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"The key [to domestic breeding] is man's power of 
accumulative selection: nature gives successive variations; 

man adds them up in certain directions useful to him." 

-Charles Darwin, The Origin of Species 

New Solutions 
to an Age-Old Problem 
The story of animal agriculture is a story of constant improvement. Ever since the first animal was 
domesticated, producers have repeatedly applied new knowledge to the perennial challenge of 
providing good and plentiful food to a hungry world. 

One of the main ways in which people have worked to improve agriculture is through selective 
breeding-preferentially allowing animals with traits that make them most valuable to humans to 
produce young. While their less adequate counterparts became dinner, the hefty hog, the well
producing milk cow, the broad-beamed steer, 
the prolific chicken became the parents of the 
next, slightly better generation. The result over 
many years is a spectrum of animal breeds 
and lines that are far more productive than 
their wild ancestors. 

HIT OR MISS 

Though it sounds straightforward, animal 
breeders know all too well that selective 
breeding is in reality a frustratingly hit-or-miss 
proposition. That's because of the way in 
which the characteristics of offspring are 
determined. 

Every animal has within the nuclei of its cells 
a set of molecules called chromosomes, half 
of which it inherited from its mother and the 
other half, from its father. Animals that belong 
to the same species generally have the same 
number and same kinds of chromosomes. 
However, even though the chromosomes look 
identical from one animal to the next, they 
contain minute and extremely significant 
molecular differences. 

Those differences occur in the makeup of 
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For years, hog and other livestock producers have taken their 
champion animals and selectively bred them to improve the 
overall performance of their animal herds. 

DNA, the long molecule that comprises the 
bulk of each chromosome and is duplicated 
and passed from generation to generation. 
DNA is formed from four kinds of smaller 
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Landmarks of Animal Genetic Improvement 

1866 

1908 

1910-40 

Law of Segregation 

Genotype Frequencies 

Heterosis 

Gregor Mendel 

G. Hardy, W. Weinberg 

E. East, G. Shull, F. Keeble, C. Pellew 

1918 Variance, Correlation Between Relatives, Additive Genetic 
Variance-Heterozygosity, Linkage 

Selection Within and Between Herds, Grading·Up, Inbreeding, Epistasis 

Fitness, Genetic Load and Cost of Selection 

Index Selection 

R. Fisher 

S. Wright 

J.B.S. Haldane 

L. Hazel, J. Lush 

1921 

1932 

1942 

1949 

1981 

1984 

Recurrent and Reciprocal Recurrent Selection 

Marker Assisted Selection 

R. Comstock, H. Robinson, P. Harvey 

M. Soller 

Estimation of Variance Components, Prediction of Breeding Values, 
Single-Trait and Multiple-Trait Genetic Evaluations (BLUP) C. Henderson 

Mammalian Genomes 

Just as it takes unfathomably large numbers of individual letters of the alphabet to create the compilation of information 
we know as an encyclopedia, so too it takes huge numbers of nucleotides to form a chromosome. And just as different 
encyclopedias have different numbers of volumes, different animal species have different numbers of chromosomes and 
other genetic marker characteristics: 

Mouse Human Cattle Swine 

Number of Chromosomes 40 46 60 38 

Number of Markers Mapped 2,616 5,840 336 383 

Length of the Sex Averaged Genetic Map (eM) 1,600 4,000 2,513 1,997 

Average Marker Density (eM) 0.6 0.7 7.5 5.2 

Number of Nucleotides (bp) 2.3 X 109 3 X 109 -3 X 109 2.8 X 109 

The Music of Life 

A picture of the relationship between chromosomes, 
genes and heredity is as close as your stereo. Take the 
CD you got for your birthday. It contains, in the unique 
order in which bumps and valleys are strung together 
along its surface, all of the information your CD player 
needs to know whether to play Beethoven or Bon Jovi. 
Yet to the eye, all CDs look the same. 

Similarly, the difference between one chromosome and 
another lies in the order in which nucleotides appear. 
Just as a CD player "reads" bumps and valleys and 
converts the resulting information into sound, the code 
of the chromosome is translated by special chemicals into 
the incredible symphony of form and function we know 
as a living creature. 

Minnesota Agricultural Experiment Station 



molecules known as nuc/eotides, linked to
gether like beads on a necklace. For most of 
the length of each chromosome, the order of 
the nucleotides is the same in every member 
of a species. But along occasional stretches 
the pattern differs, creating inherited variations 
known as as polymorphisms ("many forms"). 

Some polymorphisms occur in areas of the 
DNA that do little but get passed from one 
generation to another; these don't really affect 
what the organism is like. But not all DNA just 
sits there. In certain functional stretches of 
the chromosomes called genes, the nucle
otides are used as a template to create pro
teins. These proteins, in turn, become the 
workers on the assembly lines that produce 
the features of an individual organism. Be
cause different nucleotide sequences produce 
different proteins and different proteins create 
different assembly-line products, minute varia
tions in the way nucleotides are ordered 
within genes are eventually translated into the 
remarkable kaleidoscope of diversity that we 
see every day in the organisms around us. 

Every animal carries two of each type of 
chromosome-one received from its mother 
and the other from its father. That means that 
it also carries two genes for each trait. With 
few exceptions, each gene is either dominant, 
meaning that it is expressed no matter what 
the other gene is, or recessive, meaning that it 
is expressed only if the other gene for that trait 
is also recessive. Genes that are not expressed 
do not show up as a trait in the animal that 
carries them. However, they can be passed 
along to-and perhaps expressed in-that 
animal's offspring. 

The hit-or-miss aspect enters into the picture 
in several ways. One has to do with the reces
sive genes-the ones that can be carried but 
may not be expressed. These genes can be 
transferred quietly from one generation to the 
next until an animal inherits one from each 
parent and the trait is expressed. When that 
happens, it may create big surprises for pro
ducers who have not paid adequate attention 
to the ancestry of their animals. 

Another source of uncertainty is the fact that 
many traits (growth rate, for instance) are 
determined by a number of genes working 
together, each contributing its two cents' 
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worth to the trait as it is finally expressed in 
the animal. Because these genes very often 
are on different chromosomes and so only 
rarely are passed along together from parent 
to offspring, the trait that is expressed in each 
generation is a unique blend of parental 
contributions. In such instances, predictability 
falters: it's not till you've actually mixed the 
ma-and-pa combinations that you really know 
what you have. 

But even that isn't all. Some genes are ex
pressed incompletely, meaning that they carry 

"Mapping the swine genome will provide 
researchers with the fundamental genetic 
knowledge necessary to 
develop procedures and 
strategies that will allow 
genetic improvement to 
occur at a more rapid 
rate and in a more 
predictable manner. 
The more that is known 
about specific genes, 
where on the chromo
some they are located, 
how they are controlled, 
and how they function, 
the better chance geneticists and swine 
breeders have of facilitating favorable genetic 
change." 

