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Abstract 
 

Animal Biotechnology represents an expanding 
collection of rapidly developing disciplines in science and 
information technologies. The bovine provides many 
opportunities to utilize these disciplines and evolving 
competencies.   

Commercialization of biotechnology in cattle is 
presently taking two pathways. The first application 
involves the use of animals for biomedical purposes. Very 
few companies have developed all of the core competencies 
and intellectual properties to complete the bridge from lab 
bench to product. The second pathway of application is for 
the production of animals used for food and fiber.  

Artificial insemination, embryo transfer, in vitro 
fertilization, cloning, transgenics, and genomics all are 
components of the tool box for present and future 
applications. Individually, these are powerful tools capable 
of providing significant improvements in productivity. 
Combinations of these technologies coupled with 
information systems and data analysis, will provide even 
more significant changes in the next decade. 

Any strategies for the commercial application of animal 
biotechnology must include a careful review of regulatory 
and social concerns. Careful review of industry 
infrastructure is also important. Our colleagues in plant 
biotechnology have helped highlight some of these pitfalls 
and provide us with a retrospective review. 

In summary, today we have core competencies which 
provide a wealth of opportunities for the members of 
society, commercial companies, and cattle producers. 
Successful commercialization will benefit all of the above 
stakeholders, and provide a safe and efficient supply of food 
and pharmaceuticals. 

 
Introduction 

 
Reproductive technology on cattle has made significant 

strides over the past fifty years.  This is a continuum which 
began with artificial insemination.  The utilization of AI was 
greatly enhanced with cryopreservation of semen and the 
ability to synchronize estrus by utilizing prostaglandins.  
The beef and dairy industry has focused on developing elite 
sires and selection through pregnancy testing. 

Genetic progress was further enhanced via embryo 
transfer technology.  Non-surgical collection and transfer, 
cryopreservation of embryos, improved synchronization 
methods, and “direct transfer” embryos have improved 

efficiency, decreased costs, and increased the utilization of 
embryo transfer by both beef and dairy producers. 

The continuum of reproductive technology continues 
with techniques such as in vitro  fertilization, separated 
semen, and nuclear transfer or cloning.  Each of these areas 
will be discussed in greater depth in this paper. 

 
In Vitro Fertilization 

 
By the middle of the 1990’s, several commercial IVF 

laboratories were developed in the United States, Canada and 
Europe (mainly in Germany, Italy, France and Holland). 
Years later, they were accompanied by other laboratories in 
South America (i.e. Brazil and Argentina) and Oceania (i.e. 
Australia and New Zealand). The adoption of the transvaginal 
ovum pick-up guided by ultrasonography (OPU), facilitated 
IVF use in live females (11). The initial purpose of 
commercial IVF was to obtain viable embryos from females 
that may not be able to produce progeny through 
conventional techniques. At present, IVF is a complement to 
an ET program. Its application could be for females that will 
not respond to superstimulatory treatments, fail to produce 
transferable embryos, or possess abnormalities in their 
reproductive tracts (i.e. ovarian adhesions or blocked 
fallopian tubes). IVF is also used for females that are terminal 
(age, accident, disease, etc.), or that are pregnant heifers and 
cows during the first trimester of gestation, and for heifers 
and cows with and without calf during the first one, two or 
three months after calving (post-partum period). It also has 
applications for normal cyclic heifers and cows, and pre-
puberal calves.  

IVF allows an improvement in efficiency of utilization of 
sperm.  While Intracytoplasmic Sperm Injection (ICSI) has 
not been widely implemented in commercial bovine IVF 
programs, IVF still provides opportunities to use relatively 
low numbers of sperm to produce viable embryos.  This 
allows for the utilization of high value semen and may 
provide significant opportunities when coupled with gender 
separated semen.  

