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RNA-Seq: a revolutionary tool for transcriptomics
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Abstract

RMNA-Seq is a recently developed approach to transeriptome profiling that uses deep-sequencing
technologies. Studies using this method have already altered our view of the extent and complexity
of eukaryotic transcriptomes. RNA-Seq also provides a far more precise measurement of levels of
transcripts and their isoforms than other methods. This article describes the RN A-Seq approach, the
challenges associated with its application, and the advances made so far in characterizing several
eukaryote transcriptomes.

The transcriptome is the complete set of transcripts in a cell, and their quantity, for a specific
developmental stage or physiological condition. Understanding the transcriptome is essential
for interpreting the functional elements of the genome and revealing the molecular constituents
of cells and tissues, and also for understanding development and disease. The key aims of
transcriptomics are: to catalogue all species of transcript, including mENAs, non-coding RN As
and small RN As; to determine the transcriptional structure of genes, in terms of their start sites,
5"and 3' ends, splicing patterns and other post-transeriptional modifications; and to quantify
the changing expression levels of each transeript during development and under different
conditions.




Group http://www.nature.com/naturemethods

Mapping and quantifying mammalian transcriptomes

by RNA-Seq

Ali Mortazavi"?, Brian A Williams', Kenneth McCue', Lorian Schaeffer' & Barbara Wold'

We have mapped and quantified mouse transcriptomes by
deeply sequencing them and recording how frequently each
gene is represented in the sequence sample (RNA-Seq). This
provides a digital measure of the presence and prevalence of
transcripts from known and previously unknown genes. We
report reference measurements composed of 41-52 million
mapped 25-base-pair reads for poly(A)-selected RNA from
adult mouse brain, liver and skeletal muscle tissues. We used
RNA standards to quantify transcript prevalence and to test
the linear range of transcript detection, which spanned five
orders of magnitude. Although >90% of uniquely mapped
reads fell within known exons, the remaining data suggest
new and revised gene models, including changed or additional
promoters, exons and 3" untranscribed regions, as well as new
candidate microRNA precursors. RNA splice events, which are
not readily measured by standard gene expression microarray
or serial analysis of gene expression methods, were detected

observed 1.45 x 107 distinct splices, and alternative splices
were prominent, with 3,500 different genes expressing one or
more alternate internal splices.

g
=
2
)
&
o
2
|
g directly by mapping splice-crossing sequence reads. We
~
(3

The mRNA population specifies a cell’s identity and helps to gov-
ern its present and future activities. This has made transcriptome

approaches to large-scale RNA analysis are serial analysis of gene
expression (SAGE)** and related methods such as massively par-
allel signature sequencing (MPSS)®, which use DNA sequencing
of previously cloned tags 17-25 base pairs (bp) from terminal 3’
(or 5°) sequence tags. These sequence tags are then identified by
informatic mapping to mRNA reference databases or, for longer
tag lengths, to the source genome. A strength of SAGE and SAGE-
like methods is that they produce digital counts of transcript
abundance, in contrast to the analog-style signals obtained from
fluorescent dye-based microarrays. However, SAGE-family assays
provide no information about splice isoforms or new gene discov-
ery, and fully comprehensive measurements of lower-abundance-
class RNAs have not been achieved owing to cost and technology
constraints. Expressed sequence tag (EST) sequencing of cloned
cDNAs has long been the core method for reference transcript
discovery”®. It has both qualitative and quantitative limitations,
imposed partly by historic sequencing capacity and cost issues,
and more crucially by bacterial cloning constraints that affect
which sequences are represented and how sequence-complete
each clone is. Recently, dense whole-genome tiling microarrays
have been developed and applied to transcriptomes for measur-
ing expression and for transcript discovery'® !4, In contrast to
expression arrays, these tiling arrays can discover new genes and
exons, but they require large amounts of input RNA and have




What Can You Actually Do With RNA-Seq?

v'RNA-seq is a powerful and versatile tool published
widely over the last few years.

v'RNA-seq used to investigate complex diseases and
find new genes for functional analysis.

v'RNA-seq used in one of the study to look at the
conservation of RNA Polymerase Ill binding in
mammals.

v'RNA-seq and microarray-based capture used to
identify and characterize rare transcripts, which are
normally undetectable.



Paired end sequence

The term 'paired ends' refers to the two ends of the
same DNA molecule. So you can sequence one end,
then turn it around and sequence the other end. The
two sequences you get are 'paired end reads'.

Paired-End Reads Alignment to the Reference Sequence

Paired-end RNA sequencing (RNA-Seq) enables
discovery applications such as detecting gene fusions in
cancer and characterizing novel splice isoforms.



Protocol for RNA Seq Data Analysis

v" RNA Seq analysis is multi step procedure.
v' Different tools are required at each step.

S aoene Read Transcript Gene Differential
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Bowtie/TopHat 2 ' | |
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Visualization

v"We will use one of the galaxy server to perform RNASeq
Data analysis



Galaxy Community

= Galaxy

COMMUNITY HUB

Publicly Accessible Galaxy Servers
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Public Galaxy Servers

and still counting

The Galaxy Project’s public server (usegalaxy.org) can mest many needs, but it is not suitable for everything (see Choices for why). Fortunately the Galaxy Community is helping out by
installing Galaxy at their institutions and then making those installations either publicly available or open to their organizations or community. This page lists publicly accessible Galaxy
servers, To be included here a server must be accessible to any academic researcher anywhere in the world. Some servers may require logins and enforce quotas,

If you maintain a public instance of Galaxy it is recommended to sign up for the public servers mailing list to receive security fixes with prierity.

To add your public Galaxy server to this list describe the server here and we'll post it this directory.

Galaxy Services

There are also a number of Galaxy services that make Galaxy available to research communities, sometimes restricted on a geographical or domain basis. See the Galaxy services list

Public ToolSheds

In addition to the the main Galaxy and Test Toolsheds, several groups have made their tools available through publicly accessibly ToolSheds.




Galaxies across the World
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workflowdmetabolomics 100.00%
BioCiphers Galaxy 100.00%
deepTools2 100.00%
Erasmus MC 100.00%
ZBIT Bioinformatics Toolbox 100.00%
Whale Shark 100.00%
Wageningen UR Galaxy 100.00%
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VarCap Galaxy 100.00%
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GALAXY Server : Why to Use

v'The Galaxy Project's public server (usegalaxy.org) can
meet many needs

v'General Purpose / Genomics Galaxy Servers
v'Domain Specific Galaxy Servers

v'Tool Publishing Galaxy Servers


http://usegalaxy.org/

Genomics Galaxy Server

These szrvers implemeant a broad range of tools and aren't specific 1o any part of the tree of life, or 1o any specific type of analysis. These are servers you can use when want to do

general genomic analysis.

Name

Biomina

CBiB Galaxy

DBCLS Galaxy

Erasmus MC

zalaxEast

Galaxy Main
Galaxy Test

Galaxy@Genluest

Galaxy@Pasteur

[13]

PRAB

Galaxy

GigaGalaxy
GVIL MEL

GVL QLD

GWL Tutoria

Links

ABIME Galaxy
Request an account

Biomina Galaxy

CBiB Galaxy

DBICLS Galaxy

Erasmus MC Biginformatics
Galaxy Server

(zalaxEast
Request an account

Main
Galaxy Test
Galaxy@Genluest

Request a Genluest
account

PRABI Galaxy Tool Shed
GigaGalaxy
Galaxy Melbourne

Genomics Virtual Lab GVL-
QLD

Genomics Virtual Lab
GVLTut

Summary

General purpose genomics analysis, featuring many standard tools plus many additional tools. Howerver, we are specialized in
RMASeq with reference and RMASeq denovo

A general purpose Galaxy instance that includes most standard tools for DNA/RNA sequencing, plus extra tocks for panel
resequencing, variant annotation and some tocls for lllurnina SMParray analysis.

