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CekBeHunpoaHue HK no metoay CaHrepa
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CTpaTerns cekBeHMpoBaHus 60NbLUMX FrEHOMOB

MeToA0oM shotgun
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KnoHbl, ¢pparmenTbl BAC,
cekBeHupyembie MeToaoM shortgun
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CGTAAATGGGCTGATCATGCTTAAA

TGATCATGCTTAAACCCTGTGCATCCTACTG...

CGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG...



CekBeHupoBaHue AHK no metoay CaHrepa Ha
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Principle of pyrosequencing

1. The incorporation of a nucleotide is accompanied by release of
pyrophosphate (PPi).
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Principle of pyrosequencing

1. The incorporation of a nucleotide is accompanied by release of

pyrophosphate (PPi).

2.The ATP sulfurylase quantitatively converts PPi to ATP.
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Principle of pyrosequencing

1. The incorporation of a nucleotide is accompanied by release of
pyrophosphate (PPi).

2.The ATP sulfurylase quantitatively converts PPi to ATP.

3.The signal light produced by the luciferase-catalyzed reaction in
presence of ATP is detected by a charge coupled device (CCD)
camera and integrated as a peak in a Pyrogram.
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Principle of pyrosequencing
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2. The ATP sulfurylase quantitatively converts PPi to ATP.
3. The signal light produced by the luciferase-catalyzed
reaction in presence of ATP is detected by a charge coupled o+ e I
device (CCD) camera and integrated as a peak in a
Pyrogram. —
4. The nucleotide degrading Apyrase enzyme continuously
degrades ATP excess and unincorporated dNTPs. . .
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In vitro cloning
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Genomic DNA

454 technology =
(Roche company) il

(1a) Sample Input and
Fragmentation

(2a) Linker
attachment

(3a) Amplification
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454 technology

One Fragment = One Bead

- The single-stranded DNA library is immobilized onto
specifically designed DNA Capture Beads.

- Each bead carries a unique single-stranded DNA library
fragment.

- The bead-bound library is emulsified with amplification
reagents in a water-in-oil mixture resulting in microreactors
containing just one bead with one unique sample-library
fragment.

emPCR (Emulsion PCR) Amplification

Each sample library fragment is amplified within its own
microreactor, excluding competing or contaminating
sequences.

Amplification of the entire fragment collection is done in
parallel; for each fragment, this results in a copy number of
several million per bead.

Subsequently, the emulsion PCR is broken while the amplified
fragments remain bound to their specific beads.




454 technology

One Bead = One Read

The clonally amplified fragments are enriched and loaded onto a
PicoTiterPlate device for sequencing. The diameter of the
PicoTiterPlate wells allows for only one bead per well.

After addition of sequencing enzymes, the fluidics subsystem of the
Genome Sequencer FLX Instrument flows individual nucleotides in a
fixed order across the hundreds of thousands of wells containing one
bead each. Addition of one (or more) nucleotide(s) complementary
to the template strand results in a chemiluminescent signal recorded
by the CCD camera.
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454 library preparation process

Double-stranded DNA molecules
(blue) are made blunt-ended by
T4 DNA polymerase, 5'-
phosphorylated (stars) by T4
polynucleotide kinase

and ligated to one strand of
nonphosphorylated double-
stranded adaptors A (green) and
B (red).

Ligation products carrying the
biotinylated B adaptor are
captured on Streptavidin beads
(yellow), and the strand-
displacing Bst DNA polymerase is
used to extend the nicks between
adaptors and template.

The DNA strands are then
denatured, releasing the A-to-B
strands, which are isolated and
used as templates for emulsion
PCR.



454 technology
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Data Analysis

The combination of signal intensity and positional information
generated across the PicoTiterPlate device allows the software to
determine the sequence of more than 1,000,000 individual reads per
10-hour instrument run simultaneously.

For sequencing-data analysis, three different bioinformatics tools are
available supporting the following applications: de novo assembly up to
400 megabases; resequencing genomes of any size; and amplicon
variant detection by comparison with a known reference sequence.



Solexa sequencing (Illumina Inc)
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Solexa sequencing

1. PREPARE GEMOMIC DNA SAMFLE

P
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HOH
Adspters

Randomily fragment genomic DA
and Bgate adapters to both ends of the
Fagments.

