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Program

Introduction to Chipster

Quality control and preprocessing of reads (FastQC, PRINSEQ)
Mapping (= aligning) reads to reference genome (BWA)
Manipulation of alignment files (Samtools)

Visualization of alignments in genome browser

Variant calling (Samtools, GATK)

Variant filtering (VCFtools)

Variant annotation (Bioconductor)

Matching sets of genomic regions (BEDtools)

Saving automatic workflows |
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Introduction to Chipster

CSC




Goal of Chipster is to enable biologists to

» analyse and integrate high-throughput data
» visualize results efficiently
» save and share automatic workflows

-
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“hipster 2.1.0 -
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Analysis functionality, overview

» 90 NGS tools for

ChiIP-seq

RNA-seq
MiRNA-seq
MeDIP-seq
CNA-seq
exome/genome-seq

» 140 microarray tools for

gene expression

MIRNA expression

protein expression

aCGH

SNP

Integration of different data

» Tools served in a biologist-friendly manner
* VVocabulary, parameter selection

 "Bigger” tools to avoid unnecessary steps +
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Chipster NGS functionality — part |

» Quality control, filtering, trimming
 FastX, FastQC, PRINSEQ
» Mapping (alignment)
 Bowtie, BWA,Tophat
» Processing
e Picard, SAMtools
Visualization of reads and results in their genomic context
Genomic region matching
« BEDTools, HTSeq, In-house tools
» Exome-seq and genome-seq
« Variant calling with Samtools
« Variant filtering with VCFtools

 Variant annotation with Bioconductor L
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NGS data analysis functionality — part Il

» ChlIP-seq
» Peak detection and filtering (MACYS)
* Motif detection and matching to JASPAR (MotlV, rtGADEM)
» Retrieve nearby genes, pathway analysis (GO, ConsensusPathDB)
» MIiRNA-seq
» Differential expression (edgeR, DESeq)
* Retrieve target genes (PicTar, miRBase,TargetScan, miRanda,..)
« Pathway analysis (GO, KEGG)
» RNA-seq
» Differential expression (Cufflinks, edgeR, DESeq, DEXSeq)
» MeDIP-seq
* Methylation analysis, comparison of two conditions (MEDIPS)

» CNA-seq L
» Detection of copy number changes
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Visualisation
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Users on CSC’s Chipster server in Finland
- many other Chipster servers around the world
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More Info

» chipster@csc.fi

» http://chipster.csc.fi

» http://chipster.sourceforge.net/
» BMC Genomics 2011, 12:507

(emc

Genomics

home | journals A-Z | subject areas | advanced search | authors | reviewers | libraries | about | my BioMed Central

Software Highly accessed

Chipster: user-friendly analysis software for microarray and
other high-throughput data

M Aleksi Kallio &, Jarno T Tuimala B, Taavi Hupponen &, Petri Klemela B4, Massimiliano Gentile &, Ilari
Scheinin B, Mikko Koski P, Janne Kaki *] and Eija I Korpelainen =l

BMC Genomics 2011, 12:507 doi:10.1186/1471-2164-12-507




Chipster start and info page: chlpster csc.fi
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(Getting access
Analysis tool content
Supported chip types
Tutonals

Manual

Open source project

Contact

©o §
¢ €
Chipster S e &

Open source platform for data analysis C

Welcome to Chipster

Chipster is a user-friendly analysis software for high-throughput data. It
contains over 200 analysis tools for next generation sequencing (NGS),
microarray and proteomics data. Users can save and share automatic
analysis workflows, and visualize data interactively using a built-in genome
browser and many other visualizations. Chipster's client software uses Java
Web Start to install itself automatically, and it connects to computing servers
for the actual analysis. Chipster is available for local server installations at the
Chipster open source site. If you would like to use Chipster running on CSC's
server, you need a user account. For basic sequence analysis tasks, please

use Embster.

@ Launch Chipster v2.2.0

27.9.2012: New version, read more

@ Launch Chipster Genome Browser

Visualization only, no user sccount reguired (manual).