A general purpose Galaxy instance that includes EMBOAE (a software analysis package for molecular biclogy) and fibronectin
(diversity analysis of synthetic libraries of a Fibronactin domain).

Adds text mining tools, DBCLS DBESearch Tools, samantic web tooks

General purpose genomics analysis, featuring many standard tocls plus many additional tools.

Integrative ‘omics data analysis

The Galaxy Project free public server; biomedical research

Beta version of Galaxy Main

A general purpose Galaxy server Includes tooks developped by Oylizss and GenScale bicinformatics research teams in Rennes,
France.

General purpose genomics analysis server.

Includes bicinformatics tools developed by the research teams working in the perimeter of the PRAE] core facility, including
kissplice/kissDE, TETools, SEX-DETector, and priam.

Standard Galaxy tools set plus S0APdenovo and SOAPsnp for de nove assembly and SMP calling.
General purpose Galaxy based on the Genomics Virtual Lab platform.

General purpose Galaxy based on the Genomics Virtual Lab platform.

Small Galaxy for Training purposes. Loaded with Histories and Tools for Mext Gen Sequencing tutorials.




Domain specific Galaxy Server

T Ed

Domain servers speciglize in either a particular branch of the tree of life or in particular types of analysis. However, within their specializations, domain servers offer a wide variety of
tools.

Hame Links Summary
ballaxy ballaxy Galaxy server Hasts the BALL (Biochemical Algorithms Library) Project tools, i.e. computer aided drug design and molecular modelling
ballaxy using Docker based on protein and ligand structure data.

BIPAA (Biolnformatics

IPAA Galamy Server Inzect genomics (aphids, parasitoid wasps, lepidopterans]
Platfarm for |

FAA home page
Agroecosystem

Arthropods)
Center for Phage Center for Phage Phage biclogy and automated annotation.
Technology (CPT) Technology {CPT) Galaxy
Server
CPT home page
Cistrome Analysis Pipeline Cistrome Analysiz Pipeline ChlP-chip/s2q and gene sxprassion datz
CoS5ci Cob5ci Complex Social Towls for salving Galton’s problem in Cormparative Research and complex network problems in Social Science.
Science Gateway
Dintor Dintor: Data Integrator Tool  GWA and NG5S toels and modules for functional annotation of genes and gene products
Suite
Galaxy Integrated Omics GIO Server Proteomics Informed by Transcriptomics (FIT) methodology. and selection of surrogate peptides for targeted
(GO protecmics.
Galaxy PGTE (Wirtua PGTE Galaxy - Virtual This is a standard Galaxy instance implemented with specific tools for Biodiversity (Biodiversity Virtual Lab) and MWGE (lon
Biodiversity Lab) Biodiversity Lab Torrent from the PGTB facility] anahysis.
Plateforrme Genome
Transcriptome de Bordeaws:
Galaxy-CEFAP Galaxy-CEFAP Galaxy-CEFAP offers a s=t of tools to perform RMA-Seq and miRMA analysis.
Galaxy-P Use Galaxy-F Galaxy-P iz @ multiple "orics’ data analysis platform with particular emphasis on mass spectrometry based protzomics.
Galaxy-P iz developed at the University of Minnesota, deployed at the Minnesota Supercomputing Institute,
Genomic Hyperbrowser Genomic Hyperbrowser statistical methodology and computing power to handle a variety of biological inguires on genomic datasets

GrAPRA Graph Algonthms Pipeline GrAPPA is a web-based interface constructed on the Galaxy framework for graph theoretical tools. It contains nowvel




Galaxy Services : Example

v' Geography Based
v' Domain Based

. Cloud Infrastructure
genomlcs

VIRTUAL LAB

for Microbial
M RC Bioinformatics

A P United Kingdom: CLIMB

Australia: Genomics Canada: GenAP

Virtual Lab (GVL)

. l‘ b ! Norwegian e-Infrastructure for Life Sciences cancer
=WPLs computer

= G RI D ’ Norway: NelS
P Cancer: Cancer

Poland: PL-Grid Galaxy Main Tool Shed Computer




Let Us Use Public GALAXY Server

Go to https://usegalaxy.org/ and create login

Analyze Data Workflow  Shared Data~  Visualization= Help~ User~= Using 0%
Tools -.’m 8 History - - N
~ Galaxy is an open source, web-based platform for data intensive biomedical research. If you are
new to Galaxy start here or consult our help resources. You can install your own Galaxy by following %)

Get Data the tutorial and choose from thousands of tools from the Tool Shed. Unnamed history
Send Data 13 deleted
Lifi-Over 995.06 MB e
Collection Operations )

. . Annotation:
Text Manipulation Click here to edit snnotation
Datamash

Convert Formats
Filter and Sort

Join, Subtract and Group +
Fetch Alignments/Seguences

NGS: OC and manipulation
NGS: DeepTools

NGS: Mapping Public Galaxy Servers

NGS: RNA Analysis _ DT .
NGS: SAMtools and still counting

NGS: BamTools

NGS: Picard

NGS: VCF Manipulation
NGS: Peak Calling

NGS: Variant Analysis
NGS: RNA Structure

© This history is empty. You can

load vour own data or get
data from an external source

NGS: Du Novo TWGGTS @oalaxyproject i
NGS: Gemini
NGS: Assembly v 3] "

rl T o LY


https://usegalaxy.org/

GALAXY Server : Upload Data (I)

v'Click on Get Data and select Upload File from your

computer. Download samples files from course website.

what is the dif .. RMA-seq anal... Ma sequenci.. https://pdfs.sem... Mapping and... Babraham Bio... | = Galaxy X
€ < &L 0 a8 usegalaxy.org &~ m-

] Gmail Facebook E MX Games

alyze Data
Tools L
~| Galaxy is an open source, web-based platform for data intensive biomedical research. If you are
) new to Galaxy start here or consult our help resources. You can install your own Galaxy by following
Get Data the tutorial and choose from thousands of tools from the Tool Shed.
Upload File from your
computer

UCSC Main table browser
UCSC Archaea table browser
EEI SEA EMNA SRA

BioMart Ensembl server

Try Galax
on ¥he Clogd

GrameneMart Central server

Flymine server

modENCODE flv server

modENCODE modMine server

MouseMine server i o
Now you can have a parsonal Galaxy within the infinite Universe

Ratmine server

YeastMine server

modENCODE worm server

WormBase server

ZebrafishMine server

EuPathDB server

GenomeSpace Importer - TweetS
receive data from X
GenomeSpace v

< i Richard Badge

https://usegalaxy.org/tocl_runnerftool_id=uploadl

maseq analy... +
AR -

2 History Fs - Ml
)
Unnamed history
13 deleted
995.06 MB - »
Annotation:

ﬂ This history is empty. You can
load vour own data or get
data from an external source

v >
m| - 100% +




GALAXY Server : Upload Data (ll)

New Window will appear. Now, Click option “Choose local
file”

Download from web or upload from disk

Reqular Composite Collection

Type (set all): Auto-detect « | Q Genome (setall): | - Additicnal Species ... |

O Choose local file = Choose FTP file [# Paste/Fetch data Pause Reset Start Close




GALAXY Server : Upload Data (lll)

v"Now, Click option “Start”. It will upload file to server.

