Visualization ~ - - Using 2,
Workflow Canvas | eQTL RNA-seq Analysis Minlmum supporting reads
Varscan (version 0.1)
chr19:45910004-45927835 chr19:45853270-45873990

E3Analysis type:

single nucleotide variation & . (N I9Y |

=|Minimum read depth:

10 - 20 samples: | §

~/Minimum supporting reads:

2 -8 samples: 4
Input dataset
cout E3Minimum base quality at a position to
outp

count a read:

15
Input dataset
E3Minimum variant allele frequency
threshold:

0.01

E3Minimum frequency to call homozygote:
0.75

E3p-value threshold for calling variants:

Input dataset

output

erstanding Cancer Genomes (and

ranscriptomes!) using Galaxy
Jeremy Goecks

Department of Biology
Department of Math and Computer Science
Emory University

EMORY

UNIVERSITY




Galaxy

Analyzing Cancer Genomes and
Transcriptomes




Galaxy is an open, Web-based platform

for accessible, reproducible, and
collaborative computational genomics




What is Galaxy?

GUI for high-throughput, high-performance

genomics

1. get and integrate public, private data
2. analyze data and create workflows
3. visualization and visual analysis, sharing, publication

Customizable open-source software on various

HPC resources
+ public website — http://usegalaxy.org
+ local instance
+ on the cloud
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Accessi

AI I too I S I OO kS th e it Cufflinks (version 0.0.5)

Evolution
Motif Tools SAM or BAM file of aligned RNA-Seq reads:
Multiple Alignments e oA LA b
S a m e Metagenomic analyses Max Intron Length:
FASTA manipulation 300000
NGS: QC and manipulation
NGS: GATK To betal Min Isoform Fraction:
NGS: Mappin: 0.1
NCS: indel Analysis Pre MRNA Fraction:
NCS: RNA Analysis 0.15

RNA-SEQ

°
Tophat for llluming Find splice
O COI I ll I Ian II le Or Junctions using RNA-seq data
Tophat2 Gapped-read mapper
for RNA-seq data

Perform quartile normalization:

Use Reference Annotation:

[ ]
STAR Gapped-read aligner for No
I RNA-seq data e

Perform Bias Correction:
Tophat Fusion Post post~ -
No
processing of

dete
Cuffiinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

Cuffcompare compare
assembled transcripts to a
reference annotation and track

L]
Cufflinks transcripts across
multiple experiments
Cuffmerge merge together
several Cufflinks assemblies Cufflinks Overview

o
fidiff find significant changes flinks assembles transcripts, estimates their abundances, and tests for differential expression and regulation in RNA-Seq
in transcript expression, samples. It accepts aligned RNA-Seq reads and assembles the alignments into a parsimonious set of transcripts. Cufflinks then
splicing, and promoter use *| estimates the relative abundances of these transcripts based on how many reads support each one. Please cite: Trapnell C,

Use multi-read correct:

Williams BA, Pertea G, Mortazavi AM, Kwan G aren Salzberg SL, Wold B, Pachter L, Transcript assembly and abundance




Options

Filter and Sort
Filter data on any column
using simple expressions

Eilter on ambiquities in
polymorphism datasets

GFF
Eilter GFF data by attribute
using simple expressions

Filter GFF a by fi r
count using simple
expressions

Filter GTF data by attribute
values list

Fetch Alignments
attributes

Operate on Genomic Intervals
Intersect the intervals of two
datasets

Subtract the intervals of two
datasets

Cluster the intervals of a
dataset

aph/Displ
AF Custom Tr.
for display at UCSC

Regional Variation
» Filter nucleotides based on
quality scores

= Ferch Indels f 3-way

<

Workflow

Workflow Canvas

Input Dataset

output

Input dataset

output

Reproducibility

BodyMap Mapping and Assembly

b<4

Tophat for lllumina &%

Using 383.5 Gb

Options ~

Workflow Parameters
tissue_name

Filter GFF data by attribute  §2

A-Seq FASTQ file
Filter
Gene Model Annotations

insertions (bed)
deletions (bed)
junctions (bed) Filter

pted_hits (ba
accepted_hits (bam) Filter

out_filel

Cufflinks

SAM or BAM file of aligned RNA-Seq
X reads

Reference Annotation

Global model (for use in Trackster)

es_expression (tabular)
transcripts_expression (tabular)
assembled_isoforms (gtf)

total_map_mass (txt)

