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Genome

EpiGenome

Transcriptome

Providing	latest	analytical	platforms	for	every	layer	of	omics	studies

WES/WGS

ChIP Seq/BS	Seq
RNA	Seq/CLIP	Seq

Bioniformatics

Sequencers
-HiSeq/MiSeq

-PacBio

Analytics	Platforms
-Single	Cell

-USB	Sequencer
-Long	Read



+Model/Non-model Organisms for Basic Sciences

Towards Next Generation Genome Sciences

Humans for Biomedical Applications 

Ｏｂｊｅｃｔｉｖｅｓ



Some basics for Illumina sequencing

Next Generation Sequencing for Medical Applications

Using cancer genomics as an example

- “Multi-Omcs” applications 
(IHEC/ENCODE/ROADMAP)

(BREAK)

- Single cell applications (Human Cell Atlas)

- Genome sequencing (COSMIC)

- MinION sequencing (One Health)

Recent topics



Some	Basics

Yutaka	Suzuki
Department	of	Computational	Biology and	Medical	Sciences

Graduate	School	of	Frontier	Sciences
The	University	of	Tokyo



Genome

Transcriptome

Proteinome

Analysis of the "entity"

Central Dogma & Omics



Disease

ＤＮＡ mutation

Cell/Animal model

Mal-function of genes

RNA

Phenotype

Medical

Protein

Expression disorder

Exome, Whole genome resequencing

RNA Seq, ChIP Seq

??

??

Clinical trial

DNA

Towards medical appication

Data compilation

N
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A

nalysis



Human Genome Sequence Revealed

-22x2+ XY Chromosomes
-３Gb

-20,000 genes



Human Full-length cDNA Annotation Meeting~ H-invitational

August 25 ~ September 3, 2002.

>120 researchers from around the world @ Tokyo Bay

Annotated 41,421 Full-length cDNAs

FLJ (Japan)
MGC (USA)
DKFZ (Germany)
HSPC (China)

Comprehensive dataset
of Full-length cDNAs

+ RefSeq
+ Ensembl genes

Full-length cDNAs



Fragmented DNA

“Cloning”

Reaction by tubes

Sanger sequencing
(di-deoxy method)



Maker Products Read base length Time cost

Roche GS 
Titanium 1Ｇｂ 330 bp 0.4 day 1.5000 USD

Illumina Genome 
Analyzer 600Ｇｂ 150bp 10 day 1,2000 USD

AB SOLiD4 200Ｇｂ 50 bp 7 day 10,000 USD

PacBio RSII ? 5000 bp 1 day 1000 USD

※Gb=1,000,000,000 base: Human Genome=３Ｇｂ

“NextGen sequencing”



Next	Generation	Sequencer,	“Illumina”	(Google	“Illumina,	method”)

1

2

3

4

any kinds of DNA

Hybridize to complementary oligo attached to the surface

PCR using the primers
in the vicinity area (“cluster” PCR)

Make a copy of the template DNA

Template could not spread freely
Bridge (Cluster) PCR



5

6

8

9

7

Cluster (or colony) of the template DNA
Is formed 

Di-deoxy sequencing using 4-colored dye

-36 cycle reactions (36 base can be read)

Reversible Dye Terminator



Illumina

8lane

Ａ

Ｃ

Ｇ

Ｔ

TIFF images

GGGATAATTCTGGGTTCTTTTCTCT 11453 1 BAC_plus_vector:35117 F
GGGATAATTCTGGGTTCTTTTCTCC 9359

TAAAAATCGCCTTCAAAATTGCTTT 11453 1 BAC_plus_vector:155924 F 
TAAAAATCGCCTTCAAAATTGCTTA 9359

GTCAGAGGCAAGAGGTGGGGGGCAT 0 0

TTTCATATTTTTTGCAATTGCTTCT 10406 1 BAC_plus_vector:161947 F 
TTTCATATTTTCTGCAATTGCTTCC 9359

TTTTTAAAAAATTGCAAGTTTTTAT 0 0

TGTAAATGATGTAACCTTGTCTTCT 11453 1 BAC_plus_vector:35411 F 
TGTAAATGATGTAACCTTGTCTTCA 9359

344 752 TTCTAATTGAGTTTATTTGAATCTT
270 793 TGAGAGAAACTTGGTCGTTCCGTCT
282 788 TTGGAAATTGTTGAGGGTGTGGGGT
254 708 TTTGATCTTCTTGTCCTTCTTCCCT
215 317 TGGACAGCCTTTATACTTAATTCCT
284 778 TTTTACAGAAATCTGATTGGTTCAT
242 782 TAACTTACATATGCATTCCTGTTAT
56 582 TGGGCCCTATGTTCCATCTCTTCCT

15000-25000cluster×300 ”tile”× 8レーン＝ 40-60 million cluster

“tile”

Sequence generation ~36-mer FASTA sequence

Mapping to the reference genome

1 run (8 lanes)

Basic requirement is any kinds of DNA fragments 
having Solexa-tags at the both ends

(Base can be called 
from about ~50 % of the clusters)
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• 1.8	Tb/run	x	10	instruments
– 6	Billion	reads

• 16	human	genome/run
– 3	days

• データクオリティ
– 150bp	x2

75% has	>Q30

HiSeq X	Ten	– 1000	USD	genome



• Cost-performance
– 30x		WGS 1sample/run
– WES 10	samples/run

25~120Gb
– 25~120	Gb

• Two-color	detection

NextSeq 500



Population level WGS

High Throughput
WES, target sequencing 

Low throughput;
Micro-organism

Desktop types

NextSeq
500

HiSeq 2500MiniSeq

NovaSeq

Illumina	Sequencers	for	versatile	uses

HiSeq X Ten

National project level

MiSeq



Targeted capture scheme, “Exome”



36base、ミスマッチ0でマップされたタグ ：6,322,381
このうち、ハイブリキャプチャ領域にあるタグ：5,289,381 (84%)
ハイブリキャプチャ領域の全base数 ：3,986,164
このうち×5以上でカバー ：3,403,145 (85%)

Hybri-captureによるPromoter Re-sequencing



Somatic mutations 
in cancer genomes

Ethnic Diversity



Beijin Genome Institute (China)



～Cancer Genomics～

Genome sequencing at National Cancer Center East Hospital：
Imielinski et al. 2012 Cell : 183 lung adenocarcinoma patients
Seo et al. 2012 Genome Res : 200 lung adenocarcinoma patients
Suzuki et al. 2013 PLoS One : 97 lung adenocarcinoma patients
TCGA 2014 Nature : 230 lung adenocarcinoma patients

Driver mutations:
KRAS mutations
EGFR mutations
ALK, RET, ROS1 fusion s…

(Fig.3d, TCGA 2014 Nature)(Fig.6, Seo et al. 2012 Genome Res)
EGFR mutants were enriched in non-smokers, 
females and Asian.

