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DNA storg

1870 Friedrich Miescher
discovers DNA

1944 Oswald Averg proves that
DNA is a genetic material

DNA storg

b
i

1953 James Watson and
Francis Crick discover
DNA structure

sequencing ~beginnings

1964 Robert Ho”eg determines 1968 Ray Wu and Dale Keiser sequenced 2

nucleotide sequences 77 nt) of
the Yeast Alanine tRNA
J. Biol. Chem. 240: 2122-2128

bases () of A Phage’s 5 cohesive ends
using chain termination and Po|5acr5|amide
gel electroPhoresis

Mol. Biol. 35: 523-537

o=

sequencing ~ imcancg

1977 - Allan Maxam and Walter
Gilbert clevelop DNA sequencing

1977 Fred Sanger deve]ops
Z’j’—dideoxg chain

termination method

method bﬂ chemical degradation
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Acta Biochim Pol. 1978;25(1):61-70.
Nucleotide sequence of the anticodon region of barley embryo phenylalanine transfer RNA.
Wower JM, Janowicz Z, Augustyniak J.

Abstract

Highly purified tRNAPhe from barley embryos was completely digested with pancreatic ribonuclease and T1 ribonuclease.
The digestion products were separated using DEAE-cellulose chromatography. The Y base-containing fragment of the
anticodon region of tRNAPhe has the following nucleotide sequence:
Cpm2(2)GppsipCpApGpApCmpUpGmpApApYpAppsipCpUpGp, i.e. the same as in the anticodon region of wheat germ
and pea tRNAPhe.

PMID: 665078 [PubMed - indexed for MEDLINE]
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LinkOut - more resources

chemical degradation sequencing

DNA labeling and strand dissociation  The G reaction
Molecule to be sequenced
Heavy (many copies)

ORI P FHC T
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Labeled 5’ terminus l Dimethyl sulfate

l DMSO0 90°C Me
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Ve
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—— = Purify one of Orrrrrrrrrrrermd e
the strands Orrrrrrrrrrr € T

Figure 4.8 Genomes 3 (© Garland Science 2007)

chemical ciegradation sequencing

Reading the sequence from the autoradiograph

G A+G C T A .
Polyacrylamide gel electrophoresis can

resolve single-stranded DNA molecules
that differs in length by just one
nucleotide

+—— 50 nucleotides
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== ¢—— 10 nucleotides

chain termination DNA sequencing

(A) Initiation of strand synthesis  (B) A dideoxynucleotide
Primer
5

S !

# Position where the
-OHofadNTPis
replaced by -H

(€) Strand synthesis terminates when a ddNTP is added

I G,
ToroT

T THE'A FAMILY

Figure 4.2 Genomes 3 (© Garland Science 2007)
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sequencing ~ maturitg

*

1985 - Marvin Carruthers ~ 1987 - ABI 370; first FUHH

deve[oped amethod to
construct Fragments of DNA of
Predetermined sequence from
five to about 75 base Pairs ]ong.
He and Leroy Hood invented
instruments that could make

such Fragments automatica”u.

.

1985 - Kary Mullis invented the
Po|3merase chain reaction
(PCR) tecnnique

* 1995 - Craig Venter uses whole-

* 2005 - introduction of GS20

automated sequencing machine

genome Si’)Othﬂ sequencing
technique to determine comPIete
genome of bacterium

Haemophﬂus influenzae

sequencing machine; first in the
line of “Next Generation

Sequencing”

sequencing ~ maturitg

ddA @ ddc
ddT @ ddG

ddNTPs - each with a
different fluorescent label

1 Sequencing reactions,
fractionation of products

—— ddT @
—ddA @
—ddA @
e ddG
pe—— [
=——ddC@® Detector
e ddG

Imaging system

W

Fluorescent bands
move past the detector
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sequencing ~ maturi’cg

