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Sequencing: old and next
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HTS systems available

Others in 2011

(Pacific BioSciences, lon Torrent)



llumina sequencing technology

1. Library preparation

2. Cluster generation
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Steering Group

Odd Stokke Gabrielsen (UiO)
Camilla Stoltenberg (NIPH)

Frode Vartdal (OQUSU)
Kari Kveerner (OQUSU)
Berit Johansen (NTNU)
Daniel Chourrot (UiB)
Inge Jonassen (UiB)
@ivind Nilsen (UiT)

Stig W. Omholt (CIGENE)

Ethical Review
Board

Berge Solberg (NTNU)
Arvid Heiberg (OQUSU)
Jennifer Harris (NIPH)

NSC

Norwegian High-throughput
Sequencing Gentre

NSC

454 node lllumina node

Group leaders
Kietill Jakolbsen Dag Undlien

Daily leaders
Lex Nederbragt Robert Lyle

Project Coordinator
Sissel Jentoft

Projects/Users Analysis

Scientific Advisory
Board

Pierre Taberlet (Grenoble)
UIf Gyllensten (Uppsala)
Emmanouil Dermitzakis (Geneva)

Centre for Information
Technology

UiO (USIT)

Data storage/backup
CPUs



User contact

http://Www.Sequencing.uio.no

Services
454

National conferences
NSB: talks, booth
NSHG, seminars etc.

lumina

Sample delivery form
FAQ

Contact

posSt@sequencing.ulo.nNo
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llumina platform

ol llumina GAIllx (2)
(HISeg2000)
1 Dally leader
1 PostDoc
2 Technicians
2 Bioinformaticians

People

~60 1B local
Data storage NorStore
Secure storage...
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Applications run on lllumina node

Application Project

whole genome
Resequencing linkage/association
mutation detection

de novo metagenomics
sequencing NEew SPECIES
St transcriptome
P MIRNA
Epigenetics DNA methylation

chromatin structure

Sample

Genomic DNA

Genomic DNA

MRBNA, mMIRNA

Genomic DNA

1x360 bp -> 2x108 bp

Protocol

seqguence capture,
exome seqguencing

SE, PE, mate-pair

RNAseq, miRNA

Bisulphite sequencing
(RRBS), ChIP, MeDIP



RuUNs overview

Protocol

Resequencing
Genome sequencing
Sequence capture
RNAseq

miRNA

ChiIP

DNA methylation

Species

Human
Mouse
Salmon
Bovine
Daphnia
Bacteria
Cod
Trout
Bee




Nationwide users

University of Tromsa, 7 >
Run Tromso 71 q“
® Scheduled s\ e
Contacted

Institute of Food, Fisheries and Aquaculture
Research (NOFIMA), Tromso

......

Oslo University Hospital

Norwegian University of
Science and Technology
(NTNU), Trondheim

National Institute of Nutrition
and Seafood Research (NIFES),
Bergen

University of Oslo

Norwegian School of
Veterinary Science

University of Bergen,
Bergen
Institute for Forestry and Landscape

Telemark Hospital, Skien CIGENE, Norwegian University of Life Sciences
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llumina sequence data

Random DNA library of short fragments ~300 bp
~100-300 million DNA sequences
18, 36, 950, 75, 125 bp long

Single-end reads Pt
Paired-end reads Py

Run time: 1-10 days
Data volume: 300 GB.....8 IB



Data i1ssues

Up to 4 TB/week

Data storage and backup
Network speed

Security: (human: data)

Data law - ‘return of results’

Bioinformatics
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User data storage - Phases

Phase Provision Timeline

0) Storage/backup of non-sensitive data from NSC (NorStore) Complete 12.2009

High capacity secure storage of coded but indirectly
1 identifiable data at local level (OUS, UIO) Complete 6.2010
Establish routines for backup

Robust secure solution for HTS data at the national level
2 Exchange of data collaborators Start 11.2010
Infrastructure for analysis through the Bioinformatics platform

3 Clinical usage, secure handling of person-identifiable data >
being part of patient journals :



User data storage - Phase 1

esx-1sd02
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Daté Sforage
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Secure storage/backup for sensitive data




