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MepiAnyn

O1 Nopoloi atroteAouv onuavTika TTaBoydva Tou avBpwITou, YVWOoTd yia Tnv
TPdKANON ofeiag yaoTpevTepimidag. Eivar péAn tng oikoyévelag Caliciviridae
Kal e Baon 1 yevetik avaiuon N RNA-e€aptwuevng RNA tToAupepdong
(RdARp) kai Ttrepioxwy 1ou kawidiou, o1 Nopoioi 1Tou TTPOCTRAAAOUYV TOV
AvBpwTTo Ywpifovtal Ot TPEIG YEVETIKEG ouadeg (GS), GI, Gl kar GIV, ol
oTToieC BlaxwpifovTal TTEPAITEPW OE YEVOTUTTOUG. TO yovIDIwHa TwY VOPOiwyY
gival TTOIKIAOOPPO KaBwG o1 avacuvduaouoi Tou Ikou RNA egaptwvrtal atro
BIAQOPOUC aVOTOAOYIKOUG Kal €VOOKUTTAPIKOUC TTEPIOPICHOUG, Ol OTTOIOI
MTTOPEI va emITPEWOUV TNV avadeIEn BILCIHNWY OTEAEXWV.

Maykoopiwg, o1 Nopoioi xapaxktneifovial w¢ o Bacikdg TTapAyovTag
EMOAVIONG YAOTPEVTEPIKWY AOIMWEEWY Kal guBuvovtal yia 10 96% Twv
TTEPITITWOEWY MN BAKTNPIOKAS Ofeiag emIdNMIKAG YAOTPEVTEPITIOAC. ZNMEPA, N
IOYEVNC YOOTEEVTEPITIOA €ival OF YEVIKEG YPOUMES KAAG TEKUNPIWMEVN OTIC
TTEPIOCOTEPEC QAVETTTUYMEVEC XWPEC, Ot avTiBeon pe Tnv EANGDSa, émrou 1a
eMONMIOAOYIKG OTOIXEIQ TTOU APOPOUV TNV IoyEVH yaoTpevTePITIOa NOPOIIKNG
TTpoéAeuanc e€akoAouBouv va gival eANTTA. TNa 1o Adyo autd oTa TTAGicIa TNG
TTapoucag BIBAKTOPIKAG BIATPIBAC TTPAYUATOTTOINONKAY UEAETEC, O HOPIOKO
ETTITTEDO, EVTOTTIOMOU KOl EAEYXOU TWV KUKAOPOPOUVTWY NOPOIIKWY OTEAEXWV
TTPOKEINEVOU VO TTAPAXO0UV GNUAVTIKEG TTANPOPOPIEC OXETIKA HE TNV £EEAIEN,
TNV TTaBoyéveia Kal TNV €EATTAWON TWV WV QUTWY OTOoV TTANBUoud NG
KEVTPIKNG EAAGSOC. ZUAAEXONkav AUpata ko KAIVIKG Oeiypata amd Tnv
KEVTPIK EAAGDQ Kal avatrTuxdnkav TeEXVIKEC, Ol OTTOIEC ETTETPEYWAV TOV
XOPAKTNPIOMO Twv NOPOIIKWY OTEAEXWYVY € HOPIoKS eTTITTEDO, TEKUNPiwoav de
TIC METACU TOUG YEVETIKEC OXECEIC KAl KATETAEQAV TA OTEAEXN O YEVETIKO KOl
yevoTutriké eTTitTredo.

To mpwrto oTéAexo¢ NOPOIWYV TO OTTOI0 XaPAKTNEICONKE Katd TNV dIAPKEIQ TNG
TTapoucag diatpIBA¢ atropovwinke atmd 1o KAIVIKO Oeiyua AG. H avixveuon
BIeENXON apxika pe tnv avtidpaon ELISA kal akoAouBnoe n avixveuon Kail o
MopIoKOG xapakTnPIopog Tou epappdloviag RT-PCR kai aAAnAouxion. H
HMEBODOG RT-PCR 1TOU OTOXEUE OTIG CUVTNPNUEVES TTEPIOXES TOU YOVIDIWHATOG
NG Gl yeveTIKAG OPABAG, ETTETPEWE TOV XOPAKTNPIOHMO TOU OTEAEXOUG AB OE

MOPIaKO eTTITTEDO KAl TNV TAEIVOUNGCTN TOU OE YEVETIKO Kal YEVOTUTTIKO ETTITTEDO.
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H o@uhoyevetikp avAAuon Trpayuartotroiionke pe AAAa oTeAéxn Tng Gl
YEVETIKNG opadag, Ta otroia eixav Adn opadotroinBei og yevoTutroug. Me Bdon
TNV QUAOYEVETIKI] avaAucn TnG aAAnAouxiog, To oTéAexog A6 avnke otnv Gll
YEVETIKA opada. H pepikry aAAnAouxia tou ORF1 yowvidiou kal n 1TANpPNg
aAAnAouxia Tou ORF2 yovidiou €deigav o1t To ORF1 kai o ORF2 avriikav o€
duo OdiagopeTtikoug yevotuttoug GlI/9 kar GlI/6, avrioToixa, KaBIOTWVTOG
TTPOPAVEC OTI TO OTEAEXOG AB eival €va OTTAvIO avaouvOUQOHEVO OTEAEXOC
eviog ¢ Gl yeverikAg opadag petagu Twv GIL9 kar GILE yevoTutTwy
QVTIOTOIXQ.

2TN  OUVEXEID, O MIO TIPOOTTABeIa  PEAETNG TNG  KUKAOQOpPIag Tou
avaouvOUaoUEVOU  TTPOavaPePBEVTOC OTeAéXOUG (AB), TTPAYMATOTTOINONKE
épeuva yia Tnv utrapgn Nopoiwv o€ un emegepyacpéva AUUATA, yia TO XPOVIKO
didotnua 2006-2011 kai £yive OUYKPION TWYV GTTOTEAECUATWY JE TOUC I0UG TTOU
avixveubnkav atmd kAIivika deiypata otnv idla TTepIoxn Kal katd tnv idia
XPoVIKr TTEPiodo. Xpnoipotroindnkav dU0 CUYKEKPIMEVA CeUyn EKKIVITWY TA
oTToIa OXEBIACTNKAV £TOI WOTE VA EVIOXUOUV Hia povadikr) aAAnAouxia n oTroia
KOAUTTTEI TO OnueEio Tou avacuvduaouou petagu Twv ORF1/ORF2 yovidiwvy.
Me Bdon Ttnv yevetik avdAuon TtauTtotroinOnkav dekatéooepa amd 1A
dekatrévre  TEPIBAANOVTIKA Kal OkTw amd T1a Oéka KAIvIKG Oeiyuara,
ETMIRERAILVOVTAG OTI O CUYKEKPIMEVOS AvaouvOUATHOG KUKAOPOPOUTE OTOV
TTANBUoNd NG KevTpIKAG EAAGDag ammd 10 2006 éwg 2011. To onueio
avacuvduaopounTav eviog NG TreEpIoxXNSG emkaAuwng twv ORF1/ORF2
yovidiwv (GIIL.9/GII.6, avtioToixa) kol TTPoodIoPicTNKE ME TNV XPAONn TOu
TTpoypdupaTog SimPlot otnv voukAeoTidikr) 8éon 5032 bp.

TéNog, Tpia akdun oteAéxn Nopoiwv avixveubnkav og KAIVIKG deiyuata TTou
oUAEXBnkav atrd 10 Tlavemotnuiokd Noookouegio lwavvivwy Ta  OTToIx
€pepav oTTavioug avaouvduaopoug. Auo deiypata petagu Twv GILI/GIL4
YEVOTUTTWY Kal €va petagu Twv GILO/GL7 yeverikwy opadwyv. ETmiTAéov
QVIXVEUBNKE, £va OTEAEXOG O€ KAIVIKO Beiyua, To oTroio avnke otnv Gl yeveTikr
OMGda, oToVv YEVOTUTTO TECOEPQA, OTTOU WETA aTTO TN QUAOYEVETIKI] avaAuon 1O
OTEAEXOG QUTO OXNMUATIOE JOVOQPUAETIKO KAADO oe oxéon pe Ta utrodoira Gll.4

OTEAEXN.
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EuxapioTieg

H Trpaypartotmoincn Kol N ouyypa®rny TG OCUYKEKPIWEVNG  BIDAKTOPIKAG
diatpIPric Ba  artroteAouce TTOAU BUOKOAO €py0 XWPIC TNV atrapaitnTn
OUVOPOWMN KAl CUPTTAPACTAC OPICHEVWV ATOUWV.

MpwrTta amd dAoug Ba NBeAa va euxapIoTACW TOV EMIRAETTOVTA KABNYNTr UOU
Ap. MapkouAdto Mavayiwtn, TTou Pou £DwWOE TNV EUKaIPia va aoxoAnbw HE
TNV €peuva atTd TN TTPWTN OTIYMA TToU nEba ot emTagny Me 10 EpyaoTtripio
loAoyiag — MikpoBioAoyiag 1o 2009.

Madi Tou ékava TN PETATTTUXIAKN MOU MEAETN AAAG Kal Tn DIdakTopIKr diaTeIpn.
OAa autd 1o xpdvia pou €uoBe TTOAAG TTPAyHaTa, OTTWG TO TTWG VO
TTPOOoEYYI(w KAl va TIPAYMOTOTIOIW TA TTEIPAPATA, TTWE VA avoAUuw Ta
QTTOTEAECMATA, TTWG VO AEITOUPYW MECO OTO £PYACTNPIO, AAAQ KUpPIwG [ou
€uabe va ayatrdw auTd TTOU KAVW, VA TO KAVW CWOTA KAl TTPOCEKTIKA.

Oé\w etTiong va euxapiotriow OAa T PEAN Tou Epyaoctnpiou loAoyiag —
MikpoRioAoyiag, aAAd kupiw¢ Tov AnunTtpn Tookoyidvvn, TN ZaxapouAa
KupiakotrouAou kai tov TnAéuaxo Anuntpiou, o1 otroiol pe BoriBnoav 1600
OTa TTEIPAPATA 00O KAl JE TNV KABNUEPIVA TTAPOUCia Toug OoTo epyacThipio. Me
otipIgav kal ATav Tavra TpdBuuol va culnTHOOUME KOl VA QEPOUE EIC TTEPAG
OTTOIODATTOTE BEUA E ATTAOXOAOUTE £PEUVNTIKO 1] TTPOCWTTIKO.

Etriong, euxapiotw tov ouvtpo@o TNS {wrig pou Mwpyo Mkdpa o oTToiog pou
€dwOoE TNV EUKAIpIa VO QpPXiow, VO OCUVEXIOW KAl va OAOKANPWOoOwW TNV
TTapouca OIdakTopIkry JIaTPIRA KAl MOU TTapeixe TTavia TNV avidloTEAR Kal
QVUTTOAGYIOTN UTTOCTAPIEN TOU.

TENOG BEAW VA EUXQPICTACW TN KNTEPA HOU, TNG OTTOIAC N aydTrn KAl N TioTn
TTPOG €MEVA ATTOTEAECQAV TO EPEICUA VO KATAPEPW VA TTPAYMATWOW TO

omidntrote atn Jwr Hou.
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MpoAoyog

O1 vopoioi atroteAouv  onuavTikd avBpwTiva TTaBoyova, Ta  OTToix
EMTTAEKOVTAI  OTNV  TIPOKANCN  emMONUIKWY  ekONAWOCEWY  COPRAPNAS
yooTpevTePITIOag ae eTriredo TTANBUCUwWyY. Ta KEVTpa eAéyxou Kal TTPOANWNGS
UTTEUBUVA yIa T 0ORAPA KPOUCUATO YOOTREVTEPITIOAC TTOU gu@aviouv TNV
QVAMEVOMEVN KAIVIKN €IKOVA, UTTORAAAOUV £TACIEC EKBECEIC, CUUPWVA HE TIG
OTTOIEC OI 10i auToi €ival uTtreuBuvol TOUAAXIOTOV YIa TO 96% OAwv Twv
TTEPITITWOEWYV MN BAKTNPIOKAS ofeiag emdNUIKAG yoaoTpevTepiTIdag. Movo oTig
Hvwpuéveg TMoAiteiec AUEPIKAC  Kataypd@ovTal €TNCiwg 23  eKaTOupUpIa
MOAUVOEIC Kal eKTIMATAl OTI TTAYKOOMIWG Ta MIOG atmd OAa T KPOUCHATO
yooTpevTepITIdag ogeidovtal oe Nopoioug, yeyovdg Tou KaBIoTATOoV 10 auTo,
W¢ TNV TTEPICOOTEPO KOIVA aITia eu@aviong otropadikrg didppolag ae eTTitredo
TTANBUCOU.

ZAMEPQ N I0YEVNG YOOTEEVTEPITIOO €ival Aiyo TTOAU KOAG TEKUNPIWMEVN OTIG
TTEPIOCOTEPEC QAVETTTUYMEVEC XWPEES, 0t avTiBeon he Tnv EANGSa, émrou 1a
eMONMIOAOYIKG OTOIXEIQ TTOU APOPOUV TNV IoyEVH yaoTpevTePITIOa NOPOIIKNG
TTPOEAEUONC EEAKOAOUBOUYV va gival EAAITT.

216X0¢ TNG Trapoucac datPIBAC NTAvV N MEAETN Ot Poplakd eTiTedo Twv
KUKAOQOPOUVTWY NOPOIilKWwyY OTEAEXWY, N OTToIa Ba UTTOPOUCE VO GUMPBAAAEI
TTAPEXOVTAG ONUAVTIKEG TTANPOYPOPIEC OXETIKA WE TNV €EENIEN, TNV TTaBoyéveia

KAl TNV EEATTAWON TWV IWV aUTWV O¢ éva BeBOPEVO TTANBUCO.
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1. EIZArQrH

1.1 IZTOPIKH ANAAPOMH

ESw kar Oekaetie¢ o1 Nopoioi atroteAolv onuavtika traboyova  TTou
TPOCORAAOUVY TOV AVOPpWTTO, YVWOTA yia Tnv TEOKANON €mMONMIKWY
ekdnAwoewyv ooBaprc ofeiag yaoTpevtepiTidag ae etTiredo TANBucuwy (1-3).
H pdAuvon amd Nopoid kabwg Kal Ta CUPTITWHATA TTOU QUTH TTPOKAAEI, €ival
YVWaoTa otnv 1aT1pIKA BiBAIoypagia edw kal 80 trepitrou XpdvIa. ZUYKEKPILEVO
ava@épovTtal gav TN vOCO TOU XEIMEPIVOU EUETOU, TN YPITIN OTOMAXWY KOl TN
YOOTPIKN YPITTN, ME TNV QVaQOPd OTN yRITIN va atreikovidel TNV EAAEIWN yVwong
YIQ TOV OUYKEKPIMEVO 10 ETTICNMAIVOVTAG TAUTOXpOvVaA TO yeyovog, o1l oI Nopoioi
Kal Ol 10i TNS yPITTNS JoIpadovTal TTapduoia eTToxiIKOTNTa (4, 5).

Qot1600, pe TNV TAPodo Tou XPOVOU, EVIOXUBNKE N utrdéBeon UTTapgns HN
BAKTNPIOKAC KAl KN TTAPQCITIKAG QITIOC EUPAVIONS YOOTPEVTEPITIOAC N OTToia
dev  oOxeTiCeTal pE TOV 10 TNG YPITING. 2€ TIPWTEG MEAETEC  TTOU
Tpayparotroinenkav ot Hvwpuéveg TMoAireieg, diamoTtwonke 611 10 75%
TTEPITTOU TWV TTEPITITWOEWY EUPAVIONS YaoTPEVTEPITIOOC ot TEPIodo 30 eTwy,
dev eixe emmapkr] aimioAdéynon kai Tapoudiale ofgia kKal PETASOTIKN HOP®N, N
BakTnpiokAg  TPoéAsucng  (6). TTapAAANAEC  KAIVIKEG — MEAETEC  TTOU
TTpayHatotroINOnkav e €BeAovtég, oTic Hvwpéveg ToAiteieg (7) kar otnv
laTwvia (8), odriyncav OTO OCUPTTEPACHA  OTI 1IKAG @QUOEwWS dindnToi
MOAUCHATIKOI  TTOPAYOVTEC €ixav TNV IKAVOTNTA VA TTPOKAAOUV  EVTEPIKN
a0BOEVEIQ. ZUYKEKPIMEVA, OTIC QvaQepBeioeg HEAETEG, XPNOIMOTTOINONKAV
EKXUAIOUOTA KOTTPAVWY TA OTTOIA €iXAV TTPONYOUMEVWG QIATPOPICTEN yIa TNV
QmmOMAKEUVON TwV  POKTNPiwWY Kol KATOTTIV  xopnynénkav o€  eVAAIKEG
€0eAOVTEC, 01 0TTOI0I TEAIKG TTOpoudiacay TNV vOoo.

O1 Nopoioi, ogeilouv TO0 dvoud Toug OTOV 10 TTOU OVAKOAUPONKE TTPWTOC,
Tov Norwalk. H 1Tpwtn Katayeypaupévn TePITITWon onuEwBnke to 1968 katd
N didpkeia emdnuiag o€ dnNUOTIKO oxoAgio oto Norwalk Tou Oxaio (9), étrou
10 60% TTEPITTOU TOU TTPOCWTTIKOU KaI Twv MaBnTwy vOoonoe, &v Aiyo
apyoTEQa aKoAOUBNoE Kal 10 32% TTEPITTOU TWV Cuyyevwy TouG. H aoBéveia
XaPaKkTNPEIZOTAV aTrd VAUTIa Kol EUETO 08 TTOC00TO Avw Tou 90% Twv aoBeviov

kal a1rd didppoia o010 38%, evw n BIAPKEIR AuTAC NTAV cuvBwWS atTd 12 £wg
12
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24 wpeg (10). Na v egakpiBwon TOU QITIOAOYIKOU TTaPAyovVTa TOU
KPOUOMATOG aKoAoUBNOE n xopnynon €KXUANICUATWY KOTTPAVWY, EAEUBEpWY
BakTnpiwv, a1d TOUG TTPOOPRERANUEVOUG aoBeveic ot eBehovrég. H
QUOIKOXNMIKFA ETTEEEPYATIA TWV TTAPACKEUACHATWY ATTOKAAUWE OTI, TTPOKEITAI
yia évav HIKpO ot pEyeBoC (<36nm) aiTioAoyikd TrapdyovTa 1KAS ¢uong.
Katétiv, akoAouBnoav TTpooTrdbeleC avaTrapaywyrnc Tou TTapdyovTa autou
O€ KUTTAPOKOAAIEPYEIEC KAl OE TTEIpANATOlWa Xwpeic emiTtuyia (11).

O 16¢ Trapatnendnke vyia TTPWTN QOPA HECW QVOOONAEKTPOVIKNAG
pikpookoTriag (IEM) o 1972, (eik.1).

Eik.1 Norwalk-type virus (calicivirus), 0.1 pm

Ta cwpatidia Tou ATav PIKPA, MEYEBOUC atrd 27nm £wg 32nm, TQAIPIKA, UE
EvdeiEn em@aveiakng OouAc. H  UIKPOOKOTINON TTPAYMATOTTOINBNKE Of
dInBruara koTpdvwy atrd Toug £0EAOVTEC TWV KpououdTtwy Tou Norwalk kai
ammd Toug €BEAOVTEC TTOU QKOAOUBWC WMOAUVONnkav. H diadikaoia TTou
akoAouBriBnke yia Tnv eUpean TOU 10U BACIOTNKE OTNV KATAKPHAMVION TWV KWV
owuaTidiwy, HETA atrd emegepyacia pe opd aoBevwy, 01 OTToI0I BPICKOTAV OF
@aon avappwong (12).

Me tnv mdapodo Tou Xpdvou avakaAU@TNKav Kal GAAOI 10i, OI OTToiol £XOouv
TNV IKAQvOTNTA TTPOKANONG KPOUCHATWY YOOTPEVTEPITIOOS Kal gu@avi(ouv
TTapaTTAnoia pop@oAloyikry dour pe Tov 16 Tou Norwalk, émmw¢ o Hawaii kai o

13
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Snow Mountain (13,14), o1 o1T0i01 GuWG £xouv dlaxwploTei atrd Toug Nopoioug
Kal @E€pouv 10 dvoua SLVs (Sapporo-likeviruses) (15).

A6 1a 1€AN NG dekaeTiag Tou ‘80, Eekivnoe n TTPOCTTABEIN VIO TNV HOPIOKN
availuon Twv Nopoiwv. ETOI €mMTEUXONKE N TTPAYUOTOTIOINCN TOU QPXIKOU
XOPAKTNPIOHMOU Tou RNA yEVWATOG TOU 10U KAI £V CUVEXEIQ, O XAPAKTNPIOHOG
TOU WG PéAOG Twy Caliciviridae. Ta emoueva xpdvia, akoAouBnoe n TTEPAITEPW
availuon Tou yevwpuatog Tou Norwalk 10U (16), KaBuwe kal n avaAuon Twv
YEVWHATWY  Kal AAwv  Nopoiwv TTou  eUTTAEKOVTQI OTNV  JOAUCMOTIKA
yooTpevtepimda. To 1993 avokoivwonke n  TANPNS aAAnAouxia Tou
Southampton 100, o otroiog atropovwBnke atmd éva Tadi 2 eTwy, Ot éva
OIKOYEVEIOKO KPOUOMa yaoTpevtepiTidag oto Southampton tou Hvwpévou
BaoiAgiou 1o 1991 (17). AKOAOUBNOE N KAWVOTTOINGN TOU YEVWMHATOC WV TTOU
guBuvovTal yia TTPOCROAN a& {WIKOUC OPYAVIOHOUG EMTTOPIKAC EKMETAAAEUONC,
OTTwg o SWA43 Ttwv Xoipwv kal o Jena Ttwv Pooeidwv Kal Ol OTToiol
XapakTnpioTnkav emmiong w¢ Nopoioi (18, 19).

ZAMEPQ, YIA TNV QVIXVEUCN TWV VOPOIWYV XPNOCIMOTTOIOUVTAl Ol avTIOPACEIS
RT-PCR (20). Evtoutoig n avixveuon trapapével SUOKOAN, Kupiwg AOyw NG
IBIaiTEPa METARANTAC QUONCG TOou 10U AAAG kal Adyw Twv aAAaywv TTOU

TTPOKAAOUVTAI KATA TNV EEQYWYI TOU 10U aT1TO TO TTPOC £EETAON DEiy AL

1.2 TAZINOMHZH

To ouoTtnua TagivouNong TTou QapuOleTal yia Evav opyavioud ouvhBwg
avTavaKkAd 1o €TTITTEDO TNG yVWOoNS TO OTT0I0  €ival BIGBECIUO yIa TNV WEAETN
Tou Oedopévou  oOpyaviopou TNV XPOVIKA  TTePiodo  avatrtuéng  Tou
OUYKEKPIMEVOU Tagivouikou oxnuarog. Etol, n tagivéunon 1wy Nopoiwv
akoAouBei v TTapatrdvw dlaTioTwon, kKabwg akoAoubriBnkav did@opa
TAEIVOUIKG OXNMUATA PEXP! TNV AVATTTUEN TOU CUCTAMATOC KATATALNG TTOU Eival
onuepa amrodekto yia Toug Nopoioug (21).

MNa mepitrou 20 xpovia, atrd Tnv dekaeTia Tou 1970 €wg TNV DEKAETIO TOU
1990, 10 TPEOTUTTO OTEAEXOG Twv Nopoiwv Norwalk kaBuwg¢ kar dAAol pIkpoi
KUKAIKOI 10i (SRSVs) katatdxBnkav oe éva TTANBOG 1IKwv opddwyv. QoTtdoo, n

1K) olkoyévela Caliciviridae 1Tou dnuioupynOnke 10 1979 €mMKPATNOE KAl
14
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TEPINGUBaAvE TOug 10UG TToU  €pepav  BeTIKNG  TTOAKOTNTAG RNA e
XOPAKTNPIOTIKI MOPPOAOYIKN OTTEIKOVION 32 KUTTEAAOEIDWY KOIAOTATWY OTNV
ETTIPAVEIA TOU I0CWHATIOU, EIKOCAEDPIKAG CUMMETRIAC (22).

Méxpl onjuepa, n texvohoyia tng RT-PCR €xer emrpéwel Tov popiakd
XOPAKTNPIOHMO TTOANWY oTeAexwyv Nopoiwv atrd deiyuata yaoTpeVTEPIKAG KAl
EVTEPIKAG EKKEVWONG KAI TNV KAWVOTTOINGT] TOUG, HE ATTOTEAECIA Ol CUYKPITEIC
TNG AKOAOUBIAG TTOU TTPOEKUWAY, META TNV EQAPMOYH QUTWYV TWV TEXVIKWY, VO
Beigouv O11 01 Nopoioi utropouv va TagivounBouv ae TOUAGXIOTOV €1 YEVETIKEG
OMAdEC, KUpiwg KE BACN TNV OPoIOTNTA OTIC IDIAITEPA CUVTNPNMEVES TTEPIOXEC
Tou yovidiwpatog, ommwe NG RNA-e€aptwuevng RNA tToAupepdons (RARp)
kal NS mepIoxns 1Ng VP1 kawidikAg trpwreivng (23, 24). Avo atrd autég TIg
YEVETIKEG opadeg, atrokaloupeveg genogroups | kai Il (Gl kar Gll), repiéxouv
TNV TTAclown@ia Twv Nopoiwv 1Tou TTpooBdAlouv Tov avBpwrTro. Etiong, atmmd
TN QUAOYEVETIKA avaAuon Toug, TTpokuTtrTel &1 Kal dAAol Calici 10i o1 oTToiol
givar utTEUBUVOI yiIa TNV TTPOKANGCN MOAUvoewv o€ Pooeidry, X0ipoug Kai
TTOVTIKIQ, EMTTITITOUV ETTIONG OTO Yévog Twv Nopoiwyv, (25-29). O1 TmraBoydvol
Calici 10i TTOU TTPOCRAAOUV KUPIWG TO POOEIDr, CUYKEVTPWVOVTOI OF i
mpoteivopuevn Gl opdda, av kal Ta PEAN TNG €U@AvICouv TTIO TTOAAEG
opoIdTNTEG WE TNV opada Gl (25-27). H @uUAOyeveTIkr) avaAuon ToTToOeTEl
TOUAAQxioTov dUo aTteAéxn Nopoiwv TTou gival TTaBoydva yia Tov avepwTro, o€
Mo TrpoTeivopevn GIV opdda: oteAéxn Alphatron (Genbank accession number
AF195847) kai Ft. Lauderdale (Genbank accession number AF414426) (30).

Mpdoopara, epeuvnTikéEC opadeg avagépbnkav ce Nopoiou¢ o1 oTToiol
TTpooRdlouv capko@dya katoikidia. O1 CanineNoV (CaNoVs) avrkouv oTn
vEQ TTPOTEIVOUEVN YEVETIKN] opada GVI. O1 1oi autoi Bpédnkav oe deiypata
KOTTPAvwy a1rd OKUAIG pe cuutrTwpata didppolag o€ MNMoptoyaAia kai ITaAia
(31).

15

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



/L
N

Eik.2 :Tevenki tagivopnon 1wy Nopoiwv, CDC,2013.

O1 Nopoioi Twyv yevetikwy oudadwy Gl kai Gll propouv va utrodiaipeBouy

TTEPAITEPW O€ YevOTUTTOUG (Clusters), (Trivakag 1).

Mivakag 1. Mevérutror Nopoiwv

Carbohydrate-binding®
Virus Name Accession Number G gc Outbreak Site Year Le° H1 Le’ Le® H2 Le* Le* HI A
Norwalk M87661 I 1 Norwalk, OH, USA 1% o + o ] o0 ¢ 4+ 4
Hawaii uo7e1 I 1 Hawaii, USA 191 nd 0 o o nd nd nd 0o o
Snow Mountain  AY134748 Il 2 SnowMountain,COLUSA 1976 nd o0 o o nd nd nd o o
Mexico U22498 Il 3 Mexico City, Mexico 1988 nd +s nd 45 nd nd nd nd 4
Grimsby AJ004864 Il 4 Grimsby, UK 1995 o +0 } T ¢ nd 4
VA387 AY038600 Il 4 Virginia, USA 1998 nd +4s o +4s nd o ¢ nd 4
MOH AF397156 Il 5  Three cities in Hungary 1999 nd 45 o ¢ nd o n nd 4
VA207 AY038599 I na Virginia, USA 1997 nd o 4s o nd 4s n nd o

“Carbohydrates fisted below.

Le*: Galfi1,3(Fucal 8} GlcN Acji-

HZ Htype 2, Fucal 2Galis1, 4GicNAc)-
Le*: Galji1, d{Fucal 3)GlcNAcf-

Le": Fucal 2Galf1 AlFucal, IGIcNAGH-
H3: Hiype 3, Fucal 2Galfi1,3GaNAa:-
A: GalNAoa1,3{Fucal,2|Gal -

B: Gala1,3{Fucal 2) Galj-

Le% Htype 1 pracursar, Galfi) 3GIcNAcj-
HY: Hiype 1, Le*, Fuca 2Galfit 3GIcNACE-

Le® Fuca,2Galp1, 3Fucal 41GeNACH-

*Abtreviations: G, genogroup; ge, genstic cluster; Le, Lewis; na, not assigned [4] ornominally assignedge 8[19); nd, not done; o, no binding; + , binding; +s1, bind|
by saliva and red blood cell binding assays +s, binding inferred by saliva binding assays.
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‘Erol, yia tnv tagivounon twv Nopoiwyv, xeNOIMOTTOIOUVTAI CUCTAMATA
YEVOTUTTIKAC avAAUCNG TWV OTEAEXWY, TTOU evTOTTI(OVTAI O€ KABE TTEPIOdO TOU
€Toug, Ta otroia BacifovTal OTn YEVETIKA OUYYEVEIQ TTOU EMQAVIZEl N KUPIX
kawidik TTpwreivn (OTnv TTAAEN 1 MEPIK aAANAouxia TNG) Kal n OTToia
QVTIOTOIXEI OTNV QVTIYOVIKI] MOVABIKOTNTA TTOU €UQAVIEl TO KABE OTEAEXOG.
ZUMOwva pe éva atrd Ta O TTPOCYPATA YEVOTUTTIKA cuoThuara, o Nopoioi
diaipouvTtal o€ €1 yeVeTIKEG ouadeg TTou ovoudlovtal Gl éwg GVI. O1 opdadeg
Gl, Gl kai GllII utrodiaipouvtal Trepaitépw o€ 8, 19 kal 2 yevOoTUTTOUG
avTioToIXa, evw o1 opadeg GIV, GV kai GVI trepihapBdvouv atmd évav povo
yevoTutro, (31, 32), (eIk.2).

Ta oTteAéxn TOU 10U JTTOPOUV va gugavifovial Tautdxpova, Kaduwg
DIAPOPETIKA OTEAEXN WTTOPOUV va guPavIfovTal ae SIAPOPETIKES YEWYPAPIKES
TTEPIOXEG KAl O€ BIAPOPETIKOUG XpOvoug, Ouwg n opada Gll.4 Twv Nopoiwv
givar n Kupiapxn, ME OTEAEXN TTOU QVIXVEUOVTQI OTOV TTANBUCHO atmd TN

dekaertia Tou '80 péxpl orjuepa (30, 32, 33).

1.3 BIOAOTIA TQN NOPOIQN

1.3.1 'evIKA XaPAKTNPIOTIKA

H emtuxig kAwvotroinon Tou yoviISIwWHATOG TOU 10U, atrd  deiypata
KOTTPAvVWY (34), ETTETPEWE VO XAPOKTNPIOTEN 0 160G wg Calici, dnAadn 411 KaTéxel
éva YPAMMIKO, BeTikNG TTOAIKOTNTAG, HMOVOKAWVO yévwua RNA (ssRNA), 7.7
KINOBACEWV TTEPITTOU, TO OTTOIO TTPOCTATEUETAl ATTO TO TTEPIBAAAOV aTTd éva
TTPWTEIVIKO Kawidlo, aAAd dev mepIBAaAAcTal atmd @dkeAo. To kawidio auTd,
atroTeEAEITAl ATTO WIa ONUAVTIKA TTPWTEIVN, yvwoTn wg mTpwreivn 1 (VP1) kai
MEPIKA avTiypa®a piag SeutepnS WIKEAS OOMIKAG TTPWTEIVNG TTOU Eival yVwaoTh
wg VP2, (eik. 3), (34-36).

17
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P2-domain

P1-domamn

Capsid interior

Eik.3. H doprj Twv popiwv Noroviral like particles (NVVLP). Mikpookotikrj avadnuioupyia pe xprion
KPUO — nAeKkTpOVIKAG HIKpookoTriac 22A° kai kpuotalhoypagiac aktivwv X, oe 3,4A°. Ta NV VLPs
gxnuarti¢ouv 90 dipepr] Tou TPWIEIVIKOU Kayidiou (apioTtepd, emdvw didypapua) o T=3 gIkocaedpIKN
ouppeTpia. Kade povopepric kawidikr Tpwreivn (0e€I4, erdvw didypappa ) diaipeital o€ pia GuIvo-TeAIK
mepioxn Bpaxidvwy (Tpdaivo), Tou BPICKETal TTPOCWITO HE TTPOCWTTO YE TO E0WTEPIKO Tou VLP, pia
meploxr| avadIAWoewy (S-Treploxr, KiTpIvo) n otroia oxnuarigel Tnv cuvexn emedveia tou VLP kai pia
mpoegExouoa mepioxr (P-reploxr) n oTroia TPoEpxeTal Ao TNV EmM@Aveia g S-mepioxng. H P-mepioxn
Olaipeital TepaItépw O UTTOTEPIOXEG, TIC P1 kan P2 (kOkKivo kal PTTAE, avrioToixd) pe tnv P2-
UTTOTTEPIOXT va BPIOKETAI TNV IO aKpaia em@aveia Tou VLP (35-37).

O1 Nopoioi Tagivopouvtal wg BioAoyikoi TrapdyovTeg karnyopiag B Adyw tng
UWNAAC MOAUCHATIKAG TOUG IKavotnTag, MIKpOTepn atrd 10 jloowpudTia avda
aropo (ID50) kal Adyw TNG oTABEPATNTAC TTOU TTAPOUCIAZoUV OTO TTEPIBAAAOY,
OTTWE TNE AVBEKTIKOTNTAC TOUS OF XaMNAEC Kal uWnAéC Bepuokpaoieg (60°C),
aTNV ammoAUPavon KE XAWPIO, KE OIVOTTVEULA KAl OTA PJETPA ATTOAUMAVONG TWV
XEPIWV (38).

Mapd 10 oNUAVTIKO OIKOVOMIKO QVTIKTUTTO Kal TNV IBIaiTEPN voonpoTtnTa TToU
TTPOKOAEITal aTmd TNV TTPOCROAN] Tou avBpwTTou, MEXPI OAMEPT Kavéva
@Aappako r euBoOAIo dev eival diaBéoipo, yia Tnv Beparreia i TV TTPOANWN

TouavBpwTtrou atrd tov 16. ETirAéov, TTOANEG TTTUXEC TNC BioAoyiag Tou 10U dev
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Exouv yivel TTANpwS KatavonTté. To yeyovog autd, atrodidetal Kupiwg otnv
atroudia  evdC OUCTAMUATOC KUTTAPOKAAANIEPYEIQC KOl OTNV €UpeECn &vOg
KATAAANAOU HIKPOU {WwIKOU TTPOTUTTOU VIO TTEPAITEPW MEAETES (39, 40). Mdvn
eCaipeon atroteAei 0 Nopoidg Twv TTOVTIKIWY (MUrine Norovirus), 0 oTroiog Eival
TO MOVO HEANOC TOU yévoug Twv NOPOoiwyY TO OTTOI0 AVATITUCTETAI IKAVOTTOINTIKA
Ot TIPWTOYEVH]  KAAANEPYEID  POKPOQAYywY  Kal  OevOPITIKWY  KUTTAPWY
oxnuaTti¢ovTag TTAAKeG ae KUTTapa RAW264.7, uia ouvexr KUTTAPIKA OEIpd JE

HMOp@OAOYia HAKPOPAYWY TTOVTIKIOU (41).

1.3.2 lNovidiokn opydvwaon

H Aetrropepric katavonon tng yovidIakng opydvwaong Tou 10U dpxioe va
dieukpivietan TTepitrou 10 1990, bTav o1 Jiang kal Estes kAwvotroincav (42)
Kal aAAnAouxicav 10 yévwua Tou 1oU. Mpdkeital yia éva BeTIKAC TTOAIKOTNTAC
HMovokAwvo RNA, trepitrou 7.700 BAocewy TO OTTOIO TTEPIAQUBAVEI TPIa AvOIKTA
TAaiola avayvwong (ORFs), mmou KwdiKoTrolouv yia Ta SOMIKG Kal TA Jn
douikd yovidia, (eik.4). To ukd RNA, ouvdEetal OPOIOTTOAIKG HE  HIa
TTpoePXOMeEVN aTTd TOV 16 TTPWTEIVN YyvwaoTh w¢ VPQ, n otroia TTpocdEveTal 010
5" dkpo kai eikaletal Ot Tailel KATToI0 POAO GTNV PETAPOPA TOU YOVISIWPATOS
OTIG TTEPIOXEC TNG APVNTIKAG ouvBeong Twv KAWvwyY, evw 10 3" AKPO TOU
yoviIBIwpaTog QEpel Mo TTOAUA oupd (43). To ORF1 cival trepitrou 5 KB Kal
atroTeAEl Ta TTPWTA BUO TPITA TOU YoVIBIWMATOG, (€IK. 4). To TeAeuTaio Eva TRITO
TOU yovIDIWMATOG aTTOTEAEITaI atro TIG dUo dopikég TTpwreiveg, Tnv ORF2, n
otroia eival mepitmou 1,8 KB kai kwdikotroiei Tnv 57 kDa douik kawidikn
mpwreivn VP1 kai Tnv ORF3 TTou gival 0,6 KB Kal KwOIKOTTOIE HIO MIKPOTEPN
Baoikn mpwrteivn Twv 22 kDa, otnv otroia atmodideTal N CUCKEUATia Tou

YOVIOIWMATOC € 1I00WHATIA, (EIK. 4).
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RNA Genome

ORF1 ORF2 ORFY
- T N N .
, | - o
|
M e e e e

VPl VP1 P Dimer

Eik.4. H yovidiakr 0opn kai o1 TTEPIOXEG Tou kawidiou Twv Nopoiwv.
To yovidiwpa Twv Nopoiwv atoteAeital amod Tpia avoiktd mAaioia avdyvwong 1a; ORF1, kwdIKoTTolEl
yia Ti¢ un Ooupikéc Tpwreivec, ORF2 kai ORF3 mou Kwdikomololv TIC OOMIKEC TTPWIEIVEG
ouptepidappavopévne e VP1, n otroia givar n onuavtikdrepn kayidiki mpwigivn kai g VP2, Tou
gival n deutepevouca Oopikry TpwTEivi. To pn dopikd TOAUTTPWIEIVIKG PEPOC UTTORBAAAETOI OF
eme€epyaoia amd v 1k Tpwredon Pro (3C- like protease) oe £€1 wpipeg Tpwreiveg: 1n N-terminal
mpwregivn, TN NTPase, mv p20 1n¢ omoiag n Asiroupyia wapauével ayvwortn, v VPg, n omoia
BpiokeTal opoloToAIKG ouvdedepévn o010 5°dkpo Tou yovidiwpartog kal Tnv RNA g€aptwpevn RNA
ToAupepdan (POL). H VP1 mpwrigivn, diaipeitan Tepaitépw o€ 800 KUPIEC TTEPIOXEC, TNV TTEPIOXN
KEAUQOUC (S) kal TNV Teploxr Tou TpoeEéxovrog Bpaxiova (P). H mepioxr P dicupeital repaitépuw o€
P1 kai P2.

1.3.3 Aoy locwpaTtiou

‘Evag onuavtikGg TTEPIOPICHOC yia TNV TTEPAITEPW EPEUVA TTAVW OTOUG
Nopoiolg  amoteAei n €NAeiwn  evOog  AEITOUPYIKOU  OUCTIHATOG
KUTTQPOKaAAIEPYEIAG 1 evOG MIKpoU Jwikou Trpotutrou. lMa Tov Adyo auto,
XPNOILOTTOIOUVTAl QVAoUVOUACHEVD CUOTANATA EKQPACNG, TA OTTOIA £XOUV WG
oKOTTO TNV AgBovn Trapaywyr] TG KayidIKAG TTPWTEIVNG, N OTToia YTTOPE Kal
METATPETTETAI OE “IIKA cwaTidIa” (virus-like particles, VLPs). Ta pépia VLPs
gival JOPPOAOYIKA Kal avTiyoviKa Ouola hE Tov gyyevn 16 (44, 45), tepiExouv
dnAadn TIC ONMAVTIKOTEPES QAVTIYOVIKEG IBIOTNTEG TWV OTEAEXWY TOU 10U TTOU
QVTITTPOCWTTEUOUY ~ Kal  OTtav  Trapdyovial OE  ETTOPKEIC  TTOCOTNTEC,
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QTTOTEAOUVONUAVTIKA QvTIOPACTHPIa yIa TNV MEAETN Twv OGAANAemIdpdcEwyY
METAEU TOU 10U KAI TWV HOPiwy OTOXWV.

AUO cuoTAUOTa EKQPACNG EXOUV Cexwpioel PEXPI OTIYUAG, To Baculovirus
replicon kai 10 Venezuelan equine encephalitis (VEE) replicon, (46). To
ouoTtnua replicon Baculovirus xpnoiuotroionke yia tnv apaywyn evég VLP
Tou 10U Tou Népyouwk (NV) (GL.1). O 16¢ TTOU TTPOEKUYWE XAPAKTNPIOTNKE ME
v BoriBeia NG Cryo—EM  (KpUO—NAEKTPOVIKNG  MIKPOOKOTTIAG), TNG
KPUOTaAAOypa®iag akTivwy X Kal TNG UTTOAOYIOTIKAG QTTEIkKOvVIoNS  Kal
ammokdAuwe 1N dourp Tou kawidiou Twv Nopoiwv (47, 48), (ek 5). H
KPUOTAAAIKA dourp Tou 10U, €0ciEe Om 10 KO KOwidlo CuykpoTEiTal
xpnoiotroiwvtag 180 avriypaga 1S KawidIKAG TTpwTEivng, Ta OTToia
opyavwvovtal o€ 90 diuepry pE MIa €IKOOAEdPIK CuupeTpia T=3, (48).
EmimmAéov, eudidkpita Siuepr] evwvovTal Kal SIQUOP@UVOUY HIa uwnAoTEPN
dopun mpocodidovTag aTo POPIO TO OXNUA KUTTEAAOU (47), (€IK.5).

‘Etol, ta C.C dipepry emreAouv onuavtikd poho yia tn diapdpewon Tou
ECWTEPIKOU KOXUAIOU, Tou Kawidiou (€IK.5A), evw Ta A:B diuepn etTekTeivovTal
mépa atmd v em@dveia (€IK.5B, 6A kal 6B). To TANpeg kaywidio (eik. 5C)
EKMETAAAEUETAI TNV OTPATNYIKF QUTH KAl SIAUOPPWVEL Eva G@IXTO 1IKO Kawidio
ME TIC OTTOPAITNTEG TTPOEEOXEC OTNV EMIPAVEIQ, O OTTOIEC MTTOPOUV KAl
OAANAETIOPOUV JE TOV KUTTOPIKO UTTODOXEQ, KAVOVTAG £TC1 €QIKTH TNV 1IKNA
Tpdodeon kal €icodo, (eik. 5C).

To povouepég diaipeiTal TTEpAITEPW T U0 TTEPIOXES YVWOTEC WG TTEPIOXN
KOXUAIWVY (S), n otoia OIOUOPPUWVEI TOV EOWTEPIKO TTUPAVO KOl TNV
TrpoegExouca TrepIoxn (P), TTou CuvOEETAI PE IO EUKAUTTTN ApBpwon (eIk. 4A
kar B). H mepioxny P, Slauop@wvel TIC XAPOKTNPIOTIKEG TTPOECOXEC TTOU
ekTEiVOVTAl MOKPId atmd T doun kai diaipeitar pe v oeipd NG o€ duo
UTTOTTEPIOXEG, (€IK. BA Kai 6B). O1 utroTTepIoxEG auTéEG TTEPIAGUBAvouy, Tnv P1
(apivogéa 226-278 kai 406-520), TTou evepyEi WG TTEPIOPICTIKI TTEPIOXN METAEU
Tou S Kal TNG deutepng P katnyopiag kal Tnv P2, n otroia eival n Tepiocodtepo
ekTEDEIMEVN TTEPIOXN TNG KAWIBIKAC TTpwrTeEivng (aupivogeéa 279-405), (47),
(eIK.6A ka1 6B).

H akoAoubBia tn¢ P2 eival n o PeTaBANTA TTEPIOXN OTO yovIDIwHA Twv
Nopoiwv, TTepIExel TNV TTEPIOXN déoueuong udatavOpdakwy (S) kai éva poTio

TTapouoio he pia RNA — deoueuouca trepioxn (47, 49-51).
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Eik. 5. Aopikéc umropovadeg tou NV-VLP. MNa tov oxnuanopé tou VLP amaireital n
aAAnAemiopaon 000 diagopenikwyv dipepwv. (A): H C:C aAAnAemidpaon Twv Jiuepwv
Siapopeuvel Tov oxnuanopd «o@ix1é koxUAI», (B): A:B dipyepd, (C): Ta A:B 0Oiuepn
gioépyovial gtov oxnuanopé C:C oxnuariCoviag Eva a@ixté kayidlo pe TpoeEoxEc.

