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Data, Information and Knowledge Computer science vs. computational science

Is the size and staffs : . ; e !
Metaphol of Chiba Uni/eray Computer science: + Computational science:

ot o, hospital appropriate Alsp commpnly upderstoqd Science about using

Miner? for such amount of as informatics or information . computing and mathematics
: IS technology, e.g., processing  to do research in other

of information by computer. sciences, e.g.

Metaphor:

Average of number of

patients each hour, . :
el oy e e « Science about producing

each at Chiba Univ. hardware (computer) and — Computational physics
hospital. software (programs) for — Computational finance
Number of patients different usage purpose. — Computational linguistics

counted at Chiba . .
Univ: hospital by Computational biology
hours, by days of the

week, by months.

Information

Computational Science High performance computing competition

“is a rapidly growing multidisciplinary field that uses advanced Ddinal Uikits Coveiad
computing capabilities to understand and solve complex problem”. in this Roadmap Japan national key project (2007-2012)
Its fuses three distinct elements i eax pe ce Next-Generation Supercomputer (Target

* Algorithms and modeling and simulation software
developed to solve science, engineering, and
humanities problems

* Computer and information science that develops
and optimizes the system hardware, software,
networking and data management components
needed to solve computationally demanding problems

* The computing infrastructure that supports both the
science and engineering problem solving and the
development computer and information science.

Book: Computational Science: Ensuring America’s Competitiveness




High performance computing competition

* Japan’s “K computer” (K is 101 and
large gateway), 800 computer racks
with Fujitsu ultrafast CPUs,
targeting by 2012 to 10 petaflop,
(RIKEN’s Advanced Institute for
Computational Science)

IBM’s computers BlueGene and
BlueWaters, targeting to 20
petaflop by 2012

(Lawrence Livermore National
Laboratory).

IBM BlueGene
http://www.fujitsu.com/global/news/pr/archives/month/2010/20100928-01.html (28.9.2010)

http://www.hightechnewstoday.com/nov-2010-high-tech-news/38-nov-23-2010-high-tech-news.shtml (Nov. 2010)

Doctors are very accepting of technology!

Computational science and supercomputers

« 21 application programs have been identified as
candidates to be used for system performance
estimation by the application committee.
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Computer usage in medicine

* Earliest broad recognition of statistical issues in
diagnosis and the potential role of computers
occurred in the late 1950s

— “Reasoning foundations in medical diagnosis”: Classic
article by Ledley and Lusted appeared in Science in 1959.

* Computers began to be applied in biomedicine in the
1960s

— Most applications dealt with clinical issues, including
diagnostic systems.




“Fundamental theorem” for using

Computer usage in medicine : ..
computersin medicine

“Computers in medicine” in the 1960s

= First Federal grant review group

— Most applications dealt with clinical issues

No consistency in naming the field for many years
— “Computer applications in medicine”

— “Medical information sciences”

— “Medical computer science”

Emergence in the 1980s of a single, consistent name,
derived from the European (French) term for computer
science: informatique (informatics)
— Medical Informatics
Charles P. Friedman. J Am Med Inform Assoc. 2009;16:169 —170.

Related disciplines Medical Informatics

Informatics (computer science) Medical informatics is the
' intersection of computer

science, computational

Medical informatics (Clinical informatics) : = science and health care.

) : It deals with the resources,
devices, and methods
required to optimize the
acquisition, storage,
retrieval, and use of
information in health and
biomedicine.

Computational science

Public health informatics

Biomedical informatics

Bioinformatics (computationalbietegy)




Medical informatics is rapidly developing

Medical informatics is the
rapidly developing scientific
field that deals with resources,
devices and formalized methods
for optimizing the storage,
retrieval and management of
biomedical information for
problem solving and decision
making.

Edward Shortliffe, M.D., Ph.D. What is medical.
informatics? Stanford University, 1995.

Are too slow adopting the change

Medical schools
have long
recognized the
need to revise
their teaching
methodology, but
have been slow to
change.

Examples of medical informatics areas

* Hospital information systems
— Electronic medical records & medical vocabularies
— Laboratory information systems
— Pharmaceutical information systems
— Radiological (imaging) information systems
— Patient monitoring systems

* Clinical decision-support systems
— Diagnosis/interpretation
— Therapy/management

Patient data is the most important resource

to expand rapidly with demands ||
for more efficient coordination of '8
patient data become paramount, » ‘
and the pressures for improved ‘Ig
practice and application of

evidence based medicine

increases, medical informatics

will have increasing influence in

our working lives as clinicians.

