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Third generation sequencing

Single molecule secluencing: MinlON bg Oxtord

Nanopore
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MinlON basics

* Read length: >10 Kb (Phage A DNA,
50 Kb) |

- DNA DOUBLE
HELIX

© A flow of ions through
the pore creates a current
Each base blocks the

flow to a different degree,
altering the current

. #of pore : 512 (MinlON at ear|9

et access) © One protein -
e unzips the
SRR DNA helix into
Pl two strands.
5 * Read speecl: 8 bases to 20 bases/ sec
oS © Asecond
S protein creates

g * Run time: max 6 hours (MinlON at Rporeinthe
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membrane
and holds
cariy access an *adapter”
| )
molecule.
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- © The adapter molecule
keeps bases in place long
enough for them to be

identfied electronically.

S

* Errorrate = 20-50%

o

2004
.

* 10,000 reads/run (?)
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Metrichor s an on-demand, cloud-based, bionformatics data analysss platform. For the
MAP, Metrichor supports Oxford Nanopore basecaling software for DNA sequencing
appications. Basecaling may be made available locally to participants unable 10 use
the cloud for regulatory reasons. The user will need 10 nstall a metrichor client on ther

computer.

PEMInKNOW
MnKNOW is the sofltware that controls the MinlON., It carries out several core data

tasks and can be used 10 change experimental workflows or parameters. MinKNOW
runs on the user's computer and s downloadable from a Ink provided.

EMInION

Nanopore sensing is carmied out on the sensor chip, contained in the flow cell nsice the

MniON device. Data is processed by an Application-Specific Integrated Circut (ASIC)
also n the flow cell and processed in real time by the MnKNOW software.




a e MinlON dataflow
5 MinION

Nanopore sensing is carried out on the sensor chip, contained in the flow cell inside
{ the MinlON device. Data is Processed bg an ApplicatiomSPeciﬁc lntegrated Circuit . b5
i (ASIC) also in the flow cell and Processecl in real time 139 the MinK NOW software |
% MinKNOW

MInKNOW is the software that controls the MinlON. It carries out several core data

* tasks and can be used to Clﬁange experimental workflows or Parameters. MinKNOW

runs on the users comPuter.
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Metrichor is an on-demand, clouc ~basecl, bioinformatics data analgsis Plat{;orm. It
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MiniIKNOW - Data Render

! Native Client - MinKNOW 0.45.1.6 5201406111512 - Running MAP_Sequencing_Run.py W

Status @ Exp. Time 21621s (stopped 39619s ago)
Acquisition @ Yield 107402720 As 41.2°C
Start Protocol Ana ® BN_011_34887GT Heatsink 37.875°C
SEEELEE ® nanopore-HP_BN_011_34887GT_2337_1 MinlON 1D  MN02219
Name Run
Calibrate

Custom Button

v

Current Settings

Data Render Settings

Control Options
Status
User Feedback

Context Information
Channels in Reads: 212 Complete Reads: 53169

Read Le

7.8m 6.8m

Bias Voltage -120mV

Asic ID

ngth

29679

& X

MINKNOW

Events in Reads: 80761019

42m
DD&,SSSK 0.2m 0.1m 65k 738k858k0.1m 0 02m o
3000 7000 11k 15k 19k 23k 27k 31k 35k 39k 43k 47k 51k 55k 59k 63k 67k 71k 75k

Data Render | Channels Panel

v " . T D s o f e Tt e T T TR
X """«-@QW’ »Mvﬁ,__, T - -y T ~

64k 658k 0

74.5k

Data Render Data Render =

Channels Panel Device not running

b

Current Settings | Data Render Settings

Message Viewer

16:18:52 Setting view to ChannelStateHistory
16:19:01 Selecting channels ..

16:21:51 ...finished selection.

16:21:56 run report deactivated

16:23:36 System ready

16:23:36 Setting view to GeneralInfo
16:23:52 Performing availability scan every 60

seconds

22:23:59 run report deactivated

Error Messe

json_respond EngineStatusError
EngineStatusError u ERROR ExecutionEngine

board_command_ex failed

board_command_ex

failed with ErrorFailedToExecute Failed to execute

remote procedure  (2)
10:47:51 not calibrated

17:52:09 Buffer overflow - Data writer too slow
19:56:22 Heat sink temperature has not reached

37 degree Celsius

URL for further information

https://mirror.oxfordnanoportal.com/software/MinKN
OW/qc-codes/#/errors/heatsink temp too high

Experiment Report

Message Viewer | Control Options

Clear Messages
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MiniKNOW - Channels Panel

Control Options

User Feedback

1+ Native Client - MinKNOW 0.45.1.6 b201406111512
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Start Protocol

Name Run

Calibrate

Custom Button

Data Render
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Current Settings 7 X

s 64->65 (1 channels)

Current Settings | Data Render Settings

Message Viewer

ASIC chips are not detected...please ch
w cell connection.

