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W;@Nn“d Introduction

facilitating discovery

— GPU Accelerated Sequence Analysis Tools
« Turnkey (Hardware + Software)
« Software

— Geared toward multiple Genomes and Transcriptomes
— Leveraging multiple GPUs and clusters of GPUs

— SegNFIind® — Burrowes-Wheeler
« Single and multiple GPU
* Fermi and Kepler

— SegNFIind® - Smith-Waterman

» Designed for searching full chromosomes with short
seguences

* 400x + speed up (single card) Accelerated

Technology

LABORATORIES INC.

© Accelerated Technology Laboratories 2012 seq nfind.com



S SéqNFind Topics

facilitating discovery

* Context
— Genomics - inputs
— Bioinformatics — outputs

« Common Algorithms -theoretical and practical
shortcomings with respect to speed and accuracy

* The potential of GPUs

« Challenges to the community and GPU providers
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i Human Genome:
Seq/\Find

Genetic Seﬁuence

« Deoxyribonucleic acid sequence

— AAdenine Adon
. anine
— C Cytosine
- T Thymlne Base: A-T
— G Guanine Cytosine sl
Mitrogeous G-C
Base *
* RNA: ribonucleic acid sequence Thymine — "'--‘--..
— T changes to U Uracil
Guanine
« Opposing, complementary nucleotides
in double -stranded species are referred \1; : i
i S
to as base pairs \ D/ Phoe ot
h Backbone

\ >
j David Secko A MONK®&S FLOURI SH
GARDEN: THE BASICS OF MOLECULAR

BIOLOGY EXPLAINED:; TheScience
Creative Quarterly, 2009(4)




’\‘“éf_;qNFind How much data?
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« Biological content of Human . |
Genome Platform velreangge”:ea MB/h
— 23 chromosomes + XX or XY
» Germ cells (haploid)~ 3,100,000,000 SN Y
bp FLX Titanium <Y 9
» Somatic cells (diploid) 6.2 *10° —
allelic variation within a genome as
well as between genomes. S(')'I'gggg 2 “ 75 or 100 60
« Data content: technology Lifel/APG's 50
limitations of sequencers limit SOLID 3
read length
_ Experimental design prOdUCGS lon Torrent 70-100 80-100MB/h
overlapping reads Spesc taken rom
o 3OX to 50X l‘;llij(i)r:ics)lsesd(:e(tzacljilz\l)ature Biotechnology Volume: 30,Pages:4347 439Year

* Average length



SeqNFind' Sequence Alignment on the GPU

facilitating discovery

* Naturally Massively parallel.
— Many gueries against a single target!!!!
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A\ The key: locate the

Seq\Find best match(es)

 The computational question is: at what
location(s) do the best match(s) occur?

The biological question is: Within the context of the
match, what sequence differences are observed?

Perfect alignment Proper short read alianment?

0000000000000
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Seq\Find Genomic Sequence Mining

facilitating discovery

« Common allelic variation:  Single Nucleotide , , _
POlymorphismS (SN PS) Single nucleotide polymorphism (SNP)

. . . |CIMT]T [MERRRREEEERNEE
— SSNP rs334 results in sickle cell anemia. CIET[TICHlG|c|cITTITAT|C|c MGEGIT @
— Interactions with alleles of other genes can

lapi i i Inserti d deleti
lead to Priapism and increased risk of stroke. reerions aRErEEL
« Mutation: Insertions and deletions (Indels) ;;;;‘;;;;;;;5;7;_::,,,HL ,,,,,,,,,

— Yang et al.* showed a that 3nindels are 7.9
times more abundant in tumor suppressor

genes of cancer cells than in normal cells.
« Expansion: Copy Number Variation (CNVS). .
— Serial repeats of a region of 1000bp or more A i S PR TS
— Linked to diseases such as Fragile X syndrome. ;’ e Do
S L g
16001 Ly S .L,.u.l —
cn: :gual—“"""'_"‘_“_l mn”“
B e e I
2! ity
R

Image from: http://www.nature.com/scitable/topicpage/copy-number-variation-and-human-
disease-741737

*Yang H, Zhong Y, Peng C, Chen JQ, Tian D. Important role of indels in somatic mutations of human cancer genes. BMC Med Genet. 2010 Sep
1;11:128



= Context matters: match
Seq/\Find

first variants second
HE .

Exact matcheseASY

» Create an index on the database with the length of your probe.
« Search the database on the index that matches the probe

Mismatch (SNP) -

— There are 4x possibilities at every index.
« Search the database using a combination of indices

Gap (indel) HARD

« The length varies greatly
» Step through each base, comparing base by base and possible gap.

Actual data: a mixture of these
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Theory to practice: the three most

S qNFmd common alignment algorithms.
HE .

* Dynamic programming
— Smith-Waterman (local alignment)
» Accuracy: good with gapped pairs

« Processing: Computationally expensive O(N?2) and with trace-back a lot of
memory is required; this is slow

« Limitations: indexing to find targets is required.

