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Second generation sequencing technol
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Sequence more than 20 million bases with the specially designed
PicoTiterPlate device. Choose from two different plate sizes to meet your
specific sequencing needs.

* Multiple optical fibers are fused to form an optical array
* Proprietary etching method produces wells that serve as picoliter
reaction vessels
* Each well is only able to accept a single DNA bead
* Reactions in the wells are measured by the CCD camera
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* One library provides encugh DMNA for hundreds of sequencing runs.

DNA Library Preparation

Preparation of the DNA library consists of a few simple steps (Figure 7).
Genomic DNA (gDNA) is fractionated into smaller fragments (300-500
base pairs) that are subsequently polished (blunted).

Short Adaptors (A and B) are then ligated onto the ends of the
fragments. These adaptors provide priming sequences for both
amplification and sequencing of the sample-library fragments. Adaptor B
contains a 5'-biotin tag that enables immobilization of the library onto
streptavidin coated beads. After nick repair, the non-biotinylated strand
is released and used as a single-stranded template DNA (sstDNA)
library. The sstDNA library is assessed for its quality and the optimal
amount (DNA copies per bead) needed for emPCR™ is determined by
titration.
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sstDNA Library

emPCR™

The sstDNA library is immobilized onto beads. The beads containing a
library fragment carry a single sstDNA molecule. The bead-bound library
is emulsified with the amplification reagents in a water-in-oil mixture.
Each bead is captured within its own microreactor where PCR
amplification occurs. This results in bead-immobilized, clonally amplified
DNA fragments.
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Sequencing

sstDNA library beads are added to the DNA Bead Incubation Mix
(containing DNA polymerase) and are layered with Enzyme Beads
(containing sulfurylase and luciferase) onto the PicoTiterPlate™ device.
The device is centrifuged to deposit the beads into the wells. The layer
of Enzyme Beads ensures that the DNA beads remain positioned in the
wells during the sequencing reaction. The bead-deposition process
maximizes the number of wells that contain a single amplified library
bead (avoiding more than one sstDNA library bead per well).
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The loaded PicoTiterPlate device is placed into the Genome Sequencer
20™ Instrument. The fluidics sub-system flows sequencing reagents
(containing buffers and nucleotides) across the wells of the plate.
Nucleotides are flowed sequentially in a fixed order across the
PicoTiterPlate device during a sequencing run. During the nucleotide
flow, each of the hundreds of thousands of beads with millions of copies
of DNA is sequenced in parallel. If a nucleotide complementary to the
template strand is flowed into a well, the polymerase extends the
existing DNA strand by adding nucleotide(s). Addition of one (or more)
nucleotide(s) results in a reaction that generates a light signal that is
recorded by the CCD camera in the Instrument. The signal strength is
proportional to the number of nucleotides, for example, homopolymer
stretches, incorporated in a single nucleotide flow.
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Generating one billion bases of high quality DNA sequence per run at less than
1% of the cost of capillary-based methods. The Solexa sequencing approach is
built around a very large number of short sequence reads. Deep sampling of
more than ten-fold even coverage is required to generate a consensus and thus
ensure high confidence in determination of genetic differences. Such
differences are identified by comparison of sequence reads to a reference.
Deep sampling allows the use of weighted “majority voting”
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1 1. PREPARE GENOMIC DNA SAMPLE
\/m iiﬁ #  Randomly fragment genomic DNA and ligate adapters

i ¥ to both ends of the fragments.
%
Jg‘ﬁr %é 2%

2. ATTACH DNA TO SURFACE
Bind single-stranded fragments randomly to the
inside surface of the flow cell channels.

3. BRIDGE AMPLIFICATION
Add unlabeled nucleotides and enzyme to initiate
solid-phase bridge amplification

4. FRAGMENTS BECOME DOUBLE STRANDED
The enzyme incorporates nucleotides to build
double-stranded bridges on the solidphase
substrate.

5. DENATURE THE DOUBLE-STRANDED
MOLECULES

Denaturation leaves single-stranded tempates
anchored to the substrate.

6. COMPLETE AMPLIFICATION

Several million dense clusters of double stranded
DNA are generated in each channel of the flow
cell.

7. DETERMINE FIRST BASE
| First chemistry cycle: to initiate the first sequencing
.k ';“iii . cycle, add all four labeled reversible terminators,
i

y primers and DNA polymerase enzyme to the flow cell.
1

8. IMAGE FIRST BASE

After laser excitation, capture the image of
emitted fluorescence from each cluster on the
flow cell. Record the identity of the first base for
each cluster.

9. DETERMINE SECOND BASE

Second chemistry cycle: to initiate the next
sequencing cycle, add all four labeled reversible
terminators and enzyme to the flow cell.

10. IMAGE SECOND CHEMISTRY CYCLE G )
After laser excitation, collect the image data as &
before. Record the identity of the second basefor ~ @ @

each cluster.
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L ® 11. SEQUENCE READS OVER MULTIPLE
® 9o s CHEMISTRY CYCLES
1 Repeat cycles of sequencing to determine the
® . sequence of bases in a given fragment a single base
I - at at time.
G
J’ . <
A ® o LGCTGATGTGCCGCCTCACTCCGGTGG
W CACTCCTIGTGG
CTCACTCCIGTGG
—>» GCTGATGTGCCACCTCA :
GATGTGCCACCTCACTC
GTGCCGCCTCACTCCTIG
12. ALIGN DATA ShEN e
Align data, compare to a reference, and identify
sequence differences. e ete T
identified and called ShF callad
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‘Creating a mate-paired library (ii)

Create library of DNA fragments: Creating a mate-paired library (i)