Step 1: Sample Preparation

-The DNA sample is sheared to
appropriate size (average ~800bp)
using a compressed air device
known as a nebulizer.

-The ends of the DNA are polished,
and two unique adapters are
ligated to the fragments.

-Ligated fragments of the size
range of 150-200bp are isolated via
gel extraction and amplified using
limited cycles of PCR.

) DNA
digestion

J’J Y

Blunt-ending
®
"\-.__________-

) A-tailing
ﬁ-&éﬂ_)

Adaptor
ligation

Cize-selection and
preamplification
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Solexa sequencing

Steps 2-6: Cluster Generation by
Bridge Amplification

- The flow cell surface is coated with single
stranded oligonucleotides that correspond
to the sequences of the adapters ligated
during the sample preparation stage.

- Single-stranded, adapter-ligated
fragments are bound to the surface of the
flow cell exposed to reagents for
polyermase-based extension. Priming
occurs as the free/distal end of a ligated
fragment "bridges" to a complementary
oligo on the surface.

- Repeated denaturation and extension
results in localized amplification of single
molecules in millions of unique locations
across the flow cell surface.

-This process occurs in what is referred to
as Illumina's "cluster station", an
automated flow cell processor.

1. PREPARE GENOMIC DNA SAMFLE 2. ATTACH DNA TO SURFACE 1 BRIDGE AMPLIFICATION

Randomly fragment genomic DNA . ﬁddwwmﬁmﬁ ..in‘dmlaluhdnudnbﬂdun\duww.

and Bgate adapters to both ends of the the inside surface of the flow cell channels. initiate solid-phase bridge amplification.

Fagments.

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

The enzyme incorporates nudeotides to Several miBon dense dusters of deuble-
build double-stranded bridges on the solid- siranded DNA are generated in each channel
phese substrate. af the flow cell.



Solexa sequencing

Steps 7-12: Sequencing by Synthesis

-A flow cell containing millions of unique
clusters is now loaded into the 1G
sequencer for automated cycles of
extension and imaging.

- The first cycle of sequencing consists
first of the incorporation of a single
fluorescent nucleotide, followed by high
resolution imaging of the entire flow cell.
These images represent the data collected
for the first base. Any signal above
background identifies the physical location
of a cluster (or polony), and the
fluorescent emission identifies which of the
four bases was incorporated at that
position.

- This cycle is repeated, one base at a
time, generating a series of images each
representing a single base extension at a
specific cluster. Base calls are derived with
an algorithm that identifies the emission
color over time. At this time reports of
useful Illumina reads range from 26-50
bases.

7. DETERMINE FIRST BASE

8. IMAGE FIRST BASE

9. DETERMINE SECOND BASE

First chemistry cyde: toinitiste the first

After lager excitation, capiure the image of

Second chemistry cycle: to initiote the

seduendng cycs, add all four label ed reversibl ithedl from each dusteron the next sequendng cyde, add ofl four Iabeled
terminatons, primess and DNA palymensse flow cofl. Recond the identity of the first besa reversghle terminators and ensyme to the
enzyme to the flow cell fior each chuster. flow ceil.
10. MAGE SECOND CHEMISTRY CYCLE 11. SEQUENCE READS OVER MULTFLE 12, ALIGN DATA
CHEMISTRY CYCLES
®
G
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l —+ GETGATGTGCCACCTCA
GATGTGCCACCTCACTC
& GIGCCGLCTCACTCCIG
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After laser excitation, collect the image dats Rmmhuinqu-ﬂqmdmrhn
s before. Record the identity of the second the sequence of bases in 2 given fragment

bass for esch duster.

& singls base ot time

Align data, compare to a reference, and
identify sequence differences.




Solexa sequencing
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Enzyme

Proprietary enzymes ensure
nucleotide-specific
incorporation

Cycle 1

Incorporated nucleotides
detected by laser-excited
fluorescence

Detected by a CCD
camera that rapidly scans
the entire array

Fluorescence is then
removed



Solexa sequencing
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Solid sequencing (Applied Biosystems )
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Solid sequencing

Step 1: Sample Preparation

The DNA sample is sheared to appropriate size
(average ~800bp) using a compressed air
device known as a nebulizer.

The ends of the DNA are polished, and two
unique adapters are ligated to the fragments.
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Solid sequencing

Step 2. Emulsion PCR

Clonal bead populations in microreactors containing template, PCR reaction components, beads, and
primers are prepared.

