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HTseq Platforms

» 454 Sequencing / Roche
- GS Junior System
- GS FLX+ System
* lllumina (Solexa)
- HiSeq System
- Genome analyzer |Ix
- MySeq
* Applied Biosystems - Life Technologies
- SOLID 5500 System
- SOLID 5500x] System
* lon Torrent - Life Technologies
- Personal Genome Machine (PGM)
- Proton
* Helicos
- Helicos Genetic Analysis System
» Pacific Biosciences
- PacBio RS
» Oxford Nanopore Technologies
- GridlION System
- MinlON

Next Generation Sequencing
Amplified Single Molecule Sequencing

Third Generation Sequencing,
Next Next Generation Sequencing,
Single Molecule Sequencing



*Genome Sequencing

De novo sequencing
Resequencing

Targeted (re)sequencing
Mitochondrial sequencing
Mutation detection
Amplicon sequencing
Amplicon Cancer Panel

*Transcript Expression Profiling
» RNA sequencing
« miIRNA sequencing
Deep-SAGE
Deep-CAGE
PAS : polyadenylation site

*Transcription factor binding
» ChIP sequencing

«Structural variation

*Metagenomics



Applications

IBM X3850

on Biomedic

. ABISOLIDSS00XL | \\Jhmh&l‘qum/ \ Roche 454 FLX
[ ! [ \(
L
...
} m— — ]
ABIl lon-Torrent Illumina Miseq ABI 3730XL ’/

DN A Exome Sequencing
Genome Resequencing

De novo Genome Sequencing
Meta-Genomic Sequencing
Chip-Sequencing

RN A Small RNA Sequencing

Transcriptome Sequencing
De novo Transcriptome Sequencing
Meta-Transcriptome Sequencing
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Analysis Strategies: Reference Sequence

Alignment (Mapping) vs De novo Assembly

...31 v — "

e,
— — — — —
: B o= = = : = =
— — — = — ./ |:|I:I —
e R s | —
= — e~ [ P _ D es e
= /3
e J— O osa &= =
Align reads to Assemble transcripts
genome de novo
= | — — s — I ]
o B0 o —& )
o B—m——— a0/, e e— o [ T T
 E— ) — o s | i Y ) s [ s |
— L R | — i i Y i — —
= B EB—iEsEmE s = = =5 [ s R —
Genome
or transcriptome
Aszsemble transcripts Align transcripts
from spliced alignments to genome
[T} | More abundant O—_ ]
O—a s—=—{ 1
== { {1 Less abundant

Software & Algorithms

Preprocessing step homemade script (N/A)
MAQ http://mag.sourceforge. net
BWA http://bio-bwa.sourceforge net/bwa shtml
BWA-SW (SE onlv) http://bio-bwa.sourceforge.net/bwa.shtml
(1.1) Alignment PERM . http://code ..g{mg] e.co mpp erm/
BOWTIE hitp://bowtie-bio.sourcetorge net
SOAPv2 http://soap.genomics.org.cn
MOSAIK http://bioin formatics.be.edu/marthlab/Mosaik
NOVOALIGN http:/'www.novocraft.com/
VELVET http:/'www.ebi.ac.uk/% TEzerbino/velvet
(1.2) De nove Assembly SOAPdenovo http://soap. genomics.org.cn

ABYSS http://www_begsc.ca/platform/bioinfo/software/abyss




HTseq Experiment

[ DNA Prep }

4
{ Library Prep ]

V

Chip Prep

V

" N

Sequencing

v

- ™,

Raw Analysis

L

Randomly shear DNA + end repair + size select

Append sequencing adapters

Layout of library on sequencing slide or wells

For each library fragment — determine the order
and identity of bases at either end of the
fragment |

‘|_
—_— s <

.-"_F.
_-:.'
o
e

Image processing + base calling
» Base calls + associated quality: Fastg/BAM



Great... | got my data now what...

e Data and information management is slowly moving out of infancy in
genomics science.... at the toddler stage...

e The Good news
— Some data formats are being accepted widely

* The Bad news
— Still many competing standards in some areas
— Interoperability of data standards is almost non-existent



Storage & Computing Power

Next gen sequencers generated Giga bp to Tera bp of data

lllumina HiSeq SOLID 5500xI| 454 FLX lon Torrent PacBio RS
2000 Titanium Personal

Genome
Machine

100 bp reads 75bp x 35bp or  250-400 bp 200 bp reads 1000 bp reads

60bp x 60 bp reads

8 days 7 days 10 hours 2 hours <1 hour

i
-

e e -

TABLE 1. Average file sizes for various analyses

Image Data Sizet Primary Analysis
Data*
1 slide - 1 tag (fragment liorary) < 100 GB
1 slide - 2 tags (mate-paired liorary) < 100 GB
2 slides - 1 tags (fragment library) < 100 GB
2 slides - 2 tags (mate-paired library) < 100 GB

Secondary Analysis

Data

10-20 GB
3040 GB
2040 GB
60-80 GB



Data Format Types

e Raw Sequence Data e.g. fasta

>XyZ some other comment
ttcctctttctcgactccatcttcgcgetagctgggaccgccgttcagtcgccaatatec
agctctttegtccgcgcccaggagctacacaccttcgagetegacceggccaggaaacggtcg

e e

e Aligned data e.g. BAM SAM format

* SAM (Sequence Alignment/Map) format
ERR005646.11088674 147 1 161099954 60
has become the de facto standard for saM - 161099742 266

. t d TTTTCTGAACAGGGATGATATTTGTAATTTCATAGRATTAAGAGATATCTGACT
STOF'”S a 'SﬂmE“t ata. 89=<; @>EECFCBRFFCAEFBGB=FFFC?@ABRG=FFBRCARABA?RAR<>>=;=
; ; ; . XT:A:U NM:1:0 SM:i:37 BM:1:37 ®0:i:1 X1:i:0 xM:i:0

. BAM 15 a QINary version of SAM allowmg X0:1:0 XG:i:0 MD:Z:54 RG:Z:ERR005646 0Q:Z:D?

