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Striped hyaena (Hyaena hyaena) is one of the species in danger of extinction and categorized globally 

as “Under Threatened Organism”. From time to time, different tissue samples and carcasses of the 

striped hyena are reported in different regions of Anatolia. In this study, 571 bp length of Cytochrome 

C Oxidase Subunit II (COX 2) of mitochondiral DNA from hair, ears, nails and teeth specimens from 

six striped hyaenas were amplified and sequenced to determined phylogenetic relationships between 

close and distant species related to hyaena. Tissue samples using in this study were found randomly 

at different times in Hatay province, Turkey. According to our results, all colected samples located 

in Hatay region are the members of H. hyaena species. Moreover, this research is the first molecular 

research using COX2 gene region for phylogenetic analysis in Turkey. Further investigation can be 

performed on studies that suggest determining phylogenetic status of striped hyaenas.  
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Hatay İlinde Çizgili Sırtlanın (Hyaena hyaena: Hyaenidae, Carnivora) 
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Çizgili Sırtlan (Hyaena hyaena), küresel olarak "Tehdit Altındaki Canlılar" olarak sınıflandırılan ve 

nesli tükenme tehlikesiyle karşı karşıya olan türlerden biridir. Anadolu'nun farklı bölgelerinde farklı 

zamanlarda çizgili sırtlanın doku örnekleri ve leşleri rapor edilmiştir. Bu çalışmada, sırtlan ile ilgili 

yakın ve uzak türler arasındaki filogenetik ilişkileri belirlemek için, ölü sırtlanlardan alınan saç, kulak, 

tırnak ve diş örneklerinden 571 bp uzunluğundaki Cytochrome C Oxidase Subunit II (COX 2) 

mitokondiral DNA'sı amplifiye edilmiş ve dizilenmiştir. Bu çalışmada kullanılan doku örnekleri 

Hatay ilinde farklı zamanlarda rastgele bulunmuştur. Elde ettiğimiz sonuçlara göre Hatay bölgesinde 

toplanan örneklerin tamamı Hyaena hyaena türünün üyeleridir. Ayrıca bu araştırma, Türkiye'de 

filogenetik analiz için COX2 gen bölgesini kullanan ilk moleküler araştırmadır. Çizgili sırtlanların 

filogenetik durumunun belirlenmesini öneren çalışmalar üzerinde daha fazla araştırma yapılabilir.  
 

 

Anahtar Kelimeler: 

Karnivora 

COX 2 

Hyaena hyaena 

Hyaenidae 

Çizgili Sırtlan 

 

 

 
a  eatay@mku.edu.tr  https://orcid.org/0000-0002-5274-1025   b  ersan.m@yahoo.com  https://orcid.org/0000-0002-2401-1201 
c  karabag@akdeniz.edu.tr  https://orcid.org/0000-0002-4516-6480   d  turan.cetin@dogadernegi.org  https://orcid.org/0000-0002-4935-4104 

 

 This work is licensed under Creative Commons Attribution 4.0 International License 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Atay et al. / Turkish Journal of Agriculture - Food Science and Technology, 9(6): 1047-1052, 2021 

1048 

 

Introduction 

Turkey, a natural land bridge linking Europe and Asia, 

has hosted countless mammalian species such as the striped 

hyaena historically (Johnson, 2002). Among them, the 

striped hyaena is a member of the Hyaenidae family and is 

one of the smallest family of the Carnivora. Biochemical 

and paleontological data indicate that hyaenas originated 

from stem feliforms in Late Oligocene approximately 25 

million years ago. (Bernor et al., 1996). Hyaenas have 

reached their highest diversity with 20-30 species during 

the Late Miocene period (Werdelin and Solounias, 1991). 

However, after this period, it gradually decreased and only 

4 species have survived (Brown and Lomolino, 1998; 

Simpson, 1953). Thus, the four existing species are 

considered taxonomic residues, which were once the 

remains of a different group (Koepfli et al., 2006). Striped 

hyaenas are often seen ecologically as garbage collectors 

of nature, just like vultures, as they feed on carcasses at 

night. In order to maintain ecological balance, striped 

hyaenas should be taken under protection as soon as 

possible. 

