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Indonesia International Institute for Life Science 

Transcriptomics 

COURSE CODE: BI021 

 

Blast tutorial in Linux Ubuntu  

 

 

Laboratory Procotol Developer and Supervisor(s) Information 

Protocol Developer: David Agustriawan, Ph.D.  

Email: david.agustriawan@i3l.ac.id 

 

Supervisor(s)     Email 

Dr.rer.nat Arli Aditya Parikesit    arli.parikesit@i3l.ac.id  

Andreas Whisnu.,ST    andreas.whisnu@i3l.ac.id  

   

Notice 

1. Operate ONLY the computer assigned to you.  
a. If you have any troubleshooting, please contact your supervisor or Building Management 
b. Do not rename files, adjust the dock size/icons, move items or files to the trash, or change 

the system preferences unless directed to do so 
c. Do not exchange keyboards, mice, or other equipment among the computers without 

notifying your supervisor 
d. Do not bring food or drinks into the lab unless it is in your backpack 

 
2. Remain at your work center, respectful behavior promotes learning. Show integrity and respect for 

class materials. Responsibility is fundamental. Misused equipment will be replaced by those who 
damage it. 

 
 

Session  1 

Date  Click here to enter text. 

Laboratory Bioinformatics laboratory 

 

Overview 

This course session is designed to teach how to be familiar with Linux command and its environment. 

Moreover, this session also provided the step by step on how to perform Blast in Linux Ubuntu.  

mailto:andreas.whisnu@i3l.ac.id
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The main objective of this learning experience are: 

 To be familiar with Linux command and environment  

 To understand how to perform Blast in Linux Ubuntu 

 

Material 

1. Protocol practicum to perform Blast in Linux Ubuntu 

 

Equipment 

1. Logbook  

2. Laptop/PC (available in Bioinformatics laboratory) 

 

 

Ubuntu Command list 

Linux comment  Function 

mkdir directoryname Create new directory or folder 

touch filename Create new file 

mv oldfilename newfilename Rename filename 

sudo gedit filepath/filename File edit with gedit 

ls To see the file list from current directory 

ls -a To see the file list with hidden file from current 

directory 

rm –r directoryname To delete the directory or folder 

rm filename To delete a file 

rm * To delete all the file from current directory 
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clear To clear the terminal screen 

pwd To see the current directory full path 

cd ~ Go back to home directory 

cd To change the directory 

grep To search for text in a file 

cp filepath/filename to filepath/filename To copy the directory or file 

 

 
Open terminal in the Linux, click on this icon         and in the box search type terminal, then click 

terminal  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

look at your current path (type: pwd) and list of directory or folder in your current path (type: ls) 
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then make a directory/folder in your current path (type: mkdir BlastData) and check if the folder 

successfully created (type: ls or dir) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

change directory to the BlastData (type: cd BlastData) 

 

 

 

 

 

 

 

 

 

 

 

 

Download Mouse and Zebrafish reference proteomes: Go to ftp://ftp.ncbi.nlm.nih.gov/refseq/ in 

your browser 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this case, we want to go grab the mouse and zebrafish protein sets (you can select others). 

 

So, grab the mouse protein sets in your current directory “BlastData” in linux terminal  

(type: wget ftp://ftp.ncbi.nlm.nih.gov/refseq/M_musculus/mRNA_Prot/mouse.1.protein.faa.gz) 

ftp://ftp.ncbi.nlm.nih.gov/refseq/
ftp://ftp.ncbi.nlm.nih.gov/refseq/M_musculus/mRNA_Prot/mouse.protein.faa.gz
ftp://ftp.ncbi.nlm.nih.gov/refseq/M_musculus/mRNA_Prot/mouse.protein.faa.gz
ftp://ftp.ncbi.nlm.nih.gov/refseq/M_musculus/mRNA_Prot/mouse.protein.faa.gz
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As the result we have mouse.1.protein.faa.gz. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

and also grab zebrafish protein sets in your current directory “BlastData” in linux terminal (type:  

wget ftp://ftp.ncbi.nlm.nih.gov/refseq/D_rerio/mRNA_Prot/zebrafish.1.protein.faa.gz) as the result 

we have zebrafish.1.protein.faa.gz. Note: you can select others protein sets and download more: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The .faa means “fasta”. ‘gz’ is a compression scheme for single files; to get at the contents, do 

uncompress both of them with this command: 

(Type: gunzip *.gz) 

 

Now, let’s convert those protein sets (mouse and zebrafish) into BLAST databases: This lets us use 

BLAST to query the databases for matches. 

 

(type: makeblastdb –in mouse.1.protein.faa –dbtype prot) 

 

 

 

 

 

 

 

 

 

ftp://ftp.ncbi.nlm.nih.gov/refseq/D_rerio/mRNA_Prot/zebrafish.1.protein.faa.gz
ftp://ftp.ncbi.nlm.nih.gov/refseq/D_rerio/mRNA_Prot/zebrafish.1.protein.faa.gz
ftp://ftp.ncbi.nlm.nih.gov/refseq/D_rerio/mRNA_Prot/zebrafish.1.protein.faa.gz
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(type: makeblastdb –in zebrafish.1.protein.faa –dbtype prot) 

 

 

 

 

 

 

 

 

 

 

 

You can check the protein sets file: (type: head zebrafish.1.protein.faa), There are some fasta files: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then select only a fasta file (type: head -[number of lines of a fasta file] [name of file]; so you need 

to make sure select a complete fasta file. You can try to type: head -3 zebrafish.1.protein.faa) 
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Let’s take the output of ‘head’ and put it in a file, ‘zebrafish.top’, that we can use for other 

purposes: 

(type: head -3 zebrafish.protein.faa > zebrafish.top) 

 

Now let’s run a BLASTP comparing these zebrafish sequences to the mouse proteins, and we’ll put 

the results in a file ‘xxx.txt’: 

(type: blastp -query zebrafish.top -db mouse.1.protein.faa -out xxx.txt) 

 

OK, now take a look at that file with ‘more’ (type: more xxx.txt): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

You can push enter button to see all the files, and push q to exit. You also can specify the threshold 

by adding comment for example ‘-evalue 1e-6’ 

(type: blastp -query zebrafish.top -db mouse.1.protein.faa -evalue 1e-6 -out xxx.txt) 
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Now let’s run a bigger BLAST, all zebrafish proteins against all mouse proteins: 

(type: blastp -query zebrafish.1.protein.faa -db mouse.1.protein.faa -out zebrafish.x.mouse &) 

 

This is going to take a while, which is why we told the computer to give us back a command 

prompt while blastp runs (that’s what the & does). 

