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INTRODUCTION

The genetic resources of native livestock have adapted to the diverse regions and
climatic conditions. Today, many livestock breeds have been lost or are
threatened with extinction in Turkiye. Recognizing the value of livestock genetic
resources for the sustainability of the livestock system has led to several concrete
efforts to characterize the existing genetic variation of native livestock breeds. To
fill the gaps in the knowledge of breeds, molecular genetic characterization has
been well described in livestock genetic resources. Assessment of the genetic
variation of populations is critical for conservation programs and sustainable use
of the specific breed. The SNP genotyping-associated gene studies to identify
genomic regions under selection practices are important for future research. To
understand the biodiversity of livestock genetic resources and to plan
conservation and sustainable management, the previous studies and information
on the molecular genetic characterizations of native livestock breeds were
reviewed in this paper.

Turkiye is one of the centers of
domestication (Zeder, 2008) with its various
regions, and livestock genetic resources are
important for present and future benefits of
scientific, cultural, historical, and genetic
distinctiveness (Rege and Gibson, 2003; Ruane,
2000). Livestock genetic resources are the main
source of income for landless and smallholder
farmers. The need to conserve and characterize
livestock genetic diversity has been highlighted
by the Food and Agriculture Organization (FAO,
1992; 2015). The risk of extinction probability for
decision making on conservation and

sustainable use of livestock genetic resources
was reported by Yildirir et al. (2023) in Turkiye.
The list of the sequenced genomes of different
animals was given in the first World Genetic
Resources for Food and Agriculture (FAO, 2015),
and this list has been extended throughout the
years. The  Guidelines for  Molecular
Characterization (FAO, 2015) gives important
information for researchers interested in
conducting a molecular characterization study.
Phenotypic  characterization indicates the
genetic diversity of the breeds since unique
characteristics can be assumed to have an
essential genetic basis, and molecular
characterization can confirm this diversity
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concerning functional genes and extend it to
regions of the genome that are not subject to the
forces of selection (Gamaniel and Gwaza, 2017).
The conventional phenotypic characterization of
breeds is essentially a specification of their
genotype. Molecular characterizations or genetic
evaluation can therefore be defined as the
complementary used to clarify the genetic basis
of phenotypes. Microsatellites are ideal tools for
gene mapping studies due to their extreme
polymorphism (Kemp, 1992). The bottleneck
results may serve as a guide for future
management practices for livestock genetic
resources (Demir, 2024a). mtDNA is a handy tool
for investigating genetic diversity in domestic
species. It contains highly conserved regions and
is maternally inherited; therefore, recombination
does not occur in mtDNA (Oner et al, 2013).
Understanding breed relationships by
calculating genetic distances and comparing
specific genes of interest between breeds, or
using anonymous polymorphisms to measure
many more variables (Kemp, 1992). For example,
Demir (2024b) suggested that the Kangal
Akkaraman will play an important role in
environmental challenges, parasite infections, fat
deposition, and  water-holding  capacity
according to SNP genotyping results association
study with genomic regions. The techniques
described above are potential means of
supporting breed characterization.

Genetic characterization studies are
important in developing sustainable usage and
conservation strategies for native livestock
genetic resources. Therefore, the scope of this
study was intended to review genetic
characterization studies among native cattle,
goat, and sheep breed populations in Turkiye.

Materials and Methods

Data were collected from a wide range of
peer-reviewed literature. All the data were taken
from studies that particularly focused on the
molecular characterizations of livestock breeds
(cattle, sheep, goats, and Anatolian water
buffalo) in Tirkiye. Livestock genetic resources
and molecular characterization are the main
keywords used in the literature. The literature
was systematically reviewed in 2024. The

following keyword combinations were used to
identify relevant scientific papers published in
peer-reviewed journals: livestock genetic
resources, molecular characterization, diversity,
and indigenous breeds. Only original peer-
reviewed studies published in scientific journals
were included. Additional searches were
conducted using the reference lists of key articles
to increase the chance of including as many
relevant studies as possible. Selection criteria
were based on original publication in peer-
reviewed journals, topic, scope, and main
outcomes observed.

