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Project	  Background	  
•  Tremendous	  genetic	  gains	  in	  other	  production	  traits	  

•  Haven’t	  seen	  these	  same	  gains	  in	  fertility-‐related	  traits	  
	  

•  No	  secret	  that	  reproduction	  is	  a	  very	  important	  trait	  in	  the	  
cowherd	  

•  2	  ways	  to	  increase	  fertility:	  
•  Maximize	  number	  of	  females	  that	  conceive	  early	  in	  the	  breeding	  season	  
•  Maintain	  pregnancies	  that	  are	  achieved	  

•  90%	  fertilization	  rates	  but	  subsequent	  calving	  rate	  is	  55%	  
•   ~	  35%	  of	  embryo/fetal	  loss	  

•  Most	  embryonic	  mortality	  between	  day	  12	  –	  42	  of	  gestation	  
	  	  	  	  	  
•  Pregnancy	  failure	  ~	  $165	  loss/cow	  (Lamb,	  2008)	  



What	  might	  be	  causing	  these	  early	  embryonic	  losses?	  

Pro-‐nuclear	  stage	  
(hours	  after	  fertilization)	  

Bovine	  blastocyst	  
(day	  7)	  

Pictures	  courtesy	  of	  Dr.	  David	  Grieger	  

Day	  33	  bovine	  embryo	  

~60	  days	  
~100	  days	  

~120	  days	  



Recessive	  loss	  of	  function	  (LOF)	  	  alleles	  at	  
essential	  genes	  



What	  mutations	  are	  
never	  homozygous	  in	  

living	  animals?	  
Lethal	  mutations	  

 Calf	  was	  homozygous	  normal	  
or	  carrier,	  calf	  is	  born	  

Calf	  Genotype:	  	  AA	  or	  Aa	  

Calf	  Genotype:	  	  aa	  Calf	  Genotype:	  	  AA	  or	  Aa	  

Aa	  



How	  Do	  We	  Detect	  And	  Test	  If	  
Variants	  Are	  Lethal?	  

 1.	  	  Sequence	  whole	  
genomes	  of	  a	  large	  
number	  of	  animals	  
 Which	  mutations	  are	  

never	  homozygous	  in	  
live	  animals?	  

 Which	  have	  large	  
predicted	  changes	  in	  
protein	  structure?	  

 Which	  have	  been	  
shown	  to	  be	  in	  genes	  
essential	  for	  life	  in	  
other	  species?	  



The sequencing and genotype development done 
by Dr. Jerry Taylor et al. at Mizzou 

Sequence	  100	  Angus	  bulls	  and	  iden2fy	  variants	  predicted	  
to	  be	  deleterious	  in	  genes	  essen2al	  for	  life	  (in	  human,	  

mouse,	  zebra	  fish)	  
Make	  a	  genotyping	  chip	  and	  put	  4K	  candidates	  on	  it	  

Genotype	  10,000	  heifers	  
(Doesn’t	  have	  to	  be	  heifers	  –	  but	  they	  have	  reproduc2ve	  

data	  which	  can	  be	  used	  for	  GWAS)	  

See	  which	  alleles	  NEVER	  turn	  up	  as	  homozygotes	  
Impacted	  by	  allele	  frequency	  if	  F(D)=0.01	  we	  only	  expect	  

to	  see	  1	  DD	  individual	  in	  10,000	  animals	  

Place	  candidates	  on	  commercial	  industry	  chips	  (GGP-‐LD)	  
Genotype	  100K	  animals/year	  

Iden2fy	  causal	  lethals	  



How	  Do	  We	  Detect	  And	  Test	  If	  
Variants	  Are	  Lethal?	  

 2.	  	  Take	  the	  mutations	  
from	  step	  1	  
(candidates)	  and	  build	  
a	  genotyping	  chip	  	  	  

 3.	  	  Validate	  the	  
candidate	  mutations	  
 Genotype	  a	  large	  number	  of	  

animals	  on	  the	  chip	  
 11,506	  (mostly	  Angus)	  

heifers	  genotyped	  
!   18,271	  animals	  total	  on	  the	  chip	  

 Which	  candidates	  are	  still	  
not	  seen	  as	  homozygous?	  



Samples	  Genotyped	  on	  F250	  	  

http://animalgenomics.missouri.edu	  



Variants	  With	  Missing	  Homozygotes	  

Bonferroni P<0.05 

1772 Candidates 



Mixture	  Of	  Two	  Distributions?	  

