human :

Big Data kihivasok a &
genomikdbam % c 2

Barta Endre
: DEOEC, BMBI, Klinikai Genomikai K6zpont
SCIENCE IN THE

PETABYTE ERA MBK, Mezb6gazdasagi Genomikai és
Bioinformatikai Csoport

barta.endre@unideb.hu
barta@abc.hu




EMBL-Bank Growth
28-Nov-2011
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Adatbazisok és a tarolokapacitas
novekedése (MBK vs EMBL)
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Sequences

1990: MicroVax szerver
— 2x 160 Mbyte HDD — 50 mbp
1993: SUN SparcServer 1000 tes
— 8x 512 Mbyte HDD — 150 mbp 1985 1990 199S>Year 2000 2005 2010
1997: SUN Ultra Enterprise I | —Sequences (229.7 millions) —Bases (373.0 billions)|
— 4x 9 Gbyte HDD -1 ghp
2002: SUN Vire480
— 8x 180 Gbyte HDD — 23 gbp

Szekvencia + annotacio + index
=~ 100 Gbyte

2007: LINUX szerver
6x 500 Gbyte HDD — 100 gbp

2011: LINUX klaszter

8x 600 és 24x2000 Gbyte HDD
— 370 gbp
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MBK kils6 haldzat

e 1991-ben 2400 bit/s modem
Triesztbe

e 1992-ben 9600 bit/s X25
osszekottetés, HUNGARNET!

 1993-ban 19.2 Kbit/s bérelt
vonali 0sszekottetés

 1994-ben 2 Mbit/s
mikrohullamu o0sszekottetés

e 2000-ben 155 Mbit/s ATM
osszekottetés (SZIE)

e 2002-ben 1Gbit/s optikai
Osszekottetes




Adat transzfer szekvenator és a szerver

1 Gbit

C | |
Debreceni Egyetem Orvos-és Egészségtudomanyi Centrum page 501
Klinikai Genomikai és Személyre Szabott Orvoslasi K6zpont R e Sara cememeed
Ve Ve e Prices:
Vezeto‘ Nagy LaSZIO Description Qty UnitPrice Discount Total Price
Laborvezet6: Balint L. Balint Library preparation for HiSeq, Genomic Shotgun 1 80000  10% 720.00
Szekvenalas: Gyuris Tibor és Pdliska Szilard Paredroags shannel 2100 by e ° OA0R00 30R 30,2080
. V4 ° 7 Data delivery on extefnal hard ‘drive (OFEERED) 1 250.00 100% 0.00
. p "
Szerver Horvath Athla es Barta ENdre (up to 500 GB, including handling and shipping)
Bioinformatika: Nagy Gergely, Horvath Attila, Jonas David Subtola:  36,940.80
Swiss VAT: EXPORT 0.00
és Barta Endre TOTAL (CHF)36,940.80

Prices are in Swiss Francs. In Switzerland, VAT of 8% is charged.
Fasteris VAT number: 579 029 or CHE-110.264.966 TVA.

By sending us samples you agree with our Terms and Conditions and you are placing an
order.



Genomika, funkcionalis genomika

 Genomika: A teljes orokité anyag (magi,
mitokondrialis és ha van a kloroplasztisz DNS)
szekvenalasa, a szekvencia annotalasa, elemzése

* Funkcionalis genomika: A gének 0sszességének,
vagy egy-egy csoportjanak a vizsgalata nagy
ateresztOkéepessegl kisérletekkel, amelyek vagy a
genomszekvencia alapjan lettek megtervezve
(microarray, SNP), vagy szekvenalast hasznalnak
(ChIP-seq, RNA-seq stb.)

http://genomika.blog.hu/



Uj generacids szekvenalas elsé publikacid 2005.