As medical knowledge continues ‘%O

Clinical data vs. omics data!




Biomedical informatics:

What is biomedical informatics? ; e
Corollaries to the definition

Biomedical informatics (BMI) is the

interdisciplinary field that studies and pursues . BMI develops, studies-and applies theories,

the effective uses of biomedical data methods and processes for the generation, storage,
retrieval, use, and sharing of biomedical data,

information, and knowledge for scientific , ,
information, and knowledge.

inquiry, problem solving, and decision making,

motivated by efforts to improve human health. . BMI builds on‘computing, communication and
information sciences and technologies and their

application in biomedicine.

Source: www.amia.org

Biomedical informatics:

: i Biomedical informatics in perspective
Corollaries to the definition

3. BMl investigates and supports reasoning, modeling, _ NG, 2! Informatics Methods,

; ) . ; ) Techniques, and Theories
simulation, experimentation and translation across the

spectrum from molecules t@ populations, dealing with a
variety of biological systems, bridging basic and clinical
research and practice, and the healthcare enterprise.

. BMI, recognizing that people are the ultimate users of
biomedical information, draws upon the social and
behavioral sciences to inform the design and evaluation
of technical solutions and the evolution of complex
economic, ethical, social, educational, and Bioinformatics \maging Clinical Public Health

o Informatics' Informatics Informatics
organizational systems




Biomedical informatics in perspective

Biomedical Informatics Methods,
Techniques, and Theories

I ! Imaging Clinical Public Health
Bioinformatics h . )
- Informatics ' Infarmatics Informatics

»
»

KDD: Knowledge Discovery and Data Mining
MBRRET—ITA=2T

-driven discovery models and patterns
massive observational data sets

Statistics, Languages, Data
Inference Representations Management

Applications

——

Biomedical informatics in perspective

Biomedical Informatics Methods,
Techniques, and Theories
Consumer
Health
Phgrmaco-
Biomolecular gerjomics
Imaging

i Y ImaglngI Clinical Public Health
Bioinformatic Q ,
Informatics{ Informatics
\

Informatics

Example: mining associations in market data
I—ybk AR5 9R 52 #T (IBM)

Super market data W

“Young men buy diaper and beer together”
TREEOZES BHIEEE—LE—#IZESTENSBLY

T—ERA=Y 20-30E D Bt e E—L

(BF-EER) METOZESLSIHEEN-FEADNTITESAOEE—IL
ZBALTLM: > SEOBREINIELNT CEDTESHHH.




Text mining: a.real example (Swanson,1997)

Extract pieces of evidence from article titles in the biomedical
literature EYEZEIFRZA MILHD DR ERIOHH

v “stress is associated with migraines” “XbL R [LHEEEEES”
“stress can lead to loss of magnesium”
“RRLRFRT RS LBROREELD”

“calcium channel blockers prevent some migraines”
PN LERERRERE FHTEENHD”
“magnesium is a natural calcium channel blocker”
YR LIERADAIL 7 LERETHZ”

Induce a new hypothesis not in the literature by combining
culled text fragments with human medical expertise
RELE-X OB A ABOEFEMMBEE->THE S, XEIZHELEFL
WMEEREEEHT
v Magnesium deficiency may play a role in.some kinds of migraine
headache ¥ #7 Ll3#H HIEND S EESE g

The KDD process
MERRET—EIRA=2TDTOER

a step in the KDD process e Euttlng .the results
consisting of methods that in practical use
produce useful patterns or models fERERERICHWS
from the data v
F AN =TT L Interpret and evaluate
EERTEFENDHRDRATYT discovered knowledge
S = FRUABEHBRLTMET S
Maybe 70-90% of __
effort and cost in e Data mining
KDD £{k?70-90%MD Extract Patterns/Models
FBHEBTBRTVT | NE—-ETIVEHETS

N S———

2) Collect and preprocess data
T—AEIRELAINET B

Understand the domain

REZERELBEEEET S

(In many cases, viewed KDD as data mining)

KDD is inherently

and define problems interactive,and iterative
MHREROREERYBRL L2523

Data schemas vs. mining methods
T—RREX—X vs. PEF %

Typesof data Mining tasks and methods
. Y YA DERBEEFiE
at data tables ST — . . ’ .
Relational databases FS{%DB ® Classification/Prediction 4338/ I

T | & tial dat 0 Decision trees REKR
H;%%%g_;pa = Neural networks ##% 5] #&44

Transactional databases Rule induction JL—)L A
BE|F—4 Support vector machines SVM

Multimedia data Hidden Markov Model f2h~</La7
RLFATATT—H 7\

Genome databases 4/ LT —4 y DescArlptlgr;_ EHEI is FRRISF
Materials science data 5 &

1‘2’*47_:—’)7 Clustering GSRZ)YT

Textual data TFRA+T— Summagieatinge =i
Web data 97 T—%
etc.

