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What is the importance of feed efficiency?

 feed represents more than 50% of the total production costs

 benefits of improving feed efficiency:

o increase farm profitability
o reduce the environmental impact of dairy farming

(less land needed, reduced greenhouse gas emissions)



What is the importance of genetic selection?
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What is the importance of genetic selection?
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What is the importance of having genetic tools?

DPR
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Genetic variation of feed efficiency
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Lu et al. (2018) JDS 101(4): 3140-3154
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Heritability (𝒉𝒉𝟐𝟐) estimates
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https://aipl.arsusda.gov/reference/nmcalc-2018.htm#Parameters
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Why some cows are more efficient than others? 
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(some cows need less feed than others of similar body weight and milk production) 

 they digest feed better

 they spend less energy on unproductive activities

 they have a more efficient metabolism



Why we want to decipher the genetic basis?
 to better understand the biology of this complex phenotype
 to generate information that can lead to the development of new nutritional therapies
 to develop novel genomic strategies for improving feed efficiency via selective breeding

open the black box: 
identify genetic variants, candidate genes and biological pathways
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Feed efficiency: deciphering the genetic basis
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How do we decipher the genetic basis?
phenotypic variation

genome-wide SNP information

+

identify regions/SNPs associated 
with the trait under study
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Residual Feed Intake: genomic scan (I)
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Chromosomes

Hardie et al. (2017) JDS 100(11): 9061-9075

 5k Holstein cows (US + Canada + UK + the Netherlands) / 57k SNPs
1-Mb SNP-windows

ADRB3
(β-3 adrenergic receptor)

LEP
(hormone leptin)



Milk production: genomic scan
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Residual Feed Intake: genomic scan (II)
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Li et al. (2019) JDS in press

 4k Holstein cows (9 US research herds) / 278k SNPs

5 SNP-windows



Residual Feed Intake: genomic scan (III)
 4k Holstein cows (9 US research herds) / 58k SNPs
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Single marker regression
ZNF551

SLCO1C1 CYP2S1



Residual Feed Intake: genomic scan (III)
 4k Holstein cows (9 US research herds) / 58k SNPs
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QQ plot



Whole Genome Association Analysis

 genome-wide association studies are valuable tools 
 they focus on genetic markers with the strongest evidence of association
 these significant markers explain a small component of the genetic variance

Pathway Analysis

 test the association of a set of functionally related genes
 multiple contributing factors are considered simultaneously
 opportunity to identify mechanisms and pathways underlying complex phenotypes
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Residual Feed Intake: pathway analysis
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Li et al. (2019) JDS in press

Relevant pathways:
• Biosynthesis of amino acids
• Metabolism of proteins
• Digestion of carbohydrates
• Skeletal muscle development
• Immunity
• Rumen bacteria activity
• Mitochondrial electron transport



Mitochondrial function
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Beef cattle: low RFI vs high RFI
o greater mitochondrial density
o greater mitochondrial function
o greater antioxidant capacity
o lower oxidative stress

liver

mitochondria

mitochondrial 
electron transport



Genomic selection: the latest revolution

the use of genetic markers across the 
genome to predict breeding values 

allows to select animals at an early age 

Genetic dissection of dairy cow feed efficiency



Genetic dissection of dairy cow feed efficiency

feed intake, body weight, milk energy output

genome-wide SNP information

+

Genomics and feed efficiency

predict genomic PTAs for the entire population, 
including young selection candidates 

Genomic prediction
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Genomic prediction

Yao et al. (2017) JDS 100(3): 2007-2016
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Distribution of GEBV for RFI

Chen Yao and Kent Weigel

GEBVs calculated for 16k bulls using a reference population of 3.5k cows



Take home messages

 feed efficiency is an economically relevant trait
 residual feed intake is a heritable trait (ℎ2 ≈ 15%)
 genetic selection can effectively improve dairy feed efficiency

 residual feed intake is highly polygenic, many genes with small effects
 some relevant biological mechanisms: 

metabolism of proteins and sugars, rumen bacteria activity, mitochondrial function 

 genomic predictive correlations around 20%
 future: more feed intake records, more reliable genomic predictions

Genetic dissection of dairy cow feed efficiency



Thanks for your attention!

Contact Information:
Phone: +1 (352) 294-6988
E-mail: fpenagaricano@ufl.edu
Website: fpenagaricano-lab.org
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