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Hupocexeenup

* 1985 rog - weeackue yyénbie Pal Nyren n
YyBCTBUTENbHbIN JTTOMUHOMETPUYECKUA MET

* 1987 rog — P. Nyren paspaboTtan metoa a
aKTUBHOCTW, OCHOBaHHbIN Ha onpeaeneHnu

* 1988 rog — Edward Hyman npegnoxun uc
cekBeHupoBaHusa OHK;

* 1997 ron — cospgaHa komnaHua «Pyrosequ
« 2000 rog — B CLUA yuypexxgeHa KoMnaHus ¢
» 2005 rog — nosiBNEHME B Npoga)ke nupoce

» 2007 rog — 3aBepLUEHO CEKBEHMPOBAHUE N
reHoma (“Project Jim”).
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Ligatien Genome fragmented
by nebulization

Selection Mo cloning; ne coleny
(isclate AB —p picking

1 . rlO,El, roToBKa ﬂH K -. | L’sﬂrenm s.s_tEH:. library created
i : with adaptors
A/B fragments

selacted using avidin-
bisting purification

sstDNA Library

2. MNpuwmnBka aganTopos

Anneal sstDMNA to an Emulsify beads and Clonal amplification Break microreactors
excess of DMNA PCR reagents in occurs inside enrich for DMA-
Capture Beads water-in-oil microreactors positive beads

3. rlOJ'IyL-IeHVIe SMyanMM - microreactors

Well diameter: average of 44pum
400,000 reads ebtained in parallel

A simgl oned amplified sstDMNA
bead is deposited per well

4. emPCR

4 bases (TACG) cycled 100
times

Chemiluminescent signal
generation

Signal processing to
determine base sequence
and quality score

5. CekBeHnpoBaHue

6. AHann3 gaHHbIX

Amplified sstDMNA library beads ———————— » Quality filtered bases
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Texnuueckue xXapa

454 sences

-

GS 2

[nnHa 4ytenuns

100 n.c

KonnyecTtBo 100...200

nocriegoBaTesibHOCTEN

[MpooommKnTensHOCTb 4 yace

CymmapHas anvHa 10...20 mn
Genome Sequencer FLX System

Instrument Reagent Kits Software
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12



A AN D e

"ﬂlqlh@qlh’]w'“fn'm*'”h '”*J.

Ilpoonemet

He pa3nnyaloTcs roMOreHHt
Heobxoanmbl AHT® BbICcLLE
Bmecto gAT® ncnosnb3yeTe
CnoHTaHHbI rnaponus gH
TepmonabunbHOCTb Ntound:
YT1euka PPi n AT® ns nyHok
Hun3kaa adpPpeKkTnBHOCTL pe
bonbLine pa3mepsl cedapc
Bbicokun pacxon Oopormnx p
[loporoBmnaHa npnbopos
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Pewen

1.lpnMeHeHne s4eek ¢
NIYHKaMW, KOHTaKTHO
BBEeEHNE peareHToB

2.Pa3paboTka bonee 4
cnocoboB permnctpad

3. 3ameHa buontomuHe
doniyopumeTpuen nnu

A AP ATy
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Anvmepnamuens

* yP-MoOuduLmMpoBaHHbIE
[HK-nonnmepa3sbl BMEC
(AppppdN, B,pppdN 1 1.1.)

* KnHasbl BMECTO NoLNE BT
(NAD + ATP — NADP + ADP EEa

 AMnnundukauma ATP
(ATP + AMP — 2ADP; ADP +

A Nﬂ""’lﬁﬂ“"' Al
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Pyrosequencin

Pyrosequencing’
Protocols

e B
Sharon Marsh

A
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MNop pea.: M
U3paTenbCcT
Oata n3gaH
Cepusa: Meth
CTpaHuubl:
LleHa: 2989.

