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Why feed efficiency?

[ Challenges in beef production j

» Resource competitions
» Negative environmental effects

[Feed efficiency j

» Less feed (up to 3.77 kg/d)
» Less CH, (up to 25%)
» Increased profits for beef producers

(Basarab et al., 2003; Nkrumah et al., 2006; Statistics Canada, 2017)
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Factors affecting feed efficiency

= ==




Key metabolic tissues related to energy metabolism
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Questions?

« 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?

Objectives

« 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
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€®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
» lllumina 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 & gagfortify-PCA

» Function and pathway analysis: DAVID; KEGG; IPA

» Network: Cytoscape
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_— Feed efficiency related traits
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Transcriptome data
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Expressed genes and functions
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Rumen functions

G0:0061436~establishment of skin barrier
G0:0001533~cornified envelope
G0:0030414~peptidase inhibitor activity
G0:0005922~connexon complex
G0:0030057~desmosome
G0:0031069~hair follicle morphogenesis

G0:0005579~membrane attack complex

G0:0019373~epoxygenase P450 pathway sess—
G0:0042627~chylomicron
G0:0052696~flavonoid glucuronidation

—————
—————

G0:0009813~flavonoid biosynthetic process me—
—
——————

G0:0042730~fibrinolysis
G0:0010898=pasiti i iglvcerid i

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

G0:0005861~troponin complex
G0:0048743~positive regulation of skeletal muscle fiber.. s C
G0:0031672~A band 3
o
>

G0:0014883~transition betweenfast and slow fiber
G0:0030016~myofibril 0
G0:0003009~skeletal muscle contraction
G0:0002026~regulation of the force of heart contraction
G0:0060048~cardiac muscle contraction
G0:0055010~ventricular cardiac muscle tissue.
G0:0045663~positive regulation of myoblast differentiation
G0:0006936~muscle contraction

GO:0016459~my0Sin COMpleX ——
G0:1901741~positive regulation of myoblast fusion ————— I y - I I
G0:0002027~regulation of heartrate —————— - 1
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GO0:0007519~skeletal muscle tissue development
G0:0030018~Z disc

G0:0007422~peripheral nervous system development
G0:0007269~neurotransmitter secretion
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Gene networks of commonly expressed
genes-shared among four tissues
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Gene marker
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discovery-using co-expression analysis
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Summary

» 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)
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Gene expression

Landscape of multi-tissue global gene
expression reveals the regulatory signatures
of feed efficiency in beef cattle
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Functions of potential-gene marker for feed efficiency

SERPINH1
NOP14
PPL
TMEM248
CCNY
NFKB2
PTPN1
SLC39A1
PLAUR
CSF3R
TRAF3
TNIP2
MAPKAPK3
PQLC1
TUBB4B
TNFRSF6B
RELB
TUBB6

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
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

NIK/NF-kappaB signaling
GTPase activity and structural constituent of cytoskeleton

LOC107131250 Transcription factor and involved in inflammation and immune function
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