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Sequencing of the human genoma, 2001

* Many years of hard work

* BAC based approaches towards WGS

» Amplification in bacterial culture

* More than 20,000 BAC clones

* Each containing about 100kb fragment

* Together provided a tiling path through each human chromosome
* Isolation, select pieces about 2-3 kb

* Subcloned into plasmid vectors, amplification, isolation
* recreate contigs

* Refinement, gap closure, sequence quality improvement
* (less 1 error/ 40,000 bases)

» 2.7 billion dollars



Sequencing of individual genomes, 2007-

S1 million S$1000



2nd and 3rd generation sequencing
* [llumina/Solexa Genome Analyzer: 2006
* Pacific Biosciencies SMRT: launching 2010
* Oxford Nanopore MinlON 2014




What is
Galaxy?

* Galaxy is a free web-based
scientific analysis platform that
can be used by scientists across
the world

e Galaxy’s tools assist in the
analysis of large biological
datasets that are common in
fields such as genomics or
bioinformatics




Motivation of Galaxy
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Sequencers throughput require parallel processing of multiple samples

= how do you efficiently monitor all these workflow executions ?



Available world-wide

What makes

Galaxy
S p e C | a | ? Q Free training materials -

Useful for learning the user interface

¥  Helpful community and forums

o “Workflows” can be saved to show
| Reproducibility

step-by-step uses of tools on data




How to Start

Go to usegalaxy.org and click the “Login or
Register” tab at the top

Click on the “Register here” link below the login to
begin creating an account

Once done filling in the required information,
click "Create”

You will be required to verify your account’s
email address before being able to use any of
the tools or data available

After creating and verifying your account, you are
ready to begin your introduction into Galaxy

= Galaxy

PROJeECT
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ab -F
tabular file to FASTA form:

FASTA-to-Tabular converter

Filter sequences by length
mj Iil ngth

FASTA Width formarter

Finding your data
Statistics
2o/ Display DRt If you are new on Galaxy or if you want to upload new data, you should send a mail to us (gbcs@embl.de) with your name and the exact path of each dataset and make sure that we can access them.
Graph/Display Data
Regional Variation ‘When your data is loaded in Galaxy you can access [t by clicking on “Data Libraries” in the “Shared Data“ top menu.
Multiple regression

Motif Tools
NGS: QC and manipulation
: Mappin:
NGS: RNA Analysis
NGS: Peak Calling
NGS: Picard Tools
NGS: SAM Tools This will lead you to page listing 5
NGS: Bedtools
NGS: Deeptools .
NGS: Java Genome Toolkit search dataset name, info, message, dbk 4 |
NGS: Operate on Genomic Intervals Aduanced Search
Data library name | i n
Eurlong Lab Furlong Lab Data
Heisler's Lab Data from the Heisler's lab
SRA Short Read Archive
in m. Steinmetz Lab Data

A library's contents is organized similarly to a filesystem, with files and folders. Usually, there is one folder per project. You can then select one or more files, download them or send them to a history for
analysis. The histories will be described in the next section of this tutorial.

» | Main Panel : Launch Jobs / View Results |*"*
Tools B — e History

Bam2)| —InputSub_Bi




Noticeable Too

Tools

I+

| search tools

Categories

Get Data €
Lift-Over
Text Manipulation
Filter
in, n
Convert Formats
Extract Features
Fetch Sequences
FASTA manipulation
atisti
Graph/Display Data
Regional Variation
Multiple regression
Motif Tools
NGS: QC and manipulation

Testing tools
Deprecated Tools

' |



Running a Tool is easy
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NNGS: QC and manipulation
flagstat provides simple stats on
BAM

m) Count
bases or amino-acids

FastQC Read Quality reports.

r Quality score
and length

FASTQ Trimmer by column

EASTO Masker by quality score

FASTQ interlacer on paired end
reads.

