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Today, we will…

• Log  on to Unix system (NIH Biowulf)
• Work at the command line
• Transfer files back and forth from Biowulf
• Take a look at different file formats used in NGS 
• Understand environment modules on Biowulf
• Run scientific software programs in interactive, batch and swarm modes
• Query scientific databases



Downloads available on the BTEP website

• RNA-Seq data
• Hand-out 
• Unix/Linux Command Reference (Fosswire.com)
• Slides (pdf) 

• In class you will be given a student login and password 
• password is Btep5Jun2019



Practical Bioinformatics…on Biowulf

• Part 1 – Working at the Unix command line 
• Part 2 – Moving files to Biowulf (and back again)
• Part 3 - Scientific analyses and databases



Part 1

Working at the command line in Unix on Biowulf



Who is “username”? (It’s you!)

• Wherever you see “username” in these slides or in the hand-out, you 
will type in your username
• Your username was assigned to you when you set up your 

helix/biowulf account
• For this class, you will use a student account “student1,student2,etc”
• But when you get back to your lab, use your “username”



What is Unix?

• An operating system just like Windows or Mac
• Has been around for a long time (1969)
• ”Linux” is a variety of Unix (ubuntu, red hat are Linux os)
• Well-suited to working with very large data files

• Bet you didn’t know – Apple computers use the Unix operating 
system!



DNA, a double helix…

Or a very large text file?
Image copyright NHGRI



DNA to RNA to protein

Image copyright Khan Academy



Why Unix?

• Unix is well-suited to analysis of biological molecules, which can be 
represented as text files
• Many programs are available (and free, open-source) for biological 

analysis (BLAST, SAMtools, FASTQC)
• Tools (programs) can be linked together to form an analysis “pipeline”
• Programs can be centrally installed and maintained by sys admin
• Unix systems can handle “big data” 
• Can run computationally intense programs (hours, days…)



Let’s get started… Introducing Biowulf

• The NIH high-performance compute cluster is known as “Biowulf”
• It is a 90,000+ processor Linux cluster
• Can perform large numbers of simultaneous jobs
• Jobs can be split among several nodes
• Scientific software (600+) and databases are already installed
• For more information see https://hpc.nih.gov
• Can only be accessed on NIH campus or via VPN
• Do not put data with PII (personally identifiable information), patient 

data for example, on Biowulf

https://hpc.nih.gov/


Logging in to Biowulf

• If you’re on a Mac… you can “ssh” from the “Terminal” app
• If you’re on a PC… you will need to download and install “PuTTY”

• You are connecting to biowulf via a “secure shell” or “ssh” connection
• Once logged into biowulf, everything you do is running on biowulf, 

not your local machine
• Your local machine is just a gateway to biowulf (a Unix system)



Connecting to Biowulf with a Mac computer

• Find the “Terminal” app on your machine and open it
• You will see something like this

Last login: Thu Sep 6 16:10:04 on ttys000
NCI-02090676-ML:~ username $

• At the dollar sign “$” type the following:
ssh username@biowulf.nih.gov

Where “username” is your username



Connecting to Biowulf with a Windows PC

• Download and install PuTTY

https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html





Connecting to Biowulf by ssh

• Mac
• Open the Terminal window
• ssh username@biowulf.nih.gov

• PC
• Download and install PuTTY
• https://www.chiark.greenend.org.uk

/~sgtatham/putty/latest.html
• Host name – biowulf.nih.gov
• Connection type ”SSH”

https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html


Making the connection

• After making the “ssh” connection to biowulf, you will see a warning 
message about proper usage and then you will be prompted for your 
password
• Be aware – the cursor does not move when typing in your password 

(so if you make a mistake just hit return/enter and start over, or hit 
the backspace key many times)

username@biowulf.nih.gov's password: type in your password here



The command line

• Looks something like this

[username@biowulf ~] $

• “username” is your username
• @biowulf means you are logged into biowulf
• “~” indicates your home directory
• When you see the dollar sign “$”, you know you are at the command line
• If you don’t see the dollar sign, something is going on (running a program)



Your first Unix command…pwd

pwd means “print working directory” aka “Where am I?”

[username@biowulf ~]$ pwd

What do you see?
/home/username

You are in your “home” directory.



