GENOMICS course V.

Genome Sequencing Strategies

'

Eotvds Lordnd University, Faculty of Science, Department of Genetics




Deciphering the genetic information

- I. phase: cellular basis of heredity, chromosomes.

(Miescher, Flemming, Mendel, Sutton, Morgan etc.)

-+ II. phase: molecular basis of heredity, DNA double helix.
(Watson, Crick, Wilkins, R. Franklin, Chargaff etc.)

+ III. phase: biological mehanism of heredity.

(transcription, translation, enzymes, recombinant DNA)

- IV. phase: deciphering genes and genomes, Genomics.

(genetic mapping, gene and genome sequencing,
bioinformatics)

Genome sequencing projects: OMICS



Human Genome Project
- backgrounds

First scientific initials: in the early 1980s

accelerate biomedical research, infrastructure investment
On-going gehome sequencing projects

A-phage, SV40 virus, human mitochondrial genome (1981)
Genetic and physical mapping in human genome
Botstein et al., 1980; Olson and Sulston, 1986;
Developement in DNA seguencing technologies
shotgun sequencing, ESTs, STSs etc.

US NRC Report 1988, US DOE and NIH.

parallel model organism genome projects; genetic, physical
and sequence maps of human genome; bioetical issues.
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Genome projects at timescale
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Universal Landmark

Sequence Tagged Site (STS) 1989

Replaces cloned DNA probe mapping landmarks with PCR assays.

Each STS is uniquely described by a pair of oligonucleotides, a product size, and
PCR reaction conditions. Can be stored and distributed electronically.

Enables merging of mapping data obtained from many labs using many different methods
into a single consensus map of landmarks along a chromosome.

Eliminates the need for huge collections of cloned probe segments upon which
prior maps depended.



@. Screen library with existing markers
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Human Genome Project
- aims (1990)

* To determine the complete human chromosomal

DNA sequence.
» Building-up sequence databases (Bioinformatics)

» To identify and describe all genes in the human

genome (new genes and gene types).

* Developement of DNA sequencing technology

and data assasment.



Human Genome Project
- contributors and landscapes

HUGO: Human Genome Organization

US DOE and NIH, UK MRC and WTSI, CEPH , FMDA, Japan,
European Community (yeast genome), Germany, China.

1990-1995: genetic and physical mapping

medical disorders, fixing physical loci, model organisms
large-scale sequencing: two-phase paradigm ..shotgun”
2001: draft genome sequence, 2003: full genome sequence

+ Celera Genomics: L N ——
Applied Biosystems., TIGR (C. Venter) X
1998-2001: ,whole genome shotgun”
ABI PRISM 3700 DNA Analyzer

Technology speeds science. ABI sequencers
at Venter Insitute, 2007.



Publishing the draft human genome
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First results of the human genome draft sequence

first Vertebrata genome, euchromatin region coverage around 96%

considerable variability in distribution of genetic elements and
features (ie. HOX clusters - ,repeat poor")

~ 30-40.000 genes, complexity and alternative splicing
complex proteom, vertebrata-specific domain assambly
horizontal gene transfer, transposable elements inactivation
chromosome segments duplication (pericentromer, subtelomer)
meiotic mutation rates in males and in females

recombination rate varies between and along chromosomes
more million of SNPs, genome-wide linkage mapping
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Sanger dideoxy sequencing

Base (o) Base

OH H
Ribonucleoside Deoxyribonucleoside Dideoxyribonucleoside
triphosphate triphosphate triphosphate
(NTP) (dNTP) {ddN TP}

Molecular cell biology, Lodish



-CTAAGTCGACTGAACATTTCTCATGCATCGATC -3
-GATTCAGCTGACTTGTAAACACTACGTAGCTAG-5"
3+ -AGTACCTAGCTAG-5*

Sequencing primer

5
3

3 ' - GATTCAGCTGACTTGTAAACAGTACCTAGCTAG-5"
3* - GCTGACTTGTAAACAGTACGTAGCTAG-5"

