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Abstract 

A sheep belongs to the Animalia kingdom, Chordata division, Mammalia class, artiodactyl 

order, and Bovidae family. It was first domesticated between 11000 – 9000 BC in Southwest 

Asia. A sheep is a ruminant animal. It is an essential part of the livestock species due to its 

ability to utilize and convert forages and materials that are unfit for human consumption into 

end products such as meat and milk, which are essential dietary proteins for humans. (Elshazly 

& Youngs, 2019). According to the FAO database (Food, 2018), the world population of sheep 

is 1,173 million heads with 30% of the population in Africa. (Mazinani & Rude, 2020).  

It is important for the provision of these products and uses; Wool, Meat, Skin and hides, Use 

in landscape management, science, and in medicine, dairy- production of milk and milk 

products such as cheese. 
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1. Introduction  

The modern breeding method for sheep was coined in the 18th century. The herein included, 

defining breeding objectives, and animal recording (Pedigree recording and also performance 

recording). This breed could be classified according to the primary economic use of the 

animal. Triple purpose use, are used for meat, wool, and milk. Examples of such breeds 

include local Awassi sheep in the Middle East. Dual-purpose breeds such as the New Zealand 

Romney sheep are important for wool and milk production. Morphological traits can also be 

used in the classification of sheep. They include the presence of horns (Dorset sheep and poll 

Dorset sheep), the color (Blackhead and white breed), the wool growth criteria, tail length, and 

fatty tissue accumulation at the posterior region. (Gootwine, 2020) [11].  

 

1.1.1 Traits of economic importance in sheep which are commonly measured  

▪ Birth weight traits  

▪ Weaning weight  

▪ Age at first calving  

▪ Number of offspring’s born 

▪ Clean fleece weight  

▪ Grease fleece weight. (Rather et al., n.d.)  

 

1.1.2 Genetic advancements  

Genetic improvements are long-lasting and permanent as they influence the functioning and 

performance of the animal for its lifetime. Performance of the animal fitness traits which 

include reproduction, survivability and fertility traits can be affected and passed from one 

generation to another. (Welsman, n.d.) In doing genetic advancements several issues ought to 

be addressed;  

▪ Reproduction  

▪ Animal health issues such as diseases  

▪ Breeding goals among other issues 
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1.1.3 Current state for genetic improvements sheep  

Modern breeding programs were put in place in the 1960s. 

Genetic advancements and progress have been transferred to 

the flocks through artificial insemination and also by natural 

mating systems. Milk production has been deemed the most 

profitable enterprise when setting up the breeding goals for 

these flocks. The current breeding programs regarding the 

quantitative approaches have also had the same goals as the 

traditional approaches i.e. milk production (Carta et al., 2009) 
[5]  

Secondly, the recent evolution can also be attributed to 

prevailing farming systems, climate change (climate-smart 

agriculture approaches), production chains as well as 

consumer interests.  

Genetic technologies are changing sheep production across 

the globe. The technologies that accelerate the level of 

production will be the frontiers of advancement in the 21st 

century. These technologies increase production efficiency, 

enhance the environmental adaptability of the sheep and also 

re-invigorate the sheep industry. (Sejian et al., 2021) [27] 

According to Gootwine (2020) [11], the genetic potential on 

the improvement of the sheep has not been fully exploited, he 

goes further to state that with continued genetic 

improvements, a new breeding goal might be defined.  

Given the overwhelming similarities and differences, the 

current breeding programs for dairy sheep, the ability to 

utilize the new technologies, and the molecular knowledge in 

the breeding practices will consequently be breed-dependent 

in the coming years. (Barillet, 2007) [2].  

Animal breeding is a vital tool that facilitates the selection of 

the best animals to the next generation. According to T. 

Pabiou, the breeding goal of any farmer is always to produce 

at low cost and ensure that the best characteristics are passed 

to the next generation. Through these rapid gains can be made 

and genomics selection could greatly enhance the productivity 

of a specific breed  

Artificial insemination as well as embryo transfer have been 

proven to produce superior offspring compared to the 

conventional means of breeding. It is therefore important to 

expose these off springs to better nutrition as well as more 

productive environments to enable them to properly express 

their genetic potential for better and improved production. 

(Elshazly & Youngs, 2019) [8].  

 

2.1. Genetic evaluation and selection in sheep  

Breeding work and genetic improvements are based on 

selecting superior animals with exquisite traits as the parents 

of the next generation. A sheep may be chosen due to its 

excellent genetic makeup and also environmental adaptability 

traits.  

Traits may have a high heritability (h2) ability while others 

may have low heritability traits. Traits such as wool growth 

characteristics and also weight gaining characteristics have 

high heritability ability compared to traits such as 

reproduction or milk products which have low heritability 

(Gootwine, 2020) [11].  

The advantage of genomic selection over pedigree/phenotypic 

selection is that selection can be done on the early stages of 

life and selection can be done for traits that are difficult to 

measure.  

Progeny testing is used in the selection of dairy sheep. 

