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                               Genetics: What 
can 
                               the beef 
industry                   learn from 
$251,000 dairy heifer sale? 

February	
  8,	
  2017	
  

It’s party time in the U.S. dairy industry. 
“Nearly	
  every	
  dairy	
  bull	
  worldwide	
  chosen	
  for	
  widespread	
  use	
  	
  

is	
  now	
  selected	
  on	
  the	
  basis	
  of	
  genomic	
  predic3ons.”	
  
	
  

“Even	
  Canada	
  and	
  Europe	
  are	
  using	
  the	
  US	
  genomic	
  discovery	
  systems	
  
	
  to	
  iden3fy	
  their	
  top	
  gene3cs.”	
  
	
  

	
  Traits	
  are	
  easy	
  to	
  measure.	
  
	
  

Holsteins are the  
genomic selection 

poster cows 

“Genomic selection was a 
technology waiting to be invented 

for the US dairy industry.” 

Annual numbers of citations of Meuwissen et al.  

Jeremy F. Taylor et al. PNAS 2016;113:7690-7692 ©2016 by National Academy of Sciences 
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We’re	
  happy	
  to	
  have	
  	
  
genomic	
  informa3on.	
  

	
  
	
  

But	
  it’s	
  a	
  rapidly	
  	
  
changing	
  industry	
  .	
  

	
  
	
  
	
  

As the industry changes …… it influences how 
you model and analyze the data. 

•  Analyst	
  -­‐	
  Data	
  structure	
  
•  Everyone	
  else	
  –	
  business	
  opportuni3es,	
  market	
  
share	
  and	
  livelihoods	
  

•  Some	
  planning….followed	
  by	
  adjus3ng,	
  
adap3ng,	
  and	
  compe3ng.	
  With	
  winners	
  and	
  
less-­‐than-­‐winners.	
  

                                           We’re making faster genetic 
gain                       

                  than ever before! 
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Average	
  gain:	
  
$19.42/year	
  

Average	
  gain:	
  
$47.95/year	
  

Average	
  gain:	
  
$87.49/year	
  

Genetic merit of marketed 
Holstein bulls	
  

Lots	
  to	
  be	
  happy	
  about!	
  
How we’re using genomics within the Holstein 
breed. 

•  Determine	
  the	
  geneAc	
  merit	
  of	
  elite	
  animals	
  at	
  a	
  young	
  age.	
  
•  Manage	
  the	
  rate	
  of	
  Inbreeding.	
  
•  Keep	
  undesirable	
  geneAc	
  defects	
  at	
  a	
  low	
  level.	
  
•  Iden3fy	
  Breed	
  composiAon	
  of	
  crossbreds.	
  ½	
  HO,	
  ¼	
  HO,	
  etc.	
  
•  Verify	
  or	
  discover	
  Parentage.	
  
•  Herd	
  Management,	
  cull	
  low	
  end	
  replacement	
  animals	
  earlier,	
  
breed	
  lower	
  gene3cs	
  to	
  beef	
  bulls.	
  

•  Having	
  more	
  animals	
  genotyped	
  allows	
  us	
  to	
  more	
  easily	
  
invesAgate	
  other	
  gene3c	
  issues.	
  

http://aipl.arsusda.gov/reference/recessive_haplotypes_ARR-G3.html 

One in five animals are expected to be a carrier 
of a genetic defect causing early embryonic loss. 

 
VanRaden and Miller, 2006 
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Storm’s	
  best	
  chromosome	
  	
  
is	
  chromosome	
  11	
  from	
  his	
  
dam,	
  the	
  one	
  containing	
  HCD	
  

HCD	
  	
  New	
  undesirable	
  	
  
gene3c	
  condi3on	
  
	
  
Haplotype	
  associated	
  with	
  
Cholesterol	
  
Deficiency	
  
	
  

Undesirable	
  haplotypes	
  can	
  increase	
  in	
  frequency	
  when	
  they	
  
contain	
  a	
  number	
  of	
  desirable	
  alleles	
  

First identified by German researchers 

Easy access to information 
But, don’t eliminate a bull because of one allele. 

2015 
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Probability	
  of	
  being	
  bred	
  to	
  a	
  HH3	
  CARRIERbull

Dam Untested Tested Free Dam Tested	
  Carrier	
  Dam

Just having the dam tested,  
the breeder is 2 times more likely  
to breed to a non-carrier bull 

Knowing the dam is a carrier,  
the breeder is 3 times more likely  
to breed to a non-carrier bull. 