Eik. 6. O1 mepioxEC Kal o1 uTroTrEPIOXEC Tou Kawidikou povopepoug NoV. To A:B Biuepéc,
amoteAsital amd 800 povopepr, 10 £va amd Tnv aAucida A, TTAPOUCIAZETAI OTIC «AVOIXTECH
OKIEC Kau 1 aAugida B rapouaidetal oTig oKoTEIVOTEPEC OKIEC. TO Povopepég dialpeitar og duo
TEPIOXEC, TNV TTEPIOXT] OXNHATIOHOU KOXUM (TTpdaivn) kal Ti¢ Tposgéxouoeg eploxéc (P). H
mepioxr P diaupeital repaitépw o€ P1 (UAe) kai P2 (kokkivo). H P1 gival onuavTiki yia v
aAAnAemidpaon Tou Bipepolc, evw n P2 gival n mepIooOTEPO EKTEDEINEVN UTTOTTEPIOXH] TOU 10U.
H elkaptrn mepioxr (TroprokaAi) Tou Bpioketal METAEU TNEC S kal ¢ P mepIoxng EmMTPETTEI
mv euvehigia yia 1N Slapdpeweon Tou oxnuanouol tou kawidiou. (A) ameikbvion Tou A:B
Oipepouc kai (B) ameikdvion tng em@adveiag tou A:B Sipepolc.
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1.3.4 Metd@pacn, eTeCEpYATia KAl AEITOUPYIQ TWV KWV TTPWTEIVIDV

H ORF1 1rpwrteivn, PETOQPAZETOl O Mid PEYAAN TTOAUTTPWTEIVN, n OTToia
autodiaoTratal o€ €€ pn JoMIkEG TTpwreiveg atrd v Ik 3C — TTpwTedon
kuoTeivng, (eik.1). Ta emegepyacpéva TpwrTeivika TTpoidvta ammd 1o N — dkpo
pog C — Akpo tepIAapBavouy Ta e€AG: Wia N — TeAIKr TTpwreivn (p48) petagu
37-48 kDa, pia 2C —voukAeoTiDIkn Tpiowoatdon (NTPase) trepitrou 40 kDa,
Mia 3A Trpwreivn repitrou 20 kDa (p20), Tnv VPg mpwreivn (16 kDa) n otroia
BpiokeTal ouvdedeEvn OTO 5'AKPO TOou yoviIdiwpaTog, TNV 3C Tpwrtedon (Pro)
19 kDa kai Tnv 3D — RNA e€aptwpuevn RNA tmmoAupepdon (Pol) peyéBoug 57
kDa (52).

H Acitoupyia 1nG N—TeAIKAG TTpwrTEivnG (p48) trapapével akdun dyvwartn,
woTO00, N ékppacn TG p48 invitro evromiotnke oTnv cuokeury Golgi Twv
KUTTAPWYV, odnywvTtag €101, otnv uttdéBeon Ot 1ailel pOAO OTNV WEMPBPAVIKA
avadidragn ko otnv  evdokuttdpia  kKivnon, (53,54). H voukAecoTidIkA
TpIpwoardon (NTPase) deoueuel kai udpoAuel NTPs, evw n VPg mrpwreivn
gival utTelBuvn yia TNV PETAYPA®N Kal Eival TTIBAvO va EUTTAEKETAI OTNV Evapgn
NG METAPPAONG, OTTWG £BeICav TTPOCPATEG MEAETEG (55-59).

H mpwrtedon (Pro), poipddetal ouoidTNTEG WE TNV KUTTAPIKN XUMOBpuwivn-
like TTpwtedon oepivng (59) kai epIExel TNV idia aAAnAouxia apivogéwy TTou
éxel PpeBei kai otnv 3C TpwTEdON Twyv picorna 1wv. ETiong, emegepyadertal
v ToAutTpwteivn ORF1 1wy NOpoiwv OTIC PEMOVWHEVEG M DOUIKEG
mTpwreiveg, (60-63). H evepyr] TAeupd NG Pro tepIAauBAvEl TNV KATAAUTIKA
opdda Twv His30, Glu54 kai Cys139, 1Tou evTtoTTiCOVTOl OTO KEVTPO Miag
BaBidg oxiopng peTagu Tou N kol Tou C TEAIKOU GKPOU OTTOU EVWWVOVTOI UE
deapoug udpoyovou (61 — 63). H His 157, cival amrapaitntn 010 UTTOCTPWHA
mpoodeong (64). H mpwredon (Pro), ek16¢ ammd Tov BaAcikd tNS pOA0 OTnv
ETTEEEPYATIa TN TTOAUTTPWTEIVNG, QVACTEAAEI ETTIONG TNV KUTTAPIKN JETAPPACN
IACTTWVTAC OPITHEVOUC TOMEIC TWV TTOAU-ADECHEUTIKWY TTPWTEIVIDVY, Ol OTTOIEC
TTPOCodEvouV TOUG TTAPAYOVTEG Evaping TNG METAPpaong kal Tou RNA (64).

H Pol twv Nopoiwyv, éxer atrodeixtei 011 givan BgpeAilodng yia Tnv in vitro 1kn
QVTIYPA®r KAl EVTACOETAl OOV PMEAOG TNG OlkoyEvelag Twv Gly—Asp—Asp (GDD)
TTOAUMEPACWY, OTTOU avAKOUV Kal TTOAAOI dAAOI BeTIkG TTOAIKOTNTAC RNA 10i

(65). O1 Aeitoupyieg NG 1IKAG Pol oTnv avTiypa®ri Tou IIKoU YEVWHATOG, YIO TNV
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ouvBeon tou RNA, TTpayuatotTolouvTal JE TNV Xpnoidotroinon evog VPG —
EKKIVANTIKOU MNXAVIOHOU Kal TNG TTOAUadEVUAIWMEVNG oupds oTo 3 AKPO WG

eKMayeio (65).

1.3.5 Avtiypagn Tou Ikou RNA

Av kair o1 Nopoioi TTepiypdeTnkav yia TTpwTtn Qopd 10 1972 (66), ©
MNXQVIOUAS avTIypa@rc ToU 10U TTAPAUEVEL, £V MEPEI, AyvwaoTog. MioTteuetar 4TI
10 yevwpikd RNA Asitoupyei w¢ eKPayeio yia tnv ouvBeon Tou apvnTikou
KAWYOU, O OTTOIOC TEAIKA XPNOIMOTTOIEITAI YIO TNV avTiypa®ry OAGKANPOU TOU
BeTikou RNA yevwpuaTog, TO OTT0I0 XPNOCIMOTIOIEITAI JE TNV OLIPd TOU VIO TNV
TTAPAYWYN VEWV 1IKWYV CWHATIBIWY KAl yIa TNV TTAPAYWYr] UTTOYEVWMIKWY
RNA, kartaAiyovtag €101 OTO CUMTTEPOOHA, OTl Katd 1N JIGPKEIX TNG
QVTIYPAPAC TOU YEVWHMIKOU BETIKOU KAWVOU Kal Tou utroyevwpikou RNA, n
TToAupepdon  oupilduliwver v VPg  TmpwrtEivn,  TTapoucia  Tou
TToAuadevuliwpévou yevwiuikou RNA kai €11 n VPg dieyeipel Tnv évapén tng
ouvBeong Tou apvnTIKoU KAwvou. ETol n TToAupepdon dev aTTaITE EKKIVATIKA
MOpIa yIa TNV avTiypa®ry Tou apvnTikou kAwvou RNA. AkoAouBwg, n
avTiypa®r]y Tou yevwuikou RNA evromidetal otnv TTEPIOXN OuyKPATNONC,
odnyoupevn TBavov atrod Totmka orjuata otnv ORF1 yevwpikn Tepioxn (67),
OTTOU KQI TTAKETAPETAI O 1I0CWUATIO.

Ta emoueva oT1ddla TNG CUVOPHOASYNONG Tou 1IKoU cwpaTidiou, TNG
WEIMAVONG KOl TS TTEPAITEPW QTTEAEUBEPWONG TOU AT TO KUTTAPO EEVIOTA
Bev eival akdun TTAApwS katavonTd. ‘Exel atmodeixBei 611 Ta VPG — cuvdedueva
YEVWHIKG kal uttoyevwpikd RNA uépia dev cuokeudlovtal pali o1o idio
IOCWHMATIO, aPOU T€ TTEIPAMATIKEG TTPOCEYYIOEIC BPEONKE, OTI UTTAPXEI TO KABE

€ido¢ popiou o€ cCwATIOIa SIKPOPETIKWY TTUKVOTHTWYV (68).
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1.4 NAGOIENEIA

1.4.1 MNpbdodean atov uttodoxEQ

O1 apxikéc aAAnAemdpdoeig Twv Nopoiwv pe Ta KOTTapa EevioTEC, Oev
Exouv akéun atroca@nvioTel TTANpwS. Qotdoo, atrapaitntn TEoUTTdéBeon yia
TNV €icod0o Tou 10U OTa KUTTAPA, QTTOTEAEI N avayvwpion Tou uttodoxéa oTnv
EMPAVEIQ TOUG. ZUYKEKPIMEVA, n ouvdeon Twv Nopoiwv pe T1a KUTTOPA
EeviaTég TrepIAapBavel TNV aAAnAeTTidpaor] Toug pe €181Ikoug udatavepakikoug
(Histoblood Group Antigens) utrodoxeic (69). H ikavétnTa Twyv VOpPoiwv va
Tpoodévovtal otoug HBGAs utrodoxeig, tiBavoAoyeitalr o011 kaBopileTtal atd
eIdIkA apivogéa, Ta otroia evroTtrifovral otnv P2 utrotrepioxry Tou kawidiou,
OTTWCG TTEPIYPAPBNKE Kal yia TNV P dopiknA Teploxr) Tou oteAéxoug VA387 e 1o
oUNTTAOKO A (ouvBEeTIKO) Kai TO B tpicakxapidio (51), (€IK.7).

Eik.7. H dopn g P mepioxrig evog kayidiou Gll.4 og ouvdeon pe Tov utrodoxéa. MNa kade A:B
Oipepéc Tou aMnAemdpd, umdpyxouv OUO TraVOMOIOTUTIEC TEPIOXEC aUvdeang Tou
Siapopoewvovial amd dUo eudIAKpITEC TEPIOXEC OTNV eKTEBEINEVN em@dveid. H tepioxn 1
(MWPB), aAAnAemdpd dueca pe TNV opdda e Poukddng Tou B-tpiugpoulc, diapopPuvovTac
Ioxupoug Oeopolg udpoybvou. H Trepioxi 2 (pol), Tapéxel TIC OITOHAKPUTHEVEC
aAANAeTIOPAOEIG, TTOU OTABEPOTTOIOUY TN DEQUEUON.

B-1pipepéc: mpdoivo, aAhuaida A: ptAe, AAucida B: ykpico, (51).
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1.4.2 O TmoAupop@ikdg uttodoxEag Twv Nopolwy

Exel reipapatikd atrodeixtei Ot Ta KA popia VLPs ptropouv Kal evwvovTal
ME Toug udatdavBpakeg Twv ouddwyv aiyato¢ HBGAs o1 o1Toiol atroteAouv
ONMOVTIKA PopIa yIa TNV 1K TTEPATWON TNG MOAUVOEWS in vivo (70-76). Ol
uTTOOOXEIC  QUTOI, AVAKOUV ~ OTNV  OIKOYEVEID  €VOC  CUMTTAEYMATOG
TTOAUCaKXapPIDiwyY, PPICKOVTAl OTNV ETTIQPAVEIX TWV E£PUBPOKUTTAPWY KAl
ek@palovTal oTo evtePIKO Kal avaTTveuoTiKO e€mBAAio. ETtriong, €éxouv Ppedei
Kal 0& AAAEC BIOAOYIKEG €KKpIOoEIG, OTTWG TN oigho, (76). H ékppaon Twv
HBGASs, puBpicetal atrd éva peydho apiBud yovidiwy, Ta oTToia Kal kaBopifouv
TTOI0 a1 Ta TPIa PBIOXNMIKE povotrdtia Ba akoAouBei. Auth n TTOIKIAIG
eTTIAOYNG, odnyei 010 TToAUpoPPIKS cuoTnua ABO, 610 Lewis kal oTnv TTOIKIAIQ
Qaivotuttwy, (eIk. 8). H ouvBeon Twv HBGAs gekivdel pe évav mTpddpopo
dioakyapitn (Galb1-3GIcNAC, povotrdr 1) OTTou OTnV CUVEXEID TTPOCTIBEVTA,
d1adoxIKG, HOVOCOKXaPITEC ammd  DIGQOPETIKEG  YAUKOGUATPAVOQPEPATES
(glycosyltransferases). To trpoidv Tou yovidiou FUT3, yvwoTto kal wg €viuuo
Lewis, kwdikotroiei pia fucosyltransferase, n omoia TPocOETEl KATAAOITTO
Qoukdlng atoug 1,3 N 1,4 cuvdéopoug Tou TTPOSPOUOU [Hopiou OdNywWVTAg
€101, OTNV oUVBeon Tou TPIoakxapidiou (Lea) Tou Lewis A @aivotutrou. Na va
TTPAYMATOTTOINGE TO MOVOTTATI KAl VO OAOKANPWOEI 0 QaIvOTUTTIOC, aTTapaiTnTn
gival N oupperoxn Tou FUT2 yovidiou, TTou KWOIKOTTOIET JE TNV CEIPA TOU MIO
fucosyltransferase, n omoia TPOCOETEl POvOoTakyapite¢ atn ouvdeon 1,2,
dnMIoUPYWVTAG TEAIKA TO avTiyovo H tutTtou 1. H trapoucia ) atroudia twv
FUT2 n FUT3 aAAnAdpopowy yovidiwv oe évav opyaviouod, MTTOPEI va
kaBopioel 10 €dv Ba eival emppeTric 0TV TTPOGROA amd Nopoid (77),

(Trivakag 2).
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Mivakag 2. Evdeiktikn Aiota amd VLPSs nkd poépia kan ouvBetikd HBGAS.

VLP GG Year le™ I 1La® A B H3 L Le"

Norwalk L | 268 < > > >

West Chester . 200 | >

SoV 1.2 | 999 > b

DSV 1.3 | 999 > >

Chita |4 2000 >

HW 1.1 1971 >

Werbaden 1.1 2001

SMV Iz 1976 >

Bucds nz 2002

Ina 1z 2002

v 13 e > >

GiIL4.1987 1.4 1987 X b4
GliL4.1987.D393G Il.4 2007" X X X

Glil.4.1997 1. | 997 >x X X >
GlIl.4.2002a 1.4 2002 > > b4
Gil.4.2002 1.4 2004 > >
Gll.4 2004 1.+ 2004

Gll.4.2005 1.4 2005

Gll.4 2006 1. 2006 > X X

M7 1.4 | 999

MW v 2004

VLP, virus-like particle; GG, genogroup and genocluster
TA mutant generated in 2007,

ATTO peAETEC TTPOCOROARG TOou 10U 0t TTANBUCHOUG, KaBwg Kal atro TTeipauara
TTPOKANONG TTPOCROANC TOU 10U € EBEAOVTEG, TTPOEKUWAV ONUAVTIKEG EVOEIEEIC
011 n €ékepaon Twv udardvBpakikwyv HBGAs utrodoxéwv atroteAel €vav
QUOIKG OEKTN 1] TOUAdxIOTOV £vav QTTapaitnTO CUuvVITaPAyovTa yia Tnv
Béopeuaon Tou 10U (75, 78-80). MeAéteg otoug Nopoioug, €BeiEav OTI KATTOIO!
avBpwTrivol opyaviopoi dev ptmopouv va TTpooBAnBouv atrd Tov 16 Kal
EVIOXUBNKE n utréBeon 4TI, N «avooia» wg TTPOG TN HOAuvon dev oQeINOTAV OF
mBavad avTicwHaTa Ta OTToia TTPOUTTAPXAV OTOV OpPYavioUO TOug aAAG Ot
OUYKEKPIMEVEC OMAdEC aipaTog (81-83). Zuykekpiuéva, o€ Wia ammd auTég TIC
MEAETEC TTapaTnerBnke Ot Otav Ao KATTOI0 OpyavioHO AeiTel 0 €18IKOC
Qaivotuttog  yia TNV ékkpion Twv HBGAs utrodoxéwyv, eu@avileral
avBekTiIKOTNTA O0TN POAuven atrd Nopoid (75). Mo Tpdo@aTteg HEAETEG, £DeIEav
OTI opyaviopoi pe opdda aipartog O eival o emppeTTeic 0T HOAUvVON, Of
ox€on ME OAEC TIC AAAEG ouadeg (79). Ze avtiBeon Twv TTAPATTAVW, Ot AAAEG
MEAETEC TTOPATNENRONKE OTI Ta ATOMa TToU OtV €AV TOV OUYKEKPIMEVO
QAIVOTUTTO €KKPIONG, EUGAVICaV ONUAVTIKA XAUNAOGTEPO TITAO QVTICWMATWY
ota oTeAéEXN Tou 10U (Gll.4), og oxéon ME TQ ATOMA TTOU EiXaV TOV QAIVOTUTTO
EKKpIonG (84) ka1 OTI Ta ATOpa TA OTToia gixav opada aipatog B, eugavifav TIC

AlYOTEPEC ETTITTTWOEIC ATTO TNV MOAuveon Tou 10U (GlI) (80).
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s FUTS
Gat T G- EEEEYE

LeA or LeX Precursor
FUT1 or FUT2

FUT3
tc--f&m o & e

Le® or Le¥ Htype 1, 2 or 3.

A Elz7 \E-n-e

mG-n c-r—w-smm
A antigen B antigen

Eik.8. Ta BioouvBenkd povorrdna twv HBGAs, pe evluuikég diagopotroioelc amd ta FUTT,
FUT2 kai FUT3 yovidia. (A) O tdmoc 1, 2 1 3 pmopei va tpotrotroindei yia va mapdyel yia
TOoIKIAIQ Sla@opeTIKWV avTiyévwy amé diagopeTikd Eviupa, oudtrepidaupavouévwy Twyv FUT1,
FUT2 4 FUT3 kai 1a A kai B évfupa. O1 10trol 1 kai 3 €xouv tpotromroinBei amé 1o FUTZ2, 10
otoio wpooBETel Poukdln améd évav 1,2 alvdeopo ot1o TPodpopuo uopIo yia va TTapaxeei 10 H
avtiyévo, totou 1. To H avniyévo pmopei atnv ouvéxela va tpotrotroindei amé 10 A f; 10 B
évfupo yia va rapdéel ta A fj B avriyéva. Zrov 1010 2, 10 Tpodpopo péplo tpotroTroigital amd
FUT1 ora epuBpokuttapa, evwy amé 1o FUT2 ato BAevvoydvo. GAL: yaAaktéln, GIcNAC: N-
akeTuhoyAukolapivn, Fuc: goukdln, GalNAc: N-aketuhoyalakTolauivn.

1.5 ETEPOIENEIA KAI EZEEAIZH

1.5.1 H €&ENEN Tou Kawidiou

Méxpl onpepa, £xouv TTpayUaToTToiNBel TTOAEC HEAETEC YIO va KOBOPIOTEN N
guaioBnoia Tou avBpwTrivou TTANBuouoU otou¢ Nopoiolg, CuykpivovTag
oTEAEXN QTTO BIGPOPETIKEC YEVETIKEG OMADBEC /KAl DIOPOPETIKEC UTTOOMADEG.
‘Exel rpotaBei, 611 Ta OTEAEXN TO OTToid UTTAYOVTal OF £vav YEVOTUTTO Egival
TTapopola Kal 0TI O JIAPOPEC TTOU TUuXOV UTTAPYXOUV METAEU TOug, OEV
ETTAPKOUV WOTE VA TTPOKAAECOUY Mia Jovadikr) dvoon atravrnon. Evrouroig, n
emkpatnon g Gll.4 opddag wg kupia aitia TNG HOAuvong, kard 1 didpkeia

TWV TTPONYoUHEVWY 25 £TWY, KABWC Kal n duvatétnta auTAg va TTPOKAAECEI
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TavonuIkd kpououara ot TTANBUOUOUG, £XEI OUYKEVTPWOEI TO MEYOAUTEPO
evOIQ@EPOV yIa TOV KABOPIOHO TWwV XOAPOKTNPIOTIKWY YVWPIoHATWwY TnS. H
avAaAuon TnNG akoAouBiag Kal N HOPIaKr] QUAOYEVETIKI] AQVAAUCH TWV OTEAEXWV
g Gll.4 ouadag, é€xouv Ocigel 611 utropel va Olaipebei TTepaITEPW OF
UTTOOMAdEG, OTTOU N KABe Wi OXETICETOl ME Eva OUYKEKPIMEVO TTAVONMIKO
Kpououa (85), (k. 9 kai 10).
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Eik. 9. KdBe xpwpa avimpoowtelsl TIC aAAQYEC TOU QUIVOEEOC TTOU TTPOoSKUYAY UECT OTIC
Gll.4 utroopdadec.

H akohouBia tou VA387 Afebnke w¢ avagopd. Gll.4.1987. Camberwell kitpivo Gll.4.1997,
Grimsby kékkivo, GI1.2002 kai GIl.2002a Farmington Hills ptAe, GII.2004 Hunter mpdoivo,
GI1.2005 Sakai moprokdh kai GI1.2006 Minerva pwp. Ta GIL.2002 ko GIl.2002a eival
QVTITTPOOWTTEUTIKEC akoAouBieg amd tnv utroopdada Farmington Hills kal dia@épouv Yovo kard
OUo aupivo&éa, éva amd Ta otroia euTritel otn P2 mepioxn.

AuTéC o1 utroopadeg, TrepIAapBdavouv Tnv utroopdada Camberwell, otnv
oTToia UTTAyovTal O 10i TTou atropovwenkav amd 1o 1987 wg 10 1995, TNV
Grimsby 1995 - 2002, v Farmington Hills 2002 - 2004, tnv Hunter 2004 —
2006, tTnv Sakai 2004 - 2006 (85) kai Tnv utroopdda Minerva n otoia €xel
Tpdo@ara opIoTel TTEPIAANBAVOVTAC 10UC TTOU aviXveutnkav atmmd 1o 2006 kai
META. ETreidny n utrooudda Camberwell Bewpeital we N apxikr, dev ExEl AKOWN
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atrooa@nvioTel €av ol 10i TNG Gll.4 TTpoékuwav katd Tnv dekaeTia Tou '80 N
ATaV EVONMIKOI OTOUS avBpwITIVOUS TTANBUCOUS KOl TTPOYEVEDTERQ.

AvoAuoelg Twy @uloyeveTikwy dévipwy TNG Gll.4 Twv Nopoiwv £dsi§av OTI
ol 10i auToi eEgAixBnkav OvTwe PHEow TNG €EENIENG KAl TTWG PEPIKES UTTOOUADEG
Toug diatnpnenkav yia apketra €rn (Camberwell kai Grimsby) (85, 86-88),
(ek.10).

Eik.10. <duloyevenkd Oévipo tng P2 umomepioxi¢ Tmou TPOEKUWE ammd  TOAAATTAN
guBuypdupion xpnoigotroioviag 10 Mmelliavd (Bayesian) meipapankd cupmépaocpa. To
O0€vTpo Oeixvel 6T Kal ol £€1 UTTOOUABEG gival EUBIAKPITEC Kal TTPOEKUWAV ATTO TNV UTTOOHGdA
Camberwell. Camberwell kitpivo, Grimsby kokkivo, Farmington Hills pytAg, Hunter wpdaoivo,
Sakai opTokaAi kar Minerva pwp.

Z& XOpPTOYPAYPNON TTOU TTPAYMATOTTOINBNKE O0TN dopr Tou oteAéxoug VA387
¢ Gll.4 Ttwv Nopoiwv, yia TNV HEAETN TNG TTOIKIAOMOP®IAC METAEU Twv
UTTOOMAdWY atTodeixTNKE, OTI £éva PEYAAO HEPOC TNG TTOIKIAOUOP®IAC WETAEU
aQuTwyv Bpioketal pEoa f; KOVTA OTIC TTEPIOXEC Ofopeuons, (eik.11). Ao TIC

TTOPATNPACEIC QUTEG, TTPOEKUWE N utroBeon OTI, O METABRANTEG TTEPIOXEG
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emTpétTouv o€ dlagopeTikoug 100¢ NG Gll.4 utTrooudadag va TTapakdauyouy TNy
avBpwTTivn dvoon amdvinon aAAAovTag TIG TTEPIOXEC QVAYVWPIONG TWV
avTiowpaTwy, (Tivakag 3). Téhog, o€ o  Tpoo@atn HEAETN  (85),
TapaTtneEAenke 611 n Gll.4 opdda utropei kal e€eAicoeral Katd TNV SIAPKEIR TNG

QavooOAOYIKAG ATTAvVTNONG.

Eik.11. MNoikihoyopeia Twv 1wv Gll.4 Trou xaprtoypagolvial emdvw oe diyepr]. O1 Gopég
ToroBsToUVIaN amd apIoTEPd TPOg Jeid, amd TNV KOPUQI TTPOG TO KATWTATO Onueio: (A)
OIlyEpEG pe DUO TTAVOUOIOTUTTEG KOIAOTNTEG KaPE kai ekpol, (B) Camberwell (Gl1.4.1987)
KiTpivo, (C) Grimsby (GI1.4.1997) k6kkivo, (D) Farmington Hills (Gl1.4.2002) ptAe, (E) Hunter
(GI1.4.2004) rpdoivo, (F) Sakai (GI1.4.2005) oprokdAl, (G) aAAayég TTou epgavioTnkav oty
utroopdda Minerva (Gll1.4.2006) pwp.
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Mivakag 3. O1 opddeg Camberwell kal Grimsby gu@avidouv TTapouoIa aviyovikoTnTa, Kitpivo.
Farmington Hills prAg, Hunter pdaoivo, Sakai moptokdAl. O1 U0 SIAQOPETIKEC ATTOXPUWCEIC TOU
MTTAE Beixvouv dUo Bla@opeTIKOUG avTIyovIKoUg TUTTOUG aTn utrooudda Farmington Hills.

- G114 antisera

VLP | GIL4.1987 | GIL4.1997 | GIL4.2002a | GIL4.2002 | GIL4.2004 | GIL4.2005

GILA.1987 100 6l 10 6 12 22
GIL4.1997 100 100 7 46 25 19
GIL4.2002a 2 I 4 ] 4
GIL4.2002 2l 1 19 100 21 2
GIL4.2004 17 § 10 I8 27
GIL4.2005 4 9 b 17 32

1.5.2 AvTiyovikéG TTapaAAayEG KOl VOO OTTOINON

H karavonon g egEAgns tng Gll.4 yevetikng opadag Twv Nopoiwv gival
KaBOPIOTIKAG ONUACIAg, TTPOKEIMEVOU VA DIEUKPIVIOTEI O TPOTTOG HE TOV OTTOIO
Ol 10i QUTOI UTTOPOUV Kal ATTOPEUYOUV TNV AVOCOAOYIKFA QTTAVTNON TOU EEVIOTH.
To mpdTuTTo TNG £EENIENG TTPOTEIVEL, OTI Evag TTANBUCUOG TTPOEPXOMEVOS aTTO
Tov 16 @BAvel gg pia TTePIOdO PAIVOTUTTIKAG OTACINOTNTAG, KATA TNV dIdpKEIa
TNG OTTOIag, MTTOPOUV VO CUCCWPEUTOUV OUDETEPEC METAANGEEIC, OI OTTOIEG DEV
aokouv Kauia emmppor atnv Asitoupyia tou 100 (85, 86-88). O rpoepxOueEVOC
KOG TTANBUOHOC TTeEpVA éva BIACTNHA KATEXOVTAC OUDETEPEC METAAAGEEIC,
WOTTOU TEAIKG VO EUPAVIOTEI MIa OTTAVIO UETAAAAEN Kal va ETTITPEWEI OTOV 16 VA
apxioel kal AN va troAAatTAacialetal. To cuvoAo ¢ dladikaciag auTtig
TTPOKAAEI £va TEAIKO EKAEKTIKO «EEKQABAPITHA» TWV OUBETEPWY METAANAEEWY
TTOU E€iXAV OCUCOWPEUTE TTPIV QTmd TNV KaBopIoTIKA MHETAAAQEN Kal OTnv
TTACIOWN@ia TWV TTEPITITWOEWY, XWwpPIic va aoknBei karmoia emidpacn otV
AEITOUPYIKN IKavVOTNTA TOU 10U (85, 86-88) 1) atnv aAAayr] Tou GaivoTUTTOU TOU.

ZAMEPA, O OUOXETIOMOC METOEU TNG YEVETIKAC KAl  QAIVOTUTTIKAG
BIaPOoPOTTOINCNG TTAOPAMEVEI IO ONUAVTIKA EKKPEMAS £pwTtnon, 6cov agopd
TOUG 10U¢ TNG pitrng, TN Hmratindag C, TG avBpuwrivng avoCOaVETTAPKEIAC
kal Tou¢ Nopoiouc. H epunveia twyv BepeAiwdwy vopwy TToU BIETTOUV TNV
avTiyovikr} diagopoTroinan gival ONUAvTIKA, yia TNV KAartavonaon Tou TPOTToU UE
TOV OTTOIOV Ol 10i KQTA@EPVOUV VA TTAPAKAMTITOUV TNV avBpwTrivn dvoon

atrdvrnon. H emiteugn Tou Trapatravw otéxou Ba dnuioupynoel Tnv Bdon yia
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TNV Oavr TTEORAEWN TwV HEAAOVTIKWY OTEAEXWYV, ME ATTWTEPO OKOTTO TN
oxediaon aTTOTEAECUATIKWY EMPBOAIWY.

Katrd mn didpkeia tng eupaviong twv ouddwv Camberwell ko Grimsby,
geM@avioTnkav U0 eudIAKPITEC TTEPIOSOI YAIVOTUTTIKAG OTACINOTNTAC. H opdda
Camberwell emkpdtnoe ammd 10 1987 wg 10 1995, eupavidovrag eAaxIoTn
peTapAnTdTNTA. EVviOoUuTOoIC Oruepa, TTOAU AiyeC akoAoubieg cival dIaBEoiueg
QaTTO QUTAV TNV UTTOOMAdA, pE OTTOTEAECOHA, N €EEAIKTIKA TNG €ikdva va gival
eMITG. Oa tpétrel va avagepBei 611 n Camberwell artroteAei TNV TTPWTN
opada Twv wv Gll.4. H pyetdAAagn TTOU guavioTnke otnv opada Grimsby
odAynoe o€ aAAayEC OTO KOWidIo, EMTPETTOVIAC TNG TNV  TTPOKANCN
TTPOCOROANC o HiIa aufavouevn ocipd Eeviotwy. Kartd mapddofo 1po1T0, 0!I
ouddeg  Camberwell kar  Grimsby  ouvdudlovtal  METOEU  TOUG,
QVTITTPOCWTTEUOVTAG £TCI MIA EVIQIQ ETTOXN AVTIYOVIKAG OTACINOTNTAC, KUPIWG
AOyw TnNG atToudiag  eu@AvVIONG  aQviXVeUOIUNG oAAayng o€ etTitredo
avoooAoyIKAG atravinong évavti Twv 1wV Gll.4 atd 1o 1987 wg 1o 2000, TTapd
TOU OTI 19 OXETIKEC aAAQYEC auIvOEEwyv gu@avioTnkav oTo Kawidlio Katd Tn
didpkela autig NG TePIodou. H oudda Grimsby, mlavwg, egeAixbnke, He
ammoTéAeoua v péAuvon  uiag  TTpdoBetng opddag Tou  TTANBuCOU,
TTAPATEIVOVTAC £TC1 KAl TNV TTEPIODO TN AVTIYOVIKAC OTACINOTNTAG KAl N
emTpETTOoVTag Toug 10Ug Gll.4 va diatnprioouv TIG avTIyOVIKEG Toug 1IB10TNTEG. O
10i amrd TNV Grimsby opdda TTPOKAAECAV MIO CNUAVTIKA TTavOnia, yeyovog
TTou £0eiEe OTl éva uEYAGAO TTOCOOTO TOu €UuTTadr] TTANBucuou TmBavov
MOAUVONKE Kal CUVETTWES avETTTUEE avooia. Aedopévou OTI N avooia augrdnke,
N QUGoN ToU 10U £TTERAAAE KAl TNV aUENoN aAAaywWYV Tou, 0dNYywVTag £T01 O€ £va
VEO QaIVOTUTTO, O OTTOIOG EVTOTTIOTNKE OTNV uTToouada Farmington Hills.

Mia xapaktnpioTik) dla@opd TToU OnuUEIBNKE Katd 1N dIdPKEIa TNG
eM@Aviong NG opadag Farmington Hills, Atav éva povo €vBeTo apIVOEEWV
auEowC METG atrd T Béon 393 otn P2 Trepioxn). H aAAayr autry diatnpnonke
og OAEC TIC TTPOCYPATEC OMADEG, eV onNuEILBNKav Kal dUo BIaQOPOTTOINTEIS
oTI KawIdIkéEC akoAouBieg, TTapdyoviag VLPs pe peydAeg dla@opég OTIg
IKavoTnTeg déopeuons HBGAs Kabwg eTTiong Kol OTOV QVTIYOVIKO QaIVOTUTTO.
O1 diopopéc peTagu autwy Twyv akoAouBiwy Twy GII.4-2002 kai GlI.4-20023a,
kaBopilovTal atrd TIC AVTIKATAOTACEIC TG P1 uttotrEPIOXAG OTTOU MIa TTPOAIVN

avTikaBiotatal ammd pia oepivn otn B€on 226 kai TG P2 uttotrepioxng otrou
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Mia aAavivn avTtikaBiotaTtal atmd pia Bpeovivn otn Béon 395. Av Kai n aAAayn
otnv Trepioxn P2 ival repiocdtepo ekTeBeIEVN OTNV EMQAVEIQ, Eival aTTiBavo
va OleukoAuvBei auty n oMoyl oe GIlL.4-2002a (mivakag 3), yiati n
QVTIKATAOTOON autr Bpioketal kKol e AAAeg utroouddeg ¢ Gll.4, (eik. 9).
Katd ouvérreia, n ahayr tng P1 mepioxric (P226S) kaBopilel Evav onuavTikd
QVTIYOVIKO Kupiapxo emTiTotro (85), 0 0110iog €ival N apXIKr UTTopovAada evog
aAou avTiyovikou emitoTTou. O OpXIKOG QUTOG  QVTIYOVIKOG  ETTITOTTOG,
AVayVWPIZETAI EUKOASTEPA ATTO TO AVOCOTTOINTIKO CUCTNMA TWwV EEVIOTWYV Kal
ETTOMEVWC EXEI MEYIOTN ETTIPPON OTNV £CEIBIKEUON TWV QVTICWUATWV.

Autn n popery avoong diaguyng cival JIAQOPETIK AtTd TNV TTPONYoUMEVN,
Adyw TOU OTI poOvo dUo avTikaraotdoelg odriyncav o€ dUO QPAIVOTUTTIKEG
aAAayEG (VEa avTiyoviKOTnTa Kol aAAaypévn ouvdeon HBGAS) evw kapia atrd
TIC TTPOCOETEC METAAAAEEIC Bev eEaAeipOnKe. Katd ouvETTEIR, CUUTTEPAivETAl OTI
N avtiyovik €EEAIEN eupavioTnke PEoa oTtnv uttoopada Farmington Hills,
DIEUKOAUVOVTAC TNV YPAYOPN EMQAVION MIGG VvEAC TTAPAAANAYAG, IKAVAC VA
TPoodeBel e pia oeipd diagopeTikwy HBGAs. Av kai gival duvatd katd
didpkela TNG OTATIKAC TTEPIGdoU dUO TTANBUGOoiI va ouykAivav otnv idia
ommavia METAAAQEN TTou €D0woe TOUG VEOUG QaIvOTUTTOUG, Ba nArav Opwg
1Biaitepa atiBavo ta 18 atrd 1a 20 mpdobeta auvogéa Tou cuvdEoVTal [E TNV
oudda Farmington Hills kai gixav cucowpeuTel TUXAIQ, va gival TTAVOUOIOTUTTO
Kal oToug duo TAnBuopouc. H mBavétepn umrdbeon eivar 611 n oudda
Farmington Hills mrpoékuwe w¢ pia PETAAAAEN KOl OTNV GUVEXEIQ N AVTIYOVIKN
€CENIEN ETTETPEWE TNV QTTOQUYN TNS AVOTIaG.

To 2003 pia peAéETn (89), oe acBevry TTou €ixe TPooPANBei atrd Nopoioug
NG opadag Gll, €deike 611 n avridpaon AVTIOWUATWY PE TA IIKE cwuaTidia
MTTOPEl oTadIaKd va odnynoel Tov 16 o€ dnuioupyia JETOANAEEWY, KUpiwg OTO
KaWidlo, Ol OToiEC €XOUV WG QTTOTEAECUA TNV  TTAPEUTTOdION TOU
TTPOORERBANUEVOU OpyaVIOUOU VO QVATITUEEI avooia KaBwg £TTiong Kol Tnv
METATPOTIA TNG Ofeiag poAuvong oe xpdvia Aociuwen (89). Ztnv TrepITTTWON
auTr, EVvw TO ATOMO ATav coPRapd avoookataoTaAuévo (CD4/CD8 0.37), eixe
diatneroel ABIKTN OPOAOYIKA Avoon aTTAvVTNeN ME KAVOVIKEG CUYKEVTPWOEIC

Twv avoocoogaipivwy (Ig), 19G, IgA, kar IgM.
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Eik.12. MBavoi etritotrol otnv em@aveia twyv Gll.4 1wv

(A) MpoPAeduevec degueuTIKEC BECEIC XapToypa@nuéveg TTavw a1o diepéc. ©¢on 1, WO, BEon 2
pol, utroAeippara aAucidac A kOkkIvo, uTToAsidpara B ahuoidag, UrAe.

(B) Xaproypdenon 1omoBeoiiv ¢ BeTKiA¢ emAOYA¢ kal HETABOAC eTTAvW OTNnV TpoeEExouoa doprn
Oimha oro BUAaka oUvdeonc otV O EKTEOEIEV GKpn Tou kawidiou-utrodoxéa. OEoeiC TToU
AgitoupyoUv uTrd BeTik emAoyh KiTpivo, METABANTA Tufpata PTTAE, B€on déapeuang Tou uTrodoxEa
paupo. O1 Bewpodpevol eTTiTOTTol onuEIwvovTal wes A, B, C, D, E.

Otrwg kai pe Tov 16 TnG pitng, N oxéon petagu NG £€€AIENGS Twv Nopoiwv
KAl TWV HOPIOKWY MNXAVIOHWY TNG QVTIYOVIKNG TTOIKINOMOP®IAg, O1 OTToiol
emTPETTOUV TN dlaguyr amd TNV avoOOAOYIKA OTTavTnon Tou EevioTr, Eival
ouvBeTol. Ev o1 peTaAAGEeIg Bivouv a@oppn yia EUQAVION VEWV OTEAEXWV,
UTTAPXOUV ETTIONG OTOIXEIa OTI N AVTIYOVIKr] EEENIEN EM@AVICETAI KQI OE UEPIKES
OMGdEG, O OTTOIEC ETITPETTOUV TN Blaguyr atrd TNV avOoCOAOYIKr ATTAvVTNON TOU
Eeviot] DIeUKOAUVOVTAC £TOI TNV ETTEKTACN TOUC O€ TTPONYOUNEVA aVOEKTIKOUG
TTANBUCpOUC. EmirAéov, £xeEl EVIOTTIOTEI OTI TOUAGXIOTOV TTEVTE TTEPIOXEC TNG
Gll.4 otn kawidikA em@aveia TNG TepIoxns P2, Aeitoupyolv katw atd BeTIKA
EMAOY] KOl QUTEC Ol TTIEPIOXEG WMTTOPEI va  QVTITTPOCWTTEUCOUV  TOUG
BewpnTIKOUC avTIyoVIKOUG ETTITOTTOUG (€IK.12), 01 OTTOi0I TTOIKIAAOUV TOOO, WOTE
va emTPEWoUV TN diaguyr) atrd TNV avoaoAOYIKr aTTavTnon Tou EEVIOTH.

Kard ouvémeia, n €€ENEN oe emimedo TANBUOPWY OUVOEETQNI HE TNV
avTiyovikr) €EEMIEN Tou KABe atduou EexwpIoTd HECQ OTOV TTANBUCUO.
Mepaitépw PEAETEC E KPUOTAAAIKEC DOMEC TWY MADS TTOU BECUEUOVTAI OTOUG
diagopoug erritorroug TG Gll.4 Tou P Biyepole, eival atrapaitnTeg, yia vo
BleuKpIVioouv Tn oUVBETN OxEan PETASU TNG YEVETIKNG TTOIKINOHOP®IAG KAl TOU

QVTIYOVIKOU (paIvOTUTTOU.
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1.6 EMIAHMIOAOTIA

2TOIXEIQ ETIBNMIOAOYIAC MTTOPOUV VA TTPOKUWOUV ATTO OXETIKEG EKOETEIC
TTOU UTTORAAAOVTAI £TNCIWG atTO KEVTPA EAEYXOU Kal TTPOANWNG Ta OTToIa Eival
UTTEUBUVA VIO TNV KATAYPAEN TTEQITITWOEWY KAl QVTIOTOIXWY KAIVIKWY EIKOVWV.
2TIC TACIEG AUTEC ekBETeIC, o1 Nopoioi KaTaypd@ovTal £TNCIWS w¢ UTTEUBUVOI
yia TTavw atrd 10 96% TWV TTEPITTTWOEWY N PAKTNEIAKAS O&eiag emIdNUIKNAG
YOOTPEVTEPITIOAEG, ME TOUAAXIOTOV 23 EKATOMMUPIA HOAUVOEIC €TNCIWG HOVO
omig Hvwpéveg TMoAiteieg Apepikng, 70.000 sicaywyéC O VOOOKOMEIQ Kal
oxedov 800 Bavdroug, (90). Ze TTayKOCUIa KAIMOKO Ta IO TOUAAXIOTOV aTTd
OAa Ta Kpouopata yaoTpevtepiTidag atrodidovral ae Nopoioug, KaBIoTWVTAg
€101 TNV OMAdG QUTH TWV IV WE TNV TTEPICCOTEPO KOIVI QITia EUPAVIONS
otropadikn¢ didppolag ot etriredo TTANBucuoU (2, 90).

H mepiodog emwaong, yia TNV EPEAVION TWV TTPWTWY XAPAKTNPICTIKWV
CUMTITWHATWY, META atrd Tnv TTPOCRoAn Ttou avBpwTtrou atrd Ttov 10, Eival
YEVIKA 24 — 48 wpeg, ME Ta KAIVIKG CUUTTTWHATA va SlapKouv atro 12 éwg 72
wpeS. H TTapoudiaon Twv CUPTTTWUATWY PTTOPED va TTapatabei oc PEPIKES
TTEPITITWOEIG, 101AITEPA METAEU TWV NAIKIWPEVWY 1] AVOCOKATACTOAMEVWY. Ta
CUMTTITWHATA TNG MOAuvong TrepIAapBavouy 1a €ENC: eUETd (69%), didppoia
(66%), vautia (79%), XxaunAO TTUpeTO (37%) Kal KOIAIGKOUG oTTacgpous (30%)
(91).

Ta 1mpoegpxOueva atrd Tov 10 cwHaTidla, €xouv avixveuBei péxpr kar 3
ELOONABEC PETA TNV TTAUCN TWV CUMTITWHATWY. ETTiong, emeidny n pdéAuvon
atrd Nopoid xpeidletal TTOAU XAUNAN MOAUCHAOTIK) BOON Kal gival EAIPETIKA
otafepr) oto TEPIBAAAOY, n Biadoon Twv NOPOIWV TTPAYUATOTTOIEITAI TTOAU
€UKOAQ at1TO AvBpwWTTO 0 AvBpwTTO.

Av kai 6Aol o1 TTAnBucpoi eival guaioBbnTol otn POAUVON, O NAIKIWPEVOI
gMQavICovTal W OI TTI0 uaicdnTol oTnV TTPOGROAr atrd Tov 10 (92, 93). EkTd¢
atro TNV augnuévn eualiodnoia Twv NAIKIWHEVWY, PEYAAO Kivduvo diatpéxouv
Ol TTOAU VvEOI QAA& Kal Ol avOoOOKATAOTAAUEVOl (94-96). AuoTtuxwg, n
TTPAYMATIKA  vooneotnTa KaBWw¢ Kal Ta TT0000Td  Bvnoiudtnrtag  Trou
TTPOKUTTTOUV QTTO TIC MOAUVGEIC TOU 10U OTOUG TTANBUGHOUS uwnAou Kiviuvou
TTapapévouv akaBoépIoTa, KABwg £TTioNG KAl O QVTIKTUTTOS TNS MOAuvong Tou

10U g€ VATTIA KAl o€ TTaIdIA OTOV QVATITUCGOUEVO KOGO.
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O1 poAuvoelig atrd Tov 16, cuvdEovTal CUXVOTEPO ME TNV KATAVAAWON
MOAUCHEVWY TPOPWV Kal vepwy. H diddoon Ttou yivetal Kupiwg péow TNG
avlpwTTIVNG ETTAPNG, TNG €KBEONC O MOAUCHEVA QEPOAUUOTA KAl PECW TIC
TTEPITTWHATIKAG 000U (97).

Tig TTePICCOTEPEC POPEC, TA KPOUOHATa gu@aviovral péoa og 1DpUNaTQ,
OTTWG Ta OXOAgia, oI IBIWTIKEC KAIVIKEG, TA YNPOKOWMEIQ, T VOOOKOUEIQ | O¢
TOTTOBECIEC OTTOU N OTEVH AVvOPWTTIVN ETTAQN €ival avatTOPeukTn, OTTWS OE
KpouadllepOTTAOIQ, O€ OTPATIWTIKG OKAPN 1| KAl OTPATIWTIKEG MOVADEC.

O1 yeveTikég opadeg Gl kai Gl kal o1 Gvw Twy 25 SIOPOPETIKWY YEVETIKUWY
YEVOTUTTWY TTOU QUTEC TTEPIAAMPBAVOUY, QTTOTEAOUV TNV TTASIOWNQIa  Twv
avBpwTivwy TaBoyévwy. Evtoutolg, ta kpoucouara NG Gll.4 oudadag,
ep@avifovtal ouxvotepa atmmd otroiodATToTe AAAN (92, 98,99). MNa tov Adyo
auTd, N TTAEIOWNQIa TWV KPOUCHATWY TTOU TTPOEPXOVTAI OTTd TOV 10 OPEiAovTal
otov yevotutro GllL.4. H travdnuia TTou autdg TTPOKOAEI, avayvwpioTNKE YIO
TTPWTN Qopd ota péoa NG dekaetieg Tou 90 (100). Katd tn didpkeia Tou 1995-
1996, 10 oTEAEXOC US95/96 aTTOTEAECE TOV QITIOAOYIKO TTAPAYOVTA VIO TO 55%
TWV KPOUOMATWY OTIC Hvwpuéveg TMoAiTeieg kal yia 10 85% Twv KPOUGUATWY
oTig Katw Xwpeg (101). Metagu tou 2000 kai Tou 2004, o otéAexog US95/96
eixe avrikaraoTtaBei atrd duo Gll.4 véeg Taparrayég. 2Ti¢ Hvwpéveg MNMoAiTeieg,
10 oTéAexog Farmington Hills (102) ouvdébnke TeAIKG pe 1O 80% Twv 0&Ewv
KPOUCOMATWY YOOTPEVTEPITIONG.

