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EuxaploTtieg

H mapoloca mrtuxlakn epyacio mpaypatornolfnke ota mAdiola tou Metamtuytakol MMpoypAaipatoq
Inoudwv «MeptBariovtikr BioAoyia» tou TuRupatog BloAoyiag tou Mavemotnuiov Kpntng oto Epyaotrplo
MukpoBLakng Owkohoyiag tou EAKE.O.E. kat Ba nBeha va guxaplotnow pLo OElpd amd avBpwmoug mou
OUVEBAAQV ONUOVTLKA OTNV EKTIOVNOT] TNG.

Apxka Ba nBeha va suyaplotow tnv Kupia BB MAtra yia tnv enifAedn ¢ Kat Tn mpobupia tng yla
BonBela omote tn xpelaldpouv. Emiong, euxaplotw TA UTOAOLTO MEAN TNG TPWUEANG ETILTPOTNAG, TOV
EppavounA Aadoukadkn kat Evayyeho Madiln yia tn cupBoAr) Toug otn BeATiwaon TOU TOPOVTOC KELWEVOU.

‘Eva tepdotio suyaplotw odeidw Kal otnv Avactacia TowAa yla TNV cuvoALkr Kot TOAUTIUN KaBodrynaon
Kol BonBeta kaB’ 6An tn SLAPKeELA TNG MTUXLAKAG MoV epyaciag. Me avéhaBe amo tnv apxn Kot nTav Sima
Hou og KABe Bripa £wg to TEAog!!

Oa Beha va euxapLoTNOoW £Miong Ta LEAN Tou gpyaoctnpiou Mevetikng tou |.OA.B.B.YK. tou EA.KE.©.E. Tov
Kwvotavtivo Tolyyevomoulo kot Anuntpn Toamdpn TOU Hou emétpedav vo XPNOLUOTIOINOW TO
OUYKEKPLUEVO epyaaTnplo, Tov Jon Kristoffersen yia tnv moAUTiun Bonbeld Tou otnV MPOETOLUACLO TWV
BLBAoONKkwv, TNV Xplotiva MauvAoldn yia tic cUUPBOUAEC TG o Sladopa oTASLA TWV TTELPAUATWY Kol TEAOC
v Etprivn Polovina,n Baow TeployAou kat tnv Katepiva Owkovopdkn yla th BorBeld toug oto epyaoctrptlo!

Euxaplotw emiong ta pEAN Tou epyaotnpiou lab42open yia tnv mapoxrn tou cluster wote va
ipayuatonoliow ti¢ BlomAnpodoptkég avalloslg Kal tnv opdada tou Evudayyshou MadiAn kat Wblaitepa Tov
Xapahoumo Zadelpomoulo yla TV UmepmoAUTun Ponbeta ot PlomAnpodoplkéG avaAUoeLl Kol
TNVKaBo8nynor ToU WOTE VO UMW 0TO KALHA TwV UTIOAOYLOTIKWVY aVAAUCGEWY YEVIKA!

Ma tnv mapoxn Twv SelyldTtwy, EUXAPLOTW Ta UEAN TNG SELYMOTOANTTIKAG amooTtoAng amd to 1.Q. tou
EA.KE.O.E. (Napaokeun MNAtta, MavwAng Toamakng, Anuntpng Amootoldkng, Kikg MuAwva, louAila 2avth,
Avaotaoia TowAa) kat tnv Etatpeia udatokaAAlepyelwy TeAOVTA.

TENOG, TO TILO PEYAAO EUXOPLOTW TO 0dpelAw OTN Papd pou, EUn, mou xwplg TNV UALKN, KoL OXL LOVo, oTAPLER
™¢ 6 Ba giya T SuvaTOTNTA YL TN CUVEXLON TWV OTIOUSWVY HOU TIPOC TO apov, aAld kal ‘tnv adeAdn pou
Ned£€An kat 6Aoug Toug diAoug pou yla TNV KaBoALKr otrpLEr TOUG KoL TIou arAd urtdpyouv!



NepiAnyn

To HkpoBLoko mAayktov eudavilel SLOKUUAVOELS WG TIPOG TN ouvBeon kal tnv adBovia Tou os nuepnola
KAlpaka. Autég ol Stakupavoelg oxetilovtal KUpLwe e TNV £vTacon TNG NALOKAG akTwvoBoAiog aAAd kol Th
Sl00eouoTnTa TWV BpeMTIKWY OToLXElWY, Kol TOAvVWE eival LSLAlTEPO ONUAVTIKEG OTO TEPLBAAAOV TWV
USATOKAAALEPYELWV OTIOU KABNUEPLVA TTPOOTIBeVTOL HEYAAEG TTIOCOTNTEG TETOLWV OTOLXELWV. TNV Mopovoa
epyooia yilvetal ywa mpwtn ¢opd HEALTN NG hUEPAOLAC HETAPANTOTNTAC TWV KUPLWV HLKPOPLAKWY
TIAQYKTOVIKWY OHASWY (TPOKOPUWTEG, EUKAPUWTEG Kal loi) umd tnv enibpoon udATOKAAALEPYNTIKAG
Spaotnplotntag. MNa tov oKomo autod, mpaypatonolnonke availuon metabarcoding (Letakwdikomolnon) os
moAamAd Seiypata vepol amd meplBaAlov uSatokoAAlepyelwv (ApyoAlkog KOATOG, BoupAldg) mou
OUMEXDNKav oe TPelC OTWYMEC TNG Nnuépag (mpwi, peonuépt, Ppadu). Mpokelpévou va eheyxBel n
EMAVAANYPLUOTNTO TWV OMOTEAECUATWY SelypatoAnPia €ywve emi TPELG NUEPEG OTOUG TPELG OTABUOUC: €vag
avennpéactog (control), évag pe évav kKAwBoO (one farm) kot évog pe moAAoUg kKAwPoug (multiple farms).
Eviox0Onkav meploxéc twv yovidiwv 16S kat 18S rRNA kot tng meploxnc ITS yla tnv avixveuon twv
Baktnplwv, EUKAPUWTWYV KAl LUKATWY QVTIOTOLXA, KOL EYLVE TIPOOTIAOELA EVIOXUONG TWV LKWV yovidiwv DNA
moAupepaong, g20, g23 kal pwaodatdaong ya Toug Loug. Me ta amoteAéopata pog Gpalvetal mwe Pe thv
avénon NG USATOKAAALEPYNTIKAG Spaoctnplotntag n  olvBeon Twv  KOWOTATWY  TPOKAPUWTWY
Sladopormol|BnKe Kol CUYKPLUEVA, UTINPEAV EUKALPLOKA OTEAEXN TTOU PAVNKE VA «AVTIKOOLOTOUV» OTEAEXN
mou 8ev elval TPOCOPUOCUEVA O LEYAAEG CUYKEVTPWOELS BPEMTIKWY KOVTA otou¢ KAwPBouUg. EmutAéov,
Bp€Bnke nuepnoLa LETABANTOTNTA OTOUG MTPOKAPUWTEG TIOU £lval TPOOKOAANUEVOL O CWHOTIOL, KATL TIOU
mBava oxetiletal pe TNV Apeon €£ApTNON TOUG OO CWHATLOWKA 0pyavIKr UAN. To Heco-{womAayKTOV Kat
Ol TIKO- Kal vavo- autotpodol Kol €TepOTPOdOL EUKOPUWTEG CUUTEPAAUPBOVOUEVWY TWV HUKATWY
EMNPEAOTAKOV Ao TNV uvdatokallépyela, svw Kot n nuépa SetypatoAndiag, dnAadn mepBaAAOVIIKEC
TMAPAUETPOL TIOU AAAagav Kkatd tn Oldpkela NG SewypatoAndiog (. n Kukhodopia tou vepou, n
Bepuokpacia) emnpéacav TIC EUKAPUWTLKEC KOwOTNTEG. H nuepnola petafAntotnta mapatnpnbnke oe
0pLOPEVA {WOTIAQYKTOVIKA PUAQ IOV €lval YWWOoTA TwE KAVOUV KABETN NUEPNOLO LETAVACTEUOT KoL £XOUV
pEylotn ouvelodopd ota emidavelokd vepd to Ppadu. Ta pikpd Sidtopa BpéBnkav va cuvelohEpouv
AlyotepO 0ToUC OTOOUOUC He USATOKAAALEPYELD, EVW TA HUKPA SVOUAOTIYWTA CUVELoEDEPOV ALYOTEPO TO
Bpddu oe OAoug Ttou¢ otabuoug. Ta amoteAéopata xpsldlovral Tepaltépw Slepelvnon, WOTE va
avixveuBouv Tuxov SLadopomoLNCEL; O ELBLKOTEPA TOELVOMLKA ETUMESA. Z€ QUTAV TNV MPWTN MEAETN TWV
HUKATWV otnv AvatoAlki Meodyelo BpéBnke éva peydAo TTOCOOTO aXOPAKTNPLOTWY €WV KOl Lot CUCXETLON
ME Ta avopyava Kal opyavika Bpemtikd. TEAOG, Ol EKKIVNTEG TIOU XpNOLoToLBnkav yla Thv evioxuon twv
LKWV yovidiwv mbavwg dev Ntav katdAAnAol yia to meptBarov mou peAeTHONKE.

NEgeLg KAELSLA: TPOKOPUWTES, EUKAPUWTES, LUKNTEG, Lol, Nuepnola LeTaBAntotnTa, uSatokaAAlEpyeleg, DNA

petakwdikomoinon



Summary

Microbial plankton exhibits diel fluctuations in composition and abundance. These fluctuations are related
to the light cycle as well as the availability of nutrients, and are probably particularly important in the
aquaculture environment where large amounts of such nutrients are added daily. In the present work, for
the first time, the daily variability of the main microbial planktonic groups is studied (prokaryotes,
eukaryotes and viruses) under the influence of aquaculture activity. For this purpose, DNA metabarcoding
analysis was performed on multiple water samples from an aquaculture environment (Argolikos Gulf,
Vourlias) that were collected at three time points of the day (morning, noon, evening). To test the
repeatability of the results, sampling was repeated for three days in each station: a non-impacted site
(control), a site with one fish cage (one farm) and a site with many fish cages (multiple farms). Specific
regions of the 16S and 18S rRNA genes and the ITS region were amplified for the detection of prokaryotes,
eukaryotes and fungi, respectively, and an attempt was made to amplify the DNA polymerase, g20, g23 and
phosphatase genes of viruses. Our results show that the increase in aquaculture activity lead to changes in
the composition of prokaryotic communities. In particular, there may be opportunistic strains that "replace"
strains that are not adapted to high concentrations of nutrients in areas where fish cages exist. In addition,
diurnal variability was found in particle-attached prokaryotes, possibly related to their direct dependence on
particulate organic matter. Meso-zooplankton and pico- and nano-autotrophic and heterotrophic
eukaryotes, including fungi, were affected by aquaculture. Sampling day, i.e. environmental parameters that
change from day to day like water circulation and temperature, significantly affected eukaryotic
communities too. The diurnal variability was observed in several zooplankton phyla that are known to
perform diel vertical migration, having maximum contribution to the surface waters at night. Small diatoms
were found to contribute less to aquaculture stations, while small Dinoflagellata contributed less to all
stations at night. Results need further investigation in order to detect any other difference at lower
taxonomic levels. In this first study of fungal diversity in the Eastern Mediterranean, a large percentage of
uncharacterized species was found along with an association with inorganic and organic nutrients. Finally,
the primers used to amplify the viral genes may not have been suitable for the studied environment.

Key words: prokaryotes, eukaryotes, fungi, viruses, diel variability, aquacultures, DNA metabarcoding



NEPIEXOMENA
1.1. Eloaywyr] 6To MKPOBLAKO TIAQYKTOV

1.2. M£0060t peA€Tng Tou pHkpoBLakol TAayKTou
1.3. XpOVIKEG SLOKUMAVOELG TWV HIKPOBLAKWY TTAQYKTOVLKWV KOLWVOTHTWV
1.3.1. MetafAntotnta otoug MpoKapUWTES
1.3.2. MetafAntotnta otoug EUKapuwTEG
1.3.3. MetapAntotnTa otoug Loug
1.4. To neptBAAAov TnG USATOKAANLEPYELOG
1.5. ZKomAG TNG Epyaoiog
2. YAwa kot M€Bobot
2. 1. JuAhoyn SelyHATWVY
2.2. AUon KUTTAPWV, EKXUALON Kol KAOAPLONAG YEVETIKOU UALKOU
2.3. NoAAanAacLacpog yovisiwv péow thg AAuotdwtng Avtidpaong MoAupepaong (PCR)
2.4. KaBoaplopdg twv npotdvtwv thg PCR
2.5. MNoootikonoinon DNA ko tpoetotpaocia BLAL0ONKwv
2.6. BlomAnpodopikn eneepyaoia twv npoioviwv aAAnAouxnong
2.7. Itatotiki enefepyacia
3. AnoteAéopata
3. 1. MpoKopUWTEC
3.1.1. EAsUOEpOL MTPOKOAPUWTEC
3.1.2. NpoKapUWTEG MPOCKOAANEVOL GE CWHATISLL
3.1.3. ZteAéxn SAR11 kou Rhodobacteraceae
3. 2. EUKQPUWTEG
3.2.1. Meoo-{wonAayKTov
3.2.2. Mko- kot NaVO-EUKOPUWTES
3.2.3. MUKnTeg
3.2.4. MIKPOEUKOAPUWTEG
3.3. loi
4. ZulAtnon
4.1. MetapAntétnta otn cUVOEGH TWV KOWVOTATWY TWV TTPOKAPUWTWV
4.2. MetapAntotnta otn cUVOEGH TWV KOWVOTATWY TWV EUKOPUWTWV

BIBAIOTPADIA

10
13
15
15
17
18
18
21
23
26
26
27
28
28
28
29
34
39
40
40
43
45
48
48
48
49
53
56



1.Elcaywyn

1.1. Elocaywyn 6To UKPOBLOKO TTAQYKTOV

O 6pocg mMAayKTOV avadEpeTal o KABe opyavIoUO IOV AVATITUCOOETAL O USATLVO OLKOGUGTNUOL KO
HETAKLVE(TAL TIAPACUPOUEVOG UE TO peEVUMATA, XWwPIg va €xel evepyry duvatotnta kivnong. To
TIAQYKTOV TIEPAAUPBAVEL ULIKPEG OVTOTNTEG OMWE €ival oL Lo, UIKPOOPYQAVIOMOUG OMwE eival ta
Baktrpla kat Ta Mpwtiota aAAd KAl AVWTEPOUG OPYAVIOHOU G OTwE £ival ol LESOUOEC KaL Ta auyd
Twv Papwv (Suthers and Rissik, 2009). To BaAdooclo HIKPOPBLOKO TAAYKTOV avadEpeTal oE
0OpPYQVIOHOUC TIOU €ival TIOAU HLKpOL yla va yivouv avTtIANMTol UE EUKPIVELD UE TO YUUVO UATL
(6nAadn <0.1 x\lootd) kal mepAaUPAVEL TOOO TIPOKAPUWTEG OCO KAl EUKAPUWTEC. To daoua
HEYEBWV TOU KOAUTITETOL UE TOV OpPO «ULKPOPBLOKO TAAyKTOVY elval gupl: oclUUdwvaA HE TOUG
Sieburth et al. (1978), avadepopaote o PEUTO-TIAAKYTOV OTAV TIPOKELTAL yLa oU¢ (<0.2 um), o€
TUKO-TIAQLYKTOV OTOV TIPOKELTAL YO UIKPOOPYOVIOHOUG 0.2-2 um, O VaVo-TIAQYKTOV OTAV TIPOKELTOL
yla ULKPOOPYAVIOHOUC 2-20 pm KoL OE HLKPO-TIAQYKTOV OTAV TIPOKELTAL VIO LKPOOPYOVIOHOUG 20-
200 um. e OAeC QUTEG TIG TAfelg peyEBoug mepléxovtal oL, autotpodol Kal £TepoOTpodol
TIPOKAPUWTEG OAAQ Kal aUTOTpodol, ULIKTOTpodol Kal eTepotpodol eukapuwtes. OAoL autol ot
opyaviopol aAAnAemiSpouv petal Toug alAd Kal pe to epLBaAlov kat mailouv KaBoploTikd poAo
oTn PUBULON TWV WKEAVLWV KOl ATHOOPALPLKWY BLOYEWXNUKWY KUKAWY, yla TIapAdelypa LECW TNG
oavopyavormoinong tng opyavikng UANG amo ta Baktipla Kal HEow TG ameAeuBépwang ofuyovou
otnv atpudéodalpa amod Toug GWIOCUVOETIKOUG HLKPOOPYaVIoOUOUG. Emiong, 1o pikpoPLakd
TAQYKTOV Tpododotel Ta avwtepa Tpodika enineda €wg ta Papla kat to KNTwdn, Kat mailel Baciko
pOAO oTn puBULoN Tou KALHATOG, yla MOPASELYUA LECW TNG TTOPAYWYNG agpiwv Tou BepuoknTtiou
(Azam and Malfatti, 2007; Fenchel, 2008; Guinder et al., 2020).

Ot aAANAETISPAOELS TWV TAQYKTOVIKWY KOLWVOTATWY HETAEU TOUG Kal PE To TeEpLBAAAov
daivovtal oxnuatikd otnv Ewkova 1.1. Onw¢ daivetal otnv €KoOvVa, cnUAVTLKO poAo oto BaAdoolo
nieplBailov nailouv ta etepotpoda Baktipla kal Apxaia ta omola €ival oL pévol opyaviopol mou
€xouv mpooBacn otnv ocwpatldlaky opyavikn UAn (>0.45 um), mou €xeL TapayAyEL TO
dutomAayktov, Kabwc emiong KoL ota anekkpipata twv Poaplwv Kat Tou {womAayktol. Ms autov
TOV TPOTO, Ta Baktripla kol Apxaic €Xouv TNV LKAVOTNTA VA OVOKUKAWVOUV TNV 0pyavikr UAN Kat
vVa TNV HETATPEMOUV Ot PopdEC Tou eival SlaBEoipeg ek VEOU amO AAAOUC ULKPOOPYAVIOUOUG.
AOyw autng tng avakukAwong n &pdon twv Baktnpiwv kat Apxaiwv oto BaAdoolo tpodko
TAEYUO. €XEL OVOMAOTEL «pLKpoPLlakog Bpoxog» (Azam et al., 1983; Azam and Malfatti, 2007;
Pomeroy, 2007). H petadopad Blopalag Kol EVEPYELAG O AVWTEPA TPODIKA Mimeda eAEyXETAL OTN
OUVEXELX amo TNV Brpeuon twv Baktnplwv kat Apxaiwv amod MpwTtlota Kot TNV HETEMELTA Bnpeuon
Twv MNpwtiotwv amd to IwomAayktov. Onwc ¢aivetal oto aploTEPO HEPOC TNG ELKOVAC, OF
TePLMTWOoN mou N cwpatidlakn opyavikr VAN 6gv ubpoAubel amod Uikpoopyaviopoug eival mbavov
va daduyel/amopakpuvbel os Babutepa otpwpata (pecomehayikn Kal Babumelaykr) {wvn) Kat
va kataAnéel otov mubuéva twv Balacowv. H amopdkpuvon TG opyoavikng UANG (EKtog amo
pelATA KoL SUVAUELG AVAMELENG) EUTEPLEXEL ETIIONG TNV SpACN UKPOOPYAVIOUWY KoBwg toAAotl



and autolG MpookoAAwvTal otnv UAnN Sivovtag tng pia mo koAwédn kat mo Bapld popdn mou
KaBavel eukoAOTEPA TTPOG ToV MUBUEVA. AuTh n Sladikaoia meplypadeTal Kal Alyo mapaKATw.

Ewkova 1.1. Ot aAANAETISPAOELG TWV TTAQYKTOVLKWY KOWVOTATWY UETAELY TOUG Kat e To TiepBAaAAov (amd Azam and
Malfatti, 2007).

INUOVTIKEG OLKOAOYIKEC TIANPOodOpieg amoppEouv amod To HEYEOOG TWV KUTTAPWVY TOU TTAQYKTOU
(Peters, 1983) mou oyxetilovtal Pe TN 6pACH TWV UKPOOPYOAVIOUWY OTIWC TEPLYPAdnKE €V cuvTouia
TapaAnavw. Ma mopadelyua, N KATAOTAON TOU OLKOGUGTIUATOC, Ol OXEOEL OVAUECA O BnNpeUTEG
Kal Bnpapata kot N anodoon NG AMopAaKpuvong avbpaka otn pecomeAaytkn kat Babumelayikn
{wvn oxetilovtal pe to HeYEDN Twv Kuttapwv. EToL, TMOAU ocuxva to péyeBog tou mAayKToU
XPNOLOTIOLEITAL WE €V TPWTO PO TNV TAELVOUNGCN KoL LEAETN TWV UKPOOPYOVIOUWV.

To mAayktov eplhapBavel Tig €€NG Tatelg peyeboug: 1) To peco-mAayktov (0,2—20 mm) mou
nephappavel kuplwg Kwmnmoda, KAadokepalwtd Kal mpovUupudeg MoAWVY BevOIKwY opyaviopwy,
2) T0 ULKPO-TIAQYKTOV (20—200 pum) mou mepAaBAVEL ATIO TNV LA TIAEUPA TO AEYOUEVO «UEYANO»
dutomAayktov dnAadn Aldtopa (eite og pepovwpéva KUTTapa €ite w¢ aAuoideg), AlvopaoTlywTtd
kat BAedpapldbwta pe wavotnta ¢wrtoolvBeong, Tpnuatodopa kot Aktivolwa Kot amd Tnv AAAn
TIAEUPA €TEPOTPODOUG HLKPOOPYAVIOUOUG OMwG Alvopaotiywtd kat BAedpapdbwtd, 3) to vavo-
TAQYKTOV (2—20 um) mou emiong meplhappavel autotpoda kot €tepotpoda KUTTApA (KUPLwg
Awdatopa, MaoTtlywtd, pikpd BAedapidbwta kat KokkoAlBoddpa kat MUKNTEG), 4) TO TMLKO-TIAQYKTOV



(0,2-2 pum) mou mepAapBavel wg emi to MAeioTov Baktripla kot Apxaio kat Alyo MaoTtlywTtad, Kot
TéNog 4) to dpepto-MAayktov (<0,2 um) mou meplhappavel toug Balacoloug oug. Onwg yivetal
OVTIANTTO, oL Katnyopieg peyebBwv mou avadépbnkav mopandvw O&ev  avtikatontpilouv
OUVKEKPLUEVEC TAELVOULKEG OHASEG oUTE (UAOYEVETIKA oUTE HeTaBoAlkd. Mpaypaty, yla
TIAPASELYUA TO HLKPO-TIAAYKTOV UTopel va mepllappavel autotpoda KUTTopa, €TEpOTpoda Kot
ULKTOTPOdQ, EVW TO TUKO-TIAQYKTOV UMOPEL va TEPAAUPBAVEL TIPOKOPUWTEG KOL EUKOPUWTEG KoL
OTIOVLOTEPOL QKOMO KAl WEPLKOUC MEYAAOUC oUG. Emiong, eilval yvwotd nwg Sladopa
duTOMAQYKTOVIKA KUTTOpa MTopel va  Statnpouv  ekatovtadeg AMAQ  HIKPOTEpA  KUTTAPA
«KOANUEVa» MAVW Tou¢. H otevr) autr oxéon umopel va eivat oupPlwtiky (Suthers and Rissik,
2009), (onmwg ywa mapddelypo n oxéon avapeca o€ alwTodEOUEUTIKA KuovoBoaktripla Kot
KokkoAlBodopa (Not et al., 2016), mapacttikn (ONMwG yla MAPASELYUO AVAUETH O UUKNTEG Kal
AAAQ EUKOPUWTLKA OTEAEXN) 1 OKOUA KL OXECN GUGGLTIOMOU OToU TO POCNKO TNG oUVEEONG TWV
U0 kuttapwy eival oudétepo (oUte euvoel oute Suoxepaivel TNV avamtuén kamowou amnd ta duo).
H otevn oxéon umopel eniong va umodnAwveL avaMTuén TwWV UIKPOTEPWY KUTTAPWV EMAVW OTO
HEYAAUTEPO KUTTAPO TIOU AELTOUPYEL Qv IO EUVOIKNA EMLdAVELA AVATITUENG. TO CUCCWLATWLA TTOU
Snuloupyeital amd Toug TPOCKOAANMEVOUG WULKPOUG KOL HEYAAOUG HLKPOOPYAVIOUOUG (eite
EVEPYOUC £lTe avevepyoUq) Kal Ta OIMEKKPILATO TOUG CUXVA avadEPETaL WG «marine snow» I To
«XLOVL TNG BAahacoog».

TETolo cUCOWHATWHATA AAAQ KOL OL TTPONYOULLEVES TIEPLTTWOELC (CUpBiwaon, MaPACITIONOG)
amoSEIKVUOUV TNV aVAYKN LEAETNG OAWV TWV TOEWVOLKWY OUASWVY o€ OAEC TIC TALeLg peyEBouc. MNa
va yivel aut n avaykn avtnnth afilel va avadepbel 1o €€ng aloonueiwto: €va TePAOTLO
Tooootd Baktnpiwv Bploketal mpookoAAnuévo o€ AAAOUG OPYQVIOHOUG KOL CUCCWHOTWHUOTO
(Lopez-Perez et al., 2016), ocuvenwg Oev apkel N UEAETN TOUG HOVO OTO TUKO-TIAOYKTOVIKO €UPOG
ueygbouc.

H Aewtoupyia twv BoAAOOWWV TAQYKTOVIKWV MUKATWY ota BaAdcola OolKoouoThHuaTa
avayvwpliotnke npoocdata (Gao et al., 2010; Wang et al., 2014; Taylor kat Cunliffe, 2016) kal £€toL ot
HUKnteG Bewpouvtal oe peyadlo Babuod umopeAetnuévol (Wang et al., 2018). Ze kdBe mepimtwon
elval yvwotd nmw¢ ot pUkKNTeg amodopolv TNV opyaviky UAn mou é€xel mapoaxBel amod to
dutomAaykTov 1 UAN mou Bpioketal oe anooclvOeon (oanpodayia) evw eniong amoppodolv Tov
SloAupévo opyaviko avBpaka pe oafloonueiwtn oupPoAr) otn Seutepoyevr) TaApoaywyr ot
napaktia 6aldcola owkoouotnuata (Gao et al., 2010; Gutiérrez et al., 2011). Qotdoo, autol ot
olkoAoykol poAol poteivovtal Kuplwg Le BAon tn cUYKPLON LE TOUG OLOAOYOUG TOUG OTa XEpoaia
Kal YAuka vdativa owkoouotripata (Richards et al., 2012; Taylor kat Cunliffe, 2016).

JAUEPO UTIAPXOUV UEALTEC YUPW OO TNV EMOXLOKN KOL AAAN XPOVIKN HETABANTOTNTA TWV
HUKNTWV OE HEPIKA BaAdoola cuotipata, Kupiwg otnv napdktia {wvn (téoo oe Wpata 000 Kot
otn otAn tou vepoul). H avamtuén toug oto vepo Bswpeital mBava MePLOPLOREVN AOYW TNG
OVAYKNG TOUG ylot UPNAEC CUYKEVIPWOELG OPEMTIKWY Kal yla MPOoKOAAnon oto undotpwia. Kat ot
HUKNTEG, OMWC Kal Ta Paktipla Tou €ival MPOOKOAANUEVO O owHATIOlL €lval €éva TUTKO



MapAdElyHa avVAYKNG UEALETNG OQUTWV TWV OPYOVIOUWV O OAol Ta e€Upn HeyéBoug, KaBwg
ouvnBilouv va mapacttouVv/cuUBLWVOUV UE HEYAAUTEPOUG I} LLKPOTEPOUG OPYAVLOLOUC.

1.2. M€B06oL HEAETNC TOU UIKPOBLOKOU TTAOLYKTOU

H emdoyn tng uebBodou oe pia HeAETN Tou HKpoBlakou mAayktol efaptdtal katd Bdaon amod to
ETUOTNHOVIKO EpWTNHA, OUWE KAl N XPoVikA Tepiodog (LoTopika) Tou TEBNKe Kal anavindnke auto
To epwInUa €xouv kabopioel tnv HEB0SO. EToL Aowutdv, oL emAOyEC €Xouv KupavOesl amd
TIAPATNPNOEL HUE HLIKPOOKOTILO OFf HEHOVWMEVO Oelypata €wg €PEUVEC HEYAANG KALMOKAC,
XPNOLLOTIOLWVTOG CUVEXELG KaTaypadel MAAYKTOU Kal TOCOTIK §0pudopLKr) TNAETLOKOTNON. ZTIG
UEPEC HOG TapaTnpeital pla mpoonddeta va PeAETNOEL TO TTAAYKTOV O AELTOUPYIKEC OUASEG (TT.X.
dutomAayktov, mapdotta, pwrtoetepoTpoda BaktripLla), Tou OUWG POUTIOOETEL TOV EVTIOTILOMO Kall
SLOXWPLOUO QUTWV TWV OPASWVY armd To UVOAO Tou MAAYKTOU (Ttou cuvodeveTal amnod TG SUOKOALEG
Tiou avadEpOnKav Mo TTAVW OXETIKA PE Ta HEYEDN). Mia emutAéov aAlayr TNG oLYXPOVNG EMOXNG
o€ OX€On ME TA TponyoUpeva Tepimou 25 xpovia eilval n avaykn MEAETNG TOu HIKpoBLakol
TAOQYKTOU OTO KOt TOo Suvatov Tio e€elSIKEUPEVO TAEWVOULIKO €Mimedo PE XPrion HOPLAKWY
TEXVIKWV.

MeVIKOTEPQ, N XPNON TNG NAEKTPOVIKAG ULKPOOKOTILAG, TNG UIKPpOoKoTtiag ¢pBopLlopol Kal tng
KUTTAPOMETPpilag pong €xouv odnynoel otnv oavakaAupn kol Tepatépw Slepevvnon Twv
HULKPOTEPWVY KUTTAPWV KOl TwV LwV. ETIITAE0V, Ol LOPLOKEG TEXVLKECG ETULTPEMOUV AEOV TNV HEAETN
NG oUVOEONC TWV KOLWVOTATWY OKOUN KAl KATW arod To eninedo tou £idoug (Bratbak et al., 2011).

ErmutAéov otnv mepimtwon NG nUEPNOLAg UETAPANTOTNTAG, AUTH £XEL LEAETNOEL TOCO pe
KAOLOOLKEG LeBOSOUC, oMW elval yla MapASelya TO ULKPOOKOTILO yla LETPNOELG adBoviag kal Ta
TELPAUATA KWVNTLKAG Yl HETPACELG Ttapaywylkotntag (yia mapdadelypa: Ghiglione et al., 2007;
Bratbak et al., 2011), aAAG Kal pe poplakd epyadeia, 6w eival n avaAuon TOU LETOYOVISLWHOTOG
Kall TOU petaypodwpartog (yia mapadetypa: Aylward et al., 2015; De Corte et al., 2018, ; Becker et
al., 2020 r.x.).

Tpéxouoeg pelétec DNA petakwdIKOmoinong mou OTOXEUOUV OTOV XOPAKINPLOUO TwV
HKpoBlakwy kowotntwv Baocilovtal otnv evioxuon kal tov mpocdloplopd tn¢ aAAnAouyxiag
OXETLKA ULKPWV TIEPLOXWV TOU YOVISLWUATOG, oL oToieg Bplokoval oe OAOUE TOUG OPYAVLOUOUG TIOU
HEAETWVTOL Kal €XOuUV €mapkrn avayvwon oaAAnAouxiog. EmumAéov meplAappavouv cuvtnpnUEVEG
TLEPLOXEC (He Bpadu puBbuo aAlaync)Ocov adopd TOUC MPOKAPUWTEG, OO T TEAN TNG SEKAETIOG
tou 1980 xpnotpomotovvtal BLBALoONKes KAwvwV evioxupévwy pe PCR mou otoxelouv ta yovidia
16S rRNA tn¢ pikprg umopovadag (SSU) - xwpic t pecoAdBnon kaAAiépyelag. H aAAnAouxnon
QUTWV TWV yoviblwv €XeL XpNOLUEVOEL OTn HEAETN TNG ToKAopopdiag kal ocuvBeong Ppuolkwv
KOLWVOTATWV Baktnpilwv kat Apxaiwv kal otnv amocadnvion OLKOAOYLKWY TPOTUTIWV XWPELKAG Kal
XPOVIKNG TtokAoTNTaC (Yo mapadeypa: Koid et al., 2012; Banerji et al., 2018). lNa tVv TafVOUIKN
TOUTOTIOLNON TWV EVKAPUWTWY, TO yovidlo Tng pkpn¢ untopovadag 18S rRNA (18S) ivat and toug
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TILO CUXVA XPNOLUOTIOLOUEVOUG SeikTeC, pall He TO pLToxovdpLako yovidlo tn¢ umopovadag 1 tng
KUTOXPWHLKNG ofeldaong (COI) (yia mapadelypa: Banerji et al., 2018; Gong and Marchetti, 2019;
Loos and Nijland, 2020). lNa tnv tautonoinon twv HUKATwv Wlaitepa, n neploxn ITS oto onepovio
tou plBoowpikoy RNA (rRNA), mou mepllapfavel tig ITS1, 5.85 kot ITS2 meploxég, €xel yivel
anodektn w¢ o enionuog ypaupokwdikag (barcode) pukntwy (yia mapadetyupa: Blaalid et al., 2013;
Vangronsveld and Colpaert, 2014; Heeger et al., 2018). Qot600, Ol TTAQYKTOVLKEG KOWVOTNTEG TWV
HUKNTWV PmopoUv va avaktnBoulv Kal Je Tt Xpron tou yovidiou tng pikpng umtopovadag 18S rRNA
(Wang et al., 2018; 2019) pe miBava StadopeTIKA AMOTEAECUATA OTNV TAELVOULK EUKPIVELQL.

