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On Top of
the High North

Our position, on top of
the High North, reflects both a
geographical fact and an ambition.

We are the northernmost university in
the world, at 69° North.

Our location on the edge of the

Arctic also implies a mission, as
the Arctic is of increasing global
importance.

Our ambition is to be on top of all
things north. Because if it affects the
north, it affects the world.




Outline

e Context:
— Biological data processing
— Challenges
— Infrastructure
— Metagenomics
« METApIpe:
— Overview
— Deployment
e Our research
 Relevance to NESUS/ WG6



Biology - a computational science




Bioinformatics

 The science of integrating
large amounts of biological
data

» Interdisciplinary: biology,
computer science, statistics,
etc.

e Atthe heart of modern
biology




Bioinformatics— a supercomputing science

Stallo Supercomputer, University of Tromsg



Data Deluge

Sequencing Progress vs Compute and Storage
Moore's and Kryder's Laws fall far behind
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Data Deluge (2)

Reads growth Assembled/annotated sequence growth
Sequence Read Archive (SRA) Growth EMBL-Bank Growth
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Cost of Sequence Based Screening
(on Amazon EC2 in 2010)
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Biological Data Processing

" Data ' Computation L Exploration :

Visualization

Application
1

Application

Statistical
analysis
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METApipe Runtime System

Pre-Processing Classification Annotation Front-End
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Microarray Pipeline

Microarray
machine

Image Values+
analysis quality Pre-
scores processing

Matrix

Clustering,
etc.

Visualization

Bayesian
interference




Microarray Pipeline

Manually: one week
(single machine,

Image Values+ limited parallelism)
analysis quality Pre-
scores processing

Microarray
machine

1-2 GB

per image MBs Matrix

Clustering,
etc.

Visualization

Bayesian
interference “Data-

base”

<5TB
(everythin



Next-generation sequencing pipeline

Next gen.
sequencing

machine s Values+

analysis quality
scores

Base-calling

Alignment
or assembly

Data
exploration

Browsing and
annotation

Sequence




Next-generation sequencing pipeline
(per experiment)

One experiment:
Next gen. One day
sequencing (big machine,
UETINE Images Image Values+ parallelism)
analysis quality
scores

Base-calling

700GB

in hundreds 200-300GB
of images in text files

200-300GB

in text files Alignment
or assembly

Data
exploration

Browsing and
annotation

Sequence

5-10GB
in text files
(per experiment)



Galaxy
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ELIXIR

-
E I ’ ’ r European Life Sciences Infrastructure for Biological Information
www.elixir-europe.org



ELIXIR’s mission

To build a sustainable
European infrastructure for
biological information,
supporting life science
research and its
translation to:

| [biomedicine]
[ environment ]

‘ [ bioindustries ]
[ society ]




ELIXIR Programme

ELIXIR Management and Operations

Domain Specific Services Domain Specific Services

Health &
Biomedicine

Domain Specific Services

Environment &
Biodiversity

Agriculture &
Bioindustries

Crosscutting Services for Life Sciences

Data interoperability, vocabulary and ontology services

Tools interoperability and Service Registry

Data Resources & Services

Technical Services

[ e-Infrastructure Services




ELIXIR.NO




elixir

NORWAY

ELIXIR Norway

Portal, Ul, visualisation

Processing, analysis,
~ tools, pipelines

Databases, data-sets,
meta-data, projects

HPC, Norstore




Tromsg node - Tasks

e Build and implement
workflows for genomics
and metagenomics

e Service towards users

— Special focus on
marine




METApipe - overview

 Metagenomics analysis pipeline
e Pipeline combines
— Standard bioinformatics tools
— Custom made tools
* Interactive data exploration
« Deployed at Center for Bioninformatics



Metagenomics

Direct isolation of
DNA from the

environments . .
Metagenomics can in

> principle access 100% of
> the genetic resources of
an environment

Metatranscriptome: response
of organism to varying
environmental perturbations

Isolation of RNA
& construction of
Cultivation cDNA libraries

Traditional cultivation
methods and traditional
N genomics can at best

ss 10

of DNA access 1%

>

Cultivatable
species
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Metagenomics
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Metagenomics




