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Understanding data analysis- why?

ABioinformaticiansmight not alwaysbe availablewhenneeded

ABiologistsknowtheir own experimentsbest

o Biologyinvolved(e.g. genes pathways etc)
o Potential batch effects etc

AAllows you to design experimentstter A less money wasted

AAllowsyouto discussmore easilywith bioinformaticians
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What will | learn?

AHow tooperatethe Chipstersoftware

AAnalysis of single cell RN#eq data

o Centralconcepts
0 Analysissteps
o Fileformats

A Exercises

o DropSeq data preprocessing (from raw reads to expression values)
o0 Custeringanalysisof 10X Genomicdata with Seurat tools
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Introduction to Chipster




Chipster

A Provides an easy access to over 360 analysis tools
o Command line tools
0 R/Bioconductor packages

A Free, open source software

A What can | do with Chipster?
0 analyze and integrate highroughput data
0 Vvisualizedata efficiently
0 shareanalysissessions
0 save and share automatic workflows




Technical aspects ——

csc

AClient-serversystem

o Enough CPU and memory for large analysis jobs
o Centralized maintenance

Client software Chipster server

AEasyto install

o ClientusesJava Welstart
o0 Serveravallableas avirtual machine
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File broker

Computing
services

Authentication Management




+ Chipster

Open source platform for data analysis
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Welcome to Chipster

Chipster is a user-friendly software for analyzing high-throughput data such as NGS and
= Home microarrays. It contains over 360 analysis tools and a large collection of reference genomes. Users
can save and share automatic analysis workflows, and visualize data interactively using for
example the built-in genome browser. Chipster's client software uses Java Web Start to install itself
automatically, and it connects to computing servers for the actual analysis. Chipster is open
= Screenshots source, and the server environment is available as a virtual machine image free of charge. If you
would like to use Chipster running on CSC's server, you need a user account.

= Getting access

= Analysis tool content

= Manual

m Tutorial videos

= Cite Launch Chipster v3.12

= FAQ O ...or launch with more memory: 3 GB or 6 GB

= Contact If you have trouble launching Chipster, read this
= For developers: News and resources:

© Open source project e 25.10.2017 Version 3.12 released

11.10.2016 Webinar: Beginner's introduction to RNA-seq data analysis using Chipster
10.10.2016 Instructions for stranded RNA-seq data

19.8.2014 RNA-seq data analysis guidebook with Chipster instructions

News archive

o Tool editor

Training:

e 9.2.2018 Single cell RNA-seq data analysis using Chipster, CSC
e 16.1.2018 Webinar: VirusDetect pipeline
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# Chipster 3.12.2 - O X

Eile Edit View Workflow Help r
Datasets Analysis tools csc
-~ - H

_____ 7 ::zg-:zg'1' faa Ssttqd gf\tml —{ | Microarrays | NGS | Misc UV] | X | Show parameters B

-[®] drseq:read:2:f§stqc_.html —1 |~ Quality control Preprocessing DropSeq FASTQ files Merge sorted BAM alignment and unaligned,

""" g taqq!nq_ang_tr!mm!nq_;t_Jmmarv.txt " Preprocessing Merge aligned and unaligned BAM tagged BAM file. Make sure the input files are

..... = Eggc"n?e':g 1‘;:;[2;“ IGAItodEmsD @ Utilities Tag reads with gene names assigned correctly!

----- =l drseq:read:1_unaliqned.bam | ® Matching sets of genomic regions Estimate number of usable cells

@ drsealreadl1lf35ti c.html | ® Alignment Create digital gene expression matrix

; ; ‘ fa ® Variants BETA Seurat -Setup and QC

=] hisat.IEJq £ ) ® RNA-seq BETA Seurat -Filtering, regression and detection ¢

""" =l drseq_read_1_merged.bam ® Small RNA-seq BETA Seurat -PCA

% drseq_read_1_merged.bam.bai —  ChlP- and DNase-seq BETA Seurat -Clustering

_____ = m:;g:g'ggggg'ggm bai @ 16S rRNA sequencing BETA Seurat -Visualize biomarkers

-] inflectionPoint.pdf ® CNA-seq

..... E Ce"_rea.dcounts.m-qz E . Single cell RNA'Seq (BETA) ‘l T ] | ’I More help ” Show tool sourcecode ]
Workton

