Kepdararo 10

Ynoloywotikéc I'pappatikég

Xovoyn

210 Kkepdloio ovté Qo peletnoovue o yevikotepn kornyopio. uedodwv, TIC VTOLOYIOTIKES YPOUUOTIKES, Ol OTOIES
TEPIAOUPAVOVY GV ELOIKES TEPITTWOEIS UOVTIEAQ, OV ldope o€ TPONYOLUEVO. kepdlaia (mpotora, HMM), allé ko mo
OOVOeTES JOUES 01 OTOIES UTOPODY VO, [LOVTIEAOTOGOVY KOADTEPQ Mi0. GEWPAG oo Proloyika mpofinuota. Oo dodue Tig
10TOPIKES KOTOPOAES aUTOV TV ueBodwv Kot Qo ueletioovue Tic KaTnyopies EKEIVES TOV UTOPOLY Vo xpnoiomoindody
oty TPOYVWon TS OevTeEPOTOYolS douns tov RNA koldmroviag kot 1o (evydpoua twv fdoewy. Oa wiAcovue yio. g
YVOOTES EPOPUOYES KO TO A0YIGUIKO TTov faciletal oe TéToies uedodoloyieg, kot ato t€Aog Bo dodue Ko kamoies ePapuoyes
TNV TPOYVWON OEVTEPOTAYOVS OOUIS TPWTEIVADY, EPOPUOYES TOV KAVOLY EVA. TPMTO PHLO. OTHYV TPOYVWOH TOV UAKPIVODOY
oAnlemidpdoemy.

Mpoamartovpevy yvoon
270 KEPALQL0 OVTO AmOPaiTNTH EIVAL 1] YVOOH TV EVVOIOV TV KEPOAAIWY TOV 0GYX0A00VTAL UE TO. TPOTVTO. (KEPAAALO 4),
ta HMM (kepdioio 8), arlé ko tig uedodovs mpoyvawong (kepdlaio 7).

10. Evoayoyn

270 KEPAAOLO OVTO, OLPOV EYOVE OEL AETTOUEPDC TIC KOVOVIKEG EKPPAoELg (regular expressions), To TPOTLI
(patterns) otic aAAnAovyieg, to mpo@il (profiles) aiid kor ta Hidden Markov Models (HMMs), 6a
TPOYOPNooLUE éva Pripo mapamépa. O dovpE TOC EVIAGCOVIOL TO TOPATAVE® GLGTNUOTO OTI HEYOAN
KOTIYopio. TOV TUTIKAV YAOOCG®OV OV YPNOLLOTOIOVVTOL GTNV VITOAOYIOTIKY) YA®MGGOAOYio. XTN GUVEXELD,
aeol €YOVUE UEAETNOEL TIG TEPUITMOCELS OTIC OTOIEC TO GMAG OVTA HOVTEAQ dgv emapkovv, Oa dovdue kot
TOPASEIYLLOTO EPOPLOYDV IO GUVOET®V HOVTEA®V.

H Bsopia tov omkedv yAocoocov (formal language theory), opilel pio «yAdcoco» ®g Eva GOVOAO
cuuPorV omd kamolo akpdfnto. H ypappotiky, gival pia Tpoc€yyion yio 1oV 0pIGpo NG YAMGGAG, 1) 0ol
Bacileton og éva ohvoro amd kKavoves. Ot kovoveg ovtol (rewriting rules) maipvovv T poper| O0nmg A —xB,
OOV TO, KEPAAQLD YpappaTe cuUBoAilovv o TPOsOPIVE, apnPNIEVa, UN-TEPHOTIKE cOpBola (nonterminal
symbols), ta omoia dev gppaviovtal 6To aAeapNTo, evd To Teld Yphppoto cuUPoAlovV TO TOPATN PTG,
TepROTIKA (terminal symbols) coppodra, ta onoia vdpyovv oto aAedfnto. O mapamdve Kovovog kabopilel
OTL KABE gUPAvVIon TOV UN-TEPHOTIKOD GUUPOAOV 4 pmopel v avTIKaTAcTAOEL 0O TO TEPUATIKO X KOL TO [N)-
Teppatikod B. Tevikd, Eekivavtog and £va Un-teppatikd cOUPoAO S, N Tapayw@yn TG YPOUUOTIKNAG cuvioTaTal
6€ Hlo Gepd and TETow PUaTo avTIKOTAoTAoNS, To 0ol TepUATilovTol OTOV TO TEAEVTOIO UN-TEPLOTIKO
ovpporo €xet eEoPoVIoTEL.

H to&ivounon kai 1 vIoAOYIGTIKN HEAETN TV TUTKOV YPOUUATIKGV, o@eidel TV vrapén g otov
peydro yAwocooAidyo tov MIT kot 61dionpo avapyikd rhdécopo Kot otoyaotr, Noam Chomsky. H cuveispopd
TOL QTN NTOV OPOCMHO YO TV VTOAOYIOTIKY YA®GooAoyio kol ot HeBodoA0Yieg aVTEG XPTGUYLOTOIOVVTOL
UEYPL ONUEPO, TOGO GTN UEAETN TOV QUGIKOV YA®MGO®mV, 0G0 Kol 6TN Be@pntikn TANPooptkn (YADGGEG
TPOYPOUUATIGHOD KAT), aALG Ko 6T Blominpopopixi, 61mg Oo dodpe 610 ke@droo avtd. Ta mepiocoTepa
TEPLEYOUEVO GLTOV TOL KEPOAIOL, 0KOAOVOOLV TNV Opoloyia Kot Tr SOUT TOL OVTIGTOLXOV KEPOUANIOL TMV
(Durbin, Eddy, Krogh, & Mithison, 1998) ev® avagpopég yivovtal kal o€ avtioTotya apdpa ovackoTnong, T.y.
(Searls, 2002).

10.1. Hepoapyio Tov ypappatik®v Tov Chomsky

To 1956 o Noam Chomsky Ta&wopunce Tig TumIKEG YPOUUOTIKEG OE 1EpAPYic [LE KPITHPLO TOVG TOTOVG TMV
kavovov mopayoyng tovg (Chomsky, 1956). Zduemva pe avtiv v ta&vouncn po tomikny yaoooo G
amoteAgitol amd:

[J "Eva memepacpuévo cuvolo V amd un teppatikd copfoia

[1 "Eva nenepacpévo cuvoro T amd Teppoticd cOpPoin

[J "Eva nemepacpévo cuvoro P omd KAVOVES TOPOYOYNS
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[ "Eva apykd copporo S
'Eto1, o tomkn ypoappoatiky ovpporiletor wg G(V, T, P, S). H epapyia, mepiropfavel og avénuévn oepd
TOAVTAOKOTNTOG, TIS KOVOVIKES YPOUUOTIKEG, TIG YPOUUOTIKES YOPlG CLUEPACOUEVO, TIG YPOUUOTIKES UE
SUUEPALOHEVE KO TENOG, TIG YEVIKES YPOUUOTUCEG.

2116 KOVOVIKEG YpoppoTikés (regular grammars), o1 0moieg ovopalovtal Kol YPORUOTIKES TOTOL 3, 1
LOPON TOV KOvOVOV Topay®yng toug givor de&oypapukés (right-linear) 1 apiotepoypoppukés (left-linear).
Av givan deloypappkég, TOTe:

Wy —aWy, W W —a

EVD, OV EIVOL OPLOTEPOYPOLLLIKES:

W, —>Waq W —a

2TIG KOVOVIKEG YPOUUOTIKES, TO TPAOTO HEAOG TOV KAVOVO TOPOYOYNG OTOTELEITOL HOVO OO Eva, U
TEPUATIKO CUUPOAO, VD TO Oe0TEPO WENOC TEPLEXEL Mo okoAovBio TepuaTIKOV cLUBOA®V Kol éva un
TEPUOTIKO ovuPforo oTo aplotepd N ota Ogld, aviioyo av 1 YA®ooo eivar de&loypopukn M
OpLoTEPOYPOUIIKY], avTtioTtoryo. Tig kavovikég ypopupatikés avayvopilovv to [enmepacpuéva Avtopata (Finite
State Automata). Avtf 1 Katnyopio YA®Go®V avTiotoryel, 6Tws Ha SoVLE, OTIG KOVOVIKEG EKQpAacelg (regular
expressions), ol 070ieg EYOVV TOALEG EQapUOYEG TOGO 6T BlomAinpopopiki| 660 Kat 6Ty avaivoT KEWEVOL.
Koavovikég yhdooeg ypnopomoodvial, €miong, Yoo vo oplotel 1 Ae€ikoypagikny Sopn TV YA®GGHOV
TPOYPOULULATIGLLOD.

2Tg ypoppoTikég yopis copgpolopeva (context free grammar), ot omoieg ovopdlovtar Kot
YPOUUOTIKEG TOTOV 2, 1) LOPPY| TOV KAvOVOV Topay®YNS TOVG Etvat:

W —p

Edd, 10 P eivar ocvpPoloceipd (string) amoTeAOVUEV OO OTOLOONTOTE TEPUATIKG 1) HUN-TEPLOTIKG
ocopupora (ywpic ouwmg va cvumepthappdvetor n kevry cvpforocepd). Ta avtopata mov avayvmpilovv
YPOUUOTIKEG Yopils cupepaldpevo givar o Avtopoto Xtoifag (Push Down Automata). [Adocoeg ywpig
ocopppalopeva, amoteAovv TN Bsmpntiky Pacn ywo T SoUn TOV PPACENV TOV TEPIGGOTEP®YV YAMGCMV
TPOYPOUUATIGHOD TOPOAO TTOV TO GUVTOKTIKO TOVG TEPIAUUPAVEL Kot GALG YOPOUKTIPIOTIKGL.