What do you see…ls

ls means “list the contents of the directory” aka “What’s in this folder?”

[username@biowulf ~]$ ls

What do you see?

(nothing)



Let’s create a file

[username@biowulf ~]$ touch file.txt

“touch” command creates a file
There is a space “ “ between the command, and the file name
You can name your file anything, but it has to follow the rules…
.txt file extension means this is a text file
File exists, but it is empty



Now let’s check again with “ls”

[username@biowulf ~]$ ls

What do you see? Should look something like this.

file.txt



Let’s create a folder (directory) for our file

• A ”directory” in Unix is a “folder” on other operating systems
• Directories contain files, more directories, programs, etc.
• Make a directory with the “mkdir” command
• There is a space between the “mkdir” command and the directory name

[username@biowulf ~]$ mkdir my_dir

[username@biowulf ~]$ ls
file.txt my_dir



Moving on…the “mv” command

• How would you put the file we created inside the directory we 
created?
• Use the “move” command, “mv”
• [username@biowulf ~]$ mv file.txt my_dir
• There is a space “ “ between the “mv” command and ”file.txt”
• There is also a space between “file.txt” and “my_dir”



Where did our file go?

• [username@biowulf ~]$ ls

• What do you see?
my_dir

So where is the file?



Looking inside a directory

• First, you have to “go to” the directory
• This is done with the “change directory”, or “cd” command

[username@biowulf ~]$ cd my_dir
• There is a space “ “ between the command “cd” and ”my_dir”
• Now let’s look inside this directory, with “ls” command
• [username@biowulf ~]$ ls

file.txt



Looking inside a file with “less”

• less to look inside a file
• quit (q) to get out of “less”

• [username@biowulf~]$ less file.txt

What do you see?

(nothing)



Let’s put something in that file
using the “nano” editor
• [username@biowulf~]$ nano file.txt



The “nano” editor

[username@biowulf~]$ nano file.txt

”The quick brown fox jumped over the lazy yellow dog.”

Control X to quit
Save the buffer? Y
File name to write? file.txt (hit return/enter)



Now, what’s in the file?

[username@biowulf~]$ less file.txt

What do you see now?

“The quick brown fox jumped over the lazy yellow dog.”



Useful Unix Commands so far

• Figured out where we were with “pwd”
• Listed content of directory with “ls”
• Created text file with “touch”
• Looked inside text file with “less”
• Used the “nano” editor to put content in file
• Put file in a directory with “mv” command (can also use “mv” 

command to rename files)
[username@biowulf~]$ mv oldfilename.txt newfilename.txt

• Moved from one directory to another with “cd” (change directory)



Coming up, more useful Unix skills

• Finding your path (pwd), changing your path (cd) and understanding 
your path
• Counting lines, words and characters with “wc”
• Using flags/options/switches
• Detailed listing of files with ”ls –alt”
• A look at permissions “rwx- - x rw-”
• Be careful removing files!
• How to name files
• Unix tricks (up arrow and tab complete)



A bit about finding your path in Unix

• pwd (print working directory)
[username@biowulf~]$ pwd
/home/username/my_dir (this is known as the “path”)

• cd (change directory, go home)
[username@biowulf~]$ cd
[username@biowulf~]$pwd
/home/username                       (here is a different “path”)



Absolute vs. relative file paths

Absolute path (can be used to get anywhere)

cd /users/stonelakeak/Desktop/files/unix.txt

Relative path (only to get to files within the directory you are in)
If I am in /users/stonelakeak, I can just:
cd Desktop
Without typing the first forward slash (/)



Root

/etc

/usr
/bin

/local

/bin

/lib

/lib

/man

/home

/man

/src

/include

/share

/include

/sbin

/dev

/proc

/id-1

/id-2

/id…

/tmp

/scratch

/data

/id-1

/id-2

/id…

/
Unix file structure 



Counting lines, words and characters (char)

• Line count, word count, character count, “wc”
[username@biowulf ~] $ wc file.txt
1 10  53  file.txt

[username@biowulf ~] $ wc –l file.txt
1  file.txt

Line counting is very helpful when checking output, without opening 
the output file, which may be very large.



