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Welcome to IIGB's Galaxy Server!

Overview

Calaxy is an open, highly customizable, web-based platform for the analysis of next generation sequence data and many
other biological data types. It enables users to run computationally demanding next generation sequencing analysis tasks on
powerful server hardware from a graphical web browser-based user interface rather than the Linux command-line. A subset
of of application supported by Galaxy is given in the left pane. Much more detailed descriptions of Galaxy's basic
functionalities including user tutorials are available here.

Why Local Galaxy Service?

There are many advantages of using a local Galaxy server here at UCR rather than public test instances of Galaxy available
on the internet. The most important are: (1) shorter waiting queues for analysis tasks; (2) elimination of time consuming
uploads of large data sets; (3) support for analyzing much larger data sets than this is possible on public services; (4) the
ability to customize software tools and database collections.

How to Gain Access?

This instance of Galaxy runs on lIGB's high performance compute (HPC) infrastructure, called Biocluster. As such its usage is
covered by the annual registration fee for this infrastructure (see here for details). Users with an active Biocluster account
can access this Galaxy service using their existing user name and password without any extra cost. New account requests
for this service can be sent to support@biocluster.ucr.edu.

Additional Databases and Sofware Tools
Support requests for including additional reference genomes and software tools on IIGB's Galaxy server can be sent to
support@biocluster.ucr.edu

Workshops on Galaxy
Past and future UCR workshop events on using Galaxy are listed here. The user manual from previous workshops can be
accessed here.

Enter lIGB's Galaxy Service
To enter this service, click here.




SNP-seq Analysis dataset

Data source: SRR0O38850 sample from experiment published by
Kaufman et al (2012, GSE20176)

 Understand the target molecular mechanisms underlying
AP1 function

Fastq File:
http://biocluster.ucr.edu/~rkaundal/Galaxy workshop/Snpseq/SRR038850.fastq

TAIR10 Genome:

http://biocluster.ucr.edu/~rkaundal/Galaxy workshop/Snpseq/tair10chr.fasta

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE20176




SNP-seq pipeline

| e Sequence (fastq file)
e Reference genome (fasta file)

_lGleEeleEIcl e Filter reads based on quality scores
and QC

Ao Align with BWA (Burrows Wheeler Aligner)
e SAM to BAM conversion

Alignment

with BWA

A« Mpileup

e Bcftools view
Variant
calling




Upload data

Go to "Get Data”, click open "Upload File from your computer”. Then specify the
following list of URLs in URL/Text box

http://biocluster.ucr.edu/~rkaundal/Galaxy workshop/Snpseq/SRR038850.fastq
http://biocluster.ucr.edu/~rkaundal/Galaxy workshop/Snpseg/tairl0chr.fasta

Analyze Data W red Data alizatior I Using 0%

i ~
A00ls Upload File (version 1.1.3) History 8

search tools (<] File Format: Unnamed history
0 bytes 7S]

O s : ,
Which format? See help below e p——

Upload File from your computer

File: Data' on the left pane to start

UCSC Main table browser
Browse... No file selected.

UCSC Test table browser TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload large files, use the URL method (below) or FTP (if enabled
UCSC Archaea table browser by the site administrator).

BX table browser URL/Text:

http://biocluster.ucr.edu/~rkaundal

/Galaxy_workshop/Snpseq/SRR038850.fastq

Get Microbial Data http://biocluster.ucr.edu/~rkaundal
/Galaxy_workshop/Snpseq/tair10chr.fasta

EBI SRA ENA SRA

BioMart Central server

BioMart Test server Here you may specify a list of URLs (one per line) or paste the contents of a file.

CBI Rice Mart rice mart Files uploaded via FTP:

GrameneMart Central server File Size Date
modENCODE fly server Your FTP upload directory contains no files.

To upload files greater than 2GB in size, it is recommended that you upload your files on any webserver as biocluster and then paste the

Flymine server
URL to your file in the URL/Text box. You may use filezilla and transfer the file to your .html directory in your biocluster account. The url

Flymine test server of your file will be (http://biocluster.ucr.edu/~username/filename)
modENCODE modMine server Convert spaces to tabs:
MouseMine server (] ¥es

Use this option if you are entering intervals by hand.
Ratmine server

Genome:

YeastMine server
unspecified (7) v

metabolicMine server

modENCODE worm server m

WormBase server

Wormbase test server | Auto-detect

<\ | _The system will attempt to detect Axt, Fasta, Fastasolexa, Gff, Gff3, Html, Lav, Maf, Tabular, Wigale, Bed and Interval (Bed with headers) formats. If your file




Convert Fastq file to sanger format

Select NGS: QC and manipulation and Fastg groomer
The FASTQ Groomer tool is used to verify and convert between the known FASTQ
variants.

After grooming, the user is presented with a valid FASTQ format that is accepted by all
downstream analysis tools.

Analyze Data

Tools
WaVeIeT ANarysis -

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments

Metagenomic analyses

FASTA manipulation

NGS: QC and manipulation
FastQC: Comprehensive QC
reporting for short read sequence
Barcode Splitter (ngs-tools)
Clip adapter sequences
ILLUMINA FASTQ

FASTQ Groomer convert between
various FASTQ quality formats

FASTQ splitter on joined paired
end reads

FASTQ joiner on paired end reads
FASTQ Summary Statistics by

column

ROCHE-454 DATA

Build base quality distribution
Select high quality segments

Combine FASTA and QUAL into
FASTQ

AB-SOLID DATA

Convert SOLID output to fastq

Compute quality statistics for
SOLID data

FASTQ Groomer (version 1.0.4)

File to groom:
1: httpz//biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Snpseq/ )38850.fastg u

Input FASTQ quality scores type:
Sanger B

Advanced Options:
Hide Advanced Options [

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 P
Fields CJ, Goto N, Heuer ML, Rice PM. The Sanger FASTQ file format for sequences with guality scores, and the Solexa/lllumina FASTQ variants. Nucleic
Acids Res. 2009 Dec 16.

