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Abstract: Gene expression data is key for the functional annotation of single nucleotide polymor-

phisms (SNPs) identified in genome-wide association studies (GWAS). Expression and splicing 

quantitative trait loci (e/sQTLs) in normal colon tissue, such as those from the University of Barce-

lona and University of Virginia RNA sequencing project (BarcUVa-Seq) and the Genotype-Tissue 

Expression project (GTEx), are required to gain biological insight of colon-related diseases risk loci. 

Moreover, transcriptome-wide association studies (TWAS) rely on reference gene expression impu-

tation panels in the tissue of interest to nominate susceptibility genes. Also, it is of high interest to 

study the relationships between genes in a network framework. For facilitating these analyses, we 

have updated and expanded the scope of the Colon Transcriptome Explorer (CoTrEx) to the version 

2.0. This web-based resource provides exhaustive visualization and analysis of transcriptome-wide 

gene expression profiles of normal colon tissue from BarcUVa-Seq and GTEx. In addition to the 

integration of new datasets, CoTrEx 2.0 provides additional e/sQTLs sets, as well as gene expression 

prediction models and regulatory and co-expression networks. It is freely available at https://barcu-

vaseq.org/cotrex/. Overall, it is of high interest for researchers aiming to investigate the genetic sus-

ceptibility to colon-related complex traits and diseases. 
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1. Introduction 

Datasets of both blood DNA genotyping and RNA sequencing (RNA-Seq) of biopsy 

samples from a large number of healthy individuals are valuable resources for studies in 

molecular epidemiology. For example, they provide expression and splicing quantitative 

trait loci (e/sQTLs) for the annotation of genome-wide association studies (GWAS)-iden-

tified risk single nucleotide polymorphisms (SNPs) and gene expression prediction 

models for transcriptome-wide association studies (TWAS). In this sense, the University 

of Barcelona and University of Virginia genotyping and sequencing project (BarcUVa-

Seq) provided gene expression and alternative splicing profiles of normal (i.e. non-neo-

plastic, without lessons) colon biopsies from ascending (N=138), transverse (N=143) and 

descending (N=164) subsites. The expression profiles and their association statistics with 
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germline genetic variants, i.e. e/sQTLs, were recently reported and included in the initial 

version of the Colon Transcriptome Explorer (CoTrEx) [1]. Additionally, the Genotype-

Tissue Expression (GTEx) project provided normal colon e/sQTLs from transverse 

(N=368) and sigmoid (N=318) colon samples from corpses [2]. Although the gene expres-

sion and related information is provided as supplementary material or deposited in pub-

lic online repositories, it is often difficult and time consuming for researchers to access 

the data and analyze and visualize their gene of interest, especially for non-bioinformati-

cians.  

In this article we present the CoTrEx 2.0, an interactive web resource that facilitates 

the exhaustive visualization and analysis of normal colon gene expression and alterna-

tive splicing data from BarcUVa-Seq and GTEx projects. This version, in addition to in-

corporating GTEx colon datasets and new customization options, provides additional 

e/sQTL sets, a SNP annotation tool, prediction models statistics for gene expression im-

putation, and regulatory and gene co-expression networks. 

2. Description of CoTrEx 2.0 

CoTrEx 2.0 is a web-based resource that includes normal colon gene expression data 

from BarcUVa-Seq and GTEx projects (see schema in Figure 1). Its main components are 

divided in the “Expression”, “QTLs”, “Prediction models”, and “Networks” tabs. 

On the “Expression” tab, users can search for a gene of interest, select one or more 

associated transcripts and visualize their expression in multiple ways. On the left panel, 

the following options are available: i) filter the input data by sex, age and colon anatomic 

location, ii) select specific visualization features (e.g. heatmap, PCA plot), and iii) group 

transcripts by relative abundance according to a selected expression threshold (i.e. if 0.05 

is selected, the lowest expressed 5% of transcripts is grouped in a single category labeled 

“Other transcripts”). On the main panel, a customizable stripchart and a barplot are dis-

played. For example, points in the stripchart can be colored by covariates of interest, and 

transcript expression can be hidden to show only the expression of selected genes. Anno-

tation by covariate is also available for heatmaps and PCA plots. 

On the “QTLs” tab, users can explore lists of significant colon e/sQTLs, including 

summary statistics and customizable plots showing the distribution of gene expres-

sion/percent splicing index by SNP genotype. Users can also search for association statis-

tics for SNPs of interest by selecting the “Annotate SNPs” option. The “Prediction models” 

tab includes elastic net-based gene expression prediction models for the entire colon and 

by colon subsite. Descriptive statistics of the prediction models and the SNP weights can 

be obtained for a gene of interest. 