FFEEEFFFFFFFFFFEFFDFECFFFE; EEEEFCFFEEEEFEFECEEC=E; EF
maore emCIEHt S'torage ERR005646.5518024 147 1 161099556 60

54M = 161099847 -163

TTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACTCT :

* Processed data e.g. BED ;oo iiinie

¥0:1:0 XG:1i:0 MD:Z:54 RG:Z:ERR005646
0Q:Z:ECEEEEEEEEDEEEEE>EEEEEEEEEEEEE@EEEEEBEEEEEEEEECCCBEEEE




@ Efgls%?ENGES



CORFs detected

Mumber of

5,000

1000

(oA

LEH)

How deep should we go?

R 104
e — o
__'_,_I—'_'_
_l-'_'-'_‘_'_'_
[+
0
=
=
=
— (RFs detected :
—— BO% coverage
= S0% coverage
3 4 5 & 7 8 9 1a 0 1o 0 51 &0 0 8
Mumber of uniquely mapped tags (million) Mumber of mapped tags (million)

(a) 80% of yeast genes (genome size: ~120MB) were detected at 4 million uniquely

mapped RNA-Seq reads, and coverage reaches a plateau afterwards despite the
increasing sequencing depth. Expressed genes are defined as having at least four
independent reads from a 50-bp window at the 3' end.

(b) The number of unique start sites detected starts to reach a plateau when the depth

of sequencing reaches 80 million in two mouse transcriptomes. ES, embryonic stem
cells; EB, embryonic body.

Nature Reviews Genetics 10, 57-63



Genome Size

De novo assembled rice transcriptome

1.3 Gb RNA-Seq data (genome size: ~400MB)
85% of assembled unigenes were covered by gene models

o 56,479
© 60,000
@
o)
= 40,000
2 20,000
s ’ 1,623 1,514
B 0 | |
£
(Y Q
R\ 7

Size of Unigene (bp)



HTseq Raw Data Format

fasta (Sanger)

csfasta (SOLiD)

fastqg (Solexa)

sff (454)

.... And about 30 other file formats

http://emboss.sourceforge.net/docs/themes/
SequenceFormats.html



15t Baso

SOLID Color Space

Decoding
2nd Base . . . . {:j] Color Space Sequence
TA AC AA (CA)
GC CA CC TC

Fossible Dinucleotdes

CG GT (GG) AG
|:h__"_i':| i ___-:_:_"l TT CT I?aie Zero
AT TG GG Decoded Sequence
Y Y Y |
vy A T G G A Base Space Seguence

+ »1 RB_1830_R3
Its format is 632113123201300232320
>TAG_ID »1 89 1562 _R3
Cn'lnr’_EpacE 23133131233333101320



(cs)Fasta/(cs)Fastq

@NA12878:1463:NA12892:NA12891:F T1L20 290:1:80:114:644

TTAACAAATAATATGAGAACCGTTGACTG

F;z!\ss I lg\ 6@< )5@7 @A/ =<9/.
AN A Qe ] 53¢ ,.-"l‘r:' . ,.-'}‘r:-'

‘- @N! A12892:NA12891:F TIL2@ 290:3:97:342:58¢
1 GAAA
— Header line “> ﬂ :
@@ ABAAABBABBABB>>BABAACA r1
—_— Sequence .rmzul 1463:::M IL6 344:6:73:359:297.2

TTTlJ(Tl&Al((TTlTLATATTATTT(TT&AAT(l

FA STQ 1; 222552 2@?@@@AAA; AQAAAR : @@AADR; 4-4; :
— Add QVs encoded as single byte ASCII codes
Most aligners accept FASTA/Q as input

ssue: data is volumous (2 bytes per base for
FASTQ)

Do PHRED scaled values provide the most
information?




Fastq: lllumina & Snager

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

PEY* ((((*F**+) ) $F5F5++) (5%55%5%F) . 1*¥*¥*—+*' ") ) **55CCF>>>>>>CCCCCCCED

@SRR0O01666.1 071112 SLXA-EAS1 5 7:5:1:817:345 length=3¢6
GGGTGATGGCCGCTGCCGATGGCGTCARATCCCACC
+5RR001e66.1 071112 SLXA-EAS]1 5 7:5:1:817:345 length=36
ITTTIIIITITITITIIIIIITITITITIIIIIITIIIISIGSIC

@HWI-E4_9 30WAF:1:1:8:308
TCCACATCAGAGGCCATGGCCACCAGGCCCAGGAT
+HWI-E4_9 30WAF:1:1:8:308
aaaaXaaabaa“aalaal La”a*"VV\aaaaaaaa
@HWI-E4_9_30WAF:1:1:9:947
CCAATGTGGTCATAGGTGACAACCTTCTCCTCGCT
+HWI-E4_9 30WAF:1:1:9:947
aZaaaaaaaZaab”aaa\WWaaaaaaaaaaaaa\aaa
@HWI-E4_9 _30WAF:1:1:9:1505
GGAAGCCAGGACCCACCATGAGTAGCATACATCTG
*€:1:1:9:1505