Tautdxpova, otnv Eupwtn, uia véa troikilopopgia Twv Gll.4 kai Gll.4b,
TTPOKAAECQV KPOUGHATA KATA TN JIGPKEIX TOU XEIMWVA, TNG AvoIgng, Kal Tou
KaAokaipiou (103, 104). O1 emMTTTWOEIC TWV KPOUCHATWY TOU 10U KATA TN
didpkela Tou xeldwva tou 2002-2003 €xouv TOTTOBETNBEI WG O UWPNASTEPES OE
KPOUOMATA YOOTPEVTEPITIOAG, OTTWG EXEl YVWOTOTTOINGEI KAl KATAYPAPEI OTIC
Hvwpuéveg TMoAiteie¢ kar otnv Eupwtn (92, 105, 106). To 2004, n
TToIKIAOpop@ia Tou oTeAéxoug GllL4  avixveuBnke otnv AucoTpaAia, Tnv
EupwTtn, kar tnv Acia (104, 107, 108). To oTéAeXoC auTd, QVTIKATAOTAONKE
oTI apxéc Tou 2006 ammd OUO VEEC KUKAOQOPOUGCEC TTOIKIAOMOPQIEC TOU
Gll.4omig Hvwpéveg MoAiteieg, otnv Eupwtn, kai otnv Acia (109). Mia atrd
autég ATav n Sakai, n oTroia avTITTPOOWTTEUElI Eva KAIVOUPYIO OTEAEXOS TNG
Gll.4 ka1 €xel ouvdEeBEl Pe Ta KPOUOATA TTOU EUPAVICOVTAl OTIG EYKATOOTACEIG

UYEIOVOUIKNG TTEPIBaAwneG otn NoTtioavaTtoAikr Agcia, (95). Ta oteAéxn TTou
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eMaviCouv opoIdTNTEG ME TO OTéEAEXOG Sakai TrpocdiopiovTal €TTiIONG OTIG
Hvwpéveg TMoAireieg kar 1Ic Katw Xwpeg. To DeUTEPO OTEAEXOG, TO OTTOIO
TTPoodIopicTNKE Kal TTAAI 0TI Hvwuéveg MoAiteieg Atav 1o otéAexo¢ Minerva.
To otéAexo¢ autod, atrodeixtnke OTI NTAV TAUTOONMO ME TA OTEAEXN TG OTTOIA
gixav atropovwOei oTIc Katw Xwpeg (110).

Katd 1t didpkeia tou 2006, oto €Bvikd gpyaoTtripio Calici iwv Twv H.IMA.
egeTdoTnkav Pe TNV xprion tng peBddou RT-PCR, 761 deiyparta KoTTpdvwy Ta
otToia TTpoEpxovTav amo 126 kpoucouarta ot Hvwpéveg MoAiteieg. O 16¢
empBeRaiwbnke o 114 (90%) amd autd T1a Kpououpata Kol 87 (76%)
ouvdEBnkav pe TIG duo véeg Gll4 TToikIAopop®ieg Tou 10U (Minerva kai Sakai)
(111).

Ao 10 2006 péxpl onuepa, n epeavion véwv oteAexwyv Nopoiwv avd
OuXVA XPOVIKA BIaoTAMAOTA €ival OUxVH. Z& TTOAAEC XWPEC OTTWG Eival N
Aiyutrtog, n Ivdia kai n AQPIK, N EMEAVION KAIVOUPYIWY OTEAEXWY TA OTTOIA
avAkouv oTnv YeveTik ouada Gll.4 aAAd oTTEXOUV QUAOYEVETIKA ME TA
UTTOAOITTO OTEAEXN TOU YEVOTUTTOU AQuBAvEl xwpa TTepiTTou ava duo €tn (112-
114).

1.6.1 MpdAnwn ka1 EAeyX0¢

H avetrapkAg yvwon Kal Katavonaon Tou Jnxaviopou dpdong Twy Nopoiwy
EXEl ATTOTEAETElI AVAOTAATIKO TTAPAYOVTA YIQ TNV AVATTITUEN OTTOTEAEGUATIKWV
MEOODWYV avTiyeTwmong Toug. Méxpr onuepa, yia v TTPOANWN TNG
eCATTAWONG TNG MOAUVONC CUVIOTATAI N ATTOMOVWOTN TWV KPOUTHATWY aTTd TOV
TTANBUONS, evw n dIAxEIpPION AQUTWY AVTIMETWTTICETAl AVA CUUTTTWHA, OTTWG
TTAPEVTEPIKN 1] BIa GTOUATOG XOPHYNON UYPWY Kol BEpaTTEia atToKaTaoTaoNng
NAekTpoAuTWwyY (115).

O1rwg éxel ndn avaeepBei, o1 Nopoioi,epgavifouv PIKPr XPOVIKr TTepiodo
ETTWAONG, N oTroia givar 1IdiaiTepa HOAUCHATIKA. Mapouaidlouv XapaKTNPICTIKA
o1alepdTNTd 010 TEPIBAAANOV, OTO XAWPIO, OTO OIVOTIVEUMO KOl OTO METPO
atrooTeipwong (38). H diokotr NG pETAdoong TG MOAUVONG ATTOTEAEI TNV

ApXIKN OTPATNYIKA yia TNV TTPOANWN, €I8IKA Of VOCOOKOMEIQ KAl Ot KEVTPQ
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TEPIBOAWNE eutmaBwyv  ouddwy, Ommw¢  TaIdId,  NAIKIWUEVOI KOl
avoookataoTaAuévol (103).

ECioou onuavtiky €ivar n petadoon Ttou 10U otrd  DeuTEPORABMIOUG
TTAPAYOVTEG, OTTWC N KATAVAAWGN MOAUCUEVWY TPOQIUWY KAl VEQWYV. TNV
TTEPITITWON AUTH, WG ATTOTEAECHATIKOTEPOG TPOTTOC MEIWONG TNG HETAdOONG
TOU 10U €ival N TAPNON KATTOIWV OTTAWV KavOvwy UyIEIVAG OTTwE, XPron
OQTTOUVIOU Kol (eoTou vepou yia 20 BeutepOAettta. Q¢ QTTOTEAECUATIKA
QTTOAUMAVTIKG BewpouvTtal 6ca TTEPIEXOUV UTTOXAWPIWDN, UuTTEPOLEIBIO TOU
udpoydvou Kal PaivoAikad Trapdywya (116), n moon EUPIGAWNEVOU VEPOU KAl
TTOTWV XWPIG TTAyo KaTd TNV didpkeia TagIdIwy O€ TTEPIOXEC OTTOU N UYIEIVH TOU
VEPOU €ival ap@iopnTouuevn, N BPwon TPOQIUWY TToU Eival AETTTOUEPWS
Mayeipeupéva Kal TEAOG, N aTroQuyry OTEVAG ETTAPAC ME ATOMA TO OTTOIx

gM@avifouv oToixeia NS KAIVIKAG €IKOvag NG WoAuvong (116).

1.6.2 EpRONa

Kupio gutrddio yia tTnv €miTuxr dnuIoupyia atmOTEAECUATIKOU ElBOAIOU
évavtl Twv Nopoiwyv, atroteAei n EAAeIWn duvaTOTNTAG KUTTAPOKAAAIEPYEIAC
TOUG, N oTtroia eutrodiel TNV avdAuon Tou POAOU TWV OPOEEOUDETEPWTIKWV
QVTICWMATWY Kol TO yeyovog Ot o1 idlol o1 10i dev  ummopouv  va
XPNOIMOTTOINBOUV WG TTNYN YIA TNV TTAPACKEUN WVTAvoU ) adpavoTToinuévou
gMBOAIoU.

Tov ZemTéuPpio Tou 2009 o0t OUVEDPIO TTOU TTPAYMATOTTOINONKE OTNV
loTravia, mrapoucidotnke éva guBOAIo kKatd Twv Nopoiwv, 10 otroio dev Ba
diatiBeTal og evéoiun pop®r), AAANG oe popYr) okovng. H kartaokeur Tou
eMBoAiou Bagoiletal ota uoépia VLPs, Tou atmroteAouv TTnyr TTapaywyng tou
KawiBIakou avTiyovou Kal € Eva ovopwa@opikd Amidio A (Monophosphoryl

Lipid A) To oTT0i0 £VIOXUEI TNV PIVIKA AW (€1K13).
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P particle (threefold view)

Source: Nanomedicine©2012 Future Medicine Ltd

Eik.13.Ta eyfohia VLPs oxedidovral yia va pignBoudyv tnyv €§wiepikn dopur] NG TpwIeivng £101
WOTE va TPOKOAETOUV Mia amoteAeoparkn dvoon amdvinon. Emedrn ta VLPs 8ev
gevowpartwvouv 10 IIké RNA, givar avikava va avatrrapayfouv a1o cwua Kal £161 dev umropolv
va TPOoKAAETouV poOAuvarn.

To VLP (6£€1d) amoteAsitan amméd 180 VP1 pe 1a Siyepn P OTIC EEWTATEG ETNIQAVEIEG TOU, EVW TO
cwuaridio P (apigtepd) amoteAeital amd 12 P dipepr} Pe Tapdolo TpocavatoNouod PE Ekeiva
Tou VLP. H diakekoppévn ypapun deixver tnv meploxr P2 evag digepoug P, Tou EKTTPOCWTTE
TIC aQvTIYOVIKEC BOWEC em@aveiac kal Twv U0 cwuandiwy.

& TTPOOQATEC KAIVIKEC WEAETEC TTOU TTpayuartoTtronenkav ot H.IA., o
EUBOANIOONOC e epPBOAIa VLP-NoV £6¢i€e 611 Ta VLPs ptropolv va emrdyouv
QVTICWHATO Ta OTToIa PTTAOKGPOUV Tov 16 KOTA TNV TTPOCdECN TOU ME TOUG
udaTtavBpakikoUg UTTOBOXEIC Twv €PUBPOKUTTAPWY, HE QTTOTEAECHA TNV
KQTGAANAN avoooTToinon Kal Xwpeig EUQAvIon coRapwV ETTITTAOKWV.

O1 OOKIMEG €xOuv TTPOYPAMMATIOTEI VA OCUVEXIOTOUV HE MIa  HEAETN
TTPOKANGNG ToU opyaviopou atrd JwvTtavoug 100G, TTPOKEIMEVOU va agloAoynBei
TTEQAITEPW N AC@AAEIa Kal n TaxUTnTa TnNG TTPOCTACIAC TTOU TTAPEXEl TO
eUBOANIO  katd Tng poAuvong amd  Nopoioug, (www.clinicaltrials.gov),
(www._ligocyte.com, 2013).

‘Etol, pe v avamrtugn evog atroteAeopaTtikoU eUBoAiou Ba ptTopéocel va
MEIWBEI N ouxvoTNTa TNG ETMBNMIKNG IIKAG YOOTPEVTEPITIBAG, YEYOvOg TTou Ba
WEPEANOEI KUPIWG Ta GTOPa Ta OTroia Eival OTIC OMAadeg uywnAou Kivouvou,
KABWC KAl TIC AVATITUTOOMEVES XWPEC OTTOU O CUVONKEC ULYIEIVAC gival KATd

Kavova KakEg (117).
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1.7 AIATNQZTIKEZ MEOOAOI

MNa v didyvwon twv Nopoiwyv, kKatd tn SIAPKEIA TwWV TEAEUTAIWY TPIWVY
OEKAETILV TTEPITTOU, £XOUV QVATTTUXOEI KATTOIEG ONUAVTIKEC DOKIUEC O1 OTTOIEG,
TTapExouv Tnv duvatotnTta Tou TTPOCdIOPICHOU TOU 10U OKOPO KOl Qv N

OUYKEVTPWON TOU OTO TTPOG e€€Taon deiyua gival oxeTIKG pikpn, (118).

1.7.1 Avixveuon VOUKAEIKOU 0EE0C

H kAwvoTroinon tou 100 Tou NOPpyouwk Kal n JETETTEITA aAAnNAoUXIoH TOU,
€xel odnynoel, Je emTuxia, otnv avatrtugn SOKIMACIWY QViXVEUONG TOU 10U
(119). H yvwon Tou yovISIWNATOG TOU 10U, ETTETPEWE TOV OXEDIOOMO DOKIUWY
uBpIdoTTOINONG TOU VOUKAEIKOU 0&€0¢ KaBw¢ Kal dokipwy 0TTwe N RT-PCR kai
n Real-Time tmoootikrl PCR £101 WOTE, va KOTAOTEN EQIKTA N QviXVEUON TOU 10U
o€ KAIVIKG Kal TTEPIBAAAOVTIKA DeiyaTa.

H RT-PCR arroteAei tTnv Mo euaiodntn diayvwoTikr SOKIUA yia TNV
avixveuan Tou 10U (119). To TTAEOVEKTNUA TNG CUYKEKPIMEVNG UEBOGDOU eival OTI
MTTOPEI va avixveuoel Ta IIKA PopIia O TTOAU XaUNAEC cuykevTpwaoelg (100
particles/ml) akdua kol JETA TO TTEPAC TNG 0&eiag KAIVIKNG WdAuvong. Etriong, n
avixveuon Twv Nopoiwv eival duvatdv va trpayuarotroindei oe deiypaTta 1a
otroia BpiokovTtal atrobnkeupéva otoug 4°C kal yia TTOAAG xpovia atoug -80°C
(119). Ta onUAvTIKOTEPO  WEIOVEKTAMATA TNG MEBOBou civar o1t ol
OUYKEKPIUEVEC DOKIMEG OTTAITOUV MEYAAN TTPOCOXN £TOI WOTE VA OTTOTPATTOUV
TUXOV ETTIMOAUVOEIC TwV apvnTIKWY OEIyUATWY Adyw TNG TTOAU HEYAANG
euaiodnaoiag TG MeBSdou (119) kan BERaia aTrauteiTal akpPIBOS €EOTTAICUOC Kal
uwnAOG kKboTog avalwaoiuwy (120).

Katd ouvétTeia, n TEXVIKA QuTh XPNOIMOTTOIEITAI KUPIWE OTIC TTEPITITWOEIG
Tpayparorroinong  emdnuIoAoyikwy  epeuvwy. ETol,  oe  emdnuioAoyikd
eiTedO, MITOPEI va TTPAYMOTOTTOINGEI N QViXVEUCN KOl O XAPAKTNEIOWOS
OTEAEXWY, TA OTTOIa €ival UTTEUBUVA YIa DIAPOPA KPOUCHATA YAOTPEVTERITIOAC
KAl TAUTOXPOVA VA OTTOKOAUWEI TUXOV METOAAGEEIC TWV KUKAOQOPOUVTWY

NOpPOiIKWY GTEAEXWV.
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1.7.2 AlayVvWOTIKES DOKIMES TTPUWITNG YEVIAC

O1 diayvwoTIKEG OOKIMEG TTPWTNG YEVIAG Trou avarrTuxénkav yia va
aviXxveuouv poAuvoelg amd  NopoioUg TTepIAAUBAVOUY TNV  NAEKTPOVIKN
MIKpOOKOTTIa (GECN), TNV QVOCONAEKTPOVIKI] HIKPOOKOTTIO (EMMEON) KOl TNV
Aavoon aiooUykKOAANon. H eméuevn yevid Twv BOKIMWY TTEPIANANPBAVEI QUTEC
TTOU QvaTtrTuxenkav yia Tnv avixveuon twv aviiyovwy twv Nopoiwv, 6TTwe o
padioavoootrpoodiopiopds (RIA) Kal o1 avooOAOYIKEG avTIdPACEIS. TENOC, N
texvikry Western Blot atroteAei pia akopun Tpocéyyion yia tnv agloAdynon 1ng

avTidPaAoNC TWVY AVTICWHATWY O& JOAUCHEVa aTopa (119).

1.7.3 HAeKTPOVIKI MIKPOOKOTTIO

H texvikil autr, MTTOPEl va XPNOoIMOTTOINBEl yia TNV avixveuon Tou 10U,
KaBw¢ Raciletal 01O HOPPOAOYIKA XOAPAKTNPIOTIKA Tou. To ovopa Calici 16¢
TTPOEPXETAI ATTO TNV HOP®YRy TTOU gp@aviouv Ta 1IKA HopIa KATd TNV
TTAPATAPNCN ME TO NAEKTPOVIKO HIKpookoTio, (118). Qotdoo, Trapoucidalovral
gviote gummodia OTwg eivar n duokoAia dlaxwpiopou Tou 10U amd AAAa
oQaIPIKA cwuaTtidia ota deiypata Tou KaBioTouv TNV pEBOSO pn atrodoTiKn

Kal akatdAANAn va xpnoidotroindei wg diayvwaoTIKn EEETOCN POUTIVAC.

Eik.14. Aopr} Twv Nopoiwv oto HAektpoviké Mikpookotio, (www.pubmed.govPMID:
13679618).
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1.7.4 AVOOONAEKTPOVIKI] MIKPOOKOTTIO

H mpwtn péBODOG TToU eQOPUOCTNKE yIa va TTPoodiopicel Toug 10Ug Calici
NTAV N QVOCGONAEKTPOVIKN MIKpooKoTria (118), pe xprion €idIkou avTiopou yia
TNV avayvwpion Twv Nopoiwv, €101 WOTE va KATACTE EQIKTH N EvioxXuon TOU
IoU. EvtouToIg, N TEXVIKA QUTA €ival XPAOIKN MOVO yia Ta JeiypaTta TTou
OUAAEyovTal KATA TN SIdPKEIa TwV TTPWTWY oTadiwy TNG MOAUVONG (TTPWTEC 24
— 48 wpeg) (118, 121).

1.7.5 AvooOAoyIKEC avTIOPAOTEIS

O1 kawidikég TTpwreiveg Twv NOPOoiwv ekPPACONKaAv ME ETITUXIO OTO
ouoTnNua Ekepacons Twy BakouAloiwy (baculoviruses) yeyovog TTou eTTETPEWE
OTN OUVEXEIQ TNV QVIXVEUON TWV WV QUTWY HE AVOCO-eVIUMIKEG HEBODOUG
(ELISA). H péBodog capture ELISA, trpaypaToTToIEiTal KAVOVTAG XPrioN €VOg
{euyoug UTTEPAVOOWY QVTIOPWY KOl MUTTOPEI VA AVIXVEUCEI TOV 10 O OXETIKA
XOMNAEC CUYKEVTPWOEIC. H EKQPaan TWV IIKWV avTIyOVWY ETTETPEYE ETTIONG va
XPNOIMOTTOINBOUY yia va TTPOCBIoPIoTEl O TITAOG TwV avTiowudTwy (IgG) oTo
op6 Twv aoBevwy. To KUPIO PEIOVEKTNUG TNG HEBSDBou, cival o TTePIoPIoUOS
TWV QVTIYOVIKWY TUTTWV TTOU Bpiokovtal PEXPl ornuepa otnv didbeon twv
BIAYVWOTIKWY EPYACTNPIWY MECW TWV ETAIPEIWY TTAPAYWYNS TWV QVTIOTOIXWV

diayvwoTikwy Kits (121).
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2.YAIKA KAl MEGOAOI

2.1 NEIPAMATIKA ZTEAEXH

2.1.1 MepiBaAAovTIKG deiypaTa

Ta mepiBailovTIka deiyuata, Aednkav atmmd BIOAOYIKOUC KABAPITUOUS ToU

EAMODIKOU  XWPEOU. ZUYKEKPIUEVQ,

g€etaotnkav 53 Odeiypata amd  TOUG

BIoAoyIKOUG KaBapiopoug NG Adpioag, Twv lwavvivwy kal Twv TPIKAAwy, N

KWO3IKOTTOINGN TWV OTTOIWYV TTAPOUCIAZETAI OTOV TTiVAKaA 4.

Mivakag 4. MepiBaAhovTika deiypara.

KwdikoTtroinon d&iyuarog MpoéAguon deiyuarog
LR2F BioA. Kab. Adpioag
LR5 BioA. Kab. Adpioag
LR6F BioA. Kab. Adpioag
LR6P BioA. Kab. Adpioag
LR7P BioA. Kab. Adpioag
LR8 BioA. Kab. Adpioag
LR9 BioA. Kab. Adpioag
LR10 BioA. Kab. Adpioag
LR11 BioA. Kab. Adpioag
LR12 BioA. Kab. Adpioag
LR14 BioA. Kab. Adpioag
LR16 BioA. Kab. Adpioag
LRB1 BioA. Kab. Adpioag
LRB2F BioA. Kab. Adpioag
GNIF BioA. Kab. lwavvivwv
GN2 BioA. Kab. lwavvivwv
TRIF BioA. Kab. TpikGAwv
TRIP BioA. Kab. TpikGAwv
TR2 BioA. Kab. TpikGAwv
TR3P BioA. Kab. TpikGAwv
TR3F BioA. Kab. TpikGAwv
TR4 BioA. Kab. TpikGAwv
TR5 BioA. Kab. TpikGAwv
EIS1 BioA. Kab. Adpioag /€ic0dog
EIS2 BioA. Kab. Adpioag /€ic0dog
EIS3 BioA. Kab. Adpioag /€ic0dog
EIS4 BioA. Kab. Adpioag /€ic0dog
EIS5 BioA. Kab. Adpioag /€ic0dog
EIS6 BioA. Kab. Adpioag /€ic0dog
AB7 BioA. Kab. Adpioag /A" Baduia
AB8 BioA. Kab. Adpicag/A"Baduia
AB9 BioA. Kab. Adpioag /A" Baduia
AB10 BioA. Kab. Adpioag /A" Baduia
EX11 BioA. Kab. Adpioag /£€000¢
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EX12 BioA. Kab. Adpioag /€icodog

AB13 BioA. Kab. Adpioag /A Baduia

EX14 BioA. Kab. Adpioag /£€000¢

AB15 BioA.Kab.Adpioa /A" Baduia

AB18 BioA.Kab.Adpioa /A" Baduia

AB19 BioA.Kab.Adpioa /A" Baduia

R1_LUG MavemoTtnuiaké Nogokopueio lwavviviv
R2_LUG MavemoTtnuiaké Nogokopueio lwavviviv
R3_LUG MavemoTtnuiaké Nogokoueio lwavviviv
GNL012 Aopara/TGvvouln

KRO12A Aopara /Kapditoag

KR012B Aopara /Kapditoag

KR012C Aopara /Kapditoag

LRO12A Aopara /AGpIeag

TRNO12A Aouara /Topvapog

MRKOQ12 Avpara /Oikiocu6é¢ Maudpika Kapbitoa
TRNO12B NAuparta /TYPNABOZX

TRO12A NAupara /TPIKAAA

KR012D NAupara KAPAITZA

2.1.2 KAivika deiyuarta

Ta kKAivikG Oeiypata, ANeOnkav atrd Ta TTAVETTIOTNUIOKG VOOOKOWUEIQ TNG

Adpicag kar Twv lwavvivwy.

KOTTPAVWY, N KW IKOTTOINGN TWV OTTOIWYV TTAPOUCIAZETAI OTOV TTiVAKA 5.

Mivakag 5. KAIvika deiypara.

2 UYKEKPIMEVQ,

gCetaotnkav 29 Oeiyuarta

KwdikoTtroinon d&iyuarog MpoéAguon deiyuaTog
Al MavemoTtnuiaké Nogokopueio lwavviviv
A2 MavemoTtnuiaké Nogokopueio lwavviviv
A3 MavemoTtnuiaké Nogokopueio lwavviviv
A4 MavemoTtnuiaké Nogokopueio lwavviviv
A5 Mavemotnuiaké Nogokopegio lwavviviv
A6 MavemoTtnuiaké Nogokopueio lwavviviv
A10 MavemoTtnuiaké Nogokopueio lwavviviv
A12 MavemoTtnuiaké Nogokopueio lwavviviv
A15 MavemoTtnuiaké Nogokopueio lwavviviv
KP1 MavemoTtnuiaké Nocokouegio AdpIoag
KP2 MavemoTtnuiaké Nogokougio Adpioag
KP3 MavemoTtnuiaké Nocokouegio AdpIoag
KP4 MavemoTtnuiaké Nocokouegio AdpIoag
N1 MavemoTtnuiaké Nocokouegio AdpIoag
N2 MavemoTtnuiaké Nocokouegio AdpIoag
N3 MavemoTtnuiaké Nocokouegio AdpIoag
AG4 MavemoTtnuiaké Nogokopueio lwavviviv
LR13 MavemoTtnuiaké Nogokopueio lwavviviv
LR15 MavemoTtnuiaké Nogokopueio lwavviviv
AK1 MavemoTtnuiaké Nogokopueio lwavviviv
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AK2 MavemoTtnuiaké Nogokopueio lwavviviv
AK3 MavemoTtnuiaké Nogokopueio lwavviviv
AK4 MavemoTtnuiaké Nogokopueio lwavviviv
AK5 MavemoTtnuiaké Nogokopueio lwavviviv
AK6 MavemoTtnuiaké Nogokopueio lwavviviv
AK7 MavemoTtnuiaké Nogokopueio lwavviviv
AK8 MavemoTtnuiaké Nogokopueio lwavviviv
AK9 MavemoTtnuiaké Nogokopueio lwavviviv
AK10 MavemoTtnuiaké Nogokopueio lwavviviv

2.2 ENME=ZEPrAZIA AEIFMATQN

2.2.1 Emregepyaaia epIBAAOVTIKWY DEIYUATWY

H emeCepyaoia twv mepIBaArovTiKwy deiyudTtwy éAaBe xwpa Je duo
BIAPOPETIKOUG TPOTTOUC, TNV MEBODO dlaxwpIcHoU duo GAcewy Kal TNV HEBodo

TTPOCPOPNONG — EKAOUCNG ATTd NAEKTPAPVNTIKA QIATEA.
2.2.2 M£B0odo¢ diaxwplouou dUo @AcEwWY

Apxikd @uyokevtpouvtal 500 ml deiyuatrog ota 1000 rpm yia 2 min. To
iZnua puAdooetal atoug 4°C, vy pubuiletal To pH Tou UTTEPKEiUEVOU OTO 7 —
7,5. & 500 ml utrepkeipevou (7 — 7,5 pH) mrpooTiBevral 39,5 ml 22% (W/V)
dextran, 287 ml 29% (W/V) PEG6000 ka1 35 ml NaCl 5 N (Sigma, USA). To
ueiyya avadeletal yia 1 h otoug 4°C kal OTNV GUVEXEIX EI0GYETAl OE PIGAN
SlaxwplopoU, 6TTou Kal TTapapével otoug 4°C yia 48 h. H kdtw @don, étrou
KAl OUYKEVTPWVOVTAI TA IIKA CWHATIA, GUAAEYETAI, TTPOCTIOETAI XAWPOPOPUIO
20% vlv ka1 akoAouBei Ioxupr avadeuon kal puyokévipnon oTig 1500 g yia 20
min. H Tavw @don cuAAéyetal o€ TTAQOTIKO GwARva, OTTOU Kal TTPOCTIBEVTAl
TTEVIKINIV KAl OTPETTTOMUKIVN O€ TEAIKEC ouykevipwoelg 100 units/ml kai
100pg/ml avrtioToixa (122). AKOAOUBE TTEPAITEPW CUYKEVTPWON TOU JEIYUATOC
ME TN MEBODO kaBilnong pe PEG: e deiypa dykou 500 ml trpooTiBetal 10%
WNPEG6000 kai NaCl (Sigma, USA) oe teAikry ouykévipwon 0,5 M. To
ueiyda avadevetal yia 18h otoug 4°C kal akoAOUBWS (UYOKEVTPEITAl OTIC
11.000 rpm yia 1h. TO UTTEPKEILEVO QTTOPPITTTETAI KaI TO inua diaAusTal o€ 5
ml puBuiocTikou dioAuuatog PBS (pH 7.4, 1x: 137 mM NaCl, 2.7 mM KCI, 8
mM NayHPO4 kai 2 mM KH2POy).
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2.2.3 M£B0d0o¢ TTpoapdPnNoNnG — EKAOUCNG atTd NAEKTPAPVNTIKA QIATPA.

Acgiyua éykou 500 ml ¢@uyokevrpeitar o 1000 rpm yia 2 min. To
UTTEPKEIMEVO OUAAEyeTal Kal puBpidetanl 10 pH oTto 3,8 pe v Tmpoodnkn 3 N
HCI. Ztnv cuvéxela, Ta IIk& owudTia gopTifovtal BTk Tapouaia Mg®*, pe Tnv
mpoodrikn MgCI** (Merck, Germany) ot TeAikr ouykévipwon 0,05 M.
AkohouBei apyr) avdadeuon Kal QIATPAPICHA O NAEKTPAPVNTIKA POPTICHUEVO
@iATpo (MF — Millipore), diauétpou 47mm kai péyebog mdépou 3um, oTnv
ETTIPAVEIQ TOU OTTOIOU TTPOCPOPOUVTAI TA IIKG CWHATIA. To QIATPO HETAPEPETAI
oc amooTeipwuévo doxeio Céoswg 250 ml, omou TrpooTiBevrar 10 ml
diaAupatog 0,05 M Tris pe pH 9, eumrAouTtiopévou pe 3% BSA. H ékhouon
TTPAyMATOTIOEITal WE apyr avadeuon yia 10 min. AQou aTTouakpuvOei 10
didAupa, n diadikaoia TNS EKAouong eTavalaupBaveral. To QIATpo QuAdooeTal
oToug 4°C, evisr puBuiZetal To pH TOu CUYKEVTPWHEVOU BElyuaTOC GTO 7 WE TN
xpnon OioAupato¢ 3 N HCI. AxkoAouBei Trepaitépw OUYKEVTPWON TOU
deiyyatog pe 1N MEBODO kaBinong pe PEG: e deiypa Oykou 500 mi
mpooTiBetar 10% W/VPEGG000 «kai NaCl (Sigma, USA) oeg T1eNKN
ouykévipwon 0,5 M. To peiypa avadeletal yia 18h otoug 4°C kai akoAoUBwg
ouyokevTpeital oTic 11.000 rpm yia 1h. To UTTEPKEINEVO QTTOPPITITETAI KAl TO
ilnua diaAvetal oe 5 ml puBpioTikou dioAupatog PBS (pH 7.4, 1x: 137 mM
NaCl, 2.7 mM KCI, 8 mM Na;HPO4ka1 2 mM KHyPOy).

2.2.4 Emregepyaaia KAIVIKWY BEIYUATWY

Ta kAvikd Oeiyuata (kompava), apaiwbnkav ce 10ml  puBuioTIKOU
diaAupatog PBS (pH 7.4, 1x: 137 mM NaCl, 2.7 mM KCI, 8 mM Na;HPO4 kai

2 mM KH2PO4), opoyevotToiOnkav Je vortex kal atmobnkeubnkav oToug -

20°C péxp! TNV XPAON TOUG.
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2.3 EKXYAIZH TOY IIKOY RNA

MNa tnv ekxuAion Tou IKoUu RNA atré 1a eTe€epyacuéva TEPIBAANOVTIKA
Kal KAIVIKG Beiypata xpnoigotroirionke 1o QlAamp® Viral RNA Mini Kit 1ng
etaipeiag Quiagen (Germany), akKOAOUBWVTOG TA TTPOTEIVOUEVO OUVODBEUTIKA
TTPWTOKOAAQ TOU KOTAOKEUADTH).

MNa v empBeBaiwon pn utmopgng avacTtoAéwv yia TIG Trepaitépw PCR
eQappooTtnke pia  emmAéov  avridpacn PCR. Xmnv avtidpaon auth,
XPNOIMOTTOIEITAl CEUYOG EKKIVNTWY TTou oTOoxeuel 10 16S rRNA yovidio Twv
BakTnpiwy, TO OTToid CUVUTTAPXOUV pEoa OTO eKXUANIOPEVO Oeiypa. Ol
EKKIVNTEC TTOU XPNCIMOTTOINBNKAV OTNV TTapouca epyacia Atav or P11P kai

P13P (trivakag 6) o1 o1roiol avTioToIxoUv o€ aAANAOUXIiEC KOIVEG yia OAa T

BakTApIa.

2.4 ANTIZTPO®H METAIPA®H

(Reverse Transcription — RT)

O1rwg €xel AdNn avagepbei, o Nopoioi TepiExouv €va BEeTIKAG TTOAIKOTNTAG
HMovokAwvo RNA, yeyovdg tTou KaBIOTA atrapaitnTn TNV METATEOTIN] TOU OF
OUMTTANPWHATIKO cDNA, TTpokeInévou va TTpaypaToTtroindei n avridpaon PCR,
N oTroia 6a KATACTACEI EQIKTI TNV EVIOXUCN TNG TTEPIOXNS TOU YEVWHATOG TTOU
MOG evOIQQEPEL.

‘Eto1, apxik@ eTOINAZETAl TO MiYHO TO OTTOIO TTEPIEXEL TUXQIOUC EKKIVNTEC
(random primers) d(N9) (Takara Biomedical group, Shiga, Japan) (50nmol/pul,
1ul/tube), 10mM  Beotutpipwo@opikd  voukAeoTtidia (ANTPs, 1pul/tube,
Invitrogen, UK) kai amoviopévo vepd (ddH,O, Sigma, USA) eAeuBepo
voukAeaowyv (5ulitube). e eppendorf twv 500 ul trpooTiBetan 7pl/tube Tou
Miypatog kar 5 il tou exkxuhiopévou 1kou RNA, akoAouBei ocuvtoun
QuUYOKEVTPNON Kal eTwaon Twv eppendorfs otoug 65°C yia 5min. Metd v
ETTWACN, Ta eppendorfs TOTTOBETOUVTAI GTOV TTAYO KAl ETOINAZETAI TO BEUTEPO

Miypa 1O otroio trepiéxel 5X first strand Buffer (4pul/tube), 0,1M avTiogeidwTikd
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D16100peitdAN (DTT, 2ul/tube), avacTtoAéa piBovoukAcacwy (RNAse out,
20units/ul, 0,5plftube), ddH.O ka1 n avriotpopn petaypagacn (0,5ul)
(Reverse Transcriptase) M-MLV (200units/ul, Invitrogen, UK). MNpoaoTiBetal
mToodtnTa (8ul/tube) atrd 10 SeUTEPO MiyHO KAl AKOAOUBEI QuyoKEVTPNON KAl
£TTWO0N QUTWY OF TPEIC Bladoxikég ouvenkeg: 25°C yia 10 min, 37°C yia 50

min ka1 70°C yia 15 min.

2.5 AAYZIAQTH ANTIAPAZH NMOAYMEPAZHZ

(Polymerase chain reaction — PCR)
2.5.1 EkkivnTIKG popIa

2T OUPTTANPwWATiKG cDNA  TtuAuara TTou  TTPoékuyav  METG TNV
epappoyry TG RT, epapudletal n avridpaon PCR €101 woTe va evioxuBouv.
ApXIKG Ta EKKIVNTIKA UOPIa TA OTTOIO XPNOIKOTTOINONKAY TTPOEPXOVTAV OTTO TNV
uttdpxouca BiBAloypagia (Trivakag 6) Kal oTnv Cuvéxelia oxedIdaTnKav VEOI
eKKIVATEC aTTd TIC AAANAOUXIEC TTOU TTPOEKUWAV KATA TNV OIAPKEID TWV

TTEIPANATWY TNS TTaPoUcag dIaTPIRAG, (TTivakag 7).

Mivakag 6. EkkivTiKG pépia amé v urdpxouca BipAioypagia

PRIMER AAAHAOQOYXIA §°-3’ Tm OEZH OEZH
Gl Gll

mon381 CCAGAATGTACAATGGTTATGC | 49.1 5647 — 5668 5362 — 5383

mon383 CAAGAGACTGTGAAGACATCATC 48 4163 — 4185 5661- 5683

SRI-2 AAATGATGATGGCGTCTA 42.8 5356 — 5373 5380 — 5397
SRI-1 CCAACCCARCCATTRTACAT - 5652 — 5671 5467- 5486

SRI-3
(seminested) AAAAYRTCACCGGGKGTAT 54 5578 — 5596 5653 — 5681
49

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



SRII-2 TWCTCYTTYTATGGTGATGATGA 58 4856 — 4878 4583 — 4605
SRII-1 CGCCATCTTCATTCACAAA 53 5351- 5369 5078 — 5096
SRII-3
(seminested) TTWCCAAACCAACCWGCTG 55 3179 - 3197 4767- 4785
P290 GATTACTCCAAGTGGGACTCCAC 65 4568 — 4589 4295 - 4317
P289 TGACAATGTAATCATCACCATA 55 4865 — 4884 4592 - 4613
Calman-1 GCACACTGTGTTACACTTCC 58 4840 - 4858 4194 — 4212
Calman-2 ACATTGGCTCTTGTCTGG 54 3668 — 3683 4998 - 5016
Calman-29 TATGGTGATGATGAAATAGTGTC 58 4865 — 4887 4592 - 4611
Calman-32 ATTTCGGGCAGAAGATTG 52 5335 - 5352 6863 — 6880
P78 GGGCCCCCTGGTATAGGTAA 543 1682— 1701 2511- 2530
TGGTGATGACTATAGCATCAGACA | 57.9
P80 CAAA 1943 - 1970 1748 — 1775
GV6 TTTATCAATTNAAGCCTG - 6886 — 6903 5527- 5544
GV5 TNTAATGGCTGGAGCTTT - 1603 — 1620 6700 - 6717
GV7 NATCATCTCNTTNTCATG - 7091- 7108 6868 — 6885
G1F1 CTGCCCGAATTYGTAAATGAT 56.0 5342 - 5362 7475 - 7492
G1R1 CCAACCCARCCATTRTACATTT 58.0 5650 — 5671 5366 — 5386
G2F1 GTGGGAGGGCGATCGCAATCT 65.0 5320 - 5340 5047- 5067
G2R1 TGCATAACCATTRTACATTCT 53.0 2931- 2951 1404 — 1423
G1SKF CTGCCCGAATTYGTAAATGA 55.0 5342 - 5361 7474 — 7492
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G1SKR CCAACCCARCCATTRTACA 55.0 5653 - 5671 5368 — 5386
JJVMF CCATGTTCCGTTGGATGC 60.0 - 5283-5300
G2SKF CNTGGGAGGGCGATCGCAA 63.0 5321- 5337 5046 - 5064
QNIF2 ATGTTCAGRTGGATGAGRTTC 65.0 - 5012-5037
TCWGA
G2SKR CCRCCNGCATRHCCRTTRTACAT 64.0 5652 - 5671 5367—- 5389
MR3 nested 57.0 4485 — 4503 4212 — 4230
18t CCGTCAGAGTGGGTATGAA
MR4 nested 56.0 4937 — 4953 4664 — 4680
18t AGTGGGTTTGAGGCCGTA
YURI22F ATGAATGAGGATGGACCCAT 56.0 4991- 5010 4232 — 4251
nested2"
YURI22R 56.0 4858 — 4977 4585 — 4604
nestéed CATCATCCCCGTAGAAAGAT
2n

Mivakag 7. EkkivATIKG popia ta omoia aoxedidotnkav ye Baon 1i¢ aAAnAouxie¢ mou mposkuyav amod 1a

BeTIKA Ociypata otnv Tapouaa diatpIBh

PRIMER AANHAOYXIA §5°-3’ Tm ©EXH
NVLR52 GTCCAAGCCCACTCCTGTT 59.0 4523 - 4541
NLVR871 AGACGGTAAACTCGCCCTGT 60.0 5258 - 5279
NLVR58 GCCCACTCCTGTTTTTCATT 56.0 4529 — 4548
NLVR756 TGCCATAACCTCATTGTTGG 56.0 5143 - 5162
NLVR166 ACCCGACCTGACAAAATG A 55.0 4637 — 4652
NLVORF1041 GGCAAAAACACTGGCTCAAG 58.0 5493 - 5512
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NLVORF1260 GGATGGGGAGTGTGAAAGG 59.0 5714 - 5733

NLVR166 ACCCGACCTGACAAAATG A 55.0 4637 — 4652
NLVORF1955 CAGGAATGGGTTCAGCACTT 58.0 6429 — 6448
NLVORF2902 CTTTGGGGACGGTTGAGAC 59.0 7403 - 7385
NLVORF2029 TCCTGACACTGGGAGAAACA 58.0 6537 — 6555
NLVORF2902 CTTTGGGGACGGTTGAGAC 59.0 7403 - 7385
NLVORF941 GTTCCACCACATTTCCCTGT 58.0 5412 — 5431
NLVORF1928 ACCCATAACCACCAGCAGAT 58.0 6402 - 6384
NLVORF769 TTCACCAAGGAACTCACCTG 58.0 5240 - 5259
NLVORF1753 GGGCTGTCCATCATCAAAAT 56.0 6227 - 6208
NLVORF1290 GATTCCCCGCTCCAATAGAC 60.0 5761- 5779
NLVORF1974 AAGTGCTGAACCCATTCCTG 58.0 6448 — 6429
NLVORF2029 TCCTGACACTGGGAGAAACA 58.0 6537 — 6555
NLVORF2703 CGTTGAATGGGTTGATTGTG 56.0 7221- 7203
NLVORF1252 ACTCCCCATCCTGACTCTTG 60.0 5724 — 5743
NLVORF1974 AAGTGCTGAACCCATTCCTG 58.0 6448 — 6429

NLVH144 TGACCAAGATACAGGAAGATTGC 61.0 1845 - 1867

NLVH901 TCAAGTGCCATAACCTCATTGT 58.0 5147- 5168

NLVH297 AAGCCCACTCCTGTTTTTCA 56.0 4527—- 4546
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NLVH896 TGCCATAACCTCATTGTTGG 56.0 5143 - 5162
NLVC463 CTTCTGCCCCTCCCTGATA 59.0 5577 — 5559
NLVC1430 GGTGCTGCTTCCTGGTAAAA 58.0 6508 — 6489
NLVC560 GGGCTAACTCTGGTGAGGAT 60.0 5638 — 5657
NLVC1522 TGAGGAACCCTTCTCTGTGC 60.0 6600 — 6581
NLVC775 CAACCCCAAAATGGTAGGTG 58.0 5853 — 5872
NLVC1489 AGATGTTACGCCCAGTATCG 58.0 6567 — 6548
NLVC615 CGCCCCAGATTTTGAGTTC 57.0 5693 - 5711
NLVC1376 ATGTAGCCAGACCCGTAGCC 63.0 6454 — 6473

2 Oheg TG avTidpdoelg PCR 10 TTpwWTOKOANO TTOU £QOpUOOTNKE yIA TNV

TTAPACKEUN TOU WiyhATOg TNG avTidpaong rtav 1o idIo:

cDNA (3pl)

dNTPs 10mM, Invitrogen, UK, (5ul)

Taq reaction buffer 10x, (5pul)

Taqg DNA troAupepdon (5u/ul, Pag5000, Stratagene, USA), (0,5ul)
Primers (1ul a1 Tov KaBEVa e ouykévipwaon 50 pmol), (2ul) kai

ddH>0 (nuclease free), (UEXPI TEAIKS Gyko 50ul)

o€  OpPIoMEVEG avTIdpacelg TrpooTédnke emmmAéov MgCly  (50mM)  wg
OUVTTAPAYOVTaG, £TOI WOTE VA EVIOXUBEI N TToodTNTA TOU TTPoidvTog TG PCR.
MNa kdBe avtidpaon PCR mrpayuaTtoTToigiTal éva apxIiko o1adio amodidTagng
TOU popiou otdxou, oToug 95°C yia 2min Kol oKOAOUBEI n epapuoyn Twv
DIAQOPETIKWY, yIa KABe {JeUuyog eKKIVNTWY, Ouvinkwy atrodidragng,

upBpi1doTtroinong kai empnKuvong. To TeAIKO OTAdIo o OAeg TIC avTIOPACEIG
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epIAauBavel emwaon yia 5min otoug 72°C yia TTAfApn ouvBeon Twv Mn

oAokAnpwpévwy TTpoidvTwy PCR.

MNa v TTepaitépw augnon Tng eualodnaoiag TG avTidpaong, EpapuooTnKav

Buo emimAéov avTidpdoeig, n Autonested kai n Seminested PCR. Kai o1i¢ dU0

TTEQITTTWOEIG, EQapuoletal pia atrAr} PCR yia 25 KUKAOUG Kal OTNV CUVEXEIQ TO

TTPOIOV auTtr¢ utToRAAAETal, KaTOTTIV apaiwong, ot pia deutepn PCR. Ztnv

TTPWTN TTEPITITWON ME TOUC IiBI0UC QaPXIKOUC EKKIVNTEC, EVW OTNV OeUTEPN

TTEQITTTWON HE €va {eUYOC EKKIVNTWY OTTOU O £vag €ival O TTPWTOS EKKIVNTAC

NS PCR ka1 o0 deUTepOC gival ECWTEPIKOG.

2.5.2 ZuvBnkeg ammodidtagng, uBpIBoTroinoNng Kal ETTIMAKUVONG

2TOV TTapakATw TTivaka Trapatioevral, ol

ouvBrkeg arrodiaragng,

uBpIBoTTOINONG Kal ETIUAKUVONG TWV EKKIVITWY TTOU XPENOIMOTTOINBNKav yia

TNV OAOKArjpwon TnG Trelpapatikis dladikaoiag, otnv Trapouca diatpipn,

(trivakag 8).

Mivakag 8. Zuverikeg amodidaragng, uppidomoinong kal EmPRKUVonG.

