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Single Nucleotide Polymorphisms (SNPs)

a SNPs
+ + v
Chromosome 1 AACACGCCA... TTCGGGGTC.... AGTCGACCG....
Chromosome 2 AACACGCCA... TTCECEGAGGTC.... AGTCA ACCG....
Chromosome 3 AACATGCCA... TTCGGGGTC.... AGTCA ACCG....
Chromosome 4 A A CA GCCA... TTCG GGTC.... AGTC ACCG....

\

b Haplotypes __.I.ll 1;_’
Haplotype1 CTCAAAGTACGGTTCAGGCA
Haplotype2 TTGATTGCGCAACAGTAATA
Haplotype3 CCCGATCTGTGATACTGGTG
Haplotype 4

e

e Tag SMPs
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« Allan Maxam and Walter Gilbert at Harvard University

(PNAS, Feb, 1977).

o Frederick Sanger at the U.K. Medical Research
Council (MRC) (PNAS , Dec,1977).

o 19804E 3R MR

Journal of Molecular Biology

7, Issue 3, 14 May 1971, Pages 491-511

Nucleotide sequence analysis of DNA ™ ™: |I. Complete nucleotide
sequence of the cohesive ends of bacteriophage A DNA
Ray Wu, Ellen Taylor
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MAXAM-GILBERT PROCEDURE

DNA ===

Figure 5-12  Two restriction mapa fora: ‘cated by arrows. The color indicates a set of -
segmeiit of DNA. X and Y are simply. Iabcl ~ sites for a particular restriction enzyme.
for fragments generated by cats at sites indi-
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Sanger Sequencing

Courtesy of Dr. F. Sanger, MRC, Cambridge.
Noncommercial, educational use only.
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Sequencing Reaction

Location of Thymine bases in DNA template

T T T

Polymerization with dNTP's and
small amount of ddATP

Collection of fragments of newly synthesized DNA:
They all end in ddA at locations of complementary T bases in the template
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Leroy Hood and Lloyd Smith of the
California Institute of Technology
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| Electrophoresis of

reaction mixtures

Autoradiography to
visualize bands and
deduction of 5'—» ¥
saquence of nowly
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strand by reading order
of bands from bottom
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Multiple-sheathflow capillary array DNA analyser
Kambara, Hideki
Nature. Vol. 361, no. 6412, pp. 565-6. 11 Feb. 1993

Capillary
tubing

L TGAGT ATC GGA,
CAGTA TOGGEM
L AGTA TOGGA

VO GLA TCGGA

' 3 3
L TATICGGA
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J. Craig Venter
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Dramatic reductions in
sequencing cost will lead
very different approach of
biomedical researches,
and eventually, will
revolutionize the practice
of medicine.
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Whole human genome re-sequencing
« Present Cost: about 10, 000, 000 USD

« Near Goal: 100, 000 USD
o Ultimately: 1, 000 USD

DNA sequencing costs have fallen more than 100-fold over the past decade, fueled in large part by tools, technalogies
and process improvements developed as part of the sccessful effort to sequence the human genome, However, it il
mst@l{l million to sequence 3 billion b@he amount of DNA found in the genomes of humans and

other mammals.

NHGRI's near-term goal is to lower the cost of sequencing a mammalian-sized genome

iﬁ]ﬁ@i{h would enable researchers to sequence the genomes of hundreds or
even thousands of people as part of studies to identify genes that contribute to cancer,
diabetes and other common diseases. Ultimately, NHGRI's vision is to cut the cost of

whole-genome sequencing to $1,000 or less, which would enable the sequencing of
individual ienﬂmes as Eart W’ : abiliti* to saﬁuenie each ﬁersnn'ﬂ
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Roche (454) GSFLX Workflow:

Library construction

PTF loading

!
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Pyrosequencing Biochemistry

Sulfurylase

Polymerase ’

3 CGTCCEEAGGERMMGTTCCA ° APS+PPi ATP Light

LGC AGGCOEH 3 luciferin oxyluciferin

\

Luciterase

ATP Light el

Polymerase <1 s : '
I}DNAJn + dNTP > fDNA:'n,,] + PPi Mucleotide Incorporaftion generales ||ﬂ|’1!