The striped hyaena (Hyaena hyaena Linnaeus, 1758) is 

a group of carnivores that has a widespread range 

compared to other hyaenas. Although the general 

appearance of hyaenas associates them with the dog family 

(Kruuk, 1976; Prater, 1971), the structure of the skull, teeth 

and other anatomical features makes them members of the 

Feliformia group which is the lower order of Carnivora 

(Alam et al., 2015). 

 

The distribution of the H. hyaena populations, as shown 

in Figure 1, comprises most of Africa (except for the 

southern parts), the Middle East including the Arabian 

Peninsula, Turkey, the Levant, Iraq, Iran and the Caucasus 

(Armenia, Azerbaijan, Georgia), and extends further into 

Central Asia and the Indian subcontinent (Kasparek et al., 

2004). In general, H. hyaena species inhabit like other 

hyaena species in geographic areas such as steppes, rocky 

terrain, and sparse tree valleys (Mills and Hofer, 1998). In 

the last 25 years, a limited number of striped hyaena 

(Hyaena hyaena) species recorded in Anatolia, Çan 

(Çanakkale province), Bergama (Kozak Plateau and 

Yuntdağ region), Lake Bafa / Milas, Antalya (Termessos 

National Park), Bolkar Mountains, Amanos Mountains 

(Hatay province) and Southeast Anatolia regions. 

Striped hyaenas are called primary scavengers. The 

main food sources of hyaenas are the dried meats and bones 

of vertebrate carcasses that are too large for them to hunt. 

Likewise, they also meet their nutritional needs by hunting 

smaller vertebrates (Kruuk, 1976). Adult striped hyaenas 

weigh approximately 30-35 kilograms and generally feed 

on their own. In this species, male individuals are slightly 

larger than female individuals and are found to be more 

socially dominant than females (Watts and Holekamp, 

2007). In addition, small groups of one adult female and 

several adult males share a common burrow area and 

usually rest together during the daylight hours (Wagner, 

2007). 

Mills and Hofer (1998) stated that there is an evidence 

of the extinction of hyaenas in many places and that the 

hyaena population generally is quite low. Considering that 

the molecular information about H. hyaena is insufficient 

in the literature and the number of these animals is 

decreasing day by day, it is important to carry out studies 

in this field. In addition, the importance of striped hyaena 

species members will be understood by scientists as a result 

of genetically identified phylogenetic analyses using 

mitochondrial gene regions. 

The mitochondrial genome is a very useful tool for 

phylogenetic analysis (Avise, 1994). The study of 

mitochondrial DNA (mtDNA) makes it possible to 

generate data for population structure, gene flow, 

hybridization, biogeography, and phylogenetic 

relationships (Moritz, 1994). Since mtDNA genes can 

evolve faster than many other nuclear genes, it is a suitable 

molecular tool for the analysis of phylogenetic 

relationships of close relatives species and populations 

(Presa et al., 2002). In addition, the control region of 

mtDNA is highly variable and can vary even among 

individuals. This region contains sequential repeats in 

many cases. Because of these features, it is used in 

phylogenetic studies among species, subspecies, and 

populations (Zhang and Hewitt, 1997). 

In this study, it was aimed to demonstrate the 

phylogenetic relationships of H. hyaena members in Hatay 

region representing close and distant relatives of the 

hyaena population in Anatolia. 

 

 
Figure 1. The distribution areas of H. hyaena populations 

(AbiSaid and Dloniak, 2015). 

 

Materıals and Methods 

 

Sample Collection 
Tissue pieces such as feather, ear, nail, and teeth of the 

Anatolian hyaena (Hyaena hyaena) were obtained from six 

dead animals at the Hatay region. The samples were stored 

in absolute ethanol at -80°C. 

 

DNA Extraction and PCR Procedure 

For each individual, 25 mg of tissue samples (feather, 

ear, nail, and tooth) were mechanically disintegrated with 

the aid of liquid nitrogen. After extraction of genomic 

DNA, the quality and quantitation values of the obtained 

DNA samples were measured on the BioDrop instrument. 

