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Introduction

Genetic improvement in livestock hasatruly
amazing history, with the beef industry having been
blessed with many of themajor scientificinnovations
that have occurred along theway. In recent years, it
hasbeen nearly impossbleto missseemingly daily news
reportsabout exciting discoveriesinthenew field of
molecular geneticsand genomics. Whilemost of these
reports havefocused on the unraveling of the human
genome and itsimplicationsfor human health, there
has been significant spillover into plant and animal
agricultureaswell. At timesover thepast 15 years, it
has seemed to many that thisnew and exciting field
would hold dl of theimmediate answersto breeding
better beef cattle. Today we stand on the brink of
having the DNA sequence of the cow genome
completed and made publicly available. What will this
mean to the beef industry? The objectives of this
presentation areto: 1) providearigorousoverview of
thefield of genomicsasrdated to geneticimprovement
of beef cattle, from historical, current, and future
perspectives; and 2) provide someinsight into what
thefuture system of genetic evaluation will look like
with the coming addition of molecular genetic
information.

A Brief History of Beef Cattle
Genetic Evaluation

Itisbelieved that cattle were domesticated over
5,000 yearsago. Only inthelast few hundred years
hasthe human race gpplied systematicanimal breeding
programsto these amazing animasto mold theminto
more specific roles—i.e. meat, milk, or draft. Today
the number of distinct cattle breeds numbersinthe
hundreds acrosstheworld.

IntheU.S,, our cattleindustry quickly devel oped
assegregated into dairy and beef sectors. By thedawn
of the 20" century, the beef part of thisindustry had
essentialy becomemade up of threebreed populations
—Aberdeen Angus, Hereford, and Shorthorn. It is
unlikely that our ancestorsengaged inthe beef business
at that time — for most of us our grand- or great-
grandparents - would have been ableto predict the
dramatic changesthat would take placein the next
100years.

Thefirst hdf of the 20" century wasanimmensdy
prolifictimeinagricultural science. Arguably, themost
dramatic discoveries were actualy in the fields of
geneticsand statistics. During the 1920sand 1930s,
thefield of population geneticscameof age—primarily
asameans of quantifying and describing Darwin’'s
writingsfromthelate 1800s. Theemerging leadersof
thisfield helped to describe the concepts of genes,
geneloci, chromosomes, and cellular reproduction.
They weredsoinstrumenta inestablishing thefield of
biometrics — statistics as applied to biological
phenomena. Theseearly stati sticiansdevel oped much
of theunderlying theory used broadly in sciencetoday.
What most peopledo not know isthat they originally
weregeneticiststrying to describe how popul ations of
animalschangeover generations! Also, at thesame
time there were pioneering scientists who had the
foresight to devel op populations of beef cattle upon
which they began to practice sel ection and inbreeding
—onesliketheMilesCity Hereford linesthat gave us
theLine 1 of today.

Scientists also made what seemed to be an
unrelated, but extremely valuable, discovery in plant
genetics during this same time period. Scientists
observed that when two unrelated lines of germplasm
were crossed — or “hybridized” — the resulting
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crossbred progeny had better performancethan the
expected average of the parents. The concept of
heterosis between lines was born — and with it the
seed industry and crop agriculturewasrevol utionized.
At thetime, livestock breedersdid not seeany great
benefit from this phenomenon —but aswe now know,
that would dramatically changelater.

The post-WWII erawasaparticularly exciting
timefor livestock geneticimprovement, asit wasin
many fields. The 1940s saw someof thegreastest minds
to ever grace the study of livestock genetic
improvement at their prime. Jay Lush, who many refer
to asthemodern day father of animal breeding, was
busy defining with co-workers Lanoy Hazel and
Gordon Dickerson the concept of the* selectionindex”
and “breeding value’. Thefield of biometrics had
matured to the point where it was now possibleto
determine from experimental populations that
performancefor traits affecting production could be
measured —and that many of thesetraitsappeared to
be heritable.

In 1953, James Watson and Francis Crick
presented for thefirst timeinthe scientificliterature
themolecular structure of thegenetic code—i.e. DNA.
Combined with the theories of genesand heritable
variation of traits, it wasnow possibletovisuaizehow
these genetic differencesat the genelevel might one
day be exploited for geneticimprovement.