4



Fastq: lllumina & NCBI

@EAS139:136:FCT706VJ:2:2104:15343:197393 1:Y:18:ATCACG

EAS139 the unique instrument name
136 |therunid
FC706VJ the flowcell id
2 flowcell lane
2104 tile number within the flowcell lane
15343 'x'-coordinate of the cluster within the tile
197393 'y'-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y Y if the read fails filter (read is bad), N otherwise
18 0 when none of the control bits are on, otherwise it is an even number

ATCACG index sequence



sff (text format): 454

>FTE88GEO1BMPIO0

Run Prefix: R 2009 12 18 15 27 42
Regicon #: 1

XY Location: 0551 2346

Bun Name: R 2005 12 18 15 27 42 FLY########f Administrator yourrunname
Analysis Name: D 2005 12 195 01 11 43 XX fullProcessing

Full Path: /data/R 2009 12 18 15 27 42 FLYX######## Administrator yourrunname/
D 2009 12 19 01 11 43 XX fullProcessing/ - -

Read Header Len: 32
Name Length: 14

# of Bases: 500

Clip Qual Left: 15
Clip Qual Right: 490
Clip Adap Left: 0
Clip Adap Right: 0

Flowgram: 1.03 0.00 1.01 0.02 0.00 0.%96 0.00 1.00 0.00 1.04 0.00 0.00 0.97 0.00 0.9%6 0.02
0.00 1.04 0.01 1.04 0.00 0.97 0.9 0.02 0.00 1.00 0.95 1.04 0.00 0.00 2.04 0.02 0.03 1.05
Flow Indexes: 1 3 6 8 10 13 15 18 20 22 23 26 27 28 31 31 34 35 37 37 37 40 43 45 47 47 47 kO
53 53 53 55 58 60 63 66 67 67 67 67 70 71 71 74 T4 Te T9 BZ 83 B6 B6 88 BB 91 93 96 97...
Bases:
tcagatcagacacgCCACTTTGCTCCCATTTCAGCACCCCACCAAGCACAAGGCTGTCATCCCAATTGGACGGACAGATATGAGGTTAGCATT
GGARACCAATTCAGTCCCTAATTATTCACGACTGAACCCAGCGACAATTGGACATGGATTCATTTTTCAACTTGATTTGTTGTTGTAARAGCA

Quality Scores: 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 38 38 38 40 40 40 39 389



454 fasta with quality file
Fasta:

>FTJD6BEO2HHD3W length=405 xy=2951 1562 region=2 run=R 2009 04 01 11 28 49
AGAAAGTCAGCGGCAAATTTGGTTTTAGACGAATTGTCCCTTTGACATAACGACTARAAGG
AGTCAACAGATTTTCGTATAACTTCGTATAATGTATGCTATACGAAGTTATTACGCTATT

Qual:

>FTJD6BEO2HHD3W length=405 xy=2951 1562 region=2 run=R 2009 04 01 11 28 49

40 40 39 39 39 40 40 40 40 40 40 40 40 38 31 26 26 16 16 16 20 20
14 14 14 14 27 33 32 35 36 33 36 35 36 38 35 20 20 21 24 24 22 36

39 40 38 38 38 40 40 40 40 40 40 37 37 37 33 33

29 36 38 38 38 38 38 38 38 35 20 21 21 21 31 36 37 40 40 35 37 37
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40

Sanger-style Phred scores Qsanger = —10 logyo p



454 base quality?
Fasta:

>FTJD6BEOZ2HHD3W length=409 xy=2951 1562 region=2 run=R 2009 04 01 11 28 49
AGAAAGTCAGCGGCAAATTTGGTTTTAGACGAATTGTCCCTTTGACATAACGACTARAGG
AGTCAACAGATTTTCGTATAACTTCGTATAATGTATGCTATACGAAGTTATTACGCTATT

chance of being wrong: 1:1049=1:10000

Qual:

>FTJD6BE02HHD3W length=409 xy=2951 1562 region=2 run=R 2009 04 01 11 28 49

40 40 39 39 39 40 40 40‘“@ 40 40 40 40 38 31 26 26 16 16 16 20 20
14 14 14 14 27 33 32 35 36 33 36 35 36 38 35 20 20 21 24 24 22 36
39 40 38 38 38 40 40 40 40 40 40 37 37 37 33 33

29 36 38 38 38 38 38 38 38 20 21 21 21 31 36 37 40 40 35 37 37
40 40 40 40 40 40 40 40 40 40™40 40 40 40 40 40 40 40 40 40 40

chance of being wrong: 1:103>=1:3162

Sanger-style Phred scores



All Platforms have Errors

=7
=T = o
|
_ ) =i
llumina SoLID/ABI-Life Roche 454 lon Torrent

NN /S

Removal of low quality bases/ Low complexity regions
Removal of adaptor sequences

3. Homopolymer-associated base call errors (3 or more
identical DNA bases) causes higher number of (artificial)
frameshifts

N =



Trace File

190401-082 - Chromas = =101
Flle Edit Opton: Help

e =, Y ey e

Open S=ve Expolt Frint Ne)ct Find HERS L ‘E 2 340

b

ICTAT & GGCGAE‘TCGE CTCGGT}‘CCCGGGG {ICCTCT}G A’;TCGMC CTGCIGE CATGCAAG CTTG §GTATTC XTAGTGT

At

190401-062 - Chiomas .

