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ABSTRACT 

In the present scenario with the advancement of animal genetics to utilize the non-additive gene action two technologies 
i.e. molecular genetics technologies and reproductive assisted technologies have been developed to overcome the human 
requirement in short period of time genetically. The molecular genetics technologies that are adopted to exploit non-
additive gene action are marker assisted selection technology, genetic markers, animal cloning and transgenic animals 
while that of reproductive assisted technologies are artificial insemination, embryo transfer, in-vitro fertilization, 
somatic cell nuclear transfer and multiple ovulation and embryo transfer. Modernized animal breeding technologies has 
being harnessed in various aspects of the livestock industry to hasten breed development for improved animal health and 
welfare, enhanced reproduction, and improved nutritional quality and safety of animal derived foods. Although 
substantial additional genetic gains can be achieved with selection on linked genetic markers, the ultimate aim will be to 
directly identify the main genes involved in a trait and to elucidate the function of each of these genes. To bring a genetic 
gain, it is well accepted that local animals must be safeguarded to maintain its purity, records must be kept to evaluate 
best animal and highly productive cows should not be crossbred with exotic breeds and breeding policy should be set. The 
genetic improvement for increased milk and meat output is inevitable. Such development interventions should operate 
within crossbreeding policy framework without affecting genetic diversity. 
Keywords- Artificial insemination, Cloning, Invitro Fertilization, MAS, QTL, Transgenic animal and Reproductive 
assisted breeding  
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INTRODUCTION 
With the advancement of biotechnology and molecular biology, Drinkwater and Hetzel, [1] revealed that 
meat and milk from farmed animals including livestock i.e. cattle, goat and buffalo along with meat and 
egg from poultry [2,3] are important sources of high quality protein and essential amino acids, minerals, 
fats and fatty acids, readily available vitamins, small quantities of carbohydrates and other bioactive 
components. The Food and Agriculture Organization (FAO) 2009 [4] estimated that meat consumption 
has grown with increase in population. The average global per capita meat consumption is 42.1 kg/year 
with 82.9 kg/year in developed and 31.1 kg/year in developing countries in a recommended daily animal 
sourced protein per capita of 50 kg per year. Milk on the other hand is consumed in various forms: liquid, 
cheese, powder, and cream at a global per capita consumption of 108 kg per person per year which is way 
below the FAO, 2011 [5] recommended daily consumption of 200 kg. Some poor countries may not be 
able to sustain these levels of meat and milk requirement, leading to malnutrition. Demand for meat and 
milk production is also expected to double in 2050 in developing countries, where population is expected 
to double. Thus, increasing production and the safe processing and marketing of meat and milk, and their 
products are big challenges for livestock producers. Biotechnology is being harnessed in various aspects 
of the livestock industry [6] to hasten breed development for improved animal health and welfare, 
enhanced reproduction, and improved nutritional quality and safety of animal derived foods. 
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The broad categories of existing technologies based options includes molecular analysis of genetic 
diversity, animal identification and traceability, reproductive enhancement; transgenic livestock; germ 
line manipulation and; marker/gene based trait selection; animal health: diagnosis, protection and 
treatment; ruminant and nonruminant nutrition and metabolism [6]. Conventional animals breeding 
programmes depends on selection programmes based on phenotype where traits are measured directly 
and animals with superior performance in the traits are used as breeding stock where the trait is limited, 
such as milk production, progeny test schemes have allowed the genetic merit of the sex not displaying 
the trait to be estimated [7]. There are several problems associated with phenotypic selection i.e. 
narrowing the genetic base of a population; the approach can only be applied to traits that are easily 
measured and high costs. So, in order to meet the increasing demand of nutritious and proteinous food 
with increase in human population molecular genetics technologies and reproductive assisted 
technologies have been developed. Both the technologies are responsible for increasing the genetic merit 
of new individual and pass on to the next generation with minimizing the environmental effects.  
(A) Molecular Genetics Technologies:- 
Molecular genetics technologies have been used to identify loci or chromosomal regions that affect single 
gene traits and quantitative traits. Single gene traits include genetic defects, genetic disorders, and 
appearance [1]. For the purposes of quantitative traits loci (QTL) detection and application, quantitative 
traits can be categorized into routinely recorded traits; difficult to record traits (e.g., feed intake and 
product quality); and unrecorded traits (disease resistance) [8]. Each of these can be further subdivided 
into traits that are recorded on both sexes; sex limited traits; and traits that are expressed late in life are 
studied by Bennewitz  and Meuwissen [9].  
Use of Molecular Information in Crossbreeding Programs 
Although breeding programs primarily rely on selection within purebred populations, in many cases the 
objective is to improve crossbred performance. This raises important additional questions on how to 
incorporate molecular genetic information in selection programs within pure breeds that contribute to 
crossbreeding programs, in particular for QTL that exhibit non additive effects (10). Alternative scenarios 
for selection on a single identified QTL within sire and dam breeds for a twoway cross are presented in 
Table 1. From these simplified scenarios, it is clear that emphasis on the QTL may not be the same for sire 
and dam breeds and that there will be a need to simultaneously optimize selection on identified QTL 
within both breeds in order to maximize both the rate of improvement within the pure breeds and the 
level of performance in the crossbreds [8,10]. While table 1 considers only a single QTL, it is clear that 
design of selection criteria and strategies will be further complicated when multiple QTL are available, 
each with their own mode of action and epistatic interactions [8, 11, 12]. 
 
