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Initial sequencing and analysis of the
human genome
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13 years and $3 billion required for the Human Genome Project's
reference genome
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Clone-by-clone shotgun sequencing  Whole-genome shotgun sequencing

Al TOOCARTIGTAGA CGRTCGATGACTA
TAACCTOCATGCT| CAGCTAGOGTGAT
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Nature Reviews | Genetics

The $300,000,000 Celera effort was intended —
to proceed at a faster pace and at a fraction of Aty spuinaind tioems
the cost.. Yoo e
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Sanger sequencing

(invented in the early 1970s)
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* 96 samples
* 800 nt / sample
¢+ 1.600.000 nt / day

* Human genome: 3.000.000.000 bp
* Minimum coverage for an accurate
analysis: 8X = 24.000.0000.000 nt

24.000.000.000

= I
1.600.000 15.000 days!

“No Generation” Sequencing
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New Generation Sequencing!

GS20 (2005)
100 bp x 200.000 Reads = 20 Mbp

lxs

GS FLX (2007)
200 bp x 400.000 Reads = 100 Mbp

1 ﬁ
GS FLX Titanium (2008)
400 bp x 1 M. Reads = 500 Mbp

454

o

SEQUENCING

GS20 (2005)
100 bp x 200.000 Reads = 20 Mbp

1 xs
GS FLX (2007)
200 bp x 400.000 Reads = 100 Mbp

1 X5
GS FLX Titanium (2008)
400 bp x 1 M. Reads = 500 Mbp

454 “Revolution”

>00405_2045_2005
CAGTCTCGTCGTCGTACGATCGTACGTAGCTTCACTTACGTACGCGGCG

GGGCGCATCTGCGCGCGCGATTATATCATCATCATACTCAGCATCGTCC
ATC

>00343_3489_2007
CAGTCTCGTCGTCGTACGATCGTACGTAGCTTCACTTACGTACGCGGCG
GGGCGCATCTGCGCGCGCGATTATATCATCATCATACTCAGCATCGTCC
ATCGATCGATCGATGATCGACGATCGTAGTCTACGTAGTACGTAGCTAG
CTTCGATCGATCGTACGTACGTCGTACGTAGTCAGACGTCAGCTACAGT
CATCTACGTAGCTCTACGTCGTGCATGCTAGCTATCGATCACGACTTAT
GCATC

>01384_3992 2008
CAGTCTCGTCGTCGTACGATCGTACGTAGCTTCACTTACGTACGCGGCG
GGGCGCATCTGCGCGCGCGATTATATCATCATCATACTCAGCATCGTCC
ATCGATCGATCGATGATCGACGATCGTAGTCTACGTAGTACGTAGCTAG
CTTCGATCGATCGTACGTACGTCGTACGTAGTCAGACGTCAGCTACAGT
CATCTACGTAGCTCTACGTCGTGCATGCTAGCTATCGATCACGACTTAT
GCATCCTCGGTATTCGGCGTACGATCGCTGACTGCTCGATTTTCGATCG
TACGTACCGTCAGCTAGCTAAAAAAAAAGCTGCGCGGTCAGCATCGTTG
CATGCGCTACTGCTAGTACGTAGTAGTGCTACGTTTTATATCGTCGCCA
AATCTCTTCGGCTTTCG
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The complete genome of an individual by massively
parallel DNA sequencing

Chaeid A. Wheeler'*, Matthrwgan Semteasan™, Michaol Egnclm™, Yuleng Shen', Lot Chen'. Amy McGare”,
Wen Me', Yi-iu Chen’, Vinod Mathtani’. G Thomas Roth', Xavier Gomes'. Karve Tartaro't, Faheem NMaz’,
Cynthia L. Turcotte’, Geraed P, irzyk”, James R Lepshi™™, Craig Chinault’, Xing-2hi Song', Yue Liv', Ye Yuan
Lyrwe Nazareth', Xiang Qn’, Doona M. Muany’, Marce! Marpulies®, George M. Weinstock'*, Rckard AL Gibbs**
& Jonatham M. Rothberg™t

2 months and 2.000.000 USD with 454 Life Sciences
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Now Generation Sequencing

GS FLX+ System Porformance

Reod Length Up 10 1,000 bp
Mode Road Length 700 bp
Throughput Profile &5% of total bases from reads >500 bp

A5% of totel hases from reads > 700 bp

Typical Throughput 700 Mo

Reads per Run 1,000,000 =
Cansensus Accuracy” SO0 GSFLX
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Genome Analyzer Il (x) :