el s Q F.'It‘.‘-‘Efll(. in rl"ll": P':.-"H;-‘QTEJI]'I Irace

) Apyrase
dINTP » dNDP + dNMP + phosphate

Apyrase
ATP >  ADP + AMP + phosphate

2014-4-3 B — AR PR 4 0 R R N




Ehe New ork Eimes -
Try Times Reader Free Sc.ence

WO RLLT I.5. IN.¥. f REGIOIN BUOSINESS TECHINOLOGY SCTEMNCE HEATTH SPFORTS O PITNIOCON
ENWIROMMENT SPACE & COSMOS

A D»E LT A = - HEALTH

= SPhEkATL

CHAMNGE IS: A NEVV EXPERIENCE > DELT A

Wi'e're revoluticnizing the way yvaow travel

Genome of DINA Discoverer Is Deciphered

By HNHICTHOLAS WADE

ublished: June 2007

SIE=EM I TO E-RAAIL
R SAWE THIS

The fuull senome of James D). Watson, who jointly discovered the =h FRINT
structure of DTNA in 1953, has been deciphered, rmarlkdng what some E] SINGLE PAGE

scientists beliewve is the gcatewaw to an impending era of personalizmed
~ = REFRINTS

Tenormic rmedlicirne.
SHARE

Enlarge This Image A copw of his genome, recorded on two
i 1 DV IDs, was presented to Do, Watson
wvesterday in a ceremony in Houston by
Fichard A. Gibbs, director of the
Hurman Genome Seqgquencing Center at the Bavlor Colleoce
of Medicine, and by Jonathan WM. Rothberg, founder of the

company 5.4 Life Sciences.

“1I arm thrilled to see my genome,” Dr. Watson said.

Dr. BEothberg's company males an innovatwe DIV A
sequencing machine, thhe latest version of which proved
capable of decoding Dr. Watson's genorme in two months
at a cost of less thhan $i1 million, said Michael Egcholrm,

Jame= D. Wat=zon, co-discowverer of the

DMA helo and father of the Human A5:47s vice president for research. The seguence was wverified
Eenome Project, prepares to autograph - . .

hi= book at the Bawvlor College of and analyvzed by Dr. (Gibbs’s center in Houstorn. It was Dr.
Medicin="= Hiuran Genome Sequencin = + ) - - -
Cente:- - = ilns wito poooprosad tlhe idea of seguencing Dr. Watson's

TEeILOITLE.
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Random array of clusters 40 million clusters per experiment




lllumina Solexa Sequencing

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

IE#?TAEE.’I."‘.:T,

” I'lllI Ill I| |I :'

¢) romove fluprescante

First chemistry cycle: to initiate the first After laser excitation, capture the image of Second chemistry cycle: to initiate the
B ] i sequenicing cycle, add all four labeled reversible  emitted fluorescence from each duster on the next sequencing cycle, add all four labeled
3# Uf'ljlﬂ' |ﬂﬂT|:|'|i| |“.'|"'| terminators, primers and DNA polymerase flow cell. Record the identity of the first base reversible terminators and enzyme to the
enzyme to the flow cell for each cluster. flow cell.
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® Individual genomes
from Africa and China

@ Acute myeloid
leukaemia genome

® Designer nucleases
for gene therapy
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ABI| SOLID Workflow

(a) Solid sequencing process

Universal primer

*um
Lhmad, " P1 Ad - T | EN0S
ol | Adapta emplate saquence

Ligation cycla
5 &
Univarsal Saq Primer

Univarsal Seq Primer n-1
Unmversal Seq Primer n-2
Universal Seq Primer n-3
Univarsal Saq Primer n-4
(b) Principles of two base encoding
Reference ACGGTCGTCGTGTGCGT

2bege probes ==

BURE 1130 1T TTT —
e S8S3EEEEIEIEILY e s ceranec
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Chip clamp with

fluidic and

electrical interfaces

Electronics
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Sequencing reagent tubes

iPod and iPod dock

Integrated touch screen

Fluid bottles
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(1) Cy3-S-S-dATP.
(2) Cy3-S-S-dCTP.
St
(1) Cy5-S-S-dATP.
(2) Cy3-S-S-dUTP.
B=4:
(1) Cy3-S-S-dATP.
(2) Cy3-S-S-dCTP.
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TEATCAEGGTCCCATTTITGGCOCTA 5'

3

%

1: 5-A(TT)(AG)(CCT)(AGGG)T(AAAA)(CC)(AGG)T-3'

LS VU 2 )

