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NGS FASTQ file format
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- Sanger Phred+33, raw reads typically
Solexa Solexa+64, raw reads typically
Tllumina 1.3+ Phred+64, raw reads typically
Tllumina 1.5+ Phred+64, raw reads typically

Cy o Mo
1

| |
104 126

40)

with O=umus=sed, l1=unused, 2=Read Segment Quality Control Indicator (bold)

(Hote: See discussion above).
L - I1lumina 1.8+ Phred+33, raw reads tCypically

Linel: Begins with ‘@’ and followed by a
sequence identifier and optional description
Line2: Raw sequence letters

Line3: ‘+

Line4: Encodes the quality values for the
seqguence in Line2 (see above figure)

Repeat Lines1-4 format again and again and
again...

1 BOSVG2EN1:116: CONTMACHH:5:1101:1606:2077 2:N:0:GTGAAR
2 CTTHNCITCATGTHCCTTTCCTCTCAT GTCITCCCTGAGGTCCTOGTAATC
3+

4 BAR##2=2AFDHH42<COHHGIIISHHIIEFF : CEHERDGHGIIIDEEIEH

EDSVE2ZEN1:116:CONTMACIHH:5:1101:1584:2079 2:N:0:GIGAAR
GEENNTTCAT GATHARGA T GAGAST GCACGECTICTCCTCT GAGRAGEAT

+

@2;:#422=AD24D42<<; COHEHG<C>FHELBFGEH ? ?DEFGEBB<9CEFC
EDSVE2EN1:116:CONTMACHH:5:1101:1526: 2088 2:N:0:GTGAAR
ITTNGCAGCACGECTTTGT CCTCT GG T GAGGECT GET G T GEETAGEGCA

+

BEB#4=DDBHHHFIJIJIJJGHEGGIJIIJIJIIGI JJIJHIHIGGIGHEE
EDSVGE2EN1:116:CONTMACHH:5:1101:1730:2093 2:N:0:GIGAAR
CoCCCAGRCCAGETAGCCCARGCCRAGTGTCCAGAGETTRRACCCTGTECS

+

CCEFFFFFHHHHHIJIIIJIJIJIIIIGIIGIJIHITHHII ITIIJIIIIG
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RNA-Seq pipeline

Condition A Condition B

Bowtie
Step 1 /—\ Extremely fast, general purpose short read aligner

Mapped Mapped

reads ﬁ /’; reads
/ \ Aligns RNA-Seq reads to the genome using Bowtie

Discovers splice sites

Assembled Assembled

transcripts \ transcripts

Steps 3—4 Cufflinks package

[ === on en o= S e S == - -

. I

L : Cufflinks 1

; 1 Assembles transcripts I

Final I 1

transerippome | eSS EEEEEEEEEEEEEEEEEmEmm_—_———

assembly : -------------------------- 'i

i Cuffcompare 1

I Compares transcript assemblies to annotation I

Mapped Mapped I 1

reads reeds ([ T ETEEEsEEmsmssEsmmsmmsEm;Emmm_m__———————
I

: Cuffmerge 1

Step 5 1 Merges two or more transcript assemblies :
¢ -

. I Cuffdiff
Differential : Finds differentially expressed genes and transcripts
SXpression rsults | Detects differential splicing and promoter use

¢ e e e, e e e

¢ CummeRbund
] Plots abundance and differential
E"P"fsls"’” expression results from Cuffdiff
plots

Trapnell C, Roberts A, Goff L, Pertea G, Kim D, Kelley DR, Pimentel H, Salzberg SL, Rinn JL, Pachter L. Differential gene and transcript expression analysis of RNA-seq experiments with TopHat and Cufflinks
Nature Protocols 7, 562-578 (2012) doi:10.1038/nprot.2012.016



http://www.nature.com/nprot/journal/v7/n3/full/nprot.2012.016.html
http://www.nature.com/nprot/index.html

£e3

Upload File from your
omputer

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

Get Microbial Data

BioMart Central server
BioMart Test server

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

Flvmine test server
modENCODE modMine server
Ratmine server

YeastMine server
metabolicMine server
modENCODE worm server
WormBase server
Wormbase test server
EuPathDB server

EncodeDB at NHGRI
EDIGRAPH server

EDIGRAPH test server

HbVar Human Hemoglobin
Variants and Thalassemias

-

m

M File Format:

Upload/Import Data

Upload File (version 1.1.3)

o-detect "i 3a

File:

Choose File | No file chosen

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

3b-1

URL/ Text:

3b-2
1. Click “Get Data”

2. Click “Upload File”

L |
Here you may specify a list of URLs (one per ling) or paste the contents of a file.

Files uploaded via FTP:

File Size Date
3. Boxes to be aware of:
D MF2_R1i.fastgsanger Mb 07:26:42
> File F t
—— a) File Forma
[ MFz_Rz.fastgsanger Mb- 07:26:45

L b) File to be uploaded:
7/19/2012 3b_3

L 1) File from computer

07/19/2012

[ MF3_R1.fastgsanger

171
[[1 MF3_R2.fastgsanger 07:26:48 2) U RL/
text
/
5 s -~ 3) FTP
GeneScaffold_800_4487.gff kKb ﬂM' g
07/19/2012 C) Gen0| I le
[l GeneScaffold_soo_4457.fasta i5b1.2 07:26:48
AM

4. Click “Execute”

This Galaxy server allows you to upload files
via FTP. To upload some files, log in to the FTP

server at galaxy.uabgrid.uab.edu using
your Galaxy credentials (email address and
password).

