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Day 1 (15/03/2017, Wednesday) 

9:30 – 10:00 AM Registration 

Inaugural session 

10:00 – 10:05 AM Welcome Address Dr. Arun Kumar Jain, NIP, 

New Delhi 

10:05 – 10:10 AM Introduction to workshop Dr. Dibyabhaba Pradhan, NIP, 

New Delhi 

10:10 – 10:15 AM Address by Director-in-Charge Dr. Poonam Salotra, NIP, New 

Delhi 

10:15 – 10:20 AM Address by Guest of honour Prof. Krishnamurthy Natarajan, 

JNU, New Delhi 

10:20 – 10:25 AM Address by Chief guest Prof. Indira Ghosh, JNU, New 

Delhi 

10:25 – 10:30 AM Vote of Thanks Dr. Shweta Aggarwal, NIP, 

New Delhi  

10:30 - 11:30AM Keynote address on  

Genome-wide Differential Expression 

as a Barometer to Identify Function of 

Novel Genes  

Prof. Krishnamurthy Natarajan, 

JNU, New Delhi 

11:30 – 11:45 AM High Tea 

11:45 – 1:15 PM Next Generation Sequencing Data 

Analysis overview 

Dr. Chandan Badapanda, 

Xcelris Labs Limited 

Ahmedabad, India 

Demonstration / hands on sessions 

1:15 – 2:00 PM Lunch 

2:00 – 5:00 PM Linux commands: create, change and 

remove directory, symbolic link to 

directory; file handling: create, set 

permission, read, copy, paste, remove; 

working with vi – editor; command 

line instructions for NGS data analysis 

software installation 

R:Installation, packages/libraries, 

data/object types, command syntax,  

data import/export, Bioconductor, 

Installation of packages required for 

NGS data analysis 

Mr. Aranab Nayek, BIC, NIP 
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Day 2 (16/03/2017, Thursday)  

Demonstration / hands on sessions 

9:30 – 11:00 AM NGS file formats: FASTQ, SAM, 

BAM, BCF, VCF, BED 

QC: FastQC, Trimmomatic, RSeQC 

Dr. Shweta Aggarwal, BIC, 

NIP 

11:00 – 11:30 AM Tea 

11:30 – 1:00 PM De novo Assembly of Mycobacterium 

tuberculosis genome (Velvet, 

SPAdes) 

Ms. Rashi Verma, BIC, NIP  

1:00 – 2:00 PM Lunch 

Demonstration / hands on sessions 

2:00 – 5:00 AM Variant calling and annotations from 

NGS reads (BWA, Bowtie2, samtools, 

GATK) 

Dr. Dibyabhaba Pradhan, BIC, 

NIP 

Day 3 (17/03/2017, Friday)  

Demonstration / hands on sessions 

9:30 – 12:00 noon RNA-Seq Data analysis: differential 

gene expression analysis (TopHat2, 

Cufflinks, HISAT2, StringTie, 

Ballgown) 

Dr. Dibyabhaba Pradhan, BIC, 

NIP 

Valedictory session 

12:00 – 12:05 PM Workshop report Dr. Dibyabhaba Pradhan, NIP, 

New Delhi 

12:05 – 12:15 PM Address by Director-in-Charge Dr. Poonam Salotra, NIP, New 

Delhi 

12:15 – 12:25 PM Address by Guest of honour Dr. T. Madhan Mohan, 

Advisor, BTISnet, DBT, New 

Delhi 

12:25 – 12:35 PM Address by Chief Guest 
Dr. Soumya Swaminathan 

Secretary DHR & Director 

General ICMR, New Delhi 

12:35 – 12:55 PM Certificate Distribution 

12:55 – 1:00 PM Vote of thanks Dr. Arun Kumar Jain, NIP, 

New Delhi 

1:00 – 2:00 PM Lunch 

2:00 – 5:00 PM Network analysis on Differentially 

Expressed Genes 

Dr. Kalaisaran Ponnuswamy, 

JNU, New Delhi  
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Keynote Address 

Prof. Krishnamurthy Natarajan 
School of Life Sciences, Jawaharlal Nehru University, New Delhi 110067, 

India; nat0200@mail.jnu.ac.in  

 

 

 

Genome-wide Differential Expression as a Barometer to Identify 

Function of Novel Genes 

Living cells modulate their growth in response to environmental and developmental cues 

primarily through the plasticity of gene expression. Post-genome era has heralded parallel 

analyses of genome-level measurements of mRNA and protein abundances. In this talk, I 

would first highlight the evolution of technological platform from microarray to next-

generation sequencing to unravel genome-wide regulatory circuits. I would also highlight the 

central requirement of a robust experimental design for meaningful interpretation of 

transcriptome and chromatin data. Using our published studies, I would present how genome-

wide measurements of mRNA expression has served as a barometer to identify function of 

novel genes. 

 

Sinha, I., Poonia, P., Sawhney, S. and Natarajan, K. (2017). Journal of Biological Chemistry 

DOI: 10.1074/jbc.C116.7685491.  

Saint, M*.,Sawhney, S*., Sinha, I., Singh R.P., Thakur, A., Siddharthan, R. and Natarajan K. 

(2014). Molecular and Cellular Biology 34(9): 1547-63. *equal contribution. 

Singh, R.P., Prasad, H.K., Sinha, I., Agarwal, N. and Natarajan, K. (2011) Journal of 

Biological Chemistry, 286, 25154-25170.   

Natarajan, K*.,Marton, M.J. and Hinnebusch, A.G. (2007). Principles and Practice of DNA 

Microarray Technology.In Methods in General and Molecular Microbiology, ASM Press, 

USA.978-994. 
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INVITEDSPEAKERS 

Dr. Chandan Badapanda 
Xcelris Labs Limited Ahmedabad, India 

chandan.badapanda@xcelrislabs.com 

 

 
 

 

 

 

 

Next Generation Sequencing Data Analysis overview 
 

Next generation sequencing is a common and versatile tool for biological, medical as well 

asagricultural research(clinical/non-clinical sample). Basic steps for analyzing NGS (Next 

GenerationSequencing) data including quality check are mentioned as below:Whole 

Genome Sequencing,Whole Transcriptome Sequencing, smallRNA analysis, Metagenome 

&Metatranscriptome, 16SrRNA Sequencing, Exome Sequencing, Genotypic by Synthesis, 

Genomics Database developmentetc.This talk reviews basic concepts, general applications, 

and the potential impact of nextgenerationsequencing (NGS) technologies on genomics, 

with particular reference to currentlyavailable and possible future platforms and 

bioinformatics. Also clarity on data storage, analysesand management solutions will be 

addressed due to sequencing of DNA at unprecedented speedfrom NGS technologies. 
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LECTURE CUMHands on Session speakers 

Dr.Arun Kumar Jain 

National Institute of Pathology-ICMR, New Delhi 

drakjain@gmail.com 

 

Overview of NGS data analysis sessions 

 Next generation sequencing (NGS) is a high throughput sequencing technique that 

completely revolutionizes the research fields of genetics and biomedical science. The NGS 

technology has successfully dropped the cost of sequencing and cut the time to days, lower 

manpower and reagents requirement. With NGS millions or billions of DNA strands can be 

sequenced in parallel, yielding significantly more throughput and lessen the need for the 

fragment-cloning methods of Sanger sequencing. 

 Although the recent advancement of sequencing technologies have successful in 

refining the sequencing task, still there exists central issues of handling, collection and 

analysis of the enormous amount of data generated during sequencing. The applications of 

the Bioinformatics or Computational field have effectively reduced this workload by 

simplifying downstream analysis processes but also emphasise the need of simultaneous 

expansion of bioinformatics environment with the sequencing technologies. 

 

Technology Sequencing method 

Roche 454 Pyrosequencing 

Illumina/Solexa Sequencing by synthesis 

ABI SOLiD Sequencing by ligation 

HelicostSMS Single-molecule sequencing 

Ion Proton (Life) Proton Detection 

PacBioRS Real time sequencing 

 

Overall, NGS is a cheaper, accurate, reliable, quicker technique that needs significantly less 

DNA and thus, provides several significant improvements over classical Sanger sequencing 

technology like 

Speed       Cost      Accuracy     Sample size    
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Mr. Arnab Nayek 

National Institute of Pathology-ICMR, New Delhi 

narnab1983@gmail.com 

Mr. Arnab Nayek, presently working as Research Assistant at 

Biomedical Informatics Centre, National Institute of Pathology-ICMR, New Delhi. His 

research interest includes developing bioinformatics tools and databases in Linux platform, 

Protein engineering and Molecular Dynamics Simulation. 

 

Linux and R basic commands for a biomedical researcher 

Arnab Nayek 

Just like Window 7 and Window 8, Linux is an Operating System that was designed to 

provide personal computer users a journey of free or very low-cost operating system 

comparable to traditional and usually more expensive Unix systems. It isone of the 

prominent examples of free and open source software on computer that enables 

applications and the computer operator to access the devices on the computer, to perform 

desired functions. Linux Operating System has many benefits over others like reliability, 

speed, portability, security, stability, Multi-user and Multi programming system etc. This 

operating system comprises of three basic components which includes Kernel, System 

Libraries and System Utility Tool.  

¶ Kernel - the core part of the operating system that manages communication 

between devices and software, manages the system resources (like CPU, memory, 

network...) and shields off the complexity of device programming from the 

developer as it provides an interface for the programmer to manipulate hardware. 

¶ System Libraries - contain program methods for developers to write software for the 

operating system. The libraries contain methods for process creation and 

manipulation, file handling, network programming, etc. It is a vital part of an 

operating system because one cannot communicate with the kernel directly: the 

library shields off the complexity of kernel programming for the system programmer. 

¶ System Utility Tool - responsible to do specialized, individual level task. 

Linux Distribution - Linux has a number of different versions to suit nearly any type of user. 

These versions are called distributions. Nearly every distribution of Linux can be 

downloaded for free, burned onto disk (or USB thumb drive), and installed (on as many 

machines as one like). The most popular Linux distributions are: Ubuntu Linux, Linux Mint, 

Arch Linux, Deepin, Fedora, Debian and openSUSE.  

Installing Linux 

Linux offers one of the easiest installations of all operating systems. Most versions of Linux 

offers a Live distribution ς which means one can run the operating system from either a 

CD/DVD or USB flash drive without making any changes to its hard drive. So, simply double-

ŎƭƛŎƪ ǘƘŜ άLƴǎǘŀƭƭέ ƛŎƻƴ ŀƴŘ ƻƴŜ Ŏŀƴ ǿŀƭƪ ǘƘǊƻǳƎƘ ǘƘŜ ǎƛƳǇƭŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ǿƛȊŀǊŘΦ 

http://www.ubuntu.com/
http://www.linuxmint.com/
https://www.archlinux.org/
http://www.linuxdeepin.com/index.en.html
http://fedoraproject.org/
https://www.debian.org/
http://www.opensuse.org/en/
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Linux tutorials 

1. Working with Directories: 

This module is a brief overview of the most common commands to work with directories: 

pwd, mkdir, cd, ls and rmdir. These commands are available on any Linux (or Unix) 

system. 

 

1.1 pwd – print working directory.This command display your current directory. 

[arnab@dhcppc0 bmic-workshop-2017]$ pwd 

/home/arnab/bmic-workshop-2017 

 

1.2 mkdir - This is used to create any directory (folder in windows) in Linux.  

syntax: - mkdir<directory-name> 

[arnab@dhcppc0 bmic-workshop-2017]$ mkdir workshop 

[arnab@dhcppc0 bmic-workshop-2017]$ ls -ltr 

total 4 

drwxrwxr-x 2 arnabarnab 4096 Feb 27 15:58 workshop 

 

1.2.1 mkdir -p - This will create the parent directories as needed. 