2: 5'-A(TT)A(GT)(ACC)(GGGT)(AAAACC)(GG)AT-3'

e I T e [T

)GT(CC)A(GGG)( T)(CCGG)(AT)-3'

5'-ATTAGTCCAGGGTAAAACCGGAT-3’
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Figure 2 | Single-channel recordings comparing permanent and transient adapters. a, The WT-(MT2R/M13900, «HL pore showing transient adapter
binding (40 ph am,BCLED and nuclectide detection. Histogram of the residual current of nuclectide binding events. b, Corresponding data for the WT-
CRATIZR/ M9 00 OWT3R/ M1390/ 13500, mutant with a covalently attached amgamPDP,BCD, allowing continuous nucleotide detection and enhanced
nuclectide discrimination (see histogram). The traces were recorded in 800 mi EC| 25 mb Tris HCIL, pH 7.5, at 4160 mY in the presence of 10 phA dGMP,
10 pM dTMP, 10 pM dAMP and 10 ph dCMP.
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Figure 3 | Nucleotide event distributions with the permanent adapter. a, Single-channel recording from the WT-(MT13R /MN1390) . (MT3R /MN1390 /L1350C),-
amamDP;BCD pore showing dGMP, dTMP, dAMP and dCMP discrimination, with coloured bands (three standard deviations from the centre of the
individual Gaussian fitz) added to represent the residual current distribution for each nucleotide. b, Corresponding residual current histogram of nucleotide

binding events, including Gaussian fits. Data acquired in 400 mM KCL, 25 mM Tris HCI, pH 7.5, at +180 mV in the presence of 10 uM dGMP, 10 pM ATMP,
10 pwivi aAMP and 10 pM dCMP.



TCCAAGCAACAGCAGGTTTCCGAGATTATGCGCCAAATGCTTAC
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Pressure-Controlled Motion of Single Polymers through Solid-State
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DNA sequencing using electrical conductance

measurements of a DNA polymerase
Yu-Shiun Chen'?, Chia-Hui Lee?, Meng-Yen Hung?, Hsu-An Pan®?, Jin-Chern Chiou**

and G. Steven Huang™*

The development of personalized medicine—in which medical treatment is customized to an individual on the basis of
genetic information—requires techniques that can sequence DNA quickly and cheaply. Single-molecule sequencing

tmologies, such as

can potentially be used to sequence long strands of DNA without labels or amplification,

but a wiable technique has yet to be established. Here, we show that single DNA molkcdes @n be sequenced by
monitoring the electrical conductance of a phi29 DMA polymerase as it incorporates unlabelled nucleotides into a !

strand of DNA. The conductance of the polymerase is measured by attaching it to a protein transistor that consists of an
antibody molecule (immunoglobulin G) bound to two gold nanoparticles, which are in furn connected o source and drain
electrodes. The elecirical conductance of the DNA polymerase exhibits well-separated plteaux that are ~.3 pA in height.

Each plateau corresponds to an individual base and is farmed at a rate of ~ 22 nucleotides per

second. Additional spikes

appear on fop of the plateaux and can be used to discriminate between the four different nuclectides. We also show that

I and can difficult I such as

the sequencing platform works with a variety of DNA
homapolymers.

cine'? and requires a high-throughput technique that can

decode gemomes at an affordable price and within a reason-
able timeframe™®. In the past decade, next-generation sequencing
technologies have been developed that are based on arrayed reac-
tions that sequence amplified DNA targets™". Compared with
first-generation Sanger sequencing, this appmach significantly
reduces the time required to completely sequence a human
genome, but the short read length and high error rate lmit its
further application to unknown genomes®: =12,

Third-genemtion sequencng (dngle-molecule  sequencing
technology) does not require amplification, ligation or cloning,
and & expected to provide single-maolecule mesalution, a long
read length and negligible ermr rate, together with a reduction
in cost'™*. Such methods typically inwolve cyclic reactions
using fluorescent substrates that am monitored by optical
imaging'~*-4, and have, for example, been used to sequence the
M13 viral genome'+,

An altemative third-generation approach i nanopore sequen-
cing, which identifies a molecule by measuring the modulations in
the ionic current acmos a synthetic or biological poreasa DNA maol-
ecule is driven through it under an applied potential ' This
approach has been used to read DNA at single-nuclectide resolution
by using a phi2® DM A polymerase (#29) to control the rate of DMA
trandocation through a MspA nanopore'”. Onxford Nanopare
Technologies has abo reportedy used a pmtotype nanopore
device to decode a viml genome in a single pass of a complete
DNA strand *2",

However, the performance of commercialized third-generation
technology is currently only comparable to next-generation sequen-
cing methods™*? and the problems of short read lengths and high
ermr rates have yet to be solved 24, Accordingly, a third-generation

E ccurate DA sequencing is critical to personalized medi-

sequencing method that can provide high-quality sequencing data
with long read lengths and low error rates is still required.

