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Overview

* Introduction:
— Summary of NGS technologies

— Data formats and quality assessment

* Alignment
— Tools and formats

— Visualization

* RNA-seq analysis
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Technology — NextGenSeq

* Over the past few years, the “Next
Generation” of sequencing technologies
has emerged.

* [hree major players:
— Roche: GS-FLX, GS-Junior
— Applied Biosystems: SOLID 4
— lllumina: Genome Analyzer / HiSeg2000
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Roche G5-FLX (454)

* |0 hours per run @

* |.3 million reads per run
* Read length of ~400bp —
* Generates ~500 Mb per run
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Roche GS-Junior

* |0 hours per run
* 100,000 reads per run

* Read length of ~400bp
» Generates ~ 35 Mb per run (filtered)
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Applied Biosystems SOLID 4

* 4-16 days per run (35bp SE vs SObp MP)
* |.4 billion reads/run

* Read length of 50bp (x2)
* Generates ~ |00Gbp per run

Read Length Total Tags/Run

- 2x35bp 8-9 >1.4B 50-70 GB
Mate-Paired 1 1
2x50bp 12-16 >1.4B 80-100 GB
Paired-End 50 bp x 25 bp 11-13 >1.48B 55-70 GB
1x35bp 3.5-4.5 >700 M 25-35GB
Fragment
1x 50 bp 6-8 >700 M 40-50 GB
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llumina Genome Analyzer IIx

* 5 days per run

* 250 million reads/run
* Read length of 100bp (x2) (variable)
* Generates ~ 25 Gb per run
* Accuracy rate; >98.5%
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llumina HiSeq2000

* 3 days per run
* | billion reads/run
* Read length of [00bp (x2)

* Generates ~ 200 Gb per run

Read Length Run Time Output
1 x35Dbp ~1.5 days 26-35 Gb
2 x 50 bp ~4 days 75-100 Gb
2 x 100 bp ~8 days 150-200 Gb

*Sequencing output generated with a PhiX library and cluster densities between
260,000-347,000 clusters/mm? that pass filtering on a HiSeq 20C0.

Throughput
Up to 25 Gb per day for a 2 x 100 bp run.
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llumina flow cell

www.illumina.com

A flowcell ID

barcode ©~

B

flow in \ > flow out

polyacrylamide-
coated interior
surface of flowcell

Quall et al. Current protocols in human genetics (2009) vol. Chapter |8 pp. Unit 18.2
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www.illumina.com

llumina sequencing

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

Randomly fragment genomic DNA - Bind single-stranded fragments randomly to A_dd unisbeled nudeotides and enzyme to-
and kgate adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge amplification.
fragments.
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www.illumina.com

lumina sequencing

4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION
STRANDED MOLECULES

The enzyme incorporates nudeotides to Denaturation leaves single-stranded Several milion dense dusters of double-

build double-stranded bridges on the solid- templates anchored to the substrate. stranded DNA are generated in each channel
phase substrate. of the flow cell.
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www.illumina.com

llumina sequencing

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

First chemistry cyde: toinitiate the first After laser exditation, capture the image of Second chemistry cyde: to initiate the

sequending cyde, add all four label ed reversible emitted fluorescence from each dusteron the next sequending cyde, add all four labeled
terminators, primers and DNA polymerase flow cell. Record the identity of the first base reversible terminators and enzyme to the
enzyme to the flow cell. for each duster. flow cell.
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||Umiﬂa Sequencing www.illumina.com

10. IMAGE SECOND CHEMISTRY CYCLE 11. SEQUENCE READS OVER MULTIPLE 12. ALIGN DATA
CHEMISTRY CYCLES

G
® o
A ..GCTGATGTGCCGCCTCACTCCGGTGG
o
® G CACTCCIGIGG
CTCACTCCIGIGG
1 —» GCIGATGTGCCACCTCA
GATGTGCCACCTCACTC
.y GIGCCGCCICACICCIG
. . CICCIGTIGG
© *<
o~ l Unknows warlore L
® G el e
' G
G
® o
A ® &

: : \._, GCTGA.. 7 : :
After laser excitation, collect the image data Repeat cycles of sequendng to determine Align data, compare to a reference, and
2s before. Record the identity of the second the sequence of bases in a given fragment identify sequence differences.
base for each duster. a single base at time.
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s Single-end sequencing

Genomic DNA

1 Fragment (200-500

212\ * Size select DNA fragments and
|isenss  add adapters (Al and A2).

* Al also has sequencing primer
(SP1) attached.

* Sequencing occurs on A2
1 Sequence fragm e th.

1 Generate Clusters

http://www.illumina.com/documents/products/datasheets/datasheet_genomic_sequence.pdf
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<A ID<d i Dl
Genomic DNA

lFragment(ZOO—SOObp) Pa|red—end SequeﬂCIHg

[Pe— * Size select DNA fragments
= and add adapters and primers

16 e (A1+SP1 and A2+SP2).

* Sequencing occurs on both
fragments.

* [he distance between the
e s sequenced read pair Is called
equence Paired En (i \ ’y
- R the “insert size’"

http://www.illumina.com/documents/products/datasheets/datasheet_genomic_sequence.pdf
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— Mate-pair sequencing
* Label ends of long DNA fragment.
) L\‘” * Circularize and fragment again.
lms + Enrich (amplify) the biotin labeled
P fragments.
pem e Proceed as for paired-end reads
- :E (basically “mate-pairs™ are paired
1$ ends with a long insert size).
ST
- R

http://www.illumina.com/documents/products/datasheets/datasheet_genomic_sequence.pdf
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Nature Reviews Genetics | AOP, published online 8 December 2009; doi:10.1038/nrg2626

@) APPLICATIONS OF NEXT-GENERATION SEQUENCING

/Sequencing technologies —
the next generation

Michael L. Metzker**
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Experiments

DNA-seq: de novo, resequencing
RNA-seg: mRNA, ncRNA, smRNA. ..
ChlP-seq: Chromatin ImmunoPrecipitation

Methyl-seq: methylated DNA (epigenome)
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Assessing quality: phred scores

Phred quality scores were originally developed by the program Phred to help in
the automation of DNA sequencing in the Human Genome Project. Phred quality

scores are assigned to each base call in automated sequencer traces.!""® Phred
quality scores have become widely accepted to characterize the quality of DNA
sequences, and can be used to compare the efficacy of different sequencing
methods. Perhaps the most important use of Phred quality scores is the
automatic determination of accurate, quality-based consensus sequences.

http://en.wikipedia.org/wiki/Phred_quality_score

Q =—101lo g P P=error probability of a
10 given base call

Ewing B, Green P, (1998): Base-calling of automated sequencer traces using
phred. Il. Error probabilities. Genome Res. 8(3):186-|94.
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Assessing quality: phred scores

Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score Probability of incorrect base call Base call accuracy

10
20
30
40
50

1in10

1in 100
1in 1000
1in 10000
1 in 100000

90 %

99 %
99.9 %
99.99 %
99.999 %

http://en.wikipedia.org/wiki/Phred_quality_score

Can use ASCII to represent quality scores by adding
33 to the phred score (although lllumina scores use
an offset of 64) and converting to ASCII.

— lllumina quality score of 40 becomes 40+64=104: “h”

©050)
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Dec HxOct Char Dec Hx Oct Html Chr [Dec Hx Oct Html Chr| Dec Hx Oct Html Chr
0 0 000 NUL ({ruall) 32 20 040 &#32; Space| 64 40 100 &«#64; [ 96 60 140 &#96;
1l 1 001 50H (start of heading) 33 21 041 &#33; ! 65 41 101 &«#65; A | 97 61 141 &#97; a
2 2 002 5TX (start of text) 34 22 042 &«#34:; " 66 42 102 «#66; E 98 62 142 &«#98; b
3 3 003 ETX (end of text) 35 23 043 &«#35; # 67 43 103 «#67; C 99 £3 143 &#99; C
4 4 004 EOT (end of transmission) 36 24 044 &#36; § 68 44 104 &«#68; D (100 64 144 &#l00; d
5 5 005 ENOQ (encquiry) 37 25 045 &#37; % 69 45 105 &«#69; E |101 65 145 &#l01; =
6 6 006 ACK (acknowledge) 38 26 046 &#38. ¢ 70 46 106 &«#70; F (102 66 146 &#l02; €
7 7 007 BEL (bell) 39 27 047 &#39; 71 47 107 «#71; G |103 67 147 &#103; o
& 8 010 ES (backspace) 40 28 050 &«#40; | 72 48 110 &#72; H (104 68 150 &#104; h
9 9 011 TAE (horizontal tab) 41 29 051 &#4l: ) 73 49 111 &#73; I [105 69 151 &#105; 1
10 A 012 LF (NL line feed, new line)| 42 2ZA 052 &«#d2; * 74 44 112 &«#74; J [106 64 152 &#106; ]
11 B 013 VT (wvertical tab) 43 2B 053 &#43; + 75 4B 113 &«#75; K (107 6B 153 &#107; k
12 C 014 FF (NP form feed, new page)| 44 2C 054 &«#44; , 76 4C 114 «#76; L [108 6C 154 &#108; 1
13 D 015 CR (carriage return) 45 2D 055 &#45; - 77 4D 115 &«#77; M |109 6D 155 &#109; n
14 E 016 30 (shift out) 46 2E 056 &#46; 78 4E 116 &«#78; N |110 6E 156 &#110; n
15 F 017 5I (shift in) 47 2F 057 «#47; / 79 4F 117 &«#79; 0 |111 6F 157 &#lll; o
16 10 020 DLE (data link escape) 45 30 060 &#43: 0 80 50 120 «#50; P |112 70 160 &#1llZ; p
17 11 021 DC1 (device control 1) 49 31 061 &#49; 1 81 51 121 &«#381; 0 |113 71 161 &#113; O
18 12 022 DCZ (device control 2) 50 32 062 &#50; 2 82 52 122 &«#382; R |114 72 162 &#ll4; ¢
19 13 023 DC3 (device control 3) 51 33 063 &«#51; 3 83 53 123 &«#83; 5 [115 73 163 &#l15; =
20 14 024 DC4 (device control 4) 52 34 064 &«#52; 4 84 54 124 «#84; T (116 74 164 &#ll6; ©
2l 15 025 NAK (negative acknowledge) 53 35 065 &#53; 5 85 55 125 &«#385; U (117 75 165 &#117; u
22 16 026 SYN (synchronous idle) 54 36 066 &#54; 6 86 56 126 &«#86; V |118 76 166 &#l1l3; v
23 17 027 ETE (end of trans. block) 55 37 067 &#55: 7 87 57 127 &«#87; W |119 77 167 &#l19; w
24 18 030 CAN (cancel) 56 38 070 &#56; S 88 58 130 &«#88; X |120 78 170 &#l20; x
25 19 031 EM  (end of medium) 57 39 071 &«#57:; 9 89 59 131 &«#89; ¥V |121 79 171 &#l2l; ¥
26 14 032 SUE (substitute) 58 3A 072 &«#58; : 90 SA 132 «#90; Z (122 7A 172 &#l22; 2
27 1B 033 ESC (escape) 59 3B 073 &#59; ; 91 5B 133 &«#91; [ (123 7B 173 &#123; !
28 1C 034 F5 (file separator) 60 3C 074 &«#60; < 92 5C 134 &«#92; \ |124 7C 174 &«#l24;
29 1D 035 G5 (group separator) 61 3D 075 &«#61; = 93 5D 135 &#93; ] [125 7D 175 &#125;
30 1E 036 RS (record separator) 62 3E 076 &#62; > 94 SE 136 «#94; ~ (126 7E 176 &#la6; ~
31 1F 037 U3 (unit separator) 63 3F 077 &«#63; 2 95 S5F 137 «#95; _ [127 7F 177 &«#127; DEL

@080

Source: www.LookupTables.com
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An example of a base that has been
given a very high Phred score of 50,
indicating that there is 99.999%
probability that this base has been
correctly assigned.