Also, in the 1950s, two significant events
occurred which would forever change the nature of
catlebreeding. Thefirst wasthat artificia insemination
techniques matured to an adoptablelevel for cattle
breeders—especially dairy producers. Coupled with
theinditution of theDairy Herd Improvement programs
of USDA a bit earlier, volumes of data began to
accumulate matching pedigreesto milk production
records. At the sametime, computing technology was
beginning to surface asausabletool —eventhough it
was rudimentary to what we now havetoday. Dairy
cattle breeders had enough foresight, however, to
understand the power of coupling quantitative genetics
theory to artificia insemination and asaresult genetic
evaluation as an applied science was born. Now,
through all of the technological and computing

improvementsof thelast 45 years, we have seen that
thisworks—to thetune of amost 100% improvement
inmilk yield per cow!

Thankfully, the plansof thedairy industry did not
go unnoticed by beef cattle breeders. TheAmerican
Angus Association and the American Hereford
Asociaion quickly established performancerecording
programsfor their breeders—focusinginitialy on 205
day weaning weightswithin herds. A few yearslater in
1968, somevisionary cattle breeders, including Sally
Forbes, Frank Baker, Jim Brinks, Bob deBaca, and
others, formed an organization called the Beef
Improvement Federation. This organization was
instituted to take on thetask of developing uniform
guidelinesfor performance recording programs, the
sametask that it still performs 37 yearslater. One of
theinitia visonsof thisgroup wasthat it would soon
be ableto devel op methodol ogy to compare animals
across herds — making the standardization of
performancerecording critical.

The late 1960s and early 1970s was the next
timeof great changein beef cattlebreeding. Twothings
occurred somewhat s multaneoudy —theimportation
of semen from a number of continental European
breedsof cattle and the next generation of computing
technology coming of age. Asaresult of their higher
growth rates, size, and muscul arity, anumber of these
breedsquickly took astrong footholdinthe beef cattle
seedstock industry —especidly Smmentd, Limousin,
and Charolais AstheAmerican Smmental Association
took itsfirst steps, it carefully studied the performance
recording movement and was quick to the chaseto be
thefirst group to recommend that they should attempt
to take advantage of the improvementsin genetic
prediction methodology, artificial insemination, and
compuiting technol ogy to computeand make publicly
availablethefirst “acrossherd” comparisons. They
didso, usngwhat wascdleda“ sremoded” developed
a lowaState University, by Richard Willhamin 1972
Thisallowed the prediction of “ estimated breeding
values’ (EBVs) for the growth traitsby tying herds
together through areference sire network. The eraof
true beef cattle evaluation was now born. Shortly
thereafter, maternal grandsires were added to the
eva uation framework —allowing“ maternal” weaning
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weight EBV sto be added.

At the sametime, it was clear that much more
information was needed for beef producers to
effectively sort out the widening levels of genetic
variationavailabletothemfor commercia production.
Additionally, producersdiscovered that hybrid vigor
wasindeed possible—and very economicaly beneficiad
—when many of the new breeds were bred to the
available Hereford and Angus cows. Crossbreeding
and hybrid vigor seemed to have aplaceat thetable.
Fortunately, USDA’sAgricultural Research Service
saw theneed for scientific datainthisarea. Asaresult,
theU.S. Meat Animal Research Center (MARC) at
Clay Center, NE, was born and within ashort time
initiated two monumental projects—the Germ Plasm
Evauation (GPE) program led by Larry Cundiff and
the Germ Plasm Utilization (GPU) program led by
Keith Gregory. At the sametimethe Fort Robinson
station was being closed, and the selection lines of
cattletherewererelocated to MARC —becoming the
third piece of the puzzleled by Bob Koch. Over the
next 30 years, this collective effort produced the
fundamenta body of knowledge now used world-wide
to understand genetic variation, and how to effectively
useitin beef cattle production.

