Kepdioro 7
Mé£Booor Ipoyvmong

Xovoyn

270 Kepdlaro avto Ba acyoinBodue ue tic ueBoo0vS TPOYVWONS OOUNS KO AEITOVPYIOS UOKPOUOPIDV, TOGO TWV
Tpwteivay 0oo kor tov DNA kar RNA. Or uéBodor ovtég eivoun 1dioitepo, onuovtikés kabmg épyoviar vo.
KOADWOUY TO KEVO WOV TPOKDTTEL O TEPINTWOEIS TOL HI0, veoavaxalvpleioo olinlovyio dev eupavilel
OHUOVTIKH OUOLOTHTO, UE KATOLO. GAAN YVOTHS doung 1 Asttovpyiog. Oa mopovoiaoovie TG fOoIkeS apyés Ue TIC
OTOIES UTTOPEL VO KOTOOKEDOOTEL {10, TPOYVWOTIKY UEB0JOS, KOOGS Kal TO. TLO THUOVTIKG TOPAOEIYULATO, TETOLWV
Uebodwv o, omoio mopovardlovy ueyoio Gewpntixo kot mpoktio voiapepov. Etol, Oa dovue v mpoyvawaon e
0EVTEPOTAYOVS OOUNG TPWTEIVAV, THV TPOYVWOH TWV OLOUEUSPOVIKOY TUNUATOV, THYV TPOYVWOOH TWV
OHUOTOOOTIKDV GANAOVDYIOV 0AAG KoL TOPAOETYUOTO. TPOYVWONS UETO-UETOPPOTTIKDY TPOTOTOINTEDY. LTHV
repintawon tov DNA Oo. dodue tis uedodovs evpeong yovidiwv, alla kou dria ayenloueva mpofiquoza (ebpeon
ONUEIWY OTOKOTNG EEMVIWV/ECOVIWY, TPOYVOON TOLVOIEVOAIWONS K.0.K.), evad yio. RNA Oa eotiaoovue otic
uebooovg mpoyvawaons twv micro RNA kou twv otdywv toug.

Hpoamartovpevny yvaoon
270 KepaAaio owto Gewpeitor omapaiTnTy N yvaon twv kepolaiwy 2, 3, 4 kot 5.

7. Evoayoyn

210 KePALato ovTd Bo asyoinbovpe pe Tig peBOAOVE TPOYVHOGNE TOV KAVOLY ¥PNOTN CAANAOVYIDV TPOTEIVOV
1 DNA/RNA. Ot péfodor mpdyvwong KoAOTTOUV £va TOAD ONUOVTIKO KOUUATL TG GOYXPOvVINg
Blominpoeoptkng £€pesvvag Kot otnv wpdaln ypnowomotovvtal Kadnpepvd TOG0 omd  €101KOVG  TNG
BromAnpoeoptkng (6tav KAvouv OVOADGELS YOVIOI®UAT®V 1| OTOV UEAETOVV [UO VEQ TPOTEIVIKN OKOYEVELN
K.0.K.), 0G0 Kol omd HOPlokovg Bloddyovg 0TV HEAETOOV U0 GLUYKEKPIUEVT] TPMTEIVN 1 €va VEO YOVidlo TTov
&xel evTomIoTEL 1] 6€ TOALEG GALES avTioTolyeg TepuTTtdoels. Ot uEB0dOL TPOYVOoNG EpYovTal YPOoVIKd oA Kot
AOYIKG VO KOADWOLV TO KEVO TTOL £YOLV aPNGEL 01 LEBOOOL OLOIOTNTOG TWV TPONYOVHEVOV KEPoAaimy. Otav
EYovpe oTO ¥€PLO HOG e Gyveaotn aAiniovyio yovidiov M TP®TEIVNG, TO TPAOTO TPAYLO TOV TPEMEL VOl
Kkdvoope, givar vo eréyEovpe pe tic peBddovg avalnmong opodtrag av potdlel o onuovtikd Pabud pe
Kémolo oAANAovyio pE YVOOTA YOPaKTNPIoTIKA (OOUNG M/Kot Asttovpyiog) Kol av €xel apKeTéG oHOAOYES
oAANAovyiec Vo, EAEYEOLE TNV TOALUTTAN TOLG GTOiyIoN Kot To KOowd potifa mov pmopel va epgavilovrat.
Otav avoeepopacte o€ SOUKAE YapoKTNPIoTIKG (ARG TO 1010 1oYDEL KAl Y10 TO TEPICCOTEPA AELTOVPYIKA
YOPOUKTNPLOTIKA), av ol aAAnAovyio potdlel o€ peydio Babud pe o AN yvootig doung Kot Asttovpyiag,
TOTE TO TEPLOCOTEPO TPOPANUATO £Yovv AVBel: PmOopPovLE VO KOTACKEVAGOULE €0KOAN €va TPLoOAGTATO
MOVTELO TNG SOUNG TNG HE TPpoTLTOToinon pe Paon v oporoyio (av HIAGUE Y10, TPOTEIVY) Kol Vo KOVOLUE
pio oA KoAn extipnon yo tnv wihavn Aettovpyia . [Ipopavac, 66o peyaAidtepn givor ) opotdTnTa, TOGO
7o €VKOAN lval avth N dtadikacio Kot TdG0 mo LeydAn akpifeia pag divet.

Ta mpopinuota apyilovv 6tav 1 ahAniovyio Hog Oev €YEL OMUOVTIKY OUOOTNTO UE KOopio GAAN
aAdniovyio amd avtéc mov Ppiokovior katotedeiuéves otic PAcelg dedopévov 1), OTOV €xel UEV UEYOAN
opotdTNTa, aAAG LOVO pe AAAeG adAndovyieg, emiong dyvootng doung kot Asttovpyiag. Extipdrol, 6t o Ka0e
veompocdlopieBév yovidiopa, mepinov 1o 20-30% t@v yovidiov avTieTor oV 6g TPMTEIVIKEG OAANAOLYIES Yo
TIG omoieg dev umopovv va e&oyboldv ciyovpa cvumepdopoto amd pio ovaliTnon OpoldTnTaG Kol HOVO.
[Ipopavmg, e TN cVVEYN CLCCMPEVCT] YOVISIOUATOV KOl CAANAOLYIDV, TO TOGOCTO TV «EVIEAMG VEWVY
TPOTEIVOV B0l peltdveTal cuvedS, OAAG aVTEC oL Hotalovv Ue KATOEG GAAES AyvmoTng OU®MG OOUNG Kol
Aertovpyiog Ba e&akorovBovv va vrdpyovv. ['a va Avbei avtd 10 TPOPANUa, £xovv avamrtuybel Kot didpopeg
pebodoroyieg OTmG avTEG TG avalNTNong HaKpvav opolottev (remote homology) N TeyviKég Veavong
(threading), aAAG Kot AL TO TPOPANUO TAPApEVEL G PEYEAO Babud. AVTo TO KEVO £pYOVTOL VO, KAADWYOLV 0L
péBodot mpdyvmaong, TV 0Toimv 0 6KOTOC givol va TPOoPAETOVY OOUIKE 1] AELTOVPYIKE YOPAKTNPLOTIKE Yol piol
aAniovyio Tpwteiviig 1 DNA, ypnopomowmvtag poévo tnv akorovdia tg.
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H ypnowomta tov pebddwv mpdyvoong Aowmov gaivetol and 1o yeyovoc 0Tt ival omapaitnteg yio
€va LEYAAO VTTOGUVOAO TV TPAOTEIVOV OO TO, VEOUVUKOAVPOEVTH YOVISIOUOTO KOl OO TO OTL TPOCPEPOLY
OpPKETEG TANPOQOPIES Yoo TIG oAANIovyieg avtéc. Av avoloylotel Kavelic OTL To HOPLOKE OESOUEVA
(yovididpota, yovidlo, TPOTEIVEG K.0.K.) oLGGMPEVOVTAL e €KBeTIKOVE pubuove, TOTE Yivetal gdKoAw
AVTIANTTO OTL 0 TEWPAUATIKOG EAEYYOG OAMV OVTOV gival TPOKTIKA adbvatog. ' mapddetypa, evd TAEOV ot
oAAnhovyiec mpoodopifovior pe Sladikaoieg povTivag, Ol TPIoOIAcTATEG OOWMEC OMOLTOVV  EVTOTIKN
EVACYOANOT EVOD Y10 KATOEG E10IKEG KOTNYOPiEg TPOTEIVAOV T TPAYUATO VOl TOAD o dVGKOAN (OTT™S Yo
mapadeypo or pepPpovikés mpmteivec). Katd cvvémeila, 10 kevd avapeso otov aptipd oAAnAovyidv Kot
aVTOV TOV doudV dev avapévetar vo KolveOel moté. [lapopola gival kot 1 KatdoToon otn dlepedvnon g
Aertovpyiag piog mpmteivng. Koatalafaivooue Aowrdv 61t ot pébodot Tpdyvmong givar £va amapaitnTo KOUUATL
™G PLOTANPOPOPIKNG Kot EPYOVTOL VO KAADYOLV TO KEVO aUTO, KCLAAEYOVTUC) TANPOPOPIES Yo TIC yVIOOTES
aAdniovyiec. dvoikd, dev vrapyel pEBodog mov va TpoPAénet TéAela T SOUN N KATO0 XOPAKTNPIOTIKO HL0G
TPOTEIVNG, 00Te ko péBodog ywo kdbe mbBavn Aertovpyio, oAAG M epapuoyn HeBOSwV TPOYVOONG GE
VEOTPOGOLOPICUEVES OAANAOVYIEG UTOPEL VO LELDGEL OPACTIKA TOV OPlOUO TOV TEPAUATOV TOV OTOLTOVVTOL
Yo TV TEPAROTIKT aEloAdyN o, KaBodNymvTog Kot Kdmotov Tpomo To endueva ripoto. o mapddetypa, pe
TIg ueBdS0VE TPOYVMOTG UTOPOVUE VO TAPOVUE Uit EUKOVA Yol TNV TOAVY SEVTEPOTOYN OOUN TNG TPMTEIVNG
Kot T SOopIKN NG TaEVOUNoT), Vo doVpE av gival dStapepPpovikny TpoTeivn 1 Oyl, va. dodue av €xel Béoelg
dpdong yAvkolvAMmong N GAL®V UETU-UETUPPOCTIKMOV TPOTOMOICE®Y, VO 00VUE OV €lvol EKKPVOUEVN
TPOTEIVN K.0.K. Me Olec avtég Tig peBOSOVG, UTOPOVUE VO, TAPOVUE 0L PEVYOAED HEV OAAL OPKETA
MEPLEKTIKN €KOVO Yol TO TMG MePImov elvar kol T0 TL mEPImOL KAveL AT 1M TPWOTEIVY, HE CLVETEWD Vo
UTOPOVUE VO GYESLAGOVILE CTOYEVLEVO TEWPALATO Y10, VO OTTAVINGOLLE O EEEIOIKEVLEVO. EPMOTILATA.

O Baoikog TpOTOG e TOV 0moi0 AEITOVPYOUV OWTEC 0L HEBOSOL Elval e TNV «EKTTAIOELG» GE KATOld
yvootd mapadeiypato. Katomy, kot av 1 dadikoacio £yl yivel cmotd, vapyel n eAmioa 6tL 1 uébodog Ba
TPOPAETEL GOOTA TO AVTIGTOLYO YOPUKTNPIOTIKA OKOLO KOl OE EVTIEAMS OAPOPETIKEC oAANovyiec. Onwg Ba
JoVLLE, VTLAPYEL VA TEPAGTIO EVPOC EPAPLOYDV TETOI®V IEBOOWV [LE PEYAAN TPOKTIKY YPNOIUOTNTO, OAAG Kot
OLOPOPETIKOV LOOMUOTIKOV KOl VTOAOYIOTIKMOV TEYVIKOY TOV YPNCUOTOI00VTOL Yo T0 okomd ovtd. [Ma
TOPASEIYUO OTIG TPOTEIVEG, M TPOYVOOT TNG OEVTEPOTAYOVG OOUNG €ivol o omd TIC TOAMOTEPES
EVACYOANCELS TV Plominpogopikdv (o omd tn odekoetia tov 1970) wor efaxolovbel oe O1dpopeg
TOPOAAAYEC VO gfval EvEPYOC KAAOOG LEYPL KoL GNUEPA (TPOYVOGOT SopeBpavikdy TUNHAT®V KAT). Etiong, n
TPOPAEYN 1O10H{TEP®Y YUPOKTNPIOTIKDV TOV TPOTEIVIKOV dOUMV, OTMG ol BEaelg dpdong dapopwv evidUmV
(HeTO-IETAPPACTIKY TPOTOTOINGCT), OIC0VAPIOIKOL OeGHOl, ONUATOSOTIKEG aAANAoLYiec KAT) eivar diaitepa
oNUavVTIKOG KAGd0G. H Aettovpyikr| mpdPieyn emiong, sivor doitepa onpavtikn, Kabdg £xovv avamtuydel
pébodotl mov mpoPAémovy Ay, TO av o TpmTeivy glvar €viupo kol T €i00vg avtidpaon KaTaADEL, TO oV
deopever DNA 7 6y, k.0.x. v mepintoon tov ariniovyidv DNA, 10 khacikétepo mapddetypa, ivor n
gbpeon yovdiov (gene finding), mpoPAnpa to omoio eivar onuoavtikd 1660 o€ EVKAPLAOTIKOVS OGO Kot
TPOKOPLMTIKOVG OPYAVIGHOVS, Kot €ivol pio HEB0d0g TOV YPNGIUOTOLEITOL GUVEXDG GTOV TPOGILOPIGUO VEDV
Yovidlopdtev. Pucikd, to TpoPAnUe avtd eivar TeEpAoTo, YU avTtd Kol £xovv avamtuydel kot uébodot yia
EOIKEG MEPUTTAOGELS OTMG 1] OVOYVOPICT] VITOKIVNTOV, 1 avayvopilon eooviov-eEoviov, n mpdpfreyn g
moAvadevurinong tov RNA «.o0.x. Emiong, dwitepa to tedevtaio ypdvia £xel dobel peydin éupacn otnv
wpoPreyn tov microRNA oALd Kot TV 6TOY®V TOVG.

210 KePGAao ovTo, Bo avorivcovpe TiG factkés LeBodoroyieg Tov YPNOLOTOLOVVTAL GTNV TPOYVOOT
AELTOLPYIKOV Kl SOUIKADV YOUPAKTNPIOTIKAOV LE XPNON OAANAOL IOV, Oa avaldcovpe TIG Bacikég kaTnyopieg
tétolov pefodmv, Ba dovpe mmg KataokevaleTal Ko Tog a&loAoyeitol po tétown HEB0dog evad oto Télog Oa
d0VE AETTOUEPELES Y10 TIC KVPLOTEPES TETOIEG LEBBOOVE TOV VILAPYOVV OlOBEGIIEG OTUEPQL.

7.1. Kodwkonoinon tov ariniovtov

O Baoikéc apyéc OAV Tov peBddmV Tpdyvmong otnpilovtal apylkd € KOTOIEG CTUTIOTIKEG TOPATIPTOELS.
INa mopdoetypa n Adavivn, To F'Aovtopukd ko 1 Agvkivn £xovv 1oyvpn Tpotiunon va Bpiokovtal e a-EAka
evad M TIpoAiivn, n INokivn ko 1 Zepivn 01, ta vIPOPoPa apuvoléa Exovv 1oyvpPN Tpotiunon va Ppiokovion
o€ SUEUPPOVIKEG TEPIOYEG, EVOD TO VOPOPIAL KOL TO TOAIKA, O)l, Ol GMUATOOOTIKEG AAAANAOLYIEG Yo TIC
EKKPIVOUEVEG TPAOTEIVEG £YovV GUVIHBMG 6TO onueio amokomg TV aAiniovyio A-X-A, eved 1 yAvkoluAmon
TOV TPOTEIVOV 610 cvotnua Golgi yiveron oe aliniovyiec N-X-[ST]. Zto DNA 1 évapén dAwv twv yovidiov
K@dkomoleitol amd T0 Kmdukovio A-U-G, evd oto onueio amokonig eEmviov-ecw@viov, To VOUKAEOTION TOL
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Bpiokovtor cuvnBog eivar A-G koau G-T avtiotowo, k.0.K. Omwg yivetar fon @ovepd, o TPOTN LOPPH
«1eBOOOV TPOYVOONO» €lval SLUVOTO VO KOTOOKEVAGTEL [E TN YpNon Tov uebddwv gupecng TPOTOT®Y Kol
TPoeiA oe oAdnAovyiec. Ipaypotikd, yioo TOAAEG omd TIG TEPUITMOES TMPOYVAOONG, TO TPOTA YPOVIK
ypnopomomdnkay evratikd to tpdtuma ¢ PROSITE. ®uoikd, to anid tpdtuma xouv 10 TpoAnua Tl dev
glval dSuvatd va amoddoovy cHVOETEG dOUES, AAME OO KOl CTIUEPO Y10 APKETEC KATYOpies, TEToleg nEBodoL
N &meKTAGELS TOVG, T0 TPoeiA, T HMM ko 1o mwpopih HMM (ta omoio Oa avagepBodv cto emduevo
KEPAAL0), BempovvTol o1 KOADTEPEG EVOALOKTIKEG. 'Eva onpovtikd mAcovEKTNUa Tov HeBddmv avtdv, sivol
0Tt avtipetonilovy gyyevadg (AMdy® NG YPOUUOTIKNG TOV TEPLEYOLY) TNV aAANAovyio Kot To cOUPBOAL NG,
OT®G TPAYHOTIKG ivart, SNAadN o¢ dtokprtd cOUPOAN GE GEIPA.

210, YEVIKOTEPO OU®G TPOPANUATE, OT®G T.Y. OTNV TPOYVOOT OELTEPOTAYOVS OOUNG, 1 EYYEVNS
KOGAPEL TOV KAVOVOVY TNG TPOTEIVIKNG OVOSITAMONG, 1 CUULETOYN CAANAETIOPACEWDV HEYAANG OTOCTOCTC
KOTO UNKOG TNG 0AANAOLYING KO O1 U1 YPOKEG CUGYETIGELS, £XOVV KAVEL OTAPAITITN TN (P01 YEVIKOTEP®V
TEYVIKAOV 7OV YPNGUOTO0VVTOL OTI OTOTIOTIKY Kol oTn unyoviky pabnon. To Pacwkd mpdfAnua mov
TPOKVITEL GE TETOLEG MEPUTTMOELS, IvaL 1] avdykn 1 oAANAovYio CUUPBOA®Y VO PLETATPATEL e KATO10V TPOTO
o€ aplunTiKd dedopéva Yio v LTopEGOVY VO, EQAPLOCGTOVV Ot LEB0JOL aVTEC.
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Ewéva 7.1: [opadeiyuota pebodwv mpoyvwaons. Ilavw, divetor éva vmobetikd mopaderyuo. mpoyvwons KAmoion
XOPOKTHPIOTIKOD KOTO UKOG TS aAAnAovyiag. Kdtw, divetor éva vmoletikd mapaderyua S1ompiopod twv aAAnLovyidy oe
OUGOES.

I'evikd, vrdpyovv 600 Katnyopieg TpoPfAnudtov tpodyvoong N tpoPreync (Ewdva 7.1). Xy npmt
TEPIMTOON EVOLOPEPOUACTE Y10, TOTIKT TPOYVOGCT KOTA UNKOG TNG oAdniovyiog. Evoiapepopocte dnaadn va
JOVLE O GUYKEKPILEVO KOTAAOUTO 1] VOUKAEOTIOW OVIiKOLV GE Lo Katnyopio Kot wola o€ GAAN. Tétola
mopadetypato eivar ToAd cvvnbiouéva, Kabdg 6 aLTAV TNV KOTyopio oviiKouv OAEC Ol TEPITTMOGELS TOV
TEPLYPAYOLE TAPOTAVED (dEVLTEPOTAYNC douT, StopepPpavikd TuRpata, esavia/eEmvia, Béaelg yAvkoluMmong
K.0.K.). Ot meployéc mov TPOGTUOOVIE VO EVTOTIGOVLE, UTopel va eivar apkeTd cvvnbiouéveg (0T otV
MEPIMTOON NG OEVTEPOTAYOVG OOUNG), OAAL KoL TOAD omdviec (6mwg oty mepintwon Towv 0écemv
yYAvko{uMmoNGg 1 TOV ONUATOV TUPNVIKOD EVIOMIGHOV). XTn OghTepTn KaTnyopic, EVOLLPEPOUACTE VO
tavopncovpe kdmoleg aAAnlovyieg oe dvo M mepiocdtepeg Katnyopies. ‘Etol, umopel va 6élovpe va
dlympicovpe TIc Tpwteiveg o€ dapefpavikéc Kot pn, va kotatdéovpe toug vrodoyeic GPCR oe didpopec
AELTOVPYIKEC OUAOES, VO, TAEIVOUNGOVE TIG TPOTEIVEG OTIG OOUIKEG TOVG Kotnyopieg (T.y. o, B, a/p k.0.K.), va
nmpoPAréyoupe v evuUIKN AgrTovpyio (oG TPMTEIVNG 1] AKOHO Kot VO SLoy®picovpE OAOKAN PO YOVISIDUOTA.
e ouTO TO onpeio TPEMEL va £YOVUE OTO HVOAD WaG, OTL 6€ KAmola TpoPfAnota ol katnyopieg eivar oyedov
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oodvvapeg aplOunTKd (.. ot StapeUPPoVIKEG TPMTEIVEG KAl Ol GOALPIKEG VOUTOSIOAVTEG), EVD GE GAAM
mpoPAnuate pumopel  pic omd TIg kaTnyopieg va givar Wwitepa ondvia (). ta StapepPpavicd B-fapéiia),
EVD LITAPYOLY KOl TEPITTAOCELG OTIG OTOIEG O1 KOTNYOPieg TOL EMOBLUOVUE VO KATATAEOVUE TIG TPOTEIVEG Elvar
moALEC. Téhog, kTl oL Yperaletal peydAn mpocoyn sival To yeyovoc 0Tt TOAAEG POPES T TPOoPAfLoTa etvae
OAANAOoLVOEDEVE, OALA M OVTIETOTION TeAeimg dtapopetikn. [ mapdderypa, pia péBodog mTpoOYVOOoNG
SOUEUPPOVIKAOV TUNUATOV UTOPEL VO OOVTCEL KOL GTO EPMTNIO OV ol TPOTEIVN givol pepfpavikn f oyl
[Toap® 6Ao awtd, ypetdletor peyaan tpocoyn yioti vrdpyovv uEBodOL TOV amOdidoVY TOAD KOAG KOl GE LN
pepPpavikég mpoteiveg (e v €vvola 0Tt dev mpofAémovy Adbog dropepPpovikd), evd GAAEG SOVAEDOLY KAAN
uovo ce SropepPpavikég (He v €vvola 0Tt TPOPAETOVY KOAL TNV VTOPEN SIOUEUPPOVIKOV TUNUATOV OTAV
OVTA VITAPYOVV).

Onwg eivar gavepd amd To TOPOTAVEO, Ol OO KoTryopieg HeBOOMV amatTovV Kol OLOPOPETIKOVS
TPOTOVG YEPWOUOD TV dedopévav odiniovyiov (Ewova 7.2). Etnv npmdtn TePItTOoT, OTNV RTEPITTOON
TOmMKNG TPOPAeyNg (tomikn Kkwdikomoinon), OvVOyKUoTIKE 0o KATOQUYOLUE GE U0, OVOTOPACTACT TG
oAANAoLYioG e TN ¥PNON TNG TEXVIKNG TOV KIVOOUEVOL Tapabipov. Me avth TV TeXVIKN, £V KIVOOUEVO
mopdBvpo oMcBaivel Katd pnkog e akoAovbiog Kot kébe popd to Tapabvpo avtd «kabopilewy T eHon evog
kataloimov (cvvnbog tov kevipwkov). H 10éa Paciletor ot ototiotikny opoioroinon (smoothing), o
oOLEOVO, PE AT Ot 1310TTEG OA0V Tov TTapadbpov kabopifovv TN EVOoTM TOL €KdGTOTE KOTOAOITOV. TTNV
TEPIMTOON TOV SOUEUPPOVIK®OV TUNUATOV TOV TPOTEIVAY, Katalofaivovue gokola T dwnicOnon micw amd
™ pébodo (av Ppeic 15 vopopofa katdrowte 6t oepd, eivor TOAD mo mBavO vo €xElg EVIOTIGEL [
dwpepppavikr teployn). To 1010 woyvEL KOl TNV TEPITTOOT TPOPANUATOV TOL avTIUETOTILOVTOL HE OTTAL
mpéTLTO (CVOUEVEIC VO BPeElg KATow CLYKEKPUEVO, KoTdAowmo o€ KABe 0éom Tov mMpoTLTOL). X GAAEC
MEPUTTAOGELS TA TPAYUATA ELVAL TO Ao, OTWE T.Y. OTNV TEPIMTMOOTN TNG OELTEPOTOYOVS dOUNC, OTNV OToia
To TPAYUOTO givol o ouvleta aAAd Kol TAAL Ol 10101 Kavoveg 1oy0vovy Kal £0@ (Kot yio TV axpifela, avtd
Nrav 10 TpdTo TPOPANUE amd To omoio Eekivnoe 1 avdnTuEn TV UeBOdWV aVTOV).

KKK X - | X
MVLEEVVIER Napdbupo 1
VLERVVIRG Napdbupo 2
LERVVIRGH —_— Napdabupo 3
I-;RWIRGHI-—\I Napdéupo 4
I‘RVVIRGHIPJ: Mapabupo 5
VVIRGHIFES Mapdbupo 6
X | % | X | X, Xy
A AxohouBia A
B Axohouvbia B
r — Axohoubia
A Axohoubia A
E AxohouBia E

Ewova 7.2: Ilavw, divetar £vo, mopaieryuo. Kwokomoinong aAAAoviav ue t ypnon tov kodiouevov mwopodopov (tomiki
Kwowonoinon). Katw, diverar éva mopdderyuo 0MKNG Kmwokomoinons oty omoio. kabe arinlovyio oveloptitws unkovg
HETATYNUOTICETOL GE EVOL OLAVUOUO. UE OCVYKEKPLLEVO OPIOUO TOPOUETPWV.
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DvoKd, VTAPYOLY TOALA GNUEIN TOV ATUITOVY SIEVKPIVICELS Kot LTopel vo dtapépouvv amd pEBodo oe
uébodo. ‘Eva mpdto Bépa €xet va KAavel e To unikog Tov Topafdpov, kot eaptdror ToAd 0md TO GLYKEKPIUEVO
mpoPAnua. Xta meptocoTEpa mpoPAnpata mpoPreyng doung (devtepotayng doun|, StoUEPPOVIKEG EMKEG,
TpocsPactudTnTa TOL O1AVTN KAT) Ta mopdbvpa eival g Taéng tov 10-20 apwvoééwv, av kot OTmg Ba
avépeve Kaveic ot Tpdipeg nEBodOL elyav ¥PNOILOTOMGEL LUKPOTEP. XE GALQ TPOPAIILATO TOV AVAYOVTIOL GE
€0PECT GLYKEKPUEV®DV TPOTOTOV, OT®G T.X. ot Béoelg yAvkolvAimong, ta mapdbvpo pmopel va eivon
puikpotepa. I'evikd, 660 peyoldtepo eivar éva moapdBupo 1660 mePIocdTeP TANPOoPopio. yOpw oamd TO
KOTAAOUTO TOL EVOLOPEPOVTOG Umopel va, ypnoiponomBel, aAhd avtd avédvel Tov apldpd TV TapaUETPOY TOV
HOVTELOL. ATTO TNV GAAN peptd, amd €va onueio Kot petd n emmAéov avénon tov peyébovg tov mapadvpov
eloayel B0pvPo omdTEe oTO TEPIGGHTEPQ TPOPANpaTa dev Ba dode Tapdbupa pe péyebog peyodvTepo amd Ta
30 apvoluwd katdhiouta. H ovppetpio tov mopabdpov civor éva dAlo Bépa. Xvvibwg ota meplocoTEPU
TpoPA T To TOPAbvPO EIVOL CUUUETPIKA LE UNKOG TTOV AVTIGTOLYEL GE TTEPITTO apPOUO (TT.Y. £VO GUUUETPIKO
mopabupo pe unKog 9 avtiotoyel og 5 apvolikd KoTdhomo ekatépmbev TOV KEVIPIKOV, K.0.K.). X& KATOlES
E0IKEG TEPUTTMOELS OUWGS, OTWG T.Y. OTAV 1| TEPLOYN oL BEXOLLE Vo evtomicovpe Bpioketal TNy apyn | 610
Tého¢ ™G aAAnAovyiag (OTmC Yoo TOPAOEYIO OTIG ONUATOSOTIKEG aAANAOVYieg €kkplong), To mapdBvpo
doVAEVEL KOADTEPQ OTAV EIVAL [11] CUUUETPIKO.

Télog, To o oNUAVTIKO B0 £XEL VO KAVEL LLE TO TOG KMOKOTOEITAL 1] TANpoPopia TG aAiniovyiog
oL TOPaBHPOL KL LE TO TAG CLVOLALETAL Y10 VO ODGEL Lol TEALKT] TPOPAEYN Y10 TO KEVTPIKO KATAAOITO TOV
mopobvpov. Mia Tpdtn Tpocéyyion Oa umopovoe va yivel, pe BAon 0ca EYOVUE JEL LEXPL TMPO, LE TN PO
evog mpocheTikod okop OTmG avtd mov gidape oto Kepdiao 3. Avti n pébodog eivar otatioticd opdn,
€0UKOAN, KOTAVOT TN KO EIGNYEITOL OLTOWOTO KOL TOV TPOTO L€ TOV OTTOI10 M TANPOPOpPia TOV KAOE KOTAAOITOV
Ba cvvovaotel (to okop T0 omoio elval NON o€ AoyoplBuikn KAlpata, Ba Tpootedel yio 6A0 o TOPdOLPO).
Ortav embBoupodpe vo xproILOTOCGOVUE U0 KOIIKOTOINoT Tov Paciletal o€ KAmolo €100¢ TPOTEPNG YVAOOTG
OYETIKAL LE TIC QULOIKOYNUIKEG 1O1OTNTEC TOV OVOEEWV, LILAPYOLV OEKAOES EMAOYEG. XNV 10TOCEAISN
http://web.expasy.org/protscale/ vrépyovv drabécipeg Tépo TOAAEG emA0YEC Kmdtkomoinomng Pociopuéveg og
TMEPOUATIKEG LETPNOELS Y10, TV VOPOPOPIKOTNTO, TNV TOAKOTNTA, TNV gVEMEIN, TOV OYKO, TO LOPLoKO BApog iy
TNV TPOTIUNOT Y10 KATOL0 GUYKEKPIUEVT dgvTepoTayr] doun. Me avtdv tov Tpdémo umopodyv va emieyfovv
(mévrta PEPaia, oe cuvaptnon pe To TPOPANLA TOV BELOVIE VO ADCOVLE) L 1] TEPICCOTEPES OO AVTEC TIC
TOPOUETPOVG KOL VO, TPOYWPNCOVHE OTNV K®OKOToinon. Av &yovue Aowmdv mapdbupa pe péyebog k, 10Te
EMAEYOVTAG p OO OVTEG TIC METAPANTEG, o€ KB mapdbupo Ba Exovue pk ynoia, evad o aAiniovyio pe L
apwvo&éa, Ba éxer (L-k+1) mapdBupa kot cuvolikd Bo mpémel va kwdworomOel pe pk(L-k+1) petafintéc.
dvokd, vrapyovv Kol GAAEC TOPATANCLEG EVOALOKTIKEC, T.X. LE YpNon Adyov miBovotntwv mov Ha
oLVOLOCTOVV TOAAUTANCIOOTIKG 1 UE Tivaka okop €0kO avd Béon Ommg otnv mepimtoon tov weight
matrices (to omoio oavouévetor vo givor KaAvTePo OAAG ov&dvel kot GAAO TOV aplBud TV TOPAUETPOV).
Ievikad, 6Aeg o1 pebodoroyieg Tov cuvavtioaue ota Kepaiata 3 (mpocsbetikd okop), S (Lotifa, mivakes K.0.K.)
0AAG Kol auTéG Tov O cuvavinoovue oto kepdiao 8 (HMM), vdyovtal o autiv TV kKatnyopia. Tnv mTo
axpaio wepintwon 1 TAnpopopia Bo cuvdvacTel pe kdmola PEBodo TEXVNTNAG VONUOGHVIG OTTMG TO VELPOVIKE
dikTvo, 1 omoia ektdg amd TO TPOPANUA TNG EWOIKNG OVTILETOMIONG TG KGBE BEonc Ba Avoetl Kot To TpOPAN L
TOV GUCYETIGEWV.

g yeVIKOTEPO TPOPAN LT TOV AVVOVTOL [E TETO0V €100Vg HeBddovg, N amevdeiog kmducomoinon g
010G g aAAndovyiag kot Oyt M XPNON KATOWOL OKOp &ival TPOTIHOTEPY, dAAA Omw¢g Ba dodue avEdvet
exkBeTikd tov aplBud TV TopapéTpOv ToL HoviéAov. O Mo GuYVA XPNCIUOTOLOVUEVOS, OAAGL KOl O O
MOONUOTIKG OOGTOC TPOTOG, Y10, TNV KWOJIKOTOINGoT TV oAANAovYIOV o€ éva Tapdfupo KOTG PNKOC TNg
aAdniovyiog, eival pe to Aeyduevo sparse encoding (1 6Topadiky KOIKOTOiNo™) 6Tov omoio kibe apvodd 1
vovkAeotidlo avarapiotatal pe £va dtvoopa 20 1 4 ynoeiov amd to omoia Eva povo kdbe opd Ba sivar 1 kot
ta vrorowa 0 (Ewova 7.3). O tpomog avtdg, 0 0moiog ot 6TatioTikn ovopdletal «dummy variablesy, ivat
pofnuotikd cmotog yoti kdbe oouforo avtipetoniletar cov EeY®mPIoTOg YOPAKTAPAG KOl ATOPEVYETOL M
ELOAYOYN TEYVNTOV ocvoyeticemv (n omoio Bo pmopohoe va TPOKVYEL v ElYOLUE YPTOLUOTOUCEL LI
Kkwodwonoinon pe Aryotepa ynoeia). [op’ 6da owtd, sivar pavepd 61t 0dnyel o€ ey VTOAOYIOTIKY] GTUTAAN
kaOdc kdBe copPoro (otnv mepintoon TV TpwTeEivov) Bo ypnowwomotel 20 ynmeio. Av €yovpe Aomdv
mopabvpo pe péyebog k tote o€ kabe mapdbvpo Oa Exovue 20k ynoia, evd o aAiniovyio pe L apwvo&éa, Oa
éxel (L-k+1) mapabupa ko cuvorikd Bo mpémetl va kmdtkomomBel pe 20k(L-k+1) ymoio (OnAadn peTapAnTég).
"Exovv mpotafel kor GAAeG LOPQEC KOIKOTOINGNG €lTE TPOCUPUOOTIKES, OnAadn pe alyopiBuovg mov va
TPOCUPHOLOVTUL GTO €KACTOTE TPOPAN LA, EITE YEVIKEG KOATA TIC OTOlEg EMALYETAL KATOLO TTO YEVIKT LOPPN
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OV VO TPOGOidel KAmoln TAgovekTpata. [ Tapddetyua, o kodtkonoinon wov Pacileton otnyv Ta&vounon
TOV ouvo&év e PAoT TIC PLGTKOYNIIKEG TOLG 1010TNTEG (VOPOPOPa, TOAUKE, APOUATIKE, OETIKG POPTIGUEVA
K.0.K.) UTOpEl va PHEIDMGEL TV apliud tov yneiov ota 7 €m¢ 9, eved TapdAinio avilpetonilel TIg GLOYETIOELS
oV 00 TPOKHTTOVV e AMOPACIOTIKO TPOTO. Mia dAAN Tepintwon, Ba NTav va ypnoionombet amevdeiog N
Kwowonoinon and tov mivake BLOSUM62 (1 kdmolov mapopo10), Uio TPOsEYYIoT Tov dev Ba peiove tov
aplOpd TV TOPAUETPOV ALY O 10T YOYE TV EMTAEOV TANPOPOPIN Y10 TIG GYECELG TOV AUIVOEEDV HETUED
tovg. Téhog, otV Mo akpaio mepintwon, Oo umopovoape va Eovue TV Kodikomoinomn and éva PSSM, 1
omoia Ba £dve Kat TIC emmMAEOV TANPoPopies Yo TIg avd BEomn mpoTiunoelg Tov apvolémy kot Ba Bertiove
KaTd oA TNV anddoon g ueBddov. Xtnv mpdsn, auti 1 EVOALUKTIKY] YPTCILOTOLEITAL GTOVG TEPIGGOTEPOVS
aAyopOpovg TPOYVMGT|G (HELTEPOTAYOVG SOUNG, SIAUEUPPUVIK®DY TUNUATOV K.0.K.).