Experiment Report
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Metrichor

uter » DATADRIVEL (E:) » data » reads » 1st-0 »

ein library «

Share with v Burn

»

Name

downloads

nanopore-HP_140616_3D7_4327_1_ch4 filel9
(.} nanopore-HP_140616_3D7_4327_1_ch5_filed0
) nanopore-HP_140616_3D7_4327_1_ch8_file33
nanopore-HP_140616_3D7_4327_1_ch8_filed2
.} nanopore-HP_140616_3D7_4327_1_ch10_file13
"} nanopore-HP_140616_3D7_4327_1_ch11_file22
.} nanopore-HP_140616_3D7_4327_1_ch12_file23
"} nanopore-HP_140616_3D7_4327_1_ch15 filel3
nanopore-HP_140616_3D7_4327_1_ch24_file27
"} nanopore-HP_140616_3D7_4327_1_ch28_file26
"} nanopore-HP_140616_3D7_4327_1_ch31_file23
nanopore-HP_140616_3D7_4327_1_ch37_filed40
.} nanopore-HP_140616_3D7_4327_1_ch38_file18
nanopore-HP_140616_3D7_4327_1_ch39_file27
.} nanopore-HP_140616_3D7_4327_1_ch45 _filed1
"} nanopore-HP_140616_3D7_4327_1_ch47 filel8
nanopore-HP_140616_3D7_4327_1_ch48_file49
"} nanopore-HP_140616_3D7_4327_1_ch49_file21
"} nanopore-HP_140616_3D7_4327_1_ch53_file24
nanopore-HP_140616_3D7_4327_1_ch55_file26
.} nanopore-HP_140616_3D7_4327_1_ch57_file24
nanopore-HP_140616_3D7_4327 1_ch74_file24

New folder

BaseCall data -> fasth file

e

¥ ' Metrichor Agent
Date modified Type Size 0.15.36546 ul/dl 3757/0

started

7/14/201410:10 AM  File folder running running
6/16/2014 3:46 PM Fast5 file 11 KB
R - . Log
6/16/2014 3:47 PM Fast5 file 11 KB
I, o ) starting upload heartbezt -
6/16/2014 3:46 PM Fast5 file 11 KB starting upload heartbeat =
6/16/2014 3:47 PM Fast5 file 11 KB starting upleoad heartbeat
. _ ; starting uplcad heartbezt
6/16/2014 3:46 PM Fast5 file 11 KB starting upload heartbeat
6/16/2014 3:46 PM Fast5 file 13 KB starci rtbeat
R o . X upleoad ads\1lst cpeore-HP_140816_3D7_4803_1_chSé,
6/16/2014 3:46 PM  Fast5 file 14 KB upload 37.59.6 opore_HP_14061&_3D7_4803_1_chS9§,
6/16/2014 3:44 PM Fast5 file 12 KB upload ads\1lst opore-HP_140&16_3D7_4803_1_ch33,
T o B upload 37.58.¢ cpore HP_140816_3D7_4803_1_ch335,
6/16/2014 3:46 PM  Fast5 file 11 KB uplozd 2ds\lst opore-HD_140616_3D7_4203_1_ch39
6/16/2014 3:46 PM Fast5 file 11 KB upload 37.58.¢ cpore HP_140816_3D7_4803_1_ch33,
o R R upleoad reads\lst cpere-HP_140616_3D7_4803_1 ch3SS ~
6/16 6 PM Fast5 file 12 KB = = = - = S :
6/16/2014 3:46 PM Fast5 file 11 KB
6/16/2014 3:46 PM Fast5 file 11 KB
’ , I About
6/16/2014 3:46 PM Fast5 file 15KB |
6/16/2014 3:46 PM  Fast5 file 13 KB Show Status
6/16/2014 3:45 PM Fast5 file 14 KB Workflow
6/16/2014 3:46 PM Fast5 file 15KB )
e - i Settings
6/16/2014 3:46 PM Fast5 file 13 KB
6/16/2014 3:46 PM Fast5 file 11 KB Poller
6/16/2014 3:46 P ast5 file (B )
6/16/2014 3:46 PM Fast5 file 11 KB Stop Quit
6/16/2014 3:46 PM Fast5 file 13 KB
6/16/2014 3:45PM  FastS5 file 13KB Reset