*A f6bb modellszervezeteket mar megszekvenaltak hagyomanyos els6generacios
térképez6s maodszerekkel
*Kilonb6z6 genomprogramok folyamatban

Genome sequencing in microfabricated
high-density picolitre reactors

Marcel Marpulies'' Michael Egholm ™ William E. Aliman’, Said AMtiya', Joel S Bader |, Lisa A Bermben

Jars Berha’, Michat! S Braverman’, Yy Chen', Zhoutac Chen'. Scott B. Dewel’, Lev D', Josegh M. Ferro
Xavier V. Gomes’, Brian C. Godwin', Wen He'_ Scott Melgesen', Chun He Ho', Gerard P. lezyk’,

Ssilveszter € Jlando’. Mavia L | Alenguer’. Thomas P, Larvie', Kshama B Jirage ', Jorg-Bam Kim

James R Knight', Jama R Lanza’, John M Leamon’, Steven M. Lefowitz', Ming Lel’, Jing L', Kenton L Lohman'
Homg Lu'. Vinod B. Makhsjans ', Keith £ McDade', Michael P McXemna', Eugene W, Myers

EAzabeth Nickerson', John R Nobile', Ramoma Pant’, Bernard P. Puc’, Michae! T, Ronan', George T. Roth’,
Gary ) Sarkis’, Jan Fredok Simons”, John W_ Simpson’, Maithreyan Srinivasan’, Karme R Tartaro

Alesander Tomass ', Kari A Vogt', Greg A. Volkmers', Shally M. Wang', Yong Wang', Michael P. Weiner'
Pengpuang Yu'. Richard F. Begley” & Jonathan M. Rothbery'

454 Life Sciences Corporation

Nature 437 (7057)
376-380



Moore torvény, Moore genom

* Ujabb és Gjabb technoldgiak
— Complete Genomics (hibridizalas)
— Pacific Biosciences, Helicos egy molekula szekvenalasa
— lon torrent: microchip alapu szekvenalas
— Nanopore technoldgia

Los Angeles Times P>:
“erinside

LOCAL U.S. WORLD BUSINESS SPORTS ENTERTAINMENT HEALTH LIVING TRAVEL OPINION

BREAKING CRIME LA. APPS WEATHER TRAFFIC OBITS COMMUNITY CROSSWORDS COMICS
YOU ARE HERE: LAT Home — Collections — Chip H I C
ADS BY GOOGLE BOOSTER SHOTS: Oddities, musings and news from the B Recommend | 1 S
health world . . . . .
Need Next Gen Sequencing? Cheaper DNA sequencing possible with o Q) o Big Data in Healthcare - Saving Lives with
We're an Experienced Sequencing Lab Computer Chlp teChnOlOgy W Tweet|  Submit 1 - s ®
that can Help Advance Your Research Personalized Medicine
www.ambr com/NextC ; July 22, 2011 | By Marissa Cevallos, HealthKey / For the Booster Shots blog
The race to decode a person’s genome on the cheap got tighter this week. The sequencing company Ion ks s ) )
NextGen Sequencing Torrent announced this week in Nature that it used a $49,500 machine, based on computer chip JU Iy 28,2013 by Rich Brueckner
Ion Torrent PGM Sequencing Service technology, to unravel a full human genome-aptly, using the DNA of Gordon Moore, co-founder of Intel.
I Try Now! P . . .
o Ttrociiciary Rete, Try Now ADS BY GOOGLE In this video, Intel Fellow Eric Dishman shares a personal story of how his 25

www.EpochLifeScience.com

year struggle with kidney cancer was finally resolved through Big Data and
personalized medicine. Dishman’s doctors were able to treat him successfully

after sequencing his complete genome.

For personalized medicine, only 50,000 people on earth have had their entire
genome sequenced. As Dishman describes, this used to take months of
supercomputing time and was simply out of reach for most people. This is
starting to change thanks in part to advances in computing powered by
Moore’s Law.