After PCR, the templates are denatured and bead population is enriched with beads with extended
templates. The template on the selected beads undergoes a 3’ modification to allow covalent
attachment to the slide.

Termpiate Sequance

Step 3. Bead
Deposition

3’ modified beads is
deposit onto a glass
slide. A key advantage
of the system is the
ability to accommodate
increasing densities of
beads per slide,
resulting in a higher
level of throughput from
the same system.




Solid sequencing

Di-base Probes
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Cleavage Site

Step 4. Sequencing by Ligation

- Primers hybridize to the P1 adapter
sequence on the templated beads.

- A set of four fluorescently labeled di-base
probes compete for ligation to the
sequencing primer. Specificity of the di-base
probe is achieved by interrogating every 1st
and 2nd base in each ligation reaction.

- Multiple cycles of ligation, detection and
cleavage are performed with the number of
cycles determining the eventual read length.

1st Base

1. Prime and Ligate
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2. Image
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Solid Sequencing

Step 5. Primer Reset

Following a series of ligation cycles,
the extension product is removed
and the template is reset with a
primer complementary to the n-1
position for a second round of
ligation cycles.

Five rounds of primer reset are
completed for each sequence tag.

5. Repeat steps 1-4 to Extend Sequence

Ligation cycle 1 2 3 4

T Ty
TA .

6. Primer Reset

M rrrrn®
~,
Universal seq primer (n-1) _.:
3 THETTRNTTRNTTINYY . 2 Primer reset X Ml ol @heried
saquance
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bead
1. Repeat steps 1-5 with new primer
/" basashift ™\,
PRIMER ROUND 2 Iml
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.
Universal seq primer (n-1) E—A A OB AA TA CC
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Solid sequencing

Read Position |U 112(3(4|/5|6|7(8|9/10111 'IEI?lE‘IQ’IZﬂZEZEHHZﬁ!EE?ZﬂHEﬂEI 32/33/34|35

® Indicates positions of interrogation  LigationCycle [l 2@ ¢ E 5 W
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g & ,  Universal seq primer (n-3) ole L0
% . Univeragal seq primer (n-4) o oo

=

Primer Reset

Five rounds of primer reset are completed for each sequence tag. Through the primer reset process, virtually every
base is interrogated in two independent ligation reactions by two different primers.

For example, the base at read position 5 is assayed by primer number 2 in ligation cycle 2 and by primer number 3 in
ligation cycle 1.



Roche (454 technology)
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Ion semiconductor sequencing

Folymemse

Hydrogen and pyrophosphate are released.

The incorporation of deoxyribonucleotide into a growing DNA strand causes
the release of hydrogen and pyrophosphate




Ion semiconductor sequencing

dNTF"

Polymerase ;
Template Strené

The nuclectide does not compliment the template - no release of hydrogeﬂ

—+J_L@i>®<ﬂ>®

The nuclectide compliments the template - hydrogen is released,

»@@@@H;@@@@@

The nuclectide compliments several bases in a row - multiple hydrogen ions are released.

The release of hydrogen ions indicate if zero, one or more nucleotides were
incorporated.



Ion semiconductor sequencing

T sequential flood of dNTP 3@ ‘

-141

Detector

Released hydrogens ions are detected by an ion sensor. Multiple
incorporations lead to a corresponding number of released hydrogens and
intensity of signal.



Comparison of sequencing methods

Ion Torrent . . Illumina SOLiD
Sequencing
Sequencing lon . Polymerase- Ligation-based
: semiconductor Pyrosequencing based sequence- .
Chemistry : : sequencing
sequencing by-synthesis
Amplification Emulsion PCR Emulsion PCR Br.i(_:lge_ Emulsion PCR
approach amplification
Mb per run 100 100 600,000 170,000
Time per run 1.5 hours 7 hours 9 days 9 days
Read length 200 bp 400 bp 2x100 bp 35x75 bp
Cost per run $ 350 USD $ 8,438 USD $ 20,000 USD $ 4,000 USD
Cost per Mb $ 5.00 USD $ 84.39 USD $ 0.03 USD $ 0.04 USD
Cost per $ 595,000 USD

instrument

$ 50,000 USD

$ 500,000 USD

$ 600,000 USD



~__ What should I do now? -
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NGS machnies of sequence data