Richard Frahm, director 
National Animal Genome Research Program 

USDA-CSRS 

more information than actually shows in a 
given organism-information that can startling
ly be expressed after it's been passed along 
to a new generation. And on top of that, in 
the process of selecting for desirable traits, 
producers often find that undesirable traits 
piggyback along from one generation to the 
next (witness the rise in porcine stress syn
drome, or PSS, as producers select for lean 
genes using conventional breeding methods). 

3 
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These genetic sources of uncertainty are 
further complicated by the fact that some 
important traits remain mysteries for much 
of an animal's life, resulting in long and expen
sive lead times for breeders working to im
prove their herds. For example, whether a 
pig inherits its sire's carcass quality will not 
be apparent until after it has been fed and 
housed for several months. In the same way, 
with conventional breeding a producer can-

Recent advances in molecular genetics are beginning to allow 
producers to breed animals for desirable traits by examining 
genetic material derived from a small blood or tissue sample. 

not tell if a young boar is carrying the genes 
that made its mother produce large litters until 
its offspring have pigs of their own. 

In a nutshell, the world of breeding is a chancy 
place, completely at the whims of the biolog
ical forces that rule heredity. Undesirable traits 
that an animal carries in its genotype (genetic 
makeup) but do not show in its phenotype 
(the way that genetic makeup is expressed 
as flesh and bone) can pop up unexpectedly 
in its offspring. Desirable traits may be inher
ited but not passed along, or inherited but 
not expressed. The whole process, in the 
end, makes every generation a bit like a fresh
ly dealt poker hand, full of new combinations 
that could turn out to be big winners-or 
equally big losers. And just as in poker, though 
selective breeding involves skill, it is ruled by 
a discouraging amount of old-fashioned luck 
as well. 

A CLOSER LOOK 

Enter genetic mapping. 

Imagine being able to take a look at an ani
mal's genetic material directly, to see whether 
the instructions for large litters or some other 
unexpressed or yet-to-be-expressed trait such 
as growth rate, reproduction or disease resis~ 
lance lurks there. If producers could do that, 
they could make much more rapid and effi
cient decisions about which animals to breed 
and which animals to cull, saving huge 
amounts of time and money by increasing 
the rate of genetic progress in their herds. 

Sound straightforward? It would be if chromo
somes were the size of garden hoses and 
genes had iron-on labels describing the char
acteristics they code for. Unfortunately, that's 
not the case. Chromosomes are far tinier than 
can be seen by the naked eye, and individual 
genes-which themselves are only minute 
parts of the chromosome-are certainly not 
wearing signs publicizing what they do for a 
living. So until recently there has been no easy 
way to tell by examining genetic material 
whether the code for a certain trait is buried 
there. 

Since the mid-20th century, however, scientific 
advances have made it possible to understand 
and work with the genome in a way that is 
revolutionizing agriculture, perhaps as much 
as the first shift from hunting to domestication. 
Beginning with the discovery of the structure 
of DNA in 1953, our understanding of how 
genetic material orchestrates the development 
of an entire plant or animal has snowballed, 
with knowledge leading to the development 
of new exploratory techniques, which in turn 
lead to further discoveries, and so on. Just 
within the last decade, an entire apartment 
building's worth of new doors have been 
opened with the commitment of research 
funds worldwide to creating a comprehensive 
map of the human genome. This massive 
cooperative effort has yielded extensive 
progress in laboratory technology, statistical 
science, mathematics, molecular genetics, 
computer capabilities and related areas. 

In the early 1990s, animal geneticists pro
posed a concerted effort to apply this treasure 
trove of information and technology to im-

Minnesota Agricultural Experiment Station 
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A Look at the System 

The story of heredity is the story of a chemical symphony buried deep within the nucleus of the cell. 
When a pig is conceived, it receives a haploid ("half") set of 19 large molecules (18 autosomal, 
1 sex), called chromosomes, from its dam (the female genetic parent) and a similar set from its sire 
(the male genetic parent). Together, 
these contributions form the diploid 
("double") array of 38 chromosomes 
(19 pairs) that contain all of the 
information needed to transform a 
fertilized egg into a pig with its own 
set of individual characteristics. 

The alphabetic code used to spell 
out this remarkable compilation of 
information has only four letters, 
known as nudeotides and represented 
in biochemical shorthand as A, C, G, 
and T. When linked together in pairs 
in ladder-step fashion, nucleotides 
take on the well-known helical shape 
of DNA, the primary substance that 
comprises chromosomes. 

It is from special, functional stretches 
of DNA known as genes that the cellular 
machinery makes proteins, the basic 
building blocks of life. A gene may 
consist of fewer than a thousand 
nucleotides, or of hundreds of 
thousands. It may code for an entire 
protein or for just part of one. 

In the same way that digital variations 
determine the notes and pitches and 
hues that emanate from a compact 
disc, the order in which A, C, G, and T 
appear in a particular gene dictate the 
exact nature of the proteins under 
construction - and ultimately, the form 
and function of the symphony we know 
as a living organism. 

proving food animal health and productivity 
through gene mapping. Efforts such as the 
USDA-funded National Animal Genome 
Research Program (NAGRP), the European 
Community's PiGMaP (mapping the pig ge· 
nome) and BovMap (mapping the bovine 
genome) projects, and work by the U.S. Agri· 
cultural Research Service Meat Animal Re-
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Coiled Strand 

search Center and Beltsville Area Research 
Center coalesced into a critical mass that 
today is on the verge of transforming sophisti· 
cated molecular genetics from an intriguing 
but largely cerebral pursuit into a results· 
oriented process for applying selective breed· 
ing at the level of the gene rather than of the 
whole animal. 

s 
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"We believe that in the future routine genetic 
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analysis will take place 
in breeding stock . ... 
I think it will be 
possible in the next 
five to seven years 
to analyze at the 
genetic level to 
identify specific 
traits in a breeding 
program." 

Stephen Bates 
Group Leader., Agriculture 

Perkin-Elmer., Applied Biosystems Division 

Decisions about the application of genetic 
technology gleaned in the laboratory ultimate
ly rest in the hands of producers and those 
they consult when making production deci
sions. The quality of these decisions, in turn, 
depends on an adequate knowledge of the 
layout of the playing field-hence, this primer. 
In the pages that follow, we describe current 
efforts to map the pig genome. We also 
discuss the various ways in which growing 
knowledge in this area already is helping 
to improve production, and present some 
visions for future benefit as we work to en
hance our ability to ensure a high-quality 
food supply for our world. 

Minnesota Agricultural Experiment Station 
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"We shall not cease from exploration 
And the end of all our exploring 

Will be to arrive where we started 
And know the place for the first time." 

-T.S. Eliot 

Creating a Gene Map 
Imagine for a moment that your heart's desire is a pair of boots that (you have discovered) can 
only be bought in Menahga, Minnesota. In order to own the boots of your dreams, you must first 
answer the question, "Where's Menahga?" 

