
The current analysis integrates liver
transcriptome data with liver and
plasma metabolome data across
nine time points to expose
synchronized patterns throughout
the critical first three weeks post-
hatch. This data-driven approach
clusters genes and metabolites
based on synchronized changes in
abundance, and relates similar
clusters to phenotypic
measurements for a systems-level
view of the pathways affected by
metabolic reprogramming.

Highlights of Metabolic Reprogramming: Day 4 vs Day 20
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Study Design & Tissue Collection:
Day-old Ross 708 chicks were
obtained and grown at the University
of Delaware farm according to
industry standards. 12 birds were
euthanized per time point for tissue
collection.

Methods:
Differences - Significant Metabolites

Patterns of Metabolic Reprogramming in the Post-hatch Broiler Chick as Characterized by Integration of Liver and 
Plasma-Derived High-Throughput Data
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The modern broiler chicken has been selected over decades for high feed
efficiency & muscle growth. Little is known about how this has influenced
metabolic pathways at the molecular level. The first three weeks post-hatch
represent a critical period of adjustment, during which the yolk lipid is
depleted & the birds transition to reliance on a carbohydrate-rich diet. The
liver, with major roles in metabolism & nutrient allocation is of prime interest.

Similarities - Correlation Analysis

Figure 5 (right) : Selected Module-trait 
Relationships – Genes and metabolites 

showing synchronized patterns of 
abundance across all time points were 

clustered into modules (color bar on left), 
which were then correlated with 

measurements of bird growth and blood 
chemistry. 22 modules identified, ranging 
in size from 34 to 4954 features. Red and 
grey modules were selected because of 
high correlation with traits of interest.

Figure 4: Lactate levels in liver (upper) and 
plasma (lower)

Figure 2 (left): Metabolism at 
D4
• Carbohydrates: Regulated 

by HIF1a, lower glycolysis 
serves as main ATP-
producing pathway in a 
Warburg-like effect, 
increasing lactate 
production and decreasing 
TCA cycle activity. PPP 
prioritizes nucleotide 
building blocks.

• Lipids: Abundance of stored 
lipid and utilization for cell 
membrane components 
reflected in upregulated 
TAG breakdown & lipid 
elongation. SCFA exported 
for use by other organs.

• Amino acids: Alternative 
carbon sources feed lower 
glycolysis, diversion to 
these fates stabilizes 
hypoxia response.

Figure 1: Body Mass & Relative Liver Mass by 
Day - Body mass increases with age. Relative 
liver mass decreases as liver approaches adult 

proportions, but displays two peaks.

Figure 3 (right): Metabolism 
at D20
• Carbohydrates: Upper 

glycolysis & regulation of 
energy balance (glycogen 
metabolism), TCA cycle 
shows increased activity. 
PPP prioritizes NADPH 
production for reducing 
power (fatty acid synthesis 
and compound 
detoxification).

• Lipids: Fatty acid synthesis 
is increased, reflecting 
energy abundance and 
exhaustion of yolk lipids.

• Amino acids: Canonical 
pathways for catabolism 
emerge.

Grey module – very strong negative correlation with body mass & age

• 357 transcripts, 125 plasma metabolites, 123 liver metabolites

• Transcriptome enriched for terms related to oxygen-transport and lipid metabolism 
(PPAR signaling) 

• Select metabolites present in both plasma and liver: 3-hydroxybutyric acid, creatinine, 
ethanolamine, glutamate, glycerol, fatty acids (oleic, palmitic, palmitoleic, stearic), 
glycolytic & TCA intermediates (pyruvate, succinate, citrate, fumarate, lactate, malate)

Red module – moderately strong positive correlation with body mass & age

• 282 transcripts, 4 plasma metabolites, 17 liver metabolites

• Enriched for signaling pathways (MAPK, FoxO) and genes/metabolites involved in 
carbohydrate metabolism (liver fructose, glucose, mannose, sorbitol)

• Significant metabolites (ANOVA): Plasma – 103, 
Liver – 193

• Plasma metabolites less variable than liver, 
suggesting liver is buffering metabolite 
concentrations in plasma.

• Increased lactate levels in plasma supported in 
early development (Day 4-8) – Figure 4

• Other compounds also display peaks in 
abundance corresponding with relative liver mass 
(liver/plasma pyruvate, plasma ethanolamine)

• Threonic acid increases with age in both liver and 
plasma.

• Others metabolites display inverse relationships 
between liver and plasma abundance (fumarate).

• Future interpretation: multiple sugars, TCA 
metabolites, & amino acids noted for importance 
in previous analysis. Many others unidentified, but 
correlation allows grouping with known 
metabolites, and thus prioritization for later 
identification.

Figure 6 (above): Relationship between two 
hexokinase transcripts (liver) and two sugar 

metabolites (liver and plasma), all contained in red 
WGCNA module

Transcriptome: RNA was isolated from frozen liver tissue (Invitrogen), and
libraries prepared (Illumina). Sequencing was done at the Delaware
Biotechnology Institute (Newark, DE). fastQ files were processed with in-house
pipeline: quality control (FastQC), trimming (TrimGalore), mapping (HiSat2), and
quantification (Stringtie, featureCounts). Genes were filtered by IQR for analysis,
retaining top 50% variance.

Metabolome: Untargeted metabolomics analysis of primary metabolic
compounds was done at UC Davis on liver and plasma (GC-MS). 205
compounds were identified, and 452 of unknown chemical structure.
Metabolites were filtered by median value and IQR.

Data Analysis: Statistical analysis of metabolites was done with MetaboAnalyst 4
(ANOVA). Following preprocessing and normalization, WGCNA was performed
on combined transcriptome, plasma metabolome, and liver metabolome.
Modules showing the strongest positive (red) and negative (grey) correlation
with body mass were selected for further analysis. Pathway and ontology
enrichment was performed with String and DAVID.

A preliminary contrast of liver transcriptome and metabolome data from Day 4
(D4) and Day 20 (D20) post-hatch identified metabolic reprogramming in
carbohydrate, lipid, and amino acid metabolism (summarized in Figures 2 & 3).

Hypothesis: Rapidly proliferating liver cells employ hypoxia response as a protective 
mechanism during oxygen limitation, as vasculature develops to meet demands.

Hypothesis: D20 liver reflects mature metabolism no longer restricted by oxygen limitation. Standard
“liver” activity is increased, with an emphasis on mobilization and storage of excess nutrients.
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