-~

BAM viewer o

@ Q M Fit = T Detach X
drseq_read_1.bam e
259 MB, Tue Feb 06 07:54:27 EET 2018
(Click here to add your notes)
Created with Chipster 3.12.2
Analysis history

k Genome browser
e

L @... Open in external web browser

Alignment / HISAT2 for single end reads

Genome Mus_musculus.GRCm38.90

Library type fr-unstranded

How many hits to report foraread 5

Base quality encoding used Sanger - Phred+33

Minimum intron length 20

Maximum intron length 500000

Disallow soft-clipping Use soft-clipping |
Require long anchor lengths for Don't require v

-onnected to chipster.csc.fi as demo | ’ Viewjobsl I 0 jobs running ’ I Used memory 151M / 800M _



Mode of operation
Select: data A tool category A tool A run A visualize

# Chipster 3.12.2

File Edit View Workflow Help

PDatase
rseq_read_1.fastq.qz
~[®] drseq_read_1_fastgc.html
~[®] drseq_read_2_fastqc.html
----- = tagging_and_trimming_summary.txt
~[2] tagging_and_trimming_histograms.pdf
----- 4 drseq_read_1.fq.qz
~[El drseq_read_1_unaligned.bam
~[®] drseq_read_1_fastgc.html
-4 drseq_read_1.bam.bai
~[El hisat.log
~[El drseq_read_1_merged.bam
-4 drseq_read_1_merged.bam.bai
~[El merged_tagged.bam
-4 merged_tagged.bam.bai
2] inflectionPoint.pdf
-~ cell_readcounts.txt.qz

| Y S SR D Sy S S

Workflow
@ Q M Fit

Ana 00

Microarrays | NGS | Misc

Q X | Show parameters wn B

Quality control
Preprocessing
@ Utilities
@ Matching sets of genomic regions
® Alignment
® Variants
® RNA-seq
® Small RNA-seq
ChlIP- and DNase-seq
@ 16S rRNA sequencing
® CNA-seq

Single cell RNA-seq (BETA) 4

drseq_read_1.bam

259 MB, Tue Feb 06 07:54:27 EET 2018

(Click here to add your notes)
Created with Chipster 3.12.2

Preprocessing DropSeq FASTQ files Merge sortegs®®M alignment and unaligned,
Merge aligned and unaligned BAM d BAM file. Make sure the input files are
Tag reads with gene names assigned correctly!

Estimate number of usable cells
Create digital gene expressigff matrix
BETA Seurat -Setup ani

] ] More help

” Show tool sourcecode |

= T Detach X

BAM viewer

. L ﬂ Genome browser

AnalpeetTSTOTY

L @ Open in external web browser

Alignment / HISAT2 for single end reads

Genome

Library type

How many hits to report for a read
Base quality encoding used
Minimum intron length

Maximum intron length

Disallow soft-clipping

Require long anchor lengths for

Mus_musculus.GRCm38.90
fr-unstranded

5

Sanger - Phred+33

20

500000

Use soft-clipping

Don't require

[ T»]
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-:onnected to chipster.csc.fi as demo

(H Viewjobsl |) 0 jobs running H Used memory 151M / 800M
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Jobmanager

A You canrun many analysisjobs at the sametime

A UseJobmanagerto:
0 view status

Start Time Status

Actions

0] CanceIJObS Gene set test
o viewtime Dendrogram
0 view parameters

Illumina
Filter by coefficient of variation
NMDS

PCA

Wed May 20 10:17:... Running

Wed May 20 10:17:... Completed
Wed May 20 10:16:... Completed
Wed May 20 10:16:... Completed
Wed May 20 10:16:... Completed

Wed May 20 10:16:... Completed

Cancel

csc




Analysis history Is saved automatically
-you can add tool source code to reports if needed

Show for Datasets:

Step title Applied analysis tool [] User notes
Dataset name Parameters

[] Creation date [] source code

Dataset name: hESC.bam

Created with operation: Alignment / Bowtie2 for single end reads
Parameter Genome or transcriptome: hgl9

Parameter Alignment strategy to use: --sensitive

Parameter Quality value format used: --phred33

Parameter How many valid alignments are reported perread: 0
Parameter Put unaligned reads to a separate file: no
Parameter Match bonus: 2

Parameter Maximum penalty for mismatch: 6

Parameter Penalty for non-ACGTs: 1

Parameter Gap opening penalty for the reads: 5

Parameter Gap extension penalty for the reads: 3

Parameter Gap opening penalty for the reference: 5

Parameter Gap extension penalty for the reference: 3

Dataset name: htseg-counts.tsv

Created with operation: RNA-seq / Count aligned reads per genes with HTSeq
Parameter Organism: Homo_sapiens.GRCh37.68

Parameter Chromosome names in my BAM file look like: yes

Parameter Does the alignment file contain paired-end data: no

Parameter Was the data produced with a strand-specific RNA-seq protocol: no
Parameter Mode to handle reads overlapping more than one feature: union
Parameter Minimum alignment quality: 1

Parameter Feature type to count: exon

Parameter Feature ID to use: gene_id

Parameter Add chromosomal coordinates to the count table: yes

Save... Close




Analysissessions 1

ARemember to save the analysis session.