The 1980swereatruetimeof transition for beef
cattle breeding. Computing technology had now
matured to the level where statistical methodol ogy
developed by a dairy geneticist named Charles
Henderson, in the 1950s, could be applied to beef
and dairy performance data—so called BLUP (Best
Linear Unbiased Prediction) methodol ogy. Scientists
worked out the kinks and were successful in using
these methodsto computefor thefirst timewhat we
now know as EPDs—Expected Progeny Differences
withinbreeds. Thesenew genetic eva uationtoolswere
significantly more powerful and accurateto allow
breedersto sort not only bulls—but a so cows— than
the previously used EBV's from the sire/maternal
grandsiremodel approach. Over theensuing 20 years
wewould bethebenefactorsof continual refinement
in genetic prediction methodol ogy, including more
accurate predictionsaswell asaplethoraof new traits
added to the eval uation pipeline. Wewould even see
theMARC GPE popul ations serve another useful role,

when in the early 1990s, data from the breeds
evaluated in the GPE project coupled with breed
genetic evaluation data, were used to develop an
“across-breed” adjustment process allowing
commercial producersfor thefirst timeto compare
bullsacrossnot only herds, but also across breeds.

The other monumental event inthe 1980swas
the unleashing of anew field of science collectively
referredtoas” genomics’. Thistermwasfirstusedin
1986 to collectively describethe scientific discipline
of mapping, sequencing, and anayzing genomiclevel
DNA information. A technology called* polymerase
chainreaction,” developedin 1987 by Kary Mullisin
Cadlifornia, literally unleashed theforces of research
into the genetic codeof plantsand animals. It had only
taken 34 yearsto go from understanding the structure
of DNA to being ableto sart theprocessof deciphering
themeaning of the code!

Thissomewhat exhaustive and comprehensive
history lesson has been presented heretointentionaly
bring light to the fact that the process of getting to
today’s state of the art beef cattle breeding has not
been easy, or achieved quickly. One could argue that
100 yearsin the bigger picture of 5,000+ years of
domesticated livestock productionisadrop in the
bucket. However, most of uswould still argue that
those 100 years have been a monumental and
unprecedented effort. As we enter the era of
molecularly aided genetic improvement — we
must be careful to remember the big picture, and
that while these new tools are fascinating and
almost unbelievable to many of us, they are
simply the next pieces of the puzzle in a long
process of continual refinement and improvement
as beef cattle breeders.

What is Genomics and Why is it
So Difficult?

Genomicsinthe simplest termsisthe study of
the DNA complement of agiven species. Therearea
number of sub-categoriesof thebroader fiddincluding
structural genomics, comparative genomics, and
functiona genomics.
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Structural genomicsisacollection of research
strategies and tools used to better understand the
organization and content of the genetic code. Cattle,
asisthe casefor most mammals, havearather large
genome—intheorder of 3billionindividua basepairs.
Thesestringsof basesare organi zed into piecescalled
chromosomes. In cattlethereareatotal of 29 pairsof
non-sex determining chromosomes plus sex-
determining X and Y. The genesthat affect traitsare
dispersed acrossthe chromosomes, withagiven gene
located at aspecific Steon aparticular chromosome.
Genesaretheunitsof the DNA thatindividudly encode
specific protein products used in the body either as
building blocks or metabolites. Our best estimateis
that the number of cattle genesissomewhereinthe
order of 30,000 to 40,000. We havelong known that
thebasisfor the genetic variation we observein cattle
performanceisvariationinthe DNA codeof individua
genescontributing to complex quantitativetraits—what
you may havelearnedinbasic geneticsas“dleles’ —
or different forms of genes. The goal of structural
genomics is to develop a complete enough
understanding of how thegenomeisorganized sothat
we can begin to locate and understand these DNA
leve variations—what thescientigtscal polymorphisms.

Asmolecular geneticstoolsbecameavailableto
lab scientistsinthelate 1980s, researchersbegan the
arduous process of genetic mapping. Becausethey
were unable at that time to know what the base
sequence of the DNA code was, they had to use a
somewhat “ black-box” approach toidentify locations
onthechromosomesthat might contain genesaffecting
thesetraits. Thisprocess, called linkage mapping, took
advantage of DNA polymorphisms called
microsatellitemarkers, atypeof variationfoundreadily
throughout the genome. Using one of the laws of
geneticinheritancethat had beenwdll defined for many
yearscalled linkage, these markers could be used to
identify regionsof thegenomeinthesamevicinity where
they occurred that seemed to affect differing levelsof
performance, aswell asidentify wherethesemarkers
were located in proximity to one another on the
chromosomes. 1n 1994, thefirst genetic linkage maps
of cattle were published by USDA-ARS scientists
from USMARC and Australian CSIRO scientists.
Today, theselinkage maps, combined withwhat are

known asradiation hybrid maps, arequitewel | defined
withatotal of over 9,000individua markersidentified
and localized to chromosomes. An excellent example
of thelevd of information contained in thesemapscan
be viewed on the USDA-ARS MARC web-site
(http://www.marc.usda.gov/genome/htmls/

LinkageMap.jsp).