CACCGCATCGAAATTAACTTCCAAAGTTAAGCTTGG

Chromatogram of a DNA sequence generated by ABI sequencing
machine

sequencing ~ maturi’cg

(A) A universal primer

Primer_
Vector DNA DNA insert Vector DNA 2
(B) Internal primers
30 vgs

== Universal primer
== Internal primer

Different types of primer for chain termination sequencing
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sequencing - maturitg

sequencing - maturitg

Template DNA
IR RRRRRNRRRARE] SLAB GEL CAPILLARY GEL
L Thermal cycie sequencingi PCRis
PCR with just ) o )
ddATP onhe primer carried out Wlt]’}JuS’t one primer and Wells for
P samples
with the four dicleoxynucleotides
present in the reaction mixture. The
A ddA result is a set of chain-terminated Back plate — Front plate ~—— Capillary,
strands - the & icamiig shown to the ?OI—80 cr
ddn Gel, <1 mm — Gel,0.1 mm — in lengt
ddA left. These strands are separated thick diameter
Chain-terminated strands - using e|ectrol:>i10resis methodo[ogy
numbers increase as more
cycles are carried out g
15 16

next generation sequencing

* Massive Para”eiization of the

seq uencing process
. Re|atively short reads

+ Different aPProaches from
imProving, Sanger’s technique to
direct “observation” of DNA

ti'lrough a microscoPe

M AttemPts to sequence sin5|e

molecules without ampiii'ication step

NGS - Pgrosequencing

Process Overview

. . +AdN
2) Clonal Amplification 3) Load beads and enzymes. 4) Perform Sequencing by synthesis
on 28 p beads in PicoTiterPlate™ on the 454 Instrument

17
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NGS - Pgrosequencing

Depositing DNA Beads into the PicoTiterPlate™

Load beadsinto
PicoTiterPlate™

—

NGS - Pgrosequencing

+ After the emulsion PCR has been + The P]atc is couP|cc] to afiber oPtic
Pcr":orrnec], the oilis removed, and CHP. A CCD camera records the
the beads are put into a “'Picotitcr” [x’g!ﬁt flashes from each well.

Platc. Each wellis just bigcnough to
hold a sing|c bead.

*

The pyrosequencing enzymes are
attached to much smaller beads,
which are then added to each well.

.

The P[atc is then rcPeatecﬂg washed
with the each of the four dNTPs,

Plus other necessary reagents, ina

rcPcating cgc|e.

Light + 0xy Luciferin
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NGS - Pgrosequencing

Extension with individual dNTPs gives a
readout. The readout is recorded Bg a

NGS - Pgrosequencing

Example of a Flowgram

3 5 PCR-amplified 37 5’
‘ colony detector that measures Position of !ight FLWTO"‘“
—o C 0 flashes and intcnsitg oF]ight flashes. H TTCTGCG
-5 ——
¢ S Extended ‘ ‘
xtende: LE : |
S et | [ bbb
35 with dATP 3 5 H H Key sequence = TCAG for identifying wells and calibration
—_—0
—em oo v H H ;
E"H R o‘/ﬂ[;] GC lo o * TA | H - ‘H| l l
IR A C > G C : . ;
8 ] 8 G Continue cycles G HH“H’ HH'm "‘H”‘HHHHH””‘ ”' Bl '_.I»J. ‘H
21 22
, NGS - lllumina
NGS - lllumina
T]’lC HOW CC“ - acore comPoncnt
Workflow
HING EXCEPT SAMPLE PREPARATION IS COMPLETED ON THE FLOW CELL
WWWW e annealing (1 - 96 samples)
oN EC soblsls e amplification

He

ing primer hybridization
ing-by-synthesis reaction

on of fluorescent signal
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NGS - lllumina

Preparation of template

NGS - lllumina

The flow cell is mounted on the cBot

Gonnact e
comprossed
S template DNA
¢ OMATICALLY
. fragment ceeveres ™ [V Tens s library into the lanes of the flow cell
repair ends plifies templates
1 eals sequencing primer to templates
A
p—— add A overhang
13
ligate adaptors & TURES
1 purify on gel - - rvention-free clonal amplification in 4 hours
—] enrich = 20 } | ple touch screen operation
il H & | ; |
genomic library E ‘ % \ ‘ }
& library QC L DI {
NGS - lllumina NGS - lllumina
Hgbrldlzatlon oF temPIate AmPllﬁCathﬂ OF tcmPla’ce
I 1 I 1 1 |
I Fi s I s I [ I Fi
1% cycle 1% cycle 1% cycle 20 cycle
Denaturation Annealing Extension Denaturation
(Formamide) (Bst Polymerase) (Formamide) l
OH o)
BEEIETEN Y Ll
11 [ | 1
P7 PS5
Grafted flowcell Template Initial extension Denaturation
Hybridization (Taq Polymerase) (Formamide)

20 cycle 2n cycle
extension annealing
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NGS - llumina

Armealing of sequencing Primer to tcmp!atc

O’H
OH OH —> OH —_—> b
' LT
11 11

Cluster Periodate Blocking with Denature and
Amplification Linearization ddNTP (®) Hybridization