Table 1 Possible directions for selection within sire and dam breeds that contribute to a two-way 
cross on an identified QTL for a trait expressed in crossbreds, depending on mode of action at the 

QTL. In all cases, selection emphasis on the QTL must be optimized against emphasis on 
polygenes. 

Mode of gene 
action at QTL 

Direction for QTL selection on favourable allele in 

Sire breed1 Dam breed1 

Additive Increase Increase 
Partial dominance Increase Increase but at slower rate 
Negative dominance Increase Increase 
Over dominance Increase Decrease 
   

1Choice of selection strategy within sire versus dam breeds may depend on the accuracy of estimates of 
polygenic breeding values within each breed, population size, inbreeding, etc. 

1) Marker Assisted Selection Technology  
Animal scientists are currently hanging their hopes on genetic markers. Avise [13] and Hayes and 
Goddard (14) illustrated that markers have no function of their own, they simply identify a particular 
region of genetic instructions. This region will contain hundreds of genes that do have a function, but is 
generally not known which gene is responsible for it and what is its importance. Hayes et al. (15) 
informed that the inheritance of many different markers in families of animals are followed to identify 
them but whether inheritance of any of these markers are associated with improved performance are not 
known accurately. If they are, then it can be predicted that one or more genes in the region of the marker 
are having a beneficial effect. There is no need to discover which genes are involved, but the information 
on the genetic markers can be used to make future selection decisions, since animals that inherit the 
marker will also inherit the useful effects associated with it. This entire phenomenon is known as marker 
assisted selection (15).  
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2) Genetic markers  
Recent developments in molecular biology and statistics have opened the possibility of identifying and 
using genomic variation and major genes for the genetic improvement of livestock [16,17]. Molecular 
techniques allow detection of the existence of variation or polymorphisms among individuals in the 
population for specific regions of the DNA. These polymorphisms can be used to build up genetic maps 
and to evaluate differences between markers in the expression of particular traits in a family that might 
indicate a direct effect of these differences in terms of genetic determination on the trait [16]. Application 
of molecular genetics for genetic improvement relies on the ability to genotype individuals for specific 
genetic loci [16]. Genetic markers can be used to identify specific regions of chromosomes where genes 
affecting quantitative traits are located, i.e., QTL [18,16]. These techniques can directly confirm the 
potential parent to offspring transfer of those genes associated with a desired trait [7]. For these 
purposes, three types of observable polymorphic genetic loci can be distinguished:  
a) Direct markers: loci that code for the functional mutation;  
b) LD markers: loci that are in population wide linkage disequilibrium with the functional mutation; and 
c) LE markers: loci that are in population wide linkage equilibrium with the functional mutation in 
outbred populations;  
 
