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Advanced Sequencing Technology
Awards 2005 (NHGRTI)

» Droplet-Based Digital Microfluidic Genome Sequencing

* Single-Molecule DNA Sequencing with Engineered Nanopores

« Electronic Sequencing in Nanopores

* Real-Time DNA Sequencing

* Massively Parallel Cloning and Sequencing of DNA

* Modulating Nucleotide Size in DNA for Detection by Nanopore

* Haplotype Sequencing via Single Molecule Hybridization

* Sequencing a DNA Molecule using a Synthetic Nanopore

* Real-time Multiplex Single-Molecule DNA Sequencing

* Bead-Based Polony Sequencing

» Ultra High Throughput DNA Sequencing System Based on Two-Dimensional
Monolith Multi-Capillary Arrays and Nanoliter Reaction Volume

$100,000 Genome Using Integrated Microfluidic CE

.
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'Novas metodologias promissoras”(2001)

» Seqlenciamento por hibridizacao

— Khrapko et al. (1989). FEBS Lett. 256: 118-122
http://dx.doi.org/10.1016/0014-5793(89)81730-2

» Sequenciamento paralelo de assinaturas
baseado em ligagéo e corte (MPSS)

— Brenner et al. (2000). Nature Biot. 18: 630 - 634
http://dx.doi.org/10.1038/76469

» Pirossequenciamento

— Ronaghi et al. (1996). Anal. Biochem. 242: 84-89.
http://dx.doi.org/10.1006/abio.1996.0432

Genome Research 11: 3—11 (2001)nttp://www.genome.org/cgi/content/full/11/1/3

Tecnologias de Sequenciamento
disponiveis comercialmente

illumina (Avantome, GAllx, HisSeq2000)
Roche (454 Genome Sequencer FLX, GS Junior)

Life Technologies (SOLID, Single Molecule Sequencing)
Helicos (True Single Molecule Sequencing)

Pacific Biosciences (Real Time Single Molecule Sequencing)
lon Torrent (Post-Light Sequencing™ technology)

Oxford nanopore (Single Molecule Sequencing)

IBM nanopore sequencing (Single Molecule Sequencing)
Nabsys (nanopore + electronic sequencing)
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. ZS Genetics

- Visigen

12. Halcyon Molecular

13. Complete Genomics (only human till now)
14. Mobious (Nexus I)

15. Polonator (MPS by ligation)
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0 Cracker (SMRT on a chip) http://seqanswers.com/forums/showthread.php?t=
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Tecnolgias de sequenciamento de
“préoxima” geragdo (NGS)

* 454 (Roche)
» SOLID (Applied Biosystems)

» Solexa (lllumina)
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Pirosseqlienciamento

Polimerase .
DNA,, + PPi

DNA,, + Nucleotideo

ATP Sulforilase
PPi+APS —— SQ+ATP

o Luciferase ) o
ATP + Luciferina + Q AMP + PPi + Oxiluciferina + CQ+ Luz
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Genome Sequencer 20 System

Genome seguencing in
microfabricated high-densii
picolitre reactors.

Nature 437, 376-380

(15 September 2005)

The apparatus (...) is able o
sequence 25 million bases, at 99
or better accuracy, in one 4-hou
§run () shotgup seguencing apel

novo assembly of theveoplasng
genitalium [580 Mb] genome with
96% coverage at 99.96% accura

in one run of the machine.
http://dx.doi.org/10.1038/nature03959 §
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Pirosseqiienciamento
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Pirosseqlienciamento
Genome Sequencer 20 System
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Oligo Procedimento

Anela primer e liga 6ligo
» 2 primeiros nucleotideos Trata as extremidades
— dinucleotideo especifico
Captura a fluorescéncia
* nucleotideos 3-5

W Db P

Remove o fluoréforo
— degenerados

. . . Deixa um pentanucleotideo ligado
* nucleotideos 6-8 podem ser inosina.

o

Repete o procedimento (5-7x)

o SRR
CGNNN' | | %j Q A’ - - 6. Denatura
N ﬁ@ 7. Utiliza um novo primer
“, . o Ghs) 3408 Ei m (Comprimento n_l) Biologia Computacionahossoa
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SOLID

1. Prime and Ligate

ﬁiﬁ?—r
PRIMER ROUND 1 . m

3%

Uniyersal Syiaine: {nl

P1 Adepter TA  Template Sequence

2. Image <
Excita  Fluorescence
l\__’*

I TR TS

TA

3. Cap Unextended Strands

=
PO, Unia i i (n-1)
At S yrTrvTTTITITY.. 2. Primerieser | 1 Meltaff exended
=4 . . sequance
5 :
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4. Cleave off Fiuor

Cleavage Agent *
N Hom?

