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The Rumors Are True… 
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Respiratory Disease 
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Bovine Respiratory Disease 

S. McGuirk’s Diagnostic Criteria 

Identify genomic regions associated 
with BRD resistance/susceptibility in 

beef and dairy cattle 

!   Population A – 2000 Holstein calves 

!   Population B – 800 Holstein replacement heifers 

!   Population C – 2000 Bos taurus feedlot cattle 

!   Population D – 1000 Bos taurus purebred bulls 
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!   Samples on 2013 calves collected and clinical scores 
obtained  

!   Diagnostics for Mycoplasma, P. Multocida, M. 
Haemolytica, H. Somni, Bovine respiratory syncytial virus, 
Bovine viral diarrhea virus, IBR completed 

!   DNA extracted, and genotyped for 778,000 SNPs 

 

Population A Dairy Calves 
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GBLUP 

PLINK 

SVS7 
(Golden Helix) 

GWAS Competing Models 
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Common Associations 

Purple = GBLUP 
Red = PLINK 
Green = SVS7 
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GBLUP Heritabilities 

!   BRD (21%)       

!   Nasal discharge (9%)     

!   Cough (19%) 

!   Total clinical score (18%)    

! Pasturella multocida (2%)    

!   Mycoplasma (2%) 

!   BRSV (6%)     

! Mannheimia haemolytica (8%)   

!   Temperature (10%) 

!   Ocular discharge/ear tilt (8%)  
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NM Replacement Holstein 
Heifers 

!   Samples on 800 heifers collected and clinical scores 
obtained  

!   Diagnostics for Mycoplasma, P. Multocida, M. 
Haemolytica, H. Somni, bovine respiratory syncytial virus, 
bovine viral diarrhea virus, IBR completed 

!    DNA extracted, and 778,000 SNPs genotyped 

! Heritabilities similar for BRD Case-Control 

!   BUT…ρG between SNP effects in CA and NM = 0! 

!   BRD is a mixture of diseases and pathogens differ between 
NM and CA 
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Identify Sires of these Calves 

~70% of Holstein calves sire identified 
All AI Holstein bulls are genotyped with the SNP50 or HD 

We can use these genotypes to: 
a) Match bulls to calves 

b) Predict the MBVs of sires of these calves to BRD susceptibility 
 

Mean MBV for BRD Risk = -2.2 

BRD Unaffected Calves BRD Affected Calves 

Mean MBV for BRD Risk = +12.8 

6/20/13 http://animalgenomics.missouri.edu 12 

Challenge Study 

!   300 kg Angus calves challenged with Mycoplasma bovis, P. 
Multocida, M. Haemolytica, Bovine viral diarrhea virus, 
and Bovine respiratory syncytial virus (N=2 in 2011 and 
N=4 in 2012) 

!   Identify genes expressed with given pathogens via RNA-
seq of bronchia-alveolar lymph nodes 

!   Characterize immunological responses 
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Bronchial Lymph Nodes 
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Analysis Using Tuxedo Suite 
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2011 N=2 Data 

2 CTL vs 6 
VIRUS 

2 CTL vs 8 
BACTERIA 

2 CTL vs 14 
All 
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Metagenomics/Boogergenomics: 
What Pathogens Cause BRD? 
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Metagenomics: What 
Pathogens Cause BRD? 
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Feed Efficiency 
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	   Breed	   SNP50	   HD	   #Animals	   #SNPs1	   2013	  Animals2	   Total	  Animals2	  
	   Angus	   1,093	   510	   1,603	   747,473	   435	   2,038	  
	   Charolais	   	   24	   24	   N/A	   	   24	  
	   Charolais×Ang	   	   	   	   	   450	   450	  
	   Commercial	  Xbred	   	   	   	   	   220	   220	  
	   Gelbvieh	   	   369	   369	   N/A	   	   369	  
	   Hereford	   361	   491	   852	   684,458	   300	   1,152	  
	   Limousin	   	   37	   37	   568,501	   45	   82	  
	   Normande	   	   	   	   	   3	   3	  
	   Pied×Ang×Simm	   236	   	   236	   N/A	   	   236	  
	   Red	  Angus	   	   155	   155	   694,847	   3	   158	  
	   Simm×Ang	   2,251	   589	   2,840	   690,184	   909	   3,749	  
	   Wagyu	   	   35	   35	   N/A	   150	   185	  
	   Total	   3,941	   2,210	   6,151	   	   2,515	   8,666	  

