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ABSTRACT 

This dissertation communicate the results of our scientific endeavor on molecular 

characterisation and phylogenetic analysis of sheep breeds present in Khyber 

Paktunkhwa Province of Pakistan. The study is based upon 487 individuals of 10 

local sheep breeds of Khyber Paktunkhwa, selected for blood sampling and 

genotyped with mitochondrial D-loop and microsatellite markers (STR’s). 

Analyses of the DNA data showed the presence of three haplogroups (HapA, 

HapB and HapC). The 124 sequences out of 159 were clustered with Haplogroup 

A (77.99%), 30 with haplogroup B (18.87%) and 5 with haplogroup C (3.14%). 

Moreover the mtDNA dloop sequenced data exhibited 106 haplotypes with 252 

polymorphic sites. The nucleotide diversity and haplotype diversity was found 

0.03250±0.00315 and 0.9854±0.0041, respectively. The Phylogenetic analysis 

showed that most of the breeds clustered with two wild sheep i-e: Ovis ammon 

and Ovis orientalis anatolica. The mean diversity for Shannon’s index (SHUA) was 

observed 0.073-0.212. The AMOVA analysis for mtDNA and microsatellite data 

revealed that genetic diversity was mainly observed within populations (97.84 % 

and 96.69%) while a small portion of the total diversity was noted among 

populations (2.16% and 3.31%), respectively. The Chi-square test for Hardy 

Weinberg Equilibrium (HWE) showed significant deviation in 21 of 80 (26.25 %) 

test loci and 2.63 breeds have deviation from HWE for each locus. Garza and 

Wlliamson statistics showed highest value (0.357±0.194) for Rambouillet and 

lowest (0.256±0.173) for Damani sheep and was subjected to bottleneck effect and 
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hence reduction in population size. The clustering pattern on STR based PCoA 

plot exhibited close association with mitochondrial DNA based clustering 

pattern. Moreover, it was observed that most of sheep breeds were found 

scattered on the plot. The mean value of nucleotide variances (D) and the mean 

value of nucleotide replacements per spot between breeds (Dxy) showed the 

lowest distance between Gauder and Waziri (D: 11.429 and Dxy: 0.02037) while 

the highest distances were recorded between Damani and Kaghani (D: 34.535 

and Dxy: 0.05552). Analysis of 185 animals STR data revealed 121 alleles for 

studied loci, with a mean 15.13±8.27 alleles per locus, ranging from 31 in 

INRA063 to 6 in D5S2. The number of alleles (NA) ranged from 5.00±2.27 in 

Rambouillet to 8.00±4.34 in Hashtnagri with a mean of 6.51±3.06 across all loci. It 

was observed that for all loci observed heterozygosity (HO) was higher than 

expected heterozygosity (HE). The (HE) and (HO) as measures of genetic diversity 

for all breed was 0.754 and 0.996 alleles, respectively. The mean coefficient of 

inbreeding ((FIS) was recorded -0.399 while the highest values (-0.559) was 

recored for Rambouillet and lowest (-0.304) for Afghani sheep. The Polymorphic 

information contant (PIC) values were noted from 0.933 (AF) to 0.955 (WZ). The 

overall Fu’s FS test value was -79.766. The values for different studied sheep 

breeds ranged from -2.756 in Waziri to 6.740 in Ramghani; most of the FST values 

were negative. The overall Tajima’s D value was recorded as -2.355. The mean 

values for coefficient of inbreeding among population (FIS), within populations 

(FIT) and average genetic differentiation (FST) were -0.191, -0.089 and 0.086, 
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respectively for all loci. The values for Inbreeding coefficient within individuals 

(GIS) and coefficient of gene differentiation (GST) were noted as -0.154 and 0.050, 

respectively for all loci. The negative value of FIS, FIT and GIS indicated 

heterozygote excess or more out breeding compared with HWE expectations. On 

the basis of current findings it is concluded that sheep breeds of Khyber 

Pakhunkhwa are more diverse and the selected genetic stock can be utilized for 

obtaining valuable products. Successful completion of this research project has 

not only established a strong baseline of molecular taxonomy of sheep but have 

also elaborateed the population structure of sheep breeds of the region. The first 

hand information presented here has filled the scientific gape of the knowledge 

of molecular biology of the native breeds of sheep, on the other hand our 

findings can be utilized in breeding superior breeds and establishing sustainable 

ways for conservation and sustainable development of sheep in Pakistan.  
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Chapter 1 

INTRODUCTION 

Human health improvement is very essential for the happiness and prosperity of 

the human beings. It is also playing an important role in progress of economic 

values, more earnings in addition to live healthier and longer lives. A balanced 

diet makes a healthy body and mind. Historically, people get their food by two 

methods, agriculture and hunting of wild animals for meat. The agriculture and 

livestock are providing balanced nutrition for people.  

The livestock has a key role in agriculture sector to get valueable products i.e: 

foodstuff, wool, leather in addition to manure, which helps to outweigh the 

status and profits of the average man. Animal production continues to play a 

pivotal role economically and culturally in many rural communities. It plays an 

important role to overcome deficiencies in meat, milk, wool, and by-products 

(Khan, 1994). Ovis aries (Domestic sheep) is quadrupedal, ruminant mammal and 

make a major contribution in livestock sector. Domestication of livestock leads 

towards the new horizons and Cultural Revolution. Plug and Badenhorst (2001) 

have expressed their views on domestication of sheep in near East 7000 BC. 

During the Neolithic period, agri-business was flourished about 10000 BC and 

several livestock animals including sheep, goats, cattle and pigs were kept in the 

Asia and Middle East for welfare of mankind. Sheep were kept for the first time 

during 11000-9000 BC (Simmons and Ekarius, 2001). The beginning of the 

livestock domestication in East Asia, Southwest Asia, North and South America 

is simultaneous, around 8000-10000 years earlier. It was thought the events are 
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not accidently occurred (Bruford et al., 2003). Because of domestication of 

livestock especially sheep, the mutual reliance between man and targeted plants 

and animal species have increased (Zeder et al., 2006). The sheep and goats are 

domesticated in such a way that the ancestors of these species known to move 

during summer to pasture in the Northern uplands, this event most probably 

started in the Northern upland habitat of fertile crescent (Peters et al., 2005). The 

first livestock species which was assumed to be domesticated are goats and 

sheep (Ryder, 1983).The earlier historical record 4,000–5,000 years ago, confirms 

that sheep was kept for meat only and there was no milk and wool production 

(Chessa et al., 2009). 

The sheep, goats, cows and pigs are thought to be domesticated in uplands of the 

Fertile Crescent in the early Holocene period about 11700 years ago. It was the 

common practice of the people killing most of male population and female 

animals were kept for the breeding purpose to increase the population (Zeder, 

2012). The archaeological records in Iran have proposed that the sheep were 

selected to produce wool during 6000 BC (Ensminger and Parker, 1986). Keeping 

in view the Zoo archaeological record of near Eastern domestics and the 

domestication events in Anatolia and long term changing pattern of animals in 

these zones most Zoologists and Zoo paleontologists have the same opinion that 

Bos Taurus, sheep and goats have a common starting point in this part of the 

World (Zeder, 2005, 2008). It is accepted that livestock domestication has 

occurred in three key areas, Fertile Crescent (Southwest Asia), Eastern part of 
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Fertile Crescent (Indus Valley) and Eastern Asia (China) and South American 

Andean chain (Salamini et al., 2002). 

The sheep and goats have given the prime importance in livestock sector by the 

modern farmers and researchers because these species are documented to be the 

origin of domesticated animals and livestock (Peters et al., 2005). Clutton-Brock 

(1987) has expressed his view about the domestication that there is an adaptation 

of wild animals while grazing in open woodlands and meadows in the temperate 

mountains and its foothills. The sheep, goats and cattle are mostly domesticated 

along with diversity of animals, due to the wider range of fodder in the form of 

biannual production of pulses (Fuller, 2006). Evolutionary history of sheep 

comprise of separate migratory episodes recommends direct migratory 

association among population of domestic sheep in Pakistan, China and Africa 

(Chessa et al., 2009). In 8100 BC in South West Asia the most of the agriculture 

and livestock were domesticated during 7th and 8th Millennia dispersed from this 

Southwest Asian region to the rest of the world (Fuller, 2006). Earlier record of 

archaeobotany of the earliest samples from the Neolithic sites of Kashmir 

including Swat (Buth, et al., 1986; Costantini, 1987; Kajale, 1991; Lone et al., 1993; 

Saraswat and Pokharia, 2004) and the Harrapan period from Indus valley 

pointed out the occurrence of faunal remains of sheep, goats and cattle (Sharma, 

1982, 1986). The sheep and goats are evolved from three distinct lineages so these 

animals are thought to be domesticated at three different periods (Luikart et al., 

2001; Bruford and Townsend, 2006). 
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The fertile land of Indus valley is proved to be the first site of domestication of 

wild animals and in which Agriculture was promoted by growing barley and 

wheat, among the domesticated animals goat, sheep and cattle were at the top. 

Studies of the domesticated sheep and its ancestors showed that Asiatic moufflon 

(Ovis orientalis) and urial (Ovis vignei) is the ancestor of all modern sheep 

(McIntosh, 2008).The practice of rearing animals for meat was common but 

during the 5th and 4th millennia, the wool and its products were flourished in 

Southwest Asia and Europe, respectively (Chessa et al., 2009). 

The human population of Pakistan in 2015 was 191.71 million which is increasing 

at a growth rate of 1.8 % every year however; its population was about 195.4 

million during 2016 (GOP, 2016). Population in the rural areas of the country is 

117.48 million while in urban areas it is 77.93 million. The male and female 

population in the country during 2016 is 100.92 and 94.49 million, respectively. 

The manpower of Pakistan engaged with Agriculture, forestry and fishing is 

43.48 %, most of them are living in the rural part of the country (41.71 %) while 

1.76% living in the urban areas. Population of KPK (Khyber Pakhtunkhwa) 

Province during the year 2016 was 26.36 million that makes about 13.49% of 

population of Pakistan. In KPK nearly 37.20 percent population of the Province is 

engaged with Agriculture. Majority (36.08 %) of the population of the Province 

inhabits in the rural whereas a small portion of total population (1.12 %) are 

living in urban parts. Federally Administrated Tribal Areas (FATA) makes 0.77 

% of the human population of Pakistan (GOP, 2016). 
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Cattle and agricultural farming seemed as most prominent source of income. 

Income obtained via livestock was serving in satisfaction of people’s 

requirements (Shahid et al., 2013). The integration of Livestock with farming 

system proves the safety deposit for critical conditions (Upton, 2002). About 1.3 

billion poor people of the developing countries are mostly dependent for their 

source of income on livestock (World Bank, 2009; FAO, 2009). Shahid et al. (2013) 

emphasized the role of livestock in regards of income, conveyance, scarcity 

power and the source of renewable energy and enriched for cultivation. Ali and 

Mulugeta (2012) have extended their view that poor farmers can generate direct 

benefits from Livestock with 4-5% annual growth rate.  

Livestock has an important role in the generation of income for 675 million of 

farmers and twenty million families around the world who have no other source 

of income other than crops and livestock for their livelihood (Shahid et al., 2013). 

There are 675 million farmers worldwide who are totally dependent on livestock 

sector to generate income for their livelihood (Ali, 2007). The goal of farmers is to 

generate income for the livelihood of their families by rearing livestock and other 

practices related to it (Butler et al., 2007). The livestock sector is helpful for the 

farmers at grass root level to alleviate poverty. The milk and meat are the two 

ultimate products of the livestock sector. So, to get maximum products of this 

sector it is very important for the farmers to choose suitable and advanced 

production techniques (Alvi et al., 2015). In India the consumption of cow’s meat 

is a source of conflict between the Muslims and Hindus population. Goat and 
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sheep are the better alternative and source of protein as Muslims are forbidden to 

consume the meat of pig (Colby, 2015). In earlier civilization, sheep were solely 

reared for milk, meat and skins to make valuable products (Ensminger and 

Parker, 1986). 

The food industry is the top of all throughout the world including Pakistan. The 

food is among the basic needs of man (Khalil, 2007; IFCN, 2010). The federal 

Bureau of statistics, GOP (2011) has pointed out that there is 48.7% shortage of 

protein products in Pakistan and the condition can be improved by the 

development of livestock and poultry industry. It is recommended by the health 

specialists that 27 grams is minimum Animal protein food is necessary for better 

heath, on contrary to this about 50% of the recommended dietary protein intake 

14.25g per capita is available for population of Pakistan. In the light of the above 

facts it is vital to improve our Livestock and poultry industry existing in the 

country by the implementation of modern farming practices. 

Livestock plays a vital role in agricultural sector that is fundamental to the 

population of the rural areas in Pakistan. Livestock has a pivotal role to increase 

income and revenue for major population of the country. The livestock division 

has grown at the rate of 3.63% in the year 2015-2016 and contributed 58.55% and 

11.61% in total agriculture sector and national GDP, respectively (GOP, 2016). 

The country has generated revenue of 144.86 million US Dollars during 2015-

2016 from the export of meat. Beside this, animal skin, gelatin, hooves, horns and 

bones were likewise exported during the 2015-2016 (GOP, 2016). The livestock 
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population of Pakistan comprises on sheep breeds that are well-adapted to 

environmental conditions of the country and few of the best milk, meat and wool 

breed. The sheep and goat breeds are very well-adapted to the diverse ecological 

conditions of Pakistan (Afzal and Naqvi, 2004).  

Pakistan has a large number of livestock, adapts well to local conditions and has 

some of the best tropical dairy breeds. Livestock in Pakistan (2015-2016) includes 

cattle (42.8), buffalo (36.6), sheep (29.8), goats (70.3), camels (1.0), horses (0.4), 

donkeys (5.1), and mules (0.2) Millions (GOP, 2016). These products produce 

54.238 million tons of milk, 2.017 million tons of beef, 0.686 million tons of lamb, 

45.1 thousand tons of wool and 54.278 million leather and leather products (GOP, 

2016). Current estimated sheep population (2015-16) of the country is 29.8 

Million. Total milk production in the country during (2015-16) is 54328 thousand 

tones in which sheep has a share of 39 thousand tones. Gross meet production 

(2015-16) is 3873 thousand tones including 686 thousand tones of mutton. There 

are 54.27 million of skins and hides were produced in which 11.26 Million 

products were of sheep (GOP, 2016). 

The Figure 1 Projects changes in the composition of the agricultural sector over 

the past 15 years from fiscal year 2001 to fiscal year 2016 (GOP, 2016). It is clear 

that during this period the share of livestock increased from 47.9% to 58.6%, in 

fisheries there is also a slight increase from 1.7% to 2.2% While forests are 

reduced, this is why we are becoming more vulnerable to climate change and 

productivity of the subsector of crops not picked up, which need to be nurtured 
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through better penetration of scientific and technological development in the 

subsector along with reforms to improve market integration of commodities 

(GOP, 2016). 

  

Figure 1. Composition of Agriculture Sector. Source (GOP, 2016) 

There are about 995 sheep breeds of sheep worldwide and 265 are found in Asia 

(FAO, 2007). Around the world, 180 sheep breed no longer exist and 417 strains 

have not yet been properly described for morphological traits and performance 

(Feral, 2006). Thirty three species of local sheep have been reported in Pakistan 

(Afzal and Naqvi, 2004). The wild relatives of the local sheep breed in Pakistan 

are the bharal (Pseudois nayaur) argali (Ovis ammon) and the blue sheep and Urial 

(Ovis vignei) (Khan et al., 2007). Of these seven are found in Khyber Pakhtunkhwa 

(KPK) which is thin tail strains. The fat tail breeds (Balkhi, Hashtnagri and 

Michni) are in the central and plain portion of the Province however Balkhi is 

scattered throughout the Province, as well as in Punjab and Afghanistan. 

Pakistan is gifted with diverse genetic resources and this is obvious due to the 
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presence of thirty one sheep breeds. Native sheep breeds stand a vital asset in the 

livestock sector of Pakistan because these are well adapted to the local 

environment with unique genetic traits of adaptability (Isani and Baloch, 1996). It 

is a fact, that maximum of thin-tailed sheep breeds of Pakistan are nurtured in 

the Northern areas where as fat-tailed sheep breeds are most frequently found in 

Western areas including Waziri sheep breed FATA and Mengali sheep of 

Baluchistan. The typical weight of the sheep breed ranging between 45-100 Kg 

but with few exceptions the meat breed with larger arms may possess weight 45-

160 Kg. the purity of sheep breeds is important for their survival; it may not be 

recovered if extinct from the region as a result of cross breeding (FAO, 2007). 

Domestic sheep are reared as an important component of livestock. The term 

sheep is used for various species however this denotes the species, Ovis aries. 

Sheep is an important mammals belonging to family Bovidae of order 

Artiodactyla (Wilson and Reeder, 2005).  

The conservation of pure breeds of the region and farm animals is significant as 

these breeds provided the gene pool for future breeding practices of the 

adjoining areas. With the development of modern genetic approaches, genetic 

markers and new technologies the researchers are able to characterize the farm 

animals to highlight their particular genetic traits and to compare different 

breeds and make a future plan for the conservation of breeds which are at risk of 

extension due to any reason. The application of non neutral markers is vital for 
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interpretation of results showing the connection between molecular markers and 

quantitative and qualitative procedures (Toro et al., 2009). 

The molecular study of genes in breeding biology is helpful to determine the 

peculiar traits of an animal it posses and to highlight the similarities of the 

genetic material that is transferred from one generation to another. For the 

molecular characterization of sheep breeds several molecular techniques have 

been applied in the past by number of researchers. These techniques consist of 

biochemical, immunological and molecular characterization including 

microsatellites (SSR, STR), mitochondrial DNA markers, AFLP, RFLP, and SNP’s. 

The molecular techniques are suitable to investigate the genomic variations so it 

is reflected by the use of these techniques for the molecular characterization of 

livestock and and domestic breeds of animals (Giovambattista et al., 2001).  The 

molecular markers are key tools for the analysis of genetic diversity of animals 

and can give information about the form, structure and level of gene flow within 

population, Phylogenetic relationships, dispersion of animals from one part of 

the world to another and valuable information about their ancestors (Feral, 2006). 

By the application of both nuclear and mitochondrial markers and 

polymorphism at DNA level the polymorphism in gene products (isoforms of 

enzymes, blood groups system) is almost totally superseded (Rehman, 2002).In 

the genotyping of DNA the most commonly used markers in molecular 

techniques are microsatellites (STR’s, SSR’s), mitochondrial DNA (mtDNA), 

single nucleotide polymorphism (SNP’s) and variable number of tandem repeats 
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(VNTR’s) and. Practice of mitochondrial markers is increased because it is 

transmitted during oocyte maturation through maternal lineage and it is 

important to show the pattern of ancestory and Phylogenetic relationships of the 

animals (Gyllensten et al., 1991). 

Mitochondrial DNA is significantly reduced than nuclear DNA with size of 

almost 15-20kb (Kilo Bases) containing almost multiple copies of thirty-seven 

genes in eukaryotic cell individually.  Mitochondrial DNA develops more swiftly 

than nuclear DNA (Wilson et al., 1985; Wallace, 1986; Stoneking et al., 1991). 

Mitochondrial DNA (mtDNA) generally used in the phylogeny of sheep breeds 

as it displays haplotype diversity at species and sub-species level (Hiendleder et 

al., 2002). 

Objectives 

The objectives of this study are  

1. To evaluate the genetic history of sheep breeds of Khyber Pakhtunkhwa 

through DNA Analysis. 

2. To reconstruct the Phylogeny of sheep breeds on the basis of 

mitochondrial (mtDNA), mitochondrial D Loop and microsatellite (STR’s) 

markers.  

3. To understand crossbreeding of sheep breed on the basis of DNA analysis. 
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Chapter 2 

REVIEW OF LITERATURE 

Domestic sheep is even toed ungulates, kept and reared as livestock. There is a 

diversity of wild and domestic sheep all over the world. The name sheep applies 

to several species but it generally designates the domestic species, Ovis aries. 

According to the taxonomic classification of animals domestic sheep is an 

important mammal belongs to family Bovidae of order Artiodactyla (Wilson and 

Reeder, 2005). 

Wild sheep, Ovis orientalis can be classified into two sub species; Mouflons, Ovis 

orientalis orientalis and Urials, Ovis orientalis vignei. Domestic sheep is the most 

common species of genus, Ovis. The domestic sheep is most likely descended 

8,000-10,000 years ago from the wild sheep, mouflon, O. musimon, of Europe. The 

only existing members of wild mouflon are found on the islands of Sardinia and 

Corsica, and the descendants of  O. orientalis are continue living in dry and 

mountainous regions of south-western and central Asia. Keeping in view the 

above mentioned facts it is assumed that the domestic sheep of south eastern 

Asia are descendants of Urial but there is a continuous mixing of alleles of 

Argali, O. ammon into these domestic lines (Zeuner, 1963). According to Bruford 

and Townsend (2006), Ovis ammon is thought to be the ancestors of domestic 

sheep. The domestication of sheep has been found to be documented in Fertile 

Crescent particularly in the valleys of Euphrates and Tigris (Zeder, 2011). 

Archeological and Molecular records concluded that Ovis orientlais are the 
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ancestors of today’s domestic sheep, which were reared 11000 years back in 

Fertile Crescent (Zeder et al., 2008). The phylogenetic history on the basis of 

molecular basis revealed that five distinguished lineages of domestic sheep were 

originated from Asiatic mouflon. The major haplogroups are A and B found 

worldwide while the other C, D and E are restricted to limited geographical 

regions (Medowes et al., 2007). Muigai and Hanotte (2013) have reported that 

haplotype A is common in Asian and Arabian sheep breeds. The sheep breeds of 

Africa have same ancestors and domestication center like the sheep of Asian and 

Europe. The first East African sheep was introduced from the Arabian region. 

Ryder (1984) has reported that presently six species of sheep are found in wild, 

which are assumed to be the ancestors of domestic sheep. It is thought that all 

domestic sheep breeds are derived from Mouflon, O. musimon, but there is an 

equal contribution of Urial, O. orientalis towards the development of European 

sheep breeds. Beack et al. (1973) have highlighted the importance of cytological 

markers and confirmed the connecting link between the domestic sheep and 

their wild ancestors by analyzing the number of chromosomes and its structures. 

Jonker et al. (1982) have reported that the cytological markers are extensively 

used by the researchers for the confirmation of parental lineage and taxonomic 

position of species. 

Hiendleder et al. (1998) have reported that mouflon is thought to be the main 

ancestor of all domestic sheep breeds. To explore the phylogeny of domestic 
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sheep and its wild ancestor he reported the use of 243 mitochondrial DNA 

samples from 05 European, 01 African, 04 Asian and many mouflon. It was 

reported that there is a common ancestors of Mouflon and domestic sheep of 

Europe. Hiendleder et al. (2002) have conducted a worldwide survey of sheep 

breeds he reported that all existing sheep breeds have originated from two 

different lineages. These two lineages are; European lineage in which mtDNA 

type B is predominant and it confirmed the phylogenetic relationship of 

European sheep breeds with European mouflon, Ovis musimon. There is no 

confirmation of ancestors of Asian sheep with mtDNA type A with its Asian 

Wild sheep breeds. Hiendleder et al. (1998) have conducted molecular studies of 

the mitochondrial DNA and confirmed that there are two types of mitochondrial 

DNA which are mtDNA type A and mtDNA type B, these are also called as 

haplo groups. Bruford and Townsend (2006) have suggested that haplo group A 

is predominant in Asian sheep breed and most wide spread on the globe. 