454 sequ

www.454.
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Cluster-SBS

(nonydeHue Kna

AN . \ y
AN AN\ IAL

Prepare genomic DNA sample

ﬁ ﬂ Adapters Randomly fragment gencmic DNA and ligate
adapters to both ends of the fragments

DMNA fragmaent

Dense lawn of primers

Adapter

Attach DNA to surface

Bind single stranded fragments randomly to
the inside surface of the flow cell channels.

3

Clusters

Completion of amplification i T—
On completion, several million dense clusters 4 = =

of double stranded DNA are generated in each | : R g
| i *) i ﬁ _ Bridge amplification
T | Adduniabeled nucleotides and enzyme to
£ i i i initiate solid-phase bridge amplification,

channel of the flow cell. |

B
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Cluster-SBS

(cekeeHup

First chemistry cycle:
determine first base

DN.I‘. polymerase enzyme (o the flow cell,

To initiate the first sequencing cycle, add all
four labeled reversible terminators, primers and

Wash off all

unincorporated reagents

3

o
g

Second Chemistry Cycle:
determine second base

To initiate the next sequencing cycle, add all
four labeled reversible terminators and
enzyme to the flow cell,

Ve @

Image of first chemistry cycle  Before initiating
After laser excitation, capture the image of the next chemistry cycle
emitted flugprescence from each clusteronthe  The blocked 3 terminus and the fluorophore

flow cell. Record the identity of the first base  from each incorporated base are removed.
for each cluster.
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Cluster-SBS

(cyumbieaHue rocrie

Ul O @G O o
YOO Y9 Yo Y00 Y
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cyele 5

|
GCTIGA.... Sequence read over multiple

chemistry cycles

AP e
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Eiﬂ Corgsnra UNivessiry

Colfege #f Plyslcinms
=wdl Surgrong

3-0-allyl-dUTP-P

3-O-allyl "

Design and synthesis of a 3-
nucleotide as a reversible te
AN A1, H. Ruparel et. al. // PNAS. —
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Fluidics & Flow cell & Laser
alactronics datection optics

* [ponssBoguTENbHOCTL - ~1 MNIPA.N.0. 3a paboymin LUK
» Onametp knactepos JHK — 1...2 MKm

» PaccTosiHne mexay knactepamu - ~4 MKM

* [MpoToYyHaga s4enka Ha 8 06pa3LoB NO 5 MIH. KNacTepoB
» Bcero cuntbiBaetca go 40 mnH. knactepos AHK
 InnHa cekseHnpoBaHusa — 24 n.o. (oo 32 n.o.)

jﬂl'ﬂb‘m’q'h'iU‘-“f-‘i“‘IHI- o
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l1pobsie

» CnoxHoctb cuHTesa AHK-no

« HeobxogmmocTb Ucnonb3oBa
nonimmepasbl (9°Nm n T.1.).

« [loporoBusHa peareHTOoB.
 Henpo4yHOCTbL CBA3U Npanme
 Heynopsano4eHHOCTb pacnor
« Hebonblaga gnvHa nonyyae
« [oporoBusHa cekBeHaTopa.

www.illumin
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SOLID™ Syste
(Sequencing by Oligonucleotide Ligatit

Weight ~360 kg

Dual Flow

Reagent Cell

handling 178 cmi

10-box Linux Cluster
13 Tb data storage

* MpousBoauTenbHOCTb - 40 500 MSIH.N.0. B A€Hb (A0
* MpogonmxutenbHOCTb LMKna — 3 aHa (6 AHeW npu
* MoTpebnsemasn MowHocTb — o 5 KBT.

- OnuHa yteHusa — 0o 35 n.o.