Breeding values for traits such as milk production is obtained 

by comparing the performances of groups of half-daughters. 

The males are used in progeny performance evaluation as the 

males can produce more progeny than the females in a 

lifetime. (Djaout et al., 2019) [7].  

 

2.1.1 Genetic improvement of carcass composition in 

sheep  

Carcass composition is considered a very important trait in 

sheep. A lamb with good carcass properties is considered to 

be of high quality and usually fetches the highest market 

prices. (Nsoso et al., 2000) [23]. Examples of meat quality 

traits are the color of the meat, moisture percentages, taste 

assessment of the meat, and fat content of the meat among 

many other traits (Karamichou et al., 2006) [15]. The carcass 

traits can be passed from one generation to another and they 

have the potential to be improved through marker-assisted 

selection and genomic selection. 

  

2.1.2 Genetic improvement of reproductive efficiency in 

sheep  

The management systems optimization of the reproduction 

capacity as well as synchronization of the genetic potentials 

with the local environment is the key to improving the 

reproduction efficiency in sheep. In the bid to enhance and 

provide more opportunities for the well-being of the 

offspring, the ovulation rates should be one on one with the 

available feeds and management practices deployed. (Notter, 

2012) [22].  

 

Challenges when evaluating reproductive traits  

▪ Low heritability  

▪ It is a complex trait as multiple traits influence it  

 

2.1.3 Animal biotechnologies that contribute to genetic 

improvements in sheep  

Convection methods of genetic improvement are slow, 

difficult, and inefficient (Limera et al., 2017) [16].  

 

Embryo transfer and multiple ovulation  

Embryo transfer has been acknowledged for its ability to 

shape genetic improvements in sheep. Despite being 

expensive, it is an essential tool in breed improvement. 

(Smith, 1988) [28]. It increases selection intensity while 

decreasing generation intervals.  

Embryo transfer begins when a donor cow is stimulated to 

superovulate. After the process of superovulating, the eggs are 

fertilized and implanted into a recipient female we refer to as 

a surrogate female.  

Embryo transfer was first used on sheep. Its success greatly 

contributed to the cloning of dolly the Sheep, the first animal 

to be ever cloned. (Ishwar & Memon, 1996) [14]. It was later 

concluded that this technology is based on synchronization of 

the estrus, the use of super ovulating drugs which causes a 

sheep to do multiple ovulation within a cycle among many 

other factors. 

 

Gene cloning  

Sheep was the first animal ever to be cloned. According to 

(Ryder, 2002) [26], cloning not only creates potential 

conservation opportunities but also preserves genetic diversity 

and variations  

Cloning can be a possible advantageous future tool when 

properly executed, rebreeding the best clones and crossing 

them can be a very effective tool. Continuous genetic 

improvement and variations can be maintained by 

continuously selecting these clones, testing and selecting their 

progeny  
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Estrus synchronization  

It is an important tool in animal breeding as it brings the 

sheep to heat or servicing at almost or at the same time. It is 

an important tool of genetic improvement that lead to uniform 

meat and milk production in the herd. It saves the farmer time 

and personnel by having all the sheep in the farm calve at the 

same time.  

It is done by injection of the prostaglandin hormone. This 

hormone decreases the production of the progesterone 

hormone leading to the development of follicles and 

consequently a new cycle of ovulation. (Habeeb & Anne 

Kutzler, 2021) [12]  

 

Artificial insemination  

This is a combination of estrus synchronization to help in 

ovulation and artificial means of servicing a sheep. It is a 

rapid method of genetic progress and transfer. It is achieved 

by the use of frozen semen from several selected sires. This 

biotechnology is advantageous as there is maximum use of 

highly productive sires in upgrading the genetic composition 

of a herd. Cryopreservation facilitates the storage and 

transport of semen (Bancheva et al., n.d.)  

The breed of the sheep, the breeding season, the frequency of 

use of this technology, the effectiveness of the personnel, how 

well the semen was stored, and also the body condition of the 

sheep will influence the success of the procedure.  

 

Somatic cell nuclear transfer  

This is a method of genetic cloning that involves the cloning 

of an egg (Oocyte) and a body (Somatic) to create an embryo. 

It has been successfully used in sheep genetic improvement 

either in the production of genetically modified sheep, or drug 

production for the sheep among other applications. (Czernik 

et al., 2019) [6].  

The success levels of this technology as remained to be low 

for ages. The embryo developed has abnormal gene 

expression  

 

In vitro fertilization  

In using In vitro fertilization for genetic improvement is done 

in several steps, it starts with the retrieval of the oocytes (egg) 

which are fertilized in an In vitro way, they are then cultured 

for 57 days as the blastocyst develops, they are later 

transferred to a recipient cow where calf development and 

production occurs. This works hand in hand with 

superovulation and embryo transfer in sheep. (Mondal et al., 

2019) [21].  

 

Sperm sexing  

This method involves separating X or Y chromosomes 

bearing spermatozoa from semen samples (Yata, 2021) [29]. 

