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Hepiinyn

Ta televtaio ypovia €xel kepdicel 600G Lo VEO TPOCEYYIOT] OTO, ELGOYOYIKA LAOALOTO TPOYPUULOTIGHOD
(ko €181KA TOV AVTIKEWEVOSTPAPOVG TPOYPUUUATIGHOD) GOUPOVO, LLE TNV 0ol ot paNnTég oxeddv €& apyng
EUMAEKOVTOL OTN JdIKOCIo VO Yv@PIcOLY TNV £€VVOld TOV OVTIKEWLEVOD, VO TELPAUOTIOTOVV GE GYETIKA
ouvbeteg epyaocieg (projects), va pabouvv KAt oTNV TPAEN KoL o)L He Pdor Tovg kavoves. H mpoomdBeio avty
ouyva Tpaypotdvetor o€ mepPdAlovta mov vmootnpilovy Tpodidotata ypagkd Kot divouv onUavTKég
gukalpleg oTNV €KHAONOT TOL OVTIKEWLEVOGTPAPOVS TPOYPULUATIGHOD HECH HaG SaBEUATIKNG TPOGEYYIoNG
tov pafnuoatog. Znv mopovoa perétn vrootnpileton mog M Bepatoloyio T@V CLVOETIKOV £PYOCIOV TOV
pabntov pmopel va avtieitor and tic Dvowég Emompeg dievkoAvvovtog tov pabntm omy katavonon evog
(QUIVOLEVOD T CLUCTNUATOS GALG KLPIMG emekTeivovtag TIg Yvdoelg tov otov [poypappotiopsd. Topakdto
getaletan n mepintmon vAomoinomg evog ynetakoy povtédov tov DNA ord pabntég g I Muvaciov oto
Epyactipro [Tinpopopikng tov KorAeyiov Puyikoo.

A£EaIC KAEWOWA: Ywi@iakh) [LOVTEAOTOINOY, TPLOOIAOTOTOL EIKOVIKOL KOO0, O100KTIKH THS AAyop1Quixng

Abstract

Nowadays, a new approach has been presented in the introductory courses on programming (especially object-
oriented programming) in which students have to get involved in the process of understanding the concept of an
object, of experimenting upon somewhat complicated projects and, thus, learn something in action, and not by
its written rules. This approach is often supported by virtual 3D programming environments that give the
opportunity of learning in a cross-thematic manner. In this study it is stated that the subject of these projects can
be one that has to do with Natural Sciences making this way easier for student to understand a phenomenon or
system, but primary broaden their programming skills. Also we present a case-study of teaching students of K9
(Psychico College Gymnasium) how to build such a digital model (a 3D model of a DNA structure) in the
Computer Science lab.

Keywords: digital modeling, 3d virtual worlds, Algorithmic didactics

1. Ewvcayoyn

Yy 0 nAikio mwov €vag poabntic INvpvaciov koAeitor vo Kavel ta mpdTa ToL PAUOTO GTHV
AlyoplBuky kavet To mpadTo Tov Pruata kot otig dvoicég Emomueg. ‘Evav kAddo emtomumdv otov
omoio ot pafntég avripetonifovv cuyva TpofApaTe Kafd KaAOVVIOL VO TPOGEYYIGOUV TAEVPEG TOV
TPAYLLOTIKOD KOGUOL pe apnpnuévo tpdmo (Ahern, 2008).

Ot Zimmerman, Raghavan kot Santoris (2003) mapoatmpovv nog «oto T'vpvdotio 1 éueacn divetan
TEPIOCOTEPO GTO TEPLEYOUEVO TOPA GTN SLASIKAGIN TNG EKUAONGNC TNG VENS YVDOTNC, EVOL TEPIEXOUEVO
ouyva aenpnuévo kot tepimhokoy». O Hanauer et al. (2006) mapatnpel TG «avoyKaoTIKA ot podnTEG
paBaivouv THmoLE Kot oAyopiBovg apnpnuéva Kol Oyl TMG VO TOVG YPTNOLUOTO00V GE Eva TANIGLO
wpofAnpatov g mpayuatiknig {one». To mpdPfAnua pe avtov Tov THTOL T pabnon gival TOg otV
TPAYLOTIKOTNTA 1] YVOOT VoPidleTar og TANpoPopia Kol TMG 0 LabNTHG TOAD g0KOAL TNV EEYXVAEL.