 

So, how long is it going to take? We can guesstimate by looking at how many sequences have been 

processed since we started. To do that, run a comment below: 

(type: grep Query= zebrafish.x.mouse |  wc  -l) 

here we get 209 sequences have been processed, after some minutes there will be more sequences is 

processed. After five minutes there are 738 sequences is processed (so with & symbol we don’t 

need to wait the blast process, it will run until the process complete and we can do another 

comments in the linux terminal). Here, | is what’s known as a ‘pipe’, telling the command line to 

take the output of ‘grep’ and send it to the command ‘wc’, which counts words, lines, and 

paragraphs. The ‘-l’ tells wc to count the lines only. 

 

Compare that number to the number of sequences in the zebrafish protein database: 

(type: grep ^'>' zebrafish.1.protein.faa | wc -l) 

 

 

Let’s start a second BLAST, all of mouse against all of zebrafish:  
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(type: blastp -query mouse.1.protein.faa -db zebrafish.1.protein.faa -out mouse.x.zebrafish &) 
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Indonesia International Institute for Life Science 

Transcriptomics 

COURSE CODE: BI021 

 

Bowtie 

 

Laboratory Procotol Developer and Supervisor(s) Information 

Protocol Developer: David Agustriawan, Ph.D.  

Email: david.agustraiwan@i3l.ac.id 

 

Supervisor(s)     Email 

Dr.rer.nat Arli Aditya Parikesit    arli.parikesit@i3l.ac.id  

Andreas Whisnu.,ST    andreas.whisnu@i3l.ac.id  

   

Notice 

3. Operate ONLY the computer assigned to you.  
a. If you have any troubleshooting, please contact your supervisor or Building Management 
b. Do not rename files, adjust the dock size/icons, move items or files to the trash, or change 

the system preferences unless directed to do so 
c. Do not exchange keyboards, mice, or other equipment among the computers without 

notifying your supervisor 
d. Do not bring food or drinks into the lab unless it is in your backpack 

 
4. Remain at your work center, respectful behavior promotes learning. Show integrity and respect for 

class materials. Responsibility is fundamental. Misused equipment will be replaced by those who 
damage it. 

 
 

Session  2 

Date  Click here to enter text. 

Laboratory Bioinformatics laboratory 

 

Overview 

This course session is designed to teach how to use Bowtie in order to map your reads to the reference 

genome, for example we have a thousand reads files as the output of NGS machine, in order to select the 

aligned reads with the reference genome we need to map those reads to the reference genome. For 

example: it aligns short DNA sequences (reads) to the human genome at a rate of over 25 million 35-bp reads 

per hour. Bowtie indexes the genome with a Burrows-Wheeler index to keep its memory footprint small: 

typically, about 2.2 GB for the human genome (2.9 GB for paired-end). 

mailto:andreas.whisnu@i3l.ac.id
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The main objective of this learning experience are: 

 To understand what is the input files (the format, what kind of files needed) for the bowtie 

 To understand how to process the data using bowtie 

 To understand what is the output format and how to interpret it 

 

Material 

2. Software bowtie 

3. FASTQ file 

4. Reference genome file 

 

Equipment 

3. Logbook  

4. Laptop/PC (available in Bioinformatics laboratory) 

Click here to enter text. 

Procedure 

1. Open your linux terminal and go to this path: /home/i3l-26/software/bowtie-1.2.1.1  

2. We need to have fastq format file (reads files) and reference genome file. The goal is we want to 

map the fastq file to the reference genome file. You can prepare your own dataset or find some 

available data on the internet. This is the link that discuss how to download raw sequence data in 

fastq format: https://www.biostars.org/p/111040/  and this is the link to download the reference 

genome: https://www.ensembl.org/info/data/ftp/index.html 

Bowtie already provide the reference genome and fastq format file in the folder or directory 

genomes and reads, respectively. Under the path /home/i3l-26/software/bowtie-1.2.1.1: 

 

 

 

I

n

 

t

h

e

 

f

o

l

der reads you will see some reads files in the FASTQ format (.fq). For example, e_coli_1000.fq  

https://www.ensembl.org/info/data/ftp/index.html
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If you want to see how the file looks like, open your terminal and move to directory /home/i3l-

26/software/bowtie-1.2.1.1/reads (type: cd /home/i3l-26/software/bowtie-1.2.1.1/reads) And 

then (type: more e_coli_1000.fq), the file is a set of 1,000 35-bp reads. 

 

 

 

 

 

 

 

 

 

 

 

In the folder genome you will see a reference genome file NC_008253.fna. It is a fasta format file 

which consist of a complete set of DNA in a genome. 

 

 

3. Before we map the reads to the reference genome, we need to create index file of the reference 

genome fasta file. Bowtie indexes the genome with Burrows-Wheeler index to keep its memory 

footprint small. Go to the folder genome (type: cd /home/i3l-26/software/bowtie-

1.2.1.1/genome) and then type bowtie-build NC_008253.fna  e_coli_0157_h7  

 

NC_008253.fna is the genome file name 

e_coli_0157_h7 is the basename output of indexed file 

 

 

 

A
s
 
a
 
r
e
s
u
l
t
,
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in the folder genome, there will be some index files: 

 

Move all the index files into a folder, for example create a folder index1 under the path:  
/home/i3l-26/software/bowtie-1.2.1.1/ and move all the files to that folder. 

 

4. Then, we can map the reads file in the folder reads with the index files in the folder index1. Make 

sure your current directory is in /home/i3l-26/software/bowtie-1.2.1.1/ 

Then type bowtie –t indexes1/e_coli_0157_h7 reads/e_coli_1000.fq e_colli1.map 

 

 

 

 

 

 

 

 

 

 

 

 

5. Then, there will be report on your terminal:  

 

It shows that there are 699 from 1000 (69.90%) reads with at least one reported alignment and 

there are 301 from 1000 (30.10%) reads that failed to align. 

