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Abstract. Recombinant DNA technology of hormones and vaccines is in favour of generating multiple purposes in
maximizing animal production and productivity. For instance, the Booroola Fecundity gene (FecB), which is found in a
region of ovine chromosome 6 increases ovulation rate by 1.5 to 1.6 and one to two extra lambs. The gene responsible
for the double muscling trait which is found in bovine chromosome 2 enhances muscling rates. The genetically
engineered hormones such as human (HST), bovine (BST) and procine (PST) somatotropin, interferon, and
lymphokines are on stage to be marketed for use in human and veterinary medicine. DNA Viruses are genetically
engineered to produce vaccines against diseases. Gene-deleted vaccines such as salmonella vaccine for sheep and
poultry, a pseudorabies virus vaccine for pigs, salmonella enterica serovar typhimurium and serovar enteritidis vaccines
in poultry and streptococcus equi vaccine in horses, bovine herpesvirus-1 marker vaccine in cattle are used in disease
prevention. The main challenges facing the recombinant DNA technology of hormones and vaccines are the cost of
production, human health concern of genetically engineered animals as well as violating species barriers or “playing
God”.
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INTRODUCTION

Recombinant DNA technology, also known as genetic
engineering is a means of altering the genes in a living
organism to produce a Genetically Modified Organism

variety of medical,
applications.
The recombinant DNA (rDNA) technology in animals

pharmaceutical and agricultural

(GMO) with a new genotype. It is a technique used for
direct genetic modification of organisms or population of
organisms using recombination of DNA. The techniques
are used to identify, replicate, modify and transfer the
genetic material of cells, tissues or complete organisms
(Karp, 2002). This technique involves the capacity to
isolate, cut and transfer specific DNA pieces,
corresponding to specific genes (Klug and Cummings,
2002). Besides increasing basic knowledge about
mammalian genetics and physiology, including complex
traits controlled by many genes such as many human
and animal diseases (Eggen, 2003), researches in
genetic engineering of animals are oriented towards a

can be used to produce pharmaceuticals in eggs (Harvey
et al.,, 2002) or milk expressing novel genes in the
mammary glands of livestock (Wright et al., 1991), or
fibers such as spider silk in milk. Genetically engineered
poultry, swine, goats, cattle, and other livestock are
beginning to be used as generators of pharmaceutical
and other products, potential sources for replacement
organs for humans, and models for human disease
besides being used as the source of humans food (Maga
and Murray, 1995). Milk, egg white, blood, urine, seminal
plasma, and silkworm cocoons from transgenic animals
are candidates to produce recombinant proteins,
enzymes and clotting factors on an industrial scale
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(Houdebine, 2002).

The genetically engineered hormones such as human
Somatotropin (HST), bovine Somatotropin (BST) and
porcine Somatotropin (PST), interferon, and lymphokines
are on stage to be marketed for use in human and
veterinary medicine. The hormones enable to correct
growth retardation and make to grow faster with less fat
and leaner production of dairy cattle (Sudharsan, 2006).
Growth hormones (GH) are economically important in
genetic improvement, artificial insemination, embryo
transfer and others. On the contrary, many hormones
from recombinant bovine somatotropin in milk, porcine
somatotropin in meat and steroid hormones can be
retained in or drained in to ground water through animal
excreta. These cause ground water pollution as well as
cancer, reproductive effects and endocrine disruption to
human being (Kolodziej et al., 2004).

As genetically engineered hormones are in favour of
generating multiple purposes in maximizing animal
production and productivity, recombinant DNA technology
is also expected to revolutionize vaccine development in
the future for maximising production and productivity of
animals. DNA vaccines contain those genes of the
pathogen which produce the antigen are expected to
combine the effectiveness of live vaccines with the
comparative safety of those based on killed pathogens.
One of the greatest advantages is the ability of DNA
vaccines to induce both humoral and cell-mediated
immune responses, which is critical for protection from
many diseases. DNA vaccines can induce long-term
immunity and be repeatedly administered without the
interference of antibodies. The safety of DNA vaccines
has been established in various trials in several species
including humans (Kim et al., 2001). However, recent
progress has resulted in the development of DNA
vaccines in a number of out bred target species
(Carvalho et al., 2009; Redding and Weiner, 2009). The
use of a needle-free vaccine delivery device was shown
to reduce the effective dose of an experimental
polyvalent DNA vaccine for avian influenza, and to rapidly
deliver repeated injections in poultry (Rao et al., 2009).

