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History

o September 1999 Beijing Genomics Institute, Beijing
o April 2007, Beijing Genomics Institute, Shenzhen

« May 2010, Beijing Genomics Institute, Hong Kong
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Brief achievements of BGI, from 2001 to now
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* 3M Project
— 1M human genome
— 1M plants and animals genome
— 1M microbe ecosystem genome
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General Interest

Health care

* Complex disease

— Metabolic disorder (type
2 disable, obesity)

— Cancer

— Neurodegenerative
disease

* Personal genome

Animal, plant and microbe
genome

— Sequencing new
genomes

— Animal & plant
— Bacteria & meta

* Molecular breeding

— Livestock
— Crop
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a7 CONFERENCE & EXPO 12
S ae April 24 - 26,2012 + World Trade Center + Boston, MA

BloiT:World Best Practices Award for IT Infrastructure

Best

Practices “Flexible green cloud computing framework for De
AWARDS novo assembly and whole genome resequecing”
2012 Won “The 10th Bio-IT World Conference & Expo
Best Practices Awards for IT Infrastructure”!

11



IDC Announces New Winners of HPC Innovation Excellence Awards

18 Jun 2012

HAMBURG, Germany, June 18, 2012 -- International Data Corporation (IDC) today announced the third round of recipients
of the HPC Innovation Excellence Award at the 2012 International Supercomputing Conference (ISC'12) in Hamburg, Germany.
Prior winners were announced at ISC'11 and at the SC'11 supercomputing conference in the U.5.

The HPC Innovation Excellence Award recognizes noteworthy achievements by users of High Performance Computing (HPC)
technologies. The program's main goals are to showcase return on investment (ROI) and scientific success stories involving
HPC; to help other users better understand the benefits of adopting HPC and justify HPC investments, especially for small and
medium-size businesses (SMBs); to demonstrate the value of HPC to funding bodies and politicians; and to expand public
support for increased HPC investments.

® BGI Shen.'zhlen (China). BGI has developed a set of distributed computing appli
to process large genome data sets on clusters. By applying advanced software te
GlusterFS, and the Platform Symphony MapReduce framework, the institute has s

AISO 20 1 1 W| nner some application workloads, BGI achieved a significant improvement in processin

storage, resulting in reduced infrastructure costs while delivering results in less ti

1 1 2.5 hours. Some of the applications enabled through the MapReduce framework i
TWICe In tWO yea 'S Human Genome for the International Human Genome Project; contributing 10% 1
Project; conducting research in combating SARS, and a German variant of the E.

the rice genome, the silkworm potato genome, and the human gut metagenome.




Sequencing @ ?37:%'%

 World’s leading sequencing and genomics research center

e Started with Human Genome Project in 1999
— Several sequencers at that time
— Now more than 150 sequencers
— Consider the trend ...

* Mass spectrometers to capture protein information
— Complement sequencing
— Proteomics, so on

ABI Roche ABI Solexa Illumina

MODEL 3730XL 454 SOLiD 4 GA Iix HiSeq 2000

INSTALLATION 16 1 27 6 135
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Computing @

Sequencing throughput

— 6T base pairs per day (upgraded
from 4T)

— ~20 PB data storage

Connecting raw data and scientific AT _.-
discovery E T
— Analysis tools il el
— High performance computing is
the key
Computing horsepower
— ~20,000 cores
— ~20 GPUs
— ~220 Tflops peak performance

Still increasing ...



SOAP

- Next- generation sequencing data analysis software package

) Short Oligonucieotide
SOAE Analysis Package

mwsmmnm

Introduction

The Latest News:  SOAPaligner/soap2 (v2.10) is refeased.(See Downioad)

S S0AP has bean in evolstion from a single alignment 10l 10 & tool package th pm.s.«w.mmx

e Website:
http://soap.genomics.org.cn

. Software

/' SOAPaligneriscap2

* >10,000 users

&  SOAPindel
& soAPsv
& SOAPdenava

& S0APVY

* SOAP:
SOAP: short oligonucleotide alignment program. Bioinformatics. 2008 24: 713-714

e SOAP2:

SOAP2: an improved ultrafast tool for short read alignment. Bioinformatics. 2009

* SOAPsnp:

peneratio mumnqnnm nmysscmvmy mmsol uwngmunno( 2, 8
fe-sequencing cansensus sequence bulkder (SOAEsR). af trddor ( SOAPdel ).  structural variaion scanner (
SOAPsv ) and a de novo shor reads as ssemu«(sown«mo)

SOAPaligner/saap2 is a program for faster and efficent alignem for
short oligonucleciide onto reference sequences. SOAPalgnersonp2 s Latest Version
compasiie with numerous applications, including single-read o 210

PAir-and rE50qUENGNg.