Meadows et al. (2007) have compared the European and sheep breeds and 

described that there is a significant genetic differences between them. These 

variations may be the result of frequent cross breeding from Ovis musimon. 

Sunnucks (2000) has reported that DNA based markers have been developing 

since 1970’s to study the diversity of population, phylogenetic relationship of 

organisms and for molecular taxonomy but the application of these markers is a 

common practice to apply these markers for the domestication of animals and 

biodiversity since 1990’s. Domestication of wild sheep occurred 8000-9000 years 
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ago, this is evident ancient records and genetic studies. The genetic information 

was gathered from the studies of mitochondrial DNA. These mtDNA studies 

have described the different views about the increasing number of maternal 

lineage of sheep and the most recent view is by Meadows et al. (2007) that there 

are five lineages. The haplo groups A and B are both found in Asia, while 

haplogroup B dominates in Europe. Haplo group C has been found in Portugal, 

Turkey, the Caucasus, and China (Tapio et al., 2006). A breed is a group of sheep 

with a common origin and definite physical characters that are readily 

distinguishable (Dalton, 1991). There are about 6000 species comprising 

mammalian and avifauna among them 35% fauna is critically endangered which 

extinct at a rate of two breeds per week which cannot be recovered (FAO, 2009). 

In mammalian species sheep are at the top with most noteworthy number of 

breeds making 25 % of the world aggregate (FAO, 2008). 

Al-Samarai and Al-Kazaz (2015) have explained that genetic marker is a short 

known sequence of DNA located on chromosome and linked with a particular 

character or gene. Any change in DNA results in variation and it may be the 

resultant of mutation. The changes on the Chromosomal loci can be seen and 

analyzed. A genetic marker may detect the small variations such as 

microsatellites (SSR’s, STR’s). VanWezel and Rodgers (1996) have explained that 

major aim of a breeder is to choose animals with animal with better-quality both 

in respect of morphological characters and genetic potential to transfer best 
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characters over the upcoming generation. Yang et al. (2013) have explored that 

cytological markers are also used to study the genetic potential of animals 

following particular criteria like karyotyping, repeats, bandings, addition, 

deletion, insertion and translocations. But the molecular markers are most 

reliable one, based on the nucleotide sequence of nucleic acid and can detect the 

mutations within genome of an organism. Bitgood and Shoffner (1990) have 

suggested that chromosomal mutations lead to genetic variation in sheep. 

Microsatellites which have been referred to in the literature are the short stretch 

of DNA repeatedly present through the genome of both Eukaryotes and 

prokaryotes. These markers are generally referred as Short Tandem Repeats 

(STR) and are helpful to find the genetic variations among different animals 

(Varshney et al., 2005). Microsatellites are found in a range of 1-6 nucelotides 

(Van Oppen et al., 2000). The variable numbers of nucleotide sequences of 

microsatellites are suitable choice for the genetic studies (Selkoe and Toonen, 

2006). They have minimum repeat length of 12 bp and are usually repeated 5-20 

times in a genome (Goodfellow, 1992).  

Meadows et al. (2007) have surveyed and conducted a molecular research on 197 

sheep of Israel and Turkey and observed eighty five haplotypes belonging to 

already known ovine phylogenetic lineages (A, B and C) but six animals 

separately clustered with two newly lineages represented as haplogroup D and 

E. as the final word the phylogenetic lineages of the sheep breeds was not 
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confirmed by these findings. Guo et al. (2005) have verified the maternal lineage 

of Chinese sheep breeds and genotyped 55 samples of mitochondrial DNA of six 

breeds, phylogenetic trees and a median joining network was constructed which 

confirmed the presence of two major haplogroups A and B in Chinese sheep 

breeds and a minor group C present in some animals. Pedrosa et al. (2005) have 

analyzed the sheep breeds of Turkey by sequencing the D loop and Cytochrome 

b of mitochondrial DNA. The clustering pattern of the DNA sequenced data 

revealed the presence of a new maternal lineage as haplogroup C along with the 

already existing haplogroups A and B. The divergence of haplogroup C was 

occurred 0.45-0.75 million years ago.  The maternal lineages and genetic diversity 

of Asian and European sheep breeds was investigated by Meadows et al. (2005) 

by sequencing the mtDNA Dloop regions of 121 showed 56 haplotypes related to 

two discrete haplogrous. It was observe that haplogroup A was predominantly 

found in the sheep breeds of Asia while the European sheep breeds have 

haologroup B at higher frequencies.  

Ahmed et al. (2014) have analyzed Kail breed of AJK by genotyping 47 animals 

with 11 STR markers. The mean numbers of allele were 5.27. The HO (0.76590) 

and HE (0.7185) were recorded. The inbreeding within population FIS and PIC 

were observed as 0.0525 and 0.60, respectively. Pons et al. (2015) have conducted 

a study to explore the genetic variations and phylogeny of Balearic and other 

Spanish sheep breeds by multiplexing of STR markers. The result indicated the 
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existence of mean number of alleles (7.59) and genetic diversity was observed in 

term of mean HO (0.62) and HE (0.69), which indicated that the HO was less than 

HE. Dalvit et al. (2009) have explored the population structure and genetic 

diversity of four Italian sheep by nineteen STR markers. The results showed the 

significant variations within breeds except Alpagota breed. The entire population 

of each sheep breed was confirmed to be heterozygote deficient due to higher 

inbreeding. Guang et al. (2016) have genotyped 611 animals of indigenous sheep 

of China by using 6 STR markers. The average number of alleles ranged from 

(7.00±3.69) in Gangba to (10.50±4.23) in sheep breed of Tibet. The HO found 

(0.58 ± 0.03) in Gangba to (0.71 ± 0.03) in Minxian black fur and Zazakh sheep. 

Girish et al. (2007) have studied the genetic variation in Nilagiri sheep, of South 

India by twenty five STR markers. The mean number of alleles was 5 which 

ranged from 3-8 and mean PIC was 0.6485. All loci were polymorphic and most 

of them (17) were in HW equilibrium. The mean HO and HE were observed as 

0.7610 and 0.7213, respectively.  

Meadows et al. (2011) have explored the relationship of haplo groups of wild and 

domestic sheep. They used the different mitochondrial genome from unrelated 

sheep breeds and some samples from the wild ancestors. The comparative 

analysis of these sequences revealed the five haplogroups and determined the 

association between the haplogroups and their linkage with their ancestors, the 

wild sheep. The analysis depicted that the domestic sheep radiated from a 
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common progenitor 0.92-0.19 million years ago. Oner et al. (2013) have 

investigated the maternal genetic diversity of 9 Turkish sheep by sequencing of 

mitochondrial Dloop of 135 animals. The clustering pattern revealed the 

existence of 63 haplotypes grouped into three haplogroups (A, B and C) only a 

single animal of Akramman sheep belonged to E haplogroup. The nucleotide 

and haplotype diversity was recorded as 0.01407±0.00060 and 0.9496±0.011, 

respectively. Pardeshi et al. (2007) have characterized 156 sequences of three 

sheep breeds from different areas of India with diverse phenotype. The 

molecular characterization was performed by using a stretch of mtDNA and 12S 

ribosomal gene and a transfer RNA. The analysis of sequences data revealed 52 

haplotypes out of 73 were related to sheep breeds of India and all belongs to 

haplogroup A. Pedrosa et al. (2007) have analyzed the genetic variability in 

nineteen Iberian and 6 other sheep by sequencing the mitogenome and found the 

three maternal lineages in which lineage B was most frequent. The rare 

haplogroup C was only detected in Ojalada and Montesina.  

Singh et al. (2013) have explored the haplotype and nucleotide diversity of 12 

sheep breeds of India and its portal of entry in subcontinent, by analyzing 

sequenced set of data from 330 animals. The neighbor joining analysis described 

the A, B and C maternal lineages in Indian breeds. The haplogroup A was only 

observed in the sheep breeds of sub-continent. The nucleotide diversity of 

haplogroup was higher than the other breeds of the world. Zhao et al. (2011) have 
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performed the molecular characterization of 3 Chinese sheep breeds to find the 

genetic diversity and their phylogeny. As a whole fifty sequences of 

mitochondrial dloop were obtained from NCBI data base. The sequenced data 

has arranged in 39 haplotypes. The data analysis demonstrated the presence of 3 

phylogenetic lineages also known as haplogroup A, B and haplogroup C.  The 

haplogroup A was mainly present and show expansion in population. Wu et al. 

(2003) have compared the mitochondrial dloop sequences of five subspecies of 

argali from China and two from Uzbekistan. The analyses of the sequences 

showed the genetic variability of 7.7% within subspecies of Argali and then gave 

three different phylogenetic lineages of domestic sheep in China. Wang et al. 

(2006) have genotyped Pseudois nayaur from China by using 71 mtDNA 

sequences to find out the maternal lineage, genetic diversity and history. The 

results stated the presence of high haplotype diversity (0.792) and low nucleotide 

diversity (0.00392). Arora et al. (2013) have investigated the molecular diversity 

and phylogeny in 154 animals of nineteen sheep breed of India from three 

different regions. The phylogenetic analysis showed the occurrence of only two 

distinct lineages A and B, the earlier was predominant over the later one. The 

raggedness curve for mismatch distribution confirmed the expansion in Indian 

sheep breeds. Sulaiman et al. (2011) have unveiled the phylogenetic history of 19 

sheep breed of China and one Texel breed by sequencing the Cytb gene. The 

phylogenetic clustering pattern and analysis indicated that 3 phylogenetic 

lineages (A, B and C) were found in 14 sheep breeds while haplogroup C was 



 

21 
 

missing in 5 sheep breeds. Lv et al. (2015) have worked on forty five full and 

eight hundred and seventy five partial mtDNA sequences and analyzed them 

with published data of ovine sequence throughout Eurasia and concluded that 

O. musimon and O. orientalis are the ancestors of O. aries. Agaviezor et al. (2012b) 

have performed morphological and molecular characterization of four sheep of 

Nigeria by applying 10 phenotypic traits and 15 STR markers. The results 

revealed the presence of distinct phenotypic traits in Balami and Uda. The HE 

was higher across loci (0.783-0.93). The population was heterozygote deficient, 

the mean value ranged (0.171-0.534) which may be the resultant of frequent 

inbreeding.  Mean values for FIS, FIT and FST value over all loci were recorded as 

0.336 0.088 and 0.394, correspondingly.  

Ceccobelli et al. (2016) have done the morphological and molecular 

characterization of 53 sheep of Pagliarola breed of Italy by biometric 

measurement and 25 STR’s. In the study 330 alleles were observed. The 

Appenninica breed showed higher HE (0.78). The phenotypic characterization of 

“Kutta” a local sheep breed harbouring at Swat was done by Ahmad et al. (2009) 

by assessing the traits of head, tail, height and length of body and coat quality 

and color of 207 sheep at native tract. Ullah et al. (2016) have explored the genetic 

structure and variability in 21 DNA samples isolated from Kutta breed of Swat, 

through 31 FAO recommended microsatellite (SSR) markers. The breed showed 

high level of genetic diversity. Out of the total 31 FAO recommended markers, 23 
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were fully amplified during Polymerase Chain reactions (PCR), having 151 

different alleles having 6.57 effective alleles at each locus. Similarly high level of 

average heterozygosity (0.77) and gene diversity (0.80) was observed. The within 

breed estimate (FIS) in breed was found extremely low (0.002). Shannon 

information Index (I) was found (1.65). The mean Chi-square value for the Hardy 

Weinberg Equilibrium (0.10) indicates that the population has lost its equilibrium 

on the overall basis. Carneiro et al. (2010) have investigated difference by 

comparing the phenotypic traits of Brazilian, Colombian and sheep breeds of 

Uruguay with commercialized sheep breeds. The morphological parameters 

included body weight, size, body structure and color. The results illustrated that 

the commercialized breeds are larger in body size and has more body weight.  

Bai et al. (2015) have performed the molecular characterization of 3 Chinese 

sheep through six microsatellite markers. A total of 161 alleles were found in all 

three populations. The coefficient of genetic variation per locus was found 0.0059 

to 0.1159 and the average was 0.0482 which indicated the low degree of genetic 

variation among different sheep populations. Harkat et al. (2015) have explored 

the phenotypic variability of the Ouled-Djellal of North Africa by taking into 

account the multiplicity of management practices and environments, using 

multivariate discriminant analysis, as suggested by (FAO).  

The genetic variation of two sheep breeds Turcana and Gyimesi have been 

investigated by Kusza et al. (2015) through mtDNA D-loop. The mitochondrial 
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dloop of both the breeds have been sequenced and analyzed. There were 42 

haplotypes among them 23 were shared between two breeds. The analysis of 

AMOVA illustrated that 98 % of variations were observed within population 

showing that both breeds are not genetically similar. The negative values of 

Tajimas, FST values and raggedness curve confirmed the recent population 

expansion. Paiva et al. (2011) have conducted a Molecular analysis of Brazilian 

Somali hair sheep through 19 STR markers and sequencing of mitochondrial 

dloop. After the analysis of sequenced data 5.32 mean number of alleles was 

observed. The HE and HO was recorded as 0.5896 and 0.6451, respectively. As a 

whole 16 haplotypes were found. The negative value of FIS (-0.095) is the 

indicative of more genetic diversity. Rannamäe et al. (2016) have conducted a 

molecular research to compare the ancient and modern sheep (kihnu) by 

sequencing the mitochondrial dloop from the two types of sheep breeds.  The 

results revealed forty nine haplotypes related to major haplogroups A and B. 

Comparing the molecular markers it was suggested by Morin et al. (2004) that 

SSR markers preferred for earlier period of fifteen years. The these markers play 

a pivotal role in future molecular research as these have multiple alleles, cost 

effective and transferable (Al-Samarai and Al-Kazaz, 2015). Nuclear 

microsatellites are a short repeated stretch of DNA which is inherited from both 

father and mother. Microsatellites are the markers of choice therefore are vital to 

explore the phylogenetic history of different population from where they 

originated and transported to other regions of the world (Hanotte et al., 2002). 
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Arora et al. (2010) have performed the molecular and morphological 

characterization of an Indian sheep (Ganjam). The phynotypic traits considered 

for the analysis were coat colar, body weight and length, chest size and horn size. 

For the molecular characterization 25 STR marker were applied on fifty samples 

of the breed. The HO and genetic diversity was 0.623 and 0.685, respectively.  The 

population was considered to possess genetic diversity within the breed.   

Arora and Bhatia (2004) have done molecular characterization of Muzzafarnagri 

sheep by using STR markers. A 34 samples were analyzed, genotypic data from 

25 microsatellites, identified the 126 alleles. The mean number of alleles was 

recorded as 5.04. The allelic collection per locus exhibited that the breed is 

subjected to certain mutations. Askari et al. (2011) have used Two ISSR primers to 

screen 275 animals from 16 populations of cattle, goat and sheep. The mean GST 

and genetic diversity were 0.3615 and 19.42. The results suggest that SSR markers 

can also be used in future studies. Blackburn et al. (2011) have explored the 

genetic variations among the sheep breeds of USA. The samples were collected 

from breeds of different geographical regions and their performance was 

recorded. These were genotyped by 31 microsatellite markers.  The mean 

number of alleles per locus was 14.1 which ranged between 6 and 24.  

Emadi et al. (2010) have reported that mitogenome is the genetic material of 

mitochondria contributed by maternal gamete i.e. through. According to Adams 

(1983) mtDNA has higher evolutionary profile as compared to nuclear genome. 
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Emadi et al. (2010) have reported that Mitochondrial DNA markers are 

preferably applied to explain the evolutionary history, phylogenetic relationships 

and ideal for comparison of species. Onuma et al. (2006) have explained that 

Mitochondrial DNA contains a control region, most extensively used in maternal 

phylogenetic studies. The segment is easy to amplify to assess the genetic 

diversity. Arif and Khan (2009) have reported that mitochondrial protein coding 

genes being useful to find the phylogenetic position at families, genera and 

species level. Animal mitochondria contain 13 protein coding genes including 

cytochrome b, one of the protein coding genes for molecular analysis. Hanotte 

(2007) has reported that molecular markers are more informative but the use of 

mtDNA is more preferred marker to reveal the event of domestication and 

breeding in captive form.  Babar et al. (2014) have performed the molecular 

characterization of Thalli and Lohi sheep breed of Pakistan by analyzing the 

mtDNA cyt b gene of 25 individuals of both breeds revealed four Lohi and five 

Thalli haplotypes. The both breeds have close association with each other and 

these were found closer to sheep breeds of India which showed that these breeds 

have common ancestors. Wang et al. (2007b) have characterized the 9 Chinese 

sheep by sequencing the 83 mitochondrial dloop and a non-local breed. The 

haplotype and nucleotide diversity was observed as 92.7 and 3.058, respectively. 

The sheep breeds of China have negative FS test value for all three maternal 

lineages (A-C). Sanna et al. (2015) have performed the Phylogenetic analyses 

using a data set of dloop region of five domestic sheep and some samples of feral 

http://www.sciencedirect.com/science/article/pii/S0921448806002938
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and wild sheep. The analysis of sequences data illustrated that O.vignei and 

O.ammon both separated from the domestic sheep. Wang et al. (2007) have 

characterized 2 Tibetan sheep by sequencing the mtDNA of 80 animals. The 

sequences gave 17 haplotypes. The neighbor joining phylogenetic tree revealed 

that the Tibetan sheep is the resultant of three maternal lineages.  

To determine the genetic structure of 4 indigenous domestic sheep of Nepal, 

Gorkhali et al. (2015) have genotyped 111 sheep from domestic sheep breeds 

through the use of mitochondrial DNA control region. High mitochondrial DNA 

diversity among these breeds was observed and all haplotypes were classified 

into three haplogroups (A to C). Among the four breeds, three residing in middle 

to high hills had all three haplogroups while Lampuchhre sheep in low land only 

carried haplogroups A and B. This study revealed that a south-western route of 

gene flow in sheep might have come from China to India via Nepal. It can be 

concluded that these indigenous sheep breeds have isolated breeding paths. In 

order to investigate the distinction of mitochondrial maternal lineages of Iranian 

Moghani Sheep breed, Mohammadhashemi et al. (2012) have amplified, 

sequenced, alingned HVR1 region of mtDNA and compared with similar data in 

other sheep breeds (Ovis aries ) from all over the world,. A total of 5 haplotypes 

were identified from 10 samples. The phylogeny tree showed that this breed 

belongs to haplotype group A; the results suggested that the Ovis orientalis can be 

the originator of Asian breeds.  
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Hoda et al. (2014) have observed the Genetic diversity of Albania and Kosovo 

sheep breeds through sequencing the 423bp fragment of mtDNA control region. 

Thirty four haplotypes obtained having mean value 0.968, ranging from 0.893 to 

1.0.  Analysis of molecular variance showed 4% of variation among the 

populations and 96% within the populations. Othman et al. (2015) have amplified 

the mtDNA control region from different Italian and Egyptian sheep breeds. 

Within all tested breeds the haplotype diversity and average number of pair wise 

differences were 0.97571 and 7.01484, respectively. Phylogenetic analysis showed 

the presence of three haplogroups; HapA, HapB and HapC. The most dominant 

haplogroup was B, 62 out of 67 analyzed samples. The endemic sheep breeds of 

Pakistan have been genotyped by Babar et al. (2013) through mtDNA dloop and 

cyt b gene sequencing along with STR markers. There were 151 variable sites in 

all the sequenced data and he concluded that Pakistani sheep breeds have unique 

haplotypes. Koseniuk and Słota (2016) have performed the molecular 

characterization of sheep of Poland by amplifying the mitochondrial control 

region of 143 animals. The neighbor joining tree showed the presence of sixty 

five haplotypes, among them sixty one belongs to haplogroup B while the 

remaining four clustered with A. Liu et al. (2016) have characterized the 15 

populations of Tibetan sheep and revealed their phylogeny by sequencing the 

636 animals from 15 populations. The nucleotide and haplotype diversity was 

recorded as 0.019±0.001 and 0.992 ±0.010. The phylogenetic analyses described 
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that all the sequenced data clustered with already known haplogroups (A_D), it 

was described that only the Linzhu sheep clustered with D haplogroup.  

Rafia and Tarang (2016) have investigated 82 unrelated sheep from 10 Iranian 

indigenous sheep breeds and found the phylogeny by sequencing the 

displacement loop (D-loop) of mtDNA. Analysis of this region revealed 74 

haplotypes. The nucleotide diversity, mean number of nucleotide differences and 

haplotype diversity was recorded as 0.0372±0.0001, 25.23 and 0.996±0.003, 

respectively. The AMOVA analysis displayed that 3.43% variations were found 

among while 96.57% within population. By construction of neighbor Joining   

tree it was indicated that four (A, B, C and E) of the five haplogroups described 

so far are present in Iranian sheep breeds. Chen et al. (2006) have confirmed the 

three phylogenetic haplogroup (A, B and C) in Chinese sheep breeds by 

analyzing the mitochondrial displacement loop sequenced data of nineteen 

Chinese breeds. The four samples did not cluster with the already existing 

lineages.  Agaviezor et al. (2012) have described the genomic variations in sheep 

of Nigeria by using mtDNA sequences of 290 animals. The results of AMOVA 

revealed that mostly the genetic diversity (99.77%) was observed within 

population and negligible variations (0.23%) were found among different breeds. 

Lancioni et al. (2013) have examined the 291 mitochondrial DNA sequences of 

Merino sheep and stated that all animals belong to B haplogroup and one sheep 

clustered with haplogroup A. Zhao et al. (2013) have analyzed the 963 samples 
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from 16 indigenous sheep of China. They illustrated that existing 3 haplogroups 

(A, B and C) were present in all sheep breeds while the sheep of Southwestern 

region of China possess haplogroups A and B. Yang et al. (2013) have reported 

that another molecular technique used to find the variations in different breeds 

due to mutation at a specific locus in the genome is Single Nucleotide 

Polymorphism (SNP). Single Nucleotide Polymorphism (SNP) comprises 

mutation at single base, deletions, insertions, translocations and inversions. The 

SNP’s has an important role to describe the phylogeny, genetic variations and 

population structure (Goodfellow, 1992).  

