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The complete mitochondrial genome of endemic Taurus ground
squirrel Spermophilus taurensis (Rodentia: Sciuridae)
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Sadik Demirtas & Evgeniy Simonov

ABSTRACT. Complete mitochondrial genome of paratype specimen of Taurus ground squirrel Spermophilus
taurensis was assembled for the first time. We provide data concerning the sequencing, assembly, and annota-
tion of the obtained mitochondrial genome. The studied mitogenome being 16 447 bp in length, and containing
13 protein-coding genes, two ribosomal RNA genes, 22 transfer RNA genes, an origin of L-strand replication and
a control region. Data obtained for the whole mitochondrial genome confirmed sister position of S. taurensis and
the closely related species S. citellus on the phylogenetic tree, which was shown earlier on single genes.
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NMonHbIN MUTOXOHAPUMAaNbHBLIN FEHOM 3HAEeMUYHOro TaBpu4eckoro
cycnuka Spermophilus taurensis (Rodentia: Sciuridae)

B.A. MaTpocoBa’, U. MNoHays, O.A. Epmakos, C. [lemupTaw, E. CumoHoB

PE3IOME. BriepBbie 661 cOOpaH MOMHBII MUTOXOHIPUAIBHBIH T€HOM MapaTHIIOBOTO SK3EMILIsIpa TaBpH-
YecKoro cycnuka Spermophilus taurensis. Mbl IpeOCTaBIIsIEM JaHHbIE, KAacAIOMINECs] CEKBEHHPOBaHNS,
cOOPKH M aHHOTHPOBAHHUS MTOJYYCHHOTO MUTOXOHPHAIBHOTO TeHOMa. ccnenoBanHbIi MUTOTEHOM HMe-
et nHy 16 447 n.H. 1 conepkuT 13 OenoK-KOIUPYIOMNX TeHOB, Ba reHa pudbocomansHoi PHK, 22 rena
tpaHcnoptHoit PHK, Touky Hauana pernnukanuu L-uienu 1 KOHTpobHBINA peruoH. [lonydyeHHble JaHHbIE 110
MOJTHOMY MUTOXOHJPUAIGHOMY T€HOMY MOATBEPIMIN NMOKa3aHHOE PaHHEe HAa OCHOBAHUM OTACIBHBIX Te-
HETHUYCCKUX MapKepOB CECTPHHCKOE MOJOKEHUE S. faurensis u 0mau3koro Buna S. citellus Ha GpuIIoreHeTH-
YECKOM JICPEBE.

KJIFOUEBBIE CJIOBA: ¢unorenus Marmotinae, mutoxouapuanbras JJHK, Typuws.
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Introduction

The Taurus ground squirrel Spermophilus taurensis
Giindiiz et al., 2007 is a relatively recently described en-
demic species of the Old World ground squirrel (Fig. 1C).
This rodent is distributed in a small area in the Tau-
rus Mountains in southern Turkey and is sister to the
European ground squirrel S. citellus (Linnaeus, 1766)
with a divergence time of about 2.5 million years ago

(Giindiiz et al., 2007). Only 23 localities of the species
have been described, while the abundance has not been
studied at all (Giindiiz et al., 2007; Giir et al., 2018).
Due to the lack of information, this species does not
currently have a high international conservation status.
Whole genome research is an important step in build-
ing a modern strategy for species protection.

In this study, we sequenced the complete mitog-
enome of S. taurensis. The individual OMUS-43573 is
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one of the eight paratypes collected in the village of
Yarpuz in Akseki-Antalya, Turkey (Latitude: 37.13 N,
Longitude: 31.88 E, Altitude: 1542 m) on August, 11
in 2005. Permission for specimen capture was kindly
granted by the General Directorate of Nature Conserva-
tion and National Parks, Republic of Turkey Ministry
of Agriculture and Forestry (Project No. OMU F-392).

