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ABSTRACT

The Caucasian Squirrel, Sciurus anomalus, is the only representative of the Sciuridae family in the
Eastern Mediterranean region. In this study, the mitochondrial genome of the Sciurus anomalus species
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was generated, and we investigate its phylogenetic position within the Sciuridae family. The generated

mitogenome sequence is 16,234 bp. It is composed of a control region and a conserved set of 37
genes containing 13 protein-coding genes, 22 tRNA genes and 2 rRNA genes.

The Caucasian squirrel, Sciurus anomalus (Glldenstadt, 1785),
is @ medium-sized squirrel. It is the only representative of the
Sciuridae family in the Eastern Mediterranean region. This
species is distributed in Iran, Irag, Palestine, Jordan, Syria,
Greece, through the Asian part of Turkey, Armenia, Georgia,
Azerbaijan and Lebanon. Three subspecies of the Caucasian
squirrel were reported: Sciurus anomalus anomalus
(Gueldenstaedt, 1785), Sciurus anomalus pallescens (Gray,
1867), and Sciurus anomalus syriacus (Ehrenberg, 1829). The
latter is the subspecies present in Lebanon, it differs from the
other subspecies by its dark tail, feet and dorsal pelage
(Bodenheimer 1935; Harrison and Bates 1991; Gavish 1993;
Ozkan 1999; Amr 2000; Ellerman 2009; Lewis et al. 2009;
Oshida et al. 2009; Koprowski et al. 2016).

In this study, we sequenced the mitochondrial genome of
Sciurus anomalus syriacus using historical DNA and we exam-
ined its phylogenetic position within the family Sciuridae.
The specimen was obtained in 2007 from the Qobayat
region. The generated sequence was submitted to GenBank
database (accession number MWO027641). Ours is the first
study to present the mitochondrial genome of this species.

A tissue sample was obtained from the footpad of a pre-
served specimen (voucher number MOQ17) from the
Museum of Birds, Mammals and Butterflies of Qobayat-
Lebanon (34°34'00”N, 36°16’45”E); it was collected under
sterile conditions using disposable scalpel blades and gloves.
DNA was extracted using a modified silica-column extraction
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protocol (McDonough et al. 2018) in a clean, PCR-free labora-
tory dedicated to ancient DNA processing at the Smithsonian
Center for Conservation Genomics (CCG) in Washington, DC
where the DNA is stored. After DNA quantification using
Qubit® fluorometer (Life Technologies) and 1 x dsDNA HS
assay kit and fragment size estimation using a Bioanalyzer
2100 (Agilent Technologies, Santa Clara, CA) with High
Sensitivity DNA kits, we applied the lllumina blunt-end sin-
gle-tube library preparation method for degraded DNA
described by Carge et al. (2018). We used gPCR to determine
the number of indexing PCR cycles to perform, and per-
formed dual indexing PCR with TruSeg-style indices (Meyer
and Kircher 2010) using Kapa HiFi Uracil4- (Kapa Biosystems).
The library was sequenced with 2 x 150 bp paired-end reads
using an lllumina MiSeq® platform at the CCG.

PCR duplicates and poor-quality reads were removed from
the raw sequence data with prinseg-lite-0.20.4; adapter con-
tamination was removed using TrimGalore v0.4.1. The mito-
genome assembly, consensus generation, and annotation
were performed with Geneious v9.1.2. Quality-filtered reads
were mapped to previously published mitogenome of the
red squirrel, S. vulgaris (KC993006) using Geneious mapping
algorithm. The generated consensus sequence was aligned to
the reference sequence using the MAFFT v7.450 plug-in
(Katoh and Standley 2013).

The generated mitogenome sequence of S. anomalus is
16,234 bp, which covers 97.5% of the reference sequence.
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Figure 1. Bayesian phylogenetic tree of Sciurus anomalus and species of Sciuridae family based on complete mitogenome sequences. Values beside the nodes are

Bayesian posterior probabilities. The tree is midpoint rooted.

The average sequencing depth was 22.2x. The sequence is
composed of a control region and conserved set of 37 genes
typically found in other squirrel species: 22 tRNA genes, 2
rRNA genes (7125 rRNA and 16S rRNA) and 13 protein-coding
genes (PCGs) 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. The base composition was
30.6% A, 24.6% C, 12.8% G, 29.5% T and 2.5% N; the GC con-
tent was 37.4% which is consistent with other Sciuridae spe-

cess of the genus Sciurus.

cies (Kim et al. 2017). Due to the degraded nature of the
DNA, some gaps remain in our assembled mitogenome par-

ticularly in the 16S ribosomal RNA and the NADH dehydro-

genase subunit 2 genes.

Mitogenomes play an important and essential role in con-
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servation studies, especially for phylogenetic analyses (Janke

et al. 2002; Li 2019). Mitogenomes obtained from museum

Funding

specimens such as this one demonstrated to be invaluable

for understanding the evolutionary history and taxonomy of
squirrels (de Abreu et al. 2020). To determine the position of
S. anomalus within the Sciuridae family, a Bayesian phylogen-

Saint-Joseph University [USJ FS-150].