Muo péBodog mov ypnoiponoteitarl ot ddackorio Twv Puoikdv Ememumy yia v vrépPacn avtmv
TOV SVOKOMMOV &ivor 1 Onpuovpyio YneuKOV TPOCOUOIDCE®MY He TN Pondeio mAeKTpoviKov
VTOAOYIOT] ®C YEQLPOG TOV EVAOVEL TNV OVTIANYN oAyopifpumv Kol TOTOV WHE TNV TPAYLOTIKY
EQOPLOYN TOVG.



2. YNouoKd povtéra, TPOGOROLMOELS KAl 1] VAOTOIN 6T TOVS 6TV TAEN

[Ipdkettar Y10 VTOAOYIGTIKEG OPOIPETIKEG OVOTOPACTACELS TPUYLOTIK®V 1) VITODETIKOV KATUCTACEDV
KOl QOIVOUEVOV TTOV ETITPETOLY GTO YPNOTH VO TPOTOTOMGEL TAPUUETPOVS OTO E0MTEPIKO TOovg. H
£VVol0, EMOTNUOVIKO HOVTEAD OavVOQEPETAL GE &vo ouvovacud Tov oladikacidv (Ahern, 2008)
EVOOUATOONG POCIKOV YOPAKINPIOTIKOV TNG Bewpiag kol TtV dedopéveov HEGO OTO HOVTENO,
aE0AOYNONG TOL LOVTEAOD YPNGLUOTOLOVTIOG KPLTHPo. Ommg 1 akpifsio kot 1 akepodTnTe Kot
avafem®PNONG TOV LOVTELOL Y10, VO EVEMUATOCEL VEEG DEmPNTIKEG 10EEC KO EUTELPTIKA EVPTLLOTAL.

To gpmdTnpa TOL praivel eivor To e€NG:

H éupaon otnv ynoelokn LovIieAOTONoT PLGIKAOV PUIVOUEVOV KOl CUGTNUAT®OV (KATA TN Sd0cKaATL
oL «KaBapod» IIpoypappaticpov) Ba Propovce Vo ETEKTEIVEL TIC YVAOOELS TOV LaBNTOV 610 Pddnuo
g [IAnpoopikng; ®o pPmTOpPOVGE VO OTOTEAEL WO, EIGOYOYIKY] TPOGEYYION OTNV €VVOlD TOV
OVTIKEWEVOSTPAPOVS Tpoypappaticpov; H mapovoa perétn koping ovtd 1o Bépa npoypotedeTal.

3. To mhaioclo évradng T YNOLOKNG ROVTEAOTOIN GG 6TT] O100CKUALD TOV
Ipoypoppaticpov

3.1 H otpotnywkn ekpadnong

O1 cOyypoveg GTPATNYIKEG EKUAOMNONC TOV TPOYPAUUATIGHOD (G 160 y®YIKO £Minedo) Oe draympilovv
®¢ Paoikn 1 devtepedovoa TNV KATAGTACT 0md T cLVAPTNON Kal To avtifeto. Expuetaiiebovol ot
Baon tovg, dNAadN, TO TAEOVEKTAIATO TTOV EMEPAALOY TNV EMIKPATNGT TOV AVIIKEWLEVOSTPUPOVS
TPOYPOUUATIOUOV TO. TEAgvTaion ¥povia. (Dann et al.,, 2000) H moapadociokn Sibackario oto.
EICAYOYIKE PafNUOTA TPOYPOUUATIGHOD OPOPd GTNV OROAN UETARoon omd o amid mpofAnuota-
TPOYPALUATO GE TEPIGGOTEPO GVVOETO TPOYPAUUATO Kol peydAeg epyacies. Ot oTpatnyikéc avTEG
GTOYEVOVY OTN ¥PNoN TOV AVTIKEWEVOVY (objects), otn ypnomn Tev KAacewv (classes) Kot v peboddmv
(methods) amd v mpdT KOAOG otiyun. Olo avtd tavtdypova e TNV eKUGOnon Kot ypHon tov
BocKOV EVVOLDV TOV JOUNUEVOD TPOYPAUUATICHOD (LETAPANTES, dopég OmmGg akolovBiag, emAoync,
ETOVAANYNG, K.AT.). AV TpocBécovpe kol OAEG TG oyeTILOUEVEG e TN dLAdpaoT) EVVOLEC, KABME KoL TN
YPNON TOV YPUPIKAOV TEPIPAALOVIOV EPYUGING KATUANYOVUE GE £Va, TOAD UEYOAO POPTO EVVOLRDV TTOV
0o mpémel and vopig va katovonoel évag padntig. (Dann, et al., 2001) Ewdwd yio tovg pobntég
IMupvaciov kot Avkeiov pio oelpd peAéteg To TELELTAIN YPOVIL AVODEIKVIOVY QVTEG TIG VEEG LeBOSOLG
OTNV YVOGTIKY] TPOGEYYION TOV EVVOLDY TOV OVTIKELEVOSTPaPoVS mpoypappaticpov (Cosgrove, et
al., 2007; Dann et al., 2000; Kelleher & Pausch, 2005; Ahern, 2008).

