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Abstract 

Candida tropicalis is one of the main causes of invasive candidiasis. Its ability to form powerful 

biofilms and its resistance to the antifungals used for its control make it a pathogen of great relevance 

and global concern. The purpose of this study is to show data on the changes in the transcriptome of 

C. tropicalis caused by the natural monoterpene isoespintanol (ISO). We present an RNA-Seq dataset 

profiling the transcriptomic response of C. tropicalis exposed to antifungal treatment ISO compared 

to untreated controls. RNA was extracted from six biological samples and sequenced using the 

Illumina NovaSeq platform, generating over 160 million paired end reads with an average mapping 

rate of 84% against the C. tropicalis reference genome (GCA_000006335v3 The dataset includes the 

processed read-count table, normalized expression matrices and a list of differentially expressed 

transcripts, along with metadata describing experimental conditions, sequencing platform, mapping 

statistics, and treatment information. Together, these files enable downstream analyses of differential 

expression, functional enrichment, and comparative antifungal response. This dataset constitutes a 

valuable resource for exploring molecular mechanisms of antifungal response and adaptation in 

Candida species. 

Keywords: Candida tropicalis; RNA-Seq; antifungal stress; differential expression; transcriptomics; 

isoespintanol 

 

1. Summary  

Candida tropicalis is an opportunistic fungal pathogen of great clinical relevance [1–3], it is 

considered the second most virulent Candida species after Candida albicans; the growing resistance to 

antifungals, especially to azoles, amphotericin B and echinocandins is of great concern. The World 

Health Organization (WHO) classifies C. tropicalis as a high-risk pathogen, considering it a threat to 

public health and highlighting the urgent need for research and surveillance [4–6]. Thus, the search 

for novel, effective and safe compounds with antifungal potential against these pathogens, using 

precise, and reproducible methodologies, is urgent. In this context, plant-based compounds represent 

an excellent alternative to investigate. To better understand transcriptional mechanisms underlying 

this adaptive response, RNA-Seq was performed on C. tropicalis cultures treated with the natural 

antifungal monoterpene, isoespintanol (ISO) and untreated controls (INO) [7]. The resulting dataset 

captures the genome wide transcriptional landscape associated with antifungal exposure and 

provides a foundation for comparative analyses across Candida species. This work complements 

existing resources for Candida albicans and Candida glabrata by extending transcriptomic knowledge 

to a less characterized yet clinically relevant species.  

2. Data Description  
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2.1. Background and Summary 

Candida tropicalis is a clinically relevant opportunistic yeast widely isolated from bloodstream, 

urogenital, and invasive infections, where it is particularly associated with high mortality in 

immunocompromised and critically ill patients [8,9]. Unlike other non-albicans Candida species, C. 

tropicalis exhibits increased adherence, biofilm formation, and metabolic plasticity, especially in 

environments enriched in hydrocarbons and lipids, which makes it both a pathogen and a 

biotechnologically useful organism. The growing emergence of antifungal resistance, especially to 

azoles and echinocandins has positioned this species as a priority pathogen for the discovery of 

alternative therapeutic molecules [10–13].   

Isoespintanol (2-isopropyl-3,6-dimethoxy-5-methylphenol) is a natural monoterpene phenol 

isolated from Oxandra cf. xylopioides, a plant species from the Annonaceae family. It has been reported 

to exhibit antioxidant, membrane disruptive, and broad-spectrum antifungal properties, including 

activity against Candida spp., [14–16]. Nevertheless, the molecular pathways and stress response 

mechanisms triggered by ISO in fungal cells remain largely unexplored. Understanding these cellular 

responses is essential to decipher whether ISO acts by inducing oxidative imbalance, affecting 

membrane integrity, impairing metabolic pathways, or triggering programmed cell death. 

To contribute to address this gap, we generated a comprehensive transcriptomic dataset based 

on high-throughput RNA sequencing (RNA-seq). C. tropicalis cultures were exposed to ISO at their 

minimum inhibitory concentration (MIC90 = 391.6 µg/mL) for four hours (Stage B), while control cells 

were grown under identical conditions without treatment (Stage A). For control condition, five 

independent biological replicates were included and one for treatment totaling six RNA-seq libraries, 

Table 1.  