Sea urchin — novel enzymes
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JCVI Metagenomics Reports
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Browse Enzymes
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) fevel 1) [13,723 hits]

3 (level 1) (12,300 hits)

) level 2) [3,288 hits]

- Acting on carben-phosphorus bonds (3.11.-.-) evel 2) 19 hits]
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|- coagulation Factor Xa. (3.4.216) (leve| 4) [28
|- subtilisin. (3.4.21.62) (leve! 4) [20 hits]
- oryzin. (34.21.63) llevel 4) [3 hits]
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- Acting on acid anhydrides (3.6.-.-) (level 2) [3,576 hits]

- Acting on carbon-carbon bonds (3.7.-.-) (ievel 2) (40 hits]
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-} level 1) [2,458 hits]
-} level 1) [3,269 hits]

- Ligases (6

DASHBOARD

Species (Blast)

1. Colwellia psychrerythraca

(17.46%) (99)

unresolved (14.46% (82)

3. Psychromonas ingrahamil
4415 25)

s

s
72

(.59

®
10, Bacd

Species (Blast)

Common Name

Psychromonas sp. CNPT3
(1.94%) (11)

taliscomenobacter hydrossis
(1.76% (10)

. Pelagibacterium halotolerans.

LOG oUT

o

Bemn

@
Polaribacter sp. MED152 [1.41%)
)

er meu dase Cip. (3.4 21

pepidase Do, 8421107

Enzyme Classification

Serine endopeptidases

sumisin, (3.4.21 25

cosguiaton actor ia, (34

trypain. (2.4.21.4
chymotrypsin. (3.4.21.1)— torminal processing pepida

C5a peptidase. (3.4.21.110%.

Trans!

roct 10 9.4.21.34 and
chymotrypsin C {3.4.21.2)

aqualysin 1. {3.421.111 Transfermed 16 3.4.21.37 (3.
acrosin, (3421,10)———————————————

Top Ten Functional Classifications

website hitp:/ /metarep.cs.uit.no/ metarep
source code httpy/ /github.com/jcvi/METAREP
blog http:/ jblogs.jcviorg /tag/metarep
contact metarep-support@jcviorg

%

Common Name Gene Ontolo MM
Signal peptidase | (6 35% (36) 1 GO:D004252 | serine-type endopeptidase activity | 1 3.421 G5 8%) (203) 1 Peptidase S8 (9.17%)
ATP-dependent protease La (4.4 1% (25) (46.21%) (262) 2. 3.421.107 | peptidase Do. (10.56X) (60) 52
Lon protease 4.23%) (24] 2. unassigned (45.15%) (256) 3. 3421102 | C-terminal processing 2. Peptidase 59N
Uncharacterized protein (4,235 (24) 3. GO:D00GS08 | proteolysis (33.51%) (190) peptidase. (3.7%) (55) 4.06% 23
LexA repressor (3.35%) (1) 4. GO:0016021 | integral to membrane (6%) (34) 4.3 ase 1. (6.88%) (39) 3. Trypsin (3.7 21)
ATP-dependent Clp protease proteolytic 5. GO:0003968 | RNA-directed RNA polymerase 5. 3.421.53 | endopeptidase La, (5.29%) (30 4. Rhomboid (3.53%)
subunit (2.82%) {16} activity (3.53%) (20) 6. 3. uus,mq 20
Endopeptidase Clp (2.82%) (16) 6. GO:D016020 | membrane (3.17%) (1 7. 3421105 | rh rotease (4.23% (24) 5. Lon_C (2.82%) (16)
Prolyl mdmpndm a1 7. GO00L71L1 | nucleoside- iahatshatase acivity ) uzus[ummu opeptidase. (4,060 6. Peptidase 524
Rhomboid family protein (2.29%) {13) G. a) 25) (16)
Protaase fl 3,125 (12) & Gormonaize | AT dependent peptidase activity 5 Sazies | sligopeptidase B. (3.88%) (22) 7. DUFLO34 (2.47%) (14)
2.82%) (16) 1. 277481 cted RNA polymerase. \ DNA
9. GO:000S618 | cell wall (2.47%) (14) 3.53%) 20) 2,475 (14)
10, GO:0004197 | cysteine-type endopeptidase 9. CLP_protease (2.12%)
activity (2.29%) (13) )