FASTQ to Tabular converter

Manipulate FASTQ reads on
various attributes

FASTQ Groomer convert between
various FASTQ quality formats

FASTQ solitter on joined paired
end reads

FASTQ Summary Statistics by

‘column

FASTQ Quality Trimmer by sliding
window

FASTQ de-interlacer on paired end
reads

Filter BAM to remove duplicates
and multi-mappings

BAMEGIt Merging, splitting,




Running a Tool is easy

Galaxy
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Galaxy |

Analyze Data

Google Traduction  GBCS Ticket

Galaxy

ing pipelines. It provides a modular set of analyses which you can use to give

FastQC (version 0.63)

Text Manipulation Short read data from your current hi
Filter and Sort [ 14: allreads_marked-dups_H7H2FBCXX_BY55009121-1-]
Join, Subtract and Group Contaminant list: (3 7]
Convert Formats [ Selection is Optional )
Extract Features tab delimited file with 2 colUlyns: name and sequence. For example: llumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA
Eetch Sequences Submodule and Limit specififlg file: (3 7
FASTA manlpulation Selection is Optional | =
Statistics a file that specifies which submofules are 1o be executed (default=all) and also specifies the thresholds for the each submodules warning parameter
Graph/Display Data
- 3

ultiple regression
Motif Tools o

Pu

NGS: manipulation -

fagstat provides simple stats on FastQC aims to provide a simple way 10

BAM files a quick impression of whether your dat

eaR o' Catint The main functions of FastQC are
bases or amino-acids Import of data from BAM, SAM or FasiQ
Providing a quick overview to tell you in

Job is submitted to compute cluster

=> a new dataset block is added in the active history
Green : Successfully completed

Running

Waiting

Failed job

Grey :
Red :

TR O STy STTSTTes oy
= Per base sequence quality
Per sequence quality scores

FASTQ Quality Trimmer by sliding Per base sequence content

window Per base GC content

Per sequence CC content
FASTQ de-interlacer on paired end
— - Per base N content

Sequence Length Distribution
Sequence Duplication Levels
Overrepresented sequences
Kmer Content

to remove duplicates
and multi-mappings
BAMEdit Merging, splitting,

< All except Basic Statistics and Overrepresented sequences are plots.

| if you use it. FastQC incorporates the Picard-tools libraries for

by J. Johnson. Adaption to version 0.11.2 by T. McGowan.

ts information, in the form of a tab-delimited file with 2
modules and also specifies which modules to include in the
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Tool summary

search tools Q .
ceoms More than >1000 tools available !

Lift-Over
Text Manipulation
Filter and Sort

Join, Subtract and Group

Convert Formats

e v All results can be downloaded or directly

Gl isia D transferred to your project folder

Regional Variation

g v’ Missing Tools can be easily integrated
e v" Easy way to add a GUI to your own script
NGS: Java Genome Toolkit

Proteomics: Trans Proteomic

e e v" Parameters for cluster submission can be adjusted

Proteomics: Protk Tools

P Tl for each tool (and even be dynamically computed)

