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IMPORTANCE OF FEED

EFFICIENCY

10% improvement in average daily gain increases

profitability by 18%

10% improvement in feed efficiency increases

profitability 1

43% (assuming a 2 It

day reduction in

d
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Dr. Jerry Taylor is the Project Director
5 Year/$5M USDA NIFA-funded project
Research Aims (related to this talk):

Develop a national genomic selection program

for multiple beef breeds

Identify genes that are associated with feed

efficiency

Introduction
y is feed efficiency
rtant?
Measuring feed efficiency
Materials & Methods
nimals & phenotypes
Genetic analyses

Results & Conclusions

GENETICS AND FEED

EFFICIENCY

Breeds of cattle differ in their abilities to use dietary
energy

Co

iderable variation exists among i

ividuals within

ed which would support selection for energy use

efficiency
Int
genetically ind
et al., 2001; Lanc

f cattle, RFI is moderately heritable, and

endent of level of production (Arthur
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WHY A GENOMICS APPROACH?
I —

PROBLEM

|
Feed intake phenotypes are expensive to measure so

the using of selection to improve feed efficiency is
logical and cost effective

Selecting for feed efficient animals requires that
we have a good measure for identifying them

What traits should we select for feed efficiency?
Current genomic tools make genomic selection across

Dry matter intake

breeds that are accurate and robust possible Average daily gain
Feed conversion rate

Residual feed intake

A

BIOLOGICAL BASIS OF VARIATION

. - . . Body composition F;eedmg patterns
RFI is a measure of feed efficiency that quantifies the %
variance in feed intake unrelated to level of production .
- I ] Protein
(BW and ADG in growing cattle) turnover,
tissue
L. metabolism
riation 1n izl

stress
\ Digestibility 37%
Efficient animals (negative RFI) consume less feed than 10°°

expected for a given BW and growth rate

-It may be a useful trait to use to examine the
biological mechanisms ciated with v
feed efficiency

Heat increment
of fermentation

Herd and Arthur, 2009

HEREFORD CATTLE
OL

SEN RANCHES, HARRISBURG, NE

. > ______|

samples were collected on 8
cattle over a 3 year period
9-2011)

Animals & Phenotypes

d 9 male contemporary

y system at

Y

d 23 heifers were in a single
contemporaty group
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DMy o R4

RFI was calculated by subtracting the expected DMI
from the actual DMI

- Low RFI — most efficient
- High RFI — least efficient

E\pected D\H was calculated by incorporating
a r average daily gain (ADG), mid-

lIiCth()llL weigh (MMW T) CG, S, DOB and DOF to
estimate RFT

DMI = b+ b,(ADG) + b,(MMWT) + by(CG) + b,(S) +
b;(DOB) + by(DOF) +Animal + ¢

489 Herefords were genotyped with the Illumina
BovineHD BeadChip and 358 Herefords were [
genotyped with the BovineSNP50 BeadChip GenABEL (i
BovineSNP50 BeadChip genotypes were imputed with

Most significant SNPs \\'ithin 8 kb for 19
Beagle 4.1 to the density of the BovineHD BeadChip

annotated genes in UMD 3.1 were selected as a pm\\
and used for Gene Set Ennchmtnt Analysis (

s were taken from 5 da

5 (186), Reactome (6 Biocarta (217)
and Panther (165)

mflavor.com

Significance was calculated using the null distribution
stimated from 10,000 permutations (Holden et al.,

2008)

Enrichment score was calculated for each pathway

using a modified Kolmogorov-Smirnov statistic and

normalized (NES) based on the size of each gene set.

NES>3.0 were gene sets associated with RFI

'y
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ENE ONTOLOGY

0 e organization(4) is a
nent of biological processes. It consists of 246

GENE ONTOLOGY  GENE ONTOLOGY |

re cellular components cri
n of the cell cycle and

7 were leading edge genes with RFI.

2 O R ge g e associated with tumor
Soimie spparaiin A )
growth, obesity, feed efficiency traits in poultry
(Kong et al., 2011) and in cattle (Rolf et al., 2012;

Keogh et al., 2016)

A

KYOTO ENCYCLOPEDIA OF GENES
AND GENOMES (KEGG)

KEGG:04146 Perc
is part of cellular
involved in cellular — There were 73 ¢ in the KEGG:04146 Peroxisome
transport and catabolism. B IO—— gene set and 30 of those were leading edge genes

They are small organelles \ > 7 was shared with GO:0007010 Cytoskeleton

essential in free radical organization(4). It is involved in converting harmful
detoxification, lipid superoxide radical to oxygen and hydrogen peroxide
homeostasis and hydrogen which is then further broken down by catalase.
peroxide metabolism that is

critical in maintaining
cellular membrane integrity
and animal health.

AN ADDITIONAL LOOK.... AN ADDITIONAL LOOK...
.|

Step-wise regression to further evaluate covariates for
model and a 6 covariate analysis with ADG, MMV
CG, DOB, WW, and th the removal of heife

the best model (highest r* and lowest SSE). All
covariates had p<0.0001 with the eption of sire
p=0.21.

nome-wide association analysis

Differences with heifers
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| AN ADDITIONAL LOOK.... N il

Added G Ontol
. Ontology:
DMI = b+ b(ADG) + by(MMIW'T) + by(CG) + by(Sire) + ““f o ‘{5 P
b;(DOB) H by (WW))+Animal + ¢ Blood microparticle(3), NES = 3.2
WW=weaning weight - 32 genes with 13 leading ¢
Removed ) - ACTAT in common with cytoskeleton organization(4)
DMI = b+ b,(ADG) + by(MMW'T) + by(CG) + b,(S) + Axon part(4), NES = 2.976
bs(DOB) +(by(DOF))+Animal + ¢ - 17 genes with 7 leading edge genes

Removed heifers from analysis f
d
)

OTHER BREEDS
I

Angus . .
k= Feed costs are a major expense in cattle

production
Limited records on feed efficiency of cattle
have been collected
Selection for feed efficient cattle will be based
on genetic markers that have major effects
either individually or collectively as part of a
biological pathway

This project was supported by National Research
Initiative competitive Grant No. 2011-68004-30214
from the USDA National Institute of Food and
Agriculture
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