[arnab@dhcppc0 bmic-workshop-2017]$ mkdir -p mydir2/mysubdir2/mysubdir3 

[arnab@dhcppc0 bmic-workshop-2017]$ cd mydir2/ 

[arnab@dhcppc0 mydir2]$ ls -ltr 

total 4 

drwxrwxr-x 3 arnabarnab 4096 Feb 27 16:01 mysubdir2 

[arnab@dhcppc0 mydir2]$ cd mysubdir2/ 

[arnab@dhcppc0 mysubdir2]$ ls -ltr 

total 4 

drwxrwxr-x 2 arnabarnab 4096 Feb 27 16:01 mysubdir3 

 

1.3 cd – change from current directory to another directory. 

syntax: - cd <path/to/directory> 

[arnab@dhcppc0 bmic-workshop-2017]$ pwd 

/home/arnab/bmic-workshop-2017 

[arnab@dhcppc0 bmic-workshop-2017]$ cd workshop/ 

[arnab@dhcppc0 workshop]$ pwd 

/home/arnab/bmic-workshop-2017/workshop 

 

1.3.1 cd ~ - This is used to return to the home directory. 

[arnab@dhcppc0 workshop]$ pwd 

/home/arnab/bmic-workshop-2017/workshop 

[arnab@dhcppc0 workshop]$ cd ~ 

[arnab@dhcppc0 ~]$ pwd 

/home/arnab 
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1.3.2 cd .. - This is used to go to the directory containing the current working directory. 

[arnab@dhcppc0 workshop]$ pwd 

/home/arnab/bmic-workshop-2017/workshop 

[arnab@dhcppc0 workshop]$ cd .. 

[arnab@dhcppc0 bmic-workshop-2017]$ pwd 

/home/arnab/bmic-workshop-2017 

 

1.4 ls – List the contents of the current directory. 

syntax: - ls [options] 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

linux-manual.docx  mydir2  workshop 

 

1.4.1 ls -a – List all files including hidden files. When a file name on a Linux file system 

starts with a dot, it is  

considered a   hidden file and it doesn't show up in regular file listings. 

[arnab@dhcppc0 bmic-workshop-2017]$ ls -a 

.  ..  linux-manual.docx  .~lock.linux-manual.docx#  mydir2  workshop 

 

1.4.2 ls -l – It dispaly the long listing of the contents of the directory. 

[arnab@dhcppc0 bmic-workshop-2017]$ ls -l 

total 16 

-rw-r--r-- 1 arnabarnab 5121 Feb 27 16:19 linux-manual.docx 

drwxrwxr-x 3 arnabarnab 4096 Feb 27 16:01 mydir2 

drwxrwxr-x 2 arnabarnab 4096 Feb 27 15:58 workshop 

 

1.5 rmdir - When a directory is empty, this command is used to remove the directory. 

syntax: - rmdir<directory-name> 

[arnab@dhcppc0 bmic-workshop-2017]$ ls -l 

total 16 

-rw-r--r-- 1 arnabarnab 5457 Feb 27 16:22 linux-manual.docx 

drwxrwxr-x 3 arnabarnab 4096 Feb 27 16:01 mydir2 

drwxrwxr-x 2 arnabarnab 4096 Feb 27 15:58 workshop 

[arnab@dhcppc0 bmic-workshop-2017]$ rmdir workshop/ 

[arnab@dhcppc0 bmic-workshop-2017]$ ls -l 

total 12 

-rw-r--r-- 1 arnabarnab 5457 Feb 27 16:22 linux-manual.docx 

drwxrwxr-x 3 arnabarnab 4096 Feb 27 16:01 mydir2 

 

2. Symbolic links: 

To make links between files you need to use ln command. A symbolic link (also known as a 

soft link or symlink) consists of a special type of file that serves as a reference to another file 

or directory. 

 

Syntax: ln -s {target-filename} {symbolic-filename} 
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Example: creating a symbolic link to a executable file zotero (located in /usr/local/bin) in 

current working directory. 

[arnab@dhcppc0 bmic-workshop-2017]$ ln -s /usr/local/bin/zotero /home/arnab/bmic-

workshop-2017/zotero 

[arnab@dhcppc0 bmic-workshop-2017]$ ls -ltr 

total 4 

drwxrwxr-x 3 arnabarnab 4096 Feb 27 16:01 mydir2 

lrwxrwxrwx 1 arnabarnab   21 Mar  2 11:04 zotero -> /usr/local/bin/zotero 

 

3.  Working with Files: 

In this chapter we learn how to recognize, create, set permission to file, copy, move, rename 

and remove files using 

commands like file, touch, chmod, cp, mv, rm. 

Files on Linux (or any Unix) are case sensitive. This means that FILE1 is different from file1, 

and /etc/hosts is different from /etc/Hosts (the latter one does not exist on a typical Linux 

computer). 

Everything in Linux (or UNIX) is a file. A directory is a special kind of file, but it is still a 

(case sensitive!) file. Each terminal window (for example /dev/pts/0), any hard disk or 

partition (for example /dev/sda1) and any process are all represented somewhere in the file 

system as a file. It will become clear throughout this course that everything on Linux is a file. 

 

3.1 file - The file command determines the type of file. 

syntax: - file <file-name> 

[arnab@dhcppc0 bmic-workshop-2017]$ file /etc/passwd 

/etc/passwd: ASCII text 

 

3.2. touch - This is used to create an empty file and also to change the time stamps i.e. the 

access time and modification 

time. 

syntax: - touch [options] <file-name(s)> 

 [arnab@dhcppc0 bmic-workshop-2017]$ touch file1.txt 

 [arnab@dhcppc0 bmic-workshop-2017]$ ls -ltr 

total 4 

drwxrwxr-x 3 arnabarnab 4096 Feb 27 16:01 mydir2 

lrwxrwxrwx 1 arnabarnab   21 Mar  2 11:04 zotero -> /usr/local/bin/zotero 

 -rw-rw-r-- 1 arnabarnab    0 Mar  2 11:44 file1.txt 

 

3.3 chmod – This command is used to to change the permission for the accessing of a file. 

Syntax: chmod [option] <mode><file name> 

[arnab@dhcppc0 bmic-workshop-2017]$ ls file1.txt -ltr 

-rw-rw-r-- 1 arnabarnab 0 Mar  2 12:21 file1.txt 

[arnab@dhcppc0 bmic-workshop-2017]$cat> file1.txt 

Hello World!! 
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^C 

[arnab@dhcppc0 bmic-workshop-2017]$ cat file1.txt 

Hello World!! 

[arnab@dhcppc0 bmic-workshop-2017]$ chmod 444 file1.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ ls file1.txt -ltr 

-r--r--r-- 1 arnabarnab 14 Mar  2 12:22 file1.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ cat> file1.txt 

bash: file1.txt: Permission denied 

[arnab@dhcppc0 bmic-workshop-2017]$ chmod 644 file1.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ ls file1.txt -ltr 

-rw-r--r-- 1 arnabarnab 14 Mar  2 12:22 file1.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ cat> file1.txt 

BMIC workshop 2017, NIP, ICMR 

^C 

[arnab@dhcppc0 bmic-workshop-2017]$ cat file1.txt 

BMIC workshop 2017, NIP, ICMR 

 

3.4 .cp - To copy one or more files from one directory to another directory. 

syntax: - cp [options] <source-file-name><target-file-name> 

 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

file1.txt  mydir2zotero 

[arnab@dhcppc0 bmic-workshop-2017]$ cp ./file1.txt mydir2/file1-copy.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ ls mydir2/file1-copy.txt -ltr 

-rw-r--r-- 1 arnabarnab 30 Mar  2 13:14 mydir2/file1-copy.txt 

 

With options: 

3.4.1 cp -i - To prevent cp from overwriting existing files, use the -i (for interactive) option. 

[arnab@dhcppc0 bmic-workshop-2017]$ cp -i ./file1.txt mydir2/file1-copy.txt 

cp: overwrite „mydir2/file1-copy.txt‟? n 

3.4.2 cp -r - To copy complete directories, use cp -r (the -r option forces recursive copying of 

all files in all sub directories). 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

file1.txt  mydir2  mydir3  zotero 

[arnab@dhcppc0 bmic-workshop-2017]$ cp mydir2 mydir3 

cp: omitting directory „mydir2‟ 

[arnab@dhcppc0 bmic-workshop-2017]$ cp -r mydir2/ mydir3 

[arnab@dhcppc0 bmic-workshop-2017]$ ls mydir3/ 

mydir2 

3.5 mv - To rename a file or directory and move the file (s) or directory from one place to 

other. 

syntax: 

3.5.1rename: mv [options]  <old-file-name><new-file-name> 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 
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file1.txt  mydir2  mydir3  zotero 

[arnab@dhcppc0 bmic-workshop-2017]$ mv file1.txt file_newname.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

file_newname.txt  mydir2  mydir3  zotero 

[arnab@dhcppc0 bmic-workshop-2017]$ mv mydir2 mydir_newname 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

file_newname.txt  mydir3mydir_newnamezotero 

 

3.5.2 move: mv [options] <source><destination> 

 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

file_newname.txt  mydir3mydir_newnamezotero 

[arnab@dhcppc0 bmic-workshop-2017]$ mv file_newname.txt mydir_newname/ 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

mydir3  mydir_newnamezotero 

 

3.6rm - remove a file forever. 

syntax: - rm [options] <file-name(s)> 

 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

mydir3  mydir_newname  new-file1.txt  zotero 

[arnab@dhcppc0 bmic-workshop-2017]$ rm new-file1.txt 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

mydir3  mydir_newnamezotero 

 

With options: 

3.6.1 rm - i - This is used to prevent yourself from accidentally removing a file. 

 

[arnab@dhcppc0 bmic-workshop-2017]$ rm -izotero 

rm: remove symbolic link „zotero‟? n 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

mydir3  mydir_newnamezotero 

 

3.6.2 rm -rf - By default, rm -r will not remove non-empty directories. However rm accepts 

several options that will allow you to remove any directory. rm -rf (r - recursive, f - force) 

command will remove the directory forcefully even the directory is not empty. 

 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

mydir3  mydir_newnamezotero 

[arnab@dhcppc0 bmic-workshop-2017]$ rm mydir3/ 

rm: cannot remove „mydir3/‟: Is a directory 

[arnab@dhcppc0 bmic-workshop-2017]$ rm -rf mydir3/ 

[arnab@dhcppc0 bmic-workshop-2017]$ ls 

mydir_newnamezotero 
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4. vi basics: 

Opening a file: 

vimy_reads.fastq(open the file my_reads.fastq in the current directory for editing; if the file 

does not exist, it will be created) 

 

Command mode: typing will issue commands to the editor (rather than change text itself) 

Edit mode: typing will enter/change text in the document 

<Esc> exit edit mode and enter command mode (this is the most important key – use it 

whenever you are lost) 

 

The following commands will take you to edit mode: 

i enter insert mode 

r single replace 

R multiple replace 

a move one character right and enter insert mode 

o start a new line under current line 

O start a new line above the current line 

 

The following commands operate in command mode (hit <Esc> before using them) 

 

x delete one character at cursor position 

dw       delete the current word (Note: ndw deletes n numbered words) 

dd delete the current line 

D         delete all content to the right of the cursor 

p,P       paste line starting one line below/above current cursor location 

ywcopies a word into a buffer (7yw copies 7 words) 

yycopies a line into a buffer (3yy will copy 3 lines) 

G go to end of file 

1G go to beginning of file 

154G go to line 154 

$ go to end of line 

1 go to beginning of line 

:q! exit without saving 

:w save (but not exit) 

:wq! save and exit 

Arrow keys: move cursor around (in both modes) 

 

Working with vi: 

1. Opening a new file in vi editor: 

[arnab@dhcppc0 bmic-workshop-2017]$ vi my_file.txt 
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2. To write something press 'i' (insert) and write 

 

3. To save the document press <Esc> then write :wq 

working in vi with a vcf file: 

1. opening a vcf file - 

[arnab@dhcppc0 bmic-workshop-2017]$ vi DENV3.vcf 

2. Go to the line number 100 in DENV3.vcf file - press <Esc> then type :100 

3. Check total lines in the vcf file - press <Esc> then type :$ 

4. Find out the comments line in the vcf file – press <Esc> then /^#/ 

5. Delete the all comments line from the vcf file - press <Esc> then type :g/^#/d 

6. To save the changes of the file and quit from vi editor - Press <Esc> then type :wq 

 

R tutorial 

1. R installation in Linux (Fedora): 

1.1 Installation of R from command line: 

[arnab@dhcppc0 bmic-workshop-2017]$ su 

Password:  

[root@dhcppc0 bmic-workshop-2017]# dnf install R-core 

Last metadata expiration check: 1:00:19 ago on Tue Mar  7 10:30:24 2017. 

