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Sequencing

DNA sequencing: the
Sanger (di-deoxy) method
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DNA sequencing: the Sanger (dideoxy) method
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DNA sequencing: the Sanger (dideoxy) method
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Technologies/Platforms:
Roche/454 FLX: 2004

llumina Solexa Genome Analyzer: 2006 Read length
Applied Biosystems SOLID System: 2007 Speed
Helicos Heliscope: 2010
Pacific Biosciencies SMRT: 2010 Preperation time

LifeTechnologies lon Torrent: 2011 Manipulation steps (amplification needed)

Next generation sequencing

Parameters:
Cost (device, cost/Mb)

Accuracy

Number of bp (billions)
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next-generation sequencing machine

1995 ‘96 ‘97 ‘98 ‘99 2000 01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08

Years
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Table 1 | Comparison of next-gensration sequencing platforms

Platform

Roche/454%
G5 FLX

Titanium

Ilumina/
Solexa GA.

Life/APG's
S0LID 3

Polonator
G007

Helicos
BioSciences
HeliScope

Pacific
Biosciences
(target
releaze:
2010)

Library/
template
preparation

Frag. MPf
emPCR

Frag, MP/
solid-phase

Frag. MPf
emPCR

MP only/
emPCR

Frag, MP/
single
melecule

Frag only/
single
melecule

NGS Read

chemistry length
(bases)

PS 330*

KT 750r
100

Cleavable 50

prebe SBL

Non- 26

cleavable

prebe SBL

RTs iz

Real-time  064*

Run
time
(days
0.35

£

77, 145

57

N/A

)

Ghb

per
run

0.45

181,
358

30,
50¢

124

im

N/A

Machine
cost

(USS)
500,000

540,000

505,000

170,000

899,000

NFA

Pros

Longer reads
improve
mapping in
repetitive
regions: fast
run times

Currently the
most widely
used platferm
in the field

Two-base
encoding
provides
inherent error
correction

Least
expensive
platform:;
open source
toadapt
alternative
NG5S
chemistries

Non-bias
representation
of templates
for genome
and seq-based
applications

Has the
greatest
potential
for reads
exceeding
1kb

Cons

High reagent
cost: high
eITorrates

in homo-
pelymer
repeats

Low
multiplexing
capability of
samples

Long run
times

Users are
required to
maintain

and quality
control
reagents;
shortest NG5
read lengths

High error
rates
compared
with other
reversible
terminator
chemistries

Highest
ErTOr rates
compared
with other
NGS
chemistries

Biological Refs

applications

Bacterial and insect D. Muzny,

genome de novo pers.

assemblies: medium COMM.

scale (<3 Mb) exome

capture; 165 in

metagenomics

Variant discovery D. Muzny,

by whaole-genome pers.

resequencing or COMM.

whole-exome capture;

gene discovery in

MeTagencmics

Variant discovery D. Muzny,

by whaole-genome pers.

resequencing or COMM.

whole-exome capture;

gene discovery in

metagenomics

Bacterial genome :

resequencing for Edwards,

variant discovery pers.
Comm.

Seq-based methods a1

Full-length 3. Turner.

transcriptome pers.

sequencing; comm.

complements other
resequencing efforts
in discevering large
structural variants and
haplotype blocks

*Average read-lengths. *Fragment run. $Mate-pair run. Frag, fragment; GA, Genome Analyzer; G5, Genome Sequencer; MP, mate-pair; M/4, not availabls;
MGE, next-generation seguencing; F5, pyroseguencing; BT, reversible terminator; 8L, sequencing by ligation: SOLID, support aligonuclectide ligation detection.
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Next generation sequencing

Thoche(4s9)_Lmia s>

Chemistry
Amplification
Paired ends/sep
Mb/run

Time/run

Read length

Cost per run (total)

Cost per Mb

Pyrosequencing
Emulsion PCR
Yes/3kb

100 Mb

7 h

250 bp

$8439

$84.39

Polymerase-based
Bridge Amp
Yes/200 bp

1300 Mb

4 days

32-40 bp

$8950

$5.97

Ligation-based
Emulsion PCR
Yes/3 kb

3000 Mb

5 days

35 bp

$17447

$5.81
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Roche (454) Workflow

Roche (454) GSFLX Workflow:
Library construction Emulsion PCR PTP loading

Annealed
’ P, primer

Luciferin

DNA capture bead
contaming millions
of copies of a single
clonally amplified Light + Oxy Luciferin
fragment