Convert spaces to tabs:

[ Yes

Use this option if yvou are entering intervals by hand.

v 3c

Genome:
| Click to Search or Select

eEm 3




Shared Data

Analyze Data

Analyze Data

Published Histories

Published Visualizations

Published Pages

Data Library "Immersion course prep”

[] Name

[ Control_rep1_ri.fastq - |

0 | control_repi_r2.fastg

2| control_rep2_ri.fastq .

| control_rep2_r2.fastq

D: Treated_repl_ri.fastg .

o Treated_repl_r2.fastg

~!| Treated_rep2_ri.fastg -

Y Treated_rep2_r2.fastg 5

For selected datasets: | Import to current histor_\;r E|

Message Data type

fastgsanger
fastgsanger
fastgsanger
fastgsanger
fastgsanger

fastgsanger

+
rastgsanget

1. Click on “Shared Data*{lecated
on top toolbar)

2. Drop down box appears; click
on “Data Libraries”

3. Will see this Data Library. Click
on it to expand (as shown)

e 'l Published Workflows the Cloud

Date uploaded

2012-08-06
2012-08-06
2012-08-06
2012-08-06
2012-08-06
2012-08-06
2012-08-06

2012-08-06

File size

14.4 Mb

14.4 Mb

14.4 Mb

14.4 Mb

14.4 Mb

14.4 Mb

14.4 Mb

14.4 Mb



Import Shared Data to Current History

Data Library "Immersion course prep”

] Name 1

¥

®

Control_rep1_ri.fastg

| control_rep1_r2.fastq

f Control_rep2_ri1.fastq A

Il co ntrol_rep2_r2.fastq

. Treated_repl_ri.fastg

| Treated_rep1_r2.fastq

I| Treated_rep2_ri.fastqg

il 'I;rea.ted_re[:.nz_ri.fastd

For selected datasets: | Import to current history  [~] 2

3
History &
= [
Unnamed history 0 bytes

4: Treated repl r2.fastg ® §J %

3: Treated repl ril.fastg ® J ¢

2: Control repl r2.fastg @& J 3¢

1: Control repl ri.fastg @ { 3%

Message

Data type Date uploaded File size
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb
fastgsanger 2012-08-06 14.4 Mb

Check boxes of files you want to import
Choose “Import to current history” and then
click “Go”

Will see the files in the right-hand pane of the
Galaxy window




Quality Control of raw fastq reads

C and manipulation

F M/BAM

ILLUMINA FASTQ

FASTO Groomer convert
between various FASTQ
guality formats

FASTO splitter on joined

paired end reads

EASTQ joiner on paired end

reads

EASTO Summary Statistics by
column

ROCHE-454 DATA

Build base guality distribution

Select high guality segments

Combine FASTA and QUAL
into FASTQ

Fastac: Fastagc QC using 2
FastQC from Babraham

m

3a

3b

Fastqc: Fastgc QC (version 0.4)

Short read data from your current history:
4: Treated_rep1_r2.fastg E|

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

|FastQcC

Contaminant list:

Selection is Optional [=]
tab delimited file with 2 columns: name and sequence. For example: Illumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA

Fastqc: Fastqc QC (version 0.4)

Short read data from your current history:
1: Control_rep1_ri.fastq E| *

Title for the output file - to remind you what the job was for:
|control repl ri FastQC | *

Contaminant list:

Selection is Optional [=]
tab delimited file with 2 columns: name and sequence. For example: Hlumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA

Execute 4

1.  Click on “NGS: QC and manipulation”

Click on “Fastqc: Fastgc QC

3. Select options:
a) Thisis what the window looks like when first opened
b) Choose fastq file and give it a useful name

4.  Click “Execute”

5. Do the exact same thing for the other 3 fastq files

N




FastQC Output Report

This data looks awful
because this is filtered
data from a much larger
fastq file. Better results
when using entire file!

History £ 2
o= AR
Unnamed history 1.3 Mb
8: Treated repl r2 @ [ %

FastQC data 4.html

7: Treated repl rl @ %
FastQC data 3.html

6: Control repl r2 @ 7 %
FastQC data 2.html

5: Control repl rl
FastQC data 1.html

o

4: Treated repl r2.fastg ® § &%

3: Treated repl ril.fastg ® § &

2: Control repl r2.fastg @® § &

1: Control repl ri.fastg ® §

Coetro]_repl_rl fawig FantQol Report
el 23t Rzepoert

Mloa 6 Aug 2012

Comro] repl sl fawg

Summary

- @ Esis Staiiviicy
- o hane waoence cuatity

. P waomesce gualing scone
- Prar bons wacmance comam

- a Prar b GT comem

- Par saquence GT conient
L. Por b W coemimend

- @ Saguence Langth Distefirtion
- a Ssguancs Doplization Lavals
- Chymrserepsnisd yacmencey

- Eomezr Comtamt
@ Basic Statistics

Mleazure Value

Filemzms Comtra]_repl_rl fmag

Fila typs Coomanticna] basa calls
Bocoding Sanger ! [omina 19
Todal 3agoences 100000

Filmrad Sacuences 0

Ssqmonce logh 51

G 45

@ Per base sequence quality

14

1%

123456789 11 13 15 17 19 Z1 23 2% 27 79 31 33 315 37 39 41 43 &5 47 49 %1
Fositien n nead oo}