DMA polymerase is an enzyme that catalyses the synthesis of
DNA when provided with the four deoxynuclenside-5-triphos-
phates (dATP, dTTP, dCTP, dGTP; abbreviated dNTP), a
template strand and a primer with a free 3-OH end®. During
the reaction, a complementary dNTP is chosen based on template
base-pairing, which forms a phosphadiester bond to the 3-OH of
the primer and releases pyrophosphate. The chain elongates as
DNA polymerase proceeds along the template strand, before
dissociating from the template. The interaction between a dNTP
and DNA polymerase exhibits a classical Michaelis-Menten
mechanism consigting of substrate-hinding (base-pairing) and
bond-formation steps®.

Electrical conductivity is a useful tool for monitoring single-
maolecule dynamics”. The sensitivity, reproducibility, reversibility,
convenience and dynamic response of conductance measurements
should also be beneficial in monitoring enzyme dynamics.
Theretore, by tracking the electrical conductance of DNA polymer-
ase during replication, it should be possble to identify sequence-
specfic nudectide incorporation due to differences in base
pairing and chemical compasition. In particular, the electrostatic
reorganization and non-covalent interactions between the enzyme
and the substrate may enhance the electron trander environment®,
and the enzyme-substrate complex could become maore conductive
during catalysis, particularly during the recrientation and redistri-
bution of charges in the transition sate.

In this work, we aim to develop a single-molecule sequencing
technology based on the measurement of the electrical conductance
of DMA paolymerase as nucleotides are incorporated into the
growing DNA strand. A protein transistor, which provides stable
conductance readings, was designed to hold a DNA polymerase

" Department of Biological Scence and Technolagy, Mational Chiso Tung Universty, 1001 University Road, Hainchu, Taiwan, Ching, “Biomedical Bectronics
Translstiona | Resarch Center, Mational (hiso Tung University, 1001 University Road, Heinchy, Taiwan, Ching, *Department of Materials Science and
Enginesring National Chise Tung University, 1001 U niversity Road, Hsinchy, Taiwan, Ching, “institule of Ekctrical and Cantrol Engineering, National Chiao
Tung University 1001 University Road, Heinchu, Taiwan, (hina "e-mail getevehuang @mailne b edutw
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A protein transistor made of an antibody molecule

and two gold nanoparticles
Yu-Shiun Chen', Meng-Yen Hong? and G. Steven Huang®*

A major challenge in molecular electronics is to attach electrodes to single molecules in a reproducible mamer to make
molecular junctions that can be operated as fransistors. Several attempts have been made to attach dectrodes o proteins,
but these devices have been urstable. Here, we show that self-assembly can be used to fabricate, in a highly reproducible
mamer, molecular junctions in which an antibody moleaile {mmunoglobulin G) binds to two gold nanopartides, which in
turn are connected to source and drain electrodes. We also demonstrate effective gating of the deviees with an applied
voltage, and show that the charge transport charackeristics of these protein fransistors ame cawsed by conformational
changes in the antibody. Moreoaver, by attaching CdSe quantum dots to the antibody, we show that the protein transistor
can als be gated by an applied optical fiekl. This approach offers a versatile platform for investigations of single-
molecule-based biological functions and might ako lead to the Brge-scale manufacture of integrated bioglectronic circuits.

he electronic properties of an isolated protein molecule
Tdcpcnd an its orientation', and because mo.:jfm‘td.ns in-

tain their native sructures only in physiological media,
measurements are only meaningful when the protein has a well-
defined orientation and i in a hydrated form** . Scanning tunnelling
microscopes (STMs47 and atomic force microscopes ( AFMs)A-12
have been wsed to measure the electrical conductance of self-
assembled monolyers or single molecules of proteins. For
example, the STM break-junction approach'® has been used to
probe electron transport in a variety of organic molecules’ !+,
An 5TM can also be used to measure the electrical properties of
maolecules attached to a metal abstrate ™2, and this method has
been used to sudy proteins such as azurin®®>*, bactedorhodop-
sin*®, yeast cytochrome ¢ (ref. 9) and ferrtins®''.