A number of commercially available vaccines are
based on DNA virus vectors. Of these poxviruses and
herpes viruses have been successfully licensed for use in
veterinary medicine (Gerdts et al., 2006). Fowl pox and
canary pox vectors have been used in a wide range of
applications (Swayne, 2008) whereas; replication defi-
cient human adenovirus vectors have been used very
successfully in the development of foot and mouth
disease vaccines (Rodriguez and Grubman, 2009).

Therefore, the objective of this review is to quantify the
role of genetically engineered hormones and vaccines /
recombinant DNA technology/ in maximizing livestock
production and productivity with the following specific
objectives:

1. To quantify the roles of recombinant DNA technology

of hormones in maximizing animal production and
productivity.

2. To quantify the potential applications of recombinant
DNA technology of vaccines in maximizing animal
production and productivity.

3. To identify the challenges of using recombinant DNA
technology hormones and vaccines.

Recombinant DNA technology

The assembly of recombinant DNA by restriction enzyme
cutting and re-ligation was a crowning achievement of
biology in the 20" century (Backman, & Ptashne, 1978).
Homologous recombination is intricately involved in DNA
replication and repair of eukaryotic and prokaryotic
organisms (Yu et al., 2003). Recent developments have
provided new insights for the use of homologous
recombination in gene therapy and in vivo genetic
engineering (Court et al.,, 2002). DNA vaccines (DNA
clone) usually are circular pieces of DNA, called
plasmids, which contain a foreign gene from a disease
agent and a promoter that is used to initiate the
expression of the protein from that gene in the target
animal (Rodriguez and Whitton, 2000). The recombinant
plasmids containing a foreign gene are purified from the
bacteria, and the “naked” DNA is injected directly into the
animal, usually intramuscularly or intradermally (into the
skin). The animal's cells take up the DNA, and an
immune response is induced to the protein expressed
from the foreign gene. Several types of vectors are
available for cloning large fragments of DNA. Library
clones are screened to identify the particular clone that
carries the DNA of interest (Hayes, 2003). Small
plasmids have been identified which consist of a replicon
and very little extraneous DNA sequences (Hayes, 2003).

Roles of recombinant DNA technology in increasing
fertility and hypertrophy

Booroola gene

The Boorola fecundity gene (FecB) is a single autosomal
gene, which increases ovulation rate and litter size in
sheep. The FecB locus is situated in the region of ovine
chromosome 6, which is synonymous to human
chromosome 4 (Montgomery et al., 1996; Ghaffari, 2009).
The effect of FecB mutation is additive for ovulation rate
and each copy of FecB increases ovulation rate by 1.5 to
1.6 and one to two extra lambs (Piper and Bindon, 1996;
Davis, 2004).

Double muscling (hypertrophy)

The genomic mapping approach has identified many



Quantitative Tri Loci (QTLs) for production traits in
livestock. Understanding the molecular basis of double-
muscling has opened up the possibility to select either for
or against this phenotype directly at the genotypic
level.The gene responsible for the double muscling trait is
identified in a region on bovine chromosome 2 as the
most likely location of the double muscling gene. The
calving difficulties associated with double- muscling have
led several breeding organizations to treat this condition
as a genetic defect that needs to be eliminated. In
specific economic contexts, however, the gains in feed
conversion ratio, dressing out percentage and meat
quality (increased lean and tenderness) have outweighed
the costs of dystocia, leading either to a systematic
selection for double-muscled animals or their use in cross
breeding (Hanset, 1991).

Genetic engineering of hormones for maximizing
production and productivity

Subsequent efforts to genetically alter growth rates and
patterns have included production of transgenic swine
and cattle expressing a foreign c-ski oncogene, which
targets skeletal muscle, and studies of growth in lines of
mice and sheep that separately express transgenes
encoding growth hormone-releasing factor (GRF) or
insulin-like growth factor | (IGF-I) (Murray et al., 1999).

