LS610 - Next Generation Sequencing Data Analysis

Description:

Massively parallel sequencing, also known as next generation sequencing, is a technology enabling
high-throughput sequencing of genomes or loci of interest. This hands-on class focuses oh a single locus.
It examines the guality of the sequence reads; mapping of reads; and the quality of the mapping. It also
examines seguence variation.

Objectives:

o Understand quality assessment of reads

e Map readsto a chromosome

e Assess guality of the mapping

e Find regions of significant variation

¢ [nterpretthe results in the biological context
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Introduction
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Objectives

Sequence quality 1

Assemble contiguous fragments
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http://en.wikipedia.org/wiki/File:DNA_Sequencing_gDNA_libraries.jpg

Variant analysis
Biological context
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Data Analysis Workflow

/Reads/
X
)

QC

Variant

/Ref /—>> Map ‘ldetection




Reference - FASTA format

>gi|206583719|gb|CM000511.1| Homo sapiens chromosome 21, whole genome shotgun s
ATTCATTCCATTCCACTGCACTCCAATCTTCACATAAAATGTAGACAGAAGCTTTCTGAGAAACTTTTCT
CTGATGTGTGCATTCATCTCACAGATGTGAACCATTCTTTTGTTTGAGCAGTTTGGTAACATTCTTTTTG
TAGAATCTGCAAAAGGATATTTGTGAGCACTTTGAAGCCTATGGTGAAAAAGGAAATATCTTCAGAGAAA
AACTAGAAAGAAGGTTTCTGAGAAACTGCTTTGTCATGTGTGAATTAGTCTCACAGATTTGAACCTTTCT
GTTGATTGAACATATTGGAAACCTTCTTTTTGTAGAATCTGCAAAGGGATATTTGTGAACACTTGGAGGC
CAATGGTGAAAAAGGAAATATATTCACATGAAAACTAGACAGAATCTTTCTGAGACACTTCTGTGTTTGG
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Reads - FASTQ Format

@SRR016862.16884
ATTTTGAGTGGTACATCTAGGTAGCCGTTTTTGGAAACGGG
+
IIIIII,IIIII?III?I&IIOSH+/I>IAS1.S, $SS#SF
@SRR016862.58801
ATTTTGAGTGGTACATCTAGGTAGCCGTTTTTGAAACCAGG
+

IITIIIIIIIIIIIIIIIOIIIOIIA.IIQ&?6&S&ES '@,
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Alignments - SAM Format

1 |(@SQ SN:chr21 LN:48129895

2 |@PG ID:bwa PN:bwa VN:0.5.9-r16

3 |SRR016862.16884 0 chr21 27002753 25 41M o 0 O arrrrcacrecracarcraccracecerrrr
4 |SRR016862.58801 0 chr2l 27002753 37 41M > 0 0 arrrrcacracracarcrascracecarrrr
5 [SRR016862.198085 0 chr2l 27002753 37 11M1D30M * 0 0 arrrrcacrecacarcraceracecarrrer
6 ISRR016862.219598 0 chr21 27002753 37 41M > 0 0 arrrrcacrecracarcraceracccarrre

corrrrrecanacass  IILINZINZINSsHs 1A% 8 8xssF  XT:A:U NM:i:3 X0:i:1 X1:i:0 XM:i:3 XO0:i:0 XG:i:0 MD:Z:30C2A4A2 |

corrrrranaccace  IINNINNSNON4 @265 sedc@. XT:A:U NM:i:2 X0:i:1 X1:i:0 XM:i:2 X0:i:0 XG:i:0 MD:Z:30C5A4
arrrerransnancet  INAI@INZICIEIGS S0 ns. s XToA:U NM:i:3 X0:i:1 X1:i:0 XM:i:2 X0:i:1 XG:i:1 MD:Z:ll"TZOG4C§
corrrercancacace  IIMAE@AI-HeCCs Faizestnerereto X oAU NM:ii1 XO0:i:1 X1::0 XM:i:1 XO:i:0 XG:i:0 MD:Z:35A5 |

http://samtools.sourceforge.net/SAM1.pdf
LIBRARY
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Variant Calls - VCF Format

http://www.1000genomes.org/wiki/Analysis/Variant%20Call%20Format/vcf-variant-call-format-version-41

1 ##fileformat=VCFv4.1

2 ##fileDate=20120917

3 ##source=freeBayes version 0.9.4

4 ##reference=localref.fa

5 ##phasing=none

6 ##tcommandline="freebayes --bam localbam_0.bam --bam localbam_1.bam --bam localbam_2.bam --fasta-reference localref.fa --vcf /galaxy/main_pool/pool3/t
7 #HINFO=<ID=NS,Number=1,Type=Integer,Description="Number of samples with data">

8 #H#INFO=<ID=DP,Number=1,Type=Integer,Description="Total read depth at the locus">

9 #H#HINFO=<ID=AC,Number=A,Type=Integer,Description="Total number of alternate alleles in called genotypes">

10 ##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of alleles in called genotypes">

11 ##INFO=<ID=AF,Number=A,Type=Float,Description="Estimated allele frequency in the range (0,1]">

12 ##INFO=<ID=RO,Number=1,Type=Integer,Description="Reference allele observations">

13 ##INFO=<ID=A0O,Number=A,Type=Integer,Description="Alternate allele observations">

14 ##INFO=<ID=SRP,Number=1,Type=Float,Description="Strand balance probability for the reference allele: Phred-scaled upper-bounds estimate of the probability
15 ##INFO=<ID=SAP,Number=A,Type=Float,Description="Strand balance probability for the alternate allele: Phred-scaled upper-bounds estimate of the probability
16 ##INFO=<ID=AB,Number=A,Type=Float,Description="Allele balance at heterozygous sites: a number between 0 and 1 representing the ratio of reads showing the
17 ##INFO=<ID=ABP,Number=A,Type=Float,Description="Allele balance probability at heterozygous sites: Phred-scaled upper-bounds estimate of the probability o
18 ##INFO=<ID=RUN,Number=A,Type=Integer,Description="Run length: the number of consecutive repeats of the alternate allele in the reference genome">

19 ##INFO=<ID=RPP,Number=A,Type=Float,Description="Read Placement Probability: Phred-scaled upper-bounds estimate of the probability of observing the devi
20 ##INFO=<ID=RPPR,Number=1,Type=Float,Description="Read Placement Probability for reference observations: Phred-scaled upper-bounds estimate of the prok
21 #H#INFO=<ID=EPP,Number=A,Type=Float,Description="End Placement Probability: Phred-scaled upper-bounds estimate of the probability of observing the devia
22 ##INFO=<ID=EPPR,Number=1,Type=Float,Description="End Placement Probability for reference observations: Phred-scaled upper-bounds estimate of the proba
23 ##INFO=<ID=DPRA,Number=A,Type=Float,Description="Alternate allele depth ratio. Ratio between depth in samples with each called alternate allele and those
24 | ##INFO=<ID=XRM,Number=1,Type=Float,Description="Reference allele read mismatch rate: The rate of SNPs + MNPs + INDELs in reads supporting the reference
25 ##INFO=<ID=XRS,Number=1,Type=Float,Description="Reference allele read SNP rate: The rate of per-base mismatches (SNPs + MNPs) in reads supporting the ref
26 ##INFO=<ID=XRI,Number=1,Type=Float,Description="Reference allele read INDEL rate: The rate of INDELs (gaps) in reads supporting the reference allele.">

27 ##INFO=<ID=XAM,Number=A,Type=Float,Description="Alternate allele read mismatch rate: The rate of SNPs + MNPs + INDELs in reads supporting the alternate a



VCF Format - Data

50 ##FORMAT=<ID=A0,Number=A,Type=Integer,Description="Alternate allele observation count">
51 ##FORMAT=<ID=QA,Number=A,Type=Integer,Description="Sum of quality of the alternate observat

52 #CHROM POS ID REF ALT QUAL FILTER INFO

53 chr2l 27006332 . A G 3.36835 . AB=0.0833333;ABP=21.105'
54 chr2l 27006817 . GT AG 184.005 . AB=0;ABP=0;AC=2;AF=1;Al
55 chr2l 27010656 . 1T AC 256.001 . AB=0;ABP=0;AC=2;AF=1;AN
56 chr2l 27010825 . CA AC 5571.43 . AB=0;ABP=0;AC=2;AF=1;AN
57 chr2l 27011565 . AA TG 76.0432 . AB=0;ABP=0;AC=2;AF=1;Al
58 chr2l 27011976 . G A 7662.29 . AB=0;ABP=0;AC=2;AF=1;AN

FORMAT unknown

:DPRA=0;EPP=5.18177;EPPR=26.8965;HWE=-0;l GT:GQ:DP:RO:QR:A0:QA:GL 0/1:3.36835:12:11:307
677;EPPR=0;HWE=-0;LEN=2; MEANALT=1;MQM GT:GQ:DP:RO:QR:A0:QA:GL 1/1:29.0363:5:0:0:5:20
106;EPPR=0;HWE=-0;LEN=2; MEANALT=1;MQM GT:GQ:DP:RO:QR:A0:QA:GL 1/1:35.0529:7:0:0:7:28
:367.818;EPPR=0;HWE=-0;LEN=2; MEANALT=2;} GT:GQ:DP:RO:QR:A0:QA:GL 1/1:147.608:171:0:0:1¢
324;EPPR=0;HWE=-0;LEN=2; MEANALT=1;MQM GT:GQ:DP:RO:QR:A0:QA:GL 1/1:20.0432:2:0:0:2:80
:355.276;EPPR=5.18177;HWE=-0;LEN=1;MEANA2 GT:GQ:DP:RO:QR:A0:QA:GL 1/1:50000:234:1:40:23
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Data - Sequence Read Archive

http://trace.ncbi.nim.nih.gov/Traces/sra/?study=SRP000535

€2 M E @B / clla- Plin B
| B2 studies : Browse : Sequence Read Archive : ...|

PubMed Search

cbi.nlrn.nih.gov, T

SRP000535 Significantly improved multiplex padlock capturing and large scale sequencing reveal
hypermutable CpG variations