B0 VARHON B ey
End 2007: 30 million reads, 33 nucleotides each (1 Gbase)
End 2008: 50 million reads, 50 nucleotides each (2.5 Gbases)
2010: 300 million single reads, 150 nucleotides each
600 million paired reads, 150 nucleotides each (90 Gbases) .
. illumina
HiSeq 2000 .
"u‘ . " | 1, i
)
! il ) )
T VL ey

HIGHEST OUTPUT
600 Gb per run

HIGHEST NUMBER OF READS
Three billion (100 or 2 x 100) reads

iz

llumina
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Figure 7. Complede Genomics Ssguencong Instrument.
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Complete Gunomics Reports Fourth Quarter and Fiscal Year 2011
Results
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About BGI

BGl was founded in 1999 as the Beijing
Genomics Institute. It now has several
branches and subsidiaries including:
BGI-Shenzhen, a nonprofit research institute;
BGI-Hong Kong, a private institute that
manages international collaborations and
transfers profits to BGI; and BGl-Americas,
located in Boston, which just celebrated its
one-year anniversary and announced new joint
projects with the Broad Institute and the United
Kingdom. BGI has about 4,000 employees and
the capacity to sequence the equivalent of
1,600 complete human genomes each day.
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Pamaw 4 Seterrens vobeme

The commercial PacBio RS instrument generates .
average read lengths of 1,000 bases, with a small 95t peecoatiie: 508

fraction of reads longer than 10 kilobases, and have a . S
typical run time of 30 minutes. The commercial =

instrument runs chips with 75,000 wells, or zero-mode |
waveguides. The commercial raw read accuracy is Illl
between 85 and 90 percent. “lllln.._

September 27, 2011

With the C2 chemistry, the Expression Analysis team achieved average read
lengths of 2,715 base pairs, with a mean maximum read length of 13,091 base
pairs. "Our personal best is just over 14,000 bases," Hurban said.

Despite the potential of PacBio's platform to produce very long reads, which
would enable better assemblies, adoption of the instrument since its launch in
the second quarter of this year has been slower than expected. As a result,
PacBio last week announced that it would have to lay off around 130
employees

01/10/2012
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MiSeq January, 2011

Road L emglh Vutal Vime for Ampiificatiun anid Outpeat * *
Segsendng*

23 llumina

Next Generation Sequencing

lon Proton™ Sequencer
The Benchtop Genome Center January 10th, 2012

» Supports lon Proton™ | and
Proton™ |l chips

€209,800 system list price
(sequencer and server)
— $164,900 for lon PGM™ owners

State-of-the-art electronics to
support highest throughput

01/10/2012
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January 10th, 2012
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Resequencing is good only if the
reference genome is good

Next Next (Next) Generation Sequencing
Technologies for haplotyping and de-novo
assembling

01/10/2012
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Biological nanopores

genia
Electronic

BIOSCIENCES

Oxford

NANOPORE

Technoiogies®
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Label-free, single molecule analysis
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Oxford Nanopore megaton announcement: “Why do you need a machine?"” -
exclusive interview for this blog!

v Nack Lumes

Sometimes this genome blogging lark really pays off, Y
aunouncement at AGBT, and 20 minates 1o speak with
(Chief Technseal Officer) and Zoe MceDougall [Director @
they sabd anril the embargo waa lifted ar 5pm today!

sk preview of 1he big
i Applicaticns), Clive Brown
it | eouldn't tell anyone what

1 askod a8 many qoestioes as 1 coudd without knowing the eontenta of the AGRT talk. T probabdy should have asked a huseh more. 1
do remmember saying “wow” quite a ot

First, go and read the prr

Two ;rnd ounced
* Minlon - USE disposable sequenicer foe -
[ = Minlon can rum at 120-1000 hases/mmute per pore for up to 6 hours
* Gridlon
[ = Gndions can be racked in parallel, 20 could do a whole buman genome (o 15 unutes
* Each Gridlon can do “tens of glgabuses” over 24 hours
Both machines commescially available and half 2013
Sequencintg cn be paussd, sample rocoversd, toplaced, started again

Acruracy i Q0%, extors are deletions, errar profile will imperove thruugh software

s ap
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Reaching the

$1606 $100 genome.

Current Status: alpha testing (beta testing to start by end of
2012)
Projected commercial availability: 2013

Sequencing the Human Genome

Human Genome Project James Watson Personal genome

1988 — 2001 2007 2010
13 years 2 months 7 days
3.000.000.000 dollars 2.000.000 dollars 10.000 dollars

01/10/2012
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