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First “Data Science”
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First “Data Science” in genetics

Gregor Mendel, 1865
8 years, ~28.000 pea plants
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Science - technology - science - technology ...

» »
Solid state physics -

Moore’s-law Better computers

Better sensors more data
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Natural intelligence
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Fic. 1. Duata from Pollack (17, 18) on the
amount of information that is transmitted by
listeners who make absolute judgments of
auditory pitch. As the amouat of input in-
formation is increased by increasing from 2
to 14 the number of different pitches to be
judged, the amount of transmitfed informa-
tion approaches as its upper limit 2 cbannel
capacity of about 2.5 bits per judgment.

G.A. Miller The Magical Number Seven, Plus or Minus Two:
Some Limits on our Capacity for Processing Information,
Psychological Review, 63, 81-97. (1956)

Pollack, I. The information of elementary auditory
displays.
J. Acoust. Soc. Amer., 1952, 24, 745-749.

Homo Sapiens: Technical Specifications

CPU 100 GN (giga-neurons)

Clock frequency 4-32 Hz

CPU cores 1 (male version), 2+ (female v.)
CPU speed 0.1 Flops (floating point op. /

sec)

Memory (short term) 7 +/-2 bits

Storage 1TB-2.5PB
Power 20W

Camera 576Mpix, 24Hz
Touch Yes

Display No

Speakers Mono

GPS No

WIFI No

Bluetooth No
2G/3G/4G/5G No/No/No/No

100 000 BC

Latest version update

Main Features :

* Find food

» Escape predators
* Kill enemies

* Find mate and reproduce




(Data) science

EXPERIMENT

Mathematical
description ___

Predictions

Initial values

“laws”, equations

mimy
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Prototype of modern data science

SDSS: 3D map of the universe
1995 - ...




% Scientific goals
and

researcher’s perspective
\%

ok




Huge data tables

deVRad r deVPhi_r redshift class
348.90253| 1.2718862| 19.38905| 18.24496| 17.58728| 17.20807| 16.90905| 3.295783| 28.87819| 0.03212454|GALAXY
51.443695| 1.2700727| 19.52808| 17.96541| 17.03493| 16.53754| 16.14154| 7.599091| 63.68505| 0.1213151|GALAXY
51.483584| 1.2720127| 18.72268 17.3852| 16.81134| 16.51803| 16.29502| 1.676276| 132.2497| 0.04876465|GALAXY
49.627485| -1.0417691| 17.65612| 16.17133 15.5894 15.3785| 15.26744| 0.0636351| 163.8111 -9.77E-05(STAR
40.28569| -0.7149566( 17.54884| 15.75164 15.031| 14.66728| 14.36099| 9.327478| 71.73198| 0.04028672|GALAXY
40.272105| -0.6425103| 19.23401 17.5333 16.8743| 16.63157| 16.49762| 0.0034072| 67.50085 -5.22E-05|STAR
40.582032| 0.1347701| 18.64558| 16.44336| 15.52452| 15.18185| 14.98858| 0.0129546| 106.2289| 0.00017717|STAR
57.025337| 0.208845| 17.61444| 16.17125| 15.52131| 15.15564| 14.86996| 10.81576| 149.0323| 0.0254747|GALAXY
57.047052| 0.0843043| 19.46874| 18.18264| 17.59063| 17.26436| 16.95295| 18.96355| 31.14236| 0.03616738|GALAXY
57.281615| 0.0187679 16.4848| 14.92993| 14.56054| 14.53054| 14.19394| 0.4085672 77.8435| -0.00014215|STAR
57.512104| 0.0848866| 18.83897| 17.63091| 17.09078| 16.84627| 16.71464| 0.0103326| 106.4699 8.89E-05|STAR
57.605375| 0.0272751| 18.21801| 15.95427| 14.95673| 14.59481| 14.36269| 0.000253| 73.22543 -2.62E-05|STAR
57.824999| 0.215609| 17.68076| 17.32501 17.1707| 17.08611| 17.03252| 0.0162654| 72.24319| 0.6822563|QSO
57.943458| 0.0596778| 16.93403| 15.38486| 14.69913| 14.44319| 14.33092| 0.0153492| 73.84164| 0.00011661|STAR
58.175459| 0.2186933| 19.33956| 19.10073| 18.66402| 18.58816 18.6467| 0.0417285 75.5094 1.161747|QS0O
58.304024| 0.0138137| 18.53223| 17.24661| 16.77493| 16.59758| 16.50323| 0.0204817| 106.2418 4.66E-05(STAR
58.395736| 0.2097659 17.0049| 15.36086| 14.49837| 14.39811 13.7894| 0.021017| 105.7351| 0.00061353(STAR
36.653674| 0.6311025 19.4573 18.126| 17.62662| 17.45301| 17.32834| 0.0311647| 48.93041 3.63E-06|STAR
37.690126| 0.6303724| 19.25001| 18.32965| 17.98234| 17.86072| 17.78243| 0.0071562| 73.79427| 0.00012205|STAR
40.279741| 0.5635092| 18.41061| 17.24516| 17.35439| 17.45092 17.5481| 0.0150468 105.639| 0.00043629|STAR
40.35652| 0.5867079| 19.15436| 18.23266| 17.97747| 17.89799| 17.85765| 0.0686916| 103.8736| 0.00078479|STAR
40.365912| 0.4821568| 18.40755| 16.80093| 16.25361| 16.07363| 15.99621| 0.0270869| 71.27299 -1.19E-07|STAR
44.223179| 1.0513825| 17.91608 16.9998| 16.61383| 16.46706| 16.39825| 0.0096769| 72.74297|-0.00043547|STAR