Chipster mode of operation

Select data
Select tool category

Select tool (set parameters if necessary) and click run
View results

control.bam.bal

ST treatment.bam
BTNt reatment.bam, bai

-] cisRED_STATL_TRACK.tsv

=] logo-plot-1.png
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- [E] analysis-log.bd
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model-plot.png
- [E] positive-peaks.bed

SES0 o ositive-peaks.tsv

Notes for dataset

ChiP-seq / Find peaks using MACS, treatment vs. control
Sun Jul 17 23:17:32 EEST 2011

File format=BAM, Genome=human, Read length=25,
Bandwidth=200, P-value cutoff=0.000010, Peak model=yes, Upper
M-fold cutoff=30, Lower M-fold cutoff=10

Add your notes here..,

-Connected to chipster.csc.fi

Analysis tools
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Filtering Find peaks using MACS, treatment only
Quality control Find peaks using MACS, treatment vs. control
@ Utilities
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Find the nearest genes for regions
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GO enrichment for list of genes

@ Matching genomic regions
@ Alignment
® RMNA-seq
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ChIP-seq

ol will search for statistically significantly
enriched genomicregions in sequencing data from
@ ChIP-seq experiment. The analysis is performed on
one or maore treatment samples relative to one or
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Run [
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Workflow view

» Shows the relationships of the data sets

» Right clicking on the data file allows you to

e Save an individual result file ("Export”)
 Delete

* Link to another data file

o Save workflow

» Zoom in/out or fit to the panel. You can also
move the boxes around

» Select several datasets by keeping the Ctrl
key down

onnected to chipster. csc fi
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Automatic tracking of analysis history

|File Edit  Wiew  izard  orkflow  Help

1 Datasets = Marmalisation Seatch by carrelation x
=53 My experiment Quality control Seatch by gene name e s e e
----- {El| G5M11805.cel @ Preprocessing Merge tables Bhefiadata for .
..... (& G5M11814.cel @ Statistics Export kabZmage forrnat
_____ [E] GSM1182% cel @ Clustering Expaork GEC's SOFT Format
&) G5M11E30. el @ Annotation Impark From GED
_____ B sarmalizadirey @ Pathways Extract genes from clustering
@ Promoter Analysis Extract samples from dataset

---- {71 phenodata,tsy o _ _
----- E sd-filker bsy | 3 Bhistory I [ 55
LTI

Show For Datasets:

Step title applied Operation [ User Motes
: Dakaset Name Parameters _
----- [®] annotations.html B _ _
=== s il [ Creation Date [] Cperation Source Code —

Data vi -
Step 3 m

Methud"[ ______

Dataset name: bwo-sample, tsy

Created with operation: Two groups bests

Parameter column: group

Pararmeter test: t-test =3

Parameter p.value, adjustment, method: none
Parameter p.value threshold: 0,05

Dataset name: seqs.bxt.wee
Created with operation: ‘Weeder
Parameter species: human
Farameter promoker, size: short

-

Save... Close




Analysis sessions

» In order to continue your work later on, you have to save the
analysis session.

» Saving the session will save all the datasets and their
relationships. The session is packed into a single .zip file and
saved on your computer.

» Session files allow you to continue the work later, on another
computer, or share it with a colleague.

» You can have multiple analysis sessions saved separately, and

combine them later If needed.
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Workflow — reusing and sharing your
analysis pipeline

» Chipster allows you to save your analysis workflow as a
reusable automatic "macro”, which can be applied to another
dataset

» All the analysis steps and their parameters are saved as a
script file, which you can share with other users




Saving and using workflows

A Chipster v1.4.2 (build 831)

File  Edit  Wiew Help

» Select the starting point for
. EERES == your workflow and click

Run From Chipster repository Gene expression analysis

..... - ; .- ' Protein expression analysis i WO r kfl OW/ Save Starti n g fro m

Save starting From selected. ..

..... [#] boxplat.png miRMA expression analysis I d ”
_____ G selecte

More information. ..