Genotyping Artifacts? 

Candidate Lethals 



The	  Future	  
Narrow	  down	  and	  identify	  candidate	  lethal	  mutations	  

•   Cannot	  all	  be	  lethal	  
•   This	  sounds	  like	  bad	  news,	  but	  it’s	  great	  news	  
•   You	  can	  manage	  it	  if	  you	  know	  about	  it!	  

Incorporate	  candidate	  lethal	  variants	  on	  commercially	  
utilized	  chips	  

•   GeneSeek	  GGP	  products	  
•   Zoetis	  i50K,	  GeneMax®	  Advantage™	  
•   Irish	  Cattle	  Breeding	  Federation	  IBD	  chip	  

•   Ongoing	  process	  
•   New	  candidate	  mutations	  discovered	  and	  added	  to	  genotyping	  

assays	  as	  more	  animals	  sequenced	  
•   Old	  candidates	  eliminated	  as	  more	  animals	  are	  genotyped	  

•   Find	  a	  homozygote	  
•   Hard	  to	  find	  homozygous	  animals	  for	  mutations	  at	  very	  low	  frequency	  in	  the	  

population	  



Limitations	  of	  this	  Approach	  

•  Limited	  by	  the	  number	  of	  animals	  that	  have	  been	  sequenced	  
•   If	  no	  sequence,	  may	  miss	  rare	  variants	  they	  possess	  

•  Looking	  for	  variations	  in	  genes	  
•  Miss	  anything	  that	  may	  be	  important	  but	  not	  in	  a	  gene	  (the	  majority	  of	  the	  
genome)	  

•   Regulate	  gene	  expression	  

•  Dependent	  on	  the	  quality	  of	  the	  genome	  sequence	  
•  Missing	  genes	  or	  portions	  of	  genes	  
•   Improving	  the	  sequence	  assembly	  improves	  ability	  to	  ID	  variants	  in	  genes/
functional	  variants	  



Genetic	  implications	  of	  recessive	  
genetic	  factors	  

Chalier C.  et al. (2008)  Highly effective SNP-based association mapping and management 
of recessive defects in livestock.  Nature Genetics 40:449-454 



How	  Important	  is	  a	  Mutation?	  Depends	  on	  frequency	  

Range	  5	  to	  23	  

Carry	  same	  number	  of	  lethals	  but	  have	  very	  different	  effects	  
on	  fer2lity	  due	  to	  how	  common	  they	  are	  in	  the	  popula2on	  



   Develop	  decision	  support	  software	  to	  optimize	  breeding	  schemes	  via	  
implementation	  of	  selection	  indexes	  and	  mate	  selection	  based	  on	  sire	  and	  
dam	  recessive	  lethal	  genotypes	  

   Develop	  software	  to	  handle	  the	  mutations	  discovered	  in	  this	  project,	  and	  deliver	  selection	  
and	  mating	  recommendations	  to	  US	  beef	  breeders	  that	  exploit	  this	  information	  
optimally	  in	  competition	  with	  other	  factors	  of	  importance	  (e.g.	  trait	  merit,	  genetic	  
diversity	  (inbreeding),	  genetic	  defects	  and	  recessive	  lethals,	  logistics,	  semen	  costs,	  etc.)	  

How	  Does	  The	  Beef	  Industry	  Use	  This	  Information?	  

	  
Management	  of	  lethal	  recessive	  alleles	  while	  optimizing	  genetic	  gain	  in	  beef	  cattle	  
L.	  R.	  Upperman,*	  B.	  P.	  Kinghorn,†	  M.	  D.	  MacNeil,‡	  A.	  L.	  Van	  Eenennaam*2	  

2017	  Proceedings,	  Western	  Section,	  American	  Society	  of	  Animal	  Science	  
	  
	  

MATESEL	  



Develop	  a	  web-‐based	  educational	  training	  program	  

How	  Does	  The	  Beef	  Industry	  Use	  This	  Information?	  

Educational	  website	  launched	  early	  2016,	  http://beefreproduction.org	  	  
	  	  	  	  Megan	  Rolf,	  Kansas	  State	  University 

Module	  1.	  Genetic	  correlations	  and	  antagonisms	   

Module	  2.	  What	  is	  the	  genome? 

Module	  3.	  What	  is	  an	  EPD? 