The hormones of an animal origin are drugs from

placenta of cows, cow’s colostrums and colostrums drugs
(Habbibulin, 1998) which contain natural hormones such
as progesterone, estrogen, gonadotropin, prostaglandins,
and also vitamins, trace substances and other biologically
active materials. It promotes fast regeneration of the
broken functions by diseases of the reproductive organs
and reduces twice the dose of expensive synthetic drugs
by their joint use (Shubina et al., 1996). Growth
hormones play crucial role in reproductive technologies
on the genetic improvement of livestock such as artificial
insemination, embryo transfer and others used to
disseminate superior gene of desired trait where the
economic returns are significant (Mada, 2005).
Growth Hormones act by interacting with a specific
receptor on the surface of cells. For example: increase in
height of animals is the most widely known effect of GH is
stimulated by at least two mechanisms. Initially it is
because of fat-insolubility of polypeptide hormones that
they cannot penetrate sarcolemma. Thus, GH exerts
some of its effects by binding to receptors on target cells,
where it activates the MAPK/ERK pathway (Binder et al.,
2007).

Oestrus  synchronization and conception rate
improvement with different stimulants and use of
Gonadotropin-releasing hormones (GnRH) followed
seven days later by prostaglandin F2a (PGFalpha)
(Schmitt et al.,1996). The use of recombinant bovine
somatotropin (rBST) in dairy cows increases both milk
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yield and production efficiency and decreases animal fat
(Madan, 2002). A porcine somatotropin hormone has
been developed that increases muscle growth and
reduces body-fat deposition, resulting in pigs that are
leaner and of higher market value (Adel et al., 2007).

Genetically engineered DNA vaccines in maximizing
production and productivity

Immunization through DNA vaccines is an alternative
immune response (Ramsay et al., 1999). For example,
DNA Viruses can be genetically engineered to produce
vaccines against diseases such as dental caries; and life-
threatening infections like diarrhea, AIDS, etc. (Moffat,
1995). Vaccination may have both favourable and
unfavourable consequences. Live vaccines for example
can revert back to pathogenic organisms and produce
disease or, even death (CAST, 2008). However, the
development of rDNA technologies has provided new
ways of attenuating disease agents by modifying or
deleting their genetic makeup, or genomes, to create
safer, more efficacious vaccines. With the development
of new, more efficacious, stable, and safe recombinant
vaccines, delivery methods and immuno-stimulating adju-
vant compounds that enhance the immune response
have been also studied (CAST, 2008).

Gene-deleted vaccines

The availability of recombinant DNA technology has
facilitated the creation of specific gene-deleted pathogens
for use as live vaccines. In live genetically modified
vaccines, viruses or bacteria with one or more genes
deleted or inactivated, or they can be vaccines carrying a
foreign gene from another disease agent, which are
referred to as vaccine vectors. Deletion or gene-in-
activated vaccines are developed to attenuate the
disease agent. In these conditions, two (double-knockout)
or more genes are deleted or inactivated so the vaccine
remains stable and cannot revert to a pathogenic agent
(Uzzau et al., 2005). Examples of such gene-deleted vac-
cines include a salmonella vaccine for sheep and poultry
and a pseudorabies virus vaccine for pigs. Gene-deleted
salmonella enterica serovar Typhimurium and serovar
Enteritidis vaccines have been licensed for use in poultry
(Babu et al., 2004; Meeusun et al., 2007) and similarly,
gene-deleted streptococcus equi vaccine has been
licensed for use in horses (Jakobs et al., 2000; Meeusun
et al., 2007). A double gene deleted pseudorabies virus
marker vaccine has been licensed for use in pigs (Ferrari
et al., 2000; Meesun et al., 2007) and deleted a bovine
herpesvirus-1 marker vaccine has been licensed for use
in cattle (Meesun et al., 2007; Van Oirschot et al., 1996).
Foreign genes from disease agents have been inserted
into potatoes, soyabeans, and corn plants and fed to
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animals; the expressed proteins from those foreign genes
immunized the animals against the disease agent
(Streatfield, 2005).