Using flags/options/switches

• These are used to control programs
• Go on the command line with the program

blast –i input_file –db nr –o output_file

Flags – true or false (default), no additional info needed 
Options – tells the program how to act
Switches – tells the program what to act on



More useful commands

head – outputs the first few lines of a file

tail – outputs the last few lines of a file

cat “concatenate” – used to view files, concatenate files or redirect 
output

$cat file1.txt file2.txt file3.txt >file4.txt



Input, output and append

input “<“
output “>”
Append ”>>”

At the command line:
head –n 40000 bigfile.fastq >smallfile.fastq



Hidden files… ls -a

[stonelakeak@biowulf ~]$ ls -a
. blast_output .gnome2 slurm-7359593.out
.. .cache .java slurm-7438680.out
3Ms_project ccbr_pipeliner .kshrc slurm-7442490.out
.addressbook .config .lesshst .ssh
.bash_history_biowulf downloadfastq.swarm mail swarm_command_sra
.bash_history_helix ._.DS_Store .mozilla teaching
.bash_logout .DS_Store .ncbi .vim
.bash_profile .emacs .parallel .viminfo
.bashrc file.txt .pinerc .Xauthority
bin .globus.cfg project.json .zshrc



Listing the details… ls -l
[stonelakeak@biowulf ~]$ ls -l
total 228
drwxrwxrwx 2 stonelakeak GAU 24576 Aug 15 16:39 3Ms_project
drwxr-xr-x 2 stonelakeak stonelakeak 4096 Aug 9 12:14 bin
drwx------ 4 stonelakeak stonelakeak 4096 Sep 18 15:23 blast_output
drwxr-xr-x 2 stonelakeak stonelakeak 4096 Aug 15 09:46 ccbr_pipeliner
-rw-r--r-- 1 stonelakeak stonelakeak 666 Aug 17 15:58 downloadfastq.swarm
-rw-r--r-- 1 stonelakeak stonelakeak 53 Sep 13 11:24 file.txt
drwx------ 2 stonelakeak stonelakeak 4096 Aug 15 09:48 mail
-rw-r--r-- 1 stonelakeak stonelakeak 3831 Aug 17 13:28 project.json
-rw-r--r-- 1 stonelakeak stonelakeak 51550 Aug 16 09:31 slurm-7359593.out
-rw-r--r-- 1 stonelakeak stonelakeak 51824 Aug 17 12:31 slurm-7438680.out
-rw-r--r-- 1 stonelakeak stonelakeak 51550 Aug 17 13:51 slurm-7442490.out
-rw-r--r-- 1 stonelakeak stonelakeak 65 Aug 15 10:10 swarm_command_sra
drwxr-xr-x 2 stonelakeak stonelakeak 4096 Sep 13 16:44 teaching



ls -alt

All files, including hidden files, listed with full details, by descending time order. 



A first look at permissions

drwxrwxrwx 2 stonelakeak GAU 24576 Aug 15 16:39 3Ms_project

drwxr-xr-x

d -> directory
r -> read
w -> write
x -> execute
User/owner, group and other

User/owner is the creator of the files, usually you
Group is a group of users having the same privileges
Other is the general public

chmod -> Unix command to change permissions (chmod 777 gives everyone full permissions).



A word of caution on “rm” (removing files)

rm (remove file)
rmdir (remove directory)
A directory must be empty before you can remove it.

cd
rmdir my_dir
cd my_dir
rm file.txt
ls
cd ..
rmdir my_dir



Naming files and directories on Unix

• Don’t use spaces in names
file1.txt is ok, but not file 1.txt

• Don’t use these characters in file or dir names ( /, <, >, |, :, &)
• File and directory names are case sensitive

file.txt and FILE.txt are different
• But, files with same name can exist in different directories

/home/file.txt and /data/file.txt are valid
• Use uppercase, lowercase, numbers, dot (.) and underscore (_)



Use underbars or CamelCase for file names

• Use underbars for multiple word file names like this
• Heres_a_multiple_word_file_name.txt

• Or CamelCase
• HeresAMultipleWordFileName.txt

• But NOT with spaces!
• “Here’s a multiple word file name.txt” (do not do this!)



