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MepiAnwn:

To PEN gival yvwoTO yia TIC AVTIUIKPOPIOKES TOU IDIOTNTES, WOTOCO OV Eival
OTEIPO ATTO  MIKpoOopyaviopous. O1 JIKPOOPYAVIOMOi, TTOU JTTOPOUV va
emMPBIwLOOUV péoa oTO MPEAI €ival QVEKTIKOI OTNV UWNAR OUYKEVTPWON
OOKXApWV, 0gUTNTAG Kol GAAWV AVTIMIKPOBIOKWY XAPAOTNPICTIKWY TOU
MEAIOU. O1 PIKPOOPYAVIOMOI TTOU £€XOUV TAUTOTTOINBEI OTO PENI TTPOEPXOVTAI
€ite atrd TNV yupn Kal Ta AouAoudia, €iTe atrd Tov aépa Kal TN okovn, E€iTe
atrd TN yéAIooQ.

2TV Trapouca egpyaocia atmopyovwOnke DNA, ammd eAAnviKd  péAia
JIAPOPETIKAG PUTIKAG TTPoEAEUONG, WE TV XPAoN 5 dlapopeTikwy UEBSd WV
€101 WOTE va €MAeXOei N KAaTaAANASTEPN. 'ETTEITa, yia va dIammoTweEi n
TTo16TNTa Tou DNA £€yive evioxuon Twv V3-V4 trepioxwv Tou 16 r RNA yia Ta

BakTApIa.

H 1o amoteAeopatiky pEBodog ekxUAlong DNA atmd péAl, 1600 OTnv
TToI0TNTAa 600 Kal 0TV TToodTnTa €ival n ekXUAlon DNA péow Wizard .
QoTtéo0, oe éva dciyua n pEBodog CTAB/ xAwpo@odpuio £0€1EE KaAUTEPA
ATTOTEAEOMATA.

A@ou €yive 0 TTOIOTIKOG £AeyXOG, OEiypa atTO €éva EAANVIKO PEAI EAATOU (TTOU
atmmopovwBinke DNA pe tnv uEBodo Wizard) otdABnke otnv Macrogen Inc.,
€101 WOTE va yivel aAAnAouxion emmouevng yevidg (NGS) péow tou lllumina
MiSeq PE300 kal va digepeuvnOei n TTOIKINOTNTA BAKTNPiWV Kol JUKATWV.
270 MIKpOBiwpa Tou deiyparog peAiou eAATOU Kuplapyxouv Ta Lactobacillus
spp ,Sphingomonas, Bacillus spp, Pseudomonas kai Acetobacter spp, Je
TTooooTd 82, 5, 1, 1, 1% avrioTtoixa 6ocov agopd T1a Baktrpla. Evw, 6co
a@opda TOUG MUKNTEG, ETTIKPATOUV ol QUAOTUTTOI Candida, Dothideales,
Wickerhamomyces, Capnodiales «kai Zygosaccharomyces mellis g
TTooooTd 18, 10, 12 ka1 9%, avrioToixa.
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2UVKPITIKA, pe To pEM Vitex tTou TTapdyetal otnv Kiva O1rou €xel yivel
avaAoyn PETAYOVIDIWUATIKA avaAuon TTapatnerndnkav onUavTIKEG dIaQopES
OTO MIKpORBiwua.

Atloonueiwtn diagopd TTapartnpeital otnv agbovia Tou Bacillus spp. 61TOU
oTO HENI Vitex €MKPATEI JE TTOCOOTO 67%, O€ avTiBeon Pe TO EAANVIKO PEAI
TTOU TO TTO0O0O0TO Tou Oev Eetmepvdel 10 1%. H onuavrikorepn diapopd
TaparnpEEiTal ora akpaia moooora tou yévouc¢ Lactobacillus. 210 €AAnviko
UEAI a1t éAaTo ouvavraral w¢ 10 uwnAoTePO ToooaTo Baktnpiwv (82%), oe
avriBeon pe 1o péAl Vitex mou ouvavrarar o€ Tooo0TO UIKPOTEPO Tou 1%
(0.6%).

H trapoucia AakTOROKKIAwV OTO MIKPORiwHPa Tou €AANVIKOU peAIOU eivail
mOavd va TTPoEPXETAl PECW TOU YOAOTPEVTEPIKOU OWANVA TNG HEAICOAG
KaBwg €ival yvwoTtd OTI avAkel oTo MIKpoRiwpa TG . AaKTOBAKKIAOUG
OUVOVTAPE Kal OTO MIKPORiwMa TOU avBpwTtTou Kal €ival To ouvnBEéoTEPO
TTPoBIOTIKG. ATTauTeiTal TTEPAITEPW MEAETN, €TOI WOTE va OIATTIOTWOEI TO
TTPORIOTIKO BUVAUIKO TWV AAKTORAKKIAWY TOU EAANVIKOU PEAIOU.
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Abstract:

Honey is known for its antimicrobial properties, but it is not sterile.
Microorganisms that can survive in honey are tolerant of high
concentrations of sugars, acidity and other antimicrobial properties of
honey. The micro-organisms identified in honey come either from pollen
and flowers, from air and dust, or from the bee.

In this work, DNA was isolated from Greek honeys of different plant origin,
using 5 different methods to select the most appropriate one.
Subsequently, DNA quality was checked by amplification of V3-V4 regions
of the 16 r RNA bacterial gene.

The most effective method of extracting DNA from honey, both in quality
and quantity, is DNA extraction via Wizard. However, in one sample the
CTAB / chloroform method showed better results.

After the quality control, a sample of a Greek fir honey (DNA extracted by
Wizard method) was sent to Macrogen Inc., so that the next generation
sequencing (NGS) could be sequenced through the lllumina MiSeq PE300
and the bacterial and fungal diversity investigated. . The microbiome of the
fir honey sample is dominated by Lactobacillus spp, Sphingomonas,
Bacillus spp, Pseudomonas and Acetobacter spp, with bacterial
percentages of 82, 5, 1, 1, 1% respectively. In the case of fungi, Candida,
Dothideales, Wickerhamomyces, Capnodiales and Zygosaccharomyces
mellis have the highest prevalence of fungi with 18, 10, 12 and 9%,
respectively.

In comparison, with the Vitex honey produced in China where similar post-
genomic analysis was performed, significant differences were observed in
themicrobiome.
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A remarkable difference is observed in the abundance of Bacillus spp. In
Vitex honey the abundance is above 67%, in contrast to Greek honey
which does not exceed 1%. The most significant difference is observed in
the extreme percentages of the genus Lactobacillus. In Greek fir honey. It
Is found to be the highest percentage of bacteria (82%), in contrast to Vitex
honey which is less than 1% (0.6%).

The presence of lactobacilli in the microbiome of Greek honey is likely to
originate through the gastrointestinal tract of the bee as it is known to
belong to its microbiome. Lactobacillus can also be found in the human
microbiota and is the most common probiotic. Further study is needed to
determine the probiotic potential of Greek honey lactobacilli.
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1.Eilcaywyn

1.1 Ti gival 10 UEAI;

2Uhewva ue Tnv Koivortikry Odnyia 2014/63 tng EupwTtra’ikng ‘Evwong, HéEN
gival n QUOIKA YAUKIG ouadia TTou TTapdyouv Ol HEAICOEG TOu €idoug Apis
mellifera amd 10 VEKTAP TWV QUTWV 1 ATTO EKKPIOEIC CWVTWV PEPWV PUTWV
N EKKPIMATA EVTONWYV ATTOMUZOUVTWY QUTA €UpIOKOUEVA TTAVW OTa (wvTtad
MEPN TWV @QUTWYV, Ta OTroia Ol MPENIOOEC OUAAEYOUV, HETATPETTOUV
avapiyvuoviag Me  €I0IKEC UAEC TOU OWMATOGC TOUug, ATTOBETOU,
a@UOATWVOUV, EVATTOBNKEUOUV Kal QUAACCOUV OTIG KUBNPEG TNG KUWEANG,
TTPOKEINEVOU VO WPINACOUV.

O1 ammaITioeIg autéG ouvadouv Kal Pe To TTPOTUTTO Tou Codex Alimentarius
yia 10 géAI (Codex Stan 12-1981). Otav 10 VEKTOpP €1I0€ABEI OTO OTOUAXI TNG
MEANIOOQG, oTadIakG PeTaTpETTETAl O PMEAI. Ta €viuua atrd Toug adEveg TNG
KEQAARG TTOoU ovopadlovtal dlaoTAoEG-INBpepTAcEG Kal  Eviuua  aTTd
Bwpakikd adéva (0¢e1daon TG YAUKOZNG) avauelyvuovTal JE TO VEKTAP ME
OKOTTO TO OXNUOTIOPO TNG YEUONG KAl TOU apwuatog Tou ueAiou (Abdullah
and Clemencia, 2009).

1.2 A1TO 1O VEKTQD OTO lUEAI
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H mTpwTtn UAN AoIttév Tou PEAIOU gival TO VEKTAP ATTO TO OTTOIO TTAPAYETAI TO
avBoueAo Kkal To peAiTwpa. To VEKTap TO TTaipvouv ol HEAICOEG aTTO Ta Aven
EVW TO JEAITWHA TTPOEPYXETAI ATTO TA TTAPACITA TWV QUTWYV. Ta TTAPACITA

ATTOPPOPOUV TO XUMO, O OTTOIOG TTEPVA ATTO TO TTETTTIKO TOUG oUCTNUA OTTOU
KAl OXNUATiCETAl TO JEAITWUA, TO OTTOIO XPNOCIUOTTOIOUV YIA TIG AVAYKES TOUG.

AuTS TTOU TTEPIOOEUEl Byaivel Je TN PopPPr) oTayovidiwy, TTou Ol JENIOOEG
aTTONUCOUV ATTO TO CWHA TWV TTAPACITWY | ATTO Ta GUAAQ TWV PUTWV OTTOU
TEPTEI TO PeAiTwPa (Agppatdtmoulog, 1949). O1 cUAAEKTPIEC TTPOCBETOUY
OTO VEKTAP KAl OTO PMEAITWHA OAAIO KAl TO HETAPEPOUV OTIG KUWEAEG.

H diadikacia YETPATPOTING TOU VEKTAP OE MEAI LEKIVA aTTO TOV TTPOAORS TNG
MéEANlOOOC e  TPOOOAKN  ev(UPNWY OTTO  TOUG  OIEAOYOVOUC  Kal
UTTOQAPUYYIKOUG adéveg TnG. Or1 UTTOQaPPUYYIKOi adEVEG BpiokovTal OTO
TAVW PEPOG TOU KEPAAIOU TNG MENICOAG KAl €ival dUO AETTTOI KAl UAKPOI
aywyoi pe TTOANEG dlakAadwoelg. Eival aveTtTuyuévol oTnv veapn epyarpia
Kal €ival utrelBuvol yia Tov oxnuUaTiond Tou BaciAikou TToATou (White,
1993). 2Zmg, ueyaAUTEPNG nAIKiag, epydaTpieg PEAICOEC oI adEveG auTOI
OUPPIKVWVOVTAI Kal TTapayouv To €VCUPO I4BEPTACN, TTOU Eival ATTaPAITNTO
YO TNV JETATPOTTI) TOU VEKTAP O€ PEAI Kal TO EvCUMO 0ge1daon NG YAUKOLNG,
TTOU PETATPETTEI TNV YAUKOCN o€ yAukovikd o¢u. (Abdullah and Clemencia,
2009, White, 1993)

Katd Tn PETATPOTIA TOU QUOIKOU auToU XUMOU (VEKTap) o€ MEAI, yiveTal
METABOAIOUOC COKXAPWY, KUPIWG N atrodounarn Tou dIoaKXapitn ooukpoln
9
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(TN KoIvrig Caxapng) OTOUG APECO  QQOMPOIWCIKNOUG  HOVOOOKXOPITES
YAUKOZN Kal @poukToln. H avaouvBeon o€ dICOKXAPITEC KAl TPICAKXOPITES
gival TTOAU TTEPIOPICHEVN.

O1 apWHATIKAG EVWOEIC (TEPTTEVIA) KOI O XPWOTIKEC OUTIEC aTTd TO VEKTAP
oev MeTaBoAiovtal, evw TO MEAI EUTTAOUTICETAI KAl PE TO APWHA TWV
OPYAVIKWY OCEWV TTOU TTPOKUTITOUV aTrd Tnv dlacTtracn TG YAUKOLNnG.
Etriong, 10 YEN gPTTAOUTICETOI OUVEXWG PE €vCUua aATTO TOUG QOEVEG TNG
epyaTplag PEANIOOOG, Ta OTToia dIACTIOUV TA OAKXAPA, OTTWG AVAQEPONKE.
TEéNOG, Ta PETAAAIKA OTOIXEIA TOU PEAIOU €ival akpIBwG Ta idla PJE AQUTA TTOU
TTEPIEXOVTAI KAl OTOV TTPWTOYEVH QUTIKO XUuo (White, 1993).

O PeTABOAMIOUOG TwV OAKXAPWY TOU VEKTOPOG KAl TOU MENITWHATOG
ouveyiCetal Kal oAoKAnpwveTal péoa ota KEAIG Twv KnpriBpwv, attd Tnv
WA TTOU Ol PUTIKOI XUMOI aTToONKEUOVTAl HECO O€ QUTEG.

H 1kavotTnTa TWwV KOIVWVIKWY HEAICOWV WG €I0WV  EVIOPWYV VA
METATPETTOUV TO €uaiocBNTO 0€ CUNWOEIS (AAAOIWOEIC) VEKTAP KAl AVTIOTOIXO
MEAITWHA OTO €CAIPETIKA ouVTNPNOINO PEAI ATTOTEAET yIa auTEG €vav atmd
TOUG [BaOIKOUG MNXAVIOPOUG TIPOCAPMUOYAG TOUG OTn @uOon, O OTT0iog
dlao@aAilel Tnv emiRiwon Toug (YeavTiong, 2005).

TéANOG, N ouvBeon Tou peEAIOU €CapTdaTal aTTO TTOAAOUG TTAPAYOVTEG
OTTWG:

- Ta €idn Twv QUTWV atrd OTTOU CUAAEYOUV TO VEKTAP Kal TO
MEAITWHO

10
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- Tn @uon Tou £ddgoug
- To €idog Twv peANICOWV
- Tn @uoIkA kataoTaon Tou peAiooiou (YeavTiong, 1983).

1.3  Aiarpoikn aia Kai cuoTaTiKa Tou UEAIOU

To PEN gival To TTPoIdV TTOU TTapAyouv ol PENIOOEC atmd TO VEKTAP N Ta
OIAPOPA PENITWHATA QUTWV KAl OTTOTEAEI HIA TTOAUTIMN QUOIKA OPETITIKN
TPOYN, AVATTOOTIAOTO OTOIXEIO TNG PECOYEIOKNG diaITag. ATTOTEAEITAI KUPIWG
a1roé atmAd odkyxapa aAAG kail atrd TTARB0G GAAWYV OTOIXEIWV.

AvixveuTtnkav Kal moTtotroinénkav 182 diagopeTikéG ouaieg (Winston,1987).
To 1mpoidv autd amroteAcital 70-80% ammd odkyapd, Kupiwg yAukdln Kal
PPOUKTOCN Kal €XEI HEYAAN BPETITIKA agia, Kal atTToppo@AaTal dueca atmd Tov
avBpwTrivo opyavioud (1 koutahid Tng ooutrag MEAI atrodidel oTOV
opyaviouo 64 Kcal).

MepiExel vepd oe TToo00TO 16% , opyavikd oééa (18), mpwreives Kal
auivoééa, WETAAAIKG aoToixEia o€ MIKPEG TT000TNTEG (KAAIO, QOBECTIO,
Mayvrolo, oidnpog K.d.), éviuua (Ta otroia oxeddv 0To OUVOAO TOoug aTTd
TOUG AOEVEG TWV PMEAICOWY KAl €iVAl QUTA TTOU PETATPETTOUV TO VEKTAP KAl TO
MEAITwWPa Twv QuTWV 0 HEN (ZTaBOTTOUNOG, 1993)), oCuumAéyuara
mpwreivwyv, Birauives (B2, B6, C, D, E, TavroBevikd ogu, @oAikd ofu K.4.),
QUOIKEC QpWUATIKEG OUTieS K.Q.. ETTITTAOV, TO PEAI €€l UYPNAR EVEPYEIOKN
Kal OpemTik agia. Ta avopyava OToIXEId TOU MEAIOU CUMPMETEXOUV OF€

11
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Ol1agopa  evCUMIKA COUCTAMOTA KAl Trai(ouv  OonUAvTIKG POAO  OTO
METABOAIOUS. AuTO TTOU TTPOKAAEI 181AITEPO EVDIQPEPOV €ival n ouvlTTapgn
OAWV TwV OPETITIKWV OTOIXEIWV KAl O TPOTTOG YE TOV OTTI0I0 dPOUV CTOV
avlpwTITIvO opyaviouo.

To péEN atroTeAei €va QUOIKO YAUKQVTIKO ME MEYAAN YAUKQVTIKY) OUvVOUN
XAapn oOTn @PEOUKTOCN Kal PETOTPETTETAI QUECWC O evéEPYEId AOYwW TNG
YAUKOCNG (0€ 15 AemtTd TTEPVA OTO aipa). Auvauwvel Kal TOVWVEL TOV
OPYQVIOUO O€ TTEPITITWON KOTTWONG CWUATIKAG N TIVEUPATIKAG, aVATITUENG
Kal avappwong yiati gutrAouTifel QueCa TO daipa e YAUKOLN Kal €101
aTToTEAEI £€va PUOIKO TOVWTIKO TOU opyaviopou. Eival pia TAouoia kai TTou
Oivel apeon evépyela o Tpo®n yia TTaidId, €ykUuoug, aBANTEC, AToua TTou
BpiokovTal og avdppwaon KabBwg Kal yia avepwTroug TTou aokoUuv uywnAnf
owaTikA f Tveupatiki epyacia (National Honey Board, 2010).

