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Blominpogopikn I

Ewsayoyn: Opiopdg g Bliominpopopiknig, Yrodiapéaelg g Blominpopopiknig, Ta €idn tov
dedopévov otn BromAnpopopikr).

Bdoeig dgdopévov: Baoeig dedouévav Biploypaoioc, Bdoelg dedopévav akoAovbidv TpmTeiviv Kot
DNA, Béoeig dedopévav dopmv, Baceig dedopévov stmlopdtov kot otkoyeveldv, EEetdikevpuéveg
Bdoeig dedopévav, Epyaleia avdivong e mAnpogopiag mov ivar amwodnkevuévn otig PAcelS
dedopévav (Entrez, SRS).

Y1oiyion akorovOiwv: MébBodotl ebpeonc opotoTT®V o€ akolovdieg, Oporoyia kot opoldTNTA,
axoAovBimv kot n onpacio Tovg, Ot adydpBpot dvvopkod Tpoypappatiocpod, Olkn otoiyon (Global
Alignment) ka1 o alyopiBpog tov Needleman kot Wunsch, tomikn otoiyion (Local Alignment) kot o
alyopBuog tov Smith ko Waterman, YmoAoyioplOC TG GTOTIGTIKNG CUOVTIKOTNTOC TS 6Tolyong, Ot

TivokeG OLO1OTNTOC KO 1) onpacio Tovg, O mowvég v ta keva, Evplotikéc pébodot yia avalnmoeig
opotottev o€ Bdoelg dedopévav (BLAST, FASTA «t)).

MoAlamin otoiyion axorovOi@v: TloAvdidotarol adydpiBpot dSvvopkol Tpoypappaticpov, Evpioticés
néBoodotl moAhaming otoiytong axolovbiwv (CLUSTAL, DIALIGN, MULTALIN k1)), puAoyevetikd
OEVTPO Kot TOAAUTTAEG GTOLYICELG.

AlyoprOpor Tpoyvoong otnpriopevol oty axkorovdio tpoteivev kot DNA: TIpoyvoon
devTepoTayovg doung Tpoteivav kot RNA, [Ipoyveoon dtopeppovik®dv TUNUATOV TPOTEIVOVY Kot
TPOGUVUTOAGHOD TOVG, Ebpeomn mbBavav yovidiov og akorovBicg DNA, TToAlanhég ototyioelg
akolovOidv pe yprion Hidden Markov Models, Katdtoaén akorovbudy ce owoyéveteg.

Aopn) Brorinpogopucn}: Avanopdotocn BloAoyik®v Sopdv, Avayvmdpion TPOTEIVIKOD SUTADLOTOG,
[Ipocappoyn kot vTEPOBEST dOUDY GTO YMPO, XVYKPITIKN TPOTLTOTOinon Le Pdomn v oporoyia



Opyavoon Tvmkov EvkapuvmTikov
Kvttapov

Golgi com ples

£
Flasma membranea
.F




Opyavoon g IHAnpoeopiag

# 'r"jm.;rr'l-;':-'.mn‘ma
TP v

e a1 1 - e,

Genes contain
instructions
for malking
jproteing

Proteins act alox

or in compleXes o
perform many cellular
functions




To Kevtpiko Aoypo tgs Moprakng Broroylog ...

me&wa@%ﬁ Replication
llnfﬂr matiunf DA duplicates

DNA | rlfnrll'na!.iun

¥
S\WVL? Transcription
PIMA synthesis

mRMA
nucleus
-, mmmm/
Informalion
i cytoplasm
= , Translation
Protein synthesis

Protein

The Central Dogma of Molecular Biology

http://Iwww.accessexcellence.org/AB/GG/central.html
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2 VVETELN. ..

‘Evac nécog ProAoyoc (0mm¢ ko Kabe HEGOC
ypNotng) to 2006, €xel 61N 0140€GT TOL
oAV 1oyvpotepovg H/Y, pe peyaivtepn
amoONKEVTIKT 15D Ko v,
GUVOEDEUEVOVS GTO OLOOTKTVO LLE
LEYAAVTEPEC TAYVTNTEC AT OTL Yld
TopdoELY L TaY Ovvortov to 1996.