Customize...
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nanopore_HP_140703_1402
v @ Analyses
v @ Basecall_2D_000
» () BaseCalled_compler
v @ BaseCalled_templat
i T
Fastq
5 Model
» () Configuration
? InputEvents
Log
» ) Summary
» () EventDetection_000
» ) Sequences
» ) UniqueGlobalKey

Events (472395, 6)
Compound/Vdata, 5734
Number of attributes = 2

mean start

L0 50.28528.../5067.6184 |1.264206...[0.0364

length model

CAAAG

L ]48.60608.../5067.6548 |1.379054.../0.0426  |AAAGT
L2 ]42.86241...5067.6974 [1.542802...[0.0274  |AAGTC
L37740.240095.../5067.7248 |1.077357.../0.0224  |AGTCT
L4 143.15940.../5067.7472 [1.327791.../0.054  |GTCTC
L5 45.07690.../5067.8012 [1.287985.../0.02 _ |TCTCT
L6048.24501.../5067.8212 |1.198211.../0.097200...|CTCTA
L7047.48908.../5067.918...]1.082907...[0.0128  |TCTAT
L8 48.21122.../5067.9312 |1.255350.../0.027200...|CTATG
L9 1141.86118.../5067.9584 [1.404360.../0.0194  [TATGC
L7100 51.20336.../5067.977...]1.646730.../0.0126  |TGCGC
L50.13782.../5067.990...1.269156...0.0132 |GCGCG
L7120 ]54.25058.../5068.0036 |1.039700...0.0206 _ |CGCGG
L3 47.87886.../5068.0242 |1.662471.../0.028800...|CGGCT
L140749.22940.../5068.053  [1.295243.../0.015000...|GGCTT
L15°37.89000.../5068.068 [1.993812.../0.017  |CTTCG
L1607 48.83640...[5068.085 |2.400900...0.0182  [TTCGG

L7 |55.36086.../5068.103...]1.344911...10.0162 |

CGGGA

18  |55.75187.../5068.119...[]1.796293...[0.0162  |GGGAT
19  139.63749.../5068.135...[]1.924845.../0.0088 GGATT

e oA A s oaaals A~ ~ s - — ———

Data selection: [0] ~ [0]

@channel_69_read_33
CAAAGTCTCTATGCGCGGCTTCGGGATTCAATTGTTTTA
CAAGGATTCCCCGAACAGCAGTATTTCGTGCTCAGGATA
CTCCGGCCAGCTGCCGGCCCCTTAGAAAGTTTCCTTAAA
CGAAAGTGGAATCGTAGCGGTCTGGCGGGCGTTACCCC
GTGCGATGTCCCTACGTCTTTTAACAGGATTACCCGACG
ACATGAGTGGCAGCGTTCGGTTTGTTAGGTGCCGGGCG
TACCATTTGAAACACCGGCCTCAAGCGTTGAGGAGTGG
TTTCATGAATAATCATTCTGCGGCATGTATAATAATCCA
CTGCGTCACACAGGAAAGGCTTTCGGAGATTAGCATTT
GACGGTGGGATAATGCTGCTTCTTTTAGCCCCAGACCG
TTAGCGTCGAACGCAGTTCTAATCGACCACAACAAAGCG
GCTTGTAAAGGAAGTGCGGTGAGTGACGTAGGGATGCT
GCTTTTCTATGGGAGCCTCCCCACTTTTAAGCCCCGCTG
GGGCCTAGCTCAATCATTTATCCCCTCCAGAAAGTCGTT
GGCGGGGGATCTACGTTGATAATTATACCTTACATAATT
TCCAACAATGGACTTAAGTACTAGAGATGCTTTTCCGCT
TTACGTCCTTTAGTTCCGCTCAATGTCGTGACTTGCATG
ATCGGGTTTATAAGCAGCCGTACTGCGTGAAGCTATCG
CAAACATTAATTCCCAGGGTTGGGAGGCGTTCGAGCCC
ACCTCAGCAGCACCCACGTCATCCCGTTAGATGTGTATT
CCATACACCGGCCTACCCCACGGTCACCGTACCGAGGGT
GAATCACGTATAGGAATCGTGCAGGAGGGAATCTCAGT
CGTTTTGTAATCGATAGTGGCTGTTGTAGTATTGGCAAG
TGGTGATGGACCCGCACGTTGCGGGATGCGAGGCGTGT
GTGCTTCCTCTGGGATGCACATTCGTCTGCTCCACATGC

