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Evidence For Lethals 

https://aipl.arsusda.gov/reference/recessive_haplotypes_ARR-G3.html#Venhoranta14 

The	
  fact	
  that	
  more	
  have	
  been	
  iden1fied	
  in	
  Holstein	
  may	
  be	
  due	
  to:	
  
1.   More	
  sires	
  used	
  in	
  AI	
  to	
  propagate	
  new	
  muta1ons	
  
2.   Larger	
  genotyped	
  popula1on	
  leads	
  to	
  greater	
  power	
  to	
  detect	
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How Were These Detected? 

In	
  large	
  panmic1c	
  popula1ons	
  the	
  Hardy-­‐Weinberg	
  Equilibrium	
  
principle	
  indicates	
  that:	
  

In	
  a	
  sample	
  of	
  N	
  individuals	
  we	
  would	
  expect	
  to	
  see	
   	
  Np2	
   	
  2Npq 	
  Nq2	
  

	
  
So…if	
  q=2%	
  and	
  N	
  =	
  1,000,000	
  animals	
  genotyped 	
   	
   	
  400 	
  Expected	
  
But	
  what	
  if… 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  0 	
  Observed?	
  

A A A a a a 

Large	
  Haplotype	
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Power of Detection 

If	
  we	
  perform	
  mul1ple	
  tests	
  throughout	
  the	
  genome	
  we	
  need	
  to	
  
be	
  stringent	
  on	
  the	
  Type	
  I	
  error	
  rate.	
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Evidence For Lethals 

In	
  a	
  sample	
  of	
  N	
  =	
  4000	
  registered	
  Angus	
  we	
  find	
  evidence	
  for	
  7	
  genomic	
  regions	
  with	
  haplotypes	
  that	
  are	
  
never	
  observed	
  as	
  homozygotes	
  (we	
  would	
  expect	
  to	
  see	
  at	
  least	
  2	
  based	
  on	
  sample	
  size).	
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Transmission Disequilibrium Test 

N	
  Bar	
  Emula1on	
  EXT	
  
aa	
  25%	
  

Emula1on	
  N	
  Bar	
  5522	
  
Aa	
  

N	
  Bar	
  Primrose	
  2424	
  
Aa	
  

If	
  both	
  parents	
  are	
  heterozygotes	
  the	
  probability	
  the	
  son	
  is	
  not	
  aa	
  is	
  75%	
  
	
  

If	
  I	
  had	
  N	
  families	
  with	
  both	
  parents	
  heterozygotes	
  and	
  I	
  never	
  see	
  a	
  aa	
  son	
  
the	
  probability	
  that	
  this	
  is	
  due	
  to	
  chance	
  alone	
  is	
  0.75N	
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Transmission Disequilibrium Test 
If	
  sire	
  and	
  maternal	
  grandsire	
  are	
  heterozygotes	
  the	
  probability	
  the	
  son	
  is	
  not	
  aa	
  is	
  

[0.875	
  –	
  0.25q]	
  (about	
  87.5%	
  if	
  q	
  is	
  small)	
  
	
  

If	
  I	
  had	
  N	
  families	
  with	
  sire	
  and	
  maternal	
  grandsire	
  both	
  heterozygotes	
  and	
  I	
  never	
  
see	
  a	
  aa	
  son	
  the	
  probability	
  that	
  this	
  is	
  due	
  to	
  chance	
  alone	
  is	
  [0.875	
  –	
  0.25q]N	
  

Emula1on	
  31	
  
Aa	
  

N	
  Bar	
  Emula1on	
  EXT	
  
aa	
  (2q	
  +	
  1)/8	
  

Emula1on	
  N	
  Bar	
  5522	
  
Aa	
  

N	
  Bar	
  Primrose	
  2424	
  
AA	
  0.5p;	
  Aa	
  0.5;	
  aa	
  0.5q	
  

Primrose	
  N	
  Bar	
  9962	
  
F(A)	
  =	
  p	
  and	
  F(a)	
  =	
  q	
  

860	
  “patrios”	
  in	
  1,161	
  
registered	
  Angus	
  bulls!	
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TDT in Angus 
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Problem With HWE Analysis 

Wild	
  type	
  haplotype	
  and	
  haplotype	
  harboring	
  lethal	
  muta1on	
  are	
  
both	
  segrega1ng	
  in	
  the	
  popula1on	
  

A a a A A A a a a A a 

p q p2 2pq <q2 

We	
  will	
  see	
  a	
  devia1on	
  from	
  HWE	
  	
  with	
  fewer	
  than	
  expected	
  
homozygotes	
  but	
  probably	
  some	
  homozygotes	
  for	
  the	
  haplotype	
  
on	
  which	
  the	
  lethal	
  occurs	
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Same Problem With TDT 

Emula1on	
  31	
  
Aa	
  

N	
  Bar	
  Emula1on	
  EXT	
  
aa	
  (2q	
  +	
  1)/8	
  

Emula1on	
  N	
  Bar	
  5522	
  
Aa	
  

N	
  Bar	
  Primrose	
  2424	
  
AA	
  0.5p;	
  Aa	
  0.5;	
  aa	
  0.5q	
  

Primrose	
  N	
  Bar	
  9962	
  
F(A)	
  =	
  p	
  and	
  F(a)	
  =	
  q	
  

A a
A a

A a

a

A a

a a
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A Better Strategy 

   Sequence genomes of bulls that have been widely used in AI 
   In particular bulls that are carriers for haplotypes deviate strongly from HWE 