When converting between color space (csSanger) and base/sequence space (Sanger, lllumina, 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

............................... IIIIIITIIIIIIIIIIIIIITIIIIIILIIIIIIIIIIIIIIICIIIIIITIIIIIIINIII
.......................... P000.090000000009000.0900000000090000.0000000000000090000009009.0.6¢004694
LU#$8&° ()*+,-. /0123456789 ;<=>? @ABCDEFGHIJKLMNOPQRSTUVWXYZ([\]"_"abcdefghijklmnoparstuvwxyz{ |}~

| | | |

33 59 64 73 104 126

S - Sanger Phred+33,
I - Illumina 1.3 Phred+64,
X - Solexa

93 values (0, 93) (0 to 60 expected in raw reads)
62 values (0, 62) (0 to 40 expected in raw reads)
Solexa+64, 67 values (-5, 62) (-5 to 40 expected in raw reads)

Diagram adapted from http://en.wikipedia.org/wiki/FASTQ format

© output from lllumina 1.8+ pipelines are Sanger encoded.

History

cn
Unnamed history
182.4 MB
2 ® R

http://biocluster.ucr.edu/~rkaundal

/Galaxy workshop/Snpseq/tair10ch
r.fasta

1 @ (R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/SRR0388
50.fastq



Features available 1n history panel

* View, Edit, Delete file
e Size of the file
e Save the file

* Repeat the analysis

1: @ (7 R

http:/ /biocluster.ucr.edu/~rkaundal
{Galaxy workshop/Snpseq/SRRO388
50.fastg

66.8 MB

format: fastqg, database: ?

uploaded fastq file

@SRR23885@.12 HNI-EAS@38:3:1:2:1948 le¢
CAAGCATCTTTTTTGAATTTCCCATTTATCCGTTTA
+SRR23885@.12 HNI-EAS@®38:3:1:2:1948 l¢
B78<@72BBAABE> >===7BAB?7=<:6>BAR:7:6
@SRR23885@.16 HNI-EAS@38:3:1:2:1261 le¢
AGTAGCGAGCTTAGGCTCCCAAAGGCACGTGTCROTG
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Multivariate Analysis
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Multiple Alignments
Metagenomic analyses
FASTA manipulation

NGS: QC and manipulation

FastQC: Comprehensive QC
reporting for short read sequence

Barcode Splitter (ngs-tools)
Clip adapter sequences
ILLUMINA FASTQ

EASTQ Groomer convert between
various FASTQ quality formats

FASTQ splitter on joined paired
end reads

EASTQ joiner on paired end reads

EASTQ Summary Statistics by
column

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

Combine FASTA and QUAL into
FASTQ

AB-SOLID DATA

Convert SOLID output to fastq

FASTQ Summary Statistics

To understand the quality properties of the reads, one can run the FASTQ
Summary Statistics tool from NGS: QC and manipulation.

Analyze Data

FASTQ Summary Statistics (version 1.0.0)

FASTQ File:
3: FASTQ Groomer on data 1 &)

This tool creates summary statistics on a FASTQ file.

© TIP: This statistics report can be used as input for the Boxplot tools.

The output file will contain the following fields:

column = column number (1 to 36 for a 36-cycles read Solexa file)
count = number of bases found in this column.

min = Lowest quality score value found in this column.
max = Highest quality score value found in this column.
sum = Sum of quality score values for this column.
mean = Mean quality score value for this column.

Q1 = 1st quartile quality score.

med = Median quality score.

Q3 = 3rd quartile quality score.

IQR = Inter-Quartile range (Q3-Q1).

IW = 'Left-Whisker' value (for boxplotting).

W = 'Right-Whisker' value (for boxplotting).

outliers = Scores falling beyond the left and right whiskers (comma separated list).

A_Count = Count of 'A' nucleotides found in this column.
C_Count = Count of 'C' nucleotides found in this column.
G_Count = Count of 'G' nucleotides found in this column.
T_Count = Count of 'T" nucleotides found in this column.
N_Count = Count of ‘N' nucleotides found in this column.

Other_Nucs = Comma separated list of other nucleotides found in this column.

Other_Count = Comma separated count of other nucleotides found in this column.

For example:

#column count min max sum mean Q1 med Q3 IQR 1IW
1 14336356 2 33 450600675 31.4306281875 32.0
2 14336356 2 34 441135033 30.7703737965 30.0
3 14336356 2 34 433659182 30.2489127642 29.0
4 14336356 2 34 433635331 30.2472490917 29.0
5 14336356 2 34 432498583  30.167957813 29.0

0

0
0
0
0

rW outliers
33.
33.
32
32.
32

33.
33.
33.
33.
33.

o o o oo

A Count C_Count G_Count T Count N_Count other_bases ¢

1.
.0 26
.0 23
.0 23
.0 23

3
4
4
4

0 31

33
34
34
34
34

2,4,5,6,7,8,9,10,11,12,13,14,15,16,17,.
2,4,5,6,7,8,9,10,11,12,13,14,15,16,17,.
2,4,5,6,7,8,9,10,11,12,13,14,15,16,17,.
2,4,5,6,7,8,9,10,11,12,13,14,15,16,17,.
2,4,5,6,7,8,9,10,11,12,13,14,15,16,17,:

History (o - |

Unnamed history
249.2 MB =

3: FASTQ Groomerondata ® %
1

2 ®0R
http:/ /biocluster.ucr.edu/~rkaundal

/Galaxy workshop/Snpseq/tairlOch
r.fasta

1 ® R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/SRR0388
50.fastq



FASTQ Quality control

FASTQC: Read QC reports from NGS: QC and manipulation.