	  
1Imputed	  using	  Beagle	  
2Does	  not	  include	  the	  possibility	  of	  a	  data	  swap	  with	  TEASUG,	  the	  Canadian	  Feed	  Efficiency	  ConsorEum	  or	  USMARC	  animals	  

 

Genomic Selection 
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Four Data Sets (N=5,021) 

!   Hereford Cattle fed at Olsens (HD) 

!   847 animals in 10 contemporary groups 

!   F12 composites fed at USMARC (50K)  

!   1,160 animals in 15 contemporary groups  

!   Legacy Simmental cattle fed at Illinois (HD)  

!   1,444 animals in 202 contemporary groups  

!   Legacy Angus fed at Circle A (HD) and Angus fed at MU  

!   1,580 animals in 102 contemporary groups  
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Dry Matter Intake 
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Mid-Test Metabolic Weight 
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Average Daily Gain 
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RFI 
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Large Effect QTLs 
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Page 1 of 1/Users/dorian/Desktop/FeedEffic/summary
Saved: 3/3/13 9:34:25 AM Printed For: Dorian Garrick

   Dry Matter Intake  Mid-test Metab Wt    Gain on Test    ResidFeed Intake1
Brd #SNP %Var chr_Mb   SNP %Var chr_Mb   SNP %Var chr_Mb! SNP %Var chr_Mb2
AAN  261 10.39 7_23! ! 261 14.24 7_23!  304 1.05  9_93! ! 304 2.21  6_503
AAN  219 2.78  7_0!  ! 219 3.99  7_0!  292 0.78  7_25! ! 292 1.60 18_224
AAN  277 1.75 21_13! ! 277 1.97 21_13!  184 0.41  3_82! ! 453 1.05 18_65
AAN  210 1.64  1_107! 265 1.94  1_98!  233 0.38  4_69! ! 267 1.01 22_486
AAN  638 1.16 30_145! 340 0.71 10_44!  280 0.34 15_79! ! 638 0.72 30_1457
AAN  304 0.81  6_50! ! 246 0.65  8_83!  253 0.32  4_2!  ! 306 0.68 21_58
AAN  453 0.80 18_6!  ! 250 0.45  5_70!  324 0.31 14_34! ! 298 0.51  2_1049
AAN  321 0.58 26_42! ! 239 0.41 17_64!  268 0.31  1_34! ! 302 0.49  6_7310
HER  195 4.33  3_70! ! 299 3.78 20_4!  183 9.18  7_93! ! 299 1.57 20_411
HER  214 1.95 31_115! 183 2.55  7_93!  312 3.13  5_106! 353 1.45 19_5412
HER  223 0.98 22_51! ! 225 1.76 18_63!  287 2.60  8_0!  ! 319 0.91 25_2313
HER  316 0.97 19_57! ! 195 1.25  3_70!  182 1.26 11_34! ! 195 0.68  3_7014
HER  360 0.87 19_55! ! 336 1.09  7_111! 370 1.00 14_5!  ! 323 0.66 13_2115
HER  212 0.87  2_2!  ! 247 0.78 17_25!  211 0.98  8_2!  ! 345 0.62  5_10716
HER  203 0.70  3_73! ! 274 0.70  8_3!  267 0.67  8_1!  ! 436 0.57 12_7717
HER  287 0.69  8_0!  ! 211 0.66  8_2!  394 0.46 16_74! ! 253 0.54 21_2718
SIM  302 0.86 15_52! ! 192 3.14 14_24!  295 1.23  2_11! ! 380 2.40 15_8219
SIM  345 0.78 18_33! ! 288 2.58 20_6!  197 0.82  4_58! ! 201 1.75 14_4120
SIM  360 0.69 28_33! ! 321 1.72 15_73!  211 0.79  7_92! ! 230 1.58 10_8521
SIM  297 0.61 15_55! ! 109 1.71 21_71!  205 0.54  4_25! ! 289 1.45 25_722
SIM  340 0.51 17_41! ! 218 1.40 18_50!  288 0.50 16_38! ! 241 1.35 18_3723
SIM  196 0.45  2_49! ! 288 0.67 19_59!  243 0.47 14_29! ! 316 1.14 25_824
SIM  282 0.44 18_40! ! 193 0.66 14_25!  223 0.39 15_83! ! 321 0.64 28_525
SIM  278 0.39 14_46! ! 344 0.64  3_115! 312 0.37  6_94! ! 196 0.63  2_4926
CPT   23 0.99  8_52!  !  21 3.49  6_38!   25 2.42 20_8!  !  12 1.95 14_4327
CPT   22 0.94 13_40! !  25 2.08  6_39!   21 1.43  6_38! !  23 1.19  5_11328
CPT   13 0.76  2_44! !  16 1.41 14_24!   25 1.27 12_54! !  24 0.88  8_929
CPT   21 0.74 10_14! !  13 1.23  6_35!   23 0.98  2_16! !  20 0.80 14_2530
CPT   13 0.57  6_35! !  23 0.84  7_27!   18 0.67 11_33! !  22 0.73 19_3731
CPT   15 0.51 27_4!  !  26 0.82 12_45!   32 0.58 14_10! !  10 0.72  7_9332
CPT   25 0.41 24_38! !  25 0.81 20_4!   20 0.57  2_14! !  27 0.71 15_6533
CPT   20 0.35 13_41! !   8 0.72 12_37!   19 0.55 13_69! !  19 0.62  2_2234
CPT   25 0.35  3_85! !  24 0.70  1_42!   10 0.55  7_93! !  23 0.60  5_435