----- [#] dendrogram-bw.png -
e @ Promoter Analysis
----- [#] dendrograrn-calar. prg i
B bwo-sample. by | @ Vvisualisation
= R w @ Utilities
----- [#] resample.png

_____ e | =T > You can save the workflow

5 E i file anywhere on your

= computer and change its
name, but the ending must be

.bsh.

» To run a workflow select
 Workflow->Open and run

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




Importing data to Chipster
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Different ways of importing data to Chipster

» Import afile

 Files /Import files (note that you can select several files by keeping
the Crtl key down)

« FASTQ, BAM, BED, VCF and GTF files are recognized automatically

« SAM/BAM and BED files can be preprocessed at the import stage
(sort and index BAM, sort BED)

» Import a folder
 Files /Import folder

» If you want to continue an existing analysis session
 Files / Open session

-
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Exercise 1: Start Chipster and import data

» Launch Chipster client program
e Go to http://chipster.csc.fi
 Login

e username: oulu2012exome
e password: training

» Import data
* Click Import files and select file h1-hESC_ RNAseq.fastq

 When the file appears in the workflow view, double-click on it to
see what it looks like. Maximize the visualization panel.

-
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Raw data: FASTQ file format (.fastq / .fq / .txt)

» Four lines per read:

* Line 1 begins with a'@' character and is followed by a sequence identifier.

Line 2 is the sequence.
* Line 3 begins with a '+' character and can be followed by the sequence identifier.

* Line 4 encodes the quality values for the sequence, encoded with a single ASCII

character for brevity.

« Example:

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+

H((((%*4))%%%++) (%% %%) . 1¥+*-+*"))*55CCF>>>>>>CCCCCCC65

» http:/len.wikipedia.org/wiki/FASTQ_format +
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Base qualities

> If the quality of a base is 30, the probability that it is wrong is 0.001.
So if you have 1000 bases of quality 30, one of them is wrong on
average.

e 40->1in 10 000 is wrong
e 20->11in 100 is wrong
* Phred quality score Q =-10 * log10 (probability that the base is wrong)

» Encoded as ASCII characters so that 33 is added to the Phred score
* This "Sanger” encoding is used by Illumina 1.8+, 454 and SOLID

* Note that older lllumina data uses different encoding
e [lluminal.3: add 64 to Phred
* lllumina 1.5-1.7: add 64 to Phred, ASCII 66 "B” means that the whole read segment

has low quality

CSC




Base qualities

C eSS S E S S B B S S S S S S S S S S B B e S S S e B S 0 B S e B e . . . i i s i s s ittt s s s s a s s a et e e s e e e e
.......................... e o . . . . . e et i e i i e e n s n s a e
................................. JIJIIIIIIIIIIIIIIIIIIIITIIIIITITITTTTTTTT . v v i v e s e v e v e m v mmmmnns
I "#5%&" () *+,-./0123456789: ; <=>?@ABCDEFGHITKLMNOPQRSTUVWXYZ [\ ] * “abedefghijklmnopgrstuvwxyz{ |}~
| | | I I |
23 1) 64 73 104

S - Sanger FPhred+33, raw reads typically (0, 40)

X - Solexa Solexa+64, raw reads typically (-5, 40)

J - Illumina 1.5+ Phred+64, raw reads typically (2, 40) with 0 and l=unused, 2=Read Segment
Quality Contreol Indicator (bold)
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Quality control
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What and why?

» Potential problems
* low-quality sequences
e sequence artifacts
e Sequence contamination

 Examples: low confidence bases, Ns, duplicate reads,

location bias, adapters, another organism...