Analyze Data

» To understand the quality properties of the reads, one can also run the

Tools

search tools (%]

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group

Convert Formats

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics

Wavelet Analysis

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments

Metagenomic analyses

FASTA manipulation

NGS: QC and manipulation
FastQC: Comprehensive
reporting for short read sequence
Barcode Splitter (ngs-tools)
Clip adapter sequences
ILLUMINA FASTQ

FASTQ Groomer convert between
various FASTQ quality formats

FASTQ splitter on joined paired
end reads

FASTQ joiner on paired end reads
FASTQ Summary Statistics by

column

ROCHE-454 DATA

FastQC: Comprehensive QC| version 0.53 [

Short read data from your current history:
3: FASTQ Groomer on data 1 B

Title for the output file - to remind you what the job was for:

FastQC
Letters and numbers only please - other characters will be removed
Contaminant list:
Selection is Optional B
tab delimited file with 2 columns: name and sequence. For example: lllumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA

0 Purpose Quote from FastQC

FastQC aims to provide a simple way to do some quality control checks on raw sequence data coming from high throughput sequencing pipelines. It provides a modular set of analyses
which you can use to give a quick impression of whether your data has any problems of which you should be aware before doing any further analysis.

The main functions of FastQC are:

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

Summary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report

Offline operation to allow automated generation of reports without running the interactive application

FastQC is the best place to look for documentation - it's very good. Some features of the Galaxy wrapper you are using are described below.

@ This Galaxy Tool You are using FastQC in Galaxy. This is easy because it has been packaged into a Galaxy tool by the Intergalactic Utilities Commission. It 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 processing.

The contaminants file parameter was borrowed from the independently developed fastqcwrapper contributed to the Galaxy Community Tool Shed by Jim Johnson.

(5 ] Inputs and outputs

This wrapper will accept a Galaxy fastq, sam or bam as the input read file to check. It will also take an optional file containing a list of contaminants information, in the form of a tab-
delimited file with 2 columns, name and sequence.

FastQC produces a single HTML output file which is slightly adjusted so it looks good in Galaxy that contains all of the results, including the following:

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
Sequence Duplication Levels
Overrepresented sequences
Kmer Content

All except Basic Statistics and Overrepresented sequences are plots.

History c 8

Workshop_test
249.3 MB

4: FASTQ Summary ® R

Statistics on data 3

3: FASTQ Groomerondata ® &
1

2 ®()R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/tair10ch
r.fasta

L ®(0R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/SRR0388
50.fastq



Quality control output

Analyze Data

Tools

search tools (%]

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group

Convert Formats

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics

Wavelet Analysis

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments

Metagenomic analyses

FASTA manipulation

NGS: QC and manipulation
FastQC: Comprehensive
reporting for short read sequence

Barcode Splitter (ngs-tools)
Clip adapter sequences
ILLUMINA FASTQ

FASTQ Groomer convert between
various FASTQ quality formats

FASTQ splitter on joined paired
end reads

FASTQ_Groomer_on_data_1 FastQC Report
gFastQC Report

Sat 6 Dec 2014
FASTQ_Groomer_on_data_1

Summary

. @ Basic Statistics

. @Pcr base sequence qualil

. Per sequence quality scores
. O Per base sequence content
. @ Per base GC content

. @ Per sequence GC content

. @ Per base N content

. Sequence Length Distribution

. Sequence Duplication Levels

. @ Overrepresented sequences

. &) Kmer Content

@ Basic Statistics
Measure Value
Filename FASTQ_Groomer_on_data_1
File type Conventional base calls
Encoding Sanger / Illumina 1.9
Total Sequences 386588
Filtered Sequences 0
Sequence length 36
%GC 42

History o0

Workshop_test

249.6 MB =

5: FastQC FASTQ Groomer @ (J 3¢
on data 1.html|

4: FASTQ Summary ® )R
Statistics on data 3

3: FASTQ Groomerondata @ (J ¢
1

2 ® )R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/tair10ch

r.fasta

L ® )R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/SRR0388
50.fastq

10



Quality control reports

Per base sequence quality

Per base sequence content

Quality scores across al bases (flumina >v1.3 encoding)

iE

[}

28

Wiiwise

26

24

22

20

[/
I
I

123 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 36 39 40

Pasition in read (bp)

Sequence content across all bases
100.0 q
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GC distribution over all sequences

GC count per read
Theoretical Distribution
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Mean GC content (%)
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Per sequence GC content

11



Quality filter

This tool filters reads based on quality scores. NGS: QC and manipulation -
> Generic FASTQ manipulation->Filter FASTQ reads by quality score and

length

Analyze Data

Tools

NGS: QC and manipulation
FastQC: Comprehensive QC
reporting for short read sequence

Barcode Splitter (ngs-tools
Clip adapter sequences
ILLUMINA FASTQ

FASTQ Groomer convert between
various FASTQ quality formats

FASTQ 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 quality segments

Combine FASTA and QUAL into
FASTQ

AB-SOLID DATA

Convert SOLID output to fastq

Compute guality statistics for
SOLID data

Draw quality score boxplot for
SOLID data

GENERIC FASTQ MANIPULATION

Filter FASTQ reads by quality score
and length

EASTQ Trimmer by column

FASTQ Quality Trimmer by sliding
window

FASTQ Masker by quality score

FASTQ interlacer on paired end
reads

FASTQ de-interlacer on paired end
reads

Manipulate FASTQ reads on
various attributes

Filter FASTQ (version 1.0.0)

FASTQ File:
3: FASTQ Groomer on data 1 E
Requires groomed data: if your data does not appear here try using the FASTQ groomer.
Minimum Size:
36

Maximum Size:
36

A maximum size less than 1 indicates no limit.
Minimum Quality:
20

Maximum Quality:
0.0
A maximum quality less than 1 indicates no limit.