= 3* -GACTTGTAAACAGTACGTAGCTAG-5"
3' -GTAAACAGTACCTAGCTAG-5"*

3' - ATTCAGCTGACTTGCTAAACACTACGTAGCTAG-5"
3 ' -AGCTGACTTGTAAACAGTACGTAGCTAC-5"

3 ' -ACTTGTAAACAGTACGTAGCTAG-5"

3 ' -AAACAGTACGTAGCTAG-5"

3 ' - AACAGTACGTAGCTAG-5"

3 ' -ACAGTACGTAGCTAG-5"
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3 -TTCAGCTGACTTGCTAAACAGTACGTAGCTAG-5"
3 ' - TCAGCTGACTTGTAAACAGTACGTAGCTAG-5"
3' - TGACTTGTAAACAGTACGTAGCTAG-5"

3* - TTGTAAACAGTACGTAGCTAG-5"
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BigDye Terminator DNA Sequencing

DNA template 3’ -TAAATGATTCC-5'
5’—o-op:©oooooo>3’

Primer
anneals

AT@ Extension produces a series of
ATT @ ddNTP terminated products
ATTT @ each one base different in

lenath
ATTTA® g

ATTTAC@ Each daNTP is labeled
ATTTACT @ with a different color

ATTTACTAO fluorescent a’ye
ATTTACTAAO

ATTTACTAAGO
ATTTACTAAGGO

ATTTACTAAGG
270 2

Seguence Is read by noting peak

color in electropherogram
%WW (possessing single base resolution)
b =

Figure 10.5, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



DNA sequencing: developement in technology
and in bioinformatics

\

Capillary filled with
polymer solution

Laser

Detection
window

- +

5-20 kV
(cathode) (anode)
Outlet
Inlet
Buffer Buffer
SR =
[eXoYo)Xe)
Data
Acquisition

Sample tray

Sample tray moves automatically beneath
the cathode end of the capillary to
deliver each sample in succession

Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press
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(A)
161897 Good quality sequence

(B) Poor quality sequence
(two length variants out of phase)

|
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Figure 10.7, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press
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.Shotgun” genome sequencing

2. Whaole genome shotgun 3. Hierarchical shotgun
Genome
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Figure 9.11. Assembling genomic data using the hierarchical and whole genome shot-
gun approaches. Adapted from Waterston, Lander and Sulston {2002), with permission

RJ Reece: Analysis of Genes and Genomes, 2004



Hierarchical Shoteun Sequencmmg Method
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BAC Library

Create Contie Map

sequence Each Contig

— . with Shoteun Approach

~ o N =
\\1 Alen Contig ECUENCES
GCATTTCGAGTTACCTEGACAACCAG TS GCTTSATTGECCAARTAATAGTATAT

CCAGTGETACTGAGGACGCAAGAGGCTTGA
GCATTTCGAGTTACC TEGACAACCAG TS G TAC THAGGACGCAAGAGGCTTSATTGGCCAATAATAGTATAT

Generate Fiished Sequence



,Fingerprint clone contig' assembly

Fingerprint clone contig
Pick clones for sequencing
B — — ——

A

- _=__:!
Sequenced-clone contig — Bl —_—

Sequenced-clone-contig scaffold
Sequence to at least draft coverage

l Sequenced clone B

Initial sequence conti
Merge data =4 B

Merged sequence contig

Crder and orient with mRNA, paired end reads, other information

J, o Sequence-contig scaffold

International Human Genome Sequencing Consortium: Initial sequencing and analysis of the human genome,
Nature 409, 860 (2001)



Whole Genome Shotgun Sequencing Method

sequence Each Fragment
e __J{,(d(_{ e with Shotgun Approach

GOATTTCGAG TTACC TS GACAACCAG TG GCTTGATIGECCARTARTAGTATAT

CCAGTGETACTGAGGACGCARGAGGCTTGA

Allen Contiguous Bequences
GCATTTCGAGTTACC TEGACARCCAG TS G THC THAGGACGCARGAG G TTGA TG G CCAATAATAG TATAT

