0
billion reads (~87.3.0%) being mapped uniquely concord-
antly to the genome and about 2.9% reads mapped to more
than one genomic locus. The overall mapping rate including
both mapped paired mates and single mates in all combined
RNA-seq data was 92.1% (Table 2).
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Table 2. Summary of mapping rates of RNA-seq data of T. marneffei.

Project ID Total Paired Reads (millions)
PRINA1041082 63.9

PRINA1108869 67.5

PRINA1163092 89.0

PRINA212740 53.7

PRINA251718 53.7

PRJINA353903 274.8

PRINA431116 256.2

PRINA970557 1458.2

Total 2316.9

3.2. ldentification of AS Events and Associated
Genomic Loci or Genes

RNA-seq data were mapped individually for each sample
and then the mapped Bam files were merged using StringTie
program in each project and all Bam files were merged for
generation of the final assembly of the transcripts for annota-
tion. AS events were identified in each project and in all
merged data using Astalavista software and the results were
shown in Table 3. The number of total AS events was highly
positively correlated with the total mapped reads or mates in
each project (correlation coefficient R = 0.987) (Supplement
Figure 1). However, the length of reads and sequencing depth
of transcriptomes may also affect the number of AS events
identified in each project. The results of each category of basic
AS events in T. marneffei are consistent with data reported in
other fungal species. That is, among basic AS events, IR (34.9
—50.0%) is the major type of AS events, followed by AltA
(9.2 — 16.9%) and AltD (6.2 — 8.9%), and ES (0.7 — 1.0%)
represented the least AS category (Table 3). The “others” cat-
egory includes MXEs and other complex events which have
two or more basic AS categories resulting in an AS event.
Combining all RNA-seq data collected in current work we
identified a total of 36,769 AS events, including 3,512 AltA,
2,216 AItD, 219 ES, 12,422 IR, and 18,380 other events. It is
noticed that relatively there was a higher percentage of “other”
events in all combined data, as the more data are used the more
complex events can be identified. These AS events were iden-
tified from a total of 31,311 assembled transcripts which were
generated from 4,380 genomics loci assembled by StringTie.

Based on RNA-seq mapping of the merged data, there were
a total of 8,819 genomic loci assembled by StringTie program,
thus, the estimated AS rate was 49.7% in T. marneffei. How-
ever, this rate was over estimated. There is a known "super
loci” problem in RNA-seq assembly when using tools like
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Mapping Rate (%)

95.7
95.1
91.0
96.1
93.6
70.3
96.2
95.0
92.1

Cufflinks or StringTie. It refers to the erroneous merging of
distinct, neighboring genes into a single large transcript or ge-
nomic locus. This oftenoccurs in compact genomes or regions
with high gene density, where multiple, separate genes are
mistakenly connected due to sequencing artifacts, read-
through transcripts, or low abundance “transfrags™ bridging
transcripts that span intergenic regions. While StringTie gen-
erally outperforms Cufflinks by better resolving splice junc-
tions and producing fewer super-transcripts, it can still gener-
ate "super-loci” that span multiple reference genes. To avoid
the “super 10ci” problem, we then used annotated gene models
of the reference genome to estimate the AS rate, i. e., only the
alternatively spliced sites located within transcripts of gene
models were used. Among a total of 9,994 protein coding
genes annotated in the reference genome, 1,734 genes were
identified alternatively spliced, thus, the AS rate among pro-
tein coding genes was ~17.4%. The list of alternatively spliced
reference protein coding genes was available (see information
in Data Availability).

We performed a comparison of StringTie assembled loci
with annotated genomic loci in the reference genome based on
the genomic locations. There were 4,512 StringTie loci having
one to one match with reference gene models and 2,113
StringTie loci having two or more matches with reference
gene models (Table 4). Two “super loci” were MSTRG.7101
and MSTRG.2548 matched 29 and 25 gene models, respec-
tively. These StringTie assembled genomic loci require man-
ual examination when the data are used for a particular re-
search work. We also identified 2,554 novel genomic loci as-
sembled by StringTie based on RNA-seq data mapping but not
overlapping with any annotated gene models. Among 2,554
new loci assembled by StringTie, 752 loci generated alterna-
tively spliced transcripts. Combining the number of AS gene
models (1,734 out of 9,994) with newly identified genomic
loci, thus, the genome-wide AS rate was estimated to be
~19.8%. The functional significance of these novel genomic
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loci was described in the section of functional analysis of tran-
scripts.

Table 3. Alternative splicing events identified in each RNA-seq project in T. marneffei.