Module	  4.	  History	  of	  Selection	  and	  Genetic	  Change	  in	  Beef	  Cattle 

Additional	  topics:	  	  
Introduction	  to	  the	  Central	  Dogma	  of	  	  
	  	  	  Biology	  Mendelian	  Inheritance	  	  
Risk	  management	  of	  genetic	  defects	  
LOF	  Mutations	  	  
Parentage	  testing	  	  
Selection	  indexes	  	  
Recombination	  	  
Genome	  sequencing,	  annotation,	  and	  
	  	  	  assembly	   

	  
Use	  of	  DGVs	  and	  Genomic-‐Enhanced	  EPDs	  
EPD	  Accuracy	  
Formulating	  breeding	  objectives	  	  
Optimizing	  vs	  maximizing	  for	  trait	  selection	  
Heterosis	  and	  mating	  systems	  	  
Fitting	  to	  the	  environment	  	  
Use	  of	  MateSel	  in	  multi-‐trait	  selection 

Dr.	  Megan	  Rolf	  
Kansas	  State	  



Conclusions 

   GGP-‐F250	  was	  designed	  as	  a	  research	  tool	  to	  meet	  needs	  of	  Heifer	  Fertility,	  
Respiratory	  Disease	  and	  Feed	  Efficiency	  Projects	  

   Gene	  centric	  but	  designed	  to	  allow	  genotype	  imputation	  into	  datasets	  genotyped	  with	  
BovineSNP50,	  BovineHD,	  GGP-‐HD,	  GGP-‐LD,	  etc	  	  

   Only	  ~50%	  of	  variants	  detected	  by	  sequencing	  are	  designable	  

   Contains	  every	  designable	  AA	  substitution	  discovered	  in	  sequence	  data!	  

   Useful	  research	  tool	  e.g.	  to	  explore	  basis	  of	  heterosis,	  inbreeding	  depression	  

   Publicly	  available	  now	  through	  GeneSeek	  

   Lethal	  Variants	  
   2,224	  candidates	  

   Cannot	  all	  be	  lethal	  

   Multiple	  approaches	  now	  required	  to	  filter	  data	  for	  genotyping	  artifacts	  and	  identification	  
of	  true	  lethals	  (gene	  essential	  for	  life,	  lack	  of	  homozygous	  haplotypes	  in	  large	  industry	  
datasets)	  

   Delivery	  to	  Industry	  
   Requires	  selection	  indexes	  

   Mate	  selection	  



To	  Learn	  More





MateSel	  Demonstration	  
Lindsay	  Upperman	  
Animal	  Biology	  Master’s	  Student	  
University	  of	  California,	  Davis	  



Mate	  Sel:	  Balancing	  inbreeding	  and	  genetic	  merit	  –	  
the	  frontier	  gives	  the	  unconstrained	  solution

	  
m

er
it 

looking at index and pedigree only 

select a number of bulls from 
many different families 

select only the 
very best AI bull 
for all matings 

Inbreeding	  rate	  

$ merit 



Finding	  the	  right	  balance	  

Mate	  selection	  tool	  shows	  you	  the	  ‘opportunity	  cost’	  of	  
imposing	  non	  –optimal	  constraints	  on	  mate	  selection	  	  



Background	  of	  what	  was	  simulated	  



In	  the	  absence	  of	  any	  other	  consideration	  
or	  lethal	  recessive	  alleles	  –	  the	  baseline	  
value	  is	  that	  these	  5	  sires	  are	  selected	  

BASELINE	  
	  
Average	  $B	  Index	  value	  of	  the	  5	  bulls	  is	  94.3	  
And	  on	  average	  the	  progeny	  $B	  index	  is	  77.1	  



If	  all	  of	  the	  emphasis	  is	  placed	  on	  selecting	  the	  
best	  bulls	  without	  regard	  for	  inbreeding	  these	  

are	  the	  3	  sires	  that	  are	  selected	  

Average	  $Index	  value	  of	  the	  3	  bulls	  is	  94.77	  
And	  on	  average	  the	  progeny	  $B	  index	  is	  77.4	  
	  



Average	  Index	  value	  of	  the	  bulls	  is	  94.3	  

Average	  Index	  value	  of	  the	  33	  bulls	  is	  67.42	  

If	  all	  of	  the	  emphasis	  is	  placed	  on	  avoiding	  
inbreeding	  without	  regard	  for	  genetic	  progress	  

these	  are	  the	  33	  sires	  that	  are	  selected	  



In	  the	  baseline	  scenario	  this	  is	  what	  
the	  trait	  distribution	  look	  like	  