Knowing about potential problems in your data allows you to

» correct for them before you spend a lot of time on analysis

» take them into account when interpreting results 1
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Software packages for quality control

» FastQC (available in Chipster)

» FastX (available in Chipster)

» PRINSEQ (available in Chipster, excellent for 454 data)

« Memory issues: use a subset of FASTQ file for this tool

» HTSeq QC scripts
» SolexaQA
» TagDust

-
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Quality control measurements

» Quality plots
 Per base
e Perread

» Composition plots
* Per base composition
e GC content and profile

> Contaminant identification

* Overrepresented sequences and k-mers
* Duplicate levels

CSC




Per base sequence guality plot (FastQC)

Quality scores across all bases {lllumina 1.5 encoding)
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Quality drops gradually

Quality scares across all bases (llumina =1 3 encoding)

SEEHHHHﬂHﬁﬁﬁWﬁWﬂﬂﬂﬂHHHI

Pasition in read (bp)

» Typical for longer runs -> filter / trim the low quality ends. \
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Quality drops suddenly

Quality scores across all bases (lllumina »v1.2 encoding)

BB BERBRENE <=/ [

1 S 5 7 2] 11 1= 1% 17 1s 21 2z 25 ZF¥ 2w 21 2% 2% 27 3%
Pasition in read {bp)

» Problem in the flow cell -> trim the sequences

-
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Read mean quality scores (PRINSEQ)

6,588

5 10 15 20 25 30

Mean of quality scores per sequence

Number of sequences
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Per base sequence content (FastQC)

Seguence content across all bases
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Biased sequence

eeeeeeeeeeeeeeeeeeeeeeeee

AHEE

» Library has a restriction site at the front
» A single sequence makes up of 20% of the library




K-mer profile plot (FastQC)

100

a0

a0

70

B0

50

40

20

20

10

0

v nt over read length

, ﬁ‘/"‘"""ﬂ

N
'f"" 'r‘
\V/ u

%}@«/@%{% N

1 2 34 5 6 7 8 910 12 14 158 15 20 22 24 28 28 30 a2 24
Fosition in read (bpl

ACACA
CACAC
GTGTG
TGETGET
HTTE

-

CSC




K-mer enrichment rises towards the end

100 Relative enrichment over read length

90
80
70
60
50
40

30

20

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Position in read (bp}

» Reads contain partial lllumina adapter sequences -> trim \
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GC content (PRINSEQ)

GC CONTENT DISTRIBUTION

Value
Min 10
Max a0
Range (Max - Min) 81
Mean (Average) 883
Standard deviation 8.06
Mode (x-axis value) 59
Mode value (y-axis value) 8,128
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Percentage of Ns per read (PRINSEQ)

OCCURENCE OF N

Value
# Sequences with Ns 5385 (5.95%)
Max percentage of Ns per sequence 5
5,688
Wi
U
]
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o
w
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1 oo
10 20 30 40 50 [ 70 a0 i

Percentage of N's per Read (1-100%)




Number of duplicates per read (PRINSEQ)

SEQUENCE DUPLICATION
# Sequences Max duplicates

Exact duplicates 20478 (29.74%) 353
5 duplicates 0 0

¥ duplicates 0 0

Exact duplicates with reverse complements 2 {0.00%) 1

513" duplicates with reverse complements 0 0

Total 20480 (29.74%)

M Exact dupl. S dupl. M 3 dupl. B Rev. compl. exact dupl. [l Rev. compl. 53" dupl.

Number of duplicates

356 -
.I‘“I““l““I|||||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlI|||||||||||||||||||||||| |
10 20 30 40 50 B0 T0 20 ]

Seguence

CSC




Low complexity plots (PRINSEQ)
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Exercise 2: Quality control plots

Select the file h1-hESC_RNAseq.fastq

Select the tool category Quality control

Select the tool Read quality with FastQC and click run.

How many reads are there and how long are they (fastqc_data.txt) ?

Up to what length is the quality acceptable (per_base quality.png)?
What quality encoding is used?

*'V VY

» Analyze the same fastq file with Read quality statistics with PRINSEQ

o Select the file read-stats.html and the visualization method Open in
external web browser.

* Inspect the report. What is the percentage of reads containing Ns and

duplicates? Do you need to filter for low complexity reads?