2013.09.13. Barta Endre 7



Paradigmavaltas
a kutatasban

A ,hagyomanyos”
kutatasi modszer
hipotézis alapu _

A genomika lehetévé S P et o o o o ot ot o o sl
teszi az adatalapu
kutatasokat Siermens B Cormenia dosgn B Sewverdng g oo comont T araeoe

— Akisérlet i |

megtervezése a

fenotipus alapjan
— Adatgeneralas

— Adatfeldolgozas,
szisztematikus
analizis

_ Uj h i p Oté Z i Se k Downstream analyses
fe I a, I I I,ta, S a / f,'f,‘f,’:,’?r',‘\'}?;? f’g:l:rr;' \\ . Pre-NGS Now Future

_ KI/S é r| e ti Va Ii d a, Ci é LT Eh ) (Approximately 2000)  (Approximately 2010)  (Approximately 2020)

[Sboner et al. ( 11) GenomeBiology |



Szekvenalas megjelen
genombongészbbe
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Scale

chr2;
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| ENCODE

Home | Research | Threads | Additional Research | News and Comment | About | Sponsor

THREADS
PRODUCED WITH
SUPPORT FROM

illumina

THREAD OVERVIEW:
Characterization of
network topology
ENCODE data analysis helps to
describe the various types of
regulatory ‘wiring' implicitin the
genome




ChlP-Seq analizis pipeline

Reads / tags
(fastq format)

Burrows-Wheeler
Hypergeometric Alignment Tool
Optimization of

Motif EnRichment

Model Based
Analysis for
findPeaks(bed) makeTagdirectory ChIP-Seqdata

bedgraphs makeUCSCfile
motif logos findMotifsGenome

meta-histograms annotatePeaks bash. bedtools
’

awk, mergeBed

J

/ metagenes
Differential Binding
Analysis of ChIP-

Seqpeak dats

rpkm-like table ¢ bed

intersectBed,

edgeR, limma awk, sed...

Functional annotation + GRO-Seqtags
of binding and
modification loci

+ eTr-s (GRO-Seq)

Clusters, Heatmaps, Plots, Overlaps, C'USte;SII Healfmaps'
] h . Profiles, Plots,
PeakAnnotator Profiles, .Venn dlagrams Peak I.|sts, peak lists, bed files
Peak lists, bed files bed files

Barta E: Command line analysis of ChlIP-seq results. EMBNET JOURNAL 17:(1) pp. 13-17. (2011)




Big Data kihivasok a genomikaban

Els6dleges szekvenalasi adatok tarolasa és
feldolgozasa

Szekvencia archivumok (nincs adatmentés,
parhuzamos adatbazisok vannak)

Adatok feldolgozasa 10-100x-os tarteruletet
igényel

Szekvenalas berobbanasa a human
diagnosztikaba

Adatok vizualizalasa

Specialis hardverigény (6riasi I/O igény,
esetenként nagy memoriaigény)
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Genomika és Big Data a kinai BGl-ban

Table 1. BGI Computing Platform

Cores Memory Storage T flops
Shenzhen 11,000 22TB 8.88PB 117T flops
Hong Kong 7,776 9.7TB 8.515PB 83T flops
Beijing 300 500GB 162TB 1.5T flops
Wuhan 1760 500GB IPB 4T flops
US-CHOPS 300 800GB 500TB 2T flops
US-UC Davis 300 800GB 500TB 2T flops
EUR-Denmark 600 1.6TB IPB 4T flops
Total 22,036 35.9TB 20.6PB 214T flops

Project

. Million Human Genomes Project

Industry
. Million Plant & Animal Genomes Project . BGI Tech

. Clinical Analysis Center

. Million Micro-ecosystem Genomes Project . Reproductive Health Center

. Article Published

2y

. Agriculture Service

2013 Copyright BGI All Rights Reserved
Contact Us Investors Relationship Site map

Ancient genomes







NIIF szuperszamitogéepek, Pécs

SGI UltraViolet1000 tipusu, SMP (ccNUMA)

Intel Xeon X7542(Nehalem EX) tipusud 6 magos processzorok talalhatoéak,
O0sszesen 1152 mag (96 gép)