In the same way, our ability to select for or 
against production characteristics at the level 
of the gene depends on our ability to find the 
genes involved in producing the characteris
tics. Researchers interested in being able to 
encourage or eliminate a certain gene must 
also begin with the fundamental question: 
"Where is it? 11 

In the case of the hunt for the boot shop, 
the question can be answered in several ways. 
You could call and get directions to the town 
of Menahga, relative to someplace you al
ready know-Duluth, perhaps, or Park Rapids. 
Or, you might pull out a map of Minnesota, 
highlight the town, and then trace your route 
there. 

Similarly, chromosomal cartographers can 
describe the location of a gene that codes 
for a trait of interest to producers in more 
than one way. We can talk about its relative 
distance from other, more readily identifiable 
reference points (genetic markers) along a 
chromosome based on the likelihood that they 
will remain together during the process that 
creates haploid eggs and sperm. Or, its pre
cise physical location can be marked using 
radiation or photosensitive molecules that 
appear as actual spots when chromosomes 
are photographed with the right kind of film. 
Researchers working to develop genome 
maps use both approaches. 

Minnesota Report 234-1994 

Stained and magnified chromosome specimen of swine. 

FINDING THE LINK 

The most hotly pursued map of the pig ge
nome today is one that locates a gene's posi
tion relative to that of other identifiable sign-

7 
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Linkage Language 

Since linkage maps don't describe actual physical distances, 
early mapmakers were at a loss for words when it came to 
describing the relationship between two polymorphisms. 
The dilemma was soon solved by creating a new unit, the 
centiMorgan (eM), which describes not the actual proximity 
of two genes, but rather the likelihood that the two will tend 
to remain partners during meiosis, the process that creates 
haploid eggs and sperm (gametes). If two points are separated 
by a linkage distance of one eM, there is about a one in one 
hundred chance that they will be separated and end up in 
different gametes. 

Identification of Quantitative Trait Loci 
(QTL) 

Several chromosome sites associated with specific desirable 
livestock characteristics have already been marked by 
researchers: 

Chromosome 6 markers have been associated with higher 
weaning weight, higher postweaning weight gain, higher 
score for muscle firmness and lower ham mass score. 
(Clamp et al. 1992, Journal of Animal Science) 

QTL on chromosome 4 is associated with large effects on 
growth from birth to 70 kilograms, length of the small 
intestine, average backfat and abdominal fat percentage. 
(Andersson et al. 1994, Science) 

QTL on chromosome 13 affects birth weight and daily 
gain to 30 kilograms of weight. (Andersson et al. 1994, 
Science) 

Differences among genotypes of the estrogen receptor 
gene have been found to account for a significant 
increase in litter size of 1.5 pigs per litter born. 
(Rothschild et al. 1994, 1994 5th WCGALP) 

Rate of genetic gain for protein production in dairy cattle 
can be increased by selecting progeny of sires carrying 
specific alleles associated with significantly higher 
production levels. (Ron et al. 1994, Animal Genetics) 

Future QTL identification activities will be directed to the 
sources of other highly desirable, inheritable traits of 
economic value: meat quality traits, reproduction traits and 
disease resistance. 

posts on the chromosome. Known as a linkage 
map, this type of representation does not tell 
where on a chromosome-or even necessarily 
on which chromosome-a particular gene is 
actually found. Rather, it indicates the proba
bility that it will be inherited along with other 
known points in the genome. 

Such information is valuable because if two 
genes are linked, they have a higher chance 
of being co-inherited-inherited together by 
an animal's offspring. This means that, if an 
animal has a certain marker, there is a high 
probability it also has the code for production 
characteristics which are linked to that marker 
but which have not yet been expressed 
phenotypically. This knowledge can then be 
applied to marker-assisted selection (MAS)
the process of choosing animals for breeding 
based on the markers that we know they have 
inherited (their genotype) and that we know 
are associated with the economically impor
tant traits (phenotypes) we desire. 

Genetic linkage maps are created by observ
ing in a population of animals of known rela
tionship how often two polymorph isms are 
inherited together. When gametes (eggs and 
sperm) are formed, the two sets of chromo
somes divide up so only half end up in each 
gamete. Genes on different chromosomes 
stand a more or less random chance of ending 
up in the same gamete. Genes on the same 
chromosome, on the other hand, obviously 
are quite likely to end up together-but surpris
ingly enough, not 100 percent likely. That's 
because, when the two chromosome sets part 
company to form gametes, occasionally bits 
of the chromosome the animal inherited from 
one parent trade places with the equivalent 
bits of chromosome that it inherited from the 
other. This "crossing over" means that even 
though two traits are carried on the same 
chromosome, they may not always be inherit
ed together. The actual rate of recombination 
is determined by how far apart the two are 
on a gene; the closer they are, the less likely 
it is that they will be separated. 

Crossing over is an extremely useful tool in 
the world of gene mapping for the simple fact 
that the chance that two genes will be separat
ed in this way is related to how close they are 
together on the chromosome. just as it's much 
more likely that lightning will strike today 
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between you and the West Coast than it is 
that it will strike between you and your next
door neighbor, the odds of a split occurring 
between two proximate genes are meager 
compared to those of one occurring between 
genes on opposite ends of a chromosome. 
Thus, by observing the frequency with which 
two genes are inherited together, we can get 
a pretty good notion of how relatively close 
they are to each other on the chromosomes. 
Not only that, but by doing this for different 
pairs of genes, we can determine the precise 
order in which the genes appear as well. 

The payoff for this knowledge is a big one in 
the world of pork production. With a linkage 
map in hand, we can tell with great certainty 
whether an animal has inherited a specific 
gene by determining whether it has inherited 
the marker associated with it. Thus, if a marker 
is discovered that is linked to a gene contri
buting to prolificacy, a breeder could test for 
the presence of the marker in DNA obtained 
from blood samples to find out whether a 
newborn male pig inherited the prolificacy 
gene from his mother, rather than waiting an 
entire generation to discover whether he 
passes it along to his daughters. 

MAKING MARKERS 

Among the most immediately useful pursuits 
in the realm of gene mapping today is the 
identification of markers. These are nucleotide 
sequences that are polymorphic (i.e., they 
exist and are inherited in different, easily 
distinguishable forms in different individuals) 
and are linked to genes for production traits 
which are not so readily observed. 

One of the first kinds of marker developed is 
the Type I marker, also known as a restriction 
fragment length polymorphism, or RFLP. These 
are DNA segments that encode for expressed 
DNA sequences that are inherited in different 
forms, one of which is recognized and cleaved 
by highly specific chemical scissors known as 
a restricUon enzyme. When a restriction en
zyme comes upon the specific sequence of 
nucleotides that it is equipped to cut (different 
sequences activate different restriction en
zymes), it attaches to and splits the DNA at 
that site. Because the presence of the charac-
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As chromosomes sort themselves out into 
the two separate haploid sets that form 
eggs or sperm, they occasionally exchange 
bits of DNA in a process called crossing 
over or recombination. Pieces of DNA are 
considered "linked" if they are so close that 
they are highly unlikely to be separated in 
this way. 

"We're going to attempt 
to use marker-assisted 
selection to try and 
improve production 
efficiency and 
production quality. 
I see incorporation of 
it as a major tool." 

