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Introduction 
I would like to thank the organizers of the Reciprocal Meat 

Conference and the American Meat Science Association for 
inviting me to speak at this year’s conference. When Dr. 
Gordon Davis first extended the invitation, he indicated that 
he set a high priority in stimulating discussion, perhaps even 
generating a little controversy. In an attempt to accomplish 
both goals, I am going to make a few predictions. 

During the decade of the ~ O ’ S ,  you as meat scientists will 
witness: 
1. The injection of foreign genetic material into cells derived 

from farm animals. 
2. The successful incorporation of the foreign genetic materi- 

al into the genome of the recipient animals. 
3. The development of cattle, swine or sheep with entirely 

new genetic potentials for growth and development. 
Obviously, what I am suggesting is that the recent ad- 

vances in genetic engineering will be extended to research in 
meat animals. However, even with the major breakthroughs 
accomplished by genetic engineers, my predictions may 
seem overly optimistic. It may even be difficult for many of 
you to envision what molecular genetics has to do with 
growth biology in general and meat science in particular. 
Since genetic engineering is going to define the direction of 
growth biology research for the remainder of this decade, this 
is what I would like to address in this presentation. 

Background 
In 1971, a major change in attitude of the American Meat 

Science Association occurred: a Meat Animal Growth and 
Development Committee was created, chaired by Dr. R. 
Merkel. For the first time, a visible effort was made to bring 
together research in meat animal carcass composition and 
the most current research in the physiology and biochemistry 
of animal tissues. In the following decade, current develop- 
ments in meat animal growth biology were presented at the 
annual Reciprocal Meat Conferences. The details of these 
presentations were all the more meaningful because they 
represented the joint efforts of those who can most effective- 
ly evaluate carcass composition and define market trends in 
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red meat consumption (meat scientists) and those who can 
best determine the cellular mechanisms by which carcass 
composition can be modified (growth biologists). An excellent 
review of the state of the art of growth biology research in 
animal production was provided by Dr. Harry Mersmann at 
the 1982 Reciprocal Meat Conference (Mersmann, 1982). 

However, meat scientists have not had at their disposal 
the technologies necessary to convert their knowledge of the 
cellular regulation of growth into practices which would result 
in animals which grow more efficiently or produce higher 
quality carcasses that have superior sensory properties (Al- 
len, 1983). In order to improve animal performance or car- 
cass characteristics, growth biologists were limited to the use 
of growth promotants or repartitioning agents, naturally oc- 
curring growth factors or dietary manipulations. At the 1980 
Reciprocal Meat Conference, Dr. Don Carlson of the Depart- 
ment of Biochemistry at Purdue presented a paper entitled 
“Recombinant DNA as a Tool in Animal Research” (Carlson, 
1980). Meat scientists were presented with a mechanism by 
which the genetic code for simple polypeptides, such as 
growth hormone, could be introduced into the DNA of bacte- 
ria. These genetically modified organisms then were able to 
produce the desired polypeptide in quantities never before 
attainable. The presentation by Dr. Carlson at the 1980 
Reciprocal Meat Conference should be considered a land- 
mark presentation in that it introduced to growth biologists in 
meat science one of the most promising new technologies by 
which meat animal growth can be modified successfully. In 
the years that followed Dr. Carlson’s presentation, several 
speakers elaborated on the importance of genetic engineer- 
ing to meat animal growth (Wilson, 1982; Allen, 1983; 
Cundiff, 1983). 

It should be apparent by now that it is my opinion that 
genetic engineering should provide the impetus for growth 
biology research by meat scientists for the remainder of this 
decade. Therefore, in the remainder of my presentation, I 
would like to define: 1) the major importance of recombinant 
techniques to meat animal production; 2) the role of growth 
biologists in this research; and 3) the necessity for meat 
scientists to be working actively in the field of growth biology. 
To accomplish these goals, first let me describe the current 
state of the art for research in recombinant DNA. I am 
indebted to Dr. Duane Kraemer and Dr. James Womak of the 
Department of Animal Science and the School of Veterinary 
Medicine at Texas A&M University for providing me with 
much of the following information. Much of this research has 
not yet been published, and truly represents the state of the 
art. 
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New Technologies 

I will not give you an extensive review of recombinant DNA 
technologies. Adequate details of these techniques and the 
corresponding historical perspective are provided in earlier 
Reciprocal Meat Conference proceedings (Carlson, 1980; 
Wilson, 1982). 

Scientists working in the field of recombinant DNA have 
been called molecular biologists, molecular geneticists and 
genetic engineers. As I stated earlier, what they have been 
able to accomplish is the transfer of genetic material from 
one organism into the genome of another organism. At the 
time of the 1980 presentation by Dr. Carlson, the best appli- 
cation of recombinant DNA techniques to meat animal pro- 
duction laid in the possibility to mass produce large quantities 
of growth factors, such as growth hormone, which could then 
be administered to livestock. 