An example of a base that has been
given a Phred score of 10, indicating
that there is only a 90% probability
that this base has been correctly
assigned.

An example of a base for which
no Phred score could be
calculated,, since the sequencer
could not determine which base
was present (therefore, an ‘N'was
designated in the sequence).

. -

"R -
~ GG TAIGGGGGGGNIGCTTTTCCCAAGGCA
60 70 80 90

L A W

http://en.wikipedia.org/wiki/Phred_quality_score
QeEl NGS data analysis: 27 October 2010 2




Data format

* The FASTQ format allows the storage
of both sequence and quality
information for each read.

* Thisis a compact text-based format that
has become the de facto standard for
storing data from next generation
sequencing experiments.

Qe NGS data analysis: 27 October 2010
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Fastg format

@HWUSI-EAS582 157:6:1:1:1501/1
NCACAGACACACACGAACACACAAAGACATGCCCATATGAAGAT
+
%$.7786867:778556858746575058873/347777476035
@HWUSI-EAS582 157:6:1:1:1606/1
NCTGGCACCTTGATTTTGGACTTCCCAGCCTCCAGAACTGTGAG
+
$1948988888798988366898888648998788898888588
@HWUSI-EAS582 157:6:1:1:453/1
NCTGCTTGCACCCCTGAAGTCACTGATCACATTTCAGGGTCACC
+
$/868998988888867668888986644788988413488885
@HWUSI-EAS582 157:6:1:1:1844/1
NGATTGACATTGGCAAAGAGGACAACTGATTGCAAACTTCACAC

@HWUSI-EAS582 157:6:1:1:1707/1
NAGGCTCAGGCGCACGGCCTACATCGTCGCTGTCGGCCAAGGGG
_|._
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FASTQ format

@HWUSI-EAS582 157:6:1:1:1501/1 <

NCACAGACACACACGAACACACAAAGACATGCCCATATGAAGAT €—— “Read” (Sequence)
_|._

%.7786867:778556858746575058873/347777476035 <—— Quallty scores (phred_33)

@HWUSI-EAS582 157:6:1:1:1606/1

NCTGGCACCTTGATTTTGGACTTCCCAGCCTCCAGAACTGTGAG
+ lllumina sequence identifiers

£19048988888798988366898888648998788898888588 Sequences from the lllumina software use a systematic identifier:
@HWUSI-EAS582 157:6:1:1:453/1 I :
NCTGCTTGCACCCCTGAAGTCACTGATCACATTTCAGGGTCACC :

______________________________________________________________

_|._
%/868998988888867668888986644788988413488885 HWUSI-

the unique instrument name
@HWUSI—EAS582_157:6:1:1:1844/1 EAS100R
NGATTGACATTGGCAAAGAGGACAACTGATTGCAAACTTCACAC 6 flowcell lane
+ 73 tile number within the flowcell lane
$=T7;:::::;86499;75574586::635:62687666887879 941 'x'-coordinate of the cluster within the tile
@HWUSI-EAS582 157:6:1:1:1707/1 1973 'y-coordinate of the cluster within the tile
NAGGCTCAGGCGCACGGCCTACATCGTCGCTGTCGGCCAAGGGG 20 index number for a multiplexed sample (0 for
+ no indexing)

the member of a pair, /1 or /2 (paired-end or
mate-pair reads only)

http://en.wikipedia.org/wiki/FASTQ_format
QOO0 NGS data analysis: 27 October 2010 24
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FastQC

* Simple java-based tool for quality
assessment of next generation
sequencing data.

* Takes FASTQ file as input and generates
multiple QC plots.

* No ability to customize or interact with
plots.
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FastQC

E%i’ Babraham Bioinformatics

Institute

About | People | Services | Projects | Training | Publications
FastQC

A quality control tool for high throughput sequence data.
Language Java

GELTETGELICE A suitable Java Runtime Environment

o020 B0 Stable. Mature code, but feedback is appreciated.
(oL BN EIET T Yes, under GPL v3 or later.
LETRe7:T8 Simon Andrews

Download Now

http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/
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FastQC

NA18603.chrom1.ILLUMINA.bwa.SRP000031.20091216_fcgr3b_1.fastq >

(
@ Basic Statistics

Quality scores across all bases (Sanger encoding)

: 34.0

@ Per base sequence quality 32.0
O Per sequence quality scores 30.0 i
@ Per base sequence content  28.0 II____ """"III""”"
@PerbaseGCcontent 26.0 Moy !””"II""" I

24.0 "I"I" "” |
O Per sequence GC content I I | I h

22.0 I I
@ Per base N content 20.0 g il m; HH
O Sequence Length Distribution 18.0 Ik |

M

@ Sequence Duplication Levels 16.0
@ Overrepresented sequences 140

12.0

10.0

8.0

6.0

4.0

2.0

0.0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Position in read (bp)
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FastQC

[ NA18603.chrom1.ILLUMINA.bwa.SRP000031.20091216_fcgr3b_1.fastq >
@ Basie Stanistics 100.0 Sequence content across all bases
@ Per base sequence quality %T
O Per sequence quality scores 90.0 %C
KA
P 0
@ er base sequence content 80.0 %G

@ Per base GC content

O Per sequence GC content

@ Per base N content 60.0

O Sequence Length Distribution

70.0

50.0
@ Sequence Duplication Levels

@ Overrepresented sequences 40.0

30.0 |y NM/

="~
20,0 [P—FS — - e O AN
10.0

0.0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Position in read (bp)
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Assembly

* De novo genome assembly based on short
read data Is a major computational task.

* A number of specialized tools exist:

— ABYSS, gap4, Genelous, Mira, Newbler,
SSAKE, SOAPdenovo, Velvet....

Sense from sequence reads: methods for
alignment and assembly

Paul Flicek & Ewan Birney NATURE METHODS SUPPLEMENT | VOL.6 NO.11s | NOVEMBER 2009
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Goecks et al. Genome Biology 2010, 11:R86
http://genomebiology.com/2010/11/8/R86

Genome Biology

SOFTWARE Open Access

Galaxy: a comprehensive approach for supporting
accessible, reproducible, and transparent
computational research in the life sciences

Jeremy Goecks', Anton Nekrutenko?', James Taylor'", The Galaxy Team

* Galaxy provides a web-based application
for the analysis of sequence data

* Includes tools for the analysis and
manipulation of NGS data

* Simple and extensible interface

QIeEl NGS data analysis: 27 October 2010

30



http://galaxy.psu.edu/

use | see | develop

€) Use it now!

Galaxy allows you to do analyses you cannot do anywhere else without the need to install or download anything. You can analyze multiple alignemnts,
compare genomic annotations, profile metagenomic samples and much much more...

€) Galaxy = collaboration and reproducibility

Best of all, Galaxy’s history system provides a complete analyses record that can be shared. Every history is an analysis workflow, which can be used to
reproduce the entire experiment...

+ History is an analysis record | Every step of your analyses is recorded in Galaxy's history system. You can have any number of histories
saved. This way you can go back to your analyses anytime.
¢ Share your analyses | Alice works at Penn State, while Bob suffers from the terrible San Diego climate. Alice wants Bob to see her analyses.

Alice clicks the “share” link and enters Bob’s e-mail address. Now Alice’s history is visible to Bob (see “Sharing history” screencast).

¢ Now your results are reproducible! | When publishing results, replace “the data were analyzed using a collection of in-house scripts” with
a URL pointing to Galaxy’s history. Your reviewers will have no further questions. That’s reproducible genomics!

Designed for biologists and developers

Yep, sometimes you can mix water with oil...

* Biologists | Use our public site to access popular sources of data like the UCSC Table Browser. Run analyses right on the spot using a variety
of integrated tools. Your results are never deleted and can be easily shared with others.

* Developers | Galaxy is an easy-to-use, open-source, scalable framework for tool and data integration. Stop wasting time writing interfaces and
get your tools used by biologists! Galaxy includes everything you need to get started, so download and start integrating!
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Citing Galaxy http://bitbucket.org/galaxy/galaxy-central/wiki/Citations

If you use or extend Galaxy in your published work, please cite the following publications:

Goecks, J, Nekrutenko, A, Taylor, J and The Galaxy Team. Galaxy: a comprehensive approach for supporting accessible, reproducible, and
transparent computational research in the life sciences. Genome Biol. 2010 Aug 25;11(8):R86.

Blankenberg D, Von Kuster G, Coraor N, Ananda G, Lazarus R, Mangan M, Nekrutenko A, Taylor J. "Galaxy: a web-based genome analysis tool
for experimentalists". Current Protocols in Molecular Biology. 2010 Jan; Chapter 19:Unit 19.10.1-21.

Other Publications about Galaxy

Please cite the appropriate publication if using the specific features of Galaxy described

Blankenberg D, Gordon A, Von Kuster G, Coraor N, Taylor J, Nekrutenko A and The Galaxy Team. "Manipulation of FASTQ data with Galaxy".
Bioinformatics. 2010 Jul 15;26(14):1783-5.

Bock C, Von Kuster G, Halachev K, Taylor J, Nekrutenko A, Lengauer T. "Web-based analysis of (epi-) genome data using EpiGRAPH and
Galaxy". In "Methods in Molecular Biology: Genetic Variation: Methods And Protocols" (ed. M.R. Barnes and G. Breen). Humana Press, Towata,
NJ. 2010 Feb.

Koskovsky Pond S, Wadhawan S, Chiaromonte F, Ananda G, Chung W, Taylor J, and Nekrutenko A. "Windshield splatter analysis with the Galaxy
metagenomic pipeline". Genome Research. 2009 Nov; 19(11):2144-53.

Miller W, Rosenbloom K, Hardison RC, Hou M, Taylor J, Raney B, Burhans R, King DC, Baertsch R, Blankenberg D, et al. "28-Way vertebrate
alignment and conservation track in the UCSC Genome Browser. Genome Research. 2007 Dec; 17(12):1797-808.

Taylor J, Schenk |, Blankenberg D, and Nekrutenko, A. "Using Galaxy to Perform Large-Scale Interactive Data Analysis". Current Protocols in
Bioinformatics. 2007 Sep; 19:10.5.1-10.5.25.

Blankenberg D, Taylor J, Schenk |, He J, Zhang Y, Ghent M, Veeraraghavan N, Albert |, Miller W, Makova K, Hardison RC, Nekrutenko A. "A
framework for collaborative analysis of ENCODE data: Making large-scale analyses biologist-friendly". Genome Research. 2007 Jun; 17(6):960-4.

Giardine B, Riemer C, Hardison RC, Burhans R, Elnitski L, Shah P, Zhang Y, Blankenberg D, Albert |, Taylor J, Miller W, Kent WJ, Nekrutenko A.
"Galaxy: a platform for interactive large-scale genome analysis." Genome Research. 2005 Oct; 15(10):1451-5.
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Workflow Shared Data  Visualization

Analyze Data

http://main.g2.bx.psu.edu/

Help User

Tools Options «

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Regional Variation
Multiple regression

Multivariate Analysis
Evolution

Metagenomic analyses
Human Genome Variation
EMBOSS

NGS TOOLBOX BETA

B T

©050)

Here is what's happening...

Try Galax
on )t,he Cloald

Now you can have a personal Galaxy within the infinite Universe

Live Quickies

Basic fastQ
manipulation:

Illumina mapping:
Paired Ends

History Options «

o=

You are currently
viewing a deleted
history!

