Analysis of high-throughput sequencing data with HPC
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* Presentation

Institut Curie is the cancer fondation of public interest fonded in 1909

Specialized in research in oncology and patient care

Institut Curie has 3,400 researchers, physicians, clinicians, technicians
and administrative staff
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Understanding the cancer is understanding the genome

The cancer is a gene disease L L m L Re

To decipher the genome we use sequencing

CK Rocha et al., Molecular Cytogenetics 2011
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« Data volume constraints

Moore's Law
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Decreasing cost of sequencing technology
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Cumulative Number of Human Genomes

Precision medicine
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* Actual pipeline

- Actual whole genome sequencing pipeline

.0z text BGZF VCF,
:> Alignment :> Sort :> Variant calling E> Mo
1 WGS 30X
20h with 8 threads 2h with 32 threads >5 jour
BWA Samtools m
Patient

Constit (30X) + Tumor (60X) = 1TB / patient
Analysis > 1 week

how do we make the pipeline scale?
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 Alighment

- Search coordinates of reads on reference genome

-9z te BGZF VCF
] Alignment ﬁ Sort :> Variant calling E> Mo
1w
20h with 8 threads 2h with 32 threads >5 jour
BWA Samtools m
Patient

Fastq file or compressed

Split v i
Reads .

— Embarassingly F F
CGCGGCC ix parallel ‘

GATTCGCG CATTCCCG _
Align

...HATTCGCGG@ATTCCTGA...
Reference genome

o/

Merge & %
SAM text file
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‘ Staging in QDR InfiniBand Network

Staging out T

~

Parallel scratch
(64 OSTs, 3gb stripe)
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TOGATCTGTTCTAATAKT GG0
BCCACAGGOCAT TCAGCGT A4
TTCTAATTTAT COCCT AARTSTTE
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https://github.com/InstitutCurie/QUASART

Shared File pointer operations (MPI)

N
F --- NFS, Lustre,...

1 N ‘BWA ‘BWA ‘BWA

Eliminate

split and cat --- NFS, Lustre,..

Alignment

I/O streaming I/O streaming

Chunks list

Load balancing

=)

Offset chunks
(100 Mpb) Fastq
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e Tested Architectures

180 dual processor nodes (Intel Sandy Bridge E5-2680, 2.7 GHz, 8 cores)

128 GB of memory per node, i.e. a total of 2,880 cores (Bull),

QDR Infiny Band (36 GB/s)

Lustre filesystem

Intel Swindon Wildcat

14 dual nodes (Xeon® E5-2697 v3 - 2.6 GHz 14 Core) q
“ntel
128 GB DDR4 per node te

Intel® True ScaleTM 12300 —

Lustre filesystem version: Intel Enterprise Edition for Lustre (175T)
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Wall Times and speed-up of the parallel alignment 93X WG pe
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Speed-up / BWA MEM (8T)

Aligning 95%

100 200 300 400 500
Number of cores

:> Now the alignment is CPU bound

Memory impact < 2gb per jobs

600 700
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 Sorting

.gz
:> Alignment
1 WGS 30X
20h with 8 threads
BWA
ceceaec

HATTCGCG WATTCCCG

...HATTCGCGG CATTCCTGA...

Coordinates

SAM file
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Sort

2h with 32 threads

Samtools

|

read 3
read 7

Sort

read 2
read 6

Temporary files
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Variant calling

Merge
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>5 jour

VCF

:>Mo

read 2
read 3
read 6
read 7

>

Compress

Temporary files

BAM file
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‘ Staging

in

QDR InfiniBand Network
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BCCACAGGCCATTCAGCGT AAGTT
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Parallel scratch
(64 OSTs, 3gb stripe)
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* Bitonic sorting

Lustre striping size

Contigues _Tri_ Client Contigues Compression
Block reading Indexing  bitonic  cache blocks Contigues block writing
Offset 3 .
~— Offset7 ™ ~ — —
Offset 2 . —
Offset 6 Bruck
— Offset 5 — — Theorem .
Offset 4 .
:> Oﬁset 5 :> :> Bruck et al. 97
Offset 1 . —
Sam text file MPI_send_recieve I\D/lelétla_-gﬁee_ view mg::\llzvirlﬁe_igltl_w ew

MPI_read_all

Repeated reads
local data
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Walltime and speed-up of mpiSORT compare with Sambamba on 32 threads
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10x/34 20X/74 30M/128 40X/145 50x/182 60X/ 218 TOX/ 256 BOX/ 292 90x/380
Coverage [ number of cores

