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EYXAPIXTIEX

Evyapiotd Oepud tov Emikovpo Kabnynt, tov Tunuoatoc Oepuoxnmiokmv
KoAepyeiodv kar AvBoxopiag tov T.E.I. Mecsoloyyiov k. Baciin [Moracmtmpdrovio
eMPAETOVTO TNG TTLYLOKNG LOV EPYACTING YiaL T OOACKOAN TNG EMGTAUNG TNG YEVETIKNG
TOV QLTOV, Yo, TNV ovaBeon avtod Tov BEUATOC, Y100 TNV EUTIGTOGVV OV £O€1EE TPOG
TO TPOCMOMTO OV, KOl YO TS YPNOES LIOOEIEelg Tov Kab' OAn TN Oldpkeld NG

TTUYLOKNG LEAETNC.



HEPIAHYH

To yévog Minuartia ep@ovilel peydAn motkilotnta otV mepoyn e Mecoyeiov,
KaBmg TephapPavel peydAo aplfud EVONMUK®OV Kol YEOYPOPIKE Teplopiopuévav edomv. H
YEVETIKY] TOWKIAOTNTA TPV 0OV Minuartia (M. dirphya, M. parnonia, M. wettsteinii) ta
omoio. elval evonuIKG ot yOpo pog oepevvnnke, €yovtag ®¢ otdYo TV avAmTLEN
OTOTEAEGUATIKOV OYESI®MV O10TPNOoNG Yo TNV Tpootacio Tovg. Ta &iom M. dirphya kol M.
wettsteinii epeoaviCovron oe pio povo meproyn 1o kobéva oymuatifovroag omd éva UiKpo
mnBvoud. Avtibeta, N M. parnonia amotehel mo dwdedopuévo €idog oynuatifoviog eptd
Eexwplotovg TANBVGHOVG otV TEPLOYN TNG votloavotoAkng Tledomovviicov. H yevetum
TOWKIAOTNTO TOV €0V OVTOV UEAETNONKE YPNOILOTOIOVTAG OEKO HKPOOOPLPOPIKOVG
yAopomAiactikovg dcikteg (cp DNA) kabmhg ko mévte deikteg REMAP. Ot yAdwpomiaotikol
LIKPOSOPLPOPIKOT SEIKTEG OMOKAAVYAY TEPLOPIGUEVO TOAVHOPPIoUO, HOVO HeTald TmV
ewmv, evd ot oeikteg REMAP oamokdAvyov vymid Babud t6c0 droedikod 0660 Kot
evoo/draminbucpiakod ToALHOpEIGHOD. OAeg Ol aVOAVGELS TOL  TPOYLOTOTOONKAY
(puroyevetikd 6évopa, PCoA, STRUCTURE) é6ei&av po cagn d1apopomoinomn Tov Tpiov
€OV, pe to €ldog M. wettsteinii vo, glval T0 TAEOV YEVETIKA amopakpuopuévo. Evtog tov
gldovg M. parnonia O6mwg mpoékvye amd v avérivon AMOVA to 41% ¢ cuvolikng
TOWKIAOTNTOG KoToveunOnke petald tov mAnbvoupwv, evd t0 59% oto dropd TV
mAnbvopdv. Meta&d Tov €10®V 0 peyaAvtepog Pabuog  yevetikng mowkidotntag (PPB =
75.86%, Hj=0.2728, I = 0.3509) nopatnpndnke oto €idoc M. parnonia apécsmg petd oto M.
dirphya (PPB = 55.17%, Hj = 0.2350, I = 0.2767), ev® n pkpdtepn mapotnpiOnkKe 6to
eldog M. wettsteinii (PPB = 28.74%, Hj = 0.1449, I = 0.1498). Mwp1} yovidiokn pon
(Nm = 0.5451) mapotnpndnke petald tov tinbvoumv g M. parnonia. H mapovoa pelén
glvol GNUOVTIKY Y100 TNV OVATTUEN OTPATNYIKAOV SlEIPIONG KOl TPOGTOGIOG Yoo TOL TPia

anmelodeva £idn Tov yévoug Minuartia.



EIZAT'QI'H

H yevetikn mouciddtntar amoteAel onuavIIKO GLOTATIKO TNG PLOTOIKIAOTNTAG Ko
EMOUEVMG UEAETEG OYETIKA LLE TN YEVETIKY] OO €VOC TANOLGHOD SLEVKOADVOLV GNUOVTIKE
OTNV KATOVONON TOV BLOAOYIKGOV TOL YOPOKTNPIOTIKMV, TNG EEEMKTIKNG TOL 10TOPIoG Kot
TOV TTPOGOPUOGTIKOL duvaptkoy Tov (Yang et al. 2012). Xvykekpiuéva, YeVeTikég HEAETEG
OMAVIOV KOl OTEVA EVONUIKOV €OV  €lval oLYVA OvOYKOIeS YL TNV OVATTLEN
OTOTEAEGLATIKMOV GTPATNYIKOV Y10l TN TPOCTUGIN Kol dtoyeipiomn Tovg, Kabhg o aptBpudc tmv
anelobpevav vd eEapdvion eddv otadtokd avéavetor (Holsinger and Gottlieb 1991;
Gitzendanner and Soltis 2000).

Av ko 1 €€apdvion evog €100vg 0QEIAETAL GTNV GLVOVOCUEVT] ETIOPACT] TOAADY
VIETEPUIVIOTIKAOV KOl GTOYACTIK®OV Tapayoviwv, Oo mpémel va Anebodv eniong v’ oyn Kot
ol yevetikol mapdyovteg KoBmG ta meEPLocOTEPO amd T amelovueva €idn oymuotilovv
piKpovg mAnbuopots émov 1 opopel&io Kot TEMKA 1 OTOAEW TNG YEVETIKNG TOKIAOTNTAG
etvor avamoeevkteg (Frankham 2005). Ot mAnBvopoi avtol cvyva eueaviovv pukpn
wKavotnTo emPioong Kol ovoTapoym®yYNG £YOVING HUEWOUEVO TPOGAPUOCTIKO OLVOULKO
(Paschke et al. 2002; Frankham et al. 2010).

Ot yevetikég peréteg umopoHiv vo cUUPEALOLY ATOPACICTIKG Kot Vo BEATIOGOVV TIG
OTPATNYIKES OLATHPNONS OV OKOAOLOOVVTOL OTOKAADTTOVTOG TANOVGHOVG LE TTOAD YOUNAL
EMMEDN YEVETIKNG TOIKIAOTNTOG KOl TOPEYOVTIOG TANPOPOPIEG TOV APOPOVV GTNV EKTOOM
NG YOVISIOKNG PONG HETOED KoTakepuatiopévey tanduoumv (Nicoletti et al. 2012).

H EAM\GSa amotelel onpovtikd kévipo PlomokiAdntag v OAN TV OKOYEVELL
Caryophyllaceae, pilo&evmvtag 436 €161 kot VTOEIdN. e TAYKOGUIO ENIMEDO, GYEIOV TO 5%
TOV GLVOAOL TMOV EOMV TNG OKOYEVEWNG OVTNG ivan evonuukd oty EALGSa (Trigas et al.
2007). To yévog Minuartia L. (Caryophyllaceae, Alsinoideae) anaptileton and nepimov 120
€TNO0 KOl TOALET €101 oV KoTavEUOVTAL 68 OAOKANPO TO PBOpeto nuoaipto (Bittrich
1993). H EAAGOa, pe 33 €idn ta omola katatdocoviat o€ 6 sections, givat emiong éva amd o
Kévipa Promotkilotntag Tov yévovs. Ta meptocdtepa amd ta €101 0VTA, 1010C TO TOAVET
ocuvnOmg peYoA®VOLY GE aPIAOEeves GLVONKEG OTTMG TTETPMAN €04PN, PpaydOEl GYIoUES
Kot aAmkd mepifaAlovta. Ta eidn M. dirphya, M. parnonio xor M. wettsteinii €lval
evonuikd otnv EAAGSa ko 6o cvumeptroappdvovtor oto Red Data Book of Rare and

Threatened Plants of Greece (Phitos et al. 2009). To ¢€idog M. dirphya eniong



ovumepthapfaveton oty ékdoon tov Top 50 Mediterranean Island Plants (De Montmollin
and Strahm 2005).

Ta &idn M. dirphya, M. parnonia xoir M. wettsteinii €govv TOAAG KOWVE
LOPPOLOYIKA KO POLVOAOYIKE YOPUKTNPIOTIKA, T.Y. GUALN, avOnon KA. [lapodia avtd, to
tpioe €idn elvor EexaBapa S0Pt AOY® GCULYKEKPUEV®OV HOPPOAOYIK®V O(pOpPdV TOV
TOPOTNPOVVTOL KUPIOS otV Pdon tov dvBoug (LéyeBog kot oynua TV TETAA®V), Tadlovio

(ap1Bpog avBE®V Kol LRKOG TOL HiGYOL) Kot 6TV Hop@oroyia Tov omdpov (néyebog, oynua

ko empdvela) (Trigas and Iatrou 2005).

Ewoéve 1. Minuartia dirphya Ewéva 2. Minuartia parnonia Ewéva 3. Minuartia wettsteinii

Mol pe e@td dAAa €101 TOL VILAPYOLY GTNV KEVTIPIKN Kol VOTIOdVTIKY Evpdman
amoTeEAOVV Lo KaAd Kabopiopévn opddo evtog tg Minuartia sect. Spectabiles subsect.
Laricifoliae ser. Laricifoliae (McNeill 1962; Trigas and Iatrou 2005; Moore and Kadereit
2013).

XOoupova pe v perétn tov Moore and Kadereit (2013), ot onoior peAétnoav
TUPNVIKEG AAANAOLYIEG HETOYPOPOUEVOV PIPOCOUIKOV TEPLOYDOV TO section Spectabiles
elvar pio koAd vrooTplOpevy HOVOPULAETIKY opdda Héca oto yévog Minuartia. EmmAéov
ta uéAN 1oV ser. Laricifoliae oynpatiCouv évav peydio kAGd0 pésa otnv opdon WMV TOL
Spectabiles evd kol ta Tpio €101 TOL PEAETOVVTOL EOM OUASGOTOIOVVTOL OTUIOVPYDVTOS LU0
Eexwplot eEEMKTIKN Ypouu| €viog tov ser. Laricifoliae. 'Etol, 1060 01 mOPAO0GIOKES
tagvounoelg 660 Kot 0t PUAOYEVETIKEG HeAETEG LITOGTNPILOVV TNV GTEVY] GYECT) TOV TPLOV
€10MV Kot TNV dnuovpyia pog Eexwplotg EEEAKTIKNG YPOLLLUNG.

Ta tpia €ldn Minuartia mov peketodvtal €0 £yovv LKpovg ondpovg (1.5-3.0 mm),
nov QuyiCouv 0.9-1.5 mg ot omoiot dwuckoprilovror an’ v PopdTnta 6€ pKPY OndGTACN

amd 1o Yovikd @uTO N amd dvvatd dvepo o€ oyeTkd peyaAvtepn andotact. Ta &idn M.
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dirphya xou M. parnonia emniong mopovcolalovv KAMVIKY OVOTUPOY®YN 1 omoid Ogv
napatnpeitar oto M. wettsteinii. Avtd mbBavotota cvpfaiver e€otiog tov Ppayddovg
nepPEALOvVTOg 6TO0 0moio peyoA®Vvel, TO omoio Ogv guvoel TV avamTtuén TV VIHYEIOV
BAacTOV.

To &ldog M. dirphya givoan yvootd pévo ond tov mAnbuoud mov Ppicketon 6To
Opog Aipen omv EvPoila. Meyoardvel oe Bpaymdoeg £60pog GE O HKPT) GEPTEVTIVIKY
nepoyn (edapikn vnoida), omopoOVOUEVO amtd GAAES TETOLEG TTEPLOYES AOY® EKTETOUEVOV
acfecTOMOKOV SYNUOTICULOV TTov vrdpyovv otnv Kevipikng EvPora, oe dyog 900-920
pétpa mive omd to eminedo g BGAaccas. Avti TNV OTYU| KOTOAAUBAVEL poe TEPLOYN
nepimov 0.3 extopiov ko o mTAnBvouog Tov vroAoyiletan mepimov ota S00 dpipa dTopo.
"Exet rddvoet coPapn ammdAieto evaonTnuaToVv (Kot 6Ty cLVEXELR Lo Leimon Tov TAnfucpon)
TIG TeEAEVTOiEG OVO dekaeTies, eEattiog TV avOPOTIVOV SPASTNPLOTHTOV KOl GCOUGMVO LE
katnyopieg tov IUCN 1o €idog mpdopata €xet ektyunbel wg Kpioipwg Kwvdovvevwv’’
(Trigas and Smyrni 2009).

To &ldog M. parnonia epeoviCetar oto Opog I[Idpvev Kol GTIG VOTIOOVOTOAIKES
amoAnEelg Tov oty votloavatoAkn [lehondvvnco. Meyardvel e Bpoymoeg acfectolBucd
£001pog o€ VYOpeTpo amd 550-1200 pétpa. Eptd mAnbvopol tg M. parnonia givan yvoortol
otV votwoavatolkn [lehortdvvnoo €yovtag katapetpndet oxeodv 20,000 opua dropo. To
eldog awtd Eyxel extiunfel wg “Xxedov Amethovpevo’ (Kalpoutzakis and Constantinidis
2009).

To &ldog M. wettsteinii elvor eniong YvmoTo povo amd tov tomobesio tov 6to Opog
Tpintng omv avatodkn Kpnm. Meyodlovel oe PBpoy®doelc poyués kol GAPES, OF
acPfeoctorbo, oe vyouetpo and 1100-1400 pétpa. KoatorapPaver po meployn mepinov 3
km? kot 0 pdvog yvwotdg TAnBuoprdc vrohoyiletar oe Aydtepo omd 1000 dropa. Eyet
yopaxtnpiotel wg "Kivovvevwv” Paciopévo ota kprripla tov IUCN (Turland and Kamari
2009). Zopepmva pe Toug VITOAoYIGHOoVS TV Trigas and Smyrni (2009) o TAnBvopog Tov M.
wettsteinii elvar pikpotepog amd 200 dropa kot To €idog givar eEopetikd omdvio otov locus
classicus tov. Emopévac, 1o €idog Ba mpéner va extyunbel g ~"Kpioipog Kwvdvvedmv’’
ovueova pe to kprtpto C2a (ii) (IUCN 2001).

To tpla €lon eivoar tomoBetnpéva yeypoaeikd pHokpld to €vo omd TOo GAAO.
EmumAéov n mapovsio Boddooiov opiov EVOLVOUMOVEL THV OTOUOVHOCT] TOVG, 1| OTToid, GTNV
nepintwon tov M. wettsteinii dwopkel TovAdylotov 5.3 Myr (660 dniadn o ypdvog
aropovoong e Kpnme and v Ielondvvnco) (Meulenkamp 1985). Me dedouévn v

OTEVI] QLAOYEVETIKY| GYECT TOV TPLOV WOV Minuartia, TNV TOPVI TOVG O10LPOPOTOINGT Kol
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TV OTEVO TEPOPIGUEV TOVG e&amimorn Oa pumopoldoov vo  YOpOoKTNPIGTOOV MG
“vmoletppoTikd’’ €iom (relictual).

Yto evOnpukd €10m o mepLopilovtal 68 KPOVG EYKOTAAEAEIUUEVOVS TANOVGLOVG
eppoaviCovioar  ddpopa  emimeda  YEVETIKNG MOWKIAOTNTAG, OAAD  YeEVIKA, TO OTEVA
neplopiopéva €N teivouv va  gpeavifouv pIKpOTEPN YEVETIKY] TOWKIAOTNTO OTL TO
eCamiopéva €idn (Godt et al. 1997; Setoguchi et al. 2011). Avoueifoia, n amokdAvyn g
YEVETIKNG TOIKIAOTNTOG TOV EWMV TOL Yévoug Minuartia Tov GuUTEPLOUPEVOVTOL GE QLT
v perétn, Wiog avtdv mov yopaktpiloviar ¢ “Kpioipwg Kwvdvvevovra’’ esivor
EMELYOVIMOC OVOYKOIOL Y100 TOV GYESICUO TPOKTIKOV KOl GTPOTNYIKOV  SloTnpnong Kt
npootaciog tovg. Emmpocsitmg, o vmoroyiopudg tov Pabpod g YEVETIKNG d10(pOopOoToinomg
petalh autov tov 0GV B piEel mePIEGOTEPO MG OTIG EEEMKTIKESG Kol TAEIVOLKEG TOVG
oxéoelg ko emiong Oa Pondnocer oTOovV TPOGOOPIGUO  KPIGIU®OV  TOPAYOVI®OV OV
Slopdpemoay TNV EEEMKTIKT TOVG 1GTOpPiaL.

Me otOéX0 TN HEAETN TNG YEVETIKNG OlO(POPOTOINCNG TOV €MV TOV YEVOLG
Minuartia ypnowyomomonkoyv ot axoilovbor poplakoi odeikteg: 1) Mikpodopv@opikég
aAlndovyieg tov yAwpomiactikov (cp) DNA kot ii) éva oyetikd véo €id0G HOPLOK®OV
dekt®dv oy ovopdleton Retrotransposon Microsatellite Amplified Polymorphism (REMAP)
(Kalendar et al. 1999). To yAwpomiaotiké DNA eivor pntpikd KAnpovouoOUEVO oTa
TEPLOCOTEPO PLTA KOl TAPOLO 7OV YPNOLUOTOLEITAL GVVIHOWOG Y10 PLAOYEVETIKES PEAETEC,
npoceato mopadsiypoto Osiyvouv OTL vmdpyel duvatdtnTo Yoo YPNoN TOL KOl GE
mAnBvookéc Epguveg oe evooeldkd eminedo (Doulaty Baneh et al. 2007; Mondini et al.
2009).