Sequence processing

Sequence tags from next-generation sequencing

T

Well characterized species Less characterized species
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transcrpt: WM. 019111.3 mse: SID1437 Heip
” — R e gnl| lis| LBS5T0:0 | ob | AJEB4 605 1 | case: TCC495H H
A Fiesiric] whiere abbeast |5 | reads colivarant CO I o R rarfar Bler
B Ressrict where af deas | FEaCH COVET position _| wawiank i coding region Pasbtc]. hrm ol el | 4 g o st o= it S
€. Aestrict whers betwesn| 35 | and [75 | % of reads call variane | BHARE Causes prermatire sSop ey L e J A,
sl ooty Dk i PERY b S ] Al CTs ST posnkEE | il raisiei prermalom oo
4 f PO T o e -:I: | g g I 1 e TR I T L1 | VAH2ST reil e SeprrrTminm
= Slidable window —— R e e
I HE | eyl | ingdal F Y - Z
0 i 7 Erien
- e o 2L
A4 - I LTh l = i CTF E
S— 3
N = ) | e
- N Flpsaup -, . I it
Coding domain | Sloweue
0 9 267hp Form -
iL X L » L ey % L Bl i AiFsi L g
P e e g s L U e e i i e e e ol e al afe we o
1 — i Se i, i e e e e e i i o e il
- L _— < = — L = o 3 O a I e T = T~ T
- 3 i = = L = = e = e S e ke i
- L LY " —— e e s 5 & - . . . S — i
. & N (W e L) L LY [+ e -
- S %L N - B 2 L T e 3
R | [ 3 L M [ P f i i L T il iy, ol
ek T [ FIH F 2 e — il . il
A 5 L L £ i LY £ £ — e i,
— — 5 A LW L A p— S L
Sl | L 5 L L LY LT - e wilf, i
A= - S 9 - e i,




Bbicokonpoun3BoanTesibHble MIaTdOpPMbI
CUKBEHNPOBAHUS - PEBONMOLIMOHHbBIE
NnepcrneKkTuBhI

CekBeHMpoBaHMe reHOMOB
eYenioBeKk — MHAMBMAYASIbHAs FeHOMUKA
*BbisiBNIeHne HOBbIX aCCOLIMMPOBAHbIX C
3aboneBaHNSAMMN reHoB
eHoBble BUbl )XMBOTHbIX- HOBbIE FTEHOMbI
eMeTareHoMbl MPUPOAHLIX 6UOTOMNOB
CekBeHMpoBaHMEe TPAHCKPUNTOMOB
eOnuncaHmne TpaHCKpunToMa
eAHann3 anddepeHLnanbHON 3KCpeccuu
e[lOoMCK MyTaLuK B HEOONBLLMX NOMYNALMSAX
KJ1ETOK



CekBeHMpoOBaHMe reHOMa 4YesioBeKa

e 3 Mnpa bp = 6 mapa bp avnnonaHbI Habop
e Xopollee nokpbiTe 20x = 120 mnpAa

e Solexsa — AHoHcupyeT 90 mnpa 3a oanH nporoH $10 000

PeanbHo 3710 20-25 MnppA T.e. N'eHom 310 $50 000 TONBKO
CUKBEHC + noAaroTtoBka 0bpa3uoB+06paboTka AaHHbIX
$100-150 0000 3a 1-3 Mecsua

[loKa C/MLLIKOM A0OpPOro 1 A0Aro, HYXXHO AOCTUYb YPOBHS
$5 000 3a Hepento



Genome-wide in situ exon capture for selective resequencing

|. Genomic DNA preparation
and hybrid selection

1. Randomly fragment high-
molecular-weight DNA by
by sonication or nebulization.

. Repair, blunt and phosphorylate ends.

. Ligate linkers, denature
strands and capture with
385k arrayed probes.

. Recover selected fragments
by thermal elution followed by
Iyaphilization and PCR
enrichment of ligated strands.

TAACATCTGAGTGAT AGT ATAALTTCG
GCTGAGTGATCGGTA GGGTG#STSSEE#.T&
TEGATCGGTAACATCGCCATAATTGGCTGAGTCG
COGTAACATCGCCATAATTGGLTG

ACATCGCCATAATT

Sequencing result
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