Materials and methods

The research is based upon museum collection speci-
men and GenBank (NCBI) data. DNA was extracted
from muscle tissue of the paratype specimen using the
standard phenol—chloroform method (Sambrook et al.,
1989). The paratype specimen and its DNA were de-
posited in the collections of the Department of Biology,
Faculty of Sciences, Ondokuz May1s University, Sam-
sun, Turkey (https://bio-fen.omu.edu.tr/tr, subcollection
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IG, contact person and email: 1. Giindiiz, gunduzi@omu.
edu.tr) under the voucher number OMUS-435. DNA li-
brary preparation was carried out using the TruSeq Nano
DNA Library Prep Kit (Illumina, San Diego, CA). Total
genomic DNA was sonicated using the Covaris S220
(Covaris, Woburn, MA) according to the manufacturer's
recommendations. After adapter ligation, the library was
sequenced on the [llumina NovaSeq6000 platform (2 x
150 bp) (Illumina, San Diego, CA).

Reads were assembled de novo with NOVOPIlasty
4.3.1 (Dierckxsens et al., 2017) to obtain a full-length
mitogenome with an average coverage of 467x. Read
coverage depth map was created following the proto-
col by Ni et al., 2023) (Fig. 1B). The mitogenome was
annotated using MitoAnnotator (Iwasaki et al., 2013).

For phylogenetic analyses we used complete mi-
tochondrial genomes from other members of the Mar-
motini tribe available in GenBank. The mitochondrial
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Fig. 1. (A) Circular map of the mitogenome of Spermophilus taurensis. The outer circle denotes gene composition, the inner
circle shows local GC density. (B) Sequencing coverage graph of mtDNA. (C) An adult Taurus ground squirrel Spermophilus
taurensis, with characteristic reddish brown dorsal pelage for this species. Photograph was taken in the Taurus Mountains

during 2010, by islam Giindiiz.
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Table 1. S. taurensis mitochondrial genome composition and characteristics.

Gene Position Number Size (bp) Codon Strand III\}LeCrlgeeOI}[ieg:
Start Stop Start Stop H

tRNAP 1 70 70 H 0
rRNA 128 71 1041 972 H 0
tRNAY 1042 1110 69 H 0
rRNA 16S 1111 2676 1566 H 0
tRNALe 2677 2750 74 H 0
NDI1 2754 3709 956 ATG TA-* H +3
tRNA" 3710 3778 69 H 0
tRNAS" 3776 3847 72 L -2
tRNAM 3855 3923 69 H +7
ND2 3924 4965 1042 ATT T--* H 0
tRNAT 4966 5033 68 H 0
tRNAAR 5037 5105 69 L +3
tRNAA 5111 5183 73 L +5
tRNACY 5215 5281 69 L +31
tRNAY" 5282 5347 66 L 0
COI 5356 6897 1542 ATG TAA H +8
tRNASe 6900 6968 69 L +2
tRNAAP 6972 7040 69 H +3
Coll 7041 7724 684 ATG TAA H 0
tRNALs 7728 7794 61 H +3
ATPase8 7796 7999 204 ATG TAG H —43
ATPase6 7957 8637 681 ATG TAA H -1
COIIL 8637 9420 784 ATG T--* H 0
tRNASY 9421 9490 70 H 0
ND3 9491 9837 347 ATA TA-* H 0
tRNAA® 9838 9904 67 H 0
ND4L 9906 10202 297 ATG TAA H +1
ND4 10196 11573 1378 ATG T--* H —7
tRNAMS 11574 11642 51 H 0
tRNASe 11643 11701 59 H 0
tRNALe 11702 11771 69 H 0
ND5 11772 13589 1818 ATT TAA H 0
ND6 13573 14097 525 TAC** TCT** L -17
tRNASH 14098 14166 68 L 0
Cytb 14171 15310 1140 ATG AGA H +4
tRNA™ 15311 15376 66 H 0
tRNAFr 15380 15446 67 L +3
D-loop 15447 16447 1001 0

*TAA stop codon is completed by the addition of 3* A residues to the mRNA.

