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BiomrAnpo@opikn




Meplexopeva TTapouciaong

BioAoyIKO utto3aBpo.

To KevTPIKO agiwpua.

2.uvown NG BiotrAnpo@opiknc.
EpeuvnTIKEC TTEPIOXEC.

[TNYEC TTANPOPOPIWV.




T1 gival n BIoTTANnpo@opIKN

e Blo > poplakn BLoAoyia
e [MAnpodopkn . ETILOTAMN TWV UTTOAOYLOTWV
e BlomAnpodopkn . EMAVEL TtPO AN LOTA TIOU

NPOKUTITOUV aro tn BloAoyia XpNOLLOTIOLWVTOC
neBodoAoyia Ao TNV EMLOTAN UTTOAOYLOTWVY




BiomrAnpo@opikn
KOl OUVOEIG ETTICTAMES

ETioTAuN Twv UTTOAOYIOTWV.
MaBnuaTika Kal ZTATIOTIKA.
BioAoyia.

laTpIkn.

Xnueia.

Duoikn.




H BiotrAnpo@opikn OXETI(ETOI ME:

* Tnv ecaywyn akoAouBiwv DNA atrd 10 YEVETIKO
UAIKO.

* Tov oxoAlaouo akoAouBIwv (TT.X. ME TTANPOPOPIEC
aTTO TTEIPAUATA).

* Tnv KaTavonaon Tou EAEYXOU TNG EKPPAONG TWV
yovidiwv (0nNAadr) KATwW ATTO TTOIEC CUVONKEC
dnuIoupyouvTal ol TTPWTEIVES atTd To DNA).

e Tnv oxéon METACU TNG aAAnAouUXiaC aUIVOLEWY TWV
TTPWTEIVWV Kal TNG OOMN TOUG.




2TOXOI TNG EPEUVAG OTN
BiotrAnpo@opikn

Katavonon 1n¢G Asitoupyiag Twv (WVTavwy OVTWV.
2. XEQIAOUOC PAPUAKWV.

AvayvwpIion YEVETIKWYV TTAPAYOVTWY KIVOUVOU.
['ovidlakn Bepartreia.

[[EVETIKI) TPOTTOTTOINON PUTWYV KAl (WWV.
BeATtiwon péowv BioAoyikou TTOAEUOU.

Baoika {nTApaTa

O

O

O

O

[Mw¢ 6a weeAnBei n avBpwtrdTnTa.

[eVETIKA PETAAAQYMEVA OTTAPTA - ATTOPUYN MOAUVONG.

[EVETIKA JETAAAQYUEVN TPOVPI) KAl ETTITITWOEIC.

[ovidla Kal ETTITITWOEIC OTN CUMTTEPIPOPA.

Opia oTic dokIpéC oTa (wa.

["eveTIKA Bepatreia — CETTEPVOUV TA TTAEOVEKTHAUOATA TOUG KIVOUVOUG;




Baoikn apxn TnG Bewpiag
NG €SEAIGNG

OAoi o1 opyaviopoi TTporfABav atrdé €vav Koivo TTpoyovo HETA ATTO

Jia diadikagia TTou ouvexiletal kal kaBopiletal atro TPEIS BACIKOUG
TTaPAYOVTEG:

* KAnpovouikoTnTa.
» AlagpopoTroinan.
« EmAoyn).

FeVETIKO UAIKO

o OANd Ta KANPOVOMIKA XOAPOKTNPIOTIKA €VOC Opyaviouou
BpiokovTtal 01O YEVETIKO UAIKO TOU péoa o€ KABe KUTTAPO TOU.

o EKei avatrapiotavral o€ €vav amrAd KwOIKA TEOOAPWY OTOIXEIWV
(YPOAMMATWY) TTOU OVOUACETAI YEVETIKOG KWOIKAC.




KUtTapo kail Bacika €idn CWARG

« To KUTTOpPO €ival n Bacikn poper (wng.
« OA\oi o1 opyaviopoi atroteAouvTal atro KUTTAPA.

* AvaAoya pe TN OONNA TWV KUTTAPWY TOUG, Ol BACIKEC
HOPPEC (WNG KATATAOOOVTAI OTIC TTOPAKATW KATNYOPIEC:
o loi.
o Apxaia.
o Bakrtipia.
o Eukapua (tTa @utd, Ta {wa Kal oI AvBpwTTOI €ival EUKApUQ).




Aopun TOU KUTTAPOU

e OAa ta kUTTapa dIABETOUV ECWTEPIKN MEUPBPAVN TTOU Ta Xwpilel atrd
TO TTEPIBAAANOV Kl ECWTEPIKO KUTTAPOTTAQC Q.

*  O1 eUKOPUWTIKOI opyaviouoi d10BETOUV TTUPAVA O OTTOIOC TTEPIEXEI TO
YEVETIKO UAIKO.

* Ta kUTTAPO TWV TIOAUKUTTAPWY OPYAVIOPNWY OdlapopoTToiouVvTal
ATTOKTWVTAG TTAvVW atro 200 €idn.

DNA
the molecule of life

Trillions of cells

Each cell:

= 46 human 3
chromeosomes 4

= I m of DMA

= 3 hillion DNA
subunits {the
hases: A, T, C, G)

= 20,000 genes coda
for proteins that
perform all life
functions

protein
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The Human Genome at Four Levels of Detall

Part of a chromosom e (m agrafied)

Mucdlens
writh
chtott osom es
D &
DIF & replicat on fork
douhle helix
toacleotide (magdfied)

David Gibert, 2002 4




T1 g€ival TO XpWHOCWHA

To DNA atroteAcital ammd XpwHoOowWPATA.

OI TTPOKAPUWTEG, MOVOKUTTAPO!I OPYAVIOUOI XWPIC
TTUPNAVA, £XOUV JOVO £VA KUKAIKO XPWHOOWHA.

OI1 EUKAPUWTEG, OPYAVIOUOI JE TTUPN VA, EXOUV apIOUO
XPWHOCWHUATWY avaAloya e To €i00C.

T1 g€ival TO yovIOiwua

11

Eival To cuvoAo Tou DNA yia Eva 0eO0UEVO €id0G.

