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DATAINTENSIVE APPROACH SCIENCES

BIG DATA IN BIOLOGY




Evolution of (data) sciences: stone age
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Evolution of (data) sciences: pmedustrial age

equments

reallty

formal
description

<

validate

prediction

Prosthesis, crutch for senses and mind




TychoBrahe data _
f , Johannes Keplemodel
|~ - |saac Newtontheory

_:_;
f

- -




Evolution of (data) sciences: present

equipment

reality

*

) 3
formal
description



Exponentially  cheaper devices Z more data
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Hard DI‘IV&1 E£§t 28{?9'- Gigabyte

$10,000,000.00




Prototype of dataintensive science project:

SLOAN DIGITAL SKY SURVEY
(=3R29): THE 3 MAP QF THE
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First CfA Strip
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Data processing challenge

A Automatic pipeline

Hereomment o vear Tables (SQL) + Raw data (files)

First astroproject wherenost of
the money is spent on software
rather on the telescope

A O"EC $AOAOG Ptee Tine e = Al
More than300 million objects E | 56 npaine ] [ epecroseanc

SURVEY OPERATIONS / SIMULATED OBSERVATIONS

300+ parameters each -l e D _ urma o
100 TBraw data 10TB Smiad § | Schee S e
catalogues 2.5terapixels e -- :

condan y Sas
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Home Tools Schema Projects  Astronomy SDSS  ContactUs Download Site Search  Help Calbrated Birned Fame Objed Lids Cmdldaig'ﬁ Remmried ;:In“ngto
Fan= Bmed hame UBe ’ - Targets Selec] Targeks | |©
Welcome to the DR6 site!! SDSS is m - q
The Sixth Data Releas: dedicated to Jim Gray for his fundamental contribution to the SDSS ect and th suppo i .
O O, atraordinary anergy and passion he shared wih everybodyl =N i Opparunty
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DATA PROCESSING

Caitr ated Chjacts 1420

SkyServer Tools Science Projects Info Links Help

Famous places

edisiite Thesloandigital sky survey: Technicalsummary
DG York+ SDS&:ollab.The Astron. J.I1 120 (3), 15792000

Site Traffic

Privacy Policy

PZ Kunszt, AS Szalay, | Csabai, ARhakar;
ADASSIX 216, 141(2007)



Astronomical data sets 7
astronomical queries

Star/galaxy separation
Quasar target selection

\

OAOO0O06
T
Multi -dimensional
polyhedra

Skyserver several million queries per year

petroMag_i> 17.5 andpetroMag_r> 15.5 or petroR50 r > 2) *
and fpetroMag_r>0and g > 0 and r > 0 arr0) and ( '
(petroMag_Fextinction_n < 19.2 andpetroMag_r-
extinction_r< (13.1 + (7/3) ddéred_g- dered_n + 4 * fered_r
-dered_)-4 *0.18) ) and @ered_r- dered_i- (dered_g-
dered_p/4-0.18) < 0.2) and €¢red_r- dered_i- (dered_g-
dered_p/4-0.18) >0.2) and (fgetroMag_r- extinction_r+

2.5* LOG10(2 * 3.1415 * petroR50_r * petroR50 _r)) < 24.2)
or ( petroMag_r- extinction_r< 19.5)

and ( fered_r-dered_i- (dered_g- dered_p/4-0.18) > (0.45

4 * (dered_g-dered_p) ) and (dered_g-dered > (1.35 +
0.25 * dered_r-dered_})) ) ) and (petroMag_r- extinction_r
+2.5* LOG10(2 * 3.1415 * petroR50_r * petroR50 _r) ) < 23.

