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NGS in personalized oncology
Structure of the talk

—NGS projects

—Infrastructure, cloud

—Pipelines and software
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Data flow at DKFZ
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Palicies and Guidelines  Modis

ICGG Geal: To obtain & comprehensive.
description of genemic, transcriptomic and
e

ICGC Goal: To obtain a
comprehensive description of
genomic, transcriptomic and
epigenomic changes in 50
different tumor types and/or
subtypes which are of clinical
and societal importance across
the globe.

Malignant Lymphoma
Germany IR

15/May!2014 - The ICGC Data Cagrdinaton Cerier (DCT)
s s 10 announce |CGC dats portsl data rekease 16

Pediatric Brain Tumors
Germany [_]

1. PedBrainTumor: Coordinated at DKFZ (Lichter/Eils)
— Pilocytic astrocytoma (most common pediatric brain tumor)

— Medulloblastoma (most common malignant pediatric brain
tumor)

2.  Prostate Cancer - Early Onset: Coordinated at DKFZ & University
Hospital Hamburg (Stiltmann / Sauter)

3.  Malignant Lymphoma: Coordinated at Univ. Kiel (Siebert), DKFZ
respensible for data analysis and data management (Eils)
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The NGS data flood from 3 German ICGC projects
Status end of 2014

WGS* WES* RNAseq Mate-pair* WGBS*

PedBrain-Medulloblastoma 599 53 174 232 62
PedBrain-Astrocytoma 316 - 94 10 -
Early Onset-Prostate 99 38 39 97 -
Malignant Lymphoma 232 12 106 8 35
Glioblastoma 101 10 29 8
- *Tumor and normal counted separately
E all data
[y —— Ll - only main data types shown

% 1600 Lymphoma

data

1400 Prostate

- combined for all 3 ICGC projects
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dkfz.hipo: Precision Oncology

Molecular profiling
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Clinical Validation of
Pati I stk toc interpretation of immediatel o e umot T
. e . | | I |
atient enroiment asservation and bioinformatics Ip S e & -y board reatment
. . m r ion
processing analysns olecular data ctionabie lesions

Diagnosis Biopsy and blood with- Exome and transcriptome - Literature research - Certified laboratory Clinicians, translational - Targeted therapy
NCT MASTER consent drawal high throughput - Data quality assessment - Sanger sequencing, FISH, oncologists, bioinformati- Combination therapy

- Pathological diagnosis sequencing - Target identification etc. cians, scientists, case NCT MASTER trial

- Biobanking - SNVs, CNVs, indels - functional validation and - Target Identification management -NCT TS

- Analyte extraction and QC | | - Fusions, expression further investigation of - Reporting of important - N-of-1 Trial

- Germline (e.q. TP53, molecular results lesions -S0C
BRCA1) - continuously learning - Suggestion for clinical
system action

- GUIDE - Secondary validation

e Mission: Bringing Genome Sequencing to the Patient
* Currently 50 projects selected including glioblastoma, pediatric cancers,
CLL, sarcoma, gastric, colon, prostate, pancreatic, lung, breast and
head/neck cancer
e 2015 1500 pat. /year, 2016 2500 p. /y, 2017 3500 p. /y,
t * Goal: providing sequencing profile to each cancer patient (20.000 p.a.)
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Goal: Genomic Cancer Medicine

i}

: > o )

blood sampigermline DNA CATC oy =
2 M -

W seq'uencmg at

tumor sampleumor DNA high coverage Y

computational
comprehensive analysis

]
/[_ ‘ PF{-SO??"_’B ”) <_-:
( \ report T i
\ L T e : % 4 N /1 4

L

\ \ el L\ / ,l

[gwded therapyJ —<——=— ( predict specific W
decision :::t:::::*t —=— | Vvulnerabilities of il

