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Alignment Paths

Finish City block traversal problem. Beginning from the
* start travel North / East to the finish.

How many possible pathsina M x N grid?
How long is a path?

Is there an optimal path?

What if we weight the edges, can there be an
optimal path?

How do we compute an optimal path?

What are all the optimal paths?

IBM Systems 2



Genomic Alignment Paths

Finish Determining the optimal alignment of short
O seqguence of base pairs.

D LTl
AT G TAC

ATCG ACC

Non-trivial to find “best” alignment

Scoring matrix for multi-dimensional alignment
Using weighted edges, a Dynamic
Programming method can be used to construct
matchings

V. Levenshtein introduced edit distance —
shortest sequence of single line edits match two
sequences

IBM Systems 3
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Phylogenetics

= Sort by reversal: 612345 -> 162345 -> 126345->
123645-> 123465->123456

= Used for comparing genome to genome sequences

= Across species similar genes are laid in different
groups — called Synteny. Mouse and human genomes
are similar with about 300 blocks re-arranged.

= How to get from one arrangement to another in the
most “parsimonious” sequence of steps

= Depending on length of genomes can be I/O intensive
» Faster method: : 612345 -> 543216->123456

IBM Systems 4




Motif finding methods

CGGGGCTGGTCGTCACATTCCCCCTTTTGATATTTGAGGGGTGCTGCCAATAA
CCAAAAGCGGACAAGGGGATCCGTTGACGACCTAAATCAACGGCCAAGGCC
AAGGCCAGGAGGCGCCTTTGCTGGTTCTACCTGAATTTCTAAAAAAGATTATA
ATGTAATGTCGGTCCTCCTGCTGTACAACTGAGATCATGCTGCTGCTTTCAAC

Genomic sequences often contain motifs, short Possible solution methods:

sequences of base pairs, that frame gene * Brute-force method

encoding sequences + Examine all size sequences of size k contained
«  The motifs may not be known in advance within a sequence of size n

This results in an exponential algorithm of order
O(n"k)
Branch-and-Bound

Using branch-and-bound techniques and search
trees the brute force method can be improved

* The length or size of the motif may not be
known (i.e. how many base pairs)

* It's not unusual for the motifs to vary slightly
within the genomic sequence (i.e. the motif

may have slight mutations as it recurs) upon
» Goal is to identify and locate these sequences «  The I/O pattern for this type search is not
so gene can be identified restricted serial apart from the initialization

because the parallel methods evaluate the

ienome indeiendentli Ik << nl



Life Sciences

[IH Bridge Yields Translational Medicine V7 Gl

Human Genome Project

Strategic Goal
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Improve predictive power of each phase of experimentation

Translational Medicine /
Imaging

Molecular Dynamics Genomics / Proteomics

Large molecules / enzymes MIEES SRECEMmEL

Personalized genomics
Health records / HIPPA

Classical physics / empirical Lie v seglelig]

NWChem - SEglesh

Functional MRI
NAMD Scaffold

Data mining / Security

Charmm lllumina / Accelerys / CLC




Traditional Sequencing Method — SANGER Method

Sanger ddNTP Chain Termination Sequencing

Template: 3" - GCATTGGGAACC =
Primer: 5" CGTA T

dNTPs dNTPs dirTha ekl
§ Sanger sequencing * ddGTP + ddA TP e d = HELTF
. Fewer toxic chemicals

« Less radioactive materials

e——— e G 3'
. Long continuous reads S G
« Separate DNA into single strand -.II-.
« Add Primer (known sequence) — g
. Place into 4 separate ddNTP B C
« The ddNTP stop reaction A s
copyright 1998 MY, King

« Sortacross gel eIectrophIoresis The first whole human genome was delivered in 2003

It cost $3B and took 13 years to complete

. Read back toi to bottom
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"Data needs to be assembled and analyzed for gene
identification, gene variations and gene functionality
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Evolution of DNA Sequencers