ETmTpooBETwe, atrodeixOnke we €va TTOAU wW@EAIJO TTPOIOGV yia T diaiTa
TOU TTAIBIKOU OPYAVIOHOU. 2€ €PEUVEG DIATTIOTWONKE OTI N dIATPOPN HE HEAI
aug¢noe TNV aIoo@aIpivn TOU AiJaTog Twv TTaIdIWV Kal au¢noe 1o BAPOCg
TOUG XWwpi¢ va TTapatnenBei TapdAAnAa aluénon Tou 0akXdpou OTO aija A
TNG 0o&UTNTAG OTO OuplkO o&u. ETtriong, diamoTtwbnke OTI QAPPAKA OF
ouvOUAOo PO PE MEAI eixav KOAUTEPQ BEPATTEUTIKA ATTOTEAECUATA.

Ta uttdpxovTa oToIxeia oTo PEAI OTTWG KAAIO, PLWOPOPOG, YOAIKO OEU Kal
TTaVTOOEVIKO 0¢U Bonbouv oTnv avatTugn Tou opyaviopou. H TAnBwpa Twv

IXVOOTOIXEIWV TOU PEAIOU TTIBaVWGS CUPTTANPWVEl eAAEIYPEIC TNG diaiTag o€
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aroua Tou Oev TpéPovTtal KaAG KaBwg kal e NAIKIWPEVA AToua (EKATO
ypaupdpia yEN TTapéxouv otov dvBpwtro 3150epuIdeq) .

TENOG TTOAANOI atrodidouv T Pakpolwia TOUG OTn CUCTNUATIKI dlATPOPN
TOUG pE PENI (MTTikoG, 1991).

1.4 EugpVETIKEC OPATCEIC TOU UEAIOU

To PéENI €xel euePYETIKEC OpAoeIC oTov avBpwTTivo opyavioud (Herold,
1970) ka1 KATToIEG aTTd AUTEG €ival:

- To YEN WG dBUVANWTIKG

- Emdpaceig otnv kapdid

- Emdpdaoceig oto ATTap

- Emdpaceig oTo TTETITIKO oUuoTAUA

-  EmouAwon tpauvpdatwy

- AvTmipAgypovwodng dpdaon

- AvTiogeldwrikr) dpdon

- YtropBorinon Tou avoooTroINTIKOU CUCTHUATOG

1.5 Ta €idn ueAiou
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H tagivounon Twv YeNiwv yiveTal o€ OUO KATNYOPIES: Ta uéAia Twv avBéwy
(4 VEKTOPOG) TTOU TTPOEPXOVTAl OTTO TO VEKTAP TWV QUTWV Kal Ta uéAia
UEAITWUATOC TTOU TTPOEPXOVTAI ATTO TOUG PUOIKOUG XUMOUG TWV QUTWV Kal
TWV EVIOPWYV TTOU TPEQPOVTAl OTTO Ta QUTA autd. H xnuIKh ouvBeon Tou
MEAIOU TTOIKIAAEI aTTO €id0¢ O€ €idOC.

- MéAia avBéwyv: TTopToKaMIAG, Buuapiou, euKAAUTITOU, devTpoAifavou,
AeBavtag, Auyapidg, akakiag, Kouuaplds , KaoTavidg gival Jepikd atd
Ta MEANID TTOU TTPOEPXOVTal aATTd TO VEKTAP TIOU TrapAyouv Ta
avTioToIxa QuTd.

- MéAia yeAirwpuarog: 1o HEAI TOU TTEUKOU KOl TOU €AATOU €ival UEPIKA
atrd Ta PEAIA TTOU TTPOEPYOVTAI TA avTioToIXa QUTA ( ©@pacuBoulou &
Mavikng, 1990).

O1 edagokAlaTIKEG ouvOnkes TG EAAGdQC €uvoouv Tnv QvaTITUEn TOU
eviopou Marchalina hellenica (koivwg epydtng 1 Baupfakada) 1o OTT0I0
TTOPACITEl OTA TTEUKA Kal €KKPiveEl PeEANiTwHA. O1 PENITWOEIS EKKPIOEIG
OUAAEyoVTal OTTO TIG HENIOOEG, PETATTOIOUVTAI KAl ATTOONKEUOVTAI WG PEAI. H
MEYaAUTepn TTapaywyn PeAIoU otnv EAAGDa (60-65%) TTpoépxeTal atTd TIG
MEAITWOEIG EKKPIOEIG TOU «EPYATN» KAl TO MEAI TTOU TTAPAYETAI €ival yVWOTO
WG TTEUKOMEAO.

H mmapaywyr Twv JEAITWUATWY €TTNEEAETAl aTTO TO PEYEDBOG () NAIKIA) TOU
EVTOMOU, TN CWTIKOTNTA TOU OEVTPOU, TIC KAINATOAOYIKEC OUVONKES Kal TO
€id0G¢ TOU TTEUKOU OTO OTT0i0 TTapacitei 70 éviopo (KaiAidng, 1965). 21nv
TEPIodo Twv aAaywv Tou Oéppartog (ekdUoewv) kKaBwg kal otav
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eEVNAIKIWOEI, TO €viopo dev TpEPeTal Kal v TTapdyel peAiTwpa. Or YETPIEG
BepUOKPOOTiEC HE BPOOEPD KAIPO €UVOOUV TNV KUKAOQPOPIa TwWV XUMWV TOU
TTEUKOU Kal TV d@Bovn TTapaywyr HEMTOEKKPICEWY O€ avTiBeon MPE TIG
UWPNAEC BepUoKpaaies Kal TN HEYAAN Enpaaia.

O epydtng atmoBAAAEl TTEPIOCOTEPEG MENITOEKKPIOEIG OTAV TTAPACITEI OTNV
Tpaxeia (Pinus brutia Ten.) Tapd otn xaAémo (Pinus halepensis Miller)
(TuttdAdOG-=UdIag, 1979).

OewpnTIKA, oI JENIoOEG TTapdyouv Téoa PéAIa 6oa gival Kal Ta QUTA
TToU Oivouv VEKTAP Kal MEAITwWHA. MNPakTIKA Ouwc, dev £€XOUPE TOOA TTOAAG
MEAI DIOTI OI TTOOOTNTEG TTOU TTAPAYOVTal OEV Eival HEYAAEG.

Kabe trepioxry mapayel Ta dIkA TNG PEAIQ avAloya pe TV avBogopia Tng.
Ortav o€ pia Teplox Oev UTTAPXEI MIa ETTIKPATOUCO avBoopia, To PMEAI TTOU
Ba TrapaxBei Ba cival PEN TTOIKIANG avBoopiag evwy OTav UTTAPXEl MIA
ETMKpPaTOUCa avBoopia TOTE TO MEM Oa TTApPEl TA XAPOKTNPIOTIKA TNG
(yeuon, dpwpua, Xpwua) kKal Ba ovopaocTtei avadloya Tr.X. MEAI Buuapiou
(©pacuBouiou, 2001). To xpwua ToU PEANIOU TTOIKIAAEI ATTO OXEDOOV AXPWHO
Ewg KagE okoupo. Q¢ TIPOG TN OUCTACN, MTTOPEI va E€ival PeuoTo,
TTAXUPPEUCTO A N, HEPIKWG 1] OAIKWGS KPUOTOAAWMEVO.

H kpuoTGAAwon Tou PEAIOU gival TTOAUTTAOKO QaIvOUEVO. APXIKA O@EileTal
oTn OIAQOPETIKI) OXEON QPOUKTOCNG Kal YAUKOCNG aAAG n B€puavon o€
XOUNAEG BepUOKPOTieg eTTAVAPEPEl TO PENI OE PEUCTH TOU KATAOTAOH KAl
€101 €IKACETAI OTI PTTOPEI Va TTPOKAAEiTal Kal aTTd éviupa. OTav OPWG TO PEAI
dlarnpeital  yia  KAToI0  XPovikd  didoTnua  TOTE 1N KPUOTAAAWON
eTavep@avidetal. To KPUOTAAAWPEVO PENI Oev €xel XAOEl TITTOTA QTTO TNV
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BPeTITIKA agia Kal TTPETTEI VA KATAVAAWVETAI OTTWG gival OI0TI N Bépuavon
TOU Vyia va AIWOEl KAl VO OTTOKTAOEl TNV ApPXIK TOU WwEAia @QUOIKN)
KatdoTaon OTTWOONTIOTE METOUCIWVEI OPICUEVA aTTO Ta OPETITIKA TOU
ouoTaTika (Zeppupidng, 1998).

1.6 Ta €idn Tou EAANVIKOU LUEAIOU

H EAANGOa diakpiveTal attd DIAPOPETIKEG YEWYPAPIKEG TTEPIOXEC ME EVTOVO
avayAu@o kai d1a@opeTIKr XAwpida. Epeuvntéc, ye 1O TEPAC TTANBOC €10WV
avaAUCEWYV, Ol OTTOIEC £XOUV EQAPUOOTE Kal dIEBVWG, AAAG Kal KAIVOTOUEG,
KATAPEPQAV VA TAUTOTTOINOOUV KOl TEAIKWG va VOUOBETNOEI n UTTapgn apiywv
KaBapwv TTOIKIAILWV TOU EAANVIKOU PEAIOU.

'vwpiovtag, Tov TPOTIO  TTAPACKEUNG TOU HEAIOU atrd TIG MEANIOOEG,
TTPooavatoAloav Tnv €peuvd Toug oTnv [llapaokeury Tou HEAIOU QTTO
OIAPOPEC PUTIKNAG TTPOEAEUCEIC, OAOKANPWOAV TIC QUOIKOXNMIKEC aVOAUOEIG
o¢ Ociypara PeAIV aTTO OIAPOPES YEWYPAPIKES TTEPIOXEG Kal OIAPOPETIKEG
QUTIKEG TTpOeAeUoEIS.  H PEAETN Twv €AANVIKWV MPEAIWV EEKivNOE ME
TTPOCOIOPICHO TWV QUOIKWY IBIOTATWY (XPWHA, OOMN, €I0IKO BAPOC) Kal TwV
QUOIKOXNUIKWY  XAPOKTNPIOTIKWY (uypaoia, Téepa, d{axapa, ogutnta,
NAEKTPIKA AywyINOTNTA, TTEPIEKTIKOTNTA), TO TTOOO YAUKOLNG-PPOUKTOLNG KAl
TO TTOOO 0AKXapPOlNG.

Me Baon 1a Mo TTavw, TTapaTNPENONKav onUAvTIKEG OIAPOPEG PETALU TWV
avOoueEAWV Kal TWV PEAILDV TWV KWVOPOpwV dEVTpwyY. To avBdueAo cival
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MO AVOIXTOXPWHO, AETTTOPPEUCTO KOl APWHMATIKO Kal ME TNV TTAPOdO TOou
XpOvou o€ XaunAég Bepuokpaacieg yiveTal TTaXUPPEUOTO, KPUOTAAAWVEI Kal
ME TOV KaIpO OTEPEOTTOIEITAl.  AKOUN, TTEPIEXEI MEYAAUTEPO TTOOOOTO
YAUKOCNG Kal @POUKTOCNG (MEYAAUTEPO TOU 65%) Kal UTTOPEI va TTEPIEXEI
UTTOAEiMpaTa yupng. ATO TNV AAAn, TO TTEUKOMPEAO €ival OKOUPOXPWO,
TTAXUPPEUCTO Kal KPUOTOAAWvVEl AlyoTepo.  ‘Exel pIKpOTEPO TTOOOOTO
oakXapwv (38%) aAAa cival TTAouoI0 o€ HETAANIKA 16vTa (YavTidong, 1983).

KaBe katnyopia €xel TIG DIKEC TNG IDIOMOPYIEC TTOU TNV KAVEI va {EXWPICEI
aT1TO OAEG TIG AAAEG:

1.6.1 Meuko — Pinus halepensis (koivd 1TeUK0), (TTapaywyn PEAIOU atrd

MEAITWUAQ)

[Mepittou 170 65% TNG OUVOAIKAG TTapaywyAs HeEAIoU oTnv  EAANGda
TTPOEPXETAI ATTO TO TTEUKO. @eWpEiTal WG TO ONUAVTIKOTEPO PEAICOOKOMIKO
QUTO TNG XwWpPas. Tpoépxetal amd TIC MEAITWOEIS EKKPIOEISC TOU EVIOUOU
Marchalina hellinica, yvwoTté w¢ «BapBakada», «epydTne», «MIKPORIO A
TTAPACITO» TOU TIEUKOU. [T autd Kal TO PENI auTO €XEl XAPAKTNPIOTIKA
MEAITWPATOG, OTTWG UWNAR ouykévipwon TéEEpag kal uwnAé Ph. To
TTaPAOoITO PPICKETAI KUPIWG OTn TreEpIoX TNG ©Odoou, aAAG Kal oTn
XaAkidIkr, EuBola, Zkoé1reAo, ZkidBo, ZakuvBo, P6do, Kpritn kai GAAa.
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AOGYW TNG XAUNANG OUYKEVTPWONG OCOKXAPWV TIoU TrEPIEXEl Oev  Eival
1I01aiTepa YAUKO oTn yeuon. To Xpwua Tou Egival TTIO OKOUPO aATTd TO
Buuapiolo. AuTO, MAANIOTQ, TTOU TTapAyeTal TV Avoign, €ivalr Tmo
QVOIXTOXPWHO Kal TTI0 dIauYEG aTTO €KEIVO TTOU TTaPAyETal TO QPOIVOTTWPO.
Eivalr TAouc16Ttepo a1td T0 avOOUEAO OE IXVOOTOIXEIA, OE TTPWTEIVES KAl
AMIVOCEQ Kal €XEI TIC AIYOTEPEC BEPUIOEC. ZAKXAPWVETAI OXETIKA apyd apou
N QUOIKI TTEPIEKTIKOTNTA TOU O€ YAUKOCN €ival XAUNAn.

2UYKEKPIMEVA, TA AMIYr) TTEUKOPEAQ TTapapévouy peuoTd (dnAadr xwpic va
KPUOTAAAWVOUV) yia TTEPICOOTEPO ATTO  €VAMPION XPOVO. EitTAéov,
Bewpeitalr YEAI UYPNAAG BPETTTIKAG aiag Kal autd OQEIAETAl KUPIWG OTO
MEYAAO aplBud dIOPOPETIKWV OUCIWV TTOU UTTAPYXOUV OTn oUOTACH TOU.
ATIO TIG OUCIEG QUTEG ETTIKPATOUV T HETAAAQ Kal TA IXVOOTOIXEia (A0BECTIO,
MayvAolo, 0idnpog, XOAKOG), Ta oTroia  Bpiokovial  O€  PEYAAEG
OUYKEVTPWOEIG OTA EAANVIKA TTEUKOUEAT (OpacuBouAou & Mavikng, 1990).

1.6.2 TEAaT0 — Abies sp., (TTapaywyn UEAIOU atTd JeAiTwua)

Mia atré TIG KaAUTEPEG KAl OKPIBOTEPEG KATNYOPIEG PEAIOU. Aivel PEA
eCAIPETIKAG TTOIOTNTAG OTTO MENITOEKKPIOEIG €VIOMWY Tov louvio. Eival
1ID1aiTEPA TTUKVOPPEUOTO. YTToAoyiCetal 611 T0 5-10% TrEpiTTOU TOU HEAIOU
TTou Trapayeral otnv EAAGda civalr amd éAata. To OuyKekpIuévo €idog
OloKpivETAl yia TNV 10I1QITEPA KOAN TOU Yeuon, Oe&v TTAPOUCIAlEl EVTOVO
apwpa Kalr AOyw TOU XAPnAoU TTo000TOU YAUKO(CNG, &V KPUOTOAAAWVEL.
Eival TTAouci1o o€ 1xvooToixeia (KaAIo, Jayvrnolo, aidnpog KATT.) Kal TTEPIEXEI
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BiITauiveg o€ TTOANU MIKPEG TTOOOTNTEG, OGAAG OKOUA KAl QUTH N MIKPN
TTooOTNTa BonBdel oTnv KOAUTEPN QQOPOIWON TWV OAKXAPpWV aTtd TOV
avBpwTTivo opyavioud (MTrikog, 1991).

To eMnvIKG €Aato, yvwoTd w¢g eAatn n  KepaAAnviky (Abies
cephalonica), ocuvavTtiétTar poévo otnv EAAGOQ KAl OUyKEKPIYEVA OTNV
Euputavia, Tov Tadyeto, 10 MNepTOUAI, TNV MdpvnBa kal AANeG TTEPIOXES. TO
MEAI TTOU TTapayeTal €ivar duo €1dwv. To €va, yvwoTtd wg Lavidia, gival
ECAIPETIKA TTUKVOPPEUOTO, OEV KPUOTOAAWVEL, TTAPOUCIALEl AVOAAUTTEG
XPWHATWY Kal XEI XAUNAN TTEPIEKTIKOTNTA O€ AvAyovTa OAKXOPQ.

Mapdyerar oto Maivalo 3 otov MNdpvwva TnG MNMeAotTrovvrioou Kail 1Id1aiTeEpa
auTto Tou MaivaAou gival To HovadiKO EAANVIKO PEAI TTOU €XEI XAPAKTNPIOTEI
otnv EupwTtraik) ‘Evwon wg M.0.M1.. To deutepo €idOg poIAlEl UE TO
ouvnBIopEvo PENI TTOU TTapAyeTal atro TNV eupwTraikh eAAGTN (Abies alba),
YVWOTO WG daooueAo.

2T1a d1APopa €idn eAATNG £xouv avaeepbei opliopéva TTapAoITa OTTWG
Ta KOKKOeId Physokermes hemictyphus, Eulecanium kar o1 a@ideg
Mindarus abietinus, Cinara confinis, C. pectinatae Ta oToia TTAPAYOUV
MENITWOEIG EKKPIOEIG EKPETAAAEUOIUEG QTTO TIG HENIOOEG.

1.6.3 BeAavidia — Quercus macrolepis, (rTapaywyn UEAIOU a1Td UEAITWUA)

A0OIKO OEVTPO pE e€ATTAwON o€ OAA TNV OpPEIVi XWPa Kal evOIapEéPoV aTTo
MEAloOOKOUIKN TTAeupd. Katd 1o prva louAio, divel peNITWOEIG EKKPIOEIG. To
MEAI BEAQVIOIAG 1] «DEVTPOUY, OTTWG AEyETAI ATTO TOUG PEAICOOKOUOUG EXEI
OKOTEIVO XPWHMA, YeUON e€uxdploTn Kal KPUuoTaAAwvel QUOKOAA. To MEAI
BeAavidIag ival éva atrd Ta TTIo TTAoUCIa JEAIO O€ IXVOOTOIXEIQ.
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1.6.4 KaoTavid — Castanea sativa

To MEN KAOTAVIAC TTAPAYETAI ATTO TO VEKTAP KAl TIC MEANITWOELIG
EKKPIOEIC TNG KAOTAVIAC TToU gival éva agloAoyo PENIOOKKOUIKO OEévTpo. Ol
MEAITWOEIG e€KKPIOEIG TTapayovTal atmd Tnv agida Myzocallis castanicola,
TTOU ouvavTATal OTAV KATW ETTIPAVEID TWV QUAAWV aAAd kal TTavw oTa
eXIvOpop@a KUTTEAAa TTou TTEPIBAAAOUV TOUG KAPTTOUG. O EKKPIOEIC QUTEG
apxicouv 1o Mdio kal ouveyiovtal uExp! Tov louAio (Zavtag, 1983).

