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Open Science = Knowledge for Everyone

Agora vs. Clergy

Ancient Greece vs. Ancient
Egypt
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\What can the compurers
do that we can't?



Intelligence vs. Artificial Intelligence






‘NMoAAd ta bewva K’oubév avSpwmou dswvotepov
néAAet... ”

'There are many wonderful things and nothing is
more wonderful than the human...”

20POKANC
Sophocles
496-406 BCE



HUMAN COMPLEXITY: POST(EPI)GENOMIC ERA

Human genome:
About 3+3 billion bases, 98% formerly “junk DNA”, 40-60% retroviral!
About 20 thousand protein-coding genes
About 24 thousand ncRNA-coding genes
About 16 thousand pseudogenes
About 100-140 thousand transcripts
(MRNASs, ncCRNAs = miRNAS, IncRNAs, piIRNAs, cRNAs, eRNAS)
About 200-260 thousand proteins
Single nucleotide polymorphisms (snp’s or snv’s),
microsatellites or copy number variants : (91.1 vs. 0.9%)
>25 million snp’s (snv’s), 1.5 million indels
About 20 million microsatellites

>5000 cnv’ s (many million bases), > 100 k disease-related mutations
>60% of promoters have CpG islands, >1 million reg. regions
Superenhancers
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EPIGENETICS (Epi)mutations




HUMAN COMPLEXITY: SOME HUMAN BRAIN NUMBERS

~ 100 billion neurons (100x10!?) x >10.000 synapses per neuron
= >10'3 synapses)

~ 100.000 km of fibers

~ 1 trillion or more glial cells

~ 1.25 terabytes (recalculated ~1.4 petabytes)

~ 15 Watt lamp (2% of BW uses 20% energy)
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Complex Systems

* Multiple interactants

* Self-organizing

* Adapting through feedback loops
* Resilient to perturbations

* Emergent properties




Emergent Properties

* Earth Ecosystem

* Earth Life (Biosphere)
* Human beings
 Human intellect/soul
 Human civilization




COMPLEXITY

Pythagoras 6th century BCE



Complex Systems Theory

Yin Q Yang
: : Harmony Counteracting
Dlé’rurbmg > Equilibrium < NeIsN[elelNgllgle
Orces Balance Forces
| | |
(Physical,
Emotional)  pythagoras= Harmony

Alcmaeon=Iso-nomia
Hippocrates= Eucrasia
Epicurus= Eustatheia

Walter Cannon= Homeostasis



Complex Systems

“Apuovia 0’¢6TI TOLVULYEWY EVWIGIS KOl OLY0.
PPOVEOVTWY COUPPOVNTIS”

«Harmony is the union of multiple mixed
components and the agreement of the
opposites”

Alxuaiov Kpotwviatng
Almaeon of Croton



Stress is the State of Threatened
(or Perceived as Threatened for us
Humans) Homeostasis for any
Complex System



U.S. today
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Man and his/her civilization are of uniqgue complexity
In the known universe.

Complex systems are in a dynamic disequilibrium
that requires energy to be sustained.

Complex systems have organizing principles and
follow mathematic rules.

v/

SYSTEMS BIOLOGY, SYSTEMS MEDICINE
NARRATIVE AND PRECISION MEDICINE
P4 MEDICINE (predictive, personalized, preventive, participatory)
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Why do we need artificial intelligence?

Kibban Diagram of sn sipha hebiy



Let us add another dimension....
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The problem of dimentionality...
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What is:Artificial Intelligence
and Machine Learning?
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Artificial Intelligence...
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Applications of Al and ML in the Llfg =
Sciences =

MEDICAL () > S e N
k RESERRCHES

Precision Medicine: | @
‘.

omics and clinical data used in

the diagnosis, prevention,

prognosis, and therapy of

it ot et ot et D et At D OOt OO At Ot = O

diseases
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Input Convolution + RelU Pooling Flatten connected SOftmax

Feature learning

Convolutional neural network

DNA sequence

. CTAGCTGGATGCATCGTGAGCTAGCAGTAGCATAGCTGATTTGGAGATC...

Model

|
DT VU Y G

Molecular phenotype (DNA accessibility, transcription factor occupancy, ...

five layers of CNN, one layer of BLSTM and one layer of full connection layer.

positive negative

Fully connect

Max pooling
A

FiN
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Convoluton

Max pooling

Convoluton

,.’i\
Max pooling
A

Convoluton
A

One-hot code




Drug discovery (preclinical) Drug development (clinical trials)
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Treatment 1
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A Treatment Assigned treatment
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Orug-target affinity
4 6 8 10 12
Months from start of therapy

FAILED l

* Molecular profiling * Disease category Patient stratification, MOA
* Imaging * Drug response, and disease indication
s [HC, etc. etc. selection

Treatment k

Treatment 1 '

selective drugs l l I i
- _ . Treatment

Machine learning (SVM, EN, RF, etc.) Apply the model to patients
to build drug sensitivity predictive and globally normalized
models and identify biomarkers internal or external data — Trenentk | gy

» HYPERPLANE
non-selective drugs

Drug sensitivity predictive model and corresponding
biomarker validated by independent testing data
set(s) and preclinical or early-stage clinical trials




HIV/AIDS Hepatitis B/C
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