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Human genome project

nagare
thehumangenome

Public HGP
1990-2003

approx. 3 Billion dollars
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Human Genome Project

Stratton MR et al, Nature 2009
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Next Generation Sequencing
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Sanger vs Next-Generation Seqguencing




Cost per genome
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Clonal cluster

sequencing

A

Technoloqgy

[« Solexa (Illumina)
e Sequencing by synthesis

e 454 (Roche)
* Pyrosequencing

e SOLiD (Applied Biosystems)

L e Sequencing by ligation

* Single molecule sequencing
* Pacific Biosciences
* Non optical
* l[on Torrent
* +4++++
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Systems

SOLiD5500xI Roche 454 FLX

llluminaHiSeq2000

ou'Aelreosoiw

DOutput using microbeads

2)Qutput using nanobeads
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Sequencing a genome of 432 Mb

ABI3730xl Roche lllumina Helicos
Platform Genome Genome ABI SOLID :
(454) FLX Heliscope
Analyzer Analyzer
Sequencing 0.03-0.07
Speed Mb/h 13 Mb/h 25 Mb/h 21-28 Mb/h 83 Mb/h
Time to
sequence 2185.7 11.8 6.1 5.5 1.8
(days)
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Sequencing workflow

o/ Library preparation 4 Fragmit DNA

Repair ends / Add A overhang

Ligate adapters

k - s K Select Iig;:ed DNA

Automated Cluster Generation Hybridize to flow cell
’ 1-8 samples Extend hybridized oligos
\\ ’ : Perform bridge amplification

Sequencing Perform sequencing on forward strand
1-16 samples Re-generate reverse strand
=y Perform sequencing on reverse strand
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DNA fragmentation

COVARIS Adaptive Focused Acoustics

e Acoustic energy wave that converges and
focuses to a small-localized area

e Shearing of DNA, RNA, Chromatin, +++
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Hlumina

Sequencing by synthesis
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@ Fragment DNA

|

G Repair ends/
Add A overhang

:
3 Ligate adapters
I

-

) select ligated
DNA

— Library QC: Real-Time assay and Qubit quantification!
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Clustering

Hybridize fragment and extend

» Thousands of single

Adapter
molecules from library prep sequence
hybridize to the lawn of ;
primers :

« Bound molecules are then
extended by polymerases |
3 s '}L E L : A 3 %;L
§ - ; p? g 3’ extension J,
| Yy LV L
LU

/U T
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Clustering
Denature double-stranded DNA

:' Newly

synthesized
Original i strand
template
* Double-stranded ‘
molecule is denatured @
; & s %2+ :
* Newly synthesized : e 1
o (©] (0]
covalently attached to NN ; : L83
i oL R 3 7 A1 20"
the flow cell surface i 1401 j IZE 5P 2 o
" i & § L . $ 1 it ol 50/ Single molecules
: L/ 8 i -8 i § 3 E $8” bound to flow cell in
v § /o . I8 ., i~ 3 & ¢ L a random pattern
| l 8 4 l ¥ 3 . ¥ g
: g A4 1 /1Y |
g 3 i @ 2 ¢ g g
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o :
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Clustering

Bridge amplification

Single-strand flips over to hybridize to
adjacent primers to form a bridge

Hybridized primer is extended by
polymerases

Double-stranded bridge is formed
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Clustering
Denature double-stranded DNA

Double-stranded bridge is
denatured

Result: Two copies of
covalently bound single-
stranded templates

Single-strands flip over to
hybridize to adjacent primers
to form bridges

Hybridized primer is extended %
by polymerase E
Process repeated 30 times
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Clustering

Preparing for sequencing

 dsDNA bridges denatured % %

e Reverse strands cleaved
and washed away

e ...leaving a cluster with
forward strands only

e Free 3’ ends are blocked

Sequencing
primer

oy
x

- cocts MBgEICOiCETECETeEE
PUITIIIIeL CrTtTILea NN

to prevent unwanted DNA e
priming y AP S 4V

e Sequencing primer is » ~ ‘é' R B
hybridized to adapter % T

sequence
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Sequencing by synthesis

Terminator and

Add 4 Fl- = Incorporated s
R fluorescent dye are
NTP’s + FI-NTP is
Pol , d cleaved from the FI-
olymerase image NTP
X36-150
<
gV
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SOLID
Sequencing by ligation