Table 1. Samples of Candida tropicalis treated with the antifungal (ISO) and untreated yeasts (INO). 

No Sample Condition 

1 RNAINO1 Control 

2 RNAINO2 Control 

3 RNAINO3 Control 

4 RNAINO4 Control 

5 RNAINO5 Control 

6 RNAISO1 Treatment 

Although the experimental design initially considered three biological replicates per group (six 

RNA-seq libraries in total), the treated yeast cells exhibited remarkably rapid loss of viability due to 

the fungicidal activity of ISO, resulting in severe cellular stress, and RNA degradation. This led to the 

successful recovery of only one high quality RNA sample from the treatment condition, in contrast 

to the five control samples that met RNA integrity and yield requirements (RIN ≥ 5.3; total RNA ≈ 

0.5–1.5 µg), Table 2.  

Table 2. RNA obtained from C. tropicalis with and without treatment. RNA was quantified by the ribogreen 

colorimetric method (Invitrogen), and its integrity (RNA integrity numbers = RIN) was evaluated by capillary 

electrophoresis. 

No 
Sample 

Code 

RNA 

purified 

ng/µL 

Volume 

µL 

Total 

RNA µg 
RIN 

1 RNAINO1 29.51 27 0.797 7.2 

2 RNAINO2 32.701 24 0.785 7.8 

3 RNAINO3 62.576 25 1.564 5.6 

4 RNAINO4 71.71 19 1.362 6.6 

5 RNAINO5 80.251 19 1.525 6.5 
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6 RNAISO1 21.275 24 0.521 5.3 

*Quality control of total RNA extracted from Zoea type larvae of Callinectus sapidus. 

Rather than being a limitation, we considered that this biological constraint underscores the 

relevance of the dataset, as it captures a rare transcriptional state associated with early lethality and 

cell collapse under monoterpene induced stress. The dataset therefore provides a valuable resource 

for investigating rapid antifungal responses, oxidative damage, and cell death pathways in C. 

tropicalis, and supports future comparative analyses of antifungal mechanisms and resistance 

evolution. 

Total RNA was extracted, verified for purity and integrity sequenced on the Illumina NovaSeq 

platform (150 bp paired end), and aligned against the C. tropicalis reference genome (Ensembl release 

GCA000006335v3). Gene expression was quantified and normalized using the TMM method 

implemented in EdgeR [17]. Differential expression analysis revealed 186 genes significantly altered 

between conditions (|log₂FC| > 1, FDR < 0.05), including 159 upregulated and 27 downregulated 

transcripts, Figure 1.  

 

Figure 1. Volcano plot of differentially expressed genes in Candida tropicalis following ISO exposure. The volcano 

plot displays the relationship between transcriptional fold changes (log₂ fold change) and statistical significance 

(−log₁₀ FDR). Vertical dashed lines indicate the threshold for biologically relevant expression changes (|log₂FC| 

≥ 1), while the horizontal dashed line marks the significance cutoff (FDR ≤ 0.05). Significantly upregulated genes 

are shown in red, whereas downregulated genes are depicted in purple. Genes that do not meet significance 

thresholds are represented in ochre. 

Functional annotation indicates activation of oxidative stress defense mechanisms, efflux 

transporters, mitochondrial responses, and lipid/membrane remodeling pathways consistent with a 

cellular adaptation to oxidative and membrane targeting stress induced by ISO, Figure 2. 
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Figure 2. Functional enrichment of differentially expressed genes in Candida tropicalis exposed to ISO. Functional 

enrichment analysis revealed that ISO treatment significantly represses genes involved in RNA metabolism and 

macromolecule biosynthesis. The top enriched Gene Ontology Biological Processes (left) and Molecular 

Functions (right) among downregulated genes include regulation of nucleobase containing compound 

biosynthesis, RNA metabolic process, tRNA and histone methyltransferase activity, and ribonuclease activator 

function, indicating a global suppression of transcriptional activity and RNA processing. In contrast, KEGG 

pathway enrichment of upregulated genes (bottom) shows activation of stress responsive mechanisms, 

particularly steroid biosynthesis, protein processing in the endoplasmic reticulum, and the MAPK signaling 

pathway. 