2tg ypoppotikés pe ocvpepalépeve (context sensitive grammar), ot omoieg ovoudlovtol Kot
YPOULOTIKEG TOTOV 1, OVIKOUV Ol HOVOTOVIKEG YpOoupaTikéG (monotonic grammar). H popon tov kovovev
mopaymyNg etvar:

o Way —afa,

Edm, to a givorl éva 0mo106Mmote TEpUATIKO GOUBOAO, TO 0 OTTOLOGONTOTE GUVOVAGLOG TEPLUTIKMY Kol
UN-TEPUOTIK®Y GVUPOA®V Tov mepthapuPdvel Kot Tnv kevi] cvupPfolocelpd, evd T0 [ 0TO0GONTOTE
GUVOVAGUOG TEPLOTIKAOV KOl UN-TEPHOTIKOY GUUPBOA®V TTOL eV TEPIAOPAVEL Kot TNV KeV] GLUUBOAOGELPA.
[Mapdyovtar, £to1, GUUPOAOCEPEG HIKPOTEPOL UAKOVG GO ovTd TG apykng cvpPorooepds. ' avtd
A wote o1 YAdooeg avtég ovopdlovtor povotovikés. To avtdpata mov ovayvepilovy YPOoUUOTIKES X®PIG
ovpepalopeva eivar ta I'pappukd [Mepropiopéva Avtopata (Linearly Bounded Automata).

Télog, otig yevikég ypoppatikég (unrestricted grammars), ot omoieg ovopudlovTon Kot YPOLUHOTIKES
Tomov 0, N Hopen TV KavOVAV Topay®yns ivor:

a1 W(Xz — ﬂ

omov B €lval 0TO10GONTOTE GLVOVAGHOG TEPUATIKMDY KOl UN-TEPUATIKOV GUUPBOA®Y TOV TTEPAApPAvEL
KoL TNV K&V GLUPOAOCEPA. e VTNV TNV TEPITTOOT], Ol GUUPOAOGELPES TOV KOVOVOV TOPOYOYNG UTOPOVV
VO OTTOTEAOVVTOL OO OTOldNTOTE GUUPBOAC TNG CAQOPNTOL TG YADOGOS ATO Mo OTOdONTOTE
ovpPorocelpd (extdg NG Kevig) umopel va mapoybel omowadnmote dAAN (M kou 1 idie) cvpPforocepd. Ot
YEVIKEG YPOUUOTIKEG €IVOL YPOUUOTIKEG pE UOVO TEPOPICUO OTL omd To KeVO cOpUPoro dev mapdyetol
ocvpuporocelpd. Enedn dev vmdpyovv dALol TEPLOPIOUOL, TO GUVOAD TOV YAWMGO®MV TOL OVIIKOVV GTIG YEVIKES
YPOULOTIKEG €ival TO o €VPY (CLYKPITIKG UE TIG LIOAOWTESG Ypappatikeg ¢ lepapyiag tov Toduokt) kot
HEGOL GE AVTO EUTEPIEXOVTOL TOL GUVOAN TOV YAMGGMY TOV GVIKOLV GTIG YPOUUOTIKES YOUNAOTEPTG EPOUPYIOGC.
Avtég o1 ylwooeg ovopdloviar kot Avadpopkag AmapiBunowyes I'Adooeg (recursively enumerable
languages). Ot yevikég ypappatikég avayvopiCovtat amd tig Mnyovég Tovpvyk (Turing Machines).
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Ewéva 10.1: Jiaypoppotiy ameikovion e 1EpOPYiog TV YPOLUUATIKDOY TOD Tao,uma‘ Kabe avarepn ypouupotixi
wepilapfaver ooy &0k TEPITTWON ovtég  mov  Ppiokovior 08 KOTOTEPO  EMITENO (oo
https://en.wikipedia.org/wiki/Chomsky _hierarchy).

10.2. Koavovikég ypoppotikég

Ol KOVOVIKEG YPOUUOTIKEG, €idape OTL eivor ypappukés, €ite de&loypapukeg €ite oploTeEPOYPUUKEG. Ag
Oswpnoovpe o amAn SEEI0YPOUUIKT YPOUUATIKY He oApAPnTo Ta cOUPOAN X KOl Y, KOl KOVOVES S=+xS Kot
S—=y. Avti 1 YpOpUOTIKY puopel va Tapdéet OAEg TIC oupuPorooelpéc mov Eekvave e avbaipeTo apBpod x kot
teheIdVOLV pe éva povo y. Mmopel va mapdyel yoo mopdderypo po. akolovbior S—xS—xxS—xxxS—xxxy,
omov 1o Pélog cupPorilel v gpappoyn Tov kavovoe (pepucol cvyypapeic cupBoiilovv v €Qaproyn TOL
KOVOVOL TOPUYOYNS HE TO OAO BEAOG =*). e QLT TNV TEPIMTWOT EYOVUE TPEIG SLUBOYIKEG EPAPUOYES TOV
TPOTOL KOVOVOL KOl M0, EQOPUOYN TOL OghTEPOV, £T6L MoTe Vo, mopaydel TeEMKE 1M CLYKEKPLUEVN
oupporocelpd, pio amd TIg ATEPEG GLUPOAOGEPES TOL UTOPOVV Vo, TapayBovV amd avty T YAOGG.

Onwg elmape, TG KOVOVIKEG YPOUUATIKES TIG avayvopilovv, dniadn Tig dwPalovv (parsing) To
IMenepacpéva Avtopota (Finite State Automata). Avti 1 katnyopio YAwooov avtiotolyel 6nwe Oa dovpue
OTIG KOVOVIKEG EKQpaoelS (regular expressions) ot omoieg £Youv TOALEG EQOPLOYES TOGO 6T BlomAnpopopikn
0G0 Kol 6TV ovilvon Keywévov. Ag Bewpncovpe o ToAAaTAY otoiyion, onmg avt ¢ Ewovag 10.2, kot
po kovoviky ékppoon M éva mpdtumo g PROSITE mov vo v meprypdpovv (6nmg €idajle, ol KOVOVIKES
exppaoeig kal ot ekppdoelc g PROSITE givatl 16060vapec).

RU1A HUMAN SRSLEMEGOAEMTFKEVSSAT
SXL E‘:DROME KLTGRPRGVAEBMRYNEKREEAD
ROC HUMAN VECSVHEGEABMO Y VNERNAR
ELAY DROME GNDTOTRKGV GEIRFDEREEAT

Ewova 10.2: Eva mopdderypo molAamwAis otoiyiong.

2 ovykekpyévn mepintoon, To tpoétuno g PROSITE Oa diveton amd tnv Ekepaon:
[RK]-G- {EDRKHPCG}-[AGSCI]-[FY]-[LIVA]-x-[FYM]
€V 1 oVTIoTOLYN KOVOVIKY| £K@pooT Oa fTav:
[RK]G[“EDRKHPCG] [AGSCI] [FY] [LIVA]. [FYM]
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H petatpon autdv tov eKQPACE®Y GE MO KOVOVIKT YPOUUOTIKY, Yivetor ov yplwouue €vav
Eeywplotd kavova Yo Kabe Béon e Tapandve Ekppacns. ‘Etot, oty mpotn 8éon Ba &xovpe évov kavova
7ov B Aéet 0Tt petd v Evapén (S) to TpdTo cvpPoro Ba eivar R, kot évav dAdov kKavova mov Ba Aéel 6TL T0
Tp®To cVpUPoro pmopel vo givar G. Avtol ot 600 KAVOVES, GUURTLGGOVTOL GE EVOV TTOL AEEL OTL TO TPAOTO
ovppodro Ba eivar R 1 G. 1 cvvéyela Tpoywpdpe 6tov emdpevo Kovova yio ) devtepn B€on, K.0.K. Xg avto
T0 WAPAOELYA, OAAG KOl 68 OAOL TOL TOPOKAT®, VIO VO EILOCTE GOUPMOVOL LE TOVG KOVOVEG TOV YPOUUOTIKOV
oV A&ve OTL Y10, TOL TEPUATIKA GOUPOAR yproyomolovvtal el ypappata, Bo ypnoiporotovue r avti yu R,
K.0.K. TeAkd, TO GUVOLO TV KAVOVOV TOL TEPLYPAPEL QLTI TNV KAVOVIKT EK@paoT, Oa etvat:

S— rW kW,

Wi —gW,
Wy — [afilmngrstvwy] W3
W3 — [agsci] Wy
Wy —=IWsbWs
Ws—IWgliW [ vV glaW g
Wg — [acdefghikimnpgrstvwy] W

W7 —flylm

Mo, oAnAovyio apvoémv oV GUUPMOVEL UE QVTN TN YPOUUOTIKY, ONAad CLUUQOVEL pe Tnv
TOPATAVE® KOVOVIKT EKPpaoT), Ba mapayOel pe S1080)1KT EQAPUOYT TOV KOAVOVOV:
S—>I'W1

—1gWyH
— rgaWs
— rgacWy
— rgacfWy
— rgacfvWeg
— rgacfvkWo

— rgacfvky

Oleg o1 KOvVOVIKEG eKQPAOEL;, Kol Kotd cvvémeln Oha ta mpoétvma g PROSITE upmopodv va
TEPLYPOPOVY UE OPOVE UG TETOLNG KOVOVIKNG Ypoupatiknig. o v akpifelo, ot akyopiBpol mov kdvovv
avalnon tétowwv exepioemv Pacilovtal 6t Bempio TOV KOVOVIKGOV YPOUUATIKOV Kol TOV TETEPUCUEVDV
avtopdtov. Onwg Ba mapatmprioate NoN amd 10 TPOTO PriHo TOL TOPOSEYHATOS, EHpOvileTal TAAL TO
didnupa «moto givar mo mOovd; To r 1 to g;». TIpoeovdg, OTmG EIdOE KOl OTNV TEPITTOGCT TOV KOUVOVIKOV
EKQPACEMV, [0l TETO O1AKPLIoN OEV UTOPEL VAL YIVEL Kot OAEG O1 (TEMEPAGLEVEG) AAANAOLYIEG TTOL TOPAYOVTAL
amd avt ™ YA®ooa ivol to 1610 mbavég. Mo addniovyia, 6nwg M rgacfvky N M kgacfvky, amhd taplalet
OTO HOVTELO, EVD [ AAAN 61w 1 agacfvky amhd dev Taiprdlet.

