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SPARTA is a workflow aimed at analyzing single-end Illumina RNA-seq data. The software is supported on Win-
dows, Mac OS X, and Linux platforms. The workflow combines several tools: Trimmomatic (read trimming/adapter
removal), FastQC (read quality analysis), Bowtie (mapping reads to the reference genome), HT'Seq (transcript/gene
feature abundance counting), and edgeR (differential gene expression analysis). Within the differential gene expres-
sion analysis step, batch effects can be detected and the user is warned of the potential, unintended additional variable.
The analysis procedure is outlined below.
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CHAPTER 1

How to get and use SPARTA:

Mac Users - Mac OS X tutorial
Windows Users - Windows tutorial
Linux Users - Linux tutorial

Cloud computing tutorial - Cloud computing with SPARTA on Amazon EC2

1.1 Contents:

1.1.1 Mac OS X tutorial

Important: There is a known issue introduced by Apple in the newer operating system (El Capitan) that does affect
SPARTA. You will need to install the command line tools. To initiate that process, type ‘gcc’ into the terminal (without
the quotes) and hit enter. From here it will ask you if you want to install the command line tools. Click ‘Install’ or
‘Agree’. Close and re-open the terminal and proceed with the subsequent installation steps.

Download the workflow: SPARTA for Mac
1. Introduction
. Basic Terminal Commands
. Install Dependencies

. Initializing SPARTA

. Analyzing Your Data

2
3
4
5. Analyzing Example Data
6
7. Identifying Potential Batch Effects
8

. Altering Workflow Execution Options

Introduction

Many bioinformatics software packages and workflows require the user to utilize them from the command line or
terminal. SPARTA is no different. The reason the command line interface is utilized is that a great deal of power
and flexibility can be gained without the use of a graphical user interface (GUI). Further, a GUI can be difficult to



http://www.github.com/biobenkj/SPARTA_Mac/archive/master.zip

SPARTA Documentation, Release 1.0

implement across various platforms. To find the command line interface/Terminal on Mac OS X, go to Finder ->
Applications -> Utilities -> Terminal (might just be worth dragging it onto your dock).

[ NN [ Utilities
< i =)o = & o o #-
Favorites [# Python 2.7 » [ Adobe Utilities - CS5 e
|‘:—| Dropbox @ CuickTime Player (,;,J AirPort Utility
@® R M Audio MIDI Setup
£ Al My Files @® R64 «» Bluetooth File Exchange
7Y iCloud Drive i) Reminders a Bluetooth F...are Update
@) AlfDe 'f‘ Remote De...Connection .2 Boot Camp Assistant
) RStudio %" ColorSync Utility
=] Desktop @ RSwitch B Console
s @ Safari & Digital Color Meter
@i} benjaminjohn... 1§ Solitaire City & Disk Utility
72 Applications | Stickies ¥ Grab
W& System Preferences e Grapher
el | TextEdit & HP Utility
Tags i@? TextWrangler .,3% Keychain Access
® Red @ Time Machine ﬁ MacBook S...are Update
» B Migration Assistant
@ Orange %% VirtualBox ¢l Script Editor
Yellow & VLC = System Information
9 Vvolocity 6.3 B Terminal
o Wl Xcode ' @ voiceOver Utility
& Ria 7 Xerox k& X1

Decompress the SPARTA_Mac-master.zip file by double-clicking on it. Now, drag and drop the decompressed folder
onto your desktop.

SPARTA expects either compressed (.gz) or uncompressed FASTQ files (.fq or .fastq) as input, with a reference
genome file in FASTA format and a genome feature file (.gtf) within the folder that contains the input data. To see an
example of appropriate input data, look inside the ExampleData folder within the SPARTA_Mac-master folder.

To download a reference genome and genome feature file for your favorite bacteria, go to the Ensembl website. The
reference genome and feature file are already present for the ExampleData.

Basic Terminal Commands

Let’s have a look at some basic Terminal commands, we will cover the commands necessary to:
1. Move through folders

2. List the contents of a folder

3. Make new folders

4. Rename files/folders

5. Delete files/folders

4 Chapter 1. How to get and use SPARTA:
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Com- What it does Examples
mand
1. | cd Change directory/folder cd ~ (this changes to your home directory); cd .. (this goes
back one folder)
2. | 1Is List the contents of a folder Is
3. | mkdir Make a new directory/folder mkdir NewFolder (this will make a new folder called
‘NewFolder’ in your current directory)
4. | mv Rename or move a file from one | mv filel file2 (this will rename/move filel to file2)
name to another
5. | rm Remove a file (add the -r flagto | rm filel (remove filel); rm -r folderl (remove folder1)
remove a folder)

Command reference sheet

1.1. Contents:



SPARTA Documentation, Release 1.0

Unix/Linux Command Reference

File Commands

1s - directory listing

1s -al - formatted listing with hidden files

cd dir - change directary to dir

cd - change to home

pwd - show current directory

mkdir dir - creats a directory dir

file - delete file

=r dir - delete directory dir

=f file - force remove file

-rf dir - force remove directory dir *
filel fileZ - copy filel to file2

-r dirl dir2 - copy dirl to dir2; create dir2 if it
doesn't exist

mv filel fileZ? - rename or move ffled to fileZ
if file2 is an existing directory, moves filel into
directory file2

1n -5 file link - create symbalic link link to file
touch file - create or update file

cat > file - places standard input into file
mare File - cutput the contents of file

head file - output the first 10 lines of file
tail file - cutput the last 10 lines of file

tail -f file - output the contents of file as it
grows, starting with the last 10 lines

ps - display your currently active processes
top - display all running processes

kill pid - kill process id pid

killall proc - kill all processes named proc *
by - lists stopped or background jobs; resume a
stopped job in the background

fg - brings the most recent job to foreground
fg n - brings job n to the foreground

File Permissions

chmod ectal File - change the permissions of file
to octal, which can be found separately for user,
group, and world by adding:

¢ 4-read (r)
e 2 - write (w)
¢ 1 - execute (x)

Examples:

chmad 777 - read, wrilte, execute for all

chmod 755 - rwx for owner, rx for group and warld
For more options, see man chmod.

ssh userghost - connect to host as user

ssh -p port vserghost - connect to host on port
port as user

ssh-copy-id wserghost - add vour key to host for
user to enable a keyved or passwordless login

. Searching |
grep pattern files - search for pattern in files
grep -r pattern dir - search recursively for
pattern in dir

command | grep pattern - search for paftern in the
output of command

locate file - find all instances of file

FOSSwire....

date - show the current date and time

cal - show this month's calendar

uptime - show current uptime

w - display who is online

whoami - who vou are logged in as

finger user - display information about user
uname -a - show kernel information

cat /proc/cpuinfo - cpu information

cat Sproc/meminfo - memory information
man command - show the manual for commeand
df - show disk usage

du - show directory space usage

free - show memory and swap usage
whereis app - show possible locations of app
which app - show which app will be run by default

tar ef file.tar files - create a tar named
file tar containing files

tar xf file.tar - extract the files from file tar
tar czf file.tar.gz files - create a tar with
Gzip compression

tar xzf file.tar.gz - extract a tar using Gzip
tar cjf file.tar.bz2 - create a tar with Bzip2
compression

tar xjf file.tar.bzZ - oxtract a tar using Bzip2
gzip file - compresses file and renames it to
file.gz

gzip -d file.gz - decompresses file gz back to
file

ping host - ping host and output results

whois domain - get whois information for domain
dig domain - get DNS information for domain
dig =-x host - revarse lookup host

wget file - download file

wget -¢ Ffile - continue a stoppaed download

Installation

Install from source:

.feonfigure

make

make install

dpkg -1 pkg.deb - install a package (Debian)
rpm =Uvh pkg.rpm - install a package (RPM)

Ctrl+C - halts the current command

Ctrl+Z - stops the current command, resume with
fg in the foreground or bg in the background
Ctri+D - log out of current session, similar to exit
Ctrl+W - erases one word in the current line
Ctrl+l - erases the whole line

Ctri+R - type to bring up a recent command

|1 - repeats the last command

exit - log out of current session

* uze with extreme caution.

Ref. sheet from: http://files.fosswire.com/2007/08/fwunixref.pdf
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Install Dependencies

The SPARTA workflow requires a few things in order to run: Python, Java, NumPy, and R. If you already have these
installed, great! If you don’t, let’s start by downloading the latest version of Python 2 (see image below). You will
want to download and install the red boxed version of Python 2. Follow the prompts to install Python with the default
values.

Python 2.7.10

Release Date: 2015-05-23
Python 2.7.10 is a bug fix release of the Python 2.7.x series.

Full Changelog

Files

Version Operating System Description MD5 Sum File Size GPG
Gzipped source tarball Source release d7547558fd673bd9d38e2108¢c6b42521 16768806 SIG
XZ compressed source tarball Source release c685ef0b8e9f27b5e3db5db12b268ac6 12250696 SIG
Mac OS X 32-bit i386/PPC installer Mac 0S X for Mac 0S X 10.5 and later 40c01b527ee9898460f8cd515f1c1651 23985274 SIG
Mac OS X 64-bit/32-bit installer Mac OS X for Mac 0S X 10.6 and later 3a5419361628c542f5fc28691eb7b773 22129777 SIG
Windows debug information files Windows 44c155e72ddae4bfface20932ea2f5cf 26592322 SIG
Windows debug information files for 64-bit binaries Windows 2460724a7ceTaT36e7b5e3ee44879e53 24626242 SIG
Windows help file Windows 5798437100884d987a57626e11d2c618 6132901  SIG
Windows x86-64 MSI installer Windows for AMD64/EM64T/x64, not Itanium processors  35f5¢301beab341f6f6c9785939882ee 19382272 SIG
Windows x86 MS| installer Windows 4ba2c79b103f6003bc4611c837208208 18423808 SIG

Great! Let’s check and see if Java is already installed on your system. Open up the terminal, (if you don’t remember
how to do this, head back to the Infroduction) and type:

java -version

If Java is already installed, it will produce some output that looks like this:

java version "1.8.0_31"
Java (TM) SE Runtime Environment (build 1.8.0_31-bl3)
Java HotSpot (TM) 64-Bit Server VM (build 25.31-b07, mixed mode)

If the output does not look something like this, Java is likely not installed and two of the tools require Java to function
(Trimmomatic and FastQC). Let’s download and install a suitable version of Java (see image below). You will want to
download and install the red boxed version of Java JRE. You will also need to click on the button (red arrow) to accept
the terms and conditions of using Java JRE. Follow the prompts to install Java.

1.1. Contents: 7
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| Java Platform, Standard Edition

Java SE 8u45

This release includes important security fixes. Oracle strongly recommends that all Java SE 8

users upgrade to this release
Learn more *

= Installation Instructions

= Release Notes

* Oracle License

= Java SE Products

= Third Party Licenses

= Certified System Configurations

= Readme Files
= JDK ReadMe

= JRE ReadMe

JDK
DOWNLOAD #

Server JRE

DOWNLOAD #

JRE

DOWNLOAD #

Java SE Runtime Environment 8 Downloads
Do you want to run Java™ programs, or do you want to develop Java programs? If you want to run
Java programs, but not develop them, download the Java Runtime Environment, or JRE™

If you want to develop applications for Java, download the Java Development Kit, or JOK™. The JOK
includes the JRE, so you do not have to download both separately.

JRE MD35 Checksum

Java SE Runtime Environment 8u45
You must accept the Oracle Blnary Code Liﬁ;nse Agreemenl for Java SE to download this
Software.