Projects AltA (%) AltD (%) ExonS (%) IntronR (%) Others (%) Total
PRINA1041082 542 (16.9) 264 (8.2) 28 (0.9) 1566 (48.8) 808 (25.2) 3208
PRINA1108869 599 (13.7) 392 (8.9) 46 (1.0) 2079 (47.4) 1267 (28.9) 4383
PRINA1163092 660 (15.9) 369 (8.9) 33(0.8) 1963 (47.2) 1132 (27.2) 4157
PRINA212740 693 (14.0) 415 (8.4) 47 (1.0) 2472 (50.0) 1318 (26.7) 4945
PRINA251718 825 (13.7) 493 (8.2) 49 (0.8) 2966 (49.2) 1696 (28.1) 6029
PRINA353903  722(9.2) 485 (6.2) 51(0.7) 3691 (47.2) 2865 (36.7) 7814
PRINA431116 1133 (12.4) 709 (7.7) 66 (0.7) 3996 (43.6) 3262 (35.6) 9166
PRINA970557 2772 (11.2) 1749 (7.1) 180 (0.7) 8662 (34.9) 11433 (46.1) 24796
All merged 3512 (9.6) 2216 (6.0) 219 (0.6) 12442 (33.8) 18380 (50.0) 36769

3.3. Functional Annotation of Transcripts
Assembled by StringTie

A total of 46,249 RNA transcript sequences, with an aver-
age length of 3,461 bp, were assembled by StringTie tool (Ta-
ble 4). The set of transcripts were functionally annotated using
BLASTX search against UniProt/Swiss-Prot database. A total
of 45,296 protein sequences, with an average size of 440
amino acids, were predicted using OrfPredictor from the set
of transcripts. The predicted protein sequences were further
mapped to protein families (Pfam) (Table 4). A total of 28,053
predicted proteins had Pfam matches (Table 4). While 7,378
0f 9,994 (74.3%) gene model proteins in the reference genome
had Pfam matches, 1,404 of 1734 (81.0%) gene model pro-
teins coded from alternatively spliced genomic loci had Pfam
matches. We then used protein sequences of gene models an-
notated by NCBI reference genome project for evaluating the
impact of AS on the functionalities of the predicted proteins

encoded by the isoform transcripts. Within the subset of 1,404
gene models undergoing AS with proteins having Pfam
matches, a total of 9,675 isoform transcripts were used for
comparing the Pfams of predicted polypeptides. We found
6,326 (65.4%) had Pfams identical to gene model proteins,
2,451 (25.6%) had different Pfams from gene model proteins,
and 898 (9.3%) had no Pfam matches.

Since carbohydrate-active enzymes (CAZymes) may play
important roles in the evolution of T. marneffei, we identified
a total of 244 CAZymes from predicted gene models, and
among 46 of them were alternatively spliced. In our previous
work we identified 123 out of 251 genes in Aspergillus niger
and 86 out of 267 genes encoding CAZymes in A. fumigatus
were alternatively spliced (Table 5). The relatively lower AS
rate in these genes in T. marneffei was likely due to T. marn-
effei were not challenged with variable carbon sources as used
in A. niger and A. fumigatus [18, 27]. The functions of these
CAZyme isoforms generated by AS need to be further inves-
tigated in the regulation of carbohydrate metabolism in T.
marneffei.

Table 4. Basic features of assembled genomic loci and RNA transcripts assembled by StringTie in T. marneffei.

Features

Total genomic loci

Loci with one transcript

Loci with two or more transcripts
Loci mapped to gene model loci
Loci not mapped to gene models

Total unique transcripts

72

Counts (%)

8819
2807 (31.8%)
6012 (68.2%)
6265 (71.0%)
2554 (29.0%)
46249
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Features

Average transcript length (bp)

Transcripts mapped to gene model loci
BLASTX search against Swiss-Prot dataset
Total predicted ORFs (M20)

Average ORF length (amino acids)

Total ORFs match with Pfam

Counts (%)

3461
37662 (81.4%)
31524 (68.2%)
45296 (97.9%)
440

28053 (61.9%)

"ORF: open reading frame, polypeptide; M20: polypeptides with M as the first amino acid and a minimum length of 20 amino acids.

Within 2,554 novel genomic loci which were not annotated
in the reference genome, we retrieved 7,094 transcripts and
6,422 polypeptides were predicted from them. Further, 1,226
transcripts had BLASTX matches and 573 predicted polypep-
tides had Pfam matches. Thus, some of the newly identified
genomic loci may represent real protein coding genes. The bi-
ological roles of these newly identified genes need further in-
vestigations. The complete list of Pfam classifications for all
assembled transcripts, gene model proteins including AS gene
models can be found in Supplementary Table 2.