A 1000 0000O0O0O0O0O0CO0O0O0O0 00 0
R 010000 O0O0O0O0O0O0O0O0O0O0 0 0 O0 0
2 001000 O0O0O0O0O0O0O0O0OO0 0 00 0
D 000100 0O0O0O0O0O0O0O0O0O0 0 0 O0 0
c 000010 00000000000 0 D0 0
u] 0000 O0T1O0O0D0O0O0O0O0 00000 0 0
E 0000 O0O01O0000O0O0O0O0O0OD0 0 0 0
....... HIP. c e
01000000000000000000

Ewéva 7.3: To Aeyouevo «sparse encodingy (ormopodikn kwdikomoinon) otnv omoia kabe auivold aviaroryiletor oe évo.
owavooua 20 yneiov gk Twv omoiwy to éva uovo eivar «1» evad to vwolowma 19 givor « 0.

Y1 debtepn mepinT®ON, 68 TPOPANUATO GTO OO0 EVOLUPEPOUACTE VO KOTOTAEOVUE 1o 0AAT AoV oL
o€ 000 1N MePLoGdTEPEG Katnyopiec, ypelalopaote o pEBodo oldixie xwdikomoinone e aAAnovyiag. Xe
aVTEG TIG Lebodovg, 1 aAAndovyio aveEapTATOG TOL PKOVG TNG AVATOPIoTATAL OO £V S1dvucUa oTadEPOD
pufkovg. ‘Eva kKAaciKd mopddelypo ouThg TG KOTYOPIlog OMOTEAOVV TO TOGOOTH EUPAVIONC TOV AUVOEEDV,
puéBodog e TNV Omoio. LITOPOVUE VO KMOIKOTOGOVUE Omoludnmote mpwteivy o €va ddvoopo 20
petafAntov. Me avtdv Tov Tpdmo Kal T YpNon vevpmvikav diktowv ot (Reinhardt & Hubbard, 1998) ciyov
TMETVYEL, O WO omd TIC TPMTEG TPOoTAbeleg Tov €idovg, TNV TPOYV®OON TNG KLTTAPIKNAG OTOXEVONG
(tomofeciag) TV TPOTEIVOVY, T0GO GTO PakTNPlokd OGO KOl GTO EVKOPLMOTIKO KOTTOPO. AVTO TOL YiveTol
eLQavEC PEPata, etvar 6Tt pe T peBodoroyia avtr, SIELKOAVVOVTOL LLEV Ol VITOAOYIOTIKEG peBodoroyieg, alld
OO TNV GAAN XAVETOL £VOL GIILOVTIKO PEPOG TNG TATPOPOPING TOV TEPLEYETOL OTIS AAANAOLYIEC KOODG TOAAEC
(TpaxTkd dmelpeg) aainiovyieg Oa avamapiotavtor pe 1o 1010 akpPdS SAVLGHN, OKOUM Kol oV EXOVV
telelwg dlapopeTikd yapoktnplotikd (.. n aAlniovyio AAAATTTT kar n aAAniovyio ATATATAT 6a
&yovv akpifmg Vv 010 Kodikomoinon). EmmAéov de, yio va dovAéyel oty mpdén 1 nébodog avtn Ba mpémet
oL VIO GUYKPION OUAdES VO €YOLV GMUAVTIKEG O0(POPEG OTIC UETAPANTEC OV YPNCLOTOOVVTAL (OTNV
MEPIMTOON NG KLTTOPIKNG Tomobeaiag, vmdpyovv Oviwg evdeifelc OTL mpwteiveg mov Ppiokovial o€
SLLPOPETIKE OpyavidLo, EXOVV GNUAVTIKES OUPOPEC oTNV apvolikn cOoTAoT).

216




Ta wpofAuata cLTAG TG TPOGEYYIONC, LITOPOVV VO, OVTLLETOMTIGTOVY HOVO UEPIKADC KaODS dev givart
duvatd va Avbel tedeing To TEAELTAio TPOPANUE, aVTO NG amdielng mANpoeopioc. 'Etol, kdmolor &youvv
mpoTeivel TN ypnom Ol- Kol TPI-MENTIOIWV, U TPOGEYYIoN 7OV ALEAVEL OUWOG OPKETA TOV Opldud Tov
TOpAUETP®V ToL povtédov (400 kar 8000 avtictorya). Mia dAAN wpocéyyion, Ba ftav va, ypnoiLonombovv
dAAov €idovg mANpoeopieg GUVOMTIKNG @UONG, OM®G TO HOpPlakd PApoc TC TPMTEIVIG, 1| GUVOALKN
VOPoPOPucoTNTA, 1 VIOPEN GAAWDV YOPUKTNPIOTIKOV 0TS TO, SIOUEUPPOVIKE TUNUATO, TO TETTIOW 0ONYNTES,
dtapopa mpoéTLTE TOV epavifovtol K.0.K. (ta omoia BEPata pe T oEPd TOVg TPoépyoviar amd peBOOOVC
npdyvoong!). Mo GAAN eVOAAAKTIKY €lval 1 ¥PNOUOTOINCT HOONUATIKOV TEXVIKOV TOL TEPLYPAPOVY TNV
TEPLOJKOTNTA OV Umopel va gppaviletanr oe g aAiniovyia (m.y. pue petooynuoatiopd Fourier), eved m mo
YEVIKELUEVT] TPOGEYYIOT €ivarl 1 Aeyouevn yevdoovotact o€ apvoééa (pseudo aminoacid composition) Tov
Chou, n omoia petpdel ektog amd o apvo&én kot tig (LExpt éva Babpd) cvoyetioelg Tovg mov eppavilovran
Katd pnikog e aAAniovyiag. ' mapdderypo, vmoroyiler (oe por peBodoroylo mov powdler pe TIg
HopKoPlaveEG aAVGIOES), TIC CLCYETICELS TOV OIVOEEMV LE TO €mOUEVO Tovg (to i pe to i+l), 1 pe 10
pebemodpevo (to i pe to i+2), aAhd kol mapandve (i+3). Ilpoeavmdg dpmg, N mapordve avénon odnyel oe
HeYAAn avénon tov apBpod TV TAPOUETpOV. Mio OOIKTLAKT E€QPUPUOYH TOL €QUPUOLEL TETOLOVG
petaoynuaTiopovg, Ppioketor  dwbéoun ot devbuvon  http://www.csbio.sjtu.edu.cn/bioinf/Pse AAC/.
levikd, o mpoPfAnpa mov kébe Popd KOAOVUOOTE VO, ADGOVUE LITOPEL VO DITOYOPEVEL KOL TNV KOTOAANAN
EMAOYN TOV TOPAUETP®Y, YU avTO Kot ypewdletar 1dwitepo KOA| YvdON TOL €KAOTOTE PlroAoyuKol
TPOPANUATOG, OAAG KO TEWPAUATIGUOC Y1 TV EDPECT TOL KOAADTEPOL TPOTOL KOIIKOTOINOTG.

7.2. Nevpovika Aiktoa

Ta vevpovikd diktovo, ivor pio LOBMUATIKY TEYVIKA TNG TEXVNTAG VONUOGOVNG, LE TOAAEC EQUPUOYEC OTN
BromAnpogopikny énwg Oo dovue ko mopaxdto (Pierre Baldi & Brunak, 2001). Xtnv evétra ovt) Oa
TPOCTOONGOVIE VO, OTOdMGOVUE TO PaciKd GTOlKElR TNng AELTovPYiog TOVG YTl TO. VELPOVIKA OiKTLA
OTOTEAOVV L0l ONIOVTIKY HEB0O0 oV Ba CLVAVTACOVUE GTNV TPOYVAOGCT SELTEPOTAYOVS OOUNG OAAGL Kal G
dAAeg epapuoyéc. Ta vevpovikd diktvo (1 KoAOTEP, TO TEYVNTE VELVPOVIKE OiKTLM) EIVOL VTOAOYIGTUKES
UNYOVEG TTOL GKOTO ElYOV apyIKA Vo, LpunBodv Tig ikavoTnTeg Tov avOp®TIVOL EYKEPAAOD GTNV OVOyVAOPLIoN
npotontev (Bishop, 1998). O kdbe vevpdvag ival amid (o cuvaptnon mov déyetol epebicpota amd dAlovg
vELPMOVEG Ko divel TeMkd epébicua (Le Bdorn T cuvaptnon avtn) oe AAAOVE VELPOVES. ZVVIB®S, Ta. diKTLA
TO OVOTOPICTOOUE HE €va YPAQo, He Ta PEAN va ovTiotoyobv o1l oLvoéoelg (ovvayelg) peTa&d Tov
vevpmvov. IIpaxtikd, ot vevpmveg S10.popomolohVTaL GE VEVPMVESG EIGOO0V GTOVG 0TO10VG KMITKOTOI0VVTL Ol
peTaPANTEG 16600V, 08 KPUPOVS VELPDVES 01 00101 OEYOVTAL Ta EPEBIGLOTO GO TOVE VEVPMOVEG EIGOIOV KOl
OTOVG VELPOVEC €£600V 01 0moiol dEYovTOL TO EPEBICATA OO TOVEC KPLEOVG VEVPADVES Kol TEAIKE TapAyovV
TO amoTéAEGHO TOL SikTOov. Katoiafaivovpe onAadr, Tmg T0 GUVOAIKS dikTvo dev elvorn mapd pia Tepimiokn
ocuvdptnon mov eneEepyaletor To SedopEva E16OS0V Kol TaPAYEL KATO10 TeEAKS amotédespa. Duoikd, pe 6ca
elmaple mopandve, eival Katavontd 0Tl 6oV VELPAOVES 16000V UITOpPovV va ¥pNGIonomBovy petafAntég mov
€YOLV TPOKVYEL OO L0 KATAAANAN K®dtkomoinon oG Plodoyikng oAinAiovyiog (€ite pe Tomikn gite pe oAKn
KdKomoinom), oAAG oe emdueva kepdiaia Bo dodue 6Tl umopel vo ypnoyomombovv kot dAhov gidovg
dedopéva, OTmS SedOUEVA YOVIOLOKNG EKPPACTG.

Y7rapyovv TOAMOV €0GV VELPOVIKA dikTLO, CGAAL Yoo Adyoug omAotnTog Oo acyoAnbodue pe
OTUOVTIKOTEPN Kotnyopia, Ta diktva eumpdcdiog tpogodotong (feed forward) ota omoia évag vevpdvog
EMKOWVOVEL TAVTO LOVO HE VELPAOVEC TOV PPIGKOVIOL GE CTPOUO TOV PBPICKETOL TOPAKAT®, 1 TANPOPOPin
oniaodn Swdidetor whvia mpog ta. eunpog (Ewova 7.4). Av kot 1 ovvdeoporoyio pmopel vo oyedlaotel,
ouvnbmg Yo A0youg amAOTNTOG OAOL 0L VEVPMVES EVOG GTPMOTOC ETIKOVAOVOUY e OAOVG TOLG VEVPMOVES TOL
EMONUEVOL (TANPmG cvvdedepévn apyitektovikn]). Eival dvvatd vo vrdpyovv diktva pe Topamive omd €va
OTPMUOATO KPLEOVG VEVPMOVEG, OAAL Kol OlKTLO YWPIG KPLEOVG vevprves. o v axpifela, TpayHaTIKA
«eLPOVIKE dikTvay BempobvTal LOVO OVTH TOL TEPLEXOVY TOVANYIOTOV £VO. GTPMUO KPLPXOV vevpovmy. Ta
diktva mov dev SBéTovy KPLEOVG VELPAOVEG EIVOL HOBNUOTIKG 1GOSVVOUO LE YPOUUIKA 1 YEVIKELUEVA
YPOUUIKE HOVTEAD YVOOTA omd Tn oToTIoTIK) (avaioyo He Tov aplBpd tov vevpavev €£000v Kol g
ocuvdptnong evepyomoinong &ivor duvatdV Vo KOTAOKELAGTOOV OIKTLOL OVAAOYO UE TN YPOLLUIKN
TOAVOPOUNOT, TN AOYIOTIKN TOAVOPOUNGT), TN OOY®PICTIKY OVOAVOT], TNV TOALUETOPANTH YPOLUIKY
moAvopdunon K.0.k.). H peydin ddvaun tov veupomvik®v dKTOV (e Kpueovg vevpdves) Ppioketal oto
yeyovog OTL 1 TOPOLGIO TOV KPLO®V VELPOVAOV UTOPEL Vo 00MNYNOoEL G€ OUVOETEG UN-YPOLUIKES
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OVOTOPUCTAGELS TOV OEOOUEVMY E1IGOS0V KUl LE QLTOV TOV TPOTO LITopovV vo. AvBoldv TpofAnpata wov eivol
ypoppukd pn-dwyopioa. ‘Eva ankd mapdderypo tétoov tpoPAnpartog givar 1o mpofinua XOR, evad éva
avtioToryo PloAoyiko, eivar 1 6w 1 VTOPEN TOV YEVETIKOV KMOIKA, TNG CLUVAPTNOTG ONANST| TOV OVTIGTOUKEL
0, KOOWwOVia ota apvoléa. O aptBndc Tov Kpueov vevphvev kabopilel 10 m6Go «Aentopepnc» Ba eivar pia
tétolo. ovvdptnon. o moapddetypa, €va vevpwvikd OIKTLO HE HEYOAO oaplBUd VevpOVOV UTOpEl va
TPOGCEYYIGEL OMEIPMOG KAAG LU0 TOAVOVOLIKT GLUVAPTNOT omolovdnmote Pfabpod (060 TEPICTOTEPOL VEVPMVEG,
TOGO KOAVTEPN T TPOCEYYIoN). XZTN OTATIOTIKY] OPOAOYio, Ol KPUPOl VEVPAOVEG OVTIIGTOLYOVV OTIC
aAnAemdpdoelg (interaction) petald TV UETOPANTOV, LOVO TOL GTNV TEPIMTOOT TOV VEVPOVIKOV SIKTO®V
katackevalovpe polikd aAAnAemdpaoelg OOV TV TOaVOV HETaPANT®OV. AvTo 0nmc Ba pavel TN cuvEYE
Exel oav apvnTikd emaxoiovbo v avénon Tov oplBpoy TOV TOPUUETPOV TOL UOVTEAOL, YEYOVOG TOL
ypeldleTon peydAn Tpocoyn.

Neupwvec Eioddou Kpugoi Neupwveg  Neupuwveg E€Odou

Ewova 7.4: Iopadeiyuo evog veopwvikod OIKTOoD e 3 VEDPMVES 16000V, 4 KPLPODS VEVPWVES (0€ Evo, oTPpUR) Kol 2
vevpaveg e€odov. To diktvo eivor umpootiog ToPodOTHONS e TANPWS TOVOEIEUEVN OPYITEKTOVIKY.

Onwg sinape, ke vevpavag déxetar epediopata and dAiovg (Ewova 7.5). ‘Etol mpémetl va vdapyet
Tpémog va kwdwomomBel aplOuntikd 1600 TOo €pEbicpa (N T NG HETAPANTAC) OGO KOl 1 GYETIKN
GUVEIGPOPA TNG OTOV CLYKEKPUEVO vevpmva. To poro avtd, mailovv to cvvortikd Pdpn (weights) pe ta
omoia (ol petafAntn cvvdéetan e tov vevpava. Ta Papn, eivar 6TV ovcio o1 TAPAUETPOL TOL LOVTELOL Kol
ol Tég Tovg mpémel va. Ppebodv pe exkmaidevorn Omw¢ o dovpe mapokdtw. To kdbe cvvamtikd Pdépog
TOALOTAOGLALETOL LLE TNV TN TOL VEVPDOVE, E1GAOO0V KUl 01 GLVEIGPOPEG OA®MY TV VELPOV®V abfpoilovtatl Kot
mePVAVE PEGO A0 [0 GLVAPTNON evepyomoinong (activation function). To avdioyo T®V GUVARTIKOV Popdv
OTN GTATIOTIKY VOl 01 GLUVTEAESTEG TNG ToAVOpOUNong (cuvnBmg cupporilovtar pe B). [Ipocoyn yperdletan
670 YEYOVOG OTL OGS aKPPOC KoL GTN OTATIOTIKN, £TGL KO €00 YPELELETOL £VOG GVVTEAEGTNG OV VoL divel TNV
TN TOV VELPOVA OTOV OA0L Ta, dedopéva €16000V £yovv Tiun 0. Xta VELPOVIKA dTKTLO OVTOG O GUVTEAEGTIG
ovoudleton moAwon (bias) kot pmopetl va Bewpnbel og 1 T TOV GLUVATTIKOV PBApovg Yo Evov VTOBETIKO
vELPOVO 0 0Toiog £xetl mavTa TN +1.

To €idog ¢ cvvapTNoNg evepyomoinong ivat emiong KAt KaBoploTiKO yio T SoUn KO TIC 1010TNTES
TOV JIKTHOV (TPOPAVDG, CLVAPTAGELG EVEPYOTOINGTG EYOVV VONLLO Y10 TOVG VEVPMVEG 6600V Kal TOV KPLPOLE
vevpoveg). 'Etol, av 10 teAikd omotéhecpa mov 0éhovpe va mpoPAéyovue eivor ditipo (ovikel oe puo
OLLAd0/OEV aVIKEL), TOTE 1] GLVAPTION EVEPYOTOINGT|G TOV VEVPMVA I TPEMEL VAL EIVOL 1) GLYLOEIONG GLVAPTNON:

e[h()]=—m
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H ovvaptnon ovti povielomolel 10 amoTéEAECHO TOL VEVPMOVA, ETCL MGTE Vo, lvar mTavta peta&d 0 kot
I, xou katd ocvvémeln pmopel vo. Bewpnbel cov mBavoTnTo TO OESOUEVO TOPASELYUO. VO OVIKEL OTNV
ovykekplpévn katnyopia. To akpiPadg aviiotoyo otn oTaToTiKn €ival 1 AoyloTtiky maAvopounon (logistic
regression). Exei,  Aoylotikn cvuvdptnon n omoio ivar m avtioTpoen ¢ GLyHogdovs, epaproletal 6To
OTOTEAEGHLO KO TAIPVOLLLE aKPIP®G TO 1010 OmOTELECHA. LTIC TEPLOGOTEPES TEPIMTMGELS OTN PLOTANPOPOPIKY
Bo éyovpe TéToOL €ldOVG TPOPANUOTO KO, KOTO CULVETELN, TETOWOL €id0LG GLVAPTNGCELG. AV GE KATO0
TpOPANUa Exovpe ¢ TOAATAEG apotPaio amoKAEIOpEVES OLASES Yo VO Kdvovue TNV Tagvounon (.. a-EMKa,
B-tTuywt) empdvela, Toyaio doun), Ba TPEmEL va opicovE KATAAANAL TOVG VELP®VES Kal TOTE Bal TPEMEL VL
y¥pnoonrondei n Aeyouevn cvuvaptnon softmax:

e "0
glh()]=——
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Ewéva 7.5: Evoc vevpavos mov Oéxetor €ioodo amd m dlapopetikovs vevpwves. H tyun kdbe vevpdvo eioodon
woldamhaoialetar pe to avtiotoryo cvvomtikd Papog kor obpoiletor (uali pe v wuy tov bias) mpv mepdoer omo T
ovvaptnon evepyomoinons n omoia Ba OWoEL TO TEAKO OTOTEAEOUO. 2TO OVYKEKPYEVO TOPCOEIYUG 1] GOVAPTHON
EVEPYOTOINGNG EIVOAL 1] [11] COUUETPIKY] TIYUOELONG.

Me ™ ocvvdptnon ovth, OAC TO OTOTEAEGUOTO TV C VELPOV®V €£000V, &ival Thvia TOOvVOTNTES
petald 0 kor 1 aAld emumiéov, abpoilovv kol 6t povada. Yrapyovv BEPata kol TEPITTOCELS OTIG Omoieg Oa
UTOPOVLE VO £XOVLE TOAAES OLOPOPETIKEG KOATIYOPIEG OTIG OTTOIEG OEV EIVOL AmOPOITNTO KATOL0 TOPASELYLLO VO
avikel uoévo o pia. ‘Eva té€toto pavdpevo Ba dodpe mapakdtom otn ovlevén tov GPCR pe tic G-npoteivec,
OmOV €vog 6edopEVOG LTTOdOYENG Umopel va, kavel cOLEVEN LE TEPIGCOTEPEG A0 L0 TTPOTEIVEG. XE QLT TNV
nepintoon Ba Eyovpe aveEaptnteg peTa&d Toug ££600VG, KAOE Hia Le TN GIYHOEN cuvapTnon. Yrdpyovv Kot
OAAEG TEPUMTAOOELS GLVOPTNCEWV EVEPYOTOINGNG (CLUVAPTNON KOTOEAIOV, TAVTOTIKN K.0.K.) 0AAG dev €youvv
TOAMAEG EQAPLLOYEG OTA SIK(L LLOG TTOPAOETYLATOL.

Ewwn pveio omoiteitol oTIG GUVOPTAGELS €VEPYOTOINONG TOV KPLOAOV vevpovav. Ot kpvpoi
vevpoveg, kobmg givor avbaipeta SnNUOLPYALOTE UTOPOVV VO EYOVV TOAAEG OLUPOPETIKEG GLVUPTHOELS
evepPyYomoinong (KOO Kol TOVTOTIKES), GAAG UTMEIPIKEG LEAETEC Aéve OTL 1| KOADTEPT EMAOY €lvatl 1 xpron
M0G GUUUETPIKNG OYUOEWB0VE cuviptnone. o to okomd ovtd umopel va ypnotpomombel po pkpn
TPOTOTOINGT| TNG GLYHOEW0DE TOV VUL TN CUETOPEPEL GE CLUUETPIKEG TIUEG:
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OAAG M KOAOTEPT Kot HoOMUaTIKE o Kopyn €mA0YY, €ival 1 cuvdptnon avtictpoen-epontopévn (tanh) n
omoia divetot amod T oyéon:
1-e"

g[h(i)]—m—_h@

1 omoia meplopilet v T ¢ €£600L peTasy -1 ko +1.

To televtaio Béua mov ypnlel avapopds, eivor to (TN TG EKTIUNONG TOPAUETPOV, dNAOY TNG
ekmaidevong tov diktvov. Ta vevpwvikd dikTua Tov €idovg TOV TAPOVCIAGALE, eivar uEBodOL emPAETOUEVNG
péononc. Xpetdlovior KAmTOEC TOPATNPNOELS LE YVMOOTEC (TPOPAVAC) TIG TIUEG E10O00V, GAAE YVOOTES KOl TIG
TIEG TV petafintav e£6dov, kot amotteitor po dtodikacio pabnone. O akydplBpoc avtdg, givatl o yvmoTog
aAyopOpog back-propagation (Rumelhart, Hinton, & Williams, 1988). O aAyopiBpog eivor puo €181k €kdoon
oL YvooTolh alyopiBuov gradient descent mov Paciletol otn pEPIKN TOPAY®OYO TG CLVAPTNONG CPAALOTOS
o€ oYé0oM UE TIC TOPAUETPOVG TOV HOVIEAOL. AvAAoya pe To €100G TV vevpdvey eEddov, Ba mpénel va
opioovpe [ GUVAPTNOT CEAALOTOC. AV 01 vevpmveg €000V lval ypappkol, 1 GuvapTNoN €ival To HECO
TETPAYOVIKO GOAALN, EVD GTNV TO GUVNOIGUEVT TEPIMTTOON TOV SITIUOV UETAPANTAOV, 1| TUMIKT GLVAPTNON
glval M oYeTIKN evTpomio. MOV €I00UE OTO KEPAAMIO 2 (OTNV TPAYHOTIKOTNTA €ival Godvuvaun He TNV
TOOVOPAVELD TNG SIOVVLIKAG KOTavoung). Otav to £xovpe opicel OAa avtd, o aAyoplOuog Aettovpyel pe to
e€ng Priparo:

e otV apyn yiveron pa apyrkomoinomn tov Papmv pe tuyaieg Tirég (cuvnbmg péoa o€ Kamolo
€0pog TILMOVY oL KaBopileTor amd Tov aplBUd TOV VELPOVMV)

e e PBdon to apykd ovtd Paprn, vroloyileTol TO AMOTEAEGUO TOV OKTOOL Y10, OAEG TIC
TOPOTNPNCELS.

®  TO OMOTEAECHO YPTOLLOTOLEITAL Y10 VO VITOAOYIGTEL TO GOAAUA, T «OTOCTOCTY ONAAdT amd
Tig Tapatnpneiosg Tipnég

e UTO TO CQAAL, Elval 1 «TOAVOPAVELDY [LE TNV GTOTIOTIKY £VVOld, KOl VoL Lo cLVAPTNON
Tov Papodv. Apa ta véa Bapn Ba PBpebodv pe ) pébodo gradient descent vmoloyilovtog v
TOPAYMYO OVTHG TNG CLVAPTNONG KO KAVOVTAG TIG KATAAANAES TPOTOTOUCELG

® TO «ONUO» AVTO, TPOWOEITOL TPOG TAL TG® GTO HIKTVLO, TPOTOTOIDOVTOG JLUOOYIKE TG TUUES
OAOV TOV GUVOTTIKOV Bapdv. Xe kdOe Ppa mpog ta Tiow, ot vroroyispol kabopilovtar amd
TIC aVTIOTOLYEC CLUVOPTHGELS EVEPYOTOINGTG, EVAD OMAITOVVTOL KOl 0BPOIGHATO Y10L OAOVG TOVC
VELPAOVEG TTOV JIVOLV GOl O KATOL0V AALOV VELPGDVOL

e OTAV TO «ONUO» QTACEL EOVA GTOLG VEVPMVEG E1G0J0V, £Vag KUKAOG €xel OAOKANPmOEL, Kot
mAéoV OAo TO. BApM TOL OSIKTOOL €YOoVV GALGEEL OE Lo KOTEVOUVOT TOL VO UELDVEL TO
ouvolkd opdipa. H dadkacio eravolopufaveror mhéov pe to véa Papr (vmoroyileton véo
CQAALO K.0.K.) HEYPL TO GLVOAIKO GOOALN VO OTOUOTNCEL VO HEWOVETOL 1 UEYPL V.
oAoxANpmOel £vag TpokaBopiopévog aptBpog emavarAnyemv

H pébodog avtn, puoikd amartel 514QOopovg VTOAOYIGUOVG TOV TOPOAEITOVIOL £0(), AALG TPETEL VO
toviotel 0tL oav uébodoc gradient descent, gival pio, vplotikn PEDOSOG. AVOauEVOuLLE, av OA TAVE KOAX, OTL
TO CQAALD B0 LEWDVETOL CLVEYDS, AAAE dev LIAPYEL LaBNUaTIKY gyyomon. 'Exovv avamtuyBel emiong mapa
TOALEC TTOPOUAAAYEC TNG Yo Vo avEncouy Ty Thavotnta cbykAiong Tov adlyopiBuov, oA Kot TV ToydTNTe
ovtng (my. pébodotl mov Paciloviar otn deHTEPN TAPAY®YO TG GLVAPTNONG CQAALATOC, K.0.K.). ['evikd, n
EKTOIOELOT TOV VEVPOVIKAOV SIKTO®V givar pua 60vOetn dadtkacio mov amattel tapakoiovbnon. Eva peydio
TPOPANUO TOV TPOKVTTEL OPOPH KLPIMG TO UEYAAO OplBud Tapapétpov (TOAAG cvvamTiKG Bdapn) wov
TPOKVTTOVY TOGO Omd TNV KMOIKOMOINGT TOV CAANAOVYIOV 600 Kot amd TNV abpoa eicaywyn HeydAov
apOpoh KpLE®OV VELPOV®Y. 'l VO OVTILETOTIOTOVV TETOW0L £id0vg TpofAnpata, Exovv Tpotadel d1dpopeg
teyviKég cross-validation (PA. mopakdTm), evd TOAAEG POPES, AGY® TNG TLYOOTNTAG GTOV OPYIKO VITOAOYIGLO
TV Bopov, apketol epeuvntég mpoteivovy T dnuiovpyio kavod aptBpod diktvmv pe Papn mov vo £xovv
Eexvnoel amd SLOPOPETIKES aPYIKES TULES KoL TO TEAMKO O1KTLO va givat £vag HEGOG OPOG TV KTLMV ALTAOV.

IMa v epappoy” vevpwvik®v SIKTO®V o€ mpofAnuata Blominpogopikie, Bo mpémel KoTapydc vo
Yivouv ot KaTOAANAOL LETAGYNUOTIGUOL TOV dAANAOLYIDV Y10 Vo £pBOVV GTI| LOPPN TTOV TEPTYPAYOLE TTPLV.
Kotom Oa mpémel va ypnoypomondei kdmolo yevikd makéto yio veupmvikd diktva mov S100étouy o YvmoTd
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podnuatikd mokéto dmwg to MATLAB (http://www.mathworks.com/products/neural-network/) 7 10 R
(https://cran.r-project.org/web/packages/neuralnet/index.html). I[Toap’ 6do awtd, eme1dn cLVNO®G O1 EPAPUOYES
BromAnpogopikng mpémel vo givor aveEaptnTtec amd TNV TAATQOPHO, Ol TEPIGGOTEPOL YPTGLULOTOIOVV
BiPAoONKES Yoo KATTOWL YEVIKY YADGGO TTpoYypouupaticpov, 6mmg to FANN 10 onoio sivan ypappévo oe C
(http://leenissen.dk/fann/wp/) Ko T0 JOONE, oV elva YPOLLLLEVO o€ JAVA
(http://sourceforge.net/projects/joone/). Emiong, 1dwaitepa  edypnotol  givol  S14POPOL  TPOCOUOIOTEG
(simulators), SnAad” TPOYPAUUATO TTOV VAOTOLODV VEVPOVIKA SIKTLO TOADTAOKNG LOPONC ¥®PIS Vo amarteiton
amod TOov YpNotn 1M wKavotnta mpoypoppaticpov. Téroteg (mahdtepec) mpoomdBeieg eivar to BILLNET
(http://www.nongnu.org/billnet/) kv to NevProp (http://www.cse.unr.edu/brain/nevprop), evéd to SNNS
(http://www.ra.cs.uni-tuebingen.de/SNNS/) eivar icwg T0o TO TANPES TOKETO V1oL TO oKomd 0wTo. TENOG, dev
mpémel vo Eeyvae Kal TIG dSuvaTOTNTEG OV OIVOLV Y10 YPTOT VELPOVIKMOV JSIKTUMV KOl TO YEVIKA £pYUAEiol
e€0pLENG Yvmog Kol unyoviknig pabnong 6mwg to Weka (http://www.cs.waikato.ac.nz/ml/weka/).

7.3. Me0odoroyieg Y10 TNV EKTAIOEVO KOl TOV EAgYY0 pLog peB6d0v TPoYvEmONS

Apyikd mpémetl va, yivel 1 cuykEVIpwon TV dedoUEVOV EKTTAIOELONG Kol Vo yivel a&loAdynon tovg. Av To
TpOPANUa etvar vEo, T0 GUVOAD TV dedoUEVMVY ekmaidevong Ba mpénel va cuAAeyBel amd TG Yvootég Pdoelg
dedopévav M amd T PipAloypagio pe Tig KOTAAANAEG emep®TNOELS (01 Oomoieg pmopel va elvar kot 1dioitepa
dvokoleg). XvvnOiopévn eivar Kot 1 TEPIMTOOYN KATOOG VO Y¥PNOUYOTOlEL KATO0 GUVOAO 7OV &lye
ypnopomonfel TaAdtepa. AvTtd Exel VONUA OTAV EVOLOPEPOUACTE VO CLUYKPIVOVLE QULYDE TNV EXIOPACT] TOV
véov aAyopiBuov kor va TN JSloympicovpe omd TNV EMOPACN TOL GLUVOAOL ekTaidevoNG. XE& OAEG TIG
TMEPMTMOELG TAVTWOC, TPETMEL VO EYOVLE GTO HVAAO oG OTL akOpa Kot ot Baoelg dedopévmv meptEyovy Aabrn 6to
OYOMOGUO Kol TOAAEC Qopég TéTOl AAOM pmopel va €gouv ONUOVTIKY EMMTOON oTthv amddoon Tov
alyopiBuwv. Emiong, yio ditdpopa eE€10KELUEVA JOUIKA KOl AEITOVPYIKE YOPOKTNPIOTIKA, ivol duvatodv ot
Bacelg dedopévav vo. unv €yovv TNV TANpoeopio TOv amatteitol, omdte va ypelaletal avoalntnon ot
BBAoypapia. I avtd t0 AOY0, TOAAEC Qopég eEeldikevpéveg Pacelc dedopévav kotaokevalovtol amd
EMIGTAUOVEG TTOV AGYOAOVVTOL WE TPOYVOOTIKEG HeEBOdovs. Ta dedopéva dNAadN TPOKOTTOLV O TETOLEC
avalnNToeLg Yo TIG avayKes tng HeBodov Tpdyvmong Kol KOTOmY onpuovpyeital 1 faon deS0UEVOV Yo VO
umopécetl va, xpnoponomdet kot omd GAlovg.