() Accept License Agreement (=) Decline License Agreement

Protiuct / File Description
Linux x86
Linux x&6
Linux x64
Linux x64

File Size

41.34 MB
62.63 MB
39.51 MB
60.87 MB

IMac 035 X x64
ac

57.71 MB

Solaris SPARC 64-bit
Solaris x64

Windows %86 Online
Windows x86 Offline
Windows x86
Windows xG4
Windows x64

ad.b
46.06 MB
49.5 MB
0.54 MB
35.6 MB
52.57 MB
41.19 MB
55.6 MB

Download
Jre-8udS-linux-1586.rpm
jre-8ud5-linux-i586.tar.gz
jre-8ud5-linux-x64.rpm
jre-8udS-linux-x64 targz
jre-8ud5-macosx-x64.dm
|rE-BU45-MACoSK-Xbd 1ar.gz
jre-8ud5-solaris-sparcvd.tar.gz
jre-8udS-solaris-x64.tar.gz
jre-Bud5-windows-i586-iftw.exe
jre-8uds-windows-1586.exe
jre-8ud5-windows-i586.tar.gz
jre-8udS-windows-x64.exe
jre-8ud5-windows-x64. tar.gz
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To install NumPy, go back to or open the Terminal and type:

sudo pip install numpy

This will prompt you for your password. Enter your password and hit Enter/Return.

Note: As you type in your password, no characters will appear but you are entering characters.

Once you have entered your password and hit Enter/Return, NumPy will be downloaded and installed on your system.

Finally, let’s install R. Navigate to the SPARTA_Mac folder and go to the folder labeled “Install_R”. Within this folder
is an R installer. Double-click on the installer and follow the prompts to install R.

Note: If you have OSX 10.9 (Mavericks) or higher, you will want to use version 3.2.3. If you have OSX 10.6 to 10.8,
you want to use the version 3.2.1. To check which version you have, click on the Apple logo in the upper left hand
corner of your screen and then click on “About This Mac”. A window will appear telling you which version of OSX
you have.

Congratulations! You’ve installed the necessary dependencies to run SPARTA!

Initializing SPARTA

Once SPARTA is initialized, the workflow will seek to identify that all of the necessary dependencies are met. If they
are not satisfied, a message specific to what is not installed will appear as output in the terminal window.

To initialize SPARTA, go to the Terminal and navigate to the SPARTA_Mac-master folder on your desktop by typing:

‘cd ~/Desktop/SPARTA_Mac-master ‘

To start the workflow, type:

‘python SPARTA.py ‘

This will start the software and check for dependencies.

Analyzing Example Data
SPARTA is distributed with some example data. Specifically, it is the first 100,000 reads of each sample from Baker
etal..

To begin the analysis, navigate into the SPARTA_Mac-master folder and drag and drop the folder called “Example-
Data” out onto the desktop.

If you haven’t already, initialize SPARTA from the Terminal.

If all the dependencies are met, SPARTA will pause and prompt the user:

‘Is the RNAseq data in a folder on the Desktop? (Y or N): ‘

Type:

¥ |

Hit Enter/Return

1.1. Contents: 9
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Note: SPARTA assumes the data is located in a folder on the desktop by default. It is easiest if all future analyses
have the data in a folder (WITHOUT SPACES IN THE NAME) on the desktop.

Now it will prompt the user for the name of the folder:

’What is the name of the folder on the Desktop containing the RNAseqg data?: ‘

Type:

’ExampleData ‘

This is the name of the folder on the desktop that contains the input example data. Hit Enter/Return. From here,
the software will trim, QC, align, and count transcript abundance for each sample. All output/analyses are put in a
folder that SPARTA generates on the desktop called “RNAseq_Data”. Within this folder are separate folders for each
SPARTA run that are denoted by the date (e.g. 2015-06-04). Within these folders are four more folders that separate
each step of the analysis and are called: 1) QC, 2) Bowtie, 3) HTSeq, and 4) DEanalysis.

Once the trimming, QC, alignment, and counting are complete, SPARTA will again pause and prompt the user for how
many experimental conditions exist within the analysis.

The output at this point will look like this:

SPARTA has these files:
1) mapglyb5a.sam
2) mapgly5b.sam
3) mapgly/7a.sam
4) mapgly7b.sam

5) mappyrb5a.sam
6) mappyr5b.sam
/) mappyr/7a.sam
8) mappyr/7b.sam
How many conditions are there?:D

At the prompt that says:

’How many conditions are there?: ‘

Type:
4 |

Hit Enter/Return. There are 4 experimental conditions that we are considering:
1. Glycerol pH 7.0
2. Glycerol pH 5.7

10 Chapter 1. How to get and use SPARTA:
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3. Pyruvate pH 7.0
4. Pyruvate pH 5.7

Each condition has 2 replicates. The next prompt will read:

Enter the relevant file names, based on the names given in 'SPARTA has these files', wit
As an example, please see the 'conditions_input_example.txt' in the DEanalysis folder.
Once you have entered the file names, hit Enter/Return:

At this point, we need to edit a text file (conditions_input.txt) to tell SPARTA which file belongs to a given condition.
To do this:

1. Navigate to the SPARTA output folder called RNAseq_Data located on the desktop

2. Go to the current run folder (will be the last folder listed if sorted by name)

3. Go into the DEanalysis folder

4. Open the conditions_input.txt file in a text editor (NOT MICROSOFT WORD) such as TextEdit

The number of experimental conditions listed are based on the number entered at the prompt asking “How many
conditions are there?:”. Thus, in our case, there are 4. The contents of the file will look like:

Reference_Condition_Files:

Experimental_Condition_2_Files:
Experimental_ Condition_3_Files:
Experimental_Condition_4_Files:

We now need to enter the file names of the replicates in each condition. These are comma-separated file names that
correspond to the output given by SPARTA (denoted with red bracket)

1.1. Contents: 11
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SPARTA has these files:
1) mapglyb5a.sam
2) mapgly5b.sam
3) mapgly/a.sam
4) mapgly/b.sam

5) mappyrba.sam
©) mappyrsSb.sam
/) mappyr/a.sam
8) mappyr/b.sam

Note: The file names are case-sensitive and must be spelled exactly as listed in the output given by SPARTA

Thus, when all the file names are inputed, the conditions_input.txt file should look like this:

Reference_Condition_Files: mapgly7a.sam, mapgly7b.sam

Experimental Condition_2_Files:mapglyb5a.sam, mapglybb.sam
Experimental_Condition_3_Files:mappyr7a.sam, mappyr7b.sam
Experimental_Condition_4_Files:mappyrba.sam, mappyrbb.sam

Now, save the changes by going to File -> Save. Go back to the terminal and hit Enter/Return. From here, the workflow
will perform the differential gene expression analysis through edgeR. If a batch effect may be present, the output will
attempt to warn the user of the potential, unintended variable that must be accounted for before drawing experimental
conclusions.

All the differential gene expression output is located in the RNAseq_Data -> date of your current run -> DEanalysis
folder. The file output includes:

1. Differential gene expression tables

2. MDS plot (somewhat analogous to a principle component analysis plot) which will show whether your replicates
group together and treatment groups separate based on the treatment

3. BCV plot (biological coefficient of variation) to look at gene level variation between samples

Congratulations! You’ve analyzed RNA-seq data from raw reads to differential gene expression!

12 Chapter 1. How to get and use SPARTA:
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Analyzing Your Data

If you haven’t already, we recommend working through the example data analysis first before attempting to work
through your own data set to familiarize yourself with the workflow.

As stated in the Introduction, SPARTA expects either compressed (.gz) or uncompressed FASTQ files (.fq or .fastq) as
input, with a reference genome file in FASTA format and a genome feature file (.gtf) within the folder that contains the
input data on your desktop. To see an example of appropriate input data, look inside the ExampleData folder within
the SPARTA_Mac-master folder.

Now, to analyze your own data, follow the steps to initialize SPARTA, and start the analysis!

If you would like to tweak the analysis options for a given step/tool, have a look at the Altering Workflow Execution
Options.

Identifying Potential Batch Effects

Batch effects can be a source of variation in RNA-seq data that can confound biological conclusions. In fact, there
have been documented cases of batch effects present in published studies that led readers to be concerned for the
validity of the results.

To quote a previously published paper in Nature Reviews Genetics, “Batch effects are sub-groups of measurements
that have qualitatively different behaviour across conditions and are unrelated to the biological or scientific variables
in a study. For example, batch effects may occur if a subset of experiments was run on Monday and another set on
Tuesday, if two technicians were responsible for different subsets of the experiments or if two different lots of reagents,
chips or instruments were used.”

Thus, it is paramount that one address batch effects within their data before drawing biological conclusions from a
specific RNA-seq experiment. To illustrate what a batch effect may look like within the data, we will utilize several
different plots.

This first plot comes from the Nature Reviews Genetics paper where they examine Affymetrix data from a published
bladder cancer study. You can quickly see that panels C and D from Figure 1 show that samples from batch 1 (blue)
cluster together based on gene expression and samples from batch 2 (orange) cluster together.
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Within RNA-seq data, using SPARTA and the MDS plot generated by edgeR, another example of batch effects within
a study comparing Mycobacterium tuberculosis treated with a compound, we can clearly see that the mock-treated
samples (DMSO) and compound-treated samples (ETZ) separate based on batch (A vs B) instead of by treatment.
Ideally, we would have the samples group together based on treatment as opposed to batch.

04

f
“

o~ _DMSO2

dim 2
0.2

iing logFC

r
!

l.‘.‘l’

ETZ2 : : ETZ1
0.6 0.4 0.2 0.0 0.2 04 0.6
Leading logFC dim 1

If a potential batch effect is detected in the data set, SPARTA will output a message into the terminal that says:

’IMPORTANT! YOU MAY HAVE A BATCH EFFECT! PLEASE LOOK AT THE MDS PLOT!

If this occurs, have a look at the MDS plot in the RNAseq_Data folder -> date of current run -> DEanalysis folder ->
MDSplot.png

From here, you will want to adjust your model to account for the batch effect. Within edgeR, this can be accomplished
through an additive linear model. The documentation for edgeR contains a tutorial on how to deal with batch effects
that can be found here.

Future implementations of SPARTA will include the ability to adjust for batch effects.

Altering Workflow Execution Options

SPARTA is capable of allowing the user to alter the parameters associated with each analysis step to be tailored to
specific use cases. Below are the different parameters that can be altered and their usage.

Options:

Usage: python SPARTA.py [options]

Simple Program for Automated reference-based bacterial RNA-seq Transcriptome
Analysis (SPARTA)

14 Chapter 1. How to get and use SPARTA:
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-h, —-help
—-—cleanup

-—-verbose
—--noninteractive

——threads=THREADS

Trimmomatic options:

show this help message and exit

Clean up the intermediate files to save space. Default
action is to retain the intermediate files.

Display more output for each step of the analysis.
Non-interactive mode. This is for running SPARTA
without any user input. Assumes data is on the
desktop. If this option is specified, you must fill
out the configuration file (ConfigFile.txt) with the
appropriate experimental conditions in the SPARTA
folder.

Define the number of threads that SPARTA should run
with. This will enable some speed-up on multi-
processor machines. As a generality, define the number
of threads as the same number of cores in your
computer. Default is 2.

The order the options will be run are: ILLUMINACLIP, LEADING,
TRAILING, SLIDINGWINDOW, MINLEN

--clip=ILLUMINACLIP

——lead=LEADING

—-—trail=TRAILING

ILLUMINACLIP options. MiSeq & HiSeqg usually
TruSeqg3.fa; GAII usually TruSeqg2.fa. Default is
ILLUMINACLIP:TruSeg3-SE.fa:2:30:10. Usage:
—-—clip=<adapterseqgs>:<seed mismatches>:<palindrome
clip threshold>:<simple clip threshold>

Set the minimun quality required to keep a base.

Default is LEADING=3. Usage: —-—-lead=<quality>
Set the minimum quality required to keep a base.
Default is TRAILING=3. Usage: —-trail=<quality>

--s51idewin=SLIDINGWINDOW

SLIDINGWINDOW options. Default is SLIDINGWINDOW:4:15.
Usage: —-slidewin=<window_size>:<required_quality>

-—minlentrim=MINLENTRIM

Bowtie options:
—-mismatch=MISMATCH

Set the minimum read length to keep in base pairs.
Default is 36. Usage: —--minlentrim=<readlength>

Output alignments with at most a defined number of
mismatches. Usage: —-—-mismatch=<integer_value>

——otherbowtieoptions=0THERBOWTIEOPTIONS

HTSeq options:
——stranded=STRANDED

——order=0RDER
--minqual=MINQUAL

——type=TYPE

Bowtie has so many options that it is not worth
listing them here. Go to http://bowtie-
bio.sourceforge.net/manual.shtml#fcommand-line for the
manual and all available options. Usage:
——otherbowtieoptions='all options inputed as a string
(note the quotes!)'