Maximum number of bases allowed outside of quality range:
0

This is paired end data:

Quality Filter on a Range of Bases
The above settings do not apply to these filters.

Add new Quality Filter on a Range of Bases

This tool allows you to build complex filters to be applied to each read in a FASTQ file.

Basic Options:

You can specify a minimum and maximum read lengths.

You can specify minimum and maximum per base quality scores, with optionally specifying the number of bases that are allowed to deviate from this range (default of 0 deviant bases).
If your data is paired-end, select the proper checkbox; this will cause each read to be internally split down the middle and filters applied to each half using the offsets specified.
Advance Options:

You can specify any number of advanced filters.

5" and 3' offsets are defined, starting at zero, increasing from the respective end of the reads. For example, a quality string of “ABCDEFG", with 5' and 3' offsets of 1 and 1, respectively,
specified will yield "BCDEF".

You can specify either absolute offset values, or percentage offset values. Absolute Values based offsets are useful for fixed length reads (e.g. lllumina or SOLID data). Percentage of
Read Length based offsets are useful for variable length reads (e.g. 454 data). When using the percent-based method, offsets are rounded to the nearest integer.

The user specifies the aggregating action (min, max, sum, mean) to perform on the quality score values found between the specified offsets to be used with the user defined
comparison operation and comparison value.

If a set of offsets is specified that causes the remaining quality score list to be of length zero, then the read will pass the quality filter unless the size range filter is used to remove
these reads.

History o0

Workshop_test
249.6 MB /

5: FastQC FASTQ Groomer ® () &
on data 1.html|

4: FASTQ Summary ® (R

Statistics on data 3

3: FASTQ Groomer ondata @ () &
1

Zz ® (R

http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/tair10ch

r.fasta

L @R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/SRR0388

50.fastq



Alignment with BWA

* BWA is a fast and accurate short read aligner that allows mismatches and
indels (Link)

 Go to "NGS: Mapping” and click on "Map with BWA”. (Settings)

Analyze Data Wo
i ~
Too's Map with BWA for Illumina (version 1.2.3) | istoty) 2 J
Send Data
Will you select a reference genome from your history or use a built-in index?: Workshop_test
ENCODE Tools Use one from the history B 267.6 MB =
Lift-Over

Select a reference from history:
2: http//biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Snpseq/tairiOchr.fasta B
; e p— 5: FastQC FASTQ Groomer ® (J &
Join, Subtract and Group Is this library mate-paired?: L hunl
Single-end o] ondata Lhtml
Convert Formats

Extract Features FASTQ file: 4: FASTQ Summary ® )R

Text Manipulation 6:Filter FASTQondata3 @ { %

Filter and Sort

Fetch Sequiences 6:Fiter FASTQondata3 [ Statistics on data 3
> FASTQ with either Sanger-scaled quality values (fastqsanger) or Illumina-scaled quality values (fastqillumina)

Fetch Alignments 3: FASTQ Groomerondata @ (/ &
Get Genomic Scores BWA settings to use: 1
Operate on Genomic Intervals Full Parameter Ut |5

. For most mapping needs use Commonly Used settings. If you want full control use Full Parameter List = ® (%
Statistics ) o http:/ /biocluster.ucr.edu/~rkaundal
Wavelet Analysis Maximum edit distance (aln -n): /Galaxy workshop/Snpseq/tair10ch
Graph/Display Data 0 rfasta

i ioei Enter this value OR a fraction of missing alignments, not both
Regional Variation
Regional Variation L ® 0%
Multiple regression Fraction of missing alignments given 2% uniform base error rate (aln -n): http:/ /biocluster.ucr.edu /~rkaundal
Multivariate Analysis 0.04 Galaxy workshop/Snpseq/SRR0388 ‘
Evolution Enter this value OR maximum edit distance, not both Ay |

Motif Tools Maximum number of gap opens (aln -o): |
Multiple Alignments 1 |
Metagenomic analyses
FASTA manipulation
NGS: QC and manipulation 5
NGS: Mapping -1 for k-difference mode (disallowing long gaps)

g Map with BWA for Illumina Disallow long deletion within [value] bp towards the 3'-end (aln -d):

Map with BWA for SOLID 16

W

of gap ex ions (aln -e):

Map with Bowtie for Illumina Disallow insertion/deletion within [value] bp towards the end (aln -i):

Bowtie2 is a short-read aligner 5

Map with BFAST Number of first sut es to take as seed (aln -I):

Megablast compare short reads -1
against htgs, nt, and wgs Enter -1 for infinity



SAM to BAM format conversion

* Produce an indexed BAM file based on a sorted input SAM file.
* Go to "NGS: SAM Tools”, then click open "SAM-to-BAM”.