Unix tricks

• Hit the “up arrow” key on your keyboard to recall previous commands
• Tab complete – type the first part of file or directory name and “tab” 

will complete the rest IF it is a “unique” file or directory name
• Wildcard (*) in Unix can make your life easier (or harder)
• For example…

mv reallylongfilename.fastq.gz new_dir/fastq
OR

mv *.fastq.gz  new_dir/fastq
(this will move any file with extension .fastq.gz)



What is a ”tarball” file in Unix?

• Very large files that have been compressed verybigfile.tar
• How to “untar” a file
• At the command line, type:

tar –xvf verybigfile.tar
• Files may also be ”zipped” using gzip/bzip, and need to be unzipped

tar –xvzf verybigfile.tar.gz
• Or just be “zipped”, like the fastq.gz files we downloaded

gunzip verybigfile.gz



Your Biowulf account

• You have both /home and /data directories on your account
• /home is limited size 
• /data is where you will do most of your work
• /lscratch is available for temp files 
• To do RNA seq work, request up to 1 TB in your /data directory
• Keep an eye on your disk space!
• Do not work on the Biowulf login node!



Being a good citizen on Biowulf

• checkquota will show /home and /data
• OR 
• See http://hpc.nih/gov -> User Account -> Disk Usage

http://hpc.nih/gov


User Dashboard on Biowulf



Checking Disk Usage on Biowulf



How many cores and how much memory should 
you allocate to run trimmomatic on Biowulf as a 
batch job?

Biowulf has suggestions for running jobs with adequate resources. 



Additional resources

• Datacamp.com to learn unix/R/python 
• Unix Tutorial for Beginners 

(https//www.cs.sfu.ca/~ggbaker/reference/unix/index.html)
• Software carpentry ( http://swcarpentry.github.io/shell-novice/)
• hpc.nih.gov (Biowulf)
• Unix cheat sheet (Fosswire.com)
• man pages for any command
[username@biowulf] $ man ls

http://swcarpentry.github.io/shell-novice/




End of Part 1 – take a short break, any ?s



Part 2: Moving files to Biowulf (and back again)
We will look at several methods to transfer files.

• The Globus service allows easy file transfers (you need to request Globus 
access for your Biowulf account, info at globus.org) –best when moving 
large files

• Mounting a drive – creates a graphical user interface (GUI) so you can drag 
and drop files

• Secure copy protocol (scp) or secure file transfer protocol (sftp), with 
WinSCP (PC) or FileZilla* (Mac,PC)



Log on to Biowulf

• To work at the command line, you need a “ssh” connection – go 
ahead and establish one now using Terminal (Mac) or PuTTY (PC)

• To transfer files back and forth, you need “scp or sftp” connection, 
there are several ways to do that



Moving files with Globus

• For transferring large files
• Need a Biowulf account to use Globus
• Setup your Globus endpoint (only need to do this one time)
• Open Globus Connect Personal (need to do this every time)





Instructions for using Globus on hpc.nih.gov

• Under “How To”
• Choose “Transfer Files”
• Select the link “Setting up a Globus account, transferring and sharing 

data”
• If you have trouble setting up Globus on your laptop, contact 

staff@hpc.nih.gov

mailto:staff@hpc.nih.gov


Go to globus.org
Choose your personal endpoint
Choose a folder on biowulf
Click the blue arrow
You get an e-mail when it’s done!



Mounting a drive

Mac – “Go” -> ”Connect to server”
smb://helixdrive.nih.gov/username

PC - ”Computer”, “Tools” then “Map Network Drive” tab

See instructions on hpc.nih.gov (Biowulf) – “How To – Transfer Files”, 
“Transferring data to/from the NIH HPC systems”



Secure Copy Protocol (scp)

• Windows PC – download WinSCP – GUI – drag and drop files – easy!