Library prep: ——
Adaptors are ligated % A Wiiar—aecy
onto the fragmented % e B R
DNA | [

<

7
Emulsion PCR: §i i 5 5

: A
Template is amplified 8 - Y v : b\j /ff ‘—\\, fif‘
during emulsion PCR : 5, SNl S

.- n_% 2_ f 'y ™ \,.\ T 4

and 3’end modified : : N BTS¢ fg ke
Bead deposition: ,\( 5 ),.
Beads are deposited £ t'\ ‘;’; : N
and covalently attached i s o : e
to the Flow Chip : IS
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Sequencing by ligation:

+3_+

— '
G-g-n-en-1-22 5
: Gy

s LI L

Adaptar Sequance Template Sequence

Primes +

- Primer hybridize to
adapter sequence

LIGATE

- 4 fluorescently labeled

SISATYNY ¥1¥0 / NOLYDI AS SNDNIND3S

Primer Rounid

T probes compete for ligation,
Boad -5l lLLLLLLL ST . interrogating every 1st and
Adapter Sequence Template Sequence an base in eaCh |igati0n
| e reaction
3 MMM -
g UL e L - Multiple cycles of
e EII‘v.lemel&-qumncnz Template Sequence ’ |igati0nS, detection and
cleavage
" Primer reset:
Read Position |0 1]2|a|4|5|8| 7| 8| 8 || 1|v2|1a]1a|r5|1617|16] 15 20]21|22|23|24| 25| ]e7]eles| a0 1 [a2] a2 s =
1 Unlversal seq primee {n} o[ [ [ [elel T [Tele] [T [slsl T e[ % - Template is reset with a n-
R Universal seq primer (n-1) I IS el o 3 1 primer
3 Universal seq primer (n-2) e ] A Sl M= ~= 3 . )
T £ - Five rounds of primer sets
s Unlvers:al seq primer (n-3) | . i s e o
— . (el z are needed to complete a
5 Unweggalseqpnmer (n-4) ‘ AP A= ile = a
T = template
® |ndicatas pasitions of intarrogation Ligation Cycle S ¢ B W T
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Pyroseguencing

Add PCR Micro-reactors

reagents and
amulsion oil

PCH in ‘water-in-oil’ Isclate DNA
efmulsion containing baads
= —— — —— ———— |

Load beads onto
PicoTiter™ plate

Read flowgram
Pyro- PPi !E |
sequence APS o T GO R
T R L e’ﬂl Luciferi — '."F?r'rr"".-""" |*i 'lL"’
. i ATF UcHenn I TRUISTMLRR AR
P S \\V,’/ T R AR
sequencer Luciferase Light + oxyluciferin
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Different types of libraries

Single- end read : Sequencing a linear fragment from one end
« Counting reads for gene expression
e Harder to align to the reference genome
 Not recommended for SNP calling

Paired- end read : Sequencing a linear fragment from both end
Seqguencing larger genomes (de-novo sequencing)
 Makes aligning to reference genome easier
« Easier to discover structural (insertions, deletions, CNVs,

inversions and translocations) variation in the genome

Mate- pair libraries : Circular DNA molecules
 Large DNA fragments (1.5 — 6 kb)
 Powerful method for finding large structural events (insertions,
deletions, CNVs, inversions and translocations) in the genome
« Sequencing larger genomes (de novo sequencing)
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Pair-end sequencing

Genomic DNA
lFrﬂngntEE{JD-ﬁD{pr}
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Mate-pair library

Mlpie Pair Lsbrary Sequenting Tor Lang baserts
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Technological challanges

Phasing Prephasing

Phasing/prephasing

@

Inefficiency in chemistry leads to some
clusters lead/lag in incorporation of
nucleotides
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Dye crosstalk

Overlap between dye emission spectra causes A to appear
asCand Gtoappearas T

Solution - PhiX control lane

Dedicated lane used for sequencing PhiX in
order to estimate correction parameters for
phasing/prephasing, dye crosstalk etc.

i www.uib.no
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Too close/bright clusters

Too close clusters will look like one cluster,
and to bright clusters will camuflage
neighbouring clusters

Solution — Purity Filter

Algorithm that removes
mixed clusters
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