Genetic characterization studies on livestock
genetic resources

Each breed's genomic variation has a
unique structure. The emergence of DNA
analysis tools in recent decades has significantly
increased our ability to characterize variation
within and between breeds (Joshi et al., 2012).
Molecular  characterization  studies  allow
conclusions to be drawn not only about the
current genetic structure of a breed population
but also about the history of the breed
(Gamaniel and Gwaza, 2017). Methods for
studying DNA polymorphism can be divided into
two broad categories; 1) polymorphism which
consists of the techniques that search for
polymorphism in a known sequence or genes,
and 2) anonymous polymorphism which includes
methods that detect arbitrary polymorphisms,
i.e. polymorphisms that occur on a purely
random basis (Kemp, 1992).

Microsatellites are randomly distributed in
both coding and noncoding regions of the
genome. Microsatellites make them ideal tools in
gene mapping studies. The opportunities to
increase the rate of genetic improvement
through the use of molecular information are
clear. A joint phenotypic and molecular
characterization will enable an overview of the
adaptive characteristics of a breed as well as the
biological basis for the phenotypes. SNP is one
per 1,000 base pairs throughout the genome. For
future studies to elucidate genetic variation, the
use of SNP arrays and next-generation
sequencing technologies is encouraged (Demir
et al,, 2023, 2024a).
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Table 1. Some studies of genetic characterization of native livestock genetic resources in Turkiye.
a; studies using microsatellites, b; genetic diversity studies using mitochondrial DNA, c; genetic diversity studies
using SNP analyses.

Species | Breed/genotype References/genotyping method
Yerli Glney Sarisi Demir et al. (2023)c, Oner et al. (2019)a, Dogan and Nizamlioglu (2023)b,
Zavot Demir et al. (2023)c, Dogan and Nizamlioglu (2023)b,
Cattle Dogu Anadolu Kirmizisi | Demir et al. (2023)c, (:)ner et al. (2019)a, Dogan and Nizamlioglu (2023)b,
Glney Anadolu Kirmizisi | Demir et al. (2023)c, Oner et al. (2019)a, Dogan and Nizamlioglu (2023)b,
Yerli Kara Demir et al. (2023)c, Oner et al. (2019)a, Dogan and Nizamlioglu (2023)b,
Bozirk Demir et al. (2023)c, Oner et al. (2019)a, Dogan and Nizamlioglu (2023)b,
Cine Capari Acar (2010)a,
Herik Acar (2010)a,
Karagdl Acar (2010)a,
Gliney Karaman Karsli (2024)c, Karsh et al. (2024)c,
Sakiz Bayraktar (2024)c, Acar (2010)a,
Dagli¢ Acar (2010)a, Acar (2010)a,
Norduz Ozmen et al. (2020)a, Bayraktar (2024)c, Acar (2010)a,
Gokceada Avanus (2015)a, Acar (2010)a,
Sheep Kivircik Avanus (2015)a, Acar (2010)a,
Karakas Ozmen et al. (2020)a, Karsli (2024)c, Karsli et al. (2024)c, Bayraktar (2024)
Ozmen et al. (2020)a, Karsli (2024)c, Karsh et al. (2024)c, Avanus (2015)a,
Morkaraman
Acar (2010)a,
Hemsin Avanus (2015)a, Acar (2010)a,
Karayaka Ozmen et al. (2020)a, Avanus (2015)a, Acar (2010)a,
Kangal Akkaraman
Akkararaman Ozmen et al. (2020)a, Karsh (2024)c, Demir (2024a)c, Karsl et al. (2024)c,
Acar (2010)a,
ivesi Ozmen et al. (2020)a, Acar (2010)a,
Norduz Agaoglu and Ertugrul (2012)a, Demir (2024b)a, Karsli et al. (2020)a,
Ankara Tiftik Bulut et al. (2016)a, Agaoglu and Ertugrul (2012)a,
Halep Bulut et al. (2016)a
Kilis Bulut et al. (2016)a, Agaoglu and Ertugrul (2012)a,
Goat Bulut et al. (2016)a, Agaoglu and Ertugrul (2012)a, Demir (2024b)a, Karsli et
Honaml
al. (2020)a,
Saanen Bulut et al. (2016)a
Kil Bulut et al. (2016)a, Agaoglu and Ertugrul (2012)a, Demir (2024b)a, Karsli et
al. (2020)a, Demiray et al. (2024)a, Cemal et al. (2024)a,