• Mac – scp at the Mac command line

• FileZilla – be sure to get a clean copy! 
• Mac OSX:
• http://packages.partek.com/bin/filezilla/fz-osx.app.tar.bz2
• Windows 32-bit:
• http://packages.partek.com/bin/filezilla/fz-win32.exe
• Windows 64-bit:
• http://packages.partek.com/bin/filezilla/fz-win64.exe

http://packages.partek.com/bin/filezilla/fz-osx.app.tar.bz2
http://packages.partek.com/bin/filezilla/fz-win32.exe
http://packages.partek.com/bin/filezilla/fz-win64.exe


Summary of data transfer options on Biowulf

hpc.nih.gov



Downloading files from BTEP website

• Go to the class website
btep.ccr.cancer.gov/classes/unix-Frederick

Download all files – fastq, pdf – put them in your Downloads directory
Next…
We need to transfer the fastq.gz file to Biowulf so we can work with it



Using WinSCP to transfer files



OR…Using FileZilla to transfer files



OR…Another way to transfer files…
uploading files to Biowulf on a Mac computer 
using the command line

Open Terminal (Mac) and use cd to go to the location of the downloaded file

cd /Users/username/Downloads

Then type this (on the command line of your machine)

scp filename.fastq.gz username@biowulf.nih.gov:/data/username
Where “filename.fastq.gz” is the name of the file
Username is your username



Mistakes you will make when uploading files 
from your Mac to Biowulf
• You will forget to type the command in a terminal window on your 

machine
• You will type “username” instead of your username
• You will type “filename” instead of the name of the file
• You will not type the path correctly to the file.
• You will have a typo in the name of the file



After you do it correctly, be sure to celebrate!



Where did these files come from?
The Human Protein Atlas (proteinatlas.org)



Click on DOWNLOADABLE DATA



RNA gene data RNA sequencing data for human tissue



Click for detailed sample information and links to data



Can click and download data to desktop….but 
wait, there’s a better way!



Let’s explore this data…
click on Display full-sample data table

Scroll across to see the details for these files, they are paired RNA-seq data



See the ftp address ->ftp://ftp.sra.ei.ac.uk/



How to download files from Human Protein Atlas

• Follow the directions on the handout
• Use the ”wget” command from Biowulf

wget ftp://ftp.sra.ebi.ac.uk/vol1/fastq/dir/file.fastq.gz



End of Part 2 – time for a break



Part 3

Scientific analyses and databases on Biowulf



Now that you’ve uploaded your data, you’ll need 
an “ssh” connection to work at the command line
• Use Terminal (Mac) or PuTTY (PC) to log into Biowulf 
• Look at the data you’ve just uploaded using unix commands learned 

earlier (ls, cd, less)



Analyses of fastq sequencing files

• NGS sequence results are returned to you in FASTQ format
• FastQC/MultiQC – quality check of FASTQ files
• Trimmomatic – remove adapters at ends
• Bowtie2 – align to genome 
• IGV – Integrated Genome Viewer



A word about sequence formats

• FASTA – commonly used text format for downstream analysis such as 
sequence similarity searches
• FASTQ – output format from NGS technologies with quality scores
• SAM – tab-delimited text format with alignment data
• BAM – compressed, binary version of SAM 



Sequence formats - FASTA

FASTA – has a header line that begins with “>” and a data line containing the 
sequence
>this_is_a_fasta_header_it_can_say_anything_here
ATCTAGGACCTGAAGACGGGACCTTTTTACGACTAC

> sequence 1 can have spaces in the header line
ATCTATGAGATAGACTATATACTAGACGATACGATGACGATAGAACATCTATGA

>can_also_be_a_protein_sequence
MPYWTGAMYAVPWTERHGPNCTAAVPMYGATRE



Sequence formats - FASTQ

FASTQ – contains both sequence data and quality score data

@whatever_the_name_of_the_sequence_is
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCA 
+ whatever_the_name_of_the_sequence_is
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65



FASTQ scores and ASCII codes

drive.com



SAM files are tab-delimited text files

Wikipedia



Don’t open BAM files at the command line

• Binary files like BAM are machine-readable, not human-readable, 
there is no reason to open them
• But what if you wanted to know how big they were, when they were 

generated? What commands would you use?
• ls -alt



We are going to run programs on Biowulf

• Each program is known as a “module” and there are over 600 of them 
on Biowulf
• To use a module, you must load the module
• You need to load modules every time you log into Biowulf



What modules are available to us?

• module avail – to see list of available modules on Biowulf
• module spider ”filename” – to find files using part of name
• module load – adds location of program to your path
• ECHO $PATH – to see that module has loaded
• module list – to see what modules you have loaded
• module unload or module purge – not really necessary, modules will 

unload automatically when you logout from Biowulf
• Always need to reload modules when you log back in

What modules are available to us?