Analyze Data Workflow Shared Datav  Visualization» Helpv User~v Using 0%

Tools History F5 2 -« )

SAM-to-BAM (version 1.1.3)
Graph/Display Data
Regional Variation

Multiple regression
SAM file to convert:

Multivariate Analysis 7: Map with BWA for ® ) R
7: Map with BWA for lllumina on data 6 and data 2: mapped reads 4% filimina onidatai6landidata 2

Choose the source for the reference list: Workshop_test
History v 286.1 MB %

Evolution

Motif Tools Using reference file: mapped reads

Multiole Alianménts 2: http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Snpseq/ta % 6: Filter FASTO on data 3 ® )R
Metagenomic analyses

A baar m 5: FastQC_FASTQ Groomer @ { %
FASTA manipulation

on data 1.html

NGS: QC and manipulation

NGS: Mapping What it does 4: FASTQ Summa @ ] R |

: : Statistics on data 3 |
NGS: Indel Analysis This tool uses the SAMTools toolkit to produce an indexed BAM file based on a sorted input

NGS: RNA Analysis SAM file. 3: FASTQ Groomerondata @ {J X l

NGS: SAM Tools 1 |

BCF Tools Cat This tool allows the Citation :

user to concatenate BCF files. 2 . TON/IDS |

Betioolevien € RCF T For the underlying tool, please cite Li H, Handsaker B, Wysoker A, Fennell T, Ruan |, Homer http:/ /biocluster.ucr.edu/~rkaundal |

H |

ctL;vrew onverts apmat N, Marth G, Abecasis G, Durbin R; 1000 Genome Project Data Processing Subgroup. The /Galaxy_workshop/Snpseq/tairl0ch !

to VCF format Sequence Alignment/Map format and SAMtools. Bioinformatics. 2009 Aug 15;25(16):2078- rfasta i

. 9_ |

BCF Tools Index This tool allows 1 ® )R |

the user to index sorted BCF for
random access.

http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/SRR0388
MPileup SNP and indel caller 50.fastq

:> SAM-to-BAM converts SAM format
to BAM format

bcftools view Converts BCF format
to VCF format



Variants calling with Mpileup

SNP and INDEL caller to Generate BCF (Binary Variant Format) for one or
multiple BAM files

Go to "NGS: SAM Tools”, then click open "MPileup SNP and indel caller”.

Analyze Data

—

Tools
LOUnNverL rormdrcs

Extract Features
Fetch Sequences
Fetch Alignments
Get Genomic Scores
Operate on Genomic Intervals
Statistics
Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Motif Tools
Multiple Alignments
Metagenomic analyses
FASTA manipulation
NGS: OC and manipulation
NGS: Mapping
NGS: Indel Analysis
NGS: RNA Analysis
NGS: SAM Tools
BCF Tools Cat This tool allows the
user to concatenate BCF files.

bcftools view Converts BCF format
to VCF format

BCF Tools Index This tool allows
the user to index sorted BCF for
random access.

MPileup SNP and indel caller

SAM-to-BAM converts SAM format
to BAM format

bcftools view Converts BCF format
to VCF format

NGS: GATK Tools (beta)

NGS: Peak Calling

NGS: Simulation

SNP/WGA: Data: Filters

Phenotype Association

VCF Tools

MPileup (version 0.0.2)

Choose the source for the reference list:

a

History v
BAM files
BAM file 1

BAM file:
8: SAM-to-BAM on data 2 and data 7: converted BAM

Add new BAM file

Using reference file:

2: http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Snpseq/tairlOchr.fasta

Genotype Likelihood Computation:
Perform genotype likelihood computation s

Phred-scaled gap extension sequencing error probability:
20

Coefficient for modeling homopolymer errors.:
100

Perform INDEL calling:
Perform INDEL calling s

Skip INDEL calling if the average per-sample depth is above:
250

Phred-scaled gap open sequencing error probability:
40

Platform for INDEL candidates
Add new Platform for INDEL candidates

Set advanced options:

Basic v

What it does

Generate BCF or pileup for one or multiple BAM files. Alignment records are grouped by sample identifiers in @RG header
lines. If sample identifiers are absent, each input file is regarded as one sample.

Settings:

Q
]

History

Workshop_test
289.5 MB

8: SAM-to-BAM ondata2 & {J X
and data 7: converted BAM

7: Map with BWA for @ (R
Hllumina on data 6 and data 2:

mapped reads
6: Filter FASTQ on data 3 @ (R

5: FastQC FASTQ Groomer & ( %
on data 1.html

4: FAST mm @0 R
Statistics on data 3

3: FASTQ Groomer on data ® ¢ %
1

2: @ R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Snpseq/tairlOch
r.fasta

1 @0 R
http://biocluster.ucr.edu/~rkaundal

laxy worksho e R
50.fastq



Bctftools view

e Converts BCF format to VCF format.
* Go to "NGS: SAM Tools”, then click open "bcftools view”

Analyze Data

Tools
Fetch Sequences
Fetch Alignments
Get Genomic Scores
Operate on Genomic Intervals
Statistics
Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Motif Tools
Multiple Alignments
Metagenomic analyses
FASTA manipulation
NGS: QC and manipulation
NGS: Mapping
NGS: Indel Analysis
NGS: RNA Analysis
NGS: SAM Tools
BCF Tools Cat This tool allows the
user to concatenate BCF files.

beftools view Converts BCF format
to VCF format

BCF Tools Index This tool allows
the user to index sorted BCF for
random access.