Generate Finished Sequence



Whole genome sequence assembly

STS .
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t

Gap (mean & std. dev. Known)

1 Read pair (mates)
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. —— Consensus
/_‘g'-:-:?i-: Reads (of several haplotypes)
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500-600 bp
® SNPs

= BAC Fragments

Fig. 3. Anatomy of whole-genome assembly. Overlapping shredded bactig fragments (red lines) and
internally derived reads from five different individuals (black lines} are combined to produce a
contig and a consensus sequence (green line). Contigs are connected into scaffolds (red) by using
mate pair information. Scaffolds are then mapped to the genome (gray line) with STS (blue star)

physical map information.
JC Venter, et al.: The Sequence of the Human Genome, Science 291, 1304 (2001)



STS genome mapping
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Figure 9.5. Aligning clones by STS mapping. Each clone contains several STSs. Clone
has four (A, B, C and D). Clone 2 also contains STSs C and D. Therefore clones 1 and
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Chromosome mapping
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RJ Reece: Analysis of Genes and Genomes, 2004



Human Genome Project
- preliminary results

» Finished in 2003 two years before planned
- 2001: draft sequence published (Science, Nature)

 DNA sequence gained from several persons’ genomes

- Personal DNA and cell cultures

+ Rate of failed nucleotides 1/10.000 (99,99 % accuracy)
+ 4-5 X coverage, gaps closing (heterokromatin)

- Starting genome projects, annotation, data sharing:

- i.e. Ensemble, Human Genome Diversity Project, stb.



Genome sequencing: Technology and B
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ioinformatics

Tools | More.

New to Ensembl?

Did you know you can

€2 Add custom tracks

using our new Control Panel

€2 Upload and analyse your data
and save it to your Ensembl account

Search for a DNA or protein sequence
using B! BLAT

€2 Fetch only the data you want
fiom our public database, using the Perl API

2 Download our bases via ETP
SQL and other formats

questions? Try our FAQs or glossary

What's New in Release 60 (8 November 2010)

New species - Giant Pan

ant panda)
New zebrafish assembly (Zebrafish)
New rabbit assembly (Rabbit

New Gene Ontology displays (all species)

Table 9.1. Curated genome sequencing projects

Organism (type)

Web site(s)

{ Human

Genome

Resources

A challenge facing researchers today is that of piecing together and analyzing the
plethora of data currently being generated through the Human Genome Project
and scores of smaller projects. NCBI's Web site serves an an integrated,
one-stop, genomic information infrastructure for biomedical researchers from
around the world so that they may use these data in their research efforts. More

worn

Genes and Human T

* Gene Database

A new database of genes and
associated information is now
available for searching in Entrez.

» OMIM

A guide to human genes and inherited
disorders maintained byJohnsI
Hopkins University and collaborators.

» dbSNP

A database of single nucleotide
polymorphisms (SNPs) and other
nucleotide variations

» dbGaP

The database of Genotypes and
Phenotypes (dbGaP) was developed
to archive and distribute the results of
studies that have investigated the
interaction of genotype and phenotype

Escheri

chia coli (bacterium)

Bacillus subtilis (bacterium)
Saccharomyces cerevisiae (yeast)
Caenorhabditis elegans (nematode

)

Drosophila melanogaster (fruit fly)
Arabidopsis thaliana (plant)
Mus musculus (mouse)
Homo sapiens (human)

WWW.Zenome.wisc.

edu

genolist.pasteur.fr/SubtiList
genome-www.stanford.edu/Saccharomyces

www.wormbase.org

flybase.bio.indiana.edu

www.arabidopsis.org

www.informatics.jax.org
www.ncbi.nlm.nih.gov/genome/guide/human/




IGSR: The International Genome Sample Resource

Providing ongoing support for the 1000 Genomes Project data

Home About Data Portal Analysis Contact Browser FAQ

Links
IGSR and the 1000 Genomes Project

Announcements
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Qq - BRCA1 / BRCA2 genes resequencing

¥, s

ORI Exompatia - Molecular diagnostics of mutations
arr\x:rffaam

5 BRCA1 / BRCAZ2: 23 /27 exons (80Kb)

A water 10 Jluse =nd TanEseT 10
Forward snd Fevearse sequencng

Piatos contaiing Cens AR No prior screening: SSER-BGGEdHPLEC etc.

