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Auszug aus dem Papier zur Dateninfrastruktur
(AG3, Sprecher: Berlage, Haack)

.[-.] Genom-Rechenzentren als | T-Dienstleister fur die Speicherung und bioinformatische

Verarbeitung genomischer Rohdaten unter fachlicher Steuerung der Leistungserbringer bzw. ihrer
Bioinformatik. Die geplante Ausweitung der Gesamtgenom-Sequenzierung in der Krankenversorgung wird zu
einem steigenden Bedarf an Speicher- und Verarbeitungskapazitaten fir die dabei entstehenden Daten flhren.
Hinzu kommen labortechnische Weiterentwicklungen (bessere genomische Abdeckung, long-read
Verfahren), die diesen Bedarf zusatzlich erhéhen. Sowohl aus 6konomischer Sicht als auch zur
Sicherstellung der fur eine Versorgungsnutzung erforderlichen fachlichen Expertise ist die Zentralisierung von Teilen
der Hard- und Software in genomDE daher mittel- bis langfristig unumganglich. Die Genom-Rechenzentren sind
verteilt, aber technisch und logisch stark integriert, sodass sie eine einheitliche Speicherung und Verarbeitung der

Daten unterstitzen konnen. [..]"
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Wieviel Speicherplatz und Rechenleistung
brauchen wir?

Die (zu) einfache Antwort: S( i(‘ Nnce Ilflul I-e

hum

1. Das Genom ist circa 3 Gigabasen,
2. Unterschiede betreffen ca. 1%,

3. jede Zelle hat das gleiche Genom,
4. eine Base braucht ca. ein Byte und
5. mit Dragen

=> beno6tigt man weniger als 1h fur die Prozessierung und 1GB Speicher.

genomy, DE



genomoe



illumina

L I



SAMPLE PREFARATHIMN

>

2. CLUSTER GEMERATION

—

3, SEQUENCING BY SYNTHESIS
=

4, PAIRED-END MODULE

5. DATA ANALYSIE

=& hours (=3 hours hands-on)

Sampla collaction, genomic D& shaarsd
M snd-rapant
T T ir_;.ﬁllr_lr.

=% hours (=10 min, preparation)

Flaw eall anied r\.rn--| Mad reagants |:|.'.||:.r||! IAlE
Cluster Station

Samples applied to fiow oell

Complate walk-mway sutomatian

5 days tor 2 = 35 bp [-10 min. preparstion)

Flow call mnd pre-fiflad resgents placed on
seRame .|'|.ll:|J:r':nr
Camalata walk -AWEY aUtomation, Weluelng

support for longer neada

Afd-an moduls for sutomated P e g ﬂ!lllll'll-l':"
Cocand read prepared and seguenced while
ffow coll remains on Gonome d&nalyzer

1-2 days

Heal-time image analysis

Data tramf

ar o sulomated .||r|.||:|l1||l. Gipalkea
Eulomated baie |:I-||I-'||:|
Faired-and alignmmant

Falymorphism detection




) 4

How much storage did a GS from Genome Analyzer need?

In each cycle, the flowcell is imaged in a series of non-overlapping regions. The number of
regions (known in lllumina terminology as ‘tiles’) depends on the device configuration. The
default configuration for a Genome Analyzer 2 is 100 tiles per lane, where there are eight lanes
per flowcell. Tiles are separated by a margin to prevent clusters being imaged multiple times. The
flowcell is moved under the camera in order to image each tile in each cycle. Therefore, during
each cycle 800 tiles are imaged in four channels. Runs are typically around 37 cycles producing a
total of 118 400 images. Each GA2 image is a 2048 x 1794 pixel 16 bit grey-scale TIFF
(though only 12 bits contain data). Each pixel covers ~ 0.14 u2 of the flowcell and ~ 9 pixels

comprise one cluster object.
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PERFORMANCE PARAMETERS*