NGS - lllumina

Summarg ~ "clus’ccrgencration"

OH OH
| | — > OH 9 —> oH
d L L
l i l 1

1 1
P7 PS5
1. Grafting 2. Hybridization & 3. Linearization
Amplification
OH,
Sequencing on < «—
Genome Analyzer
5. Denature and Hyb 4. Blocking with
SBS3 ddNTP (®)

29
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NGS - lllumina

The flow cell is mounted on the sequencer

CCD camera
collects
laser-excited
fluorescence.

sequencing reagents pass
through the 8 lanes inside
the flow cell

sequencing
reaction is
temperature
controlled

NGS - lllumina

!ncorPoration

1. Incorporation

Cadhnd

31 32
NGS - lllumina NGS - lllumina
Scanning Clcavage
1. Incorporation 1. Incorporation
2. Scan 2. Scan
3. Cleavage
O Q@)
Te
33 34
NGS - llumina NGS - lllumina

Mi”iOﬂS OF CIUStCTS are sequcncecj in Para”el

/a@\

i il \uo/

4
ﬂx,M /

-

A Picture is taken every time a new base is added

Sequencing
36bp — 100bp
®0
®e
®
©
)
°®
X

6 7 8 9
R

Image acquisition Base calling
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NGS -ion torrent

* Ten times faster workflow than
other NGS systems P
* “2hour sequencing runs (real- i
time detection of sequence — o
extension) ————-
G T
. ,

Batch 5am|:>le Preparation (six

samplcs in six hours) — T 5y

*

CaPch of six samp|cs/day on
two PGM Systems

NGS -ion torrent
Simplc Natural Chcmistry

chuencing by synthcsis
" , 4dNTPs . . Eliminate source of sex i :
5 m— 5 e— quencing errors:
—_— P _ Modified bases

Fluorescent bases.
Laser detection
Enzymatic amplification cascades

Example: Primer
—_——

Eliminate source of read length limitations:
H+ ~  Unnatural bases

~ Fauly synthesis
~ Slow cycle time

Template

37
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NGS -ion torrent
Fast Direct Detection

dNTP DNA - lons > Sequence

— Nucleotides flow sequentially over lon
EEE semiconductor chip
— One sensor per well per sequencing reaction
— Direct detection of natural DNA extension
— Millions of sequencing reactions per chip
Fast cycle time, real time detection

Sensi}\g‘ Layer
Sensor Plate

Drain Source - To column |
Silicon Substrate  receiver WL 1l |

NGS -ION TORRENT

Four nucleotides flow sequentially

Nucleotide———

incorporates Hydrogen ion
into DNA is released

39

NGS -ION TORRENT

Four nucleotides flow sequentially

No hydrogen
ion released

NGS -ION TORRENT

Four nucleotides flow sequentially

Two bases Two hydrogen ions
are incorporated are released

41
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NGS -ION TORRENT NGS -ION TORRENT

Base call
Base call 5]
Average Corrected lonogram " 4
7 3 ...................................................................
6| &3
. 4 ...........................................................
§3 .................................. 1l || || | | . || |||
l o
1tk TACGTACGTCTGAGCAT CGATCGAT GT ACAGCTACGTACGT CTGAGCATCGAT
} HII = 0 20 40
0 ( CGTACGTCTGAGCA \LG LG TGT ACAGCTACGTACG] CTGAGCAT CGATCGATGTAGAGCTACGTACGT CTGAGCA Flow
40
Flow A
43 44
Base call NGS ~-ION TORRENT Base call NGS -ION TORRENT
5+ 5+
al al
4 OUOUSURUTUTURTURURURTY IURURURTRURRT BV OO SRRSOt 41 OUOURURURUTURTURURURTY IURURURUTORRURT BV OO SRRSOt
2 3 2 3
[ [
2+ 2+
LA l H LA l H
0 0
TACGIACGTCTGAGCAT CGATCGAT GTACA GCTHCCT%(GT(‘TC)—‘\G[‘HT CGAT TACGIAQGTCTGAGCAT CGATCGAT GTACA GCTHCCTA(GT(‘TC)—{G[‘HT CGAT
0 20 0 20
Flow Flow
AT ATC
45 46
Pase call NGS -ION TORRENT Pase call NGS -ION TORRENT
5h 5h
al al
4 OUOUSRURUTURIURURURTY (URURURUTORRURTE BV OO SRR TSROt 4 OUOUSRURUTORIURURURTY IURURURUTORRURTE BV OO SRR P SRRt
2 3 2 3
I I
2+ 2+
- l H - l H
0 0
TACGTAQGTCTGAGCAT r&]’rthTGraraCtTarCT—«rG]'(TCHGrP.TrGJT TACGTAC GTFTCAGF'—JFG—ATFG—\TGfaraCﬁarCT—\rGT(—(G—\Gr'—.TrG—AT
0 0
Flow Flow
ATC 4xT ATCGTGTTTTAGGGTCCCCGGGGTTAAAA...
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Third generation sec]ucncing