EECTLCN Metdata

—  ——
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* Single molecule, long reads
- Disl:)osable; autoclavable

- Portable; requires no pre-

Advantage of nanopore technologg

analgsis
amcter the use

installation of any

instruments
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research and diagnostics

* |n many countries where troPical

diseases Prevail

+ no conventional sequencer/

PCR instruments are available

* shortage of well-trained
technical statf

* Needs for l‘nanc”ing Potentia”g
clangerous Pathogens

Potential for trol:)ical diseases
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Dengue fever

* Transmitted }39 a bite of mosquito infected with clengue VIrus

(genome size almost 11 kb)

» Febrile illness that atfects irncants, young children and adults with
sgmptoms aPPCaring A-14 dags after the infective bite.

» There are four serotgpes Bl i) whose genomes are about 10

identical one to each other-

» Second infection of the same serotgpe may cause severe sgmptoms;
dengue hemorrhagic fever, abdominal PainJ Persistent vomiting,

bleeding and breathing cliﬁqcultg and is a Potentia”g lethal.
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® Geographic extension of dengue, 2000-2008
- Risk of dengue transmission
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Sample Preparation

L AMP Ampliﬁcation

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

Nonopore Sample Prep
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Distribution of read~|ength
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Best hit reads against Denguc

genome with ssearch (D1 control)

Cut-off #Seq #Seq #Seq #Seq %Seq

(E-val) (D1) (D2) (D3) (D4) (D1)
lielile 107 O = ) 96%
(O 568 5 95 15 8%%

All 1740 % 7% 609 3%2 57%

W:‘W«?&W“rﬁ-m—'w‘* R T R P g T TR " c O R B e bt S et P - - - T e AT —— -



Best hit reads against Dengue

genome with ssearch (D2 control)

Cut-off #Seq #Seq #Seq #Seq %Seq
(E-val) (D1) (D2) (D3) (D4) (D1)

lielile 1 630 7 6 98%
elEey) 168 4124 297 95 88%
Al 4038 %989 419% 2728 56%

W:‘mq&?w“,ﬁ,m—.mw A e T T et TP p— 2 o .




Best hit reads against Dengue genome

with ssearch (un‘mown clinical sample)

Cut-off #Seq #Seq #Seq #Seq %Seq

(E-val) | (D1) (D2) (D3) (D4) (D1)
lelithe 41 O O O 100%
e 4 5 8 97%

Al % 30 1,598 1372 1372 44-%

W:‘W«?&W“rﬁ-m—'w‘* R T R P g T TR " c O R B e bt S et P - - - T e AT —— -
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- PRSI SRS A S P

P AT alignments against
Dengue genome (D2 control)

| Number of alignments with error
Sequence el probability
type number <:O.] <:0.0] <:0.00] <:0.000]
pass 2D 550} 346 345 341 338
fail2D | 1492 889 807 744 68

With error Probabilitg <=0000!1 all reads alignccl to D2
With error Probability <:OOOU'u5t one read Preclictecl to be chimeric

TR W"}) by o S e e B ST e e e e L o C © e S —~ —— o~ -
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Conclusion VQ

sy sl s

| MinlON, clespite low sequencing accuracy, can be used o

i

for clengue VIrus serotyping

Still to come

Tgping more clinical samples

lmplementation of serotgpe ~rediction using | ASE

Validation using Sangcr/ lumina sequencing
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Malaria Parasite

P~
Malaria Disease’

Malaria endemic areas map by Malaria-Disease.com
"bd c
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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
|dentification of Parasites of
Public Health Concern
(DPDx) of the USA
government of Centers for
Disease Control and
Prevention (CDC)

Mosquito Stages

® Ruptu:'ed (1) A
Mosquito takes
a blood meal

’i‘»\ \ Release of (injects sporozoites)

® Oocyst Asporozoltes -

Sponogonlc Cycle

Mosquito lakes
a blood meal
(ingests gametocytes)

macrogamete @) / ‘

s::nageu;te; , ‘:' \9( ’
? ‘ ?ameWOSA

A= Diagnostic Stage P ovale i
P malanae

A\ = infective Stage

-‘:u
schizont .O' /

Human Liver Stages

. "’Ou.