Commercial and research centers have used OPU-IVF in 
diverse categories of females (pre-puberal calves, heifers, 
cows), age (pre-puberal, post-puberal, aged cows), breeds, 
reproductive status (cyclic, pregnant, post-partum), aspiration 
frequency (once weekly, twice weekly, twice per month), 
use of hormones (FSH, rBST) and IVF protocols (co-culture 
BRL cells, chemically defined media, serum) with different 
degree of success (4, 5, 6, 16, 23, 26, 30, 31, 33, 42, 43, 53, 
67, 74, 77). Overall results with problem cows are presented 
in Table 1. A summary of results with and without 
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superstimulation is presented in Table 2. Oocyte quality 
aspirated is presented in Table 3, and breed performance is 
presented in Table 4. Data was compared by “T” Student 
and Chi-square analysis. During the period from 1992 to 
2000, a TCM-199 and then Menezo B2 with BRL cells co-
culture system (with 10% FCS) was used to produce 
embryos. At the beginning of 2001, the culture system was 
changed to SOF citrate semi -defined culture media with 5% 
FCS (36) to avoid or diminish the risk of large syndrome 
calves. In the SOF system, the petri dish is not observed until 

day 6.5 of culture and the incubator atmosphere condition is 
5% O2, 6% CO2 and 89% N2 with high humidity. 

All of these embryos were transferred fresh due to the 
poor results obtained with frozen in vitro  embryos. This 
higher sensibility (48, 59, 66, 71) would be due to the culture 
conditions or fertilization protocol and would produce 
modifications in the in vitro  embryo (13, 25, 29, 37, 38, 52, 
57, 68, 70, 76, 82, 85, 86, 88, 102). 

 

 
Table 1. Overall OPU-IVF results with problem cows. 

Years No. 
Donors  

FSH 
Treatment 

OPU 
Sessions 

Oocytes  Oocytes/ 
Session 

Embryos/ 
Session 

Embryos 
(%) 

Pregnancy Rates 
(%) 

47 - 331 1769 5.34 0.98 323 (18.3) 117 (36.2) 
1992 

4 + 4 22 5.50 1.75 7 (31.8) 3 (42.9) 
152 - 795 5775 7.26 1.20 952 (16.5) 414 (43.5) 

1993 
48 + 75 738 9.84 1.53 115 (15.8) 56 (48.7) 

153 - 846 7238 8.56 1.37 1162 (16.0) 591 (50.9) 
1994 

89 + 155 2185 14.10 2.01 312 (14.3) 182 (58.3) 

160 - 853 5769 6.76 0.70 595 (10.3) 326 (54.8) 
1995 

173 + 569 7544 13.26 1.27 721 (9.6) 390 (54.1) 
107 - 595 4010 6.74 1.01 603 (15.0) 294 (48.8) 

1996 
111 + 315 3599 11.43 1.45 457 (12.7) 249 (54.5) 
72 - 375 2189 5.84 1.15 430 (19.6) 175 (40.7) 

1997 
48 + 80 773 9.66 2.83 226 (29.2) 105 (46.5) 
52 - 344 1869 5.43 0.98 338 (18.1) 139 (41.1) 

1998 
40 + 65 678 10.43 2.46 160 (23.6) 80 (50.0) 
62 - 376 1704 4.53 0.86 322 (18.9) 157 (48.8) 

1999 
43 + 68 615 9.04 2.12 144 (23.4) 77 (53.5) 

45 - 222 881 3.97 0.65 144 (16.3) 65 (45.1) 
2000 

51 + 103 878 8.52 2.11 217 (24.7) 111 (51.1) 
37 - 187 829 4.43 0.65 121 (14.6) 49 (40.5) 

2001 
37 + 69 509 7.38 1.55 107 (21.0) 40 (37.4) 
36 - 151 699 4.63 0.99 150 (21.5) 44 (29.3) 

2002 
17 + 28 156 5.57 1.50 42 (27.0) 16 (38.1) 

         
Total 1584  6606 50429 7.63 1.16 7648 (15.2) 3680 (48.1) 

 
Table 2. Summary OPU-IVF results with problem cows with and without superstimulation. 

Treatment No. 
Donors  

OPU 
Sessions 

Oocytes  Oocytes/ 
Session 

Embryos/ 
Session 

Embryos 
(%) 

Pregnancy Rates 
(%) 

No-FSH 923 5075 32732 6.4 1.0 5140 (15.7)a 2371 (46.1)a 
FSH 661 1531 17697 11.6 1.6 2508 (14.2)b 1309 (52.2)b 

a,bValues with different superscripts in the same column differ (P < 0.05). 
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Table 3. Oocyte quality in OPU-IVF problem cows. 
Oocyte quality. No. (%) 

Treatment 
A B C D E 

No-FSH 295 (7.75)a 643 (17.0)a 1947 (51.1)a 601 (15.8)a 322 (8.4)a 
FSH 360 (17.0)b 495 (23.3)b 885 (41.7)b 254 (12.0)b 128 (6.0)b 

Grade A: many layers of cumulus cells, B: 3 to 4 layers of cumulus, C: 1 to 2 layers of cumulus, D: denuded, E: 
expanded cumulus. 
a,bValues with different superscripts in the same column differ (P < 0.05). 
 