Ot odeixteg REMAP am6 v dAAn, éxovv ypnoipomombel pe emtvyio otov
TPOCOOPIGHO TMV PUAOYEVETIKOV GYECEWMV, TNV TAVTONOINGT YEVETIKOL LAKOD Kot TNV
EKTIUNON NG YEVETIKNG TOWKIAOTNTOG Olpopwv QuTikdv £wov (Biswas et al. 2010;
Boronnikova and Kalendar 2010; D’ Onofrio et al. 2010; Mandoulakani et al. 2012).

Ot otdygor ovtng g peAétng eivar: 1) va vmoloyicovpe TNV YEVETIKN
dwpopornoinon petald tov ewodv M. dirphya, M. parnonia ko M. wettsteinii, 2) vo.
AVOADGOVLE TNV KATOVOUT TNG YEVETIKNG TOIKIAOTNTOG 6TOVG TANBVoUOVG TG M. parnonia
Kol 3) vo TPOGOlopicOVE TNV YEVETIKY] doun kol vo aEloAOYNOOLUE T EMMESD TNG
YEVETIKNG TOKIAOTNTOG TOV TANBVOUOV TOV TPLOV 0OV HE 0KOTO TNV omdKTNON PACIKOV
TANPOQOPLOV YLl TNV OVATTLEN TPOKTIKOV KOl GTPOATNYIKOV Yo Tn Oloyeipon Kot

TPOCTAGIO TOVG.



YAIKA KAI MEGOAOI

ASYHOTOMWiO

H Serypotodnyio pog, kdAvye 6AOVG TOVS YVOGTOLG TANBVGUOVE KOl TOV TPLOV
€OV oy pelemOnkay oNAodn €ptd mAnBvopmv Tov €idovg M. parnonia Kol €vOG
TAnBvopov and Kabe Eva amd ta £idm M. wettsteinii kou M. dirphya. ®utd cAAEYTNKAY LE
TovAdyoToV 5 PETpa amdoTOoT HETAED TOVE TPOG ATOPLYN GLALOYNG ATOUIKOV KADOV®VY. H
KATOVOUN TV €W0®V Tov Yévoug Minuartia mov peketnkoayv, to onueic GVAAOYNG, KoOMOG
eniong kou pion ektipmon tov peyéBovg kdbe mAnBvopod Poacwopévo o emrToOMIOL
napatnpnon nopovstalovion otnv Ewova 1. ko tov Ilivaka 1. Awod kdbe putd detyparta
QPECKMV Kt VYELOV GUAA®V GLAAEYTNKAY, amoénpdvOnkav ce yéAn moprtiov (silica gel)

Kot amofnkev Koy otovg 4 °C yio mepartépm enelepyacia.

Elevation (m)
- <500

1 500-1000
271 1000-1500

1 >1500

Ewova 4. a): Xapmg xotavoung tov €idovg Minuartia wettsteinii (Mw, tpiymvo), M.
dirphya (Md, «bxhog) xou M. parnonia (Mp, tetpdymvo); b): IIAnBucpoi tov €idovg M.
parnonia: Mpl (Ilpactdg), Mp2 (Zinovyyac), Mp3 (Kaoctavitoa), Mp4 (Hyovpevog), Mp5
(ITahoroydpt), Mpb6 (Mowvn EAdvag), Mp7 (Xwovopotv).



IMivaxkag 1. XOpfora mov ypnowomombnkay yio tovg TANOLGHOVG oL peEAETHOMKAY,
TEPLOYEG GLAAOYNG TV M. wettsteinii, M. parnonia kail ot tAnBvouol tov M. dirphya xou

EKTILOVUEVOS 0p1OUOS aTOU®Y ava TANOLGUO.

Extip. ApOp.
ITAne. Eidog XovreTaypéveg Tomo0eoio
DuTav/mino.
M M. inii 200 IT0H5STN Kpnm, Opog Tpi
w . welttsteinii ™, Opog Tpint
255210 'E pn, Upog 1pinng
Md M. dirph 500 IBIISN EvBota, Opog Af
. dirphya VvBota, Opog Aippu
pny 23°48'53"E pog Alpgug
Mpl M. 1 14,000 ITIFI6N Opog 114 I7 :
. parnonia , o¢ [Tapvav, Ipactod
P p 22°4108"'E poc Llap p S
Mp2 M. 1 3,000 STATITN Opog I16 V4 )
. parnonia , o¢ ITapvav, Zimovyyd
p p 2203898 'E pog Llap YYug
37°15'84"'N
Mp3 M. parnonia 50 Opog Napvav, Kaotavitoa
22°39°45"E
Mp4 M. 1 1,000 71BN Opog 16 Hyov
. parnonia , o¢ ITapvav, Hyodpevo
p p 22°45'34"'E pog Llap YOLHEVOG
Mp5 M 1 500 37I020°N Opog 16 o {
. parnonia o¢ [Tapvav, ITaiooxmpt
p p 22°4308"'E pog Llap xXop
37°08'61"'N Opog Iapvav, Movy
Mp6 M. parnonia 1,000
22°45"77"E Eldvog
Mp7 M 1 500 3E'S6ETN Opog 16 Xiovopo?
. parnonia og ITapvav, XwovoBovvi
P P 22°58'54"'E pos TP

I'evetikn Avaivon

Amopovoon DNA

To DNA exyvAiotnke amd to KaOe dropo pe opoyevonoinon ypnoonoldvrag 20
mg Enpov Pdapovg 16tov PVUALOL Kot axkorovBmvtag To mpwtdkoAlo CTAB (Doyle and
Doyle 1990) pe nocovog onuaciog tporonomoelg. H mocotikonoinon kot 1 a&toAdynon
g mootNToS Tov amopovopévov DNA éywvav pe niektpo@dpnor oe mikTopd oyopolng
kaBmg kol pacpatopmtopeTpikd. Ta deiypota DNA arnofnkevtnkay otovg -20 °C péypt va

ypPNoorombovy.
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Ta otaowe Tov tpmtokoirov CTAB (Doyle and Doyle 1990):

Ot onopot emwalovtar amd to TPonyovpevo Ppdov otoug S0°C  péoa 6e cOANVAKL TOTOV
eppendorf g 200A drodvpatog CTAB.

AxolovBel opoyevomoinom pe Epporo kot tpooOjkn lul proteinase k and otox 20mg/ml
To piypa erwaleton otovg 60°C yio 30 min .

Néa opoyevomoinon kot tpocsOrjkn 300ul mpobepuacuévov CTAB.

Endoon otoug 60°C yua 30 min.

[TpocOnkm icov dykov (500ul) S10AVUATOS YADPOPOPLLO-IGOAUVAIKY] AAKOOAN (24:1).
Avadgvon kot guyokévipnon yo. 10 min otig 10.000 rpm .

Metaeopd g véaTIVNG PAong o€ VEo cmAnvakt tomov eppendorf kot TpocsOkn iGov
Oykov (450ul) S10AOHOTOC YADPOPOPLLO-IGOOUVAIKT 0AKOOAN (24:1).

Avadevon yio Smin.

dvuyoxévrpnon v 10 min otig 10.000 rpm.

Metaeopd g vdaTIvNng Paong o€ vEo cmAnvaxt tomov eppendorf kot TpocsOnkn iGov
OYKOL 160TPOTAVOANG.

Avaogvon 1 min og vortex .

Tomo0étnom otovg -20°C yia tovAdyiotov 30 min.

AxoAovBel @uyokévipnon yo 20 min otovg 4°C.

To vrepkeipevo amoppintetan kot mpootiferor 1 ml abavoing 70%.

dvuyoxévrpnon v 20 min otovg 4°C.

. To vrepkeipevo amoppinteTon kol Kpotdpe to ilnuo.

18.

To i{nua Enpaivetror TomobetdvTOS To cwANVaKia o Oeppokpacio 37°C (Ta kamaKio
OVOIKTA) .

Enavadsidivon o 50 ul ddH20 kot amobrkevon otovg -20 °C.

"EAeyyoc DNA og miktopa ayopolng

H aviyvevon kot 0 mocotikdg mpocsdlopiopds tov anopoveodéviog DNA yivetor pe
™ pébodo niextpopopnonc. H mAextpopodpnon eivar po péBodog mov otnpileton 6to
yeyovog OTL Ta TEPLocOTEPO. pakpoudpla 0t o DNA, RNA kot mtpmteiveg, dtaywpilovral

avéloya pe 1o p€yefog toug kabocov givor nAeKTpiKd opticpéva. Apa otav Bpebovv oe
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NAEKTPIKO TEST0, KIVOUVTIOL UE TOYVTNTA 7OV €EOPTATOL OO TOV AOYO TOVL MAEKTPIKOV
@OpPTiOL TPOG TNV HAla TOLG.

Ta voukAeikd o&éa eivar cuvnBwg apvnTikKd EOPTIGUEVE, AOY® TOV POCPOPIKAOV
TOUG OUAOWV, LE OMOTEAEGHO VO, KIVOUVTOL TPOG TOV BeTIKO TOAO KOTA TNV SOPKELD TNG

NAEKTPOPOPTONG OE TNKTN.

Mopackevq TG ANKTAS ayapolng

[Mo v mopaockevn) TG TNKTNS ayapolng, opyKa ovaplyvOOUUE GE 101K KOVIKN
oA 1,5 gr ayopdlng pe 100 ml swivpotog TAE 1X. X ovvéyela, to pelyua
BepuaiveTar 6 POVPVO pIKpoKLUATOV PEXPL TO onueio Bpacuov. Ensita yio va kpudcel To
owdvpa, tomobeteiton KAT® Omd cvvey] pon vepolh Pphong Kot avadeLETOL KUKAIKA.
Apéomg petd mpocsBétoope S ul dwwAdpatog 1% Bpopodyov aibdiov kot avadeDOLLLE.
AxolovbBel 1 €kyvomn Tov SHADOTOG OE E101KO TAOIG10, KOl OTOLOKPHVOVTAL Ol PUCOAOES
mov TavAOV Exovv dnovpynBel. Ze e1dkég eykomég Tov mhausiov tomobetovpe o "ytéva"
N omoia onpovpyel "mnyaddkia”. Apov méet  ayapoln, agaipeiton 1 YTEVO TPOCEKTIKA
amd T K. Me autdv 10V TpOTO £X0VV GYNUATICTEL TO TNYUOAKIO LEGOH GTNV TNKTY| OTO

omoia Tomofeteiton  mocdtTa TOL DNA OV emBupovpe va niektpopopndei.

Ewova 5. Anpovpyio mxtopotog ayopolng

Hlektpo@dpnon tTov derypdtmv

TomoBetovpe v Mk oyapolng HESO OTN GLGKELN] MAEKTPOEOPNONG, M OTold

nepteyel 700 ml SwwAvpatog TAE 1X. Ta kédBe detypa, avapryvoovpe mlve oe €101k
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empdvelo parafilm 5 ul dtodvparog DNA pe 1 ul dedvpartog edptmong (Loading Buffer).
Kafe oelypa tomobeteiton oe Eexywplotd mnyaddkt g mnktng, upe t Ponbela puog
pikpomméTag. Metd to TEA0GC TG S1odkacing, GUVOEOVE TN GLOKEVT NAEKTPOPOPNONG UE
TPOPOJOTIKO pnydvnua kot epappolovpe niektpikd nedio (120 Volts, 90 mAmps). H

dlapkela TG NAEKTPOoPOpNOoNG Elvan mepimov 1 wpa.

Ewova 7. Hiextpopdpnon detypdtwov

"Eleyyoc ¢ ikt ayapoing

To amotéleopa g nAektpo@dpnong yivetar opatd pe ) Pondeio cLGKELTG TOV

exméumel vepLOON aktvoBoiio (UV), dote va pmopovpe vo dovpe pe gvkpivela tig {dveg
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ov &yovv Ompovpyndel ekpetaddevopevol T SEGUELSOT TOV PBpwtovyov cbdiov oTIg
QPOoPOOIESTEPIKES opdoeg Tov DNA. Edv n amopdvoon eivar emtuyng, 1o DNA Oa
eppaviCetar cav pia potewvny {ovn endvo oty Ikt ayapoing. To punydvnua cuvdéetol
HE YNOOKY QOTOYPOQIKT UNYXOVN KOl UE NAEKTPOVIKO LTOAOYIOTH. MEow €vOg €101KOV

AOYIGLUKOD TTPOYPAUUOTOS, YIVETOL 1| EMEEEPYNTIO KO 1 OTOONKELON TOV ATOTEAECUATMOV

™G NAEKTPOPOPNGT|G.

Ewkova 8. E1okd punydavnuo areikéviong DNA

Alvod o] avtidpaon mtorvuepiopov (PCR)

Apyn ™c pedddov

H teyvuc g aAvc1dmtg avtidpaong e molvuepaong enmtvondnke oto péco e
dekaetiog Tov '80 amd tov Kary Mullis. Xdpic otn dvvatdomta anopdveons kabaprg DNA
TOAVUEPACNC, KOOMG KO TN YNUIKT] oOVOESTN 0AYOVOLKAEOTIOIWV, GE LEYOAEC TOCOTNTEC,
TPOYLLOTOTOONKE 0 TOAAATAUCIOCUOS GUYKEKPIUEVDV aAAnAovyidv DNA ympig ) xpron
NG TEYVIKNG TNG KAMVOTOINGNG KOl TNG LETAPOPES G€ PakTnplokos OeikTeS.

H PCR egivai pio moAd ypriyopr| TeXVIKT TOL YPTCLUOTOLEITAL Y10 VO TOAAATANGLAGEL
pe axpifela pikpd tunuate oo DNA. Kdatt t€to10 givar amapaitto yroti yio vo yivel
avdivon tov DNA cg poploxod emimedo, ivol amapoitntes opKeTd HLeYAAEG TOGOTNTEG TOV
DNA. Armopovopéva tunpoto DNA Oa ftav advvato vo peretnBodv emoapkmdg ywpig v
pébodo g PCR, AOyw tov moAD pikpov tovg peyébovc. 'Etor Aowmdv pe tov Opo

«oAvo1dmt) avtidopaon moivpepdong» (Polymerase Chain Reaction - PCR) avagepdpacte
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OTNV TEYVIKN TOL YPNOLOTOLEITAL Y100 TNV in Vitro Tapoymyn peydiov aptBuod avirypdeomv
pog ouyKekpipévng aAiniovyiog DNA.

210, ONUOVTIKOTEPA TAEOVEKTAHOTO TG MHEBOSOVL cLyKOTOAEyOVTOL 1) €Ad)LOTN
nocotnta apyikov DNA, and tv omoia &gival epiktd va mopoaybel e cUVTOHO YPOVIKO
SlaoTNUo Kot pe pKpO KOGTOG aviyvEDGIUT TOCOTNTO GLYKEKPIUEVIG QAANAOVYi0G, OIS
EMIONG KOl 1] U1 YPNOT PAOIEVEPYDV 1CO0TOTMV Y10, TN CHUAVOT Kol TNV aviyvevon tov DNA
(Arnheim xot Erlich 1992). Avtifeta mepropiopd g pebdéov oamoteAel n avaykn yio

ALGTNPT THPNOT GLVONKOV OTOGTEIPOONG TPOG ATOPVYN IOV LOAVVONG,.

H epappoyn g teyvikng e PCR amottet ta axorovba:

IIpétvmro DNA (DNA template)

[Tocota odikhwvov DNA mov mepiéyer v  oAAniovyic mov embopodue vo
moAlamAacidoovpe kot moilel To porlo pntpag (template DNA). Agv eival amopaitnto N
aAAndovyio ovt) va givor amopovouévn, EpOcov To KOppAtt Tov Ba moAlomiaciactel Oa
kabopiotel amd To OAyovoukAEoTiO €vopéng (primers) TOL YPNOLLOTOLOVVIOL GTNV

avtiopoon.

Taq molvpepaon
Ewwn Oeppootabepn DNA moivuepdon (Taq), mov éxel amopovmbel ond 10 Beppoeiio
Baxtpro Thermus aquaticus omd To apYIKA TOL 0moiov Tpoépyetal N ovopasio Taq Kou

napovctalel avlektikonta o€ Beppokpacieg Emg 95°C

OMyovovkireotiowa Evapéng (primers)
‘Eva (evyog cuvBetikdv oAtryovovkieotidiov évapéng (primers), mov kabopilovv to onueio
évapéng ™c ovvBeong DNA kot tov omoiwv 10 puniko¢ kopaivetal petagd 20-30 (edymv
Baoewv. Emedn n dpdon g Taq molvpepdong Eexkivd amd 10 3" AGKpo TOL
oAtyovovkAeotidiov évapéng, eivar amopoitnto vo vmdpyel omdALTN OHOAOYioL TOL
ovyKekpipévov onpeiov pe to DNA otoy0.

