Next generation sequencing (ab 2005)

Vollautomatische Systeme, die Gesamt-DNA-
Gemische zur Sequenzierung nutzen konnen.



Sequenzierungsstrategien

Shot-gun Sequenzierung von Zufallsfragmenten (Venter)
Zerlegen grolRer DNA-Fragmente in viele kleine Fragmente (partieller Verdau, mechanisch),
Klonierung in pUC-Vektoren, Sequenzierung, Computer (coverage — 6-10mal, entstehen viele

,contigs”, trotzdem Licken!!)

Smalj]
Smal

1800000
Smal l
1700000

1600000 <\ L1
Smal A\ \“A
Smal\l QM \

NotI

RsrlI

1500000

B

1400000 ——
Smal ———

1300000

Smal X/ g g\%\\\
1200000 ! ';, D

1100000 /T

Smal —e
1000000 [
RsrlI

900000

-

100000
RsrIl
Smal
200000
Smal
/ Smal
/ Smal
N/ £
74 300000
RS % RsrII
e TN
N 7G
\\\\‘
§}\&\ A 400000
1!111
L
! 500000
Ve
4
IR WS
{éy N N 600000
- A Smal
‘ Smal
Smal
700000
Smal
Smal
800000

1995

Craig Venter, Hamilton Smith, Claire
Fraser, and colleagues at TIGR
elucidate the first complete genome
seqguence of a microorganism -
Haemophilus influenzae Rd.
1.830.137 bp

Since that time, the genome
seguencing was mainly done using
this strategy. (The Institute for
Genome Research - TIGR)

2010

Die Sanger-Sequenzierung kann pro
,Automat” im Jahr maximal 350 Mio.
bp Sequenz generieren, allerdings mit
sehr guter Qualitat. Die neuen
Verfahren bringen das am Tag.



Next Generation Sequencing
Different platforms

Andy Vierstraete,
Department of Biology,
Ghent University. June 2012

CTAGGTAGCTAGTLG
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CY4-LETTERTWORDT
GCTATATCGTAGCTG
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» 454 Sequencing / Roche
- GS Junior System
- GS FLX+ System
+ lllumina (Solexa)
- HiSeq System
- Genome analyzer l1x
- MySeq
» Applied Biosystems - Life Technologies
- SOLID 5500 System
- SOLID 5500x| System
« lon Torrent - Life Technologies
- Personal Genome Machine (PGM)
- Proton
» Helicos
- Helicos Genetic Analysis System
« Pacific Biosciences
- PacBio RS
» Oxford Nanopore Technologies
- GridION System
- MinlON
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Next Generation Sequencing
Amplified Single Molecule Sequencing

Third Generation Sequencing,
Next Next Generation Sequencing,
Single Molecule Sequencing
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) +

(lllumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)
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Workflow
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Next Generation Sequencing : Amplified Single Molecule Sequencing

POV OVAVAVAPLVAVIVAVAVAVEVEVAVAVAVLVAVEVEV SV S
(V000000000000 0000e0erevoveveveversrsrevevers
COCOTOCOTOTOOOOO0OOOOOTOCOCOCOCOCOCO0O0OO0O0

Fragmentation of DNA
(sonication or enzymatic)

200000
(0800069006 ¢] XOOOTOCOCOCOTOT0
OOOCOCOCOCOTOTOCOCOC00
COCOCOCOCOTOCO 000

10900000000
100000000000
000 OO0OOO
OO0 000000 000
Ligation of adapter and
primer (or barcode)
XOTOTOOCOTOCO 0 s 0 s 00 ¢ s 0 0 ¢ s O o s
XOOOOTOCO0OTOTOCOCOCOTO00
XOO000C0000000000  XO0000 2000000000000
pe e v o) YXOTOTOCOTOCO00
200000000 00000
2000000000000 00000000

l Size-select the fragments

XOSOCO00CO0000  OOOCOCOCO00CCK
| X000000000O0O0 | XOTOTOCOTOTOTK
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Library preparation

Good fragments :

) O V000000000000

I | 1 1 I
Adapter Sequence Barcode Primer
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) +

(lMumina)

Pyrosequencing Sequencing by ligation
(494) (SOLID)



H H Andy Vierstraete, [cTaceTAGCTAGTCG| [CeMOFE
Next Generation Sequencing Department of Biology, ¢<T-ZFECISGATAG| |[7]Cig]2)
Wo rkfl ow Ghent University. June 2012 |GCTATATCGTAGCTG
11/132

Next Generation Sequencing : Amplified Single Molecule Sequencing Emulsion PCR

Ideal microreactor
containing one strand of
// library DNA, primers,
4 one bead and PCR mix
//
—Emulsion oil —’ ’
~ Make emulsion By Emuision
PCRmix  (e.g. by mixing)
Bead S a
Library DNA
3. Extension : polymerase
amplifies the forward 2. Annealing : ONE fragment
strand starting from the (reverse strand) anneals to
bead towards the primersite adaptersite on the bead 1. Denaturation of ,ACACOCOCOCOTOOD
g A A library fragment
ANNNNNN Valla "~
( & ‘\ y ( (‘
>
= L
(‘ OO IS
ANNANNNNY
ANNANNNANN
4. Denaturation ; origigal reverse strand denatures
from the bead, the forgard strand is connected to
the bead by the sugarfphosphate backbone of DNA
o N~
( ANNNNNXD
“‘ Y & Va
/ LLH’LLM \ B 4
= (‘ AT
ANNNNNNY ;
» ~ |
: 7. Repeat PCR steps
ANNNNANAN 5. Annealing : reverse o
m,,{,‘ ea?mn;,srf:e 6. Extension : polymerase 4 -5 - 6 for 30- 60 cycles.
adatiaralla.cin the amplifies the forward strand starting
b eaz diraer GRneals from the bead towards the primersite, and
b P the reverse strand starting from the primer towards the bead
o forward strand {Angy Viersiraste 2012)
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Next Generation Sequencing : Amplified Single Molecule Sequencing Emulsion PCR