Based on analyses of electronic coupling strengths, it has been
suggested that the efficiency of long-range electron transfer in pro-
teins depends an their secondary structure. In particular, structures
called sheets appear to mediate coupling more efficiently than
helical structures (even though hydmogen bonds have a critical role
in both smctures™). These studies mggest that it might be possible
ta modulate the charge transfer properties of proteins—and thus
make a protein field-effect transistor—by manipulating their
secondary structure.

Attempts have been made to integrate protein monolayers into
electmonic devices™™". For example, photosynthetic pmotein com-
plexes have been integrated into arganic self-assembled monolayers
on gold aurfaces in solid-state electronic devices**, and the arientation
of the proteins is controlled by specific binding of polyhistidine-tag-
Ni** to the monolayers. Internal quantum efficiencies of ~12% have
been achieved for photodetectors and photovoltaic cells, A protein
thin-film transistor consisting of a 100 nm nanogap coated with an
arnrin monoliyer® has ako been constructed, but the cumrent-
vaoltage (I-V) performance deterorates over time, probably due to
an unstable molecular junction between the electrode and protein.
A vertical-type malecular teansistor made with 2 4 nm channel and
a bovine serum albumin monolayer between the soune and drain
electrodes has shown high gate sensitivity”,

Attempts to construct a single-molecule protein device have led
to the fabrication of a large-scale nanojunction array that serves asa
framework for azurin molecule adaptation®. The nanojunction,
which has a nanogap of ~5nm and azurin immobilized on the
bottom electrode via a disulphide bridge, i daimed to be able to
integrate a sngle protein molecule between the electrodes.

It isnow technically possible to achieve electrical contact hetween
both sides of a protein, but, in the absence of specific binding,
forcing an electrode or AFM tip into a protein can cause unpredict-
able denaturation of the protein that, in many instances, results in
inconsigtent electron transfer. Furthermaore, to achieve large-scale
fabrication of maolecular devices, the ahility to reliably self-assemble
the molecular junction is an important consideration,

In this work we use self-assembly between an antibody and
antigen to make molecular junctions. We have previously isolated
an immunoglobulin G [IEG] antibady that recognizes 5-nm-diam-
eter gold nanoparticles™. We allowed this anti-nanoparticle IgG
to bind to two gold manopartides to form a junction. IgG is a
Y-shaped molecule that contains three separate domaing two Fab
fragments (the ‘arms’ of the molecule) and an Fefragment (the stalk
of the ¥ shape). The Fab is connected to each Fc by a flexible hinge
af 12-19 amino acids, which allows the 1gG malecules to bind to a
broad range of antigens. This meansthat it is possible to form astable
protein-to-metal junction between the IgG and the electrodes, which
could be particulady useful in the creation of protein transistors,

Fabrication and characterization of a protein transistor

Electron microscopy provided stmuctural information on the gold
nanoparticle-immunoglobulin complex (NP-IgG). Because the
protein compaonents could not be observed easily, we incorporated
CdSe quantum dot-conjugated goat anti-mouse IgG [QD-IEC;’] to
amist in visualizing the NP-IgG complex. Binding complexes of
NP-IgG and QD-Igli’ were examined using electron microscopy
(Fig. la). The nanoparticles and quantum dots appear as solid
spheres with diameters of 5 nm and 3 nm, respectively, and the
protein components appear as a blumed mass. IgG can bind two
nanoparticles, forming a NP-IgG-NF dimer. Each complex consists

" Bomedical Electronics Translational Resaase h Canter, Mational Chise Tung University, 1001 University Boad, Hsinchu, Tatwan, ROC,
“Department of Materiak Science and Engineering, Nationa | Chiso Tung Unhersity, 1001 University Road, Heinchu, Taiwan, ROC.

" e-mail gaevehuang@mailnctuadu tw
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Meni Wanunu, an assistant professor in the departments of physics and
chemistry as well as chemical biology at Northeastern University

o The study's authors say that they applied a voltage across the electrodes of up to 9.0
volts. However, at that high of a voltage, water would become hydrolyzed,
generating hydrogen and oxygen gases. If that happened, it would be difficult to
measure signals that were a property of the enzyme.

- In order to not hydrolyze water, he said the applied voltage would have to be below
around 1.5 volts.