MPileup SNP and indel caller

SAM-to-BAM converts SAM format
to BAM format

bcftools view Converts BCF format
to VCF format
NGS: GATK Tools (beta)

NGS: Peak Calling
NGS: Simulation

SNP/WGA: Data; Filters
Phenotype Association
VCF Tools

Workflows

= All workflows

bcftools view (version 0.0.1)

Choose a bcf file to view:
9: MPileup on data 2 and data 8 %

Retain all possible alternate alleles at variant sites:
No #

Output in the BCF format. The default is VCF.:
No ¢
Sequence dictionary (list of chromosome names) for VCF->BCF conversion.:

No ¢

Indicate PL is generated by r921 or before (ordering is different).:
No %

Suppress all individual genotype information.:
No ¢

Skip sites where the REF field is not A/C/G/T:
No ¢
The input is VCF instead of BCF.:

No #%

Uncompressed BCF output.:
No %

Call variants using Bayesian inference. Automatically performs max-likelihood inference only:
Yes %

Perform max-likelihood inference only, including estimating the site allele frequency, testing Hardy-Weinberg
equilibrium and testing associations with LRT.:

No ¢

Call per-sample genotypes at variant sites:
Yes %

Use alternate INDEL-to-SNP mutation rate, default 0.15.:
No %

variant_filter:
No *

Specify scaled mutation rate for variant calling, default is 0.001.:
No *

Output variant sites only.:
Yes %

What it does:

This tool converts BCF files into VCF files using BCFtools view from the SAMtools set of utilities:

History c o

Workshop_test
294.5 MB

10: MPileupondata2and @ ¢ X
data 8 (log)

9: MPileupondatazand @ § R
data 8

8:SAM-to-BAMondata2 @& { X
and data 7: converted BAM

7: Map with BWA for Lo/
lllumina on data 6 and data 2:

mapped reads

6: Filter FASTQondata3 & { X

5: FastQC_FASTQ Groomer & ¢ X
on data 1.html

4: FASTQ Summary ® (R

Statistics on data 3

3: FASTQ Groomerondata @ { &%
1

2: ® ()R
http://biocluster.ucr.edu/~rkaundal

/Galaxy workshop/Snpseq/tairl0ch

r.fasta

1: @ (0 R
http://biocluster.ucr.edu/~rkaundal

/Galaxy workshop/Snpseq/SRRO388
50.fastq




Rename history

Analyze Data

Tools

search tools

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences
Fetch Alignments
Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools
Multiple Alignments
Metagenomic analyses

£

U G R Institute for Integrative
Genome Biology

History -z o

Welcome to IIGB's Galaxy Server!

Overview

Galaxy is an open, highly customizable, web-based platform for the analysis
of next generation sequence data and many other biological data types. It
enables users to run computationally demanding next generation sequencing
analysis tasks on powerful server hardware from a graphical web
browser-based user interface rather than the Linux command-line. A subset
of of application supported by Galaxy is given in the left pane. Much more
detailed descriptions of Galaxy's basic functionalities including user tutorials
are available here.

Why Local Galaxy Service?

There are many advantages of using a local Galaxy server here at UCR rather
than public test instances of Galaxy available on the internet. The most
important are: (1) shorter waiting queues for analysis tasks; (2) elimination of
time consuming uploads of large data sets; (3) support for analyzing much
larger data sets than this is possible on public services; (4) the ability to
customize software tools and database collections.

How to Gain Access?

This instance of Galaxy runs on IlIGB's high performance compute (HPC)
infrastructure, called Biocluster. As such its usage is covered by the annual
registration fee for this infrastructure (see here for details). Users with an
active Biocluster account can access this Galaxy service using their existing
user name and password without any extra cost. New account requests for
this service can be sent to support@biocluster.ucr.edu.

'Unnahed history

23.0 M —. history =

2: Sort on data 1 ® R

1: UCSC Main on Human: @ { X

knownGene (genome)




Extract workflow from history

Analyze Data

Tools

search tools

Get Data

Send Data

ENCODE Tools
Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats
Extract Features
Fetch Seguences
Fetch Alignments
Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses

javascript:void(0);
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o

Welcome to IIGB's Galaxy Server!

Overview

Galaxy is an open, highly customizable, web-based platform for the analysis
of next generation sequence data and many other biological data types. It
enables users to run computationally demanding next generation sequencing
analysis tasks on powerful server hardware from a graphical web
browser-based user interface rather than the Linux command-line. A subset
of of application supported by Galaxy is given in the left pane. Much more
detailed descriptions of Galaxy's basic functionalities including user tutorials
are available here.

Why Local Galaxy Service?

There are many advantages of using a local Galaxy server here at UCR rather
than public test instances of Galaxy available on the internet. The most
important are: (1) shorter waiting queues for analysis tasks; (2) elimination of
time consuming uploads of large data sets; (3) support for analyzing much
larger data sets than this is possible on public services; (4) the ability to
customize software tools and database collections.

How to Gain Access?

This instance of Galaxy runs on IIGB's high performance compute (HPC)
infrastructure, called Biocluster. As such its usage is covered by the annual
registration fee for this infrastructure (see here for details). Users with an
active Biocluster account can access this Galaxy service using their existing
user name and password without any extra cost. New account requests for

this service can be sent to support@biocluster.ucr.edu.