W 1| L (LY
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OcobeHHOCMU M

/’“Dlﬂm Anneals to P1

Z 2)Polymerase extends from P1

3) Complementary sequence is
extended off bead suface

4) Template disassodiates

Large

L p1 [ Polystyrene E - I
o ’ - bead coated s i
with P2 |
Centrifuge in Supernatant
glycerol gradient Captured beads
with templates

£ Pellet
%ﬁ" : oy Beads with no fﬂllp’lf’

Beads attached to glass
surface in a random array

AP e
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universal seq prnmer
FFTTTTTTTTTTIT T 1ps

.wal

F1 Adapter Template Sequence

Cleavage site,

: / Fluorescent dye

3’ Ligation site - 3| | | | I
nnn

1,024 Octamer Probes (45)
¢ e ot 4 Dyes, 4 dinucleotides, 256 probes per dye
A APl e N= degenerate bases Z= Universal bases
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universal seq primer 5 P1 Adapter Template Sequence 3

. universal seq primer
3 AR REREERRERERN! 45 910 14,15 19,20 24,25

:" reset ( O —
universal seq primer ywn 34 89 1314 18,29 2324

R ERERRRRIREREE L EWE ™
MLU—LMMM reset ( : .
-’ 3 universal seqprimern2 54 78 4243 17,18 22,23

P1 Adapter 4.5 Template Sequence { YT
resat universal seq primer n=3
TFTTTTTTTTTTTT

universal seq primer 1,2 67 1,42 1617 21,22

m :
\ reset ( universal seq primer n-4
= 5 T I T L7 3 B R R 01 56 1011 1516 20,21

P1 Adapter Template Sequence

Advantages of 2 base pair encoding ﬁgﬁgi?}i’;?cming
& %mﬂ %m E%T 24 Base : = Z
- T T A C G‘ unn-n‘?zt
A&CgG ‘G‘T‘C‘G‘T‘C‘GLT ‘G‘T gG ‘C ‘G *T | pmay f

A BOBHUA B
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domosiuzasHoe
PC - PotoCleavable linker

ligase l

< ———Fe
< ——=
UV l

« NNNT——»
) NNNG——»
ligase l

« NNNT——»

NNNG—»

A
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Biosystems

lIpob6reMbi

* BbiCOknn ypoBeHb OLLIMOOK (~1/¢

 HeobxoanmmocTb MHOITOKpPaTHONC
nonydyeHns gocrtoBepHbIx (99,9

 MepgnutenbHOCTb (3...6 CYyTOK H
* 30bITOYHBIN Bec (360 Kr)
* YpeamepHas MoLwHOCTb (5 KBT)
« HeponroBe4yHOCTb ra3oBbiX nas
« [1ns1 ycTaHOBKU TPeDyeTcsa BEHT
* N3b6bITOYHAA Npon3BOAUTENBHO
* UpeamepHasad EMKOCTb HaKoMuTe
* Bbicokasi CTOMMOCTb

solid.appliedbi
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: X Helicos
True Single Molecule Seqi

(tSMS)

* Two glass flo
« Each flow cell
* 50 individual s
* Proprietary su
« ~25 bases in le
* Multi-pass seg¢

HeliScope™

A, One human genome a
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Helicos

Prep-Free Paired-E

*The genomic sample is digested/sheared
*Fragments within a desired size range ar
*An adaptor sequence, containing a unive
ligated to the 5’ ends of the fragments.
*Poly(A) tails are generated on the 3’ end

(5 (5 © © (3]

! [

— i —

:[:Ui ie

Once the first 25-base read is obtained,
the template is copied to the end, in a
single step, using a polymerase and all
four natural nucleotides.

’ﬂl'qlbﬂuﬁlb’jwab'm'”l; np

— >
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'eHOMHbIE ceKkeeH

Claster-SBS 454 sequencing®

llumina

1G

an |
|

HeliScope™

SOLiD™

1| L 1LY
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» Parallel clonal amplification of in
» Isothermal rolling circle amplifica
« Sequencing by denaturation tec
* Project Period: 08/01/2005 - 05

AR AP AU e

Sequencing by de
(SBD)

Pl: Xiaohu
Ph.D, Assis
Department
Jacobs Sch
University o
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Fabrication Biomolecular Na