ZuvenikegAutoneste
ZEUYn EKKIVNTIKWY Zuvenikegs PCR i dPCRkaiSemineste i
i KukAol KukAol
Hopiwy dPCR
Atrodidragn:  95°C yia 30sec
JV12Y - JV13I ] 5 ]
YBpibotroinon: 37°C yiaimin 25 Opoiwg pe PCR 40
Empurkuvon:  72°C yia30sec
SRII-1 i Seminested PCR
Atrodidragn:  95°C yia 30sec ) 40
SRII-2 ) = Opoiwg pe PCR
YBpiboTroinon: 50°C yia 30sec 25
SRII-3 ] - (SRII-2 - SRII-3)
Empunkuvon: 72°C yia 30sec
Amodidragn: 95°C yia 30sec
P78 - P80
YBpidotoinon: 55°C yia 30sec 25 Opoiwg pe PCR 40
Emprikuvon: 72°C yia 30sec
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Amrodidragn:  95°C yia 30sec
G1SKR - G1SKF YBpidotroinon: 55°C yia30sec 25 ) 40
i o Opoiwg pe PCR
Emprikuvon:  72°C yia 30sec
Atmodidragn:  95°C yia 30sec
G1SKR - JJSKF YBpidotmoinon: 60°C yia30sec 25 . 40
. 2 Opoiwg pe PCR
Empurkuvon: 72°C yia 30sec
Amodiaragn:  95°C yia 30sec
G2SKR - G2SKF i " ]
YBpidotroinon: 55°C yia30sec 25 Opoiwg pe PCR 40
Emprikuvon:  72°C yia 30sec
Amodidragn:  95°C yia 30sec
G2SKF- P290 YBpidotroinon: 60°C yia30sec
. o 25 Opoiwg pe PCR 40
Emurikuvon:  72°C yia 30sec
Amodidragn:  95°C yia 30sec
QNIF2 - G2SKR YBpidomroinon: 60°C yia30sec 25 Oupoiwce pe PCR 40
Empurikuvon:  72°C yia 30sec
Amodidragn:  95°C yia 30sec
YBpidotroinon: 50°C yia30sec 25 40
CALMAN 1 -2 5 Oupoiwg pe PCR
Empunikuvon:  72°C yia 30sec
Amodiaragn:  95°C yia 30sec
CALMAN 29 - 32 YBpidotroinon: 50°C yia30sec 258 . 40
i o Opoiwg pe PCR
Emupnkuvon:  72°C yia 30sec
Seminested PCR
MR3 - MR4 Atmodidraén:  95°C yia 30sec Oupoiwe ye PCR
YURI22F - YURI22R YBpidotroinon: 55°C yia30sec 25 (YURI22F- 40
Emurikuvon:  72°C yia 30sec YURI22R)
Atodidragn:  95°C yia 30sec
P289 — P290 YBpidotroinon: 50°C yia30sec 25 Oupoiwg pe PCR 40
Empurikuvon:  72°C yia 30sec
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—_ Atodidraén:  95°C yia 30sec
YBpidotroinon: 55°C yia30sec ]
381 -383 i o 25 Ouoiwg pe PCR 40
Emprikuvon:  72°C yia 30sec
SRI-2 )
SRiA Atrodidragn:  95°C yia 30sec Seminested PCR
—_— YBpidotroinon: 50 °C yia30sec 25 Opoiwg pe PCR 40
) Empurikuvon:  72°C yia 30sec (SRI-2 SRI-3)
(seminested)
Amodiaragén: 95°C yia 30sec
NLVORF o
YBpidotroinon: 55°C yia30sec
2029 — 2902 . & 25 Oupoiwg pe PCR 40
Empunikuvon: 72°C yia 30sec
Atrodidratn:  95°C yia 30sec
NLVORF i
YBpidotoinon: 55°C yia30sec 25 ) 40
941 - 1928 y - Oupoiwg pe PCR
Empunikuvon:  72°C yia 30sec
Atrodidtaén:  95°C yia 30sec
NLVORF
YBpidotroinon: 50°C yia30sec 25 40
2029 - 2703 5 Oupoiwg pe PCR
Emunikuvon: 72°C yia 30sec
NLVR Amodidragn:  95°C yia 30sec
58 - 756 YBpidotroinon: 50°C yia30sec 25 Ouoiwc pe PCR 40
Empurikuvon:  72°C yia 30sec
NLVC Amodidragn:  95°C yia 30sec
463 - 1430 YBpidotroinon: 55°C yia30sec 25 Ouoiwc pe PCR 40
Empurkuvon:  72°C yia 30sec
NLVH Atodidraén:  95°C yia 30sec
297 — 896 YBpidotoinon: 50°C yia30sec 25 Opoiwcg pe PCR 40
Emurkuvon:  72°C yia 30sec
NLVR 166 — Atodidraén:  95°C yia 30sec
NLVORF 1262 YBpidotroinon: 50°C yia30sec 25 Opoiwcg pe PCR 40
Emprikuvon:  72°C yia 30sec
Atodidragn:  95°C yia 30sec
NLVR 166 — NLVORF YBpidotroinon: 50°C yia 30sec .
] p Oupoiwg pe PCR
1041 Emunikuvon: 72°C yia 30sec 25 40
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Atrodidragn:  95°C yia 30sec
NLVR i =
YBpidotroinon: 55°C yia30sec 25 ) 40
52 - 871 o Opoiwg pe PCR
Emurikuvon:  72°C yia 30sec
Atmrodidraén:  95°C yia 30sec
NLVORF , o
YBpidomoinon: 55°C yia 30sec 25 . 40
1955 — 2902 i " Ouoiwg pe PCR
Empurkuvon: 72°C yia 30sec
Amodiaragn:  95°C yia 30sec
NLVORF YpBpidotroi 55°C yia 30 25 Ouoi PCR 40
1doTroinon: 1a 30sec oiwg pe
769 — 1753 P’ non 4 Y HOIWG [
Empunikuvan: 72°C yia 30sec
NLVORF Amodidaragn:  95°C yia 30sec
1290 — 1974 YBpidotroinon: 55°C yia 30sec 25 Oupoiw¢ ye PCR 40
Emprikuvon:  72°C yia 30sec
NLVORF Atodidraén:  95°C yia 30sec
1252 - 1974 YBpidotroinon: 55°C yia 30sec 25 Ouoiwcg pe PCR 40
Emurikuvon: 72°C yia 30sec
NLVC Atodidtaén:  95°C yia 30sec
560 — 1522 YBpidotroinon:  55°Cyia 30sec 23 Ouoiwg pe PCR 40
Emprikuvon:  72°C yia 30sec
NLVC Amodiaragn:  95°C yia 30sec
775 - 1489 YBpidotroinon: 50°C yia 30sec 258 Opoiwg pe PCR 40
Emprikuvon:  72°C yia 30sec
NLVC Amodidtaén:  95°C yia 30sec
615—- 1376 YBpidotroinon: 55°C yia 30sec 25 Oupoiwg pe PCR 40
Empurikuvon:  72°C yia 30sec
NLVH Amodidtaén:  95°C yia 30sec
144 — 901 YBpidotroinon: 55°C yia 30sec 25 Oupoiwg pe PCR 40
Empurikuvon:  72°C yia 30sec
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Seminested PCR

NLVR 166 — Amodidragn:  95°C yia 30sec .
i 5 Opoiwg pe PCR
NLVORF 1262 YBpidomoinon: 50°C yia 30sec 25 40
i o (NLVR 166 —
& Empurikuvon:  72°C yia 30sec
NLVORF 1041)
NLVR 166 —1041
NLVR 52 — ] "
Amodidragn:  95°C yia 30sec Seminested PCR
NLVORF 871 i o )
& YpBpidotroinan: 50°C yia 30sec 25 Opoiwg pe PCR 40
Empurikuvon:  72°C yia 30sec (NLVR 58 — 756)
NLVR 58 — 756
NLVORF )
. " Seminested PCR
1955 -2902 Amobidaraén:  95°C yia 30sec -
i 2 Opoiwg pe PCR
& YBpidomoinon: 55°C yia 30sec 25
i o (NLVORF
NLVORF Empunkuvon: 72°C yia 30sec 40
2029 - 2902)
2029 — 2902
NLVC 463 — 1430 5 Seminested PCR
Amodidaragn:  95°C yia 30sec .
& . 4 Ouoiwg pe PCR
YBpidotroinan: 55°C yia 30sec 25 40
NLVC 5 (NLVC
Emunkuvan: 72°C yia 30sec
615 - 1376 615 - 1376)
NLVC )
] " Seminested PCR
560 — 1522 Amobidaragn: 95°C yia 30sec ]
| 3 Opoiwg pe PCR
& YBpidotroinan: 55°C yia 30sec 25 (NLVC 40
NLVC Empurikuvon:  72°C yia 30sec
615 - 1376)
615 - 1376
NLVH . o Seminested PCR
Atmodiaraén: 95°C yia 30sec
144 — 901 i = 23 Ouoiwg pe PCR 40
YBpidomoinon: 55°C yia 30sec
& i o (NLVH
Empunkuvon:  72°C yia 30sec
NLVH 297 — 896)
297 — 896
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2.6 KAQNONOIHZH

2.6.1KaBapIiopog Twy TpoidvTwy

Ta OBerikd TTpoidvTa TG KABe autonested 1 seminested PCR,
NAEKTPOPOPOUVTAI AVAAOYQ HE TO HOPIOKO TOUC BAPOC O TTAKTWHA ayapolng
atrd 1 €wg 2%. O 1PoodIopIcPdE TOU UAKOUG TwV ETTIBUMNTWY TTPOIOVTWY
TTPAYMATOTTOIEITAI ME XPAON MAPTUPA poplakou Bapoug, 100 bp DNA Ladder,
0 OTT0IOG gU@aviel TO HopPIakd BAPOG NG KABE JwvNng, N OTTOI ATTEXEI ATTO TNV
yeirovikr) Tng 100 bp. O1 avtioToixeg Cwveg oTa TTpoidvTa Twy autonested n
seminested PCR, amopovwvovtal atmd 10 TTAKTWHO KOl HJETAPEPOVTAl OE
atrooTeipwpéva tubes Twyv 2 ml. AkoAouBei KaBapioude Twy TTPoIdvTwy atrd
TO TIKTWHO ayopoldng xpnoidotroiwvtag 1o QIAquick® Gel Extraction Kit
(Quiagen, Germany), e@apudloviag TO  ECWKAEIOTO,  CUVIOTWHEVO

TTPWTOKOAAO TOU KATAOKEUQOTH.

2.6.2 MpocOnkn CUPTTANPWHATIKWY AKPWY

Metd TOV KOBAPIOMO Twv BelyUATWY aTTd TO TIAKTWHG ayapolnc,
epapudleTal n avtidpaon TPOCONKNG KATAAANAWY CUUTTANPWHATIKWY AKPWV.
21NV mapouca diatpiBr] epapudoTnKav U0 JIAPOPETIKA TTPWTOKOAAG avd
TTEPITITWON.

2TV  TTEPITITWON  TTOAU  MIKPAG  CUYKEVTPWONG TOU  TTPOIOVTOG
epappooTtnke n GoTaq PCR, okotmdg g otroiag eival n ekBeTIKA evioxuon
TWV OUYKEKPIMEVWY TTEPIOXWY, XPNCIMOTTOILVTAC TNV aAucIBwTr avTidpaon
NG TToAupepdong. H avtidpaon Eekiva e éva apxIkod oT1ddio atTodidTtagng Tou
DNA otoug 95°C yia 2 min, akoOAOuBei n eQOpUOy Twv OCUVBNKWYV
atrodidtagng atoug 95°C yia 1 min, uBpidotroinong yia 30 sec, n Bepuokpacia
NG oT1roiag e€aptdrtal kKABe @opd ammd 1O CeUYOC TWV  EKKIVNTWYV KAl
emurkuvong otoug 72°C yia 1 min, yia 20 KUkAoug. To TeAKO OTEBI0 TNG

avTidpaong TTEPIAAUBAVEI TNV eTTWaAoN Twv JEYHATWY yia 5 min oToug 72°C.
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AkoAouBei n nAekTpo@dpnon autwy 0 2% CUYKEVTPWON ayapolng Kol o
BeUTEPOG KABAPIONAC TOUC aTTd TO TTAKTWHA, HE XPrON TOU TTPOAVAPEPBEVTOC
KIT.

TNV TTEPITTITWON OTTOU N CUYKEVTPWON ToU JEiYUATOC NTAV ETTAPKNAG YIO VA
KAWVOTTOINGEI, e€QapuooTNKe n  mPOCONAKN A-GKpwv CUMPWVA  ME  TO
EOWKAEIOTO, OUVIOTWHEVO TTpwTOKoAAo TN TOPO®TACIoningKit (Invitrogen,
USA).

2.6.3 Mopiakn kAwvoTroinon Twv tpoidviwyv PCR

H diadikacia €AaBe xwpa Kabwg UTTAPXE N UTTowia yia Tautdxpovn UTTapen
avw TOU €&vOg oTeAéxouc Nopoiwv oe autd. ‘Etol, kdBe  kKAwvog
METAOXNMATIOMEVWY  BAKTNPIOKWY  KUTTAPWY  TTOU  TTPOEKUWE,  TTEPIEIXE
KAWVOTTOINMEVO TO YEVWMIKG TUAMG atrd pévo éva diakpitd atéAexog. MNa tnv
TTPAYMATOTTOINCN TNG MOPIOKAS KAWVOTTOINONG TWV TTPOIOVTWY KABWE Kal TNV
oTrmikn emBeBaiwon TNG diadikaciag, akoAoubriBnkav Ttéooegpa BIadOXIKA

BriuarTa.

A. Avtidpaon Aiydong 1] TOTToIcOpEPATNG

2KOTTOC TNG avTidpaong autrig Eival va ETMTPATTEI N EVOWMATWON TOU
EVIOXUMEVOU,  TTAEOV, YEVWMIKOU  TuAMAToG o€ TTAaopidio  (popéa
kAwvoTtroinong). O1  @QopeickAwvOoTToINCNG TTOU  XPNOIYOTTOINBNKav  oTNV
TTapouoa epyaocia gival o pGEM®-TEasy Vector System (Promega, USA) kai 0
pCR 2.1-TOPO®VECTOR (Invitrogen,USA).

B. Mapaywyr] SEKTIKWV KUTTAPWY ME XNUIKA MEBODO (XAwpPIoUxo aoRETTIO -
CaC|2)

MNa tv avamruén Twyv avacuvOUOoHEVWY  QOPEWY  KAWVOTTOINONG
xpnoiJotrotnkav Baktnpiakd kuttapa E.coli DH5. To otéAexog autd dev
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givalr 1kavd va TTPOKAAECEl avaoUVOUACHOUC KAl KATAOTOATIKEC WETAAAAEEIC
amber. Etriong, n ¢80 lacZ AM15 petdAAagn otnv aAAnAouxia Tou yevwuaTog
TOU, EMTPETTEl O-CUMTTANPWHMATIKOTNTA WE TO QAMIVOTEAIKO TUAWG TNG B-
YOAQKTOGOIBAONG (THAMA Q) TTOU KWOIKOTTOIEITAI ATTO TOV QOPEA KAWVOTTOINONG.
To TuNua Q NG B-yaAaKTOOI0A0NC KWAIKOTTOIEITAI ATTO TO PAKTNEIAKO YEVWA.
TENOG, yia TOV OXNMATIOMO evePyoUu evCUMOU, QTTQITEITAI KAl TO THAMG O, TO
OTTOI0  KWOIKOTTOIEITAI aTTO TOV QOPEQR, ECWTEPIKA TOU OTTOIOU UTTAPXEl N
TTEPIOXN TTOAUCUVAETN, TTOU N TTapoucdia TN dev dIaTapACTEl TO AVAYVWOTIKO
TTAQICIO.

H treipapatikr diadikacia EeKiva e TNV CUAAOYT BAKTNPIOKWY KUTTAPWY, TA
otroia eival amodnkeupéva otoug -80°C kal Tn METAPOPd TOUC OTO
atrooTeipwpévo  BpemtTikd  utdéoTpwpa LB Broth (20g/L, Sigma, USA).
AkohouBsi n emwaon Tou¢ yia 16h (overnight) otouc 37°C ot 210
OTPOPEG/AETTTO KOI OTNV CUVEXEID PETPIETAI N aTTOopPOPNnon Toug o€ ODggo, €101
woTe va JIOKOTTEI N KUTTAPIK avdatrtugn (tomroBétnon oe mdyo) oTtav 1a
KUTTaPa QTACOUV OTnVv €KOETIKA @don TG avamTtugng toug (0,450-0,550A).
STV Ouvéxeld, QUyokevipoUvTal oTic 4000 rpm yia 10min otoug 4°C,
OTTOPPITITETAI TO UTTEPKEIMEVO, DIAAUTOTTOIEITAI TO I(NUa o TTaywuévou CacCly

ouykévrpwong 0,1 M (Sigma, USA) kai n diadikacia eTavaAapBAaveTal okOun

Mia @opa.
I". MeTaoXNMATIOHOG ETTIOEKTIKWY KUTTAPWYV

H diadikaoia evowudTwong Tou avacuvBUaOHEVOU QOPEA KAWVOTTOINCGNG
oTa €mMOEKTIKA BAKTNPIOKA KUTTAPQ, ECEKIVA ME TN METAPOPA QUTWV OF
atmrooTeipwpéva  tubes. AkoAouBei n  TTPOCONKN TOU MICOU TTOCOU TNG
avTidpaong TnNG Aiyaong, Tou KABe BeiyuaTog, o avTioToixo tube Kol YETd aTTd
o avadeuon, TOTTOBETOUVTAI OTOV TTAy0 yia 30 min. ZTnv CUVEXEIQ,
eTwdlovial og udartdhoutpo otouc 42°C yia 90 sec Kal OKOAOUBWC
MeTagEpovTal Kal TTAAI otov mdyo yia 2 min (heat shock). Metd Ttnv
ohokApwon 1n¢ diadikaoiag heat shock, petagéperar TOCOTNTA  TWV
METAOXNMATIOMEVWY BEKTIKWY KUTTApwY o€ falcon pe LB Broth kai erwdalovral
otoug 37°C oTic 180 oTPOPEC/AETTTO yia 1h, 0 OKOTTOC QUTAC TNE ETTWIAONG

gival n «ETTOUAWOCN» TNS TTAACHATIKAS MEUPBPAVNS TWV PAKTNEIAKWY KUTTAPWY.
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TENOG, EMOTPWVETAI TTOCOTNTA ATTO TNV KABE KAANIEPYEIQ € TPIBAIO, TO OTTOIO
epiéxel LB Agar (30g/L, Scharlau, Spain) kai aptikiAivn (6,6mg/ml) kai
KATOTTIV TTPOCTIOETAI TTOOOTNTA TNG OPYAVIKNG evwoewe X-gal (50mg/ml,
Promega, USA). Ta tpiAia emwdadovTal yia 16h otoug 37°C.

O @opéag KAwvoTToinong TTePIEXEl yovidio avBekTIKOTNTAG OTO AVTIBIOTIKO
QUTTIKIAIVN, N oTroia TTapepBaivel oTn ouvdeon Twv POVAdWY TTETTTIOOYAUKAVNG
KAl QvaoTEAAEI TN OUVOECN KUTTAPIKOU TOIXWHATOG, £TOI, QTTOTPETTETAI N
avaTrTuén GAAwv BakTnpiokwy KUTTapwy OTO TPIBAIO KAAAIEpyEIag, TTEpav
OOwv €XOUV HETAOXNMATIOTEl ME TOV QOpEa KAwvoTtroinong. Emiong, ota
BakTAPIO TTOU XPNOIMOTTOINONKav, &Tav autd AvaTtrTuooovTal o€ BPETTTIKO
MECO TTOU TTEPIEXEI TNV oudia X-gal, n didoTtracn NG atrd TNV B-yaAakTooI1830nN
TTapdyel Eva adIGAUTO TTPOIOV JTTAE XPWHATOG.

‘Etol, 6tav otov @opéa kKAwvotroinong dev €xel €10axBei oTnVv TTEPIOXN
TTOAUCUVOETN TO €mBuunNtd  €vBepa, TrapdyeTal 10 TUAMG a TS PB-
yoAakToo1ddong, oxnuartifovrag 1o evepyd €viupo kal n X-gal diacTtrdral
TTAPAYOVTAG MTTAE QTTOIKIEG. ZTNV TTEPITITWON TTOU €xEl yivel €vBeon Tou
TPoidvTtog PCR oTnv TTEPIOX TTOAUGUVOETN, TO QVAYVWOTIKO TTAQICIO TOU
TUAMATOC a TNG PB-yaAaktooiddaong dIatapdcoeTal, UE QTTOTEAECHA va [NV
TTapaxOei 1o evepyd €vUMO KAl Ol ATTOIKIEC VO EUPAVICOVTal AEUKEG.

H treipapaTtikl diadikacia cuvexidel ue TNV GUAAOYH TWV AEUKWY QTTOIKIWY,
TNV €loaywyrn Toug oTo uypd Bperrtikd utrdéoTpwua LB Broth, 1o otroio
TIEPIEXEI AUTTIKIAVN KOl akoAouBEl N emTwacn Toug yia 16h atoug 37°C oe 210
oTPOPEC/AETTTS. AKOAOUBEI n ekxUAIoN Tou TTAacuidiokou DNA pe T xpnon
tou NucleoSpin®Plasmid (Macherey-Nagel, Germany), ocUu@wva HE TO
OUVODEUTIKO TTPOTEIVOLEVO TTPWTOKOAAO TOU KOTAOKEUQOTH, €101 WOTE va

QTTOOVWOET 0 AVaCUVOUACOHEVOS POPEAC OTTO TIC ASUKEG ATTOIKIES, (EIK.15).
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Eik.15. AiGkpion HETAEU PTTAE KQI AEUKWVY QTTOIKILWY YIAQ TOV EVTIOTIONSG avaouvOuaouévwy
Qopéwv KAwvotoinong (www.bio.davidson.edu)

A. TMEwn pe EcoRl

Xminl 2009 1
17
Scal 1890 Nael 2707 / oo yig S
‘\ Aatll | 20
f1 ori Sphil 26
BstZI 31
lé.lcozl ' 37
st 43
Amp' B Notl 43
pGEM"-T Easy lacZ Sacll | 49
Vector EcoRl | 52
{(3015bp)
Spel 84
EcoRli 70
Notl 77
BstZl 77
Pstl 88
ori Sall a0
Ndel 97
Sacl 109
BstXi 118
MNsil 127
,', 141
SP&

Eikéva 16: O popéag khwvotroinang pGEM®-T Easy Vector System. daivovial 10 yovidio
avBeKTIKOTNTAG GTNV AUTIKIAIVI Kal To yovidio TnG B-yahakTooiddong kabwe kal ol BEGEIg
KOTIG ME TO éviupo Treplopigpol EcoRl.
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H Trpayparorroinon autig TG avTidpaong Eival ONUAvTIK yia Tnv
emPBePaiwon NG évBeong OAOGKANPOU Tou evBEUATOC OTOV TTOAUCUVOETN TOU
@opéa kKAwvotroinong. H Tréwn yivetar e 10 €viupo Treplopiopou EcoRl
(Restriction Enzyme EcoRI, Takara Biomedical group, Shiga, Japan), tou
otroiou BEoeIc avayvwpiong oTov TTAQCMIBIGKO @QOpEa UTTAPXOUV HOVO
EKATEPWOEV TNG BEONC EVOWUATWONG GTOV TTOAUCUVBETN.

Na tv avrtidpaon xpnoipgotmoiiBnke TrocdTNTa OO TO  EKXUAIOMEVO
mAacuidiakd DNA, 10x H Buffer, évfupo EcoRI kai ddH,O. AkoAouBnoe
emwaon atoug 37°C yia 2h, evw WE TO TTEPAC TNG £TTWACNS TTPoCTEBNKaV 3yl
10x Loading Buffer éro1 worte va otapatrioel n avrtidpaon. H Tocdrnra mmou

TTPOKUTTTEI NAEKTPOQOPEITAI O TTAKTWHA ayapolns 2%, (EK.17).

Eik.17 EvOeikniki sik6va méwng pe EcoRl

2.6.4 EUpeon vOukA£oTIBIKAG OAANAOUXIOG TwV KAWVOTTOINHEVWY TTPOIOVTWYV

(aAAnAouxion)

H aAAnAouxion Twv KAwvoTToOINUEVWY TPOoIGVTWY TNG autonested
GoTaqg PCR Ttrpaypatotroijnke amé tnv eraipeia Macrogen Inc. (Seoul,
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Korea), pe ekkivnTéG TOUG TTPoaywyEig T7 kal SP6 Tou @opéa KAwvoTToinong,

o1 oTToi0I BpioKOVTal EKATEPWOEY TNG BEONG EVOWNATWONG.

2.6.5 Etre€epyacia Twv VOUKAEOTIDIKWY aAANAOUXILWY

O1 voukAeoTIDIKEG aAANAOUXIEG TTOU KAWVOTTOINBNKAY, HEAETHBNKAY WG

TTPOG TNV OMOoIOTNTA KOl ECEAIKTIKI] TOUG OXEGN CUYKPITIKA ME TIG aAAnAouxieg

TTPOTUTTWY Kal KAIVIKWY oTeAexwyv Twv Nopoiwv, o1 otroieg PBpiokovral
KATaXWPNHEVES OTNV TTaYKOCHIa yovidiakr Tpatrela dedopévwy (GenBank).

H @uloyeveTikf avaAuon Twyv aAANAOUXIWY QUTWY TTPAYHATOTTOINONKE ME

Xprion TTPOYPAPMATWY  BIOTTANPOPOPIKAG TTou  diatiBevral dwpedv  OTO

Ol1adikTuO.

2.6.6 A16pBwaon VOUKAeOTIDIKWY aAANAoUXIWY

Eik. 18. O1 «KOPUPECH TOU XPWHATOYPAPHNATOC avTIOTOIXOUV OTIC BIQOPETIKEC BACEIC TNG
aAAnAouxiag Tou DNA.
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Ta atmoteAéopaTta TNG aAAnAouxiong, TTAPOAGUBAvVOVTal UE TN Hopen
XPWHATOYPAPAMATOC (EIK.18) TTPIV TNV £TTEEEQYQTIO TOU OTTOIOU, QTTAITEITAI O
éAeyxog kai n di6pbwaon mlavwy AaBwyv. TETOIO AABN PTTOPET va aTTOTEAOUV
mOava Kevad oTnv aAAnAouxia, dnNAadr| KOPUPES TOU XPWHATOYPAPATOS TTOU
dev €xouv dlaPacTei Kal UTTOAEiTTOVTAIl QTTO TO KEIUEVO TTOU QVTIOTOIXEI OTNV
mTpwTtodidtagn ™G  aAAnAouxiag, kKaABw¢ KAl KATTOIEC  KOPUPEC  Vva
avayvwpifovtal w¢ N, dnAadr wg mBavr) utTapén oTnNV CUYKEKPIWEVN BEan,
otroiacdrrote ammd NG A, T, G 4 C Bdong. ZTig epimTTwoelg dtTou dev gival
duvatr n ac@aing didpbwaon kdatroiag aAAnAouxiag, nTeital N eTavaAnyn tng
aAAnAouxiong (resequencing).

2.6.7 Avalnitnon oudAoyng aAAnAouxiag

H avalntnon tng kovTtivotepng 1 dpoliag aAAnAouxiag TTpayuaToTToIEiTal
pMéoa atmd éva oUvoAo aAAnAouxiwv, TTOU PPICKOVTAI KATATEDEIUEVEC OTIC
dieBveig Tpatreleg dedopévwy (GenBank), pe tn BorBeia Tou TTPOYPANMOTOS
BiorAnpogopikic BLAST (Basic Local Alignment Search Tool), 10 otroio
diatiBetal  eAeuBepa  oto  diadiktuo. O aAyépiBuog BLAST, avalnta
KataTeBelpéveg aAAnhouxieg  TuApoTa autwy, otn GenBank, o1 oTToiEg
TTapoucidlouv uwnAr opoAoyia pe TNV uttd WEAETN aAAnAouxia. H troidtnTa
KGBe OTOIXIONG TTOCOTIKOTIOIEITAI OE Mia KAIMOKO KAl Ol TOTTIKEG OTOIXIOEIC HE
TNV uwnAoTepn BabuoAoyia cuoxétiong (HSPs — high scoring segment pairs)
KataypdgovTtal o€ pop@r) Trivaka. O Trivakag autdg, TTapouciadel TEAIKA TIG TTIO
KOUYYEVIKEGY OAANAOUXIEC, KATA OLIPA MEIWMNEVNS BaBuoAoyiag CuoxETIoONG

KATA CUVETTEIQ KOl OHOAOYIAG.

2.6.8 OpotrapdBeon VOUKAEOTIBIKWYV KAl OUIVOEIKWY GAANAOUXIWV

To mpwTto PApa oTnv avAAucn Twv AAANAOUXIWVY KOl TNV KOTAOKEUN
QUAOYEVETIKWY OEVTPWY E€ival N OTOIXION TWwWV UTTO MHEAETN  YEVWMHIKWY
TUNMATWY. 27N TTapouca gpyacia n diadikaoia auTr) TTPAYUATOTTOINBNKE JUE TO
mpdypaupa  ClustalW, 10 otroi0 diatiBetar  eAeuBepa oto  dladikTuo
(ftp://ftp.ebi.ac.uk/pub/software/). Ta amroreAéouarta TTou TTPoékuYav atrd TO

ClustalW xpnoipotroidnkav yia TNV QUAOYEVETIKI] MEAETN, n OTToia ATTaITEI
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TOTTOAOYIKI) OpOAoyia. Autd onuaivel 4TI, Ta VOUKAEOTIOIQ TTOU TTAPATNPOUVTAI
o€ Mia ouykekpidévn B€on aTiC DIAPOPES TALIVOUIKEG BaBUIdeC «kaTAyOVTAI»
atrd pia ocuykekpipévn B€on evog koivou TTpoydvou. Otav Aormrdy, duo n
TEPIOTOTEPEC, UTTOBETIKA OPOAOYEC aAAnAouxiec €xouv BIaQOPETIKO UAKOG,
TOTE N TOTTOOETNON TWV KEVWV ETTITRETTEI TNV AVAKTNON QUTAG TNG TOTTOAOYIKAG
OMOAOYIOG.
Emiong, pe 10 poypappa ClustalW trpayuatotroiidnkav o1 oToIXioelg
TWV  VOUKAEOTIBIKWY  aAANAouxiwy  Twv  NOPOIKWY  OTEAEXWV  TWV
TTEPIBAANOVTIKWY  OEIYUATWY  TTOU  MEAETABNKAV, ME TIC VOUKAEOTIDIKEG
AAANAOUXIEC TWV OTEAEXWV ME TA OTTOoIa gupaviCouv TNV uwnAdTePn opoIdTNTa
aAAnAouxiag 1O KABEva, KOBWC €TTIONG KAl PE TWV TTPOTUTTWY OTEAEXWV
Norwalk (AF093797.1) étav aQvauéVETal TO OTEAEXOG VA QVNKEI OTNV YEVETIKN
oudda Gl kar Lordsdale (X86557.1) dtav avapéveTal va AVRKEl OTNV YEVETIKA
ouada Gll.
EmmpdobeTa, xpnoipotroionke 1o mpoypapua Gene Runner V. 3.05 yia
TNV QVAKTNON TwWV APIVOEIKWY  aAAnAouxiwv  atrd  TIC  VOUKAEOTIDIKEG

AAANAOUXIEC TWV OTEAEXWV TWV OEIYUATWY TTOU MEAETABNKAVY.

2.6.9 Kataokeur] QUAOYEVETIKWY BEVOPWY

H kataokeur) Twv QUAOYEVETIKWY OEVTPWY EAGRBE xwpa e TN pEBodOo
Neighbor Joining (NJ) xpnoipgotroiwvTtag v TTopdueTpo p-distance. To
TTPOYPOUMG TTOU XPENOIMOTTOINONKE YIO TN KATAOKEUr] TWV (QUAOYEVETIKWV
dévTpwv frav 10 MEGA 4 .

H Neighbor Joining avrikel oTig peBddoug trou uttoAoyifouv avd feuyn
aTrooTACEIS, PACN TWV OTTOIWY KATACKEUAZETAI TO QUAOYEVETIKO BévTpo. Mo
OUYKEKPIUEVQ, €10Ayel DIadoxIKG KAaDIG ot Eva (YOG KOVTIVOTEPWY YEITOVWY,
Ol OTTOIOI OUCIACTIKA Eival OI TTIO ATTOPOVWHEVOL. To BACIKO TTAEOVEKTNUA TNG
HMEBSDBoU NJ eival 0TI dev XPNOILOTTOIET KATTOIO UTTOBETIKO POPIaKO POAOI, UE
ATTOTEAECA va aTTodidEl TTIO CWOTA TNV QUAOYEVEDT), OTAV DIGPOPETIKES YEVIEC

(lineages) TTapouaIAlouv ETEPOYEVEIR WE TTPOC TOV EEEAIKTIKO TOUG PUBUO.
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TéNog, n TTapdueTpog p-distance ] observeddistance (TrapaTnpoupevn
atrooTacn), ekePalel Tnv avaloyia Twv OIGQOPETIKWY OPOAOYwv BEoewy
METAEU Twv OIOQOPETIKWY OAAANAOUXIWY KAl EKQPAZETAI WG O APIBUOS Twv
VOUKAEOTIDIKWY  dla@opwyv ava B¢éon. Ztnpifetar otn BaoiKl apx NG
aTTAOUCTEPNG TTPOCEYYIONG VIO TOV UTTOAOYIONO TNG atrOkAIoNg MeETagu duUo
KAwvwy oToixiopévwy DNA aAAnAouxiwy, n otroia egivar n PETPNON Twv

Béaewv 61TOU QUTOI DlIaPEpouy.

2.6.10 Avalntnon avaouvdiao pwy

H avalitnon Tuxov avacuvOliaouwy JIa@opeTikwy  oTeAexwy  Nopoiwv
TTPOYMATOTTOINONKE HE Ta TTpoypdupaTa BiomAnpogopikiic BLAST (Basic
Local Alignment Search Tool), MEGA4 kai SimPlot. Apxikd xwpiovTtal Ta
yovidia Twv oTeAEXwy TTou aAAnAouxnOnkav e BAon Tta TTEOTUTTA OTEAEXN.
2TNV COUVEXEIQ KATOOKEUAZOVTAl QUAOYEVETIKA OEvTpa yia TO KoB' €va
EEXWPIOTA PE Ta OTEAEXN TTOU pE Bdaon 10 BLAST, eppdvifov peyaAuTepn
opoIdTNTA. TEAOG, OTNV TTEPITITWON TTOU TA QUAOYEVETIKA OEvipa EBeixvav
BIAPOPETIKN KATAVOUr Twv yovIdiwv oToug KAADOUG e Ta JIaBECINa OTEAEXN,
OASKANPEC O aAANAOUXIEC TwV OTEAEXWYV KABWC Kal OAGKANPES O aAAnAouxieg
Twv OloBEoipwy oTeEAexwy eloayovtav oT10 TTPpdypaupa SimPlot yia mnv
emBeRaiwon UTTapENG TOU avaouvdIaopoU KaBwg Kal TNG akpIBoug Béong

auTou.
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3. AlNIOTEAEZMATA

3.1 ANOTEAEZMATA PCR, AUTONESTEDKAISEMINESTED

ApxIKQ, OAa Ta deiypaTta uttopAnBnkav o€ pia PCR kai pia AutoNested PCR e
U0 BIaPOPETIKG ekkIVATIKA Ceuyn MON381-MON383 kai P78-P80 tToU E
Bdaon tv PiBAIoypagia eivar €BIkKA otV avixveuon Twv dU0 KUPIWV
TTaBoyovwy yeveTikwy opddwyv Gll kai Gl avrioToixa.

Ao ta 53 tepIBaAAovTIKG deiypaTta 19 Atav BETIKA yia TNV YEVETIKR ouada i
Kal 8 amrd autd ATav £1TioNG BETIKA KAl TNV YEVETIKN Ouada |. ATTo T1a 29 KAIVIKG
deiypata ta otroia e€etdotnkay, 20 Atav BETIKA yia TNV yeVETIKA ouada Il kar 3
deiypaTa ATav £TTIONS BETIKA KAl yIA TNV YEVETIKN OuGda |

2Tnv ouvéxela, OAa Ta OBeTikG deiypaTta, aveCapTATOU YEVETIKAC OMAdAC,
eAEXONOav pe SAQ T UTTOAOITTA EKKIVNTIKA MOPIA, £TOI WWOTE VA ETTITEUXTEI N 000
170 OuvaTtd MEYOAUTEPN KAAUWN TOU YEVWHATOC TWV OTEAEXWVY TA OTToIa
QVIXVEUBNKAY, TA OTTOTEAECHATA TWV OTTOIWV TTAPATIOEVTAI OTOUG TTIVAKES 9 Kal
10.

Mivakag 9. Zmv TpwTtn oThAN Tapariosviar 6Aa 1a TEPIBAAAOVTIKG dciyyarta mou €€eTd0TNKAY 0TV TTApouoa
diatpIBn, otnv 0cUTEPN OTAAN, TA EKKIVATIKG {eUyn WE TO OTTOIa EvioXUBNkav Ta BETIKG deiypara, otnv TpiTn GTHAN
OITTEPIOXEC TOU YEVWMATOC TWV OTEAEXWYV TTOU aAAnAouxnonkav kai otnv TETapTn OTAAN N YEVETIKH Oudda kal 0

YEVOTUTTOC TTOU GvNKav T OTEAEXN TTOU EvIoXUBNKav.

ZuvoAIKA
Mepi1BaAAovTIKG Zelhyn EKKIVNTWYV EVIOXUONG mEPIOXN FeveTikA opada —
Acgiypara gvioxuong FevéTutrog
YEVWHATOG

LR2F - - -

LR5 - - -
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NLVH297 — NLVH896, 4527 — 5126, GILY/ GII.6
NLVR52 — NLVRS71, 4557 — 5275 GILY/ GII.6
LR6F
NLVORF1290 — NLVORF1974, | 5761 — 6448 GIL6
MON381 — MON383 5361 — 5674 GIL6
LR6P _ _ _
LR7P _ _ _
LRS _ _ _
LR9 _ _ _
LR10 _ _ _
LR11 _ _ _
NLVH297 — NLVH896, 4527 — 5126, GILY/ GII.6
LR12 NLVR52 — NLVRS71, 4557 — 5275 GILY/ GII.6
NLVORF2029 - NLVORF2902, | 6565 — 7420 GIL6
MON381 — MON383 5361 - 5674 GIL6
LR14 _ _ _
LR16 _ _ _
LRB1 _ _ _
LRB2F _ _ _
NLVH297 — NLVH896, 4527 — 5126 GILY/ GII.6
QNIF2 — G2SKR, 4971 — 5348 GILY/ GII.6
GNIF
NLVORF2029 — NLVORF2703 | 6546 — 7221 GIL6
MON381 — MON383, 5361 — 5674 GIL6
P78 — P80 1682 — 1970 Gl
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SRII1-SRII2-SRII3 4579 — 4781 Gll.4
GN2
NLVH297 — NLVH896, 4527 — 5126 GILY/ GII.6
MON381 — 383 5361 — 5674 GlL.6
TRIF - - -
TRIP - - -
TR2 - - -
TR3P - - -
NLVH297 — NLVH896, 4527 — 5126 GILY/ GII.6
TR3F
QNIF2 - G2SKR, 4971 — 5348 GILY/ GII.6
MON381 — MON383 5361 — 5674 GlL.6
TR4 - - -
TR5 - - -
SRII1-SRII2-SRII3 4579 — 4781 Gll.4
NLVH297 — NLVH896, 4527 — 5126, GILY/ GII.6
EIS1 NLVR52 — NLVR871, 4557 — 5275 GILY/ GII.6
MON381 — MON383 5361 — 5674 GlL.6
NLVH297 — NLVH896, 4527 — 5126, GILY/ GII.6
EIS2 NLVR52 — NLVR871, 4557 — 5275 GILY/ GII.6
MON381 — MON383 5361 — 5674 GlL.6
EIS3 - - -
EIS4 - - -
SRII1-SRII2-SRII3 4579 — 4781
Gll.4
NLVH297 — NLVH896, 4527 — 5126,
EIS5 GILY/ GII.6
NLVR52 — NLVR871, 4557 — 5275
GlL.6
MON381 — MON383 5361 — 5674
P78 — P80 1682 — 1970 Gl
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SRII1-SRII2-SRII3 4579 — 4781 Gll.4
NLVH297 — NLVH896, 4527 - 5126,
EIS6 Gll.9/ GII.6
NLVR52 — NLVR871, 4557 - 5275
MON381 — MON383 5361 - 5674 Gll.6
P78 — P80 1682 — 1970 Gl
NLVH297 — NLVH896, 4527 - 5126, GIL9/ GIIL6
NLVR52 — NLVR871, 4557 - 5275
AB7 NLVORF2029 — NLVORF2703, 6546 — 7221 GIL6
MON381 — MON383, 5361 - 5674
P78 — P80 1682 — 1970 Gl
AB8 - - -
NLVH297 — NLVH896, 4527 - 5126,
Gll.9/ GII.6
NLVR52 — NLVR871, 4557 - 5275
AB9
MON381 — MON383, 5361 - 5674 Gll.6
P78 — P80 1682 — 1970 Gl
AB10 - - -
NLVH297 — NLVH896, 4527 - 5126,
Gll.9/ GII.6
NLVR52 — NLVR871, 4557 - 5275
EX11 MON381 — MON383, 5361 - 5674 Gll.6
NLVORF1955 — NLVORF2902 6429 — 7385 Gll.6
P78 — P80 1682 — 1970 Gl
EX12
AB13 - - -
NLVH297 — NLVH896, 4527 - 5126,
Gll.9/ GII.6
NLVR52 — NLVR871, 4557 - 5275
EX14
NLVORF1955 — NLVORF2902 6429 — 7385
Gll.6
MON381 — MON383 5361 - 5674
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AB15 - - -
AB18 - _ _
SRII1-SRII2-SRII3 4579 — 4781 Gll.4
NLVH297 — NLVH896, 4527 — 5126,
AB19 GIL.9/ GIIL6
NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 Gll.6
R1_LUG NLVH297 — NLVH896, 4527 — 5126,
GIL.9/ GIIL6
NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 Gll.6
NLVH297 — NLVH896, 4527 — 5126,
GIL.9/ GIIL6
R2_LUG NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 Gll.6
NLVH297 — NLVH896, 4527 — 5126, GIL.9/ GIIL6
R3_LUG
NLVR52 — NLVR871, 4557 — 5275
Gll.6
MON381 — MON383 5361 — 5674
GNLO12 - - -
KRO12A - - -
KRO12B - - -
KR012C - - -
LRO12A - - -
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SRII1-SRII2-SRII3 4579 — 4781 Gll.4
TRNO12A MON381 — MON383 5361 - 5674 Gll.4
P78 — P80 1682 — 1970 Gl
MRKO012
TRNO12B
TRO12A
MON381 — MON383 5361 - 5674 Gll.6
KR012D
P78 — P80 1682 — 1970 Gl

Mivakag 10 Ztnv TpwTn OTHAN Taparieeviar 6Aa ta KAIVIKG deiypara Tou EeTACTNKAY OTnV TTapouca diatpipn,
atnv 0gutepn OTAAN, Ta ekKivnTIKG {edyn PE Ta OToia evioxUuBnkav 1a BeTikG deiyuara, otnv 1pitn GTAAN Ol
TEPIOXEC TOU YEVWMNATOC TWV OTEAEXWY TTOU aAAnAouxiénkav kai atnv 1E1apTn OTAAN N YEVETIKH OMd&da kal o
YEVOTUTTOC TTOU GvNKav T OTEAEXN TTOU EvIoXUBNKav.
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KwdikoTtroinon Zelhyn EKKIVNTWYV EVIOXUONG ZuvoAIKA FeveTikA opada —
deiyparog mEPIOXN FevéTutrog
gvioxuong
YEVWHATOG
A1 - - -
NLVH297 — NLVH896, 4527 — 5126,
Gll.9/ GlI.6
A2 NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 Gll.6
A3 - - -
A4 - - —
A5 - - -
NLVR 58 — NLVR 756 4529 — 5162
NLVH297 — NLVH896 4527—- 5162
NLVR52 — NLVORF871 4523- 5279
AB G2SKF - G2SKR 5046 — 5389
MON381 — 383 5361 — 5674 Gll.9/ GlI.6
NLVORF941 — NLVORF1928 5412—- 6402
NLVC463 — NLVC1430 5577 — 6508
NLVORF1955 — NLVORF2902 6429 — 7385
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NLVH297 — NLVH896, 4527 — 5126,
GILY/ GII.6
A10 NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 GlL.6
A12 NLVORF2029 — NLVORF2703 | 6546 — 7221 GlL.6
MON381- MON383 5361 — 5674 Gll.4
A15
MON381- MON383 5361 — 5674 Gll.4
NLVH297 — NLVH896, 4527 — 5126, GILY/ GII.6
KP1 NLVR52 — NLVR871, 4557 — 5275
GlL.6
MON381 — MON383 5361 — 5674
NLVH297 — NLVH896, 4527 — 5126,
GILY/ GII.6
KP2 NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 GlL.6
NLVH297 — NLVH896, 4527 — 5126,
GILY/ GII.6
NLVR52 — NLVR871, 4557 — 5275
KP3
MON381 — MON383, 5361 — 5674 GlL.6
P78-P80 1682 — 1970 Gl
NLVH297 — NLVH896, 4527 — 5126,
KP4 GILY/ GII.6
NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 GlL.6
N1 - - -
NLVH297 — NLVH896, 4527 — 5126,
N2 GILY/ GII.6
NLVR52 — NLVR871, 4557 — 5275
MON381 — MON383 5361 — 5674 GlL.6
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NLVH297 — NLVH896, 4527 - 5126,
Gll.9/ GII.6
N3 NLVR52 — NLVR871, 4557 - 5275
MON381 — MON383, 5361 - 5674 Gll.6
P78-P80 1682 — 1970 Gl
NLVH297 — NLVH896, 4527 - 5126
Gll.9/ Gll.4
NLVR52 — NLVR871 4557 - 5275
LR13 QNF2 - G2SKR 5012 - 5389 Gll.4
MON381-383 5361 - 5674
NLVH297 — NLVH896, 4527 - 5126
Gll.9/ Gll.4
NLVR52 — NLVR871 4557 - 5275
LR15
QNF2 - G2SKR 5012 - 5389
Gll.4
MON381-383 5361 - 5674
NLVR52 — NLVR871 4557 - 5275 Gl.9/GL.7
AG4 MON381-383, 5361 - 5674 Gll.9
P78-P80 1682 — 1970 Gl
P290 — G2SKR 4295 - 5370 Gll.4
AK1
MON381-383 5361 - 5674 Gll.4
AK2 MON381-383 5361 - 5674 Gll.4
AK3 - - -
AK4 MON381-383 5361 - 5674 Gll.6
AK5 MON381-383 5361 - 5674 Gll.6
AKG
MON381-383 5361 — 5674 Gll.4
AK7 - - -
AK38 - - -
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AK9

MON381-383 5361 - 5674 Gll.4

AK10

3.2 QuloyeveTiK avaAuon oTeEAEXWV

Metd TNV KAwvoTtroinon Kol aAAnAouxion Twv  OeTikKwy  BEyUATWY
OKOAOUBNOE N KATACKEUN TWV QUAOYEVETIKWY OEVOPWY TTOU €iXe W¢ OKOTTO
TNV TagIVOUNON TOU KABE OTEAEXOUC, TTOU EVTOTTIOTNKE, OE ETTITTEDO YEVETIKAC
oMGdag kal yevoTuTrou. ‘ET01, KABe OTEAEXOC CUYKPIONKE HE Ta OTEAEXN OTTOU,
ME Bdon 1o TPOYpPAUpa BIOTTANPOPOPIKAG BLAST, eu@dvife peyoAUuTepn
opoIOTNTO KABWCG KAl TTPOTUTTA OTEAEXN TTOU AVNKAV OTIG YEVETIKEG opadeg Gl

kai Gll, Ta oTT0i0 ATTOTEAOUV ONUAvVTIKG TTaBoydva yia Tov avepwTTo.

