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Introduction

RNA-Seq Analysis using CLC Genomics Workbench

Hands on RNA-Seq Analysis

Wrap up, Questions & Answers
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Sample & Assay Technologies About us

® QIAGEN Aarhus, Denmark

®  Center of Excellence in
Bioinformatics

— Aﬂ ¥ CLC bio started operating in
= 4l i ’ 2005

¥  Global presents
® 100+ employees worldwide
W 2400+ customers
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Classical

CLC Main Workbench

Next-generation sequencing

CLC Genomics Workbench
CLC Assembly Cell

CLC Cancer Research Workbench

Protein modeling

CLC Drug Discovery Workbench
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Read Mapper 4 Benchmark

Mapping hardware
Processors 2x Intel X5650 @ 2.66 GHz
Mean Total physical cores 12
Platform Reads Protocol length
, _ Total logical cores 24
llumina Genome Analyzer Il 1,339,740,542 paired-end 101
Main memory 48 Gbyte
A: Mapping Statistics B: Mapping Times C: Machine Workloads
g a:recovery rate b: mappinﬁcores S a: user time b: CPU time _ a: memory usage b: CPU load
= ot 88 82 3.
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B roads indte pars B RelS>50% O Rels - 100% realtime g cunuatie CPUtme pesk and mean g ek and mean GPU load
Mapper | unmapped user time CPU time | mem. load | CPU load
CLC3 0.81% 173:07:19 | 3338:48:07 12.82 2,224
CLC4 0.66% 4:40:11 106:32:02 15.26 2,272
BWA 5.02% 59:59:42 779:01:16 4.26 1,251
Bowtie2 1.19% 27:53:58 663:04:28 5.70 2,375
SMALT 4.07% 41:06:36 962:25:05 21.58 2,284

1500

0 500

CPU load [%]

MDA 2014 - Anne Arens (aarens@clcbio.com), Field Application Scientist, QIAGEN



Genomics Server

CLC Genomics

Bioinformatics
Custom designed Database

database
schemas
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Supported Applications and Tools

{55 NGs Core Tools
@ Create Sequencng QC Report
"% Merge Overlapping Pairs

{ﬁfj Resequencing Analysis x Trim Sequences
2% Create Statistics for Target Regions 5§ Map Reads to Reference
-0y Structural Variant (beta) --[H] Create Detailed Mapping Report
- JE& Probabilistic Variant Detection =} Merge Read Mappings
- JA Quality-based Variant Detection . ~E Remove Duplicate Mapped Reads
| Annotate and Filter Varians ~~  f@——————————+1 4/ | .. &8 Extract Consensus Sequence
«««« i) Annotate from Known Variants — £ Multiplexing
AAAAA i3} Filter against Known Variants E8-{i Finishing Tools - Sort Sequences by Name
2% Annotate with Exon Numbers - Ingenuity Systems - Process Tagged Sequences
«««« TIA Annotate with Flanking Sequences -8 Utiities ,
«««« ¥y, Filter Marginal Variant Calls Eﬂf_{? PPfOIq plugin . = Transcriptomics Analysis
- ¥%} Filter Reference Variants EH“@ Classical Se.quence Analysis _E Set Up Experiment
«««« 4 Annotate with Biobase Genome Trax -l Moleaidor Bidlogy Tools (=== RNA-Seq Analysis
=13 Compare Variants SLIs BLAST - =} Large Gap Read Mapping
Y%, Compare Variants within Group & "M . =} Transcript Discovery
.f@4) Fisher Exact Test - fig Track Tooks - ~2ZRNA-Seq Analysis (Legacy)
AAAAA 80 Trio Analysis Il = 5 Resequendng Analysis_| - 275 RNA-Seq Analysis
.. 2= Filter against Control Reads _E%:I_Trénscnpt.:omlcs Ana.lysus E}@ Small RNA Analysis
(=} Functional Consequences EH%@; Epigenomics Analysus e $° Extract and Count
-f33 GO Enrichment Analysis | -t De Novo Sequending J T 4 Download miRBase
4% Amino Acid Changes +-[pl Workflows - [ Annotate and Merge Counts
iEE Annotate with Conservation Score SfEgCCsever (g Expression Profiing by Tags
¥ Predict Splice Site Effect ~>.| External Applications -] Transformation and Normalization
&£ Quality Control
=5 Feature Clustering
—— ) -+ffl| Hierarchical Clustering of Features
t'l? Pf Novo Sequencing %% K-means/medoids Clustering
% DeNovo Assembly =-£5 Statistical Analysis
i~ Map Reads to Contigs i) Empirical Analysis of DGE
..... = Remove Duplicate Reads -%44j On Proportions
-4z On Gaussian Data
(=} Annotation Test
5] Add Annotations
. Hypergeometric Tests on Annotations
-4 Gene Set Enrichment Analysis (GSEA)
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Workflows

( Sequences ]

| Trim Sequences using Quality Values ‘

[ Trimmed SequencesI Trimmed (broken pairs) I Discarded Sequences I Report ]

Trimmed Sequences (output)