Emiong eivon onuavtikd ta oAtyovoukAeotion EvapEng va £xovv mopeRPePY| onueio
™Méng (Tm), opowdpopen  ovotaon (mepimov  50%  GC), vo unv epoaviCovv
CUUTANPOUOTIKOTNTO DGTE VO, OTOTPEMETAL O CYNUATICUOG ETEPOIUEPOV HETAED TOLG KO

o€ KavEva amd ta 000 va Unv vadpyeL 1 THOVOTNTO CYNUATIGLOD OEVLTEPOTAYOVS OOUNC.
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dNTP’s
Awdhopo  erebBepov 5" Tprowcpopikdv  dcolvpifovovkieotidiov (ANTP’s) oe ionm
ovykévipoon ond 1o kdBe éva amd ta dATP, dCTP, dGTP, dTTP, ta omoia Oa

AmOTELEGOVV JOLKA GLOTATIKA TOV VE®V 0ALGIdmv DNA.

MgCl,

Aidopo vty Mg?* mov mapéyoviar pe T popey dtokdparoc MgCls kot to. omoio Spovy
¢ mpocBetikn opdda, kabhg eivar amapaitnta yuoo T dpdorn g moivpepdons. H tehu
OLYKEVTPMOT TOV WOVI®OV aTodV e&aptatal and v mapovcsic. EDTA kot v avtictoyn

tov dNTPs.

PoOpoTtiké dwaivpa tng morvpepaong (Reaction Buffer)

[a va dpdoet 1o évlopo amorteitor 1 VTopPEN TOL KOTAAANAOL OLHAVUATOC avTiOpOoNS
(reaction buffer). Ta cvototiKd oV TEPIEYOVTOL GLVIOMG GTO d1dAVI avTiOpaoNG ivat :
Tris-HCI yia ™ pOOuon tov pH, KC1 to omoio dievkoAhver tov vPpdopd tov
oAtyovovkAeoTdimv €vapéng kot av&dver tov puBud ovVBEoNg NG CLUTANPOUOTIKNAG
aAAnAovyiog amd v molvuepaon, BSA 1 (ehativn mov Bonbovv ot otabepomoinom g
Taq, kabn¢ ko Eva un 1ovikd amoppuravtikd 0nwg TritonX-100 1} NP-40 ta omoio Bonfovv

o1 otabepomoinon g dpdong g Tag.

O moAhamhactacuog g embounme aAiniovyiog Aaupdver yopo o€ €01KN
ovokevn (Beppokvkiomomen) mov akoAovbel Eva kabopiopuévo amd To YPNOTN TPOYPOLLLLLOL

ALEOUELMCEMY TNG BEPLOKPACTOG e KUKAMKES ETAVIANYELG

Baowkd otdowe pedéoov PCR

1° Z160610: Amodrataén Tov dikiwvov DNA (denaturation)
210 otddo avtd 1 Bgppoxpacio kvpaiveror petadd 93-95 °C. Me tov 1poéTO 0WTO
emruyydvetor 1 omodldtaln tov dikAwvov popiov DNA, dnuovpy®dviog HOVOKAMVES

aALG10eg TAve oTIg omoie Ba VPPIOIGTOVY Ta OALYOVOVKAEOTIOW Evapéng.

2° Ytdowo: YPproomoinon ekkivitdv (primer annealing) otig aAiniovyies tov DNA-

o100V
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[Ipaypatonoteiton o vPpwopdg Tov  amodwatetaypuévor mAéov DNA pe ta
oAyovovkAeotiola évapéng, oe Bepuoxpacio mov kvpaiveror petald 37°C kot 60°C. H
emAoyn ™G KataAAnidtepng OBeppokpaociog egoptdror amd to onueio ™MéENg (Tm) twv
oAtyovovkAeoTdimv Evapéng kot and v e€eldikevon mov epeaviovy avTd MG TPOG TNV
aAAnAovyia-otdyo. X170 0TAS0 aVTO eAEYYOvVTOL JLpopeS Beplrokpaciec avtidpaons Ko
YPOVOL OOTE VO TPOGOIOPIGTOVV Ol KATAAANAOTEPES CLVONKES Y10 TN OE0OUEVT OAANAOVYi0-

610Y0.

3° Z1aow0: Empikuvvon ekkivtov (extension)

[Ipaypozonoteiton oe Ogppokpocio 72 °C . Edd smunkdveror n oAAnlovyia tov
oAtyovovkAeotdimv  évapéng, mpocoBétoviag Ta  KatdAAnAo 5" TPLOOGEOPIKA
de0&up1fovoukAeotidia, cupP®VA He TNV aAAniovyio TS 0AVGIdaG-UNTPAS.

To télo¢ Tov Tpitov 6TASIOL GNUATOSOTEL KO TNV OAOKANP®OGT TOV TPMTOL GTUI0V
¢ PCR, pe anotéleopo amd tnv apykn dikhovn oAvcida va dnpiovpyodvtat de novo véeg
Buyatpucég dikhmveg ahvcidec.

Avt 1 ddkacio cuveyiletat Yo n KOKAoLS, Tov cLVB®G Kupaivovtot peta&y 30 kot 40
KOKA®V. 210 TEAOC N TETOLOV KOKA®V, 1 avtidpacn mepiéyel Oewpnrtikd 2n dikiovoa DNA
popla o etvan avtiypaga g aAiniovyiog tov DNA mov vrdpyet avapeoo otovg primers.
[T cvykekpéva meptéyovral: (2n-2n) x popo 6mov: n=apBpog KHKAwv, 2n=0ikhova
popta pe axoboploTo PNKOG Kot X=0p10Uog avtrypaemv amd v apyikn untpa. Télog yia
va KaAvEBoHV TLYOV EVaTOUEIVOVTEG LOVOKAMVEG TEPLOYEG, TO UIYLOL AVTIOPOONG APNVETOL

otovg 72 °C ywa 5-10 min, yo va tpocBécel vovkieotidwa 1 Taq molvuepdon.
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1y
2)
3)
4)
5)
6)
7)

RESEARCH METHOD

@ 2001 Sinauer Associates, Inc.,

Ewova 9. Baokd otddia pebosov PCR

ANTIAPAXTHPIA THX PCR

Ta vAkd ov ypnoyLoTomcape NTov To eENg:
PCR Buffer 10x

dNTP’s mix
MgCl,
ssDNA
primers
H,0O

Taq

Ewova 10. Avtidpactipro g PCR
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Xhowpomhootikoi MIKPod0opLQPOPLKOL OEIKTESG

Ta axérlovBa déka (evyn “maykodcmv’’ (universal) ekkivntodv: ecmpl, ccmp),
ccmp6, ccmp7, ccmp8, cemp9, cempl0 (Weising ko Gardner (1999), NTCP12 (Bryan et al.
1999), provanl ko provan2 (Provan et al. 2004), ypnoyomomoOnkav yio TNV €vicyvon Tov
UIKPOSOPLPOPIKOV TEPLOYDV TOV YAmpomAlaotikov DNA. Ot avtidpdoeic PCR dieénybnoav
pe Baon v gpyacia tov Weising ko Gardner (1999), Bryan et al. (1999) kot Provan et al.
(2004), ypnowonowwvtog KapaTaqg DNA molvuepdon (Kapa Biosystems) kot DNA ond ta
tpia €idn Minuartia. Ot oAAniovyieg mov mpoékvyav petd tnv evioyvon pe PCR
niektpopopnOnkav oe mkToua ayapolng 1.5% (Sigma) Kot o1 EKKVNTEG TOVL TTaPNyoyoV
coen TPOTLTTOL KOl EMAVOANYIUES (OVEG YPNCILOTOMONKOV TEPOUTEP® Y10 YEVOTVLTIKN
avaAvon.

H yevotumkn avédivon e@appdotnke yYpNOILOTOIOVTOC TO TPMOTOKOAAO 7OV
neprypaonke and tov Zheng (1997), pe padioonipoven tov evog TEUTTOL TOL TPAGOiov
exkkvnt pe 2P ATP, ypnowomowdvrag v Ty molvvovkheotdikhy kwéon (MBI,
Fermentas) kot evoopotdvovtag tov omv oviidpoon PCR. To mpoidvia PCR
NAEKTPOEOPNONKAY  ©€  MAKTOUO  HETOLCLOUEVOL  TOAVAKpLAaudiov 5% ko

ontikomomOnkav pécw avtopadioypaeiag. To ckopdpiopa Tpaypatoromnke pe to xépt.

Agikteg REMAP
Ov deikteg REMAP  amokoAOTTOUV TOAVHOPPICUOVS OV VRAPYOVV  UETOED

piKpodopveoptk®v aAiniovyidv (SSRs) kot tg LTR aiinlovyiog evég petabéotipov

YEVETIKOV GTOLYELOV.
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Ewova 4. 807/99001R Ewova 12. 820/99001R

Me oxomd vo, amokaAv@OovV o1 deikTeG He TO PEYaADTEPO Pabud ToALHOPEIGHOD
Kol ETOVOANYILOTNTOG, £EETAGOE d1APOPOLS cLVOLAGHOVG ekkivntdv LTR and didpopa
petaféoipo yeveTikd ototyeio Ommg meptypdeoviol otovg Baumel et al. (2002) poli pe
exkvntég ISSR mov mpoépyovrar and 10 oet exkivntav tov University of British Columbia
(Vancouver, Canada) ko1 Tovg Baumel et al. (2002). Telkd emA&yOnkav névie cuvdvacuol
EKKIVITOV 01 omoiol amédmoayv Tov UEYIOTO oplOpd aSOMIoTOV KOl ETOVOANYIL®V

TOAVHOPPIK®V dekT®V REMAP y1o v avéivon tov tAnfucuav pog (Iivakag 2).

IMivaxag 2. Exkivntéc mov ypnotpomomOnkav otnv avaiven REMAP. Ogppokpoacieg

vBpdomoinone. ApBuodg kat ebpog peyébovg Lovav mov mposkvyay Yo, KABe EKKIvNTH TOV

PN CLOTOONKE.

Exxiwntig Alinlrovyia (5°-3%) Tvfipisor. Ap- Evpog (bp)
(°C) Zovov

ISSR
UBC-807 (AG)sT 51 21 180-1250
UBC-808 (AG)C 53 20 230-1750
UBC-811 (GA)C 50 18 370-1530
UBC-820 (GT)sC 55 13 480-1620
B9900* (GTG),A 58 15 310-1280
LTR
Sukkula*:
GATAGGGTCGCATCTTGGGCGTGAC
*Amo6 tovg Baumel et al. (2002)
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Ot avtwpdoelg PCR wpaypatomomOnkav o éva peiypo aviidopaong 20 ul mov
nepteiye: 20 ng yovdwwpatikdé DNA, 1x pvBuiotikd dwwivpo PCR (80 mM Tris—HCI,
20 mM (NHy4),SO4, 2 mM MgCl,, 0.02% w/v Tween-20), 10 pmol and kabe ekkvnty], 300
uM and kdBe ANTP won 1U Oeppootabepry DNA moivpuépaon (Promega). Ot avtidpdoeig
exkteléoOnkav oe évav Bepuikd kvkAomomty MJ Research PTC-100 vmd tic akdAovbeg
ovvOnkeg: éva apyko otddlo amodidtaéng otovg 95°C Yo 4 Aemtd akoAovBovuevo omd 35
KOKAovg: 1) amodidtaéng tov DNA otovg 95°C yia 30 devtepdienta, ii) vPpdopod twv
exkkivntov ot untpa DNA otovg 50-58°C (g&optdtor amd 10 ot ekKvntdv) yuo 45
devtepOAEmTAL Ko 1ii) EMEKTOONG TOV VOUKAEOTOWK®V aAvcidwv otovg 72°C yo 60
devtepdrenta. To mpoypappa tereimwoe pe éva TeAevtoio PUa ETEKTOONG TOV dAVGIO®V
DNA otovg 72°C ywa 5 Aentd. Ta mpoidvra PCR dwoympiomkay pe niektpopdpnon oto
110V yww 4 opeg oe miktopo oyopdlng 2% (Sigma). Ov {dvec mov mpoékvyav
aneikoviomnkayv pe 1o ovotnua onewkovions GelDocEZ (BioRad). Ta poplaxd Bapn twv
Covov vrmoAoyiomkav cvykpivovtag pudptopec DNA yvootov pnkovg 100-bp ko 1-kb
(New England Biolabs).

Ta evioyopéva Opavcpata ((dveg) REMAP mov ypnoiponombnkay oty avéivon
Kopaivovtay og péyedog petad 180 ko 1750 bp. To cxopdapiopa £ytve e 10 ¥EPL. X kbbe
detypa o1 {oveg yapokmmpiomrav pe 1 (mapodoa) 1 0 (amovoa) vrobétoviag mmg KaOe
Covn avtiotolyel oe évav yevetikd 10mo pe dvo aAinAdpopea (Kalendar and Schulman

2006) dote TeEMkd va oynuatiotet po dvadikn ptpa (0,1).

YTOTIOTIKY] EMEEEPYAOIN TMOV UMTOTEAEGUATOV

H avdivon g yeveTikng TOKIAOTITOG TOV ATOKOADPONKE YPTCIULOTOUDVTOS TOVG
deikteg REMAP mpaypatoromdnke ocopemva pe tovg Boronnikova kar Kalendar (2010).
Me okond Vv ektipunomn tov Pabpod eravaANYIUOTNTOS TOV UTOTEAECUATOV TOV TPOLLE,
tpio Tuyaia dtodeypéva dtopo amd KaBe mAnBLGHO Kot €id0G ypMNoILOTOMONKAY Yo Evov
dgvtepo yOpo evioyvong pe PCR kot yevotimiong REMAP.

[a tov vmoloylopd TV TOPOUETP®V  (OEIKTMOV) YEVETIKNG TOIKIAOTNTOG
ypnooromOnkayv ta wpoypdupota POPGENE 1.31 (Yeh et al. 1997) xou AFLPsurv 1.0
(Vekemans et al. 2002). Ot dgikteg TOKIAOTNTOG OV LROAOYICTNKAY TEPIAAUPOVAY TO
ToG0ooTO TV moAvpopPikdv (wvov (PPB, deiktmg mov avrtiotoyel o€ mocootd
TOAVHOPPIKMOV  YEVETIKOV TOT®V) 7OV VRoAoyicOnke Olupodviag tov oaplbud tov

TOAVPOPOIKOV {ovodv avd mAnBvopd kot €idog o tov apBpov Tov {ovov mov
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amokaAveOnKav cvvolikd. Emiong vmoloyiotmkav oe emimedo mAnBvopov kot €idovg, o
GLVTEAEGTNG YOVISLOKNG ToKIAdTNTOG Katd Nei (Hj) 0nwg tpomomomOnke and tovg Lynch
kot Milligan (1994) xou o dgiktng mowiddttag tov Shannon (/), o omoiog pdAoto dev
npobmobétel 1Icoppomnio Tov mAnBvopov katd Hardy-Weinberg (Lewontin 1972). Eneidn] dev
VINPYOV €K TOV TPOTEP®V TANPOPOPIEC GYETIKA pe TO emimedo opouel&iog eviog TV
manbvouav, epapupocape 1o mpdypoupo AFLPsurvl.0 pe dwgpopetikéc tpég Fis (0
vrobétoviag 1ooppomion kotd Hardy-Weinberg péypt 1 dnAadn mAnpn  éAdewym
€1EPOLLYOTAOV).

Me oxomd Vv eEdheym TG EMIOPOCNS TOV OOPOPADV GTOV OPLOUO TOV OEIYUAT®OV
oL GVAAEYONKaV Yo kdBe TANBLoUO vroloyicape tovg deikteg Band richness (Br) kot
PLP (t0 TOGOGTO T®V TOAVHOPPIK®OV TOT®V) avayévteg otov mANBuoud e T0 HKpOTEPO
péyebog detyparog (Mp3-Kastanitsa) pe v Bondeto piog pebodov apaimong (rarefaction)
pe to Aoyiopikd AFLPDIV 1.0 (Coart et al. 2005).

H extiunon tg yovidwoxkng porg (Nm), LTOAOYIGUEV] ®©OC TO VOUUEPO TMV
LETAVOOTOV OV E1GEPYOVTOAL O0TOV TANBVOUO o€ KABe yevid, £ytve cupupmva pe tov Wright
(1931), 6mov o odciktng Gsr ypnowonoleitor g Tpocéyyon yo to dgiktn Fsr (Yeh et al.
1997).

Ol TéG TOV GLVTEAECTMOV YEVETIKNG amdotacng Katd Nei Ommg tpomomodnke
a6 tovg Lynch kou Milligan (1994) vroroyiomkav pe tn Pondeia tov AFLPsurv 1.0 pe
1000 bootstrap emavainyelg og kbbe yevetikd tomo REMAP kot ypnoipomombnkay yio tnv
Kataokevy devopoypaupatwv UPGMA pe to mpoypappo Neighbor oto vmoloyiotikd
nokéto PHYLIP (Felsenstein  2005). To mpoypoupa Treeview (Page 1996),
YpPNoWonTomOnKe yoo TV amEKOVION TV Oevopoypoupndtov. H ovédlvorn poplakng
mowihomtag (AMOVA) «kaBdg ot mn  avdivon kopiwv ocvvietaypévov (PCoA)
mpaypoatortombnkov pe 1o mpodypoupo Genalex 6.5. (Peakall and Smouse 2006). T v
PCoA, axolovdnOnke n néB0d0g TOL QPOPA GTOVS VIEPEYOVTES YOPUKTNPES, COLPOVO LUE
toug Huff et al. (1993). H avédivon PCoA apyikd ekteléotnke o€ OAOKANPO TO GET
dedopévev coumeptlhopuovopuéveoy Kot Tov Tpiev oV Minuartia. Opwmg, eneldn to €i00g
M. parnonia eivon 10 pOVOo MOV ekmpoocommeitar pe moArovg mAnbvouovg, m PCoA
TpaypotoromOnke emmAéov pdévo oe avTd 10 €100G, GTOYELOVTAG GTNV KOAVTEPN avdAvon
g dopng TV TAnBuou®v Tov €idovg awtov. H doxiun onpovtikdmrag yio v avdivon
AMOVA d1e€nyon pe 9999 moaparrayés Tmv 6e00UEV@V.