Theavailability of thefirst linkage mapsalowed
researchers to begin the search for regions of the
genome harboring genes contai ning polymorphisms
causing differencesin performancefor economically
important traits—what have become known in the
jargonasquantitativetraitloci (QTLS). Thisresearch,
conducted at several locationsintheU.S., Australia,
New Zealand, and Canada first required the
establishment of cattleresource popul ationsthat would
have ahigh probability of having different copiesof
thegeneson anindividua animal’smaternal versus
paterna chromosome. Consequently, anumber of these
resource popul ationswere designed targeting different
classes of traits — although most were focused on
carcassand end product attributesinitidly. Typically,
these populations were made by crossing widely
divergent breeds to make F, sires who were
subsequently mated to cows of one of the original
breeds to produce progeny. This allowed the
researchersto detect differing alleles having large
effectsfromthese QTLs. Themarkersinthegenemap
werethenthe“tags’ whichwereinherited with these
different allelesthrough genetic linkagethat allowed
the pinpointing of the chromosomal |ocations of the
QTLs.

A number of these resource populationswere
formed at theMARC. Over the course of thelast 7 to
8years, these popul ationshave been utilized to identify
over 25 QTLsaffecting awidevariety of traitson 11
different chromosomes. Other research groups have
also identified a number of QTLSs, principally the
Angleton population at TexasA&M funded primarily
by the beef checkoff and the CRC/MRC projectin
Audrdia Inthe Texasproject ten QTLswereidentified
for variouscarcasstraits. Theresultsof theseprojects
wereexciting and stimulated aconsi derable amount
of attentioninthebeef industry inthemidtolate 1990s.
Unfortunately, asistoo oftenthe case, intherushto
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findthesIver bullet, theimmediate promiseof genomics
wasclearly oversold. Theidentification of QTLswas
only thefirst “baby step” in the processto bringing
theseresultsto apracticabletechnol ogy.

The eas est way to comprehend the enormity of
thetask of “mapping agene” isto think in terms of
needles and haystacks. Consider each of thethirty
chromosomes of the bovine genometo beround hay
bal es—some bigger than others. Then consider that
these QT L sthat had been identified had each been
determined to bein one of the haystacksand to have
been in aparticular region of the original windrow
beforethebaler rolled up thebale. Whilethe scope of
where we were looking for the gene has been
dramatically narrowed, thefact remained that we till
werefaced with literally looking for aneedlewithina
haystack. Theindividual genecausingaQTL effect
wasin an area surrounded by millions of pieces of
grassaongarather long stretch of windrow. Andworse
yet, becausethe researchersdid not have availableto
them the DNA sequencein thoseregions, they were
required to comeup withindirect waysto narrow the
scope any further. Many of thefolksinvolvedinthe
early research vastly underestimated thetask.

Fortunately for the cattle genomicscommunity,
theU.S. government placed ahigh priority throughits
human medical research arm—theNational Institutes
of Health (NIH) —on deci phering the human genetic
code. The ideawas very similar to what has been
described inthis paper for cattle—except that inthis
casethetarget wasto devel op new waysto combat
human disease/ improve human hedth. Initidly, many
of the same approaches of linkage mapping wereused
inhuman genomics, withtheadditiona twist that model
organismswereintensaly studied as proxiesfor man—
principally the laboratory mouse and rat. Thiswas
possi ble because aswe began to be ableto see small
regionsof DNA code, thesimilaritiesbetween species
wereremarkably high—usually inthe 90% or higher
level. Scientists also observed that while the
arrangement of the pieces of the genetic puzzlewas
not the same across species, large regions of the
genome had been conserved throughout evol utionary
time. This now allowed the opportunity to take
information from speciesbeing sudied withvery large

research budgetsin comparisonto cattletoinfer what
might bethe casein cattle. Thisapproach —broadly
called“ comparative mapping,” hassince beenvery
effectively used toidentify anumber of the genesthat
wenow know inlivestock.