3.4. Dynamic Regulations of AS During
Dimorphic Transitions

To analyze AS variations in T. marneffei with different
morphology and in dimorphic transitions grown at different
temperature treatments, we used data collected by Yang et al.
[5, 6] (PRINA212740, 2013; PRINA251718, 2014). The AS
events were identified in samples with mycelial form (grown
at 25<C), yeast form (grown at 37<C), mycelia transferred
from 25 to 37 <C for 6 hours, and yeast form transferred from
37 to 25<C for 6 hours (Supplementary Table 3). Though there
were some fluctuations in the total numbers of AS events
among different treatments, the proportions of each basic type
of AS events remained to be consistent. That is, IR was the

most abundant AS type, followed by AA, AD, and ES repre-
sented the lowest AS type. However, when we compared the
AS events among the treatments using replicates merged data
for each treatment, a large proportion (66.2 — 73.5%) of treat-
ment specific AS events was evident in all treatments, demon-
strating the dynamic changes of AS in morphological devel-
opment in responses to growing temperatures (Figure 1; Sup-
plementary Table 3). We also noted that relatively there were
more AS events per million mapped RNA-seq mates (frag-
ments) in samples grown at 37 <C than 25<C or transferred
from 25 to 37 <C than from 37 to 25<C, suggesting T. marneffei
grown at 37 <C was stressed or disturbed, thus, using the AS
mechanism to cope with the stressful conditions. The dynamic
changes in AS profiles were further demonstrated when the
AS events were analyzed using the samples collected in the
time-course experiments during dimorphic transitions
[7](Project: PRINA970557) (Figure 2). The identical AS
events and new AS events were identified by comparing AS
events at different time points with their previous time points
during dimorphic transitions (Figure 2). The trend was clear
that there were more AS events for samples transferred to
37<C from 25<C than samples transferred to 25 <C from 37 <C.
The dynamic responses of AS during the dimorphic transitions
revealed that AS regulation during morphological transitions
was intensified. The exact roles of AS in the development of
dimorphic transitions in this species still need to be elucidated.

Table 5. Comparison of alternatively spliced genes encoding carbohydrate metabolism enzymes in different fungal species.

T. Marneffei A. niger A. fumigatus
Pfam ID Pfam Domain Pfam Description

Total AS Total AS Total AS
pfam00704 Glyco_hydro_18 Glycosyl hydrolases family 18 27 6 9 6 16 9
pfam01915 Glyco_hydro_3 C Glycosyl hydrolase family 3 C-terminal 9 2 13 8 14 4
pfam01055 Glyco_hydro_31 Glycosyl hydrolases family 31 8 3 7 3 7 4
pfam00722 Glyco_hydro_16 Glycosyl hydrolases family 16 8 0 5 1 6 2
pfam04488 Gly_transf_sug Glycosyltransferase sugar-binding 8 0 9 3 5 0
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T. Marneffei A. niger A. fumigatus
Pfam ID Pfam Domain Pfam Description

Total AS  Total AS Total AS
pfam13641 Glyco_tranf 2 3 Glycosyltransferase like family 2 7 2 4 2 5 1
pfam04616 Glyco_hydro_43 Glycosyl hydrolases family 43 7 1 10 4 16 6
pfam00295 Glyco_hydro_28 Glycosyl hydrolases family 28 7 1 16 5 11 3
pfam03663 Glyco_hydro_76 Glycosyl hydrolase family 76 7 1 11 6 8 2
pfam03659 Glyco_hydro_71 Glycosyl hydrolase family 71 7 1 7 2 8 2
pfam01532 Glyco_hydro_47 Glycosyl hydrolase family 47 7 0 5 3 2
pfam00128 Alpha-amylase Alpha amylase 6 3 14 7 12 4
pfam00982 Glyco_transf_20 Glycosyltransferase family 20 6 3 6 4 7 4
pfam01522 Polysacc_deac_1 Polysaccharide deacetylase 6 1 7 2 6 1
pfam11790 Glyco_hydro_cc Glycosyl hydrolase catalytic core 6 0 2 0 2 0
pfam07971 Glyco_hydro_92 Glycosyl hydrolase family 92 5 3 5 4 4 2
pfam01793 Glyco_transf_15 Glycolipid 2-alpha-mannosyltransferase 5 1 3 2 3 3
pfam00734 CBM_1 Fungal cellulose binding domain 5 1 1 1 3 2
pfam00150 Cellulase Glycosyl hydrolase family 5 5 0 4 4 8 4
Total - - 244 46 251 123 267 86

“This table only contains a partial list of carbohydrate active enzyme families. The full list of all protein families can be found in Supplementary

Table 2.

4. Discussion

Gene expressions in T. marneffei have been investigated
particularly during the dimorphic transitions [5-7]. However,
all the above-mentioned analysis were carried out at the gene
level for differential analysis. Certainly, there were important
insights obtained in analyzing cellular activities at gene levels.