Subunit vaccines

Recombinant inactivated vaccines are subunit vaccines
which are commercially available for respiratory
pathogens such as Mannheimia haemolytica and
Actinobacillus  pleuropneumoniae based upon the
leukotoxins produced by these organisms, as well as
transferrin-binding proteins. Actinobacillus
pleuropneumoniae is an excellent example of a vaccine
composed of subunits selected on cross-serotype
reactivity, thus providing broad-spectrum protection
against disease. Likewise a vaccine against atrophic
rhinitis containing a non-toxic derivative of Pasteurella
multocida dermonecrotic toxin produced by a genetically
modified Escherichia coli strain together with a
conventional B. bronchiseptica bacterin Vaccines against
CSF demonstrate well the need to target recombinant
technology to a particular purpose. Because subunit
vaccines do not replicate in the host, they usually are ad-
ministered (injected) with an adjuvant, a substance that
stimulates the immune system of the animal to respond
to the vaccine. Adjuvants can enhance the response to a
vaccine by protecting the vaccine from rapid degradation
in the animal (CAST, 2008).

Genetic vaccines (vaccines produced from chimeric
viruses)

Chimeric pestiviruses have been developed using an
infectious complementary DNA (cDNA) clone containing
the classical swine fever virus (CSFV) genome. The virus
was constructed by replacing the CSFV E2 coding
sequence in the infectious DNA copy of CSFV vaccine
strain C with the corresponding E2 coding sequence from
BVDV (van Gennip et al., 2000). These chimeric viruses
appeared to be attenuated in pigs, induced complete
protection against CSFV challenge and helped to
discriminate between vaccinated and infected pigs
(Reimann et al., 2004; van Gennip et al., 2000).

Challenges in using recombinant DNA hormones
Effects on the animal health

The use of Recombinant Bovine Growth Hormone
(rBGH) had problems like mastitis, lameness, loss of
condition, and lowered immune system functions, which
they attributed to rbST use (An and Butler, 2008).
Reduced pregnancy rates, increase in days open,
increased incidence of retained placenta, decreased
gestation length and birth weight of calves are also some

of the problems observed in using rBGH. The use of syn-
thetic hormones has numerous negative consequences:
interruption of natural hormone status, change in quality
of products due to accumulation of hormonal drugs in
meat and milk of animals (Kistanova, 2003). High-yield
milking cows due to BST show a greater incidence of
mastitis than lower-producing cows (Judge et al., 1997)
and having fewer calves per lifetime.

Cattle with an oestrogen implant are adversely affected
by hot climatic conditions and managing heat load in
feedlot cattle is crucial to animals’ welfare (Gaughan et
al., 2005). In beef cattle production the use of hormone
growth promotants can causes uncommon occurrence of
chronic stress condition as signs of poor welfare (Marin et
al., 2008). This is occurred when hormonal implants
interact with the animal’s natural hormones.

Effects on the environment

Livestock farming is thought to be the major source of
steroid hormones found in regional groundwater
(Peterson et al., 2000), number of streams and rivers and
external surface water (Kolpin et al., 2002). Beef cattle
wastes are strongly androgenic (Durhan et al., 2006).
Significant amounts of synthetic and natural hormones
and their metabolites are excreted in animal waste (Kolok
and Sellin, 2008). Synthetic hormones excreted by
animals are present in manure applied as fertilizer and in
feedlot retention ponds, and from there they may be
retained in soil or transported to ground and surface
water (Khan et al., 2008a, b). Lange et al. (2002)
calculated the number of beef cattle implanted with
estrogens and androgens or progesterone, and the
percent of applied hormone that reach the environment
via cattle excrement. Commonly used androgenic growth
promoter trenbolone has been found in groundwater near
cattle feedlots, and that this growth promotor has
androgenic effects. These numbers represent an
increase in estrogens and androgens or progesterone
over natural elimination rates (Lange et al., 2002).