1 ® R
ftp:/ /ftp.1000genomes.¢
/voll/ftp
/data/NA18969
/sequence read

/SRR004506.filt.fastg

Advanced fastQ
manipulation:

B P D ——— O S .
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Tools . Options + |

NGS TOOLBOX BETA

NGS: QC and manipulation

NGS: Mapping
NGS: SAM Tools

NGS: Indel Analysis
NGS: Peak Calling

Tools ' Options « |

@080

NGS TOOLBOX BETA

NGS: QC and manipulation
ILLUMINA DATA

= FASTQ Groomer convert
between various FASTQ
quality formats

= FASTQ splitter on joined
paired end reads

= FASTQ joiner on paired

end reads
m FASTQ Summary Statistics

by column

ROCHE-454 DATA

= Build base quali
distribution

= Select high quality
segments

= Combine FASTA and QUAL
into FASTQ

AB-SOLID DATA

= Convert SOLID output to
fastg

FASTQ Masker

File to mask:

-
v

Mask input with:
' N's 3

When score is:
| Less than or equal  + |

quality_score:
0

( Execute |

NGS data analysis: 27 October 2010
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Analyze Data  Workflow  Shared Data  Visualization Help User

Tools | Options + | O History | Options v |
This dataset is large and only the first megabyte is | .
shown below.

Get Data

o showal | Save ::A18603 h 1 ILt]MolNﬁ

ENCODE Tools NA18603.chrom l.ILLUMINA.
@1:2:4:885:Y

Lift-Over GTTTTCTCATTNGAAATTTTGTTACCGCARAANNNCCACC 8: Map with Bowtie ® { ¢

+1:2:4:885:Y
\ BEBB?EEBRR: 3, AN?CAB?B<ABARARRARH#SHSFENE

Text Manipulation for lllumina on data 3

Convert Formats

@1:2:4:1211:Y
6 ATAAAGATTCNATGAGTTTTCCAAGATGCATNNNTTCAS
1:2:4:1211:Y
y /| B>BBAACAAB<%; BABC?AAE ?BBABE ?BBB=4
€1:2:4:280:Y
ACTTGTGTAATNATCTTTTGTCTTCCAGGCTZI NN
+1:2:4:280:Y
BA>BBEB?AA=%3ABBBB>>; B; AABACEE s
Bl:2:4:34:Y
ACATTGGTTTTINCCAACCAACPX A AAGTETAN
+1:2:4:34:Y
BATCBCC<CB=%4BCBAX: <7BBE=
€1:2:4:396:Y
GCTTTCTTTCTNTCT
+1:2:4:396:Y
BBBCBEBBBA=%5ACBBBA A (L4
€1:2:4:1118:Y
GEG';G?T?}"{%‘N?AGGMTC AGCTCTCCAGAAGNNTGTTT 3: FASTQ Groomer & 0 X
+1:2:4: :

-

EBBACAB<%%=BE<>

perate on Genomic

Intervals BBAGBAAL>A9%.?;B>5ABS; 1ABABBBBBA; $3=<(8? ondatal
Statistics @1:2:4:1172:Y
latistics AAATCCGATTCNTGCGGATTCTTCCCCCAACTANNGCAGA
+1:2:4:1172:Y 2: o>
Graph/Display Data BCACBBECCB; § . B>BCIACCECABBCOABBB<#####44 — . (4R
Reai | Variati €1:2:4:229:Y http:/ /biocluster.ucr.edu
egional Variation TGAACAGTTTGNCCATCCCTGCCCCTGGATTTCNNACTGT thack P
+1:2:4:229:Y ~tbackman/query.fast
Multiple regression BCACCBCCCE139>CCR6E@CCBBCACAB?CBC?$8=BCBE
€1:2:4:1189:Y
Multivariate Analysis CATTTTCCTTANTCTCTTTCTCAATARACTTCTNNTGETC 1: @ ] %
+1:2:4:1189:Y = :
Evolution 9ACCCCCCCC? $>BCCCCCCCBIBCCRCCCCC? $8>CCCC ftp:/ /ftp.1000genomes.ebi.z
SLr2nds2ey [voll/ftp/data/NA18969
Metagenomic analyses ACCTGAGCCAGNATAAATGCTTTCACGTTTTCCNNGCCTG
[ g e e || +1:2:4:862:Y b /sequence read \J
4| | BBB678RRBRIRSARI+ACBA=RE: '@B28;18988:B0=0 A A
EMBOSS GATTTCTTTTINGATTCATCCCTGAAGTTGAAANNCTCCT
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Workflow

Analyze Data

Shared Data

Visualization

Help

Tools

| Options + |

Get Data

Send Data
ENCODE Tools
Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores

Operate on Genomic
Intervals

Statistics
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution
Metagenomic analyses

Human Genome Variation

EMBOSS

~

A

shown below.
Show all | Save

This dataset is large and only the first megabyte is

€1:2:4:885:Y
GTTTTCTCATTNGAAATTTTGTTACCGCAAAANNNCCACC
+1:2:4:885:Y
BEBB?EEBRE: %, AA?EAB?B<ABAAAREARFFFFIFFFE
€1:2:4:1211:Y
GATAAAGATTCNATGAGTTTTCCAAGATGCATNNNTTCAA
+1:2:4:1211:Y
B>BBAACAAB<%; BABC?AAE ?BBABR ? BEBB=########
81:2:4:280:Y
ACTTGTGTAATNATCTTTTGTCTTCCAGGCTGNNNTTCCT
+1:2:4:280:Y
BA>BBEB?AA=%3ABBBBE>>; E; AAB; ABER#F#FEFEFSE
Bl:2:4:34:Y
ACATTGGTTTINCCAACCAACTAAAAGTGTATNNNGGGAT
+1:2:4:34:Y
EATCBCC<CB=%4BCBAA:<?BBE>2ABCAB=%3%7>B9A
81:2:4:396:Y
GCTTTCTTTCTINTCTTATCGTATCGAAAATATCTNNACCAA
+1:2:4:396:Y
BBBCBEBBBA=%5ACBBBBCAECBBEBBACAB<¥E=BE<>
€1:2:4:1118:Y
GCGTGATATTTNCAGGAATCAGCTCTCCAGAAGNNTGTTT
+1:2:4:1118:Y
BBAEBAAL>A9%.7;B>5AB8; 1ABABBBBBA; ¥%=<(87
€1:2:4:1172:Y
AAATCCGATTCNTGCGGATTCTTCCCCCAACTANNGCAGA
+1:2:4:1172:Y
BCACBBECCB; % . B>BC3ACCECABBCOABBB<#####F##
€1:2:4:229:Y
TCAACAGTTTGNCCATCCCTGCCCCTGGATTTCNNACTGT
+1:2:4:229:Y
BCACCBCCCE13%9>CCEGRCCBBCACAB?CBC?%%=BCBE
€1:2:4:1189:Y
CATTTTCCTTANTCTCTTTCTCAATAAACTTCTNNTGGTC
+1:2:4:1189:Y
9ACCCCCCCC?¥>BCCCCCCCBIBCCRECCCCC?R%>CCCC
€1:2:4:862:Y
ACCTGAGCCAGNATAAATGCTTTCACGTTTTCCNNGCCTG
+1:2:4:862:Y

BBBG?EERBEIRSAAG+ARBA=RE: "@B78;39%%:B0=¢
€1:2:4:473:Y
GATTTCTTTTINGATTCATCCCTGAAGTTGAAANNCTCCT

User
History | Options « |
9: @ (] R

NA18603.chrom LILLUMINA.

8: Map with Bowtie ® {J 3¢
for lllumina on data 3

6: FASTQ Masker @ (J 3¢
on data 5
5: FASTQ Masker @& (J 3¢

on data 4

Preview

2.7 Mb, format: fastqsanger,
database: ?

Info: Processed 25000
sanger reads.

O

£1:2:4:885:Y
GTTTTCTCATTNNAAATTTTGTTACCGCA
+1:2:4:885:Y
BEBB?EEBER:% AR?EAB?B<ABAAAEE
B1:2:4:1211:Y
GATAAAGATTCNATGAGTTTTCCAAGATC

—

) 4| >

4: FASTQ Groomer @& (] 3¢
on data 2

@080
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2: http:/ /biocluster.ucr.edu/~tbackman

[query.fastqg

@)X

99,975 lines, format: qualillumina, database: ?

Info: uploaded fastqsolexa file

=0

€1:2:4:885:Y
GTTTTCTCATTNGAAATTTTGTTACCGCAAAANNNCCACC
+1:2:4:885:Y
BEBB?EEBEE: % AATEAB?B<ABAARBRARFF#FIFIHE
€1:2:4:1211:Y
GATAAAGATTCNATGAGTTTTCCAACGATGCATNNNTTCAA

4: FASTQ Groomer on data 2
99,975 lines, format: qual, database: ?

@ (] %

Info: Groomed 25000 sanger reads into sanger reads.
Based upon quality and sequence, the input data is

valid for: sanger
Input ASCII range: '#'(35) - 'C'(67)
Input decimal range: 2 - 34

ol @

@1:2:4:885:Y
GTTTTCTCATTNGAAATTTTGTTACCGCAAAANNNCCACC

+1:2:4:885:Y
BEBB?ERBEE: 3, AATEAB?B<ABAAAERAR#FFFFFHFS
@1:2:4:1211:Y
GATAAAGATTCNATGAGTTTTCCAAGATGCATNNNTTCAA

Import fastq data —T

5: FASTQ Masker on data 4

2.7 Mb, format: fastgsanger, database: ?
Info: Processed 25000 sanger reads.
=

@1:2:4:885:Y
GTTTTCTCATTNNAAATTTTGTTACCGCAAANNNNNNNNN
+1:2:4:885:Y%
BEBB?ERBEE: %, AAPRAB?B<ABAAARCARFFFFIFHFE
@1:2:4:1211:Y
GATAAAGATTCNATGAGTTTTCCAACATGCATNNNNNNNN

“Groom” imported
data for use in other
modules

@ (] %

Mask low quality S
bases with N's

@080
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Alignment

* If 2 “reference” genome exists for the
organism you are sequencing, reads can be
“aligned” to the reference.

* This involves finding the place in the
reference genome that each read matches to.

* Due to high sequence similarity within
members of the same species, most reads
should map to the reference.
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Tools for generating alignments

* [There are MANY software packages available
for aligning data from next generation
sequencing experiments.

* [wo of the most popular are:

— BWA: http://bio-bwa.sourceforge.net
— Bowtie: http://bowtie-bio.sourceforge.net

 Both utilize the "Burrows-Wheeler Transform.”
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How to map billions of short reads onto

genomes VOLUME 27 NUMBER 5 MAY 2009 NATURE BIOTECHNOLOGY
Cole Trapnell & Steven L Salzb
P '8 a Spaced seeds b Burrows-Wheeler
Reference genome Short read Reference genome  Short read
(> 3 gigabases) (> 3 gigabases)
Chrl co—— ACTCOCGTAGTCTAAT Chrl o o rocoomacTomAT
Chr2 s Chr2 eommmmmm
Chr3 === Chr3 ===
Chr4 Chr4
Concatenate into
Extract seeds single string
p————
L ~ J
pR=on N Burrows-Wheeler
Position 2 transform and indexing
CTGC OGTA AACT AATG
| TT—— Bowtie index I
Position 1 Y e "
ACTG DUGT AAAC TAAT ACTC COGT ACTC TAAT (~2 glgabyms) " ACTCOCGTACTCTAAT
_— "
ACTG eeee ARAC seee | - (. B
eses OCGT sees TAAT Six seed L2 Look up
ACTG sews sewe TAAT pairs per 13 ‘suffixes’ n
sees weee ARRC TAAT [ read/ a4 | of read & /
ACTG CCQT sese  seee fragmem | 5 ] 7 .
weee DUGT ARAL weee | I - T / .
o ACTCCCGTACTCTAAT
Index seed pairs Hits identify
positions in
Seed index genome where
(tens of gigabytes) Look up each pair read is found ™
N of seeds in index
TG wwes ARAD weee
£ Hits identify positions
= in gencme where
. spaced seed pair
5 is found
ACTG eess soee TAAT Confirm hits Convert each
weee COGT AAAC sees E)y c?eckipg hit back to
- +++" positons genome location

