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How to analyze Big Data (1)!

Genome analysis Is
a tool,

but not purpose!
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Read Length and Speed

Read Accuracy
6 Hours Life Time
Applied Currency /Blockage

No. of nanopore

Sample Preparation

Amplification
Cost
Commercialization

Nano Pore Oxford (2012

512 nanopores x 15bp/sec => ~7500 bp/sec

99.8%
150 x 106bp
60 picoamps to anywhere from 20-40 picoamps

2,000 nanopores / cartridge.

Will become available in early 2013 containing over 8,000
nanopores.

—Delivers a complete human genome in 15 minutes.

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

No sample amplification.
$900

Oxford Nanopore intends
directly to customers with
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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

(The Gist) Lack of the standard format without unified information often hinders
research and development seriously

Where is the
information needed?

data

D

How about the
relations between
each information?

Too many databases....




Be Unified and Easily Retrievable Format
from Sporadic Information !

Databases with
various formats

[ This is a right one to use!

“Unified and Easy Retrievable”
Database
New Model

“Submission only” Database
Traditional Model



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!
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Nakamura et al. PNAS (2013)

.. Evolutionary changes of multiple visual pigment genes
in the complete genome of Pacific bluefin tuna

Yoji Nakamura™", Kazuki Mori®™, Kenji Saitoh®, Kenshiro Oshima®, Miyuki Mekuchi®, Takuma Sugaya®, Yuya Shigenobu®,
Nobuhiko Ojima®, Shigeru Muta®, Atushi Fujiwara®, Motoshige Yasuike®, Ichiro Oohara®, Hideki Hirakawa®,
Vishweajit Sur Chowdhury™, Takanori KEobayashi', Kazuhiro Nakajima®, Motohiko Sano®, Tokio Wada',

Eousuke Tashiro®™ Kamuho lkeo™, Masahira Hattori®, Satoru Kuhara®, Takashi Gojobori™", and Kiyoshi Inouye”

e

[= 2 8

T

"maticensd Aesearch imatitute of Fisharses Science, Faharies Ressarch

, Eanarawa, Yokohams 730-28848, lapan; t'I:I-E'|:|-|l

romient of Bicscience and

Biotechnodogy, Feculty of Sgreouluwe, Kyodhu University, Higeshi-ioo, Fulosoios B12-8381, Japan; “Eaduste School af Frorsier Scierces, Univensity of Tolyo,

Kashives 27T-E=81, lapan; "I:lq:url.rﬂ:r't of Flant Genome

Center, Faculty of Agr

Earuss DA Resesrch Institute, Knararu 252-08 K6, lapan; "intemational Education
culture, Kyunba Unevemsity, Higashi-ku, Fulinecios B12-B521, Sanan; Figheries Besmardh Agency, Mishi, Yokohaems 220-6113, lapan; "Jup-ur.

Sen Matioral Fisheries Resesech bnstitute, Chuou-ku, Migats 331-8121, lapan and "Cesmier for Information Bindoqgy, Matioral matibute of Genetao, Mabema

47 1-E34F, lapan

Edited® by Tomoko Ohta, National institute of Geretics, Mshima, lspan, and spprosed key 20, 2013 (recereed for review Felmoasny 2, 20130