Effects on human

Humans are potentially exposed to the synthetic
hormones by consumption of commercial meat products
and from environmental exposures related to animal
waste (NRP, 2006). Human exposure to both the
synthetic and natural hormones causes cancer,
reproductive effects, and other endocrine disruption
outcomes. Estrogen is carcinogenic, anabolic steroids
are reproductive toxicants and trenbolon is anabolic
steroid. TBA, zeranol, and MGA cross the placenta and
are detectable in fetal tissues in rabbits (Lange et al.,
2002a) and reflected in humans. Some evidences
showed that xenobiotic growth promoters and their
metabolites are thought to be genotoxic (Metzler and



Pfeiffer, 2001). Veterinary use of hormones causes
postmenopausal women, and pre-pubertal children,
leaving them more vulnerable to the effects of exogenous
hormone exposure (UK VPC, 2006).

Challenges in using recombinant DNA vaccines

In the recombinant DNA technology, the genes for the
desired antigens must be located, cloned, and expressed
efficiently in the new vector, but the cost of production is
high. When engineered vaccine virus is used to
vaccinate, care must be taken to spare immuno-deficient
individuals. On the other hand, the potential integration of
DNA into host genome leads to insertional mutagenesis.

Induction of autoimmune responses: anti-DNA antibodies
may be produced against introduced DNA. Induction of
immunologic tolerance: The expression of the antigen in
the host may lead to specific non-responsiveness to that
antigen. Antibodies produced against the subunit may not
recognize the same protein on the pathogen surface.
Isolated protein does not stimulate the immune system as
well as a whole organism vaccine.

Genetic engineering of animals is violating species
barriers or “playing God” and interferes with the integrity
or telos of the animal (Holland and Johnson, 1998). The
“double-muscle” trait reduced width of the cow’s pelvic
passageway (Van denheede et al., 2001).

The super pig, a product of genetic engineering, is a sick
animal, fattened artificially by human growth hormone.
This super pig must endure side effects including
crippling arthritis and distorted vision caused by the
human growth genes that makes them cross-eyed, so on,
in addition to factory pig farms, there will be pig organ
farms (Chad West, 2006).

CONCLUSION

From the review, it was possible to see that recombinant
DNA technology in animals can meet the growing global
demand for high quality and safe animal food products in
a sustainable, environmentally safe and positive animal
welfare manner. Specifically, it was possible to deduce
that recombinant DNA technology of hormones and
vaccines can enhance production and productivity of farm
animals. Genetically engineered hormones played crucial
role in reproductive technologies of genetic improvement
of livestock. Artificial insemination, embryo transfer and
others used to disseminate superior gene of desired trait
where the economic returns are significant. The
development of recombinant DNA technologies has also
provided new ways of attenuating disease agents by
modifying or deleting their genetic makeup, or genomes,
to create safer, more efficacious vaccines. Due to the
outlook for significant benefits there is ample global
research and private development of genetically engineered
animals that improve foods, are environmentally friendly,
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improve animal welfare and produce industrial products.
Genetic engineering may improve several aspects of
livestock production including milk quality, meat
production as growth and carcass composition, animal
welfare  (via  disease resistance), reproductive
performance and quality of hair and fibre.

RECOMMENDATIONS

So as to use recombinant DNA technology of hormones
and vaccines in increasing livestock production and
productivity:

1. Stress created on genetically engineered animals
should be minimized.

2. Concerns raised on public health and environmental
issues should be given attentions.

3. The lead of the science, rigorous regulatory approval
should portend compelling consumer benefits and
sustainable production.

REFERENCES

Adel M, Aboul N, Elbeltag RA (2007). Animal Biotechnology:
Applications and Implications in the Near East and North Africa
(NENA) Countries.

An H, Butler L (2008). “Update on rBST Use in the California Dairy
Industry,” Giannini Foundation of Agricultural Economics — University
of California,

Babu U, Dalloul RA, Okamura M, Lillehoj HS, Xie H, Raybourne RB,
Gaines D, Heckert R ( 2004). Salmonella enteritidis clearance and
immune responses in chickens following Salmonella vaccination and
challenge. Vet. Immunol. Immunopathol. 101:251-257.

Backman K, Ptashne M (1978). Maximizing gene expression on a
plasmid using recombination in vitro. Cell 13:65-71.

Binder G, Wittekindt N, Ranke MB (2007). Noonan Syndrome:
Genetics and Responsiveness to Growth Hormone Therapy. Horm.
Res. 67:45-49.

