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RESULTS

Proteomics Differential Analysis

Differential analysis of proteins more abundant in high-fat diet samples showed the relevant pathways 

from our previous result –fatty acid degradation (rno00071) and peroxisome pathway (rno04146)—

as well as new corroborating pathways from the Reactome and WikiPathways sources that have 

been added since the previous work2. 

Proteomics LFQ Improvements

The quartile coefficient of dispersion for each proteome sample was increased indicating greater 

dynamic range of intensities summarized by the improved LFQ algorithms in Proteome Discoverer™ 

2.2 when compared to a top-3 approach used previously. Likewise, the number of proteins quantified 

with no missing value across 12 samples increased by 54% (942 vs 610) with the new approach.

MATERIALS AND METHODS

Sample Preparation and Data Acquisition

Liver proteome analysis of rats fed control or high-fat diet were as described previously1. Briefly 

LC/MS/MS were collected with 400ng of protein separated using a 2% to 35% acetonitrile (2hr) 

gradient on a C18 column. Label Free Quantifiication (LFQ) Mass spectrometry analysis was 

performed with a Thermo ScientificTM Orbitrap Velos ProTM MS using positive mode electrospray, and 

data dependent acquisition.

CONCLUSIONS

 No overlap was found among pathways over-represented in proteome analysis when compared 

with pathways over-represented in transcriptome analysis, given the approach taken here. 

 New Proteome Discoverer nodes applied to LFQ proteomics improves dynamic range and 

increases the number of proteins uniformly quantified across this study by 54%.

 Test follow-up hypothesis: “The earlier top-n algorithmic approach represents a lossful

reduction of the same information extracted using PD 2.2’s LFQ algorithms.”  

 The Omics Comparator software in the Thermo Fisher Connect cloud platform allows quick 

insights into common and unique proteins or genes.

 The Proteome Discoverer and FreeStyle software detect and help visually confirm outlier samples, 

enabling appropriate downstream statistical analyses and interpretation.
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Figure 1. Proteome Discoverer 2.2 Processing Workflow

Figure 4. Proteome Discoverer 2.2 Consensus Workflow 

Figure 2. High Fat Diet File 1 
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Figure 6. Proteome Discoverer Job 
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Figure 8. Protein abundance box plots 

showing log transformed data distribution 

before outlier sample removal and 

normalization

Table 3.Reactome pathways over-represented in genes upregulated in the high fat diets 

Figure 7. Principal Components 

Analysis of log transformed data

HF1 HF2 HF3 HF4 HF5 NF1 NF3 NF4 SD2 SD3 SD4 SD5

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

Q0/min 3.2 3.4 3.5 3.3 1.2 3.3 2.6 3.6 3.3 3.4 3.0 3.2

Q1 5.4 5.5 5.7 5.5 5.0 5.6 5.0 5.6 5.6 5.5 5.5 5.4

Q2/med 5.9 6.0 6.2 6.0 5.8 6.2 5.6 6.1 6.1 6.0 6.1 5.9

Q3 6.4 6.4 6.6 6.5 6.5 6.6 6.1 6.5 6.6 6.5 6.6 6.4

Q4/max 8.1 8.2 8.3 8.4 8.4 8.4 8.4 8.1 8.7 8.7 8.8 8.5
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ABSTRACT

Purpose: Investigate the extent of common and unique proteome, transcriptome, and pathway 

changes that occur in rat liver on controlled high fat diets.

Methods: Perform differential analysis on control diet vs. high fat diets using LC/MS/MS based 

proteome and microarray based transcriptome analyses.

Results: Proteome differential analysis highlights fatty acid metabolism and peroxisome pathways,  

now corroborated by Reactome and WikiPathways sources. Transcriptome analysis shows gastrin 

and leptin signaling, RAF/MAP kinase cascade among other pathways, and no overlap was found 

with pathways over-represented in our proteome results, possibly reflecting longer-term processes 

observed at the transcript level.

INTRODUCTION

High-fat intake is known to alter liver physiology in ways that may drive the progression of diseases 

like diabetes and non-alcoholic fatty liver disease. Here we compare liver transcriptome and 

proteome outcomes in rats subjected to control or high-fat diets. We add insight to our previous 

findings from lipidome, metabolome and proteome analyses: pathway based information about the 

different timescales of action where these distinct molecular entities participate. Using gene list 

comparison and over-representation statistics we find that signaling pathways including gastrin and 

leptin are detected whereas enzymatically relevant pathways like fatty acid metabolism are found 

through the MS based proteome analyses. These observations support a transcriptional 

transformation occurring in parallel with fast metabolic enzyme shifts.