Stuart Lindsay, director of the Center for Single Molecule Biophysics at Arizona
State University's Biodesign Institute

« The study describes using superconducting materials at the interface of the protein
transistor and probes to reduce signal decay. None of us know of a superconducting
material that works at the same temperature as a polymerase.

« Superconducting materials operate at well below freezing with even so-called high
temperature superconductors operating below -135 degrees Celsius. Polymerases,
on the other hand, generally operate around room temperature

- Polymerase incorporation of nucleotides depends on diffusion of the nucleotide into
the appropriate binding site. This diffusion is stochastic. However, the authors
describe incorporation events occurring at very regular intervals. "None of us
understand how this would be achieved."

> Monica Heger tracks trends in next-generation sequencing for research and clinical applications for
GenomeWeb's In Sequence and Clinical Sequencing News. E-mail Monica Heger or follow her

zoﬁgﬁggneWeb Twitter accounts at %L%%%ﬁ%%%ﬁ%mw& 4 84
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Next-Generation Sequencing

TABLE 1:

(a) Advantage and mechanism of sequencers.

{ay

(b} Components and cost of sequencers. (c)

Application of sequencers.

Sequencer

454 G5 FLX

Hiseq 2000

SOLIDv4

Sanger 3730x]

Sequencing
mechanism

Read length

Accouracy
Reads
Output datajrun

Time/run

Advantage

Disadvantage

Pyrosequencing

700 bp
99,99

1 M
0.7 Gb

24 Hours

Read length, fast

Error rate with

polybase more than 6,

high cost, low
throughput

Sequencing by
synthesis

505E, 50PE, 101PE

98%, (100PE)
3G
600 Gb

3~ 10 Days

High throughput

Short read assembly

Ligation and two-base

coding

50 + 35bp or

50 + 50bp
99.94% *raw data

1 200~ 1400 M
120 Gh

7 Days for SE

14 Days for PE

Aocuracy

Short read assembly

Dideoxy chain
termination
400~900 bp

99.999%

1.9~84 Kb
20 Mins~ 3 Hours
High quality, long

read length

High cost low
throughput

(bl

Sequencers

454 G5 FLX

HiSeq 2000

SOLIDwv4

3730x]

[nstrument price

CPU
Memory
Hard disk

Automation in library

preparation

Other required device

Cost/million bases

Instrument $300,000,

£7000 per run
2* Intel Xeon X5675
48 GB
1.1 TB
Yes
REM e system
10

Instrument $690,000,

£6000/(30x) human
genome
2* Intel Xeon X5560
48 GB
3TB
Yes

cBot system

20,07

Instrument 54950040,
$15,000/100 Gb

&* processor 2.0 GHz
16 GB
10TH
Yes
EZ beads system
$0.13

Instrument £95,000,
about $4 per 800bp
reaction
Pentium I'V 3.0 GHz
1 GB
280 GB

Liu et al. Journal of Biomedicine and B|otechnolc% olume 201%201

2014-4-340i:10.1155/2012/251364
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Cost per Genome.
Adapted from the National Human Genome Research Institute. Collins, et al. NEIM,2013
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Sequencing Cost

Cost per Mb

$5,292.39
$3,413.80
$2,230.98
$1,028.85
$766.73
$581.92
$397.09
$3.81
$0.78
$0.32
$0.09
$0.07
$0.06

Source - NHGRI :

http://www gnofielidhl 4B JlidrdiRdioRitsy F

Cost per Genome

$95,263,072
$61,448,422
$40,157,554
$18,519,312
$13,801,124
$10,474,556
$7,147,571
$342,502
$70,333
$29,092
$7,743
$6,618
$5,671
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MNew sequencing
technologies

= ChiIP

— Microarray

= gPCR

=—— SNP analysis

== [DMNA footprinting

Southern or
northern blot
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» OMMI Phenotypes for

which genetic is known
2007-2013: 2.048->3.834 »Until 2011.9 more than 1000 GWAS papers;

Koboldt et al. Cell. 2013 | > Report about 5000loci and related to 200
diseases or traits




New SNPs

T RRAS NFE DR 20 1) b 24

o BT BT A0
= N sp g A \s N, o e . i
10‘0-0'_(3@’96"“9 ‘J 0 x&, 32\ N
Aqﬁkﬁé&uﬁmyun ‘gﬁﬁm 1o -
-}2‘; > \ff - “h}\ o Ny u.-r

> Pilot project have identified 15M SNPs including 8.5M novel SNPs (right)
»Most novel SNPs are population specific

*Evidences on higher-impact of rarer variations

o based on 200 Danish exomes (Y. Lij, et.al. 2010.
Neuwal exp Nature Genetics)

*There is a stronger excess of low frequency deleterious
amino acid changing mutations in the human genome
than previously thought.