3.2 Anapaitntes mpoimodiceis Yo Ta TPoypoppaTIoTIKG TepIfdilovta

IMa vo pmopécel va avieneféhfel o LobNnTNG 0TV TOALTAOKOTNTO TG TOPATAV® TPOGEYYIoNS, Oa
TPETEL TA TPOYPOUUATIOTIKE TEPIPAALOVTO, TTOV ¥PNCULOTOLOVVTAL VO TANPOVV KAToleg TpobmobEcels.
O1 onuovtikdtepeg perétec (Dann et al., 2001) emkevipdvovtol otig e€ng:

e H dnuovpyia kmdiko TPENEL va YivETAL TEPIGGOTEPO WE TNV ONTIKN LOPPOTOINGH TOV Kot
MyOTEPO UE TNV KAOGGIKN TANKTPOAOYNOT YPAUUA-YPAUUa. To avamdPELKTO GUVTAKTIKA
AGOn (xor M amoyonTELON TOL YEVVOLV) GLVNO®E OTOTEAODY TOV PUCIKOTEPO OVOGTUATIKO
TOPAYOVTO GTNV TPOOSO TV UAONTOV pYIKA.

o To mepifarrov mpémel va mapéyet kivntpa. H Turkle (Turkle, 1984) edd kou 26 ypovia giyxe
dg1 T oyéomn mov pmopel va vdpEel avaueca otn S1800KAAI TOL TPOYPAUUATIGHOD Kol OT1)
dnuovpyia wayvidiov. Eide tov mpoypopupationd oc Eva TpOmo vo SNUIOVPYNCEL KOVELS Eval
1K TOV KOGO, LLE TOLG O1KOVE TOV KOVOVES Kat Ta Ok Tov Opia. H 1otopia &xet deikel g n
dnpovpyic TPOGOPOIDGEDY (AKOAOVBMVTOG KATO0VG PUOIKOVS VOLOVG) HOLALEL TOPO TOAD
HE TN ONUIovpYio T VIOUDY e KOVOVEC.

e To avtikeipeva tpénet va sivar omtikomompéva. H ypnon tpiodidototov Texvoroyidy KAVEL
10wiTePO PEAAGTIKG T OVTIKEIEVO.

H Starlogo TNG (The Next Generation) amoteAel €va GUYYPOVO LTOAOYIGTIKO TEPIPAAAOV Yo TN
yAdooo Logo mov vrootnpilel tpiodidotato ypagikd Kot vrootnpileTonl amd Evav CUVTAKTN NG



Aoy g «obpe kot apnoe» (drag ‘n drop editor). Avartdcoetot and to MIT Media Lab kot dwotifeton
dmpedv ot devbvvorn http://education.mit.edu/starlogo-tng ko1 wapéyxelt ce vynid Pobud
dUVaTOTNTA TPOCOUOINOTNG PUGIKMV GLGTIUATOV LECH TNG TPIGOICTUTNG OTEIKOVIONC.

4. Merétn: Aqpovpyia g Tpocopoimens 1ov DNA o¢ dpastnprotTnTos Ynelokg
povtelomoinong oto pddnpa g Minpogopuiig I' I'vpvaciov

Me apempia TIg TUPUTAV® CKEWELG OTUOVPYNCAUE Lol SLOEUOTIKY dPacTNPLOTNTO TPOGOUOIMGNG
tov DNA yia padntég g I'" Tvpvaoiov oto pdbnua g IAnpoeopikng kot €101kd 610 mepPditov
¢ Starlogo TNG. Na onueiwfel mog to modid dwddokovior 1o DNA oto pabnua g Bioloyiag
TOVTOYPOVA LE TNV EKTOVNOTN TNG CLYKEKPEVNG Opaotnpdotntas. H emtloyn tov cuvykekpiuévou
HOVTEAOD €yve Yo Tovg €€Nc 000 AOYoug: A@’ €vOG, TO MOVTEAD €ival YEVIKA YVMOGTO, Gpa KOl TLO
€0ANTTO TO TPOYPOULOTIOTIKO HOG GEVAPLO Kot Gpa Bo LTOpovsE v KEVIPIGEL TO EVOLOPEPOV TOVG,.
A@’ €t0ipov, pe 10 HOVTEAD 0VTO givol dvvatov va aglomoinfodv 610 EMAKPO Ol SOLVATOTNTEG TOV
nepparrovrog Starlogo TNG yo tpiedidotatn (Kot Gpo EAKVOTIKT) OVOTAPAGTOUOT] OVTIIKEWEVOV.
Emumiéov, n epoppoyn Tov HOVIELOL 0LTOD GE £VO EMOTNUOVIKO TTEdIO €lval TEPLGGOTEPO YPTOLUN
EKTOOEVTIKA OO TNV KATOOKELT VOGS TTayvidlov.. Ot Pacikég mhevpég TG LeAETNG Lag NTav o1 €ENG:

4.1 To povtéro

To yevetikd VAIKO TV TEPIEaOTEP®V 0pyavicpdV ival 1o DNA. To voukAeikd avtd o&d amoteieitan
OO EMUEPOVG LOVOUEPT, TO VOUKAEOTIOW, KaBéva amd ta omoia amoteheitor amd Tpio EMUEPOVC
OLOTOTIKA: §va ohKyopo, o, alwtovyo Bdomn Kal po eoceopik) opdda. Xty nepintmorn tov DNA
TO GAKYOPO TTOL oTavTdtal givar 1 deo&uptPoln kat o1 duvatéc almTovyeg BACELS TOL GLUVOVTALE Eival
movpiveg [adevivn (A), yovavivn (G)] 1 mupyudiveg [Bopivn (T), xvtosivy (C)]. H aAdnlovyio tov
alotovyov Pdcewv oto popo tov DNA kaBopilel kar ) yevetikn mAnpoopio mov PpiokeTon
YPOUUEVT] GTO LOPLO OVTO.

To povtého tov DNA ot0 omoio tedikd kotéin&ov ot Watson kot Crick givor to povtého g
0eE100TPoPNG SUTANG EMKOG COUPOVA UE TO OTOi0 01 dVO TOAVVOLKAEOTIOKEG aAvcideg Tov DNA
glvarl avtimapdriniec (mpocavatorilovtol mpog avtifeteg KoTevBHVOELS) Kol GLVOEOVTAL e dECUOVE
V3POYOVOL avdpeso otig alwtovyes Baoeis. Ta Levyn tov Badcewv ovoudlovtal COUTANPOUOTIKA Kot
ovykekpipéva 1 A mavta oynpatifel 6o deopovc vopoydvov pe ™ T kot n G mTavia Tpelg decpols
vopoydvov pe v C. Katd v mtepiotpopn tov 600 arvcidwv oynuatilovral 0o adAaKeG 6T SUTAn
élca tov DNA, o pikpn avioka Thdtovg mtepimov 1,2 nm kot pia peyddn adioka TAGTOVG Tepimov
2,2 nm (Zynqua 1) (Lewin 2004; Alberts et al., 2004).

O1 padntég e I’ INvpvasiov oto padnpa e Bioloyiag yvopilovv ta {edyn TV cupuminpopatik®dy
Bacewv ka1 kKotavoovv 0Tt o€ Kabe popto DNA 10 mocooto e A Ba eivan mévta 6o pe 10 T0606TO
™m¢ T kot 10 1060616 TG G pe 10 Tocootd g C.

Zynjua 1: Or Watson kou Crick urpoota and éva tpiodidorato poveeélo DNA kat 1o poviélo tg Oimlng éAkag oo
DNA (Pray 2008)



4.2 YoppeTENOVTES

Y1 perétn ovth ovppeteiyav 77 pabntég tpuov tunpdatov g I Mopvaciov tov KoAleyiov Pouyikov
(axaonpaikd étog 2008-2009) kabog kot 25 padntég evog tunuatog g dog Taéng (akadnuoiko
€10¢ 2009-2010). To GTOTIOTIKA OTOTEAEGUATO TOV TOPOVGLALOVTOL TOPOKAT® 0pOopohV Tovg 25
paOnTéG TOL TPAYHATOTOINCAY TN HPACTNPLOTNTO QLT PETOG.

