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How to analyze Big Data (1)!

Genome analysis is 
a tool, 

but not purpose!
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Item Description
Read Length and Speed 512 nanopores x 15bp/sec => ~7500 bp/sec

Read Accuracy 99.8%
6 Hours Life Time 150 x 106bp
Applied Currency /Blockage 60 picoamps to anywhere from 20-40 picoamps

No. of nanopore 2,000 nanopores / cartridge.
Will become available in early 2013 containing over 8,000 
nanopores.
→Delivers a complete human genome in 15 minutes. 

Sample Preparation Any user-derived sample preparation resulting in double stranded 
DNA (dsDNA) in solution is compatible with the system.

Amplification No sample amplification.
Cost $900
Commercialization Oxford Nanopore intends to commercialise GridION and MinION

directly to customers within 2012.

Nano Pore Oxford (2012)
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How to analyze Big Data (2)!

Biosamples are
a Key!

Large or rare
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How to analyze Big Data (3)!

Database 
Construction is 

a Key!



Issues on retrieving the necessary information
Lack of the standard format without unified information often hinders 
research and development seriously

DB
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“Submission only” Database
Traditional Model

Be Unified and Easily Retrievable Format 
from Sporadic Information !

“Unified and Easy Retrievable” 
Database

New Model

Which one to use?

?

This is a right one to use!

Databases with 
various formats



D. Howe, M. Costanzo, P. Fey, T. Gojobori, 
L. Hannick, W. Hide, D. Hill, R. Kania, M. Schaeffer, 

S. St Pierre, S. Tweigger,  and S. Rhee  
Nature (2008) 455: 47-50



How to analyze Big Data (4)!

A gene for the genome is 
a Key!



Nakamura et al. PNAS (2013)



How to analyze Big Data (5)!

Comparative (medical, 
evolutionary) genome is 

a Key!



Nakamura et al. PLoS One (2013)
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How to analyze Big Data (6)!

A pipeline is 
a Key!
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How to analyze Big Data (7)!

“Science is gamble, 
then need to win” is 

a Key!



Tohoku sea coast One of species‐richest spots

Distribution of Chlorophyll a 
In Tohoku sea coast

ーA View of marine micro-organism ecosystemー

Micro plant planktons

Large plant planktons

Bacteria

Soluble organiucs

Animal  planktons

Protozoa

Fish
Foods chain

Micro-organism loop

22



Subjects Role
1 Data Analysis of Metagenomics and Project Management NIG

2 Construction of Marine Metagenomics Database and 
Developments of the Digital DNA Chip System NIG/JSM

3 NGS Sequencing of Metagenomic data
Tokyo U/

NIG

4
Isolation of DNAs from sea water samples/
Sampling machine developments Kyushu U

5 Sea Water Sampling and Measurements of Physical 
Conditions NMRC

6 Analysis of Plant Pico-Planktons by Flow Cytometry NIE

Understanding of Marine Microorganism Diversity 
by use of the Digital DNA chip system through Metagenomics

〜Subjects and Division of Roles〜























Observation Points （Sendai Bay） A‐line（Near Sea）

Sendai bay

Observation Points at the Sendai Bay and Nemuro Sea as a Control

C05
C12

A04

A21



Yatsushiro Bay

ShiBushi Bay

Red Tide Occurrence Sea Area

Red Tide Non‐Occurrence Sea Area

Sea Water Sampling Points in Kyushu for “Red Tide” Monitoring

Comparative Metagenomics for 
Detecting any changes in 
marine microorganism diversity 

Periodical Sampling



Sampling of Sea Waters at Observation Points 
in Sendai Bay and Nemuro Sea

(National Marine Research Center) Sails Dates Sea points Depth (m) Sea Volume（Ｋｇ）
WK1203 2012.3.5 A04 10 22.8 

