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Materials and Methods
Aspergillus strains (e.g., A. niger, A. fumigatus) were obtained from 

culture collections. Conidia were harvested from mature fungal cultures 
grown on appropriate agar media (e.g., Potato Dextrose Agar) [1,2]. 
Conidia were harvested using sterile saline solution and �ltered through 
sterile membranes to remove mycelial debris. Conidial suspensions 
were adjusted to a desired concentration using a hemocytometer. 
Conidial suspensions were incubated at elevated temperatures (e.g., 
37°C, 45°C). Conidial suspensions were adjusted to acidic pH levels 
(e.g., pH 4.0, pH 5.0) using HCl or citric acid. Conidial suspensions 
were cultured in minimal media lacking speci�c nutrients (e.g., glucose, 
nitrogen). Conidial suspensions were inoculated into appropriate 
liquid or solid media in petri dishes or microtiter plates. Germination 
kinetics was monitored over time using light microscopy or automated 
image analysis [3]. Germination percentage and germination rate 
were calculated based on the number of germinated conidia observed. 
Various stress protectants (e.g., osmolytes, antioxidants) were added to 
the culture media to enhance stress tolerance. Supplemental nutrients 
(e.g., amino acids, vitamins) were provided to support germination 
under nutrient-limiting conditions.

Total RNA extraction was performed from germinating conidia 
under stress conditions. Transcriptomic analysis was conducted 
using RNA sequencing (RNA-seq) to identify di�erentially expressed 
genes. Quantitative real-time PCR (qPCR) was used to validate gene 
expression changes. Data from germination assays were subjected to 
statistical analysis using appropriate so�ware (e.g., R, GraphPad Prism). 
Analysis of variance (ANOVA) and post-hoc tests (e.g., Tukey's HSD) 
were performed to assess signi�cant di�erences between treatments. 
Response surface methodology (RSM) or factorial design experiments 
were employed to optimize germination conditions [4]. Factors such 
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provides valuable insights for strain selection in industrial applications 
where stress conditions are prevalent [6]. Addition of stress protectants 
such as osmolytes (e.g., glycerol, trehalose) and antioxidants (e.g., 
ascorbic acid, glutathione) improved germination e�ciency under 
stress conditions. Supplementation with speci�c nutrients (e.g., 
amino acids, vitamins) alleviated the detrimental e�ects of nutrient 
limitation on germination. Transcriptomic analysis revealed 
signi�cant changes in gene expression patterns during germination 
under stress. Upregulation of stress-responsive genes involved in heat 
shock response, pH homeostasis, and nutrient acquisition pathways 
was observed. Di�erential expression of stress-related transcription 
factors, chaperones, and transporters indicated the activation of stress 
adaptation mechanisms.
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