
Head at the University of Nevada at Reno. As Dean, Dr. 
Thawley had a strong commitment to outreach at the 
College and saw the Leman Conference as a great oppor
tunity to help the swine industry. He encouraged faculty 
in their efforts to build a quality program each year and 
provided the staff to support a conference of this size. He 
will be remembered for his commitment to the growth 
and success of the Allen D. Leman Swine Conference. 

Regardless of all the efforts previously mentioned, you 
the individuals who attend the Leman Conference, are 
the most important reason for success. Without your pres
ence, there would be no need for this meeting. Your com
mitment to your education brings you here. You have chal
lenged yourself and others to be better. We want to meet 
that challenge. 

Thank you for attending the 1998 Allen D. Leman Swine 
Conference. Please feel free to suggest ideas to improve 
future conferences. 

- Charles H. Casey, DVM 
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Genetics of production and product quality: 
A Minnesota perspective 
Craig W. Beattie, Ph.D. 
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of Minnesota 

The past half-century in American agriculture has wit
nessed a significant increase in on-farm production and 
product quality. Major advances in technology have fos
tered this improvement and, with it, economic power, but 
the expansion of integrated production systems dedicated 
to maximize output of a relatively homogeneous product 
has created new issues related to product quality, bio-se
curity, and food safety. This is no less true for the swine 
industry. Industry responsiveness to increasing consumer 
and governmental pressure for product quality assurance 
or certification is hampered by a lack of information re
lating to such issues in vertically integrated production 
schemes that extend from "semen to cellophane." Diverse 
global management schemes further complicate the flow 
of information regarding those products during and post
production. Adapting or altering current management sys
tems to address these issues and improve overall product 
quality clearly depends on how well we are able to inte
grate a series of biological disciplines, informatics, in
dustrial developments, health and environmental promo
tion, and social expectation. Economic reality also dictates 
that new approaches to selection for improved product 
quality and safety be implemented. The potential for 
emerging DNA-based technologies and bioinformatics in 
enhancing swine production efficiency and product qual
ity through selection appears to be significant and may 
playa crucial role. 

Current swine production schemes address four traits of 
major economic significance to the producer and ulti
mately to the consumer: 

• product quality, 

• reproductive performance, 

• production efficiency (e.g., lean growth), and 

• disease resistance or susceptibility. 

In general, management programs have not taken into 
account the issues of biosecurity, food-borne pathogens, 
and product certification or 'branding', and it is only re
cently that they have begun to be discussed and attempts 
made to incorporate them into production and monitor
ing schemes. Subscription to an international quality as
surance system for production is a first step, but does not 
provide a guarantee that an individual product is of high 
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quality, merely that the producer has adhered to a par
ticular quality assurance scheme. 

Creating certifiable high quality pork product(s) requires 
a multifaceted strategy that facilitates genetic selection 
for improved product quality and production efficiency 
and tracks those products through to the consumer. It 
should also take into account the use of molecular diag
nostics to monitor current and emerging infectious, pro
duction-related, zoonotic, and food-borne pathogens. A 
molecular epidemiologic component that incorporates 
such diagnostic tools for pre- and post-harvest surveil
lance of specific pathogens on a local, regional, national, 
and global basis could significantly reduce industry loss 
as well as improve product safety. 

One feature of such a strategy might be the use of emerg
ing DNA based technologies that identify traits of eco
nomic interest. Genetic markers derived from the swine 
genetic map can be used to identify chromosomal regions 
that influence economically important traits (ETLs), im
prove selection accuracy by augmenting current breed
ing practices, and assist in the development of trademarked 
products (e.g., unique to a particular source). Markers on 
a genetic map, simply, give us an idea of what they are 
near when we seek to identify the locations of genes as
sociated with specific traits. When sufficiently close to 
the gene or genes responsible for the trait of interest they 
segregate with that phenotype and identify specific ani
mals whose germplasm can be used in current programs 
of genetic selection. 