Package R-core-3.3.2-3.fc23.x86_64 is already installed, skipping. 

Dependencies resolved. 

Nothing to do. 

Complete! 

 

2. Checking that R has installed or not in your system: 

[root@dhcppc0 bmic-workshop-2017]# which R 

/usr/bin/R 

 

3. checking for R version: 

[root@dhcppc0 bmic-workshop-2017]# R --version 

R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch" 

Copyright (C) 2016 The R Foundation for Statistical Computing 

Platform: x86_64-redhat-linux-gnu (64-bit) 

R is free software and comes with ABSOLUTELY NO WARRANTY. 

You are welcome to redistribute it under the terms of the 

GNU General Public License versions 2 or 3. 

For more information about these matters see 

http://www.gnu.org/licenses/. 

 

4. Start R type 'R' in command prompt: 

 

5. Packages and libraries  in R: 
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Packages are collections of R functions, data, and compiled code in a well-defined format. 

The directory where packages are stored is called the library. R comes with a standard set of 

packages. Others are available for download and installation. Once installed, they have to be 

loaded into the session to be used. 

5.1 Check all available packages installed in R library: 

>library() 

5.2 See the packages currently loaded in your workspace: 

>search() 

5.3 Load any package from library: 

>library(package_name) (For example package – 'cluster' has been shown to be loaded) 

5.4 Adding additional package into the library: 

>install.packages("package_name") 

>install.packages("ggplot2") (for example to install the package 'ggplot2') 

5.5 Installation of Bioconductor packages required for NGS data analysis: 

>biocLite("limma") 

 

6.Structuring data with objects: 

6.1 Scalars: 

The simplest type of object is a scalar. A scalar is an object with one value. To create a scalar 

data object, simply assign a value to a variable using the assignment operator “<-”. Note the 

equals sign is not the assignment operator in R and serves other functionality. 

For example to create scalar data objects x and y: 

#create scalar data object x with value 5 

x<-5 

#create scalar data object y with value 2 

y<-2 

With scalar data objects of numeric mode, R is a big calculator. You can 

manipulate scalar objects in R and perform all sorts of algebraic calculations. 

> #some manipulations on scalar objects x and y 

> z<-x+y 

>z 

[1] 7 

>x-y 

[1] 3 

>x*y+2 

[1] 12 

Of course data can also be logical or character mode. Logical data can be 

entered simply as T or F (no quotes). 

>correctLogic<-T 

>correctLogic 

[1] TRUE 

>incorrectLogic<-"T" 

>incorrectLogic 

[1] "T" 
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Character data should always be enclosed with quotations (either single or 

double quotes will do). 

>single<-'singleQuote' 

>double<-"doubleQuote" 

>single 

[1] "singleQuote" 

>double 

[1] "doubleQuote" 

 

The function “mode (variable name)” will tell you the mode of a variable. 

>mode(x) 

[1] "numeric" 

>mode(correctLogic) 

[1] "logical" 

>mode(incorrectLogic) 

[1] "character" 

 

6.2 Vectors: 

Of course the power of R lies not in its ability to work with simple scalar data but in its 

ability to work with large data sets. Vectors are the data objects probably most used in R and 

in this book are used literally everywhere. A vector can be defined as a set of scalars arranged 

in a one-dimensional array. 

 

Essentially a scalar is a one-dimensional vector. Data values in a vector are all the same 

mode, but a vector can hold data of any mode. 

 

Vectors may be entered using the c () function (or “combine values” in a vector) 

and the assignment operator like this: 

 

>newVector<-c(2,5,5,3,3,6,2,3,5,6,3) 

>newVector 

[1] 2 5 5 3 3 6 2 3 5 6 3 

 

Vectors may also be entered using the scan () function and the assignment 

operator. This is a good way to enter data easily as you can past in unformatted 

data values from other documents. 

>scannedVector<-scan() 

1: 2 

2: 3 

3: 1 

4: 3 

5: 53 

To stop the scan simply leave an entry blank and press enter. 

6: 
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Read 5 items 

Another way to make a vector is to make it out of other vectors: 

> v1<-c(1,2,3) 

> v2<-c(4,5,6) 

You can perform all kinds of operations on vectors, a very powerful and useful feature of R 

> z<-v1+v2 

>z 

[1] 5 7 9 

 

You can also create a vector by joining existing vectors with the c () function: 

> q<-c(v1,v2) 

>q 

[1] 1 2 3 4 5 6 

 

Vectors that have entries that are all the same can easily be created using the 

“rep” (repeat) function: 

> x<-rep(3,7) 

>x 

[1] 3 3 3 3 3 3 3 

 

>charvec<-rep("haha",4) 

>charvec 

[1] "haha" "haha" "haha" "haha" 

 

6.3 Factors: 

A factor is a special type of character vector. In most cases character data is used to describe 

the other data, and is not used in calculations. However, for some computations qualitative 

variables are used. To store character data as qualitative variables, a factor data type is used.  

 

You may create a factor by first creating a character vector, and then converting 

it to a factor type using the factor () function: 

>settings<-c("High","Medium","Low") 

>settings<-factor(settings) 

Notice that this creates “levels” based on the factor values (these are the values of categorical 

variables). 

>settings 

[1] High Medium Low 

Levels: High Low Medium 

 

6.4 Matrices and Arrays: 

Matrices are collections of data values in two dimensions. An array is a matrix with more 

than two dimensions. Formatting data as matrices and arrays provides an efficient data 

structure to perform calculations in a computationally fast and efficient manner. 
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To declare a matrix in R, use the matrix () function, which takes as arguments a data vector 

and specification parameters for the number of rows and columns. 

Let‟s declare a simple 2 by 2 matrix. 

>mat<-matrix(c(2,3,1,5),nrow=2,ncol=2) 

>mat 

     [,1] [,2] 

[1,]    2    1 

[2,]    3    5 

 

Typically the data in an array or matrix is numerical. 

Specially structured matrices can also be easily created. For example, creating a 2 by 3 matrix 

consisting of all ones can be done as follows: 

>onemat 

     [,1] [,2] [,3] 

[1,]    1    1    1 

[2,]    1    1    1 

 

If you create a matrix with a set of numbers, for example 7 numbers, and you specify it to 

have a set number of columns, for example 3 columns, R will cycle through the numbers until 

it fills all the space specified in the matrix, giving a warning about unequal replacement 

lengths: 

>matrix(c(1,2,3,4,5,6,7), ncol=3) 

     [,1] [,2] [,3] 

[1,]    1    4    7 

[2,]    2    5    1 

[3,]    3    6    2 

Warning message: 

In matrix(c(1, 2, 3, 4, 5, 6, 7), ncol = 3) : 

data length [7] is not a sub-multiple or multiple of the number of rows [3] 

6.5 Lists: 

Lists are the “everything” data objects. A list, unlike a vector, can contain data with different 

modes under the same variable name and encompass other data objects. Lists are useful for 

organizing information. Creating a list is very simple; just use the list () function to assign to 

a variable the list values. Note that list values are indexed with double bracket sets such as 

[[1]] rather than single bracket sets used by other data objects. 

 

>matrix(c(1,2,3,4,5,6,7), ncol=3) 

     [,1] [,2] [,3] 

[1,]    1    4    7 

[2,]    2    5    1 

[3,]    3    6    2 

Warning message: 

In matrix(c(1, 2, 3, 4, 5, 6, 7), ncol = 3) : 

data length [7] is not a sub-multiple or multiple of the number of rows [3] 
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>myList<-list(5,6,"seven", mat) 

>myList 

[[1]] 

[1] 5 

 

[[2]] 

[1] 6 

 

[[3]] 

[1] "seven" 

 

[[4]] 

     [,1] [,2] 

[1,]    2    1 

[2,]    3    5 

 

6.6 Data Frames: 

Data frames are versatile data objects you can use in R. You can think of a data frame object 

as a being somewhat like a spreadsheet. Each column of the data frame is a vector. Within 

each vector, all data elements must be of the same mode. However, different vectors can be 

of different modes. All vectors in a data frame must be of the same length. 

 

To create a data frame object, let‟s first create the vectors that make up the data frame 

(genome size data from www.ornl.gov).: 

> organism<-c("Human","Mouse","Fruit Fly", "Roundworm","Yeast") 

>genomeSizeBP<-c(3000000000,3000000000,135600000,97000000,12100000) 

>estGeneCount<-c(30000,30000,13061,19099,6034) 

Now, with three vectors of equal length we can join these in a data frame using the function 

data.frame () with the vectors we want as the arguments of this function. Note that the format 

here is “column name”=”vector to add” and the equals (not assignment) operator is used. We 

are naming columns not creating new variables here. Here, the variable names are used as 

column names, but you could rename the columns with names other than the variable names 

if you like. 

> organism<-c("Human","Mouse","Fruit Fly", "Roundworm","Yeast") 

>genomeSizeBP<-c(3000000000,3000000000,135600000,97000000,12100000) 

>estGeneCount<-c(30000,30000,13061,19099,6034) 

>comparativeGenomeSize<-

data.frame(organism=organism,genomeSizeBP=genomeSizeBP,estGeneCount=estGeneCoun

t) 

>comparativeGenomeSize 

organismgenomeSizeBPestGeneCount 

1        Human       3.000e+09        30000 

2         Mouse       3.000e+09        30000 

3      Fruit Fly       1.356e+08        13061 
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4 Roundworm      9.700e+07        19099 

5            Yeast       1.210e+07         6034 

7. Data import/export: 

7.1 Importing files: 

Importing using the function read. *(): 

The most convenient form to import data into R is to use the read functions, notably 

read.table(). This function will read in a flat file data file, created in ASCII text format. In 

Notepad you can simply save such a file as a regular text file (extension *.txt). Many 

spreadsheet programs can save data in this format. 

Step 1: Check your current working directory -  

>getwd() 

[1] "/home/arnab" 

step 2: set your working directory where the importing file is locating -  

>setwd("/home/arnab/bmic-workshop-2017/") 

step 3: check again your current working directory -  

>getwd() 

[1] "/home/arnab/bmic-workshop-2017" 

step 4: check that the file which you want to import is there or not -  

>dir() 

[1] "dengue_virus_3.fasta"       "DENV3.vcf"                  

[3] "gene-expression-sample.txt" "my_file.txt"                

[5] "mydir_newname"              "snapshots"                  

[7] "SRR1056547.fastq"           "zotero"  

step 5: import file with read.table() function and assign into an object                    

>gedata<- read.table("gene-expression-sample.txt", header =T) 

step 6: check the file has imported in your workspace or not by putting the object name -  

>gedata 

names   c1   t1   c2   t2   c3   t3   c4   t4 

1   Gene1 2650 3115 2619 2933 2331 2799 2750 3200 

2   Gene2 1200 1101 1200 1309 1888 1901 1315  980 

3   Gene3 1541 1358 1401 1499 1256 1238 1625 1421 

4   Gene4 1545 1910 1652 2028 1449 1901 1399 2002 

5   Gene5 1956 2999 2066 2880 1777 2898 1999 2798 

6   Gene6 1599 2710 1754 2765 1434 2689 1702 2402 

7   Gene7 2430 2589 2789 2899 2332 2300 2250 2741 

8   Gene8 1902 1910 2028 2100 1888 1901 2000 1899 

9   Gene9 1530 2329 1660 2332 1501 2298 1478 2287 

10 Gene10 2008 2485 2104 2871 1987 2650 2100 2520 

 

7.2 Exporting Data: 

There are numerous methods for exporting R objects into other formats .For SPSS, SAS and 

Stata.you will need to load the foreign packages. For Excel, you will need the xlsReadWrite 

package.  

http://cran.r-project.org/web/packages/foreign/index.html
http://cran.r-project.org/web/packages/xlsReadWrite/index.html
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To A Tab Delimited Text File 

write.table(mydata, "/home/arnab/mydata.txt", sep="\t")  

To an Excel Spreadsheet  

library(xlsx) 

write.xlsx(mydata, "home/arnab/mydata.xlsx")  

8. NGS software installation instruction from command line 

8.1 NGS file formats: 

8.1.1 FastQC: 

1. download the latest version of fastqc installation zip file. 