4.3 H owodwkacia

Agdopévou 0Tl 1 EKTOVNON TNG CLYKEKPILEVIC OPACTNPLOTNTOC OMUITOVGE T GVVOEST CNUOVTIK®Y
KOUUOTI®OV TNG VANG Tov podnuatog e [IAnpopopikig, 6mwg ekeivn dddoketar oty I T'opvaciov,
N dpacTNPLOTNTA TPpayHaToTomOnKe petd and 15 dpeg eloaywyng otov [lpoypappaticpd (coppova
pe 10 Avaivtikd Tlpodypappo Zmovdmv) kol pe tn ypnion tov mepipdiloviog Starlogo TNG. ‘Etot,
TPV TNV EKTOVNOT TNG OPACTNPLOTNTOC Ol HoONTEC NTay YeVIKG og 0Eom va. avaeépovy Eva YEVIKO
TPOTO GOVTUENG TV SOUdV EMAOYNG, emoviAnyng kabmg kol pog dwdikaciog (procedure), va
OULVOEOLV TIC TPOYPUUUOTIOTIKEG EVVOIEG WE TN WUETOPOPIKY TOVG OMuacio m.y. UeTafAnth-score,
oVYKPOLGT 000 YopakTpwV-yeyovdg (event), K.0.K., Vo ¥PNCILOTOIOVV ATOSOTIKA TNV Kivion Kal TN
dudpaon pe 1t «yxehovay tov Starlogo TNG, va SwAé&yovv To KOTAAANAM OVTIKEIPUEVO Y0 TO
TPOYPOUUE TOVS Kol va £ YOVV TOLG AOYOLGS Y10l TV ETA0YT TOLG KAt Vo, emaAnBgvovv v opBotnTa
TOL TPOYPAULATOS TOVG KAVOVTOG TOALATAA test Kol KAT® omd SapopeTikég cuvOnIKeC.

Ot €181Koil 0100KTIKOL GTOYOL TNG CLYKEKPIUEVTG dpacTNPLOTNTOC fTav ot €€Ng (ot uadntég petd to
wéPaG TG dpactnprotnTog Oa Empene va eivor g Béom va):

o Ileprypdoovv kai va ypnolponotovv ophd Tig dopés kot Wiaitepo PETAPANTEG aKeEpaiov Kot
TPAYLOTIKOD TOUTOL, Vo dtaywpilovv v évvown g kAdong (class) amd v évvoln TOv
oTiyoTumov (instace).

o Avtiapupdvovioar To oTddl ovOAVoNG Kol TNV Topeic. VAOTOINGNG TPOYPOUUUATOV T®V
CUUHEONT®V TOVG, VO GVVEPYALOVTAL OTOJOTIKA LE KATOL0 GUUUOONTH TOLG Y10, £va KOWO
TPOPANUO, Vo pumopolv va givor oe Béon va kataiafoivovy PBEATIOTIKG YO OO TOLG
avOpdTOoVC OV SLVEPYALOVTAL KOl VO OITOdEKVOOLY TNV 0pBodt T 1 Oyl VO 1GYLPICHOD
ToVg (m.y. «t0 TAde omnueio dgv KOAVTTETAL OO TIG POUCIKEC OTOUTACEIS TOL UOVTEAOLY)
avAAOYO [LE TNV EKTEAECT] TOV TPOYPAUUATOS TOVG.

Ot pobntég Empeme vo SOVAEYOLV Y10 dV0 S1OOKTIKEG TEPLOOOVE OLAOIKE (€ OUAOES TV 6VO ATOUWMV)
YL TNV VAOTOINGN TOL HOVTELOL TOVG. Apyika Tovg eEnynOnKay ol Bactkéc TEXVIKEG TPOSLUYPAPES
TOV HOVTEAOL (pe Pdorm VO SloPOPETIKG VTOSEIYLOTO TPOYPOUUATOV) Kol Tovg vreviupiotnrkay
Baocikéc BempnTikég TAEVPES TOV. X1 cLVEXELN (Ypig Kopin AN TPpoPoptKN N YpamT 0dnyia) Tovg
{nmBnke va vAomomoovy TN 1K) TOVG €KOOYN TOL HOVTEAOL Kot (av Kpivouv avaykaio) va
BEATIOOOVY £TGL MOTE VO TOPOVGLAGOVY pa T akpPn avoarapdotaoct tov DNA.

v opylkn povielomoinon Tov  ypnoinevce  ®g  vmddeypa  (mpodypappo-vmdderypa 1)
YPNOLLOTOONKAV LLOVO Ol OEGHOL VOPOYOVOL (£TCL MOTE Vo diveTor 1 yevdaichnon Tng Kovprevng
éhkag). Ympyav 600 €dmv decpol kot 36 otrypotumo (instances) tov kabevog (kabe €va Mtav
OTPAUUEVO VIO SLOPOPETIKT YOVia Kot Elxe SLOPOPETIKO VYOC).