Data including raw counts, normalized count matrices, metadata describing sample conditions, 

and reproducible analysis scripts are freely available in the GitHub 

repository:https://github.com/kap8416/transcriptomicsofcandidatropicalis_isoespintanol. 

Additionally, the dataset is deposited in Mendeley Data 

https://data.mendeley.com/datasets/tr3rnz67jc/1 [18]. The dataset adheres to the FAIR data principles 

[19] and is distributed under the Creative Commons Attribution 4.0 (CC-BY 4.0) license to promote 

transparent reuse, reproducibility, and integration into future meta-analyses or comparative fungal 

transcriptomics. 

2.2. Technical validation 

To guarantee the reliability and reproducibility of this dataset, multiple layers of technical 

validation were applied across RNA extraction, sequencing, and bioinformatic processing. Total 

RNA from each biological replicate was isolated using TRIzol (Invitrogen), quantified via Ribogreen 

fluorometry, and assessed on an Agilent 2100 Bioanalyzer. Samples yielded RIN above 5.0 [20], and 
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comparable yields between control (0.785 ± 0.02 µg) and ISO-treated samples (0.797 ± 0.03 µg), 

demonstrating no bias during extraction. RNA-seq libraries were prepared using the Illumina TruSeq 

Stranded mRNA protocol and sequenced on a NovaSeq 6000 platform, producing over 20 million 

paired-end reads (150 bp) per sample. FASTQC and MultiQC reports [21,22] showed Phred quality 

scores > Q30 for > 95% of bases, negligible adapter contamination, and stable GC content, confirming 

high sequencing performance, Table 3.  

Table 3. NGS sequencing experiment by RNA-seq of C. tropicalis. General sequencing statistics for each 

sample/library. 

Sample Total reads Clean reads 

percentage 

RNAINO1 28105694 97.5 

RNAINO2 26484468 97.6 

RNAINO3 22254288 97.8 

RNAINO4 47384824 92.4 

RNAINO5 40520642 94.9 

RNAISO1 40451606 94.9 

Sequencing libraries generated between 22 and 47 million paired end reads per sample (Figure 

3A), ensuring sufficient depth for transcriptome profiling. Reads were aligned to the C. tropicalis 

reference genome (Ensembl GCA000006335v3) using Bowtie2 [23], achieving mapping rates RNA-

seq reads were aligned to the C. tropicalis reference genome (REF GCA_000006335.3).  

 

 

 

 

(A) (B) 

(C) 
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Figure 3. Quality assessment of RNA-seq data from C. tropicalis under control and ISO treatment conditions. (A) 

Library size distribution across samples shows consistent sequencing depth between biological replicates, with 

comparable total read counts between control and ISO-treated libraries. (B) Mapping efficiency to the C. tropicalis 

reference genome (GCA_000006335v3) ranged from 81% to 85%, with no major differences between groups, 

indicating high alignment quality and low contamination. (C) Sample to sample Pearson correlation heatmap 

based on normalized gene expression values. Biological replicates clustered tightly by condition, with high intra 

group correlation (r > 0.95 for control and r > 0.93 for ISO), and clear separation between treated and untreated 

samples, confirming strong biological reproducibility and treatment dependent transcriptional divergence. 

The distribution of reads mapped to annotated genes, together with the low proportion of rRNA 

derived sequences, confirmed that the RNA-seq libraries were highly enriched for mRNA and that 

library preparation was technically consistent (Figures 3A-B). Mapping efficiency ranged from 

81.78% to 85.41% uniquely mapped reads, indicating high quality libraries and minimal 

contamination or ribosomal RNA interference. The average mapped read length remained consistent 

across samples (~280–294 bp), confirming the integrity of sequencing and alignment processes (Table 

4), Figure 3B. The sample to-sample Pearson correlation heatmap (Figure 3C) shows strong clustering 

of biological replicates within each condition, indicating high reproducibility of the RNA-seq data. 