)

q :



Newskills :Index Ing , databases
A SDSSdataOOAAA OEOT OCEO6 o
A Astronomers should learn

Database programming, computer
geometry,search treesg

A Multidimensionat and spherical
Indexing

AS Szalay, J Gray, Grekete,PKunszt, P Kukol, A Thakar
MSR-TR 123200b)

T Budavari, L Dobos, ASSzalay, G Greene, J Gray, AH Rots | Csabai, L Dobos, M Trencséni, G Herczegh, P Jozs&®Nger, T
ASP Conf . Ser. 376, 55@007) Budavari, AS SzalayAstr. N. 328 (8), 852 (2007)



Newskills : Database management
systems, virtual Ization

A SkyServer

A R D B M S Web browsetbasedsynchronous access
. Meant to support several levels of users
+Deve|0ped for business purposes From casual to moderately advancegeries
Optlm ised |O/mem0ry accsess From simpleform-based to direct SQQueries
| . | ” | From cone (radial) search twossidtype searches
deC aratlve anguagéSQ I—), [ara e Visual toolgo browse image and catalog data
gueres, standard APl (ODBC,JDBC) Storedprocedures
. . API accesse.g.emacsinterface,sglcl(commandline)
-REb.thn data mOdeI 1S Often nOt_ Strict limits onexecution timeand output size
enough(matrl ces gl’aphs [al’l'ayLIkD, Fair use for everyone, robots/crawlers discouraged
not distri buted [SkyQuery G raywu ”] Introduction to SQL andSample Queries
- - A CasJobs
New teCh nolog |€SNOSQL, BIgTable BatchQuery Workbench, personal user DByDB)
HadoopMapReducecolumnstore, -> Quickmode: T minute sutoft o6 e
. H ubmi
distributed servers " D4hr queve focollabmembers |
- . - MyDB database to save results of your queries
A VI rtu al Observab ry (n oWw. rL:IOUCb q Define your own functions, procedures too
) Shareyour tables with collaborators (groups)
rlf the data mountain does not go to Jobhistory, plotting, FITS/CSWOTableoutput
8 C_) Restricted ¢ollab-only databases)
Tablelmport (upload) for your own data
Groupsto share your results with collaborators
Op_enStaCk’ DOCkE[] upyter Commandline access Java toalso downloadable
SciServer SOAP/Web Services access
L Dobos, ASSzalay, J Blakeley, BFalck T Budavari, | Csabai L Dobos, TBudavari, N Li, ASSzalay, | Csabai
Astronomical Data Analysis Software and Systems XX| 463823 Scientific and Statistical Database Management159-167(2012)
(2012)
L Dobos, T Budavari, | Csabai, ASSzalay
L Dobos, | Csabai, ASSzalay, T Budavari, N Li Astronomical Data Analysis Software and Systems (ADASS) XIIl 3185 (2007)
Proceedings of the 25th International Conference on Scientific and -
Statistical DatabaseManagement, ACM, (2013) T Budavari, L Dobos, AS Szalay, G Greene, J Gray, AH Rots

Astronomical Society of the Pacific Conference Series 37659(2007)
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Models: N body simulations

Simulation data can be as big and
complex as observed data!

o

RS o
o

;o a - _a - _ P ~ ~ _ 5
HL!’J._I = —f = H[;V- Qpog+no-a 4+ H..,-,,_,H; a4 (1 — 2, — 2y ) ra—=
L

test

| ; Data type:
75 i 7+ D point cloud

t=0.25 8C

dlumn density

. L Dobos, | Csabai, JM SzatGindl,
T Budavéarj ASSzalay Point
cloud databasesSSDBM 2014

s Virtual reality

0 1%10° I 103 Iv10? Ax10°

GRaczet al., Concordance cosmology without dagkergy,Mon Not RAstronSocLett (2017) 469 {1
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Not only astronomy: genomics, environmental sciences, social

scienceseée Compllargedataseisst i on s
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DATAINTENSIVE GENETICS
h-l‘a V,!IA.iAn,x nﬂ-?l CIN(




EXxpression microarray study (2010)

A Affymetrix HG U133 Plus2
G Raw data 67Mpix (photometry!)
G 604258 probes
G 54675 probe set (~gene)
G 207 samples (colorectal cancer)

N

OOEI EI AOO

G Large databases (own +
public)
. Computerintensive



Human Genome Project
(HGP) lounched in the US.