Download from web or upload from disk
Regular Composite Collection
You added 2 file(s) to the gueue. Add more files or click 'Start’ to proceed.
Name Size Type Genome Settings Status
O sample-Ri.fastg 16 MB Auto-det... Q | - Additional Sp... £ Ty
O sample-R2.fastq 16.3 MB Auto-det... Q | Additional Sp... e )
Type (set all): Auto-detect Q Genome (setall): | ----- Additional Species ...
O Choose local file = Choose FTP file [# Paste/Fetch data Pause Reset Close

v'Now wait for 10-20 seconds.



v'Files will be uploaded successfully and appears

with green colour .

History
Galaxy is an open source, web-based platform for data intensive biomedical research. If you are
new to Galaxy start here or consult our help resources. You can install your own Galaxy by following
the tutorial and choose from thousands of tools from the Tool Shed.

Unnamed history

2 shown, 13 deleted
1GE

Annotation:

Click here to edit ann

15: sample-R2.fastqg

otation

D ( ) I 14: sample-R1.fastg

Public Galaxy Servers
and still counting

~ % ®

@ & X

@& & X



v'Galaxy consist of collection of :
Multiple Tools . Today's session, e

We will use

v'"NGS: QC and manipulation
v'"NGS Mapping -
v'NGS:RNA analysis-

v'SAMtools

Convert Formats
{ Filter and Sort

Join, Subtract and Group
\ Fetch Alignments/Sequences
NGS: QC and manipulation

NGS: DeepTools

== NGS: Mapping

== NGS: RNA Analysis
NGS: SAMtools

a NGS: BamTools

» MNGS: Picard
~ MNGS: VCF Manipulation
NGS: Peak Calling

MNGS: Variant Analysis
i NGS: RNA Structure
I NGS: Du Novo
® NGS: Gemini

NGS: Assembly
<]




Protocol for RNA Seq Data Analysis
1.Pre-processing

2.Quality Filtration
3.Mapping or assembly

4.Expression analysis



Quality Assessment

v'It is important to check the quality of your sequenced
reads

All sequencing platform have errors

llumina @ Bsdnces ' {YNANOPORE

v'FASTQC: free program that reports quality
profile of reads



Quality Assessment

v"Modern high throughput sequencers can generate
hundreds of millions of sequences in a single run.

v'Before analysing this sequence to draw biological
conclusions you should always perform some simple
qguality control checks to ensure that

(1) the raw data looks good and

(11) there are no problems or biases in your data

which may affect how you can usefully use it.



FASTQC tool

v’ Providing a quick overview to tell you in which areas
there may be problems

v'Summary graphs and tables to quickly assess your data

L . . - -
1 Basic Statistics html
L . .
2 Per Base Sequence Qualitv html

5 - ) o
3 Per Sequence Quality Scores html
L 4 N
4 Per Base Sequence Content html

5 Per Sequence GC Content html

6 Per Base N Content html

7 Sequence Length Distribution html
8 Duplicate Sequences html

9 Overrepresented Sequences html

10 Adapter Content. hitml

11 Kmer Content html

F%B] 12 Per Tile Sequence Qualitvhitm] ]

v'Double click on NGS: QC and manipulation

v'Select application Fastqc in Galaxy



v'Select Multiple Dataset to run multiple files
and press “Execute”

FastQC Read Quality reports (Galaxy Version 0.69) o Versions | = Options
Short read data from your current history

KRR RN =RRY 15: sample-R2.fastg
E 14: sample-R1.fastg

-

&% This is a batch mode input field. Separate jobs will be triggered for each dataset
selection.

Contaminant list

| [ | €9 OO | | Nothing selected -
tab delimited file with 2 columns: name and sequence. For example: Ilumina Small RNA RT Primer
CAAGCAGAAGACGGCATACGA

Submodule and Limit specifing file

| [ | €9 OO | | Nothing selected -

a file that specfies which submodules are to be executed (default=all) and also specfies the thresholds for
the each submodules warning parameter




v'You will get two types of output files :
(1) Raw data — It consist of text description

() Web page - It consist of detail graphical
representation of your fastq data.

v'Click on “eye” symbol to view output files.

1.01 GB o W .-

y

19: FastQC on data | & x
15: RawData

18: FastQC on data | P x
15: Webpage !

319.5 KB

format: html, database: 2

Picked up _Java_OPTIOMNS: -
Djava.io.tmpdir=/galaxy-
repl/main/jobdir/017/506/17506
-¥mx7g -HEmsZ256m

< >

B & Z W7 hdb o



The left hand side of the main interactive display or the
top of the HTML report shows a summary of the
modules as normal (green tick), slightly abnormal
(orange triangle) or very unusual (red cross).



Basic Sample Statistics

Measure Value
Filename sample-R.2 fastq
File tvpe Conventional base calls
Encoding Sanger / [humina 1.9
Total Sequences 43435
Sequences flagged as poor quality ()
Sequence length 154-160

%GC 47




Per Base Sequence Quality

This view shows an overview of the range of quality values
across all bases at each position in the FastQfile.

Per base sequence quality

Quality scores across all bases [Sanger ! lllumina 1.9 encoding)

- QA uARuAANRNR i
zjﬂﬂﬂﬂmﬂﬂﬂﬂ ﬂ[ﬂ ﬁ — Good data
2 e
rrgn } Bad data

—

]
1 2 3 4 5 68 7 &8 9 1519 25-20 35-39 45-40 55-30 65-69 75-79 85-89 9568 110-114 125-120 140-144 135-159

v'We must consider threshold of Quallty Q30 or above .

This graph indicate we need to perform filtration on our
data



v'By looking at figure, we can say that there
is problem in bases in position 140-150. It
can be fixed during quality filtration step.



Duplicate Sequences

v'A low level of duplication may indicate a very high
level of coverage of the target sequence

v'A high level of duplication is more likely to indicate
some kind of enrlchment bias (eg PCR over

amplification).

nnnnnnn

v'High duplication could affect the mapping efficiency
and bias your interpretation.



Per Base N Content

v'If a sequencer is unable to make a base call with
sufficient confidence then it will normally substitute an
N rather than a conventional base] call.

v'This module plots out the percentage of base calls at
each position for which an N was called.



Adapter : Trimming

Sequence Start here

—

Universal adapter
DNA Fragment of Interest

Index Adapter

6 Base index region



Adapter Content
v'If we know the adapter sequence, we can trim it
using Trimmomatic tool.

% Acapter

B8 75-79 §5-88 9500 11o-114 1251 140-144

v'To get the adapter sequence information, one
can contact person who performed the sequencing
and can get full detail of “Adapter sequences”.



Protocol for RNA Seq Data Analysis

2.Quality Filtration
3.Mapping or assembly

4.Expression analysis



Quality Filtration

v'Goals : To improve the quality of Data

Trimmomatic :

Tools

trimmo (X
NGS: QC and manipulation

Trimmaomatic flexible read
trimming toal for llumina NGS
data

Workflows

v Al workflows

Analyze Data

Trimmomatic flexible read trimming tocl for Illumina NGS data (Galaxy Version 0.36.3) &% Versions || ¥ Options

Single-end or paired-end reads? /Type Of data

Paired-end (two separate input files)

Input FASTQ file (R1/first of pair) R1 and R2 files

O &|0Oa|]|14: sample-Rl.Fast/ v
Input FASTQ file (R2/second of pair) Adapter trimming: yes

3| &1 | 3 ||15: sample-R2.fastg v

Perform initial ILLUMINACLIP step?

Yes | No
Cut adapter and other illumina-specific sequences from the read

Trimmomatic Operation
1: Trimmomatic Operation
Select Trimmomatic operation to perform
Sliding window trimming (SLIDINGWINDOW) -

Number of bases to average across

4 Quatity threshold 20 0r 30
Average quality required /

| 30

+ Insert Trimmomatic Operation




Quality Filtration

v Trimmomatic will produce four output files.

