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Abstract

Aim: Cytochrome b (Cyz-b) regions of mtDNA have received more attention due to their role
in the genetic diversity and phylogenetic studies in different livestock. By using Cytochrome
B sequencing, we aimed to clarify the genetic affinities and phylogeny of six Egyptian sheep
breeds.

Methodology: The genomic DNA was extracted and the specific primers were used for
conventional PCR amplification of the Cytochrome b region of mtDNA (1134-bp) in sheep.
The alignment of sequences was done to identify the sequence variations and polymorphic
sites in the amplified fragments.

Results: The results showed the presence of 39 polymorphic sites leading to the formation of
29 haplotypes (MG407500 - MG407528) with total haplotype diversity 0.814 and nucleotide
diversity 0.00359. The lowest distance was observed between Rahmani and Saidi while the
highest distance was observed between Ossimi and Sohagi. The sequences of 111 analyzed
samples were aligned with references sequences of different haplogroups; A, B, C, D and E.
The result showed that 86 out of 111 tested animals cluster with haplogroup B (77.48%),
whereas 12 tested animals cluster with each of both haplogroups A and C ( 10.81%) and one
animal belongs to haplogroup E (0.90%) with the absence of haplogroup D.

Conclusion: Cytochrome b regions of mtDNA have an important role in the genetic diversity

and phylogenetic studies in farm animals as well as many other mammalian species.
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1. Introduction

Sheep (Ovis aries) is considered one from the early domesticated livestock in the
world since 8-11 thousand years ago [1]. Parallel to human migration and trade, sheep was
spread widely all over the world and constitute a principal part in different human societies
[2,3] especially in desert and rural societies where it is considered an important source of
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meat, milk, wool and other products. Many reports suggested that the early sheep
domestication began in the Fertile Crescent from Asian mouflon (O. orientalis). Currently,
there are more than 1400 sheep breeds distributed in all geographical regions with different
environmental challenges [4]. Human activities including - long term natural and intense
artificial selection - lead to the formulation of the modern breeds with highly production and
at the same time, the progressively substitution of the less productive, locally adapted, native
breeds.

The genetic resources conservation of sheep breeds through the identification of
genetic characterization and variability among different breeds has more attention to avoid
the disappearance of the local breeds [5]. The advances in paleontological and molecular
genetics help in the identification of the origins and migration expansion of domestic sheep
[6-8]. Mitochondrial DNA sequence analysis declared the presence of 5 maternal lineages; A
and B [9], C [10], D [11] and E [6]. Most ovine mtDNA investigations focused mainly on the
Cytochrome b and control regions [10]. Cytochrome b (Cyt-b) gene is an important portion of
mtDNA genome and it is used for the classification of different species and the assessment of
phylogenetic relations among diverse mammalian species where its nucleotide sequence is
highly conserved [12-15].

Due to the location of Egypt in the East-North gate of Africa where the inherent
pathways of the pastoral trips for domesticated sheep populations was done through Sinai to
North Africa and also due to the presence of fat tailed sheep breeds - character quite common
in Turkey and Syria- where genotypes that seem quite primitive, the affinities and phylogeny
of Egyptian sheep breeds well shed some lights on the domestication history and migration
pathways of this economically important species. Using Cyt-b sequencing, this work aimed to
assess the genetic variations among six Egyptian sheep breeds, the affinities of these breeds
to different haplogorups and their phylogeny with shedding a light on sheep domestication

and migration pathways.
2. Materials and Methods

2.1. Blood samples and genomic DNA extraction:

Blood samples were collected from 111 sheep animals belonging to six breeds reared in
Egypt; 19 (Barki), 19 (Rahmani), 20 (Ossimi), 14 (Saidi), 22 (Sohagi) and 17 (Fallahi).
Genomic DNA was extracted from the whole blood according to the method described by

Miller et al. [16] with minor modifications. Briefly, blood samples were mixed with cold 2x
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sucrose-triton and centrifuged at 5000 rpm for 15 min at 4°C. The nuclear pellet was
suspended in lysis buffer, sodium dodecyl sulfate and proteinase K and incubated overnight
in a shaking water bath at 37°C. Nucleic acids were extracted with saturated NaCl solution.
The DNA was picked up and washed in 70% ethanol. The DNA was dissolved in 1xTE
buffer. The DNA concentration was determined, using Nano Drop1000 thermo scientific

spectrophotometer and then diluted to the working concentration of 50 ng/pl.