25 minutes for sorting a 120X (1,2 TB) with 512 cpu, RAM per CPU < 4Gb
K\ : 2%
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32 threads

|

Wall time * (nb cores)

y

Coverage | Sambamba (5) I mpiSort (s) CPUs | speed-up efficiency (%)

10X 1875 484 36 3.87 T0.96
20X 4058 602 T4 6.74 65.69
30X 6030 6R7 128 877 54.42
40X 2166 a354 145 9.56 52.61
S0X 10222 10040 182 10.22 4436
HOX 12590 1134 218 11.1 IR63 Analyse of Sorting algorithm for 93X WG
TOX 14452 1246 256 11.59 30.69 Sorting 4%
BOX 16625 1341 292 12.39 22.44 Parsing 17%
90X 24860 1574 380 15.79 14.94
120X fail 1836 512 X X
Bruck 20%
Writing 31%
Compression 21%
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Lustre configuration

max_cached mb: 48301
max_read ahead mb=40
max_pages_per_rpc=256
max_rpcs_in_flight=32

File striping

Ifs setstripe -s 3g -c 143 .
MPI tuning info

MPI_Info_create(&finfo);
MPI_Info_set(finfo,"striping_factor","143");
MPI1_Info_set(finfo,"striping_unit","1073741824");

MPI_Info_set(finfo,"access_style","read _mostly");
MPI_Info_set(finfo,"nb_proc","143");
MPI_Info_set(finfo,"cb_block size","1073741824"),
MPI_Info_set(finfo,"cb_buffer_size","1073741824");

g_ >
20/09/2016 <zl lnserm v al) _
institut "o (\\'\‘./ %{

Institut national
de la santé et de la recherche médicale Teﬂh



institut

2 major bottlenecks hamper the scaling of NGS analysis : the IO and memory

Lustre has the ability to efficiently share files across the network enabling the
alignement to scale thousand of cores

The striping tuning of Lustre give me the ability to align the chunks of the file to
sort and improve the performance

The low latency fabric enable new parallel algorithms (Bitonic Sort)
implementation

Challenge new architectures (Intel Broadwell)
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- From Institut Pasteur : D
« Nicolas Joly Institut Pasteur
- From TGCC :

» Claude Scarpelli

- From Intel

 Gabriele Paciucci, Kristina M Kermanshahche (\'\/‘-e-\?

—  From Institut Curie :

» Philippe Hupé (Supervisor), Francois Prud’'Homme (IT), Maxime Chevailliot(IT)

- From University of Paris Descartes

* Nicolas Fedy, Leonor Sirotti, Thomas Magalhaes, Paul Paganiban HRJFll\I/SEElSEgCE/B\RTES
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« Curie architecture

1280 cores
8TB

4 ¥ DL585 with :
B4 A0 cores
286 GB memory
3.3To scratch

4 ¥ OL585 with :
42 A0 cores

256 GB memaory
3,3To scratch

Submit node

106G for each node

i

. 84

i ol
Users

100G for each node

BeeGF S storage on 16 blade = 16T

2 ¥ 18 blade with :
16 INTEL cores
128 GB memory
1To scratch

106G for & blades

adl/

2 ¥ 16 blades with :
20 INTEL cores
128 GB memory
1To scratch

II\IIZIG for 8 blades

20GE bandwith (40 soon)
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 Exemple of Intel clinical architecture

NextGen Vendor
Systems

E
‘i

2Gb

Local Disk (Filer)

2Gb

fii-

Lustre

FDR IB

| ocal Disk (Filer) - 1536 Cores
* FDR Infiniband
= 10 Gb Ethemet
= 1Gb Ethernet
- - 2 x 768 GB RAM SMP Nodes
FDR B = 30 TB NFS storage
2G CIFS to Lustre = 600 TB NAS storage
Gateway
Local Disk (Filer)
50 - 100 GB 100 - 200 GB
c S e | b [Aligned Reads ||
2-7TB 200 - 300 GB s refersnce 1-2GB
seguence and align
[~ [ Images ||[ & [ Intensities || T e | = [ Mutations ||
match and multi-match
Idantify SNP,
Register Cluster Process intensities insertions, deletions,
locations and edges to call base rare varients,
Select representative Calculate quality translocations,
pixels score for base call haploblocks, etc
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