Workflows enable
reuse and provide
precise reproducibility

Users can add tags
and annotations for
additional context




= Communication

Polar and brown bear genomes reveal ancient admixture and demographic
footprints of past climate change

Webb Miller, Stephan C. Schuster, Andreanna ). Welch, Aakrosh Ratan, Oscar C. Bedoya-Reina, Fangqing
Zhao, Hie Lim Kim, Richard C. Burhans, Daniela I. Drautz, Nicola E. Wittekindt, Lynn P. Tomsho, Enrique
Ibarra~-Laclette, Luis Herrera-Estrella, Elizabeth Peacock, Sean Farley, George K. Sage, Karyn Rode, Martyn

Obbard, Rafael Montiel, Lutz Bachmann, Olafur Ingélfsson, Jon Aars, Thomas Mailund, @ystein Wiig, Sandra
L. Talbot, and Charlotte Lindqvist

Summary of the paper

Polar bears (PBs) are superbly adapted 1o ic environment and h t! reity f

divergence from the lower-latitude brown bear provid 0ok exampie of rapid evolut However, limited m

DNA evidence conflict - of PB origin as well as placement of the species wit .

seq ce data from ¢ ary and Ame: black bear sam + In addni

genome-wide perspective. Nuclear DNA ma

the enigmat wn bears native to Alaska's Alexander | 0 ] T alse 10% of their nu

is m v o PBs, indicating ancient a re b with ancient splits am

bears and black bears that were later followed by o mixture. We also provide paleodemographic estimates that suggest bear evolution has tracked key
climate events, and that P8 in particular experience > ged and dramatic dec! n is effect pn size during the last ca, 50 0 years. We
demonstrate yn bears and PBs have had sufficiently in ] onary histories over the last 4- tio leave imprints in the PB nuciear
genome that likely are associated with ecological adaptation to the Arctic environment

Datasets
Many of the analyses reported in the paper were based on the five datase u can also find them under Shared Data -> Data Ubraries -> Cenome
ty. then under bear and do
¢., positions in the dog genome where we detected two distinct nucleotides in the ¢ ding bear locations

ar bear, brown bear, and American black bear), Each row in the table corresponds to a SNP, and has 124 entries

alaxy Dataset | bear SNP: =0
table contains 13,038,705 putative SNPs that were identified using a de novo assembiy of the polar bear ome (rather than the
pw of the table corresponds to a SNP, and has 1
bear 3 mbly SNP.

drial SNPs™ ta ontains | 08It 28 individuals had the same nucle Each row represents one of th

Galaxy Dataset | bear mitochondrial SNPs

1 varient PoSItion in Put syronymous and ron-synonymaus charn

Galaxy Dataset

One of the woridlows (Dear sweep table) uses a streamlined file with the lo s es (basically, each one is the longest of a set

splice variants). Each

[+ Galaxy Dataset | dog genes

Workflows

This page presents three “‘workflows™ that p results presented in the polar-bear paper. Almost all of the commands that they use are fro
Diversity” tool set. (See the left panel under “Analyze Data”.)
e paper. (Those data were used to produce 3 mo r ve PC t that includes other information.) The
s follows: (1) Under “Analyze Data® (in create an ¢ ty history, (2) Ui Shared Dy

ew this page. ( ear SNPs” data set ("+" in ¢ / right of the gre then click 0n “return to the pre s
page”. (4) Import the "Bear PCA" workflow, and click on “start using this workflow™. (5) You will be taken to your Work > : have a workflow called
“imported bear PCA"; ¢ C nd select “run”, (6) Y will be taken 2 hist \ udes the bear SNPs and the PCA workflow o ©
workflow (middie pa d press "Run workflow”. (7) e commands run { es 3 couple of minu E * for the PC. ok
the three Outputs. (€ the PCA workfiow exposes an internal error- 3 so-called “race condition™ -~ in Calaxy, which may cause the PCA command to fal if
that happens, you can re-run the PCA (not the entire w w) by clicking on the line thar says something like X . ing on the blue re-run burtc
and clicking on re”, You also may ne give Galaxy a minute after the workflow finishes 1o put the output il