Eivar apketa Oiadedopévo ota opeivad upépn NG EAAGdAC kal Kupiwg
TTapayetal otn xepoodvnoo tou Ayiou Opouc. H yeuon Tou eival apkeTd
QUVATH Kal EAAPPWG TTIKPI KAl O€ TIPOOUICEIG JE AANQ PHEAIQ UTTEPKAAUTTTEI
TN yeuon Twv AGAwv peAlwv. 'Exel éviovo dpwua Kal TO Xpwpa Tou
TTOIKIAAEl avaAoya pe TNV TTPOEAEUCN TOU, ATTO AVOIXTO KAQETI MEXPI
okoupo. KpuoTtaAAwvel TTOAU apyd, ival avBekTikd otn Bépuavaon Kai gival
TTAOUCI0 O€ IXvooTolXEia (KaAio, payvioio, payyavio, Bapio). @cwpeital OTi
€UVOEI TNV KUKAoQoOpia Tou aipyaTog (@pacuoulou & Mavikng, 1990).

OAa 1o pENA KaOTAVIAG XapakTnpidoviar amd uwnAd pH, uywnAn
OUYKEVTPWON TEPPAG, XOUNAG avayovia OAakKyxapa Ta OTroia  €ival
ApPIOTEPOPOPPA KAl YIA AUTO KUPIWG TO AOYOo TO PEAI KAOTAVIAG TTAPOAO TTOU
EXEl XOPOAKTNPIOTIKA JEANITWHATOG, KATATACOETAI OTA avOdueAQ.

‘ETOl Bewpeital amapaitntn n avaypaer otnv ETIKETA TNG OUOKEUQOIAG N
BoTavikh TTpoéAeuon Tou PEAIOU €iTe auTd dIaTIBETAI AIYES €iTE OE AVAMIEN.

Epapudobnke 10 10T Bonrehi & Gomez (1988) ammd toug @pacufouAou
Kal Mavikn (1993) kai BpEONKe OTI TO €idOG TNG KAOTAVIAG TTPOTIUABNKE Kal
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kKatataxonke otnv 1pitn (3") Béon oTnv EANGDQ, pe TTpWTO TNG €AATNG,
OeUTEPO TOU TTEUKOU KOl akKoAouBouv Tn¢ KaoTavidg, Tou Buuapiou, Tng
TTOPTOKAAIAG, TOU nAiavBou, TNG £peikng Kal Tou BauBakiou.

1.6.5 Quudpil — Thymus sp., (TrTapaywyn JEAIOU aTtTo VEKTAP).

To Buuapiolo PéEAI TTapdyeTal KUPiWG OTa vnoIA Kal o€ OAn TV NTTEIPWTIKN
EAANGOO kal OTTOU QUTPWVOUV Ta dldgopa €idn Buuapiou. 2t Meodyelo
uttdpyxouv 120 €idn Bupapiou, Ta 12 ek Twv oTTiwv ouv oTnv EAAGDQ.

H tTapaywyr Tou avépxetal epittou oTto 10% TNG OUVOAIKAG TTapaywyng
MEAIOU TG EANGDAC (@pacuBoulou & Mavikng, 1990).

To péN TTou TTapayeTal otnv EAAGOa TTpoEpxETAl KUPIWG aTTO TA €idN
Corynodothymus capitatus, Thymus serpyllum kai Satureja sp.. ®puyavo
TTOAUKAQQO, TTUKVO, APWHATIKO, WIKPO, ME AvOn O€ TTUKVEG KEQOAAOUOPPES
Taglapxieg. Koivé o€ nuiopeivry {wvn kal o€ TTeTpwdelg B€oeig. H avBnon tou
QuTOoU YiveTal Kupiwg Mdio ue louvio.

To PEN autd xapakTnpidetal w¢g éva PEAI apioTng TToldTNTAG AOYW TOU
ECAIPETIKOU TOU APWPATOG Kal  TNG €uxapliotng yeuong Tou. H
XOPOKTNPIOTIKA TOU OUWG QUTA YEUON MEPIKEG POPEC APNVEl Wia aioBnon
KAWihgatog AOyw TNG UWnANG OUYKEVTPWONG O€ QPOUKTOLN. ‘Exel €viovo
dpwHa, TO XPWMO Tou E€ival OuvABWG avoIXTO KEXPIUTTAPEVIO  Kal
KpuoTaAAwvel o€ didoTnua 6-18 pnvwyv. Ocwpeital OTI €XEI TOVWTIKES KAl
avTIoONTITIKEG 1010TNTEG (OpacuBouAou & Mavikng, 1990).

1.6.6 MEéAI avOEwyv, (TTapaywyn LEAIOU aT1TO VEKTAP)
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MéEN TTou TTapdyeTal TNV Avoign pe TNV avBoopia TG €AANVIKAG @uOoNG.
Eival avaueikto kail o1 1010TNTEG Tou dIaPEPOUV avVAAOYa UE TO VEKTAP TWV
EAANVIKWV QUTWV TTOU TTPOCKOMIOUV oTnV KUWEAN o1 hENIooEG. TapayeTal
o€ MEYAAEC TTOOOTNTEG KAl €ival MEAI TTOU PTTOPEI va TTAPAYEI AKOUN Kal £€VAG
ATTEIPOC MENIOOOKONOG. OewpeiTal WS Eva KAACOIKO EAANVIKO YEAI TTOU padi
ME TO TreukOpeAO uTtrepPaivouv 10 80% TOU TTOOOOTOU TNG OUVOAIKNAG
EMNNVIKAG TTapaywyns. AuoTuxwg, 1o MEAI avBEéwv dev €xel OlaKpPITA
OTOIXEIQ VW TTOAAOI UEAICOOKOMOI KAl TUTTOTTOINTEG TO AVAMPEIYVUOUV E
d1dpopa YEAIa Ta oTToia gival TauToTroiNPéva (T1.X. BauBakiol) xwpeic va 1o
AvVa@EPOUV OTNV ouoKeuaoia. To Xpwua Tou ouVABWCG gival avoiXxTOXPwHO
Kal N KPUOTAAAWON Tou av Kal €ival OUOKOAO va TTPoBAe@Oei, yiveTal
ouvnNBw¢ 4-6 PNVeG HETA TN CUAAOYN TOU.

1.6.7 MéA eoTePIBOEIBWY, (TTapaywyN UEAIOU QTTO VEKTOP)

Ta eomrep1doeldr) (TTopTOKAAIA, Agpovid) atroTEAOUV HIO ONUAVTIKA TTNyA
VEKTAPOG YIa TNV TTapaywyr JeAlou. H mopTokaAid (Citrus aurantium) givai
0 KUPIOG QVTITTPOOWTIOG TWV ECTTEPIOOEIdOWY KAl OTTOTEAEI MIO ONUAVTIKN
TNy VEKTAPOG YIa TNV TTapaywyn JeAIou. Mapayetal Kupiwg otnv KpnArn,
otov [16po, otnv [llehomrdvvnoo kal otnv ‘Hireipo, ‘Exel vieAiIkartn kai
eANA@PWG OEIvn yeuor, avadidel TO ApwWHA TOU TTOPTOKAAIOU KOl TO Xpwud
TOU €ival QavoIXTO KIiTPIVO, KEXPIUTTAPEVIO. 2av  MEANI  gival  apailo,
KpuoTaAAwvel TTOAU ypriyopa (Méoa oe 1-2 UAVEG) Kal eV AVTEXEI OTIC
UWnA£EG Bepuokpaaieg (OpacuBouiou & Mavikng, 1990).

OAa ta péNIa eoTTEPIdOEIdWV XapakTnpifovTal atrd XaunAf CuykEVTPwWON
TTPOAIVNG, XaunAi diaoctdon (évfuuo TOU OlOOTTA TO AUUAO  Kal
XPNOIUOTTOIEITAI VIO TOV EVTOTTIONO TNG vVOBEeiag Tou YEAIOU) Kal atTd UWnAn
OUYKEVTpWON aofeoTiou 2-7,2 mg/kg kal yevikd TTAoUCIO O€ METAAAIKA
oToixeia (Anuntpiadng, 2005).
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1.3.8 Akokia — Robinia pseudoacacia, (TTapaywyn YeAIOU a1Td VEKTAP)

H akaokia €ival éva 1TToAU 01adedOPEVO DEVTPO, AUTOPUEC OE XEPOO £0APN
Kal o€ PEPATIEG, AAAG Kal KOAWTTIOTIKO. To WEN aKakiag eival 101aiTepa
yvwoTo otnv Kevipikl Eupwtmn Adyw Twv PEYAAWY EKTACEWV QKAKIOG TTOU
EXouv ekei. 2TV EAAGDQ n TTapaywyr Tou PJeEAIOU auTtou €ival TTIO oTaBepPn
AOYW TWV OIAQOPETIKWY TTOIKIAILWV OKAKIOG TTOU UTTAPXOUV. To Xpwua Tou
gival avoixTOxpwuo Kal Bewpeital wg éva PEA 1ID1aiTEpa dIAUYEG TO OTTOIO
OUOKOAQ KpUOTOAAWVETAL.

1.3.9 Koupapid (Arbutus unedo)

H Koupapid civar 8auvog aclBaAig, @tavel Trepittou 1a 3 PETPA, AAAG
MEPIKEG YiveTal OAOKANPO OEVOPO. To MPEN TNG KOUPAPIAG, E€XEl XPwHa
OKOUPO KIiTPIVO, TO IEWOEC TOU gival YETPIO, YEUON TTIKPN Kal YI'auTO €XEI Kal
MIKPI EUTTOPIKNA agia.

Eival TTAoUoI10 o€ 1XxvooToixEia Kal BITaPiveS, KAvel KAAG oTov AvBpwTTo Kal
MAAIoTa €xel Bpedei OTI ivanl dloupnTIKO Kal KATeRBACEl TNV TTiECN, KAVEI KAAO

OTO KUKAOQPOPIKO dpa Kal oTnVv Kapdid, aAAd Kal TauTtoxpova coav dioupnTIKO
KAvel KOAO OTa VEQPA Kal KAT ETTEKTOON KAl OTOV TTPOCTATH..

23

Institutional Repository - Library & Information Centre - University of Thessaly
12/11/2024 11:59:11 EET - 3.129.42.136



1.5 MeTayoviOIWPATIKA avaAuon UIKEORBIWUATOC

[Na TTOANG xpovia, Ta cupApata yupw atrd TO HIKPORiwHa TTPOEpXovVTav
MOVO atré peBOdoUg KaAAiEpyelag HIKpoRBiwv. H kKaANiEpyeia atToTeAei pia
XOUNA KOOTOUG AUon Opwg cival pia XpovoPBopa odiadikaoia. Aivel pia
TTEPIOPIOUEVN ATTOWN YUPW aTTd TNV TTOIKIAOMOPQIa TOU PIKPORBIWMPATOS KAl
Ta MIKPOBIa TTou BpiokovTal O€ MPIKPOUS TTANBuououg dev uTTOpOUV va
QTTOMOVWOOUV AOYW UTTEPAVATITUENGS TWV UTTOAOITTWYV MIKPORBIWV 0€ UWPNAEC
OUYKeVTPWOEIS. ( TutTag @. 2014). " autd 10 Ady0o XPEIAOTNKE N avakaAuywn
VEWV TEXVIKWV TTOIOTIKING avAAuong TOU PIKPORBIWHATOG.

H petayovidiwuaTikr) avaAuon €ival €va €mOTNPOVIKO TTEdiO, TTOU PE TNV
ammoudévwon DNA Tou Oeiyparog, HTTOpPEl va yivel HPEAETN WOTE va
dlaTmoTWOEI  TTOI01  PIKpoopyaviopoi  Bpiokoviar  oe  autd  (Arpita
Ghosh,2019). Eivai éva 10xupOd €pyaAgio TTOu XPNOILOTIOIEITAlI yIa ThV
avaAuon MIKPOBIOKWY KOIVOTATWY XwpPic va TIPETTEl va TTponynBei n
KAANIEPYEIQ TWV MIKPOOPYAVICPWY OTO gpyacTtipio, (Asiya Nazir, 2016).
2TOX0G TNG €ival va ammaviioel EpWTANATA, OTTWG Trola €idn MIKPORiwv
UTTAPXOUV Kal o€ TTOoN agBovia BpiokeTal TO KaBEva.

To yovidio 16S r RNA Twv BakTnpiwv Kal N ITS tepiox Twv HUKATWY AOYWw
TNG UTTEPMETARANTOTNTAG TTOU TIC XAPAKTNEIZEl XpNOIKMOTTOIoUVTal YIia ThV
TQUTOTTOINON PBOKTNPIWV KAl PJUKATWY, avTiotolxa. 'Exouv ouvOpdauel O€
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MeEYGAO BaBud TNG katavonon ouvleong Tou MIKPORIWMPATOS KAl £XOUV
EMTPEWEI TNV OUYKPION YETAEU DIaPOPWYV HIKPORBIWKATWY.

H TeEXVIKA TNG METAYOVIDIWMPATIKAG TTEPIYPAPTNKE YIA TTPWTN popda 10 1998
amrd Tnv Handelsman 6T1av XpnoIgoTToinoe Tov 0po O€ Hia PMEAETN OXETIKN
ME TNV XAwpida Tou €dAPouc. ATTO TOTE, €XEl XpnoldoTroindei otnv
TTaykOouIa TTPOooTTA0EIa dlEpEUVUVONG TWV PIKPORiwY 0TOUG wKeavoug, TV
MEAETN TNG EVTEPIKAG MIKPOXAWPIOAC Kal 0 PEAETEC TTOU TTEPIAAUBAVOUV TO
Human Microbiome Project.(Peterson, 2009)

H petayovidlwpatiky avaAuon otnpiletal otnv hadikp aAAnAouxion. Autd
gival €QIKTO pe padikn, TTapdAANAn aAAnAouxion e€ite OAOGKAnpou TOU
YOVIOIWUATOG TWV HIKPOOPYAVIOUWY | OTOXEUMEVWYV YovIdiwv (T1.X. 16S
rRNA) TTou TtrepiExovral o€ éva Ociypa. H pEBodog autry TTepIAaUPAvel
Tuxaia Tunuartotroinon tou DNA, aAAnAouxion Twv Tunuatwv DNA TTOU
TTPOKUTITOUV Kal TV XPAon KAatdAAnAou AoyiodIKOU yia Tnv ouvleon Twv
AAANAOKOAUTITWHEVWY aAANAOUXIWYV O€ PIa ouvex aAAnAouyia.

. N
Avdlouon pe

IMooeToipooic Tou Tlpoobuwououdg B T
Helypotog addphouyidy (NGS) . E'?”] Bl TN
o promhnoogoous

EsyirhudT] 0hasod DNA e w0 Magdiinin abinhoiyuon pe
mhtve O M T - OUGHELH ETOPEVTC
YEVLIL

o
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T
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Eikéva 1. 16310 peTayovidiwpaTikng avaAuong pikpoRiwpatog( Fomag ., 2014)

To TTAEOVEKTNPA TNG, O OXEON ME AAANEG TEXVIKEG €ival OTI EKTOG ATTO TNV
VEVETIKI TTOIKIAOTNTA, QTTOKOAUTITETAI KAl TO OUVOAO TWV YOVIOIWV Twv
MIKpOBiwv TTOU PBpiokovTal O0€ QUTA Kal ETTOMEVWG, MTTOPEI va eCaxBei
OUMTTEQPAOHA VIO TNV AEITOUPYIa TNG MIKPOXAWPIDAG.

2TOUG TTEPIOPIOMOUG TNG MeEBSdou  TTepIAaUBAvVETAl TO KOOTOG, EVW
TTapAaAANAa n dlaxeipion Kal n avaAuon Tou PJeyAAou OyKou dEOOUEVWY TTOU
TTPOKUTITOUV ATTAITE ECEAIYUEVA UTTOAOYIOTIKG CUCTAPATA KAl TTPOYPAUMATA
AOYIOMIKOU, KOBWG Kal €IOIKEUPEVO TIPOOWTTIKO OTn  PIOTTANPOPOPIKN
avaAuon, M€ OUVETTEID VO JTTOpEl  va  TpayuaTotroin®ei  pévo o€
eCEIDIKEUPEVA EPYATTIPIA.
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1.6 To uikpoBiwua Tou UeAIOU

To PéEN gival yvwoTO yIa TIG AVTIMIKPOPIAKES TOU IBIOTNTES, WOTOCO deV gival
OTEIPO  aTd  MIKpoopyaviouous. Mikpoopyaviouoi, TTou JTTOPOUV  va
EMPBIWOOUV HECA OTO MENI €ival QVEKTIKOI OTNV uywnAfl OUYKEVTPWON
OOKXApWV, 0gUTNTAG KAl GAAWV QVTIMIKPOBIOKWY XAPaOoTNPIOTIKWY TOU
MEAIOU. O1 HIKPOOPYAVIOMOI TTOU £XOUV TAUTOTTOINBEI OTO PENI TTPOEPXOVTAI
€iTe a1rO TNV YyUupn Kal Ta AouAoudia, €iTe amrd Tov agpa Kal Tn okKoOvn, E€iTe
atrd TN yEAIooQ.

MapatnpABbnke Ot yévn oOmwg Bacillus spp, Micrococcus spp, Kai
Saccharomyces UTTopoUV va atmmopovwBouv amd avhAikeg péNlooeg i atmd
TTpovUuPeG (Sackelt).