SOAPsnp is an accurate consensus sequence bullder based on 30ap1
and SOAPalgnorsoap2's alignment cutput. It calculales a quality score Latest Version
for sach consensus base, which can be used for any latler process o 1

call SNPs.

SOAPIndel is developad o find the inserson and deletion specially for

ing 5000,
12-50GUENCE tLeThNOIOgY. om0
SOAPsv is & program for Getocting the structural vanation Coming 560N,
SOAPdenovo, 8 short read de novo assembly 1oC, 8 8 package or oL o
‘assembiing short oigonuclootide imo contigs and scanfoids.

SOAP v1 s avaiisbie ail the same. f”:” varsion:

SNP detection for massively parallel whole genome resequencing. Genome Research. 2009

e SOAPdenovo:

De novo assembly of the human genomes with massively parallel sequencing. Genome Research.

2009




Novel Approaches

* Using heterogeneous computing to accelerate
bioinformatics analysis

— SOAP3/SOAP3-DP
— GSNP
— GAMA

e Scale up with Cloud computing
— Gaea

— Hecate



SOAP3 Aligner — History and Intro

Sequence alignment is a way of arranging the sequences of DNA,
RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships
between the sequences. (from Wikipedia)

SOAP: first-generation short read alignment tool
SOAP2 (2008): 20 to 30 times faster than SOAP, less memory
— Collaboration between BGI & HKU
— Compressed indexing: bidirectional BWT (2BWT)
SOAP3 (2011): 10 to 30 times faster than SOAP2
— Collaboration from HKU
— GPU’s parallel processing power
— CPU memory: increase from a few to tens GB
— GPU-based indexing: GPU-2BWT



SOAP3

Data Reads Total Mismatch SOAP3  (Total Time: second) SOP2 Alignment
type length  Number of number S S Totaltime tOtaltime  Speed-up
(bp) Reads readingreads  alignment (second) ratio
(million ) and output (second)
Human 100 16 3 83.30 128.23 | 211.53 | 1893.45 14.12
Zebra fish 76 21 3 95.50 724.32 | 819.81 | 10671.39 14.6
Alignment Ratio (%)
100 g1 8829
76.55
80
Total Time (second) 60
12000 10671.39 40
10000 20
0
8000 Human Zebra fish
6000 L SOAP2 EISOAP3
4000 .
gosa Speedup Ratio
2000 819.81 15
Human Zebra fish 14 017112/
ESOAP2 [ SOAP3 13.5
13

Human Zebra fish



SOAP3-DP

Speedup Compared with Other Tools

e SOAP3-dp is about 2 times faster than SOAP3, while
at least 10 times faster when comparing with other

tools

20
18
16
14
12
10

o N B O

VS. SOAP3

Speedup

VS. BWA

VS. Bowtie2

== Paired-end
=fl=Single-end



SNP Calling with GSNP

e Asingle-nucleotide polymorphism (SNP,
pronounced snip) is a DNA sequence variation
occurring when a single nucleotide — A, T, Cor
G — in the genome (or other shared sequence)
differs between members of a biological
species or paired chromosomes in an
individual.

e Collaboration with Hong Kong University of
Science and Technology (HKUST)
— Professor Qiong Luo
— Mian Lu
— Jiuxin Zhao
 Based on SOAPsnp
— BGI’s home made standard SNP calling tool




GSNP
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GSNP

End-to-End Performance Comparison of GSNP

Ch.1 Ch. 21
100000 - 51879 10000 - 3675
é 10000 - g 1000 -
o i 527 v
T 100 §
g & 10 -
w 10 - w
1 - 1 .
GSNP SOAPsnp GSNP SOAPsnp

The elapsed time of all components are included.
GSNP is around 50X faster than the single-thread CPU-based SOAPsnp.

22



Estimating MAF in a Population with GPU

Within a population, SNPs can be assigned a minor allele
frequency — the lowest allele frequency at a locus that is
observed in a particular population. There are variations
between human populations, so a SNP allele that is
common in one geographical or ethnic group may be much
rarer in another. (from Wikipedia)

MAF is the foundation of genome wide association study
(GWAS), e.g. HapMap project

Our approach is a highly accurate yet computationally very
expensive one (O(N?))