+
The second w ow produc he admixture map for the two ABC bea iowing the genomic intervals (r \ he )} where one or bof
bea mes is (are) more like the consensus o b me than like the genome of the k d "GRZ" in the paper)
produced by running kflow is a small ¢ the supplement (which has one chromosome sh
The new figure indicates the 3Mb interval g assembly (Le, containing ondy 3
n copies of the letter "N™). When yo orkfic D 3 T ows a text file giving
coordin omMic intervals whi L ke & § up e 3 S aphical picture and
additiona’
O
uces a table of the 58 highest-scoring Hmic inte e = owing sign: *selec weep” in polar
Le., where an aliele having a ve advantage increased in frequ t » ring alleles. The table appeared
¢ S8 in the Supplement, and one interval is shown Figure 7 of the main paper, To run the workflow you will need te place both the "dear SNP” file and the
n your history. (Make sure before you press “Run workflow” that the workflow's inputs are connected 10 the proper files.) When the workflow has run

on the “eye” for the last command to see the table

Galaxy Workflow | bear sweep table (+1€)




Published Pages | webb | polar-bears About this Page
duning the last ca. SOU,000 years, We demonstrate that Brown bears and PBs have nad sutticiently independent ries over the last
4-5 million years to leave imprints in the P8 nuclear genome that likely are associat gical adaptation ¢ t Atithior

Datasets webd

Many of the analyses reported in the paper were based on the five datasets given here. (You can also find them under Shared Data Related Pages

Ubraries -> Genome Diversity, then under bear and dog
The first consists of 12,0 e.. positions in the dog genome where we detected two distinct nucleotides in the Bub' shed pa
corresponding ¢ 0 ar bear, br American black bear]. Each row in the table Rating
corresponds 10 a SN C
Community
# Galaxy Dataset | bear SNPs =HOI o ey
The “bear assembly SNPs" table contains 13,038,705 putative SNPs that were Identified using a de novo assembiy of the polar bear genome (rather Yours
than the dog assembly). Each row of the table corresponds to a SNP, and has 11 s
Tags
L e O Community
evolution | | climate-change

scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
scaffoldl
gL

The "bear mitochondrial SNPs” table contains 1,698 positions where not all 28 individuals had the same nucleotide. Each row represents one o

these SNPs, and has_31 columns
[+ HO&

The “bear SAPs” table contains 79,501 otein-coding regions, both synonymous and non-synonymous changes. Each Published Pages | webb | polar-bears About this Page

row has 11 columns

135 bears
150
69

1000000 PONROHAYY
AFHPPIHOOOOHEHE0O00

be taken to your Workflow page, which will have a workflow called *imported bear PCA"; click on it and select “run”. (6) You will be taken to a
I+ Galaxy Dataset | bear SAPs WO & history that inclu the bear SNPs and the PCA workflow; scroll to the bottom of the workflow (middie panel) and press "Run workflow”. (7) Al Author
One of the workflows (bear sweep table) uses a streamlined file with the Jocations of 19,014 dog genes (basically, each one is the longest of a set the commands run (which takes e of minutes). click on the “eye” for the PCA tputs. [Currenth
of overiapping spiice variants). € 5.00 & 70W.of the table. which has 5. workflow exposes an internal error- a so-called “race condition” —- in Calaxy, which may cause the PCA command to fail. if that happ
re~run the PCA (no ’ ) by ciicking on the line that says something like "7: PCA on data 6", clicking on the blue re-run Related Pages
clicking on “Execute”. You also may need to give Galaxy a minute after the workflow finishes 1 the output files in the correct places