H mowAdtnta Kal LETABANTOTNTA TWV UKWV KOWOTATWY O€ puotkd meptBailovta dev ivat
TOOO KOAQ peAeTNUEVN. AUTO odeiletal ev péEpeL otnV EANAELPN KABOALKWY GUAOYEVETIKWY SELKTWV
yla LoUG KaBwg Kal otn OXETIKA poodatn avamtuén Lebodwv avefdptntwy amo KaAAEpyeLla yla
™ Slepevivnon ¢ ukng motkihopopdiog oto neptBariov (Aylward et al., 2017). Napd TN YEVIKA
EMepn kaboAkwv Sektwy, oplopéva yovidla daivetal va dtatnpouvtol HETAED CUYKEKPLUEVWV
opadwv. TEtola yovidia sivatl autd tng DNA nmoAupepaonc (DNA pol) o€ 10U¢ ou polalouv pe T7,
Sopka yovidla omwg ta g20 kal g23 o£ KUAVOUUO-loUG, Kol yovidia mou oxetilovtol HE TNV
dwtoolvBeon (m.X. psbA) og kuavo-loug (Chen et al., 2009; Hou et al., 2018).

1.3. XpOVIKEC SLAKUUAVOELC TWV UKPOBLAKWYV TTAAYKTOVIKWV KOLVOTATWV

H BaAdcola UkpoBLoKkr TOIKIAGTNTA ATOTEAEL ONUOVTLIKO TTOPAYOVTO EKTIUNONG TWV USPOAOYLKWV
KOl KALLOTIKWY ouvOnKwv o€ molkida meptBaAlovta, Ta omoia pnopet va dtadopomolovvtal T0G0
O XPOVIKN 000 Kol O XwpPKA KAlpaka. H ypnowotnta tn¢ wg deiktng subuvetal oto OtTL oL
BaAGOOLOL UIKPOOPYOVIOUOL £XOUV LKPO HEYEDOC, UIKpO KUKAO {wNG Kal 0TO OTL PeTAdEPOVTAL OTN
OTAAN TOU vEPOU TTABNTIKA. ZUYKEKPLUEVA OL TTAAYKTOVIKEG ULKPORLAKEG KOWVOTNTEG KaBopilouv tnVv
por) avBpaka Kol eVEPYELOG TPOG To PevOikd cuotnua, KoL dpa n yvwon tg oluvBsong kot
AelTtoupylog Toug ival PeEYAAnG onuaoiag ylo TNV AEToUpylo TWV WKEAVWVY YEVIKOTEPQ. Mapad TN
6ebopévn onuacia Toug OpWC, N SUVOULKA TWV TAAYKTOVIKWVY HUIKPOBLOKWY KOLWOTATWY EXEL
pueAetnBel oe pétplo Pabud ouvumoloyilovtag €vav ONUAVIIKO Tapdyovia: Ttnv Slopkn
huetapAntotnTa Toucg. Mpdyuat,, Slddopa OKOAOYIKA XOPAKINPLOTIKA TWV UIKPOOPYAVICUWY
HeTaBAAovTal, OMwG yla TAPASELYUA OL QTMALTAOEL TOUG O TIOPOUG, O TPOTOC TOPAYWYNS
EVEPYELAG, TO PEYEDBOC, N popdoAoyia TOUC aKOUA KAl N KLVNTIKOTNTA TOUG i N apaywyn toévwv
(Guinder et al., 2020). ZuvoAika Aoutdv, n ouvBeon, n adBovia, n MoPAYWYLIKOTNTO Kol GAAQ
BLOAOYIKA XQPOKTNPLOTIKA TWV HUIKPOPBLOKWY TIAQYKTOVIKWY KOLWOTATWY HeTaBAAAOVTIAL PE TOV
XWwpo, aAAQ Kal ToV XpOvo.

Oocov adopd TG XPOVIKEG SLOKUUAVOELG, OUTEG UTTOPEL Vo Elval EMOXLOKEG KOL NUEPNOLEG,
OHWG £XOUV EVTOTILOTEL KL € ULKPOTEPN XPOVLKH KALLOKO, OTIWG KATA TN SLAPKELX LLOG NUEPAC KATL
mou daivetal va oxetiletal pe to OTL amokpivovtal ypriyopa oc TePBAANOVTIKEG peTABOAEC. Ta
nuepnola potifa kabodnyoluvtal Kuplwg amd Tov NUEPNOL0 KUKAO ¢wTOC, aAAd Kol amd TN



SL0BeopuoTNTO TWV OPEMTIKWY. ZAHEPO YVWPL{OUUE TWC Sev UTIAPYXOUV KaBOALIKA nueprola potifa
yla OAOUG TOUG HLKPOOPYAVIOUOUG o OAa Ta meptBaiilovta. Ao TIG TILO ONUOVTLKEG TIAPAUETPOUG
mou kaBopilouv ta potifa MAvIwG elval n ocuykévipwaon tng XAwpodUAANG, n Bepuokpacia, n
€VTOON Kol TO MAKOC KUMATOC TNG NALAKNG aktivoBoAiag, n Sldpkela tng nUépag aAAd Kal n
napoucia AAAWV opyavIoUWYV (KUplwg Bnpapdtwy, Bnpeutwy, Lwv).

ItV nuepnota KAlpaka, to PaolkOtepo OTolKElo Tou peTtafAAAeTal €lval n évtaon Tng
OKTWOBOAlOG MOV UE TN OElPA TNG TMPOKAAEL PETABOAEG OTOV HETOBOALOMO TwWV KUTTAPWY, TNV
€kppaon yovidiwv, TNV MEPLEKTIKOTNTA 0 PWTOOUVOETIKEC XPpWOTIKEC (Becker et al., 2020) kat
oKOUa Kol TNV anoppodnon otolxeiwv (m.x. HEtaAla Kat aAAa Bpentikd). Mapopoleg PeTABOAEC
6ev oupPaivouv pHévo otoug PwWTOoUVOETIKOUG 0pyavIoHoUC. Mo tapadelyua, otic BaolkOTEPEG Kal
TUO MEAETNUEVEG HETABOAEC KOTA TOV NUEPNOLO KUKAO GWTOC OCUYKATAAEYETAL N AEyOUEevn
«NUEPNOLO KABETN PETAVAOTEUON TOU peco-{womAaykoU» (i DVM: diel vertical migration) pe
ONUOVTLKEG ETUMTWOELG 0TNV porn Twv Bpemntikwy (N, P, Fe kat dAwv, Davis et al., 2019). EmutAéov,
KOl TO HIKPO-TAQYKTOV (Baocilkd Onpapa yla To HeCO-{wOTMAAYKTOV) akoAouBel nuepnola
uetapAntotnta (Arias et al., 2020), evw elval xapaKtnpLloTiko To elpnua twv Ghiglione et al. (2007)
yla TV €viovn nUepnoLla LETaBANTOTNTA oTa BaKTApLa IOV £ival TPOOKOAANUEVA OE CWHATIOL UE
onuavtikn avénon mapaywyng tn vuxta (oe avtiBeon pe ta eAevBepa Baktrpla), cUyxpovn HE
HETABANTOTNTA TNG TTOLKIAOTNTAC TOUG.

Mia KOA KOTOvONnon TNG NUEPNOLAG UETABANTOTNTOG TOu MiKpoPlakol TAayktoU (eite
TIPOKELTAL YL AUECEC ETUOPACELS TOU PWTOG OTNV MPWTOYEVH TOPAYWYLKOTNTA ELTE YL EUUECEC
emdpdoelg otnv Kuttaplky duololoyia) elval TpoATALTOUUEVO yld TNV  KOTOVONGCN TNG
HeTABANTOTNTACG OV Ttapatnpeital o€ peyaAltepn KAlpaka: dnAadn, potiBwv oe emoxlokn Kot
etolwa kAipaka (Binder and DuRand, 2002). KaBwg n BBAoypadia mapouvoldlel peydaAn moikiAia
OTOUG ULIKPOOPYOVIOUOUG UTIO UEAETH, TO OLKOAOYLIKO XOQPOKTNPLOTIKO UTIO HeA£Tn (m.x. adBovia,
TIAPOYWYLKOTNTA, HETAPBOAOUOC K.T.A.) aAAA Kal Ta epyaAsia Tou xpnoLpomolnonkayv, n avantuén
Twv BLBAoypadikwy dedopévwy Ba yivel mapakdtw o€ UTto-KedAAaLa.

1.3.1. MetafAntotnta otoug NMPoKaPUWTEG

H ouvoAikn nuepnola pikpoflakn petafAntotnta Bewpeital mwe kabodnyeital Katd KUplo Adyo
OO TOL HUKPOTEPA TIAQYKTOVLKA KUTTAPA, akplBwe ylati autd ta kKuttapa (6nAadn ta etepotpoda
Kal autotpoda Paktripla) €xouv tepaotia adBovia kat Bopala (Binder and DuRand, 2002). Ot
dloL emotiuoveg nmapatipnoav nws n adbovia Twv autdétpodwv Kal eTePOTpodwv Baktnpiwv
(nall pe v adbovia Twv <3 pm AUTOTPOPWV TIKO-EUKAPUWTIKWY KUTTAPWV) €ixe TNV uPnAotepn
TIUA OTo 8eUTEPO ULOO TNC NUEPAC KOL KATA TN VUXTO. ZE U0 CUYKPLTLKA OVOLOKOTINON ylol TNV
nuepnota petafAntotnTa twv kuavoBaktnpiwv Synechococcus kat Prochlorococcus, ol Binder and
DuRand (2002) mapatipnoov Mw¢ TO TPWTO YEVOG £dptace tnv uPnAotepn adbBovia mpwv TO
SeUTEPO KAL AUTO CUVERALVE TO ATOYEUHA 1) TN VUXTA O€ VEPA Tou Elpnvikol Qkeavou. MNapopoiwg,
otnv malalotepn epyacia twv Vaulot and Marie (1999), BpéBnke mwc kutTtapa Synechococcus
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Slapouvrav mepimou dVo wpeg mpLv amo ta KuTtapa Prochlorococcus. Emiong, amo tTnv LEAETN TWV
Tsai et al. (2005) mpoékuPe Mw¢ LOVO yLa To YEvog Synechococcus, pe Tnv adBovia tou va Pptavel
HEYLOTEC TIMEC TN vUxta. Kal to yévog Prochlorococcus ddavnke va akoAouBel nuepriolo potifo
MPOoANYNG Tou apLvoEéog ueBelovivn Kal og KOAALEPYELEG, HE TNV HEYLOTN amoppodnon tn vixTa
Tiou akoAouBouvtav amnod ypriyopn MpwrteivoolvBeon kat kuttaptkn Staipeon (Mary et al., 2008).

OL 8uo teAeutaleg €peuveg (Tsai et al., 2005; Mary et al., 2008) oxoAiacav To yeyovog nmwg n
Sltadopetikn mpooAnPn Twv BPEMTIKWY OTOV NUEPNOLO KUKAO 08nyoUcE O€ QVIAyWVIOUO avAUESa
ota OTEAEXN TwV KuovoBoaktnpiwy. Ze pla AAAN PEAETN yla TOV QVIAYWVIOUO Twv Baktnplwv yla
TIEPLOPLOTIKA. OPEMTIKA KATA TOV NUEPNOLO KUKAO ¢AvVNKE TWC TO OUVOAO Twv Paktnpiwv
nmapouotalel péylotn Kuttaplky dlaipeon to Ppadu kal emakoAoudn péylotn adBovia 1o mpwi
XWPIC va UTAPXEL TTIEPLOPLOKOG o To Stabéoiuo alwto kot dwaodopo. AVTIBETWE, TO HECNUEPL O
TIEPLOPLONOG davnke va elval Kal amd ta dVo Bpemtikd mBavov AOyw QVIAywVIOUOU HE TO
dutomAayktov (Kuipers et al. 2000). Ztnv Bopela Bdhacoa, ol Bratbak et al. (2011) nepléypadav
600 XPOVIKEG OTLYUEG KOTA TO ELKOOLTETPAWPO Omou ol adBovieg Twv BakTnpiwv (KoL TwV WV Kat
TWV TIUKOTIAQYKTOVIKWY KUTTAPWVY) ATAV UEYLOTEG: TO HECNUEPL KOL apyd Tn vUXTA, YEYOVOC TOU
UTIOSELKVUEL WG N NUEPNOLA HETABANTOTNTA TWV ULIKPOBLOKWY Opadwy Sev pubuiletal povo amno
™V nAlakn aktwoPBoAla, oA kat amd tnv Onpeucon, TNV ukn amodounon Kat TNV
dwtonapeunodion.

Je TO TPOodATEC UEAETEC TOU  Poolotnkav 0 HETAYOVISLWHOTIKA Kol
HUETAUETAYPAPWUATIK TIPOOEyylon ¢avnke mw¢ n Paktnplokn kowotnta eixe uvPnAotepn
TMowKIAOTNTA TNV vuxTa (Gilbert et al., 2010). Mpdyuatt, TG00 N MOWKIAOTNTA TNG KOWOTNTAS (OTWG
auth ekTUnBnke amnd tnv aAAnAovxnon tou 16S rRNA) 600 Kol n AELTOUPYLKA TIOLKIAOTNTA (OTIWG
auTA eKTNOnke oo tnv aAAnAolxnon tou petaypadwuatog) Atav uPnAotepn tn voxTa, UE TO
potifo va emavalappavetal o Sl1adopeg EMOXEC. 2 auTnV TNV PeAETN ailel va onpelwBel mw¢ To
amotéAeopa mpogku e amnod deiypata mou eAfdOnoav povo to mpwi kat to Bpadu oTo KAVAAL TNG
Mayxng (Gilbert et al., 2010) onote dev undpxel mAnpodopia yla TI§ UTTOAOUTEG WPEG TNG NUEPAC.
Mapopolo anotéAeoua meplypadetal kaL otnv epyacia twv Ghiglione et al. (2007) émou n opdda
Twv Boaktnplwv mou eival mMpookoAAnUévn o€ cwpatibla Atav mo evepyn T vixTta — mapoTL
Alyotepo adBovn Kat Alyotepo TOWKIAOHOPDN — CUYKEKPLUEVO KATW OO UECOTPODIKEC OUVONKEG.
To amotéAeopa auto eivatl amod ta Alya mou adopouv thv Meodyelo Bdlacoa (Bopelodutika,
otaBbuoc DYFAMED), kaBwcg oL MePLOCOTEPEG QAVTIOTOLXEG epyacieg €xouv yivel otov Elpnviko
Qkeavo. Katw amnd oAyotpodikég ocuvbnkeg (lovviog pnvag), To nuepnolo potifo Ntav Alyotepo
LOXUPO, Kal Hovo oe peyaAltepo Babog mapatnpnBnke auvénuévn ouvelodopd Twv Baktnpiwv
TIPOOKOAANUEVWY OE CWHOTIOL 0TNV GUVOALKA BAKTNPLOKH TTAPAYWYLKOTNTA TNV NUEPQ.

e plot AAAn peAétn otnv Bopeodutiky Meoodyelo (Blanes Bay Microbial Observatory)
Bp€Bnke peylotn Baktnplakn adOovia, mMapaywylkOTNTA KAl TTOCOOTO EVEPYWV KUTTAPWVY TN vUXTA
(Ruiz-Gonzalez et al., 2012). 2 autiv tnv nepinmtwon n dewypatoAnyia eywve Oefpoudplo-Maprio.
Autn n evlladépouoa PEAETN TOVLOE EKTOC TWV AAAWYV TNV CNUACLA TWV KALPLKWY GALVOUEVWY OTNV
napatipnon Twv nuepnolwv potifwv kabBwg €viova Kalplkd ¢ovOUEVA OVAUECA OTLG
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SeypotoAnPieg epmodioav tnv emavaAnPLUoTnTa TWV OMOTEAECUATWY. Mo cuyKeKpLUEvVa, ol Ruiz-
Gonzalez et al. (2012) napouciacav pla avénon otnv evepyotnta twv oteAexwv Pelagibacter kot
Roseobacter xat twv Gammaproteobacteria tnv vUXTO, €vw KoL TO OTEAEXOG Synechococcus
gvepyomnoinoe tnv €tepotpodn Spdon Tou T viXTA. ITo cUVOAO Twv Baktnplwv, Ppédnke mwe n
ouvelodpopa twv Alphaproteobacteria Roseobacter kol Pelagibacter tav xapunAotepn To LECNUEPL,
evw Twv Gammaproteobacteria kal Bacteroidetes ntav uPnAdTePN TO LECNUEPL.

H nuepnota petaBAntotnta €xel LeAETNOEL KoL O€ TILO OTIAVLEG BAKTNPLOKEG OUABES, OTIWG
elval ta pwroetepodTpoda Baktripla. Ta ev AdOyw BaktipLa xpnoLlomololV TNV nAlakn aktivofoAia
HEOW TNG BakTNPLOXAWPODUAANG yLa var SLOCTIACOUV OPYAVIKEC EVWOELG. 2€ Lo epyacia PpéBnke
TIWG N OUYKEVTPWON TNG BaktnploxAwpodUAANG ATtav uPnAoTEPN TIC WPEC TNG NUEPAC TToU Sev eixe
dwe, KaBwG SlamoTwOnKe 0 MEPAUATA WG N CUVOEOCN TNEG XPWOTLKAG AUTAG MopEUTOSIZeTaL Ao
T0 dwc (Koblizek et al., 2005).

Y€ YEVIKEC YPOUMPEC €xouv mopatnpnBel Siadopa nuepnola potifa oe SLadOPETIKEG
TIEPLOXEC aAAQ Kal oe Sladopetikad Badn, kabBwc n aAllayn otig ocuvOnkes dwtog ennpealel to
HULKPOBLAKO TTAQYKTOV. XapaKTNpPLOTIKO mapddelypa eivat n mpoodartn epyaocia twv Vilsova et al.
(2018) mou avéAlucav To GUVOALKO HLKPOBLOKO UETOUETAYPADWHA VA TETPAWPO O SLUPOPETIKA
BaBbn oe pia mepLoxr tou oAlyotpodikol Elpnvikol Qkeavou. Ot cuyypadeic Bprikav Mwg ota UTo-
erupavelakd vepd (KATw amo ta 25 PETPA) N NUEPNOLO LETABANTOTNTA OTO HETAYPADWHA TWV TILO
Slodebopévwy etepotpodwv Baktnpiwv kot Apxaiwv nATav avumapktn. AvBETwG, ota
TP AVELAKA VEPA KATIOLA OTEAEXN Mapouciacav nuepnola potifa evw aAla oxL. MNa napadsyua,
uetaypadwpata tou oteAéxoug Pelagibacter (SAR11) mou KwdlkomoloUv TMPWIEIVEG yla Tov
Suthaolaopd Twv KUTTApwv mapouciaocav peylotn adBovia tn vixta, evw HeTaypadwuaTa TOU
oteAéxoug SAR116 mou KwSLKOTOLOUV PWTEIVEG yLa TNV avarvor Kal Tov HETABOALOUO Tou alwTou
napouvciacav péyloteg adBovieg To mpwi.

Ano pla aAAn OmTKN, N nUEpPRoLA UETOPANTOTNTO Twv Paktnplwv oxeTiletal PE TNV
ToLOTNTA KAl TNV ocoTtnTa Tou Sdlabgoiuou opyavikoU uAtkoU (DOM: dissolved organic matter). Ta
Baktrpla eival kava va mpooAdfouv to DOM mou pmopel va TPoEPXETAl €lte amo TNV
dwtoouvBeon eite and tnv Bpevon. Zuvenwe, av o€ eva mepLBAAlov ta Baktripla €OUV OTEVN
oxéon He To DOM ToOU ¢uUTOMAOYKTOU, TOTE QVOMEVETOL va 0oKOAouBolUv é£vav KUKAO
TIOPOYWYLKOTNTAC UE UEYLOTEG TIHEC TO LECUEPL KOL OMOYEU A, AVTIOETWG, av oto meplBailov Ta
Baktrpla €xouv otevry oxéon pe to DOM tng Bnpeuong 1 to DOM aA\wv (g€wyevwv) mnywv
OPYOVLKAG UANG, TOTE AVAUEVETAL VA aKOAOUBOUV €vav KUKAO TopaywyLlKOTNTAG TTOU OXETI(ETAL UE
QUTEG TIG TtNyEC (Ruiz Gonzalez et al., 2012). Eldikotepa ota oAlyotpodikd meptBaAlovta, auth n
oX£0N AVAPECO OTNV TTAPAYWYLKOTNTA Twv Baktnpiwv kat tnv dtabsouotnta/npoélevon tou DOM
glval mo €vtovn, KoOBwG oL TNYEC TwV OpenMTIKWV £ival XAUNAEC. e €UTPODIKA 1 TIAPAKTLOL
OUOTNHATA CUXVA N nueEpnola petaBAntotnta mou kabodnyeital and 1o DOM pmnopet kat va punv
elval opatn (Gasol et al., 1998).
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Ta Boaktipla emSelkvUOUV E€MIONC €MOXLAKA HOTIBA OTNV TOWKIAOTNTA TOUC UE CUXVA
HEYOAUTEPN TOWKIAOTNTA KOTA Tn OSLAPKELD TOU XEWMWVO amd OTL To KoAokaipl Ot TEAQYLKA
owkoouotnpata (Gilbert et al., 2010). AfileL va onuewwBel mw¢ ol ocuyypadeic g teAeutaiog
gpyaciag tovicav nw¢ ouvnBwg o mepPAAAOVIIKOC TTAPAYOVTIAC TIOU EMNPEALEL TNV EMOXLOKN
HETABANTOTNTA €lval N SLAPKELD TNG NUEPAC, EVW ETUTAEOV TAPAYOVTEG Ttou mailouv poAo ival n
Bepuokpaoia Kal To OPEMTIKA CUOTATLKA.

1.3.2. MetafBAntétnta octoug EukapuwTteg

MNpoodateg peAéteg pe xpnon ouyxpovwv HeBOdwv uvPnAig akpifelag (mx. HeTa-
HeTaypadwuatikn avaluon) enBefaiwoav nmwg to dwg tou AoV pubuilel TNV avamtuén Kat Tig
KUTTAPLKEG AELTOUpPYIEG OAWV TWV PWTOCUVOETIKWY OPYaVIOUWV OTOUC wkeavoug (Becker et al.,
2020, Coesel et al., 2020).

ZEKVWVTOG HE TNV HeyoAn opada Ttou ¢utomAayktoU, €xel PpeBel mwg TOANEG
duTOMAOYKTOVIKEG Slepyaoieg enmnpealovtol and Tov NUEPROL0 KUKAO PwTOG: N GWTOCUVOETIKNA
Spaotnplotnta, n déopevon tou alwtou, N KUTTAPLKN Slaipeon, n mMPooAndn auvofEéwv Kal n
yoviblakn €kdppaon. Eival yvwotd nmwg n UEyloTn €vtaon aktwvoBoAlag - mou AapPadvel xwpa
ouvnBwe vwpig To LECNUEPL - MELWVEL N TLAPEUTOSIlEL TNV PwTOCOUVOETIKY dpaotnplotnTa, HECW
EVEPYOTIOINONG EVOG GWTO-MPOCTATEUTIKOU UNXAVIOUOU (Brunet et al., 2008). AUTOG O UNXOVIOUOG
€xel peAetnOel ektevwg ota Siatopa. EmumpooBétwg, n adBovia peTaypoPWUATWY TIOU
KwdLKomoloUv pwrtoesvaiodnteg mpwteiveg BpéOnke va epdavilel PEyLoTn TLUAR TNV AUy OE VEPQ
Tou avolktoUu Elpnvikol wkeavol, evw Kamola AGAAa petaypadwpoto oXeTWOMEVA HE TN
dwtoouvBeon eudavilov UEYLOTEG TLUEG KOO OAn TN SLApKeL 1 0 TOLKIAEG OTIYUEG TNG UEPAG
(Coesel et al., 2020). Emiong otov Elpnvikd wkeavo PBpebnke mwg n mapaywyn twv diddopwv
XPWOTIKWV (YAwpodUMeg, kapotevoeldr, datodutiveg) ATtav HEYLOTN TN VUXTA OE TUKO-
dUTOTMAQYKTOVIKA KUTTOPA, O Ula UEAETN Tou ouvlUOOE TNV UETOUETAYPUPWHUATIKI) HE TNV
MPWTEWMULK avdaluon (Becker et al.,, 2020). Eivat afloonueiwto mw¢ oL HeTaPoAég otn
dwtoouvOeTIkn dpactnplotnta tou GputomAayKToU KaTA TN SLAPKELA EVOG ELKOCLTETPAWPOU Eival
AppNKTA OUVOESEUEVEG UE TIG UETABOAEG OTO UETABOALOUO TWV ETEPOTPOPWV HLKPOOPYAVIOUWY
(Aylward et al., 2017), katL mouv Ba culntnOel KAl MAPAKATW.

Avaodoplkd He TNV nUeEpnold HETAPANTOTNTA TOU TiKO-GUTOTAQYKTOU PpéBnke amo
aVEEAPTNTEC EPEVVNTLKEG OUASEC MW oL adBoviec ptavouv LPNAOTEPEG TILEC apyd TO AmOyeU A N
TN vUxta T0o0 otnv Bopela O@dAaocoa (Bratbak et al., 2011) 6oo kat otov Elpnvikod (Tsai et al. 2005,
Hu et al., 2018) mou pdAlota oxetilovtal pe auénuévn KUTtaplkn dlaipeon ekelveg TIG WpPEC. Z€
KaAALEpYELEC emtionc emBeBatwOnke N avénueévn KutTaplkn Slaipeon Kata tn SLapKeLla TNG VUXTOG
oto otéhexog Phaeocystis pouchetii (Jakobsen and Veldhuis, 2005).

MPoXwWPWVTAG TIPOC T ETEPOTPOPA EVKAPUWTIKA KUTTAPA, £XEL BpeBel ouoxETion avapeoa
otnv Onpeuon péow dayokuttdpwong amd MNpwTtiota o€ GUTOMAAYKTOVIKA Onpdpata otov
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Elpnvikd Qkeavo: n dayokuttapwon Bpebnke péywotn tn voxta, mbovd akoAoubwvtag tnv
adBovia (6nAadn tnv dtabeoipuotnta) tov Onpapatog-putonAayktou (Hu et al., 2008). Avtiotolxa
amoteAéopata PBpédnkav kol o KAAALEPYELEG €TEPOTpodwv  Swopaotiywtwyv (Gyrodinium
dominans xau Oxyrrhis marina) mou avémtuéav vPnAdtepoug pubuolg kuttapkng dlaipeong tnv
vuxta, ot avtiBeon pe piktotpoda oteAéxn (Karlodinium armiger xal Strombidium sp) mou
Slalpouvtav TEPLOCOTEPO KAt TNV Sldpkela tng nuépag (Arias et al., 2020). H Bopala twv
BAedapldbwtwy o€ pa peAEtn otnv Bopelodutikiy Meodyelo TIOU CUVUTIOAOYLOE TO GUVOALKO
empavelako otpwpa (wg ta 50 pétpa Babog) napouciace TIg XAUNAOTEPEG TIUEG TN VUXTA KAl TLG
vPnAotepeg apya to anodyevpa (Perez et al., 2000). Ztnv dla epyacia ATAV XOPAKTNPLOTIKO TWE
kamola etepotpoda BAedapldbwtd Bpiokovtav ota 20-30 m Babog tnv nUEPA KoL OTNV EMLPAVELL
™ vuxta, evw aAla mopoucialav to akplpwg avtiBeto potifo. TEéAog, n adBovia Twv vavo-
HOOTLYWTWV Tapouciace uPnAOTEPES TILEG TNV NUEPA oTnV AvatoAik OdAlacoa tng Kivag (Tsai et
al., 2005).

H nuepniola katakopudpn HETAVAOTEUON TOU pecolwomAayktou i DVM amoteAel iowg To
TIO UEAETNUEVO NUEPNAOLO TAQYKTOVIKO potifo. H DVM pmopel va neplypadel we¢ n katakopudn
HETAKIVNON TOU PECO-{WOMAQYKTOU 0Tn OTAAN TOU VEPOU UECA OE ELKOOLTECOEPLG WPEG, KATL TTOU
dnuloupyel pla evepyn pon avBpaka. uykekpluéva, n DVM og cuvduaouo pe aAAeg Stadilkacieg
(BloTikég koL aflotikeég) mpokaAel tnV petadopd  AvOpaka oMo TO EMUTEAAYKO TPOC TO
pueoomelaykod kat Babumehayiko otpwpa (Turner, 2014). To 1o kKoo PoTiBo OXeTIKA He Tnv DVM
elval pla kaBodog opyaviocpwyv oe Kamolo Padog katd tn SLApKELA TNG NUEPAC KAl pLla Avodog
QUTWV oTtnV emupavela kata tn Stdpkela tng vuxtag (Cohen and Forward, 2009). H DVM eival pia
ocuuneplpopd Tou PecO-{wOTAAYKTOU TIoU EXEL CUOXETLOTEL e Slddopeg e€wyeveig kal evboyeveig
TIOAPOUETPOUG, ME TIC TPWTEG va TmepAapBavouv to Pwg, T BOepuokpaocia, alarotnta,
OUYKEVTPWON TOU 0EUYOVOU KoL TNG XAwPODUAANC, TNV USPOCTATLKA TIECN KOL TNV OTPWHUATWON TNE
oTAANC Kal Toug delTtepoug va meplthapfavouv To dUAo, TNV NALKIQ, KATAOTAON OLTLONG KAl TOUC
BloAoyilkoU¢ puBuolg tou opyaviopol (van Haren, 2014). Avdueoca o€ autd, ol aAAayEC oTnv
€vtaon tou ¢wTtog (oeANVIAKOG KUKAOG, SLapKeLa Tou dwTOG TNG NUEPAS, ouvvedLd), OTwWE Kal N
napoucia Onpapdtwv kot Bnpevtwv d¢aivetal va eival oL KUplOL TOPAYOVIEG yla TNV
TIAPOTNPOULEVN NUEPNOLA, pnviaia Kal emoxlakn petaBAntotnta tng DVM (Cohen and Forward,
2009). Juykekpluéva to dwg Pmopel va dpaoel wg evdoyeving mapdayovtag, pubuilovtag toug
KLPKaSIKOUC puBUOUG TWV opyaviopwy, N we e€wyevng mapayovtog (Potiris et al., 2018). MBavég
attieg ywa tTnv alhayni Baboug to mpwi mou €xouv mpotabel eival n mpoomndbela anoduyng TNG
eruPBAaBouc UV aktvoBolAiag ri/kat n avalntnon tpodng os Badn xwpic mapouvcio Bnpeutwy.

ITnv gpyaocia toug ot Potiris et al. (2018) mapatipnoav técoepa SLAPOPETIKA TPOTUTIO
HUETAVAOCTEVONG TOU HECO-{WOMAayKTtoU oto Kpntikd mélayog: n mpwtn opdada opyovicpwyv Sev
HUETAVAOTEVE KOL TIOPEUEVE HOVIHa o PBabog 400-450 pétpwv, n Seltepn akoAlouBouoe TO
«KAQLOOLKO» NUEPNOLO TPOTUTIO TIOU TipoavadEPOBNKE KoL CUYKEKPLUEVA TtapEpeve o BaBog 400-
450 pétpwv Tto Mpwi (Le dpeon ocuoxétion Ue to BaBog péyotng xAwpodUAAng) kot oe Babn 0-150
HETPpWV TO Bpddu, n Tpitn peTavaoTteve SLAPOPETIKA Kal avaloya e T XPOVLIKH Ttepiodo Tou £Toug
amo ta 350 ota 300 pétpa A anod ta 250 ota 200 pétpa, Kot TEAOC, N TETAPTN opada akoAouBouoe
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TIAPOUOLO TPOTUTIO HE TN deutepn pe TN Stadopd OTL To Mpwi Pplokotav os pnxotepa vepad (180-
240 pétpa) kal to Ppadu oe akopa pnxotepa vepd (60-90 pétpa).

Ooov adopa Toug BaAdcoloug MAAYKTOVIKOUG LUKNTEG, OMwE poavadEpOnKe eival yevika
UTTOUEAETNUEVOL WG TIPOC TNV TIOLKIAOTNTA Kal Aeltoupyia Toug. To i6lo LoxUEL Kal ylo Ta NUEPN oL
potifa mou umnopetl va mapouaotdlouv. Qotdoo, ot Kolody et al. (2019) peAétnoav To petaypddwua
OUVOALKA TOU HIKPOPLaKOU TAQYKTOU O TETPAWPO SLACTAHATA ylo TEPUMOU 3 nUEPEG Kal
TapaATAPNOAV WG Ol MUKNTEG S&V TAPOUCIACAV KATIOL ONUOVTLKA NUEPnola PeTafAnToOTnTA
(mapopola pe ta Apxaia), evw 6AoL oL AAAOL LKPOOPYAVIOUOL €kavay To avtiBeTo.

1.3.3. MetaBAntotnta 6Toug Lovg

MoplakéG avalUoeLg TNG KOWOTNTAG TwV LWV €XouV Seiel mwg o pubuog pe Tov omolo alalel n
ouvBeon NG kowotntag dev elval otabepog katl e€aptatal mbava and 1o mepBAAlov Kal tnv
gmoxn tou xpovou. OL Needham et al. (2013) ev Bprkav avixveuolun aAlayn Tng ouvBeong ¢
LLKNG KowvotnTag os Staotnua 48 wpwv.