.

One sample - one assay concept

—

ExoSAP-ITY

Quick, accurate, full coverage
BRCA1 / BRCAZ2: 34 / 47 amplicons respectively

= -~
-

« AOOC Forwso
BeNgUET I g X

Cf\ ey
= sequence zo Al B | B (Bl BB RE | B BRI NS BN BN BT | M

T~ ressction -
s S BgDye Add SgOys  « B[ B0 | RAN | B | Bl | BN | B | B | BN BN B | BE | M3

SnminasoM™ TS ’
SR — XFamrmnatar® t b-] E"”'Z &_\'l_“ :J.n *' [X-l b-t.-l E[.P.’ B.‘I.ﬁ [x_"s :',_u ”p.‘
e ¥ 0 | 65 |Eae [mien ] gen | e | Bs | ewe| e fens| an | e | ows

SOiN OO

e
X
-

Welld BN &0 | 3 | B§ [ BT BRI BT BN BE | WS
i B | belld | B2 | Gl | WM | G | BeND (BTN BT | B | MY MM
b B fele | B3 | B | MRS | B | BNE BRI DR | BB O| RO MM
H B | &I | BW | B | M6 | B | BT BTN Rl | B NPT | PR

=] HAA Mgl ramiemplare e




B

Human DNA - Fragpattad
prmer plats
GOLD’ 300
PCR

ampiffcaton
= /

Acd watar 1o Jluse end trangier 1o
Forward snd Beverse sequancng
plates containng DeoSAD T

» -

-
ExoSAP-T

A »

=

g,

=

By

Ad Reverss
SEIEOING T

Fast opde %
‘o seq..ems 3:
( : ( :\

« HaaBgoye
Xremminator

BN X

-

BRCA1 / BRCA2 gene resequencing

- Molecular diagnostics of mutations

\eto"ltl‘ttll“ | E:
] LI ‘ 5§ &

Mutated
sample

Non-
mutated
sample

s BT 0UUNU

BACAT Exontd
¢.4030A>6

ip Arg1476H) :

| gty | ‘ e - ) ' 14
- i : ]

' ' L .

S Aats e Sl v o Vs B ek e

f
B
4
-
.'-
‘-
‘—
4
-1

.‘-
-4
§

o . . o
VA aV, ./ / \J
I - @ o o .
\/\/ N\ : Ja J\/\ VAVAVAVA
o ) waew B R e PNINUEN
pown

FTTTTTTTT T T T T T TT T T T T TTTITY

- < s 3 o .
- - - L -




Next Generation Sequencing —

Massively Parallel Sequencing of clonally
amplified (or single) DNA molecules

-Process millions of sequence reads in parallel

-Library preparation

-Specific adaptor oligos

-Little volume DNA template

-Produce shorter read lengths (35-400 bp)

-100 Mb to several Gb nucleotid sequence determination



Pyrosequencing
chemiluminescent detection of pyrophosphate

Enzymes: Reagents:
Klenow fragment Adenozin-phosphosulphate
ATP sulfurylase (APS)
Luciferase D-luciferin
Apyrase DNA template
Primers

dNTPs one by one

Polymerase
(NA)_ + Nucleotide > (NA)_,, + PPi
ATP sulfurylase
PPi + APS > ATP + SOf‘
o Luciferase
ATP + Luciferin + O, » AMP + PPi + Oxyluciferin + CO, + Light

Ronaghi M (2001) Genom Res



Pyrosequencing

dATP dCTP dGTP dTTP

!