O avOpwTrog £xel 46 XpwpoowuaTta o€ 23 Ceuyn.
KaBe KUTTaPO TTEPIEXEI TO TTANPEC YOVIDIWMNA EVOC
OPYAVIOMOU €KTOC ATTO Ta KUTTAPA TTOU KaBopilouv TO
(PUAO Kal Ta EpuBpa aiyoo@aipia.
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DNA kai RNA

v

« DNA d10CUPIPOVOUKAEIKO ocU

« RNA PIBOVOUKAEIKO ocU

* Ta BioAoyIKG HOKPONOPIa ATTOTEAOUVTAI OTTO UAKPIEC
YPOMMIKEG OAUCIOEC XNUIKWYV OTOIXEIWY, TA OTToiA
ovopadlovTtal BACEIC:

v

nucleotides = sugartphosphatetbase

O © =u

Bases: adenine (A), cytosine (C), guanine (G), thymine (T), uracil (1)
4 letter alphabet:
DNA= A CGT (adenine cytosine guanine thymine)

RNA=A C GU (adenine  cytosine guanine uracil)




AitAnR éAika DNA




Pon TTAnpo@opiag oTn NOPIOKN
BioAoyia

DNA — RNA — Protein — Function
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Aopun aAucidag DNA

H aAucida tou DNA atroteAeital amrd {euyn BAoewyv TTOU €ival
OUNTTANPWMATIKEC METACU TOUG:

DNA
complementarity
(base-pairing)

A-T
C-G

The double-stranded DNA
molecule is held together
by chemical components
called bases.

Adanina {A) bonds with
thymine (T); Cytosina { C)

bonds with guanine (G]).
These letters form the
"code of life". There ara
some 3bn base pairs in the

antire human genome. Drawid Gibert, 20032
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OpIouEVA YEYOVOTO

 To DNA diagépel avapeoa o€ avOpwTtroug kata 0.2% (1
Baon o€ kaBe 500).

* To avBpwTrivo DNA cival katd 98% TTavouoIOTUTTO JE
QUTO TWV XIUNTTATCNOWV.

« To 97% tou DNA 010 avBpwTTIVO YOVIOIiwUa EXEI
ayvwaoTn AsiIToupyia .

« Ymdapyouv 10" kUTTOPO OTO OCWHUA.

« 12000 ypdauuara tou DNA atmokwdIKoTTolouoe KABE
deutepoOAeTTo TO Human Genome Project.




1irg

Human Genome Project

* [Nlaykoouia TTpooTTadela xapToypa@nong Tou

avBpwTtrivou DNA.

« To project apxioe To 1990 kai oAokAnpwOnke 1o 2003.
e 2TOXOC va avayvwplotouv kal Ta 30000 Trepitrou yovidia

TOU avOpwTTIVOU opyaviopou Kal va dlaBacTouv OAEC Ol
akoAouBiegc DNA.

e 2TOXOC va TOTT00eTNOEI OAN N TTANPOPOpia oe BACEIC

OeOONEVWYV Kal va BEATIWBOUV Ta epyaAcia yia TNV
avaAuon TnG.
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AkoAouOia Bacewv DNA

BALRFALEAGETT AFAAA GAT FAFAFAT FAT AAAFFETCCAT TTFAF GIT AFGT AAT AT ETTT T ATCCCTETAGTT AAAAR
TTTTTICTT AT T TTAFA AT ACT T ACT ATTTCTTT AFTAT TAATT TTTCCTTCTGTTTTCCTCAT CT AGF FAACCCC AAFAL
CATCCAAT AFEAFCTET ZCAATT AT GT 2AAATTTTCAACTGT CTTCCTC ALAAAT AAAFAAGT AT T AATCT TT ACCT T AT AC
AFTGCAGAEGCCTT CTC AR 2AAGCACAFAAT ATTTTT AT ATTTC CTTTATET GAATTTTT AAGCT FC AR AT CT = AT = CCTT AATT
TCCTTTTT GACACT FAAAGITTT CT AAAAFAALAT CAT GTCCAT ACACTITGTT GCAAFAT GT ZAATT ATTFACACT ZAACTT 22
TEACTFTETACTZTTC 28T TCCT CARAATTTTTT-AC TTTTT TT T AT GT T GTTTTTTCTT TTTTT TT 2ATTCTT AT
FAFGEAFFHF AFGET AAT A RACCACT T CGTCTT T T AAT TTFAA GAT T ZCCCCAT CT AGACT A CAAT CTCTTCATTATTC
TCTECTAT ATET A A2ACFFI GLT T FAFFFAGFFFALAAG ATTTTT CAAT AT ATTFAACTTTT GTACT FAATTTTTTT T AAT
BAGCAATC AAGET TAT AATTTTTTTT 22AAT AGALATTTTET AAFAL -0 AAT ATT AACCT AATCAC CATGT 2AGCACTCTGEA
TEATFAT TCCAC A2AACTT GETTTT AT T T ACTTCTTCTC TTAGATTICTT AATTCAT FACFAFGET e FAGFFAFGT 2
FrrAEEEs AT TTCTCTATT ABRAAT GCATTCGTT T GTIT TTT 24 AT AGT GT AACTT ZCT AART TTCTT AT T ACATT AL
CARAT Aa2BAAGCT CTTTT AAT ATTAFAT 22

David Gibert, 2002

MEDCAL TECHNOLOGY
BINTELLIGENT
INFORMATION SYSTENS



2UYKpIon MEYEOWYV akoAouBiwyv

Comparative Seqquence Sizes
veast chromosome 3) 330 Thousand
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AVOPWTTIVEC YEVETIKEG

diagpopoTtroinoceig (Single Nucleotide
Polymorphisms

= Odnyouv OTn YEVETIKN povadikoTnTa KABE avBpwTTou.

= KAvouv TouG avlpwIttoug AIyOTEPO N TTEPICCOTEPO
EUAAWTOUC O€ APPWOTIEC.

» MTtropei va £TTNPEACOUV TO ATTOTEAEOUA TWV
POPUAKEUTIKWY AywywV.

TTTECTCCET T T TCA
TTTECOTCY CTTTTCA
TTTECTCTENTTTCA
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AvOpwTTIVN TTOIKIAOMOP@Ia

HUMAXN INDIVIDUALITY




T1 ptropei va ocupufei oto DNA

= AvTiypaon.
» Metaypagr) oto RNA kal yetad@paon o€

TTPWTEIVN.
DNA
repﬁ;r:ary
\ transcription
DN RNA
12 copies of the DML
, Frofein

DNA translation synthesis
(Evventually the cell .
dividesinto? cellg Protein

= donhle-stranded DHA

22



AvatrapacTtaon avtiypapns DNA

DNA Replication Prior to Cell Division
Complementary New Strand 3

_J —

L (-]

R =\
[

= Kw =
Parent Strands =
[
-3

Adenine
Thymine
Guanineg
Cytosine -
Complementary New Strand J“
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MeTaypa@n Kal NETAPPAOT

« MeTaypaon:

H diadikaaia Tn¢ avtiypapns Tou DNA oTo
RNA.