READ RUN TIME  # OF READS HIGH-QUALITY HIGH-QUALITY OUTPUT BASE CALLS PER BASE READ % PERFECT

LENGTH* (DAYS) (PER FLOW CELL) OUTPUT (GB)* (GB PER DAY)* WITH Q = 30 ACCURACY READS
1x35bp ~25 138-168 million 4.5-6 ~1.8-2.4 70-85% > 99% = 90%
2 x 35 bp ~ D 138-168 million 2.5-11.5 ~-1.9-23 70-85% = 99% = 90%
2= 50bp ~ 8.5 138-168 million 13.5-16.5 ~ 2.0-2.5 70-85% > 98.5% = 80%
2x75bp ~ 95 138-168 million 20.5-25 ~2.1-2.6 = 70% > 98.5% = 70%
SAMPLES

Throughput: eight channels per flowcell, up to 12 samples per channel
Input requirement: 0.1-1.0 pg (single- and paired-end reads), 10 pg (Mate Pair reads)

Genomic DNA sample prep: 3 hours hands-on, 6 hours total for single or paired-end libraries
Flow cell: Genome Analyzer,, uses 1.4 mm channel flow cell

Die ehrliche Antwort vor 10 Jahren mit dem Genome Analyzer brauchte ein 30x Genom:

>2 Wochen

>10 TeraByte



Uneven primer lawn, substrate peeling (when the Peltier block failed)




Fail Mode: Tile Out of Focus
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A distorted focus dot usually precedes a tile that is out of focus

Possible cause: Qil or reagent (leaking from manifold) on surface of flow cell

Possible cause: Problem with focus laser

Possible cause: RTA cannot process the tile due to extreme density
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Sequence analysis
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ABSTRACT

Motivation: Primary data analysis methods are of critical importance
in second generation DNA sequencing. Improved methods have
the potential to increase yield and reduce the error rates. Openly
documented analysis tools enable the user to understand the primary
data, this is important for the optimization and validity of their
scientific work.

Results: In this article, we describe Swift, a new tool for performing
primary data analysis on the lllumina Solexa Sequencing Platform.
Swift is the first tool, outside of the vendors own software, which
completes the full analysis process, from raw images through to base
calls. As such it provides an alternative to, and independent validation
of, the vendor supplied tool. Our results show that Swift is able to
increase yield by 13.8%, at comparable error rate.

Availability and Implementation: Swift is implemented in C++ and
supported under Linux. It is supplied under an open source license
(LGPL3), allowing researchers to build upon the platform. Swift is
available from http://swiftng.sourceforge.net.

Contact: new@sgenomics.org; nava.whiteford@nanoporetech.com
Supplementary information: Supplementary data are available at
Bioinformatics online.
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Bioinformatics systems, apparatuses, and methods executed on an integrated circuit processing platform
Patent number: 9519752

Abstract: A system, method and apparatus for executing a sequence analysis pipeline on genetic sequence data includes
an integrated circuit formed of a set of hardwired digital logic circuits that are interconnected by physical electrical
interconnects. One of the physical electrical interconnects forms an input to the integrated circuit connected with an
electronic data source for receiving reads of genomic data. The hardwired digital logic circuits are arranged as a set of
processing engines, each processing engine being formed of a subset of the hardwired digital logic circuits to perform one
or more steps in the sequence analysis pipeline on the reads of genomic data. Each subset of the hardwired digital logic
circuits is formed in a wired configuration to perform the one or more steps in the sequence analysis pipeline.

Type: Grant

Filed: January 5, 2016

Date of Patent: December 13, 2016

Assignee: Edico Genome, Inc.

Inventors: Pieter Van Rooyen, Robert ). Mcmillen, Michael Ruehle
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[llumina buys start-up Edico Genome for $100M to
help speed up genetic analysis

r —
BY MIKE FREEMAN T . Yevemy
MAY 15, 2018 5:08 PM PT y'u

San Diego's Illumina has acquired data processing technology start-up Edico Genome
for $S100 million to accelerate efforts to make genetic testing more widely accessible

in evervday health care.