2. Extract the zip file. 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ unzip fastqc_v0.11.4.zip 

3.Go to the installation directory 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ cdFastQC/ 

4. change the all files permission to 777 (read-4, write-2, execute-1 for user, group and 

others) 

[arnab@dhcppc0 FastQC]$ chmod 777 * 

5. login as root user and copy all the files to the /usr/local/bin directory 

[arnab@dhcppc0 FastQC]$ su 

[root@dhcppc0 FastQC]# cp -r * /usr/local/bin/ 

6. run the software putting the name from command line 

[arnab@dhcppc0 ~]$ fastqc 

 

8.1.2 Trimmomatic: 

1. download the latest version of Trimmomatic zip file from internet. 

2. Extract the zip file 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ unzip Trimmomatic-0.35.zip 

3. run the trimmomatic-0.35.jar file 

 

8.1.3 RseQC: 

1. Run the following command from command line - 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ pip install RSeQC 

 

8.2 De novo assembly: 

8.2.1 velvet: 

1. download the latest version of velvet installation setup zip file. 

2.  Extract the zip file 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ tar -zxvf velvet_1.2.10.tgz 

3. Go to the installation directory 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ cd velvet_1.2.10/ 

4. run the following commands 

[arnab@dhcppc0 velvet_1.2.10]$ ./update_velvet.sh 

5. change the all files permission to 777 (read-4, write-2, execute-1 for user, group and 

others) 

[arnab@dhcppc0 velvet_1.2.10]$ chmod 777 * 
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6. login as root user and copy all the files to the /usr/local/bin directory 

[arnab@dhcppc0 velvet_1.2.10]$ su 

[root@dhcppc0 velvet_1.2.10]# cp -r * /usr/local/bin/ 

7. Run the command 

[arnab@dhcppc0 ~]$ velvetg 

[arnab@dhcppc0 ~]$ velveth 

 

8.2.2 SPAdes: 

1.  download the latest version of SPAdes installation setup zip file. 

2.  Extract the zip file 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ tar -zxvf SPAdes-3.6.2-Linux.tar.gz 

3. Go to the installation directory 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ cd SPAdes-3.6.2-Linux/ 

4. Go to the bin directory 

[arnab@dhcppc0 SPAdes-3.6.2-Linux]$ cd bin 

5. change the all files permission to 777 (read-4, write-2, execute-1 for user, group and 

others) 

[arnab@dhcppc0 bin]$ chmod 777 * 

6. login as root user and copy all the files to the /usr/local/bin directory 

[arnab@dhcppc0 bin]$ su 

[arnab@dhcppc0 bin]# cp -r * /usr/local/bin/ 

7. Run the command 

[arnab@dhcppc0 ~]$ spades.py 

 

8.3 Variant calling and annotations from NGS reads: 

8.3.1 bwa: Run the following command to install the bwa 

1. [root@dhcppc0 bmicworkshop2017-softwares]#dnf install bwa 

2. Run bwa 

[arnab@dhcppc0 ~]$ bwa 

 

8.3.2 bowtie2: 

1.  download the latest version of bowtie2 installation setup zip file. 

2.  Extract the zip file 

[root@dhcppc0 bmicworkshop2017-softwares]# unzip bowtie2-2.2.6-linux-x86_64.zip 

3. Go to the installation directory 

[root@dhcppc0 bmicworkshop2017-softwares]# cd bowtie2-2.2.6/ 

4. change the all files permission to 777 (read-4, write-2, execute-1 for user, group and 

others) 

[root@dhcppc0 bowtie2-2.2.6]# chmod 777 * 

5. copy all the files to the /usr/local/bin directory 

[root@dhcppc0 bowtie2-2.2.6]# cp -r * /usr/local/bin/ 

6. run bowtie2 

[arnab@dhcppc0 ~]$ bowtie2 

8.3.3 samtools: 
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Run the following command to install the samtools 

1. [root@dhcppc0 bmicworkshop2017-softwares]#dnf install samtools 

2. Run samtools 

[arnab@dhcppc0 ~]$ samtools 

 

8.3.4 GATK: 

1. download the latest version of  gatk zip file from internet. 

2. Extract the zip file 

[arnab@dhcppc0 bmicworkshop2017-softwares]$ unzip gatk.zip 

3. run the gatk.jar file 

 

8.4. RNA-seq data analysis: 

8.4.1 tophat2: 

1. 1.  download the latest version of tophat2 installation setup zip file. 

2.  Extract the zip file 

[root@dhcppc0 bmicworkshop2017-softwares]# tar -zxvf tophat-2.1.1.Linux_x86_64.tar.gz 

3. Go to the installation directory 

[root@dhcppc0 bmicworkshop2017-softwares]# cd tophat-2.1.1 

4. change the all files permission to 777 (read-4, write-2, execute-1 for user, group and 

others) 

[root@dhcppc0 tophat-2.1.1]# chmod 777 * 

5. copy all the files to the /usr/local/bin directory 

[root@dhcppc0 tophat-2.1.1]# cp -r * /usr/local/bin/ 

6. run tophat2 

[root@dhcppc0 arnab]# tophat2 

 

8.4.2 cufflinks: 

1. 1.  download the latest version of cufflinks installation setup zip file. 

2.  Extract the zip file 

[root@dhcppc0 bmicworkshop2017-softwares]# tar -zxvf cufflinks-

2.2.1.Linux_x86_64.tar.gz 

3. Go to the installation directory 

[root@dhcppc0 bmicworkshop2017-softwares]# cd cufflinks-2.2.1.Linux_x86_64/ 

4. change the all files permission to 777 (read-4, write-2, execute-1 for user, group and 

others) 

[root@dhcppc0 cufflinks-2.2.1.Linux_x86_64]# chmod 777 * 

5. copy all the files to the /usr/local/bin directory 

[root@dhcppc0 cufflinks-2.2.1.Linux_x86_64]# cp -r * /usr/local/bin/ 

6. run cufflinks 

[arnab@dhcppc0 ~]$ cufflinks 

END 
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NGS file formats and QC 
Shweta Aggarwal, Rashi 

A basic knowledge of different file formats of the most common sequence, alignment and 

annotation is often useful to understand the inputs/outputs and contents of many analysis 

tools used in the NGS field. Various file formats in NGS are tabulated below. 

Table. 1: Showing Source data with their file formats. 

Source Data File Formats 

Sequence data FASTA formats 

Sequence and base call quality data FASTQ formats 

Sequence alignment data SAM and BAM formats 

Gene sequence variations storage VCF, BCF 

Genome annotations GTF, GFF and BED format 

 

Quality Control 

For meaningful downstream analysis the quality control (QC) of sequence data 

generated from different NGS technologies is extremely important. As NGS can be affected 

by a range of artefacts that arise during the library preparation and sequencing processes, 

which can negatively impact the quality of the raw data for downstream analyses. These 

issues include platform specific error profiles, systematic variation in quality scores across 

the sequence read, biases in sequence generation driven by base composition, departure 

from optimal library fragment sizes, variation in the proportions of duplicate sequences 

introduced by PCR amplification bias, and contamination from known and unknown species 

other than the sequencing target (Schmieder and Edwards, 2011a; Zhou et al., 2013). 

Several software tools have been published that can highlight quality issues in NGS 

data, including low base quality, contamination with adapter sequences and biases in base 

composition (e.g., Andrews, 2010; Lohse et al., 2012; Patel and Jain, 2012). 

Different QC Tools  

 

FastQChttp://www.bioinformatics.babraham.ac.uk/projects/fastqc/ 

PINSEQ                                http://prinseq.sourceforge.net/ 

FASTX Toolkit                       http://hannonlab.cshl.edu/fastx_toolkit/ 

NGS QC Toolkit                    http://www.nipgr.res.in/ngsqctoolkit.html 

NGS QC in Galaxy                https://usegalaxy.org/ 
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 Initial steps in the quality control (QC) process typically involve assessing the intrinsic 

quality of the raw reads using metrics generated by the sequencing platform (e.g., quality 

scores) or calculated directly from the raw reads (e.g., base composition). 

 FastQC is one of the most popular tools for the generation of these quality metrics. This 

tool is very helpful for investigating the quality of sequence data generated from hundreds 

of millions of sequences in a single run using modern high throughput sequencers. FastQC 

will process and present the reports in a visual manner. FastQC aims to provide a QC report 

which can spot problems that originate either in the sequencer or in the starting library 

material. 

The main functions of FastQC are 

ω Import of data from BAM, SAM or FastQ files (any variant) 

ω Providing a quick overview to tell in which areas there may be problems 

ω Summary graphs and tables to quickly assess the data 

ω Export of results to an HTML based permanent report 

ω Offline operation to allow automated generation of reports without running the 

interactive application 

 

In order to correctly map reads on reference genome reads should be pre-processed. 

List of various tools to trim next generation sequencing reads: 

1. Cutadapt:Cutadapt finds and removes adapter sequences, primers, poly-A tails and 

other types of unwanted sequence from your high-throughput sequencing reads. 

https://cutadapt.readthedocs.org/en/stable/installation.html 

2. ConDeTri: Trim reads from the 3'-end and extract reads (or read pairs) of good 

quality. If the reads are paired, the filtering is done pairwise, and if one read in a pair 

has low quality, the remaining read is saved as single end. 

https://github.com/linneas/condetri 

3. FASTX-Toolkit: It is a collection of command line tools for Short-Reads FASTA/FASTQ 

files preprocessing. http://hannonlab.cshl.edu/fastx_toolkit/ 

4. PRINSEQ: It can be used to filter, reformat, or trim genomic and metagenomic 

sequence data. http://prinseq.sourceforge.net/ 

5. SolexaQA: It calculates sequence quality statistics and creates visual representations 

of data quality for second-generation sequencing data. 

http://solexaqa.sourceforge.net/ 

 

6. Sickle: A windowed adaptive trimming tool for FASTQ files using quality. 

https://github.com/najoshi/sickle 

7. Trimmomatic: A flexible trimmer for Illumina Sequence Data 

http://www.usadellab.org/cms/?page=trimmomatic 

 

https://cutadapt.readthedocs.org/en/stable/installation.html
https://github.com/linneas/condetri
http://hannonlab.cshl.edu/fastx_toolkit/
http://prinseq.sourceforge.net/
http://solexaqa.sourceforge.net/
https://github.com/najoshi/sickle
http://www.usadellab.org/cms/?page=trimmomatic


27 
 

Trimmomatic is a fast, multithreaded command line tool that can be used to trim and crop 

NGS data as well as to remove adapters. These adapters can pose a real problem depending 

on the library preparation and downstream application.  

There are two major modes of the program: Paired end mode and Single end mode. The 

paired end mode will maintain correspondence of read pairs and also use the additional 

information contained in paired reads to better find adapter or PCR primer fragments 

introduced by the library preparation process. 

Trimmomatic works with FASTQ files (using phred + 33 or phred + 64 quality scores, 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ LƭƭǳƳƛƴŀ ǇƛǇŜƭƛƴŜ ǳǎŜŘύΦ CƛƭŜǎ ŎƻƳǇǊŜǎǎŜŘ ǳǎƛƴƎ ŜƛǘƘŜǊ ΨƎȊƛǇΩ ƻǊ ΨōȊƛǇнΩ ŀǊŜ 

ǎǳǇǇƻǊǘŜŘΣ ŀƴŘ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ōȅ ǳǎŜ ƻŦ ΨƎȊƛǇΩ ƻǊ ΨōȊƛǇнΩ ŦƛƭŜ ŜȄǘŜƴǎƛƻƴǎΦ 

Trimmomatic performs a variety of useful trimming tasks for illumina paired-end and single 

ended data. The selection of trimming steps and their associated parameters are supplied 

on the command line. The current trimming steps are:  

ILLUMINACLIP: Cut adapter and other illumina-specific sequences from the read.  