-Craig Beattie, leader 
Genome Mapping/Expression Group 

U.S. Meat Animal Research Center 
Agricultural Research Service, USDA 
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Genetic Markers 

Type I 

Expressed sequences 
of DNA (for example, 
proteins) 

Relatively low 
polymorphism (number 
of alternative alleles 
at a single marker 
locus) in comparison 
to Type II markers 

Used in comparative 
gene mapping studies 
of various species 
(due to relatively high 
evolutionary conservation) 

Type II 

Microsatellites 
(di/tri/tetra-nucleotide 
repeats in genomic 
DNA sequence) 

No identified biological 
function 

Highly polymorphic 
(as large as 10 
alternative alleles at 
a single locus) within 
and between breeds 

Not well conserved 
between species 
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Gel Electrophoresis 

Genotyping uses genetic markers (RFLP and microsatellites) to 
generate "hard copies" of marker allele inheritance patterns. 

teristic fragments can be detected in the 
laboratory, it is relatively easy to identify which 
of the forms of the RFLP was inherited-and 
so, which form of the linked production char
acteristic the animal carries-by treating a 
DNA sample with a restriction enzyme and 
biochemically observing the fragmentation 
pattern that results. 

There are many different RFLPs, each with its 
own corresponding restriction enzyme. If the 
gene that codes for an economically impor
tant trait is known to be linked to (or to con
tain) an RFLP, the restriction enzyme then 
becomes a test for the production characteris
tic. To date, more than 20 Type I markers that 
are linked to genes of interest in swine have 
been described. Additional research is focus
ed on identifying even more RFLP sites and 
linking them to relevant traits. 

A second type of marker, the Type II marker, 
is based on common chromosomal quirks 
that are known as microsatellites. These are 
stretches of otherwise meaningless DNA 
in which a simple pattern of nucleotides is 
repeated over and over. The length of this 
genetic "stutter" is polymorphic-for example 
(though in reality most are much longer, on 
the order of 100 to 300 nucleotides), an 
animal might carry on one chromosome 
the sequence [ATCAA(GT)

20
ATGCT] and 

at the equivalent spot on the other member 
of the chromosome pair the sequence 
[ATCAA(GT)

28
ATGCT]. 

If we know the sequence of the nucleotides 
on either side of the microsatellite (the 
"ATCAA" and "ATGCT" in the example here), 
we can use a laboratory technique known as 
polymerase chain reaction (PCR) to make 
millions of copies of just the stretch of DNA 
containing the microsatellite. And once we 
have a pile of microsatellite copies on hand, 
it's a relatively simple procedure to identify 
whether an offspring has inherited the long 
or the short form of the microsatellite-and so 
which copy of the linked gene of economic 
importance has been passed along. 

Researchers already have mapped more than 
400 microsatellite markers in swine. Because 
microsatellites have the advantage of having a 
higher heterozygosity than RFLPs (that is, they 
are more likely to appear in different forms in 
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The Toolbox 

Our ability to look at the gene today is a product of extensive research during the 1980s and 1990s that yielded a 
toolbox full of techniques for manipulating genes. The names may be fancy, but just like more conventional toolbox 
occupants, their function is simply to extend the capabilities of our own hands to get a job done. Some of the tools and 
their tasks: 

restriction enzymes - proteins that recognize specific patterns of nucleotides within a stretch of DNA and cut the DNA 
at the sites where those patterns occur. For example, the restriction enzyme EcoRI will cut DNA when it encounters the 
nucleotide pattern GAATTC. 

polymerases - proteins that synthesize DNA from individual nucleotides using one of the DNA strands as a template. 

polymerase chain reaction (PCR) -a molecular assembly line technique for making millions of copies of a DNA 
fragment. PCR is valuable because it makes it easier to study or to test for the presence of a particular chunk of DNA 
in a small blood or tissue sample. 

Detecting Molecular-Level Differences 

A five-year-old can readily group animals based on traits he or she can see, such as hair color or size. But what about 
the subtle biochemical traits used as markers - such as the presence of a microsatellite or a gene coding for a certain 
protein? How can we tell which of the two possible options an animal has inherited from each of its parents? 

The answer lies in a biochemical sorting technique known as electrophoresis. It allows us to capitalize on how various 
molecules congregate in distinct and predictable ways when exposed to a known set of physical conditions in a given 
setting - much as a crowd at a party tends to segregate into food-hoverers, baseball-game-watchers, volleyball players, 
and other distinct and fairly predictable patches of people. 
For detecting the presence of specific DNA 
fragments, the setting is a thin layer of agarose or 
acrylamide gel. The conditions are an electrical field 
applied across its surface. 

When a sample of DNA - either restriction-enzyme
digested genomic DNA or polymerase chain reaction 
(PCR) amplified microsatellite - is placed on the gel 
and exposed to current, the various molecules move 
in different directions at different speeds, depending 
on their size, shape and electrical charge. After 
an hour or two of electricity and application of an 
appropriate stain, the original sample has become an 
array of short stripes, each indicating the presence of 
one or another of the various molecules comprising 
the original sample. 

By comparing the striping pattern of an animal with 
those of its parents, we can fairly easily determine 
which version of a marker allele - and so, which of 
the associated genes of economic interest - that 
animal has inherited. 
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By separating DNA fragments from each other 
using the technique of electrophoresis, researchers 
determine which genetic markers - potentially 
linked to economically important traits - an animal 
has inherited from its parents. 
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A Family Affair 

In order to create maps linking genes and markers, 
researchers must first have in hand a sample of genetic 
material from animals that both are related to each 
other and show a lot of genetic variability among 
them. Much of the early swine genome mapping work, 
therefore, has focused on developing a few good 
reference families- groups of related but genetically 
varied animals (usually three generations). Genetic 
material from these animals along with information 
about their relationship to each other is distributed to 
swine genome researchers around the world for use in 
their mapping efforts. 

Reference families have been established for swine at 
the University of Illinois, in the U.K. and in Sweden, and 
at the U.S. Agricultural Research Service Meat Animal 
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Research Center in Clay Center, Nebraska. By sharing 
DNA samples and/or genetic markers from existing 
reference populations, researchers accelerate the process 
of creating a comprehensive map of the pig genome. 

Another kind of family encountered in swine genome 
research is called the resource family. This is again 
a group of related animals, some of which show a 
characteristic of interest such as good marbling, larger 
litter size, or resistance to porcine stress syndrome. 
For members of resource families, researchers have 
both genetic material and information about which of 
the related individuals exhibit that specific characteristic. 
With both genotypic and phenotypic information at hand, 
they can then get a handle on how specific traits are 
inherited, and identify genes responsible for these traits. 
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A resource family is a group of related individuals (shown here as boxes for males and circles for females, 
with their relationships indicated with lines) with identified physical characteristics that researchers can use to 
determine the relationship between genotype and phenotype. 
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different animals), such markers are likely to 
play an increasingly key role in the further 
elucidation of the pig genome. 