= = = the tumor spectrum of

NN S / somatic mutations

T Gaant ClSIRUUS GICT T

—




Inform INdividualized Therapy F
250-300 cas

psed Malignancies in Childhood:
sibilty study

Charité Universitatsmedizin Berlin
erin

Universitatsklinikum Carl Gustav Carus der

Dresden Technischen Universitdt Dresden,

Max-Planck-Institut fiir Molekulare Zellbiologie und Genetik,
Helmholtz-Zentrum Dresden-Rossendorf

Essen/ Westdeutsches Tumorzentrum
o am Universitatsklinikum Essen,
Dusseldorf Heinrich-Heine-Universitit Diisseldorf

Universitatsklinikum Frankfurt am Main,

Frankfurt/ Johann-Wolfgang-Goethe-Universitat Frankfurt,

Mainz Georg-Speyer-Haus, Krankenhaus Nordwest Frankfurt,
Universitatsmedizin der Johannes Gutenberg-Universitat Mainz

Tumorzentrum Ludwig Heilmeyer - Comprehensive Cancer
Center Freiburg, Albert-Ludwigs-Universitat Freiburg,
Universitatsklinikum Freiburg und Max-Planck-Institut Freiburg

Ludwig-Maximilians-Universitat Munchen,
Minchen Technische Universitat Miinchen
Eberhard Karls Universitat Tubingen,
Tibingen Medizinische Fakultat, Universitatsklinikum Tubingen,
o Mathematisch-Naturwissenschaftliche Fakultat
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Genome Profiling Core Facility (GPCF)

O

Equipment N
* 14 lllumina HiSeq 2000 / 2500 ‘
e 2 lllumina MiSeq

. 1454 FLX =
. E ]_/_j;_,___, ,
* 2 HiSeq X, 8 more in 2015 (some

old HiSeq will go...)
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Some Petabase

numbers

Sequencer are the data producer
One Genome has roughly 3 Gbases
3.000.000.000 Bases
The standard coverage
rate is 30x to 40x
One sequenzed genome
requires 100 GBases

-
ST .
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— Raw data,
Calls, results, Sseverg]

Methylom seq, RNA s
small RNA seq, othersigzqs,i -’.—r%:i';r.'r : PEta byte

— 20 bytes per base: numbers

= 2 TB each genome =

. quire -4 ! ' : 1
. 2500 WG5S re : ; (science)
. ace . :
8-7093 diskS o;f go=rE

r :
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The HiSeq X Ten contains 10 sequencing systems.

X Ten technology

Population Power

Composed of 10 HiSeq X Systems, the HiSeq X Ten is the first sequencing
platform that breaks the $1000 barrier for a 30x human genome. The HiSeq X Ten
Systemn is ideal for population-scale projects focused on the discovery of genotypic
variation to understand and improve human health. It can rapidly sequence tens

of thousands of samples at high genome coverage, delivering a comprehensive
catalog of human variation within and outside coding regions.

+ Tens of thousands of whole human genomes per year

+ $1000 human genome, including depreciation, sample preparation, and labor

Fa$i0thpatiegesnopmatd3lky in WGS
In¥ BBricytarfolllynrdtvodatauwasé Dollars requested

Bi6® Billyesebychytperience
Diskingacep-lietWeRB pkinivad rése axgleamadipractice
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Analysis of big data
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CTTGCTCGTGGTGAATCTTGTGCTCTTGAAGAT
GCTACTGCTTTTGCTTGTATTCTTATTACTTAT
CTTGCTCGTGETGAATCTTGTGCTCTTGAAGAT
GCTACTGCTTTTGCTTGTATTCTTATTACTTAT
CTTGCTCGTGETGAATCTTGTGCTCTTGARGAT
GCTACTGCTITTGCTTGTATTCTTATTACTTAT
CTTGCTCGTGGTGAATCTTGTGCTCTTGAAGAT
GCTACTGCTTTTGCTTGTATTCTTATTACTTAT
CTTGCTCGTGETGAATCTTGTGCTCTTGAAGAT
GCTACTGCTTTTGCTTGTATTCTTATTACTTAT
CTTGECTCETGETEARTCTTIGTGCTCTTGRARAGAT
GCTACTGCTTTTGCTTGTATTCTTATTACTTAT
CTTECTCETGEIGARATCTTG TGO TCTTCGARGRT
GCTACTGCTITTIGCTTGTATTCTTATTACTTAT
CITGCTCETEETGAATCTTGTGCTCTTGARAGAT
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Sreoe e

