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Abstract

Surface water quality in Thailand has been deteriorating. Identification of pollution sources is needed
for better water quality management. The ultimate goal of this study was to develop a guideline for microbial
source tracking to support bacterial parameters of the Thailand Surface Water Quality Standard. The
objectives of this 2-year research project were 1) to collect information regarding polluted water situations in
Thailand and the needs for microbial source tracking, 2) to develop microbial source tracking techniques using
Bacteroidales for identification of human sewage-, swine-, and cattle-specific and universal fecal pollution
using PCR and real-time PCR, 3) to monitor water quality parameters and microbial source trackers in Tha Chin
river for 1 year, and 4) to develop a microbial source tracking laboratory guideline and a policy brief. Overall,
this project has developed scientific methods and translated to a guideline and a policy brief for future public

and policy uses.
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919911 1#luseiu bacterial orders, 38 species, n3oaslufiaszfu strains InsuuafiiSonquiiinisdnuidu
LNSVANY 15LLﬁﬂfj:J Bacteroidales, Bifidobacterium, Enterococcus tu@u (Harwood et al,, 2014) agalsAniy
Useinranseorandng falszauarudidalunmsimaia MST snfmusuleuiensinnisuafivluumdai 16
MAMTAATILRUATNUINNITATIATA Bacteroidales ﬁmmmmzaumﬂﬁqm (Environment Agency, 2008) lngtaf
1941375297 Bacteroidales Ao LipsaniiunguuuaiiGedilaldonie anaerobic bacteria) Fslinuilyminsg
Winswauluunaaii (regrowth) N15ns193nAe Bacteroidales Jould3ansaatamsiidute eldudmaiaidens
(PCR) uazfitonfldaUsina (quantitative PCR or real-time PCR) iflasarnuinidssaugssnnlunismzidode

anmlFenialuiesuufinig

'3

wialafidorsiluitnadiluanadildnsiamiduedmune (target DNA) lngldnisiiiusvaudibduediy
Ndpans mensduiulnswesnianudungiumduedmnetu nswes A drvuivaianalelnavuindus
Uszanas 18-25 Lwa fiawnseduivdiuvatsvesiiduedmuneldmenisliivagauividuediudatetu duly

a = s

luuAsenfidens Fededddlnswasdiuiu 2 Wu Sundn forward primer wag reverse primer UAse17i@o13

< &

Usznoudae 3 tunou Wudnvarawseilosiulunatsqseu (cycles) Tnglu 1 seudszneudae duneud 1 fie
denaturation {unsifiugangiiiiousnatsguesiiduedunuulifuaeden unoud 2 #o annealing 1uns
anguugiidieldlnswefinfuivduaisvesdiduiediniidenis uazdunoudl 3 #o primer extension 1fu
fupounisadasimduemelmifiefiudunufiueduiifenisld uaskamsnuvdolinufduetmnean
#9619 wananadeuuus Adulouuaa wafilddadudinunm muvdsliny) dumadaigensideluald
vdnnisadetu fe udnufiduetminefemsiuiulnswesiune warannsouanmadsuiinald Ty
14 Tagman probe Fuduihadlelndansduy Winduieduivdunawesmsuedmang uas probe dldidey
fuansiFequas Fuadesdoansonmaiamuiduvesaseuauiomuundunniueuddufiduetimne
lusnedalanienisld standard curves lnganunsauansnalumiag gene opies per ml Uelaussvvosnaiiniid
91fdaUiinn Ae anwnsansaniedidueludiedsiifinnuduiufiueluuimnadesannls udasdisnadunugs
nuadiafigerisrsun venand axduldiuneieaesuszani Twswesiduduusznouddluljiizen
nseenwuulnswes anunsavitldvinmsuadulvavessiduedmune waztagiuiivsunsunsuiumesdiely
nseenuuUglnsesvinzan dnvasmanadaveslnsuesiia Ussnousme 1. sunanuenfivanzaudo 18-
24 \ua slaidu 2. Usznausde G+C Uszann 40-60 wWedidud 3. lifllassadremisgiiintuneluaevesinaues

4. drduavsiudatenigliaisiivadauie inedesiun1sduiuies (primer dimer) uag 5. melting



temperature (T,)) Gavnefis gaumgfifiviili 50 Wesidudvedlnsiwesusniduaoifier uazdn 50 Wedldud Ssns
Huaneg Tae (T,) veslwaueaesduiimlndiAssfunaraglutag 55-65 asmigaifea vl Tudiuvesnninis
fideriunridorsidaimunldnnamfidueduiisunefuanjoarndniuiassiadu mavssduglnsesi
7 lwnsrdimed 2 A Ao ausig (specificity) vanearari Tnswedaiinanléiy doswunsonmatafidue
ndnifisdesnisldifissinier war anuls (sensitivity) mnefls Inswesgiinagoudl desamsonsioinidy