s subtilis (1.23%) (7}

ol
Oloispira antarcica

characterized praicin
Sianal peptidase |

‘np ulp-’\judl,‘_\plu(nxt [

Top Ten Functional Pie Charts

0-0015020

GO:0008S508

Bacils subtis

Colwellia psychrery?

attonsis
 Haliscomenobacter hydrossis

3421102

~~ Rnomiboid family o

Gene Ontalogy

10.

Peptidase 546

o — 00003568
~ GO-0004176
600004187

600004252

24218
34218
34218

ather

Poptidase Sdi
Peptidase_S8
Peptidase 58



MabCent — hunting for novel enzymes

Browse Kegg Pathways (EC) MabcentResults (MabCent)
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METApipe Runtime System

Pre-Processing Classification Annotation Front-End
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Scheduled / Work in progress Database Sequence
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Infrastructure @ UIT

> 15 Gb/run

MiSeq
reporter

5x2 GHz Intel Xenon E5620
5x24 GB DRAM
10x2 GHz Intel Xenon ES-1620
10x32 DRAM
2.5 GHz Intel Xeon E5-2640
16x16 GB DRAM

112 Physical grid cores
70+ TB RAID Storage

Bacespace

-
v a5,
. =

-

)

-

-

-

Stormbringer

2 GHz Intel Xenon E5645
48 GB DRAM
2x1TB RAM

Secure domain

Stallo/Notur

608 x 2.60 GHz Intel Xeon E5 2670
2000 TB Storage — 12 TB DRAM

Publlic domain

galaxy-uit.bioinfo.no

2 GHz Intel Xenon
(10TB/128 GB RAM)



http://galaxy-uit.bioinfo.no/

My Research Activities

* Biological Data Processing Systems Lab

« Build and experimentally evaluate infrastructure
systems for next-generation bioinformatics

applications
e Approach:
— Utilize data-intensive computing systems
— Provide new services
— Unmodified analysis tools
— Integrate with data analysis frameworks

e http://bdps.cs.uit.no



Results

Troilkatt: scalable processing
— Integrate all gene expression datasets in NCBI GEO
— Built on Hadoop
o (GeStore: incremental updates
— For unmodified pipeline tools
— Terabyte meta-database management
« Mario: interactive iterative processing
— Tune pipeline parameters
« Kuvik: data exploration for NOWAC postgenome biobank
— Interactive visualizations
o Spark-SPELL:
— Interactive scalable search
— Built on Spark



Concluding remarks

Ultrascale computing system?
— Lots of small jobs
— Big data
— Big projects (NOWAC, 1000 Genomes, ...)
e Sustainability important?
— Need programmability, data management, resilience, scalability
» Holistic view important?
— ELIXIR will build big ecosystem
o System software?
— Big data management and scalability
— Novel services
 Redesign and/or reprogram applications?
— Yes, for certain big problems (e.g. next-generation sequencing)
— No, too many specialized tools and pipelines



Concluding remarks (2)

Algorithms, applications, and services amenable to ultrascale systems?
— Selected algorithms/ applications (BLAST, next-gen sequencing)
— Services for the rest

Impact of application requirements?

— Interactivity
— Flexibility (select tools and parameters)

Key application?

— Life sciences emerging domain in supercomputing

Computational patterns?

— Wide variety of tools and patterns
— Mix of data, memory, computation intensive
— Many are designed for a single computer
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