 Metdoppaaon:
2.uvBeon TNC TTpwTeivne atrd 1o mRNA.

* Pifoocwparta ovoualovral Ta CwWUATIOIO TOU
KUTTAPOTTAAOUATOG TTOU OUVOETOUV TTPWTEIVEC
atmo To mMRNA.




T1 gival yovidio

« Baagikr povada KAnpovouIKOTNTAGC.

* AkKoAouBia Bacewv n oTToia HETAPEPEI TNV TTANPOPOPIa
TTOU ATTAITEITAI VIO VA ONUIOUPYNOEI HIO CUYKEKPIMEVN
TTPWTEIVN.

* 'Eva yovidio KwAIKoTTOoIEl pia TTpwTeivn A £€va nopio RNA.

Ap18poi yovidiwv |

25

AvOpwrtrol kai TrovTikia: 30000 — 100000
C.elegans (worm): 19000
S.cerevisiae (yeast): 6000
Tuberculosis microbe: 4000
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MNpwTEiveg

« Atrotehouv ~60% TnG nalag evog KUTTAPOU.

* [PAUUIKA ETEPOTTOAUMEPN.

« ATtroteAouvTtal a1rd aAucida apivocEwy (20 dIa@OoPETIKA
gidn).

* H Asitoupyia Twv TTpwTeivwv (Kal Tou RNA) kaBopiletal
aT1TO TN OOMN TOUG.

* H dopn kaBopiletal atro TV aAAnAouxia TwWV APIVOCEWV
(Twv voukAeoTIOiwV yia To RNA).




AkKoAouBia apIvoZEwyV (TTPWTEIVN)

DE
LE
E
FT

EMEL;: UT2zZ530; aAhdpd215.1; —.
H233FP: POZ1Z2; ZBOP.
COxidoreductase;: Dioxyogenase:
PECOPEP 1 15

Flaecroprotein: FHMI.

FOTEMNTIAL.
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FT
A
MHFPGH2SEE
FADFRPGESS
ILTEHSPOLW
Dz AT T Ay
AL GLGAE G
DGRAVERN LS Y
ELREEAKERT

CHATI

SEQUENCE

1a

EESLAQLALTE
HLTALSTELA
WMLFAMNDFDFE
IDAGEHOLAT
LETRF TWAVE
DDHAAGPFE
EEIQAFAL

378 AA;

=

LIMNSWFPTTEM
SARSELGLTD
LASSEP GAEGT
SR EIVALVEPE
LA TPEFERREWV
EMNHEFKFEE LD

39916 MII;

2—MNITROFPROPAMNE DIOXYSEMALASE.

PUIISAPMYL
FFPLTFPLP=I
AROITEAT.HA
VEDMLDEEFE
ILETHD LI
PR GDMNSRANVT

T AN GTL ALESN
VGLILTHTIS
AGFWFF OGS
EREVWAS ALY
TWESHFHDOT
WaETANGLIE

E453EEB453FDE5E4d1 CRCG64;

aRLGGTGRTL
VPR TDTWLE
TWEDARKEALDL D
AT A DGR
NCNT ITTHLA Y
DORPAGD TVE

MEDCAL TECHNOLOGY
GINTELLIGENT
INFORMATION SYSTENS



CEVETIKOG KWOIKOG

The genetic code

First Second Third
Position Fosition Position
(5" end) T C A = 3" end)

TIT Fhe TCT | Ser TAT T TGT | Cys
T TIC Fhe TCC | Ser TAC T TGC | Cys
TTA Len TCA | Ser TAA AF o TGA | Sfop
TIG Len TCG | Ser TAG Afon TEE | Trp
CTT Len CCTI | Pro CAT His CGT | Lro
C CTC Leun CCC | Pro CAC His CGC | Lyo
CTA Leun CCA | Pro CAad rln CGA | Lro
CTG Len CCG | Pmo CAG Crln CGG | Ly
ATT Ile ACT | Thr AAT &En AGT | Ser
A ATC Ile ACC | Thr AAC bsEn AGC | Ser
ATA Ile ACA | Thr Add L= AGA |Ars
ATG Iwlet* | ACG | Thr Al Lxm AGG | A
=IT Wal GCC | &la AT Ast T | Sly
x TC Wal GCC | Ala A C Lt GO [ Gly
TA Wal GCA | Ala FAA 3lua FGA [ TOlv
TG Wal FOG | Ala FAG | Gla G | Oly

QEro-QE0-RE0-RE 0

Drawid Gribert, 20032

MEDCAL TECHNOLOGY
GINTELLIGENT
INFORMATION SYSTENS



AT1TO TO YOVIOIO OTNV TTPWTEIVN

DNA

mRNA

Protein
sequence

Folded
Protein

29

Gene structure

" EnE" alfp =" search
1 compute
1 compute
]
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Aopun TTPWTEIVNG

Protein structure

Sizes: 50 - 500 amuno-acids (Globular proteins)

(] Damdd Grilhert , ik Clhuoon Tan, Gillead Tarratwce and BJallika Weerarralal 20002
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Aopun TTPWTEIVNG

Protein structure




Etritreda OONNG TTPWTEIVWYV

[MpwToyevAc dopun (YPAMMIKA akoAouBia apIvogEwv)
Aeutepoyevngdooury [ OOMEG OUIVOGEWY OTO
Tpitoyevng doun N XWPEO OAoEVa

TetapTtoyevr¢ doun - Kl TTI0 OUVOETEC

|

Primary Structure Tertiary Structure
=il
VHLTPEEKSAVTALWGKVYNYDE l
VGGEALGRLLVVYPWTQRFFES =5
FGDLSTPDAVMGNPKVKAHGKK =
VLGAFSDGLAHLDNLKGTFATLS 15bbAD 1h5bB0

ELHCDKLHVDPENFRLLGNVLY
CVLAHHFGKEFTPPVQAAY QKV
VAGVANALAHKYH

&,

amino acids (1hbb - Haemoglohin B) Secondary Structure bco ——

i Cooon T D e, 201 5 Quaternary Structure
o

alpha helix beta sheats

Ak Choon Tan & David Gibert, 3001 Hemoglobm (1hbb)
Tan & D 2001 “En

A Choon wid Gibert,

32 LAB

Ak Choon Tan & Dawid Gibert, 2001




KevTpIKO agiwpa pong
TTAnpo@opiac otn BioAoyia

H akoAouBia auIvogEwv TTOU ATTOTEAEI MIO TTPWTEIVN KAl

EMTIAEOV TTPOoCOdIopiel TN Oopn Kal TN AsiIToupyia TNG
kKaBopiletal atro petaypagr Tou DNA péow Tou RNA.

