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1. Introduction 

1.1. General introduction and pipeline 
CoExpress is a user-friendly software tool for interactive comparison of expression profiles and 
building of the pairwise gene or gene/miRNA co-expression matrixes. It is freely available under GNU 
GPL v.3 and can be downloaded from http://bioinformatics.lu/CoExpress.  

The software realizes full pipeline of the analysis, including data import, filtering poor performing 
genes, normalization, calculation and validation of co-expression (CE), basic network analysis and 
comparison with predicted miRNA:mRNA interactions (see Fig. 1). 

 

Data Import
(section 2)

Data Filtering
(section 4)

Data Normalization
(section 5)

Data Visualization
(section 3)

Co-expression (CE)
(section 6.1)

Validation of CE
(sections 6.2, 6.3)

Networks
(section 7)

Comparison with DB
(section 8)

CE Visualization
(section 6.1)

Linear
(section 5.1)

Advanced R-based
(section 5.2)

 

Figure 1. General pipeline, realized in CoExpress 

 

Originally CoExpress was developed for the analysis of miRNA:mRNA co-regulations detected in a 
set of microarray experiments. However, the tool is not limited neither to those types of molecules nor 
to microarray experiments, and can be utilized to compare expressions of genes, miRNA, proteins 
coming from different experiments (e.g. microarrays, qPCR, Western blot). Further in this text we 
shall call genes, miRNA or proteins, which expressions are studied, as molecules, and microarrays, 
qPCR or other experiments as experiments. 

 

1.2. Installation and run 
Software does not need a specific installation nor libraries for the standard analysis. To start it, simply 
unpack the tool and run CoExpress.exe 

For advanced users there is a possibility to utilize custom R-scripts for the data preprocessing. In this 
case R should be installed on a PC and the path to its Rcmd should be provided in the settings of the 
program. 
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The screen shot of the main window of CoExpress is shown in Fig.2. Note that there are 2 data sets 
loaded and analyzed in accordance to the pipeline. 
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Figure 2. A screen shot of the CoExpress interface when two datasets consisting of miRNA and mRNA 
microarray data uploaded, preprocessed and analyzed. 

 

Note, that all plots in CoExpress are interactive. Press right button and drag mouse from top-left to 
right-bottom to select zoom-in area. Drag mouse right-bottom to top-left to un-zoom. Left button 
allow to shift image in all directions. There is a possibility to export the plots into an EMF or BMP 
files. 
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2. Data import 
Use button [Load Data] to open your data file. 

The input expression data should be organized in a table, stored as tab-separated text file. Usually the 
data should be log-transformed, i.e. log-ratios or log-intensities. Genes or other studied molecules 
(miRNA, proteins) should be listed in rows, whereas experiments of microarrays – in columns. The 
structure of the table is as follows. 

Table 1. The structure of input data table in which molecules are presented in rows 
and experiments – in columns. 

Header ID Name <names of the arrays>
Data section <id of gene> <name of gene> <log2 expression values>

… … … … …
TP53 tumour protein p53 4.92 5.04 …

… … … … …

 

First two columns of the table are reserved for annotating the molecules by giving ID and description. 
IDs are not necessary unique. Other columns contain numerical data. The first row of the table is the 
column names.  

If a two-dataset analysis is required, the i-th data column in dataset 1 should correspond to the same i-
th column of dataset 2. As the columns should be paired, their number in two datasets should be equal.  

CoExpress permits missing values when represented by the two-letter abbreviation "NA".  

The example table is presented below 

Table 2. Example of a data table.  

