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Exercise 1. Using DAVID 
 

DAVID is the acronym for “The Database for Annotation, Visualization and Integrated Discovery”. You 

can find it at: https://david.ncifcrf.gov/home.jsp 

The picture below is its main page, which contains some general information about this platform. DAVID 

provides four main tools (details on the website): 

        1. Functional Annotation 

        2. Gene Functional Classification 

        3. Gene ID Conversion 

        4. Gene Name Batch Viewer 

 

https://david.ncifcrf.gov/home.jsp


  

1. Upload datasets 

Click on the “Start Analysis” button. 

 

 

 

 

 

 

 



 

On the left panel of the page, there will be 3 steps: 

1.  Paste the gene list or choose a gene list file to upload. There are two ways to upload your gene list. 

One is to load a gene list from a file, another is to paste a gene list to the text box. Here we can upload 

the “affy_id.txt” file. Regarding the limitations of gene lists, please see DAVID FAQs. 

(https://david.ncifcrf.gov/content.jsp?file=FAQs.html). 

2.  Select the ID format, according to the format of the gene list. Here we use “affymetrix ID”.  

3. The list type may be a gene list or using a list as background. We choose the “gene list”. 

At last, click on the “Submit List” button. 

 

 

 

 

https://david.ncifcrf.gov/content.jsp?file=FAQs.html


 

 

2. Use DAVID tools 

After task submission, the left panel shows the summary of the submitted gene list. The different 

available tools can be found under “Step 2”.  

 

 

 

 

 

 

 

 

 

 

Analysis tool 

types 



 

Tool 1. ID conversion 

We can click on the “Gene ID Conversion Tool”, go to the new page, and select a new ID format 

(Entrez_Gene_ID). In the left panel we find that there are 2499 genes from our uploaded gene list that 

can be found in the DAVID database, and 1 that cannot be found. Click on the “Submit to conversion 

tool” button. 

 

 

 

 

 

 

 

 

 



 

 

 

On the left side of the ID conversion result page, there is a summary table of the gene list conversion. In 

the table, there are 2499 affymetrix IDs converted into Entrez Gene IDs in DAVID database. On the right 

top corner, a “download file” option allows to download the whole conversion file. 

 

 

 

 

 

 

 

 

 

 

 

Input genes 

Entrez ids 

Save results 



 

 

Tool 2. Gene Name Batch Viewer 

This tool converts gene list IDs into gene names directly. Click the “Gene Name Batch Viewer” under the 

list of “Shortcut to DAVID tools”.  

 

 

 

 

 

Q1: What are the gene names of the genes with Affy_id : “1053_at” and “200010_at”?  

  

 

 

 

 

 

Save results 

Input genes

 

 
S a v e  r e s u l t s  

Gene name 



 

 

Tool 3. Functional Annotation Tool 

Go back to the previous page or choose “shortcut to DAVID Tools”—“Functional Annotation Tool”.  

 

 

         

The functional annotation tool includes three options: Functional Annotation Clustering, chart and table. 

Click the “Functional Annotation Tool”, go to the new page, and choose the annotation we want (Gene 

Ontology and KEGG pathway for this exercise).  

 

 



 

 

Choose the KEGG pathway analysis only, and open the KEGG pathway chart. 

 

Q2: What are the 3 most significant KEGG pathways? What are their p-values? Open them in the KEGG 

website. 

 

 

 

 

 

 



 

 

Now choose “Functional Annotation Clustering“. The results show that pathways can be combined into 

9 clusters. 

 

 

 

 

Q3: What do pathways have in common for annotation cluster1? What about annotation cluster 2? 

 

 

 

 

 

Overall enrichment score 

The higher, the more 

enriched 

 

The smaller, the 

more enriched. 



 

Now go back and select “Functional Annotation Chart”. 

The “Functional Annotation Chart” provides the clustering of genes’ annotations (KEGG pathway or 

others). It shows 77 chart records, which means that all the 1889 genes are included in 77 KEGG 

pathways.  

 

 

 

Count Threshold (Minimum Count):  The threshold of minimum gene counts belonging to an annotation 

term. Default value is 2. In short, you do not trust the term only having one gene involved. 

 

Pathways are ordered by ascending p-value but can be ordered by any other column by clicking on the 

header of the column. 

 

Q4: What is the pathway with a higher gene count? 

 

 

KEGG 

pathway 

Related genes 

 

Save files 

 

 



 

 

Now choose the “Functional Annotation Table”. 

The “Functional Annotation Table” shows that 1059 genes are annotated with one or more annotations 

(here, KEGG pathways). 

 

 

 

 

 

 

 

Save results 



 

 

Tool 4. Gene Functional Classification  

Click the “Gene Functional Classification tool” under the list of “Shortcut to DAVID tools”. The results 

show 106 clusters of annotations. This tool is used to cluster the functionally related genes as a group 

and give a score to this cluster. 