Output per instrument run

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
10 e —— o
=
10 » e
//

10 /

p 4

/S
10 /

. Source: A decade’s perspective on DNA
' / sequencing technology
<

- ;

_— Elaine R. Mardis Nature, Volume: 470, Pages:
10 A - - 198-203 Date published: (10 February 2011)

iitary pyrosequencer sequence sequencer Titanium, SOLID 3.0 2000
analyser lumina GAIl

ABI 3730x 454 (}S?Ol Solexa/illummaJ ABI SOL lr)‘ Roche.uzsdl lumina G/\le‘llllumm:\ Hi-Seq|

$149,000

T —
Life Technology lon Proton Sequencer (late 2012)
http://www.youtube.com/watch?v=0OKhxoGcr4Rk

2001 2002 2003 2004 2005 2006 2007 2008 2009
1,000
000 Genomes. Genomes pilot
Draft human crobiome and HapM:
genome HapMap Project begins | ENCODE Project begins P publications
ENCODE Project| First tumour:normal Human ge
pilot publications! g publication syndromes pub
AVaiIabiIity ,,,,,,,,,,,,,,,,,,, Output | Run time - Average read Cost/run
Proton 1 Sept 2012 10Gb 2-4 hrs 200 bp $999
Proton 2 Mar 2013 100Gb 2-4 hrs >200bp <$999
HiSeq 2500 Mid 2012 600Gb 11 days 150bp $11,000

$740,000

lllumina HiSeq 2500

Oxford Nanopore MinlON


http://www.nature.com/nature/journal/v470/n7333/full/nature09796.html
http://www.nature.com/nature/journal/v470/n7333/fig_tab/nature09796_F1.html
http://www.youtube.com/watch?v=OKhxoGcr4Rk

Cost per Genome

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

T

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

https://www.genome.gov/27541954/dna-sequencing-costs/




Explosive Growth of Data

8Terabytes

14K
13K

12K
11K
10K

~N 0 ©
AN AN A
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=
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

NCBI GenBank

2001 first human genome
2005 NGS publication
2008 Solexa sequencer
2010 BGI center opens
2012 78TB analysis 1 week




Disk Challenge

20 Petabytes by 2018

If current 3.5” 8TB disks are a guide.. then we'd be looking at
2,500 disk farm

Stacked horizontally, this would be a tower 127 meters in
height

_ Statue of Liberty, 93 M

- Eiffel Tower, 324 M

IBM Systems
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= NEED Analytics
= NEED High Performance Computing
= NEED High Performance Storage



Genomics Data High-Level Pipeline

Base Calling

(Vendor Tool)

8FastQ/FastA
8Raw NGS Reads

=13 TB

WHERE
ARE MY
FLOATIES?

TSUNMARMI

IS APPROACHING

Analysis

§Downstream

Alignment or
Assembly §Sam / Bam
— 8Aligned NGS
Reads
=8TB
Variant
_ =2 TB
Calling
- 8VCF file
Genomic Variant
=200 GB :
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Spectrum Scale: A File System for Genomic Pipelines

%

=Users and applications

=Instruments m
F .Sequencers S — J |
E Compute Far

=Single name space

=POSIX sSMB/| ( +uap reduce v
B [ s3 }
‘ [ |

____ "$pectrum Scale -
Automated data placement and data migration cleversafe
* = . «Off 1
- - 0 = R f/ Bemlsee
(ﬁ “Flash 11 P Stgrage Rich

=Disk



Information Extraction / Data Integration and Management

8Information Extraction 8Insight and Discovery §Cognitive Analytics 8User Interfaces c
8LuceGene / SRS 8§Watson Discovery §Watson Healthcare §Web Portals
D O G o §Google Analytics D" SNLP /Nuance [
owledge b 8BiglInsight, Vivisimo, Varicent a =
R §MDM B SETL (i) SNLP §Predictive Analytics §Cohort Query S
3 §MDM Server, ROM |"5="y  SETL Server §Content 8SAS, R, SPSS, Rev sizb2 ( g 0
L -
LIS §Clinical & Omics §Translational DW § GWAS § Data Explore S
=61G §Cognos CDM, Data §NextBio §PLINK, VAAST §tranSMART, Workbench
§Computational @.iMolecular Modeling § Safety & Efficacy §Distribution g
: §Quantum / Hartree-Foc §Large Molecule / SClinical Trials §Marketing / Sales §
Experimental ®A@ Empirical @
(a)