OO0O00O0OOOOOOOOOOO
OO0O00O0OOOOOOOOOOO

OO0OO00O0OOOOOOOOOO

O0O0O0O0O0OOOOOOOOO
OO0O00OO0O0O0O0OOOOOOO

O Ektraidsuon (train)

. ‘EAeyxoc (test)

Ewova 7.6: Eva vwolstino mopadeiyuo. e 1o cOVoro EKTOIOEVTNS KOl TO AVELAPTHTO GOVOAO EAEYYOD.

I'evikd, to cuvoro exmaidgvong mpémel va givatl 660 T0 SLVUTOV O AVTITPOCOREVTIKO YiveTal, OAAN
dev vrdpyovv EekdBapor kavoveg. Emiong, O mpémel vo vdpyovv kot kavoveg 6oV apopd 1o TOCO OHOLES
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aAAnAovyiec mepiéyel (va sivan onwg Aéue non-redundant set). To mocootd opoO1OTNTOG OLMOC TOL Bewpeiton
0odekTod e€apTaTal amd TN PUGN TOV EMUEPOVS TPOPANUATOG (TT.). OTO TPOPANUATA SEVTEPOTAYOVS SOUNG N
amodekT opototnta gival oto 30%, evd 6€ AAAEG MEPMTMOEL OMMG OTIG ONUOTOSOTIKES OAANAOVLYIES,
vdpyovv dAla kprtipla). TEAOG, VTAPYEL Kol TMEPIMTMOON TO GUVOAO EKTOIOELONG VO TEPLEYEL OPKETEC
ouoA0YEG TPMOTEIVES, OAAG TOTE amorteital 1 aEloAdYN oY TNG ATOdOTIKOTNTOS TOL OAyopifuov va yivel og
aveEapTnNTo GUVOAO OEJOUEV@V, Ol TPOTEIVEC TOL Omoiov dev Ba £xovV OUOOTNTA UE OVTEG TOL GUVOAOL
exmaidgvong (PA. mopakdTm).

To enduevo Prpa Kot iowg 1o Mo dHoKOAOD, €ival 0 oYeSACUOS TOV aAYOPBOL. XTO GTAd0 aVTO
OTOTOVVTOL TOGO E10KEG YVAOGELG Yia T froAoyiki @OGT ToL TPOPALATOC (TL YOPUKTNPIOTIKO EIVOL AVTO TOL
YAYVOLUE TAV® OTLG OAANAOLYiES), OGO KOl Yl TIC LTOAOYIOTIKEG KOl HOOMUOTIKEG TEXVIKEG TOL Oa
ypnopomomBodv yio v emidvor tov. To mapamdve 16x0ovVV TPOPAVAS TGO Yo TIG HEBOSOVE TOTIKNG
wpoPreyng (M emroyn Ttov TOPabOPoL, M KMIKOTOINoN TV oAANAovydv, 0 oiyopiBpoc mov Oa
ypnoonomnel) 600 kot Yo Tig peBOd0VG OAKNG TAEIVOUNOTG TOV TPAOTEIVOV (OTOV TPETEL VA YIVEL ETIAOYN
TOV YOPOKTNPIOTIKOV HE To omoio Ba kwduwomomBovv ot oAAniovyiec, oAAG Kot Tov aAyoplOLov
ta&vopnong). To otddo avtd, amattel €kTO¢ amd €EeldIKEVUEVES YVMDOELG Kol OPKET Qavtocio, KabmOg M
dwdkacio povielomoinong (yoti mepi avtod mpdkertar) eivor o apketd OOOKOAN dtadikacio ympic
EexdBapoug koavovee. Duoikd, 1 dw 1 emdoyn g puebodoroyiog kot 1 vAomoinon Tov aAyopiBuov mov Oa
ypnopomonBel omontel TOAAEC @OpEg €EEIOKEVUEVES YVDGELS MHOOMUOTIKOV, OTATICTIKNG, MNYOVIKNG
uabnong, texvoroyiag AOYoUKoD, TEXVOAOYING S1OKTOOV (OTOV TPOKEITOL VO KOTOOKEVAOTEL OOIKTLOKN

£QOPUOYT), K.0.K.

O0O0O0O0O0OOOOOOOOOO
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O0O00O0O0B@OBOOOOOQ sowate

OO0000O0O0O0O0B@O® O OO #aive
O0000O0O0OOO0OO G OO 5o

O ExTraideuon (train)

. ‘EAeyxoc (test)

Ewova 7.7: Evo vmobstikd mopadeiyuo. pe 10 oOvolo EKTOIOEDONS Vo Ywpiletar KotoAinia yio uio dio0ikaoio. cross-
validation.

Téhog, £va moAD Kpioipo onueio oV OAN S10dIKAGIN KOTAOKEVTG Mo HeBOdoV Tpdyvwong ivat 1
owot a&loAdynon e Aviioya pe tn pébodo, Ba emié&ovpe kot o KATAAANAQ oTOTIOTIKA UETPaL (PBA.
TOPOKAT®O) 0ALG ovtd Ogv apkel. Mo omowadnmote péBodog elvar dvvatdv av epoppootel ota id1o To
ocdopévo pe to omola €xel ekmoudevtel, vo dmoel vrepPorkd koAl amoteAéopota. AvTOG 0 EAEYYOG
ovopdletor €leyyog avto-cuvvémelng (self-consistency) oAAd eivor moAd mBavd va ddGEL PEPOANTTUKG
amoteAéopato Kabhc vdpyel o Kivouvog vrep-npocapoyng (over-fitting). Me tov televtaio 6po evvoovpe
O0TL umopet 1 nEB0SOG vau EYEl «EKTALOELTED TOPATAV® 0mtd 0G0 YpeldleTal, e amoTELEGLO VO Arodidel TOAD
KOAG OTO GUVOLO EKTaidELONG OAAG VO ATOTLYYAVEL GE VEN TTapadeiylato. AVTO TO QAIVOUEVO givol TTo
mhovoe vo copPel 6co mo e€ehyuévn eivon pior péBodog aiyopBuikd, kabmg ol pebodoroyieg Unyovikng
puénong (0nme m.y. To. VELPOVIKA diKkTvd) £YovV UEYAAO aplOpd TOpUpETpOV. Xe KAOe TEPITTOON TOVIMG,
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Wwoavikd o péBodog mpémel va amoderytel 6Tl amodidel apketd KaAd oe éva aveEaptnro éreyyo (independent
test) ywo va €ovpe 060 T0 dvvatd mo apepoinmro amoteAéopota (Ewova 7.6). H katackevn tov
ave&aptnTov GUVOLOL EAEYYOVL €lvar o emiong dVGKOAT dldKaGin, APEVOC IEV YLOTL VITAPYEL TEPIMTO®ON TO
dgdopéva va punv tvat ETapK, APETEPOL OE Y10TI TPEMEL OTOCONTOTE Ol TPWOTEIVES TOL AVEEAPTITOL GLVOAOL
va glval OvImg «aveEAptTnTes», SLOQOPETIKEG ONAadN omd avTég Tov cuvOAoL ekmaidevong. To TL evvoole
«Oropopetikée» PéPara, eoptdror mapo TOAD omd TO TPOPANUA, OAAG L0 KOAY opyf] OTIS TEPIOGOTEPEG
TEPUTAOGELS givor vo oTnPlOLOOTE OTO OMOOEKTA EMIMEDD OUOLOTNTOC OE EMIMESO aAANAOVY IOV (). oTO
neplocdTepa TpoPAnpata doung, axoiovBolue tov Kavova tov 30% opowdtnra). Pvowkd, yio empéPoLS
€101KA TPOPANUATO TO KPLTHPLO LITOPEL VO Elvat AyOTEPO N TEPIGGOTEPO AVCTNPA.

‘Evag dlAog éleyyog, o omoiog eite yivetar AOym avdykng efoutiog g EAAEYMG ave&dpTnTov
ovuvoAov, gite yivetaw ¢ €voc emumAéov EAeyyog Adym tov 6Tl To aveEAPTNTO GHVOAO givan HIkpo, givol o
Aeyouevog éheyyog cross-validation (Ewova 7.7). Me tn dwadikacio avty, T0 chVoro ekmaidevong ympiletan
o€ k vmoouvora (k-fold cross-validation). ‘Emetta, éva vmoovvolo kdbe @opd apoipeitor amd T0 GOVOAO
eKmaidgvong, 1N EKMOIOELOT TPOYUATOTOIEITOL LE TO EVATOUEIVAVTIO VTOGUVOAN Kol KotoOmy 1 péBodog
dokipdletar otig axolovbieg Tov VTocLVOLOL To omoio £xel apapedel. H dwdikacia emavarapPdvetor k
(QOPEC KOl TO TEAIKO OTOTEAEGUO TPOCPEPEL Uio apepOANTTN (unbiased) exTipnom yw TV TPOYUOTIKN
emtuyio g peBodov, kabdg To amoteAécpato €£ovv TPOKLWEL Yopig Kopic aAAniovyio va  €yxel
ypPNoomonBel oTnV KaTaoKevn TG LeBdOoL pe v omoia £yve 1 TpoPAieym Tévo TG, Puoikd, avtd lodyet
TOV EMMAEOV TEPLOPIGUO OTL PETOED TOV TPMTEIVAOV TOV GLUVOAOD EKTOIOEVOTG OEV VITAPYOLY OVIYVEDCLUES
opototnteg (Ue Omolo KPITNPLo Kot av €yovpe emAEEEL) 1] TOLAAYIGTOV OEV VIAPYOLV TETOLEC OUOLOTITEG
peTa&y TV k vroocuvorlwv. Mo mapoiloyn avtig e nedddov, n omoia eivar mo aEIOTIGTI CTATICTIKA ALY
amotel TOAAOVG TEPIoTOTEPOVE VTTOAOYIGHOVGE, gival 1 Aeyouevn Jackknife kotd tv omoia To & emAéyetal va
elvar ico pe 1o péyebog Tov cLVOAOL ekTTOIdELONG, E GVVETELD TO KABe vVTOGOVoAD va Exel uéyebog ico pe
éva. T'evikd, og oOvola Le pétpro péyeboc M yro pebddovg o eivan ypiyopes, to Jackknife sivon mpotipdtepo,
yioti KaOe opd To GVVOAO ekTaidevong ivat 600 peyaAdTepo yivetal. Av dpmg 1 uéboodog etvar apyn i av 1o
oLVOLO gival TOAD HeYAAO 1 av OV DTLAPYEL EDKOAOG TPOTOC VO EEAGPAAITTOUV 01 GLVONKES OLOLOTNTAG, TOTE
N péBodog dev pmopel va epappootel (Kot av epoprootel Ba SOl EMIoNG LEPOANTTIKG ATOTEAEGLOTA).

7.4. Métpa ektipnong e aflomotiog TV nedodowv

Mo vo umopécovpe vo, PETPIGOVLE TNV EMLTVUYIC KoL TNV 0E0TICTIO TOV TPOYVAOCEMY TOV TPOEPYOVTIOL A0
po nébodo, Exovv mpotabei didpopa pétpa. Ta TePIGGOTEPU OO AVTA, IGYVLOLY TOGO Y10, TNV TEPITTM®ON TNG
tomikng mpdyvwong (per-residue prediction) 660 Kot yio T Kotdtaén oAAnAovyliov oe katnyopieg (per-
protein classification). Av Bewpnoovpe o Tpdyvoon yioo Vo Katnyopiec, T0Te Ta OEOOUEVO UTOPOVY VO,
avamapoctabdovv oe vav mivaxko cuvaeelog 2x2 (Ewova). ‘Etor, cupforiloope pe TP (True Positives) tov
apOud tov opbmg Betikd mpoodopiopévev Katarointwv, TN (True Negatives) tov aplBud tov opBag
apvnTikd mpoodlopiopévey kataroinwv, FN (False Negatives) tov aplOpud tov €6QUAUEVOV OpVNTIKA
npocdlopopévev kataroinov kot FP (False Positives) tov apiBud tov ecpaipévov BeTikd tpocdloptopévoy
kataloimwv. [Ipoeavag, otav piddpe v kotdtaén oaAAnlovyudv, ol wapoTnpnoelg TAEOV dev eival ta
KOTAAOUTO, AAAL OAOKANPEC O1 TPOTEIVEG.

Amd Tov mivoko ovtd, TO MO TPOPOVEG UETPO a&loAOYNoNG Eival TO GUVOAMKO TOGOGTO TMV
Kataloimwv Tov £xovv TpoPrepbel cootd (), pe Ty Tpodyveo va £yl avaydel oe dvo Katnyopieg:

0= TP+TN 100%

TP+TN+FP+FN

Avaioya pe v mepintmon, eival duvatd va HoG omacyoAel mepiocdtepo N evasOncia (sensitivity)
g puebddov, N omoio PETPAEL TO TOGOGTO TOV 0TV OeTIKMV TPoPAéyemv (dNAdN TOCEG TOPATNPOELS
OV GVIKOV OTIV ORAd0 EVOLNPEPOVTOG TPOPAEPONKOY cmoTd), aAlld Kot 1 ewdwotnto (specificity) wov
oVVOYiLEL TO TOCOGTO TOV COGTMOV APVNTIKAOV TPOPAEYEDY (ONANOT TO TOCES TAPUTIPNCELS TOL OEV AVIKOY
otV ouddo TPoPAEPONKAY GmoTA). Mmopovpe €OKOAN VO PAVIOGTOVUE TEPUTMOOELS UeBOdWV pE KOAN
evotodnoio aAld Oyl KaAn €101KOTNTO, KOl AVTIGTPOP, EVE G KATO0, TPOPANUOTO UTOPEL VO, LG EVOLOPEPEL
eEapyne n KoAn evaioOncio kol og dALa 1 koA ewdwotnta. EmmAéov de, avdioya pe to Tdc0 omavia sival n
pio amd Tic 600 OpAdEC, UTOPEL Vo VTTAPYOVY TEPIMTMOGES HLeBOd®Y Ol omoleg va, €YOVV OVOUOGTIKA KOAN
eIKOTNTO Kol evaiodnoia, oAAd va unv amodidovv kaAd otnv wpdén. Avtd cvpfaivel, ywti av y
mopadetypa 1 pio opdda ivor Todd omdvia (my 5%), TOte aKOUa Kot pio evacncio Kot e101KOTNTA TG TAENS
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oV 95%, Ba ddoel moAD yaunAn Betikr| ko apvntiky wpoyvootiky o&lo. Ta pétpa avtd ekepdlovv v
mOovOTNTO, o OETIKN M MK apVNTIK] TPOYVOOT OVTIOTOXO, VO €lvol GMOTEG, KOl TOAAEG (QOPEG OE
TPOYUOTIKE TPOPANLLOTO EIVOL KO 0UTE TAPAYOVTEG TOV TPETEL VO AUUPAVOVUE VTTOYT LG,

True Class

Positive Negative

Positive Predictive Value

(o)
@ ; True Positive False Positive (PPV)
o 8 TP/(TP+FP)
o
2
L ) . .
E :.E False Negative True Negative Negative F(';;Ie;i‘:;;tlve Value
o o
3 FN ™ TN/(FN+TN)
Z
Sensitivity Specificity Accuracy
TP/(TP+FN) TN/FP+TN) (TP+TN)/(TP+TN+FP+FN)

Ewova 7.8: Ta pétpa wov mpokdmrovy amo évav dimtvyo mivaxo taltvounons. To tETpo avta umopel va epoapuoctody 1660
o€ eminedo opvolikav kataloinwv (1§ focewv), arld kai oe eximedo alintovyicv (Vihinen, 2012)

Eniong, éva dAAo péTpo mov ypnotpomoteitol eival 0 Yvwotdg GUVIELEGTNG GLoYETIONG ToL Matthews
(O) (P. Baldi, Brunak, Chauvin, Andersen, & Nielsen, 2000):
TPxTN —FPxFN

J(IP+ FN)(TP+ FP)(IN + FP)(TN + FN)

O ouvvteleoThg aWTOC, €lval 1GOOVVALOC TOV YVMOOTOV GLVIEAESTH GLOYETIoNG Tov Pearson dtav
epappootel og ditpa dedopéva Ko maipvel TiéEG omd to -1 (tedeing avtiBetn mTpdyvwon), Emg to +1 (téheln
wpoyveoon), pe 1o 0 va avtiotoryel oty teEleing Toyaio Tpdyvwon. To peydlo TAEOVEKTNLO TOV GUVTEAESTY
oVoYETIONG eivat 6Tt cLVOLALEL OAEC TIC TLEG TOL TTivVaKA G Lio, APOUNTIKY] TLLY.

BéBata, 0nwg avapépape Mo, to UETPA avTd givol KOATAAANAQ Yo SloOPIGHOVE 68 dVO KAAGELS.
Ortav to TpoPAnua pe To omoio acyoAovuacTe givar TpoPAnUa ToAAGV KAdcewv (k), cuvnBmg epapudlovpe
10 O otov avtiotoyo kxk mivaka aAAd To C Ba mpémel va vVTOAOYIoTEL EEXWPLOTA Yo KAOE OUAOa, AYVOMVTOG
T1c vorouec. o mapddetypo oty mepintwon ntpdyvmaong devutepoTayovs doung (6mov ot kKAdoelg eival H, E
kot C), umopovpe va vroAoyicovpe Eva cuvolkd O (6nwe puotkd kot ta avtictoyo Oa, Ob kAn) oG Yo TO
C Ba pémel vo VTOAOYICOVLE TIG EMUEPOVS TEC ayvodvTag TIG dAleg opddec (Ca, Ch).

Y€ MEPIMTMOCELS TOTIKMDY TPOYVAGE®V, OTOV Kol VOAPEPOLAOTE Yio TNV TPOPAEYTN GLYKEKPIUEV®V
TEPLOYDV KOTA UNKOG TNg aAAniovyiog, €lvar duvatov To Topamdve PETPA Vo glvarl mapomiavntikd. o
TOpAdEY LD, oTO TPOPANUaTA TPOPAEYNC devTEPOTAYOVS SOUNG 1 SIUUEUPPAVIKOY TUNUAT®OY, ivol SLuVOTOV
va, &xelg o pébodo pe karvtepa avd katdioiro pétpa (TP, TN, Q, C) oe oyxéon pe pa GAAN péBodo, aArd N
dgvtepn néBodog va etvar Kadvtepr. Avtd umopei va cupPel av epeaviovtol KOTOKEPUATIOUEVEG TPOYVMGELS,
Ty o EEXYPLOT TEPLOYN VO TPOPAENETAL MG dVO SLPOPETIKEG TTEPLOYEG 1| OVO YEITOVIKEG TTEPLOYEG VOl
npofiémovror og pia. I 6Aa To mopamdve, &xel wpotabel cav o afldmiotn Abon, N YPNoN ToLv UETPOV
emkdAvyne tov Tunudtov (measure of the segment’s overlap-SOV), to omoio Bewpeitar o o a&lOMIGTOC
OElKTNG TNG TPOYVOOTIKNG KOVOTNTOG TV OoAyopifumv mpdyvoong JeuTEPOTAYODS OOUNG, Kol Toipvel
ovveyeic Tuég oto ddotnpa 0-1 (Zemla, Venclovas, Fidelis, & Rost, 1999).
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N TP FNTPFP TN FN TP FP TN

Eiwxova 7.9: Eva vrobetiko mapaderyuo s onuocios tov puétpov SOV. Kdatw, Prémovue o mepimtwon oty omoia, n
TPOYVwan Oev eival Kaln, yioti n§ Tpaty TEPLOYN Exel TpoPleplel aov dDo diapopetiés, mop’ Olo. avT TO. UETPO, TOD
eoTia{ovV 0T0. KOTAAOITTO, OIVOVY TOAD KaAég Tyég. Avtibeta, otny mavw eikdva, mopoio mov To UETPO. Yio. TO. KOTOAOITO,
EIVaL YEIPOTEPQ, 1] TTPOYVWOH YEVIKG, EIvaL KalDTEP Kot owTo ametxovifetal kot ato SOV.

7.5. Tpomor Bertioong g 0m6d6061G TOV nE@Od®V TPOYVOONG

levikd, n emoyio pwog pedddov mpoOYyvmong yioo Eva GUYKEKPIUEVO mavta wpdPfAnuo eaptdrol amd to
péyebog kol TV TOdTNTA. TOV GLVOAOL EKTAIOELONG Kol Oomd TNV €MAOYN TOL daAyopibupov, dniadn Tng
pebodoroyiag. To péyebog tov cuvorov ekmaidevong mailel oiyovpa €va poro, aALd M enidpoot dev elvar
YPOUUIKY OT®G €xel QOVEL OO EUMEIPIKEC LEAETEC KOOME VA VITAPYEL YEVIKA LU AVENTIKY TAOT, amd €val
onueio Ko HETA Oev UMOPOVUE VO TETOYOLUE TEPALTEP® avénom ¢ amddoons. Emiong, to €idog tov
aAyopiBpov mailel poro Kot 6To THG ennPedlel To PEYEDBOG TOV GLVOAOV EKTTAIdEVOTG TNV ATOO00T), KaBMG o1
amAEg néBodot £xouv KPS aplBd TOPOUETPOV LE GUVETELD VO GTAVOLV YPIYOPO GTO ONUEI0 KOPEGLOD
(mhatd), evdd ol mo ovvheteg PEBOSOL Ol omoiec €xouv UEYAAVTEPO OPOUO TOPAUETPMOV OTALTOVV KOl
TEPLGTOTEPT OESOUEVTL.

Extég amd avtd mavimg, vmdpyovv dvo yevikég pebodoloyiec ol omoieg umopovv vo avénoovv
ONUOVTIKA TNV amdd06T onotocdnmote pefddov tpdyvaoonc, kot a&ilel va avapepbovv. H mpdtn pebodoroyia
elvar ot cuvavetikég 1) cvvdvaotikég pEBodot, evd 1 dedTepn N xpNoN EEMKTIKNG TANpOoPOpiag Le TN HLOPPN
TOALOTTADV GTOLYICEWV.

7.5.1. XvuvovaoTikég pédodor

Mo, cuVOVAGTIKN/GUVAIVETIKT pEB0dOG TpodYvmong, Paciletar oty Pacikn amAn 1€, OTL av GLVIVAGTOVV
ave&aptnteg nébodot 1o amotédespa givar Tavto KoAvtepo. Ot pebBodoroyieg avtég Exovv ypnoiponondel o
S1apopovg Touelg, eite pe amhd tpomo (majority vote, consensus) €ite pe Mo ovvletovg adyoplOpovg
unyovikng uabnong (ensemble learning, meta-algorithms x.0.x.). H amk avt dwaicOnon («ag akovcovpe
TOAMEC YVOUEGY), €xel €miong Ppel Kot TN Hobnuatikn Tng tekunpioon kKabmog vrdpyovv Oempntikég
amodeilelg 6tL 0 cLVOVASHOG «acBevov Ta&vountovy (weak classifiers), dnAadn ta&vountmv ot omoiot
amodidovv pev KoAvTEpO, amd TOo Tuyaio (Y. ocvvtereoTtng ovoyétiong >0, 1 0>0.5), diver mavta Evav
Ta&vounTi He KaAVTEPT anoteAespatikdtnto. Duoikd, sivar Tpogovég Tl av kdmoto and Tig peBodovg eival
Wwitepa Ko (w.y. ovvieheotng cvoyétiong >0.95 1 0>0.99), t61e n uébodog dev Ba dovAéyel kabdg M
«oyvpn» nEBodog Ba vrepioyHel TavTa.
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[Mopaxatw, Oo mepryphyovpe TOC Aeitovpyel o té€toto. pEB0SOG oTa TPOPANUATO TOTIKNG
TPOYVOONG He 600 Kotnyopieg, oAAG Quowkd pe Tov idto (av Kol wo amhd) TpOTo SOVAEDEL Kol Yo Tal
wpoPAnuata ohkng tagvounonc. Eniong, n facwun 10éa givor 1 ida Ko 60Tov vdpyovv emmAEoy KaTyopieg
(6mwg otV TEepinT®ON TG OEVTEPOTAYOVS dOUNG), LE TN UOVTN dapopd 4Tl TOTE M 10100 dradikacio O mpémet
va emavaAneOet yia v kdOe katnyopio. H Pacwukn 10éa, gaiveton droypappatikd oty Ewkéva 7.10. Exyovpe
Kkdmoteg peBoSoLg TPOYVWOONG, TIG OTOIEG TPOG TO TAPOV OVIIUETOTMILOVUE O «UadpO KOVTIE», OV WOG
evoLaPEPEL ONANON TAG AELTOVPYOVV KAl LLE OOV TPOTO. ATAG divovpe Lo akolovBio ®g 0E00UEVO E1GOI0V
KOl TOipVOLE Uid TPOYVMOOT ooV amoTéAespa. Avt 1 Bedpnon, eivarl dnwg Ba dodue apketd PoAikn yroti
HOG EMTPETEL Vo ypnolponotoovpe TN HEBodo pe omoleconmote peBddoVE TPOYVOONG, YOPIG Vo €yovpe
YV®GT TOL TPOTOL E TOV omoiov Agttovpyovv. Epapudlovue, otn cvvéyeta, v kabe pébodo Eeympiotd otnv
010 axkolovBio el6dov. Kat yio kédBe 0éon mdveo otnv aAiniovyica, dSNUovPYoVLE £vo, GKOP KOTOUETPMOVTOG
moceg amo Tig peBOddoVg mpoPAémovy T pia Koatryopio kol moéceg v GAAN. To okop avtd cuvhibog sival
KOVOVIKOTIOUIEVO Y10 TOV aplOuod tov pefddmv, Kot £161 Taipvovpe telkd po Tipn omd 1o 0 uéypt to 1 (aAAd
avto dev elvar ko amapaitnto). Katomy, pmopodpe emaéyovtag £vo KatdeAl aglomiotiog, vo fewmpricovpe
0Tl 1] cLVOLVAOTIKY HEBOJOC amodidet o Tpdyvmon dtav i T og pia B€om etvan peyaddtepn omd o Tun ¢
(0<c<1). H tiun avty, avtiotoyel oto amodektd eminedo «mAeloynoiog», &aptdtal and to €100 TOL
TPOPANUATOG Kot T QUGT] TV PEBOS®OV OV YPTCIUOTOIOVVTNL, Kol G €K TOVTOV 1) EVPECT| TNG OTOTEAEL
OVTIKEINEVO EUTEIPIKNG a&l0AdYNoNC.

Query Sequence
|

Predictions

]
S e N o B
e
{1

l Consensus

Refinement

g B o B L |

Ewova 7.10: Evo vrobetixo mopdoderyuo oovorvetikng uedodov ue ypnon 3 o1a@popetikmv uedoowv mpoyvamong.

duoikd, e Tov TPOTO TOV TEPLYPAPNKE TOPATAV®, 1| HEBOSOC eivar apkeTd amAn Kol LIAPYOVV
dtdpopeg emmAéov Tapardayég ol omoieg pmopovv va fedtidcovy v anddoo. ['a mapddetypa, eivar duvatd
N k0Oe PEBOSOG Vo [N GLVEIGPEPEL TO 1010 GTO GKOpP OAAG va gloayBovv Bdpn mov va avtioToyoby GtV
a&lomotian ¢ kdBe peddéov. Emiong, eivar dvvortdv dwapopetikol cuvdvacuol tov puebdowv vo divouv
dtopopeTikd amotérecua (m.y. 0tav n péBodog A kar  péBodog B cuppwvolv, tote avtd onuaivel 0t M
TPOYVOon &givol 6ot aveEapTTog Tov Tt Aéve ol dAleg uébodor). Tétoleg pebodoloyiec pmopovv va
vAomomBovv pe TIg peBddovg ensemble learning, kar umopei va Beitidcovv Beapotikd v amddoon. To
peyaro petovéktnpa BEPara, eivar 6Tt KaBOC amatteitan ekmaidevon Kot EAeYY0C Yo TV €0pecn TG PEATIOTNG
TIUNAG TOV TOPOUETP®V, OTOLTEITOL EEXMPIGTO GUVOAO EKTMOIOEVONG KAl EAEYYOL YO TN VEX GLVOLOGCTIKY
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puébodo. Avtibeta, 1 amAn cuvaveTikn HEB0SOC dTWG TEPLYPAPNKE GTNV TPOTYOVLEVT] TOPAYPOPO, UTOPEL VOl
Aertovpynoel yopic avt ) dadikacia, kabmg amatteitor Ldvo 1 T ToV KOTOEAIOL ¢, TO 07T0i0 UTopel va
tebel o€ o Aoyucopavi tiun (my 0.8).

Téloc, éva emumAéov mpdPANUO popel Vo TPOKOLYEL OTAV 1| TEMKT TPOYvmon amattel feAtioTonoinon
(refinement). e kdmolec mepmTMOELS ALTO dgv amorteital, OAAG oTO TEPIGSOTEPO TPOPANHATO aVTO eivar
amopaitnTo gite AOym NG VIAPENG TOAADY KATIYOPL®DV, EITE KUPIMG AOY® TNG avAyKNG 1 TEMKT TPOYVOGCT Vo
VILAKOVEL O€ KATOL0VG KOVOVeS (). To HEYEBog TV Teploydv va eivarl Héca o€ KAmotlo Opla OGOV apopd TO
unkog). Omwg elvar @avepd, oaxoOpo kol ov ot emuépovg péBodol mov ypNoLOToovVTOL ToPdyouV
OTOTEAECUOTA [E OPloL TEPOYDV KTLTOTOUNUEVOY) (ONAOdT, WHECO OTO €KAGTOTE OMOOEKTO Opla), M
ouvovooTik péBodog ek TtV Tpaypdtov doev o deopevetar amd ovtéc TG pvduicelg. Xe ovTég TIC
MEPUTAOGELS, YPELAleTOL Eva EMMAEOV PLLa YLl TV TLUTOTOINGCT KOl TOV TEPLOPICUO T®V TPoPAEyemV. AVTO
umopel va. yivel gite pe ewooywyn ad-hoc kovovev 1 (Katd TPoTIiUnom) Ue TNV €PApPUOYN €VOG emTAEOV
QIATPOL e KATO0V aAYOPIOUO SLVALLKOD TPOYPOUUUATICUOD Yo Vo EXPAAEL TOVG TEPlopiopovg. H mpaktikn
vt WTopel v €YEL TO UEIOVEKTNUO TOV EMUITAEOV VTOAOYIOTIKMOV OMOITNOE®V, OGAME OTIG MEPIGGOTEPEG
MEPUTAOGELS VEAVEL TNV 0rdO00N TNG CLVOLOGTIKNG LeBGOOV BeaplaTiKd.

7.5.2. Evoopdtmon e£eMKTIKNG TANPOQOPIOG NE TI] LOPPT] TOLALUTADV GTOL(IGEDV

H pébodog avtn Paciletonr oty e&nc amdn Kot yvooT mopatnpnon, 0Tl ol TPOTEIVIKEG dopEC gival o
ocuvinpnuéves amd Tic aAiniovyiec. Me dAlo Adywn, oe pio TOAMOTAY OTOiYIGT OUOAOY®V TPOTEIVOV
avapévovpe 0t M Tplodtdotatn doun Ba eltval TopoOUoLa, GO0 KOL 0V Ol EMUEPOVS AAANAOVYiEG SLoPEPOLV.
H pébodog g evoopdtmong eEeMKTIKNG TANPOPOPIAG LE TN HOPPT TOAALUTADY GTOLYICEMV EKUETOAAEDETOL
aKPPOG avTd. TNV Mo amAn TG Lopen, 1N LEB0SOC GuvicTaTal GTNYV €0PEGN TOV OUOAOY®V TPOTEIVOV TNG
VIO HEAETNG OAANAOLYIOG KOl TNV KOTOOKELN TNG MOAAAMANG otoiyonc. Katomwv, pe v i pébodo
TPOYUOTOTOLOVVTOL TPOYVMGELS GE OAEG TIG AAANAOVYIEG TNG TPOTEIVIKNG OIKOYEVELNG TTOV £YOVV EVTOMIOTEL
KOl Ol TPOYVAGELS AVTEC «TPOPAALOVIOY TAV® GTNV TOAAUTAN GTOlYION KOl KOT' EMEKTAGY] OTNV OPYIKN
oAnAovyio emepdOoNg (ONAadY, G€ ALTA OTNV ONoilo EVOPEPOUNCTE VO TPUYUOTOTOU|GOVUE TNV
npoyvaoon). H dwaypappatiky avarnapdotoon tng pedodov, gaivetar oty Ewova 7.11.

To KAewi omv Kkotavonon tng pebddov avtig, Ppioketol oto yeyovog OtTL gival duvatd oe pia
OLYKEKPIEVN OAANLoVYia, o€ éva dedopévo oneio, Adym g LETOPANTOTNTOC TOV AUIVOEIKGOV dAANAOVY DY
VO VTTAPYOLV AUIVOEED TTOV «ELVOOLVY Lo AAB0G TPOYV®ST. APoD OU®G aVOUEVOLLE OTL TO VTOAOUTO, LEAN
g owoyévelng polpdlovtol moapopoln dopun, eivor Aoywkd vo vrmobécovue, 0Tl otn dedouévn Béom g
TOAMATANG oToiyong, N HEBodoc TpdYyvonc Ba £xel dMOEL SLUPOPETIKO ATOTELEGLLN Y10 TV TAELOYNOi0 TV
oaAAnAovymv. Me dAla Aoy, avti va otnpiovpe v Tpodyvmon Hog o€ pio 0edopévn aainiovyia, 1 omoia
umopel v eivor Ko €101KN TEPIMTOON, €ivol KOADTEPO VO YPTOLUOTOUCOVIE Yo TNV TPOYVMOCT TNV
TANPOQOPia 0Td OAOKAN PN TIV TOALATAY] GTOLYLION TG OKOYEVELNG,

Ynapyovv moALEC mapaidayéc avtig TG HEBGdoVL, oL KVPIMG £Y0LV VO KAVOLV LE TNV ETIAOYN
aAyOopOoL Yoo TNV €DPECT] TOV OUOAOY®OV GAAG KOl Yl TNV KOTOOGKELY TNG TOAAOTANG otoiyiong. [evikd,
OAeg ol emAoyég eivar Ogutég aAAG po. €0KOAN Kol TPOKTIK AOom eivar o cvvdvacuoc BLAST ko
CLUSTAL, ev® o€ TepmTdGELS SLOSIKTLOKAOV EQOPULOYDV TOV OoTobV TOAAEG oTOLYIoElS 100G 1 EMAOYN
tov KALIGN va eivon mo cvoppépovca. Emiong, ta tedevtaio ypoévia pe v gupdvion tov HMMER 3.0, n
epappoy”n Tov Tpoeihk HMM yiveton pio, EAKLGTIKT EVOAAUKTIKT.