2ynua 2: Ilpooouoiwon too DNA. Ta mpoypouporo-vrodeiypoto 1 kai 2



To onuovtikd onpeio Tov kKOdKa gival 1 dopoporoinon tov kabe otiypdtvmov (instance) HEGM TG
XPNONG KaTdAANANG petafintig (counter). o To okomd avtd ypnoiponomdnke n evtoln Ask agent
N omoia avafétel cuykekpévo VYog og kdbe otrypotumo (instance). ‘Eva onpovtikd tunpo amd tov
kddka (1 dadikacio aviymong tov decpumv AT-TA) tapoveidletol TapaKaTm:

er;

P
timesE 435

repeat

yfua 3: H diodikacio avoywons twv deoumv AT-TA oo DNA. O uobntic npénet vo Ceywpioer pe v evioin
ask agent tnv £vvoia Tov GTIYUIOTOTOD ATTO THY EVVOIQ. THG KAAGHS

Y10 Xynua 3 Swkpivetar m petaPAnti counter m omoio mepielye apyikd v T -1. Xt doun
emavainyng Repeat n petafinti avt) Emaipve d1adoyika yuo Tig 36 emovoinyelc tig tpég 0, 1, 2, ...,
35. O tyég avtég agopovoay to ID kdbe otiypdtomov (dnA. tipéc and 0 uéyxpt ko 35). Kabe
OTIYHOTVTO avEPave 6T0 0oTd VYOG (dNAadn To otryptdtvmo 0 oto vyog 0/10, To otypdTvmo 1
oto vyog 1/10, k.0.K.).

¥t ovvéyela, (nmonke amd Tovg LabNTéS Vo SNUIoVPYNGOLY AVAAOYT SLOSIKAGIO YioL TNV aVOY®OT)
v deopmv CG-GC. Ot padntég Ba Empene va okeEPTOLY MG 01 deGHOL 0LTH (G8 KATOWN) £XOVV Uid
ghappd KAion (5 poipeg) oe oyéomn pe tovg deopovg AT-TA ko dpa o Expene va XPNOLOTOGOVY
v evtodn Right 5. Xt ovvéyela, Ba énpene va ypnoiponombovv cwotd to IDs tov oTtiydTunmy
tov deoudv CG-GC (tiég 36 péypt kai 71), vo To ovOY®GOUY GOOTH Kol EVOIAUESO TOV JEGUMV
AT-TA. Mg v évvola avt ot padntég amartnke va Eeywpicovv Tig 600 SapopeTIKES KAAGELS, VO
avayvopicovv v apibunon kdbe otrypdTVToL 08 GYEoN UE TNV KAGoN otnv omoia avike (Opadeg
oTrypotumev ap. 0-35, 36-71) kat, TEA0G, KAVOVTOG YoM EXOVUANTTIKNG OOUNG Kol TNG KATAAANANG
HETAPANTAG VO AvOY DGOV 6moTd Kot Tovg decpovg CG-GC.

OloxAnpadvovtag ) Spaoctnpiomto Oo énpeme T otypotuma (instances) va KvnBovv KukAKd
divovtog TNV YVOO TN XOpaKTNPLOTIKY E1KOVA TNg Ao Tov DNA.

H Baown Aoywm Swatnpndnke oty mopovcioon ¢ 7o eEeAMYUEVG €KOOYN TOV HOVTEAOV
(mpdypappa-vmodelypa 2) 6mov vanpyov 4 SoeopeTikd €idn oTiypdtuTV  (UE TN HOPORN TGV
ypappdtov A, T, C, kot G) mov avtiotoryobv otic facelc. Awd ™ Blodoyio ta moudid yvopilov 6Tt ot
ocuvdéaelg eivar AT, TA, CG, ko GC.

4.4 Anoteléopata

‘Olot o1 paBntég oAokANpwcay To TPOYPALLE TOVG PECH G OVO JOUKTIKES TEPLOOOVG, GTN LEYOAN
TOVG TAEOYN QIO e apKETH GvEST 00€DOVTOC KUPI®MG 6TO dPOUO TOL E0ELVAY T dVO TPOYPAUUATO-
VIodelypota. YINpyov Kol TEPITMOEIS OULAd®mV HoONTOV TOV SOVAEYOV KOl EKTOG TOV EPYACTN POV
OTO OTITL TOVG Yo OPKETEG MPEG He OTOYXO VO PeATidoovy v akpifelo Kot v ooOnNTiKn g
avaToPAoTUoN TOVG. AVO TETOL TaPUdELYHATA NTAV T €ENC:

Vv TpadTN TEPinT®on ot padntég enéielav va GuvOLACOVY TOVG BEGLOVS VOPOYOVOL e TIS Phoelg
YPTOLOTOIOVTOG Ui TEAEIMG O1KN TOVG OTTIKY| ekdoyN TG Paong (Aevkn ceaipa) otoyeboviag 6TV
KaAVTEPN ootk omotvmwon tov DNA.