Study Type: Resequencing Show Enfrez docsums for all experiments
Submission: SRA007914 by Virginia Commonwealt on 2009—01",23 15:50:4? ‘ Download reads for entire shudy in sra format
Abstract: To take full advantage of the power of next generation sequencing requires large .

scale multiplex capturing and amplification of genomic regions of interest in multiple Experiments

samples. We improved a previously developed padlock probe-based approach by P
10,000-fold and evaluated it by identifying genetic variations in hypermutable CpG ?hOW RUNS for each experiment
rich regions, tiling CpGs across human chromosome 21 with 53,777 probes in an rAccession Spots  Bases
unbiased manner. Two to three million mapped sequences derived from a single Total: 11 33.8M 1.3G
Tllumnina Genome Analyzer lane enable observation of 90.8%-94.0% of target sites SRX005032 35M  143.0M

with at least one read. Altfwoggh the sites were not uniformly captured, ~85%.and SRX005036 27M  109.1M
~559% of all targets fell within a 100- and 10-fold range of each other, respectively .
A : s H ? SRX005037 2.5M  90.5M

total of 442937 genotypes were computed with confidence across six subjects and
examined for single nucleotide polymorphisms and were found to be in between SRX005038 1.9M 79.4M
98.4% and 100% agreement with independently obtained genotype data. We SRX0035039 29M  119.5M
detected as many as 502 sites of variation not present in dbSNP, including 362 in SRX005040 2.5M  101.5M
targeted CpG locations not among the 2640 in dbSNP. CpG->CpA and CpG->TpG SRX005041 3.0M  122.1M
variat[onS were found to be ~12.5>§ more abund@nt than non-CpG variations. SRX005042 25M  89.8M
Variation rates differed among subjects in a possibly ancestry-related manner. Our

; <3 SRX005043 4.5M  163.4M

success suggests that genotyping hypermutable CpGs may be an efficient way of
identifying common and rare mutations in human diseases and that padlock-probe SRX005044 3.7M  133.IM
based sequencing can reveal important aspects of human variation generally. We SRX005045 4.1M  148.6M

identified areas for further improvement and study.
Description: 53,777 padlock probes designed to cor Il CpGs in non-repetitive regions of

B Hiingsclass [ @ microsoft po oy data-lynny@... | T Galaxy9-Map_...
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Galaxy

Public

usegalaxy.org

20 September 2012 class

cloud1.galaxyproject.org
cloud2.galaxyproject.org
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Galaxy Account Registration

€ b Bl B |5 coudt.galaxyproject.org FICE 7

=3 Galaxy +

Using 0 bytes

Tools & History &
Searchtoos @) | ve

GetData Welcome to Galaxy on the Cloud Dibyges

Send Data @ vour history is empty. Click 'Get:

ENCODE Tools Data' on the left pane to start

Text Manipulation

Eilter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Eetch Sequences

Eetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Reagional Yariation
Multiple regression |
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation

NCBI BLAST+

NGS: OC and manipulation
NGS: Picard

YounghextGe...
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Galaxy Account Registration

& il Bl B | =2 coudt galaxyproject.org c |28 F

| == Galaxy +

Using 0 bytes

Tools & History &

Create account

4
search tools () Email address: LE

Get Data biinformatics.share@amail.com 0 bytes

Send Data @ vour history is empty. Click 'Get:

ENCODE Tools Data' on the left pane to start

Lift-Over

Text Manipulation Confirm password:

Filter and Sort bebbbhindeiotd

Join, Subtract and Group Public name:

Convert Formats bioinformatics-share

Extract Features Your public name is an identifier that will be used to generate addresses for information you share publicly. Public

Fetch Sequences n t be at least four characters in length and contain only lower-case letters, numbers, and the '-' character.
Eetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Reagional Yariation

Multiple regression
Multivariate Analysis

Multiple Alignments
Metagenomic analyses
EASTA manipulation

NCBI BLAST+

NGS: OC and manipulation
card

B} NIHLbYoungNextGe. ..
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Galaxy Login if Already Have
Account
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% b Bl B | =0 coudt.galaxyproject.org

=3 Galaxy

Using 0 bytes

Tools

search tools [}

Get Data
Send Data
ENCODE Tools

Text Manipulation

Eilter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Eetch Sequences

Eetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Reagional Yariation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation
NCBI BLAST+

NGS: OC and manipulation
NGS: Picard

hitp:/{cloudt. galaxyprojectorgjuserflogin

@ Now logged in as bioinformatics .share@gmail.com.

Return to the home page.

History &

*1C)
0 bytes

@ vour history is empty. Click 'Get:
Data' on the left pane to start
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Galaxy Login

€ b Bl B |5 coudt.galaxyproject.org FICE 7

| == Galaxy +

Using 0 bytes

Tools & = History &
Login
S— —_ 4| N
SeSciioos L) Email address: ve
Get Data bioinformatics.share@gmail.com 0 bytes
Send Data Password: @ vour history is empty. Click 'Get:

ENCODE Tools Data' on the left pane to start

Text Manipulation

Eilter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Eetch Sequences

Eetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Reagional Yariation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation

NCBI BLAST+

NGS: OC and manipulation
NGS: Picard
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Galaxy - Shared Data

€ il Bl B | =5 coudt galaxyproject.org/roct HICE 7

=3 Galaxy

Using 0 bytes

Tools & History &
Get Data & ~
Send Data | Published Histories =) 7=
u d histi 0 bytes
ENCODE Tools Welcome 1 Published Workflows the C |oud nnamed history ¥
Lift-Over Published Visualizations © vour history is empty. Click ‘Get
Published Pages Data' on the left pane to start

Text Manipulation

Eilter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Eetch Sequences

Eetch Alignments

Get Genomic Scores

Operate on Genomic Intervals
Statistics

Graph/Display Data

Regional Yariation

Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses

EASTA manipulation

NCBI BLAST+

NGS: OC and manipulation
NGS: Picard

NGS: Assembly

NGS: Mapping |

htp:jjcloud .galaxyproject.orgflibrary >
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Galaxy - Obtain Shared Data

€ B Bl B [ 52 coud:.galaxyproject.orgfibrary FICE 7

Galaxy -+

red Data~ izati Using 0 bytes

Data Libraries

Vsearch dataset name, info, message, dbkey 2
Advanced Search

Data library name | Data library description

() Galaxy - Mozila Firefox | @ Hiingsclass [ B niHLbYoungextGen... | - data- ynny@mac - ...
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Galaxy - Obtain Share Data for
Input Datasets

€ B Bl B [ 52 coud:.galaxyproject.orgfibrary FICE 7

=3 Galaxy

Using 0 bytes

ame Message Data type Date uploaded File size
‘ SRRO16861srtd27t028M fastg fastq 2012-09-18 2.3 Me
SRRO16865srtd27t028M fastg fastq 2012-09-18 3.9Me
chr21fa ‘ fasta 2012-09-18 46.6 MB
‘ SRRO16862srtd27to28M fastq fastq 2012-09-18 3.2MB

Step 2

© TIP: You can download individual library datasets by selecting "Download this dataset from the context menu (triangle) next to each dataset's name.

© T1P: Several compression options are available for downloading multiple library datasets simultaneously:

* gzip: Recommended for fast network connections
« bzip2: Recommended for slower network connections (smaller size but takes longer to compress)
« zip: Not recommended but is provided as an option for those who cannot open the above formats
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Input dataset x
output
Input dataset x
output
Input dataset P34
output

Input dataset

output

An ORS Service

Galaxy Data Analysis Workflow -

Details

FASTQ Groomer

File to groom

output_file (fastgsanger,
fastqgcssanger, fastgsolexa,
fastgillumina)

FASTQ Groomer

File to groom

output_file (fastgsanger,
fastqcssanger, fastgsolexa,
fastqillumina)

FASTQ Groomer

File to groom

output_file (fastgsanger,
fastqcssanger, fastgsolexa,
fastgillumina)

%

FastQC:Read QC

Short read data from your current

history

Contaminant list

html_file (html)

Map with BWA for lllumina $g

Select a reference from history

FASTQ file

output (sam)

Map with BWA for lllumina $

Select a reference from history

FASTQ file

output (sam)

Map with BWA for lllumina $%
Select a reference from history

FASTQ file

output (sam)

SAM-to-BAM =
Convert SAM file

Using reference file

outputl (bam)

SAM-to-BAM P4

Convert SAM file

Using reference file

outputl (bam)

SAM-to-BAM %

Convert SAM file

Using reference file

outputl (bam)

FreeBayes =
Sample BAM file 1 > BAM file

Sample BAM file 2 > BAM file

Sample BAM file 3 > BAM file

Using reference file

Limit analysis to samples listed (one
per line) in the FILE

Populations File

Read a copy number map from the BED
file FILE

output_vcf (vcf)
output_failed_alleles_bed (bed)

output_trace (txt)

Next Generation Sequencing Data Analysis




Galaxy - Analyze Data

€ 2 i Bl B | = coudt.galaxyproject.orgflibrary IE L 2|

Data Library “Workshop”

[Q 4 datasets imported into 1 history: Unnamed history ]

[J Name Message Data type Date uploaded File size
O im fastq 2012-09-18 2.3 MB
fastg 2012-09-18 3.9MB

fasta 2012-09-18 46.6 MB
fastq 2012-09-18 3.2MB

For selected datasets: | Import to current history

@ T1P: You can download individual library datasets by selecting "Download this dataset” from the context menu (triangle) next to each dataset's name.