2.2. Polymerase chain reaction:

The PCR primers used to amplify Cyt-b gene were designed according to Meadows et
al. [6]. The PCR amplifications were conducted in a 50 pl volume containing 5 pl of 10x
reaction buffer, 1.5 mM MgCl,, 0.2 mM dNTPs, 0.2 pM each primer, 1.5 U Tag DNA
polymerase and approximately 100 ng of sheep genomic DNA. The amplification conditions
were as follows: initial denaturation at 95°C for 5 min followed by 35 cycles of denaturation
at 95°C for 1 min, annealing at 58°C for 1 min, and extension at 72°C for 1.5 min, then the
final extension at 72°C for 10 min. The PCR products were electrophoresed on 2% agarose
gel stained with ethidium bromide to test the amplification success. The amplified products
were purified with a DNA purification kit (ExoSap-IT, USB Corporation) according to the
manufacturer’s instructions to remove residual primers and dNTPs. Cyt-b sequencing was
performed in Macrogen Incorporation (Seoul, Korea).

Cyt-b F: GTC ATC ATC ATT CTC ACA TGG AAT C
Cyt-b R: CTG GTC TTG TAA ACC AGA GAA GGA G
2.3. Data analysis:

Cytochrome b sequences of tested sheep animals were aligned together using the
BioEdit software [17] in order to identify and trace individual haplotype mutations.
Haplotype structure, sequence variation, average number of nucleotide differences (D) and
average number of nucleotide substitutions (Dxy) per site between populations were
calculated using DnaSP 5.00 software [18]. Neighbour-joining (NJ) tree for tested sheep
sequences and the phylogenetic tree of Egyptian sheep animals with references sequences of

different haplogroups; A, B, C, D and E was constructed using Mega 5.0 software [19].

3. Results and Discussion

The domestication history of human-related species such as cattle, sheep and goat is
clarified from the recent study of finer variations in the genomes. In sheep, search approaches
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for polymorphisms in broadband [7], polymorphisms insertions stabilized retroviruses [3] and
the study of mitochondrial genome [6] have not yet determined the exact number of
domestication events that occurred from wild populations to the present species in the region

between Turkey and the Caucasus.

The first event of domestication would have happened since 10 000 to 11 000 years in
the Fertile Crescent [20]; the birthplace of agriculture, urbanization and trade. Its existence is
supported by the presence of the oldest sheep archaeozoological evidence in present-day in
Iran, Turkey and Cyprus. The population of wild sheep behind this first wave of
domestication was highly heterogeneous. In addition, the "genetic bottle-neck" was not
pronounced in the domestication of sheep as it was for other domesticated breeds [7], which
results in greater genetic variability. At first, the sheep were domesticated for meat, and the
specialization for wool and milk began 5000 years ago in Southwest Asia and 4000 years in

Europe.

Currently, more than 1400 different breeds of sheep are known for more than 1.1
billion animals [4]. However, 181 breeds are now extinct and more than 12% of identified
breeds are threatened. They suffer the decrease of genetic variability due to the increase of
inbreeding resulting from the selection methods exclusively oriented toward high
productivity [21]. So, the maintenance of large genetic variability between sheep breeds in
countries - with old, not highly selected breeds - is of more interest for genetic resources

conservation.

Studies based mainly on sequencing of the control region of mitochondrial DNA
showed that there are five maternal lineages for domestic sheep (Ovis aries), called
haplogroups A, B, C, D and E. The haplogroups A and B were highlighted by Hiendleder et
al. [9], haplogroup C by Pedrosa et al. [10], haplogroup D by Tapio et al. [11] and recently,
Meadows et al. [6] added the haplogroup E.

Because of the eastern location of Egypt in the Mediterranean basin and the presence
of fat tailed sheep breeds- character quite common in Turkey and Syria- where genotypes that
seem quite primitive, the phylogenetic studies of Egyptian sheep breeds is become

particularly attractive. Work of Chessa et al. [3] showed that African sheep populations
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(Ossimi and Barki breeds in Egypt) have a common retrotype R2 with the population in

Southwest Asia, suggesting direct migration links between these regions.

The tested sheep animals in this work belong to six Egyptian sheep breeds; Barki,
Ossimi, Rahmany, Saidi, Sohagi and Fallahi. The amplified fragments represented Cyz-b gene
at 1134-bp were aligned together using BioEdit software. DnaSP 5.00 software was used to
identify the sequence variation and polymorphic sites in the aligned sequences. The result
declared the presence of 39 polymorphic sites result in the formation of 29 different
haplotypes (Fig. 1). The nucleotide sequences of these haplotypes were submitted to
GenBank with the accession Nos.: MG407500 - MG407528. Haplotype no. 2 is the most
common one which appeared in 43 animals belonging to all tested breeds followed by
haplotype no. 1 which appeared in 19 animals whereas most of the other haplotypes excited
in one animal (Table 1).

