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GSECA (Gene set expression coherence analysis) 

1. Install 
 
- GSECA is a standalone software running on Microsoft Windows platform. The 
installation is quite simply done just executing the installation package (compatible to 
Microsoft Installer. The required files (default gene set files and testable expression 
profile) will be simultaneously installed with program file (.NET framework might be also 
installed if the machine does not have an appropriate version .NET). 
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GSECA (Gene set expression coherence analysis) 

2. Installed Files 
 
Along with program files and related information files of genes, (1) gene set files 
representing different gene annotation categories and (2) a testable expression file will 
be also installed. 
 
(1) Gene set database (Program Files/GSECA/Geneset/) 
FunctionalGeneSet.txt 
- 5,025 gene sets, each of which shares a common functional annotation from GO 
(Gene Ontology), KEGG, GenMAPP database 
 
PromoterGeneSet.txt 
- 432 gene sets categorized by the presence of sequence motifs in promoter region 
(corresponding to TFBS based on sequence information of TRANSFAC) 
Note: Detailed descriptions on the construction and source of functional and promoter 
gene sets, are available in our previously publication (Kim et al, BMC Bioinformatics 
8:453, 2007)  
 
miRNAGeneSet.txt 
- 162 gene sets corresponding to putative miRNA target genes. Data sets were 
constructed from the prediction data of Lewis BP et al (Cell, 115:787, 2003) 
 
DrugGeneSet.txt 
- Drug-perturbation gene sets representing the over-/under-expressed genes with the 
treatment of drug in in vitro human cell line model (derived from large-scale expression 
profiles of Connectivity Map; Justin et al, Science 313:1929, 2006). For each batch 
(perturbagen-vs-vehicle pair), expression ratio was calculated per gene and the 
ordered rank list of genes were constructed. Top-ranking 100 genes (up-regulation) and 
bottom 100 genes (down-regulation) were selected and used as gene sets for the 
corresponding batch as described previously (Rhodes et al, Neoplasia 9:443, 2007). 
 
(2) Publicly available gene expression sets (Program Files/GSECA/Sampledata/) 
GDS2431_hErythropoiesis.txt  (Kellet et al, Physiol Genomics 28:114, 2006) 
- Time-series expression profile representing erythropoiesis of human bone marrow 
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GSECA (Gene set expression coherence analysis) 

3. Basic Instructions 
 

1. Data load 
The main window is composed for 4 functional sections. In the first section of Data 
Loading, the upload/adjusting of expression dataset, the selecting the gene sets and 
basic parameter tuning can be done. 

 
 
(1) By pressing Load array data, a new menu-window will show up. 
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GSECA (Gene set expression coherence analysis) 

By pressing Browse button, you can select the file of expression data to import. After 
selecting the file, the path and file name will be shown along with the first few example 
lines of the dataset in a tabular format (in a table). The array datasets comprise the 
expression values of multiple probes, each of which corresponds to an individual gene. 
The column representing the probe annotation (Assign column for probe ID) and 
column indicating the start point of data values (Column where sample starts) must 
be designated. The type of probe annotation in selected column for (Select the probe 
type) should be also indicated in pull-down menu. 
 

Note: The gene sets used in GSECA analysis has ‘gene symbol-based annotation’. 
Thus, for proper gene matching between array dataset and gene set, the probe 
annotations in array data sets are automatically converted into gene symbol 
annotation. If a column for gene symbols is already present in dataset (i.e., column 2 in 
the example screenshot above), this column should be selected in (4) as well as 
‘Symbol’ as probe type in (6). If gene symbol is not available (as is often case), one of 
the columns (Unigene, Ensembl, RefSeq, Entrez or LocusLink, and Affymetrix ID) must 
be selected both in (4) as column index and in (6) as probe type. If a column with 
heterogeneous annotation types should be selected, ‘Others’ is a preferable option for 
(6). By pressing Load array button, the software reads the expression data and 
automatically convert the probe annotation into gene symbols. After converting, the 
matching rates (the probe number successfully matched to gene symbol/total probe 
number present in array dataset) will be displayed after loading dataset.  

 
In conventional array platform, some genes are represented more than once in a 
platform. To deal with this redundancy, GSECA gives each member of a set of n 
replicates a weight 1/n in calculation of average, assigning the mean expression values 
for a gene (a symbol). Thus, the final gene/symbol number after data loading will be 
often smaller than the actual row number of initial array dataset. For example, the test 
dataset (GDS2431) based on Affymetrix U133A array platform composed of 54,675 
probes (rows) is reduced into the profile of 18,946 non-redundant gene/symbols after 
loading. 
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GSECA (Gene set expression coherence analysis) 

2. Gene filtering and selection of highly variable genes 

 

- Preprocessing of ‘normalization’ and ‘variability-based gene filtering’ is available with 
Adjust/Filter genes button in main window. In a new window, 4 kinds of data processing 
can be performed in a familiar interface with Eisen’s Cluster program (Eisen et al, 
PNAS 95:14863, 1998). The order of operation is also the same with the Eisen’s 
Cluster program (1. log transform → 2. mean center rows → 3. median center rows 
→ 4. normalize rows → 5. mean center columns → 6. median center columns → 7. 
normalize columns) while the operations are not associative with each other. The 
selected operations are performed in successive steps by pressing the button of Apply 
procedures (checked above). In brief, Log transform will replace the data values into 
log2 while cares must be taken since negative values will be neglected for this log 
transform step. Mean/Median center will set the mean/median of the rows/columns to 
zero, respectively. Normalize will set the standard deviation of the rows/columns to 1.0 
(more detailed descriptions and related issues for operations are available in the 
manual of Eisen’s Cluster and TreeView program).  
 