© T1P: Several compression options are available for downloading multiple library datasets simultaneously:

« gzip: Recommended for fast network connections
« bzip2: Recommended for slower network connections (smaller size but takes longer to compress)
 zip: Not recommended but is provided as an option for those who cannot open the above formats
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Galaxy Input Dataset - View
Sequence Reads

€ il Bl B | =5 coudt galaxyproject.org/roct HICE 7

=3 Galaxy +

Tools & N History &
This dataset is large and only the first megabyte is shown bel

Get Data L | Show all | Save =
Send Data O o
Unnamed history 0 bytes
ENCODE Tools @SRRO16861. 18744
Lift-Over ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAAMACAGS ‘8 ® 0%
. . &
p SRRO16862srtd27to28M.fasts
Text Manipulation IIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Filter and Sort
Eilter and Sort @SRROL6861.62965 2 chr21fa ®0R
Join, Subtract and Group ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAAMACAGS e
+
Convert Formats oo T T B esmsrrasamn il %
Extract Features @SRRO16861. 115405
Fetch Sequences ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAAMACAGS n & x
i +
Fetch Alignments
o IIIIIIIIIIITIIIIIIIIIIIIIIIIIIIIITIIEIIIIII SRR016861srtd27t028
Get Genomic Scares @SRROL6861. 210037
Operate on Genomic Intervals ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAAMACAGS
Statistics *
’ ITIITTIIITTIIITIIIIIIIIIIIIIIIITIIIIIINT
Lrph iy Dt @SRROL6861. 393052
Regional Yariation ATTTTGAGTGATACATCTAGGTAGCCGTTTCTGARAACAGG
Multiple regression k
T ITIITTIIIITIIITIIIIIIIITIIIIIIITIIIIIIIIT
Multivariate Analysis
MLl bl TR @SRROL6861. 516452
Evolution ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAAMACAGE
Motif Tools k.
Multiole Allanments ITIIIIIIITITIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Multiple Alignments
= @SRROL6861. 526448
Metagenomic analyses ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAABACAGE
EASTA manipulation ok
IIIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
NCBI BLAST+
. : @SRRO16861. 662818
NGS: OC and manipulation ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGARAACAGE
NGS: Picard +
NGS: Assembl: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIZIIONIT
TR A @SRRO16861. 666840
NGS: Mappin: ¥| ATTTTGAGTGGTACATCTAGGTAGCCGTTTCTGAAAACAGE
< &+ v >
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Galaxy Input Dataset - View
Reference Sequence

€ 2 Wl Bl @ |5 cloudi.galaxyproject.orgjroot o[- 2|

Tools & N 2 History &
This dataset is large and only the first megabyte is shown below

Get Data Show all | Save
Send Data
ENCODE Tools Schr2l

Lift-Over 4 ®J

Text Manipulation SRRO16862srtd27to28M.fastq # Refe re n c e

Fi d Sort
- _er L 3: chr21.fa J %
Join, Subtract and Group

Convert Formats 2 /R Seq uence

Extract Features SRRO16865srtd27to28M.fastg
Eetch Sequences i ® 0
Eetch Alignments SRRO16861srtd27to28M.fastq
Get Genomic Scores

Operate on Genomic Intervals
Sta CcS

Graph/Display Data

Regional Yariation

Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments

Fo r n ext EASTA mninulatinn
slide

1) Zc)
Unnamed history 0 bytes

NGS: Assembly
NGS: Mapping ™|

An ORS Service
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Galaxy - FASTQ Groomer

LIBRARY

€ & i Bl B |55 coudi.galaxyproject.orgjroot IR E 2|
| =2 Galaxy +
~
Tools > History &
FASTQ Groomer (version 1.0.4) Qe
Metagenomic analyses .
e 1) ZC]
FASTA manipulation o 0 hict O bites
NCBI BLAST+ 1: SRRO16861srtd27t028M fastq ¥ | Step 2 nnamach oy e
Ho] ipulati R
NGS: OC and manipulation Inp P = a: . 'O 0%
- . F v 116862srtd27t028M.fastq
FASTQC: FASTQ/SAM/BAM P 3 SRRO16862srtd27t028M.fast
= FastQC:Read QC reparts b
using FastQC Advanced Options: 3: chr21.fa @0 %
TS|
Hide Advanced Options | 2 ®
SRRO16865srtd27to28M.fasts

= FASTOQ Groomer convel
between various FASIQ

= FASTO splitter on joined
paired end reads

= FASTQ joiner on paired end
reads

= FASTQ Summary Statistics by
column

ROCHE-454 DATA
= Build base guality distribution
= Select high guality segments

= Combine FASTA and QUAL
into FASTQ

AB-SOLID DATA

= Convert SOLID output to
fastq

= Compute guality statistics for
SOLID data

Step 3 L

What it does
This tool offers several conversions options relating to the FASTQ format.

When using Basic options, the output will be sanger formatted or cssanger formatted (when the input is Color Space
Sanger).

when converting, if a quality score falls outside of the target score range, it will be coerced to the closest available
value (i.e. the minimum or maximum).

When converting between Solexa and the other formats, quality scores are mapped between Solexa and PHRED

scales using the equations found in Cock PJ, Fields CJ, Goto N, Heuer ML, Rice PM. The Sanger FASTQ file format for
sequences with quality scores, and the Solexa/Illumina FASTQ variants. Nucleic Acids Res. 2009 Dec 16. =

When converting between color space (csSanger) and base/sequence space (Sanger, Illumina, Solexa) formats,
adapter bases are lost or gained; if gained, the base 'G' is used as the adapter. You cannot convert a color space
read to base space if there is no adapter present in the color space sequence. Any masked or ambiguous
nucleotides in base space will be converted to 'N's when determining color space encoding.

Quality Score Comparison

IITIIITITIIITIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT

@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\ ]*_*abcdefghijklunopgrstuvwxyz{ |}~

@
SRRO16861srtd27to28M.fastq

"€

Repeat steps
for the other

two FASTQ
files
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Galaxy - FastQC

€ & i Bl B |55 coudi.galaxyproject.orgjroot IR E 2|

Using 9.4 MB.

Tools History
Qe
Metagenomic analyses Ne

EASTA manipulation e n Ao
Unnamed history 9.4 MB
7: FASTQ Groomeron @ &

data 4
rs will b 6: FASTO Groomeron @ § %

e p using FastQC data 2

ILLUMINA FASTQ

e - 5: FASTO Groomeron @ &
= FASTOQ Groomer convert tab delimited file with 2 ns: name and sequence. For example: Tllumina Small RNA RT Primer dataid
between various FASTQ CAAGCAGAAGAC ATAC
quality formats

= FASTO splitter on joined
paired end reads

a: ® 0%

SRRO16862srtd27to28M.fastq

Step 3 3: chr21.fa ®0%

= FASTQ joiner on paired end
Purpose
reads @ rurp 2: @0 R
o FastQC aims to provide a simple way to do some quality control checks on raw sequence data coming from high SRRO16865srtd27to28M.fastq
» BA5TOQ Summeary Stafistics by throughput sequencing pipelines. It provides a madular set of analyses which you can use to give a guick
column impression of whether your data has any problems of which you should be aware before doing any further analysis. | 3. ® 0%
ROCHE-454 DATA The main functions of FastQC are: RRO168615rtd27t028M.fast
= Build base guality distribution Import of data from BAM, SAM or FastQ files (any variant)

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

Select high quality segments
= Select high quality seaments Summary graphs and tables to quickly assess your data

= Combine FASTA and QUAL Export of results to an HTML based permanent report
into FASTQ Offline operation to allow automated generation of reports without running the interactive application
AB-SOLID DATA
= Convert SOLID output to  rastoc
fastq This is a Galaxy wrapper. It merely exposes the external package FastQC which is documented at FastQC Kindly
acknowledge it as well as this tool if you use it. FastQC incorporates the Picard-tools libraries for sam/bam
= Compute guality statistics for processing

SOLID data v/
The contaminants file parameter was borrowed from the independently developed fastqewrapper contributed to the
J. Johnson,

LIBRARY
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Galaxy - FastQC Results

€ > Wl Bl B |5 couds.golaxyproject.orgiraot

Tools

Statistics
Graph/Display Data
Regional Yariation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation
NCBI BLAS

NGS: Picard

For next

slide

An ORS Service

NGS: Assembl:

NGS: Mappini

NGS: RNA Analysis

NGS: SAM Tools

NGS: GATK Tools

NGS: Peak Calling
SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots
SNP/WGA: Statistical Models
Human Genome ¥
YCF Tools

