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PERFORMANCE
EVOLUTION OF
MINION FLOW
CELL:
INTERNAL
RESULTS TO
FEBRUARY 2017

Results shown were obtained
within 48 hours of starting
experiments. Flow Cells may
be run for longer in future
No fixed run time: Flow cells
may be run for minutes or days
Bps=bases per second, the
speed at which the DNA is
passed through each nanopore
« Timeline shows approximate
external availability to MinlON
users, internal performance
range during that time
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—> Rapid diagnosis of infectious disease

T D424 Repeal sequencing
for the diagnosis
of a muscular Aystrophy



Three major reasons to use MinilON
in medical (diagnostic) settings.

1. Portable

2. Rapid

3. Long read



1. Portable MinlON enables “on-site” sequencing
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1. Portable

LETTER

doi:10.1038/naturel6 .

Real-time, portable genome sequencing for
Ebola surveillance

Joshua Quick'#, Nicholas J. Loman'#, Sophie Duraffour~#, Jared T. Simpson®~*, Ettore Severi®*, Lauren Cowley’
Joseph Akoi Bore’, Raymond Koundouno" Gytis Dudas®, Amy Mikhail’, Nobila Ouedrdogo Bd.)d}\ \frough "
Amadou Bah*" ", Jonathan H. J. Baum?~, Beate Becker-Ziaja*” ,Jan Peter Boett™ et v S
Alvaro Camino- bdncher Lisa L. Larter' 4 Juliane Doerrbecker* [heresa E
Nicole Hetzelt”'"?, Julia Hinzmann®'?, Tobias Holm*~, Liana Eleni Kafetzopoul
Eeva Kuisma“'”, Christopher H. Logue"””'. Antonio Mazzarelli*'”, Sarah Meise
Didier Ngabo®'”, Katja Nitzsche®~, Elisa Pallasch®?, Livia Victoria Patrono®?, |
Natasha Y. Rickett?># Andreas Sachse®'?, Katrin Singethan??¢, Inés Vitoria
Elsa G. Zekeng”'>**| Trina Racine”, Alexander Bello®, Amadou Alpha Sall*®, ¢
N'Faly Magassouba®, Cecelia V. Williams™*”, Victoria Amburgey’®*”, Linda Wi
Frank Washington®*’, Vanessa Monteil™, Marine Jourdain®, Marion Bererd”, |
Abdoulaye Camara®, Marianne Gerard®, Guillaume Bado™, Bernard Baillet™, D
Abdoulaye Diarra™, Yacouba Savane™ Ravmond Bernard Pallawo™, Giovanna
Isabelle Roger™* ( hrlstopher.l W 1lllarrs *, Facinet \attdra , Kuiama Lewandc
Daniel J. Turner™ , Georgios Pollakis™ Jull.m A. Hiscox™*, David A. Matthew
Andrew McD. Jphnston Duncan W 1]5011 , Emma Hutlev 4, Erasmus Smit*| A
Kilian Stoecker’**, Erna l-'leischrr.ann ', Martin (;dbrlel ', Simon A. \\eller
Sakoba Keita'’, Andrew Rambaut®#%+/ Pierre F ormenty™*, btephan Giinther®”




Serotyping dengue virus with
isothermal amplification and a
portable sequencer
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LAMP amplification
Serum (1 pl)
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Isothermal amplification
63°C, 90 mins
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(Yamagishi et al. 2017. Sci Rep)
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Same-day diagnostic and surveillance data for =]
tuberculosis via whole genome sequencing of direct
respiratory samples.