And in the path /home/i3l-26/software/bowtie-1.2.1.1/ you will also obtain one output called 

e_coli1.map with the default bowtie output; you can see the output format (type: more 

e_coli1.map) 

 

 

 

 

 

 

 

 



 

16 | P a g e  
 

 

 

6. We also can create an output file in the .sam format  

(type: bowtie -S indexes1/e_coli_0157_h7 reads/e_coli_1000snp.fq e_coli1.sam) 
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7. We can check the format of sam files (type: more e_coli1.sam) 

 

 

 

 

 

 

 

 

 

 

Useful Links: 

 http://bowtie-bio.sourceforge.net/manual.shtml#algn_out 
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Indonesia International Institute for Life Science 

Transcriptomics 

COURSE CODE: BI021 

Cufflinks  

 

 

Laboratory Procotol Developer and Supervisor(s) Information 

Protocol Developer: David Agustriawan, Ph.D.  

Email: david.agustriawan@i3l.ac.id 

 

Supervisor(s)     Email 

Dr.rer.nat Arli Aditya Parikesit    arli.parikesit@i3l.ac.id  

Andreas Whisnu.,ST    andreas.whisnu@i3l.ac.id   

 

Notice 

1. Operate ONLY the computer assigned to you.  
a. If you have any troubleshooting, please contact your supervisor or Building Management 
b. Do not rename files, adjust the dock size/icons, move items or files to the trash, or change 

the system preferences unless directed to do so 
c. Do not exchange keyboards, mice, or other equipment among the computers without 

notifying your supervisor 
d. Do not bring food or drinks into the lab unless it is in your backpack 

 
2. Remain at your work center, respectful behavior promotes learning. Show integrity and respect for 

class materials. Responsibility is fundamental. Misused equipment will be replaced by those who 
damage it. 

 
Session  3 

Date  Click here to enter text. 

Laboratory Bioinformatics laboratory 

 

Overview 

Cufflinks assembles transcripts, estimates their abundances, and tests for differential expression and 

regulation in RNA-Seq samples. It accepts aligned RNA-Seq reads and assembles the alignments 

into a parsimonious set of transcripts. Cufflinks then estimates the relative abundances of these 

transcripts based on how many reads support each one, taking into account biases in library 

preparation protocols. 
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The main objective of this learning experience are: 

 To understand what is the input files (the format, what kind of files needed) for the cufflinks 

 To understand how to process the data using cufflinks  

 To understand what is the output format and how to interpret it 

 To understand how to visualize the data using UCSC 

 

Material 

1. Software cufflinks   

2. Software Tophat  

3. Software Bowtie2 

4. FASTQ file  

5. Reference genome file  

6. UCSC websites 

 

Equipment 

1. Logbook  

2. Laptop/PC (available in Bioinformatics laboratory) 

Click here to enter text. 

Procedure 

1. If you already have the output from Tophat, you can run Cufflinks with it right away. Refer to Tophat 

output in your computer path at home/i3l-27/Softwares/tophat.out where inside the tophat.out 

folder there is a file with a name:  accepted_hits.bam 
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2. Go to this path:  home/i3l-27/Softwares, then run cufflinks with this command:  

cufflinks -o tophat.cufflinks tophat.out/accepted_hits.bam 
 

 

 

 

 

 

 

 

 

 
3. To explore the output, go to the output directory:  home/i3l-27/Softwares/tophat.cufflinks 

then type: ls 
 

 

 

 

 

 

 

 

 

 

transcripts.gtf: Its a GTF file you can visualise it in a genome browser (gbrowser ucsc etc) 
isoforms.fpkm_tracking: Expression values for the transcripts expressed  
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genes.fpkm_tracking: Expression values for the genes expressed 
 

4. You can check the output results with the command: more (remember you can press enter to see more 
data output, or press q to quit): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

5. To visualize output file transcripts.gtf, go to UCSC web https://genome.ucsc.edu/cgi-bin/hgCustom 
- Choose the parameter: 

Clade: mammal 
Genome: human 
Browse: browse your data transcripts.gtf from your PC 

  

https://genome.ucsc.edu/cgi-bin/hgCustom
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- Then click submit 

 
Then it will return the output in the following picture, choose table browser and click go: 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then, picture below is the output, then click get output 
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Then, it will return the output below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To interpret the output, can be found at cufflink user manual: 

http://garberlab.umassmed.edu/data/RNASeqCourse/cufflinks.manual.pdf 

http://garberlab.umassmed.edu/data/RNASeqCourse/cufflinks.manual.pdf
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You can also  find the output explanation in the picture below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Useful Links: 

- http://garberlab.umassmed.edu/data/RNASeqCourse/cufflinks.manual.pdf 

- https://rnaseq.uoregon.edu/ 

- https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334321/pdf/nihms-366741.pdf 

http://garberlab.umassmed.edu/data/RNASeqCourse/cufflinks.manual.pdf
https://rnaseq.uoregon.edu/
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Indonesia International Institute for Life Science 

Transcriptomics 

COURSE CODE: BI021 

Tophat 

 

Laboratory Procotol Developer and Supervisor(s) Information 

Protocol Developer: Dr.rer.nat Arli Aditya Parikesit  

Email: arli.parikesit@i3l.ac.id  

 

Supervisor(s)     Email 

David Agustriawan.,PhD    david.agustriawan@i3l.ac.id    

Andreas Whisnu.,ST    andreas.whisnu@i3l.ac.id  

   

Notice 

3. Operate ONLY the computer assigned to you.  
a. If you have any troubleshooting, please contact your supervisor or Building Management 
b. Do not rename files, adjust the dock size/icons, move items or files to the trash, or change 

the system preferences unless directed to do so 
c. Do not exchange keyboards, mice, or other equipment among the computers without 

notifying your supervisor 
d. Do not bring food or drinks into the lab unless it is in your backpack 

 
4. Remain at your work center, respectful behavior promotes learning. Show integrity and respect for 

class materials. Responsibility is fundamental. Misused equipment will be replaced by those who 
damage it. 

 
Session  4 

Date  Click here to enter text. 

Laboratory Bioinformatics laboratory 

 

Overview 

This course session is designed to teach how to use Tophat. Tophat is developed to map reads from 

RNAseq to a reference sequence and to detect splice junctions. Please go 

to http://tophat.cbcb.umd.edu/index.html for more information about Tophat. Tophat uses Bowtie2 to 

map reads to the reference sequence, therefore we have to install Bowtie2 first. 