I~ Galaxy Workflow | bear PCA o Published pages by webb
The second workflow produces the admixture map for the two ABC bears, showing the genomic Intervals (relat; the dog assembly) where one Rating
or both of an ABC bear's autos s of the polar-bear genome than like the genome of the non-ABC brown bear
(called "GRZ" in the paper). The figure produced by running the workflow is a small improvement over Figure S12 of the supplement
mosome shown in Figure 48 of the main paper). The new figure indicates the 3| interval on the left end of each dog chromosome, which
heterchromatin in the dog assembly (i.e, containing only 3 million copies of the letter “"N"). When you run t Yours
command produces two history items. The “eye” in the first one shows a text file giving coordinates of the genomic Tags
most like a particular group of individuals. The second * ds to the graphical picture and additional

webb

Community

Community

Galaxy Workflow | bear admixture map wolion)| (CHmate=change

bears

Step 6: Filter ours

Filter
Output dataset ‘output’ from step 5

With following condition
6i='chrX" and c125>=0.5

Step 7: Admixture

SNP dataset
Output dataset ‘out_filel’ from step 6

Ancestral population 1 individuals

Output dataset ‘output’ from step 3 .

Ancacteal nanalatian 2 indisiduale X
The third workflow produces a table of the S8 highest-scoring genomic intervals (relative to the assembly) showing signs of a “selective
sweep" in polar bears, i.e., where an allele having a sele advantage increased in frequency in the population and brought along with it the
neighboring al The table appeared as Table S8 in the Supplement, and one Interval is shown In Figure 7 of the main paper. To run the

low you will need 10 place both the "bear SNP” file and the g our history. (M sure before you press "Run workflow” that
ow's inputs are connected to the proper files.) When the workflow has run, you can click on the “eye” for the last command o see the

O

jorkflow “bear admixture map” has been imported
You can start using this workflow or return to the previous page
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Cancer Genomics

€he New Aork Times
March 28, 2013

New Prostate Cancer Tests Could Reduce False Alarms

By ANDREW POLLACK
Sophisticated new prostate cancer tests are coming to market that might supplement the unreliable P.S.A. test, potentially saving tens of
thousands of men each year from unnecessary biopsies, operations and radiation treatments.

Some of the tests are aimed at reducing the false alarms, and accompanying anxiety, caused by elevated P.S.A. readings. Others, intended
for use after a definitive diagnosis, examine the genetic workings of the cancer to distinguish dangerous tumors that need treatment from
slow-growing ones that might be left alone.

€he New YJork Times
April 21, 2013

Cancer Centers Racing to Map Patients’ Genes

By ANEMONA HARTOCOLLIS

The promise of whole genome sequencing can be seen in trials like one for bladder cancer at Memorial, where the effects of a drug
normally used for breast cancer were disappointing in all but one of about 40 patients, whose tumor went away, Dr. Baselga said.
Investigators sequenced the patient’s whole genome. “The patient had a mutation in one gene that was right on the same pathway as the
therapy,” Dr. Baselga said. “And that explained why this worked.”




Using Galaxy for Analysis of
Cancer Genomes/Transcriptomes

New tools
+ complement existing transcriptome analysis tools

New workflows
+ workflows are understandable and extendable

New visual analysis applications
+ visualize and call variants in a Web browser




Varscan (version 0.1)

Tophat Fusion Post (version 0.1)
Pileup dataset:

L 21: MPileup on data 3, data 6, and others —¢) BAM file of aligned RNA-Seq reads:
[ 7: CL Tophat2 on data 2, data 145, and data 1: accepted_hits ﬂ

Analysis type:

 single nucleotide variation |4 Tabular file of potential fusions:

Minimum read depth: 182: Filter on data 17
8

— . . Num Fusion Reads:
Minimum depth at a position to make a call , :

3

valmum su‘pportmg PERES: Fusions with at least this many supporting reads will be reported.

2

P : ) . Num Fusion Pairs:
Minimum supporting reads at a position to make a call , :

2

Minimum base quality at a position to count a read: — ——] ) i i .
, : Fusions with at least this many supporting pairs will be reported.