T Report alignment to user €——
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http://bowtie-bio.sourceforge.net/index.shtml

JOHNS HOPKINS

Bowtie ANENC\EN
An ultrafast memory-efficient short read aligner ;‘X’\’\ &hc)())lct)l’{}l{l\l[éﬁl%%

Bowtie is an ultrafast, memory-efficient short read aligner. It aligns short DNA sequences (reads) to the
human genome at a rate of over 25 million 35-bp reads per hour. Bowtie indexes the genome with a 0
Burrows-Wheeler index to keep its memory footprint small: typically about 2.2 GB for the human 'fT'M
genome (2.9 GB for paired-end). OSil certified
Site Map
“* Recent news
Home
# 0.12.7 release - 9/7/10 S LA LIS
Getting started
o Fixes the all-gap reference sequence issue that was present in Manual
Bowtie 0.12.6. Index files produced by bowtie-build 0.12.5 and
earlier (back to 0.10.*) are compatible with bowtie 0.12.7. Index Latest Release
files produced by bowtie-build 0.12.7 are backward compatible Bowtie 0.12.7 9/7/10
with bowtie 0.12.5 and earlier as long as the first reference Please cite: Langmead B, Trapnell C, Pop M, Salzberg

. . SL. Ultrafast and memory-efficient alignment of short
sequence is not all-gaps (or, when colorspace indexes, as long as the DNA sequences to the human genome. Genome Biof

first reference sequence has two consecutive ACGT characters in it 10:R25.
For release updates, subscribe to the mailing list.
somewhere).
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http://bowtie-bio.sourceforge.net/index.shtml

Software

Ultrafast and memory-efficient alignment of short DNA sequences

to the human genome
Ben Langmead, Cole Trapnell, Mihai Pop and Steven L Salzberg

Address: Center for Bioinformatics and Computational Biology, Institute for Advanced Computer Studies, University of Maryland, College
Park, MD 20742, USA.

Correspondence: Ben Langmead. Email: langmead@cs.umd.edu
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http://bio-bwa.sourceforge.net/

Home

Introduction BWA:

SF project page

Burrows-Wheeler Aligner (BWA) is an efficient program that aligns relatively short
. . SF download page
nucleotide sequences against a long reference sequence such as the human — )
) ) Mailing list
genome. It implements two algorithms, bwa-short and BWA-SW. The former works o :

BWA maual page
for query sequences shorter than 200bp and the latter for longer sequences up to Mt _fage
around 100kbp. Both algorithms do gapped alignment. They are usually more Release notes
accurate and faster on queries with low error rates. Please see the BWA manual
page for more information.

Links:

FAQ SAMtools
MAQ

How can | cite BWA?

The short read alignment component (bwa-short) has been published:

Li H. and Durbin R. (2009) Fast and accurate short read alignment with
Burrows-Wheeler Transform. Bioinformatics, 25:1754-60. [PMID:

19451168
If you use BWA-SW, please cite:

Li H. and Durbin R. (2010) Fast and accurate long-read alignment with
Burrows-Wheeler Transform. Bioinformatics, Epub. [PMID: 20080505]
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ORIGINAL PAPER ™ 5% tossmomomascaioizs

Sequence analysis

Fast and accurate short read alignment with Burrows-Wheeler
transform

Heng Li and Richard Durbin*
Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Cambridge, CB10 1SA, UK

Received on February 20, 2CC8; revised on May 6, 2009; accepted on May 12, 2008
Advance Access publication May 18, 2008
Associate Editor: John Quackenbush
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Alignment formats

* SAM (Sequence Alisnment/Map) format
has become the de facto standard for
storing alignment data.

* BAM is a binary version of SAM allowing
more efficient storage.
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Vol. 25 no. 16 2009, 2078-2079
APPLICATIONS NOTE ™ a0 10sasbicinformaiicsibipss2

Sequence analysis

The Sequence Alignment/Map format and SAMtools

Heng Li"*T, Bob Handsaker? T, Alec Wysoker?, Tim Fennell?, Jue Ruan3, Nils Homer?,
Gabor Marth®, Goncalo Abecasis®, Richard Durbin'-* and 1000 Genome Project Data
Processing Subgroup’

TWellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Cambridge, CB10 1SA, UK, 2Broad Institute of
MIT and Harvard, Cambridge, MA 02141, USA, 3Beijing Institute of Genomics, Chinese Academy of Science, Beijing
100029, China, *Department of Computer Science, University of California Los Angeles, Los Angeles, CA 90095,
SDepartment of Biology, Boston College, Chestnut Hill, MA 02467, €Center for Statistical Genetics, Department of
Biostatistics, University of Michigan, Ann Arbor, Ml 48109, USA and ”http://1000genomes.org

Received on April 28, 2009; revised on May 28, 2009; accepted on May 30, 2009

Advance Access publication June 8, 2009

Associate Editor: Alfonso Valencia
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http://samtools.sourceforge.net/

Introduction

SAM (Sequence Alignment/Map) format is a generic format for storing large
nucleotide sequence alignments. SAM aims to be a format that:

® |s flexible enough to store all the alignment information generated by various
alignment programs;

B |s simple enough to be easily generated by alignment programs or converted
from existing alignment formats;

B |s compact in file size;

® Allows most of operations on the alignment to work on a stream without
loading the whole alignment into memory;

B Allows the file to be indexed by genomic position to efficiently retrieve all
reads aligning to a locus.

SAM Tools provide various utilities for manipulating alignments in the SAM format,
including sorting, merging, indexing and generating alignments in a per-position
format.

@080

SOURCEFORGE.NET*

Home

General Information

SAM Format Specification
SF Project Page

SF Download Page

SVN Browse

Related Software

FAQ

SAMtools in C

General Introduction

Manual Page

Pileup Format
Multisample pileup
Consensus/Indel Calling
Text Alignment Viewer
APl Documentation
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http://samtools.sourceforge.net/

SAMtools

* SAMtools provides a command line interface for
manipulation of SAM/BAM formatted data.

* Open source and multi-platform (R package
avallable: Rsamtools).

e Able to:

— Extract reads from specific genomic region
— Operate on remote files

— Much more....
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SAM format

ERR0O05646.11088674 147 1 161099954 60
54M = 161099742 -266
TTTTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACT
89=<; @>EECFCBBFFCAEFBGB=FFFC?Q@ABQ@G=FFBQCABABA?AQ<>>=; =
XT:A:U NM:1:0 SM:1:37 AM:1:37 X0:1:1 X1:1:0 XM:1:0
XO0:1:0 XG:1:0 MD:Z2:54 RG:Z:ERR005646 0Q:7Z:D?
FFEEEFFFFFFFFFFEFFDFECFFEFE ,;, EEEEFCFFEEEEFEFECEEC=E; EF
FRR005646.5518024 147 1 161099956 60
54M = 161099847 -163
TTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACTCT
68=<AWW@A???AB?A>ABBB>WACABCAAA>BWEBABWUBAWAWQAWQAWd=A=A=>;<
XT:A:U NM:1:0 SM:1:37 AM:1:37 X0:1:1 X1:1:0 XM:1:0
XO0:1:0 XG:1:0 MD:Z2:54 RG:Z:ERR005646

OQ:Z :ECEEEEEEEEDEEEEE>EEEEEEEEEEEEFEQEEEEEBEEEEEEEEECCCREEEE
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http://samtools.sourceforge.net/

SAM format

Type Tag Description
HD - header [VN* |File format version.

SO0  |Sort order. Valid values are: unsorted, queryname or coordinate.

GO Group order (full sorting is not imposed in a group). Valid values are: none, query or reference.
sQ SN* |Sequence name. Unique among all sequence records in the file. The value of this field is used
- in alignment records.

SRGUARcE LN* |Sequence length.
dictionary ASs |Genome assembly identifier. Refers to the reference genome assembly in an unambiguous
form. Example: HG18.

M5 MD5 checksum of the sequence in the uppercase (gaps and space are removed)

UR URI of the sequence

SP  |Species.

RG ID* |Unique read group identifier. The value of the ID field is used in the RG tags of alignment
- records.
read group |smM* |Sample (use pool name where a pool is being sequenced)

LB Library

DS Description

PU Platform unit (e.g. lane for lllumina or slide for SOLID); should be a full, unambiguous identifier

PI Predicted median insert size (maybe different from the actual median insert size)

CN Name of sequencing center producing the read.

DT Date the run was produced (ISO 8601 date or date/time).

PL Platform/technology used to produce the read.

PG ID* |Program name
= VN Program version
program CL |Command line

CO - comment

One-line text comments
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Alisnment using BWA and SAMtools

# download a test reference genome (TAIR9 Chromosome 1)
wget http://biocluster.ucr.edu/~tbackman/genome.fasta
# download some test Illumina reads from Arabidopsis
wget http://biocluster.ucr.edu/~tbackman/query.fastqg

# index reference genome

bwa index -a 1s genome.fasta

# perform alignment

bwa aln genome.fasta query.fastg > output.sai

# generate SAM formatted alignment output

bwa samse -n -1 genome.fasta output.sal query.fastg > output.sam
# use samtools to generate bam file

samtools view -bS -o output.bam output.sam

# sort entries in bam file

samtools sort output.bam output.sorted

# index reads in bam file

samtools index output.sorted.bam

Code from: http://manuals.bioinformatics.ucredu/home/ht-seq
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Alignment using Galaxy

Tools Options « Tools Options «
NGS: Mapping NGS: SAM Tools

ILLUMINA
= Map with Bowtie for lllumina
= Map with BWA

ROCHE-454

= Lastz map short reads against
reference sequence

= Megablast compare short reads
against htgs, nt, and wgs
databases

= Parse blast XML output
AB-SOLID

= Map with Bowtie for SOLID

@060

Filter SAM on bitwise flag values
Convert SAM to interval

SAM-to-BAM converts SAM
format to BAM format

BAM-to-SAM converts BAM
format to SAM format

Merge BAM Files merges BAM
files together

Generate pileup from BAM
dataset

Filter pileup on coverage and
SNPs

Pileup-to-Interval condenses

pileup format into ranges of
bases
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Map with Bowtie for lllumina

Will you select a reference genome from your history or use a built-in
index?:
' Use a built-in index 4

L.