AvApECQ OTA TILO TUTILKA EUPAHLOTO VLA TNV XPOVIKI UETOBANTOTNTA TWV WV £lval n OTeEV OXEon
TIOU QVAMTUOOOUV  HE TOUG EevIOTEC Tou. la mapASelypa, ML HEAETN HME EKTETAPEVN
SdetypatoAnyia kata tn dlapkela plag avoiong putomhayktol €8ei€e MOAU OTEVH CUOXETLON HETAEY
NG BAKTNPLAKAG KA LKAG TApaywyng KUplwg PETA TNV KATAPPELON TG avBlong. Auti n cucxXETLon
elxe kaBuotépnon plag nuépag (time lag) pe tnv avénon tng BakTtnpLaKNg MAPOYWYLKOTNTAC VO
nponyeitat. EMUTA£0ov, N UK TIAPAYWYLKOTNTA KOl 0 AAAN UEAETN GAVNKE VO LEYLOTOTIOLE(TAL OF
Staotiuata uPnAng Baktnplakng SpaoctnplotTnTag Kot auto Ba UmopoloE va €lval Lo OTPATNYLKN
yla tTnv avénon tou aplBuou twv veomapayousvwyv wv (Winter et al.,, 2004). Ztnv teAevtaia
epyacia Bpebnke mwg n ukr AVon cuvéBalve amd 1O HECNMEPL €WC TO OAMOYEUUA KAl N UKD
HOAuvon Kupilwg katd T Sldpkela TnG voxtag otnv Bopela Odlacoa. Ot Winget et al. (2009)
avédepav Mwc SV UTNPXOV CNUOVTIKEG NUEPNOLEC SLAKUUAVOELS otnv UK adBovia, os avtiBeon
HE TNV LKA TIapaywyLlkotnta. TEAoG, peAETeg mou adopoloav tnv petaypadikn Spactnpldtnta Twv
lwv otnv evdwtn {wvn otov avolxto Epnvikd (Aylward et al.,, 2017) koL o€ MAPAKTIO cUOTHUA
emiong tou Elpnvikou wkeavol (kOAmo¢ Oocdka, Yoshida et al., 2017), Bpnkav nUEPHOLES
SLOKUHAVOELG 0TV peTaypadh YOVISIWV HE HEYLOTN HETaypadLk SpaoTnpLOTNTA TO AMOYEU QL.

1.4. To tepBAAAOV THC USATOKUAALEPYELOLC

H vbatokaAAépyela avapEVETOL Vo amOTEAECEL BACLKN TINYN TPWTEIVWY OTO KOVTLVO HEANOV Kol
mBava va emepdoel tnv mapoxn BaAacowwv yla tov avBpwrivo mMANBUopd amd tnv aAleia
(Duarte et al., 2009). Av kat n vdatokaAALEpyeLa TTOPEXEL Ko oTtaBepr], uPnANg moldtNTag TPODdNG
yla tov avBpwro, n peydAn Bopnxavikn Spaoctnplotnta udatokaAAEpyELG TIPOKAAEL coPBapEC
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TEPLBOANOVTIKEG avNOUXIEG, AOYW TNG ameAeuBEpwong HEYOAWV TIOOOTATWY OPYAVIKAG KOl
avopyavng UANG oto eyyug meplBarlov, onwg eivat oL yBuotpodég mou dev €xouv Katavalwbel
oAAG kal ol anekkpioelg twv Paplwv (Choi et al., 2018). EmumAéov miBava KATAoTPODIKEC CUVETIELEC
yla to meplBarlov pmopel va mpokuPouv amd TNV XpRon avilBlotikwy, tnv amneAevBépwon
HETAAWV Kal TNV aAAnAemnibpaon aypuwv Kal KAAALEPYOUUEVWY EL6WV (yLa mapadelypa HECW TNG
netadoong acBevelwv Kal tnv aviallayr yovidiwv). MExpL orUEPQ, OL TIEPLOCOTEPEG OPVNTIKEG
OUVETIELEG €xOouV TopatnpnBel oto umokeipevo Cnua, T.X. EUTPOPLOMOC, UTOELKA GALVOUEVQ,
uelwon ABadiwv, alhayn g Helo- kot pakpo-ravidag (Karakassis et al.,, 2000; Kalanzti and
Karakassis, 2006).

Itnv AvatoAwkr] Meooyelo, ol povadeg udatokaAAEpyelag AAUPOKLOU Kal TOutoUpog
Bplokovtal cuvnBwg og pnNXEC KL TIPOOTATEUOUEVEG TIEPLOXEC, KABWG KOl 0€ NUIKAELOTOUG KOATIOUG,
KATL TIOU MMOopel va €xel wC amoTtéAeopa UeEYAAUTEPO TEPIPBAANOVTIKO QVTIKTUTIO AOYW TNG
HELWHEVNC aVAVEWONG TOU VEPOU, amod OTL o€ povadeg o€ Tio ekteBelpévec meploxeg (Maldonado et
al., 2005). MapoAa autd eival yvwotd Mwe oL TEPBAANOVTIKEG EMUMTWOEL €€0pTWVTAL KAl OO
AaAAoUG TapAyovTeG, OMwCG eivatl yla apadelypa n udpoypadia tng meploxng, oL MEPPBANAOVIIKEC
ouvOnkeg (Beppokpacia k.a.) kat n maAippolakn pon (Duarte et al., 2019; Tsagkaraki et al., 2013).
ZUYKEKPLUEVA N LEYAAN €lopon avopyavwy Bpemtikwy (r.x. NH4+, NO3- and PO43- k.d.) aAAd kot
OPYOVIKWY EVWOEWV TIPOKOAEL EUMAOUTIONO TOGO oTo TEPIBAANOV vepO OO0 KOl OTO UTIOKELUEVO
inua (Stirling and Dey, 1990; Karakassis et al., 2001). IStaitepa ywo ta Ppwodoplkd Kal TNV
oppwvia, €xel BpeBel OTL maipvouv TIC PEYAAUTEPEG TIHEC TOUG AlYEC WPEC UETA TO TALOUA TWV
Papwv (Pitta et al., 1999; Karakassis et al., 2001). Mapd OpwWG, TN UEYAAN TOCOTNTA SLAAUUEVWV
Opentikwyv otolxelwv Tou amoppintovtat oto Baldcolo TeEPLBAAlOV KOvTA O€ HOVASEG
vbatokaAAiépyelag (amd Tt omoila TOUAdXLOTOV Ta Mlod €lval dpeoca Swabéopua yla Tto
duTomAayKTOV) cuxva v aviyvelLoOVTaL ONUAVTIKEG AAANAYEC OTNV CUYKEVTPWON TNG XAWPOPUAANC
otn otnAn tou vepou (Pitta et al., 1999; Karakassis et al., 2001) oUte otnv adBovia Tou miko-, vavo-
Kal uikpomAayktoUl (Pitta et al. 1999, 2005; Yucel-Gier et al. 2008) 4 Tnv MOWKWAOTNTA TOU
uikportAayktou (Pitta et al. 1999, Yucel-Gier et al. 2008).. Autdé noAaiotepa eixe amodobel oe
TePLBAANOVTIKOUG TOPAYOVTEG OTIWG N ypryopn Slaomopd Twv BpemTikwy Aoyw peupdtwy (Gowen
and Bradbury, 1987). MeAétn mou mpaypotonow|Bnke otnv AvatoAikry Meooyelo mo mpoodpata
OHwG, €xovrac otoxo va e&nynBel autd to datvopevo (n Asyopevn poilpa Twv «OPeEMTIKWV
davtaopdatwy»), £€8el€e OtTL N Bripeuon amo Ta MPWTLOTA TALEL CNUAVTIIKO POAO OTn puBULon NG
Bopalag tou dutomAayktoU, HeTAdEPOVTAC £TOL AMOTEAEOUATIKA TO OPEMTIKA OTA AVWTEPQA
TpodIkd eminmeda kal Statnpwvtag TNV YAwpodUAAn o€ oAU xaunAa enineda (Pitta et al., 2009).

Ol Maldonado et al. (2005) e€étacav tn CUYKEVTIPWON SLAAUUEVWY QVOPYOVWY BPETITIKWVY
ouclwv Kot tnv adBovia etepotpodwv Baktnpiwv TOCO 0TO £MIPAVELAKO VEPO 00O KOL OTO VEPO
Kovta oto BuBo os povadeg udatokaAALEPYELOG TTOU Bplokovtav o eKTEDELUEVEC TIEPLOXEG, KoL SV
Bprkav oucoLooTIKEG SLadopEG e TOUG oTaBpoUG eAéyxou. AVTIOETA, OL IEPLOCOTEPEG SLAKUUAVOELS
e€nynBnkav wg ouvaptnon tou Baboucg (emipavela évavtt tou Bubou) f tng emoxng (avolen Evavtt
Tou Kalokalplou). Mia dAAn peAétn mou e€€étaoce tnv emoxlakn Slakuuavon Kal TG Tmbaveg
OAANAETUOPACELS BAKTNPLOKWY KOl HLKPO-EUKOPUWTIKWY TIAQYKTOVIKWY KOWOTATWY O KO NUL-
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evtatikn vdatokaAAépyela AaBpakiol otn AipvoBbalacoa Ria de Aveiro (Moptoyalia) €6elée otL n
oUVBeon TwWV KOWOTATWV auTwv Tmapouciale emoxtakn Stakvpavon. OL KUpLoL TOPAYOVTEG Oo0V
adopa autr tnv dtakupoavon Ntav n Bepuokpaocia, n aAatotnTa Kot n dLabeoiudTNTA TWV VITPLKWV
oAatwv mou Stédepav avaloya pe tnv emoxn (Duarte et al, 2019). Eniong, n woxupn tPodIKn Kot
UETABOALK) OCUOXETION METALU TwV POKTNPLOKWY KOl MIKPO-EUKAPUWTWY KOLWOTATWY ToU
napatnpnbnke o€ aut Tt MEAETN UMopel va CUUPAAEL OTIC ETIOXLOKEG SLAKUUAVOELS TWV
KOLVOTNTwWV ota cuotrnuata udatokaAAlEpyelag (Duarte et al., 2019).

Ol aA\ayEg mou TpokaAoUvTal ota USATLVOL OLKOCUOTAUATO OE TIEPLOXEC OTIOU UTIAPXEL
vbatokaAAlepynTikn Spaoctnplotnta Adyw TtNG Slacmopd¢ ouclwv yupw amod Toug KAwPoug,
UMOpPOUV va XPNOLUEVOOUV Yyl TN HEAETN TNG QMOKPLONG TWV HLKPOPLAKWY TIAQYKTOVIKWVY
KOLVOTNTWV 0 AAAEC SLaTapaXEC, UTIO TO Tiplopa evog SuvapikoU meptBailovtog. Mia eEAETN yla
TG al\ayEG otnv oUVOEON TwV TTAOYKTOVIKWY KOWOTHTWYV WG OTMOKPLON OTOV E€UMAOUTIONO TOU
vepoU pe Bpentikd oe SU0 MePLOXEG (LE USATOKAAALEPYELECG KOl EKTEDELUEVEG OE HEYAAEC TAXUTNTEC
PEVUATWY) otnVv AvatoAlkry Meodyelo, £6el€e OTL MPWTOV 0 TUTIOG TOU CUOTHUATOC (M.X. TO TOCOo
oAlyotpodko elval) Kal oL UTIAPYXOUOCECG TIAQYKTOVLKEG KOWVOTNTEC OTNV MEPLOX UEAETNG Tailouv
ONUAVTIKO POAO OTIC AANAYEC HETA TOV EUMAOUTIOMO. AsUTEPOV, N UEAETN £8€L€E OTL N yVWon TNG
vdpoypadlag TNG TEPLOXNG Elval TTOAU ONUOVTLKA Yla TV avixveuon tng emidpacng mou umapxel
anod TIG USATOKAAALEPYELEG QKOUA KOL OV TIPOKELTAL Yla €va CUOTNUO HE KAAR avoveéwaon Tng
otAANG. Na mapddelypa otnv mepimtwon tn¢ A€oBou, N CUCCWPEUON TWV BPEMTIKWVY ATOV OPKETA
HOKPLA KAl KATAVTN TwV KAwPBWV KaL N amoOKpLon TOU TTAQYKTOU OTOV EUMAOUTIOUO BPEMTIKWY ATOV
TO €viovn €Kel. e WUEYAAEC QMOOTACEL MO TouG KAwPou¢ Twv Yapwwv (>80 upeétpa)
napatnpnbnke avénon tng adboviag Twv Bakinpiwv, vavo-pHACTYWIWY Kol HECO-{WOTIAQYKTOU,
pelwon twv Slatopwyv Kat avénon Twv peyaAutepwy Svopaotiywtwy Kal BAedapldwtwy. Me aAla
AOyLlO, TO HeYOAUTEPOU HEYEDOUC HKPO-{WOTAQYKTOV ETIKPATNOE KATAVIN TwV KAwPwv. Avavtn
TwV KAWBWV, n olvBeon Twv KOWOTATWV GAVNKE Vo ElVOL XOPAKTNPLOTIK TwV OALYOTPOPIKWV
ouvOnkwv NG TepLoxng to kaAokaipl, SnAadr oto UKpo-TIAAYKTOV KuplapxoUoav eyala Statoua
Kall LkpoOTEPa KUTTOPA Hkpo-{woTthayktou (Tsagkaraki et al., 2013).

1.5. IKOTOC TNC EPYAOLOC

ITOX0C TNG Mapoloag epyaciog eival n HEAETN TNG nUEPNOLag HeETABANTOTNTACG, Yo TPWTN dopd,
OAWV TWV HIKPORBLAKWY TAQYKTOVIKWY OHASWVY (TPOKOPUWTEC, EUKOPUWTEG, MUKNTEG, Ol) otnv
napaktia {wvn t™C¢ AvatoAwkn¢ Meooyeiou oe €va meplfallov Omou umapxel emnidpaon
vSatoKaAALEPYNTIKNG SpaotnplotnTag. Mo CUYKEKPLUEVA, UE TO TTEPAC TNG EPYACiaC OTOXEVOUUE
VaL QTaVINooUpE ota akoAouBa epwtipata: 1] Nowd eival n emidpaocn TNG OTYUAG TNG NUEPAC OTNV
TIOWKIAOTNTA TWV MUIKPOPLAKWY TIAQYKTOVIKWY OHAdwv; YTAPXOUV OTEAEXN TOU EMKpOATOUCAV
Kamowa. otypun; 2] Mowd eivat n enidpacn ¢ udatokaAAlepyntikng Spaotnplotntag otnv
TIOWKIAOTNTA TWV MLIKPOPLAKWY TIAQYKTOVIKWYV OHAdwv; YMAPXOUV OTEAEXN TOU £uvoouvtal N
ennpealovral apvnTka anod tnv vdatokaAAépyela; 3] MNMotég BLoTikéG (ouykEVTPpWOn XAwWPOPUAANC
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Kot ¢patodputivng) /Kot aBLloTKEC (CUYKEVTPWON OVOPYOVWY KOL OPYQAVIKWV BpeMTIKWY OAATWV)
TIAPAUETPOL EMNPEALOUV TIEPLOCOTEPO TNV CUVOEDH TWV UIKPOPLAKWY KOWVOTATWV Kal TIG SladopEg
HETAEL TOUC;

Ma tnv TMPOCEyylon TWV TAPANAVW EPWINUATWY, Tpaypotomowdnke avaiucn DNA
HETakwdIKomoinong og MoAAamAd delypata vepou amod mepBAANov USATOKAAALE pyELWV.

2. YAka kot M€Bodot

2. 1. 2uAAoyn SelypaTwv

Itnv mapovoa epyacio cuAEXBnkav Seiypata emipavelakol BaAacowvou vepol (1-2 pétpa
BaBog) amo meptBarlov vdatokaAAiepyelwv. Ta Seiypata cUAAEXBNKAV KATA TNV QTTOCTOAN TOU
EA.KE.O.E. ota mAaiowa tou Eupwmaikol mpoypappatog TAPAS (http://tapas-h2020.eu/) mou
nipaypatonoltionke tov lovvio tou 2017 otov BoupAld (ApyoAikog KoAmog) pe to Qkeavoypadikod

Tkadog “OIAIA”. Itnv neploxn tng detypatoAnyiog (Ewova 2.1.) avanmtUOOETOL EVTOTLKA EUTOPLKN
vdatokaAAlépyela TomoUpag Kot Aafpakiol Kol mopdyovial mavw amo 2.500 tévol Paplwv
€TNOlWG o0 TOANOUG MIKPOUG KAwPoUg. H emxeipnon akolouBel mpotuma ISO 14001,
GLOBALG.A.P., Fish from Greece and OHSAS 18001 kot €xet evraxBei wg Allocated Zone for
Aqguaculture.

Aslypata ouMAExBnkav amd SU0 otaBuolg evtog NG lwvng avamtuéng Twv
VOOTOKAAALEPYELWY. ZUYKEKPLUEVA, OE amodotaon Alywv HETPWV OO TOV MPWTIO oTOOUO UTRPXE
€vag KAwPO¢ (amod edw kat oto €€n¢ avadépetal wg OF: one farm), evw oe anmoéotacn Alywv HETpWV
a6 tov 6evltepo otabuo umnpxoav moAotl kKAwBol (amd €dw kat oto €€AG avadépetal wg MF:
multiple farms). EmutA£ov Seiypata cuUMEXBNnKav and évav Tpito otabuod paptupa mou Bplokotav
>1 YIAMOUETPO pakpld amd tou¢ KAwBoug (control: C), dnAadn ektoc tng lwvng avamtuéng twv
vbatokaAAlepyelwy. OL CUVTETAYUEVEG TwV oTaBuwv daivovtal otov MNivaka 2.1. kat otnv Elkova
2.1. amewkoviletal o XAptng He TG TEpLoXEG OewypatoAnyioag. Ztov kdBe otabuo Eylve
SelypatoAnyia oe tpelg SLadOPETIKEG OTIYUEG LEo otn HéEpa: 06:00 to mpwi (auth n otyun Ba
avadépetal w¢ morning), 14:00 to peonuépt (autn n otyun Ba avadpépetatl wg noon) kot 22:00 to
Bpadu (autn n otyun 6a avadépetal wg evening). H detypatoAnyia 6Toug TPEL 0TAOUOUC KOl OTLG
TPELC OTLWYHEG TNG NUEPOC eTAVAANPONKE TPEL CUVEXOUEVEC NUEPEC TIPOKELUEVOU var eAeYXOEeL N
emavaAnuotnta twv anoteAeopdatwy (29 kat 30 louviou kat 1 louAiou 2017, mou avadEpovtat
w¢ D1, D2 kat D3, avtiotolya).
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Ewkova 2.1. O xapTNG KAl Ol CUVTETAYMEVES TWV oTadbuwv SetypatoAnyiag.

Nivakag 2.1. Ou cuvtetayuéveg twv otabuwv dewypatoAnpiag C, OF, MF (i6ol yia kdBe otypn kot nuépa). H

OUYKEVTPWON TOU cwpatidlakol avBpaka kat alwtou (POC, PON), tng xAwpodUAng (Chl) kat datodutivng, Twv

dwodopikwv (PO4 3-), vitpikwv (NO2-) kot vitpwdwv (NO3-), appwviakwy (NH4+) kal mupttikwy (Si02) aAdTwy oToug

otaOuoug detypatoAnyiag.

Asiypa rewypapt rlewypadpik Hpépa  POC PON Chl daodutivn PO43- NO2- NO3 NH4+ Si02
KO MNKOG 0 mAdrog .

C morning 23.02473 37.45472 1 149.6 18.2 0.23 0.04 0.01 0 0.07 0.14 0.06
Cnoon 1 155.8 13.7 0.25 0.04 0 0 0.13 0.1 0.11

C evening 1 238.2 23.8 3.42 0.62 0 0.01 0.21 0.11 0.09
MF morning 23.02679 37.47132 1 272.8 42.2 0.52 0.15 0.02 0.01 0.37 0.69 0.06
MF noon 1 282.2 374 0.48 0.1 0.05 0.01 0.23 1.53 0.1
MF evening 1 282.2 37.4 0.96 0.37 0.03 0.02 0.28 1.24 0.12
OF morning 23.04813 37.4634 1 241.9 40.5 0.22 0.11 0.03 0.02 0.29 1.16 0.1
OF noon 1 222.7 28.2 1.69 0.52 0.01 0 0.18 0.23 0.09
OF evening 1 316.4 35.6 0.49 0.16 0 0.01 0.17 0.78 0.11
C morning 2 99.1 9.8 0.22 0.06 0.01 0 0.12 0.05 0.1
C noon 2 194.2 211 0.73 0.1 0 0.01 0.24 0.07 0.1

C evening 2 237 26 0.73 0.18 0.01 0.02 0.27 0.1 0.05
MF morning 2 153 194 0.58 0.11 0.02 0.02 0.25 0.55 0.13
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MF noon 2 202.6 29.4 0.84 0.17 0.02 0.02 0.22 0.7 0.09
MF evening 2 294.6 44.9 0.77 0.21 0.01 0.02 0.2 0.7 0.11
OF morning 2 230 30.8 0.61 0.19 0.04 0.01 0.24 1.09 0.14

OF noon 2 267.5 38.2 0.85 0.25 0.01 0.02 0.22 0.74 0.1
OF evening 2 312.9 50.2 0.83 0.22 0.01 0.02 0.39 0.82 0.1
C morning 3 111.4 11.8 0.33 0.06 0.01 0.05 0.2 0.04 0.07

Cnoon 3 170.9 21.5 0.36 0.1 0 0.06 0.2 0.04 0.05

C evening 3 157.2 16.4 0.38 0.1 0 0.06 0.31 0.08 0.03
MF morning 3 156.7 23.2 0.88 0.19 0.02 0.09 0.38 0.61 0.06

MF noon 3 265.4 35.2 1.13 0.37 0.04 0.06 1.46 1.45 0.08
MF evening 3 193.1 24.9 0.6 0.24 0.01 0.09 0.34 0.7 0.05
OF morning 3 200.9 32.9 0.65 0.25 0.02 0.07 0.42 0.7 0.09

OF noon 3 315.4 40.2 0.7 0.26 0.01 0.06 0.44 0.59 0.05
OF evening 3 382.4 55.5 0.98 0.48 0.03 0.04 0.27 1.28 0.04

Mpokelévou va PeAeTNOEL N MOKIAOTNTA TOU TILKO-, VOVO-, ULKPO-TIAQYKTOU KOl LECO-TIAAYKTOU UE
YEVETIKOUG Oeikteg, oUANEXBNKE veEPO amod toug poavadepBEvTeg oTaBUOUG. ZUYKEKPLUEVQ, VLA TN
oUAAOYI TOU TILKO-, VOVO- KL LLKPO-TIAAYKTOU £yLve Xprion ¢plaAwv Niskin koL otn cuvéxela, To vepo
uetadépbnke oe doxeia moAuebuleviou pe xapnAn nmukvotnta (low-density polyethylene) ta omola
glyav nponyoupévwe MAUBEL pLa popad He XOUNANRG TTEPLEKTIKOTNTAC USPOXAWPLKO 0EL Kot EeTTAUOEL
TPELG GOPEC UE ATILOVIOUEVO VEPO. AKoAouBnoe S1Bnaon tou vepol o€ TTOAUAVOPAKLIKEG LEMBPAVES
HE TEPLOTAATIKA aviAia uTO YaunAn mieon. Zuykekpluéva, mepimou 20 Altpa vepd &inBnBnkav
npwta oe Sixtu 200 um yla va amopakpuvBolv peydAol opyaviopol kat akoAoUBwc 1) oe
HeEUPBpaveg pe Olapetpo moOpou 20 UMyl TNV AMOUOVWON TOU MIKPO-TIAQyKTOU Kol 2)
o€ UEUPBPAVEC LE SLAUETPO MOPWV 5 KL 2 Um yLol TV OMOUOVWOoN TOU Vavo-TIAQYKToU (N OELpLlakn
xprnon twv 5 kat 2 um pepBpavwv eixe okomo tnv SteukdAuvon tng Stnbnong). Na tnv cuAloyn tou
TUKO-TIAQyKTOU TO TeAeutaio OuiBnua &inBrnbnke mepatépw 3) oe TMOAUEBEPOOUAPOVIKEG
HEUPBPAVEG HE SLAPETPO TOpoU 0,2 um. MNa OAeg auTEG TIG SInBRoELg Xpnolomolibnke avogeidbwto
ocvotnua 6nbnong amo atocdaAl Swapétpou 142 mm. Ma tn ouAloyr Tou HECO-{WOTAAYKTOU
Xpnotwuorno)Bnke TMAAYKTOVIKO Sixtu pe Stapetpo mopou 200 pum to omoio oupBnke kabeta. To
Sixtu eixe dtapetpo 0.57 pETpa Kal 0 AUTO ATAV TPOCAPTNUEVO EVa POOUETPO (mepimou 5 kKuPBika
HETpa vEPO SInBNBNKe oe kABe oupon). To dixtu EemAuBnke pe dinBnuévo oe 0,2 um BaAaoowvo
VEPO KAl CUYKEVTPpWONKE o€ PePBPAVES TTOPOU 2 um e Xprion avtAlag Kevou.
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JuvoAlka, mpogkupav 27 Selypata yio KAOe pio anod tig mopandavw KAAoelg pey£Eboug (6nA.
0,2 um, 2 kat 5 pm, 20 um Kkat 200 um, Mivakag 2.2.) and OmMou avaktnOnkav oL JUKPOPLAKEC
TIAOYKTOVIKEG KOLVOTNTEG ue tn Swadwkaocia mou Ba meplypadel mopakdtw. Ou peUPpAveC
amoBnkevtnkav otou -20°C oto Q/2 «DIAIA» kat petadépBnkav otouc -80°C éwc TnVv enesepyacia

TOUG 01O epyaotnplo MikpoPLakng OwkoAoyiag oto EA.KE.O.E.

Nivakag 2.2. Uvodn Twv Setypdtwv mou eAfddnoav (kAdaon peyéBoug, Tpomog cuAloyrg, yoviblo i meploxn mpog
oA amAaclaopd kot aAAnAoUxnon Kal avtLotoiXLon o€ MAQYKTOVIK opada).

KAdon pey€Boug

<0.2 pm 0,2-2 um 2-20 um 20-200 pm >200 um
Tponog XNULKA UTIEPOUYKEVTPWON kat  &énon oe 6ubnon oe OuRbnon oe olpon
oulAloyng Suibnon moAueBepoouldovik  TOAUKapBOVIK  TIOAUKOPBOVL  TTAQYKTOVLKO
Selyparog N LeuBpavn 0,2 um €C MepPpaveg KR peuPpdavn U Sxtuou
5kat2 pm 20 um 200 pm
Emleypévo  DNApol, 20, g23, vPHO 1) 16S rRNA 1) 16S rRNA 1) 165 rRNA 1) 165 rRNA
yovidio ]
nepoxn
npog
aAAnAoUxno
n
2) 18S rRNA 2) 185 rRNA 2) 18S rRNA 2) 185 rRNA
3) ITS1-ITS2 3) ITS1-ITS2 3) ITS1-ITS2
T ot 1) mpokopuwteg oe 1) TPOKOPUWTEG TPOOKOAANMEVOL O >2 um
neptAappav "eelBepn" popdn owpatidla
€701 OE KAOE
KAdon
puey€Boug
2) TIKO-EUKAPLUWTEG  2) vavo-  2) MKpo-  2) HECO-
EUKAPUWTEG EUKAPUWTEG EUKOAPUWTEG

3) uiknteg eite oe "eAeuBepn" popdn eite
T(POOKOAANMEVOL OE >2 UM cwatidLa

2.2. AUon KUTTAPWYV, EKYUALON Kol KOOapLopnocg YEVETIKOU UALKOU

Mpayupatomolndnke ekYUALON TOU OALKOU yeVveTlkoU UAWKoU (DNA) amo OAeg TG pepBpaveg
Xpnotuomnowwvtag eva tponornotnpévo CTAB mpwtokoAo (Winnepenninckx et al., 1993; Hingamp et
al. 2013). Apxwikd mpayupatomolnbnke mapoaokeuy tou pubulotikov StaAvpoato¢ CTAB oe
umtepkdBapo vepod ([2% CTAB (BpwutoUxo ketuAotplueBulappwvio), 100 mM TrisHCI (pH = 8), 20
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mM EDTA, 1.4 M NaCl, 0,2% B-pepkarttoat®avohn, 0.1 mg mL* mpwrteivdon K, 10 mM DTT
(816e100peitdn), Nivakag 2.3.] pe avadeuon os payvnTikh TAdKa Kat Ao Béppavon (<50°C). Itn
OUVEXELQ, €ylVe AUON TWV KUTTAPWV HE EMwaAoN TwV HEUBpavwy oto dtahuvpa CTAB otoug 58-60°C
Kal Tieplotpodr He ToxuTnTa mepimov pia otpodnr/Séka deutepodenta yio SUo wpeg. H emhoyn
TOU €V AOyw MPwTokOAou £yive yvwpilovtag nwg to CTAB mpokalel tn AUon Twv HeEUBpavwy Twv
KUTTAPWY, EVW TAUTOXPOVO QTIOUAKPUVEL TOUG TIOAUCOKXAPITEG Kal Seutepoyevelq HeTAPOALTES
(ouoieg mou av 6ev amopakpuvBouv umnopel va avaoteihouv tn Stadikacia tng PCR peténetta). H
B-uepkanrtoalBavoln petouclwvel T RNdaoeg, n mpwrteivaon K mEMTEL TIC MPWTEIVEG, evw N
618e100peitoAn mailel BondBNTKO poAo otnv amodldtaln Twv MpwTelvwv. MEeTA TO TEPAC TNG
EMWAONG, €YWve MPoodnkn StoAvpatog xYAwpodopuiou/1coapUALKAC aAKOOANG (24:1) os (oo Oyko
HE TOV OYKo tou Oelypartog umd Avon (mepimou 10 mL). Zkomdg NG MPooONKNg QUTAC ATAV N
QIMOMAKPUVON TWV OPYAVIKWV OTolXelwv Tou mpogkupav amd tnv AUCn Twv KUTTApwv (yla
napadelypa, Autidia, vdatdvOpakes, oToXEld TWV HEUPPOAVWV KOL TOLXWHATWV) OTNV AEYOUEVN
«opyavikn $pacn» Kol TNG AMOUOVWONG TOU YEVETIKOU UALKOU otnv Aeyopevn «uddativn daon»
(umepkeipevn). O SlaxwpPLOPOC Twv PAcEwV EyLve e puyokévipnon Twv dlaidiwv otig 8000 rpm
yla 20 Aemta otoug 10°C. Metd amod tnv duyokévipnon, n vdatvn ¢aon petadépbnke oe véo
dLaAidio pe Wlaitepn mpoooyn wote va mpootateuBel to yupvo DNA. 2to véo dLaAidlo mpootédnke
kaBoapr LoompomnavoAn og 0yko 2/3 Tou Oykou Tou SelylaTog. ZKOTOG AUTHG TNG PocBnkng NTav n
katakpriuvion tou DNA. Mo TNV OmOTEAECUATIKOTEPN KOTAKPAMVION, Ta Selypata mapéuevay
otou¢ 4°C yla 6An tn voxta. Tnv emopevn pépa akohovBnoe puyokévipnon otig 8000 rpm yia 25
Aentd otoug 4°C, mpokelwévou va SnuoupynBel n meAéta (ilnua) tou DNA. Itnv meléta
npootednke SLaAupa aBavoAng (76%) kot o§ikou appwviouv (10 mM) og dyko 2 ml kat To StaAupa
duyokevtpnOnke otig 8000 rpm yla 25 Aemtd otoug 4°C. ITIC MEPUTTWOELG OTIOU N MeAETa Sev ATav
0pOTr HE TO YUMVO paty, n dtadikaoia tng kKatakprnuviong enavaAndinke yio va BeBaiwbolpe otL
Sev elxape anwAeia DNA. Me 1o mépag tng Stadikaociag, n meAéta tou DNA napépewve otoug 37°C
yla mepimov 1 wpa €wg otou efatulotel MARPWG N UTIOAEOPEVN aBavoAn. Ztnv &npn meAéta
npootednkav 100-200 plL untepkaBapo vepd wote va emavadlalutornownBei to DNA.

H ekxUAlon tou OALKOU YEVETIKOU UALKOU armod Toug Loug Sev mpaypatonolibnke otnv moapovoa
epyaocia, evw xpnotpornottnke S1adopeTIKO TPWTOKOAAO.

H moootnta kat moitdtnta tou DNA mou ekyxuAiotnke mpoodlopiotnke pe GWTOUETPO
NanoDrop (ND-100, Thermo Scientific). 2tn ouvéxela, ta Seiypata amobnkevtnkav otoug -20°C.
KaB’ 6An tn Sdwadkaoia, popoloape yavtla e OKOTO TNV MPOOTACLA TNG VYElAg Hag armo ToSka
XNHULKA StoAUpata kaBwg kot tnv anodpuyn MPOAUVONG Twv SElyUATWY TOOO PETAEU TOUG 600 Kal
HE To MAnoiov meptBaiiov.

22



Nivakag 2.3. Juvtayr dtaAbpoatog CTAB 2% (oL ToooTNTEG avtiotolyoUv o€ Oyko StalUpatog 100 ml). Ta cuoTATIKA HE
* avtiotolyouv og 10 ml deiyparog, kabwg tonobetouvtav os kaBe pLaiidio Eexwplota.