H pébodog avtn, givor moAd amin, d1aictnTKd 6oty Kot amoTeAeGHATIKY KaOdg £xetl deybel OTL o€
yevikd mpofAnuata mpdyvmong doung etvatl Suvatd va avENCEL TV OTOTEAECLOTIKOTNTO LG OTOL0GONTOTE
uebddov mpdyvwong katd mepimov 6-8%. To Poocikd mAcovékTUA NG ivan 0Tt koBdg avtipetonilel ™
uéEBodo TPOYVMONG MG «Uavpo KouTy, givar duvotd vo EQopRocTEl pE omoladnmote UEBOSO TPOYVMoTg
aveEapt|tmg tov TG Aettovpyel. Emiong, omoutel povo m ypnon yvootdv epyoieiov (avalnnong
opolotNnToGg Ko ToAhamAmv ototyicemv). ‘Eva Pacikd pelovéktmuo eivol to yeyovog 0Tl €xel ovénuévecg
VTOAOYIOTIKES AOLTNOELS, KUPI®G Yot amottel TNy epappoyn g HeBOdov TPOYVMONG GE OAEG TIC TPMOTEIVES
¢ moAlamANG otoiyong. Téhog, éva dALo pelovékTna etvar Kowd pe T HEBod0 CLVAIVETIKNG TPOYVMOTG.
Yuykekpuéva, aveEaptnta pe to av 1 pEBodog mpodyvwong BEtel dpla Kol TEPLOPIGLOVS OTIC TEPLOYES TTOV
TPOoPAETEL, N TPOYVWOT oV Bo TPOKLATEL OO TNV TOAAATATY, oTol)lon Ogv givar Giyovpo OTL Bo aoAovbel
Tovg 1010v¢ Kavoves. Katd ouvéneta, ypetaletorl kot edd 10 EMTAEOV P Yi0 TO QIATPAPIGHO KOL TNV EK TOV
VOTEPWV ENEEEPYACIN TV TPOYVOGEDV.
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Ewova 7.11: Evo vroletixo mopaderyuo. s Peitioons uiog ue@ooov mpoyvwaons ue xpion eCEMKTIKNG TANPoPopias e
Hopon wollawAawv aroryicewv.

Mo, ToAD evdlopEpovGa TapaAlayn g HeBOdoL aVTHG, TPOEKLYE OTAV dNUIOVPYNONKE TO YVOOTO
PSI-BLAST. To mpoypoppe ovtd evtomilel, HE L0 EMAVOANTTIKY Ol001KoGio. opOAOYEG OAANAOLYieC Ko
KaTookevalel o €W01K0D TOTOL TOAAUTAY GTOlYloN OTNV Omoid dev MEPLEYOVTUL KEVA GTNV OAANnAovyic
EMEPMTNONG, OO TNV OTOI0 TPOKVATEL TEAIKA £Vag TTivakag oKop €10k0g avd Béon (PSSM). O mivakag avtdg
ocvvoyilel og pia TOAD POAIKT| LOpPT) OAOKAN PN TNV TOALOTAY GTOLYIoN, OVEEAPTNTO OV OVTH OTTOTEAEITO OO
51 5000 aArniovyieg (Ewova 7.12). Extdc tov 611 10 PSI-BLAST givor mToAd 0modoTiKd GTOV EVIOMIGUO Kot
TN GTO{YI01 HOKPWVAV OHOAOY®V (TPAYHa TTOL EVIoYVEL amd UOVo Tov TV amddoot tng pnedddov), n vmapén
TOV TIVOKO KAVEL SLUVOTH TNV KOTOoKELT GAA@V peEBOdwV Tov Ba ypnoiomolody katevbeiov Ta dedopéva Tov
{01o0v Tov mivaka kot Gyl T apywéc arliniovyiec. Tétolov €idovg avamapdotact €ival WOAVIKY Yio ¥pNoN
VEVPOVIKOV OIKTOWOV, OAAG Ko GAAEG TopaAlayég €xovv mpotabel Onwg oty mepintwon tov HMM. To
UEYOAO TAEOVEKTILO OTAG TNG TOPOAAAYNG EIVOL TO OTL [LE TI] CUUTVKVOUEVT] LOPPT] ATOPEVYETOL 1] AVAYKN
Y10 TOAAOTAY) EPOPLOYN TOL OAYOPIOLOL TPOYVWONG, OAAG amd TV GAAN, avtd akplPag eivoar Kot advvaptio
me, kabmg €Tt yivetal amapaitntn n dnuovpyia Kot ekmaidevon véwv pedddwmv Tpdyvmong pe xpnon tov
nivaxa. Ov mepiocdtepeg ovyypoveg HEBodol Tpodyvmong, kKuping 6cec Pacilovtar oe peBOd0VE PNYOVIKNG
péOnong Onwg To VeEupmvika diKTLA, YPTCLLOTOI0VV OTOKAEIGTIKA avTn T peBodoroyia KabdC To vevpmvikd
diktva elval Waitepa €dkoAo va ypnopomomBovy pe t€totov €idovg dedopéva. Mo TopaAloyn VTS TG
ueboddov, €xer mpotabel KLPIOC Yo AVOYVOPIOT LOKPWVOV OUOAGY®V. ZVYKEKPEVe 1 péBodog avt
ouvviotatal oty gupect] Tov TPOoPiA amd to PSI-BLAST kot HeTémelta oty «avIiKatdoTaon» ToV aUvoEEmv
™G VIO PEAETN TPWOTEIVIG LLE TA O «KOWE» aptvoEika katdhlouma o kabe Béon. Me ) uébodo avth, ydvetol
pev apket TAnpogopia (Kabmg dev &yovpe TALOV TNV TANPOPOPIL Yio TN OXETIKY GLVTINPNoN o€ Kabe Oéon
NG TMOAAOTANG oTOiYIoNG), OAAG amd TNV GAAN, LE TO CYNUOTICUO OVTAG TNG «YEVLTO-0KoAoLOiNG», TO
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mpOPANUa avdyetor TAAL otV amAn TepinTmon piog kot povo aAAniovyiog mp®TEIVIG, LE GLVETEWD TNV
€0KkoAN epappoyn peBddmv mov eivar oyedioouéves ya aniég aainiovyieg (Przybylski & Rost, 2007).

RRNDCQEGH{,-I\LKMFPSTWYV

11 -2-4-5-5-2-4-4-5-5(6)0-4 0-2-4 -4 -2 -4 -3 4
2K -1-1-2-2-3-1 3-3-2=2-3 4-2-4-3 1 1-4-3 2
3 E 5-3-3-3-3 3 1-2-3-3-3-2-2-4-3-1-2-4-3 1
4E -4-3 2 5-6 1 5-4-3 -6 -6-2-5-6-4-2 -3 -6 -5 -5
5H -4 2 1 1-5 1-2-4 9 -5-2-3-4-4-5-3-4-5 1-5
€V -3 0-4-5-4-4-2-3-5 1 -2 1 0 1-4-3 3-5-3 5
71 0-2 -4 1 -4 -2-4-4-5(1)0-2 0 2-5 1-1-5-3( 4)
8T -3 0-5-5-4-2-5-6 1(2)4-4-1 0-5-2 0 -3(5%rt

\

9Q -2-3-2-3-5 4-1 3 5355-3-3-4-2-4 2 -1 -4"2-2
10 2 2 -4 -4-3 2-3-1-4-2 1-1-4-3-4 1 2 3-5-1 1
11E -1 3 1 1-1 0 1-4-3-1-3 0 3-5 4 -1-3 -6 -3 -1
12F -3-5-5-5-4-4-4-1-1 1 1-5 2 5-1-4-4-3 5 2
13 ¥ 3-5-5-6 3 -4-5-2-1 0-4-5-3 3-5-2-2-2 7 1
141 -1-3-4-2 1 5 1-1-1-1 1-3-3 1-5-1-1-2 3 -2
15N -1-4 4 1 5-3-4 2-4-4-4-3-2-4-5 2 0-5 0 0
16 P -2 4-4-4-5 0-3 3 2-5-4 0-4-3 0 1-2-1 5 -3
17D -3-2 1 5-6-2 2 2-1-2-2 -3 -5-4-5-1 2 -6 -3 -4

Ewova 7.12: Evo mopadeiyuo. PSSM. Iopotnpnote ot o1 looievkives otic Oéoeic 1, 7 war 8, Epovv dapopetiki
KWOIKOTOINGH TOV OVIOVOKAG TIC OLAPYOPETIKES CVYVOTHTES OLIVOLEWY TTHY VTIGTOLYN GTHAN THS TOALOTANG OTOIX10HG.

Télog, mpémel va ToVIGOvE OTL 01 dVO TAPATAVE YEVIKEG eBodoroyieg (1] GLVOLUCTIKY TPOYVMOOT| KoL
N P01 TOAATADV GTOLYICE®V), LTOPOVV AVETA VA, GLVIVACTOLV HETAED Toug (Ewova 7.13). dvoikd, étav
€xelg o oepd pebddwv mov M kdbe pia ypnowwonotel eEgMkTiky TANpopopia, TOTE ONMC simape, aVTEG
g0koAo cvvovalovTal o€ o cuvoveTK Tpodyvmon. EmimAéov oume, axopa kot av giyope peboddovg mov
Bacilovtor poévo og amiéc aAiniovyieg, TaA Bo UTOPOVCOUE VA EPOPULOCOVUE TPMTO TN YPNOT TOALUTADY
otoyyioewv Kol LETA TOV GLVVACUO TV HeBddwV. TTdA lvar duvatov va vdpEovy ToAAEG TapodllayEg OGOV
apopd ToV TPOTO GTUOLUGLOTOS TG CUVEIGPOPAS Kdbe peBddov 1| doov agopd ) PeAtioTomoinon Kot To
PIATPaPIoU TOV TEAMK®V TPOoPAEYE®DY, OAAG Yevikd 1 peBodoloyia eival VKON Kot KaTavonTn Kot (To 7o
ONUAVTIKO) OVEAVEL TNV OTOTELECUOTIKOTITO TOV OTADY HLEBOSMV.
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Ewova 7.13: Eva vroletiké mopaderyuo. ovvovaciod 1060 twv cOVeIveTIKOY HeBoowv alld kal TS xpRons eCeMKTIKNG
TAnpogopiog.

7.6. Mé£00dor TPOYVOGTS Y10 AAAAOVYIES TPMOTEIVAV
7.6.1. AgvtepoToyns ooun

H wpdyvaoon devtepotayodc doung, gival iocwg to apyétumo tov pebdddwv mpdyvoong kot pali pe n otoiyion
aAAniovymv Eva omd To o TOAG TPpoPANpata, NoN axd T dekaetia Tov 1970, 6tav dev LANPYE KAV 0 OPOC
Brominpopopikn. H peydin onuoscio towv pedddwv mpdyvmong 6e0TepOTayons SOUNG EYKELTOL GTN YEVIKOTNTA
Tovg, KaBDg M devtepotayng doun emmpedler mOAAE GAAC JOUIKA YOPOKTNPIOTIKA, OAAG Kol ©TO
adLUPIOPNTNTO YEYOVOG OTL TO TEPICCOTEPO, AELTOVPYIKA YOPUKTNPIOTIKE eEapTmdVTaL, Alyo N TTOAD, GO TNV
doun g mpwteivng. Ilpopavmg, n akpiPnig tpiodidotatn doun eivarl wo dvokoho v mpoPrepBel, oAl N
dgutePOTayNg doun, 1 omoia aeopd TNV TomK UOVO Olapdpe®OT TNG TOAVTERMTIOKNG OAvcidag o 3
katnyopieg a-élka (H), B-mtoxot emoedvein (E) ko toyaio dour (C), sivor opketd mo gokoro va
OTOTELECEL OVTIKEIIEVO TTPOYVOONG,.
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Ewova 7.14: O «yevetixog kadikogy ¢ frotoyias tawv mpwteivav. H ailniovyio kobopilel tn doun xor n doun kabopilel
™ Aertovpyio.

Ot pddyteg péBodol mov mpotddniav otnpilovtay ot Pacikn apyn OTL OTIG SIUPOPES KATIYOPIES
OEVTEPOTAYOVE OOUNG VTAPYOVV OLOPOPETIKEC TMPOTIUNCELS YIOL TV EUEAVICT] O0pOpwv apvoéémv. [Ma
mopdostypa n Adavivn, to Ilovtapikd kot n Agvkivny €xovv 1oyvpn Tpotipunon va Ppickovtal o a-EAka evd
n poiivn, n [okivn kou 1 Zepivn, Oyl Ztnv TpmtTn Ko 1o SNUoPiin tétown mepintmon pedddov, ot Chou
kot Fasman (Chou & Fasman, 1978) ompilopevol oe éva (LdAAov pikpd) oOvoro omd 29 mpmreiveg pe
YVOOTH TPIGOACGTATN OO TOV NTOV SOESIIES TOTE, DTOAOYIGOV TIG GUYVOTNTES ELPAVIONG AUVOEEWDY GTIC
3 xartnyopieg (H, E, C) kot pe Paon avtéc, vmohdyioav Tig Aeyopeves otepeodtatalikég tapapérpovg (P). H
neBodoroyia fray o Yevikég Ypaupéc N e&fg: Zekvape opilovrag mg £(i) = T cuxvoTNTe ELPAEVIGNS TOL
apvo&éog i oty katdotaon j (helix, sheet, turn). Xt cuvéysio vroroyilovpe T péon cuyvodmTa <F> ¢ ™
péomn T OAwv tav f v OAa ta apvotéa g katnyopiag j. Téloc, vmoAoyilovpe T otepeodiatalikng
mapauetpo P(i) yio k6Be apuvold i kou katdotaot j og P(i) =f(i)/<f>. Ot TS TV TaPaPETPOY QVTMOY OTMG
vroroyiotnkav amd tovg Chou ko Fasman divovioar otov Ilivaka 7.1. T'o mopddetypa, 6to GOVOAO
ekmaidevong vanpyov 228 Alaviveg (119 oe a-éhka, 38 oe B-mruymt) empdvela ko 71 oe tuyaio doun).
Apa, ot mopapetpor Oa sivor f7(4) = 0.522, f£(4) =0.167 xar f(4) .= 0.311. T ™V a-£AiKa ot pEGEG TIEC
givon </>=890/2473 = 0.359, yio | P-mroyoT emeaveio <f>=424/2473 = 0.171 xon y1o TV TOY0i0 SOpN,
<f>=1159/2473 = 0.469. Katd cuvénela, ol 6Tepeodtatalikéc mapapetpot yio v Alavivny Oa eivor PA(A)=
0.522/0.359 = 1.45, P*(A)=0.167/0.171 = 0.97 xon P(A)=0.311/0.469 = 0.63.

Twéc pe P(i)>1.0 dnhdvovy peydAn mpotiunon Ttov apvoééoc va Ppicketor 6To dedopévo ototyeio
OgVTEPOTAYOVS SOUNG. APOD £xovV LITOAOYIOTEL O TaPdETpOL, N LEBOOOG AmMALTEL TNV EPAPLOYN LG CEPAG
Kavovov. o Topddetypa, otny opyf omoLTEiTal 0 EVIOMIGUOS «TVPVOV» OEVTEPOTAYOVS OOUNG, OnAadn 4
cvveyopeva katdhowmo pe PY())>1 | 3 and ta 5 cvveydpeva katdhowmo pe PE()>1. Otav eviomotody ot
TUPNVEC, Ol TEPLOYEG EMEKTEIVOVTOL TTPOC TIC OVO KATELOVHVGELS UEXPL VO EVIOTIOTOVV 4 GUVEYOLEVO KATAAOUTO,
e P'(i)<1. Emmléov kovoveg, apopovv T pn vmapén Mporiving otig a-éhkeg kot Thovtopkod kot TIpokivng
OTIG P-TTUYWOTEG EMPAVELES, Ol TPOTIUNGCELG YO TO OUVOTEMKE Kot To KapPoSuteMkd dKpa TV eAlKmV
(ITpoAivn, Acmaptiko, I'hovtapkd kot Iotidivn, Avoivn kot Apywivn avtictorya). Téhog, edkd yo Tig B-
TTUYOTEG emPdveleg (o1 omoieg eivat TapadooloKd ot Mo SVGKOAEC TEPLOYES Yia TPOPAeyN), amatteiton
Tapovcio. TOLAGYIGTOV 5 cuvexdpevav katohoinov pe PH(i)>1.05, xon PE())> P7(i) yio v S meproyy.
A&iler vo onueiwbel axodpo, 0TL 6TV apyIKn Epyocia oy VTOAOYIOTEL E101KEG TOPAUETPOL Y10 TIC GTPOPES
(T, turn), aAld mAéov dev ypnoipomolovvton Kobmg ot meptocdTepol mpoPArémovv v Katnyopio C (coil,
Tuyaio OoUT) eV Y10 TIG OTPOPEC VILAPYOLVY eeldikevpéveg nébodot.

BAémovpe, mog n péBodog avtn potdlel moAd pe  yevikn pébodo tov log-odds score kot ™ ypnom
TOV KIVOUUEVOL TTapafhpov Tov £(ovue TEPLYpAYEL g Tponyovueva Kepdiata. Mia dtopopd sival 6Tt pe 1o
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log-odds score, n cVUykpion yivetor amevBeiag ovapeca ot GLYVOTNTO EUEAVICNG TOL OLVOEEDG OTNV
TEPLOYN, OE OYECT HE TO oVVOAO, eV 6T HéBodo Chou-Fasman o1 TapdpeTpotl KovovikomolovvTal TPOTO Yio,
TNV TEPLOYN Kol HETA Yo To obvoro. Emiong, to log-odds score givor og AoyapBukn kAipoko Kot Kotd
ouvémela, Asttovpyel aBpoloTikd, evd o1 otepeodiatosikés mapdaueTpol g uebooov Chou-Fasman
Aertovpyovv moAlomAactactikd. Katd to dAla whvtmg, cav pebodoroyieg elval evieAdg cvykpioiueg amd
ototiotikn amoyn. H pébodog autn £dtve vynAd T0600Td COGTOV TPOPAEYE®V Yo TO, HEdOUEVO TG EMOYNG
(~60%) aAAd petémerta apepdinmreg peréteg EprEav 10 m06ootd avtd oto 55%. ‘Eva dAho onueio kpitikig
pPOPOVCE TO YEYOVOS OTL 01 TOPALETPOL ELYOV VTOAOYIOTEL ad LIKPO aptOpd TpmTeivav (katl mhavadg, omd pn
avTmpocOneLTIKO Ociyua). [Mop’ OAo avtd, UPETEMEITO VTOAOYIGHOL GE HEYOADTEPO OCUVOAL OEdOUEVDV
édwoav mtapopota arotelécpata. [aporo mov n péBodog avt dev ypnopomoteitar TAEOV, pio VAOTOINGT TNG
KLPImG Yo 16Top1KoVE AdYOLS LITdPYEL 0T O1evBuvon http://cho-fas.sourceforge.net/

aminoacid |P(helix) [P(sheet) |P(coil)
A (Ala) 1.420 0.830 0.660
R (Arg) 0.980 0.930 0.950
N (Asn)  0.670 0.890 1.560
D (Asp) 1.010 0.540 1.460
C (Cys) 0.700 1.190 1.190
Q (Gln) 1.110 1.100 0.980
E (Glu) 1.510 0.370 0.740
G (Gly) 0.570 0.750 1.560
H (His) 1.000 0.870 0.950
I (Ile) 1.080 1.600 0.470
L (Leu) 1210 1.300 0.590
K (Lys) 1.160 0.740 1.010
M (Met)  [1.450 1.050 0.600
F (Phe) 1.130 1.380 0.600
P (Pro) 0.570 0.550 1.520
S (Ser) 0.770 0.750 1.430
T (Thr) 0.830 1.190 0.960
W (Trp) 1.080 1.370 0.960
Y (Tyr) 0.690 1.470 1.140
V (Val) 1.060 1.700 0.500
ivaxag 7.1: O tiués twv mopoustpwv(P) onwe vroloyiothiay amwd tovg Chou kar Fasman

Mo, advvapio g peboddov, NTav 1o yeyovog 0Tt avTinetdmile TIc dudpopes Béoelg oe Eva dEdOUEVO
mopdOvpo aveEaptnra. OempnTiKd, avapuévovpe 0Tl SlapopeTIKoi cuvdLAGHOL TV 010V apvocémy Ba divouy
OLOPOPETIKEG  TPOTIUNGES OvOAOYD HE 1Tr OLYKEKPUEVN oAAnAovyio (ovt) e&ivor 7 ovoio NG
oAAniemiopaong). Avtd 1o mpoPAanua pde va Adcel n pébodog GOR (Garnier-Osguthorpe-Robson). Xtnv
APYIKT TNG LOPPT ¥PNOWLOTOINGE TN UAONUATIKG TO «OOOTH» TeYXVIKN ToL log-odds score 6g cuvdvacud e
éva mivako edwkd ovd 0éon pe punkog 17 xatdrowrto (Garnier, Osguthorpe, & Robson, 1978). Emedn ta
dedopéva NG EmoYNG MTav Alyo Kol Ogv EMETPEMAV TOV VTOAOYIGUO OAMV T®V TOOVAV GLCYETICEOV T®V
apvoEEmV, 01 GLYYPAUPELS YpNoLoToincay oTaTioTiKn pebodoroyia yia va Bpovv TIC avapeVOUEVES TILEG Yia
TIC OECUEVUEVEG TOAVOTNTEG YPNCLULOTOIOVTOG MHOVO TIC Koatd (evyn ovoyeticelg tov opvo&émv (Tig
TPOTIUNGELG TOVg ava 0V0). H pébodoc avt Paciletor, 0nwg eidape, oe Mo otépeeg padnuatiKéc PACELS,
kaOdc ypnoonotel amoterécpota e Bewpiag TAnpogopiog ko urebliovn pebodoroyia. EmmAéov Og, €xel
BeAtiwBel pe ta ypévia, pe v tEAevtaion €kdoorm, v GOR IV (https:/npsa-prabi.ibep.fi/cgi-
bin/npsa_automat.pl?page=npsa_gor4.html), n omoia kdvelr ypnon povo g opvolikng aiiniovyiog, va
PTAVEL £V TOGOGTO COGTMV TPOYVAGEWDY TNG TAENS Tov 64%, evd pe v GOR V (http://gor.bb.iastate.edu/),
1N omoia ypnolonolel TOALOMAEC ototyioelg pe T pHope1] mpopik tov PSI-BLAST, @tdver mAéov og éva
m0G0oTO akpifelag g taEng tov 74%.

To endpevo peydro Prina otnv TPOYVMGT] HELTEPOTAYOVG SOUNG TOV TPOTEIVDVY €ytve To 1987 dTav o1
Qian ka1 Sejnowski ypnoiponoincay yio TpdTn eopd vevpovikd diktvo Kot 1 akpifeto g pebddov avéfnke
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Kot GAlo, mepinmov oto 68% (Qian & Sejnowski, 1988). AAAG, N TpdTN Popd ov o péBodog mépace To OpLo
tov 70% Mtav 1o 1992 6tav ot Rost kan Sander mapovsiccav v tpdt ékdoorn tov PHD (Rost & Sander,
1993). H pébodog avti Moy TpmOTOTOploK YOt ¥PNOUOTOINGE £VO GUVOVAGUO AVEEAPTITOV VELPOVIKMDV
dwktowv (“jury of networks” 1o ovépocoayv), peydho ovvoro ekmaidevone (130 un opdroyec mpwteiveg), va
dgVTEPO OIKTLO Y10 TO PIATPAPIGHO TOV OMOTEAECUAT®V (Structure-to-structure network) aAld Kot yio TpdTN
Qopa éxave ypnor eEEMKTIKNG TANPOPOPIaG e TN HopPN TOAALATA®OV oTotyicemv. H kivnon avtr édwoe pia
avénon g akpifetog g peBddov g TAENS Tov 6-8% KOl amd TOTE EYEl Yivel amodekTtO OTL axpifeteg
peyorvtepeg amd 70% upmopodv va emrevyBovv povo pe ypnomn moihamiodv ototyicewv. To PSI-PRED
(http://bioinf.cs.ucl.ac.uk/psipred/) fitav n Tp@tn HEBOSOC TPOYVOGNG TOL YPMGIHoToince Ta profiles tov PSI-
BLAST (Jones, 1999) kot éptace peyoardtepeg Tpég axpifeiag (g tééng tov 76%). Ta emimAiéov
yopaxtnpiotikd tov PSI-PRED ftav n ypnion Vo dadoyikdv Sktdmv oAAG Kol 1 ¥pNon €vOg oo
peyolvtepov ouvodov ekmoaidevong (513 un oudhoyeg mpwteiveg omd 187 SQOPETIKE TPOTEIVIKA
dmidpota). Alya xpovia apyotepa, ppaviotnke Ko 1 véa €kdoon tov PHD, o PROFphd 10 omoio emiong
ypnowonotel wpoeih and 1o PSI-BLAST kau éptace o mopdpown enineda emtrvyiog (~75-76%). Iapoupoia
puebodoroyia oAd Kol Tocootd emttvyiog, epeavilel kol to emiong yvootd JNET (Cuff & Barton, 2000).
‘Extorte, &govv avamtuyBel moArég dAdec uébodot, N TAeloYNEio TOVG OU®G YPTOYOTOLEL T TPOPIA Tov PSI-
BLAST, éoto kot av cov facikr peBodoAoyior ToOug ¥pNOGULOTOI00V SLOPOPETIKEG TEYXVIKEG OT®G TO. Support
Vector Machines (SVM) 1 ta Recurrent Neural Networks (RNN).

Ievikd, n emtoyio wog pebddov mpdyvoong e&aptdtor amd To €d0vg Tov alyopifuov (Ta VeEvpwViKd
dikTua Kot ot GAAES TEXVIKEG UNYOVIKNG LAONoNG amodidouy KOAVTEPO OO TIC OTAEG GTATIOTIKEG TEXVIKEG),
and to uéyebog tov cuvOAoL ekmaidevong (LEBodOL TOV YPNOLUOTOINCAY UEYOADTEPO GUVOAQ Om0didovV
KOADTEPA) KOl OO TO OV XPNOUWOTOlEl TOALUTAEC oTotyicelg (ot HEBOSOL OV YPNOLUOTOLOVV TOANATALS
oTolyicelg amodidoovy TAVTO KAADTEPA). AVOOPOUIKES HEAETEC PACIGUEVEG OTO ONUOGIEVUEVE ATOTEAEGLLOTOL
pneBOdwV mpOYvmong (0Tav to amoTeAEoUATO TPOEKLYOY amd aveEdptnto chvoro eAEyyoL 1| cross-validation)
&yovv oumg deietl 6T e T Tapovoec pebodoroyiec, ol pEBodol TPdyvmong Exovv &va avadTATO OpPLO CTNV
avapevouevn akpifela kat, POAGTO, amd €vo onpeio kol HeTd 1 amddoon dev avéavel (Bagos, Tsaousis, &
Hamodrakas, 2009).

A
0.8 .
A 4
0.7 - (u}
Q
0.6 - e} RMSE  (single sequence) = 00182127
—&—— RMSE  (multiple alignment) = 00219714
=}
0.5 -
0 1000 2000 3000 4000

number of sequences in the training set

Ewova 7.15: H adénon e omodoons twv alyopiQumv devtepotayods douns oe ovvaptnon ue to uéyedog tov ovvolon
ekmaioevong. Me diapopetika abpfolo. ameixovifoviar o1 uéfodor mov Paciloviar puovo oty ardniovyio kai avTéS TOL
xpnoyomrorodv mollomiés ororyioeis (Bagos, Tsaousis, et al., 2009).
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INa moapddetypa ov péBodot mov ¥PNGIHLOTOOVY AMAEC aKoAoLBieg, PTdvouy og éva avdTOTO OPlO
Yop® oto 70% xor pdiiota (Kabdg ovvnbwmg Exovv AlydTEpPES TOPAUETPOVS) OVTO TO OPlO EPYETOL CYETIKA
ypiyopa (60Tov TO GOVOAO ekmaidevong eivar mepimov otig 500 mpwteiveg). Avribeta, ot pébodor mov
YPNOLUOTOIOVV €EEAIKTIKY] TANPOPOPIN PTAVOLY GE LYNAOTEPO EMIMEDD OAAG KOl TAAL OEV UTOPOVV VO
Eemepaoovv 10 80% 660 kot av avéndel 1o chivoro ekmaidevong (vapyov Kot péBodol Tov ekTadevTNKAY LE
movo amd 2000 tpwteivec). Katd cuvénela, av Béhovpe va tepdcovpe avtd to 6pto tov 80% Oa mpénet va
000¢i éupaon oty avantuén véov uebodoroyldv Kat, pdiota, oe pebBodoroyieg mov Ba y¥pNGLLOTOOVY TIG
HOKPIVEG OAANAETOPAGELS KATA UNKOG TNG OAANAOLYIOGC.

Ot oVVOVACTIKEC/GUVAIVETIKEG TTPOYVMGELS glyav emiong deifel amd moAd 6Tl Pmopoldv va, avéRcovy
mv emrvyio tov pebddwv mpdyvoone. Mo amd Tig mpmteg mpoondbeieg eixe yiver to 1988 otav o
Hamodrakas (Hamodrakas, 1988) dnuocicvce éva cuvdvaotikd aiydpilfuo mov £koave ypnon Tev ToTe
dwbéotpov nefddwv (Chou-Fasman, GOR, Lim, Dufton-Hider, Burgess, Nagano). H uéfodog avt €deiée pia
Bedtioon g TaéNg Tov 2-3% kou petémerta £yve kol Soféoiun oav SLOOIKTLOKY EQPAPUOYN HE TO OVOLO
SecStr (http://athina.biol.uoa.gr/SecStr/). BéBana, yivetar avtiinmtd 61t kabmg ot uéBodot mov ypnoLloTotlel
To SecStr eivat ToMég Kot Kavovy yprion HOvo NG aAANAovyiog, To avapeVOUEVH TOGOOTA emTvyiog Ba gival
neplopopéva Katm ond 1o 70%. To JPRED (http://www.compbio.dundee.ac.uk/jpred/) fitav icwg n mpmn
uéBodog mov ypnoiomoince cuvovaoud PeBOd®V Kol TaVTOYPOVa EKOve YpNon eEEMKTIKNG TANPOPOPING TO
1998 (Cuff, Clamp, Siddiqui, Finlay, & Barton, 1998). Xtnv npdtn £kdoon ékave ypron tov JNET kot puog
oelpdg AoV adyopiBuwv g emoyng (NNSSP, DSC, PREDATOR, MULPRED, PHD, ZPRED) kot avépepe
onuavtikd Peltiopévn amddoon. Enuepa, M pébBodog €xer etdoel oty €kdoon 4 (JPRED4) ko
OUYKOTOAEYETOL OVALESO OTIC KOAVTEPES HEBOdOVG, £yovioc OvTORATOTOMMEVY TpdcPacn UECH
OLOOIKTLOKNG EPOPUOYNC Kol TOAAEG €MAOYEG, OMWG YPOUPIKEG TOPOUCTACELS TWV OTOTEAECUAT®OV M N
duvatoTNTA 0 YPNOTNG VO dMGEL TN OIKN TOV TOAAMTAN oToiyton. Mo GAAN YVOOoT) 0md TOAG GLVOLOCTIKN
uéboodog eivar 1 NPS@ (https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_seccons.html)
N omoio KAVEL CLVOLACTIKN TPOYVOON UE ypron Twv uedddwv SOPM, SOPMA, HNN, MLRC, DPM, DSC,
GOR [, GOR III, GOR 1V, PHD, PREDATOR, SIMPA96 ev® bivel 6to ypfotrn T duvatodtnto vo emAEEEL
moteg and ovtég Ba ypnowomomBovv. Allec mo mpodoeateg cvvovaoTikéc péBodot givar to CONCORD
(http://helios.princeton.edu/CONCORDY/) to omoio ypnowonoei ta. PSIPRED, DSC, GOR 1V, Predator, Prof,
PROFphd, xar SSpro, xon to SYMPRED (http://www.ibi.vu.nl/programs/sympredwww/) 1o omoio Kavet
xpron T@v PHDpsi, PROFsec, SSPro, Predator, YASPIN, JNet kot PSIPRED.

[Ipéner va tovicovpe oe avtd to onpeio, 6TL | GVYYPOVI TACN TOV HEYAA®OV EPYOSTNPIOV lval va
dlBétovv og [0 OOIKTLOKY €QPAPLOYN OAEC TIG OYeTIKEG HeBOOOVG TpOYVoNS (devTepoTayohS OOUNC,
TPOGPAGIHOTNTOC TOL SLOADTY, SlapeuPpavik®v TuNudTeVv k.0.K.). 'Etot, ot pébodot tov B. Rost Bpickovral
oieg pali oty otocedidoa. PREDICTPROTEIN (www.predictprotein.org/), otnv 16106€Aida tov PSI-
PRED (http://bioinf.cs.ucl.ac.uk/psipred/) drotiBevror ektOG amd TV opdVLUN EQapUOYN Kot dAAeg péBodot
TPOYVOONG TPAOTEVOV TOL gpyactnpiov, eved ovtiotoryeg péBodor dwrtibevian oto SCRATCH
(http://scratch.proteomics.ics.uci.edu/index.html).

Téloc, mpémer va avagepbel o TpoéMOC pe Tov omoio a&toloyovvtar ot péBooot. Otav Kdamolog
onuovpynoel po vée péBodo mpoyvmong eivol Aoyikd va eAEYEEL TNV OMOTEAEGUOTIKOTNTA TNG OE &va
ave&ApTNTO GUVOAO TOL OEV £YEL OUOLOTNTA UE TO GHVOAO EKTTAIOEVOTG. ME aVTOV TOV TPOTO OUMC, JEV £YOVLE
movto aflOmioTo VOOUEPO Yol TN OVYKPLon KaBd¢ ot dtdpopeg péBodol dgv €xouv doKIHOOTEL oTA 1010
mopadetypata. ‘Etol, and ™ dekaetioo tov 1990 ot emotipovec onpiovpyncav 1o cuvédpio CASP (Critical
Assessment of Structure Predictions http://predictioncenter.org/). Xe oot TV Tpoctddeia, evtomifovtol Petd
OO EMIKOWVOVIK [E TOLC KPLGTOAAOYPAPOLS Ol OAANAOLYIEG TOV TPOTEIVOV 7OV &ivol «ETOES) Va
TPOGOIOPIGTOVV TEPAUATIKA. Aol edeyyBel 0TL o1 aAAnAovyiec avTég dev epeavilovy opoldTNTA e Kopliol
GAAN TPOTEIVY YVOGTNAG dOUNG, Ol dAANAoLYiEg avaKovOVOVTAL Kot Ot d1dpopol aAydpiBuol dokipualovrat.
Ortav @taoel 0 KOPOG TOL GLVESPIOL TO OMOTEAEGUATO TMV OAYOPIOU®OV AVOKOIVOVOVTOL KOl GUYKPIVOVTOL LE
TIC TPOYUATIKEG OOHEC TOL OTO UETOED €YOVV TPOCOOPIGTEL OAAG Topauévovy HVOTIKEG. Mo GAAN
TPOGTADELD Y10 GLVEYN TOPAYWOYT TETOIWV aveEApTNTOV cLVOL®V, glye Onovpynoet o Rost. To mpdypapipLa
ovoudletor EVA (Koh et al., 2003) xon mpaypotonotovoe kdbe piva avoalrtnon oty PDB yia véeg dopéc kot
TPAYULAT®VE TN CUYKPIOT| LLE TO YVOGTE GUVOAQL EKTOLOEVONG OA®V 1| TOV TEPIGGOTEPWV, YVOOTOV HEBOIWV.
"Etot, vdpyet £vo cuveyms ovovE®VOLEVO GUVOAD aveEaptntov eAEYyov Yo KdBe pnéBodo, omdte e GUYKPIoN
TOV GLVOA®V VT®V Bo pumopel ava TAGH OTIYUN VO KATOOKELOOTEL £V GOVOAO TTOL Vo, Eival KATdAANAo Yo
TN GUYKPIoT SVO0 1) TEPLGGOTEP®V OAYOPIOU®Y.
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7.6.2. Awpepppovikéic npoTeiveg

Ot Boroykég peuPpdveg, eivar vreppoplakoi oynuoatiocpol ot omoiot pmwopovv vo €dwBovv 1660 cov
UNYOVIGHOL OTTOHOV®ONG, TPOCTAGING KOl OIOUEPIGLOTOTOINGNG TOL KUTTAPOV, OGO Kol Gov e&eldkevpéva
Opyova, ETIKOVOVIOG Kol GAANAETIOPOONG TOL KVTTAPOL HE TO TEPPdAiov Tov. Ot Broroywég pepPpdveg,
GUUPMOVO, UE TIC 10YVOVGES amOYELS Oempole Tt SOUOVVTAL LUE TO LOVTEAO TOV «PEVOTOD HMCHikovy (Singer
& Nicolson, 1972) kot amotedovviol omd po SImAooTifdoa Mmaidiov Héco 6TV omoio 1 Kot yOp® amd T,
Bpiokovio og dropkn) aAAnAenidpact dpdpmv oV Tpoteives (Ewova 7.16).

ubaravBparikéd Tufua

YAUKOTTPQTENVTIC
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\ SiaucpPpavikég Tpwreiveg

Ewévo 7.16: Amecixovion pog tomkng MmOKNG OITAOGTIA00G, 0TV OT0I0. Qoivoviol 01 OLOUEUSPOVIKES KOl Ol
TEPLPEPEIOKES TPWTEIVEG.