TMo vo pmopécovpe va KAVOUE T O10KPIoT) OVOUEGO OTO TEPUOTIKA GUUPBOAC LE TN HEYOADTEPT
mOovoTNTA, OO AVTA PE TN HKPOTEPT Oo TPETEL VO KAVOLLE, OUOL0. LE TNV TEPITTOOT] TV TPOTHTI®V, TNV
EI00YOYN TOV GTOYOCTIKOV YPOUUOTIKOV. Ommg EI0QLE OTNV TEPITTOON TOV TPOTHA®V, U0 TPMTT YEVIKEVON
givon N wepintmon tov TpoPid, eved M To yevikn popen ival to HMM. Ag Bewproovpe 1o o omhd HMM
7ov eiyape del oto KePAAAo 8, éva poviého pe dvo povo kotaotdoels (M + kar M-) kot 4 ooufoia
(avapepopaocte oto DNA). To povtéro avtd anekovifeton oty Ewdva 10.3 kot 6mwg Oa dovdue, pmopel pe
TOVG KOTOAANAOLG OPIOHOVG VO UETOCYNUOTIOTEL 68 Wil EVIEAMG 1G0JVVOUN GTOXOCTIKN] KOVOVIKN
YPOLLOTIKY, OTADG HE TNV TPOSHNKN TV KATAAANA®VY TOavoTATOV. ANANSY], Yiol L0 GTOYAGTIKY KOVOVIKT
YPOULLOTIKY, YPEWLOUACTE TO TEPUATIKA KOL TO UN-TEPUOATIKG GOUPOAA, TOVG KAVOVEG Tapay®yNg (OTmG 0TI
KOVOVIKES YPOUHUOTIKEG), OAAG Kot TG OVTIOTOLYEG THOVOTNTES,

2y apyn, 0o TpEmEL Vo LOVTELOTOWGOVE TOVG KOVOVEG TTOV OVAPEPOVTOL OTIG UETARACES LETAED
TOV KOTAGTAGEWDY, ONAadT HETAED TOV UN-TEPLOTIKOV CLUUPBOA®DY (€xovpEe €6® Kol KOTAGTAGEIS EvapEng Kal
TEPULATIGUOV):

B — M+M-E
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M+ — M+M-[E
M- — M+M-|E
Eniong, mpénel va opicovpe Tig mOavEG meEPMTOCES EUPAVIoNG cLUPBOADY amd kdbe KOTAGTOOM,
yYopig axopo va opicovpe Tnv avtictoyyn ThavoTnTa:
M-+: alc|g]t
M-: alc|g]t
ZOUEOVE PE TNV OPOAOYID TOV YPOUUOTIKOV, ovTd gival to Teppatikd cOppora. 'Etol yo va
oAoKkAnpwBel To PLOVTELD, TPEMEL VO GLUVOVAGTOVYV TO TOPATAV® VITOAOYILOVTOC OAES TIC TOAVES TEPIMTOGELS:
B — aM+cM+gM+{tM+aM-|cM-|gM-[tM-|E
M+ — aM+|cM+|gM+|tM+|aM-|cM-|gM-|tM-|E
M- — aM+|cM+|gM+[tM-+]aM-|cM-|gM-[tM-|E
Kot téhog, oe Ohovg avtodg TOvg KOVOVES, B0 TPEMEL VO OVTICTOLYNGOLUE 0L KOTOAANAQ
vroloywouévn mhovotta. [o mapdderypa, yuo Tov Kavove B—aM~+ mpémel vo, opicovpe v avtictouyn
mbavotnta og P(B—aM+) = P(M+|B)P(a|M+), Y tov kavova M+—aM- v mbavotnto P(M+—aM-) =

P(M-|M+)P(a|M-), .0.K.

af++) of--)

a+-)

P&+ /'_ﬁ P(A-)

P(GH) P(G-)

P(CH) P(C-)

P(TH $_/, B(T-)
of-+)

MONTEAQ MONTEAQ
(+) (=)

Ewoéva 10.3: 'Evo HMM e d00 KataoTaoEL IOV £(0VLLE O] CLUVAVTICEL GTO KEPGALO 8.

‘Eva mopddeiypo mopayoyng (amd to. Amelpa wov pmopovdv va vadpEovv) amd TV Topomdve
YPOULOTIKY, ELVOL TO:
B — aM-
— aaM+
— aacM+
— aactM+
— aactgM-
— aactgcM-
— aactgcall
Ta menepacpéva avtopato (Finite State Automata) mov Swafdlovv tétoleg ypappotikég givarl og
YEVIKEC YPOUPES o1 unyovéG Tov Meale kot o1 unyavég tov Moore, ot omoieg av Kot opifovtal pe S1popeTIKO
TPOTO, €ivol oYedOV 160dvuvapeg HETaEd Tovg (KaBe pnyaviy tov Moore pmopel va petatpomel o€ pia
1oodvvaun pnyovh tov Meale, oAld ot punyavég Tov Meale 6ev pumopovv OAEG VO LETATPATIOVV GE EVIEAMDG
1oodvvaun popen). Ievikd mhviog, T€Tolo GVTOLOTO TOPOAO TOL YPNCLOTOLOVVTOL Y10 KATOIEG EPOPLOYES
oTN HovTELOToinon KVKAOUAT®OVY, 6T Blominpopopikn dev £xovv epapuoyég KaBDS YpNOLOTOIOVVTOL OL TTO
€0YPNOTEG SOLEC TV KOVOVIKAOV EKQPAcEDV kot Tov HMM.
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10.3. TI'pappatikéc yopic copgpalopeva kot n tpoyveoon tov RNA

Onwg €idope, 01 KOVOVIKEG YPOUUOTIKEG £YOVV UL GLYKEKPYEVN KATELHLVOT GTOV TPOTO TAPAYMYNG
(aprotepa M de€1d). Katd cuvéneia, kamoteg mo cOVOETEC SOUEG TTOL AMAVTAOVTOL GTIG BLOA0YIKEG OAANAOVYiES
(0AMG kot og GALOL €i00VG YADMGOES) dev UmopovV va poviehoromBolv pe endpieto. I'pappaticég Tov £xovv
N duvaToOTNTA Vo TaPAfEGOVY 0TOIOVONTOTE GUVIVAGUO TEPUATIKAOV KOl UN-TEPUATIKOV GUUPBOA®V oTo de&l
HEPOG TOV KOVOVO, TOPAYDYNG, EXOVV UEYOAVTEPT EKQPOACTIKY SUVOUN KOl OTOTEAOVV TO EMOUEVO EMIMESO
omv tepapyioc tov Chomsky. Ot ypoppotikég avtég OT®G €idape, ovopaloviol YPOUUATIKEG Y®PIC
ovpppalopeva (context-free grammars) kot wephopuPavouv, Yoo TUPASELYLO, TEPUMTMOCEIS KATA TIG OTOIES
pmopei va mopoydel Evog apBuods cupPormv evog gidovg akorlovBolrevog ard ico apBud cvpforov dilov
gldovg (m.y. N axoAovdia xxxxyyyy). Tétoleg akorovbieg dev pmopovv va mapayBodv apeiyovoonuavta (apa,
KOL VO 0VOYVOPIOTOOV GT) GUVEXELWD) OO L0 KOVOVIKY YPOULOTIKY, YIOTL T0, TEXEPAGUEVO OVTOUATA OEV
€yovv Tpomo Vo «Bupovvtay TOcEC Popég Exel Tponyn el Eva cOPoAro £Tol dote va Tapayfodv dAAeg TO0ES
@opég avtiypapa omd 10 GAA0 cOUPoro. Xta HMM gidape 6tL vdpyovy Tpomol vor LoVIELOTO 000V KATOlEg
E0IKEC TEPUTTMOELS LLE TN YPTOT] TOAADV SLOPOPETIKOV KOTAGTAGEDV, OALA TO YEVIKO TPOPAN U TAUPOUEVEL.

