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Cost per Raw Megabase of DNA Sequence

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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“The fourth paradigm : Data-
intensive scientific discovery’
Microsoft (2009)

J

Beyond the Tsunami:

Developing the Infrastructure to

Deal with Life Sciences Data
CHRISTOPHER Southan

Graham Cameron
EMBL-European Bioinformatics Institute

PARADIGM

Custodianship of the data is held by the
International Nucleotide Sequence Database
Collaboration (INSDC), which consists of the
DNA Data Bank of Japan (DDBJ), GenBank in
the U.S., and EMBL-Bank in the UK. These
three repositories exchange new data on a
daily basis. As of May 2009, the totals stood at
approximately 250 billion bases in 160 million
entries.

DATA-INTENSIVE SCIENTIFIC DISCOVERY




Science Paradigms

* Thousand years ago:
science was empirical
describing natural phenomena
» Last few hundred years:
theoretical branch
using models, generalizations

» Last few decades:

a computational branch
simulating complex phenomena

« Today: data exploration (eScience)
unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

- Processed by software
- Information/knowledge stored in computer

- Scientist analyzes database/files
using data management and statistics

“The fourth paradigm : Data-intensive scientific discovery” Microsoft (2009)



Components of data intensive science
(“the fourth paradigm”)

NGS
Capture

o The vast volume of data are captured
by instruments.

Curation

o The data is stored in huge storages for
long-term preservation.

o The data is curated. (the data is made
understandable and usable for the
other researchers.)

o The data is made publicly accessible.
Analysis
o The data is analyzed by many scientists.

INSDC
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GenBank/DDB]J Flat File Format (1/3)

LOCUS

DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE

ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
PUBMED
REFERENCE
AUTHORS
TITLE

JOURNAL
PUBMED
REFERENCE
AUTHORS
TITLE
JOURNAL

DSU64875

U64875
Uo4875.1

Drosophila simulans
Drosophila simulans

5805 bp
Drosophila simulans white gene, complete cds.

INV 24-AUG-1996

Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Hexapoda; Insecta;
Pterygota; Neoptera; Endopterygota; Diptera; Brachycera;
Muscomorpha; Ephydroidea; Drosophilidae; Drosophila; Sophophora.

1 (bases 1 to 5805)

Kirby,D.A. and Stephan,W.

Haplotype test reveals departure from neutrality in
the white gene of Drosophila melanogaster

Genetics 141 (4), 1483-1490 (1995)

8601488
2 (bases 1 to 5805)

Kirby,D.A. and Stephan,W.
Multi-locus selection and the structure of variatior
gene of Drosophila melanogaster

Genetics 144 (2), 635-645 (1996)

8889526
3 (bases 1 to 5805)

Kirby,D.A. and Stephan,W.

Direct Submission

Submitted (23-JUL-1996) Zoology, University of Maryl

Park, MD 20742, USA

White-eyed mutant fly

Red-eyved wild-type fly



GenBank/DDB]J Flat File Format (2/3)

-y - - —_—- = A

FEATURES Location/Qualifiers

source 1..5805
/organism="Drosophila simulans"
/mol_type="genomic DNA"
/strain="sim"
/db_xref="taxon:7240"

gene 1..5805
/gene="white"

mRNA join(1..299,3287..3560,3631..4285,4342. .4657,4860. .4991,
5056. .5805)
/gene="white"

exon 1..299
/gene="white"
/number=1

5'UTR 1..227
/gene="white"

CDS join(228..299,3287..3560,3631..4285,4342..4657,4860..4991,
5056. .5670)
/gene="white"
/codon_start=1
/protein_id="AAB06578.1"
/db_xref="GI:1507738"
/translation="MGQEDQELLIRGGSKHPSAEHLNNGDSGAASQSCINQGFGQAKN
YGTLRPPSPPEDSGSGSGQVAENLTYAWHNMDIFGAVNQPGSGWRQLVNRTRGLFCNE
RHIPAPRKHLLKNVCGVAYPGELLAVMGSSGAGKTTLLNALAFRSPQGIQVSPSGMRL
LNGQPVDAKEMQARCAYVQQDDLFIGSLTAREHLIFQAMMRMPRHLTYRQRVARVDQV
IQELLLSKCQHTIIGVPGRAKGLSGGERKRLAFASEALTDPPLLICDEPTSGLDSFTA
HSVVQVLKKLSQKGKTVILTIHQPSSELFELFDKILLMAEGRVAFLGTPSEAVDFFSY




BASE COUNT
ORIGIN
1
6l
121
181
241
301
361
421
481
541
001
061
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

1201

GenBank/DDB]J Flat File Format (3/3)

1489 q

tgtctctttc
ttgtcagcgg
ctgtgccaaa
attggttttg
atcaggagct
tgagtagtac
atccaatggt
aacaaatagt
ttaagatcat
tttttataaa
ataaccagag
ggccaacaac
ctgtatccgt
ctgtttgctc
ggctagacga
ttcaaattct
tctagcccgg
actttaattc
aattatatgt
tgagcttttc
acttttgagt
gagtcgcttc
atactccttc
tttcgtaagt
tatgaaatgt
ggagagtgaa
acagaaagaa
ttcgccaggt

dmmbr mmnmmnn~

gccaccgttt
tttggtgacg
actcctctcg
ggtgggtaag
attaattcgc
ttgtgcatac
ctgcggcegtg
gacgcgaaac
atcatgatca
tataacgagc
ggtgtgtggg
attgttgggt
atccatttct
gtctcgctcg
atgcttcagg
tagcacctcg
gtctttgaaa
tttggggaaa
accttggact
cgctgaataa
gcactcatta
tttattcagt
gcctgectgc
aattcaaaaa
agcatcttac
ccagggacag
aagaaaactt
ccctctctct