H ocwot tomobétmon kot tautdypovn kivnen e ceaipag pe ™ papdo amaitodce moALEG SOKIUES Yo
VO UTOPEGOVY VoL BPOVV TIG CMOTEG TOPOUETPOVS OTNV KIviion Kol Vo TETVYOLV TO KOAVTEPO
aotntikd anotéheopo. MdAioto 1 cvykekpluévn opdoa dopbmaoe Kol po pukpn avokpifelo oty
kivnon tov mpoypaupatos-vrodeiypatog 1 (ropovclaldtay pio UIKPY TOAVOPOUNGT WETQ 0o
Kol SEVTEPOAETTAL).

Yty mepintoon g dgvtepng opddag emyelpnbnke n ovvbeon petald Twv vroderypdtov 1 Ko 2
wote va, emtevydel n peyoAdTEPT SUVATH EMGTNUOVIKY OKPIBE GTNV AMOTOTMOOT TOV HUOVIEAOV
(tawtdypovn eUPavion TV dEGUDV Kol TOV 4 dlapopeTikdv Pdoemv). H moAvmlokotnta Tov KOdKa
Ntav Katd woAd avénuévn TAEov, pog Kot arortnnkay 8 dtapopeticég kKAdoels (classes).

H opdda avt otdnke Kuplwg 6TV EXGTNLOVIKN 0PTIOTNTO TOL HOVIEAOV TNG KOl OTOTUTMGE OAO
TO TAEYLLOL TV YVOGEDV TNG LEGU GTO TPOYPULLLLA.

0

I - Edlit Terrain 4 S El = b— Edit T»;rrajn
Zyjua 4 ko 5: Ipocopoiwaon tov DNA. To mpdypouuo twv uabnrdv me 1" xou 2™ ouadag

O1 25 pobntég mov TPayUOTOTOINGAY TN dPASTNPIOTNTO PETOC Elyay TNV EVKALPIC VO, GUUTAPOCOVY
OVOVUHO, KATOL EPOTNUATOAIYIN TAPEXOVTOS ETCL GUYKEKPLUEVO oTOotKEln Yo To Pabud emitevéng
TOV SIOOKTIKOV HOG 6TOY®V Kol 0EI0A0YDVTAG TOVTOYPOVO TN SpAcTNPIOTNTA. XTO EPOTNUATOAOYIO
aVTO VINPYAV EPMOTNCEL TOV ALPOPOVCAV TN GYECT] OTIYUIOTLUTOV-KAAOTG, TN YPNON TOV HETOPANTOV
OV YPNOLOTOMONKAY, TO POLO TNG CLVEPYAGING GE OUASES Y10 TNV LAOTOINGCT| TOV TPOYPULLLLOTOG,
KaOdG Kat v avtiAnyn mov ot idtot anokdcay amd T SpacTNPLOTNTA Y10 TO TAG EIVOL TPOYLOTUKE
dounuévo 1o DNA. O1 ep@TOEIG GYETIKA LE TOVE YVOOTIKOVG GTOYOVG NTAV KAEIGTOV TOHTTOV KOl Ol
anmavtnoelg yo v agloddynon g dpaoctnprotrag d60nkav eite apBuntuca (otv kiipoxa 0-5),
glte pe éva amddo NAI 1 OXI.