This was the state of the art in 1980. However, as most of 
you probably are aware, the field of molecular biology has 
moved ahead of merely modifying the genome of 
prokaryotes. In an article by Palmiter and coworkers pub- 
lished in Nature in 1982 (Palmiter, 1982), they described an 
experiment in which they successfully injected the gene 
sequence for rat g:owth hormone (and the appropriate pro- 
moter sequence) into a mouse embryo. In doing so, they 
produced mice that produced 5 to 100 times the normal 
plasma concentrations of growth hormone, and that were 
substantially larger than control mice. These “transgenic” 
mice had incorporated into their genetic complements the 
gene sequence for rat growth hormone. As it turns out, it was 
the liver of the transgenic mouse, and not the pituitary gland, 
that produced the extra growth hormone; however, the net 
result was the same. 

Obviously, new technologies have developed quite re- 
cently to bridge the gap between recombinant DNA research 
in bacteria and transgenic animals. How was this feat accom- 
plished, and how can these techniques be applied to meat 
animals? The initial steps required to produce a transgenic 
animal require the full complement of recombinant DNA 
techniques required to produce genetically altered bacteria. 
The DNA sequence responsible for the production of growth 
hormone must first be identified and cloned in order to 
produce sufficient quantities of the DNA to introduce into the 
host organism. To accomplish the insertion of the DNA into 
the host, it must first be incorporated into a short segment of 
DNA called a plasmid, which is commonly found in bacteria. 
The plasmids can then be inserted into the DNA of the host 
organism. 

This was not a major difficulty if bacteria were to be the 
terminal host organisms; bacteria contain only a single dou- 
ble-stranded loop of DNA. In higher animals like the laborato- 
ry mouse there exists a large number of DNA molecules 
tightly coiled into chromosomes. These structures are too 
compactly arranged to make the insertion of genetic material 
as easy as it is in bacteria. Worse still, you must introduce the 
gene at a stage in the animal’s development in which it will be 
dispersed into every cell of the organism. 

This was accomplished in transgenic mice by injecting the 
plasmids containing the growth hormone gene into the male 
pronucleus of a fertilized mouse zygote. During the process 
of fertilization, the sperm releases its haploid number of 

chromosomal material into the cytoplasm of the egg. At this 
time, the chromosomes in this “pronucleus” become 
unwound, and thus are more accessible for gene insertion. 
Furthermore, during this period, the DNA in the male pronu- 
cleus is undergoing extensive repairhecombination, making 
this an excellent time in which to insert a short segment of 
DNA. 

Typically, once the DNA has been injected into the zygote, 
the embryo is then transplanted into a donor mouse. If the 
embryo is received successfully and carried to term, the 
mouse pup can be screened to determine if it expresses the 
gene sequence introduced into its genome. 

For the last three years, a major obstacle prevented this 
technique from being utilized in producing transgenic meat 
animals, such as cattle or swine. Unlike the mouse embryo, 
which has a relatively translucent cytoplasm, in which the 
male and female pronuclei can be visualized easily, the 
embryos of meat animals have such large quantities of yolk 
that it is not possible in a practical sense to visualize the 
pronuclei. Hence, it was not possible to inject the gene 
material into the male pronucleus. 

This obstacle recently has been hurdled. Duane Kraemer 
at Texas A&M University has developed a technique whereby 
he infuses into the ovum a fluorescent dye which specifically 
stains for DNA (Minhas et al., 1984a). Under ultraviolet light, 
the pronuclei consequently are quite easy to detect; hence it 
is possible to inject the male pronucleus of the bovine zygote 
with exogenous DNA. 

If you will recall my earlier predictions, I stated that during 
the decade of the ~ O ’ S ,  we will witness the introduction of 
foreign genetic material into the genome of meat animals; 
this already has occurred. Brij Minhas, working in the labora- 
tory of Dr. Duane Kraemer at Texas A&M University, has 
successfully introduced the genetic sequence coding for a 
viral isozyme of thymidine kinase into the pronucleus of a 
bovine zygote (Minhas et al., 1984b). 

Not only has the injection of genetic material into a fertil- 
ized bovine egg been accomplished, but this egg has been 
implanted successfully into a recipient cow, which at this time 
has not yet reached term. Once parturition has occurred, Dr. 
James Womak of the Texas A&M Veterinary College will 
screen the calf for both the successful incorporation of the 
gene sequence into the preexisting genome and, more im- 
portantly, for the expression of that gene (i.e., the production 
of the viral thymidine kinase). 