*This indicates that heritable diseases might be affected
by many rare mutations rather than a few common
mutations.
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For about $6,000, this test
uncovers all the genetic mutations
that lead to a person’s tumor. It's

helping to usher in a new era of

"personalized medicine" where
doctors choose cancer treatments
based on genetic knowledge.

Jobs spent some $100,000 to
have this kind of test done,
according to Walter Isaacson’s
biography, and in the end, it
obviously didn't save him.

> “BAHGEREBRAXFEATEEN EHOSERFZ —, MBUEEE R RE e
FBRFEZ—. "FET% 10 JHEICT T —RRE SRR AN R RaTel)G, Fefil
REREEE 22/ R] (Foundation Medicine) 4y R IR (S A5t .

But he believed deeply in the value of the attempt, saying “I'm either going to be one of the first

to be able to outrun a cancer like this, or I'm going to be one of the last to die from it,” reports

Antonio Regalado, MIT Technology Review.
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lllumina Receives FDA Clearance for MiSeqDx, Cystic

Fibrosis Assays In this issue of GenomeWeb

Daily News

By a GenomeWeb staff reporter _
aaﬂtTl*PE size; ¥ = 4 |llumina Receives FDA Clearance for

Email MiSeqDx, Cystic Fibrosis Assays

NEW YORK (GenomeWeb News) - lllumina said today that it o s DxNA Receives $2.5M Equity Investment
has received premarket clearance from the US Food and Drug Eé'rgﬁrr;f”ﬂndly + NCI Awands Labeyis $1M o Develcp Mass
Administration for its MiSeqDx system, two cystic fibrosis B) RSS Feed Spec-based Cancer Biomarker Detection
assays, and a library prep kit that enables laboratories to Method

develop their own diagnostic tests. * Eﬁiﬂg&g}h » BioMarin to Use Myriad's HRD Test as CDx

Daily News for Drug Candidate

The designation marks the first time a next-generation
sequencing system has received FDA premarket clearance. & Subscribe to GenomeWeb Daily News.

2013.11.19 ZF—& H T s AR Wi s =30 OGRS FDA IR
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Perspective

First FDA Authorization for Next-Generation Sequencer
Franciz 3. Collins, M.D., Ph.D., and Margaret A. Hambunrg, M.D.

November 19, 2013 |DOI: 10.1056/NEJMp1 314561

Francis Collins (Director of NIH) :
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to get personalized account information.  Quick Order View Cart
lumina

858.202.4500 MyIllumina nols

Fi i A Fil= 2 Hlumina 23]

SR wEY

Explore a real human genome.
Learn about important genetic variations.

DOWNLOAD NOW

BaseSpace B B AR5 g Agrigenomics




23 and Me

Discover your ancestral

origins and lineage
with a personalized
analysis of your DNA.

» Learn what percent of your DNA is from populations
around the world
* Contact relatives across continents or across the street.

» Build your family tree and enhance your experience with
relatives.

order now

2014-4-3 B — AR PR 4 0 R R N




Lmj in

Personal Genome Service™
Get to know your DNA. All it takes is a little bit of spit.

Here's what you do:

] \ ’ Welcome to You
N7 ‘
Ta H ) é
|, : N
1. Order a kit from our online 2. Clairm yaour Kit, spit inta the 3. Our CLIA-certified lab analyzes 4. Log in and start explaring yol
store. tube, and send it to the lab your DA in -8 wieeks. genDme.
Find relatives across Build your family tree
continents or across and enhance your
the street. experience.

likely disco
people who st
matches you'l fill in the

If you alrea

2014-4-3

Share your
knowledge. Watch it

grow.