YuyKkekpléva, 0G0V aPopd CTIG EPMTNCELS TOL OPOPOVGOV TIG EVVOLEG TOL GTIYUIOTLITOL KOl TNG
KAdong, 18 otovg 25 pabntéc andvinoay cwotd (tocoatd 72%). o ) yprion tov peTafAntd@v ot
ovykekpluévn dpaotnpotnta 20 otovg 25 pabntéc andvinoav cwotd (mocootd 80%). Kat ot dvo
apBpoi kpivovtar vYNAol MGTE Vo UTOPOVUE VO IGYVPIGTOVUE WG Ol SOUKTIKOT oG oTOYOl YEVIKA
emtevyOniav. [Saitepa Oetikn NTOV 1 YVOUN TOV HOONTOV Y00 TNV GUVEPYAGIO Le TO GAAO HELOG TNG
opadag tovg (MO 3.92 ota 5). Ot mapdyovteg otn cuvepyooia mov eEetdotnkay ftav 1 fondea otnv
VIEVOVLLION TAELPDOV TOV HOVTIEAOV, GTOV Eheyyo 0pBOTNTAG Kot 61N SOPH®GN TV TPOYPUUUATOV.
O1 pobntég amavimoav Oetikd oe mocootd kovtd oto 80-85% vy kdbe évav amd 0wTOVC TOLG
TOPAYOVTEG. XTO KOUUATL TNG a&loAdynong amd Toug Habntéc, n dpactnpotnTo Kpidnke apketd £mg
TOAD ypNon, euyxdptotn, aAld kai dvoxoAn (PA. IMivaka 1). Evdwweépov, 1é6Aog mopovoiace m
ATAVINGT TOV TOOIOV 6T0 TG0 Tovg Pondnce M dpacTNPOTNTA LT GTO VO, KATUVONGOLY 1 Vi
BounBovv to povtéro Tov DNA 6mwg 10 d1ddyOnkov otn Broioyio (MO. 2.40).

Oplopéva amd to ypomtd oyoiw Tov podntov y tn dpactnpotta: «lloAd evdiapépovoa
gpyacion, «evydplomn epyacia av kol SOOGKOAN, «ue Bondnoe vo katoAdPo KoOADTEPA TN doUn TOL
DNA, fitav (o @paio dpactnpotnTon, «0a Tpotiynodoa to dvo procedures va TaV TO OTAGY, «Eival
EVYAPLOTO TOADTAOKTY, «®PaAio Kol EVOLIPEPOLTA SPUTTNPLOTNTON.



Iivaxag 1: [opovoioon g alloloynons twv nodntwy yio. t opactypioTyo.

0. 1. 2. 3. 4. 5.

KaBorov | Eldyiota | Métpuo | Apketd | TTodv | TIapa I[ToAd | MO
H ovvepyacio pe/pag forince 4% 4% 0% 16% 40% 36% 3.92
H dpaotprotnta rov
APNOUN 0% 8% 4% 44% 32% 12% 3.36
H dpaotprotnta frov
€UYAPIOTN 4% 0% 12% 20% 40% 24% 3.64
H dpactmmpromto ftav
dvokoAn 0% 4% 12% 40% 32% 12% 3.36
Me Bondnoe va kataAdfw 1
va Bopndm to povtédo tov
DNA oc¢ oyéon pe 0,t1 €paba
ot BuoAoyia 16% 24% 4% 32% 8% 16% 2.40

5. Xopmepacparta — Xolfitnon

H ynouaxn povtehomoinon ypnoytonoteitarl otn dwdackorio tov Puoikdv Emtemmudy pe moAlomid
oQéAN Yoo To podnm. H pedémm avt) ovoeépbnke otic dvvatdtnteg mov divel 1 ynolekn
LLOVTELOTIOINGT] GTOV EUTAOVTICUO TOV TANLGiov ddackaliog tov [lpoypappaticpod oto Ivpvdaoio.
Ta Bacikd o@éAN Luag Té€Tolag EMA0YNG cuvoyilovtal oto eENG:

e  Xmdve to epdyunata petald e [Minpogopikng kot tov duvoikdv Emetpodv. Ewdikd oty
O0OKOA TEPITT®MON  OOUCKOAING  EICOYOYIKOV  EVVOIDV  TOL  OVTIKELUEVOGTPOPOVS
TPOYPOLLOTIOUOD QaiveTol Twg eivor dvvatov ot Guowkéc Emotiues va mapéyovv
Bepotoloyio TOV LITOPEL VO XPNOUYLELGEL MG TPOYPOULOTIOTIKE GEVAPLOL.

e Ot podntéc mpooeyyilovy wg éva Padud Eva emoTHOVIKO @ALVOUEVO GTNV OOMIKT OAOTNTO
TOV.

o T[lapéyetor n néB0dOG Kot TO KIivITPO Yo avTeEVEPYELD Kot TTp@ToPovAia oto padnt). Tnv ida
OTIYUN map€xeTtal Kot €vo mAaiclo kovovev péco oto omoio umopel vo  kvnOel
TPOYPOUUATIOTIKA.

e Evuvogitar 1 ovvepyacio petad kabnyntov SQOPETIKOV EIOIKOTHTOV Kol 1 SloBEHOTIKN
TPOGEYYION TNG YVOOTG amd TOVG podnTé.
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