SLIDINGWINDOW: Performs a sliding window trimming approach. It starts scanning at the 

рΩŜƴŘ ŀƴŘ ŎƭƛǇǎ ǘƘŜ ǊŜŀŘ ƻƴŎŜ ǘƘŜ ŀǾŜǊŀƎŜ ǉǳŀƭƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ǿƛƴŘƻǿ Ŧŀƭƭǎ ōŜƭƻǿ ŀ ǘƘǊŜǎƘƻƭŘΦ 

MAXINFO: An adaptive quality trimmer which balances read length and error rate to 

maximise the value of each read.  

LEADING: Cut bases off the start of a read, if below a threshold quality.  

TRAILING: Cut bases off the end of a read, if below a threshold quality.  

CROP: Cut the read to a specified length by removing bases from the end  

HEADCROP: Cut the specified number of bases from the start of the read  

MINLEN: Drop the read if it is below a specified length  

AVGQUAL: Drop the read if the average quality is below the specified level  

TOPHRED33: Convert quality scores to Phred-33  

TOPHRED64: Convert quality scores to Phred-64 

Running Trimmomatic 

Single End Mode  

For single-ended data, one input and one output file are specified. The required processing 

steps (trimming, cropping, adapter clipping etc.) are specified as additional arguments after 

the input/output files. 

java -jar <path to trimmomatic jar> SE [-threads <threads>] [-phred33 | -phred64] [-

trimlog<logFile>] <input><output><step 1> ... 

or 

java -classpath<path to trimmomatic jar>org.usadellab.trimmomatic.TrimmomaticSE [-

threads <threads>] [-phred33 | -phred64] [-trimlog<logFile>] <input><output><step 1> ... 

If no quality score is specified, phred-64 is the default. This will be changed to an 

'autodetected' quality score in a future version. 

Specifying a trimlog file creates a log of all read trimmings, indicating the following 

details: 

¶ the read name 



28 
 

¶ the surviving sequence length 

¶ the location of the first surviving base, aka. the amount trimmed from the start 

¶ the location of the last surviving base in the original read 

¶ the amount trimmed from the end 
 

Paired End Mode 

 For paired-end data, two input files, and 4 output files are specified, 2 for the 'paired' 

output where both reads survived the processing, and 2 for corresponding 'unpaired' output 

where a read survived, but the partner read did not. 

java -jar <path to trimmomatic.jar> PE [-threads <threads] [-phred33 | -phred64] [-

trimlog<logFile>] <input 1><input 2><paired output 1><unpaired output 1><paired 

output 2><unpaired output 2><step 1> ... 

or 

java -classpath<path to trimmomatic jar>org.usadellab.trimmomatic.TrimmomaticPE [-

threads <threads>] [-phred33 | -phred64] [-trimlog<logFile>] <input 1><input 2><paired 

output 1><unpaired output 1><paired output 2><unpaired output 2><step 1> ... 

 

Processing Steps in Detail  

Most processing steps take one or more settings, delimited by ':' (a colon) 

ILUMINACLIP- This step is used to find and remove Illumina adapters. 

ILLUMINACLIP:<fastaWithAdaptersEtc>:<seed mismatches>:<palindrome clip 

threshold>:<simple clip threshold> 

fastaWithAdaptersEtc: specifies the path to a fasta file containing all the adapters, PCR 

sequences etc. The naming of the various sequences within this file determines how they 

are used. See below. 

seedMismatches: specifies the maximum mismatch count which will still allow a full 

match to be performed 

palindromeClipThreshold: specifies how accurate the match between the two 'adapter 

ligated' reads must be for PE palindrome read alignment. 

simpleClipThreshold: specifies how accurate the match between any adapter etc. 

sequence must be against a read. 

 

SLIDINGWINDOW  

Perform a sliding window trimming, cutting once the average quality within the window falls 

below a threshold. By considering multiple bases, a single poor quality base will not cause 

the removal of high quality data later in the read.  

SLIDINGWINDOW:<windowSize>:<requiredQuality> 

windowSize: specifies the number of bases to average across  

requiredQuality: specifies the average quality required. 

MAXINFO 

Performs an adaptive quality trim, balancing the benefits of retaining longer reads against 

the costs of retaining bases with errors. 
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MAXINFO:<targetLength>:<strictness> 

targetLength: This specifies the read length which is likely to allow the location of the read 

within the target sequence to be determined. 

strictness: This value, which should be set between 0 and 1, specifies the balance between 

preserving as much read length as possible vs. removal of incorrect bases. A low value of 

this parameter (<0.2) favours longer reads, while a high value (>0.8) favours read 

correctness. 

LEADING  

Remove low quality bases from the beginning. As long as a base has a value below this 

threshold the base is removed and the next base will be investigated.  

LEADING:<quality> 

quality: Specifies the minimum quality required to keep a base. 

TRAILING  

Remove low quality bases from the end. As long as a base has a value below this threshold 

ǘƘŜ ōŀǎŜ ƛǎ ǊŜƳƻǾŜŘ ŀƴŘ ǘƘŜ ƴŜȄǘ ōŀǎŜ όǿƘƛŎƘ ŀǎ ǘǊƛƳƳƻƳŀǘƛŎ ƛǎ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ǘƘŜ оΩ ǇǊƛƳŜ 

end would be base preceding the just removed base) will be investigated. 

TRAILING:<quality> 

quality: Specifies the minimum quality required to keep a base. 

CROP  

Removes bases regardless of quality from the end of the read, so that the read has 

maximally the specified length after this step has been performed. Steps performed after 

CROP might of course further shorten the read.  

CROP:<length> 

length: The number of bases to keep, from the start of the read. 

HEADCROP  

Removes the specified number of bases, regardless of quality, from the beginning of the 

read. 

HEADCROP:<length> 

length: The number of bases to remove from the start of the read. 

MINLEN This module removes reads that fall below the specified minimal length. If required, 

it should normally be after all other processing steps. Reads removed by this step will be 

ŎƻǳƴǘŜŘ ŀƴŘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ΨŘǊƻǇǇŜŘ ǊŜŀŘǎΩ Ŏƻǳƴǘ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ǘǊƛƳƳƻƳŀǘƛŎ ǎǳƳƳŀǊȅΦ  

MINLEN: <length> 

length: Specifies the minimum length of reads to be kept.  

TOPHRED33 This (re)encodes the quality part of the FASTQ file to base 33.  

TOPHRED33 (no further parameters)  

TOPHRED64 This (re)encodes the quality part of the FASTQ file to base 64.  

TOPHRED64 (no further parameters) 

[ŜǘΩǎ ōŜƎƛƴ ǿƛǘƘ ŀƴ 9ȄŜǊŎƛǎŜ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴ ƻŦ ¢ǊƛƳƳƻƳŀǘƛŎ ǘƻƻƭ ŦƻǊ adapter and 

quality trimming 
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Exercise 1: - Adapter and quality trimming Using Trimmomatic 

Input files:  

Download Read : 

curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR117/009/SRR1175159/SRR1175159_1.fastq.gz 

curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR117/009/SRR1175159/SRR1175159_2.fastq.gz  

Adaptor Trimming using Trimmomatic: 

./fastqc -t 8 /mnt/ngsworkshop2017_1/dummy/SRR1175159_1.fastq  

./fastqc -t 8 /mnt/ngsworkshop2017_1/dummy/SRR1175159_2.fastq 

java -Xmx10g -jar trimmomatic-0.35.jar PE -threads 8 -baseout SRR1175159.Phred30.fastq 

/mnt/ngsworkshop2017_1/dummy/SRR1175159_1.fastq /mnt/ngsworkshop2017_1/dummy 

/SRR1175159_2.fastq ILLUMINACLIP:adapters/TruSeq3-PE.fa:2:30:10 SLIDINGWINDOW:4:30 

LEADING:30 TRAILING:30 MINLEN:100 

./fastqc /mnt/ngsworkshop2017_1/dummy/SRR1175159.Phred30_1P.fastq 

/mnt/ngsworkshop2017_1/dummy/SRR1175159.Phred30_2P.fastq 

 

Post alignment QC 

Sequencing data that pass raw read data QC should be further screened after alignment. Tools 

for quality control in mapping include Picard, RSeQC and Qualimap. 

Picard: It is a set of command line tools for manipulating high-throughput sequencing (HTS) 

data and formats such as SAM/BAM/CRAM and VCF.https://broadinstitute.github.io/picard/ 

 

Qualimap: It is a platform-independent application written in Java and R that provides both a 

Graphical User Inteface (GUI) and a command-line interface to facilitate the quality control 

of alignment sequencing data and its derivatives like feature 

counts.http://qualimap.bioinfo.cipf.es/ 

 

RSeQC: An RNA-seq Quality Control Package: It is a script toolbox written in python that 

performs a number of quality control operations as well as data transformation that can prove 

very useful for RNASeq data analysis. It is available at 

http://rseqc.sourceforge.net/#download. 

 

RSeQC accepts 3 file formats as input: 

¶ Aligned bam file 

¶ Index file for the aligned bam 

¶ A RefSeq bed file 

 

Below are some selected modules from RSeQC: 

1. „geneBody_coverage.py‟ scales all transcripts to 100 nt and calculates the number of 

reads covering each nucleotide position. Finally, it generates a plot illustrating the 

coverage profile along the gene body. 

Example 

ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR117/009/SRR1175159/SRR1175159_1.fastq.gz
https://broadinstitute.github.io/picard/
http://rseqc.sourceforge.net/#download
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1. A single BAM file. 

 geneBody_coverage.py -r hg19.housekeeping.bed -itest.bam  -o output 

2. A list of BAM files separated by”,” 

geneBody_coverage.py -r hg19.housekeeping.bed -i test1.bam,test2.bam,test3.bam  -o 

output 

3. Plain text file containing the paths of BAM files. 

geneBody_coverage.py -r hg19.housekeeping.bed -i bam_path.txt  -o output 

cat  bam_path.txt 

/data/alignment/test1.bam 

/data/alignment/test2.bam 

/data/alignment/test3.bam 

4. A directory containing BAM files. 

geneBody_coverage.py -r hg19.housekeeping.bed -i /data/alignment/  -o output 

 

 

Output: 
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2. „inner_distance.py‟ is used to estimate the inner distance distributionbetween paired 

reads. The estimated inner distance should beconsistent with gel size selection. This is 

an important parameterwhen using RNA-seq data to detect structure variation or 

aberrantsplicing. This module first determine the genomic (DNA) size between two 

paired reads: D_size = read2_start - read1_end, then 

 

if two paired reads map to the same exon: inner distance = D_size 

if two paired reads map to different exons:inner distance = D_size - intron_size 

if two paired reads map non-exonic region (such as intron and intergenic region): 

inner distance = D_size 

The inner_distance might be a negative value if two fragments were overlapped. 

Example: 
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inner_distance.py -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output -

r hg19.refseq.bed12 

Output 

 
3. „junction_saturation.py‟ determines if the current sequencing depthis sufficient to 

perform alternative splicing analyses. The concept issimilar to that of 

„RPKM_saturation.py‟: splice junctions are detectedfor each re-sampled subset of 

reads, and the number of detected splicejunctions will increase as the resample 

percentage increases beforefinally reaching a fixed value. The junction saturation test 

is veryimportant for alternative splicing analysis, as using an unsaturatedsequencing 

depth would miss many rare splice junctions. 

 

Example: 

 

junction_saturation.py -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -r 

hg19.refseq.bed12 -o output 

 

 

 

 

 

Output: 
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3. „read_distribution.py‟ calculates the fraction of reads mapped to coding exons, 5-

untranslated region (UTR) exons, 3-UTR exons, introns and intergenic regions based 

on the gene model provided. This module roughly reflects the uniformity of coverage; 

for example, reads are generally over-represented in 3-UTR for the polyA +RNA-seq 

protocol. One can also apply this module to estimate the background noise level. 

 

Example: 

 

read_distribution.py -i Pairend_StrandSpecific_51mer_Human_hg19.bam -r 

hg19.refseq.bed12 

 

Output: 

 

 
5. read_NVC.py: This module is used to check the nucleotide composition bias. Due to 

random priming, certain patterns are over represented at the beginning (5‟end) of 

reads. This bias could be easily examined by NVC (Nucleotide versus cycle) plot. 



