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Abstract

The Mediterranean region holds one of the highest levels of Apis mellifera subspecific diversity, exhibiting
a rich evolutionary history shaped by long-term geographic isolation, climatic variation, and, more
recently, by human-driven processes. As part of the international project MEDIBEES, we developed a
DNA-metabarcoding approach to characterise the entomological origin of honey, focusing on
mitochondrial lineages A (African), M (Western European), C (Eastern European), and O (Middle Eastern).
To build a robust reference database, DNA was extracted from 1280 honeybees representing 16 A.
mellifera subspecies (A.m. sahariensis, A.m. intermisa, A.m. siciliana, A.m. ruttneri,A.m. iberiensis, A.m.
ligustica, A.m. macedonica, A.m. adami, A.m. cecropia, A.m. cypria, A.m. caucasica, A.m. meda, A.m.
anatoliaca, A.m. syriaca, A.m. jemenitica, A.m. lamarcki) and whole genomes were sequenced.
Mitochondrial genomes were assembled using MitoZ, resulting in 769 assemblies, which were
individually aligned against the reference mitochondrial genome using MEGA. Only mitogenomes
corresponding to native subspecific ancestry were retained, producing a final curated database of 355
sequences. This database was then used to calculate the fixation index (Fsr) pairwise values, and a 400
bp sliding window was used to identify single-nucleotide polymorphisms (SNPs) that effectively
differentiate (Fsr>0.98) the four lineages. Three promising regions emerged for primer design: one in the
COl gene, one in the ND1 gene, and one in the CYTB gene. The resulting primers were first validated using
36 honeybee samples of known lineage representing all 16 subspecies and subsequently applied to 83
honey samples from Lebanon, Jordan, Turkiye, Italy, Algeria, Malta, UAE, and Oman. Among the three
markers, ND1 showed the highest discriminatory power, correctly assigning all reference honeybee
samples to their respective lineage. The COIl and CYTB primers also showed strong potential, and the
observed error rates (5.8% in COl and 1.7% for CYTB) provide useful thresholds for interpreting the DNA-
metabarcoding results in honey samples. Overall, this study demonstrates how patterns of
mitochondrial divergence shaped by long-term evolutionary processes can be harnessed for applied
DNA-metabarcoding on food authenticity.
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