H doxiun xotd MANTEL mpokepévov va ektyunfel n ovoyétion peta&d g

YEOYPOPIKNG KOl TNG YEVETIKNG amOoTOONG UETAE) TV TPLOV €W0OV TPAYUATOTOMONKE
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ypnowonowwvtag 1o mpoypappe TFPGA 1.3 (Miller 1997) pe 9999 mapoairayés. Mo
EexmploTr oK emiong ekTeAEoTNKE EMioNG LOVO Yo ToLg TANBVoHOVG TG M. parnonia.

Mo va e€dyovpe copmepdopata yio tn Sopun TV TANBLGUOV Kot va dtatdEovpe Ta
dropa oe kdBe mAnBuoud ypnowwonomoape to mpdypappo STRUCTURE éxdoorm 2.3.1
(Pritchard et al. 2000). Ywbemoape 10 yYopic mPOGEN HOVIEAO LE OOLGYETIOTEG
ovyvoTNTEG AAANAOUOPQ®V Omtwg mpotdOnke amd tovg Pritchard et al. (2000) vy
vrepéyovies yapoktnpes. Kavelg ek tov mpotépmv Yapaktnpiopoc Tov atdpmy Tov i00Vg
dgv ouumepIAPOnke oto oet dedopévav mov ovorvdnkav. o va mpocodiopicovpe Tov
BéAtioto apBud tov opuddmv (K) onladn tov tAnbucudy mTov aviieTolyodVv 6To 0E00UEVA
pog, ektehéotnke 1o npdypappo STRUCTURE pe 1o K va dtapopomoteitan amd to 1 péypt
10 9 (150 pe TOV GLVOMKO APl TV TANOVGUOV), e TEVTE EmavaANYELS Yia KaOe Ty K,
ypnotponodvtag pa mepiodo burn-in 10° odniemdpdocwy akohovBodpevo omd 10°
emmAéov oAniemidpdoelg Markov Chain Monte Carlo (MCMCO).

[Tponyovueveg perétec €0eiov OTL 08 TOAAEG MEPUTTAOGELS, 1| €K TMOV VOTEP®V
(posterior) mBavotnta yio éva dedopévo apBpd K avédavetar eha@pmg, akdun Kot opov
emtevyBel 1 oAndwvn Ty tov K (Dan et al. 2009). To o Adyo owtd tpaypoatonomdnke po ad-
hoc avdlvon, 10 4K, mpokeévov vo. ektiundei n wpoypotiky tipf tov K (Evanno et al. 2005).
M Eeympilot) avaivon emiong mpaypoatoromOnke eEapdvtag to. 000 dlakplTd £10m Kot
y¥pNoonotvtag povo ta detypota g M. parnonia. I' avtiv v avdAvon, ot THEG TOV

K drapopormombnkav and to 1 péyprto 7.

-23-



AITIOTEAEXMATA

Xhopomhootikoi MiKpoodopv@opikoi AsikTeg

Aéka Cevyn “maykOCHIOV' H EKKIVNTOV YPNCHOTOMONKOY Yoo TNV gvioyvon
SLPOPETIKMY UKPOSOPLPOPIKAV TEPLOYDV TOL YAwpomhaotikod DNA. Téooepic omd
avtovg (ccmp8, NTCP12, provanl, provan2) ométuyav vo O®MCOLV  1KOVOTOUTIKA
aroteAéopata oty PCR kot eEonpébnkav amd mepetaipw avaivon. Ta mpofAnpota otig
evioyboelg PCR mepihapfavav younin 1 xabBoiov evicyvomn, mapovcio. TOAAATAGDV
Opavopdtov avti yio To ovopeEVOUEVO KOl adLVOUIO GTO VO dMGOLV GLVEXN Kol
enavorapPavopeva anoteléopota. Ot evamopeivavteg 6 a&lomomoOnKay yio T0 YEVOTLTIKO
éleyyo 10 atdpmv and ta idm M. wettsteinii kou M. dirphya ko 10 and kdbe minbooud M.
parnonia. Amd ovtodg Tovg deikteg, Té00eptg (ccmpl, ccmp6b, ccmp9 kot cempl0) fTov
LOVOLOPQIKOL TOGO €VTOG 000 KOl HETAED TOV E0MV KOl EMOUEVAOS OEV UmOpovoav Vo
mapEyovy Kapio TAnpoopia ota €idn mov avoivOnkav. Ot 600 mov améusvay (ccmpS Kot
ccmp7) amokdAvyav TOAD yoaunid Pabud molvpopeiopod, pe TNV EUEAvVIoT 00O
aAndopopeov o kabévag. Kot ot dvo Mtav moAvpopeikoi povo oe doedikd eminedo,
QMOKOADTTTOVTOG UNOEVIKY]  €VOOEIOIKN TOWKIAOTNTA GTO LIOAOWTO dVvo &€idn, ARG Kot
dw/evdo-tAnBuopiakd moAvpopeopnd ot M. parnonia.

Eivor evolapépov 6t 1 cuvovacpévn ypfon tov 000 auTtdVv OEIKTOV UTopel va
dtakpiver Ta Tpia £10M petadd Tovg Kot ETOUEVMOG HTopovV va. aSlomotnfovy o¢ d1ayvVeoTIKA
epyodeia oto emimedo TV ed@V. [To cvykekpléva, To ATOHO TOV AVAKOLV GTa. £iom M.
parnonia kou M. wettsteinii ep@AOvicay 10 {010 GAANAOLOPPO TOV YEVETIKOV TOMOV ccmpd
(ccmp5A), evd avtd mov aviKovy oto €100¢ M. dirphya omokdAlvyov £vo SlopOPETIKO
(ccmp5B). Tlapopoing O A ta dtopa twv WOV M. parnonia kol M. dirphya polpaotnkoy
70 1010 AAANAOLOPPO TOV YEVETIKOV TOTOV ccmp7, TO OMOT0 NTAYV SLAPOPETIKO OO OVTO TOL
TOPOVCLICTNKE OTA ATOpa TOv gidovg M. wettsteinii. AOYy® TOL YOUNAOD TOGOGTOD TOL
TOAVPOPPIoUOY Kol NG TANPovg edpaimong (100% fixation) twv dvo AAANAOUOPPOV N

OTATIGTIKY] OVAALGT OEV UITOPOVCE VO TPOLYLLOTOTOOEL OMOTELEGLOTIKA.
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Fevetikn mouhotTnto ekTip@pevn pe dsikteg REMAP

Metd amd mpokatapkTikég doKipuég, mévie deikteg REMAP telkd emiéytnray yio
TNV YEVOTLTIKY OvOAvoT 76 aTtdU®V TOL aviKOLV 6ToVS 9 TANBLGLOVG TOV TPLOV EBDV
ov peAetOnKay. AmokoAv@Onkov cuvoAlkd 87 (®dveg (TOL AVTIGTOLXOVV GE OVAAOYO
apBud yevetikmv tomwv) peyébovg 180-1750 bp oe 6Aa ta dtopa mov peretiOnkav. H
EMOVOANYILOTNTO  EUEAVIONS TV (®VAOV OTo GTOHO 7OV O YEVOTLMIKOG EAEYYOG
emovoneonke wopoaivovtay and 90.9%  éwog 100%, ®otdco povo otr {dveg mov
eueavifovtav cuveymg ypnoorTomonkay yio mepartépm avaivon. O peyardtepog aptBuog
Covov mapatnprdnke yia tov exkkivnt] UBC-807, evd ot Aydtepec {dveg eppaviotnkay

otov ekkwnt) UBC-20 (ITivakag 2).

IMivaxoag 2. Exkivntéc mov ypnotpomomdnkav otnv avaiven REMAP. Ogppokpoacieg

vBpdomoinong. ApBuodg kat €bpog peyEébovg Lovav mov mposkuyay Yo KABe EKKIvNTH TOV

PN OCLOTOONKE.

Exxwntig Alnlovyia (5°-3%) T vbprwon. A Evpog (bp)
(°0C) Zovav

ISSR
UBC-807 (AG)T 51 21 180-1250
UBC-808 (AG)C 53 20 230-1750
UBC-811 (GA)C 50 18 370-1530
UBC-820 (GT)sC 55 13 480-1620
B9900* (GTG);A 58 15 310-1280
LTR
Sukkula*:
GATAGGGTCGCATCTTGGGCGTGA
C
*Amo6 toug Baumel et al. (2002)

Xg eminedo €1dovg, 45 (dveg gppaviotnkov ota dropo tov M. wettsteinii ka1 57 o€
avtd tov M. dirphya. Evtog tg M. parnonia ol mepiocdtepeg (oveg (55) mapatnpnonkav
otov TANBvopud Mpl, evod o1 Mydtepec (46) oto Mp4. 'EEl povadwéc Loveg kataypdonkay
ot M. dirphya, técoepig otn M. wettsteinii kon dekanévte ot M. parnonia. Avo and avtég
eppaviomkav povo og opiopéva dtopa Tov mAnbvcspod Mp7 g M. parnonia. To 1060610
TV ToAvpopeikdv {ovav (PPB) avd eldog xvpoaivetor and 28.74% - 74.75%, evod og

mAnBvoako eminedo kopaiveton omd 21.84% - 47.13% (Ilivaxog 3).
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IMivaxkoag 3. Tevetkn mowkidonta. otovg TANBvopoLg TV WV Minuartia OmOG

vroloyiotnkav amd toug deikteg REMAP.

N = ap1Opdc atdpov mov peretnOnikay and kébe TAnbooud

No.B = ap10pog Lovav mov onpeiddnkoy

PPB = [1060616 TV moAvpopeik®mv {ovav

PrB = povodikég {dveg

Hj = yovidwoxn mouckotnta kot Nei petd tmv tpomomoinon amd tovg Lynch won Milligan (1994), mAnbucpol og
wsopporioc HW (Hjuw) 1 un (Hj. non rw)

I = Agikng mowthdtag tov Shannon; Br = cuvtedeotic Tpocappoyng oto gldyioto péyebog deiypatog (n=6)

PLP = 1060610 TOALOPPIK®V YEVETIKOV TOT®V 6T0 1% petd v Tpocappoyn oto erdyloto péyebog delypatog(6)

Nm= yovidiakr por| pe Baon mv tiunq Gsr; * eninedo gidovg

Pop/ld | N N ppp | pra Hj. nw Hj.non B I Br rLe Nm
B 1%)

Mw 11 |45 | 2874 | 4 0.1449£0.0187 | 0.1179£0.0189 | 0.149820.0272 | 1.228 | 0.287

Md 10 |57 |5517 |6 0.2350£0.0201 | 0.2225£0.0005 | 0.2704£0.0297 | 1.468 | 0.552

Mp* | 55 7586 | 15 | 02728 0.2665 0.3509+0.0283 0.5451

Mpl 11|55 | 4828 |- 0.2189£0.0200 | 0.2095+0.0224 | 0.2400+0.0299 | 1417 | 0.483

Mp2 |7 51 | 3348 | - 0.195520.0195 | 0.1701£0.0215 | 0.1762+0.0284 | 1.325 | 0.345

Mp3 |6 47 | 2184 |- 0.138420.0170 | 0.118740.0177 | 0.1122£0.0243 | 1218 | 0.218

Mpd |7 46 | 2644 | - 0.176420.1925 | 0.1527£0.0223 | 0.149620.0278 | 1.259 | 0.264

Mp5 | 8 54 3793 | - 0.209320.0193 | 0.1845£0.0221 | 0.196920.0292 | 1.349 | 0.379

Mp6 | 7 49 | 3333 |- 0.1991£0.0204 | 0.163320.0212 | 0.1857+0.0298 | 1315 | 0.333

Mp7 |8 47 | 3908 |2 0.1860£0.0201 | 0.1667+0.0211 | 0.1910£0.0285 | 1.342 | 0.391

Ot TIHéG TOV CLVTEAEGTAOV YOVIOIOKNG TOIKIAOTNTOG SIEPEPAV OTAV VITOAOYIcON KAV

oe ovvOnkeg ooppomiog kotd Hardy-Weinberg (HW) 1 un. Qotdéco, 10 portifo
TOWKIAOTNTOG OV TTapatnpriOnKe e OA0VG Tovg TANBVCUOVG TOV PEAETHONKAV MTOV GYESOV
1010 pe avtd mov PBpébnke kdtm amd 10 povtéro eoppomiag HW. 'Etot Aoutdv vmobétovtag
ot o1 mAnBuopol Bpickovral oe woppormicc HW, 0 cuvtedeotng YOVISIOKTG TOWKIAOTNTOG
katd Nei (Hj) kot yuo tovg 87 yevetikovg tomovg Nrov 0.2350 + 0.0201 ywo to €idog M.
dirphya xon 0.1449 + 0.0187 ywa 10 €100g M. wettsteinii. H péon yovidiokr moucthotnra (Hs)
evtog ¢ M. parnonia ntav 0.1891, eved n yovidraxkn mokiddtnta o€ OAo tov TAnBvoud (Hy)

ntav 0.2728. O deiktng mokiAdttog tov Shannon (/) kopdvonke amo 0.1498 + 0.0272 £wg
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0.3509+0.0283 610 enimedo TV WOV, vd £viOc ™G M. parnonia kopoivovtay amd 0.1122
+ 0.0243 £¢wg 0.2400 £ 0.0299.

Yuykpivovtog Toug cuvteAeotég Br kot PLP pe toug dALOVG OEIKTEC TOIKIAOTNTOG
eoatvetor 0Tl ta eminedo MOWKIAOTNTAG Ogv GLVOEoVTAL PE TOV apPlBd TOV ATOU®MV TOV
peremnkav oe kédBe mAnBvoud. Télog, n yovidlaxkn pon pésa otovg mAnBvouovsg e M.
parnonia fitav 0.523 (ITivakag 3).

H doxyum MANTEL ywo ta tpio €idn mov peletOnkav amokGALYE GNUOVTIKY
OLGYETION UETAED TNG YEWYPAPIKNG KOl TG YEVETIKNG amdotaons (r = 0.9436, p = 0.001),
®OTOCO OV Kot OETIKN avT 1 cVoYETIoN dgV NTAV TOGO 1oYLVPN OTOV eEETACTNKOY LOVO Ol
mAnBvopoi tov M. parnonia (r = 0.3985, p=0.088).

H avéivon PCoA yuo 6Aa o dtopo kot TV Tptdv oV £0e1ée 0Tt 0 75.43% g
oLVOMKNG ToKAOTnTOG eényeitan otovg tpeic mpdtovg dEoveg (43.03%, 19.85% o
12.55% avtiotorya). Onwe @oaivetor OAo T GTOHO OUOOOTOLOVVIOL GTO. OVTIGTOLYO, €101
ToVG, eved Ta Tpior €10 givon dtaxptd 1o €va amd to dAro. H mpdt) xvpla cuvtetoypévn
Swywpiletl Tovg TANBvopovg ¢ M. parnonia amd ta GAAa 10N Minuartia, evéd 1 debtep

yopilet 10 €1d0g M. wettsteinii and t M. dirphya (Ewcéva 13).

Principal Coordinates (PCoA)

™ & Mw
-.-_l-

-
- w Md
-
A Mpl
X Mp2

Coord. 2

K Mp3

‘ Mp4
- v

Mp6

Mp7
Coord. 1

Ewova 13. Awedidotato didypappo g avdivong tov kupiov cvvtetaypévov (PCoA) tov

oedopévov  REMAP  mov  amewoviler tv  kotavour tov €00V Minuartia
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Ymv avaivon STRUCTURE, n tyun tov AK ftav 7402.36 yio K = 3, 53.71 yuu K
=4, 26.88 yuo K=5 xou <5.58 yun dheg t1g Tynéc tov K peyorvtepeg and 5. Emouévag, N
vdBeon 6t to K=3 toupidlel kodvtepa pe to. 0€00UEVA TOL TOPOVSIALOVTOL €0 Elvar
ocwot|. H avélvon pe 10 mpdypappo STRUCTURE yia K=3 £dei&e évav EexdBapo
Swmpiopd avapeco ota tpio €ldon Minuartia, evdd dev VIAPYE EUQOVIS OLOYMOPIGUOG
peta&y Tv mAnbuoudv g M. parnonia (| GYETIKY €1KOVO OEV TOPOLGLALETOL).

