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Introduction: Domestic sheep (Ovis aries), one of the earliest domesticated animal species, have played a
major role in human nutrition and clothing and have expanded to nearly all regions of the world through
human migrations. The genetic diversity of domestic sheep is crucial for understanding their domestication
history and evolutionary relationships. This study was conducted to investigate the genetic diversity and
phylogenetic structure, with particular emphasis on indigenous lIranian breeds.

Materials and Methods: In the present study, a total of 933 mitochondrial genome nucleotide sequences of
domestic sheep, representing 202 breeds from 49 countries, were retrieved from the NCBI Genome
Database. The dataset was classified into 14 geographical regions. The sequences were aligned using
MAFFT v7.526 on the Galaxy v25.0.2 platform with the FFT-NS-2 algorithm. Nucleotide composition,
genetic distance, and the number of transition and transversion mutations were calculated using MEGA12
software. Genetic diversity parameters, including nucleotide diversity (i), mean number of nucleotide
differences (k), number of haplotypes, polymorphic sites, and total number of mutations, were estimated
using DnaSP 6. A phylogenetic tree for the entire dataset was constructed in MEGA12 using the Neighbor-
Joining algorithm, the resulting tree was visualized using iTOL v7.Molecular variance analysis was
performed using Arlequin 3.5.Neutrality tests to assess nucleotide diversity deviations from the neutral
evolution hypothesis and to detect signatures of natural selection (Tajima’s D and Fu’s Fs) were conducted
in DnaSP 6. The obtained haplotypes were matched against the reference genome in the National Center for
Biotechnology Information (NCBI) using BLAST. Haplotype networks for Iranian breeds were constructed
using POpART1.7, while NETWORK 4.1was used for the entire dataset.

Results and Discussion: The results revealed significant haplotype diversity across different regions and
Iranian breeds, highlighting patterns of genetic differentiation within and between populations. The mean
nucleotide composition indicated an AT-rich sequence. The level of conserved sequences across all samples
was 0.861. A total of 686 haplotypes were identified globally, including 57 haplotypes in Iran. The haplotype
network, with over 500 unique haplotypes and the predominance of haplogroup B in Europe and Africa,
haplogroup A in Asia, confirmed the Fertile Crescent origin and global dispersal. Haplogroup B, with a
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frequency of 528, was the most prevalent across geographical regions, while haplogroup D, with only 3
occurrences, was the least frequent. The highest haplogroup diversity was observed in geographical regions
2, 3, and 5 (West Asia, Central Asia and East Asia). Haplogroup E was detected in Georgia, China,
Afghanistan, and Palestine, while haplogroup D was observed in Turkey and Georgia. Haplogroups A and B
were present in all geographical regions. In Iran, the frequencies of haplogroups were 52% for A, 30% for B,
and 18% for C. Out of 72 samples, 57 haplotypes were identified, of which 80% were unique. Mitochondrial
genome sequences from Iranian local breeds exhibited haplogroups A, B, and C. Haplogroups A and B were
observed in Moghani and Maku breeds, A and C in Baluchi and Shirazi Gray breeds, A in Shal breed, and A,
B, and C in Afshari and Qaregol breeds. Tajima’s D and Fu’s Fs statistics were negative in 13 geographical
regions, indicating population expansion, particularly in regions with ancient domestication histories. The
phylogenetic tree revealed evolutionary relationships between Iranian breeds and global populations. Most
studied breeds clustered in closely related branches, suggesting gene flow between different geographical
regions and historical admixture. Asian populations exhibited higher haplotype diversity compared to
European populations. Molecular variance analysis revealed that the majority of genetic variance (71.53%)
occurred within populations, indicating high genetic diversity at the local level. However, 23.68% of the
variation was observed among four continental groups, reflecting significant genetic differentiation across
continents (Asia, Europe, Africa, and South America). The high statistical significance of these indices
confirms the presence of a robust genetic structure and significant differentiation between continents and
populations, likely reflecting the influence of geographical, historical, or ecological factors on genetic
dispersal.