Case study: Hepatitis

LC: liver cirrhosis -
HCC: hepatocellular carcinoma BERENIE q q

Fibrosis stage Fibrosis stage
20-30 years

4 4
onset of infection onset of infection

The natural course of hepatitis




The hepatitis.dataset

m Temporal relational

2;\ % database (Chiba Univ.

Measurements of H OS p ital)
ox In-hu_lplt_tl
Results of BiopSy examinations . 5 i
" ”7 il ol = Patient’s data contain

on interferon

therapy about 983 tests taken

(198 records)

fa

s

in different periods

L
Basic info n J
of patients 4
(771 records) # Qut-hospital

B @ examination results
ﬁ = 5 (30.243 records)
oy e e
5 fdia

3 ﬁ;‘} In-hospital

/b_ ' examination results

{1.8565.877 records)

3 varying from several
weeks to twenty years

2 irregular time-
stamped points

Example of the hepatitis dataset

Table 1, Part of integrated table of temporal data
Date Sex IFN GOT GPT ALB
10810219 M n 55 65 B
10810316 M n 54 87 )
19820313 M n 47 64

20010108 M
20010510
19911021
199011118

Research problems

P1. Differences in temporal patterns between
hepatitis B and C? (HBV, HCV)

P2. Evaluate whether laboratory examinations can be
used to estimate the stage of liver fibrosis?
(FO, F1, F2, F3, F4)

. Evaluate whether the interferon therapy is
effective or not?
(Response, Partial response, Aggravation,
No response)

Our solution:

ZTT. H>N-S

temporal abstraction

ZTT first was
increasingly high
then changed to.the
normal region any

hods: APE (abstraction pattern extraction) and




System D2MS Lessons learned

. Understanding the domain and determining the target are the
primary factor to failure or success.

. Pre-processing takes more than 90% of time and effort.
“It took 40 years to collect data, months to preprocess data,
minutes to learn from data, and hours/days to evaluates obtained
results”.

. The collaboration between data miners and domain experts is the
most decisive factor.

. Different views on interestingness of discovered patterns are the
main reason of un-satisfaction.

. Model selection requires the active participation of users, and
domain knowledge in mining is crucial.

C:\Users\HO TU BAO\Desktop\D2MS.Ink C:\Users\HO TU BAO\Desktop\DBMS-noN.Ink

What is bioinformatics? Bioinformatics is about biological data

Nucleotide — DNA, RNA, ...

Genome — Sequences, chromosomes, expressed data, ...
Protein —Sequences, 3-D structure, interaction, ...
System — Gene network, protein network, TFs, ...

Other — Microarray, images, lab records, journals,
literatures, ...

* The collection, classification, storage, and analysis of
biochemical and biological information using
computers especially as applied in molecular
genetics and genomics*.

* The application of math and computing to solve
problems in biology.

The goal is to understand how the biological system

Bioinformatics ~ Computational biology works.

* Merriam-Webster's Medical Dictionary, © 2002 Merriam-Webster, Inc.




Explosion of biological data From data to-knowledge

10,267,507,282 * Data TACATTAGTTATTACATTGAGAAACTTTATAA
% i . TTAAAAAAGATTCATGTAAATTTCTTATTTGTTT
-~ = Vs bases in Nucleotide — DNA, RNA, ... ATTTAGAGGTTTTAAATTTAATTTCTAAGGGTT
&) 9,092,760 TGCTGGTTTCATTGTTAGAATATTTAACTTAAT
Genome — Sequences, ¢ hromosomes, expresse d CAAATTATTTGAATTTTTGAAAATTAGGATTAAT
TAGGTAAGTAAATAAAATTTCTCTAACAAATAA
GTTAAATTTTTAAATTTAAGGAGATAAAAATAC
y 3 ) TACTCTGTTTTATTATGGAAAGAAAGATTTAAA
Protein — Sequences, 3-D structure, interaction, ... [REAGZYCHE

Laacs | /600 | records.
i data, ...

System — Gene network, protein network, TFs, ...

Other — Masspec, microarray, images, lab
records, journals, literatures, ...