Stranded options: yes, no, reverse. Default is
—-stranded=reverse. Usage: —-stranded=yes/no/reverse
Order options: name, pos. Usage: —-—-order=name/pos.
Skip all reads with quality lower than the given
value. Default is —--minqual=10. Usage:
—-minqual=<value>

The feature type (3rd column in GTF file) to be used.

1.1. Contents:
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Default is —--type=exon (suitable for RNA-seq analysis)
—-—idattr=IDATTR Feature ID from the GTF file to identify counts in the
output table Default is --idattr=gene_id. Usage:
——-idattr=<id attribute>
——-mode=MODE Mode to handle reads overlapping more than one
feature. Default is --mode=union. Usage: —--mode=union
/intersection-strict/intersection-nonempty

1.1.2 Windows tutorial

Download the workflow: SPARTA for Windows
1. Introduction
. Basic Terminal Commands
. Install Dependencies

. Initializing SPARTA

. Analyzing Your Data

2
3
4
5. Analyzing Example Data
6
7. Identifying Potential Batch Effects
8

. Altering Workflow Execution Options

Introduction

Many bioinformatics software packages and workflows require the user to utilize them from the command line or
terminal. SPARTA is no different. The reason the command line interface is utilized is that a great deal of power
and flexibility can be gained without the use of a graphical user interface (GUI). Further, a GUI can be difficult to
implement across various platforms. To find the command line interface/Terminal on Windows, go to Windows start
button -> Search -> Type in: cmd -> Terminal is now open to enter commands.

'\,.\

ERLEEE

Decompress the SPARTA_Windows-master.zip file by double-clicking on it. Now, drag and drop the decompressed
folder onto your desktop.

SPARTA expects either compressed (.gz) or uncompressed FASTQ files (.fq or .fastq) as input, with a reference
genome file in FASTA format and a genome feature file (.gtf) within the folder that contains the input data. To see an
example of appropriate input data, look inside the ExampleData folder within the SPARTA_Windows-master folder.

To download a reference genome and genome feature file for your favorite bacteria, go to the Ensembl website. The
reference genome and feature file are already present for the ExampleData.
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Basic Terminal Commands

Let’s have a look at some basic Terminal commands, we will cover the commands necessary to:
1. Move through folders

2. List the contents of a folder

3. Make new folders

4. Rename files/folders

5. Delete files/folders

Com- What it does Examples
mand
1. | cd Change directory/folder

cd ~ (this changes to your home directory); cd .. (this goes
back one folder)

2. | dir List the contents of a folder dir

3. | mkdir Make a new directory/folder mkdir NewFolder (this will make a new folder called
‘NewFolder’ in your current directory)

4. | move Rename or move a file from one move filel file2 (this will rename/move filel to file2)
name to another
5. | rm Remove a file (rmdir is the rm filel (remove filel); rmdir folderl (remove folderl)
command to remove a folder)

Basic Command Prompt Commands:

x /? = provides syntax info and complete list of all parameters for x (a command, like
cd = change directory

cd .. = move to the parent directory

cd\ = move to the root of current drive

cd x = move to the current\x directory

cd z: = change to the z root directory (as opposed to c:\)

copy x y = copy file x to directory y (Ex: D:\games\galaga.exe C:\programs|[\awesome.exe]
copy file con = display file contents in console

copy con file.txt = create text file in the console window, end with ctrl+z (%z or F6)
date = change the date

del = delete/erase

del x deletes all files/folders fitting x

del . = deletes all files within current directory

del *.%x = deletes all files within current directory

dir = display contents of current directory (Ex: dir [c:][\programs]), [] = optional
dir *.txt = list all .txt files in current directory

dir *.? = list all files with extensions one character in length in current directory
dir /w /p *.* = display all contents one screen at a time

dir | more = display all contents one line at a time

dir /? = provides syntax info and complete list of all dir parameters

echo = send command line input to display (by default)

echo sometext >> somefile.txt = append line(s) of text to any file

echo sometext > somefile.txt = overwrites file with sometext

erase = delete/erase

exit = exit the command prompt

filename.txt = opens filename.txt in current directory in Notepad (or default .txt progr

format z: = format z drive [Ex: use to format a disc or flash drive]
mkdir x = make directory x in current directory

move X y = more Oor rename X to y

g = escapes sequential display of contents (i.e. the more parameter)
rd x = remove/delete directory x if it’s empty

ren x y = rename file x to y
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time = change the time
type file = display the contents of the file ‘file’ (displays file contents in console)
type file |more = display the contents one line at a time

Ref. sheet from: http://blog.simplyadvanced.net/cheat-sheet-for-windows-command-prompt/

Install Dependencies

The SPARTA workflow requires a few things in order to run: Python, Java, NumPy, and R. If you already have these
installed, great! If you don’t, let’s start by downloading the latest version of Python 2 (see image below). You will
want to download and install the red boxed version of Python 2. Follow the prompts to install Python with the default
values.

Python 2.7.10

Release Date: 2015-05-23
Python 2.7.10is a bug fix release of the Python 2.7.x series.

Full Changelog

Files

Version Operating System Description MD5 Sum File Size GPG
Gzipped source tarball Source release d7547558fd673bd9d38e2108c6b42521 16768806 SIG
XZ compressed source tarball Source release c685ef0b8e9f27b5e3db5db12b268ac6 12250696 SIG
Mac OS X 32-bit i386/PPC installer Mac 0S X for Mac 0S X 10.5 and later 40c01b527ee9898460f8cd515f1c1651 23985274 SIG
Mac OS X 64-bit/32-bit installer Mac OS X for Mac OS X 10.6 and later 325419361628¢542f5fc28691eb7b773 22129777 SIG
Windows debug information files Windows 44c155e72ddae4bfface20932ea2f5cf 26592322 SIG
Windows debug information files for 64-bit binaries Windows 2460724a7ceTa736e7b5e3ee44879e53 24626242 SIG
Windows help file Windows 5798437100884d987a57626e11d2c618 6132901  SIG
Windows x86-64 MSI installer Windows for AMD64/EM64T/x64, not Itanium processors  35f5¢301beab341f6f6c9785939882¢ee 19382272 SIG
Windows x86 MS| installer Windows 4ba2c79b103f6003bc4611c837a08208 18423808 SIG

Great! Let’s check and see if Java is already installed on your system. Open up the terminal, (if you don’t remember
how to do this, head back to the Introduction) and type:

java -version

If Java is already installed, it will produce some output that looks like this:

java version "1.8.0_31"
Java (TM) SE Runtime Environment (build 1.8.0_31-bl3)
Java HotSpot (TM) 64-Bit Server VM (build 25.31-b07, mixed mode)

If the output does not look something like this, Java is likely not installed and two of the tools require Java to function
(Trimmomatic and FastQC). Let’s download and install a suitable version of Java (see image below). You will want to
download and install the red boxed version of Java JRE. You will also need to click on the button (red arrow) to accept
the terms and conditions of using Java JRE. Follow the prompts to install Java.
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| Java Platform, Standard Edition

Java SE 8u45

This release includes important security fixes. Oracle strongly recommends that all Java SE 8
users upgrade to this release

Learn more *

= Installation Instructions JDK

DOWNLOAD #
= Release Notes

= Oracle License

= Java SE Products Server JRE

= Third Party Licenses

= Certified System Configurations

= Readme Files
= JDK ReadMe JRE

DOWNLOAD #

= JRE ReadMe

Java SE Runtime Environment 8 Downloads
Do you want to run Java™ programs, or do you want to develop Java programs? If you want to run
Java programs, but not develop them, download the Java Runtime Environment, or JRE™

If you want to develop applications for Java, download the Java Development Kit, or JOK™. The JOK
includes the JRE, so you do not have to download both separately.

JRE MD35 Checksum

Java SE Runtime Environment 8u45
You must accept the Oracle Blnary Code Li'l."t.svnse Agreemenl for Java SE to download this
Software.

() Accept License Agreement (=) Decline License Agreement

Protiuct / File Description File Size Download
Linux x86 41.34MB  jre-8u45-linux-iS86.rpm
Linux x&6 62.63 MB  jre-Bud5-linux-i586.1ar.gz
Linux x64 39.51MB  jre-8udS-linux-x64.rpm
Linux x64 60.87 MB  jre-Bud5-linux-x64.tar.gz
Mac O35 X x64 ST.7T1MB  jre-Bud5-macosx-xG4.dmg
Mac OS X x64 536 MB  jre-8ud5-macosx-x64 tar.gz
Solaris SPARC 64-bit 46.06 MB  jre-8ud5-solaris-sparcvd.tar.gz
Solaris x64 49.5MB  jre-8ud5-solaris-x64.tar.gz
Windows %86 Online 0.54 MB  jre-8ud5-windows-i586-iftw.exe
Windows x86 Offline 356 MB  jre-BudS-windows-1586.exe

I D257 e =l 2l

‘Windows xG4 41.19 MB
indows x64 Jre-8ud5-windows-x64.tar.gz
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To install the remaining dependencies, SPARTA is distributed with installers for each remaining piece of software,
however, there is an ideal order with which to install them.

Navigate to the SPARTA_Windows-master folder and then into the “Software_To_Install” folder. Inside this folder is
a series of executable installers. Double-click and install them in the following order:

1. numpy

2. vcredist

3. HTSeq

4. R (see the “Important” below before installing)
5

. gzip

Important: When installing R, make sure that the 32-bit files are also installed. You may have to check the box
when the installer presents you with what files to install.

Now, there is one remaining batch file called “add_python_and_R_to_path.bat”. This will add the Python, R, and gzip
executables to your path so you can run them from the terminal. To execute this script, right-click on the file and then
click on the option called “Run as administrator”. Windows may warn you that this script is unsafe because it is from
an unknown developer. Click on the “Details” button and then click on “Run anyway”.

Note: If this script is not run, SPARTA will not function properly.

Congratulations! You’ve installed the necessary dependencies to run SPARTA!

Initializing SPARTA

Once SPARTA is initialized, the workflow will seek to identify that all of the necessary dependencies are met. If they
are not satisfied, a message specific to what is not installed will appear as output in the terminal window.

To initialize SPARTA, go to the Terminal and navigate to the SPARTA_Windows-master folder on your desktop by
typing:

‘cd Desktop\SPARTA_Windows-master

To start the workflow, type:

‘python SPARTA.py

This will start the software and check for dependencies.

Analyzing Example Data
SPARTA is distributed with some example data. Specifically, it is the first 100,000 reads of each sample from Baker
et al..

To begin the analysis, navigate into the SPARTA_Mac-master folder and drag and drop the folder called “Example-
Data” out onto the desktop.

If you haven’t already, initialize SPARTA from the Terminal.

If all the dependencies are met, SPARTA will pause and prompt the user:
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‘Is the RNAseq data in a folder on the Desktop? (Y or N):

Type:

v

Hit Enter/Return

Note: SPARTA assumes the data is located in a folder on the desktop by default. It is easiest if all future analyses
have the data in a folder (WITHOUT SPACES IN THE NAME) on the desktop.

Now it will prompt the user for the name of the folder:

‘What is the name of the folder on the Desktop containing the RNAseqg data?:

Type:

’ExampleData

This is the name of the folder on the desktop that contains the input example data. Hit Enter/Return. From here, the
software will trim, align, and count transcript abundance for each sample. All output/analyses are put in a folder that
SPARTA generates on the desktop called “RNAseq_Data”. Within this folder are separate folders for each SPARTA
run that are denoted by the date (e.g. 2015-06-04). Within these folders are four more folders that separate each step
of the analysis and are called: 1) QC, 2) Bowtie, 3) HTSeq, and 4) DEanalysis.