Gene Symbol Description A375 FM55P HCT15 HL60 IGR37 IGR39 MCF7
ANKRD26P1 ankyrin repeat domain 26 pseudogene 1 3.90 4.11 3.84 3.57 3.52 3.69 3.67
BRWD3 bromodomain and WD repeat domain containing 3 6.99 5.49 6.89 7.53 6.94 6.50 6.32
CSTF1 cleavage stimulation factor, 3' pre-RNA, subunit 1, 50k 7.57 7.20 7.77 8.03 7.91 8.04 8.98
DNAJC6 DnaJ (Hsp40) homolog, subfamily C, member 6 6.03 4.19 NA 5.37 NA 5.33 5.48
EMCN endomucin 3.71 4.18 3.27 3.49 3.17 NA 4.30
GIGYF1 GRB10 interacting GYF protein 1 5.21 5.75 5.81 6.00 6.03 5.35 5.81
IFI6 interferon, alpha-inducible protein 6 6.99 7.64 7.42 7.01 8.04 8.64 11.99
MRPL23 mitochondrial ribosomal protein L23 7.09 7.20 7.68 7.55 6.97 6.65 6.52
NARG1L NMDA receptor regulated 1-like 6.35 5.11 7.60 7.82 6.57 6.36 6.77
PABPN1 poly(A) binding protein, nuclear 1 8.46 7.92 9.16 9.45 8.13 8.42 8.64
PHLPP2 PH domain and leucine rich repeat protein phosphatase 2 6.16 6.29 6.60 5.64 6.25 6.96 7.45
RAET1L retinoic acid early transcript 1L 5.45 NA 6.68 5.09 5.11 5.16 6.05
SGTA small glutamine-rich tetratricopeptide repeat (TPR)-contain 8.39 8.60 7.97 8.46 8.47 8.41 7.18
SKP2 S-phase kinase-associated protein 2 (p45) 9.78 9.60 9.42 10.01 9.43 9.35 7.96
SLC18A3 solute carrier family 18 (vesicular acetylcholine) 4.58 4.87 4.44 4.95 4.95 5.03 4.58
SLC22A18AS solute carrier family 22 (organic cation transporter) 3.90 3.88 4.23 3.76 4.55 4.19 4.10
SNORA5A small nucleolar RNA, H/ACA box 5A 5.56 6.05 6.02 6.92 6.92 6.21 4.77
TNFRSF13B tumor necrosis factor receptor superfamily, member 13B 4.96 5.00 4.99 5.52 5.49 5.78 5.47
TNFRSF19 tumor necrosis factor receptor superfamily, member 19 7.85 7.92 6.89 4.39 8.55 NA 4.10
ZNF432 zinc finger protein 432 5.01 4.34 3.56 3.13 4.66 5.27 5.51  
 

Note, that if it is specified in Settings, data can be automatically processed during loading. Check 
current settings by pressing "Settings" button. 
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3. Data verification and visualization 

3.1. Visualization in the main window 
Loaded data are shown in the main window as a frame with summarizing text (Fig. 3).  

 

file name

size of the dataset

number of data points and 
number of NA values 

shows that data were filtered
shows that data were normalized

number of molecules which are 
actually in consideration after filtering

 

Figure 3. Dataset frame in CoExpress main window 

 

The dataset can be removed from memory by pressing red button in the top right corner.  

 

3.2. Verification of the loaded data in a table 
To visualize the dataset as a table, press [Data] button. Appearing window shows the loaded data in a 
table format (Fig. 4).  

here the active dataset can be selected

names of the experiments. Double click to modify the names.

unchecked this to view all datasets, including 
molecules which are filtered out

 

Figure 4. Dataset viewed as a table. The names of experiments are given on the right and  
can be modified by double-clicking. 

 

Table contains either molecules-in-use, i.e. those which are left after filtration or full list of the 
molecules. To switch between these modes, check/uncheck "show only used" checkbox. 
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3.3. Visualizing distribution and average profiles of the data 
Alternatively one can be interested in checking the distribution of the data and its basic statistics. To 
do so, press [Statistics] button. The appearing window is shown in Fig. 5. 

 

here the active dataset can be selected some basic statistics

button to save the image histogram parameters
   A 

   B 

Figure 5. Distributions of expression (A) and average profiles (B). 
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Histogram of either entire dataset or specific molecule or experiment can be shown. Select the proper 
variant in the "Show:" drop-box. 

For average profiles average expression profile for either molecules (Fig 4B) or experiments can be 
visualized. 

3.4. Manual investigation of the profiles 
Profiles of the molecules of interest can be easily investigated before performing calculation of CE 
matrix – press [Profiles]. The appearing window (Fig. 6) has two "pointers" to the molecules, called 
"blue molecule" and "green molecule". By selecting the molecules of interest it is possible to visualize 
and compare their profiles. Selection can be either done by scrolling a track-bar through the used-
molecule list (keyboard arrows can be used for fine scrolling) or by typing in a proper molecule 
number or by the search (press button [] ). 