Molecular targeted drug:
Gefitinib for EGFR mutations
Crizotinib for ALK fusions
Vandetanib for RET fusions

Clinical Trial of the molecular targeting drugs

Clinical sequencing also 
started in Japan

Lung cancer



Materials
Colon cancers

http://crest-ihec.jp/project/index.html#kanai2



SNP call using GATK+ MuTect
(BROAD pipeline)



Recursive SNVs in 29 T/N paired sequencing
Three recursive SNVs were identified.
Of these, two were well characterized SNVs in…

→ There were very rare “somatic” recursive SNVs,
except for well-known mutations, such as EGFR L858R and RAS G12V
Problems are not in the presence of called SNVs in cancer, 
but in the absence of SNVs in the normal tissue (mostly because of 
loose SNV calls in normal tissues); 
Most  seemingly recursive SNVs were turned out to be  germ line 
variations..

EGFR

KRAS
189 AA

RAS

G12D/V
(4 / 29)G12C

1210 AAEGF 
receptor,
L domain

Serine-
threonine/tyrosine-
protein kinase

F
u

F
u

EGF 
receptor,
L domain

F
u

L858R
(8 / 29)G719AG482V



The Cancer Genome Atlas (TCGA)

http://cancergenome.nih.gov/



https://dcc.icgc.org/projects

International Cancer Genome Consortium (ICGC) 



http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/





EGFR

Protein 
synthesis

Proliferation

DNA 
damage

Cell deathTP53

RAS RAF MAPK

PI3K AKT

CTNNB1

TSC1/2 MTOR

ATM

Proliferation

GSK3B

APC

MDM2

CDKN2A 

CDK
RB1 Cell cycle 

progression

PTEN

STK11
NF1

ERBB2/3/4

FGFR

PDGFR

VEGFR

NTRK

EPHA/B

INSR

40 (41.2 %)
16 (8.5 %)

# of cases
Ø 97 cancers
Ø 188 cancers (Ding et al. 2008 Nature)

8 (8.2 %)
12 (6.4 %)

5 (5.2 %)
9 (4.8 %)

5 (5.2 %)
8 (4.3 %)

13 (13.4 %)
13 (6.9 %)

9 (9.3 %)
8 (4.3 %)

15 (15.5 %)
25 (13.3 %)

4 (4.1 %)
8 (4.3 %)

10 (10.3 %)
63 (33.5 %)

12 (12.4 %)
14 (7.4 %)

5 (5.2 %)
4 (2.1 %)

4 (4.1 %)
4 (2.1 %)

3 (3.1 %)
3 (1.6 %)

1 (1.0 %)
3 (1.6 %)

15 (15.5 %)
24 (12.8 %)

10 (10.3 %)
12 (6.4 %)

2 (2.1 %)
7 (3.7 %)

1 (1.0 %)
2 (1.1 %)

2 (2.1 %)
6 (3.2 %)

3 (3.1 %)
2 (1.1 %) 3 (3.1 %)

8 (4.3 %)

4 (4.1 %)
8 (4.3 %)

7 (7.2 %)
12 (6.4 %)

19 (19.6 %)
54 (28.7 %)

1.0 (1.0%)
21 (11.2 %)

1 (1.0 %)
2 (1.1 %)

3 (3.1 %)
0 (0 %)

Screening	for	“cancer-related	pathway”	candidates	(I)
~SNVs	in	the	EGFR-MAPK	pathway

→	as	a	case	of	16	pathways	(p<0.05)



AD030
(cancer)

KRAS
c.35G>A
p.G12D

AD030
(normal tissue)

AD003
(cancer)

EGFR
c.2573T>G
p.L858R

EGFR
c.2236_2250delGAATTAAGAGAAGCA
p.E746_A750del (exon19 deletion)

AD084
(cancer)

TP53 
c.830G>T
p.C277F

AD002
(cancer)

AD002
(normal tissue)

Called SNVs were sufficiently solid to be validated by Sanger in most cases 
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Druggable mutations	in	
Lung	Cancers

“Druggable”	mutations

Drug	target	genes	and	Biomarkers





“Omics” information to the clinical applications

ゲノム情報

検体

Diagnosis

DB of clinical trials

Enrollment tp
the Clinical trial

BioBank & Genome DB

Genome Epidemiology

Electric Card

Clinical info
Patients’ background

Doctor

Doctor

Patients

Conventional Chemo

…

Clinical Trials

Approved Drug

Clinical samples

Protection of Privacy

Regiment Selection

Development of 
New methods

Expert	Panel



Circulating tumor cells (CTC)

Primary culture: on dish or “xenograft”

Patient derived xenograft (PDX)

Capturing cell with 
epithelial marker



“Liquid Biopsy”: Cell-free (plasma) DNA 





The	people	who	set	up	databases	need	to	take	
a	long	view	when	making	promises	and	asking	
for	consent	as	they	collect	the	data,	

Not	being	clear	about	how	participation	
in	a	study	could	lead	to	privacy	breaches	
creates	the	risk	that	any	problems	that	
arise	may	make	potential	donors	less	
willing	to	have	their	DNA	sequenced.

We	can't	do	research	on	human	beings	
and	look	people	in	the	eye	and	promise	
them	that	nothing	bad	will	ever	happen,”	
Angrist	says.	“If	we	reassure	people	and	
something	bad	happens,	then	it's	that	
much	worse.”

Instead,	he	argues,	engaging	with	donors	
and	spelling	out	the	risks	and	benefits	
can	change	the	privacy	equation.	“If	you	
talk	to	people	who	have	children	with	
undiagnosed	diseases,	they	would	tell	
you:	'We	would	gladly	forgo	privacy	in	the	
interest	of	accelerated	research'.”



Multi-omics	applications;
Transcriptome	and	Epigenome	Analysis	

of	cancer	cells

Yutaka	Suzuki
Department	of	Computational	Biology and	Medical	Sciences

Graduate	School	of	Frontier	Sciences
The	University	of	Tokyo



“Hallmarks” of Cancer Imielinski et al Cell (2012)



Biological information can be also read by NGS

Binding of proteins to the genome
・where
・when
・what protein?

Gene expression
・where
・when
・how much
・what
Is transcribed

Biological information

“Sequence” data

“NGS”

Numerous sequences



“Normal cells”

Protein binding

Gene expression

“Diseased” cells

Binding pattern?

Expression levels?