~~— Copy Datasets

HISTORY LISTS ]
Unni  saved Histories

23.0  Histories Shared with Me
CURRENT HISTORY

. Create New |
1 UC Copy History
nov

Share or Publish

Dataset Security

Resume Paused Jobs
Collapse Expanded Datasets
Include Deleted Datasets
Include Hidden Datasets
Unhide Hidden Datasets
Delete Hidden Datasets
Purge Deleted Datasets
Show Structure

Export to File

Delete

Delete Permanently
OTHER ACTIONS

Import from File




Exercise 2: RNA-seq Analysis

* Data source: RNA-seq experiment SRA023501
 Four Samples:

Samples Factors

AP3 14 AP3 http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Rnaseq/SRR064154.fast
AP3 f14 AP3 http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Rnaseq/SRR064155.fastq
T1 f14 TRL http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Rnaseq/SRR064166.fastq
T1 f14 TRL http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Rnaseq/SRR064167.fastqg
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RNA-seq Analysis workflow

Input data

Upload the fastq files, reference Use fastg groomer to groom the fastq
genome and GTF file sequences

Alignment

Results in insertions, deletions, splice

TopHat for alignment junctions and accepted hits

Differential expression testing

Use Cuffdiff for differential expression Finds significant changes in gene
testing expression, splicing and promoter use




Upload Data

e Upload four fastq files with URL

* Upload tairl0chr.fa with URL
(http://biocluster.ucr.edu/~rkaundal/Galaxy workshop/Rnaseq/tair10chr.fasta)

* Upload TAIR10.GTF with URL, specify the format "gtf”
(http://biocluster.ucr.edu/~rkaundal/Galaxy workshop/Rnaseq/TAIR10.GTF)

Analyze Data
H ~~
doots | Upload File (version 1.1.3) History c
search tools [ x] File Format: Unnamed history
¥ v 0 bytes
Get Data Auto-detect yti

Which format? See help below

Upload File from your computer O vour history is empty. Click 'Get

UCSC Main table browser
UCSC Test table browser
UCSC Archaea table browser
BX table browser

EBI SRA ENA SRA

Get Microbial Data

BioMart Central server
BioMart Test server

CBI Rice Mart rice mart
GrameneMart Central server
modENCODE fly server
Flymine server

Flymine test server
modENCODE modMine server
MouseMine server

Ratmine server

YeastMine server
metabolicMine server
modENCODE worm server
WormBase server
Wormbase test server
EuPathDB server
EncodeDB at NHGRI

EpiGRAPH server

File:
Choose File No file chosen
TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload large files, use the URL method (below) or FTP (if enabled by
the site administrator).
URL/Text:

http://biocluster.ucr.edu/~rkaundal/Galaxy_
workshop/Rnaseq/SRR064154.fastq
http://biocluster.ucr.edu/~rkaundal /Galaxy_
workshop/Rnaseq/SRR064155.fastq
http://biocluster.ucr.edu/~rkaundal/Galaxy_ P

Here you may specify a list of URLs (one per line) or paste the contents of a file.
Files uploaded via FTP:
File Size Date
Your FTP upload directory contains no files.
To upload files greater than 2GB in size, it is recommended that you upload your files on any webserver as biocluster and then paste the URL
to your file in the URL/Text box. You may use filezilla and transfer the file to your .html directory in your biocluster account. The url of your
file will be (http://biocluster.ucr.edu/~username/filename)
Convert spaces to tabs:
Yes
Use this option if you are entering intervals by hand.
Genome:

unspecified (2) v

Auto-detect

The system will attempt to detect Axt, Fasta, Fastgsolexa, Gff, Gff3, Html, Lav, Maf, Tabular, Wiggle, Bed and Interval (Bed with headers) formats. If your file is
not detected properly as one of the known formats, it most likely means that it has some format problems (e.g., different number of columns on different
rows). You can still coerce the system to set your data to the format you think it should be. You can also upload compressed files, which will automatically be
decompressed.

Data' on the left pane to start




Fastq Groomer

Select NGS: QC and manipulation and Fastq groomer

Run Fastq Groomer for all the 4 fastg sequences.

Analyze Data

—

Tools

Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments

Metagenomic analyses

FASTA manipulation

NGS: QC and manipulation
FastQC: Comprehensive QC
reporting for short read sequence

Barcode Splitter (ngs-tools)
Clip adapter sequences

ILLUMINA FASTQ

FASTQ Groomer convert between
various FASTQ quality formats

FASTQ 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

Draw guality score boxplot for
SOLiD data

FASTQ Groomer (version 1.0.4)

File to groom:
1: http:/ /biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Rnaseq/SRR064154.fastq #

Input FASTQ quality scores type:

Sanger T

Advanced Options:
Hide Advanced Options %

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/lllumina FASTQ variants. Nucleic Acids
Res. 2009 Dec 16.

When converting between color space (csSanger) and base/sequence space (Sanger, lllumina, 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

............................... IIIITITIITIIIIITIIITIIIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIITIINIIT
.......................... XXXXXXXXXXXXXXXXXXXXXXXX XXX XXX X XXX XXX X XXX XX X KKK XX XXX XXX XX XXX XXX XX XXX
1"#$%& ()*+,-./0123456789: ;<=>? @ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_~abcdefghijklmnopgrstuvwxyz{ |}~

| I | | |

33 59 64 73 104 126
S - Sanger Phred+33, 93 values (0, 93) (0 to 60 expected in raw reads)
I - Illumina 1.3 Phred+64, 62 values (0, 62) (0 to 40 expected in raw reads)
X - Solexa Solexa+64, 67 values (-5, 62) (-5 to 40 expected in raw reads)

Diagram adapted from http://en.wikipedia.org/wiki/FASTQ format

o Output from lllumina 1.8+ pipelines are Sanger encoded.