1. Denaturation of
library fragment

@ “

ANNNNNSN\Y
NANNNNNNNAN

8000000000000 00

- —

>

»

L¥ S

[Andy Vierstraets 2012)
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Next Generation Sequencing : Amplified Single Molecule Sequencing Emulsion PCR

2. Annealing : ONE fragment
(reverse strand) anneals to
adaptersite on the bead

3. Extension : polymerase
amplifies the forward

strand starting from the
bead towards the primersite

e

[Andy Vierstraets 2012)
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Next Generation Sequencing : Amplified Single Molecule Sequencing Emulsion PCR

4. Denaturation : original reverse strand denatures
from the bead, the forward strand is connected to
the bead by the sugar phosphate backbone of DNA

5. Annealing : reverse strand anneals to
adaptersite on the bead, primer anneals
to forward strand

(Andy Vierstraete 2012)




Next Generation Sequencing
Workflow
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Next Generation Sequencing : Amplified Single Molecule Sequencing Emulsion PCR

6. Extension : polymerase amplifies the forward strand starting
from the bead towards the primersite, and the reverse strand
starting from the primer towards the bead

7. Repeat PCR steps
4 -5 - 6 for 30- 60 cycles.

(Andy Vierstraete 2012)
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Next Generation Sequencing : Amplified Single Molecule Sequencing Emulsion PCR " -

different micro reactors : only 15 % are good ones

{Andy Vieesiraate 2012)
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversable terminator sequencing
(lon Torrent) +

(lllumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)
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Next Generation Sequencing : Amplified Single Molecule Sequencing “Polony” PCR 18i1e2

Bridge ampilification : lllumina

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

Randomly fragment genomicDNA  Bind single-stranded fragments randomly to  Add unisbeled nudeotides snd enzyme to
and bgate adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge amplification.
fragments.



Next Generation Sequencing e | (o
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Next Generation Sequencing : Amplified Single Molecule Sequencing “Polony” PCR 192
Bridge amplification : lllumina

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

FOCUSS S SN

SRR,

The encyme incorporates nudeotides to Denaturation leaves single-stranded Several milion dense dusters of double-
bulld double-stranded bridges on the solid- templates anchored to the substrate. stranded DNA are generated in each channel
phase substrate. of the flow cell,
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) +

(lMumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)
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Workflow
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Next Generation Sequencing : Amplified Single Molecule Sequencing “Polony” PCR

gDNA
template
hybridization
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Wildfire amplification : SOLID
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Next Generation Sequencing
Workflow
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Next Generation Sequencing : Amplified Single Molecule Sequencing “Polony” PCR

Wildfire amplification : SOLID

One million colonies/mm?2 per FlowChip surface.
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Quality scores in sequencing :
Q17, Q20,Q30; ...

-
¥ -__
-

1in 30 98 %

30 1in 1000 989 %

50 1in 100.000 99,999 %

1 Gb genome : 1 time coverage :
Q20 : 10.000.000 errors

Q30 : 1.000.000 errors

More coverage reduce the errors
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) +

(lllumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)



Next Generation Sequencing
Different platforms
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Next Generation Sequencing : Amplified Single Molecule Sequencing

454 Sequencing / Roche

GS Junior GS FLX Titanium XL+ GS FLX Titanium XLR70
Read Length 400 bp 700 bp 450 bp
Throughput 35 Mb 700 Mb 450 Mb
Reads per run 100,000 1,000,000 1,000,000
Accuracy 99 % 99,997 % 99,995 %
Run Time 10 hours 23 hours 10 hours
Workflow : Library preparation =g Emulsion PCR =———f» Pyrosequencing

GS Junior System
g Er—— 7“‘\

GS FLX+ System

1|
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Next Generation Sequencing : Amplified Single Molecule Sequencing walte2

454 Sequencing / Roche  Pyrosequencing

Load enzyme +
packing beads
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Next Generation Sequencing : Amplified Single Molecule Sequencing i

454 Sequencing / Roche  Pyrosequencing

1. Denaturation : the bead contains single stranded 2. Annealing : the sequencingprimer anneals 3. Extension : polymerase amplifies the strand
DNA. The complementary strand is washed away. to the single strands. starting from the primer towards the bead.
Nucleotides flow sequentially over thewsyeads.

Vierstraate 2012)
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Next Generation Sequencing : Amplified Single Molecule Sequencing arilee
454 Sequencing / Roche  Pyrosequencing
From nucleotide to DNA 4 nucleotides flow sequentially
Iterative additions ——
» dATP » dCTP » dGTP » dTTP
B
dCTP
m...AGCGTcA AAATTG...
TCGCAGT DNA polymerase Pi P
Primed Template - [dz;: _Z’ d:g:_Adm j
) v Apyrase

(| Andly Viesstroese 1999]

ATP Sullurylase
APSL> ATP + SO,

PP
D-luciferin —L—‘/I.thnonn.lucﬂoﬂmAMP +0,

Luciferase l

Luciferase + oxyluciferin + AMP + CO, *
J;;LLLLLLLU.LhLuu_LtuuL fix

e
HPV-18
CCD camera or
N_, A photomubiplicator

A GIACY W TWC & Ta

(i)
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Next Generation Sequencing : Amplified Single Molecule Sequencing 290132

454 Sequencing / Roche  Pyrosequencing
=

The signal strength is d4-mer<-| 1 o Order

proportional to the number _-:g ---------------------------------------------
of nucleotides incorporated e L e TTETE"-_:(_B__