Tunas are migratory fishes in offshore habitats and top predators
with wnigue features. Despite their ecological importance and high
market values, the oper-ocean festyle of tuna, in swhich e ffectroe
sermsing systems sudh as color vision are required for cspture of
prey. haz been poorly understood. To ehecidate the gemetic and
ewoluticnary basizs of optic sdaptation of tuma, we detenmined the
genome sequence of the Pacfic bluefin tuna (Thausnnus onentalis),
using nexl-generaticn sequencing technology. A total of 28,433
protein-toding genes wene predicted from 108,202 assembled scaf-
folds. From thess, we identified five common fish wisuel pigment
genes: red-sensitive [middle/long-wavel=ngth sensitive; M/LWS],
U-sensitive Short-wavelength sensitive 1, SWs1), blue-sensitree
(sws2), rhodopsin (RH1), and green—semsitres (RHZ) opsin genes.
Seguence coomparison revealed that tuna’s RH1 gene has an amina
acid substitution that causes a short-wsave shift in the absornption
spectrum {i.z.. blue shiftl Padfic bluefin tunn has at least five RHZ
paralogs, the most among studied fishes; fowr of the proteins
encoded may be tuned to blue light at the amino acid level. More-
over, phylogenetic analysis suggested thiat gene conwersions hawe
oonwnred im each of the SW52 and RH2 loci ina short perod. Thes,
Pacfec bheefin tuna has undergone evoluticnary dhanges in thres
genes (RH1, BHZ, and SW5S2), which may have comtributed to
detecting blue-green contrast and measuring the distance to prey
in the blee-pelagic cozan. These findings prowvide basic imforma-
tion on behavioral traits of predatory fish amd, thereby. could help
to improve the technology to calture such fish in captivity for
FESOARNCE [ aTESpEment.

tina QErsome

Tu:n.'.L-l are consslered “the ultimate fish,™ because thoy are Iop

predaotors in ocean ecosyvstems, in aldition o their oniguee
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duplicatsn occurred amd each copy has beon maimtmined [or
a long time. Previows siudees have socumudated meslecuolar in-
fommuatson on opsins, focusing on the residucs sormwonading the
retmal-bindimg pocket [ 10-12)

MMony physiologscal studies have been conducied on fish visual
sysiem undereater (132, 14) As for tona, spectrophastometrsc
anmalyses have demeonsirated several wonelbengths of maximal ab-
ssrhanoe (Mg} in the visaal pigments of yellovwadin tana (T
e ) [ 15) and Pacific blueflin tuna { THoemimus oserdatfie ) | 16,
respectively. However, little = known about the genctsc bases amd
evlntionary history of mna'’s optic adapmmtion to an ope@-ocean
prredatory lifeshie. In this sty we have sequenced the dmafi
genome of Pacific blucfin ma and amabyned the opsin genes in
a plvkzenetic framework 1o lock for evidenoe of optic adaptation
al the molecular level The osigins of tuma’s opsin paralogs were
daied by gonome-wide comparson among the eleosts Ffor which
geraomic information & gvuilable, amd the relationship betweon
the cvohionary pathway of opsin genes and adapiation so ocean
emdromment is dscussed.

Results

Genome Sequencing and Gene Frediction. The dipleid genome of
a wild-canght male Pacific blocfin mno (T oviemakis) was se-
guenced. A whole-penome shobgun sequencine and assembling
strade gy with a combination of Roche 454 FILX Titandam { Roche
Magmestics] and lomima Gaollx piatforms provided 192 169
conties [(>500 bpj and 16,802 scaffolds (>2 kb) iotaling 7403
Ab, cormesponding 1o 92570 of the estimated genome size |~ 500
hib) el 17: Tabde 1) The scaffolds were obtained by asscm.
blimg 31.9 million 454 reads, mclodimg 4.9 millson paired ends
{11 Sdold covernpge ] and 22797 million Mumina paired-end reads

{43 Jodd cowerage) (Tables 51 and 52 amd Fig. 51). Sequenceg:tre
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How to analyze Big Data (5)!