Test Method

Sample replicates were compared from animals fed control diet against those that were fed high fat 

diets. Biological replicates included 5 high-fat, 3 non-fat, and 4 standard chow fed animals in the 4 

week proteome study. Transcriptome biological replicates obtained from GEO1,3 where analyzed by 

Affymetrics Rat Genome 230 2.0 arrays and included 2 lard fed, 2 olive oil fed, 2 coconut fat fed, and 

2 cod liver (fish) oil groups while 2 animals were fed a standard diet for 12 weeks.

Data Analysis

Proteomics raw data were processed using the Thermo Fisher Scientific Proteome Discoverer™ 2.2 

software, and visual chromatographic quality control was performed with the Thermo Fisher Scientific 

FreeStyle™ 1.3 software. Transcriptomics data were obtained from the gene expression omnibus 

data set GDS1307 3 and differential analysis of transcriptomics and proteomics data was performed 

with the Perseus software framework. Student’s t-test filter criteria were applied using Perseus. 

Quartile coefficients of dispersion were calculated against proteins quantified in all samples, using 

Microsoft Excel. Pathway over-representation as well as protein and gene list Venn comparison 

analyses were done using the Pathway Over-representation (PO) software and the Omics 

Comparator (OC) software tools in the Thermo Fisher Connect cloud platform. 

Transcriptomics Differential Analysis

Analysis of transcriptome data shows changes in signaling pathways as the most significant results –

gastrin and leptin signaling, RAF/MAP kinase cascade are among the top Reactome pathway hits. 

No significant pathways were found to overlap when proteome and transcriptome pathway over-

representation results are compared. 

Comparison in Proteome and Transcriptome Summary Statistics

Contrasting the data distributions between the two technologies indicates greater dynamic range and 

potential statistical power from the proteomic experiments. The distinct input samples may explain 

greater variance between technologies; this is not a controlled comparison of the analytical 

technologies. Also, select Affymetrics probesets found to differentiate the diet groups did not include 

accessions for pathway analysis. The pathway results never the less indicate a longer term 

transformative action through sustained signaling at the transcription level while the proteome 

analysis shows biochemically relevant and faster metabolic-enzymatic shifts occurring in parallel..

Pathway Count Ref Count Raw p-value

Gastrin-CREB signaling pathway via PKC & MAPK 7 1167 0.0077

SHC1 events in EGFR signaling 5 637 0.0084

GRB2 events in EGFR signaling 5 637 0.0084

RAF/MAP kinase cascade 5 637 0.0084

SOS-mediated signaling 5 638 0.0084

MAPK1/MAPK3 signaling 5 650 0.0090

Signaling by Leptin 5 653 0.0092

Signaling to p38 via RIT and RIN 5 662 0.0098

Interleukin receptor SHC signaling 5 665 0.0099

Figure 5. High Fat Diet 

TIC Chromatograms

F5

F4

F3

F2

F1

Table 1. Five number summaries of log transformed protein LFQ intensities from PD 2.2  

Table 2. Quartile coefficients of dispersion from PD 2.2 compared with top-3 summarized 

intensities from PD 2.1. All proteins quantified in all 12 samples by PD 2.2 were used for the 

first row while proteins common to 2.1 and 2.2 were used below (again, all 12 samples). 

Figure 3. Files processed 

with PD 2.2 for LFQ 

proteomics analysis (KG is 

the High Fat group).

Figure 10. Protein profiles showing up (A) 

or down (B) regulation on high fat diet.

Figure 11. Transcript profiles showing 

upregulation on olive oil (A) lard (B), 

coconut fat (C) or fish oil (D) when 

compared with standard diet.
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Figure 12. Over-represented Rattus

norvegicus pathways from high 

abundance proteins in high fat diet group.

Figure 13. Overlap of genes from  

list of upregulated genes on high fat 

diets Omics Comparator.

Figure 14. Omics Comparator 

histogram of Gene Ontology terms 

from the set intersection of genes 

upregulated in coconut fat and lard 

diets.

Figure 9.Transcript abundance box plots 

showing observed distribution
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Proteome Discoverer 2.2 Processing workflow (Figure 1) and Consensus workflow (Figure 4) include the label free 

quantitation nodes Minora Feature Detector, Feature Mapper and Precursor Ion Quantifier. Outlier samples were 

detected by a retention time alignment warning for the F5 high-fat diet sample, and that sample’s position in a Proteome 

Discoverer PCA analysis (Figure 7). Subsequently all high-fat diet group samples were loaded into FreeStyle 1.3 to 

create a TIC overview and highlight the district profile of the F5 sample (Figure 5). Two group analyses shown in Figure 

10 eliminate the F5 sample from the high-fat analysis group.
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