Vignal et al. (2002) have reported that use of SNP markers is one of the molecular 

approach but these are simple bi allelic in comparison to STR markers that are 

more informative. Kijas et al. (2012) have characterized the genetic consequences 

of both domestication and selection by genotyping the 2819 animals from 74 

sheep breeds by using SNP’s. The results of the studies illustrate that sheep 

population has higher SNP’s diversity higher than most cattle and dog breeds, so 

the domestication occurred from a broader genetic base. Rubin et al. (2010) have 

reported that use of modern molecular studies based on genomic and 

mitochondrial DNA will continue to find the hidden secretes of pattern of 

domestication by sequencing the full genome and highlighting the phenomena of 

natural selection that what loci are being selected during the domestication of 

livestock.  
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A molecular research have explained the polymorphism within 23 domestic and 

2 wild sheep through the study of SNP’s that are scattered across the sheep 

genome.  They have focused on 2600 loci of all the sheep breeds genome. The 

results indicated that these breeds are only the groups of population which are 

geographically isolated from each other. It was suggested that a small number of 

SNP’s can define the structure of population within individual breed (Kijas et al., 

2009). Musthafa et al. (2012) have characterized the Najdi sheep of KSA using 19 

microsatellite markers. The HO and HE was 0.67±0.19, 0.75±0.14, respectively. The 

value of Shannon’s index and PIC were 1.69±0.51 and 0.71±0.16, respectively. 

Nine loci deviated from HWE and the population has no bottle neck effect. The 

molecular characterization of ten sheep breeds of Greece was performed by 28 

STR markers. The high degree of genetic diversity was observed among the 

studied breeds which ranged from 0.68±0.134 to 0.76±0.103. The coefficient of 

inbreeding within population FIS was found significant in the tested sheep (Ch. 

Ligda et al., 2009). Eight sheep of Italy, Germany and Slovenia were characterized 

by STR markers. The study revealed that the entire population consisting of all 

studied breeds deviated from HWE significantly and was found to be 

heterozygote deficient. The genetic variations among breeds FST was recorded 

very low (0.064) (Dalvit et al., 2008). Jakaria et al. (2012) have conducted research 

to perform the molecular characterization of sheep of Indonesia by 18 STR 

markers.  The mean genetic diversity FST, coefficient of inbreeding within 

populations FIT and among populations FIS was 0.0712, 0.1647 and 0.1006, 
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respectively. Dashab et al. (2011) have genotyped 503 Baluchi sheep to compare 

their 2 populations using 7 STR markers. The used loci were showed higher 

genetic diversity with 5.57 mean numbers of alleles per locus. The HO was low 

than HE in all cases. The populations have low inbreeding coefficient (0.003). The 

subpopulations significantly departed from HWE. The AMOVA confirmed that 

most of the variations (97.6%) are among the individuals while low variations 

(2.40%) were observed in populations.    

El Nahas et al. (2008) have performed molecular characterization of 3 Egyptian 

breeds by 14 STR markers. The HO was found lowered than HE. The overall 

population deviated from HWE which confirmed that the population is 

heterozygote deficient. The coefficient of inbreeding (FIS) was 0.308 which 

showed the higher inbreeding. Elfawal et al. (2008) have molecular 

characterization of 3 sheep of Egypt i.e. Rahmani, Ossimi, and Saidi by using 

four microsatellite markers, OARAE101, BM1329, INRA63 and OARFCB20. The 

phylogenetic tree showed that three breeds had the same cluster of origin but 

Rahmani showed separate sub-cluster while Ossimi and Saidi are separated 

together from the other sub-cluster. The moderate genetic variations (0.75) were 

observed in all sheep. Pandey et al. (2010) have analyzed the 55 samples of 

Shahabadi sheep breed of India by 18 STR markers. The analysis revealed the 

variable degree of HO (0.279-0.739) in all sheep; the mean value was (0.501±0.151. 

the population was recorded as heterozygote deficient in which 21.5% of loci 
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deviated from HWE.  Baumung et al. (2006) have genotyped 717 samples of 

eleven sheep breeds of Austria using 25 STR markers. Twenty one loci were in 

equilibrium for HWE and not deviated. The loci were polymorphic in nature. 

The genotyping of eight sheep breeds reared in northwest of China, was 

investigated through the use of microsatellite markers. The measure of genetic 

diversity HE was ranged (0.474-0.623). All sheep breeds are heterozygote 

deficient and possess low genetic variations. The population was more 

homogenous due to the incidence of inbreeding and hence low heterozygosity 

was recorded. Muigai et al. (2009) have conducted a research and showed the 

relationship of 9 Kenyan sheep breed by 15 STR markers. The measure of genetic 

diversity HE and number of alleles were high for all sheep population.  

A study was conducted to compare the three sheep breeds of KP, Pakistan 

through their morphological and molecular characterization. The morphological 

parameters were body weight, body size, coat color and tail type. The molecular 

results revealed 119 alleles with mean of 3.8. The highest degree of inbreeding 

(FIT 31%) and lowest level of genetic differentiation (FST 4.3%) were observed in 

Hashtnagri and Balkhi breed (Ibrahim et al., 2010). Kavitha et al. (2015) have 

genetically characterized the sheep breeds of Tamil Nadu of India by 25 STR 

markers. The observed alleles ranged from 4-8, the mean alleles for all loci were 

8.12. The mean number of effective alleles was 4.48. The HO ranged from 0.2609 

to 0.9600 having mean value 0.6995 while the HE was found between 0.3734 and 
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0.8756 and has mean value 0.7575. The mean value of coefficient of inbreeding 

was 0.0786. The inbreeding within population of heterozygote deficit (FIS) has 

found in thirteen loci with positive values while 12 loci has negative value 

showing that the population is not heterozygote deficient and has no inbreeding.   

Gizaw et al. (2007) have characterized the 14 sheep of Ethiopia through 12 

phenotypic traits and 17 STR markers. The HE as the measure of genetic diversity 

was ranged from 0.66- 0.75. The FST values showed that higher degree of genetic 

diversity was observed in all sheep breeds except the Sub-Alpine sheep. 

Blackburn et al. (2011) have performed the molecular characterization of 28 sheep 

of USA. The number of alleles per locus ranged 6-24. The STR data illustrated 

that only 25% of the loci were deviated from the HWE.  The AMOVA analysis 

presented that most of the genetic variations (87%) were observed within 

individuals while all the sheep breeds have genetic variation of 13%. Musavi et 

al. (2011) have studied the Hazaragie sheep breed from Afghanistan using 27 SSR 

markers, with finding of a total of 170 alleles. The mean number of alleles and 

effective alleles were 6.296 and 4.394, respectively.  The results illustrated that 

higher degree of genetic variations (0.825) was observed in all population and 

hence HE was found (0.772) with average heterozygosity (0.757). The gene 

diversity (0.772) was also higher. The genetic diversity of Sarda sheep of Italy 

was observed by 11 STR markers, the analysis revealed. The observed HO and HE 

was found between (0.44&0.76) and (0.66&0.82), respectively (Pariset et al., 2003).  
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Dorji et al. (2010) have genotyped 5 native sheep of Bhutan by 8 STR markers. 

The HO was highest (0.657) for Jakar while the Tsirang has the lowest (0.539). The 

genetic variations value (FST) was observed between 0.031 and 0.226.  Yilmaz et 

al. (2015) have done molecular characterization of four Turkish sheep by 17 STR 

markers. The average alleles were 20.71 found per locus. PIC values were found 

between 0.68 and 0.91. The mean HO (0.66) and HE (0.87) were also calculated. 

The AMOVA analysis confirmed that most the genetic differences (92.1%) were 

found within populations and only (7.9%) were observed among different 

populations.  

The molecular characterizations of Rakhsani and Balochi sheep of Pakistan have 

been completed by using 11 STR markers (Wajid et al., 2014). The allelic diversity 

in Rakhsani and Balochi sheep was (4.0909 and 4.5455) while the genetic 

diversity between the two breeds was observed as (0.6182 and 0.5927), 

respectively. The observed inbreeding estimate for Rakhshani and Balochi 

population was 0.0084 and 0.0292, respectively (Wajid et al., 2014). Pramod et al. 

(2009) have studied the microsatellite characterization of Vembur sheep of India 

by 25 markers. The mean number of observed and effective alleles was 

(5.88±0.29) and (4.0950±0.23), respectively. The HO ranged between (0.1333 and 

1.0000) with a mean (0.5202±0.04) while the HE was observed (0.4847 to 0.8537) 

having mean value (0.7339 ± 0.02). The negative FIS values are the indicative of 

more heterozygosity and low inbreeding. Inkulov et al. (2008) have done 
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molecular characterization of Pramenka sheep from seven West Balkan analyzed 

by 15 microsatellite markers and mitochondrial DNA (mtDNA). The mean value 

for the measure of genetic diversity HE was 0.78.The average values for 

haplotype and nucleotide diversity were 0.945 and 0.013, respectively. The 

mtDNA analyses showed that the sheep has two phylogenetic lineages B (93.7%) 

and A (6.3%). Khan et al. (2016) have characterized Harnai sheep using 30 SSR 

markers. The average values for HO (0.598±0.299 and 0.366±0.284) and HE 

(0.602±0.238, 0.347±0.209 and 0.347±0.209) were recorded to express the genetic 

diversity. The mean FST and Shannon’s index were 0.515±0.021 and 0.589±0.357, 

respectively. The mean number of observed and effective alleles was 2.45±0.87 

and 1.71±0.60, respectively.  
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Chapter 3 

MATERIALS AND METHODS 

3.1 Study Area 

The proposed study was carried out on sheep breeds from Khyber 

Pakhtunkhwa. Khyber Pakhtunkhwa is situated in Pakistan between latitudes 

31°-40’ to 36°-57’N and 69°-16’ to 70°-74’ E. It consists of an area of 100,220 km2, 

of which 74,521 km2 is under the Province, while the rest is located under the 

FATA. Afghanistan is the Western border of Khyber Pakhtunkhwa. In the East 

unites with Punjab Province and in the far South has a short border with 

Balochistan. In the North, it is only a narrow passage from Central Asia and 

China (EPA, 2009) 

Khyber Pakhtunkhwa was established as an administrative entity in 1901. 

Khyber Pakhtunkhwa consists of twenty-six (26) Districts with different cultures 

and languages, smaller than the four Provinces in Pakistan and the third largest 

in terms of population. The area is very diverse and includes a high mountain of 

Hindu Kush in the North and Indus Plains in the South. Khyber Pakhtunkhwa 

covered diverse ecosystems from rich forested mountains to dry pastures and the 

barren hills of the tribal areas to the fertile agricultural Peshawar Valley. 

The 26 districts of Khyber Pakhtunkhwa include: 1) Dera Ismail Khan, 2) Tank, 3) 

LakkiMarwat, 4) Bannu, , 5) Karak, 6) Kohat, 7) Hangu, 8) Peshawar, 9) 

Nowshera , 10) Charsadda , 11) Mardan, 12) Swabi,, 13) Haripur, 14) Abbottabad, 

15) Mansehra, 16) Batagram, 17) Shangla,18), Upper Kohistan , 19) Malakand, 20) 



 

37 
 

Buner, 21) Lower Dir, 22) Upper Dir, 23), Swat, 24), Chitral 25), Torghar and 26) 

Lower Kohistan (EPA, 2009). 

The population of Khyber Pakhtunkhwa Province in 2016 is 26.36 million which 

makes 13.49% of Pakistan’s population. The major part of the total population of 

Khyber Pakhtunkhwa (37.20%) is linked with agriculture, among them 36.08 % 

are inhibiting the rural while only 1.12 % living in urban areas of the Province. 

Khyber Pakhtunkhwa is the third largest Province of the country in respect of 

population having a population growth rate of 1.99 % (GOP, 2016). 

3.1.1 Natural Environment  

Physiography, climate, geology, hydrology, vegetation and plant geography, 

agro-ecological zones and species diversity in Khyber Pakhtunkhwa are 

important elements of the natural environment.  Khyber Pakhtunkhwa depicts 

the rise of the Northern Mountains, the Eastern sub-humid mountains, the 

South-Eastern Mountains, the plains of the Central Valley, the plains of 

Piedmont, Solomon Piedmont and the Western Mountains. Weather conditions 

range from mild winters and summer winters in the South to freezing 

temperatures permanently on snow-capped mountains in the North. Summer 

rains are brought by the Southwest monsoon, covering the Hazara region, the 

Malakand Division and the Eastern part of Peshawar Valley; the rest of the 

Province receives little rain in summer. The Southern Provinces of Khyber 

Pakhtunkhwa are the hottest with extreme temperatures ranging from 46-50 °C. 
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In mountainous areas, summer is mild and cool, while the winter is very cold 

(EPA, 2009). 

3.1.2 Agro-ecological zones of Khyber Pakhtunkhwa  

These are Permanent Snow this zones lies above 4800 m elevation, well above 

the tree line and alpine pastures, and supports no plant growth. Arid Desert and 

Transitional Arid/ Semi-Arid the climate is continental with high annual and 

diverse temperature ranges. Mean annual rainfall is around 250 mm. the summer 

temperatures are 30°C to 40°C, but winter temperatures can drop to below zero. 

Livestock production is one of the main land uses along with some cultivation. 

With Moderate productivity semi-arid, the main difference between this and its 

adjacent zone is an increase in moisture and vegetation. The main land uses are 

livestock and agriculture. High Productivity Semi-Arid, zone is more 

productive as it falls in the well-watered valleys. Forests in this zone are the main 

utilization of land. High Mountain Valleys, Upper mountain slopes have poor 

soils, but valleys have rich, deep soils overlying colluviums. The climate is cold 

and dry and winter is severe. Mean daily temperatures are often less than 0°C 

with daily minimum temperature down to -13°C. The region receives only 

minimum 125 to 79 maximum 500 mm precipitation, most as snow. Alpine and 

Temperate Scrub Forest Climate is dry, cool- temperate with mainly winter 

rainfall. Snowfall can range from 2-6 meters. Summer temperatures are usually 

below 15°C and mean monthly temperatures are below 0°C for more than half of 

the year. High alpine scrub is important for grazing. Temperate and Subtropical 
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Himalayan Foothills, the annual precipitation reaches 1400 mm at higher 

altitudes, 1000 to 1400 mm at middle elevations and is less than 1000 mm at 

lower elevations. Subtropical Rain Fed Agriculture, this zone is an undulating 

plain at altitudes between 700 and 1000 m. The area is hot and semi-arid with 

mainly summer monsoonal rainfall. Summer mean maximum temperatures 

range from 38°C and winter temperature range from 4-7°C.Medium and High 

Productivity Irrigated Land as with adjacent zone (EPA, 2009). 

Forestry contributes about 26%, and livestock about 12% to value added in 

forestry and livestock at the national level. Large-scale manufacturing 

contributes 8% to the national economy and adds up 10% to the KP value added. 

The livestock sector also plays a vital role in preserving the environment. It is 

because it leftovers the primary user of natural resource base land including 

water. Livestock production is one of the main land uses along with some 

cultivation; Livestock has been the sole saving charm. (EPA, 2009) 

3.1.3 Sampling sites  

The blood samples were obtained from selected sheep breeds from Kaghan, 

Naran, Jalkhad, Borawaee, Balakot, Kashtara, Talhata, Noran, Guldheri and 

Shinkiari in Mansehra District. The samples for Kaghani, Ramghani, Afghani, 

Balkhi and Gauder were collected from the peripheries of Mansehra District. The 

samples collected from Kaghani, Rambouillet and Ramghani from Livestock 

experiment station Jaba, Mansehra, Department of Livestock and Dairy 

Development, Khyber Pakhtunkhwa. The other sampling Districts of the 



 

40 
 

Province are Swat, Buner, Charsadda, Mohmand Agency (FATA), D. I. Khan and 

South Waziristan (FATA). The sampling from District Swat and Buner was 

completed from Barikot and Pir Baba, the main sheep breeds were Balkhi and 

Australian. The sampling sites from District Charsadda include the Shabqadar 

and Mohmand Agency, the sheep breeds which were being sampled were 

Hashtnagri and Balkhi. The Waziri sheep is native sheep breed of South 

Waziristan (FATA). The samples were collected from different sites of South 

Waziristan Agency. The blood samples of Damani were collected from Gomal 

College of veterinary sciences D. I. Khan and other parts of the District (Figure 2). 

3.2 Blood Sampling 

Blood samples (n=487) were collected from 10 sheep breeds, each sheep breed 

was given a two letter code for labeling and as a laboratory code. The sheep 

breeds which were being sampled are Kaghani (KG;52), Rambouillet (RL;42), 

Ramghani (RG;54), Hashtnagri (HN;51), Afghani (AF;46), Balkhi (BL;46), Damani 

(DM;44), Waziri (WZ;41), Gauder (GD;44) and Australian (AS;67). Among these 

Kaghani, Rambouillet, Ramghani, Damani, Gauder and Australian) are thin 

tailed while Hashtnagri, Afghani, Balkhi and Waziri) are fat tailed sheep breeds. 

The five sheep breeds are native to the Province while Rambouillet, Afghani and 

Australian is exotic in nature. The photographs for all sheep breeds were taken to 

keep the coat colors records.  Other morphological characters including, body 

weight, shape of tail, ears length and wool for both ram and ewe of the sheep 

breeds were also recorded. Animals known to be the result of deliberate or  
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Figure 2. Sampling sites of Sheep breeds of Khyber Pakhunkhwa 
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accidental cross-breeding were added and mentioned. The Ramghani is across 

breed of Rambouillet ram and Kaghani ewe; this is a deliberate practice in 

Livestock experiment station Jaba, Mansehra, Department of Livestock and Dairy 

Development, Khyber Pakhtunkhwa. The other cross breed is Gauder, which is 

the result of accidental cross breeding in the open meadows and fields.  The 

Afghani sheep was brought by the Afghan refugees came from Afghanistan to 

Pakistan during the last three decades. The Rambouillet and Australian sheep 

breeds were introduced in different areas of the country by Pakistan Agriculture 

research council, Islamabad (PARC).  

For the blood sampling from the sheep disposable syringes (5 mL, Nisa brand) 

were used, separately for each sample and discareded properly after sampling. 

The collected blood sample was readily transferred to blood collection tube (5mL 

vacutainer with 0.5M EDTA, PH 8). The vacutainers were properly labeled and 

masked with clear tape to avoid mixing of samples.After the collection of blood it 

was mixed gently with already present EDTA in the tubes. The samples were 

instantly kept in a beaker having ice and then kept at (-20°C) for further process. 

The stored blood samples different sheep breeds were used to extract DNA for 

further genotyping.  

3.3 Molecular study 

3.3.1 Genomic DNA isolation  

The extraction of DNA was carried out from freezed peripheral entire collected 

samples followed by the organic extraction method using Chloroform and 
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phenol mixture (Sambrook and Russel, 2001). After the extractions, there were 

455 DNA samples available for further molecular work and analysis. Chief steps 

for DNA extraction included viz: DNA hydration, protein precipitation, cell lysis 

and DNA precipitation. Formerly theextraction of DNA starts, the samples were 

set aside in incubator at (37 °C) for 10 minutes. 

For DNA extraction about 80μL of blood samples were taken into 2mL 

Eppendorf tube by using micropipette. To each blood sample 200μL of dilution 

buffer was added in Eppendorf tubes and vortex gently (50 mL Dilution buffer 

having49 mL of ddH2O, 1 mL 50X TAE and 1.0 g of NaCl).After diluting the 

samples, 400μL of lyses solution was added in the tube with 10μL of proteinase K 

and  3μL of B. Mercaptoethanol. Samples were incubated at 65°C-70°C for 3 

hours and 30 minutes. After the period of incubation 600μL of phenol chloroform 

mixture (1:1) was mixed in each eppendorf tube and kept at 25°C for 5 minute. 

The tubes containing blood samples were spun for 15 minutes at 9000 rounds per 

minute. After centrifugation the whole solution without pallet was put into 

newly labeled 1.5 mL eppendorf tube and pallet was discarded. The DNA was 

precipitated by adding 800 μL of chilled Isopropanol (-30°C) to the supernatant. 

After the addition of Isopropanol the supernatant was kept in freezer at a 

temperature of -30°C for 10 minute. The tubes were spun again for 5 minute at 

8000 rpm. As a result of centrifugation a DNA pallet was obtained at the base of 

each eppendorf tube while Supernatant was discarded. The DNA pallet formed 

at the base of tube was washed with 300μL of absolute ethanol. The samples 



 

44 
 

were centrifuged again at 8,000 rpm for 5 minute. Ethanol was removed gently to 

avoid the drainage of pallet and the pellet was air dried, overnight. The 50μL of 

1X TAE buffer was added to air dried pellet, gel   electrophoresis was performed 

to confirm the presence of DNA. 

3.3.2 Gel Electrophoresis 

DNA quality was isolated during the current study on 1% Agarose/TAE gel. 

Dissolved 500 mg Agarose in 50 mL buffer (1X TAE) and boiled the mixture on a 

hot plate at 250 °C for 3 minutes. After boiling, 10 to 15μl of the Ethidium 

bromide mixed with Agarose gel solution. The prepared mixture was introduced 

to electrophoresis tray and inseted the comb of our choice. The tray was kept for 

30 minutes for solifification and then samples were loaded for which 5μl DNA 

was taken from each sample and mixed with 3μl loading dye. DNA was loaded 

and dye loaded (ratio 5: 3) in the wells and the gel was run at a constant voltage 

of 90 volts for 30minutes. When tracing (blue Bromophenol) reached near the 

bottom of the gel turned off the gel was observed under the "ultraviolet" light 

using the "Offtech" gel authentication system. The result of the electrode gel was 

saved by taking a picture of the gel. 

3.3.3 Estimation of DNA Concentration and Quality 

DNA Quantification is essential prior to Multiplex Amplification as very less or 

very huge amount of DNA will lose its ability to give the proper peaks in Genetic 

Analyzer. The concentration of genomic DNA was measured using a NanoDrop 

(Thermo Scientific NanoDrop8000 UV-Vis Spectrophotometer-v2.1, Thermo 
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Fisher Scientific Wilmington, USA) (Figure 3). A list of all samples was made and 

measured the total volume of DNA and concentration of all the samples of each 

sheep breed; the results were recorded in the sheet. The DNA was diluted an 

aliquot of each sample to the required concentration for sequencing (4ng/μL). 

After dilution of DNA, freezed the remaining original sample and stored the 

diluted sample as working solution in freezer at -20 °C. The samples were chosen 

with a very good volume and concentration for the first test of the sequencing 

reaction. 

 

Figure 3: Thermo Scientific NanoDrop 8000 UV-Vis Spectrophotometer-v2.1, 
Thermo Fisher Scientific Wilmington, U.S.A) 
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3.3.4 Dilution of primers 

The primers were designed from a DNA sequence of required gene of sheep by 

using different software’s (Primer (3.0.4.0), the Bio web and Ensembl 85). The 

primers were arrived in dried pallet; double distilled water was added to the 

right concentration of 100 µM (as given in the sheet from the company TGA 

Copenhagen). An additional tube was prepared in which each of the primers 

(Forward and reverse) were mixed to a concentration of 10µM.  

3.3.5 DNA amplification  

The mitochondrial DNA from 455 blood samples was amplified by Polymerase 

Chain Reaction (PCR). Ten microliter of PCR mix was used for amplification 

having 1 μl (4 ng/μL) DNA template, 1.5 μL primer mix (0.8 μM each primer) for 

both forward and reverse primers (BigDye® Direct PCR Master Mix) and 

Deionized Distilled water 2.5 μL. For each reaction (forward or reverse) added 

the components to an appropriate reaction plate. The primers were mixed well 

by Pipette up and down and then sealed the plates with adhesive film and spun 

the plate briefly. The following primers were used for the genotyping of dLoop: 

dLoop-fw (5′-TGAAAAACGACGGCCAGTGGAGAACAACCAACCTCCCTA-′), 

dLoop-rv (5′-CAGGAAACAGCTATGACCTGATCCGAAGGGCGT TACTC-3′).  