  

 

 

Q6: What differences can you see between gene groups? 

 

 

 

 

 



Exercise 2. Using Enrichr 
 

Enrichr (http://amp.pharm.mssm.edu/Enrichr/) accepts either BED format or a list of genes with gene 

symbols. 

 

1. Upload your gene list 

Enrichr uses a list of gene symbols as input data. You can upload the list by either selecting the text file 

that contains the list or just simply pasting the list into the text box. It is better to enter a description for 

the gene list so that multiple lists can be differentiated from each other. 

We will use the same genes from the previous exercise.

 

Input gene 

symbols 

Text file 

including genes 

Description of 

this dataset 

http://amp.pharm.mssm.edu/Enrichr/


2. Results page 

On the results page, the analysis is divided into different categories of enrichment (Transcription, 
Pathways, ontologies and so on). The first category is shown. Within each category, the enrichment 
analyses of various gene-set libraries are listed. We open the pathway analysis as an example, 
presenting a multitude of visualizations. If you want to change the category, just tap the other 
category name. 

 

Categories 



 

Click on “KEGG 2016” to view the detailed results. They include: “Bar Graph”, “Table”, “Grid”, 
“Network”, and “Clustergram”. When you click on the bars, you get different ranks by other score 
methods. Notice that it takes longer time to open “Clustergram”. 

Bar Graph: 

 

The length of the bar represents the significance of that specific gene-set or term. In addition, the 

brighter the color, the more significant that term is. 

 

 

Different ways to show 

Change color 



Table: 

 

By clicking on the column header, you can sort the table by the term, p-value, z-score, or combined 

score. You can also download the table information by clicking on the "Export entries to table" button. 

Download results 

When you put the 

cursor on the “Name”, 

there will be a list of 

related genes  



Grid: 

 

Each grid square represents a term and is arranged based on its gene-set similarity with other terms. It 

shows only the top 10 terms sorted by combined score. The brighter the square, the more significant 

that term is. Clicking on the grid allows you to another view that colors the grid based on its correlation 

score with neighbors with white dots representing the significant terms. The z-score and p-value is a 

measure of how clustered the top 10 terms are on the grid. 

Q7: Where can we find the significant gene terms?   

 

 



Network: 

 

 

 

Each node represents a term and a link between two nodes means that the two terms have some gene 

content similarity. 

 

Q8: How to find the pathway with your genes of interest? 

 

 

 

 

 

 

Save graph 



Exercise 3. Using WebGestalt 
 

 

WebGestalt(http://www.webgestalt.org/option.php) is a functional enrichment analysis web tool that 

supports three well-established and complementary methods for enrichment analysis: Over-

Representation Analysis (ORA), Gene Set Enrichment Analysis (GSEA), and Network Topology-based 

Analysis (NTA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.webgestalt.org/option.php


 

 

1. Setting parameters 

Set the parameters and upload the gene list, as in the following picture, and click the “Submit” button. 

We are using ORA. If we change the method to “GSEA”, then we need a ranked gene list. 

   

  

 

 

 

 

 

 

 



 

 

2. Results 

After we submit the task, the summary comes into being at first. It contains enrichment method, 

organism, enrichment category, gene list with ID type, reference gene list, and parameters for 

enrichment analysis. We also get: “User ID Mapping Table”, “GOSlim Summary” and “Enrichment 

Results”. 

 

 

 

2.1 User ID Mapping Table 

In the table, the left contains the mapped ID, gene symbol, gene names, and Entrez gene ID. The right 

contains the “User IDs mapped to multiple Entrez IDs or not mapped”. 

 

 

 

 

 



 

 

 

2.2 GOSlim Summary 

 

The three charts represent Biological Process (BP), Cellular Component (CC), and Molecular Function 

(MF) categories, in red, blue and green bars, respectively. The height of the bar represents the number 

of user list genes observed in the category. 

 

 

 

 

 

 

Q9: Based on the pictures, how would you describe the genes in your dataset in your own words? 

 

 



 

 

 

2.3 Enrichment Results 

The left table is the summary table, and the right one is the detailed information table. 

In the right table: 

“C”: the number of reference genes in the category 

”O”: the number of genes in the uploaded gene list and also in the category  

”E”: the expected number in the category 

”R”: ratio of enrichment 

”P-Value”: p-value from hypergeometric test 

”FDR”: FDR from BH 

 

 

 

 

 

 

Q10: What are the top 10 significant pathways? 

 

 

pathway name 

KEGG id Related genes 

FDR 
Save results 



Exercise 4. Compare the three websites in terms of KEGG pathways 

enrichment 

 

What are the most significant pathways in each of the GSA websites? 

How well do they agree? 

Which website uses more databases? Which website uses more GSA methods? 

Which website gives you better summary tables and figures? 

What was your favorite GSA website? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 