Note: There is a known issue here. FastQC will not run non-interactively on Windows (but feel free to contribute
to the project and fix this issue!). It is important to QC your data and FastQC can be run interactively by navigating
to the FastQC folder: SPARTA_Windows-master -> QC_analysis -> FastQC -> run_fastqc.bat. FastQC should now
start and to analyze your trimmed files within FastQC: File -> Open -> RNAseq_Data -> dateofyourrun -> QC ->
yourtrimmedfiles.

Once the trimming, alignment, and counting are complete, SPARTA will again pause and prompt the user for how
many experimental conditions exist within the analysis.

The output at this point will look like this:
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SPARTA has these files:
1) mapglyb5a.sam
2) mapglybb.sam
3) mapgly/7a.sam
4) mapgly7b.sam

5) mappyrb5a.sam
6) mappyr5b.sam
/) mappyr/7a.sam
8) mappyr/b.sam
How many conditions are there?:D

At the prompt that says:

’How many conditions are there?: ‘

Type:

4 |

Hit Enter/Return. There are 4 experimental conditions that we are considering:
1. Glycerol pH 7.0
2. Glycerol pH 5.7
3. Pyruvate pH 7.0
4. Pyruvate pH 5.7

Each condition has 2 replicates. The next prompt will read:

Enter the relevant file names, based on the names given in 'SPARTA has these files', wit
As an example, please see the 'conditions_input_example.txt' in the DEanalysis folder.
Once you have entered the file names, hit Enter/Return:

At this point, we need to edit a text file (conditions_input.txt) to tell SPARTA which file belongs to a given condition.
To do this:

1. Navigate to the SPARTA output folder called RNAseq_Data located on the desktop

2. Go to the current run folder (will be the last folder listed if sorted by name)

3. Go into the DEanalysis folder

4. Open the conditions_input.txt file in a text editor (NOT MICROSOFT WORD) such as Notepad

The number of experimental conditions listed are based on the number entered at the prompt asking “How many
conditions are there?:”. Thus, in our case, there are 4. The contents of the file will look like:
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Reference_Condition_Files:

Experimental_Condition_2_Files:
Experimental_Condition_3_Files:
Experimental_Condition_4_Files:

We now need to enter the file names of the replicates in each condition. These are comma-separated file names that
correspond to the output given by SPARTA (denoted with red bracket)

SPARTA has these files:
1) mapglyb5a.sam
2) mapgly5b.sam
3) mapgly/7a.sam
4) mapgly/b.sam

5) mappyrba.sam
©) mappyrsSb.sam
/) mappyr/a.sam
8) mappyr/b.sam

Note: The file names are case-sensitive and must be spelled exactly as listed in the output given by SPARTA

Thus, when all the file names are inputed, the conditions_input.txt file should look like this:

Reference_Condition_Files: mapgly7a.sam, mapgly7b.sam

Experimental_Condition_2_Files:mapglyb5a.sam, mapgly5b.sam
Experimental_Condition_3_Files:mappyr7a.sam, mappyr7b.sam
Experimental_Condition_4_Files:mappyrba.sam, mappyr5b.sam

Now, save the changes by going to File -> Save. Go back to the terminal and hit Enter/Return. From here, the workflow
will perform the differential gene expression analysis through edgeR. If a batch effect may be present, the output will
attempt to warn the user of the potential, unintended variable that must be accounted for before drawing experimental
conclusions.

All the differential gene expression output is located in the RNAseq_Data -> date of your current run -> DEanalysis
folder. The file output includes:

1. Differential gene expression tables
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2. MDS plot (somewhat analogous to a principle component analysis plot) which will show whether your replicates
group together and treatment groups separate based on the treatment

3. BCV plot (biological coefficient of variation) to look at gene level variation between samples

Congratulations! You’ve analyzed RNA-seq data from raw reads to differential gene expression!

Analyzing Your Data

If you haven’t already, we recommend working through the example data analysis first before attempting to work
through your own data set to familiarize yourself with the workflow.

As stated in the Introduction, SPARTA expects either compressed (.gz) or uncompressed FASTQ files (.fq or .fastq) as
input, with a reference genome file in FASTA format and a genome feature file (.gtf) within the folder that contains the
input data on your desktop. To see an example of appropriate input data, look inside the ExampleData folder within
the SPARTA_Windows-master folder.

Now, to analyze your own data, follow the steps to initialize SPARTA, and start the analysis!

If you would like to tweak the analysis options for a given step/tool, have a look at the Altering Workflow Execution
Options.

Identifying Potential Batch Effects

Batch effects can be a source of variation in RNA-seq data that can confound biological conclusions. In fact, there
have been documented cases of batch effects present in published studies that led readers to be concerned for the
validity of the results.

To quote a previously published paper in Nature Reviews Genetics, “Batch effects are sub-groups of measurements
that have qualitatively different behaviour across conditions and are unrelated to the biological or scientific variables
in a study. For example, batch effects may occur if a subset of experiments was run on Monday and another set on
Tuesday, if two technicians were responsible for different subsets of the experiments or if two different lots of reagents,
chips or instruments were used.”

Thus, it is paramount that one address batch effects within their data before drawing biological conclusions from a
specific RNA-seq experiment. To illustrate what a batch effect may look like within the data, we will utilize several
different plots.

This first plot comes from the Nature Reviews Genetics paper where they examine Affymetrix data from a published
bladder cancer study. You can quickly see that panels C and D from Figure 1 show that samples from batch 1 (blue)
cluster together based on gene expression and samples from batch 2 (orange) cluster together.
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Within RNA-seq data, using SPARTA and the MDS plot generated by edgeR, another example of batch effects within
a study comparing Mycobacterium tuberculosis treated with a compound, we can clearly see that the mock-treated
samples (DMSO) and compound-treated samples (ETZ) separate based on batch (A vs B) instead of by treatment.
Ideally, we would have the samples group together based on treatment as opposed to batch.
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If a potential batch effect is detected in the data set, SPARTA will output a message into the terminal that says:
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‘IMPORTANT! YOU MAY HAVE A BATCH EFFECT! PLEASE LOOK AT THE MDS PLOT!

If this occurs, have a look at the MDS plot in the RNAseq_Data folder -> date of current run -> DEanalysis folder ->
MDSplot.png

From here, you will want to adjust your model to account for the batch effect. Within edgeR, this can be accomplished
through an additive linear model. The documentation for edgeR contains a tutorial on how to deal with batch effects
that can be found here.

Future implementations of SPARTA will include the ability to adjust for batch effects.

Altering Workflow Execution Options

SPARTA is capable of allowing the user to alter the parameters associated with each analysis step to be tailored to
specific use cases. Below are the different parameters that can be altered and their usage.

Options:

Usage: python SPARTA.py [options]

Simple Program for Automated reference-based bacterial RNA-seq Transcriptome
Analysis (SPARTA)

-h, --help show this help message and exit

—-—cleanup Clean up the intermediate files to save space. Default
action is to retain the intermediate files.

—-—verbose Display more output for each step of the analysis.

—-noninteractive Non-interactive mode. This is for running SPARTA

without any user input. Assumes data is on the
desktop. If this option is specified, you must fill
out the configuration file (ConfigFile.txt) with the
appropriate experimental conditions in the SPARTA
folder.

——threads=THREADS Define the number of threads that SPARTA should run
with. This will enable some speed-up on multi-
processor machines. As a generality, define the number
of threads as the same number of cores in your
computer. Default is 2.

Trimmomatic options:
The order the options will be run are: ILLUMINACLIP, LEADING,
TRAILING, SLIDINGWINDOW, MINLEN

——clip=ILLUMINACLIP
ILLUMINACLIP options. MiSeq & HiSeqg usually
TruSeqg3.fa; GAII usually TruSeqg2.fa. Default is
ILLUMINACLIP:TruSeg3-SE.fa:2:30:10. Usage:
—-—clip=<adapterseqgs>:<seed mismatches>:<palindrome
clip threshold>:<simple clip threshold>

——lead=LEADING Set the minimun quality required to keep a base.
Default is LEADING=3. Usage: —-lead=<quality>

——trail=TRAILING Set the minimum quality required to keep a base.
Default is TRAILING=3. Usage: —--trail=<quality>

—--51idewin=SLIDINGWINDOW
SLIDINGWINDOW options. Default is SLIDINGWINDOW:4:15.
Usage: —--slidewin=<window_size>:<required_quality>
——minlentrim=MINLENTRIM
Set the minimum read length to keep in base pairs.
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Default is 36. Usage: —--minlentrim=<readlength>

Bowtie options:

—-mismatch=MISMATCH
Output alignments with at most a defined number of
mismatches. Usage: —--mismatch=<integer_value>

——otherbowtieoptions=0THERBOWTIEOPTIONS
Bowtie has so many options that it is not worth
listing them here. Go to http://bowtie-
bio.sourceforge.net/manual.shtml#command-line for the
manual and all available options. Usage:
——otherbowtieoptions='all options inputed as a string
(note the quotes!)'

HTSeq options:
——stranded=STRANDED
Stranded options: yes, no, reverse. Default is

--stranded=reverse. Usage: —--stranded=yes/no/reverse
——order=0RDER Order options: name, pos. Usage: —-order=name/pos.
—-minqual=MINQUAL Skip all reads with quality lower than the given
value. Default is --minqual=10. Usage:
—-minqual=<value>
—-—type=TYPE The feature type (3rd column in GTF file) to be used.
Default is —--type=exon (suitable for RNA-seq analysis)
—--idattr=IDATTR Feature ID from the GTF file to identify counts in the

output table Default is --idattr=gene_id. Usage:
——idattr=<id attribute>

—--mode=MODE Mode to handle reads overlapping more than one
feature. Default is —--mode=union. Usage: —-mode=union
/intersection-strict/intersection-nonempty

1.1.3 Linux tutorial

Download the workflow: SPARTA for Linux
1. Introduction

Basic Terminal Commands

Install Dependencies

Initializing SPARTA

Analyzing Example Data

Analyzing Your Data

Identifying Potential Batch Effects

® N A »N

Altering Workflow Execution Options

Introduction

Many bioinformatics software packages and workflows require the user to utilize them from the command line or
terminal. SPARTA is no different. The reason the command line interface is utilized is that a great deal of power
and flexibility can be gained without the use of a graphical user interface (GUI). Further, a GUI can be difficult to
implement across various platforms. To find the command line interface/Terminal on Linux (shown in Ubuntu with
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red arrows), go to “Search your computer and online sources” button -> Search for “terminal” -> Click on Terminal
-> Terminal is now open and ready to enter commands (might just be worth dragging it onto your dock).
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Decompress the SPARTA_Linux-master.zip file by clicking on it and extracting all the files to the desktop.

SPARTA expects either compressed (.gz) or uncompressed FASTQ files (.fq or .fastq) as input, with a reference
genome file in FASTA format and a genome feature file (.gtf) within the folder that contains the input data. To see an
example of appropriate input data, look inside the ExampleData folder within the SPARTA_Linux-master folder.

To download a reference genome and genome feature file for your favorite bacteria, go to the Ensembl website. The
reference genome and feature file are already present for the ExampleData.