Simulation Drug Discovery Target Enzymes In vivo Efficacy

Genomics 8 8

§Variant Analysis

§Annotatio

§De Novo Assembly

‘=

§Picard, GATK, SAM, SOAP a §Annovar

§Bowtie, BWA, SOAP, CLCbio §TCGA, dbSNP, GEO, 8GO

§Velvet, Allpaths, Biovia (::‘) @ O @ @ @

FDA: Phase I-1lI Approval /

Manufa

re

§PID, Reactome

§Expression Analy5|s

§Partek, GenePattern

§Pathway §Application
: Management

Genomics

Scale / ESS sNFS/AFM | Protect, Archive, HPSS |

m @ LM AFM Scale: Global Storage & File System
(@ @ RTM @ Security Speed: Workload & Workflow

Platform LSF, RTM, PAC, Symphony

Spark

@ Big Data @ Cloud Smart: Infrastructure

| ppm,Pcm EGO | | Galaxy




Multi-Site Pharmaceutical AFM Deployment

=4 Sites with roving users

0888 0888 =W Mode with no Pre-Fetch
E!&!Hﬁ_ mﬂﬁﬂéﬁm »Each site consists of ESS storage
— 1T T L | ----- with two CES nodes

\ / ' =Users are in separate directories
without common shared files

/ \ =Campus inter-connect is 1GigE
R P ---.
Spectrum Scale Spectrum Scale

BREN
@@@Q E8EQ
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-HPC -HPC
ﬁ"* =)
=|nfiniBand

*Major Cancer Center

= Research

'Clieiq
' J o

=NFS Servers

=40 GbE Network

=Stage 1 — 500 TB’s scratch

=New storage

*SAS

=Stage 2- 2 Petabytes

=NSD

=Servers

=*NSD2

-Stagei Existi ~*Poot -~ ~=Poel -~
=New storage storage /
=Stage 4 — Backup
=Base FM = FM2 = FM3 = FM4 = FM5 = FM6
=Slots
=10 — =Total Slots | =Total Slots | =Total Slots | =Total Slots | =Total Slots
LTO6
=10 - LTO6

=Physical tape Library




University System Architecture

FDR14 Infiniband
Mellanox SXG036

Yale
10M1100GLE

1-main + 3-laaf MNetwork

JE&EK Cluster omega
{1x) IBM x3550 Mgmt MNode .
- B-ocore E5-2650 V2 CPLU ' Louise
- dx 16GE DDRE3 memory
Bulldog

- 1x FDR14 Mellanox HCA
= Platform LSF master “
- Platform Cluster Manager

- wCAT

- Platform RTM
- GPFS Cluster Node -

{1x) IBM x3550 Login Node
- B-cora E5-2650 V2 CPU
- dx 16GE DDRE3 memory
- 1x FDR14 Mellanox HCA
- Platform LSF

I =Core GPFS Cluster I

Tier-1 GPFS Storage

Bl (1x) GPFS-Flash Building Blocks
" BN E=ach unit:
ah, A -:—1 - 2% GPFS storaga/MNSD servers
~ - 1x FlashSystem &20 (20TE)
- FC between nodes & FSB20

{T2x) MNeXtScale nx360 M4 Servers
Each Server:

- 2-socket. 10C E5-2660 Wz CPLU

- 16x 8GB DDR3 1866Mhe memory

- 1x 1TE ML-SATA HDD

- 1x FDR14 Mellanox HCA

=S¥ GPFS Client license

- BW: Platform LSF

Tier-2 GPFS Storage

{2x) GPFS Storage Server (GS524)
Each unit:

- 2% GPFS storage servers

- 4x% storage enclosures

- 232 3TB ML-SAS & 6 55D

- 10GEps bandwidth

- 0.5PB usable tolal capacity

&x NeXtScale Chassis
Each Chassis:
= Gx SD0WVY Power Supplies
- 10x Fan Assemblies

2x Standard Rack
Each Rack:
= Gx BOAS208Y PO

GbE Management Core-GPFS FDR
2% SMC 50-port Mellanox SXE036
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Typical Genomics File Size Histogram




Personalized Medicine

Acute Lymphoblastic Leukemia (ALL)

SCOVERY SCIgy

= Relapse 2014 (variation)
= Full Exome sequenced

= Connection to Philadelphia
Chromosome and 1-nucleotide
ST mutant NT5C2 + NUP214-ABL1

RIS (resistance to chemo drug)
F g = Treatment with BMS Sprycel

Funding
Education
Regulatory Support y
Quantitative Science

Research Support

A
1,

=
£
", o
o e
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3 weeks

Diagnosis and Cure

Dr. Wartman, WashU

Cancer researcher and

leukemia survivor

University in St.Louis
SCHOOL OF MEDICINE

\TAGTCAAGTGCAGAGGTCAGCAGGACATCCMGAGCAGCTGAGCCTGACTGAGGC’I'!‘ATCAGACAG?GCAAGTCTTC‘I'I‘CAAGGATCACT‘
EGCCACAGTGCCCTGCCTGGCAGATGATACCTAGAGACTGACTGAGGAGCTCACCTCCCACATCTGTAGATGGTCCAAACTGCCTTCGTAA
MAACCTC TGCTGTACTGCTMGTCCMMTIMAGAMTAAGATTAMCCAAGWGCTGAMACCNATCCGACTTCACTTCCAG.
PTTACAAGGAAACCTTGAAGACGATCAGAGAGAAGGAAGCTAAGAAAGAGAAGA”™ e < "‘AAACCCTGCTACCTTI‘CAAMTMI
ACTGAGATGACCCAGCACCTGAAAGCCTACTACCAGGAGTGCAGACGGAAT?' A G AA GG G “CTGATTATCCAGTACTTCATCC!

GATGCTTCAGCTTTTACAGGACACCAGTAAGTGCAGCTGGTTCCTGGAGG” A\AGAAGAAGTTCCTGAAGAGG!
AGCTTGCCAAATTCTCCGATTAACCAGGCTAGCTATGTGGCTTTCCTGE A G G AA G STGCTAACCTTATGTCAGAAI
CCTTTGTAAACTCTGAGGAGATGAGGAGAGAGGAGCTATGGAGAGTCA" CC‘I’C‘I‘CAAAGCCTAM
n‘rcmcmmcmammmcmmccmmsccrcm% G D i sease AGGW
GGCATACATTTTTTTTTGCAAAAATTTTAACAAGGATTCCACCTCTC AG'!CGAAGAGMAAGTTAT‘
ATAGTTCTTTCGGCGGCAAGCTCAGTCTTCCTTGGCAGCAGTTCAGTCC G G \GCAGCTGCAGACCAGTCC
AGCTATAGTCCAGTCCTTTCCACAGGCAGAAACCAAGAATGAATCAGC, - n GCTTGCCATCTAGCCTGAG!
GAACCTCACAAGTAGTTCTTAGGTGAGTTTCTCTCAATGTCAGTGTTAC G G TATGTAAGGCAAACCATTCCI
GAGCAAACCAAGCCAAGGCTCCGTTGCTCATCTCCAACTGTTTGTGAGGTL ATGGGTCCTTTCATGTA

GTCTGCTTCAGGGAAACATTCTTTCATGTGTTTGCTTCAGCAAGACATCATY . G IL MAACATCAmTATAACTJ
AGCGCTTCCAATAAAATTCTTGCTAAGTGACTGGTGCGGCCCTGTATTGACCT .. \ {