Téhog, oOpeova pe TV TOMOAOYi TOL TOPOVCLALETOL GTO  OEVOPOYPOLLLLOL
UPGMA 10 €id0og M. wettsteinii €ivor Tomo0eTnpéVo €KTOC TOV VIOAOIT®V €OV ©C TO
TAEOV YEVETIKG omopakpvcpévo. To €ldog M. dirphya ivon eniong tomoBetnuévo e Evov
dlakp1to KAAd0, evd ot mAnbvcpol tg M. parnonia opadomolovviol. Méoa o€ avtnv TV
oudada dnpovpyovvtal dVo dtakpltég vroopddes. H mpotn nepilappdvetl tovg mAnbucpong
Mpl, Mp2, Mp3 kot Mp5, eved 1 devtepn 100G TAnBucpovg Mp4, Mp6 kot Mp7 (Ewdva
14). Mo pikpn amdkAion omd vtV TV TOTOAOYi0L ELPAVICTNKE OTAV Y10 TNV KOTOOKELT
TOV JEVOPOYPAULOTOS YPTCLLOTOMCAUE TIC YEVETIKEC OMOOTACES Katd Nei ot omoieg
vroloyiomkav vwoBétovtag 6Tt o1t TAnBucpoi dev Ppickoviat og 1oopporia HW. Xe avtv
NV TEPIMTOOT, ONMG EMIONG KOl GTO OEVOPOYPULLLLO TTOV TPOEKLYE YPTCLUOTOLDOVTOS HOVO
tovg mAnbvcopovg e M. parnonia o TANBLVoPOg Tov Mp7 eivon tomoBetnuévoc oe Evav
SLOPOPETIKO KAGOO, EVED 01 AALOL EIVOL GUYKEVIPOUEVOL GE OVO OAUPOPETIKES OUADES, OTNV
TpOTN opdda ot mAnbvopoi Mpl, Mp2, Mp3 kot Mp35, evd oty dgvtepn o1 TAnBucpol
Mp4 kor Mpb.
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Mw

Md

Mp7

970

Mp4

922

Mp6

879

Mp3

381

Mp2

810

Mpl

512

Mps

Ewova 14. Aevopoypappo UPGMA Baciopévo otny yevetikr| andotacn tov Nei's petd

v tpomonoinon twv Lynch and Milligan (1994)
Ievetkn owa@opomoinon evrog tov gidovg M. parnonia

H avéivon g poprakng mokidodttog (AMOVA) avapeca 6toug TAN0ucrong g
M. parnonia £d€1Eg OTL TO peYOADTEPO TOGOGTO TNG MOWIAOTNTAS (59%) KatavELETOL GTO

dropo evtog mAnfuoudv eved T0 VIOAOTO T0c0GTO (41%) amodideTon oe dAmTANBVCUIOKT

dwpoponoinon (Ilivakag 4).
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ITivaxag 4. Avaivon poprokng tokihottoc (AMOVA) v T dtopo Tov aviKovyv 6Tovg
mAnBvcopovg tov M. parnonia BaBpoi elevbepiag (d.f.), abBpoiopa tetpaydvev (SS), péoca

tetpayovo (MS), Ta cvoTatiKd SuKOIOVONG Kol 1 OAKY] TOWKIAOTNTA KOTOVEUNLEVT OTA

cvotatikd g (%).

AMOVA
nyn mrouarétyrag | df SS MS Est. Var. %
Mera&d
6 249.697 41.588 4.565 41%
aAn0vop®v
Evtéc ITAn6vopcdv 47 309.665 6.589 6.589 59%
100
Xvoro 53 559.222 11.154 o
(¢

Emmpocbétong dmwg £0e1&e 10 devdpoypappa UPGMA, eaivetorl vo vapyet pio
dwpopornoinon twv minbvopumv g M. parnonia. T va gggtaotel mepetaipm avti M
vdBeon, ot avarvoelc PCoA kot STRUCTURE npaypatomomdnkay xpnoionoldvtog
uovo to dgdopéva Tov TAnbvouadv g M. parnonia. H PCoA mov £yive ota dtopo detyvel
pa hovn dtapopomoinon tov Mp7, dedopévou 6Tl kavéva amd o ATopo TOL TANBVGLOY

aLTOV OgV TOVTILETOL e ATOO TTOL OVI|KOVV G€ KAmolov dAlo TAnBucud tov gidovg (Ewkdva
15).

Principal Coordinates (PCoA)
4 ‘ A *Mpl
Y X o8% A P
X & . . ? X o Mp2
> * L W >§< AMp3
§ — - % XMp4a
” 5 B -(. * ¥ Mp5
.. ¢ Mp6
Mp7

Coord. 1
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Ewova 15. Awodtdotato didypappo g ovaivong tov kupiov cuvietaypévov (PCoA) tov

dedopévov REMAP mov amewcoviletl tnv cvykévipmon tov atopwv M. parnonia

Emiong, ta dropa mov aviikovv 6toug tAnbvcpovc Mp4 kot Mpb, av kot potalovv
UETOED TOVG, PoaiveTan va £xoVV dlopopomomBel amd aVTA TOV AVAKOVY GTOVG VITOAOUTOVS
TAnBvcepove g M. parnonia.

Ymv avéivon STRUCTURE ot aAinBvopol avarbonkav vmd v vrdbeon OtL ot
Tipég tov kvpaivovion and 1-7 (K=1-7), vadpyovv dnradn 1-7 dwkprroi mAnbucpoi. Ta
ATOTEAEGUATO TNG OVAALONG PaiveTal OTL €DVOOVV TNV Tapovsia 6Vo 1N TPV TANBVCUGV
evtoc g M. parnonia (K=2 1) K=3). I'la K=2, o1 tAn6vcpoi Mp4, Mp6 ka1 Mp7 ¢aivetal
Vo O10POPOTOLOVVTOL OO TOVG VITOAOITOVG, evd Yo K=3 o mAnfucudc Mp7 ¢aiveton va
etvar drokprtdg (Ewova 15). Ta amoteréopata avtd piokovial 6e cupemvio TOGO e TNV
avédlvon kovpiov ocvvietaypuévov PCoA 6co kar pe 10 0evopdypappe UPGMA mov

TOPOVCIACTNKOV TOPOUTAV®.

1.00
0.80
0.60
0.40
0.20

0.0o

Mpl Mp2 Mp3 Mpd Mp3 Mpt Mp7

Ewova 5. Avdivon tov manbvoumv g M. parnonia ypnGILOTOIOVTAG TO TPOYPOLLLLLOL

STRUCTURE, vn6 v mpobimdBeon vmopéng tpldv  yevetkdv ovotadwv (K=3)
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XYZHTHXH

Ye TV TNV UEAETY, YAWPOTAMCTIKOL UIKPOdOopLEOPIKol Oeikteg KabBmg Kot
deiktegc  REMAP  ypnowomomnkav ywo vo amokaAvyovv Tov  Pabud  yevetikng
JpOPOTOINoNG KO VO EPUNVEDCOVY TO TPOTLTTO TNG YEVETIKNG TOKIAOTNTOG GE EVVEQ
mnBuopovg mov ovnkovy oe Tpia otevd cvvdedepéva €idn Minuartia evomukd otnv
EAMGOa. Ta amoteAéopato pog facilopeva oe 600 YEVETIKA GLUGTAUATA, OTOKAAVYOV TNV
VILAPYOVCA YEVETIKY] O10POPOTOINCT AVAUESH GTO TP €101 AVAOEIKVDOVTAG TO. EMITEIA TNG
ONUAVTIKNAG amdkMong mov veictator PETaEL Tovg. Opwmg, poévo ot deikteg REMAP
AmOKAALYOV  ONUAVTIKO TOGOGTO  YEVETIKNG TOKIAOTNTAG TOGO €VvO0- 00O Kol
StumAnOvcuoakd.

Agikteg Paociopévol oe petaBéoio YEVETIKA oTolyela cuUTEPIAOUPAVOUEVOV TOV
dewktddv REMAP éyovv ypnotpomomBei pe emrvyio 6€ avaADGELS YEVETIKNG TOWKIAGTNTOG
KaBDG Kot QLAOYEVETIKEG LEAETEC G TOALA €ldN QUTOV o¢ emimedo TANBVoUOD, €ldoVE 1|
vévoug: m.y. 1CivtCep (Pandotra et al. 2013), aApdiea (Mandoulakani et al. 2012), citdapt
(Carvalho et al. 2010), eonepioocon (Biswas et al. 2010), aunéir (D” Onofrio et al. 2010)
Aot6 (Guo et al. 2006), polt (Branco et al. 2007), ondptiva (Baumel et al. 2002) kabmg
eMioNG Kol G OTAVIO, OLOKOGUNTIKA Kot @approkeuTikd @utd (Boronnikova and Kalendar
2010). Ou deiktec REMAP éyovv amodetytel o6t eivar a&iomiotol, delyvovtag £tol Ott
owBétovv peydro dvvoukd aflomoinong (Branco et al. 2007; Biswas et al. 2010; D’
Onofrio et al. 2010; Mandoulakani et al. 2012).

Ao ™V GAAN TEPLOPIGUEVT] NTAV 1) YEVETIKN TANPOPOPIo TOV amOoKAAVPONKE OTd
™ XPNON TOV YA®POTAACTIKMOV UIKPOSOPLPOPIKADV OEIKTMV, KAODS 1 TAEOYNQio avTtdV
(téooepig amd Toug €61 MOV TEMKO OvVOAVOMKOV) MTOV HOVOHOPQPIKOT G€ OAOVG TOVG
minBvopovg. Tlap OAo avtd, ot 6v0 Oeikteg o1 omoiol NTAV TOAVUOPPIKOL UTOPOvV Vol
apéyovv €va otabepd dayVOoTIKO gpyaielo Yo TNV S1AKPLoN OVAUESH OTO TPio £idM
Minuartia, 0@oV 1 GUVIVAGUEVT] TOVG XPNOT KaTdpepe va dlakpivel ta tpia €idn peta&d

TOVG,.

Levetikn] mowKIAOTNTO KO O10POPOTOiN G TOV E10MV TOV Yévoug Minuartia

H yevetkn mouwcddmta €vog €ldovg M mAnBuopod kabopileton amd TIg

OLUVOVOCUEVEG EMOPAGELS TNG YEVEAAOYIOG KOl TWV OAPOPOV EEEMKTIKMV SLOOIKOCIDV

-32-



(Comes and Kadereit 1998; Ge et al. 2005). E€outiog tg mepropiopévng e&dmhoong, to
evonuikd €idn yapoaxtnpilovior cuviBwg amd YOUNAO EMIMESO YEVETIKNG TOIKIAOTNTOG
(Ellstrand and Elam 1993; Gitzendanner and Soltis 2000; Segarra-Moragues et al. 2005).
Qo1660, apkeTéc e€apéoelg Exovv avapepOet (Batista et al. 2001; Hoebee and Young 2001)
emPBePardvovtag v avaykn yio peAém kdbe mepintmong Eexwplotd.

YynAd emimedo  YeVETIKNG MOKIAOTNTAG gpQaviotmkav ot M. parnonia
(PPB=74.15%, 1=0.3509, H=0.2728), evdwapeca ywo. ™ M. dirphya (PPB=55.17%, 1=0.2767,
H=0.2350), ev®> Ntav onuoavikd pewwpévn ot M. wettsteinii (PPB=28.74%, 1=0.1498,
H=0.1449). Av xor m mo kown amnoyn eivar 0Tt yevikd ot ogprevtivikol mAnBvopol
euEaviouy YouUNAOTEPO EMIMESN YEVETIKNG TOIKIAOTNTAG GE GUYKPIOT UE TOVG GUYYEVELQ
Toug mov SwPlovv oe Kovovikd €dden (Kruckeberg 1986; Macnair and Gardner 1998),
VILAPYOVV OPKETEG MEPUTTMGEL OOV 1) CVOUEVOUEV LELMOT TNG YEVETIKNG TOIKIAOTNTOG
OTOVG GEPTEVTIVIKOVG mANBuouovg dev eivan gpeavig (Mengoni et al. 2001; Quintela-
Sabaris et al. 2010). Awdpopeg vrmoBécelg éxovv mpotabel mpokeyévov va e€nynbel to
QoVOUEVO 0VTO, OmmG Yoo Tapddelypo n mbavotnto VmapEng Yovidlukng pong  omd
yerrovikoug mAnfucpovg (Mengoni et al. 2001), 11 6t ov mepoyég avtég umopel va
YPNOLOTOIOVVTOL MOG KATUPVYLOL Y0 OVTOYOVICTIKO KOTMOTEPOVG YEVOTOTTOVS oL Ogv ol
ntav og Béom va emProcovy g Kavovikd dden (Ducousso et al. 1990). Enopévmg, eivan
7o mhovo OTL aTopKOL, 16TOPIKOoT Kot Bloloyikol mapdyovteg (.. n nAkio Tov kdbe taxon,
ot dwdkaocieg oamowkiopod KAm) Oo umopovcav vo. £YOUV CGLYKEKPIUEVO POAO GTOV
KaBop1opd TOV EMITEI®MV YEVETIKNG TOIKIAOTNTOSC TOV CEPTEVIVIKOV TANBvoumv (Moore
and Kadereit 2013).

To &ldog M. parnonia avontocoetal HOVo o€ aoPecTOMOIKEG Ppayddelg BEoels.
Zyetikd vYNAOG PoBUOG YEVETIKNG TOWKIAOTNTOG OmOoKOAVQONKE o€ emimedo €100vG, VD
evTOc mAnBuoudV To EMIMESO TNG YEVETIKNG TOIKIAOTNTAG O1€Qepe. To peyoddtepo eminedo
YEVETIKNG TOKIAOTNTOG Tapatnpndnke otov winbvopud Mpl (PPB=48.28%, [=0.2400,
H=0.2189), eve 10 youniotepo otov Mp3 (PPB=21.84%, 1=0.1122, H=0.1384). Av ka1
oV HeEAET pog to péyebog tov TANBLGHOV dev cuoyetiletanl pe To EMIMESQ YEVETIKNG
TOWKIAOTNTOG, Ol VYNAOTEPES THES TG TTapaTnpnOnkay otov TAnfucud pe to peyaAdtepo
aplOud aTOU®VY EVD O YAUNAOTEPEG OE OTOV LE TO HKPOTEPO aplOUd atodpmv. Avt givol
pae évoeiEn ot m mepoyn tov Ilpaoctod oto Opog Ildpvev Ba pmopovoe va dpdoet mg
KEVIPO TOIKIAOTNTOGC 1 KATOQVYLO Yo TO €100¢ TG M. parnonia, AEITOLPYOVTAG O L0

OeEOEVT] YEVETIKNG TOIKIAOTNTAG. AVTO onuoaivel 0Tt 0 mAnBvopdg Mpl mbBavotata
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dlatnpel 10 peyoAvTEPO dSuVOUKO Yoo vo Tpocappootel kal vo e&elMybel oe cOykpion pe
OAoVG TOVG GAAOVE TANBLGLOVE TOL pedeTONKaY.

Ta younid enineda yeveTIKNg TOKIAOTNTOS TOV amoKoAVEONKaY ot M. wettsteinii
o pmopovoov vo amodoBovv Ge SAPOPOVS TOPAYOVTIES, GULUTEPIAOUPBOVOUEVOV TNG
EMOPOONG NG TLYOHOG YEVETIKNG EKTPOTNG KOl TO HEW®WUEVO péyehog tov mAnBvopov 10
omoio mpodyel TV opopeléio. H petopévn aviayovioTikn ikoavotto Tov euTdV ToV £i000g
KoODS Kot 1 pakpoypdvie GLGTNUHOTIKY VIEPPOCKNGN, £YovV THOVOTOTH ETNPEACEL TO
eMineda YEVETIKNG TOKIAOTNTAG TOV TapaTpovVToL GNUEPO 6T M. wettsteinii.

Onwg €0e1&e n avdivon AMOVA 1 yevetiki] ol0(popomoinotn avApeEsSH GTOVG
mAnBvopovg g M. parnonia €lvol CNUAVTIKY OVTITPOCOTELOVTAS TO 41% NG GLVOAKNG
YEVETIKNG TOKIAOTNTOC. To yeEyovog OTL T €MImEdD TNG YOVIONKNG PONG MNTAV OPKETA
younid (Nm <1), dniovetr yevetikr] amopdvoon petaéd tov eetaldpevov minbuoumv,
delyvovtag tavtoOypove OTL 1) TuYoiol YEVETIKN €KTPOm Oa UTOPOVCE EVOEYOUEVMOS VO
emmpedoel v ooun tov mAnbvopov (Slatkin 1987). Emopévmg, oev pmopovue va
ayvonoovpe TV mavotnTa 4Tl KATolo Sopoponoincn avipeso 6tovg TAnBucpovg e M.
parnonia 8o, utopovcav vo cupPaivel Aoym amoudvmons, kabmg n yewypaeikn 0éon tov
OV tov TANBvoumv kol Waitepa Tov Mp7 cvvnyopel oe kdtt t€tot0. H vadpyovoa
dtaupopomoinon avdapeca otovg TAnBvouovg ™ M. parnonia ToViLETOL TEPAUTEP® OO TO
devopdypappa kot T avarvcelg PCoA kot STRUCTURE mov mpaypatomo|dniov
APNOLOTOIDVTAG TOVG TANOLGHOVS aVTOVG HOvo. Ot avaAHoelg avTég delyvouy emiong o
mhavn oapopomoinon Tov mANBvopod Mp7 m omoia vmoypoupiotnke emiong oamod
HOVadIKEG COVEG TOV ATOKAAVPONKOV GE OPIGUEVA ATOLO TOV CLYKEKPIUEVOL TANOLGHOYD.