MARKING THE SPOT 

A detailed genetic linkage map is only one 
of the goals of genetic mapping. Researchers 
also are working to create a second type of 
map, known as a physical map. This kind of 
map identifies the location of genes and 
markers on specific parts of specific chromo
somes. A physical map is important because 
it allows scientists to hone in on a gene of 
interest to study its actual chemical makeup 
and so better understand and perhaps eventu
ally modify how it contributes to or detracts 
from the productivity of the food animal. 

At the lowest level of resolution, physical 
maps are simply drawings of the patterns of 
light and dark bands that appear on chromo
somes observed under a microscope. At the 
highest level of resolution, physical maps 
consist of actual descriptions of the lineup 
of bases along the DNA. Although we have 
known for some time how to create both very 
low and very high resolution maps, their utility 
is limited by the very fact that they represent 
the two extremes of the spectrum. With noth
ing in between, the information these two 
kinds of physical maps provide is about as 
useful as a satellite photo of the earth and a 
fioor plan of your host's home when you're 
trying to find a party. 

Fortunately, techniques recently have become 
available that allow us to get at the middle 
ground-the genetic equivalent of state and 
city road maps. The most common way of 
doing so is to make copies of the DNA section 
we want to locate, tag them with radioactive 
or fluorescent labels, and then mix them with 
intact chromosomes-a process known as in 
situ hybridization. (When the label is fluores
cent, the technique is referred to as fiuores
cence in situ hybridization, or FISH.) The 
tagged DNA selectively binds to matching 
sites on the chromosomes, and its location 
can then be observed using radiosensitive or 
light-sensitive film. 

The most hotly pursued sites on physical maps 
are those that contain restriction fragment 
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"When there's a profile 
of markers that are 
statistically significant, 
[the impact] will be 
huge as far as being 
significant to animal 
breeders. It's coming 
closer and closer to 
reality. I think it will 
be very valuable to the 
swine industry." 

-Lyle Baumgartner 
swine seedstock producer 

Windsor, Illinois 

Details, Details, Details 

Gene maps can be drawn to different degrees of resolution, 
or detail. Just as you might describe the location of your own 
home as part of a particular planet, continent, country, city, 
or even neighborhood, genes can be located broadly at the 
level of the chromosome, or, with much more work, pinpointed 
down to the exact base pairs that make them up and their 
precise location along the huge strand of DNA that makes up 
that chromosome. 

The degree of resolution at which individual scientists work 
is related largely to the goals of their individual research 
projects, and to the tools they use to create the map. Because 
of the unfathomable amount of information contained within 
the genome, a high level of detail is not always desirable. 

In the same way that a globe is more useful than a Kathmandu 
street map for finding the distance between Nepal and Iowa, a 
low-resolution gene map may be the best bet for researchers 
trying to identify the genetic source of a specific production 
problem in pigs. 

That's not to say that detailed maps are useless, however. 
Information as precise as the exact sequence of specific base 
pairs may one day enable researchers to manipulate minute 
parts of the genetic code to make even greater advances in 
combating disease, eliminating undesirable characteristics and 
enhancing economically important traits. 
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What Genome Mapping Isn't 

Perhaps as important as understanding what genome mapping 
is, is to understand what it is not. Although it holds much 
potential for improving the species, it is not a quick-and-dirty 
formula for a superpig. Although at some point it may provide 
the basis for future efforts to actually modify genes in order to 
improve them, it is not currently a technique for engineering 
or manipulating the content or activity of individual genes. 

Simply put, the primary aim of the gene mapping program is 
to do just that - create a map of a species' genome. Such a 
map could make it possible for producers to apply selective 
breeding at the level of the molecule rather than of the whole 
organism. Success at doing this should increasing the 
efficiency and effectiveness of breed improvement programs. 

"Our new tools of 
biotechnology open 
to us a new era of 
opportunities to 
understand and map 
the unknown, and in 
doing so to improve 
the health, production 
traits and consumer 
needs of livestock 
and their products." 

-C. Eugene Allen, vice president 
University of Minnesota 

Institute of Agriculture, Forestry, 
and Home Economics 

length polymorph isms (RFLPs) of Type I or 
DNA that is expressed as muscle protein. 
Because many of these sites have been identi
fied on linkage maps, they hold the key to 
correlating the two types of maps into a sin
gle, clear picture of the layout of the pig 
genome. 
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"The science of technology defines 
what is possible; a study of the economics 

of technology establishes which of the 
possibilities is practical and useful." 

-Montgomery Phister 

Gene Mapping and the 
"Bottom Line" 
Why care where genes are within an animal? Because it allows us to tell at a micro-glance wheth
er an animal is likely to develop or pass along to its young a particular desirable or undesirable 
trait. That means being able to predict production characteristics and disease susceptibilities in 
newborn pigs, and so make better management decisions. It means being able to better identify 
whether a particular sow or boar is likely to 
produce offspring with certain desirable or 
undesirable traits. 

The bottom line is that gene mapping provides 
the means for a faster and more efficient 
selection of good production characteristics 
and quicker and more thorough elimination 
of undesirable ones. It means saving time and 
production costs. 

But that's not all. Knowing where to find a 
gene is also a key first step in being able to 
study how it does what it does. This in turn 
may lead to new techniques for enhancing 
positive production traits and reducing or 
eliminating negative ones or developing ways 
in which to modulate such traits. 

Ultimately, mapping efforts converge toward 
the goal of improving the quality and quantity 
of the global food supply and enhancing the 
wise use of financial and physical resources 
by helping producers grow healthier, higher
quality pigs at lower input costs. 

APPLYING THE MAP 

The actual process of mapping a gene of 
importance and developing a diagnostic test 
that can be used by producers and veterinar-
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Which - if either- of these gilts will carry on their dam's 
tradition of producing a large number of superior-quality 
young? Today, it's anybody's guess. Tomorrow, genome 
mapping may reveal the answer, giving producers the chance 
to select future breeding stock early in life. 
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Honing in on Disease Resistance 

In the land of the chromosome there are deserts, long 
stretches of genetic material where nothing seems to translate 
into distinguishable functions or body parts. There are also 
oases, where everything seems to matter. 

One oasis, found in virtually every animal species, is a stretch 
of related genes known as the major histocompatability 
complex, or MHC. The MHC is home to an array of genes 
which perform the critical tasks of helping the body to 
distinguish things that are part of itself (and so should be 
preserved) from bacteria, viruses, thorns, slivers and other 
things that are not (and so should be destroyed). 

Because this ability is the crux of disease resistance, and 
because disease resistance is one of the hottest targets for 
genetic improvement in swine, MHC is a prime target of gene 
mapping efforts. By identifying markers linked to genes 
imparting superior ability to fight off invaders, we hope to 
breed more highly resistant pigs, thereby reducing economic, 
environmental and health costs of combating disease. 

Electrophoresis separates pieces of PCR-amplified DNA, 
permitting the identification of microsatellite genetic markers 
and the creation of genetic profiles for individual animals. 

ians for practical benefit consists of several 
steps. 

Say, for example, that we wish to develop a 
blood test for genes that code for resistance 
to a particular swine disease. For simplicity's 
sake, we will assume that resistance to the 
disease is coded for by a single gene acting 
alone. 