NGS: RNA Analysi 1

RNA-SEQ

Tophat for Hllumina Find splice
junctions usi A-seq data

Tophat for Hllumina (Ghrs/6G)
Find splice junctions using
A-seq data

Tophat for Hlumina

(12hrs/10G) Find splice
junctions using RNA-seq data

Tophat for Illumina

(24hrs/16G]) Find splice
junctions using RNA-seq data

Tophat for Illumina

(48hrs/24G) Find splice
junctions using RNA-seq data

Tophat for Illumina

(¥2hrs/36G) Find splice
junctions using RNA-seq data

Tophat for Hlumina

(96hrs/44G) Find splice
junctions using RNA-seq data

TopHat

Tophat for llumina (6hrs/6G) (version 1.5.0)

RMNA-Seq FASTQ file:

| 4: Treated_repl_r2.fastg E|

Mucleotide-space: Must have Sanger-scaled quality values with ASCII offset 23
Will you select a reference genome from your history or use a built-in index?:

Use a built-in index =
Built-ins were indexed using default options

Select a reference genome:

A, thaliana Feb. 2011 l{arabidnps_is.orgftair E|
If your genome of interest is not listed, contact the Galaxy team

Is this library mate-paired?:

| Single-end E|
TopHat settings to use:
| Use Defaults =

You can use the default settings or set custom values for any of Tophat's parameters.

1.

3.

N

Click on “NGS: RNA Analysis”
Click on “Tophat for lllumina (6hrs/6G)”
Default window with options appears




TopHat

Tophat for llumina (6hrs/6G) (version 1.5.0)

RNA-Seq FASTQ file:
1: Control_repl_ril.fastq E| 1
Mucleotide-space: Must have Sanger-scaled quality values with ASCII offset 33
Will you select a reference genome from your history or use a built-in index?:
Use 3 built-in index [=]| 2a
Built-ins were indexed using default options

Select a reference genome:

hg19 Full [=]| 2b
If vour genome of interest is not listed, contact the Galaxy team

Is this library mate-paired?:
Paired-end [+ 3

RNA-Seq FASTQ file:

2: Control_rep1_r2.fastg E| 4
Nucleotide-space: Must have Sanger-scaled quality values with ASCII offset 33

Mean Inner Distance between Mate Pairs:

150 5

TopHat settings to use:
Commonly used E| 6

s w

Select forward fastq read file
Select reference genome:
a) Choose “Use a built-in index”
b) Select the reference genome
Select “Paired-end”
Select reverse fastq read file
Input “150” (ask sequencing center for this
info)
Can choose “Commonly used” or “Full
parameter list”
Click “Execute”
Do the exact same thing for the other
sample

For most mapping needs use Commonly used settings. If yvou want full control use Full parameter list




Note about FASTA files not already

indexed in Galaxy

e |f a FASTA is not indexed in Galaxy, then it is easy to upload
the)appropriate FASTA file into Galaxy. (Get Data -> Upload
File

e However, it can take up to 5 hours extra to run TopHat
because Bowtie has to index your uploaded FASTA file (best
to have your own instance of Galaxy) each time you run
TopHat!

e Where do | go to get a non-model organism FASTA file?

— NCBI: http://www.ncbi.nlm.nih.gov/genome

— Ensembl: http://useast.ensembl.org/info/data/ftp/index.html
— iGenome: http://cufflinks.cbcb.umd.edu/igenomes.html

— Your favorite species website: http://www...



http://www.ncbi.nlm.nih.gov/genome
http://useast.ensembl.org/info/data/ftp/index.html
http://cufflinks.cbcb.umd.edu/igenomes.html

TopHat output files

o The following job has been successfully added to the queue:

13: Tophat for Illumina {6hrs/6G) on data 2 and data 1: splice junctions

14: Tophat for Illumina {6hrs/6G) on data 2 and data 1: accepted_hits

You can check the status of gueued jobs and view the resulting data by refreshing the History pane. When the job has been run the status will chanage from
running’ to finished' if completed successfully or "error’ if problems were encountered.

History o
o= ]
Unnamed history 94.1 Mb

12: Treated Tophat for @ ] %]
Illumina {6hrs/6G) on data 4 and
data 3: accepted hits

11: Treated Tophat for @ (] 2
Illumina (6hrs/6G) on data 4 and
data 3: splice junctions

10: Control Tophat for @ 7 %
Illumina (6hrs/6G) on data 2 and
data 1: accepted hits

9: Control Tophat for @ %
Ilumina (6hrs/6G) on data 2 and
data 1: splice junctions




GT

Analyze Data

Analyze Data

Annotation Files

Published Histories

Published Visualizations

Published Pages

Data Library “Patched GTF annotation files for Cufflinks”™

RefGene annotation files patched for Cufflinks in GTF format

[] Name

[ hg1o_RefGene_patcheda.gtf -

] | mmo_RefGene_patched3.gtf

| tn4_RefGene_patchedz.qtf - |

B
D:. Tupé.i.a_i:-:.el-éngeri-:;rREESHREW.63.sortea-Q.patc_Hed:gEf_' |
B

| Zve_refGene_patched3.gtf :

For selected datasets: | Import to current history  [+]

Message

None

None

Mot sure if the tupBell is the same build as 63!

| History £
o= A7
Unnamed history 186.8 Mb
13: @) R

hgl19 RefGene patched3.otf

e 'l Published Workflows the Cloud

Data type
gtf
gtf
gtf
gtf

gtf

Date uploaded

2011-07-22
2011-07-22
2012-02-29
2011-08-03

2012-02-29

File size

92.7 Mb

65.5 Mb

38.4 Mb

70.4 Mb

35.6 Mb



Cufflinks

= Tophat for Hllumina Find splice 3 : )

z ; ; Cufflink 0.0.5
junctions using RNA-seq data bifks bversion )
SAM or BAM file of aligned RNA-Seq reads:

= Tophat for lllumina (6hrs/6G) 12: Treated Tophat fo..cepted_hits E|

Find splice junctions using
EMA-seq data Max Intron Length:
|300000 |

v Tophat for Hlumina : )
{12hrs/10G) Find splice Min Isoform Fraction:
junctions using RNA-seq data 0.1 |

. Pre MRNA Fraction:
» Tophat for llumina P _|

(24hrs/16G) Find splice
junctions using RNA-seq data

Perform quartile normalization:

NOEI

Removes top 25% of genes from FPKM denominator to improve accuracy of differential expression calls for low abundance transcripts.