Genomic mutations



ChIP-”Seq”:	Identification	of	TF	binding	sites	using	Solexa

Chromatin	IP

Linker ligation
& PCR

Hybridize to Genome/
Promoter Array

ChIP on CHIP
Solexa-linker	ligation	&	Sequencing

Mapping	to	Genome	and	TFBS	identification

ChIP	on	SEQ

Recovery	of	DNA	fragment
Antibody

Solexa	Adaptor

＋

genome
Binding	site	A Binding	site	B Binding	site	C

Whole-Genome	&	Quantitative

TF



7,118,567 tags

71,172,337 tags

Pol2

18,950,096

66,613,786

TFx

Transcription Fctors



Frequently analyzed sites：K4, 9, 27, 36

Amino Acids conserved throughout the evolution

49

Histone	Modifications



IP Marker
H3K4me3 Active,	Promoter
H3K4/9ac Active
Pol	II Active
H3K36me3 Active, Elongation
H3K9me3 Silent,	Heterochromatin
H3K27me3 Silent,	PRC2
H3K4me1 Active,	Enhancer
H3K27ac Active,	Enhancer/Promoter

“Epigenome”	Markers



H3K27me3

68,149,639 tags

21,613,561 tags

Repressive marks



(Ct3-Ct1)

qRT-PCR validation

IP sample WCE (input) sample

Ct1
Ct2

Ct3
Ct4

Fold enrich=
(Ct4-Ct2)

(ΔCtRandom)
(ΔCtPeak) =

※：Ct= log2(intensity)





ＤＮＡ methylation（CpG methylation）



Bisulfite	Sequencing

Non-methylated C

Methylated C



Bisulfite Sequencing cont.

genome
Non-methyl	C:	C->	T

Bisulfite Treatment: C->U conversion

NGS Adaptor ligation & Sequencing

Methyl	CX:	C->	C

Mapping to Genome

Ｃ ｍＣ Ｃ Ｃ

genome
Ｕ Ｃ Ｕ Ｕ

genome(Mix 100-1000 fragments)

Identification of methylation/non-methylation

NGS	
seq

genome

(PCR for the Target region)

Ｃ ｍＣ Ｃ Ｃ

Ｃ Ｔ ＴＴ

Bisulfite

PCR

NGS



0/16 (0 %) 1/15(7 %)mC/C (%)

HEK293 cell

DNA Methylation in the KIAA1586 gene

DNA Methylation by BS sequencing



Epigenome Catalogue in public databases



AAAAA

PolyA selection

RNA fragmentation

1st strand syn. using random primer

2nd strand syn.

AAAAA

mRNA

rRNA

mtRNA

90% of the cellular RNA are polyA (-); rRNA, tRNA

Estimated 0.3-1 million copies per cell
20,000 species in humans

AAAAA

AAAAA

NNNN

NNNN
NNNN

NNNN

NNNN

NNNN
NNNN

NNNN
NNNN

Sequence Adaptor ligation to both ends

PCR amplification

Total RNA

mRNA Seq Template

Template Prep. for
RNA Seq

59



RNA	Seq (	DLD-1;	the	ACAT1	gene	region	)	

Examples of NGS data (RNA Seq on Genome Studio Viewer)

60



RNA	Sequencing	for	gene	expression	analysis

35	rpkm

12	rpkm

Expression	level

Novel	transcripts

169	rpkm

127	rpkm

Expression	level

Gene	model

(rpkm:	read	per	million	tags	per	kb	mRNA)

RNA	Seq assembled	contig

Gene	model
RNA	Seq assembled	contig

Novel	transcript
61



Sub-population	of	RNAs
Polysome for	translational	control

RNA-Chromatin	factor	interactions

AAAAA

AAAAA

AAAAA

mRNA precursor

mRNA

mRNA-protein	complex

mRNA-polysome complex

Cytosol Nucleus
Genomic	DNA

Chromatin
TSS

Ribosome	Profiling
Polysome Seq

RIP Seq
CLIP	Seq

SubCellular Seq

GRO	Seq

NET	Seq
“RNA	Seq”

TSS	Seq

RNA	sub-structures

polyA
(transcriptional	termination	sites)

RNA	length
rRNA depletion

AAAAAA

Transcriptional	Start	Sites

CAGE
TSS Seq
START	Seq

CEL	Seq
polyA Seq

RNA	Seq
miRNA	Seq

RNA sequence

Modified	RNA	base

RNA Seq for various purposes



BAP treatment

Adapter ligation to 3’end of RNA

第1鎖cDNA合成

PCRによる増幅

AAAAAmRNA

rRNA

mtRNA
Total RNA

Small	RNA	(miRNA/piRNA等)

※図はsmall RNAのみについて記すが、
最後のステップでサイズ分画するまでは、
すべてのRNAについて同様の反応が起こる。 OH

OH P

P

5’ アダプターのRNAライゲーション

P

Small RNA Seq用鋳型

Takara	Protocol Illumina	
protocol (v1.5)

Total	RNA	input 100ug 1ug

Size	selection Needed Not	needed

約18	nt~30	nt分画の
Small	RNAを単離

63Kanematsu	et	al	Gene	2012



small	RNA	Seq (DLD-1;	the	MIMAT0004584	gene	region)	

64



TSS Seq/ChIP Seq

ChIP Seq (pol II)

TSS Seq

NM_001829 (the chloride channel 3 gene)

263 ppm
-> 170778369

35 ppm
-> 1707817980

15

20
25

(kD)

AP1

AP2

epitope

Filtration	of	TSSs	using	various	types	of	NGS	analysis

=>Identification	of	TSS	
having	protein	consequences

0

50

100

150

200

250

300

350

polysome

monosome/disome

40S
60S

OD

fraction

100
200
300
400
500

CN CN CN CN CN

nuclear

RNA Seq (cytoplasm)

cytoplasmic

RNA Seq (nucleus)

SDG

M(bp)

CNCN

100 37

RT-PCR

Western  blotting

Lamin A/C GAPDH

(kD)

NM_018952 (HoxB6) AP1 AP2

TSS tag 1170ppm 25ppm

pol II binding bound bound

Corresponding cDNA BC014651
X58431

(HIT00195371)*1

Longest ORF in the cDNA 224 aa 140 aa

Expected molecular weight of 

protein product
25.4 kD 15.2 kD

Translation caveat no no

polysome tag enrich (p value) 1e-7 2e-3

RNA Seq tag (polysome) 9ppm 5ppm



ID1

αRBPX IP
:Elution

Total RNA

Total RNA

ID1

beta-Actin

αRBPX IP
:Elution

ID1 mRNA

RBPX

Identification of RNA binding protein target mRNAs

夏目研＠お台場



“oligo-capping” + “Illumina GA”
=TSS Seq: massive generation of TSS-tags

Gppp p
HO

Gppp
HO

p
HO

HO

HO HO

HO

AAAA
AAAA

AAAAAAAA
AAAA

AAAA
AAAA
AAAA

AAAA
AAAAAAAA

AAAA

AAAA
NNNNNN

First	Strand	Synthesis

BAP	treatment

TAP	treatment

RNA	ligation

“Oligo-Capping”

mRNA	without	CAP
mRNA	with	CAP

mRNA	without	CAP

5’-Oligo＝Solexa	primer	A

1st strand	primer＝Solexa	primer	B

Used	as	a	Template	for	Next	Gen	Sequencing	(NGS)