2-mer | \ | /

1-mer

A TN

20100l g0l 1S 010010 L0100 1110 011000 LOA0 BA0111 000 100 10 0PI L00 L0 0 L0L00 20 202X 0L0LOZ OA0L 00T 200 Lo 0LOE 01100 10 0L 10 20 1001

i I
o
] ;| -

|

;.I
|
] ]
1
+

—
I

TCAG for signal calibration and normalization
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) +

(lllumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)
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Next Generation Sequencing : Amplified Single Molecule Sequencing
SOLiD

5500xI 5500 5500 W
Read Length 75 bp 75 bp 75 bp
Throughput 180 Gb 90 Gb 360 Gb ?
Reads per run 3,000,000 1,500,000 6,000,000 ?
Accuracy 99,99 % 99,99 % 99,99 %
Run Time 7-12 days 7-12 days 7-12 days

Workflow : Library preparation == Emulsion PCR ——» Sequencing by Ligation
Wildfire PCR
2nd Base Probes
s SR T‘\ Cl it Fi td
eavage siie uorescen
= .
2 . :: XXNNNzzz ® dual base encoding
i L e L
-
\ . ."’J [ J.'niversal bases
Degenerate bases

Template 2™ base
Template 1% base
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Nesxct)fgsneration Sequencing : Amplified Single Molecule Sequencing
i

2nd Base
i ACGT\ XXNNszz’
O ) 1

1st Base
=0 0>

= Sequencing primer L XXNNNzz z’
A o S T 3
I R R

8

el rqg refveEe s I L E L EE R ELE LGB L ES L
5 P1 Adapter ¥ 8
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Nes)gl?gneration Sequencing : Amplified Single Molecule Sequencing
i

CTAGGTAGCTAGTCG| |[CeMoFE
Gle|n|t|

GCTLIFECISGATAG Igl !zl !||

C4=-LETTERTWORDT
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GCTATATCGTAGCTG

2nd Base
d ACGT\ XXNNNZZZ/.
1O SR | T 1

&

5;: & XXNNNe 22 B
&

o o

1st Base

(—IC)O>

Sequencing primer A
1
|

LT P A T T R (R
| i ] [ (SO [ A S O T O

5" P1 Adapter

3!

_|




Next Generation Sequencing
Different platforms

CTAGGTAGCTAGTCG
GLTLIFECISGATAG
CY=-LETTERTWORDT
GCTATATCGTAGLCTG

Andy Vierstraete,
Department of Biology,
Ghent University. June 2012
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Next Generation Sequencing : Amplified Single Molecule Sequencing

SOLiID

1st Base

XXNNNzzz ,

—x
ol

M

XXNNszz,

Sequencing prim’ EX Xl N
L I
| | |

s ey Z
(3%

A
|
I O O O O A
5 P1 Adapter T

35132



Next Generation Sequencing Depart e, [ er e easarse
Different platforms Ghent University. June 2012 GCTATATCETAGCTE

CeMoFE

Neg%f;gneration Sequencing : Amplified Single Molecule Sequencing
i

2nd Base

1st Base

Sequencing primer

| B [ L6 RIS P M2 ) B i A (R

A
| R 0 3% 58 B O DR 6 R
|
T

5" P1 Adapter
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Next Generation Sequencing
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Next Generation Sequencing : Amplified Single Molecule Sequencing

SOLiID

2nd Base

( CGT“‘\ m XXNNszZ/.
o A. . FT T T
3l c :: XXNNNzzz
ey FrT T T I 1
»nl| G

T

. . XXNNN'ZZZ/.

rTTT T T

Sequencing primer

®

i Ll Ll T,
- — %P0 -HD

-—z

-z
o
= N

— >

3" P1 Adapter

3-
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Next Generation Sequencing T

Department of Biology, GCILIFECISG!TAG Gle|n|t
i Ghent University. June 2012 E'ETIEEI;EE:IEEEE$E )
Different platforms **

Next Generation Sequencing : Amplified Single Molecule Sequencing 38/

SOLiD

anBase
~
( C G T m XXNNN'ZZZ’
T 1T rrIrriri
@ A. o
EC XXNNszz’
n| G
T @000
\_ XXNNNzzz
Sl i i
&5
AC z 2%
Sequencing primer & ?(';‘{ NNN
rrrrrrrrrrnrrrnriri
| I I [ N (I O N I N N N NN N N T N T (I N
T 3

9" P1 Adapter
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Next Generation Sequencing : Amplified Single Molecule Sequencing
SOLiID

2nd Base
( CGT-\ XXNNN'ZZZ’
o A. . rTT T I T
m
n| G
= KXXNNNzzz
T. . r||||'|||/.

TG
GT
AC
Sequencing primer CA
= ap A XX N NNNzzz
rT T T T T T T T T T T T T T T T T T I ]
| [ N [ [ O [ (Y AN N NN N NN N N N N N N N NN DO O N (N N O A I O N A AN |
5  P1 Adapter T

3-
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Next Generation Sequencing : Amplified Single Molecule Sequencing 407132

SOLID

2ndBase
N
( L2 L XXNNszz/.
QA " ‘. "Eaa" T T T I T
® C XX NN zzz’
. rTTTITT 1
nl G
o XXNNNzzz
T-‘. ‘. T T Flllj.

XXNNszz,

Sequencing primer

5" P1 Adapter

—— X O» 6
L | >0 —®

-z
1>

—-— =
—=X-OHO>

——{X>00-
-—=

| N T N N N Y N I N |
3.

—->
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Next Generation Sequencing : Amplified Single Molecule Sequencing

SOLID

2nd Base

( ACGT\ XXNNszz’
T T T T T T
o__o e ..