https://www.youtube.com/watch?v=_B_cUZ8hSYU

Third generation sec]ucncing

Single molecule sequcncingz MinlON bg Oxford NanoPore

49
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Sequencing using nanopores

MOBARREEE N WV VYN

Sk =

The idea emergcd in car|5 1990s. 'O/ BE ),. 'y"

. NanoPores as POIH!TICF SENSOrs.

*

*

Fundamental work done 133 David

Deamer and Daniel Branton in OC\ SRR /‘A;:z)
collaboration with John

Kasianowicz. (PNAS 1996 @ tz %’ 5 S

146:13770-15773) £ - u_A

AT S50

.

Hundreds of papers and Pat@nts

(S e
since then. ]II ;F\,,NL‘/_

MinlON basics
httlps: //na noporetcc]’w.com /science-technology/introduction-

to-nanopore-sensing/introduction-to-nanopore-sensing
i 1

. Synthetic membrane © Aflow ofions through
thopore creates acurent,
Each baso bocks the
fow toa dferent dogree,
altoringthe current.

© One proten
wnzgathe
* Nanopore is created by modified a- Qbanre

hemo|5sin
potencreates

* Non-destructive motor protein (actually

serves as a break)

51
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MinlON basics

https://nanoporetech.com/science-technology/introduction-

to-nanopore-sensing/introduction-to-nanopore-sensing
i 1

* 512 channels (pores) per flow cell. Usually

about 90% are working, A %
* Read length: > 10 Kb (Phage A DNA, 50 2 0 Atowot it
Kb) v:mwccrma:wnk
i
et

twostands. [T

T, | |

o e siga o

* Read speed: 8 bases to 20 bases/sec

© Asecond
proteincreates

* Run time: max 48 hours

solite Pradlre 245

S

* Errorrate =5-10 %

* Sequence yield per flow cell: 0.5 - 1.4 Gb

current

F’W S ] L
e

T AT AA €GC TCACCCCTC TGCA T

%8 " a2
Time (s)

53

54

bioinfo1_2_2015 - 28 October 2015




{YNANOPORE.

High molecular
weight DNA >30 kb

Easy, standard template
preparation

Time of library preparatior

1D - about ten min
2D - up to two hours

Costofa s{née ru

reagents $1000 RS

flow cell s1000

Gortn th ragrronts
o narcpors sscp

MinlON dataflow

MinlON

Nanopore sensing s carried out on the sensor chip, contained in the flow cell inside the MinlON device. Data is processed by an

Application-Specific Integrated Circuit (ASIC) also in the flow cell and processed in real time by the MinkNOW software

MinKNOW

MInKNOW is the software that controls the MinlON. It carries out several core data tasks and can be used to change experimental
workflows or parameters. MinNOW runs on the user’s computer.

METRICHOR

Metrichor is an on-demand, cloud-based, bioinformatics data analysis platform. It supports Oxford Nanopore base calling
fiware. Base calling may be made available ocally

55
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iNIKNOW - Data Render

MiniKNOW - Channels Panel

IO
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Metrichor

Raw clata, BaseCall data -> .Fast5 file

cinfbray ~ Sharewt = B Newfode
- 01536505

antee
doumiosds " g
ancporeHo_LOGIS 3073211kl

201 o Nanopos Technolog

O aoporeHO_HOS16 30763771l
10 mancporeHo_LOSIS 307 3211 izt
O nanopere 140516307 571 ek st
O nanopere 140616307 5271 chr it