Basic Terminal Commands

Let’s have a look at some basic Terminal commands, we will cover the commands necessary to:
1. Move through folders

2. List the contents of a folder

3. Make new folders

4. Rename files/folders

5. Delete files/folders

Com- What it does Examples
mand
1. | cd Change directory/folder cd ~ (this changes to your home directory); cd .. (this goes
back one folder)
2. | Is List the contents of a folder Is
3. | mkdir Make a new directory/folder mkdir NewFolder (this will make a new folder called
‘NewFolder’ in your current directory)
4. | mv Rename or move a file from one | mv filel file2 (this will rename/move filel to file2)
name to another
5. | rm Remove a file (add the -r flagto | rm filel (remove filel); rm -r folderl (remove folder1)
remove a folder)

Command reference sheet
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Unix/Linux Command Reference

File Commands

1s - directory listing

1s -al - formatted listing with hidden files

cd dir - change directary to dir

cd - change to home

pwd - show current directory

mkdir dir - creats a directory dir

rm File - delete file

rm -r dir - delete directory dir

rm -f Ffile - force remove file

rm -rf dir - force remove directory dir *

cp filel file2 - copy filel to filel

ep -r dirl dir2 - copy dirl to dir2; create dir2 if it
doesn't exist

mv filel fileZ? - rename or move ffled to fileZ
if file2 is an existing directory, moves filel into
directory file2

1n -5 file link - create symbalic link link to file
touch file - create or update file

cat > file - places standard input into file
mare File - cutput the contents of file

head file - output the first 10 lines of file
tail file - cutput the last 10 lines of file

tail -f file - output the contents of file as it
grows, starting with the last 10 lines

ps - display your currently active processes
top - display all running processes

kill pid - kill process id pid

killall proc - kill all processes named proc *
by - lists stopped or background jobs; resume a
stopped job in the background

fg - brings the most recent job to foreground
fg n - brings job n to the foreground

File Permissions

chmod ectal File - change the permissions of file
to octal, which can be found separately for user,
group, and world by adding:

¢ 4-read (r)

e 2 -write (w)

¢ 1 - execute (x)
Examples:
chmad 777 - read, wrilte, execute for all
chmod 755 - rwx for owner, rx for group and warld
For more options, see man chmod.

ssh userghost - connect to host as user

ssh -p port vserghost - connect to host on port
port as user

ssh-copy-id wserghost - add vour key to host for
user to enable a keyved or passwordless login

. Searching |
grep pattern files - search for pattern in files
grep -r pattern dir - search recursively for
pattern in dir

command | grep pattern - search for paftern in the
output of command

locate file - find all instances of file

FOSSwire....

date - show the current date and time

cal - show this month's calendar

uptime - show current uptime

w - display who is online

whoami - who vou are logged in as

finger user - display information about user
uname -a - show kernel information

cat /proc/cpuinfo - cpu information

cat Sproc/meminfo - memory information
man command - show the manual for commeand
df - show disk usage

du - show directory space usage

free - show memory and swap usage
whereis app - show possible locations of app
which app - show which app will be run by default

tar ef file.tar files - create a tar named
file tar containing files

tar xf file.tar - extract the files from file tar
tar czf file.tar.gz files - create a tar with
Gzip compression

tar xzf file.tar.gz - extract a tar using Gzip
tar cjf file.tar.bz2 - create a tar with Bzip2
compression

tar xjf file.tar.bzZ - oxtract a tar using Bzip2
gzip file - compresses file and renames it to
file.gz

gzip -d file.gz - decompresses file gz back to
file

ping host - ping host and output results

whois domain - get whois information for domain
dig domain - get DNS information for domain
dig =-x host - revarse lookup host

wget file - download file

wget -¢ Ffile - continue a stoppaed download

Installation

Install from source:

.feonfigure

make

make install

dpkg -1 pkg.deb - install a package (Debian)
rpm =Uvh pkg.rpm - install a package (RPM)

Ctrl+C - halts the current command

Ctrl+Z - stops the current command, resume with
fg in the foreground or bg in the background
Ctri+D - log out of current session, similar to exit
Ctrl+W - erases one word in the current line
Ctrl+l - erases the whole line

Ctri+R - type to bring up a recent command

|1 - repeats the last command

exit - log out of current session

* uze with extreme caution.

Ref. sheet from: http://files.fosswire.com/2007/08/fwunixref.pdf

1.1. Contents:

29



SPARTA Documentation, Release 1.0

Install Dependencies

The SPARTA workflow requires a few things in order to run: Python, Java, NumPy, and R. If you already have these
installed, great! If you don’t, let’s start by downloading and installing the dependencies by running the bash script
called “install_dependencies.sh”.

To run this script, navigate to the SPARTA_Linux-master folder on the desktop:

‘cd ~/Desktop/SPARTA_Linux-master ‘

Now, type:

‘bash install_dependencies.sh ‘

This will update, download, and install the necessary dependencies to run SPARTA.

Congratulations! You’ve installed the necessary dependencies to run SPARTA!

Initializing SPARTA

Once SPARTA is initialized, the workflow will seek to identify that all of the necessary dependencies are met. If they
are not satisfied, a message specific to what is not installed will appear as output in the terminal window.

To initialize SPARTA, go to the Terminal and navigate to the SPARTA_Linux-master folder on your desktop by typing:

‘cd ~/Desktop/SPARTA_Linux-master ‘

To start the workflow, type:

’ python SPARTA.py ‘

This will start the software and check for dependencies.

Analyzing Example Data
SPARTA is distributed with some example data. Specifically, it is the first 100,000 reads of each sample from Baker
et al..

To begin the analysis, navigate into the SPARTA_Linux-master folder and drag and drop the folder called “Example-
Data” out onto the desktop.

If you haven’t already, initialize SPARTA from the Terminal.

If all the dependencies are met, SPARTA will pause and prompt the user:

‘Is the RNAseq data in a folder on the Desktop? (Y or N):

Type:
K |

Hit Enter/Return

Note: SPARTA assumes the data is located in a folder on the desktop by default. It is easiest if all future analyses
have the data in a folder (WITHOUT SPACES IN THE NAME) on the desktop.

Now it will prompt the user for the name of the folder:
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‘What is the name of the folder on the Desktop containing the RNAseqg data?: ‘

Type:

‘ExampleData ‘

This is the name of the folder on the desktop that contains the input example data. Hit Enter/Return. From here,
the software will trim, QC, align, and count transcript abundance for each sample. All output/analyses are put in a
folder that SPARTA generates on the desktop called “RNAseq_Data”. Within this folder are separate folders for each
SPARTA run that are denoted by the date (e.g. 2015-06-04). Within these folders are four more folders that separate
each step of the analysis and are called: 1) QC, 2) Bowtie, 3) HTSeq, and 4) DEanalysis.

Once the trimming, QC, alignment, and counting are complete, SPARTA will again pause and prompt the user for how
many experimental conditions exist within the analysis.

The output at this point will look like this:

SPARTA has these files:
1) mapglyb5a.sam
2) mapgly5b.sam
3) mapgly7a.sam
4) mapgly/b.sam

5) mappyrba.sam
6) mappyr5b.sam
/) mappyr/7a.sam
8) mappyr/7b.sam
How many conditions are there?:D

At the prompt that says:

‘How many conditions are there?: ‘

Type:

4 |

Hit Enter/Return. There are 4 experimental conditions that we are considering:
1. Glycerol pH 7.0
2. Glycerol pH 5.7
3. Pyruvate pH 7.0
4. Pyruvate pH 5.7

Each condition has 2 replicates. The next prompt will read:
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Enter the relevant file names, based on the names given in 'SPARTA has these files', wit
As an example, please see the 'conditions_input_example.txt' in the DEanalysis folder.
Once you have entered the file names, hit Enter/Return:

At this point, we need to edit a text file (conditions_input.txt) to tell SPARTA which file belongs to a given condition.
To do this:

1. Navigate to the SPARTA output folder called RNAseq_Data located on the desktop

2. Go to the current run folder (will be the last folder listed if sorted by name)

3. Go into the DEanalysis folder

4. Open the conditions_input.txt file in a text editor (NOT MICROSOFT WORD) such as gedit

The number of experimental conditions listed are based on the number entered at the prompt asking “How many
conditions are there?:”. Thus, in our case, there are 4. The contents of the file will look like:

Reference_Condition_Files:

Experimental_Condition_2_Files:
Experimental_Condition_3_Files:
Experimental_ Condition_4_Files:

We now need to enter the file names of the replicates in each condition. These are comma-separated file names that
correspond to the output given by SPARTA (denoted with red bracket)

SPARTA has these files:
1) mapglybSa.sam
2) mapgly5b.sam
3) mapgly7a.sam
4) mapgly/b.sam

5) mappyrsa.sam
6) mappyrsSb.sam
/) mappyr/a.sam
8) mappyr/b.sam

Note: The file names are case-sensitive and must be spelled exactly as listed in the output given by SPARTA
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Thus, when all the file names are inputed, the conditions_input.txt file should look like this:

Reference_Condition_Files: mapgly7a.sam, mapgly7b.sam

Experimental_Condition_2_Files:mapglyb5a.sam, mapgly5b.sam
Experimental_Condition_3_Files:mappyr7a.sam, mappyr7b.sam
Experimental_Condition_4_Files:mappyrba.sam, mappyr5b.sam

Now, save the changes by going to File -> Save. Go back to the terminal and hit Enter/Return. From here, the workflow
will perform the differential gene expression analysis through edgeR. If a batch effect may be present, the output will
attempt to warn the user of the potential, unintended variable that must be accounted for before drawing experimental
conclusions.

All the differential gene expression output is located in the RNAseq_Data -> date of your current run -> DEanalysis
folder. The file output includes:

1. Differential gene expression tables

2. MDS plot (somewhat analogous to a principle component analysis plot) which will show whether your replicates
group together and treatment groups separate based on the treatment

3. BCV plot (biological coefficient of variation) to look at gene level variation between samples

Congratulations! You’ve analyzed RNA-seq data from raw reads to differential gene expression!

Analyzing Your Data

If you haven’t already, we recommend working through the example data analysis first before attempting to work
through your own data set to familiarize yourself with the workflow.

As stated in the Introduction, SPARTA expects either compressed (.gz) or uncompressed FASTQ files (.fq or .fastq) as
input, with a reference genome file in FASTA format and a genome feature file (.gtf) within the folder that contains the
input data on your desktop. To see an example of appropriate input data, look inside the ExampleData folder within
the SPARTA_Mac-master folder.

Now, to analyze your own data, follow the steps to initialize SPARTA, and start the analysis!

If you would like to tweak the analysis options for a given step/tool, have a look at the Altering Workflow Execution
Options.

Identifying Potential Batch Effects

Batch effects can be a source of variation in RNA-seq data that can confound biological conclusions. In fact, there
have been documented cases of batch effects present in published studies that led readers to be concerned for the
validity of the results.

To quote a previously published paper in Nature Reviews Genetics, “Batch effects are sub-groups of measurements
that have qualitatively different behaviour across conditions and are unrelated to the biological or scientific variables
in a study. For example, batch effects may occur if a subset of experiments was run on Monday and another set on
Tuesday, if two technicians were responsible for different subsets of the experiments or if two different lots of reagents,
chips or instruments were used.”

Thus, it is paramount that one address batch effects within their data before drawing biological conclusions from a
specific RNA-seq experiment. To illustrate what a batch effect may look like within the data, we will utilize several
different plots.

This first plot comes from the Nature Reviews Genetics paper where they examine Affymetrix data from a published
bladder cancer study. You can quickly see that panels C and D from Figure 1 show that samples from batch 1 (blue)
cluster together based on gene expression and samples from batch 2 (orange) cluster together.
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Within RNA-seq data, using SPARTA and the MDS plot generated by edgeR, another example of batch effects within
a study comparing Mycobacterium tuberculosis treated with a compound, we can clearly see that the mock-treated
samples (DMSO) and compound-treated samples (ETZ) separate based on batch (A vs B) instead of by treatment.
Ideally, we would have the samples group together based on treatment as opposed to batch.
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If a potential batch effect is detected in the data set, SPARTA will output a message into the terminal that says:
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‘IMPORTANT! YOU MAY HAVE A BATCH EFFECT! PLEASE LOOK AT THE MDS PLOT!

If this occurs, have a look at the MDS plot in the RNAseq_Data folder -> date of current run -> DEanalysis folder ->
MDSplot.png

From here, you will want to adjust your model to account for the batch effect. Within edgeR, this can be accomplished
through an additive linear model. The documentation for edgeR contains a tutorial on how to deal with batch effects
that can be found here.

Future implementations of SPARTA will include the ability to adjust for batch effects.

Altering Workflow Execution Options

SPARTA is capable of allowing the user to alter the parameters associated with each analysis step to be tailored to
specific use cases. Below are the different parameters that can be altered and their usage.