Carvalho JA, Prazeres DM, Monteiro GA (2009). Bringing DNA
vaccines closer to commercial use. Drugs, 12(10):642-647.

Chad West (2006). Economics and Ethics in the Genetic Engineering of
Animals. Harvard J. Law Technol. 19:2.

Council for Agricultural Science and Technology (CAST) (2008).
Vaccine Development Using Recombinant DNA Technology Issue
Paper 38. CAST, Ames, lowa.

Court DL, Sawitzke J A, Thomason L C (2002). Ann. Rev. Genet.
36:361-388.

Davis GH (2004). Fecundity genes in sheep. Anim. Reprod. Sci. 82-
83:247-253.

Durhan EJ, Lambright CS, Makynen EA, Lazorchak J, Hartig PC,
Wilson VS, Gray LE, Ankley GT (2006). Identification of metabolites
of trenbolone acetate in androgenic runoff from a beef feedlot.
Environ. Health Perspect. 114(Supl.1):65-68.

Eggen A (2003). Basics and tools of genomics. Outlook on Agriculture
32(4)215-217.

Ferrari M, Brack A, Romanelli MG, Mettenleiter TC, Corradi A,
DalMas N, Losio MN, Silini R, Pinoni C, Pratelli A (2000). A study
of the ability of a TK-negative and gE/gl negative psedorabies virus
(PRV) mutant inoculated by different routes to protect pigs against
PRYV infection. J. Vet. Med. [B] Infect. Dis. Vet. Public Health 47:753-
762.

Gerdts V, Mutwiri GK, Tikoo SK, Babiuk LA (2006). Mucosal delivery
of vaccines in domestic animals. Vet. Res. 37:487-510.

Ghaffari M1, Nejati-Javaremi A, Rahimi G (2009). Detection of
Polymorphism in BMPR-IB Gene Associated with Twining in Shal


http://books.google.com/?id=nQ9ilbixQEgC&pg=PA46&lpg=PA46&dq=gh+growth+hormone+ras&q=gh%20growth%20hormone%20ras
http://books.google.com/?id=nQ9ilbixQEgC&pg=PA46&lpg=PA46&dq=gh+growth+hormone+ras&q=gh%20growth%20hormone%20ras

80 Int. J. Biotechnol. Food Sci. / Alemayehu

Sheep using PCR RFLP Method.

Habbibulin RI (1998). Colostrum extracts for synchronization of heifer
estrus. Zootechnia .pp. 41-47.

Hanset R (1991). The major gene of muscular hypertrophy in the
Belgian Blue Cattle breed. In: Breeding for Disease Resistance in
Farm animals (ed. by J.B Owen & R. F.E. Axford), pp. 476-8. CAB
International.

Harvey CF, Swartz CH, Badruzzaman ABM, Keonblute N, Yu W, Ali
MA, Jay J, Beckie R, Niedam V, Brabander D, Oates PM,
Ashfaque KN, Islam S, Hemond HF, Ahmed MF (2002). Arsenic
mobility and groundwater extraction in Bangladesh. Science
298:1602-1606.

Hayes F (2003). Methods in Molecular Biology, Vol. 235: E. coli
Plasmid Vectors Edited by: N. Casali and A. Preston © Humana
Press Inc., Totowa.

Houdebine LM (2002). Transgenesis to improve animal production.
Livestock Prod. Sci. 74:255-268.

Jakobs AA, Goovaerts D, Nuijten PJ, Theelan RP, Hartford OM,
Foster TJ (2000). Investigation towards an efficacious and safe
strangles vaccine: submucosal vaccination with a live attenuated
Streptococcus equi. Vet. Rec. 147:563-567.

Judge LJ, Erskine RJ, Bartlett PC (1997). Recombinant bovine
somatotropin and clinical mastitis: incidence, discarded milk following
therapy, and culling. J. Dairy Sci. 80:3212-3218.

Karp G (2002). Cell and Molecular Biology: concepts and Experiments.
3rd ed., New York, Willey p. 785.

Khan B, Lee LS, Sassman SA (2008b). Degradation of synthetic
androgens 17a- and 17B-trenbolone and trendione in agricultural
soils. Envrion. Sci. Technol. 42:3570-3574.

