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Do not run through life  
so fast that you forget  
not only where you have been,  
but also where you are going. 
-from "Peace" 
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Hype Cycle: DNA in Beef Breeding 
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1970s – 1990s 
•  Sanger sequencing developed 
•  DNA markers developed 

•  RFLPs 
•  AFLPs 
•  RAPDs 
•  Microsatellites 
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Late 1990s – Early 2000s 
•  Height of gene test marketing 

Hype Cycle: DNA in Beef Breeding 

Costs  
$5,292.39  
to sequence  
1 million base pairs. 

2001 

•  Meuwissen, Hayes, and Goddard publish 
their paper on genomic prediction. 

•  Technology not available to implement. 
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Mid-2000s 
•  Most commercialized tests 

fail validation 
•  Assumptions regarding a 

small number of genes 
influencing complex traits did 
not reflect biology 

•  Candidate gene approach 
was not successful 

•  Genes picked by 
researchers not by data 

Hype Cycle: DNA in Beef Breeding 

Costs  
$581.92  
to sequence  
1 million base pairs. 

2006 

Solexa commercializes the Genome Analyzer 
(company bought by Illumina the next year). 

By the end of 2008, 
costs $3.81 to 
sequence 1 million 
base pairs. 

2008 
Illumina BovineSNP50 released By the end of 2009, costs 

$0.78 to sequence 1 
million base pairs. 

2009 

•  Bovine reference 
genome sequence 
assemblies 
published 

•  Genomic prediction 
in dairy cattle 
implemented 

•  Take entire DNA into 
account 

By the end of 2010, costs 
$0.32 to sequence 1 
million base pairs. 

2010 

•  Genomic prediction 
implemented by AGI 

By the end of 2012, costs 
$0.07 to sequence 1 
million base pairs. 

2012 

•  Genomic prediction 
implemented by 
AHA, ASA, NALF, 
RAAA, etc. 
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2014 
By the end of 2014, costs 

$0.05 to sequence 1 
million base pairs. 

Sequencing costs dropped 5 
orders of magnitude since 2001. 

2014:	
  Cost	
  axis	
  on	
  normal	
  scale	
  

Where	
  are	
  we	
  going	
  next?	
   Where	
  are	
  we	
  going	
  next?	
  

•  Sequencing	
  lots	
  of	
  animals!	
  
– Mostly	
  influen;al	
  sires	
  

•  1000	
  Bull	
  Consor;um	
  
•  Individual	
  groups	
  

– Support	
  from	
  breed	
  associa;ons	
  

Where	
  are	
  we	
  going	
  next?	
  

•  Imputa;on	
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Where	
  are	
  we	
  going	
  next?	
  

Imputa;on	
  

Analysis	
  

Where	
  are	
  we	
  going	
  next?	
  

•  More	
  types	
  of	
  SNP	
  chips/panels	
  
•  Higher	
  density	
  panels	
  focusing	
  on	
  func;onal	
  
variants	
  for	
  research	
  

•  Lower	
  density	
  panels	
  focusing	
  on	
  func;onal	
  
variants	
  for	
  predic;on	
  

•  Func;onal	
  variants	
  -­‐>	
  variants	
  that	
  influence	
  
protein	
  sequence	
  or	
  abundance	
  	
  

Where	
  are	
  we	
  going	
  next?	
  

•  Then	
  genomic	
  predic;ons	
  would	
  be	
  based	
  on	
  
causal	
  variants	
  or	
  closely	
  linked	
  variants	
  

•  Fewer	
  variants	
  on	
  predic;on	
  panels	
  leads	
  to	
  
lower	
  cost?	
  

•  Hope	
  for	
  mul;ple	
  breed	
  predic;ons?	
  
•  More	
  precise	
  predic;ons	
  based	
  using	
  causal/
closely	
  linked	
  

Where	
  are	
  we	
  going	
  next?	
  

•  Back	
  to	
  causal	
  variants	
  
•  Led	
  to	
  genes	
  by	
  data	
  not	
  researchers	
  opinion	
  
•  Con;nue	
  to	
  take	
  very	
  large	
  numbers	
  of	
  genes	
  
and	
  genomic	
  regions	
  into	
  account	
  

Where	
  are	
  we	
  going	
  next?	
  

•  Genomic	
  “surveillance”	
  of	
  influen;al	
  sires	
  
•  Breed	
  associa;ons	
  sequences	
  a	
  sire	
  when	
  it	
  
reaches	
  a	
  certain	
  number	
  of	
  progeny	
  equivalents	
  
–  10,000?	
  
–  5%	
  of	
  annual	
  registra;ons?	
  

•  Progeny	
  equivalents	
  
–  Progeny	
  are	
  1	
  points	
  
– Grand	
  progeny	
  are	
  0.5	
  points	
  
– Great-­‐grand	
  progeny	
  are	
  0.25	
  points	
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Where	
  are	
  we	
  going	
  next?	
  

•  Genomic	
  “surveillance”	
  of	
  influen;al	
  sires	
  
•  Early	
  iden;fica;on	
  of	
  possible	
  func;onal	
  
variants	
  

•  Good	
  and	
  bad	
  
•  Variants	
  responsible	
  for	
  embryonic	
  lethals	
  

Where	
  are	
  we	
  going	
  next?	
  

•  Manage	
  inbreeding	
  based	
  on	
  shared	
  
detrimental	
  variants	
  

Hype	
  Cycle:	
  DNA	
  in	
  Beef	
  Breeding	
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Genome is a complex 
system – Slope of 

Enlightenment might 
be a long climb! 

Ques@ons?	
  
	
  
	
  
	
  
	
  
	
  
	
  

A	
  Steak	
  in	
  Genomics	
  
h[p://blog.steakgenomics.org/	
  

h[ps://www.facebook.com/SteakGenomics	
  
h[p://eBEEF.org	
  