   About 3,000 bovines have been sequenced worldwide – we now have raw sequence 
data for about >700 animals in our database 

   Identify variants likely to be disruptive to gene function 
   Particularly in genes known to be essential for life 

   Design these onto genotyping assays 
   Genotype large sample to reduce candidate numbers 

   Migrate these to industry standard assays to generate >100K genotyped animals 

   Use mate selection to avoid double carrier matings 
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109 Sequenced Angus Bulls 

Heterozygous	
  genotypes	
  must	
  be	
  accurately	
  iden1fied	
  in	
  each	
  
sequenced	
  individual	
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   Large number of animals must be sequenced to identify rare alleles 

   Completely ignores lethal variants that may be in ncRNAs or that are 
regulatory 

 Flisikowski et al. 2010. A novel mutation in the maternally imprinted PEG3 domain 
results in a loss of MIMT1 expression and causes abortions and stillbirths in cattle 
(Bos taurus). PLoS One 5:e15116. 

   FAANG project has just begun 

   May have to “test” a large number of candidate variants 
   Real estate issue for current commercial genotyping assays 

 

 

Limitations Of Strategy 

6/7/17 http://animalgenomics.missouri.edu 15 

Motivation For GGP-F250 Design 

   USDA NIFA 2013-68004-20364 
   “Identification and management of alleles impairing heifer fertility while optimizing 

genetic gain in Angus cattle”  

   Loss of function variants in genes essential for life – 4K variants in 10K samples 

   USDA NIFA 2011-68004-30214 
   “National program for genetic improvement of feed efficiency in beef cattle”  

   Fine-map Feed Efficiency QTLs – 1K variants in 2K samples 

   USDA NIFA 2011-68004-30367 
   “Integrated program for reducing bovine respiratory disease complex in beef and dairy 

cattle”  

   Fine-map bovine Respiratory Disease susceptibility QTLs – 1K variants in 2K samples 
   USDA NIFA 2015-67015-23183 

   “Application of a functional variant assay and sequence imputation to identify large-
effect QTL underlying feed efficiency and component traits in beef cattle” 

   Build functional assay and fine-map QTL regions affecting Feed Efficiency – 1K 
variants in 3.5K samples  
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GGP-F250 Design: Design Data 

Whole	
  Genome	
  Sequence	
  for	
  262	
  taurines	
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GGP-F250 Design: Validation Data 

Whole	
  Genome	
  Sequence	
  for	
  35	
  indicines/composites	
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GGP-F250 Design: Validation Data 

RNA-­‐Seq	
  data	
  for	
  153	
  animals	
  with	
  5	
  1ssues/animal	
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GGP-F250 Design: Validation Data 

   Run 4 of the 1000 Bulls Genome Project 
   35,431,202 variants called in 1,147 animals 

   1121 males, 24 females, 2 unknown 

   24 breeds and composites 

 dbSNP Build 146 
   99,453,756 variants 

   UMD3.1 annotation 
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GGP-F250 Design Content 

1Indicine	
  WGS,	
  RNA-­‐Seq,	
  1K	
  Bulls	
  and	
  dbSNP	
  
2100	
  bp	
  upstream	
  of	
  gene	
  annota1on	
  start	
  (5’	
  UTR	
  or	
  start	
  codon)	
  
3Sequence	
  conserved	
  in	
  9	
  ruminant	
  genomes.	
  SNPs	
  have	
  PhastCons	
  conserva1on	
  scores	
  ≥0.5	
  and	
  CNE	
  length	
  ≥10bp	
  
4Coding	
  variants	
  but	
  one	
  sequenced	
  animal	
  had	
  a	
  3rd	
  allele	
  (possible	
  false	
  posi1ve)	
  
5Highest	
  MAF	
  variant	
  within	
  each	
  5	
  kb	
  bin	
  across	
  QTL	
  regions	
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Samples Genotyped 
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Sample and SNP Call Rates 
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Minor Allele Frequency 
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Variant Annotation 
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MAF For Amino Acid Substitutions 
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Variants With Missing Homozygotes 
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Variants With Missing Homozygotes 

Bonferroni P<0.05 

1772 Candidates 
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Looks Like A Mixture Of Two 
Distributions To Me... 

Genotyping Artifacts? 

Candidate Lethals 
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Markers That Genotype Poorly 
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But There is More Going On... 

Bovine MHC 

Common Haplotype 
Never Homozygous 

Olfactory Receptors 

Olfactory Receptors 
Pregnancy Associated Glycoproteins 

Common Haplotype 
Never Homozygous 
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   Finish annotation of markers 
   HGNC ID versus Synonyms versus Ensembl Gene IDs versus NCBI LOC symbols 

   Identify genomic regions with putatively lethal haplotypes 
 VanRaden et al. (2011) J Dairy Sci 94:6153-61.  

   Use Breed Association chip data 

   Angus (N=200,000), Simmental (N=24,000), etc 

   Identify candidate variants in genes essential for life 
   Perform patrio analysis for these variants 

   Incorporate candidate lethal variants on commercially utilized chips 
 GeneSeek GGP products 

 Zoetis i50K, GeneMax® Advantage™ 

   Irish Cattle Breeding Federation IBD chip 

Next Steps 
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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 
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The End 