Figure 5

Deccntaminasion
DNA ex.ractun
8 am B pm A am B pm 8 Am En:%)mp;qnmlm
Day1  Day1 Day3 Srquenc

. 1ay
Dey 2 Dey 2 Bioinfcrmalice
\ [ [

\ [ [

| | |

Brown et al r

| | 1

| I |
This study ‘ '
llumina L2 nrs
MiSeq
(n=40D) ‘ . i

| | |

| | |
This study | : :
MiniSeq | I I
(n=3) w [ [

| | |
This study . '
ONT R9 | : 16.5 hrs
MInION ‘ 1 .
(n=5) : . :

\ I I

: Predit:l
This study susceptbility
ONT R9.4 (all) 7.5105125 hrs
MinION
m=1 [ N prediat

o Detect ™ susceptibiity

TB (BCG), (21l except strap)
pyraz renide-R

(Votintseva et al. 2017. J Clin Microbiol)



Acta Neuropathol @ CrossMark
DOT 10.1007/s00401-017-1743-5

METHODS PAPER

Same-day genomic and epigenomic diagnosis of brain tumors
using real-time nanopore sequencing
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DNA QC >> library prep > sequencing >>> WHO 2016
(15 min) (15 min -3 h) (1-6 hours) diagnosis

(Euskirchen et al. 2017. Acta Neuropathol)



Rapid sequencing kit (SQK-RAD002)

1D PCR-free gDNA
Transposome complex gDNA < 10min
T Add 2.5ul FRM to 200ng of DNA
5 min incubate for 1min at 30°C
- - incubate for 1min at 75°C
Cleavage and addition of Add 1ul RAD /0.2ul TA ligase
v transposase adapters ) " g
- . incubate for 5min at RT
Ligation of sequencing
adapters and lf \'? + O
_ \iether attachment ?
5 min [ .
v Loading Ready for sequencing!

Figure RSWF: Workflow of the Rapid Sequencing library preparation protocol.



short read vs. long read

sprint vs. full marathon
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Difficult / impossible regions to sequence
in human genome using short read sequencers

Genomic structural rearrangements
Segmental duplications
Macrosatellite repeats

etc...
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_Navigating highly homologous genes in a molecular
diagnostic setting: a resource for clinical next-generation
sequencing

“NGS dead” zone

Diana Mandelker, MD, PhD'?, Ryan J. Schmidt, MD, PhD", Arunkanth Ankala, PhD?,
Kristin McDonald Gibson, PhDY?, Mark Bowser, MS, MPH®, Himanshu Sharma, MS,
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NGS dead zone
Cene Afiected exons Affected % Observed low MQ Disease(s) Ca?x

_—_m'_!sm1 14116 (87.5) 3.4003.0&%“05) 92.7 gene | mm Spinal muscuiar atophy

RPS17 8/10 (60) 1,850/2,116 (67 4) 764 Same gene | non-CDS | pseudogene Diamond-blacifan anemia M
SMN2 14/18 (77.5) 3,488/4,140 (84.3) 93.0 Differeni gene | non-CDS | pseudogens Spinal aboplhy M
IKBKG 7110 (79) 1,921/2,764 (695) 63.6 Pseudogene Incontinentia pigmantl M
CFC1 5/6(83.3) 83711471 (56.9) 76.7 Diffarent gene Congenital heart defects M
ADAMTSL2 913 (50) 2.738/5,196 (52.7) 60.0 Non-CDS Geleophysic M
OPN1MW 7112 (58.3) 1,9153,750 (51.1) 67.2 Same gone | dfferent gene Colorblindness, deutan; blue cone monochromacy M
ETRC 10/29 (34.5) 3,987/9,008 (438) 80.9 Difforent geno | non-CDS | psoudogone Sonsorineural hearing loss M
KRT86 I9(33.3) 904/2,631 (34.49) 378 Diffsrent gene | ron-CDS | pseudugene Muniethrix M
TUBB2B 14 (25) 528/1,858 (28.4) 720 Different gene | non-CDS | pseudogene N
LPA 10739 (25.5) 3.003/11.193 (26.8) 395 Same gene | different gene | non-CDS | pseudogene Coronary arery disease A
CHRNA7 2110 (20) 668/2 896 (23.1) 596 Diffarent gane 15913.3 microdeletion syndrome N
KRT81 29 (22.2) 47412688 (17.6) 36.0 Difforont gene | non-CDS | pseudogene Moniethrix M
NCF1 211 (18.2) 45472603 (17.4) 23 Pseudogene Chronic granulomatous discaso N
OTOA 430 (13.3) 1,124/7,358 (153) 285 Non-CDS Sensorineural hearing loss M
KIR30L1 mM(MN.1) 34602,505 (13.8) 419 Diffarent gene | non-CDS | pseudogene HIV disease progression A
TNXB 10/56 (17.9) 2.890/121.842(13.2) 255 Same gene ENers-danios syndrome M
OPNILW 1S (16 7) 241/1 875 (129\ 108 Different gene Blue cone monochromacy ILI
NEE 16/181 (8.8 4,786/40,213 (9.7) 15.3 Same gene Nemaline myopathy M
CORO1A 1710 (10) 23572686 (B.7) 79 Non-CDS Immunodeficiency ¥
OCLN 118 (12.5) 172/2,609 (5.6) 36.0 Pseudogense Band-like caldfication with simplified gyration and polymiciogyria M
FLG 12 (50) SUZ/12,446 (6.9) 200 Same gene Ichthyosis wigans M
HYDIN 6185 (7) 1.701/26 643 (6 4) 674 Non-CDS | pseudogene Primary ciliary dyskinesia M
RHCE 1110 (10) 15712 554 (5.1) 174 Diffarant gana Rh hiood group antigans M
PMS2 1715 (8.7) 2744539 (B) 204 Non-CDS | pseudogene HNPCC M. S
STATSB 113 (5.6) 266/4,704 (5.7) 15.0 Different gene Growth hormene insensitivity with mmunodeficiency M
TN 71363 (1.9) 1,308/161,621 (2.8) r % - &nm Diiated cardiomyopathy M