XXNN
a FrTrr1l

»
T @000 T

1st Base
—a O 0>

TG AT AG
GT CG CT
S
Sequencing primer ¥ % NNNXXNNNXXNN N
rrrrrrrrrrrrrrorrrrrrnrirnrrnri
| I I I [ T I (N N N N I N N N N N N N N N N (N N N O O N A |
5  P1 Adapter T 3
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Nt-:-sxct)l(_.‘-ggneration Sequencing : Amplified Single Molecule Sequencing
i

2ndBase
~
( C G T XXNNszz’
[0 A. . rTTTI T
% C XX NN zzz’
o a Fr 1T 1r1rrriri
+_J
ol G
" 9000 g ee S o
9 XXNNNzzz
TG AT AG AT
GT CG CT C&
SO I
Sequencing primer  , 3% NN NXXNNNXXNNNXXNNN
rrrrrrrovryrrrrrrrrrrurrirrrrrnrnrnrii
| I I I N N N N O O N N N N N NN N N (N N (N N N N N N
T

3" P1 Adapter
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Nes)glt_:-‘_:gneration Sequencing : Amplified Single Molecule Sequencing
i

2ndBase
N
( C G T XXNNNZZZ/.
-:DA. . rTTTI T
%C XX NN zzz’
M 8: rTT T I T 1
nl G
w)
- XXNNNZZZ/.
T. . T LTI ITTI
9 XXNNNzzz
rTTTTITT
TG AT AG AT AT
GT CG CT cCG CcCG
g sg g g8 G
Sequencing primer 3 NNNXXNNNXXNNNXXNNNXXNNN
ITT T T T T T T T T T TT T T I T T T T T T T I T T T T IT T O]
AEEEEEEEEEE
T

3" P1 Adapter
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Next Generation Sequencing Ay Virmhals,

Department of Biology,

CeMoFE

Different platfo rms Ghent University. June 2012
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Next Generation Sequencing : Amplified Single Molecule Sequencing
SOLID

1st Base
F_| O 0 >

- x

- %

-z

- Z

=

.N

=

o

Sequencing primer n-1

S P Adapter T
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Next Generation Sequencing Dopartment of Biotegy, |CLTLErECEIoATAE
D i ffe re nt p Iatfo rms Ghent University. June 2012 22?&51?52?1’2232

Nesxct)l?gneration Sequencing : Amplified Single Molecule Sequencing
i

2nd Base
[ \ XXNN ZZZ’
A € G . F e
| A 1.' 1"!:3.'. XX NN zzz,"
% R 57 F O Bl B B
mC
2| G & XXNNszZ/.
— T 9 O O e [ ¢ XX NN )
T . 7z Z
k‘Q‘/ (T3(f ) B I I
AC
CA
AT
CG
GC
. TA
Sequencing primer n-1 XXNNN
Ty
[N T A T T T T T T N T T T T N W N T O W N U N A OO O O OO O O |
5 P1 Adapter T
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Nes)glt_:-‘_-gneration Sequencing : Amplified Single Molecule Sequencing
i

1st Base
(rq O 0O >
-
—
-1Z
-1 =
-
.N
—{nN
o

TG
~ BT
AC
CA
AT
CG
GC
. . TA
Sequencing primern-1 y y N N N
rrrrrrrrrrrrnrii
| T N T N N N [ [ N T [ N N T |
9 P1 Adapter @ 3




CTAGGTAGCTAGTCG
GCTLIFECISGATAG
CY-LETTERTWORDT
GCTATATCGTAGCTG

Next Generation Sequencing Ay Vieatmels,

Department of Biology,

Different p|atf0 rms Ghent University. June 2012

CeMoFE

Ig G|a|n!1|:|

Nes)gl?gneration Sequencing : Amplified Single Molecule Sequencing
i

1st Base
F,’_—| QO P

- %

=1

-1Z

-1 Z

=

l.M

=N

o

AC
CA
GC
. . TA
Sequencing primer n-1 XXNNN
rrrrrrrrrrrririri
N TN [ N N N N I Y [ N N N |
2 P1 Adapter @
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Next Generation Sequencing

Andy Vierstraete, [cTAGGTAGCTAGTCG

; GCTLIFECISGATAG
Department of Biology, (2. o e rTuornT
Ghent University. June 2012 |GCTATATCGTAGCTG

Different platforms

CeMoFE
Gle|n

Al

Ntes)gl?gneration Sequencing : Amplified Single Molecule Sequencing
i

2nd Base

XX NN zzz,
xS L T U
Q @ XX NN ZZZ/.
% 138 B L A
m
XXNNszz)
1% XXNNN.zzz’ T T T T T
— S =5 I i S |
@ TG AT AG AT
GT CG GT CG
AC AC GC GA GC
CA CA TA TC TA
@ TG AT AG AT
GT CG CT CG
GC AC GC GA GC
s . 1TA CA TA TE TA
equencing primern-1 y ¥ NN NXXNNNXXNNNXXNNNXXNNN
S R Tl I I T I I T T Y1 I T I I 111
AL PR EE L A R E L I L E I L L P VI L E E LI L L p
5 P1Adapter TAC
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Nesygl?gneration Sequencing : Amplified Single Molecule Sequencing
i

3th run :

2nd Base
( A XX NN zzz/.