Diversity of livestock genetic resources in
Turkiye

In Turkiye, several studies have been
carried out on genetic diversity for livestock
genetic resources. Assessing the genetic
diversity of populations is essential for
developing genetic conservation programs and
sustainable breeding strategies. This s
particularly important for Turkiye because
number of the indigenous sheep breeds is
decreasing due to nonsystematic crossbreeding
(Ozmen et al., 2020). The breed survey gives the
essential information needed to determine a
breed's risk status of a breed. Yildirir et al. (2023)

reported a preliminary survey at the national
level to estimate the size, structure, and
geographical  distribution of the breed
population and to monitor how these change
over time.

More than 30 sheep breeds were defined
as breed or “type” of breed in Tirkiye (Yildirir et
al, 2023). Among them, Akkaraman has the
largest population among the sheep breeds.
Karakas, Kangal, and Savak that the types of
Akkarman breed were assessed for genetic
structure and relationship with Morkaraman,
Awassi, and Norduz breed using 29
microsatellite loci by Ozmen et al., (2020). Kiraz
et al. (2021) analyzed the mtDNA polymorphism,
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mtDNA haplotypes, haplogroups (lineages), and
phylogenetic relationships among haplotypes in
Akkaraman and ivesi sheep from the Sanliurfa
region based on mitochondrial Cyt b gene
sequence data. Akkaraman types (Karakas,
Kangal, and Savak) were distinguished from each
other and Savak-Akkaraman and Awassi sheep
populations distinctly separated from all other
sheep populations (Ozmen et al, 2020). The
studies concentrated on the main sheep breeds
and their types revealed notable results. The
Karayaka, Kivircik, and ivesi sheep breeds have
recorded the comprehensive genetic diversity of
Tirkiye's native sheep breeds (Togan et al,
2011). Karsh (2024) according to SNP analyses
reported that HO values were higher than He
values, and negative FIS values varied between
-0.034 to -0.060 across Akkaraman,
Morkaraman, Karakas, and Giliney Karakas breed
populations (n = 80). Karsli et al. (2024) reported
a SNP genotype ROH analysis results indicated
that Glney Karaman affected different selection
practices or experienced different adaptation
processes occurring in raised climatic conditions
compared to the Akkaraman breed. Genetic
distance results, using the WIDDE database (SNP
genotype), showed the most significant variation
between the Cyprus fat tailed populations and
Sakiz sheep, and genetic similarity between
Chios and Sakiz breeds (Bayraktar, 2024). Genetic
variability of Kivircik, imroz, Karayaka, Hemsin,
Mor Karaman, and Karakul determined using the
RFLP method that all breeds except Kivircik and
Hemsin were found in Hardy-Weinberg
equilibrium (Avanus, 2015). Genetic diversity in
thirteen Turkish sheep breeds (Sakiz, Karagdil,
Hemsin, Cine Capari, Norduz, Herik, Akkaraman,
Daglic, Goékceada, ivesi, Karayaka, Kivircik, and
Morkaraman)  were  studied using 20
microsatellite loci by Acar (2010). It was revealed
that Daglic, Karayaka, and Morkaraman breeds
are highly admixed but Kivircik, Akkaraman and
ivesi are relatively distinct (Acar, 2010).

Bulut et al. (2016) reported higher genetic
diversity among Turkish goat populations with
11 microsatellites. Demir (2024b) reported a lack
of recent genetic bottlenecks and maintained
effective population sizes over the generations
for Kil, Honamli and Norduz goats. Demir
(2024b) suggested no migration from the Kil and
Honaml populations to the Norduz breed,
probably due to its geographic isolation. Similar

