Default parameters and usage guidelines of the ENGINE model
The prediction threshold of the ENGINE model is set to 0.5 by default, which is used to convert the predicted probabilities of GO terms into binary labels. A higher threshold increases prediction precision but may reduce recall, whereas a lower threshold improves recall but can result in more false positives. The default batch size during training is 8; larger batch sizes can accelerate convergence but increase memory usage and reduce sensitivity to gradient noise, while smaller batch sizes may enhance model generalization but require longer training times. The default learning rate is set to 0.0001; a larger learning rate may cause unstable or divergent training, while a smaller learning rate slows convergence. ENGINE by default integrates the structural channel (EGNN), the ESM-C sequence channel, and the Foldseek 3Di token channel to fully leverage complementary information. These default parameters have been validated across all experiments in this study, providing robust predictive performance across different GO categories. Users can flexibly adjust these parameters via the configuration files provided on GitHub to optimize prediction precision, recall, or computational efficiency according to their specific needs.
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