• module avail – to see list of available modules on Biowulf
• module spider ”filename” – to find files using part of name
• module load – adds location of program to your path
• ECHO $PATH – to see that module has loaded
• module list – to see what modules you have loaded
• module unload or module purge – not really necessary, modules will 

unload automatically when you logout from Biowulf
• Always need to reload modules when you log back in



module avail
• ------------------------- /usr/local/lmod/modulefiles --------------------------

• 3DSlicer/4.8.1

• ACFS/20180316

• AMOS/3.1.0

• ANNOgesic/0.7.18

• ANTs/2.2.0

• ATLAS/3.10.2

• Accurity/20180724

• AdmixTools/4.1

• Autodock/4.2.6

• AutodockVina/1.1.2

• Azimuth/2.0

• BEAST/1.8.4-2.1.2

• BEAST/1.10.0

• BEAST/2.4.7 (D)

• BOLT-LMM/v2.3

• BOLT-LMM/v2.3.2 (D)

• BRASS/6.1.2

• Beagle/4.1_08Jun17

• Bsoft/2.0.2

• CCP4/7.0.050

• CCP4/7.0.051



module spider blast
• ----------------------------------------------------------------------------

• blast:

• ----------------------------------------------------------------------------

• Versions:

• blast/2.2.26

• blast/2.2.30+

• blast/2.5.0+

• blast/2.7.1+

• blast/2.8.0+alpha

• Other possible modules matches:

• igblast rmblast samblaster

•

• ----------------------------------------------------------------------------

• To find other possible module matches execute:

•

• $ module -r spider '.*blast.*'

•

• ----------------------------------------------------------------------------

• For detailed information about a specific "blast" module (including how to load the modules) use the module's full name.

• For example:

•

• $ module spider blast/2.8.0+alpha

• ----------------------------------------------------------------------------



Running jobs on Biowulf…correctly

1. Interactive – use the “sinteractive” command to allocate resources 
for an interactive job

2. Batch – need to create a batch input file and submit job using the 
sbatch command (Slurm – job scheduler, resource manager)

3. Swarm- create a swarmfile (myfile.swarm) and submit using the 
“swarm” command



Do not work on Biowulf login mode!

• If you run computationally intensive jobs on the Biowulf login node, 
you may lose your account
• There are instructions for running interactive jobs, creating batch 

files, and swarming on the Biowulf web page
• We will do one of each (sinteractive, batch, swarm) so you can get 

some practice



To unzip compressed files

At the command line, type:
$sinteractive
(wait)
$gunzip filename1.fastq.gz

When that has finished, 
$gunzip filename2.fastq.gz



This is the Biowulf help page for fastqc

At the command line, type “sinteractive”, then module load, then run your program.



Quality check with FASTQC - sinteractive

Use the “module load” command 
[username@biowulf dir_name] $ sinteractive
[username@biowulf dir_name] $ module load fastqc
[+] Loading fastqc 0.11.6
[username@biowulf dir_name] $ fastqc filename1.fastq
[username@biowulf dir_name] $ fastqc filename2.fastq

Generates html report – but you can’t view an html report on a unix
machine! What do we do? Transfer the file from Biowulf to your local 
machine (laptop). Use FileZilla, WinSCP (PC) or scp command line (Mac)



Checking on job status

$ sjobs



If you want to run fastqc as a batch, you can 
create a batch file

Use the nano editor to create the file on Biowulf, then use the sbatch command to run it. 