2 methods S
> -R J > 3 + —
Fragment Library (directed resequencing) I e;
, Ligate
PIAGIPIT eecnmneerty  DMA Frogment P2 Adapter Complex Randomly size select Internal
:: —_— sample Fragment (eg:1,2,3,5, adapters
60-90 Bases sample 10KB)

Circularize

Emulsion PCR (i)

27bp 27bp
/

4+ =

=
Cleave EcoP15l

/g/ Templates

Ligate P1 and P2

e R

1 Primers P1<<P2

25 base 25 base

P1-coupled beads

P Internal Adapter P2

Emulsion PCR (ii) @
Mix PCR aqueous phase into a water-in-oil (w/o)
emulsion and carry out emulsion PCR

1) Template Annels to P1
2) Polymerase extends from P1

3) Complementary sequence is
extended off bead surface

4) Template disassociates

Results of emulsion PCR, AEBEEH’
after breaking emulsion

Bead contains ~20K amplified ,E i

. : | it Beads attached to glass
E:g.deﬁz from original single strand surface in a random array

~ Beads with no product

B B2
B g
Cleavage site, J

| - HJ
3’ Ligation site —>=|—|—I—‘—|‘ rﬂ/ Fluorescent dye ””” 2 J
nnn! Czzz . nnn [344 ﬂnn Tzzz

universal seq primer
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Properties of the Probes

Spatial separation among dye, ligation & cleavage sites

SOLiD Chemistry System 4-color ligation
Ligation reaction

universal seq pnmel

P1 Adapter Template Sequence

1,024 Octamer Probes (4°)
4 Dyes, 4 dinucleotides, 256 probes per dye
N= degenerate bases Z= Universal bases

SOLiD Chemistry System 4-color ligation SOLID Chemistry System d-color ligation @ E

Ligation reaction B De-Phosphorylation
universal seq primer
IFTTTTTITTTTITIT RS m
¥
T i NNNGGzzz universal seq primer "
nnntizzz - MTTTTTITIITIT
) 5I'I'I'I'I ' =5 P1 Pri Template S ¥
1 Primer emplate Sequence
LR nnnATzzz P i
universal 599 J . universal seq primer J
1um 1um
bead 5' 3! bead 5’ 3

P1 Adapter Template Sequence P1 Adapter Template Sequence

SOLID Chemistry System 4-color ligation

Cleavage E | ﬁ

SOLID Chemistry System 4-color ligation
Visualization
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universal seq primer universal seq primer

P1 Adapter 48 Template Sequence

SOLID Chemistry System 4-color ligation

SOLiID Chemistry System 4-color ligation %
Visualization (2" cycle)

Ligation (2" cycle)
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universal seq primer universal seq primer

1um
bead 7 '
bead
5 P1 Adapter 45 Template Sequence 3 5

SOLiD Chemistry System 4-color ligation @ SOLiD Chemistry System 4-color ligation

Cleavage (2" cycle) interrogates every 5! base
universal seq primer |p5 universal seq primer
1um Ge 14m ””“”“””“I ”IGG
5 5 80 K} bead p 45 9,10 K}

P1 Adapter ' Template Sequence P! Adapter Template Sequence

SOLiD Chemistry System 4-color ligation % SOLiD Chemistry System 4-color ligation @ m
Reset = (1 st CYCIE after reset) ﬁ ‘

universal seq primer n-1

v m ,J

nANTczzz
universal seq pl” f
oo
P1 Adapter Template Sequence

P1 Adapter Template Sequence
SOLiD Chemistry System 4-color ligation / SOLiD Chemistry System 4-color ligation
ﬁ (2" Round)
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(15 cycle after reset)

) ) universal seq primer n-1
universal seq primer n-1

g TTTTTTIITTITIIIT. : AR TR T TTITTT AT I T T T T T T I Y
bead 5' Pl Adapler 4 a8 1314 18,18 2n 3’

P1 Adapter " Template Sequence

Sequential rounds of Sequencing Paired End two sequences generated

Multiple cycles per round

Sequential rounds of sequencing
Multiple cycles per round

1pm

_5' 3= P1 Adapter Internal Adapter P2 Adapter
P1 Adapter Template Sequence Pt pte pte

uniersal seq primer 25 ba
25 base
IFTTTITTTITITIT 45 910 1415 19,20 2425 rag# , ; Tag 2
reset q/ universal seq primer n-1 \ l :
SFPTTTTTTTTI 34 89 13,14 18,29 23,24 _

VR TR EPRRTY N

reset (
universal seq primer n-2 23 73 12 13 17 18 22 23
SFTTTTTTTTITI mtﬂ/

reset (
universal seq primer n-3 12 67 1213 16,17 21,22 23 78 1293 T8 22 p
T
Ll ( u ¥ 12 67 013 1517 222 e

reset ( universal seq primer n-4 ! e
AT 01 56 11,12 1516 20,21 g R,

12 &7 1213 1647 1,22

2 base encoding

» Double base interrogation eases the discriminatio
between system errors and true polymorphism

ACGGTCGTCGTGTGCGT

SOLID System: Development Status
» Dedicated teams at Beverly and Foster City with Instruments up and running
+ Anticipated Performance

— Read length: 25x2 mate pair

— Raw data output rate: anticipate 100-500 Mb per day

— Raw accuracy: 298%

— Consensus accuracy: >99.99% (@ 20x coverage)
TTG GTT — Quality metrics: Compatible with KB™ Basecaller Software
‘ o0 ~ Cost per run: Competitive

~ Libraries: Mate pair or Fragment
as required by application
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o A ~ Application Support
@C Whole genome resequencing
T Directed (Medical) resequencing
<@ Gene expression
T . Tag Counting



