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Abstract 

 

In fungal species, the essential genes are particularly helpful for the identification of 

antifungal drug targets, and the prediction of biosynthetic gene clusters. With 

resource expensive for experimentally constructing a catalog of essential genes, 

computational approaches to precisely identify candidate essential genes would be 

invaluable. Here, we present a network-based approach to predict fungal essential 

genes. To this end, a total of 491 fungal genomes (68% of assembled) kindly shared 

by communities were collected. We implemented Louvain algorithm for effectively 

clustering 6M fungal proteins from these fungal genomes based on sequence 

similarity, resulted in 67,826 orthologous gene clusters; each represents a group of 

similar proteins sharing amongst several fungal species. Each ortholog cluster was 

exploited as a sub-network where nodes are proteins and edges are the protein 

similarity. With their network statistics as parameters, a generalized linear model 

(GLM) and a random forest model were built to accurately rank these subnets by 



 

their likelihood of originating from an essential gene. We found that the top ranked 

subnets were of two types, one exhibits in many species (global) and the other is only 

vital for a few closed-relative fungi (local) with a higher network density, suggesting 

these local essential genes may be unique to specific yet close fungal families for 

living. For examples two of our predicted local essential genes, CFT1 which takes 

part in mRNA cleavage and UTP6 encoding for nucleolar proteins, are found to be 

close species well within genus Nakaseomyces. As a validation, our approach 

coupling with either GLM or random forest model reached 84% and 91% accuracy in 

predicting known essential genes from three well-studied species (S. pombe, S. 

cerevisiae and A. fumigatus). Additionally, GLM-based prediction tends find more 

previously undiscovered essential genes, for instance, several novel gene subnets 

associated with specific functions such as tetratricopeptide repeats coding protein or 

citrate synthase which have been shown to be essential for Eukaryotes. Our 

prediction strategy is based on a large number of fungal genomes, combining 

network biology, statistical modelling and machine learning, to provide a ranked list 

of fungal core genes. The results as a web database would serve as a valuable 

resource for fungal genomic research.  
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