— Needleman-Wunsch (global alignment)
« Good for small genomes and long matching alignments

» Processing: O(N?) Talk today showed novel pruning technique for in large
matches.

» Limitations: requires hard left hand bound known query and target size.

— Basic Local Alignment Search Tool (BLAST)

« Accuracy: finds 9mer exact matches between read and scaffold, then expands out

— Burke et al.*showed that a 7-mer gave best accuracy but it was computationally
intractable.

— Our research shows that a key of 46 is even better depending on the algorithm.
* Limitations: misses locations when reads are short

Burke,J., Davison,D. and Hide,W. (1999) d2 cluster: a validated method for clustering EST and full-length cDNA sequences. Genome Res., 9, 1135-1142.



&st —_ Burrows-Wheeler:
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* Burrows-Wheeler Transform (BWT) with FM indexing
— Accuracy: close to straight indexing, but can fail at gaps
— Processing: Requires memory overhead
— Limitations: small query size (on GPU)
— Current extensions only handle a few mismatches
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Image from: Langmead et al. Genome Biology 2009 10:R25



W5 eq Find Why GPUs?

facilitating discovery

« Massively parallel environment ideal for searching large numbers of
locations simultaneously!

* Very complex space—
— 1000 Genomes * 6 Billion nucleotides.
— 100 Mb per run search space.
— Concerned with inexact matching

« Variant sources of noise
— Sequencer
— Algorithmic
— Analyst

« Currently researchers have to run more than one tool.



Seq\Find CPUs vs. GPUS

GPU: Graphic
Processing Unit

Each processing unit has a
number of cores(threads)

SM

Fermi

Every Fermi GPU has 32
processors each with 512 cores.
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Image from: www.nvidia.com
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3 ééqNFind' Super Computers

facilitating discovery

« Super Computers of this year:

— Hybrid compute clusters (June 2013)
« Top 500

— 1 National University of Defense Technology

— China Tianhe-2 (MilkyWay -2) - TH-IVB-FEP Cluster, Intel Xeon E52692 12C
2.200GHz, TH Express?2, Intel Xeon Phi31S1P NUDT

cores: 3120000

» Rmax (TFlop/s): 33862.7
Rpeak (TFlop/s): 54902.4
Power (kW): 17808

M

M

M

— 2 DOE/SC/Oak Ridge National Laboratory

— United States Titan - Cray XK7 , Opteron 6274 16C 2.200GHz, Cray Gemini
interconnect, NVIDIA K20x

— Cray Inc.
» cores 560640
» Rmax (TFlop/s): 17590.0
» Rpeak (TFlop/s): 27112.5
» Power (kW): 8209
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Se qNFmd Current GPU based tools

facilitating discovery

« Burrows-Wheeler Algorithm (BWA) implementations

— CUSHAW (http://sourceforge.net/projects/cushaw/)
+ Features: 10x faster than standard architecture BWA
* Limitations: no gaps - up to 150bp
— CUSHAW 2(nttp ://sourceforge.net/projects/cushaw?2/)
» Features: 10x faster than standard architecture BWA
« Limitations: single pre-compressed target up to 320bp
— BarraCUDA (http://www.many -core.group.cam.ac.uk/projects/lam.shtml)
» Features: ~ as fast as MT BWA, samaccuracy asBWA
* Limitations: single pre-compressedtarget up to 150 bp reads

— SOAP3-GPU (nhttp://soap.genomics.org.cn/soap3.html) néxttvérsson of SOA P

» Features: combination of indexing and compression
* Limitations: single pre-compressedtarget

« Smith-Waterman implementations
— CUDASW++

+ Features: SmithhWaterman accuracy

» Limitations: handles only segments of >=144nt and a scaffold of 59,000nt
— SWIFT

+ Seeded Hash

* Removes repeats in genome by default

— SegNFind® SW

 Features: scaffold can be dull chromosome —ength(on a single card), queries up to 256nt; optimized
to run on a GPU cluster. Target indexing and compression on the fly

seqnfind.com


http://sourceforge.net/projects/cushaw/
http://sourceforge.net/projects/cushaw/
http://sourceforge.net/projects/cushaw2/
http://sourceforge.net/projects/cushaw2/
http://sourceforge.net/projects/cushaw2/
http://www.many-core.group.cam.ac.uk/projects/lam.shtml
http://www.many-core.group.cam.ac.uk/projects/lam.shtml
http://www.many-core.group.cam.ac.uk/projects/lam.shtml
http://soap.genomics.org.cn/soap3.html
http://www.ncbi.nlm.nih.gov/pubmed/19451168

W . . Atestdata set for alignment
- Seq\Find algorithms

facilitating discovery

« Synthetic Sequences
— 1 million 50mers

* Randomly selected from the human genome

« Randomly altered with up to 3 alterations.
— Insertions, deletions and single nucleotide modifications
— This is done to reflect frequency in real data and to push algorithmic assumptions

« Aligned with BWA and Smith -Waterman

- BWAW® and Bowtie (CPU version) ()

- (1) Li H. and Durbin R. (2010) Fast and accurate longread alignment with Burrows -Wheeler Transform. Bioinformatics
- (2) Langmead B, et al Ultrafast and memory -efficient alignment of short DNA sequences to the human genome. Genome Biology 10:R25.