=3l

File Edt Opliors Help
W V& 1A :
Opsn Save Ewpot | Print Med  Find J_‘Sample.wlthgh |

3810 330 40T 410 420 4340 440
B GCGAGCEGTAT CAGCTCAC -. A GOGG TAATACKHGNTAT HCACAG 24T lﬁ" Gz ATA ACGCAGGAAAC

=1
\ \ \ I A
| |
190401-062 - Chiomas o -Ioix|
File Edi Opliore Help
- td
ot O S Ry o e Base 40

VD:en Save Ewpott

Pt~ Mest  Find

a10 B20 &30 440 850 46l a70
GCAET GTCC AAN MM GATGCTGGACTATGTE T GAEAGI B MCACAD G6 T5T TG GA CACAL GA AMT

/_\

8 g G

I=f <

High quality region - NO ambiguities (Ns)

Medium quality region - SOME ambiguities (Ns)

Poor quality region - LOW confidence



Quality Control Is Essential

Seguencing runs cost money

-Sequencing a poor library on multiple runs — throwing
money away! I

-Cost of analyzing data $

-CPU time required for alignment and assembly $$
-Cost of storing raw sequence data $$%

-Hours of analysis could be wasted $$%5

Two aspects of sequencing QC

Run/Lane QC

-Is the data off this lane useful?

Library QC

-Is this library worth sequencing more lanes off?
E.g. Have 2x but want another 8x in total
Slightly different set of metrics




Accessing 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 = — 1010310 P P=error probability of a

given base call

Genome Research 8: 175-185, 1998

Base-Calling of Automated Sequencer Traces
Using Phred. 1. Accuracy Assessment

Brent Ewing,' LaDeana Hillier,” Michael C. Wendl,” and Phil Green'

"Department of Molecular Biotechnology, U sity of W, N, Seatthe, W, gton 98195-7730 USA;
“Genome Sequencing Center, Washington University School of Medicine, Saint Louts, Missouri 63108 LISA

Genome Research 8: 186-194, 1998

Base-Calling of Automated Sequencer Traces
Using Phred. II. Error Probabilities
Brent Ewing and Phil Green'

Department of Malecular Biotechnology, University of Washington, Seattle, Washington 98195-7730 USA



Accessing Quality: phred scores

_ An example of a base that has been
S error (O3~ LdSE given avery high Phred score of 50,
indicating that there is 99.999%

3
probability that this base has been
5 correctly assigned.
10 10.00%
An example of a base that has been
15 3.16% given a Phred score of 10, indicating
20 1.00% that there is only a 20% probability
that this base has been correctly
25 §
assigned.
30
35 An example of a base for which
no Phred score could be
40 calculated,, since the sequencer

could not determine which base
was present (therefore, an ‘N 'was
designated in the sequence).

. ISR ARIENAnE

Ty
GG TRMGGGGGGGNGC TTTTCCCAAGGCA
a0

GAAT|[TICTACC G
0

http /len. wnkupeduaorg/wnku‘Phred qualrty score



454 output formats

g n

Standard flowgram
format

oong

o

Read name

sff

Flowed

EEmpEESEEEeS

nucleotide®

Flow no.

Flow wvalue

>000007_1940_1402 length=172 uaccno=E4UQSRDO1EOMP4
TAACAATCGAGGCGAAGTCCCGTGAGAAGCTGITTACTICTCATGATCACACAGGCGCT
.fna GCTCCTCAGGCARACAGGTACGTCTACGATAGGTTCCATGRARAGTCCRAGTTITGGCC

GCTCIGGCTICCTITITIGACGCACAGIGGAACTTCCTTIGTITCACGGARATTGCA

G

o~
A

Quality scores

(light signal strength)

>000007_1940_1402 length=172 uaccno=E4UQSRDO1EOMP4
I 28 35 28 27 34 27 26 25 25 28 31 24 26 27 32 25 27 27 32 28 € 28 27
.qua 27 26 27 27 34 30 10 27 25 34 27 28 22 28 27 26 26 27 27 26 27 25 22
23 27 27 29 21 25 25 34 26 27 24 25 32 24 22 33 28 7 25 20 30 22 28
28 27 28 26 27 25 23 33 25 35 28 34 27 27 25 28 38 34 21 8 25 27 34
32 17 29 21 32 24 249 27 28 19 27 28 26 34 28 23 25 35 28 38 34 21 8
21 28 28 27 27 34 27 34 27 25 30 21 34 26 33 25 26 35 28 20 28 25 34
25 23 28 25

(I STV ST S N
J 0 = b D <)

27
"

&S

25
23
27
33

= b B B = D
) O O W

o i

=] Oh 0 O Oy

Wk WM NN

Cad




lllumina output formats

File: s_1_0001_seq.txt
1 1 137 689 AACATAATGIGTITICACTGAGAACACATTGCACICAR
1 1 87 6495 TATTGCAACTTGITIAATTTTITCATGCCATTATCA
. Seq .txt 1 4 ¥ 121 642 TACATGATTTGCATTIGGTAAATAGCTACTTTITTAT
| 1 6 591 Give s kst s an . A0 B o
40 -40 -40 -40 40 -40 -40 -40 -40 40 -40 -40 40 -40 -40 -40
.prb.txt -40 -40 -40 40 40 -40 -40 -40 40 -40 -40 -40 -40 -40 -40 40
-40 -40 40 -40 -40 -40 -40 40 -40 -40 40 -40 -40 -40 -40 40
-40 -40 -40 40 -40 40 -40 -40 40 -40 -40 -40 -40 40 -40 -40
-40 -40 -40 40 -40 -40 40 -40 40 -90 -40 -40 -40 -40 40 -490
40 -40 -40 -40 40 -40 -40 -40 -40 40 -40 -40 40 -40 -40 -40
-40 40 -40 -40 40 -40 -40 -40 -40 -40 -40 40 -40 -40 -40 40
-40 -40 40 -40 -40 40 -490 -40 40 -40 -40 -40 -40 40 -40 -40
-40 -40 -40 40 -40 40 -40 -40 40 -40 -490 -40 37 -37 -40 -40