Comparative (medical,
evolutionary) genome is

a Key!



open B access Freatymaisbisontine  Nakamura et al. PLoS One (2013) @ PLOS |ox

The First Symbiont-Free Genome Sequence of Marine
Red Alga, Susabi-nori (Pyropia yezoensis)

Yoji Nakamura'®, Naobumi Sasaki®, Masahiro Kobayashi®, Nobuhiko Ojima’, Motoshige Yasuike',
Yuya Shigenobu', Masataka Satomi’', Yoshiya Fukuma®, Koji Shiwaku®, Atsumi Tsujimoto®,
Takanori Kobayashi® Ichiro Nakayama®, Fuminari lto", Kazuhiro Nakajima®, Motohiko Sano’,
Tokio Wada®, Satoru Kuhara'?, Kiyoshi Inouye®, Takashi Gojobori®*, Kazuho lkeo®

1 Kational Research irstitute of Asheries Sdence, Fisheries Research Agency, Yokohame, Karesgawa, Japan, 2 Cender for Information Bicdogy, Mabional InstRute of Genetics,
Mistime, Shiuoks, lapen, 3 Seikal Metional Fisheres Reseach imstitute, Feheries Bessendh Agency, Magasski-shi, Magasakl, lapen, 4 Htachi Solutiors, Lid,, Shinagesa-iu,
Tokyo, Japan, 3 Japan Software Marsgement Co. Lid., Yokoheme, ansgawa, lepar, 8Fisheries Rewsarch Agency, Yokohams, Kanagews, Japan, 7 Minisiry of Sgricaftane.
Forestry and Fisheries, Chivoda-lu, Tokyo, Japan, B Hetional Research instfuie of Aquaodiure, Fsheries Research Agency, Minami-he, Mie, Japen, ‘9 lapan 5ea Kational
Fisheries Beseerch Imitbete, Feheries Resmarch Agercy, Chocu-ias, Miigats, lapan, 10 Division of Molecular Blosdences, Department of Bioscience and Biotechraology.
Feculty of Agricukure, Eyshu University, HigashiHsy, Fuluoks, lspan

Abstract

Mori, a marne red alga, is one of the most profitable mariculture crops in the word. Howeser, the biological properties of
this macroakya are poorty wnderstooed at the molecular level. In this study, we determined the draft genome sequence of
susabi-mon (Pyropio yezoensis] using next-generation sequencing platforms. For sequencing, thalli of P. yezoensis wene
washed to remove bacteria attached on the cell surface and enzymatically prepared as purified protoplasts. The assembled
contig size of the P. yercensis nuclear genome was approgmately 43 megabases (Mb), which is an order of magnitude
smaller than the previously estimated genome size. A total of 10327 gene models were predicted and about 60% of the
genes validated lack introns and the other genes have shorter introns compared o large-genome algae, which is consistent
with the compact size of the F. yeroensis genome. A sequence homodoegy search showed that 3611 genes [35%] are
functionally unknown and only 2069 gene groups are in common with those of the unicellular red alga, Cyanidioschiyzon
merodae. As codor trait determinants of red algae, ight-harvesting genas irmobeed in the phycobilisome were predicted from
the F. yezroensis nuclear genome. In particular, we fownd a second homolog of phycobilisome-degradation gens, which is
usually chloroplast-encoded, possibly providing a novel target for color fading of susabi-nor in aquaculture. These findings
shed light on unexplained features of macroalgal genes and genomes, and suggest that the genome of P. yezoensis is a
promising model genome of marine red algas.

Citation: Makamerz ¥, Saakl B, Eobayeshl M, Dfima N, Yeuke M. et al [20013) The First Symblont-Free Genome Seqeence of Marine Aed Alga, Susabiron
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Copyright: © 2013 Makamurs et al. This Is an open-access article disiributed wrder the terms of the Creathve Commoms Airibution Licerse, which permits
unrestricted wne, distibution, srd reprodection in sy medium, prosided the onginal awthor sed source e oredited.

This work wes sepporied by grants from the Fisheries Agercy, Miristry of Agriculktuee, Forestry and Fisheries, Japan, and from the Fisheries Research
Agency, Japan. The funders Fad no role In study design, data collection and analyss, dedsion to publish, or preparetion of the: marescript
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How to analyze Big Data (6)!

A pipelineis
a Key!



( Bacterial Metabolite Functions )

( Samples / Extraction / Sequencing ) ( In silico Analysis )
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How to analyze Big Data (7)!