AT ="
‘rrrrrrrrorT P
ERRRRRAN T TTITTNRTTRRTTTETTTIT T

TA

5. Repeat steps 1-4 to Extend Sequence

Ligation cycle 1 2 3 @ 5 B 7 .. imeycles)

oTT T T TN T T
=l Ghgna’

6. Primer Reset

AL T

SOLID

Possible Dinucleotides Encoded By Each Color

2nd Base

1st Base

Double Interrogation

With 2 base encoding each

base is defined twice

De:pa
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Template Sequence

TA AC AA GA
CG CA CC TC

GC GT GG AG
TA TG TT cT

22202
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SOLID

7. Repeat steps 1-5 with new primer

8. Repeat Reset with , n-2, n-3, n-4 primers

Read Position 1| 1]2|a}4)5|| 7| 8| |wi11[1z]1afss]rs)1s]17]ss gl 2ne1 [22laal2efas) [o1 1234}
1 Unive&sal seq primer (n) e .
2 Unuersaall seq prirner (n-1) s ..
nE 3 Unlwzrsfi seq primer ln-!?‘ .s »e
E 4 Un.veméarl 580 primar :n-3]| . e
5 Universax;l Seq primer [nd)] P s

# |ndicases pesitions of intarogation LigatonCycle IS « H & W
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SNP site indicated by 2 adjacent color changes
AaAacCT AGG TG

Reference in base space
Reference in colar space

[ ] [ ]
Single SNP Sites . @.‘.

AACGTAGG TG
R 7

11 colorpresent 0. @@ sNp

Reat in color space
Reat in base spaca

1 Base Deletion

€CCTAGE TG

« Reverse the colors « Can be the other 3 color pairs: Single color shange is typically a measurement error
o0 0000 00 AACCTAGGTG Reteranca inbase specs
« Use other 2 éolrs, ® ® ® Reference in Color space
Doth combinations 00000000 e —
o0 00 AACGATCCAC Read n base space
Error

Reference in base space

Refarence in color space

A A

[ ] 00000

[ ] 00000

AAC-TAGG TG
Deletion

Insertion

AACC - —TAGGTG

0000

Read in color space

Read in base space

Reference in base sgace

Refarance in coicr space

AACCAGTAGGTG
Insertion
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Flead in color space

Read n base space




Solexa (Illumina)

1. PREPARE GENOMIC DNA SAMPLE 2, ATTACH DNA TO SURFACE 1 BRIDGE AMPUIRCATION

Randomly fragment ganomic DNA Bind single-stranded kregments rendormly to  Add unlabeled nudeotides and snayma to
nd ligatn sdepters to both ends of the tha knside surface of the flow cell channels. initiate solid-phase beidge smpllfication.
Fogments.
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Solexa (Illumina)

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

W,

12k

Laser
Aftor lasor excitation, copturs theimege of Second chemistry cyde: to initiate the
emitted from anthe et sequen dng cyde, add all four [sbeled
Hiow cell, Recond the idenity of the fint base reversible terminators and enryma 10 the
foreach duster. fow call
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Solexa (Illumina)

4, FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION
STRANDED MOLECULES

I\i’dl!l
P 'iﬁlilr
vkl

b

The eneyma ides to D ion leaves sngle-stranded Several million densa dustens of double-
bulld double stranded bridges on the sobd- templates snchored 10 the substrate. stranded DNA sre generated n sadh channal
phass wbitrate. of the flow esl.
Em'@)a X . Biologia Computacionahossoa
Felipe R. da Silva Unicamp, 1° Sem. 201K

Solexa (Illumina)
10. MAGE SECOND CHEMISTRY CYCLE 1. SEQUENCE READS OVER MULTPLE 12. ALIGN DATA
CHEMISTRY CYCLES
Y
e e
l :
@ (GETGATGTGCCGLCTCACTCEGETCE
[
® G CALTES
CICACTECIAIGG
1 —» GCIGATOTGCCACCTC A
GATGIGCCACCICACTC
® CIGECBECICALICAIG
® CTECTGTGG
® o
l oz S e T
= phease
G
® o
L o
\_, GCTGA.
After laser excitation, collect the image dats  Repeat cyches of sequenting to determing Align data, compars to 8 reference, and
& bators. Record the kdentity of the second  the sequence of bases in & ghven ragment identily ssquence differences.
base for sach duster. » singie basa ot time.
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