The first job is to develop some measure of 
the phenotype-the physical expression of the 
trait. Once we know how we will measure 
disease resistance, we establish a breeding 
population (or tie into an existing one) consist
ing of animals of known relationship to one 
another, only some of which carry the gene 
for disease resistance. Then we follow the 
population for several generations, testing 
each new pig and recording which ones show 
the desired trait and which ones don't. 

Once we have an adequate "family tree" 
that identifies which animals carry the disease 
resistance and which don't, we can search for 
a genetic marker whose inheritance pattern 
matches that of the observed trait. This means 
tracking the inheritance of each of the hun
dreds of known swine genetic markers 
through the source family. If we do find a 
marker that is inherited in the same way as 
the resistance trait, that marker can then be 
used as the basis for a laboratory test that will 
identify from a blood or tissue sample whether 
an animal carries the trait we wish to promote. 

It's only after an adequate test for a reliable 
marker gene has been identified that the 
application of gene mapping research is ready 
to move onto the farm. Here, the test can be 
incorporated into the overall herd manage
ment and breeding plan in any number of 
ways, from identifying the best boar to breed 
to a particular sow to determining which little 
piggies go to market and which little piggies 
stay home for incorporation into future breed
ing stock. 

FIRST FRUITS 

So far, genetic researchers have mapped 
some 100 genes and 700 microsatellites in 
the pig genome. Inside knowledge of the pig 
genome already is yielding practical payoffs in 
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the case of porcine stress syndrome (PSS). 

Until recently, the only way to detect the 
presence of PSS in animals before symptoms 
appeared was to expose the pigs to a gaseous 
anesthetic. However, since the syndrome only 
occurs in animals that inherit the PSS gene 
from both parents, this test has not been able 
to detect animals that carry the gene on only 
one chromosome. This has made it nearly 
impossible to eradicate the gene from breed
ing populations. 

Within the past several years, however, Uni
versity of Minnesota and Canadian research
ers have identified and characterized the 
genetic mutation that causes PSS. This ad
vance has allowed the development of a 
blood test to identify animals carrying the 
PSS gene. 

Since it began offering a blood test for PSS to 
commercial pork producers in the early 1990s, 
the University of Minnesota has received and 
tested thousands of blood samples from 
around the country, performing this test for 
the National Pork Producers Council. The 
ultimate goal is to reduce the likelihood that 
pigs will die or be downgraded at market, 
improving the overall profit and efficiency of 
operations. 

Other results of the mapping efforts include 
identifying: 

A set of genes on chromosome 7 related 
to disease resistance and immune response 
and known as the major histocompatibility 
complex (MHC). The precise functions of 
these genes have not yet been identified. 

A gene affecting resistance to one strain of 
the £. coli bacterium, located on chromo
some 13. 

ON THE HORIZON 

As encouraging as these points of progress 
are, they represent but a dictionary entry or 
two in the library of information contained 
within the entire pig genome. There is still 
much useful information to be learned about 
the mysteries that lie buried within the strands 
of DNA. 
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"Mapping the pig 
genome reinforces 
our society's need to 
support basic research. 
This is information that 
has great potential
both to serve the 
swine industry and to 
benefit the consumer. 
We just need to be 
sure this information 
reaches the producers." 

-Charles Casey 
director, outreach programs 

College of Veterinary Medicine 
University of Minnesota 

"The pork industry has some great challenges 
ahead, to be competitive in the global market 
in both efficiency and 
quality. This technology 
is an essential tool to 
help us face these 
challenges - maybe 
the most essential tool. 

"The halothane gene 
test is just the tip of 
the iceberg of what's 
possible. If we can 
identify other traits, 
I think they will be 
used just as extensively . ... Depending on the 
specifics of what's developed, we could see 
someday every breeding animal tested for 
certain traits before it's used." 

-David Meeker 
vice president of research and education 

National Pork Producers Council 
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Imagine a car pulling out from a stop sign. 
It starts out slowly, then gradually picks up 
speed, until it reaches cruising speed. Today, 
genetic mapping has pulled out from the stop 

Compart's Boar Store 

Compart's Boar Store, a Minnesota-based purebred seedstock 
source, is one business that has used the products of genome 
mapping efforts to improve its bottom line. Producer Dean 
Compart recently tested some 250 animals at the University 
of Minnesota for the presence of the porcine stress syndrome 
(PSS), then eliminated those with the gene from his herd. 

Compart says the benefits to his business, in terms of both 
time and money saved, far outweigh the cost of the testing. 
And he says he is looking forward to more such advantageous 
future applications of genome mapping in swine production. 

"It's going to make genetic improvement that much faster," 
he says. "The big thing is that it's cutting down on the 
randomness that a person now has to deal with. It lets us 
concentrate efforts on animals that, through gene testing, are 
associated with higher levels of performance relative to the 
rest of the population." 

sign, but it is by no means at its top speed. 
During the next few years, we will see remark
able advances as the research machine accel
erates toward its full potential. 

The immediate goal of the pig genome re
search program is to provide a comprehensive 
linkage and physical map for economically 
important genes. This will make it possible for 
producers to select specific traits they wish to 
encourage in their herd-perhaps eventually 
to custom-design animals to best fit their indi
vidual circumstances, resources and business 
goals in the same way that they might choose 
their favorite foods from a buffet line at a 
dinner. Specifically, an accurate and complete 
genome map will allow producers to: 

manage individual animals based on early 
knowledge of their genetic potential 

cull animals at a very young age, reducing 
production costs and environmental im~ 
pact and enhancing economic profitability 

more efficiently eliminate genetic diseases 
from populations 

reduce the use of chemicals and drugs by 
enhancing animals' genetic resistance to 
specific diseases 

reduce the use of exogenous growth 
promoters and make use of naturally oc
curring genes to enhance perfomance 

In addition to these benefits, as we identify 
and physically locate genes within chromo
somes we open the gates for being able to 
study at the molecular level the genetic basis 
for traits that make individual animals more 
or less desirable from a production standpoint. 
This, in turn, may eventually allow us to 
change the recipes or even add new dishes 
to the genetic buffet line, contributing a new 
and invigorating dimension to the continuing 
search for yet a better pig. 
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"Improvements ever prevail; and though fixed 
usages may be best for undisturbed communities, 

constant necessities of action must be accompanied 
by the constant improvement of methods." 

- Thucydides, Speech of the Corynthians 

FABCenter: Merging Molecular 
Biology with Animal Production 
The University of Minnesota Food Animal Biotechnology Center (FABCenter) is a global leader in 
the development of genetic maps and biotechnology for food animals, in particular swine and 
poultry. Drawing from the expertise of the University's Colleges of Veterinary Medicine, Agricul
ture, and Biological Sciences and Institute 
of Human Genetics as well from other state, 
national and international resources, the 
FABCenter performs and applies basic 
research related to the development of a 
better understanding of the genomes of food 
animals. 