The deal brings together two companies that already have substantial links — a vast

majority of Edico’s customers use [llumina’s gene sequencing machines.

coming to San Diego

July B 2023
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ABSTRACT

We now need more than ever to make genome analysis more intelligent. We need to read, analyze, and
interpret our genomes not only quickly, but also accurately and efficiently enough to scale the analysis to
population level. There currently exist major computational bottlenecks and inefficiencies throughout
the entire genome analysis pipeline, because state-of-the-art genome sequencing technologies are still
not able to read a genome in its entirety. We describe the ongoing journey in significantly improving
the performance, accuracy, and efficiency of genome analysis using intelligent algorithms and hardware
architectures. We explain state-of-the-art algorithmic methods and hardware-based acceleration
approaches for each step of the genome analysis pipeline and provide experimental evaluations.
Algorithmic approaches exploit the structure of the genome as well as the structure of the underlying
hardware. Hardware-based acceleration approaches exploit specialized microarchitectures or various
execution paradigms (e.g., processing inside or near memory) along with algorithmic changes. leading
to new hardware/software co-designed systems, We conclude with a foreshadowing of future challenges,
benefits, and research directions triggered by the development of both very low cost yet highly error
prone new sequencing technologies and specialized hardware chips for genomics. We hope that these
efforts and the challenges we discuss provide a foundation for future work in making genome analysis

maore intelligent.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY license (hop: //creativecommons
org/licenses/by 4.0/},



187,03 uso

+167.45 (855.21%) + all time

Closed: 5 Jul, 17:00 GMT = Disclaimer
Pre-market 187,03 0,00 (0,00 %)

1D 5D 1M 6M YTD 1Y 8Y Max
600

75,28 USD 5 Jul 2013

400

200

0 e I I | I I | I
2004 2007 2010 2013 2016 2019 2022

Open 188,00 Mkt cap 29578 CDP score A-

High 189,00 P/E ratio - 22-wk high 248,87

Low 184,56 Div yield - 22-wK low 173,45



187,03 uso

+167.45 (855.21%) + all time

Closed: 5 Jul, 17:00 GMT = Disclaimer I
Pre-market 187,03 0,00 (0,00 %) !

1D 5D 1M 6M YTD 1Y 8Y Max
600

75,28 USD 5 Jul 2013

400

200

0—"= ' | | | | : |
2004 2007 2010 2013 2016 2019 2022

Open 188,00 Mkt cap 29578 CDP score A-

High 189,00 P/E ratio - 52-wk high 248,87

Low 184,56 Div vield - a2-wk low 173,45



) 4

Wieviel Speicherplatz und Rechenleistung
brauchen wir?

Die (zu) einfache Antwort:

1. Das Genom ist circa 3 Gigabasen,
2. Unterschiede betreffen ca. 10%,
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COMPLETING THE HUMAN GEXROME

SPFELCIAL SECTION

RESEARCH ARTICLE

HUMAN GENDMICS

The complete sequence of a human genome
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Since Bs indlal relesse in 2000, the hurman refersnces genome has Grered anly the sucky omatic irsction of
e ganome, leeving important helerochromatic regions unfinished, Addressng the remaining 8% of the
penome, the Telomere-te- Talomere (TET) Consortasm presents & complete 3.055 Bilon-base palr seguencs
af & bumen gerome. TZT-CHMIT, that inchudes gapless sssembles for all chromosomes sscepl Y, comecls
orrors in fhe prior references. amd introduces neary 205 millicn base pairs of sequance containing 1956 gere
predictions, 94 of which ane predicied o be proben coding. The completed regions includs #ll ceniromeric
satelite arrays, recent sepmental duplications, and the short arms of all fave acrocentric chromoesomes,
uridckirg these oomgles s of the genoims o variational s luietonal sidess

hie curreid human reference penoms was | funded Homan Genome Peodect [2) and has
moleased by the Genome Reference Con- | been continually improved over the past two
sortiam (GRC) in 3013 md most recently | decades. Unkike the competing Celera effort
patched in 2010 (GRCRIEPLE) (M This | (3] and mest modern sequencing projects
referenoe tracsi be orgin (o the poblidy | based on *shotgun® sequence essembly (),
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Shnuitaneous profiling

of histone modifica-

tions and DNA methylation via nanopore

sequencing
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Aocapned: T Decembar 3022