Illumina FASTQ

Qseq
(ASCII — 64 is Phred score)

Phred quality scores

lllumina single line format

(ASCII - 64 is lllumina score)

HWUSI-EAS521 2 1 26 0
.GGCAGCGGGCAGGGCGAGCCAATGCGTGT!
BBBBBEBBBBBBBBBBBBBBBEBBBBBBBBBBE

HWUSI-EAS521 2 1 26 0
GGGAAATAGCTTTCACGCCTTTAGATAATTTI
BBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBE

HWUSI-EASS21 2 p | 26 0
ATCTTTAACAGACCAAGACTGGGCCACAAGH
6B868B66B8868868886686688B888B888A

GILIN-GAODL 3 208HWARXX 1 1 110 812
ATACAAGCAAGTATANGTICGTATGOCGTCTT
+ILM-GAO0L 3 208HWAAXX 1 1 110 812

hhhYhh]NYhhhhhhYIhhaZT [hYANSPKXR
GILMN-GAO01 3 208HWAAXX 1 1 111 879

GGAGGCTGGAGTTGGOGACGTATGCRECATAG
+TIMN-GAOO1 3 208HWAAXX 11 111 879

HWUSI-EASS21 2 1 26 0
GGCTGGGTATGAGTCAGGGGGCTCCAGAG! hSWhRNJ\ hFhththM B @NF KD@PAB?N?
BBBBBBBEBEE855535568383888888888
»1-1-137-68% AACATAATGTTCACTGAGAACACATTGCACTCAA  UO
»1-1-87-649 TATTGCAACTTGTTTAATTTTTCATGCCATTATCA Ul
>1-1-121-642 TACATGATTTGCATTTGGTAAATAGCTACTTITAT U0

SCARF

Format

Solexa Compact ASCII Read

HWI-EAS102_3:6:1:897:791 : AATGTCAATCTGAGTT ... TTT: 40 40 40 40 40..
HWI-EAS102_3:6:1:930:291 : AATGTACTTTTTCTAA ... CTA:40 29 14 17 16..
HWI-EAS102_3:6:1:944 : 665 : AATCGATCCCCTTCCC .. .TTC:40 34 33 40 40 ..




lHlumina FastQ

GILMN-GAQOL 3 208HNAAXX 1 1 110 812

ATACARGCAAGTATAAGTTCGTATGCCGICTT
+ILMN-GAOOL 3 ZOCHNAAXX 1 1 110 812

hhhYhh)NYhhhhhhYIhhaZT [hYRNSPKXR
BILMN-GAOO1 3 208HWAAXX 1 1 111 879

GGAGGCTGGAGTTGEGGACGTATGCGECATAG
+1LMN-GAOO1 3 208HWAAXX 1 1 111 879

hSWRNJ\ hFhLdhVORAT BENFKDEPABIN?

e ASCIl value for h=103

e Quality of Base A at the position 1 = 103- 64
e 103-64 =39

e Where 39 is the phred score



Quality Control

Read quality distribution
Library insert size
Mapping Rate
Duplication assessment

- —— Sk _rPE_35 all
NaZ3202

Buasdguikly
1

B :/ﬂ\ S
. :*: . . . . . .

,_,
=
A
o
=

Rate
(= [« ]
.
4—'—'_'_’

1=,
-

S 1 40 . .
. . . . . . . . . . : =+ lane usage

4 , ) , ) : ; . : / \ S g = Cumulative lanenusage + -+ - oo LD

T T T : : _ _ .
il 2003040056708 91011012 13- 1415 1617 1819 - : : : : . Solexa Lane



Quality Control Tools

NGS QC FastQC PRINSEQ- 'II:'::.III:::l SolexaQA TagCleaner CANGS
Feature\Tools Toolkit v2.2 v0.10.0 lite v0.17" TagDust v0.0.13  v1.10 v0.12 vl
Supported NGS platforms [llumina, 454 FASTQ®  Illumina,  Illumina, lllumina lumina llumina, 454
454 454 454
Parallelization Yes Yes No No No No No No
Detection of FASTQ variants Yes Yes Yas No Mo Yes No No
Primer/Adaptor removal Yes No* No Yes Yes No Yes® Yes
Homopolymer trimming (Roche 454 data) Yes No No No No No No Yes
Paired-end data integrity Yes No No No No No No No
QC of 454 paired-end reads Yes No No No No No No No
Sequence duplication filtering No No® Yes No Yes No No Yes
Low complexity filtering No No Yes No Yes No No No
N/X content filtering No No® Yes No Yes No No Yes
Compatability with compressed input data file ~ Yes Yes No No No No No No
GC content calculation Yes Yes Yes No No No No No
File format conversion Yes No No No No No No No
Export HQ and/or filtered reads Yes No Yes Yes Yes No Yes Yes
Graphical output of QC statistics Yes Yes No’ No Yes Yes No’ No
Dependencies Perl modules: - - - Perl R, matrix2png - BLAST,
Parallel:ForkManager, module: NCBI nr
StringzApprox, GD:Graph database

GD:Graph (optional)




NGS QC Toolkit & FastQC

NGS QC Toolkit is for quality check and filtering of high-quality read

This toolkit is a standalone and open source application freely available at
http://www.nipgr.res.in/ngsqctoolkit.html

Application have been implemented in Perl programming language

QC of sequencing data generated using Roche 454 and lllumina platforms

Additional tools to aid ﬂf [conmiianre farmat canvartar and trimmin
uuuuuuuuuuuuuuuuuuuu . \J\.\'IU\_II\.;\._ INVJITIIWUAGWS Wil il Gl CAIINA &1 12

and analysis (statistics tools)

FastQC can be used only for preliminary analysis



FastQC

'S )

«=5 Babraham Bioinformatics

Institule |

About | People | Services | Projects | Training | Publications

FastQC

m A quality contral tool for high throughput sequence data.