= Tophat for Hllumina

(48hrs/24G) Find splice
junctions using RNA-seq data

Use Reference Annotation:

No [=]
» Tophat for Hlumina Perform Bias Correction:
(72hrs/36G) Find splice No [=]

junctions using RNA-seq data

Bias detection and correction can significantly improve accuracy of transcript abundance estimates.

Set Parameters for Paired-end Reads? (not recommended):

No [=]

= Tophat for Hlumina

(96hrs/44G) Find splice

junctions usin ] RNA-seq data

Execute

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

1. Click on “NGS: RNA Analysis”
. Click on “Cufflinks”
3. Default window with options appears

N




Cufflinks

Cufflinks (version 0.0.5)

SAM or BAM file of aligned RNA-Seq reads:
10: Control Tophat fo..cepted_hits E| 1

Max Intron Length: 1. Choose TopHat accepted hits file
1300000 | 2. Perform quartile normalization
P SR — (for this demo sample, choose
N

0.1 | No”)

i i 3. Reference Annotation:

ir | a) For genomes in scaffolds,

7' choose “Use reference
annotation as guide”

b) Choose GTF file from
history

4.  Perform Bias Correction (for this
demo, choose “No”)

5.  Click “Execute”

6. Do the exact same thing for the
other TopHat accepted hits file

Perform quartile normalization:

No [«] 2

Removes top 25% of genes from FPKM denominator to improve accuracy of differential expression calls for low abundance transgripts.
Use Reference Annotation:

Use reference annotation as guide E| 3a

Reference Annotation:

13: hglg_RefGene_patChedB.gtfE| 3b
Gene annotation dataset in GTF or GFF3 format.

Perform Bias Correction:

Mo [=] 4

Bias detection and correction can significantly improve accuracy of transcript abundance estimates.

Set Parameters for Paired-end Reads? {not recommended):

NOEI




Note about GTF files for Cuff*

If you use a GTF file from Ensembl, then you need to
convert the chromosome column (column 1) to include
‘chr’ in front of the chromosome #. You can do this by:

— Using Jeremy Goecks’ published workflow “Make Ensembl GTF
compatible with Cufflinks” in Galaxy:
https://main.g2.bx.psu.edu/u/jeremy/w/make-ensembl-gtf-
compatible-with-cufflinks

— Use ‘awk’ to add ‘chr’ to column 1 (if using Mac or Linux)

Where do | go to get a GTF file?

— NCBI: http://www.ncbi.nlm.nih.gov/genome

— Ensembl; http://useast.ensembl.org/info/data/ftp/index.html
— iGenome: http://cufflinks.cbcb.umd.edu/igenomes.html

— Your favorite species website: http://www...



https://main.g2.bx.psu.edu/u/jeremy/w/make-ensembl-gtf-compatible-with-cufflinks
https://main.g2.bx.psu.edu/u/jeremy/w/make-ensembl-gtf-compatible-with-cufflinks
http://www.ncbi.nlm.nih.gov/genome
http://useast.ensembl.org/info/data/ftp/index.html
http://cufflinks.cbcb.umd.edu/igenomes.html

Cufflinks output files

The following job has been successfully added to the queue:
14: Cufflinks on data 10 and data 13: gene expression
15: Cufflinks on data 10 and data 13: transcript expression
16: Cufflinks on data 10 and data 13: assembled transcripts

17: Cufflinks on data 10 and data 13: total map mass

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.

History £+
v 7=
Unnamed history 361.6 Mb

20: Treated Cufflinks @ § ¥
on data 12 and data 13:
assembled transcripts

19: Treated Cufflinks @ § 3¢
on data 12 and data 13:
transcript expression

18: Treated Cufflinks @ § %
on data 12 and data 13: gene

expression

16: Control Cufflinks on ® §J 3
data 10 and data 13: assembled

transcripts

15: Control Cufflinks on @ { 3
data 10 and data 13: transcript

expression

14: Control Cufflinks on ® § ¥
data 10 and data 13: gene

expression




Cuffmerge

Cuffmerge (version 0.0.5)

GTF file produced by Cufflinks:
20: Treated Cufflinks..transcripts E|

2 Additional GTF Input Files

| Add new Additional GTF Input Files |

= Cuffmerge merge together

several Cufflinks assemblies Use Reference Annotation:

NOE'

Use Sequence Data:

_No E|

Use sequence data for some optional classification functions, including the addition of the p_id attribute required by Cuffdiff.

Execute

1. Click on “NGS: RNA Analysis”
2. Click on “Cuffmerge”
3. Default window with options appears




Cuffmerge (version 0.0.5)
GTF file produced by Cufflinks:
16: Control Cufflinks..transcripts [«] 1
Additional GTF Input Files
Additional GTF Input Files 1
GTF file produced by Cufflinks:
20: Treated Cufflinks..transcripts E| 2b

| Remowve Additional GTF Input Files 1 |

| Add new Additional GTF Input Files | 2a

Use Reference Annotation:

Yes[»] 3a

Reference Annotation:
13: hg19_RefGene_patched3.gtf [«| 3b

Cuffmerge

Make sure your annotation file is in GTF format and that Galaxy knows that your file is GTF--not GFF.

