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ABSTRACT
The Egyptian mongoose, Herpestes ichneumon, is the only extant mongoose in Europe, with popula-
tions still distributed in Africa and the Middle East. In this study, we present the first mitochondrial
genome sequence of Herpestes ichneumon and we investigate its phylogenetic position within
Feliformia suborder. The resultant mitogenome sequence is 16,775 bps, composed of a conserved set
of 37 genes containing 13 protein-coding genes, 22 tRNA genes, 2 rRNA genes, and a control region.
Our results represent a valuable resource for further phylogeographical studies.
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The Egyptian mongoose, Herpestes ichneumon (Linnaeus,
1758), is a carnivore species from the Herpestidae family
widely distributed in Africa and the Middle East including
Jordan, Israel, Palestinian Territories, Syria, Turkey and
Lebanon (Corbet 1978; Tohme and Tohme 1985; Masseti
2009; Kingdon 2015; €Ozkurt 2015). This species is also the
only mongoose living in Europe, although its presence is
restricted to the Iberian Peninsula including Spain and
Portugal (Delibes 1982; Palomares and Delibes 1993; Barros
2009; Balmori and Carbonell 2012).

In this study, we generated the mitochondrial genome
sequence of Herpestes ichneumon using historical DNA
extracted from a museum specimen and we examined its
phylogenetic position within Feliformia suborder. The speci-
men was obtained from Akkar, a region located in the far
North of Lebanon close to the Lebanese-Syrian borders. The
generated sequence was submitted to GenBank database
under the following accession number (MW019668). This is
the first study to produce the mitochondrial genome of
this species.

A footpad tissue sample was collected under sterile condi-
tions from a museum specimen preserved in the Museum of
Birds, Mammals and Butterflies of Qobayat-Lebanon
(34�3400000N, 36�1604500E). DNA was extracted using a modi-
fied silica-column extraction protocol (McDonough et al.
2018) in a clean, PCR-free laboratory dedicated to ancient
DNA processing at the Smithsonian Center for Conservation

Genomics (CCG) in Washington, DC where the DNA is stored.
The DNA extract was quantified using a QubitVR fluorometer
(Life Technologies) and DNA fragment size was estimated
using a Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA) with High Sensitivity DNA kit. We then applied the
Illumina blunt-end single-tube library preparation method for
degraded DNA described by Carøe et al. (2018) and deter-
mined the number of index PCR cycles by performing qPCR
on the library. We performed a dual indexing PCR with
TruSeq-style indices (Meyer and Kircher 2010) using Kapa HiFi
Uracilþ (Kapa Biosystems). The library was sequenced with
2� 150 bp paired-end reads using Illumina MiSeqVR platform
at the CCG. In total, 1,914,038 reads were generated.

PCR duplicates and poor-quality reads were removed from
the raw sequence data with prinseq-lite-0.20.4, and adapter
contamination was removed using TrimGalore 0.4.1.
Mitogenome assembly, consensus generation, and features
annotation were performed with Geneious v9.1.2 software
(Biomatters Ltd.). Quality-filtered reads were mapped to all
available and verified mitogenome sequences of species from
the same genus: Herpestes javanicus (AY873843; NC_006835
and KY117548) and Herpestes brachyurus (KY117547) using
Geneious mapping algorithm with Medium-Low sensitivity.

The resultant mitogenome sequence length of H. ichneu-
mon is 16,775 bp. The average sequencing depth was 43�.
The sequence contains 1 control region, 2 ribosomal RNA
genes, 22 transfer RNA genes and 13 protein-coding genes
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including ones for NADH dehydrogenase (ND1, ND2, ND3,
ND4, ND4L, ND5 and ND6), ones for cytochrome c oxidase
(COX1, COX2 and COX3), ATP synthase (ATP6 and ATP8) and
cytochrome b gene which is typical of a vertebrate mito-
chondrial genome. The base composition is 33% A, 27.4% C,
13.8% G, 25.2% T and 0.6% N; the GC content is 41.2%. Due
to the degraded nature of historical DNA, some gaps were
observed in our assembled mitogenome sequence in the
COX1 gene and the D-loop of the control region.

To determine the position of H. ichneumon within the
Feliformia suborder and Herpestidae family, we constructed a
Neighbour-Joining (NJ) tree using MEGA X (Kumar et al.
2018) with 1000 bootstrap replicates (Felsenstein 1985),
including our sequence and that of several species retrieved
from GenBank (Figure 1). Except for Herpestes species, only
one species per genus is included in the tree. Two canidae
species are used as an outgroup. Evolutionary distances were
computed using the Maximum Composite Likelihood method
(Tamura et al. 2004). Our phylogenetic hypothesis based on

the NJ tree supports the placement of the Egyptian mon-
goose in the family Herpestidae. This species falls with other
members of the Herpestes genus forming a sister clade to
the meerkat (Suricata suricatta). Our results are in concord-
ance with Dere�zanin et al. (2020) study.

Many hypotheses have been previously proposed to
explain the occurrence of the Egyptian mongoose in the
Iberian Peninsula, if it is an exotic species introduced in this
region by Arab Muslims in the Middle Ages, or by Romans in
the Roman Hispania Era, or even by Phoenicians during the
11th century BC. It has also been proposed that it colonized
the Iberian Peninsula during the Late Pleistocene when sea-
levels decreased (Cheylan 1991; Detry et al. 2011, 2018).
Gaubert et al. (2011) results based on cytb and control region
mitochondrial fragments support the hypothesis of sweep-
stake dispersal of the species during Late Pleistocene sea-
level fluctuations followed by long-term in situ evolution.

Our results will enable future phylogeographic studies to
illuminate the reason behind the occurrence of H. ichneumon

Figure 1. Neighbor-Joining tree of Herpestes ichneumon and other Feliformia and Caniformia species based on complete mitogenome sequences. Bootstrap support
values are indicated at the base of the nodes of each clade.
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in the Iberian Peninsula and to elucidate more precisely the
timing and mode of those colonization and species introduc-
tion events.
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