EmumAcov...

H moapaymyn Blodoyik®v 0£00UEVODV
AVEAVETOL ETIONC LE payooio pvOuo
(TPOGOIOPIGLLOG AAANAOVYIOGC
YOVIOLOUATOV, OOUMV TPMOTEIVOV, 0EOOUEV
YOVIOLOKNC EKPPOOTC, AEITOVPYIKT)
YOVIOLMUOTIKT KAT)



Sequences (millions)

Growth of GenBank

(1982 - 2005)

1982

I Ease Fairs
——Seguences

1986 1990

1994

1998

2002

Base Pairs of DNA (billions)

10



Modeling

Statistical
analyses

Visualization

Databases

Data
collection

Computat
hemistry

()

Mathematical Populations Biology
Biology

ystemsBiology

olecular
Bioimagi
jonal Bioinformatics Medical
Informatics

structural

proteoprCs

—

Small Bio-molecular ~ Bio-molecular Genomes Cellular Tissues and individuals  populations
molecules sequences structures proteomes processes Organs

11



Bioinformatics Medical Informatics

whole genome,
interaction networks,
nucleotide polymorphism
statistical methods for
microarrays,
association study,
system biology

patient safety,
medical error,
disease management,
ubiquitous computing,
tissue microarray,
grid technology

microarray experiments,
ontologies, open source,
text mining, support vector
machines

Rebholz-Schuhman, D., Cameron, G., Clark, D., van Mulligen, E., Coatrieux, J. L., Del Hoyo

Barbolla, E., . .. Van der Lei, J. (2007). SYMBIOmatics: synergies in Medical Informatics and

Bioinformatics--exploring current scientific literature for emerging topics. BMC
Bioinformatics, 8 Suppl 1, S18
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T etvon BlromAnpopopiki

BilomAnpo@opikn| eivat 0 EMGTNUOVIKOG ¥DPOG OTOL 1| GOUTPAEN TNG
BioLoyiog pe tnv ITAnpogopikn), v Xtatiotikn kot to Moadnuoatikd eEepeova
VEOLG TPOTOLG Y10 TNV TPOGEYYIoT TV BLOA0YIKOV TpofAnudtov, Kabng Kot
Vv avtiAnyn Bacikov apyov g Broroyioc.

[IpoketTal Yo yvooTIKO YOPO UE CUYKEKPIUEVO OGO Kol EVPY TEDIO
EQUPLOYDV KO CAANAETIOPAOTS LLE TH GUYYPOVN OOUIKT], LOPLOKT,
mAnBuoakn Kol tepiPariovtikn froroyia.

O kAdooc ™ Brominpogopiknc onuepa Bempeital, ToykOGua, VG omd TOUC
TAEOV OVOTTTUGCOUEVOLG, EVM £YEL 101 EMOEIEEL CTIULAVTIKA ETLTELYLOTO KOLL
EXEL GLYKEVIPMOOEL 1010ATEPO GNUOVTIKES ETEVOVCELS. OVGLOGTIKA, KATEYEL
KeEVTPIKN 0€on otic cOYypoveg eCeritelc Tov Emotnuov g Zmng, Le TTo
YOPOKTNPIOTIKO TTapddetypo, Ta Tpoypaupata "Atokwotkonoinons" tv
[Novidiopdtov, tepthapfovoprévou kot avtod Tov AvOpomov.
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Definition of NCBI:

e «Bioinformatics is the field of science in which biology,
computer science, and information technology merge into a
single discipline. There are three important sub-disciplines
within bioinformatics: the development of new algorithms
and statistics with which to assess relationships among
members of large data sets; the analysis and interpretation
of various types of data including nucleotide and amino acid
sequences, protein domains, and protein structures; and the
development and implementation of tools that enable
efficient access and management of different types of
information»
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Luscombe, Greenbaum, & Gerstein,
2001

e «Bioinformatics is conceptualizing biology in
terms of macromolecules (in the sense of
physical-chemistry) and then applying
"Informatics” techniques (derived from
disciplines such as applied maths, computer
science, and statistics) to understand and
organize the information associated with these
molecules, on a large-scale»
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Fredj Tekaia

e «The mathematical statistical and
computing methods that aim to solve
biological problems using DNA and amino
acid sequences and related information»
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ISCB

e «a scholarly society dedicated to
advancing the scientific understanding of
living systems through computation».
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Data
Scientist