distinctive results were reported by Karsli et al.
(2024) using 20 microsatellites for Norduz goats
between Honamli and Kil goat breeds. A study
from 10 regions using 20 microsatellite markers
reported sufficient levels of polymorphism for
the genetic variability of the Hair goat
population (Demiray et al., 2024). The inbreeding
coefficient was estimated for Norduz, Angora,
Kil, and Honamli goat breeds by microsatellite
markers (Gul et al, 2020; Karsli et al., 2020).
Mitochondrial DNA is used as a molecular
marker in  studies such as identifying
populations, and determining the origins of
populations (Kiraz et al., 2013). Kul (2010)
investigated the mtDNA diversity and genetic
relationships among Ankara, Honamli, Kilis, Kil,
and Norduz goats, which are the most
commonly bred native goat breeds in Tirkiye. In
these breeds, three different haplogroups A, D,
and G were identified.

Several studies revealed an extremely high
level of genetic diversity among and within cattle
breeds. Ozsensoy et al. (2010) found the highest
Fis value (as 0.066) for Yerli Gliney Sarisi breed.
Oner et al. (2019) estimated Fis value as 0.059
and 0.064 for Glney Anadolu Kirmizisi and Yerli
Kara breeds, respectively. A higher genetic
variation was observed in native Turkish cattle
with  an average of 0380 observed
heterozygosity (Demir et al., 2023). The highest
genetic distance (0.064) was detected between
Yerli Gliney Sarisi and Brown Swiss (Demir et al.,
2023). Oner et al. (2019) reported Yerli Giiney
Sarisi, Glney Anadolu Kirmizisi, and Yerli Kara
breeds were closely related using 22
microsatellite markers.

CONCLUSION

In this review, molecular characterization
of genetic diversity in livestock genetic resources
was summarized. A combination of phenotypic
and molecular characterization will provide an
overview of the adaptive features of a breed, as
well as the biological basis for the recorded
traits. Molecular characterization can be useful in
assessing the potential of a breed for genetic
improvement. Breed characterization studies
must take into account the role that molecular
biology may play now or in the future. The use
of SNP arrays and next generation sequencing
technologies is encouraged for future studies to
elucidate genetic variation. Finding and applying
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markers useful for breed characterization is now
a straightforward task.

REFERENCES

Acar, H. 2010. Bioinformatic analyses in microsatellite-
based genetic diversity of Turkish sheep
breeds (Master's thesis, Middle East Technical
University).

Agaoglu, OK, Ertugrul, O. 2012. Assessment of
genetic diversity, genetic relationship and
bottleneck using microsatellites in some native
Turkish goat breeds. Small Ruminant
Research, 105(1-3), 53-60.

Avanus, K. (2015). Genetic variability of CAST gene in
native sheep breeds of Turkey. Kafkas Universitesi
Veteriner Fakdiltesi Dergisi, 21(6).

Aydin, K. B., Bi, Y., Brito, L. F,, Ulutas, Z, Morota, G.
(2024). Review of sheep breeding and genetic
research in Turkiye. Frontiers in Genetics, 15,
1308113.

Bayraktar, M. 2024. Analysing the genetic diversity of
three sheep breeds in Turkey and nearby
countries using 50 K SNPs data. Animal
Biotechnology, 35(1), 2329106.

Bulut, Z, Kurar, E, Ozsensoy, Y., Altunok, V.,
Nizamlioglu, M. 2016. Genetic diversity of eight
domestic goat  populations  raised in
Turkey. BioMed Research International, 2016(1),
2830394.

Cemal, I, Ata, N. Yilmaz, O. Karaca, O. (2024).
Molecular Assessment of Genetic Diversity and
Bottleneck in  Hair Goat Reared in
Tirkiye. Hayvansal Uretim, 65(1), 49-58.

Demir, E., Morav¢ikova, N, Kaya, S., Kasarda, R., Dogru,
H. Bilginer, U, Balcioglu M.S., Karsli, T. 2023.
Genome-wide genetic variation and population
structure of native and cosmopolitan cattle
breeds reared in Turkiye. Animal
Biotechnology, 34(8), 3877-3886.

Demir, E. 2024a. Genomic Diversity and Autozygosity-
Based Signatures of Selection in Kangal
Akkaraman  Sheep  via  Genotyping-by-
Sequencing. Volume: 30 Issue: 5 (September-
October), 669.