To wpdPAnpa avtd 10 AvVTIHETOTILOVY TOAD €OKOAN Ol YPOUUATIKES XOPIS CLUEPALOUEVO LE TO VO
EMTPETOVV KOVOVEC TOPAYMYNG TOV €ldovg S—=xSy ot omoiotl eacpaAilovv TAvVIa TNV TAVTOYPOVI TOPAYOYN
(aprotepd Ko 6e&udr) evog x kot €vog y. Ta avtouato otoifag mov yopaktnpilovy aVTéG TIC YPOUUATIKES,
LITOPOVV VoL KPOTHOOVV TN «UVAUN TETOIMV S1000)(IKAOV KATACTAGE®Y KOl £T0L 1] TOPUYWYT CAANAOVYLDV
(ovpPorocelpdV YeVIKOTEPA) TOV SAOETOVV TETOLES EEAPTNOELS TV TEPLOTIKOY GLUPOA®V, gival EPIKTEG, LE
NV Tpodmohect 6TL o1 e€apTNOoEIG OVTEG Eivan gite ave&apnTeg peta&d toug (dnhadn peto&d Tov (evyopumv),
gite polMoopéveg, 0AAG ToTé dlooTowpovpevec. To TO YOPAKTNPIOTIKO TOPASEYUO. YADCOHG HE TNV
mopamdve doun, eival  Tokivopoun yAdooa (Ewodva 10.4). Tétown keipeva, givol yvootd cov KOPKIVIKEG
EMYPOPES KOt OVORALOVTOL Ol GUUUETPIKES PPACELG Ol 0TT0ilEg UTOPOLV va dlafactoldv gite amd TV apyn &ite
am6 10 1€hog. To Khaoikotepo mapddetypa and v EAAnvic wtopia, givar 1o «NIPON ANOMHMATA MH
MONAN OWIN» m omoio, YopaccoTov LYVl o€ TNYEG Kol o eAeb0epn UETAQPPACN OTO VEL EAANVIKA
ONUOIVEL «TADVE TIC QUOPTIES, OxI HOVO TO TPOoToy». To MO YVOGTO GOYYPOVO TOPASELYHO TETOLOG TEXVITA
KOTOGKELOGLEVNG PPACNG, AVOQEPETAL OTNV EPELVNTIKT opdda tov Bletchley Park, otnv omoia cuppeteiye o
Alan Turing kot iye oxond (Tov omoio kot wETvye TEMKE) va. omhcel Tov Koo tov ENIGMA, g unyavig
KpuIToypdenong mov ypnoiponoovoav ot ['eppavol otov B’ maykdGUo mOAEUO Yo VO, K®OKOTOOUV TO,
pnvopatd toug. Ot kpumtoypdeotl avtoi, €lyov cov mayvidol vo QTIdVOUV TETOEG QPACELS Kol ONMG
ava@EPOLY, 1 O paio. TOAVOpoUN EKPPOOT] OV KATAGKEVLAOTNKE TOTE, amodideTtar otov Peter Hilton:
“Doc, note. I dissent. A fast never prevents fatness. I diet on cod.” (n epdon avtn dev gival udvo dpopen
YPOULOTIKE, AALG STVEL Kol 6OOTES...dlontnTIKEG SVUPOVAES!).

Mo mapdderypo, n woAivopoun @pdon aabaabaa pmopel va mopoyfel amd po YPOUUATIKA HE TOVG
KOVOVEG

S —aSa|bSblaa|bb

og €&nc: S=aSa —aaSaa —aabSbaa =>aabaabaa. BAémovpe, 0t yuoo Kabe mapoywyn a vadpyel Kot Eva
GLUUETPIKO a (Kot opota yio ta b). To punkog mov Ba £xel 1 ppdon kabopiletar omd to av Bo vVdpEoLY TOAAEG
EMOVAANYELS TOV KOVOVOL O OTO10G TMEPIEXEL TO UN-TEPUATIKO GOUPoA0 (av gupaviotel oto o€l puéAog o
KOVOVOG TTOV TTEPIEYEL LOVO TEPUATIKG GOPOA, 1 aAANAOLYia TeppoTilETOn).
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Regular language
abaaab

Palindrome language

aabbaa

[ = |
Copy language

qab§ab

Ewova 10.4: [apodeiyuoto kavovikng yAOceogs, malivopouns yAOOeas Kol aviiypopikng YAmooag.

2 Proroyia, Eva TAPASELY IO YOPAKTNPLOTIKO TG TAATVOPOUNG YADGGOC, lval 1) dgvTEPOTAYNG SOUN
tov RNA. Ta poépwn ovtd, oe avtibeon pe to DNA, avadimhdvovior kol oynpotilovv ToAOTAOKEG
TPLedLAoTOTEG OOUEG (TOPOUOLEC LLE TOV TPOTEWVAOV), UE CYNUATIOUO OECUMV VIPOYOVOL HETOED TOV
ocopuminpouatikov PBacewv (A-U, G-C). 'Etol, vmapyet po Eekabapn «e&dptnon» petald Tumuitov g
aAAnrovyiog mwov Ppickovior pakpid 1o ve amd To GALO. TV To omA Hopen, 1 eApTnon ot maipver T
LOPON POLPKETAG OTNV OOl T OMEVOVTL TOTOBETNHEVE VOVKAEOTIOW Gynuatilovy SeGLOVS VEPOYOVOUL.
Kotolafoaivovpe Aowdv, 0Tl ov UTOPOVCOUE VO LOVIELOTOWGOVHE KOTOAANAQ €va T€To0 cuoTNUa, Oa
pumopovoope va TpofAréyovpe T devtepotayn dopn Tov RNA kot pe ) ypnon avtov tov eEaptioemy va
EYOVLE 0L TOAD KOAT] TPOGEYYIO Y1 TNV TPLodldototn doun Tov. Lty Ewova 10.5 diveton Eva mapdderypa
po tétotog Aovmag (loop) otnv omoia paivovtol kot ot deGpHol VIPOYOVOL UETAED TOV GLUTANPOUATIKOV
Baoewv. H dgvtepotayng Sop Tov TPOKOTTEL Yio TNV TEPLYPAPT EVOC TETOLOL SOIKOV HOTIPOoV, TeptypdpeTot
fole

acgugccacgauucaacguggcacag

O O O G P )))))))) ..

Ewova 10.5: IHopaderyuo evog tomxod Bpoyov oe uopio RNA (amé  https://en.wikipedia.org/wiki/Stem-loop).

2t dopn avty, ot e€aptoelg cupPorifovton pe Tig mapevhioelc, kal PAEmovpe état 611 1 [ovavivn
ot Béom 3 kdvel deopud vopoyovov pe v Kvtooivn ot 08€on 25, n Ovpaxidn ot 0éon 3 pe v Adegvivn
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ot 0éom 24 k.0.x. Ot Bdoelg o1 omoieg dev eUMAEKOVTOL OE TETOEG OAANAETOPACELS, cuuPorilovtat pe tnv
teAeio ().

A I al
A
I C! CCA terminus
1€
l"—E’
IG—0CI! Acceptor stem
1 —giﬂ
e &l
10— Al THC arm
Darm .H—u..._.. s
1530 ucGcc A i
cGAgucdA ™, I/ 8,
g Variable loop

3 40 Variable loop

R “AGCGGT o/
G gASAECE 3 ——
1] né G

A |
u A
GgC

_ .7 Damm Anticodon arm

Anticodon arm

Ewoéva 10.6: devteporayns (A) ko tpirotayns doury (B) tov tRNAPhe (PDB code 6TNA) s E. coli,. (Ito et al., 2012)

Onwg yivetar @ovepd, ywo vo. TETOYOVUE TNV TOPATAVE OVOTOPACTOCT] KE M0 YPOUUOTIKY] HE
ovpepalopeva, apkel va opicovpe pntd otovg Kovoveg Ott Ba eacpariletor N GUUUETPIKY KOTAVOUT Kot
EULPAVIOT] TOV TEPHOTIKMV LE TPOTO TOV VO VTOKOVV GTOV KOVOVE, TNG GCUUTANPOUATIKOTTOG:

S —gSc|cSg| aSu|uSa

IIpopavdg, Yo Vo LTOPOVE VO, LLOVTEAOTOU|GOVLE L0 TPOYUATIKG TOADTAOKN SOUN, Ol KOVOVEG
TPETEL VO, EIVOIL TEPIGGOTEPOL KO VA SAOEYOVTAL O £vag TOV AALOV, VG o TpEmel va EAGPAAIGOVE Kol TO Tl
O yivetal oTig TEPMTOGELS TOV EYOVUE PACEIS TOV O GLUUUETEYOVV GE OEGHOVG VOPOYOVOV (.Y, B TpEmEL Vo
VILAPYOVV KOl KAVOVES TOV TOTTOL S —gS| Sg), Tt Ba yivetar oty mepintmon nepiocdtepv Ppoymv (Ba mpémet
va uIEapyovy drakraddoelg mov e&acparifovtor and Kavoves Tov Tomov S —S1.5;) Kot Tdg Oo teppoTileTon
aAAnrovyia (Ba Tpénel va vIap oLV KOVOVES TOL TOTOL S —g).

S| —S,g Sio —aS;u
S, —aS; Sy —¢S)yg
S3 —’S4a S]z —>gSl3c
S4 —aSs Si3 —aSy4
S5 —gSec Si4 —uSs
S6 —>uS7a Sl5 —>US16
S7 —gSsc Si6 —cSi7
Sg —cSog S;7; —aSg
Sg —cSiog Sig —a

S1—>Szg
—aS;g
—aS,ag
—aaSsag
—aagSecag
—aaguS;acag
—aagugSgcacag
—aagugcSegcacag
—aagugccSpggeacag
—aagugccasS, juggcacag
—aagugccacS,guggcacag
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—aagugccacgSscguggcacag
—aagugccacgaS;cguggeacag
—aagugccacgauS;scguggeacag
—aagugccacgauuSscguggeacag
—aagugccacgauucS;cguggeacag
—aagugccacgauucaSgcguggeacag
—aagugccacgauucaacguggeacag

g g
S O O O G O O (PP )))))))) ..