) N

[ Reads J

l Map Wild Lettuce Reads to Domesticated Lettuce Reference I

[ Reads Track I Read Mapping I Mapping Report I Un-mapped Reads J

[ Read Mapping or Reads Track J

[ Local Realignment l

[ Reads Track I Read Mapping I Realigned Regions J

\

[ Read Mapping'or Reads Track ]

Reads Track (output)

Probabilistic Variant Detection |

Variant Track I Variant Table J

Variant Track (output) >

Variant Track ]

Filter against Domesticated Lettuce Mapping ’

YTV

Annotated Variant Track J

Annotated Variant Track (Wild Lettuce Variants)
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Extending the Toolbox

lastzgo  BIOBASE

CLC bio Workbench Plugin
BIOLOGICAL DATABASES

p|92£Sdo TRANSFAC®

Blast2GO " is a complete framework for functional

Genome Trax™

annotation of (novel) sequences and the analysis of
annotation data.

L AN
S o¥ N\
[
‘@% K L A S T or CLC Bio Workbench
=5
High-performance sequence similarity search tool
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Ingenuity Solutions for NGS

INGENUITY  INGENUITY INGENUITY

PATHWAY ANALYSIS iREPORT VARIANT ANALYSIS

Ca2e Norepinephrine Adenaine  TGFf 13 Genes
' ‘ * . by Molecular Function Soes _
s e Variants Genes
LT 3 75&,,0] % -
Oy \ 5449472 19718

x Common Variants 8

544620 16190 +

x Predicted Deleterious 8

5353 4301 +4

* Genebc Analysis 8

4 36 ++

x Biological Context Bone 8

8 30 Tt

THE INGENUITY
KNOWLEDGE
BASE

THE INGENUITY
ONTOLOGY
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The Ingenuity® Knowledge Base

Rich, Structured, Accurate Content

S Lo

Disease mechanisms
le.g., prostate cancer)

angiogenesis)

Molecudar mechanisms
fe.g., Fos, Vegf)

Sequence mechanisms
le.g., DNA, RNA)

Content acquisition Ingenuity ontology
B Provides contextual details such as:

O Species specificity, cell type/tissue context, site and type of mutations, direction of change,

post-translational modification sites, epigenetic modifications, and experimental methods

B Supports Computation
O Ask questions across various types of connections

0O Make inferences from one concept to another, or find likely paths between molecular concepts

(gene to disease, drug to gene, etc.).
M Provides Synonym Resolution
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Evaluation License

® License Wizard

CLC Genomics Workbench

You need a license...

In order to use this application you need a valid license.
Please choose how you would like to obtain a license for your workbench.

® Request an Evaluation License
Choose this option if you would like to try out the application for 14
days.
Please note that only a single 14 day evaluation license will be
allowed for each computer.

_ Download a License

Choose this option if you have a License Order ID and would like to
download a license.

) Import a License from a File

Choose this option if you have a License File on your computer and
would like to import it.

) Upgrade a license from an older Workbench

Choose this option if you have an older version of this workbench with
a commercial license, and would like to upgrade your license.

) Configure License Server Connection

Choose this option if your company or institution is using a central CLC
License Server. This option also enables you to disable a license

canrar rannactinn

Ifyou experience any problems, please contact The CLC Support Team

’ Proxy Settings Limited Mode re It I Next H Quit ‘
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Benchtop Sequencers

90-day CLC Genomics Workbench trial license for benchtop sequencers

- =

To help make sequencing analysis easier, CLC bio has decided to provide one fully functional 90-day
trial license for CLC Genomics Workbench, including free customer support and all upgrades, to all
labs or organizations that own a benchtop NGS sequencing instrument:

® |on Torrent PGM

® Roche 454 GS Junior
® ||[lumina MiSeq

® |on Proton

If your lab owns more than one instrument, we will provide you with multiple licenses — one license
per instrument.
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RNA-Seq reads +

Reference “Large Gap Read “‘RNA-Seq
genome (+ some Mapping” on Analysis” using
gene & coding reference genome newly annotated

region + “Transcript reference

annotations) Discovery” sequence

Differential
expression
analysis via “Set
Up Experiment”

“‘RNA-Seq Analysis” Differential

ion “ expression analysis
De novo Assembly (choose option “one pre. L y
reference sequence via o€t Up

per transcript”) Experiment”
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Input files in TranscriptDiscovery folder

» Install plugin “Transcript discovery” Install plugin “blast2GO Pro”
* Run Transcriptomics -> RNA-Seq Analysis -> * Run Mapping, Annotation, Interpro
Transcript discovery using “Large Gap Read .
Mapping”
« Extract new genes (Gene 1-5) from “annotated
reference” using Classical Sequence Analysis -
> General Sequence Analysis -> Extract
Annotations:

8 06 Extract Annotations

¢ 1. Choose where to run S0 (EIEHEES

2. Select annotated Select a reference sequence track
sequences OR annotation
or variant tracks Reference sequence track

3. Set parameters
Refine extracted annotations

Search terms  Gene

Annotation types Gene

Flanking
Flanking upstream residues 0

Flanking downstream residues 0

Naming of result sequences
# Include annotation name
| Include annotation type
[ Include annotation region
Include annotation chromosome

[ Include sequence/track name

?2) (s Previous | Next | Finish | Cancel |

» Blast extracted sequences (blastx)
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