Breeder awareness and  
avoiding carrier-to-carrier matings 

Achieving our goal – lowering the frequency of undesirable alleles 
Improving the breed 

Genomic testing allows farmers and countries to 
jump ahead of their competition ! 

All major dairy 
Countries are  
using genomic 

selection 

Germany 
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So, how can 
the U.S. stay 

ahead 

Over 1.5 million 
Holsteins genotyped 

 
 
 

Multiple generations 
- genotyped 

S-S-I PARTYROCK PROFIT-ET 

Find	
  best	
  gene3cs	
  	
  
in	
  the	
  world	
   Develop	
  the	
  best	
  gene3cs	
  	
  

in	
  the	
  world	
  

The	
  U.S.	
  
quickly	
  
adopted	
  
genomic	
  
selec3on	
  
and	
  has	
  
con3nued	
  to	
  
invest	
  
heavily	
  in	
  it.	
  

The	
  best	
  Holstein	
  gene3cs	
  are	
  now	
  coming	
  almost	
  exclusively	
  from	
  
North	
  America	
  

 2016  

   2014   

Registration of offspring of the 
bulls from companies with an 
aggressive genomics program 
have increased by 14%.    
 
2010 to 2016 

Percentage of Top bulls 
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Select Sires jumps out ahead. 
Companies are controlling access to their top 

genetics 
Pre-release semen & Sexed Semen 

•  Early	
  access	
  to	
  the	
  top	
  young	
  bulls	
  is	
  being	
  limited	
  to	
  a	
  “select	
  group”	
  

•  Their	
  own	
  females	
  or	
  cooperator	
  herds	
  with	
  a	
  	
  marke3ng	
  agreement.	
  
•   Right	
  of	
  first	
  refusal	
  
•   40%	
  of	
  young	
  bulls	
  coming	
  from	
  this	
  source.	
  

•  Female-­‐sex-­‐sorted	
  semen	
  
•  When	
  semen	
  is	
  released	
  to	
  the	
  mass	
  market	
  

Spread of genetics has changed in the genomics era 
Offspring of a top bull 
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Control of Genetics 
Harder for individual breeders to produce elite 

genetics 
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  Pre-­‐release	
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  Sex-­‐sorted	
  
	
  

Semen	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

It’s HARD to Control the access to the TOP Genetics 
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Semen	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Top	
  10	
  	
  
Sons	
  
	
  

7	
  are	
  	
  
AFTER	
  

Pre-­‐release	
  
	
  period	
  

Very competitive environment 
Catch up with “Free Agents” 
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AI	
  ownership	
  of	
  female	
  
gene3cs	
  is	
  now	
  common	
  

International competition amongst countries has caused  
the creation of genotype exchange consortiums. 

 

Growth of large National Genetic Evaluations -  move away from 
the Interbull model of “pooling data”. 

German Holstein fee system  
for genomic evaluations  

Initial AI 
Service 

Full data contributor $15 $575 

Non-Member of CDCB $150 $575 

Approved Partners $15 $575 

All others $150 $1,200 

Model	
  DescripAon	
   Reference	
  

Itera3ve,	
  nonlinear	
  model	
  with	
  heavy-­‐tailed	
  
prior	
  for	
  marker	
  effects	
  analogous	
  to	
  Bayes	
  A	
  

VanRaden,	
  P.M.	
  2008.	
  J.	
  Dairy	
  Sci.	
  
91:4414–4423.	
  	
  

SNP-­‐BLUP	
  with	
  polygenic	
  effect	
   Liu,	
  Z.,	
  et	
  al.	
  2011.	
  Genet.	
  Sel.	
  
Evol.	
  43:19	
  	
  

Bayes	
  C	
  with	
  no	
  polygenic	
  effect	
   Fernando	
  &	
  Garrick,	
  2009	
  

Bayes	
  mul3ple	
  QTL	
   Meuwissen	
  &	
  Goddard,	
  2004	
  

QTL	
  detec3on	
  with	
  Bayes	
  Cpi,	
  Linear	
  regression	
  
on	
  IBS	
  haplotypes	
  

Croiseau	
  P.	
  et	
  al.	
  ,	
  2015.	
  	
  EAAP	
  
mee3ng.	
  

Single-­‐step	
  GBLUP	
  	
   Aguilar,	
  I.,	
  et	
  al.	
  2010	
  J.	
  Dairy	
  Sci.	
  