. Template s
Primer &

h
PP,
S ATP
Luciferase
hv
J

| ,\ /

=
Z
E
=
3
' ’ - P> ACTT TGAA
A C G T
Added dNTP
Pyrogram —  » Sequenceof ———» Sequence of
template DNA

synthesised DNA

Ahmadian A (2006) Clin Chim Acta



A 4G T 2G C T 4G 2T G C A G2T ' G

— -
0.5 pmol

3 3
J 2 min
—-

A G T C A G TOCAOGTTCAGTTOC AGTU CAGTC A G

Ronaghi M (2001) Genom Res



Roche/454 sequencing technology

2005. 454 Life Sciences developed (GS 20)
Mycoplasma genitalia 580 kb genome, 99.96% accuracy

2007. Roche Applied Science (6S FLX series)




DNA preparation
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Roche/454 sequencing technology
Clonal amplification

Emulsion PCR

Microreactors
Water in Oil emulsion

3 ‘;: % “\ ¥
3 N /
C : ‘\\‘ s g

Several million copies of a fragment

Anneal sstDNA Emulsify beads and Clonal amplification Break microreactors,
to an excess of PCR reagents in occurs inside enrich for DNA-
DNA Capture water-in-oll microreactors positive beads
Beads microreactors

Each bubble in the emulsion will potentially contain a different fragment.

NHGRI Current Topics in Genome Analysis 2010 February 9, 2010
Week 5: Next-Generation Sequencing Technologies Elliott Margulies, Ph.D



Roche/454 sequencing technology

Picotiter well plate mounting

3,4*10°6 wells
Sequencing reaction in picoliter volumes

Instead of 96 reads/run, there are hundreds of thousands.
Packing beads and enzyme beads

Ansorge (2009) New biotechnology



Roche/454 sequencing technology

Sequencing by pyrosequencing

ol L4 Signal image
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DNA Capture Bead
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Ansorge (2009) New biotechnology



Next Generation Sequencing - Roche 454 platform

Roche (454) GSFLX Workflow:
Library construction

Emulsion PCR

PTP loading

DNA capture bead
contaming millions
of copies of a single
clenally amplified
fragment

-

A
APS
Annealed
' PP,  primer
ATP ;
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Light + Oxy Luciferin

»
Sulfurylase

Pyrosequencing reaction

TRENDS in Genetics




Illumina/Solexa sequencing
DNA preparation

A) DNA shearing to fragments (some 100 bps long)
B) End-repair, Add A overhang
C) Adapters ligating (T overhang)

Ansorge (2009) New biotechnology



lllumina/Solexa sequencing
Clonal amplification
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Adaptor modified DNA strand hybridized to
oligonucleotide anchor

Cluster generated by
bridge amplification
Denature,

cleave
e

Clone clusters
1000 copies min.

50x10¢ clusters

PCR with anchored primers
Bridge amplification
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Voelkerding (2009) Clin Chem



lllumina/Solexa sequencing

Sequencing by DNA synthesis
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©
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Fluor
Incorporation cleavage
— —
Block
removal

Adding reagents

Nucleotide incorporation
Washing

Signal detection

Fluor cleavage and block removal

Template
strand

ak~wbE

Sequencing by reversible dye terminators

Fluorescently labled reversible chain terminators
Each 4 nucleotides into the reaction

Voelkerding (2009) Clin Chem



lllumina/Solexa sequencing

Fluorescent signal detection

Voelkerding (2009) Clin Chem



SOLID: Sequencing by Oligo Ligation and Detection

Genomic DNA
e ———

Library
preparation

Randomly shear DNA v

Pl

End polishing,
Ligate adapters Limited PCR amplifies
only correct libraries
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Applied Biosystems - SOLiD

Seguencing by probe ligation

Color-Space Coding
Second base Pl’O b €S
Interrogation Probes ACCGC T Octamer
A 2 probe specific bases