Ta Amidwa givarl S10POpwV E0MV (POSPOATIOW, YAVKOMTIO, GOUyyOMTidLo, YOANGTEPOAT KAT) Kal
TO KOWO TOVG YEVIKO YOPUKTNPIOTIKO Elval OTL UTAGGOVTOL TN SIMAOGTIRAO0 [E TIC TOMKEG KEQPOAES TOVG
va Bpiokovion mpog v eEmTepkn mAELPA (ekaTtépmBev ™G UeUPpavig), v ot VOPOPOPEG OVPEC TOVG
GLOCOPEVOVTIOL GTOV ECOTEPIKO YDPO, OAANAETIOPOVTOG HETOED TOVG Kol ONLOVPY®VTOS €101 £val 1d10{TEPa
VOpOPoPo mepiPdAiov. Xvvémelo avtov, givar 1 pepPpdvn vo kobictatal adlomEPAOTY 0nd TO TEPLGGOTEPO
TOAMKA LOpLoL OAAG Kot 0o S1popa. LEYOAOUOPLO OIS .Y, TIG TPMOTEIVEG. Ta 1doitepa YopoKTNPLoTIKd KAOE
Bloroywkng pepPpdvng (mayog, dwomepatdtnTo, vVOPoPoPikdTNTA, pevoTdTNTe KAT) Kabopilovtol amd v
Wwitepn o0oTOON TNG 0 MTid10 0AAG Kot To €100¢ Kol TNV TOGOTNTO TOV TPMTEIVAOV TOV OTOVIOVIOL OF
avTi.

Ot pepPpavikéc TpoTeiveg EMTELOVV L0 GEPE Amd TOAD CNUOVTIKEG AEITOVPYIES, AMAPOITNTES Yid
mv {on tov kuttdpov. Ot Aecttovpyieg avtég umopel vo TOKIAOLY amd TNV KLTTOPIKN OVOyVOPLoT), TN
Aertovpyio. TOVG ®G pHoploKol VTOdOYElC, TN HETOPOPA (TAONTIKN 1N EVEPYNTIKN) OLGIOV OUECOV NG
HEeUPPAvNG, TNV €KKPIoN OLOL®VY, G kol TNV eEedkevuévn evlupkn dpactnpotnta (Alberts et al., 1994).
Onwg givor povepd ot Asttovpyiec awTég elvarl mOAD SNUOVTIKES Yoo TNV eMPIOON TOV OPYOVIGUOV KOODS
mhovi 0ALOlMoT TETOL®V TPMTEIVOV UTOPEL Vo 00N YNOEL GE dPOPp®V E0MV aoBéveleg. AmO Tnv GAAN, ot
TPOTEIVEG Elval dUVATOV VO ATOTEAEGOLV KAl O 101€C GTOYO OLGLDV-PEAPUAK®V, TPOKEWEVOD VO, OVOIGTOAEL 1)
va. gvioyvbel m Aertovpyio Tovg Katd mepimtwon. Tevikd, ov pepPpovikég mpwteiveg sivar dvvatdv vo
ta&vounBodv 6e dvo peydreg opades, Tic OlopeUPPavIKES Ol OTOiEG SLOMEPVOVV LE TNV TOALTEMTIONKT TOVG
oAvcida T Amdkn SmAOCTIPAdN, KOl TG TEPLPEPEINKEG Kol OYKUPOPOANUEVEG TPOTEIVEG Ol OMOiEg
Bpiokovtor TPpookoAANUEVEG OTNV emPdveln TG HeUPpavng e aoBevelc aAAnAemidpdoels (Teplpepelaksg
TPAOTEIVES) 1 OUOLOTOMKOVG OeGLOVG He To Ao (aykvpoPoAnuéveg otn pepPpdvn mpwteiveg). Ot
SwopepPpavikég mpoteiveg, pe TG omoieg Bo  acyoAnBovpe S1eodikd mopakdTm, JSwbETovy  e1dKd
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YOPUKTNPLOTIKA Yvopiopuato otnv ouvoiky] oOGTACT] TOVG KATA UNKOG TNG akoAovbing, LECH TV omoimv
emtuyybvetor oAAG kol e€nyeitor M evooudT®on Tovg otn Amdikn durhootifdada. Avtifeta, ot
OYKUPOPOANUEVEC LE OUOLOTOAMKO TPOTO GTO MO TPWOTEIVEG, EMITVYYAVOVYV OVTAV TNV TPOGOECT HECH
avayvoplone amd edwd EvOopo HoG cLYKEKPIUEVNG AN oVYiaG oTnV apvoslkn Toug akoiovdia, evd ot
TMEPLPEPELNKEC TPOTEIVEC, TPOSKOALMVTOL e aoBeVELG AAANAETIOPACELC GE GAAES JLOUEUPPAVIKES TPWTEIVES
UE TPOTO OV OgV SOPEPEL OO TOV YEVIKOTEPO TPOTO TPWTEIVIKOV OAANAETIOPACEDV TOV GUVOVTALE OTIG
oQopikés voutodllvTéc mpwteivec (Marsh, Horvath, Swamy, Mantripragada, & Kleinschmidt, 2002)
[ToAAéG popéc TEAOG, 10101TEPU GTO EVKOUPVOTIKA KOTTOPW, TO TUNIOTO TOV SIUUEUPPOVIKOV TPMTEIVOV, TOV
TPOeEEYOVY GTOV €EMKVTTAPIO YDPO VPICTAVIOL UETO-UETAPPUCTIKEG TPOTOTOGELS (7). YAVKoL{LAMmoT),
€101 OoTE va Tpomomoinfei n Agttovpyia Tovg.

To yevikOTEPO GYNUO YO TNV ATO-TPOTEIVIKY (OON TOV PloloyiKdv pepfpavdv, mov ldope
TOPOTAV®, 1OYOEL, UE EMUEPOVG KOTO TEPITTMON TPOTOTONGELS, KOl OTIG MEUPPAVEG TV 0opyavidiov oV
OTOVIOVTIOL OTO ECMTEPIKO TOV EVKAPLMTIKMOY KVTTAPOV (UIToXOVOpLa, YA®PomAdotes, Avcocmpata, Golgi
KAm). IIoAAG Og €idn kvttApwv, dwbétovy oty eEmtepikn mAevpd (Tépav ™G UepPpavig), éva emmiéov
TPOGTAUTEVTIKO GTPMUO TOAVGUKYOPLTIKNG TPOEAEVONG, TO AEYOUEVO KLTTOPIKO Toiymua. To Kuttopikd
TOlY®UO, TOIKIAEL 0d KOTTOPO GE KUTTOPO MG TPOG TA. 1OAUTEPO SOUIKA KOl AELTOVPYIKH YUPUKTIPIGTIKG, TOV.
'Eto1, ot0 QUTIKG KUTTOPO TO TOY®UO GTOTEAEITOL OO TOV TOALGOKYOPITN KLTTOPIVY, TO TOLYMUOTH TOV
HUKNTOV otd y1tivn, eved ota BakTiplo uVAVTAUE Lovpeivi). Baotkdg pOAog TOV KLTTOPIKOV TOLYMUOTOS GE
OAEG TAVIMG TIC TEPIMTMOGCELG, €ivol Vo TapEYEL éva emmALov, oTtafepd TPOOTOTEVTIKO CTPAOUN EVAVTL TMV
eMOPAcE®V TOL TEPIPAAAOVTOC,.

Ewéva 7.17: O 0o kornyopies Oiopeufipovik@v mpoteivayv. Aplotepd, o pmTodmodoyéas Tov apyoiofoxthpiov
Natronomonas pharaonis. Aeéia, n NspA, tov Poxtypiov Neisseria meningitidis. Me ) ywpominpwtiky avorxapdaotaoct,
O10KPIVOVTOL TO OPWUOTIKG KOTAAOITO. TOD GUVIGTOVY THY OpWUATIKY (VY aTa. OpLa. THS LUEUPPAVHG.

Ot JSwopeuPpovikég TPmTEIVES, O YEVIKES YPAUMES Hmopovy vo ta&tvounBoldv avdioyo pe tnv
devtepotayn dour Tov VI0BETOHV TO TUAUATA TOVG OV dlomePVOVV TN Mmidikn durhootiBdda. ‘Etot vtapyovv
Ol TPOTEIVEC TTOL SLUTEPVOLV TN UEUPPAVT] GE HOPPT O-EMK®V (OTOLOVOUEVEG 1| GE LOPEPT| dEUATION) Kot Ol
TPOTEIVEC TOV OMolV TO, SIOUEUPPOVIKG TUNUOTO OTOTEAOVVTIOL OO PB-TTUYWOTEG EMIPAVEIEG GE LOPON
avTmopdAnAwv Kiewotdv Papelmv (Ewéva 7.17). Ov npwteiveg kdbe xatnyopiag, dStobétouv dakpitd
YOPOUKTNPLOTIKA, TPOPAVMG CYETILOUEVA LE TNV TPIOOIAGTAT dOUN TOV SWUEUPPOVIKOV TUNUATOV Kol TNV
avtictoyn JSwdkacios SWTADUATOC Tov &xel akoAovdnbel oe kdBe mepimtwon. Kdamowo amd ovtd to
yopaxtpotikd oviwkotontpilovy 1 Proyéveon TtV UHEUPPOVIKOV TPOTEVOV Kol TOV OVIIGTOL(®V
HeUPpovav, Kabmg ETIONG Kol TO, YOPAKTNPICTIKA TOV UNYOVICUOV KUTTOPIKNAG UETAPOPAG OAAG Kol TV
TEPPUALOVTIKOV TEPIOPICUDV TTOL EMPAAALOVTOL OO TIS PLGIKOYNMKEG 1O10TNTEG TOV dSOPOP®Y TOTMOV
MTOKOV SIMAOCTIRAd®V.
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O1 a-ehkoetdeig drapepuPpovikés mpwteiveg epgoavifovtal oe peydAn apbovia oe OAeg oyeddv TIC
kuttopikég pepPpaveg (G von Heijne, 1999), ce avtibeon pe tig dopepuPpavikég mpwteiveg pe popen B-
Bapeiiov o1 omoieg £yovv mapatnpnel £mg TOPA TEPAUATIKE TNV EEMTEPIKN LEUPPAVT] TOV APVITIKOV KOTA
Gram Paxtmpiov aAld kot otig eEotepikés pepPpdves tov pitoxovdpiov kot v yAopomioostodv (Schulz,
2003). Zmv wpaypatikdtnta, OAEG ol StapepPpavikég Tpmteiveg TG eEmTepikng HepPpdvng tov Paxtnpiov
mov éyovv evtomicbel g onuepa, MOTEVLETAL OTL OVAKOVYV GE CLTHV TNV KATNYOPid OTOTEADVTIOG £va
ONUOVTIKO TUAUA TNG 6LVOMKNG Hdloc g eEwtepkng pepppdvng (Ewkéva 7.18). Xta Betikd katd Gram
Baktipia, yevikd, dev amavrator eEmtepikn pepPpdvn (Eucova 7.19), aArd o Kuttapikd tolyoua epeovifeto
Wwitepa wayd. Idwitepeg mepumtmdoelc, amotedobv kdmown o&edtpopa Paxtipia (m.y. Mycobacterium), ta
omoia eupoavitouv éva €idog eEmtepikng pepPpdvng, mov omoteleitol omd pVKOAkd oD TO 0moio TOLg
mpocdidel (AOy® Tov Thyovg TG LepPpdvng) Wiaitepn avtoyn o€ avTiBloTiKd.

SroyepPposaskd B-Popéhio Mamonohvcayepime (LP3)
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Ewéva 7.18: Zynuotixn avamopdoroon e eCotepikng eXIpavelog evog apvhtikod kata Gram Paxtnpiov. Aaxpivovue tig
oropeufpaviiés mpwteives (otnv ewTEPIKn 0ALG KO GTHY EGWTEPIKI UEUPPAVN), TIC TEPIPEPEIOKES TPWTEIVES, AALA KOl TIG
aykvpofloinuéves oty ueufpivy mpwreives. To otpdua ™ TERTIOOYAVKAVIGS €ival WO AEmTO amod TO OvTioTOLY0 G0, OETIKG.
koo Gram Paxtipio, kol TopoatnpovuE, ETIONG, THV 10100tepy abotoon e eCwTepikne ueufpovns oe Jimiota. O ywpog
ovaueoo oty eEWTEPIKI KOl TRV ECWTEPIKN UEUPPAVI, OVOUGLETOL TEPITAACUIKOS YDPOG.
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Ewova 7.19: Zynuotikn ovomopdaotaon s eCwtepixng empavelag evog Oetikod kata Gram foxtypiov. Aioxpivovue Tig
OLOUEUPPOVIKES TPWTEIVES, TIC TEPIPEPEIOKES TPWTEIVES, 0ALG Kol T aykvpofolnuéves, eite oto Tolywua &gite otn
HeuPpavn, rpwreiveg.

Ot a-glkog1delg dStapepPpovikeég TpmTeiveg, o€ TPOTN (Ao daympilovtar pe Baon Tov aplBud kot
TOV TPOGOVATOAMCUO TV Sopepfpavikev toug ehikwv. Etol, ot Tomov 1 dwopepfpavikég npwteiveg sivat
VTG 01 oToiec S10BEToLY Hiol SIOUEUPPAVIKY O-EAIKA, KOl TOV OTOI®mV TO apvoTeMKo dkpo PpickeTon oTov
eEokuttdplo yopo, eved ot Tomov Il SopepuPpavikég mpoteiveg sival avtég ol omoieg €yovv emiong éva
SlopeUPpaviKd TUNHO OAAG TO OUIVOTEAMKO GKPO TOVg PpiokeTar otov gvdokvtTaplo ywpo (Alberts et al.,
1994). O1 vmolowmeg mpwteiveg, ol omoieg SBETOVY MEPIGGHTEPH, TOV €VOG OLUUEUPPAVIKA TURHOTO
KATOTAGOOVTOL OTIG AeYOUEVEC multi-spanning PePPPaviKEG TPMOTEIVES, 01 OTOIES LLE TN GEPA TOLG dLOPOVVTOL
0€ TEPALTEP® KT YOpPieg o1 omoieg cuviBmg avtikatontpilovy Kot Aettovpyikég opoldtntes. Lo Tapdderypa,
ol vmoodoyeic, ot ocvlevyuévolr ue G mpwteivec (G-Protein Coupled Receptors-GPCRs), omaptilovv i
etepoyevn opdda vrodoyéwv (Kristiansen, 2004) ta pédn g omoiag Opm, epgovifovv dopkég (aptOpog
SLOUEUPPOVIKOY TUNUATOV KOl TOTOAOYIR) OAAG KOl AEITOVPYIKEG OMOLOTNTEG (LETOY®YN ONUOTOC UECH
etepotpipepov G mpoteivav). Ot dwapeufpovikéc npmteivec pe doun PB-Papeiiod, amd v AN TAevpd,
Otapodvtal meportépw Omwg Ba dove, 6e ddpopeg opdoeg Kupimg pe Paon T OOMIKE TOVE OLOLOTNTA, 1|
omoio. apopd TtV oplBud TV OSlapeuPpovik®y B-KAGVOV Kol TV KAION TOLG OC TPOG TO EMIMESO TNG
HEeUPPAVNG, 1 OTO1N TIG TEPLGGOTEPEG POPES AVTIKATOTTPILEL EMIONG AEITOVPYIKEG OUOLOTNTEG.

Evo 1 tpodyvoon tov SIOUERPPOVIKOV TUNUATOV TOV 0-EAKOEWOMV JUUEUPPAVIKDOV TPOTEIVOV £YEL
emyelpnOel kol paMoto pe apketd peydin emrvyio €d® kar 20 TovAdyiotov ypovia (Eisenberg, Weiss, &
Terwilliger, 1984; Kyte & Doolittle, 1982), n avtictoyyn dwdikacio yio to dopepppoavikd B-Poapéita givar
Mo OVLOKOAN, Yo, Adyovg Tovg omoiovg Ba avaldoovpe O1€£0dIKE TOPUKAT®. XTNV TEPIMTTIOOTN TOV O-
EMKOEWDOV OLOUEUPPOVIKOV TPOTEIVAV, 0 EVIOTIGUOG TTepoydV 15-25 1dwaitepa vOPOEOPwV KoTAAOIT®V,
elval TG mO TOAAEG (QOPEC OPKETOC Yoo VO, LOG OMCEL UKL ETTUYNUEVY] TPOYVOOT T®V THavOV
SLOUEUPPOVIKOY TUNUATOV. AV aVTO CUVOVLAGTEL LE TNV EQUPUOYN TOL AEYOUEVOL «positive inside ruley,
omAadn ¢ dwmicTmong OTL ol TEPOYES oL PPioKovTal GTIV KLTOMANGLUKY TAEVPE dtabéTovy TOAD
nepiocdTepa BeTikd popticpéva katdrowma (G. von Heijne, 1992), téte o uébodog mpdyvmong £xel non
katackevaotel. Ot Topamdveo Kavoveg (Vdpopofucodtnta, positive inside rule), 1oyOOLY Y10, OAEG GYEGOV TIG
Bloloykég LeUPPAVES OTIC OTOIEC AMAVIMVTOL O-EAKOEEIS LEUPPAVIKES TPOTEIVES, CLUTEPTAALPOVOUEVEOY
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TOV €0MTEPIKOV UeuPpoavav tov royovopiov (Rojo, Guiard, Neupert, & Stuart, 1999) kou TV
yAopormiaotdv (Houben, de Gier, & van Wijk, 1999). AlyopiBupor mov Pocilovior oe avtovg, £yovv
avantuyfel €0 Kol ypovio. Paciopévol oe daPOpOV TOTMOV CAYOPIOUIKES TEXVIKEG, OmO EUTEIPIKOVG
alyopiBpovg pe Koldpeva mapdbuvpa katd unkoc g akoAovdiag (Claros & von Heijne, 1994), otatiotucég
teyvikég Paocilopeveg otig mpotiunoelg tov apvobéwv (Pasquier, Promponas, Palaios, Hamodrakas, &
Hamodrakas, 1999), émg kot ocOyypoveg teyviKég unyoavikng uddnong onmg to Hidden Markov Models
(Krogh, Larsson, von Heijne, & Sonnhammer, 2001; Tusnady & Simon, 1998) kot ta Nevpwvikd Aiktva
(Pasquier & Hamodrakas, 1999; Rost, Casadio, Fariselli, & Sander, 1995).

H yvéon g doung Hog TpmTeivng 6 0TOUKN SLoKPLTIKOTNTO, Elval £vo AmOPACIGTIKO Prito otV
nmpoonabelo katavonomng g Proloyikng g Aettovpyioc. YynAng Stokpitikdtntog TpiodlioToTeS OOUEG Eival
dlabéoipeg yo por HeydAn mwokidioo cQAPIKOV VOUTOONAVTOV TPOTEIVAOYV, 6€ avtibeon pe tov aplBpd twv
LOVOOTIKAOV TPIoSIACTUT®Y SOUMV Y10, SIUEUPPAVIKEG TPOTEIVEG 0 0mol0g givarl avaioyikd ToAd pkpoc. [Hop’
OAN TNV EKTANKTIKN] TPOOdO 7OV EYEL GLVTIEAECTEL Ta. TEAELTAin YPOVIO oTNV KOTELOLVOLEVN YOVISLOKN
éKepaon, oto Poynukod kabapiopd Kot TPOCOOPIGHO KAl OTIC TEXVIKEG KPLOTAAAMONG TOV TPMTEVGOV,
ovopéveTal OTL T OmOCAQNVION NG MHOPLOKNG OOUNG TMV OUEUPPAVIKDV TPOTEIVOV GE ATOUIKN
drokprrikotnta Bo mopopeivel S0oKOAN TPOKANGN Yo T dopukn poplaxn Proroyio (Kyogoku et al., 2003;
Loll, 2003; Walian, Cross, & Jap, 2004). Tevikd, evd gival amodektd mAE0V OTL Ol SIUUEUPPOVIKES TPMTEIVES
amoteAOVV TEPITOL T0 25-30% TOV YOVISIOUATOS TV 0pYUVIGUMV OV TV eéelktikav Pabuidov (Chen &
Rost, 2002; Pasquier, Promponas, & Hamodrakas, 2001), ot 5100éc11e¢ LOVASIKEG OOUEG TOV SIAUEUPPOVIKOY
TPOTEIVOV gival mepimov 500, anoteAdvTog £Tol £va TOAD KPS HOVO T0c0ooTo (<1%) Tov TpomTEiVOV [E
KpLoTAALOYpaPIKd Avpévn dopn (Tusnady, Dosztanyi, & Simon, 2004).

Ta Boaoikd TpoPARHOTO, TOL ATAVTOVTOL TNV TPOCTADELn EMTAVONG TNG OOUNG MIOG OIOUEUPPAVIKIG
TPOTEIVNG, &€ivol cuvopoouéva pe Tov kotd Pdon vopopofo yapaxthipa avtic. 'Etor mpoomdbeieg
amodataéng e LEUPPAVIG LLE QOPPLTAVTIKA, £XOVV MG GUVETELD TNV 0OVVALIN TEPAUITEP®D OIAVTOTOINGNG
G TPWOTEIVNG, UE TEMKO ATOTEAEGLLO VO LNV €lval duvarth 1 kpuotdAlmon e TIpdoeateg Epevveg, £de1&av
0Tl M TPOOJdOg otV emMAVoN TOV JOP®V TOV OSUEUPpaVIKOY TpoTeivdy akolovbel ekbetikny avénon,
mopopolo. pe Ty avénon mov mapatnpeitor 0o kol 40 ypovia amd TOTE TOV TPOGOIOPIGTIKE 1| TPAOTN dOuUN
LG oQaPIKnG voaTodloAvTig Tpwteivng (White, 2004). Avauévooue, Aouov, peydin ovénon tov apBpov
TOV SWUEUPPOVIKOV TPOTEIVOV HE YVOOTN dour HéEcH oTa €MOMHEVA POV, OAAG AOY® TOL OTL 1)
KoBVGTEPNON GTOV TPOGIIOPICUO TNG TPDTNG dOUNG HEUPPOVIKNG TpoTEivg NTav Ttepimov 20 ypdvia o€
oY€on HE TIC GPUPIKES VOUTOOIHAVTEC, TO YACUO, OVAUESOH OTIS YVMOOTEC OOUEG TOV TPOTEIVOV TV VO
KATNYopLOV iomG va punv KaAvedel moté. Me Bdaon ta mapomdve, yivetol eLeavéG TOGO GNLOVTIKY givol 1
avaykn Ymapéng oVTOHATOTONUEVOY aAyopifuwy, Héocw TV omoimv Bo umopolde €OKOAN Kol UE UEYAAN
akpipela va tpocsdiopifovpe v mBavny Soun Kiog SIOUEUPPOVIKNG TPMTEIVNG.

Or mpdrtor aAyoplOpol mpdyvmong TG TOTOAOYING TMV O-EMKOEWOMOV UEUPPUVIKDV TPOTEVOV
Baciommkav ce kwvodueva mopdbvpo kKatd PRKog Tng opvolikng oAAniovyiag. Apylkd ywotov ypron
Topofip®V G€ GLVOVAGHO LE KATOW KAIpOKE VOPOPOPIKOTNTUC GAAG Kot LE TOV Kavova positive-inside.
‘Etol, évag amd tovg mpmdTovg aAyoplBpovg mpdyvoong nNrav to TopPred (Claros & von Heijne,
1994)(5wbéoyo ot devbovon http://mobyle.pasteur.fr/cgi-bin/portal.py#forms::toppred). To TMpred
(http://www.ch.embnet.org/software/ TMPRED _form.html) f)tav eniong évag amd toug apyikodg adlyoptOpoug
1oV PactlOToV 6€ CTATIOTIKEG TPOTIUNCELS Yo TV ERPdvion Tov apwvolémy. Tnv 10w emoyn, epnpavioTnke
kot o MEMSAT (10 omoio BéRora éxet eEelryBel amd 101€), Tov otnpldtav oe éva log-odds score faciopévo
0€ OTOTIOTIKEG TPOTIUNCELS OUVOEEMY Kol PEATICTOTOIOV0E TO OMOTEAECUATO, WE YPNOT OLVOUIKOD
apoypappatiopov (http://bioinf.cs.ucl.ac.uk/?id=756). To PRED-TMR ftav eniong pio mopopolo pnéBodog
mov avamtuydnke Aiyo apydtepa, amd EAAnveg emotuoveg (Pasquier et al., 1999)(dtabéoio otn dievbvvon
http://athina.biol.uoa.gr/PRED-TMR/) &vd, xobmg mpoéPAeme HOVO TNV TOPOVLCIO TOV JUUEUPPOVIKOV
gAK@V, énpeme va cuvdvaotel e Evav aAhov adyopbpo, to orienTM (http://athina.biol.uoa.gr/orien TM/), T0
omoio Bacilétav emione o oTATIOTIKEG TPOTIUNOELS TOV AUVOEEDY Yo Vo TpoPAEyel T dievBétnon tv on
npoPrepBéviov dwpeuPpavikdv meproydv (Liakopoulos, Pasquier, & Hamodrakas, 2001). H mpot
npoonadeio epapproyng Nevpmvik@dv AKTOw@V, GUVOVAGUEVT LE TANPOPOPIn amd TOAAUTAEG GTOLYIoELS, EYIVE
10 1996 pe to PHDtm (www.predictprotein.org), ev®d omd TOTE £YOVV gUPAVIoTEL TOAAOlL TOapOUOLOL
aryopiBpot. O wpdtog alyopiBuog faciopuévog oce HMM gugpaviotnke to 1998 (Sonnhammer, von Heijne, &
Krogh, 1998), eivar to TMHMM (http://www.cbs.dtu.dk/servicess TMHMM/) kor Bewpeiton okopo Kot
onNuepa, £VOAG OO TOLG KAAVTEPOLS adyopiBpovg TG Katnyopiag (TOVAd IGTOV OGOV apOopa TOVG alyopiBovg
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mov Pacilovion pévo oty apuvoiikn aiiniovyia). Ilapodpotog aiydpBpog, av Kot KATOS SpOopETIKOS OTNY
viomoinon tov povtédov eivar to HMMTOP (http:/www.enzim.hu/hmmtop/) (Tusnady & Simon, 2001).
‘Evag amd toug Tpdtoug ady6oplBrovg, mov xpnoiuonoincay cuvdvaotikny npdyvoon, ftav to CoPreThi
(http://athina.biol.uoa.gr/CoPreTHi/) mov avamtdybnke otnv EALGSa ko Pacildtav otovg dtabéaipovg ekeivn
mv emoyn aiyopiBpovg SOSUI, Tmpred, ISREC, DAS, TopPred, PHDtm kot PRED-TMR (Promponas,
Palaios, Pasquier, Hamodrakas, & Hamodrakas, 1999).

Mo GAAN peydAn xotnyopio pefddwmv mov ékovay TV EREAVIGT| TOVS, E01KE Pacicuévol og yprion
tov HMM, ftov ot péBodotl mov Ekavay Tautdypovn TPoOYVMOoT TOV OOUEUPPOVIKGOV TUNUATOV Kol TOV
nentdiov odnyntav. H Pdaon avtig g pebodoroyiog Ppiokdtov oTrnv Topatipnorn OTL To OUIVOTEMKA
menTiow 0dNyNTéG (BA. EMOUEVN €vOTNTA) £YOVV Ui LEYGAT VOPOPOPT TEPLOYT| OV Hotdlel e dlapepPpovikn
0-EATKOL, KOl KOTA GLVETELN TTOAAOL AAYOPIOLOL TPOYVMOTNG TV SIOUEUPPAVIKOV TUNUATOV TO UTEPOEVOVV e
dwpepuppavikég meployés. H mpmtn pébodog mov ékave avtn v enéktacn Ntov to Phobius (Kall, Krogh, &
Sonnhammer, 2004) (Swwbéoipo ot devBvvon http://phobius.sbe.su.se/), eved apydtepa EUEUVICTNKE Kot TO
SPOCTOPUS (http://octopus.cbr.su.se/index.php?about=SPOCTOPUS). Mo GAAN TopOUOOS QUCEMG
EMEKTOON, EXEL VO KAVEL LE TNV TOVTOYPOVI TPOYVMOOT TOCO TOV OUUEUPPAVIK®OV TEPLOY®Y OGO KOl TOV
0éoemv pPETO-UETAPPUACTIKOV TPOTOTOIoe®V. Ol TPOTOTOMCELS OVTEG, EYOLV E0IKN) OTOXEVCT| OTNV
aAdniovyia, 0ALd couPaivouy Kol 6g SloKPITE TUNHATE TOV KuTTapov. ‘ETot, o tpdyveon yia yAvkolviioon
umopet va fondnoet kal v Tpdyvmorn Tov SapeUfpavikdv Tunpudteov kabng n yAvkolvAiwon yivetal e
MEPLOYEC TNG TPOTEIVIG oL Ppiokovior ektebeipéveg otov eokuttdplo yopo. Avtifeta, ot Oéoelg
POoeopLAimong Ppickovtal Tavta otnv TAELPd Tov PpiokeTon oto KvuTTapoéTAacua. H povn pébodog mov
TPOGPEPEL uéypt OTIYUNG oty ™m dvvatdtnra, elva 10 HMMpTM
(http://bioinformatics.biol.uoa.gr/HMMpTM), 10 omoio pe avtdv ToV TPOTO TETVYOIVEL PEATIOUEV TPOYVOGN
TOGO OTNV TEPINTMOOT TNG SOUEUPPAVIKTG TOTOAOYING, OGO KOl OTNV TEPInTon TV 0écewmv yAvko{uAMmaong
kol pocpopvrimong (Tsaousis, Bagos, & Hamodrakas, 2014).

Mo GAAN peYAAN TPOOSOC OV £YIVE OTNV TEPITTMOOT TPOYVAOONC TOV OOUEUPPAVIK®Y a-eMK®V, €£xEL
VO KAVEL LE TNV EVIOYVOT TNG OIOS0GNS TNG TPOYVMOTG OTAV YIVEL EVOOUATMON TEPUUOTIKNAG TATPOPOPIaC.
2TV TEPINTMOT SIUUEUPPAVIKOV TPOTEIVAOV, VOl YVOOTO OTL 1] EVOOUATMOON HIOG, AKOMO Kol TEPLOPLOUEVNS
TMEPOLOTIKE, TPOGOOPIGUEVIC TANPOPOPING GYETIKA e TNV TomoAoyia Ba Beltiove Katd Eva peydio pépog
NV am6d00T OKOU KOl T®V KOAVTEP®V HeBdd®V. Me v avanTuén €0KOAWMV Kol YPTYOP®V TEPOUATIKOV
TeYVIK@V Paciopévav oe ocuvtiéelg yovidiov (gene fusions), pe tig omoieg kabopiletoar m 0Oéom Tov
OUVOTEMKOD GKPOL HOG TPOTEIVIG, TPOoTadNnKe OTL (AVTEC Ol TEYVIKEG) cuvdvaloueveg Ba PeATidGOVY KOTA
éva, pueydAo pépog TNV omdOOoN TOV TPOYVOCTIKOV HEBOO®V Kol TNV E€POPUOYH TOVG OE TANPMG
npocdopopéva yovidiwpata (Drew et al., 2002; Melen, Krogh, & von Heijne, 2003). Yrndpyovv opketd
dedopéva oty Pipioypagio to omoia deliyvouv Kot GAAOVE EVOAAAKTIKOVG TPOTOVE TPOGO10pIool g BEong
SlPOpOV  TUNUATOV TNG okoAovBiag (aviioduaTe, TPMOTEOAVCY] KAT), OAAL Ol 7O OAOKANPOUEVEG
TMEPOUATIKEG Omodeilels oe peydn KAipaka yu' ovtqv v Peitioon, Npbav amd peAéteg mOL APOPOVV
npoteiveg g E. coli (Rapp et al., 2004) ka1 tov S. cerevisiae (Kim, Melen, & von Heijne, 2003).

Amd Tig 1O dbéciueg Tpoyvootikég uebddovg, to TMHMM kot to HMMTOP (Tusnady & Simon,
2001), mpoo@épovv G©TO YPNOTN TNV ETAOY VO EVOOUOTOCEL OTNV TPOYVMOGN TOVL, TEIPOUOTIKE
TPOGIOPIoUEVT TANpOPOpia Yo TV Tomohoyia. [Tapouoto emiloyn, TPOGEEPETUL KOl OO TNV GLUVOVAGUEVT
TPOYVOOT SAUEUPPOVIKDVY a-EATKOV Kot TEMTIOImV 00nyNTdV, te ™ nébodo Phobius (Kall et al., 2004). To
HMM-TM 10 onoio avartdydnke amd v opada pog (http:/bioinformatics.biol.uoa.gr/HMM-TM/), fitav 1
TpOT PEH0dOC mOoL evomudT@ve TETOOV €1d0Vg TANPoPopico o KABe aAyOPIOUO OMOK®IKOTOINGNG TOV
HMM, evd mapdAinia £6ve Ko T B@pNTIKY TEKUNPI®ON Y10 QUTHVY THV TPOTOTOIN oM.