Hus Yim'', Ihivuan Xis" ', Moren L, Kel Wang', Kisajing L', Kiecging Theng @ ",
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Thie interpley bevween histone modifications and DNA methylstion drives the
establixhement and maintenance of the cellular ppigenomic landwcape, but i
remairs challenging o Investigate the comples relationship between these
epigenetic marks across the genome. Here we describe & nanopone-sequen-

lization of histone modifications and [NA methylation from single DA
mdecubis. nanoHve-soq leverages 4 nonspeciic metydtransfermse to e
genoisly Bbel adenine bases prosimal 1o antibody-targeted mosdified
nacleomomes in sitw. The labefled sdenines and the endogenoom: methylaoed
Cpii sites are simuitaneoisly detected on ndividual nanopore resds using 4
hidden Markow maodel, which is implemented in the nancHve software
package. We demonstrate the willity, robustness and sensitivity of nanaHiMe-
seq) by poinily profiling DMNA methylstkon and histoss modificstions st low
coverage depths. concurrently desermining phased patverns of DNA methy-
Istion and histone modifications, ard profeng the imtrinsic connectivity
bhevween these cgigenetic marks aonoss the genami.

Histnhe mmedilcsiion il DNA meibylsios se Tundsmenial g
metic maris that concribane o distingn gese expeealn prograem el
Iinleggical hunctiony . Baiead of sciing indoperubesly of cack other,
thete diflferers numbifcataons e chely conesnisd and 10e crovical
hetieren thesn piays 3 cnacis e m e megbindmers of chmmaen

diveray. woih coempley meslification peoerme resuking o disne

WUTATag) snd whole-genome Biusdfe sequencing IWGHES), hae
lwen devebnped o muap epigenenc marks aceows che  Eenaome
Mibsagh they ae powrrful technsgery. idividual mefhests sro ondy

capuabde of peolibng eithes hitone moSfc st or INA metylaion,
andl the relstoembin beewern dese twn Dypes of SHEEncis matio
eerrerrrd By sach fee i b complicated by marry factsn, gueh o
cell populaion betrengeneity and slielespecilic chromann markieg.
Brrentiy, sever ol promeemy bechniogees have been developed o jpantsy
anabae chiomean feanes inothe same DN medeoaies in @ single
avsay Thewr echibigoes include segepndial CRIP bhalfie spiuencing
SChiP-W-seg), CUTE g coupled with tapeeniacen-tesed il fie
seppeencing (CUTATseBSl ond mclkeosome oooupsncy sl
Eethyloife weipening 0 sagle colls (seNORW-RRE . Biwewir,
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Long read genomes
will be less “reference
based” and have new
challenges for
visualization
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Genome sequencing (GS) can identify novel diagnoses for patients who remain undiagnosed after routine diagnostic procedures,
We tested whether GS is a better first-tier genetic diagnostic test than current standard of care (SOC) by assessing the technical and
clinical validity of G5 for patients with neurodevelopmental disorders (NDD). We performed both G5 and exome sequencing in 150
consecutive NDD patient-parent trios. The primary outcome was diagnostic yield, calculated from disease-causing variants affecting
exonic sequence of known NDD genes. GS (30%, n = 45) and 50C (28.7%, n = 43) had similar diagnostic yield. All 43 conclusive
diagnoses obtained with SOC testing were also identified by GS. SOC, however, required integration of multiple test results to
obtain these diagnoses. GS yielded two more conclusive diagnoses, and four more possible diagnoses than ES-based S50C (35 vs.
31). Interestingly, these six variants detected only by G5 were copy number variants (CNVs). Our data demonstrate the technical and
clinical validity of G5 to serve as routine first-tier genetic test for patients with NDD. Although the additional diagnostic yield from
GS is limited, G5 comprehensively identified all variants in a single experiment, suggesting that G5 constitutes a more efficient
genetic diagnostic workflow.