Run size
Minimum

Average

Maximum

Images
700 GB
1.4TB

3.5TB

llumina analysis pipeline

Lang Tie X

5

924

m |3

188

498

llumina Pipeline 1.4

Cyche 1 -ACGT
34 IRRD M2AT 13504

5.5 1108 X765 11580

12438 7411 458 &7, -l

1416 7600 BLE F1ill

500 BRO BST.5 BET
LT M4 ATE 45

b T4L1 4984 427 O

BL? 5A3 BEAT SRAT

| BA5S 533.2 457 SH0

[ 3710 28 T TOS |
| "sax8 7e8.9 1000 6385 |
| #ae sne son3eseno |

100 GB

200 GB

500 GB

Firecrest

Image Analysis

Cyche 2-ACQT

1458 1203 104 378
1503 1049 110.5 DORS
A4 #8258 483 40T I
4716 SB5T 19441 m]
A 235 #51 51?1
YRR
203 W16 424 201 |
5.5 BE0 545 3834 I
609 5509 110 TR4 |
594 B04 35413949 |
722 43 ATAABRLE |
10744 1443 300 204 |

Intensity files

Bustard

Base Calling

SATCGATCGTTGCATGCTGGGGTAGTGL
TTCGATTTACGATCGATCGTTGCATGCT
TCGATT TAC- GATCG ':-GTTGC.HTGC Tr

; o AT T T TEG
\TCGATCGTTGCATGC TGGGGTAG :TGE‘
TCGATTTACGATCGATCGTTGCATGCTG
SGATTTACGATCGATCGTTGCATGCTGE
TAGTTTCGATTTACGATCGATCGTTGCS
SGATTTACGATCGATCGTTGCATGCTGG
ACGATCGATCGTTGCATGCTGGGGTAG

@EAS54_6_R1_2_1.413_324
CCCTTCTTGTCTTCAGCGTTTCTCC
+

@EAS54_6_R1-2_1.540_792
TTGGCAGGCCAAGGCCGATGGATCA
+

595555%55530553 555353383
@EAS54_6_R1_2_1_443_348

GTTGCTTCTGGCGTGGGTGGGGGGG
+EAS54_6_R1_ 2 1 443 348

FASTQ format

Sequence files
100 GB
200 GB

500 GB

GERALD

Aligned Reads

TGCGTAAGGCTAGGTTCATGCTAAGGTTCGAA
A GCGTAAGGCTAGGTTCATGCTAAGGTTCGAA
AT CGTAAGGCTAGGTTCATGCTAAGGTTCGAA
ATG GTAAGGCTAGGTTCATGCTAAGGTTCGAA
ATGC TAAGGCTAGGTTCATGCTAAGGTTCGAA
ATGCG AAGGCTAGGTTCATGCTAAGGTTCGAA
ATGCGT AGGCTAGGTTCATGCTAAGGTTCGAA
ATGCGTA GCTAGGTTCATGCTAAGGTTCGAA
ATGCGTAA CTAGGTTCATGCTAAGGTTCGAA

ATGCGTAAGGCTA - - TTCATGCTAAGGTTCGAA

-

Other software/

analyses

Analysis output
100 GB
200 GB

500 GB

Total

1TB

2TB

5TB



Integrated solutions
* CLCbio Genomics Workbench - de novo and reference assembly of Sanger, Roche FLX, Illumina, Helicos, and SOLID data. Commercial next-gen-seq software that extends the CLCbio Main Workbench software. Includes
SNP detection, CHiP-seq, browser and other features. Commercial. Windows, Mac OS X and Linux.

Galaxy - Galaxy = interactive anjfrepNydukible gendhnics. A jo . L B
* Genomatix - Integrated Solution JEX P G ooyt . . <
* JMP _Genomics - Next gen visuali q fr @ Q
* NextGENe - de novo and referenfje g . 2DIQ er s fry ia" orgl into mini-contigs before assembly. Includes
SNP detection, CHiP-seq, browser a s ommercial. .

* SegMan Genome Analyser - Software for Next Generatlon sequence assembly of Illumina, Roche FLX and Sanger data integrating with Lasergene Sequence Analysis software for additional analysis and visualization
capabilities. Can use a hybrid templated/de novo approach. Commercial. Win or Mac OS X.