For conventional clustering, it is generally recommended to use a subset of genes (i.e., 
highly variable 10% of genes) rather than to use the entire genes in the dataset. For 
GSECA analysis, it is possible to reduce the entire genes into ‘manageable’ number of 
genes. Since variability of genes is usually used for filtering criteria, GSECA provides 
two options to measure the expression variability - CV (coefficient of variance) or SD 
(standard deviation). For example, if user selected CV option/ 50% of total genes and 
press Retrieve genes, 50% of genes with highest CV will be selected and used for the 
subsequent analysis. Reducing the gene number affects the subsequent steps and if 
50% filtering of genes were performed twice, only a quarter of genes in the initial 
datasets will remain. To save the adjusted (or reduced) expression dataset into tab-
delimited text file, use the Save current data button (the saved expression profile is 
often useful for future analysis with other methods). After adjusting the data, you can 
return to the main menu with Exit button. 
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GSECA (Gene set expression coherence analysis) 

3. Selecting gene set data 
 
For GSECA analysis, the gene sets to be analyzed must be selected in the main 
window.  

 

Gene set information must be provided in a separate, GSECA-compatible text files, 
which must be located within a designated folder (/GSECA/Geneset/). At startup, 
GSECA automatically reads the compatible gene set files in the folder and include the 
individual gene set IDs of proper files in gene set reference in a box (left). If a gene set 
ID is selected in the listbox, the description of the annotation type for corresponding 
gene set will be shown (right) and selected file will be used for the gene set-based 
clustering. The use of single gene set file or combined use of multiple gene set files, 
are both allowed. For example, if users are to investigate the function-versus-drug 
relationships, both the Drug-perturbation gene set and Functional gene set should be 
selected in the listbox.  
 
Four kinds of gene sets (and corresponding four gene set files) are provided with 
GSECA package (FunctionalGeneSet.txt, PromoterGeneSet.txt, 
miRNAGeneSet.txt, DrugGeneSet.txt) and ready-to-use for the analysis. Additional 
gene set information can be readily included in this reference set. The example 
FunctionGeneSet.txt contents show how to make the GSECA-compatible gene set file. 
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GSECA (Gene set expression coherence analysis) 

 

The header line should include tab-separated strings (1) ‘Compatible’ (null string 
indicating that this file is GSECA-compatible) (2) gene set annotation type (ID to be 
listed in the listbox of main window) (3) gene set number (gene set number included in 
the file) (4) description (description to be displayed when the corresponding ID is 
selected). Below the header line, the actual gene set information should be listed in a 
line (tab-delimited); gene set ID – gene member 1 (symbol) – gene member 2 (symbol) 
- … - gene member n (symbol). It must be also noted that current version of GSECA 
uses ‘gene symbol’ as common like between expression profiles and gene sets; the 
gene set file to be included in the dataset must have symbol-based annotation. 
 

Note: MSigDB (as well as other kinds of public databases such as BIND, HPRD, etc.) 
provides well-defined gene set information useful for gene set-based analysis like 
GSECA. For example, MSigDB Ver2.5 c2 gene set include the gene set information 
collected from public literatures. To use this gene set, first download the file at the 
designated folder (/GSECA/Geneset/) and simply include a following header line at the 
top of text file (‘/’ represents ‘tab’): GSECA-Compatible/Literature gene set/1892/1,892 
gene signatures from public literatures from MSigDB V2.5 public database 
(c2.v2.5.symbols.gmt). By restarting the program, the included gene set file will appear 
in the gene set list. Similarly, user-defined custom query gene sets can be easily 
included in the gene set reference of GSECA and used for extended biological insights.
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GSECA (Gene set expression coherence analysis) 

4. Expression coherence (EC) and expression variation (EV) 
 

 
 
After loading expression dataset and selecting gene sets to be analyzed, expression 
coherence can be calculated.  
- For correlation metric, four kinds of metrics can be selected for gene-to-gene 
distance or correlation measure (centered/uncentered, absolute/not correlation) 
- It must be also determined for the gene size of gene sets. The default gene size is 5 
– 200, thus; GSECA will process only the gene sets having 5 – 200 highly variable 
genes (this will reduce the actual gene sets to be analyzed). This limitation is 
necessary in that too small size of functional sets might lead to selection bias, and the 
functional annotation of large gene sets is indicative of general house-keeping function 
such as ‘transcription’ (as you expected, too large gene number also seriously 
increases the calculation time considering pairwise-combination of genes in calculating 
‘Expression Coherence’). 
 