15
‘ Num Fusion Reads + Pairs:
Minimum variant allele frequency threshold: '0 ’

,0-01 The sum of s‘upporting reads and pairs is at least this number for

Minimum frequency to call homozygote: Fusion Read Mismatches:
0.75 2

. ) Reads support fusions if they map across fusion with at most this
p-value threshold for calling variants: PP Y P

'0_99 Reads that map to more than this many places will be ignored
. . | - 5

Ignore variants with >90% support on one strand: L

Is your data from humans?:

[ Yes 14
sample_names: —3

Separate 5amble names by comma; leave blank to use default 4 m

=3 http://tophat.cbcb.umd.edu/fusion_index.html

http://varscan.sourceforge.net/ 13




) Annovar Variants Reduction (version 0.1)
VCFTools Subset (version 0. VCFTools Slice (version 0.1)

Variants:
Input dataset:

2 Input dataset: 301: Select on data 300
. 168: VCFTools Slice on data 166 anc

'L 168: VCFTools Slice on data 166 and data 23 —3}

Gene annotation:

- Reg'o’ls - [ wgEncodeGencodeCompV14 —3}
;_?I-P3-P5 | 166: Select last on data 165 —ﬂ

Columns:

Filtering by Regions
Remove alternate alleles if not f¢

e Filtering by Region 1
(No 19 =3

Regions to use for filtering:
Exclude rows not containing variants:  phastConsElements46way '+

| No % ] . : :
\ Keep or remove variants in regions:

Table Annovar (version 0.

VCFTools Compare (version 0.1) ficeep :] :

Datasets to Compares Variants: | Remove Filtering by Region 1 |
Datasets to Compare 1 2: Varscan on data 21 _

| Add new Filtering by Region |

|

Dataset name: Gene Annotations:

All e
refGene Databases to use for filtering

Dataset: wgEncodeGencodeCompV14 | BCLIFFIPETIT U’
, |avsift -

| 23: Varscan on data 21 ' snpl37NonFlagged |

|esp6500si_all j
Annotation Regions:
Dataset name: genomicSuperDups m

. P1 | phastConsElements46way

Datasets to Compare 2

Dataset:
| 168: VCFTools Slice on data 166 and data 23 |+

Annotation Databases:

| Add new Datasets to Compare | snpl37NonFlagged
esp6500si_all
snpl37

cosmic64

http://vcftools.sourceforge.net/ http://www.openbioinformatics.org/annovar/

Comparison window:
0




Single Sample
Transcriptome Analysis

Tophat Fusion Post
Tophat2

BAM file of aligned RNA-Seq

RNA-Seq FASTQ file, forward reads

reads

Tabular file of potential fusions m
RNA-Seq FASTQ file, reverse reads ooty m

results_txt (txt)

Cene Model Annotations

z results_html (html)
fusions (tabular)

insertions (bed)

deletions (bed)

DU e = junctions (bed)

output Cufflinks 4
accepted_hits (bam)

SAM or BAM file of aligned RNA-Seq

reads
Input dataset x4

.
Reference Annotation transcripts +
output

Clobal model (for use in Trackster) & I I
genes_expression (tabular) I ' I I I

transcripts_expression (tabular)

assembled_isoforms (gtf)
Input dataset X4 total_map_mass (txt) Varscan

output P:leup"dﬁ(?set

MPileup X4

BAM file 1 > BAM file output (vcf)

Mark Duplicate reads 2 output_mpileup (pileup, bcf)

SAM/BAM dataset to mark duplicates output_log (txt) variants

n
out_file (bar

html_file (html)




Aggregate Analysis

1. Differential expression with Cuffdiff

2. Join variants with MPileup




Comparing Called Variants
with Public Datasets

Input dataset

output

Input dataset

output

Input dataset P4

output

Input dataset P4

output

VCFTools Intersection X4

Datasets to

Datasets to

Compare 1 > Dataset

Compare 2 > Dataset

output (vcf)

Input dataset

output

Input dataset

output

X

X4

VCFTools Compare P4
Datasets to Compare 1 > Dataset
Datasets to Compare 2 > Dataset

Datasets to Compare 3 > Dataset

output (tabular)

VCFTools Compare P4

Datasets to Compare 1 > Dataset
Datasets to Compare 2 > Dataset

Datasets to Compare 3 > Dataset

output (tabular)




OM MIA (4)

OMPC(11)

OM ALL (114)
HP MIA (84)
HP PC (1769)

HP ALL (64,669)

OM = OncoMap, HP = hybrid capture with probes
18




P2

OM MIA (4)

1

OMPC(11)

1

OM ALL (114)

3

HP MIA (84)

6

5

5

HP PC (1769)

21

29

23

14

29

HP ALL (64,669)

247

357

332

214

280

Cell line does not appear very similar to tumors

OM = OncoMap, HP = hybrid capture with probes
19




P1

P2

OM MIA (4)

0

1

OM PC(11)

0

1

OM ALL (114)

0

3

HP MIA (84)

6

6

5

5

4

HP PC (1769)

21

29

23

14

29

HP ALL (64,669)

247

357

332

214

280

Tumor %

90%

90%

100%

0%?