Perhaps the best example of the use of
comparativegenomicsinlivestock isthegenecausing
double musclingin continental European breeds. The
condition of double muscling hasbeenacuriosity in
cattle breeding for many years. Breeds such asthe
Belgian Blue, and to a lesser extent Limousin,
Charolais, and Simmental, are clearly different from
other breeds in terms of their muscle:bone ratio.
Scientists have comprehensively studied this
phenomenon to determine how the condition could be
favorably usedinlean beef production systemsandto
attempt to understand the underlying physiology
causing the muscle hypertrophy. When the advances
of molecular biology occurredinthe 1980sand 90s,
thistraitwasoneof highinterestinearly QTL studies,
asit appeared in many waysto be caused by one, or
very few, genes. Scientistsin several groupsused the
approach described aboveto usemarkersand linkage
mapsto localize the chromosomal region containing
the double muscling gene. Tim Smith and Eduardo
Casasat MARC and Michel Georgesat theUniversity
of Liege, inBegium, workingindependently, weregble
tolocalizethe QTL effect to bovinechromosome2in
themid-1990s. They then went towork to “finemap”
thegeneby looking at additiona markersinthisregion.
They also went to the maps of the other speciesto
look for “candidate genes’ that might fall into the
regionsof thosegenomes corresponding to that region
of bovine chromosome 2. Whilethey were making
progressin pinpointing the specific gene causing the
doublemuscling effect by finding markersmoreclosely
linked, therewas till no clear picture of the specific
gene.

The search for the double muscling genetook a
strange twist, however, when human geneticists
reported in the scientific literature a gene called
“myostatin” that had beenidentifiedinmiceashaving
ahugeimpact on muscle devel opment and quantity.
Theseresearchershad noted that when thisgenewas
deactivated (so called “knock-out” mice), themice
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developed muscle hypertrophy —just asobserved in
Belgian Bluecattle. And, furthermore, themyostatin
genemapped to aregion of thehuman genomesyntenic
to that of bovine chromosome 2! Consequently,
researcherswereableto pinpoint thebovinemyostatin
gene to chromosome 2, and to identify a single
nucleotide switch from guanineto adenine at codon
313inthegenethat caused the double muscling effect.
Since the original bovine publication in 1997, the
myostatin gene hasbeen further studied with atota of
13 different polymorphismsfoundinthisgene, severa
that are specific to various breeds expressing varying
degreesof musclehypertrophy. Thisisbut oneexample
of the power of “ comparative mapping” to elucidate
the underlying genes of importance in these QTL
effects.

A handful of geneshave been mapped in cattle
through the* QTL -search followed by comparative
mapping/ finemapping” approach. Two geneshave
beenidentified affecting carcassquality in cattle, both
inAudrdia, that arenow being marketed publicly under
thelabel of “GeneStar” by acompany called Genetic
Solutions. GeneStar Marbling™ isthetrade namefor
agenetictest of thethyroglobulin genethat hasbeen
shown to affect degree of marbling. GeneStar
Tenderness™ isthe tradenamefor agenetic test of
the cal pastatin genethat hasbeen shownto affect meat
tenderness. Genetic markersof theu-capaingenehave
also beenidentified at MARC and have been shown
to reflect adifference of between 0.5 and 0.8 |b of
Warner-Bratzler shear force between aternateforms
of the gene. Leptin, a protein important in energy
metabolismfirstidentified inthe 1980s, hasal so been
mapped in cattleby Canadianresearchers, andisbeing
studied to determineitseffectivenessasaselection
tool for regulating feed intake and energy metabolism
indairy cattleaswell asaltering carcasscomposition
in beef cattle. Diacylglycerol acetyltransferase
(commonly called DGAT) hasbeen mapped by Michel
Georgesindairy cattleand seemsto havean effect on
fat deposition in milk. Several new genes are now
entering thecommercia pipelineinAustraliaandthe
U.S., including somatostatin and aretinoid receptor
gene, both affecting marbling.

While it has been very exciting to see the

discovery of thesefew genesand see how they can be
used to make geneticimprovement, thereare hundreds
of other QTLsthat have beenidentified for various
traitsthat have not been successfully fine mapped to
thegeneleve. Additiondly, itisimportant to keepin
mind that most of theeconomically important traitswe
seek to improve in cattle breeding are complex
quantitative traits under the control of many genes
simultaneoudly, and their interactions both with one
another aswell asthe production environment. The
geneswiththelargest effectswill tend to explainonly
10%or lessof thegeneticvariationinthesetraits, which
asdefrom myodtatinisthe casewith al of theothers
described abovethusfar.