Programmer
(Comp. Sci.)
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How to train individuals with
scientists of other fields, in order to
simultaneously and efficiently
communicate?

e Alot of theoretical work on how a
Bioinformatics curriculum should be built

e Combine elements of the «mother»
disciplines and several approaches have
been described

e HSCBB encompasses all areas of
computation applied to living systems

21



e The interdisciplinary nature of the field
raises important questions regarding the
training of young scientists

e The pioneers in the field come from a
different discipline, most notably from

Computer Science,
Biology,
Mathematics,
Physics or
Chemistry

22



e The field is clearly an interdisciplinary one,
but there is also a need to train

interdisciplinary scientists
- Eddy, S. R. (2005). "Antedisciplinary” science. PLoS
Comput Biol, 1(1), e6
e We need to distinguish «Bioinformatics
users», «Bioinformatics scientists», and
«Bioinformatics engineers»

- Welch L, Lewitter F, Schwartz R, Brooksbank C,
Radivojac P, Gaeta B, et al. (2014) Bioinformatics

Curriculum Guidelines: Toward a Definition of Core
Competencies. PLoS Comput Biol 10(3): e1003496.
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Leon (bioinformatics user) =

Leon is on his second postdoctoral fellowship, working on quorum sensing in /ﬁ& g NS ‘\\

bacteria. “I'm using a combination of transcriptomics, proteomics and \‘@»—(‘if\u

metabolomics to understand these pathogenic changes better” he explains. “I end \ (

up with big spreadsheets of protein or gene IDs and I’'m trying to piece together \ 1 /

which signaling pathways are involved in flipping to the pathogenic state”. He has A

been on an introductory Unix course but is much more comfortable with GUIs than },\\
/

with the command line. “I just have a visual brain”, he says.

Career timeline

BSc, Biochemistry, 2nd postdoc,
Leeds, UK MU Muenchen, DE
- 40 45 50 55 60 65
Age
PhD 1st postdoc —
NHLI, UK U Penn,
USA
Typical activities
Obtaining ethical approval -
Prepping Samples ----
QA and data analysis --
Interpretation of results --
% of typical working 0 1 2 3 4 5 6 7 8 9 10
week

Distribution of time between bench-work and computational work

Bench-work Computational work

40% 60%
’ % effort :

Preference for using GUI vs command line
Command line

GUI
- ' | [ | [

% effort 90% 10%
Drivers Goals Pain points
o Understanding what o QA of -omics data o Lack of access to
makes a usually harmless . Statistical analysis of data departmental compute
bacterium pathogenic in . Data integration and farm
the lungs of people with pathway analysis . Sporadic to non-existent

access to bioinformatics

cystic fibrosis
support
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Martha (bicinformatics scientist)

Martha is & serior bisinformatician in an mbemational siructsnl genomics
consortiem. Her baggest project is on predicting the fundicns of proteins whose
siruciuras have just bean sobved; she's building a struclure-to-function
prediction pipeline for e propect. This (s funded party by thie NIH and partly
theaugh industial funding. She also has a Tascinabion lor predicling stneciune
and usually has a student o bwvo working on strectural prediction projects,

Career imeline
Klath major,

Corml, USA LME, Camiidge.
LEL

Tiarwine Trak

posibon, U,

& podlres

PhD,
prysics,
Prmcsan,
UBA

Toronio, Canada

Typical activities

Ditaining w8t data sets
fraem pulblic rosources

‘Wirfing and lesting
algarithms

Busidng and testing
pepiinad

Wriling papars. giving

lalks, supssvision

% of typical working 9 ! 2 3 i E L
Wik

Distnibution of time between bench work and computational work
Benchowork Computational work
i % affor 100

Preference using for GUIl vs command line

G Commansd ne
0% % affor T

Drivers Goals Fain points

«  LUndarstanding the +  Create a strechane-to- = Somatimes the guys in
relationship batween function pipsaline for the lab axpect her 1o i
Sirquencs, Slruclung and molecutar biclogsis thitir computers for tham
function *  Predid struclunes de novo = Finding shudents and