Sequencing regions of high sequence homology

(Mandelker et al. 2016 Genet Med)
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Molecular Biology of THE CELL 5th Edition
©2010 Newton Press / ©2008 Garland Science
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Linear Assembly of a Human Y Centromere using Nanopore Long Reads
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—> Rapid diagnosis of infectious disease

Rapid sequencing

(+ Portability, Long read)



Bacterial infection disease in local hospital

Aim: rapid and accurate identification of pathogen

of bacterial infectious disease



Chest infection

Accumulation of pus in chest cavity
Secondary to pneumonia

>65 years old

Immediate antibiotics recommended
Bacterial culture positivity: ~50%
Culture takes days

lung

Known causative pathogens are:

S. pneumoniae,

S aureus,

Anaerobic bacteria,

(Fusobacterium, Prevotella,

Peptostreptococcus, Bacteroides)
etc

Wikipedia



Pleural effusion from pyothorax patient

Bacterial DNA / host DNA amount : 0.03~0.3%

Bacteria

30M reads 9000 reads

One MiSeqrun ~€2000/ sample



:1 'il ﬁUEC” CUCMABGMQUMC*HGMAW&MW“C i‘ LI
i b, o G
EMMA C AMG _afe si' L m GM!S@&-—»

ME Jchc LM&Q:CGW JMGCAGECG:&@JMUACGM LH GMk CEGAA
g%’ﬁmﬁm CGUAGQQGB.U Wsmxcc &M&; GGAA.&GC W, GA

- . L (3.9 > . Ll :f‘ € an . ~, .4 L4 » " ~2 . -
- r". uuu l' “ d A tul Ill n “‘tﬂ!n i;t‘aa :'r:.&ul

M&&M&M&g cUuGAGAL " Do g
£ m&mmwcmmwmmwmummmmec mmc,m,,
MU@C;A 4 e k00l il ww:ueﬁwmmu”

=

5 :@cw mmcceummw N mmsu

o 1 [
. Tt - [y P |- e ~ - - <
)
o
- Coga
e B ] .-

(Nakagawa et al. 2010. PNAS)

Universal primers

\

Next gen sequencing

165 ribosomal RNA (rRNA), an ancient marker used for phylogenetics

705 E. czll ibosome
Nober Leb, UG Senta U /o7




16S metagenomics kit

VA V2 V3 Vé V5 Ve V7 V8 V9

e pr— e

V2 V4 V8 V9 V3 V6-7 V2 V4 V8 VS V3 V6-7

S.aureus S.aureus
(MRSA131) (HFH-29568)
S.aureus .
E.coli
(HFH-30106) (BAA-1161)
S.pneumoniae C
(TCH8431) C.jejuni
(UA466)
B . E.faecalis
.sam(%rll; (TX0104)
E.faecalis L.monocytogenes
(TUSoD11) (104039)
E.coli P.aeruginosa