Identification of chromosomal locations (loci) of economi
cally important traits within and between commercial 
breeds currently under production is already underway. 
For example, markers are being used to focus on specific 
chromosomal regions already identified with back fat ac
cretion and rapid early growth in commercial populations. 
Simultaneous development of genetic markers unique to 
commercial breeds, herds and individual animals poten
tially provides a hitherto unavailable means to identify 
the value-added products of each animal through each 
phase of swine development including growth finish, 
packing, and retail to the consumer. Identification of ETLs 
can improve selection accuracy and decrease the cost of 
progeny testing by allowing selection at a young age. 
Markers closely flanking the ETL can be used to select 
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progeny that have received superior alJeles. This process 
of marker-assisted selection, or MAS, can be implemented 
immediately after detection of an ETL when markers 
flanking an ETL are sufficiently close (tightly linked) to 
permit following the trait indefinitely in a selection 
scheme. Construction of marker panels specific for breed, 
herd, and so on could immediately and significantly im
pact the swine production and allied industries. There are 
several reasons for this. First, genetic improvement of 
economicalJy important traits, such as production and 
health, is sustainable because genetic gain is permanent 
and cumulative. Second, it is clear that genetic markers 
can identify chromosomal regions that account for 
significant amounts of variation of an economicalJy im
portant trait in commercial breeding herds. The number 
of markers needed to implement MAS for individual eco
nomic traits in commercial herds and provide positive 
identification of breed, herd, and individual animals 
throughout production is currently under active research. 
Once the transfer of marker technology to commercial 
populations has been demonstrated for one trait (e.g., 
growth between weaning and feeder size), there is little 
reason to think why this strategy cannot be extrapolated 
to other traits. Significant statistical support for an ETL 
for early post-weaning growth rate on swine chromosome 
1 that explains 25% of the genetic variance in progeny 
from an experimental population is already available 
(Paszek et al. 1998). What is the immediate economic 
impact of such a strategy? Minnesota Agricultural Statis
tics for 1996 indicate that roughly 55% of every dollar 
earned from farrowing to feeder size (-$35 x 0.55 = $17) 
is spent on feed from alJ sources. If we reduce that figure 
by only 25% (25% improvement in genetic gain) multi
plied by 6.5 million hogs (60 lbs.) produced in 1996, a 
savings of $4 x 6.5 million pigs or -$26 million is 
achieved. The process is easily transferred to genetic im
provement in other production traits. 

Similarly, circumstantial evidence exists for individual 
susceptibility to bacterial disease. Progress in investigat
ing this possibility has increased dramatically in swine 
with the availability of probes for a wide variety of "can
didate" genes and molecular genetic evidence that ac
counts for significant variation in the polygenic response 
to infectious pathogens. Although the exploration of host 
susceptibility to infectious agents at the molecular genetic 
level has only just begun, several tantalizing insights are 
available that provide some indication of the complexity 
of the mechanisms involved. Initial indications of asso
ciations between the incidence and severity of infectious 
bacterial and viral disease and particular DNA or protein 
polymorphisms provide impetus for marker/informatics
based whole genome searches for such loci in production 
herds. However, to date, the list of definite susceptibility 
loci remains relatively small (Guerin et. al. 1993). Since 
it is clear that no one gene, or form of a gene, can confer 
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resistance to all pathogens, even marker-based selection 
for "resistance" may have to be balanced to ensure that a 
herd or population would have an adequate immune re
sponse to a variety of pathogens. Alternatively, suscepti
bility to a specific pathogen, whose presence is confirmed 
by DNA-based means, could be selected against, while 
maintaining marker and allelic heterozygosity for gen
eral immune responsiveness and other production traits. 
As the human genome effort increases our knowledge of 
the function of genes involved in the complex relation
ship between host and pathogen, it will allow us to iden
tify new marker traits associated with resistance or sus
ceptibility and produce genetic markers useful for MAS 
in swine. The economic implications of further research 
involving host and bacterial or viral genomes and their 
subsequent transmission for more effective control and 
management of infectious and zoonotic diseases and food
borne pathogens in swine are significant. 