15	cycle	PCR->150- 250bp	size	fractionation

Starting	from	50	microG total	RNA

36	bp data	sufficiently	identifies	
TSS	positions	in	the	human	genome



Tag#: 51 Tag#: 83

Tag#: 602 Tag#: 0

Tag#: 18 Tag#: 18

Tag#: 34 Tag#: 6

Stimulation (+) Stimulation (-)

Advantages in Solexa: Detecting Promoter-specific induction

Second AP is selectively induced

Could be masked by other APs 
in microarray or RT-PCR analyses



polII

AAAA

AAAAribosom
e

To Proteinome

RNA Seq (polysome)

MNase Seq (histone linker)

Nucleus Cytoplasm

RNA Seq (nuclear)

ChIP Seq 
(GTFs)

mRNA

nucleosome

RNA Seq (cytoplasmic)

ChIP Seq 
(Histone modification)

ChIP Seq 
(TFBS)

TF

Transcriptional 
regulation

Post-Transcriptional 
regulation

Translational 
regulation

Genome

Transcriptome
BS Seq

(mCytocine)

RIP Seq (RNA-protein interaction)

RNA Seq (AS pattern)

3C/HiC Seq
(Chromatin)

TSS Seq
（TSS）

Next	Gen	Sequencer	as	a	common	platform

“Next	Gen”Trnascriptome	Analysis

mRNA turnover(“BRIC” method)

Small RNA SeqDNaseI Seq (open chromatin)



Chr2:	47,443,347	- 47,477,133	(NM_002354)

DLD-1_TSSseq

DLD-1_RNAseq

DLD-1_H3Ac	(IP)

DLD-1_H3K4me3	
(IP)

DLD-1_pol	II	(IP)

DLD-1_Polysome

DLD-1_pol	II
(background)

DLD-1_H3Ac
(background)

DLD-1_H3K4me3	
(background)

Annotated	mRNA

DLD-1 cell	(colon	caner)

Data	Integration



Annotated		mRNA

RNAseq (total	RNA)	

small	RNA	Seq

ChIP Seq (H3K4Me3:	IP)	

ChIP Seq (H3K4Me3:	WCE)	

ChIP Seq (H3Ac:	IP)	

ChIP Seq (H3Ac:	WCE)	

ChIP Seq (pol II:	IP)	

ChIP Seq (pol II:	WCE)	

RIP		Seq (ago1:	IP)	

RIP	Seq (ago2:	IP	)

The	MIR17HG_gene	region	(DLD-1	cells)B



“Hallmarks” of Cancer Imielinski et al Cell (2012)



RNA-Seq ChIP-Seq Pol II ChIP-Seq H3K36me3ChIP-Seq H3K4me3Whole-genome

Q37*

E223V
T250P

38.4 RPKM
30.0 RPKM
15.5 RPKM
24.0 RPKM
33.7 RPKM
15.8 RPKM

2.8 RPKM
0.01 RPKM
25.3 RPKM
28.8 RPKM
25.3 RPKM
27.1 RPKM
0.26 RPKM
12.6 RPKM
0.78 RPKM
27.6 RPKM
35.4 RPKM
28.5 RPKM
16.9 RPKM
36.0 RPKM
13.6 RPKM
40.5 RPKM
19.4 RPKM
35.9 RPKM

8.6 RPKM
28.8 RPKM

STK11遺伝子についての遺伝子発現異常パターン

ゲノム異常 遺伝子発現異常 エピゲノム異常

資料２－２



Integrated	analyses

0
10
20
30
40
50
60
70
80
90

R
P
KM

VMRC-LCDPC-7

RERF-LC-Ad2

PC-14

RNA
DNA methyl
H3K4me3
H3K9/14ac 

Pol II
H3K36me3
H3K4me1
H3K27ac

H3K27me3
H3K9me3

Expression levels of CDKN1A

CDKN1A cyclin-dependent	kinase inhibitor	1A	(p21,	Cip1)
ü tumor	suppressor	gene	controlled	by	p53	

No	Genomic	Loss;	but	Epigenomic Loss	at	the	Histone	level



CDKN2A cyclin-dependent	kinase inhibitor	2A

Genomic deletion
Genomic deletion

Genomic deletion
Genomic deletion

Genomic deletion

Genomic deletion
Genomic deletion
Genomic deletion
Genomic deletion

Genomic deletion
Genomic deletion
Genomic deletion

Genomic deletion

p14ARFp16INK4a

Integrated	analyses

G67V (p16INK4a)

62-base deletion
(p16INK4a/p14ARF)

D84V (p16INK4a)

E69* (p16INK4a)

p16INK4aの異常

Genomic	deletion:
13	cell	lines

SNVs/indels:
4	cell	lines

DNA	methylation:	
6	cell	lines

ゲノム変異と
DNAメチル化が

発現量に大きく
寄与している



EGFR	epidermal	growth	factor	receptor
Integrated	analyses

PC-7:	Non-adherent	cell

0.65 RPKM
0.01 RPKM
65.1 RPKM
49.8 RPKM
53.0 RPKM

114.1 RPKM
32.4 RPKM
24.3 RPKM
35.0 RPKM
0.59 RPKM
73.1 RPKM
14.7 RPKM
20.4 RPKM
68.3 RPKM
19.8 RPKM
80.5 RPKM
42.6 RPKM
35.8 RPKM
49.0 RPKM
37.3 RPKM
73.1 RPKM
35.4 RPKM
48.6 RPKM
47.8 RPKM
41.3 RPKM
37.7 RPKM

RNA-Seq ChIP-Seq Pol II ChIP-Seq H3K36me3ChIP-Seq H3K4me3

L62R, L858R

L858R, T790M

E746_A750del

E746_A750del

G403V

Cell line H3K4me3 Pol II H3K36me3
PC-7 × × ×

VMRC-LCD ○ × ×
PC-3 ○ △ ×



Helin & Dhanak.	2013	Nature
Chromatin	proteins	and	modifications	as	drug	targets

Small-molecule inhibitors to chromatin-associated factors



Filippakopoulos et	al.	2010	Nature
Selective	inhibition	of	BET	bromodomains

Fig.	3a	 The	acetyl-lysine	binding	pocket	of	BRD4(1)	is	shown	as	a	semi-
transparent	surface	with	contact	residues	labelled and	depicted	in	stick	
representation.	Carbon	atoms	in	(+)-JQ1	are	coloured yellow	to	distinguish	
them	from	protein	residues.	Distinguishing	surface	residues	are	shown	in	
red;	the	family	conserved	asparagine is	shown	in	blue.