3.3 Avaocuvduaopuéva oTEAEXN VOPOiIwY

3.3.1 KAivikd deiypa A6

To TTPWTO OTEAEXOG VOPOIWV TO OTTOI0 XAPAKTNEICONKE Katd TNV SIApKEIa
NG TTapoucag daTpIBNG aTTouovwoNnKe atrd 10 KAIVIKO deiyua A6. To deiyua
OUAAEXBNKe aTTd €va TTaidi dUo £TWv, BNAUKOU yEvoug, TO OTToIO €10TIXON OTO
TTAVETTIOTNMIOKS VOOOKOMEIO lwavvivwy @Epovtag OAa 1a TUTTIKA  KAIVIKA
CUMTITWHATA TTPOCROANG TOU 10U.

ApxIKQ, TTpayudaToTToindnke n avtidpacn ELISA, n otmoia édwoe BeTika
QTTOTEAECUATA. ZTNV CUVEXEID TO YEVWHA TOU OTEAEXOUG EVIOXUBNKE ME uia
oeIPd AAANAETTIKOAUTITOMEVWY EKKIVATWYV HE ATTOTEAECUA va aAAnAouxnBei Eva

ONMAvVTIKO TUNMA Tou, attd TNV Béon 4527 — 7385, (trivakag 10, k. 19).
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ORF1 ORF2 ORF3

_
/ /-

Mepioxn Tou avoixtol TAaiciou
avayvwang 2, Tou
XPNGIMOTTOIEITal OTNV QUAOYEVEDH
yia elpean yevatutrou.(eploxn
kayidiou)

Mepioxn Tou
avolxTou TAaioiou
avayvwaonc 1, Tou
XpnoigoTroigital
oTNV QUAOYEVEDT
yia e0peon
yevoTutou.(Mepik6
TUrpa g
RdRTtroAupepdonc)

Eik. 19 Z1éAexoc AB. Me pdoivo XpwHa TapouaIAZeTal T0 THAMG TOU YEVWUATOC TTOU EVIOXUBNKE OTnV
Tapouoa epyacia.

H avalntnon tng kovTtivotepnS 1 OuoIag aAAnAouyiag TTpayHaToTTOINBNKE
péoa arrd éva oUvoAo aAAnAouxiwyv, TTOU PBPICKOVTAl KATOTEBEIMEVEG OTNV
BieBvry tpatrefa dedouévwy (GenBank), pe TN Bonbeia Tou TTPOYPANMATOS
BiotrAnpogopikric BLAST (Basic Local Alignment Search Tool), 10 oT10i0
diatiBetal eAelBepa oTo B1adiKTUO. ZTNV CUVEXEIA, OAOKANPEN N UTTO HEAETN
aAAnAouxia Tou oTeAExoug, UTTORANBONKE Ot opoTTaPABecn WE TIC BIABETIUES
aAAnAouxieg TTou TTapouciaoav UWnAr) opoAoyia, pE BAon Ta atroTeAéopara
Tou BLAST, kabuwg kai ye ta mpoTutra oTeAéxn Twv Nopoiwv ue Tnv xprion Tou
mpoypdupatog clustalW, T10 otoio diatiBetal eAelBepa  oto  BiadikTuo
(ftp://ftp.ebi.ac.uk/pub/software/). H opommapdBeon Twv OTEAEXWYV EiXE WG
okotrd va dlaxwplioTouv cwaoTd ta duo yovidia (ORF1 kai ORF2). Agou Ta
dUo yovidia diaxwpioTnkav, akoAoUBNoE N KATAOKEUr QUAOYEVETIKWY BEVTPWV
yla 10 KaB' E€va yovidio exwpIioTd, e Ta oTeAéXn TTou We Baon 10 BLAST

EUQAvIaV UEYAAUTEPN OMOIOTNTA KABWC KAl JE T TTPOTUTTA CTEAEXN.
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ftp://ftp.ebi.ac.uk/pub/software/

ORF1

To @QUAOYEVETIKO OBEVTPO TIOU KOTOAOKEUAOTNKE HE XPNON TNG MEPIKAG
aAAnAouxiag Tou ORF1, katétage 10 yovidio Tou OTEAEXOUC AB HE TO OTEAEXN
TTOU QVAKOUV OTNV YEVETIKA opada duo kal oTov yevotutro evvid. ETriong, 10
OTéENEXOC AB, OXNMATIOE  QUAOYEVETIKO KAGDO HE TO  OTEAEXOG
Hu/GlI1.9/Alingsas/p1/2009/SWE, 10 OTT0i0 Qtropovwenke otnv zoundia T0

2009, atd kAiviko deiypa, (€ik. 20).

o — ABORF1 ==

HWGI SiAlingsas/pi/2009/SWE
HWNLV/DjiboutiVdG88/2003/D)jbout
NLVIVAST207/1897
HuGIVGoulburrValleyG5175C/1983/AUS

GIl.9

SubgroupA

u3Gll

100 ' Saitama U3
NLV/Florida/269/1333/US
U16GII

——— Snow Mountain
——— Lordsdale
—— Hawaii

100

100

A

Gl

SubgroupB

Southampton

0 Norwalk virus
a ovema | ©

35 chiba

005

Eik. 20. Quhoyeverikd DEVTPO KATAOKEUOOHEVO e BAon Tn pEPIK aAAnAouyia, (4527-5062bp) Tou
A6 ORF1 yovidiou {accession number: HM172493),11¢ kovTivo1EpeC ouyyeviKA aAAnAouxiec e
Bdaon 10 Tpoypappa BLAST kar ta mwpOTUTTA OTEAEXN TWV YEVETIKWY opadwyv | kai Il Zmv
utroopdada A (subgroupA) opadotroiolvral Ta GTEAEXN TTOU QAVAKOUV OTNV YEVETIK opdda Il kai
yevotutro 9. Z1nv umooudda B (subgroupB) opadotroiolvial GTEAEXN TTOU QVIIKOUV OTNV YEVETIKI

opada Il kan yevatutro 6. TEAog, opadoTrololvial Ta TTPOTUTTA OTEAEXN TNG YEVETIKAC opddag |.
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ORF2

To @UAOYEVETIKO DEVTPO TTOU KATAOKEUAOTNKE ME XPAON TNG aAAnAouxiag
Tou ORF2, katétage 10 yovidio Tou oTeAEXOUC AB HE TO OTEAEXN TTOU QAVIKOUV
oTNV YEVETIKA opada SUo Kal OTOV YEVOTUTTO £EI. ZXNMATIOE OVOPUAOYEVETIKN
oxéon ME Ta UTTOAOITTA OTEAEXN TNG OMADBAC, AAAG £BEIEE oaQr] BlaxwpIoHO aTTd
TOV YEVOTUTTO €vvIA Kal MEYAAN QUAOYEVETIKA atrdoTacn amd 10 OTEAEXOC
Hu/GIl.9/Alingsas/p1/2009/SWE, pe T10 oOTmOi0 OXnNuUdTioe KAGdo OTO

(QUAOYEVETIKO BEVTPO TTOU KATAOKEUAOTNKE yia To yovidlo ORF1, (eik. 21).

E’ Saitama U3 \
Gll.6 n U3Gl

% | L NLVIFlorida/269/19931US
A6 ORF2 *==
—— useal
" HuGI S/Alingsas/p1/2009/SWE
LORDSDALE
5 —— NLVIVAST207/1987
00| —— HulGIIGoulbumValleyG5175C/1983/AUS

64 — Hu/NLV/D)iboutiVdGAE/2003/Djibout

100

Gl

Havalil

66 Snow Mountain J

Norwalk vrus ~

Southampton Gl
5 CV)XRNA
69 Chiba )

100

P
005

Eik. 21. ®uloyevenikd 0EvTpo kartaokeuaouévo pe Baorn oAokAnpn tnv ahAnAouyia (5043-6689bp)
Tou A6 ORF2 yovibiou (accession number: HM172494). Z1o ykpi TAaigio opadotroiouvial 6Aa ta
oTeAEXN TNG YEVETIKIG opddag I, yevotutrou 6. O1 Tpeig utrdAoimol kKAGdol Tou oxnuari¢ovrial (amd
TAVW TTPOC TA KATW) TEPIEXOUV TA OTEAEXN TNG YEVETIKIG opddag I, yevérutrou 9, Buo TpoTUTIa
OTEAEXN TNG YEVETIKNAG opadag Il kal Ta TpOTUTTa OTEAEXN TNG YEVETIKIG Opadag |.
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Metd tnv oca@r] £vOein Twv QUAOYEVETIKWY O&vipwy yia Tnv Utrapén
avaouvdiaopou HETagU SUo BIQYOPETIKWY YEVOTUTTWY, OTa SUO yovidia Tou
oTeAExoug A6, e@appooTnke TO TPOypadpa SimPlotyia tnv emBeRaiwon
UTTapéng tTou avacuvdliaopou KaBwg Kal Tov KabBopliopdtng akpiBoug Béong
autou, (ek. 22). ATd Ta QTTOTEAECUATA TNG AVAAUCNC QAVNKE OTI TO OTEAEXOC
A6, tival OvTw¢ avaouvduaouévo PETAEU Twy duo yovidiwv ORF1 kai ORF2,
otnv Béon 5.043 tou yevwuaTtog, METAEU Twy BUO YEVOTUTTWY EVVIA Kal £EI TNG

YEVETIKAG ONAdAG BUO TwV VOPOIWV.

SimPlot - Query: A6

10
098
0,9
0,94
0%
08
088
088
0384
082
08
078
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] e
056 | | ——AY0385%
084 — D035

EF160520
052 |=—0W31223

05

Similarity

51
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Postion

Eik. 22 AvdAuan Simplot yia T pepikry akoAouBia g RARp kai 1nv oAdkAnpn aAAnAouxia Tou yovidiou tou
kawidiou Tou ateAéxoug AB. H kdBetn kokkivn ypapun deixvel 10 onueio diactavpwong ot Béon 5.043
peTagl Twv ORF1/ORF2 yovibiwv. To péyeBog tou apabipou ritav 100 bp pe péyebog Brparog 50 bp. O
Kataképupog agovag deixvel v opoidTNTa PETagl Twy voukAeoTidiwy (TTapdBupo aTo apioTEPO KATW AKPO
T0U OXAMaTOC), eKppacpéva w¢ moooatd. O opiloviiog atovac utrodeikvuel TIC BEOEIC VOUKAEOTIDIWY TNC
mePIOXNC TOU yoviIBIWPATOC TTou avaAuenkay.
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EmmrpdoBera kal dedopévou OT1 TO TURAMA TNG aAAnAouxiag TTou evioxubnke
ATav MEYAAO Kal POC ETTETPETTE TNV QvAAUGn, £QAPMOCTNKE KAl N avaiuon
BootScan, wg¢ emmmAéov  emBeRaiwon  Utrapéng avaocuvdioopou. H
OUYKEKPIMEVN avaAuon oTnpeiletal oTnv OPOTTaPAbecn TNG aAAnAouxiag Trou
e€etaletal pe éva OUVOAO aAAnAouxiwv avagopds. H opotrapdBeon
TTPAYMATOTTOIEITAI  ava  HIKPA  SIadoXIKA TUAMATA  Twv TTPOG  eEETaon
aAAnAouxiwy, dnuioupywvTac QUAOYEVETIKA Bévipa. ‘Etol, dnuioupyeital yia
KABe BEVTPO TTOU TTAPAYETAI Mia TIMM, N OTTOiQ TOTTOBETEI TO AVACUVOUQOMEVO
TUAMG ME KAGBe éva amd Tta Oévipa Twv aAAnAouxiwv avagopds. To
atroTéAecpa BideTal UTTO TN HOPEN YPAQPNMATOG TO OTTOI0 TTApOoUCIAlel TN
METAROAR TNG OMOIOTNTAG WETAEU TWV OTEAEXWY, KATA WAKOS TNG aAAnAouxiag

TOUG, (€IK. 23).

BootScan - Query: A6
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Postion

Eik. 23.AvdAucn BootScan tngyovidiwpariki¢ mepioxrigrou avaocuvduacuol atn B€an5.043 1ou OTEAEXOUC
AB e Ta o1eAEXN TWV NOPOIWY TTOU CUMMETEIXOV OTNV QUAOYEVETIKI avdAuon.
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3.3.2 Avaouvdiaouéva ateAéxn Nopoiwv GIILO9/GIIL6

H gpgavion avacuvduaopou PETAEU DIAPOPETIKWY VOPOIKWY YOVIDIWHATWY,
OTTWG TOU OTEAEXOUG AB, aTTOTEAEI £va ONMUAVTIKO XAPAKTNPIOTIKO TWV VOPOIWV
wg TTPo¢ TNV €€EAIEN Toug. ‘Exel atrodeixBei 611, 01 avacuvduacuoi PTTopouvva
ETTNPEACOUV KABOPIOTIKA T MOAucHaTIKOTNTa Twv NOPOIWV Kal va TOug
TTPOCOWOOUV EVaV QTTOTEAECHATIKO HNXaviouod yia Tn diatripnon Toug ot éva
dedopévo TTANBuopd. H  eu@avion Kal n  TTEPETAipW  EEATTAWON  €vOG
OUYKEKPIMEVOU avaoUVBUAOUEVOU OTEAEXOUG OTOV TTANBUCUO, aTTodEIKVUEl OTI,
0 avaouvduaouog Ox1 Hovo Oev eutrodifel Tnv Aoigoyévo duvapn Tou
OTEAEXOUC QAAQ EVDEXOMEVWIC KQI VA TNV EUVOEI.

Me Bdon 1o TTOPATTAVW, TTPAYMATOTTOINBNKE Hia TTPOOTIABEIa EVTOTTIONOU
Kal TTapakoAouBnong TNG KUKAOPOPIAS TOU CUYKEKPIMEVOU avaCUVOUQCHEVOU
oTeAéxoug (AB), ue Toug ekkivnTéC NLVH297-NLVH896 kai NVLR52-NLVR871
(trivakag 7). O1 ekkivnTEC QUTOI KAAUTTTOUV TO ONWEI0 avacuvdIaouou, Xwpis va
EVIOXUOUV OAOKANPEC TIC aAAnAouxie¢ TTou atroteAouv Ta dUO  yovidia
(ORF1/0ORF2), (eik. 24). Zuykekpipéva, e€etaotnkay 15 mepiBarlovTika kar 10
KAIVIKG Oeiypata, ta otoia cUAAéEXBnkav atrd 1o 2006 £wg 10 2011 ammd TNV
idia yewypagikn Trepioxn, (trivakag 11kair 12).

NVLRS52-
NLVR871

ORF1 ORF2 ORF3

= [ ]
N \

NLVH297-
NLVH896

Eikéva 24. Me mwpdoivo xpwua Trapoudidaletal 10 onueio mavw oT10 yoviBiwpa Trou evigxUenke ota
TEPIBarAOVTIKA Kal KAIVIKG Beiyparta pe Toug ekkiviTéEG NLVH297-NLVHB96 kai NVLR52-NLVR871.

83

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



Mivakag 11. AvaAuTikOG TTivakag OAwv Twv TTEPIBAAAOVTIKWV OEIYUATWY TTOU XPNOILOTTOINONKAV yIa TOV EVIOTTIONO
TOU avaouvOuacpévou ateAéxouc AB. Xtnv mpwTn OTAAN Tapatifevial 6Aa 1a TePIBAAAOVTIKG deiypata Tou
ggerdotmnkav, otnv dedtepn OTAAN,0 APIBUOC KATABEONC Twv CGAANAOUXILV TTOU KaTateBRkav atnv TaykOGUIa
Tpdmela 0cdopévwv GenBank, otnv 1pitn oTtAAn n mpPofAsuon Tou KABE deiyyartog, otnv 1€1GPTH OTHAN N
NUEPOMNVia GUAAOYAC TOUG, aTNV TEUTITN GTAHAN TA EKKIVATIKG eUyn PE TG OTroia evioyxuenkav 1a BeTIKA deiyuara,
atnv €KTn aTHAN Ol TTEPIOXEC TOU YEVWUATOCTWY OTEAEXWY TTOU AAAnAouxronkav kai atnv £ROoun oTAAN N YEVETIKA

OUAda Kal 0 YEVOTUTTOC TTOU GvNKaY TG OTEAEXN TTOU EVIOXUBNKAV.

Kwdikotoinon | Accession MpoéAguon Huepopnvia EkKIvNTEG Meproxn FeveTikA
TTEPIBAAAOVTIKOU no deiyparog OUAAOYIG gvioxuong | evioyxuong ouada/
deiyparog Fevwparog | MevoTutrog
NLVH297- 4527 -
EIS5 KC212141 | BioA.Kab.Adpiga 2009 NLVH896, 5126, Gll.9/ GlI.6
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
EX11 KC212142 | BioA.Kab.Adpica 2009 NLVH896, 5126, GlL.9/ Gll.6
NLVR52 — 4557 —
NLVR871 5275
NLVH297 —
NLVH896, 4527 - Gll.9/ GlI.6
5126,
EX14 KC212143 | BioA.Kab.Adpioa 2009 NLVR52 —
NLVR871 4557 —
5275
NLVH297 — 4527 -
NLVH896, 5126, Gll.9/ GlI.6
EIS6 KC212144 | BioA.Kab.Adpioa 2009
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
LR6F KC212145 | Bioh.Kab.Adpica 2006 NLVH896, 5126, Gll.9/ GlI.6
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
KC212146 | BioA.Kab.Adpioa 2009 NLVH896, 5126, Gll.9/ GlI.6
AB9
NLVR52 — 4557 —
NLVR871 5275
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NLVH297 — 4527 -
AB19 KC212147 | BioAh.Kab.Adpioa 2009 NLVH896, 5126, GlL.9/ Gll.6
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
AB7 KC212148 | BioA.KaB.Adpioa 2009 NLVH896, 5126, GlL.9/ Gll.6
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
EIS1 KC212154 | BioA.Kab.Adpioa 2009 NLVH896, 5126, Gll.9/ GlI.6
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
LR12 KC212155 | BioA.Kab.Adpiga NLVH896, 5126, Gll.9/ GlI.6
2007 NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
EIS2 KC212156 | BioA.Kab.Adpioa NLVH896, 5126, GlL.9/ Gll.6
2009 NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
KC662398 | BioA.Kab.Adpiga 2010 NLVH896, 5126, Gll.9/ GlI.6
R1_LUG
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
KC662399 | BioA.Kab.Adpiga NLVH896, 5126, Gll.9/ GlI.6
R2_LUG 2010
NLVR52 — 4557 —
NLVR871 5275
NLVH297 — 4527 -
R3_LUG KC662400 | BioA.Kab.Adpiga 2010 NLVH896, 5126, Gll.9/ GlI.6
NLVR52 — 4557 —
NLVR871 5275
LR5 - BioA.KaB.Adpioca 2006
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Mivakag 12. AvaAuTIKO¢ Trivakag OAwv Twv KAIVIKWV OEIyudTwy TTouU Xpnaigotroiiénkay yix 10v EVIOTIONG TOU
avacuvOuaauévou aTeAéxouc AB. ZTnv TPwWTN GTAAN TTaparifevial 6Aa ta kKAIvIKG deiypata ou EeTAaTNKAY, OTNV
0euTeEPN OTHAN,0 apPIBUOC KATABEONC TWY GAANAOUXILV TTOU KaTtateBRkav OTnv TAyKOoUIa Tpdmela O0OPEVIIV
GenBank, atnv 1piTn OTHAN N TPOEAEUGN TOU KABE deiyuatog, atnv 1E1ApTN GTAAN N NUEPOMNViIa GUAAOYK¢ Toug,
aTnV TMEUTTN OTAAN TA EKKIVNTIKA {eUyn PE Ta OTroia evioxuonkav 1a BeTIKG deiyyata, atnv €KTn GTHAN OI TEPIOXEC

TOU YEVIOUATOS TWYV OTEAEXWYV TTOU aAAnAouxridnkav kai atnv £BOoun oTAAN N YEVETIKN OUAda KAl 0 yEVOTUTIOC TTOU

Avnkav T GTEAEXN TTOU EVIOYUBNKAV.

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83

Kwdikomoinon | Accession | MpoéAevon | Huegpounvia EkKIvNTEG Meproxn FeveTikA
TTEPIBAAAOVTIKOU no deiyparog OUAAOYAG gvioyuong gvioxuong ouada/
deiyparog Fevwparog | Fevétumog
NLVH297- 4527 — 5126
KR2 KC212149 MNA 2006 NLVH896, Gll.9/ GlI.6
NLVR52 — 4557 — 5275
NLVR871
NLVH297 — 4527 — 5126
KR3 KC212150 MNA 2006 NLVH896, GlL.9/ Gll.6
NLVR52 — 4557 — 5275
NLVR871
NLVH297 — 4527 — 5126
N3 KC212151 MNA 2011 NLVH896, GlL.9/ Gll.6
NLVR52 — 4557 — 5275
NLVR871
NLVH297 — 4527 — 5126
A2 KC212152 MNI 2008 NLVH896, Gll.9/ GlI.6
NLVR52 — 4557 — 5275
NLVR871
NLVH297 — 4527 — 5126
A10 KC212153 MNI 2008 NLVH896, Gll.9/ GlI.6
NLVR52 — 4557 — 5275
NLVR871
NLVH297 — 4527 — 5126
KR1 KC212157 MNA 2006 NLVH896, GlL.9/ Gll.6
NLVR52 — 4557 — 5275
NLVR871
NLVH297 — 4527 — 5126
KR4 KC212158 MNA 2006 NLVH896, GlL.9/ Gll.6
NLVR52 — 4557 — 5275
NLVR871
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NLVH297 - 4527 - 5126

N2 KC212159 MNA 2011 NLVH896, GILY/ GII.6
NLVR52 - | 4557 — 5275
NLVR871

A1 - - - - -

A3 - - - - -

AkoAouBnoe n aAAnAouxion Twv BETIKWVY Jwvwy TTOU EVIOXUBNKAV HE TO
emAeyuéva ekkivnTIKA Ceuyn NLVH297-NLVH896 kai NVLR52-NLVR871. Z1nv
OUVEXEIR, TTpayudaTotToiNOnke n  avalntnon TNG KOvTIvOTEPNS 1 OMOoIGG
aAAnAouxiog péoa  amd  €va OUVOAO  aAAnAouxiwv, Trou RBpiokovral
kartaTeBeipéveg otnv diebvr TpdTrea dedopévwy (GenBank), pe Tn BoriBeia Tou
TTpoypdupaTog BlotTAnpo®opiknc BLAST (Basic Local Alignment Search Tool).
A6 ta 15 repiBarlovTika deiypata kal atrd 1a 10 KAIvIKG deiyparta 1a 14 kai 8
avTioToIixa rav BeTIKG yia Tov idi1o Tutro avacuvduacuou GIIL.9/GIIL.6

Katdtmiv, 0AOKANEEeS o1 aAAnAouxiec utroBANBNKav oe ouoTTapddeon JE TIG
dIaBéoipec aAAnAouxiec TTou TTapouciacav uwnAr ouoAoyia, Pe Bdon Ta
atroteAéopara Tou BLAST kabwg kai pe 1a TpdTutra oTeAéXN Twv Nopoiwy ue
TNV Xprion tou Trpoypduuatog clustalW (ftp://fftp.ebi.ac.uk/pub/software/), €101
woTe va dlaxwploTouv owoTd Ta duo yovidia (ORF1 kai ORF2). Agou ta duo
yovidia diaxwpeiotnkav, o& OAeC TIC AAANAOUXIEC, aKOAOUBNCE N KATAOKEUN
QUAOYEVETIKWYVY  OEVTPWY yIa TO KABe yovidio &exwpiotd kar pe  dUo

QVTITTPOCWTTEUTIKA OTEAEXN ATTO KABE yevdTUTTO Twv Nopoiwv.

ORF1

To @uAoyeveTikd DEVTPO TTOU KATAOKEUAOTNKE ME XPNON TWV MEPIKWV
aAAnAouxiwy TTou dvnkav oTo yovidio ORF1, kKaTétage Ta OTEAEXN ME QUTA TTOU
QVNKOUV OTNV YEVETIKI OpAda dUO Kal OTOV YEVOTUTTO evvid, OXNUOTICOVTAG

€vav JOVOQUAOYEVETIKO KAGDO HETALU TOUC Kal he oadr] diaxwploud atmd Toug
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ftp://ftp.ebi.ac.uk/pub/software/

UTTOAOITTOUG  YEVOTUTTOUG TNG  YEVETIKAG opadag Il twv Nopoiwv, TToU
XPNOIMOTTOINONKAV OTNV CUYKEKPIMEVN avaAuaon, (&Ik.25).

Subgroup A

100 L E1s1

_E- ABS542918 GIL9
93 GuU131223 GIL9

100

0.05

Eik. 25. ®uhoyevenkd DEVIPO KATaOKEUAOPEVO PE BAon TG pePIKEG alAnAouxieg Tou ORF1 yowibiou
(4523-5061bp). YmwoopddaA (SubgroupA): MovoQuloyeveTik6G KAABOG Twv  GTEAEXWV  TTOU
XpnoigoTtroiménkav atnv avdhuon, ouadoTroINUEVOG HE Ta BUO AVTITTPOCWTTEUTIKA GTEAEXN TOU YEVOTUTTOU
9. YmoopddaB (SubgroupB): 6Aa ta umoAoima OTEAEXN TTOU XpriolgoTroienkav, amd GAoug Toug
BIaBECIPOUC YEVOTUTTOUG TG YEVETIKNG opddag |l Twv Nopoiwv.

88

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



ORF2

To @uAoyeveTikd DEVTPO TTOU KATOOKEUAOTNKE ME XPNON TWV MEPIKWV
aAAnAouxiwv TTOU dvnkav oTo yovidio ORF2, katérage ta oOTeENEXN ME TA
OTEAEXN TTOU AVAKOUV OTOV YEVOTUTTO £€1 TNG YEVETIKAC ouddag Il. Zxnuaticav
MOVOQUAETIK OXEON ME T BUO AVTITTPOCWTTEUTIKA OTEAEXN TOU YEVOTUTTOU, KAl
€deiCav cagr dIaxwpEIoud atrd TOV YEVOTUTTO €vvIA TToU gixav opadotroindei
oTo yovidio ORF1 KaBwg kal HeyAAn QUAOYEVETIKY atroéoTOon A1rd OAOUG TOUG

UTTOAOITTOUC YEVOTUTTOUC, (EIK. 26).
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Eik. 26. duhoyevenikd OEVTIPO KATAOKEUAOHEVO HE BAon TIC HEPIKEC aAAnAouyiec Tou ORF2 yowvidiou. MAaigio
HE YKpI avoiXTé Xpwpa: Movo@uAoyeveTikOG KAGDBOG Twv GTEAEXWV TTOU XpnaigoTroiidnkav atnv avauan,
opadoToINUEVOG HE Ta BUO avTITTPOCWTIEUTIKA OTEAEXN Tou yevaTutrou 6. MNAaicio pe ykpl TEpiypapua @ 1a
GU0 avTITTPOCWTTEUTIKA OTEAEXN TOU yevoTuTrou 6. MNAQiCI0 PE YKPI OKOUPO XpwiHa : Ta U0 avTITTPOCUWTTEUTIKA
aTeAEXN TOU YEVOTUTTOU 9 TNG YEVETIKAG opddag Il Twy vopoiwy.
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MeTd Ta aTTOTEAEOHATA TNG PUAOYEVETIKAG avaAuang kal Tnv oaer] Evoeign TTou
autd €dwoav yia Tnv Umapén avaouvdiaouou MeTaglu dU0 JIaQOPETIKWV
YEVOTUTTWY, €@appOoTnke TO TrPpOypaupa SimPlot yia v emBeRaiwon
UTTapéng tTou avacuvdliaopou KaBwg Kal Tov KabBopliopdtng akpiBoug Béong
autou, (ek. 27). H avaAuon trpayuaTtotroifBnke, evOEIKTIKA, 0t BUO OTEAEXN
TTOU aTTopovwenkay amd éva TepIBaAAovTIKO (EIS6) kal éva kKAIVIKO Beiyua
(A10), dedopévou 0TI N VOUKAEOTIBIKY) opoIdTNTA TTOU eU@AvIZav OAa Ta OTEAEXN
METAEU TOUG Kupaivotav atmmd 97-99%. ATO T1a QTToTEAECHATA TNG AvAAUONG
@AvNKe OTI Ta GTEAEXN, NTAV OVTWG avaouvduaopéva JeTagu Twy dUo yovidiwy

ORF1 kal ORF2, otnv Béon 5.023 ToU yeEVWMATOG.

SimPiat - Query: E1S5

i = P N
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Postion Window. 80 bp, Step: 20 bo, GapSirp: On, Mimura (2-parameter), TR 20

Eik. 27 AvdAuon SimPlot yia 1i¢ akoAouBieg TG RARp kai Tou kayidiou Tou TepiBarlovTikol aTEAEXOUG
EIS5 kal Tou kAivikou oteAéxoug A10. H kdBetn kokkivny ypappr Oeixvel 1o onueio avacuvdiacpou
peTagl Twv BUo yovidiwvy ORF1/ORF2 otn 6éon 5.023. To péyeBog Tou Trapabupou ritav 80 bp pe
péyeBog Briparog 20 bp. O karak6pu@og dfovag Oeixvel Tnv opoidTnTa pETay Twv VOUKAEOTIBiWY
(TrapdBupo aplotepd Tou OXAMATOC), EKPpacuéva we TooooTd. O opiféviiog afovag utrodeIKvUEl TIC
B£0€1¢ Twv VoukAsoTIBiwy TNE TTEPIOXIC Tou yoviIBIwKaTog TTou avaAuenkav, (4527 — 5275bp).
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3.3.3 ANoI avaouvduaouoi

Ek16¢ Twv avacuvduaopwy Tou Tutrou GIL9/GILLG, evtotTioTnKav TPIia AKOWN
OTEAEXN, TA OT0Id CUMQWVA JE TNV UTTdpxouoa RIRAlIoypagia, £pepav
KaIvoUpyIloug avacuvduaopoug MeTagtu twv duo yovidiwv ORF1/ORF2. Ta
oteAéxn autd (LR13, LR15 kai AG4) atropovwnkav otrd KAIVIKA deiyuaTa Kal
TTPONPXOVTO ATTd TO TTAVETTIOTNMIAKO VOOOKOMEIO lwavvivwy atmd drtoua 1a
oTToia eIonXOnoav EEPOVTAg OAQ TA TUTTIKA KAIVIKA CUPTITWHATA TTPOCROANG
Tou 100. Ta oteAéxn LR13 kai LR15 Arav avaouvduaouéva PeTagu duo
IAPOPETIKWY YOVOTUTTWY TNG iDIOC YEVETIKAG OMADAC CUYKEKPIMEVA PETAEU TWV
Gl1.9/GlI.4 vopoikwv yovidiwpaTtwy (ORF1/ORF2 avtioToixa), otnv 8éon 5039,
evw 1O OTéEAExo¢ AG4 nrav avaouvOUOOEVO METOEU OUO DIAQOPETIKWYV
YEVETIKWY  opadwv  GILI/GL7  vopoikwv  yovidiwudtwy  (ORF1/ORF2
avTioTOIXO), OTNV Béon 4982.

2ZUYKEKPIMEVA, avaAuBnkav TTEVTE KAIVIKA Beiyuata, Ta OTToia GUAAEXBNKav
atro TEVTE veapd dtoua (aydpia Kal KopiTola), nAikiag 14 — 17 1wy, Ta oTT0ia
glonNxbnoav OT0 TTAVETTIOTNMIOKO VOOOKOoMEIo lwavvivwy @épovtag dAa Ta
TUTTIKG  KAIVIKG  CUMTITWMOTG  TTPOCPROAIG  Ttou  1oUu.  H  avdAuon
TTPAYMATOTTOINONKE WE TNV XPAON TWV TTPOAVAPEPBEVTWY EKKIVATIKWY HMOPIWY
NLVH297-NLVH896 kai NVLR52-NLVR871 kai evog akdua feuyoug QNIF2 —
G2SKR. To Zeuyog QNIF2—-G2SKR cival oAANAETTIKOAUTITOMEVO PE  TO
TTPONYOUMEVA KAl XPNCIMOTTOINBNKE £€TO1 WOTE va QUENOCEI TO PMNKOG TNG TEAIKAG
aAAnAouxiag TTou Ba TTPOEKUTTTE WOTE N GAANAouxia va gival KataAANASTEPN

Y1 TNV QUAOYEVETIKF avaAuon, (ek. 29, tiv. 13).
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ORF1

ORF3

.

NVLRS2-
NLVRE71
MNLVH287-
NLVHESE
QNIF2 -G25KR

Eikova 29. Me Tmpdoivo XpWHa TTAPOUCIAlETAITO OnueEio mavw o010  yovidiwha TTou  evioxUuOnke

oTamepIBaAAOVTIKG Kal KAIVIKG Oeiyuara pe Toug ekkivntég NLVH297-NLVH896, NVLR52-NLVR871 kal QNIF2 -

G2SKR

Mivakag 13.AvaAutik6¢ Tivakag Twv KAIVIKWY Belypdrwy Tou xpnoigotroiienkay

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83

KwdikoTtroinon MpoéAegvon | Huepounvia EkkivnTég Meproxn revenkn
deiyparog Accession | &eiyparog oUAAOYIG gvioxuong gvioxuong opada/
no Flevwparog | MevéTutrog
NLVH297-
NLVH896 4527 - 5126
LR13 KC212149 NI 2012 NLVR52 - Gll.9/ Gll.4
NLVR871 4557 — 5275
QNIF2 - 5012 — 5389
G2SKR
NLVH297 —
NLVH896
LR14_n
- NI 2012 NLVR52 - - -
NLVR871
QNIF2 -
G2SKR
NLVH297 —
NLVH896 4527 — 5126
LR15 KC212151 NI 2012 NLVR52 — 4557 - 5275 | GI.9/ Gll.4
NLVR871
QNIF2 - 5012 - 5389
G2SKR
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AG4

KC212152

NI

2012

NLVH297 -
NLVH896

NLVRS52 -
NLVR871

QNIF2 -

4527 - 5126

4557 - 5275

5012 - 5389

Gll.9/ GL.7

G28SKR

AG5_n

NLVH297 -
NLVH896

NLVRS52 - -
NLVR871

KC212153 NI 2012

QNIF2 -
G28KR

Ao ta évte KAIVIKG SeiypaTa Ta Tpia ATav BeTIK& oTtnv Uttapgn Nopoikou
oTEAEXOUC. AQOU OAOKANPWONKE N aAAnAouxion Twv BeTikwv Jwvwy, OTNV
OUVEXEIQ, TTpayudaTotToiNOnke n  avalntnon NG KOvTIvOTEPNS 1 OMOoIaG
aAAnAouxiog péoa  amd  €va OUVOAO  aAAnAouxiwy, Trou PBpiokovral
kartaTeBeipéveg otnv diebvr TpdTrea dedopévwy (GenBank), pe Tn BoriBeia Tou
TTpoypdupaTog BlotTAnpo®opiknc BLAST (Basic Local Alignment Search Tool).
Katdtmv, oAdkAnpec o1 aAAnAouxieg utToRAABNKav C& opoTTapdBeon ME TIG
dIaBéoipec aAAnAouxiec TTou TTapouciacav uwnAr ouoAoyia, Pe Bdon Ta
atroteAéoparta Tou BLAST kaBwg kai pe 1a TTpoTuTTa oTEAEXN Twv NOpOoiwy e
TNV Xxprion tou Trpoypduuatog clustalW (ftp://fftp.ebi.ac.uk/pub/software/), €101
woTe va dlaxwploTouv owoTd Ta duo yovidia (ORF1 kai ORF2). Agou ta duo
yovidia diaxwpioTnkav, Kal OTIC TPEIC GAANAOUXIEC, AKOAOUBNOE N KATAOKEUN
QUAOYEVETIKWY  DEvTpwy  yiIa TO KAEBe yovidio Eexwpiotd, e dUoO
QVTITTPOCWTTEUTIKA OTEAEXN OTTO KABE yevoOTUTTO Twv VvOPoiwv atrd TPEIC

YEVETIKEG ouadeg Gl, Gll kar GV.
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ftp://ftp.ebi.ac.uk/pub/software/

ORF1

To QUAOYEVETIKO OEVTPO TTOU KATOOKEUAOTNKE HE XPAON TWV HEPIKWVY
aAAnAouxiwy TTou Aavnkav oto yovidio ORF1, katétafe kal Ta Tpia OTEAEXN
AG4, LR13 kai LR15,ue autd TTOU avrKOUV OTNV YEVETIKI) opada dUo Kal OToV
YEVOTUTTO €vvid, OXNMaTi(ovTag €vav HOVOQUAOYEVETIKO KAADO HETAEU TOUG
Kal e oa@r dlaxwpIopo atmd Toug UTTOAOITTOUC YEVOTUTTOUG TNG YEVETIKAG
opadag Il Twv Nopoiwv, TTOU XpPNOIMOTTOINEBNKAV OTNV  OUYKEKPIMEVN
avaAuon, (e1K.29).

100  HWON. 13/8686/M aizunu/2008(PN
@ 'HWGIL1 48534/ Maizurny 2008/PN

HUW/GII.7/Seoul/ 034 2 2008/KOR
100 L HW/GIL. 7MW uhan/E2124/CHN/2010
SAITAMA U3

100| 100! HWGIL ¥ Ehime090371/ 2009.JP
99 - HUWGI ¥Alngsasip 1/ 2009 SWE

&

GIL9

HUGI. &A155/Limbef 2009 Cameroon
100 L— Norwalk-like virus

1m0 E HWG17/Wuhan/ Z77 6 CHN 2007
HWGIL17/C1 Sk¥Bonaben/ Cameroon
100 — HW G 2/NF 2002/ USA/ 2002
100 _[_I-UM.WPori de Roide 67 2004F rance
NLV/VY estover/302/1994/US
=i 100  Hu/Hebe 48580/2006/CHN
HW/GII,3/CBNU1 2006/ KOR
63 HW G 4/Sydney INSW0514/2012/AU
B L— HYGI 4Amidale/NSW390V 2008/AU
al HWGI. 7/521/ 2008/ Lilla E det/Sweden
_l HWGI. 3529 2008/Lilla E det/Sweden
100 HU/GI. &KingstonfACT1600¢ 201 WAU
31‘|_|— HWNLV/Appalachic ola Bay/318/1995%US
&0 HWGI. 4/S32200&/Lilla E det/Sweden
—— Murine norovirus1
100 L— Murine norovirus GV/CRE/2005/USA

100

00s

Eik. 29. duhoyevenikd BEVIPO KATAOKEUAOUEVO HE BAon T pEPIKEC aAAnAouxiec Tou ORF1
yovidiou (4523-5061bp). lkpr wAaioclo: 1a oteAéxn mou opadotmroirienkav orov GIL9
yevotuTro.
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ORF2

To @uAOyeveTIKO OEVTPO TTOU KATAOKEUAOTNKE HE XPNON TWV HEPIKWY
aAAnAouxiwy TTou Aavnkav oto yovidio ORF2, ouadotroinoe 1a dUo OTEAEXN,
LR13 kai LR15, pe 10 OTEAEXN TTOU QVAKOUV OTOV YEVOTUTTO TECOEPA TNG
VEVETIKAG opadag I, evo 10 oTéAexoc AG4 opadoTToINBNKE ME TNV YEVETIKA
OMGda | Twv VOPOoiwy, BNUIOUPYWVTAC CUYKEKPIMEVO QUAOYEVETIKO KAGDO pE

Eva OTENEXOG TOU yevoTuTTou 7, (K. 30).

100 — HWGIL3/ICBNUT 2006 KOR
7 HuwHebeir 48580/2006/CHN
¥

13 00L HwGIL17/C1 5vBonaberiCameroon

NLV/Westover/302/1994/US

HWGIL 17/ uhan Z7 7 6/ CHN 2007
—[1

HWGIl. 2/NF 2002/ USAS 2002
100 l: Hu/NLY/Pont de Roide 673/2004/France
Saitama U3
18] 100 HWGII.B/E hime0a037 1/ 200 JP
1M Hu/GII.BIA1 55/ Limbef2009/Cameroon
Norwalk-like virus
= 100 ( HWGIL. 7iWuhaniE 2124/ CHNE 2010
l HWGIL7/S eoulf 0342/ 2008 KOR

45 Hu GIl. 138686/ M aizuni/2008/JPN

ﬁ{ HW Gl 14/8594¢M aizunuf2008/JPN

100 HIGIL. Y Alingsas/p1/ 2009 SWE

—{ HU/O HO7011/2007/JP
55 [—~ HusGIlL /A rmidaled NSYW 3301200814 U
1m LR13 Gll.4

2 LR15

41| Hw Gl 4/Sydney/NSWO514/ 201 2AU
= Murine norovirusi

100 L— Murine norovirus GVICRE/ 2006/ USA

72 AG4
HW G 7/52172008/Lilla Edet!Sweden Gl.7

51 Hu/G1. 3/S29/ 2008/ Lilla E det/ Sweden

HW Gl & KingstorACT1 60D/2010/AU
48 HWGI.4/S32/200& Lilla EdetiSweden
77 Hu/NLV/Appalachic ola Bay/ 31 &/1995US

68

0.

Eik. 30. duhoyevenikd OEVIPO KATOOKEUOOMEVO WE BAon TiIC MEPIKEC aMAnAouxiec tou ORF2
yovidiou. Gll.4: Ta oteAéxn LR13 LR15 trou opadotroiienkav otnv ouykekpipévn opdada. GL7: To
atélexoc AG4 opadoTroinuévo pe tnv Gl yeverniki opdada.
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10
088
0,36
094
092

049
088
086
084

08
078
g 076
g4
072
07
0,68
0,68
0,54
0,52
08
0,58
0,56
0,54
052
0s

Pos

MNa TNV emBeRaiwon TwWV ATTOTEAECUATWY TNG QUAOYEVETIKAG avAAUONG Kal yia
v Umapén avaouvdiaouoU MPETAEU OUO JIOQOPETIKWY YEVOTUTTWY OTNV
TTEPITTTWON TWV dUo oTeAexwy (LR13 kai LR15) kal petagu dUo Sla@opeTIKWY
VEVETIKWY opadwv (AG4), epapudéotnke 10 TPdypaupa SimPlot yia Ttnv
emReRaiwon UTTAPENC TWV avAoUVOIOOoMWY KAaBwe Kal Tov Kabopiopd Ttng
akpiBoug Béong autwy, (e1k.31). H avaAucn TTPayHaToTToOINBNKE Kal oTa TRIia
oTeAéXn Tautdxpova, ME Eva OTEAEXOC aQTmd TOV KABE YeEVOTUTTO TTOU
opadotroinBnkav og KABe TrepiTrTwaon, (QuloyeveTtika dévipa ORF1 kar ORF2).
A6 Ta armoTeAéCPATa TNG aAvAAUCONG QAVNKE OTI Kal Ta Tpia OTeAEXN eivai
OvTwg avacuvduaopéva PeTagu Twy duo yovidiwv ORF1 kai ORF2, ta LR13
kal LR15 otnv ©éon 5039 leTagl Twv YeEVOTUTTWY €vvIA KAl TECTEPA TNG
VEVETIKAG ouadac duo kal 1o otéAexo¢ AG4 otnv Béon 4982 puetaflu Twv
YEVETIKWY Opadwy éva Kal duo.