CSC




Filtering and trimming low quality reads
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Filter and trim low quality reads: FastX

> Filter sequences based on quality
e Decide what is the minimum quality value allowed (e.g. 20)

» Decide what percentage of bases in a read should have at least
this quality

» Trim a certain number of bases from all reads
* Decide how many bases should be trimmed and from which end

> Filter reads for adapters, ambiguous nucleotides (N) and length
» Give the adapter sequence and decide what is the minimum

allowed sequence length after clipping

CSC




Filter low quality reads: PRINSEQ

» Filter sequences based on quality scores

* Min/ max quality score per base, mean of quality scores
» Filter for low complexity

« DUST (score 1-100, > 7 means low complexity)

e Entropy (score 1-100, < 70 means low complexity)
» Filter for Ns

« Maximum count/ percentage of Ns that a read is allowed to have
» Filter for length

 Min/ max length of a read
> Filter for duplicates

* EXxact, reverse complement, or 5'/3’ duplicates
> Filter for several criteria

» All above, and possibility to get filtered pairs for paired end Fata

CSC




Trim low quality reads: PRINSEQ

» Trim based on quality scores
 Min, mean
* In a sliding window
e From 3 or 5 end

» Trim polyA/T tails
e Minimum number of A/Ts
e From left or right

» Trim based on several criteria
o All above
 Trim X bases from left/ right
e Trim to length x

CSC




Exercise 3: Filter and trim reads (FastX)

» Filter based on base quality

o Selectthe file h1-hESC_RNAseq.fastq and the tool Filtering / Filter
reads for quality, and set the quality cut-off value to 20

« How many reads were filtered out?

« Check if the base quality now looks acceptable using the tool Read
quality with FastQC on the filtered data (file quality_filtered.fq)

» Trim off the ends of all reads

o Selectthe file h1-hESC_RNAseq.fastq and the tool Utilities / Trim
reads, and set the last base to keep to 50

* Run the tool Read quality with FastQC on the trimmed data

Which approach would you use to get rid of low quality sequence:

trimming all reads or filtering based on qualities? Why?

CSC




Exercise 4: Filter and trim reads (PRINSEQ)

» Trim based on quality

o Selectthe file h1-hESC_RNAseq.fastq and the tool Utilities / Trim
reads by quality, and set the parameter Trim 3’ end by quality to 20

« How many reads were filtered out? How does the fastq file look like?

» Remove duplicates, Ns and too short reads

« Selectthe file trimmed.fastq and run the tool Filter reads by several
criteria using the following parameters:

e Minimum length =50

« Maximum count of Ns =0

 Types of duplicates to filter = exact duplicates
« Number of allowed duplicates = 2

« How many reads were kept?

—
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Map (=align) reads to reference genome
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Why?

» Most NGS applications (apart from de novo assembly)
require location information = mapping the reads to a

reference

« RNA-seq

Re-sequencing, variant detection

ChiIP-seq

Assembly by mapping

Methyl-seq

CNA-seq

» Mapping can seriously affect the analysis results +

CSC




Alignment (= mapping) programs

» Bowtie
 Bowtiel is fast but cannot handle indels
 Bowtie2 can handle indels
» BWA
e Can handle indels, for variant detection
» TopHat

 For RNA-seq data, can handle spliced reads

CSC




BWA

. Performs gapped alignments = able to detect indels
« Two alignment algorithms available:
« BWA for short ( < 200 bp) good quality reads (error rate <3%)
« BWA-SW for longer reads (for single-end reads only)
« Chipster has separate tools for single-end and paired end-data
« Reference genome indexes currently for human, mouse and rat
. Let us know if other reference genomes need to be added

« You can use your own reference too, but indexing may take
some hours

« Supply reference genome in FASTA format

-
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BWA cycles and parameters

. First alignment cycle: match seed regions of the reads
« Seed length (starts from the beginning of the read)
« Mmax number of seed region differences

« Second alignment cycle: gapped alignment
« Mismaitch, gap opening, gap extension, total number of gaps
« quality based trimming
. disallowed regions for gaps

. Parameters controlling which alignments are reported
« Mmaximum edit distance
« maximum number of gaps and gap extensions
« Mmismaitch penalty threshold

« Mmax. number of alignments for a read L

CSC




File format for mapped reads: BAM/SAM

>

>

A\

Y VY

SAM (Sequence Alignment/Map) is a tab-delimited text file containing
read alignment data. BAM is a binary form of SAM.