The extracted samples were stored at -20oC for further 

studies. Subsequently, tissue samples were used to extract 

genomic DNA using the Cells and Tissue DNA Isolation 

Kiti (53100-NORGEN), following the manufacturer’s 

instructions. To amplify fragments of the mtDNA, we 

performed the following procedures: 
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Amplification of COX2 gene: Specific primers (F-

TGGGCAAGCTGTGG, R-TCCAGGACGCTTCC) were 

designed in the Primary-Blast software using current 

(www.ncbi.nlm.nih.gov) H. hyaena mitochondrial 

Cytochrome C Oxidase Subunit II (COX2) gene sequence 

information. The specificity of the designed primers was 

checked in the NCBI database. PCRs (Polymerase Chain 

Reactions) were performed in 20 μL for the primer pair as 

follows: 10× PCR Buffer: 2 μL; MgCl2 (25 mM): 2 μL, 

dNTPmix (10 mM): 2 µl, forward primer (25 pM/µl): 0.2 

μL, reverse primer (25 pM/µl): 0.2 μL, Taq DNA 

polymerase (Sigma–Aldricht): 2 μL, template DNA: 1 μL 

and 11.9 µl of RNAse-free water (dH2O). Thermocycling 

parameters were set at predenaturation of one cycle at 94°C 

for 2 min, followed by 30 cycles of denaturation at 94°C 

for 30 s, annealing at 54°C for 35 s, extension at 72°C for 

45 s and ending with an extension at 72°C for 5 min. 

Agarose gel electrophoresis of 2%, which was stained 

with 1 µl of ethidium bromide, was used to detect the 

presence of total DNA and the amplification in the PCR 

process. The electrophoresis was carried out at 70 volts for 

45 minutes. The sequencing of amplified fragments of the 

COX2 gene region was performed by the relevant 

company. 

Phylogenetic analysis: Sequence results of six striped 

hyaena samples collected in the Hatay region were checked 

by using the FINCH TV software (available from 

https://finchtv.software.informer.com/1.4/) to a state of the 

peaks of the base sequences. Verified sequences were 

checked by performing BLAST in the NCBI 

(www.ncbi.nlm.nih.gov) database. The mtDNA COX2 

(571 bp) sequences of samples were edited and aligned by 

using Geneious Prime software (available from 

https://www.geneious.com/prime/).  

The sequences of the hyaena samples obtained from 

Hatay region were aligned to consensus using the 

GENEIOUS program. Afterward, the phylogenetic tree 

was rooted by Align by ClustalW process using the MEGA 

7.0 program (Kumar et al., 2016). Neighbor-joining 

method was used to generate a phylogenetic tree by 1000-

bootstrap. The red fox, Vulpes vulpes (Accession numbers: 

JN711443) and the Eurasian lynx, Lynx lynx (Accession 

numbers: KR132581) were used as outgroup (Table 1). 

With a similar context, DnaSP v. 5.10.01 (Librado and 

Rozas, 2009) was used to determine genetic variability 

parameters such as haplotype number (n), haplotype 

diversity (Hd), and nucleotide diversity (Pi, π). On the 

other hand, the median-joining (MJ) method, which was 

executed in the software NETWORK version 5.0.0.3 

(http://www.fluxus-engineering.com) (Bandelt et al., 

1999), was used to determine the relationship between the 

Anatolian striped hyaena and other species haplotypes 

(Figure 4). 

 

Table 1. A list of the determined other species for phylogenetic relations with Anatolian striped hyaenas in this study. 

Species name Locality Sequence length, bp Accesion number Literature 

Hyaena hyaena France 683 JF894376 Bon et al., 2012 

Crocuta crocuta France 683 KU937361 Palacio et al., 2017 

Parahyaena brunnea Southern Africa 683 MF593946 Westbury et al., 2018 

Proteles cristata Southern Africa 683 MH662444 Westbury et al., 2019 

Vulpes vulpes Korea 683 JN711443 Yu et al., 2012 

Lynx lynx Germany 683 KR132581 Paijmans et al., 2016 

 

Results and Discussion 

In the current study, to investigate genetic variability 

and differentiation of Anatolian hyaena, tissue samples 

were collected from roadkill striped hyaenas in the Hatay 

region, Turkey. In this context, sequences of mtDNA gene, 

571 bp of COX2, were successfully amplified from six 

individuals of Anatolian striped hyaenas. 