Get a FREE (
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Best Inventlons of 2008

From a genetic testing service to an invisibility cloak to an ingenious public bike
system to the world's first moving skyscraper — here are TIME's picks for the top

innovations of 2008

The Best Inventions of the Year

— By Jeremy Caplan, Kristina Dell, Andrea Dorfman, Laura Fitzpatrick, Justin
Fox, Sean Gregory, Lev Grossman, Barbara Kiviat, Jeffrey Kluger, Richard

Lacayo, Michael Lemonick, Lisa McLaughlin, Jay Newton-Small, Alice Park,
Mark Thompson, Bryan Walsh and Rebecca Winters Keegan More »
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PGP-1 PGP-3 PGP-9

AACTETAEE
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PGP-2 PGP-8 PGP-B&

CAATTETEAR

The PGP 10: The first 10 volunteers in the Personal Genome Project are currently having the coding regions
of their genomes sequenced; a small piece of sequence is shown for those whose data is posted online. The
sequence data will be stored in a public database, along with the volunteers’ medical records and other
information, such as their facial morphology (as measured by the forehead tapes). Scientists will use the
database; which is expected eventually to include 100,000 people, to search for links between genes and
diseases or other characteristics

Credit: courtesy of personalgenomes.org
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Division of Forensic Psychiatry

Date of Evaluation: March 31, 2003
Date Report Typed: April 16, 2003
Date Report Revised/by:

PSYCHIATRIC EVALUATION
Date of Final Report:

NAME: Igor Stravinsky

DATE OF BIRTH: May 26, 1982

AGE AT EVALUATION: 20

e wr =emecATION: March 31, 2003

LOCATION OF EVALUATION: Marion County Jail, Ocala, FL.

CASE NAME: State of Florida v Igor Stravinsky

CASE NO: 02-540-CF-A-Z

LEGAL CHARGES: ch,..uw...g,I e evaal Battely and 1°* Degree Murder
EVALUATORS: EL . ‘ - i

competency to proceg ; he time of the alleged
events.

BK4013970 0617 94
“LOS ANGELESPOLICE:  JAIL DIY

CONFIDENTIALITY: The nature, purpose and non-confidential aspects of this
evaluation were explained to Mr. Stravinsky. He was informed we would be
preparing a report based on our evaluation and that we might be called upon to
testify about our evaluation. He acknowledged that he understood these elements
and agreed to proceeu.

Guilty or not?

1. 105 minute clinical interview with Igor Stravinsky on March 31, 2003.
Medical records from Charles Shuman, M.D., University of Florida,
College of Medicine, Department of Psychiatry
Records from the Children’s’ Evaluation and Rehabilitation Clinic of the

2014-4-3 57— 05 R 20 90 2 R S 116



G i !

zhlu@pku.edu.cn

2014-4-3 BRI PR L SR T



	新一代DNA测序技术的原理及其应用�New generation DNA sequencing：mechanisms and applications
	提  纲
	提  纲
	比较基因组学：人与鼠染色体的差别
	基因转录调控
	提  纲
	1977年开始的DNA测序技术
	Sanger Sequencing
	Sequencing Reaction
	The first automated DNA sequencing machine in1986
	大规模基因组测序
	提  纲
	1000美元人类全基因组测序
	2004年：�Dramatic reductions in sequencing cost will lead very different approach of biomedical researches, and eventually, will
	2005年：
	新一代DNA测序技术是近十年来生物医学领域中发展最快、影响最大、竞争最为激烈的高技术研究领域之一。
	（1）微乳法在磁珠上生长DNA，微孔阵列并行的生物发光合成测序
	Pyrosequencing Biochemistry
	（2）在基片上生长DNA，四色荧光的合成测序：
	Illumina Solexa Sequencing
	(3)微乳法在磁珠上生长DNA，微珠阵列并行的荧光连接测序
	ABI SOLiD Workflow
	组循环合成测序步骤参与合成测序碱基
	解码测序方法的优势
	提  纲
	第三代DNA测序技术的主要特征
	（4）Solid-state nanopore
	Platination
	Uniform ssDNA stretching onto flat substrate�(500 bp shown)
	（6）蛋白质晶体管测序器件
	主要质疑有：
	提  纲
	新一代测序技术的主要指标
	 Next-Generation Sequencing
	（1）NGS正在改变现代生命科学的研究方法
	（2）基因测序与个体化医疗
	好莱坞女星安吉丽娜·朱莉高调宣布切乳腺
	MAOA基因是编码神经递质代谢酶,降解去甲肾上腺素 (NE), 5-羟色胺(5-HT), 以及多巴胺(DA)。
	基因与环境对于三个孩子的智力影响
	23 and Me
	基因伦理学问题