3.3.5.1 Thermocycling conditions for the PCR 

The Thermocycler settings comprised, preliminary denaturation at 96ºC for 5 

minute, followed by 35 cycles at 94ºC for 30s, 62ºC for 45s, 68ºC for 45s and final 
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extension of 2 minute at 72ºC. PCR Amplification was performed in a ProFlex 

PCR System (Applied Biosystems, life technologies; Singapore) (Figure 4).  

3.3.5.2 Sequencing PCR 

After the amplification of DNA in PCR the second PCR or Sequencing reaction 

was done. The PCR products were used for the sequencing reaction. For each 

sequencing reaction 3.0 μL of reaction mixture was added separately to the wells 

comprising 2.0 μL BigDye® Direct Sequencing Master Mix and 1.0 μL BigDye® 

 

 

Figure 4. ProFlex PCR System (Applied Biosystems, life technologies; 

Singapore. 

 



 

48 
 

Direct M13 Forward or reverse primer. Both forward and reverse primers were 

mixed separately in Eppendorf tubes by Pipette up and down and thenadded to 

proper reaction well, after adding the reaction mixtures, plates were sealed with 

adhesive film and spun the plate briefly. The sequencing reaction or second PCR 

conditions consisted, initial temperature was hold at 37ºC for 15 minute, 80ºC for 

2 minute and final hold was at 96ºC for 1minute, followed by25 cycles at 96ºC for 

10s, 50ºC for 5s and 60ºC for 4 minute and at the end of reaction the temperature 

was hold at 4ºC for ∞. PCR Amplification was performed in a ProFlex PCR 

System (Applied Biosystems, life technologies; Singapore). 

3.3.6 Clean up of PCR product 

The sequence reaction plates were cleaned and started sequencing in the 

sequencer. Spun the reaction plates at 100xg for 60S, and removed the protection. 

Prepared a premix with SAM™ Solution 45 μL and XTerminator® Solution 10 μL 

in an appropriately sized tube, and made a total volume of 55 μL for each well. It 

was assured that no particulates were present in the SAM Solution before 

pipetting. The tubes were Vortexed with the XTerminator® Solution bulk 

container at maximum speed for 10 seconds, until the solution was 

homogeneous. A wide-bore pipette tip was used to aspirate the XTerminator® 

Solution to the tube from its base and avoided to take solution from its top. The 

reagents were mixed until homogenized. After mixing 55 μL of freshly prepared 

SAM™ Solution/XTerminator® Solution premix was added to each well having 

sequencing reaction PCR product and sealed the plate using MicroAmp® Clear 
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Adhesive Films and verified that each well was sealed properly. The plate was 

long vortexed upside down, for 20minutes. The plate was spun at 1000×g for 2 

minutes, before centrifugation it was assured that the volumes were equal in all 

the wells of the sequencing plate.  

3.3.7 Mitochondrial DNA (mtDNA) Sequencing 

After cleaning PCR product of sequencing reaction it was placed in genetic 

analyzer for sequencing of the DNA samples. The sequencing of the DNA 

samples was performed in 3500xL Genetic Analyzer, Applied Biosystems Hitachi 

Hi-Technologies Tokyo Japan (Figure 5). 

 

Figure 5. 3500xL Genetic Analyzer, Applied Biosystems Hitachi 
Hi-Technologies Tokyo Japan). 
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3.3.8 Microsatellite markers (STR’s) 

For the genotyping of DNA samples multiplex PCR protocol was used. Two sets 

of multiplexing with 8 set of forward and reverse primers (INRA063, MAF65, 

McM527, INRA172, MAF214, D5S2, INRA023, AME) were used (Table 1). 

3.3.8.1 PCR amplification of STR’s 

For the fragment length analysis of short tandem repeats (STR)  the amplification 

of the genomic DNA was performed by multiplexing in 10μL reaction mixture 

having 0.5 μL (4 ng/μL) DNA template, 9.5 μL multiplex PCR primer mix 

containing 10x buffers MgCl2, MgCl2), dNTPs QIAGEN HotStarTaq (5U/ul), H2O 

and primers. Amplification for both set of multiplexing was performed in a 

ProFlex PCR System (Applied Biosystems, life technologies; Singapore). 

3.3.8.2 Multiplexing I 

For the genotyping of DNA samples by multiplex-I PCR 4 set of forward and 

reverse primers (INRA063, MAF65, McM527, and INRA172) were used. The 

thermocycler settings included preliminary denaturation at 95ºC for 5 min, after 

which 35 cycles were completed at 98ºC for 30s, 58ºC for 45s, 72ºC for 30s and 

finally 15ºC at hold (Table 2). 

3.3.8.3 Multiplexing II 

For the genotyping of DNA samples by multiplex-II set of forward and reverse 

primers (MAF214, D5S2, INRA023, and AME) were used. The thermocycling 

have preliminary denaturation at 95ºC for 5 minute, and 35 cycles completed at 

98ºC for 30s, 55ºC for 45s, and 72 º C for 30s and 15ºC at hold (Table 3).  
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Table 1. The name and sequences of the microsatellite (STR) markers used in Multiplex I and II.  

S. No Multiplex Primers Sequence Primers References Tm (ºC) 

1.  

Multiplex-I 

GACCACAAAGGGATTTGCACAAGC INRA063_F   Vaiman et al., 1994 

58 

2.  AAACCACAGAAATGCTTGGAAG INRA063_R   Vaiman et al., 1994 

3.  AAAGGCCAGAGTATGCAATTAGGAG  MAF65_F   Buchanan et al., 1992 

4.  CCACTCCTCCTGAGAATATAACATG  MAF65_R   Buchanan et al., 1992 

5.  GTCCATTGCCTCAAATCAATTC McM527_F   Hulme et al., 1994 

6.  AAACCACTTGACTACTCCCCAA McM527_R   Hulme et al., 1994 

7.  CCAGGGCAGTAAAATGCATAACTG INRA172_F  ISAG, 2014 

8.  GGCCTTGCTAGCCTCTGCAAAC INRA172_R  ISAG, 2014 

9.  

Multiplex-II 

GGGTGATCTTAGGGAGGTTTTGGAGG  MAF214_F Buchanan andCrawford,1993 

55 

10.  AATGCAGGAGATCTGAGGCAGGGACG  MAF214_R  Buchanan andCrawford,1993 

11.  TACTCGTAGGGCAGGCTGCCTG D5S2_F ISAG, 2014 

12.  GAGACCTCAGGGTTGGTGATCAG D5S2_R ISAG, 2014 

13.  GAGTAGAGCTACAAGATAAACTTC INRA023_F  Vaiman et al., 1994 

14.  TAACTACAGGGTGTTAGATGAACTC INRA023_R  Vaiman et al., 1994 

15.  CAGCCAAACCTCCCTCTGC AME_F  ISAG, 2014 

16.  CCCGCTTGGTCTTGTCTGTTGC AME_R  ISAG, 2014 
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Table 2.  Reagents for multiplex-I PCR with quantity of reagents and PCR 
conditions 

Reagents Multiplex-I 
Quantity  

(μL)1X 
PCR Conditions 

10xbuff incl MgCl2 1.00 Initial denaturation at 
95ºC for 5 minute, 
followed by 35 cycles at 
98ºC for 30s, 58ºC for 
45s, 72ºC for 30s and 
15ºC at hold 

MgCl2 (25 mM) 0.40 

dNTPs (25 mM) 0.08 

QIAGEN HotStarTaq (5U/µL) 0.10 

H2O 7.32 

INRA063_F (10 µM) 0.15 

INRA063_R (10 µM) 0.15 

MAF65_F (10 µM) 0.05 

MAF65_R (10 µM) 0.05 

McM527_F (10 µM) 0.05 

McM527_R (10 µM) 0.05 

INRA172_F (10 µM) 0.05 

INRA172_R (10 µM) 0.05 

DNA (4ng/µL) 0.50 

Total Volume 10.00 

 

Table 3. Reagents for multiplex-II PCR with quantity and PCR conditions 

Reagents Multiplex-II 
Quantity  

(μL)1X 
PCR Conditions 

10xbuff incl MgCl2 1.00 Initial denaturation at 
95ºC for 5 minute, 
followed by 35 cycles at 
98ºC for 30s, 55ºC for 
45s, 72ºC for 30s and 
15ºC at hold 

MgCl2 (25 mM) 0.40 

dNTPs (25 mM) 0.08 

QIAGEN HotStarTaq (5U/µL) 0.10 

H2O 7.36 

MAF214_F (10 µM) 0.04 

MAF214_R (10 µM) 0.04 

D5S2_F (10 µM) 0.10 

D5S2_R (10 µM) 0.10 

INRA023_F (10 µM) 0.10 

INRA023_R (10 µM) 0.10 

AME_F (10µM) 0.04 

AME_R (10µM) 0.04 

DNA (4ng/µL) 0.50 

Total 10.00 
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3.3.8.4 Fragment length analysis 

To analyze the PCR product, we made a solution mixture by adding 300 μL 

Formamide and 7.5 μL LIZ (Standard Solution) in an eppendorf tube. Special 

measures were taken while working with formamide because it is toxic, so fume 

hood was used during the lab work. Took 12 μL freshly prepared Formamide–

LIZ solution pre-mix solution to each well of newly labeled reagent plate. Then 

added 1 μL of PCR product and centrifuged for one minute. Put the plate in the 

gradient cycler at 95ºC for 3 minutes. Before centrifugation it was assured that 

the volumes were equal in all the wells of the plate. After adding PCR product 

reaction plate was placed in genetic analyzer for fragment length analysis of the 

DNA samples for each set of multiplexing, accordingly. The fragment length 

analysis of the DNA samples was performed by program (Pop 7XL-900s) 

in3500xL Genetic Analyzer, Applied Biosystems Hitachi Hi-Technologies Tokyo 

Japan. 

3.4 Phylogenetic Analysis by mtDNA data 

After the sequencing of DNA samples, all sequences were manually edited using 

the BioEdit package (Hall, 1999) the results were initially analyzed by multi 

alignment software MultAlin (Multiple sequence alignment with hierarchical 

clustering) (Corpet, 1988) and MUSCLE (Edgar, 2004). The ambiguous positions 

and regions were excluded from the matrix. Gaps were treated as missing data. 

Phylogenetic analyses were performed by two methods; Maximum parsimony 

and Neighbor-Joining by using MEGA7 with a heuristic search of 1000 replicates 
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(Saitou and Nei, 1987; Kumar et al., 2016).One thousand rapid bootstrap 

replicates were run. A bootstrap proportion greater than 70% was considered as 

significant.  

3.5 Statistical analyses 

The haplotype and genetic diversity of sequence data of mitochondrial DNA was 

done by DnaSP 5.10 (Librado and Rozas, 2009). A PCoA plot for mtDNA was 

constructed using Genalex 6 software (Peakall and Smouse, 2006). By using the 

microsatellite data, allele frequency and haplotype and genetic diversity for STR 

data was calculated by Arlequin 3.5.2.2 (Excoffier and Lischer, 2010). All pair 

wise FST values a distance matrix was constructed that was later used to 

construct a PCoA plot using Genalex 6 software (Peakall and Smouse, 2006). The 

Chi-square test for Hardy Weinberg Equilibrium for each sheep breed was 

performed using Arlequin 3.5.2.2 (Excoffier and Lischer, 2010). 
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4.1 Population structure 

As a result of this work, a total of 487 samples of Sheep breed were sampled 

pertaining to 10 types of sheep’s breed, Afghani, Australian, Balkhi, Damani, 

Gauder, Hashtnagri, Kaghani, Rambouillet, Ramghani and Wiziri were found 

from different localities of Khyber Pakhtunkhwa during the year 2014-2016 

(Figure 6). The Australian and Ramghani showed its wide diversity in Khyber 

Pakhtunkhwa and over all percentage of Australian was recorded significantly 

highest ie: 13.75% followed 11.08% of Ramghani while significantly least 

percentage i-e: 8.41%, 8.62%, and 5.76% for Waziri and Rambouillet, respectively. 

While Kaghani, 10.67%, Hashtnagri, 10.47%, Gauder and Damani 9.03% and 

9.44% was recorded for Afghani and Balkhi (Table. 4). Overall, these finding 

suggests that Australian and Ramghani were found in wide diversity and having 

prevailing status throughout the region on contrary to this, other studied breeds 

i-e: Kaghani, Hashtnagri, Gauder, Damani, Afghani and Balkhi. Beside this, less 

population of Waziri and Rambouillet was studied for the first time from this 

region. 

4.2 Morphological characterization 

The morphological characterization was done for the salient features of each 

sheep breeds that includes, tail type, weight, color (body, head, legs and wool), 

ears, pure or cross breed and their origin (Table 5) . 
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Figure 6. Sheep breeds of Khyber Pakhtunkhwa 
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Table 5. Morphological characterization of sheep breeds of Khyber Pakhtunkhwa 
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4.3 Phylogenetic study by mitochondrial DNA (mtDNA) Dloop 

The current study was based on mitochondrial DNA (mtDNA) dloop to 

elaborate the phylogenetic position of the sheep breeds of Khyber Pakhtunkhwa. 

For the phylogenetic analysis sixteen sequences of each sheep breed were BLAST 

and retrieved other twenty four sequences from National Centre for 

Biotechnology Information (NCBI) data. Fifteen sequences of waziri sheep breed 

were analyzed alongwith twenty sequences retrieved from genbank. For the 

other sheep breeds as a whole forty nucleotide sequences were aligned and 

phylogenetic trees were constructed separately for each sheep breed by using 

Maximum likelihood and Maximum parsimony Method. The evolutionary 

relationship and phylogenetic distances were calculated for all sheep populations 

separately by applying Maximum composite likelihood technichues.  

4.3.1 Phylogenetic study of Afghani Sheep breed  

All the blast sequences showed close resemblance with the sequences of the 

Genbank, ranged from 97 to 100%. All sequences were aligned and data was 

edited to get the final sequence of 815 characters.  Mean pair wise distance 

(MPD) was estimated ranged from 0.000 to 1639 with over all mean pair wise 

distance of 311.38 %. 

The neighbor joining method was applied to conclude the evolutionary history of 

Afghani sheep breed. The tree was obtained havig length 1720.74 (Figure 7). 

Among 815 characters/ positions 642 conserved characters were present while 
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Figure 7. The Neighbor-Joining Phylogenetic tree of Dloop sequences of the 
Afghani Sheep.  AF stands for Afghani sheep, the number following AF are 
individual number of study breed, others numbers are accession number from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software.  
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 141 were variable, 55 as Parsimony informative sites (PIS) while 85 were 

recorded as single tone sites (STS). Neighbor joining Phylogenetic dandogram 

was separated in 3 clades (I, II and III). Clade-I is further divided in 2 sub-clades 

(1A and 1B). Sub-clade 1-A consisted of ten sequences which retrieved from 

Genbank; one sequence of the current study AF8 shared genetic similarity with 

Ovis orientalis anatolica (accession number HM 042850.1) having bootstrap 

supported value 60% in Sub-clade I-B.  

Clade-II obtained into two sub-clades II-A and II-B. Sub-clade II-A comprised of 

five sequences of the present study, among them three sequences; AF27, AF18 

and AF25 clustered with Ovis aries (KT 699164.1) with 65% bootstrap value. 

Seven sequences of the present study were grouped in sub clade IIB, all having 

well supported bootstrap value ranged from 51 to 58. The AF10 deviated from 

sub clade IIB and make a separate leaf with 59% bootstrap value. Clade III 

divided into two sub clades IIIA and IIIB, each having six sequences. Two 

sequences of the present study AF17 and AF24 clustered with Ovis orientalis 

anatolica, (HM 042852.1) with 42% bootstrap value.  

The Phylogenetic history of Afghani sheep breed was deduced using the 

Maximum Parsimony method. The highest Parsiomony tree has branch lengh 

5149 (Figure 8). The values were calculated for consistency index (0.365702), the 

retention index (0.724155) and composite index (0.264825) for all sites. Maximum 

parsimony tree was assembled in 3 clades (I, II and III). Clade-I consisted of all 
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Figure 8. The Maximum Parsimony Phylogenetic tree of Dloop sequences of the 
Afghani Sheep.   AF stands for Afghani sheep, the number following AF are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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the nucleotide sequences grouped together which was accessed from the 

Genbank. Tweleve nucleotide sequences of the present study were clustered 

together in clade II.  The clade II was separated in 3 sub clades (IIA, IIB and IIIC). 

In sub clade IIA three nucleotide sequences AF1, AF10 and AF23 of the present 

study were clustered with bootstrap value of 43-44%.  Three sequences of the 

present study AF18, AF25 and AF27 were clustered into sub clade IIB having 

boot strap supported value 51-52%. Six sequences of this study AF14, AF16, AF9, 

AF15, AF19 and AF20 were shared genetic similarity with bootstrap value 

ranged from 45 to 53 %. Clade III was structured into three sub clades, IIIA, IIIB 

and IIIC. One nucleotide sequence of this study AF8 was aligned with Ovis 

orientalis anatolica, (HM 042850.1) with 41% bootstrap value. Three nucleotide 

sequences AF21, AF17 and AF24 were aligned with two nucleotide sequences of 

Ovis aries (AM 279283.1 and AM 279283.1) with 60-62% boot strap value.  

4.3.2 Phylogenetic study of Australian Sheep breed  

All the blast sequences demonstrated close similarity with the sequences 

retrieved from the Genbank, ranged in maximum identity 98 to 100%. All 

sequences were aligned and data was edited to get the final sequence of 752 

characters.  Mean pair wise distance was estimated ranged from 0.001 to 187.47 

and overall mean pair wise distance of 41.00 %. The neighbor joining method 

was applied to conclude the evolutionary history of Australian sheep breed. The 

tree was obtained havig length 1720.74. The tree was obtained with branch 

length 241.73 (Figure 9). The aligned data has 752 characters/Positions. Among  
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Figure 9. The Neighbor-Joining Phylogenetic tree of Dloop sequences of the 
Australian Sheep.   AS stands for Australian sheep, the number following AS 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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them 641 conserved characters was found while 43 variable, 39 Parsimoneous   

and 46 were recorded as single tone sites (STS). 

Neighbor joining tree was structured in 3 clades (I, II and III). Clade-I is branched 

into 3 sub-clades (IA, IB and IC). Sub clade IA and IIB has fifteen nucleotide 

sequences retrieved from Genbank while sub clade IC has eight sequences which 

were aligned together having 64% bootstrap value. Two nucleotide sequences 

AS16 and AS17 showed close resemblance with 61% reference value. In the same 

sub clade AS23, AS32, AS3, AS1, AS9 and AS26 clustered with Ovis aries (HM 

042833.1). Sub clade II included seven nucleotide sequences including four 

sequences AS21, AS24, AS25 and AS30 which were associated  with each other 

comprise 55% bootstrap value. Sub clade IIIC included four sequences of the 

present study AS15, AS28 AS11, and AS18 and shared genetic similarity with 

Ovis orientalis anatolica, (HM 042852.1), among these AS15 has close alignment 

with the retrieved sequence of the Genbank with 42% boot strap value.  

The Phylogenetic structure of Australian sheep breed was illustrated using the 

Maximum Parsimony method. The highest parsimony tree length was 6238 

(Figure 10). The values were calculated for consistency index (0.327188), the 

retention index (0.628781) and composite index (0.205730) for all sites. Maximum 

parsimony tree was assembled into three clades I, II and III. Nine nucleotide 

sequences of present study AS24, AS25, AS26, AS30, AS15 AS11, AS21, AS18 and 

AS28 showed genetic similarity with Ovis orientalis anatolica, (HM 042852.1) 

having bootstrap value of 59%. Among these AS15 has close relationship with  
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Figure 10. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
the Australian sheep.   AS stands for Afghani sheep, the number following AS 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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the retrieved sequence of the Genbank with 42% boot strap value. Clade II has 

twenty nucleotide sequences retrieved from Genbank. Seven nucleotide 

sequences of the present study were clustered together in clade III with bootstrap 

value of 77%.  

4.3.3 Phylogenetic study of Balkhi Sheep breed  

All the blast sequences demonstrated close similarity with the sequences of the 

Genbank, ranged from 98 to 100% with the highest value of 1002 characters. All 

sequences were aligned and data was edited to get the final sequence of 752 

characters.  Mean pair wise distance was estimated ranged from 0.00 to 1099.33 

with overall mean pair wise distance of 248.29 %. The neighbor joining method 

was applied to conclude the evolutionary history of Balkhi sheep breed. The tree 

was obtained havig length 1507.51 (Figure 11). The aligned data has 752 character 

positions among them 628 conserved characters while 95 variables, 43 

Parsemoneous while 52 were single tone sites. Neighbor joining phylogenetic 

tree was arranged in 3 Clades (I, II and III). Clade-I comprised of seventeen 

sequences, a single sequence of the present study BL25 was clustered with Ovis 

aries (KR610897.1) having 64% boot strap value. Clade II comprised of  ten 

sequences of this study BL10, BL14, BL2, BL17, BL20, BL23, BL22, BL15, BL26 and 

BL24 were clustered with two sequences Ovis aries (KT158358.1 and KT158370.1) 

retrieved from Genbank. Clade III comprised of two sub clades, IIIA and IIIB 

containing eleven nucleotide sequences. Four sequences of this study BL1, BL18, 

BL21 and BL9 was clustered in sub clade IIIA having bootstrap value of 60%, 
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Figure 11. The Neighbor-Joining Phylogenetic tree of Dloop sequences of Balkhi 
Sheep.   BL stands for Balkhi Sheep, the number following BL are individual 
number of study breed, other are accession numbers from Genbank for other 
sheep breeds. Bootstrap consensus values are shown below the branches. The 
tree was generated by using Molecular Evolutionary Genetic Analysis (MEGA V. 
7.0) software. 
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while a single nucleotide sequence of the present study BL16 was clustered with 

Ovis orientalis anatolica, (HM 042852.1) in sub clade IIIB, having bootstrap value 

was 47%. 

The Phylogenetic relationship of Balkhi sheep breed was determined using the 

Maximum Parsimony method. The maximum parsimony tree was obtained with 

length 5880 (Figure 12). The values were calculated for consistency index 

(0.325680), the retention index (0.651918) and composite index (0.212317) for all 

sites. The maximum parsimony phylogenetic tree was constructed in 2 Clades (I 

and II). Clade-I was branched in two sub-clades (IA and IB). Eleven sequences 

were clustered in sub clade IA. Sub clade IB comprised of nine sequences of the 

present study i.e., BL10, BL14, BL18, BL21, BL1, BL2, BL17, BL20 and BL23 and 

showed genetic similarity with Ovis aries (KT 158358.1 and 15835870.1), having 

70% bootstrap value. Two sequences BL10, BL14 of this study has close genetic 

affinity between them while rest of the sequences of the same study has close 

genetic similarity among them and with the sequences retrieved from the 

Genbank. Clade II comprised of seventeen sequences, two sequences of the 

present study BL25 and BL9 were showed genetic similarity with Ovis orientalis 

anatolica, (HM 042850.1) having 42% bootstrap value. Sub clade IIB  consisted 

into six sequences whereas  sub clade IIC comprised of five sequences of present 

study i.e., BL16, BL22, BL26, BL15 and BL24 which were clustered with Ovis 

orientalis anatolica, (HM 042852.1) and Ovis aries (AM 279285.1 and KP 402152.1). 