Built-ins were indexed using default options

Select a reference genome:
|hg 19 v

if your genome of interest is not listed - contact Galaxy team

Is this library mate-paired?:
' Single-end &

FASTQ file:

' 10: FASTQ Groomer on data 9 + |
Must have Sanger-scaled quality values with ASCII offset 33

Bowtie settings to use:

Commonly used =+

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

Suppress the header in the output SAM file:
T4

St

Bowtie produces SAM with several lines of header information by default
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This dataset is large and only the first megabyte is shown below.
Show all | Save

ERR000494.7831411/1 16 chrl 161100152 255 41M *
ERR000494.8751557/1 16 chrl 161100143 255 41M *
ERR000492.3331028/1 16 chrl 161100168 255 41M *
ERR000492.9521233/1 16 chrl 161100122 255 41M *
ERR000495.9873465/1 0 chrl 161100019 255 41M *
ERRO00066.3373915/1 0 chrl 161100029 255 41M *
ERR000345.1515240/1 0 chrl 161100102 255 41M *
ERR000493.8919447/1 0 chrl 161100287 255 41M *
ERR000319.9062286/1 0 chrl 161100196 255 45M *
ERR000497.3212156/1 16 chrl 161100336 255 41M *
ERR000496.4165020/1 16 chrl 161100373 255 41M *
ERR000494.7623510/1 0 chrl 161100301 255 41M *
ERR000345.855241/1 16 chrl 161100365 255 41M *
ERR000103.3112982/1 0 chrl 161100128 255 51M *
ERR000494.8355511/1 16 chrl 161100494 255 41M *
ERR000319.1861126/1 0 chrl 161100274 255 45M *
ERR000497.2982726/1 16 chrl 161100521 255 41M *
ERR0O00066.2996155/1 0 chrl 161100442 255 41M *
ERRO00496.7289044/1 0 chrl 161100421 255 41M *
ERR000491.4951810/1 0 chrl 161100502 255 41M *
ERRO00066.5352541/1 16 chrl 161100560 255 41M *
ERR000491.5216042/1 0 chrl 161100553 255 41M *
ERR000495.3611499/1 0 chrl 161100553 255 41M *
ERR000103.216589/1 16 chrl 161100543 255 51M *
ERRO00066.3726692/1 0 chrl 161100639 255 41M *
ERR000491.1427824/1 16 chrl 161100637 255 41M *
ERR000493.8067934/1 16 chrl 161100763 255 41M *
ERR000492.6208053/1 16 chrl 161100796 255 41M *
ERR000494.5036239/1 16 chrl 161100807 255 41M *
ERRO00066.2768591/1 16 chrl 161100826 255 41M *
ERR000491.4175381/1 16 chrl 161100871 255 41M *
ERR000495.1300023/1 16 chrl 161100869 255 41M *
ERR000497.8598006/1 16 chrl 161100915 255 41M *
ERR000103.2165391/1 16 chrl 161100929 255 51M *
ERR000491.5416160/1 16 chrl 161101029 255 41M *
ERR000103.2567170/1 16 chrl 161101074 255 51M *
ERRO00066.3574991/1 0 chrl 161100976 255 41M *
ERR000493.9351568/1 0 chrl 161100968 255 41M *
ERR000319.6698579/1 16 chrl 161101093 255 45M *
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Visualization

* Many (many!) genome browsers available:
— UCSC Genome Browser
— Ensembl
— Gbrowse
— 1000 Genomes Browser

— Integrative Genomics Viewer (IGV)
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http://www.broadinstitute.org/igv

Visualization: |GV

* Developed at the Broad Institute (MIT)
* Wide variety of data types:

— Sequence alignments
— Microarrays (SNP, CNV, expression...)

— Genomic annotations
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http://www.broadinstitute.org/igv

|GV with NGS data

("Human hg19 ) [chrl 3] [chrl:161,592,843-161,602,230 o £t m =R [
mm
p36.22 p36.11 p342 p32.2 p3l.1 p22.2 p2ld pl12 ql2 q21.2 ql233 q25.2 q31.2 q32.2 q42.11 q43
w i - 8,757 bp
EEW 593,000 bp 161594000 bp 161595000 bp  161596,000 bp  161597,000 bp 161595000 bp 161599000 bp 161,600,000 bp 161,601,000 bp
g3 || I | | | [ | | I [ | I | | | [ !
[= =1
Coverage L
|IIo -”‘Illvl Il il il Y | ' ' ' 10 ' [ TR Il W) || | | II'; walk 'vl Il:
I
I
I |
NA18603.chroml.ILLUM I I I
NA bwa.SRP000031.20( 1
1216 _fcgr3b.bam I
RefSeq Genes —— <] S| b J—
FCGR3E
3 tracks loaded | 117M of 141M |
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|GV with NGS data

e N o IGV
Human hg19 BRI 4] chr1:161,594,289-161,594,372 Go m W RIRERER RN AR RRINIAT] |
ININCEEmIEES WOl N B 6 S el R ECE R mmEE SRS
p36.22 p353 p341 p321 p3ll p221 pl33 qll q21.1 q23.2 q25.1 q31.2 q32.2 q42.12 q43
w d 60 bp
w § E 94,290 bp 161,594,300 bp 161594310 bp 161594320 bp 161,594,330 bp 161,594,340 bp
e [ | | | | | | | | | | |
= 0 O

- 20]

NAL18603.chroml.ILLUM

I

AGTCTCTTGTTGAGCTTCAAATGTTTGTCTTCACAGAGAAATATAGTCCTGTGTCCAC

<

1

i

NA18603.chrom1.ILLUM : :
NA bwa.SRP0O0003 1.204 —
i

i

i

|

1216 _fcgr3b.bam

AGTCTCTTGTTGAGCTTCAAATGTTTGTCTTCACAGAGAAATATAGTCCTGTGTCCACS

RefSeq Genes . e— T N 0 0 N
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SegMonk

C% Babraham Bioinformatics

About | People | Services | Projects | Training | Publications
SeqMonk

A tool to visualise and analyse high throughput mapped
sequence data

FLLITELT S Java
CELICTG Gl A suitable Java Runtime Environment

Stable. This code is being widely used for real work,
although SeqMonk is still under active development.

Code Maturity

Code
Released

111K T 7 (=@ Simon Andrews

Yes, under GPL v3 or later.

Download Now

http://www.bioinformatics.bbsrc.ac.uk/projects/segmonk/
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» [] Annotation Sets
» (] Data Sets

» (] Data Groups

» [ Replicate Sets
[ Probe Lists

i Homo sapiens GRCh37 |

Chromosomes in Homo sapiens GRCh37 assembly

LNV B WN =

E

Homo sapiens GRCh37 chr1:161309922-161916443 (606.52 kbp)

%EIAI H il ——l 11 R
=1 Wl H =0 11 HHH=—h —

@080
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RNA-seq analysis

* RNA-seq is rapidly gaining ground on
microarray technology in terms of popularity:
— Sequence and align RNA fragments
— (Generate counts for genes/exons/regions

— Perform comparative analysis (e.g., differential
expression)

* Some pitfalls: e.g., transcript length bias. ..

Qe NGS data analysis: 27 October 2010
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RNA-seqg walkthrough

* View aligned data in SegMonk
* GGenerate counts for each gene

* Export and perform differential expression
analysis via limma in GenePattern

Qe NGS data analysis: 27 October 2010

62



OPEN 8 ACCESS Freely available online PLOS

Novel Low Abundance and Transient RNAs in Yeast
Revealed by Tiling Microarrays and Ultra High-
Throughput Sequencing Are Not Conserved Across
Closely Related Yeast Species

Albert Lee'”, Kasper Daniel Hansen?”, James Bullard?®, Sandrine Dudoit?, Gavin Sherlock'*

1 Department of Genetics, Stanford University, Stanford, California, United of States of America, 2 Division of Blostatistics, School of Public Health, University of California
Berkeley, Berkeley, California, United States of America

PLoS Genetics | www.plosgenetics.org December 2008 | Volume 4 | Issue 12 | e1000299

* Data obtained from yeast RNA-seq experiment
* Wild-type versus RNA degradation mutants

* Subset of data (chromosome |)

* Six samples (3 WT /3 MT)
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Version: 0.12.0

IBnglt)u: 3:‘:"") www. bioinformatics.bbsrc.ac.uk/projects/

/‘\9 SeqMonk Mapped Sequence Data Analyser

© Simon Andrews, Babraham Bioinformatics, 2007-10

0 1.46 GB of memory is available
@ You are running the latest version of SeqMonk
@ All of your installed genomes are up to date

@ Disk caching is available and enabled

0 Using default genomes folder ( Set Custom Genomes Folder )

Feq Monk | ox [ ]
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eqMonk Edit View Data Filtering Reports Help S PR A o

New project...

Open project... #0 ' é = ||| m<mm| =zz
4??* i V'?'@"

Import Data
Import Annotation

Export Current View

Save Project 38S
Save Project As... Sequence Data Analyser
| 1 yeast-seqmonk.smk sion: 0.12.0
Bal itics.bbsrc.ac.uk/projects/

Exit . .
Araham Bioinformatics, 2007-10

6 1.46 GB of memory is available
@ You are running the latest version of SeqMonk
@ All of your installed genomes are up to date

@ Disk caching is available and enabled

0 Using default genomes folder ( Set Custom Genomes Folder )

Seq Monk m
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= | m<m| ===
s ZE VvV ZE

4 » (] Homo sapiens
" » [ Saccharomyces cerevisiae

( Cancel ) ﬁ (

Seq Monk

|_ox [ 1
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Select Genome to Download...

P 2 duId T L

7 » []S suis SC84
-
/& » [ 'S thermophilus ATCC BAA 250
» [ S thermophilus ATCC BAA 491

» (1S thermophilus CNRZ 1066
» [ S uberis
¥ | Saccharomyces cerevisiae

a 1.46 ¢ |

1 SGD1

@ Yous 1 SGD1_new

» (] Saccharomyces pombe

@ All of » [ Sorghum bicolor
» [ Sus scrofa

I > DT A
@ Dlsk¢> W

0 Usigy ( Cancel ) ( Download ) s Folder )

Babrahamj
Institute

Seq Monk m
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Seq Monk

| Ny

2h/i €ME (s =

+ —
.
Select Cenome...

] Genomes
» (] Homo sapiens
¥ | Saccharomyces cerevisiae

/5 - SGD1
-
Babraham) _ SGD1_new

Institute

( Cancel ) ( Import New ) ( OK )
@ Using deiaur yenuiies suiucs

|Seq Monk

@080
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=

] Saccharomyces cerevisiae SGD1.01
» [ Annotation Sets

Chromosomes in Saccharomyces cerevisiae SGD1.01 assembly

2-micron |

» [ Data Sets

» [ Data Groups
» [ Replicate Sets
] Probe Lists

|
I
i
v
IX
MT
Vv

“ Vi
Vil
Vil
X
XI
Xl
Xl
XIv
XV
XVI

Saccharomyces cerevisiae SCD1.01 chrl:27957-49765 (21.8 kbp)

mRNA

. 1 8 J B! BN
RNA:BDH2 - -
m .

I N D N D I S .

e

| [ ox [ ]

mRNA: BDH2 33449-34702 (1254 bp)

@080
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® SeqMonk Iau Edit View Data Filtering Reports Help QPP A O

800

W

] Saccharomyces ce
» (] Annotation Set
» [ Data Sets
» (] Data Groups
» [ Replicate Sets

] Probe Lists

New project...
Open project...

Import Data
Import Annotation

Export Current View

Save Project
Save Project As...

1 yeast-segmonk.smk

Exit

%N 2q Monk

>~ g &=L V| [ZE

> Text (Generic)... — :
[ 2 Bed... erevisiae SGD1.01 assembly

. Bismark...
Bowtie...
IS Eland... £
GFF...
Mag...