+ Application o langed from mededs of similar, mare senior stafl with

discovary and validaton solved stnuciures adequale main
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Ivan (bioinformatics engineer)

Ivan has just started a new support role in a bioinformatics core facility after
working for an electronic health records company for four years. His main project is
to develop a major new data integration platform for metagenomics data from coral
reefs, but he also has to take his share of helpdesk queries on other projects. “I
come from a computer science background, so talking the same language as the
guys analysing the data is a bit of a challenge,” he says. “| also didn’t really figure
that I'd be working on the GUI as well as the code — in my last job we had design
folks to take care of that”.

Career timeline

BSc, Computer Software engineer with
Science, U. Great Barrier Metagenomics
Zagreb, Croatia Consortium, UQ, Brisbane

- 40 45 50 55 60 65
Age
Master’s in Health Software _g>
informatics, U. engineer at
NSW, Australia Healthsoft

Typical activities

Helpdesk support and assisting
user training

Building and checking
specification for platform

Developing new data analysis
algorithms

Reading around subject to
understand user needs

Researching hardware purchasing
decisions; system administration

% of typical working week 0 1 2 3 4 5 6 7 8 9 10

Distribution of time between bench-work and computational work

Bench-work Computational work Other (helpdesk)
-/ | ! [ [ [ |
0% % effort 80% 20%

Preference for using GUI vs command line

Command line

GUI
. ' ' [ | | | |

10% % effort 90%

Drivers Goals Pain points

Writing algorithms and O Define a spec that meets . Has to work with another

developing a platform to
support novel research
Supporting other research
projects in a busy
academic department

the needs of his users
Prototype and build part of
the platform

Make sure his part of the
project complements others

software engineer who
isn’t a team player
Sometimes struggles to
interpret what his users
want
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"Evpeon o akorlovBiog 1
HoG opadog oyeTilopevmv
aKOAOVOLDV

BLAST, FASTA,
PSI-BLAST «Axn

"Evpeon opordymv o€ Bacelg
dedopévmv, ETAOYN

\ 4

ClustalW, t-Coffee, kA

Kotaokevn molhaniov
octolyicemv

KAT

\ 4

Chroma, JalView, Strap,

[apatpnon, tpomonomon,
€0PECT] GLVTNPNUEVOV TEPLOY DV

HMMER, SAM,
PFTOOLS «An

Koataokevn mo gvaichntov
LOVTEAWMV Y10 VO TEPLYPAYOLV TNV
TOALOTTAY] GTOlYIoM

\ 4

Avalntoelg og yovidsiopaa,
e€aymyn COUTEPUCUATMV

MaOnpatikd, ctatiotikn,
TANPOPOPIKY, KAT

Software development,

Web-server, kAn

Evtomiopdg evog Proroyucod
TPOPANATOG Y10 TO 0010
YPEWLOVTOL IKAVOTOMTIKEG AVCEL]

\ 4

Yxedloopnog Kot VAomToinon

A

alyopifpov

\ 4

Exnaidoevon-a&lordynon tov

alyopifuov

\ 4

Epappoyn g pebodoroyiog oe
TPAYHOTIKE dedopéva To OTToloL
{nrovv Avon

E&aymyn ocvunepacpdtov

\ 4

AldBeom otV EMGTNUOVIKT
KOWOTNTA Y10 (PTIoM
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Published data related to
Bioinformatics community and

. Little (val BREATENINGrE6SR,

e A previous bibliometric study analyzed the
scientific activity in Bioinformatics in Greece
identified 405 published research conducted from
1976 until 2010

e This research showed that:
the oldest and largest Universities
seem dominant and
some of the newer Universities have strong

presence
28



e Research and teaching activity regarding
Bioinformatics the last 15 years in Greece is
booming

e A sufficient number of scientists who will
advance the field has started to accumulate

e The origin of these scientists appears to be
interdisciplinary

e Bioinformatics researchers come from some
different scientific discipline and are not
exclusively devoted to a given scientific field

29



Awonpéaelg tnec BlromAnpopopikng

Avdivon akoAovOimv

Avaiveon oounwv (ooukrn BromAnpopopikn)