Ewova 10.7: H woapaywyn the devtepotayoivs douns tov RNA oe avoarapdotacy 0évipov.

Av16 mov yivetonr BéPata Katavontod Yo T YAMGGO TOV TOPOTAV® Topadeiypatog gival Ot gival
TOAD €101KN, Umopel va mopdyel dnAadn povo TN cvykekpuévn oAiniovyic RNA. Xe pio mpoypotikn
nepiotoon Oo émpene ol KOVOVES Vo €lval TOAD TEPIGGOTEPOL KOL MO YEVIKOI, £TOL MOTE VO UTOPOVV VoL
mapoyfodv amd avTodc, GAAG Kol TO KUPLOTEPO, VO UTOPOVV VO OVOYVIOPLGTOVY, TEPIGGOTEPO HOPLO, LLOG
cuykekpluévng katnyopiog (my tRNA).

To emdpevo Aoyikd Pripce, Bo eivol ol TOPOTAVEO YPOUUUOTIKEG, VO YIVOUV GTOYAOTIKEG. AvTod
EMTLYYAVETAL, OTMOG KOl OTNV TEPITTOON TOV KAVOVIKOV YPOUUOTIKOV, HE TNV TPOCONKTN oG KOUTAAANANG
mBhavotnrag o€ kdbe kavova. H dradikacio avt odnyel oTic TOAD YVOOTES «GTOYOOTIKES YPOUUATIKES YWOPIg
ovpepalopevor (stochastic context-free grammars). To Pacikd TAEOVEKTNHO TOV €YOVV AVTA TO LOVTELQ,
glval To avtictoryo mov giyov Kol 01 GTOYOOTIKEG KAVOVIKEG YPOUUATIKEG EVOVTL TOV KOVOVIKAOV YPOUUOTIKAOV,
N 1o HMM évovil Tov KavoviK@OV eKQPACEDV: 1) EMEKTOOT] KOl EKAETTUVOT] TMV OMOTEAEGUATOV KOl 1)
EVOOUATOOT TOV TEPMTOCEMV pe UIKPN Tlavotnta epedviong (e ovtictoyn moocotikornoinon). Eva
KAoowd Topadetypo otny mepintoon tov RNA givor 1o 611 pmopei mAéov pe ) ypnon (Lkpov) mbovotitov
va emtpémovpe to «habepévon (evydpopa Pacewv, G-U, C-A, ka1t oL TOUVAOG VoL DCEL TO PEAAOTIKEG
TpoPréyelc.

Kot avtictoyio pe to HMM, 6TIg GTOYOOTIKEG YPOUUATIKES X@Pig GUUEPALOUEVA, EYOVV EPUPLOYT
Ta Tpio KAOGIKA EPMTAILOTOL

[ Tlog Bo emrdyovpe TV KaAdTEPN GTOlYION G akolovBiog pe o ypappotikn (alignment-
parsing problem)
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[ Iog Ba vrodoyicovpe v mbavotnTa Lo okoAovdiog Sedopévng g YPOUATIKNG (scoring
problem)

[J Tag Ba yivel n ebpeon TV BEATIOTOV TOPAUETPOV UIOG YPOUUATIKNG OV VITAPYOVYV YVAOGTA
nopadeiypoto (training problem)

[Mapdro mov Ady® ToAlvmAokdTTOS Kot XdPpov dev Bo pmodie o€ AEMTOUEPEIEG, Ol OMTAVTGELS GTO.
TpoPAnpato avtd akolovBovv emiong o mopeio avdAoyn pe avtiv tov HMM. To mpdto epdTnpa, apopd
TNV €QOPLOYT TOV aAdydpiBpov tov Viterbi otig ypappatikéc. O aiydpifuog avtdg ovopdletal adydpiBpoc twov
Cocke-Younger-Kasami (CYK algorithm) kot mpdt @opd mpotddnke amd tov Youmger to 1967 (Younger,
1967). X10 de0tepo gp@TNUO, O avTicToog oAyoptOpog gival o alyopiBuoc Inside (outside algorithm) mov
glvar avrtiotoryog tov Forward (evd o outside eivor o avtictoryog tov Backward). Téhoc, 10 cuvoAuod
TPOPANUO TG ekmaidevong, amavtdtal amd Tov oAyopiBuo Inside-Outside o omoiog givar avtiotolyog tov
alyopibpov Baum-Welch (Forward-Backward) kot mpotdOnie 1o 1979 (Baker, 1979). Onwg etvar pavepd, ot
aly6piBpol avtoi, oe avtibeon pe tovg aAyopBpovg twv HMM ot omoiol avtipetdmlov v aAiniovyic
GEPOKA, 00 TPETEL VO AVTILETOTIGOVY TNV OAANAOVYi0 KAVOVTOG XPTOT| TOV dEVTPOV, YU QVTO TPOKVTTEL Kol
10 6vopa (inside/outside). Exdpevo eivar Aowmdv, OAM T0 TOPATAVE® VO, OTOTVIMVOVTOL KoL GTNV OAYOPLOLIKY
TOALTAOKOTNTO KOl OTIC OALTNGELG O LVALT 0VTOV TV oAyopifpmv (IMivaxag 10.1).

Mo GAAN ONUOVTIKY ovopopd, TPEMEL VO Yivel oTn Aeyoupevn «xavovikn uoppn tov Chomsky»
(Chomsky Normal Form). O Chomsky mpdteive to 1959 (Chomsky, 1959) 611 k40 ypoppotikn xopic
cvpppalopeva, pmopel va Ypoptel Kdvovtog ypnion Lovo Kavovav Omwg:

W1—>W2 W3 ﬂ
W,—a

Emiong, oyvel ka1 10 avtiotpo@o, dnAadn kdaOe yYpOUUATIKY TOL TOipVEL VTN TN HOopen, €ivat
VIOYPEDMTIKA YPUUUOTIKY YOpiG ovpepalopevo. Otav HETOTPETOVUE 0L YPOUUOTIKY Y®pic cvupppalopevo
omVv kavovikn popen Chomsky to péyebog tng véag YPOUUATIKNG OVOYKOOTIKG Oa HEYOAMVEL, OAAGL dev
umopel va givor peYoADTEPO OO TO TETPAY®OVO TOV peyEBovg TNg apytkng YPOUUOATIKNG (0ov «uéyefocy
EVVOOLLE TOV OpOHd TV Kovovav). TIpoeovdg, 1 HETATPOT) TOADTAOK®OV YPOUUATIKGOV gV gival omAn
vrobeon kat €xovv mpotabel odydpiBuol pe mpoxabopicpéva Pripata yio to okond avtd (Lange & Leil,
2009). To peydho TAEOVEKTNIA OTTO T XPTOT TNG KUVOVIKNG LOPPTS, OO OTOV TPOKVTTEL KO 1] GG TG,
gvtomileTal 6T YPNOWOTNTA TNG GTOVG VIOAOYICUOVG KOl GTOVG aAyOplfuovg, Kobmg pe T Hopen vt
S1ELKOAVVOVTOL TTOAD 01 VTOAOYIGHOL KoL 1] VAOTTOINGT).

X16y0g HMM SCFG
Béltiom otoiyon Viterbi CYK

P(x]6) Forward Inside

EM algorithm Baum-Welch Inside-Outside
Amontnoelg o pvnun O(LM) O(L’M)
ITolvmhokoTnTOL O(LM) O(L’M)

Mivaxkag 10.1: Avrigroiyion v evvoiav petald HMM kor SCFG.