P B R et

1376 c¢

gtagcgttac
aagctccaag
cttcttattt

cagggggaag
ggaggcagta
gtcttaagat
agaactgcga
agattattct
agacatcgaa
agatatttat
ggaggaggag
gtctataact
ggttgtgtac
acgaaaaatg
ctcagcatct
gcttgtataa
caattttgaa
gactaaatat
gtttacgctc
ttgcgcctcc
gccactcgca
catttcaatt
gcagcgccat
tagcacgcaa
gctacttatt
ggagaagata
tttaataaca
ctatctctgt

PP L S BN B

1362

ctagcgtcaa
cggtttacgc
ttgtttgttt
tgtgaaaaat
aacacccatc
cagttgatct
cccacaaaaa
ggtagcttaa
aggcattcat
ttggaagtag
tcggtttggt
cgggggttgc
ttgcatctcc
tacaatcttg
gatatcttgg
caaaataaat
aagtctcaaa
gatatgtatg
tgatatttcc
ttcagtattt
caatcgacaa
tgtcaagttc
ctatcgccca
agtaaaaagt
tcagcgaaat
agaaaaccca
tttttcggcc
ctctttcccc

m~mdllllllL -

g

tgtccgcectt
catcaattaa
tttgagtgat
cccggceaatg
tgccgagceat
ataggaacag
tcccaaaccg
catgttataa
tttctctaag
tagctcgtaa
ttggtttatc
cagatactag
tacatgatct
tcttatctgg
catctgcgtg
aagtgagtac
aagttatacg
gaatatttta
ctaataatat
cgttctcatc
aatgggaggg
atcaaaaaaa
ctccgggagt
aagccaaaaa
acgaaaatag
gtgggaaagg
tcatttgttg
gccatatggc

PRt S B

1578 t

cagttgcatt
acacaaagtg
tggggtggtg
ggccaagagg
ctgaacaatg
cgattgcaac
caatcgaaca
gagacaacta
aatatattct
ttagggacgc
ggcttaagtt
acactagata
taatacctcg
gtcattattt
cgtatcttgc
gatatgcata
agagataaga
aaccatcttt
cgagtgatcg
aaagtgaatg
agaacaaatt
aaaaaaagcg
ttccttcgea
attaaataaa
ggaaaaggtg
gacggcgaaa
tgaaaacaat
catctcgctc
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- data store/access method on inter-cloud
* testbed operation

(1) Science BigData Repository
(Testbed: PetaBytes, Real System: ExaBytes)

amazon

webservices'™

VMware vCloud" Air” pmmmm IS
etc.
Public Cloud Resource
(SINET Inter-Cloud)

Global File System SR
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(5) Job Migration
from Super Computer . Sk ~
to Public Cloud Resource 7@

e

Academic Cloud

@ Hokkaido Univ.
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10Gbps ~100Gbps|  supErcOMPUTER  (3) Interoperability Improvements for Super Computer
@DDBJ  Same Account, Data Sets and System Libraries (VM)

°
Kento Aida, National Institute of Informatics

(4) Collaboration with
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and Cloud Resource
(Container)
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Raa$S: Reproducibility as a Service by docker container on NIG supercomputer
by Tazro Ohta
https://speakerdeck.com/inutano/raas-reproducibility-as-a-service-by-docker-
contamer—on-mg-supercomputer. ...............................................................

Basic Ideas and Design 5' ‘ 8

Dockerfiles

workflow,json

Public/Private
Docker Registry



Extension of MiGAP (Microbial Genome
Annotation Pipeline)
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¢ Current MiGAP System

ORF * tRNA ortholog

16S rRNA
) ident.

/GPU BLAST,

CUDA-BLASTP.,.... / Motif identification programs, e@.
(Interpro scan, etc ...)

BLAST for the Xeon Phi BlastProDom
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lustreMsize filelBE &, BED T AV EHRE (21—YEE) /TAAIBETRBELTVWET,
quota®sizelHB &, BFETA AV ERE (81—T8E5) /TAHARAVBRETRELTWVWET,
sizeDBAI(E, TbyteTI,
lustre1 size : 976.94 / 1,024.90 | 95% lustre1 file : 199,604,045 / 731,840,512 wi27%
quota size : 2,019.11 / 1,024.90 197%
lustre2 size : 905.75 / 1,024.90 || 0 8% lustre2 file : 675,858,387 / 731,840,512 92%
quota size : 1,123.17 / 1,024.90 | 109%
lustre3 size : 622.41 / 1,787.70 wni34% lustre3 file : 136,451,700 / 731,840,512 wuu18%
quota size : 1,525.51 / 1,787.70 85%
lustre4 size : 538.32 / 1,787.70 wni30% lustre4 file : 25,776,430 / 731,840,512 i3%
quota size : 1,759.27 / 1,787.70 | 98%
lustre5 size : 557.70 / 1,787.70 wn31% lustre5 file : 415,608,456 / 731,840,512 56%

quota size : 995.59 / 1,787.70 55%