Eihical, Legal, ond Social
Implications (ELSI) programs
founded of NIH and DOE

First gene for
breast cancer
(BRCAT) mopped @

Map of the genome

Wendeldicovers
s of genelics
)8165

First U.S. Genome
Centers estoblished

Wt

v..”ﬂ i /

Rediscovery of
Mendel s work

J9|OO

Second-generation
umon genelic map developed

Ropid data release
quidelines established
by NIH and DOE

New five-year plan "
fnvlthGI’mhl.ISp\Md \

SCiEncE

Sanger Centre founded

L. Uater renamed Wellcome

| Trust Sanger Insfitute)

R
’\@) The Wellcome Trust

Watsor

Nirenberg
Khorona ond
Holley determine
the genet code

d (rick

n research

19174

/
First bacterial genome
(H. influenzoe) sequenced

US. Equal Employment
Opportunity Commission
issues policy
on genelic discriminafion
in the workplace

S
=

it projcts for
human genome
sequencing begin in U.S.

First orchael
> genome sequenced

1\

Yeast (5. cerevisie)
genome sequenced

DOE forms Joint Genome Institute

Jal

NCHGR becomes NHGRI

E. coligenome
sequenced

//n

2t

HGP's mouse genefic
mopping gool achieved

Bermuda principles for
rapid and open data release established

= S\ [ &

Genoscope (French
National Genome
Sequencing Center) founded

30,000

987

Dralt version of
t

Notionol Reseorch

Humn Genorn
Orgoizaion (HU

)4788

D e o pont.

New five-year plan for
the HGP in the U.S. published

RIKEN Genomic Sciences
Center (Jopon) established

Roundworm (C elegans)
genome sequenced

x|
N
SNP inifioive begins
cTlicT
GTCCI1
Chinese Nofional Human Genome Centers
(in Beijing and Shanghai) established

Sequence of first human
chromosome

(chromosome 22)
completed /

sequence :wpbhd
President Clinton ond
Prime Minister Bloir
support free access fo
genome information

stard cress (A. thaliana)

/ Mo
\‘3 genome sequenced
74

Exefive order bans genelc
discrimination in U.S. federal workplace

10,000 fulllength
human cDNAs sequenced

ammalian
ene
“ oliection

Droft version of
ral genome sequence completed

e
Draft version of rice genome
sequence completed and published

HGP ends with
oll gools achieved

fo be

confinued.




High througput sequencing history
Sanger 1977Frederick__Sanger

DNA fragmentation
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In vive clonlng and amplification

A DNA is fragmented
Cycle sequencin ' ; )
3-... GACTAGKTACGAE—IICGTGA?_-5' (template) " - - A Cloned tO a plasmld

5-... CTGAT r'"'-. (primer)
CTGATC”

CTGATOT # ' vector
| " CTGATC TA’: ' -

..CTGATCTAT - 4 , ]

2. B 4 A

CTGATCTATG ~7- Cyclic sequencing
Polymerase EP gﬁ EE CT A2 ' '
b ras LCTG L 4
dNTPs ...CTGATCTATGCTC "” i reaCtlon
Labeled ddNTPs  ...CTGATCTATGCTCG

" A Separation by
Electrophorsesis : - .
(1 readfpcapillary) . " : , 6|9Ctr0ph0reSIS

A Readout with
fluorescent tags




MooreRO | Ax EI CAT A

s B8r conome Data: Human genome sequencing
50-250 or 3Bn letter 1996-2003: 13yrs /2BnUSD

i 7 A A =~days/1MUSD
i1 C ooAfo;O:o,m”

$100M

$10M

CCD!

- X Prize, 10@enom,

30 days, $10k cancelled (2006)
- Microarray

- Mass spectroscopy

- Digital microscopy

-8

$1M

$100K

s10x i

genome.gov/sequencingcosts

$1K

Oxford Nanopore
100Mb,$900



NGSz from samples to data

FA. Library Preparation

Genomic DNA

l Fragmentation

===} i
—_—
Adapters _— -,

l Ligation

Sequencing
Library

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

'B. Cluster Amplification

i | i

L

' 'x"'gl' ,1]'"1 ‘,l ! 'j' "

l Flow Cell
Bridge Amplification
Cycles

Clusters

Library is loaded into a flow cell and the fragments hybridize
to the flow cell surface. Each bound fragment is amplified into
a clonal cluster through bridge amplification.

i C. Sequencing

ity W M

'M.il@{ i

Sequencing Cycles

()

Data is exported to an output file l

Digital Image

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow

cell is imaged and the emission from each cluster is recorded.