[[ "Evac onUavTIKOC OTOXOC J]

AVATITUCN UTTOAOYIOTIKWYV MEBOOWYV WOTE va KABOPIOTEI N
OOMN TWV TTPWTEIVWYV ATTO TNV dAANAouXia TWV AUIVOZEWV.

83



KaTnyopieg repioxwyv mTPoBANHATWY

* [leploxEc OXETICOPEVEC E TO KEVTPIKO agiwua:
akoAouBia, doun N AsiToupyia.

» [lepioxéc oxemiCOpeveg e Ta dedopéva: atmobrikeuon,
avAakTnon Kal avaiuon (yiyavrwon TnS yvwaong otn
uoplakn BioAoyia).

* [leploxEC OXETICOPEVEG UE TNV TTPOCOPOIWAN TWV
BioAoyikwv d1adikaoiwy (protein folding or metabolic
pathways).

34



Paydaia au¢non Twv Bacewyv
O£OOMEVWV

Growth of Molecular biological databases

0o .

Molecular Biology Database Collectio n Liicted i Mucleir Acids
Z80 1 = Research (MWAR) 33s

Dabibaces

z21

oar

{3 Dramrid Gilbert & Ak Choan Tary, 2002 11

35
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MeyAaAog O0ykKog OEOOUEVWIV

Bdon Kataxwpnoeig MEyeBog dedopEvwv
SESOHéV(.UV 6860”évwv (O GB
EMBL 15.242.454
(akoAouBieg DNA) aKoAoubieg 7,5
(14/1/02)
PIR
(akoAoubBieg 250.417 akoAouBieg 0,2
MPWTEIVWV) (30/9/01)
PDB
(akoAouBieg 17.022 akoAouBieg 17
MPWTEIVWV) (8/1/02)
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AUZnon oykou O0edopEVWYV Baong

Flood of data! (swiISSPROT)

G0
< 50— -
— »
T o4an — -
. o
& 3D - o
i
i ‘.
= 20— ..l"
- __..P
IE i - ."’
b -
-E 0 i T T T I
= 1983 1990 1962 195 1996

year of nelease
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AVAAUOT TOU OYKOU OEOONEVWV

e EKTOC a1md TNV a1100nKeUon NAG eVvOIA@PEPE! KAl N
avaAuon Twv OEQOUEVWV.

« Mg ouykpion Twv akoAouBIwWY, TTPOKUTITOUV OTOIXEIO
OTTWG TA TTAPAKATW:
o [1pdyovol opyaviouwy.
o PuloyeveTiKd dévTpOQ.
o AOUEC TTPWTEIVWV.
o N\EITOUPYIQ TTPWTEIVWV.
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DuAOYEVETIKA OEVTPO

« OTmTIKOTTOIOUV TNV €CEAICN OTTO £vav KOIVO TTPOYOVO.

* H eCENICN TTpOXWPAEI JECW AVATTAPAYWYNG KAl
oTadIaKNG METAAAQENG.

* H BiotrAnpo@opikr} avixveuel JOKPIVEG OUOIOTNTEG
QvAUECO OE OPYAVIOUOUG .

Jgcatt

~

agcatt

/
agcata
N

aggatt  agcata  ageatg gacatt
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NMpoBAswn doung TTPWTEIVNG (protein
folding problem)

AkoAoubBia > Aoun >~ A&IToupyia

[1pooeyyioelc:

©)

©)

©)

BioxnuikA TTpOCEyyIon.

[Tpocopoiwon (MOPIOKA DUVANIKA).

[TpOBAEYN ME EUPEOTIKEC HEBODOUC/ATTAOTTOINUEVA
MOVTEAQ.

2. XEOIOOUOC PAPUAKWY Kal AAANEC 1ATPIKEC XPNOEIC.




EAayxIoTOTTOINON EVEPYEIQG
TPWTEIVNG

« To pOBANMa cuvioTaTal OTNV EUPECN TNG TTIO OTABEPIC
KATAOTAONG OUVOEONC METALU DUO HOPIWV TTPWTEIVNC,
CEKIVWVTAC ATTO TIC ATOMIKEC CUVTETAYUEVEC TWV OUO TTIO
QATTOMOVWHEVWY OTOIXEIWV.

e 2TOXOCG €ival N EAAXIOTOTTOINON TNG EVEPYEIAG AOYW TNG
aAANAETTIOpPAONG ME TO OIAAUTIKO PETO.

e YTTapxouv OIAQPOPEC TTPOCEYYIOEIC VIO va BpeBouv ol
0focic ouvdeonc (binding sites).

41
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Ofoe1g ouvdeEoNG

Binding

sites




[[

AAAO TTPOBARMOTO

‘Epeuva Kal avakGAuyn TTPOTUTTWY O€ AKOAOUBIEC.
BIOAOYIKEC TTPOCONOIWOEIC.

[Mivakeg yovIOIOKNG EKPpPAONG.

[MNYEC TTANPOPOPIWY Kal avayvwaong.

‘Epeuva Kol avaKGAUpn TpoTuTTWV |

43

AEITOUPYIKA ONMUAVTIKEG TTEPIOXEG, TTOU TTAVAAAUBAvovTal O€ DIAPOPETIKEC
akoAouBieg, ouvNBwg TTEPIypAPOvVTal aTTO TTPOTUTTA.

MrTTopei va yivel Epeuva o€ BAoelg OEOOUEVWV VIO KATAXWPENOEIC TTOU
Taipialouv OTO TTPOTUTTO.