LD

OMIM %wm@(!“
-f- chramasames
3000 e * Knowledge
2

e
NN\ =

N,
2,000,000 Protei E

metabolites: =

Genotype

Phenotype

4 - i y Genotype-Phenotype relationship
e A Sy QR SNPs

K rhorm many celbular i
Genomics hctiom . Pathways
From Genes to Proteins

> - Drug targets

Computer is intelligent The ... omics

Level of Definition Status Method of analysis

* Pros :
analysis

e Repeated work

e Accurate storage

e Precise computation
e Fast communication

Genome Complete set of genes of an
organism or its organelles

Context-dependent Systematic DNA
(modifications to the yeast sequencing
genome may be made with

exquisite precision)

Transcriptome  Complete set of messenger RNA  Context-dependent (the Hybridizations arrays

* Cons
e Cannot generalize
* No real intelligence

The results must be reviewed and validated'by biologists.
In addition, biologists must have some understanding of

how computer processes data (algorithms).

Proteome

Metabolome

molecules present in a cell,
tissue or organ

Complete set of protein
molecules present in a cell,
tissue or organ

Complete set of metabolites
(low-molecular-weights

intermediates) in a cell, tissue or

organ

complement of messenger
RNAs varies with changes
in physiology, development
or pathology)

Context-dependent

Context-dependent

SAGE
High-throughput
Northern analysis

Two-dimensional gel
electrophoresis, peptide
mass fingerprinting

Infre-red

Spectroscopy

Mass spectroscopy

NMR spectrometry
= w5




Elements of bioinformatics How to extract knowledge?

Genomics is a discipline in genetics concerning the

study of the genomes of organisms. Computational tools

Transcriptomics (functional genetics) is the process Building the databases ™
of creating a complementary RNA copy of a sequence
of DNA.

Proteomics is the large-scale study of proteins,
particularly their structures and functions. Data mining/Statistical learning

Perform analysis/extract features Biological
information
and
knowledge

Data fusion/Integration

Metabolomics is the scientific study of chemical
processes involving metabolites.

Visualization/representation J

. o . How to extract knowledge?
Statistics vs. data mining £

BEST TREE

* Statistics * Data mining

provides principles — Finding knowledge from

and methodology for data

designing the process of — Strongly based on

statistics, especially
— Data Collection modern multivariate

statistics

— Summarizing and

Interpreting the data — Also based all other
disciplines
— Drawing conclusions or

ERE IS

— Motivated by real-world o & CLL-Cluster2  CLL - Cluster |
problems )

LN
MNC Ly CD3|




Barabasi A-L, Network medicine — from
obesity to “Diseasome”, NEJM, 357(4):
404-407, 2007.

rr—
Human disease classification in the postgenomic era:
A complex systems approach to human pathobiology

“The branch of medicine

that deals with the influence
of gene expression on diseasé
processes and with R
genetically based treatments, “\ oy
such as gene therapy.” Rk

f%\merican Heritage Dictionary)

Molecular
Medicine

Molecular medicine

* Molecular medicine is a broad field, where
physical, chemical, biological and medical
techniques are used to describe molecular
structures'and mechanisms, identify fundamental
molecularand genetic errors of disease, and to
develop molecular interventions to correct them.

The molecular medicine perspective emphasizes
cellular and molecular phenomena and
interventions rather than the previous conceptual
and observational focus on patients.and their
organs.

Trends in Molecular Medicine

Our work in biomedicine

* Computational medicine

— Mining stomach cancer data,
Tokyo Cancer Center (1999-2003)
— Mining hepatitis data, Chiba
University hospital (2001-2005)
— Hepatitis study (2007-)

* Computational biology
Transcriptional regulation
Epigenetics
Protein-protein interactions
miRNA
Metabolomics




HCV NS5A and IFN/RBV therapy

300 and 170 millions of carriers
of HBV and HCV worldwide,
respectively.

Lead to liver cirrhosis & HCC

Molecular mechanisms of
hepatitis pathogenesis and SIRNA 1
hepatitis therapies - I

50% SVR for IFN/RBV VES

iy / . hepahlisk_/-) therapy?
Why and why not hepatitis &

viruses disappear after the NS5A ;
treatment? 9 :

Problem of siRNA selection

ACGCCGU 0.65 | - .
UAUUACG 0.85 | Given:
ACACGGU 0.33 — A set of siRNA with score

GGCUACC 0.90 of knockdown efficacy.
AUUAUUC 0.34

CUAUGGA 0.51 — A number of
AAGCGUA 0.47 experimental design rules

UACCGGU 0.55 i
* Find methods:

— To predict the score of any
SiRNA
Position/N | A

Set of siRNA with known score of
knockdown efficacy (about 5000)

s s - — To artificially creates
siRNAs with high scores

of knockdown efficacy.
Design rules obtained from experiments ! ‘ <

RNA interference (RNAI) and hepatitis

* A'mechanism wherein small RNAs, esp.
miRNA and siRNA, control the expression of
genes.