Yopeova pe touvg Moore kot Kadereit (2013), ta eion M. wettsteinii, M. parnonia
Kow M. dirphya opoadomorovvtar poli onpovpymvtag po Eexymplot| e£eMKTIKN YPOUUN
uéoa oto ser. Laricifoliae. Oumg aveEaptNTmMS TOV GTEVOV PUAOYEVETIKOV TOVG GYEGEMYV,
TO. AMOTEAEGHLATO LOG OlyvouV OTL Ta Tpial €10M elval emapK®OG OloYOPIoUEVE LETOED TOVG
QTOKOADTTTOVTOG VYNAGQ EMMESQ YEVETIKNG O0LPOPOTOINoNG. L& OAEC TIS OVOAVGELS TTOV
TpaypatoromOnkav ta €10 M. wettsteinii xon M. dirphya dwoyowpilovtor amdivto omd Toug
TAnBvcopovg g M. parnonia, Lo, TOPOTPNOT COUPMOVY LE TO TAANOYEWDYPAPIKH OTOLYEIN
v v €€EMEN ¢ TEPLoYNS Tov Atyaiov.

H egpodvion g M. wettsteinii o Egxmplotd KAAOO MG TO MO YEVETIKA OTOUOKPO
eldog MTOv ovopevouevn, kKoBmMG M yewypaglky tov 0éom oty avatoAikny Kpnm
vrootpilel ™ pokpdc dwopkeiog amopdvmon Tov €00vg aVTOV Omd TO GLYYEVIKA TOL

(Meulenkamp 1985). ITapopoua, n dwaxpirn 0éon ™g M. dirphya sivan eniong cOpupvn pe
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NV YEOYPOUPIKY] OmopdvVOon Tov i00vg avtod and ta vrdAowta €101. Ot amopaKPLOUEVES
tomoBeciec mov Ppiokovtar Ta Tpio €10 KABMG Kot 1 EAAEWYN ELOOVAOV TPOCUPLOYDV Y10,
TNV TPOMONGY| TNG OMOTEAEGUATIKNG OOGTOPAS TV GTOPWV TOVG GE UEYAAES ATOCTACELG
vrootnpilel eniong v awd Kopd AToUGVMOGCT TOLVG.

H vrdpyovca yevetikn diapoponoinon avauesa ota tpia €10 umopel va ogeileTon
oe mbovn amokAivovoa (vicariance) e£eMKTIKY| dwadikacio and Evav Kowd Tpdyovo HEGH
TOV KOTOKEPHUOTIGUOV TOL QAGUOTOG TNG GUOIKOD Tov evitaitnuatog. Efval emopévmg
hoykd vao Bewproovpe to Tpia €idn Minuartia ®g amokKAMvovTo, TPOEPYOUEVO AT EVOV
Koo Tpdyovo mov d1aflovce 6to Atyaio mptv Tov dtuympiopd g Enpas. H dtapopomoinon
Toug Aowmdv €xer mbovotata mpoéABel efoutiog TG YE®YPOQPIKY] TOLG OMOUOVMGNS
EVIGYLOUEV TTEPALTEP® OO TNV TPOGUPLOYT TOVG OE OLOPOPETIKES OIKOAOYIKEG GLVONKEG
(tovAdyotov avtd Yo ™ M. dirphya).

YymAn vevetikn dSwopopomoinon HETaED ympKd omopovouiveav TAnBuoumv
Umopel Vo aVOUEVETOL ETIONG MG OMOTELECUO TNG OPAONG TNG TLUYAING YEVETIKNG EKTPOTNG,
TEPLOPICUEVNG YOVIOLOKNG poNG N emAoyng oe éva etepoyevég tomio (Till-Bottraud and
Gaudeul 2002; Shimono et al. 2009). EmmAéov ot povadikég {dveg, mov mapatnpnonkoy
Kol ota Tpio €10M, emiong OelyvouV To EMMEDO YEVETIKNG O10POPOTOINGNG OVALESO GE OVUTA.
Amopovopévol yioo moAd kopd mAnbvcpoi Bo pmopovcayv Vo GLGGMPEVNCOLV LOVOSIKEL
AAANAOLOPPO OVTOVOKAMVTAG £TCL TIG YEVETIKEG OPOPEG TOLVG AOY® TNG OTOUOVMOOTG

eEautiag g yewypapikng andotaotg (Prentice et al. 2003).

IIpoonTikég TPOOTUGINS KL SLATIPNOIS TOV ELOOV

AVt 1 HEAETN TPOGPEPEL YEVETIKEG TANPOPOPIES Yo TPioL OTAVIOL KO TOTUK(
nepropiopéva €idn Minuartia otqv EALGSa. Ot yvdon avt givol moADTIUn TPOKEWEVOL VoL
KatopTicBohv oyédla dtayeiplong yio TV STNPNON Kol TPOOTAGIK avT®V TV €10mV. Ot
TOPOTNPNOELS TEOTOV OAAG KOl Ol YEVETIKEG AVAAVGELS deiyvouv OTL To €idog M. wettsteinii
avtipetonilelt LYNAO Kivovvo eEapdviong kat Ba mpénel TAéov vo Bempeitar og  Kpioipmg
Ametlovpevo’’. Eivar 00okoro va extiunbel ®ot1000, g oo Pabud n yevetikn vrofaduion
™G M. wettsteinii pmopel vo 0éoel oe kivovvo v emPimon tov gidovg Bpayvrpdbeopa,
KaBdg o1 peAéTeg SUVOIKNG TOL TANBVGLOD Yo 0V TO TO €100G elvan eEAMmELG.

Avaliton avtov tov €idovg otov TOmo mov OaPlel Kotd TNV SdpKE TOV
TEAELTAIWV VO OEKOAETIOV Oelyvel pol avENUEV dvokoAio otV avevpeon atopwv. Etot,

po Tpdoeatn peimon tov TANBLVGHOV dev UTOPEL VO AMOKAELOTEL, EVIoYDOVTAG TOV KIVOLVO
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e€apaviong ®¢ amoTEAECHN TOL pewpévoy peyéBovg tov mAnBuopod. H yevetkn
vofAadon, YOPOKINPIOTIKO TOV 0OV pe MIKPO uéyebog mAnBuoumdv Kol pe 1otopia
KOTOKEPUATIOUOD TV TANOLGU®V TOVS, TIGTEVETUL OTL £XEL OPOUATIKEG GUVETEIEG Y10, TNV
KavoTNTd Toug Vo emPidcovv og meptParioviicéc odhayéc (Ellstrand and Elam 1993; Wise
et al. 2002), xoBodg 6o pmopoLoE Vo GUVOEETOL HE OPIOUEVO  YOPOKTNPLOTIKA
npocapuootikoOtnTag (Gautschi et al. 2002; Paschke et al. 2002; Frankham et al. 2010).

Ta younid eminedo TG YEVETIKNG TOWKIAGTNTAG TOV OmOKAAVPONKAY GTO £160C
M. wettsteinii deiyvouov évov Pabud yevetkod Kivouvov mov pmopel vo KataAn&Eel og
avikovotTo vo avtmapEABel 6t peiwon tov TANBLGHOY AdY® NG ATOAELNS YOVIOI®V, TNG
TUYOLOG YEVETIKNG EKTPOMNG KO TNG OUOUEIKTIKNG KOTATTOONG UEWDVOVTOS £TCL TNV
KOvVOTNTO. TOV VO OmOolKicel VEOoug 0woTomovs. Ta younAd emimedo mouKIAdTNTOG
BepovTal OmOdEIKTIKO 6TOtYEl0 OTL 01 TANBVGLOL £YO0VV TEPAGEL OO POIVOUEVO GTEVMOTOV
(bottleneck effects) oe mepurtdoelg peiwong tov dnuoypaekov tovg peyébovg (Houlden et
al. 1996).

To péyebog 100 TANBLGHOV TG M. wettsteinii €yel mBovotato pelmbel onuaviikd
0T0 TPOCPUTO TAPEABGV, yeyovog moh OnAdvel 0Tl To LTOAOWTO TOL TANBLoUOD 7OV
OteomBn umopel va Exetl dtatnpnoel £vo kPO HOVO HEPOG TOV dpacTikoD peyEBovg Tov
TANBvopov Kol pmopel va Exel Pudoel pia coPapn ATMOAEN YEVETIKNG TOKIAOTNTAG. To
AMOTEAECUATO HOG €XOVV GUEGES EMITTMOOELS YO TNV TPOCTOCio Kot dtnpnon mme M.
wettsteinii EpOGOV M OViYVELON TNG YOUNANG TOWKIAGTNTAG TBavOTATH oNUaivel OTL 1) OAIKN
YEVETIKY TOWKIAOTNTA TOV TANBLoUOD pmopel va amotummbel emapkdg povo o Alya pudvo
dropa. Mia GuALOYN GTOPWV KAl PUTAOV TNG M. wettsteinii oM dwatnpeiton 610 Mecoyeloko
Aypovouikd Ivotitovto Xoaviov (MAICh). Eivar aféfoto, ®wotdéco, av m yevetikn
TOWKIAOTNTO GE VTV TNV GLAAOYN EIVOL OVTITPOGMOTEVTIKN TNG YEVETIKNG TOIKIAOTNTOG TTOV
vrdpyel o OAov Tov TANBvopd. Ipoteivovpe v eepedhivnon g YEVETIKNG TOIKIAOTNTOG
mov mepEyetal otnv ovAloyn tov MAICh, 1¥iwg av avtd 10 LVAIKO ypnowonombel oe
UEALOVTIKE TPOYPAULOTO OTOKOTAGTOONG KOt SL0TPTOTG TOL E100VC.

opeova pe toug Godt et al. (1996), yevetikd povaodikoi mAnbvcpoi umopei va
TPEMEL VO TUYXAVOLV UEYOADTEPNG TPOTEPUOTNTOS Yo in-situ (emTOMIAL) Sloyeipion Kot
npootacioa. To &ldog M. wettsteinii Katovéuetow o€ &vav eEUIPETIKA TEPLOPIGUEVO
YEQYPAPIKO YDPO Kot yu ovtd M eyKoatdotaocrn evog pikpoamobépatog (Laguna 2001)
eatvetor ©¢ KotdAANAo pétpo Yo TV mpootocio. tov. ‘Eva mlotikd  diktvo
pikpoamofepdtwv £xel o eykoatactadel otnv Avtikny Kpnm, pe okond tv mpootoacia

GLYKEKPIUEVOV OmEI0VEVOY KpNTIKOV eutdv (Kargiolaki et al. 2007) kot 1 enéktaomn Tov

-36 -



oe GAleg mepoyéc g Kpnme xobog kot tov Atyoiov 0o ocvvelcépepe otV
OTOTEAEGILATIKT] TPOCTUGI0 TOAADYV TOTIKA TEPLOPICUEVOV KOl ATEIAOVUEVOV EWODV PUTAOV.

To amotedéopatd pog delyvovv OTL T0 €MIMESO TNG YEVETIKNG TOKIAOTNTOG GTO
povadikd TAnBvoud g M. dirphya dev amotelel KpioLO TapAyoVTa Yo TNV SLOTHPN O TOV
eidovg. H onuepwvn xoatdotaon te M. dirphya xoir 0 yopoKTNPIOUOS TOL €100VE MG
“Kpioipowg Kivovvevwv’’ elval meptocOTEPO TO OMOTEAECUO TNG KOTAGTPOPNG TEPLOYDV
oV Plotdémov 1oV amd avlpdTIVeS dpacTnPLOTNTES Hall e SVOKOMES GTOV ATOIKIGHO VEWDV
TEPLOYDOV Ol OMOleg TPOKOAOVLVTOL Omd TIC €OIKEG OMOLTNOEL OV £YEL O E€0APIKO
VTOGTPOUN /Kol TNV PEION oV YEVETIKNG TOVv ToKIAOTTOC. 'ETol, dpdoelc emtomiog
dlayeipiong, Onwg M TPooTasiot TOL GLVOAOL TOoV TEPIPAALOVTOC TOV KABMG emiong Kot 1M
€YKOTAGTAON £VOG UIKpoamoBEpatog eaivetal vo gival Ta KatdAAnAo HETPO TPOGTACING Y10
10 €ido¢ avtd. EmmpocBéitwg, 10 péyebog tov mAnbvopod Oa mpémer va avéndel péow
TEXYVNTNG AVATOPAYOYNG KOl GLAAOYNG YEVETIKOU VAIKOD amd TOV HOVO YvmoTd TANBuGUO
™mg M. dirphya mpokeipévov vo emtevyfel amotehecpatikn ex-situ (ektdg Protdmov)
dwyeipton Kot TposTacia Tov.

H oyetwd vynAn yevetikny Owopopomoinon mov  epeoaviletor HETOED TOV
mAnbvouadv ™ M. parnonia, koOmOG emiong Kol To YOUNAQ EMITESD YOVIOLOKNG PONG TTOV
vroAoyioTNKAY, OElYVOLV OTL TOLAGYICTOV KATO10L amd TOVG TANBVGLOVG oL gpPavilovy
vynAoTeEpa emimeda yeveTIKNg TotkiAottog (Mpl, Mp6 and Mp7) Ba npénet va Bewpnbovv
¢ Eexwprotéc povadeg dlayeipiong kot Ba TpEmEL var £YOVV TPOTEPALOTNTA OTIS OPAUCELG
emromog  JSwtipnons. EmmpocOétwg, yevetikd  mopoOpold  GTOHO  HITOPOVV vl
YPNOLOTOMBOVVY Yo TNV evioyvon ALV TANBVGUOV pE 6KOTO TNV aDENCT TOV TOPIVAOV
EMIEOOV TNG YEVETIKNG TOKIAOTNTOG 0€ TANBLGHOVS pe YOUNAO T0G0GTO TOKIAOTNTOG (TT.Y.
Mp3, Mp4).

Emeon ov péypt tdpa otkohoyikég HEAETEG KOOMG Ko 01 HEAETES OMNUOYPOUPIKNG
SLVOUIKNG Y10 TOLG TANOLGLOVG TV TPV €OV Minuartia Tov TEPIMNPONGAV GE aVTV
v €pevva gite yeviKd omovotdlovv 1N dtabétovv edhmn dedopéva Ba mpénel queca va
EEKIVIIOOLV KOl VO EUTAOLTICTOOV HE VED OTOLEI0. TPOKEUEVOL VO GYESAGTOVV KOl VO
EQPUPUOCTOVV OMOTEAECUATIKEG OTPATNYIKEG KO TPAKTIKEG OlOYEIPIONG KOl TPOSTUGING

OVTAOV TOV EWODV.
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Abstract

The genus Minuartia is highly diverse in the Mediterranean region including several endemic and locally
restricted species. The genetic variation of three Minuartia species (M. dirphya, M. parnonia, M. wettsteinii)
endemic to Greece was investigated, aiming also to develop effective conservation plans for their protection. M.
dirphya and M. wettsteinii are known to occur only at their type localities forming a small population each,
while M. parnonia is more widespread with seven populations located in South East Peloponnese. Genetic
diversity was estimated using ten chloroplast microsatellite and five REMAP markers. The chloroplast
microsatellite markers exhibited limited polymorphism, only among species, while REMAP revealed a
significant amount of genetic variation at population and species level. All the analyses performed
(dendrograms, PCoA, STRUCTURE) showed a clear differentiation among species, highlighting M. wettsteinii
as the most genetically distant. A degree of differentiation within M. parnonia was also observed as shown by
AMOVA where 41% of the total variation was partitioned among populations and 59% to the individuals
within populations. At species level the highest genetic diversity (PPB = 75.86%, Hj= 0.2728, I = 0.3509) was
observed in M. parnonia, followed by M. dirphya (PPB = 55.17%, Hj = 0.2350, I = 0.2767), while the lowest
was observed in M. wettsteinii (PPB = 28.74%, Hj = 0.1449, I = 0.1498). A scarce gene flow (N, =0.5451)
was observed among M. parnonia populations. The current study is important for developing conservation
management plans for the three threatened Minuartia species.

Key words: Minuartia; genetic diversity; REMAP; chloroplast microsatellite markers; conservation;
endangered species
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Introduction

Genetic diversity is an important component of biological diversity and therefore studies on the genetic
structure of a particular population facilitate the understanding of its biological characteristics, evolutionary
history and adaptive potential (Yang et al. 2012). In particular, genetic studies of rare and narrow endemic
species are often necessary for efficient conservation management, as the number of species threatened by
extinction steadily increases (Holsinger and Gottlieb 1991; Gitzendanner and Soltis 2000). Although biological
extinctions are due to the combined effects of several deterministic and stochastic factors, the genetic factors
should also be taken into account because threatened species have small and/or declining populations and in
such populations inbreeding and loss of genetic diversity are unavoidable (Frankham 2005). These populations
often show reduced survival and reproductive ability having a depleted adaptive potential (Paschke et al. 2002;
Frankham et al. 2010). Genetic studies can improve conservation activities by identifying populations with
very low genetic diversity and by providing information regarding the extent of gene flow among fragmented
populations (Nicoletti et al. 2012).

Greece is an important biodiversity center for the whole Caryophyllaceae family, hosting 436 species and
subspecies. At the species level, almost 5% of the global family diversity is endemic to the country (Trigas et
al. 2007). The genus Minuartia L. (Caryophyllaceae, Alsinoideae) comprises approximately 120 annual and
perennial species distributed throughout the northern hemisphere (Bittrich 1993). Greece, with 33 species
belonging to six sections, is also one of the biodiversity centers of the genus. Most of these species, especially
the perennial ones usually grow in inhospitable conditions such as stony soils, rock crevices and alpine
environments. M. dirphya, M. parnonia and M. wettsteinii are endemic to Greece and all of them are included
in the Red Data Book of Rare and Threatened Plants of Greece (Phitos et al. 2009). M. dirphya is also included
in the Top 50 Mediterranean Island Plants (De Montmollin and Strahm 2005).