SimPiot - Query: HufGll 9/Alingsasiol 12009/SWE

HUIGH 4 Sydney NSWOS1 47201 2080
AG4
LR13
LR1S
HUIGL7/S21/20081Lilka_Edet/Sweden

l
|
|
l
|

\ 455

0 20 40 60 B0 100 120140 160150 200 220 240 260 280 300 320 340 360 360 400 420 440 460 430 500 520 540 560 550 600 620 640 660 650 700 720 740 760 780 800
Posttion

512

Eik. 31. AvdAuon SimPlot yia 1i¢ pepikéc akoAouBiec ¢ RARp kal tou kawidiou twv ateAexwyv LR13 LR15
kKal AG4. H kaBetn kokkivn ypauun oeixvel 10 onueio diaotavpwong Tou oteAéxouc AG4 atn Béon 4982
petagu Twv ORF1/ORF2 yovidiwy. H diakekoppévn kABeTn KOKKIVI ypaupn Ogixvel To onueio diaotadpwaong

Twv
nrav

otehexwv LR13 LR15 otn 6€on 5039 peragl twv ORF1/ORF2 yovibiwy. To péyebog tou mapabipou
100 bp pe péyebog Priparog 40 bp. O karakdpupog agovag Oeixvel TNV OPOIOTNTA MHETAEU TWV

voukAeomiBiwy (TTapdBupo dvw de&Id Tou OXIHATOC), EK@pagpéva w¢ Tmooootd. O opilévrio¢ dgovag
uTrodEIKVUEI TIC BETEIC TWV VOUKAEOTIOIWY TNG TTEPIOXNS TOU YOVIDILUATOC TTOU avaAlBnkav.
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3.3.4 EUpeon vEOu KUKAOQOPOUVTOG OTEAEXOUG

To otéAexoc AK1 avixveutnke o€ KAIVIKO Beiyda 1O O1Toio CUAAEXBNKE atrd
éva TTaudi duo eTwy, BNAUKOU yévoug, TO OTTOIO EICTIXBN OTO TTAVETTIOTNMIAKO
VOOOKOMEIO lwavvivwy  @Epoviag OAa Ta TUTTIKA KAIVIKA OCUUTTTWHOTA
TTPOoROARG Tou 10U. MpaypartotroiN®nke n evioxuon evog HEYAAOU TUNAMATOG
TOU YevwpaTtog Tou Nopoiou pe Toug ekkivnTég P290 — G2SKR (Trivakag 6, €Ik.
32), 1o otmoio KaAUTrTEl TNV Béon avacuvduacuou petagl ORF1/ORF2 kai
akoAouBnoe @uAoyeveTikr eTe€epyacia. ApxIKd, n aAAnAouxia eEETAOTNKE yIa
TNV UTTapEn avaouvdiacuou, evOEXOUEVO TO OTTOIO ATTOPPIPTNKE, Adyw Tou OTI
kal Ta duo yovidia (ORF1 kai ORF2), oupadotroinBnkav e 1a idia oTeAEXN.
ZUyKekpIpéva, opadotroinBnkav Pe Ta OTEAEXN TNG YEVETIKAG opadag duo,
YEVOTUTTOU TECOEPQA. 2TNV CUVEXEIQ, EEETAOTNKE OAGKANPEN N aAAnAouxia he OAa
Ta OdIaBEoipa  OTeEAéEXN TNG opadag, Ta oToia AOyw uwnAou puBpou
OUOOWPEUONG METOAMAEEWY uTTopoUv  kal  diaxwpifovral  METAEU  TOUG,
QATTOTEAWVTAG €TOI,  KalvoUpyleg TrapaAAayéc Tou idlou yevoTutrou. Ta
QATTOTEAECHOTA TTOU TTPOEKUWAV META TNV E£TTEEEpyacnia amédeigav TTwG TO
otéAexoc autd avnker otnv GIlL4 vyeverikp oudda Twv vopoiwy, aAAd
dlaxwpiletal atrd OAa Ta AAAa OTeAEXn dnuioupywvTag £101,Eva PovadiKo
QUAOYEVETIKO KAGDO Me HEYAAN QuAoyeveTikny atréortaon, (ek. 33). eyovdg,
TTOU TO KATATAOOEl WC MIa véa TrapaAiayry TnNG YeEVETIKAG ouadag duo,

YEVOTUTTOU TECOEPQ.

ORF1 ORF2 ORF3

Eikova 32. Me Tpaoivo xpwpa TapoucIaleTal T0 onpeio Tavw oTo yoviBiwpa TTou evioxuBnke. TEAog
Tou yovidiou ORF1 kai apxric Tou yovidiou ORF2 o1o kAiviké Ogiyua AK1 pe toug ekkivintéc P290 —
G2SKR, (4295 — 5370bp).
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4. 2uiiiTnon

O1 Nopoioi, atroteAoUv TNV IO KOIV aITia TTPOKANCNG OEEIag KN BAKTNPIAKNAG
YOOTPEVTEPITIOAE, MWE TTOAAG KpououaTta TnNG vooou Traykoopiwg (123). To
yovidiwpaTtwy  Nopoiwv  ugiotatal  ouvexeic aAAayeg, METAAANAEEIC  Kai
avaouvduaououg. Ta uwnAd TTOCO0TA TWV VOUKAEOTISIKWY UTTOKATACTACEWY,
ASYW TWV MIKPWYVY XPOVWY avTiypaeng, Kabwg kar n aduvauia didpbwong
AaBwv 1a otroia siodyovtal ard TNV RNA e€aptwpevn RNA tToAupepdon tou
10U, cupBaAlouv woTe o Nopoloi va TTapdyouv PETAAAQYMEVA YOVIBIWMPATA,
(124). O1 avacuvduaopoi oto RNA twv Nopoiwv gival yvwoTo 411 e§apTwvTal
atro dIAPOPOUG AVOTOAOYIKOUG Kal EVOOKUTTAPIKOUG TTEPIOPIGHOUG, Ol OTTOIO!
MTTOPOUV va ETTITPEWOUV TNV avABEIEN BILLCIMWY AVACUVOUACUEVWY OTEAEXWV
(125). ATd TNV TTPWTN ava@opd Tou 10U (126) HEXP! KAl ONUERA, TTAYKOOMIWCG,
Ol AVAQPOPEC AVOCUVOUAOHEVWY OTEAEXWY, EITE METAEU TWV YEVETIKWY OMAdwWY
ortwg GI/GII, eite diagopeTikwy yevotuttwy oTwg GIL1/GIL12, Gll.b/GIL18,
GllL.b/GIlL.4, Gll.b/Gll.4, GI.d/GIL.3, GIL.3/GIL.13, GI.7/GIl.13, GIlL.b/GII.7,
GllL.4/GII.8, GIL5/GII.12, GL3/GIL.4, GI.1/GI.12, GIL4/GIL.2 ko GlI4./GII.3
avaueca otnv RNA eCaptwuevn RNA troAupepdon tou 10U (RARp) kai 010
yovidio Tou kawidiou avTioToixa, gival TToAAéG (113, 127-130).

To mpwto oTéAexog NOpoiwy, TO OTTOI0 XAPAKTNEICONKE KaTd TNV diIdpkKeIa TNG
TTaPoUCag dIATPIRNG, TTPOEPXOVTAVATTO TO KAIVIKO Beiyua AB. ApxIKd, HE Bdon
TNV QUAOYEVETIK  emregepyaaia NG  diaBéoiung  aAAnAouxiag  Tou,
mpoodiopiotnke 611 avnke otnv Gll yeverik oudada. Ztnv cuvéxeia, otav 1A
duo yovidia SiaxwpioTNKav Kal TTPAYMATOTTOINONKE QUAOYEVETIKI] avAAucn OTN
MEPIKA aAAnAouxia Tou ORF1 kai otnv TAApn aAAnAouyiatou yovidiou ORF2
atrokaAugOnke 61 ta duo yovidia (ORF1 kai ORF2) avrikav oe duo
diagopeTikoug yevotutroug, GIL9 kar GIL6 avrioToixa. EmimpooBera, otav
TTpayuatotroi|onke SimPlot avaAuon emBeBaiwdnke 611 To oTéAEXOG AB rTav
TPAYHaTI éva avacuvOuaouévo OTEAEXOG, ME Tnv B€éon avacuvdiaouou va
ouvadel E TO «Crossover» OnueEio TTou ava@épeTal oTnV  TTAyKOCMIa
BiBAIoypagia (131).

H KukAogopia pIag eupeiag TTOIKINIGG BIa@QopeTIKWwy  oTeAexwy  Nopoiwv

evidg evog dedopévou TTANBUCOU augdvel TIG TTIBavATNTEG yIa TNV EUPAvVION
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MIKTWV  AOIMWEEWY, Ol OTIOIEC €V OUVEXEIQ WTTOPOUV va odnyrioouv O
yeyovotaavacuvduacopou  (131). H  avixveuon TOU  OUYKEKPIMEVOU
avaouvOUACOEVOU OTEAEXOUG, UTTOOTNPICEI TNV UTTOBeoN &TI OPICHEVA OTEAEXN
Twv NOPOIWY, MTTOPOUV VA KUKAOQOPOUV O OUYKEKPIUEVEC YEWYPAPIKES
TTEPIOXEC XWPIC KAIVIKEC eKONAWGCEIC OTOUG TTANBUCOUC Kal TTEPIOTACIAKA va
OAAGEOUV TIG YEVETIKEG TOUG 1IB10TNTEG BIOMECOU yeEyovOTWY avacuvduaopuou. O
avaouvduaoude  emtpémmel otov 10 va  OAAAEEl T YEVETIKA  TOU
doun, va egehixBei kal va  eCammAwBei oe éva  dedopévo  TTANBuoud
TTAPAKAUTITOVTAC TNV QVOCGOAOYIKA TTIECN TOU EEVIOTH).

ZUhOwva ME  Ta  OToIxeia  Ttou  Trpoypdupuatog NG Eupwtraikng
TTAPAKOAOUONONG «TWV TPOPILOYEVWY ACIMWEEWY OTNV Eupwtny, pia opdda
QUOIKG avaouvduaouEvwy Nopoikwy oTeAeExwy, eugaviotnke atnv Eupwtn
KAl TTPOKAAETE BINTTEIPWTIKEG AOIMWEEIC, O OTToIEC PETADOONKAV UECW TOU
TTOCIMOU VvEPOU Kal Twv TPoYwyv, (132). MNpdogateg peAéTeg £DeiICav OTI Eva
avacuvduaouévo oTéAexog (Gll.b) TTou epgavioTnke yia TpwTtn opd 10 2000
otn [oAAia, €yive Kupiapxo, TTPOKAAWVTAC OTTopadikd Kpououata oTnyv
lotravia, TN Zoundia kai Tnv Ouyyapia, (133). H epedavion véwv avTIyoVIKWY
TTapaAlaywv atoug Nopoioug ival Katd CUVETTEIR avAAOYN ME EKEIVN TWV IV
NG ypIitTnG, yeyovog tmou utrodnAwvel 6T N avooia TTou eugavilel €vag
BeBOEVOC TTANBUC GG EUPECWC UTTOPET va TTPOdyEl TNV EEEAIEN TwV IWV (134).
Me Bdon ta mapamdvw, TTPAYUATOTTOINBNKE TTPOCTTABEId EVTOTTIONOU KAl
TTAPAKOAOUONONS TNG KUKAOQPOPIAC TOU OUYKEKPIMEVOU QAvaoUVOUACTEVOU
oTeAéxoug (AB), atrd tov OkTwRpio Tou 2006 Ewg kal Tov AekéuBpio Tou 2011.
ZUAAEXONKav TTapAdAANAa TTEPIBOAAOVTIKG Kai KAIVIKG Oeiypata amd v idia
vewypa@ikn trepioxn, TS K. EAAGSag Katd Tnv avwTtépw XEOVIKN TTERIodo Kal
€CETAOTNKAV WC TIPOC TNV UTTOPEN TOU CUYKEKPIMEVOU avaouvduaauou
(GIL.9/GII.6). H uUtropgn ToU avoouvOUAOUEVOU OTEAEXOUG EVTOTTIOTNKE OTO
80% Twv €CeTtaoBéviwy  KAIvIKwy  deiyudtwy  kai oto 93,3%  Twv
TTEPIBAANOVTIKWY BelypdTwy, atmmodeikvuovtag Otl, n EUPAvVION, N TTEPAITEPW
€EATTAWON KAl N AOIMOYOVOC BUvauN VO CUYKEKPIUEVOU QVOOUVOUACTEVOU
oteAéxoug oe évav dedopévo TTANBUouS, dev TapeptTodileTal aTd TOV TUTTO
avaouvduaouou aAAd avTiBETwe guvoeital atrd autdy, (135-137). AkoAouBwg
KA KAIVIKA BeiypaTa, Ta oTToia GUAAEXBNKav Tov Agkéuppio Tou 2012 atrd 10

TTAVETTIOTNMIOKS VOOOKOWMEIO lwavvivwy eAEyxOnKav yia TOV EVTOTTIONO BECEwWV
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avaouvOUAOMOU Kal EVTOTTIOTNKAV TPIO OKOJWN OTEAEXN Ta OTToia £Qepav
Kalvoupyloug avaouvduaopoug petatu Twv duo yovidiwv ORF1/ORF2 «kai
ava@épovTal yia TTpwTtn @opd otnv 81ebvr BIBAIoypagia. Zuykekpipéva, duo
oteAéxn Tou  evromioTnkav oTta  deiypatra LR13 kar LR15 eixav 1OV
avacuvduacud GIL9/GIlL4 kai éva Ttrou evtomiotnke oT10 deiypa AG4 Tov
avacuvduaoud GIL9/GL7.

TEéNOG, evromioTNKE KAl €éva OTEAEXOC 0TO Oeiypa AK1, 10 otroio dvnke oTtnv
YEVETIK opdda Il kai oto yevltummo 4, OAAd META aTTO  QUAOYEVETIKN
emegepyacia amodeixdnke 611 TTPOKEITAI yIa Mia KAvoUpyia TTapaAAayr Tou
yevétutrou Gll.4.

Ymdpxouv OUO  QvAyVWPICHEVOlI  MNXOVIOMOI  TTOU  EUTTAEKOVTQI  OTNV
avOekTIKOTNTA TWY NOPOIKWY ACIMWEEWY: Ol YEVETIKOI TTAPAYOVTEC KAl N
emiktNTN avooia. O mlavdg pdAOG TNG avOEKTIKATNTAG AVOYVWPIOTNKE YIO
TTPWTN QOPG OTAV TTEIPAMATIKEG MEAETEG E TO aTéAEXOC Norwalk, £5eigav OTi oI
OUMMETEXOVTEC EMQAVICOV ETTAVEIANUMEVO euaioOnaia ) avBekTIKOTNTA OTN
OUMTITWHATIKA AoiNwEn peTd atrd emmavalappavouevn €kBeon otov 16 (82).
21N ouvéxela, Me xprion Twv VLPs, amd 10 idlo oTéAexog, @Aavnke OTI
ouvdéovTtal pe dlagopeTikoug uttodoxeic HBGA, amrodeikvuovtag €101 611 TO
deopeuTikd HOTIBO ocuoxeTiCeTal pE TNV guaiodnoia otn poéAuvon kal Ty
ekdAwon aocBéveiag (75, 79). ‘Etol, gival TBavo kABe ATOMO va €ival YEVETIKA
EUTTABOEC T€ Evav 1) TTEPICOOTEPOUG VOPOIKOUC YEVOTUTTOUC.

KaBwg 10 ouotnua Twv opddwyv aiyatog ABO ocuvavtiétal oto 80% Tou
EupwTraikou kai Bopeio Auepikdvikou TTANBuoou, oteAéxn Nopoiwyv Ta oTToia
avayvwpifouv autég TIC TTAéov ouvriBelg Oopadeg aipaTtog Ba TpeTTel va
UTTEPIOXUOUY EvavTl GAAWV OTEAEXWY TA OTTOIa Avayvwpifouv TTIO OTTAVIEC
OMGdeC aipatog (138). ZUpgwva AOITTOV UE QuUTA TNV UTTOBECN Ta OTEAEXN
Nopoiwv tTou cuvdéovTtal Pe TNV ouada aipatog A/B cuvdéovtal he TNV ouada
A 1 kal B oAAG X1 pe TNV opdda O kol KATA CUVETTEIO OTOXEUOUV O€ JIKPOTEPO
€UpOog EevioTwy dedopévou 6T N opada O eival n TTEPICCOTEPO KOIvr) oudada o€
OUVOAO TTANBuUCOU. ZnuavTtiké poOAo oTn ouvdeon Trailel n UtTapén Tou
avTiydvou H, 10 OTT0i0 KATEXEI AiYEC QVTIYOVIKEG BETEIC OTIC OUAdEC aipaTog A,
B oAG Tnv mAsioyneia otnv oudda O pe amotéAecpa va TTpoodidel

TTAEOVEKTNUG OTa OTEAEXN TwY Nopoiwyv TTou cuvdéovTal e autd (138).
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‘Etol, ateAéxn ta omroia Trpoagdévovtal atnv oudda aipatoc A/B TTpétrel va
ouUVaVTIOVTAI TTIO OTTAVIQ O OXETN ME TA OTEAEXN TQ OTTOIQ TTPOCOEVOVTAI OTNV
opada aipatog O OTrwg Ta oTeEAEXN TTou avhkouv oto Gll.4 yevortutro.
Mpdyuat n cuoTacn Twy APIVOEEWY Ta OTToia AAANAETTIOPOUY HE TO CUCTNMO
HBGA é£xel oxeddév diatnpnBei oto 100% peTau OAWV TwV YVWOTWYV
TapoAaywyv GllL.4 trou €xouv evrommoBei Tnv TeAeutaia dekaetia (139),
YEYOVOC TO oTT0io dnAwvel 611 0 yevoTutrog Gll.4 icwc gival o uévog yevaTuTIOC
pe Tov BEATIOTO QaivoTutro etmiRiwong (140). ‘Etor Aorrév ta oteAéxn Gll.4 Ta
otroia uTropoUv va TTPocdévovtal aTiG opadec aipatog A/B/O avapéveral va
€ival TQ ETTIKPATOUVTA OTEAEXN KAI TWV ETTOMEVWY eTIdNMIWY. Ta yeyovoTa autd
odrjynoav otnv avtiAnwn NS ouykAivouoag eEEAIENG Twv NOpPoiwv Kal Twv
HBGAs. Ouwcg yia tnv TANpEoTepn Katavonon twy éAEewv peTagu Nopoiwv
Kal  EevioTwy  TTEPICCOTEPN £PEUVA  ATTAITEITAI  KUPiwWCg  METAEU  Twv
avaouvduaouévwy  oTeAexwy oTn  yevwuikg Trepioxry ORF1/ORF2  oe
OUVOUQOMO ME TOV XAPAKTNPIOUO EVOEXOMEVWG Kal GAAWY UTTOBOXEWY Kal
OUV-UTTOBOXEWV 01 OTTOIOI MTTOPOUV va ETTNPEACOUV TNV gualocbnoia Twv
EevioTwy. ETiTAéov N avoooAoyIKr) OTTAvINon Twv EeVIOTWVY evOEXETAl VO
eUTTAEKETOI OTNV EEEAIEN Ka TNV €TIdNUIoAoyia Twy Nopoiwy.

Ta apivo&éa ta otroia eutTtAékovTal oTn ouvdeon pe tou¢ HBGAs péoa otnv
idia yeveTikiy oudda eival 1diaitepa cuvtnpnuéva oTnVv UutTeEPUETABANT) P2
YEVWHIKA utto tepioxn, (141). Avaluon Twv METAAAAEEWY ot BABog xpodvou
g P2 yevwuikng utd Trepioxne Twyv Gll.4  trapaAlaywyv 01 OTTOIEG
KUKAO@OpNoav HETagUu Twv eTwy 1974 kal 2006 £deifav OTI TA EUTTAEKOUEVQ
apivogéa Twv oTtedexwv GllL4 omv olvdeon Me TNV QOUKOIN nATav
agloonueiwTa ouvtnenuéva avegaptnta twy apaliaywy Gll.4 (85, 142).
AUTEC 01 EAEeIC akoAouBouv Tnv apxr KAeidapid-kAeidi. Eva SOUIKG aToIXEiO
TTpocapuoleTal 010 Xwpo (KAedapid) kai Tpocdével otoixeia twv HBGA
(kA&1di). Autd Ta oToixeia armroteAoUv TNV BAcn TNG ouykAivouoag eEEAIENG TwV
Nopoiwv ggnywvrtag o1 o1 didgopeg opadeg Twv Nopoiwv gival atroTEAETHA
eMAOYNG TNG TTOAUHOP@IKOTATAG TwY HBGAS oTOV EevioTn.

H aAAnAouxia Twv yovidiwpdtwy Twv Nopoiwy, o1 diapopec atn dourn Twy
KawIdiwyv Kal KAaTd CUVETTEIQ OTN SOMN TWV AUIVOEEWY Kal OTOUG DIaPOPETIKOUG
TpéTTOUC oUvdeong Twv HBGA petall twv yevetTikwy opadwyv Gl kai Gl
ouvnyopouv o1 Atav Ouo OIoQOPETIKA €idn Ta oOToia  €§EAICOOUEVQ
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ouvdéBnkav pe 1o ouotnua HBGA kol autd PtTopEl va CuvéRn €ite TTpIvV 1
MOAIC €yivav TTaBoyova Ttou avBpwTtrou. H utrdBeon autry evioxuetal amd 10
yeyovog o1l ol duo opaddeg, Gl kai Gll, ot emiredo uAloyéveong diaxwpilovTal
atrd TNV opdda Twv Booeidwy (GlII) kai Twv TpwkTIKWY (GV), (32, 143). Q¢ &K
TOUTOU TTIBavoAoyeital OTI 01 dUO YEVETIKEC ONADEC CUVEKAIvAv HETA TNV
ouvdeon Toug pe Toug HBGAS TOUG OTTOiOUG XPNOIMOTTOINCOV WG KOIVOUG
Tapdyovteg ouvdeong kal TTEOKANONG AOINWEEwY OTov  AvBPWTTO, HE
QTTOTEAECMA O DUO YEVETIKEG OMADES va avaTTTUEOUV dUO DIGPOPOTTOIOUEVES
Béoeig ouvdeong oto cuotnua HBGAS Tou avBpwTrou.

Mpbopara dedopéva dnAwvouv 6T o1 UBATAVEPAKESG WG UTTOBOXEIC 1 WG
TTapdyovTteg déapeuong gival éva Kolvd XapakTnpioTiIKG Twy calici iwv  kabwg
€xouv evtommoBei oTa PEAN TOug OTTWG OTouC :  Lago 10u¢, Reco 10Ug, Vesi
10U¢ kal Nopoioug (139, 144-149). H avayvwpion TTAEOV Twv udatavOpakwy
w¢ UTTODOXEWV O OTTOIOI TTOPOUV VA TTPOAYOUV CUYKAIVOUT O €CENIEN €1I0AYEI
véa dedopéva oTn Karavonon tnS €€EAIENS Twy TTaBoyovwy Tou avBpwTTou Ta
OTTOIO XPNOIMOTTOIOUV QUTOU TOU TUTTOU TOUG uTTodoxEiC. Katd cuvétTeia n
avaAuon TNG OUYYEVEIAG TwV EAEWV TWV VEOEUQPAVICOMEVWY OTEAEXWV
Nopoiwv pe 10 cuoTnua HBGAS utTopei 010 HEANOV va XpNOIMOTTOINGET yia TNV
TTPORBAEWN EMBNUILY KAl EVOEXOMEVWES METPWY yIa TNV TTPOANWN QUTWY TWV
ETIONMILV.

Ta teAeutaia xpévia o Gll.4 yevortutrog eival o o diadedopévog Kal évag
MEYAAOG QPIBUOG TWV KPOUCHATWY IOYEVOUC YOOTPEVTEPITIOAC OXETICETAI ME
v eueavion Twv veéwv GlL4 tapaAdaywv Ttou. H Tpwtn TTavdnuia
opeINOpevn oTtov GllL.4 yevoTUTTO avayvwpioTnNKe OTa PEoa TNG DEKAETIOG TOU
1990, (100). Katda tn didpkeia Tou 1996, 1o otéAexog US95/96 rtav utreuBuvo
yia 10 85% Ttwv KpouopdTtwy oTig Kdatw Xwpeeg kal trepitrouyia 10 60%
TWVKpoUouaTwy oTIC Hvwpuéveg MoAiteieg (150). Metagu tou 2000 kai Tou
2004, 1o oTtéAexog autd avTikataoTdlnke otmd duo véeg Gll.4 tTrapaliayég.
211¢ Hvwpéveg MoAiteieg, ue 10 otéAexog Farmington Hills (151), 10 otroio
ouvdEBNKe e TrepiTTou TO 80% TWV TTEQITITWOEWY OLEIAC YOO TPEVTERITIOAC, KOl
Tnv idla omiypn otnv Eupwtn (152), 1o otéAexog Gll.4b, eugpaviotnke kai
TTPoKAAece emdnuies. To 2004, n rapaiiayry Hunter Gll.4 evrotrioTnke otnv
Aucotpoldia, Tnv Eupwtn kai v Acia (107). To oTéAexog auto

QVTIKATOOTAONKE OTIC apxég Tou 2006 pe duo véeg traparrayéc Gll.4, oTig
104

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



Hvwpéveg MNoAiteieg, Tnv EupwTrn kal Tnv Acia kar atrd 1o 2006 kal JETA, £yIve
TO KUPIaPXO EMPaVICOMEVOOTEAEXOC T€ TTOANEG xwpeg O0TTwe N Kiva, n Ivdia, n
latrwvia, n Kopéa, 10 Bietvau, n Aiyutrtog, n Toupkia kai n ItaAia (153). Eva
atrd autd Ta dUO OTEAEXN NTAV TO OTEAEXOG Sakai, TO OTToI0 aVTITTPOCWITEUEI
Mia kaivoupyia TrapaAAayr] Tou yevotutrou Gll.4 TTou OXETIOTNKE ME KPOUO AT
O€ €YKATAOTACEIC UYEIOVOMIKAG TTEPIBaAWNS otn NoTtioavatoAikry Acia, (95),
evw TO Oeutepo OTEAEXOC Nrav 10 oOTéAexo¢ Minerva, 1O OTTOiO €iXE
mrpoodiopioTei oTIC Hvwpuéveg MoAiteieg kai oTic Kdtw Xwpeg, (110). QoTtdoo,
ot TTOAAEC XWPEC, METACU Twv eTwv 2006 — 2008, evrtomioTNKAV KOl
Kupidpxnoov Kai GAAeg TTapaAAayég Tou yevotutrou GllL4. MNa tropdderyua
otnv Aiyurrto katd Ttnv Tepiodo 2006-2007, n mrapaAliayn Gll.4/2006a
QVIXVEUBNKE TTI0 ouxVva, evw otnv Ivdia, kKatd 1n didpkeia Tou 2006 — 2007 Kkai
otn Némia Agpikry 10 2008, n moapaiiayry Gl.4/2007 kai Gl1.4/2008 ntav
avTioTOIXO KUupiapxes (112-114).

OAa 1o TTOPATTAVW EUPAMOTA ETTIKUPWOAV TNV TTpoava@epBeica évvola Tng
ouykAivouoag €CEAIENG Twv Nopoiwv PECW €MIAOYAG OUVOEONG ME TOUG
utrodoxeic HBGA, aAAd auth) n €vvoia egnyei povo ev péper TIC DIAQOPES
ONMAVTIKES TITUXEC TNG ETTIBNMIOAOYIAG, TNG TALIVOUNONS KABWG Kal TOV EAEyX0
NG vOoOouU.

H avamtuén euBoAiwv évavti Twv Nopoiwv civalr o€ TANpN €EEAIEN av Kal TO
MEYIOTO TTPORANMa  €ival n  YeEVETIKA TroiKINOpop@ia Twv Nopoiwv. H
EMKpatouoa damoywn TG avooiag oe emimedo TANBUOUOU wbei TTPog TNV
QVATTITUEN €MPBOAIWY KUPIWE EVAVTI TOU ETTIKPATECTEPOU YEVOTUTTOU, OTTWC TOU
Gll.4, 0 OTT0I0G CUYKEVTPWVEI TIG TTEPICTOTEPES TTIOAVOTNTEG VO TTPOKAAETEI TIG
eopeveg emdnuiegc 600 n avooia ot emiTedo TANOUCUOU Ba TTAPAUEVEI
XaunAn. MNa v emtuxn ékBacn evog oxediou euBoAiacuwy Ba TTPETTEN va
OUPTTEPIAN®BOUV OXI WOvo o1 ouddeg TTANBUCHOU 01 OTTOIEC MTTOPOUV va
oupBdAouv oTnv €€ATTAWON TNS AOINWENG OTTWCE, EPYACOMEVOI OE VOONAEUTIKA
1IdpuuaTta, TTadIKoUG OTABUOUC Kal TNV aAucida TTapaywyng — TTapPacKEUNG
TPOYiUWY, OAAG Kal OTIC €UTTABEIC ONAdEC OTTWG ATOMG VvEAPNS NAIKIOC,
NAIKIWHEVA KAl QVOOOKATAOTAAUEVA ATOMA. TTapdAANAa o1 épeuveg Ba TTPETTEl
va evtabouv yia TNV avaTITugn OCUVBETIKWY QVTAyWwVIOTWY IKAVWV va
TTOPEUPAAAOVTAI  ATTOQPACIOTIKA METACU Twv EAEEWV  1iIKOU Kawidiou Kai

udaTaAVEPAKWY TOU ETTIBNAIOU TOU EVTEPIKOU CUCTAMNATOC TWV EEVIOTWV.
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TéNog, dedouévne TG onuaciag Twv Nopoiwv wg aitia emdnuiag 10yevoug
YOOTPEVTEPITIOOEG, EIRBANAETAI N TTEPIBAAAOVTIKA  TTAPOKOAOUBNGCN TNG
KukAhogpopiag Twv Nopoiwv w¢ €éva 1diaitepa xPACINO  EPYOAEio
eMONMIOAOYIKAG ETTAYPUTTVNONG KOl evOeEXOMEVWCS TTPORAewnS Nopoiikwy
eCapoewv. O éAeyxog Tou TTEPIBAANOVTOC €XEI XPNOIYOTTOINGEI YE eTTITUXIO O€
TTOAAEC TTEPITITWOEIC YIA TOV TTPOCDIOPICHS TNG KUKAOQPOPIAC KWV OTEAEXWV
WC TTPOYVWOTIKO EPYOAEIO, MIAG KOl OTEAEXN VOPOIWV OAAG KAl GAAWV 1V
OTTWG EVTEPOIWYV, EXOUV QVIXVEUTEI O€ TTEPIBAAANOVTIKA DEiyaTa TTOAU TTRIV TNV
atrouévwon Toug aTrd KAIVIKG TTEPIoTATIKA, (116).

ZAMEPO N I0YEVAG YOOTPEVTEPITIOO €ival O  VYEVIKEGC YPOAUMEC KOAQ
TEKMNPEIWHEVN OTIC TTEPICOOTEPEG QAVETTTUYMEVEC XWPEC, O QVTIBEON ME TNV
EAMGBa, o6mou 1o emONUIOAOYIKG OTOIXEIG TTOU  QQOPOUV TNV I0YEVN
yaoTpevtepiTida Nopoilkng mpoéAeuons e€akohouBouv va eivar eANTT). H
MEAETN OE MOPIOKO €TTITTEDO TWV KUKAOQOPOUVTWY NOpOoilKwy OTEAEXWY Ba
MTTOPOUCE VO TTAPEXEI ONUAVTIKEG TTANPOQPOPIEC OXETIKA MWE TNV €EEAIEN, TNV

TTaboyéveia Kal TNV EATTAWON TWV 1wV auTWV O¢€ éva dedouévo TTANBUCO.
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Abstract

Noroviruses (NoVs) are a major causative agent of acute gastroenteritis in
humans. Noroviruses are members of the Caliciviridae family and based on
the genetic analysis of the RdRp and capsid regions, human NoVs are divided
into three genogroups (Gs), GI, Gll, and GIV, which further segregate into
distinct lineages called genotypes. The NoV genus is genetically diverse and
recombination of viral RNA is known to depend upon various immunological
and intracellular constraints that may allow the emergence of viable
recombinants.

Noroviruses (NoVs) are a major cause of epidemic acute gastroenteritis
affecting 96% of people worldwide. Viral gastroenteritis is now well
documented in most of the industrialized countries, in contrast to Greece
where epidemiological data concerning NoVs are still lacking.

For this purpose, in the present PhD thesis, the detection and molecular
characterisation of circulating recombinant Noroviruses was performed, in
order to create important informationon the evolution, pathogenesis and
spread of these viruses in the population of central Greece. Sewage samples
and fecal specimens were collected from central Greece and molecular
techniques, that documented the genetic relationships between the circulating
recombinant and non recombinant strains were assess.

The first Noroviral stain which was characterized during the present study was
isolated from the clinical sample A6. The detection was carried out initially by
enzyme-linked immunosorbent assay (ELISA) and the subsequent detection
and molecular characterization of NoV strain was achieved by reverse
transcription-PCR and sequencing. RT-PCR assay for Gll NoVs that targets
conserved regions of the genome, allowed the characterization of A6 strain at
the molecular level, established its genetic relationship at the sub-genogroup
level and classified A6 strain at the sub-genotype level by performing
phylogenetic analyses with other Gll NoVs that have previously been grouped
into genotypes. Based on the sequence analysis, A6 strain was revealed to
belong to the Gll genogroup of NoVs. Partial ORF1 gene sequencing analysis
and complete ORF2 gene sequencing revealed that ORF1 and ORF2
belonged to two distinct genotypes GII/S and GII/6, respectively, making
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obvious that A6 strain was a rare intergenotypic recombinant within the
genogroup Gll between GII.9 and GlII.6 genotypes.

Subsequently, in an attempt to discern the circulation of the above
intergenotypic recombinant GII.9/GII.6, we investigated NoVs from samples
collected from raw sewages between the years 2006 to 2011 and compared
the results with Noroviruses detected from clinical samples in the same area
and in the same time period. Two specific primer pairs for NoVs were
designed which amplified in a single PCR fragment from polymerase to capsid
gene covering the widespread recombination point in ORF1/ORF2 junction.
Based on the genetic analysis, recombinant NoV strains GII.9/GIl.6 were
identified. Fourteen out of 15 environmental and eight out of ten clinical
samples that were used in the present study were positive, with both primer
pairs, confirming that the intergenotypic recombinant GII.9/GIl.6 was
circulating in the population of central Greece from 2006 to 2011. The
crossover point was identified to be within the overlapping region of
ORF1/0ORF2 (GII.9/GII.6, respectively) and was determined by Simplot at
nucleotide position 5,032 bp.

Finally, three more Noroviral strains were detected in clinical samples
collected in the University Hospital of loannina, Greece that revealed a
hitherto unobserved recombination event between GII.9/GIl.4 and GII.9/Gl.7
genogroups. Moreover a novel strain was also detected in clinical sample AK1
belonging to Gll.4 genocluster. Phylogenetic analysis classified AK1 strain as
Gll.4 genotype, but formingclearly a new cluster at the nucleotide level,

according to BLAST clustering.

108

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



5. BIBAIOTPAOIA

1. Mead PS, Slutsker L, Griffin PM, Tauxe RV. Food - related illness and death
in the United States. Reply to Dr. Hedberg. Emerg Infect Dis 1999; 5. 841—
842.

2. Atmar RL, Estes MK. The epidemiologic and clinical importance of norovirus
infection. Gastroenterol Clin North Am 2006; 35: 275-290, viii.

3. Rockx B, et al. Natural history of human calicivirus infection: a prospective
cohort study. Clin Infect Dis 2002;35:246-253.

4. Lopman B, Zambon M, Brown DW. The evolution of norovirus, the “gastric
flu”. PLoS Med 2008; 5: e42.

5. Zahorsky J. Hyperemesis hiemis or the winter vomiting disease . Arch
Pediatr 1929;46:391-5.

6. Hodges R.G., McCorkle L.P., Badger G.F., Curtiss C., Dingle J.H., Jordan
W.S. Astudy of iliness in a group of cleveland families: XI.The occurrence of
gastrointestinal symptoms. Am J Hyg 1956; 64: 349-56.

7. Gordon 1., Ingraham H.S., Korns R.F. Transmission of epidemic
gastroenteritis to human volunteers by oral administration of fecal filtrates. J
Exp Med 1947;86:409-422.

8. Kojima S., Fukumi H., Kusama H., et al. Studies on the causative agent of
the infectious diarrhea: records of the experiments on human volunteers. Jpn
Med J 1948; 1: 467-476.

9. Kapikian AZWyatt RG, Dolin R, Thornhill TS,Kalica AR, Chanock RM.
Visualization by immune electron microscopy of a 27-nm particle associated
with acute infectious nonbacterialgastroenteritis. J Virol 1972; 10: 1075-1081.

10. Adler J.L. and R. Zickl. Winter vomiting disease. J. Infect Dis. 1969; 119:
668-673.

11. Dolin R., Blacklow N.R., DuPont H., et al. Biological properties of Norwalk
agent of acute infectious nonbacterial gastroenteritis. Proceedings of the
Society for Experimental Biology and Medicine 1972; 140: 578-583.

12. Almeida J.D., Waterson A.P. The morphology of virus-antibody interaction.
Adv Virus Res 1969; 15: 307-338.

109

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



13. Thornhill T.S., Wyatt R.G., Kalica A.R., et al. Detection by immune electron
microscopy of 26- to 27-nm virus-like particles associated with two family
outbreaks of gastroenteritis. J Infect Dis 1977; 135: 20-27.

14. Dolin R., Reichman R.C., Roessner K.D., et al. Detection by immune
electron microscopy of the Snow Mountain agent of acute viral gastroenteritis.
J Infect Dis 1982; 146: 184-189.

15.Caul E.O. and Appleton H. The electron microscopical and physical
characteristics of small round human fecal viruses: an interim scheme for
classification. J Med Virol 1982;9:257-65.

16.Jiang X., Wang M., Wang K., et al. Sequence and genomic organization of
Norwalk virus. Virology 1993; 195: 51-61.

17. Lambden P.R., Caul O., Ashley C., et al. Sequence and genome
organization of a human small round structured (Norwalk-like) virus. Science
1993;259:516-519.

18. Liu B.L., Lambden P.R., Gunther H., et al. Molecular characterization of a
bovine enteric calicivirus: relationship to the Norwalk-like viruses. J Virol
1999;73 :819-825.

19. Karst S.M., Wobus C.E., Lay M., et al. STAT1-dependent innate immunity
to a Norwalk-like virus. Science 2003; 299:1575-1578.

20. Parashar UD, Monroe SS (2001). "Norwalk-like viruses" as a cause of
foodborne disease outbreaks". Rev. Med. Virol11 (4): 243-52.
doi:10.1002/rmv.321. PMID 11479930.

21. Green KY., Ando T., Balayan M.S., et al. Taxonomy of the caliciviruses. J
Infect Dis 2000;181:5322-330.

22. Matthews R.E.Classification and nomenclature of viruses. Intervirology
1979;12:129-296.

23. Green, KY. et al. (2001) Human calciviruses. In Fields Virology (Vol. 1)
(Knipe, D.M. et al., eds), pp. 841-874, Lippincott, Williams & Wilkins

24. Vinje, J. et al. (2000) Genetic polymorphismacross regions of the three
open reading frames of “Norwalk-like viruses”. Arch. Virol. 145, 223-241.

25. Oliver, S.L. et al. (2003) Molecular characterization of bovine enteric
caliciviruses: a distinct third genogroup of noroviruses (Norwalk-like viruses)
unlikely to be of risk to humans. J. Virol. 77, 2789-2798

110

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://wapedia.mobi/en/Digital_object_identifier
http://dx.doi.org/10.1002%2Frmv.321
http://www.ncbi.nlm.nih.gov/pubmed/11479930

26. Deng, Y. et al. (2003) Studies of epidemiology and seroprevalence of
bovine noroviruses in Germany. J. Clin. Microbiol. 41, 2300-2305

27. Smiley, J.R. et al. (2003) Reverse transcription-PCR assays for detection of
bovine enteric caliciviruses (BEC) and analysis of the genetic relationships
among BEC and human caliciviruses. J. Clin. Microbiol. 41, 3089-3099

28. Sugieda, M. and Nakajima, S. (2002) Viruses detected in the caecum
contents of healthy pigs representing a new genetic cluster in genogroup Il of
the genus “Norwalk-like viruses”. Virus Res. 87, 165-172

29. Karst, S.M. et al. (2003) STAT1-dependent innate immunity to a Norwalk-
like virus. Science 299, 1575-1578.

30. Fankhauser, R.L. et al. (2002) Epidemiologic and molecular trends of
“Norwalk-like Viruses” associated with outbreaks of gastroenteritis in the
United States. J. Infect. Dis. 186, 1-7.

31. Mesquita J.R et al. Presence of antibodies against genogroup VI norovirus
in humans. Virol J 2013; 10:1186/1743-422X-10-176.

32.Zheng D.P., Ando T., Fankhauser R.L., et al. Norovirus classification and
proposed strain nomenclature. Virology 2006;346:312-323.

33.Hale, A. et al. (2000) Distinct epidemiological patterns of Norwalk-like virus
infection. J. Med. Virol. 62, 99-103

34. Jiang, X. et al. (1990) Norwalk virus genome cloning and characterization.
Science 250, 1580-1583

35. Prasad, B.V. et al. (1999) X-ray crystallographic structure of the Norwalk
virus capsid. Science 286, 287-290

36. Glass, P.J. et al. (2000) The Norwalk virus ORF 3 encodes a minor
structural protein. J. Virol. 74, 6581-6591

37. Bertolotti - Ciarlet, A. et al. (2002) Structural requirements for the assembly
of Norwalk virus-like particles. J. Virol. 76, 4044—4055.

38. Caul EO. Small round structured viruses: airborne transmission and
hospital control. Lancet 1994;343:1240-1242.

39. Duizer, E., K J. Schwab, F. H. Neill, R. L. Atmar, M. P. Koopmans, and M.
K. Estes.2004. Laboratory efforts to cultivate noroviruses. J. Gen. Virol. 85:79-
87.

111

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



40. Green, K. Y., R. M. Chanock, and A. Z Kapikian. 2001. Human
Caliciviruses, p. 841-874. In D. M. Knipe and P. M. Howley (ed.), Fields
Virology, vol. 1. Lippincott Williams & Wilkins, Philadelphia, Pa.

41 .Wobus C.E., Karst S.M., Thackray L.B., et al. Replication of Norovirus in cell
culture reveals a tropism for dendritic cells and macrophages. PLoS Biology
2004; 2:e432.

42. Jiang X, Graham D, Wang K, Estes M. NV genome cloning and
characterization. Science 1990; 250:1580-1583.

43. Xi JN, Graham DY, Wang KN, Estes MK. NV genome cloning and
characterization. Science 1990;250:1580-1583.

44 Baric RS, et al. Expression and self-assembly of NV capsid protein from
Venezuelan equine encephalitis virus replicons. J Virol 2002;76:3023-3030.
45. Green KY, Lew JF, Jiang X, Kapikian AZ, Estes MK. Comparison of the
reactivities of baculovirus-expressed recombinant NV capsid antigen with
those of the native NV antigen in serologic assays and some epidemiologic

observations. J Clin Microbiol 1993;31:2185-2191.

46 Jiang X, Wang M, Graham D, Estes M. Expression, self-assembly and
antigenicity of the NV capsid protein. J Virol 1992,66:6527—-6532.

47 Prasad BV, Hardy ME, Dokland T, Bella J, Rossmann MG, Estes MK. X-ray
crystallographic structure of the NV capsid. Science 1999;286:287-290.

48. Prasad BV, Rothnagel R, Jiang X, Estes MK. Three-dimensional structure
of baculovirusexpressed NV capsids. J Virol 1994:68: 5117-5125.

49. Venkataram Prasad BV, Hardy ME, Estes MK. Structural studies of
recombinant Norwalk capsids. J Infect Dis 2000;181 (Suppl.):S317-S321.

50. Tan M, Huang P, Meller J, ZhongW, Farkas T, Jiang X. Mutations within the
P2 domain of norovirus capsid affect binding to human histoblood group
antigens: evidence for a binding pocket. J Virol 2003;77:12562-12571.

51. Cao S, et al. Structural basis for the recognition of blood group
trisaccharides by norovirus. J Virol 2007;81:5947-5957 .

52. Seah EL, Marshall JA, Wright PJ. Trans activity of the norovirus
Camberwell proteinase and cleavage of the N-terminal protein encoded by
ORF1. J Virol 2003;77:7150-7155.

112

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



53. Ettayebi K, Hardy ME. NV nonstructural protein p48 forms a complex with
the SNARE regulator VAP-A and prevents cell surface expression of vesicular
stomatitis virus G protein. J Virol 2003;77:11790-11797.

54. Fernandez-Vega V, et al. NV N-terminal nonstructural protein is associated
with disassembly of the Golgi complex in transfected cells. J Virol
2004;78:4827-4837.

55. Daughenbaugh KF, Fraser CS, Hershey JW, Hardy ME. The genome-
linked protein VPg of the NV binds elF3, suggesting its role in translation
initiation complex recruitment. EMBO J 2003;22:2852-2859.

56. Daughenbaugh KF,Wobus CE, Hardy ME. VPg of murine norovirus binds
translation initiation factors in infected cells. Virol J 2006;3:33.

57. Rohayem J, Robel |, Jager K, Scheffler U, Rudolph W. Protein-primed and
de novo initiation of RNA synthesis by norovirus 3Dpol. J Virol 2006;80:7060—
7069.

58. Rohayem J, Jager K, Robel I, Scheffler U, Temme A, Rudolph W.
Characterization of norovirus 3Dpol RNA-dependent RNA polymerase activity
and initiation of RNA synthesis. J Gen Virol 2006;87:2621-2630

59. Blakeney SJ, Cahill A, Reilly PA. Processing of NV nonstructural proteins
by a 3C-like cysteine proteinase. Virology 2003;308:216-224.

60. Liu B, Clarke IN, Lambden PR. Polyprotein processing in Southampton
virus: identification of 3C-like protease cleavage sites by in vitro mutagenesis.
J Virol 1996;70:2605-2610.

61. Liu BL, Lambden PR, Gunther H, Otto P, Elschner M, Clarke IN. Molecular
characterization of a bovine enteric calicivirus: relationship to the Norwalk-like
viruses. J Virol 1999:73:819-825.

62. Seah EL, Marshall JA, Wright PJ. Open reading frame 1 of the Norwalk-like
virus Camberwell: completion of sequence and expression in mammalian
cells. J Virol 1999;73:10531-10535.

63. Sosnovtsev SV, et al. Cleavage map and proteolytic processing of the
murine norovirus nonstructural polyprotein in infected cells. J Virol
2006:80:7816—7831.

64. Zeitler CE, Estes MK, Venkataram Prasad BV. X-ray crystallographic
structure of the NV protease at 1.5-A resolution. J Virol 2006;80:5050-5058.

113

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



65. Fukushi S, et al. Poly(A)- and primer-independent RNA polymerase of
Norovirus. J Virol 2004;78:3889-3896.

66. Kapikian AZ. The discovery of the 27-nm NV: an historic perspective. J
Infect Dis 2000;181 (Suppl):S295-S302.

67. Asanaka M, Atmar RL, Ruvolo V, Crawford SE, Neill FH, Estes MK
Replication and packaging of NV RNA in cultured mammalian cells. Proc Natl
Acad Sci USA 2005;102:10327-10332.