35 
 

NVC plot is generated by overlaying all reads together, then calculating nucleotide 

composition for each position of read (or each sequencing cycle). In ideal condition 

(genome is random and RNA-seq reads is randomly sampled from genome), it is 

expected A%=C%=G%=T%=25% at each position of reads. 

 

Example: 

 

read_NVC.py -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output 

 

Output: 

 
6. read_quality.py 

According to SAM specification, if Q is the character to represent “base calling quality” in 

SAM file, then Phred Quality Score = ord(Q) - 33. Here ord() is python function that returns 

an integer representing the Unicode code point of the character when the argument is a 

unicode object, for example, ord(„a‟) returns 97. Phred quality score is widely used to 

measure “reliability” of base-calling, for example, phred quality score of 20 means there is 

1/100 chance that the base-calling is wrong, phred quality score of 30 means there is 1/1000 

chance that the base-calling is wrong. In general: Phred quality score = -10xlog(10)P, here P 

is probability that base-calling is wrong. 

 

Example: 

 

read_quality.py -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output 

 

Output: 
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Exercise: Post-alignment QC using RSeQC. 

Download test file 
wget http://dldcc-

web.brc.bcm.edu/lilab/liguow/RSeQC/dat/Pairend_nonStrandSpecific_36mer_Human_hg19.bam 
wget http://dldcc-web.brc.bcm.edu/lilab/liguow/RSeQC/dat/Pairend_nonStrandSpecific_36mer_Human_hg19.bam.bai 

 

Download reference file 
Curl-O 

https://sourceforge.net/projects/rseqc/files/BED/Human_Homo_sapiens/hg19_UCSC_knownGene.bed.gz 

gunzip hg19_UCSC_knownGene.bed.gz 
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Analysis using few modules of RSeQC 

 
geneBody_coverage.py -r hg19_UCSC_knownGene.bed -i 

Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output 

inner_distance.py -r hg19_UCSC_knownGene.bed -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o 

output 

junction_saturation.py -r hg19_UCSC_knownGene.bed -i 

Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output 
read_distribution.py -r hg19_UCSC_knownGene.bed -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam 

read_NVC.py -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output 

read_quality.py -i Pairend_nonStrandSpecific_36mer_Human_hg19.bam -o output 

ls *.pdf 
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NGS analysis with Galaxy server 

Dr. Shweta Aggarwal  

Biomedical Informatics Centre, National Institute of Pathology-ICMR, New Delhi 
 

Galaxy (Blankenberget al., 2010; Giardineet al., 2005; Goeckset al., 2010) is a web-

based platform for performing large-scale data analysis. It is a completely open-source 

project that supports accessible, reproducible and transparent computational research and 

is available through the use of free public servers, private local installations and by 

launching instances in the Cloud. 

Getting started with Galaxy 

 

Available Tools 

There are many tools available in Galaxy, and one can even add own custom tools.  Some of 

the more useful tools available for High Throughput Sequencing data include: 

¶ FASTQ Quality Control and Manipulation 

¶ Barcode Splitter - Split apart FASTQ files based on sequence barcodes (or indexes) 

¶ Cutadapt - trim adapter sequences and poor quality reads 

http://code.google.com/p/cutadapt/
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¶ FASTQC - QC report of FASTQ files, excellent for getting an idea of library quality, 

contamination, etc. 

¶ Fastx Toolkit - various statistics and manipulation of FASTQ files 

¶ Trim Galore! Adaptive quality and adapter trimming 

¶ Pear Paired-End read merger 

¶ Trimmomatic flexible read trimming tool for Illumina NGS data 

¶ Genomic Interval Tools 

¶ BedTools - Intersect BAM and Count overlapping intervals tools can be very useful 

to obtain coverage of genomic features (genes). Creating a histogram of genome 

ŎƻǾŜǊŀƎŜ ƛǎ ŀ ƎǊŜŀǘ ǿŀȅ ǘƻ ǾƛǎǳŀƭƛȊŜ ŀ ǎǳƳƳŀǊȅ ƻŦ Ƙƻǿ ǿŜƭƭ ŎƻǾŜǊŜŘ ƻƴŜΩǎ ƎŜƴƻƳŜ 

is after sequencing. 

¶ Mapping/Alignment 

¶ Bowtie and BWA (BWA has been enhanced with a quality trimming option) 

¶ Lastz map short reads against reference sequence 

¶ SRMA - Short Read Micro Re-Aligner 

¶ GATK IndelRealigner 

¶ SAMtools and Picard alignment statistics and analysis 

¶ Variant (SNP/Indel) Analysis 

¶ freebayes - Bayesian genetic variant detector 

¶ GATK Unified Genotyper 

¶ Various VCF filtering and analysis tools 

¶ RNA-Seq 

¶ TopHat and Cufflinks - Analyze RNA-Seq data to find novel splice junctions, 

calculate transcript abundance, and more 

¶ Metagenomics 

¶ Krona pie chart from taxonomic profile 

¶ cd-hit-dup remove duplicates and detect chimaeras in sequencing reads 

¶ Kraken assign taxonomic labels to sequencing reads 

¶ Kraken-mpa-report view report of classification for multiple samples 

¶ Kraken-translate convert taxonomy IDs to names 

¶ Kraken-report view a sample report of your classification 

¶ Kraken-filter filter classification by confidence score 

¶ Visualization 

¶ Trackster - Built in visualization online, save and share your genomic visualizations 

with others 

¶ View in IGV - One can view BAM files directly in IGV without downloading the 

BAM file.  

¶ View at UCSC Genome Browser - View BAM files directly, or convert them to 

BigWig files to view on UCSC's online genome browser.  Other data types such as 

BED are viewable as well. 

Exercise: Registering with Galaxy 

http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/
http://hannonlab.cshl.edu/fastx_toolkit/
http://code.google.com/p/bedtools/
http://bowtie-bio.sourceforge.net/index.shtml
http://bio-bwa.sourceforge.net/
http://sourceforge.net/apps/mediawiki/srma/index.php?title=Main_Page
http://www.broadinstitute.org/gsa/wiki/index.php/The_Genome_Analysis_Toolkit
http://samtools.sourceforge.net/
https://www.princeton.edu/genomics/sequencing/instructions/data-analysis/galaxy/
https://github.com/ekg/freebayes
http://www.broadinstitute.org/gsa/wiki/index.php/The_Genome_Analysis_Toolkit
http://tophat.cbcb.umd.edu/
https://www.princeton.edu/genomics/sequencing/instructions/data-analysis/galaxy/
http://wiki.g2.bx.psu.edu/Learn/Visualization
http://www.broadinstitute.org/igv/
http://genome.ucsc.edu/cgi-bin/hgGateway
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1. Open Galaxy (https://usegalaxy.org/). 

2. User ς Register. (A register user can save 250 GB data in public Galaxy server.) 

Importing data into Galaxy 

Upload from database queries  

Data can be uploaded from a number of different databases. For example, one can 

retrieve data from different sections of the UCSC Genome Browser, using the UCSC Main, 

UCSC Archaea and BX Main tools.   

Upload data from a File  

The Get Data Ҧ ¦ǇƭƻŀŘ CƛƭŜ ǘƻƻƭ ƛǎ ǘƘŜ ŜŀǎƛŜǎǘ ǿŀȅ ƻŦ ƎŜǘǘƛƴƎ Řŀǘŀ ƛƴǘƻ ŀ ƘƛǎǘƻǊȅΦ ¦ǎƛƴƎ ǘƘƛǎ 

tool, one can import data from a file on local computer, or from a website or FTP site. Here 

we will import a file from the website associated with this Galaxy workshop.   

1. Open the Get Data Ҧ Upload Filetool. 

2. Click on Choose local file. Upload files SRR1175159_1.fastq and SRR1175159_2.fastq. 

3. Click Start. 

Examining and Manipulating FastQ data 

A very important tool that Galaxy provides for FastQ dataset is the NGS: QC and 

Manipulation. 

1. Open the NGS: QC and manipulation Ҧ FastQC tool.  

2. Select SRR1175159_1.fastq and SRR1175159_2.fastq one after the other. 

3. Click Execute. 

Change dataset format 

1. Click on editing the attributes of SRR1175159_1.fastq and SRR1175159_2.fastq (the 

pen icon to the upper right of the dataset link in history) 

2. Click on Datatype and from pulldown menu select fastqsanger format. 

3. Click Save. 

Trimming dataset 

The SRR1175159 dataset seems to be of poor quality. 

Perform trimming with Trimmomatic. Require Phred=30. 

1. Open the NGS: QC and manipulation Ҧ Trimmomatic 

2. Select Paired End Data. 

3. Upload FASTQ file (R1/first of pair): SRR1175159_1.fastqsanger and FASTQ file 

(R2/second of pair): SRR1175159_2.fastqsanger. 

4. Perform initial ILLUMINACLIP step. Select Adapter sequences to use: TruSeq3 (paired 

end for MiSeq and HiSeq); Maximum mismatch count which will still allow a full 

match to be performed: 2; How accurate the match between the two 'adapter 

ligated' reads must be for PE palindrome read alignment: 30; How accurate the 

match between any adapter etc. sequence must be against a read: 10. 

https://usegalaxy.org/
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5. Select Trimmomatic operation to perform: SLIDINGWINDOW; Number of bases to 

average across: 30; Average quality required: 4. 

6. Insert other Trimmomatic operation to perform: 

LEADING; Minimum quality required to keep a base: 30 

TRAILING; Minimum quality required to keep a base: 30  

MINLEN; Minimum length of reads to be kept: 100 

7. Click Execute. 

8. Run another FastQC on both of the new datasets from steps 4 to 7. 
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De novo sequence assembly 
Ms. RashiVerma 

Research Scholar, Biomedical Informatics Centre, National Institute of Pathology (ICMR), 

New Delhi 

De novo sequence assembly refers to assembling sequence reads form NGS 

experiments into contigs or scaffolds.More often than not, de novo assembly is performed 

to sequence a genome of an organism for which reference sequence is not available. The 

coverage quality of de novo assembly depends on the size and continuity of the contigs. 

De novo sequence assembly  

V generates accurate reference sequences, even for complex or polyploidy genomes. 

V genome providesan opportunity to annotate genes for a newly sequenced organism 

in quick time or often novel insight on previously sequenced complete genome.  

V Clarifies highly similar or repetitive regions in the genome.  

V Identifies structural variants and complex rearrangements, such as deletions, 

inversions, or translocations. 

1. Sequence assembly using Velvet 

Velvet de novo assembler is used to build long continuous sequences, or contigs, as well as 

gapped assemblies of contigs, or scaffolds, from short-read datasets as generated by next-

generation sequencing technologies. Generally, Velvet builds a de Bruijn graph from the 

reads and removes errors from the graph. It then tries to resolve repeats, based on the 

available information, whether long reads or paired-end reads. It finishes with an assembly 

as output, along with various statistics. 

The basic process of Velvet assembly work by taking in short read sequences, and produces 

an assembly. A single assembly with Velvet typically happens in two steps: hashing and 

graph building. These steps correspond to the two Velvet executables around which it is 

centred, velveth and velvetg, respectively. Velveth reads sequence files and builds a 

dictionary of all words of length k, where k is a user-defined parameter, thus defining exact 

local alignments between the reads. Velvetg then reads these alignments, builds a de Bruijn 

graph from them, removes errors and finally proceeds to simplify the graph and resolve 

repeats based on the parameters provided by the user. 

 

2. Sequence assembly using SPAdes 

SPAdes, St. Petersburg genome assembler is a genome assembly algorithm which was 

designed for single cell and multi-cells bacterial data sets as assembly of single cell data is 

difficult due to non-uniform read coverage, variation in insert length, high levels of 

sequencing errors and chimeric reads. SPAdes uses k-mers for building the initial de Bruijn 

graph and on following stages it performs graph-theoretical operations which are based on 

graph structure, coverage and sequence lengths. Moreover, it adjusts errors iteratively. 
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The steps of assembly in SPAdes are: 

ü assembly graph construction -SPAdes employs multisized de Bruijn graph, which 

detects and removes bulge/bubble and chimeric reads. 

ü k-bimer (pairs of k-mers) adjustment- Exact distances between k-mers in the 

genome are estimated. 