2Uppwva pe épeuveg (Sackelt,1919) 1% Cuueg, 27% BeTika katd Gram
Baktpla ocuutrepiIhapBavouévwy  Bacillus  spp, Streptococcus spp,
Clostridium spp kai 70% apvnTikd katd Gram paktipia OTTwG
Achromobacter, Proteus, Klebsiella, E. coli kai Pseudomonas amoTteAouv 10
OUUBIWTIKO MiIkpoBiwua TnG péENlooag. To yévog Bacillus spp ival To 110
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O100edONEVO eV €xXOuv €TTiONG atmopovwBei  Actinomycetes spp Kai
Streptomyces spp.

Ta AouAoUdia Kal oI KUWEAEG BewpouvTal KUPIOI QYOPEIG ETTINOAUVONG TOU
MEAIOU eV VIO TA MIKPORIO OTO £VTEPO TNG PEAIOOQG TTIOTEUETAI OTI €ival
UTTEUBUVN N YUPN.

AelTEPN TTNYN TNG PBAKTNPIOKAG ETTIMOAUVONG TOU PEAIOU gival O ECWTEPIKOI
TTAPAYOVTEG OTTWG O AVBPWTTOG, O €EOTTAICNOG PE TOV OTTOIO YyivovTtal Ol
dlepyacieg egaywyng Tou PeEAIOU, n okdévn Kal o aépag. MUKNTEG PTTOPOUV
VO avaTITuxBouv €UKOAa OTO €EOTTAIOUO TTOU UTTAPXEl OTIC KUWEAEG ME
ATTOTEAECUA va ETTIMOAUVOET TO KABAPO PEAI.

EmmpooBeTa, otoug mBavoug TpoTToug HOAUVONG TOU EEAYWMNEVOU  EAIOU
gival o aépag (OTO XWPO OCUCKEUAOIOC TOU MEAIOU) KAl Ol XEIPIOTEG
TPOQIHWV.

Ta TepioodTEPA BaKThpIa Kal GAAa pIKPOBIa dev UTTOPOUV va avatrTuxBouv
N va avarrapaxbouv oto PéEAI, dnAadr) pyévouv adpavr) Kal autd OPEIAETal
oTNV QVTIBOKTNPIOKN dpacTnPIOTNTA TOU PEAIOU. Aid@opa BakTnpidia £Xxouv
EVTOTTIOTEI O€ AONTITIKA CUAAeyOuevo PEAI TTou dlaTnpeital otoug 20 ° C.
Movo o1  JIKpoOopyaviopoi Tou  oxnuartiouv  oTropia PTTopouv  va
empiwoouv oTto PENI O XaunAnl Beppokpacia. ‘Epeuveg €xouv Oeitel OTI
oteNéxn Omwcg Bacillus cereus, Clostridium perfringes Kal oTropIa
Clostridium botulinum gppoAhidoTnkav o€ JEA Kal UAGxBnkav otoug 25 ° C.
O mANBuopocg Tou Clostridium botulinum dev PETABANBONKE yia Eva XpOvo
otoug 4 ° C. Qotéoo, otoug 65 ° C, dev Bpeédnkav oTToOpIa PETA ATTO S
NUEpeg atmoBnikeuong. 'Exel TapatnenBei 11 €Gv TO PEANI ApAIWVETAl ME
VEPO, UTTOOTNPICEI TNV AVATITUEN UN TTABOYOVWY BOKTNPIOKWY OTEAEXWV Kal
TN BavaTtwon emkivouvwy oteAexwyv (White PB, 1996).
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O TTapaKATW TTIVAKAG TTAPOUCIAZEl CUYKEVTPWTIKA TA €idN TWV BaKTNPiwy
TTOU gP@aViCovTal OTO PEAL.

Bacteria Yeasts Moulds
Alcaligens Ascosphaera Asperhiilus
Achromobater  Debavoniices Althia

Bacillus Honsenula Bettsia alvei
Bacteridium Lipomyces Cephalosporium
Brevibacterium Nematospora Chaetomium
Citrobacter s poridium Coniothecium
Clostridium Pichia Hormiscium
Enterobacter Saccharomyces Peronsporoceas

Escherichia coli Schizosaccharompyces Peyronglia

FErwinia Trichosporium Iriposporium
Flavobacterium ITorula Urediancene
Klebsiella Torulopsis Ustilaginaceae
Micrococcus Zvgasaccharoniyces

Nivakag 1. O1 yIKpoopyaviopoi TToU eupavifovTal oTo PEAI (Olaitan Peter B., Adeleke O. and Ola . Honey a reservoir
for microorganisms and an inhibitory agent for microbes. African Health Sciences 2007; (3) 159-165)
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2. 2KOTTOC TNC TTaPpOoUCOC EPYATiOC

O OKOTOg TnNG Trapoucag MEAETNG ATAvV N Xprion kKair ouykpion 5
OIOPOPETIKWV MEBOOWV eKXUAIONG oAikou DNA atd deciypara peAlv €101
woTe va €emmAexOei n BEATIOTN PEBOOOC Kal OTn OUVEXEIM MPEOW TNG
TexvoAoyiag lllumina miSeq PE 300 £yive avdAuon Tou MIKPORBIWMPATOC
(BakTApla, JUKNTEG) atrd Eva Ociypa eEAANVIKOU PEAIOU.
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3. MNMeipauartikd Mépoc

3.1 AsivuaTta yeAiwyv

Na v dleCaywyrn Tou TreIpAuatog, CUAAEXTNKav 6 Ociypata peAIOU,
OIOPOPETIKNG  TTPOEAEUONG,
(Trivakag 1). Ze kABe deiypua dOONKe £va KWOIKOG Kal AETTTOUEPEIES YIA TOV
TOTTO TTPOEAEUONG TOUG .

atTO  OIOQPOPETIKEG TTEPIOXEG TNG  EAANGDAG

H oulhoyr Toug €yive o€ yudAiva Bala Kal n atmoBAKeUON TOUug o€ OKIEPO
Kal OpooEPO PEPOG.

Mivakac 2 XapakTnPIoTIKA OEIVUATWY UEAIWV

Kwdikog TUTTOG UEAIOU Huepounvia Mepioxn
TTapaAywyng OUYKOMIONG
S1 MéEN AVvBEwv louAiog 2017  |Tepioxr) OAUuTTOU
S2 "Aukdavioog 2018 EuBoia — X1eped
EAAGOQ
S3 Koupapid NoéuBplog Ayio Opog
2018
S4 KaoTtavia louhiog 2018  |Ayio Opog
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S5 Quuapl 2018 21eped EANGOa -
Noudg Pwkidag

S6 ‘EAaTO 2018 21EpE@  EAANGDO -
Noudg Pwkidag

3.2 YAIKG

Kartd 1n didpkeia NG TTeipapaTiknig d1adikaoiag xpnolhoTroinénkay ta ¢AG:

MéTeg

Eppedorfs

Falcons 50ml

Zuyapid

PuydKevTPOG
ETTwaot)pag otoug 37 °C
YdatdAouTtpo oToug 65 °C
Heat block otoug 80°C
[uGAiva ogaipidia

QiATpa 0,45um

3.3 MéBoodol
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3.3.1 MéBodoi ekxUAionc oAikou DNA amro ogiyuara ueAiwv

MNa TNV €KTTOVNON TNG OCUYKEKPIYEVNG TITUXIOKNG, TTPAydaTotToiénkav 5
dlagpopeTikoi puéBodol atmmopovwonsg DNA ota 6 péNia Kal oTn Cuvexela
TTPAYHATOTTOINBNKE TTOIOTIKOG EAEYXOC TWV OelyPATwyY DNA.

3.3.1% Xprion rou mowrokéAou NucleoSpin Food arré Macherey-Nagel yia
ammouovwaon DNA amro ogiyuara ueAItov

[MponynBnke ouoyevoTTOinon TOU BEiyUATOG JE YUAAIVO OQaIpidIa. 2€
200mg atrd 10 opoyevoTroinuévo dciypa TrpooTtédnkav 500ul atrd To buffer
CF,10 otroio €ixe TrpoBeppavOei otoug 65°C, kai 10l TpwTeivdon K kai
KaAf avdapeign yia 10s. Ztnv ouvéxela, 1o OEiyua ETTWaoTNKE 0TOoug 65°C o€
udatoAouTpo yia 30 AeTTTd.

MeTd 10 TTEPAG TWV 30 AETTTWV, EYIVE QUYOKEVTPNON TOU OEIYUATOS OTIG
16000g yia 10 AeTrTd, €101 WOTE va dnuioupynOei iCnua. ‘Etreita, To
UTTEPKEIPEVO PETAPEPBNKE o€ cwAnvapia Tutrou eppendorf 1,5ml kai
TTpooTédnkayv ioeg TToodTNTEC buffer C4 kai ailBavoAng. To deiyua
avapelyvnonke yia 30 deutepOAeTtTa. MeTd, TO deiyua TOTTOBETHONKE O€
oTAAn Nucleospin kal akoAouBnoe guyokévTpnon oTig 11000 oTpo@éc yia 1
AETTTO.

21NV ouvéxela TpayparotroifOnkav 3 TAUCEIG ue dla@opeTika buffers kai 3
QUYOKEVTPNOEIG, avTioToixa. H TeAIkA ékAouon £yive o€ 100ul pye Tnv Xpnon
Tou buffer ékAouong CE.

To TEANIKO TTPOIOV aT1ToBNnKeUTNKE O0TOUG -20°C WS GTOU TTPAYUATOTTOINGEI N
MéBodo¢ PCR.

3.3.1° Xpnon tou mowrokoAou Wizard arrd Promega via arrouovwon DNA
arro O&iyuara LUEAILOV
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To TTPWTOKOAO EKTEAEOTNKE CUPPWVA PE TNV TTEPIYPA®P Twv Soares S.,
Amaral JS, et al, 2014 pe KATTOIEC TPOTTOTTOINCEIC.

ApxIKa, n OMOoyevoTroinon TOou MEAIOU TrpaygatoTroi®nke pe  OuUO
EEXWPIOTEG BIadIKAOiES, WOTE va dIATTIOTWOEI N KAAUTEPN.

[MpwTn opoyevoTToinoN:

Xpnoigotromonkav 50gr amd kdBe péAI Ta otroia TOTTOBETHONKAV O€¢ 4
falcons Twv 50ml (12,5gr peAiou oe kABe falcon) kal TTpooTEONKav 40 ml
ddH,0 o¢ k&g falcon. ‘Emreita, ta dciypara emwaoTtnkav otoug 40°C yia 10
AETTTA.

MeTd TNV eTwaon, £yIve QUYOKEVTPNON Twv deiyudTtwy oTig 9000g yia 10
AETTTA, AtTOPOAN UTTEPKEIMEVOU, eTTAvVAdIOAUTOTTOINON TOU ICAPaTOoG o€ 5 mi
ddH,O kal évwon Twv 4 falcons o€ 1. TNV ouvéxela, €yive apaiwan Tou
ociyparog pe ddH,O péxpl Ta 45 ml kal akoAouBnoe Quyokévipnon yia 10
AeTTd 0TI 9000 oTpOPEC.

ATTOBOAN utrepKeIuévou kail etTavadidAuon tou 1IfnuaTtog o€ 1 ml ddH,0.
MpooBnkn 20 yudAivwy o@aipidiwv (400um) Kal avakivnon Tou OgiyuaTog
yia 2 AeTrTd. A@aipeon Twv YUAAIVWY o@aipidiwyv Kal a1moBnikeuon Tou
dciypatog otoug -20 °C  péxp! va mTpayparotroindei n ekxUAion Tou DNA.

AEUTEPN OLIOYEVOTTOINGN:

MpayuaTtotroindnke eTTwaon 3 wpwv OTTWG avaPépel To apbpo Twv Soares

S., Amaral JS, et al, 2014.H amopovwaon £yive OTTWG TTEPIYPAPETAlI OTO
TTPpwTOKOoAO Tou Wizard yia ammopovwon Gram + kair Gram — Baktnpiwv. H
TEAIKA €KAouon €yive ota 100ul og ddH,0.

To TEANIKO TTPOIOV aT1To8NnKeUTNKE OTOUG -20°C £€Wg OTOU TTPAYHATOTTOINGEI N
MéEBodog PCR.

3.3.1Y Xprion mowrokoAou ue xprion pubuiotikou diaAuuaroc CTAB (Utzeri
etal. 2018)
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[MponynBnke opoyevotroinon Twv JEIYNATWY, OTTWG AKPIBWS TTEPIYPAPETAI
oTO ApBpO, Pe yuaAiva opaipidia. AKOAoUBwG, dnuioupyia Tou puBUICTIKOU
dlaAuparog CTAB (2% (w/v) CTAB, 1.4 M NaCl, 100mM Tris-HCI, 20Mm
EDTA,; pH 8).

MeTd Tnv TTpooBnkn Tou CTAB, Ta deiyuata erwdacTtnkav yia 1 wpa kar 30
AETTITAG 0TOUG 65°C, OTN CUVEXEIQ TTPOOONKN XAWPOPOPMIOU KAl ICOAMUAIKNG
OAKOOANG (24:1) , @uyokévipnon o€ MEYIOTN TAXUTNTA Via 15 AeTTq,
META@OPA TNG UBATIVNG PAonG ot VEO PIKpoowAnvaplo TUtTTou eppedort,
TTPOOONAKN 1I00TTPOTTAVOANG, OTN  CUVEXEID QUYOKEVTPNON OE MEYIOTN
TaxuTnTa yia 15 Aetrtd kai TEAOG TTpocOnkn 70% aiBavoAng, euyokévTpnon
o€ JEYIOTN TaXUTNTA VIa 15 AETTTA, OTTOBOAN UTTEPKEINEVOU.

H TeAikp €ékAouon ¢€yive ota 40ul oe ddH.0. To TeNKO TTpOIOY
a1roOnkeUuTNKE 0TOUG -20°C £wg 6TOU TTPpayuaToTroinBei N péBodog PCR.

3.3.1° Xoron mowrok6Aou ue dnuioupvia puBuiaTikou diaAduaroc (Jain S.A

et al.2013)

50g a1rd 10 KaBéva 10 PENI apaiwbnke o€ 100 mL atrooTelpwpévou vEPOU
Kal euyokevtpribnke oe 9500 g yia 20 AeTTTd. To UTTEPKEINEVO ATTOPPIPONKE
Kal 1O inua TTou TIEPIEXEI TN yupn Kal GAAa OuoTaTIKA TOU (QUTOU
XPNoIUoTToINBNKE yia ekXUAIon DNA.

To TTpwWTOKOAAO ekXUAIoNG DNA TTOU TTEPIYPAPETAI OE QUTH TN MEAETN
TTEPINQUPBAVEI TPiIA BIOPOPETIKA dlaAUPATA:

PuBuioTiké didAupa ekxUAiong:

0.35M copPITdAn,

0.1M TrisHCI pH 8 kai
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SmM EDTA pHS8

PuBuioTiké didAupa Auong:
0,2M TrisHCI pH 8,

0,05M EDTA pH 8,

2M NaCl kai

2% CTAB

AidAupa Sarcosyl: 5% (w/v) kai

‘Eva 1eAIKO puBuIoTIKO BIGAUUA :

0,5%(w/v) d10€1dES VATPIO,

2% (wiv) PVP-40,

41,7% (v/v) puBuIOTIKOU OIGAUPATOC EKXUAIONC,
41,7% (v / v) puBuIoTIKOU SIaAUMATOC AUONG KAl
16% (v/v) Sarcosyl.

To @ppEako dIGAUPa Epyaaiag TTAPACKEUAOTNKE TTPIV ATTO TNV EKXUAION TOU
DNA ka1 ytropei va atroBnkeuTei yia 4-5 nuEpeg o€ BepUoKpaoia dwuaTiou.

H T1ehikiy €khouon é€éyive ota 100yl oe ddH,O. To TeAIKG TTpPOIGV
atroOnkeuTnKe 0TOUG -20°C €wg GTOU TTPpaypaTtoTroindei n péBodog PCR.
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3.3.1° EkyxuAion DNA uéow @iAtoapiouaroc ue @idtoa 0,45um kai ornv
ouvéxela ekxUAlon DNA uéow tou mowtokOAou NucleoSpin® Soil amro
Macherey-Nagel

[MpocTolpacia Tou OciypaTog yia @IATpapiopa: 10g atmd 10 KaBEva TO HEA
apaiwbnke og 50 mL atrooTelpwuéVoU vePOoU Kal puyokevTpronke oe 9500
g yia 20 AetrTd.

To uTtrepkeiyevo pacli pe 10 OloAUpévo idnua  (Xwpic Ta odkyxapa)
@IANTpapioTnke He Tnv Ponbeia 0,45 um @iAtpwv (Millipore Filter
Membrane,Organic-system, 0,45 pm, United States), €to1 wote va
ouykpatnBouv Ta MIKPOPBIOKA KUTTAPA, Ol MEUPPAVEC TOu  @IATpOU
aTTOOTEIPWONKAV Kal n dINBnon dIECAXON 0 ATTOOTEIPWUEVEG OUVONKEG.
Metd n dIRbnon, N hePPBPAvVN ME Ta UIKPOBIAKA KUTTAPA KOTTNKE O MIKPA
KOMMATIO JE TN XPAON VUOTEPIOU Kal n ekXUAIion Ttou DNA €yive pe tnv
xpron Tou TTpwTokOAou NucleoSpin® Soil.

H teAikry ékhouon éyive ota 30ul oe EB. To 1eAIkd TTpOoidv atmmoBnkeUuTnKe
oToug -20°C €wg étou TTpayuaTotToin®ei n nébodog PCR.

3.3.2 [1poodIiopIicuOC TNC CUYKEVTOWONC TTROIOVIWYV TwV EKXUAIoewv DNA
ue Nanodrop

Mpiv TRV avtidpaon ¢ PCR, mpocdiopioTnke n ouykévipwon Tou DNA
atro TIS ATTOPNOVWOEIG OCUPPWVA PE TA TTIO TTAVW TTPWTOKOAA. H pétpnon
auTn €yive e TV XpAon NG cuokeunng Nanodrop (oTo TURAMA laTpIKAG OTO
epyaoTtipio Bloxnueiag, Tou [llavemoTtnuiou Oegocoaliag). H ouokeur
Nanodrop Ttapéxel Tnv duvaTtoTnTa PETPNONG TTOAU HIKPWV OyKwv (1ul)
DNA.(Eikéva ).
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Eikéva 3 . Ta pépn Tng cuokeurig Nanodrop kai o TpOTToG Xprong Tng: A) O Bpaxiovag TTou @Epel TIg
akideg pETpnong, B) TommoBETnon otayovag deiyuaTog oTnv akida, IN) Avw kai KATw akida yérpnong kai A)
KaBapiopdg akidag (NanoDrop Technologies, Inc., 2007).

