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Third generation sequencing
Single molecule sequencing: MinION by Oxford 

Nanopore 



MinION basics
Read length: > 10 Kb (Phage λ DNA, 
50 Kb) 

# of pore : 512 (MinION at early 
access) 

Read speed: 8 bases to 20 bases/sec 

Run time: max 6 hours (MinION at 
early access) 

Error rate = 20-30% 

10,000 reads/run (?)





MinION Access Program



Easy, standard 
template 
preparation





MinION dataflow
MinION 

Nanopore sensing is carried out on the sensor chip, contained in the flow cell inside 
the MinION 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 MinION. It carries out several core data 
tasks and can be used to change experimental workflows or parameters. MinKNOW 

runs on the user’s computer. 

METRICHOR 
Metrichor is an on-demand, cloud-based, bioinformatics data analysis platform. It 

supports Oxford Nanopore base calling software. Base calling may be made 
available locally .



MiniKNOW - Data Render



MiniKNOW - Channels Panel



Metrichor
Raw data,  BaseCall data  -> .Fast5 file 



HDFView



Advantage of nanopore technology

Label-free  

Single molecule, long reads 
analysis 

Disposable; autoclavable 
after the use 

Portable; requires no pre-
installation  of any 
instruments



Potential for tropical diseases 
research and diagnostics

In many countries where tropical 
diseases prevail  

no conventional sequencer/
PCR instruments are available 

shortage of well-trained 
technical staff 

Needs for handling potentially 
dangerous pathogens



Dengue fever
Transmitted by a bite of mosquito infected with dengue virus 
(genome size  almost 11 kb) 

Febrile illness that affects infants, young children and adults with 
symptoms appearing 3-14 days after the infective bite. 

There are four serotypes (D1~ D4), whose genomes are about 70% 
identical one to each other. 

Second infection of the same serotype may cause severe symptoms; 
dengue hemorrhagic fever, abdominal pain, persistent vomiting, 
bleeding and breathing difficulty and is a potentially  lethal.





Template preparation using  
LAMP method



Sample preparation

Serum (1 - 5 µL) -> Mix with Dry Lamp reagent kit -> 
65 oC for 60 min -> Purification (AMPure) ->

LAMP Amplification

Nonopore Sample Prep



Easy, standard 
template 
preparation



Distribution of read-length
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The distribution of fastq phred 
quality scores



The base error probabilities claimed by fastq 
agree quite well with the mismatch rates



The distribution of gap lengths



Best hit reads against Dengue 
genome with ssearch (D1 control)

Cut-­‐off	
   
(E-­‐val)

#Seq 
(D1)

#Seq 
(D2)

#Seq 
(D3)

#Seq 
(D4)

%Seq 
(D1)

1.0E-10 107 0 4 0 96%

1.0E-05 568 5 95 15 83%

All 1740 373 609 332 57%



Best hit reads against Dengue 
genome with ssearch (D2 control)

Cut-­‐off	
   
(E-­‐val)

#Seq 
(D1)

#Seq 
(D2)

#Seq 
(D3)

#Seq 
(D4)

%Seq 
(D1)

1.0E-10 1 630 7 6 98%

1.0E-05 168 4124 297 95 88%

All 4038 13989 4193 2728 56%



Best hit reads against Dengue genome 
with ssearch (unknown clinical sample)

Cut-­‐off	
   
(E-­‐val)

#Seq 
(D1)

#Seq 
(D2)

#Seq 
(D3)

#Seq 
(D4)

%Seq 
(D1)

1.0E-10 41 0 0 0 100%

1.0E-05 471 4 5 8 97%

All 3,301 1,398 1,372 1,372 44%



LAST alignments against 
Dengue genome (D2 control)

Sequence	
  
type

Total 
reads 

number

Number of alignments with error 
probability

<=0.1 <=0.01 <=0.001 <=0.0001

pass 2D 350 346 345 341 338

fail 2D 1492 889 807 744 681

With error probability <=00001 all reads aligned to D2 
With error probability <=0001 just one read predicted to be chimeric



Conclusion
MinION, despite low sequencing accuracy, can be used 

for dengue virus serotyping

Still to come
Typing more clinical samples 

Implementation of serotype prediction using LAST 
Validation using Sanger/Illumina sequencing



Malaria parasite



Malaria parasite



Emergence of Drug Resistant 
Mutations

Nair at al. (2014) Single-cell genomics for dissection of complex malaria infections. 
Genome Res. 24(6):1028-38. 



Spreading drug resistance

Dondorp et al. Nat. Microbiol (2010)

Chloroquine resistance        Sulfadoxine resistance 



Declining of resistance parasite 
population

A study in Malawi, 
reported that population 
of CQ resistant P. 
falciparum(CQR)has 
decreased.