ü paired assembly graph construction 

ü contig construction -SPAdes outputs contigs and allows to map reads back to their 

positions in the assembly graph after graph simplification (backtracking). 

3. Assembly validation using QUAST 

QUAST is a quality assessment tool for evaluating and comparing genome assemblies. This 

tool improves on leading assembly comparison software with new ideas and quality metrics. 

QUAST can evaluate assemblies both with a reference genome, as well as without a 

reference. QUAST produces many reports, summary tables, plots and as this tool can 

accepts multiple assemblies, it is more suitable for comparison. 

Example: Assembly of dengue virus reads using Velvet, SPAdes and evaluation using 

QUAST 

Quick reference commands 

Input files:  
Download Read for dengue virus 

Single end file 
ü curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR105/002/SRR1056492/SRR1056492.fastq.gz 

Paired end file 
ü curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR117/009/SRR1175159/SRR1175159_1.fastq.gz 

ü curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR117/009/SRR1175159/SRR1175159_2.fastq.gz 

Download Reference Dengue virus 3 sequence 
ü curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_3_uid15598/NC_001475.fna  

Sequence read assembly with Velvet 
ü ./velveth /mnt/velvet/ 29 -fastq SRR1056492.fastq -short 

ü   ./velvetg /mnt/velvet/ 

Sequence read assembly with SPAdes 
ü   ./spades.py -1 /mnt/spades/SRR1175159_1.fastq -2 /mnt/spades/SRR1175159_2.fastq -o 

/mnt/spades/spade.d 

Assembly evaluation with QUAST 

ü ./quast.py -m 50 -R /mnt/velvet/dengue_virus_3.fasta /mnt/velvet/contigs.fa -o 

/mnt/velvet/report_1 

ü ./quast.py -R /mnt/spades/dengue_virus_3.fasta /mnt/spades/spade.d/scaffold.fa -o 

/mnt/spades/report_1 
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Dr.Dibyabhaba Pradhan 
National Institute of Pathology ς ICMR, New Delhi 
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Alignment and variant calling 
Dibyabhaba Pradhan and Noor Saba Khan 

Biomedical Informatics Centre, National Institute of Pathology-ICMR, New Delhi 

Next-generation sequencing generally produces short reads, meaning short sequences 

of <~200 bases (as compared to long reads by Sanger sequencing, which cover ~1000 bases). 

For comparing the DNA of the sequenced sample to its reference sequence, we need to find 

the corresponding part of that sequence for each read in our sequencing data. This is called 

aligning or mapping the reads against the reference sequence. Once this is done, we can look 

for variation (e.g. SNPs or short variants) within the sample. Mapping algorithms detects read 

location in the reference sequence tolerating a certain amount of mismatch to allow 

subsequence variation detection. 

Bowtie 2 is an ultrafast and memory-efficient short read aligner for short DNA 

sequences (reads) from next-gen sequencers. It is particularly good at aligning reads of about 

50 up to 100s or 1,000s of characters to relatively long (e.g. mammalian) genomes. Bowtie 2 

indexes the genome with an FM Index (based on the Burrows-Wheeler Transform or BWT) 

to keep its memory footprint small: for the human genome, its memory footprint is typically 

around 3.2 gigabytes of RAM. Bowtie 2 supports gapped, local, and paired-end alignment 

modes. Bowtie 2 outputs alignments in SAM format, enabling interoperation with a large 

number of other tools (e.g. SAMtools, GATK) that use SAM. Bowtie 2 is often the first step 

in pipelines for comparative genomics, including for variation calling, and RNA-seq. 

BWA (Burrows-Wheeler Aligner) is a program for aligning sequencing reads 

against a large reference genome (e.g. human genome). It has two major components, one for 

read shorter than 150bp and the other for longer reads or we can say it is software package for 

mapping low-divergent sequences against a large reference genome, such as the human 

genome. It consists of three algorithms: BWA-backtrack, BWA-SW and BWA-MEM. The 

first algorithm is designed for Illumina sequence reads up to 100bp, while the rest two for 

longer sequences ranged from 70bp to 1Mbp. BWA-MEM and BWA-SW share similar 

features such as long-read support and split alignment, but BWA-MEM, which is the latest, is 

generally recommended for high-quality queries as it is faster and more accurate. BWA-

MEM also has better performance than BWA-backtrack for 70-100bp Illumina reads. BWA 

also outputs alignments in SAM format, enabling interoperation with a large number of other 

tools (e.g. SAMtools, GATK) that use SAM. 

The learning objective of this session is to perform alignment, and call variant from 

raw reads (fastq) as well as bam files (BAM). 

Tutorial 1 discusses variant calling from single end raw reads using Bowtie2 and samtools.  



45 
 

Tutorial 2 explains variant calling from pair end raw reads using BWA and samtools. 

Tutorial 3demonstrate an effective workflow for calling germline SNPs and indels in cohorts 

of multiple samples. This workflow can be applied to whole genomes as well as exomes and 

other targeted sequencing datasets 

Tutorial 1 

# change your working directory to "3_Varient_calling" 

# Download reference files 

########################################################################### 
curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_1_uid15306/NC_001477.fna 

mv NC_001477.fna dengue1.fna 
curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_2_uid20183/NC_001474.fna 

mv NC_001474.fna dengue2.fna 

curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_3_uid15598/NC_001475.fna 
mv NC_001475.fna dengue3.fna 

curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_4_uid15599/NC_002640.fna 

mv NC_002640.fna dengue4.fna 

 

# Download raw reads 

########################################################################### 
curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR105/002/SRR1056492/SRR1056492.fastq.gz 

curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR105/008/SRR1056488/SRR1056488_1.fastq.gz 
curl -O ftp://ftp.sra.ebi.ac.uk/vol1/fastq/SRR105/008/SRR1056488/SRR1056488_2.fastq.gz 

 

#QC 

########################################################################### 

gunzip reads/SRR1056492.fastq.gz 

wc -l reads/SRR1056492.fastq 

6096 
fastqc -t 2 reads/SRR1056492.fastq 

 

# Indexing genome using bowtie2 

########################################################################### 
bowtie2-build reference/dengue1.fna results/dengue1/DENV1 

bowtie2-build reference/dengue2.fna results/dengue2/DENV2 

bowtie2-build reference/dengue3.fna results/dengue3/DENV3 
bowtie2-build reference/dengue4.fna results/dengue4/DENV4 

 

# Single end read alignment to indexed genome 

########################################################################### 
bowtie2 -x results/dengue1/DENV1 -U reads/SRR1056492.fastq -S 
results/dengue1/SRR1056492.sam 

bowtie2 -x results/dengue2/DENV2 -U reads/SRR1056492.fastq -S 

results/dengue2/SRR1056492.sam 
bowtie2 -x results/dengue3/DENV3 -U reads/SRR1056492.fastq -S 

results/dengue3/SRR1056492.sam 

bowtie2 -x results/dengue4/DENV4 -U reads/SRR1056492.fastq -S 

results/dengue4/SRR1056492.sam 

 

# Visualize alignment:  

########################################################################### 

# Index reference in samtools 
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samtoolsfaidx reference/dengue3.fna 

 

# Convert the SAM into a BAM file 
samtools view -bS results/dengue3/SRR1056492.sam > results/dengue3/SRR1056492.bam 

 

# Sort the BAM file 
samtools sort results/dengue3/SRR1056492.bam results/dengue3/SRR1056492bam.sorted 

 

# index the sorted BAM file 

samtools index results/dengue3/SRR1056492bam.sorted.bam 

# View alignment 

samtoolstview results/dengue3/SRR1056492bam.sorted.bam reference/dengue3.fna 

 

# Count reads aligned 

samtools view -c -F 4 results/dengue3/SRR1056492bam.sorted.bam 

1431 

 

# Count reads not aligned 

samtools view -c -f 4 results/dengue3/SRR1056492bam.sorted.bam 

93 

 

# SNP calling 

samtoolsmpileup -uf reference/dengue3.fna results/dengue3/SRR1056492bam.sorted.bam | 

bcftools view -bvcg - > results/dengue3/SRR1056492.raw.bcf 

bcftools view results/dengue3/SRR1056492.raw.bcf > results/dengue3/SRR1056492.vcf 

 

more results/dengue3/SRR1056492.vcf 

 

./bgzip results/dengue3/SRR1056492.vcf 

./tabix -p vcf results/dengue3/SRR1056492.vcf.gz 

vcf-stats results/dengue3/SRR1056492.vcf.gz > results/dengue3/vcfstat.txt 

zcat results/dengue3/SRR1056492.vcf.gz | vcf-to-tab > results/dengue3/out_SRR1056492.tab 

 

 

#Tutorial 2 

# BWA alignment and variant calling with SAMtools 

######################################################### 

# QC 

fastqc -t 2 reads/SRR1056488_1.fastq.gz 

fastqc -t 2 reads/SRR1056488_2.fastq.gz 

 

# Indexing genome using BWA 

 

bwa index -p results/dengue1/DENV1 reference/dengue1.fna  

bwa index -p results/dengue2/DENV2 reference/dengue2.fna  

bwa index -p results/dengue3/DENV3 reference/dengue3.fna  

bwa index -p results/dengue4/DENV4 reference/dengue4.fna  

 

bwaaln -t 2 -f reference/SRR1056488_1.sai reference/DENV1 reads/SRR1056488_1.fastq.gz 

bwaaln -t 2 -f reference/SRR1056488_2.sai reference/DENV1 reads/SRR1056488_2.fastq.gz 
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bwaaln -t 2 -f results/dengue2/SRR1056488_1.sai results/dengue2/DENV2 

reads/SRR1056488_1.fastq.gz 

bwaaln -t 2 -f results/dengue2/SRR1056488_2.sai results/dengue2/DENV2 

reads/SRR1056488_2.fastq.gz 

 

bwaaln -t 2 -f results/dengue3/SRR1056488_1.sai results/dengue3/DENV3 

reads/SRR1056488_1.fastq.gz 

bwaaln -t 2 -f results/dengue3/SRR1056488_2.sai results/dengue3/DENV3 

reads/SRR1056488_2.fastq.gz 

 

bwaaln -t 2 -f results/dengue4/SRR1056488_1.sai results/dengue4/DENV4 

reads/SRR1056488_1.fastq.gz 

bwaaln -t 2 -f results/dengue4/SRR1056488_2.sai results/dengue4/DENV4 

reads/SRR1056488_2.fastq.gz 

 

bwasampe -f results/dengue1/SRR1056488.sam results/dengue1/DENV1 

results/dengue1/SRR1056488_1.sai results/dengue1/SRR1056488_2.sai 

reads/SRR1056488_1.fastq reads/SRR1056488_2.fastq 

 

bwasampe -f results/dengue2/SRR1056488.sam results/dengue2/DENV2 

results/dengue2/SRR1056488_1.sai results/dengue2/SRR1056488_2.sai 

reads/SRR1056488_1.fastq reads/SRR1056488_2.fastq 

 

bwasampe -f results/dengue3/SRR1056488.sam results/dengue3/DENV3 

results/dengue3/SRR1056488_1.sai results/dengue3/SRR1056488_2.sai 

reads/SRR1056488_1.fastq reads/SRR1056488_2.fastq 

 

bwasampe -f results/dengue4/SRR1056488.sam results/dengue4/DENV4 

results/dengue4/SRR1056488_1.sai results/dengue4/SRR1056488_2.sai 

reads/SRR1056488_1.fastq reads/SRR1056488_2.fastq 

 

# Visualize alignment 

Index reference in samtools 

samtoolsfaidx reference/dengue1.fna 

samtoolsfaidx reference/dengue2.fna 

samtoolsfaidx reference/dengue3.fna 

samtoolsfaidx reference/dengue4.fna 

 

# Convert the SAM into a BAM file 

samtools view -bS results/dengue1/SRR1056488.sam > results/dengue1/SRR1056488.bam 

samtools view -bS results/dengue2/SRR1056488.sam > results/dengue2/SRR1056488.bam 

samtools view -bS results/dengue3/SRR1056488.sam > results/dengue3/SRR1056488.bam 

samtools view -bS results/dengue4/SRR1056488.sam > results/dengue4/SRR1056488.bam 