The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n" bases.

’D. Alignment & Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
AGATGGTATTG
Reads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Reference  AGATGGTATTGCAATTTGACAT

Genome

Reads are aligned to a reference sequence with bioinformatics
software. After alignment, differences between the reference
genome and the newly sequenced reads can be identified.




NGSz from samples to data

~ A. Library Preparation

Genomic DNA
l Fragmentation
L —m
—_—
Adapters e B ]
L= —
l Ligation
&=
Sequencmg T ]
Library L — 1
T

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

C. Sequencing

1.4

1latsks vis 1kt
L
‘@ ‘@: | {‘®’f® . a‘

14 3 1
i

Sequencing Cycles ( )

Digital Image
Data is exported to an output file l

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow
cell is imaged and the emission from each cluster is recorded.
The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n" times to create a read
length of “n"” bases.

B. Cluster Amplification

l Flow Cell

Bridge Ampilification
Cycles

Clusters

Library is loaded into a flow cell and the fragments hybridize
to the flow cell surface. Each bound fragment is amplified into
a clonal cluster through bridge amplification.

D. Alignment & Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
AGATGGTATTG
Reads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Reference  AGATGGTATTGCAATTTGACAT

Genome

Large part of

Reads al

s Fesearch starts here




NGS alignment/assembly
Big numbers g rains

B

Massive amount
NGS machnies of sequence data

A Computer speed: ~20nstr./sec

A Genome: ~1® nt

A NGS:~10@ short reads

A Brute force:~10'® comparisions

A ->Need for clever indexing/search algorithms!



National Cancer Institute :
National Human Genome Research Institute

lavigating the Data Portal
fn'd the Cancer Genomics Hub

The Cancer Genome Atlas
http://cancergenome.nih.gov/

3.2Bn nucleotides / human genome

The Cancer Genome Atlas (TCGA) is a large-scalg s Dy the National Institutes of Health

to map the genomic changes that occur in ov€ 30 xyges Qf buman cancer, icluding nine rare tumors, Its
goal is to support new discoveries and accelerate™ e meied at improving the diagnosis,

treatment, and prVE‘ﬂthﬂ of cancer.

TCGA is a community resource project. The information generated by TCGA is centrally managed and

entered into databases as it becomes available, making the data rapidly accessible ja=seETlIC reoe
community. By January 2014, TCGA had generated one petabyte of data for abQut 10,000 cases of tumor
and matching normal tissue samples.

TCGA data are available in two data repositories: the TCGA Data Portal and the Cancer Genomics Hub. All
data can be accessed directly from the TCGA Data Portal regardless of which repository houses the data file.

Baroque combination of complex metadata and various raw data file formats




Similar challenges

’

A SDSS spectra: 1 million times
3000 dimensionarectors

A Microarray study: 207 times
54675 dimensionalectors

Human genome: 3.2Gb

men
S8

OX

Compression : di
factorization,




Due to the underlying physical laws, data vectors
does not fill the whole space, rather lie on lower
dimensional surface/subspace

(this is why we can understand the word!)

7
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Shadow Art

Niloy J. Mitra Mark Pauly
IT Delhi / KAUST ETH Zurich

Projection ~compression-model



Linear projection: PCA - SVD
X =USsVvT

left singular
vectors En
(2

t“i oS



Dimension reduction: appllcatlons

U ANSC Ao ssar AuATSUECAUNC S s Awd AT NMBCNUAD SLEERMACS:STENT: SNSTANPERMSZALSE ScSEErEISLE

QUESCHECISSRRaT SURSOUBERUISRERE SUVSIEEERURNRNAN SSSEESCEIIIESE2: QQTUCEORRUNNA%2E QITESECELLN

SENGSEEERSSNVIEE UNGUCEDURNANRTTE SAGISICURSNUPEER SOTNCEIII5S sty SOCNCEEUCEEG R Q3RS E0sss

Triplettgyakorisagokkal normalt mutacio eléfordulas
3
=1

150000
100000 |
|
0000 |
- [
0 [ ]
1 ]
. F u m [ ]
50000 [
[
5 m :.
00000 |
| | |