Ta BioAoyika dedouéva €xouv TTOAU B6pufo. MTTopouue va
XPNOIMOTTIOINOOUNE YAWOOEC CUUPBOAOTCEIPWYV ] OTOXOOTIKEC TTPOCEYYIOEIC.
l“AEBn




Algpeuvnon akoAouBiwyv Kai

gubuypaupuion
sequence alighment

Sequence alignment problem

A T G

/// |

C A T T G

T CAT G
77|
T G

cC A T
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NMpoypduuOTA VIO CUVOUOQOTIKN
OlEpeuvnon (pair wise searching)

 FASTA

 BLAST (Basic Local
Alignment Search
Tool)

« [ivetal digpeuvnon
Mia TTPOG pia
aKOAOUBIWYV o€
Baoeic dedouEvv
yia va Bpebouv
TTOIEC JoIAldouV JE
TN 0edOMEVN
akoAoubia kal o€
010 BaBuo

Apxeio

Ensfepyooic  Mpofoiq  Avonnpévo  Epyo ficicc BorBea

Eicaywyn dedouévwy oto BLAST

Epnpos

fuowond  Avawéwon

Apikn

2 2 .0 B .o

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

fuetBuvan [&] ROGRAM=blastptSERVICE=plantSET

S ———
KNEYRLSKY SVR LTVAI 10 LTT =]
earch
=l |
=
=
| | e
o |[ETnCEl Bla.. | il | £31. Samantha | |[EEE 5
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AtroteAéopata BLAST

MooPorf  Asyannpéva

g
s D Q (i el - 2 -
Epnpae LU KON AnawvEundr) BpIkE LaTATHON AWONFLENTE Moo loTopikd Affndoypogp. .. My elog EkTOnwar
fuzdBuvan [&] hitp: M ncbinimnih.govdblast/Blast cgi LI © MeTdPoan | EuwBiong M
=]
IDistribution of 14 Blast Hits on the Querv Sequence
IAAC‘I 7122 (AFOB5403) nitrite reductase [Swnechococcus sp WWH 8103].5=31 6 E=1.8
Color Key for Alignnent Scores
<
1_27616 ]
[ u ' u ' T
1] 50
Score E
Serquences producing significant alignments: (hits) ¥alue
i |114255 | sp|P26476 |ASRC_SALTY ANAEROEIC SULFITE REEDUCTASE .. 123 Je-28
i |16761463|ref |[NP_457051.1 | (NC_003198) anaerobic sulfite .. 123 Je-28
i |18310515|ref |[NP_S62452.1 | (NC_003366) anaesrobic sulfite .. 64 4e-10
i |18310420|ref |[NP_S62354.1 | [NC_003366) anaerobic sulfite .. 56 Te-08
i |1559479353 |ref |[NP_345142.1] (NC_003030) Anaerobic sulfite .. 50 Se-08
i |1632946] |[ref |[NP_440159.11 (NC_000211) ferredoxin-sulfite.. 38 0.0z25
i | 16050396 | ref [NP_391223.1] INC_000964) similar to sulfite.. 33 0.53
i | 267002 | =p |P3000S | 3TR_S¥NPT? SULFITE FEDUCTASE (FERREDOXIN. . 33 0.59
gi |7007443 ]| db [BAASOSST. 1| (AEBO031214) ¥wgl [Bacillus halodua. . 33 0.68
i | 156131753 |ref [NP_241476.1] (NC_002570) sulfite reductase .. 33 0.69
gi|S152707 |gh |AACITIZE. 1| (AFO0G5403) nitrite reductase [Syn.. 32 1.8
gi 15593535390 ref |[NP_3467539.1] (NC_003030) Ferredoxin-nitrite.. 31 2.2
i | 74532744 pir] [JEOZ60 sulfite reductase (ferredoxin) (EC 1.. 31 Z.4
gi | 3721540 db] |[BAAFSS31. 1] (DE35583) Sulfite Reductase [WNico.. 31 2.4 ;I

[& http: A A nebi.nlm.nih. gov/blast/Blast.cqi#id1 52707

;@'Evupiﬂl” o WA~ Bes ]

|J @ICQ h eeting | @NEBI BElast - I @Tc{ Syypom I

Microzaft Pao I I@ http: /v

l_ I_ I_ |4 Intemet

| B G EE 1057 e
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mmoteAéoparta BLAST

osoft Internet Ex|

Apxsio  Emefepyooic MpoPord Ayonnpévo Epyodsic BorBs:uo
>
« . 5 B 23 Q w9 3 - &
Ilice Ennpds SkOne Ay AEIKE AyoATHON  Syannpévo d&oo loTopikd Adnndoypog. .. My eBos ExTinuan
SuziBuvan IE hitp: A A nebi.nlm.nih.gov Ablast/Blast.cgi LI i MeTdBoon | ZuvBdasg
=l
AMignment=s
FOi 114855 |sp |PESATS [ASRC_SALTY ANAEROEIC SULFITE REDUCTASE SUEUNIT C
gil96707 |[pir| [C55453 anaerobic sulfite reduction protein C - Salmonella typhimurium
i 155554 oh |ABAS92TT. 1| [M57706) anaerchic sulfite reductase [Salmonella typhimurium]
Length = 337
Score = 123 bits (309), Expect = 3e-28
Identities = 60760 (100%), Positiwves = GO0/60 (100%)
Juery: 1 MSIDIDITEARAFNEYRLSEWRGEAMISVREIPGGILPAHLLTVARDIAETWGHGOIHLTT &0
MSIDIDITEARAFNEYRL SEVRGEAMISVREIPGGILPAHLLTYARDIAETGNGOTIHLTT
3bjct: 1 MSIDIDITEARAFNEYRLSEWRGEAMISVREIPGGILPAHLLTVARDIAETWGHGOIHLTT &0
Foil|l676l46d|ref [P 457051 .1 | (HC_003198) anaerobic sulfite reductase subunit C [Salmonella
enterica subsp. enterica serovar Typhi]
gille7E5870 | ref | NP 4614585.1 ) (HC_003197) anaerobic sulfide reductase [Salmonella typhipurium
LTZ]
gilled21096 | gb |ALT 21444, 1| [AEOD05516) anaerobic sulfide reductase [Salmonella typhimuarium
LTZ]
gill6503764 ] emb | CADOZ753.1] [ALGEZ7275) anaerobic sulfite reductase subunit C [Jalmonella
enterica subsp. enterica serovar Typhi]
Length = 337
Score = 123 bits (309), Expect = 3e-28
Identities = 60760 (100%), Positiwves = GO0/60 (100%)
Juery: 1 MSIDIDITEARAFNEYRLSEWRGEAMISVREIPGGILPAHLLTVARDIAETWGHGOIHLTT &0
MSIDIDITEARAFNEYRL SEVRGEAMISVREIPGGILPAHLLTYARDIAETGNGOTIHLTT
3bjct: 1 MSIDIDITEARAFNEYRLSEWRGEAMISVREIPGGILPAHLLTVARDIAETWGHGOIHLTT &0
Foi|158310515|ref |HP_S62452.1 | (HC_003366) anaerobic sulfite reductase subunit C [Clostridium
perfringens]
qil15145195 ]| dby |[EARS]Z42, 1] (AP003190) anaerobic sulfite reductase subunit C [Clostridium
perfringens] LI
| Intemet

i€l
ia'EvupEn”J b < g E @ = |J @ICQ Meet...l @http:x’x’bio...l @Tc( Sy, I Mic:msoft...”@htlp:!f._. mMagenta...I | WE@E& 11:15 mp m
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Apxsio Enzfepyooic  Mpofodd