Use the nano editor, create file fastq.sh

#!/bin/bash
set –e
module load fastq
fastqc –o /data/username/output –f fastq filename1.fastq filename2.fastq

(Submit fastqc.sh using this command)

sbatch –mem=10g fastqc.sh



To run fastqc as a swarm on Biowulf



Fastqc generates an html file, but we can’t view html 
on an “ssh” connection

• Globus (easiest once you’ve got it set up, meant for big files but you 
can transfer any size files) 
• Drag and drop interfaces (WinSCP, FileZilla*) – PC or Mac
• Use scp at the Mac command line
• Go ahead now and use any method to move html file from Biowulf to

your local machine



Using the command line to download your file 
from Biowulf to Mac
For example… 
Type this on your local Mac, not Biowulf!

scp username@biowulf.nih.gov:/data/username/dirname/filename.html . 

where username is your username, 
dirname is the path to your file
filename is the name of the file
and there is a dot “.” at the end of the command



Mistakes you will make when transferring files 
from Biowulf to your Mac laptop/desktop
• You will forget to type the command in a terminal window on your 

machine
• You will forget to type the dot “.” at the end of the command (the dot 

means put the file ”here”)
• You will not type the path correctly to the file.
• You will have a typo in the name of the file



After you do it correctly, be sure to celebrate!



Let’s look at the FastQC html report

• Basic statistics
• Per base sequence quality
• Per sequence quality scores
• Per base sequence content
• Per sequence GC content
• Per base N content
• Sequence length distribution
• Duplicate sequences
• Overrepresented sequences
• Adapter content
• Kmer content
• Per tile sequence quality bioinformatics.babraham.ac.uk



FastQC per base sequence quality

• Box whisker plot for each position
• Y-axis shows quality scores
• The higher the base the better the call
• Green – good quality, orange – reasonable, 

red – poor quality
• Quality typically degrades at the end of the 

read
• Red line is median
• Yellow box is inter-quartile range (25% - 75%)
• Upper and lower whiskers represent 10% and 

90% points
• Blue line is the mean



Per tile sequence quality

• This graph only appears if you’re using 
an Illumina library with original 
sequence identifiers
• Shows the deviation from average 

quality for each tile
• A good plot should be blue all over
• Warnings or errors indicate issues with 

the flowcell







Per base N content

• If the sequencer it unable to 
identify the base, it will use “N”
• See the percentage of “N” base 

calls at each read position 



Sequence duplication levels

• A diverse library will have a low number 
of duplicate sequences

• High level of duplication can indicate an 
enrichment bias (PCR)

• Only sequences first 100,000 sequences 
in each file

• Blue line show duplication levels for full 
sequence set

• Red line indicates proportions of 
deduplicated sequences 

• Most sequences should be in far left of 
plot in both red and blue

• Low complexity contaminants will 
produce spikes in the plot



Overrepresented/adapter sequences

• Indicates overrepresented sequences
• Should these sequences be trimmed 

before continuing analysis?



How could you summarize FastQC results 
from multiple files?
• unzip .zip files
• less summary.txt
• mkdir summary
• cat */summary.txt > /data/username/summary/fastqc_summaries.txt



less fastqc_summaries.txt



A program to trim adapters -> Trimmomatic

• Bolger et al.,Trimmomatic: a flexible trimmer for Illumina sequence 
data. Bioinformatics (2014)
• For Illumina paired-end and single ended data



Running Trimmomatic as a batch job



We are not going to run Trimmomatic today

• We are going to align fastq files directly to the (human) genome
• using the aligner “bowtie2” (creates .bam files)
• “samtools” to create bam files index
• Bring the .bam and .bam.bai files to local machine
• View .bam file with IGV (Integrative Genomics Viewer)



Running Bowtie2 as a batch job

• Go to /scratch/btepclass
• Find the file “bowtie2.sh” and use the “cp” command to bring it into

your student directory

$cp bowtie2.sh /data/username



Running bowtie2 as a batch job



Here is the command line to run bowtie2

$ sbatch --cpus-per-task=10 --mem=14g --gres=lscratch:10 bowtie2.sh



To create index file (bai) from bam, use samtools

$module load samtools
$samtools index filename.bam

”$” designates the command line, do not type the “$” 



Bring both .bam and .bam.bai files to local

Use globus, WinSCP, FileZilla, or scp at the Mac command line

Open IGV (Integrative Genomics Viewer)
File -> load file.bam



IGV



You did it!



To summarize:

• Basic unix commands (ls, pwd, cd, less, nano, mkdir, rm, rmdir)
• Unix directory structure (files and folders)
• Logging in to Biowulf by SSH 
• Moving files from laptop to Biowulf and back (globus, scp, mount 

drive)
• Running command-line programs on Biowulf (fastqc, bowtie2) in 

interactive, batch and swarm modes
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