Options:

Usage: python SPARTA.py [options]

Simple Program for Automated reference-based bacterial RNA-seq Transcriptome
Analysis (SPARTA)

-h, --help show this help message and exit

—-—cleanup Clean up the intermediate files to save space. Default
action is to retain the intermediate files.

—-—verbose Display more output for each step of the analysis.

—-noninteractive Non-interactive mode. This is for running SPARTA

without any user input. Assumes data is on the
desktop. If this option is specified, you must fill
out the configuration file (ConfigFile.txt) with the
appropriate experimental conditions in the SPARTA
folder.

——threads=THREADS Define the number of threads that SPARTA should run
with. This will enable some speed-up on multi-
processor machines. As a generality, define the number
of threads as the same number of cores in your
computer. Default is 2.

Trimmomatic options:
The order the options will be run are: ILLUMINACLIP, LEADING,
TRAILING, SLIDINGWINDOW, MINLEN

——clip=ILLUMINACLIP
ILLUMINACLIP options. MiSeq & HiSeqg usually
TruSeqg3.fa; GAII usually TruSeqg2.fa. Default is
ILLUMINACLIP:TruSeg3-SE.fa:2:30:10. Usage:
—-—clip=<adapterseqgs>:<seed mismatches>:<palindrome
clip threshold>:<simple clip threshold>

——lead=LEADING Set the minimun quality required to keep a base.
Default is LEADING=3. Usage: —-lead=<quality>

——trail=TRAILING Set the minimum quality required to keep a base.
Default is TRAILING=3. Usage: —--trail=<quality>

—--51idewin=SLIDINGWINDOW
SLIDINGWINDOW options. Default is SLIDINGWINDOW:4:15.
Usage: —--slidewin=<window_size>:<required_quality>
——minlentrim=MINLENTRIM
Set the minimum read length to keep in base pairs.
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Default is 36. Usage: —--minlentrim=<readlength>

Bowtie options:

—-mismatch=MISMATCH
Output alignments with at most a defined number of
mismatches. Usage: —--mismatch=<integer_value>

——otherbowtieoptions=0THERBOWTIEOPTIONS
Bowtie has so many options that it is not worth
listing them here. Go to http://bowtie-
bio.sourceforge.net/manual.shtml#command-line for the
manual and all available options. Usage:
——otherbowtieoptions='all options inputed as a string
(note the quotes!)'

HTSeq options:
——stranded=STRANDED
Stranded options: yes, no, reverse. Default is

--stranded=reverse. Usage: —--stranded=yes/no/reverse
——order=0RDER Order options: name, pos. Usage: —-order=name/pos.
—-minqual=MINQUAL Skip all reads with quality lower than the given
value. Default is --minqual=10. Usage:
—-minqual=<value>
—-—type=TYPE The feature type (3rd column in GTF file) to be used.
Default is —--type=exon (suitable for RNA-seq analysis)
—--idattr=IDATTR Feature ID from the GTF file to identify counts in the

output table Default is --idattr=gene_id. Usage:
——idattr=<id attribute>

—--mode=MODE Mode to handle reads overlapping more than one
feature. Default is —--mode=union. Usage: —-mode=union
/intersection-strict/intersection-nonempty

1.1.4 Cloud computing with SPARTA on Amazon EC2

The ability to perform large scale data analysis may require computational capacity not found on a personal computing
environment. Thus, SPARTA is capable of running in the cloud or on high performance computing environments. In
the subsequent tutorial, we describe the analysis process of computing differentially expressed genes using SPARTA
and the provided ExampleData in the cloud with Amazon EC2.

Contents:

Create an Amazon Web Services Account
Mac/Linux Login Procedure

Windows Login Procedure

Analyzing the RNA-seq ExampleData with SPARTA

Transferring files to and from Amazon EC2 computers

Create an Amazon Web Services Account

First we need to create an Amazon Web Services (AWS) account. To do this:
1. Navigate to the AWS site
2. In the upper right corner, click on the “Sign In to the Console” button

3. Enter your e-mail and make sure the “I am a new user” is selected
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Click on the “Sign in using our secure server” button to get started creating your account
Enter your information and password into the relevant fields and click “Create account”
Continue to input your necessary information as denoted by the fields with an asterisk (*)
Read and click on the “T agree to the AWS terms” so that it is checked

Click on the “Create account and continue” button

o ® N s

From here you will need to enter your credit card information so that if you decide to go beyond the “Free tier”
machines, they can charge you (computing time, even on large machines is pretty cheap). Also, you will need
to verify your information and select a support plan that suites you.

Now that you have created your account, we can log into the AWS console if you aren’t already. To do this:
1. Navigate to the AWS site.
2. Click on the “My Account” in the upper right and select “AWS Management Console” from the menu options

3. Log in with your user name and password

4. Set your location to “N. Virginia” if you are in the midwest or another relevant location (upper right red circle)
and click on EC2 (red circle on the left side of the page)

W§ AWS v Senices - Benjamin Johnsor N. Virginia ~ | Spport

Amazon Web Services Resource Groups
Administration & Security Application Services. A rasource group is a collection of resources that share
ufy Directory Service sas one or mare tags. Create & group for each project,
" Managed Direcloies in e Cioud 5 tisseas Quee Servica application, or enviranment in your account.
? Identity & Access Management U|| SWF
Access Conrcl and Key Managermert Warston S 4 hapication Cormpunsrs

L Low Lataney Apo
= Elastic Transcoder
5 e Scaimie

Additional Resources

= Config
W Re

Getting Started
See our documentation fo get started and leam more
bout how 1o Use our servicss.

&, Elastic Fie System

B Fuly Manages Fio Sysie
{u Storage Gateway

1T Emrmnments wth Gioust Siorage

AWS Gonsole Mobile App
View your resources on the go with our AWS Consols
mable app, avallable from Amazon Appstore, Googie

== Mobile Analytics
B D e s aragoment G BB Undersanc o s Play, o iTunes.
CloudFermation 8N8
e A FesoessCrsnen W o areston sanvee AWS Markalpiacs
Find and buy software, launch with 1-Click and pay by tha
| CodeDep oo,
L Ponigros, D, BGL Sarvor, ond Amgzon furors Autemciod Dogioymonts Enterprise Applications
DB _ _ WarkSpaces AWS re:invent - Register Now
bl and Scslti oSG Disa Siora Anaiytics Duckucps 1 the Chud loks m for keymoim arnouncamanis, echrlsl sesslons,
- EMR @ WorkDocs Dootzamps and more.
W 1snagec v mawcrk Securs EnsMpnes
i Kinesis = WorkMail /£ .
oo £ b Fscasngorscsaning g D @ secis i sa Senvice Health
Netwarking * E"]‘if’.}iﬁ‘fﬂ.‘; - Drivan Workhows &, Amazon Elastic Compute Cloud (GovCloud)
s VPC == Machine Learning Updalect 1 082015 1.59 00 GM 1040
WP fsclated Cloud Resources P Buid Smart Applcariors Ouickly ard Easily

= Direct Connect Senvice Health Dashboard
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Route 53

Scaable DNS and Doman Name Regisiraton

5. Select “Launch Instance”

1.1. Contents: 37


http://aws.amazon.com

SPARTA Documentation, Release 1.0

AWS v  Services v

EC2 Dashboard Resources ¢
Events
Tags You are using the following Amazon EC2 resources in the US East (N. Viiginia) region:
Reports 0 Running Instances 0 Elastic IPs
Limits 4 Volumes 0 Snapshots
o 3 Key Pairs 0 Load Balancers
=) NSTANGES 0 Placement Groups 4 Security Groups
Instances
Spot Requests @ Automate application deployments to EG2 with Cq Hide
Reserved Instances
= MAGES Create Instance
AMis To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon EC2 instance.
Bundle Tasks — =
‘ Launch Instance '
=] ELASTIC BLOCK STORE
Volumes Note: Your instances wil launch in the US East (N. Virginia) region
Snapshots
Service Health ¢ Scheduled Events <
=) NETWORK & SECURITY
Security Groups Service Status: US East (N. Virginia):
Elastic IPs & US East (N. Virginia): No events
Placement Groups This service is operating normelly
Load Balancers Availability Zone Status:
Py eis @ Us-east-1a:
Network Interfaces Availability zone is operating normally
=] AUTO SCALING o us-east-1c:
Launch Configurations Availability zone is operating normally

Auto Scaling Groups @ Us-east-1a:
Availability zone is operating normally

us-gast-le:
Availability zone is operating normally

6. Select the “Ubuntu Server 14.04 LTS (HVM), SSD Volume Type” machine image by clicking on “Select”

Benjamin

1.Cnoose AMI 7. Ghoose MstanGs Type nstnce 4 AN0SWOAge 5 TAQINSMNGE 5 CONQURE S 7. ieiew

Cancel and Exit

Step 1: Choose an Amazon Machine Image (AMI)

An AM! is & template that contains the software configuration (operating system, eppication server, and applications) required to launch your instance. You can select an AMI provided by AWS, our user community, or the AWS Markelplace; or you can select one of your own AMIs

Quick Start 110 22 of 22 AMIs
My AMIs Amazon Linux AMI 2015,03 (HVM), 85D Volume Type - ami-fecze776
AWS Marketplacs Amazon Linux  The Amazon Linux AMI is an EBS-backed, AWS-supported image. The default image includes AWS command line toals, Python, Ruby, Parl, and Java. The repositeries include Docker, PHP, MySQL. PostgreSOL, and other 4-uit
packaes

Community AMIs Rloot doviee types cbe  Virtuallzation typo feem

N [} Red Hat Enterprise Linux 7.1 (HVM), SSD Volume Type - ami-1266307a m

Free tier only (i)
Red Hat  Ped Hat Enterprise Linux version 7.1 {HVM), EBS General Purpose (SSD) Volume Type

64-5it
Floot desice ype: sbs  Vitualization type: hwm

3 SUSE Linux Enterprise Server 12 (HVM), SSD Valume Type - ami-asb532c6

SUSE Linux  SUSE Linux Enltorprisa Server 12 (HVM), EBS General Purpose (SSD} Yoluma Type. Public Cloud. Advanced Systems Managarment, Web and Scrigting. and Legacy modules snatled. senit
i
Floot Gouice type:cbs  Vitualzaton type:

® Ubuntu Sarver 14.04 LTS (HVM), SSD Volume Type - am|-d05a75b8
Ubunitu Ubuntu Server 14.04 LTS (HVM), EBS Ganeral Purpose (SSD) Volume Type. Support available from Canonical (hitp:/Awww.ubuntu.com/cloud/services). it
i
oot S e b emslzOn YD P

7. For working with the ExampleData we do not need significant hardware capacity, so for now, select the t2.micro
instance type (red box). However, if you would like to analyze your own data, either the m4.large or m4.xlarge
instance types are reasonable (blue box; these instances will charge you per hour, though are quite cheap). Then,
click on “Review and Launch” (orange box).
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1.ChoossAMI 2. Chosselnstence Type 3. Confgure instance & Add Storage  5.Teglnstance 6. Configure Securty Greup 7. Aeviaw

Step 2: Choose an Instance Type
Amazon EG2 provides a wide selection of instance typas aptimized to fit different use cases. Instances are virtual servers that can run They have varying of GPU, memory, storage, and networking capachty, and give you the flexibility to chonse the appropriate
miix of rasaurees for your epplications. Learn more about instanca types and how thay can meet your somputing needs.