O1 TPAOTEG EPUPLOYES TOV CTOYOOTIKMY YPOUUATIKOV PE cupppolopeva otn perétn tov RNA éywvav
) dekoetio Tov 1990 and tov Sakakibara (Sakakibara et al., 1994). A&ilet va onuewwbei, 6TL péypt T0TE O1 MO
emTuynpéveg mpoonabeieg mpoyvaong v RNA Bacilovtav otig epyacisg g Nussinov kot tov Zuker. H
Nussinov giye mopovoidoel TpdT™ 0 1978 évav Kopyod aAyOpOpo SVVOLIKOD TPOYPOUUATIGHOD O 0mToiog
HEYIGTOTOI0VGE TO GUVOAO TV (evyaplmv Pacemv mov Ppickoviav ce dikhwvn popen (Nussinov, Pieczenik,
Griggs, & Kleitman, 1978). O Zuker mapovcioace Alyo ypovia apydtepo évov adydpdpo Paciopévo ot
Oeppoduvapkn, o omoiog peyIoTOMO0VGE o cuvaptnon elevbepng evépyelag (AG). Me 1 pébodo avtn
AopPavetar vOYN 1 GLVOMKN EVEPYEIOKN KOTAOTOON TOL HLOPiov, Kol TOOVASC Vo EMITPEMETOL KOL TO
«habepévoy Cevydpopa Pacewv, G-U, C-A kot Katd GLVERELD, 1 HEB0S0G 0vTr 0modidel kaivtepa (Zuker &
Stiegler, 1981). Kat o1 dvo aAyopibpot, Bpébnke apydtepa 6TL LTOPOVY VO YPOPOLV GE L0 IGOSVVOLT LOPON
SCFG, aAld oe yevikéc ypouués ot pebodoroyieg mov Pacilovrar oe Oepuodvvapikodc VITOAOYIGUOVG
elevlepng evépyelag eEokolovbovv va givar Wiaitepa akpiPeig, Kupiwg AOY® TOV EVPIOTIKMOV TEYVIKOV TOV
eveouat®@vovy. Mo amh efynon tov adyopifumv duvapukov tpoypappaticpnon, topadétel o Eddy (Sean R
Eddy, 2004). Xwm pébodo tov Zuker Pooiletor M moAd  yvoory upébodog MFOLD
(http://unafold.rna.albany.edu/?g=mfold), n omoia &ival icwg Kol o omd TIG TOAOTEPEG OLUSIKTLOKEG
epapuoyés otn Bromnpogopwkr. To RNAfold (http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) givon eniong
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0L TOAD YVOOTH EQAPLLOYT, TOV YPNOLULOTOLEL HETOED dALWY, kot Tov adyopBuo Tov Zuker yio tnv Tpdyvoon
tov RNA (Lorenz et al., 2011). To PFOLD (http://www.daimi.au.dk/~compbio/pfold) eivor icwg n mo
emTUYNUEVN €papuoyn ywo. mpdyvoon doung RNA kot Poacileton oe ypoppatikéc yopic copepaldpeva
(Knudsen & Hein, 2003). O1 Dowell kot Eddy (Dowell & Eddy, 2004) mpayupotomoincav pio peydan
GULYKPITIKY UEAETN TNV 0moio VAOTOINGAV Lo GEWPA amd SUPOPETIKEG YPUUUATIKES Ywpis cvpepalopeva,
€WIKE Yo TV TEPImTOOT NG TPOYV®ong G doung tov RNA. Meiétnoav Tig d10popég Tmv dapopmv
YPOLLOTIKOV KO TPOYLATOTOIMNOOV GUYKPIGELG EVOVTL TOV KAUGIKAOV 0AYOpIOU®V EAOYIGTOTOINGNG EVEPYELNG.
Ta amoteAéopoto €d€1&ov OTL KATOIEG OO TIC YPOUUOTIKEG OVTEG, LITOPOVGAV VO ODGOVV OTOTELECHLOTA
GLYKPIGIO LE TOVG KAAGKOVG aAyopifuovg, eved o adyopBpog tov PFOLD ftav kot daitepa pedmAOS (Kot
apo kot yp1yopog). H pedém avtn €xet kot puo 1dwitepn onpacio Kafdg 0 KMOKOS TOV YPOUUATIKOV GVTMV,
10 Aoywopkd  CONUS, eivor  dwbéoog, yuo  HEAAOVTIK  YpNOT  KOU  TEPOUATIOHOVS
(http://selab.janelia.org/software/conus/). Tlapopolo amoteAEGHOTO E6EIEE KOL L0 LETAYEVEGTEPT] UEAETT UE
ypron tov Aoyiopikod TORNADO 10 omoio divel teptocdtepeg SuVATOTNTES LOVIEAOTOINGONG KOl EPOPLOYNG
o dAleg meprmtooeis (http://selab.janelia.org/software/tornado/tornado.tar.gz) (Rivas, Lang, & Eddy, 2012).

Mo GAAN TOAD GNUAVTIKY EPAPUOYT TOV YPOUUOTIKOV avTdV ot pelétn tov RNA, Eexivnoe amnd
v dovield Tov Eddy kot Durbin, og pio katnyopia poviéAwv mov ovopdaloviar Covariance Models (povtéla
ocuvovakouaveng) (S. R. Eddy & Durbin, 1994). Ta povtéda ovtd, sivorl pio €101K1 TEPITTMON YPOUUUATIKMDY
yopig cvpepaldpeva, KaTdAANAo QTIOYHEVO Yo VO TEPLYPAPOVV Lo ToAATAY otoiyion RNA. Eivar pe Aiya
AOY10, TO avtiotoyo Tev profile HMM, aAld ota SCFG. H diopopd tovg amnd o yevikd povtéra, givar Ott
givor QTIoypéVA Y10, VoL AEITOVPYODV TAVM GTIV TOAAATAT 6TOl16T. AVTO TOVG divel peyoddtepn evedéio amd
ATOWYT] VTOAOYIGTIKNG TOAVTAOKOTNTOG, OALG KOOIGTA 10 SOVGKOAT TNV EPOPLOY TOVG O TEPUTTMOGEL TOV
Lo TOAAQTAY GToiyIoN Mo 01KoYéVeLng dev givart dtabéoiun. To 6vopa Byaivel omd Tr GUVSIIKDLOVGET TV
SdoYIKOV GTNAGV oG TOAALOTANG otoiyone. H doun g YpOUUOTIKAG, EXTPENEL T LOVIEAOTOINGT] LOG
TETO10G OAANAETIOpaAGNG, 1 OTTOT SEV HTOV SVVATH HE TO TPOTLTO KOVOVIKMOV EKQPAGE®V, GAAG 0VTE KOl LI TO
HMM.

D

B
QOO
B o
HOQOQPHA.
HoHEHE A A

QO 3349 Q0
A S

(0 @ » PP o

A-C-[AG]-A—x-T-[CT]-A

Ewova 10.8: [lapaderyuo mollomhng oroiyions otnv omoio. vmapyel 1oyvpy cvoyetion (ovovoiaxduaven) petold 0o
oTtnAOV.

Mo moAlamAr] otoiylion otnv omoio. LVEAPYEL 1GYXVPN cvvdlKvuaven (dniadn, aAAnAiemidpacn)
peta&d e oAng 3 Ko tng otANng 7, eaiveton oty Ewova 10.9. Av géetdoovpe kabs otiin Eeywpiotd,
PAémovpe 6tL oty 3 €yovpe 50% G ko 50% A, eved oty 7 €rovpe 50% T kot 50% C. To arhd HMM 1 éva
npotumo PROSITE (10 omoio Ba Mtav A-C-[AG]-A-x-T-[CT]-A), o €d6wve yioo mopdaderypo tnv ido
mOovotnta va gpeaviotel G (3") kou C(7"), ko oto va eppavictel G(3") kau T (7"). Hapatipnon oumg Twv
cLYVOTATOV TV dtvovkheoTidlmy, pag deiyver ot 6tav vrapyel G (3") vadpyet wévto C(7"), evd 6tav vIdpyEL
A" mavto akolovdeitar and T (7V). Avth 1 e&dptnon, pmopel va anotvrwbel oto covariance model, kot
OTO GUYKEKPIUEVO TAPAOELYLO TO LOVTEAD anTO Ba £01ve TOAD HEYGAO GKOP GE OTN TNV TOAAGTAY GTOiYIoM
kat 0o ta&ivopovoe 6g ovt TV Kotnyopia po aAiniovyia omtmg v ACGATTCA, oAAd Oo anépputte v
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axorovfBioc ACGATTTA. Kot ot dvo dpwg arinrovyies o taipralav (Aabepéva) pe 1o mopomdve TpdTuIo
PROSITE.

210 povtéha  cvvdlakvpovong, Pooiletor 10 yvootrd  mokéto  Aoyiwopkov  INFERNAL,
http://infernal.wustl.edu/ 1o omoio £xel vAomomcel ko cuvtnpel o Sean Eddy (Nawrocki, Kolbe, & Eddy,
2009), ko1 mapovoldlel moAAEG opoldTNTEG HE To MO Yvootd mokéto HMMER ywo to HMM. To v
axpipeto, to INFERNAL dev mpoPAénet devtepotayn dopn, aArd Ppiokel av éva RNA avikel og o yvoot
OIKOYEVELD, OV TOPLALEL GE L0, dEGOUEVT TOALUTAT OTOTYIoN. AV TOPA KATO0 PEAOG TNG OIKOYEVELNG Ola0ETEL
doun, 1 mpdyveoon yivetar Eupeca. DVoIKA, £va PEYAAO TAEOVEKTNLO TOV AOYIOUIKOD €ival 1) EDKOAD OTN|
¥PNON Kot 1 SuvaTOTNTO, O YPNOTNG VO KOTACKEVAGEL LOVTEAD Yo TIC OkEG Tov owkoyéveleg RNA. Kart’
avaioyio pe ™ Paon PFAM, n onoia mepiéyetl ototyioelg owoyevelmv npoteivav, 6to INFERNAL Bacileton
N Baon dedopévov RFAM, 1 omoia mepiéyet owoyéveleg RNA, http://rfam.xfam.org/ (Gardner et al., 2011). To
EvoFold, http://users.soe.ucsc.edu/~jsp/EvoFold/, ypnowpomotel o mapdpoe oA KAmwe mo Tpoywpnuévn
TEYVIKN YO VO TEPLYPAYEL TIC TOAOTAEG GTOlYioElG, M omoio Pacileton 68 QLAOYEVETIKY aviaAvon Kot
g€ehktikn mAnpoeopia (phylo-SCFG). To mieovéktnpa g pneboddov gival 6T pmopel va ypnoponom el Kot
vy  GAleg  katnyopieg RNA  omwg microRNA  (Pedersen et al, 2006). To RNAz,
http://www.tbi.univie.ac.at/~wash/RNAz/ Baciletor o€ évo cuvovaopd OEPLOSVVOUIKOV TOPAUETPOV KoL
TOALOTTAGV GTOlyiceE®mV 1oL Ogiyvouv v e€ehictiky mAnpoeopior (Washietl, Hofacker, & Stadler, 2005).
Téhog, To CONTRAfold, 7o omoio eivar d10béoipo ot devbuvvon http://contra.stanford.edu/contrafold,
Booiletat o€ éva KATMG S10POPETIKO GTOYAUCTIKO LOVTELO TO omoio amoteAel yevikevon Twv SCFG kot aviket
OTNV KATNYOPio TV «Slo(®PLoTIKOVY HOVTEA®V, Kot ovopdletal conditional log-linear model (CLLM). To
CONTRAfold eivor amd Tig Aiyeg xoboapd mbavobempntikég peboddovg mov mpooeyyiler v axpifeia
TPOYVOoNg TV Beppoduvopikdv peboddwv (Do, Woods, & Batzoglou, 2006).