Many factors influence the efficiency of IVF 
technology, but the main factors could be the status of the 
donor, oocyte quality and the technique used to culture the 
embryos from the zygote to blastocyst stage. Although there 
has been enormous progress in IVF since the beginning of its 
implementation in animal breeding, particular areas need to 
improve. These include improving the freezability of oocytes 
and embryos, minimizing the culture effect on calf size, 
improving oocyte quality, successful use of sexed semen, 
ICSI and preantral follicle culture. 

 
Commercial Semen, Embryo and Fetus Sexing 

 
The possibility of sex pre -selection always had sparked 

great interest among livestock producers and the cattle 
industry. Sexed semen could contribute to increasing the 
profitability desired by the dairy and beef industries through 
desired sex offspring production, thus taking advantage of 

specific marketing or commercial production demands (like 
herd replacement, herd expansion, or increasing the male 
sales to slaughter). The clearest examples could be the 
production of females for dairy or replacement and males 
for meat production. Other applications would be for cattle 
breeders and AI semen companies to test elite bulls on a 
small number of females (35). Several methods have been 
used to reach this objective which is presented in Table 
4.The result and accuracy of most of these techniques are 
satisfactory, and according to the established objective, it is 
convenient to opt for a pre-selection (sexing semen or 
embryo) as opposed to post-selection (fetus) methods of 
sex. In the case of sexing embryos, the only method used 
routinely on a commercial scale is to biopsy embryos and 
amplify Y-chromosome -specific DNA using polymerase 
chain reaction. This method is effective for more than 90% 
of embryos and is > 95% accurate (81). 

 
 
Table 4. Different methods of sexing. 
Sexing Method References 
Semen DNA content (3, 34, 40, 62, 79, 87) 

Embryo Biopsy and PCR, fluorescence in situ hybridization, (9, 51, 78) 
Fetus Ultrasonography at 60-90 days of gestation (14) 

 
However, determination of embryo sex by PCR is 

inefficient.  All embryos are biopsied, tested, and then 
approximately 50% of the undesired sex are discarded.  
Costs of donor board, superovulation and collection have to 
be carried by a small number of embryos.  The 
determination of fetal gender can be identified at 55 – 90 
days of gestation.  While this provides management 
opportunities, it fails to alter the sex ratio unless one elects 
to terminate unwanted pregnancies.  Such methods of 

altering the resulting sex ratio are both cumbersome and 
expensive.  

A commercial embryo sexing program was initiated at 
Trans Ova Genetics with AB Technology methodology 
(Pullman, WA). The procedure takes 5 minutes to perform 
each embryo biopsy and 2 hours for the PCR process. With 
some embryos, primers Ampli-Y (Finnzymes, Finland) were 
used. The results between the years 1994 and 2002 are 
presented in Table 5. 

 
Table 5. Trans Ova Genetics results of sexed embryos using embryo biopsy and PCR technique. 

 Fresh Frozen 
No. biopsies 716 144 

AB Technology primers 57/665 (8.6) 4 (2.8) 
No. indeterminate tubes following PCR (%) Finnzymes primers 14/51 (27.4)  
No. transfers 389 67 
Pregnancy rates (%) 184 (47.3)a 20 (29.8)b 

AB Technology primers 30/33 (91)  
Sex confirmations by ultrasound - Accuracy (%) Finnzymes primers 10/15 (66.6)  

a,bValues with different superscripts in the same row differ (P < 0.05). 
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At present, one company (XY, Inc., Fort Collins, 
Colorado) has technology that has been documented to be 
successful in the separation of X and Y bearing 
spermatozoa.  The sex pre-selection is based on identifying 
differences in DNA content between X- and Y-bearing 
sperm. The X chromosome contains about 4% more DNA in 
cattle and horses than the Y chromosome. The high-speed 
cell sorting machine employed can separate 6 million X or 
Y sperm per hour with 90% purity (40).  