3.3.3 lNoiotikn avadAuon amouovwuévou DNA uéow svioyuonc twv V3-V4
repioxwVv 1ou 16S r RNA uéow tnc PCR

MeTd Tn HETPNON TNG OUYKEVTPWONG Tou oAikou DNA pe To Nanodrop,
akoAouBnoe evioxuon kai agloAdynon Tng TroiotTnTag Tou BakTtnpiakou DNA
ue PCR.

[Mpaypartotroindnke evioxuon TnG Teploxns V3-V4 tou yovidiou 16S rRNA
(Klindworth et al.,2013), e Toug €KKIVNTEG
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341 F=CCTACGGGNGGCWGCAG «ai
806_R = GACTACHVGGGTATCTAATCC

To avausvouevo PEyveboc Twyv TTPoIoVTWY ATav TTEPiITToOU 460bp.

To peiypa 1ng PCR trpayuartotroildnke o€ 20 ul mTepieixe:
2 Ul deiypatog amropovwuévou DNA.
2ul KAPA 10x buffer,
0,5ul ANTPS 10 mM,
0.5 uM até Tov ekkivnTh 341F,
0.5 uM atrdé Tov ekkivnT 806R,
2,5U a1ré v KAPA 1ToAupepdon kai

ATTOOTEIPWHPEVO VEPO PEXPI Ta 20 pl.

EmmrpooBeTa, otnv avridpaon éAaBav xwpa évag BeTIkOG (DNA
MUKOTTAGOMQTOG) Kal £Vag apvnTIKOG HAPTUPOG.

H apxikn ammodidragn mpaypartotroiriénke otoug 95°C yia 3 AeTTTA.

To BepuoKPACIaKO TTPOYPAPHA YIA TNV TTPAYHATOTTOINON TNG avTidpaong
ATav:

atrodiaragn otoug 95°C yia 30sec,

UBPIBIOUOG TwV EKKIVNTWY UE TNV aAAnAouxia-oTtoxo otoug 55°C yia
30sec,
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ouvBeon oUPTTANPWHATIKWY KAWVWYV Tou DNA pe etréktaon Tou 3°
AKPOU TwV EKKIVNTWYV HE TN BonBeia Tou ev{uuou KAPA oTtoug 72°C
yia 30sec.

Ta o mavw oTtddia eTavaAfeinkav yia 40 KUKAoug Kal akoAouBouoe éva
aKOua oTadIo TEAIKAG eTTiuAKUvong Tou DNA oTtoug 72°C yia Smin.

3.3.4 AAAnAouxnon DNA smrousvnc yveviac (Next Generation Sequencing —
NGS) via tnv ugAérn Tou LIKOORBIWUATOC TWV UEAIWV

To deiyua S6 (HEAI eAATOU) OTAABNKE OTNV £TaIpia Macrogen Inc, 61Tou eKei
EVIVE ETTAVEAEYXOG TNG TTOIOTNTAG TWV OEIYPNATWY, KaTaokeun BiBAIoONKwv
T600 yIa BOKTAPIA, OCO KAl YIa JUKNTEG TOU KABE deiypaTog, aAAnAouxion Pe
lllumina MiSeq PE 300 evw n avdAuon kal cUYKPION TwWV OTTOTEAEOHATWYV
TTPAYMUATOTTOINBNKE ME TNV CUUPBOAN Tou gpyacTtnpiou BIOTTANPOQOPIKAG
oTo TMAMa Bioxnueiag kai BiotexvoAoyiag Tou MNMavetmiotnuiou @ecoaliag.

To mmo KAtw OIaypauua TTapoucialel TN porn Twv YEYOVOTWVY yia TNV
TTpocToIpacia NG BIBAI0BAKNG atrd Tnv Macrogen Inc.:

40

Institutional Repository - Library & Information Centre - University of Thessaly
12/11/2024 11:59:11 EET - 3.129.42.136



41

Institutional Repository - Library & Information Centre - University of Thessaly
12/11/2024 11:59:11 EET - 3.129.42.136



NpwTtnc @aonc PCR:

KaBe aptrAikovio dnuioupyndnke xpnoipgoTrolwvTtag 12,5ng uAIKou évapéng
o¢ Mia avtidpaon Twv 25 pl 1ToU TIEPIEiXE 12,5 pl amd 2x KAPA HiFi
HotStart Ready Mix Kal €KKIVvATEG O TeAIK ouykévipwon 1 pM.
[Mpaypartotrorndnke éva apxikG oTAdIo PETOUTIWoNG 3 AETTTWV OToug 95 °
C. AkoAoubnonke atrd 30 kUkAoug Twv 95 ° C yia 30 deUuTEPOAETTTA, TWV
55 ° C yia 30 deutepoAettta Kal Twv 72 ° C yia 30 deuTepOAETITA KaI YIa TV
TENIKR) €TIMUKNVON yia 5 Aetrtd oTou 72° C.

210 NMAPAPTHMA utrdpyouv TTeEPICOOTEPES TTANPOPOPIEG OOWV APOPA TWV
TTpogTOINaCia TWV BIBAIOBNKWYV Kal TNV aAAnAouxion TNG eTTOPEVNG YEVIAC.

3.4 BiomrAnpo@opikn avaAuon:

MNa Tnv avdAuon Tou pIKpoRIWMPATOG, Xpnoldotroindnkav T1a fastq apyeia
OTTWG APBNnKav atrd Tnv IoTooeAida Tng Macrogen Co., 1600 yia 10 forward
read 600 kal TO reverse Kal OAn n avdAuon TTPAYPATOTTOINONKE OTO
Aoyiopiko Qiime2 ( 0 apIBuog Twv read oTnv apxh yia KAGBe apxeio pAaIveTal
OTOV TTivaKa 3 OTa atroTeAEopATA).

Apxika xpnoigotroilOnke o aAyépiBuoc DADA oTtd TO OUYKEKPIUEVO
Aoyiouiké yia va yivel agaipeon Tou BopuBou Kal va QIATPAPICTOUV T
XEIMEPIKA pbpIa. 2Ta BAKTHPIO OTO OUYKEKPIUEVO OTADIO Ta reads ammod Ta
BakTnplaka fastq apxeia ko6TTNKOV 0 peEyeBog 290nt kar 220nt yia 10
forward kal To reverse QvTioToIXQ, EVW OTOUC PUKNTEG XPNOIUOTTOINONKAV
w¢g onueia kotm¢ 1a uAkn 240nt kar 180nt avrioToixa, KaBwg PETA Ta
TTpoava@epBEVTa Prkn Ta read Arav “kKaKrg ToidTNTAG”.

[a TO QIATPAPIOUA TWV XEIMEPIKWY HOPIWV XpnOoIhoTToInOnKe N uEBodoG TNG
ouvaiveong (consensus). 2T OUVEXEIQ XpnoIdoTroinOnkav  TTPOTUTTEG
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YvWwoTEG aAAnAouxieg atmd Tig Baoelg dedopévwy SILVA (yia 1o 16S rRNA)
Kal Tn Bdaon dedopévwyv UNITE (ITS aAAnAouxieg) weg onueio ava@opdg yia
TNV €UPECN TNG TASIVOUNONG TWV OPYAVIOUWY TTOU TTEPIEXOVTAV WECA O€
KGBe Ociypa. O1 alAnAouxie¢ tmou ouvapuoAloynibnkav yia Ta didpopa
ociypata eAéyOnkav péow Tou aAyopiBuou vsearch évavrt Twv yvwoTwv
aAAnAouxiwv yia TV €Upecn TNG Tagivounong Ttoug. Méow  Twv
ATTOTEAECPATWY dnuIoupyrnBnkav Ta ypagnuarta bar-plots.

4. AtroteAéouara
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4.1 [NpoadIopIoUOC TNC CUYKEVTOWONC TTROIOVTIWYV TwV EKXYUAIoEwV DNA ueg

Nanodrop

MeTa TNV ekxUAIon Tou DNA e

TIG

OIOPOPETIKES

MEBODOUG

TTOU

TTpoava@épOnkay, €yIve O UTTOAOYIOUOG TWV OUYKEVTPWOEWY TOU OAIKOU
DNA 110U atTropovweOnke atmd kabe deiyua ue Tnv Boribeia Tou Nanodrop. Ta
arroteAéopara TTapouciddovtal OToV TTIO KATW TTivaka.

[Mivakac 3 MNpoadiopioudc Tou oAIKoU DNA Twv ekxUAicswv ue Nanodrop

MéAia

S1

S2

S3

S4

S5

S6

44

Nucleospin

Food

1.8
1.3
0.5
0.6
1.9

1.5

MéBodor ekxUAiong DNA peAiwv (ng/ul)

Wizard

49.5

10.5

6.8

42.6

6.9

CTAB/
XAwWpoPopuIo

110.5
8.6
6.3
7.8
6.5

4.6
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CTAB/

XAWPOPOpuIO
(Treipapa 3

nHEPWY)
1.3

1.2
2.3
2.8
3.6

3.2

DiIATpdpIoHa
& Nucleospin
Soil

2.1

3.2

1.8
3.4

2.6




ATé TOV IO TTAVW TTiVOKA, €ival eu@avég OTI ol uéBodol TTou doUAswav
KaAuTepa €ival o Wizard kai CTAB / XAwpo@opuIo, eviy oI UTTOAOITTEC
MEBODBOI £0€1Eav TTOAU XaunAég ouykevipwoel DNA. H péBodog n otroia
doUAewe KaAUTEPpa o€ OAa Ta dciypaTa gival N Wizard, ekto¢ amd 1o deiyua
S1 1Tou @aivetal TTws N HEBodog CTAB / xAwpo@dpuio TTapdyel KAAUTEPQ
atroteAéopara.

4.2 AtmroreAéouara moloTikoU EAEyyou oAikoUu DNA uéow gvioxyuonc rwv V3-
V4 mrepioywyv tou 16S r RNA

AkoAoUBwWG TO DNA eAéxONnKe yia TNV akePAIOTATA TOU Kal dIATTIOTWONKE av
MTTOPEl va evioxuBei 10 DNA Twv PakTnpiwv pe KATAAANAOUG €KKIVNTEG.
(TTOIOTIKOG €AEYXOG)

21N ouvéxela 10ul atré Ta mpoidvta TnG PCR £1pegav o€ 1¢eA ayapdlng 1%
Kal Ta atmoTteAéopara yivav oparad o ewg UV. Ta armmoteAéopara gaivovral
OTIG TTIO KATW EIKOVEG.
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Wizard:

Eikéva 4. HAekTpo@Opnon TKTNG ayapdlng atod mpoiovta Tng PCR atréd Tnv evioxuon Tng mreploxns V3-
V4 1tou 16S piBoocwpikod RNA Twv ekxuAicewv DNA Ttrou TTpocToiydoTtnkav pe tnv péBodo Wizard. Me
ocipd ammod apiotepd TTpog Ta Oe€id: ladder 100 Bdoewv, S1, S2, S3, S4, S5, S6, ApvnTiKOG PNAPTUPAG,
OETIKOG PdpTUPAG

Omwg @aivetal Kal oTnVv 1Mo TTAvw €IKOva, Kal ota 6 deciydata UTTApxEl
Baktnpiakd DNA, kaBwg utrdpxel pia ptravra avaueoa otic 400 kar 500
Baoeig Tou ladder (trepitrou 460 Baoeig). Zuvettwg, n uEBodog Wizard cival
MIa KaAry HEBOOOC yia TNV atropovwon Baktnpiakol DNA atrd ta yéAia.
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CTAB /| Y Awpo@opuIo:

Eikéva 5 . HAektpog@dpnon TnKTwuatog ayapdlng atmd mpoiovia tng PCR amd tnv evioxuon tng
mepioxnig V3-V4 Tou 16S piBocwuikol RNA Twv ekxuAioewv DNA TTou TTpogToludoTnkay he TNV HEB0dO
CTAB / xAwpo@opuio. Me oeipd atréd apioTtepd Trpog Ta de€id: ladder 100 Bdoeswv, S1 ( 1ul), S1, S5, S6
(1ul) , S6, ApvnTikég pdpTUpas, OETIKOG HAPTUPAG

Mo tmédvw @aiveralr o611 Kal ota 3 dciypara douAewe n PCR, dpa oe OAa
uTTépxEl aképalo BakTnEiakd DNA petd tTnv atropdévwaon oAikou DNA pe tnv

MEBODO

CTAB / xAwpo@opuio. QoTdoo0, yia Ta deiyuata S3, S4 kai S5 @aivetal 6T N
OUYKEKPIUEVN MEBODOG Oev £DwWOE ATTOTEAEOMUATA KOl AUTO OIOKPIVETAI OTIC
MO0 KATW EIKOVEG OTTOU YiveETAl OUYKPIoN avapeoa oTig peBddoug Wizard kai
CTAB / xAwpogpoppio.
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Eikova 6 . MéAI amro TAukavioo (S2): HAektpopdpnon THKTwHa ayapdlng atd mpoiovia Tng PCR até
TNV evioxuon TG Trepioxng V3-V4 Ttou 16S pifoowpikod RNA Twv ekxulicewv DNA 10U
TpoeToiydoTnkav pe Tnv PEBodO Wizard (tryaddkia 1 kair 2) kol pye tnv péBodo CTAB /
XAwpoopuio (Tnyadakia 3 kai 4). Me ceipd amd apiotepd Tpog Ta de€id: ladder 100 Bdoewv, S2
(1), S2( 2ul), S2(1pul) kai S2 ( 2ul), OeTikOG papTUPAG, ApvnTIKOG HdpTUPAG
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Eikova 7 . MéAla a6 Koupapia (S3) kai Kagravid (S4). HAektpopdpnon TAKTNG ayapolng amd
mpoiovta TnG PCR amd tnv evioxuon tng mepioxns V3-V4 tou 16S pifocwuikol RNA Twv ekXUAioEwv
DNA Tmou Trpogtoipdotnkav e Tnv pEBodo Wizard (tryaddkia 1, 2, 5 kal 6) kal pye v pyéBodo
CTAB / xAwpo@dpuio (mnyaddkia 3,4,7kai 8). Me geipd amd apiotepd Tpog Ta dedid: ladder 100
Baoewv, S2 (1ul), S3(2ul), S3(1ul), S3 (2ul), S4 (1ul), S4(PCR pe DNA template 2ul), S4( 1ul) ka1 S4 (
2ul), O€eTIKOG papTupag, ApvnTIKOG NAPTUPAG

CTAB/ xAwpo@dépuio (mreipapa 3 nuepwv) Kai PiAtpdpiocpa &
Nucleospin Soil:

O1 2 TeAeuTaieg pEBodOI 6Tav TTpayuatoTToINOnke n TToooTikoTroinon DNA
ATV AUTEG TTOU €O€IEQV TIG TTIO XAMNAEG OUYKEVTPWOEIC. NapdAa auTd £yive
gvioxuon Tou TuRuaTog Tou 16S piBoowpikol RNA pe PCR, €101 woTe va
eCakpIBwOei av uttapxel Baktnpiokd DNA oTta deiyuaTa akOua Kal o€ TOOO
MIKPEG ouykevTpwaoelg DNA.
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4.3 ATTOTEAEOUATA PETAYVOVIOIWUATIKAC AaVAAUONC

Acivua 6 (S6) — TpoéAsuan ‘EAarto:

OANn n avaAuon trpaypartotroiénke oto Aoyiouikd Qiime2 ( 0 apiBuog Twv
read oTnv apxn yia kGBe apyxeio QAIVETAI OTOV TTivaka 3).