3) Marker assisted selections (MAS) and gene assisted selections (GAS) 
For a time being, dairy breeders have been used genetic evaluations to identify superior animals from a 
population to produce offspring for better yields in future generations by marker and gene assisted 
selection [15,19]. Selective use of these animals improved phenotypic measures for milk production and 
milk components, especially in Holstein cattle [14,20,21]. However, there are some limitations to 
selecting on predicted breeding values. This selection approach has limited ability to improve lowly 
heritable traits without adversely affecting production. Lowly heritable traits often include those 
associated with disease resistance, reproduction, duration of productive life, and some conformation 
traits correlated with fitness [22]. Information from genetic markers that identify desirable alleles of 
economically important traits could be used with breeding values to guide mating decisions, resulting in 
genetic gains over a broader range of traits explained by Calus (21). Additionally, MAS could be used to 
select the most desirable phenotypes affected by nonadditive gene action or epistatic interactions 
between loci [12,22]. However, before MAS can be applied in commercial dairying, economic trait loci 
(ETL) must be identified, validated, and characterized for utility in improving genetic gain [15,22]. There 
are three phases in the development of MAS programmes.  
a) Detection phase: In the detection phase, DNA polymorphisms are used as linked or direct markers to 
detect QTL segregating in particular populations with specific allele frequencies. One or more markers 
associated with QTL are identified, and the size of the QTL allele effects and the location of the QTL in the 
genome are estimated [8,19].  
b) Evaluation phase: In the evaluation phase, the linked markers are tested in target populations or 
families to determine whether the detected QTL are segregating in those populations [23].  
c) Implementation phase: In the implementation phase, linked markers shown to be predictive in a 
population are used within families and direct markers are used across families to produce a database of 
genotypes. These data are combined with phenotype and pedigree information in genetic evaluation for 
the prediction of genetic merit of individuals within the population [18].  
4) Marker assisted Introgression programmes 
MAIP are based on tandem selection in a multigenerational backcrossing programme, in which a marker 
selection (MS) based on the presence of donor breed alleles at or around the target gene is used in the 
first selection step (foreground selection), followed by background selection on a MS based on presence 
or absence of recipient alleles at markers spread over the genome, on phenotype, or an index of the two 
[16,19]. A major gene in another population can be introduced through the process of introgression by 
means of backcrosses assisted by molecular markers [15,11]. Classical introgression schemes 
(introgressing specific QTL alleles) are most likely to be successful when combined with deliberate 
selection for the specific favorable alleles, known to exist in the donor line, or by selection on closely 
linked markers [24]. Using genomic selection, all marker alleles in LD with favorable QTL alleles are 
potentially selected for; this method may, therefore, be especially relevant in situations where a number 
of QTL underlie the genetic variation of the trait [14]. Implementation of MAS requires development and 
integration of procedures and logistics for DNA collection and storage, genotyping and storage, and for 
data analysis [14]. Meuwissen and Goddard [25] showed that response to MAS is maximal at the starting 
generations. The decrease in response to MAS throughout the subsequent generations may result from 
increased frequency of recombination events that leads to linkage equilibrium and, consequently, 
decreases the MAS efficiency [3]. The main application and potential for use of markers to enhance 
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genetic improvement in livestock is through within breed selection. This requires markers that trace 
within breed variability [15,19]. 
5) Animal cloning:  
Animal cloning has helped us rapidly incorporate improvements into livestock herds for more than two 
decades and has been an important tool for scientific researchers since the 1950s (26). Although the 1997 
debut of Dolly, the cloned sheep, brought animal cloning into the public consciousness, Dolly was 
considered a scientific breakthrough not because she was a clone, but because the source of the genetic 
material that was used to produce Dolly was an adult cell, not an embryonic one (26,27). Recombinant 
DNA technologies, in conjunction with animal cloning, are providing us with excellent animal models for 
studying genetic diseases, aging and cancer and, in the future, will help us discover drugs and evaluate 
other forms of therapy, such as gene and cell therapy. Animal cloning also provides zoo researchers with 
a tool for helping to save endangered species Cloning may also be used commercially for animals (28). 
a) Molecular or gene cloning: Molecular, or gene, cloning, the process of creating genetically identical 
DNA molecules, provides the foundation of the molecular biology revolution and is a fundamental and 
essential tool of biotechnology research, development and commercialization (26). The research findings 
made possible through molecular cloning include identifying, localizing and characterizing genes; 
creating genetic maps and sequencing entire genomes; associating genes with traits and determining the 
molecular basis of the trait (29). 
b) Cloning adult dairy animals: Cloning an animal is the production of a genetically identical individual, 
by transferring the nucleus of differentiated adult cells into an oocyte from which the nucleus has been 
removed (26,30). This is known as “nuclear transfer” and is how the Dolly sheep was produced by the 
same method of Somatic cell nuclear transfer (27,30). In the case of Dolly, mammary gland cells in culture 
from a 6 year old donor ewe where subjected to a reduction in the concentration of serum and, 
consequently, obliged to enter in a quiescent state of the cell cycle (G0). Nuclear transfers to enucleated 
oocytes, was followed by electrical pulses for fusion of the donor cell nucleus and oocyte membranes and 
to activate division (31). Use of cloning in animal genetic improvement for milk production may increase 
the rates of selection progress in certain cases, particularly in situations where artificial insemination is 
not possible, like in pastoral systems with ruminants (30).  
6) Transgenic animals 
The production of transgenic farm animals that contain exogenous DNA stably incorporated into their 
genome so that the 'transgene' is transmitted to the offspring in a mendelian fashion has several 
applications (30). Besides the obvious scientific interest for the study of genes and their regulation, 
transgenic animal technologies have been proposed as a method to accelerate livestock improvement, by 
means of introducing new genes or modifying the expression of endogenous genes that regulate traits of 
economic importance (32) like milk production traits. Gene transfer has been achieved in all the major 
livestock species and since the first success in 1985, more than 50 different transgenes have been 
inserted into farm animals (30,33). Because so many separate steps are involved, the success rates are 
often low usually one or two per cent. This imposes an enormous cost in the case of cattle; so most work 
has been done in mice, pigs (34) and sheep. Also, the unpredictability of gene expression is perhaps not 
surprising, given that it is currently not possible to control the site of integration into the host genome, 
nor the number of copies integrated (35). Furthermore, transgene transmission to the next generation is 
sometimes abnormal. The expectation would be that 50 % of offspring would inherit the transgene. The 
most widely accepted explanation is mosaicism, where the transgene is present only in some cells of the 
developing parental embryo [30].  
a) Methods to produce transgenic animals: Different methods adopted to produce transgenic animals 
are 
1) DNA transfer by retroviruses [36];  
2) Microinjection of genes into pronuclei of fertilized ova [37];  
3) Injection of embryonic stem (ES) cells and/ or embryonic germ (EG) cells, previously exposed to 

foreign DNA, into the cavity of blastocysts [38];  
4) Sperm mediated exogenous DNA transfer during in vitro fertilization [39];  
5) Liposome mediated DNA transfer into cells and embryos [40];  
6) Electroporation of DNA into sperm, ova or embryos; [40] 
7) Biolistics; and  
8) Nuclear transfer with somatic or embryonic cells [41].  
b) Transgenic dairy animal 
The use of the bovine α lactalbumin gene promoter and regulatory regions has great potential for 
studying the basic biology of milk secretion as well as for many additional applications in agriculture and 
biomedicine (32). In those, which do show expression, the gene may be activated in unintended tissues or 
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at abnormal times in the animal’s development. This unpredictability of gene expression is to a greater 
extent contributed by lack of control either of the sites of integration in the host genome, or the number 
of copies integrated. Furthermore, transgene transmission to the next generation is sometimes abnormal. 
In dairy animals, most consideration has been given to genes that modify fat or protein synthesis in the 
mammary gland [6]. Among the different applications of milk modification in transgenic animals are the 
following [42]:  
1) To modify bovine milk to make it more appropriate to the consumption of infants. Human milk lacks 