4.3.4 Phylogenetic study of Damani Sheep breed  
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Figure 12. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
the Balkhi Sheep.   BL stands for Balkhi sheep, the number following BL are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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All sequences of present study showed close relationship with sequences 

retrieved from the Genbank, ranged in maximum identity 98 to 100% with 

maximum value of 825 characters/positions. All sequences were aligned and 

data was edited to get the final sequence of 752 (characters.  Mean pair wise 

distance was estimated ranged from 0.000 to 2449.88 with overall mean pair wise 

distance of 667.19 %. The evolutionary history of the Damani sheep breed was 

described by following the neighbor joining method. A phylogenetic tree was 

made having an optimal length of branch 4019.57 (Figure 13).  

The aligned data has 825 characters among them 620 conserved characters found 

while 171 variable, 72 Parsimoneous sites but only 99 were found to be single 

tone sites. 

The neighbor joining phylogenetic tree have 2 Clades (I and II). Twenty 

nucleotide sequences were clustered in clade I, which was further divided into 

three sub clades IA, IB and IC. Twelve sequences retrieved from Genbank were 

clustered together in sub clade IA. Four sequences of the present study i.e., DM2, 

DM5, DM25 and DM29 were clustered together in sub clade IB. Four sequences 

Ovis orientalis anatolica, (HM 042851.1 and HM 042853.1) and Ovis aries (KR 

610959.1 and KR 610954.1) were deviated from sub clade IB with 63% bootstrap 

value and clustered in sub clade IC. Clade II comprised of three sub clade IIA, IIB 

and IIC. Two sequences retrieved from Genbank clustered in Sub clade IIA, 

separately. Eight sequences of current study i.e., DM9, DM19, DM23, DM28, 

DM8, DM1, DM16 and DM21 were clustered in sub clade IIB with a bootstrap 
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Figure 13. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Damani Sheep.   DM stands for Damani Sheep, the number following DM are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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 value ranged from 53-59%. Four sequences of present study i.e., DM27, DM18, 

DM22 and DM10  showed genetic similarity with six sequences retrieved from 

Genbank and shared genetic affinity with Ovis orientalis anatolica, (HM 042851.1 

and HM 042852.1) having bootstrap value of 42%.  

The Phylogenetic history of Damani sheep breed was elaborated using 

Maximum Parsimony method. The maximum parsimony tree with maximum 

length was 5430 (Figure 14). The values were calculated for consistency index 

(0.345672), the retention index (0.688032) and composite index (0.237834) for all 

sites. 

The maximum parsimony tree composed of three clades I, II and III. Eighteen 

sequences were clustered in Clade-I having 3 sub-clades (IA, IB and IC). Sub- 

clade IA comprised into four sequences of current study i.e., DM18, DM2, DM27 

and DM10 and showed genetic similarity with Ovis aries (KT 699176.1 and KT 

699168.1) having bootstrap supported value 47%. Sub clade IB comprised of 

three sequences of present study i.e., DM5, DM25 and DM29 has resemblance 

with Ovis aries (AM 279282.1) and Ovis ammon (AM 279279.1) with 65% bootstrap 

value. One sequence of current study DM22 deviated from sub clade IB and has 

bootstrap value 67%. Sub clade IC composed of all six nucleotide sequences 

retrieved from Genbank. Sub clade II comprised of ten sequences, eight 

sequences of the present study i.e., DM9, DM19, DM28, DM21, DM8, DM23, 

DM1 and DM16 were clustered together with bootstrap value ranged from 41-

59%. Clade III consisted into twelve nucleotide sequences. 



 

76 
 

 
Figure 14. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
Damani Sheep.   DM stands for Damani Sheep, the number following DM are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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 4.3.5 Phylogenetic study of Gauder Sheep breed  

All the blast sequences showed close similarity with the sequences retrieved 

from the Genbank, ranged in maximum identity 98 to 100%. All sequences were 

aligned and data was edited to get the final sequence of 730 characters.  Mean 

pair wise distance was estimated ranged from 0.000 to 2602.03 with overall mean 

pair wise distance of 1582.47 %.  

The evolutionary history of the Gauder sheep breed was described by following 

the neighbor joining method. A phylogenetic tree was made having an optimal 

length of branch 11301.18 (Figure 15). The aligned data has 730 characters/ 

positions among them 609 conserved characters were obtained while 92 variable, 

38 Parsimony sites and 54 positions were found to be single tone. The neighbor 

joining phylogenetic tree comprised of 3 Clades (I, II and III). Clade-I consisted of 

2 sub clades (IA and IB. Sub clade IA consisted into eighteen sequence, GD8 

sequence of the present study showed genetic affinity with Ovis aries (KP 

228124.1) having bootstrap value of 71%.  Sub clade IB composed of one 

sequence of current study GD20 has genetic similarity with Ovis aries 

(KT699163.1) and Ovis orientalis anatolica (HM 042849.1, HM 042852.1 and HM 

042851.1) having 52% bootstrap value. Clade II comprised of six nucleotide 

sequences of the present study i.e., GD14, GD2, GD9, GD24, GD19 and GD21 

clustered with Ovis aries (HM 042833) having 65% boot strap value. Clade III 

comprised of two sub clades IIIA and IIIB. The sub clade IIIA consisted of two  
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Figure 15. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Gauder Sheep.   GD stands for Gauder Sheep, the number following GD are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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sequences of the current study GD1 and GD22 shared genetic similarity with six 

sequences of the NCBI data. One sequence GD22 showed close genetic identity 

with Ovis orientalis anatolica (HM 042850.1) with 51% boot strap value. Six 

sequences of the current study i.e., GD4, GD18, GD10, GD23, GD15 and GD16 

clustered together in sub clade IIIB with bootstrap value ranged 48-58%. 

The Phylogenetic history of Gauder sheep breed was elaborated using Maximum 

Parsimony method. The maximum parsimony tree with maximum length was 

5260 (Figure 16). The values were calculated for consistency index (0.287452), the 

retention index (0.579207) and composite index (0.166495) for all sites. 

The maximum parsimony tree composed of 2 Clades (I and II). Clade-I is 

additionally brached into 2 sub-clades (IA and IB). Sub clade IA spreaded into 

twelve sequences of the Genbank while sub clade IB comprised of one nucleotide 

sequence of the current study GD2 which was clustered with five sequences and 

it shared close genetic similarity with Ovis orientalis anatolica (HM 042847.1) and 

Ovis aries (KP 228466.1 and KP 228356.1) having bootstrap value 60%. Clade II 

generated into two sub-clades (IIA and IIB). Sub-clade II-A comprised of seven 

nucleotide sequences of the present study i.e., GD1, GD4, GD18, GD14, GD22, 

GD9 and GD24 shared genetic similarity with Ovis orientalis anatolica (HM 

042853.1 and HM 042850.1). Two sequences GD1 and GD4 showed close genetic 

affinity with Ovis orientalis anatolica (HM 042853.1 and HM 042850.1) with 

bootstrap value 53 and 44%, respectively. Sub clade IIB consisted into eight 

nucleotide sequences of the current study i.e.,  GD10, GD15, GD23, GD16, GD8, 
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Figure 16. The Maximum parsimony Phylogenetic tree of Dloop sequences of 
Gauder Sheep.   GD stands for Gauder Sheep, the number following GD are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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GD19, GD20 and GD21 clustered with Ovis orientalis anatolica (HM 042849.1, HM 

042852.1 and HM 042851.1) and Ovis aries (HM042833.1 and KT 699163.1) having 

bootstrap value 61%. 

4.3.6 Phylogenetic study of Hashtnagri Sheep breed  

All the blast sequences showed close similarity with the sequences retrieved 

from the Genbank, ranged in maximum identity 98 to 100%. All sequences were 

aligned and data was edited to get the final sequence of 388 characters.  Mean 

pair wise distance was estimated ranged from 0.000 to 306.62 with overall mean 

pair wise distance of 111.41 %. The evolutionary history of the Hashtnagri sheep 

was described by following the neighbor joining method. A phylogenetic tree 

was made having an optimal length of branch 639.11 (Figure 17). The aligned 

data has 388 characters among them 338 conserved characters were found while 

40 variable, 16 Parsimony informative while 24 were found to be sngle tone sites. 

A neighbor joining tree was made comprised of five Clades (I, II, III, IV and V). 

Ten nucleotide sequences were clustered in clade-I, which was branched into two 

sub-clades (IA, and IB). Clade I comprised of eight sequences retrieved from 

Genbank. Sub clade IB composed one sequence of the present study HN16 

clustered with Ovis orientalis anatolica (HM 042850.1) having bootstrap value 68%. 

Clade II comprised of eight nucleotide sequences and it further bifurcated into 

two sub-clades (IIA and IIB). Sub-clade II-A comprised of three sequences of the 

current study and they showed genetic resemblance with Ovis aries (KT 158358.1) 

having bootstrap value of 65%. Two sequences of the current study HN7 and  
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Figure 17. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Hashtnagri Sheep.   HN stands for Hashtnagri Sheep, the number following 
HN are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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HN8 clustered with Ovis orientalis anatolica (HM 042851.1 and HM 042852.1) with 

bootstrap value of 65%. Clade III composed of seven sequences; two sequences of 

the present study HN35 and HN38 were clustered with five sequences retrieved 

from Genbank and both the sequences have close genetic affinity with Ovis aries 

(KR 610871.1) with 61% bootstrap value. Two sequences of our study HN19 and 

HN25 deviated from clade III and made a separate leaf having bootstrap value 58 

and 59%, respectively. Clade IV comprised of five sequences.  

Clade V comprised of six sequences of the current study i.e., HN28, HN30, 

HN31, HN32, HN42 and HN43 clustered with Ovis orientalis anatolica (HM 

042853.1). One sequence HN28 showed genetic similarity with Ovis orientalis 

anatolica having 47% bootstrap value. While other five sequences of the same 

clade have close genetic affinity with the retrieved nucleotide sequence having 

44% bootstrap value.  

The Phylogenetic history of Hashtnagri sheep breed was inferred using 

Maximum Parsimony method. The tree was obtained with maximum length 2927 

(Figure 18). The values were calculated for consistency index (0.356338), the 

retention index (0.707044) and composite index (0.251946) for all sites. The 

Maximum Parsimony tree consisted of 2 clades (I and II). Clade-I comprised of 

nineteen sequences and it further separated into 2 sub-clades (IA and IB). Sub- 

clade I-A consisted into two sequences of current study i.e., HN19 and HN25 

shared genetic similarity with Ovis ammon (AM 261625.1, AM 279279.1 and AM  
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Figure 18. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
Hashtnagri Sheep.    HN stands for Hashtnagri Sheep, the number following HN 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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279280.1) and Ovis aries (AM 279282.1 to AM 279285.1 and AM 261627.1) with 

bootstrap value 57-58%. Sub clade IB comprised of eight sequences of the current 

study i.e., HN28, HN30, HN31, HN32, HN35, HN38, HN42 and HN43 showed 

genetic affinity with Ovis orientalis anatolica (HM 042853.1) having 65% bootstrap 

supported value. One sequence HN28 showed close genetic affinity with the 

retrieved sequence with 64% bootstrap supported value. Clade II had nineteen 

sequences and it was separated in 3 sub-clades (IIA, IIB and IIC). Sub-clade II 

consisted into ten sequences retrieved from Genbank. One sequence HN16 

deviated from the sub clade IIA and made a separate leaf with 74% bootstrap 

value. Two sequences of the current study HN7 and HN8 of Sub clade IIB 

clustered with Ovis orientalis anatolica (HM 042850.1, HM 042851.1 and HM 

042852.1) with bootstrap value 59-60%. Three sequences of same study HN26, 

HN29 and HN41 of sub clade IIC clustered with Ovis aries (KT 158358.1) with 

bootstrap value 74%.  

4.3.7 Phylogenetic study of Kaghani Sheep breed  

All the blast sequences shared close relationship with sequences retrieved from 

the Genbank, ranged in maximum identity 98 to 100%. All sequences were 

aligned and data was edited to get final sequence of 516 characters.  Mean pair 

wise distance was estimated ranged from 0.000 to 263.92 with overall mean pair 

wise distance of 98.36 %. 

The evolutionary history of the Kaghani sheep breed was evaluated by neighbor 
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joining method. A tree was obtained having length of the branch 661.67 (Figure 

19). The aligned data has 516 characters among them 418 characters were 

conserved while 85 variable, 24 Parsimony sites but only 61 were recorded as 

single tone sites. 

The neighbor joining tree comprised of 3 Clades (I, II and III). Clade-I composed 

of fifteen sequences arranged in 2 sub-clades. Sub-clade I-A comprised of nine 

sequences retrieved from Genbank. Six sequences of the present study i.e., KG19, 

KG24, KG20, KG23, KG26 and KG27 were clustered together in sub clade IB with 

bootstrap value ranged from 43-49%. One sequence of current study KG16 

diverged from clade I and made a separate leaf with 60% bootstrap value. Clade 

II comprised of fifteen sequences, it is further branched into 2 sub-clades (IIA and 

IIB). Sub-clade II-A composed of one sequence of this study KG25, clustered with 

five sequences retrieved from Genbank I, but it has close genetic similarity of 

67% with Ovis aries (KT 699191.1). The sub clade IIB comprised of all nucleotide 

sequences retrieved from Genbank. Clade III composed of nine sequences; it is 

divided into two sub clades IIIA and IIIB. One sequence of the present study 

KG22 clustered with Ovis orientalis anatolica (HM 042853.1) has 62% bootstrap 

value. Sub clade IIIB composed of seven sequences of the present study clustered 

together and possessed bootstrap value ranged 41-51%.  

The Phylogenetic history of Kaghani sheep breed was inferred using Maximum 

Parsimony method. The maximum parsimony tree with maximum length was 

4451 (Figure 20). The values were calculated for consistency index (0.310267), the  
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Figure 19. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Kaghani Sheep.   KG stands for Kaghani Sheep, the number following KG are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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Figure 20. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
Kaghani Sheep.   KG stands for Kaghani Sheep, the number following KG are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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retention index (0.654823) and composite index (0.203170) for all sites. The 

Maximum Parsimony tree was devided in 3 Clades (I, II and III). Clade-I 

comprised of eighteen sequences and it is further separated in 2 sub-clades (IA 

and IB). Sub clade IA has fourteen sequences retrieved from Genbank while four 

sequences of present study KG25, KG20, KG19 and KG24 clustered in sub clade 

IB. one sequence KG3 deviated from clade I and made a separate leaf having 70% 

bootstrap value. Clade II comprised of nine sequences retrieved from Genbank. 

Clade III is divided into three sub clades, IIIA, IIIB and IIIC. Sub clade IIIA has 

two sequences of the current study KG8 and KG16 clustered together, with 41% 

bootstrap value. Four sequences of recent study KG2, KG9, KG1 and KG22 

clustered with Ovis orientalis anatolica (HM 042853.1) in sub clade IIIB, bootstrap 

value ranged 50-55%. Sub clade IIIC composed of five nucleotide sequences of 

present study KG14, KG21, KG23, KG26 and KG27 clustered together, bootstrap 

value ranged 42-45%.  

4.3.8 Phylogenetic study of Rambouillet Sheep breed  

All the blast sequences showed close similarity with the sequences retrieved 

from the Genbank, ranged in maximum identity 98 to 100%. All sequences were 

aligned and data was edited to get the final sequence of 781 characters.  Mean 

pair wise distance was estimated ranged from 0.000 to 1519.06 with overall mean 

pair wise distance of 572.25 %. 

The evolutionary history of Rambouillet sheep breed was described by the 

neighbor joining method. The optimum value of the branch was calculated as 
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3663.36 (Figure 21). The aligned data has 781 characters among them 649 

conserved characters were found while 103 variable, 45 Parsimony informative 

sites and 58 were recorded as single tone sites. The neighbor joining tree 

comprised of four clades, I, II, III and IV. Clade I composed of twenty nucleotide 

sequences arranged in two sub clades. Sub clade IA comprised of fourteen 

nucleotide sequences having two sequences of the present study RL1 and RL2 

clustered with twelve sequences retrieved from Genbank. In sub clade IB five 

sequences of the current study RL11, RL16, RL18, RL23 and RL24 showed close 

genetic resemblance with Ovis orientalis anatolica (HM 042852.1) and having 

bootstrap value 44%. One sequence RL28 was separated from clade I and made a 

separate leaf having bootstrap value 64%. Six sequences of the current study RL6, 

RL17, RL22, RL20, RL19 and RL27 were clustered with Ovis orientalis anatolica 

(HM 042850.1) in clade II, among them RL6 has closet genetic affinity with the 

retrieved sequence having bootstrap value 51%. Clade III comprised of seven 

sequences retrieved from Genbank. Two sequences of the present study were 

clustered with Ovis aries (KT 158358.1, KT 158370.1 and KP 228466.1) in Clade IV. 

In the aforesaid clade RL12 has closet genetic affinity with Ovis aries (KT 

158370.1) having bootstrap value of 41%. The Phylogenetic history of 

Rambouillet sheep breed was inferred using Maximum Parsimony method. The 

maximum parsimony tree with maximum length was 6631 (Figure 22). The 

values were calculated for consistency index (0.309154), the retention index 

(0.633021) and composite index (0.195701) for all sites. 
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Figure 21. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Rambouillet Sheep.   RL stands for Rambouillet Sheep, the number following RL 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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Figure 22. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
Rambouillet Sheep.    RL stands for Rambouillet Sheep, the number following RL 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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Clade-I comprised of seventeen nucleotide sequences. It is further branched in 3 

sub-clades (IA, IB and IC). Sub-clade I-A composed of 2 sequences of the present 

study RL12 and RL21 clustered with nine sequences retrieved from Genbank but 

these have close genetic similarity with Ovis aries (KT 158358.1 and KT158370.1), 

respectively with bootstrap value of 47%. Two sequences RL11 and RL28 

grouped together in sub clade IB with 41% reference value.  Three sequences of 

the current study RL16, RL18 and RL23 clustered with Ovis orientalis anatolica 

(HM 042852.1). One sequence RL16 has close genetic affinity with the retrieved 

sequence. Clade II has ten sequences and it was branched in 2 sub-clades (IIA 

and IIB). Sub clade IIA comprised of two sequences of the present study RL6 and 

RL2 clustered with Ovis orientalis anatolica (HM 042850.1) having bootstrap value 

of 63%. Sub clade IIB has seven sequences of the present study RL1, RL17, RL24, 

RL22, RL19 RL20 and RL27 grouped together in sub clade IIB with bootstrap 

value ranged 57-62%. Clade III has thirteen sequences retrieved from Genbank.  

4.3.9 Phylogenetic study of Ramghani Sheep breed  

All the blast sequences demonstrated close similarity with the sequences 

retrieved from the Genbank, ranged in maximum identity 99 to 100%. All 

sequences were aligned and data was edited to get the final sequence of 775 

characters.  Mean pair wise distance was estimated ranged from 0.000 to 3289.51 

with overall mean pair wise distance of 940.40 %. The neighbor joining method 

was applied to conclude the evolutionary history of Ramghani sheep breed. The 

optimal tree with the sum of branch length was 3148.05 (Figure 23). The aligned  
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Figure 23. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Ramghani Sheep.    RG stands for Ramghani Sheep, the number following RG 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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data has 775 characters among them 683 conserved characters were found while 

61 variable, 43 Parsimony informative and 18 were recorded as single tone sites. 

The neighbor joining tree comprised of 3 Clades (I, II and III). Clade-I composed 

of sixteen sequences organized in 2 sub-clades (IA and IB). Eleven sequences of 

the present study i.e., Ramghani 1 to 8, 11, 17 and 19 were clustered together in 

sub clade IA, bootstrap value ranged from 58-68%. Sub clade IB composed of five 

sequences retrieved from Genbank. Clade II comprised of fourteen sequences 

retrieved from Genbank. Clade III composed of ten sequences which were 

further separated in 2 sub-clades (IIIA and IIIB). Five sequences of the present 

study RG12, RG14, RG18, RG28 and RG29 were clustered together in sub clade 

IIIA with bootstrap value ranged from 41-44%. Sub clade IIIB has five sequences 

retrieved from Genbank. The Phylogenetic history of Ramghani sheep breed was 

inferred using Maximum Parsimony method. The tree was obtained with 

maximum length was 3694 (Figure 24). The values were calculated for 

consistency index (0.529778), the retention index (0.869858) and composite index 

(0.460832) for all sites. 

The Maximum Parsimony tree comprised of 3 Clades (I, II and III). Clade-I 

comprised of twenty sequences and it was branched in 2 sub-clades (IA and IB). 

Seven sequences of the current study i.e., RG1, RG2, RG5, RG6, RG7, RG8 and 

RG11 were clustered with Ovis ammon (AM 279279.1) and Ovis aries (AM 

279283.1 and AM279285.1), bootstrap value among the sequences of the current 

study ranged 41-52%. Sub clade IB comprised of eight sequences retrieved from 
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Figure 24. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
Ramghani Sheep.    RG stands for Ramghani Sheep, the number following RG 
are individual number of study breed, other are accession numbers from 
Genbank for other sheep breeds. Bootstrap consensus values are shown below 
the branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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Genbank. Clade-II was alienated in 2 sub-clades (IIA and IIB), both have fourteen 

sequences. Sub clade IIA comprised of five sequences retrieved from Genbank. 

Nine sequences of the current study RG3, RG4, RG12, RG14, RG17, RG18, RG19 

and RG29 were clustered together in Sub clade IIB, bootstrap value ranged from 

53-59%. Clade III has six nucleotide sequences retrieved from Genbank.     

4.3.10 Phylogenetic study of Waziri Sheep breed  

All the blast sequences Showed close similarity with the sequences retrieved 

from the Genbank, ranged in maximum identity 99 to 100%. All sequences were 

aligned and data was edited to get the final sequence of 535 characters.  Mean 

pair wise distance was estimated ranged from 0.000 to 1731.17 with overall mean 

pair wise distance of 470.82 %. The evolutionary history of Waziri sheep breed 

was described using the Neighbor-Joining method. The optimal tree with the 

sum of branch length was 2468.55 (Figure 25). The aligned data has 535 

characters among them 478 conserved characters were found while 46 variable, 

25 Parsimony informative and 21 were recorded as single tone sites. The 

neighbor joining tree has 3 Clades (I, II and III). Clade-I composed of sixteen 

sequences arranged in two sub clades IA and IB. Eight  sequences of the current 

study i.e., WZ4, WZ7, WZ31, WZ33, WZ34, WZ35, WZ36 and WZ38, were 

clustered with Ovis aries (HM 042833.1) in  Sub clade IA. One sequence WZ38 of 

the same sub clade has close genetic affinity with the retrieved sequence. Sub 

clade IB composed of seven sequences retrieved from Genbank. One Sequences 

WZ40 deviated from clade I and made a separate leaf. Clade II comprised of ten 
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Figure 25. The Neighbor-Joining Phylogenetic tree of Dloop sequences of 
Waziri Sheep.   WZ stands for Waziri Sheep, the number following WZ are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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sequences retrieved from genbank. Clade III composed of ten sequences which 

were arranged in 2 sub-clades (IIIA and IIIB). Three sequences retrieved from 

Genbank were clustered in sub clade IIIA. Six sequences of the current study 

WZ1, WZ3, WZ5, WZ6, WZ10 and WZ30 were clustered with Ovis aries (KP 

228466.1) but two sequences WZ10 and WZ30 has close genetic similarity with 

the retrieved sequence having bootstrap value ranged 39-40%.  The Phylogenetic 

history of Waziri sheep breed was inferred using Maximum Parsimony method. 