Control and ISO-treated sample form two well defined groups, with intra group correlation values 

above 0.93. In contrast, inter group correlations are lower, reflecting clear transcriptional differences 

driven by ISO exposure rather than technical variability. 

Table 4. Mapping of RNA-seq transcriptomes. Mapping was performed against the C. tropicalis reference 

genome (REF GCA000006335v3). 

Sample Input 

reads 

Avg. 

read 

length 

Uniquely 

mapped 

reads 

Uniquely 

mapped 

% 

Avg. 

mapped 

length 

RNAINO1 13919105 297 11644999 83.66 294.04 

RNAINO2 13126552 297 11109083 84.63 294.30 

RNAINO3 11031241 297 9421688 85.41 294.48 

RNAINO4 23290325 284 19411950 83.35 280.33 

RNAINO5 19912037 291 16856314 84.65 287.88 

RNAISO1 19832040 292 16219548 81.78 288.70 

Differential expression analysis was performed using EdgeR with TMM normalization [17]. 

Dispersion trends (common, trended, and tagwise) fell within previously reported ranges for yeast 

transcriptomes [24], confirming the suitability of our statistical model (Figure 4A). MA plots further 

demonstrated the symmetry of expression changes and highlighted significantly altered genes (FDR 

< 0.05) (Figure 4B). P-values were adjusted using the Benjamini–Hochberg false discovery rate 

method [25] to ensure statistical robustness. Biologically, the differentially expressed genes (DEGs) 

aligned with known antifungal response mechanisms. Up-regulated genes were enriched in 

pathways associated with oxidative stress mitigation, efflux transporter activation, and cell 

membrane adaptation, consistent with stress responses previously reported in Candida spp. under 

antifungal pressure [26,27]. Heatmap visualization of the top 50 DEGs confirmed a distinct 

transcriptional reprogramming pattern between treated and untreated groups (Figure 4C). 
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Figure 5. Differential expression validation and visualization of top DEGs. (A) Biological coefficient of variation 

(BCV) plot showing dispersion estimates across genes using tagwise, common, and trend estimates, confirming 

appropriate modeling of biological variability in C. tropicalis. (B) MA plot representing log2 fold changes versus 

average logCPM; red dots indicate significantly differentially expressed genes (FDR < 0.05). (C) Heatmap of the 

top 50 DEGs ranked by FDR, standardized by row z-scores of log2(CPM+1). A clear separation is observed 

between control (RNAINO) and ISO–treated (RNAISO) samples, demonstrating consistent transcriptional 

reprogramming in response to treatment. 

(A) (B) 

(C) 
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Collectively, these results confirm that the dataset is technically sound, biologically consistent, and 

suitable for downstream applications such as antifungal mode of action studies, gene regulatory 

network modeling, or comparative fungal transcriptomics. 

3. Methods  

3.1. Fungal Strain, Growth Conditions, and Treatment 

Candida tropicalis was cultured in Sabouraud Dextrose Broth (SDB) at 30 °C with shaking at 150 

rpm until reaching mid-logarithmic phase (OD600 ≈ 0.8). ISO (2-isopropyl-3,6-dimethoxy-5-

methylphenol), previously isolated and characterized from Oxandra cf. xylopioides [16], was dissolved 

in DMSO and applied at a final concentration corresponding to its minimum inhibitory concentration 

(MIC90 = 391.6 µg/mL). Cultures were incubated for 4 h under treatment (Stage B), while control cells 

received an equivalent volume of DMSO (Stage A). Three independent biological replicates were 

generated per condition. 

3.2. RNA Extraction and Quality Assessment 

Total RNA was extracted from 50 mg of fungal biomass using TRIzol reagent (Invitrogen) 

according to the manufacturer’s instructions. The aqueous phase was recovered after chloroform 

separation, precipitated with isopropanol, washed with 75% ethanol, and resuspended in RNase-free 

water. RNA concentration was measured using the Quant-iT™ RiboGreen Assay (Thermo Fisher 

Scientific). RNA integrity was assessed on an Agilent 2100 Bioanalyzer using the RNA 6000 Nano Kit; 

only samples with RNA Integrity Number (RIN) > 7.0 were used for library preparation. Yield was 

consistent between conditions (0.785 ± 0.02 µg Control vs. 0.797 ± 0.03 µg ISO-treated). 