European Journal of Human Genetics; https://dol.org/10.1038/s41431-022-01185-9



DeepGestalt triggered genome sequencing
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Genomic Diagnosis of Rare Pediatric
Disease in the United Kingdom and Ireland
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ABSTRACT

BACKGROUND

Pediatric disorders include a range of highly penetrant, genetically heterogeneous
conditions amenable to genomewide diagnostic approaches. Finding a molecular
diagnosis is challenging but can have profound lifelong benefits.

METHODS

We conducted a large-scale sequencing study involving more than 13,500 families
with probands with severe, probably monogenic, difficult-to-diagnose develop-
mental disorders from 24 regional genetics services in the United Kingdom and
Ireland. Standardized phenotypic data were collected, and exome sequencing and
microarray analyses were performed to investigate novel genetic causes. We developed
an iterative variant analysis pipeline and reported candidate variants to clinical teams
for validation and diagnostic interpretation to inform communication with families.
Multiple regression analyses were performed to evaluate factors affecting the prob-
ability of diagnosis.

RESULTS

A total of 13,449 probands were included in the analyses. On average, we reported
1.0 candidate variant per parent-offspring trio and 2.5 variants per singleton pro-
band. Using clinical and computational approaches to variant classification, we
made a diagnosis in approximately 41% of probands (5502 of 13,449). Of 3599
probands in trios who received a diagnosis by clinical assertion, approximately
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Fast nanopore sequencing data analysis with

SLOWS5

Hasindu Gamaarachchi " '?*, Hiruna Samarakoon'?, Sasha P. Jenner', James M. Ferguson ',
Timothy G. Amos ', Jillian M. Hammond ', Hassaan Saadat?, Martin A. Smith*#, Sri Parameswaran’

and Ira W. Deveson ' »™

Nanopore sequencing depends on the FASTS file format,
which does not allow efficient parallel analysis. Here we intro-
duce SLOWS, an alternative format engineered for efficient
parallelization and acceleration of nanopore data analysis.
Using the example of DNA methylation profiling of a human
genome, analysis runtime is reduced from more than two
weeks to approximately 10.5h on a typical high-performance
computer. SLOWS is approximately 25% smaller than FASTS
and delivers consistent improvements on different computer
architectures.

in a relatively small reduction in the overall run time of a typical
methylation calling job (Extended Data Fig. 1a); (2) this was due
to inefficient data access (file reading) rather than inefficient data
processing (Extended Data Fig. 1a—d); and (3) the underlying bot-
tleneck was a limitation in the software library for reading HDF5
files, whereby parallel input/output (I/O) requests from multiple
CPU threads are serialized, preventing efficient use of parallel CPU
resources (Extended Data Fig. 1e and Supplementary Note 2).
Parallel computing enables scalable analysis of large datasets
and is central to modern genomics. Unfortunately, our analysis
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Wie viel Speicherplatz und Rechenleistung ?

Die ehrlichere Antwort:
Wir haben immer noch keine komplette Genomsequenz und werden nie eine haben.

Mit long read geht vielleicht von Telomer zu Telomer (T2T), aber danach werden die
Basenmodifikationen interessant (epigenetic signatures)

FGr Nanopore Daten gibt sind wir erst am Anfang in der Hard/ Software Optimierung
= Das ist der Grund fur Genomrechenzentren”®

*) Finanzierung mindestens mit 20% der fur das GS vergUteten Summe

genomy DE
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Wie viel Speicherplatz und Rechenleistung?

Die pragmatische Antwort:

FGr Illumina short read 30x WGS
. 100 GB
« Biszu 1 MWh (life cycle costs mit Kihlung tber 10 Jahre)

FOr long read and everything more advanced

o > 1 TB
. > 5 EURh (Vergleich GPU A100 in Azure)

genomy DE
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