[Tépav 66V avaPEPLE TAPATAV®, VITAPYOVV TEPITTOCELS AKOUN Kal ot doun Tov RNA mov akdpa
KOl Ol YPOUHOTIKES Yopig cupepaldpevo dev exapikovv. Mia Tétoln eXTAOKY 6TV TPOHYVEOOT HELTEPOTOYOVS
doung Tov RNA épepe 1 avaxdioyn tov yevdokoprov (pseudoknots). Yevdokoumog (Euwova 10.10) givan
Lo SOUT TV VOUKAEIKOV 0EEMV GTNV 0moia 01 Ppoyol SeTOVPMOVOVTOL KOl SIOKAASMVOVTOL LE GUVETELD 1)
pio TAEVPA (To GTELEXOG) TOV EVOG VO KAVEL SEGLOVS VOPOYOVOL E TN pio TAELPE Tov GAAov. Ontwg paivetot
kot ard v Ewodva 10.10, o yevdokdpumog dev pmopei va avamapootadel and puo moAivopoun yAdooa yloti
Oo amaiteiton 6EVIPO HE SLUOTOVPOVUEVES GUGYETIOELS, LE GAAN AOYLL Ol KOVOVEG IOV TopAyoLvV Ta {euydapila
Bacewv dev pmopodv va givar poiacuévor (o évog péca atov dAdov). o mapdderypa, n aAiniovyio
AAUUCCGG pmopei va avoarapactafel oav dvo polacuéveg (nested) maiivopopeg aAiniovyieg, oAAd M
oaAiniovyic AACCUUGG omartel va vadpyel dlootopmaon (crossing) 1oV ToAvOpoumy, TPAyIo Tov dev
emrpénetor. Ol YeuOOKOUTOL E16GYOUV TOAAG TPOPANUATE GTOVG OAYOPIOLOVS TPOHYVMGONG OV UVOPEPOLLE
TOPATAV®, TOGO GTOVG KAOGIKOVG OAYOPIOLOVG SUVALIKOD TPOYPOUUOTIGHOD, 000 KOl OTIG OVIIGTOU(ES
ypoppatikés. ‘Exovv mpotabei eidkol adlyopiOpol duvapkod Tpoypopaticol v va vroAoyilovy ) doun
o€ POplO e WYEVLOOKOUTOVS, OAAG LVITdpyoLvV Kamow poPAnpata. ‘Evag axkpiffnig adydpiBpog vrdpyet, oAAd
HOVO Y10 TNV TEPIMTOOT] TOV UEYIGTOTOOVUE OTAG TO GHVOAO TmV (evyupldv Bacemv (6nmg 0 alydplOpog g
Nussinov), aAAG akOUe, Kot TOTE 1) TOAVTAOKOTNTA TOV €ival HeYGAN LE GUVETELN Va €ivol 0pyos. Av mhpe o€
BeproduvaKovg VTOAOYIGHOVS, TOTE £)el amoderyfel Ot to mpOPAnua eivar NP-complete (Lyngse &
Pedersen, 2000). Ot o cuvNOIGUEVEG TEPMTMOGELS, QLPOPOVY OAYOPLOLOVS SVVALIKOD TPOYPOULUATICUOD TOV
avTIHETOTILOVY KOTOlEG HOVO €01KEG MEPUTTAOGEI YEVOOKOUTT®V, TIG omoieg eivar iocwg mbavo va
ovvavtioovpe oty mpdén. ‘Etol, o omd T1g mpdTeg viAomowoelg amotedel o aAdyopidpog PKNOTS
http://selab.janelia.org/software/pknots/pknots.tar.gz (Rivas & Eddy, 1999). To CYLOFOLD eivol évog
dAlog mo cvyypovog Tétotog odyopiBpog http://cylofold.abee.nciferf.gov/ (Bindewald, Kluth, & Shapiro,
2010), 6mwg emiong kot To KineFOLD http://kinefold.curie.fr/cgi-bin/form.pl (Isambert, 2009), aAAd Kot TO
IPknot https://github.com/satoken/ipknot, (Sato, Kato, Hamada, Akutsu, & Asai, 2011). Tékog, Tt0
SimulFold, http:/www.cs.ubc.ca/~irmtraud/simulfold/, emtvyydver ko1l TOPOHOO OAAG YpNOUYLOTOLEL
emMMmAEOV Kol TOALOTAEG oTotyicels (Meyer & Miklos, 2007).
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Ewova 10.9: Eva tomiko wapaderypo yevdokourov (hitps://en.wikipedia.org/wiki/Pseudoknot).

Exktog and 11 dwwotavpodueveg morivopopes aAndovyieg vadpyovy Kol GAAEC TEPUTTMGEIS OTIG
oToieg Ol YPaUpHOTIKEG YOPiG cvuppalopueva dev emapkovv. ‘Eva tétolo mapdderypo eivol ol EXOVOANTTIKESG
OAANAOVYIES, OTI®G | XXXYYYZZZ, 1| OTOI0, TPOKVITEL OO TNV EXOVAANYT X, ¥ Kal z o€ 160v¢ apdpove. TEtoteg
OAANAETIPACELS SLOOTAVPAOVOVTAL OVOYKOOTIKG Kol Yol VO, amoTVT®mBolV TETO101 Kavoves, ypeidletarl pio
ypoppotiky pe cvpepalopeve (context-sensitive grammar) tKovy vo, EKOPACEL OVTH TN YA®OOO 1 0Toia
ovopaletor avtypagiki yYAdooa (copy language). Ot YAOGGEG QVTEG, KOl Ol AVTIGTOUYES YPUUHATIKEG TOV TIG
TEPLYPAPOLY, £XOVV HEYOLO Be@PNTIKO EVIOPEPOV KUPIOG AOY® TNG HEYAANG TOVG TEPTYPAPIKNG OVVOAUNG.
Mop' 6la avtd, ot vrEEPPOMKEG VTOAOYIOTIKEG OMOITHCES TETOLOV EPUPUOYDV £XOVV UEXPL OTUYUNG
AELTOVPYNOEL ATOTPENTIKA GTIV EPAPLOYN TOVG GE Proloyucd TpoPAnpata.

10.4. E@appoyég otny nepintmon) TOV TPOTEIVOV

Méypt topa aoyolndfkape amokielotikd pe v mepintmon t@v RNA, 1o omoio Tpocépepav 10 KAOGIKO
TOPASEY O Y10 TNV EPAPLOYT TOV YPUUUATIKOV Y0P cuUEpalopeva (ToAivopoues YADOGEG Kol LOKPIVES
oAANAemdpacelg). [Tapora avtd, pakpveEC OAANAETIOPACELS Kot LOAGTO 1010{TEPO TOADTAOKES, VTLAPYOLV Kol
OTNV TEPIMTO®ON TOV TPOTEIVOV Kot LAAIGTO givorl vTebOvveg og peydAo Babud yio TV TOAVTAOKOTNTA TOV
TPLGOLACTUTOV SOUMY TOVG.
H zmepintoon tov Tpoteiviv gival To mepimAokm, Yo pio 6epd amd Adyoug:
[ Ovmpoteiveg Exovv peyodvutepo arpdfnto (20 aptvobéa avti yo 4 voukieotiow)
[J Ot oAMAemdpdoeic mov otabepomolohyv T dopn givar dtapopov eWB®V (decuol vépoydvov,
V3POPOoPeg aAnAemdpaoels, decpol dhatog, oAAniemdpdoec Van der Waals)
[J Agv vmdpyel EekdBopoc KovOvag Yo Tr GUUTANPOUATIKOTNTO TOV opvo&émv  Tov
GUUUETEYOVV GE AVTEC, OV KOl PLGIKA VIAPYOLV TPOTLUNGELS
‘Eva. Khoowd mopdderypo mwov mpooeyyilel 000 TEPIGGOTEPO YiveTal TNV MEPIMTOON TOV

oAnAemidpacenv tov RNA, eivar n B-nroyot) empdvelon (Eucova 10.11). Yrdpyovv morréc mepurtmoelg B-
TTVYOTOV ETPOVEIDV, OTO TNV OTAN QOVPKETN Kol TIG TOPOAANAEG KOl OVTIOPGAANAES PB-TruymTtég
eMEaveleg, pEYPL mo ovvbeteg dopég 6nmg 1 Greek-key motif 0ALG Kol GuVOLAGHOL TETOIOV SOUDV Yo VO
dmoovY VIEP-OgVTEPOTAYEIC SOUES, OTIMG TO B-chvTouttg, 1 B-tporéia, To B-Papéit kat 1 B-Edkca. Te OAES TIG
TEPUTTMOGELG, TO YOPAKTNPLOTIKO YVOPIOUA EIVOL O GYNUATIONOG dEGHMY VOPOYOVoL peta&d tv N-H ko C=0
TOV TENTIOIKOV dEGUDV TOV apvocémv mTov Ppickoviot «amévaviy otnv aivcida. [Tapdia avtd, vedpyel
Baoum dtapopd 6Tl To {EVYAP®UO AVTO 08V EIVOL TOKAEISTIKO, OV KOl QUGIKA VTAPYOVV TPOTIUNOELS GTA
Cevyapla apvoéémv. Emiong, to (evydpopa dev givol omoKAEIGTIKO Kol Ue TNV €vvoln OTL TO 010 apvo&d
gUMAEKETAL GE €Va OEGUO VOPOYOVOL TTPOG TN ia katevBvvon (pe v oudda N-H), aAld kot Tpog tnv GAAn
(pe mv opdada C=0).
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Ewova 10.10: [Topodeiyuozo douwv mpwteivov to. omoio. Qo umopodooy vo povielomombovv ue ypopuotixn ywpic
ovuUppoalouEva.