 

search for a specific 
molecule by a name

build a co-expression between 
the current molecules (blue and 
green) and all the rest

The first selected 
molecule is called “blue”

The second selected 
molecule is called “green”

save text table with molecules, which 
have “significant” correlation r with 
“blue” profile. That is |r|n > threshold

parameters of correlation:
exponent (power) and significance 
threshold. Power = 2 gives 
coefficient of determination.

type in the number of a 
molecule or scroll for it. correlation between “blue” and “green” profiles

 A 

     B 

Figure 6. Expression profiles investigation (A) and co-expression profiles (B). 
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Selected "blue" and "green" molecules each are compared with all other used molecules in a dataset by 
pressing [Co-express molecules]. If the absolute correlation r between profiles of two molecules in a 
specified power is higher then the specified threshold, co-expression between these molecules is 
considered as significant and is visualized as a line in co-expression profiles plot (Fig 6B). For 
example, by looking at Fig. 6 one can say that "blue" gene EFR3B with #2021 has absolute correlation 
|r| higher than 0.95 with 7 other genes (7 CE events): 5 positive and 2 negative. "Green" gene 
ADAM23 has 29 significant CE events.  

If two datasets are compared, then "blue" molecule correspond always to dataset 1 (DS1), and "green" 
– to DS2. In this case pressing [Co-express molecules] give the co-expression of "blue" profile (from 
DS1) over all molecules of DS2. The example with miRNA-182 and MITF mRNA is given in Fig. 7. 

 

 

A       B 

Figure 7. Expression profiles of 2 molecules coming from two different datasets: miRNA and mRNA 
expression (A). Co-expression profile between miRNA-182 and all selected mRNA (B) 
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4. Filtering 
 

To reduce false discovery rate (FDR), it may be beneficial to remove certain molecules from analysis 
(button "Filter Genes") – see Fig 8. By default filtering removes rows of data (molecules) if:  

– maximal expression for intensity is lower than a selected threshold; 

– expression of the molecule is not variable through the experiments (standard deviation lower 
then certain threshold), can be eliminated. 

In addition, users can specify list of molecules to be excluded. To do so, put the case-sensitive parts of 
excluded molecules annotation in the text area (one per row). Note, that only the first annotation 
column is used for the search. See example in Fig. 8, where most of genes for hypothetical proteins 
and open reading frames are removed. 

After modification of the filters they should be applied by pressing [Try Filter] button. 

 

Figure 8. Filter window. Here from 22118 mRNAs we remove those, which: has maximum expression < 5.8,  
or standard deviation < 0.5, or n/a values > 20%, or their annotation contain one of the exclude-keywords.  

This results in 7616 mRNAs passing the filtration.  
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5. Normalization 
 

5.1. Standard linear normalization 
Linear normalizations – centering and scaling between experiments and between molecules are 
available (Fig. 9).  

Between-experiment normalization reduces the experiment effect on the one-data-type co-expression. 
If this point is skipped, resulting CE can be overestimated due to variation on average expression in 
each array. 

We recommend using between-gene normalization with caution and only after filtering. If it is 
performed before filtering – many molecules with insignificant variation or low expression appear in 
the "selected" list. 

 

data distribution

advanced R-based analysis

 

Figure 9. Normalization window 

 

 

5.2. Advanced data preprocessing in R 
As an option, we have introduced the possibility of custom data preprocessing using R-scripts. To use 
this option one should has R installed on his PC () specify the path to the Rcmd.exe file in the program 
settings (button [Settings]). 

Simplest script for custom data processing is given below. Modify the part marked by italic font for 
customization. Parts in bold black font should be left unchanged as they are responsible for 
parameters transfer and data import/export. 
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## get names from system variables 
PATH=as.character(Sys.getenv("COEXPRESS_DATAPATH"))  
INFILE=as.character(Sys.getenv("COEXPRESS_DATANAMEI N")) 
OUTFILE=as.character(Sys.getenv("COEXPRESS_DATANAME OUT")) 
 
##-------------------------------------------- 
## load data from PATH/INFILE 
Data = read.table(paste(PATH,INFILE,sep="/"), 
                  header=T,as.is=T, 
                  sep="\t", quote = "\"", comment.c har = "#", dec = ".") 
 