Bacteria_Sample 6 183691

Fungi_ Sample 6 161367

Mivakac 3. Ta reads TTou XpnoiyoTroindnkav yia 1o dOcivua 6 (BaKTAPIa KAl JUKNTEC)

2T0 PBakTNPIOKO MIKpoRiwua Tou Ociyuatog 6 (S6) Kuplapyxouv Ta
Lactobacillus spp ,Sphingomonas, Bacillus spp, Pseudomonas kai
Acetobacter pe mmooootd 82, 5, 1, 1, 1% avrioToixa. Eviy oTOUG PUKNTEG,
ETMKPATOUV oI  @uAOTUTTOI  Candida,Dothideales, Wickerhamomyces,
Capnodiales kai Zygosaccharomyces mellis e Toocootd 18, 10, 12 kai 9%,
QAVTIOTOIXA.2ZUYKPITIKA, JE TO MEAI Vitex TTou TTapdyetal otn Kiva (TTpoéAgucn
— Bdpvog Vitex) o6trou €xel yivel avaAoyn METAyoVIOIWMPATIKA avaAuon
TTapaTnNPEABnNkav onUavTIKEG OlaPopEC OTOo PakTnpiakd aAAd Kal TO
MUKNTIOKO PIKpORiwua.
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100%
oo D 0 SacternzD_1_ Firmicuies:D 2 EachlD_3  Lsciobacillales;D ¢ LactobacilscesssD S Lactobachus,_

Bachius__

B oo ssoiensn i srmeutssD_2 SsoniD 3 SsoilsissD 4 Sschiacess
B oo ssciensn i FrmoutssT_2 EsciiD 3 SscilsiesD 4 Sachiace
B oo_ssoiensn i Frmoutsss_2 SsoiiD 3 SscilsiesD_d_ Sachiacs

__Bachus,D_E_ Saclius sp.
ol
: Baclius Amoiguous_taxa

. D_0_ SactersD_1_ FirmicutesD_2_ BachlD_3_ BacilslesD_d_ Sacliaceas Dceanabachius; __

D_0__SactersD_1__Pmisabacteds 0_I_GammagrotzobactenaD_3__PssudomonsdsiesD_d_ PesutomonadscessD_5_ PEeutomonas;__
S0%
: D_0_ Bacters,D_1_ ProteabactedaC_2_ Alphsprotenbactens;D_3_Sphingomaradalze;D_<_ Sphingomonadacea=D_5_ Ephingomonaz:Amblgucus_taxs

D_0_ BactersD_1_ FirmicutesD_2_ BachlD_3  Lactobaclliales;D_4_ Steptococcac=asiD_3 LACIDCOCCUE,

D_D_Gactena;D_1_FirmicutesD_2 BachlO_3_Lscicoaciliales
B o_o_sactensn_a_mimicutesn 2

4_ Enlerococcacess;D_5_ ENtSracosous;_

Bachil0_3__Lactooacliialzs Streptococcaceae;D_5_ Laciococcue;D_&_unculturad bactrium

. D_0_ SacterzD_1_ SroteabactedsD_I_ ZammaprotzcoscteraD_3_ PssudomonsdsiesD 4 MoraxsllacessD S Ssyoircbactar_
. D_0_ [SactersD_1_Actinooasters;3_2_ ActinobactedzD_3_ Micrococcalzs:D_4_ Micrococoacess:D_S_Armnobactsr_
. D_0_ [BactersD_1_ Cyanooacseria,D_2_ OxyphotobacledzD_3_ Chioraplast__

D_0_ [SactersD_1_ ProteabactedaC_2_ GammagrotzobactenaD_3_ PesudomonadaiesD 4 PesutomoradacezsD 5_ PeeutomonasD_f_urcultured bacterum

quency

D_0__SactenaD_1__Prolsabactena 0_I_Apnaorciacacana D_3__ACsnoanteraesD_s_ ACenbacteransss;__

b
[

D_0_ [SactenaD_1_Protsabactenz0C_2_ GammaprotecoactanaD_3

Emerapactenaies0_4_EmErobactenzcess__

0_0_ SacternaD_1_Proteobact=naD_2_ AlphaprotacoacienaD_3 RhabialesD & SelednckizcsssD 5 1174-901-1Z0_E_ unculurad basierium

Relative Fre

. D _D_ SactenaD_1_ FirmictlzsD 2 BaghliD 3_ BacllalesD 4 PanocoecassasD 5 Solbasiius,
B ooo_sscensp 1 Frmewsss 2 ssom o

. D_0__ BactaraD_1_ ProtsobactsdsD_2_ AphsorotecbacsensD 3 SphingomaradalesC_<4_ Sphingomonadaceas C_%_ Sphingomonas_
. C_0_ BacteriaD_1_ FirmicuiesD_2_ BaclliD_ 3 Sacilales;D_4_ PianococcacaasD §_ Lyelnlbachus;_
O_0_ BacteriaD_1_ ProteobactedsC_2_ Aphsprobechaciens;D_3_ RickefislslesD_4_ MischondrisAmbiguous_{axs Amblguous_taxs
C_0_ BacteriaD_1_ ProleobactedaD 2 AlphaprotecbackenaD 3 Rhizobiales;0_&  HyphomicroblaceasD_S  Pegomicroblum__

O_0__ BacteraD_1_ Proteobactsd=C_2_ GammagrotecoactensD_3 Pssudomonadaies;D_d4_ Moraxsllscess D 5 Acnstobactsn_

D_D0_ BactarzD_1_ FirmicwiesD_ 2 BacliD_3  LsciobaclilEles;D 4 Leuconosiocaces:

. D_0__SactensD_1__Pmisabacteds 0_I_Aphaorotenoacens;D_3__Caulooacierales O_d4_ CaukbactescessD_I_urcultured,

. D_0_ Bacters;D_1_ FirmicutesD_2_ BachlD_3_ Lactobacillales;D_4_ Leuconosiocacs 5__Leuconostoc; __

. D_0_ SactersD_1_ Proteabacteds0_I_ GammaprotzobactenaD_3_ XanthomoradalesD_&_ ¥anthomoradacess D_%_ 3t=ratrophomonzs;_

. D_0_ Bacters,D_1_ Cysnobacterla,D_2_ Melsinabacteris;D_3_ Obscuriactersles:D_d_ uncuiturad bacterum;D_5_uncultured bactedumcC_E_ uncultursd bacterium

D_0__SactersD_1__Sacterolostzs D_I_ Bacteroidls;3_3_ FlaveosctznalesD_s_FlavobscteracessD_I_ MyroldssAmoiguous_taxs

D_0_ SactersD_1_ Proteabacteda0_2_ EammaprobzobactenaD_3_ PssudomaonadaiesD_d Moraxsllscess:D_S_ Snkwdrobacter_

0_0_ SactedzD_1_Firmicuies:D_2_ EachlD_3  Sacllsles:D_d_ SacliaceasD_5_ Bachus:D g Saclius pumilus

D_0_ SactenaD_1__ProteabacteraD_2_ GammaproteobactenaD_3_ OrbalesD_d_ Orbaceas
. D_D_ Sactera;D_1i_ ProteabactedaD_2_ Alphaprotecbaciena;D_3_

B c_o_sseznain_1__emiedbactenzn_2_cammaprotacosctnaD_3

cetobanteraies;0_d_ Acefobacteracea;3_5_ AcldpniiumiD f_ unculursd canterium

__Xannamanacale;D_4_ ¥anihameonasaceszD_S Thermomonas:D_E_ uncunursd bactedum

Eikéva 8. Tautotroinon Baktnpiwv yia 1o péAl Vitex (1 kai 2) kal yia 70 eAAnvIKG péAI (3) o€ pop@n
barplots.

MNa Tapddeiyua, To BakTnpEIakd HIKpoBiwua Tou peAIou Vitex Ta eTTIKPATH
Baktpla ecivar Tta €idn Bacillus spp, Lactococcus spp, Oceanbacillus,
Enterococcus kai Pseudomonas oe¢ troocootd 67 , 11 4, 4 ka1 1%
avtiotoixa. H peyaAurepn diapopd @aiverar va &gival Oora 1mogoara Tou
Lactobacillus spp, 0mou a1o eAarioio uéAi BpioKeTal O€ TTOOOOTO UEYAAUTEQLO
ToU 82%, evw aro uéAl Vitex g moooaro uIKpoTEPo ToU 1%. 50
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Eikéva 9. Tautomroinon JukATwy yia 1o PéAI Vitex (2 kar 3) kal yia 10 eAAnVIKO [PEAI (1) o€ pop®n
barplots.

[Mapouoiwg, To TPOPIA Twv PUKATWY OTo MPENI Vitex eTmKpaTouv ol
@INOTUTTOI  Metschokowia , Aurobasidium , Phoma ,Candida kai
Cladosporium pe Trocootda 96, 4 , 3 , 2 kar 1%, avriotoixa. H
METAyoOVIOIWMATIKA avAAuon Tou pMeAlou Vitex Trpayuartotroiénke o€
OIOPOPETIKA XPOVIKA dlaoTiuaTa (5 nuepwyv , 10 nuepwv Kal 15 nuUEPWV)
OTTOU ep@avifeTal ONUAVTIKA MEIWON OTa TTOCOOTA TWV MUKATWY 0600
TTEPVOUV Ol HEPEG).

To pévo aiyoupo €ival 0TI TO PIKPORiwHa OTO YEAI CUVTIBETAI ATTO TTOIKIAOUG
TTapdayovteg. Ta €idn Bacillus spp , Lactobacillus, Enterococcus spp kai
Pseudomonas ouvavTtovtal OTIG TTETITIKEG 0doUG TNG PEANIcoaG. Ta €idn
Bacillus, Enterococcus, Pseudomonas kal Oceanobacillus trpoéxovral armd
Ta AouAoudia Kal To TTEPIBAANoV. Evw ol didg@opeg CUPES TTOU KATAPEPVOUV
va ETIRILOOUV O€ £va TOOO UWNAG WOMOTIKA TTEPIBAAAOV TTPpOEépXOVTal EITE
atro 10 TTEPIBAAAOV, EiTE ATTO AVOPWTTIVOUG XEIPIOPOUG.
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Atloonueiwtn TTapaTthpnon cival To uwnAd tmooooTd Tou Lactobacillus oTto
eMNNVIKG péAN.  O1 AakToBAKUAAOI gival BeTikd katd Gram, TTPOQIPETIKA
avagpofia 1 uiIKpoaepd@PIAa BakTApla, o€ oxnua pdapdou kar dOev
oxnpartiCouv omopia. Eivalr éva onuavtikd PEPOG TNG OPAdaAg BakTnpiwv
YOAQKTIKOU OCE0G (ONA.METATPETTOUV TA OAKXOAPO O€ YAAAKTIKO OCU). 2TOV
AvlpwTro, atmroTeAOUV ONUAVTIKO OUOTATIKO TNG MIKPORIOKAG MAlOG o€
OIAPOPEG BECEIC TOU CWHATOG, OTTWG TO TTETTITIKO CUCTNUA, TO OUPOTTOINTIKO
ouoTnua KAl TO YevvnNTIKO oUOTNPA. 2ZTIC YUVAIKEG TNG EUPWTTAIKAG
Kataywyng, Ta €idn Lactobacillus civar cuvABwg éva onuavtikd PEPOS TNG
KOATTIKAG MIKpoXAwpPidag. MNMapoucidlel €uepYETIKI) oXEON ME TO AvOpWTTIVO
owpa KaBwg TrpooTaTelel Tov CevioTry ammd TMOaveG €IoBOAEC aTTd
TTaBoyova.Eival 10 ocuvnBéoTepo mPoLIoTIKO TTou BpiokeTal o€ TPOPIUaA
OTTWG TO YIOOUPTI KAl PTTOPEi va BonBroel otn Bepartreia TNG didppolag, Twv
KOATTIKWV AOIHWEEWYV KAl TWV OEPUATIKWYV dIATAPAXWY OTTWG TO €KCEUA.
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2ul{ATNhON:

To PéN gival yvwaoTO yIa TIG QVTIMIKPORIAKES TOU IDIOTATES, WOTOCO deV Eival
OTEIPO ATTO MIKpoopyaviouous. Or JIKPOOPYavIOUOi, TTOU WTTOPOUV va
EMPBIWOOUV HECO OTO MEN €ival QVEKTIKOI OTNV uywnAfl OUYKEVTPWON
OOKXApwV, 0gUTNTAG Kol GAAWV AVTIMIKPORBIOKWY XOPACTNEICTIKWY TOU
MEAIOU. O1 PIKPOOPYAVIOMUOI TTOU £€XOUV TAUTOTTOINBEI OTO PEAI TTPOEPXOVTAI
€iTe amd TNV yupn Kal ta AouAoudia, €iTe atTd TOV AEPA KAl TN OKOVN, EiTE
atrd N JéENIoOoQ.

2€ auTh TN OITTAWMATIKA £pyacia, €yive oUyKpIon 5 dIaPOPETIKWY PHEBOdWV
eKXUANIoNG DNA atré €Al ‘ETTerma, TpayuatoTroininke TTOOOTIKOG EAEYXOG
MEéow Tou Nanodrop Kal TToI0TIKOG EAeyX0C TwV JEIYUNATWY PHECW EVioXuong
Twv Treploxwyv V3 — V4 tou 16S r RNA. H pébodog Wizard padi pe tnv
TTPWTN OMOYEVOTTOINON @aiveTal va €ival n KaAUTEPN OCWV apopd Tov
TTOOOTIKO KAl TOV TTOIOTIKO €éAeyXo Movo yia éva dciypa (S1), eaivetal 0TI n
MEB0DOC CTAB / xAwpo@dpuio doUAewe KaAuTepa atrd Tnv Wizard.

To DNA Tou d¢ciypatog S6 (péAI eAdTou) oTAANONKe oTnv eTaipia Macrogen
Inc, OTTOU €KEi £yIVE ETTAVEAEYXOG TNG TTOIOTNTAG TWV OEIYUATWY, KATAOKEUN
BIBAI0OBNKWYV TOOO yia BaAKThPIA, 000 KAl YO YUKNTEG TOU KABE OeiyuaTog,
aAAnAouxion e lllumina MiSeq PE 300 evw n avaAuon kal oUykpion Twv
QTTOTEAECUATWY TTPAYUATOTIOINBNKE ATTO TO £pyACThPIO BIOTTANPOQOPIKAG
oTO TUARUQA Bloxnueiag kal BiotexvoAoyiag tou lNavetmioTnuiou O@ecoaliag.
MNa Tnv avdAuon Tou HIKpOoRIWMPATOG, Xpnoldotroindnkav Ta fastq apxeia
OTTWGS AAPBNnKav atrd Tnv IoTooeAida Tng Macrogen Co., 16o0 yia 10 forward
read 600 kalI TO reverse Kal OAn n avdAuon TTPAYPATOTTOINONKE OTO
AoyIouIKO Qiime2.

Atloonueiwtn dlagopd Trapartnpeital otnv agBovia Tou Bacillus spp.
AnAGdn, 10 péEN Vitex emkpartei ye MooooTd 67%, Ot avtiBeon pe TO
eEANANVIKO PENI TTOU TO TTOCOOTO TOu dev Eetrepvdel T0 1%. H onuavrikdtepn
laQopad TaparnpEiTal ora akpaia moocoaTa Tou yévouc¢ Lactobacillus. 2To
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EAMNVIKO LéAI armé éAato ouvavrdral oto uWwnAOTEPO TTOCOOTO BAKTNPIWV

(82%), o€ avriBson ue 10 UéAI Vitex mou ouvavraral o€ TooooTO UIKPOTELO
ToU 1% (0.6%).

AkOuN yia onuavTikA TTapatipenon €ival n agBovia Tou yévoug Candida trou
TTapaTnpEital Kal oTo EAANVIKO PEANI e TT0000TO 18% Kal UTTOONAWVEI
ONMAVTIKI AVBEKTIKOTNTA 0€ UYNAEC OUYKEVTPWOEIC OOAKXAPWV.

H trapoucia AakToBakkiAwv oTO HIKpORiwpa Tou €AANVIKOU HEAIOU E€ivai
mOavd va TTPOEPXETAl MECW TOU YAOTPEVTEPIKOU OCWANVa NG MEAICOAG
KaBwg eival yvwotd o1 avAkel oTo MIKpoBiwpa TG . AakToBAKKiAoug
OUVAVTAUE KAl OTO MIKPORiwHa TOUu avBpwTrou Kal €ival To ouvnBEoTEPO
TIPORIOTIKG. ATtraiteital TepaIitépw UEAETR, €101 WOTE va OIaTTIOTwWOEI 1O
TPOBIOTIKO dUVAUIKO TwV AQKTOLBAKKIAWV TOU EAANVIKOU HEAIOU KaBwS Kali
raurortroinon Twv 10wy Candida mou utropéEi va givai v duvaun maboyova.
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NAPAPTHMA :

Mpoetoipacia BiIBAIOONKwWY Kal aAAnAouxion ETTOMEVNG YEVIAG ATTO
Tnv MACROGEN INC.

16S Metagenomic Sequencing Library

Preparation

Preparing 16S Ribosomal RNA Gene Amplicons for the
[llumina MiSeq System

Introduction

Metagenomic studies are commonly performed by analyzing the prokaryotic 16S
ribosomal RNA gene (16S rRNA), which is approximately 1,500 bp long and contains
nine variable regions interspersed between conserved regions. Variable regions of
16S rRNA are frequently used in phylogenetic classifications such as genus or species
in diverse microbial populations.

Which 16S rRNA region to sequence is an area of debate, and your region of
interest might vary depending on things such as experimental objectives, design,
and sample type. This protocol describes a method for preparing samples for
sequencing the variable V3 and V4 regions of the 16S rRNA gene. This protocol can
also be used for sequencing other regions with different region-specific primers.
This protocol combined with a benchtop sequencing system, on-board primary
analysis, and secondary analysis using MiSeq Reporter or BaseSpace, provides a
comprehensive workflow for 16S rRNA amplicon sequencing.

Workflow Summary:

2 Order amplicon primers—The protocol includes the primer pair sequences for the V3 and
V4 region that create a single amplicon of approximately ~460 bp. The protocol also
includes overhang adapter sequences that must be appended to the primer pair
sequences for compatibility with [llumina index and sequencing adapters. lllumina does
not sell these primers. They must be ordered from a third party. See Amplicon Primers, on

page 3 for more information on amplicon primers.

3 Prepare library—The protocol describes the steps to amplify the V3 and V4 region and
using a limited cycle PCR, add Illumina sequencing adapters and dual-index barcodes to
the amplicon target. Using the full complement of Nextera XT indices, up to 96 libraries
can be pooled together for sequencing.
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4  Sequence on MiSeg—Using paired 300-bp reads, and MiSeq v3 reagents, the ends of each
read are overlapped to generate high-quality, full-length reads of the V3 and V4 region in
a single 65-hour run. The MiSeq run output is approximately > 20 million reads and,
assuming 96 indexed samples, can generate > 100,000 reads per sample, commonly
recognized as sufficient for metagenomic surveys.

5 Analyze on MSR or BaseSpace—-The Metagenomics workflow is a secondary analysis
option built into the MiSeq Reporter (on-system software) or available on BaseSpace
(cloud-based software). The Metagenomics Workflow performs a taxonomic
classification using the Greengenes database showing genus or species level
classification in a graphical format.

This protocol can be used to sequence alternative regions of the 16S rRNA gene and
for other targeted amplicon sequences of interest. When using this protocol for
amplicon sequencing other than 16S rRNA, use the Generate FASTQ Workflow
(secondary analysis option). For more information, see MiSeq Reporter Metagenomics
Workflow, on page 20.

DISCLAIMER

The information in this Illumina Demonstrated Protocol is being provided as a courtesy; in

some cases reagents are required to be purchased from non-authorized third-party suppliers.

Illumina does not guarantee nor promises technical support for the performance of our
products used with reagents purchased from a non-authorized third-party supplier.
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Introduction
Page 3

Figure 1 16S V3 and V4 Amplicon Workflow

User-defined forward and reverse primers that are complementary upstream and downstream of the region
of interest are designed with overhang adapters, and used to amplify templates from genomic DNA. A
subsequent limited-cycle amplification step is performed to add multiplexing indices and lllumina
sequencing adapters. Libraries are normalized and pooled, and sequenced on the MiSeq system using v3
reagents.