Active Data Store...
Other format...
-

Vil
Vi
X
XI
Xl
Xl
XIvV
XV
XVi

Saccharomyces cerevisiae SCD1.01 chrl:27957-49765 (21.8 kbp)

. & =5 i & 1 B J B B
iRNA & N ' 8 7 Bl BN B
. i u i & 1 Bl B 3§
[ — S
IChromosome MT 85779bp | ox [ ]}

@080
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O0O0 Seq Monk

Chramncnamac in Qarrharamurac raraviciaa €CN1 N1 accampl

<]

» [ Annotat Open

» (1 Data se ' (] NGS-workshop 3

» [ Data Gr b g

» [ Replicat r— 4 Date Modified O

[ Probe Lists - , n : 2 =
SRR0O04506-bowtie.sam Tuesday, October 19, 2010 8:30 PM

B SRR0O14335-sort-clx.sam Sunday, October 17, 2010 9:42 PM
B SRR014336-sort-clx.sam Sunday, October 17, 2010 9:47 PM
B SRR014337-sort-clx.sam Sunday, October 17, 2010 9:52 PM

B SRR014339-sort-clx.sam Sunday, October 17, 2010 9:57 PM

B SRR014340-sort-clx.sam Sunday, October 17, 2010 10:09 PM

B SRR014341-sort-clx.sam Sunday, October 17, 2010 10:09 PM
gene File Format: [ SAM Files . ]
mMRNA
DS ( Cancel ) ( Open )
|F—

| mRNA: BDH2 33449-34702 (1254 bp)
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Seq Monk

] Saccharomyces cerevisiae SGD1.01
» [ Annotation Sets

» [ Data Sets

» [ DataGroups () )

™ MmN

tMB £ [Tt VEE

Chromosomes in Saccharomyces cerevisiae SGD1.01 assembly

2-micron |

| i
Import Options

» [ Replicate Sets

) Options for SAM File Importer ]
] Probe Lists
Remove duplicate reads =
Split spliced reads ]
Data Type " Single End 3
Single End Options
Extend reads by (bp)
( Import ) ( Close )
i I
gene
RNA RNA:BDH2 - -
m m a
. & . 1 8 1 B J] BB N
| C ) <]
[ MRNA: BDH2 33449-34702 (1254 bp) | ox [ ]

@080
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Seq Monk

IS

‘LMH

¥z

[] Saccharomyces cerevisiae SGD1.01

Chromosomes in Saccharomyces cerevisiae SGD1.01 assembly

—
» (] Annotation Sets 2-micron | 6
» [ Data Sets ) :| [N ——

» (] Data Groups i

» [ Replicate Sets v )
[l Probe Lists v [IX }:

Saccharomyces cerevisiae SCGD1.01 chrl:23694-38658 (14.96 kbp)

SRR014335-sort-clx.sam

@080

SREEEMAIED faail A Saille | oo meSis
SR@.%.Q&@.‘.-_ LA, = S
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® SegMonk File Edit View m Filtering Reports Help A O R 2 ] ¢

= (=

&
800 T T T sea Mork
= =HF| Quantltatlon L el
H‘!‘ h- | == .’- s, K _ ? + j:-:-:- + z :3
—  Edit Data Sets...

» [ Annotation Sets
» (] Data Sets

» (] Data Groups

» [ Replicate Sets
] Probe Lists

] Saccharomyces cerevisiae SGD1.01 rﬂ

Edit Groups...

Edit Replicate Sets...

mosomes in Saccharomyces cerevisiae SGD1.01 assembly

gl
1
v
IX

(=]

Saccharomyces cerevisiae SGD1.01 chrl:23694-37512 (13.81 kbp)

SRFEA J.x%b .zan .c.-bu:am__.

%
b

SRR014335-sort-clx.sam 33803-33838(36bp)

27 October 2010
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®no Define Probes...

Probe Generator Options

Running Window Generator .
g Features to design around | mRNA Iy

Feature Probe Generator &
Contig Probe Generator
Existing Probe List Generator
Interstitial Probe Generator Split into subfeatures (exons)
Load Probes from File

(]

Remove exact duplicates

[

(| Make upstream probe - 1000 to+ 0
M Make Feature probe -0 to+ 0
[ ] Make Downstream probe - (0 to + 1000

Remove Probes with no data ¥

( Close ) ( Create Probes )
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® SeqMonk File Edit View m Filtering Reports Help

) &2

JAn

<

=

v O ER O3 o

= (=«

8006

. Define Probes...

| Seq Monk

CICIE R P

] Saccharomyces cerevisiae SGD1.01 I

» (] Annotation Sets
» [ Data Sets

» (] Data Groups

» [ Replicate Sets 2
] Probe Lists

|
gl
1]
v
IX

Edit Data Sets...
Edit Groups...
+ Edit Replicate Sets...

o

mosomes in Saccharomyces cerevisiae

SGD1.01 assembly

< » e

Saccharomyces cerevisiae SGD1.01 chrl:23694-37512 (13.81 kbp)

SREEELI S Sl i salte | e aSinn, S

SR@.S;;J 25 0 b L A A e s 2 S s o _-'.:; = e

SREBAIE LA et e ot L

i
b

v
l;U

: @

llll'l"!
d

7

|Chromosome 2-micron 6318bp

@080
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N ™S M

Define Quantitation...

Quantitation Options

Base Pair Quantitation Count reads on strand [ All Reads
Enrichment Quantitation

Difference Quantitation

% Coverage Quantitation

Coverage Depth Quantitation Correct for total read count =
Relative Quantitation

Manual Correction Quantitation
Rank Quantitation

4»

W

[

Count total only within probes

Correct for probe length

(

Log Transform Count

[

Count duplicated reads only once '

[

Only quantitate visible stores [ |

( Close ) ( Quantitate )
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LILE

Wﬁ Saccharomyces cerevisiae SGD1.01 j

Seq Monk

=Zzv 25

Chromosomes in Saccharomyces cerevisiae SGD1.01 assembly

» (] Annotation Sets
» (] Data Sets

» [ Data Groups

» (] Replicate Sets Al IV
[ Probe Lists v | IX

2-micron |

>

Saccharomyces cerevisiae SGD1.01 chrl:19141-74473 (55.33 kbp)

gene 11 I NI e eI
mrnal 1 N NI SIS B mh
11 I ] I E

SRR014335-sort-clx.sam 63955-63990(36bp)

=
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® SeqMonk File Edit View Data Filtering Help G IR A 1 D 3 [ ¢
eno _ Create Annotated Probe Report... b

. s - === || = | I -8 || Create Probe Group Report...
H-" (=== .'l s, | E m E Create Feature Report... ' E

(i Saccharomyces cerevisiae SGD1. Olm ct Create DataStore Summary Report... )1 01 assembly

(=l

» (] Annotation Sets 2-micron |

|
» (] Data Sets |

I
» [ Data Groups n 1
» [ Replicate Sets

v
[ Probe Lists IX /7

>

4 >

gene 11
mrnaAl 1
cos | I L

SRRO1433523

SRROT455E - Ta T T + --= S ==
ST PE e v L — ="

STt g ===

Chromosome 2-micron 6318bp m
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Seq Monk

IS

.||||||||.
.||||||||.
A

[ Saccharomyces cerevisiae SGD1.01
» (] Annotation Sets

» (] Data Sets

» [ Data Groups

= ™ 7
[ Probe Lists = ()

» [ Replicate Set< 2

Chromosomes in Saccharomyces cerevisiae SCD1.01 assembly

2-micron |

il

nt

Feature Report Options

gene I I .
menal 1
cos 11 W

SRRO14335-

swbtabse:

Reporting on probes in 'All Probes' (124 probes)

" mRNA :]

Annotate

With [exactly overlapping :J probes

' Exclude

\

:J features with no probes

™

Cancel )

)

o
=

./

I C

— W __wew____ N T e W
_ o _ — /1 o — _=n I s B ‘

v.

| gene: CNE1 37465-38973 (1509 bp)

©080)
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el

Feature Report
Chr Start End Aver... Feat... Des... No... No... Mea... StDe... Mea... StDe... Mea... StDe... Mea... StDe... Mea... StDe... Mea... StDe...

I 335 649 € YAL.. Puta.. 1 1 3 0 5 0 4 0 1 0 5 0 5 0l
I 538 792 € YAL... UPF.. 1 1 0 0 3 0 3 0 1 0 2 0 3 0

| 1807 2169 € PAU8 Seri... 1 1 2 0 3 0 6 0 5 0 4 0 3 0
| 2480 2707 € YAL.. Puta.. 1 1 0 0 0 0 0 0 0 0 0 0 1 0

| 7236 9017 € SEO1 Prob... 1 1 5 0 6 0 3 0 41 0 36 0 60 0
| 100... 104... € YAL.. Puta.. 1 1 0 0 0 0 0 0 2 0 0 0 0 0

I 115... 119... € YAL... Unc... 1 1 10 0 11 0 22 0 32 0 19 0 32 0

I 120... 124... € YAL... Unc... 1 1 19 0 21 0 26 0 24 0 33 0 32 0

I 133... 137... € YAL... Unc... 1 1 23 0 13 0 20 0 35 0 47 0 23 0

| 215... 218... € YAL.. Puta.. 1 1 0 0 0 0 0 0 5 0 15 0 4 0

I 223... 226... € YAL... Unc... 1 1 2 0 1 0 7 0 3 0 2 0 4 0

I 240... 279... € FLO9 Floc... 1 1 201 0 210 0 239 0 302 0 314 0 309 0N
I 315... 329... € GDH3 NAD... 1 1 514 0 444 0 580 0 153 0 148 0 123 0

| 334... 347... € BDH2 Zinc... 1 1 6,890 0 6,996 0 8,045 0 906 0 965 0 938 0

| 351... 363... € BDH1 (R,R... 1 1 2,634 0 2,686 0 3,034 0 735 0 787 0 728 0

| 364... 369... € YAL... No... 1 1 15 0 22 0 16 0 54 0 69 0 61 0

I 365... 371... € ECM1 Prot... 1 1 29 0 34 0 24 0 98 0 114 0 111 0

I 374... 389... ©CNEL1 Caln... 1 1 245 0 248 0 294 0 212 0 202 0 246 0

I 386... 390... € YAL.. Puta.. 1 1 44 0 25 0 55 0 50 0 32 0 47 0

I 392... 419... € GPB2 Gua... 1 1 534 0 559 0 575 0 540 0 553 0 544 0

| 421... 427... € PEX22 Pero... 1 1 54 0 51 0 70 0 152 0 160 0 165 0

| 428... 450... € ACS1  Acet... 1 1 383 0 399 0 452 0 221 0 210 0 206 0

| 459... 482... € FLC2 Flavi... 1 12,361 0 2,446 0 2,792 0 843 0 886 0 857 0

| 485... 517... € OAF1 Olea... 1 1 338 0 311 0 333 0 279 0 265 0 244 0

I 518... 525... € YAL... Unc... 1 1 298 0 293 0 355 0 292 0 311 0 311 0

I 528... 547... © GEM1 Mito... 1 1 304 0 351 0 333 0 344 0 327 0 317 0

| 545... 549... € YAL... No... 1 1 39 0 57 0 47 0 53 0 46 0 40 0

| 549... 568... € SPC72 Unc... 1 1 50 0 59 0 64 0 193 0 189 0 202 0

I 570... 573... € YAL... Unc... 1 1 146 0 175 0 169 0 196 0 167 0 168 0

I 574...577... € YAL.. Puta.. 1 1 137 0 146 0 162 0 291 0 272 0 275 0

I 575... 578... € YAL... Unc... 1 1 151 0 152 0 168 0 329 0 302 0 309 0

| 579... 584... © GCV3 Glyci... 1 1 490 0 478 0 575 0 510 0 505 0 493 0

| 586... 610... ©PTAL Pre-... 1 11,722 0 1,639 0 1,920 0 896 0 870 0 890 0

I 612... 616... € YAL... Unc... 1 1 768 0 793 0 857 0 305 0 292 0 288 0

I 613... 625... € ERV46 ER-... 1 1 2,343 0 2,436 0 2,682 0 1,015 0 1,022 0 920 0

| 628... 654... © CDC... Cell... 1 1 602 0 692 0 738 0 617 0 594 0 625 0

| 657... 675... € CLN3 G1/... 1 1 1,157 0 1,233 0 1,346 0 817 0 847 0 817 0

| 687... 695... © CYC3 Cyto... 1 1 202 0 180 0 248 0 246 0 223 0 262 OE
| 717... 732... € CDC... Pyru... 1 137,3.. 037,0.. 043,3.. 010,1.. 010,3.. 010,2.. o|v

( Close ) ( Save )
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®0O0 | yeast-rnaseq.txt (@)
.v J US4 H JEL 0’ 9 I ¢ H AS : ) :
New Open Save Print Import : Copy Paste Format: Undo Redo : AutoSum Sort A-Z Sort Z-A : Gallery Toolbox  Zoom : Help
Verdana =0 B I EE =i s % 3 G N A~