Extetapévec spmeipikéc avarvoelc Exovv deiEet 6Tt o1 péhodot mov Pacilovion 6 KATOLN YPOUUOTIKY
dopn, 6mwg to HMM, eivonl katd kavove KOAVTEPEG Yo TNV TPOYVOGCT] TOV SOUEUPPUVIKDV O-EMK®V O
oxé0oN UE TIG MO OMAEG OTATIOTIKEG HeBodovg, aAld kol oe oyxéon pe to Nevpwvikd Aiktva. Emiong, 1060 o
oLVVOLOAGUOC TOAAGDV peBdd®Y, 0G0 Kol 1 ¥PNoN EEEMKTIKNG TANPOPOPIOG HE TN HOPPN TOAAATAGDV
otoyyioewv, eivol TapAyovIeC TOL OLEAVOLY CUAVTIKG TNV amddocT TV HeBddmV avtdv. 'ETot, akdpa kot ot
apyKa 1dtaitepo emruynpévol odyoppol, 6mwg 1o TMHMM, edvnke 611 Pedtidovovtal pe TV TpocOnknm
TOMOTAOV otolyicewv o€ Odpopec popeéc (PRO-TMHMM, PRODIV-TMHMM, S-TMHMM).
[Mapoépoleg mpoomadeiec, éywvav kot pe 1o Phobius kai odfnynoav oty euedvion tov PolyPhobius
(http://phobius.sbc.su.se/poly.html). Mg Bdorn ta mapandve, 1 KaAdTepn cVYYpovn Tpocéyyiorn o ftav n
YPNOUYLOTOINON KATO10V 0AYOp1OHOL ToL GLUVOLALEL EMTLYNUEVOLG aAYOPIBOVG KOl TOLTOYPOVE KAVEL Yp1om
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eEEMKTIKNG TANPOooplag amd moAAAmAEG ototyicels. To mo mpoéoeoto TETOo MOPdostyna, eival To
TOPCONS (http://topcons.net), to omoio kdvel ypnon twv oiyopibuwv PolyPhobius, OCTOPUS,
SPOCTOPUS xot SCAMPI (o1 onoiot, 6Aot kGvovv ypnor eEeMKTIKNG TANpopopiag), aAld kot to Philius
70 0mo10 KAveL YpNon HOVO TNG OAANAOLYING, OALA GTN GLVOVUCTIKN TPOYVOGN YPNCLOTOIEITOL LIE TOV TPOTO
OV TEPLYPAYALE TPONYOUUEVOC KABMG 01 OpOAOYEC EVTOTILOVTOL KOl EVOMUATMOVOVTAL OO T1 GLVOVACTIKN
uébodo. ‘Etol, to TOPCONS zmetvyaivel onpepa, icmg Tig KaADTEPES EMOOCELG GE GYECT LE TOV AVTOYWOVIGUO.

To B-Papéit yevikd, eivor po B-mroyoty emipdveld (TToymtd @OAAO) oL TEPlEAicoETOL KOl
avadimhdvetal oynpatifoviog po KAglot doun oe oynua Papeiiov, n omoia ctabepomoteitar amd deGHoS
VOPOYOVOL OV oynuatilovtal omd TV Kupo aAvcida. Ta yvwotd mapadeiypoto dtopepppovikav B-fopeav
deiyvouv mpotipunon oty evbuypdppion tov dova tov Paperod pe 1o kdbeto, otnv peuPpdvn, eminedo.
EmimAéov, 6Aec o1 yvooTéc dopég paivetat va amaptilovtal amd YEIToviKoOs avTmapdIAANAovg B-KADGVOLE TOV
oynupatilovv poiavopo, yeyovog Tov vTodnAmvel 0Tt 1 ExavolopuBavouevn dopkn povada eivat 1 f-eovpkéta
(B-hairpin). Xfuepa, ot dtbéoipeg Sopég VYNANG avdivong daupepPpavikav B-Papelidv mepiéyovv Papéiia
S0pOpOV PEYEDDV Kol YapUKTNPICTIKOV, E TO 7 va Ttoipvel TG omd 8 < n <26 ka1 10 S, amd 8 <.§ <24
(Schulz, 2003). Ztnv meployn avTH TOV TWOV, avVOUEVOLLE Vo, Bpodue Papéiia Tov omoimv ot KA®VOol Exovv
wo. KAon og oyéon pe 10 Katakopueo eminedo, g tééng twv 30°-60°. Eivar emiong a&oonueimto, 0nmg
OVOPEPOLE TOPUTAV®, TO YEYOVOG OTL GE OAEG TIG YVMOTEG dOUES, TO SrapepPpavikd B-fapéiio amotehodvTan
oand aptio apBpd P-Khovev pe v e€aipeon g Lovadikig dabéoiung doung P-Papeiod amd pitoyovopila
EVKOPLOTIKOV OPYUVICUADV, 1 omtoia dtabétel 19 B-khadvoug.

FephA (1FEP) Sucroporin (1A0S) Omp32 (1E54}) Porin (2PCR)

OmpA (10JP) OmpT (1I78) OPCA (11{24) Ompla {1QD5)

Tsx (1TLY) FADL (1T1L) NspZ (1P4T) NalP (1UYN) PagP (1MM4)

Ewéva 7.20: Mepixa twmike mopadeiyuoto. doucufpovikov B-Popelicov e elwtepirne peufpavns. Me kitpivo
ovufoliloviar o1 f-kAdVoL Kai e KOKKIVO 01 A-EAIKEG.

INUavTik) Tpdodog €xel emtevybel ¢ onuepo, oty Tpoomdbeln Katavonong Tng OOUNG Kot
Aettovpyiag tov Paktnplokdv dtopepPpavikav B-papeiidv (Ewoéva 7.20). Tapdrio mov oapyikd vanpyxe m
EVTOTOOT OTL Ol TPAOTEIVEG AVTEC NTAV UOVO TOPOL (Kavaiia) otn pepfpdvn, ta vedtepa dedopéva deiyvouv
0Tl gumAékovtal oyeddv o€ OAEG TIG JLdIKACIEG TOV EYOVV gUMAOKEL KOl Ol a-EAKOEdels StoperPpaviKég
mpwteivec. Ot Aettovpytkoi Toug poiot Kot ot Brodoyikég diepyaoieg oTig omoieg eumAékovtol eival moikiAot kot
EVOEYETUL VO O10PEPOVY OO OPYAVIGUO GE opyavicpd. Meydheg evkivinteg otpoéc (OnALEg) avBektikég oe
TPOTEOALTIKG Evlvua, 0nmg oty mepintoorn ¢ OmpA (Morona, Kramer, & Henning, 1985) 1 otafepég
TPOEKTAGELS TOV PB-KADV®V Tov oynuatiCouv 1o PBapéit, dnwg oty nepintmon e OmpX (Vogt & Schulz,
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1999) 6Aeg otov eEwruTTdplo YMPO, Elval YvmoTd 4Tl Tapéyovy BEcelg poplakng avayvaptons. Ot dvo avtég
npoteiveg (OmpA, OmpX), oynuatiovv Papéiia pe 8 dapepPpovikovg KAdvovg, aplfudg mov Bempeitor mg
N eAdyoTn omaitnon yuo va Umopécel vo oynuotiotel PapéAt amd pia Kot povo TOALTERTIOKN aAvcida. O
akppng porog g OmpX miotedeTon OTL €ivar 1) OpAoTn TG WG GUYKOAANTIKY TPAOTEIVN, evd Yo TV OmpA,
&xel avaeepBel 0Tl pe TN peydAn KapPoéutelkn meployn TS cvUPaiiel ot otabepdtnTa TG eEMTEPIKNG
pepppavng (Ringler & Schulz, 2002), coppetéyovtog £Tot mg SOUKN TPAOTEIVN EVA EMIMALOV EUPavifETOL VOl
KATEYEL Ko Pkpn evepyotnta kovoiov (Sugawara & Nikaido, 1992, 1994). Iapdpoio dimhopa epgaviiouy 1
NspA (Vandeputte-Rutten, Bos, Tommassen, & Gros, 2003) pe 8 dopepppavikd tuquata, kot 1 OpcA
(Prince, Achtman, & Derrick, 2002) pe 10 dwopepppoavikd TUAUOTO, Ol OTOlEG EUTAEKOVTIOL KUPI®MG OF
HLOAVOUATIKEG OlEPYOTIEG LEGH TNG GVYKOAANGNG OTO KVTTAPA TOV EEVIOTN.

TolC (1LK9)

alpha-hemolysin (7AHL) MspA (IUUN)

Ewéva 7.21: Ilapadeiyuato. un-tomikov oiousufpovik@dy p-Lopelicdv, amoTe loDUevo. amo TEPIGOOTEPES THG HIOS
TOAVTETTIONKES 0Avaides. Apiotepd n o-ayolvaivy, oto kévipo n TolC, kar decia n MspA.

O dywpiopds kot 1 TPOYVOOoN TV StopeUPpavikdv B-Bapelmv, elval oe YeEVIKEG YPAUUES TTLO
O00KOAEG O0IKOGIEG OE GYEoN HE TNV TPOYVOSN TV o-OlopepuPpavikov mpoteivov. Tlap® 6o mov ot
Stapepppavikol B-khmvor e OAeg TIc d1abéoipeg douég TomoBeToHVTAL LE GYETIKA LEYAAES YOVIES WG TPOG TNV
MmN dimAootifddo, elval onuavTikd HKpATEPOL amd TIG SUUEUPPOVIKEC a-EAMKEC, 6€ aplOLd aptvoEémv
OV TEPIEYOVV AOY® TNG EKTETAUEVTG OLOUOPO®ONG, ME UNKOG TTOL KVLUOIVETOL amd 6 €og 22 apvolikd
katdAouta. EmmAéov, etvar amodektd 6tL KAdvol pnikovg 7 £o¢ 9 katdAoura eival ikavol vo dtomepdoovy tnv
MmN dSumhooTIfada, Kol KaBde ol B-KADVoL Epyovtol Ge emAP] LE OLUPOPETIKA LKpoTEPIPAlAovTa (To
VOPOPOPUKO TEPIPAALOV TG EEMTEPIKNG EMPAVELNG TOV Baperion o avtiBeon e TO VIPOPILO TEPPAALOV TOV
VOUTIVOL TTOPOL OTO ECMOTEPIKO) GLYVA GUVAVTAUE EVOAAAYEG VOPOPOPOV-VOPOPIA®Y KATAAOIT®OV. AVTH N
evaddhayn dev givor mavta amdAvTr, KaOdg To Katdhowma oty eEmTepikn emedaveln Tov Papeitod eivar
oYed0OV TAvTa VOPOPOPa, aALE To KoTdAOUTO TOV aVTIKPILOLV TO E0MTEPIKO TOV TOPOL UTOPEL Vo UnV eivar
TAVTO TOMKAE, 0ALG VO OVIKOLV G AAAEG KaTYopies (.. UTOPEl va lvar PIKpE 1 ovdETEPQ).

[Tap® 6A0 MOV Ol KOPLPEG OTIS YPOUPIKEC TAPUCTAGELS LOPOPOPIKOTNTAG CULUTIMTOLV E TIG
TPOYVAOCELS TOV P-TTLYOTOV EMPAVEIDV, Kol cvoyetiCovior pe v tomobecia Twv SapeuPpovikav B-
TTUXOTOV emipavelv (Zhai & Saier, 2002), 1 pécon VOPOPOPIKOTNTO TOV TUNUATOV OVTAOV EIVOL CTLOVTUKE
YOUNAOTEPT Ao TNV AVTIGTOYN TV SIUUEUPPAVIKOV O-eAik®V. To yeyovog avtd, TPEMEL VO GUVOEETAL LUE TOV
avtictolyo unyoviopd petaxivnong, Kabog oe avtifetn mepintoon (av ovtég ol meployéc Nrov iaitepa
VOPOPOPec), ol TPpwTEIVEG TNG EEMTEPIKNG HEUPPAVNG, LANPYE KIVOLVOG, VO, TAYIOELTOVY GTNV E0MTEPIKN
HeuPpavn xotd T Sdpkeln TG peTokivnong. EmmAéov, o oAryouepiopdg tov P-fapeiidv, mbavov va
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e€acBevilel v avaykn v VYNAN VIPOPOPIKOTNTA 6TO EEMTEPIKO TOL Paperlon, KOOMG TOAIKES TAEVPIKES
opadeg givar duvatd vo oynuatilovy evepyelokd EVVONUEVES OAANAETIOPAGCELG GTNV ETIPAVELD ETAPTC.

AVOKEPOAOVOVTAG TO TOPATAV®, TO G0 G€ EMIMEd0 aKkolovbing, eivar pdiiov acbevég Yo va
aviyvevBel pe amhég otatioTikég avaAvoelc. EmmAéov, n dmopén KowdV OOMUK®OV YOPOKINPIOTIKOV LE
COAUPIKEC-VOUTOIAAVTEC TPWOTEIVEC, Ol OTOIEC £YOVV GTNV TPIEIAGTATN dOUT TOVG Synuo B-Papeiiol, propel
va odnynoel (tnv mpocmddeia TpOyvwong) o€ peydho aplud yevdmg Betikwv anotedecudtov. Tap’ ola
OVTO TPOCEKTIKY TOPATNPNOT TNG AUVOEIKNG aKoAlovBiag TETOIWV TPOTEIVAOY, G GLVOLAGLO LE TN YVOON
™G TPLodIdoTOTNG SOUNG, LWITOPEL VoL 00N YN GEL 68 e€0rymYT| KATOI®V YEVIKOV Kavovmvy ot omoiol Ba propovv va
YPNOWEDLGOLVV GE [ TPOYVOSTIKN péBodo (Schulz, 2002, 2003).

Tétow0 yevikd xopaKkInploTikd eivor:

(1) Ot dwpepPpavikol P-khaovor eivor kotd Pdon apeuradikoi, kabndg epgavifovyv evoriaym
VOPOPOPrV-ToAK®Y Kataloimwv. To vipoéPoPa KatdAoura CAANAETIOPOVV HE TIG VOPOPOPES OVLPES TV
Mmdiov g nepPpdvng, eved To TOMKA GTPEPOVTOL TTPOC TO ECMTEPIKO TOV PAPEAIOD KOl AP0 AAANAETIOPOVV
Le to vdaTIvo TEPPAALOV TOV TOPOUL.

(2) Toa apopatikd Kotdlowmo £govv TNV Tdon vo gueavifovior [e UEYAAVTEPN GLYVOTNTO OTIC
EMPAVELEG EMOPNG UE TIG TOMKEG KEQPUAEG TV Mmdilov, oynuotilovtag £Tol TIg AEYOUEVEG COPMUATIKES
{ovegy otV mepLopépela Tov Paperion.

(3) Kot to apvotedio kot 10 KopPoELTEAKO GKPO TOV TPMTEVOV OVTOV, Elval TOToBeTNUEVO GTOV
TEPMAUCUIKO YOpO (ecmTEPIKA GE oYéom M TNV eEOTEPK HeUPpavn). e KAMOlES TEPIMTOGCELS, UEYAAEG
OUIVOTEMKEG KO KOPPoELTEAKEG dOUIKEG TTEPLOYES, LE PNKOG peYaAvTepo Tov 100 kataloinwv, ivat Suvatov
va oynuatifovral.

(4) Ta tuquata ¢ akolovbiog, to omoion GLVOIEOLY TOVE SLUUEUPPUVIKOVE KAMVOUG, Kl TO OOl
Bpiokovtol 6Tov TEPIMAUCHIKO YDPO (ECOTEPIKEG OTPOPEG) EIVAL YEVIKG PKPOTEPOV UNKOVG OO T, TUHOTO
ta. onoio Ppiokovtal otov eEMKLTTAPLO YDPOo (eEmTEPiKEC ONAEC). Ot GTPOPES TOV TEPUTAUGLUKOD YDPOL, GE
OLeg oyeddv TIG YVOOTEG doués, Exovv UNKog 12 M kol Aydtepa KOTAAOUTO VA OVTEG TOV €EMKVTTAPLOV
YOPOL UTopEl va, Exovv UNKog kot Tave amd 30 kotdroma. Avtd gival emTPentd AOY® TNG OUOPPOCTG TOV
potdvopov ov viobeteital and To P-Papéit.

(5) To punKog TV SUEUPPUVIKOV B-KAOV®V TOKIAEL avaAoyQ [LE TV KMGT TOV KAMVOL GE GYECN UE
Tov déova Tov Papeiiov kol moipvel TEG amd 6 Emg xou 22 katdiowma. [lap’ Ola avtd, ot OpKETEG
MEPMTMOELG, UOVO €va KPS TUNRUE TOL KA®vov eivol Puvbiocpévo oty Mmidikn SmAoosTifdda, Kot TO
vdéAouTo TPoeEEEL LaKpld amd To emimedo NG HEUPPAVNC TPog ToV €E®KLTTAPLO YMPOo, oynuotiloviog
EOKOUTTEG POVPKETEC.

(6) O dapepPpavikég Tpoteiveg pe popen P-fapeiiod eppavifovy pikpoOTEPT GLUVTNPNTIKOTITA CTIC
akolovBiec TOVG, ot OYéon HE TIC OQPUIPIKEC-LOOTOOOALTEG TPWTEIVEG. AKOUO UIKPOTEPT €lval M
CUVINPNTIKOTNTA OTIC EEMKVTTAPIEC GTPOPES, OL OTOieg dpovV GLYVE cav avTtyovikol kKabopiotéc. To yeyovog
ovTd cvveEmdyeTal, OTL TPWOTEIVEG He TOAD WIKPY opoldtnta o€ eminedo akohovbiag eivar duvatdév va
SMADVOVTOL [ OMOADT®MG OUOLO0 TPOTO, GAAA TTop’ OAa avTd ot puébodot avalntnong e faorn v opodTnTa
OTNV 0KOoAOLO1 VO NV UTOPOVV VA, TIC OVLYVEDGOVV.

(7) O yerrovikoi B-khdvol cuvdéovtal pe Eva SIKTVO dECUDY VOPOYOVOV, TO 0010 oTAdEPOTOLEL TN
dopn tov Paperion.

Ot pébodot mpdyvwong twv dSapeuPpovikdv B-Papeiicdyv, emione, dwokpivovioar oe pedddovg mov
Baciloviat otnv IPOPOPIKOTNTA, GE GTATICTIKEG TEXVIKEC Kot og pefddovug pnyoavikng pdnone. Ailet va
onuewmel, 0Tt givar GAAO T0 TPOPANUA TNG TPOYVAOOTG TNG SLOUEUPPAVIKNG TOTOAOYIOG TV P-PapetMdv Kot
Ao T0 TPOPANUE TOL VIOMIGHOD Tovg. Katd cvvéneln, €xovv avamtuydel kot dtopopeTikég pebodoroyieg
YO TIG TOPOMAVED TEPIMTMOGELS, OV KOL KOTOWOL OO0 TOVG GAYOPLOUOVE GVTOVE EMITLYYAVOLY Kal TIG VO
Aertovpyieg. H mpmdtn mpoondOeia epappoyng nebodmv punyaviking padnong yio tny tpdyvaor Tng TOTOA0YIg
TV dSwpepppavikav B-fapeiidv, Tpaypatorodnie and tov Diederichs kot tov cuvepydteg Tov (Diederichs,
Freigang, Umhau, Zeth, & Breed, 1998) aAld mAéov n pnéBodoc ot dev givar dwbéoun. To B2TMPRED
mov avamtuydnke Alyo apyotepa ypnoiponoince Nevpwvikd Aiktva pe tavtdypovn xpnon eEeMKTIKNG
TANPOPOPIOG OAAG KoL  EMTAEOV  QIATPAPICHO TMOV  OTOTEAECUATOV HE  aAyoplOpo  Suvopikon
npoypoauuatiopov (Jacoboni, Martelli, Fariselli, De Pinto, & Casadio, 2001) kot &ivor Sabéociuo ot
otevBuvon  http://gper.biocomp.unibo.it/cgi/predictors/outer/pred _outercgi.cgi. Xe Nevpwvikd  Aiktoa
BaciCovtor emiong xor to TBBpred (http://www.imtech.res.in/raghava/tbbpred/) xow to TMBETA-NET
(http://psfs.cbre.jp/tmbeta-net/) Ta omoio ypnowomoovy povo TV apvolikn aAAniovyic, oAAd Kol TO
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TMBETAPRED-RBF (http://rbf.bioinfo.tw/~sachen/BARREL predict/ TMBETAPRED-RBF.php) xot 7t0
TMBpro (http://tmbpro.ics.uci.edu/) to omoia ypnopomoloby efeMKTK| TANPoQopio. UE TN HOPEN
TOALOTTADV CTOLYICEWV.

Ot mpidteg pébodot Paciopéveg oe Hidden Markov Model (HMM) gpopaviotnkay emiong otig apyés
m¢ oekoetiog tov 2000, ot omd tOTE M pebodoroyion avty €xel kvplapynoet (Bagos, Liakopoulos,
Spyropoulos, & Hamodrakas, 2004a, 2004b; Bigelow, Petrey, Liu, Przybylski, & Rost, 2004; Hayat &
Elofsson, 2012; Liu, Zhu, Wang, & Li, 2003; Martelli, Fariselli, Krogh, & Casadio, 2002; Savojardo, Fariselli,
& Casadio, 2013; Singh, Goodman, Walter, Helms, & Hayat, 2011). H npot pébodog fitav to HMM-
B2TMR, t0 omoio ypnoipuonolovce MOALOTAEG oOTOYIoES OAAG €ytve Onpoocla dwabéciuo apyodTepa
(http://gpcr.biocomp.unibo.it/predictors/), eved TAEOV £xel eupavicTel Kol P cuvdvaotikny pébodog and tnv
0o oudda, to BetAware (http:/www.biocomp.unibo.it/~savojard/betawarecl). To PRED-TMBB
(http://bioinformatics.biol.uoa.gr/PRED-TMBB/) mopovcidotnke Alyo apyotepo omd eRAS, kKol nTav waitepa
meTVYNUEVO, KOaBDG Tap’ OAO 7OV YPNOCLOTOOVoE UOVO TANPOPopia amd Tnv opvoéikn aAiniovyia,
XPNOoomToince £va SOPOPETIKO KPUTAPLO YIOL TNV EKTIUNGCT TOV TOPAUETPMOV TOV LOVIEAOV, OAAG Kol
O10POoPeTIKODS ahyOpIBLLOVE Yo TNV eKTaidgvon Kot TNV amokmolkonoinon tov. Tavtdypova elxe eppaviotel
1o PROFtmb (https://www.predictprotein.org/) to omoio €ékave ypnorn eEEMKTIKNG TANPOPOPIOS EVHD
apyotepa epeaviotray kot dAieg pébodot, 6mmg to TMBHMM kot o TMBhunt. H televtaio kot mwo
a&omotn péBodog, eivan to BOCTOPUS (http://boctopus.cbr.su.se/), 10 onoio ypnoiponotel £va cuvdvacud
Support Vector Machines kot HMMs evd kdvet kot yp1ion eEeMKTIKNG TANpopopiag.
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Ewéva 7.22: To arotéleouo mov emiatpépel o eConnpetntig oiktvov tov PRED-TMBB yio v axoiovbio OMPG _ECOLI
2T0 KEVIPO QOIVOVIOL UE TPAOIVO YPWOUO. TO, KOTGAOITO TOD TEPITAOCUIKOD XWPOV, UE KOKKIVO TO KOTALOITO TV
O1OUEUPPOVIKDV S-KADVOV KOl e UTTAE ODTE TOD TPOPAETOVTOL WS ECOKVTTAPIO.

Opota pe T1g a-eAMKoEdelg HEUPPAVIKEG TPOTEIVES, EKTETAUEVEG EUTEIPIKEG OVAADGELG ExoLV Ogi&et 0Tt
ot péBodot mov Pacilovion oe Kamola ypoupuatiky doun o6mme too HMM, givat katd kavova KoOAOTePES Yo TV
npdyvmon Tov dapepppovikdv B-Paperidv ce oxéon e TIC MO OMAES OTATIOTIKEG LeBdOOVE, aAAG Kol g
oyéon pe ta Nevpovikd Aiktva. Eniong, 1000 0 cuvdvacpog morlomv pebddmv 060 kot 1 ypnon e&eMkTikng
TANPOPOPIOG LE TN HOPPT TOALUTADY GTOLYICE®V Elval TOPAYOVTEG TOL CLEAVOLY GTUOVTIKG TNV amdOd00T
tov pebddov avtdv. Me Pdon 1o mapordve, 1o 2005, mapovcldcope TOV HOVOOIKO UEYPL OTIYUNS
GUVOLAGTIKO aAyopOpo TPOYVAOOTG TV B-Baperidv, T0 ConBBPRED
(http://bioinformatics.biol.uoa.gr/ConBBPRED/). To ConBBPRED divelr 1 dvvatéotnta oto ypnotn va
emAé€el moteg neBodovg Ba suumePLAPEL 0TI GLVIVAGTIKY TPOYVWOGCT EVD EMTALOV PBEATIGTONOLEL TNV TEAIKN
TPOYVOoN HE €vav aiyopilBpo dvvapkold mpoypappaticpov. Me tov tpdno avtd, n pébodog Eemepviel oe
emtuyio OAeg TIG EMPEPOVS HEBOOOVE TTOV YPNOLUOTOIOVVTAL TNV TPOYveor]. To pelovéktnua tng pedddov
glval 1o yeyovog 0TL 0 ¥pNoTNG TPEMEL Vo £xel AMAPEL LOVOG TOV TO, OMOTEAEGHATO OO TIG EMUEPOVS HeBOOOVC
KOl VO, TO EMIKOAMANGEL GTNV ovTioToyn @Opua e Sladtktvokng spoappoyng (Bagos, Liakopoulos, &
Hamodrakas, 2005).
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[Tap® 6Ao mov &idape OTL axduo kol ywo. to B-fapéiia 1 avénon tov peyébovg tov GuVOAOL
exmaidevong dev odnyel oe ypoupikny avénon tng omddoong, o péyebog mailel kamolo poro, EOIKA OV
avaAoyloTOOpE OTL oL TpmTeg UEBOdOL MTav ekmondevpéveg oe poAg 10-20 téroleg mpwteiveg. 'Etol, givan
Katavontd OtL o1 mo ovyypoveg pnéBodol dnwg to BOCTOPUS, mov €xovv exkmoudevbel oe pepikéc dexdioeg
oaAAnAovyiec, Ba eivor mo amodotikéc. Ilap’ Ol avtd, ot aAyoplOKEG emAOYEG OAAL KOl O GMOTOC
OYEOGIOC TOV HOVTEAOL Kabiotovv axopo kot ofuepa to PRED-TMBB o dwitepo avioyovioTikn
pébodo. Extog and 1o PRED-TMBB ka1 to BOCTOPUS, ot o a&idmiotec 1éBodot cOLpmva e To TEAEVTOLN
oedopéva eivar to PROFtmb, to BetAware kou to HMM-B2TMR. Mo tpoorndfeia va emavekmodevdel to
PRED-TMBB oc¢ véa dedopéva ahid Kol vo Yp1OLLOTOoEL EEEMKTIKT TANPOPOPIa, EYEL OMCEL EENPETIKA
UEYPL OTIYUNG OMOTEAECUATA KoL OVAIEVOVUE VO OMpoctevtel oovtopa. H pébodog avtr, to PRED-TMBB2
(www.compgen.org/tools/PRED-TMBB?2), paivetar 611 givan mAéov n mo a&dmiotn uébodog, evd o véa
EPAPLOYT Y10 GUVIVOGTIKY TPOYVOGCT PPICKETOL VIO KATAGKELT.

PRED-TMEE
PROFimb
B2TMPRED

PSIPRED
TEBPrad (NN)
TEBPred (SVM)

[ T BT
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Ewéva 7.23: H ovvovaotikyy mpoyvawon yio vy mpwteivp Omp85 (Neisseria meningitidis), onw¢ mpoékvye omo tov
oAyopiBuo ConBBPRED (http://bioinformatics.biol.uoa.gr/ConBBPRED). Ilavw: ta amoteAéouoza twv EC1 S1opopeTikdy
Tpoyvwotikwv uedodwv mov ypnoiuomomnBnrayv. Kdtw: 1o 10t0ypouua e tehikng mboavotnrag yio v dmopln
owopeufpovikay f-kddvav kot unkos g axolovliog (0-1). Kévipo: n teliki oovovaotikh mpoyvamon (Ue Hadpo ypmua,),
n omoia feAtiotomoleitol ue Evav alyopilio SvvouLKoD TPOYPOUUOTIOUOD.

Ao T1g pebddovg mpdyvmong g Ttonoroyiog, kdmoleg 6nwc to PRED-TMBB, to BetAware kot to
TMBETA-NET mpoc@épouv Kot Trv ETA0Y VO KAVOUV TOTOYPOVO. S1oy®PIoUO Kol ToEVOUNoT), ONAadn va
wpoPAréyouv av pia dobeica mpmteivn givar dwopepPfpavikd B-Papéit | oyt Onwg simape, avt) 1 TpoPieym
dgev glvar kTl amiod, yiati mbavoi dapepppavikol B-kAdvor umopet vo mpoPrepBovv kot o pn LepPpavikég
npoteiveg. Eniong, n peydin dvokoiio Tov YXEIPUOTOS £XEL VO KAVEL KOl LE TO YEYOVOG OTL TO. B-Papéiia
elvar omdvieg mpmteives (~2% oTa YOVIOIOUOTH) KOl KOTE GUVETELD OKOUO Kot pio péBodog pe dtkoTNnTe
>90% 6o dwoel ek TV mTpAyUdTOV TOAAG apvnTikd amoteAécpata. ‘Etol, €yovv avamtuyBel kou ool
alyopifpot (cuvibmg Paciopévol oe oAMkn Kwdkoroinomn g aAlniovyiog), ot omoiot £xovv Pactkd 6TOYO TO
Soyopiopd avtov TV Tpoteivav. H pa peydin opdda té€totmv adyopifpmy mpospyetal and tnv opddo Tov
Michael Gromiha kot Baciletor oe ohkn TAnpogopia pe yopoaktnpiotikd mopdderype 1o TMBETADISC-
RBF (http://rbf.bioinfo.tw/~sachen/OMPpredict/ TMBETADISC-RBF.php), 10 omoio €xet peydin sdikdmmra
(94%), oALG yavel o evaictncia (85%). To BOMP (http://services.cbu.uib.no/tools/bomp) givan évag apketd
TOAMOG OAAG TETUYNUEVOG OAYOPIOLOG TTOV KAVEL YP1OT] KOVOVIKDV EKPPACGEDY KOl VOPOPOPIKOTNTAG Yo TV
TPOYVOoN Kol €xel peYaAn ewwomnta (99%), aAld yaver oe evawsOnoio (~68%). To PSORTbD
(http://www.psort.org/psortb/) eivar éva yevikdtepo epyoreio mpdyvwong Tng LROKLTTAPIKNG Béong twv
TPOTEVAOV 6T PaKTPL, TOL HETOED AAA®Y TPoPAémel Kot cav Béor v eEmtepikn pepPpavn. Kdavel yprion
TOAMDV epYaAeinV TPdYVmong Kol UVOVALEL OTOTEAESUATO OO TPOTLTO KAVOVIK®DY EKPPAGE®V, ELPAVICELS
oumentdiov KA evd N teMKn omdeaocr PByaivel amd évav alyoplBpo unyovikng pddnone. Ilap’ dha avtd,
etvar 1Wwitepa 0o (~99.5%) aArd ydver oe gvacOnoio (~50%). To P-barrel analyzer (http://beta-
barrel.tulane.edu/FW_analysis.php) tov Freeman-Wimley, givol éva mpdopato kot dlaitepa koo epyareio
mov meTv)aivel Kohd ovvdvacpd evawctnciog (86%) wor ewwomrog (95%). Téhog, to HHomp
(http://toolkit.tuebingen.mpg.de/hhomp) &ival icwg o kaAdTepog adydpiBuog, kabmng onpileTol oe GuYKpPIoN
HMM-HMM «oto6KeLOcHEVOY OO TIG TPMTEIVEG e YVOGTN doUn (GTIV 0LGI0 KAVEL OVAYyVOPLoT LOKPIVOV
OLOAOYOV e €vov TopOUolo TpOTo TTov B EVOGLVOVTGOVLUE GTO KOUUATL TG Veavong). To peydio tov
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HELOVEKTN O, TTOVL TO KOO16TE SVGYPNOTO GE TPOYUATIKA TPOPALATA Kol AVOADGELS YOVISIOUATOV, givar OTL
etvar Wwitepa apyd Aoy e pebodoroyiag Tov ¥pNCOTOLEL.

7.6.3. EnNpatodoTIKES 0AANAOVYIES KOL KUTTUPIKT GTOYEVGT

"Eva @GAo oAl onpovtikd B€ua etvar n mpdPreym g oTdELONG TOV TPOTEIVOV, ONANST TOL TPOOPICUOD
ToVg péoca oto KLTTOPO (LVokvTTAPIKY TomoBesion N1 otdyevon). Eivor yvwotd €dd ko dekaetieg, OTL 1M
TANPOPOPIN Y0 TN GTOYELGT aVTN PPICKETOL KOIIKOTOMUEVT 0TIV 1010 TNV 0AANAOLYIN TOV TPOTEIVOV, TIG
MEPIOGOTEPEG POPEG LE TN HOPPN WIOG OUVOTEMKNG 1N KapPolutehkng aAinAovyiag. Xe OAovG TOVG
opyoviopovg (Baxthipo, Apyaic kot Eukopuotikovg), m mAsloyneio Tov eKKPVOUEVOV TPMOTEVOV
ouvvtifetal cov €va TPOSPOUO HOPLO TO OTOI0 PEPEL O OUIVOTEAKT] aAAnlovyia, n omola KotevBhvel TV
€KKPLOT Kol HETA oamokomTeTol (avthy M oAAnAovyio ovopdletol onpotodoTikny oAAniovyic, N mEMTId0
ooMnyNTNG). Avtd 1o mentidlo, SlabéTeL Lo GTOVIVAMTY OOUN LE QOPTICUEVA OUVOEEN OTO OLULVOTEALKO GKPO
(n-region), o vOPOPOPT TEproyn| (h-region) N omoia dwomepvd ™ pePPpavn ko o GAAN wepoyn (c-region)
N omoio. amoTEAEITAL KLPIMG Omd UIKPG Kol U1 (QOPTICUEVO KOTAAOUTO, T OmOolo TEAEIDOVEL GE o
YOPUKTNPLOTIKY aAAnAovyio amokomng (cvvnBwg pe to mpotvmo A-X-A), mov avayvopiletor and €1d1ko
évlopo, v mentiddon 1o onuatog (G. von Heijne, 1990). O punyovicpdc o omoiog givol amoapaitntog yio
OTOYEVOT] TOV TPMOTEIVAOV GTO UEUPPOAVIKO GUOTNU EKKPLOTG, Eivarl Tapopolog, T0co ota Baktpia (Driessen
& Nouwen, 2007), 660 kol otovg Evkapvwtikodg opyaviopovg (Rapoport, Matlack, Plath, Misselwitz, &
Staeck, 1999), aAld ko oto Apyoio (Pohlschroder, Gimenez, & Jarrell, 2005). Metd 0 petapopd Kotd
UAKOG TNG HEUPPOVNG, TO TEMTIOO OOMNYNTNG OTOKOMTETAL OO TNV TPOSPOUN| TPWTEIVY, LE TN YPNON HLOG
TPOGOEdEUEVIC ot ueUPpavn mertiddong tov onpatog (Tuteja, 2005; van Roosmalen et al., 2004). Ztovg
Evkapomtikodg opyaviopods, ot mePIGedTepEC TPMOTEIVEC TOL KATELOVVOVTUL GTO, HTOYOVOPLD KOl TOVG
YAoponmAdoteg (0AAG Oyl OAEC), TEPEYOVV EMIONG OUVOTEMKEC ONUOTOOOTIKEC OAANAOLYieC, Ol omoieg
OTOKOTTOVTOL LETA TN LETOPOPA, OV KOl TO YEVIKA YOPOKTNPLOTIKA TOVG VOl APKETA SLOPOPETIKA, TOGO OGOV
aeopd o610 UNKOg aALG Kot 6cov a@opd TN ovoTaon kot TV vopooPfkdtnta tovg (Habib, Neupert, &
Rapaport, 2007; G. von Heijne, Steppuhn, & Herrmann, 1989). A\Aeg mepintdoel otoOYXEVONG, OTOS TOV
TPOTEVAOV TOV TLPNVO Kol TOV LTEPOEEICOUATOV, EAEYYOVTOL UE OlaPOpeTIKO TpOmo. Ot mpwteiveg mov
€1GAYOVTOL GTOV TLPNVA TEPIEXOVV ECMTEPIKA GNLOTO OMOTEAOVUEVO OO WKPEG OAANAOVYiEG TAOVGIEG OF
Apywivn kot Avcivn, evd yio Ta vteposeicmpata Exovv Ppebel dvo unyaviouol, £voc mov pecorafeital pe
opaon xoppoéutelikdv odiniovyiov (PTS1), kot évog teleing d1apopeTikdc, 0 omoiog Asrtovpyel HEC®
QUIVOTEAIKGOV aAAnAovyidv (PTS2).