βlactoglobulin as a higher relationship of serum proteins to caseins, and has a higher content in 
lactoferrin and lysozyme when compared to bovine milk discovered by Simons et al. [43];  

2) To reduce the content of lactose in the milk to allow their consumption to people with intolerance to 
lactose [44];  

3) To alter the content of caseins of the milk to increase their nutritive value, cheese yield and 
processing properties. Research has intended to increase the number of copies of the gene of the κ
casein, to reduce the size of the micelles and modifying the κcasein to make it more susceptible to 
the digestion with chymosin confirmed by Wall [45]; and  

4) To express antibacterial substances in the milk, such as proteases to increase mastitis resistance. 
c) Ethical issues on applications of transgenic technology   
The ethics of biotechnology include arguments for the development of transgenic animals, as well as 
objections and limitations. Research on ethical issues in biotechnology can improve the evaluation and 
implementation of transgenics farm animals by analyzing arguments of ethical concern and by presenting 
logically rigorous arguments for alternative perspectives [46]. Transgenic animals reinforce a challenge 
to implicitly accepted borders that define the scope of the moral community in terms of the human 
species [46]. There are two very different and unresolved conceptions of animal welfare. One conception 
assumes that animal welfare is optimal only when the animal is allowed to realize its “natural” potentials 
and live accordingly in environments that closely resemble those of the animal in a wild setting [31]. The 
other point is being mere application of gene technology would not on that basis alone justify the need of 
labeling. One of the important points made in this connection was that more specific assessments need to 
be made on a case by case and step by step basis [47]. Arguments opposing animal biotechnology can be 
divided into two categories;  
1) Concerns of technological ethics that might be raised with regard to the general unintended 

consequences of technical change [46]; and  
2) Concerns that relate specifically to biotechnology by virtue of new techniques for moving genetic 

materials from one organism to another [31,46].  
7) Applications of Molecular Biotechnologies in Animal Improvement 
a) Applications of molecular biotechnologies in animal health- Animal diseases are a major and 
increasingly important factor reducing livestock productivity in developing countries. Use of DNA 
biotechnology in animal health may contribute significantly to improved animal disease control, thereby 
stimulating both food production and livestock trade [48]. 
1) Diagnostics and epidemiology: Advanced biotechnologybased diagnostic tests make it possible to 

identify the diseasecausing agent(s) and to monitor the impact of disease control programmes, to a 
degree of diagnostic precision (subspecies, strain, biotype level) not previously possible [49]. 
Enzymeimmunoassay tests, which have the advantage of being relatively easily automated, have 
been developed for a wide range of parasites and microbes [49]. Molecular epidemiology is a fast 
growing discipline that enables characterization of pathogen isolates (virus, bacteria, parasites) by 
nucleotide sequencing for the tracing of their origin.  

2) Vaccine development: Although vaccines developed using traditional approaches have had a major 
impact on the control of footandmouth disease, rinderpest and other epidemic and endemic viral, 
mycoplasmal and bacterial diseases affecting livestock, recombinant vaccines offer various 
advantages over conventional vaccines [49]. Recombinant DNA technology also provides new 
opportunities for the development of vaccines against parasites (e.g. ticks, helminthes, etc.) where 
conventional approaches have failed [19]. 
 

b) Applications of molecular biotechnologies in animal nutrition and growth 
1) Nutritional physiology: Enzymes can improve the nutrient availability from feedstuffs, lower feed 

costs and reduce output of waste into the environment. Prebiotics and probiotics or immune 
supplements can inhibit pathogenic gut microorganisms or make the animal more resistant to them 
(50). Administration of recombinant somatotropin results in accelerated growth and leaner carcasses 
in meat animals and increased milk production in dairy cows. Immunomodulation can be used for 
enhancing the activity of endogenous anabolic hormones.  
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2) Rumen biology: Rumen biotechnology has the potential to improve the nutritive value of ruminant 
feedstuffs that are fibrous, low in nitrogen and of limited nutritional value for other animal species. 
Biotechnology can alter the amount and availability of carbohydrate and protein in plants as well as 
the rate and extent of fermentation and metabolism of these nutrients in the rumen. Methods for 
improving rumen digestion in ruminants include the use of probiotics, supplementation with 
chelated minerals and the transfer of rumen microorganisms from other species [50]. 

c) Applications of molecular biotechnologies in animal genetics and breeding- The eventual 
application of molecular genetics in breeding programs depends on developments in the following four 
key areas: 
1) Molecular genetics: identification and mapping of genes and genetic polymorphisms [51]; 
2) QTL detection: detection and estimation of associations of identified genes and genetic markers with 
economic traits (8,42); 
3) Genetic evaluation: integration of phenotypic and genotypic data in statistical methods to estimate 
breeding values of individual animals in a breeding population [21,52]; and 
4) Marker-assisted selection: development of breeding strategies and programs for the use of molecular 
genetic information in selection and mating programs [25,42]. 
d) Genetic marker technologies applied in animal breeding- Recent developments in molecular biology 
and statistical methodologies for QTL mapping have made it possible to identify genetic factors affecting 
economically important traits. Such developments have the potentiality for significant increase the rate of 
genetic improvement in livestock species, through MAS of specific loci, genome wide selection [53], gene 
introgression and positional cloning [54]. Genetic marker technologies, like MAS, parentage identification, 
and gene introgression can be applied to livestock selection programmes.  
1) Short-range or immediate applications: Molecular markers have several immediate applications like 

parentage determination, genetic distance estimation, determination of twin zygote and free
martinism, sexing of preimplantation embryos and identification of disease carrier [55].  