Optional header section
Alignment section has one line with11l mandatory fields for each read:

* read name, flag, reference name, position, mapping quality, CIGAR,
mate name, mate position, fragment length, sequence, base qualities

CIGAR reports match (M), insertion (1), deletion (D), intron (N), etc

Example:

@HD VN:1.3 SO:coordinate

@SQ SN:ref LN:45

ro01 163 ref 7 30 8M214M1D3M = 37 39 TTAGATAAAGGATACTG *

* The corresponding alignment

Ref AGCATGITAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
csc

rool TTAGATAAAGGATA*CTC




BAM file format (.bam) and index (.bai)

» BAM files can be indexed by genomic position to efficiently
retrieve reads for a given region. The index file must have the
same name.

» Genome browser requires both BAM and the index file.
» Chipster allows you to view BAM files with BAM viewer.

» The alignment tools of Chipster automatically produce sorted
and indexed BAMSs.

» When you import BAM files, Chipster asks if you would like to
preproces them (convert SAM to BAM, sort and index BAM).

-
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Exercise 5: Map reads to genome

» Select file accepted.fastq and Alignment / BWA for single end reads.
Set genome to human (hg19)

* What does the BAM file look like?

» Select the BAM file and run Utilities / Count alignments in BAM
« How many alignments are there?
« How many alignments have a mapping quality higher than 20?7

» What happens to the alignment number when you run BWA and
o setthe maximum number of differences in the seed region to O

-
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Visualization
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Why?

Nothing beats the human eye in detecting potentially

Interesting patterns in the data

CSC




Software packages for visualization

Chipster genome browser
IGV
UCSC genome browser

Tablet

vV VYV V VYV V

» Differences in memory consumption, interactivity, ability to

edit, annotations, contiq view,...

-
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Chipster Genome Browser

Integrated with Chipster analysis environment
Automatic sorting and indexing of BAM and BED
Automatic coverage calculation

Zoom in to nucleotide level

Highlight SNPs

View spliced reads

Jump to locations using BED and VCF files

Several views (reads, coverage profile, density graph)

Memory-efficient

CSC
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Exercise 6: View reads In genomic context

» Select bwa.ham and bwa.bam.bai

» In the visualization panel, select genome browser and click on the

maximize button

« Select genome hgl9, set the coverage scale to 250, type gene

CNN2 in the location field and click go.

e Zoom in to the nucleotide level. Can you see any SNPs?

-
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Manipulating BAM files
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Manipulating BAM files (SAMtools, Picard)

» Convert SAM to BAM, sort and index BAM
e "Preprocessing” when importing SAM/BAM, runs on your computer.
* The tool available in the "Utilities” category runs on the server.
» Index BAM
» Statistics for BAM
« How many reads align to the different chromosomes.
» Count alignments in BAM
« How many alignments does the BAM contain.
* Includes an optional mapping quality filter.
» Retrieve alignments for a given chromosome/region
 Makes a subset of BAM, e.g. chrl:100-1000, inc quality filter.

» Create consensus sequence from BAM

CSC




Exercise 7. Retrieve reads which map to chrl9

» How many reads map to chromosome 19?

 Select bwa.bam and bwa.bam.bal and the tool Statistics for
BAM, and check that the files are correctly assigned.

» Retrieve alignments to chromosome 19

 Select bwa.bam and bwa.bam.bai and the tool Make a subset
of BAM

CSC




Matching sets of genomic regions
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Why?

Useful for many questions, for example:

Do my mapped reads match to positions of known genes?

Does my SNP list contain known SNPs?

Give me only the reads which do not match known genes / SNPs
What genes are closest upstream to my ChlP-seq peaks?