This biotechnology is important in raising a desired sex 

animal. It is important in sheep, as this separation leads to the 

raising of the female herd which is believed to be of more 

economic gains than the males due to their productive and 

reproductive traits. It is also important in the conservation of 

the endangered breeds of sheep.  

 

2.1.4 Breeding sheep for genetic improvements  

The design of any breeding program has to start with the 

definition of breeding objectives. The breeding objective will 

be influenced by the production system, the market structure, 

the breed structure as well as the economic situation.  

Some of the targeted traits in breeding programs for sheep 

include growth performances, reproductive traits, wool 

quality traits, and meat and wool production (Haile et al., 

2019)  

Inbreeding and outbreeding are some mechanisms of breeding 

sheep. In breeding is the breeding of related animals, this 

should be avoided and controlled due to the negative impacts 

associated with it such as, the expression of deleterious 

alleles, although it can be used to fix a desirable type and also 

uniformity.  

Outbreeding is the breeding of unrelated animals. In sheep, 

we have to crossbreed and upgrade as means of outbreeding. 

Cross-breeding is the breeding of animals of different breeds. 

Upgrading involves 2 breeds of sheep, a superior breed and an 

inferior breed. Out-breeding covers the effects of recessive 

lethal alleles (Rather et al., n.d.)  

 

2.1.5 Opportunities for genetic improvement of sheep  

Improving fertility, feed conversion efficiency, and sheep 

welfare will help in reducing the CH4 and N2O emissions that 

are expected to have risen in developing countries by 2030. 

Incorporation with some of the biotechnologies that focus on 

reducing methane production makes the genetic 

improvements have an environmental conservation aspect in 

it. (FAO, 2017) [9].  

Parasites are a threat to sheep production around the world 

due to the losses they cause. Their effects include; reduced 

growth, losses in weight, they reduce expression of fitness 

traits, and reproductive traits. This may bring inaccuracy in 

the measurement of traits in the sheep. These parasites are 

building resistance against some of the drugs that have been 

used against them. It is important to note that these drugs are 

expensive for most farmers to afford. Breeding sheep for 

genetic resistance against parasites as well as effective 

management strategies remains one of the most unexplored 

areas in genetically improving the sheep. (Mavrot et al., 2015) 
[15]  

The emerging farmers are an important link in the 

dissemination of genetic resources and materials from the 

suppliers to small-scale farmers, in this way the genetic 

improvements could have a positive impact. (Yonas, 2020) 
[30].  

Breeding for feed efficiency and low methane emission using 

rumen microbiome in sheep.  

Microbiome composition has been associated with traits such 

as milk production. (Mizrahi et al., 2021) [20]  

According to (Peter et al., 2018) [24], genetically improving 

sheep will lead to the expansion of the systems of production 

for sheep. The presence of large rangelands and the 

incorporation of modern technologies will encourage the 

integrated nature of the production systems in different agro-

ecological zones  

 

2.1.6 Drawbacks/challenges in genetic improvement of 

sheep  

Animal recording is limited in developing sectors. The 

number of traits recorded for fertility traits is less compared to 

the phenotypes for growth. Technical advice and support in 

animal recording should be provided for all traits not just the 

traits of economic importance. (Berglund, 2008) [3].  

With climate change affecting almost all aspects of livestock 

production, the breeding of superior sheep will become 

mandatory. Climate change brings effects such as heat stress 

due to high temperatures to the sheep, it creates a favorable 

environment for the pathogens and the parasites to thrive. 

Dairy breeds in sheep are the most affected. Excessive 

temperature may interfere with the wool quality as well as the 
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fiber quality. Heat tolerance is a field that should be greatly 

researched and genetic improvements focused on it. (Bogale 

& Erena, 2022) [4].  

Genetic tools and technologies have been restricted to use 

commercially despite their being available. Their use requires 

the social economic factors to be addressed by the national 

strategy.  

This means that the genetic potential has not been fully 

exploited. (Ferré et al., 2020) [10].  

To meet the 21st-century problems, breeding objectives in 

sheep as well as the animal recording systems should be 

emphasized, and the application for genomic information in 

genetic improvements is of great potential. (Marshall et al., 

2019) [17].  

 

3. Conclusion 

The emphasis on economically significant features, such as 

reproductive efficiency and carcass composition, draws 

attention to the strategic factors involved in breeding 

programs which are a crucial technique that enables early-

stage selection and solves the problems associated with hard-

to-measure features in the introduction of genomic selection. 

Opportunities for improvement, such as breeding for feed 

efficiency and low methane emissions, showcase the potential 

for genetic advancements to contribute not only to economic 

gains but also to environmental conservation. 

However, amidst the promising advancements, challenges 

such as limited animal recording, climate change-induced 

stressors, and the underutilization of available genetic tools 

ought to be addressed. Addressing these challenges is crucial 

for fully exploiting the genetic potential of sheep and meeting 

the demands of the 21st century.  
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