2) Long-range applications: The foremost longrange application of molecular markers in conventional 
breeding includes mapping of the QTL by linkage. Such mapping information, if available, particularly, 
for those loci which affect the performance traits or disease resistance/susceptibility, can be used in 
breeding programmes by breed manipulations [42], like markerassisted selection of young sires, or 
between breeds introgression programmes [17,48]. 

e) Genomics and Marker Assisted Selection (MAS) Applications- The discovery and identification of 
DNA sequences or molecular markers associated with important animal traits has various applications 
that include trait improvement, heritability determination, and product traceability. 
1) Molecular marker assisted introgression (MAI): Markers are used to guide livestock breeders in 

selecting individuals expressing the introgressed gene. Today, molecular markers are being used in 
various livestock trait improvement activities such as growth, meat quality, wool quality, milk 
production and quality, and disease resistance [17]. 

2) Parentage, product traceability and genotype verification: Molecular markers are reliable tools used 
by regulatory bodies to ensure product quality and food safety (48,56). Livestock parentage and its 
products can be identified and traced using molecular markers from farm to the abattoir and from 
the cut up carcass to consumer’s plate.  

3) Screening for undesirable genes: Genetic diseases and physical defects can be traced and documented 
in livestock animals using molecular markers [11]. The cause and origin of these problems can be 
easily traced to the genetic changes and DNA mutations as they manifest in the protein structure and 
function.  