etic tree was performed using BEAST v2.6.3 (Bouckaert et al.
2019) under optimal substitution model (GTR + G + ) selected

by jModelTest v2.1.10 (Darriba et al. 2012) (Figure 1). The
resulting tree was visualized in Figtree v.1.4.4 (Rambaut
2016). Our phylogenetic tree puts S. anomalus in a basal pos-
ition to Old World species. This is consistent with the hypoth-
esis of Atilla et al. (2008) based on cytogenetic features
(chromosomal characteristics), S. anomalus is distantly related
to the other Old World Sciurus species (S. lis and S. vulgaris).
Our results are contradictory with those of Aghbolaghi et al.
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(2020) who suggest that speciation in the Sciurus genus
began with the common ancestor of S. vulgaris and S. lis.
Previous analysis based on cytb gene sequences (Oshida
et al. 2009) showed a close relationship between Sciurus vul-
garis and Sciurus lis while Sciurus anomalus clustered with the
New World Sciurus species but bootstrap values supporting
this cluster were low. Studies with a higher number of New
and Old World taxa are needed to decipher the unique
phylogenetic position of S. anomalus in the evolutionary pro-
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Data availability statement

The genome sequence data that support the findings of this study are
openly available in GenBank of NCBI at (https://www.ncbi.nim.nih.gov/)
under the accession no. MW027641. The associated BioProject, SRA, and
BioSample numbers are PRINA694869, SRX9969238, and SAMN17575819,
respectively.

References

Aghbolaghi MA, Ahmadzadeh F, Kiabi B, Keyghobadi N. 2020.
Evolutionary history of the Persian squirrel (Sciurus anomalus): It
emerged on the Eurasian continent in the Miocene. Zool Anz. 287:17-
24.

Amr ZS. 2000. Jordan country study on biological diversity: mammals of
Jordan. UN Document Repository.

Atilla A, Albayrak I, Oshida T. 2008. Banded karyotypes of the Persian
squirrel Sciurus anomalus from Turkey. Caryologia. 61(2):139-143.

Bodenheimer FS. 1935. Animal life in Palestine. Jerusalem: L. Mayer.

Bouckaert R, Vaughan TG, Barido-Sottani J, Duchéne S, Fourment M,
Gavryushkina A, Heled J, Jones G, Kuhnert D, De Maio N. 2019. BEAST
2.5: an advanced software platform for Bayesian evolutionary analysis.
PLOS Comput Biol. 15(4):e1006650

Carge C, Gopalakrishnan S, Vinner L, Mak SS, Sinding MHS, Samaniego
JA, Wales N, Sicheritz-Pontén T, Gilbert MTP. 2018. Single-tube library
preparation for degraded DNA. Methods Ecol Evol. 9(2):410-419.

Darriba D, Taboada GL, Doallo R, Posada D. 2012. jModelTest 2: more
models, new heuristics and parallel computing. Nat Methods. 9(8):
772-772.

de Abreu EF, Jr, Pavan SE, Tsuchiya MT, Wilson DE, Percequillo AR,
Maldonado JE. 2020. Museomics of tree squirrels: a dense taxon sam-
pling of mitogenomes reveals hidden diversity, phenotypic conver-
gence, and the need of a taxonomic overhaul. BMC Evol Biol. 20(1):77

Ellerman J. 2009. Key to the rodents of South-West Asia in the British
Museum Collection. Proc Zool Soc London. 118(3):765-816.

MITOCHONDRIAL DNA PART B . 885

Gavish L. 1993. Preliminary observations on the behavior and ecology of
free-living populations of the subspecies Sciurus anomalus syriacus
(golden squirrel) on Mount Hermon, Israel. Israel J Zool. 39:275-280.

Guldenstadt J. 1785. Sciurus anomalus. Die saugthiere in abbildungen
nach der natur mit beschreibungen, IV Erlangen 781.

Harrison DLB, Bates PJJ. 1991. The mammals of Arabia. Kent, England:
Harrison Zoological Museum Publication.

Janke A, Magnell O, Wieczorek G, Westerman M, Arnason U. 2002.
Phylogenetic analysis of 185 rRNA and the mitochondrial genomes of
the wombat, Vombatus ursinus, and the spiny anteater, Tachyglossus
aculeatus: increased support for the Marsupionta hypothesis. J Mol
Evol. 54(1):71-80.

Katoh K, Standley D. M. 2013. MAFFT multiple sequence alignment soft-
ware version 7: improvements in performance and usability. Molecular
Biology and Evolution. 30(4):772-780.

Kim HR, Kim JY, Kim EK, Kim HJ, Park YC. 2017. Complete mitogenome
of the red squirrel Sciurus vulgaris (Sciuridae) from Korea.
Mitochondrial DNA Part B. 2(2):560-561.

Koprowski JL, Gavish L, Doumas SL. 2016. Sciurus anomalus (Rodentia:
Sciuridae). MSPECI. 48(934):48-58.

Lewis RE, Lewis JH, Atallah SI. 2009. A review of Lebanese mammals.
Lagomorpha and Rodentia. J Zool. 153(1):45-70.

Li H. 2019. Characterization and phylogenetic implications of the com-
plete mitochondrial genome of Syrphidae. Genes. 10(8):563.

McDonough MM, Parker LD, Rotzel Mclnerney N, Campana MG,
Maldonado JE. 2018. Performance of commonly requested destructive
museum samples for mammalian genomic studies. J Mammal. 99(4):
789-802.

Meyer M, Kircher M. 2010. lllumina sequencing library preparation for
highly multiplexed target capture and sequencing. Cold Spring Harb
Protoc. 2010(6):pdb.prot5448.

Oshida T, Arslan A, Noda M. 2009. Phylogenetic relationships among the
Old World Sciurus squirrels. Folia Zool. 58(1):14.

Ozkan B. 1999. Rodent fauna of Imbros and Tenedos (Mammalia:
Rodentia). Turk J Zool. 23:133-148.

Rambaut A. 2016. FigTree v1. 4.3 software. Institute of Evolutionary
Biology, University of Edinburgh.


https://www.ncbi.nlm.nih.gov/

	Abstract
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