HDFView

800 HDFView 2.10.1
2ldl (@@

Recent Files | | /Volumes/bioinf/projects/Nanopore /basecall/nanopore_HP_140703_1402_1_ch69_file 34_strand.fasts. || Clear Text
(8 rancsore_we_140703 1402 [ - & S at JAralyses/Basecal_20_000/BaseCalld.+.. JLBIOIO S e e 5.0
R Sp— e Text

v @ gasecall 20_000 et Data selection: [0] - [0] T

> € BaseCatied_compler rammeL69_reac33
T CTCTATGCOCGOCTTCGGGATTCARTTGTTTTA
v @ BaseCalled_templaty = AAGG AACAGCAGTATTTCGTGCTCAGGATA
E S— length model, CTCCGGCCAGCTGCCGGE AGAAAGTTTC
gunls0 28528 i TOGANTCGTACCGGTCTGOCCUCOTTACCCC
i Fastg AMAGT TGCGATGTC AACAGGATTACCCC
el Aacic CATCAGTGGEAGCATTCLGTTTCTTAGGTGLCOG0LG
CTMGCCTTGAGGAGT
» @ Confuration ANTCATTCTGLGORTCTATARTANTCCA
7 mpuvents CTGCGTCACACAGGAAAGGCTTTCGGAGATTAGC
» ACGGTGGGATAATI CTTCTTTTAGCCCCAGACCG
s TTAGCATCCANCGUAGTTCTANTCOAC
o GTAAGGAGTCCEGTCAGTGACGTAGCGATGCT
Summary TTTCTATGGGAGCCTCCC GCTG
» @ Evenetecton 000 GCCTAGCTCARTCATTTATCCCCTCG
CGCGCUGCATCTACCTTGATANTTATACCITACATANTT
> asequences G CTTANGTACTAGAGATGCTTTTCCG
» 2 UnigueGiobalkey TTACGTCCTTTAGTTCCGCTCARTGTCGTGACTTGEATG
AT CCCCTTTATAGCAGCCGTACTCCGTGAACCTATCG
(S COACC TTGEOACCCUTTCGAGECC
CCTAGCAGACCCACCTCATCCCUTTAGATCTGTATT
T COACCTCACCGTALCGAGGET
i 5575167 GAATCACGTATACCAAT CCTCCAGAGCOATC
53063749 CCTITTGTANTGATAGTGCCTCTTCT,
- = CCTCATCOACCCCALC TCCCCOATCLCAGCLTCT
2 T TECTOTCGOATGACAT T TETGETC
e 672395,
Compounaéans, 5734
Number of atrbuies = 2
Log nfo RN
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Advantage O{: nanopore tcchnologlj

+ Label-free

. Singlc molecule, long reads

ana]ysis

. DisPosch; autoclavable

after the use

+ Portable; rccluircs no pre-

installation of any instruments

Numerous applications explorecl bg MinlON
Access Program (MAP)

* Genomic DNA sequencing

* Metagenomic analysis

* Direct RNA sequencing

* Species identification in the field
M Splice variants identification

* Direct determination of modified

nucleotides

+ And many more to come...

61
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Potential for troPical diseases research and cliagnostics
* Inmany countries where troPica]
diseases Prevai]

* no conventional scqucncer/

PCR instruments are available

. shortage of well-trained
technical staff

* Needs for hancl]ing Potcntia”g
dangerous Pathogens

Annual infections "
o

[ <150,000

{5 150,000-275,000
[ 275,000-500,000
_ 0.5-1 million
[11-1.5 million : s

[ 15-2.75 million Den gue Fever
B 2.75-7.5 million

I 7.5-32.5 million Nt 56,0457 25 2010

63
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+ Transmitted bg a bite of moscluito infected with denguc virus

(gcnome size almost 11 kb)

+ Febrile illness that affects infants, young children and adults with
sgmptoms aPPearing 314 dags after the infective bite.

+ There are four serotypcs (DI~ D4), whose genomes are about 70%
identical one to each other.

+ Second infection of the same serotype may cause severe symptoms;
c]engue hemorrhagic fever, abdominal Pafn, Pcrsistent vomiting,

b]eedingand brcathingcli{‘ﬁcu]ty andisa Potentia”y lethal.

Sample Preparation

LAMP Ampliﬁcation

Serum (1-5 pL) -> Mix with Drg LamP reagent kit ->
65 °C for 60 min -> Purification (AMPure) ->

NonoPore Sample PreP

65
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C G A T

Distribution of quality scores for each nucleotide

Read length distribution

Fail Pass

3000
‘ 5000
2250
§ £ 1m0 _‘7\
3 1500 — E
3 g :
é _% 2500 \
5 e N
[ale]
) S I
3 5 7 P A R 27 20 3 » » ¥ . .
| 9 0o 300 500 Joo 200 noo BOO 1500 1700 1200
10 Phred scare
Read length (nt)
67 68
LAS alignmcﬁ’ts againsc“élengue gehiome
Serotype

075 [—

025 —

o — ]

Fraction of alig"led sequences
o
&
L

Sample1 Sample 2 Sample 3 Sample + Sample 5

69

Malaria Parasite

Malaria Parasite

The Plasmodium life cycle

The sexual stage of the
cycle is completed in the
mosquito, the asexual one
in human red blood cells.

