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Abstract

This study is based on the analysis of the cytochrome c oxidase subunit I gene of 20 grey wolf samples
obtained from different regions of Tiirkiye between 2014-2018. The results from this study were compared with
sequences from Canis lupus records from other localities available in GenBank. This comparison showed that Canis
lupus in Tirkiye originates from the same genetic source as the Canis lupus sequences in GenBank with a very high
degree of similarity in sequencing (97-100%).
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*

Tiirkiye’deki Canis lupus’un sitokrom oksidaz subunit I gen analizleri

Ozet

Bu ¢aligma, 2014-2018 yillar1 arasinda Tiirkiye'nin farkli bolgelerinden elde edilen 20 adet gri kurt drneginin
sitokrom c oksidaz subunit I geninin analizine dayanmaktadir. Bu ¢alismadan elde edilen sonuglar, GenBank'ta bulunan
diger bolgelerdeki Canis lupus kayitlarindan elde edilen dizilerle karsilastirildi. Bu karsilagtirmada, Tiirkiye'deki Canis
lupus'un Gen Bankasi'ndaki Canis lupus dizileriyle ayni genetik kaynaktan geldigi ve dizilim agisindan ¢ok yiiksek
derecede benzerlik gosterdigi (%97-100) kaydedildi.

Anahtar kelimeler: Mitokondriyal DNA, sitokrom ¢ oksidaz, gri kurt, Tiirkiye
1-Introduction

With rapid developments in the field of molecular biology in the last fifty years, interspecific and intraspecific
genetic relationships are increasingly examined. Mitochondrial DNA is frequently used to examine these relationships
due to the reliability of gene sequencing [2]. Because mtDNA is inherited only maternally and there is no recombination
of mtDNA, this has led to its intensive use in population genetics, phylogenetics, and studies of intraspecific and
interspecific genetic similarity and difference [1].

Mitochondrial genome size in animals is between 16,300-17,000 bp, and the genes in the mitochondrial
genome and the sequence of these genes have been very well preserved during evolution [12]. The main reason for
choosing the COI gene as the standard barcode gene was its significant discrimination power for more than one species
[3]. The first to apply this DNA barcode, stated that the Cytochrome ¢ Oxidase Subunit | (COI) gene can distinguish
different species at the molecular level and that this gene is the appropriate DNA barcode for the Animal Kingdom [4].

In a global study examining the phylogeography and population history of gray wolves based on mitochondrial
control region sequences, two Turkish gray wolves of unknown origin were included. The analysis revealed that both
samples shared a single haplotype, which is identified as the most widely distributed haplotype in the dataset. This
haplotype is common across multiple regions, including Portugal, Croatia, Greece, Sweden, and Western Russia.
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Additionally, the Turkish samples were found to cluster within the same phylogenetic group as wolves from Asia,
Europe, and the Middle East [11].

In a study aimed at assessing the genetic diversity and elucidating the phylogenetic relationships of gray
wolves in Tiirkiye, 12 wolf samples from central and eastern Anatolia were analyzed. The study identified seven D-loop
haplotypes (332 bp), and comparison of these sequences with those recorded in GenBank from Eurasian wolves
revealed that two haplotypes were unique to Turkish wolves. The findings also indicated a high level of genetic
variation within the wolf populations in Tiirkiye [5].

Studies based on standard molecular markers, conducted on small samples of gray wolf populations in Tirkiye,
have reported high genetic variation within these populations. However, it has also been noted that the available genetic
data on the species remain limited and insufficient for accurately assessing and monitoring the current and future status
of gray wolves in Tiirkiye [8].

This study aimed to determine the Cytochrome ¢ Oxidase Subunit | gene sequence of grey wolf samples
obtained from Tiirkiye and to compare them with data from the same species in GenBank.

2-Material and Method
2.1. Ethical Scope

For this study a research permit was obtained from the TR Ministry of Agriculture and Forestry, General
Directorate of Nature Conservation and National Parks (dated 05.04.2016 and numbered 72784983-488.04-75301). In
addition, a 5-year cooperation protocol was signed between the same General Directorate and Kirikkale University
Faculty of Arts and Sciences on 15" September 2015.
2.2. Material

Tissues of 20 grey wolves (C. lupus) and one dog (C.familiaris) were used in the study. Scientific and ethical
rules regarding animal rights were complied with in the sampling. All of the samples were taken from dead animals.
Sampling from ear cartilage tissues material was placed in Eppendorf tubes, and numbered and stored in a deep freezer
at -20°C until use.
2.3. Oligonucleotide primers

In this study the primer sets shown in the table below were synthesised for the detection of the Cytochrome ¢
Oxidase Subunit I gene [7] (Table 1). Primers were diluted at 100 pm/pl as the storage dilution and 20 pm/ul as the
working dilution and stored at -20°C.

Table 1. Primers and DNA sequences used in the molecular analyses [7]

Primer DNA Sequence
Ucol (5'- CACTGC CTT GAG CCT CCT CAT C-3)
Dcol (5'- GGG GAG GTT GCG TCC TGT AAT C-3)

2.4. Nucleic acid isolation

Nucleic Acid isolation was performed using a commercial kit following manufacturer’s instructions (Tissue
SV Mini, Cat #104-101, Lot #11717B03002, GeneAll Biotech, South Korea). The obtained nucleic acid concentration
was measured with a spectrophotometer (Qubit Assay, Thermo Fisher Scientific, USA), and adjusted to 100 pg/ul using
molecular-grade water. The obtained DNA was stored at -80°C until sequenced.