 

# Sort the BAM file 

samtools sort results/dengue1/SRR1056488.bam results/dengue1/SRR1056488bam.sorted 

samtools sort results/dengue2/SRR1056488.bam results/dengue2/SRR1056488bam.sorted 

samtools sort results/dengue3/SRR1056488.bam results/dengue3/SRR1056488bam.sorted 

samtools sort results/dengue4/SRR1056488.bam results/dengue4/SRR1056488bam.sorted 



48 
 

 

 

# index the sorted BAM file 

samtools index results/dengue1/SRR1056488bam.sorted.bam 

samtools index results/dengue2/SRR1056488bam.sorted.bam 

samtools index results/dengue3/SRR1056488bam.sorted.bam 

samtools index results/dengue4/SRR1056488bam.sorted.bam 

 

 

# Count reads aligned 

samtools view -c -F 4 results/dengue1/SRR1056488bam.sorted.bam 

0 

samtools view -c -F 4 results/dengue2/SRR1056488bam.sorted.bam 

0 

samtools view -c -F 4 results/dengue3/SRR1056488bam.sorted.bam 

7456 

samtools view -c -F 4 results/dengue4/SRR1056488bam.sorted.bam 

0 

 

# View alignment 

samtoolstview results/dengue3/SRR1056488bam.sorted.bam reference/dengue3.fna 

 

samtoolsmpileup -uD -f reference/dengue3.fna results/dengue3/SRR1056488bam.sorted.bam 

| bcftools view -bvcg - > results/dengue3/SRR1056488.raw.bcf 

bcftools view results/dengue3/SRR1056488.raw.bcf > results/dengue3/SRR1056488.vcf 

more results/dengue3/SRR1056488.vcf 

 

./bgzip results/dengue3/SRR1056488.vcf 

./tabix -p vcf results/dengue3/SRR1056488.vcf.gz 

vcf-stats results/dengue3/SRR1056488.vcf.gz > results/dengue3/vcfstat.txt 

zcat results/dengue3/SRR1056488.vcf.gz | vcf-to-tab > results/dengue3/out_SRR1056488.tab 

 

#Annotation 
The mutations can be annotated based on .gbk file of the dengue virus 3 to incorporate protein name. 

curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_3_uid15598/NC_001475.gbk 

 

#Annotation 
The mutations can be annotated based on .gbk file of the dengue virus 3 to incorporate protein name. 

curl -O ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_3_uid15598/NC_001475.gbk 
Use var.pl give .gbk and .tab file as input to add protein names. Find common variants obtained in 

both the samples by following R scripts 

D1 <- read.table("varx.csv", header=TRUE, sep=",", as.is=TRUE) 

D2 <- read.table("vary.csv", header=TRUE, sep=",", as.is=TRUE) 

D3 <- merge(D1, D2, by="POS") 

D4<- D3[,c(1:4,10,12,13)] 

write.table(D4, file="Common_varients.txt", row.names = TRUE, col.names = TRUE, sep 

="\t") 

Tutorial 3 

The sample dataset given for the demonstration purpose are given in 1_variant_calling 

folder.  

ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_3_uid15598/NC_001475.gbk
ftp://ftp.ncbi.nlm.nih.gov/genomes/Viruses/Dengue_virus_3_uid15598/NC_001475.gbk
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Reference sequence: version of the b37 human genome reference containing only a subset of 

chromosome 20 

The test sample: NA12878 - The biological sample from which the example sequence data 

was obtained comes from individual NA12878. The sequence data files have been specially 

prepared as well to match our custom chromosome 20-only reference. They only contain data 

on chromosome 20, in two pre-determined intervals of interest ranging from positions 

20:10,000,000-10,200,000 and 20:15,800,000-16,100,00 to keep file sizes down. 

1. Genome, Exome and Transcriptome data visualization in IGV 

¶ Open up IGV, and load the Human (1kg, b37+decoy) reference available on the IGV 

server (Genomes>Load Genome from Server).  

¶ Load the DNA WGS sample of NA12878 (File>Load from File) 

(bams/exp_design/NA12878_wgs_20.bam). Set coordinate box to 20:16,029,744-

16,030,079. 

N.B.: The top track shows depth of coverage, i.e. the amount of sequence reads present at 

each position. The mostly grey horizontal bars filling the viewport are the reads. Grey 

means that those bases match the reference, while colored stripes or base letters 

(depending on zoom level) indicate mismatches. Reads with mapping insertions and 

deletions, indicated by purple I symbols and crossed-out gaps, respectively. 

¶ Load two Exome data sets (File>Load from File), NA12878_ICE_20.bam (Illumina 

Capture Exome library) and NA12878_NEX_20.bam (Illumina Nextera Rapid Capture 

Exome library), and go to position 20:15,873,697-15,875,416. 

¶ Load (File>Load from File) the aligned RNAseq dataset for NA12878 

(NA12878_rnaseq_20.bam). The blue lines connect to reads that are located in the exon. 

Click on one to see the N operator in the CIGAR string: in the example here, 

32M91225N43M indicates that the read covers a 91225 bp intron. 

2. View and validate BAM file 

¶ samtools view -H bams/exp_design/NA12878_wgs_20.bam | grep @RG 

¶ samtools view -H bams/exp_design/NA12878_wgs_20.bam | grep @PG 

¶ java -jar picard.jar ValidateSamFile I=bams/exp_design/NA12878_wgs_20.bam 

MODE=SUMMARY 

3. Variant Discovery 

3.1 Call variants with a position-based caller: GATK UnifiedGenotyper 

¶ java -jar human/GenomeAnalysisTK.jar -T UnifiedGenotyper  -R 

ref/human_g1k_b37_20.fasta -I bams/exp_design/NA12878_wgs_20.bam -o 

sandbox/NA12878_wgs_20_UG_calls.vcf -glm BOTH -L 20:10,000,000-10,200,000 

NB: -glm BOTH tells the tool to call both indels and SNPs, while -L gives the interval 

that the bam was subset to--no use wasting time trying to run on the whole genome when 

you only have data for a small amount. 

¶ Visualize bam file (bams/exp_design/NA12878_wgs_20.bam) and the output VCF 

(sandbox/NA12878_wgs_20_UG_calls.vcf) in IGV by zooming to the 

coordinates 20:10,002,371-10,002,546.  
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3.2 Call variants with GATK HaplotypeCaller 

HaplotypeCaller calls both SNP and indel variants simultaneously via local de-novo 

assembly of haplotypes in an active region. Essentially, when this variant caller finds a 

region with signs of variation, it tosses out the old alignment information (from BWA MEM) 

and performs a local realignment of reads in that region. This makes HaplotypeCaller more 

accurate in regions that are traditionally difficult to call--such as areas that contain. 

¶ java -jar human/GenomeAnalysisTK.jar -T HaplotypeCaller -R 

ref/human_g1k_b37_20.fasta -I bams/exp_design/NA12878_wgs_20.bam -o 

sandbox/NA12878_wgs_20_HC_calls.vcf -L 20:10,000,000-10,200,000 

¶ Visualize output VCF (sandbox/NA12878_wgs_20_HC_calls.vcf) in IGV to compare 

the HC calls to the previously-loaded UG calls. 

¶ View realigned reads and assembled haplotypes: 

java -jar human/GenomeAnalysisTK.jar -T HaplotypeCaller -R 

ref/human_g1k_b37_20.fasta -I bams/exp_design/NA12878_wgs_20.bam -o 

sandbox/NA12878_wgs_20_HC_calls_debug.vcf -bamout 

sandbox/NA12878_wgs_20.HC_out.bam -forceActive -disableOptimizations -L 

20:10,002,371-10,002,546 -ip 100 

 

Since you are only interested in looking at that messy region, you decide to give the tool 

a narrowed interval with -L 20:10,002,371-10,002,546, with a 100bp padding on either 

side using -ip 100. To make sure the tool does perform the reassembly in that region, you 

add in the -forceActive and -disableOptimizations arguments. 

¶ Visualize output BAM (sandbox/NA12878_wgs_20.HC_out.bam) in IGV, zoomed in on 

coordinates 20:10,002,371-10,002,546, and have the original bam track loaded for 

comparison. 

¶ Run more samples through joint call  

java -jar human/GenomeAnalysisTK.jar -T HaplotypeCaller -R 

ref/human_g1k_b37_20.fasta -I bams/exp_design/NA12878_wgs_20.bam -I bams/trio-

calling/NA12877_wgs_20.bam -I bams/trio-calling/NA12882_wgs_20.bam -o 

sandbox/NA12878_wgs_20_HC_jointcalls.vcf -L 20:10,000,000-10,200,000 

¶ Run HaplotypeCaller on a single bam file in GVCF mode and make a final multiple 

sample call 

java -jar human/GenomeAnalysisTK.jar -T HaplotypeCaller -R 

ref/human_g1k_b37_20.fasta -I bams/exp_design/NA12878_wgs_20.bam -o 

sandbox/NA12878_wgs_20.g.vcf -ERC GVCF -L 20:10,000,000-10,200,000 

¶ Run HaplotypeCaller in GVCF mode on each sample. This will produce a GVCF file 

that contains genotype likelihoods for each variant position as well as blocks for each 

interval where no variant is likely. Visualize 

(sandbox/NA12878_wgs_20.g.vcf, gvcfs/NA12877_wgs_20.g.vcf, gvcfs/NA12882_wgs

_20.g.vcf). 

¶ Make a joint call on GVCF files 

 

java -jar human/GenomeAnalysisTK.jar -T GenotypeGVCFs -R 

ref/human_g1k_b37_20.fasta -V sandbox/NA12878_wgs_20.g.vcf -V 
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gvcfs/NA12877_wgs_20.g.vcf -V gvcfs/NA12882_wgs_20.g.vcf -o 

sandbox/CEUTrio_wgs_20_GGVCFs_jointcalls.vcf -L 20:10,000,000-10,200,000 

Load the joint called VCF from normal HaplotypeCaller, section 3.2.1 

(sandbox/NA12878_wgs_20_HC_jointcalls.vcf), and GenotypeGVCFs, section 3.3.3 

(sandbox/CEUTrio_wgs_20_GGVCFs_jointcalls.vcf). Change your view to look 

at 20:10,002,584-10,002,665, 

 

RNA-Seq Data analysis: differential gene expression analysis 

The RNA-seq analysis will be performed using following tools: 

TopHat 

A spliced alignment system for RNA-seq experiments. TopHat finds known and novel exon-

exon splice junctions and is extremely fast due to its use of the Bowtie2 aligner. The latest 

release, TopHat2, runs with either Bowtie1 or Bowtie2 and includes new algorithms that 

significant enhance TopHat's sensitivity, particularly in the presence of pseudogenes. 

TopHat2 includes TopHat-Fusion as an option. 

HISAT2 

HISAT2 is a new, rapid and accurate system for aligning NGS reads (both DNA and RNA) 

against a population of genomes. HISAT2 is a successor to both HISAT and TopHat2. In this 

program, we extended the Burrows-Wheeler transform (BWT) and the Ferragina-Manzini 

(FM) index to incorporate genomic differences among individuals into the reference genome. 

Cufflinks 

A transcript assembler and abundance estimator for RNA-seq data. Cufflinks assembles 

transcripts from the alignments produced by TopHat, including novel isoforms, and 

quantitates those transcripts. Cufflinks was originally developed by Cole Trapnell and is 

supported by his lab at the University of Washington. 

StringTie 

A new and fast transcript assembler and abundance estimator for RNA-seq data. Similar to 

Cufflinks, StringTie assembles transcripts from the alignments produced by TopHat, 

including novel isoforms, and quantitates those transcripts. 

Ballgown 

A program for computing differentially expressed genes in two or more RNA-seq 

experiments, using the output of StringTie or Cufflinks. The Ballgown package provides 

functions to organize, visualize, and analyze expression measurements. Ballgown is written 

in R and is part of Bioconductor. 

 

 

 

 



52 
 

Dr.KalaiarasanPonnusamy 

Jawaharlal Nehru University, New Delhi 

kalaiinfo@gmail.com 

 

 

 

Network analysis on Differentially Expressed Genes 

 

 