Analyze Data Workflow Shared Data-  Visualization- Help- User- EEE

0 1 job has been successfully added to the queue - resulting in the following datasets:

26: Trimmomatic on sample-R1.fastq (R1 paired)
27: Trimmomatic on sample-R2.fastq (R2 paired)
28: Trimmomatic on sample-R1.fastqg (R1 unpaired)

29: Trimmomatic on sample-R2.fastq (R2 unpaired)

¥ou can check the status of queued jobs and view the resulting data by refreshing the History pane. When the job has been
run the status will change from 'running’ to 'finished' if completed successfully or 'error’ if problems were encountered.

v'For next analysis, we will consider only R1 paired and
R2 paired data While unpaired reads will be discarded.
v'Rerun the Fastqc on paired end R1 and R2 paired end
files and check statistical output.



Let us Do Comparison of
dataset

Before and After Quality
filtration




@Per base sequence quality

Quality scomes across all bases (Sanger / lllumina 1.9 encoding)

HAANRANERS

[t

Before Quality filtration :
Bad Data

4 1L
12
]
g
-]
s
2
o 1 2 3 4 5 8 7 8 9 15-19 25-20 35-39 45-49 5552 65-80 75-70 §5-80 95-99 110-114 125-120 140-144 155152
@Per base sequence quality
Quality scores across all bases (Sanger/ lllumina 1.9 encoding)
28
28
(] (] (] 24
Atter Qua Ity riitration -
20
18

: Good Data :

1 2 3 4 5 B 7 8 2 1519 2520 35-30 45-49 55-50 B5-B0 ¥5-79 85-80 9598  110-114 125-128 140-144 155159



UAdapter Content

00

70

% Adapler

llumina Universal Adapter
llumina Small RNA 3' Adapier

ma 5' Adapte

Nestera Transposase Sequence
SOLID Small ANA Adapte

T2 3 45 8 7 88

Before Quality filtration

25-20 35-38 4540 5550 B5-60 7570 5580 9500
Position in read (bp)

No Adapter

contamination

110-114  125-120  140-144

Before Quality filtration :
Adapter contamination

@Adapter Content

% Adapter

100
llumina Univers al Adapter
llumina Small RMA 3" Adapter

a0 umina Small ANA 5' Adapte
Mexera Transposase Sequence
SOLID Small RNA Adapter

ao

[ ]

o

60

a0

40

a0

20

10

o

12 3 4 5 8 7 & 9 1519 25-29 35-39 45-49 55-38 6569 F5-79 §5-59 9589 110-114 1251289  140-144
Position in read (bp)



Questions ?



Protocol for RNA Seq Data Analysis

3.Mapping or assembly

4.Expression analysis



How to decide : Mapping or assembly?

RMA-Seq reads
- — = = =
= =
O = om &
— e Y s [ s
= :::D — -
: = o el =
Align reads to
genome
=1 0= = =
DO 1O 0—0O OO
0o 00— 00 3 i—s a0
== OO O—a s
= B8 b—O OO ooO=ea—10 = e
= = O—AOoOOo s O—DOCoes
Genome

Assemble transcripts
from spliced alignments

C -l | More abundant
E——_— ]
] Less abundant

Assemble transcripts
de novo

Align transcripts
to genome

Y
]
—_Lbtlu— ]

|
|




Mapping tool: Bowtie

v'Bowtie is an ultrafast and memory-efficient tool
for aligning sequencing reads to long reference
sequences.

VIt is particularly good at alignhing reads of about 50
up to 100s or 1,000s of characters to relatively long
(e.g. mammalian) genomes.

v'Bowtie supports gapped, local, and paired-end
alignment modes.



Bowtie : End to End Alighment

The following is an "end-to-end"” alignment because it involves all
the characters in the read. Such an alignment can be produced by
Bowtie 2 in either end-to-end mode or in local mode.

Read: GACTGGGCGATCTCGACTTCG
Feference: GACTGCGATCTCGACATCG

Alignment:

o e I |

—_ ] L T ™ T T 1 4 L I e ] =
P\.: a'::\. : L I L L e L L I'__li_i.Tlu Tlu I'__li_i.l'\_-'T Tlu b

o e I |

L e | N 'l"l ' | P B | 'l"l T | 'l"l Fa B o |
L I L T'-_'l — '-_'II—LT'U T'u '-_'li—;'u.i—;T'u b

=
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i
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Bowtie : Local Alighment

The following is a "local” alignment because some of the characters
at the ends of the read do not participate. In this case, 4 characters
are omitted (or "soft trimmed" or "soft clipped”) from the beginning
and 3 characters are omitted from the end. This sort of alignment
can be produced by Bowtie 2 only in local mode.

Fead: ACGGTTGCGTTAATCCGCCACG
Feference: TAACTTGCGTTAAATCCGCCTGG

Alignment:

Read: ACGGTTGCGTTAA-TCCGCCACG
Feference: TAACTTGCGTTAAATCCGCCTGG

v'Mapping quality: higher = more unique ©




Reference Mapping : Bowtie

Bowtie2 - map reads against reference genome (Galaxy Version 2.3.2.2) &% Versions | * Options
Is this single or paired library
Paired-end -
FASTA/Q file #1

O 87 | O | 26: Trimmomatic on sample-Ri.fastg (R1 paired) -

Must be of datatype "fastgsanger”or "fasta” <

FASTA/Q file #2
O & | O || 27: Trimmomatic on sample-R2.fastg (R2 paired) /”/v,

Must be of datatype "fastgsanger'or "fasta”

VWrite unaligned reads (in fastq format) to separate file(s)
Yes | No
--un/--un-conc {(possibly with -gz or -bz2); This triggers --un parameter for single reads and --un-conc for paired reads
Write aligned reads (in fastq format) to separate file(s)
Yes | Mo
--al/--al-conc (possibly with -gz or -bz2); This triggers --al parameter for single reads and --al-conc for paired reads
Do you want to set paired-end options?
No -
See "Alignment Options" section of Help below for information

Will vou select a reference genome from your history or use a built-in index?

Uze a built-in genome index -
Built-ins were indexed using default options. See " Indexes’ section of help below

Select reference genome
Human (Homo sapiens) (b37): hglg -
If vour genome of interest is not listed, contact the Galaxy team

Set read groups information?
Cro not set -
Specifying read group information can greatly simplify vour downstream analyses by allowing combining multiple datasets.

Selaect analvsis mode



o 1 job has been successfully added to the gueue - resulting in the following datasets:

52: Bowtie? on data 27 and data 26: unaligned reads (L)
53: Bowtie2 on data 27 and data 26: unaligned reads (R}
54: Bowtie2 on data 27 and data 26: aligned reads (sorted BAM)

55: Bowtie2 on data 27 and data 26: mapping stats

You can check the status of queued jobs and view the resulting data by refreshing the History pane. When the job has been
run the status will change from 'running’ to ‘finished' if completed successfully or 'error’ if problems were encountered.

vIt will produce the multiple output files. BAM file
consist of complete mapping information which stores
the same data in a compressed, indexed, binary form.

v'The SAM Format is a text format for storing sequence
data in a series of tab delimited ASCII columns.