Declining of 76T mutation also reported in some other 
countries (i.e. Benin, Kenya, and Senegal) though at a 
slower rate.



Targets for genotyping

Gene$defini(on$ Chromosome$ Start$
Posi(on$

End$
posi(on$strand$ length$

apocytochrome_b$ >M76611$ 3438$ 4680$ +$ 1243$
PfATPase6_1$ >Pf3D7_01_v3$ 267134$ 269239$ L$ 2106$
PfATPase6_2$ >Pf3D7_01_v3$ 264641$ 267470$ +$ 2830$
pfmrp1_1$ >Pf3D7_01_v3$ 464622$ 467289$ +$ 2668$
pfmrp1_2$ >Pf3D7_01_v3$ 466960$ 470216$ L$ 3257$
DHFRLTS$ >Pf3D7_04_v3$ 747923$ 749956$ +$ 2034$
PfTCTP$ >Pf3D7_05_v3$ 467406$ 468316$ L$ 911$
pfmdr1$ >Pf3D7_05_v3$ 957756$ 962218$ +$ 4463$
PfCRT_1$ >Pf3D7_07_v3$ 403089$ 404828$ +$ 1740$
PfCRT_2$ >Pf3D7_07_v3$ 404757$ 406466$ L$ 1710$
DHPS$ >Pf3D7_08_v3$ 548039$ 550780$ +$ 2742$
ABC_transporter$ >Pf3D7_08_v3$ 670708$ 675573$ L$ 4866$
K13Lpropeller$ >Pf3D7_13_v3$ 1724572$ 1727035$ L$ 2464$



Distribution of reads lengths 
first sequencing (summer 2014)



Quality of nanopore reads

0

750000

1500000

2250000

3000000

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38



Bases annotated with high quality 
scores are AT-rich



The fastq error probabilities agree 
well with the mismatch rates



The distribution of gap lengths in 
alignments to the target sequences



Miscall rate against amplicon length

0

0.075

0.15

0.225

0.3

0 1250 2500 3750 5000

Amplicon length



Miscall rate against sequencing 
depth
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Pf3D7_01_v3:466960−470216:−:pfmrp1_2 of length 3256  generated from file  nanopore_reads_run20141205_5_39.all.fastq.maf.tab.csv  on: 2015−01−20 21:11:42

Reference Sequence and aligned Reads
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Pf3D7_08_v3:548039−550780:+:DHPS of length 2741  generated from file  nanopore_reads_run20141205_5_39.all.fastq.maf.tab.csv  on: 2015−01−20 21:11:39

Reference Sequence and aligned Reads
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Pf3D7_07_v3:403089−404828:+:PfCRT_1 of length 1739  generated from file  nanopore_reads_run20141205_5_39.all.fastq.maf.tab.csv  on: 2015−01−20 21:11:41

Reference Sequence and aligned Reads
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M76611:3438−4680:+:apocytochrome_b of length 1242  generated from file  nanopore_reads_run20141205_5_39.all.fastq.maf.tab.csv  on: 2015−01−20 21:11:43

Reference Sequence and aligned Reads

N
uc

le
ot

id
es

 in
 n

an
op

or
e 

re
ad

0.0

0.2

0.4

0.6

0.8

1.0
A
C
G
T
gap

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800 810 820 830 840 850 860 870 880 890 900 910 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 1210 1220 1230 1240



ssearch alignments



3+1+3 rule
1. Smith-Waterman alignment 
2. Sliding window of seven nt for base call 
3. 3+1+3 rule applied

TTTTCACTTTACTTTCGATTTGTTATTTCTTTTGTAAAGGCATTTGCTATTTT- 
::: :::::--::::   ::: :: : : : :: ::::  -::::  ::::::- 
TTTCCACTT--CTTTTTCTTTTTTGTGTGTGTTATAAACA-ATTTAATATTTTT

potential variant



Conclusions
1. Mutation calls for “known” SNVs in           

plasmodium with the accuracy of up to 85% 
2. At the moment not good for indels call 
3. Needs for indexing (bar-coding) method for cost-

effective field applications

However… 
It opens interesting options in the 

field studies



Nanopore pipeline



Data upload to the server via web interface 

Sequence conversion from fast5 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 majority rule 

SNP call (plasmodium) or serotype classification 

(dengue) 

WWW report 



WWW report
Short textual summary 
For plasmodium: a table listing potential polymorphisms 
For dengue: a classification decision 

Graphical presentation of the sequencing results

M76611:3438−4680:+:apocytochrome_b of length 1242  generated from file  nanopore_reads_run20141128_5_6.all.fastq.maf.tab.csv  on: 2015−01−20 21:10:21

Reference Sequence and aligned Reads
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