Image from the Laboratory
Identification of Parasites of
Public Health Concern
(DPDx) of the USA
government of Centers for
Disease Control and
Prevention (CDC)

http://www.dpd.cdc.gov/

Malaria_il.htm|

]
‘Sporogonic Cyce Human Blood Stages.

immaturo
wopazote

g — L5
WG .
o Py
i \':.-:':w‘ﬁ [
o P

A= vt suge

71

72
bioinfo1_2_2015 - 28 October 2015



Spreading drug resistance

Chloroquine resistance Sulfadoxine resistance

m? ﬁ“z o

Dondorp et al. Nat. Microbiol (2010)

Drug Resistant Mutations

Drug Gene Number of known
mutations
C]’l[oroquinc CRT 1
Ch]orocluine/meﬂoquinc MDR 2
Artemisin K13 1
Su]Phadoxine—}:ﬂrimethaminc DHFR +
Su]Phadoxine—ﬂ)rimet]’vaminc DHPS 6

Nair at al. 2014) Genome Res. 24(6):1028-38.

73
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Declining of resistance Parasite

Popula’cion

Targets for malaria genotgping

5000 —
A stuclg in Malawi, rePortcd e NEW ENGLAND ]
, ]OURNAI of MEDICINE a0 —
that Populatlon of CQ = ‘ 'fjn
resistant P Return of Chloroquine Antimalarial Efficacy in Malawi 5 2500 — | [
c
Q
FalciParum (CQR)has %3_ -
o
<
decreased. D
o L
Declining of 76T mutation also re[:)ortecl in some other £ § 3§ B BB % oEE & % :Z
ngo! , L E £ P T 85 %
countries (i.e. Benin, Kenga, and Senegal) though ata ﬁ; o a 2 g
slower rate. A‘T‘P[iﬁca gene
75 76
Fail Pass

Distribution of ciua|ft9 scores for each nucleotide

00000

525000

350000

Nucleotide count
3

noRB M5 78R 200 20 2425

9 Qu.]ht;, score

Read lengtl'x distribution

8000

2000 ﬁt’ ,,\

0O 400 OO0 KO0 BOO KOO OO 2200 2500 2800 3100 300 300 4000

Rcaé count
g 8
2 g
| |

Read lcng&h (nt)
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Fraction of reads a]ignecl to different P]asmoclium targets

0.23
» Sample1  Sample2  Sample3  Sample4  Sample5
o
©
3 o
2
- 0.15 — - — HHH
Q A
< n u
2
] - M L
S -
c -
k<) H _
S 0.08 HAl 1iH —Tr—HH H = — — —
© oA
w o
oo ILULITEN AT Ep } 1] [L[HH]& &m%
0 3 o N N < Q N =) A A
@ @ 2 Q Q &~ S & & Q 3 FEE
PPN C A SR PSS & &
S K & 53 S <
Qc" A A <9 O\«"’ *:{b
[$
&

Ampl. length 1.2kb ~ 21kb  28kb 27kb 33kb 2.0kb 0.9kb 44kb 1.7 kb 17kb  27kb 48kb 24kb

Plasmodium SNP discoverg (no ﬁltering)

"New" SNPs Known SNPs
900
675
450
225 _—
o
& A
\@\qo \bX\
< &
":*"& o
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Plasmodium SNP Aiscovcry (two reads minimum)

"New" SNPs Known SNPs
400
300
200
100
o
A > bN » b 0 RN
G R \;f? <& \;‘@ & <°
NG e’ g \& ¢ NS
S & < S & S & &
3 % & ]

Plasmodium SNP cliscovcrg (five reads minimum)
"New" SNPs Known SNPs
200
150
100
50
o
’ N o N o N » N
o <% e <? <? o <%
N B NQ ) RS N &
N Q N N \& QZ’ \¢ NS
%@Q 2 & R ’MP@Q r;@‘& 5 S '99\&
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Miscall rate against amPlicon length