##-------------------------------------------- 
## Perform linear normalization between arrays 
## (put you processing in this section!) 
 
m=apply(Data[,c(-1,-2)],2,mean,na.rm=T) 
s=apply(Data[,c(-1,-2)],2,sd,na.rm=T) 
 
m.total=mean(m); 
s.total=sqrt(mean(s^2)) 
 
for (i in 1:(ncol(Data)-2)){ 
  Data[,i+2]=s.total*(Data[,i+2]-m[i])/s[i]+m.total  
  if (i%%100 == 0) { 
    print(i) 
    flush.console() 
  } 
} 
 
##-------------------------------------------- 
## save data to PATH/OUTFILE 
write.table(Data,paste(PATH,OUTFILE,sep="/"),  quot e=T, sep="\t", eol="\n", row.names = F) 
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6. Co-expression calculation and validation 

6.1. CE matrix calculation 
Calculation of co-expression matrix (CE matrix) is the main step of the software data analysis 
pipeline. See the corresponding window in Fig.10. Before starting CE analysis ensure that you have 
less then 20000 molecules selected after filtration for the analysis. Theoretical limit is ~ 46000 genes 
under Windows (allocating 3Gb of RAM), but when using more than 20000 genes calculation 
becomes very time consuming. 

distribution of all CE values

calculate CE

recalculate CE (for a new threshold)

perform a bootstrapping 
validation

determine permutation-
based FDR

save only molecules 
which show at least 1 CE

save all CE events

select the metrics 
used for CE

parameter of the metrics and 
the threshold (applied to 
absolute value)

parameters of bootstrapping

parameters of FDR

Datasets

 

Figure 10. Calculate co-expression (CE) window. 

 

To calculate CE matrix, select the datasets in the top left corner, metrics and threshold (under 
Measure) and press [Calculate CE]. Calculation can take from a few seconds to several minutes, 
depending on the number of molecules, experiments and CPU. The resulting distribution of all CEs is 
showed when calculation completes. 

A pairwise CE has absolute value higher than the defined threshold, it is called CE events. Their 
number, together with number of genes involved in pairwise CE events is reported in "Statistics" 
section.  

The resulting CEs can be saved to disc either as text or in a SIF format, used by CytoScape, by pressin 
[Save pairwise CE table].  It is also possible to export only "relevant" data – those molecules, which 
has at least 1 pairwise co-expression with any other molecule (press [Save Data for CE genes]).  
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6.2. Visualization: CE map 
Calculated CE matrix can be visualized as a CE map (Fig.10) – press [CE Map] button of the main 
window. There the square (for one-data type CE) or rectangular (for two-data type CE) field is given 
with molecules in both axes. If a CE even is observed between of i-th and j-th molecules, the dot is 
drawn with coordinates [i,j]. Double click on the map allows for changing the size of dots. 
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Figure 11. Visualization of CE matrix – CE Map window for two-data type co-expression.  

Data Set 1 contains miRNA expression data, Data Set 2 – mRNA expression. 

 

On the right of CE map, the plot with a number of CE events is given. It shows which molecules 
shows significantly high number of CE events. If one-data type analysis if performed – on vertical axis 
the order number of the molecules from this data set is given. For two-data type analysis the vertical 
axis corresponds to the molecules in Data Set 1. 

Example. In the example given in Fig.11, miRNA with ordering numbers around 220 have highest 
number of CE events. By zooming in (select a region from top-lest to bottom-right) one can identify 
that these miRNA are #216, #217, #218, #220. Switching to "Profiles" windows it is easy to identify 
that those miRNA are: miR-371 (3'), miR-371 (5'), miR-372, and miR-373. 
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6.3. Validation by bootstrapping 
To address the question about the robustness of the values in CE matrix we have introduced a 
bootstrapping algorithm. This algorithm, described below, is controlled by 3 parameters: threshold 
during bootstrapping (TDB), percentage of the data experiments to be removed in iterations (PRD) and 
number of runs (NR). Their meaning is described in the algorithm. 