6 Thyte memdria- Barmely processz egyben latja, meg tudja cimezni!

0,5 Pbyte diszkrendszer

Suse enterprise operacios
rendszer,

SGE feladatiitemezo




denovo
szekvencia
O0sszerakas

Big Data

vonzatai

772Gb
memaoria
2.8Tb diszk
Az O0sszerakas
3 honapja
folyik

[vserver] szarvas (@)$ tail -f ./logs/RunAllPathsLG_buildl_8.1log
sze szept 11 21:26:25 2013: building extenders_q_jump, memory usage = 61,544,034,304

[vserver] ebarta (0)$ uname -a
Linux vserver 2.6.32.59-0.7-default #1 SMP 2012-07-13 15:50:56 +0200 x86_64 x86_64 x86_64 GNU/Linux

[vserver] ebarta (0)$ pwd
/scratch/ebarta

cs szept 12 07:29:14 2013: now memory usage = 149,702,168,576
cs szept 12 07:29:52 2013: found extenders, memory usage = 45,580,173,312
cs szept 12 @07:55:16 2013: reloaded extending data, memory usage = 298,075,394,048
cs szept 12 08:45:14 2013: join data created, memory usage = 17,702,809,600
cs szept 12 ©08:45:14 2013: considering 11157628 joins
cs szept 12 08:45:15 2013: forking 8@ cottage workers to do 11157628 joins.
cs szept 12 08:45:58 2013: farming out work
|Farming out 11157628 jobs to sub—processesJ
.............................................. |
[vserver] top (@)% cat ebarta.top.2013-08-17_22:42:52.out
top - 22:42:55 up 5 days, 6:45, 0 users, load average: 607.30, 649.18, 642.81
Tasks: 20445 total, 502 running, 19943 sleeping, @ stopped, @ zombie
Cpu(s): 41.7%us, 4.4%sy, 0.0%ni, 53.9%id, 0.0%wa, 0.0%hi, 0.0%si, 0.@%st
Mem: 6187177M total, 909152M used, 5278025M free, 388M buffers
Swap:  285945M total, 2048M used, 283897M free, 116378M cached
PID USER PR NI VIRT RES SHR S %CPU ¥MEM TIME+ COMMAND
1173780 ebarta 20 © 772g 713g 2068 S 663 11.8 13745:16 exe
178350 ebarta 20 © 24032 15m 780 R 66 0.0 0:02.74 top
178346 ebarta 20 0 12628 1564 1232 S @ 0.0 0:00.10 sh
574656 ebarta 20 0 13016 1268 1264 S @ 0.0 0:00.02 57390
574662 ebarta 20 @ 24952 2232 2228 S @ 0.0 0:00.16 exe
574663 ebarta 20 © 5632 636 632 S O 0.0 0:00.00 tee
574671 ebarta 20 0 10388 1440 856 S @ 0.0 0:00.11 make
1173779 ebarta 20 @ 12632 1228 1224 S 0 0.0 0:00.00 sh
1173783 ebarta 20 @ 22220 1656 1532 S @ 0.0 15:46.61 MemMonitor
1173784 ebarta 20 0O 5632 664 632 S @ 0.0 0:00.03 tee
[vserver] top (@)% I

[vserver] ebarta (@)$ du -hs szarvas/

2,8T szarvas/

[vserver] ebarta (@)% D




Osszefoglalas

* A bioldgia, molekularis biologia mindig is élen jart a
szamitastechnika alkalmazasaban

A genomika a kozeljov6ben az egyik legnagyobb Big Data generald
tudomany lesz

 Megoldas: Infrastruktura fejlesztés (ELIXIR)

elixir......

.- about .« for funders .- for researchers .« for industry - events >» news & media .» members area

Welcome to ELIXIR

"ELIXIR unites Europe’s leading life science organisations in managing and safeguarding
the massive amounts of data being generated every day by publicly funded research. It is a
pan-European research infrastructure for biological information. ELIXIR will provide the
facilities necessary for life science researchers - from bench biologists to

cheminformaticians - to make the most of our rapidly growing store of information about

living systems, which is the foundation on which our understanding of life is built."

Dr Niklas Blomberg
ELIXIR Director



amn hackers,
| will have to

change the
- M\ password now.

My Lord, they
have discovered

the human
genome! __&

Koszonom a
figyelmet!