“Sclence Is gamble,
then need to win” Is

a Key!



—A View of marine micro-organism ecosystem—

| Tohoku sea coast == One of species-richest spots
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Micro plant planktons

Protozoa
Micro-organism loop

Bacteria

Distribution of Chlorophyll a
In Tohoku sea coast
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Understanding of Marine Microorganism Diversity
by use of the Digital DNA chip system through Metagenomics

~ Subjects and Division of Roles~

__ Subects | Role _

1 Data Analysis of Metagenomics and Project Management NIG
. Construction of Marine Metagenomics Database and NIG/JSM
Developments of the Digital DNA Chip System
Tokyo U/
3 NGS Sequencing of Metagenomic data N}IIG

Isolation of DNAs from sea water samples/

4 Kyushu U

Sampling machine developments

Sea V_V.ater Sampling and Measurements of Physical NMRC
Conditions

6 Analysis of Plant Pico-Planktons by Flow Cytometry NIE
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Observation Points at the Sendai Bay and Nemuro Sea as a Control
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Sea Water Sampling Points in Kyushu for “Red Tide” Monitoring

Comparative Metagenomics for

) Detecting any changes in
Red Tide Occurrence Sea Area marine microorganism diversity

Periodical Sampling
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Sampling of Sea Waters at Observation Points

iIn Sendai Bay and Nemuro Sea

Sails Dates Sea points Depth (m) Sea Volume (Kg)
WK1203 2012.35 AO4 10 228
WK1203 2012.35 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 AO4 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
WK 1206D 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
WK 1207 2012.7.16 C12 2 9.0
WK 1207 2012.7.16 C12 30 9.5




Isolation of DNAs (Kyushu U.)

Sails Dates Points Depth (m) Volume (Kg)
WK1203 2012.3.5 A04 10 228
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 AO04 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 Ci12 1 94
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 Ci12 2 9.0
WK1207 2012.7.16 C12 30 9.5
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Metagenomic Data Analysis —1— (NIG)

Buzen-1

Total reads:
Assigned reads: 102789
Unassigned reads: 18583
Reads with no hits: 2778056
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Conclusion and Summary




Summary

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

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

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

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



Conclusion

“Metagenomics is a powerful method
for understanding dynamics of
marine bacteria in ocean ecosystem”



How to analyze Big Data (8)!

Monitoring (time and space)
IS

a Key!



Sampling device with a monitoring system (Kyushu U.)

DAFEBTSERDT
BIR BN EYDNARIEE
HiEMEEYE
KEHOSI0METOREKY LT ILESLEREE1 BICIEERL, BEO T ILA—T =] i i . = >
BBETS, H -

ChEGARTo =%, Yo T ILELTI L A—EEREIRT S,
ERICEALTIE. SEEABEOSEZANVEWN-OBECKRELERE. RETHT

1]

R 5, - S g
IRER B BIMES L :
b S AT sy {J Lf
HEARLT i
Al AT @ ‘
=TT 3
[
Bkik—Z | S —
]
B
ARL—F—
B
HWMNS L
BRSNS FrFE—42(DC12V)
IR 1/180
EIETR- 30.8rpm
~ILD 35kgf+cm i vl
&5 HET/6HE fla : E m— =
FS LD EERH 5.13rpm ™ i lm
]%7] 2.1kgf*m g
"—ADBHRE 92mm/s -
T K| sl |







The Outline of
KAUST
(King Abdullah University of
Science and Technology)
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T +966 (2) 690-8600
Thuwal 23955-6900

Saudi Arabia






KAUST is located along the Red Sea.
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Overlooking the sea, the KAUST campus incorporates a distinctive blend of
traditional architecture and modern styles.
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How to analyze Big Data (9)!

“Data-driven needs working
hypothesis” is

a Key!
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How to analyze Big Data (10)!

“Dr. Jim Watson’s

Ten Commands” | call is
a Key!
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