Photometry table: 300+ columns, 1Bn+ rows

100+ other tables

Scientific observations often
result data as multidimensional
vector space




= Automatic pipeline
More than 150 man year
development
First astro project where

most of the money is spent
on software rather on the

telescope

= “Big Data”
More than 300 million
objects,
300+ parameters each

100 TB raw data, 10 TB
catalogues, 2.5 terapixels

PUBLIC (SQL) DATABASE
(“Virtual Observatory”)

Data processing challenge

SURVEY OPERATIONS / SIMULATED OBSERVATIONS
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New skills: Indexing, databases

= SDSS data “read through”~1 day

= Astronomers should learn: A= =
Database programming, computer Eva] b
geometry, search trees, ... B .

= Multidimensional- and spherlcal o' .o.
indexing ke ] ¢ od s o 04




Modern data science: same trends in biology,
environmental sciences, social sciences, ....
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Moore’s law in gene sequencing Human genome sequencing

phiX 174, 5.4kbp, 1977 1990-2003: 13yrs /2.7 Bn USD
H. influenza, 1.8Mbp, 1995 2016: ~days/1000 USD
2025: 2772?
- X Prize $10M, 2006, 100 genome,
30 days, $10k - cancelled (2006)
- Microarray, CCD!
- Mass spectroscopy

- Digital microscopy
- CryoEM W@
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2016:59000/Gb, 2020:520/Gb, Flongle cell: $90




NGS - data analysis example: genome alignment

Processor speed: ~10° op/sec
Human genome: ~10° nt

NGS: ~10°? short reads
“brute force” ~10'® comparisions
would take: ~10°sec ~ 32 yr

De novo assembly even more complex task!

Impossible without creative indexing algorithms!