Table 1: The animals belonging to each detected haplotype

Haplotype Animals
No.
1 Barl, Bar7, Bar9, Bar10, Barl3, Bar16, Rah11, Oss2, Oss6, Oss7, Sai3, Sai5, Sai6,
Soh8, Fall, Fal5, Falll, Fall4
2 Bar2, Bar3, Bar5, Bar12, Rah1, Rah3, Rah4, Rah5, Rah6, Rah9, Rah13, Rah14,
Rah16, Rah17, Rah19, Oss4, Oss5, Oss9, Oss12, Oss13, Oss14, Oss16, Sail, Sai7,
Sai8, Sai9, Saill, Sail2, Sail3, Sohl, Soh3, Soh9, Soh10, Soh14, Soh18, Soh20,
Soh22, Fal3, Fal6, Fall2, Fall5, Fall6, Fall7
3 Bar4, Rah7, Sai4, Sail0, Soh6, Soh12, Soh13
4 Bar6, Soh19
5 Bar8
6 Barll, Barl8, Rah2, Rah8, Rah12, Rah15, Oss19, Fal7, Fal8, Fall3
7 Barl4
8 Barl5
9 Barl7
10 Bar19, Soh21
11 Rah10
12 Rah18
13 Ossl
14 Oss3
15 Oss8, Oss10, Oss17, Oss20
16 Ossl1, Oss18
17 Ossl15
18 Sai2
19 Sail4
20 Soh2, Soh4
21 Soh35, Fall0
22 Soh7
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23 Sohl11
24 Sohl15
25 Soh16
26 Soh17
27 Fal2
28 Fal4
29 Fal9

Bar: Barki, Rah: Rahmani, Oss: Ossimi, Sai: Saidi, Soh: Sohagi, Fal: Fallahi
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Hap 1 TATTTGGCACGATTCAGGATGGTTTCTCCTACTAGCGAC

Hap 2 ..... Bt Taennernaranna
Hap 3 ..... L Lo Taennernaranna
Hap 4 waw CAT....CC.G.A.C....CT.T..G...AT...
Hap 5  ......... T et nnsnnsnnnnnnarnaranna
Hap & ..... B .
Hap 7 ..... B .
- £ o G
Hap & ......... T i tnsannnnanaanarnenns G
Hap 10 ....CR.T....CC.G.A...... CT.T..G...AT...
Hap 11 ...C.A. ... .iiiiiiianinnns Taennernaranna
Hap 12 ..... Bt Toennnnn Toeinn
Hap 13 ..... Lo.... Govverronnnnas Toeunn Toeinnna
Hap 14 i ittt e i e s nnaaaas A..
Hap 15 ....CR.T....CCTG.A...... CT.T..G...AT.

Hap 16 ....CR.T....CC.G.A....C.CT.T..G...AT...
Hap 17 ..... B O
Hap 18 .G...A.T......... Bevennns .
Hap 19 C....B. . ..iiiiniannnnns Taennernaranna
Hap 20 ....CR.T....CC.G.AGC....CT.T..G...AT...
Hap 21 ..C..A. ...t aninns Taennernaranna
Hap 22 ....CA.T....C..G.A...... CT....G...A....
Hap 23 ..... B.Tereinnn.. Bevennns R
Hap 24 ..... Bt Toennennaras T.
Hap 25 ..... B L
Hap 268 ........ e emr e e nnnnnn Covunnn
Hap 27 ..... BBurennnnns Bevennns T.o... Teernnn
Hap 28 ..... B.Teeennn.. Churnnnn. .
Hap 28 ..... AR iiiiiiinnnaas .

Fig. 1: The nucleotide sequences of 29 haplotypes.
The pelymorphic (variable) site nos. m red.
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The haplotype diversity recorded in tested six sheep breeds ranged from 0.643 in
Rahmani breed (with an average number of nucleotide differences K: 0.982) to 0.871 in Barki
breed (K: 4.491) whereas the total haplotype diversity and average number of nucleotide
differences in all tested breeds were 0.814 and 4.074 respectively. On the other hand, the
nucleotide diversity ranged from 0.00087 in Rahmani to 0.00595 in Ossimi breed with the
total nucleotide diversity 0.00359 in all breeds (Table 2). The genetic distances (D) and the
average number of pairwise differences (Dxy) between sheep breeds were estimated (Table
3). The lowest distance was observed between Rahmani and Saidi (D: 1.436 and Dxy:
0.00127) whereas the highest distance was observed between Ossimi and Sohagi (D: 6.050
and Dxy: 0.00534) (Fig. 2).