 

Tophat will focus on exon junctions in the blue signed picture below and bowtie will handle the rest 

of reads  

mailto:andreas.whisnu@i3l.ac.id
http://tophat.cbcb.umd.edu/index.html
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The main objective of this learning experience are: 

 To understand what is the input files (the format, what kind of files needed) for the Tophat 

 To understand how to process the data using Tophat 

 To understand what is the output format and how to interpret it 

 

Material 

7. Software bowtie2  

8. Software Tophat  

9. FASTQ file  

10. Reference genome file  

 

Equipment 

3. Logbook  

4. Laptop/PC (available in Bioinformatics laboratory) 

Click here to enter text. 

Procedure 

1. Download fastq and genome file (chromosome 20)  in this link:   

https://insidedna.me/tool_page_assets/tutorials/tutorial19/humanbrain.tar.gz 

 

After download it, you can obtain the file in the below path: 

Tophat 
bowtie 

https://insidedna.me/tool_page_assets/tutorials/tutorial19/humanbrain.tar.gz
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2. Copy or cut humanbrain.tar.gz folder  into this path: “/home/i3l-25/Software”:  

 

  

 

 

 

 

 

 

  

 

 

 

Note:  

 

i3l-25: is your computer number. So if your computer number is i3l-26, you need to replace i3l-

25 to i3l-26 

 

Software: is a folder under the path “/home/i3l-25”; you need to check in your computer, 

whether the name is Software or Softwares  

 

 

3. Extract humanbrain.tar folder, then you will find humanbrain folder and inside that folder 

there are two files: reference genome chromosome 20 (chr20.fa) and fastq file 

(L6_18_GTGAAA_L007_R1_001.fastq) 
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4. Then create a new folder “/home/i3l-25/Software/index” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Move (cut) reference genome chromosome 20 file (chr20.fa) which located inside humanbrain 

folder into the index folder 
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6. Open Linux terminal, go to this path “/home/i3l-25/Software/index”.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Then run command for bowtie build indexing. Type: bowtie2-build chr20.fa chr20 
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Output: as the result, inside the index folder, you will find these files below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this stage under the path “/home/i3l-25/Software”: we already have bowtie2 index files in 

the index folder, and fastq file in the humanbrain folder.  

 

 

8. For aligning RNA-seq reads (fastq file) to the reference genome (bowtie2 index files) using 

Tophat, go to this path “/home/i3l-25/Software”  

 

And run this syntax:  

 

tophat -N 3 --read-edit-dist 5 --read-realign-edit-dist 2 -i 50 -I 5000  

--max-coverage-intron 5000 -M -o out /home/i3l-25/Software/index/chr20  
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/home/i3l-25/Software/humanbrain/L6_18_GTGAAA_L007_R1_001.fastq 

Then the program will run about 40 minutes or faster. For the output (you can find it at: 
“/home/i3l-25/Software/out”). There will be three useful files: 

 

o align_summary.txt with the total number of mapped reads and multi-mapped reads. In our 

example, we can see that only 0.6% of reads have mapped to the genome. This is not surprising, 

since the 22nd chromosome contains about 1% of the whole human genome, and the remaining 

unmapped reads must map to the other chromosomes. Usually, if you use the entire genome as a 

reference, about 80-90% of all your reads align to the genome, and up to 10-15% of them have 

multiple alignments. 

o *.bam files with alignments of reads in special sam format (*.bam is a compressed *.sam file). 

accepted_hits.bam is the main file that you use for counting expression of the genes. Many 

tools, such as Cufflinks, can use this file as input to calculate normalized abundances of 

transcripts for subsequent comparison between samples. To view and manipulate these *.bam 

files (e.g. sort or merge) you should use samtools tool. 

o *.bed files with coordinates of introns (junctions.bed) and indels (insertions.bed and 

deletions.bed). 

 

https://insidedna.me/app#/tools/page/cufflinks
https://insidedna.me/app#/tools?samtools
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Interpretation of Tophat syntax: 

 

Since we search introns de novo, we specify parameters of intron length:  

-i option determines the minimum intron length and  

-I option determine the maximum length of introns.  

 

--max-coverage-intron option: sets the maximum intron length that may be found during the 

coverage search. In our example, we map reads without annotation or specified junctions. 

 

–N option: means that the final read alignments that have more than 3 mismatches are 

discarded.  

--read-edit-dist option: shows the minimum edit distance for accepted reads. ‘Edit distance’ is 

the main metric for alignment quality. It measures the minimum number of operations required 

to transform one string into another. More specifically, for a sequence alignment, edit distance 

is defined as the total number of mismatched, inserted or deleted bases in the reference  

--read-realign-edit-dist option: which directs TopHat to re-align reads for which the edit 

distance of an alignment obtained in a previous mapping step is above or equal to this option 

value. If you set this option to 0, TopHat maps every read in all the mapping steps, reporting the 

best possible alignment found in any of these mapping steps. It may greatly increase the 

mapping accuracy, at the expense of an increase in running time. The default value for this 

option is set such that TopHat does not try to realign reads already mapped in earlier steps. 

Finally, –M option tells TopHat that we are mapping reads to a whole genome, and thus we 

wish to exclude multi-mapped reads. 

 

-o out option: means there will be a folder “out” to save all the mapping results output. 
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Useful Links: 

 https://insidedna.me/tutorials/view/tophat2-analysis-of-rna-expression-is 

 bowtie build: http://ged.msu.edu/angus/tutorials/bowtie-mapping.html 

 run tophat: http://ged.msu.edu/angus/tutorials-2011/mrnaseq-tophat-mapping.html            

 

 

Erratum for this Transcriptomics Module: 

 

For the reference genome and sample file, kindly use these links: 

 

Reference Genome:  

ftp://ftp.ncbi.nlm.nih.gov/genomes/Homo_sapiens/109.20190905/GCF_000001405.39_GRCh38.p13/ 

ftp://ftp.ncbi.nlm.nih.gov/genomes/Homo_sapiens/109.20190905/GCF_000001405.39_GRCh38.p13/GCF_

000001405.39_GRCh38.p13_genomic.fna.gz 

 

Sample file : ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/pilot_data/data/NA19308/sequence_read/ 

ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/pilot_data/data/NA19308/sequence_read/SRR014948.recal.fast

q.gz  

 

Download the file with .gz extension, and uncompress it with the standard linux tools of tar as following: 