L

Large Scale

Data Facility

RNA Genome  Methylome Small RNA
Sequencing Sequencing Sequencing Sequencing
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Bioinformatics Infrastructure without

BioGuant

BQ Cluster
FS:7?

oils&labs

details
Thi Cluster — HPC
Cluster
Existing TBI
New TBI Cluster Temporary
Cluster BM extension
IBM, Sun, HP 28 nodes 800 Intel Cores
73 nodes, 1200 cores 4 Conveys 1782 cores Leihgabe von
AMD, xB6 per 4 FPGAs Open Suse 13.1 Fujitsu
Open Suse 11.4 32 GB FPGA Memory 3 month
10 Gbit Eth — haugg_n_gj;ﬂmk
;'.C.] DKFZ Router
'—NﬁiM Dl: Network (Backbone, max. 40GBit)
/ 410 Gbi D ]
MidTerm LSDF Isllnn
Isilon Isilon PanCancer FS
- 21 nodes, NL 400 Isilon
CorEFacglw {;; PeF) pata 576 disks 9 nodes, NL 400
o noces LSDF DKFZ ~6PB (2,3 not yet 224 disks
82078 IBM SONAS availible) ~11p8
(2 55D per node
caching) @ Ca. 1000 disks self-encrypted self-encrypted
self-encrypted disk "2,5P8 disk 9 disk  [#9]

LSDF BQ
IBM SONAS
~4,2 PB

dkfz.



Thi Cluster Infrastructure
LSDF DKFZ LSDF Isilon PanCancer FS LSDF BQ

( 10 Gb!t_ﬁ:h - Hausnetz 0

IS
1 Gbit connection

Connection per node :
2 x 1GBit redundant
{existing and new Thi Cluster,

=== E == ] TARGET

4 % 10 Gbit
connection to the

house-network Redundant 10 Gbit

_ rrm.'it(:h&!.. have not been

Redundant 10 Ghit per GW 12%10 Ghitpipes  h_  delivertyet Redundantm Ghit pro GW
, between the DCs -
b x Gateway 4 x Gateway
o ” Planned: connect the
40 Ghit Infiniband optical cables 40 Gbit Infiniband
e \_{infiniband, 40GBit) / Thi Cluster — HPC Cluster \
/ 2 Conveys \ i / 2 Conveys
Factors which
each 4 FPGAs L each 4 FPGAs
; prohibits the 32 GB FPGA memory X-Ten Cluster
32 GB FPGA memol i
r‘r T @i T IBM, 18 nodes, 1152 cores, 256 RAM
cluster: per node
Existing TBI Cluster New TBI Cluster per node 64 cores, 2 units per node
(nodes will be migrated in the new 1.) network limitations IBM, 28 nodes, 1782 cores, 256 RAM
infrastructure ) 2.) kilowatt-limitation per node, Open Suse 13.1
IBM, Sun, HP, 73 nodes, Open Suse 11.4 sourced by the Per node 64 cores, 2 units per node .‘\ /
1200 cores AMD, x86, 256 RAM per T DR A e
node (2 nodes with 1 TB RAM) 3.) floor load

Per nodes 32-38 Cores, 2unites per

\ nodes (116-20 nodes with 4 units) / \ / Temporary extension

800 Intel Cores
Loan from Fujitsu
As soon as the new Thi Cluster is ready, some nodes of the existing Tbi Cluster will be switched off, some will be intergrated 3 month

into the new TBI Cluster.
Some nodes will be moved to the room 2.127.

\\ room 2.127 — 6 racks room 3.323 — 4 racks DCTP3 /

o olls&élaps dkfz.




