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How PMD performs protein microarray data analysis 

Protein Microarray Database (PMD) also provides tools for protein microarray data processing 

and basic bioinformatical analysis. You can simply upload paired microarray raw data, eg. 

Experiment.GPR vs Control.GPR (or select from what you have up loaded) and click a button, then 

enjoy!  

 

You can learn the analysis process in the flowchart, and detailed notes are shown as follow. 
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Besides there processing above, you also can try Docking ⑰ , eg. Protein vs Small 

molecular, Protein vs Protein, and so on. 

 

 

 

 

DAVID 
--Final filtered list with annotation  

--DAVID analysis report  

 

The suggestion of further analysis: 

DAVID  

-- http://david.abcc.ncifcrf.gov/ 

--DAVID help document  

--Nature Protocols 2009; 

4(1):44 & Nucleic Acids Res. 

2009;37(1):1 

 

Submit to 

STRING 
--Final filtered list with annotation 

--Network analysis report  

 

The suggestion of further analysis: 

1、Cytoscape  

-- http://www.cytoscape.org/ 

-- Cytoscape help document 

--Nature Protocols 2, -2366 - 2382 

(2007) &Nature Methods 2012 

Nov;9(11):1069-76 

 

2、Domain analysis 
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http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/content.jsp?file=citation.htm
http://david.abcc.ncifcrf.gov/content.jsp?file=citation.htm
http://david.abcc.ncifcrf.gov/content.jsp?file=citation.htm
http://www.cytoscape.org/
http://www.cytoscape.org/documentation_users.html
http://www.cytoscape.org/documentation_users.html
http://www.cytoscape.org/documentation_users.html
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Notes： 

① Data processing  

After reading microarray raw data, the R (1)page of limma(2) and MASS(3) are applied to 

standardize this raw data. The code is as follows. 

backgroundCorrect(RG,method="normexp") 

normalizeBetweenArrays(RG.bgcorrect) 

 

② Complete list  

In complete list, the information of protein list, standardized data, fold change and p value is 

included. (see fig.1) The standardized data is calculated for fold change between experiment 

and control. In addition Z-test is used to discriminate the difference. The code is as follows. 

fold change = log2(x/y)         

 p <- 1 - pnorm(x, y) 

If the microarray data number is greater than 2, fisher test will be used. The code is as 

follows. 

fisher.test(m, alternative = "less")$p.value 

fisher.test(m, alternative = "greater")$p.value 

 

  

Fig.1. The example of complete list. 

 

③ Hit list 

Differential protein, defined as p value less than or equal to 0.05 will be selected to hit list (see 

fig.2), and participate to next analysis. The code is as follows. 

result[which(result[,c("p value")]<=0.05),] 

Standardized data 

Z-test’s p value 

Fold change 
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A various of available information also is bound in hit list, such as Uniprot ID, protein names, gene 

names, protein sequence length, protein sequence, post-translational modification, Pfam, motif, 

PDB ID, gene sequence. Notably，Uniprot ID will be submit to DAVID(4), STRING(5) and 

PANTHER(6). 

 

 

 

 

Fig.2. The example of hit list. 

 

④  DAVID 

With the emergence of high-throughput technology, DAVID as a enrichment analysis tool is more 

popular in biological research. PMD is connecting with DAVID by a back-end Python relational 

program. PMD will extract the protein lists from raw data and submit to DAVID. The threshold is 

the default value. As the result of this process, PMD will output text files about final filtered list 

and enrichment analysis result. (see fig.3) 

 

  
Fig.3. Show the result of analysis report about PMD. 

 

Differential protein list 

DAVID final filtered list 
DAVID analysis report 



 5 / 14 
Copyright by PMD 

 

 

 

⑤  DAVID final filtered list with annotation 

When analyze in DAVID, a few of proteins are unmapped and the mapped proteins are show 

in DAVID final filtered list. The file includes Uniprot ID, protein name and species. (see fig.4) 

 

 

Fig.4. The final filtered list about DAVID. 

 

⑥ DAVID analysis report  

In order to demonstrate a neat format, we suggest that you open this analysis report with 

Microsoft Excel. You can get different information through the different display modes. Firstly, 

the annotation cluster can be getting in data frame. (see fig.5A) Secondly, different types of 

annotation will show in data frame though sorting the first column in ascending order. (see 

fig.5B) In order to make clear about DAVID result, PMD provide a visualized form. (see fig.5C) 

Uniprot ID 

Protein name 

Species 
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Fig.5. The example of DAVID analysis report. A. The annotation cluster. B. Different types of annotation. C. 

Visualizing the result of DAVID enrichment by histogram. 

Annotation Cluster 1 

Annotation Cluster 2 

Annotation Cluster 3 

Annotation Cluster 4 

B 

GOTERM_BP_FAT 

GOTERM_CC_FAT 

GOTERM_MF_FAT 

The first column 
A 

C 
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⑦  Further analysis 

In further analysis, we provide some advice for helping users mining data. 