Workflows
= Al workflows

FastQC Report
Tue 18 Sep 2012

FASTQ_Groomer_on_data_1
Summary

. @ Basic Statistics

. Per base sequence quality
. @ Per sequence quality scores

. Per base sequence content

. Per base GC content

. Per sequence GC content

. Per base N content

. Sequence Length Distribution

o\ Sequence Duplication Levels
®

o " Overrepresented sequences

Kmer Content

Step 2

Using 10.3 MB

2 History &

1) Zc]
Unnamed history 10.3 MB
8: FastQC FASTQ X
Groomer on data 1.html

7: FASTQ Groomer on ® R
data 4

6: FASTQ Groomer on ® 0%
data 2

5: FASTQ Groomer on ® 0%
data 1

4: ®)%
SRR016862srtd27t028M.fastq

3: chr21.fa @0 R

2: ® )R

RRO16865srtd27to28M.fasta

1 @R
SRRO16861srtd27to28M.fastq

Next Generation Sequencing Data Analysis

Step 1
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= Map with BWA for Tllumina

€ 2 W Bl B |5 coud galaxyproject.orgiroot BICE

Tools

Statistics
Graph/Display Data
Regional Yariation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation
NCBI BLAST+

NGS: OC and manipulation
NGS: Picard

NGS: Assembly

NGS: Mapping

= Lastz map short reads
against reference sequence

= Lastz paired reads map short
paired reads against
reference sequence

= Map with Bowtie for Illumina

reads against htgs, nt, and
wgs databases

= Parse blast XML output

~ o swith Nerbd far SOLD and

in index?:

3ichr2lfa v

Is thi Iibrﬂryinate—paired?:
Single-end V\

BWA settings to use:
Commonly Used v
For most mapping needs use Commonly Used settings. If you want full control use Full Parameter List

Suppress the header in the output SAM file:

es SAM with several lines of header information

What it does

BWA is a fast light-weighted tool that aligns relatively short sequences (queries) to a sequence database (large),
such as the human reference genome. It is developed by Heng Li at the Sanger Insitute. Li H. and Durbin R. (2009)
Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics, 25, 1754-60.

Know what you are doing
There is no such thing (yet) as an automated gearshift in short read mapping. It is all like stick-shift driving in
San Francisco. In other words = running this tool with default parameters will probably not give you meaningful

>

v

Galaxy Mapping - Burris
Wheeler Aligner (BWA)

Using 10.3 MB

History £
1) Zc]
Unnamed history 10.3 MB
8: FastQC FASTQ @) R

Groomer on data 1.html

: FASTQ Groomer o

z n ® R
data 4
6 n ® )R
data 2

: FASTQ Groomer o
5: FASTO Groomer on ® )R
data 1

a: ® )%

SRRO16862srtd27t028M.fastq
3: chr21.fa @0 R

2 ® )R
RRO16865srtd27to28M.fastq

Repeat steps
for the other
two Groomed
files

1 @R
SRRO16861srtd27to28M.fastq

Next Generation Sequencing Data Analysis




Galaxy - View BWA Results

€ 2 i Bl B |55 coudt.galaxyproject.org ey il
| =2 Galaxy +
Tools # | QNAME FLAGRNAME POS MAPQCIGAR MRNMMPOSISIZESEQ 2| mistory &
Metatananilc aialvses A| ©SQ SNichr21 LN:48129895 &
FASTA manipulation SRRO16861,18744 0 chr2l 27002753 37 41M * 0 0 ATTTTGAGTGGTACATCTAGGT | @O ZiE]
b SRRO16861.62965 0 chr2i 27002753 37 41M * 0 0 ATTTTGAGTGGTACATCTAGGT. | Unnamed history 27.3MB
»
e eciemisinn o el o 9 aM ¢ 0 0 areaemroncy [RTRENTE TS
NGS: Picard ! Illumina on data 7 and data 3:
S SRRO16861393052 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGATACATCTAGST | mapped reads
4[%5: e SRRO16861516452 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT
Dot TAORRT SRRO16861526448 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | 10:Map with Bwafor @ § %
" l;zs;;srgfsf;?;;erquiema SRRO16861.662818 0 chr2l 27002753 37 41M * 0 0 ATTTTGAGTGGTACATCTAGGT W
) SRROI6861.666840 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | fiepbecteacs A
- La—.itzd% Tap shote SRRO16861.601304 0 chr2l 27002753 37 41M L 0 0 ATTITGAGTGGTACATCTAGGT | 9: Map with BWA for 0 % Ste p 1
et SRRO16861709457 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT
SRRO16861731252 0 chr2l 27002753 37 41M * 0 0 ATTTTGAGTGGTACATCTAGGT | mapped reads
5 mw SRRO16861.939077 0 chr2l 27002753 37  41M * O 0 ATTTTGAGTGGTACATCTAGGT | oo ol
= Map with Bowtie for SOLID SRRO16861.961899 0 chr2l 27002753 37 41M X 0 0 ATTTTGAGTGGTACATCTAGGT | Groomer on data 1.html
» Map with BWA for Ilumina SRRO16861.1028652 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT
SRRO16861.1048271 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | Z:FASTO Groomeron @ § %
= Megablast compare short data 4
s sl ek SRRO16861.1096090 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | datad I
wgs databases SRRO16861.1124174 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | g FasTo Groomeron ® 0 X
T SRRO16861.1134331 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | data 2
- SRRO16861.1151818 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT -
Ll ?fTaMf” oz SRRO16861.1276814 0 chr2l 27002753 37 41M * 0 0 ATTTTGAGTGGTACATCTAGGT | 5:FASTQ Groomeron @ %
umina SRRO16861.1354301 0 chr2l 27002753 37  41M * 0 0 ATTTTGAGTGGTACATCTAGGT | atadl
= Map with Mosaik SRRO16861.110466 0 chr2l 27006294 37  41M * 0 0 ASAAGAAGTTAGGTAATTGGG! | 4. ®0R
Fo r NGS: Indel Analysis SRRO16861.275426 0 chr2l 27006294 37  41M * 0 0 ASAAGAAGTTAGGTAATTGGG: | SRRO16862srtd27to28M.fastq
g & SRRO16861.341934 0 chr2l 27006294 37  41M * 0 0 ABAAGAAGTTAGGTAATTGGGH
SRRO16861.411273 0 chr2l 27006294 37  41M * 0 0 AMMAGAAGTTAGGTAATTGGG: | Jichr2lfa ®7R
n ext lerm e SRRO16861,448301 chr2l  27gR6294 37 41M * 0 0 ASAAGAAGTTAGGTAATTGGG | . ®0x
NGS: Peok Calling SRRO16861,453926 §t 27@294 37 4m * 0 0 ASASGAAGTTAGGTAATTGGG! | SRRO16865srtd27to28M.fastq
SI i d e NN v| SRRO16861.495820 | 0 chroll 27006294 37 41M * 0 0 AsAABRESTTAGGTAATTGGG! )v
< < >

[ % NiHLbYoungextGen... | ;. data - lynny@mac - ... % - Mozilla Firefox

LIBRARY
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Galaxy - SAM to BAM

Step 1

€> M@=

=% Galaxy

cloud1.galaxypraject.org c||y-

Tools

= Map with PerM for SOLID and
Tllumina

= Map with Mosaik

NGS: Indel Analysis

NGS: RNA Analysis

NGS: SAM Tools

= Filter SAM on bitwise flag
values

teryval

b to
= SAM-to-BAM converts SAM
ormat to BAM format
]

= BAM-TO-SAM con

format to SAM format

Merge BAM Files merges BAM
files together

Generate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

Pileup-to-Interval condenses
pileup format into ranges of
bases

flagstat provides simple stats
on BAM files

NGS: GATK Tools

NGS: Peak Calling

SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots

History &

*1C)

Unnamed history

27.3 MB

11: Map with BWA for ® § %
Illumina on data 7 and data 3:

mapped reads

10: Map with BWa for ® § %

3: chra1fo Illumina on data 6 and data 3:
mapped reads
- Ste p 4 9: Map with BWA for @ ) 8
Illumina on data 5 and data 3:
. mapped reads
What it does mapped reads
This tool uses the SAMTools toolkit to produce an indexed BAM file based on a sorted input SaM file. 8: FastQC FASTQ @0 R
Groomer on data 1.html
Citation 7: FASTQ Groomeron ® ( %
For the underlying tool, please cite Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G, Abecasis G data 4
Durbin R; 1000 Genome Project Data Processing Subgroup. The Sequence Alignment/Map format and SAMtools. . ® 0% i
Bioinformatics. 2009 Aug 15;25(16):2078-9. 6: FASTO Groomer on
data 2
5: FASTQ Groomeron ® ) %X
data 1
4 @)%
SRR0O16862srtd27to28M.fastq
3: chr21.fa )R

B NIHLibYounghlextGer

2: ®
SRRO16865srtd27to28M.fastq

<€
<€

Repeat steps
for the other

two SAM
files

Next Generation Sequencing Data Analysis




An ORS Service

Galaxy - Navigation to Picard
Alignment Summary Metrics

€> dEfa =

=3 Galaxy

cloud! . galaxyproject.org

Tools

Map with PerM for SOLID and
Tllumina

Map with Mosaik

NGS: Indel Analysis

NP8 2 s
NGS: SAM Tools

Oitwise flag
values

Convert S&M to interval

SAM-to-BAM converts SAM
format to BAM format

BAM-to-SAM converts BAM
format to SAM format

Merge BAM Files merges BAM
files together

Generate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

Pileup-to-Interval condenses
pileup format into ranges of
bases

flagstat provides simple stats
on BAM files

NGS: GATK Tools

NGS: Peak Calling
SNP/WGA: Data; Filters
SNP/WGA: OC; LD; Plots

&*

Al

A

The following job has been successfully added to the queue:

14: SAM-to-BAM on data 3 and data 11: converted BAM

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.