(B) Assisted or Reproductive Technologies:- 
The utilization of reproductive management techniques has only limited application in an extensively 
managed herd, but can be a useful tool to improve performance of a more closely managed herd. 
Additional inputs will be needed in labor and handling facilities and in the area of nutritional 
management. Unfortunately most of the commercial pharmaceutical products developed for reproductive 
manipulation in goat and sheep are not available and/or approved for use in the U.S. and have only been 
applied in the U.S. on an experimental basis. However, a description of these techniques is relevant to 
familiarize the producer with the options that may become available or can be applied under extralabel 
use in cooperation with a licensed veterinarian. There are some reproductive manipulations that can be 
performed without the aid of pharmaceutical compounds, such as the use of the male effect and 
controlled lighting and they will also be discussed briefly. The various Reproductive biotechnologies that 
are used in improving the breeding stock of animals, include artificial insemination (AI), embryo transfer 
(ET), invitro fertilization (IVF), somatic cell nuclear transfer, and the emerging technology on somatic 
cell nuclear transfer. 
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1) Artificial Insemination: 
One of the earliest perfected technologies is artificial insemination (AI) where new breeds of animals are 
produced through the introduction of the male sperm from one superior male to the female reproductive 
tract without mating [57]. AI reduces transmission of venereal disease, lessens the need of farms to 
maintain breeding males, facilitates more accurate recording of pedigrees, and minimizes the cost of 
introducing improved genetics [58]. Various technologies have evolved that led to the efficient use of AI in 
developing desired livestock, including the methods of freezing semen or cryopreservation and sperm 
sexing (58). 
2) Embryo Transfer:  
Embryo transfer (ET) from one mother to a surrogate mother makes it possible to produce several 
livestock progenies from a superior female. Selected females are induced to superovulate hormonally and 
inseminated at an appropriate time relative to ovulation depending on the species and breed (59). Week 
old embryos are flushed out of the donor’s uterus, isolated, examined microscopically for number and 
quality, and inserted into the lining of the uterus of surrogate mothers. ET increases reproductive rate of 
selected females, reduces disease transfer, and facilitates the development of rare and economically 
important genetic stocks as well as the production of several closely related and genetically similar 
individuals that are important in livestock breeding research. The International Embryo Transfer Society 
(IETS) estimated that a total of approximately 550,000 in vivo derived bovine embryos, 68,000 sheep 
embryos and 1,000 goat embryos were transferred worldwide in 2004 explained in detail by Thibier [60]. 
The basic steps involved in ET process are estrus synchronization of the donor and recipient, 
superovulation of the donor, fertilization of the donor, recovery of the embryos and the actual transfer of 
embryos to recipients. Success in all of the above steps is vital to achieve implantation and carriage to 
term of the transferred embryo. The ability to culture embryos following collection has allowed us to 
transfer the fertilization from inside the donor to the culture dish and also to further manipulate the 
embryo through embryo splitting or by gene transfer was confirmed by Betteridge [59].  
3) Assisted Reproduction in Livestock Animal:  
The techniques of artificial insemination (AI) and more recently embryo transfer (ET) in livestock 
production provides producers with unique opportunities to maximize the number of progeny from 
animals with superior genetic makeup and move their germplasm around with relative ease [61]. 
Drawback of these technologies is the need for experienced personnel with the appropriate equipment to 
achieve the desired success. The costs involved are most likely prohibitive for producers of goats that are 
marketed for meat, but have great potential for producers of breeding stock, propagating animals with 
outstanding production characteristics. In the fledgling meat goat industry the recent introduction of the 
Boer goat is an excellent example for the need to apply assisted reproductive technologies for the 
dissemination of stock. As other superior meat producing germplasm is identified, the application of AI 
and ET is likely to rise in the area of meat goat production [57]. 
a) Open Nucleus Breeding Scheme (ONBC): In this scheme, the gene flow in both ways viz. downward 
from nucleus from to other lower herd (multiplier and commercial) and upward from lower herd to 
upper herd (nucleus) by introduction of superior animals from other herds as described by Smith [62]. 
Therefore, the superior animals from commercial herd are introduced into nucleus herd. This reduces the 
rate of inbreeding in the nucleus herd and increases the genetic progress because the superior animals 
are also available with farmers. This scheme is mostly used in cattle, buffalo, and sheep (61). The ONBC 
can run in an organized (pedigreed) herd at institutional (Govt.) farm or by farming breed societies. The 
scheme is operate by breeders or breed societies and hence require a close cooperation between 
breeders. They cooperate in forming and running of ONBC for getting breeding bulls in turn from nucleus 
herd [61,62]. This called as cooperative breeding scheme. The progeny generation of nucleus herd is 
reared, recorded and the males are evaluated on the basis of the performance of their sibs, paternal half 
sibs and their own performance [62]. The males with high genetic merit for trait under selection can be 
used in the base population (multiplier) for genetic improvement through natural service or AI. It can also 
be operated by utilizing the concept of embryo transfer technology [59]. 
4) In-vitro Fertilization:  
In case other artificial reproductive techniques fail due to difficulties such as blocked reproductive 
systems, nonresponsive ovaries in the females, marginal semen quality and quantity in the male, and 
presence of disease, in vitro fertilization (IVF) is used. The fertilization of the sperm and the egg is 
conducted in vitro (outside the animal’s body) at specific environmental and biochemical conditions. To 
date, successful IVFs have been conducted in various animal species due to advances in embryo 
production and cryopreservation of reproductive cells. Since the birth of the first rabbit conceived 
through IVF in 1959,4 IVF offsprings have been born in mice, rats, hamsters, cats, guinea pig, squirrels, 
pigs, cows, monkeys, and humans. The first IVF followed by birth of offspring was achieved in the rabbit. 
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The first calf after IVF was born during 1981. Here, unfertilized eggs are fertilized in the laboratory and 
cultured for a few days until they have developed into early embryos [59]. These are then transplanted, 
using a special long syringe, into the uterus of the recipient cows that are at the correct receptive stage of 
the oestrus cycle. The technique has been greatly improved, now. Obviously it is possible to choose the 
egg and semen from high quality parents. The recovery of eggs from the oviduct requires surgery. The 
eggs to be used may be fully mature ones, recovered after ovulation, from the oviduct of a super ovulated 
cow [61]. 
5) Somatic Cell Nuclear Transfer:  
Somatic cell nuclear transfer (NF) is a technique in which the nucleus (DNA) of a somatic cell is 
transferred into a female egg cell or oocyte in which the nucleus has been removed to generate a new 
individual, genetically identical to the somatic cell donor [29]. Campbell et al. [63] published a paper 
describing the technique used to generate Dolly from a differentiated adult mammary epithelial cell 
which demonstrated that genes that are already inactivated in differentiated tissues can be completely 
reactivated. Nuclear transfer technology creates possibility of generating clones from superior genotype 
and can be used to efficiently evaluate effects of genotype x environment interactions and testing or 
dissemination of transgenics [64]. Problems on high rate of pregnancy loss, survival of newborn and 
increased incidence of abnormal development due to incorrect reprogramming of nuclear DNA 
(epigenetic inference) and unusual conditions during invitro processes make this a precommercial 
technology [37].  
6) Multiple ovulation and embryo transfer (MOET) 
The ovaries of the ewe contain vast numbers of oocytes, only a minute proportion of which ever develop 
into lambs [65]. Almost all the oocytes become atretic and are lost. This represents a loss of potentially 
valuable progeny in genetically superior ewes [61,65,66]. MOET provides a method whereby some of 
these otherwise wasted oocytes can be used. The successful planning and execution of MOET 
programmes in sheep are difficult and challenging work for veterinarians [65]. The various reasons 
responsible for level of usage of MOET in sheep in Australia remains modest includes: 
a) The high cost of the procedures 
b) The high variability in the results obtained 
c) The difficulty of recognizing genetically superior ewes, and 
d) A poor understanding of the procedures by flock owners 
Depending on the resources available, the embryos from 510 donors can be comfortably collected and 
transferred in one day. To programme less than 5 donor dams risks too much variation in embryo yield. 
The standard of general husbandry should be excellent. Donors and recipients should be well maintained 