$tar -xzvf file.tar.gz 

  

https://insidedna.me/tutorials/view/tophat2-analysis-of-rna-expression-is
http://ged.msu.edu/angus/tutorials/bowtie-mapping.html
http://ged.msu.edu/angus/tutorials-2011/mrnaseq-tophat-mapping.html
ftp://ftp.ncbi.nlm.nih.gov/genomes/Homo_sapiens/109.20190905/GCF_000001405.39_GRCh38.p13/
ftp://ftp.ncbi.nlm.nih.gov/genomes/Homo_sapiens/109.20190905/GCF_000001405.39_GRCh38.p13/GCF_000001405.39_GRCh38.p13_genomic.fna.gz
ftp://ftp.ncbi.nlm.nih.gov/genomes/Homo_sapiens/109.20190905/GCF_000001405.39_GRCh38.p13/GCF_000001405.39_GRCh38.p13_genomic.fna.gz
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/pilot_data/data/NA19308/sequence_read/
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/pilot_data/data/NA19308/sequence_read/SRR014948.recal.fastq.gz
ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/pilot_data/data/NA19308/sequence_read/SRR014948.recal.fastq.gz


 

34 | P a g e  
 

 

Indonesia International Institute for Life Science 

Transcriptomics 

COURSE CODE: BI021 

RNASeq in R  

 

 

 

Laboratory Procotol Developer and Supervisor(s) Information 

Protocol Developer: Dr.rer.nat Arli Aditya Parikesit  

Email: arli.parikesit@i3l.ac.id 

 

Supervisor(s)     Email 

David Agustriawan.,PhD     david.agustriawan@i3l.ac.id  

Andreas Whisnu.,ST    andreas.whisnu@i3l.ac.id   

 

Notice 
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the system preferences unless directed to do so 
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2. Remain at your work center, respectful behavior promotes learning. Show integrity and respect for 

class materials. Responsibility is fundamental. Misused equipment will be replaced by those who 
damage it. 

 
Session  5 

Date  Click here to enter text. 

Laboratory Bioinformatics laboratory 

 

Overview 

Measuring gene expression on a genome-wide scale has become common practice over the last two 

decades or so, with microarrays predominantly used pre-2008. With the advent of next generation 

sequencing technology in 2008, an increasing number of scientists use this technology to measure 

mailto:andreas.whisnu@i3l.ac.id
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and understand changes in gene expression in often complex systems. As sequencing costs have 

decreased, using RNA-Seq to simultaneously measure the expression of tens of thousands of genes 

for multiple samples has never been easier. The cost of these experiments has now moved from 

generating the data to storing and analyzing it. 

There are many steps involved in analyzing an RNA-Seq experiment. Analyzing an RNAseq 

experiment begins with sequencing reads. These are aligned to a reference genome, then the number 

of reads mapped to each gene can be counted. This results in a table of counts, which is what we 

perform statistical analyses on in R. While mapping and counting are important and necessary tasks, 

today we will be starting from the count data and getting stuck into analysis. 

 

Mouse mammary gland dataset 

The data for this tutorial comes from a Nature Cell Biology paper, EGF-mediated induction of Mcl-

1 at the switch to lactation is essential for alveolar cell survival (Fu et al. 2015). Both the raw data 

(sequence reads) and processed data (counts) can be downloaded from Gene Expression Omnibus 

database (GEO) under accession number GSE60450. 

This study examines the expression profiles of basal stem-cell enriched cells (B) and committed 

luminal cells (L) in the mammary gland of virgin, pregnant and lactating mice. Six groups are 

present, with one for each combination of cell type and mouse status. Each group contains two 

biological replicates. We will first use the counts file as a starting point for our analysis. This data 

has already been aligned to the mouse genome. The command line tool featureCounts (Liao, Smyth, 

and Shi 2014) was used to count reads mapped to mouse genes from Refseq annotation (see 

the paper for details). 

 

 

The main objective of this learning experience are: 

 Reading in the data 

 Format the data 

 Filtering to remove lowly expressed genes 

 Plot the data 

 

Material 

11. Rstudio 

 

Equipment 

5. Logbook  

6. Laptop/PC (available in Bioinformatics laboratory) 

Click here to enter text. 

Procedure 

6. Data files are available from: https://figshare.com/s/1d788fd384d33e913a2a You should download 

these files and place them in your /data directory. 

http://www.ncbi.nlm.nih.gov/pubmed/25730472
http://www.ncbi.nlm.nih.gov/pubmed/25730472
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE60450
http://www.ncbi.nlm.nih.gov/pubmed/25730472
https://figshare.com/s/1d788fd384d33e913a2a
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Data files: 
sampleinfo.txt SampleInfo_Corrected.txt GSE60450_Lactation-GenewiseCounts.txt 
mouse_c2_v5.rdata 
mouse_H_v5.rdata ResultsTable_small.txt small_counts.txt 

 

7. Set up an RStudio project specifying the directory where you have saved the /data directory. 

Download and read in the data. 

 
 
Let’s take a look at the data. You can use the head command to see the first 6 lines. The dim 
command will tell you how many rows and columns the data frame has 
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The seqdata object contains information about genes (one gene per row), the first column has the 

Entrez gene id, the second has the gene length and the remaining columns contain information 

about the number of reads aligning to the gene in each experimental sample. There are two 

replicates for each cell type and time point (detailed sample info can be found in file 

“GSE60450_series_matrix.txt” from the GEO website). The sample info file contains basic 

information about the samples that we will need for the analysis today. 

 

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE60450
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We will be manipulating and reformating the counts matrix into a suitable format for 

downstream analysis. The first two columns in the seqdata dataframe contain annotation 

information. We need to make a new matrix containing only the counts, but we can store the 

gene identifiers (the EntrezGeneID column) as rownames.  

 

 

8. Let’s create a new data object, countdata, that contains only the counts for the 12 samples. 
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Take a look at the output 
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 Now take a look at the column names 
 

 
 

 
 

These are the sample names which are pretty long so we’ll shorten these to contain only the relevant 

information about each sample. We will use the substr command to extract the first 7 characters and 

use these as the colnames. 
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Take a look at the output 

 

 
 

 

Note that the column names are now the same as SampleName in the sampleinfo file. This is good 

because it means our sample information in sampleinfo is in the same order as the columns 

in countdata. 

 

 
 

 

 

9. Genes with very low counts across all libraries provide little evidence for differential 

expression and they interfere with some of the statistical approximations that are used later 

in the pipeline. They also add to the multiple testing burden when estimating false discovery 

rates, reducing power to detect differentially expressed genes. These genes should be filtered 

out prior to further analysis. 