Use Sequence Data:
Yes[»] 4a

Choose GTF file produced by Cufflinks
Additional GTF Input Files:
a) Click on “Add new Additional
GTF Input Files”
b) Choose other GTF file produced
by Cufflinks
Reference Annotation:
a) Select “Yes” to Use Reference
Annotation
b) Choose GTF Reference
Annotation file from history
Sequence Data:
a) Slect “Yes” to Use Sequence
Data
b) Choose “Locally cached”

5. Click “Excecute”

Use sequence data for some optional classification functions, including the addition of the p_id attribute required by Cuffdiff.

Choose the source for the reference list:
Locally cached [+] 4b

Execute 5




Cuffmerge output files

o The following job has been successfully added to the gueue:

22: Cuffmerge on data 16, data 13, and data 20: merged transcripts

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.

History &
wE R
Unnamed history 456.3 Mb

22: Cuffmerge ondata ® {§
16, data 13, and data 20:
merged transcripts




Cuffdiff

1
NGS: RNA Analvsis Cuffdiff (version 0.0.5)
"
RNA-SEU Transcripts: ] _ _
| 22: Cuffmerge on data. transcripts [»]
A transcript GTF file produced by cufflinks, cuffcompare, or other source.
Perform replicate analysis:
Mo E
Perform cuffdiff with replicates in each group.
SAM or BAM file of_ align_ed RNA—Seq_reads:
12: Treated Tophat fo..cepted_hits E|
SAM or BAM file of aligned RNA-Seq reads:
2 12_: _Tr_eaFed_T_op_h_aF fq..cepted__hits E|
Cuffdiff find significant ke Decamery:Rate:
|U.05

changes in transcript
expression, splicing, and
aromoter use

The allowed false discovery rate.

Min Alignment Count:
I10
The minimum number of alignments in a locus for needed to conduct significance testing on changes in that locus observed between samples.

Perform quartile normalization:

N0|z|

Removes top 25% of genes from FPKM denominator to improve accuracy of differential expression calls for low abundance transcripts.

Perform Bias Correction:

NOE

Bias detection and correction can significantly improve accuracy of transcript abundance estimates.

Set Parameters for Paired-end Reads? (not recommended):

[No [+]

1. Click on “NGS: RNA Analysis”
2. Click on “Cuffdiff”
3. Default window with options appears




Cuffdiff

Cuffdiff (version 0.0.5)

Transcripts:

22: Cuffmerge on dats. transcripts ]| A

\ transcript GTF file produced by cuffinks, cuffcom
Perform replicate analysis:

v=le] 22

plicates in each group.
Groups
Group 1
Group name (no Spaces or commis);
:::r‘l:l | Zc
Replicates
Replicate 1
Add file;
10: Contral Tophat Tz, czpted_nits [ 2.0

_. Remove Replicate 1 |

Fu= pll::t_=_ Ze

| Remove Greup i

Group 2
’G_I."?I_J_p name (no spices or commis);
| Treat=d Zg
Replicates
Replicate 1
Add file:

12: Tr=ated Tophat fo..c=pled_hits I;‘ Zh

.- Re=mowe Replicats 1 |

Remowve Group 2

(saaremcew | 2b, 2f, 2j

False Discovery Rate:

|0.05 3

The allowed false dimoowery rate.
Min Alignment Count:

e .

The minimum number of alignments in a locus Tor needed to condect signilicances testing on changes in that loous obsened between samples.

Perform quartile normalization:

e ] 5

Perform Bias Correction:

a?.\:n@---s.-n m=rrmct

on can significantly improve socuracy of transcript abundance estimatzs.
Set Parameters for Paired-end Reads? (not recommended )i

h:':
= 7

of genes from FPKM denominator to improwe accuracy of differential expression calls for low abundance transcripts.

1. Choose GTF transcript file from either Cuffmerge or
Cuffcompare
2. Perform replicate analysis:
a) Choose “Yes”
b) Click “Add new Group”
c) Select a name to give the Group
d) Choose TopHat accepted hits file associated
with this Group
e) If you have more than one TopHat accepted
hits file associated with this Group, then click
“Add new Replicate”
f) Click “Add new Group”
g) Select a name to give the Group
h) Choose TopHat accepted hits file associated
with this Group
i) If you have more than one TopHat accepted
hits file associated with this Group, then click
“Add new Replicate”
j) Click “Add new Group” if you have another
Group you want to add
Select a False Discovery Rate cutoff
4. Select the minimum # of reads that will align to a
locus in order to perform significant testing
5. Perform quartile normalization (for this demo,
choose “No”)
6. Perform bias correction (for this demo, choose
“No”)
7. Click “Execute”

w




Cuffdiff output files

o The following job has been successfully added to the queus:
23: Cuffdiff on data 12, data 10, and data 22: splicing differential expression testing
24: Cuffdiff on data 12, data 10, and data 22: promoters differential expression testing
25: Cuffdiff on data 12, data 10, and data 22: CDS overloading diffential expression testing
26: Cuffdiff on data 12, data 10, and data 22: CDS FPKM differential expression testing
27: Cuffdiff on data 12, data 10, and data 22: CDS FPKM tracking
28: Cuffdiff on data 12, data 10, and data 22: TSS groups differential expression testing
29: Cuffdiff on data 12, data 10, and data 22: TSS groups FPKM tracking
30: Cuffdiff on data 12, data 10, and data 22: gene differential expression testing
31: Cuffdiff on data 12, data 10, and data 22: gene FPKM tracking
32: Cuffdiff on data 12, data 10, and data 22: transcript differential expression testing

33: Cuffdiff on data 12, data 10, and data 22: transcript FPKM tracking

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 ar 'error’ if problems were encountered.