Step 2

Using 29.7 MB

History &
N ~

1S it
Unnamed history 29.7 MB
14: SAM-to-BAMon ~ ® %
data 3 and data 11: converted
BAM
13: SAM-to-BAMon @ %

data 3 and data 10: converted
BAM

® (0%

onverted

12: SAM-to-BAM on
data 3 and data
BAM

11: Map with BWA for ® %
Illumina on data 7 and data 3:

mapped reads

10: Map with Bwa for ® § %
Illumina on data 6 and data 3:
mapped reads

9: Map with BWA for
Illumina on data 5 and data 3:

mapped reads

8: FastQC FASTQ ® 0%

Groomer on data 1.html

7: FASTO Groomeron @ ¢ %
data 4
6: FASTO Groomeron @ ¢ %

data 2

®0R

Next Generation Sequencing Data Analysis




Galaxy - Picard Alignment
Summary Metrics

B Bl B |50 coudi.galaxyproject.org/#

Using 29.7 MB

Tools “| History &
FASTA manipulation -
NCBI BLAST+ 1S <

Title for the output file: Unnamed history 29.7 MB

RO ana nampe

NGS: Picard

"Pi;:Vard Alignment Summary Metrics ‘
Use this remind you what the job was for

14: SAM-to-BAMon @ § X
data 3 and data 11: converted
BAM

Reference Genome:

13: SAM-to-BAMon ~ ® %
data 3 and data 10: converted

BAM
= SAM/BAM GC Bias Metrics ed aﬁrmrne : <‘nd 12: SAM-to-BAM on ® 0%
= Estimate Library Complexity tthe top of Galaxy data 3 and data 9: converted
f=ce. BAM
= 7;2;‘;?3;? metrics for e the i (tile is alread rted: h k h b T R 0%
= SAM/BAM Hybrid Selection fil el " d"l n C ec t e ox Illumina on data 7 and data 3:
Input file contains Bisulphite sequenced reads:
mapped reads
Metrics for targeted P ! mapped reads
resequencing data >
Adapter sequences: 10: N!ﬂ with Bwa for @ ( %
BAM/SAM CLEANING Illumina on data 6 and data 3:

mapped reads
= Add or Replace Groups

= Reorder SAM/BAM 9: Map with BWa for ® § %
Ilumina on data 5 and data 3:
= Replace SAM/BAM Header mapped reads
= Paired Read Mate Fixer for - —
paired data One per line if multiple 8: FastQC_FASTQ ® 0%

Larger paired end reads and inter-chromosomal pairs considered chimeric : Groomer on data Lhtm!

= Mark Duplicate reads

NS Ao oDl 100000 S;;A:TQ Groomeron @ § %
NGS: Mapping

NGS: Indel Analysis Ste p 6 6: FASTQ Groomeron @ § &
Soh vl o data2 @
< < > >

B NIHLibYounghextGe: £ data - lynny@nm

LIBRARY
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Galaxy - Results of Picard
ummary Alignment Metrics

(-»:)7 i Bl B | ST cloudt.galaxyproject.org/# IR ¢ Pl B

=3 Galaxy +

Tools # | CATEGORY UNPAIRED 2 History &

FASTA manipulation ~| TOTAL_READS 22690 4

1) Zc
Unnamed history 30.1 MB

15: Picard Alignment Ste 1
Summary Metrics.html

FOI‘ next o PF_READS 22690
slide 5. S FE . Step 2

PF_READS_ALIGNED 22547 e
» BAM Index Statistics = = T e rtg f
PCT_PF_READS_ALIGNED 0.993698 ata 3 and data 11: converte
= SAM/BAM Alignment Summary BAM
Metrics PF_ALIGNED_BASES 924010 2
; 13: SAM-to-BAMon @ &
= SAM/BAM GC Bias Metrics PF_HQ_ALIGNED_READS 22276 data 3 and data 10: converted
= Estimate Library Complexity PF_HQ_ALIGNED_BASES 912900 BAM
= Insertion size metrics for 12: SAM-to-BAMon @ ( &
PAIRED data EEHQ_ALIGNEDQ20 BASES 830110 data 3 and data 9: converted
= SAM/BAM Hybrid Selection PF_HQ_MEDIAN_MISMATCHES 1 Ba
iiggjefg;:‘zf%zid PF_MISMATCH_RATE 0.018881 11: Map with BwA for ® 0
Illumina on data 7 and data 3:
BAM/SAM CLEANING PF_HQ ERROR_RATE 0.01881 mapped reads
PF_INDEL_RATE 0.001411 =
= Add or Replace Groups = = 10: Map with BWA for ® § X
= Reorder SAM/BAM MEAN READ_LENGTH 41 Ilumina on data 6 and data 3:
= Replace SAM/BAM Header READS ALIGNED IN PAIRS . 0 mapped reads
= Paired Read Mate Fixer fo . hBwafor ® (X
SETEE PF_HQ_ALIGNED_READS: The number of PF reads that were aligned to the \data 5 and data 3:
v R 5 5 v S ¥ ads
= Mark Duplicate reads reference sequence with a mapping guality of Q20 or higher signifying that the aligner
: . . EAST ® R
NGS: Assembly estimates a 1/100 (or smaller) chance that the alignment is wrong. e
NGS: Mapping
NGS: Indel Analysis PF_HQ_ALIGNED_BASES: The number of bases aligned to the reference sequence icomeron ®¢x

ALCEs AR A alicic

in reads that were mapped at high quality. Will usually approximate
B PF_HO_ALIGNED_READS * READ_LEMNGTH but may differ when either mixed read
lengths are present or many reads are aligned with gaps.

LIBRARY PF_HQ_ALIGNED Q20 BASES: The subest of PF_HQ_ALIGNED_BASES where
the base call quality was Q20 or higher.

Key - http://picard.sourceforge.net/picard-metric-definitions.shtml

An ORS Service Next Generation Sequencing Data Analysis




Galaxy Variant Detection -
Preparation Merging Bam Files

€ » i Bl @ |5 cloudi.galaxyproject.org <L Pl B

| 52 Galaxy +

Tools * 7 History &+
Merge BAM Files (version 1.1.2) Qe 2
NCBI BLAST+ A =
NGS: OC and i d bam file: L1S! <
NGS: Picard SteP 3 Unnamed history 34.1 MB
NGS: Asserrlhlx Ear in your histOry so use it to remember what the new file in your histary contains 18: ® 0%
NGS: Mappin! Merge all component bam file headers into the merged bam file: M_E" edBams Merge BAM
NGS: Indel Analysis Files.log
ntrol the MERGE_SEQUENCE_DICTIONARIES flag for Picard MergeSamFiles. Default (true) corrs propagates il
read groups and other important metadata 17: MergedBams.bam  ® %

NGS: SAM Tools
= Filter SAM on bitwise flag 15: Picard Alignment ® { %
values . -to-BAM on dat..nverted B, te p Summary Metrics.html
= Convert SAM to interval ith £ 14: SAM-to-BAMon @ {/ 227
» SAM-to-BAM converts SAM €0_L3: Son-to-BAM on dat. nverted BAM v Ste p 5 data 3 and data 11: converted
format to BAM format Need to oo ml e g . L
BAN! Input Eilg 13: SAM-to-BAM on ® R
Ste 6 data 3 and data 10: converted
ad
Merge BAM Files merges BAI 2 p BAM
1

SAM-to-BAMon @ { R
data 3 and data onverted

Generate pileup from BAM

dataset BAM
- glths; pileup on coverage and What it does ) 11: Map with BWA for @ § %
This tool uses the Picard merge command to merge any number of BAM files together into one BAM file while Illumina on data 7 and data 3:
= Pileup-to-Interval condenses preserving the BAM metadata such as read groups mapped reads
pileup format into ranges of
bases 10: Map with BWa for @ { %

Ilumina on data 6 and data 3:

flagstat provides simple stats mapped reads

on BAM files

NGS: GATK Tools 9: Map with Bwa for @ § &
BASE RECALIBRATION Illumina on data 5 and data 3:
T -l mapped reads _

2. data - lynny@m¢

An ORS Service
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€ b Bl B | =0 coudt.galaxyproject.org HICE

=% Galaxy

Tools

NCBI BLAST+

NGS: OC and manipulation

NGS: Picard

NGS: Assembly

NGS: Mapping

NGS: Indel Analysis

NGS: RNA Analysis

NGS: SAM Tools

= Filter SAM on bitwise flag
values

= Convert SAM to interval

= SAM-to-BAM converts SAM
format to BAM format

= BAM-to-SAM converts BAM
format to SAM format

= Merge BAM Files merges BAM
files together

= Generate pileup from BAM
dataset

= Filter pileup on coverage and
SNPs

Bileup-to-Interval condenses
pileup format into ranges of
bases

flagstat provides simple stats
on BAM files

NGS: GATK Tools
BASE RECALIBRATION

Merge BAM Files (version 1.1.2) Qe

Name for the output merged bam file:
MergedBam |
This name will appear in your history so use it to remember what the new file in your history contains

Merge all component bam file headers into the merged bam file:

QUENCE_DICTIONARIES flag for Picard MergeSamFiles. Default (true) correctly propagates
read groups and other important metadata
First file:

12: SAM-to-BAM on dat..nverted BAM v

with file:
13: SAM-to-BAM on dat.
Need to add more files

verted BAM v
contrals below

Input Files
Input Files 1

Add fil
14: SAM-to-BAM on dat..nverted BAM ¥

Step 1

| Remove Input Files 1

“Add new Input Files

e

What it does

tep 2

This tool uses the Picard merge command to merge any number of BAM files together into one BAM file while
preserving the BAM metadata such as read groups

B NIHLibYounghlextGer

Galaxy Variant Detection -
Preparation Merging Bam Files

History &
N ~

1S Zic

Unnamed history 34.1 MB

18: @0 R

MergedBams Merge BAM

Eiles.log

17: MergedBams.bam @ § %

15: Picard Alignment  ® {
Summary Metrics.html

14: SAM-to-BAMon @ R
data 3 and data 11: converted
BAM

13: SAM-to-BAMon @ ( %
data 3 and data 10: converted
BAM

12: SAM-to-BAMon ~ ® &
data 3 and data
BAM

11: Map with BWA for ® § %
Illumina on data 7 and data 3:
mapped reads

10: Map with BWA for ® § %
Illumina on data 6 and data 3:
mapped reads

9: Map with Bwa for ® J X
Ilumina on data 5 and data 3:
mapped reads o

Next Generation Sequencing Data Analysis
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Galaxy Variant Detection -
FreeBayes

ME® | =

cloud1 galaxyproject.org

Using 34.1 MB

Step 2
Step 3

Send Data
ENCODE Tools
-Over
Text Manipulation
ilter and Sort
Join, Subtract and Group
Convert Formats

Extract Features

Eetch Sequences

Eetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics 1
e REEP

Reagional Yariation
Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation

NCBI BLAST+

NGS: QC and manipulation
NGS: Picard

CJ

Al
’ :IHl By ce for the reference list:

" iles

7: MergedBams.bam

| Remove Sample BAM file 1

_Add new Sample BAM file |
Using reference file:
3: chr21fa v

Basic or Advanced options:

Basic ™|

&= Step 6

What it does
This tool uses FreeBayes to call SNPS given a reference sequence and a BAM alignment file.

FreeBayes is a high-performance, flexible, and open-source Bayesian genetic variant detector. It operates on BAM
alignment files, which are produced by most contemporary shart-read aligners.

In addition to substantial performance improvements over its predecessors (PolyBayes, GigaBayes, and BamBayes),
it expands the scope of SNP and small-indel variant calling to populations of individuals with heterogeneous copy
number. FreeBayes is currently under active development.

Go here for details on FreeBayes.

History &

B ~
1S <
Unnamed history 34.1 MB

18: @0 R

MergedBams Merge BAM
Eiles.log

17: MergedBams.bam @ § %

15: Picard Alignment  ® {
Summary Metrics.html

14: SAM-to-BAMon @ R
data 3 and data 11: converted
BAM

13: SAM-to-BAMon @ ( %
data 3 and data 10: converted
BAM

@)%
onverted

12: SAM-to-BAM on
data 3 and data
BAM

11: Map with BWA for ® § %
Illumina on data 7 and data 3:
mapped reads

10: Map with BWA for ® § %
Illumina on data 6 and data 3:

mapped reads

9: Map with BWwA for @ { X
Illumina on data 5 and data 3:
mapped reads

Next Generation Sequencing Data Analysis




Galaxy Variant Detection -
FreeBayes Results

For next
slide

LIBRARY

An ORS Service

€ > il Bl B | = coudi galaxyproject.org SICE

Tools

search tools [}

Get Data
Freebayes

= FreeBayes - Bayesian genetic
variant detector

Send Data
ENCODE Tools

Convert Formats
Extract Features

Eetch Sequences
Eetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics
Graph/Display Data
Reagional Yariation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation

<

##FORMAT=<ID=QR,Number=1,Type=Integer,Description="Sum of quality of the reference observations >
##FORMAT=<ID=A0,Number=4,Type=Integer,Description="Alternate allele observation count">
##FORMAT=<ID=0QA,Number=4,Type=Integer,Description="5um of quality of the alternate observations">

#CHROM POS ID REF ALT QUAL FILTER  INFO

chr21 10161051 T G 0.333095 1;aF=0
chr21 10161084 T {of 0.233552 = 1
chr21 10161086 T G 2.13682 téﬁ, 2AF=D
chr21 10161088 T G 12.3467 AB=0;ABP=0;AC=2;AF=1;AN=2;2
chr21 10163513 A C 0.135209 AB=0.25;ABP=5.18177,AC=1,AF:
chr21 10163524 A T 2.42891 5

chr21 10576806 G A 4.82183

chr21 10576811 G T 7.86191

chr21 11000769 A G 0.00055001 AB=0,0769231;ABP=23.2217;AC
chr21 11000771 & G 0.000871674 AB=0.0769231;ABP=23.2217;AC
chr21 11000781 A C 0.00069241 .0769231;4BP=23.2217;AC
chr21 11000782 A C 0.00055001 AB=0,0769231;ABP=23.2217;AC
chr21 11000785 A G 0.0116961 .153846;4B)

chr21 11000786 A C 0.00357939 AB=0,0769231;ABP=23.2217;AC
chr21 11000787 A 5 0.00055001 AB=0.0769231;ABP=23.2217;AC
chr21 11000788 A G 0.00171981 AB=0,0769231;ABP=23.2217;AC
chr21 11000790 A C 0.00055001 AR=0,0769231;ABP=23.2217;AC
chr21 11000791 GACAS BACAG 7.42863

chr21 11000798 G A 7.08188

chr21 11006534 . T A 29.0914

chr21 14402593 . T G 3.0961

chr21 14402598 T G 2.61507

chr21 14402619 G T 20.978

chr21 15329332 . T G 5.51709

chr21 15329338 . TRET: CTCTG 4.,17736

chr21 15437995 . A C 4.17736

chr21 15438002 . T C 4.17736

chr21 15478529 . T A 5.51709

Next Generation Sequencing Data Analysis

History &

1S ZiE
Unnamed history 35.1 MB

20: FreeBayes on data
3 and data 17 (variants

® R
AM

17: MergedBams.bam @ § %
15: Picard Alignment ® %
Summary Metrics.html

14: SAM-to-BAMon @ J %
data 3 and data 11: converted
BAM

13: SAM-to-BAMon ~ ® %
data 3 and data 10: converted
BAM

@)%
onverted

12: SAM-to-BAM on
data 3 and data
BAM

11: Map with BWa for @ § %
Illumina on data 7 and data 3:
mapped reads

10: Map with BWA for ® %
Illumina on data 6 and data 3:

mapped reads

Step 1



Galaxy - Filter and Sort

€ > wd Bl B | = coudi.galaxyproject.org SICE

=% Galaxy

Tools

search tools

Get Data
Freebayes
Send Data
ENCODE Tools

An ORS Service

USINg ogle expressions
ay ascending or

#hg order

= Select lines that match an
expression

GFF

Extract features from GFF
data

Filter GFF data by attribute
using simple expressions

= Filter GFF data by feature
count using simple
expressions

Filter GTF data by attribute
values list

Join, Subtract and Group
Convert Formats

Extract Features

Sort (version 1.0.1) @

CJ

20: FreeBayes on data.. [varxants

with flavor:

||
Numerical sort ¥ |

everythi n:

Descending order ¥
Column selections

Add new Column selection |

Step 5

© T1P: If your data is not TAB delimited, use Text Manipulation->Convert

Syntax
This tool sorts the dataset on any number of columns in either ascending or descending order.

Numerical sort orders numbers by their magnitude, ignores all characters besides numbers, and evaluates a string
of numbers to the value they signify.

Alphabetical sort is a phonebook type sort based on the conventional order of letters in an alphabet. Each nth
letter is compared with the nth letter of other words in the list, starting at the first letter of each word and
advancing to the second, third, fourth, and so on, until the order is established. Therefore, in an alphabetical sort, 2
comes after 100 (1 < 2).

Using 35.3 MB
History E-
~
1) ZiC

Unnamed history 35.1 MB

20: FreeBayes on data @ X
3 and data 17 (variants)

i8: ® 0 R

MergedBams Merge BAM
Eiles.log

17: MergedBams.bam @ § %

15: Picard Alignment ® %
Summary Metrics.html
14: SAM-to-BAMon @ J %

data 3 and data 11: converted
BAM

13: SAM-to-BAMon ~ ® %
data 3 and data 10: converted
BAM

@)%
onverted

12: SAM-to-BAM on
data 3 and data
BAM

11: Map with BWa for @ § %
Illumina on data 7 and data 3:
mapped reads

10: Map with BWA for ® %
Illumina on data 6 and data 3:

Examples
The list of numbers 4,17,3,5 collates to 3,4,5,17 by numerical sorting, while it collates to 17,3,4,5 by alphabetical

mapped reads

Next Generation Sequencing Data Analysis
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Galaxy - Filter and Sort Results

For next,
slide,
open
new tab

€> i (=

=% Galaxy

Tools

search tools

Get Data
Freebayes
Send Data
ENCODE Tools
Lift-Over

Text Manipulation
Eilter and Sort

= Filter data on any column
using simple expressions

= Sort data in ascending or
descending order

= Select lines that match an
expression

GFF

Extract features from GFF
data

Filter GFF data by attribute
using simple expressions

= Filter GFF data by feature
count using simple
expressions

Filter GTF data by attribute
values list

Join, Subtract and Group
Convert Formats

Extract Features

cloud1 galaxyproject.org

27818532
27259085
27845630
27262442
27497050
27885242
27441181
27285013
27397951
27595448
27300235
27909060
27091130
27487642
27981703
27010825
27011976
27088627
27485906
27354648
27170423
27223146
27327510
27268246
27256952
27810982
27359041
27020730
27945683
27096942