* SHORE - SHORE, for Short Read, is a mapping and analysis pipeline for short DNA sequences produced on a Illumina Genome Analyzer. A suite created by the 1001 Genomes project. Source for POSIX.

* SlimSearch - Fledgling commercial product.

Align/Asse
* BEAST - B
* Bowtie -
Burrows-W
* BWA - He
alignment

* ELAND - E
* Exonerate
* GenomeM
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* ABySS - Assembly By Short Sequences. ABySS is a de novo sequence assembler that is designed for very short reads. The single-processor version is useful for assembling genomes up to 40-50 Mbases in size. The
parallel version is implemented using MPI and is capable of assembling Iarger genomes. By Simpson JT and others at the Canada's Michael Smith Genome Sciences Centre. C++ as source.
* ALLPATHS - ALLPATHS: De novo assembly of whole-genome shotgun oreads. ALLPATHS is a whole genome s embler t can ge ate high quality assemblies from short reads. Assemblies are presented in

un
ph form that retains ambiguities, such as those arlsmg from polymof i idi n that@\s b enome assemblies. Broad Institute.
IS ar. Y {74 . [ e i i ds p o] Analyzer. Edena is based on the traditional overlap layout paradigm. By
* EULER-SR - Short read de novo assembly By MarkJ Chaisson and Pav u e Gen .1 graph approach.

* MIRA2 - MIRA (Mimicking Intelligent Read Assembly) is able to perform true hybrid de-novo assemblies using reads gathered through 454 sequencing technology (GS20 or GS FLX). Compatible with 454, Solexa and
Sanger data Llnux OS reqwred



http://www.clcbio.com/index.php?id=1240
http://www.clcbio.com/index.php?id=1240
http://g2.trac.bx.psu.edu/
http://g2.trac.bx.psu.edu/
http://www.genomatix.de/products/index.html
http://www.genomatix.de/products/index.html
http://www.jmp.com/software/genomics/
http://www.jmp.com/software/genomics/
http://softgenetics.com/NextGENe.html
http://softgenetics.com/NextGENe.html
http://www.dnastar.com/products/SMGA.php
http://www.dnastar.com/products/SMGA.php
http://1001genomes.org/downloads/shore.html
http://1001genomes.org/downloads/shore.html
http://www.realtimegenomics.com/
http://www.realtimegenomics.com/
https://secure.genome.ucla.edu/index.php/BFAST
https://secure.genome.ucla.edu/index.php/BFAST
http://bowtie-bio.sourceforge.net/
http://bowtie-bio.sourceforge.net/
http://maq.sourceforge.net/
http://maq.sourceforge.net/
http://bioinfo.cgrb.oregonstate.edu/docs/solexa/
http://bioinfo.cgrb.oregonstate.edu/docs/solexa/
http://www.ebi.ac.uk/%7Eguy/exonerate/
http://www.ebi.ac.uk/%7Eguy/exonerate/
http://1001genomes.org/downloads/genomemapper.html
http://1001genomes.org/downloads/genomemapper.html
http://www.gene.com/share/gmap/
http://www.gene.com/share/gmap/
http://dna.cs.byu.edu/gnumap/
http://dna.cs.byu.edu/gnumap/
http://sourceforge.net/projects/maq/
http://sourceforge.net/projects/maq/
http://bioinformatics.bc.edu/marthlab/Mosaik
http://bioinformatics.bc.edu/marthlab/Mosaik
http://mrfast.sourceforge.net/
http://mrfast.sourceforge.net/
http://mummer.sourceforge.net/
http://mummer.sourceforge.net/
http://www.novocraft.com/index.html
http://www.novocraft.com/index.html
http://pass.cribi.unipd.it/cgi-bin/pass.pl
http://pass.cribi.unipd.it/cgi-bin/pass.pl
http://rulai.cshl.edu/rmap/
http://rulai.cshl.edu/rmap/
http://biogibbs.stanford.edu/%7Ejiangh/SeqMap/
http://biogibbs.stanford.edu/%7Ejiangh/SeqMap/
http://compbio.cs.toronto.edu/shrimp/
http://compbio.cs.toronto.edu/shrimp/
http://www.bcgsc.ca/platform/bioinfo/software/slider
http://www.bcgsc.ca/platform/bioinfo/software/slider
http://soap.genomics.org.cn/
http://soap.genomics.org.cn/
http://www.sanger.ac.uk/Software/analysis/SSAHA/
http://www.sanger.ac.uk/Software/analysis/SSAHA/
http://socs.biology.gatech.edu/
http://socs.biology.gatech.edu/
http://bibiserv.techfak.uni-bielefeld.de/swift/welcome.html
http://bibiserv.techfak.uni-bielefeld.de/swift/welcome.html
http://synasite.mgrc.com.my:8080/sxog/NewSXOligoSearch.php
http://synasite.mgrc.com.my:8080/sxog/NewSXOligoSearch.php
http://www.vmatch.de/
http://www.vmatch.de/
http://www.bioinformaticssolutions.com/products/zoom/index.php
http://www.bioinformaticssolutions.com/products/zoom/index.php
http://www.bcgsc.ca/platform/bioinfo/software/abyss
http://www.bcgsc.ca/platform/bioinfo/software/abyss
http://www.broad.mit.edu/science/programs/genome-biology/computational-rd/computational-research-and-development
http://www.broad.mit.edu/science/programs/genome-biology/computational-rd/computational-research-and-development
http://www.genomic.ch/edena.php
http://www.genomic.ch/edena.php
http://euler-assembler.ucsd.edu/portal/
http://euler-assembler.ucsd.edu/portal/
http://euler-assembler.ucsd.edu/portal/
http://chevreux.org/projects_mira.html
http://chevreux.org/projects_mira.html
http://www.seqan.de/projects/consensus.html
http://seqanswers.com
http://seqanswers.com
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Reseguencing