 TOITTITL nnnzzz Q C i 3 degenerated bases

y , G ¥ 3 universal
_/’ T Fluorescent marker
l‘ll‘l nzzz o
A Tnnnzz Z
i . .
Cleavage Site Primer hybridisation to adapter sequence
Emulsion Bead Ligase & Thermostable “gase
O .. Probes: in 16 combination
l : Primer n W
A ' (AN NENE NN AR NE NN NN NN NN NN — ]
| P1 Adapter TA S *Ligation
emplate .
cleail‘age.' o V\(ashmg |
3 Primern ATnnn p5’:‘€(< Slgnal deteCtlon .
RRRRRRRRRRRRRRRIRRRE Cleavage — 3 nukleotid
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P1 Adapter TA 3

Template Voelkerding (2009) Clin Chem



Applied Biosystems - SOLID

Ligase
¥ Primer n AT TiannNZEZ o
C . P1 Adapter TA AA 3
Template
Primer n AT TR GT TT CA GC

S R RERRRRRRRRRRRRIRRNRRN RN NN RN R RN RN RN RRRRRRRRRRRRR

. P1 Adapter TA AA CA AA GT cG 3

Template

Another probe ligation

Cycle performs 7 times

Voelkerding (2009) Clin Chem



Applied Biosystems - SOLID

Ligase
¥ Primer n AT TiannzZEZ o
C AR NN RN NN RN EEEERNEEEEN
P1 Adapter TA AA 3

Template

D (@UillliiiiLiiiiLi L L
P1 Adapter TA AA CA AA GT CG 3

Template

3 Primer n-1 Af\nnnG'Ernnnzzz o
E AEEIEE RN RN NN RN NN NN RN EE NN
P1 Adapter T3 CA
T T Template
Denaturing Second interrogation of base

New round starts with n-1 adapter primer Each nucleotide are queried 2*
Altogether 5 rounds

3I

Voelkerding (2009) Clin Chem



(a) Solid sequencing process

nnn

2z r

nnnGGzzz

nnnATIZZ

s
"5 P1Adapter Template sequence ¥
Round Ligation cycle
1 2 3 4 5
Univarsal Seq Primar
1 - AT @5 o 1495 1920 2425
7 2 | !5l
Reset Y Universal Seq Primer n-1 I'n ,l | '|
2 3 34 BBl 1314 1829 2324
|
Reset Y . Universal Seq Primer n-2 \ ‘,l "
3 : 2,3 780 f2his 1798 2223
| |
Reset Y Universal Seq Primer n-3 ,l |'|
4 » FITITTTm 1.2 67 1142l 1617 2122
Reset Y Universal Seq Primer n-4

5 ; T 0.1 56 1011 1516 2021
(b) Principles of two base encoding

Reference ACGGTCGTCGTGTGCGT

Coo om0 EEm ) .

2base probes W W NN SENN NN NN NN SN

Sequence 1 &éé& 0,000 éééééé Wild type ™ ACGGTCETCCTGTGCGT
Sequence 2 5&5& 0,000 éééééé 2 colorchange —» ACGGTCG CCGTGTGCGT

= SNP
Sequence 3 éééé 0,0 %éééééé 1colorchange > ACGGTCGTCGTGTGCGT

= efror

saerca s OOOOOOOOOOOOOOOS
securces QOO0 OGO

Incorrect color
change » error

1 bp deletion

> ACGGTCGTCGTGTGCGT

> ACGGTC | TCGTGTGCGT

TRENDS in Genetics




Next Generation DNA Sequencing: SOLID
- Kémiai hasitds, amplifikdlds és ligdlds

Accuracy: 99.99 %

Read Position |0|1]2|3|4|5|6| 7|8 9|10/11/12|13[14|15/16[17|18]19/20 21 22/ 23|24|25| 2627|2829
- 1 Uni'.;gzrsal seq primer (n) ole L ole ole
E TrTITTITTTITITIYY _
b= < 2 Universal seq primer (n-1) ole olel | | INER ole
g | s __— Ne———— ’
% E 3 I_aneré.slalseq primer (n-2) l A Sl ale i .
= = 4 Llni-.rer;alseq primer {n-3) ‘ - ol ala ole ole
g o J I i |
& 5 Unwargs_al seq primer (n-4) ‘ ole ole ole ole
il |
u el I
3 ® Indicates positions of interrogation Ligation Cyele I 1 3 ¢ & 1
a