0.5
0.225 ° ) 8
0.5
0.075
° 49—0—5—0—0&—0—0
o 1250 2500 3750 5000

/\mphcon |e.ngtf1

Miscall rate against sequencing

dePtlﬁ

Logarifhmic scale

%o
0.0l %9 0o o) @ Cp
o ogo o o o o
o (o]
O£ 5@0 o o o
o
o [e] o [e]
o
o 7 150 225 300
Sequsncs c{sPth
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MnoPipe

© Overview
B Usage
© Run the Pipeline

| ‘I III I I III I|Il EEEEEEERE l

Institute of Bioinformatics WWU Minster

Welcome to the

© Download Software

= anoPipe

A tool to easily analyse sequences generated by the Oxford Nanopore MinION sequencing device.
Presented by » Tabea Kischka, » Norbert Grundmann and » Wojtek Makalowski
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consensus
for targets

Job ID: 143021416674748
Discovery Task: Plasmodium
Polymorphisms
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© Number of reads per gene
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NGS - what is coming

transmission electron microscopg

sequcncing informatics

B 500 kb Mark
Clone contig — 1 ar fri Whole-genome shotgun
approach AB C DE F GH approach
Al dedole. Genome map
step1 step2 Step3 stepd Mapped segment — =]
Denature ONA TeM maging of DNA Shotgun sequencing

ngib

Molecar
Combing

A

| Shotgun sequencing

\of entire genome

of mapped segment

s Assembled _® Bl D Assembled
S RER sree 'R EE T Position of Markers used to
sequence is anchor assembled
ATGCCTAAAGCTTACAGG Aiready known \ / / <equences on to
— - the map

Figure 3.3 Genomes 3 (0 Garland Science 2007)

More at http://www.allseq.com/knowledgebank/
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SCCIUCHCC asscmblg

+ A fundamental goa] of DNA scqucncing has been to generate |arge, continuous
regjons of DNA sequence
’CaPi”arg scquencing reads ~600-800 bP in |ength
M Ovcr|aP based asscmHy algorithms (Phrap, Phusion, arachne)
M ComPutc all ovcrIaPs of reads and then resolve the ovcr[aps to generate
the asscmb[y
*In Princip]e, assembhnga sequence isJ'ust a matter of ﬁnding overlaps and
combining them.
*In Prac’cicc:
*most genomes contain mu[tiPle coPies of many sequences,
+there are random mutations (cither natura”g occurring cell-to-cell

variation or gencratcd by PCR or clonin@,

98

DNA

500 bp

Fragments

Problems with tandemly repeated DNA
DNA

Fragments

| el GATTIAGATTAGATTA

—]
Incorrect
overlap,
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assemblg Problems

Problems with genome-wide repeats

assembly Problems
sequencinggaps

i .. Genome
two genome-wide repeats sequence
—Z ¥ DNA Mini-
sequences
e . Fragmants Scaffolds
SCAFFOLD 1 SCAFFOLD 2
} Il gl gl ]
- GCATAGCT i Sequences ' I T = l b= I l s
i GCATAGCT
Incorrect Sequence contigs  Physical gap Sequence gaps
overlap [—
15kb
101 102
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Assemblg Problems closinggaps

Paired-end ==
read

= Paired-end
read

—
R —

Plasmid or \ clone

sequence assemblg
NGS case

+ Volume and read length of data from next-gen sequcncing
machines meant that the read-centric ovcrIaP aPProac]'xcs
were not feasible

. alrcady in 1980’ Pevzner et al. introduced an alternative
asscmbly framework based on de Bruﬂn graph

* Based onaideaofa graPH with ﬁxcd—[engtl’]
subsequences (k-mers)

* Keyis that not storing read sequences —just k-mer

abundance informationin a graph structure

103
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De erIjﬂ graph construction

[ TAGTCGAGGCTTTAGATCCGATGAGGCTTTAGAGACAG ]

AGTCGAG CTTTAGA CGATGAG CTTTAGA
GTCOGG TTAGATC ATGAGGC  GAGACAG
GAGGCTC ATCCGAT  AGGCTTT GAGACAG
AGTCGAG TAGATCC ~ ATGAGGC  TAGAGAA
TAGTCGA  CTTTAGA CCGATGA  TTAGAGA
CGAGGCT AGATCCG  TGAGGCT  AGAGACA
TAGTCGA GCTTTAG TCOGATG  GCTCTAG
TCGACGC GATCCGA GAGGCTT  AGAGACA
TAGTCGA  TTAGATC GATGAGG  TTTAGAG
GTCGAGG  TCTAGAT ATGAGGC TAGAGAC
AGGCTTT ATCCGAT AGGCTTT GAGACAG
AGTCGAG TTAGATT ATGAGGC AGAGACA
GGCTTTA  TCCGATG TTTAGAG
CGAGGCT TAGATCC  TGAGGCT  GAGACAG
AGTCGAG TITAGATC  ATGAGGC  TTAGAGA
GAGGCTT GATCOGA  GAGGCTT  GAGACAG

Genome is sampled with random sequencing of for example 7 bp
reads. Note errors in the reads are represented in red

Flicek & Birney (2009) Nat Meth, 6: S6-S12.