An example of the challenge confronted by
genomicsresearchers” post QTL identification” isthe
story of the original gene mapping project funded by
the Beef Checkoff and TexasA&M University at the
Angleton gtation. Asmentioned earlier, thisproject was
conductedinthefirst half of the 1990sby constructing
aresource population made by crossing Brahman to
Angusfollowed by backcrossing to thetwo breeds
dongwith someF, matingsto producefull-sbfamilies
viaembryo transfer. Theresult of thiseffort wasthat
by themid-1990saseriesof QTLshad beenidentified
through linkage mapping, including ahigh potential
marker for marbling dongwith severd for variousmeet
quality attributesassociated with tenderness. However,
oncetheinitial mapping effort was completed, the
researchers and the beef industry wereleft with an
uphill battletotry to determineif thesemarkerswould
be meaningful for selection within breeds, or if they
smply werereflective of the differencesbetweenthe
two widdy divergent Angusand Brahman breedsfor
carcasstraits. Thus, asecond large-scal e project was
initiated in 1998 by the Beef Checkoff to “validate’
these markersacrossthe major breeds of beef cattle
inthe U.S., in cooperation with many of the breed
associations. Each breed was asked to facilitate the
collection of aminimum of 50 progeny from each of
10sreschosentorepresent thediversity inther breed.
These siresand their progeny were then genotyped
for theten most important markersidentified inthe
Angleton population (3 for shear force, 2 for sensory
tastepand, 3for marbling, and 2for retall yiedtraits).
Thisrequired amonumental effort to coordinatethe

12 MAINTAINING QUALITY PRODUCTION IN A DYNAMIC MARKET PLACE



Beyond EPDs - Genomics: Practical and Economic Considerations

project and collect dl of the phenotypic datafromthese
animals. That project has now been completed (14
yearsafter theinitia launch of theAngleton project) —
and while it has shown that some of the QTLs are
segregating within other breeds, the use of this
technology gtill hascongderablelimitations.

The experiences of the past couple of decades
haveled to theinescapable conclusion that progress
inusing genomictoolsin beef cattle breeding (aswell
asin other livestock species) will be painfully slow
using the approaches detailed above. Fortunately, the
playingfiediscurrently experiencing atrangformation
because of the bovine genome project.

Sequencing of the Human
Genome to Sequencing Cows??

The human genetics community quickly
recognized that if progressin building new toolsthrough
genomicsfor human health applicationswasto occur
expeditioudy, infrastructure needed to be built right
up front. Linkage maps, QTL searches, comparative
mapping, and some fine mapping were useful, but
extremdy inefficient, timely, and highincost. Thus, in
thelast half of the 1990s, the National I nstitutes of
Hedlth, throughitsNationa Human Genome Research
Indtitute, built aplan for sequencing thehuman genome,
along with the highly used |ab species of the mouse
and rat. The project became broadly known asthe
“Human Genome Project” and involved anetwork of
“sequencing centers’ contracted to do high-throughput
sequencing (i.e. determination of the DNA basecode)
of the human genome. These centerswereat Baylor
Collegeof Medicine, MIT, Washington University in
St. Louis, and the Sanger Centrein the UK. At the
sametime a scientist named Craig Venter came up
with a different and novel approach for DNA
seguencing called “ wholegenome shotgun sequencing”
that he predicted would be much faster and more
efficient than the approach being used by NHGRI.
Whét trangpired over thenext few yearswasan ongoing
debate and competition betweenthefederd effort (i.e.
NHGRI) and the privately funded parallel effort (i.e.
Craig Venter through his new company known as
CeleraGenomics). Aninitia rough draft of thehuman
genome sequence was completed in 2001, followed

by acomplete, finished sequenceinApril 2003, fifty
yearsafter Watson and Crick’sinitial elucidation of
the double-stranded helical nature of DNA! The
Human Genome Project wasnot cheap (inthebillions
rather than millionsof dollars), butiswidely believed
by many to bethemost important scientific projectin
thehistory of mankindto date. Obvioudy, asevidenced
by the number of breakthrough discoveriesoccurring
now on aroutinebasis, that may infact proveto be
true. It will beextremely exciting to see how the next
decade unfolds in human medicine as a result.