Average	  Index	  value	  of	  the	  bulls	  is	  94.3	  



Now	  if	  I	  go	  in	  and	  increase	  the	  mean	  for	  CED	  



If	  a	  -‐10	  emphasis	  is	  placed	  against	  getting	  
heterozygous	  offspring	  (avoid	  ALL	  carriers)	  

then	  3	  sires	  are	  selected	  

Average	  Index	  value	  of	  the	  3	  bulls	  is	  73.78	  



If	  a	  -‐10	  emphasis	  is	  placed	  against	  getting	  
heterozygous	  offspring	  then	  these	  3	  sires	  are	  

selected	  

Average	  Index	  value	  of	  the	  3	  bulls	  is	  73.78	  

The	  average	  of	  the	  progeny	  index	  is	  ~	  $60	  
down	  from	  ~$77	  in	  unconstrained	  case	  so	  $17/
calf	  x	  125	  calves	  =	  $2,125	  loss	  in	  genetic	  gain	  
but	  you	  have	  been	  able	  to	  avoid	  all	  embryonic	  
mortalities	  (aa)	  calves	  which	  would	  have	  
otherwise	  cost	  ~5.5	  x	  $200	  =	  $1,100	  



If	  a	  -‐10	  emphasis	  is	  placed	  against	  getting	  
affected	  (aa)	  calves	  then	  7	  sires	  are	  selected	  

Average	  Index	  value	  of	  the	  7	  bulls	  is	  79.60	  



If	  a	  -‐10	  emphasis	  is	  placed	  against	  getting	  
affected	  (aa)	  calves	  then	  these	  7	  sires	  are	  

selected	  

Average	  Index	  value	  of	  the	  7	  bulls	  is	  79.60	  

The	  average	  of	  the	  progeny	  index	  is	  ~	  $71	  
down	  from	  ~$77	  in	  unconstrained	  so	  lost	  $6/
calf	  x	  125	  calves	  =	  $750	  in	  genetic	  gain	  but	  you	  
have	  been	  able	  to	  avoid	  all	  embryonic	  
mortalities	  (aa)	  calves	  which	  would	  have	  
otherwise	  cost	  ~5.5	  x	  $200	  =	  1,100	  



If	  a	  -‐1	  emphasis	  is	  placed	  against	  getting	  
affected	  (aa)	  calves	  and	  let	  run	  longer	  then	  

these	  10	  sires	  are	  selected	  

Average	  Index	  value	  of	  the	  7	  bulls	  is	  78.7	  

The	  average	  of	  the	  progeny	  index	  is	  ~	  $73.3	  down	  
from	  ~$77	  in	  unconstrained	  so	  lost	  $6/calf	  x	  125	  
calves	  =	  $462.50	  in	  genetic	  gain	  but	  you	  have	  been	  
able	  to	  avoid	  all	  embryonic	  mortalities	  (aa)	  calves	  
which	  would	  have	  otherwise	  cost	  5.5	  x	  $200	  =	  
$1,100	  



Summary	  
•   MateSel	  allocates	  mates	  to	  maximize	  progress	  
•   Allows	  user	  to	  specify	  different	  scenarios	  and	  see	  

consequences	  of	  different	  mating	  strategies	  
•   If	  this	  project	  identifies	  a	  large	  number	  of	  recessive	  loci	  –	  

this	  software	  will	  enable	  optimum	  management	  
•   Our	  data	  indicate	  that	  strong	  selection	  against	  carriers	  (NEVER	  USE	  A	  

CARRIER)	  as	  a	  class	  does	  result	  in	  fewer	  embryonic	  deaths	  but	  it	  comes	  at	  
considerable	  expense	  to	  genetic	  progress!	  

•   A	  better	  strategy	  is	  to	  select	  against	  mating	  carriers	  at	  a	  given	  locus	  to	  
avoid	  “aa”	  lethal	  calves;	  while	  still	  allowing	  genetic	  progress	  towards	  
selection	  goals	  (“SMART”	  MATE	  ALLOCATION)	  

•   MateSel	  visually	  represents	  tradeoffs	  of	  decisions	  
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"   2011-‐68004-‐30214,	  2011-‐68004-‐30367	  

"   2013-‐68004-‐20364,	  2015-‐67015-‐23183	  
"   GeneSeek	  for	  building	  the	  GGP-‐F250	   "   Website:	  	  http://beefreproduction.org	  	  
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