-

Ayannpéys  Epyodsion BorBew |
= s 9 2] A | a (4 & ‘ B & »
Migea Efnpos Suokony Ay Oy EWTH Apikr AyvalfiThan  Ayonnpévo [ ta e loTopikd Adinioypogp... MeyzBog ExTdnoon
Aiz0Buvan IE http: #bioweb. pasteur fr/seqanal/interfaces/fasta html j @MSTC’(BGUY] | AT
FASTA : Sequence database search (version 3) (W. Pearson)

Reset | Fun | @ ImeDD?1 B{@cc.uoi.gr

Four e-tmail
(@ = required, ® = conditionatly required)

|fasta: protein or DMA gquery ws similar db (FASTA release 3.0)

j Fasta program
@ Query sequence File : please enter sither :

1. the name ofaﬁle:l

AvaTATnan... I
MSIDIDIIKARAKNEYRLSKVRGEANISVRIPGGILPAHLLTVARDIAET ~|
WEHGOIHLTT

2. or the actual data here: ;I
(sequence format)

@ [sit a DNA or protein sequence (-m) 7 © DNA & protein

swissprot (last release + updates)

j Protein Database

emhbl: Embl last release + updates

ﬂ Hucleotid Database
Break long library sequences into blocks (-H)
Belectivity options

Bcoritygg options

&1
;i'EvupEn”J ol Rl N &

=l
l_’_’_|° Internet
|| &1Bininformatic..| &sRSwww .| [E]Microsoht Po.|[£1FASTA - . fjlMagentaE.. | §31 The Conn.| | (@G <l 88 1:07
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AtroteAéopata FASTA

Apxein  Emefzpyooioc MpoPoif  Ayonppsvo Epyodsion BoABewx

Q e

Ao THON Ay o pE o

& - . D o

Micren Epnmpce. Auckonr AN ST APk

Méoo loTopied Afindoypog... M&yeBos

<) ®||%' -

32

EkTinwan

AuziBuyarn IE hittp: A /bioweb. pasteur fr/zeqanal/tmp/fastasid 2451510167071 1 faszta out

LI o MetdBaan | TuvBaoeig >

The best scores are: opt bits E{(10Z2967) ;I
sp | P264A7E | ASRC_SALTY Anaerobic sulfite reductase [ 337) 383 1llz 4.5e-25
sp | P7E2E54|3IF_SYNYS Sulfite reductase (Ferredoxin ([ 635) 108 36 0.041
=p | P30005|3IF_SYNP7 Sulfite reductase (Ferredoxin [ &zd) ag 4 a.z7
sp | POZ735 548 MACMT Awmyloid protein & (Amyloid £i1i  (  76) 51 28 1.8
sp|P1557515348]1 MUSWI Serum amwloid 4-1 protein pr [ 129) 81 28 2.3
sp|P536135 1540 MACEU Jerum amyloid A4 protein precu ([ 127) g0 28 2.8
sp | PO4915 15483 MOUSE Serum amyloid 4-3 protein pr [ 122 79 28 3.3
sp | P96457 |DNAT_STRAL Chaperone protein dnal (Frag ( 82) e 27 3.6
sp | Q51879 |NIF_PHOLA Ferredoxin--nitrite reductase [ 510 83 30 4.1
sp | PO3096 | COAZ POVMA Coat protein ¥PEZ [Contains: [ 319 78 28 7.7
sp | P12305|C0AZ POVHMC Coat protein ¥PZ [Contains: [ 319 78 28 7.7
Sp | PO30S7|C0OAZ POVHMI Coat protein VP2 [Contains: [ 319) = 28 7.7
sp|P536141548]1 FPAEIT Serum amyloid A4-1 protein pr [ 122 74 26 8.4
Ssp|P35543 15483 RABIT Serum anyloid A-3 protein pr [ 1zz) 7 == G.4
=rap | PE6ATE |ASRC_SALTY Anaerobic sulfite reductase subun (337 aa)
initn: 3583 initl: 383 opt: 383 Z-score: 572.5 bits: 111.8 E(): 4.5e-25
Smith-Waterman score: 383 100.000% identity (100.000% ungapped) in 60 aa owverlap (1-60:1-60)

10 20 30 40 50 &0
P MSIDIDITKARAFNEYRLSKVRGEAMISVREIPGGILPAHLLTVARD TAETHGHNGOIHLTT
sp| P26 MSIDIDITKARAKNEYRLSKVRGEAMISVREIPGGILPAHLLTVARD TAETWGHGOIHLTT

10 20 30 40 50 &0
sp | P26 ROKLAMPGIRYED IDNVNAALEPFLREIEIELCDVOIVED TEAGYLAT GGRNIVACOGHRT

7O S0 a0 100 110 1z0
==ap | P72554| 8IR_STYNYS Sulfite reductase (Ferredoxin) (EC (635 aa)
initn: 112 initl: 112 opt: 108 Z-score: 160.5 bits: 36.5 E(): 0.041
Smith-Waterman score: 103: 33.962% identity (37.500% ungapped) in 53 aa owverlap (13-60:55-107)

1o 20 30
P MEIDIDIIKARAKNEYRLSKVRGEA-———— MISVRIPGGILPE
sp | P72 LREPLATELLNDANYFIDDAVOILEFHGEYQQDNRDNEVEGIEFKD YQFMLRETRNPGGLIP
30 40 50 &0 70 50
an 50 60 =l

@ OiokinpuBnEs

Ei'EvclpEn”J =% @ g E @ E=l |J @ICQ Meet...”@htlp:!!._. 5 T Syvp...

I_ I_ l_ |4 Internet

Microsoft | @ hktp A I ﬂ M agenta I
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AVaKAAuwn TTPOTUTTWYV OE€
BioAOYIKEC aKOAOUDIEG

S

Kivntpa:

» [1pSBAeWn AEITOUPYIKNC KATNYOPIAC YOVIDIWV.

* 2UYKOAANon RNA.

« Aopn kai AsiItoupyia TTPWTEIVNC.

« PUBuion yovidiwv (TTpoBAeywn 6€ong Tpdadeonc TTapayovta
HETAYPOAPNG).