ZUOTATIKA Noocotnta TeAkn cuykévipwon
CTAB 2gr 2% w/v
Tris-HCI 1 M, Ph 8 10 ml 100 mM
EDTA0.5M, Ph 8 4 ml 20 mM
NaCl5 M 28 ml 1.4M
B-pepkamtoalBavoln e TTOOOTNTEG KAL CUYKEVIPWOELG 20 pl* 0,2%
npwteivéon K 100ul* 0.1 mgmL*

DTT 100ul* 10 mM
YriepkdBapo vepd 54 ml

Itnv Ewova 2.2. mapouaotaletal €va evOeIKTIKO amotéAeopa ekxUALong DNA ano to deiypa D2, OF
evening (2 kat 5 um). H moootnta tou DNA 1ou ekXUALOTNKE OO TO OUYKEKPLUEVO Selypa elvat
153,1 ng/ul pe Adyo 260/280 nm 2,06. N'vwpiloupe mwg o Aoyog 260/280 avTTpOoWTEVEL TO UKOG
KOPOTOG Omou amoppodd to DNA (260 nm) mpog TO WNAKOG KUMATOG Omou amoppodouv ol
MPpWTEiveg (280 nm), cuvenwg anoteAel éva PETpo TG kaBapotntag tou DNA. Oco o Adyog auTog
mMAnolael tnv TR 2, téco Mo kaBapd DNA €xel ekxuAlotel. Ma TO OUYKEKPLUEVO Oelyua,
CUUTEPAVOLLE AOUTOV WE TOCO N TTOCOTNTA 000 Kal N moldtnta tou DNA Tou ATOV LKAVOTIOLNTIKEC.

Mensurement 6722020 411 py
complity

[Detault

230 1630

Ewova 2.2. Ta anoteAéopata thg ekxUALong DNA, onwg mpoékuav amd to 6pyavo petpnong (NanoDrop™ 100
Spectrophotometer).

2.3. NoAAanAaclacpnoc yovidiwv péow tnc AAuotdwtnc Avtidpaonc NMoAvuepaonc
PCR

IKOTOG TNG epyaciag ATav va ekTUNOel N MOWKIAOGTNTA TOU TIKO-, VOVO- KOL ULKPO-TIAQYKTOU HE
YEVETIKOUG SelkteC. Na autd To oKomo, eTAEXONKaV yovidla e61KA yla KABe MAQYKTOVLIK opdda
KOl ayOpAOTNKOV Ol AVTLOTOLXOL EKKLVNTEC TwV yovidiwv. MNa tov moAAamAaclacpud twy yovidiwv
xpnotwuorounke éva mpwtokoAo PCR o otadiwv.

23



Ta yovibla mou emAéxBnkav yla va XapoKTNPLloTEL N TOWKIWAOTNTA TOU HIKpoBLakou
mAayktoU ota delypata cuvoyilovtal otov MNivaka 2.2. kal Atav Ta akoAlouba:

1) to yovibio 16S rRNA kol ouykekpluéva n meploxy tou V3-V4 yla v avixveuon twv
TiPoKApUWTWV (Baktrpla kat Apxaia) toco otnv kKAdon peyéBoug 0,2-2 um (mepAapBavel Toug
Aeyopevoug «eAeUBEPOUGY TIPOKAPUWTEG) OGO Kal OoTnV KAAon HeyéBoug >2 um (meplhapPavel
TOUG AEYOEVOUC TIPOKAPUWTEG TIPOOKOAANUEVOUG O cwaTidLa)

2) to yoviélo 18S rRNA kol CUYKEKPLUEVA N TIEPLOXN TOU VI yla TNV avixveuon TwV EVKOPUWTWV O
OAeG TG KAAoEeLG peyéBouc: 0,2-2 um (reptAapBAaveL To AEYOUEVO EUKAPUWTLKO TILKO-TIAQYKTOV), 2-
20 um (mepthapBavel to vavo-mAayktov), 20-200 um (rmeptAapBAVEL TO HIKPO-TIAQYKTOV) Kot >200
um (repAapBAVEL TO HECO-TIAQYKTOV)

3) uépog tng meploxng ITS tou rRNA omepoviou yla TNV QVIXVEUON TWV HUKATWV OTI KAQOELG
Hey€Boug 2-20 um, 20-200 um kot >200 pm.

Ztov Mivaka 2.2. mapouotalovtal Kal T yovidia mou emAEXONKaV yla TOV EVIOTIOUO TWV UKWV
opadwv mou opwe dev oculntiovvral Mepaltépw, kKabwg n dtadikacia moAAamAactacpol toug ev
ATV EMTUXNUEVN.

Jtnv mpwtn avtiépaon PCR, to €KAOTOTE YyoViSlL0-0TOXOC TOAAAMAOGLACTNKE HE TOUG
€161KOUC EKKLVNTEC (Ta {elyn TWV EKKLVNTWV KaBWG Kal TANPodopieg OXeTIKA pe TNV aAAnAouxia
TOUG KOlL TO AVOUEVOUEVO LEYEDOG Tou mpoiovtog mapatiBevral otov MNivaka 2.3.). H mpwtn autn
avtidpaon ywa ta yovidia 16S rRNA kat 18S rRNA mepleixe 1o unootpwua DNA, tOo pubuLoTiko
StaAupa ¢ PCR (5X) pe pelypa voukAeotidiwv (ANTPs, 10 mM) kat MgCI2 (25 mM) amnd to KAPA
Hifi PCR kit, Toug avtiotolyoug yla kaBe yovidlo epunpodoBloug kat onioBloug ekkivnteg (10 uM) kat
Kapa Taqg DNA moAupepdon uPnAng akpiBeiag (1U/ul). Ta otdadia tou mpwtokoAlou tng PCR mou
xpnoworowtnke ya to 165 rRNA yovidio Atav: 95 °C yia 5 min, akohoUBwg 26 kUKAoL otoug 98 °C
yla 20s, 57 °C yia 2 min, 72 °C ywa 1 min, kat téAog 72 °C yia 7 min. T oTtdSta Tou mTpwTtokOAAOU TG
PCR mou xpnowuorno}dnke yia to 18S rRNA yovidio Atav: 95 °C ywa 5 min, akohovBw¢ 30 kUKAoL
otouc 98 °C yia 20s, 63 °C yia 90s, 72 °C yia 90s, kot TéAhog 72 °C yia 10 min.

MNa tnv neploxn ITS1-ITS2, to mpwtokoAAo TpomomnolBnke kal KATéEAnEe UETA amod MOAAEG
OoKIEG va elval we €€Ng: H avtibpaon mepleixe 1o umodotpwua DNA, to pubuLoTikd StaAupa tng
PCR (Buffer A 10X with MgCl2) amno to FastGene® Taq DNA PCR kit, pelypa voukAeotibiwv (dNTPs,
10mM) amoé to KAPA Hifi PCR kit, Toug avtiotolyouc yla kaBe yovidio epunpooBloug kat omioBloug
eKKIVNTEC (1OUM) Kat FastGene® DNA moAupepadon (5U/ul). Ta otddia tou mpwtokdAAou t¢ PCR
TIOU XpNoLpomotiBnke yia tnv reptoxr ITS1-1TS2 Atav: 95 °C yia 5 min, akoAoUBwE 35 KUKAOL OTOUC
95 °C yia 30s, 52 °C yta 30s, 68 °C yia 30s, kot téAog 68 °C yia 10 min.

Nivakag 2.3. NAnpodopleg yla Toug EKKLVNTEC TTOU XpnoLpomoLonkav yia to kabe yovidlo.
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. ‘Ovopa e yer MéyeBog , ,
FEVETIKOG TOTIOG exKVNTA AMnAovuyia (5’ - 3%) TPOIBVTOC BiBAloypadikr avadopd
TCGTCGGCAGCGTCAGATGTG
341F1 TATAAGAGACAGCCTACGGGN
16S rRNA GGLWGCAG 450-500 bp Klindworth et al., 2013
GTCTCGTGGGCTCGGAGATGT
805RB1 GTATAAGAGACAGGACTACNV
GGGTATCTAATCC
TCGTCGGCAGCGTCAGATGTG
1380f TATAAGAGACAGCCCTGCCHTT
TGTACACA
18S rRNA GTACACAC 180-250 bp Amaral-Zettler et al., 2009
GTCTCGTGGGCTCGGAGATGT
1510r GTATAAGAGACAGCCTTCYGC
AGGTTCACCTAC
ITS1-F CTTGGTCATTTAGAGGAAGTA
ITS1-1TS2 A 300-400 bp Wang et al., 2018
ITS2-(R) GCTGCGTTCTTCATCGATGC

Ocov adopa ta OSeiypata mou eixav Alyootd DNA nr/kat moAloug mapeupmodiotég PCR
xpnowomnownke n texvikn tng nested PCR katd tnv omoia yivetal apxikd MOAAAMAQCLAOUOC TOU
eMBUUNTOU YOVISioU HE TOUG QVTIOTOLYOUG EKKLVNTEC KOL OTN OCUVEXELM TO TIPOIOV QUTNG TNG
avtibpaong XpnOoLUOTIOLETAL WG UTIOOTPWHA yla TNV €MOUEVN aviidpaon. To MPWTOKOAAO Tou
akoAouBnBnke otnv nested PCR Atav to 810 pe To apyLko yla to KaBe yovidlo.

H 6eUtepn avtibpaon PCR €ywve pe ekklvntéG mou mepAapBavouv toug SelKTEC KAl TOUG
ouvdéteg lllumina, wote to KABe Selypa va AMOKTHOEL Evav HOVOSIKO KwSIKO Kal va UTTopEL va
ovayvwpLoTel ota otadla mou akoAouBouv peta tnv aAAnAouxnon. H avtipaon auth nepleiyxe wg
untéotpwia To Kabaplopévo mpoidv tng mpwtng PCR, to puBulotikd StdAupa tng PCR (5X) ue
pelypna voukAeotdiwv (dNTPs, 10mM) am6é to KAPA Hifi PCR kit, epnmpocBloug kat omicBloug
eKKIVNTEG (10uM) kat Kapa Tag DNA moAupepacn uvgnAng akpifeiag (1U/ul). Ta otadia tou
npwtokdAou t¢ PCR mou xpnotponotiBnke Atav: 98 °C ywa 3min, akohoVBw 8 kUKAoL otoug 98
°C ywa 30s, 55 °C yta 30s, 72 °C yia 30s, kot téAog 72 °C yia 5 min.

Ma tov €AeyXo TOU QMOTEAECUATOC TNG TMPWTNG avtibpaong kal avefdptnta amd To
TIPWTOKOAAO, €ywve nAektpoddpnon pe 4 pl and to mpoidv tng PCR ywa 35 Aemtta ota 90 volt oe
nAkTwpa ayapolng 1-1.5%, to onoio mepleixe 3.5 pl Bpwuiovxo aBidio. To Bpwutovxo aBidio
xpnowlomowtnke Kabwg £XeL TNV LKAVOTNTA va cuvdéetal pe ta popta DNA kal va ¢pBopilel os
urtepltwdn aktwvoPolia, divovtag tn duvatotnta va eKTUNOEl OMTIKA N ATMOTEAECUATIKOTNTA TNG
PCR. To miktwpa ayopolng dwrtoypadlotav unod uneplwdn ¢wtiopd pe to DNA va eudaviletal
o€ MOPTOKAAL {WVEG KOL TNV TOCOTNTA TOUu va €lval avaloyn Tng €viaong TOU XPWHOTOC TwV
{wvwv. MNa va eleyxBel av eixe moAamAaoclaotel To emBUUNTO yovidlo €ywve ouykplon e 2,5 ul
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beiktn poplakwyv peyebwv (ladder Nippon Genetics, pe Stakpitég {wveg peyéBoug 200-600 bp) kata
™ Sdpkela tnG nAektpododpnonc. MNa tov €Aeyxo Tou amoteAéopatog tng SeUtepng avtidpaong,
€ywe nAektpodopnon kol emefepyacio Twv €lkOVwY PE 2,5 pl amd to mpoidv g PCR omwg
TIEPLYPAPNKE TTAPATIAVW.

2.4. KaBaplopuoc twv npoioviwyv the PCR

Npostowaocia

Mo tov kabaplopd Twv mpoioviwy Tng PCR xpnouonowndnkav payvntika opatpidia AMPure XP. Ta
odapidla kat n atbavoAn mou nepthapBavel To MPwWTokoA o adrvovtav ektog Puyeiov womou va
€pBouv og Beppokpacio Swuatiov mpotoL xpnaotomnonouv.

Awodikaoia

Ma tnv dtadikacio kabBaplopol Twv mpoiovtwy tng PCR apxlkad €ylve avAdELON TWV HAYyVNTIKWY
odapdiwv AMPure XP yia niepinou 30 eutepoAemnta o€ Bepokpaoia SWHATIOU KAl 0T GUVEXELA
HE TN XPron TOAUTIIETAC TIPOOTEDNKE KATAAANAOG OYKOG odalpldiwv oe KABe PpedTLo TNG MAAKAC
PCR mou nepleixe delypa. O dykog untoAoyiotnke wg 0.9 pl emi tou dykou tou kaBe Selypatog yla va
amopakpuvBouv mapanpoiovta tng PCR pe HeyoAUTEPO 1) UIKPOTEPO UEYEBOC amod To emBUUNTO
yovidlo. AkoAoUBwg, mpaypatomnotfnke avadeuon Twv SEYUATWY UE TO HOyVNTIKA odapidla pe
TNV TIOAUTUWETA, WOTIOU va opoyevormolnBel to Seiypa. Adol esnwaotnkav ta delypata o€
Bepuokpacia dwpatiov xwplc avakivnon ywa 5 Aemtd, n mAaka PCR tomoBetnBnke oe €ldikn
HayvNnTIKA Bacn ywo 2 Aemtd | pEXPL TO UMEPKEiIPEVO va eival dlauyéc. e auto to PBrua, ta
HayvnTika odoatpidia €xouv deopevoel to DNA Kal TPooKOAAWVTAL OTOUC POyVATEC TNG LAYVNTLKAG
mAAkag. Evw n mAdakoa PCR Bplokotav akOun otn poyvnTikn Baon, To unepkeipevo adalpednke pe
™ Xxpnon moAurumeétac. Katomy, pe tnv mAdkae PCR  akoun otn payvntikn Baon,
nipaypatonoiOnke kabaplopodg twv opatptdiwv pe tnv mpoodrkn 200 pl abavoing 80% oe kAOe
dpeartio nou nepleixe delypa. AkoholBnoe enwaocn t¢ mAakag PCR otn payvntikn Baon yua 30
SeUTEPOAETTA KOIL OTN CUVEXELQ TO UTIEPKEIUEVO adalpéBnke kal amoppidpOnke. H Stadikaocia tou
KaBaplopou pe atbavodn emavaAndOnke Suo popéc. H mAdka PCR mapépelve otn payvntikny Baon
€wg Otou efatulotel mMARpwg n aBavoln (mepimou yia 10 Aemtd), petd adoalpednke amd n
HayvnTikn Baon kot téAog mpootéOnkav 25 ul vepou PCR oe kdBe dpedtio mou mepleixe delyua.
‘Etol, 1o mpoidv ¢ PCR emavawwpnOnke pe Ama avadevon pe xprion moAurunétag. AkoAoubnoe
enwaon og Bepuokpacio Swpatiov yla 2 AEmTa Kal n AAKa TonoBetOnke otn payvntiky Baon ek
VEOU yLa 2 AemTa 1 HEXPL TO UTIEPKELUEVO va glval SlauyEC. Me T Xprion TOAUTILTETOC TO KaBapo
TIAEOV UTTEPKEIPEVO LETAPEPONKE TIPOCEKTIKA o€ pia véa TAdka PCR.

2.5. Nocotwkontoinon DNA kat npostopocia BLBALOONKWV
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Metd Tov KaBaplopo Twv mpoidvtwy the Seltepng avtidpaong PCR, moootikomnotjBnke to DNA e
™ xprion $BopLopeTpou Qubit™ 4 Fluorometer. Tkomdg AUTAS TN 0KPLBOUC TIOCOTIKOMOINONC HTAV
VA UTIOAOYLOTEL N TtoootnTa Tou KABe Seiypatog mou Ba mpémel va mpooteBel otnv BLBALOORKN
wote 1o KABe OSelypa va ouvelodépel oomooa otnv PBiBAodnkn. MNa TNV mMocoTKomoinon
xpnotporowibnke to Qubit™ dsDNA HS Assay Kit (Invitrogen, Thermo Fisher Scientific) ko
akoAouBnBnke n Stadikaoia cuudwWVA HE TG 08NYLEC TOU KATAOKEVAOTH).

JUVoAkd, &nuoupyndnkav Tpelg PBLBALOBNRKeG: n mMpwtn TMePLElxe ta  aviiypada Twv
yoviSiwv 16S rRNA, n deUtepn ta avtiypada twv yovidiwv 18s rRNA kat n tpitn ta avtiypada tng
nepoxng ITS1-ITS2. H aAAnAouxnon mpaypoatomnow|Bnke otnv mAatdopua lllumina MiSeq oto
EA.KE.O.E. KpAtng.

2.6. BlomAnpodopikn enefepyaoio Twv npoioviwv aAAnAouxnonc

H BlomAnpodopikr eneepyacia Twv mpoiovtwv aAAnAolxLong mpaypotonol)tnke péow tng PEMA
v. 2.1.4 (Zafeiropoulos et al., 2020), mou eivat StaBéoun otn cuotolkia UToAoyLoTwWV UYPNAAG
urtoAoylotikng anddoong HPC Zorbas (mapéxetal and to |.OA.B.B.YK., EA.KE.O.E., Zafeiropoulos et
al., 2021, https://hpc.hcmr.gr).

Epyaleia/epapuoyeg onwe ta QIIME 2 (Boylen et al., 2019), SLIM (Dufresne et al., 2019), OBI TOOLS
https://git.metabarcoding.org/obitools/obitools/-/wikis/home), Ba pnopovoav umo

nipoumnoBéoelg/cuvSLaoTikA va xpnowlomolnBouv emiong yla PlomAnpodopikn enetepyacia twv
npoiovtwyv aAAnAouxiong. To yeyovog otL n por epyaciag PEMA umnootnpilet tTnv BlomAnpodoptkn
avaluon OAwvV Twv yovidiwv «poptupwv» (marker genes) mou oavaAlOnKav TEPAUOTIKO
ouvetéAleoe otnv enhoyn TnG. H apeon dtabBeowodtnta tng pong epyaciac (cupnepAappovouévwy
OAWV TWV amapaitnTwy TPLTwV MAKETWY AOYLOULKOU) CUVETEAECAV ETILONG O€ AUTA TNV EMLAOY).

OL akatépyaoteg avayvwoelg (opbn kat avaoctpodn) tou yovidiou 16S rRNA yla kdBe delypa
enegepyaoTnkav HE TN xprnon tou trimmomatic (v.0.38) (Bolger et al., 2014). Ot aAAnAouyieg Twv
6U0 akpwv oxnuotiotnkav pe T Xpnon tou alyoplBuou PANDAseq (v. 2.11), pe elayiotn
emukaAuvPn ¢ opbNG Kal avaotpodng avayvwong Kabe delypatog oplopévn ota 5 voukAeotidia
yla 1o yovidlo 16S, ota 20 voukAeotidla yiwa to yovidio 18S kat ota 10 voukAeotibia yla tnv
nieploxn ITS1-ITS2. Moévo aAAnAouxieg ue UAkog meplocotepo amd 150 voukAeoTidia kpatrhBnkav
yla mepattépw avaivoelg. H opadomnoinon o puAotunoug (Operational taxonomic Units, OTUs),
Tou eiyav opolotnTa aAAnAouyiac 98%, mpaypatonolnonke pe tn xprion tou aiyopibuouv VSEARCH
(v2.9.1) yia ta 16S kat 18S, kat pe tov aAyoptOpo SWARM (v2) (Mahé et al., 2015) yia tnv neploxn
ITS1-ITS2. Ot aAAnAouyieg xipalpeg adalpednkav ite pe tov alyoplOuo VSEARCH (v2.9.1.) eite pe
Tov aAyoplBpo UCHIME_DENOVO3 (UUKNTEG). Z& OAEC TIC TTEPLTTWOELG, N TAELVOULKN TOUTOTOLNON
Twv OTUs €ywve pe tn xprion tou aiyoptBuou CREST (version 3.0) kat tn Baon dedopuévwy Silva_132
(mpokapuwtec), PR2 (eukapuwteg) kat PR2 kat MIDORI version 2 (noknteg) (Nivakag 2.4.). TEAog, o
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oplOuog twv OTUs yila kaBe delypa Kal n TaflVOpLK TOUG avAAuchn evowpatwdnkav os €vav
niivaka OTU. O mpokUTtwy mivakag OTU xpnolpomoL)nkKe ylo TEPALTEPW OTATIOTIKEG AVAAUCELG.

Nivakag 2.4. MAnpodopieg yia T Bacelg deSopévwv OV XpNOLUOTIOLONKAV yLa TNV TAEVOULKH TOUTOTOLNGN TWV

OTUs.
Bdon Asbopévwv Tafwoutkn
(ékdoon) opasda lotoceAiba BiBAoypadia
SILVA (132) MPOoKOPUWTEG https://www.arb-silva.de/ https://doi.org/10.1093/nar/gkt1209
PR2 (4.14.0) Eukapuwteg https://pr2-database.org/ DOI: 10.1111/1755-0998.13465
http://reference- https://doi.org/10.1038/sdata.2017.2
MIDORI 2 MUKNTEG midori.info/index.html 7

2.7. ITATIOTIKN ENEEEpYOOLO

‘Eywve avaAuon kUpLwv cuviotwowv (principal coordinate analysis, PCO) yia tnv opadomnoinon twv
6ebopévwy. H Umapén onuavtikwv Oladopwv OTIG HLIKPOPLAKEG KOLVOTNTEC QAVAUECH OTOUC
otaBuoug SeypatoAnyiag eAéyxBnke edapuolovtog MOAUTIAPAYOVTLIK avaAucn SlakUUovong
(PERMANOVA) XxpnOoLLoTolwvToG ToV SLaxwpLoTikd mapayovta «udatokaAAlepyela» xoviag dU0
enineda: kaBoAou vdatokaAAiépyetla (C)  vdatokaAAiepyeta (FARM: OF kat MF padl) kat «otiyun
™G NUEpPAG» £xovrtag tpla emimeda (morning, noon, evening). Emiong xpnolpomolOnke kot o
TIaPAyoVTaC «TUTOC LSaTOKaAALEPYELag» e Tpla emineda (C, OF, MF) kat nuépa emavainng (D1,
D2, D3). H unéevikr undBeon Atav otL Sev umtapyxouv Stadopeg. Ta MAEYHATA OVOUOLOTNTAC TUTIOU
Bray-Curtis  umoAoylotnkav  XpnoLLOTOWWVTIAG  HETACXNUATIOMEVA  PBloloyka  Sebopéva
(tetpaywviky  pila) kot ot  EukAeibele¢ amootdcel UTOAOYIiOTNKAV — XPNOLLOTIOLWVTAG
kavovikomounpéva afotika dedopéva (Clarke and Ainsworth 1993). O éAeyxog uTtoBEcEwV €yLVE e
999 petaBEoelg Kot yla T SoKES ava {evyn xpnolponolndnke to eninedo onuaviikotntag 0.05.
EmutAéov avaAuon éywve (redundancy analysis, RDA) yia va eAeyxBet av n Swakvpavon twv
Boloylkwv bebopévwv €€nynbnke amo ta aflotikd Sedopéva (CUYKEVTPWON BpEMTIKWY Kol
¥AwPodUAANG). Ot avaAUoelg Eyvav He To AoyLlopiko makéto PRIMER v6 (PRIMER-E Ltd, Plymouth
Marine Laboratory, Natural Environmental Research Council, UK) pe mpdobeto Aoylopikd
PERMANOVA + (Anderson et al., 2008).

3. AtoteAéopata

3. 1. MPOKAPUWTEC
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3.1.1. EAsUOgpOL MPOKAPUWTEG

Metd Vv adaipeon Twv delypdtwy apvntikou gAéyxou (blanks), o TeAkog mivakag OTUs yla Toug
eAelBepouc mpokapuwteg mepleAdppave 815.242 aAAnAouxieg mou HETA TNV enefepyacio TOUG
anédwoav 4.101 OTUs. O aptBudg aAAnAouxiwv ava deiypa kupatvotav anod 2.863 (D2 C noon)
€w¢ 70.187 (D2 OF evening), ue katd péco 0po 30.194 aAAnAouxieg ava Seiypa.

Nivakag 3.1. Asiktng opoloyévelag (J Pielou) kat motkidotntag (H Shannon-Wiener) yla tnv kowvotnta twv eAebBepwv
TIPOKOPUWTWYV KoL TWV TIPOKAPUWTWY TIOU €lval TPookKoAAnuévol oe cwpatidia pe Baon ta Sedopéva yla Tn OTLYUA TNG
nuépag (morning, noon, evening) kat tov TUno t¢ udatokalépyetag (Control, OF, MF). Ot Tiuég mpogkuay amnod tov
MECO OPO TWV TPLWV NUEPWV SelypatoAniag.

MNpokapuwTteg TPOoKOAANUEVOL OE
EAc0OepoL MPOKAPUWTEG ocwuatidio
J Pielou &¢iktng H Shannon-Wiener J Pielou &¢iktng H Shannon-Wiener
opaAdTHTAG Seiktng moIAOTNTOG opaAoTnTAG Seiktng mokIAoTNTOG

C morning 0.9 5.7 0.9 53
C noon 0.9 5.0 0.9 5.6

C evening 0.9 5.8 0.9 5.2
OF morning 0.9 5.6 0.9 5.4
OF noon 0.9 5.9 0.9 53
OF evening 0.9 6.0 0.8 53
MF morning 0.9 6.3 0.9 5.1
MF noon 0.9 6.1 0.9 5.6
MF evening 0.9 6.2 0.9 5.1

O beiktng MpoKAPUWTIKNAG opoloyévelag Pielou dev mapouoiace Sladopég petall Twv otabuwv
SewypatoAnyiag (C, OF, MF) 1| petal tng oTyung tng nuépag (morning, noon, evening) Kat Atav
niepimou 0.9 oe 0Aeg TI¢ neputtwoelg (Mivakag 3.1.). AvtiBétwg, o deiktng mokiAdtntag Shannon
mapoucoiace pla taon avénong amo tov otabud C mpog toug otabuoug MF (Mivakag 3.1.) pe
HEylotn T 6.3 otoug otabuoug MF morning. Ta amoteAéopata tng avaluong PERMANOVA
€belav oOtL oto taflvoulkd emninedo tou €iboug, n emibpacn tng vSATOKAAALEPYELAG TIPOKAAEDE
ONUAVTIKEG OSladopég ota MPOTUTIA TNG TIPOKAPUWTLKAG kowotntag (Pseudo-F=4.59, p<0,05),
mapopola pe tnv enidpaocn tou tuTou udatokaAAlépyelag (Pseudo-F=3.1751, p<0,05). Avtibeta n
OTlyUn T™NG nUépag Oev Swadopormoinos tnv Kowotnta Twv €eAeVBepwv Mpokapuwtwy. H
Slagpopormnoinon twv otabuwv pe Baon tnv udatokalAlepynTtik Spaoctnplotnta mopouctaleTal
otnv avaAuvon PCO (Ewova 3.1.).

29



Transform: Square root
Resemblance: S17 Bray Curtis similarity
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Ewova 3.1. To Staypappa pe Baon thv avaluaon Principal Coordinates (PCO), 6mou ¢aivetal n dtadopomnoinon otn
oUvBeon NG eAeVBEPNG TPOKAPUWTLKAG KOWVOTNTAG UE BACH TNV MAPAETPO «USATOKOAALEPYELALY.

To ¢UAo Twv Proteobacteria tav auvtod nmou kataldppove to PeyaAUTEPO MOCOCTO TWV KOLWVOTATWY
TwV eAeVBepwv mpokapuwtwv (50%-60%) oe 6AouG TouC oTaBUoUG aveEdapTnTa Ao TNV OTLYUN TNG
NUEpPaG. AsUTEpO O MOOOOTO NTtav 1o ¢UAO Twv Bacteroidetes (20-35%) kal tpito to UMD
Cyanobacteria. Ta Cyanobacteria katoAdupoavav HeyaAUTEPO TOCOCTO OTI( KOWOTNTEG TWV
eAeVBEpWV POKAPLUWTWYV 0TOUC oTtaBpoug C (10 pe 20%) o oxéon e Toug FARM (mepinmou 5%). Z¢
avtibeon pe ta Cyanobacteria, ta Verrucomicrobia koataAdppavav peyaAUtepo HEPOG TNG
Kowotntag otoug otabuoug FARM (Ewkova 3.2.).

100% ~ = Other

90% M Not assigned
80% 1 B Verrucomicrobia
70% 1 H Proteobacteria
60% - M Planctomycetes
50% - M Marinimicrobia (SAR406 clade)
40% M Kiritimatiellaeota
30% - M Fibrobacteres
20% - M Epsilonbacteraeota
10% A B Cyanobacteria

0% - T T T T T B Bacteroidetes

Cmorning Cnoon Cevening Fmorning Fnoon Fevening

% ouvelopopd

M Actinobacteria
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Ewkova 3.2. H mocooTtiaia cuveladpopd Twv GUAWY Twv eAeUBEpWY MPOKAPUWTWY 0ToV oTabuo pdaptupa (C) Kot 6Toug
oTaOUOUC e USATOKAALEPYELEG OTLG TPELG OTLYHEG TNG NUEPAG (Morning, noon, evening). OL TLLEG TpoEKu P av Ao Tov
HECO OPO TWV TPLWV NUEPWV SetypatoAnyiag.

Ooov adopd ta Proteobacteria, emkpatnoe n kKAdon Gammaproteobacteria (nepinouv 80% emi Tou
ouVOAoU TwvV Proteobacteria) otoug otaBuoug FARM Kal OTLG TPELG OTLYUEG TNG NUEPAC. AvTioToL o
mooootd Gammaproteobacteria mapatnpnBnke otou¢ otabuoug C pévo tn otyun evening. H
kAaon Alphaproteobacteria enikpdtnoe otoug otaBuoug C noon evw otoug otabuoug C morning ot
kAAaoelg Alpha- kat Gammaproteobacteria ocuvelocédepav nepinou to i6o. (Ewova 3.3.). H kAdon
Deltaproteobacteria Bp€Bnke o€ yevikd MOAU XapunAo moocooto (<5%) mou opwg ntav uPnAotepo
otoug otaBpolg FARM amo ot otoug C.

100%

80% +— —

60% +— | M Other Proteobacteria

Gammaproteobacteria
40% +—

o l I l:
0% - T T ...

% ouvelopopa

M Deltaproteobacteria

M Alphaproteobacteria

Cmorning Cnoon Cevening Fmorning Fnoon Fevening

Ewkova 3.3. H nooootiaia ouvelodopd Twv KAAoEwV Twv Proteobacteria otov otaduo paptupa (C) kat otoug otabuolg
Ue USATOKAANLEPYELEC OTLC TPELG OTIYUEC TNC NUEPAG (morning, noon, evening). OL TLHEG pogkuav amo tov péco 6po
TWV TPLWV Nepwv SetypatoAnyiag.

2to ¢UAo Bacteroidetes, n enkpatovoa ta&n ntav ta Flavobacteriales, n omoila kupawoétav anod
50% otoug MF morning €¢wg 80% otoug C noon (Ewkova 3.4.). Enopevn og mocootiaia cuvelodpopd
Atav n taén Chitinophagales pe éva laitepo mpotumo oe oxéon HE TNV USATOKAAALEPYELA: N
nmooootlaia cuvelopopd autng TG Tang Ppédnke va aufavetal amnd toug otabpoug C otoug
otaBuou¢g pe évav KAwPO (OF) kal akopa mepLocOTEPO 0TOUC 0TABUOUC pe ToANoUC KAwBoug (MF)
¢dtavovtag ekel mepinmov 40%. Emiong, peyalutepn mooootiaia ouvelopopd 0TOUG OTOOUOUG PE
vbatokaAAépyeleg oe oxéon Pe toug otaBuoug C mapouciace kal n ta&én Cytophagales (Ewkova
3.4.) ptavovrac we kat 10% ocuvelodpopd otoug otadpuouc OF/MF.
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Ewkéva 3.4. H mocooTtiaia cuvelodpopd twv Tdéswv Twv Bacteroidetes oto otabuo paptupa (C) kat otoug otabuolg e

€vav KAwBO (OF) kat moAAoU¢ kKAwPBoUG (MF) oTLg TPELG OTLYHEG TNG NUEPAG (Morning, noon, evening). OL TLUES

npogkuav amo Tov HEGO OPO TWV TPLWV NUepWV SetypatoAnyiag.