Thecaitle, poultry, and swineindudtries, however,
also have been placed in a position to reap huge
rewardsfrom theinfrastructure built by NHGRI to
sequence the human genome. In order to build the
most comprehensiveinfrastructureto capitalizeonthe
human genome for discoveries in human health,
NHGRI launched down apath in 2002 of supporting
the sequencing of anumber of other genomes. These
have been chosen to most highly leverage the
investment in human genomics, as based on
comparative mapping and medica model speciesuse.
Fortunately, the cow hasbeen widely used asamodel
speciesin anumber of areas for human medicine,
especially intheareaof reproductive physiology. As
a result, the agricultural community developed a
“partnership” approachin 2003 with NHGRI to move
forward the sequencing of livestock genomes. There
have been anumber of strong voicesthat have moved
these effortsforward, too many to mention here. The
result, however, is that in March 2004 the draft
sequence of the chicken genomewas completed and
released at Washington University and even more
exciting to the beef industry isthat the sequencing of
thebovine genomewaslaunched at Baylor College of
Medicine’'s Human Genome Sequencing Center in
Houston in December 2003. We recently were
successful in garnering the funds to launch the
sequencing of theswinegenomein late 2005.

Thebovinegenome sequencing effort isexpected
to yield an 8-fold coverage sequence map of the
genome by December 2005 with a cost of $53M.
The funding sources of the effort include NHGRI
($25M), USDA ($11M), the state of Texas ($10M),
Genome Canada ($5M), Australiaand New Zealand
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($1M each), and thenationa, Texas, and South Dakota
beef councils($0.8M). Thisfollowsaninitid investment
of over $4M to develop the scaffolding, called a
bacterid artificia chromosome (BAC) map, invested
by an international consortium of tenlaboratoriesin
seven countries, led by USDA-ARS. The animal
providingthe DNA for thesequencing projectisaLine
1 Hereford femalefrom the USDA-ARS long-term
linebreeding and selection project at the Fort Keogh
Livestock and Range Research Lab at MilesCity, MT.
Thisanimal was selected to provide ahigher chance
of producing a high-quality sequence assembly
because she carriesan inbreeding coefficient of over
40%. All sequenceinformation isbeing depositedin
the public domain, through the NIH’ sNationa Center
for Biotechnology Information (NCBI), as it is
completed, allowing al researchersaround the globe
to have accessto spurn forward devel opments.

In October 2004, thefirst draft assembly (3.3-
fold sequence coverage) of the bovine genomewas
announced by the project team. As of March 2005,
the sequencing had commenced to the 6-fold coverage
level and light sequencing had been completed ona
panel of animalsrepresenting the Holstein, Jersey,
Angus, Limousin, Brahman, and Norwegian Red
breedsto allow detection of new single nucleotide
polymorphisms (SNPs). The process of validating a
set of 20,000 of these SNPs has been initiated and
will becarried out onawidepand of breedsto evduate
genetic diversty of theworld cattle population during
thesummer of 2005. Additionaly, theHereford femae
used for the sequencing project and oneof her progeny
recently supplied awidearray of tissuesto the project
teamto allow devel opment of full-length cDNAsfor
the study of gene expressioninfunctiona genomics
projects over the coming years. Efforts over the
remainder of theproject will focusontheremaining 2-
fold sequence coverage, to be donefrom aminimum
tiling path of BAC clones and then devel opment of
gene predictionsfrom the sequenceinformation and
gene annotation. Planning hasa so commenced by the
research community onwhat infrastructure needsto
belaidinto placetofully capitdizeon having thishuge
volumeof new information available.

The availability of the genome sequence is

expected to speed gene discovery by afactor of 100
fold! The fact that this effort will result in the
sequence of the genome being made availablein
the public domain further adds to the impact of
the investment asit will spurn on discoveriesfor
the public good faster. Wetruly do livein exciting
times.

What Will be the Practical
Applicability of Genomics for Beef
Cattle Breeding?

Asgenomictoolsdevelop over thecoming years,
what can beef cattle producers expect to see as a
result?Will DNA selectiontoolsessentially replace
breed genetic evaluation programs/ EPDsasweknow
them today?Will we no longer need to worry about
collecting expensive performance data? Will we
essentially be ableto know the genetic value of acalf
inutero?Will we be ableto predict the perfect range
cow for agiven production environment, sort that cow
out with genomics, and then masscloneher?At various
pointsin the past decade, there have been peoplewho
have painted the picture of the future by answering
yestoadl of thesequestions. What isthepracticd truth?