** The gene is encoded on the L- Strand (complement 5°->3").

genomes were aligned using MAFFT 7.453 (Katoh
& Standley, 2013) in a high accuracy mode (with pa-
rameters -- maxiterate 1000 --globalpair). All gaps and
poorly aligned positions were removed using Gblocks
0.91b (Castresana, 2000), including the whole control
region, resulting in 15 241 bp length alignment. A max-
imum likelihood phylogenetic tree was generated us-
ing IQ-TREE 2.2.0 (Minh et al., 2020). The best-fitting
evolution model (GTR+F+R3) was selected with Mod-

elFinder (Kalyaanamoorthy et al., 2017) and the branch
support was assessed with 1000 standard nonparamet-
ric bootstrap replicates.

Results and discussion
The genome sequence data generated in this study

are openly available in GenBank of the NCBI (https://
www.ncbi.nlm.nih.gov/) under the accession number
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E NC_026705 Cynomys leucurus

- NC_026706 Cynomys ludovicianus

—-- NC_027278 Ictidomys tridecemlineatus
------ NC_059785 Urocitellus parryii

------ NC_031209 Urocitellus richardsonii

KP708706 Spermophilus dauricus
99

NC_071768 Spermophilus alashanicus

- 0Q675160 Spermophilus taurensis
- NC_059784 Spermophilus citellus

— LR632920 Marmota monax

——- NC_018367 Marmota himalayana

NC_042243 Marmota flaviventris

- NC_048490 Marmota vancouverensis

------- NC_031210 Callospermophilus lateralis

NC_032373 Tamias dorsalis

P NC_032374 Tamias cinereicollis

—-e NC_032370 Tamias quadrivittatus

—- - NC_032371 Tamias rufus
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L NC_032376 Tamias umbrinus

—- NC_032372 Tamias canipes

NC_025277 Tamias sibiricus

NC_032375 Tamias striatus
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Fig. 2. Maximum likelihood phylogeny of 22 species of tribe Marmotini (Rodentia: Sciuridae) based on their complete mi-
togenomes. The mitogenome sequence generated in this study is labeled in bold. GenBank accession numbers for each spe-
cies are shown before the name of the species. The bootstrap support values below 100% are shown by the numbers on the
branches, while black dots designate 100% support.
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0Q675160. The associated BioProject, SRA, and Bio-
Sample numbers are PRINA971162, SRR24502290,
and SAMN35020973, respectively. The complete mi-
togenome of S. taurensis consisted of 16 447 bp and
had a typical structure consisting of 13 protein-coding
genes (PCGs), 22 transfer RNA genes (tRNA), two ri-
bosomal RNA genes (rRNA), an origin of L-strand rep-
lication (O, ), and a control region (Fig. 1A; Table 1),
which was consistent with other known species of
Spermophilus. All mitochondrial genes were encoded
on the H chain, with the exception of the ND6 gene
and the eight tRNA genes (tRNAS", tRNAAR tRNAA,
tRNASs, tRNAD, tRNAST tRNAC", and tRNAP©)
which were encoded on the L chain (Fig. 1A; Table 1).
In the mitogenome, there were 12 gene spacers (from
one to 31 bp in size). The longest gap was found be-
tween tRNA" and tRNA®s. In addition, there were
five overlapping regions (from one to 43 bp in size).
The longest overlapping region (43 bp) was located be-
tween ATPase 8 and ATPase 6 genes.

The overall base composition of the mitogenome
in descending order was 32.7% — A, 32.0% — T,
23.0% — C, 12.4% — G, with an A + T bias (64.7%).

We made phylogenetic analysis of all Marmoti-
ni species with available mitogenome sequences
(Fig. 2). The phylogenetic reconstruction supports
the close relationship of S. taurensis and S. citellus
(Glnduz et al., 2007) and the monophyly of the Old
World ground squirrels (genus Spermophilus) (Har-
rison et al., 2003).

Taurus ground squirrel is a unique component of
Turkish mountain ecosystems. It’s known distribution
is small and the species displays low genetic diversity
(Giindiiz et al., 2007). Thus, there is a clear need to
institute measures to ensure its conservation. Current-
ly, ground squirrels have no legal protection and are
viewed as pests by farmers (Ozkurt et al., 2005). Fur-
ther studies of the ecology and the state of the popula-
tion are urgently required.
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