The phylogenetic analysis was performed in order to 

determine the genetic distance between Anatolian striped 

hyaenas and other hyaenas populations. For this purpose, 

molecular analyses were performed by designing primers 

that are specific to the mitochondrial COX2 gene region. 

Successful amplification was obtained from all striped 

hyaena samples by using PCR. On the other hand, a 

negative control group was used to determine 

contamination and / or false amplification. This approach 

increased the reliability of the results. In addition, 571 bp 

fragments of the mtDNA COX2 gene amplified from 

extracted genomic DNA of our samples which belongs to 

six individuals of the Anatolian striped hyaena (Hyaena 

hyaena) in Hatay region are shown in Figure 2.  

The result of phylogenetic analysis of the amplified 

COX2 gene region using PCR application for each sample 

is visualized in Figure 3. According to the results of 

phylogenetic analysis, it was determined that our samples 

showed 100% similarity to each other, and H. hyaena was 

the most closely related species to our samples. 

Furthermore, in contrast to the cytochrome b (Cyt b) gene 

commonly used in other studies as a target region, this is 

the first research that using COX2 gene as the target region 

for phylogenetic analysis of the striped hyaena in Turkey. 

The genetic variability parameters of the striped hyaena 

specimens in the Hatay region were arranged by DnaSP 

analysis. According to the results, it was understood that 

the number of variable sites value was 381 bp. 

Furthermore, genetic variability parameters of our samples 

for COX2 gene were displayed in Table 2, including 

sample size (n), sequence length (bp), haplotype number 

(n), haplotype (Hd) and nucleotide diversities (Pi, π), and 

pairwise Fst data. As a result of haplotype analysis, our 

samples were formed a single haplo-group. On the other 

hand, each of the outgroup samples was separated. For this 

reason, the number of haplotypes was determined as seven. 

When compared to the mtDNA sequences of COX2 gene 

region of the outgroup species (see Table 1), our samples, 

that have unique haplotypes, had relatively a regional 

difference. The drawing obtained as a result of network 

analysis is given in Figure 4. 
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Table 2. Genetic variability parameters for mitochondrial 

data set (COX 2) of the Anatolian striped hyaena and 

other species. 

Variability parameters Value 

Data set COX 2 

Sample size, n 12 

Sequence length, bp 381 

Haplotype number, n 7 

Haplotype diversity, Hd 0.7727 

Nucleotide diversity, Pi, π 0.35293 

Pairwise Fst  1.0000 

 

 
Figure 2. PCR products of Anatolian striped hyaenas 

obtained in Hatay region (S: Sample of an Anatolian 

striped hyaena, N: negative control). 

 

 
Figure 3. The result of the phylogenetic analysis of H. 

hyaena species in Hatay province (S1-S6: Anatolian 

striped hyaena samples). 

 

 
Figure 4. Median-joining network constructed by 

using the mitochondrial COX 2 haplotypes (345 bp) of 

the Anatolian H. hyaena and other species. 

 

The Anatolian part of Turkey is a contact region of 

three biodiversity hotspots that are known as Caucasus, 

Iran-Anatolia, and Mediterranean, and it has high 

endemism for a great number of species due to topographic 

structure and climatic differences (Bilgin, 2011; 

Şekercioğlu et al., 2011). Therefore, it is possible to obtain 

information about the evolution processes or origins of the 

species using mtDNA in the Anatolian region. Although 

the animal mtDNA was selected as the target region for this 

study consists of 37 genes, since it is inherited as a single 

unit and the evolution process of a single gene will be 

different from the evolutionary process of the whole 

genome, it is thought that there may be a higher margin of 

error in the evaluation of phylogenetic trees generated 

using mtDNA (Avise, 1994). For these reasons, it is 

considered that the use of nuclear and mitochondrial genes 

together in phylogenetic analysis and testing their 

phylogeographic compatibility may be appropriate way to 

obtain more accurate results (Avise, 2000). Therefore, the 

obtained data in this study should be compared with the 

data of nuclear DNA regions in further studies. 

