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Introduction

• Potential for cloning realized since early 1980’s
• Many technological difficulties to overcome….
• BUT, technologies to address problems exist
• Determinants of advances:• Determinants of advances:

– Current success rates
– Variability of results
– Costs
– Government regulation
– Public perception and acceptance



Introduction

• Cloning is a natural extension of other 
genetically modified agricultural products

• Cloning is also a natural progression of the 
use of assisted reproductive technologies use of assisted reproductive technologies 
(ART)

• Current Government regulation?
• Public perceptions and market demand 

are important considerations.
• Differentiated markets already exist



Reproductive Technologies in 
Perspective

1. Artificial Insemination and 
Cryopreservation

2. Multiple (Super) Ovulation and Embryo 
Transfer (MOET)Transfer (MOET)

3. In Vitro Fertilization
4. Sex Determination of Sperm and 

Embryos
5. Cloning (Nuclear Transfer)
6. Transgenics



Cloning in the Dairy Industry

Application and Uses:
1. The rapid spread of animals with superior genetic 

makeup for:
– Milk production
– Milk quality– Milk quality
– Growth
– Feed efficiency
– Disease resistance

2. Phenotypic evaluation and selection of superior 
animals.

3. Production of genetically modified (transgenic) 
animals.



Current Problems with Cloning
• Inefficiencies associated with the process

– 40-50% cloned embryos develop
– 10% carried to term
– Thus only about 5% success rate

• Health problems with cloned animals
– Large offspring syndrome (LOS)
– Postnatal problems (hypoxia, hypoglycemia, acidosis, etc)– Postnatal problems (hypoxia, hypoglycemia, acidosis, etc)
– Incomplete reprogrammation, kidney & liver problems, body defects
– Intergenerational compounded problems
– Genetic variability and uncertainty

• Potential loss of genetic diversity and variability
• Costs
• Legal and ethical problems



Technologies to Overcome 
Problems 

• Preimplementation genetic diagnosis (PGD ) 
– screening embryos for genetic defects.

• Gamete Storage – increased efficiency of 
cryopreservation.

• Genomics – sequencing of Bovine genome • Genomics – sequencing of Bovine genome 
currently underway since 2003.

• Proteomics – understanding how proteins 
interact and function together.

• Bioinformatics – computer technologies to 
handle large mountains of data.



Common Misperceptions
• Are clones identical? – Phenotypically usually, 

genotypically not necessarily
• Are clones superior? – not necessarily
• Is there a “perfect” animal to clone? – Unlikely
• Is cloning useful? – most likely, but there are • Is cloning useful? – most likely, but there are 

problems:
– Potential for build-up of inbreeding
– Potential for decrease in genetic diversity
– Potential for compounded intergenerational problems
– Economic value and costs



Economic Impacts of Cloning for 
the Dairy Industry

• Focus on the most immediate impact of 
cloning – increased milk yields.

• Considerations:
• Costs of investing in cloning?• Costs of investing in cloning?
• Do increased revenues exceed the costs?
• How much is a cloned replacement worth?
• What factors determine feasibility of investment?
• Impacts of Cloning at the national level
• Consumer perceptions and attitudes toward 

cloning



The Costs of Cloning

• Considered to be a major obstacle to the 
future of cloning for the dairy industry.

• BUT, very little known about them
• Dematawewa and Berger (1998) – break-• Dematawewa and Berger (1998) – break-

even cost of cloning should be $84!!
• Current studies quote $10,000 per clone, 

but decreasing rapidly!



Revenue Generation from Cloned 
Animals for Increased Milk 

Production
• If a producer were to invest in advanced animal 

breeding technologies that increased milk 
production, would the net revenues generated 
by the increased milk production be sufficient to by the increased milk production be sufficient to 
cover the costs of investment?

• We measured the increased stream of revenues 
from increased milk production over time using 
net present value (NPV) techniques







How much is a cloned replacement 
worth?

• We next consider how much a producer 
would be prepared to pay for a genetically 
enhanced replacement that produces 
more milk.more milk.







Factors Associated with Feasibility 
of Investing in Cloned Animals

• Size of Operation (# cows)
• Milk Prices
• Base Milk Production per Cow
• Interest Rates and Discount Factors• Interest Rates and Discount Factors
• Other management factors:

– Calving rates, culling percentages, 
replacement costs, labor costs, feed costs, etc



Impacts of Cloning at the National 
Level





Consumer Perceptions and 
Attitudes

• Consumers who choose to purchase milk 
products that are cheaper because of 
biotechnology do not appear to be 
concerned about milk from cloned cows.concerned about milk from cloned cows.

• Consumers who choose to purchase milk 
products that are conventionally produced 
appear to be shocked when they learn that 
the milk is from cloned cows



Consumer Perceptions and 
Attitudes

• Although about 80% of consumers think it is a 
bad idea or are skeptical about producing milk 
from cloned cows, a significant proportion of the 
U.S. population are fairly open-minded about 
this new technology. this new technology. 

• Education of consumers, and honesty by the 
industry are essential if these types of 
technology are to succeed.

• Labeling is seen as VERY IMPORTANT



Conclusions
• Cloning and products from cloned animals is likely to come in the 

near future, whether people like it or not.
• Cloning is likely to be primarily adopted by dairy producers for 

increasing milk production – despite the usefulness of cloning for 
doing other things like increasing food safety, human health and 
medical uses.

• Current regulations of cloning in the U.S. are minimal, including • Current regulations of cloning in the U.S. are minimal, including 
labeling laws. 

• Our studies show that the use of cloned animals at the farm level for 
increased milk production is feasible under most circumstances

• A significant proportion of the U.S. population are fairly open-minded 
about this new technology.

• However, education of consumers, and honesty by the industry are 
essential if these types of technology are to succeed.

• Labeling is seen as very important.