Dataflow_on_infrastructur_BWA_MEM

A2
Thi Cluster — HPC
Cluster
Existing TBI T
New TBI Cluster emporary
Cluster BM extension
IBM, Sun, HP 28 nodes 800 Intel Cores
73 nodes, 1200 cores 4 Conveys 1782 cores Leihgabe von
AMD, x86 per 4 FPGAs Open Suse 13.1 Fujitsu
Open Suse 11.4 32 GB FPGA Memory 3 month
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BQ Cluster
FS:7?
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Mir.iTerm
Isilon

CoreFacility (GPCF) Data

6 nodes
~850TB
(2 5D per node

caching) @

self-encrypted disk '

BioQuant

0RO,
@

DC Network (Backbone, max. 40GBit)

LSDF DKFZ
IEM SONAS

Ca. 1000 disks
~2,5PB

LSDF Isilon
Isilon
21 nodes, NL 400
576 disks
~6PB (2,3 not yet
availible)

self-encrypted

disk =

Et

Genome data from external

Aspera over Internet

sequencing Facilities

PanCancer FS
Isilon
9 nodes, NL 400
324 disks
~1,1PB

self-encrypted

disk @

Uninetwork

Genome data from internal Sequencing

CoreFacility (GPCF)
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Cloud approaches

The PanCancer Project

e Goals:

— Characterization of commonalities, differences
of cancer types

— Understand what’s going on
in the 95% of the cancer genome
that isn’t protein-coding
— Non-coding RNAs
— Regulatory elements

— Amplifications/deletions &
other structural changes

* Resources:

— >2500 whole genome tumor/normal pairs
from ICGC and TCGA

— 15 working groups
— 130 research subprojects

\ | i | |
B\,ﬁ clls
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Phase II: Synchronize Alignments &
Mutation Calls

Aligned Reads (500 TB)

University of Chicago DKFZ, Heidelberg  European Bioinformatics Barcelona IMSUT+RIKEN, ETRI,
Bionimbus Protected Data Institute, Hinxton UK Supercomputer Tokyo Seoul
Cloud Center

I I I I ]

- Mutation Calls (10 TB)
m@ els#lobs dkfz.




Cloud Approach
PanCancer ¥ ¥ ¥Y ¥Y Y

University of Chicago  DKFZ, HeidelbergEuropean Bioinformatics  Barcelona IMSUT+RIKEN, ETRI,
Bionimbus Protected Institute, Hinxton UK Supercomputer Tokyo Seoul
Data Cloud Center
ICGC Researchers and Workihg GroL;x I
o ) A )
a ' ' r ‘

VMs (heavy-weight)
o o

/ &) vmware
a
< openstack
=
o
_—
a

- \I y
Pipeline w Roddy ‘* Framework /

docker Platform

_Container (light-weight)
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The ICGC Pan-Cancer Project:
Participation of eilslabs / DKFZ

/

dkfz. éﬁlﬁberme Cancer Genome Atlas (-
\_ t

/\

Genomes (top 3 centers)

N

ICGC

b
w

: L N
Variant Calling Pipelines

dk‘fz.
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Bionimbus

Data and Computing Centers
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Co-Lead of ICGC Pan-Cancer Working Groups

Pathogens in cancer (R. Eils, P. Lichter, DKFZ and Xiaoping Su, MD

Anderson)

Integration of epigenome and genome (B. Brors, C. Plass, DKFZ, and

Peter Laird, USC)
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Cloud Approach de.NBI

Sequence Comparative Biomedical

Analysis Omics Omics Annotation

CiBI CiBI
BiGi Biolnfra.Prot

BiGi GCBN
NBI-SysBio
Databases

CiBI BiGi
RBC

RBC CIBI BiGi GCBN
NBI-SysBio RBC DM node de.NBI coord.
GCBN Bioinfra Prot
. Data
CIOUd. Virtual./ Management Training
Computing Workflows Tools

B\ﬁ eils&labs dikfz.