If indeed these individuals have successfully produced a 
transgenic calf, then the potential benefits to meat scientists 
are enormous. These benefits include: 
1. Improvements in growth. Obviously, if the growth hor- 

mone gene can be introduced into the genome of mice, 
then the potential exists to do the same in cattle. However, 
it may be even more advantageous to consider incorpo- 
rating the gene sequences responsible for the production 
of other serum growth factors into the genome of live- 
stock. A number of labs currently are investigating serum 
growth factors in cell culture systems, and the information 
provided by their research could have direct applicability 
to the production of transgenic animals. 

2. Enhanced reproductive efficiency. Recent evidence has 
indicated that the injection of insulin into cattle increases 
the sensitivity of bovine ovaries of gonadotropins, which 
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induce superovulation. Introduction of the gene for bovine 
insulin into the genetic complement of cattle could result in 
increased insulin levels, hence increased reproductive 
efficiency. 

3. Improved digestive efficiency. Data exist that indicate that 
the elevation of the synthesis of specific pancreatic en- 
zymes in pigs would increase their growth efficiency. This 
too could be accomplished by genetic engineering. 

4. Alterations in metabolism. Incorporating growth hormone 
or insulin genes into the chromosomes of livestock would 
likely have profound effects on their metabolism. Less 
generalized effects could be accomplished by introducing 
the genes for specific gene products, such as rate-limiting 
enzymes in biosynthetic or degradative pathways. 

5. Enhanced natural immunity. It may be possible to intro- 
duce genes such as the one coding for interferon into 
animals, further increasing their immunity to disease. 

6. Improved product quality. The enhancement of animal 
growth, digestive efficiency and metabolism by genetic 
engineering should have as its ultimate goal the produc- 
tion of carcasses with minimal amounts of subcutaneous 
and seam fat, but with sufficient marbling fat to grade 
Choice. 

Role of Growth Biologists 
What is the role of the growth biologist in the production of 

transgenic livestock? Obviously, the genetic engineers pretty 
much have the lead in recombinant DNA research. However, 
growth biologists have a vital role to play in the application of 
genetic engineering to meat animal production. As detailed 
by Wagner et al. (1984), the potential for producing 
transgenic livestock cannot be exploited until growth biolo- 
gists define for them the critical gene products. These would 
include serum growth factors and key regulatory enzymes 
involved in the processes of growth and development. For 
example, investigators of lipid metabolism in mice have 
cloned the cDNA sequences for NADP-malate dehydrogen- 
ase and ATP-citrate lyase, (SUI et al, 1984), the activities of 
which limit hepatic de novo synthesis of fatty acids in mice. 
With the cDNA sequences, they have demonstrated that the 
marked increases of liver NADP-malate dehydrogenase and 
ATP-citrate lyase observed in starved:refed mice were due to 
similarly elevated mRNA levels. Other investigators have 
determined that adipose tissue glycerophosphate dehydrog- 
enase is critical to triacylglycerol biosynthesis in that tissue 
and have used recombinant DNA techniques to follow gene 
transcription of that enzyme during development of 3T3- 
adipocytes (Cook and Spiegelman, 1984). Although some 
work is being done with meat animals (Prasad et al., 1984), 
to date this work has been minor relative to that which has 
been accomplished in laboratory animals. 

Growth biologists have the primary responsibility for de- 
termining which gene products must be modified in order to 
enhance livestock production. Once this is accomplished, the 
gene sequence coding for the production of these gene 
products can be produced, and these sequences can be 
utilized as tools to demonstrate the development and regula- 
tion of the expression of these growth factors or enzymes in 
the living animal. This research is prerequisite to producing 
transgenic livestock. 

Growth Biologists as Meat Scientists 
How should we modify growth in animals? It will take an 

enormous amount of work to produce transgenic livestock, 
yet do growth biologists know what specific changes would 
most benefit the producer and the consumer? Not likely, 
unless they also are trained as meat scientists. Meat scien- 
tists must define for growth biologists the optimal product 
which they should produce. This entails determining the 
needs of the consumer and fulfilling the economic require- 
ments of the producer. 

Obviously, we have a long way to go before we can even 
delineate which gene products are critical to the efficient 
growth of the animals. However, it is vital for us to remember 
that it is entirely up to growth biologists working in concert 
with meat scientists to define the direction that recombinant 
DNA research in meat animals will take. We are the only 
ones who can provide the information necessary to elucidate 
which gene products need to be introduced into meat ani- 
mals in order to improve the efficiency of animal growth, or 
salability of the resulting meat products. 

Conclusion 
With the advent of recombinant DNA technologies which 

can be applied to eukaryotic organisms, growth biology 
research with meat animals has assumed an entirely new 
importance. The characterization of metabolic pathways and 
growth factors which occupied growth biologists during the 
last two decades now may be extended to the realm of 
genetic engineering, with the very real potential for producing 
meat animals with entirely new genetic potentials. To accom- 
plish these goals, it is essential that growth biologists and 
meat scientists work in concert to define the gene products 
(enzymes or growth factors) and their biological development 
in order to provide genetic engineers with a sound base from 
which to begin. 
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