There are a few ways to filter out lowly expressed genes. When there are biological 

replicates in each group, in this case we have a sample size of 2 in each group, we favour 

filtering on a minimum counts per million threshold present in at least 2 samples. Two 

represents the smallest sample size for each group in our experiment. In this dataset, we 

choose to retain genes if they are expressed at a counts-per-million (CPM) above 0.5 in at 

least two samples. 
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We’ll use the cpm function from the edgeR library (M D Robinson, McCarthy, and Smyth 

2010) to generate the CPM values and then filter. Note that by converting to CPMs we are 

normalising for the different sequencing depths for each sample. 
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A CPM of 0.5 is used as it corresponds to a count of 10-15 for the library sizes in this data 

set. If the count is any smaller, it is considered to be very low, indicating that the associated 

gene is not expressed in that sample. A requirement for expression in two or more libraries 

is used as each group contains two replicates. This ensures that a gene will be retained if it is 

only expressed in one group. Smaller CPM thresholds are usually appropriate for larger 

libraries. As a general rule, a good threshold can be chosen by identifying the CPM that 

corresponds to a count of 10, which in this case is about 0.5. You should filter with CPMs 

rather than filtering on the counts directly, as the latter does not account for differences in 

library sizes between samples. 
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Useful Links: 

- http://garberlab.umassmed.edu/data/RNASeqCourse/cufflinks.manual.pdf 

- https://rnaseq.uoregon.edu/ 

- https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334321/pdf/nihms-366741.pdf 

 

            

  

http://garberlab.umassmed.edu/data/RNASeqCourse/cufflinks.manual.pdf
https://rnaseq.uoregon.edu/
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1. Operate ONLY the computer assigned to you.  
a. If you have any troubleshooting, please contact your supervisor or Building Management 
b. Do not rename files, adjust the dock size/icons, move items or files to the trash, or change  
c. the system preferences unless directed to do so 
d. Do not exchange keyboards, mice, or other equipment among the computers without 

notifying your supervisor 
e. Do not bring food or drinks into the lab unless it is in your backpack 

 
 

2. Remain at your work center, respectful behavior promotes learning. Show integrity and respect for 
class materials. Responsibility is fundamental. Misused equipment will be replaced by those who 
damage it. 
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Date  Click here to enter text. 

Laboratory Bioinformatics laboratory 

 

Overview 

This course session is designed to teach how to be familiar with GSEA application.  

mailto:andreas.whisnu@i3l.ac.id
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The main objective of this learning experience are: 

 To be familiar with GSEA application  

 To understand on how to perform GSEA analysis  

Material 

1. Protocol practicum to perform Blast in Linux Ubuntu 

 

Equipment 

1. Logbook  

2. Laptop/PC (available in Bioinformatics laboratory) 

 

 

 

2. GSEA Tutorial - Ways to Run GSEA 
 

You can run GSEA in multiple ways: 

1. The GSEA desktop application provides an easy-to-use graphical interface. When you launch 
the application from the download page of the GSEA web site, as you will do in this tutorial, 
you are using Java Web Start technology (http://java.sun.com/products/javawebstart/) to 
download, install, and start the application. 

2. The GSEA .jar file provides command line access to GSEA and allows you to run the GSEA 
desktop application without being connected to the internet. You can download the .jar file 
from the download page of the GSEA web site. 

 

1. GSEA Tutorial - Overview 
 

The GSEA Desktop Application Tutorial provides a brief overview of the main features of the GSEA 

application. It is organized in a series of slides which may be navigated by pressing "Next", or you 

may jump to any section of interest using the links to the left. For more detailed information, see 

the Documentation page. 

 

 

http://java.sun.com/products/javawebstart/
javascript:toggleNext()
http://software.broadinstitute.org/cancer/software/gsea/wiki/index.php/Main_Page
javascript:toggleNext()
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3. R-GSEA makes GSEA available from the R programming environment. 
4. A GSEA GenePattern module makes GSEA available from GenePattern. 

 

3. GSEA Tutorial - Launching GSEA 
 

To launch GSEA: 

1. Go to the Downloads page. 
2. Register as instructed. 
3. Click the Launch icon to start the GSEA Desktop Application. 

When GSEA starts, the main window appears. The main components of the user interface are: 

1. The navigation bar on the left, which provides quick access to common GSEA operations. 
2. The Processes panel in the bottom left corner, which provides information about the status of 

your analyses. 
3. The main panel on the right, which is used to display diaglogs and results. When you start 

GSEA, the main panel displays the Home page. As you open new pages, tabs will appear next 
to the Home tab. To close a page, click the close (X) icon on the tab. 

 

 

 

4. GSEA Tutorial - Loading Data 
 

Click the Load Data icon in the navigation bar. The Load Data page appears. You use this page to 

load your data files: expression datasets, phenotype labels (e.g tumor vs normal), gene sets, and chip 

annotations. Once imported these files are stored in memory and are available to the program for 

analysis.  

 

http://www.genepattern.org/
http://software.broadinstitute.org/gsea/downloads.jsp
javascript:toggleNext()
javascript:toggleNext()
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GSEA supported data files are simply tab delimited ASCII text files, which have special file extensions 

that identify them. For example, expression data usually has the extension *.gct, phenotypes *.cls, 

gene sets *.gmt, and chip annotations *.chip. Click the More on file formats help button to view 

detailed descriptions of all the data file formats.  

 

 
 

GSEA provides several ways to load data:  

1. Click the Browse for files button. When the Open window appears, select the file(s) to load 
and then click the Open button. To select multiple files, use SHIFT-click or CTRL-click. 

2. Click the Load last dataset used button. GSEA loads the data used in the most recent gene 
set enrichment analysis. 

3. Drag-and-drop the files from a file browser window into the drag-and-drop pane. When the 
files that you want to load are listed in that pane, click the Load these files button. To 
remove files from the drag-and-drop pane, click the Clear button. 

4. The Recently Used Files pane contains files that you have used previously. (The first time you 
start GSEA, this pane is empty.) Double-click a file to load it. 

The Object Cache pane lists the data that you have loaded into memory. 

 

5. GSEA Tutorial - Loading the P53 Sample Data 
 

The GSEA web site provides several sample datasets that correspond to results from the GSEA 

Subramanian & Tamayo PNAS 2005 paper. For the tutorial, you will use the P53 sample data. 

To download the P53 sample files: 

1. Go to the Datasets page. 
2. Download the three p53 data files. For each file: right-click on the file, select Save link 

as and save the file to your local drive. 