Kristopher Barbee and Xiaohua Huan

20th ANNUAL BIOENGINEERING GRADUATE RESEARCH

Use a mask to expose photoresist to light
Pl'.IJIIEI

S o3

Circular DNA ["

Develop exposed photoresist to generate
array of wells

Array nanoparticles via self-assembly

L
T
T
ssssssssssrasem
SRS sERSECL. S
AT T SressssssEremn

ﬂ Expose to hght and remove photoresist
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Single molecule sequencing
(SM-SBL)

» Cyclic sequencing by ligation
» Reading 3 bases per sequenc
« Using photocleavable oligonu
» Sequencing from paired-ends
« >1 billion individual DNA mole
* 64 oligonucleotide probes wit
* Project Period: 09/29/2006 -

Pavel Pevzner
Professor of
Computer Science

hol i bl Sl Vel e
= o

W 1| L (LY
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Cyclic Ligation
(CLIC

21 maga 2007 r.

Kalim Mir,
The Wellcome Trust Cent
University o

A AP DT
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Nanopore Sequen

\_’ﬂ

Lipid bilayer
ol (0
- 20 c

a2 1
(=] 18- A
" (N TR
16 | G
14]5 T?TGC A CABMT‘EGIU CGCA ? G 7TCGCG A AC C[
' 500 1000

A SoLip STATE NANOPORE
ARTICULATED WITH PROBES ,

Eletftrons
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Interfacing the language of life

Design Polyme

Advancec
designed
purpose C

sequenci

DNAEXPLD
i

| DEUX CHCLES (6 BASES)
_TROIS CYCLES (9 BASES) |
S 2 £ otdrie
LR e |

Meller Group

Single Molecule Biophysics
& Nano-biotechnology

A AN e
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IK30HYKI/1ea3Hoe CeK

Fluorescence detection
Optical trap Exnnuclease of released base

W '

Fluorescent DNA mmobnhzed on bead

Mlcruflmdlc channel

AL AP AU N AU e
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_i"i-" VELS

% U.S. GENOMICS

VLRAGEN

BIOTECHNOLODGIES, INC

llpo4ue mex

Ultra-Fast R

GeneEngine

VisiGen® s

A AP AU
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Hedocmamku MOHOMOJT

» Bbicokag yac
* HepaboTocno
» UpeamepHas
* CroXXHOCTb N
 [loporosmsHa

NcknioueHus:
1. tSMS (mHorokpat
2. SBD (onvromepH

AU
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lpeumywecmea Mynbm
MmexHOoJ10

» PaboTtocnocobHOCTb HE
» OCTpOTa KOHKYPEHTHOM
y * lNapannenbHoCTb Noar
i * Hnskmn pacxop peareH
* BO3MOXHOCTb 3Ha4uUTe
» CpaBHUTENbBHAA NPOCT
* [loCTynHOCTL.

1| L 1LY
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OcHOBHbIe amarnbl pa3e€

(603MO)KHble dHallc

B3CM-6 MepcoHanbHbIN KO
nepsas cynep-OBM BToporo nokoneHus

moaenu IBM P

AL AP AU N AU e
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BbieoObl

1. Hayanom apbl reHOMHOro CeEKBEH
24 maga 2007 ropa.
2. CylwecTtBeHHass 0COBEHHOCTb TEX
HUPOBaHUSA - NapanenbHOCTb 0P
3. MuHnaTtiopmnsauma - seayLmm ga
CEKBEHNPOBAHMUA.
. UpeamepHasa mnuHmnaTiopumsaums K
. KoHkypeHTHasa bopbba Ha pbIHKe
NOCTOSIHHO 0bOCTpsIETCS.
. CToMmMocTb reHOMHOIro CEKBEHUP
. CekBeHunpoaHve [OHK B CLLUA cT
. AMepuKy Henb3qa gorHaTtb, HO MO

[©) JF >3

o N O

Al'qlbﬂuﬁlbﬂu“'”L‘ﬂj—*'][lj np
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