Table 2, 8B SOLID cycle number descriptions

Cycle number Universal primer position  Base positions identified Probe set? Positions interrogated

1 n 45 NNNAAANNN-fi 510152025
2 n-1 45 NNMATANNN-fi  4,9,14,19,.24
3 n-2 45 NNNACANNN-fl 38131823
4 n 12 AANNNANNN-fI 2.7,12,17,22
5 n-1 12 ATNNNANNN-l 1,611,161

a  * position of cleavage on each 8mer, whereas flindicates the position of the fluorescent group onthe Smer.




Table 1. Comparing metrics and performance of next-generation DNA sequencers

Platform

Roche(454) lumina SOLID
Sequencing chemistry Pyrosequencing Polymerase-based sequencing- Ligation-based

by-synthesis sequencing

Amplification approach Emuision PCR Bridge amplification Emulsion PCR
Paired endsiseparation Yesi3 kb yesri200 bp Yesi3 kb
Mbdrun 100 Mb 1300 Mb 3000 Mb
Timeiun (paired ends) 7h 4 days S days
Read length 250 bp 32-40 bp 3Sbp
Cost per run (total $3439 $8950 $17 447
direct™
Cost per Mb $84.39 $597 $5.81

a Total direct costs include the reagents and consumables, the labor, instrument amaortization cost and the dise storage space required for
data storage/access,
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Ton semiconductor DNA sequencing:

Personal Genome Machine

DNA - lons - Sequence

- Nucleotides flow sequentially over lon
semiconductor chip

- One sensor per well per sequencing reaction

- Direct detection of natural DNA extension
- Millions of sequencing reactions per chip
- Fast cycle time, real time detection

No PCR reaction, light emission,
CCD camera etc.

Sensing Layer
Sensor Plate

Instead pH measures in
microfluids

Drain Source  To column , ‘ - i ,
= receiver bl anlh ' L || ' .
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Ion semiconductor DNA sequencing
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Ion semiconductor DNA sequencing: Ton Torrent
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Table 1 | Vibrio fisheri, E. coli, Rhodopseuomanas palustris and Homo sapiens
V. fisheri R. palustris E. coli E. colf E. coli H. sapiens
GC content 38% 65% 519% 51% 51% 419%,
Genome size 4.2 Mb 55 Mb 4.7 Mb 4.7 Mb 4.7 Mb 29Gb
Number of runs x 1on chip size 1x1.2M 1 x12M 1x12M 1x61M 1x11M 1601 x12M
267 x6.1M
28 x11.1M
Fold coverage 6.2-fold 6.9-fold 11.3-fold 36.2-fold 58.4-fold 10.6-fold
Coverage 96.809% 99.64%, 99,999, 100.00% 100.00%, 9921%
Reads =21 bases 261313 444,750 507,198 1,852931 2,594,031 366,623,578
Reads =50 bases 233,049 399,360 487,420 1,698,852 2,343,880 306,042,650
Reads =100 bases 156,391 160,726 400,743 1,012918 1,779,237 139,624,090
Mapped bases 26,0 Mb 37.8Mb 47.6Mb 169.6 Mb 2739 Mb 30.2Gb

Coverage shows percentage of genome covered based on one or more reads mapping to each base of the reference genome. Reads align with 98% or greater accuracy

JM Rothberg et al. Nature 475, 348-352 (2011) doi:10.1038/nature10242
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