Sexed semen appears to be an interesting tool that can 
be implemented in AI, ET, and IVF progra ms. The results 
published currently indicate that AI of heifers results in a 
similar pregnancy rate (around 50%) between low (1-1.5 
x106 sperm) and high dose (3 x106 sperm) units of frozen 
sexed semen deposited in the uterine body (79). Similar 
results were obtained by Goyaike in Argentina (10). In IVF, 
it is feasible to reach 18% - 26% of embryo development 
with frozen sexed semen (54, 56).  

The commercial application for Artificial Insemination 
will depend on separation efficiency (cost), and resulting 
pregnancy rates.  This application has the potential to 
revolutionize cattle breeding strategies in both beef and 
dairy.  Presently, the efficiencies obtained with separated 
semen are on the verge of commercial application.  At first 
glance, application of sexed semen technology would 
appear to fit well when coupled with embryo transfer 
programs.  However, super-stimulated beef and dairy donors 
may fail to transport sperm efficiently to the site of 
fertilization in the oviduct. (76)  This may delay the 
widespread application of sexed semen in commercial 
embryo transfer programs. 

The commercial application of separated semen 
coupled with IVF appears to provide the most logical and 
first commercial application for separated semen.  The 
inherent cost of separated sperm fits well into commercial 
IVF schemes, where small quantities of sperm are needed to 
achieve fertilization.  The potential to separate frozen-
thawed sperm would provide additional advantages to 
applications with IVF production of embryos. 

Trans Ova Genetics is currently harvesting ovaries from 
Holstein cows.  Oocytes are recovered and fertilized with X 
bearing, or female, sperm.  The resulting embryos are then 
implanted into dairy cows.  Improved conception rates, 
sustainable cross breeding, and approximately 90% heifer 
progeny are all potential value propositions. 

 
Somatic Cell Cloning 

 
Cloning is the colloquial term used to describe the 

process of somatic cell nuclear transfer (SCNT), and falls on 
a continuum of assisted reproductive technologies (ARTs) 
currently used in agriculture. 

The most acclaimed example of animal cloning is, of 
course, the report by Wilmut et al. in 1997 (97), the first to 
demonstrate that cloning of adult mammals was possible. 
While animal cloning by nuclear transplantation is 

inefficient, the fact that cloned animals representing various 
species have not been produced by a number of different 
laboratory groups has spawned great interest in reproducing 
(cloning) specific genotypes (1, 12, 84, 94). Economics and 
genetic improvement are not always the sole purpose of 
cloning.  Cattle may be cloned for show purposes, 
“insurance” purposes, and sentimental value. 

Presently cloning applications are limited to high value 
bio-medical or seedstock production.  In the future, cloning 
technology could play an important role in commercial beef 
and dairy production. Cloning could speed the 
dissemination of genetic progress generated in the nucleus 
population(s) to the commercial populations.  Embryo 
cloning could have a large impact in dairy cattle.  Instead of 
inseminating commercial cows with high-merit semen, 
embryos of the best available clone in the nucleus 
population could be used.  Having been selected as the best 
of the clones being produced in the nucleus, the genetic 
merit will be greater than the average merit of the 
commercial population (14, 16, 17, 64, 100). Clones enable 
widespread exploitation of non-additive genetic effects, 
dominance and epistasis, both within and between breeds.  

Using cloning in commercial farms to produce 
replacement animals reduces the percentage of cows that are 
required to produce replacement heifers.  This advantage 
could also be captured by the use of sexed semen or 
embryos.  The use of sexed semen or embryos also offers an 
opportunity for the farmer to reduce calving difficulties and 
thereby improve animal welfare.  The remainder could be 
used for the production of animals for beef production or to 
gestate nucleus herd embryos (99). 

The efficiency of cloning cattle by nuclear 
transplantation is extremely variable (94). The sources of 
variation which likely affect the outcome of nuclear 
transplantation include not only genotype, but the type of 
nuclei donor cell utilized, treatment of donor cells prior to 
nuclear transfer, and source of recipient ova. Dermal 
fibroblasts are the most common source for donor cells. 
These cells are easily harvested from either sex and cultured 
using standard tissue culture conditions. 

In our facility, we have worked with various 
laboratories. In addition, cloning attempts have been made 
from unmodified fetal cells, genetically manipulated cells, 
second generation clonal lines, and unmodified adult cells. 
Attempts have also been made with endangered species 
where donor cells are fused with bovine cytoplasts. 