OIKOYEVEIEC TTPWTEIVIV |

51

* [lpoBAewn AsiToupyiag TTpwTEIiVvNG ME BAon TV akoAouBia Tnc.
Aigpeuvnon ouoloTATWYV O€ BACEIC DEDOUEVIWV OKOAOUBIWV.
2.UYKPION ME TTEPIYPAPEC OIKOYEVEIWV.

Mpoypappata TPOBAEYNS dOUNG.




[[ AVAAUOCT OIKOVEVEIWV TTPWTEIVWV }]

v' ZUAAoyr] akoAouBIiwv aTNV OIKOYEVEIQ.

v' AvaAuon.

 Tommko (local) multiple alignment.

» 2UVOAIKO (global) multiple alignment.

« AvakaAuywn TTpOTUTIWV.

v Tlepiypaqr] OIKOYEVEIQC.

v EmmiAoyn emTTAéOV HEAWV VIO TNV OIKOYEVEIQ.

" MoAAaTTAR} & CUVBUACTIKA CUYKPION |

H TTOAAQTTAR} OUYKPION aKoAoOUBIwV:

 Eival 1o guaiocOnrn.

 Aivel TTEPICCOTEPEG TTANPOPOPIEG.

« Eival capwc 1o dUOKOAN 0 oXEon UE TN OUVOUAOTIKN).

D2



MpoTuTTa KAl EVOAAOKTIKEG
AVATTOPOCTACEIG

v poéTtutra

¢ EVOTNTEC TTPOTUTIWV,

« QEVTPA ATTOPACNG,

* AKPIPNG / TTPOCEYYIOTIKI QVTIOTOIXION.

v Alignments, weight matrices, profiles, HMMs, neural networks,...

HMM profiles

53

Xpnoiyotroiotv  Hidden Markov Models «kair  ptropouv  va
XOAPOKTNPEIOOUV Pia OAOKANPN OIKOYEVEIQ OKOAOUBIWV.
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HMM profiles

Xpnoiyotroiouv Hidden Markov Models kal ptropouv va
XOAPOKTNPEIOOUV PIa OAGKANPN OIKOYEVEIQ OKOAOUBIWV.

48 B

46 72
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PROSITE

Bdaon 0ed0OUEVWV OIKOYEVEIWV TTPWTEIVWV.

ATtroTeAgiTal atrd onUAvTIKA BioAoyikd TTpdTUTTa TTOU BonBouv
OTO VO AVAYVWPIOTEI O€ TTOIA YVWOTH OIKOYEVEIQ TTPWTEIVWV
avnkel (av avAkel) pia véa akoAouBia.

NMpotutra PROSITE

‘X’ OTTOIOONTTOTE AMIVOLU
Acapelec:
[ALT]=AlariLeun Thr
{AM} = oTTOI00TTOTE AMIVOCU KTOC aTTO Ala kai Met
= dlaXwpIoTIKG, ‘< N-terminal, > C-terminal
" TEAOG TTPOTUTTOU
EtravaAnyn: x(3) = x-x-Xx
X(2,4) = X-X ] X-X-X I} X-X-X-X
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Mapadeiypata PROSITE

/23 NiceSite Yiew of PROSITE: PSO0365 - Microsoft Internet Explorer

JFiIe Edit  Wiew Fawvorites Tools  Help |

d=Back ~ = - &) Pt | fQiSearch  [GiFavorites £ #History | Ey- & B - 7= =33

Links @ Customize Links @ Free Hotmail @ Windows @ Altavista - The Search Company

J Address I@ http:ffus, expasy, orgicgi-bin/prosite-search-ac?ps00365 ;I 6>G0

NiceSite View of PROSITE: PS00365

General information about the entry

[Entry name NTR_STR

|Accession numker |PSU(]365

[Entry type [P ATTERIT

[Date NOWV-1990 (CREATED); NOW-1995 (DATA UPDATE), TUL-1998 (INFO UPDATE).
ioRciiI;itEaﬁon FPDOCO0314

Name and characterization of the entry

|D escription |Nitrite and sulfite reductases wron-sulfur/siroheme-binding site.

[Pattern [5TV1-G-C-x(3)-C-52(6)-[DE]-[LIVIF]- [ GAT]- [LIVIE].

Numerical results

o STWISE-PROT release number: 40.7, total number of sequence entries in that release: 103373,

o Total number of hits in SWISE-PEOT: 21 hits in 21 different sequences

o Mumber of hits on proteins that are known to belong to the set under consideration: 21 hits in 21 different sequences

o Mumber of hits on proteins that could potentially belong to the set under consideration: 0 hits in 0 different seguences

o Mumber of false hits (on unrelated proteing): 0 hits in 0 different sequences

o IMNumber of known missed hats: 1

o Mumber of partial sequences which belong to the set under consideration, but which are not hit by the pattern or profile because they are partial (fragment)
sequences: 1

e Precision (true hits / (true hits + false positives)): 100,00 %9

e ERecall (true hits / (true hits + false negatives)): 95.45 %o

=
4« | »

& I_ I_ |4 Internet
i start I |J m g I‘_‘:}] ”“ B3 pserver I MicrosoFt PowerPoint - [Bi... I I@Nicesite ¥Yiew of PROSI...

18:19
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Mapadeiypata PROSITE

T} NiceSite Yiew of PROSITE: PSOD365 - Microsoft Internet Explorer

J File Edit Wiew Favorites Tools Help

sBack ~ = - 2 fat | Qi Search  [GlFavorites  CHistory | - S - [F a5

J Address I@ http:!fus. expasy. orgfcgi-binfprosite-search-ac?ps00365
J Links &7 Customize Links 4 |Free Hotmail & ] Windows 4] AltaVista - The Search Company