JQ1:
a small-molecule bromodomain inhibitor

Fig.	4	Bromodomain proteins	and	their	inhibitors.

Helin & Dhanak.	2013	Nature
Chromatin	proteins	and	modifications	as	drug	targets



DBTSS
http://dbtss.hgc.jp/

Gene	model

TSS-Seq

BS-Seq

ChIP-Seq

SNV

ChromHMM

RNA-Seq

H3K4m
e3

H3K4m
e1

H3K27m
e3

H3K9m
e3

H3K9/14ac
H3K36m

e3 H3K27ac
Pol	II

Viewer	control

(Suzuki	et	al.	2015	Nucleic	Acids	Research)

All	data	will	be	publicly	open	
from	our	database
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Human genome



Single cell Sequencing

Yutaka Suzuki
Department of Computational Biology and Medical Sciences

Graduate School of Frontier Sciences
The University of Tokyo



Why single cell?
(Stahlberg et al., Methods 50 (2010) 282-

288
Heterogeneous populationHomogeneous population

Bulk cells or single cells?

Difergence in gene expressions

Expression patterns of sub-populations

average average



ATL: Adult T-cell leukemia/lymphoma

oligoclonal monoclonalpolyclonal“Mutated” cells

ü Accumulation of genomic alterations
ü Clonal and genomic heterogeneity

HTLV-1: Human T-cell leukemia virus
Approx. 50 years after infection (via maternal milk)

Immortalization 
by tax



Single-cell RNA-Seq of LAD cell lines
using C1 system

RT/cDNA amp Library 
preparation Sequencing

C1 Single-Cell 
Auto Prep system 
(Fluidigm)

SMARTer
(Takara/Clontech)

Nextera
(illumina)

HiSeq2500
(illumina)

Separate
individual 

cells

Single-cell RNA-Seq in C1 system 
(Fluidigm):

ü Automatic cell isolation and cDNA
amplification

ü 96 individual cells
ü Cell size: 5 - 25 µmCell

Amplified cDNA Sequencing library (12-plex)

LC2ad: RET
PC9: EGFR
VMRC: Unknown

Drivers

PC9 VMRC-LCD

LC2/ad





Understanding heterogeneity of 
transcriptomic/epigenomic
perturbations by single-cell 
sequencing analysis

LC2/ad +van

LC2/ad
PC-9
VMRC-LCD

LC2/ad-R

LC2/ad-R +van

PC-9
VMRC-LCD

Suzuki et al. 2015 Genome Biology

We have previously analyzed 
single-cell RNA-Seq data of 
lung cancer cell lines with 
drug treatments using C1 
system.

We also plan to conduct 
single-cell RRBS and ATAC-



Macosko et al Cell (2015)



Drop-seq

RNA

cell

beads beads
cell lysis
(biochemical reaction)

immediately

Reverse Transcription

Next Generation Sequencing

Pre-amplification

library preparation 



• Number of cells detected: ~16,000 cells, Number of raw reads per cell: ~15k

Gene Expression of PBMC
for detailed analyses of 

infectious diseases

Confidential; Courtesy of 10X 
genomics co.

Conventional Gene Expression

One	“average”	data	point	from	a	mixture	of	cells

10x Genomics

B cells

Activated 
CD4+ 
and CD8+ T 
cells

Monocytes

Dendritic cells

Naïv
e 
T 
cells





Lung Adenocarcinoma

Cancer cells

Metastasis/ drug resistance

Cancer evoluion
EMT

Cancer Stem Cell

Micro enviromnet

Cancer Associated Fibroblast

Immune Cells

Macrophage

Cytotoxic T Cells

（in Vivo）Single Cell Biology of Cancer

Scaffold Cel

Hopefully 1,000- 10,000 cells
Keeping heterogeneity
Collabirations





Single cell RNA Seq of PBMC (mouse)
Condition 1 Condition 2

Needs for RNA capture to enrich tags for the genes of interest??



PyClone Nat Methods (2014)Clonatiry 解析



Assay for transposase-accessible chromatin using sequencing (ATAC

Transposition of native chromatin for 
fast and sensitive epigenomic
profiling of open chromatin, DNA-
binding proteins and nucleosome 
position.

Cell lysis

Transposition 
reaction

PCR amplification

Sequencing

Nextera

HiSeq2500, PE

Epigenomic analysis at low input cell numbers

Single cell on C1

Greenleaf et al Nature 2015

Diversity in Epigenome? Explaining the Diversity in 
Transcriptomes??



PC_9 Single 
Cell
RNA-Seq

PC_9 Virtual 
Bulk 
RNA-seq

PC_9 Single 
Cell
ATAC-Seq

PC_9 Virtual 
Bulk 
ATAC-seq
PC_9 
Bulk 
ATAC-seq

scRNA
Seq

scATAC
Seq





From Bulk Cells to Single Cells

Human Cell Atlas: 
http://www.ebi.ac.uk/about/jobs/human-cell-atlas-opportunities



Genotyping Pathogens of Tropical
Diseases;

Making use of a portable 
sequencer, MinION

Yutaka Suzuki
Department of Computational Biology and Medical Sciences

Graduate School of Frontier Sciences
The University of Tokyo



Today’s topic: 
Liberation of the Sequencing

Less powerful
But

Easy to start

Illumina HiSeq

Oxford Nanopore MinION:
Portable, one time use
1000 USD/per use

Instrument: 1.5M USD (15B IDR)
Reagents: 40,000 USD/run



New challenges are starting using a tiny 
sequence…



MinION from Oxford Nanopore Technologies

• Read length: > 10 Kb
– (λ-Phage DNA, 50 Kb)

• # of pore : 512 (MinION at 
early access)

• Run time: 6-48 hours 
• Error rate =~ 10%
• >1M reads/run
• Publicly available

Flow Cell

Adaptor

Google “nanopore”



JSPS Core-to-Core Program (2012-2015; 2016-2018)

• Yutaka Suzuki; Professor, University of 
Tokyo

• Ryuichiro Maeda, Professor, Obihiro
University of Agriculture and Veterinary 
Sciences

• Junya Yamagishi; Associate Professor, 
Research Center for Zoonosis Control, 
Hokkaido University

• Yuki Eshita; Associate Professor, Oita 
University

• Fujihiko Minamoto, Technical staff, 
IMS> University of Tokyo

JAPAN

UNSRAT

Members: Marie-Culie Research Promotion Program (2012-2016)
EU • Wojciech Makalowski, Munster University, 