(unknown strain) (unknown strain)

E.Faecalis
(unknown strain)

H.influenzae
(unknown strain)

B.cereus
(G9241)
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Time course for amplicon sequence
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First 1 hour = 24k reads



45min

5min 15min

10min l

30min

Rapid sequencing kit (SQK-RAD002)

1D PCR-free gDNA
Transposome complex gDNA

Cleavage and addition of

v transposase adapters
Ligation of sequencing
adapters and k e Lo
\‘e’ther attachment ?
5 min { — e

!

Y Loading

Figure RSWF: Workflow of the Rapid Sequencing library preparation protocol.

within 2 hours



Short read sequence

Long read sequence
(MinlON)

—- .

(lonPGM)
16S rDNA 16S rDNA
—w-a— e e — e — e — e — e —a—
> +——> >
R 4 e EE <
Species strain Genome size 1:usr:l?:|y
1  Acinetobacter baumannii strain 5377 3,976,747 6
2  Actinomyces odontolyticus strain 1A.21 2,391,230 3
3 Bacillus cereus strain NRS 248 5,224,283 13
4  Bacteroides vulgatus strain ATCC® 8482a 5,163,189 7
5  Clostridium beijerinckii strain NCIMB 8052 6,000,632 14
6 Deinococcus radiodurans strain R1 (smooth) 2,648,638 2
7  Enterococcus faecalis strain OG1RF 2,739,625 4
8  Escherichia coli strain MG1655 4,641,652 7
9  Helicobacter pylori strain 26695 1,667,867 2
10 Lactobacillus gasseri strain 63 AM 1,894,360 6
11  Listeria monocytogenes strain EGDe 2,944,528 6
12  Neisseria meningitidis strain MC58 2,272,360 4
13  Propionibacterium acnes strain KPA171202 2,560,265 3
14 Pseudomonas aeruginosa strain PAO1-LAC 6,264,404 4
15 Rhodobacter sphaeroides strain ATH 2.4.1 4,131,542 4
16  Staphylococcus aureus strain TCH959 2,830,017 5
17  Staphylococcus epidermidis  strain PCI1 1200 2,499,279 6
18 Streptococcus agalactiae strain 2603 V/R 2,160,267 7
19 Streptococcus mutans strain UA159 2,032,925 5
20 Streptococcus pneumoniae strain TIGR4 2,160,842 4

BEI resource

(HM-782D)



GenomeSync

Genome database, continuously synchronizing via peer-to-peer networking

Database size on 2017-07-03:

Genomes 111,925

Total FASTA size 1,573,203,336,694 bytes
Total sequence length 1,538,678,614,273 bp
ATCG 1,449,361,118,885 (94.29%)

© 2015-2017 Kirill Kryukov
Available under the CC BY 4.0 License genomesync.org

> Genome Search Took Kit (GSTK)

Kirill Kryukov


http://genomesync.org

— JOHNS HOPKINS UNIVERSITY

Ce ntri fu g e : > CENTER FOR COMPUTATIONAL BIOLOGY

Classifier for metagenomic sequences ( ( B

leading systems. The system uses a novel indexing scheme based on the Burrows-Wheeler transform (BWT) and the Ferragina-Manzini (FM) index, optimized specifically for the
metagenomic classification problem. Centrifuge requires a relatively small index (e.g., 4.3 GB for ~4,100 bacterial genomes) yet provides very fast classification speed, allowing it to
process a typical DNA sequencing run within an hour. Together these advances enable timely and accurate analysis of large metagenomics data sets on conventional desktop computers.