Exo-erythrocytic Cycle

Ruptuned schtzont > P
‘-‘3'.' he W&:m:om
o"‘-g '$‘.'
.R.f.’ u
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pyrimethamine; (CQ) chloroquine; (MQ) mefloquine; (ART) artemisinin; (AA) amino acid change.
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Chloroquine resistance

Sulfadoxine resistance
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Dondorp et al. Nat. Microbiol (2010) (’

cling clrug resistance
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Declining of resistance Parasite
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A stuclg N Malawi, e NEW ENGLAN D

, JOURNAL of MEDICINE
rel:)ortecl that Populatlon , _
O{: CQ resistant R Return of Chloroquine Antimalarial Efficacy in Malawi
falei parum (COR) has
decreased.

Declining of 76T mutation also rel:)orted in some other

countries (i.e. Benin, Kenya, and Scnegab though at a

| slower rate.
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Targets for genotgping

apocytochrome b
PfATPase6 1
PfATPase6 2
pfmrpl 1
pfmrpl_2
DHFR-TS

PfTCTP

pfmdrl

PfCRT 1
PfCRT 2

DHPS

ABC transporter
K13-propeller
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>M76611

>Pf3D7 01 v3
>Pf3D7_01 v3
>Pf3D7_01_v3
>Pf3D7_01_v3
>Pf3D7_04 v3
>Pf3D7_05_v3
>Pf3D7_05_v3
>Pf3D7_07_v3
>Pf3D7_07_v3
>Pf3D7_08 v3
>Pf3D7_08 v3
>Pf3D7_13 v3

3438
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264641
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747923
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957756
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548039
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1724572
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269239
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467289
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749956
468316
962218
404828
406466
550780
675573

1727035

+

1243
2106
2830
2668
3257
2034
911
4463
1740
1710
2742
4866
2464
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Distribution of reads Ieng’ths
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Qualitg of nanopore reads
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alignments to the target sequences
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Miscall rate against amplicon leng’th
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Miscall rate against sequencing
clepth

Logarithmic scale
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ACCC&TGTCCATTG&AC&TA&ﬁCTTTTT&TGGAATT&CGGATTCCT
110 120 130 140

300

-ATGCC-TGTCACTT&AATTA&AG--ATAGCTTCTTGTTTTGCCTAAC-AGTCCGAGCCC

i G&TGGTGTTTTAG&TﬁCATGC&CGC&ﬁC&GGTGCTTCTCTTGT&TTTTT&TT&&C&TATC
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H+1+5 rule

I.  Smith-Waterman alignment
2 Slicling window of seven nt for base call

5. AH+]+3 rule applifﬁ

TTTTCACYTTACTTTCGATTTGTTATTTCTTTTGTAAAGGCATTTGCTATTTT

Potential variant
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Conclusions <5
Mutation calls for “known” SNVs in ~

Plasmoclium with the accuracy of up to 85%

2. Atthe moment not gooc] for indels call

Needs for inc exing (bar~cocling} method for cost-

etHective field aPPIications

However . ..

It opens interesting oPtions in the

field studies
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Institute of Blomfomics WWwWu Munser -

Nanopore Nanopore New Request 2015/01/21 02:30 | Specify at least a file with
Overview Job 1d input data.

Usage

Run the pipeline
Contact Task ' Plasmodium Polymorphism Discovery | ﬂ

Job Title Optionally you may add a

title of the job and your

email address. The job title

File _Choose File  no file selected will be carried on all

EMail subsequent displays and may
help you to identify your

different requests.
Run Reset

If you provide an email
address, you will be notified
once the job is finished.

Enter the job ID to see the
results of the completed job.
The job ID was provided
during job submission and in
the e-mail notifying job
completion.

wissen.leben
WWU Munster
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Data upload to the server via web interface
SCquence conversion from ?astﬁ to fast
Pairwise sequence alignment to the reference sequence |
- using LAST or ssearch
Nucleotide count at each Position of the reference
sequence and consensus call based on majoritg rule
SNP call (Plasmodium) or serotype classification
(clengue)
WWW rePort
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