36

Large Effect QTLs 
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Methane and Feed Efficiency 

 

RelaEonship	  between	  RFI	  and	  methane	  producEon	  in	  steers	  (leI)	  and	  heifers	  (right) 
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Heifer Fertility 

Fearless Leader 

Budget 
Management 

Budget 
Mismanagement 

Web-based 
simulation 

“Sparky” Extension 

I warned J-Rod 
Megan is “OK” Brian Kinghorn 

(aka the really really 
smart guy) 

Economic 
Modeling 

Communications 

Selection 
Indices 
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Sequencing  Cost 

http://www.genome.gov/sequencingcosts/ 
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Whole Genome 
Sequencing 

You are a nobody 
in genomics until 
you sequence 
your own dog... 
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Deletion Mapping 

Miranda has a 317 bp deletion which includes the last exon (exon 14) of FAN1 
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This is a Loss of Function 
Allele!!! 

N N FS FS C N N FS FS C N N FS FS C
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Let’s Sequence Some (Angus) Bulls! 

We	  have	  sequenced	  each	  of	  these	  bulls	  to	  an	  
average	  depth	  of	  30X	  and	  have	  generated	  
whole	  genome	  polymorphism	  reports...	  

N Bar Emulation EXT 

GDAR SVF Traveler 234D 
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Data Analysis 
Name