The ‘Expression Coherence (EC)’ is used as a measure the extent of ‘how the 
expression of genes in a set are correlated with each other’. As distance measure, 
GSECA calculated the correlation for all possible pairs of genes, omitting self-
comparisons. The mean value of all PCC was used as the “expression coherence” of 
the functional gene set (Pavlidis,P. et al (2002) Pac.Symp.Biocomput., 474-485). 

 
- Significance level of expression coherence can be calculated by two strategies; 
permutation-based tests or Z-test. For permutation-based test, we randomly selected n 
genes (n is the number of genes for functional gene set under consideration) and 
calculated the expression coherences. This is iterated for predefined permutation times 
(default; 100,000), and the number of tests that acquired higher expression coherence 
than expression coherence of functional gene set under consideration, is determined 
as P value. As you expected, this might be considerably time-consuming; thus, GSECA 
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GSECA (Gene set expression coherence analysis) 

provides another option, Z-test. For each functional gene set, Z values is determined 
considering the expression coherence (Ec), gene size of functional gene set (m), the 
mean (µ) and standard deviation (σ) of all PCC values in the genes in the array: Z = 
(Ec–µ) × m1/2/σ. The Z value can be converted into P value. This simple method is must 
faster than permutation tests, providing an initial candidate lists of functional gene sets 
to be considered. However, Z-test works under the assumption of Gaussian distribution 
of PCC for possible pairs of genes, and it must be cautious in using Z-based 
significance tests.   
 

The ‘Expression Variance (EV)’ is used as a measure for the variation of gene 
members in individual gene sets using conventional ANOVA tests. The significance for 
EV can be directly calculated from F value or permutation-based tests.  
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GSECA (Gene set expression coherence analysis) 

5. Functional Clustering 

 
- After calculating EC or EV (with significance), the results can be viewed in 
Expression coherence section. Main table shows the functional annotation of gene 
sets, size (gene number), EC score and significance of EC score (also EV score and 
EV significance). By clicking a column header, the results will be sorted with respect 
to the selected item values. The results can be saved using Save current table or 
Save average expression of gene sets (this will save the individual gene sets with 
mean expression values across the time- or condition-scales). 
- For functions clustering, a subset of gene set must be selected. Four kinds of criteria 
can be used (absolute EC value or significance of EC +/- absolute EV value or 
significance of EV). For example, when USE EC cutoff and P value options are 
checked with the value of 0.0005, the gene set whose EC-significance is less than 
0.0005 will be selected and used for K-means clustering. 
- After determining the cutoff, press the button Perform gene set-based K-means 
clustering to perform functional clustering. The k-means cluster number and iteration 
number can be defined before clustering. 
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GSECA (Gene set expression coherence analysis) 

6. Investigation of Functional Clusters 

 
- Functional clusters are listed in a table. If All clusters are selected in the table, the 
mean expression patterns of individual functional clusters are shown as a graph in right 
panel. If a functional cluster is selected, the belonging gene sets are shown as well as 
a graph in the panel (red line; mean expression of the functional cluster, black line; 
mean expression patterns of individual gene sets). Switch the option Fix graph image 
to screen also to fit the graph image in the panel. 
- In right panel, the image size level can be adjusted, determining the width/height of 
the graph and width/height of label annotations. The type and size of font for graph can 
be also determined. 
- If a gene set belonging to a functional cluster is selected in functional cluster table, 
the gene members belonging to the selected gene set will be shown in the table below. 
If Detailed gene information option is on, it automatically reads an reference file and 
display a more detailed information on the gene members.  
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GSECA (Gene set expression coherence analysis) 

- To save the results, use Save function cluster and Save gene information button. 
Weblink via external gene database of PubMed will be enabled if the Weblink for 
selected gene is pressed with a gene in the table is selected. 
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GSECA (Gene set expression coherence analysis) 

7. Identification of Enriched Motifs 

 
- The motif gene sets must be selected, each of which will be measured for the 
enriched with functional cluster(s) in terms of expression similarities. The functional 
clusters can be selected in Target functional cluster. The significance level under 
which, the enrichment and motif annotations will be displayed, can be also determined 
in Show sets under significance P. To determine the enrichment, two measures are 
provided either by using non-parametric GSEA method (genes in array are ordered 
according to the similarities or correlation with the seed expression values of functional 
cluster and enrichment score/significance is calculated by Kolmogorov-Smirnov tests 
and permutations tests) or by using hypergeometric distribution (predefined gene 
subset highly correlated with the seed values of functional cluster is a priori defined and 
enrichment/significance is defined using binomial tests).  
- The pairwise enrichment test for motif gene sets (to identify motif synergy 
representing the combinatorial action between regulatory motifs) can be also identified 
using hypergeometric distribution. The used metric is based on previous literature 
(Elkon R et al, Genome Res 13:773, 2003). This is a highly challenging issue (related 
to the construction of higher-order of transcriptional regulatory network) and I am 
continuously looking for an advanced method or algorithm. 
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