93:743–752.	
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PT
A

ssGBLUP
BLUP

Cows with record(s): fat

Genotyped cows

All cows

Choice	
  of	
  proper	
  model	
  is	
  
becoming	
  increasingly	
  more	
  
important.	
  
	
  
For	
  example:	
  poten3al	
  bias	
  
from	
  genomic	
  pre-­‐selec3on.	
  

Masuda	
  et	
  al.,	
  2017	
  

APY – Algorithm for Proven and Young 
limited number of ancestral chromosome segments in 

our current population 
 

Production traits of over 20 million US Holsteins were analyzed by single-step 
GBLUP (ssGBLUP) using genotypes on over 760,000 animals. Masuda et al., 
2017 

Genetic 
Evaluations  

at a crossroads. 

U.S. needed a commercial entity to do genetic evaluations. 
 
Proprietary data, procedures and genetic evaluations has caused 
a fragmentation within our industry 
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In	
  addi3on	
  to	
  mul3ple	
  sources	
  of	
  
Na3onal	
  Genomic	
  Evalua3ons,	
  we’re	
  
seeing	
  mul3ple	
  sources	
  of	
  Domes3c	
  
informa3on	
  for	
  the	
  same	
  trait	
  

Health	
  
Monitor	
  

Zoe3s	
  	
  -­‐	
  Wellness	
  Traits	
  
ABS	
  Global	
  -­‐	
  Transi3onRight	
  
GENEX	
  –	
  Exclusive	
  Health	
  Traits	
  
CDCB	
  -­‐	
  	
  soon	
  to	
  be	
  released	
  Health	
  Traits	
  
	
  
SEMEX	
  –	
  Immunity	
  Plus	
  

Competition amongst the breeds 
Genomic testing - size matters 

•  Holstein    1.5 million 
•   Jersey   0.2 million 
•  Brown Swiss   0.03 million 
•  Ayrshire    0.007 million 
•  Guernsey    0.003 million 

In May, 2017               40,252 heifers            2,475 bulls 

Holsteins 
Total as of April 2017:    1,361,770 females   237,636 males 

Each year, we’ve 
seen an increase 

Genomic testing gives us an extra boost in 
improving the lowest heritable traits 

 
Trait 

Extra Daughter 
Equivalents from 

SNP effects 
Production 25 

Conformation 25 
Calving Ease 38 

Somatic Cell Score 58 
Productive Life 80 

Fertility 140 

Renaissance  Period 
Rapid gains in health, fertility and production 

Gene3c	
  Evalua3on	
  Summary	
  

Breed	
   Number	
   PTAM	
   PTAF%	
   PTAF	
   PTAP%	
   PTAP	
   SCS	
   PL	
   DPR	
   NM$	
   FM$	
   CM$	
  

	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  

Holstein	
  	
   2215	
   1105	
   0.06	
   58	
   0.03	
   42	
   2.81	
   5.2	
   1.6	
   635	
   586	
   656	
  

Jersey	
   394	
   691	
   0.08	
   48	
   0.05	
   33	
   2.93	
   4.2	
   0	
   445	
   387	
   469	
  

Ayrshire	
  and	
  Red	
   39	
   981	
   0.06	
   51	
   0.04	
   40	
   2.92	
   1.3	
   1.1	
   392	
   344	
   412	
  

Brown	
  Swiss	
   51	
   749	
   0.01	
   32	
   0.02	
   28	
   2.87	
   3.5	
   0.9	
   364	
   332	
   377	
  

Red	
  and	
  White	
   28	
   335	
   0.05	
   25	
   0.04	
   21	
   2.88	
   2.8	
   0.7	
   332	
   278	
   354	
  

Guernsey	
   8	
   504	
   -­‐0.02	
   20	
   -­‐0.02	
   12	
   2.96	
   1.4	
   -­‐0.3	
   169	
   178	
   165	
  

Genomic tested young bulls being marketed	
  

Holstein’s superiority over other breeds is GROWING with the use of 
genomics 
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Just like Ancestry.com, breed purity is checked. 
Jersey breed has brought in Holstein genetics 