B/R	  New	  
Design	  036

G	  D	  A	  R	  SVF	  
Traveler	  
234D

N	  Bar	  
Emulation	  

EXT	  

G	  A	  R	  
Traveler	  
1489

High	  
Valley	  4C6	  
Ambush

J	  L	  B	  
Exacto	  416

Circle	  A	  
2000	  Plus

Registration 11418151 12309327 10776479 11356596 12240991 12223258 12798179
Coverage 23.3 19.7 21.8 21.4 20.8 23.2 23.0
Inbreeding 1.52% 4.38% 15.57% 7.10% 2.14% 1.62% 1.65%
Description Priority 626 828 1717 219 447 544 1776
supported	  by	  only	  single	  read	  probably	  seq	  error -‐10000 59,915,545 45,966,836 58,159,996 21,647,240 20,314,072 27,222,788 36,873,932
coverage	  >XX	  likely	  repetitive	  element	  or	  misaligned	  read -‐1000 1,772,100 1,271,065 1,845,367 3,067,121 2,786,954 3,299,728 3,726,463
insertions	  supported	  by	  only	  a	  single	  read -‐102 246,109 238,655 226,377 143,974 129,242 228,291 188,300
deletions	  supported	  by	  only	  a	  single	  read -‐101 535,892 559,288 472,213 311,753 295,925 457,927 377,722
genotype	  '-‐'	  these	  are	  the	  individually	  deleted	  bases	  for	  
multibase	  deletions	  which	  are	  group	  101-‐123 -‐100 737,494 557,495 665,627 465,424 463,104 632,844 571,389
low	  coverage	  SNPs	  supported	  by	  only	  single	  read	  but	  HQ	  
position	  in	  at	  least	  1	  other	  sample 1 105,874 191,782 139,579 295,428 183,604 258,929 263,626
low	  coverage	  SNPs	  supported	  by	  only	  single	  read	  AND	  
skewed	  freq	  but	  HQ	  position	  in	  at	  least	  1	  other	  sample 2 780,669 685,886 727,610 1,088,267 950,198 1,303,527 1,292,400
complicated	  SNPs	  with	  indels	  based	  on	  a	  single	  read 3 14,417 9,104 10,804 6,640 6,571 12,084 10,637
complicated	  indels	  involving	  multiple	  bases 4 1,617 754 1,174 648 721 1,005 973
HOMOzygous	  splice	  site	  +/-‐	  8bp	  CDS 10 751 1,244 819 791 793 748 798
HETEROzygous	  splice	  site	  +/-‐	  8bp	  CDS 11 1,934 2,271 1,694 753 883 1,182 1,442
HOMOzygous	  splice	  site	  +/-‐	  2bp	  CDS 12 60 88 72 43 62 59 55
HETEROzygous	  splice	  site	  +/-‐	  2bp	  CDS 13 719 664 649 270 315 315 485
HOMOzygous	  within	  UTR 20 7,837 7,955 8,294 8,464 8,664 8,412 8,773
HETEROzygous	  within	  UTR 21 20,268 15,238 17,852 9,368 10,917 14,845 16,986
HOMOzygous	  deletions 101 47,578 45,206 55,851 62,171 61,712 51,659 53,376
HOMOzygous	  insertions 102 38,500 35,174 45,543 58,775 59,696 46,953 49,420
HOMOzygous	  indels	  that	  insert/delete	  1-‐2-‐3	  	  AA 103 18 19 28 43 38 29 34
HOMOzygous	  indels	  that	  cause	  frameshifts	  in	  genes 104 276 240 281 323 377 334 322
HOMOzygous	  indels	  within	  genic	  regions 105 36,572 35,161 43,224 52,600 53,131 42,440 45,131
HETEROzygous	  deletions 110 156,324 118,239 129,956 97,610 95,892 131,712 120,584
HETEROzygous	  deletions	  that	  delete	  1-‐2-‐3	  	  AA 111 75 51 65 38 51 59 50
HETEROzygous	  deletions	  that	  cause	  frameshifts	  in	  genes 112 145 98 125 142 162 184 181
HETEROzygous	  deletions	  within	  genic	  regions 113 70,052 54,589 59,176 41,018 40,217 57,112 51,113
skewed	  HETEROzygous	  deletions 114 48,755 37,349 41,041 54,717 56,802 94,269 78,928
skewed	  HETEROzygous	  deletions	  that	  delete	  1-‐2-‐3	  	  AA 115 21 9 14 8 17 27 18
skewed	  HETEROzygous	  deletions	  that	  cause	  frameshifts	  in	  
genes 116 123 121 111 69 123 191 149
skewed	  HETEROzygous	  deletions	  within	  genic	  regions 117 23,624 18,548 19,651 22,325 23,834 39,211 32,247
HETEROzygous	  insertions 120 154,977 115,269 129,729 87,742 87,646 121,733 112,404
HETEROzygous	  insertions	  that	  insert	  1-‐2-‐3	  	  AA 121 46 44 55 25 46 44 43
HETEROzygous	  insertions	  that	  cause	  frameshifts	  in	  genes 122 124 134 122 105 128 151 140
HETEROzygous	  insertions	  within	  genic	  regions 123 69,066 52,731 58,692 36,321 36,406 52,270 47,285
skewed	  HETEROzygous	  insertions 124 55,268 38,594 47,690 40,721 41,171 71,843 60,294
skewed	  HETEROzygous	  insertions	  that	  insert	  1-‐2-‐3	  	  AA 125 22 16 22 11 9 19 8
skewed	  HETEROzygous	  insertions	  that	  cause	  frameshifts	  in	  
genes 126 150 109 177 51 76 115 104
skewed	  HETEROzygous	  insertions	  within	  genic	  regions 127 26,267 18,909 22,906 16,521 16,997 29,309 24,313
HOMOzygous	  fixed	  alternate	  allele	  compared	  to	  reference 130 1,572,027 1,517,826 1,708,084 1,578,457 1,547,558 1,534,223 1,502,618
HOMOzygous	  NONsynonymous	  AA	  change 131 6,752 6,856 7,467 7,123 7,342 7,190 7,086
HOMOzygous	  synonymous	  AA	  change 132 8,474 8,746 9,421 8,712 9,015 8,783 8,788
HOMOzygous	  fixed	  alternate	  allele	  compared	  to	  reference	  
within	  genic	  region 133 632,890 646,927 699,848 646,768 637,730 622,703 619,772
HOMOzygous	  replace	  stop	  codon	  with	  new	  stop	  codon 150 25 18 28 18 16 19 18
HETEROzygous	  replaces	  stop	  codon	  with	  new	  stop	  codon 151 26 16 21 8 6 17 10
HOMOzygous	  stop	  to	  readthrough 152 82 66 70 63 76 66 65
HETEROzygous	  stop	  to	  readthrough 153 62 47 46 44 31 48 48
HOMOzygous	  creates	  premature	  stop	  codon 154 101 80 105 95 105 81 91
HETEROzygous	  creates	  premature	  stop	  codon 155 102 82 93 182 186 154 240
HETEROzygous	  Replaces	  stop	  codon	  with	  new	  stop	  codon	  
skewed	  freq 161 5 10 4 0 4 0 10
HETEROzygous	  stop	  to	  readthrough	  skewed	  freq 163 64 39 51 8 28 28 42
HETEROzygous	  creates	  premature	  stop	  codon	  skewed	  freq 165 223 184 227 107 125 146 465
At	  least	  2	  alternate	  alleles	  but	  the	  alternate	  alleles	  at	  
skewed	  freq	  (<=0.YY)	  lower	  quality	  SNP	  but	  probably	  real 200 608,588 457,777 501,302 1,011,578 971,210 1,902,439 2,061,137
skewed	  freq	  SNP	  creates	  NONsynonymous	  AA	  mutation 201 5,161 3,295 5,079 1,691 2,457 2,619 6,057
skewed	  freq	  SNP	  creates	  synonymous	  AA	  mutation 202 12,642 8,169 11,962 3,927 6,527 6,449 10,911
Skewed	  freq	  SNP	  within	  genic	  region 203 324,117 240,835 270,550 379,476 379,832 719,131 827,168
High	  quality	  SNP	  synonymous	  AA	  mutation 300 12,415 9,303 10,826 6,236 7,556 9,964 9,937
High	  quality	  SNP	  NONsynonymous	  AA	  mutation 301 11,815 9,262 10,477 7,472 8,505 9,982 10,882
High	  quality	  SNP	  genic	  region 310 973,970 712,399 815,418 683,618 678,924 906,028 868,863
High	  quality	  SNP 320 2,165,272 1,529,594 1,788,654 1,726,371 1,693,350 2,196,551 2,132,621