Sheets Charts SmartArt Graphics WordArt
< A B C E [ F ) K M N [ o P R S T [ L
1 |Chr Start End Average N Feature  Descriptior No. Subloc No. Probes Mean SRRI StDev SRF Mean SRRIStDev SRF Mean SRRIStDev SRR Mean SRRI StDev SRF Mean SRRIStDev SRR Mean SRRI StDev SRR
2 |1 335 645 NaN YALO69W Putative ui 1 1 3 0 s 0 4 0 1 0 5 0 s 0
3 |1 538 792 NaN YALO68W- UPF0320 ¢ 1 1 0 0 3 0 3 0 1 0 3 0 2 0
4 |1 1807 2169 NaN PAUS Seripaupe! 1 1 2 0 3 0 6 0 5 0 3 0 4 0
5 |1 7236 9017 NaN SEO1 Probable ti 1 1 S 0 6 0 3 0 41 0 60 0 36 0
6 |I 10092 10400 NaN YALO66W Putative ui 1 1 0 0 0 0 0 0 2 0 0 0 0 0
7 |1 11566 11952 NaN YALO65C  Uncharactt 1 1 10 0 11 0 22 0 32 0 32 0 19 0
8 |1 12047 12427 NaN YALO64W- Uncharactt 1 1 19 0 21 0 26 0 24 0 32 0 33 0
9 |1 13364 13744 NaN YALO64C-# Uncharactt 1 1 23 0 13 0 20 0 35 0 23 0 47 0
10 |1 21526 21852 NaN YALO64W Putative ui 1 1 0 0 0 0 0 0 5 0 4 0 15 0
11 |1 22397 22687 NaN YALO63C-# Uncharactt 1 1 2 0 1 0 7 0 3 0 4 0 2 0
12 |1 24001 27569 NaN FLOS Flocculatio 1 1 201 0 210 0 239 0 302 0 308 0 314 0
13 |1 31568 32941 NaN GDH3 NADP-spec 1 1 514 0 444 0 580 0 153 0 123 0 148 0
14 |1 33449 34702 NaN BDH2 Zinc-type | 1 1 6850 0 6956 0 8045 0 906 0 938 0 965 0
15 |1 35156 36304 NaN BDH1 (R,R)-buta 1 1 2634 0 2686 0 3034 0 735 0 728 0 787 0
16 |1 36497 36919 NaN YALOS9C-# No descrip 1 1 15 0 22 0 16 0 54 0 61 0 69 0
17 |1 36510 37148 NaN ECM1 Protein EC 1 1 29 0 34 0 24 0 98 0 111 0 114 0
18 |1 37465 38973 NaN CNE1 Calnexin h 1 1 245 0 248 0 294 0 212 0 246 0 202 0
19 |1 38697 39047 NaN YALOS6C-# Putative ui 1 1 44 0 25 0 55 0 50 0 47 0 32 0
20 |1 39260 41502 NaN GPB2 Guanine ni 1 1 534 0 559 0 575 0 540 0 544 0 553 0
21 |1 42178 42720 NaN PEX22 Peroxisom 1 1 54 0 51 0 70 0 152 0 165 0 160 0
22 |1 42882 45023 NaN ACS1 Acetyl-coe 1 1 383 0 399 0 452 0 221 0 206 0 210 0
23 |1 45500 48251 NaN FLC2 Flavin carr 1 1 2361 0 2446 0 2752 0 843 0 857 0 886 0
24 |1 48565 51708 NaN OAF1 Oleate-act 1 1 338 0 311 0 333 0 279 0 244 0 265 0
25 |1 51856 52596 NaN YALO49C Uncharactt 1 1 298 0 293 0 355 0 292 0 311 0 311 0
26 |1 52802 54790 NaN GEM1 Mitochond 1 1 304 0 351 0 333 0 344 0 317 0 327 0
27 |1 54585 54914 NaN YALO47W- No descrip 1 1 39 0 57 0 47 0 53 0 40 0 46 0
28 |1 54590 56858 NaN SPC72 Uncharactt 1 1 50 0 59 0 64 0 193 0 202 0 189 0
29 |1 57030 57386 NaN YALO46C Uncharactt 1 1 146 0 175 0 169 0 196 0 168 0 167 0
30 1 57489 57797 NaN YALO45C  Putative ui 1 1 137 0 146 0 162 0 291 0 275 0 272 0
31 |1 57519 57851 NaN YALO44W- Uncharactt 1 1 151 0 152 0 168 0 329 0 309 0 302 0
32 |1 57951 58463 NaN GCV3 Glycine cle 1 1 490 0 478 0 575 0 510 0 493 0 505 0
33 1 58696 61053 NaN PTA1 Pre-tRNA-| 1 1 1722 0 1639 0 1920 0 896 0 890 0 870 0
34 1 61232 61609 NaN YALO042C-# Uncharactt 1 1 768 0 793 0 857 0 305 0 288 0 292 0
35 |1 61317 62564 NaN ERV46 ER-derivec 1 1 2343 0 2436 0 2682 0 1015 0 920 0 1022 0
36 |1 62841 65405 NaN CDC24  Cell divisio 1 1 602 0 692 0 738 0 617 0 625 0 594 0
37 1 65779 67521 NaN CLN3 G1/S-spec 1 1 1157 0 1233 0 1346 0 817 0 817 0 847 0
38 |1 68717 69526 NaN CYC3 Cytochrom 1 1 202 0 180 0 248 0 246 0 262 0 223 0
39 |1 71787 73289 NaN CDC19  Pyruvate k 1 1 37324 0 37099 0 43308 0 10199 0 10210 0 10365 0
40 |1 72327 73301 NaN YALO37C-t Uncharactt 1 1 24309 0 23962 0 28427 0 6743 0 6804 0 6881 0
41 |1 73427 73519 NaN YALO37C-# Putative ut 1 1 3 0 2 0 3 0 14 0 21 0 15 0
(@Eg = lvelaS*-'"m-mA_—
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s GenePattern

Modules & Pipelines

Suites

http://genepattern.auckland.ac.nz

My Settings | Sign out mbla075®@auckland.ac.nz

Job Results Resources Downloads Administration Help

Modules & Pipelines

® category O sute O all
open all | close all

~ Recently Used
~ Annotation
=« GeneCruiser
~ Clustering
» ConsensusClustering
» HierarchicalClustering
» KMeansClustering
» NMFConsensus
» SOMClustering
» SubMap
~ Data Format Conversion
« GetToPcl
» PclToGet
~ Gene List Selection
» ClassNeighbors
ComparativeMarkerSelection
ExtractComparativeMarkerResults
GeneNeighbors
GSEA
SelectFeaturesColumns
» SelectFeaturesRows
~ Image Creators
« HeatMapImage
» HierarchicalClusteringImage
~ Missing Value Imputation
» ImputeMissingValues.KNN
~ Otago Modules
» EPower
» EPowerLimma
» Gather
» Limma
» PCOT2
~ Pathway Analysis
= ARACNE
= MINDY
~ Prediction
» CART
CARTXValidation
KNN
KNNXValidation
NearestTemplatePrediction
SVM

@080

Welcome to GenePattern Recent Jobs

Analyzing genomic data in GenePattern No Jobe to display

comments/suggestions

what do you want to do?

« Click a protocol to run an analysis. GenePattern guides you step by step.
* Click Quick Start for Instructions on how to run any module in GenePattern.

Protocols for running common analyses in GenePattern:

Run an Analysis in GenePattern
Learn how to run an analysis in GenePattern by preprocessing gene
expression data and visualizing the resulting data as a heat map.

Differential Expression Analysis
Find genes that are significantly differentially expressed between classes of
samples.

1 Clustering
ﬂ 1 Group genes and/or samples by similar expression profiles.
.e Prediction
Create a model, also referred to as a classifler or class predictor, that correctly
.. classifles unlabeled samples into known classes.
[ SNP Copy Number and Loss of Heterozygosity Estimation
Compute SNP copy number (CN) and loss of heterozygosity (LOH) based on
I\ Affymetrix SNP chip data for paired target/normal samples.
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. EBROAD

Features P

Analyses: Overview P

Pattern

Analyses: Modules
Download
Documentation/Tutorials P
Resources P

About P

Contact

|

Broad Institute
Cancer Program

modified: 5/2010
® 2006-2010 Broad Institute

Getting Started

Learn to use GenePattern in 10 minutes:
Learn hands-on with the Quick Start tutorial
Learn by watching short video tutorials

Quickstart

Run analyses on the Broad public server
Use GenePattern to run analyses on a server at
the Broad Institute.

Download GenePattern
GenePattern runs on Windows, Mac, and

Download

el Linux.

Modules from Recent Publications

COMING SOON: StrandSpecRNASegEval by Levin et al.
(Nature Methods, 2010)

Microsoft Word add-in for the GenePattern Reproducible
Research Document (GRRD), by Mesirov (Science, 2010)

What's New

We will host two one-day GenePattern Workshops at the Broad
on November 17 and 19, 2010. Register here: hitp://bit.ly
/dBucEA

5 days ago

Updated support for lllumina 6k TIG Panel now available on GP

public server: llluminaDASLPipeline & modules: http://tinyur.com

lyjkms...

19 days ago

GenePattern Workshop, October 26-27, at New Zealand
eResearch Symposium: hitp:/bit.ly/alo6ws

28 days ago

The GenePattern team is looking for talented Java developers:
http://bit.ly/Sy8zYp

29 days ago

llluminaExpressionFileCreator module released - create

RanaDattarn ROT filas fram lllimina Cunraccinn INAT filas

Follow GenePattern: 14 7 [

The GenePattern team is looking for talented Java
developers. For more information, see the job listing here.

Reich M, Liefeld T, Gould |, Lerner |, Tamayo B Mesirov |P

GenePattern 2.0 Nature Genetics 38 no. 5 (2006): pp500-501

@080
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http://www.broadinstitute.org/cancer/software/genepattern/

GenePattern is a powerful genomic analysis platform that provides access to more than 125 tools
for gene expression analysis, proteomics, SNP analysis and common data processing tasks. A
web-based interface provides easy access to these tools and allows the creation of multi-step
analysis pipelines that enable reproducible in silico research.
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®00 yeast-rnaseq.gct ()
(] - — 32 5 L 2 z = 2y 2 N | :
Yo e o B3 6B & & Z- 26 4  BEH @ [
New Open Save Print Import | Copy Paste Format: Undo Redo : AutoSum Sort A-Z Sort Z-A : Callery Toclbox  Zoom : Help
1 1 2 e | | : D "
Verdana lof«li B I UIEEZ=mis® % » P N ESEiH-P-A-
Sheets Charts SmartArt Graphics WordArt
< A B | C | D [ E [ F | G | H [ 1
1 [#1.2
2 123 6
3 Name Description SRR014335 SRR014336 SRR014337 SRR01433% SRR014340 SRR014341
4 YALOBSW Putative unchara 3 5 4 1 5 5
5 |YALOBSBW-A UPF0320 protein 0 3 3 1 3 2
6 |PAUB Seripauperin-8/1 2 3 6 5 3 4
7 |SEO1 Probable transpc 5 6 3 41 60 36
8 |YALOBEW Putative unchara 0 0 0 2 0 0
9 |YALO65C Uncharacterized 10 11 22 32 32 19
10 |YALOG4W-B Uncharacterized 19 21 26 24 32 33
11 YALOG4C-A Uncharacterized 23 13 20 35 23 47
12 |YALOGSW Putative unchara 0 0 0 5 < 15
13 |YALO63C-A Uncharacterized 2 1 7 3 < 2
14 FLOS Flocculation prot 201 210 235 302 309 314
15 |GDH3 NADP-specific glt 514 444 580 153 123 148
16 |BDH2 Zinc-type alcoho 6850 6956 8045 906 938 965
17 |BDH1 (R,R)-butanediol 2634 2686 3034 735 728 787
18 |YALOS9C-A No description 15 22 16 54 61 69
19 |ECM1 Protein ECM1 (E: 29 34 24 98 111 114
20 |CNE1 Calnexin homolo 245 248 294 212 246 202
21 YALOS6C-A Putative unchara L 25 55 50 47 32
22 |GPB2 Guanine nucleoti 534 559 575 540 544 553
23 |PEX22 Peroxisome asse 54 51 70 152 165 160
24 |ACS1 Acetyl-coenzyme 383 399 452 221 206 210
25 FLC2 Flavin carrier prc 2361 2446 2752 843 857 886
26 |OAFL Oleate-activated 338 311 333 279 244 265
27 |YAL049C Uncharacterized 298 293 355 292 311 311
28 GEM1 Mitochondrial Rh 304 351 333 344 317 327
29 YALO47W-A No description 39 57 47 53 40 46
30 |SPC72 Uncharacterized S0 59 64 193 202 189
31 |YALO46C Uncharacterized 146 175 169 196 168 167
32 |YALO45C Putative unchara 137 146 162 291 275 272
33 YALO44W-A Uncharacterized 151 152 168 3258 309 302
34 GCv3 Glycine cleavage 490 478 575 510 493 505
35 |PTAl Pre-tRNA-proces 1722 1639 1920 896 890 870
A6 _VYALNAICA Lincharartarizad
: ] Vi
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® OO0 .- yeast-rnaseq.cls )
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New Open Save Print Import Copy Paste Formati Undo Redo