Alt
T
Ca
GAGC

Qual
21763.1
17248.6
14718.6
13850.1
13841.9
13147.8
13115.6
13095.9
11978.8
11683.8
11006.1
10944.1
10845.8
103116
10114.1
9386.72
9083.43
9016.61
8640.74
8319.71
8293.89
8236.69
8145.41
7954.14
7834.49
7574.39

7276
7210.56
7200.53
7146.39

FilterInfo

=682;CIGAR=1X;DP=€
172;CIGAR=1M1L;DP
=442;CIGAR=1X3M1D
2;A0=425;CIGAR=1X;DP=4
AF=1;8N=2;A0=452;CIGAR=1X;DP=4
=413;CIGAR=1X;DP=4
=412;CIGAR=1X;DP=4
AN=2;40=365; CIGAR=2X;DP
2;A0=386;CIGAR=1X;DP

=240;CIGAR=2X;DP=
AN=2;A0=259;CIGAR=1X;DP=
=231;CIGAR=1X;DP=
=272;CIGAR=2X;DP=
;A0=79;CIGAR=1M1L;,DP=
282;CIGAR=2X;DP=
=218;CIGAR=2X;DP=
N=2;A0=211;CIGAR=2X;DP=
AN=2;A0=202;CIGAR=2X;DP=

=225;CIGAR=1X;DP=

MoMomMomomom

momoM oM MM

Next Generation Sequencing Data Analysis

Using 36.3 MB
History E-
B ~
1S ZiC]
Unnamed history 36.1 MB
2 ort on data 20

® 0%

20: FreeBayes on data ® %
3 and data 17 (variants)

18: @)%
MergedBams Merge BAM
Eiles.log

17: MergedBams.bam @ § %

15: Picard Alignment @ { %
Summary Metrics.html

14: SAM-to-BAMon @ %
data 3 and data 11: converted
BAM

13: SAM-to-BAMon @ ( %
data 3 and data 10: converted
BAM

@)%
onverted

12: SAM-to-BAM on
data 3 and data
BAM

11: Map with Bwa for ® § &
Ilumina on data 7 and data 3:
mapped reads

10: Map with BWA for ®
Illumina on data 6 and data 3:

v




Biological Context
UCSC Genome Browser
http://genome.ucsc.edu

| |29 - omimcyyr1 Pl B

genome. ucsc.edujcgi-binfhaTracks

Step 2 - il Gl nio About Us

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move [eec e JL<J> ]3> Jo» Jzoom n

chrag (a21.3)

[ ezt | 27,100, 000] 27,200, 000] 27,308, 800 27,700, 000] 27,808, 000
JAmz -PHAH APF H
AP 4
APF 4 4
AFF ¥
RefSeq Genes ]
I Human mRNAs — ————=HH HHH-HHE O o 1 e |
Layered H3K27AC l J
| o Lk AL W Ll | 1 J
| DNase Clusters || | | LU an FECRUCm R Crmemme s v anme [ T TEREE Y e wn I |l LI A {100 OIS ()
Txn Factor chIf ||| L n I e e m LI 11T | U AU D A1 BRI 1 | [ B} I |
8 - AL, 958 0 P P P 0 W L P 8
Rhesus —-_—_-——QF_
Mouse M.:Il:rgm.lkmlmlll:t‘:ﬂ:.ﬂmﬂ T R T I I R T m#.nlﬁ#m\lmmwmﬂw O Ty
Dog NN _-“1&:_‘_-.'1 | IR 118 ERENERI L1 B
Elephant NS00 AN NN | RREC T T iR T R T E TR T IR
Opossum HEHE R H - =
Chicken (B =4
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| ] 2ebraf ish ] HI 18 1l m m
| conmon swesciss) P A | S P S 1 1 S N 5 P S 3

| & next 4
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UCSC Genome Browser -
OMIM Genes, OMIM AV SNPs

€ 2> i Bl B (B oerome.ucscedujcgibinhgTracks

=2 Galaxy | A Human chr21:27,000,000-27,900,000- .. % | + |
[ < gm0 f or down to reordg acks left or right to new position.
-
t J difault order H hide all H add custom tracks H track hubs ][ configure l[ reverse l

@S¢ drop-down controls below and press refresh to alter tracks displayed
Il
Tracks with lots of items will automatically be displayed in more compact modes

23 - omim cyyrt A

<Jz0 5]

Step 4

[ - | Mapping and Sequencing Tracks
Base Position Chromosome Band STS Markers ®FISH Clones  Recomb Rate g%
dense v hide v hide v hide v hide v WE—T

:&NC& Map Contigs Assembly gsncu Iv;a Gap Publications

Fems e hide v ]EQT hide v hide v

BAC End Pairs gzﬁssmﬂ GC Percent % Hg 18 Diff GRC Incident
hide v o [ hide v i [ hide v hide v

3% BU ORChID
[hide v

Hi Seq Depth  Wiki Track
|hide v |hide v

3R Mapabili Short Match Restr Enzymes
hide v hide v hide v

[ -] Phenotype and Disease Associations
®GAD View DECIPHER OMIM Pheno Loci COSMIC

hide v hide v hide v hide v
GWAS Catalog ISCA W GeneReviews

hide v hide v S hide v

[ - | Genes and Gene Prediction Tracks

UCSC Genes 3R GENCODE. OldUCSC Genes  Alt Events CCDS RefSeq Genes
[pack v [hide v [hide v [hide v [hide v [dense v
Other RefSeq MGC Genes ORFeome Clones ~ TransMap... Vega Genes Ensembl Genes
hide v [hide v [hide v hide v hide v hide v
éceﬂ SIB Genes N-SCAN SGP Genes Geneid Genes Genscan Genes
enes e = = [ - | s = | p4
X Find: | omim | & next & Previous & Highlisht all [] Match case

[, NextGenClass - lynny... | (@] Microsoft PowerPoint ... &) Human c &)L & T WY, ta7an

LIBRARY
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Next Generation Sequencing Data Analysis
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UCSC Genome Browser -
Results

Scale

omim cyyr1

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move [ <<< [« J[< ][> ][> J[(>> ] zoomin [15x ][ 3« |

chr21:27,000,000-27,900,000 900,001 bp

zoom out

enter position, gene symbol or search terms

chrag (a21.3)

chrat

104760, 0004

27,100, 800]

VALTITGLY,

FAMILIAL, 1
VALTITILE, rs63750264: ALZHEIMER DISEASE, FAMILIAL, 1
ILE7IEVAL, rs63750399: ALZHEIMER DISERSE, FAMILIAL, 1
VAL7ISMET, rs63750734: ALZHEIMER DISERSE, FAMILIAL, 1
THR714ILE, rs63750973: ALZHEIMER DISEASE, FAMILIAL, 1
THR7L4ALA, rs63750643: ALZHEIMER DISEASE, FAMILIAL, 1
ALATL3THR, rs LZHEIMER DISEASE, FAMILIAL, 1

BRAL_AMYLOID ANGIOPATHY,
&

GLUBS3GLY,

REBRAL_AMYLOID ANGIOPATHY,

27,260, 608|

63749964 ALZHEIMER DISERSE,

563751039 ALZHEIMER

RFP-RELATED,

27,300, 008|

ITALIAN VARIANT

;
27,400, 008| 27,500, 008|

27,600, 000|
OMIM Allelic variant SNPs

27,760, 608| 27,800, 060]

R PR | TP RELoTEDL T cnl ot
e et Pl Rk b Aty o Mg TR an
104780, 0005  LYSE76MSN, res37s1263: ALZHEIMER DISERSE, FAMILIAL, 1|
104780,0010  GLUBSSRSF, roB973063: ALZHEIMER DISERSE, FAMILIAL, 1|
i e atclorade (s (o tedi e 115
sacary
T
S
] Sos0a athy, Duten) Teation, | Toen Flenish, Arctic
o5 Genes (ReFSed, UniFrot, CCDS, Rfam, ERNAS & Conparative Denomics>
awa] [psbslssbopt bt o K il pbeectedsn
o= il coecassecat gt it AR R e
priyiet I et Ga 0 G b e H + H CYTRI fedhieiierdt
el et secae et prag i !
pradmian
i
bl
e
plic
APP n
e H H
| Py
Rersha) ohnes
RefSeq Genes + —
kel b el chrbad
S ottt b b gy men nRAS fron cer I i
Hovan Beie [rhat et oder 421 {1ed
Soliced EsTs i I Pl L 4 | et H—|
soo HOKEYRC, Wark OFcen. paund Near- Ak te) REchyTatart E1ementeh b 7 rE71 1ihes from ENCODE
Lauered Hacame
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- T LI Digieal Dveser tapereens (i e

| ¥ next # previous & Highlight all [ Match case
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Galaxy - Exporting Data
Download VCF File

