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Feed Efficiency Project 
Research Objectives 

   Assemble DNA samples, individual FI, growth and carcass data for 
8,000 animals from 8 major beef breeds 

   Genotype 2,400 animals from 6 breeds with BovineHD 
   2,000 Angus and Simmental x Angus legacy animals already have been genotyped 

with the BovineSNP50 assay 

   Analyze gene expression differences in 5 tissues from 18 low-efficiency 
and 18 high-efficiency animals 

   Skeletal muscle, liver, small intestine, anterior pituitary and hypothalamus  

   Angus (12), Simmental x Angus (12), Hereford (12) 

   Provides data for:  
   Development of molecular estimated breeding values (MEBVs) 

   Genome Wide Association Analysis (QTLs) 

 GeneSet Enrichment Analysis (Pathway Analysis) 

   Fine-map QTL regions using SNP detected from whole genome 
sequencing 

 

RNA-Seq 

Animal	
  
Groups	
  

Collec1on	
  
Year	
  

Collec1on	
  
places	
  

Animal	
  Breed	
  
(number	
  )	
  

Total	
  #	
  
of	
  

animals	
  
RFI	
  animals	
   Tissue	
  list	
  	
  

1	
   2011	
   MU	
  
Angus	
  sired	
  
commercial	
  

steers	
  
12	
  

6	
  high	
  steers	
   	
  	
  1.	
  White	
  Blood	
  Cell	
  (WBC)	
  
	
  	
  2.	
  Shoulder	
  Muscle	
  (SM)	
  
	
  	
  3.	
  Bone	
  Marrow	
  (BM)	
  
	
  	
  4.	
  Liver	
  (LVR)	
  
	
  	
  5.	
  Heart	
  (HRT)	
  
	
  	
  6.	
  Lung	
  (LNG)	
  
	
  	
  7.	
  Thymus	
  (THY)	
  
	
  	
  8.	
  Pancreas	
  (PAN)	
  
	
  	
  9.	
  Spleen	
  (SPN)	
  
10.	
  Small	
  intes1ne	
  (SI)	
  
11.	
  Whole	
  pituitary	
  (WP)	
  
12.	
  Hypothalamus	
  (MEH)	
  
13.	
  Adrenal	
  gland	
  (ADR)	
  
14.	
  Kidney	
  (KID)	
  
15.	
  Abductor	
  muscle	
  (ABM)	
  
16.	
  Plasma	
  (PLAS)	
  

6	
  low	
  steers	
  

2	
   2013	
   UIUC	
  

Charolais	
  
sired	
  

crossbred	
  
steers	
  and	
  
heifers	
  

12	
  

6	
  high	
  
3	
  steers	
  

3	
  heifers	
  

6	
  low	
  
3	
  steers	
  

3	
  heifers	
  

3	
   2013	
   MU	
  
Hereford	
  
sired	
  steers	
  

12	
  

6	
  high	
  steers	
  

6	
  low	
  steers	
  

   RNA-Seq of 5 x 36 =180 samples completed at MU 

   Analysis completed by visiting postdoc Polyana Tizioto using TopHat v2.0.6:   
   19,774 genes expressed in LVR - 6,278 were lowly expressed and could not be tested for DE 

   For MEH, SI, WP and SM we observed 19,734, 20,128, 20,302, and 19,128 expressed genes of 
which 4,486, 4,751, 5,012 and 5,770 were lowly expressed 

   Angus and Simmental x Angus animals had DE genes primarily related to immune function 
which may indicate that they were sub-clinically ill 

   In Herefords, DE genes involved in metabolic mechanisms such as pentose and glucuronate 
interconversions; starch and sucrose metabolism; steroid hormone biosynthesis; metabolism of 
xenobiotics by cytochrome P450; drug metabolism; androgen and estrogen metabolism; 
neuroactive ligand-receptor interaction; calcium signaling; and purine metabolism 

   DE genes analyzed in Ingenuity Pathway Analysis to identify the Driver Genes 

   Four DE driver genes are located in reported QTL regions (Saatchi et al. 2014; BMC Genomics 
15:1004) 

   Paper being written by Poly 

RNA-Seq 
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Animals genotyped with the 50K or 
800K assays 
 
NB: Most cattle are crossbreds and 
we need to estimate breed 
composition 

Phenotypes & Genotypes Heritabilities 

Large Effect QTLs 
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Are QTLs Really Different 
Between Breeds? 

The more you include smaller effect 
QTLs and allow 3-4 Mb separating 
QTL, the more evidence you find for 
pleiotropic and common QTL among 
breeds 

   New $500K USDA grant to Taylor, Seabury and Neibergs 

   Develop a custom genotyping assay (GGP-F250) with ~185K “functional variants” and ~35K to 
impute the 50K set to aid imputation and accuracy of genotyping of potential causal variants 

   Will genotype 4,500 feed efficiency animals 

New Genotyping Assay 
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Chip Design: Data Sources 

Whole	
  Genome	
  Sequence	
  for	
  
262	
  taurines	
  

Whole	
  Genome	
  Sequence	
  for	
  
35	
  indicines/composites	
  

Chip Design: Data Sources 

RNA-­‐Seq	
  Data	
  for	
  153	
  animals	
  including	
  BRD	
  
challenge	
  experiment	
  

Chip Design: Data Sources 

   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 

 

Chip Development 

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	
  

Genotyping Status Minor Allele Frequency 
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Variant Annotation HWE in 12,083 Angus 

Bovine MHC 

Common Haplotype 
Never Homozygous 

Olfactory Receptors 

Olfactory Receptors 
Pregnancy Associated Glycoproteins 

Impute Genotypes 

Pair	
  of	
  Chromosomes	
  

Variable	
  posi1ons	
  in	
  Sequence	
  Variable	
  posi1ons	
  on	
  50K	
  

If	
  I	
  know	
  EXT’s	
  50K	
  genotypes	
  

Can	
  I	
  es1mate	
  his	
  genome	
  sequence?	
  

A 

B 

Evaluate Imputation Accuracy 

Fine Mapping of QTL 

•	
  3,362	
  Animals	
  and	
  9.4	
  million	
  SNPs	
  
• 	
  FDR	
  =	
  0.1	
  (____)	
  

Look For Causal 
Variants 

A

B

C

•	
  ArresYn	
  is	
  a	
  master	
  regulator	
  of	
  growth	
  
• 	
  LOC101905238	
  is	
  a	
  ncRNA	
  (possibly	
  
regulaYng	
  ARRDC3)	
  

Perform these analyses for each 
breed group and compare directions 
of allele effects in peak signal areas 
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Conclusions 

   FE project has collected a resource population of ~10,000 genotyped and 
phenotyped animals representing the major US beef breeds 

   Shown that greenhouse gas production does not differ between high 
and low efficiency animals per lb of DMI – but it does per lb of beef 
produced 

   Developed a new genotyping assay for the beef industry 

   Shown that FE and component traits are highly heritable 

   Shown that there are large effect QTL for all traits 
   Many are pleiotropic and shared among breeds 

   Last phase of current project is to  use new GGP-F250 data to try and 
identify causal variants 
   Include these on Zoetis and GeneSeek chips 

   Industry must continue to collect intake and growth phenotypes and 
collect DNA samples! 

15,883	
  unique	
  page	
  views	
  from	
  98	
  countries	
  