Germany

+Hokkaido University

• Josef Tuda; Professor, School of 
Medicine

• Arthur E. Mongan; School of Medicine
• Sarah Warouw; School of Medicine, Dean

For Tropical Diseases, the collaboration started 2001-

Poland
Indonesia



500 nanopores/chip
>1M reads/chip
$1000/chip-> $100 No initial cost needed



107

Nature 7 May, 2015



Target sequencing (entire gene regions by RT

Four cancer-related genes
• EGFR
• KRAS
• NRAS
• NF1

Two fusion genes
• EML4-ALK
• CCDC6-RET

Five novel fusion transcripts
• GUCY1A2-PIWIL4
• SCAMP2-WDR72
• EFHD1-UBR3
• ERGIC2-CHRNA6 
• SIL1-MZB1 Target length: 640 - 3402 

EGFR E746_A750del (PC-9) CCDC6-RET (LC2/ad)

EML4-ALK (H2228)
KRAS G12S (A549)

NRAS Q61R (H2347)

NF1 ex19 skipping (PC-7)



Pf target gene cocktail

Runtuwene et al in revision



Sequencing by MinION
1 µg amplicon mixture (80 µl)

End Repair

dA-tailing

Adapter 
Ligation

Sequencing library

Library loading

2-3h

48h Sequencing

Contact me at: ysuzuki@hgc.jp



PC-9 EGFR mutant

Nucleotide BLAST
Query: d0d98a04-22e2-4559-b360-92deaae0e929_Basecall_2D_000_2d pass/nanopore_HP_150910_LungAdenocarcinoma_PCRmix_1_5516_1_ch92_file318_strand.fast5
Database: Human genomic plus transcript

An example of 
alignments

E746_A750del

R7

3 kb, 90% identity



Development of a 
bioinformatics pipeline

A

A
A
A
A
A
A
A
A
A
A
A
T
T
C
G

A/T

A
A
A
A
A
A
A
T
T
T
T
T
T
C
G

Four kinds of bases
→ A, T, C, G
Number of supporting reads
→ A ≥ T ≥ C ≥ G

[A + T +C + G] ≥ 100

A / [A + T + C + G] ≥ X
A ≥ [T + C + G] × 2

Low Depth/Unknown

T / [A + T + C + G] ≥ X
T ≥ [C + G] × 2 A

A or T

T / [A + T + C + G] ≥ X
T ≥  [C + G] × 2

y

y

y

n

n
n

y
n

Step 2: Constructing consensus in each position of the targets.
Only counting each base without mismatches in ±3 bp.
X: 0.1 – 1.0

Step 1: Alignment of MinION reads to reference sequences.

Detecting single nucleotide variants (SNVs)
comparing with reference mRNA sequences

Suzuki et al DNA Res 2017



Large Scale MinION sequencing“PromethION”

Ver>9 Flow Cell x 48枚; independent 

3000 pores

120Gb/cell/run

120Gb x 48=~ 6Tb/per run->20T

>95% fidelity

Human WGS
De novo assemble…

$75,000; long waiting list



LAD cell; H1975 for 
LongRead

40k
b

５０ｋｂ

１０ｋｂ5µg start

>3Gb

#total reads: 14
BluePippin (-)



C
T

G
C

G
A

C
C

MinION

10X
(LongRanger)

hetero hetero

hetero

0de7d400-ad4d-4395-b5b6-af851096cd66_Basecall_2D_2d = read1
(length: 36,815 bp, alignment region: 38,297 bp)

6be71e8b-62e0-4a73-b6fd-e01d5f7b0460_Basecall_2D_2d  = read2
(length: 36,262 bp, alignment region: 37,619 bp)

READ1

READ2

T

C

C

G

A

G

C

C

Haplotype 1 can be phased by MinION Read2. Haplotype 2 can be phased by MinION Read1.

Haplotype 1 

Haplotype 2 

chr17:70,029,880 chr17:70,041,133 chr17:70,056,810 chr17:70,057,818

H1975
Around LINC01028 region (UCSC hg38)
overlap
chr17:70,029,880-70,060,060(31.2kbp)

10x Phase Block chr17: 70,029,880-70,074,394 (38.3kbp)

READ1

READ2



Sequencing using MinION
as a convenient method for genotyping
PCR amplicon sequencing

Cancerous Mutations in Humans
(PCR cocktails of Driver genes in Lung cancers)

SNPs in Pathogens of Tropical Diseases
(PCR cocktails of drug-resistant genes in malaria parasites)

SNVs, short indels, exon skipping, 
gene fusions and their “phasing”

LAMP amplification

(Serotyping of Dengue Virus)

(K-Ras, EGFR, NF1, ALK, RET etc)

(Chloroquine, Artemisinin, Sulfadoxin-resistant genes in Pf)

Pathogen detection

2014-2016; Initial Evaluations



Pf CRT gene

intron



Drug resistance mutation

Sample#1 Sample#2 Sample#3



apocytochro
me_b

5%

PfATPase6
16%

pfmrp1
15%

DHFR-TS
6%

PfTCTP
2%pfmdr1

6%

PfCRT
20%

DHPS
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porter
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K13-
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11%

No hit
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p
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p

0
20
40
60
80

100

DHFR-TS
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1368bp
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%
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%

70
%
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% >1

…

Se
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ce

 #

Length coverage of …

apocytochrome_
b 1118b

p

Amplicon coverage 
of the targets

(the case of pateints
#5-3)

2217bp



Drugs
Patients

2-#2 2-#5 5-#1 5-#3 5-
#6

5-#39 5-#40 5-#41 5-
#43

5-#46

Atovaquone - - - - - - - - - -
Chloroquine/
mefloquine + + + + + + + + + +

SP + + + + + + + + + +
Artemisinin - - ? ? ? ? ? - ? ?

ATPase6
mutations

- - + ? + + + - + +

K13-prop
mutations

- - - - - - - - - -

Inferred Drug Resistance



A novel SNV in the Pf K13 gene in Manado 

Entire gene region; 
starting from FTA (filter 
paper)



1-1 A.baumanii 9-1 N.gonorrhoeae
1-2 A.baumanii 9-2 N.gonorrhoeae
1-3 A.baumanii 9-3 N.gonorrhoeae
1-4 A.baumannii 9-4 N.gonorrhoeae
1-5 A.baumannii 9-5 N.gonorrhoeae
1-6 A.baumannii 9-6 N.gonorrhoeae
2-1* E.cloacae 10-1 P.aeruginosa
2-2 E.cloacae 10-2 P.aeruginosa
2-3 E.cloacae 10-3 P.aeruginosa
2-4 E.cloacae 10-4 P.aeruginosa
2-5 E.cloacae 10-5 P.aeruginosa
2-6 E.cloacae 10-6 P.aeruginosa
3-1* E.coli 11-1 P.mirabilis
3-2 E.coli 11-2 P.mirabilis
3-3 E.coli 11-3 P.mirabilis
3-4 E.coli 11-4 P.mirabilis
3-5 E.coli 11-5 P.mirabilis
3-6 E.coli 11-6 P.mirabilis
4-1 E.faecium 12-1 S.agalactiae
4-2 E.faecium 12-2 S.agalactiae
4-3 E.faecium 12-3 S.agalactiae