[T
€ > il Bl B |5 coudi galaxyproject.orgiraot AIRE y3 7

| =2 Galaxy +

Tools -3 #CHROM POS ID REF ALT QUAL FILTER  INFO 2 History *
T A| chr2i 10161051 T G 0333095 . £B=0.5;4BP=3.0103;AC=1;AF=0.5 a
search tools () chr21 10161084 T c . @ : | OB ZiC}
o chra1 10161086 T s Opening Galaxy20-[FreeBayes_on_data_3_and_data_17... < Unnamed history 35.1
Ereebaves chra1 10161088 T G You have chosen to open
Send Data chr21 10163513 A c {8 ...0-[FreeBayes_on_data_3_and_data_17_(variants)L.vcf te p
ENCODE Tools chra1 10163524 A T whichis a: vCard File (1,0 ME)
tiiou: chr21 10576806 G A from: http:j/cloud!.galaxyproject.org
Text Manipulation chra1 10576811 G T What should Firefox do with this file? 2
d Sort chra1 11000769 . A N © openwith | Microsoft Office Outlook (default) v
=LLBEQIE S0 chr21 11000771 . Ste 63 " -
Join, Subtract and Group i .
Join, Subtract and Grou chro1 11000781 . A p c e File $H£11 aformac=UCEva. 1
Convert Formats chr21 11000782 A c #8211 eDavemzo120918
B chr2l 11000785 A G Sisosscamtrestayes version 0.9.6
Eetch Sequences chra1 11000786 A c ffireference=localref.fa
Eetch Alignments St 4
: L 1100077 . A c e | carce ] -
Get Genomic Scores chr21 11000788 A G =
E ine=tfrechayes ~-bam loca
Operate on Genomic Intervals chra1 11000780 . A c 0.00055001 . £R=0.0769231;ABP=23.2217;4C= : i 3
Statistics chra1 11000791 . GACAA AACAG 7.42863 . AB=0;ABP=0;AC=2;AF=1;AN . -
Graph/Display Data chra1 11000798 G A 7.08188 . AB=0;ABP=0;AC=2;AF=1;AN= -
Regional Variation chr21 11006534 T A 29.0914 . AB=0;4BP=0;AC=2;AF=1;AN=2;AC :—4’3— e o BAN;‘ 0%
i . MergedBams Merge BAM
Multiple regression chr21 14402593 . T G 3.0961 . AB=0;ABP=0;AC=2;AF=1;AN Helo
Multivariate Analysis chra1 14402598 T G 261507 . AB=0;ARP=0;AC=2;AF=1;AN
Evolution chra1 14402619 G T 20978 . AB=0;ABP=0;AC=2;AF=1,AN=2;AC | 17: MergedBams.bam @ § &
Motif Tools chra1 15329332 . T G 551709 . AB=0;ABP=0;AC=2;AF=1;AN=2;AC
—0:ABP=0:AC=2:AF=1; 15: Picard Alignment ® %
Multiole Allanmants chra1 15329338 . TTCT CTCTG 417736 . AB=0;ABP=0;AC=2;AF=1;AN=2;AC | Z3LCICAICE MIMBL
Metagenomic analyses chigl 154379938 = & c 417736 . AB=0;ABP=0;AC=2;0F=1;AN=2;aC | S nmaly HMEICS A
FASTA manipulation chra1 15438002 . T c 417736 . AB=0;ABP=0;AC=2;AF=1;AN=2;AC | 14: SAM-to-BAMon @ %
chra1 15478528 . T A 551709 . AR=0;ABP=0;AC=2;AF=1;4N=2;5C | data 3 and data 11: converted
NCBI BLAST+ BAM
. . chr21 15808752 T G 9.59144 . AB=0;0BP=0;AC=2;AF=1;aN=2;ac | BAM
NGS: OC and manipulation -
¥ chra1 15808753 T A 0797604 . AB=0;ABP=0;AC=2;AF=L;AN=2;8Cg| .o . ... e

An ORS Service
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An ORS Service

Galaxy - Exporting Data
Download BAM Files

LIBRARY

€> dEfa =

cloud galaxyproject.orgroot

Using 35.3 MB

Tools *
search tools [X)
Get Data
Freebayes
Send Data
ENCODE Tools
Lift-Over
Text Manipulation
er and Sort
Join, Subtract and Group
Convert Formats

Extract Features

Eetch Sequences

Eetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
EASTA manipulation

NCBI BLAST+

NGS: OC and manipulation

http:/{cloud1. galaxyproject.orgjhistory#

#CHROM
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21
chr21

POS
10161051
10161084
10161086
10161088
10163513
10163524
10576806
10576811
11000769
11000771
11000781
11000782
11000785
11000786
11000787
11000788
11000790
11000791
11000798
11006534
14402593
14402598
14402619
15329332
15329338
15437995
15438002
15478529
15808752
15808753

roo > m-H-d--

Step

:\Documents and S

I
5

QUAL
0.333095

FILTER

INFO
£B=0.5;48P=3.0103;4C=1;4F=0

H

neo0oo0oe00ee-HrHd00000

You have chosen to open

which is a: bam File (939 KB)

from: http://cloud!.galaxyproject.org

What should Firefox do with this file?

Step 5 -

-BAM_on_data_3_and_data_11__converted_BAML.bam

Cancel =

Histor

14: SAM-to-BAM on @
data 3 and data 11: convert

Step 1

938.9 KB
format: bam, database: 2
Info: Samtools Version: 0.1.18

- Step 2

) U R

Step 3

ADDITIONAL FILES

Download bam_index

13: SAM-to-BAMon  ® ( &
data 3 and data 10: converted
BAM

Repeat steps
for the other

12: SAM-to-BAMon @ %
data 3 and data 9: converted

A A

AACAG

o400 D

CTCTG

rero

7.42863
7.08188
29.0914
3.0961
2.61507
20.978
5.51709
4,17736
4.17736
4.17736
5.51709
9.59144
0.797604

AB=0;ABP=0;AC=2;AF=1;AN
AB=0;ABP=0;AC=2;AF=1;AN=:
AB=0;ABP=0;AC=2;AF=1;AN=2;AC
AB=0;ABP=0;AC=2;AF=1;AN
AB=0;4BP=0;AC=2;AF=1;AN

AB=0;ABP=0;AC=2;AF=1;AN
AB=0;ABP=0;AC=2;AF=1;AN

AR=0;ABP=0;AC=2;4F=1;AN=2;AC
AB=0;ABP=0;AC=2;AF=1;AN=2;AC
AB=0;ABP=0;AC=2;AF=1;AN:

BAM

two BAM
files

11: Map with BWA for @ %
Illumina on data 7 and data 3:
mapped reads

10: Map with BWA for ® § %
Illumina on data 6 and data 3:

mapped reads

9: Map with Bwa for @ ¢ %
Ilumina on data 5 and data 3:
mapped reads

8: FastQC FASTQ ®0R
Groomer on data 1.html D]

Next Generation Sequencing Data Analysis




Galaxy - Exporting Data
Download BAI Files

€ > il Bl B | = coudi galaxyproject.orgiraot o[- o T

Tools | #CHROM POS ID  REF ALT QUAL FILTER  INFO 2 Histor )
— — | chr2i 10161051 T G 0333095 . AB=0.5;ABP=3.0103;AC=1;AF=0 Ste 1
search tools 0 chra1 10161084 T c 14: SAM-to-BAM on @ (.3 p
ning
Gt Data chra1 10161086 T G i = ed
T chra1 10161088 . T G Youhave chosento open il
Send Data chr21 10163513 . A c [#] ...0-BAM_on_data_3_and_data_11__converted_BAM].bai = | format: bam, database: 2
ENCODE Tools chra1 10163524 A T whichis a: bai File (26.1 KE) 4C | Info: Samtools Version: 0.1.18
N chra1 10576806 G A from: htp:fjclouds.galaxyproject.org s 982:205) t e 2
Tattmasinulation chra1 10576811 G T What should Firefox do with ths File? i p
chra1 11000769 . A G LTS JE St 3
er and Sort i TG, . Ste 7 en with Download Dataset e p
Join. Subtract and Groy chr2l 11000781 . Pk p c e Fie ADDITIONAL FILES
Conyert Formats chra1 11000782 A c
Extract Features chr21 11000785 A G S————
Eetch Sequences chra1 11000786 A c 13: SAM-to-BAMon  ® R t t
Eetch Alignments chrao1 11000787 a c Ste p 5 ~——————————————g:ﬁ\‘: 3 and data 10: converted e pea S e ps
Get Genomic Scores chr21 11000788 A G Cancel N il
Operate on Genomic Intervals chr21 11000790 . A c TOOTTIOOT & gzt 12: SAM-to-BAM on ® 0 R for the other
Statistics chra1 11000791 .  GACAA AACAG 7.42863 . AB=0;8BP=0;AC=2;AF=1;AN=2;A( !;-:t;:“"“”m’———ﬂmﬂ
Graph/Display Data chr21 11000798 G A 7.08188 . AB=0;ABP=0;AC=2;AF=1;AN=2;AC | — two BAM
Regional Variation chr21 11006534 T A 29.0914 . AB=0;ABP=0,AC=2;AF=1;AN=2AC | 13: Map with BWA for @ { %
Multiple regression chr21 14402593 . T G 3.0961 . AB=0;ABP=0;4C=2;4F=1;4N=2;4C | Illumina on data 7 and data 3: g
Multivariate Analvsis chr21 14402598 T G 261507 . AB=0;ABP=0;AC=2;AF=1;AN=2;4C | Mapped reads | IHes
1 978 . =0;ABP=0;4C=2;AF=1;AN=2; -
Evalution chra1 14402619 G T 20,978 AB=0;ABP=O;AC=2iAF=LANSZIAC [ oo @ O %
el chr21 15320332 . T I 551708 . AB=0;ABP=0;AC=2;AF=1;AN A it
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