CATCAACCTGGTGGTAGTCCCCAGCAATGTGGACATTGCTAC
'TGGACAGAGGTGCTGAAGGCAAGGTCTTGGATGTGATGCGGAACCTGGTGTATCC
CTGAGGCTTATCAGACAGTGCAAGTCTTCTTCAAGGATCACTCATACTTCAGCA'
TTCAGCTTTTACAGGACACCAGTAAGTGCAGCTGG
ITTGCCAAATTCTCCGATTAACCAGGCTAGCTATGTGGCTTTCCTGGTCGCTGTGCAATGATCCTTTAG




3 weeks

Diagnosis and Cure

Dr. Wartman, WashU
Cancer researcher and
leukemia survivor

b4
b

University in St.Louis
SCHOOL OF MEDICINE

S$32 Billion

Healthcare analytics market by 2022

S88 Billion

Precision medicine market by 2022




Crispr CAS9 Genome Editing

Prokaryotic cell
Stage 1: Foreign DNA acquisition
~ 7 .
&
cas genes \ q@Qec.,Q“’& CRISPR locus

OO O RORGTeN CID QI stages

host genome-L e LT e RNA—gyided
targeting of
l CRISPR locus transcription viral element

D &ID
T
pre-crRNA jt jt jt jt jt e -N;juj _’V\_,jl..j?

v - v v ¥
Stage 2: CRISPR RNA processing
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Molecular Biology Dogma

Big Data

@ ® -
8DNA =======— §Transcription

SRNA =—=— §Translation

8Proteins

- 3 7 - ‘ 3 v ‘ . J : )
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Established & proven with blue-chip organizations

ENTERPRISE HEALTHCARE
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» Single Name Space

Spectrum Scale is the backbone of the data hub - Supports multiple tiers of storage: flash, spinning

disk, tape and archive

» Geographically dispersed management of data
including disaster recovery

* Encryption for protection of regulatory/patient data

=Clients v — _ ' Support multiple protocols for instruments,
slnstruments rETEE compute loads, File and Object storage

sFile/Data
Servers

clever_icif_g”
=JBOD Disk
Enclosures

End-to-End NIST / FIPS2-40 Certified Encryption

=|BM Security)
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Information and trademarks
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trademarks of International Business Machines Corp., registered in many jurisdictions worldwide. A current list of IBM trademarks is available on the Web at "Copyright and trademark information” at http://www.ibm.com/legal/copytrade.shtml
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Adobe, the Adobe logo, PostScript, and the PostScript logo are either registered trademarks or trademarks of Adobe Systems Incorporated in the United States, and/or other countries.
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Notes:

Performance is in Internal Throughput Rate (ITR) ratio based on measurements and projections using standard IBM benchmarks in a controlled environment. The actual throughput that any user will experience will vary depending upon considerations
such as the amount of multiprogramming in the user's job stream, the 1/O configuration, the storage configuration, and the workload processed. Therefore, no assurance can be given that an individual user will achieve throughput improvements
equivalent to the performance ratios stated here.

All customer examples cited or described in this presentation are presented as illustrations of the manner in which some customers have used IBM products and the results they may have achieved. Actual environmental costs and performance
characteristics will vary depending on individual customer configurations and conditions.

This publication was produced in the United States. IBM may not offer the products, services or features discussed in this document in other countries, and the information may be subject to change without notice. Consult your local IBM business
contact for information on the product or services available in your area.

All statements regarding IBM's future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only.

Information about non-IBM products is obtained from the manufacturers of those products or their published announcements. IBM has not tested those products and cannot confirm the performance, compatibility, or any other claims related to non-I1BM
products. Questions on the capabilities of non-IBM products should be addressed to the suppliers of those products.

Prices subject to change without notice. Contact your IBM representative or Business Partner for the most current pricing in your geography.

This presentation and the claims outlined in it were reviewed for compliance with US law. Adaptations of these claims for use in other geographies must be reviewed
by the local country counsel for compliance with local laws.
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