150000

L Dobos, ASSzalay, J Blakeley, Bralck T Budavari, | Csabai
Astronomical Data Analysis Software and Systems XXI 46823
(2012)

T Budavari, | Csabai+ SDS<ollab.; Astr. J. 122 (3) 1163(2091
R. Beck L. Dobos, C.Yip, A. Szalay, |. CsabailMNRAS 457 (1), 36374(2016)

a0000 100000

-150000

-100000

-50000

A Algorithm developments
Handling outliers: robusPCA

0

N eae—a Dalta processing: "EC AAOAd 00O
J Array library for Sparse data compressive

TE e SQL Server

sensing
CUR decomposition

GraphPCA/NNMF
Textmining

| Csabaj AJ Connolly, ASSzalay, T Budavari; Astr. J. 119 (1), 69 (2000

Z' U é&,@%Szalay, T Budavari, | Csabai,Gharlot; Astron. J. 141 (4) 133 (2011

S Spisak A Kalmar, O Galamb, BWichmann, FSipos, B Péterfia, | Csabaj |
Kovalszky, SSemsey, Z Tulassay, B Molnar; PloSone 7 (10), e46215(20)2



Expression microarray: 5467/5D  -> 2D
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-150000

-150000 -100000 100000
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PCA2, PCAS3 clusters?




PCA2, PCAS3 clusters
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PCAZ KEGG pathways (ribosome)




PCAZ KEGG pathways (ribosome)
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Marker genes?
Complex nonlinearly
interacting network!
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(2 C | © genomicshu
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Variant detection in isogenic NGS samp

-
&

eyt
““lu.‘_l

PN

Data handling, pre-filtering

A new tool for the detection of unique / WGS of 30 samples \ ( Alignment N / Test sets \
mutations in isogenic sample groups. - different genotypes: Gallus gallus reference {genotype-speciic SNVs)

® wT Mutant 1

Ty

1l

- different treatments: removing duplicated reads,

starting clones [o] indel realignment
identical controls [m ]
weak mutagenic treatment @
strong mutagenic treatment 3 P"e“p generation

Mutant 1 samples

samtocls mpileup -B, -Q 30

OLOOR @& & & & 3k NN N4

Lacground emiage Fom stesersiock com by kevioh 114235 2 10 .C.,e,C.. 13 g, (.0

114236 €11 .,.o... ... 9 .., (...)
wsza'rem PRI T I /

WT samples

Pipek et al. BMC Bioinformatics (2017) 18:73

DOI 10.1186/512859-017-1492-4 BMC B|O|nf0rma Filtering parameters G G
S

sample_mut_freq_min
- Testing parameter combinations (TPR & FPR)

224565554321
)

evidence
in sample TPR : SNVs found from test set in starting clones

. . . d N\ . " °
Fast and accurate mutation detection in ® ——— -
1) SNVs found in starting clones not in test set

whole genome sequences of multiple 0 \ ot

reliable evidence - — OCJCIe @& & @45 Ek%E% \  Mutant 1 test set

isogenic samples with IsoMut (e - R

OLILES & & i @ 363 36 3636 3

- M WT testset
— O0D@®®® & @ik 3k N Muant 1 test et

0. Pipek', D. Ribli', J. Molnar?, A. POtiZ, M. Krzystanek?, A. Bodor', G. E. Tusnady?, Z. Szallasi***®, |. Csabai’ other_mf_min

and D. Sziits” no hard evidence other? 3) SNV's found in starting clones with a sample from the same genotype
: of mutation in ; O— s

any of the . .
other samples - & OOIDI o & & & B @ 0 30k

Tool to separate germline %
Mutation detection Finding optimal settings for desired FPR, TPR

variation from germline variants =+

and sequencing/alignment nois % J—D

of results false positive rate false positive rate

true positive rate




D.3UJ OO
Z.Szallasi

A understanding DNArepair

mechanisms
A gene knockout cell lines,
mutagenetreatments

A mutational signatures with
non-negative matrix
factorization