The maximum parsimony tree with maximum length was 3873 (Figure 26).The 

values were calculated for consistency index (0.372838), the retention index 

(0.725071) and composite index (0.270334) for all sites. The Maximum Parsimony 

tree comprised of two clades, I and II. Clade I comprised of twenty nucleotide 

sequences and it is further branched into two sub clades IA and IB. Sub clade IA 

composed of one sequence of the current study WZ30 clustered with Ovis 

orientalis anatolica (HM 042849.1 and HM042852.1) having bootstrap value 47%. 

Sub clade IB comprised eight sequences retrieved from Genbank. Clade II 

composed of eighteen nucleotide sequences. It is divided into three sub clades 

IIA, IIB and IIC. Sub clade IIA comprised of three sequences from Genbank. Two 

sequences of the current study WZ10 and WZ40 were grouped together having 

bootstrap value of 41%. Twelve sequences of the current study WZ1, WZ3, WZ4, 

WZ5, WZ6, WZ7, WZ31 WZ33, WZ34, WZ35, WZ36, and WZ38 were grouped to 

gather in sub clade IIIC having bootstrap value ranged 39-52%.  
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Figure 26. The Maximum Parsimony Phylogenetic tree of Dloop sequences of 
Waziri Sheep.   WZ stands for Waziri Sheep, the number following WZ are 
individual number of study breed, other are accession numbers from Genbank 
for other sheep breeds. Bootstrap consensus values are shown below the 
branches. The tree was generated by using Molecular Evolutionary Genetic 
Analysis (MEGA V. 7.0) software. 
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4.4 Haplogroups identification  

The sequences of the 159 analyzed samples were aligned with already identified 

sheep mtDNA haplogroup reference sequences (Othman et al., 2015 and 

Meadows et al., 2011) to assign the haplogroups to which the analyzed sheep 

breeds belonged.  The reference sequences used for defining the haplogroups 

were: DQ852286 (A1) and DQ852287 (A2) for A haplogroup; DQ852285 (B1), 

DQ852282 (B2) and AF039579 (B3) for B haplogroup; DQ097460 (C1), DQ097462 

(C2) and DQ852283 (C3) for C haplogroup, DQ852288 (D1) and DQ852289 (D2) 

for D haplogroup, DQ852280 (E1) and DQ852281 (E2) for E haplogroup (Othman 

et al., 2015); and reference sequences of (Meadows et al., 2011) were HM236174.1 

and HM236175.1 for haplogroup A; HM236176.1 and HM236177 for haplogroup 

B; HM236178.1 and HM236179.1 for haplogroup C; HM236180.1 and 

HM236181.1 for haplogroup D; HM236182.1 and HM236183.1 for haplogroup E. 

To confirm the haplogroups of the analysed sheep breeds, 159 sequences of the 

present study were aligned separately with twelve sheep mitochondrial control 

region reference sequences (Othman et al., 2015) and ten sheep mtDNA Dloop 

reference sequences of (Meadows et al., 2011), both belonging to the five known 

haplogroups (HapG A, HapG B, HapG C, HapG D and HapG E).   

4.4.1 Phylogenetic analysis on the basis of haplogroups 

The Phylogenetic results showed the presence of three haplogroups (HapA, 

HapB and HapC) in the 159 analyzed samples. The haplogroup described in the 

literature (HapD and HapE) were not found. A neighbor joining (N.J) was 
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constructed for already identified haplgroup reference sequences with 159 

sequences data of ten sheep breeds of present study (Figure 27). The results 

showed that 124 out of 159 sequences were clustered with Haplogroup A 

(77.99%), 30 were clustered with haplogroup B (18.87%) whereas 5 tested sheep 

was clustered with haplogroup C (3.14%). Among them haplogroup A was 

predominant (77.99%) followed by haplogroup B (18.87%) and C (3.14%) 

(Table1).  Haplogroup A was found in all analyzed sheep breeds and haplogroup 

B was present in all tested sheep breeds except Waziri breed whereas 

Haplogroup C sequences were detected at low frequency (3.14%) in Afgani, 

Australin, Gauder and Waziri sheep breed.  

4.4.2 Haplotype diversity 

One hundred and six haplotypes were observed from 159 mtDNA dloop 

sequences of sheep breeds of K.P corresponding to 3 haplogroups (Figure 27; 

Table 6). The data revealed 252 polymorphhic sites were found in all the 

sequences. Out of 106 observed haplotypes, 80 belonged to haplogroup A while 

22 related with haplogroup B and only 4 haplotypes came under haplogroup C 

(Table. 7). The observed haplotypes were 7 to 15 among breeds. Nine haplotypes 

were shared among two or more populations of the study. The estimated 

Transition/Transversion bias (R) is 1.70. High level of haplotype diversity was 

found in all sheep breeds with an average value of 0.985. The largest haplotype 

diversity (0.992) was found in Afghani, Australian and Gauder while lowest 

(0.692) was observed in Ramghani. The most common haplotype was shared by  
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Figure 27. The neighbor joining Phylogenetic tree constructed for 159 Sheep 
mtDNA sequences together with the 10 reference sequences belonging to the 
five known mtDNA control region haplogroups (Hap A to Hap E). The tree 
was generated by using Molecular Evolutionary Genetic Analysis (MEGA V. 
7.0) software. 
 

 

 

 

K
G

 2
1

R
L

 1
7

K
G

 2
5

A
F

 2
7

R
G

 2
8

R
L

 2
3

B
L

 1
7

K
G

 2
0

R
L

 2
4

R
L

 2
1

H
M

. 2
36

17
6.

1 
B

H
M

. 2
36

17
7.

1 
B

B
L

 2
R

L
 1

8
D

M
 1

9
R

L
 1

1
R

L
 2

D
M

 9
H

N
 2

5
K

G
 1

4
A

S 
30

RG
 4

RG
 1

9

K
G

 1

KG
 16

H
N

 42

H
N

 7

HN 16

HN 8

AF 10

RG 17

GD 24
HM. 236180.1 D

HM. 236181.1 D

HM. 236182.1 E

HM. 236183.1 E

HM. 236178.1 C

GD 14

AF 14
HM. 236179.1 C

AS 21

WZ 4
WZ 7
KG 9
HN 19
AS 23
WZ 40
AS 18
AF 19
AS-1GD 21BL 1WZ 1RL 6HN 29BL 10RG 1RG 12RG 2RG 3RG 6RG 5RG 7RG 8

RG 11
D

M
 1

D
M

 16

A
S 11

BL 14

BL 20

BL 21

BL 24

A
S 17

D
M

 18

D
M

 23

D
M

 25

R
G

 29

G
D

 23

D
M

 8
D

M
 29

D
M

 27

W
Z

 36

G
D

 15

G
D

 16
D

M
 28

A
F

 21
B

L
 26

W
Z

 6
A

F
 15

G
D

 8
W

Z
 35W

Z
 5

G
D

 1
8

A
F

 2
5

D
M

 2

A
S

-3

H
N

 3
0

H
N

 3
2

A
S 

26

H
N

 3
5

B
L

 9

A
F

 1

W
Z

 3
8

W
Z

 3
3

B
L

 2
3

G
D

 2
2

A
F 

16

R
L 

16

R
L 2

2

R
G

 1
8

K
G

 1
9

A
F 8KG

 2
3

KG
 22BL 18

DM
 10

BL 25
DM

 21AF 17AF 9GD 9GD 1HN 31WZ 34HN 41HN 43GD 4
BL 16AS 32
GD 2

AS 24
AS 28
AS 15
RL 19
AF 23
AF 24
KG 26
KG 24

WZ 10

WZ 30

RG 14
KG 8

RL 28

AF 20

BL 15

AF 18

GD 10

GD 19

RL 1

HM236174.1 A
GD 20

HN 28

RL 27

RL 20

A
S 16

A
S 25

H
N

 26
K

G
 2

A
S 9

W
Z

 31
H

N
 38

D
M

 22
H

M
236175.1 AW

Z
 3

D
M

 5
B

L
 22

K
G

 3
R

L
 12

K
G

 27



 

104 
 

Table 6. Haplgroups found in the sheep breeds of Khyber Pakhtunkhwa  

Breed No of samples Haplogroup A Haplogroup B Haplogroup C 

  NO % NO % NO % 

Afghani 16 13 81.3 2 12.5 1 6.3 

Australian 16 14 87.5 1 6.3 1 6.3 

Balkhi 16 14 87.5 2 12.5 - 0.0 

Damani 16 14 87.5 2 12.5 - 0.0 

Gauder 16 14 87.5 1 6.3 1 6.3 

Hashtnagri 16 11 68.8 5 31.3 - 0.0 

Kaghani 16 10 62.5 6 18.8 - 0.0 

Rambouillet 16 9 56.3 7 43.8 - 0.0 

Ramghani 16 12 75.0 4 25.0 - 0.0 

Waziri 15 13 86.7 - 0.0 2 13.3 

        

Total 159 124 77.99 30 18.87 5 3.14 

The data was analyzed using DnaSP 5.10 software  
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The data was analyzed using DnaSP 5.10 software  
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14 samples belongs to 8 different breeds, 2 each from Australian, Balkhi, Damani, 

Gauder, Hahtnagri and Wiziri while one sample each from Afghani and Kaghani 

breeds. Another haplotype only appeared in 9 samples of Ramghani sheep. The 

rest of the haplotypes are present in samples of different sheep breeds with 

number ranging from 5 to one sample. The haplotype variation reflects that more 

females than males have been involved for breeding purpose over time. The 

statistical analysis of genetic diversity within the ten analyzed breeds by DNAsp 

5.10 software showed that highest number of haplotypes (15 haplotypes) was 

recorded in Afghani, Australian and Gauder where their 16 animals each have 

140, 89 and 84 polymorphic sites, respectively. Fourteen haplotypes were 

observed for 16 Rambouillet samples which possessed 107 polymorphic sites. 

Thirteen haplotypes were present in 16 samples of each Balkhi, Damani and 

Kaghani while 13 haplotypes were recorded in 15 samples of Waziri sheep.  

4.5 Genetic diversity in sheep breeds  

The number of polymorphic sites was 117, 154, 211 and 52 for Balkhi, Damani, 

Kaghani and Waziri breed, respectively. The Hashtnagri possessed 12 haplotypes 

for its 16 animals having 92 polymorphic sites. The lowest haplotype diversity 

was found in Ramghani where its 16 animals possessed 69 polymorphic sites 

forming 7 haplotypes.  The highest nucleotide diversity was present in Kaghni 

(0.0614) from Mansehra while lowest was calculated for Waziri (0.0173) from 

South Waziristan (Table 8). At the whole in all populations the nucleotide 

diversity was 0.0325. Tajima’s D is the comparison between the average number  
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Table 8. Diversity and Distribution of mtDNA haplogroups in Sheep breeds of Khyber Pakhtunkhwa  

Breed 
/Population 

No. of 
sequences 

(N) 

No. of 
polymorphic 

sites (S) 

No. of 
haplotypes 

(H) 

Haplogroups Haplotype 
diversity 
(H±SD) 

Nucleotide 
diversity 
(π±SD) A B C 

Afghani 16 140 15 12 2 1 0.9917±0.025 0.03567±0.00773 
Australian 16 89 15 13 1 1 0.9917±0.025 0.02397±0.00529 
Balkhi 16 117 13 11 2 0 0.9667±0.036 0.03234±0.00905 
Damani 16 154 13 11 2 0 0.9667±0.036 0.04369±0.01325 
Gauder 16 84 15 13 1 1 0.9917±0.025 0.02562±0.00653 
Hashtnagri 16 92 12 9 3 0 0.9583±0.036 0.03388±0.00682 
Kaghani 16 211 13 9 4 0 0.9750±0.029 0.06144±0.01750 
Rambouillet 16 107 14 7 7 0 0.9833±0.028 0.04800±0.00714 
Ramghani 16 69 7 4 3 0 0.6917±0.124 0.02411±0.00563 
Waziri 15 52 13 12 0 1 0.9810±0.031 0.01733±0.00511 
    

     
Total 159 252 106 80 22 4 0.9854±0.0041 0.03250±0.00315 

The data was analyzed using DnaSP 5.10 software  
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of pairwise differences and the number of segregating sites in a sample. The 

overall Tajima’s D value was -2.355 for all sheep breeds. Among the breeds the 

Tajima’s D value ranged from -0.420 in Ramghani sheep to -1.796 in Damani 

sheep. We expect positive selection (or selective sweeps) to give us a negative 

Tajima’s D in a population that doesn’t have any demographic changes going on 

(population expansion/contraction, migration). The overall Fu’s FS test value 

was -79.766 the values for different studied sheep breeds ranged from -2.756 in 

Waziri to 6.740 in Ramghani; most of the FST values were negative (Table 9).  

The mean value of nucleotide variances (D) and the mean value of nucleotide 

replacements per spot between breeds (Dxy) were observed.  The lowest distance 

was estimated between Gauder and Waziri (D: 11.429 and Dxy: 0.02037) followed 

by Australian and Waziri (D: 11.696 and Dxy: 0.01767) then distances between 

Ramghani and Waziri (D: 13.204 and Dxy: 0.01983) while the highest distances 

were recorded between Damani and Kaghani (D: 34.535 and Dxy: 0.05552) 

followed by Afghani and Kaghani (D: 31.852 and Dxy: 0.04885) then distance 

between Balkhi and Kaghani (D: 31.023 and Dxy: 0.04766) (Table 10). 

4.6 Population expansion  

To elaborate the population expansion the parameters of spatial expansion are 

presented in table 5. The values of Raggedness index, FST and Tajima’s D have 

tabulated. The lowest (0.553) values of Tau was observed for Waziri and highest 

(10.846) for Rambouillet sheep, with overall value for total population was 1.389. 

Among all the breeds highest value of theta was observed for Kaghani from
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     The data was analyzed using DnaSP 5.10 software  
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Table 10. Average pair wise differences between populations 

 
AF AS BL DM GD HN KG RL RG WZ 

AF - 0.02901 0.03332 0.03926 0.03157 0.03601 0.04885 0.04679 0.03115 0.02318 

AS 22.398 - 0.02767 0.03401 0.02472 0.03046 0.04442 0.04072 0.02571 0.01767 

BL 22.758 19.148 - 0.03754 0.03012 0.03434 0.04766 0.04601 0.02834 0.02274 

DM 25.793 22.648 24.551 - 0.03445 0.04147 0.05552 0.05086 0.03494 0.02824 

GD 18.977 15.027 18.039 20.914 - 0.03264 0.04685 0.04018 0.02620 0.02037 

HN 24.813 21.320 23.695 27.453 19.715 - 0.04662 0.04313 0.02932 0.02501 

KG 31.852 29.227 31.023 34.535 26.754 30.582 - 0.05540 0.04347 0.03992 

RL 27.047 23.699 26.227 29.242 22.781 24.711 30.137 - 0.03872 0.03507 

RG 24.141 20.156 19.723 23.305 15.930 20.582 28.688 22.574 - 0.01983 

WZ 15.158 11.696 14.779 17.508 11.429 16.408 24.788 18.550 13.204 - 

 
   The data was analyzed using DnaSP 5.10 software  
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Mansehra while a lowest value was recorded for Waziri. The cumulative value of 

theta for total breeds was 0.11826, which is highest from the entire individual 

breeds. Fu’s Fs test statistics demonstrated negative values for all sheep breeds 

except Damani, Hahstnagri, Kaghani and Ramghani. Mitochondrial DNA 

mismatch distribution for all sheep breeds as a whole and the individual sheep 

breeds are displayed in figure 28. The cumulative data set illustrated a smooth 

curve (raggedness 0.0029) with two major peaks at around 4-6 differences and 

23-25 differences and much smaller peaks at regular intervals till the end of 

curve. All the sheep breeds individually showed ragged multimodal mismatch 

distribution curves. The highest raggedness (0.2148) was observed for Ramghani 

and lowest (0.0098) for Waziri sheep.  

4.7 Analysis of Molecular Variance (AMOVA) of mtDNA 

The AMOVA analysis illustrated that Mitochondrial DNA diversity is mainly 

found within populations (97.84 %) and only a small portion (2.16%) of the total 

diversity was observed among populations (Table. 11) 

4.8 Principle coordinates (PCoA) analysis of mtDNA 

A principle coordinate (PCoA) plot was constructed using mitochondrial data 

from the ten sheep breeds of the Khyber Pakhtunkhwa. The PcoA plot provided 

the information about the degree of association between different populations. 

All the populations exhibited no homogeneity among each other and were 

scattered on the PcoA plot (Figure 29).  
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Figure 28. Mismatch distribution of sheep breeds of Khyber Pakhtunkhwa. The 

plots were constructed using DnaSP 5.10 software.  
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     The data was analyzed using Arlequin 3.5.2.2 software  

 

 

  

 
Figure 29. Principle coordinates (PCoA) for the 10 sheep breeds of 

Khyber Pakhtunkhwa based on mitochondrial DNA data.  The plot 

was constructed using Genalex 6.0 software  
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4.9 Phylogenetic study based on STR 

A total of 185 samples from ten sheep breed i.e. Afghani, Australian, Balkhi, 

Damani, Gauder, Hashtnagri, Kaghani, Rambouillet, Ramghani and Waziri of 

Khyber Pakhtunkhwa province were genotyped using 8 set of microsatellite loci.  

4.9.1 Analysis of Molecular Variance (AMOVA) 

The AMOVA analysis illustrated that Microsatellite DNA diversity is mainly 

found within populations (96.69%) and only a small portion (3.31%) of the total 

diversity was observed among populations (Table. 12) 

 
The data was analyzed using Arlequin 3.5.2.2 software  

4.9.2 Allelic diversity  

Analysis of 185 animals’ sequenced data revealed 121 alleles for 8 studied loci, 

with a mean 15.13±8.27 alleles per locus, ranging from 31 in INRA063 to 6 in 

D5S2. The NA ranged from 5.00±2.27 in RL to 8.00±4.34 in HN with a mean of 

6.51±3.06 across all loci. The pooled data demonstrated that 6 out of 8 loci have 

more than 10 alleles (INRA023, MAF214, INRA063, INRA172, MAF65 and 

McM527) while 2 loci (AME and D5S2) exhibited less than 10 alleles (Table 13, 

Figure 30). The breed wise mean allelic size range for all loci was calculated. The 

mean allelic size was 31.50±14.56 in AF sheep breed while AS (26.88±13.63), BL 
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 Table 13. Number of alleles ( NA) at the 8 loci for the 10 sheep breeds of Khyber Pakhtunkhwa 

 Breeds 

Locus AF AS BL DM GD HN KG RL RG WZ Total Mean S.D 

AME 3 3 4 2 3 3 3 1 3 3 7 2.800 0.789 
D5S2 4 5 5 3 2 5 4 4 4 3 6 3.900 0.994 
INRA023 11 10 12 8 11 13 11 9 7 12 21 10.400 1.897 
MAF214 6 7 6 4 6 4 8 5 5 5 12 5.600 1.265 
INRA063 10 13 13 11 12 15 9 6 7 10 31 10.600 2.797 
INRA172 8 4 8 5 8 10 3 4 3 11 19 6.400 2.951 
MAF65 7 5 8 7 6 8 6 5 5 6 14 6.300 1.160 
McM527 6 5 7 5 6 6 5 6 7 8 11 6.100 0.994 
Mean 6.875 6.500 7.875 5.625 6.750 8.000 6.125 5.000 5.125 7.250 15.125 6.513 1.052 
S.D 2.748 3.381 3.182 2.925 3.495 4.342 2.949 2.268 1.727 3.536 8.271 3.055 0.723 
Note: AF= Afghani, AS=Australian, BL=Balkhi, DM=Damani, GD=Gauder, HN=Hashtnagri, KG=Kaghani, RL=Rambouillet, 
RG=Ramghani, WZ=Waziri.  
The data was analyzed using Arlequin 3.5.2.2 software  
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Figure 30. Number of alleles at different loci for ten sheep breeds of Khyber 

Pakhtunkhwa. The data was analyzed using Arlequin 3.5.2.2 software  

 



 

121 
 

 (32.88±20.39), DM (27.38±13.32), GD (25.50±14.56), HN (31.75±14.56), KG 

(24.13±18.07), RL (19.43±11.82), RG (24.63±13.19) and WZ (28.75±19.51). The total 

mean Allelic size range was recorded (44.25±18.92) (Figure 31). The mean 

number of observed alleles for each sheep breeds ranged from 5.13 (RG) to 8.00 

(HN) with an overall average of 6.57. The number of observed alleles ranged 

from 3 to 11 in Afghani, 3 to 13 in Australian, 4 to 13 Balkhi, 2 to 11 in Damani, 3 

to 12 in Gauder, 3 to 15 in Hashtnagri, 3 to 11 in Kaghani, 1 to 9 in Rambouillet, 3 

to 7 in Ramghani and 3 to 12 in Waziri with respective means of 6.88, 6.50, 7.88, 

5.63, 6.75, 8.00, 6.13, 5.00, 5.13 and 7.25 alleles (Table 14). The number of effective 

alleles were ranged from 2.74 (RL) to AF (4.29) with an average of 4.07. The HE 

and HO as measure of genetic diversity for each studied population were 

observed as 0.754 and 0.996 alleles, respectively (Table14). 

The number of effective alleles for each locus ranged from 1.73 (AME) to 10.10 

(INRA023). The mean number of effective alleles was 4.07 across all loci. The 

number of effective alleles higher than the mean number was found for 6 loci 

(INRA023, MAF214, INRA063, INRA172, MAF65 and McM527) while 2 loci 

(AME and D5S2) has low effective alleles than mean value (Table 15). 