Khan SJ, Roser DJ, Davies C M, Peter, GM, Stuetz RM, Tucker R,
Ashbolt NJ (2008a). Chemical contaminants in feedlot wastes:
Concentrations, effects and attenuation. Environ. Int. 34:839-859.

Kim JJ, Yang JS, Nottingham LK, Tang W, Dang K, Manson KH,
Wyand MS, Wilson DM, Weiner DB (2001). Induction of immune
responses and safety profiles in rhesus macaques immunized with a
DNA vaccine expressing human prostate specific antigen. Oncogene
20:4497-4506.

Kistanova E (2003). The use of biologically active substances from
plant and animals products for the stimulation of the reproduction in
domestic animals. J. biotechnol. Anim. husbandry 19(1-2):1-92.

Klug W S, Cummings M R (2002). Concepts of Genetics. 7th ed. New
Jersey, Prentice Hall, 800 p.

Kolodziej EP, Harter T, Sedlak DL (2004). Dairy wastewater,
aquaculture, and spawning fish as sources of steroid hormones in the
aquatic environment. Environ. Sci. Technol. 38:6377-6384.

Kolok AS, Sellin MK (2008). The environmental impact of growth-
promoting compounds employed by the United States beef cattle
industry: history, current knowledge, and future directions. Rev.
Environ. Contaminat. and Toxicol. 195:1-30.

Kolpin DW, Furlong ET, Meyer MT, Thurman EM, Zaugg SD, Barber
LB, Buxton HT (2002). Pharmaceuticals, hormones and other
organic wastewater contaminants in US streams, 1999-2000: a
national reconnaissance. Environ. Sci. Technol. 36:1202-1211.

Lange IG, Daxenberger A, Meyer HHD, Meyts E, Rajpert-De,
Skakkebaek NE, Veeramachaneni DNR (2002a) .Quantitative
assessment of foetal exposure to trenbolone acetate, zeranol and
melengestrol acetate, following maternal dosing in rabbits.
Xenobiotica 32(8):641-651.

Lange IG, Daxenberger A, Schiffer B, Witters H, Ibarreta D, Meyer
HHD (2002). Sex hormones originating from different livestock
production systems: fate and potential disrupting activity in the
environment. Anal. Chim. Acta. 473:27-37.

Mada ML (2005). Animal biotechnology: applications and economic
implications in developing countries. . Int. Epiz. 24(1):127-139.

Madan ML (2002). Biotechnologies in animal reproduction. Key note
address at international conference on animal biotechnology.
Tamilnadu Vaterinary and Animal Science University, Chennai.

Maga EA, Murray JD (1995). Mammary gland expression of
transgenes and the potential for altering the properties of milk. Bio/
Technology 13:7.

Marin A, Pozza G, Gottardo F (2008). Administration of
dexamethasone per os in finishing bulls. Il. Effects on blood

parameters used as indicators of animal welfare. Animal 2(7):1080-
1086.

Meeusun EN, Walker J, Peters A, Pastoret PP, Jungersen G (2007).
Current status of veterinary vaccines. Clin. Microbiol. Rev. 20:489-
510.

Metzler M, Pfeiffer E (2001). Genotoxic potential of xenobiotic growth
promoters and their metabolites Acta Pathologica, Microbiological
Immunologica Scandinavica 109:89-95.

Moffat AS (1995). Exploring transgenic plants as a new vaccine source.
Science. 268:658-660.

Montgomery GW, Crawford AM, Penty JM, Dodds KG, Ede AJ,
Henry HM, Pierson CA , Lord EA, Galloway SM, Schmack AE,
Sise JA, Swarbrick PA, Hanrahan V , Buchanan FC , Hill DF
(1993). The ovine Booroola fecundity gene (FecB) is linked to
markers from a region of human chromosome 4q. Nat. Genet. 4:410-
414.

Murray JD, Oberbauer AM, Mcgloughlin MM (1999).Transgenic
animals in Agriculture. Davis, CABI Publishing, 304 p.