・
・
・

16S rRNA sequencing (full-length; PCR amplicon)

Clinical samples Reference strains (for Error 
patterning/Squiggle matching)

11 Streptococcus pneumoniae
12 Staphylococcus aureus
13 Klebsiella pneumoniae
17 Haemophilus influenzae
18 Acinetobactor baumanii
19 Legionella pneumophila
20 Burkholderia pseudomallei
23 Escherichia coli
24 Pseudomonas aeruginosa
25 Proteus mirabilis
26 Mycoplasma pneumonia
27 Streptococcus mutans
28 Streptococcus pyogenes
29 Streptococcus agalactiae
30 Staphylococcus aureus(MRSA)
31 Staphylococcus epidermidis
32 Moraxella catarrhalis
33 Corynebacterium diphtheriae
34 Stenotrophomonas maltophilia
35 Serratia marcescens
36 Enterobacter cloacae



>645610 Enterobacter subsp. cloacae str. NCTC 9394 FP929040.1 complement(119488..121031) Gc01486_1of1
>gi|444439576|ref|NR_074891.1| Escherichia coli O157:H7 str. Sakai strain Sakai 16S ribosomal RNA, complete sequence

■ E.coli PCR product : 4/22 run
input reads : 500 
E.cloacae map : 5 (1%)
E.coli map : 495 (99%)

■ E.cloacae PCR product : 5/10run
input reads : 500
E.cloacae map : 497 (99%)
E.coli map : 3 (1%)

11件の詳細は下記の通りでした。

■ E.cloacae PCR product : 5/10run について、

Case1：210269 Enterobacter cloacae str. AW3 EF446900.1 2..1357 Gi04667_1of1
input reads : 500
E.cloacae map : 5 (1%)
E.coli map : 495 (99%)



■ E.coli PCR product : 4/22 run

1,600 bp



■ E.cloacae PCR product : 5/10run

1,600 bp



LAMP 
Amplification

Nanopore Sample 
Prep

Serum (1-5 
microL)

Mix with Dry Lamp 
reagent mix

65oC 60 min

Purification (AMPure)

Purification 
(AMPure)=>MinION

Reaction Scheme (total reaction 
time= 3-4 hr)

A

Needing only a magnetic stand

Yamagishi et al Sci Rep 2017



Templates
#of total 

reads
(2D)

#reads (mapped to the corresponding 
serotype (score=150, mismap=1))

D1 D2 D3 D4 %

D1 3733 1025 1 3 1 100%

D2 9260 18 6252 23 219 96%

D3 9750 8 4 7707 0 100%

D4 2758 1 0 7 1923 100%

Summary of the results from the Control 
templates 
(D1- D4; with the fixed parameters of 
LAST)

Precise detection of serotypes were 
possible



A clinic in a town areaA clinic in a countryside

A clinician in operationA storage for the reagents

Use of MinION in Indonesia (UNSRAT)

BEER

MinION

Reagents



Large-scale serotyping of DENVs in South Eastern Asia



Nanopore

Illumina

Sanger

Reference genome

consensus

#sequence supporting
the corresponding base 

B28: LAMP Den3 

A
C
G
T

Del

DENV1 DENV2 DENV3 DENV4

Indonesia 2 (19) 5 (20) 5 (23) 4 (4)

Vietnam 2 (4) 4 (4) 1 (13) 1 (5)

Thailand 2 (2) 6 (7) 1 (1) 1 (2)



http://fullmal.hgc.jp

Developed based on 
DGV: Dengue Genographic Viewer
Publication: Front microbiol. 2016;7:875. 
doi:10.3389/fmicb.2016.00875

PCR or LAMP-based Data



Video



LAMP 
Amplification

Nanopore Sample 
Prep

Serum (1-5 
microL)

Mix with Dry Lamp 
reagent mix

65oC 60 min

Purification (AMPure)

Purification 
(AMPure)=>MinION

Sample Prep without a PCR 
instrument??

Needing only a magnetic stand

SIM card-like attachment



Global Research Alliance for Infectious Diseases (G

-Accelerate Research Collaboration
-Facilitate Student Exchange

JAPA
N

INDONES
IA

VIETNAM

THAILAN
D

GERMAN
Y

POLAND

IRELAND

EGYPT

University of 
Tokyo (Y. 
Suzuki)

Sam Ratulangi
University
(J. Tuda, E)

National Institute 
of Health and 
Epidemiology 
(L.A. Nguyen)

Mahidol
University
(N. 
Komalamisra)

Munster University
(W. Makalowski)

Poznan University
(I. Makalowski*)

University of 
Dublin
(W. Hall)

Assiut University
(T. Mohammed)

Hokkaido 
University 
(J. Yamagishi)Obihiro

University 
(R. Maeda)

Osaka 
University 
(TBD*)

Saudi 
ArabiaKAUST (A. 

Pain)

Targets (tentative):
Malaria Parasites
Dengue Virus
Chikungunya Virus
Japanese Encephalitis Virus
(Zika Virus)
HBV

PCR/LAMPX

*JSPS Asia Africa Core to Core program





Technical Training in Japan

Lucky
Narumon

Nuch



Third meeting of
Global Research Alliance
for Infectious Diseases: 

Sam Ratulangi University
Manado, Indonesia, 2018. 7. 9-12 

(tentative)

G-RAID III; Call for Participants



Integration of Genomics and One Health 
Concept 

aiming innovative disease control

Monitoring with genomics (NGS)
- Genome epidemiology -

[What we can achieve with this project in 
particular]
• Emergency sequencing in outbreak (ex: Ebolavirus)
• Rapid and intensive monitoring of specific genotype (ex: 

malaria, AMR)
• Environmental sequencing to know risks in advance (ex: 

livestock, B. anthracis)
• and capacity building

Rapid Systematic

ysuzuki@h
gc.jp



Sorong, Papua 
(as of 22nd Aug, 2017)

MinION sequencing of pathogens of tropical diseases in 

（“現場”写真）



Thai

Indonesia

Vietnam

Saudi Japan
Russia

Iran

Thai

Wayan

Germany

Japan

G-RAID II; Mahidol U, Bangkok, Thai; 2017.7.4-7



Conclusions:

i) Illumina Sequencing has given diverse applications. 

ii) MinION Sequencing has started to diversify
the Venues of the analyses/researchers. 
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THE End 

of

The FIRST 
Session

…and it’s time to wake up



omfLAST
R=0.89

Hise
q

M
in

I
O

N

BWA-MEM
R=0.89

BWA-MEM 
ont2d
R=0.88

Comparison with MinION and TruSeq with varying methodsMapped: 645808 / 723750 = 0.89

MinION Application expanded to RNA Seq

Reasonalbe correlation between MinION and Illumina



This round is already closed.
But we will call the collaborators 
next year, too.
Hopefully, May, 2016.