Biology in the
20th 21st
century




Reads growth

[ ) 25-May-2020
f f lel?
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European Nucleotide Archive 013
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SPECIAL )5 FEBRUARY 2020
Pan-Cancer Analysis of - .
Whole Genomes Les 1e8

Cancer is a disease of the genome, caused by a cell's acquisition
of somatic mutations In key cancer genes, These mutations alter
pathways involved in regulating cellular growth and interactions
with the tissue envirenment. Until recently. research on the

cancer... show more

2006 2008 2010 2012 2014 2016 2018 2020
Year

—Sequences (96.2 trillions) —Bases (15,878.2 trillions)

¥

The Pan-Cancer Analysis of Whole Genomes Consortium brought

together researchers with nearly 750 affiliations across 4

continents. Between them, they sequenced full genomes from more
than 2,600 samples representing 38 different types of cancer. o

= Example analysis:

* Role of non-coding
variants

* Indel coverage pileup
from ~2000 WGS files

Spisak et al. in prep

log10 Mut/Mut per Ref/Ref coverage

0.0

-0.5

-1.0

-3.3

-2.0

* 3.2 Gb/genome

+ clinical metadata

5-1884416-1903790.0 refCrt 12949 mucCnt 9301 headMut sl 2653046 5 1895829

e + expression, methylation
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= Galaxy spectra: 1 million times 3000 dim vectors
= Microarray study: 207 times 54675 dim vectors
= 30 million bitcoin users, 3 billion tweets

Similar challenges

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!)

pV = NkT 6-10%3 > 5

O

SIGGRAPHASIA2008
Compression : dimension
reduction, matrix

Shadow Art
factorization,

machine learning Niloy J. Mitra Mark Pauly
IIT Delhi / KAUST ETH Zurich




Multidiszciplinaris hazai és nemzetkozi

egyuttmuikodések

» FIEK_16-1-2016-0005: Biomarkerek (ELTE-MTA TTK-

CRU-SERVIER) oo

= NVKP_16-1-2016-0004: Magyar onkogenom,
folyadékbiopszia (SOTE-3DHISTECH-ELTE)

= NKFI OTKA 124881: DNS-javité mechanizmusok
(MTA TTK-ELTE)

= Novo Nordisk Multidisciplinary Synergy (Danish
Cancer Society Research Center-DTU-Francis Crick
Institute- >

MPARE EU H2020: Fert6z6 betegségek, viruso
baktériumok, metagenomika (~15 nemzetkozi
partner, MTA Wigner FK Adatkdzpont)

VEO H2020: Fert6z6 betegségek, virusok,
baktériumok, metagenomika (~15 nemzetkozi
artner, ELTE)
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Versatile Emerging infectious disease Observatory
2020.01.01-2025.12.31

= Infectious diseases are
results of complex
interactions of several
domains

= Without global s N -
monitoring of the drivers
we cannot handle or
prevent outbreaks

Climate

( N p

= Need: collection,
integration, organization,
sharing and analyzing
complex large data sets

= Barriers:
practical + legal and L O
ethical issues N p————"

= +WP, COVID19 |

global drivers of infectious U
disease emergence and spread

mce disease mergence Is reported 1o the healtheare system (B)



SARS-CoV-2 Data Hubs next steps
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Statement by Ursula von der Leyen, President of
the European Commission, on the launch of the EU
COVID19 Data Platform (international sign
language version)
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WP2 Analytical Platform: Advanced Datamining tools

Novel use of data !
traditiomatly used for early

warning, risk assessment
and momitoring

Sntatich) & Omies data

Uy Climicel dota
Y

Objective: “develop novel cloud-
based datamining tools and services,
supporting data-intensive

Actionable

oo | | interdisciplinary collaboration of

early warning,

e [mween1| | geographically distributed

monitoring of

i | | international teams”

Data R, VEO Analytical Platform  SEcueiiiEy ETTEreRree .
Mining i P (based on Kooplex) [ :

B Test and evaluate the VEO infrastructure, tools and workflows in five use-case
Cross scenarios and define key user cequirements for VEO functionalities

Objective 1 (WP1) Objective 2 (WP2)