Asgenomicstechnology maturesin thecoming
decade, we will see an explosion of genesthat are
identified for various traits. However, will that
information give usdl of theanswers? Hopefully the
message hasbeen clearly delivered inthispresentation
that the science of geneticimprovement in abusiness
asmulti-faceted asbeef productionisvery complex.
Itiseasy to predict that asweidentify many of the
genesunderlying variationin performancefor traits,
wewill identify more questionsthan we do answers.
Someof thosearelikely to be:

1. What isthefunction of these genesin the
physiology of the animal and how isthis
function altered by changes in the
production environment? We are now
routingly talking about the next big opportunity
area of livestock genetics research being in
“functiona genomics’.

2. How do the various genes impacting

14 MAINTAINING QUALITY PRODUCTION IN A DYNAMIC MARKET PLACE



Beyond EPDs - Genomics: Practical and Economic Considerations

economically important traitsinteract with
one another at the genome and proteome
level?

3. Howmany animaswithinapopulation (ieaherd
or abreed) need to be genotyped for these gene
testsin order to get enough information?

4. Canwecombinephenotypic performance
information with gene level DNA
information to come up with “DNA-
enhanced EPDs’ ?

5.  Howwill thefreeenterprisesysem embracethis
technology —i.e. what isthebest businessmodel
to capitalize on these advances?

6. How will the cost of thistechnology beborne
by theindustry? One cannot expect thegenetics
or commercial sectorsof the beef industry to
pay $50 or more per test for alot of genesto
identify thetop sires as has been proposed in
theinitia venturesof genetestingintothepublic
marketplace. The value capture of this
technology islikely to require a new type of
business model than anything we have seen
previoudy in cattlegenetics.

Unfortunately, ashuman beings, wehavenaot been
granted the wisdom of our creator. However, some
thingsdo appear to be clear for thefuture. Genomics
will providerevolutionary advancesinour ability to
genetically improveand better managebeef cattle, just
as EPDs and other technol ogies have done before.
Gene level information will add to performance
information to give usmore accurate EPDs at earlier
stagesof ananimal’slifefor many traits. We may be
ableto add EPDsto our genetic evaluation system
using DNA toolsthat we have not been ableto afford
before. But, intheend, thistechnology will bejudged
by themarketplaceinanindustry with higtoricaly dim
margins, and will only be successful if it ispriced
relativetovalueddivered. Current commercid efforts
to market tests on a gene by gene basis at $75 or
moreapop arenot sustainable. Entepreneurswill need
to be cognizant of thefact that such apricetag may
need to deliver the molecular picture for an entire

segment of performance (i.e. end product value, cow
herd input costs, etc.) rather than individual
componentson anindividua genebasis.

Lastly, itisimportant to point out that much of
theresearch and development inbig areaslike genetic
improvement hashistorically been required to bedone
with publicfunding. Thefutureof geneticimprovement
inbeef cattlewill still need to rely on thisapproach.
Thismeansthat the cattleindustry must be activein
supporting and encouraging research that will
contributeto increased efficiency of high quality beef
productsusing environmentaly sustainable production
systems. For example, while private industry may
chooseto focusefforts on devel oping genetic toolsto
allow improvement in end product quality — for
exampletenderness—it will bedifficult orimpossible
for the sameto bedoneon atrait likefeed efficiency
or cow herd maintenancerequirementsor reproductive
rate. Thesearetheareasthat wewill need to placefull
effort upon inthefuture of our public research efforts
inorder to continueto solve problemsof importance
to theindustry and the consumers of our products.
There is much work yet to be done by beef cattle
breeding and geneticsresearchers—thuswe need to
beattracting and educating our best young mindsinto
this area. Furthermore, the trends we have seenin
more recent years of decreasing investments in
traditional population genetics based programs must
be reversed given that we are now closeto coming
back full circleto needing thesefolksto help thegene
jockeysinterpret their new data.

Wouldn'tit beablast to be ableto seewhereit
al goesinthenext 100 years?My gut ingtinct tellsme
that welikely would not have been bold enoughin our
predictions.
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