WK1203 2012.3.5 A04 30 20.6 

WK1203 2012.3.11 A21 10 20.0 

WK1203 2012.3.11 A21 10 20.0 

WK1203 2012.3.13 P10（C5） 1 7.0 

WK1203 2012.3.13 C12 1 21.0

Rent1204 2012.4.16 P10（C5） 1 15.1 

Rent1204 2012.4.16 P10（C5） 18 6.8 

Rent1204 2012.4.16 C12 1 4.5 

Rent1204 2012.4.16 C12 10 7.2 

WK1205 2012.5.10 A04 10 17.1

WK1205 2012.5.10 A04 20 15.1

WK1205 2012.5.15 A21 10 6.8

WK1205 2012.5.15 A21 40 9.0

WK1205 2012.5.16 P10（C5） 1 9.2

WK1205 2012.5.16 P10（C5） 15 9.3

WK1205 2012.5.17 C12 1 9.4

WK1205 2012.5.17 C12 20 8.6

ＷＫ1206Ｄ 2012.6.17 F3 5 8.5

ＷＫ1206Ｄ 2012.6.17 F3 20 8.0

ＷＫ1206Ｄ 2012.6.18 P10（C5） 5 9.0

ＷＫ1206Ｄ 2012.6.18 P10（C5） 20 9.0

ＷＫ1207 2012.7.14 C5（P10） 2 8.0

ＷＫ1207 2012.7.14 C5（P10） 10 8.5

ＷＫ1207 2012.7.16 C12 2 9.0

ＷＫ1207 2012.7.16 C12 30 9.5



Isolation of DNAs（Kyushu U.）

Sails Dates Points Depth (m) Volume（Ｋｇ）
WK1203 2012.3.5 A04 10 22.8 

WK1203 2012.3.5 A04 30 20.6 

WK1203 2012.3.11 A21 10 20.0 

WK1203 2012.3.11 A21 10 20.0 

WK1203 2012.3.13 P10（C5） 1 7.0 

WK1203 2012.3.13 C12 1 21.0

Rent1204 2012.4.16 P10（C5） 1 15.1 

Rent1204 2012.4.16 P10（C5） 18 6.8 

Rent1204 2012.4.16 C12 1 4.5 

Rent1204 2012.4.16 C12 10 7.2 

WK1205 2012.5.10 A04 10 17.1

WK1205 2012.5.10 A04 20 15.1

WK1205 2012.5.15 A21 10 6.8

WK1205 2012.5.15 A21 40 9.0

WK1205 2012.5.16 P10（C5） 1 9.2

WK1205 2012.5.16 P10（C5） 15 9.3

WK1205 2012.5.17 C12 1 9.4

WK1205 2012.5.17 C12 20 8.6

ＷＫ1206Ｄ 2012.6.17 F3 5 8.5

ＷＫ1206Ｄ 2012.6.17 F3 20 8.0

ＷＫ1206Ｄ 2012.6.18 P10（C5） 5 9.0

ＷＫ1206Ｄ 2012.6.18 P10（C5） 20 9.0

ＷＫ1207 2012.7.14 C5（P10） 2 8.0

ＷＫ1207 2012.7.14 C5（P10） 10 8.5

ＷＫ1207 2012.7.16 C12 2 9.0

ＷＫ1207 2012.7.16 C12 30 9.5

DNA Isolation
(Protists)

Sea water samples

0.2 μm pore size 
filter

0.2 μm pore size 
filter

0.8 μm pore size 
filter

0.8 μm pore size 
filter

5 μm pore size filter

DNA Isolation
(Cyanobacteria)

DNA Isolation
(Bacteria)



Metagenomic Data Analysis -1- （NIG）

Buzen-1
Total reads:              2899428
Assigned reads:         102789
Unassigned reads:       18583
Reads with no hits:   2778056

Buzen-2
Total reads:             4340338
Assigned reads:        168021
Unassigned reads:      26405
Reads with no hits: 4145912



Conclusion and Summary



Summary

1. We constructed pipelines for understanding dynamics of marine bacteria in
Sendai area using metagenomic data analysis

2. Proteobacteria was major bacteria in spring and winter while cyanobacteria
was increased in August and October in Sendai area

3. Bacterial communities at surface were similar to those at 20m below
surface in spring and winter, while bacterial communities at surface in
summer and autumn were different from those at 20m below surface

4. Metagenomics showed that 26 metabolic pathways were present in the
Sendai area and genes associated with photosynthesis pathway were
increased in August and October

40



“Metagenomics is a powerful method 
for understanding dynamics of 

marine bacteria in ocean ecosystem”

Conclusion

41



How to analyze Big Data (8)!