Amplicon Primers

The gene-specific sequences used in this protocol target the 16S V3 and V4 region. They are
selected from the Klindworth et al. publication (Klindworth A, Pruesse E, Schweer T, Peplles J,
Quast C, et al. (2013) Evaluation of general 16S ribosomal RNA gene PCR primers for classical
and next-generation sequencing-based diversity studies. Nucleic Acids Res 41(1).) as the most
promising bacterial primer pair. lllumina adapter overhang nucleotide sequences are added to
the gene-specific sequences. The full length primer sequences, using standard IUPAC nucleotide
nomenclature, to follow the protocol targeting this region are:

16S Amplicon PCR Forward Primer = 5'
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG

16S Amplicon PCR Reverse Primer = 5'
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC

This method can also be utilized to target other regions on the genome (either for 16S with
other sets of primer pairs, or non-16S regions throughout the genome; ie any amplicon). The
overhang adapter sequence must be added to the locus-specific primer for the region to be
targeted (Figure 1). The lllumina overhang adapter sequences to be added to locus-specific
sequences are:

Forward overhang: 5’ TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-[locus-
specific sequence]

Reverse overhang: 5’

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-[locus- specific sequence]
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Introduction

Page 4
- The following considerations are recommended for designing other locus-specific
primers:
5.11llumina recommends targeting regions that result in an amplicon that when sequenced
with paired-end reads has at least ~50 bp of overlapping sequence in the middle. For
example, if running 2x300 bp paired-end reads lllumina recommends having an insert size
of 550 bp or smaller so that the bases sequenced at the end of each read overlap.
5.2The locus-specific portion of primer (not including overhang sequence) must have a melting
temperature (Tm) of 60°—65°C. You can use online PCR primer sequence analysis tools (e.g.
http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/) to check the properties of
primer designs. For the Tm calculation only, the gene-specific portion must be used in
calculation. For hairpin and dimer calculations, the fully- assembled primer sequence
(including the overhang) should be used.
5.3 Illumina recommends using standard desalting purification when ordering oligo primer
sets.
? NOTE
For more information on reagents used in the protocol, see Consumables and Equipment, on page
21.
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16S Library Preparation Workflow

The following diagram illustrates the workflow using the 16S Library Preparation Protocol.
Safe stopping points are marked between steps.

Figure 2 16S Library Preparation Workflow
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Amplicon PCR
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Amplicon PCR

This step uses PCR to amplify template out of a DNA sample using region of interest-
specific primers with overhang adapters attached. For more information on primer

sequences, see Amplicon Primers, on page 3.

Consumables

NOTE

-? For more information on consumables and equipment for this protocol see Consumables and

Equipment, on page 21.

Item Quantity Storage
Microbial Genomic DNA (5 ng/plin 10 mM 2.5 pl per sample -15° to -25°C
Tris pH 8.5)

Amplicon PCR Reverse Primer (1 pM) 5 pl per sample -15° to -25°C
Amplicon PCR Forward Primer (1 pM) 5 pl per sample -15° to -25°C
2x KAPA HiFi HotStart ReadyMix 12.5 pl per sample -15° to -25°C

Microseal ‘A’ film
96-well 0.2 ml PCR plate

[Optional] Bioanalyzer chip (Agilent DNA 1000
kit catalog # 5067-1504)

1 plate

Amplicon PCR
Page 7

Procedure
- Set up the following reaction of DNA, 2x KAPA HiFi HotStart ReadyMix, and primers:
Volume
Microbial DNA (5 ng/pl) 2.5 ul
Amplicon PCR Forward Primer 1 pM 5 pl
Amplicon PCR Reverse Primer 1 pM 5 ul
2x KAPA HiFi HotStart ReadyMix 12.5 pl
Total 25 ul
- Seal plate and perform PCR in a thermal cycler using the following program:
o 95°Cfor 3 minutes
o 25 cycles of:
= 95°Cfor 30 seconds
Institutignal Repository - Library & Information Centre - University of Thessaly
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= 55°Cfor 30 seconds
= 72°Cfor 30 seconds
o 72°Cfor 5 minutes
o Holdat4°C
- [Optional] Run 1 pl of the PCR product on a Bioanalyzer DNA 1000 chip to verify the size.
Using the V3 and V4 primer pairs in the protocol, the expected size on a Bioanalyzer trace
after the Amplicon PCR step is ~550 bp.

Figure 3 Example Bioanalyzer Trace after Amplicon PCR Step
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PCR Clean-Up
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PCR Clean- Up

This step uses AMPure XP beads to purify the 16S V3 and V4 amplicon away from free
primers and primer dimer species.

Consumables

Item Quantity Storage

10 mM Tris pH 8.5 52.5 pl per sample -15° to -25°C
AMPure XP beads 20 pl per sample 2° to 8°C
Freshly Prepared 80% Ethanol (EtOH) 400 pl per sample

96-well 0.2 ml PCR plate 1 plate

[Optional] Microseal 'B' film

[Optional] 96-well MIDI plate 1 plate
Preparation

- Bring the AMPure XP beads to room temperature.
Procedure

- Centrifuge the Amplicon PCR plate at 1,000 x g at 20°C for 1 minute to collect
condensation, carefully remove seal.

- [Optional - for use with shaker for mixing] Using a multichannel pipette set to 25 ul, transfer
the entire Amplicon PCR product from the PCR plate to the MIDI plate. Change tips between
samples.

NOTE
Transfer the sample to a 96-well MIDI plate if planning to use a shaker for mixing. If mixing
by pipette, the sample can remain in the 96-well PCR plate.

- Vortex the AMPure XP beads for 30 seconds to make sure that the beads are evenly dispersed.
Add an appropriate volume of beads to a trough depending on the number of samples
processing.

- Using a multichannel pipette, add 20 pl of AMPure XP beads to each well of the
Amplicon PCR plate. Change tips between columns.

- Gently pipette entire volume up and down 10 times if using a 96-well PCR plate or seal
plate and shake at 1800 rpm for 2 minutes if using a MIDI plate.

- Incubate at room temperature without shaking for 5 minutes.

- Place the plate on a magnetic stand for 2 minutes or until the supernatant has cleared.

- With the Amplicon PCR plate on the magnetic stand, use a multichannel pipette to remove
and discard the supernatant. Change tips between samples.
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Page 9

With the Amplicon PCR plate on the magnetic stand, wash the beads with freshly
prepared 80% ethanol as follows:
o Using a multichannel pipette, add 200 ul of freshly prepared 80% ethanol to each
sample well.
o Incubate the plate on the magnetic stand for 30 seconds.
o Carefully remove and discard the supernatant.
With the Amplicon PCR plate on the magnetic stand, perform a second ethanol wash as follows:
2 Using a multichannel pipette, add 200 pl of freshly prepared 80% ethanol to each
sample well.
3 Incubate the plate on the magnetic stand for 30 seconds.
4 Carefully remove and discard the supernatant.
5 Use a P20 multichannel pipette with fine pipette tips to remove excess ethanol.

With the Amplicon PCR plate still on the magnetic stand, allow the beads to air-dry for 10
minutes.

Remove the Amplicon PCR plate from the magnetic stand. Using a multichannel pipette, add 52.5
ul of 10 mM Tris pH 8.5 to each well of the Amplicon PCR plate.

Gently pipette mix up and down 10 times, changing tips after each column (or seal plate and
shake at 1800 rpm for 2 minutes). Make sure that beads are fully resuspended.

Incubate at room temperature for 2 minutes.

Place the plate on the magnetic stand for 2 minutes or until the supernatant has cleared.

Using a multichannel pipette, carefully transfer 50 pl of the supernatant from the Amplicon PCR
plate to a new 96-well PCR plate. Change tips between samples to avoid cross-contamination.

SAFE STOPPING POINT
If you do not immediately proceed to Index PCR, seal plate with Microseal “B” adhesive
seal and store it at -15° to -25°C for up to a week.
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Index PCR

This step attaches dual indices and Illlumina sequencing adapters using the Nextera XT
Index Kit.

Consumables

Item Quantity Storage
2x KAPA HiFi HotStart ReadyMix 25 pl per sample -15° to -25°C
Nextera XT Index 1 Primers (N7XX) from the 5 pl per sample -15° to -25°C

Nextera XT Index kit
(FC-131-1001 or FC-131-1002)

Nextera XT Index 2 Primers (S5XX) from the 5 pl per sample -15° to -25°C
Nextera XT Index kit (FC-131-1001 or FC-131-

1002)

PCR Grade Water 10 pl per sample

TruSeq Index Plate Fixture (FC-130-1005) 1

96-well 0.2 ml PCR plate 1 plate

Microseal 'A’ film 1

Procedure
2 Using a multichannel pipette, transfer 5 pl from each well to a new 96-well plate. The
remaining 45 ul is not used in the protocol and can be stored for other uses.
3 Arrange the Index 1 and 2 primers in a rack (i.e. the TruSeq Index Plate Fixture) using the
following arrangements as needed:
3.5Arrange Index 2 primer tubes (white caps, clear solution) vertically, aligned with rows A
through H.
3.6Arrange Index 1 primer tubes (orange caps, yellow solution) horizontally, aligned with
columns 1 through 12.
For more information on index selection, see Dual Indexing Principle, on page 23.
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Figure 4 TruSeq Index Plate Fixture

A Index 2 primers (white caps) B
Index 1 primers (orange caps) C
96-well plate

4 Place the 96-well PCR plate with the 5 pl of resuspended PCR product DNA in the
TruSeq Index Plate Fixture.

5 Set up the following reaction of DNA, Index 1 and 2 primers, 2x KAPA HiFi HotStart
ReadyMix, and PCR Grade water:

Volume
DNA 5pl
Nextera XT Index Primer 1 (N7xx) 5 ul
Nextera XT Index Primer 2 (S5xx) 5 pul
2x KAPA HiFi HotStart ReadyMix 25 pl
PCR Grade water 10 pl
Total 50 pl

6 Gently pipette up and down 10 times to mix.
7  Cover the plate with Microseal 'A'.
8 Centrifuge the plate at 1,000 x g at 20°C for 1 minute.
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9 Perform PCR on a thermal cycler using the following program:
95°C for 3 minutes
8 cycles of:
95°C for 30 seconds
55°C for 30 seconds
72°C for 30 seconds
72°C for 5 minutes
Hold at 4°C
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PCR Clean- Up 2

This step uses AMPure XP beads to clean up the final library before quantification.

Consumables

Item Quantity Storage

10 mM Tris pH 8.5 27.5 pl per sample -15° to -25°C
AMPure XP beads 56 pl per sample 2° to 8°C
Freshly Prepared 80% Ethanol (EtOH) 400 pl per sample

96-well 0.2 ml PCR plate 1 plate

[Optional] Microseal ‘B’ film

[Optional] 96-well MIDI plate 1 plate
Procedure

1 Centrifuge the Index PCR plate at 280 x g at 20°C for 1 minute to collect condensation.

2 [Optional - for use with shaker for mixing] Using a multichannel pipette set to 50 pl, transfer
the entire Index PCR product from the PCR plate to the MIDI plate. Change tips between
samples.

NOTE
Transfer the sample to a 96-well MIDI plate if planning to use a shaker for mixing. If mixing
by pipette, the sample can remain in the 96-well PCR plate.

3 Vortex the AMPure XP beads for 30 seconds to make sure that the beads are evenly
dispersed. Add an appropriate volume of beads to a trough.

4 Using a multichannel pipette, add 56 pl of AMPure XP beads to each well of the Index PCR
plate.

5 Gently pipette mix up and down 10 times if using a 96-well PCR plate or seal plate and
shake at 1800 rpm for 2 minutes if using a MIDI plate.

6 Incubate at room temperature without shaking for 5 minutes.

[ Place the plate on a magnetic stand for 2 minutes or until the supernatant has cleared.

8 With the Index PCR plate on the magnetic stand, use a multichannel pipette to remove and
discard the supernatant. Change tips between samples.

9  with the Index PCR plate on the magnetic stand, wash the beads with freshly prepared 80%
ethanol as follows:
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A Using a multichannel pipette, add 200 pl of freshly prepared 80% ethanol to each
sample well.

b Incubate the plate on the magnetic stand for 30 seconds.

(@)

Carefully remove and discard the supernatant

10 with the Index PCR plate on the magnetic stand, perform a second ethanol wash as
follows:

a Using a multichannel pipette, add 200 pl of freshly prepared 80% ethanol to each
sample well.

b Incubate the plate on the magnetic stand for 30 seconds.
C Carefully remove and discard the supernatant.
d Use a P20 multichannel pipette with fine pipette tips to remove excess ethanol.

11 with the Index PCR plate still on the magnetic stand, allow the beads to air-dry for 10
minutes.

12 Remove the Index PCR plate from the magnetic stand. Using a multichannel pipette, add
27.5 pl of 10 mM Tris pH 8.5 to each well of the Index PCR plate.

13 using a 96-well PCR plate, gently pipette mix up and down 10 times until beads are fully
resuspended, changing tips after each column. If using a MIDI plate, seal plate and shake at
1800 rpm for 2 minutes.

14 incubate at room temperature for 2 minutes.

15 Piace the plate on the magnetic stand for 2 minutes or until the supernatant has cleared.

16 Using a multichannel pipette, carefully transfer 25 pl of the supernatant from the Index PCR
plate to a new 96-well PCR plate. Change tips between samples to avoid cross- contamination.

SAFE STOPPING POINT

If you do not plan to proceed to Library Quantification, Normalization, and Pooling, on page
16, seal the plate with Microseal “B” adhesive seal. Store the plate at -15° to -25°C for up to a
week.
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[Optional] Validate Library

Run 1 ul of a 1:50 dilution of the final library on a Bioanalyzer DNA 1000 chip to verify the
size. Using the V3 and V4 primer pairs in the protocol, the expected size on a Bioanalyzer
trace of the final library is ~630 bp.

Figure 5 Example Bioanalyzer Trace of Final Library
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Library Quantification, Normalization, and Pooling

[llumina recommends quantifying your libraries using a fluorometric quantification method
that uses dsDNA binding dyes.

Calculate DNA concentration in nM, based on the size of DNA amplicons as determined by
an Agilent Technologies 2100 Bioanalyzer trace:

(concentration in ng/ul) X 106 concentration in nM

(660 g/mol x average library size)

For example:

15 ng/ul
(660 g/mol x 500)

x 106 = 45 nM

Dilute concentrated final library using Resuspension Buffer (RSB) or 10 mM Tris pH 8.5 to
4 nM. Aliquot 5 pl of diluted DNA from each library and mix aliquots for pooling libraries
with unique indices. Depending on coverage needs, up to 96 libraries can be pooled for
one MiSeq run.

For metagenomics samples, >100,000 reads per sample is sufficient to fully survey the
bacterial composition. This number of reads allows for sample pooling to the maximum

level of 96 libraries, given the MiSeq output of > 20 million reads.
Library Denaturing and MiSeq Sample Loading
Page 17

Library Denaturing and MiSeq Sample Loading

In preparation for cluster generation and sequencing, pooled libraries are denatured with
NaOH, diluted with hybridization buffer, and then heat denatured before MiSeq
sequencing. Each run must include a minimum of 5% PhiX to serve as an internal control for
these low- diversity libraries. lllumina recommends using MiSeq v3 reagent kits for
improved run metrics.
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Consumables

Item Quantity Storage

10 mM Tris pH 8.5 or RSB (Resuspension Buffer) 6 pl -15° to -25°C
HT1 (Hybridization Buffer) 1540 pl -15° to -25°C
0.2 N NaOH (less than a week old) 10 pl -15° to -25°C
PhiX Control Kit v3 (FC-110-3001) 4 pl -15° to -25°C
MiSeq reagent cartridge 1 cartridge -15° to -25°C
1.7 ml microcentrifuge tubes (screw 3 tubes

cap recommended)

2.5 L ice bucket

Preparation
1
2

3

Set a heat block suitable for 1.7 ml microcentrifuge tubes to 96°C

Remove a MiSeq reagent cartridge from -15°C to -25°C storage and thaw at room
temperature.

In an ice bucket, prepare an ice-water bath by combining 3 parts ice and 1 part water.

Denature DNA

1

Combine the following volumes of pooled final DNA library and freshly diluted 0.2 N
NaOH in a microcentrifuge tube:

® 4 nM pooled library (5 pl)

® (0.2 NNaOH (5 ul)

Set aside the remaining dilution of 0.2 N NaOH to prepare a PhiX control within the next 12

hours.

Vortex briefly to mix the sample solution, and then centrifuge the sample solution at 280
x g at 20°C for 1 minute.

Incubate for 5 minutes at room temperature to denature the DNA into single strands.
Add the following volume of pre-chilled HT1 to the tube containing denatured DNA:
® Denatured DNA (10 ul)
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6

® Pre-chilled HT1 (990 ul)
Adding the HT1 results in a 20 pM denatured library in 1 mM NaOH.

Place the denatured DNA on ice until you are ready to proceed to final dilution.

Dilute Denatured DNA

1 Dilute the denatured DNA to the desired concentration using the following example:

NOTE
Illumina recommends targeting 800—1000 K/mm? raw cluster densities using MiSeq v3
reagents. It is suggested to start your first run using a 4 pM loading concentration and adjust
subsequent runs appropriately.

Final

Concentration 2pM 4pM 6pM 8pM 10pM

20 pM denatured 60 pl 120 pl 180 pl 240 pl 300 pl

library

Pre-chilled HT1 540 pl 480 pl 420 pl 360 pl 300 pt

2
3

Invert several times to mix and then pulse centrifuge the DNA solution.

Place the denatured and diluted DNA on ice.

Denature and Dilution of PhiX Control

Use the following instructions to denature and dilute the 10 nM PhiX library to the
same loading concentration as the Amplicon library. The final library mixture must
contain at least 5% PhiX.

1

Combine the following volumes to dilute the PhiX library to 4 nM:

® 10 nM PhiX library (2 ul)

® 10 mM Tris pH 8.5 (3 pl)

Combine the following volumes of 4 nM PhiX and 0.2 N NaOH in a microcentrifuge tube:
® 4 nM PhiX library (5 pl)

® 0.2 NNaOH (5 ul)

Vortex briefly to mix the 2 nM PhiX library solution.

Incubate for 5 minutes at room temperature to denature the PhiX library into single
strands.

Add the following volumes of pre-chilled HT1 to the tube containing denatured PhiX
library to result in a 20 pM PhiX library:

® Denatured PhiX library (10 pl)
® Pre-chilled HT1 (990 pl)

Dilute the denatured 20 pM PhiX library to the same loading concentration as the
Amplicon library as follows:
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Final
Concentration 2pM 4 pM 6 pM 8 pM 10 pM
20 pM denatured 60 pl 120 pl 180 pl 240 pl 300 pl
library
Pre-chilled HT1 540 pl 480 pl 420 pl 360 pl 300 pt

7
8

Invert several times to mix and then pulse centrifuge the DNA solution.