High	  quality	  HOMOzygous 2,351,943 2,305,606 2,579,135 2,424,446 2,386,315 2,323,699 2,296,347
High	  quality	  HETEROzygous 4,742,422 3,443,995 3,944,437 4,228,533 4,160,433 6,368,147 6,475,165

!   2 libraries – 1 per HiSeq 2500 lane 
!  2 x 100 bp paired-end reads 

!  ~32X coverage 
!  $4,650 

!   Trim/Filter reads: 
! Illumina adapter sequences 
!  Base quality scores 

!  Remove reads containing repetitive elements 

!   Error correct using MSR-CA: 
!  Removes most sequencing errors 

!   Align to UMD3.1 using NextGENe: 
!  High stringency/paired-end alignment algorithm 
!  Generate mutation report 
!  Capture 40 pieces info including gene annotation 

!  Upload to PostgreSQL relational database 

!   Process mutation report in db into 65 
categories (increases monthly): 
!  2463 genes with LOF alleles! Some are assembly errors! 
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Numbers of Broken Genes 

6/20/13 

    
No. LOF 
Mutations 

No. Genes LOF 
Homozygotes 

No. Genes LOF 
Heterozygotes 

No. Candidate 
LOF Genes 

1 694 1722 1274 
2 181 311 169 
3 64 81 29 
4 26 19 4 
≥5 21 8 1 

Total Genes 986 2141 1477 
	  

Candidates for embryonic or early 
developmental lethals 
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Comparison to Human 