Filterby:  Allinstance types  ~ Gurrent generation ~  Show/Hide Columns

Gurrently selacted: t2.micro (variable EGUs, 1 vGPUS, 2.5 GHz, Intel Xeon Family, 1 Gi mamory, EBS only)

Family - Type = vCPUs (1 = Memory (GIB) = Instance Storage (GB) (i - EBS-Optimized Awallable (i - Network Performanae (i) =
(] I purpose 1 1 EBS ony - Low to Moderats
General purpose 12 smaill 1 2 EBS ony - Low to Mocarats
General purposs 12.medium 2 4 EBS urly - Low to Moderate
General pUrpOse rge 2 B EBS only - Low to Mocerata
—
ral purpose m4 large 2 [ EBS oy Yes Moderats
General purposa ma.xiarge 4 16 EBS only Yes High
Genera purpose ma.2xlarge 8 az EBS only Yes High
General purpase ma.dxiarge 16 64 EBS only Yes Figh
General purpasa md. 10xlarge an 160 EBSQmVy Yes 10 Gigabit
General purposs m3.medium 1 3.5 1x4i580) - Moderaie
BGeneral purpose malarge 2 75 1 %32 (SSD) - Moderate
General purpose m3xiarge. 4 15 2x40(3SD) Yes High
General purposa ma.2xlarge B an 2 x 80 (SSD) Yes High
Cancel | Previous [T "FUETPPT | Next: Configure Instance Details
|

8. Ignore the warning and click “Launch” (orange box)

1.Choose AMI 2 Choossinstance Type  3.Configure lsiance & AddStorage 5. TegInstance 6. Conigure Securty Grop. 7. Rleview

Step 7: Review Instance Launch
Pleasa reviaw your Irstance launch details. You cen go back to edit changes for aach section, Glick Launch to assign a key pair o your instance and complete tha |aunch process.
A Improve your instances' security. Your security group, launch-wizard-1, is open to the world.

Your instances may be accessibla fram any IP address. W recommend tat you Update your seaurity group rules to allow access from known I acdresses anly.
You can also open addtional ports in your security group 1o facilitate ascess 1o the application of service you're running, e.g., HTTP (80) for web servers. Edit security oroups

~ AMI Details Ecit AMI
@  Ubuntu Server 14.04 LTS (HVM), SSD Volume Type - ami-d05e75b8
Ubuntu Sarver 14.04 LTS (HVM), EBS Ganaral Purpose (SS0) Voluma Type. Suppont avallanie from Gar
elgible

Floot Davice Type- sba ituSIzaton type: m

- Instance Type Edit instance type
Instance Type ECUs vCPUs Memory (GiB) Instance Storage (GB) EBS-Optimized Available Netwark Performance
2.micro Variable 1 1 EBS only - Low to Moderate

~ Security Groups Edit security groups
Seourity Graup ID Name Description
8g-00470865 launch-wizard-1 launch-wizard-1 created 2014-08-08T10:42:52.953-04:00

All selected security groups inbound rules

Security Group D Type (i Pratocol (i Port Range (i Source (i)
5g-00470865 S5H Lo 2 0.0.0.0/0
= Instance Details Edit instance details
Number of instances 1 Purchasing option  On demand

Network  vp:

Cancel  Previous Launch

9. Create a new key pair and name it “SPARTA-example” (no quotes; red arrow). Then click on “Download Key
Pair”. Save this .pem file. After you download and save your .pem file, click on the “Launch Instances” button.
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Select an existing key pair or create a new key pair

A key pair consists of a public key that AWS stores, and a private key file that you store. Together,
they allow you to connect to your instance securely. For Windows AMIs, the private key file is required
to obtain the password used to log into your instance. For Linux AMIs, the private key file allows you to
securely SSH into your instance.

Note: The selected key pair will be added to the set of keys authorized for this instance. Learn more

| Create a new key pair

Key pair name
SPARTA-example

You have to download the private key file (*.pem file) before you can continue. Store
it in a secure and accessible location. You will not be able to download the file
again after it's created.

Cancell Launch Instances

10. Select the “View Instances” button and wait until your “Instance State” turns green.

AWS v  Services -
e cee
Tege Q Filter by tags and attributes or search by keyword @ K < 1oBof5 >
Reports
Limits Name = instancelD - InstancaType - Avallability Zone ~ Instanco Stale - | Status Chacks ~ AlarmStatus  Public DNS ~ PublicIP - KeyName - Monitoring - Launch Time

T 60093246 M.micro us-ssst-ta @ terminated Nere Y BenHomeDas... disabled August B, 2014 at8:20:2
| instances 2015 a1 10:36:01,
Spot Aeguests M0eb7ded  Rumicro us-sast-1d @ rumning T inibalizing  None Yo 5420923218600,  54.200.232.86 SPARTA-sxam... [ dissbled Juill, 2015 s 12:44:01 |
Reserved Instances 2015 o1 10:43:07 ,
=1 IMAGES a7 7196 H.micro us-sast-ta @ terminated Nore Y BKJCB201 disabled Augusi 11, 2014 atd:19
AMis
Bundle Tasks

11. Copy and paste the “Public DNS” into a text document (e.g. TextEdit or Notepad) and save it. This is your
Amazon EC2 machine and you will need this to log into it.
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Benjamin Johnsan ~  N. Virginia Support
EG2 Dashboard [ETPESIR  connect | Actions ¥ o0 e
Evants
Tege C, Filter by tags and attributes or search by keyword 9 1to50l§
Reports
Name Instanoe 1D - Instance Type ~ Avallability Zone - | Instance State -  Stotus Cheoks - | AlarmStatus  Public DNS PublicIP Key Name Monitoring Lounch Time

Limits

+6:d93246 us-east-1a @ teminated Nong % BenHomeDes...  disabled August 8, 2014 at9:26:2

Instances 10093403 Nane » AbramowtchLab  disebled July 6, 2015 ot 10:36:01

Spot Requests ] 30eBT4a3 @ Z2checks... Noms “e ©c2-54-208-232-180.00... 54.208.232.186 SPAS .. [l disablag July 8, 2015 at 12:44:01

Reserved Instances 11a23ic2 Nane - Abamouichiab  disabled Jduly 6, 2015 ot 10:43:07
LdTTI96M Nang » 8KJQB2014 disablod Auguet 11, 2014 at 4:182

Al

Bundle Tesks

Volumes.

Snapshais

Security Groups

Netwark Interfaces

Launch Configurations Instance: | i-ao;a'rml Public DNS: ec2-54-209-232-186 . compute-1.amazonaws.com I _B—Q=]

Aute Scaiing Groups
Description  Status Checks = Monitoring | Tags

Instance ID 30687403 Public NS ©52-54-209-232-186.computs-1.amazonaws.com
Instance state  running Public IP 54,209 232.186
]

Instance type  12.micro

Betumtes PRIE  in 47721 47 117 e ik

To log into the machine, follow either the Mac/Linux version or the Windows version

Mac/Linux Login Procedure

To log into the machine you just created, we need to use the .pem file and the Terminal. If you don’t remember how to
get to the terminal, see the image in the Introduction in either the Mac OS X tutorial or Linux tutorial.

Move the .pem file from your Downloads folder to your Desktop for the time being.

Start up your terminal and type:

‘cd ~/Desktop ‘

This will navigate to your Desktop. We will change the permissions to read only for you, the user:

‘chmod 400 SPARTA-example.pem ‘

Now, let’s log into our machine!

To do this we will type something like this (NOTE THE DNS ADDRESS AFTER THE ‘ubuntu@’ IS NOT REAL.
THIS IS WHERE YOU SHOULD PUT YOUR PUBLIC DNS FROM EARLIER):

ssh —-i ~/Desktop/SPARTA-example.pem ubuntu@ec27yourfpublicfdnsfgoesfhere.Computefl.amaz#naws.com

What you are doing is logging in using the secure shell (ssh) command with your credentials in the .pem file as the
user ‘ubuntu’ to the machine ‘ec2-...-compute-1.amazonaws.com’.

You should now see something like:

ubuntu@ip-345-67-89-10:

Congratulations! You’re now on the cloud computer that you launched earlier!

Windows Login Procedure

To log into the machine you just created, we need to use the .pem file, a key generator called PuTTYgen, and a secure
shell (ssh) client called PuTTY.

Download PuTTY and PuTTYgen from here.
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Binaries
The latest release version (beta 0.64)

This will generally be a version I think is reasonably likely to work well. If you have a problem with the release version, it migh

For Windows on Intel x86

PuTTY: puity.exe (or by FTP) (RSA sig) (DSA sig)
PuTTYtel: puttytel exe (or by FTP) (RSA sig) (DSA sig)
PSCP: SCD.CXe (or by FTP) (RSA sig) (DSA sig)
PSFTP: psftp.exe (or by FTP) (RSA sig) (DSA sig)
Plink: plink.exe (or by FTP) (RSA sig) (DSA sig)
Pageant: pageant.exe (or by FTP) (RSA sig) (DSA sig)
PuTTYgen: _ puitygen.exe (or by FTP) (RSA sig) (DSA sig)
A ZIP file containing all the binaries (except PuTTYtel), and also the help files

Zip file: putty.zip (or by FTP) (RSA sig) (DSA sig)
A Windows installer for everything except PuTTYtel

Installer: putty-0.64-installer.exe (or by FTP) (RSA sig) (DSA sig)
Checksums for all the above files

MDS5: mdSsums (or by FTP) (RSA sig) (DSA sig)
SHA-1: shalsums (or by FTP) (RSA sig) (DSA sig)
SHA-256: sha256sums (or by FTP) (RSA sig) (DSA sig)
SHA-512: sha512sums (or by FTP) (RSA sig) (DSA sig)

Move the .pem file from your Downloads folder to your Desktop for the time being.

Open up PuTTYgen and click on “Load”. Navigate to your Desktop and select the SPARTA-example.pem, click
“Open”_
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PuTTY Key Generator

_onversions Help

@ < v 1 [ Deskiop » v ¢ Search Desktop »r

Organize »  New folder -~ O @
-
¢ Favorites e "
I Desktop SPARTA-user
|8 Downloads d
] Recent places

(‘ Homegroup

/% This PC
publcprvote key pa _ Genemte
sing et key e [ e |

€ Network

snerated key Save public key Save private key 7 ———
PEM File
1.65 KB

'to generate:

RSA) (@) SSH-2 RSA () S5H-2 DSA

PP—_

PuTTY should present you with a window that says something like “Successfully imported private key...” It also states
in the window that we need to use the “Save private key” command. So, let’s do just that.

Click “OK”

Click on “Save private key”. Save it somewhere you know where it is (reasonably easy to find is always a good idea) It
may ask you if you want to save it without a passphrase. Click “Yes”. Save it as “SPARTA-example” on the Desktop
(no quotes).
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B PUTTY Key Generator
File Key Conversions Help

Key
Public key for pasting into OpenSSH authorized_keys file:

Successfully imported foreign key
(OpenSSH S5H-2 private key). i i ACcLFDjDhgQQpM3bSgFIThfJ2N7xS
To use this key with PuTTY, you need to EdGkzbgFAROEyUD

ﬁe‘:‘;’:sﬁ"ﬁﬂﬁ‘;ﬁ:ﬁfm"‘mm Key fingerpit: |sshrsa 2048 307 e0fb 2690 7d 93 Icbf 6 47 dafecl
Key comment: |mported-openssh-ey
Key passp I
Confirm passphrase: |
Actions
Generate a public/private key pair
Load an existing private key file
ot

Parameters

Type of key to generate:
SSH-1 (RSA) (®) SSH-2 RSA

Number of bits in a generated key:

Now, let’s log into our machine!

To do this, we will need to open up PuTTY (not PuTTYgen, which is what we were just using). Enter the Host Name
(public DNS from earlier) into the “Host Name” box.
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Host Name (or IP address) Po
-172-109-71. compute-1.amazonaws .com [ 22
ORaw () Teinet O)Rlogn @SsH O Seral

Load, save or delete a stored session
Saved i

Default Settings

Close window on exit:
(OAways (O Never (@ Only on clean ext

| open | cancel

Look in the Category section (left-hand side of the window) and navigate to the SSH section (about halfway down the
list).