[WfMMhG«wl]

Centrifuge is a very rapid and memory-efficient system for the classification of DNA sequences from microbial samples, with better sensitivity than and comparable accuracy to other 0
™

0S| certified

Genome 1 and Genome 2 l /

7
A

unique parts of Genome 2

[ Unigue to Genome 2 ]

Rapid metagenomic sequence classifier o
(

N/

[ Unigue to Genome 3 ]

~4100 bacterial genomes

4) Combine Genome 142 and
unique parts of Genome 3

(Kim et al. 2016 Genome Research)



Short read

S pneumoniae

S mutans

S agalactiae

S epidermidis

S aureus

R sphaeroides

P aeruginosa

P acnes

N meningitides

L monocytogenes
L gasseri

H pylori

E coli

E faecalis

D radiodurans .

C beijerinckii .

B vulgatus L

B cereus —

A odontolyticus .
A baumannii _
-100 -80 -60 -40 -20 0 20 40 60 80 100

Long read
(MinION)

S pneumoniae
S mutans
S agalactiae

S epidermidis e
S aureus

R sphaeroides ﬂ-
P aeruginosa
P acnes
—
—
=

N meningitides

L monocytogenes
L gasseri

H pylori [—

E coli ]

E faecalis —

D radiodurans 1

C beijerinckii [—

B vulgatus " —

B cereus _
=

A odontolyticus
A baumannii

-100 -80 -60 -40 -20 0 20 40 60 80 100

(Mitsuhashi, et al. 2017 Sci Rep)
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Prevotella oris was detected



The biggest barrier for clinical use

Metagenomic (MiSeq) ~€2000 / sample
16S sequencing (lonPGM) ~ €200 / sample
MinlON 16S sequencing? ~ €700 / flow cell

e o S L L L]

Bacterial culture ~ €15 [/ sample
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FLONGLE
(“flow cell dongle”)

> “MinlON Dx”



» LAST(Kietbasa et al. Genome Res. 2011)
- Speed: Centrifuge > LAST >>> BLAST

- Accuracy : Centrifuge < LAST << BLAST

Expected [ERIENIEN _
I/////// / // ///////

BLAST e

LAST 4l 2140 3427 51 36 44 51 | 53 23250826 3.8 3.30.7 Others 354

Species level



—> D4Z4 Repeat sequencing
for the diagnosis
of a muscular dvs&rophv
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[
Muscle
diseases

from the book of Dr. Ikuya Nonaka “Rinsho no tameno kin-byori”



Facioscapulohumeral muscular dystrophy (FSHD)

9

FSH

DIETY

FSH Society
https://www.fshsociety.org/

Autosomal dominant muscular dystrophy
Facial, scapular and humeral muscle weakness
Prevalence: estimated ~1/10,000
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3.3kb D474 repeat X11-100
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(Linardopoulou et al. Nature 2005)

Variations!

D4Z4



4935

chra ( X )

— D424 (3.3kb)

CpG methylation

p1f£11 D424 (11-100)

Healthy A e T T T T = —

DUX4

P13E11 D424 repeat contraction
FSHD T T

| |
)
‘

e > Expression

Y

Toxic




p13E11 =probe

EcoRl EcoRI

#ofD4Z4repeat: 1 2 3 4 5

(Goto et al. 2006 Neuromuscular Disorders)



chr4
Xapl Xapl Xapl Xapl Xapl Xapl Xapl Xapl Xapl Xapl Xapl Xapl Xapl

PBETT. v v v v v v Y Y VY oY oV v ¥
S T T T T T T T

S T A R T T T R T T R O

Binl Binl Binl Binl Binl Binl Binl Binl Binl Binl Binl Binl Binl Binl

chr10
1 2
E B X E B X <«<Restriction enzyme digestion
49A
e
chr10
chr10
4B z
4 ! -
q 4gA

(Lemmers et al. 2007)



p13E11
T
T T LT T T T Y T

EcoRI EcoRI
Konl Kpnl Kpnl Kpnl Kpnl Kpnl  Kpnl Kpnl Kpnl Konl Kpnl Kpnl -Kpnl :
Haplotype
plotyp LLAM
o, ﬁ}fﬁ
(50%) HL — FSHD
DUX4 ORF polyA signal

4qB ﬁ-}[]\
(50%) T — No FSHD

DUX4 ORF No polyA signal



1. number of repeat Southernblotting

2. distinguish homologous repeat Southernblotting

3. haplotype (49A or 4qB)