M. dirphya, M. parnonia and M. wettsteinii have the same habit sharing several morphological characters, i.e.
leaf, inflorescence, capsule and indumentums. Nevertheless, the three species are clearly distinguishable
because of certain morphological differences observed mainly on the base of flower (size and shape of petals),
inflorescence (number of flowers and length of pedicels) and seed (size, shape and surface) morphology
(Trigas and Iatrou 2005). Together with seven other species distributed in C & SE Europe they form a well-
defined group classified to Minuartia sect. Spectabiles subsect. Laricifoliae ser. Laricifoliae (McNeill 1962;
Trigas and Iatrou 2005; Moore and Kadereit 2013). According to the study of Moore and Kadereit (2013),
based on nuclear ribosomal internal and external transcribed spacer regions, Minuartia sect. Spectabiles is a
well-supported monophyletic group within Caryophyllaceae. In addition the members of ser. Laricifoliae are
forming a major clade within sect. Spectabiles while, the three species studied here are clustered together
forming a separate lineage within ser. Laricifoliae. Thus, both traditional classification and phylogenetic
evidence support the close relation of the three species, and the formation of a distinct evolutionary unit.

The three Minuartia species studied have small seeds (1.5-3.0 mm), weighting 0.9-1.5 mg that are dispersed by
gravity within a short distance from the parent plant or by strong wind to a relatively larger distance. M.
dirphya and M. parnonia also show clonal reproduction which is not observed in M. wettsteinii. This is
probably because of the rocky habitats it grows, which does not favor the development of underground runners.
M. dirphya is known only from the type locality on Mt Dirphys in Evvia Island. It grows on rocky ground in a

small serpentine outcrop (edaphic island), isolated from other serpentine areas by the extensive limestone
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formations of Central Evvia, at an altitude of 900-920 m above sea level (a.s.l). It currently occupies an area of
nearly 0.3 ha and its population counts approximately 500 mature individuals. It has been experienced a severe
habitat loss (and subsequently a population decline) the last two decades, because of human activities and,
according to IUCN categories the species has been recently evaluated as “Critically Endangered” (Trigas and
Smyrni 2009).

M. parnonia is distributed on Mt Parnon and its South East branches in SE Peloponnese. It grows on limestone
rocky ground at an altitude of 550-1200 m a.s.l. Seven M. parnonia populations are known in SE Peloponnese
counting almost 20,000 mature individuals. The species has been evaluated as “Near Threatened”
(Kalpoutzakis and Constantinidis 2009).

M. wettsteinii is also known only from the type locality on Mt Thriptis in East Crete. It grows in rock crevices
and screes, on limestone, at an altitude of 1100-1400 m a.s.L. It occupies an area of approximately 3 km®, and
the only known population is estimated to count less than 1000 individuals. It has been designated as
“Endangered” species based on IUCN criteria (Turland and Kamari 2009). According to our own estimation
the population of M. wettsteinii counts less than 200 individuals and the species is extremely rare in its locus
classicus. Thus, the species should be evaluated as “Critically Endangered” according to criterion C2a(ii)
(IUCN 2001).

The three species are located far from each other (Fig. 1a). In addition the presence of sea barriers for a long
period of time - i.e. the isolation time of Crete from the Peloponnese is at least 5.3 Myr (Meulenkamp 1985) -
strengthens their isolation. Given the close phylogenetic relationship of the three Minuartia species, their
present, disjunct and narrowly restricted distribution ranges they could be characterized as relictual. Endemic
species confined to small relictual populations harbor varying levels of genetic variability, but in general,
narrowly restricted species tend to have lower levels than widespread species (Godt et al. 1997; Setoguchi et al.
2011).Undoubtedly, an understanding of the genetic diversity of the Minuartia species included in this study,
especially those which have been designated as Critically Endangered is urgently needed for planning their
conservation action. Moreover an estimation of the degree of the genetic differentiation among those species
will shed more light on their evolutionary and taxonomic relationships and will also help to identify critical
factors that shaped their evolutionary history.

In order to study the genetic variation of the Minuartia species the following molecular markers were used: i)
chloroplast (cp) microsatellite markers, and ii) a relatively novel kind of markers called Retrotransposon
Microsatellite Amplified Polymorphism (REMAP) (Kalendar et al. 1999). The cpDNA is maternally inherited
in most plants and although it is normally used for phylogenetic studies, recent examples of observed
intraspecific variation show that there is additional potential for within-species genetic analysis (Doulaty
Baneh et al. 2007; Mondini et al. 2009). REMAP on the other hand, has been successfully applied for the
determination of genetic relationships, germplasm identification and assessment of genetic variation of several
plant species (Biswas et al. 2010; Boronnikova and Kalendar 2010; D’ Onofrio et al. 2010; Mandoulakani et al.
2012).

The objectives of this study are: 1) to estimate the genetic differentiation among M. dirphya, M. parnonia and
M. wettsteinii, 2) to analyze the distribution of genetic diversity within M. parnonia and 3) to determine the
genetic structure and to assess the levels of population genetic diversity of the three species in order to obtain

basic information for the development of conservation strategies.
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Materials and Methods
Sampling

Our sampling scheme covered all known populations of the three species studied; seven populations of M.
parnonia and a single population from each of one of the M. wettsteinii and M. dirphya species. Individuals
were collected at least 5 m apart, to avoid sampling clonal ramets. A distribution map of the Minuartia species
studied, as well as the collection sites and an estimate of the size of each population based on in situ
observation are shown in Figs. 1a, 1b and Table 1. Samples of fresh and healthy leaves were collected in the

field, dried immediately in silica gel and stored at 4 °C until further processing.

Genetic analysis
DNA extraction
DNA was extracted from each individual using 20 mg dry weight of leaf tissue and following the CTAB
(hexadecyltrimethylammonium bromide) protocol (Doyle and Doyle 1990) with minor modifications.
Quantification and quality assessment of the purified DNA were performed by gel electrophoresis and

spectrophotometrically as well. DNA samples were stored at -20 °C until used.

Chloroplast microsatellite markers

Ten universal primer pairs namely: ccmpl, ccmp5, ccmp6, ccmp7, ccmp8, ccmp9, ccmplO (Weising and
Gardner (1999), NTCP12 (Bryan et al. 1999), provanl and provan2 (Provan et al. 2004), were used for the
amplification of chloroplastic microsatellite regions. PCRs were performed as described in Weising and
Gardner (1999), Bryan et al. (1999) and Provan et al. (2004), using KapaTaq (Kapa Biosystems) DNA
polymerase and Minuartia sp. DNA as template. PCR-amplicons were electrophoresed in 1.5% agarose gels
(Sigma) and those primers producing clear and reproducible bands were used further for genotyping.
Genotyping was carried out using the protocol described by Zheng (1997), by radio-labelling one fifth of the
forward primer with "**P ATP, using T4 polynucleotide kinase (MBI, Fermentas) and incorporating it in the
PCR reaction. PCR products were electrophoresed on 5% denaturing polyacrylamide gels and visualized by

autoradiography. Scoring was performed manually.

REMAP markers

REMAP exploits polymorphisms among regions amplified between an anchored simple sequence repeat (SSR)
and a LTR retrotransposon. In order to obtain highly reproducible and polymorphic bands, we performed a
preliminary screening testing several LTR primers described in Baumel et al. (2002) together with ISSR
primers derived from the University of British Columbia (Vancouver, Canada) primer set and Baumel et al.
(2002). Based on the amplification quality and the reproducibility of bands, we chose five REMAP markers
that yielded the maximum numbers of reliable and reproducible polymorphisms to screen the populations
(Table 2).

PCR amplification was carried out in a 20 pl reaction mixture containing: 20 ng genomic DNA, 1x PCR buffer
(80 mM Tris—HCI, 20 mM (NH,),SO,4, 2 mM MgCl,, 0.02% w/v Tween-20), 10 pmol from each primer,
300 pM each dNTP, 1U thermostable DNA polymerase (Promega). Reactions were carried out in a MJ

Research PTC-100 thermal cycler under the following conditions: an initial denaturation step at 95°C for 4 min
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followed by 35 cycles of denaturation at 95°C for 30s, annealing at 50-58 °C (depending on the primer set) for
45s, extension at 72°C for 60s. The program was ended with a final extension step at 72°C for 5 min. The
PCR products were separated by electrophoresis at 110 V for 4 h in a 2% agarose gel (Sigma) and visualized
using a GelDocEZ imaging system (BioRad). Molecular weights were estimated by comparison with a 100-bp
and a 1-kb DNA ladder (New England Biolabs)

Amplified REMAP fragments ranging between 180 and 1750 base pairs and showing consistent amplification
patterns were scored manually to form a binary matrix. For each sample, bands were scored as present (1) or
absent (0) assuming that each band position corresponded to one locus with two alleles (Kalendar and

Schulman 2006).

Data analysis

Analysis of molecular variation using REMAP markers was made according to Boronnikova and Kalendar
(2010). In order to evaluate the reproducibility of our data three randomly chosen individuals from each
population and species were used for a second round of PCR amplification and REMAP genotyping.

For the estimation of the genetic diversity parameters the POPGENE version 1.31 (Yeh et al. 1997) and
AFLPsurv 1.0 (Vekemans et al. 2002) programs were employed. These parameters included the percentage of
polymorphic bands (PPB, an index equivalent to polymorphic loci), calculated by dividing the number of
polymorphic bands at population and species levels by the total number of bands scored, Nei’s gene diversity
(Hj) after the modification by Lynch and Milligan (1994) and Shannon’s index of diversity (/) that does not
assume the Hardy-Weinberg equilibrium (Lewontin 1972), at population and species levels. Because there was
no prior information regarding the population level of inbreeding, we ran AFLPsurv 1.0 with different Fis
values (0 assuming Hardy-Weinberg equilibrium to 1 complete lack of heterozygotes).

In order to eliminate the effect of differences in sampling intensity between populations we computed the band
richness (Br) and the proportion of polymorphic loci (PLP) standardized to the smallest sample size (Mp3-
Kastanitsa) by means of a rarefaction method with the AFLPDIV 1.0 software (Coart et al. 2005).

The estimation of gene flow (Nm), calculated as the number of migrants entering a population in each
generation, was made according to Wright (1931), where Ggr is used as an approximation for Fgr(Yeh et al.
1997).

Nei’s genetic distance after Lynch and Milligan (1994) with 1000 bootstrap replications over the REMAP loci
was calculated using AFLPsurv 1.0. The estimated values were then employed to construct UPGMA
dendrograms with the program Neighbor in the PHYLIP package (Felsenstein 2005). Treeview (Page 1996),
was used to visualize the dendrograms.

Analysis of Molecular Variance (AMOVA) and Principal Coordinates Analysis (PCoA) were performed with
Genalex 6.5. (Peakall and Smouse 2006). For PCoA, the method for dominant data by Huff et al. (1993) was
followed. PCoA was initially performed to the whole data set including the three different species, both among
samples and among individuals. However, since M. parnonia is the only species represented by multiple
populations, PCoA was also performed on M. parnonia alone, aiming at a better insight at the population
structuring of this species. The test of significance for the AMOVA was carried out on 9999 permutations of

the data.
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A Mantel test to estimate the correlation between the geographic and the genetic distance of the three species
studied was employed using TFPGA 1.3 (Miller 1997) with 9999 permutations. A separate test was also
performed within M. parnonia populations only.

A Mantel test to estimate the correlation between the matrix of direct line geographic distance with the genetic
distance and also the @pt was employed using TFPGA 1.3 (Miller 1997) with 9999 permutations.

To infer population structure and assign individuals to populations we used the program STRUCTURE version
2.3.1 (Pritchard et al. 2000). We adopted the no admixture model with uncorrelated allele frequencies as
proposed by Pritchard et al. (2000) for dominant genetic data. No prior knowledge of the species was included
in the analyzed data set. To determine the optimal number of groups (K), we ran STRUCTURE with K varying
from 1 to 9 (equal to the number of populations), with five runs for each K value using a burn-in period of 10°
interactions followed by 10° additional Markov Chain Monte Carlo (MCMQO) interactions. Previous studies
have shown that, in many cases, the posterior probability for a given K increases slightly, even after the real K
is reached (Dan et al. 2009). Therefore, we used an ad hoc statistic, AK, to determine the true value of K
(Evanno et al. 2005). A separate analysis was also performed excluding the two discrete species, focusing on

the M. parnonia samples. For this analysis, K varied from 1 to 7.

Results

Chloroplast microsatellite markers:

Ten universal primer pairs designed for the amplification of different chloroplast microsatellite regions were
initially screened. Four of them (ccmp8, NTCP12, provanl, provan2) did not amplify well and were excluded
from further analysis. Problems in the amplification included low or no amplification at all, presence of
multiple amplicons instead of the expected one and inability to have consistent and reproducible results. The
remaining 6 markers were used for the genotyping of 10 individuals from M. wettsteinii and M. dirphya species
and 10 from each M. parnonia population. Among those markers four (ccmpl, ccmp6, ccmp9 and ccmpl0)
were monomorphic both within and among species and hence could not provide any information for the
samples analyzed. The remaining two (ccmp5 and ccmp?) presented a low degree of polymorphism, each one
revealing two alleles. Both were polymorphic only at species level, showing zero inter/intra-population (for M.
parnonia) and intra-specific (for the other two species) variation. Interestingly, the combined analysis of these
two markers discriminates among the three species and therefore they can be used as diagnostic tools at species
level. More specifically the individuals belonging to M. parnonia and M. wettsteinii exhibited the same ccmp5
allele (ccmp5A), while those belonging to M. dirphya revealed a different one (ccmp5B). Similarly all
individuals from M. parnonia and M. dirphya shared the same ccmp?7 allele, which was different from that
exhibited by M. wettsteinii individuals. Due to the low amount of polymorphism and the 100% fixation of the

different alleles, no statistical analysis could be performed.

Genetic variability assessed with REMAP markers:
After preliminary testing, five REMAP markers were eventually chosen for the genotyping of 76 individuals,
from 9 populations belonging to the three species studied. A total of 87 bands ranging in size from 180 to 1750

bp were scored for all the markers used. Band reproducibility ranged from 90.9% to identical for the samples
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that were PCR amplified and genotyped twice, however only identical bands appeared in both genotyping
rounds were used for further analysis. The highest number of bands was scored for UBC-807, while the lowest
was recorded for UBC-20 (Table 2).

At species level 45 bands were scored for M. wettsteinii and 57 for M. dirphya. Within M. parnonia the highest
number of bands (55) was observed in population Mp1, while the lowest (46) in Mp4. Six private bands were
scored for M. dirphya, four for M. wettsteinii and fifteen for M. parnonia. Two of the M. parnonia private
bands appeared only in some individuals of the Mp7 population. The percentage of polymorphic bands (PPB)
per species ranged from 28.74% to 75.86%, while at population level PPB varied from 21.84% to 48.28%
(Table 3).

Assuming Hardy-Weinberg (HW) equilibrium Nei’s gene diversity (Hj) for the 87 loci was 0.2350+0.0201 for
M. dirphya, and 0.1449+0.0187 for M. wettsteinii. The average gene diversity within M. parnonia (Hs) was
0.1891, while the gene diversity in the total population (Hy) was 0.2728. Gene diversity values were different
when estimated under the non HW assumption (Fis = 1); however the diversity pattern in all the populations
studied was almost similar to that obtained under the HW equilibrium model. The Shannon’s information
index (1) varied from 0.1498+0.0272 and 0.3509+0.0283 at species level, while within M. parnonia ranged
from 0.1122+0.0243 to 0.2400+0.0299. When comparing the rarefied measures (Br and PLP) to the other
diversity indices it seems that the levels of diversity are not associated with the number of individuals surveyed
from each population. Finally gene flow among M. parnonia populations was 0.5451 (Table 3).

The Mantel test for the three species studied revealed a significant correlation between the geographic and the
genetic distance (r = 0.9436, p = 0.001), however this correlation was not as strong when only the M. parnonia
populations were examined (r = 0.3985, p = 0.088).

Moreover we found a strong positive correlation to exist between population size and genetic diversity levels
in M. parnonia under the assumption of H-W equilibrium (7=0.8219 p=0.0233) or not (7=0.8542 p=0.0144).
The PCoA analysis for the whole data set among individuals showed that 75.43% of total variation is explained
by the first three axes (43.03%, 19.85% and 12.55% respectively). As it is shown all individuals cluster to their
respective species, while species are discrete from each other. The first principal coordinate separates M.
parnonia populations from the rest of the Minuartia species, while the second separates M. wettsteinii from M.
dirphya (Fig. 2).

In the STRUCTURE analysis, the value of AK was 7402.36 for K = 3, 53.71 for K = 4, 26.88 for K=5 and
<5.58 for all values of K higher than 5. Therefore the assumption of K=3 best fits to the data presented here.
Structure analysis run with K=3 showed a clear separation among the three Minuartia species, while there was
no discrimination among M. parnonia populations since all the populations were clustered together (graph not
shown).