In the study conducted by Akay et al. (2011), it was 

aimed to monitor and evaluate the spread of striped hyaena 

species in Altınözü, Hatay province. For this purpose, 

geographic information systems (GIS) database and 

remote sensing technologies used in ArcGIS 9.2 program 

were used. As a result of the study, the total area of the 

distribution of striped hyaenas in the Altınözü area was 

calculated as 38,097 hectares. In addition, poultry and 

organic wastes were identified as the main food sources of 

striped hyaenas. This proves the existence of a striped 

hyaena population in Hatay province, Turkey. 

Bon et al. (2012) reported that DNA samples belonging 

to hyaena species were sequenced targeting the Cyt b 

mitochondrial DNA region with the using fossilized 

fertilizer fragments in Coumère, France. As a result of 

phylogenetic analysis of the CC8 and CC9 coded samples 

used in the study, the closest relatives were identified as 

Crocuta crocuta and H. hyaena. This result shows a high 

similarity with the result obtained in our study. 

According to another research which was studied by 

Schramme (2015), fecal samples of hyaenas were used as 

genomic DNA sources in the molecular analysis method 

which was carried out to determine the distribution of 

spotted hyaena (C. crocuta) species in northern Ethiopia 

region of Mekelle. It was investigated whether the DNA 

samples of spotted hyaena species differed with other 

hyaena populations at molecular level. As a result of the 

molecular analysis, no genetic differentiation was observed 

for spotted hyaena samples in the Mekelle region. This 

shows that spotted hyaenas are members of the same group 

(Schramme, 2015). In our study, we did not find any 

phylogenetic differences among our samples which were 

obtained in Hatay province. Hence, it is understood that 

hyaena communities maintain their lives in separate 

groups. 

Atay et al. (2017) reported that striped hyaenas were 

wandered around and lived in Şanlıurfa and Hatay regions 

(Syrian border). Furthermore, it was determined that they 

were observed more frequently both in the barren area and 

close to poultry farms which are located in Hatay province. 

The Cty b mitochondrial DNA region isolated from hair, 

ear and carcass tissues was used for molecular 



Atay et al. / Turkish Journal of Agriculture - Food Science and Technology, 9(6): 1047-1052, 2021 

1051 

 

characterization of striped hyaena samples in this region. 

According to the result of the molecular analysis, it was 

found that Cyt b mitochondrial DNA sequences of samples 

were similar to eachother. In addition, the sequences have 

been shown to be highly conserved among the H. hyaena 

species of the Cty b gene as compared to previously 

reported related studies. The results obtained in our study 

revealed that although a different mitochondrial DNA 

region was used as the target region, there was no 

intraspecies difference in molecular characterization and 

the target gene region was preserved.  

According to the phylogenetic dendrogram analysis 

applied in our study, the species of H. hyaena is showed 

closest relatives species to the striped hyaena samples 

which were found in the Hatay region (Bon et al., 2012). 

However, it can be assumed that there may be a migration 

of thousands of kilometers for striped hyaenas located in 

the Hatay region and they preserved their genetic structure 

at the mitochondrial DNA level (Rohland et al., 2005). In 

this regard, to obtain a certain result, a more 

comprehensive study is needed, such as both 

morphological and molecular analyses. 

In conclusion, this study provides the first genomic data 

set using the COX2 mitochondrial gene region for 

molecular characterization of the striped hyaena species in 

Turkey. Despite not having enough data due to a small 

number of mtDNA haplotypes and the Anatolian striped 

hyaena samples, the current study presented has a 

meaningful data to contribute to elucidating the genetic 

structure of the Anatolian striped hyaenas. Furthermore, 

this study shows that the hyaena species and their 

coprolites and possibly other carnivore species deserve 

special attention for paleogenomics studies. Turkey is very 

rich in terms of biodiversity, especially due to climatic and 

geographical location. Unfortunately, the striped hyaena 

facing the danger of extinction has not been given the 

necessary attention in Turkey. It is believed that this study 

will contribute to the identification and investigation of the 

Anatolian striped hyaena species. 
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