Data
Staging
Develop an Inventory, analysis and guldeline(s) for the ethical, legal and soclal
Implications : s
2 I i 4 $
COMPARE New biodata  Global Biodiversity yyjtter Further
1 k o Data | Data Hubs types Information data
Links: Sources Facillty (GBIF) Garen
Biodata m Veactor pocurence Modis
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European
Research
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Global Sewage sequencing from 81 cities
Monitoring diseases, antimicrobiotic resistance
...and human phylogeny (Metagenome!)
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Global Sewage sequencing from 81 cities
Monitoring diseases, antimicrobiotic resistance 0
...and human phylogeny (Metagenome!)
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Multidiszciplinaris hazai és nemzetkozi
egyuttmuikodések

-

» FIEK_16-1-2016-0005: Biomarkerek (ELTE-MTA TTK- e
CRU-SERVIER) SRS S

= NVKP_16-1-2016-0004: Magyar onkogenom,
folyadékbiopszia (SOTE-3DHISTECH-ELTE)

]
Y

= NKFI OTKA 124881: DNS-javité mechanizmusok
(MTA TTK-ELTE)

[ Guires
- Sera Lenoe
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= Novo Nordisk Multidisciplinary Synergy (Danish
Cancer Society Research Center-DTU-Francis Crick
Institute- >

MPARE EU H2020: Fert6z6 betegségek, viruso
baktériumok, metagenomika (~15 nemzetkozi

partner, MTA Wigner FK Adatkdzpont) Kooplex_
VEO H2020: Fert6z6 betegségek, virusok,
baktériumok, metagenomika (~15 nemzetkozi e
artner, ELTE) :
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Social networks:
Principal dimensions:

TwitterDB

'Data;type:

race, religion, urbanization Graph+text+geo
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Using Robust PCA to estimate regional characteristics of language use from geo-tagged Twitter messages; D Kondor, | Csabai, L Dobos, J Szule, N

Barankai, T Hanyecz, T Sebok, Z Kallus, G Vattay; IEEE CoginfoCom) (2013)

Bokanyi Eszter, MSc thesis, ELTE TTK (2015), Bokanyi et al. 2016




Test Milgram’s ,,6 degree” on Twitter
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Lost in the City: Revisiting Milgram's Experiment in the Age of Social Networks; J Szile, D Kondor, L Dobos, | Csabai, G Vattay;
PloS one 9 (11), e111973 (2014)
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Fdoldal > A "Gangnam-jarvany”: virusvidedk a vilaghalon

A "GANGNAM-JARVANY": VIRUSVIDEOK A VILAGHALON

— 7 : Az ELTE Komg

» A

kutatoinak - Kallus Zsofia, Kondor

bkanyi Eszter és Vattay Gabor - How the

Global Pandemic cimmi tanulmanyarél az MIT

4 ‘ etot. A cikk a modernkori hirterjedés, a geoszocialis
: ok dsszefiiggéseit vizsgalja.
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I 25 virtualis vilagunkat atszoévo osszekdtottség alapjaiban valtoztatta
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Fig. 4. Progressive stages of the pandemic. The spreading of the wave Is shown in four progressive stages of the propagation
Each stage is defined by separate time slice of equal length, The nodes where the news has just arrived in that slice are finst shown on
the shortest path tree. Second, a corresponding histogram is creatod hased on effective distances, Each rectangle represents one of the

regional nodes and 8 common logarithmic color scale represents the number of users of the nodes (color scale of Fig. b is used)
Kallus'et al. 2017




Task 2.3 Machine learning tools: MosquitoAlert image deep learning

.....