68. NeillJ.D.
ThesubgenomicRNAoffelinecalicivirusispackagedintoviralparticlesduringinfecti
on. VirusRes 2002;87:89-93.

69.Marionneau S., Ruvoen N., Le Moullac-Vaidye B., et al. Norwalk virus binds
to histo-blood group antigens present on gastroduodenal epithelial cells of
secretor individuals. Gastroenterology 2002;122:1967-1977.

70. Harrington PR, Yount B, Johnston RE, Davis N, Moe C, Baric RS.
Systemic, mucosal, and heterotypic immune induction in mice inoculated with
Venezuelan equine encephalitis replicons expressing NV-like particles. J Virol
2002;76:730-742.

71. Harrington PR, Lindesmith L, Yount B, Moe CL, Baric RS. Binding of NV-
like particles to ABH histo-blood group antigens is blocked by antisera from
infected human volunteers or experimentally vaccinated mice. J Virol
2002;76:12335-12343.

72. Harrington PR, Vinje J, Moe CL, Baric RS. Norovirus capture with histo-
blood group antigens reveals novel virus-ligand interactions. J Virol
2004;78:3035-3045.

73. Hutson AM, Atmar RL, Marcus DM, Estes MK. Department of molecular V,
microbiology BCOMHTUSA. NV-like particle hemagglutination by binding to h
histo-blood group antigens. J Virol 2003;77:405-415.

74. Marionneau S, et al. NV binds to histo-blood group antigens present on
gastroduodenal epithelial cells of secretor individuals. Gastroenterology
2002;122:1967-1977.

75. Lindesmith L, et al. Human susceptibility and resistance to NV infection.
Nat Med 2003;9:548-553.

114

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



76. Marionneau S, et al. ABH and Lewis histoblood group antigens, a model for
the meaning of oligosaccharide diversity in the face of a changing world.
Biochimie 2001;83:565-573.

77. Le Pendu J, Ruvoen-Clouet N, Kindberg E, Svensson L. Mendelian
resistance to human norovirus infections. Semin Immunol 2006;18:375-386).
78. Hennessy EP, Green AD, Connor MP, Darby R, MacDonald P. NV infection
and disease is associated with ABO histo-blood group type. J Infect Dis

2003;188:176—-177

79. Hutson AM, Atmar RL, Graham DY, Estes MK. NV infection and disease is
associated with ABO histo-blood group type. J Infect Dis 2002;185:1335—
1337.

80. Rockx BH, Vennema H, Hoebe CJ, Duizer E, Koopmans MP. Association
of histo-blood group antigens and susceptibility to norovirus infections. J Infect
Dis 2005;191: 749-754.

81. Koopman JS, Eckert EA, Greenberg HB, Strohm BC, Isaacson RE, Monto
AS. NV enteric iliness acquired by swimming exposure. Am J Epidemiol
1982;115:173-177.

82. Parrino TA, Schreiber DS, Trier JS, Kapikian AZ, Blacklow NR. Clinical
immunity in acute gastroenteritis caused by Norwalk agent. N Engl J Med
1977,297:86-89.

83. Johnson PC, Mathewson JJ, DuPont HL, Greenberg HB. Multiple-challenge
study of host susceptibility to Norwalk gastroenteritis in US adults. J Infect Dis
1990;161: 18-21.

84. Larsson MM, et al. Antibody prevalence and titer to Norovirus (Genogroup
II) correlate with secretor (FUT2) but Not with ABO phenotype or Lewis
(FUT3) genotype. J Infect Dis 2006;194:1422-1427 .

85. Lindesmith LC, et al. Mechanisms of Gll.4 norovirus persistence in human
populations. PLoS Med 2008;5:e31.

86.Koelle K, Cobey S, Grenfell B, Pascual M. Epochal evolution shapes the
phylodynamics of interpandemic influenza A (H3N2) in humans. Science
2006;314:1898-1903.

87.Van Nimwegen E. Epidemiology. Influenza escapes immunity along neutral
networks. Science 2006:314:1884—1886.

115

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



88. Siebenga JJ, et al. Epochal evolution of GGII.4 norovirus capsid proteins
from 1995 to 2006. J Virol 2007;81:9932-9941.

89. Nilsson M, et al. Evolution of human calicivirus RNA in vivo: accumulation
of mutations in the protruding P2 domain of the capsid leads to structural
changes and possibly a new phenotype. J Virol 2003;77:13117-13124.

90. Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy SL,
Jones JL, Griffin PM. Foodborne iliness acquired in the United States--major
pathogens.Emerg Infect Dis. 2011 Jan;17(1):7-15.

91.Kaplan JE, Schonberger LB, Varano G, Jackman N, Bied J, Gary GW. An
outbreak of acute nonbacterial gastroenteritis in a nursing home.
Demonstration of person-toperson transmission by temporal clustering of
cases. Am J Epidemiol 1982;116:940-948.

92. Ike AC, Brockmann SO, Hartelt K, Marschang RE, Contzen M, Oehme RM.
Molecular epidemiology of norovirus in outbreaks of gastroenteritis in
southwest Germany from 2001 to 2004. J Clin Microbiol 2006;44:1262-1267 .

93. Jiang X, et al. Outbreaks of gastroenteritis in elderly nursing homes and
retirement facilities associated with human caliciviruses. J Med Virol
1996;50:335-341.

94. Murata T, Katsushima N, Mizuta K, Muraki Y, Hongo S, Matsuzaki Y.
Prolonged norovirus shedding in infants oor=6 months of age with
gastroenteritis. Pediatr Infect Dis J 2007,26:46—49.

95. Okada M, Tanaka T, Oseto M, Takeda N, Shinozaki K. Genetic analysis of
noroviruses associated with fatalities in healthcare facilities. Arch Virol
2006;151:1635-1641.

96. Mattner F, Sohr D, Heim A, Gastmeier P, Vennema H, Koopmans M. Risk
groups for clinical complications of norovirus infections: an outbreak
investigation. Clin Microbiol Infect 2006;12:69-74.

97. Parashar UD, Monroe SS “Norwalk -like viruses” as a cause of foodborne
disease outbreaks. Rev Med Virol 2001;11:243-252.

98. Fankhauser RL, et al. Epidemiologic and molecular trends of “Norwalk-like
viruses” associated with outbreaks of gastroenteritis in the United States. J
Infect Dis 2002;186: 1-7.

116

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://www.ncbi.nlm.nih.gov/pubmed/21192848
http://www.ncbi.nlm.nih.gov/pubmed/21192848

99. Waters A, Coughlan S, Dunford L, Hall WW. Molecular epidemiology of
norovirus strains circulating in Ireland from 2003 to 2004. Epidemiol Infect
2006;134: 917-925.

100. Noel JS, Fankhauser RL, Ando T, Monroe SS, Glass RI. Identification of a
distinct common strain of “Norwalk-like viruses” having a global distribution. J
Infect Dis 1999;179: 1334-1344.

101. Vinje J, Altena SA, Koopmans MP. The incidence and genetic variability of
small round-structured viruses in outbreaks of gastroenteritis in The
Netherlands. J Infect Dis 1997;176:1374-1378.

102. Widdowson MA, et al. Outbreaks of acute gastroenteritis on cruise ships
and on land: identification of a predominant circulating strain of norovirus —
United States, 2002. J Infect Dis 2004;190:27-36.

103. Wilhelmi I, Roman E, Sanchez-Fauquier A. Viruses causing gastroenteritis.
Clinical Microbiology and Infection 2003;9: 247-262.

104. Phan TG, et al. Detection and genetic characterization of norovirus strains
circulating among infants and children with acute gastroenteritis in Japan
during 2004-2005. Clin Lab 2006;52:519-525.

105. Norovirus activity—United States, 2002. Morb Mortal Wkly Rep 2003;52: 41—
45,

106. Vainio K, Myrmel M. Molecular epidemiology of norovirus outbreaks in
Norway during 2000 to 2005 and comparison of four norovirus real-time
reverse transcriptase PCR assays. J Clin Microbiol 2006;44: 3695-3702.

107.Bull RA, Tu ET, Mclver CJ, Rawlinson WD, White PA. Emergence of a new
norovirus genotype Il.4 variant associated with global outbreaks of
gastroenteritis. J Clin Microbiol 2006;44:327-333.

108. Kroneman A, et al. Increase in norovirus activity reported in Europe. Euro
Surveill 2006;11:E0612141.

109.Norovirus activity—United States, 2006-2007. Morb Mortal Wkly Rep
2007;56:842-846.

110. Siebenga JJ, et al. Epochal evolution of GGII.4 norovirus capsid proteins
from 1995 to 2006. J Virol 2007;81:9932-9941.

111. CDC. Morb Mortal Wkly Rep 2007;56:842—-846.

112. A H. Kamel, M.A. Ali, H.G. EI-Nady, A. de Rougemont, P. Pothier, G.
Belliot. J. Clin. Microbiol. 47(4):1037-45 (2009).

117

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



113. M.K. Nayak, D. Chatterjee, S.M. Natareju, M. Pativada, U. Mitra, M.K.
Chatterjee, et al. J. Clin. Virol. 45(3):223-9 (2009).

114. J. Mans, J.C. de Villiers, N.M. du Plessis, T. Avenant, M.B. Taylor. J. Clin.
Virol. 49(4):258-64 (2010).

115.Crane J.K,, Guerrant R.L. Acute Watery Diarrhea. New York: Raven Press;
1995.

116.Barker J., Vipond I.B., Bloomfield S.F. Effects of cleaning and disinfection in
reducing the spread of norovirus contamination via environmental surfaces. J
Hosp Infect 2004;58:42-122. Outbreaks of Norwalk-like viral gastroenteritis -
Alaska and Wisconsin, 1999. Morbidity and Mortality Weekly Report
2000;49:207-211.

117. Estes M.K,, Ball J.M., Guerrero R.A.. Norwalk virus vaccines: challenges
and progress. J Infect Dis 2000;181:S367-373.

118. Treanor JJ, Dolin R. Norwalk Virus and Other Caliciviruses. In: Mandell GL,
Bennett JE, 5th Edition ed. Principles and Practice of Infectious Diseases,
Vol. 2. Philadelphia: Churchhill Livingstone; 2000. 1949-1956.

119. Atmar RL, Estes MK. Diagnosis of noncultivatable gastroenteritis viruses,
the human caliciviruses. Clinical Microbiology Reviews 2001;14:15-37.

120. CDC Norovirus Activity- United States 2002. Morbidity and Mortality Weekly
Report 2003;52:41-45.

121. Parashar UD, Quiroz ES, Mounts AW, et al. “Norwalk-like viruses:” Public
health consequences and outbreak management. Morbidity and Mortality
Weekly Report 2001;50: 1-17.

122. van Olphen M, Kapsenberg JG, van de Baan E, Kroon WA. Removal of
enteric viruses from surface water at eight waterworks in The
Netherlands.Appl Environ Microbiol. 1984;47(5).927-32.

123. Allen DJ, Gray JJ, Gallimore CI, Xerry J, lturriza-Gédmara M. Analysis of
amino acid variation in the P2 domain of the GlI-4 norovirus VP1 protein
reveals putative variant-specific epitopes.PLoS One. 2008 Jan 23;3(1):e1485.

124 KY. Green, Fields virology, 5th edn. (Lippincott Williams & Wilkins,
Philadelphia, 2007), pp. 949-979.

125. Worobey M, Holmes EC. Evolutionary aspects of recombination in RNA
viruses.J Gen Virol. 1999;80(Pt 10):2535-43.Review.

118

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://www.ncbi.nlm.nih.gov/pubmed/6331309
http://www.ncbi.nlm.nih.gov/pubmed/6331309
http://www.ncbi.nlm.nih.gov/pubmed/6331309
http://www.ncbi.nlm.nih.gov/pubmed/18213393
http://www.ncbi.nlm.nih.gov/pubmed/18213393
http://www.ncbi.nlm.nih.gov/pubmed/18213393
http://www.ncbi.nlm.nih.gov/pubmed/10573145
http://www.ncbi.nlm.nih.gov/pubmed/10573145

126. M.E. Hardy, S.F. Kramer, J.J. Treanor, M.K. Estes. Human calicivirus
genogroup |l capsid sequence diversity revealed by analyses of the prototype
Snow Mountain agent. Arch Virol. 1997;142(7):1469-79

127. R.A. Bull, M.M. Tanaka, P.A. White. Norovirus recombination.J Gen Virol.
2007 Dec;88(Pt 12):3347-59.

128. Chhabra P, Walimbe AM, Chitambar SD. Molecular characterization of
three novel intergenotype norovirus GIlI recombinant strains from western
India.Virus Res. 2010 Feb;147(2):242-6.

129. Nakamura K, lwai M, Zhang J, Obara M, Horimoto E, Hasegawa S, Kurata
T, Takizawa T. Detection of a novel recombinant norovirus from sewage water
in toyama prefecture, Japan.Jpn J Infect Dis. 2009 Sep;62(5):394-8.

130. Dey SK, Phan TG, Mizuguchia M, Okitsua S, Ushijima H. Novel
recombinant norovirus in Japan. Virus Genes. 2010 Jun;40(3):362-4.

131. T.G. Phan, K. Kaneshi, Y. Ueda, S. Nakaya, S. Nishimura, A. Yamamoto,
K. Sugita, S. Talanashi, S. Okitsu, H. Ushijima. Genetic heterogeneity,
evolution, and recombination in noroviruses. J. Med. Virol. 79(9), 1388-1400
(2007)

132. M. Koopmans, H. Vennema, H. Heersma, E. van Strien, Y. van Duynhoven,
D. Brown, European Consortium on Foodborne Viruses et al., Emerg. Infect.
Dis. 9(9), 1136—-1142 (2003).

133. G. Reuter, H. Vennema, M. Koopmans, G. Szu’cs, Epidemic spread of
recombinant noroviruses with four capsid types in Hungary.J. Clin. Virol.
35(1), 84-88 (2006)

134. Siebenga JJ, Vennema H, Zheng DP, Vinjé J, Lee BE, Pang XL, Ho EC,
Lim W, Choudekar A, Broor S, Halperin T, Rasool NB, Hewitt J, Greening GE,
Jin M, Duan ZJ, Lucero Y, O'Ryan M, Hoehne M, Schreier E, Ratcliff RM,
White PA, Iritani N, Reuter G, Koopmans M. Norovirus illness is a global
problem: emergence and spread of norovirus Gll.4 variants, 2001-2007.J
Infect Dis. 2009 Sep 1;200(5):802-12

135. Motomura K, Yokoyama M, Ode H, Nakamura H, Mori H, Kanda T, Oka T,
Katayama K, Noda M, Tanaka T, Takeda N, Sato H; Norovirus Surveillance
Group of Japan. Divergent evolution of norovirus GIl/4 by genome
recombination from May 2006 to February 2009 in Japan.J Virol. 2010
Aug;84(16):8085-97.

119

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://www.ncbi.nlm.nih.gov/pubmed/9267456
http://www.ncbi.nlm.nih.gov/pubmed/9267456
http://www.ncbi.nlm.nih.gov/pubmed/9267456
http://www.ncbi.nlm.nih.gov/pubmed/18024905
http://www.ncbi.nlm.nih.gov/pubmed/19941918
http://www.ncbi.nlm.nih.gov/pubmed/19941918
http://www.ncbi.nlm.nih.gov/pubmed/19941918
http://www.ncbi.nlm.nih.gov/pubmed/19762994
http://www.ncbi.nlm.nih.gov/pubmed/19762994
http://www.ncbi.nlm.nih.gov/pubmed?term=Dey%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=20148300
http://www.ncbi.nlm.nih.gov/pubmed?term=Phan%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=20148300
http://www.ncbi.nlm.nih.gov/pubmed?term=Mizuguchia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20148300
http://www.ncbi.nlm.nih.gov/pubmed?term=Okitsua%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20148300
http://www.ncbi.nlm.nih.gov/pubmed?term=Ushijima%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20148300
http://www.ncbi.nlm.nih.gov/pubmed/?term=S.K.+Dey%2C+T.G.+Phan%2C+M.+Mizuguchia%2C+S.+Okitsua%2C+H.+Ushijima%2C+Virus+Genes+40%2C+362+%282010%29
http://www.ncbi.nlm.nih.gov/pubmed/19627248
http://www.ncbi.nlm.nih.gov/pubmed/19627248
http://www.ncbi.nlm.nih.gov/pubmed/20534859
http://www.ncbi.nlm.nih.gov/pubmed/20534859

136. S. Fukuda, Y. Sasaki, S.J. Takao. Recombinant norovirus implicated in
gastroenteritis outbreaks in Hiroshima Prefecture, Japan.J Med Virol. 2008
May;80(5):921-8.

137. R. Vidal, P. Roessler, V. Solari. Novel recombinant norovirus causing
outbreaks of gastroenteritis in Santiago, Chile.J. Clin Microbiol. 2006
Jun;44(6):2271-5.

138. Le Pendu J. Histo-blood group antigen and human milk oligosaccharides:
genetic polymorphism and risk of infectious diseases.Adv Exp Med Biol.
2004;554:135-43. Review.

139. Zakhour M, Ruvoén-Clouet N, Charpilienne A, Langpap B, Poncet D,
Peters T, Bovin N, Le Pendu J. The alphaGal epitope of the histo-blood group
antigen family is a ligand for bovine norovirus Newbury2 expected to prevent
cross-species transmission.LoS Pathog. 2009 Jul;5(7):e1000504.

140. Donaldson EF, Lindesmith LC, Lobue AD, Baric RS. Viral shape-shifting:
norovirus evasion of the human immune system.Nat Rev Microbiol. 2010
Mar;8(3):231-41.

141. TanM, Xia M, Chen Y, et al. Conservation of carbohydrate binding
interfaces: evidence of human HBGA selection in norovirus evolution. PLoS
One 2009; 4. e5058.

142. Bok K, Abente EJ, Realpe-Quintero M, et al. Evolutionary dynamics of Gll.4
noroviruses over a 34-year period. Journal of Virology 2009; 83: 11890—
11901.

143. Wobus, C.E. et al. (2006) Murine norovirus: a model system to study
norovirus biology and pathogenesis. J. Virol. 80, 5104-5112

144. Farkas, T. et al. (2010) Genetic diversity and histo-blood group antigen
interactions of rhesus enteric caliciviruses. J. Virol. 84, 8617-8625.

145. Magalhaes, A. et al. (2009) Fut2-null mice display an altered glycosylation
profile and impaired BabA-mediated Helicobacter pylori adhesion to gastric
mucosa. Glycobiology 19, 1525-1536

146. Ruvoen-Clouet, N. et al. (2000) Binding of rabbit hemorrhagic disease virus
to antigens of the ABH histo-blood group family. J. Virol. 74, 11950—-11954

147. Stuart, A.D. and Brown, T.D. (2007) Alpha2,6-linked sialic acid acts as a
receptor for feline calicivirus. J. Gen. Virol. 88 (Pt 1), 177-186.

120

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://www.ncbi.nlm.nih.gov/pubmed/18360906
http://www.ncbi.nlm.nih.gov/pubmed/18360906
http://www.ncbi.nlm.nih.gov/pubmed/16757638
http://www.ncbi.nlm.nih.gov/pubmed/16757638
http://www.ncbi.nlm.nih.gov/pubmed/15384573
http://www.ncbi.nlm.nih.gov/pubmed/15384573
http://www.ncbi.nlm.nih.gov/pubmed/19578439
http://www.ncbi.nlm.nih.gov/pubmed/19578439
http://www.ncbi.nlm.nih.gov/pubmed/19578439
http://www.ncbi.nlm.nih.gov/pubmed/20125087
http://www.ncbi.nlm.nih.gov/pubmed/20125087

148. Taube, S. et al. (2009) Ganglioside-linked terminal sialic acid moieties on
murine macrophages function as attachment receptors for murine
noroviruses. J. Virol. 83, 4092—4101.

149. Zakhour, M. et al. Bovine norovirus: carbohydrate ligand, environmental
contamination, and potential cross-species transmission via oysters. Appl.
Environ. Microbiol. (2010) 76, 6404-6411.

150. Vinjé J, Altena SA, Koopmans MP. The incidence and genetic variability of
small round-structured viruses in outbreaks of gastroenteritis in The
Netherlands.J Infect Dis. 1997;176(5):1374-8.

151. Widdowson MA, Cramer EH, Hadley L, Bresee JS, Beard RS, Bulens SN,
Charles M, Chege W, Isakbaeva E, Wright JG, Mintz E, Forney D, Massey J,
Glass RI, Monroe SS. Outbreaks of acute gastroenteritis on cruise ships and
on land: identification of a predominant circulating strain of norovirus--United
States, 2002.J Infect Dis. 2004;190(1):27-36.

152. Lopman BA, Reacher MH, Vipond IB, Sarangi J, Brown DW. Clinical
manifestation of norovirus gastroenteritis in health care settings.Clin Infect
Dis. 2004;39(3):318-24.

153. Rimoldi SG, Stefani F, Pagani C, Chenal LL, Zanchetta N, Di Bartolo |,
Lombardi A, Ruggeri FM, Di Lillo D, Zuccotti GV, Gismondo MR.
Epidemiological and clinical characteristics of pediatric gastroenteritis
associated with new viral agents.Arch Virol. 2011;156(9):1583-9.

121

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://www.ncbi.nlm.nih.gov/pubmed/9359742
http://www.ncbi.nlm.nih.gov/pubmed/9359742
http://www.ncbi.nlm.nih.gov/pubmed/9359742
http://www.ncbi.nlm.nih.gov/pubmed/15195240
http://www.ncbi.nlm.nih.gov/pubmed/15195240
http://www.ncbi.nlm.nih.gov/pubmed/15195240
http://www.ncbi.nlm.nih.gov/pubmed/15306997
http://www.ncbi.nlm.nih.gov/pubmed/15306997
http://www.ncbi.nlm.nih.gov/pubmed/21643788
http://www.ncbi.nlm.nih.gov/pubmed/21643788

Virus Genes
DOI 10.1007/s11262-011-0697-2

Molecular characterization of a new intergenotype

Norovirus GII recombinant

L. G. A. Ruether * D. Tsakogiannis - V. Pliaka -
Z. Kyriakopoulou - A. Krikelis * C. Gartzonika *
S. Leveidiotou-Stefanou * P. Markoulatos

Received: 12 October 2011/ Accepted: | December 2011
© Springer Science+Business Media, LLC 2011

Abstract Human noroviruses (NoVs) of the Caliciviridae
family are a major cause of epidemic gastroenteritis. The
NoV genus is genetically diverse and recombination of
viral RNA is known to depend upon various immunolog-
ical and intracellular constraints that may allow the emer-
gence of viable recombinants. In the present study, we
report the development of a broadly reactive RT-PCR
assay, which allowed the characterization of strain A6 at
molecular level, established its genetic relationship at the
sub-genogroup level and classified A6 strain at the sub-
genotype level. The detection was carried out initially by
enzyme-linked immunosorbent assay (ELISA) and the
subsequent detection and molecular characterization of
NoV strain was achieved by reverse transcription-PCR and
sequencing. Based on the sequence analysis, A6 strain was
revealed to belong to the GII genogroup of NoVs. Partial
ORFI gene sequencing analysis and complete ORF2 gene
sequencing revealed that ORF1 and ORF2 belonged to two
distinct genotypes GII/9 and GII/6, respectively, making
obvious that A6 strain is a rare intergenotypic recombinant
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within the genogroup GII between GIL.9 and GIIL.6 geno-
types. A6 strain represents the first human NoV from
Greece, whose genome has been partially (ORF1&ORF3)
and completed (ORF2) sequenced. To our knowledge the
recombination event GII.9/GIL.6 in RdRp and capsid gene,
respectively, that was revealed in the present study is
reported for the first time.

Keywords Noroviruses - Phylogenetic analysis -
Genotyping - Recombination - Greece

Introduction

Noroviruses (NoVs) belonging to Caliciviridae family are
recognized as a worldwide cause of epidemic acute gas-
troenteritis [1, 2]. NoVs are non-enveloped viruses,
27-35 nm in diameter, with a single-stranded positive
sense polyadenylated RNA genome of 7.5-7.7 kb [3]. The
genome of NoVs comprises 3 ORFs. ORF]1 at the 5'-end of
the genome encodes for six nonstructural proteins (p48,
NTPase, p22, Vpg, 3CL, and RdRp). ORF2 encodes the
major structural capsid protein (VP1) and ORF3 the minor
capsid protein (VP2) at the 3'-end of the genome [4, 5].
Currently, NoVs are divided into five major genogroups
(GI to GV) according to the amino acid sequence diversity
of the VP1 gene. GI, GII, and GIV infect humans, while
GIII and GV infect bovine and murine species [6]. These
five genogroups are further subdivided into at least 32
phylogenetic clusters or genotypes: Nine in GI, nineteen in
GlI, two in GIII, and one in GIV and GV [4].

Genotype GII-4 is the most common type causing out-
breaks [7-10]. Viruses belonging to other NoV genotypes
are found less consistently, causing sporadic outbreaks or
temporary epidemics [11-14].
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Most of the previous genetic analyses have been based
on partial nucleotide sequence analyses of the genome,
mainly derived from a relatively small region of either the
ORF1 or ORF2 gene, differentiating a number of NoVs
into their distinct lineages [15-18].

In the present study a stool specimen from a 2-year-old
female child, suffering from typical clinical symptoms of
viral gastroenteritis was collected in the University Hos-
pital of loannina, Greece. Acute gastroenteritis was defined
as consecutively episodes of diarrhea (watery or loose
stools in a 24 h period), accompanied with vomiting. The
detection was carried out initially by enzyme-linked
immunosorbent assay (ELISA) and the subsequent detec-
tion and molecular characterization of NoV strain was
achieved by reverse transcription-PCR and DNA
sequencing. RT-PCR assay for GII NoVs that targets
conserved regions of the genome, allowed the character-
ization of A6 strain at molecular level, established its
genetic relationship at the sub-genogroup level and clas-
sified A6 strain at the sub-genotype level by performing
phylogenetic analyses with other GII NoVs that have pre-
viously been grouped into genotypes [16]. Overall, A6
strain represents the first human NoV from Greece, whose
genome has been partially (ORF1 and ORF3) and com-
pletely (ORF2) sequenced and for which its relationship
with other NoVs was established.

Materials and methods
Viral RNA extraction from fecal specimen

The stool specimen was diluted into 10 ml of complete
solution of phosphate-buffered saline (PBS) (pH 7.4),
which was homogenized by vortex and stored at —20°C.
Viral RNA was extracted from 140 pl of the supernatant
using the QIAamp® Viral RNA Mini Kit according to the
manufacturer’s instructions (Qiagen, Germany).

Reverse transcription

Reverse Transcription was carried out as follows: 7 ul
consisting of random primers (d N9), (Takara Biomedical
group, Shiga, Japan), (50 nmol/ul), 1 pl/tube, 10 mM
dNTPs, 1 pl/tube,(Invitrogen, UK), ddH,O 5 pl/tube,
(Sigma,USA), and 5 pl of isolated RNA were incubated at
65°C for 5 min. Reverse Transcription was carried out in a
final volume of 20 pl containing the 12 pl of the previous
mixture and 8 pl of a mixture containing 5x first strand
buffer (4 pl/tube), 0.1 M, DTT (2 pl/tube), RNAse Out
(20 U/pl, 0.5 pl/tube), ddH,O (1 pl/tube), and 0.5 pl
reverse transcriptase M-MLV (200 U/pl, Invitrogen, UK).
The samples were sequentially incubated at 25°C for
10 min, at 37°C for 50 min and finally at 70°C for 15 min.

PCR

Three pl of the reverse transcription product was used for
PCR in a total volume of 50 pl containing 10x PCR buffer,
2 mM MgCl,, 1 mM dNTPs, 0.5 pl of Paq polymerase
(Stratagene), (5 U/pl) and 100 pmol of primers (Table 1).
After an initial denaturation step at 95°C for 2 min, 25
amplification cycles (denaturation at 95°C for 30 s,
annealing temperature according to Table 1 for 30 s and
extension at 72°C for | min) were performed followed by a
final extension step at 72°C for 5 min.

Auto Nested PCR with the same set of primers and
under the same conditions for 40 cycles of amplification
was used to further increase the sensitivity of the assay
[19].

Primers

The primer pairs used in the present study are shown in
Table 1. Initially, partial amplification of the ORF2 gene
was performed using the published primer pair Mon38§1/
Mon383 [20]. Specific primers for Norovirus were

Table 1 Primers used to detect

Target genogroup

ORF Location DNA Sequence (5'-3")

NoV by RT-PCR Filiat )
NLVRS8 56.0 GII
NLVR756 56.0 GII
NLVH297 56.0 Gl
NLVH896 56.0 GII
MON381 49.1 GII
MON383 480 GII
NLVC463 590 GII
NLVC1430 58.0 GII

NLVORF 1955 58.0 GlII
NLVORF 2902 59.0 GlII

45294548
5143-5162
45274546
5143-5162
5362-5383
5661-5683
5577-5559
6508-6489
64296448
7403-7385

GCCCACTCCTGTTTTTCATT
TGCCATAACCTCATTGTTGG
AAGCCCACTCCTGTTTTTCA
TGCCATAACCTCATTGTTGG
CCAGAATGTACAATGGTTATGC
CAAGAGACTGTGAAGACATCATC
CTTCTGCCCCTCCCTGATA
GGTGCTGCTTCCTGGTAAAA
CAGGAATGGGTTCAGCACTT
CTTTGGGGACGGTTGAGAC

b 2 = =

e ea
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designed by Primer3 software (http://fokker.wi.mit.edu/
primer3/) using published nucleotide sequences of GII viral
genomes, (strains: NLV/Miami/292/1994/US, Hu/L154/
2000/France, Hi/HCMC204/2006/VNM and Norwalk-like
virus, GenBank accession numbers: AF414410, AY921623,
EU137732 and AB078337, respectively).

Molecular cloning

After electrophoresis in 2% agarose gel in TBE buffer PCR
amplicons were excised from agarose gel, purified using
the QlAquick® Gel Extraction Kit (Qiagen, Germany) and
cloned into the pGE1V1®-T Easy Vector System (Promega,
USA), according to the manufacturer’s instructions.

Phylogenetic analysis

Sequence identity was achieved through BLAST (http:
www.ncbi.nlm.gov/blast). The relationships among the
strains were determined using the multiple alignment
program CLUSTALW (http://www.ebi.ac.uk/Tools/msa/
clustalw2) and the program MEGA (Molecular Evolu-
tionary Genetic Analysis, version 4.1 Beta3).

Nucleotide sequence accession numbers

The sequences were submitted to GenBank with the
accession numbers: HM172493 (A60RF1), HM172494
(A60RF2), and HM 172495 (A60ORFE3).

The GenBank accession numbers used in this study are
as follows:

GI: L07418 (Southampton), AF093797 (Norwalk virus),
HM87661 (CVXRNA), and AB042808 (Chiba).

GII: GUI131223 (Hu/GIL9/Alingsas/p1/2009/SWE),
EF190920 (Hu/NLV/DjiboutiVdG66/2003/Djibouti), AY0
38599 (NLV/VA97207/1997), DQ379715 (Hu/GIl/Goul-
burnValleyG5175C/1983/AUS), AB067537 (U3GII), ABO
39776 (SaitamaU3), AF414407 (NLV/Florida/269/1993/
US), AB067539 (U16GII), AY 134748 (Snow Mountain),
x 86557 (Lordsdale), and U07611 (Hawaii).

Results

Initially the primers used for the detection of A6 strain
have been designed to amplify partial amplification of the
ORF2 gene [21, 22]. Other regions of the genome have
been also selected as targets for amplification, including
the RNA-dependent RNA polymerase region and the ORF3
one.

In order to confirm the solely presence of A6 strain,
nucleotide sequences were assembled in not conserved
regions of the genome, using the multiple alignment

program MEGA. The 3 end of each fragment was 100%
homologous with the 5’ end of the following fragment.
With this approach, due to the great genetic diversity in
these regions, the probability of coupling different strains
that might coexist in the sample was minimized.

Four overlapping cDNAs fragments: Fragment A, from
nucleotides 4529-5126; fragment B, from nucleotides
5044-5638; fragment C, from nucleotides 5505-6501 and
fragment D, from nucleotides 6466-7376, encompassing
the viral RNA from the 3’ end of ORFI to the 3’ end of
ORF3, were assembled. Amplicons were cloned and three
independent clones from each amplicon were sequenced to
avoid any selection that might occur during cloning. The
joining together of these four overlapping fragments was
performed in non-conserved regions [16], using the mul-
tiple alignment program MEGA. The 3’end of each frag-
ment was 100% homologous with the 5’ end of the
following fragment.

The partial genome sequence was organized into three
ORFs, with ORF2 overlapping ORF1 by 19 nucleotides
and ORF3 by one nucleotide; spanning nucleotides
4527-5062, 5043-6689, and 6689-7376 for ORF1, ORF2,
and ORF3, respectively.

Phylogenetic analysis

The relationship of A6 strain characterized in the present
study, with other strains was assessed using sequences
available from GenBank (Fig. 2). Phylogenetic analyses
were conducted using the partial length of nucleotide
sequences of ORF1 and the full length of nucleotide
sequences of ORF2 with completely sequenced NoVs
strains. The length of ORF3 was short enough to be com-
pared without segregation. Moreover, we used partially
sequenced NoVs strains that were genetically close
according to BLAST clustering.

Our initial phylogenetic analysis revealed that ORF1
clustered with GII/9 strains, whereas ORF2 branched out-
side of the above cluster, clustering with GII/6 strains.

ORF1

The phylogenetic tree of ORF1 partial gene was con-
structed using the neighbor-joining method based on part
of the RdRp region, corresponding to 4527-5027 nucleo-
tides. The analysis revealed that strain A6 was genetically
closed and clustered together with GII strains (Fig. 1).
Specifically, the phylogenetic tree revealed two distinct
phylogenetic groups with reliable bootstrap support, which
matched two genogroups, GI and GII [23]. GI. contained
four human NoVs from; USA (CYXRNA), UK (South-
ampton), Germany (Norwalk), and Japan (Chiba), whereas
GII consisted of twelve strains closely related NoVs that
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Fig. 1 Phylogenetic tree
construct based on partial
sequences of the ORF1 open
reading frame of NVs. The
analysis was performed using
MegAlign, version 4.1 (BETA
3). The distance was calculated

GIl.9

\

ABORF{ =

Hu/GIl 8/Alingsas/p1/2008/SWE
HWNLV/DjiboutiVdGE6/2003/Djibouti
NLVIVAST207/1997
Hu/GlIGoulburnValleyG5175C/ 1983/AUS

SubgroupA |

by the neighbor-joining method.
Numbers at each branch indicate
bootstrap values for the clusters
supported by that branch

U3GH Gll

100

005

for the purpose of discussion were divided into major
subgroups: Subgroup A, contained five strains, AGORF1,
Hu/GIL.9/Alingsas/p1/2009/SWE, Hu/NLV/DjiboutiVdG66/
2003/Djibouti, NLV/VA97207/1997, and Hu/GII/Goul-
burnValleyG5175C/1983/AUS, all of which were classified
to genotype GIL9. Subgroup B consisted of the remaining
seven strains that were closely related to each other, but it
formed a significant number of clusters and single branches.
Within subgroup A strain, A6 was most closely related
to NoVs strains: Hu/GIL.9/Alingsas/p1/2009/SWE  with
nucleotide identity 94%, Hu/NLV/DjiboutiVdG66/2003/
Djibouti with nucleotide identity 93%, NLV/VA97207/1997
with nucleotide identity 92%, and Hu/GIl/GoulburnVal-
leyG5175C/1983/AUS with nucleotide identity 91 %.

ORF2

The phylogenetic analysis of complete ORF2 gene was
constructed using the neighbor-joining method based upon
capsid sequences available from GenBank. A total of 15
capsid sequences from NoVs genogroups GI and GII
strains were used. The ORF2-based phylogenetic tree was
constructed with the nucleotide sequences of four strains
[34-36] that were genetically close to A6 strain ORF2
gene, plus seven other GII NoVs, in conjunction with four
human GI NoVs as above for ORFI. From the phyloge-
netic tree presented in Fig. 2 was deduced that A6 strain
belonged to the GII genogroup of NoVs and was geneti-
cally close to: NLV/Florida/269/1993/US with nucleotide
identity 95%, U3GII with nucleotide identity 93%, Saitama
U3 with nucleotide identity 93%, and Ul6GII strain
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with nucleotide identity 90%. It is noteworthy that the
three strains (Hu/GI1.9/Alingsas/p1/2009/SWE, Hu/NLV/
DjiboutiVdG66/2003/Djibouti and NLV/VA97207/1997)
which were most closely related to A6 strain in the ORF1-
based phylogeny, belonged to genotype GIL9 regarding
ORF2 gene. On the other hand, as it is pointed out in
Fig. 2, four strains (NLV/Florida/269/1993/US, U3GII,
SaitamaU3 and U16GII), which were most closely related
to A6 strain in the phylogenies based on the ORF2 gene,
belonged to genotype GIL6 regarding the ORF1 gene.
These findings suggest that A6 strain is an intergenotypic
recombinant within the genogroup GII between the GIL9
and GIL6 strains.

Recombination event

To identify the putative parent-like strains and potential
recombination sites, phylogenetic profile analysis was
performed using SimPlot program [24]. The plots of the
nucleotide sequences are depicted in Fig. 3. When a sim-
ilarity plot for the A6 strain was generated, with strains
available from GenBank, a recombination breakpoint at
nucleotide position 5,043 of the sequence alignment was
visible between two different genotypes within the same
genogroup.

These findings were further confirmed by boot scanning
of the same genome sequences, demonstrating higher lev-
els of phylogenetic relatedness between the A6 genome
sequence and the Hu/GII.9/alingsas/pl/2009/SWE and
U16GII genome sequence on the upstream and downstream
side of the recombination site, respectively (Fig. 4).
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Fig. 3 SimPlot analysis for partial RdRp and capsid sequences.
Vertical red line indicates the crossover point at position 5,043 in the
ORF1/ORE2 junction. The window size was 100 bp with a step size of
50 bp. The vertical axis indicates the nucleotide identities between

Discussion

Recombination of viral RNA is known to depend upon
various immunological and intracellular constraints that
may allow the emergence of viable recombinants [25].

the query sequence (A6) and the strains (listed on the window on the
right of the figure), expressed as percentages. The horizontal axis
indicates the nucleotide positions of the analyzed genome region

Since its first reporting [26], many recombinant NoVs from
different genotypes and genogroups have been described
worldwide. Recombination intergenotype events have been
reported between GIL.1/GII.12, GILb/GIIL.18, GILb/GI1.4,
GILb/GIL4, GILJ/GIL.3, GIL.3/GII.13, GIL7/GII.13, GIL.b/
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Fig. 4 Bootscan analysis of the genomic region involved in the
recombination event at position 5,043 of A6 strain with eight groups
of Noroviruses: HW/GILY/Alingsas/p1/2009/SWE, HW/NLV/Djibouti

GIL.7, GIL4/GIL8, GIL5/GIL12, GI.3/GIL4, GII.1/GIIL.12,
GIL4/GI1.2, and GII4./GIL3 in RdRp and capsid gene,
respectively [27-31].

Based on the sequence analysis, A6 strain was revealed
belonging to the GII genogroup of NoVs. Partial ORF1 and
complete ORF2 gene sequencing analysis revealed that
ORF1 and ORF2 belonged to two distinct genotypes GII/9
and GII/6, respectively, and SimPlot plus boot scanning
analysis confirmed that strain A6 was indeed a recombi-
nant. The recombination site was also consistent with the
fact that most of the recombinant strains have a crossover
point within or around the junction of ORF1 and ORF2
[32].

To our knowledge the recombination event GIL9/GIL.6
in RARp and capsid gene, respectively, that was revealed in
the present study is reported for the first time.

The circulation of a wide variety of different NoVs
within a population increases the potential for mixed
infections, which could result to recombination events
[33]. The findings of the present report support the
hypothesis that certain NoVs strains may circulate in
specific areas without clinical manifestations and occa-
sionally may change their genetic properties by recom-
bination events.

As recombination allows the virus to increase its genetic
fitness, to evolve, to spread in the population and probably
escape the host immune response, our findings suggest that
the huge capacity for genetic changes displayed by the
NoVs will continue to generate new recombination types.
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Position

VdG66/2003/Djibouti, NLV/VA97207/1997, Hu/GI/GoulburnVal-
leyG5175C/1983/AUS, U3GIL, Saitama U3, NLV/Florida/269/1993/
US and U16GII
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Abstract Noroviruses (NoVs) are members of the Cali-
civiridae family and are recognized as a worldwide cause
of acute nonbacterial gastroenteritis. Based on the genetic
analysis of the RdRp and capsid regions, human NoVs are
divided into three genogroups (Gs), GI, GII, and GIV,
which further segregate into distinct lineages called geno-
types. In this study, in an attempt to discern the circulation
of an intergenotypic recombinant GIL.9/GIIL.6, which was
previously reported by our group in central Greece, we
investigated NoVs in raw sewages from 2006 to 2011 and
compared the results with the viruses detected from clinical
samples in the same area and in the same time period. Two
specific primer pairs for NoVs were designed which
amplified in a single PCR fragment from polymerase to
capsid gene covering the widespread recombination point
in ORF1/ORF2 junction. Based on the genetic analysis,
recombinant NoV strains GIL9/GIL.6 were identified.
Fourteen out of 15 environmental and eight out of ten
clinical samples that were used in the present study were
positive, with both primer pairs, confirming that the inter-
genotypic recombinant GIL.9/GIL6 was circulating in the
population of central Greece from 2006 to 2011. The
crossover point was identified to be within the overlapping
region of ORF1/ORF2 (GIL.9/GIL6, respectively) and was
determined by Simplot at nucleotide position 5,032 bp.
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Introduction

Noroviruses (NoVs) are members of the Caliciviridae
family and are recognized as a worldwide cause of acute
nonbacterial gastroenteritis [1]. NoVs are composed of a
30—40-nm non-enveloped icosahedral particle that contains
a positive-sense, single-stranded RNA genome of approx-
imately 7.5-7.7 kb organized into three open reading
frames (ORFs). ORF1 encodes nonstructural proteins
which include the RNA-dependent RNA polymerase
(RdRp). The ORF2 encodes the major capsid protein, VPI,
which consists of a shell (S) and two protruding
(P) domains, P1 and P2. The S domain is responsible for
assembly of VP1, and the P1 domain enhances the stability
of virus particles [2, 3]. The P2 domain, the most exposed
surface of the viral particle [2] is involved in interaction
with both potential neutralizing antibody and histo-blood
group antigens (HBGAs), which are the presumptive initial
binding site in establishing human infection [4-6]. ORF3
encodes a minor capsid protein which plays a role in the
stability of VP1 [7]. Currently, classification of noroviral
strains beneath the species level has been based on
sequences from different regions of the viral genome [8].
To provide a consistent and reliable scientific basis for
classifying NoVs, Zheng and colleagues analyzed the
amino acid sequences for the major capsid protein of 164
noroviral strains using an alignment based on the predicted
3D structures. Subsequently a Bayesian tree was generated,
and the maximum likelihood pairwise distances of the
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aligned sequences were used to evaluate the results from
the uncorrected pairwise distance method. Analyses of the
pairwise distances demonstrated three clearly resolved
peaks, suggesting that NoV strains beneath the species
level can be classified at three levels: strain (S), cluster (C),
and genogroup (G). A scheme with 29 genetic clusters (8 in
genogroup GI, 19 in GII, 2 in GIII, and 1 each in GIV, GV
and GVI) were defined on the basis of the tree topology and
was supported by the distance analysis [9, 10].

The GIIL4 genotype, which is represented by the
Lordsdale/93/UK strain, has been the most commonly
identified genotype worldwide in recent years [11, 12].
Viruses belonging to other NoV genotypes are found less
consistently and are involved in sporadic outbreaks or
temporary epidemics in a limited geographic region and
time period [11, 13].

The diversity of noroviral genotypes may indicate co-
circulation of multiple genotypes in the nearby areas and
suggests that contamination of water by multiple genotypes
may facilitate the emergence of new recombinants via co-
infections [14]. The presence of enteric viruses in aquatic
environments is of great concern to issues of public health
[15]. Raw sewages are a suitable material for follow up
NoVs, circulating in the population and the environment,
as enteric viruses are shed by infected people. NoVs are
present in feces at 10°-10° viral particles per gram during
the symptomatic phase [16] and viruses continue to shed
from patients for some weeks after cessation of the
symptoms [16, 17]. Asymptomatic individuals, as well as
those who recover from the acute symptomatic phase of the
disease, can shed virus particles for up to 3 weeks after
exposure and these virus carriers can transmit the disease
[17-19]. In addition, recent reports showed also relatively
high levels of shedding of viruses from asymptomatic
individuals [16, 20]. Far less is known about the population
composition of these variants and it is believed that NoVs
can circulate in the area without clinical manifestations and
occasionally may change their genetic properties by
recombination events [21]. The genetic analysis of NoVs
genotypes, other than GIIL.4, will improve our understand-
ing for the epidemiology of NoVs. According to a recent
study by our group in central Greece, partial ORF1 and
complete ORF2 gene sequencing analysis of the clinical
sample A6 revealed that ORF1 and ORF2 belonged to two
distinct genotypes GI1.9 and GII.6 making obvious that this
clinical strain was at that time a rare intergenotypic
recombinant GIL.9/GIL.6 in RdRp and capsid gene,
respectively [22].

In the present study, we investigated for the presence of
these intergenotypic recombinant GIL.9/GIL.6 NoVs in raw
sewage that were collected from October 2006 to Decem-
ber 2011 from the wastewater-treatment plants in cenfral
Greece and from clinical samples that were collected from
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the same area and from the same time period, to reveal the
circulation in the community of the intergenotypic

recombinant GIL.9/GIL.6.

Materials and methods
Wastewater sample collection and processing

Five hundred (500) ml of 15 raw sewage samples collected
once every 3—4 months from October 2006 to December
2011 from the wastewater-treatment plants in central
Greece were investigated in the present report [23]. Each
raw sewage was centrifuged at 1,000 rpm for 2 min (4 °C)
and the supernatants were applied for subsequent concen-
tration of viruses using the conventional filter adsorption—
elution method [24]. The suspension was centrifuged at
11,000 rpm for 1 h (4 °C), the pellet was collected and
dissolved in 4 ml of complete solution of phosphate-buf-
fered saline (PBS) (pH 7.4, 1x working concentration:
137 mM NaCl, 2.7 mM KCl, 8 mM Na,HPO, and 2 mM
KH,PO,) and used for viral RNA extraction.