» Taxzonomic range: Archaehacteria, Eukaryotes, Prokaryotes (Bacteria)
» Dlaomum known number of repetitions of the pattern in a single protem: 1
» “Interesting' site in the pattern: 3,iron_sulfur
» “Interesting' site in the pattern: 5,iron_sulfur/siroheme
Cross-references
True positive hits:
ASRC SALTY (P26476), COBG PSEDE (P21637), CYSI BUCAI (P57502),
CYSI _ECOLI (P17846), CYSI SALTY (P17845), CYSI THIRO (PS52673),
MIR_EETVE (P38500), NIR EMENI (P22044), NIR MAIZE (P17847),
NIR _NEUCR (P35651), NIR PHOLAL (Q51579), NIR SPIOL (PO5314),
MIE_SYMP7 (P39661), NIRB ECOLI (POS201), NIRE KLEPN (QOD&458),
SIR DESVH (QODS805), SIR SYNP7? (P30008), SIR SYNY3 (P72554),
Y551 METJL (Q57971), Y570 _METJA (Q55280), VJSF YEAST (F47163)
=WISE-PROT False negative hits (sequences which belong to the set under consideration, but which have not been picked up by the pattern or
profile):
MNASD BACST (P42435)
"Potential' hits {partial sequences which helong to the set under consideration, hut which are not hit hy the pattern or profile =
hecause they are partial (fragment) sequences):
NIE LEFMC (F43504)
|PDB [140P: 240P; 2GEP; 3ACP; 3GEQ; 4AOF; 4GEP; 5ACP; 5GEF; 6GEP; 7GEP; SGEP;
| | _’l—l
|@ http:fjus . expasy . orgfcgi-bin/niceprot, pl? Q58280 ’_’_|° Internet

EORGGEE =2

J [53. pserver I MicrosoFt PowerPoint - [Bi... | I@NiceSite ¥Yiew of PROSI...

Rstor||| g @& @ >
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Mapadeiypata PROSITE

NiceProt ¥iew of SWISS-PROT: P264 76 - Microsoft Internet Explorer

58

J File Edit Wiew Favorites Toaols Help ﬁ
J = Back -~ = - (2 [ ] | i@l search (Gl Favorites £ #History | =~ [ I
J Address I@ http:ffus. expasy . orgfcgi-binfniceprot, plPP2E4 76 LI @Go
J Links @ Customize Links @ Free Hokmail @ windows @ Alkavista - The Search Company
Length: 337 AL Mlolecular weight: 37290 Da CECAS: 183FE2F569B34CBF [This iz a checlsum on the sequence]
10 z0o a0 40 =0 &0
| | | | | |
M3IDIDIIKAZ RAFNEYRLSE WRGEAMISWVE IPGGILPAHL LTVARDIAET WGMNGQIHLTT
7o 50 S0 100 110 120
| | | | | |
ROKLAMPGIE YEDIDNWMAAL LEPFLEEIEI ELCDWOVEDT EAGYLAIGGR NIVACOGHNET
130 140 150 160 170 150
| | | | | |
COQEANTDTTS LIRRLEELVY PSPYHLETWVI VWGCPNDCAKA SHADLGIIGY AKMREFTADRC
190 zoo z10 zZz0 z30 z40
| | | | | |
IGCGACYELS SHHAVSCLAL KNGELVEEES LCIGCGECYL ACPTLAWORE PLOLWOVRELG
250 2 a0 270 2850 290 300
| | | | | |
GRTSEETPEY GELFLNWWTE DWIKCOWVIVNL YEFEEEMLGE EPIYLHMGHL IDEGGYLEFE
310 320 330
| | |
ERVLEGVQLN FPEAMVAERIY WAEDESVARM HLEFPAGH
P2e476 in FASTA format
Fiew exriry in originad SWISSSPROT format
View enfryv in raw iexi formal fro Sxils)
Report form for errorsfupdaies in this SWISSE-PROT entry
. . L
s Direct BLAST subriszsion at ElWBnet-CHASTE . .
Pt Direct BLAST submission at MICEI (Bethesda, TTSA) =

&7
Mstart ||| 11) & 153 »

J 53 pserver

I MicrosoFt PowerPoink - [Bi... I I@NiceProt Yiew of SWIS...

I_ l_ |4 Internet

GEPEDIEEDEE 1829
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NMpoBAnpa paénong

= AUTONOTN EUPECN TOU TTPOTUTTOU OEOOMEVWV KATTOIWV
OKOAOUBIWV.

= XApaKTNPIOUOC TTPOTUTTWY TTOU TTEQIYPAPOUV IDIOTNTEC
TToU KaBopilouv PIa OIKOYEVEIQ.

= Kataraén akoAouBiwv avaioya Pe Tnv UTTapen i yn Tou
KATAAANAOU TTPOTUTTOU OTNV KATAAANAN OIKOYEVEIQ KAl
TTEPIOPIOPOC TWV OPAAUATWV.
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Ymrapén c@aApNaTwyV

True positives, true negatives,
false positives, false neq_atives
- true pos
A Tn -true neg
Fp - false pos
Fn - false neg

Tp =LP) — 5+
Tn =-L{P) — 5-
Fp = L{(P) ™ S-
Fn =-2L{P) — S+
L{P) - the set of sequences matched by the pattern P




Microarray technology

» H texvoAoyia micro array £xel OKOTTO VA ETTITAXUVEI T
VEVETIKA avaAucon ME TOV idI0 TPOTTO TTOU Ol
MIKPOETTECEPYAOTEC ETTITAXUVAV TOUG UTTOAOYIOUOUG.

= [IpoKelTal yio HIKPOOKOTTIKOUG TTiVOKEG (arrays) atro
TMAMATA TOU YOVIOIWUATOC TTPOCOEDEUEVA OE YUAAIVA
chips.

Me KaTAAANAO TPOTTO PUTTOPEI VO DIOPACTEI TO TTEPIEXOUEVO
TwVv akoAouBiwv DNA kail JETA va UTTOOTEI ETTECEPYATIQ HE
gPYaAgia TNC UTTOAOYIOTIKNG BloAoyiac.

61




Array technology
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[{ EtriTTtAéov {NTAMOTA VIO TO OEOOMEVA }]

2. XEQIAOUOC BAoewyv dedOPEVWYV YIa BIOAOYIKEC TTNYEC.
AvaTttapaoTaon Kal OTTTIKOTToinon TNG BIOAOYIKNC
yvwong.

Epapuoyn nebodwv avaluong 0eO0NEVWV.

ATraiToUpevn epTreIpia ]]

64

2.UVOUQOUEVN TTPOOTIABEIO ATTO EPEUVNTEC KaIl TWV OUO
TEQIWV.

Xpnon koivi¢ yAwooac.

MaBnon oxeTika pe nTuata TS AAANG TTAEUpPAc.
ECc1dikeupévn yvwaon o€ JabnuaTtika Kal OTATIOTIKH.
ATTOTEAEOUATIKOG OXEDIQOUOC AAYOPIOUWV.
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210010 EPEUVNTIKNG O100IKATIOG

2UVEPYOOia ME HOPIaKOUG [BIOAGYOUG.
Algpelivnon wg TTPOC TO TI EXEI ViVEL.
ETTIKUpWON ATTOTEAEOUATWV.
ETriTeuén TaxuTnTaG KAl aKpipelac.
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