Ta Bakmpia, ta Apyaio Kol ot YA®POTALcTEC S1aBETOVY, EKTOC OO TO YEVIKO EKKPITIKO UNYOVICUO
oL TEPLYPAYaLE Tapamave (Sec), Kot Evo A0 cOGTNUO PACIOUEVO GTO LETOPOPEN TMV SIOVUOV aPYIVIVODV
(Twin-Arginine translocase - Tat). To cOotnua Tat avayvopilel eAappmdg LeyoADTEPO Kot AyOTEPO VOPOPOP
MENTIOW 0OMYNTES, TO OMOlOL PEPOVLY IOl YOPAKTNPIOTIKN aAAnAovyia amd dvo cuveydueveg apyviveg (RR)
oto n-region (Berks, Palmer, & Sargent, 2005; Lee, Tullman-Ercek, & Georgiou, 2006; Teter & Klionsky,
1999). M Baoikn Swpopd petald tTov povomotidv Sec kou Tat, Ppicketoar ogto yeyovog OTL T0 TPDOTO
UETAPEPEL TIC TPWOTEIVEG UM OUTAMUEVEG KOTO UNKOG TOV KAVOALOD TNG HEUPPAVNG, EVED GTO OgVTEPO GVGTN LA
0l TPMTEIVEG LETAPEPOVTOL E EVOV AYyVOOTO TPOG TO TOPAV UNYOVIGHO, 0pod £XovV SUTAMBEL 6TV TEAIKN
tprodidotarn doun toug (Teter & Klionsky, 1999). Z1ig nepiocdtepeg eKkpvopeves TpaTeiveg (€ite 0VTEG
exkpivovtan pe Sec, gite pe Tat), To TenTidW 0ONYNTEG ATOKOTTOVTOL OO TNV TENTIOACT TOL onuatog I (Spase
I), n omola avayvopilel mentidio wov potdlovy apKeETA e avTd TV Eukapuotikdv opyovicpmy. Emmiéov
onmc, ta Baktipla kot to Apyaio, KTOG 0md TOVG dVO TOPATAVE® UNYOVIGLODS LETAPOPAS, £YOVV Kl EVOV
dg0TEPO PUNYOVICUO YL TNV OTOKOT TOV TEXTIOIMV 0ONYNTOV. ZUYKEKPIUEVO, VTAPYEL 1| TENTIOACT] TOL
onpatog Il (Spase II or Lsp), n omola givar ed1kn yio Tig Tpocdedepuéveg otn pepppavn Mmonpwteives. To
TENTIOO OONYNTNG TOV AMOTPOTEIVDV, €YEl aKPPDC TO 1010 YOPAKTNPIOTIKA LHE TO EKKPITIKO TEMTION0
odnynt, pe TV Kopuo dpopd va evtomiletar otnv c-region (lipobox), 1 omoia yapoktnpiletor omd pa
ocuvtnpnuévn C, n omoia givat Kot amapaitnT yio T YNUKN TPoToroinon mov Bo 001 ynceL 6TV OUOIOTOAKN
npdcsdeon ot Amide ™G pepPpdvng. To mpdtumo mov eppaviletor og ovTH TNV TEPLOYN WITopel va
yopaxtnpiotel amd 1o potifo [LVI]-[AST]-[GA]-C, alid kot AL mapopotlo potifo mov £xouy meptypapet
Katd Kopovg. Emimiéov de, ta tedevtaia ypovia £xovv mapotnpndel kol MTOTPOTEIVEG TOV EKKPIVOVTOL LIE TO
ovotnuo Tat. KataloBaivoope dniadn, 6Tt to cOoTUa givar TEAEi®G GTOVOLA®TO, KOOMG Ol dPOPETIKES
TEPLOYES TOV TENTOIMV 0dNYNTAOV HUITopohV VO GLVOILAGTOVV LE SLOPOPETIKO TPOTO.

246



H vrmoioyiotikn mpodyveon tov mERTIOIOV 0dNyNT®dV, oAAE Kol TV GAA®V  ONUOTOSOTIK®V
oAAnAovymv, NTOV EvO ONUOVTIKO TPOPANUa, oM amd tn dekaetia Tov 1980. Apyikd ypnoipomomOnkoy
weight matrices faciopévol otnv avédivon tov Gunnar von Heijne (G. von Heijne, 1986), kot 0 7o yvootog
alyopBpog mov Paciletar oe vt ™ péBodo, givan o SigCleave, o omoio vapyel S100EcIHO G TOAAES
exdooelg (http://emboss.sourceforge.net/apps/release/6.6/emboss/apps/sigcleave.html). M mo obOyypovn
uébodog Paciopévn oe weight matrices, 1 omoia €xel exmadevbel e TEPIGGOTEPA KOl KAADTEPTG TOLOTNTAG
oedopéva, sivan to PrediSi (http://www.predisi.de/). H pébodog avtn, 6T®G Katl o1 TEPIGGOTEPEG GVYYPOVEC
péEBodoL, €xel O1OPOPETIKEG EKOOGELC Y10l TIG TPELS LeYaAeg Kotyopieg opyavicudv (Evkapvwotikol, apvntikd
katd Gram Boaxtmpia, Oetikd xotd Gram Boktipua). Ot o amodotikég oumg cvyypoveg pebodoloyieg,
Bacilovtot g peBddovg unyovikng pabnong énwe ta vevpwvikd diktva kot oo HMM. H mo ko kot 1 mo
YVOOTH and TIC o0YYpovec LeBddovg, etvar to SignalP (http://www.cbs.dtu.dk/services/SignalP), To omoio €yet
@tdoel NOM TV ékdoon 4.1, Kol ektog Tov 0T dtbETel Egympiotd epyaleia Yo TV KAOE OUddd OpyaAVIGU®OV
Kot OV0 SLPOPETIKEG LeBddoLE (Vevpavikd diktuva kot HMM), evd Baciletarl otnv e€opetikn Piioypopikn
avalfTnomn yw TV KatdpTion Tov GVVOAOL EKTTOIdEVLONC, TEPIAAUPAVOVTOC £TGL TOALEC TPMTEIVEG, GALG KoL
amopakpovovtag AdBoc kotaywpioslg (Bendtsen, Nielsen, von Heijne, & Brunak, 2004). Onwoc 1on
avapépape, kamoleg nEBodoL TPOYVMOONG SUUEUPPAVIKOV TPAOTEIVOV O100ETOVV ETITAEOV TNV IKAVOTNTO VO
mpoPAémovv Ta memtidn odnyntéc. Ov pébodor avtég eivor to Phobius, dwbécio ot dievbuvon
http://phobius.sbe.su.se/ (Kall et al., 2004; Kall, Krogh, & Sonnhammer, 2007) kot to Philius (Reynolds,
Kall, Riffle, Bilmes, & Noble, 2008), 10 omoio eivan dSwbéoio ot  devbvvon
http://noble.gs.washington.edu/proj/philius/, ot omoieg ypnoyronotodv ypaeikd poviéla (HMM ko Bayesian
network, avtictolya), EVO apydtepa enepaviotnke Ko 10 SPOCTOPUS
(http://octopus.cbr.su.se/index.php?about=SPOCTOPUS).

Ewdkd yuo o mentidto odnynté v Apyainv, Vanpye yio ¥povia. SOy, OYETIKA LLE TO EPATILO OV
TO TEMTIOWL OVTAC TG ORASAG HO1AloVV LE T TEMTIOWN KATO10G AAANG OLASOC, KOl [LE TOLdG opddag potdlovy
nep1ocdtepo. To Packd mpdPAnua, Aoy OTL dev LINPYOV TOAAN TOPASELYLOTA KOUAN YOPOUKTPIGUEVOV
TETOLOV TPAOTEIVAOV KOl Ol TEPLGGOTEPOL TPOTEVOV ATTAA T YPNON OA®V TV dtofEciumy epyaieiov (avTd mov
&xovv avamtuybel yio Tig dAdec ouddeg opyovioudv). IMap’ OAa avtd, po extetapévn avalftnon ot
BipAoypapia, poag odnynoe oe €va peydAo aplBpd TETOIV TPOTEIVOV, Ol Omoieg v Kol KOAX
YopoKTNPIopEVEG ot PipAtoypapia, dev elyav avtiotoyn TAnpogopio otnv Uniprot (Bagos, Tsirigos, Plessas,
Liakopoulos, & Hamodrakas, 2009). 'Etot, n avélvon pog €0eiée 01l ta memtidio odnyntéc tov Apyainv
potalovv meplocOTEPO pE TO. avtioToryo TV Betikdv katd Gram Pokmnpiov, evd pe to véo cOVOAO
EKTOIOEVLONG KATOOKEVACANE TN HOVAOIKY WEYPL oTyung dwbéoun pébodo vy ta Apyoio, 1o PRED-
SIGNAL (http://www.compgen.org/tools/PRED-SIGNAL).

Ot Boakmnploxéc MmompTeiveg Yoo TOAAL ypovia avayvopiloviay He ¥pNon KOVOVIKOV EKQPACEDY
¢ PROSITE, 6mwg avtég mov avapépape oto kepdiato 5 (m.y. to PS00013). Iap’ dAa avtd, to televtaio
YPOVIC, ovOTTOYXONKOY Kol Yo aVTEC TIC TPOTEIVES o cuyypoveg uéBodol. Apykd avartdydnke to LipoP
(http://www.cbs.dtu.dk/services/LipoP), 1o omoio Paciotnke ce HMM ko giye ekmoidevbei va avayvopiletl
Mronpoteiveg and apvntikd katd Gram Poktipio (Juncker et al., 2003). To LipoP éyel emmAéov v €1d1kn
wavoTta vo tpoPiémel €gicov KOAG Kol TEMTIOW OOMYNTEC EKKPWVOUEVOV TPWOTEIVGOV, OAAG Kol
SOUEUPPOVIKEG EMKEG OTO QUIVOTEAKO GKPO Kol £YEL (oL emttvyia Tng TaENG Tov 97% o1t cwot) ta&vounon
OTI AmompmTEIveC amd oapvnTikd katd Gram Pokmplo, evd oivel AdBog mpoPréyelc (Oniadn, oe pn
EKKPVOUEVEG TTPWOTEIVEG), NG TéENg tov 0.3%. Ilap’ 6la avtd, dtav ypnoomombel oe Mmonmpweiveg amd
Oetikd kotd Gram Paxtipla, 1 akpifeld tov méetel mepinov oto 90-92%. 'Etol, o pio moldtepn epyocio
HOG, OQOV TPAYLOTOTOWCAUE eKTETAUEVT avalftnon otn Piproypagio. yio Tnv €0PEcT] MEPOUATIKA
TPOGOOPICUEVOV MTOTPOTEIVOY amd Betikd kotd Gram Poktipla, Kotaokevdoape 1o PRED-LIPO
(http://www.compgen.org/tools/PRED-LIPO), 10 omoio amodidel koAvTteEpO ©€ oLTH TNV KoTnyopic
Boktnpiov, evd mapdAinio TpoPAEmel PE OPKETA UEYAAN OKpiPelo Kol TO TEMTIOW TOV EKKPIVOUEV®OV
TPOTEIVAOV, 0ALA Kot TIC Stapepuppavikég Ehkeg (Bagos, Tsirigos, Liakopoulos, & Hamodrakas, 2008).

2TOVG EVKAPLAOTIKOVS OPYAVIGHOVS, OEV VILAPYOLV TETO0V €100VE MTOTPWOTEIVES, OAANL LILAPYEL EVOG
TOPOUOLOG UNYAVIGUOG Yo TNV Tpocdecn mpoteivov ota Amidw (GPI-anchor). Ov mpwteiveg ovtég
KatevBOVOVTAL €Kel, amd Lol ONUATOO0TIKY] cAAnAovyio oto kapPoluteAkd dxpo, m omoia eivor Poacikd
VOPOPOPN Kot TEPLEYXEL LI EWOIKN TEPLOYN avayvdplons. MéBodot Tpdyvmong yia TiG TPOTEIVES OVTNAE TNG
katnyopiag, eivor 10  PredGPI  (http:/gpcr.biocomp.unibo.it/predgpi/pred.htm), 1o  big-PI
(http://mendel.imp.ac.at/gpi/gpi_server.html), TO FragAnchor
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(http://navet.ics.hawaii.edu/~fraganchot/NNHMM/NNHMM.html) ka1 to GPI-SOM (http://gpi.unibe.ch/).
Avrtioctoyo oto Poktiplo, VTAPYEL £VO GUCTNUO. TOV OvVOyVOPifel pio. onUaTodoTIKn oAANAovyiad ©To
KopPoELTEAIKO GKPO Kol TPOGIEVEL TNV TPMTEIVN GTO KVLTTAPIKO Tolywua. O Tpwteiveg avtég ovopdlovton
ocuvvnBwg LPXTG (amd to avtiotoryo mpdTumo Tivm 6T GNLOTOd0TIKY aAAnAovyia Tov avayvopilel 1o €101k
évlopo, 1 coptdon), Kot Tpog To TopdV eivat yopaKTNPIGUEVES Lovo ota BeTikd Katd Gram Boaktipia (av Kot
VILAPYOVV eVOEIEELG OTL TAPOLOLD GUGTAIOTA VTAPYOVY Kol 6T, apvnTikd Kotd Gram Boktplo aAld Kot ot
apyoin). Avtq 1t otyun, 1 kaAvtepn  péBodog ywoo v Koatnyopia avty, 10 CW-PRED
(http://bioinformatics.biol.uoa.gr/CW-PREDY/), &€yel avamtoyBel and epds, kol EKTO¢ amd v Tpdyvmor Kavet
Kot S0y @PIopd TV SL0POPETIKOV eVEOU®V (COPTAGEG) TOV avVayVOPILOLV T0 VTOGTPMLLLUTO CUTA.

[Mop’ 6Ao mov moAAEC amd Tig ueBddovg mov avapépape, umopodv vo mtpofréyovy (UExpt KAmolo
Babuod) kot to memrtidw mov odnyovvior pécw Tov cvothiuatog Tat (ywpic Ouwg va pmopodv va To
Sympicovv), £xovv avarntuybel To tedevtaio ypovia Kot e01KEG peBodoloyieg TOv doVAEHOVY KAADTEPA OTIC
mpoTElveg  avtng g kommyopioc. H  mpodtm  tétole pébBodog mnrov 1o TATFIND
(http://signalfind.org/tatfind.html), to omoio Pacilotav ce avAALoN VOPOPOPIKOTNTAG KOl GE KOVOVIKEG
exppdoelg (Rose, Bruser, Kissinger, & Pohlschroder, 2002). Aiya ypdvia apydtepa eppavictnke to TatP
(http://www.cbs.dtu.dk/services/TatP/), 10 omoio ypnoipomoiel vevpwvikd OiKTLO GAAD KO1 KOVOVIKEG
exppdoelg yio va dwaxpivel v meployn RR (Bendtsen, Nielsen, Widdick, Palmer, & Brunak, 2005). To TatP
elvar yevikd, a&omioto, oAAd Oy ota enineda tov SignalP, eved to TATFIND avayvopiler pévo v dmapén
tov onupotog RR, oAhd Oyt kou to onueio omokomfg. Xe por mpoomddeio vo emADGOLUE OAO OVTO TO
npofinuata, moapovcidcope mpoéceate to PRED-TAT (http://www.compgen.org/tools/PRED-TAT/), wa
néboodo Baciopévn ota HMMs, 1 omola pumopet apevoc pev va daympicet ta mentidia odnyntég (Sec ko Tat),
apeTéEPOL g, vo mpoPAsyel kot T Bécelc amokomng ot 0vo katnyopiec. H pébodog avty, eivor avt
oTyun, n Kopueaia yio ta Tat wentidio 0dnyNTég, dALA TaVTOYPOVH TPOPAETEL KOl To KAOOIKA TeMTidw (Sec)
o€ IKOVOTomTIKO Pabud, evd votepel EAdyIoTa GE QLT TV Katnyopia e oyéon pe o SignalP.

YHETIKA E TIG ONUATOOOTIKES AAANAOLYIEC TTOV KATELOVVOLV TIG TPMOTEIVEC GTA LUTOYXOVOPLOL KOL TOVG
YA@POTTAGOTESG, £Y0VV emiong avamtuyOel e&eidikevpévor alyopiBuot. o Toug YA®POTAAGTES, O IO YVMOOTOG
sivon 70 ChloroP (http://www.cbs.dtu.dk/services/ChloroP), £V TO TargetP
(http://www.cbs.dtu.dk/services/TargetP), eivar éva oAokANpoUEVO GOOTNUO 7OV TPOPAETMEL TOGO TIG
EKKPITIKEG TTPOTEIVEG, OGO KOl OVTEG TMOV HITOXOVOPI®MV KOl TV YA®pomAactdv. [Tapouotog apyitektoviknig
Kot @rhocopiog eivar 10 kamwg maAdtepo iPSORT (http://ipsort.hge.jp/how.html). AMha epyaieion mov
npofAémouvv TG LLTOYOVOPLOKEG ONUOTOOOTIKEC oAAnAovyiec, glvon T0 MitoProt
(https://ihg.gsf.de/ihg/mitoprot.html), To Predotar (http://urgi.versailles.inra.fr/predotar/predotar.html), ko to
Tppred2 (http://tppred2.biocomp.unibo.it). T 11§ TpwTeivec TV vrepoleicopdtov, vrapyer to PTS1
predictor (http://mendel.imp.ac.at/mendeljsp/sat/pts1/PTS1predictor.jsp), &vd Y TI TPMOTEIVEC TOL
katevBvuvovtal otov mopniva €xel avamtvyfel to cNLS Mapper (http:/nls-mapper.iab.keio.ac.jp/cgi-
bin/NLS Mapper_form.cgi), to NLStradamus (http:/www.moseslab.csb.utoronto.ca/NLStradamus/), To
NucPred (http://www.sbc.su.se/~maccallr/nucpred/) Kol 70 PredictNLS
(https://rostlab.org/owiki/index.php/PredictNLS).

Télog, To YeEVIKOTEPO TPOPANLUA TNG VTOKLTTIOPIKAG CTOYEVOTG TOV TPMTEIVOV, OVIIUETOMILETOL Kot
pe pebodovg mov dev Pacilovral oTig onuatodoTikég aalnlovyies. o mapddetypa, yioo TOAAEG Katnyopieg
TPOTEIVOV, TETOEG OaAANAOvYieg Oev €yovv evtomiotel akOpo (T mpwTeiveg ™G HeUPpdvng TOV
HITOYoVOpimV), evd yio AAAEG Katnyopieg dev vapyovy KabBOAOL (Y. TPWTEIVEG TV AVCOGHOUAT®Y, TOV
Golgi k.0.x.). EmmAéov dg, TOAEG POPEC Ol AUIVOTEAIKEG aAANAOVYiEG UTOpEl VO TEPIEXOVV KOl GOAALLOTOL
AOy® Aabmdv oty aAAniovyion. ‘Etot, pio oelpd pebodwv xovv avamtuydel edm Kot 0pKETA XPOVIQ, Ol OTOIES
Baciloviar 6e KATOLOG HOPENG OALKY] KMIKOMOINGN TOV GAANAOVYIMDV, KOVOVTOS XPNoN HEYGAOL €0povg
Sbéoumv pebodoroyiop (TpoOTLTO Kol TEPLOYES, OUVOEIKT GVOTOOT), dmentidla K.0.k.). H mo a&iomiotn kot
ouyypovn amd avtég Tic peBodovg, ivar to WoLF PSORT (http://wolfpsort.org/), To omoio apod Pacileton
ota T 0EOToTA cUYYPOVE OedoUEVA Kol Kavel TaEvounon o MOAEG KLTTOPIKEG Tomobesiec Twv
EVKOPVOTIKOV opyaviop®dv (amoterel T vedtepn €kdoon tov PSORT xor PSORT II). To avtiototyo
Aoylopikd yioo T Paxtiplae kot ta apyaia, givar o PSORTD (http://www.psort.org/psortb/index.html).

[Tapopoa gpyaieia Yo TOVG EVKOPLOTIKOVS 0pYOVIGLOVG, givon T0 LOCtree
(http://cubic.bioc.columbia.edu/cgi-bin/var/nair/loctree/query), 10 ESLPred2
(http://www.imtech.res.in/raghava/eslpred2/), 70 LOCSVMPSI

(http://bioinformatics.ustc.edu.cn/locsvmpsi/locsvmpsi.php), to CELLO (http://cello.life.nctu.edu.tw/), to
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BaCELLO (http://gpcr.biocomp.unibo.it/bacello/), to Protein Prowler (http://pprowler.imb.ug.edu.au/), 1o
Hum-Ploc2 (http://www.csbio.sjtu.edu.cn/bioinf/hum-multi-2/), to AAlndexLoc (http://aaindexloc.bii.a-
star.edu.sg/) kou to SecretP (http:/cic.scu.edu.cn/bioinformatics/secretp/index.htm). Ewdwd 7y Tovg
TPOKOPLMTIKOVS Opyoviopovs, ovtiotoweg péBodol (extdc amd to PSORTD), eivoar 1o iLoc-Gneg
(http://icpr.jci.edu.cn/bioinfo/iLoc-Gneg), 1o Gpos-mPloc (http://www.csbio.sjtu.edu.cn/bioinf/Gpos-multi/)
kot to Gneg-mPloc (http://www.csbio.sjtu.edu.cn/bioinf/Gneg-multi/) yio Beticd ko apvntikd kotd Gram
Baktpro avtioToya, T0 SOSUI-GramN (http://bp.nuap.nagoya-
u.ac.jp/sosui/sosuigramn/sosuigramn_submit.html) yw apvnrkd xotd Gram Poktipa, to PSLPred
(http://www.imtech.res.in/raghava/pslpred/), 10 Augur (http://bioinfo.mikrobio.med.uni-giessen.de/augur),
kol to SubLoc (http:/www.bioinfo.tsinghua.edu.cn/SubLoc/).

Téloc, map’ 6A0 mOV TOAAEG amd TG mapamdve HeBddoVE TpoPAémovy ek TV TpayudTmv 1 B€on
TPOTEVAOV TTOL EKKPIVOVTOL UE UN-KAOGIKA LOVOTATIO EKKPLOTG, £xouv avarmtuydel kot e1dkég peBodoroyieg
Baciopéveg otnv 0AKN] 60GTOGT, TOL TPOPAETOLY 101K aVTEG T TpwTEiveS. 'ETo1, Yo TOVG EVKAPVOTIKOVG
opyavicpovg vrapyel to SecretomeP (http:/www.cbs.dtu.dk/services/SecretomeP), evd yio ta Poktiplo
vrdpyet 1o NelassG+ (http:/ www.biolisi.unal.edu.co/web-servers/nclassgpositive/).

7.6.4. Allo mapodeiypoto pedodo®v TpoyvOoNng

Extég and 11 mapomdve TEPITTOCELS, VITAPYOVY (UGIKA KOl TOAAL GAAQ TOPUOEIYLOTH TPOYVAOGEMY TOL
UTOPEL VO YIVOUV O€ LU0 TPOTEIVIKT OAANAOLYIN, LE GKOTO VO OTOKOADWOLV SLAPOpa. OOLKE 1 AEITOVPYIKA
YOPOKTNPOTIKA TG 'Eva moAd onpoavtikd otoryeio, mov €xel oxéon Ko pe TN OELTEPOTAYN OOUN LG
TPOTEIVNG, OAAG UTOPEL VO ATOKOAVWEL KOl GTOLXELD Yiol TNV TPIGOIGTATN SOUN TNG KOl TNV OOMUIKN TG
ta&wounon, sivol n vropén vrepehikav (coiled coil). To Mo yvootd and TOAE TPOYPOUUL Y10 TO CKOTO
ovto, etvar 1o COILS (http://www.ch.embnet.org/software/COILS form.html), evdd éyovv mpotabel Ko
veotepeg exdooelg onmwg to PAIRCOIL (http://paircoil2.csail.mit.edu/), To omoio mpoPAiémel mapdAAnAes
vrepéhkeg, to MULTICOIL (http://multicoil2.csail.mit.edu/cgi-bin/multicoil2.cgi), to onoio mpofiémet ko
tov oMyopepiopd, aArd kot to CCHMM (http://gper.biocomp.unibo.it/cgi/predictors/cc/pred cchmm.cgi) Ko
10 MARCOIL (http://bef.isb-sib.ch/webmarcoil/webmarcoilINFOCI .html), to omoia Pacilovior ce mo
GUYYPOVO LAPKOPLOVA LOVTEALL.

"Eva GAA0 moA) onpavTikd yopaKTnploTikd, eival o eviomondg teploymv pe pun otabepny doun. Tétown
YOPOKTNPLOTIKE  yivovTol OAOEVo KOl 7O ONUOVIIKA To TeEAgvToion ypovia, YTl TOAEG mpwTeiveg
eppavifovral pe un otabepn deutepoTOyn SO, E GUVETELD VO UMV HITOPOVV VO KPUGTOAA®OOUV oAl Kot va
EUMAEKOVTOL AOY® OLTOV TOL YOPUKTNPLOTIKOD G€ TOAAEC TafoAoYIKEG KoTaoTAGELS. TéTowol aAydpiBuot eivan
to DIisEMBL (http:/dis.embl.de/), 10 PrDOS (http://prdos.hgc.jp/cgi-bin/top.cgi), 10 DISpro
(http://www.ics.uci.edu/~baldig/dispro.html), to DISOPRED (http://bioinf.cs.ucl.ac.uk/psipred/?disopred=1),
oAl ko1 ovvdvoaotikég péBodor omwg 1o MeDor (http:/www.vazymolo.org/MeDor/index.html), T0
MetaDisorder (http://genesilico.pl/metadisorder/) ko to DisProt (http://www.disprot.org/pondr-fit.php).

‘Eva Ao moAd onpovtikd SoKd YOpOKTNPIoTIKO TOV TPOTEIVOV, TO OTolo UTopel va dMoEL
ONUAVTIKA oToryEin Yo TNV Tpodidotatn doun, ival 11 GUVOEST TV KVGTEIVOV NG 010G aAAniovyiag kot o
SYMUOTIOHOG O1G0VAPIOKOV decudv. Ot meptocdTepol aAyOpIOLOL OVTAG NG KATNYOPLG, YPTGLLOTOOVV
Kémolo TeYVIKY pnyavikng pdlnong, ommg to vevpovikd diktva. Térowor aiydpiBuor eivar to Dlpro
(http://download.igb.uci.edu/bridge.html), to EDBCP (http://biomedical.ctust.edu.tw/edbcp/), to CYSPRED
(http://gpcr.biocomp.unibo.it/cgi/predictors/cyspred/pred cyspredcgi.cgi), T0 DiANNA
(http://clavius.bc.edu/~clotelab/DiIANNA/), To Dinosolve (http://hpcr.cs.odu.edu/dinosolve/), to DISULFIND
(http://disulfind.dsi.unifi.it/) ka1 to CysCON (http://www.csbio.sjtu.edu.cn/bioinf/Cyscon/).

Mo, GAAN OAD peydin Katnyopio pefddmv Tpdyvmong, gival ot pébodol mov mpoPAémovv Tig HETA-
UETUPPOCTIKEG TPOTOTOINCELS TOV TPAOTEIVMOV. METU-LUETOPPUCTIKT Tpomomoinomn ival kdbe petafoir] ot
ANUKR 60GTACT] TNG TPOTEIVNG, 1 07Ol TPUYUOTOTOLEITAL apov Exel Yivel 1 cVVBESH TN TPMTEIVIG OTA
ppwcouata. Ewikd otovg Evkopumtikodc opyavicpuods, ol UETA-UETOPPACTIKEG TPOTOTOUWCELS OTOTEAOVV
TOAD GTUOVTIKOUS UNYAVIGHOUS Tov gAEYYouV Katl puOuilovv tn 6pdor TV TPOTEIVOV (YU aVTO Kol TOAAES
Popég yopakTnPiloviol ™G «LoploKol S1aKOTTESY). PLGIKA, KOl 1] OTOKOTMH TOV GNUATOO0TIKOV OAANAOLYLOV
oV €idape TP, gival Po LOpPY| UETA-UETAPPOACTIKNG TPOTOTOINGNG, OTTMG EIvVaL KOl 1) TPOGOEST] G€ Mmidia
™mg peuppavne. AAAG map’ Oho avtd, o 6pog cuvibmg ypMolLoTolEiTal Yo GAAOV €I00VG TPOTOTOIGELS,
Kupimg Yo v (cvviB®G, 0ALL OYL TAVTIO) GVTIIOTPENTH TPOCHNKN MAEVPIKMOV OUAO®V OTA QUIVOEEN LILOG
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npoteivng. Tétoleg Tpomomomoels, sival 1 poc@opviinon, 1 YAvkolviiwon, 1 pebvAimwon, 1 aketvAiioon,
K.0.K.

H yAvkolvrimon eivar n wpochnkn cokydpov mov cupfaivel cuvRO®E 6TO EVOOTAAGUOTIKO dIKTLO
kot to ovumieypo Golgi. Awaxpivetoar oe  O-yAvkolvAimon (yAvkolvidveronr mn  Aocmopayivn), N-
yAvkolvAimwon (yAvkolvAidvovior n Zepivip ko 1 Opeovivny) kot C-yAvkolvAwon (yAvkolvAidvetor 1M
Tportopdvn). H mo dwdedopévn pébodoc yio mpdéyvemon N-yAvkolviimong eivar 10 NetNGlyc
(http://www.cbs.dtu.dk/services/NetNGlyc/), evd avtiotoryo yia v O-yAvkolvAiwon €xet avamtvybel 1o
NetOGlyc (http://www.cbs.dtu.dk/services/NetOGlyc/) war yur v C-yAvkoluAiwon to  NetCGlyc
(http://www.cbs.dtu.dk/services/NetCGlyc/), evd to YinOYang (http://www.cbs.dtu.dk/services/YinOYang/)
TpoPAEmel TavTOXpOoVN YALKOLLM®OT KOl POGPOPLAIGOT Tov 1010V KataAoimov oepivng. To GlycoEP
(http://www.imtech.res.in/raghava/glycoep/submit.html), etvon pud GAAN ohyypovn péBodog mov TpoPAmel Kot
TIG TpELg Katnyopieg yAvkolvAiwong, omwg ka1 To GPP (http://comp.chem.nottingham.ac.uk/glyco/). AiAeg
epappoyéc, mepthappdvoov to Oglye (http://www.biosino.org/Oglyc/), to ISOGIlyP (http://isoglyp.utep.edu/)
ka1 to CKSSAP_OGlySite (http://bioinformatics.cau.edu.cn/zzd lab/CKSAAP_OGlySite/).
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Ewova 7.24: Aoyoromo. aAinlovyiov omo tig Oéoeis opdons otapopwv kivaowv. Tlapouoia eixova divovy kar o1 Oéoeig
opaong ne Opeovivy ovti Xepivng.

H pwopopvrioon, elvar emiong pia TOAD GNUOVTIKT KATNYOPio TPOTOTOCEMY TOL GLVIGTUTOL GTNV
TPOGHNKN PWSPOPIKNG Opddas, GVVIHBMG GTNV TAELPIKN opAda TG Zepivng, g Opeovivng 1 g Tvpoacivg.
Ta évlopo Tov TpayUaTomolohV oTES TIC OVTIOPACELS OvopalovTot Kivaces kot 1 dtadtkacio avth ypnoedet
GOV OVTIOTPENTOG UNYAVIGUOG ONUOTOdOTNONG Kol EVEPYOTOINoTG dopdpwv unyovicpmv. H mo yvoot
uébodog mpoyvmong ivar to NetPhos (http://www.cbs.dtu.dk/services/NetPhos/) mov Baciletan og vevpovikd
diktova, evd N mo egghrypévn ékdoon NetPhosK (http://www.cbs.dtu.dk/services/NetPhosK/) mpofAémet ko
7o €100g NG KIvaong mov mpaypatonolel Ty kdbe avtidpaorn. To GPS (http://gps.biocuckoo.org/) givar éva
Ao epydieio Yo TPOYVOON TNG POOPOPLAIGOTNG (TEPLEYEL Kot PeBddoVg TPOYVmOONG KOl Yoo GAAES UETO-
petappootikéc tpomonmomoels). To KinasePhos2 (http://kinasephos2.mbc.nctu.edu.tw/) etvar o akdpo
YVOOTH €QAPUOYTN Yo TPOYVMOOT TV BEcEDV POCPOPLAIOGNC oL TPOPAETEL KOl TO €100 TG KIVAoNG Kot
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Baciletow oe HMM. Alieg pébodor eivar to PhosphoSVM (http://sysbio.unl.edu/PhosphoSVM/), 10
DISPHOS (http://www.dabi.temple.edu/disphos/), to pkaPS (http://mendel.imp.ac.at/sat/pkaPS/) xoi t0
Predikin (http://predikin.biosci.ug.edu.au/). Euneipicéc perétreg €xovv oOgiéel 011 o1 vadpyovoeg pébBodot
TPOYVOONG EXOVV GYETIKA LUKpY| akpifelo Kot TOAAEG POPEC dPOVY GUUTANPOUOTIKA (AAAEC Exouv UEYEAN
evaoOnoia, GAlec peydhn ewdkdTTA), KOTE CUVERELQ, Lo GLVOLOCTIKN HEBOSOC Pmopel Vo amodmMoEl
KOADTEPQL. H puovn mPOC  TO Tapov  TéTol pébodoc  elvar  to MetaPredPS
(http://c1.accurascience.com/MetaPred/MetaPredPS _091201/). IToAAég @opéc emiong, o€ €10KEC KaTNYOPieg
opyovicudv, ot yevikég péBodol dev amodidovv KoAd, OmOTE LRAPYEL KoL M OVAYKN Yo €EEOIKEVUEVES
uebodovg ommwg 1o NetPhosYeast (http:/www.cbs.dtu.dk/services/NetPhosYeast/) wxoir to NetPhosBac
(http://www.cbs.dtu.dk/services/NetPhosBac-1.0/).