Mapping Statistics

71086 reads; of these:
T1l0& (1l00.00%) were paired; of these:
2828 (39.80%) aligned concordantly 0 times
2360 (33.21%) aligned concordantly exactly 1 time .
1913 (26.99%) aligned concordantly >1 times < Multi mapped

L Uniquely mapped

2828 pairs aligned concordantly 0 times; of these:
324 (11.46%) aligned discordantly 1 time
2004 pairs aligned 0 times concordantly or discordantly; of these:
5008 matez make up the pairs; of these:
2949 (58.89%) aligned 0 times
T20 (14.328%) aligned exactly 1 time
1339 (26.74%) aligned >1 times
79.25% overall alignment rate

v'Uniquely mapped — Reads mapped one time over
the reference genome

v'Multi mapped - Reads mapped more than one time
over the reference genome



Which Information is in SAM & BAM

vBoth SAM & BAM files contain an optional
header section followed by the alignment
section.

v'The header section may contain information
about the entire file.

v'The alighment section contains the information
for each sequence about where/how it aligns to
the reference genome.



Let us convert BAM to SAM
v'Select BAM to SAM tool under samtools

BAM-to-SAM convert BAM to SAM (Galaxy Version 2.0) & Versions || * Options
BAM File to Convert

O & | 13 54: BowtieZ on data 27 and data 26: aligned reads (sorted BAM) -
Header options

Include header in SAM output (-h) -

Allows to choose between seeing the entire dataset with the header, header only, or data only.

What it does
Converts BAM dataset to SAM using semtools view command:

samtools visw -o [OUTBUT S3AM] [-h-H] [INBUT BAM]

Citations [ Show BibTeX

Definition of SAM/BAM format. [Link]

Li, H. and Hand=zaker, B. and Wysoker, A, and Fennell, T. and Ruan, J. and Homer, M. and Marth, G. and Abecasis, G. and Durbin, B.
(2009). The Sequence Alignment/Map format and SAMtools, In Sicinformatics, 25 (16), pp. 2078-2079,
[doi:10.1093/bininformatics/btp352 ][ Link]

Li, H. {(2011). Improving SMP discovery by base alignment quality. In Sfoinformatics, 27 (8), pp, 1157-1158,
[deoi:10.1093/bicinformatics/btro76][Link]

Li, H. {(2011). A statistical framework for SNFP calling, mutation discovery, association mapping and population genetical parameter
estimation from sequencing data. In Bicinformatics, 27 (21), pp. 2887-2993. [doi:10.1093/bicinformatics/btrS09][Link]

Danecek, F., Schiffels, 5., Durbin, R.. Multiallelic calling model in boftools (-m). [Link]
Curbin, R.. Segregation based metric for variant call QC. [Link]

Li, H.. Mathematical Notes on SAMtools Algorithms. [Link]

SAMTools GitHub page. [Link]



QNAME
@HD
@sq
@3Q
@sq
@3Q
@sq
@3Q
@sq
@3Q
@sq
@3Q
@sQ
2sQ
@sQ
2sQ
@sQ
2sQ
@sQ
2sQ
@sQ
2sQ
@sQ
@sQ
@sq
@sQ
@sq
@sQ
@sq
@sQ
@sq
@sQ
@sq
@sQ
@sq
@sQ
@sq

SAM File : Mapping information

FLAG
WN:1.0
SM:chrio
SM:chrii
SM:chrii_gloooz02_random
SM:chriz
SM:chriz
SM:chrid
SM:chris
SM:chris
SN:chri7_ctg5_hapi
SM:chri7
SM:chri7_glo0ooz203_random
SM:chri7_glooozo04_random
SM:chri7_gloooz05_random
SM:chri7_gloooz06_random
SM:chrig
SM:chrig_gloooz07_random
SM:chrig
SM:chrio_gloooz08_random
SM:chrio_glo0ooz09_random
SMichri
SM:chri_glo00191_random
SM:ichrl_gl000192_random
SMichrz20
SMichr21
SM:ichr21_gl000210_random
SMichr22
SMichrz
SMichrz
SMichrd_ctg9_hapl
SMichra
SM:ichrd_gl000192_random
SM:chr4_gl000154_random
SMichrs
SM:chré_apd_hapl
SM:chr&_cox_hap2

RNAME POS MAPQ
S50:coordinate
LM:135534747
LM:135006516
LM:40103
LM:133851895
LM:115169878
LM:1073459540
LMN:1025313592
LM:90354753
LM:1680828
LM:81195210
LM:37498
LM:281310
LM:174588
LM:41001
LM:78077248
LM:4282
LM:591285983
LM:5258%5
LM:159169
LM:249250621
LM:106433
LM:547496
LM:623025520
LM:48129895
LM:27582
LM:51304566
LM:243199373
LM:158022430
LM:590426
LM:191154276
LM:189789
LN:191455
LN:180915260
LMN:4522250
LN:4795371

2 History

Unnamed history

17 shown, 39 deleted
1.06 GB

56: BAM-to-SAM
on data 54: conve
rited SAM

55: Bowtie? on dat
a 27 and data 26:
mapping stats

15 lines

format: bet, database: 2

B | e

54: Bowtie? on dat
a 27 and data 26:

- »

{39.88%) zligned concordantl

{33.21%) zaligned concordantl

&= R

aligned reads (sorted BAM)

53: Bowtie? on dat
a 27 and data 26:
unaligned reads (R)

52: Bowtie2 on dat
a 27 and data 26:

unaligned reads (L)

