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An unparalleled survey of honey bee genetic diversity in Europe — insights from wing shape, nuclear whole genome, and
mitochondrial DNA data
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Europe is home to 10 subspecies of Apis mellifera, classified into four main lineages sensu Ruttner: M (western and
northern European), C (southeastern European), A (African), and O (Middle Eastern). However, large-scale movements of
honey bee genetic material—driven by transhumance and, more importantly, queen trading—has intensified gene flow,
particularly from the C-lineage subspecies A. m. carnica and A. m. ligustica, threatening the genetic integrity of several
subspecies and blurring the genetic boundaries between subspecies.

Here, we analyzed over 1,200 recently collected samples from apiaries in 33 countries using a multi-marker approach:
maternally inherited mitochondrial DNA (tRNAleu-cox2 intergenic region), nuclear genome-wide single nucleotide
polymorphisms (SNPs), and wing shape (DeepWings®) to provide the most updated and extensive account of honey bee
genetic variation in Europe. Our results reveal a strong dominance of C-lineage ancestry across Europe, with noteworthy
introgression signals in island subspecies and A. m. mellifera populations outside conservation apiaries. Notably, all three
markers consistently captured these broad introgression patterns.

This unprecedented survey highlights a worrying trend of genetic homogenization in European honey bee populations.

Moreover, the widespread prevalence of C-lineage genetic introgression underscores the need for conservation efforts to
preserve the diversity shaped by evolution, which is crucial for adaptation to growing environmental challenges.
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