MMSC “Salon”



…Still it’s time for lunch.

Thank you for your 
kind attention.



Founding members of MMSC, UNSRAT
Indonesia

Prof Tuda Rector
Previous Dean
(Prof Warouw) 

Vice Rector

Yamagishi Maeda



Kinase domain

Long reads for phasing:
EGFR kinase domain covered by MinION reads

1 708 1003 Amino acid number 

247 2370 3255 cDNA number

1211

3879
EGFR-i

Kinase domain

G719X
Ex19del

T790M
C797S

L858R
L861Q

Primary mutation: L858R. ex19del…
Sensitive to gefitinib/erlotinib

Secondary mutation: T790M
Resistant to gefitinib/erlotinib
Sensitive to AZD9291

Tertiary mutations: C797S
Resistant to AZD9291

We examined whether the mutations co-occurs in the 
same allele or not.

Sharma et al.. 2007 Nat Rev Cancer Thress et al. 2015 
Nature Medice

Related in sensitivity and resistance 
to the molecular targeted drugs



High-molecular weighted 
(HMW) gDNAs

Sequencing library

Library loading

End Repair

dA-tailing

Adapter Ligation

Tether attachment

Metrichor

MinION

MinKNOW

Provide cloud-based 
analytics platform

Sequencing device

Software that 
controls MinION

ONT physical long-read & whole-genome sequencing

Sequencing (~48h)

Basecalling

FASTQ 
extraction

Mapping

poretools

LAST
BWA

• Phasing
• Analysis of complex 

structural variants
etc…



H1975, 2D

Number Run date Cell
Raw

Number of reads 2D reads (pass + fail)

Template Complement 2D
Total Un-

mapped
Mapped

to human 
genome*

Avg. 
depth

Coverage 
(≥1×)

pass fail pass fail pass fail pass fail

s_1038 161109 H1975 176143 141586 176143 132411 176143 54334 176143 13190 189333 3976 185357 
(97.9%) 0.25 0.21

s_1039 161110 H1975 170608 125644 170608 115619 170608 47985 170608 12220 182828 4022 178806 
(97.8%) 0.24 0.21

s_1040 161116 H1975 126835 96932 126835 91159 126835 33419 126835 10026 136861 2905 133956 
(97.9%) 0.20 0.17

Merge 473586 364162 473586 339189 473586 135738 473586 35436 509022 10903 498119
(97.9%) 0.69 0.46

*Mapped to UCSC hg38; chr1-22 and XYM

ONT physical long-
read WGS for H1975 
cells

0

0,2

0,4

0,6

0,8

1

1 10 100

C
ov

er
ag

e 
of

 g
en

om
e

Depth

46%

• 3 runs; R9.4
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160916 H1975

160921 H1975

160928 H1975

161021 RERF-
LC-KJ

161022 H1975

161025 LC2/ad

161025 II-18

161028 H1975

161102 H1975

Around MYC region (UCSC hg38)

H1975 & LC2/ad → MYC amp
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RNA Seq on MinION for long read
Cell

↓ <-RNeasy

RNA

↓ <-SMARTer

cDNA

↓ <-ONT prep kit

seq sample

Run date CellType Condition FLOWCELL PrepKit
Raw 

Reads 2d

ALL pass fail

16.08.31 LC2/ad Bulk, SMARTer(UM dT, UM primer) FLO_MIN104 SQK-NSK007
(custom) 169,401 49,593 20,915

16.09.02 H1975 Bulk, SMARTer(UM dT, UM primer) FLO_MIN104 SQK-NSK007
(custom) 251,062 65,006 30,247

16.09.06 PC-9 Bulk, SMARTer(UM dT, UM primer) FLO_MIN104 SQK-NSK007
(custom) 135,717 35,578 14,759

→ sequence run(~48h)

fastq/fasta data

↓ <-BWA-MEM / 

Graphmap / LAST

Expression analysisPoster #36



FLOWCELL PrepKit

Raw Reads
(1d+2d)

Total
(1d+2d) 1d

2d

Total
(pass+fail) Pass fail

FLO_MIN106(R9.4) SQK-LSK208 233,331 82,409 150,922 136,753 14,169

FLO_MIN106(R9.4) SQK-LSK208 252,951 93,834 159,117 142,245 16,872

FLO_MIN106(R9.4) SQK-LSK208 311,128 100,569 210,559 188,805 21,754

FLO_MIN106(R9.4) SQK-LSK208 410,826 129,975 280,851 255,947 24,904

total 1,208,236 406,787 801,449 723,750 77,699

Stats of RNA Seq on MinION
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A MinION read mathced with the 
GAPDH mRNA



Stats of the performance in 
MinION RNA Seq
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H1975 MinION RNA-seq
Around CDH3 region (UCSC hg38)

A
G

hetero
A
C

hetero
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A
C

hetero

chr16:68,691,880

A
G

hetero

chr16:68,679,827 chr16:68,679,920 chr16:68,687,567 chr16:68,691,880

MinION Phase Block  
chr16:68,679,827- chr16:68,695,882 (16kbp)

chr16:68,695,882

MinION
RNA Seq

10X
(LongRanger)

Phasing based on MinION RNA Seq



3000

2000
1000

D1

D2

D3

D4

B
M D1D2 D3D4dW(primers)

(Templates)

100

500

(bp)

D1 D2 D3 D4 dW

C
M

1.120.550.240.130.070.03

(dilution)

(total yield; µg)

D

E M D1 D2 D3 D4 dW
(Templates)

(Primers)D1D2D3D4D1D2D3D4D1D2D3D4D1D2D3D4D1D2D3D4

0.570.740.450.200.020.02
(total yield; µg)

M

(dilution)F

(D2; initial titer
= 4x107 PFU/ml)

231bpExpected 
amplicon size 490bp 320bp 398bp

100

500
(bp)

100

500
(bp)

Template prep from in vitro cultured viruses; easy to  
be handled

- Serotypes could be separated on their own by LAMP 
or RT-PCR

(D1; initial titer
= 3x108 PFU/ml)



Dengue Fever
-Transmitted by a bite of mosquito infected with 
dengue virus
(genome size=~ 11kb).

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

-There are four sero-types (D1~ D4), 
whose genomes were separated 
at 70% in the sequence identity.

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

http://www.who.int/topics/dengue/en/

Inaccurate sequences may be used to 
separate serotypes,
although it may be difficult to call SNVs.