Ooov adopa to dpUAo Cyanobacteria, BpéBnke Mw¢ oL mepLoooTEPEC aAAnAou)xieg Tavoundnkayv
EVTOC NG TAENC Synechococcales (amo 80 £wg kot 95%) aAld to yEvog 1 £(60¢ TOUuG MapPEUELVE
adleukpivioto oe OAoug Toug otabuouc. Onwe daivetal otnv Ewova 3.5., oL otabuot OF kat MF

SLEdepav amo toug C kabwg oL mpwtol eixav uPnAdtepn TolkAopopdia. TUYKEKPLUEVA TA YEVN

Phormidesmiales kot Nostocales eiyav Slaitepn ouvelodpopd otoug OF/MF.
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Ewkdva 3.5. H nocootiaia cuvelodopd twv yevwv twv Cyanobacteria oto otabud paptupa (C) Kot otoug oTtabuoug pe

£vav KAwBO (OF) kat moAAoUG kKAwBoUC (MF), OTLC TPELG OTLYMES TNG NUEPAG (Morning, noon, evening). OL TLUEG

npogkuav amo Tov HEGO OPO TWV TPLWV NUEPWV SetypatoAniag.
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T€hog, Stadopeg avapeoa otoug C kat OF/MF napatnpri®nkav kot oto ¢puAo Verrucomicrobia omou
TO TIOCOOTO TNG OLKOYEVELAG Rubritaleaceae kupowotav amod 5 wg 35% otov otabud paptupa,
HETAEL 65 kol 85% oToug otaBuoug pe Evav KAwPO, katl petatyu 80 kat 90% otoug otabuoug ue
TmoAAoUG KAwPoU¢. Tnv avtiBetn tdon napouvciaoce n owoyevela Puniceicoccaceae (Ewkova 3.6.).
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Ewkova 3.6. H mocootiaia cuvelodopa Twv olkoyevelwv Twv Verrucomicrobia oto otabuo pdaptupa (C) kot oToug
otaOpouc pe £vav KAwBO (OF) kat moAoUg kKAwBoU¢ (MF), oTLg TPELG OTLYMES TNS NUEPAG (morning, noon, evening). OL
TLUEG TtpoEKU AV Ao ToV LEGO Opo TWV TPLWV NUEPWVY SelypatoAnyiag.

Ta mpoTuMa TNEG KOWOTNTAC TwV €AEUOEPWVY MPOKAPUWTWY OTO TAVOULKO emimedo Tou eidoug
OUOXETLOTNKAV ONUOVTIKA UE TIG akOAouBecg petaBAnTEC: ol ouykevtpwoels Twv PON, NOs, NH4 kot
NO, (R?=0.28033, p<0,05). Otav 0TO YPOUMIKO HOVTEAO ELOAXONOOV LOVO OQUTEC OL TECOEPLC
ONUAVTLKEG apapeTpol (kptiplo emloyng: AlCc, dtadikacia emhoyng: otadlakn), BpEOnke otTL TO
24% tnG METUPANTOTNTOG TWV KOWOTATWVY TwV €AeVOepwv TPOKOPUWIWY €§NYNONKE amo tn
owpeuTikn 6pdon toug (p<0,05) (Ewova 3.7.).

33



Transform: Square root
Resemblance: S17 Bray Curtis similarity

T 20 FARM
5 FARM
S i v CONTROL
= \ b
5
s PON
BLOQ ‘.‘
<5 0+ ' Yvv
£ f v.
= |
k<) NO3 / v v
2
N . v
s NO2
g ) v
(]
%
© 20— | | |
40 20 0 20 40

ALPMAA (AOADS AL EllaAd AN DD/ Afdiabal comuimdiaml

Ewkova 3.7. Avahuon tumou distance-based redundancy analysis (dbRDA) yla TLg kowotnteg Twv eAelBepwv
TIPOKAPUWTWV OTO TaEVOLLKO eMimedo tou eldoug BAoel TNG MapapéTpou TG Uapéng udatokaAAepyeLwy 1 OxL. Movo
OL OTOTLOTIKA ONUOVTLKEG ABLOTIKEG TIOPAUETPOL XPNOLULOTIOLOUVTAL OTO HOVTEAD (dnAadr), oL ouykevipwoelg Twv PON,
NO3, NH, kot NO,). To MAKOG TWV YPAUMWY SELXVEL TN OXETIKY €VTaon CUGXETIONG. H OLOLOTNTA TWV KOLWVOTATWY
Baoiotnke otov urtoAoylopo tou Seiktn Bray Curtis Hetd amo petooxnUotiopd Twv 16S rRNA yoviSiwv (Tetpaywvikn
pita).

3.1.2. NpoKapUWTEG TPOOKOAANEVOL O oW TS

Meta tnv adaipeon Twv OSelypHdTwyv apvnTKoU eAéyxou, o0 TeALKOC mivaka¢ OTUs yla Toug
TIPOKOPUWTEC TOU £ival TPOoKOAANUEVOL o cwpatidia mepteAapBave 2.017.116 aAAnAouyieg mou
HETA tnv enefepyaocia toug amédwoav 4.101 OTUs. O apBudg aAAnlouxwwv ava Seiypa
Kupawotav and 9.777 (D2 OF morning) €wg 527.598 (D1 OF evening), pue katd pEco 6po 74.708
aAAnAouvyieg ava deilypua.

O &eilkTnG MPOKOPUWTLKAG opoloyevelag Pielou kat o Seiktng moiwkiAotntag Shannon dev
napouvciacav Stadopeg pHeTall Twv otabuwy detypatoAnyiag i HETAlU TNG OTIYUNG TNG NUEPAS
yla TLG KOLWVOTNTEG TWV TIPOKOPUWTWVY Tou ival mpookoAAnuéva oe ocwpatidia (Mivakag 3.1.). Ta
amoteAéopata tnG avaluong PERMANOVA €6eifav otL oto talvoulko eminedo tou €iboug, n
enidpaon T™NC  USATOKAAALEPYNTIKAG SpaotnplotnTag TPOKAAEce onuavtikéc Sladopéc ota
TPOTUTIA TNG TIPOKAPUWTLKNC Kowvotntacg (Pseudo-F=4.778, p<0,05), mapopola pe Tnv enibpoon tou
Tumou udatokaAAiépyelag (Pseudo-F=2.7429, p<0,05). TEAoC, N avaAuon £8eL€e OTL KAL N OTLYUNA TNG
NUEPAG TPOKAAECE onupavtikég Siadopég (Pseudo-F=2.1034, p<0,05). H Siadopomnoinon twv
otaBuwv pe Bdaon tnv udatokaAAlepyntikr) Spactnplotnta mapouctdaletal otnv avadiuvon PCO
(Ewkova 3.8.).
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Ewkova 3.8. To Staypappa pe Baon tnv avaluon Principal Coordinates (PCO), 6nmou ¢aivetal n dtadoponoinon otn
oUVBeoN TNC KOLVOTNTOC TIPOKOPUWTWYV TIOU Elval TPOoKOAANUEVOL 08 CwHATISLA Pe BAON TNV MAPAUETPO
«ubatokaliépyeLan.

To ¢UAo twv Proteobacteria ntav auto mou KataAduPBave To HEYAAUTEPO MEPOG TWV KOLVOTATWV
TWV TIPOOKOAANUEVWY O owHATiSL Tpokapuwtwy (45-55%) oe OAoug Toug oTaBuOoUC KOl OTLG
TPELC SLODOPETIKEG OTIYUEC TNG NUEPOGC. AKkoAouBnoe oe mooootiaia ouvelodpopd To GUAO TwV
Bacteroidetes (10-30%) mou kataAdppove HeYaAUTEPO MOCOOTO oToUC otaBuoug FARM (mepimou
30%) amnod ot otoug C (10-20%). AvtiBetwg, To dUAo Cyanobacteria eixe peyaAltepn mooootiaia
ouvelopopad otoug otabpoug C, pe To HEYAAUTEPO OCOOTO TOUG (Tepimou 35%) va kataypddetal
TN oty morning. Onwg Kot pe Toug eAeUBepoug mpokapuwteg, Ta Cyanobacteria amaptiloviav
oxe&0V amokAELoTIKA amnod tnv taén Synechoccocales (ta 6edopéva Sev mapouaialovral).

Avapeoa otic KAAoeLg Twv Proteobacteria, n emikpatéotepn frav ta Alphaproteobacteria oe
OAoug Toug oTtaBuoUGg Kal OTIYHEG TNG NUEPaG (Ewkdva 3.9.). Ztnv Ewkdva 3.9. daivetal pia taon
avénong tou mocootol twv Alphaproteobacteria and tn otypn morning (nepinmouv 60%) mpog tn
otyuny evening (mepimou 80%) otoug C. H avtiBetn akplBwg tdon daivetal yua Ta
Gammaproteobacteria. Ztou¢ otaBuouc FARM 1o mocooto twv Alphaproteobacteria Sev Eemépaoe
T0 65%.
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Ewkova 3.9. OL kAdoelg Twv Proteobacteria kal n mocootiaia cuvelodhopd Toug otov oTaduo paptupa (C) kat otoug

OoTaOUOUC e USATOKAALEPYELEG OTLG TPELG OTLYMEG TNG NUEPAG (Morning, noon, evening). OL TLUEG TpoEKU P av Ao Tov

HECO OPO TWV TPLWV NUEPWV SetypatoAnyiag.

2to pUAo Bacteroidetes, n kuplapxn ta&n ntav ta Flavobacteriales (70-90%). Ot otaBuol paptupeg

napouciacav peyoAutepn mowkilopopdia oe oxéon pe Toug FARM, 8laitepa TIG OTLYUEG morning

kat noon. H ta&n Chitinophagales amotéAece 1o 10% kot 20% TwWV KOWOTATWY TWV POCKOAANUEVWY

ot owpatidla MpokapuwTwv otou¢ C TIC OTWYHEG noon KOL morning avtioTtol(d, €Vw OTOUC
otaBuou¢ pe udatokalAEpyeleg N Ola TAEn kataAdpBave MOAU ULIKPO TTOCOOTO TWV KOWVOTATWV.
To 610 anotéleopa BpéBnke kat yla Tnv tan Sphingobacteriales, mou 6uw¢ n mooootiaia adBovia

NG NTaV apKeTA pkpotepn (Ewkova 3.10.).
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Ewkova 3.10. Ot taéelg Twv Bacteroidetes kal n mocootlaia cuvelodopd Toug oto oTtaduo paptupa (C) Kot 6Toug

ota®pouc pe ubatokariépyeleg (F) oTLG TPELG OTIYUEG TNC NUEPAG (morning, noon, evening). OL TLuéG tpoékuav amnod

TOV €GO OpO TWV TPLWV NUEPWV SelypatoAnyiag.
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T€Aog, oto pUAo Verrucomicrobia, To omolo yevika gixe MOAU pLKpy cuvelodopd otn olvOeon Twv
KOLVOTNTWV TWV TIPOCKOAANUEVWY O CWHATIO TIPOKOPUWTWY (<2%), ETUKPATECTEPN NTAV N
olKoyévela Puniceicoccaceae omd 65% Tn oty noon £wg kat 80% Ttn OTWUn evening
ouvunoloyilovtag 6Aoug Toug otaBbpouc. To TooooTo TNG olkoyévelag Rubritaleaceae kupavOnke
arnd 20% tn oty evening €wg kat 35% tn otyun noon (Ewkéva 3.11.).
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Ewkova 3.11. O olkoy£veleg Twv Verrucomicrobia kat n mooootiaia cuvelodopd TOUG OTLG TPELG OTLYMEG TNG NUEPOAG
(morning, noon, evening). Ot TLpég mpoékuPav amd Tov PECO PO TWV TPLWV NUEPWV SetypatoAnyiac.

Ta mpotuna NG KOWOTNTAC TWV TIPOKAPUWTIWY TOU €ival MPOoKOAANUEVA o€ cwpatidla oto
TaflvoUKO emimebo Tou eildoug ouoxetioTNKAV ONUAVIIKA HE T akOAouBeg peTafAnTEG:
OUYKEVTPWOELS Twv POC, PON kat NH, (R’=0,18012, p<0,05). ‘Otav OTO YPOUHIKO HOVTEAO
gloNXONoaV HUOVO QUTEG Ol TPELC ONUOVTIKEG TIAPAUETpOL (Kpttrplo emhoyng: AlCc, Sdwadikaoia
emloyng: otadlakn), PBpebnke ottt to 17% NG MPETAPANTOTNTAC TWV KOWOTATWV TWV
TIPOOKOAANUEVWY 0€ cwHaTidLa mpoKkapuwTwy e§NynOnke amnod tn cwpeutiki dpdon toug (p<0,05)
(Ewkova 3.12.).
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Ewkova 3.12. Avaluon tumou distance-based redundancy analysis (dbRDA) yia Tig Kowdtnteg Twv Baktnpiwy mou sival

TPOCKOANUEVD O CWHATIOLA 0TO TAfLVOULKO eTtimedo Tou eidouc BAoEL TNC MapaAUETPOU TNG UTAPENG
UVSATOKAAALEPYELWV 1 OXL. MOVO OL OTATLOTIKA ONUOVTIKEG OBLOTIKEG TAPAUETPOL XPNOLLLOTIOLOUVTAL OTO OVTEAD

(5nAadn), oL GUYKEVTPWOELS Twv POC, PON kat NH,). To HAKOS TwV Ypapu®wy Seixvel Tn oXeTIkr évtaon cuoxétiong. H

OUOLOTNTA TWV KOWVOTATWY Baciotnke atov umtoAoylopd tou Seiktn Bray Curtis petd omd PeETAOXNUATIONO TwY 165

rRNA yovidiwv (tetpaywvikn pila).

dbRDAZ2 (22,9% of fitted, 7,8% of total variation)
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dbRDA1 (47,3% of fitted, 16,2% of total variation)

Ewova 3.13. Avaluon tunou distance-based redundancy analysis (dbRDA) yLa Tig Kowvotnteg Twv Paktnpiwy mou ivat
TPOCKOANEVA O CWHATIOLA 0TO TAELVOULKO eMimedo Tou £l6oug BACEL TNG MAPAUETPOU TNG OTLYUNAG TNS hUépag. To
HNKOG TWV YPOLUWVY SELXVEL TN OXETIKA £VTOON CUCXETLONG. H OpOLOTNTO TWV KOWVOTATWY BacloTnKe 0TOV UTIOAOYLOUO

Tou Seiktn Bray Curtis LETA A0 HETACXNMATIOUO TwV 16S rRNA yoviSiwy (tetpaywvikr pila).
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3.1.3. ZteAéxn SAR11 ko Rhodobacteraceae

AUO OTEAEXN TMPOKAPUWTWV €VTOC TG KAAong Alphaproteobacteria em\éxBnkav yla mepaltépw
avaAuon: to SAR11 kal n owoyévela Rhodobacteraceae mou eival amo Ta EMIKPATECTEPA OTEAEXN
0TO oUVOAO TWV MPOoKAPUWTWVY Kat ota Alphaproteobacteria eldikotepa. H emiloyn €ylve kabBwg ta
6U0 oTeAEXN €XOUV QVTIBETEG OTPATNYIKEG avamTuéng otn otnAn Tou vepol (To MPWTO €ival
OALYOTPOPIKO Kal To SeUTEPO €UKALPLAKO) Kal yU' autd mbavov va mapouctalouv SladopeTikn
avamntuén otoug otabuoug udatokaAALEpYELAG.

JTouG¢ €AeUBEpPOUC TPOKAPUWTEG, TO TOCOOTO TOU oOteAéxou¢ SAR11 ota
Alphaproteobacteria kupdavnke amno 19 £éwg 41% otoug otabuoug C, and 5% £wg 19% otoug OF kat
arno 5 éwg 6% otoug¢ MF (Ewkova 3.14.a). Avtiotolxa to 1mooootd tou SAR11 oe 6Aoug toug
TIPOKAPUWTEC KUPAVONKe amo 2 €wg 19% otoug otabuoug C, and 1 €wg 7% otoug OF kat amo 0 £wg
1% otoug¢ MF ot Slddopeg OTYUEG TG NUEPOG. HTAV XApaAKTNPLOTIKO TWG N OLKOYEVELQ
Rhodobacteraceae e€ixe okplBw¢ TO avtiBeto pOTIBO: TO TMOCOOTO TNC OLKOYEVELOG OTA
Alphaproteobacteria kupavonke amo 21 €¢wg 48% otoug C, amnod 61 £wg 82% otoug OF kat amod 78
€wg 81% otou¢ MF otic dladope oTypeS tng nuépag (Etkdva 3.13.). EmutAéov TO MOCOOTO TNG
OLKOYEVELAC 0 OAOUC TOUC TIPOKOPUWTECG KUUAVONKE amo 4 €wg 7% otoug C, anod 7 éwg 10% otoug
OF kat amno 7 €wg 9% otoug MF.
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Ewkova 3.14. H tdon nou epdavilel n moocootiaia cuvelodopd twv SAR11 kat Rhodobacteraceae ota
Alphaproteobacteria otoug eAeUBepOUC MPOKAPUWTEC (O, EMAVW) KoL GTOUG TIPOKOPUWTEG TIOU ELVaL TTPOOKOAANEVOL
oe owpatidia (B, katw).

ITOUG TIPOKAPUWTEG TOU Elval TTPOOKOAANUEVOL 0 CWUATIOW, TO TOOOOTO Tou oteAéxoug SAR11
ota Alphaproteobacteria kupdvOnke anod 31 €éwg 46% otoug otaBuoug C, amno 24 €wg 36% otoug OF
Kal amnod 18 £éwg 28% otou¢ MF (Ewkova 3.14.). AvtioToLya TO TOCOOTO TOU OTEAEXOUC OE OAOUG TOUG
TIPOOKOAANUEVOUC O owHaTidLA TTPOKAPUWTEC, KUUAVONKE amo 9 €wg 24% otoug otabuoug C, amno
6 €wg 14% otoug OF kat and 7 éwg 10% otoug MF. AvtiBeta, TO TOCOOTO TNG OLKOYEVELOG
Rhodobacteraceae twv Alaphaproteobacteria kupdavOnke ano 20 éwg 33% otoug C, anod 34 £wg
54% otoug OF kal and 46 €wg 53% otoug MF otig Stadopeg oTyueEg TNG nuépag (Ewkova 3.14.B).
AvtioTolya TO TOOOOTO TNG O OAOUG TOUG TIPOOKOAANUEVOUC O OoWHATIOW TIPOKOPUWTEG,
Kupavonke amo 3 €w¢ 10% otou¢ otabuoug C, amod 13 éwg 14% otoug OF kat amd 11 éwg 18%
otoug MF.

3. 2. EUKOPUWTEC

3.2.1. M£00-{WOTAQYKTOV

Metd tnv adaipeon tecodpwv deypdtwv (D1 MF noon, D1 C evening, D1 C morning, D1 OF
morning) mou eixav moAU Alye¢ aAAnAouyieg, o teAkdg mivakag OTUs yla To PeCO-{WOMAQYKTOV
(kAdon peyéBoucg >200 um) mepiteAdpPBave 351.211 aAAnAouxieg OU PETA TNV eMefepynoia TOUC
anédwoav 1.177 OTUs. O aplBuog aAAnAouxwwv ava Seiypo kupawvotav amo 4.970 (D2 OF
morning) éwg 68.141 (D1 MF evening), ue katd péco 0po 15.270 aAAnAouxieg ava Seiypa.

O beiktng opoloyévelag Pielou dev mapouciaoce Sladopég petalh Twv otabuwv detypatoAnyiog n
HETAEL TNG OTLYMAC TNC NUEPAC VLA TIC KOLWOTNTEG TOU HECO-{WOTAAYKTOU, eV KoL 0 Selktng
TMOWKIAOTNTAC Shannon 8ev akoAouBnoe kdamolwo ouykekplpévo mpotumo (Mivakag 3.2.). Ta
amoteAéopata TG avaAluong PERMANOVA €6si€av otL oto Ttafvopiko eninedo tou idoug, o TUMOC
™¢ vdatokaAAiépyelag odnynoe oe onuavtikég Sladopég (Pseudo-F=2,3275, p<0,05). Emiong, n
enidpaon tng nuépag detypatoAnyiag (D1, D2, D3) mpokAAeoe onUAVTIKEG Sladopég ota mpoTuna
NG Kowotntag peco-{wornAayktou (Pseudo-F=5,9096, p<0,05).

Nivakag 3.2. Asiktng opoloyévelag (J Pielou) kat motkiAdtntag (H Shannon-Wiener) yia Tig KowotnTeg ToU LECO-
{womMAayKToU KoL TWV TILKO-VAVO EUKAPUWTWV HE Bacon ta SeSopéva yla Tn oty tng nuépag (morning, noon, evening)
KalL Tov TUTo Tou otabuou detypatodndiog (C, OF, MF). Ot Tipég mpogkuav amd Tov HECO OPO TWV TPLWV NUEPWV
SelypatoAnyiog.
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Meoo-{wonAayKTov Mwo-Navo EukapuwTteg
J Pielou &giktng H Shannon-Wiener J Pielou &giktng H Shannon-Wiener
opoASTNTAG Selktng mMowKIAOTNTAG  |OpaAOTNTOG Seiktng mokIAoTnTOG
C morning 0.9 53 0.9 6.7
Cnoon 0.9 4.9 0.9 5.8
C evening 0.9 5.0 0.9 5.5
OF morning 0.9 5.0 0.9 5.7
OF noon 0.9 5.1 0.9 5.8
OF evening 0.9 4.9 0.9 5.8
MF morning 0.9 5.0 0.9 6.3
MF noon 0.9 4.8 0.9 6.5
MF evening 0.9 5.0 0.9 6.1

H avaAuon tng cuvBeong TWV KOWOTHTWY HECO-{WOTIAAYKTOU £6€LEE WG TO ETUKPATEG PUAO NTAV
ta Arthropoda (éwg kat 60%), amoteAoVeVO armokAeloTkA and Crustacea, ota omoia Bpédnkav
Maxillopoda, Malacostraca kat kamowa Branchiopoda evw Tta meploocdtepa ATAV AYVWOTA
Crustacea. To ¢pUAo twv Arthropoda eixe peyaAutepn noocootiaia cuvelopopd oToug oTaBpoUC e
vbatokaAAepyntikn dpaotnplotnta (FARM), oe avtiBeon pe to §eUTEPO TIO EMIKPATEG PUAO TWV
Cnidaria, mou kataAdpupove peyallutepo PEPOG TNG KowotnTag otoug C (Ewg kot 60% to peonuépL).
To ¢pUAo Cnidaria anoteAouvtav kupiwg ano Hydrozoa. Eniong, Bp€Onke nwg otoug otabuolg MF
TO MooooTo Twv Arthropoda ntav uPnAdtepo tn otyury morning (45%) mpo¢ tnv noon (55%) kai
Vv evening (60%). Onwc¢ kat ta Arthropoda, to ¢$UAo Mollusca eixe peyalltepn mooootiaia
ouvelodopd otoug otabuoug FARM, pe e€aipeon 1o otaBuo pdptupa TNV OTLYUN evening Omou
UETPAONKE TO UEYLOTO TMOCO0OTO Tou PUAoU (30%). Téhog, To PpUAo Brachiopoda eixe upnAdtepn
ouvelodpopa otoug FARM (5-20%) amo otL otoug C (Ewg 5%), evw kat To pUuAo Radiolaria epdavice
o€ kamoloug otaBuoug vPnAnR mocootiaia cuvelodpopd (OF morning, MF morning, mepinou 10%).
(Ewova 3.15.).
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Ewkova 3.15. H mooooTtiaia cuvelopopd Twv GUAWVY OTLG KOWVOTNTEG LEGO-{wOTIAAYKTOU oTov oTabuo paptupa (C), oto

otabud pe £vav KAwBo (OF) kot oto otabuo pe moAoug kKAwBoUg (MF) oTIg TPELG OTIYUEG TN NUEPOC (Morning, noon,

evening). OL TLHEG TPOEKUY AV At TOV PECO OPO TWV TPLWV NUEPWVY delypatoAniag.

Ta mpdtuma TNG KOWOTNTAG TOU HECO-{WOMAAYKTOU OTO TafWVOMLKO eminedo tou eidoug

OUGYETIOTNKAV ONUAVTIKA HE TLC akOAOUBEC petaBANTEC: ouykevtpwoelc NO; kat NO, (R*=0,22244,

p<0,05). Otav oTo YPOUMLKO HOVIEAD £l0nxOnoav Povo ol SU0 CNUAVTIKEG TTAPAUETPOL (KpLTHpLo

ermloyng: AlCc, Stadikaoia emloyng: otadlakn), Bpédnke OTL TO LOALG TO 22% TNG LETABANTOTNTAG

TWV KOLWOTATWV TOU HeCO-{WOmMAayKkToU €€nynbnke amo tn owpeuTikn dpdon toug (p<0,05) pe

WSlaitepa €vtovo tov SLaxwpLlopo tng tpitng nuépag detypatoAnyiag (Ewova 3.16.).
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Ewkova 3.16. Avaluon tumou distance-based redundancy analysis (dbRDA) yLa TI¢ KOWVOTNTEG TOU PECO-{WOTAQYKTOU
oto taglvouLko eminedo tou el6oug BACEL TG MOPAUETPOU TG NUEPAC SelypatoAnyiag. MAvVo oL OTATIOTIKA
ONUOVTIKEG OBLOTIKEC TTAPAUETPOL XPNOLUOTIOLOUVTAL 0TO HOVTEAO (SnAadH, Ol CUYKEVTPWOELS TwV Bpemtikwy NO; Kalt

NO,). To HAKOC TWV YPOUUWY SEIXVEL TN CXETIKA EVTOON GUOKETIONG. H OUOLOTNTA TWV KOWOTHTWY BAGIOTNKE GTOV
UTIOAOYLOWO Tou Seiktn Bray Curtis LETA amo PLeTaoXNUATIONO Twv 18S rRNA yovidiwv (teTpaywvikr pila).

3.2.2. Mko- Kat Navo-sUKAPUWTES

Metd tnv adaipeon €L detypatwv (D1 MF morning, D1 MF noon, D2 OF noon, D3 C noon, D3 C
evening, D2 C morning) mou siyav Alye¢ aAAnAouyieg, o teAkog mivakag OTUs yla Toug TIKo- Kall
Vavo-gUKapuUWwTeC epleAdppave 368.188 aAAnAouxieg mou Ueta tnv enegepyacia toug anédwaoav
3.568 OTUs. O aptBuog aAAnAouxiwv ava deiypa kupoawotav and 3.828 (D2 OF evening) €wg
50.993 (D3 MF evening), ue kata péco 6po 17.294 aAAnlouyiec ava Selyua.

O O6eiktng opoloyévelag Pielou 6ev mopouciace OSiadopéc petafl Twv otabuwv
SewypoatoAnPiog N petafl TNG OTWYUAG TNG NUEPOAC Ylo TIC KOWOTNTEG TWV TILKO- KAl VOVO-
EUKAPUWTWY, VW 0 Seiktng molkiAotntag Shannon nmapouciace SLOKUUAVOELG UE PEYLOTEG TLLEG
oTou¢ otaBpoug MF OAeC TIG OTLYUEG TNG NUEPAC, kKaBw¢ Kal otoug C tn otyu morning (MNivakog
3.2.). Ta amoteAéopata tN¢ avaluong PERMANOVA £6siav OtL oto Taflvoulkd eminmedo Ttou
eldoug, o tumog tnc udatokaAAlEpyelag odnynos oe onuaviikeéc Stadopég (Pseudo-F=2,4449,
p<0,05). Emiong, n enidpaon tng nuépag deypatoAnyiag (D1, D2, D3) MPOKAAECE ONUOVTIKEG
SlLahopEC oTa MPOTUTIAL TWV KOLWVOTHTWYV TWV TILKO-KAL VOVOo-euKapuwtwy (Pseudo-F=6,0281, p<0,05)

OTIWG KOlL OTO PECO-{WOTIAQYKTOV.

Ta mo emkpat) ¢uAa otnv KAACON TIKO- KoL vavo- eukapuwteg Atav ta Dinoflagellata
(6vopootiywtad), Ta omola amoteAoUvTav KUPLWE oo TNV owKoyEvela Dinophyceae kol Tnv Taén
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Syndiniales, evw umnipxav Kal apkeTéC dyvwotec aAAnAouyiec. Ta Dinoflagellata kataAdpuBavav
Alyo peyaAutepo mooooto otoug otabuoug FARM (15-30%) amod ot otoug C (5-25%). 2 OAoug Toug
otaBuoulg, to mooooto Twv Dinoflagellata mapouciale tn péylotn ocuvelodpopd to Mpwi, LELWVOTAV
TO MeoNnUEPL Kol mapouciale tn XopnAdtepn ouvelopopa to PBpadu. Emiong, apketd peyalo
TIOCOOTO TWV KOWOTATWV KataAdpupavav kat ta Chlorophyta, pe moocootiaio cuvelodpopd anod 5%
otoug otabpoug C tnv otyun noon €wg Kot 35% otoug otabuolg pe udatokalAlépyeleg tnv (Sla
otlyur). OL olkoyévele¢ mou erukpatnoav Ntav ot Chlorodendraceae kaiv Mamiellaceae. Ta
Bacillariophyta (8idtopa) mapouvciaoav peyaAutepn nocootiaia cuvelodpopd otoug otabpoug C Tig
OTLYMEG noon Kal evening (ptavovtag nmepimou 30% TOU GUVOAOU TWV TILKO- KOl VAVO- EUKAPUWTWV)
o€ oxéon e toug otabuoug FARM (5 kat 20%, avtiotolya). Avtiotolya kat to ¢uAo Radiolaria eixe
vPnAotepn ocuvelopopd otoug C TG OTLYUEG Morning Kol hoon amo Ot otou¢ FARM. TéAog, to
¢UMo Sagenista elxe ouvelopopd TNV KOWWOTNTA TILKO- KAL VOVO- EUKAPUWTWVY oo mepimou 5% tn
OTLYUR Morning otoug otaBuol¢ pe uSaTtoKaAALEPYELEG EwG Tiepiou 20% Tn OTLYUI evening oToug
C. NopdtL oL pUKNTEG g€eTaotnkav pe tnv aAAnAouxnon tng meploxng ITS, BpéBnkav Kal Ue TO
yovidlo 18S rRNA, onw¢ odaivetar otnv Ewdéva 3.17. (OUAa Pseudofungi, Ascomycota,
Basidiomycota kat aAAa).
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Other eukaryotes phyla
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Radiolaria
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Cercozoa
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Ewkova 3.17. H mooooTtiaia cuvelodhopd twv GUAWVY OTLG KOLVOTNTEG TILKO- KAL VOVO- EUKAPUWTWY 0TOV 0TABUO paptupa
(C) kat otoucg otaBpoug pe uSatokaAAlepynTikn Spactnplotnta (Farm) oTig TPELG OTLYUEG TNG NUEPAG (morning, noon,
evening). OL TLHEG TpoEKUY AV Ao ToV PECO OPO TWV TPLWV NUEPWV detypatoAnyiag.
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3.2.3. MUKnteg

Meta tnv adaipeon twv Selypdtwv apvntikou eAéyxou kat OTUs mou mepldapBavav GAAoug
EUKAPUWTEC (KUplwg kvidapla), o TeAKOG ivakag OTUs yia tnv neploxn ITS, mepleAdpuPave 559.802
aAAnAouyieg mou peta tnv enefepyacia toug anédwaoav 5.285 OTUs. O aplBuog aAAnAouxiwv ava
Selypa kupawvotav amnod 6.288 (3C_noon) €wg 81.275 (2MF_morning), ue katd péco 6po 19.993
oAAnAouvyieg ava deiypua.

Nivakag 3.3. Asiktng opoloyévelag (J Pielou) kat motkiAdtntoag (H Shannon-Wiener) yila Tig KOWOTNTEG TWV LUKATWV HE
Baon ta SeSopéva yLa tn oty TG NUEPAS (morning, noon, evening) Kal Tov TUTO Tou otabuou detypatoAnyiog
(Control, OF, MF). Ot TLpéG TpoEKU v Tt TOV HECO OPO TWV TPLWV NUEPWV SetypatoAniog.

MYKHTEZ
J Pielou &€iktng opadotntog H Shannon-Wiener &&giktng notkiAdtntag
C morning 0.9 5.1
C noon 0.9 49
C evening 0.9 5.0
OF morning 0.9 5.2
OF noon 0.9 4.9
OF evening 0.9 4.6
MF morning 0.9 5.1
MF noon 0.9 53
MF evening 0.9 5.3

O beiktng opoloyevelag Pielou dev mapouciaoce dladopég petafl Twv otabuwv detypatoAnyiag n
HETAEL TNG OTWYUAG TNC NUEPAC yla TIG KOLWOTNTEG TWV HUKATWY, VW 0O O€IKTNG TMOKIAOTNTOG
Shannon mapouotalel SlaKUPAVOELG oTou¢ MF TIoU E€iXe TIG TEPLOOOTEPEG UEYOAUTEPEG TLUEG
(Mivakag 3.3.). Ta anoteAéopata tng avaluong PERMANOVA £6eiav OtL oto taglvoulkod eminedo
Tou €ldoug, n enidpacn tng uSATOKAAALEPYELAG TIPOKAAECE ONUAVTLKEG SladopéC oTa MPOTUTIA TNG
Kowotnta¢ MukAtwv (Pseudo-F=1,9509, p<0,05), onw¢ kot n enibpoaocn TOU TUTOU
vbatokaAAiépyelag (Pseudo-F=1,7121, p<0,05). H Siwadopormnoinon Twv otabuwv pe Baon tnv
uTapén udatokaAAlepynTIKAG Spaaotnplotntag mapouaotdletol otnv availuon PCO (Ewkova 3.18).
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Ewkova 3.18. To Staypappa pe Baon tnv avaiuon Principal Coordinates (PCO), omou daivetal n dtadopomnoinon otn
olvBeon Twv SelyATWY yLa To Yovidio ITS pe Bdon TV mopAUeTpOo TG UTIOPENC USATOKAALEPYNTIKAC SpacTnpLOTNTAS
(FARM) 1} 6xL (CONTROL). Me OF ¢aivovtal ta Seiypata mou mpoépxovtal amnod Tov otabud pe toug moAAoUs kKAwBoucg,
Kal pe MF ta Seiypata mou mpopxovtal amnod tov otafud pe toug moAAolg kKAwBouc.