Missing	
  pedigree	
  

This	
  Top	
  100	
  
Jersey	
  bull	
  is	
  
20%	
  Holstein	
  

FARIA	
  BROTHERS	
  RAWLS	
  {2}	
  

NAAB	
   Name	
   BBR	
  or	
  JX	
   NM$	
   REL	
  NM$	
  
029JE03866	
   SCHULTZ	
  VOLCANO	
  HARRIS	
  {4}	
   100	
   779	
   91	
  
001JE00957	
   FARIA	
  BROTHERS	
  BRAD	
  STEVENS	
  {5}	
   100	
   766	
   68	
  
551JE01650	
   SUNSET	
  CANYON	
  GOT	
  MAID	
  {5}-­‐ET	
   100	
   763	
   70	
  
200JE00913	
   FARIA	
  BROTHERS	
  MESSI	
  {5}-­‐ET	
   100	
   737	
   69	
  
001JE00935	
   CO-­‐OP	
  AD	
  WORLD	
  CUP	
  {5}-­‐ET	
   100	
   716	
   68	
  
014JE00704	
   FARIA	
  BROTHERS	
  CALVIN	
  HARRIS	
  {4}	
   100	
   698	
   69	
  
001JE00966	
   FARIA	
  BROTHERS	
  FUTURE	
  {3}-­‐ET	
   93	
   692	
   66	
  
001JE00922	
   FARIA	
  BROTHERS	
  RONALDO	
  {3}-­‐ET	
   92	
   689	
   69	
  
029JE04033	
   AHLEM	
  FRISCO	
  {5}	
   100	
   682	
   71	
  
551JE01643	
   SEXING	
  VALIDATE	
  60883	
  {5}-­‐ET	
   100	
   680	
   70	
  
001JE00962	
   FARIA	
  BROTHERS	
  DEGROM	
  {3}-­‐ET	
   100	
   677	
   66	
  
014JE00652	
   FARIA	
  BROTHERS	
  MARLO	
  {2}-­‐ET	
   JX	
   674	
   70	
  
007JE01503	
   FARIA	
  BROTHERS	
  RONALDINHO	
  {3}	
   100	
   670	
   70	
  
001JE00921	
   FARIA	
  BROTHERS	
  EUSEBIO	
  {4}-­‐ET	
   93	
   670	
   68	
  
029JE03989	
   FOREST	
  GLEN	
  HARRIS	
  HALT	
  {5}	
   100	
   665	
   70	
  
001JE00964	
   FARIA	
  BROTHERS	
  JODECI	
  {3}	
   100	
   661	
   66	
  
007XD01535	
   FARIA	
  BROTHERS	
  SYNDERGAARD	
   JX	
   658	
   53	
  
001JE00963	
   HEARTLAND	
  HARRIS	
  MAGLIO	
  {5}	
   100	
   654	
   69	
  
007JE01533	
   FOREST	
  GLEN	
  HARRIS	
  RHUMBA	
  {5}	
   JX	
   652	
   70	
  
011JE01179	
   CDF	
  VICEROY-­‐ET	
   100	
   651	
   86	
  
001JE00892	
   FARIA	
  BROTHERS	
  VANDRELL	
  {2}-­‐ET	
   JX	
   648	
   66	
  
029JE04008	
   AHLEM	
  HARRIS	
  BALTAZAR	
  {5}-­‐ET	
   100	
   646	
   71	
  
029JE04026	
   OOMSDALE	
  GEMMA	
  HARRIS	
  GANYA	
  {5}	
   646	
   69	
  
200JE01065	
   LEGENDAIRY	
  MONEYBAG	
  {5}	
   645	
   70	
  
014JE00739	
   SPRING	
  CREEK	
  HARRIS	
  STUB	
  {5}-­‐E	
   640	
   69	
  
200JE01080	
   AHLEM	
  RUFIO	
  {3}	
   640	
   65	
  

Top Net Merit $ 
 Jersey Sires 

With semen available 
in the U.S. 

USDA Evaluations, December, 2016 

February	
  4,	
  2017	
  Jersey-Cross Prefix 

{X}	
  =	
  GeneraAon	
  Count	
  where	
  X	
  is	
  the	
  
	
  number	
  of	
  genera3ons	
  back	
  	
  
to	
  an	
  unknown	
  ancestor	
  

BBR	
  Breed	
  Based	
  Representa3on	
  
93.75%	
  or	
  higher	
  is	
  rounded	
  up	
  to	
  100	
  

Bulls	
  with	
  Holstein	
  
geneAcs	
  

Herd	
  Improvement	
  
Gene3c	
  educa3on,	
  combina3on	
  of	
  
technologies	
  and	
  economic	
  analysis	
  
are	
  more	
  important	
  than	
  ever.	
  