The Center prides itself in serving as a first 
line of contact with food animal producers 
throughout Minnesota and the United States 
who seek to improve production and profit 
through the application of knowledge generat
ed by genetic mapping and molecular biol
ogy. As new diagnostic and analytic services 
emerge from the genome research performed 
here and at other institutions around the 
world, it provides the link from the lab bench 
to the barn, ensuring that new knowledge is 
accurately and expediently applied to enhanc
ing the quality of, and economic return on, 
food animal production. 

Genetic tests offered by the swine component 
of the Center include: 

Hal 

SLA Types-major histocompatibility 

T ranslocations for boars 

At the same time that it works to encourage 
the application of knowledge already general-
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Director Lawrence Schook: the strength of the FABCenter is 
how its educational and research programs enable rapid 
utilization of emerging technologies by swine producers, large 
and small, enhancing their competitiveness. 

ed, the FABCenter is aggressively pursuing 
lines of research that will lead to additional 
services for the producer and veterinarian. 

The bottom-line goal of the FABCenter is to 
use molecular tools and methods to help 
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"It's going to allow us to decrease the time 
required to select for 
those traits that we 
need to efficiently 
produce safe, 
wholesome, good
tasting pork ... for 
us to be able to 
determine those 
animals that have 
specific resistance in 
their genetic makeup 
to specific diseases. 
There's a Jot of potential in this. I don't think 
we know how much yet." 

-David Reeves, associate professor 
University of Georgia 

and practicing veterinarian 

QTL Quandaries 

From the standpoint of genetic mapping, an ideal trait is one 
that is determined by the working of a single, identifiable 
gene. However, many economically important characteristics in 
swine - in particular, characteristics such as growth and 
carcass quality that vary along a continuum of values - are 
controlled by the interaction of a number of genes. Known as 
quantitative trait loci (QTl), the genes that code for such traits 
are both particularly interesting economically and particularly 
challenging to map. 

Fortunately, that's not to say it can't be done. Within the past 
several years, researchers have established linkage between 
known swine marker genes and QTl that code for a variety of 
growth and carcass traits. These traits include rate of weight 
gain, muscle firmness and ham muscle mass. 

The successes researchers have had in locating QTls suggests 
that we have indeed taken the first steps toward allowing 
producers to identify which of a boar's offspring have inherited 
his positive production traits without having to invest the time 
and expense of growing them all out. 

Minnesota's producers increase the efficiency 
and quality of production, reduce environmen
tal impacts of their operations by maximizing 
food output while minimizing resource use, 
and increase their competitiveness in emerg
ing global markets. 

QUESTIONS AND ANSWERS 

ARE PIG GENOME MAPS BEING USED TODAY 
TO IMPROVE PRODUCTION? 

Yes. Knowledge we have gained about the 
location of specific genes within the pig ge
nome has yielded a blood test that allows 
producers to identify whether an animal 
carries the gene for porcine stress syndrome 
(PSS), a hereditary disease that leads to animal 
death or a reduction in carcass quality. 

WHAT OTHER APPLICATIONS ARE ON THE 
HORIZON? 

like the early explorers developing maps 
and strategies permitting safe and economical 
navigation to other lands, mapping the pig 
genome will be an adventure requiring tre
mendous efforts. It will be a journey through 
unknown genetic territory, across which even 
the most seasoned of researchers will at times 
find themselves lost. 

And like the riches sometimes found by early 
explorers seeking easier or quicker routes 
through barely known terrain, unforeseen 
treasures will also undoubtedly be stumbled 
upon. Great promise has already been real
ized for improving carcass and growth charac
teristics. Other findings suggest that improved 
litter size will also be achieved through the use 
of marker-assisted selection. 

Many other breedable characteristics have 
been largely ignored by the swine industry 
only because we've lacked proper tools and 
guiding genetic maps until only recently. For 
instance, such genetic maps will soon identify 
genes controlling heat tolerance, which partic
ularly affects swine production in tropical 
climates, and will unlock many mysteries 
of disease resistance. 

Disease resistance has posed a particular 
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dilemma. Its genetic source is complex, yet it 
attracts our research attention because solving 
its mysteries will have enormous impact on 
swine production. It will directly and positively 
impact on our desire to improve the health of 
herds through genetic improvement instead of 
costly antibiotics and vaccines. 

Collaborative studies between researchers at 
the Taiwan Livestock Research Institute and 
the University of Minnesota are already under 
way to characterize genetic markers that can 
be used to identify heat tolerant swine germ
plasm. The selection of heat tolerant animals 
will develop new breed stock for emerging 
markets in Asia, Africa, Central and South 
America. 

The University of Minnesota Swine Center 
and its researchers are internationally recog
nized for their contributions to the swine 
industry. They have provided tremendous 
leadership in developing both new integrated 
swine production strategies and the tools for 
their implementation. Efforts are now under 
way to permit the incorporation of genotyping 
information into two extremely successful 
and powerful tools they have developed: 
PigCHAMP'M and PigMON'M. These are com
puter programs that let swine producers 
monitor production data and disease infor
mation, helping them make financially sound 
day-to-day decisions. This combination of 
genotype information with daily livestock 
monitoring-an interface between laboratory 
DNA-based marker-assisted selection and 
day-to-day farm management-will broadly 
benefit the U.S. swine industry. Improving 
the genetic merit and health of a herd will be 
encouraged simultaneous with meeting packer 
incentives for improved carcass yield. 

Annual symposia and informational publica
tions coordinated by the FABCenter will 
continue to permit the quick and efficient 
education of swine producers, and will stim
ulate new research and permit development 
of new partnerships. 

WHEN WILL WE SEE THESE EFFECTS? 

The entire field of production animal genome 
mapping is advancing rapidly today. Many 
of the researchers involved believe that within 
two or three years, producers will have avail-
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able a half dozen or more blood tests based 
on genetic mapping that they can use to make 
breeding and culling decisions related to 
disease resistance, growth rate, prolificacy and 
carcass quality. 

WHAT DOES THIS COST, AND WHO PAYS? 

Much of the groundwork for animal genome 
research was laid by researchers involved in 
the Human Genome Project, a massive feder
al research program begun in 1990 to pro
duce linkage and physical maps of the human 
genome. Animal genome research is helping 
to maximize returns on investment for that 
project by applying knowledge gained to new, 
economically significant frontiers. 

Specific research related to pig genome map
ping is supported in the United States by the 

"Our development of the technology to map 
and identify individual genes in animals 
represents a new era of research. It represents 
a revolution in animal 
breeding programs that 
will significantly increase 
the rate of genetic 
improvement in animals. 

"When we combine this 
new technology with 
traditional breeding 
methods and an 
international database 
system, it will significantly 
accelerate the application of this new genetic 
information on a global basis enhancing both 
the quantity and quality of food produced from 
animals." 

-Roger Gerrits 
national program leader 

animal production/animal germplasm 
Agricultural Research Service, USDA 
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U.S. Department of Agriculture (USDA) and in 
Europe, by a European Community coopera
tive initiative known as PiG MaP. Other nations 
and private companies also support some 
genome research. 

