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Genetic variation of detoxification genes: from genes to proteins
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Honey bees (Apis mellifera) are exposed to natural and synthetic xenobiotics, requiring genetic adaptations for survival.
Several gene families have been implicated in insect pesticide resistance, including cytochrome P450s, glutathione-S-
transferases (GSTs), esterases, and uridine diphosphate (UDP)-glycosyltransferases. This study investigates genetic
variation in these detoxification gene families and predicts the structural and functional effects of non-synonymous SNPs
(single nucleotide polymorphisms) on protein structure and function. We analyzed SNPs mapped to these detoxification
genes extracted from over 1,500 whole genomes representing 15 subspecies and the four main honey bee lineages: M, C,
A, and O. Functional annotation and variant effects were predicted using SnpEff. Allele frequencies and each SNP's fixation
index (FST) were calculated per population and evolutionary lineage. Bioinformatics and molecular modeling techniques
were employed to evaluate non-synonymous SNPs' structural and functional consequences. Protein structures were
generated from FASTA files using AlphaFold3, converted from mmCIF to PDB format, and visualized in PyMOL. Functional
site predictions were performed using Proteins Plus, and molecular dynamics simulations were conducted in YASARA
to assess stability and conformational changes in proteins. Our results indicate many non-synonymous SNPs in some
subspecies, such as A. m. jemenitica and A. m. intermissa. The genes with the highest number of non-synonymous
mutations belong to the CYP family, particularly Probable cytochrome P450 6a14 and CYP9Q1. Conversely, genes such as
Cytochrome P450 6k1 and Methyl farnesoate epoxidase exhibit no non-synonymous SNPs. By understanding intraspecific
genetic variation, we move closer to reliably predicting how honey bee populations will respond to pesticide exposure.

This work was conducted in the framework of the projects MEDIBEES - Monitoring the Mediterranean Honey Bee
Subspecies and their Resilience to Climate Change for the Improvement of Sustainable Agro-Ecosystems funded by
PRIMA, Better-B, funded by the European Union, the Swiss State Secretariat for Education, Research and Innovation, and
UK Research and Innovation, under the UK government's Horizon Europe funding guarantee (grant number 10068544) and
Bee3Pomics: Omics insights into molecular effects of plant protection products in honey bees (Apis mellifera) funded by
the RESTART-FCT
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