Significant percentages of calves die within one week 
of birth due to various health problems. In our facility, 24% 
of cloned calves born failed to survive the first week.  The 
leading causes of mortality include respiratory distress, birth 
defects, non-viable calves, and enteritis (Clostridium sp) 

The commercial application of cloning in cattle is 
dependent on societal and regulatory acceptance, coupled 
with favorable cost vs. return economics. 

Economics can be evaluated with the following 
parameters: 
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a. Cost of implementation 
b. Genetic gain / Improved productivity 
c. Uniformity of clones 
d. Cost of cloning. 
Certainly the primary driver in all assisted reproductive 

technology is economic return versus cost. With the extreme 
variability and relative inefficiency reported with cloning, 
its primary application was for bio-medical applications and 
for the elite agricultural animals. Bovine cloning holds great 
promise to be used in wide scale applications. This stems 
from the fact that cloned embryos can be made efficiently, 
and acceptable pregnancy rates are already being achieved. 
Pregnancy maintenance and calf livability are the major 
hurdles to widespread application of the technology (2, 27, 
98). 

Potential reduction of the cost in producing cloned 
animals can be divided into three primary areas: embryo 
production, gestation, and improved calf survival.  

Cloned embryo production has essentially three cost 
drivers: output of volume produced, embryo development 
efficiency, and the number or percentage of embryos 
transferred. 

Cloning Laboratories are expensive to equip and 
operate. Calculated cost can range from $100 to $200 per 
blastocyst. Production must forecast a conservative rate of 
development to assure an adequate number of embryos are 
available to implant into available recipients.  This means 
that excess embryos are often created and wasted from days 
or cell lines where development rates are high. 

The best way to reduce embryo cost per pregnancy 
would be to transfer one embryo per recipient.  This would 
result in a 50% reduction in embryo cost, assuming 
comparable calving rates.  The second best way to reduce 
costs would be to have consistent development so that 
output per fixed cost could be maximized.  This could also 
result in a 50% reduction in cost.  The third would be to 
improve blastocyst development rates.  This potential would 
represent only a 5 to 10% reduction in cost. 

Maintenance of large open recipient populations, 
embryo transfer, gestation, and calving contribute the 

majority of cost in producing cloned cattle.  The majority of 
clones are presently harvested by caesarian section due to 
calf value and LOS. 

While input costs will vary widely depending on 
geography, and resources, the basic physiology of estrus 
synchronization and gestation are relatively consistent 
around the world (Table 6).  Table 7 is included to reveal 
calving rate as the primary driver in reducing the cost of 
producing cloned animals. Improved neonatal survival 
represents the second largest opportunity.  Reduction in the 
cost of cloned emb ryo(s) that are implanted into recipients is 
also important. 

Combinations of the above could significantly reduce 
the cost of clones, and allow for significant market 
penetration (Fig. 1). 

 
Table 6. Cloning cost inputs. 
Recipient Needs  
Pre Implant days 45 
Implant to Preg. Check, days 45 
Post Implant/calving, days 45 
Total Head Days 135 

  
Recipient Head Day Cost/day $3.25 
Gestation cost/day $3.25 
Total Head Day Cost $438.75 
Embryo Implant Cost $50.00 

Health Tests & Vaccines $50.00 
Synchronization $14.00 
Recipient Interest & Depreciation $75.00 
 $627.75 
  

Cloned Embryo Cost $102.58 
C-Section cost % Recipient cow depreciation $400.00 

Cloning: Price vs. Volume
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 FIG. 1. Cost and marketing estimates of cloned cattle. (Trans Ova Genetics, 2002). 
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Table 7. Cost of producing a cloned calf. 
Assumptions 

# embryos implanted/recipient 2 
40 days pregnancy rate  30% 35% 40% 45% 50% 55% 60% 
% of 40 day pregnancies 

carried to term  25% 30% 35% 40% 45% 50% 55% 

% calving rate  7.5% 10.5% 14% 18% 22.5% 27.5% 33% 
% survival rate  50% 55% 60% 65% 70% 75% 80% 
% live calves  3.75% 5.78% 8.4% 11.7% 15.75% 20.63% 24.6% 
         
Cost per calf produced 

Recipient costs  $628 $16,740 $10,870 $7,473 $5,365 $3,986 $3,044 $2,378 
Cloned embryo cost (2 

embryos) $205 $5,471 $3,552 $2,442 $1,753 $1,303 $995 $777 

Gestation cost of pregnancy 
loss 

$390 $1,560 $1,300 $1,114 $975 $867 $780 $709 

Gestation cost of live born 
calves $780 $1,560 $1,418 $1,300 $1,200 $1,114 $1,040 $975 