4.10 Genetic diversity  

4.10.1 FST index 

The FST index measures the degree of genetic diversity explained by differences 

between breeds. The pair wise FST genetic distance between breeds showed that 

the FST value for each pair of population ranged from 0.01 for AF-BL pair to 0.076  
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Figure 31. Allele size range at all loci for ten sheep breeds of Khyber 

Pakhtunkhwa. The data was analyzed using Arlequin 3.5.2.2 software  
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The data was analyzed using Arlequin 3.5.2.2 software  

Table 14.  Genetic diversity in different population of sheep breeds of KP  

Population Code N MNa Ne HO HE DZ FIS PIC 

Afghani AF 15 6.88 4.29 1.000 0.767 0.304 -0.304 0.933 

Australian AS 19 6.50 3.50 1.000 0.714 0.400 -0.401 0.947 

Balkhi BL 19 7.88 4.18 1.000 0.761 0.315 -0.314 0.947 

Damani DM 18 5.63 3.23 1.000 0.690 0.450 -0.449 0.944 

Gauder GD 17 6.75 3.44 1.000 0.709 0.411 -0.410 0.941 

Hashtnagri HN 20 8.00 3.60 0.991 0.722 0.374 -0.373 0.950 

Kaghani KG 18 6.13 3.57 0.991 0.720 0.377 -0.376 0.944 

Rambouillet RL 17 5.57 2.74 0.990 0.635 0.559 -0.559 0.941 

Ramghani RG 20 5.13 3.02 0.990 0.669 0.481 -0.480 0.950 

Waziri WZ 22 7.25 3.98 0.994 0.749 0.327 -0.327 0.955 

Total - 185 6.57 4.07 0.996 0.754 0.320 -0.399 0.945 

 



 

124 
 

Table 15. Genetic diversity parameters of sheep breeds of KP for each locus 
Locus N Na MNa Ne HO HE DZ FIS FST FIT GIS GST 

AME 185 7 2.80 1.73 1 0.421 1.375 -0.312 0.079 -0.209 -0.272 0.052 
D5S2 185 6 3.90 3.28 1 0.695 0.439 -0.311 0.085 -0.199 -0.281 0.066 
INRA023 185 21 10.40 10.10 0.986 0.901 0.094 -0.061 0.049 -0.009 -0.030 0.023 
MAF214 185 12 5.60 4.50 1 0.778 0.285 -0.149 0.081 -0.055 -0.116 0.057 
INRA063 185 31 10.60 8.55 0.979 0.883 0.109 -0.093 0.064 -0.023 -0.063 0.040 
INRA172 185 19 6.40 4.20 1 0.762 0.312 -0.187 0.104 -0.063 -0.154 0.081 
MAF65 185 14 6.30 4.31 1 0.768 0.302 -0.196 0.048 -0.139 -0.165 0.025 
McM527 185 11 6.10 5.75 1 0.826 0.211 -0.191 0.086 -0.089 -0.161 0.064 

             
Mean 185 15.13 6.51 4.07 0.996 0.754 0.321 -0.186 0.074 -0.098 -0.154 0.050 
Note: Samples size (N), Number of Alleles per locus (Na), Mean number of alleles (Mna),  Number of effective alleles (Ne), 
expected heterozygosity (HE), observed heterozygosity (HO), coefficient of heterozygote deficiency (DZ=(HO-HE)/HE), 

Inbreeding coefficient within individuals (FIS), Inbreeding coefficient within subpopulations (FST), Inbreeding coefficient 
within individuals (GIS) and coefficient of gene differentiation (GST). The data was analyzed using Arlequin 3.5.2.2 software 
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for RL-WZ pair. Analysis of the FST values illustrated that out of 45 pairs, 30 

(66.66%) have significant values. The AF sheep breed has close genetic similarity 

with all studied breeds. AS breed is differentiated from HN and WZ breeds 

while has genetic affinity with other sheep breeds. The BL and DM showed the 

similar differentiations from RL and RG having non-significant values while 

these other breeds have similarity with rest of the tested breeds. GD is noted 

closely related to KG, RL and RG, while KG breed is distinct form GD, HN and 

RL. The RL has close genetic affinity with AF, AS and RG breeds. The RG 

showed similarity index with AF, AS, KG and RL. The Waziri breed from 

WANA was found to be similar sharing the genetic diversity with AF, BL, DM, 

GD, HN, KG and RL, respectively (Table 16). 

4.10.2 Observed and Expected heterozygosity  

The genetic diversity was measured based on actual heterozygosity per locus. 

The observed heterozygosity ranged from 0.979 (INRA063) to 1.00 (AME, D5S2, 

MAF214, INRA172, MAF65, McM527) with a mean value of (0.996) while the 

expected heterozygosity ranged from 0.421(AME) to 0.901(INRA023) with a 

mean value of 0.754. It was observed that for all loci HO was higher than HE. The 

coefficient of heterozygote deficiency (DZ= (HO-HE)/HE) ranged from 0.094 

(INRA023) to 1.375 (AME) with an average value of 0.321 (Table 15).  

The breed wise mean expected heterozygosity (HE) for all studied loci is 

illustrated as 0.767±0.139 (AF), 0.714±0.196 (AS), 0.761±0.143 (BL), 0.690±0.150 

(DM), 0.709±0.177 (GD), 0.722±0.181 (HN), 0.720±0.184 (KG), 0.835±0.274 (RL), 
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Table 16. Pair-wise Linearized FST among the 10 tested sheep breeds of K.P.  

  AF AS BL DM GD HN KG RL RG WZ 

AF - 0.04* 0.01* 0.032* 0.022* 0.026* 0.038* 0.045* 0.05* 0.021* 

AS   - 0.041* 0.047* 0.049* 0.069 0.035* 0.031* 0.028* 0.061 

BL     - 0.039* 0.018* 0.043* 0.046* 0.058 0.055 0.027* 

DM       - 0.049* 0.027* 0.044* 0.056 0.069 0.028* 

GD         - 0.05* 0.053 0.068 0.051 0.034* 

HN           - 0.053 0.067 0.057 0.028* 

KG             - 0.053 0.05* 0.048* 

RL               - 0.022* 0.076 

RG                 - 0.053 

WZ                   - 
 * significant at P<0.05  The data was analyzed using Arlequin 3.5.2.2 software  
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0.669±0.159 (RG and 0.713±0.173 (WZ) (Table 17; Figure 32). In all cased the HE 

was lower than HO.  Coefficient of heterozygote deficiency DZ= (HO-HE)/HE was 

observed ranged from 0.304 to 0.559 with a mean of 0.320. The range of 

inbreeding coefficient (FIS) within a breed ranged from -0.304 (AF) to -0.559 (RL) 

with a mean of -0.399. The polymorphic information content (PIC) values over 8 

loci for 10 sheep breeds suggested the more informative markers which revealed 

its usefulness in diversity studies of a breed. The PIC values in all sheep ranged 

from 0.933 (AF) to 0.955 (WZ) (Table 14).  

4.10.3 F. statistics 

The results of the F statistic for each of the eight analyzed loci in 10 sheep 

population of the provice are shown in Table 15. Mean value for FIS, FST and FIT 

are -0.186, 0.074 and -0.098, respectively. The FIS statistic differed widely between 

loci; the values ranged from -0.061 to -0.196 for most of the loci, except for 2 loci 

(AME and D5S2) with FIS values -0.312 and -0.311, respectively. The low FIS and 

FIT mean values which are close to zero, indicated low level of inbreeding within 

and among the populations.  

4.10.4 G.statistics 

The GIS values for each locus for the entire population were calculated to find the 

inbreeding among the individual of the studied sheep breeds. The GIS values 

ranged from -0.030 (INRA023) to -0.281(D5S2) with a mean of -0.154. The results 

suggested the low level of inbreeding among the individuals of entire 

population. The unbiased coefficients of gene differentiations (GST) of the loci  
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Table 17. Expected heterozygosity (HE) at 8 loci for the 10 sheep breeds of Khyber Pakhtunkhwa 

  Breeds 

Locus AF AS BL DM GD HN KG RL RG WZ Mean S.D Total 

AME 0.481 0.312 0.443 0.443 0.394 0.416 0.325 0.000 0.385 0.593 0.379 0.155 0.421 
D5S2 0.709 0.793 0.773 0.512 0.484 0.477 0.770 0.720 0.683 0.552 0.647 0.127 0.695 
INRA023 0.899 0.885 0.897 0.845 0.905 0.875 0.899 0.881 0.800 0.909 0.879 0.034 0.901 
MAF214 0.703 0.837 0.781 0.733 0.754 0.698 0.740 0.662 0.669 0.751 0.733 0.053 0.778 
INRA063 0.897 0.866 0.896 0.884 0.853 0.873 0.886 0.772 0.683 0.865 0.848 0.068 0.883 
INRA172 0.869 0.539 0.729 0.674 0.786 0.868 0.607 0.550 0.490 0.824 0.694 0.142 0.762 
MAF65 0.773 0.767 0.815 0.697 0.744 0.779 0.767 0.720 0.793 0.674 0.753 0.044 0.768 
McM527 0.804 0.715 0.752 0.729 0.749 0.787 0.765 0.775 0.845 0.822 0.774 0.041 0.826 
Mean 0.767 0.714 0.761 0.690 0.709 0.722 0.720 0.635 0.669 0.749 0.713 0.041 0.754 
S.D 0.139 0.196 0.143 0.150 0.177 0.181 0.184 0.274 0.159 0.130 0.173 0.041 0.151 
AF=Afghani, AS=Australian, BL=Balkhi, DM=Damani, GD=Gauder, HN=Hashtnagri, KG=Kaghani, RL=Rambouillet, RG=Ramghani, 

WZ=Waziri.  

The data was analyzed using Arlequin 3.5.2.2 software  
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Figure 32. Heterozygosity at 8 loci for ten sheep breeds of Khyber Pakhtunkhwa.  

The data was analyzed using Arlequin 3.5.2.2 software  
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due to breed differences ranged from 0.023 to 0.081with an overall average of 

0.050 (Table 15, Figure 33). 

4.10.5 Shannon’s Information Index 

The mean Shannon’s diversity index (SHUA) is a statistical tool to describe the 

population’s diversity. The values were ranged between 0 and 1. It is pertinent to  

mention here that the higher values show low diversity while the lower values 

are the indicative of higher diversity. The observed diversity index values were 

ranged from 0.073 to 0.212. The Mean Shannon’s Total Information index   (SHU) 

values were ranged between 1.345 to 1.779 and Mean Shannon’s Allele 

Information index (SHA) values were found between 1.237 to 1.646. The lower 

values of the observed data indicated the higher diversity of studied populations 

(Table 18).  

4.10.6 Principle coordinates (PCoA) Analysis 

A principle coordinate (PCoA) plot was constructed using data from the ten 

sheep breeds of the Khyber Pakhtunkhwa. The clustering pattern on STR based 

PcoA plot exhibited close agreement with that of the mitochondrial DNA based 

clustering pattern. All the sheep breeds have no close association with each other 

and were scattered apart from each other (Figure 34).  
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  The graph was generated using Genalex 6.0 software  
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Table 18. Pair wise Population Matrix of Mean Shannon (SHUA, SHU, SHA) Values 
Over Loci 

 AF AS BL DM GD HN KG RL RG WZ 

AF 1.591 1.699 1.753 1.622 1.669 1.727 1.724 1.573 1.590 1.720 

AS 0.156 1.492 1.719 1.582 1.665 1.742 1.663 1.502 1.513 1.743 
BL 0.130 0.146 1.646 1.674 1.703 1.779 1.754 1.655 1.644 1.740 

DM 0.162 0.157 0.172 1.337 1.596 1.596 1.617 1.480 1.527 1.618 

GD 0.142 0.174 0.137 0.192 1.466 1.706 1.670 1.558 1.555 1.679 
HN 0.142 0.192 0.160 0.132 0.185 1.575 1.739 1.647 1.640 1.702 

KG 0.191 0.183 0.190 0.209 0.193 0.202 1.468 1.552 1.553 1.704 

RL 0.153 0.121 0.185 0.178 0.189 0.212 0.187 1.237 1.345 1.667 
RG 0.156 0.115 0.166 0.206 0.168 0.194 0.173 0.073 1.291 1.621 

WZ 0.134 0.191 0.124 0.140 0.147 0.124 0.161 0.211 0.160 1.579 
Mean Shannon’s mutual information index (SHUA) values are shown below diagonal. Mean 

Shannon’s Total Information index   (SHU) Values are shown above diagonal and Mean Shannon’s 

Allele Information index (SHA) values are shown along diagonal in bold. The data was analyzed 

using Genalex 6.0 software  
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Figure 34. Principle coordinates (PCoA) based on Microsatellite data for the 10 

sheep breed of Khyber Pakhtunkhwa. The plot was constructed using Genalex 

6.0 software  
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4.10.7 Garza and Wlliamson (G-W) statistics 

Garza and Wlliamson (G-W) statistics show highest value (0.357±0.194) for 

Rambouillet sheep, then lower value (0.333±0.176) for Waziri sheep and lowest 

value (0.256±0.173) for Damani sheep (Table 19; Figure 35). The low G-W index 

value in the studied population showed that the Damani sheep was subjected to 

bottleneck and hence reduction in population size. While for the other breeds the 

G-W index value was found as 0.266±0.149, 0.292±0.172, 0.310±0.179, 0.315±0.151, 

0.307±0.173, 0.327±0.145 and 0.263±0.151 for Afghani, Australian, Balkhi, Gauder, 

Hashtnagri, Kaghani and Ramghani sheep breed, respectively. The mean G-W 

index value for different loci ranged from 0.151±0.299 to 0.419±0.077 for AME 

and INRA023, respectively. 

4.10.8 Hardy Weinberg Equilibrium (HWE) 

The Chi-square test for Hardy Weinberg Equilibrium for each sheep breed from 8 

microsatellite markers showed significant deviation (P<0.05) in 21 of 80 (26.25 %) 

test loci (Table 20). The test illustrated that variable numbers of loci was deviated 

from HWE in all tested sheep breeds.  The reason for this was the heterozygote 

deficiency in each breed but as a whole all sheep population were not 

heterozygote deficient because only one fourth of all loci (26.25%) deviated from 

the HWE. It was observed that five breeds (AF, AS, BL, HN and RL) have only a 

single locus deviated from HWE. While for others the number of loci deviated 

from the HWE were two in (KG and RG), three in (GD), four in (DM) and five in 

(WZ) sheep breed. For the Hardy Weinberg Equilibrium, on average, each locus  
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The data was analyzed using Arlequin 3.5.2.2 software 
  

Table 19. Garza-Williamson index (G-W statistics) at different loci for ten sheep breeds of 
Khyber Pakhtunkhwa. 

  Breeds 

Locus AF AS BL DM GD HN KG RL RG WZ Mean S.D 
AME 0.064 0.064 0.053 0.043 0.065 0.041 0.051 1.000 0.064 0.064 0.151 0.299 
D5S2 0.444 0.263 0.263 0.176 0.400 0.294 0.444 0.444 0.444 0.429 0.360 0.101 
INRA023 0.379 0.435 0.522 0.348 0.478 0.481 0.440 0.290 0.333 0.480 0.419 0.077 
MAF214 0.158 0.175 0.150 0.105 0.158 0.105 0.205 0.714 0.125 0.077 0.197 0.186 
INRA063 0.286 0.520 0.382 0.333 0.343 0.500 0.257 0.207 0.241 0.476 0.355 0.112 
INRA172 0.186 0.093 0.167 0.122 0.216 0.244 0.375 0.108 0.103 0.268 0.188 0.090 
MAF65 0.152 0.455 0.533 0.368 0.400 0.471 0.462 0.385 0.385 0.400 0.401 0.101 
McM527 0.462 0.333 0.412 0.556 0.462 0.316 0.385 0.353 0.412 0.471 0.416 0.073 
Mean  0.266 0.292 0.310 0.256 0.315 0.307 0.327 0.357 0.263 0.333 0.303 0.033 
SD 0.149 0.172 0.179 0.173 0.151 0.173 0.145 0.194 0.151 0.176 0.166 0.016 
Note: AF= Afghani, AS=Australian, BL=Balkhi, DM=Damani, GD=Gauder, HN=Hashtnagri, KG=Kaghani, 
RL=Rambouillet, RG=Ramghani, WZ=Waziri.  
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Figure 35. Garza-Williamson index at different loci for ten sheep breeds of 

Khyber Pakhtunkhwa. The graph was generated using Arlequin 3.5.2.2 software 
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deviated from HWE in 2.63 breeds. The most extreme loci (D5S2 and INRA172) 

each were deviated in four breeds. The only locus (INRA023) was at HWE for all 

sheep breeds (Table 20). 
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   The data was analyzed using Arlequin 3.5.2.2 software 
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Chapter 5 

DISCUSSION 

Sheep are domestic animals, in an agricultural environment to produce goods 

such as food, wool, fur and manure, which helps to overcome the status and 

profits of the average person. Livestock farming continues to play a key role in 

many rural communities from an economic and cultural point of view. It plays 

an important role in overcoming the disadvantages of meat, milk, wool and by-

products.  

The mitochondrial DNA Dloop was used to amplify the desired sequence of 

DNA to analyze the genetic variability and Phylogenetic relationship within and 

among different populations of studied sheep breeds of Khyber Pakhtunkhwa, 

Pakistan. There are several similar molecular studies in which geneticists have 

used the mitochondrial DNA to explore the genetic diversity and Phylogenetic 

relationship at intra and inter-specific level in different species and breeds of 

different domestic and wild animals like sheep, goats and cattle (Hiendleder et 

al., 1998; Guo et al., 2005; Wang et al., 2006; Zhao et al., 2011; Oner et al., 2013; 

Othman et al., 2015; Gorkhali et al., 2015).  

The amplified mtDNA sequences and their multi alignment with the reference 

sequences (Meadows et al., 2011; Othman et al., 2015) followed by construction of 

neighbor joining tree revealed the occurrence of three maternal lineages of sheep 

breeds of Khyber Pakhtunkhwa. The Phylogenetic results showed the presence 

of three haplogroups (HapA, HapB and HapC) in the 159 analyzed samples. The 



 

140 
 

haplogroup described in the literature (HapD and HapE) were not found. The 

results of the present study showed that 124 sequences out of 159 sequences were 

clustered with Haplogroup A (77.99%), 30 sequences were clustered with 

haplogroup B (18.87%) whereas 5 amplified sequences were clustered with 

haplogroup C (3.14%). Among them haplogroup A was predominant (77.99%) 

followed by haplogroup B (18.87%) and C (3.14%). Haplogroup A was found in 

all analyzed sheep breeds and haplogroup B was present in all tested sheep 

breeds except Waziri breed whereas Haplogroup C sequences were detected at 

low frequency (3.14%) in Afgani, Australian, Gauder and Waziri sheep breeds. 

The most of the sheep breeds had mainly lineage A (69 to 88%) followed by 

lineage B and a few samples from lineage C. These findings suggested the 

presence of three distinct maternal lineages of sheep breeds of Khyber 

Pakhtunkhwa and probable gene flow from southwest to northeast of the 

province. Similar finding were observed in earlier studies that haplo groups A 

and B are present in sheep in many parts of the world and haplogroups C, D and 

E are the minor haplo groups restricted to a few parts of the world (Tapio et al., 

2006; Medowes et al., 2007). Two main haplo groups A and B are both found in 

Asia, while B dominates in Europe. Haplo group C has been found in Turkey, 

Portugal, Caucasus and China (Guo et al., 2005; Pedrosa et al., 2005; Meadows et 

al., 2005; Tapio et al., 2006). The molecular studies of the mitochondrial DNA 

have confirmed that there are two major haplo groups A and B, found frequently 

in every geographic region of the world. Haplo group A is mostly found in Asian 
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sheep breeds whereas Haplo group B is frequently represented in the European 

breeds (Wood and Phua 1996; Hiendleder et al., 1998). Bruford and Townsend. 

(2006) also suggested that haplo group A is predominant in Asian sheep breed 

and most widely spread worldwide. Haplotype A is common in Asian and 

Arabian sheep breeds (Muigai and Hanotte., 2013). Similar findings were also 

observed in Indian breeds in which haplogroup A was predominant followed by 

haplogroup B in majority of the breeds while haplgroup C was present at low 

frequency (Pardeshi et al., 2007; Singh et al., 2013; Arora et al., 2013). The 

mitochondrial DNA diversity and Phylogenetic analyses of three Chinese large-

fat-tailed sheep breeds revealed that there were three distinct mtDNA 

haplogroups: A, B, and C, in which haplogroup A was predominant and had 

experienced population expansion events  (Zhao et al., 2011). The genetic 

diversity and phylogenetic analysis of 19 indigenous sheep breeds in Xinjiang, 

China and one western breed, Texel revealed that three mtDNA lineages A, B 

and C were detected in fourteen Xinjiang sheep breeds, except for the absence of 

lineage C in five breeds (Sulaiman et al., 2011). Chinese sheep breeds are 

composed mainly of haplotypes A and B, but with a small fraction of haplotype 

C (Guo et al., 2005). The mtDNA control region fragment analysis and 

Phylogenetic analysis of Chinese sheep from 19 breeds showed that all three 

haplogroups A, B and C were found in all sampled Chinese populations except 

four (Chen et al., 2006). The genetic diversity and phylogenetic relationship of 

Tibetan sheep showed that four previously defined haplogroups; A, B, C, and D 
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were found in the 636 individuals of the fifteen Tibetan sheep populations but 

that only the D haplogroup was found in Linzhou sheep (Liu et al., 2016). Zhao 

et al. (2013) has analyzed the mtDNA D-loop sequences of 963 individuals from 

16 Chinese indigenous breeds that distributed seven geographic regions. 

Phylogenetic analysis showed that all three previously defined haplogroups A, 

B, and C were found in all breeds among different regions except in Southwest 

China mountainous region, which had only the A and B haplogroups. The 

mitochondrial DNA variations in indigenous sheep breeds of Nepal reported the 

presence of three haplo groups A, B and C among all breeds, among them haplo 

group A was predominant, followed by haplo group B and the rare group C in 

the small ratio (Gorkhali et al., 2015). A study on the mitochondrial DNA 

sequence variation of Iranian sheep breeds on Moghani breed showed that all the 

haplotypes of the study belonged to haplogroup A. The results also suggested 

that the Ovis oarial can be the incestors of Asian sheep breeds 

(Mohammadhashemi et al., 2012). The mtDNA sequence analysis of Turkish 

native sheep breeds were grouped into three major maternal haplo groups A, B 

and C with one sheep of Akkaraman breed belonged to the rare haplo group E 

(Oner et al., 2013).  

The Phylogenetic analysis of studied sheep breeds of Khyber Pakhtunkhwa with 

blast sequences showed that most of the breeds clustered with two wild sheep; 

Argali, Ovis ammon and Urial, Ovis orientalis anatolica. The findings suggested 

that described wild species may be the ancestors of the domestic sheep of Asia. 
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The similar findings of other researchers may confirm the origin and wild 

ancestors of the Asian sheep. To date, five phylogenetically divergent mtDNA 

haplogroups descending probably from several O. orientalis populations have 

been identified in domestic sheep (Medowes et al., 2007). Hiendleder et al. (1998) 

has reported that mouflon is thought to be the main ancestor of all domestic 

sheep breeds. He reported the use of mtDNA from 243 sheep of five European, 

one African, and four Asian breeds and several wild mouflon, Ovis musimon, 

urial, O. vignei bochariensis, and argali O. ammon nigrimontana, O. ammon collium. 