21: FastQC on dat
a 27: RawData

w | 20: FastQC on dat
>

- @Hi |‘@ : : [H] -

&= R

w
%
®
<



Header Chromosome number
@50 SMN:chriUn)gleaaza7 LN: 36422
& et Position on chromosome
@50 :155278568
@50
@Pa ibowtie2 VN:2.3.2 CL:"/gaXaxy/main/deps/_conda/envs/mulled-vl-cf272Ffa72bB5720812c68eelchfBcEFI09a82F20bed6918c2a23
Mea99l. 178 800008080-BBP55:1:1186:9736.: 6918 99 chrl@ 429971 42 68M3DBBM = 438851 166 GTTCGCACCOGTCCGCCACTATCAGCATTCGL
M@a091:178: 80a2088088-BBPE8:1:1186:9736: 6918 147 chrl@ 438851 42 86M = 429971 -166 AATECATATCCCTCGATTTCACACACGCCACTTTTGCTA.
Mae99l1:175; 0opaRa008-BEBPEE:1:2188: 2382517989 99 chrl@ 868519 42 153M 868666 155 ATATTAAAGGTATTTTAGTACAGAAAACACAACACAGACA
Meas9l: 178 8000080080-BBPE5:1:21858: 2382517989 147 chrl@ 868666 42 aM = 868519 -155 GGeCACGAG BAASABEA AS:i:8
M@a091:178: 8eee88888-BEPEE8:1: 218712293 264309 161 chrl@ 3142833 35 17M chrl? 71196384 a ACAAAGTCAGCACGCGL AAALMAFF
M@e99l1:178; 0opaRaa08-BEBPEE8:1:1184:13558:18222 73 chrl@ 3281129 42 188M = 3281129 @ GCCAAAGCCAGATTCAATCAAGOCTTTGTAAAAGGOAGA
Measol: 178 8008080080-BBPE58:1:1184:13558:18222 133 chrl@ 3281129 @ * = 3281129 8 ACCAAGCACCOTEETGCCAGCTCAGACACCCTGOGEACAA
M@a0991:178: 82ee88088-BEPE5:1:11683:26292:14133 a7 chrl@ 3828001 42 155M chrld 18776364 a GTTGTGTTATATTTGTAAATACACAGCTTAT.
Mae99l1:178; 000aRa0808-BEBPEE8:1:1167:17849; 25388 99 chrl@ 3821316 42 155M = 3821331 17@ GTATACTCCTTACACACAAAACATTCASACTACTTTTTT
Meges9l: 178 800008080-BBPE5:1:1187:17849: 253888 147 chrl@ 3821331 42 155M 3821316 -178 ACAAAACATTCASACTACTTTTTTTCCATCTCTTGCAGT
M@E091: 178 8002080080-BEPE8:1:11684:5844: 115822 165 chrl@ 5178816 & * = 517a818 8 ACACATTCATGTCGTGAGTTGCTAAGGATAGCAGACAAG
Mae991:178; 600000008-EBBP6E:1:11684:5844:11822 B89 chrl@ 5178818 1 oM = 517@e8le @ AGTATTCAG @4FFEBEEE AS:1:8
Measol: 178 800808080-BBPE58:1:1185:15914.:19828 165 chrl@ 5494304 @ * = 5494394 8 GACCATACGAGTCCTAGATOTCAATAACCAGTCCTTCAG,
M@a091:178: 8eae88888-BEPE8:1:11685:15914: 19825 59 chrl@ 5494304 1 16M = 5494304 8 CACCCGCCAAGAGAAG AAAEDFFFFFFALAAL
Mae991:178; 600000008-EBEP6E:1:11081 664428822 165 chrl@ 5494395 @ * = 5494395 8 GACCATACGAGTCCTAGATETCAATAACCAGTCCTTCAG,
Meas9l: 178 800000080-BBP55:1:1181 664428822 89 chrl@ 5494395 1 15M = 5494395 8 ACCCGCCAAGAGAAG ACG?FFFFFFBBBEB AS:i:@
M@a091:178: 82ee08088-BEPEE8:1:2114:18782: 22282 163 chrl@ 5766266 42 158M 5766282 172 AAATGATAARAGGTTTCTGAGTAGTATTTCTATTCTTTCA
Me8991:178 : 0opaRa0e8-BEBPEE8:1:2114:18782:22282 83 chrl@ 5766282 42 156M = 5766266 -172 TOAGTAGTATTTCTATTCTTTCATTTTTGCAACATATAA
Meas9l: 178 800008080-BBP55:1:1111:52958:18126 99 chrl@ 11616654 42 155M = 116166596 197 CTTACTGTACTGCCAATTTTCCT
M@a09l1:178: 80a2088080-BBP68:1:1111:5298: 18126 147 chrl@ 11616696 42 155M 11616654 -197 CCCATGAATTATTTTGACATTTT
Mae99l1:178; 0opaRaa08-BEBPEE:1:1164 2182825608 163 chrl@ 11854572 1 4M = 11854643 81 CCCA ABAL AS:1:8
Measol:178.:8000080080-BBPE5:1:1184:21828.: 256088 83 chrl@ 11954643 1 18M = 11954572 -81 CEAAGCTEEE DB1FFAA.
M@a091:178: 82ee08888-BEPE58:1:2114:16947 22919 a9 chrl@ 12878773 42 155M = 12878865 188 CCTATGATCCCTTTTCAGGTGATT
M@e99l1:178; 0opaRaae8-BEBPEE8:1:2114:16947 ;22919 147 chrl@ 12878865 42 96M = 12878773 -188 CACTAGGAGGRAAAACTCAAATTA
Meas9l: 178 8008080080-BBPE5:1:2189:26937:12582 97 chrl@ 13325782 23 155M chrle 4788341 @ CTGGGTTTTATTCTGACCAGATCCGTGOATG.
M@a091:178: 80a208080-BBPE8:1: 2187146305173 a9 chrl@ 13361154 31 155M = 13361183 172 CCCGGGTETEEEATTCACATTTT
Mae991:178; eeea00008-EBEBP6E:1:21687:14639:5173 147 chrl@ 13361183 31 143M = 13361154 -172 CCACTTGTAGETGCGACCTCGATG,
Meas9l:178.:800008080-BBP55:1:2185: 162689454 181 chrl@ 15151778 a8 * = 15151778 a GECAGTTCCAGAAATCATTALAT.
M@a091:178: 80a2088080-BBPE8:1: 218516268 0454 153 chrl@ 15151778 32 19M = 15151778 a AAMACTTGAGTTTTTCCAAG
Mae99l1:175; 60e000008-EBBP6E:1:1183: 14887 : 6379 99 chrl@ 15834731 42 186M = 15834858 186 GTTGCTTCCTGACATATAATTGT.
Mea99l: 178 800008080-BBP55:1:1183:14887 16379 147 chrl@ 15834858 42 S9M = 15834731 -186 TCTTTGGAGGTTATGGAATAAGC
M@a091: 178 8002080080-BBPE8:1:1180: 7860 3475 163 chrl@ 172716758 42 ™ = 17271687 165 TCTCGCT B2ABABE AS:i:8@
Mae99l1:178; 000000008-BBPEE8:1:1169.: 78608475 83 chrl@ 17271687 42 156M = 17271678 -165 CCGACGCCATCAACACCGAGTTC
Meges9l: 178 8000080080-BBPE5:1:1112: 18848154388 163 chrl@ 17271697 42 116M2D48M = 17271748 199 CAACACCGAGTTCAA
M@a091: 178 82a208088-BEPE5:1:11168: 183848 15438 83 chrl@ 17271748 42 F3IM2DB1IM = 17271697 -199 CTGCAGGAGCTGAAT
Mae99l1:178: 0epaRaae8-BBPEE8:1:1111:17753:19897 165 chrl@ 17275755 8 * = 17275755 a8 CCTTEAACGCAAAGTEGAATCTT
Meas9l: 178 800808080-BBPE58:1:1111:17753:19897 89 chrl@ 17275755 a8 4M3I7M1SI126M = 17275755 a AGATTGCCTTTTTGA
M@a091: 178 8002088080-BEPEE: 121687 113484 9576 81 chrl@ 17275761 8 SM15I136M = 17275764 141 TCTTGAAGAAACTCC
>




v'Millions of reads mapped to genome.

v’ Is it possible to analyse it manually ?

v" Answer is NO

v'To estimate expression , we needed another tool.

v'In 2010, Trapnell et al. published cufflinks and made
the transcript abundance an easy task.



lature America, Inc. All rights reserved.

LETTERS

Transcript assembly and quantification by RNA-Seq
reveals unannotated transcripts and isoform switching

during cell differentiation

Cole Trapnell'=, Brian A Williams®*, Geo Pertea®, Ali Mortazavi*, Gordon Kwan*, Marijke ] van Baren®,

Steven L Salzberg!?, Barbara ] Wold* & Lior Pachter™57

High-throughput mRMNA sequencing (RNA-Seq) promises
simultaneous transcript discovery and abundance estimation!-3,
However, this would require algorithms that are not restricted
by prior gene annotations and that account for alternative
transcription and splicing. Here we introduce such algorithms
in an open-source software program called Cufflinks. To test
Cufflinks, we sequenced and analyzed =430 million paired
75-bp RNA-5eq reads from a mouse myoblast cell line over

a differentiation time series. We detected 13,692 known
transcripts and 3,724 previously unannotated ones, 62% of
which are supported by independent expression data or by
homologous genes in other species. Over the time series, 330
genes showed complete switches in the dominant transcription
start site (TS3) or splice isoform, and we observed more

subtle shifts in 1,304 other genes. These results suggest that

{75 bp in this work versus 25 bp in our previous work) and pairs of
reads from both ends of each RNA fragment can reduce uncertainty
in assigning reads to alternative splice variants!?. To produce use-
ful transeript-level abundance estimates from paired-end RNA-Seq
data, we developed a new algorithm that can identify complete novel
transeripts and probabilistically assign reads to isolorms.