Place the denatured and diluted PhiX on ice.

Combine Amplicon Library and PhiX Control

1

NOTE

The recommended PhiX control spike-in of > 5% for low diversity libraries is possible with RTA v1.17.28
or later, which is bundled with MCS v2.2. For optimal performance, update to v3 software (MCS 2.3). If
you are using an older version of the MiSeq software or sequencing these libraries on the GA or HiSeq,
Illumina recommends using > 25% PhiX control spike-in.

Combine the following volumes of denatured PhiX control library and your denatured
amplicon library in a microcentrifuge tube:

® Denatured and diluted PhiX control (30 pl)

® Denatured and diluted amplicon library (570 pl)

Set the combined sample library and PhiX control aside on ice until you are ready to heat
denature the mixture immediately before loading it onto the MiSeq v3 reagent cartridge.
Using a heat block, incubate the combined library and PhiX control tube at 96°C for 2
minutes.

After the incubation, invert the tube 1-2 times to mix and immediately place in the ice- water
bath.

Keep the tube in the ice-water bath for 5 minutes.

; NOTE

Perform the heat denaturation step immediately before loading the library into the MiSeq reagent
cartridge to ensure efficient template loading on the MiSeq flow cell.
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MiSeq Reporter Metagenomics Workflow

After samples are loaded, the MiSeq system provides on-instrument secondary
analysis using the MiSeq Reporter software (MSR). MSR provides several options for
analyzing MiSeq sequencing data. For this demonstrated 16S protocol, select the
Metagenomics workflow.

By following this 16S Metagenomics protocol, the Metagenomics workflow classifies
organisms from your V3 and V4 amplicon using a database of 16S rRNA data. The
classification is based on the Greengenes database (http://greengenes.lbl.gov/). The output
of this workflow is a classification of reads at several taxonomic levels: kingdom, phylum,
class, order, family, genus, and species. The analysis output includes:

- Clusters Graph — shows numbers of raw cluster, clusters passing filter, clusters that did not
align, clusters not associated with an index, and duplicates.
- Sample Table — summarizes the sequencing results for each sample.

- Cluster Pie Chart — a graphical representation of the classification breakdown for each
sample.

See the MiSeq Reporter Metagenomics Workflow — Reference Guide (Part # 15042317) for detailed
instructions and guidance.

The method described in this 16S Metagenomics protocol can be used for any targeted
amplicon sequencing, relevant to virus research, mutation detection, or other
microbiology- related studies. If you use the protocol for other targeted amplicon
sequencing studies, select the MiSeq Reporter Generate FASTQ Workflow for
on-instrument generation of FASTQ files for downstream analysis. For specific guidance on
the Generate FASTQ Workflow, see the MiSeq Reporter Generate FASTQ Workflow —
Reference Guide (Part # 15042322).
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Supporting Information

The protocols described in this guide assume that you are familiar with the contents of this
section and have obtained all of the requisite equipment and consumables.

Acronyms

Table 1 Acronyms

Acronym Definition
HT1 Hybridization Buffer
IEM Illumina Experiment Manager
MSR MiSeq Reporter
PCR Polymerase Chain Reaction
rRNA Ribosomal RNA
RSB Resuspension Buffer

Consumables and Equipment

Check to make sure that you have all of the necessary user-supplied consumables and
equipment before proceeding to sample preparation.

Table 2 User-Supplied Consumables

Consumable Supplier

1.7 ml microcentrifuge tubes General lab supplier
10 pl barrier pipette tips General lab supplier
10 pl multichannel pipettes General lab supplier
10 pl single channel pipettes General lab supplier
20 pl barrier pipette tips General lab supplier
20 pl multichannel pipettes General lab supplier
20 pl single channel pipettes General lab supplier
200 pl barrier pipette tips General lab supplier
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200 pl multichannel pipettes
200 pl single channel pipettes

1000 pl barrier pipette tips

Consumable

General lab supplier
General lab supplier

General lab supplier

Supporting Information
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Supplier

1000 pl multichannel pipettes
1000 pl single channel pipettes

96-well 0.2 ml skirtless PCR plates
or
Twin.Tec 96-well PCR plates

Agencourt AMPure XP 60 ml kit

Ethanol 200 proof (absolute) for molecular biology
(500 ml)

Amplicon PCR Forward Primer (Standard desalting)
Amplicon PCR Reverse Primer (Standard desalting)
KAPA HiFi HotStart ReadyMix (2X)

Microseal ‘A’ adhesive seals

Microseal ‘B’ adhesive seals

MiSeq Reagent Kit v3 (600 cycle)

Nextera XT Index Kit

PhiX Control Kit v3
PCR grade water

Fluorometric quantitation with dsDNA binding dye
reagents

RNase/DNase-free 8-well PCR strip tubes and caps

RNase/DNase-free multichannel reagent reservoirs,
disposable

Tris-HCL 10 mM, pH 8.5

[Optional] 96-well storage plates, round well, 0.8 ml
(“MIDI” plate)

Table 3 User-Supplied Equipment

General lab supplier
General lab supplier

Bio-Rad, part # MSP-9601

Beckman Coulter Genomics,
part # A63881

Sigma-Aldrich, part # E7023

KAPA Biosystems, part # KK2601
Bio-Rad, part # MSA-5001
Bio-Rad, part # MSB-1001
Illumina, catalog # MS-102-3003

Illumina, catalog # FC-131-1001
or
Illumina, catalog # FC-131-1002

Illumina, catalog # FC-110-3001
General lab supplier

General lab supplier

General lab supplier

VWR, part # 89094-658

General lab supplier

Fisher Scientific, part # AB-0859

Equipment Supplier

2.5 L ice bucket

96-well thermal cycler
(with heated lid)
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Equipment

Supplier

Fluorometer for quantitation with

dsDNA binding dyes

Magnetic stand-96

Microplate centrifuge

TruSeq Index Plate Fixture Kit (reusable)
[Optional] 2100 Bioanalyzer Desktop System
[Optional] Agilent DNA 1000 Kit

[Optional] High Speed Micro Plate Shaker

Dual Indexing Principle

General lab supplier

Life Technologies, catalog # AM10027
General lab supplier

Illumina, catalog # FC-130-1005
Agilent, part # G2940CA

Agilent, part # 5067-1504

VWR, catalog # 13500-890 (110V/120V)
or
VWR, catalog # 14216-214 (230V)

The dual indexing strategy uses two 8 base indices, Index 1 (i7) adjacent to the P7
sequence, and Index 2 (i5) adjacent to the P5 sequence. Dual indexing is enabled by
adding a unique Index 1 (i7) and Index 2 (i5) to each sample. The 96 sample Nextera XT
Index Kit (FC-131—1002) use 12 different Index 1 (i7) adapters (N701-N712) and 8
different Index 2 (i5) adapters (S501-S508). The 24 sample Nextera XT Index Kit
(FC-131-1001) uses 6 different Index 1 (i7) adapters (N701-N706) and 4 different Index
2 (i5) adapters (S501-S504). In the Index adapter name, the N or S refers to Nextera XT
sample preparation, 7 or 5 refers to Index 1 (i7) or Index 2 (i5), respectively. The 01-12
refers to the Index number. A list of index sequences is provided for generating sample

sheets to demultiplex the samples:

Index 1 (i7) Sequence Index 2 (i5) Sequence
N701 TAAGGCGA S501 TAGATCGC
N702 CGTACTAG S502 CTCTCTAT
N703 AGGCAGAA S503 TATCCTCT
N704 TCCTGAGC S504 AGAGTAGA
N705 GGACTCCT S505 GTAAGGAG
N706 TAGGCATG S506 ACTGCATA
N707 CTCTCTAC S507 AAGGAGTA
N708 CAGAGAGG S508 CTAAGCCT
N709 GCTACGCT

N710 CGAGGCTG

N711 AAGAGGCA

N712 GTAGAGGA

Low Plexity Pooling Guidelines

Illumina uses a green laser or LED to sequence G/T and a red laser or LED to sequence A/C.
At each cycle, at least one of two nucleotides for each color channel are read to ensure
proper registration. It is important to maintain color balance for each base of the index read
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being sequenced, otherwise index read sequencing could fail due to registration failure. If
you choose the dual-indexed sequencing workflow, always use at least two unique and
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compatible barcodes for each index (index 1 and index 2). The following tables illustrate

possible pooling strategies:

Table 4 Libraries Pooled: 6 or fewer; Sequencing Workflow: Single Index

Plex Index 1 (i7) Selection Index 2 (i5) Selection
1-plex (no Any Index 1 adapter Any Index 2 adapter
pooling)
2-plex e [option 1] N702 and N701
¢ [option 2] N702 and N704
3-plex « [option 1] N701, N702, and N704
¢ [option 2] N703, N705, and N706
4- or 5-plex « [option 1] N701, N702, N704,
and any other Index 1 adapter
e [option 2] N703, N705, N706,
and any other Index 1 adapter
6-plex N701, N702, N703, N704, N705, and

N706

Table 5 Sequencing Workflow: Single or Dual Index

Plex Index 1 (i7) Selection

Index 2 (i5) Selection

7-12 plex, Dual
Index

e [option 1] N701, N702, N704,
and any other Index 1 adapter
(as needed)

e [option 2] N703, N705, N706,
and any other Index 1 adapter
(as needed)

7-12 plex, Single '« N701-N706 and any other Index

Index 1 adapter (as needed)

(96 sample

Nextera Index

adapter kit)

Greater than 12- | N701, N702, N703, N704, N705,

plex N706, and any other Index 1 adapter

Supporting Information

e [option 1] S501 and S502
e [option 2] S503 and S504
¢ [option 3] S505 and S506

e Any Index 2 (i5) adapter

e [option 1] S501, S502, and any
other Index 2 adapter (as
needed)

e [option 2] S503, S504, and any
other Index 2 adapter (as
needed)

e [option 3] S505, S506, and any
other Index 2 adapter (as
needed)

These strategies represent only some of the acceptable combinations. Alternatively, check
the real sequences of each index in the tables to make sure that each base position has a

signal in both color channels for the index read:

Good

Bad
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Index 1 Index 2 Index 1 Index 2

705 | GGACTCCT 503 | TATCCTCT 705 | GGACTCCT 502 | CTCTCTAT
706 | TAGGCATG 503 | TATCCTCT 706 | TAGGCATG 502 | CTCTCTAT
701 | TAAGGCGA 504 | AGAGTAGA 701 | TAAGGCGA 503 | TATCCTCT
702 | CGTACTAG 504 | AGAGTAGA 702 | CGTACTAG 503 | TATCCTCT

[T [T TTT [T rrrrr [T xxxx

V=signal in both color
x=signal missing in one color channel

Prevent PCR Product Contamination

The PCR process is commonly used in the laboratory to amplify specific DNA sequences.
Unless proper laboratory hygiene is used, PCR products can contaminate reagents,
instrumentation, and genomic DNA samples, causing inaccurate and unreliable results. PCR
product contamination can shut down lab processes and significantly delay normal
operations.

Make sure that the lab is set up appropriately to reduce the risk of PCR product
contamination:

- Physically Separate Pre-PCR and Post-PCR Areas

o Physically separate laboratory space where pre-PCR processes are performed (DNA
extraction, quantification, and normalization) from the laboratory space where PCR
products are made and processed (post-PCR processes).

o Never use the same sink to wash pre-PCR and post-PCR troughs.

o Never share water purification systems for pre-PCR and post-PCR processes.

o Store all supplies used in the protocols in the pre-PCR area, and transfer to the post- PCR
area as needed.

- Use Dedicated Equipment and Supplies
o Dedicate separate full sets of equipment and supplies (pipettes, centrifuges, oven, heat
block, etc.) to pre-PCR and post-PCR lab processes, and never share between processes.
o Dedicate separate storage areas (freezers and refrigerators) to pre-PCR and post-PCR
consumables.
Because the pre- and post-amplification reagents are shipped together, it is important to
unpack the reagents in the pre-PCR lab area. After unpacking the reagents, move the
post- amplification reagents to the proper post-PCR storage area.

Pre- PCR and Post- PCR Lab Procedures

To prevent PCR product contamination, it is important to establish lab procedures and
follow best practices. Illumina recommends daily and weekly cleaning of lab areas using
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0.5%6 Sodium Hypochlorite (10% Bleach).

CAUTION
To prevent sample or reagent degradation, make sure that all vapors from the cleaning solution
have fully dissipated before beginning any processes.

Daily Cleaning of Pre- PCR Area

A daily cleaning of the pre-PCR area using a 0.5%6 Sodium Hypochlorite (1026 Bleach)
solution helps to eliminate PCR product that has entered the pre-PCR area.

Identify pre-PCR areas that pose the highest risk of contamination, and clean these areas
with a 0.5% Sodium Hypochlorite (1096 Bleach) solution before beginning any pre-PCR
processes. High-risk areas might include, but are not limited to, the following items:

- Benchtops

- Door handles

- Refrigerator/freezer door handles

- Computer mouse

- Keyboards

Daily Cleaning of Post- PCR Area

Reducing the amount of PCR product in the post-PCR area helps reduce the risk of
contamination in the pre-PCR area. Daily cleaning of the post-PCR area using a 0.5%
Sodium Hypochlorite (10% Bleach) solution helps reduce the risk of contamination.

Identify post-PCR areas that pose the highest risk of contamination, and clean these areas
with a 0.5% Sodium Hypochlorite (1026 Bleach) solution daily. High-risk areas might
include, but are not limited to, the following items:

- Thermal cyclers

- Bench space used to process amplified DNA

- Door handles

- Refrigerator/freezer door handles

- Computer mouse

- Keyboards

Weekly Cleaning of All Lab Areas

One time a week, perform a thorough cleaning of the pre-PCR and post-PCR areas using
0.5% Sodium Hypochlorite (1096 Bleach).

- Clean all benchtops and laboratory surfaces.

- Clean all instruments that are not cleaned daily.

- Thoroughly mop lab floors.

- Make sure that personnel responsible for weekly cleaning are properly trained on
prevention of PCR product contamination.
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ltems Fallen to the Floor

The floor is contaminated with PCR product transferred on the shoes of individuals coming
from the post-PCR area; therefore, anything falling to the floor must be treated as
contaminated.

- Disposable items that have fallen to the floor, such as empty tubes, pipette tips, gloves, lab
coat hangers, must be discarded.
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Best Practices

Non-disposable items that have fallen to the floor, such as a pipette or an important sample
container, must be immediately and thoroughly cleaned. Use a 0.5% Sodium Hypochlorite
(10% Bleach) solution to remove PCR product contamination.

Clean any lab surface that has come in contact with the contaminated item. Individuals
handling anything that has fallen to the floor, disposable or non-disposable, must discard their
lab gloves and put on a new pair.

When preparing libraries for sequencing, always adhere to good molecular biology practices.
Read through the entire protocol before starting to make sure that all of the required
materials are available and your equipment is programmed and ready to use.

Handling Liquids

Good liquid handling measures are essential, particularly when quantifying libraries or
diluting concentrated libraries for making clusters.

Small differences in volumes (+0.5 pl) can sometimes cause large differences in cluster
numbers (~100,000).

Small volume pipetting can be a source of potential error in protocols requiring the generation
of standard curves, such as qPCR, or small but precise volumes, such as the Agilent Bioanalyzer.

If small volumes are unavoidable, use due diligence to make sure that pipettes are
correctly calibrated.

Make sure that pipettes are not used at the volume extremes of their performance
specifications.

Prepare the reagents for multiple samples simultaneously, to minimize pipetting errors,
especially with small volume enzyme additions. As a result, pipette one time from the reagent
tubes with a larger volume, rather than many times with small volumes. Aliquot to individual
samples in a single pipetting movement to allow for standardization across multiple samples.

Handling Magnetic Beads

1

NOTE
Cleanup procedures have only been validated using the 96-well plates and the magnetic stand specified
in the Consumables and Equipment list. Comparable performance is not guaranteed when using a
microcentrifuge tube or other formats, or other magnets.

Before use, allow the beads to come to room temperature.

Do not reuse beads. Always add fresh beads when performing these procedures.

Immediately before use, vortex the beads until they are well dispersed and the color of the
liquid is homogeneous.

When pipetting the beads, pipette slowly and dispense slowly due to the viscosity of the
solution.

Take care to minimize bead loss, which can affect final yields.
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- Change the tips for each sample, unless specified otherwise.

- Let the mixed samples incubate at room temperature for the time indicated in the
protocol for maximum recovery.
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When removing and discarding supernatant from the wells, use a single channel or
multichannel pipette and take care not to disturb the beads.

When aspirating the cleared solution from the reaction plate and wash step, it is important to
keep the plate on the magnetic stand and not disturb the separated magnetic beads. Aspirate
slowly to prevent the beads from sliding down the sides of the wells and into the pipette tips.

To prevent the carryover of beads after elution, approximately 2.5 ul of supernatant is left
when the eluates are removed from the bead pellet.

Be sure to remove all of the ethanol from the bottom of the wells, as it can contain
residual contaminants.

Keep the reaction plate on the magnetic stand and let it air-dry at room temperature to prevent
potential bead loss due to electrostatic forces. Allow for the complete evaporation of residual
ethanol, because the presence of ethanol affects the performance of the subsequent reactions.
Illumina recommends at least minutes drying time, but a longer drying time can be required.
Remaining ethanol can be removed with a 10 ul pipette.

Avoid over drying the beads, which can impact final yields.
Do not scrape the beads from the edge of the well using the pipette tip.

To maximize sample recovery during elution, incubate the sample/bead mix for 2
minutes at room temperature before placing the samples onto the magnet.

Avoiding Cross- Contamination

Practice the following to avoid cross-contamination:

Open only one adapter tube at a time.

Change the tips for each sample, unless specified otherwise.

Pipette carefully to avoid spillage.

Clean pipettes and change gloves between handling different adapter stocks.

Clean work surfaces thoroughly before and after the procedure.

Potential DNA Contaminants

When handling and processing samples using this protocol, use best practices to avoid PCR
contamination, as you would when preparing PCR amplicons.

Temperature Considerations

Temperature is an important consideration for making libraries:

Keep libraries at temperatures <37°C, except where specifically noted.

Place reagents on ice after thawing at room temperature.
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Equipment

- Review the programming instructions for your thermal cycler user guide to make sure that it is
programmed appropriately using the heated lid function.

- ltis acceptable to use the thermal cycler tracked heating lid function.
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