 

http://software.broadinstitute.org/gsea/datasets.jsp
javascript:toggleNext()
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3. Confirm that the saved files have a .gct or .cls file extension. If a .txt file extension has been 
appended, remove it. 

 

To load the P53 data into GSEA: 

1. Go to the Load Data page of the GSEA application. 
2. Click Browse for files. 
3. Select the three files that you just downloaded. 
4. Click Open. 
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6. GSEA Tutorial - Analysis Parameters 
 

Now that you have loaded your data files, you are ready to run the gene set enrichment analysis. Click 

the Run GSEA icon in the navigation bar. The Run GSEA page displays the parameters for the 

analysis. There are three categories of parameters:  

1. Required: Essential parameters which you must specify before the analysis can be run.  
2. Basic: Additional parameters with standard defaults. Typically, accepting the defaults is ok. 

Click Show to see these parameters.  
3. Advanced: Parameters that allow control of several more details of the GSEA algorithm and 

the java implementation. Typically, these do not need to be changed by most users. 
Click Show to see these parameters. 

For descriptions of the parameters, click the ? help button. 

 

javascript:toggleNext()
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7. GSEA Tutorial - Running the Gene Set Enrichment Analysis 
 

To run the analysis, set the parameters and click the Run button. 

 
 

1. Use the drop-down selector to pick the p53_hgu95av2 dataset. 
2. Use the ... button to pick one or more gene sets. GSEA displays a window that lists gene sets in 

a number of different tabs. For this example, on the GeneMatrix (from website) tab select 
the c1.v2.symbols.gmt. 

3. Type in or choose the number of permutations to perform. Typically, you start with a small 
number (perhaps 5) and, when that successfully completes, try a full set of 1000 permutation. 
For now, choose 5. 

4. Use the ... button to pick a phenotype. In this sample data, the two phenotypes are the same 
(MUT_vs_WT or WT_vs_MUT). 

5. Use the ... to select the chip annotation file that matches the probe identifiers in your 
expression dataset. For this example, on the Chips (from website) tab, choose the 

 

javascript:toggleNext()
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HG_U95Av2.chip file. 
6. Leave the Collapse dataset to gene symbols parameter set to true. This indicates that you 

want the probe sets in your dataset collapsed to gene symbols. 
7. Leave the Permutation type parameter set to phenotype. 
8. Click Run to start the analysis. 

8. GSEA Tutorial - Keeping Identifiers Consistent Between Platforms 
 

Typically, the gene or probe identifiers in your expression dataset are the probe identifiers for the DNA 

chip array used to produce the data. When running the gene set enrichment analysis, it is critical that all 

of your data files use the same gene or probe identifiers. You can either use the probe identifiers native 

to your expression dataset, or collapse each probe set into a gene vector and use HUGO gene symbols 

as your identifiers.  

 

When you run the gene set enrichment analysis, the value you choose for the Collapse dataset to gene 

symbols parameter tells GSEA which identifiers you want to use: 

1. Choose true (default) to have GSEA collapse each probe set in your expression dataset into a 
single gene vector, which is identified by its HUGO gene symbol. In this case, you are using 
HUGO gene symbols for the analysis. The gene sets that you use for the analysis must use 
HUGO gene symbols to identify the genes in the gene sets. 

2. Choose false to use your expression dataset "as is." In this case, you are using the probe 
identifiers that are in your expression dataset for the analysis. The gene sets that you use for 
the analysis must also use these probe identifiers to identify the genes in the gene sets. 

Collapsing the probe sets eliminates multiple probes, which can inflate enrichment scores, and facilitates 

the biological interpretation of the gene set enrichment analysis results. Therefore, the GSEA team 

recommends leaving the default value for this parameter. 

 

9. GSEA Tutorial - Viewing Program Progress and Results 
 

Use the Processes panel at the lower left corner to view the status of analyses run in this session, 

including the currently running analysis: 

 

1. The blue Running label indicates the currently running analysis. You can click on this label to 
pause or stop an analysis, as shown in the next slide. 

2. If a red Error appears, click on it for a description of the error. If you need help resolving an 
error, include this error text in a posting to groups.google.com/group/gsea-help. 

3. When the analysis completes, click the green Success label to display the results in a web 
browser. For help interpreting the results, see Interpreting GSEA Results in the GSEA User 
Guide. 

4. Click the analysis name to view the parameters used in the analysis (a new Run GSEA page 
appears, which you can use to re-run the analysis). 

5. Click the status bar at the bottom of the window to display the execution log, which shows 
analysis progress (for example, the number of permutations completed). 

 

10. GSEA Tutorial - Stopping or Pausing a Running Analysis 
 

https://groups.google.com/group/gsea-help
http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html?_Interpreting_GSEA_Results
javascript:toggleNext()
javascript:toggleNext()
javascript:toggleNext()
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1. Click the blue Running label to display the thread control panel. 
2. You can pause the analysis or change the amount of the computer's processor being used for 

the analysis. 

 

 

11. GSEA Tutorial - Running the Leading Edge Analysis 
 

After running a gene set enrichment analysis, you can use the leading edge analysis to examine the 

genes in the leading edge subsets of selected enriched gene sets. Genes that appear in multiple 

subsets are more likely to be of interest than those that appear in only one.  

 

To run a leading edge analysis, click the Leading Edge Analysis icon on the GSEA main page. 

When GSEA displays the Leading Edge Analysis page: 

1. Click the ... button to select a Gene Set Enrichment Report from the application 

cache (analyses that you have run). 

2. Click the Load GSEA Results button to display the gene sets that were analyzed 

in that report. 

3. SHIFT-click or CTRL-click to select the gene sets to analyze. For this example, 

click the FDR column head to order the gene sets by FDR and select the 11 gene 

sets with an FDR < .01. 

4. Click the Run leading edge analysis button to start the analysis. 

5. The analysis displays four graphs showing the overlap among the leading edge 

subsets of the selected gene sets. For help interpreting the results, see Interpreting 

Leading Edge Analysis Results in the GSEA User Guide. 

 

http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html?_Interpreting_Leading_Edge
http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html?_Interpreting_Leading_Edge
javascript:toggleNext()
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12. GSEA Tutorial - Browsing MSigDB Gene Sets 
 

The power of the gene set enrichment analysis is a function of how well your gene sets represent 

meaningful coordinated or concordant gene expression behavior that reflects actual biological processes 

or states. You are welcome to use curated gene sets from the Molecular Signature Database (MSigDB), 

which is maintained by the GSEA team.  