Htav afloonpeiwto mwg ot meploodtepeg aAAnlouxieg (65-85%) mou avaktnBnkav omod tnv
avaAuon tng mepLloxng ITS mapéuevav xwpic taflvoulkn avayvwplon (not assigned) onwg daivetat
otnv Ewova 3.19. To o emikpatég G¢UAO TwV HUKATWY ATav To Ascomycota, To onoio amoteAovoe
oo 1o 15% twv KowotnTwv otou¢ MF To mpwi €wg kat 35% otoug OF emiong to mpwi. To deltepo
eTukpatéotepo PpUAO ntav to Basidiomycota mou cuveloédepe mepimou 2-3% o OAOUC TOUG
otaBuol¢. MoAU ukpr) mocootiaia cuvelodopd eixav Chytridiomycota kat ta Mycoromycota
(Ewkova 3.19).

Evtog tou duAou Ascomycota, n mo emkpatig KAdon ntav n Saccharomycetes (70% 1o peonuépt
€wg kot 85% 10 Ppadu oto olvolo twv Ascomycota). To avtioTtolXo TMOCOOTO TNG KAAONC
Dothideomycetes ntav ano nepinov 10% to mpwi Kal To peonuépt Kat 5% to Bpadu os GAoUC Toug
otaBuoulg, evw To Tooooto Twv Eurotiomycetes kat Leotiomycetes ntav uPnAOTEPO TO HECNUEPL
(Ewkova 3.20.).
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Ewkova 3.19. H nooooTtiaia ouvelodpopd twv GUAWY TwV LUKATWY oTov oTabuo paptupa (C), otov oTtabuo e Evav
KAWBO (OF) kat otov otabuod pe moAoUg kKAwBoU¢ (MF) oTig TPELS OTLYUEG TNG NUEPAG (morning, noon, evening). Ot
TLUEG Ttpoékuav Ao Tov LEGO OpOo TWV TPLWV NUEPWVY delypatoAnyiag.
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Ewkdva 3.20. H ooootiaia cuvelodopd Twv KAAoEWV Twv Ascomycota OTLG KOWOTNTEG TWV MUKATWY OTLS TPELG
SLahOPETIKEC OTLYHEG TNG NUEPAC (Morning, noon, evening). OL TIUEG TPOEKU YAV ATIO TOV MEGO OPO TWV TPLWV NUEPWV
SetypotoAnyiag.

Ta mpoTUNA TNG KOWOTNTAG TWV HUKATWV oTo Tafvoulkd eminedo tou eidoug ocuoxetiotnkav
ONUOVTIKA HME TIG aKOAouBe¢ HeTaPANTEC: ouykevipwoel Twv POC, PON, NHg NO, kot
PO4(R?=0,24754, p<0,05). Bpébnke OTL Mepimou T0 14% NG METAPANTOTNTAC TWV KOWOTHTWY

47



HUKNTWV €€NyNONKe amod tn owpeuTikr dpdon OAwv Twv afLloTikwy mapapetpwy (p<0,05) (Etkova
3.21.).
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Ewkova 3.21. Avaluon tunou distance-based redundancy analysis (dbRDA) yLa TIg KOWVOTNTEG TWV LUKATWY OTO
Ta€lvouLKO eminedo Tou £i6oug BACEL TNG MOPAUETPOU TNG UTIAPENC USATOKAALEPYELWY 1] OXL. TO HAKOC TWV YPOUUWY
SElXVEL TN OXETLKN €VTAON CUOXETLONG. H oploldTnTa TWV KOWOTATWY Baciotnke otov umtohoylopd tou Seiktn Bray Curtis
UETA amo PETACXNUATIONO TwV aAAnAouxtlwy yla Tnv teploxn ITS1-1TS2 (tetpaywvikn pila).

3.2.4. MIKPOEUKOAPUWTES
H ekxUAlon DNA amd tig pepPpdveg 20 um Sev ATOV EMITUXAG. 2OV ONMOTEAECHUA, TO XOMUNANG

niolotntag DNA dev enétpele tov moAamAaclacpud tou 16S kat 18S yovidiou, kal €tol, N UIKpO-
TIAQYKTOVLKI KOWOTNTA £lval Tpog To mapov AyvwaoTn.

3.3. loi

Onwg npoavadépbnke, kapla PCR dev Atav emituxnuévn yla KATOLWO UKO yovidlo, CUVEMWC n
HEAETN TWV UKWV KOWOTNTWV O0ToV KOATIO Tou BoupAld dev oculnteital mepaltépw mPOC To Mapov,
oW Ba yivel mpoomnadela va aAAnAouxnBel To cUVOAO TOU YOVISLWHATOC TWV LWV O0TO PEAAOV.

4. Yulitnon
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Elval yvwotd mwg avaloya HE TA MLIKPOPLAKA TIAOYKTOVIKQ OTEAEXN O €val OLKOOUOTNMO,
nipoBAEnovtal SladopeTikéG Asttoupyleg (M.X. HETABOALKA povomaATia, avopyavomoinon). Etol, n
HEAETN TNG oUVOEONC TNC TPOKAPUWTLKAG OAAQ KOL TNG EUKOPUWTIKAG KOWOTNTAG Of €va
nieplBaAlov ubatokaAALEpyEeLag eival TTOAU onUavTkr KaBws Ba pag emTtpePeL val KOATOVOIGOULE
TOUG KUKAOUG TwV Bpemuikwy, tn por] avbpaka Kot tn Asttoupyia Kal BLwoLlLOTNTO AUTWV TWV
OUOTNUATWV.

4.1. MetafAntotnta oth 6UVOEGN TWV KOWOTHATWYV TWV NTPOKAPUWTWV

OL eAeUTepoL MPOKAPUWTEG SEV EMNPEAOCTNKAV QTTO TNV OTLYUN TN NUEPAC, AAAd oo TV napouasia
KoL TNV Evraon tn¢ uSatokaAALEpyELaG

Ta amoteAéopata TnG mopoloag PEAETNG £6€l€av WG N KOWOTNTA TwV EAEUOEPWV TTPOKAPUWTWV
Slapopomow)Bnke Adyw tng UMAPENG LSATOKAAALEPYELAC KAL TIEPALTEPW, AOYW TNC UTAPENG EVOC N
oMWV KAwWBWV. H MoKINOTNTA Twv eAUBepwV MpokapuwTwy ATtav uPnAdtepn otoug otabuoug
Farm amo o1l otoug C. Aladdopeg opddeg BpéBnkav va CUVELCHEPOUV CNUAVTLIKA TIEPLOCOTEPO
otoug Farm, pe xopoaktnplotika ta ¢ula Proteobacteria, Bacteroidetes kat Verrucomicrobia. To
YEYOVOC TWC aKOpo Kal oe eminedo ¢uAou Bpébnkav Sladopé¢ avapeoa otoug otabpoug
amobelkvUEL TN onpacia tTng vdatokaAAlépyelag otnv Stapopdwaon NG UIKPOoPLAKAG KOowoTNnTac,
6nAadn T onuaoia Twv BPEMTIKWY TIOU TPOOTIBEVTOL KAl TWV ATEKKPLUATWY Twv Paplwv. To
gupnUa aUTO cupdwvel e TNV PeEAETN Twv Xiong et al. (2015) mou peAétnoav T aAAAyEG OTn
ouvOeon TWV BAKTNPLOKWY KOWOTATWY OE €va eUTPOodLkO epBAAAov pe USATOKAAALEPYELEG KalL
twv Duarte et al. (2019) mou peAéTnoav TIC EMOXLOKEG QAAAYEG TWV KOWOTATWV OF
LVSOTOKAAALEPYELEG.

To ouvolo tou dUAoU Bacteroidetes Atav avapevopevo va eivat o ddpBovo Kovtd otoug
KAWBOUG Omou UTtAPXEL EVIOVN €LOpPON BPETTIKWY, YEYOVOG ToU E€xel avadepBel kaL oe AANeEG
mapopoleg peA€teg (Taniguchi et al.,, 2020). To ¢UAo Bacteroidetes Bewpeital pla gukaLpLOKD
opada Baktnpiwv pe mokida cuotiuata npocAnng Bpentikwy kat duvatdtnta UeTaBoAlouou
TIEPUMAOKWV EVWOEWV KOl CWHOTIOLAKN G opyavikn ¢ UANG (Fernandez-Gomez et al., 2013). Evtog tou
$dUAoOU autoU ntav emiong avoapevopevn n Siadopomnoinon twv tafewv Cytophagales kot
Chitinophagales. Ta Cytophagales, pio eukatplakny opada Baktnpiwv (Zaneveld et al., 2016), eixe
HEYAAUTEPO TOOOOTO OTOUG Farm kal pAAlota n mooootiaia cuvelopopd TG OTOo CUVOAO TWV
Bacteroidetes aufnBnke pe tnv avénon g €vtaong tng udATOoKAAALEPYNTIKAG SpacTnpLotnTog
(mooootd oe MF > OF >> C). Napopoiwg, n taén Chitinophagales £€6<lée to (610 MPOTUTIO HETAEL TWV
otaBuwv (mocooto oe MF > OF >> C). Kat oto ¢puAo Verrucomicrobia evtoniotnke Stadopomnoinon
ovaloya e TNV évtaon tne uSATOKOAALEPYELOG, HUE TNV OWKOYEVELX Rubritaleaceae va au€avetal
arno toug C, mpog toug OF kat MF. H taon avénong oplopévwy opadwv petafl twy otabuwv OF kat
MF amodewkviel mwg n évtaon tng mpoobnkng Bpemtikwv kabodnyel aAlayég oe Sladopeg
BloAoyikég petaBAntéc. H taén Flavobacteriales 6ev mapouciaoe €vtovn Stadopomnoinon avapsoa
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oTou¢ otaBuoug, nTav Opwc N o adBovn evtog Tou dpUAou Bacteroidetes, eUpnuo Tou cupdWVEL
ue toug Duarte et al. (2019) yia teptBaAlov uSaToKaAALEPYELAG.

AvtiBeta pe to dUAO Bacteroidetes, to dpUAo Cyanobacteria kataAdappave peyoAUTEPO
TIOOOOTO TWV KOWOTATWV 0Tou¢ otaBuoug C og oxéon Ue Toug Farm, OHwG N TOWKIAGTNTA EVTOC TOU
dUAou Atav vPnAotepn otoug Farm. ZuykekpLUEVA, oTtoug Farm BpéBnke Eva axapaktrpLoto i6og
Synechococcales kal emunAéov ta oteAéxn Nostocales kot Phormidesmiales, evw otoug C umnpxe
TOAU xaunAn mapoucia amd ta Suo teAsutaia yévn Kol KUPLOPXOUOE UOVO TO QXOPOKTNPLOTO
Synechococcales. H upnAotepn moocootiaia adpBovia twv Cyanobacteria otou¢ otaBpUoUg HAPTUPEC
arnodelxOnke Kal MOCOTIKA HE TOV aplOud twv kuavoBaktnpiwy, OMwg autdg HETPNONKE PE TNV
KUTTOpOUETpla pong (ta dedouéva dev mapouaoialovtal 6w). Kat ot Fodelianakis et al. (2014)
Bpnkav mMw¢ n olkoyévela Synechococcaceae ouveloédepe AlyOTEPO OTOUG OTABUOUC KATW amo
kKAwPBoUG. Ta Gamma- kat Deltaproteobacteria kataAdaupovav HeyaAUTEPO TIOCOOTO TWV
Proteobacteria otoug otaBuoug Farm, evw otoug C ta Alpha- Atav eite emikpatn eite loa pe ta
Gammaproteobacteria.

Ta mpotuna otn ocUVOeon TNG KOWOTNTOG TWV EAEUOEPWV TIPOKAPUWTIWY OTO TAELVOULKO
eMinedo tou (60UC CUOXETIOTNKAV HE TIC CUYKEVIPWOELG TwV Bpemtikwv PON, NO3, NH4 kat NO,. H
OMMwWVia glval pla évwon mou Sladelyel amd toug KAWBOUC KAl aVLXVEUETAL CE UTIOAOYIOLUEG
OUYKEVTPWOELG Kovta og kKAwBoU¢ (Stirling and Dey, 1990; Karakassis et al., 2001; Pitta et al., 2005)
Kal €tol, Ba pmopoUoe va €XEL EMNPEACEL TNV KOWOTNTO TWV TPOKOPUWTWV. Mapopola oxeon
avaueoa oe mpokapuwteg (m.x. Flavobacteriales, Rhodobacteraceae, Synechococcaceae) kat tnv
OUYKEVTPWON aUpwVIaKwy aAdtwv €xel Bpebel kat aAlou (VIahos et al., 2013; Frade et al., 2020; Bi
et al., 2022), kaL ouykekplpéva oe €va AlpvoBoAdcolo meplBaAiov udatokaAALEPYELAG OTNV
MoptoyaAia toviotnke n apeon €£dptnon tng PaKTNPLOKNAG KOWVOTNTAC OO TNV CUYKEVTIPWON TWV
VITPLKWV aAdtwv (Duarte et al., 2019).

H otyun tng nuépag Sev emnpéace TNV MOWKIAOTNTO TwV EAEVOEPWV MPOKAPUWTWY OUTE
otav efetdotnkav oL opadeg twv otabuwv Eexwplota (C, OF, MF). EAadpws uPnAotepn
TMoWKIAOTNTA o€ emimedo dUAwV Kal o€ eminedo yevwv Cyanobacteria mapatnpndnke Ouwg To mpwi
otou¢ otaBuoug MF og oxéon pe 0Aoug toug aAAouc. Mepattépw Slepelivnon Ba pag emtpeP el va
EVTOTILOOU UE TUXOV SLaPOPEC PE BAON TN OTLYUN TNG NUEPAG OE CUYKEKPLUEVA OTEAEXN.

Ot mpokapuwTeC TOU Bpilokovtav MPookoAANUEVOL O CWUATIOL EMINPEXTTNKAY OTTO TNV OTLYUN THG
NUEPQC KaL arto TNV mapouaia Kal Evtaon tnN¢ udatokaAAlEpyeLag

OL MPOKAPUWTEC TIOU avATITUOCOVTOL TIPOOKOAANUEVOL O owpaTidlr PeAeTABNKav Eexwplotad
KaBwce gival yvwoto nwe ta cwpatidia eival o adpbova os neptBarlovia udatokaAALEPYELAG ATIO
otL o aA\a BaAaoola neptBarovta (Taniguchi and Eguchi, 2020) kat emiong ivot yvwoto mwe ot
TIPOKOPUWTEC QVONMTUOOOVTOL PE PeyalUtepo puBud otav Ppilokovial MAvw O cwpaTidLla.
MaAlota auth n otpatnylki avantuéng Bewpeital euvoikn ylo TOUG ULKpOoOopYyavIopoU¢. Emdvw oe
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owpatidla €xouv petpnBel uPnlol puBuol udpoAuong opyavikng UANG Kol £€T0L, OE OQUTAV TNV
HEAETN avapévape va doUpe SLadopETIKOUG TPOKAPUWTEG OTIG SUO KATAOTAOELS (EAeUBepoOL Kal
TipookoAAnpévol) Kat emumAéov, va doupe SladopeTIKOUE TPOKOPUWTEG OTOUC oTaBuoUG ou dev
elyav enidpaon amd vdatokaAAiépyela (Bswpntikd SnAadn ol otabuol paptupeg Ba eixav
XapnAotepo doptio o€ cwpaTidL).

Ta amoteAéopata TNG avaAuong €06el€av MwG n KOWOTNTA TWV TPOOKOAANUEVWY OF
ocwuatidla mpokapuwtwyv StadopormolBnke Pe BAcn TN OTYUN TNG NUEPAG OAAA Kol AOyw TNG
uTapéncg vdatokaAAlEpyelag Kat TG UTapPENG evog N MOAAWY KAwWPBwWV. Zav cUVOAO N MOKIAGTNTA
KOLL OLLOLOYEVELO TWV TIPOCKOAANUEVWV TIPOKAPUWTWV Sev SLlEPepPE Eviova avapeoa otoug Farm kat
C, Opw¢ onuavtikég Sltadopég mapatnpnOnkav os oA Taflvouika enimeda.

MpwTtov, OMWG Kal PE Toug eAeVBEpPOUC TPOKAPUWTEG, To dUAO Proteobacteria rtav to
erukpatéotepo. H kAaon Alphaproteobacteria £€6e1€e av€énon amd 1o nMpwi wg To Ppadu oToug
OVETINPENOTOUC OTABUOUG HAPTUPEG, OUWG SEV MAPOUCLACE KATIOLO NUEPNOLo Tpotuno otoug OF
kat MF. AgUtepov, ATOV XOPAKTNPLOTIKO MwC¢ to $UAO Bacteroidetes amoteAoloe HeyoAUTEPO
HEPOC TNG KOWVOTNTOG OTou¢ otaBuoug Farm amod otL otoug C, HE LOLOLTEPO TPOTUTIO KATA TN
Slapkela tn¢g nuépag: otoug C, To PpUAO BpéBnke va auvfavetal amod 1o Mpwi wg to Bpadu (pe
Kuplapxo umevBuvo otélexog ta Flavobacteriales) evw otoug OF Bp€Bnke va HELWVETAL ATO TO
mpwli wg 1o Ppadu (edw TO Moocootd twv Flavobacteriales pewwvotav mpog to Bpadu, kat
TOUVAVTiOV, TO T0COOTO Twv Balneolales kal dyvwotwv Bacteroidia aufavotav). Tpitov, Tta
Cyanobacteria mapouciacav tnv avtiBetn taon (6nwc Kal otoug eAeUBEPOUC IPOKAPUWTEG) Kall
QIMOTEAECAV XAUNAOTEPO UEPOC TNG KOWOTNTAG oTtoug Farm amod ot otoug C kat To avtiotpodo
nuepnoto mpotumo: otoug C, To PpUAo BpEBnke va pelwveTal amod To pwi wg to Bpadu evw oToug
OF Bp€Bnke va av&avetal amnd to nmpwi w¢ to Bpdadu. AfloonueiwTo eival mwg otoug otabuoug MF
S6ev mapatnpndnkav avtiotoya nuepnola potifa kot mBavov autd va oxetiletol pE TNV
ouvexopeva uPnAn ouykévipwon Opemtikwv oto meplBAAAov KATA TN SLAPKELX TNG NUEPAC,
YEYOVOG Tou (owg Oev obnyel oe €vtoveg nUeEPNOLEG OLAKUPAVOELS OTL( KOLWVOTNTEG TWV
TiPoKapUwWTWV. AvtiBeta otoug otaBuoug OF 6mou ta Bpentikd pootiBevtal 1o mpwi o€ avaloyia
HOVO €vOC KAwPoU, TBavov eival MEPLOCOTEPO AVAUEVOUEVO AUTA Ta BpemTikd va odnyrocouv o€
Slapopormoinon Twv MPOKAPUWTWV TTOU €lval TPOooKOAANUEVOL O cwpaTidLa.

Ot otaBuol C mapouaciaoav HeyoAUTEPN MOLKIAOTATA Ao TOUG oTaBuol¢ Farm 6oov adopa
TI¢ taelc evtog Twv Bacteroidetes. Tuykekpuuéva, ol taéelc Chitinophagales kat Cytophagales
(uéyloto mooooTo: mpwi Kal peonuépl) kat Sphingobacteriales (Uéyloto mMoOo0OTO: peonUEPL Kal
Bpadu) kataAduBavav peyaAlTePO MOCOOTO TWV Bacteroidetes otoug otaBbuoug C and 6tL oToug
Farm. Huepnowa petapAntotnta mapouciace Kol n cuvelopopd TWV OLKOYEVELWV EVTOC Tou GpUAOU
Verrucomicrobia pe tnv owoyévela Akkermansiaceae va OUVELODEPEL TIEPLOCOTEPO TO LECNUEPL
otou¢ OF kat MF. Tevikd, Alya gival yvwotd 6oov adopd TNV KATAVOUN KOl TNV TOWKIAOTNTA TWV
Verrucomicrobia ota Baldcola mepiBdaAlovta (Freitas et al., 2012), ondte Bewpeital SUOKOAN n
OUOXETLON TOUG UE KATIOLO OLKOAOYLKO oTolxElo. XtnVv gpyacia twv Xiong et al. (2015) Bp€Onke mwg
n 6pacn vdatokaAAlEpyelag emnpedlel TOGO MOAU TOUG MIPOKAPUWTEC, WOTE OL EMOXLAKEG AAAAYEG
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oTn ouvBeon TwV KOWOTATWV &gV elval ONUOVTIKOTEPEG amo TG oAAAyEC otn ouvbeon Twv
KOWotNTwv Aoyw udatokaMAlépyelag. e plo mpoodatn epyacia TG emidpaong NG
vbatokaAALEpyeLlag oto oUVoAo Tou BaktnplomAayktou (eEAeUBepn Kal TPOOKOAANUEVN KATAOTAON)
otnv AvatoAlki MeodOyelo Kol OUYKEKpLUEVA otnv Xnteia, ot Fodelianakis et al. (2014)
napatnpnoav mw¢ Ta tpla Mo adBova PuAa Atav Ta WBla pe TNV Tapoloa epyacia:
Proteobacteria, Bacteroidetes kat Cyanobacteria. Avaueoa ota uno e€€taon oteAéxn Baktnplwy, ot
ouYYpOdELC EVTOTILOAV HEPLKA VOL EUVOOUVTOL KL AAAQ VAL LELWVOVTAL KATW amo Toug KAwBoug. Mo
OUYKEKPLUEVQ, OL OLKOYEVEleG Rhodobacteraceae, Alteromonadaceae Cryomorphaceae BpéBnkav
TO OUENUEVEG OTOUG EMNPENCUEVOUC OTABUOUG, KATL TIOU OXETIIETAL PE TNV QAVAYVWPLOUEVN
LKOVOTNTO TWV HEAWV OQUTWV TWV OLKOYEVEWWV yla amodounon opyavikng UANG (elte amod
duTtomAayKTOV eite AAANG TTPOEAELONG, TL.X. ATO ATEKKPIMATA 1) XEpoalag mnNyng). Ztnv SikR Hog
neplmtwon, n olwkoyévelo Rhodobacteraceae eixe tnv vPnAdtepn ouvelopopd 0TO0 CUVOAO TwV
TIPOKAPUWTWV 0Toug otabuouc MF, umootnpilovtag tnv amoPn mwc ta HEAN TNG OLKOYEVELQG
OUTAG €XOUV TPOCOPUOOTEL va avamtuooovtol Kal va KuplapxoUv ot meplBailovta Omou
UTTAPXOUV HEYAAEC OUYKEVTPWOELG Bpemtikwv (Tripp et al., 2013; Zaneveld et al., 2016; Frade et al.,
2020). AvtiBtwe, to otéhexog SAR11 (Pelagibacteraceae owkoy£vela) BpEBnKe va £xeL TNV avTiBeTn
oupumneplpopad: eixe tnv uPnAdTeEPN cuVELODOPA OTO GUVOAO TWV TPOKAPUWTWYV 0ToU¢ otabuoug C,
anodelkvlovtag mwe elval éva Tumiko oAlyotpodikd otélexog (Rappe et al.,, 2002). MaAiwota n
vPnAn adbovia NG olkoyévelag Rhodobacteraceae otoug oTaBUOUC HE USATOKAAALEPYELEC
ouvbudotnke He  auénuévn Ouykévipwon YAwpodUAANG otou¢ MF (ta Oedopéva bev
napouotdotnkav edw), pa oxéon mou €xel Ppebel oe mowila AAaA cuUCTAHATA TTOYKOOUIWG
(Grossart et al., 2005; Pinhassi et al., 2004).

Ta mpdTUTIA TNG KOWVOTNTOG TWV TIPOKAPUWTWVY TIOU €lval PookoAANUEva o€ cwuaTtidla oTto
TOEWVOULKO ETIMESO TOU €160UC CUCXETIOTNKOV CGNUOVTIKA LE TLG CUYKEVIPWOELC TWV OVOPYOVWV KOl
opyavikwv evwoewv alwtou (PON, NHy) omwg €yve kot pe Toug eAeVBEPOUG TIPOKAPUWTEC, aAAA
KOl UE TN ouykévtpwon tou POC. H &&dptnon tng Kowotntag amod Tn OUYKEVTIPWON TOU
ocwpatdlakol opyavikou avBpaka mBava e€nyeital Adyw NG LKOVOTNTOC UTWY TWV KUTTAPWV VoL
TIPOOKOAAWVTAL KAl va armodopouV opyavikd UALKO Kol HETEMELTA va aneAeuBepwvouv SLaAUpEVO
0pYQVLKO UAIKO (LOpez-Pérez et al., 2016).

Z0voyn armoTEAECUATWY YLO TOUG TTPOKAPUWTEG

Ano ta amoteAéopata pag Aoutov daivetal mMwg HE TRV avénon tN¢ uSATOKAAALEPYNTLKAG
SpaotnplotnTag n ouvBeon Twv KOWOTATWV Umopel va eival SladopeTikh, KOl CUYKPLUEVA, VO
UTTAPXOUV EUKOLPLAKA OTEAEXN TIOU «aVTIKABLOTOUV» oTeEAEXN Tou Sev elval MPOCAPUOCHEVA OF
HUEYAAEG OUYKEVIPWOELC BpemTikwv (oAlyotpodika). Aev BpéBnke nuepnola HETABANTOTNTA OTOUG
eAeVBEPOUC TPOKOPUWTEC E TG AVAAUCELG TIOU £YLVOV WG Twpa. Ev pépel, povo yo tov otaduo
HAPTUPO, QUTO UIMOPEL va oXeTIleTOL UE TIG OALYOTPODLKEG CUVONKEC TIOU EMKPOTOUV OTNV OVOLXTH
BaAaocoa tou ApyoAlkoU KOATIOU, KATL TOU Loxuplotnkav kat ot Ghiglione et al. (2007) ywa tnv
oAwyotpodiky Sdutikp Meooyelo. Mapoha autd PBpébBnke nuepnola  PETABANTOTNTA OTOUG
TIPOKAPUWTEG TIOU €lval TPOoKOAANUEVOL 0€ owpatidla, KATL Tou TiBavA oxXeTI(eTAL HE TNV AUEDN
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e€aptnon toug amd cwpatidlakn opyavikn UAN. H avénuévn ouvelodopd twv Synechococcales
otoug otabuolg OF amd 1o mMpwi wg to Bpaddu mMaparnAilel amoteAéopata O EUTPOPLKA
cuoTUaTa.

4.2. MetaAntotnta oth 6UVOEGN TWV KOWWVOTATWY TWV EVKOPUWTWV

To ueoo-{wWOMAQYKTOV EMNPEATTNKE QIO TNV EVTaON TNG USATOKXAALEPYNTIKNG SpaoTnpLotnTac

H ouvBeon twv kowotATwv peco-lwomAayktol ¢AvNKE va ennpedletal amod Ttov TUTo
vbatokaAAépyelag, SnAadn avaloya pe to av ol otabuotl Atav C, gixav évav kAwBo (OF) n
ToAAoUG KAwPou¢ (MF). EmutAéov, n nuépa deypatoAnyiag Stadopomnoince TIg KOWOTNTEG UECO-
{womayktou. H nuepnola KABeTn PeTavAoTeEUON Tou {WOTAAYKTOU €ival €va eUPEWG LEAETNUEVO
NUEPOLo MAayKToviko potifo (Cohen and Forward, 2009). Itnv mapouca epyaoia, n enidpacn tng
OTLYMAG TNG NUEPAC Sev dAvVNKE va €lval OTATIOTIKA GNUOVTIKA YlO TO OUVOAO TWV KOLVOTNTWV
pueoo-{wrnAayktou. Qotoco, n emidpacn ATAV opaAT OE KATOLO XAPOKTNPLOTIKA ¢UAA: n
nooooTtiaia cuvelodpopa Twv Arthropoda auv€nbnke povo otoug otabuoug MF amo 1o mpwi £éwg To
Bpadu, twv Mollusca amnoé to mpwi w¢ £éwg to Ppadu povo otoug C kat OF, evw TO MOCOOTO TwWV
Chordata au€avotav e 6Aou¢ Toug oTaBpol¢ amnod 1o npwi £wg to Ppadu. OAa ta mapanavw GuAa
EUTEPLEXOUV OPYAVIOLOUC TToU Ttapouctalouv nUeEProLla KABETN UETAVACTEUON, KOL CUYKEKPLUEVA
To Bpadu aveBaivouv oe emibpavelaka vepd (Marohn et al., 2021). Juvenwg Atav Aoywko va Bpebetl
vPnAdTEPN Mapoucia avtwyv Twv puAwvY To Bpddu otoug dtadopoug otabuouc.

MevikOTEPQ OTO PECO-{WOTIAQYKTOV TO ETKpATEOTEPO PpUAO Ttav to Arthropoda oe 6Aoug
TOUG OoTaBUOUG Kal OTLYMEG TNG NUEPAC, AmOoTEAOUNEVO amokAEloTikd amd Crustacea. Eviog twv
Crustacea PpéBnkav Maxillopoda, Malacostraca kat Branchiopoda oAAG oL TEPLOCOTEPEC
oAnAouyiec 6ev taflvoundnkav. To OMOTEAEOUA HOC CUUPWVEL Pe peAétec otn Meoodyelo
OdAacoa mou €xouv Sei€el 6TL TO peyaAUuTEPO PEPOG TOU {womAayKTol amoteAeital ano kwnAmoda
(Cabal et al.,2008).

H avdAuon €b6sife nwg n tpitn nuépa tng deypatoAnyiag Sdadopomolibnke onUAVTIKA
oo T AANeG SU0. YIOBETOUUE WG KATIOLEG TIEPLBAAAOVTIKEC TTOPAUETPOL ATV SLAdOPETIKEG TV
Pltn nuépa tng SewypatoAniag kat odnynoav oe SladopéC otV KOWOTNTO TOU HECO-
{womAayktou. Asbopéva amo 1o mpoypappa TAPAS €6sifav Oviwg Mwe TNV Tpitn pEpa N
Beppokpacioa Tou vepol Atav mepimou 1°C uPnAdtepn amd TS TponyoUpeves. Emiong, n
KatevBuvon Twv avéuwv Atav PopeloduTikn evw T TPWTEG Vo UEpeg SelypatoAnyioag Atav
Bopela koL outd emnpéace tnv e€amiwon Twv BOpentikwv otoxelwv (K. Towdpag, mpoo.
emkowwvia). Eivat afloonuelwto mMAVIWG MW¢ HOVO TO EUKAPUWTLKO TIAQYKTOV (KoL TO TILKO- KOl
vavo-TIAYKTOV Ttou Ba oculntnBel mapakdatw) StadoponolOnke tnv Tpitn HEPQ.
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To 7KO KOl VOVO- EUKOPUWTIKO TIAQYKTOV EMNPEACTNKE HOVO QO TNV EVTaon TN¢
vbatokaAALlepyntikrc SpaotnpLlotnTag

H oUvBeon Twv KOWOTATWYV TILKO- KAL VOVO- TIAAYKTOU €Ttiong ¢avnke va ennpedletal anod tov TUmno
vbatokaAALEPYELAC, EVW N EMISpACN TNG OTLYUNC TNG NUEPAC SEV ATAV ONUOVTIKA. AUTO UMOpEL va
oupBaivel kaBwg ol diadopeg petaBolég Sev aviyvevovtal mavta oto eninedo DNA. Mpadayuartt,
HEAETN TOU adopoUOE TIG NUEPNOLEG SLAKUUAVOELG 0TNV TOKIAOTNTA TwV MNpwtiotwy £6e1€e OTL Ta
npotuna davepwdnkav povo pe t xprnon rRNA (Hu et al., 2018). Ie oplopéva ¢UAA OPWG
Bp€Bnkav SLaKUUAVOELS LETA OTNV NUEPQ, OTWG Yyl mapadelypa ota Dinoflagellata (adopd pikpad
SWVOHOOTIYWTA OTOUC VAVO-EUKAPUWTECG) UE TO TTOCOOTO TOUG VO UELWVETOL amod To MPpwi W To
Bpadu, Wblaitepa otoug otabuoug C. O Adyog mou ta Dinoflagellata mapouoiacav auvth tnv tdon
Heiwong &ev elval €ekdBapog kabwg Ta SLVOUAOTYWTA TapoucLlalouv HEYAANn TOWKWAlO oTnv
TPOodLKN cuumeplpopad (autotpodol, UKTOTpodOL, ETEPOTOPOL).

To onUAVTIKOTEPO (OWG €UPNUO OTNV OHASA TILKO- KAl VOVO- EUKAPUWTIWVY NTAV TIWG Ta
Bacillariophyta, &nAadny O&wdtopa (Uikpd O&lATOHA OTOUG VOVO-EUKOPUWTEG), Tapouciacav
HEYaAUTEPN ToocooTilaia cuvelopopd otoug otabuoug C o oxéon HeE Toug otabuoug Farm. Autd
oupdwvel pe toug Tsagkaraki et al. (2013) mou BprKkav pHelwWon TWV ALATOUWY KOTAVTN TWV KAWBWV
OTOU UTIN|PXE CUCCWPEUCN BPEMTIKWY, VW avavtn (avtiotola pe toug otabuoug C dnAadn) n
adBovia Twv SLaTtOpwY auvfavotayv. IXETIKA e TO UTIOAoUTo putomAayktov dev Bpébnkav Wolaitepa
npotuna oe emninmedo ¢UAOU avAapeca OTou¢ oTabuoUC. e MOAALOTEPEG UEAETEG KAl HE Xpnon
Uikpookomiag &ev Bpébnke va emnpealel n mapoucia udatokallepyswwv tnv adBovia kalt
TIOKIAOTNTA TWV 3 UKPO-TIAAYKTOVIKWY opddwy (dtatopa, dwvopaoctiywtd, PAedpapldbwta ,Pitta et
al. 1999, Yucel-Gier et al. 2008) oUte OuwG thv adBovia tou Tiko- Kal vavo-rmAayktou (Pitta et al.
2005). Auto miBava oxetiletal pe TO OTL OCUXVA OEV aAVIXVEUOVTIAL CNUAVTIKEG OAAAYEG oTnV
OUVKEVTpWON TNG XAwpodUAANG otn oTtAAN Tou vePoU Tapd TN UEYAAN moootnta SLaAUUEVWY
OPEMTIKWY OTOLXEIWV TIOU QTOpPPLTTOVTAL KOVTA 0t povadeg uvdatokalAlépyelag (amd ta omola
TOUAQLOTOV Ta PLod ival dpeoa StaBéaipa ano to putomAayktov) (Pitta et al., 1999; Karakassis et
al.,, 2001). Emiong, €xeL amodelyBel 6tL n ocuvbBeon twv KowotNTWV putomAayktol eudavilel mo
ATLEG LETOPOAEG O OXEON UE TIC YUPW TIEPLOXEC, OE aviiBeon Ue TG PAKTNPLAKEG KOWVOTNTEG TIOU
elval moAU mio svaioBnteg oe mepParioviikég petaBolég (Xiong et al., 2015). e kabe mepimtwon
xpelaletal mepLloootepn dlepelivnon TNG LETAPANTOTNTAC O XAUNAQ TAELVOULKA Mimedal.