Conclusion: This study demonstrated that the mitochondrial genetic diversity of domestic sheep has been
shaped by the intertwined processes of domestication, human migrations, and subsequent gene flow. A
significant genetic structure was observed among geographical regions, with high local diversity primarily
attributed to within-population differences. Haplogroup patterns, particularly the predominance of
haplogroup B and the geographical distribution of haplogroups A and C, indicate rapid expansion following
domestication and the influence of ancient trade routes. These findings underscore the importance of
conserving high genetic diversity, particularly in regions like Iran with unexplored genetic potential, and
highlight the need for more advanced genomic studies. To preserve the genetic diversity of domestic sheep
and sustainably utilize their genetic potential, conservation strategies focused on local populations with high
diversity, especially in regions like Iran, should be designed and implemented.
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bold and transversional subsitution in italic text. The substitution pattern was estimated under the Tamura-Netti model using the combined maximum
likelihood statistical method. (A, T, C and G are the Adenine, Thymine, Cytosine and Guanine bases, respectively)
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Table 3- Nucleotide sequence genetic diversity indices among different geographical regions of the world
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Region Nucleotide sequence genetic diversity indicest
S H Hd Pi Eta K
1 360 57 0.994 0.00406 0.00488 62.353
2 381 28 0.998 0.00546 0.00623 85.229
3 311 31 0.990 0.00402 0.00473 63.104
4 430 92 0.994 0.00185 0.00516 28.974
5 646 146 0.997 0.00389 0.00726 61.050
6 267 35 0.982 0.00126 0.00360 20.462
7 223 27 0.990 0.00169 0.00352 26.651
8 286 59 0.985 0.00105 0.00350 16.436
9 286 40 0.985 0.00264 0.00383 42.634
10 397 74 0.996 0.00110 0.00487 17.642
11 125 26 0.983 0.00084 0.00189 13.559
12 585 95 0.998 0.00342 0.00704 54.624
13 116 6 1.000 0.00377 0.00311 61.533
14 41 10 0.982 0.00079 0.00085 12.945
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1'S: Number of polymorphic loci, H: Number of haplotypes, Hd: Haplotypic diversity, Pi: Nucleotide diversity, Eta: Total number of
‘mutations, K: Nucleotide difference between populations
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Table 4- Fus F test and Tajima D test in geographical regions of world
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Region FuandLi'sD (FLD) Fuand Li's F(FLF) Tajima's D
1 -2.02 -1.72 -0.58
2 -0.78 -0.81 -0.48
3 -1.08 -1.07 -0.56
4 -2.93* -3.07** -2.13*
5 -5.97** -4.51%* -1.50
6 -3.88** -3.93** -2.33**
7 -1.61 -2.07 -1.99*
8 -2.72* -3.06** -2.34%**
9 -1.12 -1.34 -1.11
10 -3.94** -4.06** -2.64**
11 -2.22 -2.58* -2.06*
12 -3.89** -3.50** -1.73
13 0.95 1.14 1.36
14 -0.90 -0.86 -0.35
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Table 5- Analysis of molecular variance of nucleotide sequences of mitochondrial genomes of intercontinental domestic sheep
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(Source of Varyance) df Sum of squares  Variance componeents  Percentage of varation  Fixation indices
23,5 O 3 5521.86 8.88 Va 23.68 Fcr=0.23684***
Among groups

Among populations 10 1429.24 1.79 Vb 4.79 Fsc=0.06372***
Cuma b S0y S 55

Subgroups of each population 919 24659.55 26.83 Vc 71.53

£ 932 31610.66 37.51 100 Fst=0.28471***

Total
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Figure 1- Haplogroup distribution of different mitochondrial genomes in different breeds of domestic sheep of world
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Figure 2- Continuous network resulting from 686 haplotypes related to the nucleotide sequence of the mitochondrial genome in

different breeds of domestic sheep (numbers include haplotype number and the size of the circles is proportional to the frequency of
each haplotype)
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Figure 3- The median connectivity network of identified haplotypes in Iranian sheep breeds
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Figure 4- Phylogenetic tree resulting from mitochondrial genome analysis in different breeds of domestic sheep
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