Finally according to the topology obtained by the UPGMA dendrogram M. wettsteinii is positioned outside the
rest of the species studied being the most genetically distant. M. dirphya is positioned in a distinct clade too,
while M. parnonia populations are clustered together. Within this cluster two groups are forming. The first one
comprises the populations Mpl, Mp2, Mp3 and Mp5, while the second the populations Mp4, Mp6 and Mp7
(Fig. 3). A slight departure from this topology was obtained when for the construction of the dendrogram we
used the Nei distances calculated assuming non HW equilibrium. In this case as well as in the dendrogram

obtained using only the M. parnonia populations (graphs not shown), the population Mp7 is positioned in a
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different clade within M. parnonia, while the others are clustered in two different groups; in the first one the

populations Mp1, Mp2, Mp3 and Mp5, while in the second the populations Mp4 and Mp6.

Within M. parnonia differentiation:

The analysis of molecular variance (AMOVA) among M. parnonia populations indicated that the greatest
amount of variation (59%) was due to variability within individuals in a population, whereas the remaining
(41%) is attributed to population differences as inter-population diversity (Table 4).

Moreover as shown by the UPGMA dendrogram, there seems to be some differentiation within M. parnonia.
To further unravel this, the PCoA and the STRUCTURE analyses were performed using only the M. parnonia
samples. The PCoA analysis among individuals shows a possible differentiation of Mp7, since none of the
individuals assigned to this population overlaps with individuals belonging to any other population (Fig. 4).
Also, individuals belonging to Mp4 and Mp6 populations, although overlap with each other, they seem to be
differentiated from the individuals belonging to the rest of the M. parnonia populations.

In the Bayesian structure analysis, populations were analyzed under the assumptions of K=1-7 discrete
populations. Analysis of the curves produced from the In probability of data, incorporating standard deviations
of multiple runs seem to be in favor of the presence of two or three groups of populations within Parnonia
(K=2 or K=3) (data not shown). For K=2, populations Mp4, Mp6 and Mp7 seem to differentiate from the
remaining populations, while under the assumption of three discrete populations (K=3), Mp7 also seems to be
discrete (Fig. 5). These results are well in accordance with both PCoA and the UPGMA dendrogram discussed

earlier.

Discussion

In this study, chloroplast microsatellite and REMAP markers were used to assess the degree of genetic
variation and the pattern of genetic diversity in nine populations belonging to three closely related Minuartia
species that are endemic to Greece. Our results based on both genetic systems, indicated the sufficient
discrimination of the three species highlighting also the levels of genetic differentiation existing among them.
However only the REMAP markers revealed a significant amount of intra and inter population diversity.
Retrotransposon based marker systems including REMAP have been successfully utilized in genetic diversity
and phylogeny studies in several plants at population, species and genus level: e.g. ginger (Pandotra et al.
2013), alfalfa (Mandoulakani et al. 2012), wheat (Carvalho et al. 2010), Citrus (Biswas et al. 2010), grapevine
(D’ Onofrio et al. 2010) persimmon (Guo et al. 2006), rice (Branco et al. 2007), Spartina (Baumel et al. 2002)
and also in rare decorative and medicinal plants (Boronnikova and Kalendar 2010). REMAP markers have
proved to be as reliable as other molecular markers when tested, showing thus a great potential (Branco et al.
2007; Biswas et al. 2010; D’ Onofrio et al. 2010; Mandoulakani et al. 2012).

On the other hand limited information was added by the cp microsatellite markers since the majority of them
(four out of six analyzed) were monomorphic in all populations studied. However, the two markers that were
polymorphic can provide a solid diagnostic tool for the discrimination among the three Minuartia species,

since their combined use managed to cluster all individuals at their respective species
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Genetic diversity and differentiation

The genetic diversity of a species or a population is greatly affected by the combined effects of genealogical
history and evolutionary processes (Comes and Kadereit 1998; Ge et al. 2005). Because of their narrow ranges,
endemics are commonly characterized by low levels of genetic diversity (Ellstrand and Elam 1993;
Gitzendanner and Soltis 2000; Segarra-Moragues et al. 2005). However, several exceptions have been reported
(Batista et al. 2001; Hoebee and Young 2001) indicating the need to study each particular case separately.

High levels of genetic diversity were found for M. parnonia (PPB=75.86%, I=0.3509, H=0.2728), intermediate
in M. dirphya (PPB=55.17%, 1=0.2704, H=0.2350), while it was significantly reduced in M. wettsteinii
(PPB=28.74%, 1=0.1498, H=0.1449). At the population level though, the highest genetic diversity among all
populations was detected in the single population of M. dirphya. Although the most common view is that, in
general, serpentine populations exhibit lower levels of genetic diversity compared to their relatives on normal
soils (Kruckeberg 1986; Macnair and Gardner 1998), there are several cases that the expected reduction in the
genetic diversity in the serpentine populations is not evident (Mengoni et al. 2001; Quintela-Sabaris et al.
2010). Various hypotheses have been proposed to explain the higher levels of genetic diversity observed in
serpentine populations including the possibility of some level of continuing gene flow from neighboring
populations (Mengoni et al. 2001) and also that the serpentine areas might act as refugia for several
competitively inferior genotypes that would not be able to survive on normal soils (Ducousso et al. 1990).
Therefore it is more likely that individual historical and biological factors (e.g. taxon age, colonization
processes) might have a specific impact determining the genetic diversity levels of serpentine populations
(Moore and Kadereit 2013).

M. parnonia grows only in calcareous open rocky places, and relatively high genetic diversity was detected at
species level, while within its seven populations the diversity levels varied. The highest genetic diversity was
observed in population Mpl (PPB=48.28%, 1=0.2400, H=0.2189) and the lowest in Mp3 (PPB=21.84%,
1=0.1122, H=0.1384). In addition a positive correlation between the population size and the genetic diversity
was also detected when we compared the Hj values (both H-W and non H-W) with the logarithm of the
estimated number of individuals per population. The highest genetic diversity values have been observed in the
largest population of M. parnonia, while the lowest in the smallest. This is an indication that the Prastos area of
Mt Parnon could have acted as a diversification center or refuge for M. parnonia, functioning as a reservoir of
genetic diversity. This means that Mp1 possibly retains the greatest potential to adapt and evolve compared to
the other populations studied.

The low levels of genetic diversity revealed in M. wettsteinii (as expressed by the several diversity parameters
estimated) could be attributed to diverse factors, including the effect of genetic drift and the reduced population
size, which likely enhance inbreeding. Reduced competitive ability and/or long-term overgrazing, as they are
indicated by the habitat occupied by M. wettsteinii, have probably influenced the levels of genetic diversity
observed today.

As indicated by AMOVA the genetic differentiation among M. parnonia populations was found to be
significant accounting for the 41% of the total variation. The fact that the levels of gene flow were low enough
(Nm <1), denoting genetic isolation among the considered populations, indicates that genetic drift could have

possibly influenced the population structure (Slatkin 1987). Therefore, we cannot rule out the possibility that
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some differentiation among the M. parnonia populations could be due to isolation, as is also suggested by the
geographical position of the populations themselves and more specifically for the Mp7. The differentiation
among M. parnonia populations is further supported by the dendrogram and the PCoA and STRUCTURE
analyses performed using those populations only. These analyses indicate a possible differentiation of Mp7
population which is also underlined by the private bands revealed by some individuals of Mp7, since no such
bands were detected in the other populations.

According to Moore and Kadereit (2013), M. wettsteinii, M. parnonia and M. dirphya are clustered together
forming a separate lineage within ser. Laricifoliae. Regardless their close relationship, our results show that the
three Minuartia species are sufficiently differentiated from each other revealing high levels of genetic variation
among them. In all the analyses performed M. wettsteinii and M. dirphya are clearly separated from the
populations of M. parnonia, an observation congruent with the palacogeographic evidence on the evolution of
the Aegean area. The appearance of M. wettsteinii as the most genetically distant species in a distinct clade was
expected, since its geographical distribution in eastern Crete suggests an effective long-lasting isolation from
its congeners (Meulenkamp 1985). Similarly, the distinct position of M. dirphya is also in agreement with its
geographic isolation from the other species. The differentiation observed among the species under study has
probably been derived from their geographic isolation, further enhanced by adaptation to different ecological
conditions, at least for M. dirphya. High genetic differentiation among spatially isolated populations might be
expected as a result of random genetic drift, restricted gene flow or selection in a heterogeneous landscape
(Till-Bottraud and Gaudeul 2002; Shimono et al. 2009). Moreover the private bands, observed, also indicate
the level of genetic differentiation among those species. Long-time isolated populations could accumulate

private alleles reflecting their genetic differences because of isolation by distance (Prentice et al. 2003).

Conservation perspectives

This study provides genetic information on three rare and locally restricted Minuartia species in Greece, which
is valuable in order to draw up conservation management plans. Field observations and genetic analyses
indicate that M. wettsteinii faces high extinction risk and it should be considered as Critically Endangered. It is
difficult to assess, however, to what extent the genetic impoverishment detected in M. wettsteinii may
compromise the survival of the species at the short term, as population dynamics studies for this species are
lacking. Intense searching of this species at its locus classicus during the last two decades indicates an
increasing difficulty in locating individuals. Thus, a recent population decline cannot be excluded, highlighting
the risk of extinction as a result of reduced population size. Genetic depletion, characteristic of species with a
history of fragmented populations and small population sizes, is believed to have dramatic consequences for
their ability to survive environmental changes (Ellstrand and Elam 1993; Wise et al. 2002), as could be
associated with certain fitness traits (Gautschi et al. 2002; Paschke et al. 2002; Frankham et al. 2010).

The low levels of genetic diversity found in M. wettsteinii indicate a degree of genetic peril that may result in
an inability to adapt to population declines because of gene loss, genetic drift, and inbreeding depression or
may reduce its ability to colonize new habitats. Low levels of diversity have been considered to be evidence for
bottlenecks in populations known to have undergone severe demographic decline (Houlden et al. 1996). The

size of the single M. wettsteinii population has probably significantly decreased in the recent past, suggesting
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that the remaining population of this species may have maintained only a small effective population size and
may have experienced a severe loss of genetic variability.

Our results have direct implications for the conservation of M. wettsteinii since the low genetic diversity
detected probably means that the total genetic diversity of the population may be adequately captured in only
few individuals. A collection of seeds and living plants of M. wettsteinii is already maintained at the
Mediterranean Agronomic Institute of Chania (MAICh). It is uncertain, however, if the genetic diversity
sampled in this collection is representative of the genetic diversity present in the whole population. We
recommend the exploration of the genetic diversity contained in the MAICh collection, especially if this
material is to be used in future restoration programs. According to Godt et al. (1996), genetically unique
populations may deserve highest priority for in situ protection. M. wettsteinii has an extremely restricted
distribution area and the establishment of a micro-reserve (Laguna 2001) seems an appropriate measure for its
protection. A pilot network of plant micro-reserves has already been established in western Crete in order to
protect certain threatened Cretan plants (Kargiolaki et al. 2007) and its expansion in other areas of Crete and
the Aegean would contribute to the effective protection of several locally restricted threatened plant species.
Our results indicate that the level of genetic diversity within M. dirphya is not a crucial factor for its
conservation. The critically endangered status of M. dirphya is most likely due to habitat damage from human
activities and the difficulties in colonizing new areas caused by its specific substrate requirements. Thus, in situ
conservation actions, such as the protection of its entire habitat preventing illegal removal and also the
establishment of a micro-reserve seem to be the appropriate protection measures for this species. Furthermore,
the size of the only known population should be increased by artificial breeding and germplasm collection
from the single known population of M. dirphya should be carried out for its effective ex-sifu conservation.

The relatively high genetic differentiation among M. parnonia populations, as well as the low levels of gene
flow, indicate that at least some of them exhibiting higher levels of genetic diversity (Mpl, Mp6 and Mp7)
should be considered as separate management units and should have priority for in situ conservation actions.
Moreover, genetically similar individuals can be used as population reinforcements in order to increase the
current levels of genetic diversity in populations with low amount of variation (e.g. Mp3, Mp4). In-depth
ecological studies for the three Minuartia species included in this study are currently lacking and data on their
population ecology and demographic dynamics should be immediately initiated in order to reach their

comprehensive conservation.
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Table 1. Symbols used for the populations studied; collection localities of M. wettsteinii, M. parnonia and M.

dirphya populations and estimated number of individuals per population.

Pop Species Estimated Plants/Pop Coordinates Population locality
Mw | M. wettsteinii 200 35°04'55'N 25°52°10"'E Crete, Mt Thriptis
Md | M. dirphya 500 38°38'15"'N 23°48'53"'E Evvia, Mt Dirphys
Mpl | M. parnonia 14,000 37°15'36"'N 22°41'08"'E Mt Parnon, Prastos
Mp2 | M. parnonia 3,000 37°17°17'N 22°38'98"'E | Mt Parnon, Zipougias
Mp3 | M. parnonia 50 37°15'84"'N 22°39°45'E | Mt Parnon, Kastanitsa
Mp4 | M. parnonia 1,000 37°13'81°'N 22°45'34"'E | Mt Parnon, Igoumenos
Mp5 | M. parnonia 500 37°10'20"'N 22°43°08'E | Mt Parnon, Paleochori
Mpb6 | M. parnonia 1,000 37°08'61°'N 22°45"77"'E | Mt Parnon, Moni Elonas
Mp7 | M. parnonia 500 36°54'68"'N 22°58'54"'E Mt Chionovouni

Table 2. Primers used for REMAP; Annealing temperatures; Number and range of bands scored for each

primer used in the analysis

Primer Id* Sequence (5°-3”) Am(l'%(;mp Nos(c)t('nl‘):(;lds Range (bp)
ISSR
UBC-807 (AG)T 51 21 180-1250
UBC-808 (AG)sC 53 20 230-1750
UBC-811 (GA)C 50 18 370-1530
UBC-820 (GT)sC 55 13 480-1620
B9900* (GTG);A 58 15 310-1280
LTR
Sukkula*:
GATAGGGTCGCATCTTGGGCGTGAC
*described in Baumel et al. (2002)
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Table 3. Genetic diversity in Minuartia populations as detected by REMAP markers; N = numbers of

individuals surveyed from each population; No. B = number of bands scored; PPB= Percentage of

Polymorphic Bands; PrB= private bands; Hj = Nei’s gene diversity after Lynch and Milligan (1994) assuming

HW equilibrium (Hj gw) or complete shortage of heterozygotes (Hj. ,on uw); I = Shannon’s Information index;

Br = band richness after rarefaction to the minimum sample size in the present study (n=6); PLP = percentage

of polymorphic loci at 1 % after rarefaction to the minimum sample size (6); Nm = estimate of gene flow from

Gsr; *species level

Pop/ld | N | No.B | PPB | PrB Hj.uw )2 F—— I Br PLP 45y | Nm
Mw 11| 45 28.74 4 | 0.1449£0.0187 | 0.1179£0.0189 | 0.1498+0.0272 | 1.228 0.287
Md 10 | 57 55.17 6 | 0.2350£0.0201 | 0.2225+0.0005 | 0.270420.0297 1.468 0.552
Mp* | 55 75.86 15 0.2728 0.2665 0.35090.0283 0.5451
Mpl 11| 55 48.28 - | 0.2189£0.0200 | 0.2095£0.0224 | 0.2400£0.0299 | 1417 0.483
Mp2 7 51 33.48 - | 0.195520.0195 | 0.170120.0215 | 0.1762+0.0284 | 1325 0.345
Mp3 6 47 21.84 - | 0.138420.0170 | 0.1187+0.0177 | 0.112240.0243 | 1218 0218
Mp4 7 46 26.44 - | 0.176420.1925 | 0.152720.0223 | 0.1496£0.0278 | 1.259 0.264
Mp5 8 54 37.93 - | 0.209320.0193 | 0.184520.0221 | 0.1969+0.0292 | 1.349 0.379
Mp6 7 49 33.33 - | 0.199120.0204 | 0.163320.0212 | 0.1857+0.0298 | 1315 0.333
Mp7 8 47 39.08 2| 0.1860£0.0201 | 0.1667+0.0211 | 0.1910£0.0285 | 1.342 0.391

Table 4. Analysis of molecular variance (AMOVA) for individuals belonging to M. parnonia populations.

Degrees of freedom (d.f.), sum of squares (SS), mean squares (MS), variance components and the total

variation contributed by each component (%) are presented.

Summary AMOVA Table
Source df SS MS Est. Var. %
Among Pops 6 249.697 41.588 4.565 41%
Within Pops 47 309.665 6.589 6.589 59%
Total 53 559.222 11.154 100%
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Figure 1. a): Distribution map of Minuartia wettsteinii (Mw, triangle), M. dirphya (Md, circle) and M.
parnonia (Mp, square); b): M. parnonia populations surveyed: Mpl (Prastos), Mp2 (Zipougias), Mp3
(Kastanitsa), Mp4 (Igoumenos), Mp5 (Paleochori), Mp6 (Moni Elonas), Mp7 (Chionovouni).
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Figure 2. A two dimensional plot of the principal coordinates analysis (PCoA) of REMAP data showing the

clustering of Minuartia species
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Figure 4. A two dimensional plot of the principal coordinates analysis (PCoA) of REMAP data showing the

clustering of M. parnonia individuals
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Figure 3. UPGMA dendrogram based on Nei’s after Lynch and Milligan (1994) genetic distance. Numbers

indicate bootstrap values (%).
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Figure 5. M. parnonia population analysis using the Structure software, under the assumption of the existence
of three genetic clusters (K=3).
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