History -3

S1E]
Unnamed history 462.8 Mb
33: Cuffdiffondata @ § %

12, data 10. and data 22;
transcript FPKM tracking

|
32: Cuffdiffon data @ § ¥
12, data 10, and data 22:
transcript differential
expression testing

|
31: Cuffdiffondata @ ¢ &
12, data 10, and data 23;

gene FPKM tracking

30: Cuffdiff ondata @ ¢ ¥
12, data 10, and data 22:
gene differential expression
testing

29: Cuffdiff ondata @ ¢ ¥
12, data 10, and data 22: TSS
groups FPKM tracking |

28: Cuffdiff on data @ ¢ ¥
12, data 10, and data 22: TSS
groups differential
expression testing

27: Cuffdiff ondata @ ¢ ¥
12, data 10, and data 232:
CDS FPKM tracking

26: Cuffdiff on data @ § &
13, data 10, and data 23:
CDS FPKM differential
expression testing

25: Cuffdiff on data @ ¢ ¥
12, data 10, and data 22:
CDS overloading diffential
expression testing

24: Cuffdiff ondata @ J ¥
12, data 10, and data 23:
promoters differential
expression testing

23: Cuffdiffondata @ § ¥
12, data 10, and data 23;
splicing differential
expression testing




Transcript differential expression testing output

b=t

TCONS_
TCONS_OD
TCONS_
TCONS_DD
TCONS_
TCONS_OD
TCONS_
TCONS_DD
TCONS_DD
TCONS_ODDDDD1D
TCONS_DOD00011
TCONS_0DDDDD12
TCONS_DODDLOL3
TCONS_ODDDDD14
TCONS_DODDLOLS
TCONS_ODDDDD16
TCONS_DODDLOL7

8

o0
O
o

(==

gges
1
Lﬁm%lll

(=]
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EEEEER i
EEEsE

m

(=]

D
E
D
O
D
E
D
O
D
E
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TC CI’\E_

e _ i

ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
ALOC_ Do
ALDC_ DX
KLOC_ Do

EEBEE

SEEE

EEEESEE R

g=r=
0L OR4FS
02 LOCI00132062
02 LOCLO0LIIZEL
03 OR4FZS
LOCE43837
04 LOCE43E3T
05 SAMDLL
06 KLHLLT
06 KLHLLT
06 KLHLLT
7 PLEKHNL
T PLEKHN1
7 PLEKHNL
T PLEKHN1
08 ISGLS
08 AGRN
10 LOCIS4088
11 MIRZOOE
12 MIRZOOA
13 MIR42S
14 TTLLO
14 TTLLD

locus sampl=_1
chirl : 68000- 7000E Controd
ohrl - 323801-37R5E1 Conitrod
chirl : 323F01- 328581 Controd
ohrl : 367658- 36E557 Conitrod
chirl : 7&3015- 701316 Controd
ohrl : F63015- 751316 Conitrod
chirl :B611 20-BS46E7 Controd
hrl : BOSE63-S01 000 Conitrod
chirl :EESEE3-201009 Controd
hirl : BOSE63-S01 050 Conitrod
chirl :201E76-91 7473 Controd
ohrl :S01E76-91 7473 Conitrod
chirl :201E76-91 7473 Controd
chrl :S01E76-91 7473 Conitrod
chirl :S4RE46-945019 Controd
chirl - 955502-951452 Conitrod
chirl :1072306- 1078434 Controd
chrl - 1102483-1102578 Conitrod
chirl:1103242-1103332 Controd
ohirl - 11043641 104467 Conitrod
chrl:11082R5-1133313 Controd
chrl - 1105285-1133313 Conitrod

=ampl=_2
Treate=d
Treat=d
Treate=d
Treated
Treat=d
Treat=d
Treate=d
Treated
Treat=d
Treat=d
Treate=d
Treated
Treat=d
Treat=d
Treate=d
Treated
Treat=d
Treat=d
Treate=d
Treated
Treat=d
Tr=at=d

Gene differential expression testing output

T=st_id e
XLOC_DDODD0L  XLOC
XLOC_DDOD0Z . XLOC
ALOC_DDDDD3 NLOC |
ALOC_DOODDY  MLOC |
ALOC_ DODDOS.  HLOC
HLOC_DDO0D0E XLOC
ALOC_ DDODOT  HLOC
XLOC_DDODOE XLOC
ALOC_ DDODOS  HLOC
XLOC_ QD001 XLOC
ALOC_DDOD1L  HLOC
XLOC_DDOD12  ¥LOC
ALOC_DOOD13  XLOC
XLOC_DDOD14 XLOC
ALOC_DDDDLS  XLOC
XLOC_DDOD1E  XLOC
ALOC_DDODLT  HLOC
XLOC_DOODIE MLOC
ALOC_ DDODLS HLOC
XLOC_DDODADT XLOC
ALOC_ DDODZL  HLOC
XLOC_DDO0ZZ . XLOC
ALOC_ DOODZE HLOC
XLOC_DDO0Z4  XLOC
XLOC_DOD0ZS XLOC
XLOC_DDDDZE  ¥LOC

_id

_DDD00L
_DDDoDZ
D003
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_DDDDDS

_DDODDE
_ DDODOF
_DDODOE
_ DDODOS

e e L]
_DDDO11
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chrl-763015-701316
chrl:B61130-8046R7
chrl : BOEEE3-S010E0
chrl:S01ETS-017473
=hrl-S4EE4E-D45010
chrl:B55502-501452
chrl - 1072356- 1078434
chrl:1102483- 1102575
chrl:1103242-110333
chrl: 1104384~ 1104467
chrl-11059285-1133313
chrl:1167628- 1170420
=hrl:1215R15-1337400
ohrl: 1243003 1 260046
chrl-1260142-1364376
chrl: 1 266725- 1 265644
ohrl - 1334505- 1342603
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Load alighed BAM files into IGV

L) IGV

File | View Tracks Regions Help

Lead from File...