On the “Networks” tab, by selecting the “Regulatory network” option, users can ex-

plore gene interactions between TFs and regulated target genes in a network. Arrows are 

directed from TFs to target genes (either TFs or non-TFs). It is possible to explore first and 

second order step neighbors by selecting the corresponding option. Descriptive and top-

ological network parameters are provided in tables, including the mutual information 

(MI) values for each interaction, which indicate the strength of an interaction. The 

weighted correlation network analysis (WGCNA) approach [3] was used for exploring 

patterns of correlated gene expression in a gene co-expression network framework. This 

method makes groups of highly interconnected genes called modules. A total of 20 mod-

ules with a mean of 777 highly correlated genes per module were defined, each of them 

labelled with a color name. The gene-module assignments can be downloaded, and hier-

archical clusters of all modules can be explored. 
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Figure 1. CoTrEx 2.0 schematic. 

3. Discussion 

We have updated and expanded the scope of CoTrEx to the newest version 2.0, in-

cluding new data and functionalities. This version includes gene expression and alterna-

tive splicing-related data from the GTEx v8 transverse and sigmoid colon. In this version, 

the genes and transcripts visualized on the Expression tab can be filtered or colored ac-

cording to the individuals’ age and sex. Also, the expression statistics associated with the 

selected samples can be retrieved. Transcripts can be grouped by relative abundance and 

hierarchical clustering can be observed in a heatmap. These features are not provided by 

the GTEx Transcript Browser [4]. In addition, we provide a SNP annotation tool on the 

QTLs tab where users can provide a list of SNPs of interest to explore associations with 

genes located up to 1Mb of distance. In contrast, the GTEx eQTL Calculator [5] requires 

that the users provide the gene ID in addition to the SNP of interest. This is not convenient 

in cases where the user wants to explore SNP-gene associations of all genes nearby a SNP 

of interest. Also, the gene expression prediction models can be downloaded from the Pre-

diction models tab, which are useful for investigators interested in performing TWAS and 

nominating candidate susceptibility genes for a phenotype of interest. A list of complex 

traits and diseases for which the gene expression prediction models provided in CoTrEx 

2.0 are relevant for TWAS is provided elsewhere [1]. Future developments of CoTrEx 2.0 

would include additional QTL sets generated, such as regulatory QTLs, associated with 

changes in interactions between genes.  

In conclusion, CoTrEx 2.0 facilitates a quick and centralized access to explore and 

analyze the most up to date reference gene expression and splicing profiles for non-neo-

plastic human colon tissue, and their associations with germline genetic variants, which 

facilitates the understanding of the transcriptomic basis of this tissue. Finally, the CoTrEx 

2.0 is a valuable resource for researchers interested in annotating risk loci identified in 

colon-related GWAS, in performing TWAS for colon-related diseases, and in unraveling 

the mechanisms underlying inherited susceptibility to colon-related diseases. 

4. Materials and Methods 

CoTrEx 2.0 was built with the R platform Shiny [6]. Gene and transcript expression 

counts and e/sQTLs of GTEx v8 sigmoid and transverse colon were obtained from the 

database of Genotypes and Phenotypes (dbGaP) at http://www.ncbi.nlm.nih.gov/gap 

through dbGaP accession number phs000424.v8.p2. Genes with at least 6 counts in more 

than 20% of the samples were provided. Expression counts were transformed to trimmed 

mean of M-values (TMMs). Gene expression prediction models of GTEx v8 were obtained 
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from elsewhere [1,7] (see data availability statement). Gene expression prediction models 

of BarcUVa-Seq were generated for the whole sample size and for subsets of the data ac-

cording to the anatomic location where the biopsies were collected (ascending, transverse 

and descending colon). The elastic net-based models were generated following the Pre-

dictDB pipeline, which was the one used for GTEx v8 data [7]. Following this pipeline, we 

considered significant gene models those with a predictive performance P < 0.05 and R2 > 

0.1. Gene expression data was adjusted for sex, sequencing batch, probabilistic estimation 

of expression residuals [PEER] factors [8] and genetic ancestry (2 principal components).  

The BC3net R package [9] was used to generate weighted directed gene regulatory 

networks between 2,195 transcription factors (TFs) and 8,785 target genes. TFs were cho-

sen according to three GO annotations: GO:0045449 “regulation of transcription”, 

GO:0001071 “Nucleic acid binding transcription factor activity”, and GO:0140110 “tran-

scription regulator activity”. A total of 1,000 bootstraps were run to get a robust final net-

work. Finally, the weighted correlation network analysis (WGCNA) was performed with 

the WGCNA R package [3]. A soft thresholding of 6 was selected to approximate to scale 

free topology.  
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