The cost of individual diagnostic tests that 
result from knowledge of the pig genome is 
borne by the individual producer or seedstock 
source. 

HOW DO I GET ACCESS TO THIS? 

Contact the FABCenter to find out what diag
nostic tests are currently offered and how you 

can apply them. Also contact the center if 
you desire additional general information on 
genome mapping efforts or on other issues 
of animal biotechnology. 

Food Animal Biotechnology Center 
University of Minnesota 
1988 Fitch Avenue 

295 AS/VM Building 
St. Paul, MN 55108 

Phone: 612/624-2700 
FAX: 612/624-7284 

Internet: fabctr@maroon.tc.urnn.edu 
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Glossary 

allele: 
one of the inherited forms of a particular gene or stretch of DNA. An animal carries two 
alleles for each gene, one from each parent. 

autosomal: 
referring to chromosomes other than the sex chromosome. 

centiMorgan (eM): 
a unit of measurement that describes how tightly linked two points on a chromosome 
are-that is, how likely they will be separated by crossover during meiosis (1 eM equals 
1 percent recombination). One hundred centiMorgans, or one Morgan, takes its name 
from biologist Thomas Hunt Morgan, who first observed the crossover phenomenon in 
the early part of this century. 

chromosomes: 
discrete collections of DNA that contain the information that is passed from one 
generation to the next. Each animal species has a characteristic number of chromosomes. 

co inheritance: 
the passing along of two traits (or, on a genetic level, of two segments of DNA) together. 
Loci that are tightly linked have a high probability of being coinherited. 

crossover: 
a process that occurs during the creation of eggs and sperm in which chromosomes 
exchange segments of DNA, enhancing the possible variability in offspring. 

diploid: 
containing a full set of chromosomes, half of which were donated by the mother and 
the other half from the father. 

economic trait loci (ETL): 
loci that code for traits of economic interest to producers (litter size, disease resistance, 
percent lean, etc.). 

electrophoresis: 
a laboratory process that separates molecules based on their electrical charge. 

epistasis: 
the process in which one gene causes another (other than its allele) to not be expressed. 

genes: 
stretches of DNA within a chromosome that contain specific information needed by 
the cell to make the proteins that control the growth, development and function of the 
organism. 
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genome: 
the set of DNA molecules that specify the inherited characteristics of an animal. With 
a few minor exceptions, every cell in an animal's body carries the entire genome within 
its nucleus. 

genotype: 
the genetic makeup of an organism. 

genotyping: 
the process of identifying which alleles an organism carries for a specific trait or traits. 

halothane gene test (Hal): 
a genetic test for the presence of the gene that causes porcine stress syndrome (PSS). 

haploid: 
containing half the normal number of chromosomes. Eggs and sperm are haploid. 

heterosis: 
the tendency of crossbred organisms to be better than either of their parents. 

heterozygosity: 
the degree to which a gene occurs in different forms in different animals. 

linkage map: 
a map that describes the location of genes relative to other genes rather than as points 
on specific parts of specific chromosomes. 

locus (loci): 
the location of a particular DNA segment on a chromosome. 

major histocompatability complex ( MHC): 
a length of DNA that contains numerous genes involved in regulating the process by 
which the body distinguishes itself from invaders (bacteria, thorns, etc.). 

marker: 
a portion of DNA that appears in more than one form in a population, the variations 
of which can be detected in the laboratory and so used to identify patterns of heredity. 

marker-assisted selection (MAS): 
selection of animals for propagation or culling based on the presence or absence of 
genetic markers that are linked to desired or undesired characteristics. 

meiosis: 
the process that creates haploid egg and sperm cells. 

microsatellite: 
a stretch of DNA that contains a repeating nucleotide pattern, the length of which is 
polymorphic. Microsatellites are used as markers. 

nucleotide: 
one of four similar molecules that, when linked together into DNA, create the code that 
determines an organism's inherited characteristics. 

phenotype: 
the expressed characteristics of an organism. Not all genes of the genotype affect the 
phenotype. 
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polymerase chain reaction (PCR): 
a biochemical technique that allows laboratory workers to produce millions of copies 
of a relatively short (1 00-300 nucleotide) sequence of DNA. PCR is an invaluable 
technique for distinguishing which allele of a microsatellite marker is present in a blood 
or tissue sample. 

polymorphism: 
one of the various forms of a gene. 

PSS (porcine stress syndrome): 
a disorder of swine that can cause extreme reactions to stress and poor carcass quality. 

quantitative trait loci {QTl): 
genes that contribute to the expression of a trait that is expressed on a continuum 
(e.g., weight gain). 

recessive genes: 
genes that are not expressed in a particular organism. Even though these genes are silent 
for the time being, they can be passed along to-and expressed in-successive generations. 

reference families: 
groups of related but genetically varied animals (usually three generations) which are used 
by genome mappers to create a linkage (eM) map. 

resource family: 
a group of related animals that show characteristics of interest such as good marbling and 
large litter size, for which researchers have both genetic material and information about 
which of the related individuals exhibit the characteristic. Useful for mapping QTL and in 
developing markers for MAS. 

restriction enzymes: 
proteins that cleave DNA at the site of a particular nucleotide sequence. Because they only 
work when their particular, recognizable sequence is present, restriction enzymes can be 
used to identify which form of a polymorphic DNA segment an animal has inherited. 

restriction fragment length polymorphism (RFLP): 
a polymorphic DNA segment that influences how a DNA segment cleaves when treated 
with a restriction enzyme. RFLPs are used as markers. 

SLA Types-major histocompatability: 
a genetic test for determining the alleles of genes controlling immune responses. 

translocations for boar: 
a genetic test for determining whether the physical relocation of chromosomal pieces has 
occurred. 

Type I marker: see restriction fragment length polymorphism 

Type II marker: see microsatellite 

Variance: 
ranges in phenotype that result from genetic and environmental parameters. 
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Suggested Reading 

Gene-Mapping Techniques and Application. Edited by LB. Schook, H.A. Lewin and D.G. 
·Mclaren. Marcel Dekker, Inc., New York. 1991.332 pages. 

This publication is directed toward the basic principles of gene mapping and is aimed at 
scientists and technical specialists. 

"Mapping Genes for Growth and Development" LB. Schook and P.A. Clamp. In Growth of 
the Pig, edited by G.R. Hollis, CAB International, Wallingford, UK. 1993. pages 75-92. 

An overview for swine producers, this article addresses the principles of growth and develop
ment, and how we determine which genes control these economically important processes. 

NAGRP News. Edited by H.A. Lewin. University of Illinois Agricultural Experiment Station, 
Urbana. 

This semiannual publication highlights activities associated with the U.S. Department of Agri
culture National Animal Genome Research Program (NAGRP), and is an excellent resource 
for producers, administrators and government officials. 

Understanding DNA and Gene Cloning: A Guide for the Curious. Karl Drlica. John Wiley & 
Sons, Inc., New York. 2nd edition. 1992. 240 pages. 

A generalized publication on the topic, this is an exceptional publication for individuals of 
all backgrounds. 
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