.| o f o« > P E X P =

Load from URL...

| Load tracks or sample information :

Lead from Server...

Load from DAS...

New Session...

Open Sessien..

Save Session...

Lead Genome from File...
Load Genome from URL...

Impert Genome...,

Remowve Imported Genomes...

SaveImage ..

Run Batch Script...

GeneScaffold_200
FeneScaffold_4457

1. Click “File”

2. Choose “Load from File”

3. Choose *.bam files (*.bai files need to be in the same folder)
oene e - m )

I ||pam of 258m




File View Tracks Regions Help

GV

[
i Human hg19

v|d’¥1

[T 1
p36.33 p36.17

1
p3as

T
v‘!mu:ags,gs?-goa,ogg o Bt « » @A = 2
.

(B RARINRRARUARRAN| [RRUNRRN

p3ld  p22I7  p2lI plil qll qi2  q21.7 q232 q243 q253 q313 Q357 gd2il qd3

-

495,000 bp

9,113 bp

97,000 bp 98,000 bp 39,000 bp
| | |

400,000 bp 401,000 bp 402,000 bp 403,000
| | | |

DATATYPE
ATAFILE

JIHAWE

Cantrol.bam

Control.bam

Treated.bam

Treated.bam

[ | P :
H#!!“Eﬂll*!!ﬁ* 3 E
——--—..-'-.-——-— -

L I m (0 e o o
a3t

[~ R
[ T R T -

= H s |
I0— AN N
g e 2l (8 11

RefSeq Genes

KLHL1T

FPLEKHH1

5 tracks loaded

chr1:901,285

104M of 255M




File View Tracks Regions Help

Human hg19 chr1 chr1:398,074-698, 150 = EARRRIRANARARNRAANNAR] [WES|

hllll- [T _TTTT T W [O] T N O [ N [ [
p36.23 p3elZ p343 p33  pIdl p3L1  pi27  plLI pl3l qll qi2 q2l7 237 q243 q253 q3l3 Q322 q4Ail q43

78bp -

92 050 bp 898,090 bp 253 100 by 432,110 bp 492,120 bp 888,130 bp 252 140 bp 698,150 |
| | I | | I I |

NAE
DATATYFPE
DATAFILE

Contral.bam

Contral.bam

Treated.bam

Treated.bam

Sequence
RefSeq Genes =
KLHLAT

chr1:298,075 107M of 255M
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Whole Genome/Exome GATK pipeline

Calling Variants with the GATK 3

PHASE 1 PHASE 2: PHASE 3:
MGS DATA VARIANT DISCOVERY INTEGRATIVE
PROCESSING AND GENOTYPING ANALY SIS

Typically by Lana Tepically Multiple Samplas - -
Sirmultaneously Faw Variants External Data

| RawReads | | swPs | Podigrees |

[ Sample 15 rhm pla N] Papulation

Mapping R“I“" . R"j’“ | indels ] | Strusturs

Known

=

' Varlatlon
Lot ud Structural

Marking ——
' S| ||| e

Local Realignment - T T

v ' '

- - 1 varlant Quality Recalibration
[ SNPs || Indels | Structural T
i - | Variations
svs) | Genotype Refinement

Red Read
HEE HEAES Raw Variants Ll

Base Quality
Recalibration

Analjrsls-r-a-adr-l - -
[ Reads [ | Analysis-ready Variants

D O O O O O O O OGO O O O O O O O O O O O O O O O O O O OO O O 0
B T



GATK Best Practices

(http://www.broadinstitute.org/gatk/)

Best Practice Variant Detection with the GATK v4, for release 2.0 B

There are 18 comments on this article. To see them or add your own, read this post on the forum 3

Introduction
1. The basic workflow

Qur current best practice for making SMNP and indel calls is divided into four sequential steps: initial mapping, refinement of the initial reads, multi-
sample indel and SNP calling, and finally variant quality score recalibration. These steps are the same for targeted resequencing, whole exomes,
deep whole genomes, and low-pass whole genomes. Example commands for each tool are available on the individual tool's wiki entry. There is
also a list of which resource files to use with which tool

Note that due to the specific attributes of a project the specific values used in each of the commands may need to be
selected/modified by the analyst. Care should be taken by the analyst running our tools to understand what each parameter does
and to evaluate which value best fits the data and project design.

2. Lane, Library, Sample, Cohort

There are four major organizational units for next-generation DMNA sequencing processes that used throughout this documentation:

+ Lane: The basic machine unit for sequencing. The lane reflects the basic independent run of an NGS machine. For lllumina machines. this is
the physical sequencing lane.

« Library: A unit of DMA preparation that at some point is physically pooled together. Multiple lanes can be run from aliguots from the same
library. The DMA library and its preparation is the natural unit that is being sequenced. For example, if the library has limited complexity, then
many sequences are duplicated and will result in a high duplication rate across lanes.

« Sample: A single individual, such as human CEPH NA12873. Multiple libraries with different properties can be constructed from the original
sample DNA source. Here we treat samples as independent individuals whose genome sequence we are attempting to determine. From this
perspective. tumor / normal samples are different despite coming from the same individual.