ACGT ITTT I T 1 ’
52.:: < o XXNNNE 2z
o0
it SITTIETS QT
a ' TT T T T TT1

T@® 00
@@ TG AT AG AT
AC AC GC G A e
i CA TA TC 2P
% TG AT AG AT
GT cG - | CG
?E A GC S A GC
Sequencing primer n-2 CA TA TA
ITTTTTTTTI
| I O [ [ (N N O O O N O N N N NN N (N (N O T A |
TAC

5 P1Adapter
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Different platforms Ghent University. June 2012 |6CTATATCGTAGCTG lgil
. . . g . . 50132
Next Generation Sequencing : Amplified Single Molecule Sequencing
SOLiD
2nd Base
XXNNNzzz
4 CGT-\ﬁ IIIIIIII’xXNNszz’
| A . . @ FEPRERE
& XXNNNz z z’
m| € :: FrTT T T XXNNNZZZ/.
= | G T T T T
w
. TG AT AG AT
T . . U G CG T 1
AC AC GC GA GC
CA CA TA T TA
% TG AT AG AT
GT c GT CG
GC AC GC GA GC
TA CA TA 0 TA
o GA
Sequencing primer n-2 XXNNNXXNNN
I T T T T TTTTTTTTTIT T TITITTIO
| N I T I N N T N (T N N I N T I (I A
CT AC 3

3P Adapter




Next Generation Sequencing Do [ At tarasrce] |
Different platforms Ghent University. June 2012 GCTATATCETAGCTE M
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Nes)gf-ggneration Sequencing : Amplified Single Molecule Sequencing
i

2nd Base
( A C G T)
3| A ®
m| C % TG AT AG AT
2| G GT CG CT CG
o AC AC GC GA GC
T . CA CA TA TC TA
% TG AT AG AT
- GT CG CT CG
GC AC GC GA GC
TA CA TA TC TA
AT AA TG AT
CG ccC GT CG
GC GG AC GC
" e , GA TA TT CA TA
equencing primern=2 » Y NN NXXNNNXXNNNXXNNNXXNNN
| G B O A A e WE S P O R e T IO S I G I R R B AR B W I [
| 1 N O I N I N (N N N U O U OO N N U N N N NN N (N N NN NN N N N N NN N N O N N N A N AN |
CTAC

5" P1Adapter
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Nesxct)Esneration Sequencing : Amplified Single Molecule Sequencing
i

4" run :
2nd Base
( A CGT)
ol A ‘
w)

TG AT AG AT
m| C §§ GT CG CT CG
i AC AC GC GA GC
nl| G CA CA TA TC TA
\ TG AT AG AT

T . Qz o GT cG cT cG
\_ >, GC AC GC GA GC
TA CA TA TC TA
AT AA TG AT
CG cc GT CG
GC GG AC GC
GA TA ™ CA TA
Sequencing primer n-3
Bl B o i
F G 0 0 e e e e s ysysyyyyyyy Yy sty g Yy YYYELLLELL
‘5' P1 Adapter CTAC

3!
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leferent platforms Ghent University. June 2012 |GCTATATCGTAGCTG
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Next Generation Sequencing : Amplified Single Molecule Sequencing
SOLiD
2nd Base
AR @ 18 AL &% A
3)) A ‘ AC AC GC GA GC
C| C CA CA TA TC TA
m % TG AT AG AT
21 G GT CG CT CG
el GC AC GC GA GC
T . TA CA TA TC TA
\_ AT AA TG AT
CG CcC GT CG
GC GG AC GC
GA TA A5k CA TA
AA TG AT AA TG
CC GT CG cC GT
9 8% 88 98 A¢
A A
Sequencing primer n-3 x x N N NXX NN NXXNNNXXNNNXXNNN
T3 LR L T T O S SRR G R R T OO R T R PR N P
S Y A B [N [ 1 I O O S I M e A O I I I I e ] e oy (e R [ I B |
CT AC

S'  P1 Adapter
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Different platforms Ghent University. June 2012 GCTATATCGTAGCTE w
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Next Generation Sequencing : Amplified Single Molecule Sequencing
SOLiD
5" run :
2nd Base xR &5 G cT G
(" AC G T) cK ek 7Y T 7
TG AT AG AT
% A ‘ % GT CG CT CG
©| C GC AC GC GA GC
(a8] TA CA TA TC TA
+ AT AA TG AT
»| G CG cC GT CG
T . GC GG AC GC
GA TA 5 L5 CA TA
- TG AT AA TG
GT CG ccC GT
AC GC GG AC
CA TA 1R CA
TG AT AA TG AA
GT CG cC GT CcC
L SN ST S
Sequencing primer n4 5 % N N NXXNNNXXNNNXXNNNXXNNN
R R T L R R O 2 O O L T S A L R S L B T G T |
| N N T N N N N A N N N N NN N TN NN N N N N N N NN N N AN N NN A |
CTAC 3

5" P1 Adapter
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Nes)gLGBneratlon Sequencing : Amplified Single Molecule Sequencing
i

2nd Base e oo 8L ot
 ACGT) e s ek &8 P
o A [ R @ X L 2
m| C K e R £ $é P
| @ . g
T . GA Y ¢¢ o) g5
(. TG AT &8 TG
3 CG G1

o>8ﬁ

G —

-0 -G
-®

; gg

- -Ho
oy

TG A A
GI CG C
AC qﬂ? G%? GG
Sequencing primer n-4 CA @ﬁ C T I
eq 9 XXNNNXXNNN NNNXXNNNXXNNN
T P RN A B e R e T R T T L T O R R R I R
| T T T N T T T T T N O T T T T T O T O |
5' P1 Adapter CTACGTACAATTATGGTCTTGCGC
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N%xct)ggneration Sequencing : Amplified Single Molecule Sequencing
i

More accuracy : 3-base encoding probes
2nd Base Probes set 2 : 3-base encoding

(A C G T 3 Cleavage site  Fluorescent dye

ol A @ 7
(D R
i-i XXNXNzzz )
1% K R O
Yy, [ Universal bases
Template 4™ base
Template 2™ base