Viral RNA was extracted from 140 pl of the supernatant
using the QIAamp® Viral RNA Mini Kit according to the
manufacturer’s instructions (Qiagen, Germany).

Stool samples collection and processing

Fecal specimens were collected from ten children, suffer-
ing from typical clinical symptoms of viral gastroenteritis
at the University Hospital of Ioannina, Greece. The spec-
imens were diluted into 10 ml of complete solution of PBS
(pH 74, 1x working concentration: 137 mM NaCl,
27mM KCI, 8 mM Na,HPO; and 2 mM KH,PO,),
homogenized by vortex and stored at —20 °C.

Viral RNA was extracted from 140 pl of the supernatant
using the QlAamp® Viral RNA Mini Kit according to the
manufacturer’s instructions (Qiagen, Germany).

Reverse transcription

Reverse transcription was carried out as follows: 7 pl
consisting of random primers (d N9) (50 nmol/pl)
1 pl/tube (Takara Biomedical group, Shiga, Japan), 10 mM
dNTPs, 1 pl/tube (Invitrogen, UK), ddH,O, 5 pl/tube
(Sigma, USA), and 5 pl of isolated RNA were incubated at
65°C for 5 min. Reverse transcription was carried out in a
final volume of 20 pl containing the 12 pl of the previous
mixture and 8 pl of a mixture containing S5x first
strand buffer (4 pl/tube), 0,1 M, DTT (2 pl/tube), RNAse
Out (20units/pl, 0,5 pl/tube, Invitrogen, UK), ddH,O
(1 pl/tube) and 0,5 pl Reverse transcriptase M-MLV
(200units/pl,  Invitrogen, UK). The samples were
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Table 1 Primers used for the detection of intergenotypic recombinant noroviruses GI19/GI16

Primer Target genogroup/genotype  ORF  Location Ref. strain DNA sequence (5'-3")

NLVH297 GILY 1 45274546 A60ORF1 AAGCCCACTCCTGTTTTTCA
ACC.NO. HM 172493

NLVH896 GIL6 2 5191-5162 A60RF2 TGCCATAACCTCATTGTTGG
ACC.NO. HM 172494

NVLR52 GILY 1 45234541 Hu/GILY/Alingsas/p1/2009/SWE GTCCAAGCCCACTCCTGTT
ACC.NO.GU131223

NLVRSE71 GIL6 2 5258-5277 Norwalk-like virus AAACAGTAAACTCGCCCTGT

ACC.NO. AB084071

sequentially incubated at 25°C for 10 min, at 37°C for
50 min and finally at 70°C for 15 min, according to man-
ufacturer’s instructions.

Primers

The primer pairs used in the present study are shown in
Table 1.

Knowing from a previous report by our group that a rare
intergenotypic recombinant GIL.9/GIIL.6 was circulating in
central Greece [22], we initially used the specific primer
pair NLVH297-NLVH896 which enable us to retrace this
recombination for the first time. Then, for all the positive
samples, a new primer pair NVLRS2-NLVR871 was
designed by Primer3 software (http://fokker.wi.mit.edu/
primer3/) using published nucleotide sequences of GII viral
genomes, as well as strains AGORF1 and A60ORF2 acces-
sion numbers HM172493 and HM172494, respectively,
that were previously characterized by our group [22],
covering a more suitable length in ORF2 gene, for phy-
logeny purposes [25].

PCR

Three microliters of the reverse transcription product was
used for PCR in a total volume of 50 pl containing 10x
PCR buffer (5 pl/tube), 2 mM MgCl,, 10 mM dNTPs
(5 pl/tube), 0.5 pl of Pag 5000 DNA polymerase (Strata-
gene) (Su/pl), and 50 pmol of primers (1 pl/tube)
(Table 1). After an initial denaturation step at 95 °C for
2 min, 20 amplification cycles were performed (denatur-
ation at 95 °C for 30 s, annealing temperature at 60 °C for
30 s and extension at 72 °C for 30 s), followed by a final
extension step at 72 °C for 5 min.

Auto Nested PCR with the same set of primers and
under the same conditions for 40 cycles of amplification
was then applied to increase the sensitivity of the assay
[22, 26].

Molecular cloning: sequencing

Two independent PCR assays, with both primer pairs, were
carried out for each individual sample and amplicons from
the four distinct PCR assays were subjected to cloning.
PCR amplicons were purified using the QIAquick®™ Gel
Extraction Kit (Qiagen, Germany) and cloned into the
TOPO® TA Cloning Kit (Invitrogen, USA), according to
the manufacturer’s instructions.

Three clones from each individual amplicon were iso-
lated and sequenced bidirectionally at CEMIA (Larissa,
Greece).

Phylogenetic analysis

Sequence identity was determined through BLAST (http://
www.ncbi.nlm.gov/blast). The relationships among the
strains were determined using the multiple alignment pro-
gram CLUSTALW (available at http://www.ebi.ac.uk/
Tools/msa/clustalw2) and the program MEGA (Molecu-
larEvolutionaryGeneticAnalysis, version4.l, Beta3). The
sequences were submitted to GenBank and their corre-
sponding accession numbers are shown in Table 2.

Results

Fourteen out of fifteen environmental and eight out of ten
clinical samples that were used in the present study were
NoVs positive, with both primer pairs, confirming that the
intergenotypic recombinant GII.9/GIL6 that was initially
reported in the clinical sample A6 in 2011 was circulating
in the population of central Greece from 2006 to 2011
(Table 2).

Each sample was amplified in a single PCR fragment
from polymerase to capsid covering the widespread
recombination point in ORFI/ORF2 junction [27], since
these PCR fragments cover from nucleotides 4527 to 5162
and from 4523 to 5279 (primer pairs NLVH297-NLVH896
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Table 2 Nucleotide sequence accession numbers of environmental
and clinical strains, detected in this study

Environmental Accession no. Clinical Accession no.
samples samples

EISS KC212141 KR2 KC212149
EX11 KC212142 KR3 KC212150
EX14 KC212143 N3 KC212151
EIS6 KC212144 A2 KC212152
LR6F KC212145 Al0 KC212153
AB9 KC212146 KR1 KC212157
AB19 KC212147 KR4 KC212158
AB7 KC212148 N2 KC212159
EIS1 KC212154

LR12 KC212155

EIS2 KC212156

RI1_LUG KC662398

R2 LUG KC662399

R3_LUG KC662400

and NLVR52-NLVR871, respectively). Four independent
PCR assays were carried out for each individual sample
and amplicons from the four distinct PCR assays were
subjected to cloning. Three clones from each individual
amplicon were selected and sequenced bidirectionally. The
results of the sequencing revealed that all three clones from
each amplicon were NoVs with nucleotide identity ranging
from 98 to 100 %, carrying the intergenotypic recombinant
GILY/GIL.6. The sequence of one clone from amplicons
generated with primers NLVR52-NLVR871 was submitted
to GenBank (Table 2).

Phylogenetic analysis

The phylogenetic relationship of fourteen environmental
with the eight clinical samples characterized in the present
study, with other noroviral sequences available from
GenBank (Figs. 1, 2) was investigated. Phylogenetic ana-
lysis was conducted using the partial length of nucleotide
sequences of ORFl (4,523-5.061 bp) and OREF2
(5.042-5,279 bp) obtained in the present report, with
sequenced noroviral strains available in Genbank data base.
Moreover, partially sequenced noroviral strains that were
genetically close to the sequenced strains of the present
study according to BLAST clustering were used.

Our initial phylogenetic analysis revealed that ORF1
sequences in clinical strains: KR1, KR2, KR3, KR4, N2,
N3. A2, A10, A6. and in environmental strains: AB7. AB9,
LR6F, EIS6, AB19, EX14, EX11, EISS, EIS1, EIS2, LR12,
R1_LUG, R2_LUG, R3_LUG clustered with GIIL.9 strains,
whereas the same strains in ORF2 sequences branched
outside of the above cluster, clustering with GIL6 strains.

@ Springer

ORF1

The phylogenetic tree of ORF1 partial gene was con-
structed using the neighbor-joining method based on part
of the RdRp region, corresponding to 4,527-5,042 nucle-
otides. The analysis revealed two distinct phylogenetic
groups (subgroup A and B) with reliable bootstrap support
(1,000 Bootstrap Replications) (Fig. 1).

Subgroup A, contained all the environmental and clini-
cal strains, all of which were classified to genotype GIL.9.
Subgroup B, consisted of strains, GIFU’99, SaitamaU3,Hu/
GI1.13/8686/Maizuru/2008/JPN,Hu/GII.13/8594/Maizuru/
2008/JPN,Hu/GIL.7/Seoul/0342/2008/KOR HW/GII.7/
Wuhan/E2124/CHN/2010,

Huw/GI1.8/A155/Limbe/2009/Cameroon,SaitamalU25,Hu/
GIL.17/Wuhan/Z776/CHN/2007 Hu/GIL. 17/C15b/Bonaberi/
Cameroon,Hu/GIL.2/NF2002/USA/2002,Hu/NLV/PontdeR -
0ide673/2004/Francethat, Hu/GIL.4/Sydney/NSW0514/2012/
AU, Hu/GIL4/Armidale/NSW3901/2008/AU,Hu/GIL.1/TEK/
Hawaii/1971/USA,NLV/Westover/302/1994/US Hu/Hebei/
48580/2006/CHN, and Hu/GIL.3/CBNU1/2006/KOR
deposited in GenBank under accession numbers AB084071,
AB039776, GU969059, GUO017907,  HM635119,
JQ751043, JF802498, AB039780, JQ751044, JE802507,
JQ320072, AY682549, IX459908, GQB845369, IX289822,
AF414418, EF670649, and GU98058S, respectively, which
were closely related to each other, but formed a significant
number of clusters and single branches.

Within subgroup A, all clinical strains: KR1, KR2, KR3,
KR4, N2, N3, A2, Al10, A6, and environmental strains:
AB7, ABY, LR6F, EIS6, AB19, EX14, EX11, EIS5, EIS1,
LR12, EIS2, RI_LUG, R2_LUG. R3_LUG were most
closely related to: Hu/OHO07011/2007/JP with nucleotide
identity 91-96 % and Hu/GIL.9/Alingsas/p1/2009/SWE
with nucleotide identity 93-96 %.

ORF2

The phylogenetic analysis of partial ORF2 gene was also
constructed using the Statistical Method neighbor-joining
(1,000 Bootstrap Replications) based upon capsid sequences
available from GenBank (Fig. 2). The ORF2-based phylo-
genetic tree was constructed with the nucleotide sequences
of strains that were genetically close to environmental and
clinical strains, plus 18 other GII NoVs, as above for ORF1.
From the phylogenetic tree presented in Fig. 2, was deduced
that strains were genetically close to: Norwalk-like virus-
GIFU’99 with nucleotide identity 95-97 %, and Saitama U3
with nucleotide identity 93-97 %.

It is noteworthy that the strains Huw/OHO7011/2007/JP
and Hw/GIL.9/Alingsas/p1/2009/SWE which were most
closely related to environmental and clinical strains in the
ORFl-based phylogeny. belonged to genotype GIL9
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Fig. 1 Phylogenetic tree
construct based on partial
sequences of the ORF1 open
reading frame of NoVs. The
analysis was performed using
MegAlign, version 5.1
(BETA3). The distance was
calculated by the neighbor-
joining method. Numbers at
each branch indicate bootstrap
values for the clusters supported
by that branch
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Fig. 2 Phylogenetic tree
construct based on partial
sequences of the ORF2 open
reading frame of NoVs. The
analysis was performed using
MegAlign, version 5.1
(BETA3). The distance was
calculated by the neighbor-
joining method. Numbers at
each branch indicate bootstrap
values for the clusters supported
by that branch
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Fig. 3 Simplot analysis for partial RdRp and capsid sequences.
Vertical red line indicates the crossover point at position 5,023 in the
ORF1/ORF2 junction. The window size was 80 bp with a step size of
20 bp. The vertical axis indicates the nucleotide identities between

regarding ORF2 gene. On the other hand, as it is pointed
out in Fig. 2, strains (Norwalk-like virus-GIFU'99 and
SaitamalU3), which were most closely related to strains in
the phylogenies based on the ORF2 gene, belonged to
genotype GIL6 regarding the ORFI gene.

These findings suggest that both groups of environ-
mental and clinical strains were intergenotypic recombi-
nants within the genogroup GII between GIL.9 and GIIL6.

Recombination event

In an attempt to identify the putative parent-like strains and
potential recombination sites, phylogenetic profile analysis
was performed using SimPlot program. The plots of the
nucleotide sequences are depicted in Fig. 3. Since the
environmental and clinical strains shared 97-99 % nucle-
otide similarity, we used one of each group, EISS from the
environmental group and Al0 from the clinical group. A
similarity plot for strains EIS5 and A10 was generated,
with the strains Hu/OHO7011/2007/JP and Hu/GILY/
Alingsas/p1/2009/SWE, accession numbers AB542918 and
GU131223, respectively, and GIFU’99 and SaitamaU3
accession numbers ABO084071 and ABO039776, respec-
tively. A recombination breakpoint at nucleotide position

40 60 &0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 IS0 400 420 440 460 480 S00 520 S40 S60 S50 600 620 640

Posttion

Window, 80 bp, Step: 20 bp, GapStrip: On, Kimurs (2-parameter), TR 20

the query sequences (EIS5 and A10) and the strains (listed on the
window on the right of the figure), expressed as percentages. The
horizontal axis indicates the nucleotide positions of the investigated
genome region

5023 of the sequence alignment was evident between the
two different genotypes within the same genogroup.

Discussion

NoVs are the most common cause of nonbacterial acute
gastroenteritis, causing numerous outbreaks worldwide [1].
The NoV genome undergoes continuous changes by
mutation and recombination. High rates of nucleotide
substitutions, due to short replication times, high multi-
plicity and a lack of proofreading activity of RdRp, allow
NoVs to continuously generate mutant genomes [7].
Recombination between noroviral genomes occurs fre-
quently and is another important feature of the NoVs
evolution [7]. Recombination may influence virulence as
well as being an essential mechanism for maintenance of
the virus in the population. Spread and occurrence of
recombinant NoVs in symptomatic persons validate their
infectivity in human hosts and shows that recombination
does not prevent virulence [28]. Molecular epidemiological
studies provide vital information on the circulating strains
in any region and can aware of emergence of new
recombinant strains [29, 30]. According to data of the
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established European surveillance project “Food-borne
Viruses in Europe” [31], an emerging group of natural
recombinant noroviral strains appeared in Europe and
caused transcontinental infections, which were thought to
be linked via water-borne and food-borne spread [32].
Recent studies have indicated that a novel recombinant
strain which first emerged in 2000 in France became pre-
dominant the following seasons with outbreaks and spo-
radic cases in Spain, Sweden, and Hungary [32]. The
emergence of new variants is analogous to what is seen
with influenza viruses, suggesting that population immu-
nity may be driving the evolution of the viruses [33]. The
antigenic variations encountered in the P2 domain are
believed to allow NoVs to evade herd immunity in the
population [12].

There are two recognized mechanisms involved in
resistance to noroviral infection: genetic factors and
acquired immunity. The potential role of genetic resistance
was first recognized when experimental studies with Nor-
walk virus showed that participants were repeatedly sus-
ceptible or resistant to symptomatic infection following
repeated virus challenge [34]. Subsequently, VLPs from
Norwalk virus were shown to differentially bind to
HBGAs, and the binding pattern correlates with suscepti-
bility to infection and illness [35, 36]. Thus, it is likely that
every person is genetically susceptible to one or more
noroviral genotypes.

The selection of human NoVs by HBGAs might be
multifunctional due to the polymorphic nature of the
human HBGAs. Each of the three types of saccharides of
the HBGAs the A/B, H, and Lewis epitopes represents one
such selection within each of the two major human NoV
genogroups GI and GII This assumption is supported by
the finding that A/B-, H-, and Lewis are binding NoVs in
both GI and GII genogroups. Thus, each cluster (genotype)
is expected to have a common HBGA binding profile that
fits in one of the three binding groups [37]. The GI Nor-
walk virus interacts with HBGAs where less saccharide is
involved in binding through fewer interactions to the
capsids, while HBGASs bind to the GII viruses, resulting in
more interactions with optimal or maximal binding affini-
ties to GII NoVs and therefore, with higher epidemiologic
consequences [6, 38].

As ABO secretors are the most popular blood type,
representing 80 % of the European and North American
populations [39], strains recognizing these blood types
should be more prevalent than other strains binding to less
popular HBGA types. According to this assumption, NoVs
in the A/B binding group bind the A and/or B but not O
secretors, and thus might have a narrower target population
compared with those in the H binding group. As a result,
strains in the A/B binding group might be less prevalent
compared to strains in the H binding groups, such as many
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members of the GIL.4 cluster. In fact, the amino acid
compositions of the HBGA binding interfaces are nearly
100 % conserved among all known GIL.4 variants found
during the past decade [40]. This suggests that the GIL.4
genotype could be the only genotype with an optimal
survival phenotype [41]. Thus, GII.4 strains with the cur-
rent H binding phenotype that is able to bind A/B/O sec-
retors would be expected to continue to be a predominant
cause of epidemics.

These findings led to the concept of convergent evolu-
tion of NoVs via selection by human HBGAs. But this
concept partially explains several important aspects of
human NoVs, including epidemiology, classification, and
disease control. However, for understanding NoVs-host
interactions and their clinical outcomes more research is
needed in the future on the structures of the HBGA binding
interfaces with more NoV's genotypes and particularly with
those NoVs found recombinant in ORF1/ORF2 genomic
region in correlation with the identification and character-
ization of other host receptors or co-receptors that could
also affect the host susceptibility. Furthermore, it should be
noted that additional factors, such as the host immunity,
could also play a role in NoV evolution and epidemiology.

Viral gastroenteritis is now well documented in most of
the industrialized countries, in contrast to Greece where
epidemiological data concerning NoVs are still lacking. To
date, there have been only two epidemiological studies in
North Eastern Greece covering the year 2006 [42, 43]
which refer to a waterborne outbreak due to contaminated
potable water, although no viruses were detected in any
tested water samples [42]. Furthermore, evaluation of 22
PCR products targeting a 213 bp region of GI and GII
RdRps presented an average homology of 94.8 % to GII
strains in GenBank [42].

In this report, we describe the molecular characteriza-
tion of recombinant NoVs GIL9/GIL.6 associated with
gastroenteritis in clinical samples and revealed the pre-
sence of these same recombinant strains in raw sewages
during the same time period. According to a recent study
by our group in central Greece, the same recombination
event between GII.9/GIL6 in polymerase and capsid genes,
respectively, was reported in a clinical sample in 2011
proving that this group of recombinant NoVs was circu-
lating from to 2006 to at least 2011 in the population of
central Greece [22]. Sequence analysis of the eight clinical
and of 14 environmental recombinant strains, which were
detected in the present study, revealed naturally inter-
genotype recombination between NoV GII strains. The
crossover point was restricted at the overlapping region of
ORF1/ORF2 (GII.9/GIL.6, respectively) and was deter-
mined by Simplot at nucleotide position 5,032 bp (Fig. 3).
The discovery of this novel recombination, GIL.9/GIL.6, is
another illustration of the enormous diversity among the
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noroviral strains, and may have important implications for
future vaccine strategies.

Thus, circulation of recombinant strains such as GII1.9/
GII.6 NoVs, even at low rates, may provide a good
opportunity to viruses to recombine with other co-infecting
NoVs, generating consequently novel genotype strains
[32].

In conclusion, given the importance of NoVs as a cause
of epidemic gastroenteritis, environmental surveillance of
NoVs could be a useful tool illustrating the circulation and
the epidemiology of these viruses. Greater community
surveillance and further investigation of NoVs could pro-
vide further insights into noroviral transmission and path-
ogenesis and may help to identify different approaches
used by the NoVs to evolve, sustain, and spread in the
population.
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Abstract

Noroviruses (NoVs) are a major causative agent of acute
gastroenteritis in humans. They are members of the Caliciviridae
family and based on the genetic analysis of the RdRp and capsid
regions, human NoVs are divided into three genogroups (Gs), Gl,
Gll, and GIV. The three genogroups further segregate into distinct
lineages called genotypes. The NoV genus is genetically diverse
and recombination of viral RNA is known to depend upon various
immunological and intracellular constraints that may allow the
emergence of viable recombinants. In this study, three Noroviral
strains detected in clinical samples revealed two hitherto
unobserved recombination events between GI1.9/Gll.4 and
GII.9/Gl.7 genogroups. To our knowledge, these intergenotype
and intergenogroup recombination events of GIl.9/Gll.4 and
GlI.9/Gl.7, in ORF1 and ORF2 genes respectively are reported for

the first time and highlight the ongoing evolution of Noroviruses.

Keywords: Noroviruses, rare recombinants, GII.9/Gll.4, GII.9/Gl.7
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1. Introduction

Noroviruses (NoVs), classified as members of the Caliciviridae
family, are a major causative agent of acute gastroenteritis in
humans [1]. NoVs are non-enveloped and possess a single-strand
positive-sense RNA genome of 7.5-7.7 kb, consisting of three
open reading frames (ORFs) [2]. Based on the amino acid
sequence diversity of ORF2 (designated as VP1 gene), NoVs are
classified into six major groups, genogroup | (Gl) to genogroup VI
(GVI) which further segregate into distinct lineages, called
genotypes [3-5]. To date, molecular characterization of NoVs has
revealed eight genotypes of Gl, nineteen genotypes of Gll, two
genotypes of Glll and one genotype each for GIV, GV and GVI [4,
5]. The diversity among NoVs is maintained through rapid
accumulation of point mutations due to the error-prone nature of
RNA replication, the lack of proofreading activity of their RNA
polymerase and also due to genetic recombination involving the
exchange of sequence fragments between two RNA viruses co-
infecting the same cell with nonsegmented genomes [6]; the above
mechanisms are recognized as the driving forces of RNA virus
evolution, leading to the establishment and ongoing evolution of a

new recombinant strain [7]. To date, a large number of
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recombinant Noroviral strains have been reported within Gl, GllI,
and GllIl genogroups [8-22]. However, outbreaks of Gll.4 genotype
occur much more frequently than any other genotype within the Gl
genogroup while Gl outbreaks occur less frequently [23, 24].
Recent studies on GIl.4 genotype suggest that some Noroviral
outbreaks correlate with the genetic changes of these emerging
strains and every 2 - 3 years new GIl.4 variants emerge, which are
responsible for the recent increase in the frequency of norovirus
gastroenteritis [23]. Over the last decade, Gll.4 was the most
common genotype circulating worldwide, whereas emergent Gll.4
strains that resulted from recombination between ORF1 and ORF2
have been reported [24].

In this report, three Noroviral strains, LR13, LR15 and AG4, were
detected in clinical samples and their analyses revealed two
hitherto unobserved recombination events between GII.9/Gll.4 and
GlI.9/Gl.7 genogroups. To our knowledge these intergenotype and
intergenogroup recombination events (GII.9/Gll.4 and GII.9/Gl.7, in
ORF1 and ORF2 respectively) are reported for the first time and

highlight the ongoing evolution of Noroviruses.

2. Materials and Methods
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2.1 Stool samples collection and processing
Five fecal specimens were collected in December 2012 from five
children (2 males and 3 females of 14-17 years old), suffering from
typical clinical symptoms of viral gastroenteritis at the University
Hospital of loannina, Greece. The specimens were diluted into 10
ml of complete solution of PBS (pH 7.4, 1x working concentration:
137 mM NacCl, 2.7 mM KCI, 8 mM Na,HPO, and 2 mM KH,POQO,),
homogenized by vortex and stored at -20°C until use. Viral RNA
was extracted from 140 pl of the supernatant using the QlAamp®
Viral RNA Mini Kit according to the manufacturer's instructions

(Qiagen, Germany).

2.2 Reverse Transcription
Five pyl of RNA were subjected to cDNA synthesis by Reverse
Transcriptase M-MLV (200units/ul, Invitrogen, UK), according to
the manufacturer's instructions, using random primers (dN9),
(Takara Biomedical group, Shiga, Japan), (50nmol/ul).Three ul of

each cDNA were used in subsequent PCR assays.

2.3 Primers

Prstitutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



QO ~J O U W DN

NeJ

10
11
12
13
14
15
le
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

Initially, PCR was carried out using the published primer pair
MON381-383 for GIl genogroup [25] and P78-P80 for Gl
genogroup [26]. Three out of five samples were Norovirus positive.
Two samples, LR13 and LR15, were positive for Gll NoV and one
sample, AG4, was positive for both genogroups, Gl and GlI.

To screen for recombinant NoVs, already published specific primer
pairs NVLR52-NLVR871 [27] and NLVH297-NLVH896 [20] were
used. These primer pairs were located in highly conserved regions
of the viral genome. Moreover for phylogeny purposes the
published primer pair QNIF2-G2SKR [28] was used as
supplementary for NLVH297-NLVH896 primer pair, covering a

more suitable length in ORF2.

24 PCR
Three pl of the reverse transcription product were used for
subsequent PCR assays in a total volume of 50ul, containing 10x
PCR buffer, 2 mM MgCl,, 10 mM dNTPs, 0.5ul of Pag DNA
polymerase (Stratagene), (5 U/ul) and 50pmol of each primer pair.
After an initial denaturation step at 95°C for 2min, 25 amplification
cycles (denaturation at 95°C for 30s, annealing temperature at
60°C for 20s and extension at 72°C for 30s) were performed,

followed by a final extension step at 72°C for 5 min. Auto Nested
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PCR was performed for 40 cycles, in the same conditions, to
further increase the sensitivity of the assay [29]. The amplification
of a single PCR fragment of each sample from polymerase to
capsid eliminates the risk of co-infection with different NoV
genogroups and covers the usual recombination point

(ORF1/ORF2) [30].

2.5 Molecular cloning — Sequencing
Two independent PCR assays were carried out and amplicons
from the two distinct PCR assays were subjected to cloning. PCR
amplicons were purified using the QIAquick® Gel Extraction Kit
(Qiagen, Germany) and cloned into the TOPO® TA Cloning Kit
(Invitrogen, USA), according to the manufacturer's instructions.
Three clones from each individual amplicon were isolated and
sequenced bidirectionally at CEMIA (Larissa, Greece). Sequence
identity was determined through BLAST

(http:www.ncbi.nlm.gov/blast).

2.6 Phylogenetic analysis
The nucleotide sequences of the 3” end of the RdRp gene and of
the 5 part of the capsid gene of the Noroviral strains were

separately used for the construction of the phylogenetic trees in
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order to screen for recombinants. Multiple alignments of NoVs
were generated by ClustalW (available at
http://www.ebi.ac.uk/Tools/msa/clustalw2) and the phylogenetic
trees were constructed by the neighbor-joining method with 1000
bootstrap replicates, using the MEGA 4.1 software. Finally,
similarity plots were generated for assessing recombination events

with the SimPlot software.

3. Results

Of the five clinical samples, three were positive for Noroviruses,
LR13, LR15 (with primer pairs MON381-MON383,NLVH297-
NLVH896 and QNIF2-G2SKR) and AG4 (with primer pairs
MON381-MON383, P78-80 and NLVR52-NLVR871). The two
specific primer pairs (NLVH297-NLVH896 and NLVR52-NLVR871)
used in this study amplified both viral regions (polymerase and
capsid) in the same amplicon, eliminating the risk that sequences
from polymerase and capsid genes came from different noroviral
genomes present in the same sample. Moreover the usual
recombination point in ORF1/ORF2, from nucleotides 4523-5277
(strain Hu/GIl.9/Alingsas/p1/2009/SWE, accession no GU131223

and strain Norwalk-like virus, accession no AB084071) and from
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nucleotides 4527-5162 (strain ABORF1, accession no HM172493
and strain A6ORF2, accession no HM172494) was covered by
primer pairs NLVR52-NLVR871 and NLVH297-NLVH896,
respectively.

Three independent clones from each amplicon were sequenced
and all three (of the same amplicon) had a nucleotide identity
among them ranging from 99 to 100%. The sequence of one clone

from each amplicon was submitted to GenBank.

3.1 Nucleotide sequence accession numbers

The sequences were submitted to GenBank with the accession
numbers: LR13 (primers MON381-383). KF848656, LR13 (primers
NLVH297-NLVH896 and QNIF2-G2SKR): KF848658, LR15
(primers MONS381-383): KF848657, LR15 (primers NLVH297-
NLVH896 and QNIF2-G2SKR): KF848659 and AG4 (primers P78
— P80): KF369985, AG4 (primers MON381-383): KF369986, AG4
(primers NLVR52-NLVR871). KC662401.

The GenBank accession numbers used in this study, for the
phylogenetic analyses, are as follows:
Gl:Hu/G1.7/S21/2008/Lilla_Edet/Sweden(JN603264),Hu/GI.3/S29/

2008/Lilla_Edet/Sweden(JN603244),Hu/Gl.6/Kingston/ACT160D/2
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010/AU(JQ388274),Hu/NLV/Appalachicola_Bay/318/1995/US(AF4
14406), Hu/G1.4/S32/2008/Lilla_Edet/Sweden (JN603266).
GlI:Hu/GII.13/8686/Maizuru/2008/JPN(GU969059),Hu/GII.14/8594
/Maizuru/2008/JPN(GU017907),Hu/GlII.7/Seoul/0342/2008/KOR(H
M635119),Hu/Gll.7/Wuhan/E2124/CHN/2010(JQ751043),SAITAM
AU3(AB039776),Hu/GlI.6/Ehime090371/2009/JP(AB682736),Hu/G
11.9/Alingsas/p1/2009/SWE(GU131223),Hu/OH07011/2007/JP(AB
542918),Hu/GII.8/A155/Limbe/2009/Cameroon(JF802498),Norwal
k-like_virus(AB039780),Hu/GlII.17/Wuhan/Z776/CHN/2007
(JQ751044),Hu/GII1.17/C15b/Bonaberi/Cameroon(JF802507),
Hu/GII.2/NF2002/USA/2002(JQ320072),Hu/NLV/Pont_de_Roide_
673/2004/France(AY682549),NLV/Westover/302/1994/US(AF4144
18),Hu/Hebei/48580/2006/CHN(EF670649),Hu/GI11.3/CBNU1/2006/
KOR(GU980585),Hu/GlI.4/Sydney/NSW0514/2012/AU(JX459908)
, HU/GII.4/Armidale/NSW3901/2008/AU (GQ845369),

GV: Murine norovirus 1 (KC782764), Murine norovirus

GV/CR6/2005/USA (JQ237823).

3.2 Phylogenetic analysis
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Phylogenetic analyses were conducted using the fragments of the
three nucleotide sequences of ORF1 and ORF2 obtained in the
present report, together with publicly available sequences from
GenBank that were representatives of each genotype available.
Next we ensured that these publicly available representative
sequences had an homologous region in both ORF1 and ORF2.
The two phylogenetic trees of ORF1 partial gene and of ORF2
partial gene were constructed using the neighbor-joining method
with 1,000 Bootstrap Replications.

This analysis revealed that ORF1, corresponding to nucleotides
4527-5094 for AG4 strain and 4527-5062 for LR13 and LR15,
clustered with GII/9 strains, (depicted in Fig. 1). For ORF2, the
AG4 fragment corresponding to nucleotides 5078-5340 and LR13
and LR15 fragments corresponding to nucleotides 5043-5499
clustered with GI/7 and Gll/4 strains respectively, (depicted in Fig.
2). Therefore, based on ORF1 phylogeny, all three strains were
classified as GII.9 genotype and were most closely related to:
Hu/Gll1.9/Alingsas/p1/2009/SWE (accession no GU131223) and
Hu/OH07011/2007/JP (accession no AB542918) with an average
nucleotide identity of 92,73%, 91,94% and 88,12% respectively.
Based on ORF2 phylogeny, AG4 was classified as Gl.7 whereas

LR13 and LR15 strains were classified as Gll.4 genotype and were
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most closely related to: Hu/Gl.7/S21/2008/Lilla Edet/Sweden
(accession no JN603264), Hu/Gll.4/Armidale/NSW3901/2008/AU
(accession no GQ845369) and
Hu/Gll1.4/Sydney/NSW0514/2012/AU (accession no JX459908)
with an average nucleotide identity of 95,16%, 96,04% and

84,63%, respectively.

3.3 Detection of Recombination events

In an attempt to identify the putative parent-like strains and
potential recombination sites, computational analyses (depicted in
Fig.3) were performed with the SimPlot software. When a similarity
plot was generated for strains LR13, LR15 and AG4, together with
strains available from GenBank, two recombination breakpoints
were detected: for LR13 and LR15 fragments at alignment position
512 (nucleotide position 5039 in strain
Hu/Gll.9/Alingsas/p1/2009/SWE) and for AG4 at alignment
position 455 (nucleotide position 4982 in strain
Hu/Gll.9/Alingsas/p1/2009/SWE).

These findings suggest that two of the clinical strains (LR13 and

LR15) were intragenogroup recombinants between GI1.9 and Gll.4
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genotypes. In addition, strain AG4 was intergenogroup

recombinant between GII1.9 and GI.7 genotypes.

4. Discussion

Recombination in RNA viruses is a driving force for evolution,
leading to the emergence of new strains. Over the past few years,
recombinant NoVs have been reported to cause outbreaks of
gastroenteritis in human population [8, 10-13, 15-22,]. Moreover, a
novel recombinant strain which first emerged in 2000 in France
gradually became predominant and shadowed GGII-4/Lordsdale
virus the following years with outbreaks and sporadic cases in
Spain, Sweden, and Hungary, [31]. To date more than 25
intergenotype and 9 intragenotype recombinations have been
reported among NoVs worldwide [8-22], but only one
intergenogroup recombinant between G1.3 RdRp and Gll.4 capsid
gene has been reported [16].

Studies have shown that over the last decade, Gll.4 and Gll.b
were the most common polymerase genotypes circulating
worldwide [24]. In most of studies Gll.4 was predominant although
the relative frequency of Gll.4 varied from 27% in Australia [32] to

98% in Mexico [33]. In some other countries, other genotypes were
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predominant such as Gll.b in Japan and India [12, 34], Gll.e in
India [16] and GII.12 in Japan and China [11, 35]. On the other
hand, capsid-based genotyping data have shown that Gll.4 and
GlI.3 were predominant in most of the countries during the study
period, from 2005 until nowadays [24], with a relative frequency of
Gll.4 genotype ranging from 19% to 100% in Bangladesh and
Libya [36, 37] and from 35% to 76% in Japan. For Gll.3 genotype,
which was the second most dominant genotype in many countries,
the relative frequency was 41% in Jordan [38], 46% in China [39]
and from 43 to 53% in Japan [11, 12].

In this report, we describe the molecular characterization of three
Noroviral strains with intergenogroup and intergenotype
recombinations, one between GIl.9 RdRp and GI.7 capsid gene
and two between GI.9 RdRp and Gll.4 capsid gene. To our
knowledge this is the first time that these novel recombination
events are reported.

Genetic recombination and mutation in the genome of NoVs is an
event that attributes to the genetic diversity of these viruses [40].
Presumably NoVs Gll.4, GIl.9 and GI.7 were circulating in the area
without clinical manifestations until recombinations occurred.

These events suggest that co-circulation of genetically divergent
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strains within a small geographical region, may boost up the

genomic diversity of NoVs.

5. Conclusions
Our findings shed light on the large capacity for genetic exchanges
and the emergence of new recombinant forms displayed by
Noroviruses. In turn, this elevated potential for recombination
emphasizes the importance for surveillance, in order to detect the
emergence of new recombinant Noroviral strains with altered
properties and better understand the molecular basis of

pathogenicity
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Figure

Fig. 1 Phylogenetic tree construct based on partial sequences of the ORF1
open reading frame of NoVs. The analysis was performed using MegAlign,
version 5.1 (BETAS3). The distance was calculated by the neighbor-joining
method. Numbers at each branch indicate bootstrap values for the clusters

supported by that branch.

Fig. 2 Phylogenetic tree construct based on partial sequences of the ORF2
open reading frame of NoVs. The analysis was performed using MegAlign,
version 5.1 (BETAS3). The distance was calculated by the neighbor-joining
method. Numbers at each branch indicate bootstrap values for the clusters

supported by that branch.

Fig. 3 SimPlot analysis for partial RdRp and capsid sequences. First vertical
red line indicates the crossover point at position 4982 in the ORF1/ORF2
junction for strain AG4,; the second vertical red line indicates the crossover
point at position 5039 in the ORF1/ORF2 junction for strains LR13 and LR15.
The window size was 180 bp with a step size of 60bp. The vertical axis
indicates the nucleotide identities between the query sequences (AG4, LR13
and LR15) and the strains (listed on the window on the right of the figure),
expressed as percentages. The horizontal axis indicates the nucleotide

positions of the investigated genome region.

Institutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83



*Manuscript
Click here to view linked References

W~ g Uk W

o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
i
28
29
30
31
32
F
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64

10

11
12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Emergence of a novel norovirus genotype 1.4 variant associated with viral
gastroenteritis in Greece

|.G.A. Ruether', Z. Kyriakopoulou', T.G. Dimitriou’, D. Tsakogiannis’, V. Soukia',
C.Gartzonika?, S.Leveidiotou-Stefanou?, P. Markoulatos'.

1) University of Thessaly, School of Health Sciences, Department of Biochemistry
& Biotechnology, Microbiology-Virology Laboratory, Larissa , Greece

2) University of loannina, Medical School, Department of Microbiology, loannina,
Greece

*Corresponding Author: Professor P. Markoulatos
University of Thessaly, School of Health Sciences
Department of Biochemistry & Biotechnology
Ploutonos 26 & Aiolou

41221 Larissa, Greece

Tel.: +302410 565274, Fax: +302410 565294

E-Mail: markoulatos@bio.uth.gr

Pstitutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://ees.elsevier.com/dmid/viewRCResults.aspx?pdf=1&docID=7739&rev=0&fileID=105618&msid=%7bA1A09C36-2221-49E6-B5A0-05AFD4675D82%7d
mailto:markoulatos@bio.uth.gr

QO ~J O U W DN

NeJ

10
11
12
13
14
15
le
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Abstract

Noroviruses are considered as the major cause of epidemic and sporadic
non-bacterial acute gastroenteritis. In this report a novel strain was detected
in clinical sample AK1 belonging to Gll.4 genocluster. Phylogenetic analysis
classified AK1 strain as Gll.4 genotype, forming clearly a new cluster at the

nucleotide level, according to BLAST clustering.

Keywords: Noroviruses; Gll.4-2013; Gastroenteritis; Greece.

Noroviruses constitute a large group of small round structured viruses
belonging to the Calicivirus family with a positive sense single-stranded RNA
genome, of 7.5-7.7kb, consisting of three open reading frames (ORFSs),
ORF1, ORF2 (Siebenga, 2007) and ORF3, (Bertolotti-Ciarlet, 2003). NoVs
are genetically diverse, containing six genogroups Gl to GVI (Martella, 2009).
Each genogroup is further subdivided into different genotypes including eight
genotypes of Gl, nineteen genotypes of Gll, of which Gll.4 is the predominant

one causing the majority of outbreaks and sporadic infections worldwide (Hoa
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Tran, 2013), two genotypes of Glll and one genotype each for GIV, GV and
GVI, (Martella, 2009).

Over the past 25 years Gll.4 cluster was implicated in many Noroviral
outbreaks worldwide, (Donaldson, 2008). Analyses of the phylogenetic trees
for Gll.4 NoVs revealed that Gll.4 NoVs evolved via epochal evolution,
followed by bursts of evolution alternated by more stasis, (Siebenga, 2007,
Lindesmith, 2008). Interestingly, modern clusters appear to be evolving more
rapidly, giving rise to antigenically novel clusters every 2-3 vyears,
(Donaldson, 2008).

In this report a nucleotide sequence (AK1) of a novel strain was detected in
clinical sample, belonging to Gll.4 genocluster. Stool specimen was collected
in January 2013 in the University Hospital of loannina, Greece from a 2-year-
old female child suffering from typical clinical symptoms of viral
gastroenteritis. The stool specimen was diluted into 10ml of complete solution
of phosphate-buffered saline PBS and homogenized by vortexing. Viral RNA
was extracted from 140ul of the supernatant using the QlAamp®Viral RNA
MiniKit according to the manufacturer’s instructions (Qiagen, Germany).Five
Ml of RNA were subjected to cDNA synthesis by Reverse Transcriptase M-
MLV  (200units/pl, Invitrogen, UK), according to the manufacturer's
instructions, using random primers (dN9), (Takara Biomedical group, Shiga,
Japan), (50nmol/ul).Three ul of each cDNA were used in subsequent PCR
assays.

Initially PCR was carried out using the published primer pair MON381-383
for Gll genogroup (Noel, 1997) and P78-P80 for Gl genogroup (Wang, 1994).

The sample was positive for Gll genogroup.
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To screen for recombinant NoVs, already published specific primers P290-
G2SKR (Schultz, 2011) were used. This primer pair was located in highly
conserved regions of the viral genome and covers the usual recombination
point ORF1/0ORF2, (Ambert-Balay, 2005), (from nucleotides 4295 to 5389,
strain HU/NLV/GII/MD145-12/1987/US, accession no AY032605).

Three pul of the reverse transcription product were used for subsequent
PCR assays in a total volume of 50ul containing 10x PCR buffer, 2mM MgCls,
10mM dNTPs, 0.5ul of Pag DNA polymerase (Stratagene), (5U/ul) and
50pmol of each primer pair. After an initial denaturation step at 95°C for 2min,
25 amplification cycles (denaturation at 95°C for 30s, annealing temperature
60°C for 20s and extension at 72°C for 30s) were performed followed by a
final extension step at 72°C for 5min. Auto Nested PCR was performed for 40
cycles, in the same conditions, to further increase the sensitivity of the assay,
(Green, 1998). The amplification of a single PCR fragment from polymerase
to capsid eliminates the risk of co-infection with different NoV genogroups and
covers the usual recombination point (ORF1/ORF2).

PCR amplicons were purified using the QIAquick®Gel Extraction Kit
(Qiagen, Germany) and amplicons from two distinct PCR assays were cloned
into the TOPO®TA Cloning Kit (Invitrogen, USA), according to the
manufacturer’s instructions. Three clones from each individual amplicon were
sequenced bidirectionally at CEMIA (Larissa, Greece). Sequence identity was
determined through BLAST (http:www.ncbi.nlm.gov/blast). The sequence was
submitted to GenBank under the accession number KF890177.

Initially the nucleotide sequence of the 3’end of the RdRp gene and the

S'part of the capsid gene of the Noroviral strain were separately applied for

Pstitutional Repository - Library & Information Centre - University of Thessaly
24/04/2024 11:50:19 EEST - 3.145.54.83


http://www.ncbi.nlm.nih.gov/nucleotide/18025351?report=genbank&log$=nuclalign&blast_rank=57&RID=7HFWGBKZ015
http://www.ncbi.nlm.gov/blast

W~ g Uk W

o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
i
28
29
30
31
32
F
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
&1
52
53
54
55
56
57
58
59
60
6l
62
63
64

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

the construction of the phylogenetic trees in order to screen for recombinants.
Multiple  alignments of NoVs were generated by ClustalW

(http://www.ebi.ac.uk/Tools/msal/clustalw?) and the phylogenetic trees were

constructed by the neighbor-joining method with 1000 bootstrap replicates in
the multiple alignment program MEGA 4.1. Since no recombination was
found, the entire nucleotide sequence was used, with the same alignments,
for the construction of the phylogenetic tree with all Gll.4 available sequences
of which Gll.4 genotype was the most genetically close according to BLAST
clustering. Genotyping was also confirmed using the NoV genotyping tool
(version 1.0),(Kroneman, 2011), which revealed similar results.

BLAST results using the AK1 nucleotide sequence as query showed that
the top three sequences with highest similarity were
Hu/Gl1.4/C00007952/2011/UK, Hu/GI1.4/C00007905/2011/UK and
Hu/Gl1.4/C00007893/2011/UK (Qquery coverage=98% and maximum
identity=97%). Two ORFs were included spanning nucleotides 4295-5104
and 5085-5370, respectively. ORF1 and ORF2 had an overlap of more than
15 nucleotides (nt 5,085-5,104).

Phylogenetic analysis based on the partial genome, was performed, (Fig.1)
and AK1 strain was classified as Gll.4 genotype most closely related to
Hu/GI1.4/C00007952/2011/UK, but forming a new cluster. Thus, the novel
cluster was named AK1/GlI1.4-2013.

Gll.4 genotype was initially recognized in the mid-1990s, (Noel, 1999).
During 1996, strain US95/96 was responsible for 85% of the Noroviral
outbreaks in the Netherlands and approximately in 60% of the outbreaks in

United States, (Vinjé, 1997). Between 2000 and 2004, US95/96 was replaced
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by two new Gll.4 variants. In United States, Farmington Hills strain
(Widdowson, 2004) was associated with approximately 80% of acute
gastroenteritis outbreaks of Noroviral origine and at the same time in Europe,
a new GIl1.4 variant, Gll.4b, emerged and caused outbreaks, (Lopman, 2004).
In 2004, the Hunter GlI.4 variant was detected in Australia, Europe, and Asia,
(Bull, 2006). This strain was replaced in early 2006 by two new cocirculating
Gll.4 variants in United States, Europe, and Asia and from 2006 and onwards
became the predominant circulating strain in many countries including China,
India, Japan, Korea, Vietham, Egypt, Turkey and Italy,(Rimoldi, 2011).

In this report a novel strain was detected in clinical sample AK1 belonging
to Gll.4 genocluster. Phylogenetic analysis, classified AK1 strain as Gll.4
genotype but forming clearly a new cluster with the most genetically close
viral strains (Hu/Gll.4/C00007952/2011/UK,Hu/GII.4/C00007905/2011/UK and
Hu/Gl1.4/C00007893/2011/UK, query coverage=98% and maximum
identity=97%), according to BLAST clustering, at the nucleotide level.

The results of the present report put forward that AK1/GI1.4-2013 is the first
NoV variant characterized in Greece and may be used further for phylogenetic

studies on NoVs circulation.

Fig. 1 Phylogenetic tree construct based on partial sequences of the
ORF1and ORF2 open reading frames of NoVs. The analysis was performed
using MegAlign, version 5.1 (BETA3). The distance was calculated by the
neighbor-joining method. Numbers at each branch indicate bootstrap values

for the clusters supported by that branch.
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