Mw  GAAN  opdado  LETO-UETOPPOCTIKOV — TPOMONMOMCE®YV  €ivol Ol TPOMOTOWCEL OV
TPOYUOTOTOLOVVTIOL GTO OUIVOTEAMKO GKpo kot oyetilovtarl pe ™ otofepdnta Kot to Ypovo Mulong g
TPOTEIVNG. To Myristoylator (http://web.expasy.org/myristoylator/) Ko T0 NMT
(http://mendel.imp.ac.at/myristate/SUPLpredictor.htm) wpoPAémovvy v mpocsbnkn evdg Amidiov, TOL
HUPLoTIKOL 0EEMG 6T0 aptvotelkd dkpo, To NetAcet (http:// www.cbs.dtu.dk/services/NetAcet/) mpoPArémet
v  mlavy okeTVAlmon  Tov  apwvotedkov  dkpov  evd 1o TermiNator (http:/www.isv.cnrs-
gif.fr/terminator3/index.html) givar wo yevikd Ko TpoPAénel axeTvAi®GT, popiotobAimon 1 ToAUITobA®OoT).
Extoc BéPaia amd to apivotelkd GKpo, TOPOLOIEG TPOTOMOU|OELS, EOIKE OKETVAIWMGON KOl GOVAQLAM®ON)
(mpocbnkm opdadag Belkod 0&€ocg), cupPaivovy kot oe ecmTEPIKE KatdAowma TV Tpoteivav. ‘Etol, to CSS-
Palm (http://csspalm.biocuckoo.org/) mpoPArénel Tpochnkn maiutikov o&éwg oe ecwtepikéc Béoelc, to GPS-
TSP (http://tsp.biocuckoo.org/) wor to Sulfinator (http://web.expasy.org/sulfinator/) mpoPfAiémouvv
GOVAQIAimoN TV Tupoowvav, eved 1o  PAIL  (http:/bdmpail.biocuckoo.org/) ko 10 KAT
(http://bioinfo.bjmu.edu.cn/huac/) mpoPfAénovv ecmtepikn akeTvAimon Twv Avcwvmv. Télog, o GAAN ToAD
ONUOVTIKY KOTNYOPio TPOTOTOCEWMY ival 1 TPOocHNKN OAGKANP®V TPOTEIVOV Gav TPocHeTKEC opades. Me
po dwdwkosio cav avty pvOuiloviar oelpd GAA®V dlEPYOsIOV OTMOC 1 TPOTEIVIKY oTabepodTnTa, N
HETAYPAPIKT POOUIOT TG OMOTTOONG Kol 01 SEPYAGIES TOV KVTTAPIKOD KOKAoV. H Ovpmikovitivn (Ubiquitin)
NTAV 1 TPOTN TETOLO TPMTEIVY TOL AVaKaAVPONKE, 1 omoia puOWIlel TV amoKOSOUNOT TOV TPOTEIVOV UTO
T0 TPOTEACOUN, €VEO OKoAOVONoOV Kol GAAeC mov cuLVoAkd ovopdotnkoy mpmteiveg SUMO (Small
Ubiquitin-like Modifie). Tnv zpocHnkn g ovumikovitivng tv mpoPrémer n  pébBodog UbPred
(http://www.ubpred.org/), m  BDM-PUB (http://bdmpub.biocuckoo.org/), mn  CKSAAP_UbSite
(http://protein.cau.edu.cn/cksaap_ubsite/), m iUbiq-Lys (http://www.jci-bioinfo.cn/iUbig-Lys) ot n
UbiProber (http://bioinfo.ncu.edu.cn/UbiProber.aspx). I'evikdtepa, v mpostnikn SUMO v mpoPArénet to
SUMOplot (http://www.abgent.com/sumoplot) ko1 10 GPS-SUMP (http://sumosp.biocuckoo.org/).

PRED-CLASS

PRED-CLASS

AIAMEMBPANIKH | [INQAHZ| [ZSAIPIKH | "MIKTH’
(a-AIKOEIBC) (INQAHZ+Z®DAIPIKH)

Ewéva 7.25: Zynuotixn avarapdoraon g ue@odov PRED-CLASS

Téloc, mpémel va KAvovpe KOl Lo avaeopd oe Lefddove mov mpoPAémovy yevikdTepa, dOUKE 1
AELTOVPYIKA YOPOKTNPIOTIKA TV TPOTEIVGOV. Eva Khacucd mapdderypo ivar ot pébodot mov tpoPArémovv tnv
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dopkn taEvounon pog tpwteivng. To mo avtimpoconevtikd mopddetypa, sivar 1 uéEBodoog PRED-CLASS
(http://athina.biol.uoa.gr/PRED-CLASS/) n omoila mpoPAiémel av pio npoteivn eivon pepfpoavikn, woong,
WIKTA 1] 0QoIpIK VOUTOSADTN (01 WIKTEG EVOL OLTEG TTOL £XOVV KOl CQUIPIKEG OALA Kol WWMOES TEPLOYECS,
.. pooaotvn) (Pasquier et al., 2001). H tpoyvoon Paciletar o€ 3 StapopeTikd eTGAANAL VELPOVIKA diKTLA,
10 koBéva amd Ta omoia dtoywpilet po opdda amd Tig vorownes. To TpdTo diKTvo, gival BacioUéVO oE TOTIKN
TANPOPOpio. Kol SOoVAEDEL og dladoyKa (emkaAvmTopeve) ‘mapdbupa’ gopovg 30 kotoroimov. o v
K®OIKOTOINGN YPNOLOTOIEITOL [0l K®MIKomoinon He mopdpetpoug vopoeofikdotnrag (pio tiun yuo kébe
apvo&D), evd To diKTLO €YEl LOVO dV0 KPUPOLS VEVPMVES, LLE AMOTELECUO VO gival TOAD ypiiyopo. O oKomdg
TOV TPMTOL OIKTOOL €ivol Vo evtomicel TIG SUEUPPAVIKEG TPMTEIVES, AL Oyl kol vo TpoPAréyel oo T
dwpepppavikd tuquata. ‘Etot, 0tav evtomicel éotm kot £va mapdfupo pe peydin tiun vopoeoPikdTntag, To
TPOYPOULO, CTAUATAEL KOl 1 TPOTEIVY KoToYmpeital ¢ «dtopepufpovikny. Ot vTéAouTeS TPELS Katnyopie,
dtywpilovral pe T xpNon Vo GAL®V SKTO®V, To 0ol ORMG Pacilovtal 6g oAk TANPOPOpPia LE TapdpoLd
KOOIKOTOINGT. Zav TOPAUETPOL, YPTOLOTOOVVIOL Ol GUYVOTNTEG EUPAVIONG TOV OUIVOEIKOV KOTUAOIT®OV
(20) ko xamowwv opddwv tovg (10 mapdpeTpol, TOV CPOPOVY KLPIWG TIG OUAOOTOCELS CYETIKA UE TNV
VOPOPOPIKOTNTA, TO POPTIO ALY KOl TIG TPOTIUNCELS Yo Odpopa aTotyein devtepoTayos doung). EmmAidov,
YPNOUYOTOI0VVTOL Kot  ovtiotorye ogdopéva (dAleg 30 mapdpetpolr OonAadn), amd TOV  AVIIGTOLYO
petaoynuotiopd Fourier (FFT), po emloyn mov €yve ylo vo UTOPEGEL VO OMOTVTTMGEL TIG TANPOPOPIES Yol
™V TePLodkoéTNTA TOV apvo&éwv. To Tpdto amd avtd to diktva dlaympilel TIG VMOELS TPMTEIVES amd TIC
VTOAOITEG, EV® TO OEVTEPO, TIG UIKTEG OO TIS cQUPIKEG (0 Mo dVoKoAOg iomg dtaywpiopog). H pébodog
0odidel TOAD kaAd (>95% ocwot Ta&vouncmn) Kol NTav amd T TPATES UeBOdOVE TOL EPAPUOGTNKAY OE
TANPY Yovidtdpato Kot £3€1&av 0Tt o1 pepPpavikég mpmteiveg amotelovv epimov 10 30% tov Tp@TEIiVOV IOV
Kodwonoovvtor amd avtd. Ilopduowag @vong pébodol, &xovv mopovolaotel Kol Yoo GAAQ ovticToryo
TpoPAUaTe, OTWG T.Y. YO TO SYWPIGUO TOV SOUIKAOV KOTNYOPIOV TOV GOPUIPIKOV TPOTEIVOV 1| Yyl TNV
Tpdyvmon ¢ eVOLUKNG evepydtTnTag TV EVEOI®Y, 0ALY dgV LITAPYOVY TOAAOT a&1dmIeTOL Kol S10B€G1L0L GTO
gupL Koo oAydp1BpOL.

Intracellular Loop 1 ‘ ‘ Intracellular Loop 2 ‘ | Intracellular Loop 3 | | C-terminal tail
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Ewova 7.26: Zynuatikn ovoropaotaon s ue@ooov PRED-COUPLE. Awo Tig 0ToiyiogIs TV D000V UE THV 1010,
ovlevén, mpoékvwe ue evtauikn avolNTnon pIG TEPLOYH TOV UTOPEL Vo xpnoiomoinlel yio. doywpioud UETald TV
KOTHYOpLOV KOl oo Y omoio. kataokevaletor 10 pHMM. To mpotoma kavovikdy ekppaoemy mov divovial, Eival iolo. [e
VTG TOV ELYAY EVIOMIOTEL € TOMOTEPN UEAETH.

Téloc, éva GAAo mopddetylo a@opd TN AELTOVPYIKN TPOPAEYT Y10 TO JAYWPICUO TOV VITOSOYEMV
GPCR avdroyo pe v wavotnTd TOUG VO, OAANAETOpoOV HE ovykekpiuévn opdda G-mpmteivov. Ot
Yvlevypévor pe G-mpoteiveg Ymodoyeic (G protein-coupled receptors-GPCRs), oynuotilovv po amd Tig
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HEYOADTEPEC OMAOEG OUEUPPAVIKOV VTOOOYEWV GTOVG EVKOPVMOTIKOVS OPYOVIGHOVG. Atabétovv emtd
SopepPpavikég o-EMKeG, Yeyovog mov  emiPefoimOnke TEPOUOTIKG HE TNV TPOSOATN OVAALGON NG
KPUGTOAMKNG SOUNG TNG POdOWIVNG OAAG KOl TIG OVOADGEIC TMV VITOAOIT®V SOUMY TOV £XOVV TPOKVYEL OO
tote. Ocov apopd, tn Aettovpykn tagwvounon twv GPCRs, éo¢ tpdcpata, Aiyeg epguvntikéc opddeg iyav
ovVOTTTUEEL VITOAOYIGTIKOVG OAYOPIOLOVE 1KAVODE VO TPOPAETOVLY TV EOIKOTNTE TOLG GYETIKA LE TN ovlEVLEn
pne G-mpoteivec, oAAd Oyt mhvto pe to avapevopevo omoteléouata. H pébodoc PRED-COUPLE
(http://athina.biol.uoa.gr/bioinformatics/PRED-COUPLE/), n omoia Paciletar oe €dpeon yopoKINPIoTIKOV
mepoydv kot xpnon profile Hidden Markov Models, tav n mpdn dnpdcia dtabéciun oo dadiktvo pébodog
npoyvaoong g e&ewdikevong tov GPCR oe G-mpoteiveg (Sgourakis, Bagos, Papasaikas, & Hamodrakas,
2005). H PBaocwm g apyn ompiletol otnv mopadoyn 0Tt ot vOOKLTTAPIOL fpOY0L, TEPLEYOLY TNV OTOPALTI TN
mAnpoeopia o€ eninedo akoAovbing, n omoia kabopilel To duvapikd g o0levéng evog vrodoyca pe o G-
npoteiv. H pébodocg, tagvopei toog GPCRs og tpeig katnyopieg e&eidikevong (Gi/o,Gs kot Gg/11) ko 6tav
eleyyBel n amotereopoTKOTNTA TNG LE Lo dtodtkacio cross-validation (to 6OvoAo exkmaidevong Y®PIGUEVO O
5 vmooVVoAW), amodideEl GOoTA amoTEAEoUATO 08 TOG00TO 89.7%. Xeg éva ave&dptnto cuvoro 30 vodoyiwv
LE KOopio OpotOTNTO e 0 TOVE TOL YPNOLUOTOON KAV Yo EKTOidEVOT), TPOPAENEL GOTA TNV £€g1dikevon TV
25 amd avtovg (83.3%).

xm devTepn éxdoon mg ueboddov, T0 PRED-COUPLE2
(http://athina.biol.uoa.gr/bioinformatics/PRED-COUPLE2/), ot 1idtec texvikéc ovvovdotnkoy uUe  &va
VEVP®VIKO d1KTLO, TO 0Toio Op®G B amoEAac1le av €vag dedouévog VtodoyEag kKavel oulevén pe pia, 6vo,
TPEIC 1 KO TIG TEGOEPIS amd TIC Kotnyopieg v G-mpoteivav (Sgourakis, Bagos, & Hamodrakas, 2005). Zav
dedoéva 6To vevpmvikd OikTvo, divovtar TAéov to okop omd to. pHMM 7mov £€yovv KOTOOKELOOTEL Yo TIG
oldpopec katnyopiec ovlevéng. Me avtdv Tov TpoOmOo, N UEB0SOG OxL HOvo mpoPAémel oe LEYOIAO TOGOGTO
(~95%) Tic aAANAETIOPACEIS TOV E€lval «EVO-TPOG-EVOY, OAAG KATOQEPVEL VO, TPOPAEYEL KOl TOAAEG OO TIC
MEPMMTMGELS VIOOOYEWV LE [N amokAeloTIKY o0levén. H pébodog eivan 1 povadikn) Tov KaTapEPVeL TETOLO0V
gldovg mpoyvaoelc. Eiyav avamtuybel kot dAdeg mapdpoteg pebodoroyieg, aAdd dev VITAPYOVY OTN TN CTLYUN
S100é01eg 0TO KOO O10OIKTVAKEG EQAPUOYEC.

Gyp-loop3a ... Gy -Cterminal .......... Gy 3-loop2 ...

LELLELLELELELLEL]

}
©00000000000000

Ewéva 7.27: To vevpwviko dixrvo ¢ ueBodov PRED-COUPLE?2. Xov dedouéve, e160000 ypHoyiomoionvIal 10, 6KOpP Ox0
0. pHMM mov eiyov karaokevaotel ue pia diadikooio opoto pe 1o PRED-COUPLE.

7.7. MéBodor Tpoyvaeng Yo aiiniovyics DNA/RNA

O1 pébodot mpdyvaoong, puoikd, dev mepropilovial HOVO OTIG TEPIMTOCELS TPMOTEIVAOV. YAPYOLY TOAAES Kot
W010iTEPO. ONUAVTIKEG TEPMMTMOOELS KATA TIC OToieg ypelalopacte o uEBodo mpdyvmone GYeEdGUEVT Yo
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arAniovyiec DNA kot RNA. To mo Baocwod mpdfinua oty mepintoon aainiovyidv DNA elval avtd g
gvpeong yovidiov (gene finding), aAAd Kot ovTO PmOPEL VO AVTIUETOTIOTEL PE TOALODG TPOTOLG EVD UTOpPET
Kol va yoplotel og pkpotepa «vmo-rpofAnuatoy (Mathé, Sagot, Schiex, & Rouze, 2002). H gopeon tov
TPAYLATIKAOV YOVIO®OV TOV KOOIKOTOovvVTaL 6€ £va yovidiopo, givol TepdoTiag onuaciog tpdpinua, yorl
OTMOC EYOVUE TEL, 1 AAANAOVYIOT EVOC YOVIOLOUOTOC EVaL LEV Ll OOVAELL POLTIVAG, OALL OVTO OV ONUAIVEL
OTL KoL auTOpaTo B EYOVE YVDOT TOV TPMTEIVAOV TOV KOIKOTOoEl ovtd T0 Yovidimpa. H edpeon amAid tov
avolT®V TAOCioV  avdyvoong, etvar g oxetikd omAn  dwdikacion (€101KE GTOVG TPOKOPLMTIKOVS
0PYOVIGLOVG), GAAG aKOUA KOl £TGT VITAPYOVY TTAPO TOALA YELIOYOVISLN 1 TEPLOYES TOV ATTAG £TVYE VA, EXOVV
TO K®OWKOVIO €vapéng kol ANENG o€ dopopd PAcnc (6€ 0mOoTUCT) VOUKELOTISI®MY TTOL gival TOAAATAGGIO TOV
3). 'Etol, n €bpeon tov kaTdAANA®y puloTikav Teploydv (vrokivntég) mov kabopilovv v Ekepacn Tov
yovidiov, givor o TOAD onuavtiky dtodikacio. LTovg 0 EVKOPLOTIKOVS OPYOVIGLOVS, GTOLS OMOIoVg To.
yovidlo €lvor Ol0KOTTOUEVO OTO €0MVIN Kol €EMVIO, EMQEPEL WO, EMTAEOV TOALTAOKOTNTO GTOLG
VTOAOYIGHOVG KAOMDC o1 puOUICTIKEG QVTEG TTEPIOYEG TPEMEL VO AVOYVOPIOTOOY TPV KOV EVIOTIGTOOV TO
avolytd miaicwn oavayvoons. Emumiéov dg, 6TOVC €UKOPLOTIKOVS OPYOVIOUODS VLIAPYOUV Kol GAAEC
PLOIOTIKEG AAANAOVYIEC TTIO HOKPLA OO TOV VTOKIVITI], Ol OTOIEG TPETEL VOL EVTIOTIGTOVV.

YmokivnTig MeTaypagikr povdda

"

GC CAAT TATA AUG GT AG AAUAAA
EvioyuTEg 5UTR Efwvia Ecwvia JUTR Ewvio)uTEg

Ewéva 7.28: H tomiki dop) evog evkapvtikod yovidiov

‘Etolr xotaiafaivoope O0tTL pmopel vo vwdpEovv o oelpd pUKpOTEPU Amd «ITPOPANUOTOY TPOG
emidvon: pmopel va vmdpyovv péBodol gvpeonc TV onueimv AmOKOTNG Kol cuppaeng TV eEoviov
(exon/intron splice site), péBodor avayvmpiong Tov vrokivnty (promoter recognition), uéBodotl avayvopiong
Tov onpeiov Evapéng g petaypaeng (translation initiation site prediction) (Saeys, Abeel, Degroeve, & Van
de Peer, 2007), uébodor edpeong tov onueiov moAvadevurlimong oto mRNA (polyadenylation prediction)
(Chang et al., 2011), oAAd Ko, Quoikd, péBodol Tov TpofAémovy odoKAnpT TN doun tov yovidiov. TéAlog, ot
1EBOdOL EYoVV Kol S1OPOPETIKEG CTUTIOTIKEG 1O10TNTES. AvAdoya pe TNV gvaicHncio Kot Ty €WKOTNTA TOV
umopet va, €xel n KaOe pia, ivar duvatdv vo, amodidovv KaAvTepa gite o€ amopovmuéveg meployés DNA, gite
og AP yovidtopoto (Saeys et al., 2007). 'Eva dAlo onpeio mov ypetdletor Tpocoyn, eival 1 101KOTNTO avd
opyovioud 1 Opad0 0pyoVIoUDV, KAO®DS Ol GTATIGTIKEG 1O10TNTES TOV VOLKAEOTIOMV (0KOU KOl GTO TAOIGLO
TOV OTOJEKTOV KMIKOVIDV), Oapépovv avlueso otTic peyaieg opddes. 'Etol, vmapyovv eEgidikevpéva
gpyoreinn Yio €01KEG TEPMTMOOELG 1 epyoreion oL AopPdvovy VIGYN TOLG TN PVAOYEVETIKN TPOEAELGT TOL
opyavicpov. [evikd, vapyel pa TAnbodpa pebddmv kabmg n oxetikn Pifioypapia eixe exvinoel amd ™
dekoetio Tov 1980, evd To TPAOTA OAOKANPOUEVE TpoypappoTe gpeoavictnkay T dekaetio Tov 1990
ToPAAANAL e TIG TpooTmdbeieg aalniovyiong. Ot pebBodoroyieg mov £xovv ypnoipomomOel yio ta mpofAnuato
0VTA, KOADTTOUV Vo LEYAAO €0POC: amd GTATIOTIKEG TEYVIKESG, wWeight matrices kol TPOEIA, VELPWVIKA dikTVa,
poapkoflavég orvoideg péypt kot Hidden Markov Models. Ot peBodoloyiec mov Pacilovioar kabapd oe
EKTTOUOEVOT Y10 VAL KAVOLV TNV TPOYVIOOT AvVoQEPOVTOL Kot ¢ ab initio gene finders, eved ot pebBodoroyieg oTIC
omoiec ypnolomoteital Kot TANpoeopic. amd TIC MO VIAPYOVOEG YVOOTEG TPMTEIVEG HE OKOTO V.
«xaBodnynOei» N Tpdyvmon amod ta yvmotd mapadeiypota ovopdlovior homology-based gene finders.

IMa Tovg TPOKAPLOTIKOVG OPYOVIGLOVS, TO, TLO YVOGTA Kol TETVYNUEV epyaleia TeptAappdvouy Ta:

¢ FrameD (http://tata.toulouse.inra.fr/apps/FrameD/FD)
o GeneMark (http://exon.gatech.edu/GeneMark/gmchoice.html)
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¢ Glimmer (http://www.ncbi.nlm.nih.gov/genomes/MICROBES/glimmer_3.cgi)

e EasyGene (http://www.cbs.dtu.dk/services/EasyGene/)

e FGENESB

(http:/linux1.softberry.com/berry.phtml?topic=fgenesb&group=help&subgroup=gfindb)

e Prodigal (http://prodigal.ornl.gov/)

Avrtiotoya, Y10 TOVG EVKOPVOTIKOVS OPYAVIGIOVG, TO TTLO TETVYNIEVE, OVTIGTOLYO EpYaAEin Elvar:

e FGENESH
(http:/linux1.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind)
GlimmerHMM (https://ccb.jhu.edu/software/glimmerhmm/)

HMMgene (http://www.cbs.dtu.dk/servicessHMMgene/)
GeneMark.hmm (http://exon.gatech.edu/GeneMark/hmmchoice.html)
GenelD (http://genome.crg.es/software/geneid/geneid.html)
GeneScan (http://genes.mit.edu/GENSCAN.html)
mGene (http://raetschlab.org/suppl/mgene)
e  Grail (http://compbio.ornl.gov/grailexp/)
Ewdwkd epyodeia yio tnv évapén e petaypaeng (translation initiation) eivat:
e ATGpr (http://atgpr.dbcls.jp/)
o NetStart (http://www.cbs.dtu.dk/services/NetStart/)
e TIS Miner (http://dnafsminer.bic.nus.edu.sg/Tis.html)
o StartScan (http://bioinformatics.psb.ugent.be/webtools/startscan/)
Mo v moAvadevorioon tov mRNA ta dwbéoipa epyoleio avti T oTiyun givat:
e Poly(A) Signal Miner (http://dnafsminer.bic.nus.edu.sg/)
o PolyAPred (http://www.imtech.res.in/raghava/polyapred/help.html)
e POLYAH
(http://www.softberry.com/berry.phtml?topic=polyah&group=programs&subgroup=promoter
)
e PolyApredict (http://cub.comsats.edu.pk/polyapredict.htm)

Télog, uébodot mov eoTIAloVTaL GTIV EVPEST TOV CNUEIMV ATOKOTNG Kl GUPPAPTS EcmVinv/eEmviny

G€ EVKOPVAOTIKA YOVISIDHOTO, EtvaL:
e Human Splice Finder (http://www.umd.be/HSF3/)

NetGene (http://www.cbs.dtu.dk/services/NetGene2/)

NetPlant (http://www.cbs.dtu.dk/services/NetPGene/)

GeneSplicer (https://ccb.jhu.edu/software/genesplicer/)

SpliceView (http://bioinfo4.itb.cnr.it/~webgene/wwwspliceview_ex.html)
e SplicePredictor (http://bioservices.usd.edu/splicepredictor/)

Ovuoikd, vapyovy Kot dAleg pEBodot Tpdyvmaong yio aAiniovyiec DNA mov dev agopodv Hovo v
gvpeon yovidiov aAAG Kot pio GEPA GAA®MY AEITOLPYIK®Y 1 OOMUK®OV YOpaKTNPLoTIK®V. 'ETol, vrdpyouvv
uébodotl mpdyvaong tov Bécemv pebuiinong 6mwg to Methylator (http://bio.dfci.harvard.edu/Methylator/)
KOl YEVIKOTEPO TOV EMIYEVETIKOV TPOTOTOMGENDV OT®g To epigram (http://wanglab.ucsd.edu/star/epigram/),
péboodot TPOYVOONG ™mg Béong TV VOUKAEOCOUAT®V OTMC T0 NuPoP
(http://nucleosome.stats.northwestern.edu/) Ko n pébodog OV Segal
(http://genie.weizmann.ac.il/software/nucleo_prediction.html), puébodor Tpodyvmeng tov onueiov (Eoemg TV
popiov DNA o6nwc to uMELT (https:/www.dna.utah.edu/umelt/umelt.html), pébodor mpdyvmong twv
OOLKAV YOPAKTNPLOTIKAOV ToL popiov Tov DNA dnwg to DNAshape (http://rohslab.cmb.usc.edu/DNAshape/)
kot 10 DNAtools (http:/hydra.icgeb.trieste.it/dna/), aAld wor péBodol TPOYV®ONG TOL AELTOVPYIKOV
OTOTEAECLLATOC TV VOUKEAOTIOIKDV TOAVLLOPPIG LDV (SNPs), OT™G T0 SNAP
(https://rostlab.org/services/snap/), to FuncPred (http://snpinfo.niehs.nih.gov/snpinfo/snpfunc.htm) xot to
PredictSNP (http://loschmidt.chemi.muni.cz/predictsnp/).

Ocov apopd ta popwe RNA, kabog to pdpio ovtd mapovcidlovv opoldtnteg otn OouIKn
TOIKIAOLOPQIO LE TIG TPWOTEIVEG, Ol aAYOpIOLOL TPOYVMOONG EXOVV Vo KAVouv Teptocdtepo pe tn doun. To
Bacikd epOTNUE TOL EVOLOPEPEL GE OVTY] TNV TEPINTMOOT], aPopd TNV TOAv devTEPOTAYT| KOL TPITOTOYT dOUN
evog popiov RNA, dedopévng tng aAlniovyiog tov. To edwkd Bépa mov mpokvmtet, givar 6Tt ota poplo. RNA
1N ovumAnpopatikomTa TV Pdcemv odnyel oe (evybpopa péca oto 1010 pudplo. Avtov tov &gidovg ot
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ovoyetioelg ypelalovtal OlPopeTIKA gpyoieio Yo vo povielomomBovv, yU' avtd Kol Tovg SLdPopovg
aAyopdpovg kot tig pefddovg Tpdyvmong yo T dopn Tv RNA Ba to culnticovpe avoAvTtikd 6To KEPAAOLO0
10.

Mua €181k1| Opmg Katnyopia popicv RNA, £yel amoktioetl Leydlo evolapEpov Ta TeAevTain YpoVIa Kot
&yovv avamtuybel moAlol aAyopBpol Tpodyvmong Yo Tov evtomiopd tovg. IIpdkettar yioo tao micro RNA
(miRNA) 1o omoio eivor pikpd pn-kwdwcd popioe RNA (amotehovpeve covinfog omd 21-22 vovkieotidia,
mpoepydueva omd €va peyardtepo mpoOdpopo poplo mov oynuotiler Ppodyxo, 1o pri-miRNA) to omoia
Bpiockovtor oxeddv 6 OAOVG TOLG OPYAVICUOVS KOl 1) AEITOVPYiOl TOVG CLUVICTOTOL GTO VO OTOGLOTOVY TO.
mRNA kot va puBpilovv pe avtdv Tov TpOTO HETO-UETAYPAPIKA TN AglTovpyia Tov yovidimv (Cai, Yu, Hu, &
Yu, 2009). H Aewtovpyion avt) emrvyydvetor PEco (EVYOUPOUOTOS UE CLUTANPOUOTIKEG TEPLOYES TOV
Bpiokovtor oe popie mRNA. ‘Etot, tao mRNA wadovv va Asttovpyovv gite yroti amoocvvtifevtal, site yioti
0mooTOOEPOTOIOVVTOL AOY® OAAOI®ONG TNG TOALAOEVOAIKNG OVpAc, €ite ywoti dev petappaloviol to 1010
ypiyopa oto pifocodpotoa. To miRNAs powdlovv dniadn pe ta small interfering RNA (siRNA) pe
dtapopd 6t Ta miRNAs poépyovion amd petdypoapo RNA mov avadimAdvovtal yio va synuaticovy Bpoyovg
evd ta siRNAs mpoépyovtal and peyorvtepa dikiwva popia RNA. 1o avBpomvo yovidiopo vrdpyovv
nepinov 1000 miRNA 1o omoia eppavifovtolr oe TOAAOVG TOTOLG KVTTAP®V KAl QOIVETOL OTL GTOXEVOVV
nepinov to 60% TV VITOLOIT®V YOVISI®V, VM £XOLV Kol EUTAOKT] G€ TOAAEG AGOEVELES.

DNA mRNA Protein
— %—'

MRNA-miRNA

L
-----
.,
we

Pri-miRNA miRNA

Ewéva 7.29: Axiomomuévy avorapdotacy tov gpomov Asitovpyias twv miRNA. [lolAég lemrouépeies g Proovvleans ko
NG WPIUOVONG TOPALEITOVTOL.

Toa miRNA Kot 0 pinyoviopog touvg etvatl cuvtnpnuéve oto ONANCSTIKAE Kol Ta pUTA, Kol TIoTELETAL OTL
elval katdAioumo puog maAde dtadikaciog podong g yovidakng ékepaonc. Ilap’ oo avtd vrapyovv
OpKETE peydreg dlopopéc T0c0o ot froovvieom 6co kal ot Asttovpyia avdpesa e euTd Kot {da. Ta putikd
miRNA eppavifouv covnbmg po oyedov téreln copminpopatikotnta pe o mRNA otdyovg, kol Kotd
GUVETELD, ETAYOVV TNV AMOCIMOTNON Kupimg pe anevbeiog didomoon tov mRNA. Avtifeta, to {mikd miRNA
avayvopilovv 10 610x0 MRNA yp1GILOTOIOVTAG TN CUUTANPOUOTIKOTNTA UOVO 6—8 VOukKeLOTIdimV OV
Bpiokovtor otnv 5' meployn) tov miRNA. Mg avtdv tov Tpoémo dev glvar Kava vo emdyovv S1GTOCT TOV
MRNA oAl Ae1TOVPYOVV LE TOVEC VTOAOUTOVE LUNYOVIGLOVS TTOL AVaPEPALE TOPATive. Ontwg sivol Tpopaveg,
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éva, 0edopévo miRNA, e101kd ota Onraotikd, £xet moAAd MRNA cav 6toYovs, evd éva dedopévo mRNA sivon
TOOVO Vo EAEYYETOL OO TEPIOGOTEPA TOV £vOG MiIRNA.,

Ta vTohoyioTiKd TPOPANUATA TTOL TPOKVTTTOVY GYETIKG e To miRNA givar 600: apevog pev o 1610¢ o
EVTOTIGUOG TOVG GTA YOVIOLOUATA, APETEPOV O 1 TPOYVMOST TV 6TOX®V Tovs. Kat ta dvo avtipetonilovtot
HEe oLVOLOCHOVG HEBOOWV, OTMG VEVP®VIKA OIKTLA, VTOAOYIOTIKEC YpauuaTikés, HMM, teyvikés unyovikng
nabnong, oAAd Kot AapuPavovtag VoY TN GUUTANPOUATIKOTNTE TV Pdcemv Kol tnv mhavh dgvtepotayn
doun Tov RNA. Ot Baoikdtepeg uébodol mpdyvwong mov givor diabéciues yio tov evromioud tov miRNA
OVOPEPOVTOL TOPUKATO:

e CID miRNA (http://melb.agrf.org.au:8888/cidmirna/)
MiRPara (https://code.google.com/p/mirpara/)
HeteroMirPred (http://ncrna-pred.com/premiRNA .html)
HHMMIR (http://biodev.hgen.pitt.edu/kadriAPBC2009.html)
HuntMi (http://adaa.polsl.pl/agudys/huntmi/huntmi.htm)
MaturePred (http://nclab.hit.edu.cn/maturepred/)
microPred (http://www.cs.ox.ac.uk/people/manohara.rukshan.batuwita/microPred.htm)
MiPred (http://www.bioinf.seu.edu.cn/miRNA/)
miRAbela (http://www.mirz.unibas.ch/cgi/pred miRNA_ genes.cgi)
MiRAlign (http://bioinfo.au.tsinghua.edu.cn/miralign/)
miRBoost (http://evryrna.ibisc.univ-evry.fr/miRBoost/index.html)
mirnaDetect (http://datamining.xmu.edu.cn/main/~leyiwei/mirnaDetect.html)
miRNAFold (http://evryrna.ibisc.univ-evry.fr/miRNAFold/)
MiRscan (http://genes.mit.edu/mirscan/)
novoMIR (http://www.biophys.uni-duesseldorf.de/novomir/)
ProMiR (http://bi.snu.ac.kr/Research/ProMiR/ProMiR.html)
RNAmicro (http://www.tbi.univie.ac.at/~jana/software/RNAmicro.html)
tripletSVM (http://bioinfo.au.tsinghua.edu.cn/mirnasvin/)
SplamiR (http://www.uni-jena.de/SplamiR.html)
SSCprofiler (http://mirna.imbb.forth.gr/SSCprofiler.html)
EumiR (http://miracle.igib.res.in/eumir/)
Avriotoya, ot pébodot mov eivar dtabécipeg yio TNV TPOYV@ST TV 6ToYwV Tov MiRNA, divoviol Topakdtm:
Diana Micro-T (http://diana.cslab.ece.ntua.gr/microT/)
PicTar (http://pictar.mdc-berlin.de/)
TargetScan (http://www.targetscan.org/)
miRTar (http://mirtar.mbc.nctu.edu.tw/human/)
miRanda (http://www.microrna.org/microrna/home.do)
MaMi (http://mami.med.harvard.edu/)
ComiR (http://www.benoslab.pitt.edu/comir/) (cuvdvactikn nEB0dOC)
PITA (http://genie.weizmann.ac.il/pubs/mir07/mir07_prediction.html)
MirMap (http://mirmap.ezlab.org/)
STarMir (http://sfold.wadsworth.org/starmir.html)
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