De erJﬂ graph construction
‘/c:‘"{ Linear stretches

TaAG AYOA GATG CGAT CCGA TOCG ATCC GATC AGAT
@) @) () @) 0 ) 00 @) | @

AGAA

PRE D, ST e U B[ Vo 2y B L0 BRGNG L i
@ (1 @ @)

TAGT AGTC GTCG TCGA CGAG GAGG AGGC GGCT GGCT TAGA AGAG GAGA AGAC GACA ACAG

B9 (9 99 (109 (&) (189 (183 (169 (19 =e—~e—=e—we gy (g9 (129 B9 (B9 &

.. e o GCTT CTTT TTTA TTAG — —
L ®9 @ (29
CQAC GACG ACGC
) (1) (19 a
The k-mers in the reads (4-mers in this example) are collected into nodes and
the coverage at each node is recorded (numbers at nodes).
Features:
-&-continuous linear stretches within the graph
-#-Sequencing errors are low frequency tips in the graph

Flicek & Birney (2009) Nat Meth, 6: S6-S12.
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3. Simplification of linear
stretches

/ AGAA
GATCCGATGA

Tips .
TAGTCGA CGAG
oo odse
AGA AGACAG
caacec

4. Error (tip and bubble) removal‘ \ Bubble

AGATCCGATGAG

TAGTCGAG GAGGCTTTAGA AGAGACAG

Graph is simplified to combine nodes that are associated with the continuous
linear stretches into single, larger nodes of various k-mer sizes.

Error correction removes the tips and bubbles that result from sequencing errors.
Final graph structure that accurately and completely describes in the original
genome sequence

Flicek & Birney (2009) Nat Meth, 6: S6-S12.

repeats Problem

Very similar sequences may lead to false assembly, especially if the
repeated region is longer than average reads length, e.g. recent tandem

duplications or recent transpositions of mobile elements.
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ﬂCXt-gCﬂ assemblers

*First de Brujn based assembler was Newbler deve[opcd bﬂ 454 Life
Sciences
‘Adaptcc] to handle main source of error in 454 data — indels in
homopo]ymcr tracts
’Manﬂ dC Bm—ljn asscm})]ers subsequcnﬂg dCVC[OPCd

*SHARCGS, VCAKE, VELVET, EULER-SR, EDENA, ABySS
and ALLPATHS, SOAP

*Most can use mate~Pair information
’Slightlg different aPProach to ’cranscn'Ptomc asscmbly

It has to allow many discontinuous graphs rcPresenting sing[e

assemblg evaluation - NS5O

15kb
15kb
6kb . 12%kb
12kb ob ) _ Kb
2kb —Tkb
_Tkb 6kb
_Skb 5kb

2kb

If one orders the set of contigs produced by the assembler by size, then
N50 is the size of the contig such that 50% of the total bases are in
contigs of equal or greater size.

15+12+9+7+6+5+2 = 56
56/2 =28 -> N50is 9kb (15+12 = 27 is less than 50%)
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data storage Problem

a COI’]SCqUCﬂCC OF SCC]UCI’lCiI’lg tCCI"II’lOlOgH SuUcCcess

1,000,000

. 100,000,000
Storage prices versus s

)
o000 DNA sequencing costs Doubling time 5 months 10,000,000

1,000,000

10,000
Hard disk storage (MB/S) 100,000
Doubling time 14 months| !

1,000 10,000

Disk storage (Mbytes/S)

1000

Pre-NGS (bp/$)
Doubling time 19 months - 100

e ‘

0 0.1
1990 1992 1994 1996 1998 2000 2003 2004 2006 2008 2010 2012

100

($/da) Buiouanbes yNG

Year

e Remember about biology
e Do not trust the data

 Use comparative approach

¢ Know the limits

BIOINFORMATICS CREED

Use statistics

Remember about biology!!!
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