P/

Verdana » (16 'B I QEEE%}A{%$»
| Sheets l Charts | SmartArt Graphics | WordArt |
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PreprocessDataset

* required field

input filename*

output file*

output file format

filter flag

preprocessing flag

minchange

mindelta

threshold

@080

version 3

(Run) (Reset) properties | export | help

Z2010/NGS-workshop/yeast-rnaseq.gct | Browse... )

O Specify URL ) Upload File

Input filename - .res, .gct, .odf

<input.filename_basename>.preprocess

Output file with preprocessed dataset

-

| same as input |

output file format

filter 3

| S ———

Variation filter and thresholding flag

| nodiscornorm %

Discretization or normalization flag

Minimum fold change for filter

Minimum delta for filter

0.5

Value for thresholding

NGS data analysis: 27 October 2010
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ceiling

max sigma binning

prob thres

num excl

log base two

number of columns above threshold

column threshold

@080

Value for ceiling

Maximum sigma for binning

Value for uniform probability threshold filter: 1 (default)

Number of experiments to exclude (max & min) before applying variation
filter

[yes &)

M/

Whether to take theVog base two after thresholding

Remove row If n columns not >= than given threshold

Threshold for removing rows

(Run) (Reset) properties | export | help

NGS data analysis: 27 October 2010
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| [ | My Settings | Sign Out Mik Black

- GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Help

(] email notification @ show execution logs

PreprocessDataset Status
Stop... .~ Running PreprocessDataset as job # 6268 on October 19, 2010 10:35:03 PM NZDT.

download | delete
step 4 name and parameters
1 PreprocessDataset
input filename = yeast-rnaseq.gct , output file = <input.filename_basename>.preprocessed , output file
format = same as input , filter flag = filter , preprocessing flag = no disc or norm , minchange =,

mindelta =, threshold = 0.5, ceiling =, max sigma binning =, prob thres =, num excl =, log base two
= yes , number of columns above threshold =, column threshold =

yeast-rnaseq.preprocessed.gct
gp_execution_log.txt

<

download | delete

These job results are scheduled to be purged from the server on 12/18/10 11:00 pm

Return to Modules & Pipelines Start

QeEl NGS data analysis: 27 October 2010
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| | | My Settings | Sign Out Mik Black

. GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Help

@ show execution logs

Job Results

sort jobs by:|_job id number ¢ [J] sort files by: name '+ 5] (sort)
delete open all | close all
job [ module/ffile size submitted completed status
o) Oct 19 10:35:03 Oct 19 10:35:04 )
6268 [ vPreprocessDataset '’ finished
PM PM
Oct 19 10:35:04
O yeast-rnaseq.preprocessed.gct 24.0 KB oM
Oct 19 10:35:05
O gp_execution_log.txt * 1.0 KB oM

QeEl NGS data analysis: 27 October 2010
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My Settings | Sign Out Mik Black

- ¥ GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Help

8 show execution logs

Job Results

sort jobs by: [_job id number %] [5|  sort files by:__name %) [¢] (sort)
delete open all | close all
job [ module/file size submitted completed status
o) Oct 19 10:35:03 Oct 19 10:35:04 )
6268 [ | vPreprocessDataset '’ finished
PM PM
: . Oct 19 10:35:04
8 ‘yeast-rnaseq.preprocessed art ' 24 n KB
Open Link in New Window PM
, Open Link in New Tab ‘ Oct 19 10:35:05
O gp_execution_log.txt * B -
Bookmark This Link L
i Oct 19 10:33:15 Oct 19 10:33:15
6267 [ vPreprocessDataset » Save L',n kAs... finished
Send Link... PM PM
Copy Link Location Oct 19 10:33:15

QeEl NGS data analysis: 27 October 2010 9|



Statistical Applications in Genetics
and Molecular Biology

Volume 3, Issue 1 2004 Article 3

Linear Models and Empirical Bayes Methods
for Assessing Differential Expression in
Microarray Experiments

Gordon K. Smyth*

limma
Linear Models for Microarray Data

Data analysis, linear models and differential expression for microarray data.

Author Gordon Smyth with contributions from Matthew Ritchie, Jeremy Silver, James
Wettenhall, Natalie Thorne, Mette Langaas, Egil Ferkingstad, Marcus Davy,
Francois Pepin, Dongseok Choi, Di Wu, Alicia Oshlack, Carolyn de Graaf, Yifang
Hu, Wei Shi and Belinda Phipson.

Maintainer Gordon Smyth

http://www.bioconductor.org/packages/release/bioc/html/limma.html
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Limma

* required field

expression file name*

class file name=*

output file name*

channel number*

estimate pi0*

graph format*

output file format*

@080

version 14.0.0.1 '

\I /

N\ .
(Run ) (Reset ) properties | export | edit| help

Its/6268/yeast-rnaseq.preprocessed.gct
) Specify URL O Upload File

Expression Flle with no missing values

G
IZ2010/NGS-workshop/yeast-rnaseq.cls | Browse... |
O Specify URL ) Upload File

Class file matching expression file columns

<expression.file.name>

' Single channel (Affymetrix) + |

Number of channels

[ No %)

—_—

Use pi_0 estimate as prior for B statistic

(pdf %)

—

pdf or svg format

(odf %)

—

odf or txt format

Y N\ .
(Run ) (Reset ) properties | export | edit| help
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My Settings | Sign Out Mik Black

..° GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Help

(") email notification [V} show execution logs

Limma Status
5top... .~ Running Limma as job # 6274 on October 19, 2010 10:57:19 PM NZDT.

download | delete
step 4 name and parameters

1 Limma

expression file name = http://bioanalysis.otago.ac.nz/gp/jobResults/6268/yeast-
rnaseq.preprocessed.gct , class file name = yeast-rnaseq.cls , output file name =
<expression.file.name> , channel number = Single channel (Affymetrix) , estimate pi0 = No
, graph format = pdf , output file format = odf

yeast-rnaseq.preprocessed-WT.odf
yeast-rnaseq.preprocessed-RRP6_vs_WT.odf
yeast-rnaseq.preprocessed_volcanoplots.pdf
stdout.txt

gp_execution_log.txt

QK

download | delete
These job results are scheduled to be purged from the server on 12/18/10 11:00 pm

Return to Modules & Pipelines Start
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| | ] My Settings | Sign Out Mik Black
"N

. GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Help

W show execution logs

Job Results

sort jobs by: |_job id number 3] [] sort files by: name +) 5] (sort)
delete open all | close all
job [ module/file size submitted completed status
X o) Oct 19 Oct 19 )
6275 [ ~Limma'” finished
11:00:32 PM 11:00:34 PM
O east-rnaseq.preprocessed_volcanoplot-WT.s 290 Oct 19
— = . I _V - .SV
Y -prep P g 11:00:33 PM
- yeast-rnaseq.preprocessed_volcanoplot- 30.0 Oct 19
- RRP6_vs_WT.svg ' KB 11:00:33 PM
29.0 Oct 19
Qg yeast-rnaseq.preprocessed-WT.odf *
KB 11:00:33 PM
29.0 Oct 19
O yeast-rnaseq.preprocessed-RRP6_vs_WT.odf '
11:00:33 PM
S Oct 19
O stdout.txt 1.0 KB
11:00:34 PM
Oct 19
O gp_execution_log.txt * 1.0 KB
11:00:34 PM
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N el

Comparative Marker Selection - yeast-rnaseq-allchroms.preprocessed-MT_vs_WT.odf
File Edit View GeneCruiser Window

Upregulated features
75
50
25
0
L2
S =25
A _so
~75
~100
-125 L]
-150 ! ; 1 ; ; : ; : .
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 7,000
Feature (sorted by score)
® Upregulated in MT (4587) ® Upregulated in WT (2377) ®m Equal (1)
Row Rank Upregulate... Feature Description Score Feature P FDR(BH) Q Value Bonferroni Fold Change B statistic
1 1|WT PAT1 PAT1 -142.193 0 0 0 0 -10.608 16.968;
2 2|WT RRP6 RRP6 -123.194 0 0 0 0 -8.608 16.615[.
3 3[MT YJR129C YJR129C 81.955 0 0 0 0 6.163 15.217
4 4|MT YMRO13W-A [YMRO13... 71.05 0 0 0 0 5.87 14.587
5 S5|MT YJLO47C-A  [YJLO47C-A 68.042 0 0 0 0 4.4 14.382
6 6|MT YMR194C-B [YMR194... 65.374 0 0 0 0 4.238 14.187
7 7|MT YGLO88W YGLO88W 59.436 0 0 0 0 6.182 13.703
8 8IMT RLP7 RLP7 54.551 0 0 0 0 4.197 13.245
9 9|MT CSN9 CSN9 54.039 0 0 0 0 3.612 13.193
10 10|MT SAS10 SAS10 52.639 0 0 0 0 3.53 13.048
11 11|MT RPA34 RPA34 52.574 0 0 0 0 4.058 13.041
12 12|MT URA7 URA7 51.366 0 0 0 0 3.136 12.911
13 13|MT LIN1 LIN1 51.304 0 0 0 0 6.362 12.904
14 14|MT YER1IS8W-A |YER158... 50.545 0 0 0 0 3.119 12.82
15 15|MT YBLO28C YBELO28C 50.041 0 0 0 0 4.006 12.763
16 16|MT VMA22 VMA22 50.04 0 0 0 0 3.266 12.763
17 17|MT LOC1 LOC1 49.847 0 0 0 0 3.846 12.741
18 18|MT YPRO92W YPRO92W 49.708 0 0 0 0 4.345 12.725
19 19|MT UTP20 UTP20 49.441 0 0 0 0 3.878 12.694
20 20|MT GLO4 GLO4 47.742 0 0 0 0 4.473 12.493
21 21|MT MMS2 MMS2 47.447 0 0 0 0 3.347 12.457| 4
22 22|MT RRP14 RRP14 47.354 0 0 0 0 4.358 12.445],

Features: 6965
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Langmead et al. Genome Biology 2010, 11:R83
http//genomebioclogy.com/content/11/8/R83

Genome Biology

Open Access

SOFTWARE

Cloud-scale RNA-sequencing differential
expression analysis with Myrna

Ben Langmead, Kasper D Hansen, Jeffrey T Leek’

Abstract

As sequencing throughput approaches dozens of gigabases per day, there is a growing need for efficient software
for analysis of transcriptome sequencing (RNA-Seg) data. Myrna is a cloud-computing pipeline for calculating differ-
ential gene expression in large RNA-Seq datasets. We apply Myrna to the analysis of publicly available data sets

and assess the goodness of fit of standard statistical models. Myrna is available from http//bowtie-bio.sf.net/myrna. )
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