Bdoeig floloyik®v 0£00UEVOV

Avaivon

Avalvon

Avdalvon

VEVETIKMOV 0EOOUEVDV
OEOOUEVOV EKPPOCTC
TOAVTAOK®V OIKTOM®V
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AvdaAvon akoAovdimv

2 1oly1om akoAoVOIOV (KaTd CEVYN Kol
TOAAOTTAN)

Evpeon tpotdnwv (patterns)

[IpOPAEYN Ae1TOVPYIKOV KOl OOUK®V
YOPOKTNPLOTIKOV

AvVAALGT YOVIOIOUATOV, KAT
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AvaAvon oou®mV

Avomopiotocn OOU®V
YnépOeon ooumv - GToiyion
AvayvopioT TPOTEIVIKOU OITAMUOTOC

2VYKPITIKT TPOTLTTOTTOiNoM Ue Pdon v
ouoAoYia
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Baoceig oeoouevov

e 2VAAOYT] KOl GYOALOGLOG OEOOLEV®V

¢ 2¥E010GUOC PACEMV 0EOOUEVDV
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Ta €ion TV ogdoouEVOV

* AKoAovOiec
e AouEc
o AA\OL
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[otopia e BlromAnpopopiknc
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COMPROTEIN: A COMPUTER PROGRAM TO AID
PRIMARY PROTEIN STRUCTURE DETERMINATION*

Margavret Oakley Dayhoff and Robert S. Ledley
National Biomedical Research Foundation
Silver Spring, Maryland

INTRODUCTION

Among the main chemical constituents of
the human body—and, in fact, of all living
things—are proteins. In addition to serving
as component structural parts of many types
of living tissues, the proteins are enzymes
that are necessary in order that the chemical
reactions which comprise the life processes
may occur. The protein enzymes act to
"decode" the message of the genes, inter-
preting this message in terms of specific
chemical reactions which determine the phys-

This ordering is of great interest because it
is the order of the amino acids in a protein
thatis determined by the gene. Thus, accord-
ing to current biological theory, the gene de-
termines which proteins will be made by
determining the order of the amino acids in
the protein chain and it is these proteins in
turn, acting as enzymes, that control the
chemical processes that determine the phys-
ical and functional characteristics of the
organism.

Finding the amino acid order of a protein
chain has proved a time consuming process

41



CABIOS COMMUNICATIONS

Vol.4. no.4. 1988
Pages 473 -477

A protein secondary structure prediction
scheme for the IBM PC and compatibles

Stavros J.Hamodrakas

Abstract

A prediction scheme has been developed for the IBM PC and
compatibles containing computer programs which make use of the
protein secondary structure prediction algorithms of Nagano
(1977a,b), Garnier et al. (1978), Burgess et al. (1974), Chou
and Fasman (1974a,b), Lim (1974) and Dufton and Hider
(1977). The results of the individual prediction methods are
combined as described by Hamodrakas et al. (1982) by the
program PLOTPROG to produce joint prediction histograms
for a protein, for three types of secondary structure: c-helix,
3-sheet and B-turns. The scheme requires uniform input for the

it is also important to predict correctly the secondary structure
of proteins from their sequence alone.

Several prediction algorithms have been published and can
be classified mainly into two categories—statistical or stereo-
chemical—but their success has been rather limited (Kabsch and
Sander, 1983a; Argos and McCaldon, 1988). It has previously
been claimed that combined prediction schemes provide a higher
degree of accuracy than individual prediction methods (Schulz
etal., 1974, Argos et al., 1976). Since the microcomputer has
become a powerful and inexpensive laboratory tool, it would
be convenient to have compact, in-house programs for predict-

42



Education in Greece
Bioinformatics is taught at undergraduate level

in 18 Departments
8 Departments of Biological Sciences
4 Departments of Computer Engineering

4 Computer Science Departments
2 Medical Schools

In total there are 23 different courses

3 of them are currently not offered, mostly in CS
departments

22 faculty members involved

some courses are taught by more than one faculty
member, whereas some others teach more than one
courses
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Faculty members
N %