 

You can browse the MSigDB from the Molecular Signatures Database page of the GSEA web site or the 

Browse MSigDB page of the MSigDB application that could be downloaded from here 

http://software.broadinstitute.org/gsea/downloads.jsp#msigdb . To browse the MSigDB from the 

application: 

1. Click the Browse MSigDB icon in the navigation bar. An empty Browse MSigDB page appears. 
2. Click the Load database button to display the latest MSigDB gene sets. 

 

 

http://software.broadinstitute.org/gsea/msigdb/index.jsp
http://software.broadinstitute.org/gsea/downloads.jsp#msigdb
javascript:toggleNext()
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From this page you can 

1. Use the fields at the top of the page to filter the gene sets displayed in the table. 
2. Select a gene set from the table and right-click to display information about the gene set. 
3. When the table displays the gene sets that you are interested in, export the selected gene sets 

to a gene set file. 

GSEA exports the gene set files to your default output folder (Help>Show GSEA Output Folder). The 

gene set files are tab-delimited ASCII text files that can be viewed in Excel or NotePad. 

 

13. GSEA Tutorial - Viewing Analysis History 
 

Click the Analysis History icon in the navigation bar to display the Analysis History page, which 

records and displays analyses that you have run. The left panel lists the reports run in the current 

session and organizes previously run reports by date. Click on an analysis in the left panel to display 

information about that analysis in the right panel.  
 

javascript:toggleNext()
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In the right panel of the Analysis History page: 

1. You can view the parameters used in the analysis. 
2. You can choose to re-run an analysis with the exact same set of parameters by clicking 

the Show in ToolRunner button. 
3. You can choose to automatically load or not load data from the previous analysis (perhaps 

you are on a different computer or are only interested in the previous parameters to use with 
different datasets). 

4. You can view files produced by the analysis. Double-click the index.html file to display the 
analysis results in a web browser. 

Note: When you run an analysis, by default, GSEA writes the analysis results to the GSEA output 

folder (Help>Show GSEA output folder). The Analysis History page is simply a convenient way to 

browse the reports in this folder. 

14. GSEA Tutorial - Sharing Results with Collaborators 
 

Sharing GSEA analysis results with collaborators is easy. Click Help>Show GSEA output folder to 

display the folder that holds the GSEA reports, navigate to the subfolder for the report that you want 

to share, zip it up, and send it to your collaborator. All reports and their hyperlinks are preserved.  

 

Alternatively, when you run an analysis, you can have GSEA create the zip for you by setting the Make 

a zipped file with all reports parameter to true (by default, the parameter is set to false).  

 

javascript:toggleNext()
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15. GSEA Tutorial - Setting Preferences 
 

The Options menu provides several preferences to control the application and algorithm defaults. 

 

One useful preference is the location of your GSEA output folder, which holds all of the analysis results 

(Help>Show GSEA output folder). By default, the output folder is a subfolder of your GSEA home 

folder. To change the location of your default output folder, click Options>Preferences. When the 

Preferences window appears, change the default output folder and click OK. 

 

 

16. GSEA Tutorial - Creating Data Files for GSEA 
 

The gene set enrichment analysis requires four files: an expression dataset file, phenotype labels file, 

gene sets file, and chip annotations file. All four files are tab-delimited ASCII text files that can be 

created and edited using Excel or any text editor. 

1. Expression dataset file: This file contains your expression data: genes/probes, samples, and 
expression values for each probe in each sample. Your expression data can come from any 
source (Affymetrix, CDNA 2-color ratio data, and so on). You create an expression data file by 
converting your expression data into a gct, res, or pcl formatted file. Typically, your 

 

javascript:toggleNext()
javascript:toggleNext()
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expression data is already in a tab-delimited ASCII text file, which can be turned into a gct, 
res, or pcl formatted file with relatively minor edits. 

2. Phenotype label file: This file lists your phenotype labels and associates each sample in your 
dataset with a phenotype. You can create this file or have GSEA create it for you (you supply 
the phenotype information and GSEA creates the appropriate file). 

3. Gene sets file: This file defines the gene sets to be analyzed. You can use the gene sets that 
are available on the Broad ftp site, export gene sets from the MSigDB, or create your own. If 
you have gene sets that you want to use, GSEA provides a Chip-to-Chip utility, which 
converts gene/probe identifiers from one DNA chip platform to another (or to HUGO gene 
symbols). 

4. Chip annotations file: This file maps probe identifiers to HUGO gene symbols. GSEA uses it to 
collapse each probe set in your dataset to a single gene vector (if you choose to collapse your 
dataset) and to annotate the gene set enrichment report. The chip annotations files for 
common DNA chip platforms are available on the Broad ftp site. If necessary (for example, if 
you are using custom chips), you can create your own chip annotations file. 

For descriptions of all of the GSEA file formats, see Data Formats. For more information about creating 

the data files, see Preparing Data Files for GSEA in the GSEA User Guide. 

17. GSEA Tutorial - Examples from Published GSEA Results 
 

The GSEA web site provides the datasets that correspond to results from the GSEA Subramanian & 

Tamayo PNAS 2005 paper: 

1. Go to the Downloads page. 
2. Near the bottom of the page, click view datasets. 

 

 

 

Note: Because random number generators (for sample permutation) are different and because 

different seeds are used, numbers in the reports on the website, or reports run with the sample date, 

will not precisely match those in the paper. However, the significant sets are identical to published 

results. 

 

18. GSEA Tutorial - Getting Help for GSEA 

As you begin to use GSEA, you can get help in several ways: 

1. Click Help>GSEA documentation to view the Documentation page, which includes the GSEA User 
Guide and a Frequently Asked Questions (FAQ) page. 

http://www.broadinstitute.org/cancer/software/gsea/wiki/index.php/Data_formats
http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html?_Preparing_Data_Files
http://software.broadinstitute.org/gsea/downloads.jsp
http://software.broadinstitute.org/gsea/datasets.jsp
http://software.broadinstitute.org/cancer/software/gsea/wiki/index.php/Main_Page
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2. Click the Help button, which appears on most GSEA windows, to display context-sensitive help. 
3. If you cannot find the information that you are looking for in the documentation, contact us 

atgroups.google.com/group/gsea-help. 

Thanks for taking the time for this Quick Tour of GSEA. If you have questions, comments or suggestions, we'd 

like to hear them: groups.google.com/group/gsea-help. 
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