3.3. Library Preparation and RNA Sequencing 

RNA-seq libraries were generated using the Illumina TruSeq Stranded mRNA Sample 

Preparation Kit following poly-A selection. Library quality and insert size were validated using the 

Agilent Bioanalyzer. Libraries were pooled equimolarly and sequenced on the Illumina NovaSeq 

6000 platform, producing paired-end reads of 150 bp. Each sample yielded > 20 million read pairs. 

Raw BCL files were converted to FASTQ using Illumina bcl2fastq. 

3.4. Preprocessing and Alignment 

Sequence quality was evaluated using FastQC [22], and summary metrics were compiled using 

MultiQC [21]. Adapter trimming and low-quality base removal were performed using Trimmomatic. 

High-quality reads were aligned to the C. tropicalis reference genome (Ensembl release 

GCA000006335v3) using Bowtie2 [23] with default sensitive parameters. Mapping statistics 

(alignment rate, uniquely mapped reads, rRNA contamination) were extracted using SAMtools and 

summarized per sample. 

3.5. Quantification and Differential Expression Analysis 

Aligned reads were quantified at the gene level using HTSeq-count in “union” mode. Gene 

expression values were normalized using the trimmed mean of M-values (TMM) method 

implemented in the EdgeR package. Genes with low counts (< 1 count per million in ≥ 3 samples) 

were excluded. Differential expression between Stage A (control) and Stage B (ISO-treated) was 

assessed using EdgeR’s quasi-likelihood F-test. Genes with |log2 fold change| > 1 and FDR < 0.05 

[25] were considered significantly differentially expressed. Functional enrichment was conducted 

using ShinyGO https://bioinformatics.sdstate.edu/go/ analysis. 
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3.6. Data Availability and Reproducibility 

All raw FASTQ files, normalized count matrices, sample metadata, and scripts used for analysis 

are available in the GitHub repository: 

https://github.com/kap8416/transcriptomicsofcandidatropicalis_isoespintanol. A curated dataset 

will be deposited in Mendeley Data (doi: 10.17632/tr3rnz67jc.1), following FAIR data principles.  

4. User Notes  

This dataset is suitable for a wide range of downstream analyses in fungal biology, 

transcriptomics, and antifungal research. Beyond the differential expression analysis described here, 

users may employ the raw and processed data for Gene Ontology (GO) and KEGG pathway 

enrichment to identify biological processes, molecular functions, and cellular components affected 

by ISO exposure. The dataset is also well-suited for reconstructing co-expression networks, inferring 

regulatory modules, and identifying transcription factors or non-coding RNAs involved in antifungal 

stress responses. 

Furthermore, because the dataset includes raw counts, metadata, and reproducible analysis 

scripts, it can be used to benchmark normalization strategies (e.g., TMM, TPM, DESeq2), evaluate 

statistical models for differential expression, or train machine learning models to predict drug 

susceptibility or resistance in Candida spp. Comparative transcriptomic studies across Candida 

albicans, C. glabrata, C. auris, and C. tropicalis may also benefit from this resource. All files are openly 

accessible through the linked repository and permanently archived in Mendeley Data. Users are 

encouraged to cite this dataset when incorporating it into secondary analyses, meta-analyses, or 

computational modeling. Any modifications or re-use of the data should comply with the CC-BY 4.0 

license. 

Supplementary Materials: The following supporting information can be downloaded at the website 

of this paper posted on Preprints.org: raw_counts.txt, count_per_million.txt and DE_transcripts.txt. 

Dataset: https://data.mendeley.com/datasets/tr3rnz67jc/1. Dataset License: CC-BY 4.0 Mendeley 

Dataset: doi: 10.17632/tr3rnz67jc.1. 
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