Compare test sequence to a reference sequence
x Mendelian (linkage)

x  Assoclation studies

x EXOme sequencing

l[dentify genetic variation
Single-nucleotide polymorphisms (SNPS)
Insertions/deletions

Copy-number variation (CNVs)



Resequencing: mutation detection

x | iInkage peak x Rare Mendelian
disorders

® Sequence capture -
region of interest x Sequence capture -
exome

x RNAseq

29



Region Known
Linkage

Family_22028
Family_60080
Family_50031

1-10 Mb?

How can we capture this region to sequence?



Sequence capture

Linkage peak

Genome

Nimblegen oligo tiling array

Hyb DNA of affected individual l
I| I| I| Il I| I| Il I| I| Il I| I| Il I| I| Il
T
\Wash l
»
|\V \I\II l»\l |
|/\ ?\\II

Seqguence



GENOMIC SAMPLE
(Set of chromosomes)

- OW arge ?ll:::sllell(f:t siem
Agilent SureSelect s " Capture Process

0000C 0000 AAL MV

g + [+ A

SureSelect
GENOMIC SAMPLE (PREPPED) SureSelect HYB BUFFER BIOTINYLATED RNA LIBRARY

x BNA oligonucleotides
= >100 bp

x custom design

UNBOUND FRACTION Wash Beads
DISCARDED and

www.agdilent.com



http://www.agilent.com
http://www.agilent.com

Analyzing resequencing data

x Capture DNA and seguence
x Prepare sequence files (Perl...)
x Align to reference (MAQ, BWA etc.)
x Format/filter output files (Perl...)
® ped, .gtf
x \/lew on genome rowser