¢ Cohort: A collection of samples being analyzed together. This organizational unit is the most subjective and depends intimately on the
design goals of the sequencing project. For population discovery projects like the 1000 Genomes, the analysis cohort is the ~100 individual
in each population. For exome projects with many samples (e.g., ESP with 800 EOMI samples) deeply sequenced we divide up the
complete set of samples into cohorts of ~50 individuals for multi-sample analyses.

This document describes how to call variation within a single analysis cohort, comprised for one or many samples, each of one or many libraries
that were sequenced on at least one lane of an NGS machine.

Mata that mame SATE rammande fan ho ron at tha lana laval bt will nive hattar racolte coaina all af tha Adata far a cinala camnla A cvan all #F


http://www.broadinstitute.org/gatk/

GATK (beta) on Galaxy

Basic Steps™ (options are up to
you):

NGS: GATK Tools (beta)
ALTGNMENT UTILITIES

» Depth of Coverage on BAM
files

= Print Reads from BAM files
REALIGNMEMNT

= Realigner Target Creator for
use in local realignment

= Indel Realigner - perform
local realignment

BASE RECALIBRATION

= Count Covariates on BAM
files

= Table Recalibration on BAM
files

= Analyze Covariates - draw
plots

11

10

GENOTYPING

Unified Genotyper SNP and
indel caller

ANNOTATION

Variant Annotator

FILTRATION

Variant Filtration on VCF files

Select Variants from VCF files

VARIANT QUALITY SCORE
RECALIBRATION

Variant Recalibrator

Apply Variant Recalibration

VARIANT UTILITIES

Validate Variants

Eval Variants

Combine Variants

~ G Bl INgs

10.
11.
12.
13.

BWA alignment

Mark duplicates (Picard)

Realigner Target Creator

Indel Realigner

Base Recalibrator (Count Covariates)
Print Reads

Unified Genotyper (new in Ver2 is
Haplotype Caller) (SNPs and Indels done
separately)

Variant Recalibrator (SNPs and Indels done
separately)

Apply Recalibration (SNPs and Indels done
separately)

Combine Variants

Select Variants
Compare/contrast variants
snpEFF

* This follows the basic pipeline shown 2 slides ago. Each project is different and may need additional tools to answer the biological
guestion(s). Also, options for each tool will vary as well.
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References and web links

TopHat

— Trapnell C, Pachter L, Salzberg SL. TopHat: discovering splice junctions with RNA-
Seq.Bioinformatics doi:10.1093/bioinformatics/btp120

— http://tophat.cbcb.umd.edu/
Bowtie

— Langmead B, Trapnell C, Pop M, Salzberg SL. Ultrafast and memory-efficient alignment of short DNA
sequences to the human genome. Genome Biol 10:R25.
— http://bowtie-bio.sourceforge.net/index.shtml

Cufflinks

— Trapnell C, Williams BA, Pertea G, Mortazavi AM, Kwan G, van Baren MJ, Salzberg SL, Wold B, Pachter
L. Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform
switching during cell differentiation Nature Biotechnology doi:10.1038/nbt.1621

— Roberts A, Trapnell C, Donaghey J, Rinn JL, Pachter L. Improving RNA-Seq expression estimates by
correcting for fragment bias Genome Biology doi:10.1186/gb-2011-12-3-r22

— Roberts A, Pimentel H, Trapnell C, Pachter L.Identification of novel transcripts in annotated genomes using
RNA-Seq Bioinformatics doi:10.1093/bioinformatics/btr355

—  http://cufflinks.cbcb.umd.edu/
TopHat and Cufflinks protocol

— Trapnell C, Roberts A, Goff L, Pertea G, Kim D, Kelley DR, Pimentel H, Salzberg SL, Rinn JL, Pachter L.
Differential gene and transcript expression analysis of RNA-seq experiments with TopHat and Cufflinks
Nature Protocols 7, 562-578 (2012) doi:10.1038/nprot.2012.016

IGV
—  http://www.broadinstitute.org/igv/



http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btp120
http://bioinformatics.oxfordjournals.org/cgi/content/abstract/btp120
http://bioinformatics.oxfordjournals.org/
http://tophat.cbcb.umd.edu/
http://genomebiology.com/2009/10/3/R25
http://genomebiology.com/2009/10/3/R25
http://genomebiology.com/
http://bowtie-bio.sourceforge.net/index.shtml
http://dx.doi.org/10.1038/nbt.1621
http://dx.doi.org/10.1038/nbt.1621
http://www.nature.com/nbt
http://genomebiology.com/2011/12/3/R22/abstract
http://genomebiology.com/2011/12/3/R22/abstract
http://www.genomebiology.com/
http://bioinformatics.oxfordjournals.org/content/early/2011/06/21/bioinformatics.btr355.abstract
http://bioinformatics.oxfordjournals.org/content/early/2011/06/21/bioinformatics.btr355.abstract
http://bioinformatics.oxfordjournals.org/
http://cufflinks.cbcb.umd.edu/
http://cufflinks.cbcb.umd.edu/
http://www.nature.com/nprot/journal/v7/n3/full/nprot.2012.016.html
http://www.nature.com/nprot/index.html
http://www.broadinstitute.org/igv/

Thanks! Questions?

Contact info:
David K. Crossman, Ph.D.
Bioinformatics Director

Heflin Center for Genomic Science
University of Alabama at Birmingham

nttp://www.heflingenetics.uab.edu
dkcrossm@uab.edu



http://www.heflingenetics.uab.edu/
mailto:dkcrossm@uab.edu
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