A suitable Java Runtime Environmeant

=N T Stable., Mature code, but feedback is appreciated.

LN CEETE L Yes, under GEL w3 or later.

1T T A Simon Andrews

Download Now

http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/
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http://www.ncbi.nlm.nih.gov/geo/

CeO

Gene Expression Omnibus
GECQ Publications FAQ MIAME Email GEC

NCBI = GEQ Not logged in | Login

Gene Expression Omnibus: a public functional genomics data repository supporting MIAME-compliant data
submissions. Array- and sequence-based data are accepted. Tools are provided to help users query and
download experiments and curated gene expression profiles. More information »

Public data

—— DataSets || | &5 | Platforms 8,455

Samples 536,604

={ Gene profiles || |W Series [5 21,668
- DataSets 2721
% GEO accession | | | M TSSO T

GED BLAST Overview | FAQ | Find

Submission guide

Linking & citing
——— DataSets — Platforms o
Journal citations

Construct a Query
Programmatic access

DataSet clusters

GEQ announce list

Data disclaimer

Submitter login GEO staff

Query & Browse

Repository browser
Submitters
» Recover password

m FTP site

GEO Profiles
GEQ DatasSets

Submit
New account

| NLM | NIH | Email GEO | Disclaimer | Section 508 |




GEO DataSets

http://www.ncbi.nlm.nih.gov/gds/

This database stores curated gene expression DataSets, as well as original Series and Platform 5 ] xpression Omnibus (GEO) repository.
Enter search terms to locate experiments of interest. DataSet records contain additional resources including cluster tools and differential expression queries.

GEO DataSets

Functional Genomics

Studies E o

Search: | GEO DataSets v Limits Advanced search Help

expression profiling by array

expression profiling by genome tiling array

expression profiling by high throughput sequencing
expression profiling by mpss

expression profiling by rt pcr

expression profiling by sage

expression profiling by snp array

genome binding/occupancy profiling by array

genome binding/occupancy profiling by genome tiling array
genome binding/occupancy profiling by high throughput sequencing
genome binding/occupancy profiling by snp array
genome variation profiling by array

genome variation profiling by genome tiling array
genome variation profiling by high throughput sequencing
genome variation profiling by snp array

methylation profiling by array

methylation profiling by genome tiling array

methylation profiling by high throughput sequencing
methylation profiling by snp array

non coding rna profiling by array

non coding rna profiling by genome tiling array

non coding rna profiling by high throughput sequencing
other

protein profiling by mass spec

protein profiling by protein array

snp genotyping by snp array

third party reanalysis

Display Settings: Summary, 20 per page, Sorted by Default order Send to;

‘_5 Limits Activated: Study type: expression profiling by high throughput sequencing, expression
profiling by mpss, genome binding/occupancy profiling by high throughput sequencing,
genome variation profiling by high throughput sequencing, methylation profiling by high
throughput sequencing, non coding rma profiling by high throughput sequencing, Publication
date: 2006/3/3:2011/3/3  Change | Remove

Results: 1 to 20 of 967 Page| 1 |ofdg lext= Lasto-

I



Li.L Limits Activated; Study type: expression profiling by high throughput sequencing, expression profiling by mpss, genome hinding/occupancy profiling by high throughput sequencing, genome variation profiling by high throughput sequencing,
methylation profiling by high throughput sequencing, non coding ma profiling by high throughput sequencing, Publication date: 2006/3/3:2011/3/3  Change | Remove

Results: 1 to 20 of 967 Pageuf49 Nt = || Last ==

W Top Organisms [Tree] Wlaxonomic Groups [List]

Homo sapiens (257)

Mus musculus (793)
Drosophila melanogaster (172)
Caenorhabditis elegans (74)
Arabidopsis thaliana (59)
Saccharomyces cerevisiae (268)
Oryza sativa (26)

Danio rerio (12)

Rattus norvegicus (77)
Drosophila simulans (9)
Drosophila pseudoobscura (9)
Zea mays (9)

Gallus gallus (8)
Chlamydomonas reinhardtii (8)
Sus scrofa (7)

Drosophila yakuba (7)
Arabidopsis lyrata (7)
Escherichia coli (7)

Macaca mulatta (5)

Xenopus (Silurana) tropicalis (5)

eukaryotes (1086)
animals(841)
chordates (534)
vertebrates (529)
arthropods (223)
flies(205)
nematodes( //)
green plants (753)
land plants (744)
fungi (78)
ascomycetes (/3)
celular slime molds (4)
apicomplexans (3)
kinetoplastids( 3)
viruses (16)
Herpesvirales (6)
Polyomaviridae(3)
Tombusviridae (3)
ot her sequences (5)
bacteria (3)



"lllumina Genome Analyzer" AND smallRNA

Resources [¥] How To [v]

GEQO DataSets | search:|GEO DataSets v| Save search-imits Advanced search Help

Functional Genomics ‘llumina Genome Analyzer” AND smallRNA / Search BE®EE]

studies I y | Search

Display Settings: (+] Summary, 20 per page, Sorted by Default arder Send to:

. Did you mean: Tlluminag Genome Analyzer" AND small rna (246 items)

Results: 15

[11: GEE20757 record: miRNA expression profiling in embryonic chicken heart | Gallus gallus | Link=

Summary: (Submitter supplied) MicroRMNAs are small non-coding RMNA transcripts that regulate post-transcriptional gene expression. The millions of
short sequence reads generated by next generation sequencing technologies make this technique explicitly suitable for profiling of known
and novel microRMNAs. A modification to the small-RMA expression kit (SEEK, Ambion) library preparation method for the SOLID
sequencing platform is described to generate microRMNA sequencing libraries that are compatible with the llumina Genome Analyzer. High
quality sequencing libraries can successfully be prepared from as little as 100 ng small RMNA enriched RMA. An easy to use perl-based
analysis pipeline called E-miR was developed to handle the sequencing data in several automated steps including data format conversion,
3 adapter removal, genome alignment and annotation to non-coding RMA transcripts. more._.
1 related Platform

Type: Expression profiling by high throughput sequencing; Non-coding RMA profiling by high throughput sequencing

Supplementary Files: SRA Experiment SRA Study WIG download. ..

Samples: 5

GSME20766: Stage HH16_Heart_tube_smallRMA_singleRun
GSM520765: Stage HH16_whole_Embryo_smallRMA_singleRun
GSME20768: Stage HH16_Heart_tube_smallRMA_multilpexRun
GSM520764: Stage HH16_whole_Embryo_totRMNA_singleRun
GEMEB20767: Stage HH1G6_whole_Embryo_smallRMNA_multilpexRun



& - SRA: Sequence Read Archive

Collection of sequence data from next-generation sequencing technology for different organisms
http://www.ncbi.nim.nih.gov/sra/ and http://www.ncbi.nlm.nih.gov/Traces/sra/

National Center for Biotechnology Information = National Library of Medicine = National Institutes of Health - Department of Health and Human Services

Scope and access

Sequence Read Archive (SRA) is the NCBI database which stores sequence data obtained from next gen- Eﬂl r_

eration sequence (NGS) technology. Through this database, the metadata for those sequences can be e

gueried to locate the sequence dataset for subsequent download and further analysis. Specifically, SRA:

e Archives raw oversampling NGS data for various genomes from several platforms

¢ Shares NGS data with EMBL and DDBJ

¢ Serves as a starting point for “secondary analysis”

* Provides access to data from human clinical samples to authorized users who agree to the dataset’s privacy and
usage mandates

Metadata from SRA can be queried from Entrez SRA page and the SRA project list and sequence data can be browsed,

searched and downloaded from its homepage at www.ncbi.nlm.nih.gov/sra/ and www.nchi.nlm.nih.gov/Traces/sra/, re-

spectively. For sequence-based searches against certain subsets of SRA reads (long reads from the Roche 454 plat-

form) using BLAST, a link is listed under the “Specialized BLAST” section on the BLAST homepage:

blast.ncbi.nim.nih.gov/ .

2 NCBI  Resources @ How To & petang My NCBI Sign Out
SRA [sRA < | search |
Sequence Read Advanoed Help

Archive Handbook

NCEI Help Manual
rom the next
n®, lllumina

£ S , Helicos Heliscope®,
— C G acific Biosci @.

Using SRA Tools Other Resources
Maofianal Canter Handbook BLAST SRA Home
Bign“hng.‘iq.;'; Infarmaticn Download SRA Run browser Trace Archive
E-Utilities Submit to SRA Trace Assembly

L5, Mational Library of Medicine .
Factsheet SRA software GenBank Home




terabases

Size,

SRA database growth

1aga
2 322,415,441,227,634 Lolal baves
1,066,465, 787,195,227 apen acces: bases
1003
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'-"-'3 NCBI  Resources ) How To ™

Pl.lblmed.gou PubMed v |

US Mational Library of Medicine
National Institutes of Health Advanced

Display Settings: [~ Abstract Send to:

Proc Natl Acad Scill S A. 2011 Jan 25;108(4):1513-8. doi: 10.1073pnas.1017351108. Epub 2010 Dec 27. Related information

High-quality draft assemblies of mammalian genomes from massively parallel sequence data. Related Citations
Gnerre §', Maccallum |, Przybylski D, Ribeiro FJ, Burton JN, Walker BJ, Sharpe T, Hall G, Shea TP, Sykes S, Berlin AM, Aird D, Costello M, Daza R, Williams L Assembly

Nicol R, Gnirke A, Nusbaum C, Lander ES, Jaffe DB. BioSample
Author information ¥ MedGen
Abstract Mucleotide

Massively parallel DMA sequencing technologies are revolutionizing genomics by making it possible to generate billions of relatively short (~100-base) References far this PMC Article
sequence reads at very low cost. Whereas such data can be readily used for a wide range of biomedical applications, it has proven difficult to use )

them to generate high-quality de novo genome assemblies of large, repeat-rich vertebrate genomes. To date, the genome assemblies generated from Related Project

such data have fallen far short of those obtained with the older (but much more expensive) capillary-based sequencing seliblossoranartas, SRA

development of an algonthm for genome assembly. ALLPATHS-LG. and its application to massively parallel DNA sequehce data from the human and Free in PMC

mouse genomes, generated on the llumina platform. The resulting draft genome assemblies have good accuracy, shortfrange contiguity, long-range

connectivity, and coverage of the genome. In particular, the base accuracy is high (299.95%) and the scaffold sizes (N5 size = 11.5 Mb for human Cited in PMC

and 7.2 Mb for mouse) approach those obtained with capillary-based sequencing. The combination of improved sequending technology and improved

computational methods should now make it possible to increase dramatically the de novo sequencing of large genomes] The ALLPATHS-LG program

is available at http:/fwww_broadinstitute org/science/programs/genome-biclogy/crd.