60%

OM = OncoMap, HP = hybrid capture with probes
20




Clustering via Differentia
Expression

Workflow Canvas | Cuffdiff DE to Cluster Input

Input dataset =

output

Compare two Datasets $%
Compare
against
Input dataset D B

out_filel
output

il out_filel (tabular) %
ilter

Filter
out_filel
Cluster 3

Matrix

cdtfile (txt)

out_filel (tabular) atrfile (txt)
gtrfile (txt)
unique_line

kagafile (txt)
Original file

kgafile (txt)

pcagenefile (txt)

pcagenecoordfile (txt)

pcasamplefile (txt)

pcasamplecoordfile (txt)




Gene Expression Clustering

-0.14

0.31

Pl P2 P3 P5 P4 P6 CL

Spearman Correlation




Gene Expression Clustering

-0.14

0.31

~

CL

Spearman Correlation




Variants + Gene Expression +
Annotation

Workflow Canvas | Join Differential Expression with Annotated Variants

o
Workflow Parameters
VCFTools Slice 8 DESampleNamel
DESampleName2
VSampleNamel
VSampleName2
Select b3
Input dataset Select lines from
output VCFTools Subset 38 out_filel

Table Annovar
Input cataset -4

output

Select first

Concatenate
datasers

Concatenate

Finds and annotates variants in differentially-expressed
genes or isoforms




Annotated Variants

1852 genes display differential expression
(DE), ~5200 deleterious variants in DE

genes

Have identified DE + mutations in known

pancreatic cancer genes (e.g. REG1A)
+ step toward eQTL and drug targets




Galaxy Visualization and
Visual Analysis

Visualization/visual analysis in Web browser
+ no software or data downloads

Scales to very large datasets

Can share and publish fully-functional
visualizations




Tools
RNA=SEQ

Tophat for lllumina Find splice
junctions using RNA-seq data

Tophat2 Gapped-read mapper
for RNA-seq data

Tophat Fusion Post post-
processing of

Cufflinks transcript assembly
and FPKM (RPKM) estimates for
RNA-Seq data

Cuffcompare compare
assembled transcripts to a

reference annotation and track
Cufflinks transcripts across
multiple experiments

Cuffmerge merge together
several Cufflinks assemblies

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

FILTERING

Filter Combined Transcripts
using tracking file

NGS: SAM Tools

NGS: Variant Detection
NGS: Peak Calling

NGS: Simulation

<

Analyze Data Work

Attributes Convert Format Datatype

Edit Attributes

Name:

| Differential Transcript Expression

Info:

Annotation / Notes:

None

Add an annotation or notes to a dataset; annotations are available when a history is viewed.

Database/Build:
|Human Feb. 2009 (GRCh37/hg19) (hc

Number of comment lines:

[

s ™\
[ Save )
| —

( Auto-detect )
h —

This will inspect the dataset and attempt to correct the above column values if they are not accurate.

Using 2.0 TB
History

Small Sample/Treatment
Differential Expression Analysis

10.7 MB

15: Differential @ ] X

Transcript Expression
2,535 lines
format: tabular, database: hgl19

H®OR 7

TCONS_800808081 = NM_0801885248 XLOC_|
TCONS_B800088082 = NM_138760 XLOC_|
TCONS_080080003 = NM_138762 XLOC_I
TCONS_B80080884 = NM_033513 XLOC_I
TCONS_B0080808085 = NM_B8084359 XLOC_!
TCONS_B80088086 = NM_B85317 XLOC_|