and managed to be in a condition of score 2232 and on abovemaintenance feed explained by Naqvi et al. 
[65]. For the surgical procedures, clean up the shearing board area thoroughly and ensure that good 
lighting is available. The apparatus and facilities required and the procedures involved in MOET are 
examined in the practical classes. The technique involves the collection of early embryos from super
ovulated donor ewes and their assessment and transfer to synchronized recipient dams was revealed by 
Betteridge [59]. 
7) Some other technologies adopted in livestock animal related to AI, ET and MOET- 
These technologies have developed in the laboratory level and so far have found little or no commercial 
application. However, in European countries exciting achievements have been established in sheep 
breeding. The technologies include the following. 
a) In vitro culture of embryos: Success depends on the medium used, stage of embryo at commencement 
of culture and duration of culture. For example, the viability of day 5 embryos cultured in vitro from the 
zygote stage is now quite good for some flocks, but is always poorer than for control embryos cultured in 
vivo (59). Coculture with oviductal or uterine epithelial cells can improve the results obtained. Embryos 
can also be cultured in vivo, in ligated rabbit or sheep oviducts. 
b) Nuclear transfer and clone formation: Morulae (1632 cells) are used as nuclei donors for cloning. 
Alternatively, embryonic stem cells in suitable culture potentially represent an inexhaustible source of 
genetic material for nuclear transfer cloning (66). Clone formation requires good techniques for the 
maturation and enucleation of oocytes, the fusion of nuclei with anucleated oocytes and in vitro culture of 
the resulting embryos to the late morula/blastocyst stage [66]. ’Electrofusion’ is used to activate the 
oocyte during nuclear transplantation. Culture of the resulting embryos in ligated sheep oviducts may be 
preferable to in vitro culture (59,65). 
c) Semen sexing and ICSI: The possibility of separating X and Ychromosome bearing spermatozoa has 
long tantalized animal science researchers. The production of sexed semen on a scale sufficient for 
normal AI still is remote, but the successful separation of relatively small numbers of spermatozoa that 
can be used for IVF has been achieved in a number of species. At present, there is a very low yield of 
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correctly sexed cells from the flow cytometric sorting process used to separate the X and Y sperm (67). 
Fertilisation of in vitro matured oocytes by injection of a single spermatozoon (intracytoplasmic sperm 
injection or ICSI) is a method for producing viable embryos with a very small number of sperm (68). This 
technique has been widely used in human assisted reproduction but only a small number of offspring has 
been produced by ICSI in sheep confirmed by Naqvi et al. (65). 
d) Embryo sexing: The available methods include cytogenetic analysis, malespecific (HY) antigens and 
Yspecific molecular probes. In practice, hybridization using Yspecific DNA sequences and 810 biopsied 
trophoblast cells seems to be the method of choice (69). There are significant problems of cost, loss of 
viability of embryos after biopsy, and inaccuracy. The scope for commercial application of embryo sexing 
in sheep is questionable. It will halve the efficiency of existing MOET procedures, assuming embryos of 
only one sex are required (69).  
e) Embryo splitting: Embryo splitting is best carried out on late morulae and blastocysts (days 610). The 
split late morulae or blastocysts should develop directly in final recipients without a zona pellucida (70). 
This procedure potentially enables an increase in the numbers of offspring in an MOET programme. The 
embryos are split with a fine glass needle or blade. There is a strict limit to how many times splitting can 
be repeated. The embryonic antiluteolytic signal in recipients will be diluted, so it is wise to transfer in 
pairs to increase the strength of the signal. If embryos are split into portions of less than 3 embryo, 
trophoblastic vesicles (lacking an inner cell mass) rather than normal embryos are likely to develop (70). 
g) Juvenile In-vitro Embryo Technology (JIVET): The production of offspring from very young pre
pubertal ewes has the potential to increase genetic gain by reducing the generation interval (65). 
Although still under experimental development, large numbers of viable embryos have been produced 
from superovulated lambs as young as 5 weeks of age (69). If commercially applied, JIVET has the 
potential to not only reduce generation intervals but also dramatically increase the efficiency of MOET 
programs in sheep (65) and cattle.  
8) Application of Reproduction Technologies in Animal Improvement 
The introduction of AI technology in 1946 brought about a revolution in cattle breeding. With AI and 
semen dilution, a lot more progeny, distributed over a larger geographical area, could be obtained from a 
single breeding bull. The freezing of semen also meant that progeny could be obtained beyond the active 
lifespan of the bull (61). This increase in reproduction capacity meant that fewer bulls were required to 
breed the next generation of breeding stock and the selection intensity increased. The importance of 
individual breeders declined rapidly. The ownership of bulls shifted from farmers to breeding companies, 
and information about the performance of sire dams became less important in the selection of bulls (71). 
Another advantage of the increased reproduction capacity in conjunction with the wider distribution of 
progeny is the possibility of effective, accurate progeny testing. In order to test young bulls, progeny 
groups made up of animals from a wide diversity of farms can be formed in a short period of time (66,71). 
The intensive use of semen from these bulls is put on hold until the first results of progeny testing are 
available (37). This additional selection possibility lies at the basis of the close cooperation between AI 
organizations and breeders. Considerable investments were made for the introduction of this socalled 
youngbull programme. Because a lot of young bulls had to be tested to obtain a sufficiently large 
selection pool and this the waiting period is costly. In summary, AI enables more accurate and sharper 
selections in quantitative breeding and thus increases the rate of genetic progress (61,71). AI also lies at 
the root of the internationalization of breeding and the possibilities this offers. AI has increased the 
reproductive capacity of bulls particularly the introduction of embryo transfer (69), or more accurately 
the Multiple Ovulation and Embryo Transfer (MOET) that raised the reproductive capacity of individual 
cows. With MOET, about seven embryos can be collected from one cow every five weeks (72). MOET has 
intensified the selection of sire mothers. With MOET, breeders can be certain of obtaining male progeny 
from selected sire dams. Due to MOET, cows became more important in the breeding cycle (61). Breeding 
organizations sought to obtain potential sire mothers and house them at a central location in nucleus 
breeding units (62). This development further removed breeding from dairy farming practice. The 
subsequent introduction of ovum pickup and in vitro embryo production (OPU/IVP) continues the trend 
that started with MOET. OPU can be carried out on very young cows (61), significantly reducing the 
generation interval. Further, with this technique more selective mating can be organized in a short period 
of time while ova are collected and fertilised in vitro usually twice a week (66). The female progeny of sire 
mothers have become a marketable byproduct of this reproduction technology. The use of MOET and 
OPU/IVP technology in nucleus breeding programmes has culminated in a type of youngdam programme 
with an increase in both the intensity and accuracy of selection (62). The difference with the youngbull 
programme is a delay of one generation. With these technologies, At the beginning of the cow's first 
lactation, or even earlier, there is a sizeable progeny group in different stages of development, from 
embryo to fetus till calve lives that is well illustrated by Khanal and Munankarmy [66] and Van Wezel and 
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Rodgers [72]. During the first half of her first lactation, a potential sire mother's performance is tested. 
This information is combined with data from maternal sisters to supplement, or enhance the accuracy of 
the estimated breeding value established by Calus [21]. During this trial period, the cows with worst 
scores are dropped while with good score potential sire mother was transform into a proven sire mother 
with progeny already available for use in the breeding programme [61]. Cloning and sexing were still 
being practiced by scientists, although the first commercial applications have already produced results; 
for example the successful Blackstar clone, Blackstar II and the sale of small clones at auctions in the US. 
At this point in time, sexed semen is commercially available only in the US and the UK. Clones might be 
used to provide 'tried and tested' genotypes on a large scale. A specific evaluation of additive and 
dominance effects could lead to more intensive use of clones. Clones from a breeding programme will 
probably not be directly applicable in commercial dairy production. Rather, animals for production will 
be the result of a functional cross [48]. The value of a technique such as sexing is also related to 
optimizing the use of breeding programme results in commercial dairy production [66]. 
 
