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Agenda

A ,Computational biomedicine” (ComBine) labor bemutatasa

 Mesterséges intelligencia az orvosbiologiaban és a klinikumban
— Genetikai méréstechnika
— Képfeldolgozas
— Adatelemzés
— Szovegelemzés

— Dontéstamogatas

* Javasolt témak és kapcsolodod kurzusok
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Watson for Oncology — assessment and advice cycle
www.avanteoconsulting.com/machine-learning-accelerates-cancer-research-discovery-innovation/



Mesterséges intelligencia az
egeszsegugyi adatelemzésben
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e Petefészekrak nem-invaziv diagnosztikaja

— International Ovarian Tumor Analysis (IOTA, Dirk Timmerman)
P. Antal, G. Fannes, D. Timmerman, Y. Moreau, B. De Moor: Bayesian Applications of
Belief Networks and Multilayer Perceptrons for Ovarian Tumor Classification with
Rejection, Atrtificial Intelligence in Medicine, vol. 29, pp 39-60, 2003



Mesterséges intelligencia az
orvosbioldgiai kutatasokban
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International Ovarian Tumor Analysis (IOTA, Dirk Timmerman)

Antal, P., Fannes, G., Timmerman, D., Moreau, Y. and De Moor, B., 2004. Using
literature and data to learn Bayesian networks as clinical models of ovarian tumors.
Artificial Intelligence in medicine, 30(3), pp.257-281.
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Downloads

BayesCube for Windows 32-b

BayesCube for Windows 54-b

BayesCube for Linux 32-bit
BayesCube for Linux 64-bit

BayesCube for MacOSX 64-bit
Contact
E-mail

Peter Antal

Address

Budapest University of Technology and

Economics, Building "I

1117 Budapest, Magyar tuddsok kénitjia 2.

Room E423

About us Team Research Publications Courses Tools Materials

Visual data analytics in pharmaceutical informatics

Date: 11/01/2017

In cooperation with CERN and MTA-Wigner we will investigate the use of

large-scale, semantic visual data analytics in drug discovery.

Privacy preserving fusion in CELSA

Date: 10/01/2017

Qur new project "HIDUCTION: Privacy presening data sharing, analysis and
decision supportin persenalized medicine” will start this year in cooperation m

with ESAT-STADIUS, K.U.Leuven (2017-2019).

Continued participation in the "UK Biobank"

Date: 09/13/2017

The "UK Biobank project No.1602" is extended till 2020. In cooperation with
the University of Manchester and Semmelwels University, we investigate the
interactions between diet, psychosocial and genetic factors for self-reported
depression and related disorders

We joined the NVIDIA GPU GRANT program of Nvidia Corporation. We will
explore bioinformatic and chemoinformatic applications of the donated GPUs. @

NVIDIA.

New Bayesian OTKA project

Team

Bence Bolgar
Andras Gézsi

Géabor Hulldam
Andras Millinghoffer
Péter Sarkozy

Péter Antal

http://bioinfo.mit.bme.hu/
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ComBinelLab.hu: Themes

Knowledge engineering

Clinical Decision

\ Support

Functional Analysis

Text Mining

Study design

Adaptive
Study Design

Genetic measurements
Data engineering

Pathway Analysis Data Engineering

Data analysis

Interpretation

Biornarker Discovery Statistical Analysis

Causal Analysis

Decision support



Probabilistic graphical models:
Bayesian Networks

A directed acyclic graph (DAG)
Nodes are random variables

Edges represent direct
dependence (causal
relationship)

Local models: P(X.| Pa(X))
Offers three interpretations

Thomas Bayes
(c. 1702 -1761)

P(Model | Data) « P(Data | Model)P(Model)

>

Quantitative Causal model
distribution

5

Graphical
independence
representation



Decision networks
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The diseasome using real epidemiological data