For our initial demonstration of Cufflinks, we performed a time
course of paired-end 75-bp RNA-Seq on a well-studied model of
skeletal muscle development, the C2C12 mouse myoblast cell line!?
{see Online Methods). Regulated RNA expression of key transerip-
tion factors drives myogenesis, and the execution of the differentia-
tion process involves changes in expression of hundreds of genes' 413,
Previous studies have not measured global transcript isoform expres-
sion; however, there are well-documented ex pression rhangr_'s at the
whole-gene level for a set of marker genes in this system. We aimed 1o




Cufflink : Assembly and Abundance Estimation
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Protocol for RNA Seq Data Analysis

4.Expression analysis



Let us run CUFFLINKS to estimate the expression of genes
onh genomes

Cufflinks transcript assembly and FPKM (RPKM) estimates for RMA-Seq data (Galaxy Version W& Versions || = Opticns
2.2.1.0)

SAM or BAM file of aligned RMA-Saq reads / CreatEd Sam file

3| 81 | OO || 5s: BAM-to-SAM on data 54: converted SAM -
Max Intron Length

F00000

ignore alignments with gaps longer than this

Min Isoform Fraction

0.1
suppress transcripts below this abundance level
Pre MRMA Fraction

0.15
supprass intra-intronic transcripts below this lewval
Use Reference Annotation

Mo -
Perform Bias Correction

Mo -
Bias detection and correction can significantly improve accuracy of transcript abundance estimates.
Use multi-read correct

Mo -
Tells Cufflinks to do an initial estimation procedure to more accurately weight reads mapping to multiple locations in the
genome.
Apply length correction

Cufflinks Effective Length Correction -
Mode of length normalization to transcript FPKM.
Set advanced Cufflinks options

Mo -
Job Resource Parameters

Use default job resource parameters -



You will get 5 output files.

o 1 job has been successfully added to the queue - resulting in the following datasets:

57: Cufflinks on data 56: gene expression

58: Cufflinks on data 56: transcript expression
59: Cufflinks on data 56: assembled transcripts
60: Cufflinks on data 56: total map mass

61: Cufflinks on data 56: Skipped Transcripts

You can check the status of queued jobs and view the resulting data by refreshing the History pane. When the job has been run the status
will change from 'running’ to 'finished' if completed successfully or 'error’ if problems were encounterad.




Different Method of Abundance Estimation

v'Counts per million : Reads counts scaled by the number
of fragments you sequenced (N) times one million.

v'Transcripts per million (TPM) is a measurement of the
proportion of transcripts in your pool of RNA.

X; 1 .

TPM,; = =—. - . 10°
{; ]
K Iil.ll

(]



v FPKM is a unit of expression. FPKM is simply a unit of
expression

FPKM; = —— 0 =_:1”_-1n”

[ N I
107 (ﬁ)

v'If you have FPKM, you can easily compute TPM:

FPKM; ]
M, = 10
TPM (ZJ FPHM}) 10



1
tracking_id
CUFF.1.1
CUFF.2.1
ELEE.2.1
CUFF.4.1
CUFF.=.1
CUFF.6.1
CUFF.7.1
CUFF.8.1
ELEE.S.1
CUFF.10.1
CUFF.11.1
CUFF.12.1
CUFF.13.1
CUFF.14.1
CUFF.15.1
CUFF.16.1
CUFF.17.1
CUFF.18.1
CUFF.15.1
CUFF.20.1
CUFF.22.1
CUFF.21.1
CUFF.23.1
CUFF.24.1

3

Transcript Expressions

4

nearast_ref _id gene_id

CUFF.1
CUFF.2
CUFF.32
CUFF.4
CUFF.5
CUFF.&
CUFF.7
CUFF.8
CUFF.5
CUFF.10
CUFF.11
CUFF.12
CUFF.13
CUFF.14
CUFF.15
CUFF.16
CUFF.17
CUFF.18
CUFF.15
CUFF.20
CUFF.22
CUFF.21
CUFF.23
CUFF.24

5

gene_short_name

7

locus
chri1:1016561-1017335
chri1:1017439-1018092
chrii:R2292242-62253305
chrii:AS2725985-65273355
chrii:65266580-65270418
chril:65270666-652729359
chri4:106207848-106208692
chri3:43007626-435007912
chri7:19091226-19051547
chri:28835082-28835270
chr22:23243029-23243586
chr2:89156745-89157197
chr2:185135517-185126470
chr3:195507745-195508870
chr3:1955085955-19551 0544
chr3:195510927-195512268
chr3:195512377-195514082
chr7:100530701-100551060
chr9:125854825-125855508
chrM:2037-2817

chrX: 73047 134-73047924
chr¥:73062295-73062927
chrX:73069152-73069629
chrX:13259865623-1298665336

Length of transcript

length
774
633
1063
366
3828
2273
244
276
321
188
547
432
553
1121
1589
1341
1705
339
679
780
790
628
477
533

Chromosomal position on genome

9
coverage
0.82598
6.64205
3.05145
32.6074
15.0753
15.1561
4.63547
43.8713
138.008
127.9339
4.520432
12.2365
4.23674
2.01657
1.60876
3.581a7
1.95635
17.594867
S.04212
3.51122
27.3414
6.87B826
10.7957
6.06793

10
FPEM
2302.04
5485.47
2641.01
27405.5
12927.1
136592.1
4182.81
25014.3
116298
105533
o972.5
11515.2
3577.22
2655.64
2386.61
4358.11
2615.64
16894
7354.52
3525.53
22828.6
SB810.22
9727.26
53536.25 ‘

P pmewBRSsR A



What if We have two different samples ??
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Bl ]| More abundant . .
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e == | Less abundant

SNPs, Indels

RNA editing



Sample 2: Start Analysis

sample-R2.fasta @ & %

v'Upload Sample2 in galaxy server qmme-m.fm ® 7%

sample?2-R2.fast @ # x

sample2-Ri.fast @ #» x

v Run Fastqc (Is there any issue in Quality plot ?)
v'Run Trimmomatic to fix if you find any issue

v'Run bowtie2 (Can you see mapping statistics ? If yes,
how many reads mapped)

v'Run cufflink (what is minimum and maximum
transcript expression?)



Differentially expression in two different
conditions

v Cuffdiff is a highly accurate tool for performing sample
comparisons, and can tell you which genes are up- or
down-regulated between two or more conditions.

v'Go to NGS RNA Analysis in galaxy web server.
v'Select cuffdiff tool.

v'Select assembled transcript as input (output from
cufflinks tool).



Cuffdiff find significant changes in transcript expression, splicing, and promoter use (Galaxy Version 2.2.1.3) & Versions = Options
Transcripts
M | i8] | [ || 124: Cufflinks on data 59: Skipped Transcripts -
122: Cufflinks on data 59: assembled transcripts
119: Cufflinks on data 553: Skipped Transcripts
117: Cufflinks on data 55: assembled transcripts =

&l This is a batch mode input field. Separate jobs will be triggered for each dataset selection,
A transcript GFF3 or GTF file produced by cufflinks, cuffcompare, or other source.

Omit Tabular Datasets
o )

Discard the tabular output.

Generate SQLite

(=] 1o

Generate a SQLite database for use with cummeRbund.
Input data type

[ sam/BAM

Cuffilorm supports either CxB (from cuffguant) or SAM/BAM input files. Mixing is not supported. Default: SAM/BAM
Conditicn
1: Condition

Hame

|sam|:lle:l

Replicates

Cufflinks output
as inputin
cuffdiff

Sample 1 in condition 1

-

|IE| || 59: Bowtie2 on data 47 and data 46: aligned reads [sorted BAM)

rF
55: Bowtie2 on data 49 and data 48: aligned reads (sorted BAM )
k]
2: Condition
Name
|5am|:||22|
Replicates

| 2 | T || 59: Bowtie2 on data 47 and data 46: aligned reads (sorted BAM)
55: Bowtie2 on data 49 and data 4£8: aligned reads (sorted BAM)

Mapping
information

Sample 2 in condition 2

FS

== Mapping

information



Cuffdiff Output : FPKM tracking files

isoforms.fpkm_tracking

genes.fpkm_tracking

cds.fpkm_tracking

tss_groups.fpkm_tracking

Transcript FPKMs

Gene FPKMs. Tracks the
summed FPKM of transcripts
sharing each gene_id

Coding sequence FPKMs.
Tracks the summed FPKM of
transcripts sharing each p_id,
independent of tss_id

Primary transcript FPKMs.
Tracks the summed FPKM of
transcripts sharing each tss_id



Cuffdiff Output : differential files

isoform_exp.diff

gene_exp.diff

tss_group_exp.diff

cds_exp.diff

Transcript-level differential
expression.