Monitoring  (time and space) 
is 

a Key!



Sampling device with a monitoring system（Kyushu U.）





The Outline of
KAUST

(King Abdullah University of 
Science and Technology)

T +966 (2) 690‐8600
Thuwal 23955‐6900 

Saudi Arabia





KAUST is located along the Red Sea.



Overlooking the sea, the KAUST campus incorporates a distinctive blend of 
traditional architecture and modern styles.







Information Explosion
In Life Science 

Beyond the 4th Paradigm proposed by Jim Gray

･･･・・・・・・・・・・・・・2010                              2020                         2030         

11!st Paradigm: 
Experiments

112nd Paradigm: 
Theory

113rd Paradigm: 
Simulation

11

11

4th Paradigm:
Data‐driven Scientific Discovery

5th Paradigm:
Data‐driven Scientific Innovation

Jim Gray

・Info for global   
environments

・Info for genomes
・ Info for outer space
・ Info for oceans
・ Info for the earth
・・・・・

Information
Explosion

Scientific 
Innovation and 
its Application to 
the Society

Genome Information Society



How to analyze Big Data (9)!

“Data‐driven needs working 
hypothesis” is 

a Key!



特別講演

60 years of DNA
James D. Watson
(CSHL, The Nobel Prize in Physiology or Medicine 1962)

11月24日（日）14時00分～15時00分

1968年～1993年 ニューヨークのコールド・スプリング・
ハーバー研究所の所長

1993年～2007年 同研究所会長
1989年～1992年 NIH（国立衛生研究所）の国立ヒトゲノム

研究センター初代所長

・ 全米科学アカデミー会員
・ イギリス王立協会（ロイヤルソサイエティ）会員
・ 大統領自由勲章
・ 全米科学界の栄誉とされるアメリカ国家科学賞を受ける
・ 海洋研究においては、ウッズホール海洋生物学研究所

に在籍

1962年度 ノーベル生理学・医学賞

略 歴











How to analyze Big Data (10)!

“Dr. Jim Watson’s 
Ten Commands” I call is 

a Key!



Collaborators
• Kazuo Ikeo (NIG)
• Takahisa Mori (NIG)
• Naobumi Sasaki (NIG)
• FRA (Fishery Research Agency)
• Ishino’s group (Kyushu University)

• Shiho Hayakawa (British Colombia)
• Shang Hwang (Malyasia)
• Katsuhiko Mineta (now, KAUST)
• Walter Gehring 

(Basel, deceased on May 29, 2014)



Acknowledgements
Main work
Kazuho Ikeo (NIG)
Masafumi Nozawa (NIG)
Jung Shan Hwang (NIG)
Shiho Hayakawa (NIG)
Akiko Noda-Ogura (NIG, BIRC)
Atsushi Ogura (NIG)
Yasuharu Takaku (NIG)
Naobumi Sasaki (NIG)
Masahiro Mori (NIG)
Masakazu Ishikawa (NIG)
Masa-aki Yoshida (NIG) 
Sonoko Kinjo (NIG)

Walter Gehring (Basel)
Hiroshi Suga (formerly Basel)

Planarian, Hydra, & Acidian
Kiyokazu Agata (Kyoto)
Hiroshi Shimizu (NIG)
Toshitaka Fujisawa (NIG)
Hiroaki Yamamoto (Nagaoka Bio U)

Marine Metagenomics
FRA
Kyushu University
Tokyo University
Kitasato University
Tokai University
AIST
CREST Project



Collaborators at KAUST
• Rimantas Kodzius (CBRC/BESE, KAUST)
• Hayedeh Behzad (CBRC/BESE, KAUST)
• Lujain A. Hobani (CBRC/BESE, KAUST)
• Katsuhiko Mineta (CBRC/KAUST)

• Vlad Bajic (CBRC, KAUST)
• John Archer (CBRC, KAUST)
• --------
• Shugo Watabe (Kitasato University, Japan)
• Kakehhiko Ogata (Kitasato University, Japan)

• Pei-Yuan Qian (HKUST, Hong Kong)
• Yoshizumi Ishino (Kyushu University, Japan)



DNA for World Peace！