Click on “Auth” in the SSH category and add your PuTTYgen key (ppk) you just made by clicking on “Browse” and
selecting the ppk file. Now click “Open”.
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PuTTY Configuration

Select private key file

1 Il Desktop
£y Options controling SSH authentication P
Bel Organize » New folder = v
Features [ ] Bypass authentication entirely (SSH-2 only) g
=~ Window [] Display pre-authentication banner (SSH-2 only) Favorites
;::::Erce Authentication methods I Desktop ? SPARTA-user
Translation [] Attempt authentication using Pageant & Downloads L ey
Selection | Attempt TIS or CryptoCard auth (SSH-1) Recent places
i Colours [v] Attempt "keyboard-interactive” auth (SSH-2) 1 L This PC
=- Connection e
Daf‘ Authentication parameters *d, Homegroup
Proxy [] Allow agent forwarding A —
i Telnet | Allow attempted changes of usemame in SSH-2 /8 This PC sDranes
; e Private key file for authentication:
- c
= S Network t Network
"1 Auth
S - SPARTA-example.ppk
Pl o
Tunnels S
: hd File name: | SPARTA-example.ppk v | | PuTTY Private Key Files (*,
Die ple.pp o f
Food S C
ar

The first time you log into a new machine, it may prompt you with a window similar to the one below. This is verifying
the RSA fingerprint of the machine. Click “Yes”.

»
2

ol 2P

ec2-54-172-109-71.compute-1.amazonaws.com - PuTTY =

‘jp.!"lmb

PuTTY Security Alert

The server's host key is not cached in the registry. You
have no guarantee that the server is the computer you
think it is.

The server's rsa2 key fingerprint is:

ssh-rsa 2048 d6:f0:0d:0e:21:f5:¢1:07:89:14:ae:f 2:F7:da:f%: 16
If you trust this host, hit Yes to add the key to

PuTTY's cache and carry on connecting.

If you want to carry on coennecting just once, without
adding the key to the cache, hit No.

If you do not trust this host, hit Cancel to abandon the
connection.

Cancel
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Login as “ubuntu”

- ol

-54-172-109-71.compute-1.amazonaws.com - PuTTY

SEARTATEM

Options Clear list Close

You should now see something like:

ubuntu@ip-345-67-89-10:

Congratulations! You're now on the cloud computer that you launched earlier!

Analyzing the RNA-seq ExampleData with SPARTA

Now that we are logged into our Amazon EC2 machine, let’s start analyzing the ExampleData that comes with
SPARTA.

To get SPARTA onto our EC2 machine, we need a tool called git. To download and install this tool, type:

‘sudo apt—-get install git

This will begin downloading the necessary files. It will likely prompt you with a yes/no (Y/n) question about proceed-
ing with the install. Type:

[y

Before we download SPARTA, let’s make and navigate into a folder to put everything in and let’s call it Desktop.
Type:

mkdir Desktop
cd Desktop

Now, we can download SPARTA_Linux from the GitHub repository. Type:

git clone https://github.com/biobenkj/SPARTA_Linux
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This may take a minute or two to download the necessary files. Once they are downloaded, we can move the Exam-
pleData folder out of the SPARTA_Linux folder and into Desktop. To do this, type:

cd SPARTA_Linux
mv ExampleData

To install the dependencies, type:

’bash install_dependencies.sh

This will collect and install all of the dependencies necessary to run SPARTA (it will take a couple minutes). It will
likely prompt you with a yes/no (Y/n) question about proceeding. Type:

LY

Now, we need to edit the ConfigFile.txt within SPARTA_Linux to run the workflow in non-interactive mode.

The ConfigFile.txt should be displayed before you. You cannot use your mouse to move the cursor around, but you can
use the arrow keys. Navigate down to the bottom where the experimental conditions input is. To compare all four of the
experimental conditions in the ExampleData, we need to add two more lines below “Experimental_condition_2_files:”.

Before any of the files are entered, it should look like this:

Reference_condition_files:

Experimental_condition_2_files:
Experimental_ condition_3_files:
Experimental_condition_4_files:

This is for 4 conditions.

Now, we need to add in the file names. At this point in the analysis, the file names will have a prefix called “map”
and an extension called ”.sam”. So, based on the names of our input data, we can type in the file names with the
appropriate prefix and extension.

So if our input data looks like this:

gly7a.fqg.gz
gly7b.fqg.gz
glyb5a.fqg.gz
gly5b.fqg.gz
pyr7a.fqg.gz
pyr7b.fg.gz
pyrba.fqg.gz
pyrbb.fg.gz

Our files at this point in the analysis will look like this:

mapgly7a.sam
mapgly7b.sam
mapglyb5a.sam
mapgly5b.sam
mappyr7a.sam
mappyr7b.sam
mappyrbSa.sam
mappyrbb.sam

Thus, once we have added these files to the appropriate experimental conditions, it will look like this:

Reference_condition_files: mapgly7a.sam, mapgly7b.sam

Experimental_condition_2_files: mapgly5a.sam, mapglyb5b.sam
Experimental_condition_3_files: mappyr7a.sam, mappyr7b.sam
Experimental_ condition_4_files: mappyrba.sam, mappyr5b.sam
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To save the file, hit the Control key and “O” (not the number zero). Hit enter/return. To exit the editor, hit the Control
key and “X”.

Now we can run the analysis non-interactively! Type:

python SPARTA.py —--noninteractive

From here, the analysis will proceed from QC, aligning, counting, and differential gene expression.

Congratulations! You’ve analyzed the ExampleData in the cloud!

Transferring files to and from Amazon EC2 computers

Mac/Linux users:
You can use a command line tool called “scp”

An example usage to transfer the file “YourFile.txt” to your home (~) directory on an Amazon EC2 computer from
your Desktop:

‘scp -1 ~/Desktop/SPARTA-example.pem ~/Desktop/YourFile.txt ubuntu@ecZ—...—.compute—l.am#zonaws.com:~

An example usage to transfer the file “YourFile.txt” from your home (~) directory on an Amazon EC2 computer to
your Desktop:

’scp -1 ~/Desktop/SPARTA-example.pem ubuntu@ec2-...-.compute-1.amazonaws.com:~ ~/Desktop{YourFile.txt

th}

If you would like to transfer an entire folder/directory, add the “-r
Desktop to the home (~) directory on an Amazon EC2 computer:

option. Thus, to transfer YourFolder from your

‘scp -i ~/Desktop/SPARTA-example.pem —-r ~/Desktop/YourFolder ubuntu@ecZ—...—.compute—l.a%azonaws.com:'

Windows users:

You can use a client called WinSCP. Click on the “Installation package” under “Download WinSCP” to initiate the
download.

Follow the installer and just use the default settings.

Once the client is open:
* Host name - Your Public DNS to your EC2 machine
* User name - ubuntu

* Advanced -> SSH -> Authentication -> Private key file (click on the ”...” button) -> select the PuTTYgen (.ppk)
file generated earlier in the tutorial

Click “Login” to connect.

Now, you can transfer files, to and from your local machine and the EC2 machine!

1.1.5 Frequently Asked Questions

1. Does SPARTA support paired-end reads?

Not yet. Currently, SPARTA only supports single-end reads as we have found it is the most common/inexpensive
approach for differential gene expression analysis. Paired-end read support will be incorporated in future releases of
SPARTA. If you have paired-end reads and would like to use SPARTA, as a workaround, you can run just the forward
reads.

2. What if I only have a GFF file and not a GTF file for my organism?
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A GTF file is a more stringent version of a GFF file. Thus, your GFF file may work with HTSeq for counting transcript
abundance. However, GFF file formating is more relaxed and thus, it may not work. As a potential workaround, you
can open the GFF file in a plain text editor like TextEdit (Mac) or Notepad (Windows). Look at each line and see if
the beginning of each line in the GFF file begins with the same phrase. In the example below the GTF line begins
with Chromosome and the reference genome FASTA file begins with the same phrase Chromosome. Next, examine
each line for a phrase that relates specifying a region for a gene. In the example below, HTSeq by default looks for the
phrase exon. If your file does not have exon as the phrase, you can specify to SPARTA/HTSeq which phrase to look
for through the option —-type=your_gene_region_name where your_gene_region_name is the phrase
specific to your file.

Note: The preferred location for downloading a reference genome file and GTF file is through Ensembl
(http://bacteria.ensembl.org/info/website/ftp/index.html). This list is fairly comprehensive though not exhaustive (es-
pecially if there is no reference and you’ve had to assemble your own/annotate it).

GTF example:

Chromosome protein_coding exon 1 1524 . + . gene_id “MT0001”; transcript_id “AAK44224”; exon_number
“17; gene_name “dnaA”; transcript_name “dnaA/AAK44224”; seqedit “false”’; Chromosome protein_coding CDS
11521 . + 0 gene_id “MT0001”; transcript_id “AAK44224”; exon_number “1”’; gene_name “dnaA”; transcript_name
“dnaA/AAK44224”; protein_id “AAK44224”; Chromosome protein_coding stop_codon 1522 1524 . + 0 gene_id
“MTO0001”; transcript_id “AAK44224”; exon_number “1”; gene_name “dnaA”; transcript_name “dnaA/AAK44224”;

Reference genome example (FASTA):

>Chromosome  dna:chromosome chromosome:GCA_000008585.1:Chromosome:1:4403837:1 TTGACCGAT-
GACCCCGGTTCAGGCTTCACCACAGTGTGGAACGCGGTCGTCTCCGAACTT AACGGCGACCCTAAG-
GTTGACGACGGACCCAGCAGTGATGCTAATCTCAGCGCTCCGCTG ACCCCTCAGCAAAGGGCTTGGCT-
CAATCTCGTCCAGCCATTGACCATCGTCGAGGGGTTT GCTCTGTTATCCGTGCCGAGCAGCTTTGTC-
CAAAACGAAATCGAGCGCCATCTGCGGGCC CCGATTACCGACGCTCTCAGCCGCCGACTCGGACATCA-
GATCCAACTCGGGGTCCGCATC...

3. I keep getting an error at the differential gene expression stage stating ‘‘Error: unexpected symbol in
“name_of_your_file”’ Execution halted‘*

This error will occur if you have file names that begin with a number instead of a letter. R (the language used to do
the DE analysis) doesn’t like having variable names that begin with a number instead of a letter. Thus, the remedy is
to ensure all of your sample files begin with a letter instead of a number.

4. My sample files are split between multiple .fastq/.fq files. How can I put them into a single file?

If you have sequenced many samples across several lanes of an Illumina flowcell (as an example), you can concatenate
all of them into one file per sample using the following commands (though you will need to alter the file names to fit
your needs).

1. Make a copy of your files in a different folder so that if something goes wrong, you still have the raw data.

2. Open the terminal and navigate to the folder containing your copied sample files. As an exam-
ple, if they are in a folder on the Desktop and you’re on a Mac/Linux machine, you can type cd
~/Desktop/your_folder_with_copied_sample_files. This is changing directories/folders to
the one containing your sample files on the Desktop.

3. To combine the files, ensure they are unzipped or decompressed to .fastq or .fq files (e.g. NOT .fastq.gz or .fq.gz
or .fastq.zip or .fq.zip, etc).

4. Performing the concatenation can be accomplished as follows with an example for Mac/Linux machines.

cat samplefilel.fastqg samplefile2.fastg samplefileN.fastg >>
new_combined_sample_file.fastqg
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1.1.6 License

This software 1is licensed under a Creative Commons Attribution Non-commercial 4.0 license:
(http://creativecommons.org/licenses/by-nc/4.0/legalcode).

1.1.7 Release notes

Version 1.0

1.1.8 Citation

Johnson BK, Scholz MB, Teal TK, Abramovitch RB: SPARTA: Simple Program for Automated reference-based bac-
terial RNA-seq Transcriptome Analysis. BMC Bioinformatics 2016, 17(1):1-4.
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1.1.10 Functionality wishlist

1. Add paired-end support for SPARTA

Add more modular approach to implementing different tools (perhaps through option specification?)
Include the ability to deal with batch effects in an efficient manner, requiring minimal user input
Support for other sequencing platforms as input (through adding support for SAM, BAM, FASTA, etc.)
Operon analysis

Definition of UTRs

Output read mapping files with normalized expression values

® Nk » D

Non-reference based analysis

* Contribute: If you would like to contribute to the project, the source code for each platform can be found in
the GitHub repository.

* Bugs: If you found a bug, please have a look at the issues page and add a description (please be explicit and include error

— Mac OS X issues
— Windows issues
— Linux issues

* Frequently Asked Questions

¢ License

¢ Release notes

* Citation and Acknowledgements
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* Functionality wishlist
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