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Integrated Transcriptome Meta-Analysis and Machine Learning Identify Core Drought-
Responsive Genes in Cultivated Peanut
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Drought threatens productivity in cultivated peanut (Arachis hypogaea L.) across major production regions and increases the need for molecular targets to support drought-resilient cultivar development. However, stable drought-responsive genes are often difficult to identify across independent transcriptomic studies. In this study, we integrated transcriptomic meta-analysis and machine learning to identify conserved drought-responsive genes in cultivated peanut. Publicly available RNA-seq datasets were retrieved from the NCBI Sequence Read Archive using the following criteria: drought-treated and well-watered plants, soil-imposed drought stress, leaf tissue sampled at the reproductive stage, and availability of raw FASTQ files. Three independent experiments were processed through a standardized differential expression pipeline and integrated using a consensus framework. Genes were retained if they were significant in at least two datasets, significant after Fisher’s combined p-value meta-analysis, and showed consistent expression direction across studies. This approach identified 276 core drought-responsive genes for downstream analysis. Machine learning was applied to a ComBat-seq batch-corrected, variance-stabilized expression matrix comprising 42 samples. Four classifiers were evaluated using nested stratified cross-validation with fold-specific feature selection. Logistic Regression showed the best performance, with a mean outer balanced accuracy of 0.9355, F1-score of 0.9347, Matthews correlation coefficient of 0.8801, and ROC-AUC of 0.9827. Recurrence analysis identified a stable 10-gene signature selected in 48–50 of 50 outer resampling runs. These findings highlight promising candidate genes for future marker development and breeding efforts for drought resilience in peanut.
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