Demir, E. 2024b. Microsatellite-based bottleneck
analysis and migration events among four native
Turkish goat breeds. Archives Animal
Breeding, 67(3), 353-360.

Demiray, A, Gindiz, Z, Ata, N, Yiimaz, O., Cemal, i,
Konyali, A, Semen, Z, Altuntas, A., Atik, A., Akcay,
A., Bas, H., and Senyiiz, H. H.: Genetic diversity and
population structure of Anatolian Hair goats, an
ancient breed, Arch. Anim. Breed. 67, 13-23,
https://doi.org/10.5194/aab-67-13-2024, 2024.

Dogan, M., Nizamlioglu, M. (2023). MtDNA D-loop
sequence analysis of some Anatolian native cattle
breeds: evaluation of genetic diversity and
population history. Turkish Journal of Agriculture-

Food Science and Technology, 11(1), 35-42.
FAO (Food and Agriculture Organisation of the United
Nations). 1992. The Management of Global

Animal  Genetic Resources. FAO  Animal
Production and Health Paper. 104. FAO, Rome-
Italy. 5.

FAO (Food and Agriculture Organisation of the United
Nations). 2015 The second report on the state of
the world's animal genetic resources for food and
agriculture. Rome-ltaly.

Gamaniel, I.B, Gwaza, D.S. 2017. Molecular
characterization of animal genetics resources, its
potential for use in developing countries. Journal
of Genetics and Genetic Engineering, 1(1), 43-57.

Gl S, Yilmaz O, Gindiuz Z, Keskin M, Cemal | et al.
2020. The genetic structure of the goat breeds
belonging to northwest part of fertile crescent.
Small Ruminant Research 2020; 182: 22-28.
https://doi.org/10.1016/j.smallrumres.2019.09.00
9

Joshi, B.K,, Sodhi, M., Mukesh, M., Mishra, B.P. 2012.
Genetic characterization of farm animal genetic
resources of India: A review. Indian Journal of
Animal Sciences, 82(11), 1259.

Karsl, T., Demir, E., Fidan, H. G., Aslan, M., Karsli, B. A,,
Arik, 1.Z. Semerci, E.S., Karabag, K., Balcioglu, M.
S. 2020a. Determination of genetic variability,
population structure and genetic differentiation
of indigenous Turkish goat breeds based on SSR
loci. Small Ruminant Research, 190, 106147.

Karsli, B. A, Demir, E., Fidan, H. G., Karsli, T. 2020b.
Assessment  of  genetic  diversity and
differentiation among four indigenous Turkish
sheep breeds using microsatellites. Archives
Animal Breeding, 63(1), 165-172.

Karsl, B. A. 2024. Genetic diversity and population
structure of four Anatolian sheep revealed by
genome-wide ddRADseq data. Small Ruminant
Research, 235, 107285.

Karsli, B.A., Demir, E., Bilginer, U., Dogru, H., Karsli, T.,
Kaya, S. 2024. Genome-wide discovery of
selection signatures in four Anatolian sheep
breeds revealed by ddRADseq. Scientific
Reports, 14(1), 20518.

Kemp, SJ. 1992. The potential contribution of
biotechnology in breed characterization. African
animal genetic resources: their characterisation,
conservation and utilisation. Proceedings of the
research planning workshop, Rege, JEO Lipner,
ME (eds.). Addis Ababa (Ethiopia): ILCA, Aug
1992.-ISBN 92-9053-259-9. p. 23-28.

Kiraz, S. Ekinci, M., Koncagul, S. 2013. Molecular
phylogenetic studies in goats. J. Agric. Fac. Harran
Unv., 17(4), 34-40.

Kiraz, S., Ekinci, M., Koncagul, S. 2021. Phylogenetic
analysis of Awassi and Akkaraman sheep in
Sanliurfa province based on mitochondrial
cytochrome b (Cyt b) gene. Tiirk Tarum ve Doga
Bilimleri Dergisi, 8(1), 179-187.



24 Yildirur& Sevgi / Biodivesity Studies (BiSt) 2024, 3(2): 19-24

Kul, B.C. 2010. Turkiye yerli kegi irklarinin mitokondrial
DNA  cesitliligi  ve filocografyasi.  Ankara
Universitesi Saghk Bilimleri Enstitiisii, Ankara.
(Doktora Tezi).