F. Bartumeus et al.
http://www.mosquitoalert.com/

False(?) negatives:

Pataki et al. in prep.
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Al: paradigm shift

Computer |ummmdiagsei{adlely

Example: Image recognition
Method: hand crafted features

(&) = “apple”
f(§& ) = “tomato”
fE ) = “cow”

IF color=red AND profile=smooth THEN
type:=tomato
IF color=red AND HAS(horns) THEN type:=cow

®elnp[olli=Ig —— Model —— Prediction




Supervised learning
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Dendrite

Supervised learning: neural net
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/' 7 Sum Activation 1
O, Function IF color=red AND profile=smooth THEN type:=tomato
@ IF color=red AND HAS(horns) THEN type:=cow 1




Learning -> loss function optimization
Y X X

A data points and classification border images -> pOintS
= s in N dim space |} l 4 L 5464
: 5 : O label 1 o e 8 b aBe e
class border []
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Loss = number of wrong
categorizations

Learning=minimum search ’




Challenges

= Proper, big enough training set

Typical network: 2M adjustable paramete

= Representation of data | .y
H S ;':_T 30— (]
(images, words, ... -> vector space) .—~L=:_~_< ()t
7 =

= Nonlinear optimization —— — == == =

I = I e LEE L

= Model complexity o
* Accuracy
* Generalization

= “Black box”, trust

35
3.0
2.5
20 Z
15
10

0.5
0.0

. LN
Training data Testing data
Training data
- 4 " as [ [ 3 ) 8 ; aa X i

error = 0.0 error = 0.15 error = 0.1120 error = 0.0920



AI Research, Education and Applications @ Eotvos University
Dept. of Physics of Complex Systems e ,

= Mutations -> antibiotics resistance

SIS, <
Matamoros et al., Pataki et al. subm. e
= Mobile sensors -> Parkinson astronomy
Pataki @DREAM, Laki et al. 2016

. . An improved cosmological parameter
= Quantum wave func.-> drug toxicity e i
Biricz et al. in prep. inference scheme motivated by dee

= Medical imaging -> breast cancer learning
Ribli et al. @DREAM, Sci. Rep. 2018 bt faint o paoh i sincoai =

Noture Astranomy 3, 93-98 (2019) Download Citation 2
= Weak lensing map -> cosmology parameters
Ribli et al. Nature Astro. 2018, MNRAS 2019

g

= Explainable Al

Ribli et al. in prep , Patent subm. 2019

= Control of aging related methylation networks
Palla et al. subm.

¥ 4 & ¥ 8 38 3

AGE FROM DNA METHYLATION

= Pathology images
SOTE TKP collab.

= Quantum neural computing
= MSc, PhD courses

http://datascience.elte.hu

Toxicity

Solving : ; ST S AT
analytically ™1 SCIENTIFIC REPLIRTS

untraceable

hard inverse | oas mammograms with Deep Le
problems ,L i » Dezsd R W, Anma Horvath, Zsursa Unger, Bqer Pollrer & Iityan

Detecting and classifying lesions in


http://datascience.elte.hu/

Explainable Al: automatic classification enhancement
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Interpretable, trustworthy,
Ribli et al. in prep , Patent subm. 2019 for radiologists




Any sufficiently advanced technology is
indistinguishable from magic.

(Arthur C. Clarke)

Indeed, understanding the laws of mechanics made us able to build pyramids and cathedrals,
based on the laws of thermodynamics the invention of the steam engine empowered us to
cross oceans and continents and today we all have ,seven-league boots” in our garages.
Understanding electrodynamics and quantum mechanics brought us the transistor that is at
the heart of the Internet and the modern ,, magic mirrors”, the mobile phones.

What miracles will the advancements of high-throughput equipment together with machine
learning bring? And what kind of challenges?

NEW PARADIGMS

EDUCATION: WE NEED NEW SCIENTIST WHO HAVE PROFESSIONAL
SKILLS BOTH IN THEIR DISCIPLINES AND IN MODERN
INFORMATION TECHNOLOGIES.

HEALTH DATA: COMMON GOOD. GREAT OPPORTUNITIES, GREAT
RESPONSIBILITY.

Fizikus: Istvan Csabai

Tudomanyos adatanalitika MSc spec, ELTE Dept. of Physics of Complex Systems
BSC, MSC, PhD thesis csabai@elte.hu

http://complex.elte.hu/~csabai/

BIOINFORMATIKA MSC Spec !!!
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