Genetic markers are also useful as a DNA-based diag
nostic tool for parentage testing (Heyen et al. 1997). They 
can also be applied for diagnostic purposes beyond par
entage testing such as DNA fingerprinting of a particular 
inbred line, a cross, or a company product. Consumer, 
producer, and regulatory concerns over food safety clearly 
warrant development of means to identify high quality, 
biosecure products at the production and retail level. The 
potential for swine producers to use DNA fingerprints to 
determine the identity of a swine product, or track a swine 
product from producer to consumer is real and provides 
the producer with the added value of brand naming or 
"bar coding" a pork product as to its uniqueness or origin. 

A similar scenario can be applied to the use of DNA-based 
diagnostics for specific pathogens, which-when routinely 
incorporated into a production scheme that employs DN A
based typing (e.g., for herd or trait identification)-can 
be used to provide the producer with real-time estimates 
of production and product quality. This in turn provides 
the consumer with a high quality product that can be 
certified as such. The routine incorporation of DNA-based 
molecular diagnostics for specific pathogens identifies if, 
when, and where a break in quality assurance has occurred 
at any point during production or packing, obviates the 
inconsistencies in clinical diagnosis and inability to diag
nose sub-clinical disease, and allows the producer or 
packer to categorically state "we don't have it." 

Most importantly, informatics is an essential feature of 
any strategy to improve production efficiency, product 
quality, and safety. Although, to a large extent 
bioinformatics is currently confined to a drug and gene 
discovery phase within the pharmaceutical and plant ag
riculture industries, respectively, this will not continue in 
the future. Bioinformatics is now permeating every re
search and production area. With our rapidly increasing 
knowledge of DNA polymorphisms in swine and depen-
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dence on a global export economy, bioinformatics will 
become the most important tool in the analysis of results 
from disease monitoring through selection, production, 
packing, and marketing. As such, bioinformatics has the 
potential to redesign entire management schemes to af
fect increases in efficiency, product quality, and 
biosecurity on a global scale. Obviously, assimilating, 
warehousing, integrating, and transferring this informa
tion between the producer, packer, and public health agen
cies requires improved, on-site relational (informatics) 
databases capable of remote access. To maximize 
efficiency, any informatics platform(s) that incorporates 
DNA-based monitoring of production, zoonotic, or food
borne pathogens in a production scheme should be incor
porated into a state, federal, and global surveillance or 
epidemiologic approach that incorporates the appropri
ate health agencies. The information should be available 
to individual and corporate producers via an appropriate 
monitoring agency to limit the potential for regional, na
tional, or global spread, particularly with emerging or re
emerging pathogens. 

The opportunities to establish such platforms are real and 
should be encouraged as part of an overall industry goal 
to improve product quality and safety. The issues of how 
this information will be stored (warehoused), transferred, 
and used even within a single production system are com
plex, but not insurmountable. Initially, recording basic 
events in the production life of individual animals or even 
on a pen basis (e.g., weights at major points in the growth 
cycle) would go far towards generating sufficient data to 
improve animal uniformity. Real-time integration of data 
streams from nucleus herds and remote multipliers would 
allow interactive monitoring of performance to reduce 
variability through appropriate selection. Real-time moni
toring of specific pathogens coupled with herd 
identification could be a first step in product identification, 
product tracking, and certified biosecure products. 
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Finally, we must consider the prospect of cloning for eco
nomic traits of interest within the context of the new 
millenium. While pigs have proven a difficult subject, 
merging the cutting-edge technology developed for clon
ing in the mouse with that used to create 'Dolly' the sheep, 
promises to provide a breakthrough in the use of swine 
organs as xenografts for human transplant. Pigs, geneti
cally engineered to bypass rejection by the human im
mune response, will certainly provide extensive basic in
formation on the immune system and how pigs respond 
to pathogen invasion. Extending this technology as a plat
form for post-selection multiplication once carriers of 
specific alleles are identified, or as a single platform for 
selection, is clearly on the horizon. Its potential merits 
and drawbacks should be considered and discussed as the 
industry enters the 21 st century in the face of increasing 
global competition and the challenge of increasing pro
duction efficiency, product quality, and safety on a global 
scale. 
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