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Genomics

Concepts:
Genome, chromosomes, base pAir i
Human: 23 chromosomes, ~3.BB, ~25,000 proteircoding genes § Z?_r
Wikipedia: marbled lungfish ~133Gp, Japanese Paris: ~150Gp |
Whole genome sequencing s |
Sminal work ofFederickSanger
First genome sequenced: a virus, Phi X 174, 3p86

Highthroughput sequencing: becomes commermally available in
0KS MdppnQad YR RNI&AGAOFITft& AYLINPOSR AY

Equipment vendordilumina Pacific Biosciences, Oxfdddnopore
X
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COST PER GENOME

National Institutes

$10M of Health
Moore's Law
Automate
| G copillar
P y IIIumlna

$100K HiSeq m
. IIIIl

1K Illllllllllllll

2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 15

DNA SEQUENCING COBPEESS THAMNS YEARS AGO!
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Huge data sets require intense computing
capacity



Bioinformatics Challenges

/ Reference Genome Sequence

Data Volume

e ————————————— LYF2NNIFOGA2Y Ay S
—_— = = = == - G/ 2SN 3S¢

P Rl GwSIFR tSy3dKé

——— e - 50X coverage, 100bp read length:
- e 1.6B reads, 300Gi#hcomp
— = =—————===————=—_  Computation:
- — Find the best possible match of
S — - the 1.6B reads to the given
-7 N reference genome, under the ,
- N AYTL dzSYyOS 2F 02U

- 4 o 4 4
aYdzul GA2YE
35bp identified 330- 430 bp unknown sequence 35bp identified
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Total Utilization per Pipeline Stage

5

5

8

o

E

Pipeline Stage

bwa mem ——
samtools view ——
samtools sort =
MarkDuplicates
1 RealignerTargetCreator ——
IndelRealigner ——
BaseRecalibrator ——
PrintReads

Total utilization across all cores %

In the good old dags.






GATK (Genomics Analysis Toolkit)

Developed by Broad Institute
DSYSN}ffté O2Yya8ARSNBR la (GKS a32ftF
Stable release: GATK 3.7
GATKA4 (jointly developed by Broagogle intel, IBM,Clouderaand Cray).
currently in beta

Improved and streamlined code

Inclusion of other analysis tools from Broad
Native support of Spark

G2 f 1TSNE Y2RS YR G{ LI NJ€& Y2RS
Focus on SNP (singiecleaotidepolymorphism) and INDEL (insertion
deletion) part of GATK only
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GATK Pipeline

-

Sequencing GATK Best Practices

VCF

= OO0
== D@00
== gpoo

post-

processing

~100GB
~100MB

Raw map to sort and recalibrate identify

: : VCF —»
Reads Reference markduplicates EUERS

Quality Control Variant Calling
sort-markduplicateBQSR HaplotypeCaler

mapping
BWA
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Side Note: BWA (BurrovwVheeler Aligner)

2 ARSf & I OOSLIWSR | a UKSeaddgérRSy ¢ a
Use BWT and suffix array for rough alignment

Use (stripped) SmithVaterman algorithm (equivalent to Viterbi) to achieve
high sensitivity final alignment
Leverage SIMD units to achieve high throughput

Written in C, native support of muithreading:
Measured performance: align >100K/sec per thread
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Side Note: Duplicates

A BErors{insample/ library(prep(are(propagated(to(@ll the(uplicates(

—— — } Reference( e —" ——
e e ~ — e e ——
e — e e
— i e S | O
e E=—
B—
L Mapped(reads( =

.

J J

Mark(duplicates(

R =(library(prep(error (propagated(n(duplicates(
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Side Note: BQSR

A

A

OpenPOWER"
a DEVELOPER

RMSE = 4.188

Systema2c¥rrorskorrelat edbith%o
basecall%eatures(

Sveral¥elevantFeat ures. %

I Reported%uality%core%

T Posi2onithin%he¥ead %o
(machine%ycle)%

T Sequence¥%ontextPh -
(sequencingihemistry¥ifects)% s

Empirical T Reported Quality

Calculate%rror®mpiricallydnd¥tnd%aVernsih%ow%r rorXariesdithdasecal | ¥eaturesy

Method%¥mpowered%y%60oking%t %n2redane %l dat a%o
(works¥er ¥ead%roup)%o
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Side Note: Variant Calling usirdaplotypeCaller

@=0

~N
Identify ActiveRegions Assemble plausible haplotypes
LA TATGAAATTGGTATAGGCT N ) T . R - . W
A T (TATG) & u}AT"'G\x, GGTATX é XGGCT
A T G| L/ \ NS
A T G pruned
g él 2 A TATGAAATTGGTATAGGCT
< T A
S ] T A H A T A
r[g T A A T G
T A
T A (-bamOut) e =
\. J/ g 7
8 &
g B 4 )
Determine per-read likelihoods (PairHMM) Genotype sample
A T A A T G|
2 2 0/0|10/1|1/1
e B " Al
2 " g A/lE
[ = Li A C & S GLs + annotations
(. /
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POWERS Designed for Big Data:
optimized Big Data & Analytics performance

4X 4X 4X

threads per core vs. x86 memory bandwidth vs. x86 cache per core vs. x86
(up to 1536 threads per system) (up to 16 TB of memaory) (up to 225MB cache per socket)

Processors Memory Cache

flexible, fast execution of large, fast workspace to ensure continuous data load for
analytics algorithms maximize business insight fast responses

Continuous Massive 10 Parallel Flash for extreme Largescale

data load bandwidth processing performance memory processing
g L H !
7 =N ] = — £ ) =
— ﬁ — L 1 i gl
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POWER Advantages for Spark

Streaming and SQL benefit from High Thread Density and Concurrency
Processing multiple packets of a stream and different stages of a message stream pipeline
Processing multiple rows from a query

Machine Learning benefits from Large Caches and Memory Bandwidth
Iterative Algorithms on the same data
Fewer core pipeline stalls and overall higher throughput

Graph also benefits from Large Caches, Memory Bandwidth and Higher Thread Strength
Flexibility to go from 8 SMT threads per core to 4 or 2
Manage Balance between thread performance and throughput

Headroom
Balanced resource utilization, more efficient seals
Multi-tenant deployments
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Spark Installation and Tuning

Not the focus of this presentation

All components of Spark run out of box OpenPOWERlatforms
openJDK
Hadoop(HDFS, Yarn)
Spark
Alternatively:SparkJDKIBM J9 + Spark)
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Caveat

As of today, GATK4 is still in bete mindful of road bumps, hiccups,
performance issueX.

But things will only improve from here
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Cluster Setup

Four POWERS S822L.C nodes, el

2x SCM 14@ore, SMT4,; 80 HW threads pwrde

512 GB of RAM pa&rode

NVMelocal storage

MellanoxInfinibandEDR ConnectX adapterd100Gb/g

Hadoop2.7.3
Spark 2.1.0
OpenJDHK..8
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