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Beef industry is one of the major Agriculture sectors

Economy: the beef 

industry generated 

$8.9 billion CAD   

in farm cash 

receipts (2013-2017 

average). 



➢Resource competitions

➢Negative environmental effects

Challenges in beef production

Feed efficiency

➢ Less feed (up to 3.77 kg/d)

➢ Less CH4 (up to 25%)

➢ Increased profits for beef producers
(Basarab et al., 2003; Nkrumah et al., 2006; Statistics Canada, 2017)

Why feed efficiency?
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Key metabolic tissues related to energy metabolism

• What is the global gene expression patterns across the four tissues? 

• Can the gene expression landscape assist in revealing underlying 
mechanism of the improved feed efficiency?

• To analyze the global gene expression landscape of rumen, liver, 

muscle and backfat tissues using the RNA-Seq based transcriptomics

• To investigate the weighted correlations of co-expression genes and 

feed efficiency related traits

Questions?

Objectives



◆Animal and sampling:

➢ 48 beef steers with 3 breeds (Angus, Charolais, Kinsella composite)

16 for each breed (n=8 high RFI, n=9 low RFI)

➢ Age~400d, bodyweight~615kg

➢ Rumen epithelium, liver, muscle and backfat tissues at slaughter

◆RNA-Seq based transciptomics

➢ Illumina HiSeq 4000 platform (PE100)

➢ The pipeline based on (Wang, et al., 2017)

◆Data analysis

➢ R packages: WGCNA-co-expression & weighted correlation; Hmisc-correlation;

mfuzz-soft clustering; devtools & ggfortify-PCA

➢ Function and pathway analysis: DAVID; KEGG; IPA

➢ Network：Cytoscape



Feed efficiency related traits

DMI: 8.27 to 14.61 kg/d

ADG: 1.14 to 2.44 kg/d

RFI: -1.63 to 1.99 



Raw reads Clean reads

Reads aligned to bovine genomeReads aligned to bovine gene

29.79M

29.78M

25.24M

9.99M

Transcriptome data
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Expressed genes and functions



Muscle Liver Backfat Rumen

Hierarchical Clustering Analysis

Soft clustering 

PCA analysis

Comparison of Transcriptome 

profiles of four tissues
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GO:0061436~establishment of skin barrier
GO:0001533~cornified envelope

GO:0030414~peptidase inhibitor activity
GO:0005922~connexon complex

GO:0030057~desmosome
GO:0031069~hair follicle morphogenesis

GO:0005579~membrane attack complex
GO:0019373~epoxygenase P450 pathway

GO:0042627~chylomicron
GO:0052696~flavonoid glucuronidation

GO:0009813~flavonoid biosynthetic process
GO:0042730~fibrinolysis

GO:0010898~positive regulation of triglyceride catabolic …
GO:0005436~sodium:phosphate symporter activity

GO:0034364~high-density lipoprotein particle
GO:0042583~chromaffin granule

GO:0008392~arachidonic acid epoxygenase activity
GO:0015321~sodium-dependent phosphate …

GO:0034361~very-low-density lipoprotein particle
GO:0046470~phosphatidylcholine metabolic process

GO:0017127~cholesterol transporter activity
GO:0006958~complement activation, classical pathway

GO:0015020~glucuronosyltransferase activity
GO:0042157~lipoprotein metabolic process

GO:0008395~steroid hydroxylase activity
GO:0070328~triglyceride homeostasis

GO:0033344~cholesterol efflux
GO:0005537~mannose binding

GO:0006953~acute-phase response
GO:0072562~blood microparticle

GO:0016712~oxidoreductase activity, acting on paired …
GO:0010951~negative regulation of endopeptidase activity

GO:0042632~cholesterol homeostasis

GO:0032982~myosin filament
GO:0030049~muscle filament sliding

GO:0006941~striated muscle contraction
GO:0005861~troponin complex

GO:0048743~positive regulation of skeletal muscle fiber …
GO:0031672~A band

GO:0014883~transition between fast and slow fiber
GO:0030016~myofibril

GO:0003009~skeletal muscle contraction
GO:0002026~regulation of the force of heart contraction

GO:0060048~cardiac muscle contraction
GO:0055010~ventricular cardiac muscle tissue …

GO:0045663~positive regulation of myoblast differentiation
GO:0006936~muscle contraction

GO:0016459~myosin complex
GO:1901741~positive regulation of myoblast fusion

GO:0002027~regulation of heart rate
GO:0007519~skeletal muscle tissue development

GO:0030018~Z disc

GO:0007422~peripheral nervous system development
GO:0007269~neurotransmitter secretion

Rumen functions

KLKs family--epithelial

DUOX family--immune

These suggest KLKs gene family based physiological 

structure and DUOX gene family based immune function 

may be important factors for the similar classification of 

rumen and backfat tissues
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19 genes 

Gene marker discovery using co-expression analysis



➢ This study exhibited the global gene expression 

landscapes of rumen, liver, muscle, and backfat tissues 

in beef cattle: 

tissue unique functions

reference resources for cattle functional genomics, 

breeding, and biology mechanism for other production traits

➢ New insights and perspectives on the genetic basis of 

feed efficiency in beef cattle

19 generic gene markers across different tissues 

correlated for molecular selection panel (validation in 

progress)

Summary
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Collagen metabolism

Pre-18S rRNA processing and small ribosomal subunit assembly
A link between the cornified envelope and desmosomes 

Membrane proteins

Control cell division cycles and regulate cyclin-dependent kinases
Transcription factor and involved in inflammation and immune function

NIK/NF-kappaB signaling

Transcription factor and involved in inflammation and immune function

Insulin receptor signaling pathway

A major endogenous zinc uptake transporter

Plays a role in localizing and promoting plasmin formation
Cytokine receptor activity

Negative regulation of NF-kappaB transcription factor activity

Positive regulation of I-kappaB kinase/NF-kappaB signaling
Stress-activated serine/threonine-protein kinase

GTPase activity and structural constituent of cytoskeleton

GTPase activity and structural constituent of cytoskeleton

Functions of potential gene marker for feed efficiency 