PMID: 21187386 [PubMed - indexed for MEDLINE] PMCID: PMC3025755  Free PMC Article

SRA 'SRA v||

Display Settings: [~] Summary, 20 per page
Results: 1to 20 of 319
] DNA replication time of the human genome S phase Replicate 1

1. 1 ILLUMINA (llumina HiSeq 2000) run: 104.7M spots, 20.9G bases, 12.8Gb downloads
Accession: SRX352985

NA12878_S
T ILLUMINA (Numina HiSeq 2000) run: 230 spots, 4.6G bases, 3.2Gb downloads
Accession: SRX352183

~

O nNA12878_G1
T ILLUMINA (Numina HiSeq 2000) run: 13.2M spots, 2.6G bases, 1.8Gb downloads
Accession: SRX352182

b

O llumina Platinum Genomes NA12878
T ILLUMINA (Numina HiSeq 2000) run: 791.4M spots, 159.4G bases, 69.4Gb downloads
Accession: SRX335485

=

O NA12878.alllLLUMINA bwa CEU.high_coverage.20120522-reload
T ILLUMINA (Hllumina HiSeq 2000) run: 1.4G spots, 290.2G bases, 148.8Gh downloads
Accession: SRX333017

&



SRX352985: DNA replication time of the human genome S phase Replicate 1
T ILLUMINA (llumina HiSeq 2000) run: 104.7M spots, 20.9G bases, 12.8Gb downloads

Accession: SRX352985

Experiment design: n/a

Submitted by: Harvard Medical School

Study summary: SEP013016 - Differential and sex-specific relationship of DNA replication timing te different forms of human

mutation and variation = SRP013016 = All experiments (less ¢
Abstract: Understanding the factors that affect the generation of mutations is important in medical, cancer and
evolutionary genetics. DNA replication timing is known to affect the distribution of mutations across the human genome.
We generated a high resolution map of the human genome's replication timing program and analyzed its relationship to
different forms of human mutation and genome variation. We show that the replication pregram profoundly shapes the
distribution of substitution mutations, with a stronger influence on transversion relative to transition mutations. In addition,
we find distinct relationships between replication timing and different kinds of structural mutations: mutations mediated by
nen-allelic homologous recombination are enriched in the early replicating parts of the genome, while structural mutations
arising from other mechanisms are enriched in late replicating regions. An early-replication bias is also observed for
meiotic recombination hotspots. Both recombination and structural mutations show gender differences in their
relationships to DMA replication timing, with a stronger early-replication bias observed in females. Together, our results
indicate a differential and sex-specific relationship of DMA replication timing to the distribution of different forms of
mutation and variation across the human genome.
Center Project:

Sample: SAMNO0S01888 - GM12878 female unaffected International hapmap project - ceph (plate i) utah residents with
ancestry from northern and western europe sample (less_ )
Organism: Homo sapiens
Attributes:
cell line: GM12878
dna id: NA12878
sex: Female
cell type: B-Lymphocyte
family id: 1463
family role: mother
race: Caucasian
ethnicity: UTAH/MORMON
collection: NIGMS Human Genetic Cell Repository
tag: Cytochrome pd450, subfamily iic, polypeptide 19
tag: Cyp2c19
tag: International hapmap project - ceph utah residents with ancestry from northern and western europe
tag: International hapmap project - ceph (plate i) utah residents with ancestry from northern and westemn europe
tag: Cephfutah pedigree 1463
Library: Replicate 1 (less_ )
Strategy: WGS
Source: GENOMIC
Selection: size fractionation
Layout: PAIRED
Platform: lllumina (less_ |
Instrument model: lllumina HiSeq 2000
Spot descriptor:

q forward gy Teverse

Total: 1 run, 104 7M spots. 20 9G bases, 12 8Gh (P ]
# Run # of Spots # of Bases Size

1. SRR496477 104,650,130 209G 12.8Gb

ID: 501159



http://seqanswers.com/
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the next generation sequencing community S

Welcome, petang.
You last visited: 02-28-2011 at 04:25 PM

s SEQanswers

Hey there petang, looks like you have not posted on our forums in several weeks, why not take a few moments to ask or answer a question in one of our forums?

“\ Fast. .. Accurate.

~1¥ Introductions | A message for KBMCrel 406 1076
| New here? Stop in and introduce yourself. Where you are, what you work on, etc. by fkrueger Today 04:45 AM & ‘
= General (2 Viewing) L Ensembl human genome naming... 335 1379
-\ Any topic/guestion that does not fit into the subcategories below. If you're unsure of where to put something, ask in here! by Bert Yesterday 10:32 FM &J ‘
¥ Core Facilities |. Equpment Cost in setting up... . o
- Dealing with customer samples, data, and the challenges that come with both? by BTS Yesterday 04:03 AM &
B M (2 Viewing) . . . . . | Sequencing all for the...
| Discussion of any scientific study related to high content or next generation genomics. Whole genome association, metagenomics, . 847 1,045
L p by Joann Today 02:03 AM &
digital gene expression, etc. —
— Ewvents f Conferences (1 Viewing) II__
k —— . . . . . Workshop on Molecular...
] Eﬁ:lﬁgjtn{;;;foltglo)r scientific conferences that may be of interest to the community. (Mgmt reserves right to limit commercial content 5 Jeale Today 04:23 AM 53 116 340