Southernblotting

2%

T

v

Sequencing D4Z4 repeat using MinlON



Distribution of repeat number in FSHD patients

healthy

family 350 ESHD l

300

250
200

150

100
T B - =B =
1 2 3 4 5 6 7 9

0
8 10 >11

Number of D4Z4 repeat

(unpublished data)



In order to read repeat sequence

you should read

LONGER THAN THE REPEAT

~45kb
D e EEEEE—

—r — M — TP D — >y —>
—> —> —> —> —> —> —> —p —>
<+—> <+—> <+—> > —




10k
8k

6k
ok
4Kk

3K

BAC clone containing 13 D4Z4 repeats

EcoRl digestion

<=

125113 EcoRlI (35)

126236 EcoRl (35)
124417 EcoRI (35) |
123209 EcoRl (35) |

123160 EcoRl (35]

115332 EcoRl (35)

115264 EccR| (35]
polyA signal 114645..114650
pLAM 114435..114675)

1 EcoRI (35)
3324 EcoRI (35)
33870 EcoRl (35)
9130 EcoRI (35)
416 EcoRI (35)

last D424 repeat 110805..114104

13 D4Z4 repeats 71133..114104

DBE-T 69489..72851
65393 EcoHRI (35)

RP11-242C23
129118 bp

18681 ECoRI (35)
25486 EcoRl (35)
25511 EcoRI (35)
28561 EcoRl (35)

~ 31704 EcoRl (35)

8090 EcoRl

8262 EcoRl

* 38348 EcoRl (3
4041 EcoRI (35)
|j4051 =coRI (35)
44136 EcoRlI (35)
6852 EcoRl (35)
47296 EcoRl (35)
49530 EcoRlI (35)
49881 EcoR| (35)
58403 EcoRlI (35)




BAC clone: RP11-242C23
EcoRl digestion + Klenow

enzyme digestion gel ethraCtion

library preparation SQK-LfK108 (1D sequencing kit)
sequencing R9.4 flowcell
base-calling Albacjre v.1.1.0

'

EcoRI fragment (Genbank: CT476828.7)
lastal | last-split

!

genotyping last-genotype
/most common nucleotide

alignment



http://last.cbrc.jp

3.3kb

T e e T T T T T
t 1

EcoRI EcoRI
D474 repeat

coverage
40000+

30000+

20000+

10000

10k 20k 30k 40K 49877 position
Number of reads 128,171 reference : CT476828.7
Total bases 971,130,587
Average read length 7,577

(Mitsuhashi et al. 2017 BioRxiv)
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100

reference AEE A A A Al AEEA AEA A
nanopore AECAME A A A A ARG A AlA AGEA
101 200
refarence A A B A A AAAA AEA AAA
nanopore A A A A A AAAA AGA AAA
201 100

reference A AE A A A

nanopore A Al ACA A Al

400
s N NS N NGOG - B SN NS e . SO NGRSy
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>

L
o
-

S00
reference o A A Al AAA A A A A A AAA
nanopore A AA Al AAA] (A ] A A A A AN

01 600
reference WA AE A AEa N O 0 ABABANANAEEAAAA A AlABA ABA A AN A
nanopore A NRARA ALCA ATEATTA ABARANANARNAAAA] A ARABAAGRA Al ARG A
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co1 700
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701 800
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an1 200
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nanopore 4 A AlA A AAAA A ABA A AA A A ABAEAEA ACAAA AlA A

1000
ACARC A ARC A AAAARANARCACAAA ABACAAA ABACA A ACA A
ACARE A ARC A AAAMANANARCACAAA ARACAAA ARACAA ACA A

g

1001 B 1
ABAA




reference

Sanger

MinION

AN - o ) AR~ A AA A
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A
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Consensus sequence was compared to the reference

Using the most common nucleotide

MinlON
A C G T
A 0 66 0
- C 2 2 29
o
G 0 3 1
T 0 20 12

135 / 49,877(0.27%)



Genotyping using last-genotype

https://github.com/mcfrith/last-genotype

MinlON
A C G T
A 0 25 0
u— C 0 13 13
o
G 0 1 5
T 2 15 1

75 1 49,877(0.15%)