Tooo 0T0 HECO-{WOTMAQYKTOV OCO KOl OTOUG TIKO- KOL VOVO- EUKOPUWTEG €Vol HEYAAO
mooootd twv OTUs dev pmopoloav va XapaktnelotolV Kav oto emninedo tou ¢puAou, KATL ToU
SuokoAee TIg avaAloels. NMapodpolo anotéAeopa culNTELTAL KOL GE L0 TIPONYOUUEVN UEAETN OTNV
AvatoAikry Meaodyelo (Santi et al., 2020) kot odeiletal KATAPXAC oTo OTL N AvatoAlky MeooyeLog
eilval petafl twv Ayotepo e€epeuvnuévwy BaAdoolwy TEPLOXWV 000V adopd TIC EUKAPUWTLKEC
TIAOYKTOVIKECG KOLVOTNTEC KoL SEUTEPOV, OTO OTL N TMEPLOXN UMOpPEL va phoevel povadika r) omavia
€ldn mMAayktoU AOyw TwV SLaKPLTWV XNUWKWV ouvOnKwv TIou emikpatouv (6nAadn tng eatpetika
XAUNANG TEPLEKTIKOTNTOG 0€ Bpemtika Kal TG uPnAng avaAoyiag N:P, Krom et al., 2010). Zuvenwg,
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€va UEYAAO TIOCOOTO TWV «AYVWOTWV» EUKOAPUWTWY BOa pmopolOe va  OVTLOTOLKEL o€
axapaktiplota pikpoflaka €idn (Santi et al., 2020).

H kowvotnta twv UUKNTWV MEPLEixe MOAAEC ayvwoTes aAAnAouyiec ouwc BpeBnke va ennpealstol
arto tnv unapén KoL tnv Evraon tn¢ uSaToKaAALEPYELXC

To MpOBANUA TWV «AYVWOTWY» aAANAOUXLWV NTAV OKOPA HEYOAUTEPO O0oovV adopd TNV MEPLOXA
ITS1-ITS2 o6mou n ouvtputtiki TMAsloPndla TMapEUEVE XwPIC TAEWVOUIKO XOPOKTNPELOMO, EVW
avaktnOnkav kot kamoleg aAAnAouyieg amnod to {wikd dpUAo Cnidaria. OL TEPLOCOTEPEC UEAETEC TIOU
0popoUV EUKAPUWTEC KOl Xpnolpomolouv availuon DNA petakwdikomoinong, Kavouv xpnon tou
yovidiou tn¢ pikpnig umopovadag 18S rRNA kat tou pttoxovéplakou yovidiou tng umopovadog 1
NG KUTOXPWHLKAG 0&eldaong (Loos and Nijland, 2020). Qotooo, To pUAo Cnidaria £xel pehetnBel kat
HE TN Xxprion tng neptoxng ITS1-ITS2 (Forsman et al., 2005) kot €ivat AoyLlko TIou avaktnOnke Kal ota
kA pag anoteAéoparta. Q¢ €k TOUTOU, AUTO TO TEPAOTLO TTOCOOTO TWV AYVWOTWV aAAnAouxlwv Ba
UMOPOUCE VA aVNKeL 0€ SLAPOPOUC EUKOPUWTEG TWV omoiwv n aAAnAouxia tng meploxng ITS1-ITS2
Sev €xel yivel yvwotn. AkOpa, Ba pmopouaoe val avhiKeL KoL 0€ PUKNTEC Tou Sev €xouv TaflvounBel.
Auto Ba nTav amdAuTa AVOUEVOUEVO KOOWC oL TAQYKTOVLKOL UUKNTEG AMOTEAOUV Ula opada
OPYOVIOUWY EEQLPETIKA UTIOUEAETNHEVN O ayKoouo eminedo (Wang et al., 2018;2019), kat 6n
otnv AvatoAwkr) Meodyelo 0mou auTtr lvat n mpwtn ¢Gopa MoU LEAETWVTAL.

JuvumoAoyilovtog To MOC0O0TO TwV AyvWwoTwv aAAnlouxwwv, n avaluon €6elfe mwg n
TIOWKIAOTNTA TWV HUKATWV EMNPEACTNKE amo TNV Umapén uOATOKAAALEPYNTIKNC dpaaTnpLloTnTag,
KaBwg kat arnd tnv umapén evog r moAAwv KAwBwv. To 1o erikpatég puAo ftav to Ascomycota kat
To deUTEPO ETUKPATEDTEPO TO Basidiomycota, evw otn cuvéxela akohouvBouoav ta Chytridiomycota
kol Mycoromycota pe moAU Uikpr moocooTtiaia cuvelodopd. H avadoyia twv GUAWY TwWV HUKATWY
ATav mapopola Pe TNV mpoodatn meplypadry twv Wang et al. (2018). Ot idot ocuyypadeic
napoatnpnoav nwg ot aAAayEg ota Ascomycota kat Basidiomycota tav otevd cuvdeSeUEVEC LE TIC
oAAayEG o SLOAUUEVO Kol CwHaTIOLaKO dwodopo, SLAAUHEVA VITPLKA KOL TTUPLTIKA GAATA KAl OTL N
adBovia autwv Twv GUAWV ATAV LEYAAUTEPN OTAV N CUYKEVTPWON TWV MOPATIAVW BPEMTIKWY ATAV
pueyaAutepn. Emiong, opketég peléteg €xouv Oeifel TNV AUeon €UMAOKA TWV HUKATWY OTOV
HeTABOALONO TOUu alwtou, ocupmepllapPavopévne tng adopoiwong tTNC OCUUWVIOC KAl TNG
oppwvioroinong twv vitpwdwv (Wegley et al., 2007). EmutAéov oL MUKNTEG, OMWC Kol Ta
TiPooKOoAANpEvVa o owpatidla Baktrpla, XpNOLLOTOLOUV OPYOVIKA UTTOOTPWHLATAL.

‘EtoL Aoumoy, n KavoTNTA TwV HUKATWY va HetafoAilouv TG mapandvw eVwoels davnke va
OVTIKATOMTPI(ETAL OTA TPOTUTA TNG KOLWOTNTA TOUG TIOU OCUOCXETIOTNKAV ONUAVTIKA HE TIG
OUYKEVTPpWOEL, Twv POC, PON, NH; kot NO,. Juvenwg, oL Ol0pOPETIKEG OUYKEVIPWOELG
CWHATIOLOKWY KoL OVOPYyovVwVY BpenmTikwy avapeca otoug otabpuoug FARM kot C i akopo Kot
avapeoa otoug C, OF kot MF pmopet va dtadopomoinoav Tig KOWOTNTEG LUKATWV.
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Evtog tou ¢uAou Ascomycota, n TLO €MIKPATC KAAOn Atav n Saccharomycetes, kat
akolouBoloav ot kAdoelg Dothideomycetes, Eurotiomycetes kat Leotiomycetes pe to mMO00OTO
TOUG OTNV KOWOTNTA TwV MUKATWY va eivatl upnAotepo 1o peonuépl. Epoocov to pulo Ascomycota
€XEL OUOYXETIOTEL BeTIKA pE Ta Pwodoplkd Katl appwviaka alata (Wang et al., 2018; 2019) ta onoia
TIAPVOUV TIG MEYLOTEG TIUEG TOUG AlyeG wpeg HeTa To TAlopa twv Yapuwv (Pitta et al.,, 1999;
Karakassis et al., 2001), n at&non tng ouvelodopAs AUTWV TwV KAACEWV Kal Tou GUAOU CUVOALKA
Ba punopouoe va oxetiletal pe Ta Bpentikd. TEAOG, éva TOAU evlladEpov eUpnUa TNG MAPOUCAS
HeEAETNG elval n avixveuon tou ¢UAou Cryptomycota pe 1o yovidio 18S rRNA, aAAd OxL pe TNV
nieploxn ITS1-ITS2. To Cryptomycota eival éva omavio GUAO TIOU €VTOTOTNKE TIPWTN GOpPA OE
TIAPAKTLO OlKooUoTnUa amo toug Wang et al. (2018). Auto to eUpnua Unopel va SelyveL Tnv avaykn
HEAETNG TWV LUKATWYV HE cuvduacouo tou yovidiou 18S rRNA kal tng meploxng ITS1-1TS2.

2ZUvoyin amoTEAECUATWY YLA TOUG EUKAPUWTEC

Onwg KoL yla TouG TIPOKAPUWTEC, PpeOnke Mwe To PeECO-{WONMAAYKTOV KOl Ol TILKO- KOLL VOVO-
outotpodol Kal €TEPOTPOPOL EUKAPUWTEG CUUTIEPIANAUBAVOUEVWY TWV HMUKATWY ETNPEACTNKAV
oo tnv udatokaAALépyela, evw Kol N nuépa  detypatoAnyiag, SnAadn meplBaANOVTIKEG
Tapapetpol mou daMafav (m.x. n Kukhodopia TOou vepou, n Bepuokpacia) emnpéacav TIG
EUKOPUWTLKEC  KowotnteG. H nuepnola  petafAntotnta  mopatnpndnke o€  oplopéva
{womAayKToVIKA ¢UAa oV €lval yVwoTA WG KAVOUV KABETN NUEPHOLO LETAVACTEUCN Kal £XOUV
HEylotn ouvelopopd ota emidpavelakd vepd to Ppadu. Ta pkpa Swatopa Ppébnkav va
ouvelodEpouv AlyOTEPO OTOUC OTaBpoUC He USATOKAAALEPYELD, €VW TA SLVOUACTLYWTA
ouvelcedpepav Alyotepo 10 PBpddu oe OAoug Tou¢ otaBuoug. Ta amoteAéopata xpelalovtal
nepaltépw Slepelivnon OUWE, WOoTe va avixveuBouv tuxov Sladopomolioelg oe AAAQ, xaunAotepa
TafLVOULKA eTtiMESA. Z€ AUTAV TNV MPWTN UEAETN TWV MUKATWY otnv AvatoAlky Meoodyelo BpéBnke
€va UEYAAO TTOOOOTO W XOPOAKTNPLOUEVWVY ELSWV KOL L0 CUGXETLON E TOL aAvOPYava KoL OpYOVLKA
Opemrika.
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NAPAPTHMA

1. To apXeio TWV MAPAUETPWV TTOU XPNOLHoTIotONKaV oTLg BLoANPodOPLKES
avaAUoeLg yia To yovidio 16S rRNA

HHAF AR A A A A A
HHAF A AR

FHAFFHAFASH AR AR PEMA 's PARAMETERS
FHAFFHHAAFHH AR H AR AR

FHAA A A A R R R R R R R R R A

FHEHFHRF AR AR

¥

# for version 2.1.4
¥

# In this file there are all the parameters that need to be assigned
every time PEMA is

# about to run! The parameters we have here, are not the only parameters
of the tools

# invoked by PEMA. Hence, we encourage you the most to study the manual
of each tool and

# make them as good as possible for your specific experiment.

#

# ATTENTION!

# From each variable you have to leave EXACTLY ONE (1) TAB and then fill
in the parameter.

#

#

FHAHH AR AR A
iFaE S E LA EE LRSS

FHEHFFHHFHHHFSHHFFH 4 #4444+ The parameter setting starts frome here!
FHAHH A HSH AR

FHAHH A H AR S
FHAHHHA AR S

#

# Give in your each unig experiment a NAME, so a single output file will
be created for each of them

#

outputFolderName 16S vsearch098 t

#

#

# PEMA needs the names of the samples to be as in ENA format (e.g
"ERR1021912") but

# they are more like as the Illumina sequencer returned them (e.g

"FdCor 1l.fast.gz")

# In order to change the names of your samples as they should be.

# Otherwise, you need to set the "EnaData" wvariable as 'No'.

EnaData Yes

#

# Each sequencer has a special combination of letters with which all its
reads start with

# For example MiSeq has "@MO". Please provide this pattern to PEMA to
convert your data to the ENA

# format. If you do not know that, you can either google it or gunzip a
fastg.gz files of yours and provide

62



# the letatters between the "@" and the first ":" characters.
sequencerPrefix MO

#
igasdsasdssdsdasddsadsdaasdaaadiadadaasdaaaadaan iR R nnR R
FHAFA AR ARRAA fastgc (v0.11.8) FHAHE A AR AR RS

FHAHH A AR A R R A R R
#

# No parameters here!

#

#

igasdsasdssdsdaaddsadsdsasdiaaadiadadaasdaaaaaad R R nn R
#HEHHEHH AR EAS trimmomatic (v.0.38) igaadsasdsaa s itad //

http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomati
cManual V0.32.pdf

FHAHHHE AR H AR AR

#

# Performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

# It needs to be set either as 'Yes' or 'No'.

#

maxInfo Yes

#

#

#HHH #4444 for MAXINFO ######4# 4444444444444

# Specifies the read length which is likely to allow the location of the
read within the target sequence to be determined.

# It needs an integer to be set as a value.

#

targetLength 200

#

#

# This value, specifies the balance between preserving as much read
length as possible vs. removal of incorrect bases.

# It can take values between 0 and 1.

# A low value of this parameter (<0.2) favours longer reads, while a high
value (>0.8) favours read correctness.

#

strictness 0.6

#

#

#H#FHFHF#H#HF for ILLUMINACLIP #hdh#ddHdddadasass

# Specifies the path to a fasta file containing all the adapters, PCR
sequences etc.

# The naming of the various sequences within this file determines how
they are used.

#

adapters TruSeg3-PE. fa

#

#

# This parameter specifies the maximum mismatch count which will still
allow a full match to be performed.

# It needs an integer to be set as a value.

#

seedMismatches 2

#

#
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# This parameter specifies how accurate the match between the two
'adapter ligated' reads must be for PE palindrome read alignment.

# It needs an integer to be set as a value.

#

palindromeClipThreshold 30

#

#

# It specifies how accurate the match between any adapter etc. sequence
must be against a read.

# It needs an integer to be set as a value.

#

simpleClipThreshold 15

#

#

#H#H###H##4H for LEADING  #####4#f44H 44444444 HH4H#H

# The LEADING modules, removes low quality bases from the beginning.
# As long as a base has a value below this threshold (value of the
'leading' parameter) the base is removed and the next base will be

investigated.

# It needs an integer to be set as a value.
#

leading 10

#

#

#HH4##HfH#HHE for TRAILING ####### 44444 HHHHHHHHHHHHHEA

# This module of Trimmomatic removes low quality bases from the end.

# As long as a base has a value below this threshold (value of the
'trailing' parameter), the base is removed

# and the next base (which as trimmomatic is starting from the 3' prime
end, would be base preceding the just removed base) will be investigated.
# It needs an integer to be set as a value.

#

trailing 15

#

#

#HH4#HHfH###E  for MINLEN  #####44###44S4HH4H 444 HHHHHHHES

# This module removes reads that fall below the specified minimal length.
If required, it should normally be after all other processing steps.

# Reads removed by this step will be counted and included in the "dropped
reads" count presented in the trimmomatic summary.

# It needs an integer to be set as a value.

#

minlen 100

#

#

# Finally, you need to set how many threads you want Trimmomatic to run
into.

#

threadsTrimmomatic 40

#

#

FHAHH AR
$HEHHSHHH BayesHammer (from SPAdes: v3.13.0) #########444444

FHAHH A AR

#
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# This algorithm is part of the SPAdes tool package. You can find its
manual here: http://cab.spbu.ru/files/release3.10.1/manual.html#secl
#

# no parameters here!

#

#

FHAH AR A R R A R R R R
FHAFA AR ARRAA PANDAseq (v. 2.11) A E Y/

https://storage.googleapis.com/pandaseq/pandaseq.html
S i i i R

#

# PANDAseq is the algorithm that PEMA uses in order to merge the paired-
end reads.

# PANDAseq has more than one merging algorithms.

#

# Here, we set the algorithm used for assembly. The most common of them
are:

# pear --> uses the formula described in the PEAR paper (Zhang 2013),
optionally with the probability of a random base (g) provide

# simple bayesian --> uses the formula described in the original paper
(Masella 2012), optionally with an error estimation (Ep) provided.

# other options are stich, flash and more that you can fing in the above
link.

#

pandasegAlgorithm simple bayesian

#

#

# PANDAseq is a I/O bound algorithm. That means that it needs severous
time in order to handle the ipnut and output files

# while the process is quite fast. However, it does support
multithreading and here you can set the number of threads it is going to
use.

#

pandaseqThreads 40

#

#

# The 'minlen' parameter sets the minimum length for a sequence, after
primers are removed.

# By default, all sequences are kept. With this option, sequences shorter
than desired can be discarded.

# In case you need to use this parameter, be sure you leave a tab after
'minlen' and set it like this: '-1 80'

# If you do not want to use this parameter, please remove everything
after the 'minlen'

#

pandasegMinlen -1 150

#

#

# The 'minoverlap' parameter sets the minimum overlap between forward and
reverse reads.

# By default, this is at least one nucleotide of overlap.

# Raising this number does not generally increase the quality of the
output as alignments with small overlaps tend to score poorly and are
discarded anyway.

#

minoverlap 5
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#

#

# The 'threshold' parameter sets the score, between zero and one, that a
sequence must meet to be kept in the output.

# Any alignments lower than this will be discarded as low quality.

# Increasing this number will not necessarily prevent uncalled bases (Ns)
from appearing in the final sequence.

# It is also used as the threshold to match primers, if primers are
supplied. The default value is 0.6.

#

threshold 0.6

#

#

# The '-N' parameter eliminates all sequences with uncalled nucleotides
in the output.

# Otherwise, during assembly, uncalled bases (Ns) from unpaired regions
may be emitted.

# If you need -N to be on your analysis, please add '-N' after
'elimination'. Please make sure you leave a tab.

# If you do not want the parameter to be on, please make sure there is
nothing after the 'elimination' parameter.

#

elimination -N

#

#

## PEMA performs the PANDAseq algorithm, with the -a and the -B
parameters also on.

## That it for striping the primers after assembly, rather than before
and allowing input sequences to lack a barcode/tag correspondingly.

#

#

FHAHH A A
FHEFHH#AH#ES  obiuniqg  (from OBITools: v1.2.12)  ######44#4#44#4

FHAHH A A

#

# This algorithm is part of the OBITools package. You can find more about
them here: https://pythonhosted.org/OBITools/

#

# no parameters here!

#

#

FHAHH A S

aEE s s LTS L VSEARCH (v2.9.1) FHAFH AR
FHAHHHAHHH AR A

#

# VSEARCH is the main algorithm used for a lot of steps in the case of
the 16S marker gene.

# Set how many threads do you want PANDAseg to use.

# It needs an integer to be set as a value.

#

vsearchThreads 40

#

#

# Here you need to set a score about the clustering step of the VSEARCH
algorithm.
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# Do not add a read into a certain cluster if the pairwise identity with
its centroid, is lower than the value of the 'vsearchId' parameter.

# The pairwise identity is defined as the number of (matching columns) /
(alignment length - terminal gaps).

# It needs a real number to be set as a value, ranging from 0.0 to 1.0

#

vsearchId 0.98

#

#

FHE A R R R S
FHAHH A H AR A
#//777770707777777777 7777770777777 77777777777777777777777777777777777777777
L1170 0 07777777777

FHEHFHHHFHHHFHHHFHHHFHHHHFHEHF GENE - dependent parameters
idgdstsadstadatdaaa AR EARAEEEEEEEE
#//77777777777777777777777077777777777777777777777777777777777777777777777
L1170 70077777 7777777
S i i i
FHEFHE AR A

#

# The marker gene you have is really important for both the clustering &
chimera removal procedure and the

# taxonomy assignment. By default, the pipeline runs for 16S. Substitute
with 'COI' if COI is your marker gene

# write it down after the underscore ( ) - do not erase the udenrscore!!
#

gene gene 168

#

#

FHAHH A R A
FHAHHHAHHH AR A

# Here are some parameters needed when the the metabarcoding analysis is
about the 16S/18S marker genes #

FHAHH A R A
FHAHHHAHHH AR A

#

#

# If your marker gene is 16S, you can choose between 2 different
approaches of taxonomy assignment (alignment & phylogenetic based)

# An alignment based taxonomy assignment - set as 'alignment' - which is
based on SILVA and CREST (version 3.0).

# However, you can also get a phylogenetic based assignment, by putting
'phylogeny' in this parameter. In that case, a reference tree we created
is being used as well as the RAxML

#

taxonomyAssignmentMethod alignment

#

#

# I you choose phylogeny based taxonomy assignment, then you 11 need to
rum PaPaRa.

# Pleas fill in how many cores PaPaRa is able to use.

#

numberOfCoresForPapara 20

#

#
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# When you use the alignment-based taxonomy assignment, then the
LCAClassifier from the CREST algorithm, uses a Silva version for the
assignment.

# PEMA allows you to choose between the two last version of Silva. Hence,
set the "silvaVersion" parameter either as 'silva 128' or as 'silva 132'
# depending on the version of your choice.

# In case you are running 18S rRNA data, you may also use the PR2
database, by setting the referenceDb parametera as 'pr2'.

#

referenceDb silva 132

#

#

# As you may need a series of taxonomy assignment when you use the
alignment-based method, please give another name in your

# taxonomy output folder of the CREST algorithm, each time you are about
to use it.

# CREST creates an output folder every time and if a folder with the same
already exists, it is going to abort the task!

# You need to set the value of this parameter in case of 16S/18S rRNA and
ITS marker genes.

#

taxonomyFolderName 16S taxon assign

#

#

FHAH A H AR AR A A
ifgdstaadssdasaRARAA AR EEAEEE R

FHA#H A H AR For the case of the ITS marker gene
ifgdssaadstdgadatAaaA AR EARAEEEEEEEEE

FHAHH AR AR A S
FHAHHHAH AR A

#

# For the case of ITS there is an extra problem with respect to the
primes used.

# Please complete the next two variables with the primers you used

#

forwardITSPrimer GATGAAGAACGYAGYRAA

reverselITSPrimer CTBTTVCCKCTTCACTCG

#

#

FHAH A H A H AR A
ifgsstsas s aasa A AR AR EEEEEEEEE

FHeHAHAH Here are some parameters needed with respect to clustering
algorithms FHAHH SRS

FHAH A R R A
FHAHHHAHHH AR A

#

#

# For the case of the 16S and 18S rRNA marker genes, you can either get
an OTU-table using the VSEARCH algorithm

# or you can get an ASV-table by taking advantage of the SWARM algorithm.
# If your marker gene is COI or ITS, you can choose between 2 different
approaches of clustering.

# Depending on which of them you choose you get either a robust output in
a short time (Swarm) or a non-robust output (CROP) that requires quite
much more time.
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# Please fill in accroding to your marker gene and needs (write "Swarm"
or "vsearch" or "CROP" after algo ).

#

clusteringAlgo algo_vsearch

#

#

# In case of SWARM, the user needs to speeecify the value of "d"
parameter,

# maximum number of differences allowed between two amplicons, meaning
that two amplicons

# will be grouped if they hav e integer (or less) differences. This is
swarm's most important

# parameter

1

+= = Q. W

# when using the option --fastidious (-f), define the minimum mass of a
large ASV.

# By default, an ASV with a mass of 3 or more is considered large.

# Conversely, an ASV is small if it has a mass of less than 3, meaning
that it is composed of either one amplicon of abundance 2, or two
amplicons of abundance 1.

# Any positive value greater than 1 can be specified. Using higher
boundary values will speed up the second pass, but also reduce the
taxonomical resolution of swarm

# results. Default mass of a large OTU is 3.

#

boundary 3

#

#

# You also need to set the number of threads that Swarm is able to use
#

swarmThreads 20

#

#

## SWARM tends to create a great numebr of ASVs, especially when d takes
a low value.

## Would you like to remove the singletons (ASVs that appear only once
with abundance equal to 1) ?

#

removeSingletons Yes

#

#

# CROP is able to run on multiple CPUs. As PEMA needs to update an
environmental variable to do thi$

#

omp_num _ threads 20

#

#

# PEMA invokes the UCHIME DENOVO3 algorithm for the chimera removal in
the case of the COI marker gene.

# This is a quite common algorithm for that step, but you still need to
choose the minimum abundance skew value.

# By default this value is equal to 16. However, the only difference
between UCHIME DENOVOZ and 3 is that in the second version,
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# the abskew value used to be equal to 2. So, be my guest and pick your
value as I really have no clue about that.

# Probably, for environmental studies a low abskew is better, while in
more specific studies a larger one would fit most.

#

abskew 2

#

#
S i i i
#HAHHHH AR AR A A AR AR AR EHS

#

# For the taxonomy assignment of the COI marker gene
#

FHAHH A H A AR AR R A
FHAFHHAH AR H AR H SRR ESH

#

# Since PEMA v.2.0 both Midori and Midori2 are supported. The second
version of Midori includes more than

# 180.000 unique species and expands beyond Metazoa. However, the
computational time needed increases to a

# a great extent when Midori2 is the one selected. Choose wisely,
especially in case you have a lot of query sequencies

# If you want Midori2 for your analysis, replace "1" with "2" after the

"midori " prefix.

#

midori version midori 1
#

#

FHAHH AR AR A S
FHAHHHA AR S

#

FHAHH A R R A
FHAHHHE AR AR

#

# In - house (local) refererence database for the taxonoomy
assignment step

#

FHAS A H AR H AR
iggdssaas s AAA AR EAEEEEEER

# In case you would prefer to use a reference database of yours for the
taxonomy step, PEMA will ask you for the

# files necessary to train each of the two classifiers supported. You
need to provide those in the directory called

# "local ref db’ and depending on which classifier will train, the files
have to be in a different format.

# More specifically, if you are working with COI, then PEMA uses thes
RDPClassifier and you need to provide a taxonomy

# and a sequence file, as described here: https://john-
quensen.com/tutorials/training-the-rdp-classifier/

# If you are working with 16S, 18S or ITS then PEMA uses the CREST
classifier for the taxonomy step

# and you need to provide the corresponding two files as described at:
https://github.com/lanzen/CREST

# (see after the Output section).

# As containers are lost when exit from one, you will have to train the
classifier, every time you run a new PEMA container
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# If you are about to use a custom ref db, set the following parameter as
'Yes'. Otherwise, it must be set as 'No'.

# The "name of custom db’ may be empty or no depending on whether you
will use a custom db or not.

i

custom ref db No

name of custom db partialCustomdb
i

FHE A R R S
FHEFHE A F AR AR A

#

# In case you would like to link the OTU/ASV assignment to its closest
NCBI Taxonomy Id

# set the following parameter as "Yes'

#

getNCBITaxId No

#
S i i i
FHAFHHH AR AR AR AR AR

#

# The following parameters is only for the case that the Phyloseq R
package is about to run

#

FHAH A H AR R
FHAHH A H AR H AR H SRS

#

# If wish to use Phyloseqg in order to analyse your returned data then set
the following parameter 'phyloseq' with 'Yes'.

# In order to do that, PEMA needs an MSA that it is returned by the MAFFT
(v7.427) aligner and a phylogeny tree of the OTUs found which is built by
the RAxML-ng algorithm.

# Please remember that in order to use phyloseq a "metadata.tsv" file is
necessary to be part of your anaylis folder.

#

phyloseq No

#

#

# The phyloseq object can handle phylogenetic trees as well. PEMA uses
RAxML-ng in order to build such trees.

# Do you want to create such a tree with your OTUs? In case you build
this once, you can use it as many times as you want.

#

tree No

#

# In case you are about to use the phyloseg option, then a phylogeny tree
has to be built. Hence, PEMA invokes the RAxML-ng algorithm

# which is able to run in more than one threads. Please set the number of
threads RAxML is able to use.

#

raxmlThreads 20

#

#

# You can also set the number of the parsimony-based starting trees for
the RAxXML-ng

#

parsTrees 1
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And finally, the number of the bootstrap trees

H H= =

bootstrapTrees 1

#

FHE A R R S
FHEFHE A H AR A AR A

#

# Finally, do you want your raw data to be removed in another file and
empty the "rawData" file and all the checkpoints of PEMA to be also in an
extra folder

# Swich 'Yes' to 'No' if you wish so. Be very careful when you do that,
as you need to remember that if you want to analyze another dataset
through P.E.M.A

# you will have to remove the first one manually.

#

emptyRawDataFile Yes

emptyCheckpoints Yes

#

#

# Classifier to use, parameter values

("CREST", "phylogeny", "RDPClassifier")

# If you are about to use a version of Silva db, or Unite db or a custom
db that you have prepared

# the required files accordingly

# (see

https://hariszaf.github.io/pema documentation/training crest classifier/)
4

# you may set this parameter as "CREST".

# In case you are running 16S data and you would like a phylogeny based
taxonomy assignment,

# you may set this parametera as "phylogeny"

# In case you are about to use a version of Midori or a custom db for
which you have prepared the

# required files (see

https://hariszaf.github.io/pema documentation/training rdpclassifier/)
you

# may set this parameter as "RDPClassifier"

classifierAlgo CREST

#

#

#

2. To apyxeio TV MAPAUETPWV IOV XPNoLponotndnkav otig BlomAnpodopLkeg
avaAuoelg yia to yovidio 18S Rrna

G i
HHAFFRA AR A AT

FHAFFHAFASHAA SR AA RS SSH A S PEMA 's PARAMETERS

gz ssssdssdd s iaadaaddi

FHAH AR A A A A R R R A R A
HHAFH AR AAS SRS
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for version 2.1.4

+H H=

# In this file there are all the parameters that need to be assigned
every time PEMA is

# about to run! The parameters we have here, are not the only parameters
of the tools

# invoked by PEMA. Hence, we encourage you the most to study the manual
of each tool and

# make them as good as possible for your specific experiment.

#

# ATTENTION!

# From each variable you have to leave EXACTLY ONE (1) TAB and then fill
in the parameter.

#

#

G

FHAFH AR AR AR AR
FHEHEFHESESEERSE S S 4444444 The parameter setting starts frome here!
FHAFH AR AR AR AR AR

G

#HAHH AR AR AR

#

# Give in your each unig experiment a NAME, so a single output file will
be created for each of them

#

outputFolderName 18S vsearch 095

#

#

# PEMA needs the names of the samples to be as in ENA format (e.g
"ERR1021912") but

# they are more like as the Illumina sequencer returned them (e.g
"FdCor 1.fast.gz")

# In order to change the names of your samples as they should Dbe.

# Otherwise, you need to set the "EnaData" wvariable as 'No'.

EnaData Yes

#

# Each sequencer has a special combination of letters with which all its
reads start with

# For example MiSeqg has "@MO". Please provide this pattern to PEMA to
convert your data to the ENA

# format. If you do not know that, you can either google it or gunzip a
fastg.gz files of yours and provide

# the letatters between the "@" and the first ":" characters.
sequencerPrefix MO

#

FHAHHHAHHH AR A

FHAHH SRS fastgc (v0.11.8) FHAHH AR H S
ifgdszsasstsasstiastsEss st RRREEREERTEREEEEEEEEEEEEE

#

# No parameters here!

#

#

FHAHH AR
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#H#HH#HH A H#EHS trimmomatic (v.0.38) FHHAHH AR A //
http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomati
cManual V0.32.pdf

FHAHHHEHSH AR

#

# Performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

# It needs to be set either as 'Yes' or 'No'.

#

maxInfo Yes

#

#

HH#HA#HH##ES for MAXINFO ######4#f#44# 44 4#4H##4

# Specifies the read length which is likely to allow the location of the
read within the target sequence to be determined.

# It needs an integer to be set as a value.

#

targetLength 200

#

#

# This value, specifies the balance between preserving as much read
length as possible vs. removal of incorrect bases.

# It can take values between 0 and 1.

# A low value of this parameter (<0.2) favours longer reads, while a high
value (>0.8) favours read correctness.

#

strictness 0.2

#

#

#H4######444 for ILLUMINACLIP ######dH4HHHHFHHHH

# Specifies the path to a fasta file containing all the adapters, PCR
sequences etc.

# The naming of the various sequences within this file determines how
they are used.

#

adapters TruSeg2-PE. fa

#

#

# This parameter specifies the maximum mismatch count which will still
allow a full match to be performed.

# It needs an integer to be set as a value.

#

seedMismatches O

#

#

# This parameter specifies how accurate the match between the two
'adapter ligated' reads must be for PE palindrome read alignment.