tasticular
; e cancer
arge bowel yidnay/ranal
cancer/éolorectalcell cancer canc::s?;mold
olids bladdarcance, .o
ulcerative colitis
ncreatitis non-hodgkins spontaneous
""s""(}';‘":la.‘n"c‘;':“ £S a;g DRy lymphoma pnaumothorau.lrec0&!@4&“"‘!‘3'"1's
& atrial fibrillatian = glaucoma. “‘hea mzd;}ulmonary WONK
transiefe! arrly 9
sto W"‘ stinal
:::::{:il:) dl:bemi hoedema id e L ltuberw[“”&gfg‘!hment testicular tract JRATUESRUBIE Y0R g share
156asE FtaBTCoidasis_ liver/biliary/pancreas  problems {not orblt’m"‘m" =i
9"‘" o Qicanebw vl "ﬂu'cer Hielockacter r{,. cancer) socket p oulder: fracture ulna
rodedbiulcer p:lymyalgla 3 W& ombasi gastnclshomggn problem R T / sogﬂ'\llf‘ G fractyre jaw hepatitis
rheu A 3 \ Ty - . u By
) h "\Qﬂfﬂayse md Jehy out : ulceRSripheral = aptlnmnlh"!@mks/not e quﬂl h‘utuu patella
ipegularheart | o 2D “neurpRHb disordefPIEPsy. S crohns or m" ,ﬁ‘ ~_“lknee
¢ bea C atic b’m‘m% i : Citcorative fracturgmuml 17 m A
fion :f,".‘e':\“‘ dy,:fu(:c Snt hwm’ Mk 2 b othet - p X arkifssainal o <ekthi tis colms olid | Yoo T,
impotence - i) b : - ) ; \
systeruc [upus di Theic )
ery?hern' si':lsle oesophagitis/barrstis catarat fiYM g e ’.q" :’”'“’S’p,o k|dney e {wg
ocesophagus et = amolacystitis neummborax f’“ s, yal
essential g “e“’iWPWW “’m Wm%oﬁg'ea’& ek hpy , hepat itis'a | - bone
svt/ hypert:nsuonw = R{SR lvd:bc'b_a; o S piles carcinoma anmapm;s O tracture: s ﬂ;emne fi
“;r::;cn;"r:i:m " arthritis et Ches g~y m‘ . nasakpohyiepg legfa%hcwrwmc"’“*’fm ; g maldria
macular malabsorpth; i cular % jomtdlson:ler : rh‘umlbcfw. bilical 2:::!5 : R e t;l;oupper
: T kit 5 umerus
de%'enarawrﬂ probiisa st el hwritiﬂgnstrlcummcrlwmw o : bl"iﬁ : *'ﬁ.“t"ﬁt Idhow
2 i PAsallsinus B M /
nndugesnon KNGS e o ; d‘?‘ e 1“ pmil : ,,.g.t,s = wn:lilzl;:maﬁ“m/J
iy yect dnomine siones Wesarthts . (IR0 ':3:'”59 e i
Utenneclfnc‘er e witi Ry AR e Qmmbu'f Toplan fascnhs i 7 wrist
< B e S B Y Ot et o Rl o isorder <~ tra .
ks fibromyalgia- - dry eye earvical riia ervefc arotitis
menigre's S eNEpiAAUE raynaud's © - h tglafidular Z
disease phenomenon/disea ,dE( mhtnm Pem‘"'?avo‘r stain
hyperthyroidisfiiith der mat'tg

pernicistissce rvixymptomsf-. H’lyndrom( e

$ * jundice < DIEhHEh i
anaemia <o) di ineendo
syndmmegfﬁgm#‘ ’%mu st

iy .’;h,fg, anat fissir@nknown_measies / - fubella /

: causaj. Mot irus” gmla"
gestational. ey 5 al % S bpdfthitis) measles
hypertensionlpﬁ-eéfgli;wrdwimaxummg%‘ iR pain wd. £ mguplgtd nar rg;:cda er/
epression igrains) 7 scmt 9_ m
poly@xﬁ’p ur:n:(rcy, topic | ca colf’ﬂ ~ ‘abnomal \;._““ mkghmlmjury
ovaries/polycystic incontine g’ d "éﬁg}hna pﬂwafeggBIlosﬁ ! cervical
ovarfan sor S | ensrtwnty anaphylaxls ra-epithelial
b nerfoad |namté“ mls‘awm all.rg&i a4l (cln) 1
syn tr:;‘r:id urticariabreakdown ) Loberoaity
St B t
probldih (not anx =t Trg:l;?ﬁvm'ﬁ mfemlrt.y :m:ge cells cervix
cancer) d ep ’%ﬁaenorrh dea v
ysmenorrhea

Marx, P., Antal, P., Bolgar, B., Bagdy, G., Deakin, B., & Juhasz, G. (2017). Comorbidities
in the diseasome are more apparent than real: What Bayesian filtering reveals about the
comorbidities of depression. PLoS computational biology, 13(6), €1005487.
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From associations
to direct dependencies Il. (off:80%)
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Marx, P., Antal, P., Bolgar, B., Bagdy, G., Deakin, B., & Juhasz, G. (2017). Comorbidities
in thgngaiggﬁoqpe are more apparent than real: What Bayesian filtering reveals about the
comorbidities of depression. PLoS computational biology, 13(6), e1005487.