Template 1% base

8. Repeat steps 1-7 with Primers n-1, n-2, n-3, and n-4 using Probe Set 1

ReadPosition| 0 1 2[3/4/5 6/ 78| 9/10/11/12]13]14]15] 16/ 17| 18| 19 20|21 22| 23] 24/ 25| 26/ 27| 28] 29 30
Primer () "JYYYTTRTTTNNINIT oo | oo
prmer n-1) “TRYTRTRTITNITIT 1 o
pimer (-2 TEVTTRTURTINENIY | oridge Proe o|® oo
Primer (n-3) "TRRRRINRURRIRNRER | Bridge Probe o0 o0
primer (n-4) "TYNTTTTTTTYTTNNNY | Bridoe Probe | ‘ ‘ @ ee
9. Repeat steps 1-7 with Primer n-4 using Probe Set 2 @ Interrogated Positions Ligation Cycle [l 12 (31 4 |81 6
ReadPosition| 0 1/ 2[3/4|5 6/ 7|8 9 10/1112[13 14 15|16 17 20|21 22| 23|24/ 25|26 27| 28|29/ 30
primer (n-4) TYTTTTTTTRTINNT | Bridge Probe ﬁo o o | e “o o o




partme H GCTLIFECISGATAG
De nt of B'mogy' CY4=LETTERTWORDT

Next Generation sequencing Andy Vierstraete, [CTAGGTAGCTAGTCG eGMOnFE
Different plathrms Ghent University. June 2012 |GCTATATCGTAGCTG ﬂﬂ'

Next Generation Sequencing : Amplified Single Molecule Sequencing P

SOLiD

Figure 1. Multiple applications on a single FlowChip with different read lengths and chemistries.

. ~2 Exome samples' (50 b

me optimal running
following coverage:

human exome

. 1 mRNA profiles’

) per sample
| per sample
(50 bp x 35 bp) e ki
uman genome
J 20-50 ChiP-Seq samples’ ey o
(35 bp)
. 20-50 microRNA sample
(35 bp)
. 1 Structural variation/
inversion experiment®
(2 x 60 bp)
. ~2 Methylation samples®
(enriched) (75 bp) ’

technc
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Next Generation Sequencing Andy Vierstraete,

Department of Biology, |¢ST -1 RTeiTas IE ‘-EJ?I“!TI
Workflow Ghent University. June 2012 |6CTATATCETAGCTG
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) *

(lllumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)
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Next Generation Sequencing : Amplified Single Molecule Sequencing
lllumina
HiSeq HiScanSQ Genome Analyzer MiSeq
l1x
Read Length 100 bp 100 bp 150 bp 250 bp
Throughput 600 Gb 150 Gb 95 Gb 6 Gb
Reads per run 3,000,000,000 750,000,000 320,000,000 12,000,000
Accuracy 99.9 % 999 % 99,9 % 999 %
Run Time 11 days 8 days 14 days 20-35 hours

Workflow : Library preparation —» Bridge amplification =——» Reversible termination

Next Generation Sequencing : Amplified Single Molecule Sequencing
lllumina

HiSeq 2500 / 2000 / 1500 / 1000

Genome Analyzer lIx

sequencing



Next Generation Sequencing Doparmentol Biokr, [cercarees earae| [ Hrosna e
Different platforms Ghent University. June 2012 |6CTATATCETAGCTE M

Next Generation Sequencing : Amplified Single Molecule Sequencing oA

Illumina

o
esesee

Incorporate
all four

—_ —_— —_ nucleotides,
i 1. l each label

i it with a
' ! different dye

- i :
e

Wash, four-

4 nucleotides with different dye colour imaging
flow simultaneous

Cleave dye
and terminating
groups, wash

Top: CATCGT
Bottom: CCCCCC

Repeat cycles fep
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Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Emulsion PCR “Polony” PCR on a slide

Semiconductor sequencing

Reversible terminator sequencing
(lon Torrent) +

(lumina)

Pyrosequencing Sequencing by ligation
(454) (SOLID)



Next Generation Sequencing Andy Viersimals, [Hree | Rl NS
; GCTLIFECISGATAG Gle|n|t
Department of Biology, (¢ ” ¢ rregTuornt L,!J‘I |
Ghent University. June 2012 |ccTATATCGTAGCTS

Different platforms

Next Generation Sequencing : Amplified Single Molecule Sequencing
lon Torrent

64/132

PGM Proton
Read Length 200 bp 200 bp
Throughput 20Mb-1Gb 10 - Gb
Reads per run 11,000,000 660,000,000
Accuracy 99 % 99 %
Run Time 4 5 hours 4.5 hours

PGM (Personal Genome Machine) Proton




CeMoFE
UG'en
L]
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Next Generation Sequencing W el ST
Different platforms

Ghent University. June 2012 |GCTATATCGTAGCTG
Next Generation Sequencing : Amplified Single Molecule Sequencing
lon Torrent

Workflow : Library preparation =——p» Emulsion PCR —> Semiconductor Sequencing

From nucleotide to DNA

Micro-machined wells

lon-sensitive layer

Proprietary lon senser

Sensing Layer
Sensor Plate

Drain Source To column
Silicon Substrate dEEsas Time (s)




Next Generation Sequencing Deparmentof Bokogy, 1L rECLEeeTac] | BTO I
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Next Generation Sequencing : Amplified Single Molecule Sequencing

lon Torrent

4 nucleotides flow sequentially

Nucleotide———"
incorporates
into

NA

No camera, just a pH sensor

Hydrogen ion
is released




Next Generation Sequencing
Different platforms

Andy Vierstraete,
Department of Biology,
Ghent University. June 2012

GCTLIFECISGATAG
CY=LETTERTWORDT

CTAGGTAGCTAGTCG]
GCTATATCGTAGCTG

CeMoFE

!g!Gp!n!Tl

Next Generation Sequencing : Amplified Single Molecule Sequencing

lon Torrent

No hydrogen
ion released

67/132
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Next Generation Sequencing : Amplified Single Molecule Sequencing
lon Torrent

Two bases Two hydrogen ions
are incorporated / are released
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Next Generation Sequencing : Amplified Single Molecule Sequencing
lon Torrent

Average Corrected lonogram

7 T T T T
6- -
5
4l .
[Ty}
% TR e MM nmTmTMmMmmmmmmmmmnrTrTI TIaEIITTrT""T"TmMmMmMmmMmntmrTmTT!T"T"’!T"’TT’T’T"’™S"mMmMmMmMmMmmmIrlTmr’U!TTUT’’T’’T’T’T’T’T’’’’’’',hm''''$'''T'éms's'Tm'''é'»
83 ]
N Key sequance: [ g
1|||I|| ‘ | I||||||I|||| II'
0
CGTCTGAGCA l’_-'-lll"f'-y"f_-'-'-.f'.'-('-l"-'l"('l CGT l' GAGCATCGATCGA |'_'-' f

20 0
Flow

ATCGTGTTTTAGGGTCCCCGGGGTT...