# It needs an integer to be set as a value.

#

palindromeClipThreshold 30

#

#

# It specifies how accurate the match between any adapter etc. sequence
must be against a read.

# It needs an integer to be set as a value.

#
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simpleClipThreshold 15

#

#

#H#H#4##H##4H for LEADING  #####4#f44# 44444 4H#HEH#H

# The LEADING modules, removes low quality bases from the beginning.
# As long as a base has a value below this threshold (value of the
'leading' parameter) the base is removed and the next base will be

investigated.

# It needs an integer to be set as a value.
#

leading 20

#

#

#H#H###H##4H for TRAILING #####4H4##44 44444 HHEHHSHHH4H

# This module of Trimmomatic removes low quality bases from the end.

# As long as a base has a value below this threshold (value of the
'trailing' parameter), the base is removed

# and the next base (which as trimmomatic is starting from the 3' prime
end, would be base preceding the just removed base) will be investigated.

# It needs an integer to be set as a value.

#

trailing 15

#

#

#4444 HE  for MINLEN  ####4# 4444444444444 4HH4HH

# This module removes reads that fall below the specified minimal length.
If required, it should normally be after all other processing steps.

# Reads removed by this step will be counted and included in the "dropped
reads" count presented in the trimmomatic summary.

# It needs an integer to be set as a value.

#

minlen 100

#

#

# Finally, you need to set how many threads you want Trimmomatic to run
into.

#

threadsTrimmomatic 20

#

#

FHAHH A A

EE L BayesHammer (from SPAdes: v3.13.0) ####4#d44H44444
FHAHHHAHHH AR A

#

# This algorithm is part of the SPAdes tool package. You can find its
manual here: http://cab.spbu.ru/files/release3.10.1/manual.html#secl

#

# no parameters here!

#

#

igaddssadssasdasddssasdsasdssadiasddisasisaad st aaadinadditi
FHAFAHAAAS AR PANDAseq (v. 2.11) HHEHHHHHE RS //

https://storage.googleapis.com/pandaseq/pandaseq.html
FHAHH AR
#

75



# PANDAseq is the algorithm that PEMA uses in order to merge the paired-
end reads.

# PANDAseq has more than one merging algorithms.

#

# Here, we set the algorithm used for assembly. The most common of them
are:

# pear --> uses the formula described in the PEAR paper (Zhang 2013),
optionally with the probability of a random base (gq) provide

# simple bayesian --> uses the formula described in the original paper
(Masella 2012), optionally with an error estimation (Eu) provided.

# other options are stich, flash and more that you can fing in the above
link.

#

pandasegAlgorithm simple bayesian

#

#

# PANDAseqg is a I/0 bound algorithm. That means that it needs severous
time in order to handle the ipnut and output files

# while the process is quite fast. However, it does support
multithreading and here you can set the number of threads it is going to
use.

#

pandaseqThreads 20

#

#

# The 'minlen' parameter sets the minimum length for a sequence, after
primers are removed.

# By default, all sequences are kept. With this option, sequences shorter
than desired can be discarded.

# In case you need to use this parameter, be sure you leave a tab after
'minlen' and set it like this: '-1 80'

# If you do not want to use this parameter, please remove everything
after the 'minlen'

#

pandasegMinlen -1 150

#

#

# The 'minoverlap' parameter sets the minimum overlap between forward and
reverse reads.

# By default, this is at least one nucleotide of overlap.

# Raising this number does not generally increase the quality of the
output as alignments with small overlaps tend to score poorly and are
discarded anyway.

#

minoverlap 20

#

#

# The 'threshold' parameter sets the score, between zero and one, that a
sequence must meet to be kept in the output.

# Any alignments lower than this will be discarded as low quality.

# Increasing this number will not necessarily prevent uncalled bases (Ns)
from appearing in the final sequence.

# It is also used as the threshold to match primers, if primers are
supplied. The default value is 0.6.

#

threshold 0.6
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#

#

# The '-N' parameter eliminates all sequences with uncalled nucleotides
in the output.

# Otherwise, during assembly, uncalled bases (Ns) from unpaired regions
may be emitted.

# If you need -N to be on your analysis, please add '-N' after
'elimination'. Please make sure you leave a tab.

# If you do not want the parameter to be on, please make sure there is
nothing after the 'elimination' parameter.

#

elimination -N

#

#

## PEMA performs the PANDAseq algorithm, with the -a and the -B
parameters also on.

## That it for striping the primers after assembly, rather than before
and allowing input sequences to lack a barcode/tag correspondingly.

#

#

S i i
#H####4###F  obiunig (from OBITools: v1.2.12) ###4####4#4###44
S i i

#

# This algorithm is part of the OBITools package. You can find more about
them here: https://pythonhosted.org/OBITools/

#

# no parameters here!

#

#

FHAHH A A

FHAHH SRS RS VSEARCH (v2.9.1) FHAFH AR

FHAHH A A

#

# VSEARCH is the main algorithm used for a lot of steps in the case of
the 16S marker gene.

# Set how many threads do you want PANDAseqg to use.

# It needs an integer to be set as a value.

#

vsearchThreads 20

#

#

# Here you need to set a score about the clustering step of the VSEARCH
algorithm.

# Do not add a read into a certain cluster if the pairwise identity with
its centroid, is lower than the value of the 'vsearchId' parameter.

# The pairwise identity is defined as the number of (matching columns) /
(alignment length - terminal gaps).

# It needs a real number to be set as a value, ranging from 0.0 to 1.0

#

vsearchId 0.98

#

#

R EHH A A A R 4
SRR SR Rk
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¥//7777777777777777777777777777777777777777777777777777777777777777777777
L1177 7777777777777 7

FHEHFHHHFHHHFHHFFEHFHHHHFHEHF GENE - dependent parameters
idgdstsadstadatdasa AR EARAEEEEEEEE
#//7777777777777777777777777777777777777777777777777777777777777777777777
L1171 77777 77777777777

FHAH A A A
iEE L L AL EEEEEEEE

#

# The marker gene you have is really important for both the clustering &
chimera removal procedure and the

# taxonomy assignment. By default, the pipeline runs for 16S. Substitute
with 'COI' if COI is your marker gene

# write it down after the underscore ( ) - do not erase the udenrscore!!

#

gene gene 188

#

#
S i i
SRR i i i

# Here are some parameters needed when the the metabarcoding analysis is
about the 16S/18S marker genes #

FHAH A H AR AR R A
idgdstsads s aRA AR AR EEAEEE R

#

#

# If your marker gene is 16S, you can choose between 2 different
approaches of taxonomy assignment (alignment & phylogenetic based)

# An alignment based taxonomy assignment - set as 'alignment' - which is
based on SILVA and CREST (version 3.0).

# However, you can also get a phylogenetic based assignment, by putting
'phylogeny' in this parameter. In that case, a reference tree we created
is being used as well as the RAxML

#

taxonomyAssignmentMethod alignment

#

#

# I you choose phylogeny based taxonomy assignment, then you 11 need to
rum PaPaRa.

# Pleas fill in how many cores PaPaRa is able to use.

#

numberOfCoresForPapara 7

#

#

# When you use the alignment-based taxonomy assignment, then the
LCAClassifier from the CREST algorithm, uses a Silva version for the
assignment.

# PEMA allows you to choose between the two last version of Silva. Hence,
set the "silvaVersion" parameter either as 'silva 128' or as 'silva 132'

# depending on the version of your choice.

# In case you are running 18S rRNA data, you may also use the PR2
database, by setting the referenceDb parametera as 'pr2'.

#

referenceDb pr2
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#

#

# As you may need a series of taxonomy assignment when you use the
alignment-based method, please give another name in your

# taxonomy output folder of the CREST algorithm, each time you are about
to use it.

# CREST creates an output folder every time and if a folder with the same
already exists, it is going to abort the task!

# You need to set the value of this parameter in case of 16S/18S rRNA and
ITS marker genes.

#

taxonomyFolderName my taxon assign 98

#

#

FHAHH A HHH A A H SRR R A
idgdstsass st AAAA AR EEAEEE LR

iEE T T E L EEEEEEE For the case of the ITS marker gene

FHEHHE A AR
S i i i
SR i i i R

#

# For the case of ITS there is an extra problem with respect to the
primes used.

# Please complete the next two variables with the primers you used

#

forwardITSPrimer GATGAAGAACGYAGYRAA

reverselITSPrimer CTBTTVCCKCTTCACTCG

#

#

FHAHH A R A
FHAHHHAHHH AR A

FHeHAHAEH Here are some parameters needed with respect to clustering
algorithms FHAFH S H SRS

FHAHH A S
FHAHHHAHHH AR A

#

#

# For the case of the 16S and 18S rRNA marker genes, you can either get
an OTU-table using the VSEARCH algorithm

# or you can get an ASV-table by taking advantage of the SWARM algorithm.

# If your marker gene is COI or ITS, you can choose between 2 different
approaches of clustering.

# Depending on which of them you choose you get either a robust output in
a short time (Swarm) or a non-robust output (CROP) that requires quite
much more time.

# Please fill in accroding to your marker gene and needs (write "Swarm"
or "vsearch" or "CROP" after algo ).

#

clusteringAlgo algo vsearch

#

#

# In case of SWARM, the user needs to speeecify the value of "d"
parameter,

# maximum number of differences allowed between two amplicons, meaning
that two amplicons

79



# will be grouped if they hav e integer (or less) differences. This is
swarm's most important
# parameter

15

= W= O, W

# when using the option --fastidious (-f), define the minimum mass of a
large ASV.

# By default, an ASV with a mass of 3 or more is considered large.

# Conversely, an ASV is small if it has a mass of less than 3, meaning
that it is composed of either one amplicon of abundance 2, or two
amplicons of abundance 1.

# Any positive value greater than 1 can be specified. Using higher
boundary values will speed up the second pass, but also reduce the
taxonomical resolution of swarm

# results. Default mass of a large OTU is 3.

#

boundary 3

#

#

# You also need to set the number of threads that Swarm is able to use
#

swarmThreads 20

#

#

## SWARM tends to create a great numebr of ASVs, especially when d takes
a low value.

## Would you like to remove the singletons (ASVs that appear only once
with abundance equal to 1) *?

#

removeSingletons Yes

#

#

# CROP is able to run on multiple CPUs. As PEMA needs to update an
environmental variable to do this$

#

omp num threads 20

#

#

# PEMA invokes the UCHIME DENOVO3 algorithm for the chimera removal in
the case of the COI marker gene.

# This is a quite common algorithm for that step, but you still need to
choose the minimum abundance skew wvalue.

# By default this value is equal to 16. However, the only difference
between UCHIME DENOVOZ and 3 is that in the second version,

# the abskew value used to be equal to 2. So, be my guest and pick your
value as I really have no clue about that.

# Probably, for environmental studies a low abskew is better, while in
more specific studies a larger one would fit most.

#

abskew 2

#

#

FHA A R R A
FHAHHHAH AR
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#
# For the taxonomy assignment of the COI marker gene
#

FHE A R R
FHEFHE A A H AR AR AR A

#

# Since PEMA v.2.0 both Midori and Midori2 are supported. The second
version of Midori includes more than

# 180.000 unique species and expands beyond Metazoa. However, the
computational time needed increases to a

# a great extent when Midori2 is the one selected. Choose wisely,
especially in case you have a lot of query sequencies

# If you want Midori2 for your analysis, replace "1" with "2" after the

"midori " prefix.

#

midori version midori 1
#

#

S i i
FHEFHE A H AR AR

#
S i i
ifgdssaasstaaaadaaA AR AEAEEEEEEE

#

# In - house (local) refererence database for the taxonoomy
assignment step

#

FHAHH AR AR A S
FHAHHHE AR AR

# In case you would prefer to use a reference database of yours for the
taxonomy step, PEMA will ask you for the

# files necessary to train each of the two classifiers supported. You
need to provide those in the directory called

# "local ref db’ and depending on which classifier will train, the files
have to be in a different format.

# More specifically, if you are working with COI, then PEMA uses thes
RDPClassifier and you need to provide a taxonomy

# and a sequence file, as described here: https://john-
quensen.com/tutorials/training-the-rdp-classifier/

# If you are working with 16S, 18S or ITS then PEMA uses the CREST
classifier for the taxonomy step

# and you need to provide the corresponding two files as described at:
https://github.com/lanzen/CREST

# (see after the Output section).

# As containers are lost when exit from one, you will have to train the
classifier, every time you run a new PEMA container

# If you are about to use a custom ref db, set the following parameter as
'Yes'. Otherwise, 1t must be set as 'No'.

# The "name of custom db’ may be empty or no depending on whether you
will use a custom db or not.

#

custom ref db No

name of custom db partialCustomdb
#
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FHAHH AR H AR R A
FHAHH A H A AR

#

# In case you would like to link the OTU/ASV assignment to its closest
NCBI Taxonomy Id

# set the following parameter as “Yes’

#

getNCBITaxId No

#

FHE A R R R S
FHAHHHAH AR H AR H SRR EHAHH

#

# The following parameters is only for the case that the Phyloseq R
package is about to run

#

FHAH A H AR AR AR
FHAHHHH AR AR AR AR AR RS

#

# If wish to use Phyloseqg in order to analyse your returned data then set
the following parameter 'phyloseq' with 'Yes'.

# In order to do that, PEMA needs an MSA that it is returned by the MAFFT
(v7.427) aligner and a phylogeny tree of the OTUs found which is built by
the RAxML-ng algorithm.

# Please remember that in order to use phyloseq a "metadata.tsv" file is
necessary to be part of your anaylis folder.

#

phyloseq No

#

#

# The phyloseq object can handle phylogenetic trees as well. PEMA uses
RAxML-ng in order to build such trees.

# Do you want to create such a tree with your OTUs? In case you build
this once, you can use it as many times as you want.

#

tree Yes

#

# In case you are about to use the phyloseq option, then a phylogeny tree
has to be built. Hence, PEMA invokes the RAxML-ng algorithm

# which is able to run in more than one threads. Please set the number of
threads RAxXML is able to use.

#

raxmlThreads 5

#

#

# You can also set the number of the parsimony-based starting trees for
the RAxML-ng

#

parsTrees 1

#

#

# And finally, the number of the bootstrap trees

#

bootstrapTrees 1

#

FHA A R R A
FHAHHHAH A

82



#

# Finally, do you want your raw data to be removed in another file and
empty the "rawData" file and all the checkpoints of PEMA to be also in an
extra folder

# Swich 'Yes' to 'No' if you wish so. Be very careful when you do that,
as you need to remember that if you want to analyze another dataset
through P.E.M.A

# you will have to remove the first one manually.

#

emptyRawDataFile Yes

emptyCheckpoints Yes

#

#

# Classifier to use, parameter values

("CREST", "phylogeny", "RDPClassifier")

# If you are about to use a version of Silva db, or Unite db or a custom
db that you have prepared

# the required files accordingly

# (see

https://hariszaf.github.io/pema documentation/training crest classifier/)
# you may set this parameter as "CREST".

# In case you are running 16S data and you would like a phylogeny based
taxonomy assignment,

# you may set this parametera as "phylogeny"

# In case you are about to use a version of Midori or a custom db for
which you have prepared the

# required files (see

https://hariszaf.github.io/pema documentation/training rdpclassifier/)
you

# may set this parameter as "RDPClassifier"

classifierAlgo CREST

#

#

#

3. To apxeio Twv NapapETpwy Mov xpnotponotldnkav otig BlonAnpodopLkeg
avaAUOELS yLa To yovidio ITS

FHAHA AR A A A R A A A
HHAHHHAAA A AR HARS

FHAFSHAFASH AR S A A AR PEMA 's PARAMETERS

gz ssdsdssdd s iaadiaaddi

G i

FHEHHdd 444 H A A4S

#

# for version 2.1.4
#

# In this file there are all the parameters that need to be assigned
every time PEMA is

# about to run! The parameters we have here, are not the only parameters
of the tools
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# invoked by PEMA. Hence, we encourage you the most to study the manual
of each tool and

# make them as good as possible for your specific experiment.

#

# ATTENTION!

# From each variable you have to leave EXACTLY ONE (1) TAB and then fill
in the parameter.

#

#
S i i i
FHAHHHAHHH SRS

FHEHFHHHFFEHFHHHFHHHHHHH#HE The parameter setting starts frome here!
FHAHH A H SRR A

FHAHH A H A AR AR R A
FHAHHHAHHH A

#

# Give in your each unig experiment a NAME, so a single output file will
be created for each of them

#

outputFolderName swarm d10

#

#

# PEMA needs the names of the samples to be as in ENA format (e.g
"ERR1021912") but

# they are more like as the Illumina sequencer returned them (e.g

"FdCor 1l.fast.gz")

# In order to change the names of your samples as they should be.

# Otherwise, you need to set the "EnaData" wvariable as 'No'.

EnaData No

#

# Each sequencer has a special combination of letters with which all its
reads start with

# For example MiSeq has "@MO". Please provide this pattern to PEMA to
convert your data to the ENA

# format. If you do not know that, you can either google it or gunzip a
fastg.gz files of yours and provide

# the letatters between the "@" and the first ":" characters.
sequencerPrefix MO

#

idgdssaasstsadasdasataasas iRt ARAREEREREEREEEEEEEEEEEEE

FHAHH S H SRS fastgc (v0.11.8) iddda A aa SRR LA EEEE

FHAHH AR R

#

# No parameters here!

#

#

SRR R R R Rk
#H#HA#HH A H##ES trimmomatic (v.0.38) FHESHHH AR //
http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomati
cManual V0.32.pdf
ifgdszsasstsasdtiastsEssasAE AT REREEEEREEREEEEEEEEEEEEE]

#

# Performs an adaptive quality trim, balancing the benefits of retaining
longer reads against the costs of retaining bases with errors.

# It needs to be set either as 'Yes' or 'No'.

#
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maxInfo Yes

#

#

HH#HA#HH##ES for MAXINFO ######4# #4444 4#4H##4

# Specifies the read length which is likely to allow the location of the
read within the target sequence to be determined.

# It needs an integer to be set as a value.

#

targetLength 150

#

#

# This value, specifies the balance between preserving as much read
length as possible vs. removal of incorrect bases.

# It can take values between 0 and 1.

# A low value of this parameter (<0.2) favours longer reads, while a high
value (>0.8) favours read correctness.

#

strictness 0.6

#

#

FH##f4##44### for ILLUMINACLIP #######4###4###4444

# Specifies the path to a fasta file containing all the adapters, PCR
sequences etc.

# The naming of the various sequences within this file determines how
they are used.

#

adapters TruSeg3-PE. fa

#

#

# This parameter specifies the maximum mismatch count which will still
allow a full match to be performed.

# It needs an integer to be set as a value.

#

seedMismatches 2

#

#

# This parameter specifies how accurate the match between the two
'adapter ligated' reads must be for PE palindrome read alignment.

# It needs an integer to be set as a value.

#

palindromeClipThreshold 30

#

#

# It specifies how accurate the match between any adapter etc. sequence
must be against a read.

# It needs an integer to be set as a value.

#

simpleClipThreshold 15

#

#

#H4# 44444444 for LEADING #####4 #4444 4444444444444

# The LEADING modules, removes low quality bases from the beginning.
# As long as a base has a value below this threshold (value of the
'leading' parameter) the base is removed and the next base will be
investigated.

# It needs an integer to be set as a value.
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#

leading 10

#

#

#H4### 44 #4 44 for TRAILING #####44 4444444444 44444444444

# This module of Trimmomatic removes low quality bases from the end.

# As long as a base has a value below this threshold (value of the
'trailing' parameter), the base is removed

# and the next base (which as trimmomatic is starting from the 3' prime
end, would be base preceding the just removed base) will be investigated.
# It needs an integer to be set as a value.

#

trailing 15

#

#

#H#H 444 HE  for MINLEN  ####4# 4444444444444 HHH4HH

# This module removes reads that fall below the specified minimal length.
If required, it should normally be after all other processing steps.

# Reads removed by this step will be counted and included in the "dropped
reads" count presented in the trimmomatic summary.

# It needs an integer to be set as a value.

#

minlen 100

#

#

# Finally, you need to set how many threads you want Trimmomatic to run
into.

#

threadsTrimmomatic 20

#

#

FHAHH A A

EE L BayesHammer (from SPAdes: v3.13.0) ####4FH44H44444

FHAHH A A

#

# This algorithm is part of the SPAdes tool package. You can find its
manual here: http://cab.spbu.ru/files/release3.10.1/manual.html#secl

#

# no parameters here!

#

#

G 0
FHAFFR A AR ASSAS PANDAseq (v. 2.11) AL S/

https://storage.googleapis.com/pandaseq/pandaseq.html

FHAHH A

#

# PANDAseq is the algorithm that PEMA uses in order to merge the paired-
end reads.

# PANDAseq has more than one merging algorithms.

#

# Here, we set the algorithm used for assembly. The most common of them
are:

# pear --> uses the formula described in the PEAR paper (Zhang 2013),
optionally with the probability of a random base (gq) provide

# simple bayesian --> uses the formula described in the original paper
(Masella 2012), optionally with an error estimation (Eun) provided.
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# other options are stich, flash and more that you can fing in the above
link.

#

pandasegAlgorithm simple bayesian

#

#

# PANDAseq is a I/0 bound algorithm. That means that it needs severous
time in order to handle the ipnut and output files

# while the process is quite fast. However, it does support
multithreading and here you can set the number of threads it is going to
use.

#

pandaseqThreads 20

#

#

# The 'minlen' parameter sets the minimum length for a sequence, after
primers are removed.

# By default, all sequences are kept. With this option, sequences shorter
than desired can be discarded.

# In case you need to use this parameter, be sure you leave a tab after
'minlen' and set it like this: '-1 80'

# If you do not want to use this parameter, please remove everything
after the 'minlen'

#

pandasegMinlen -1 150

#

#

# The 'minoverlap' parameter sets the minimum overlap between forward and
reverse reads.

# By default, this is at least one nucleotide of overlap.

# Raising this number does not generally increase the quality of the
output as alignments with small overlaps tend to score poorly and are
discarded anyway.

#

minoverlap 10

#

#

# The 'threshold' parameter sets the score, between zero and one, that a
sequence must meet to be kept in the output.

# Any alignments lower than this will be discarded as low quality.

# Increasing this number will not necessarily prevent uncalled bases (Ns)
from appearing in the final sequence.

# It is also used as the threshold to match primers, if primers are
supplied. The default value is 0.6.

#

threshold 0.6

#

#

# The '-N' parameter eliminates all sequences with uncalled nucleotides
in the output.

# Otherwise, during assembly, uncalled bases (Ns) from unpaired regions
may be emitted.

# If you need -N to be on your analysis, please add '-N' after
'elimination'. Please make sure you leave a tab.

# If you do not want the parameter to be on, please make sure there is
nothing after the 'elimination' parameter.
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#

elimination

#

#

## PEMA performs the PANDAseq algorithm, with the -a and the -B
parameters also on.

## That it for striping the primers after assembly, rather than before
and allowing input sequences to lack a barcode/tag correspondingly.

#

#

FHAHH A AR AR A AR AR H AR A
FH4#4H4ESESE obiunig  (from OBITools: v1.2.12)  #####4#444444444

FHAHH A AR H AR H AR H AR A

#

# This algorithm is part of the OBITools package. You can find more about
them here: https://pythonhosted.org/OBITools/

#

# no parameters here!

#

#

S i i
#HAHHHHHH AR HSAAA VSEARCH (v2.9.1) FHAFHAHAHAH A SR A S S
S i i

#

# VSEARCH is the main algorithm used for a lot of steps in the case of
the 16S marker gene.

# Set how many threads do you want PANDAseq to use.

# It needs an integer to be set as a value.

#

vsearchThreads 20

#

#

# Here you need to set a score about the clustering step of the VSEARCH
algorithm.

# Do not add a read into a certain cluster if the pairwise identity with
its centroid, is lower than the value of the 'vsearchId' parameter.

# The pairwise identity is defined as the number of (matching columns) /
(alignment length - terminal gaps).

# It needs a real number to be set as a value, ranging from 0.0 to 1.0

#

vsearchId 0.90

#

#

FHAH A R R A
FHAHH AR
#//777777777777777777777 7777777777777 777777777777777777777777777777777777
L1177 77 777777777 777777

FHEHFHHHFHHHFHHHFHHHFFHHHHHHF GENE - dependent parameters
szt asaz s E SR EEEEEEEEEE
#//7777777777777777777777777777777777777777777777777777777777777777777777
L1717 7777777777777 7

FHAHH AR AR
iFas AL EEEEEEE

#

# The marker gene you have is really important for both the clustering &
chimera removal procedure and the
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# taxonomy assignment. By default, the pipeline runs for 16S. Substitute
with 'COI' if COI is your marker gene

# write it down after the underscore ( ) - do not erase the udenrscore!!
#

gene gene ITS

#

#

FHE A R R
FHEFHEHAHF AR A AR H AR S

# Here are some parameters needed when the the metabarcoding analysis is
about the 16S/18S marker genes #

FHAHH A H AR A
FHA#HHEHHH AR H AR R S H A

#

#

# If your marker gene is 16S, you can choose between 2 different
approaches of taxonomy assignment (alignment & phylogenetic based)

# An alignment based taxonomy assignment - set as 'alignment' - which is
based on SILVA and CREST (version 3.0).

# However, you can also get a phylogenetic based assignment, by putting
'phylogeny' in this parameter. In that case, a reference tree we created
is being used as well as the RAxML

#

taxonomyAssignmentMethod alignment

#

#

# I you choose phylogeny based taxonomy assignment, then you 11 need to
rum PaPaRa.

# Pleas fill in how many cores PaPaRa is able to use.

#

numberOfCoresForPapara 7

#

#

# When you use the alignment-based taxonomy assignment, then the
LCAClassifier from the CREST algorithm, uses a Silva version for the
assignment.

# PEMA allows you to choose between the two last version of Silva. Hence,
set the "silvaVersion" parameter either as 'silva 128' or as 'silva 132'
# depending on the version of your choice.

# In case you are running 18S rRNA data, you may also use the PR2
database, by setting the referenceDb parametera as 'pr2'.

#

referenceDb pr2

#

#

# As you may need a series of taxonomy assignment when you use the
alignment-based method, please give another name in your

# taxonomy output folder of the CREST algorithm, each time you are about
to use it.

# CREST creates an output folder every time and if a folder with the same
already exists, it is going to abort the task!

# You need to set the value of this parameter in case of 16S/18S rRNA and
ITS marker genes.

#

taxonomyFolderName ITS taxon assign

#
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#

FHAHH AR H AR AR H AR SERHHRERHHEE  H #
FHAHHHEHHH AR H SRS

FHAHH A H SRR A For the case of the ITS marker gene

FHEFHE A A A AR A AR

FHE A R R
FHEFHEHHHH AR A AR H AR S

#

# For the case of ITS there is an extra problem with respect to the
primes used.

# Please complete the next two variables with the primers you used

#

forwardITSPrimer CTTGGTCATTTAGAGGAAGTAA

reverselITSPrimer GCTGCGTTCTTCATCGATGC

#

#
S i i i
SRR i i i

#HHHHHHH Here are some parameters needed with respect to clustering
algorithms thAFH AR AR H AR FHS
S i i i
SR i i i

#

#

# For the case of the 16S and 18S rRNA marker genes, you can either get
an OTU-table using the VSEARCH algorithm

# or you can get an ASV-table by taking advantage of the SWARM algorithm.
# If your marker gene is COI or ITS, you can choose between 2 different
approaches of clustering.

# Depending on which of them you choose you get either a robust output in
a short time (Swarm) or a non-robust output (CROP) that requires quite
much more time.

# Please fill in accroding to your marker gene and needs (write "Swarm"
or "vsearch" or "CROP" after algo ).

#

clusteringAlgo algo Swarm

#

#

# In case of SWARM, the user needs to speeecify the value of "d"
parameter,

# maximum number of differences allowed between two amplicons, meaning
that two amplicons

# will be grouped if they hav e integer (or less) differences. This is
swarm's most important

# parameter

10

H # Q. =

# when using the option --fastidious (-f), define the minimum mass of a
large ASV.

# By default, an ASV with a mass of 3 or more is considered large.

# Conversely, an ASV is small if it has a mass of less than 3, meaning
that it is composed of either one amplicon of abundance 2, or two
amplicons of abundance 1.
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# Any positive value greater than 1 can be specified. Using higher
boundary values will speed up the second pass, but also reduce the
taxonomical resolution of swarm

# results. Default mass of a large OTU is 3.

#

boundary 3

#

#

# You also need to set the number of threads that Swarm is able to use
#

swarmThreads 20

#

#

## SWARM tends to create a great numebr of ASVs, especially when d takes
a low value.

## Would you like to remove the singletons (ASVs that appear only once
with abundance equal to 1) ?

#

removeSingletons Yes

#

#

# CROP is able to run on multiple CPUs. As PEMA needs to update an
environmental variable to do thi$

#

omp num threads 20

#

#

# PEMA invokes the UCHIME DENOVO3 algorithm for the chimera removal in
the case of the COI marker gene.

# This is a quite common algorithm for that step, but you still need to
choose the minimum abundance skew wvalue.

# By default this value is equal to 16. However, the only difference
between UCHIME DENOVOZ2 and 3 is that in the second version,

# the abskew value used to be equal to 2. So, be my guest and pick your
value as I really have no clue about that.

# Probably, for environmental studies a low abskew is better, while in
more specific studies a larger one would fit most.

#

abskew 2

#

#

FHAHH A R R A
FHAFHHA AR S

#

# For the taxonomy assignment of the COI marker gene
#

FHAHH A R S A
FHAFHHA AR S

#

# Since PEMA v.2.0 both Midori and Midori2 are supported. The second
version of Midori includes more than

# 180.000 unique species and expands beyond Metazoa. However, the
computational time needed increases to a

# a great extent when Midori2 is the one selected. Choose wisely,
especially in case you have a lot of query sequencies
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# If you want Midori2 for your analysis, replace "1" with "2" after the

"midori " prefix.

#

midori version midori 2
#

#

S i i i
FHAHHHH AR AR A A AR AR AR EHS

#
S i i i
FHAHH AR AR H AR

#

# In - house (local) refererence database for the taxonoomy
assignment step

#

FHAH A H AR
FHEHHE A H A AR A

# In case you would prefer to use a reference database of yours for the
taxonomy step, PEMA will ask you for the

# files necessary to train each of the two classifiers supported. You
need to provide those in the directory called

# "local ref db’ and depending on which classifier will train, the files
have to be in a different format.

# More specifically, if you are working with COI, then PEMA uses thes
RDPClassifier and you need to provide a taxonomy

# and a sequence file, as described here: https://john-
quensen.com/tutorials/training-the-rdp-classifier/

# If you are working with 16S, 18S or ITS then PEMA uses the CREST
classifier for the taxonomy step

# and you need to provide the corresponding two files as described at:
https://github.com/lanzen/CREST

# (see after the Output section).

# As containers are lost when exit from one, you will have to train the
classifier, every time you run a new PEMA container

# If you are about to use a custom ref db, set the following parameter as
'Yes'. Otherwise, it must be set as 'No'.

# The "name of custom db’ may be empty or no depending on whether you
will use a custom db or not.

#

custom ref db No

name of custom db partialCustomdb
#

FHAHH A R A
FHAHHHA A

#

# In case you would like to link the OTU/ASV assignment to its closest
NCBI Taxonomy Id

# set the following parameter as "Yes'

#

getNCBITaxId Yes

#

FHAHH AR AR
ifgssEsas s E LA AL EEEEEEEEE

#

# The following parameters is only for the case that the Phyloseq R
package is about to run
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#

FHAHHHEH A AR A AR R A
FHAHHHAH AR AR

#

# If wish to use Phyloseqg in order to analyse your returned data then set
the following parameter 'phyloseq' with 'Yes'.

# In order to do that, PEMA needs an MSA that it is returned by the MAFFT
(v7.427) aligner and a phylogeny tree of the 0OTUs found which is built by
the RAxML-ng algorithm.

# Please remember that in order to use phyloseq a "metadata.tsv" file is
necessary to be part of your anaylis folder.

#

phyloseq No

#

#

# The phyloseqg object can handle phylogenetic trees as well. PEMA uses
RAxXML-ng in order to build such trees.

# Do you want to create such a tree with your OTUs? In case you build
this once, you can use it as many times as you want.

#

tree No

#

# In case you are about to use the phyloseq option, then a phylogeny tree
has to be built. Hence, PEMA invokes the RAxML-ng algorithm

# which is able to run in more than one threads. Please set the number of
threads RAxML is able to use.

#

raxmlThreads 5

#

#

# You can also set the number of the parsimony-based starting trees for
the RAxML-ng

#

parsTrees 1

#

#

# And finally, the number of the bootstrap trees

#

bootstrapTrees 1

#

FHASH S H AR A
FHAHHHE AR AR

#

# Finally, do you want your raw data to be removed in another file and
empty the "rawData" file and all the checkpoints of PEMA to be also in an
extra folder

# Swich 'Yes' to 'No' if you wish so. Be very careful when you do that,
as you need to remember that if you want to analyze another dataset
through P.E.M.A

# you will have to remove the first one manually.

#

emptyRawDataFile Yes

emptyCheckpoints Yes

#

#
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# Classifier to use, parameter values

("CREST", "phylogeny", "RDPClassifier")

# If you are about to use a version of Silva db, or Unite db or a custom
db that you have prepared

# the required files accordingly

# (see

https://hariszaf.github.io/pema documentation/training crest classifier/)

# you may set this parameter as "CREST".

# In case you are running 16S data and you would like a phylogeny based
taxonomy assignment,

# you may set this parametera as "phylogeny"

# In case you are about to use a version of Midori or a custom db for
which you have prepared the

# required files (see

https://hariszaf.github.io/pema documentation/training rdpclassifier/)
you

# may set this parameter as "RDPClassifier"

classifierAlgo CREST

#

#

#
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