* RNAi target to HBV and HCV genes to inhibit
their replication or host genes required for
their replication.

* How to select appropriate siRNA molecules
that have satisfactory silencing capabilities or
minimum off-target effect and maximum
knockdown efficiency?

* NS5A is the protein most reported
in interferon resistance (Gao,
Nature 465, 2010).

* What is the remained enigmatic
role of the domains Il and Il
(Lemon, 2010)?

* V3 is a more accurate biomarker
than the ISDR region (AlHefnawi,
2010)?

* Distinguish the responders and
non-responders between subtypes
la-c (448 aa) and 1b (447 aa).




The data and-two methods for motif finding

* Labeled data: * Given
Los Alamos HCV — SVR and non-SVR samples

database (134 RVR — unlabeled samples
and 93 S5A non-SVR * Find

sequences. 1. All strong motifs of type DOOPS

Unlabeled data: (discriminative one occurrence
per sequence) for each class of
5000 NS5A sequences SVR or non-SVR?

belonging to 6 ) . Strong motifs of type DMOPS
genotypes, mostly in (discriminative multi occurrence
la-c and 1b taken from per sequence) satisfied two
Genbank and Nagoya complete and discriminant

City University. conditions.

DOOPS motifs found

Table 1. Typical 3-DOOPS motifs with high value of 3 in the V3 and ISDR regions.

V3 region ISDR region

I'ype lac 1b Type lac

SVR nSVR UL [SVR nSVR UL SVR nSVR
# Seq. 73 1559( 30 19  1159||# Seq.| 14 73

UL

1559

SVR nSVR UL

30 19 1159

SGC | ¢ 66 |[67= 1] 0 0 1 |[ANH 1 61][649

GCP . 63 ||5921] 0 0 1 ||CTA 1 61

673

|IE 0 3
4 3

PSG ¥ a7 |455]| 0 0 5 |ITAN 1 61

653

0 0

APSG 57 [1392]] 2 0 2 XX~ 1] i)

NTTZX T oo | 0 0 o lliaa 0 25
EPAS 0 0] 0 0 0 ULIA (1] 25

24

hutil

11} 0
U 0
(1] 1]

WNQ | 0 25
PDC 7 0 28 0 0 0 ||[ESES 0 24
DDT 5 0 1] 0 2
GDD 0 0 0 7 IIDAN 0 0
PPN 7 1] T 0 0 0 VD 0 0
SEPT 0 0 (1] 0 VDA 0 0
EPTP| 0 ¥ 0 0 CTTH| 0 0

DQA 0 2 12
QSA 0 1 11

0
(1]

1
0

0 0
] (1]

3 0
3 0
4 ]
2

DOOPS motifs found

Table 2. Typical 3-DOOPS motifs with high 3 in the domain I and domains 1111

Domain 1 Domain II, 111

La 1h I'vpe lac 1h
SVR nSVR UL [SVR nSVR U SVR nSVR UL |SVR nSVR UL
# Seq.l 14 73 1559] 30 19 # Seq.| 14 73 1559] 30 19 1159
.'.~I s46 | 0 0 1 UAAN [ O 0 0
oS 1 0 [1] 3¢ 0 { 0 0
18 20 0 1] 3 0 25 0 0 0

Type

20 | 0 (1] 0 25 0 0 (1)
14 1 0 0 0 : [ 0
20 | 0 0 (1] [ 0 15

0 y T ! 1] 0 0

(1] 11 0 0 0
(1] ] 1 7 0
L1

DMOPS motifs found

fold 2 fold 3
SVR [nSVR ||SVR [nSVR
Al [NM Al |ND
DI [AKA DAN|GR
AAC|RRRLA|TAA|NM
TRA|DT HA [MA
RAC|IKA FR |RS
DK
PNA
EAT
LGA
AEA




Conclusion

* Computer science and computational science
play an increasing important role in medicine.

* Might biomedical informatics be to public health
in the 21st century what infectious diseases were
to public health.in the previous centuries.

* Learn and use more molecular biology in
medicine by informatics.

THANKS =

What makes proteomics important?

* There are more than 160,000 genes in each cell, only
a handful of which actually determine that cell’s
structure.

Many of the interesting things about a given cell’s
current state can be deduced from the type and
structure of the proteins it expresses.

Changes in, for example, tissue types, carbon
sources, temperature, and stage in life of the cell can
be observed in its proteins.