Greater differences between herds 
HIGH herd make $1012 more lifetime profit per cow 

Using	
  older	
  bulls	
  and	
  
litle	
  genomic	
  tes3ng	
  

Genomic	
  tesAng,	
  
In	
  vitro	
  ferAlizaAon,	
  
Embryo	
  transfer,	
  
Sexed	
  semen	
  

1300
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Lower	
  Herd Breed	
  Average Higher	
  Herd

Excep3onal	
  New	
  York	
  herd	
  

Less	
  progressive	
  herd	
  

What’s	
  your	
  genomics	
  program?	
   Genomics Program 

Basic	
  theme:	
  
•  Top	
  animals	
  are	
  IVF	
  
•  Next	
  3er	
  are	
  bred	
  with	
  sexed	
  
semen	
  or	
  conven3onal	
  semen	
  
(if	
  bulls	
  are	
  wanted)	
  

•  Botom	
  50%	
  to	
  85%	
  carry	
  
embryos	
  

Varia3ons:	
  

•   Many	
  have	
  On-­‐farm	
  IVF	
  facility	
  

•   Several	
  are	
  selling	
  embryos	
  to	
  
other	
  farms	
  

•   Low	
  end	
  animals	
  bred	
  to	
  beef	
  
bulls	
  

	
  

Large	
  herds	
  have	
  an	
  advantage	
  –	
  lots	
  of	
  recipients	
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Enough breeding to beef bulls that we can now 
do a fertility evaluation on Angus sires 

Sire	
  Concep3on	
  Rate	
  (SCR):	
  A	
  Measure	
  of	
  Sire	
  Fer3lity	
  

So much flushing is going on, 
that a cow’s ability to make eggs 

is now a trait of interest 

Large Herd Genomic Testing 
no set practice has been established 
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Number born in 2016 

$900 difference in lifetime profit per cow between these 2 herds 

Future projects: Sequencing	
  

A	
  single	
  base	
  dele3on!	
   Poten3al	
  
SNPs!	
  

Finding	
  informa3ve	
  SNPs	
  
linked	
  to	
  important	
  QTLs	
  

	
  
Add	
  BEST	
  SNPs	
  to	
  our	
  
current	
  SNP	
  chips.	
  

	
  
Not	
  selec3ng	
  for	
  any	
  

specific	
  gene3c	
  variant.	
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Gains	
  in	
  reliability	
  from	
  adding	
  imputed	
  sequence	
  variants	
  

Trait	
  

60K	
  +	
  selected	
  (reliability	
  %)	
  

60K	
  only	
   60K	
  +	
  17K	
   Improvement	
  

PL	
   35.6	
   38.2	
   2.6	
  
SCS	
   35.1	
   37.0	
   1.9	
  
DPR	
   29.0	
   33.0	
   4.0	
  
CCR	
   28.9	
   31.8	
   2.9	
  
HCR	
   20.5	
   21.5	
   1.0	
  

Average	
  trait	
  reliability	
  improvement:	
  	
  	
  	
  	
  	
  	
  2.7%	
  

Slide	
  adapted	
  from	
  a	
  presenta3on	
  by	
  Mel	
  Tooker	
  at	
  ADSA,	
  Salt	
  Lake	
  City,	
  UT.	
  2016	
  

Key	
  to	
  success	
  is	
  good	
  Imputa3on	
  
Low	
  cost,	
  s3ll	
  informa3ve	
  

Genotype	
  counts	
  by	
  chip	
  density	
  (2016)	
  

2016	
  

2014	
  

2011	
  

Why	
  do	
  these	
  two	
  bulls	
  have	
  different	
  progeny	
  distribu3on?	
  
	
  

If	
  we	
  can	
  predict	
  “expected	
  progeny	
  distribu3on”	
  ahead	
  of	
  3me	
  
we	
  use	
  it	
  in	
  a	
  ma3ng	
  program	
  	
  

PTA Fat   

< 0 lbs	
   0 to 60	
   > 60 lbs 

Denim	
   3 %	
   92 %	
   5 %	
  

Baxter	
   9 %	
   82 %	
   9 %	
  

Higher percentage of extreme daughters for AltaBaxter	
  

Large farms can provide 
a tanker truck full of milk 
with a specified genotype 

A1A1	
  
A1A2	
  

A2A2	
  
Personalized	
  Nutri3on	
  
	
  

Our	
  farmers	
  say….	
  tell	
  us	
  
what	
  you	
  want	
  and	
  we’ll	
  
produce	
  it.	
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Genomic information is being used in many ways 
within the U.S. dairy industry. 

 
 Any questions ? 