C-section cost & recipient 
cow depreciation $400 $800 $727 $667 $615 $571 $533 $500 

Total Cost Cloned Calf  $26,131 $17,868 $12,996 $9,909 $7,841 $6,392 $5,339 
 

Genetic Gain /Improved Productivity 
Breed improvement is accomplished through two 

objectives.  The first is the generation of genetic 
improvement by selecting animals based on their estimated 
breeding value (EBV).  In most livestock improvement 
schemes, selection is based on breeding values that are 
estimated using “best linear unbiased prediction” (BLUP).  
BLUP utilizes the phenotypic information on all traits and 
relatives to predict the EBV. 

Secondly, genetic superiority must be distributed from 
the nucleus to the commercial population.  The nucleus 
animals usually represent a small fraction of the population.  
In pigs and poultry, closed nucleus schemes are generally 
used in which nucleus animals are kept on a small number 
of farms and only animals from these nucleus farms 
contribute to genetic improvement of the nucleus 
population.  In beef and dairy cattle, nucleus animals are 
identified from open seed stock and commercial herds. 
These animals are used for artificial insemination and 
MOET programs for both current commercial production 
and generation of the next nucleus animals. 

By the creation of large numbers of identical 
individuals, embryo cloning has the potential to greatly 
increase accuracy of selection.  Each clonal line can be 
evaluated on the average phenotypic performance of many 
copies of itself.  Cloning offers the opportunity to test 
candidates under different environments, to subject them to 
a disease challenge that would not ordinarily be applied in 
other breeding schemes, or to measure carcass and meat 
quality traits directly on selection candidates.  Testing 
clones instead of half-sibs or full-sibs provides more 

information in these cases because the clones share 
Mendelian sampling (dominance and epistasis) with the 
selection candidate.  Clones can be tested under various 
conditions.  Conversely, modern agricultural producers 
would have the opportunity to manage, refine, and optimize 
the environment for specific clonal lines.  This may allow 
for more uniformity than predicted by heritability of a 
particular trait (90).  The use of crossbred clones in dairy 
cattle offers a unique opportunity to protect the breeding 
stock of individual companies, while producing the 
opportunity for a sustainable crossbred dairy cow strategy. 

A key element in the dissemination of genetic material 
is the genetic lag, i.e. the difference in genetic merit 
between the nucleus and the commercial populations.  
Cloning can be used to improve the dissemination of genetic 
gain generated in the nucleus population to the commercial 
population.  Van Vleck (90) and Villanueva and Simm (91) 
described that cloning could lead to the removal of one or 
two tiers in the pig breeding pyramid.  van Arendonk and 
Bijma (88), for example, concluded that the main advantage 
of cloning is faster dissemination of superior genetics to 
commercial farmers using cloned embryos from desirable 
genotypes.  In beef and dairy cattle, elite seedstock genetics 
could be rapidly distributed resulting in a short term genetic 
gain.  Since beef and dairy cattle breeding has been an open 
system where genetics are sampled and selected from an 
open population, this “quick” gain could also improve the 
availability and accuracy of future selection candidates. 
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Uniformity of clones 
Ideally, cloning individuals with outstanding 

performance would guarantee that all mates of the clone are 
genetically superior to other animals and that the clones 
would be uniform and predictable. 

The usual, but perhaps incorrect, perception would be 
that an animal with a high record or other desirable 
attributes could be safely selected to be the origin of a 
family of clone mates.  There is no sure way to identify 
superior animals except by testing many clone mates or by 
testing multiple progeny of a bull.  The situation would also 
change when molecular information is available to assist in 
prediction of the phenotype. 

Phenotype (P) equals Genotype (G) plus Environment 
(E).  P = G + E. 

For most traits, additive genetic variance accounts for 
10 – 50% of total variance, a fraction denoted as heritability 
(h2).  (Table 8 and 9)  Only if heritability is 100% will clone 
mates have complete uniformity.  For example, with h2 of 
.50, which is larger than for most traits, this measure of 
uniformity is only 30% better than for unrelated animals.  If 
heritability is 25%, then the standard deviation among 
clones would be 87% of that of uncloned animals (90). 