Do the peaks overlap with transcription start sites?

vV VYV VYV V V VY

-
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Software packages for region matching

» BEDTools
e Supports BED, GTF, VCF, BAM
* Rich functionality

» HTSeq
e Supports GTF
» (Good gene models for mapping reads to genes

» Chipster’s own region matching tools
e Support BED
» Tolerant for chromosome naming (chrl vs 1)

-
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Region file formats: BED

» 5 columns: chr, start, end, name, score

> 0-based, like BAM

columnO | columnl | column2 | column3 columnd

chr22 21022480 21024796 JUNCO0000001 1
chrl9 201609 201783 JUNCO000000 2

chrl9 281478 282180 JUNCO0000003 E:
chrl9 252242 282511 JUNCO0000004 i |
chrl9 282751 287541 JUNCO0000005 37
chrl9 287705 288054 JUNCO0000006 B
chrl9 2858105 2913554 JUNCO0000007 18
chrl9 307454 308600 JUNCO00000035 1
chrl9 308603 308553 JUNCO0000009 .
chrl9 305863 311907 JUNCO0000010 13
chrl9 311872 312256 JUNCO0000011 26
chrl9 312205 313558 JUNCO000001 2 X2
chrl9 313575 325706 JUNCO0000013 B8

-| chrl3 325637 326573 JUNC00000014 55




Region file formats: GFF/GTF

» 9 obligatory columns: chr, source, name, start, end, score,

> 1l-based, like VCF

strand, frame, attribute

chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknaown
unknown
unknown
unknown

EROn
EXONn
EHOon
EH0on
= Awidl
2XCn
EHON
£Xon
ERONn
EXON
= (i

14362
14870
15794
16607
16858
17233
17606
17915

3268
24738
29321

gene_id
gene_id
gene_id
gene_id
gene_id
gene_id
gene_id
gene_id
gene_id
gene_id
gene_id

"WASHTE";
"WRSHTE";
"WRSHTE";
"WRSHTE";
"WASHTE™;
"WASHTE";
"WASHTE";
"WASHTE™;
"WASHTE";
"WRSHTE";
"WRSHTE";

gene_name
gene_name
gene_name
gene_name
gene_name
gene_name
gene_name
gene_name
gene_name
gene_name
gene_name

"WRSHTE";
"WASHTE";
"WASHTE";
"WASHTE";
"WASHTE";
"WASHTE";
"WRSHTE";
"WASHTE";
"WRSHTE";
"WASHTE";
"WASHTE";

transcript id
transcript id
transcript id
transcript id
transcript id
transcript id
transcript_id
transcript id
transcript id
transcript id
transcript id

"NR_024540";
"NE_024540";
"NR_024540";
"NB_024540";
"NBR_024540";
"NR_024540";
"NBR_024540";
"NR 0243407
"NR_024540";
"NE_024540";
"NBR_024540";

tas_id
tas_id
tas_id
tas_id
tas_id
tas_id
tas_id
taz_id
tas_id
tas_id
tas_id

"T357245";
"1557245";
"T357245";
"T5357245";
"T357245";
"T557245";
"1557245";
"T357245";
"15357245";
"15572457;
"T557245";
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Intersect BED (BEDTools)

» Looks for overlapping regions between two BED/GFF/VCF files
e One of the files can also be BAM
e Option for strand-awareness
» Reporting options
e Only the overlapping region
e Original region in file A or B

e Region in A so that the overlapping part is removed

 Remove the portion of a region that is overlapped by another
region

» The B file is loaded to memory

 So the smaller one should be B (e.g. BAM = A, exons = B)

CSC




Closest BED (BEDTools)

» Looks for overlapping regions between two BED/GFF/VCEF files

and if no overlap is found, the closest region is reported.

» Reports aregion in A followed by its closest region in B.
» Option for strand-awareness

» E.g. What is the nearest gene to this SNP?
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Window BED (BEDTools)

» Looks for overlapping regions between two BED/GFF/VCEF files
after adding a given number of bases upstream and

downstream of regions in A.
* One of the files can be BAM

» Reports the regions in A which overlap with regions in B.
» Option for strand-awareness

-
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