Description Avg per bull 1000 Genomes 
Splice site +/- 2bp 584.5  

UTR 25,489.3  
Indels non-genic 208,239.2  

Indels genic 91,742.7  
Indels (inframe) that affect 1-2-3 amino acids (AA) 160.2 190-210 

Indels that cause frameshifts 524.5 300-350 
Stop codon usage 401.5  

High quality SNP synonymous AA 11,741.8 10-12,000 
High quality SNP nonsynonymous AA 11,729.2 10-11,000 

High quality SNP genic region 1,422,460.6  
High quality SNP 3,524,459.0  

High quality homozygous SNP (differing to Dominette) 2,406,798.5  
High quality heterozygous SNP 5,502,478.4  

	  

Mutant! 

Broken Genes!!!! 

6/20/13 http://animalgenomics.missouri.edu 38 

!   On average a bull would carry 134 lethals! 
!   We suspect that many are not real – assembly errors! 

!  Our analysis pipeline is continually evolving 

!   Many may not be essential for life! 

!   We know from human studies that every human carries about 7 lethals 
!  Cows are going to be very similar 

!  We just didn’t sequence enough bulls to find homozygotes that would eliminate these genes 
from consideration as being essential for life 

!  There still must be a LOT of broken genes floating around in the Angus population and they 
really must have negative effects on SOME traits!! 

They can’t all 
be lethal…. 
Can they?? 

!   Of the 1,477 genes with predicted loss of 
function alleles, 176 (16.7%) are identified in the 
mouse genome informatics database data base 
as possessing a lethal phenotype (2,838 mouse 
genes have mouse phenotype terms which 
include “lethal”) in knockout homozygotes 
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Objectives & Updates 

!   Sequence the genomes of additional 89 registered Angus bulls 
!   To find as many LOF alleles as possible and remove from consideration 

those that are found as homozygotes in any bull (can’t be essential for life) 

!   Sequencing costs have decreased from $5,500 to $4,650 

!   American Angus Association $50,500 

!   American Hereford Association $25,000 

! Beefmaster Breeders United $23,250 

!   American Gelbvieh $23,250 

!   American International Charolais, American Simmental Association, 
American Maine-Anjou Association, American Wagyu Association? 

!   We will sequence at least 150 bulls from 6-8 breeds 

!   Exchange sequence data 
!   USDA MARC, Genome Canada and INRA projects 

!   Develop a genotyping assay with: 1) All LOF alleles, 2) 10,000 
SNPs from BovineSNP50, and 3) As many other functional 
variants as we can fit 
!   AFFYMETRIX will build custom assay with 53,000 SNPs for ~$46 

!   Need 10,000 from the BovineSNP50 to impute genotypes up to 50K to allow 
use of developed molecular EPD (MEPD) equations 

!   Likely to find 5-6,000 LOF alleles in all breeds of cattle 

!   Remainder will be variants that are likely to have functional effect – i.e., 
change the amino acid composition of proteins 

!    Genotype 10,000 heifers 
!   Missouri Show-Me-SelectTM Replacement Heifer Program  

!   Recruited from multiple breeds (primarily Angus) 

!   Any LOF allele that never turns up in homozygous form is probably lethal 

!   Develop MEPDs for fertility in males and females (via embryonic loss) 
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Objectives & Updates 
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Objectives & Updates 

!   Develop economic selection indexes that support multi-trait 
selection, inclusive of fertility 

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

!   We will have MEPDs for about 18 traits including Feed Intake, Shear Force, 
Fertility, Carcass, Growth, etc (From previously funded grants) 

!   We will also have genotypes on heifers and bulls for lethals 

!   Develop: 
!   Web-based educational training program for extension livestock specialists, 

allied industries, producers, veterinarians, and students to enable successful 
adoption of genomic technologies for beef cattle breeding decision-making 

!   Develop simulation exercise that demonstrates effects of MEPDs for heifer 
and sire fertility on reproductive performance and profitability 

!   Develop innovative educational and outreach materials for the enhancement 
of the Beef Cattle Community of Practice 
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ADDITIVE	  
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Thank you! 