Testing tools
Deprecated Tools




Tools can be assembled into workflows

Tools Options - Workflow Canvas | QCBowtie2MappingAndDupsRemoval Options ~ Details
search tools | Tool: Mark Duplicate
FASTA manipulation reads
NGS: Format conversion | Version: 1.56.0
D TOTMAZ LONVEDNDR | QA Bundle ® SAM/BAM Alignment Summary ®
INGS: Quality Assurance | Metrics
3 N | Input file SAM/BAM dataset to mark
NGS: Data Manipulation | e b SAM/BAM dataset to generate statistics duplicates in
= bed sort with header sort P for Data input ‘input_file' (bam or
intervals with header lines htm|_file (html) o
ILLUMINA DATA | = Title for the output file: ¥
= Demuitiplexer Demultiplexes | FastQC ® | Mapped Reads - Dups Removet 5
multiplexed data FASTQ reads Remove duplicates from output
= FASTQ Groomer convert | Contaminants file: ¥
between various FASTQ quality | . FastQc % e
formats report (html)
| " FASTQ reads Assume reads are already
= FASTO splitt: joined pai 24
= reasdsl er on joined paired Input dataset %  Contaminants FastQC P ordered
5 5 report (html) -
= FASTQ joiner on paired end | outpet Bowtie2 ® FASTQ reaks Regular expression that can be
reads | FASTQ file Contaminants used to parse read names in the
« FASTQ Summary Statistics by | " report thtml) incoming SAM file: ¥
column utput (bam) Mark Duplicate reads ® [a-ZA-Z0-9]+:[0-9):([0-9] +):((¢
GENERIC FASTQ | SAM/BAM dataset to mark duplicates The maximum offset between
MANIPULATION | in two duplicate clusters in order
s | to consider them optical
= DynamicTrim Trim reads out_file (bam) 4 X
dynamically from the 3' end - duplicates: ¥
html_file (html)
« Filter FASTQ reads by quality | tm_file (htm transfer 8 100
Surmasillenty file to tranfer
= FASTQ Trimmer by column i El‘ .t Edit Step Actions
outFile {txt)
« FASTQ Quality Trimmer by | |
sliding window |
= FASTQ Masker by quality score
L) Rename Dataset
= Manipulate FASTQ reads on
various attributes on out file
= FASTQ to FASTA converter | New output name:
= FASTQ to Tabular converter | mapped_no-dups
= Tabular to FASTQ converter | ill rename the
NGS: Picard Tools
NGS: SAM Tools | to this step; actions
{ I a - rkflow
NGS: Mapping
INGS: RNA Analysis
Edit Step Attributes .
NGS: Peak Calling . =

Al tatio Notes:
transfer Transfer a file to its final Annotation / Note v

r3 {
E it v [€ “ >
ncation_renaminn it ac nartaf 7| B 2 i e S



Cross-link whole cells

Isolate
genomic
DNA

Sonicate DNA to

produce sheared,
soluble chromatin

protein-specific
antibody

Immunoprecipitate
and purify
immunocomplexes

Reverse cross-links,
purify DNA and

prepare for sequencing

ChIP-seq workflow

Sequence

T T orerenD | Map to genome

I R HEE

Mardis, E.R. Nat. Methods 4, 613-614 (2007)



Major steps in ChlP-seq data analysis

* Trimmomatic or Cutadapt to remove adaptor sequences and filter
low quality reads

 Fastgc to evaluate the quality
* Bowtie 2 to map reads to references
 MACS2 to define peaks



a Data generation

(1) mRNA or total RNA

RNA-seq workflow

(3) Fragment RNA

Remove rRNA?
Select mRNA?

= =
—_—

v

(@) Reverse transcribe

into cDNA
5 T

T

TEp S

Strand-specific RNA-seq’

() Ligate sequence adaptors
S AP
T S

S
ey S

T Seeroe DN v

Martin J.A. and Wang Z., Nat. Rev. Genet. (2011) 12:671-682



Differential Gene Expression

Options for DGE analysis

RNA-Seq
* Reference genome
* Reference transcriptome

Experimental Design
RNA

Sequencing

fastq

Data Quality Control

fastq Reference
Genome
Read mapping

fasta
SAM/BAM

Reference
Transcriptome
GFF/GTF

Differential
Expression Analysis

RNA-Seq

*Reference genome

reference transcriptome

[ Experimental Design ]

| Sequencing

[ Data Quality Control ]

Reference
Genome

N
| Read mapping [

Transcriptome
assembly

|

Differential
Expression Analysis

RNA-Seq
reference genome
reference transcriptome

Experimental Design
RNA
Sequencing

fastq

Data Quality Control
fastq
Transcriptome
assembly
fasta
Read mapping
SAM/BAM

Differential
Expression Analysis




How does one pick the right tools?

1. Quality Check - FASTQC
2. Trimming — Trimmomatic, cutadator

3. Splice-aware alignment — STAR, hisat2
Bacterial alignment - BWA or Novoalign
4. Counting reads per gene — featureCounts, stringtie
e Counting reads per isoform - Salmon
5. DGE Analysis — edgeR, DESeq limma

De novo transcriptome assembly - Trinity



References cont.

* https://galaxyproject.github.io/
* https://galaxyproject.org/usegalaxy/
e usegalaxy.org