— 86% accuracy
« Within 30bp of target
* best hit only
+ Expected BWA — best at 200+bp (http:/bio-bwa.sourceforge.nt

 SegNFind® Smith-Waterman

— 98% accurate

— May be second best hit in genome but due to reporting method of all locations within
a set score the location was always returned.



:\NvSeqNFmd Why are locations missed?

facilitating disc

 Algorithmic properties must be
considered with respect to bio-seguence

properties
— BWA:
* Most commonly when Mismatch and Gap consecutive

— SW:

* When the errors are close to the beginning of the sequence.
Not enough accumulated score.



E SeqNFind' Comparison: BWA and SegNFind®

facilitating discovery

H 2.
* Result Sets

— Both produce the same solutions
« SAM output —Same number of hits

» Location of best hit varies
— Due to the sorting of the results

* Error checking variation
— Results with minor sets of unknown regions flagged in  SegNFind®
— Example: (BWA ,Barracuda & SegNFind®)

» chrom_num - Xl at position 125769

Read: TAAAGGTTTCAAGTTGAAGGAGTTGCTTTCGCATC
Genome: TAAAGGTTTCAAGTTGAAGGAGTTGCTTTCGCAY



N'S;qNFind“ Run Time Comparison
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Single End Read Data Sets

BWA —version 0.7.3a

*seqnfind_bw- version 0.5.5

seqnfind.com
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Questions?

ATL offers the first GPU based complete Sequence analysis solution.

For additional information please call 800.565.5467 to speak with a Sales Representative

REVOLUTIONIZE YOUR BIOINFORMATICS!

Introducing SeqNFind™ — a revolutionary genomic
sequence analysis toolset for facilitating bioinformatics
research in Next Generation Sequencing, Pipelined Microarray
Analysis and Genomic Comparisons. This powerful system
provides the ability to compute complete solutions by pairing
massively parallel commodity hardware with optimized
algorithms to increase throughput with the goal of handling
genomic comparison across thousands of genomes.

A unique hardware-software solution tool, SeqNFind~ offers
extreme speed, space and energy-savings by leveraging GPU
technology (Graphic Processing Unit), which utilizes hundreds
of cores, resulting in a 112-fold increase in the number of
processors over a traditional CPU (Computer Processing Unit).

SeqNFind” is a powerful, flexible system that can be easily
and affordably scaled to outperform clusters, resulting in
significant time and electrical energy-savings, and — most
importantly — dramatically improved accuracy.

éeqNFind"

facilitating discovery

SeqNFind™ can be used f

SeqNFind™ Reference Assembly
BLAST

Smith-Waterman

HMM

De novo Assembly

RNA-Seq

ACCELERATE YOUR

BIOINFORMATICS RESEARCH
Contact us today for more information
on this industry-changing solution!

800.565.5467 or 910.673.8165

J5 and Canadal

www.atlab.com

SeqNFind “Bioinformatics Software Solution

Input Files

(Sequence information and indices

FASTA

FASTG

Additional Data Storage
Database Management System

Hardware GPU Acceleration

NN

Other Formats

336 cores =
$300/day electric

oo

$7/day electric

Sequencing Algorithms

SeqNFind” processes fast and complete
short-read genomic sequence alignments.

Utilizing a unique hardware/software cluster
system and multi-processing environment,
this powerful system addresses the need

for accurate alignments of many small
sequences against entire genomes while
requiring a fraction of the power other
systems need.

SeqNFind™ leverages a cross-platform,
graphical user interface-based toolset for
facilitating bioinformatics research in Next
Generation Sequencing, Pipelined Microarray
Analysis and Genomic Comparisons. Unlike

Proprietary Smith-Waterman

BLAST ' Sequence Alignment  More to Come...

Output Files

SAM

Other Formats

SeqNFind"™ Workstation o
Cluster Solutions

many algorithms and implementations such as
BLAST, which is heuristic, or other proprietary
systems that use large tiled sequences, SeqNFind™
examines every genomic base as an individual
affine gap alignment. The system uses a modified
Smith-Waterman to examine short-read local
alignments, returning a filtered set of viable
patterns and locations

In addition, SeqNFind provides job-tracking
functionality with robust database and data-
storage solutions.

SeqNFind is the first comprehensive
genomic data-management solution of its kind.
Harness the power in your laboratory today!

For more information or to contact an ATL Sales Representative, please call 800.565.5467
0r910.673.8165 or visit us on the Web at www.atlab.com. European Customers, please
contact Dr. Peter Maier of iCD in Europe at Pmaier@icd.eu or call: +49 173 5303 706.

e

eqNFind

facilitaing discovery

Workstation and
cluster
configurations
are available.

seqnfind.com