= |dentify variants



Analysis pipeline

Lané Tile X

12

12

24
m

165
598

lllumina Pipeline 1.4

Firecrest

Image Analysis

1548
i

TBE

a8

154
e

4

Cyche 1-ACOT
30 IBRY WIAT B4
5.5 118 ERTE 11580

12438 7411 458 &74

1MLE T60.0 GLLE 165
500 BEA #5715 MED
LT S4dd AT.D 454

7431 4964 ALY M0

BAZ BAD BAT SRART
B45% 5332 452 S0
ITLe BLE T TS

JLE TeR9 1084 635
A6 GLE EA. 13ER0

Cyche 2-ACQT
1850 1XL3 W04 WIS
1563 RS 1135 0B

B4 2.6 483 4LT
4236 S5.T 1981 #59.3
S48 WS HEA BEA

384 8 L1109

2303 B0ME 831 201

BLE B0 549 3884

2609 5509 13.0 TB4

594 B4 35413049

A2 4R9 1.8 1EELD
10744 TH4.D 0.0 204

Bustara
Base Calling

CCTGGGCTAGTTTCGATTTACGATCGA]
GCTAGTTTCGATTTACGATCGATCGTTC
SATCGATCGTTG GCTGGGETAGTGI
TTCGATTTACGATCGATCGTTGCATGCT
TCGATTTACGATCGATCGTTGCATGCTC
ICTAGTTTCGATTTACGATCGATCGTTGC
T CGATCGATCGTTGCATGCTG

CGATCGTTGCATGCTGGGGTA

GTTGCATGCTGGGGTAGTGCT
TCGATTTACGATCGATCGTTGCATGCTG
SGATTTACGATCGATCGTTGCATGCTGE
TAGTTTCGATTTACGATCGATCGTTGCE
JGATTTACGATCGATCGTTGCATGCTGG
ACGATCGATCGTTGCATGCTGGGGTAG

FASTQ format

@EAS54_6-R1.-2-1_413_324
CCCTTCTTGTCTTCAGCGTTTCTCC

+

@EAS54_6_R1_2_1_540_792
TTGGCAGGCCAAGGCCGATGGATCA

=+

39999

e o o o o .
””’7”

PP

@EAS54_6_R1_2_1_443_348

GTTGCTTCTGGCGTGGGTGGGGGGG
+EAS54_6_R1_2_1_443_348

GERALD

Aligned Reads

TGCGTAAGGCTAGGTTCATGCTAAGGTTCGAA
A GCGTAAGGCTAGGTTCATGCTAAGGTTCGAA
AT CGTAAGGCTAGGTTCATGCTAAGGTTCGAA
ATG GTAAGGCTAGGTTCATGCTAAGGTTCGAA
ATGC TAAGGCTAGGTTCATGCTAAGGTTCGAA
ATGCG AAGGCTAGGTTCATGCTAAGGTTCGAA
ATGCGT AGGCTAGGTTCATGCTAAGGTTCGAA
ATGCGTA GCTAGGTTCATGCTAAGGTTCGAA
ATGCGTAA CTAGGTTCATGCTAAGGTTCGAA

ATGCGTAAGGCTA - - TTCATGCTAAGGTTCGAA

e

Other software/analyses



@EAS54_6_R1_2_1_413_324

CCCTTCTTGTCTTCAGCGTTTCTCC
+

@EAS54_6_R1_2_1_540_792

TTGGCAGGCCAAGGCCGATGGATCA
+

@EAS54_6_R1_-2_1 443348

GTTGCTTCTGGCGTGGGTGGGGGEE
+EAS54_6_R1_-2_1-443_348

FASTQ format

Sequence

Compare to
reference

RIG

Mutation



Tools for HI'S

Alignment - MAQ, BWA
Filtering, sorting etc. - SAMIools; BEDTools
Viewing - BED, GFEF, UGCSC browser

Perl, unix scripts

| IH-GRADE. ACTIVITIES:

USEFULNESS
TO CAREER

SUCCESS

Q00 HOURS YOO MOURS ONE. WEEKEND
OF CLASSES  OF HOMEWORK r;ggs:NG WITH
L

xkcd.com



Finding mutations?

Which variants are deleterious?

Novel? (doSNP; 1000genomes, SNProas
HGMD)

Synonymous/non-synonymous’?

Conserved?

Alter protein structure?