Knowledge: Linked open data

Publications
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Creator: Anja Jentzsch
Last modified: 2016-07-30

Linking Open Data cloud diagram 2017, by Andrejs Abele, John P. McCrae, Paul
Buitelaar, Anja Jentzsch and Richard Cyganiak. http://lod-cloud.net/ 13



Combination of data and
knowledge Teease

In drug discovery /\
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Adam Arany, Bence Bolgar, Balazs Balogh, Peter Antal, Péter Matyus: Multi-Aspect Candidates for
Repositioning: Data Fusion Methods Using Heterogeneous Information Sources, Current Medicinal Chemistry,
2013, 20(1):95-107

Bence Bolgar, Adam Arany, Gergely Temesi, Balazs Balogh, Péter Antal, Péter Matyus Drug repositioning
for treatment of movement disorders: from serendipity to rational discovery strategies, Current topics in medicinal
chemistry, 2013;13(18):2337-63

G. Temesi, B Bolgar, A. Arany, C. Szalai, P. Antal, P. Matyus: Early repositioning through Compound Set
Enrichment Analvsis: A knowledae recvcling strateayv. Future Medicinal Chemistry. 6(5):563-75. 2014



Data and knowledge fusion

for drug discovery K{‘E o

Known interactions

Public/private experimental data
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Bolgar, B. and Antal, P., 2017. VB-MK-LMF: fusioi of drugs, targets and mteractlons

using variational BayeS|an multiple kernel logistic matrix factorization. BMC
bioinformatics, 18(1), p.440.
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Ujgeneracids szekvenalas

* Piroszekvenalas

e Feélvezetd alapu szekvenalas

* Nanotechnoldgia alapu szekvenalas
* Biotechnoldgiai alapu szekvenalas

lllumina HiSeq X Ten Sequencer: az 1. 1000$ genom Oxford Nanopore Minlon

* Hossz: 100-200, fedés: x10 * Hossz: 1000-2000, fedés: «
 Reagens: 797% « Reagens: 0
* Mintael6készités: 55%$-65% * Mintael6készités: ?

Amortizacio: 137$% mintanként « Amortizacio: ???



Nanopore MinlON MKI

s
\\\\\ "/,/,‘

— )
( b
A

—
-

Szenzor

Nanopérus




Nanopore MinlON MKI
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A DNS szal leolvasasa Szekvencia



Tovabbi témak a tanszékrol

» Képfeldolgozas
* Viselhetd elektronikai eszk6zok és okos kornyezet



Mammographic Image Analysis
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Horvath, Gabor, et al. "Intelligent advisory system for screening
mammography.” Instrumentation and Measurement Technology
Conference, Proceedings of the 21st IEEE. Vol. 3., 2004

20




Digital tomosythesis

Goal: Based on digital tomosythesis theory
new imaging device development for
chest diagnostics




AAL: Ambient Assisted Living

* @Goal: Maintaining or improving quality of life
* Target group

— People with physical or mental sicknegses
— People with disabilities
— Aged people
— Home fitness

* Target group is growing...

Pataki B, Hanak P, Csukly G, Surpassing Entertainment with Computer Games: Online Tools for Early Warnings of
Mild Cognitive Impairment, In: Information and Communication Technologies for Ageing Well and e-Health: First
International Conference, ICT4A geingWell 2015., Lisbon, Portugal, May. 2015. Heidelberg; New

York: Springer, 2015. pp. 217-237.

Gyorke P, Pataki B, Energy Harvesting Wireless Sensors for Smart Home Applications

In: 2015 IEEE International Instrumentation and Measurement Technology Conference, I2MTC 2015. Pisa, Italy,
May 2015., pp. 1757-1762.

22



Javasolt téemak és kurzusok

e Javasolt témak (ComBinelab)

Képfeldolgozas (CT, MR)

Viselhet6 okos eszkdzok/kornyezetek adatfeldolgozasa
Szovegbanyaszati eszkozok

Genetikai adatok mérése, elemzése, felhasznalasa
Gyogyszerkutatas gépi tanulasi és neuralis haldzatok
Orvosbioldgiai adatok statisztikai elemzése

Klinikai dontéstamogatasi modellek

» Egészsegligyi mérnoki kozos targyak

Egészségligyi informatika és biostatisztika VIMIM206

e Szabadon valaszthato targyak

Bioinformatika VIMIAV10 Antal Péter

antal@mit.bme.hu
http://bioinfo.mit.ome.hu/
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