CTAGGTAGLTAGTCG
GCTLIFECISGATAG
CY=LETTERTWORDT
GCTATATCGTAGCTG

Next Generation Sequencing Andy Virairaels,

Department of Biology,

Different platforms Ghent University. June 2012

CeMoFE

VIR

Next Generation Sequencing : Amplified Single Molecule Sequencing
lon Torrent

Enrichment : select only the beads that contain DNA
-> maximizing sequencing yield

Primer with biotin

¥—

Add Magnetic Streptavidin Bead

Immobilize with magnet and wash

Denature bead containing ssDNA with NaOH

Andy Viersiraste (2012)
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» 454 Sequencing / Roche
- GS Junior System
- GS FLX+ System
» lllumina (Solexa)
- HiSeq System
- Genome analyzer lIx
- MySeq
» Applied Biosystems - Life Technologies
- SOLID 5500 System
- SOLID 5500xI System
» lon Torrent - Life Technologies
- Personal Genome Machine (PGM)
- Proton
» Helicos
- Helicos Genetic Analysis System
» Pacific Biosciences
- PacBio RS
» Oxford Nanopore Technologies
- GridION System
- MinlON

Next Generation Sequencing
Amplified Single Molecule Sequencing

Third Generation Sequencing,
Next Next Generation Sequencing,
Single Molecule Sequencing



Next Generation Sequencing
Different platforms

Andy Vierstraete,
Department of Biclogy,
Ghent University. June 2012

CeMoFE

] ﬂﬁln!?l

CTAGGTAGLTAGTCG
GCTLIFECISGATAG
CY=LETTERTWORDT
GCTATATCGTAGCTG

Third Generation Sequencing : Single Molecule Sequencing sz
Helicos (BioSciences Corporation)
Helicos Genetic Analysis System
Helicos
Read Length 35 bp
Throughput 35 Gb
Reads per run 600,000,000 - 1,000,000,000
Accuracy 97 %
Run Time 8 days

Workflow : Library preparation —g» Sequencing



Next Generation Sequencing Dopart e, [t racstaees
Different platforms

Andy Vierstraete, cnscuscusrcj CeGMoFE
n

Ghent University. June 2012 |GCTATATCGTAGCTG

Third Generation Sequencing : Single Molecule Sequencing i s
Helicos .
Library prep
Shearing

3' = = —.3’
5= S

Denature,
Terminal Transferase
+ dATP

s wAAAAAAAAAA3 i
. " o~~~ AAAAAAAAAA’

P e Y Y AAAAAAAAAA3
5’

3 '
&N\~ ARAARRAAAA

Terminal Transferase
+ ddTTP

o~ ~AAAAAAAAAAGAT
5'
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Third Generation Sequencing : Single Molecule Sequencing

Helicos

Incorporate
single,
dye-labelled

nucleotides Each cycle,

add a <
different Xy
dye-labelled

Wash, one-
colour imaging

Cleave dye
and inhibiting
groups, cap,
wash

Repeat cycles =

Top: CTAGTG
Bottom: CAGCTA

Nucleotides flown
sequentially

(Dark nucleotides :
incorporation not detected)

1
Cycla 1
Cycle 2 c
Cycle 3 A A
Cycle 4
Cyelo 5 c
c

Cyele X




CTAGGTAGCTAGTCG
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Next Generation Sequencing Ay Vieratmets,

Department of Biology,

Different platfo rms Ghent University. June 2012

CeMoFE
G|e|n b=
]
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Third Generation Sequencing : Single Molecule Sequencing
Helicos

Advantages Single molecule sequencing :

- Less sample preparation (no PCR)
- No amplification
-> no PCR errors
-> fewer contamination issues
-> no GC-bias
-> analyze every sample (unPCRable / unclonable)
-> analyze low quality DNA (museum, archeological, forensics samples)
- Absolute quantification
- Sequence RNA directly
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Third Generation Sequencing : Single Molecule Sequencing
Pacific Biosciences
Pacbio RS
Accuracy
e 8
= A.':I?]LL;:?? r r;.‘
- -—T—.-—
> =l
3 -
301 =
204 __
104 ___
I 5 | 15 0
Coverage
Pacbio RS
Read Length 3000 - 15,000 bp
Throughput 1 Gb
Reads per run 70,000
Accuracy 95 %
Run Time 30 minutes
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Third Generation Sequencing : Single Molecule Sequencing
Pacific Biosciences

Workflow : Library preparation =g Sequencing
Sample Preparation Building of SMRTbell

Targeted m — S ™ —
Enrichment - — ¥ r N
Products . N N\
i Y
’ \
, b
ra LY




N?xt Generation Sequencing el et
Different platforms Ghent Uriversty. June 2012

CTAGGTAGCTAGTCG
GCTLIFECISGATAG
CY=-LETTERTWORDT
GCTATATCGTAGCTG

& eGM onE‘ E

k]

Third Generation Sequencing : Single Molecule Sequencing
Pacific Biosciences

Sample Preparation Building of SMRTbell

Genomic DNA

{200bp to 10kb+)