Pyrosequencing reaction TRENDS in Genetics




Sequencing
Illumina (Solexa
Workflow

Adapter
!/ DNA fragment
‘ ! L> Dense lawn
\ . of primers

=<2 Adapter
- L . ] |
- \ L
Adapters fan . ,' 1% ‘.
1 J
Prepare g ic DNA Pl ' ' a 'y Attach DNA to surface
Randomly fragment genomic DNA | s d ] > Bind single-stranded fragment:
and ligate adapters to both ends of ' ' ' randomly to the inside surface
the fragments. ' of the flow cell channels.
« »°, Nucleotides i |
2N 3
i 4
: i 3
F ' i o
\ ' l  ; N \ ‘ i 3

l'l‘r'll‘$

B VAT R o 9 LK%
T $
sy !, Age amplification : 'L : < IJ ( * Denature the double

"SR ” Add unlabeled nucleotides stranded molecules
! ! and enzyme to initiate solid- '
] phase bridge amplification. '

First chemistry cycle:

determine first base ‘
To initiate the first

sequencing cycle, add

all four labeled reversible G

terminators, primers, and
DNA polymerase enzyme

to the flow cell.

- ' Sl Before initiating the
' 1 ge of first ch i y cycle next chemistry cycle
' ! After laser excitation, capture the image The blocked 3' terminus
of emitted fluorescence from each and the flucrophore
cluster on the flow cell. Record the from each incorporated
identity of the first base for each cluster. base are removed.

Laser

@ @ - G ®

*. -». > G -». — LCTOA...
® @ ® G ® o ® o & G

Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.

Mardis ER. 2008.
Annu. Rev. Genomics Hum. Genet. 9:387—<402
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ABI SOLID Workflow

(a) Solid sequencing process

Universal primer

peds "5 P1 Adapter

Round

Universal Seq Primer
1 = FITTTITm
Universal Seq Primer n-1

Reset T
2 = TITITITITIN

Universal Seq Primer n-2

Reset Y
3 - ITTTm 2,3 78!

Reset Universal Seq Primer n-3 -
* » ITITITTTm ,

Reset Y Universal Seq Primer n-4

5 - FTm 0.1

(b) Principles of two base encoding

Reference ACGGTCGTCGTGTGCGT

Coo mmm 0 e
2base probes NN PN EEEN SRNN DENN SRNN NN SN

e 3883838838388382
s S883838838288382
s S333888838888382
s SE33838838288282
woiens 38888 1338823382

-

nnn

¥

1z nnnGGzzz
mrrrr( mr ol

nnn 227

nnnATzz2

Template sequence 3

Ligation cycle

1 2 3 a 5
fak @io 1415 1920 2425
|
3ul @Rl 1314 1829 2324

—
|
1.1

6.7

56

Wild type

2 color changs
= SNP

1 color change

= efrror

Incorrect color
change » error

1 bp deletion

f2l1s 1718 2223

5
1142l 1817 21,22

10,11 15,16 20,21

= ACGCTCCTCCTGTCCET
» ACCGTCG CCGTGTGCGT
> ACGGTCGTCGTGTGCGET
* ACGGTCGTCGTGTGCGT

> ACGGTC | TCGTGTGCET

TRENDS in Genetics
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lon Torrent

348 NATURE VOL 475 21 JULY 2011

An integrated semiconductor device
enabling non-optical genome sequencing

Jonathan M. Rothberg', Wolfgang Hinz', Todd M. Rearick', Jonathan Schultz', William Mileski', Mel Davey", John H. Leamon',
Kim Johnson', Mark J. Milgrew!, Matthew Edwards', Jeremy Hoon', Jan F. Simons', David Marran', Jason W. Myers',

John F. Davidson', Annika Branting', John R. Nobile', Bernard P. Puc', David Light', Travis A. Clark', Martin Huber",

Jeffrey T. Branciforte, Isaac B. Stoner!, Simon E. Cawley', Michael Lyons', Yutao Fu', Nils Homer!, Marina Sedova', Xin Miac',
Brian Reed', Jeffrey Sabina', Erika Feierstein', Michelle Schorn', Mohammad Alanjary', Eileen Dimalanta', Devin Dressman’,
Rachel Kasinskas', Tanya Sokolsk}fl, Jacqueline A. Fidanza', Eugeni Namsaraev', Kevin I. McKernan', Alan Williams',

G. Thomas Roth' & James Bustillo
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Applications

Genomes
Re-sequencing Human Exons (Microarray capture/amplification)
small (including mi-RNA) and long RNA profiling (including splicing)
ChIP-Seq:
Transcription Factors
Histone Modifications
Effector Proteins
DNA Methylation
Polysomal RNA
Origins of Replication/Replicating DNA
Whole Genome Association (rare, high impact SNPs)
Copy Number/Structural Variation in DNA
ChIA-PET: Transcription Factor Looping Interactions
The $1000 genome

Current bottle neck: Data management!!!

Ehe New JJork Eimes DNA Sequencing Caught in Deluge of Data (Published: November 30, 2011)