O)lo to mopomdvm, Kafletodv TV oA €poaproyn tTov uebddmv mov meptypdyape Nom, Wwitepa
apoPAnuatich. [oapodia ovtd, n pHELET TETOIWV TEPMTAOCEDV Eival 110ATEPA CIUAVTIKT KaO®g ThavAdg va
avoifel T0 OpOUO TPOC TNV TPOYVMOT| TNG OOUNG TPOTEIVOV 1 0moio. vo. TPOPAETEL Kol TIC UOKPLVES
oAANAemBpaoels, YTl OTmG €idOe G TPONYOVpEVE KEPAAMLO Ol LEBOSOL TPOYVMONG £YOVV VOl AVADTOTO
Op1o emitvyiog, KaODS advvaTovV va AABovV VITOYN TOVG TIG LoKPIVEG oAANAETdpdcels. H mpdtn npocmddeio
EPAPLOYNG YPOUUATIKAOV YOPiG cLUEPALOLEVE GTNV TEPITTOON TNG TPOHYVAOOTG SOUNG TOV TPOTEIVAOV £YIVE TO
1994 amd tovg Mamitsuka kot Abe (Mamitsuka & Abe, 1994). Ouv ocvyypageic, emyeipnoav va
LLOVTEAOTOUGOVV TIG P-TTUYWTEG EMPAVEIEG, HE OAOVG TOVG MEPLOPIGHOVG OV OVOUPEPUUE TAPATAV®, KO
katéAnéav ot ypnon UG EWIKAG KOTNYopiag YPOUUOTIK®V, YVOoT®V Kol o¢ Stochastic Ranked Node
Rewriting Grammars (SRNRG). Me Ti1g ypoppoTiKéG o0TEG Kot o oglpd amd tpomonmomoelg (peimon
oApapntov apvolémv, ypnom WO T ypNRyopng €kdoyng tov aiyopibuov inside-outside, oAAd ko
TOPOAANAOTOINGT) TOV VTOAOYIGU®V), KOTAPEPAY VO TPOPAEYOLY UE EmTLYIO TIC B-TTUYOTEG EMPAVEIEC GE
éva. cbvoro dedopévov and tn PBaon HSSP pe Aydtepo and 25% opotdtnta pe T0 chvoro ekmaidevone. Ta
OTOTEAEGLLOTOL ALTO TV CTUOVTIKEL, YTl Ol LOVO TPoPAEQONKaV o1 Bcelg TV B-KAdVOV aALG TO 1010 £yive
KOLL Y10 TOVG SEGHOVS VOPOYOVOL OV GTABEPOTOIODV TV ETPAVELQ.

BéBaia, o1 VTOAOYIGTIKEG ATOITHGELG TETOI®V EYXEPTUATOV KAOVGTEPNGOV OPKETA TNV EQUPLOYN KOl
e&amioon Ttétolwv pebddwv yuoo mepimov pio dexoetia. To 2006, o Searls pe tovg cvvepydtec Tov
TAPOLGINCAV €V YEVIKO TAGIGIO Y00 TNV EQPOPUOYT YPOUUATIKOV KOVOV®OV GTNV TEPLYPaPY| PLOLOPLOKOY
aAAnlovyldv, Kol €01Kd, otV meptypapn tov mpoteivav (Chiang, Joshi, & Searls, 2006). To 2005 o
Waldispuhl napovcioce pio evo10QEPOVCH EPAPUOYT TOV YPOUUATIK®Y GTNV TPOYVOGCT TOV SIOUEUPPAVIKOV
a-elikov (Waldispiihl & Steyaert, 2005). Xpnoionoinoe to Aeyopevo multi-tape S-attributed grammar 1o
omoio givor Yo TIC YPOUUOTIKES TO avTioToryo Tov class HMM, kabdg avabétel ota un-teppatikd coppoia
L0l «131OTNTAN, 1 OTOi0, OTT) GLYKEKPIUEVT TEPITTOOT GLUPOMEE TNV AAANAETIOPOON LLE TIG YEITOVIKES EMKEC.
Me ™ pébodo avty (TMMTSAG), Tétuyav cuyKpioUa AmoTEAEGHOTA GTNY TPOPAEYT] TOV SIOUEUPPAVIKOV
0-eMK@V, 6€ OYEOM HE TIG VIAPYOoLoEG PeBOOOVG, AL TO OMUAVTIKOTEPO NTAV OTL TPOEPAEYOV KOl TNV
aAnemtidpoon Tov apvociav pe Tig dAleg EAkeg (1 TV €xbeon mpog To Amidio g pepuPpavng). AvcTuydG
N uéBodoc avtn dev givar dnpocia dabéou.
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Ewova 10.11: Tapaderyuo allyremiopaons uetold 0vo a-edikwv (Siopeufpovikés 1 un). A. H avamapdoroon twv ddo
edikwv pe 10 kaoiko poviélo. B. Avamopdotaon ue to helical wheel plot, o omoio deiyver ta. opuvoléa omé tov kaleto
alovo. g élikog. Me ykpt paivovtar ta auivo&éo to. omoio. fpiorovial oe exopn UeTOLD TOVS, EVW UE GOTPO TO. OUIVOCEQ.
mov fpiokoviar oe emopn e TOv TEPIPOALOVTO. YDPO. AOYw THG TEPLOOIKOTNTOS THS EAikag, éva kabe téooepo. 1] TEVTE
QUIVOLEQ OVOUEVODUE VO, EIVAL «YKPLY, OAAG GTO YDPO QDTC. GDGEWPEDOVTOL GE ULO. ETLPAVELQ. ETXOAPHG.

H 6w opdda, emyeipnoe va epapudcel Tig ideg pebodoroyieg kol ommv meEPITTOON TOV
SLopEUBPOVIKOV B-Baperimv. ‘Eto, dnuovpyndnke n péBodog transFold
(http://bioinformatics.be.edu/clotelab/transFold) m omoie mpoPAémer pe OPKETA KOVOTONTIKO TPOTO,
TOVAGYIOTOV GE GUYKPIOT HE TOVG VITOAOUTOVS OAYOPIOUOVS TOV €I00VE, TOLG SOUEUPPAVIKODS B-KAMVOLG
OAAG KoL TO SIKTVLO TV JEGUMYV VOPOYOVOL Tov cTafepomoovy to B-Papéit (Waldispuhl, Berger, Clote, &
Steyaert, 2006). 'Eva pelovékmnpo e pebddov givai to yeyovog 0Tt givan opyn, 0AAG Kot OTL amottel S1Popeg
TOPAUETPOVS omd Tov ypnotn (tu €ldovg Papéit mepipuévoope vo Ppovpe k.0.K.). Mio eméktoon g
pebodoroylag avthg, mopdAAnio pe ypnomn evog emmAEOV PUOTOC Yo TNV EAOYIOTOTOINGT EVEPYELNG,
amoteAel 1 pébodog Partifold m omoion eivar Swbéoun ot devbuvon http://partiFold.csail.mit.edu/
(Waldispuhl, O'Donnell, Devadas, Clote, & Berger, 2008).

Téhog, a&iler va avapepBovv ko ol epyacieg Twv Dyrka kot Nebel, o1 omoiot avértvéav évo
OAOKANPO TAQICIO YO TNV EQAPUOYN YPOUUOTIKOV Yoplg ocvuppoalopevo o€ Topouole TPoPANHoTo
TPOTEVAOV, 0KOAOLODOVTOS [ d10popeTKh oTpatnyikn. To Bacikd yopakmpiotikd e nebddov ovtgc, NTov
N XPNON €VOG YEVETIKOD OAYOPIOLOL Y10 Vo PmopEcer vo. eEAYEL TOVG KOVOVEG TNG YPOUUOTIKNG, OAAG Kot M
YPNON HLOG SIPOPETIKNG AVATOPACTUONS POCIOUEVIC OTIC O10TNTEG TOV OUIVOEE®V TPOKEWEVOL Vo, petmBel
10 aApdapnto (Dyrka & Nebel, 2009). H peBodoloyia atr), EpaprocTnKe 68 0 GEWPE b EPYAGIES, TOGO Y10
™V TpOYVeOoT TV oAANAemdpdceny Tov dwpepppavikav edikov (Dyrka, Nebel, & Kotulska, 2013), 660 kot
vy TV Tpodyvmon Bécewv tpdodeong dAwV Hopimv Tave otig npwteiveg (Dyrka & Nebel, 2007). Olo o
TOPOTAV®, OELYVOLV OTL o1 LeBOdOAOYIEG AVTEC OV Kot OEV £XOVV EQPAPUOCTEL 101UTEPO AOY® TOV EYYEVOV
SVCKOM®DV OTIC TPMTEIVEG, €V TOVTOLG &ival TOAD VIOGYOUEVEG Kol KOOMG 1) DITOAOYIOTIKN 10Y0G aVEAVETAL,
0ALG Ko 1) €peuva 6TOVG 0AYOPIOLOVG cuveyileTatl, avapéveTol 6To HEAAOV Vo Tai&ovV OTLOVTIKO pOAO GTNV
emilvon T€To1wv TPOPANUAT®V.
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