 

⑧  DAVID help document 

In this analysis process, the threshold is default value, so you can try re-analysis in DAVID by 

yourself, and the steps are as follows. 

A、 Open the URL: http://david.abcc.ncifcrf.gov/ 

B、  

C、  

Click Functional Annotation 

Enter Gene List (Uniprot ID) 

Select UNIPROT ACCESSION 

Select Gene List 

Click Submit List 

http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/summary.jsp
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D、  

E、  

Choose the Combined View 

Show final filtered list 
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F、  

G、  
Fig.6. DAVID help document. 

 

⑨  STRING 

PMD provides an analytic process that can output Protein-Protein interaction network 

(PPI-network). This process is set up in STRING that is connecting with PMD by a back-end Python 

relational program. STRING is a database of known and predicted protein interactions. The 

interactions include direct (physical) and indirect (functional) associations. 

 

⑩  STRING final filtered list with annotation 

When analyze in STRING, a few of proteins are unmapped and the mapped proteins are show 

Parameter adjustment 

Download File 
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in STRING final filtered list. The file includes gene name, gene annotation. (see fig.7) 

 

  

Fig.7. The final filtered list about STRING. 

 

⑪  STRING network analysis report 

As the result of this analysis, PMD will output PPI-network picture (see fig.8) and the 

PPI-network text file , which can be read by CytoScape and do further analysis. 

 

Fig.8. The analysis result of PPI-network, show by bitmap image.  

 

⑫ Cytoscape(7)  

Cytoscape is an open source software platform for visualizing molecular interaction networks and 

Gene name 

Gene annotation 
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biological pathways and integrating these networks with annotations, gene expression profiles 

and other state data. Additional features are available as Apps. Apps are available for network and 

molecular profiling analyses, new layouts, additional file format support, scripting, and 

connection with databases, such as MCODE can find clusters in a network.  

 

⑬  Cytoscape help document  

A、 You can get available recourses in http://www.cytoscape.org/download.php, and install 

Cytoscape in your computer. ( Please install Java 7 first to use Cytoscape) 

B、 Open Cytoscape, and install MCODE.  

Apps--App manager--Install Apps--MCODE—Install 

C、 Open PPI-network file in Cytoscape. 

File—Import—Network—File…--set up Interaction Definition--OK 

 

D、 Cluster analysis. 

Apps—MCODE—Open MCODE—Analyze current network 

And the result will show in the right. 

http://www.cytoscape.org/download.php
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E、 If you want to do further, you can get the complete introduction in 

http://www.cytoscape.org/documentation_users.html. 

 

⑭  Domain analysis 

Proteins are generally composed of one or more functional regions, commonly termed 

domains. Different combinations of domains give rise to the diverse range of proteins found 

in nature. The identification of domains that occur within proteins can therefore provide 

insights into their function. The Pfam database (8) is a large collection of protein families, 

each represented by multiple sequence alignments and hidden Markov models. 

You can get Pfam ID in hit list, and get more information in http://pfam.xfam.org/. 

 

 

⑮  Motif  

Proteins having related functions may not show overall high homology yet may contain 

sequences of amino acid residues that are highly conserved. Motif analysis will reveal this 

law.  

You can get gene sequence in hit list, and submit to MEME(9) 

http://www.cytoscape.org/documentation_users.html
http://pfam.xfam.org/
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(http://meme.nbcr.net/meme/cgi-bin/meme.cgi) or DILIMOT(10) 

(http://dilimot.russelllab.org/) for doing motif analysis. 

 

⑯  PANTHER 

  The PANTHER (Protein ANalysis THrough Evolutionary Relationships) Classification System was 

designed to classify proteins in order to facilitate high-throughput analysis. As the result, pie 

chart would be downloaded in packet (see fig.). According the result of pie chart, you can search 

more information in Panther classification report. 

 

 

 

⑰ Docking 

Docking is a method which predicts the preferred orientation of one molecule to a second 

when bound to each other to form a stable complex. Knowledge of the preferred orientation in 

turn may be used to predict the strength of association or binding affinitybetween two molecules 

using, for example, scoring functions.(11) 

A、 Gets the PDB ID in hit list, and download crystal structure in PDB. 

B、 View the crystal structure by molecular visualization software Pymol. 

C、 Using Autodock Vina for doing molecular docking. 

 

Pie chart 

http://meme.nbcr.net/meme/cgi-bin/meme.cgi
http://dilimot.russelllab.org/
http://en.wikipedia.org/wiki/Binding_(molecular)
http://en.wikipedia.org/wiki/Supramolecular_chemistry
http://en.wikipedia.org/wiki/Dissociation_constant#Protein-ligand_binding
http://en.wikipedia.org/wiki/Scoring_functions_for_docking
http://www.rcsb.org/pdb/home/home.do
http://www.pymol.org/
http://vina.scripps.edu/
http://en.wikipedia.org/wiki/Docking_(molecular)
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