PolyPhen?2
MutationTaster
ANIN[@AV/AVS
SeattleSeg Annotation



1000 genomes project

International consortium
Sequence 1200 genomes

Produce a nearly complete catalog of common:human genetic
variants (defined-as frequency- 1% or -higher; SNPs, CNVs)

mutation detection in Mendelian disease

= accelerate fine-mapping efforts-association: studies

= enabling design of next-generation genotyping arrays - improve the power of future
genetic association studies

= improve our ability to “impute” or “predict™ untyped genetic variants

Frequent public data releases

1000genomes.org



Crude analysis pipeline

Program/script
magq fasta2bfa
magq fastg2bfq
mag map
maq assemble
maq cns2snp
awk '$2>=29621176 && $2<=39095041"
maq.pl SNPfilter
mag cns2view
maqgview2bed.pl
magsnp2bed.pl
magsnp2snpnexus.pl
parseSNPnexus.pl
basesZnexus.pl
magCoverageSummary.pl
coverage_v4.pl

lowCoverageSummary.pl

Description

Prepare ref sequences

Convert FASTQ reads to BFQ format

Align
Assemble
Call SNPs
Filter for ROI
Q filter SNPs
MAQ file for ROI
bed file for ROI
bed file for SNPs
Input for SNPnexus
Parse SNPnexus output
Variants file
Sequence coverage
Sequence coverage

Sequence coverage

Output
bfa
bfg
MAQ aln
MAQ cns
MAQ SNP
MAQ SNP
MAQ SNP
MAQ SNP
bed
bed
SNPnexus input
SNPnexus output
bases file
bed, pdf
bed

bed



Read depth statistics

Read coverage tiles
ave= 186

Read coverage exons

ave= 195

Frequency

>
o
c
(<)
>
o
()
-
LL

exondata tiledata




UCSC Genome browser

+ .‘H:v Qenome. LI edy

Daiy S 2y The Norway Post  Jobbnorge U0 Webmad  OF X Mas pages B34 - BA/BSc afification Helse Ser-@at 2001 NN ART MubMed Whipedia BCRadio 3 BICRafio 4 Varvarsl forOnio (D NG Emvemdl Newn (17200 v

UCSC Genome Bioinformatics
ables - Gene Sorter - PCR - VisiGene - Protecome - Session - FAQ - Melp

About the UCSC Genome Bioinformatics Site

Wekome 0 the UCSC Genome Browser website, This site contains the reference sequence and working draft assemblics for a karpe collection of genomes. K alwo provides portals 0 the ENCODE sad Noandertal projects

¢ cacoumpe you 10 explore these sequences with our 1o0ls. The Gepome Baowser z00ms and scrolls over cheomosomes, showing the work of annotsors workdwide. The Gene Somer shows expression, hbomology and other information on groups of
gencs that can be related In many ways. Blat quickly maps your sequence 1o @ gesome. The Table Browser provides convenient access 10 the snderlying dasabase. VisiCone lets you deowse through a large colloction of i st mouse and frog images
D examine expression pattierns. CGopome Cmphs aliows you 0 upload and display geaome-wide data sots
The UCSC Genome Browser is developod sad maistainged by the Genome Bioinformasics Group, & cross-deparumental ieam within 8¢ Center for Biomolecular Scicace and Esginocriag (CBSE) &t the University of California Santa Cruz (UCSCO). i
you have feadback or questions conceming the 100k or data on this website, foel froe 10 contact us on our publc
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News News Archives b

To receive announcements of sow penome assombly releanes, new software features, updates and training seminars by email, subscribe 10 the genome-announce madling list

20 August 2010 « New ENCODE Integrated Regulatioa Super-track Released

We me pleasad 10 announce 8¢ release of 8¢ ENCODE Inegrated Rogulation ssper-track, 2 collection of rogulatory tracks containing state-of-the-at information about the mochaniums St tum penes on and off & the tanscription level, Individs
ks within e st show carichanent of hivone modificasions sugpestive of cahancer and promoter activity, DNAse clusien indicating open chromatin, regions of transcription factor bing . and sanscription kevels, Whes
complementary natuse of the data within these tracks has the poscaial 10 greatly faclitate our undenaanding of segulsory DNA

I'be data comprising ®ose tracks wose peneratod Srom hundrods of experments on multiple ocll lmes condeciod by labs participating in the Encyclopoda of DNA Elemeats (ENCODE) peoject, and were submatied 10 the UCSC ENCODE Data
Coondination Center for display on the Genome Beowser

Faced with the problem of how 10 display such & large an

o data in & manser facilitating anadysis, UCSC has developad new visualizason methods @ clusier and overlay the data, and ®cs displey the resulting eacks on & single sceeen. Each of
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