) i

14: Cuffdiff on data 1 @ R

data 2, and data 3: transcript

FPKM tracking

13: Cuffdiff on data 1 @ 7 R

data 2, and data 3: transcript
differential expression testing

12: Cuffdiff on data 1, @ ] R

‘ data 2, and data 3: gene FPKM




Analyze Data W ' S a Visua n Help I Using 2.0 TB

Tools . i . . History
RNA=SEQ Scatterplot of 'Differential Transcript Expression’ <

f . " ) Small Sample/Treatment
To hf“ or Ilvlumma Find splice Differential Expression Analysis
junctions using RNA-seq data
Data Controls 10.7 MB
Tophat2 Gapped-read mapper 20,000

fERGEssoiate Chart Controls 15: Differential ® 0 R
Tophat Fusion Post post- 18,000+ Transc_rigt Expression
processing of Statistics 2,535 lines

16,000 - format: tabular, database: hg19

Cufflinks transcript assembly GO
and FPKM (RPKM) estimates for Chart & ® R

Cuffcompare compare TCONS_B6088881 = NM_881805248 XLOC_|
assembled transcripts to a 12,000+
reference annotation and track
Cufflinks transcripts across
multiple experiments

TCONS_88888882 = NM_138768  XLOC_|

T NM 7 X |
10,000 CONS_Beeaeee3l _138762 LOC_

TCONS_88880884 = NM_833513  XLOC_I

Treatment FPKM

Cuffmerge merge together

8,000 TCONS_B0888ABS = NM_B84359  XLOC_|
several Cufflinks assemblies

TCONS_B800080806 = NM_8085317 XLOC_I
Cuffdiff find significant changes 6,000  e— ) <>
in transcript expression,

splicing, and promoter use AES [
4,0007 15163.4 14: Cuffdiff on data 1 L) 0 %

FILTERING 4994.14 | data 2, and data 3: transcript

Filter Combined Transcripts 2,000+ FPKM tracking
using tracking file f

13: Cuffdiff on data 1 @ R
NGS: SAM Tools 0‘ T T data 2, and data 3: transcript
NGS: Variant Detection 0 8,000 12,000 differential expression testing
2 Control FPKM f
: S B
NGS: Peak Calling 12: Cuffdiff on data 1 @ ] R
NGS: Simulation , . data 2, and data 3: gene FPKM

£
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Phylogenetic Tree from 11_bcl_2.xml:

Visualization~

2 O | Alt+click to select nodes

Phylogenetic Tree from 11_bcl_2.xml:

5 O | Altsclick to select nodes

Search / Edit Nodes :

Search for nodes with:
Name (containing) +1|None

( Search! )

Name: | None
Dist: |None

Annotation:

Edit: O

Phyloviz Settings:

Phylogenetic Spacing (px per unit): | 250
(50-2500)

Vertical Spacing (px): | 18 (5-30)

Font Size (px): | 12 (5-20)

((Reset )

© 51_CHICK
O 145 XENLA
© 88_CANFA
O 115_MOUSE
O 74_BOVIN
9_HUMAN
© 159_BRARE
0 166_8RARE
© 52_CHICK
O 144_XENLA
O 90_CANFA
12 _HUMAN
64_BOVIN
O 142 XENLA
() 155 BRARE
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Visual Analysis Demo




Real-time Visual Analysis

Interactive use of production tool to call
and visualize variants for multiple
patients using parameter sweeps




Conclusions

New tools, workflows, and visual analysis
tools for analyzing sequence data from
cancer

ETA is October 2013, but can be set up
locally now if motivated
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Thanks! And More:

2013

.. Galaxy ISMB
ECCB
http://galaxyproject.org

http://usegalaxy.org 1 Integrated Visualization &
Computing Workshop

http://bitbucket.org/galaxy/galaxy-central

http://wiki.galaxyproject.org Tuesday, 14:10-16:05

jeremy.goecks@emory.edu




Preliminary Data

6 patients, whole intron __#
transcriptome sequencing pre-mRNA
(RNA-seq) of primary tumor

+ mixed populations!

Exon

MiaPaCa2 cell line, whole Short reads
transcriptome sequencing

Short read is split by
intron when aligning

Total sequencing data: 50 GB IRl R ——
http://en.wikipedia.org/wiki/RNA-Seq