0 Session includes all the files, their relationships and metadata (what tool and parameters were
used to produce each file).

0 Session issingle .zip file.

AYou can save a session locally (on your computer)

Aand in the cloud
o but note that the cloud sessions are not stored forever!




Workflow panel X

csc

A Showsthe relationships of the files & Q [ Fi

A You can move the boxesaround, and zoom in and out.

gz | | gz —html

A Severalfiles canbe selected by keeping the Ctrl key down \

bam

txt | | pdf

N

A Right clicking on the data file allows you to

o Saveanindividualresultfile j Exportd q html
o Delete l
o Linkto anotherdatafile bam|— bai
o Saveworkflow |
bam

N e

txt tsv | |bam| ] txt |

txt

Connected to chipster.csc.fi




csc

Workflow z reusing and sharing your analysis pipeline

A9T O AAT OAOA UI OO AT Al UOEO OOAPO AO A
o all the analysis steps and their parameters are saved as a scriji

oyou canapply workflow to another dataset
o you can shareworkflows with other users




File Edit Wiew BGIES{ETN Help

Datasets
1 Datasets
----- i drseq_read Z
----- i drseq_read_
----- [®] drseq_test_?
----- =l tagging_and_
----- [ tagging_and_
----- i drseq_read_ Save starting from selected...

Run...

Run recent ¥

Run from Chipster repository  »

>I

----- =l drseq_read_1_unaligned.bam
----- =1 drseq_read_1_aligned.bam
----- imd drseq_read_l.bam.bai

----- =1 junctions.bed

----- =l tophat-summary.txt

----- B8] merged bam

----- g merged.bam.bai

& Q [7 Fit

-

worktiow

onnected to chipster.csc.fi

Saving and using workflows -

csc

ASelect the starting point for your workflow

A3 A1 AMar&flove / Savestarting from selectedd

ASavethe workflow file on your computer with a
meaningful name
0$ | 1cBadgethe ending(.bsh)!

ATo run a workflow, select

o Workflow -> Open and run

o Workflow -> Run recent (if you saved the workflow
recently).



Analysis tool overview 1

A160 NGS tools for A140 microarray tools for
RNAseq geneexpression
single cell RNAseq MiRNAexpression
smallRNAseq protein expression
exome/genomeseq aCGH
ChiRseq SNP
FAIRE/DNas&eq Integration of different data
CNAsseq
Metagenomicq(16SrRNA)

A 60 tools for sequence analysis
BLAST, EMBOSS, MAFFT
Phylip



csc

Visualizing the data

A Data visualization panel

o0 Maximizeandredrawfor better viewing
o0 Detach= open in aeparatewindow, allowsyouto view severalimagesat the sametime

A Two types of visualizations

1. Interactive visualizationsproducedby the client program
0 Select thevisualizationmethod from the pulldownmenu
o Savebyright clickingon the image

2. Static imagesproducedby analysistools

o Selectfrom Analysistools/Visualisation
o Viewbydoubleclickingon the imagdfile
0 Saveby right clickingon thefile nameandchoosingéExport




Expression profile for two-sample tsv

Interactive visualizations by the client

A Genomebrowser
A Spreadsheet

A Histogram S i
A Venndiagram -
A Scatterplot

A 3Dscatterplot

A Volcanoplot

A Expressiorprofiles

A Clusteredprofiles

A Hierarchicaklustering
A SOMclustering

expression

ssssssssssss

Availableactions

A Selectgenesandcreatea genelist
A Changetitles, colorsetc

A Zoomin/out




Static Iimages produced by R/Bioconductor

A Dispersiorplot
A MAplot

A MDSplot

A Boxplot

A Histogram

A Heatmap
AtSNEplot

A Violin plot

A PCAplot

A Dendrogram

A K-meansclustering
A SOM-clustering
A Etc8