Data flow at DKFZ
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NGS in personalized oncology
Structure of the talk

—NGS projects

—Infrastructure, cloud

—Pipelines and software
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OTP: Central research platform

Project
organization

e/

All processes /
| interventions ||
W |are book-kept |l




OTP: processing fr:

Number of projects in OTP

Number of sequence lanes registered in OTP

PRI - .,f-"/
[] e /
f : f’/
| L e [
a . Py 1700
L
PROCESSES P R PR TR EE }‘n e PR E TS LS #_\« SR
Enable auto refresh Samples by in OTP Number of projects using sequencing technologies in OTP
WHOLE SENONE BSUTE AGUENTATON 1% P a1 4
Workflow Count Count of Failed Last Success B
Exon %
QualityAssessmentWorkflow 186 1 Fri Sep 13 2013 o caowe =
Q ConveyBwaAlignmentWorkflow 185 1 19:25:52 T s
Q‘ FastgcSummaryWorkflow 637 15:43:54 Thu Aug 012013 1 sec 248 msec

*  Processing frameworks for huge NGS projects:
— Project organization

Data preprocessing:
Copy fastq files
Upload meta data

NGS Data Workflow

— To speed-up: All routine jobs run automatically

'F'rocgesmw-\
Align W

— No more manual shell scripts s Merging bam file
Validation and Validation
— 1 1 Align and sort reads with BWA B — ( : 2 z N =
Alignment and QC done by pushing a buttom L e e ane s e ) =
. . . l Create index file J_’E‘;};;J ; e
— Automatic information when a process was broken . r — ([ Creseindexfie J—s{soma]
[ Remove duplicates => bam file }—’Lilggﬂ T
-2 1 — ] ( Execute Samtools flagstat,
l Creas T dexiile ’_’@'ﬂ | calculate structural variation and
Execute Samtools flagstat, ‘ insert size distribution
calculate structural variation | on bam files
and insert size distribution ( I
on bam files L Quality control analysis (plots) J
L |
— ﬁ;rg;\§\\ Yes

Further Analys
SNV Calling
Mutation Analysis

" Alignment
Finished
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Processing of NGS data
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processing of 30x whole genome from raw data
to variant calls in <48 h

accelerated by:

— streamlined process (e.g. merge + mark duplicates
in one step)

— use of pipes to avoid I/O (input/output: here writing
to / reading from disks)

— hardware-accelerated alignment (Convey)

SNVs DKFZ SNV pipeline

Small Indels Platypus pipeline
(Rimmer et al.)

CNVs ICGC ACEseq

cils&labs dkfz.



Example of acceleration : Convey HC-2

‘ CONVEY

. FPGA-based Co-Processor
BWA Personality (4 x Xilinx Virtex 5/6)

AEs - 16 AUs

Result

Stack Alignment Memory Crossbar
able Entries Results

Memory Data Structures

* Implemented in hardware on coprocessor FPGAs
* 64 alignment units with 32-stage pipeline = 2048 simultaneous alignment operations

* 20x speed-up compared to alignment with 8 cores

* saves 800 CPU-hours per whole genome pair (tumor + control)
\ FI duces start-to-end-time of QC-pipeline from 62 hours to 38 hours on average

o eils&labs dicfz.




Overview about projects, samples
Organizational issues

* Typical obvious questions:

Which sequencing type was done on my sample?

Was the sequencing deep enough, how big is the coverage?
Where is my smaple actually processed?

Where is my data?

What'’s going on?

What are the results of my NGS experiment?

oils®lobs

dkfz.



More important issues

* Typical not obvious questions:
— Who has the permission to distribute the data?
— Who can be asked?
— Whom has the data given at which time?
— Has person xyz inhouse the permission to access the data?
— Who is responsible: the coordinator, the PI, the Professor
— |s sequencing data personalized data?

* These aspects are often underestimated
* => Big or many projects lead to communication stress
* => Data privacy, policies and ethic rules

N
\ [ cilses
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