As recent reports on AS in fungal species revealed that AS

was widespread in the process of gene expression among fun-
gal species [16, 18], thus, it would be more accurate to exam-
ine the functionalities of gene expression products at the tran-
script isoform level. However, to quantify transcript isoform
expression, we must have a catalog of transcripts available
for a given species. This was the aim of our current work. We
collected and mapped more than 2.3 billion paired RNA-seq
reads to the reference genome. The data were generated from
94 samples including wild-type strains grown at different
temperatures or mutants or virus infected sample (Table 1;
Table 2). A total of 46,249 RNA transcripts were assembled
and functionally annotated including ORF prediction,
BLASTX search with Swiss-Prot database and matching to
protein families (Table 4).

To our knowledge, this is the first large scale genome-wide
meta-analysis of AS events in T. marneffei. A total of 36,769
AS events were identified from 31,311 unique transcripts,
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which were generated from 2,486 genomic loci, including
1,734 protein-coding gene model loci and 752 newly identi-
fied genomic loci (Tables 3 and 4). As expected, we found
there were 46 genes encoding CAZymes generated AS events
since T. marneffei and Aspergillus species were phylogenet-
ically close [8, 26]. Our previous analysis identified a large
proportion of mRNA transcripts of CAZyme genes alterna-
tively spliced in Aspergillus species [18, 25].

Our preliminary analysis of the occurrence of AS events in
T. marneffei grown at different temperatures or in the process
of dimorphic transitions revealed AS were dynamically reg-
ulated in response to changing growth conditions, suggesting
AS was involved in the process of morphological formation
(Figure 1; Figure 2). We computationally evaluated the im-
pact of AS on the protein domains of isoform transcripts in
gene models, however, the real impact of AS events on the
encoded protein functions needs to be further evaluated using
experimental approaches by RT-PCR or cloning the full-
length of mMRNA transcripts such as used in A. niger [27]. As
our analysis and other reports show AS in fungal genes is a
common process, we suggest that fungal community inte-
grates AS analysis when performing transcriptomic studies
for analysis of differentially expressed genes. Recently,
Neves-da-Rocha et al. (2026) provided thoughtful insights
and critical discussions on the role of AS and its importance
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in fungal diversification and adaptability [28]. Our data in-
cluding the assembled transcript sequences, RNA-seq data
mapping files, AS events and newly identified genomic loci
are publicly available for the community to experimentally

{C) Mycelia to Yeast (3858)

(A) Mycelia (2618)

3 1734

verify the identified isoform sequences and explore their
functional novelties of gene products for future investigation
in the regulation of developmental processes and applications
in the control of the fungal pathogen.

(D) Yeast to Mycelia (3235)

(B) Yeast (3171)

Figure 1. Comparison of alternative splicing events in T. marneffei growing at different temperatures. (A) Mycelia grown at 25<C for one
week; (B) Yeast form grown at 37 <C for one week; (C) Mycelia from 25<C were transferred to 37 <C for 6 hours; (D) Yeast cells from 37<C

were transferred to 25<C for 6 hours.
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Figure 2. Dynamic changes in alternative splicing during dimorphic transitions of T. marneffei. (A): Time-course of transition of mycelial
cells(M) to yeast cells (Y) by transferring growth plates from 25<C to 37 <C. (B): Time-course of transition of yeast cells to mycelial cells by
transferring growth plates from 37 <C to 25<C. The unchanged AS events were obtained by comparing the sample at each time point with the

sample collected at immediate previous time point.

5. Conclusions

We systematically collected RNA-seq data from multiple
gene expression projects in T. marneffei to identify alterna-
tively spliced genes and their associated transcript isoforms.
In total 2.3 billion paired RNA-seq reads were collected and
92.1% of the reads were mapped to the reference genome. A
total of 36,769 AS events were identified by integrating mul-
tiple genome-wide mapping analysis. These AS events were
identified from 1,734 protein-coding gene models and 752
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newly identified genomic loci, including 46 genes encoding
carbohydrate active enzymes. The AS rate was estimated to be
~19.8%. A total of 46,249 unique RNA transcripts were as-
sembled and 45,296 polypeptides were predicted and func-
tionally annotated. The analysis using data collected from
samples grown at 25<C and 37 <C or in dimorphic transitions
by switching temperatures identified treatment specific events,
suggesting that AS be involved in establishing specific mor-
phological characteristics. The assembled RNA transcripts,
identified AS events, and new identified genomic loci, provide
a resource for further investigation of the gene regulations in
the dimorphism of T. marneffei.
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Abbreviations

AS Alternative Splicing

RNA-seq RNA-sequencing

TmPV1 T. Marneffei partitivirus-1
ES Exon Skipping

AltD Alternative Donor Site

AltA Alternative Accepter Site

IR Intron Retention

MXE Mutually Exclusive Exons
SRA Sequence Read Archive

GFF General Feature Format

GTF Gene Transfer Format

Pfams Protein Family

CAZymes  Carbohydrate-active Enzymes
ORF Open Reading Frame

BLAST Basic Local Alignment Search Tool
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