 

 
Table 8. Heritability estimates for Holsteins from the USDA-AIPL website (www.aipl.arsusda.gov). 

Trait Heritability % Trait Heritability % 
Milk Yield 30 Feet & Legs 15 
Productive Life 8.5 Daughter Pregnancy Rate 4 

Somatic Cell Score 10 Direct Calving Ease 9 
Size 40 Maternal Calving Ease 6 
Udder 27   

 
Table 9. Heritability estimates for Angus cattle from the American Angus Association website (www.angus.org). 

Trait Heritability % Trait Heritability % 
Birth weight 33 Scanning weight 57 
Weaning direct 20 Intra muscular fat 31 
Weaning (milk) 14 Rib eye Area 38 
Post weaning gain 20 12-13th Rib Fat Thickness 39 

Yearling height 50 Retail Product 39 
Yearling weight 37 Scrotal circumference 43 
Mature Height 87 Mature Weight 53 
Carcass weight 30 % Retail product 25 
Rib eye area 28 Marbling Score 36 

Fat Thickness 25   
 
Currently, most cloned embryos are gestated by non-

lactating beef cows.  Low conception and calving rates 
coupled with dystocia associated with Large Offspring 
Syndrome (LOS), prohibit the use of lactating dairy cows as 
recipients (2). 

However, cloning a genetically superior animal also 
could capture optimum dominance and epistatic genetic 
effects that are otherwise difficult to select for.  Capturing 
this effect could allow producers to manage the environment 
to maximize agro-economic traits of the clones. 

 
Societal Values and Regulatory Impact on 
Commercialization 

Historically, most technology introductions have been 
met with some skepticism. The birth of Dolly has tended to 
polarize public opinion on the application of biotechnology 

in agriculture.  In agriculture, Artificial Insemination was 
greeted with questions and concerns about the normality of 
the resulting calves.  The birth of the first human baby by 
IVF created a lot of public debate on the morality and ethics 
of technology.  Over twenty years have passed and 100,000 
assisted reproductive technology babies have now been 
born. 

Regarding agriculture, the ultimate test for most 
consumers is the level of assurance that can be credibly 
provided that the application of these technologies does not 
inversely impact food safety. These risks may be real or 
perceived. Our fellow researchers in transgenic plants have 
helped illustrate the consumer concerns.  

Society is placing animal welfare as an increasingly 
important part of food production. The public and regulatory 
officials are increasingly seeking assurances and demands to 
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ensure that advances in biotechnology will not result in an 
increase in animal suffering (22, Table 8). 

Environmental concerns included numbers or 
population density of specific genotypes, and the lack of 
genetic diversity. In addition, some species such as 
transgenic salmon must provide assurances that the escape 
of transgenic salmon will not upset indigenous feral 
populations and ecosystems. Livestock have an advantage in 
containment and trace ability when compared to plants and 
species such as fish.  However, in many countries 
inadequate systems for cattle identification and traceability 
are in place to provide for conception to consumer tracking 
of product. 

In the United States, the FDA commissioned the 
National Academy of Sciences (NAS) to identify and 
prioritize any safety concerns that bioengineered and cloned 
animals might present to food, animals and the environment. 

After consulting with pioneers in the field of cloning 
and holding a public workshop, the NAS published its 
report entitled “Animal Biotechnology: Science-Based 
Concerns” in August 2002. According to the report, "there 
is no current evidence that food products derived from adult 
somatic cell clones or their progeny present a food safety 
concern." The report recommends collecting additional 
information about food composition to confirm that these 
food products are, in fact, safe.  The NAS's job was to 
identify the potential risks of cloning.  Now the FDA is 
studying those risks to determine how to manage them. The 
FDA is developing risk assessments describing the potential 
risks, if any, of consuming food products from animal 
clones and their offspring, and describing health risks to 
animal clones and their offspring. The FDA will use these 
assessments to develop an appropriate science-based 
regulatory approach, in the form of policy or guidance for 
industry, to manage any food and animal health risks. 

 
Summary 

 
Commercialization of bovine reproductive technology 

for food and bio-medical applications represents significant 
opportunities.  Artificial insemination, embryo transfer, in 
vitro  fertilization, cloning, transgenics, and genomics all are 
components of the tool box for present and future 
applications. Individually, these are powerful tools capable 
of providing significant improvements.  However the 
greatest gain will come from the application of 
combinations of these technologies. 
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