Collaboration with Hong Kong University of Science and
Technology (HKUST), as well as National Supercomputing
Center at Tianjin (Tianhe-1A)



GAMA
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GAMA

Dataset: Human genome, 512 individuals ( 1024 input files), full scan of 3G sites

Version Computing time | Total Time | Computing Total
Speedup | Speedup

~ 1518 days ~ 1619 days

GPU ~15.75 hours ~ 101 days 2313 16 against CPU
(Single)

GPU (86 ~ 717 seconds  ~ 5.4 hours 79 449 against
with MPI *) single GPU

* 86 nodes x 12 cores per node = 1032 cores , with one core processing one file

25
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It can improves the efficiency of cluster
usage by more than 30%.




Gaea 2.1
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Hecate
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Next Generation Sequencing (NGS)

Indeed 2"d generation
sequencing technology

Low cost (several KS per
human genome)

High throughput

Short reads (small pieces
of DNA strand)

Lots, lots of data




Big Data Incoming

 Breadth

— As sequencing cost falling falling down

— More individuals are being sequenced

* Thousands of human individuals: diagnostics and treatment of
diseases

* Tens of thousands of rice individuals: molecular breeding, more food
* Depth
— Combining data from other sources / levels
— DNA, RNA, protein...
 And, dynamically
— The dimension other than breadth and depth - time
— Living cells, living life: stem to multiple tissues and organs



SPEED READING

Genomes can now be sequenced around 50,000 times faster than in 2000.

100,000,000 :+--sv-r-s0s-ssneeessssssssserressssssseessssssssteses s sssssse s sssseeees
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Exponential growth
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Approximately 10 fold every 18 months!

100 | .
2000 , 2005 2010

Craig Venter, Multiple personal genomes await, Nature, Vol 464, April 2010



a Many different types of data can be systematically scored
(et gmeiforms | s Collecting and integrating

large-scale, diverse types
~— [mesdie | Of data

DNA methylation ] /
¢ Networks over multiple tissues can be combined to model

/ \ the system
: Protein phosphorylation ] ‘ Protein expression

I . sy .
| Histone modification ] ~—

b These data can be integrated to build
predictive models

Protein—protein interactions
‘ DNA variation | and protein complexes

Gene expression | ‘ DNA—protein binding




... we are able to isolate and sequence individual
cells, monitor the dynamics of single molecules in
real time and lower the cost of the technologies
that generate all of these data, such that hundreds
of millions of individuals can be profiled.
Sequencing DNA, RNA, the epigenome, the
metabolome and the proteome from numerous
cells in millions of individuals, and sequencing
environmentally collected samples routinely from
thousands of locations a day ...

Eric E. Schadt et al, Computational Solutions to Large-scale Data Management and
Analysis, Nature Reviews | Genetics, Vol 11, September 2010



Sequencing vs Computing

* Observation
— Exponential growth of
sequence data output

 What will happen if,
demand for computation
grows with amount of data,
as
— O(N)
— O(N?)
— beyond O(N?)?




Computational Challenges

|”

“Classical” sequence data analysis
— Alignment as O(N)
— Variant calling as O(N)
— Linear as data increasing

Growing computing demand — let us mine for “sth”
— Population genomics as O(N?)
— Phylogenetic study NP hard
— Gene association study high dimensional
— Systems biology with various levels of data NP hard

Sequencing cost down leads to more and more high
dimensional analysis

— Lots, lots of computing



Solution: Disruptive Computing Technology




Shift of Sequencing Service Profit
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Our Observation

* Bioinformatics is turning from high throughput
computing to data intensive computing RIGHT NOW
* Tools and systems need to be developed
— See GAMA-MPI example

* Tens of minutes computation
 Several hours for data loading / decompression / parsing / filtering

— Data intensive architecture

— Data compression technology

— Data awareness scheduling

— Manage and mine big data in an efficient manner



O €asyGenomics

EXEBR
3G

€asyGenomics

Next Generation Bioinformatics
on the Cloud

http://www.easygenomics.com

Sifei He
Director of BGI Cloud
hesifei@genomics.cn

Xing Xu, Ph.D
Senior Product Manager
EasyGenomics | BGI
xuxing@genomics.cn



& EasyGenomics Problems and Solutions

Solutions Problems:

Cloud
High Speed Data Exchange

Workflows

+) Resource Management

€asyGenomics

https://www.easygenomics.com



e EasyGenomics EasyGenomicsTM

Computational
Resources
Database,
Data management

‘\\O O

Algorithms,
Workflows,
Reports

O P o o
\\/\/ Web portal,
o O :
High speed e Simple Ul
connection €EasyGenomics
O o e

EasyGenomics is the bioinformatics platform for
research and applications on the cloud

https://www.easygenomics.com




Thank you

wangbinggiang@genomics.cn