Peterson EW, Davis RK, Orndorff HA (2000). 17B—estradiol as an
indicator of animal waste contamination in mantled karst aquifers. J.
Environ. Qual. 29:826-834.

Piper LR, Bindon BM (1996). The Booroola Merino. In: Fahmy, M.H.
(ed.), Prolific Sheep, pp: 152—-160. CAB International, Willingford, UK.

Ramsay AJ, Kent SJ, Strugnell RA, Suhrbier A, Thomson SA,
Ramshaw IA (1999). Genetic vaccination strategies for enhanced
cellular, humoral and mucosal immunity. Immunol. Rev. 171:27-44.

Rao SS, Styles D, Kong W, Andrews C, Gorres JP, Nabel GJ (2009).
A gene-based avian influenza vaccine in poultry. Poult. Sci. 88:860-
866.

Redding L, Weiner DB (2009). DNA vaccines in veterinary use. Exp.
Rev. Vaccines 8(9):1251-1276.

Reimann |, Depner K, Trapp S, Beer,M (2004). An avirulent chimeric
Pestivirus with altered cell tropism protects pigs against lethal
infection with classical swine fever virus. Virology 322:143-157.

Rodriguez F, Whitton JL (2000). Enhancing DNA immunization.
Virology 268:233-238.

Rodriguez LL, Grubman MJ (2009). Foot and mouth disease virus
vaccines. Vaccine, 27(Suppl 4):D90-4.

Schmitt EJ, diaz T, Drost M, Thatcher WW (1996). Use of a
gonadotropin-releasing hormone agonist or hCG for timed
insemination in cattle. J. Anim. Sci. 74:1084-1091.

Shubina LA, Shubbin AA, Antovova FK, Kudrjavceva VN, Novikova
VA (1996). Preparation of high productive cows to an insemination.-
Zootehnia, pp. 26-29.

Streatfield S J (2005). Plant-based vaccines for animal health. Rev.
Sci. Tech. 24:189-199.

Sudharsan S ( 2006). Biotechnology in Animal Production, technical
digest, issue number 9, P4.

Swayne DE (2008). Avian influenza vaccines and therapies for poultry.
Comp. Immunol. Microbiol. Infect. Dis. 32(4):351-363.

United Kingdom Veterinary Products Committee (UK VPC), 2006.
Report of the Veterinary Products Committee. Risks associated with
the use of hormonal substances in food-producing animals.

Uzzau S, Marogna G, Leori GS , Curtiss R, Schianchi G, Stocker
BA, Rubino S (2005). Virulence attenuation and live vaccine
potential of aroA, crp cdt cya, and plasmid-cured mutants of
Salmonella enterica serovar Abortusovis in mice and sheep. Infect.
Immun. 73:4302-4308.

Van denheede M, Nicks B, Desiron A, Canart B (2001). Mother-
young relationships in Belgian Blue cattle after a Caesarean section:
characterisation and effects of parity. Appl. Anim. Behav. Sci. 72:281-
292.

Van Gennip HG, Van Rijn PA, Widjojoatmodjo MN, De Smit AJ,
Moormann RJ (2000). Chimeric classical swine fever viruses
containing envelope protein E(RNS) or E2 of bovine viral diarrhoea
virus protect pigs against challenge with CSFV and induce a
distinguishable antibody response. Vaccine 19:447-459.

Van Oirschot J, Kaashoek TMJ, Rijsewijk FA (1996). Advances in the
development and evaluation of bovine herpesvirus 1 vaccines. Vet.
Microbiol. 53:43-54.

Wright BD, Henson JH, Wedaman KP, Willy PJ, Morand JN,
Scholey JM (1991). Subcellular localization and sequence of sea



Int. J. Biotechnol. Food Sci. / Alemayehu 81

urchin kinesin heavy chain: evidence for its association with
membranes in the mitotic apparatus and interphase cytoplasm. J.
Cell Biol. 113:817-833.
Yu D, James A, Sawitzke, Hiand Donald LC (2003). Recombineering
with overlapping single-stranded DNA oligonucleotides: Testing a
recombination intermediate. Genetics 100(12):7207-7212. http://lwww.sciencewebpublishing.net/ijbfs


http://www.sciencewebpublishing.net/ijbfs