Gene-level differential
expression. Tests differences in
the summed FPKM of transcripts
sharing each gene_id

Primary transcript differential
expression. Tests differences in
the summed FPKM of transcripts
sharing each tss_id

Coding sequence differential
expression. Tests differences in
the summed FPKM of transcripts
sharing each p_id independent

P i



1
test_id
CUFR1
CUFR10
CUFF11
CUFR12
CUFR13
CUFR14
CUFE15
CUFE16
CUFR17
CUFR18
CUFR1%9
CUFR2
CUFRZ0
CUFRZ21
CUFR22
CUFRZ3
CUFR24
CUFRZ35
CUFR26
CUFRZ7
CUFRZ8
CUFR29
CUFER3
CUFR30
CUFR31
CUFR32
CUFR332
CUFR34
CUFR35
CUFR36
CUFR37
CUFR38
CUFR39
CUFR4
CUFR40
CUFR£1
CUFR&2
CUFR&3
CUFF44
CUFR&35

e e

2
gene_id
CUFR1
CUFR10
CUFF11
CUFR12
CUFR13
CUFR14
CUFR15
CUFR16
CUFR17
CUFR18
CUFR1%9
CUFR2
CUFRZ0
CUFRZ21
CUFR22
CUFRZ23
CUFR24
CUFRZ35
CUFR26
CUFR27
CUFRZ8
CUFR29
CUFE3
CUFR30
CUFR31
CUFR32
CUFR332
CUFR34
CUFR35
CUFR36
CUFR37
CUFR38
CUFR3%9
CUFR4
CUFR£0
CUFR£1
CUFR&2
CUFR&3
CUFF&4
CUFR&35

e e

4
locus
chrio:
chriz:

58510037-98510664
6619384-66159710

chri2:49521782-49522637

chriz:
chriz:
chri4
chris:
chri4
chri4:
chri4
chris:
chrii:
chri4:
chri4
chris:

125396257-1253968338
133402275-133402691

:106090797-106091148

106173453-106173905

:106174096-106174509

106207785-106208145

:106109504-106110274

106208210-106208574
1016562-1018B587
106209105-106209429

:106110B02-106111119

106235622-106235928

chri5:45007610-45007908

chris:
chris:
chrik:
chrig:
chrig:
chrig:
chrii:
chrig:
chrig:
chrig:
chrig:
chrig:
chrig:
chrig:
chri7:
chri7:
chri7:
chrii:
chri7:

B2E64618-B2665097
B3040991-83041657
2812452-2814215

2815866-2817216

21413502-21415549
21415834-21416578
1265350-1265887

21B45954-21B48154
21B48746-21849079
22544931-22547789
29494914-29497219
30234372-30235341
30235457-30237120
51680166-31680519
18965231-18965486
18967179-18967437
19015668-19015938
61732071-61732368
19091317-19091593

chri7:43591221-43592815
chri7:43595213-43595732
chri7:43595898-43596821

chri7:
chri:2

-L_a.m

78318471-78319080
BB338B75-2B8B34105

AANEAEN AOANESAT

Cuffdiff Output :

sample_1
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci
Ci

ma

]
sample_2
c2
cz2
Cc2
cz2
c2
cz2
cz2
cz2
c2
cz2
cz2
cz2
c2
cz2
cz2
cz2
c2
cz2
cz2
cz2
c2
cz2
cz2
cz2
c2
cz2
cz2
cz2
c2
cz2
cz2
cz2
c2
cz2
c2
cz2
c2
cz2
c2
cz2

e

7
status
oK
OK
DK
OK
oK
OK
oK
OK
oK
OK
oK
OK
oK
OK
oK
OK
oK
OK
NOTEST
OK
oK
OK
OK
OK
oK
OK
OK
OK
oK
OK
oK
OK
oK
OK
oK
NOTEST
oK
OK
oK
OK

s

value_1
5453.98
25232.2
3189.87
10291.6
14701.8
22101.4
13261
12801.5
70913.6
5954.7
31595.9
5138.32
49411.3
23214.4
28273.8
56496.2
11063.8
5466.52
23533.035
2859.11
3972.75
11614.4
7079.54
36635.06
18252.1
11608.2
2996.75
3511.8B6
2936.07
17105.6
127516
60B15.1
54638.2
28564.7
2.2842%9e+06
2349,71
B195.18
2879.33
5415.36
264558

A nTn

value_2
32599.5
72273.2
5058.44
10108.2
29691.4
22363.8
1561.22
22623.4
62761.8
7797.09
71169.3
18878.9
140200
39509.2
4183.93
187100
26506.2
16061.9
1611.13
o
388.56
3411.63
3677.35
896,135
6470.03
215091
850.891
o
246,171
27534.1
89551.2
38804.1
71390
18460
1,58952e+06
775,744
1205.06
o
522.399
270134

FEaTan

10
log2(fold_change)
1.77976
1.51B2
0.665194
-0.0259507
1.01406
0.0170267
-3.08644
0.821506
-0.176176
-0,352442
1.17152
1.8774
1.50457
1.36776
-2, 75654
1,72758
1.26048
1,55493
-0.546457
-inf
335353
-1.76737
-0.318437
-2.03205
-1.49622
-2,43213
-1.81635
-inf
-3.57615
0.686749
-0.50989
-0.64B8222
-0.4067
-0.625832
-0.523156
-1,59883
-2.76367
-inf
-3.35133
0.0300931

AoARTAET

11
test_stat
1.48669
1.41818
0.593004
-0.0195277
0.B08465
0.0176527
-0.0862077
0.653991
-0.147622
-0,242097
0.8854
1.47427
1.16794
1.05483
-0.0769921
1.33425
1.153576
1.41648
0
~nan
-0.23512
-1,32884
-0.254093
-1.56799
-0.104869
-1.71478
-1.37141

0.622949
-0.3702B2
-0.536013
-0.299543
-0.367058
-0.5307286

0
-0.0772472
-nan
-0.0936056
0.02e0127

AoaanneT

12
p_valus
0.1754%
0.1831
0.5729:
0.984E
0.4028%
0.9366%
0.2518%
0.526%
0.887
0.8281
0.4042
0.17BE
0.2812
0.3266E
0.2652
0.224%
0.254E
0.192
1
0.0007%
0.2134
0.1962
0.8104
0.1437%
044675
0.1396%
0.1789:2
o.0012%
0.2762%
0.5407
0.71962
0.570€
0.7723
0.6548%
0.597%
1
0.2652
0.0057%
0.2514
0.9780%

AorrmaE



Cuffdiff Output :

v'Count genes showing log2 => 2, known as unregulated
genes (increase in expression of a gene in Condition A as
compared to B).

v'Count genes showing log2 < 2 , known as down
regulated genes (Decrease in expression of a gene in
Condition A as compared to B).



By looking into figure, can you tell
What are unregulated genes (colour)?
What are down regulated (colour)?

o
—

-1*log10(P-value)




Questions ?