CCXGG

ref
repeat1

repeat13

CCXGG errors: most common nucleotide 117/135 (87%)
last-genotype 49/62 (79%)

CCAGG > CCGGG : 32/49(65%)



https://github.com/mcfrith/last-genotype

MinION
A C G T
A 0 1 0
. C 0 12 0
z
G 0 1 5
T 2 4 1
24 | 49,877(0.05%)

this slide was added in the last-minute




error rate
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Nanopore sequencing and assembly of a human genome with ultra-long reads

Miten Jain, Sergey Koren, Josh Quick, Arthur C Rand, Thomas A Sasani, John R Tyson, Andrew D Beggs,
Alexander T Dilthey, lan T Fiddes, Sunir Malla, Hannah Marriott, Karen H Miga, Tom Nieto, Justin O'Grady,
Hugh E Olsen, Brent S Pedersen, Arang Rhie, Hollian Richardson, Aaron Quinlan, Terrance P Snutch,
Louise Tee, Benedict Paten, Adam M. Phillippy, Jared T Simpson, Nicholas James Loman, ) Matthew Loose

doi: https://doi.org/10.1 101/128835

LI =

Aueld =

20403+

OeeOOOM e R —— )
|

read # 1,415,87
data size 23G
average read length 16,343
maximum read length 1,537,349
X5 coverage of human genome

Cumulative Length (bp)

https://github.com/nanopore-wgs-consortium/NA12878



p13E11 ? D424 repeat haplotype ?

' N e e e e e .

reads with p13E11
|

mapping to GRCh38 mapping to single-D4Z4
lastdb GRCh38 lastdb single-D4Z4
last-train last-train
lastal | last-split lastal | last-split

last-dotplot last-dotplot



read1

read2

read3

read4

chr4

/S

http://last.cbrc.jp/doc/last-dotplot.html



Align to a single D4Z4 repeat using lastal

chr10 20 D4Z4 repeats
read1
read2
chrd 17 D4Z4 repeats
read3 T
read VAT I NI III ISP II I



chr4 (352> 1 I BE

| IR SEE o ECTE 15 . 1

Scale
chr4:

User Track
User Track

AF258324.1
KFS18253.1
AF258324.1
AF146191.1

UsSsess. 1
AC126281.3
AC225732.3
AC215524.3

scaffold yes

159,550, 68| 159,

2 reads

s B0Y, 8089 i, 008, 048 QBI 190,200,090'
User Supplied Track

I . I
Assemb 14 from Fragments
I
— /1
——
—
—

Gap Locations

telomere ho ]
GENCODE w24 Comprehensive Transcript Set (only Basic displaded by default)
AF146191 . 4 4 RNASSF174 1 UssSess. 1 DuUx4 |
AF146191 .4 ! > i FRG1 b= RNASSF17S | DEET m DUX4 |
AF1456191 . 4 b + H FRG2 o AC126251.1 [EE] b
AF1465191 . 4 & 4 FRG2 o AC126281.3 DUx4 B
LINCB1S96 ACL126281 .5 AC215524.1 1
AC1262581.21
AC126281.5 1
AC126251.7 1
AC1262581 .6
AC126251 . 4
RefSeq gene predictiohs from NCBI
RefSeq Curated H - [1

49B



49B

No polyA signal

DUX4 ORF

chr4-read2 - - - -

4qB
chr4-read2

AlGlA

4qB

chr4-read2 - -
chr4-read2
chr4-read2
chr4-read2 - - - - -
4qB
chr4-read2

A

-read2
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-read2 A
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A AN -|

49B AAAAA

read2 A A
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49B AAA
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49B
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o
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o
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AAAA
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[AAAGBIAAA
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chr4-read2
chr4-read2



1. number of repeat v

2. distinguish homologous repeats v

3. haplotype

@ -~  Substitute for the Southernblotting?




There are many potential uses Iin the medical settings

Infectious disease
Mendelian disease
Autoimmune disease
Cancer

etc...

Nanopore sequencing will expand our knowledge on
the pathomechanism of the human disease
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