2.5. Polymerase Chain Reaction (PCR)

A commercial kit was used for PCR amplification (AmpMaster Kit, GeneAll, Cat no.544-010, Lot no.
TMO016G19001 GeneAll Biotech, Korea) following the method of Li et al. (2011). The reactions were carried out in a
total volume of 20 pl (Table 2).

The results were evaluated on a UV transilluminator (Blook Led Transilluminator BK001) and photographs
were taken. expected As an indication of positive PCR amplification, specific bands were expected to form in the
approximately 1500 bp regions for the UCOI and DCOI primer pair. The results were recorded by in photographs.
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Table 2. Composition of the reagent used in PCR

Reagent Amount Used (uL)
MasterMix 10

Primer Ucor (10 pmol) 1

Primer Dcoi (10 pmol) 1

dH,0 4

DNA 4

Total Reaction Volume 20

2.6. DNA sequencing

DNA sequence analysis was done commercially. Positive PCR samples were ordered for duplex DNA
sequence analysis. The primer sets used for PCR were used in all DNA sequence analyses. DNA sequence analysis
results were received without processing.

2.7. Phylogenetic analyses

The obtained DNA sequences were analysed using BioEdit software

(http://www.mbio.ncsu.edu/BioEdit/page2.html) and matching sequences were performed with ClustalX1.83 software
[10]. The Blast programme was used to compare the obtained DNA sequences (http://blast.ncbi.nlm.nih.gov/Blast).
In this study it was aimed to determine genetic similarities of the mitochondrial COI gene in the sampled Turkish wolf
population compared with other grey wolves. The obtained DNA sequences were recorded in the GenBank database.
Sequences previously obtained by other researchers (KU644671.1, KF661055, KU696410, KU696398) were also used
to compare these DNA sequences. Dendrograms of these DNA sequences were prepared according to the "neighbor-
joining™ method.

3- Results

For this study molecular analysis of a total of 21 samples was performed and COI gene sequences of different
lengths (1362-1416) were obtained. Appropriately sized gene regions were obtained in a total of 16 samples. PCR was
unsuccessful in four samples (4, 11, 12, 22) and one sample did not have a sufficiently long sequence reads (26), so
that sequences were unavailable for five of the samples.

Directories matched with the Bio-Edit program were checked with Blast
(https://blast.ncbi.nim.nih.gov/Blast.cgi). As a result of matching with the BioEdit program, a partial sequence of the
COl gene with a length of 1400 bp was obtained for each useable sample (Table 4). The COI gene sequences obtained
in this way were submitted to the “GenBank” (https://www.ncbi.nlm.nih.gov/genbank/) and the following Accession
Numbers were obtained (Table 3)As a control for this gene, DNA sequences of wolf samples from different localities
(Croatia, Iran, Israel, Canada) were obtained from GenBank and comparisons were made [6], [9].

Table 3. List of grey wolf specimens examined

Sample No Locality ﬁﬁ:s;?ron Reference
Wolf 2 Eskisehir MK461173 This study
Wolf 3 Cankirt MK461174 This study
Wolf 6 Bitlis MK461175 This study
Wolf 7 Cankiri MK461176 This study
Wolf 8 Bayburt MK461163 This study
Wolf 9 Bayburt MK461164 This study
Wolf 10 Bayburt MK461162 This study
Wolf 11 Bayburt MK461177 This study
Wolf 16 Cankir1 MK461165 This study
Wolf 17 Ankara MK461166 This study
Wolf 19 Cankiri MK461168 This study
Wolf 21 Ankara MK461167 This study
Wolf 24 Corum MK461169 This study
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Table 3. Continued

Wolf 25 Cankir MK461170 This study
Wolf 27 Cankiri MK461171 This study
Wolf 28! Cankiri MK461172 This study
Iran2 Iran KU644671.1 [6]
Israel2 Israel KF661055 [9]
WCRO7 Croatia KU696398 [6]
Canll Canada KU696410 [6]

! This specimen was identified as a dog according to the results of the DNA sequence analysis.

Table 4. DNA guantification results

Sample No Concentration
2 22.4 pg/ml
8 11.2 pg/ml
17 6.03 pg/ml
4 0,73 pg/ml
11 1.84 pg/ml
12 0.35 pg/ml
22 0.19 pg/ml

The relationships between these samples are shown in a phylogenetic tree, both without outgroup
determination (Figure 1) and with KU644671.1 [6] as an outgroup (Figure 2).

o Wolf 9
22,61 Wolf 2
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123, 21,72 Wolf 3
052 7880 Wolf 7
0.69 21,87 Wolf 8
14.38 L2524 Wolf 16
£ 25,72 Wolf 17

Figure 1. Phylogenetic analysis of samples (without outgroup determination)
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Figure 2. Phylogenetic analysis of the samples (by determining the outgroup)

4- Conclusions and Discussion

In the statistical analysis, the obtained DNA sequences are very similar to the wolf sequences registered in
GenBank (97-100%). Again, there is sufficient data to be able to distinguish genetically from dogs. This study is unique
in terms of determining the sequence the mitochondrial gene region (COI) and carry out an intraspecific phylogenetic
analysis of a wild species in Tirkiye.

Genetic information on the gray wolf population in Turkiye has been found to be highly limited and
insufficient for effectively monitoring the current and future status of the species [8]. In this context, the contribution of
additional genetic data from Tiirkiye, particularly by uploading the results of this study to the GenBank database, is of
significant value. For future research, whole-genome sequencing of Turkish wolf samples is essential to enable more
detailed evaluations and comparisons, enhancing our understanding of their genetic diversity and evolutionary history.
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