THE FUTURE AND CONCLUSION 
The contribution of molecular genetics to enhance the knowledge of genetics on economic traits will not 
cease with identification of genes based on QTL or candidate gene only. Although, the substantial 
additional genetic gains can be achieved by selection on linked genetic markers was postulated by Xu (11) 
who showed that the ultimate aim will be to identify the genes directly responsible for the trait and to 
elucidate the function of each of these genes. Technologies and approaches to advance molecular genetics 
knowledge to this level are being developed and applied within the human genome project and model 
organisms (73). With the wealth of information that is generated in this aspect, bioinformatics plays an 
increasingly important role to organize, analyze, and interpret this information (74). However, the 
research on gene identification, function, expression and regulation in livestock can greatly benefit from 
genomic analysis in humans and model organisms. Much additional work will be needed to elucidate the 
specific role of each gene involved in traits of economic importance in livestock and their interactions 
with other genes and the environment. Ultimately, however, the additional information on genetic control 
of traits will provide knowledge on how traits can be controlled through external controls (e.g. feeding) 
that can be used to enhance selection programs. The interaction between environment, management and 
genetics will become more important. Opportunities to select and manage for niche markets will increase. 
Opportunities for the application of MAS exist, in particular for GAS and linkage disequilibrium that will 
depend on the ability to integrate marker information in selection and breeding programmes. Regardless 
of the strategy, successful application of MAS requires a comprehensive integrated approach with 
continued emphasis on phenotypic recording programmes to enable quantitative trait loci detection, 
estimation and confirmation of effects, and use of estimates in selection (19). A rational use of the 
molecular methodologies in milk production genetic improvement requires the simultaneous 
optimization of selection on all the genes affecting important traits in the population. The maximum 
benefit can be obtained when these techniques are used in conjunction with reproductive technologies 
like artificial insemination and invitro fertilization (IVF) to accelerate genetic change (69,75). A number 
of the reproductive techniques described here may not have an immediate application for the producer of 
goat meat, but any success in meat goat production will require sound knowledge of the reproductive 
biology of these animals. The application of reproductive technology (AI, ET) will form an important part 
of this process. To bring a genetic gain, it is well accepted that local animals must be safeguarded to 
maintain its purity, records must be kept to evaluate best animal. Highly productive cows should not be 
crossbred with exotic breeds and breeding policy should be set. The genetic improvement for increased 
milk and meat output is inevitable. Such development interventions should operate within crossbreeding 
policy framework without affecting genetic diversity. Cattle genetic improvement programs need to be 
subjected to national evaluations and redesigning of appropriate strategies that would be more 
responsive to the currently changing scenarios in the country.  
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