Table 2: The genetic diversity data of the six sheep breeds

Breeds No. of No. of No. of Haplotype | Average number | Nucleotide

sequences (N) | polymorphic | haplotypes | diversity of pairwise diversity
sites (S) (H) (Hd) differences (K) (1)

Barki 19 19 10 0.871 4.491 0.00396
Rahmani 19 7 6 0.643 0.982 0.00087
Ossimi 20 21 8 0.837 6.753 0.00595
Saidi 14 6 5 0.725 1.736 0.00153
Sohagi 22 21 12 0.861 5.468 0.00482
Fallahi 17 9 7 0.824 2.066 0.00182
Total 111 39 29 0.814 4.074 0.00359

Table 3: Average pairwise differences between six sheep breeds

Barki | Rahmani | Ossimi Saidi Sohagi | Fallahi

Barki | ----- 0.00275 | 0.00527 | 0.00286 | 0.00472 | 0.00298

Rahmani | 3.116 | ----- 0.00417 | 0.00127 | 0.00338 | 0.00135

Ossimi | 5.971 4729 | ---- 0.00434 | 0.00534 | 0.00456

Saidi 3.248 1.436 4921 |  --—--- 0.00351 | 0.00166

Sohagi | 5.352 3.830 6.050 3981 | - 0.00381
Fallahi | 3.381 1.533 5.162 1.887 4326 | --—---

Average number of nucleotide difference between breeds, D (below)
Average number of nucleotide substitution per site between breeds, Dxy (above)

The sequences of 111 analyzed samples were aligned with references sequences of
different haplogroups and the Neighbour-Joining tree was constructed using Mega 5.0
software (Fig. 3). The phylogeny result showed the presence of four haplogroups; HapA,
HapB, HapC and HapE in the examined animals whereas the haplogroup D was absent
(Table 4). The result showed that 86 out of 111 tested animals cluster with haplogroup B
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(77.48%), whereas 12 tested animals cluster with each of both haplogroups A and C
(10.81%) and one animal belongs to haplogroup E (0.90%).

il Sy P J - .
| Sohagi | {Rahmani |

{ Ossimi |

Fig. 2: A schematic diagram showed the genetic distances between sheep breeds

Table 4: The different haplogroups to which the tested animals are belonging

Breed No. of | haplogroup A | Haplogroup B | haplogroup C | haplogroup E
samples | No. | Freq. | No. | Freq. | No. | Freq. | No. | Freq.

Barki 19 1 5.3% 16 | 84.2% 2 10.5% 0 [ 00.0%
Ossimi 20 1 5.0% 13 | 65.0% 6 30.0% 0 [ 00.0%
Rahmani 19 1 5.3% 18 | 94.7% 0 | 00.0% 0 [ 00.0%
Fallahi 17 2 11.8% | 15 | 88.2% 0 [ 00.0% 0 [ 00.0%
Saidi 14 3 21.4% | 11 | 78.6% 0 [ 00.0% 0 [ 00.0%
Sohagi 22 4 182% | 13 | 59.1% 4 18.2% 1 4.5%
Total 111 12 | 10.81% | 86 | 77.48% | 12 | 10.81% | 1 0.9%

MtDNA sequence studies help in answer to some important queries around the sheep
domestication process like the phylogenetic relationships among wild and domestic sheep
[22], divergence times between the five major maternal lineages [6,10], demographic history

[23-24], origins of different mtDNA lineages [8,11,25] and the patterns of gene flow [26,27].
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Fig. 3: Neighbor-joining (NJ) tree of the tested animals with haplogroup references; Al, A2,
B1, B2. C1, C2, D1, D2, E1 and E2

The result of this study agreed with literatures which reported that haplogroup B is
dominant in European countries like Italy where all tested animals from three Italian breeds -
Laticauda, Sarda and Italian Muflon - belong to this haplogroup [28]. Also, this haplogroup B
along with haplogroup A are found in Asia including Eastern Mediterranean countries like
Syria and Turkey. From this region; the first event of sheep domestication would have
happened since 10000 to 11000 years and enter Northern Africa via Sinai. The precursors of
Egyptian sheep breeds came from Northern Syria and Southern Turkey. On the other hand,
haplogroup C has been found in Turkey and China [11] and this haplogroup entered Egypt
via Red Sea with trade from these regions (Fig. 4).
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Fig. 4: A schematic diagram showed the entrance ways of different haplogroups to Egypt

Moreover, the absence of haplogroup D and the presence of only one animal cluster
with haplogroup E is a logical result because these haplogroups are present in Caucasus area

which is far away from Egypt and there is no any sheep migration was done from this area.

The appearance frequencies of the different haplotypes in Egyptian sheep breeds
depend on the existence places of these breeds (Fig. 5). For example, the haplotype B is
dominant in Rahmani, Fallahi and Barki breeds which are present in Northern and Middle
Egypt near to the entrance road of this haplogroup from Central Asia via Sinai. Also the
presence of haplotypes A and C at high frequencies in sheep breeds present in Southern
region of Egypt (Saidi and Sohagi breeds) due to the entrance of these haplogroups from

Eastern and Southern Asia to Egypt via Red Sea close to these regions.
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Fig. 5: A schematic diagram showed the geographic distribution of tested sheep breeds
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