Oner, Y., Calvo, J. H., Elmaci, C. 2013. Investigation of
the genetic diversity among native Turkish sheep
breeds using mtDNA polymorphisms. Tropical
Animal Health and Production, 45, 947-951.

Oner, Y., Yilmaz, O, Eris, C., Ata, N., Unal, C,, Koncagdl,
S. 2019. Genetic diversity and population
structure of Turkish native cattle breeds. South
African Journal of Animal Science, 49(4), 628-635.

Ozmen, O., Kul, S., Gok, T. 2020. Determination of
genetic diversity of the Akkaraman sheep breed
from Turkey. Small Ruminant Research, 182, 37-
45,

Ozsensoy Y, Kurar E, Dogan E, Bulut Z, Altunok V et al.
Turkiye'de bulunan bazi yerli sigir irklarinin STR
markorler ile genetik karakterizasyonu. Research
Journal of Biological Sciences 2010; 3 (1): 163-171
(in Turkish).

Ruane, J.A. 2000. Framework for prioritizing domestic
animal breeds for conservation purposes at the
national level: A Norwegian case study.
Conservation Biology 2000: 14 (5): 1385-1393.
https://doi.org/10.1046/j.1523-
1739.2000.99276.x

Rege, J.E.O., Lipner, M.E. 1992. African animal genetic
resources: Their characterisation, conservation
and utilisation. In Proceedings of the research
planning workshop (pp. 19-21).

Rege, J.E.O. and Gibson, J.P. 2003. Animal genetic
resources and economic development: issues in
relation to economic valuation. Ecological
economics 2003;45 (3): 319-330. https://
doi.org/10.1016/S0921-8009(03)00087-9.

Soysal, M., Ozkan, E., Giircan, E.K. 2003. The status of
native farm animal genetic diversity in Turkiye
and in the world. Trakia Journal of Sciences, 1(3),
1-12.

Togan |, Demirci S, Acan C, Bastanlar EK, Acar H et al.
2011. Genetic diversity of Turkish native sheep in
conservation studies. RBI 8th Global Conference
on the Conservation of Animal Genetic Resources
Tekirdag, Turkey; 4 - 8 October 2011. pp. 101-106.

Yildinr, M., Koncagdil, S., Oner, Y., Akin, A.O. 2023.
Analysis for prioritizing risk status and sustainable
utilization of cattle, sheep, and goat breeds in
Turkiye. Turkish Journal of Veterinary & Animal
Sciences, 47(1), 1-9.

Zeder, M.A. 2008. Domestication and early agriculture
in the Mediterranean Basin: Origins. diffusion.
and impact. Proceedings of the National
Academy of Sciences 2008; 105 (33): 11597-
11604. https://doi.org/10.1073/pnas.080131710

https://www.kew.org/sites/default/files/2024-
09/Kew-Annual-Review-2023-24.pdf

Singapore Botanic Gardens.
https://www.nparks.gov.sg/sbg

UNESCO (2024). World Heritage Sites: Kew Gardens,

(2024).

Singapore Botanic Gardens, and Orto Botanico di
Padova. https://whc.unesco.org/en/list

Wassenberg, C.L, Goldenberg, M.A,, & Soule, K. E.
(2015). Benefits of botanical garden visitation: A
means-end study. Urban Forestry and Urban
Greening, 14, 148-155.

Wyse Jackson, P.S. & Sutherland, LA. (2000).
International Agenda for Botanic Gardens in
Conservation. Botanic Gardens Conservation
International, Richmond, UK

Vergou, A. & Willison, J. (2014). Relating social
inclusion and environmental issues in botanic
gardens. Environmental Education Research,
22(1), 21-42.

Yin, R. K. (2018). Case study research and applications:
Design and methods (6th ed.). Sage Publications.


https://doi.org/10.1046/j.1523-1739.2000.99276.x
https://doi.org/10.1046/j.1523-1739.2000.99276.x
https://doi.org/10.1073/pnas.080131710