 

Bootstrapping algorithm 

1. Create and fill with zeros CE matrix M for storing the final result. 

2. For each iteration i, while i £ NR perform the following actions: 

a. Remove from the dataset PRD % of the experiments (randomly selected).   

b. Calculate CE matrix for the reduced dataset L  

c. All values of L , which are on absolute scale less then TDB are set to 0. 

d. Add L  to M:   M = M + L  

e. back to 2. 

3. Calculate the average CE in M by:   M = M / NR 

Distribution of CE values in a resulting matrix M is shown at the end of calculation. This matrix 
contains robust values. By increasing TDB level one can increase the strictness of the CE event 
filtration and therefore increase robustness of the final result. 

 

6.4. Validation by permutation-based FDR 
The false discovery rate (FDR) is a well accepted method to treat multiple hypotheses problem and 
basically provide the fraction of false positives among the detected events. In CoExpress we have 
utilized permutation-based FDR calculation, which does not depend on the distribution of the values, 
but needs experiments to be independent.  

When calculating FDR, CE between an original profile of a molecule A and a randomly permutated 
profile of a molecule B is calculated. In ideal case, such CE should give the value close to 0. However, 
when number of experiments in not high enough, CE can appear quite high (by chance). 

To start FDR calculation, specify number of runs and press [Calculate FDR for CE]. The results will 
appear in red fond on the Statistics panel. 
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7. Networks 
CE matrix after filtering by a selected threshold can be transformed into undirected graph or network. 
Such network can have several subunits which have no connections between them – not-
interconnected sub-networks. Their browsing is available in "Network Analysis" window (Fig. 12). 

 

profile of a selected 
molecule

Not inter-connected networks 
with number of molecules given 

in brackets

Molecules inside a 
selected subnetwork

Number of molecules in not-interconnected networks

 
Figure 12. Visualization of CE matrix – CE Map window for two-data type co-expression.  

Data Set 1 contains miRNA expression data, Data Set 2 – mRNA expression. 
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8. Comparison with predicted targets (for miRNA:mRN A) 

8.1. Predicted targets data file 
CoExpress allow for comparison of the detected CE events to a list of predicted interactions. 
Especially this is of interest when miRNA:mRNA interactions are studied, as the lists of predicted 
miRNA targets are available from many algorithms and databases: TargetScan, Pictar, PITA, 
miRanda, to name just a few. The data from such databases should be extracted and stored in a plain 
tab-separated text file, with the following format (Table 3). 

 

Table 3. Predicted targets file format 

miRNA RefSeq GeneSymbol Score
1 NM_000165 GJA1 -0.845
7 NM_000245 MET -0.432

125 NM_000318 PXMP3 -0.123
150 NM_000346 SOX9 -0.244
183 NM_000362 TIMP3 -0.331
… … … …

miRNA number

RefSeq of target genes

Gene symbol of target genes

Score showing the quality of prediction  
Users can create and use their own tables with predicted targets. This databases can be loaded in 

analysis window by clicking the [ ] sign (Fig. 13). 

8.2. Analysis 
The analysis starts from selection of miRNA and mRNA datasets in "Input data" section of the 
analysis window (Fig. 13). If in mRNA dataset first annotation column contains gene symbols, select 
"IDs are Gene Symbols" option. If it contains RefSeq – use "IDs are RefSeq". 

Second, CE threshold which is used to set proper level of experimentally detected negative CE events 
is set.  

To be able to compare miRNA names in a predicted targets table and in experimental data one should 
set a number of substrings, which are deleted from experimental miRNA annotation. For the testing 
dataset such substring were "has-", "let-", "mir-", "_st", "-3p", "-5p". To apply changes, button [Apply] 
should be pressed. 

The list of miRNA names (cleaned), which are found in experimental data, are shown in the first panel 
"List of miR". By clicking on a miRNA one can see the list of the genes, negatively CE with it, in the 
panel "Negatively CE genes". Panel "Predicted Targets" contains the list of predicted target lists, 
coming from the database. The common list of genes which are simultaneously negatively CE and 
predicted is shown in "Common Lists". 

Instead of one-by-one check, users can perform complete analysis by pressing [Analyse CE & DB]. 
The results can be saved in a text file using [Save approved CE]. 
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Figure 13. Visualization of CE matrix – CE Map window for two-data type co-expression.  
Data Set 1 contains miRNA expression data, Data Set 2 – mRNA expression 

 

 

 

 


