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50th anniversary of DNA
structure







! 3 billion base pairs (A, G, C, and T)

! Every cell has two copies (alleles) of
each chromosome

! Estimated 30,000 to 40,000 genes
(two copies or alleles of each gene)

! Maybe 400,000 proteins produced

A Mammalian Genome



Genomics
•  Structural

–  The construction of high-resolution genetic,
physical, and transcript maps of an
organism

–  Highest resolution physical map of an 
organism is its complete DNA sequence

•  Functional

–  Global (genome-wide) approaches

 to analyze gene function and expression



! Develop road maps of each
chromosome (genetic linkage maps)

! Utilize linkage maps to identify
chromosomal regions

! ‘Fine map’ the region to identify the
gene

Genomics Research



! Cattle linkage map

! First goal 300 markers

! Today > 9000 markers

! Pig linkage map

! >5000 markers

! Sheep linkage map

! > 1200 markers, ~50%
bovine markers work

Genomics Research
      Cattle Cattle 
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Traits MeasuredTraits Measured

Growth traits:Growth traits:

- Birth weight (kg)- Birth weight (kg)
- Weaning weight (kg)- Weaning weight (kg)
- Yearling weight (kg)- Yearling weight (kg)
- - PostweaningPostweaning average average
   daily gain (kg/d)   daily gain (kg/d)

Measured carcass traits:Measured carcass traits:

- Hot carcass weight (kg)- Hot carcass weight (kg)
- Fat depth (cm)- Fat depth (cm)
- Marbling score- Marbling score
- - LongissimusLongissimus muscle area (cm muscle area (cm22))
- USDA yield grade- USDA yield grade
--Est. kidney, pelvic, & heart fat (%)Est. kidney, pelvic, & heart fat (%)
--Rib boneRib bone
--RibfatRibfat
- - RibmusRibmus
- Warner-- Warner-BratzlerBratzler shear force shear force

2 or 3 d postmortem (kg)2 or 3 d postmortem (kg)
- Warner-- Warner-BratzlerBratzler shear force shear force

14 d postmortem (kg)14 d postmortem (kg)

Predicted carcass traits:Predicted carcass traits:

--Retail product yield (%) Retail product yield (%) 
- Fat yield (%)- Fat yield (%)
- Bone yield (%)- Bone yield (%)
- Dressing percent (%)- Dressing percent (%)



BlackieBonzo

GENOME SCAN RESULTS IN ALL RESOURCE FAMILIES
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Characterization of QTL variation
 in resource populations

Blackie

Bonzo
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Mapping a trait to a gene



! Use additional DNA markers and
animals to refine the location of the
QTL (gene)

! Use human and mouse mapping
information (Comparative Mapping)

Fine Mapping





Fine Mapping Double
Muscling



Myostatin (MSTN) location on BTA2
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Piedmontese Myostatin Allele

TyrTyr CysCys SerSer GlyGly GluGlu TyrTyr GluGlu PhePhe ValVal

PiedmontesePiedmontese tactac tgctgc tcttct ggagga gaagaa ttAAtt gaagaa tttttt gtagta

NormalNormal tactac tgctgc tcttct ggagga gaagaa ttGGtt gaagaa tttttt gtagta

TryTry CysCys SerSer GlyGly GluGlu CysCys GluGlu PhePhe ValVal

C313YC313Y

Amino acid 313Amino acid 313











! Thyroglobulin- marbling (GS Marbling)

! Calpastatin- tenderness (GS Tenderness)

! Calpain- tenderness (two SNP)

! Leptin- fat deposition (SNP)

! DGAT - fat deposition in milk

! Somatostatin -- marbling

! ROCR (Marbling) – Australia CSIRO??

Important genes affecting beef
production traits





! The few genes that we have been
identified only explain a small part of
genetic variation

! Time and expense to identify the
majority of genes that affect a single
trait

! Need for more genomics-enabling
infrastructure

Current limitations in genomics
research



50th Anniversary of DNA
Structure – THE FINISHED

HUMAN GENOME



Genomic Sequencing?



Interagency Coordination
Essential….

•  Interagency Working Group on Domestic Animal 
     Genomics

–  Executive Office of the President
•  Office of Science & Technology Policy (OSTP)
•  National Science & Technology Council (NSTC)
•  Committee on Science (co-Chairs NIH, NSF, OSTP)

•  Established in winter 2002

•  Charter members
–  DOE, FDA, NIH, NSF, OMB, OSTP, USDA

•  Chairperson -- Joseph Jen, USDA/REE
 Executive Director – Ronnie Green, USDA/ARS





International Collaboration

–  Australia -- $1M

– Genome Canada -- $5M

– New Zealand -- $1M



Domestic US Collaboration

–  NIH / NHGRI -- $25M

–  State of Texas – $10M

–  USDA -- $11M

–  Beef Councils (Natl., TX, SD) – $0.8M

Project Total = $53M



Genomic Sequencing?

Launch:  Dec. 2003
Expected Finish:  early 2005





Meat Quality Red Meat Yield
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Challenges in Applying MAS
in the Beef IndustryBeef Industry:
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Marker Assisted Selection
in the Twinning Population
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Genetic Improvement -- DNA
Based Gene Selection

Genetic Improvement -- DNA
Based Gene Selection
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National Beef Cattle Evaluation
Consortium (NBCEC) QTL Team

National
Cattle
Evaluation

Pedigre
e

DNA tests

Progeny

Marker
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EPDs

More
Accurate
Evaluation
of Genetic
Merit

Phenotypes
DNA tests

Phenotypes

Phenotypes
DNA tests

• Incorporation of DNA test
results into National Cattle
Evaluations







! Carcass traits- marbling , tenderness

! Growth – bend growth curve

! Feed efficiency – expensive to measure

! Reproduction- dissect components

! Twinning – heritability from 7 to 35%

! Animal health- difficult to measure

! Select for multiple traits

! Management “by genotype”

Genomics Research





! PrP Gene – Scrapie, CWD, BSE?

! HEXA – UK identified for BSE?

! FMD

! Fescue Toxicosis

! New vaccine development

! New drug targets

Genomics Research -- Health



????????????????





Business Models???



SAVAGE, Md. and MINNEAPOLIS - June 11, 2002

MetaMorphix signs deal to develop genetic selection tool using cattle
genome --  Exclusive agreement with Cargill's Caprock Cattle Feeders
and Excel Corporation expected to result in superior beef for
consumers
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