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ABSTRACT
We assembled the mitogenome of Apis mellifera siciliana, which was previously identified as African by
the tRNA-leu-cox2 intergenic region. The mitogenome is 16,590bp long. The gene content and
organization are identical to other A. mellifera mitogenomes, containing 13 protein-coding genes, 22
transfer RNA genes, and 2 ribosomal RNA genes. Phylogenetic analysis showed a close mitochondrial
relationship between A. m. siciliana and other African subspecies such as Apis mellifera sahariensis, Apis
mellifera intermissa, and Apis mellifera ruttneri.
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Apis mellifera siciliana Dalla Torre 1896 is a honey bee sub-
species autochthonous to Sicily (Italy; Ruttner 1988). While
morphological and microsatellite markers place A. m. siciliana
in the East European evolutionary lineage, the intergenic
tRNA-leu-cox2 mitochondrial DNA region assigns it to the
African lineage (Ruttner 1988; Garnery et al. 1993; Franck
et al. 2000; Mu~noz et al. 2014). Recently, the native genetic
background of this subspecies has been changed by human-
mediated gene flow, when the Sicilian beekeepers started to
import Apis mellifera ligustica (Longo 1984). In an attempt to
protect the genetic integrity of the native gene pool, which
has been threatened by introgressive hybridization with A. m.
ligustica, conservation programs were implemented in small
islands of the A. m. siciliana native range, like Filicudi and
Vulcano (Mu~noz et al. 2014). The aim of this work is to
describe the mitogenome of a Sicilian specimen previously
identified as A2 by Henriques et al. (2019) from sequencing
data of the tRNA-leu-cox2 intergenic region.

The specimen was deposited at Centro de Investigaç~ao de
Montanha, Instituto Polit�ecnico de Bragança (http://cimo.ipb.
pt/cimo/web/index.php?r=site/about, M. Alice Pinto, apinto@
ipb.pt) under the voucher number 3512. The sample is from a
haploid male collected in 2013 in the municipality of Termini,
province of Palermo (Latitude: 37.9601N, Longitude 13.7229 E)
by the beekeeper Carlo Amodeo. The DNA was extracted from
the thorax using a phenol/chloroform isoamyl alcohol (25:24:1)
protocol (Sambrook et al. 1989). Whole-genome sequencing
was accomplished using the Illumina HiSeq 2500 platform.
Prior to sequencing, libraries were generated using the
Illumina TruSeqTM Sample Preparation kit. The 2� 150 paired-
end sequence reads were assembled and annotated by MitoZ
v2.3 (Meng et al. 2019). The obtained mitogenome was

reordered considering the reference genome NC_001566 and
the annotation was manually adjusted in MEGA X (Kumar
et al. 2018). The sequences of the 13 protein-coding genes
were concatenated from 26 mitogenomes (the new one from
A. m. siciliana and 25 available on GenBank) and used for the
phylogenetic analysis (Figure 1). The tree was inferred using
the maximum likelihood method implemented in MEGA X
using 1000 replicates (Kumar et al. 2018).

The obtained mitogenome is 16,590bp long (Accession
Number MZ981768), with an overall base composition of
45.9% T, 37.1% A, 8.7% C, and 8.3% G. Similar to other A. mel-
lifera mitogenomes, the A. m. siciliana mitogenome has 13
protein-coding genes, 2 RNA genes, and 22 tRNA genes. The
size of the 13 protein-coding genes ranged from 159bp
(ATP8) to 1665bp (ND5). Most of the protein-coding genes
(ND2, COX1, COX2, ATP8, ATP6, COX3, ND3, ND6, and CYTB) and
14 tRNAs (tRNA-Glu, tRNA-Ser, tRNA-Met, tRNA-Gln, tRNA-Ala,
tRNA-Ile, tRNA-Trp, tRNA-Leu, tRNA-Asp, tRNA-Lys, tRNA-Gly,
tRNA-Asn, tRNA-Thr, and tRNA-Ser) are encoded in the light
strand. In contrast, the other four protein-coding genes (ND1,
ND4, ND4L, and ND5), eight tRNAs (tRNA-Cys, tRNA-Tyr, tRNA-
Arg, tRNA-Phe, tRNA-His, tRNA-Pro, tRNA-Leu, and tRNA-Val), 16S
rRNA (1321bp; 83.6% AT) and 12S rRNA (827bp; 82.0% AT)
are encoded in the heavy strand. The size of the 22 tRNAs
ranged from 63bp (tRNA-Ser and tRNA-Gln) to 78bp (tRNA-
Thr). ATP6 and ATP8 share a common 19-bp long fragment
(from the position 4663bp to 4681bp), specifically the 30 end
of ATP8 coincides with the 50 end of ATP6. Concerning the
start codons, six genes started with ATT (COX2, ND5, ND4L,
ND6, ND1, and ATP8), four with ATG (ATP6, COX3, CYTB, and
ND4), two with ATA (COX1 and ND3) and one (ND2) with ATC.
All protein-coding genes share the stop codon TAA.
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Notably, A. m. siciliana forms a tight cluster in the phylo-
genetic tree with the North African subspecies Apis mellifera
sahariensis and Apis mellifera intermissa, with the Apis melli-
fera ruttneri from Malta and with Apis mellifera iberiensis from
the Iberian Peninsula, suggesting a recent shared ancestry
among these subspecies. Placement of A. m. siciliana in the
African lineage result is congruent with the maternal struc-
ture already known for this subspecies and with the informa-
tion provided with tRNA-leu-cox2 intergenic region lineage
(Ruttner 1988; Garnery et al. 1993; Franck et al. 2000; Mu~noz
et al. 2014; Henriques et al. 2019).
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Figure 1. Phylogenetic tree showing the relationship between Apis mellifera siciliana (marked in orange) and other 23 Apis mellifera subspecies. Apis cerana was
used as an outgroup. Numbers at the nodes indicate the percentage of trees in which the associated taxa clustered together. GenBank accession number is listed
under brackets after the species and subspecies names.
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