Wild sheep, Ovis orientalis can be classified into two sub species; Mouflons, Ovis 

orientalis orientalis and Urials, Ovis orientalis vignei. Domestic sheep is the most 

common species of genus, Ovis. The domestic sheep is most likely descended 

8,000-10,000 years ago from the wild sheep, mouflon, O. musimon, of Europe and 

the descendents of  O. orientalis are continue living in dry and mountainous 

regions of south-western and central Asia. Keeping in view the above mentioned 

facts it is assumed that the domestic sheep of south eastern Asia are descendents 

of Urial but there is a continuous mixing of alleles of Argali, O. ammon into these 

domestic lines (Zeuner, 1963). The domestic sheep is most possibly derived from 

the Asiatic mouflon, Ovis orientalis (Bruford and Townsend, 2006). 

Archaeological and molecular genetic evidence suggests that sheep’s (Ovis aries ) 

wild ancestor was the Asiatic mouflon (O. orientalis) and that it was domesticated 

about 11, 000 years ago in the Fertile Crescent region (Zeder et al., 2008). Ryder 

(1984) has reported that presently six species of sheep are found in wild, which 
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are assumed to be the ancestors of domestic sheep. Among these Argali, O. 

ammon; Urial, O. orientalis and European Mouflon, O. musimon are most 

important. Wu et al. (2003) reported the phylogenetic relationship of several 

subspecies of Ovis ammon by comparing DNA sequences within the entire 

mitochondrial D-loop region. He described the dispersal of argalis into China 

gave rise to three clades, suggesting that the argali originated in Western Asia 

and then dispersed throughout the central Asian highlands on a southeastward 

course. The findings of the current research work suggest that there is a close 

relationship among the domestic sheep breeds of Khyber Pakhtunkhwa with 

mouflon and urial. 

Analysis of the mtDNA control region sequence revealed higher genetic 

diversity among sheep breeds. The Haplotype diversity and nucleotide diversity 

were found 0.9854±0.0041 and 0.03250±0.00315 respectively. Similar findings 

were reported by Oner et al. (2013) that Analysis of the mtDNA control region 

sequence from nine Turkish native sheep breeds. Haplotype diversity and 

nucleotide diversity were estimated to be 0.9496±0.011 and 0.01407±0.00060, 

respectively. Zhao et al. (2011) investigated the mitochondrial DNA diversity of 

three Chinese large-fat-tailed sheep breeds. The results showed that the sheep 

breeds in the study proved to be extremely diverse, the average haplotype 

diversity and nucleotide diversity were 0.987±0.006 and 0.03956±0.00206, 

respectively. Pardeshi et al. (2007) has characterized the mitochondrial DNA 
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diversity within three breeds of Indian sheep and observed the highest 

nucleotide and haplotype diversity in the Bannur breed (0.00355 and 0.981 

respectively), while the minimum was in the Deccani breed (0.00167 and 0.882 

respectively). Singh et al. (2013) explored the haplotype diversity and nucleotide 

diversity in Indian sheep by analyzing mitochondrial DNA from 12 different 

breeds of India. The average haplotype and Nucleotide diversity for all breeds 

was 0.987±0.003 and 0.025±0.013, respectively which is higher than diversity 

found in sheep from other regions of the world (0.009 ± 0.005 to 0.01 ± 0.005). 

Arora et al. (2013) investigated the mitochondrial DNA diversity in 19 Indian 

sheep breeds. The average haplotype and nucleotide diversity was observed as 

0.60 and 0.0017 respectively. Gorkhali et al. (2015) has genotyped four 

indigenous domestic sheep breeds of Nepal, through the use of mitochondrial 

DNA control region. The haplotype (genetic) diversity (0.985±0.004) and 

nucleotide diversity (0.025±0.002) was observed, which is comparable to our 

findings.  Othman et al. (2015) amplified the mtDNA control region from 

different Italian and Egyptian sheep breeds. The overall haplotype and 

nucleotide diversity was observed as 0.97571 and 0.0150, respectively. Hoda et al. 

(2014) observed the Genetic diversity of Albania and Kosovo sheep breeds 

through sequencing of mtDNA control region. The observed haplotype and 

nucleotide diversity was 0.968 and 0.0104, respectively. The haplotype and 

nucleotide diversity of the present study is comparable to the most of the studies; 

particularly the Indian and Chinese sheep breeds have higher genetic diversity.  
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The overall genetic haplotype and nucleotide diversity was higher among the 

sheep breeds of Khyber pakktunkhwa in comparison with the other Asian sheep 

breeds.   

As a result of our findings 106 haplotypes were observed from 159 mtDNA 

dloop sequences having 252 polymorphhic sites and Average number of 

nucleotide differences was recorded as 15.732. Oner et al. (2013) reported 63 

haplotypes and 53 polymorphic sites by genotyping 135 animals from nine 

Turkish native sheep breeds, using a sequence of mtDNA control region. The 

average number of nucleotide differences (7.456) was described. By amplifying 

the 116 sequences of mtDNA control region from different Italian and Egyptian 

sheep breeds Othman et al. (2015) has described 59 haplotypes, 77 polymorphic 

sites and 7.01484 average numbers of pairwise differences. Hoda et al. (2014) has 

analysed 51 sequences of mtDNA control region of Albania and Kosovo sheep 

breeds. He revealed 43 haplotypes and average number of pairwise differences 

(4.367). The highest haplotype diversity was observed in the sheep breeds of 

Khyber Pakhtunkhwa in comparison to other studies. The average number of 

pair wise differences was also higher than other value reported by different 

researchers. The results confirmed that higher degree of genetic diversity among 

the sheep breeds of Khyber Pakhtunkhwa.  

The overall Fu’s FS test value was -79.766. The values for different studied sheep 

breeds ranged from -2.756 in Waziri to 6.740 in Ramghani; most of the FSt values 

were negative. The overall Tajima’s D value was recorded as -2.355. Among the 
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breeds the Tajima’s D value ranged from -0.420 in Ramghani sheep to -0.196 in 

Damani sheep. All the sheep breeds exhibited negative values which mean that 

entire population doesn’t have any demographic changes going on (population 

expansion/contraction, migration). The findings of Hoda et al. (2014) for 

Albanian and Kosovo sheep breeds also illustrated the negative FST and Tajima’s 

D values of -29.315 and -1.227, respectively. The significant negative Fu’s FST 

values were recorded for all sheep breeds. Singh et al. (2013) has reported the 

same finding for Indian and Chinese sheep breeds. The Fu’s FS test values were -

24.67 and -25.67 for Indian and Chinese sheep breeds, respectively. The overall 

Tajima’s D values for Indian and Chinese sheep breeds were reported as -1.16 

and -2.33, respectively. The findings of our present study are similar to the 

finding for the sheep breeds of large geographical area of India and China. It 

suggests that no major demographic changes occur in term of population 

expansion and contraction. The significant negative FS test value shows the 

population expansion in entire populations of Khyber Pakhtunkhwa.   

The mtDNA mismatch distribution for all the populations showed a smooth 

curve (raggedness value 0.003) and the fluctuations were high for rest of the 

sheep breeds with raggedness values ranged from 0.01 in Waziri to 0.214 in 

Ramghani, respectively. The similar mtDNA mismatch distribution was 

described by Hoda et al. (2014) that there was a smooth distribution curve for 

combined data set with a raggedness value of 0.117. The fluctuations were higher 

for the individual sheep breeds illustrated by multiple numbers of peaks. The 
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population expansion was described by Singh et al. (2013) in Indian and Chinese 

sheep breeds. The values for raggedness index were 0.01 and 0.02 for Indian and 

Chinese sheep breeds, respectively. According to Zeder (2008) today’s domestic 

sheep is threatened due to increases urbanization and Agricultural reforms. The 

findings of all the previous research work when compared with our present 

findings suggests that overall domestic sheep of Khyber pakhtunkhwa showed a 

smooth curve, it means that the population is expanding but the individual 

breeds showed a multimodal curve suggestive of constant sized population. The 

expansion in the population was also confirmed by negative FST values for the 

entire populations and most of the tested sheep breeds. 

The AMOVA analysis illustrated that Mitochondrial DNA diversity is mainly 

found within populations (97.84 %) and only a small portion (2.16%) of the total 

diversity was observed among populations. Mitochondrial DNA variability in 

Gyimesi Racka and Turcana sheep breeds were investigated by Kusza et al. 

(2015) through mtDNa D-loop. The AMOVA analysis showed that most of the 

variation was observed within populations (98%) and variations were low 

among populations (2%). Hoda et al. (2014) observed the Genetic diversity of 

Albania and Kosovo sheep breeds through sequencing the 423bp fragment of 

mtDNA control region. Analysis of molecular variance showed 4% of variation 

among the populations and 96% within the populations. The analysis of 

Molecular Variance for ten sheep breeds of Iran, Rafia and Tarang (2016) 

explained that higher degree of variations were observed within populations 
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(96.57%) and among population low variations (3.43%) was recorded. The 

AMOVA analysis described by Agaviezor et al. (2012) for indigenous sheep 

breeds of Nigeria suggesting that highest variations were noted within 

population (99.77%) and only a negligible variation (0.23%) was observed among 

the populations. The AMOVA analysis of our study is similar to the finding of 

other researchers telling that higher degree of variations were observed within 

populations and lower variations were found among populations suggestive of a 

weak genetic structure between the breeds. 

The AMOVA analysis illustrated that Microsatellite DNA diversity is mainly 

found within populations (96.69%) and only a small portion (3.31%) of the total 

diversity was observed among populations. The AMOVA analysis of 

microsatellite data is similar to the findings of mitochondrial sequenced data of 

the current study, that DNA diversity is mainly found within populations (97.84 

%) and only a small portion (2.16%) of the total diversity was observed among 

populations. Dashab et al. (2011) explained the genetic variability in two 

subpopulations of Baluchi sheep by using seven microsatellite markers. The 

AMOVA analysis showed about 2.4% of the total genetic variation within 

populations and 97.6% was among populations. The genetic diversity among 

and within 28 United States sheep breeds was evaluated by Blackburn et al. 

(2011). The AMOVA pointed out that 13% of the total variation was present 

among populations, and 87% of genetic variation was found within populations. 

Genetic diversity of Chinese indigenous sheep breeds was revealed by Zhong et 
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al. (2010) using microsatellite markers. The AMOVA analysis revealed low 

variations was observed among populations (4.77%) while it was high within 

populations (95.23%).  The similar findings were observed by Lawson Handley et 

al. (2007). The AMOVA revealed that most of the variation (>83%) is found 

within breeds. The similar results were explained by Peter et al. (2007). The 

findings of current research for AMOVA analysis through mitochondrial and 

microsatellite data are equivalent to the finding of other researchers that high 

variation is present within populations instead of among populations.  

A total of 121 alleles were found in 185 animals genotyped for the 8 loci with a 

mean of 6.513±1.052 alleles per locus for all loci, ranged from 2.80 (AME) to 

10.60(INRA063).  The mean number of effective alleles was 4.07 per locus. The 

total mean Allelic size range was recorded (44.25±18.92). The observed 

heterozygosity and expected heterozygosity was 0.996 and 0.754, respectively. 

Ahmed et al. (2014) analyzed 47 samples of Kail sheep breed of Azad Jammu and 

Kashmir by using 11 microsatellite markers. In total 58 alleles, were observed 

while average number of alleles was 5.2727 ranging from 3 (INRA32, MM12) to 8 

(MAF70). The observed heterozygosity (Ho) and expected heterozygosity (He) 

values were 0.7659 and 0.7185 respectively. Pons et al. (2015) studied the genetic 

diversity and relationships of the Balearic sheep breeds by using a microsatellite 

panel of markers. A mean number of 7.59 alleles were found among the Balearic 

sheep. The whole mean value of observed heterozygosity amounted to 0.62, 

whereas the expected heterozygosity value was 0.69. Girish et al. (2007) studied 
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the Genetic variation in Nilagiri sheep of India using 25 microsatellite markers 

and observed 125 alleles. The number of observed alleles ranged from 3 to 8 with 

a mean of 5 across all loci. The number of effective alleles ranged from 2.18 to 

6.49. The mean number of effective alleles was 3.84 across all loci. The mean 

observed heterozygosity and expected heterozygosity was 0.7213 and 0.7610, 

respectively. Ullah et al. (2016) explored the genetic structure and variability in 

Kutta breed of Swat, microsatellite markers. A total of 151 alleles were obtained, 

with an effective allele of (6.57) per locus. Similarly high level of average 

heterozygosity (0.77) and gene diversity (0.80) was observed. Arora et al. (2010) 

characterized the Ganjam breed of India by using microsatellite markers. A total 

of 137 alleles were found across the 25 loci. The allele diversity (5.48), mean 

observed heterozygosity (0.623) and gene diversity (0.685) showed the genetic 

diversity within the Ganjam breed. Musthafa et al. (2012) studied the genetic 

variations among Najdi sheep breed of Saudi Arabia using 19 microsatellite 

markers. A total of 173 alleles were identified ranged from 2 to 14, with the mean 

of 9.11 ± 3.54 per locus. The observed heterozygosity and expected 

heterozygosity was 0.67 ± 0.19 and 0.75 ± 0.14, respectively. Arora et al. (2010) 

characterized the Gangam sheep for molecular traits by 25 loci. A total of 138 

alleles were identified across all tested loci. The mean number of observed alleles 

and number of effective alleles per microsatellite marker was 5.04 and 3.64, 

respectively. The average observed and expected heterozygosity values were 

0.652 and 0.697, respectively.  Jakaria et al. (2012) revealed the genetic diversity in 
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Indonesian sheep using 18 microsatellite markers. The 180 alleles were recorded 

with average number of alleles (6.10) alleles ranged from 6 to 18 per locus. The 

average of observed heterozygosity (Ho) and expected heterozygosity (He) 

values were 0.5749 and 0.6896, respectively. Pandey et al. (2010) characterized the 

Shahabadi sheep of India by 18 Microsatellites. The mean number of alleles was 

5.56 ± 1.79. The observed heterozygosity in the population varied from 0.279–

0.739 with the mean of 0.501 ± 0.151, reflecting substantial genetic variation in 

this population.  Musavi et al. (2011) studied the Hazaragie sheep breed from 

Afghanistan using 27 SSR markers and found a total of 170 alleles. The mean 

number of alleles was 6.296 per locus. Mean effective number of alleles were 

4.394 per locus. The observed and expected heterozygosity was (0.825) and 

(0.772), respectively. The results of the preset study indicate that presence of high 

number of alleles and effective alleles. The observed heterozygosity was higher 

than the expected heterozygosity suggesting the higher genetic diversity and low 

level of inbreeding within the sheep breeds of Khyber pakhtunkhwa. The 

findings are comparable to the findings of other studies.  

In the light of present research, the mean values for genetic differentiation for 

inbreeding among populations (FIS), within populations (FIT), average genetic 

differentiation (FST), GIS and  GST  were -0.191, -0.089, 0.086, -0.154 and 0.050, 

respectively for all loci. Population wise inbreeding coefficient within population 

(FIS) ranged from -0.304 (AF) to -0.559 (RL) with a mean value of -0.399. The 

values for Coefficient of heterozygote deficiency (DZ) and Polymorphic 
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information content were 0.320 and 0.945, respectively. Within population 

inbreeding estimates (FIS = 0.0525) and mean polymorphism information content 

(PIC) value was 0.60 for Kail sheep breed of Azad Jammu and Kashmir (Ahmed 

et al., 2014). The finding of Ullah et al. (2016) showed that within breed estimate 

(FIS) in Kutta breed of Swat was found extremely low (0.002). The Coefficient of 

inbreeding (FIS) was −0.095 in Brazilian Somali hair sheep (Paiva et al., 2011). 

Arora et al. (2010) has expressed within population inbreeding estimate (FIS), 

mean polymorphism information content (PIC) and the mean coefficient of gene 

differentiation (GST) values were 0.058, 0.636 and 0.3615 respectively in the 

Ganjam sheep of India. The genetic differentiation for inbreeding among 

population (FIS), within population (FIT) and average genetic differentiation 

(FST) were 0.1006, 0.1647 and 0.0712, respectively in Indonesian sheep breeds 

(Jakaria et al., 2012). Zeng et al. (2010) claimed the high positive FIS value (0.255 

to 0.556) indicated that high genetic homogeneity is the resultant of Inbreeding 

and lack of heterozygosity in local breeds of China. Kavitha et al. (2015) 

genetically characterized the sheep breeds of Tamil Nadu, India. The within 

population inbreeding estimates (FIS) was observed in 13 loci and twelve loci 

revealed negative FIS values (FIS <0) indicating absence of inbreeding in these 

loci. Pramod et al. (2009) described the FIS estimates for Vembur sheep of India 

were negative for three loci indicating more heterozygous nature of the 

population. The mean value observed was 0.2954 ± 0.31. The comparison of our 

research results with other findings showed that the negative value of FIS, FIT 
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and GIS indicates heterozygote excess or more out breeding compared with HWE 

expectations. The values for Coefficient of heterozygote deficiency (DZ) and 

Polymorphic information content (PIC) confirm that overall sheep population of 

KP is not heterozygote deficient and have higher genetic diversity.  

The mean Shannon’s diversity index (SHUA) was ranged from 0.073 to 0.212. The 

Mean Shannon’s Total Information index   (SHU) values were ranged between 

1.345 to 1.779 and Mean Shannon’s Allele Information index (SHA) values were 

found between 1.237 to 1.646. Shannon information Index value (1.65) was 

described in Kutta breed of Swat by Ullah et al. (2016).The molecular 

characterization of sheep breeds of Saudi Arabia through the use of 

Microsatellite markers by Musthafa et al. (2012) described the Shannon index 

(1.69 ± 0.51). Khan et al. (2016) characterized Harnai sheep using 30 SSR markers. 

The average values Shannon’s Information index (I) was (0.589±0.357) was 

observed. The results of the present study are comparable to the Shnnon’s value 

reported by other researchers. The lower values of indicated the higher diversity 

of studied population of Khyber Pakhtunkhwa. 

The Chi-square test for Hardy Weinberg Equilibrium for each sheep breed from 8 

microsatellite markers showed significant deviation (P<0.05) in 21 of 80 (26.25 %) 

test loci. For the HWE, on average, each locus deviated from HWE in 2.63 breeds. 

The most extreme loci (D5S2 and INRA172) each were deviated in four breeds. 

The only locus (INRA023) was at HWE for all sheep breeds. Baumung et al. 

(2006) genotyped Austrian sheep breeds using 25 microsatellite loci, Twenty-one 



 

155 
 

loci showing no deviation from Hardy–Weinberg equilibrium. The similar 

findings were observed by many researchers. Bai et al. (2015) analyzed the 

genetic distance of three Chinese indigenous sheep breeds through six 

microsatellite markers. Dashab et al. (2011) estimated deviation from Hardy-

Weinberg equilibrium (HWE) at each locus for Baluchi sheep, over all the 

population, revealed a significant departure from HWE. El Nahas et al. (2008) 

found that three Egyptian indigenous sheep breed revealed significant departure 

from HWE due to heterozygote deficiency. Averaged across 28 US sheep breeds, 

25% of the loci were not in Hardy-Weinberg equilibrium (HWE) (Blackburn et al., 

2011). The Vembur sheep of India showed highly significant chi-square values 

suggesting departure from HWE (Pramod et al., 2009). The sheep breeds of Tamil 

Nadu India revealed that among the 25 microsatellites studied only ten were in 

Hardy-Weinberg Equilibrium proportions (Kavitha et al., 2015). The three 

microsatellite markers deviated significantly from the Hardy-Weinberg 

Equilibrium (P<0.01). Nine out of the 19 loci encountered significant departure 

from Hardy Weinberg Equilibrium (p<0.05) in Najdi sheep of Saudi Arabia 

(Musthafa et al., 2012). There is a significant deviation from Hardy-Weinberg 

equilibrium in all analyzed alpine sheep breeds of Italy (Dalvit et al., 2008). 

Nilagiri sheep of India was genetically characterized by using 25 microsatellite 

markers, among them 8 deviated from HWE (Girish et al., 2007). The results 

showed that the population is not heterozygote deficient and most of the 

population was in (HWE) equilibrium. 
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CONCLUSION 

On the basis of our findings in comparison to the information on sheep breeds it 

is concluded that the sheep breeds of Khyber Pakhtunkhwa belongs to three 

distinct phylogenetic lineages and haplogroups (HapA, HapB and HapC). There 

is a probable gene flow from southwest to northeast of the province. The sheep 

breeds of Khyber Pakhunkhwa has close relationship with two wild sheep Argali 

and Urial and thought to be the wild ancestors of domestic sheep breeds of this 

region. The sheep breeds are genetically and phenotypically more diverse due to 

the low inbreeding and higher rate of outbreeding among different sheep breeds. 

The significant negative FST value shows the population expansion in entire 

breeds of Khyber Pakhtunkhwa. The inbreeding among populations (FIS), within 

populations (FIT) and average genetic differentiation (FST) indicates heterozygote 

excess or more out breeding. The reduced differentiation among the breeds could 

be due to limited grazing area, lack of appropriate breeding programmes that 

might be the origin of cross breeding and breeding admixture. The entire sheep 

populations of the region are facing extreme environmental factors including 

drought, extreme weathers, floods, earthquakes and pollution but Damani sheep 

of D. I. Khan was found mostly affected followed by Ramghani and Afghani 

sheep breeds. The growing urban life and reforms in the agricultural sector 

causes a threat to the domestic sheep breeds of the province.  

 



 

157 
 

RECOMMENDATIONS 

Although, Sheep are a critical domesticated animal species in 

KhyberPakhtunkhwa, Pakistan and assume a noteworthy part in the economy of 

the country. There are 30 million sheep in Pakistan, a large portion of them found 

in KhyberPakhtunkhwa. Mostly, they are reared for production of wool and 

meat in addition to milk.  

 Modern techniques in innovative and molecular approaches in data 

analysis is increasing the number of available impartial markers, 

providing tools to assess, estimate population, genetic diversity with 

structure to improve the arrangement of animals for conservation 

purposes. 

 Genetic differentiation between the breeds in parallel to geographic 

barriers should be detected by Network analysis. However, individuals 

within breeds exhibit a great genetic overlap that should be studied in 

detail. 

 The genetic diversity of different group of animals should be carried out 

because its valuable in formulating efficient management and 

conservation policies for this valuable genetic resource therefore 

microsatellite markers are recommended for their genetic diversity. 

 Additional analyses should be directed on more sample to estimate the 

conceivable effect that the loss of transferrin enzyme could have on gene 
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expression level and to estimate the conceivable correlation among the 

genetic diversity indexes. 

 The microsatellites are supposed to be impartial, the modifications in 

allelic frequencies found between the groups of populations could be 

enlightened based on selection criteria, it is therefore possible that some 

markers can be associated with genes for wool and meat traits (Diez-

Tascon et al., 2000) 

 Establishment of farms is important to stop further homogenization of the 

breeds. The farms can help to avoid uncontrolled hybridization of 

different breeds. 

 Forthcoming studies based on different types of molecular markers 

should be evaluated comparatively and carefully in developing 

conservation strategies. 

 More sampling from Pakistani native breeds is important, so the sampling 

should be done from distant groups in the distribution area of the breeds. 

All the samples should be studied by using different types of molecular 

markers such as Y-chromosome, microsatellites and mtDNA. 

 Collaborative studies with different scientists dealing with this group 

should be done to enhance the applied research. The breeds should be 

genotyped so that its authenticity can be done for their native place. 
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