History c o
Unnamed history

653.6 MB

7A ® )R

http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
67.fastq

6 ® )R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
66.fastq

5 ® R
http:/ /biocluster.ucr.edu/~rkaundal

/Galaxy workshop/Rnaseq/TAIR10.
GTF

4 ® R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/tairl0ch

rfasta

rH ® )R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641

55.fastq

i ® R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
54.fastq



RNA-seq Analysis

Bowtie
Extremely fast, general purpose short read aligner

TopHat

Aligns RNA-Seq reads to the genome using Bowtie
Discovers splice sites

Cufflinks package
[ T ——— 1
I Cufflinks 1
I Assembles transcripts :
S
R S -

1

Cuffmerge 1

Merges two or more transcript assamblies :

—————————————————————————— -

__________________________ -
Cuffdiff

Cuffcompare :
I
I

Detects differential splicing and promoter use

1
Finds differentially exprassed genes and transcripts=
1
1

CummeRbund
Plots abundance and differential
exprassion results from Cuffdiff




Alignment with TopHat

TopHat is a fast splice junction mapper for RNA-Seq reads, it can identify splice junctions

between exons.

Go to "NGS RNA analysis”, click open "Tophat for illumina”

Similarly repeat this process for all the 4 fastq groomed sequences

Analyze Data

Tools

mewayenumc anary ses -
FASTA manipulation
NGS: QC and manipulation
NGS: Mapping
NGS: Indel Analysis
NGS: RNA Analysis
Cuffdiff find significant changes

in transcript expression,
splicing, and promoter use

DESeq Determines differentially
expressed transcripts from read
alignments

DEXSeq Inference of differential
exon usage in RNA-Seq

DESeq?2 Differential gene
expression analysis based on
the negative binomial
distribution

Trinity De novo assembly of
RNA-Seq data Using Trinity

RNA-SEQ

Tophat for lllumina Find splice
junctions using RNA-seq data

Tophat2 Gapped-read mapper
for RNA-seq data

Tophat for SOLID Find splice
junctions using RNA-seq data

eXpress Quantify the
abundances of a set of target
sequences from sampled
subsequences

FILTERING

Filter Combined Transcripts
using tracking file

NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Peak Calling

NGS: Simulation
SNP/WGA: Data; Filters
Phenotype Association
VCF Tools

Tophat for lllumina (version 1.5.0)

RNA-Seq FASTQ file:
11: FASTQ Groomerondata7 %
Nucleotide-space: Must have Sanger-scaled quality values with ASCII offset 33
Use a built in reference genome or own from your history:
Use a genome from history %
Built-ins genomes were created using default options

Select the reference genome:
4: http://biocluster.ucr.edu/~rkaundal/Galaxy_workshop/Rnaseq/tairlOchr.fasta %

Is this library mate-paired?:

Single-end %

TopHat settings to use:
Default settings s

Use the Full parameter list to change default settings.

Tophat Overview

TopHat is a fast splice junction mapper for RNA-Seq reads. It aligns RNA-Seq reads to mammalian-sized genomes using the
ultra high-throughput short read aligner Bowtie, and then analyzes the mapping results to identify splice junctions between
exons. Please cite: Trapnell, C., Pachter, L. and Salzberg, S.L. TopHat: discovering splice junctions with RNA-Seq.
Bioinformatics 25, 1105-1111 (2009).

Know what you are doing

There is no such thing (yet) as an automated gearshift in splice junction identification. 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 results. A way to
deal with this is to understand the parameters by carefully reading the documentation and experimenting. Fortunately,
Galaxy makes experimenting easy.

Input formats

Tophat accepts files in Sanger FASTQ format. Use the FASTQ Groomer to prepare your files.

Outputs
Tophat produces two output files:

junctions —— A UCSC BED track of junctions reported by TopHat. Each junction consists of two connected BED blocks, where
each block is as long as the maximal overhang of any read spanning the junction. The score is the number of alignments
spanning the junction.

accepted_hits —— A list of read alignments in BAM format.

Two other possible outputs, depending on the options you choose, are insertions and deletions, both of which are in BED
format.

Q
-]

History

Unnamed history
1.1GB

11: FASTQ Groomer on data & ¢ %
7

10: FASTQ Groomer on data @ { %
6
9: FASTQ Groomer ondata ® {J %
2

8: FASTQ Groomer on data ® {J %
1

7 @0 R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
67.fastg

6: @ ()R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
66.fastg

5: ® ()R
http://biocluster.ucr.edu/~rkaundal

/Galaxy workshop/Rnaseq/TAIR10.
GTF

4 @0 R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/tairl0ch

r.fasta

2: @ ()R
http:/ /biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
55.fastq

1 @ ()R
http://biocluster.ucr.edu/~rkaundal
/Galaxy workshop/Rnaseq/SRR0641
54.fastq



Find Significant Changes

e Cuffdiff find significant changes in transcript expression.
 Go to "NGS RNA analysis”, click open "Cuffdiff”

Analyze Data f Using 1%

—

Tools

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Motif Tools

Multiple Alignments
Metagenomic analyses
FASTA manipulation

NGS: QC and manipulation
NGS: Mapping

NGS: Indel Analysis

NGS: RNA Analysis

Cuffdiff find significant changes
in transcript expression,
splicing, and promoter use

DESeq Determines differentially
expressed transcripts from read
alignments

DEXSegq Inference of differential
exon usage in RNA-Seq

DESeq2 Differential gene
expression analysis based on
the negative binomial
distribution

Trinity De novo assembly of
RNA-Seq data Using Trinity

RNA-SEQ

Tophat for Illlumina Find splice
junctions using RNA-seq data

Tophat2 Gapped-read mapper
for RNA-seq data

Tophat for SOLID Find splice
junctions using RNA-seq data

eXpress Quantify the
abundances of a set of target
sequences from sampled
subsequences

FILTERING