Degree

Biology 10 45.45
Physics 3 13.64
Chemistry 3 13.64
Computer Science 2 9.09
Engineer 2 9.09
Mathematics 2 9.09




Bioinformatics in curricula

University of Thessaly

- Department of Computer Science and Biomedical Informatics (3 courses®),

- Department of Biochemistry and Biotechnology (1 course*),

- Department of Electrical and Computer Engineering (1 course),

- School of Medicine (1 course*)
University of Thrace

- Department of Molecular Biology and Genetics(4 courses*),

- Department of Electrical and Computer Engineering (1 course)
University of Crete

- Department of Biology (1 course*),

- School of Medicine (1 course*),

- Department of Computer Science (2 courses™)
University of Athens

- Department of Biology (1 course*),

- Department of Informatics and Telecommunications (1 course)
University of Patras

- Department of Biology (1 course)

- Department of Computer Engineering and Informatics (1 course)
University of loannina

- Department of Biological Applications and Technologies (2 courses*)
University of Piraeus

- Department of Informatics (1 course)
University of Western Macedonia

- Department of Engineering Informatics and Telecommunications (1 course)
University of Thessaloniki

- Department of Biology (1 course)
Agricultural University of Athens

- Department of Biotechnology (1 course*)
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@ With Bioinformatics Courses

@ Without Bioinformatics Courses

Computer Engineeiring  Medical Schools  Biology and
Science related
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Structure of the curriculum

e Departments of e Departments of
Biology and Medical Computer Science
Schools: and Engineering:

— Computing/ — Probability and/or
Programming Statistics

— Biomathematics/ - Molecular
Biostatistics Biology/Genetics

— Bioinformatics — Bioinformatics

47



e This work’s long-term goal — draw
conclusions also via interviews -
presented in print at a later time-
taken from Bioinformatics courses’
lecturers
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The Departmentsmﬁggiumng seem to have

adapted to the new era of Bioinformatics

All of them (8/8) include one or more relevant courses in
their curricula

The Departments of Computer Science, Computer
Engineering, and the Medical Schools follow to a lesser
extent

Moreover, the Departments of Biology have achieved a
smooth introduction of the students to Bioinformatics,
including courses on Biostatistics and Biomathematics, and
some of them (but not all) courses on Programming and
Informatics

The same is not the case for CS and Engineering
departments, with the notable exception of the Department
of the University of Crete which offers Biology Courses and
the Department of CS and Biomedical Informatics which
offers also courses in Biology, Biochemistry, Genetics,
Physiology and Biostatistics. 49



Conclusions

Older Universities played a crucial role in establishing Bioinformatics
research and education in Greece

Universities of the Periphery being newer and more flexible, invested in the
field, by including more relevant courses in the curricula and by hiring
faculty members trained in the field

Biological Sciences Departments that offer the larger number of relevant
courses:

Department of Molecular Biology and Genetics of the University of Thrace (4
courses +Biostatistics)

Department of Biological Applications and Technologies of the University of
loannina (2 courses +Programming+Biostatistics)

Department of Biochemistry and Biotecnology of the University of Thessaly (1
course+ Programming+Biostatistics)

Department of Biology of the University of Crete (1 course+
Programming+Biostatistics)

Departments of Computer Science that managed to include several courses of
Bioinformatics and introduce Computer Science students better in this field :

Department of Computer Science and Biomedical Informatics of the University of

Thessaly (3 courses+Biostatistics+Biochemistry+Biology [+Biology II1+Genetics)

Department of Computer Science of the University of Crete (2 courses+2 courses
on Biology) 50



What about Postgraduate studies?

e University of Athens
- MSc Programme in «Bioinformatics» (Department of Biology)

- MSc Programme in «Information Technologies in Medicine and
Biology» (Specialization in «Bioinformatics»)

e University of Thessaly

— MSc Programme in «Informatics and Computational
Biomedicine» (Specialization in «Computational Medicine and
Biology»)

— MSc Programme in «Methodology of Biomedical Research,
Biostatistics and Clinical Bioinformatics»

e University of Patras

— MSc Programme in «Life Sciences Informatics» (Specialization
in «Bioinformatics»)

Agricultural University
— MSc Programme in «Systems Biology» 51