WGA
(10:20 ng) DNA Sample
Targetaed _ - —
Enrichment Fragment DNA W —_— > 7 = $ e [ ..
Products 28 N L
s Y
7’ \
g \
7/ .
Repair Ends L ::
Ligate Adapters ' \“‘ﬁ?ﬁmﬁfﬁiﬁfﬁfﬁfﬁ&mﬁﬁﬁiﬁ‘.“‘f‘m\
\"I(t/ ‘\'Jsl”
s N
Bindin i -
w .\-‘-/
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Next Generation Sequencing

Different platforms

Third Generation Sequencing : Single Molecule Sequencing

Pacific Biosciences

T CTelAl

LLLS

intensity (a.u.)
S
=

Fluorescence

pl 1Ll

Andy Vierstraete, [cTaccTAGCTAGTCG| [CeMOFE
Department of Biology, (¢TLETECTscATAS | B]lS12]
Ghent University. June 2012 |GCTATATCGTAGCTG
89/132

4 nucleotides with different
fluorescent dye simultaneous
present

2-3 nucleotides/sec
2-3 Kb (up to 50) read length
6 TB data in 30 minutes

laser damages polymerase

. Emission
llumination
400+

G 5 | G A T AAGT A A
300 A

—
o
o

il 4

'ﬂi .JUI '
|

o !JL,‘!-"'”' |

1045 1050 1055 1060 1065 1070 1075 1080 1085
Time (s)




Single molecule real time (SMRT) DNA sequencing allows
evaluation of the methylome.

o > 4007 T G A T A A
r $
. -/ 23
T ¢TGJA s
L] LLLLL1R
o
l_i T T T
A, 705 710 715 720 725 730 735 740 745
Time () Fluorescence intensity shows
° Z 400G CT G A T AAGT A C A
r 5 incorporated base.
- J € o ,
300 4 g3 Time delay demonstrates
LITTLE
S Methylation.
2 ol
A— 1045 105.0 1055 106.0 106.5 107.0 107.5 108.0 108.5

Time (s)

(FluBberg, 2010)
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Third Generation Sequencing : Single Molecule Sequencing

Pacific Biosciences

Polymerase

DNA Template

VA

Nucleotide Analogs

Multiplex Zero-Mode
Waveguide Chip

Objective Lens

Dichroic

Light Source

Figure 13. Highly parallel optics system.

Bioinformatics

Monochrome Detector

The detected flash of light is separated into a spatial array, from which the identity of the incorporated base is determined.

ZMW 1

ZMW 3

ZMW 5



Next Generation Sequencing
Different platforms

Andy Vierstraete,
Department of Biology,
Ghent University. June 2012

CTAGGTAGCTAGTCG
GCTLIFECISGATAG
CY4~LETTERTWORDT
GCTATATCGTAGCTG

CeMoFE
Gle|n

]
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Third Generation Sequencing : Single Molecule Sequencing

Oxford Nanopore

Single use cartridge

GridlON system

MinlON

-

Nanopore
Read Length 48 kb ?
Throughput ? Gb
Reads per run 2000
Accuracy 75 %
Run Time ? minutes
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Third Generation Sequencing : Single Molecule Sequencing

Oxford Nanopore

mmﬂ—np et n——nuqu-'d ] mu NHNM Mm-i‘mn
— m-un—ul—q [ Nl

.—mn—upu—_—u.

€ 50
£
(&)
§§

T T T AT AA CAC TCACCCCTC TOGCA 7 C T

10

304 306 306 3 N2
Time (s)
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Third Generation Sequencing : Single Molecule Sequencing -

Oxford Nanopore

DNA can be sequenced by threading it through a microscopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

DNA DOUBLE
HELIX

© A flow of ions through

the pore creates a current
Each base blocks the

(1] (_)ne protein flow to a different degree,

mps hgl\e altering the current

ix into

two strands. GATATIGCTTTTOATGEEE

0 Asecond

protein creates

a pore in the

membrane

and holds

an “adapter”

mokcia © The adapter molecule

keeps bases in place long
enough for them to be
identified electronically.
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Which Next Generation Sequencer to choose for your project ?
Capacity Speed Read Length | Homopolymers Cost/run Amplification
454 Roche 35-700 Mb 10-23 hours | 400-700 bp - 5.000 € Yes
SOLID 90-180 Gb 7-12 days 75 bp + 5.000 € Yes
lllumina 6-600 Gb 2-14 days 100-250 bp + 10.000-20.000 € Yes
lon Torrent 20 Mb- 1Gb 4.5 hours 200 bp - 1.000-2.000 € Yes
Helicos 35Gb 8 days 35 bp + 20.000 € No
PacBio 1Gb 30 minutes 3000 bp + 600-800 € No
SCNSARHHH——H-H—H——H bt
- P e N . o v A ’GET Plants . Amphibians
chrd:l 38590000 38595000 38600000 £ 10 / Cartilaginous
LONG PCh L Protists Insects fish Mammtls
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llumina ——— % 10M «~—Fungi
1208 f NA17460-ABI-SOLID § . Bacteria
‘ 2 1Mmb
SOLID —_— “ | “| 8
0_ A ~ 2
SCN5A P g = ViKusan
Repeating Elements by RepeatMasker (G}
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Harismendy et al., Genome Biol. 2009
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Sanger sequencing : simplified :
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Next Generation Sequencing

Data analyses

112/132
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Same dataset,

Impossible to assemble manually
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Next Generation sequencing : Impossible to check manually
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Next Generation sequencing : Assembly of the largest contig

117/132
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Light blue : forward 118/132
dark blue : reverse sequence
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Next Generation sequencing :
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g 119/132
Next Generation sequencing : CV : coverage of a specific part
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0 i Plants ibi

E o— K .~ Amphibians

< 2 y Cartilaginous

o E protist | fish Mammals | |
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Thanks for your interest !
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