Tutorial for interpretation of T-REx results


Introduction
The T-REx analysis pipeline generates a large number of graphs and tables, and divides these into 4 sections; Global,  Contrasts, Experiment and Classes. Furthermore, filtered and sorted tables are generated for mining and/or downstream processing. T-REx is organism independent which means that regulon, pathway, GO or other type of analysis is not included. The integration of biological processes is performed in two ways; i) the user defines a class file before starting the RNA-seq analysis pipeline, ii) perform a Gene Set Enrichment Analysis (GSEA) for the organism under study after the analysis. The GSEA analysis is available for all publically available (complete) bacterial genomes on our Genome2D webserver. 

1. Global Analysis
The ‘Library size’ reflects the read depth of each sample before any analysis is executed. The first step in the analysis consists of the normalization of the data.   This is plotted in a ‘Box plot of normalized signals’ showing the signal distribution (boxes) of all samples.
The ‘Box plot of normalized signals’  shows the signal distribution after normalization. If a sample shows an abnormal distribution indicated that the normalization failed due to bad input data of this sample. 
‘PCA Plot of Experiments’ and ‘PCA of Factors’ is a Principle component analysis of the individual samples and the factors (replicates are combined), respectively. 
A third PCA plot ‘PCA of Genes’ shows the PC rotations of the contrasts which helps to understand the influence of the contrasts on the separation of the genes. Mining in this plot can be done using AdMiRE
Three heatmaps are presented using signal and rank-order data. Rank-order is simply defined by sorting on signal and assign the rank-order to the genes. 

2. Individual Contrasts Analysis
[bookmark: _GoBack]	The number of graphs and tables generated in this section depends on the number of Contrasts that are defined by the user in the Contrasts file. Each contrast (Target / Control) is analyzed for differential expression of genes to generate a list of genes that are significantly changed between the Target and Control. The number of genes that are significantly changed depends on the cutoff values of the p-value and the ratio. T-REx uses two predefined cutoff values to generate 2 lists of differential expressed genes; TopHits (fold change ≥ 2 and a p-value ≤ 0.05) and HighFold (fold change ≥ 5 and a p-value ≤ 0.01). Unfiltered tables are generated to allow a user defined cutoff in downstream analysis. Finally, user defined Class genes are used to indicated groups of genes (e.g. a regulon) in colors. 

Volcano plots: 	
Plotting the Fold Change (log2) against the p-value (-log2), is probably the most intuitive way to see which genes are differentially expressed. The solid threshold lines indicate genes with a fold change ≥ 2 and a p-value ≤ 0.05 (TopHits). Within the dotted lines, a fold change ≥ 5 and a p-value ≤ 0.01 (HighFold) is taken as a threshold. Genes plotted in the red dashed area are considered as not to be Differential Expressed.
MA plots:	
This plot is inherited from the traditional DNA microarray MA-plot by plotting Expression levels (A) against Fold Change (M), both in log2 scale. 
Significantly Changed Genes: 
A bar graph of each contrast; blue and yellow for target represents higher or lower in comparison with the control respectively.
Heatmaps:	
For both lists of Differential Expressed genes (TopHits and HighFold), Heatmaps of “Contrast versus Genes (log2 Fold Change: logFC)” are drawn. The genes and the contrasts are hierarchical clustered as it is indicated by the Dendrograms on the left side and on top of the Heatmap, respectively. Blue indicates that the Target is higher than the Control and orange represents the opposite. Hierarchical clustering organize genes on its behavior but does not lead to clusters. A k-means clustering is used to find the number of clusters and the cutoff values in the dendrogram. The result of this clustering is shown as a color bar on the left side of the Heatmap. In the overview table a direct link to the heatmap data and cluster data can be found.
Differential Expression of Each Contrasts: 
Overview of the number of genes that are differential expressed and a link to the ‘Table of Significant Changed Genes’ (DE table) of each contrast.  NOTE: Upregulated means that the Target is higher than the Control if the Contrast would look like: Target-Control. 
Headers of Differential Expression tables: 
GeneID= locus tag, LogFC=log2 Fold Change, logCPM=log2 Counts-Per-Million, LR=Likelihood Ratio, p-value=t-test pvalue, adj_pvalue=Benjamini Hochberg corrected p-value, Fold=Fold Change, minFDR=-log2(adj-pvalue). The adj-pvalue is used for threshold filtering. 
Differential Expression All Contrasts: 
Combined table of log2(Fold Change) of genes that are a member of TopHits in at least one of the contrasts.
  


3. Experiment Analysis
	In the analysis of the experiment the relation between the contrasts are studied here. 

Correlation matrix of Experiments: 
A (squared) Pearson’s correlation matrix of Experiment to Experiment. The scale is from Light blue (max = 1.00) to Dark blue ( min = 0.00) indicating high to low correlation, respectively. 
Venn Diagrams:
	Venn diagrams are not generated by T-REx as they are to limited in number of contrasts to be used. T-REx offer the alternatives Gene Networks and Contrasts Cohesion.
Gene Networks: 
Traditionally, Venn diagrams are used to show the overlap between experiments, but this way of presenting limits the number of experiments that can be included. Using gene networks circumvents this problem and shows the overlap between an unlimited number of experiments. The pipeline generates besides the standard Gene Network Graph also a result file that can be further examined in a gene network analysis program such as Cytoscape.
Contrasts Cohesion:
	Goal: Find genes that connects contrasts (the cohesion of contrasts). This alternative for Venn Diagrams provides a clear overview of the number of genes shared by contrasts or that are specific for one contrast. The list of genes can be easily downloaded via a direct link in the cohesion of contrasts table.

Clustering:	
k-means clustering divide genes in groups on the basis of correlation over experiments. The clustering is performed on ratio data (Target/Control) as well as on signal data (Expression levels). Signal data is most suitable for contrasts that have a related factor such as time (time series data).  A common difficulty occuring with k-means clustering is the estimation of the number of groups in which the genes can be divided; “when is the expression profile different?” Here, the T-REx pipeline will make this decision.      	


4. Analysis of Classes
	To our opinion the use of classes is a very powerful addition to integrate biological knowledge in the RNA-seq analysis results.  These can be known classes or classes defined by the user itself.. 
Clustering:	
This k-means clustering is similar as described above for experiments,  but now only “Class genes” are included. 
Mean Signal Plots: 
Gene expression plot (Contrast against log2(signal) ) of each class group. No scaling or filtering is applied here.
Correlation matrix of All Classes: 
The correlation of all Class genes against all Class genes is plotted in a matrix. This plot is most useful if the number of class genes is low, for high number of Class genes the correlation matrices of each Class group is more useful.
Correlation matrices Each Class: 
This a very powerful analysis to determine the behavior of a group or group members over the Contrasts. Genes that have a good correlation are colored dark blue and those with good anti-correlation are colored red. White means no correlation. For details per Contrasts have a look at the Heatmaps for each Class Group
Heatmaps of Each Class Group: 
Where the ‘Correlation matrices Each Class’ show the global effects, the heatmaps show detailed information of each gene in each Class group in each Contrast. 









Final note:
All graphs are based on tables which can be downloaded from the session folder. In addition, there is a possibility to download the results.zip file.