INFR IV IFeINT aluyndegsiunandaiyiadl

TunuAtefiiiuan dmslitunadafidenssssum uanmadafiterfideuiunm lunsiafiuie Wvane
yasuuAfiFongy Bacteroidales Liolduunuvasiniauatis uenani mafuiegisisuemusniulilddu
szevIau wazannsathunsianaldlmivindosnisteyaiisu fegatu mnliidnsaianguuuadise
Adeulosfuunasindnmngnsudmulutiinaannluiegaiidedeutuundstiiaanusu viela uansi
wrdstudinndnuiaindifugnsluvinaiiui uinnesafaudamuinfanduuvaiidefidenlestuiea
widgsidadasumuluuinadesluiegai faunsaiiEidegudmieranitlmlunismsatanguuuadie
Adoulosiuunasiiinviadunseaeulunendald msnmaianguuuaiiGesefidue Jadunszuiunns
nrvtauvufutunou Fudunsdindnamlunsmundstidaldesausiuguiianisdanisundaiiegned

UsgansSnnsiald

nsthnguuuaiiFedidenlesiuumasiuiauaie sndmusulouvieielfifunsfivefatuayungs
wfweiuvafiGenuiasgiuiiafu Tfduedsunsvnanglussszma iy lulsemaandgowiniinig
ﬁmﬂ%ﬂumiﬁmum’Wqﬂ’qmswi’uﬁ@uaauiﬁmaﬁwﬂdaaaumdaﬂf’]ﬁy’uq %38 total maximum daily loads
(TMDLs) Inggaglunisuseiliuwnasinlinuaiyliogawivguasaiunsavenwnanniavdniieuiuuma e
098U ¢ LLa3a'qmaiﬁmmiaamﬂ%mmmﬁwﬁqgﬂmdaﬁﬂﬁmmmdaﬁ’nﬁmﬁgﬂ@fm gndag1aty sgresile 1o
14 MST iesnuahnmsuuiiou TCB manuvadsiidelalutiinuhlauisudouiu wesinsgiimnannis
Vudloununasdamaiaransoanauanysnvewumasiaddiviils uenaniddafimald MsT lunisdanis
uaﬁwimma’qﬁﬂu%’g Idaho, Oregon, New Mexico, New Hampshire, Michigan, kag South Dakota tufu
(United States Environmental Protection Agency, 2011; Benham et al,, 2011) uaﬂmﬂﬁ PNUIYITUAY
FandeuvesUsenadinguiariiad 3o Environment Agency Iéifunnutiddnlunisimuiuaziaudiu
MST snelumsuidgmsafviudouluwanh Tuussmelefuaud diuea Wenina wazansverandng i
s1eeulud 2008 Ingldseauinnisldnisnsinfibuevenguuundiise Bacteroidetes se 3ido1siTeUTue
Huifmngauiian uazldiaunisnnatadeisfindnuazmuauumsnmailuldduduneunsnsaysed
ﬁm%’umﬁLﬂiwzﬁﬂmﬂﬂwﬁwiuLLwdqﬁw a3 ssdfuuvaaindnuafiviidrdgduilugnisisosddiunisians
wdsiudareundsld egrlsfiony semulfidusrimanmsinmziundsiidaasdudnuusiadoiuu ledu
mMsisuiiisufuszuiaunasinia udazilugnsimundelugmadafiannsafuiandeiualduuoui

wasiflalavanUaseuafiveandunasinduusunawitla (Environment Agency, 2008)

wanwieanusylevdaiunisInunwrasUasstaiiuldy n1snsuwrasidauatwarunsarludy
JoyausznounisAwinaudssiegunnlane Wewindwjnavseyadninuuileuasgunasiniilontanas

Wmndegdursdnelsrasgunasiiugie lnglonmanisvuileuiiauazUSinavesdenslsaiunnsaiuluiuiu

Usstanunaenia wu Is1eauindideyusunvuidouasgunasihinnuidssieavamlndifesiunisiuideu



vowyalnasgunani luvaefimsvudeuainyald ans warununewa (qulls) farmndsswioguamluseauisn
ugia (Soller et al, 2010) Fati nsnTuteyaunasiiiauaiiy amhaium%azLﬁuﬂmm,?{awiaqsumwlé’asm
wsiuunndy Tnslawvesadsluwmasiseiani 2 Atinsliusslovddunisiotuasfwmai fionaiinng
Huailnonse vdeluwasiuseianit 3 fdihuldlunisinens Tnsanizegedslumssnindnualdfidunis
fuusemuandudnads Wudu siwnanisusediussiuveamaluladvensyuiunisaniel sauaznssuiuns

Uiudssnaunmihneuiilgulnauilan suszauanudssvesnisuulowiiolsn Wudu

LLﬂuGhdiJigmﬂﬁ]xﬁmiﬁwuﬁ%m%ﬁmduLLUﬂﬁSaﬁL%auimﬁuLmdqﬁ’uﬁmaﬁwwLLﬁa wATA1TI1897U
11 WeuuaiiSesnaniinnunainatsuazuandsiuluusasiuil susraiiownainanwerna dnvazems
veusaziosiu (Hommnduwuafieludld evnsiimuiainadeysinauazeinvowuaiide) n1s¥uuseniue
‘Uf]%a‘uz LLazamWLawwﬁaaf‘iﬁm (Adami and Cavazzoni, 1999; Looft et al., 2014; Lu et al., 2014; Mah et
al., 2008) feu nsmsanianguuuaiiiefifenlssfuunasduin Safluszansnmuansrsiuluudasiiud
188199 Bernhard and Field (2000) laWaun3snsiaianauuunaiiise Bacteroidales fe35idens Ineldlns
waste HF183 ddldsunismaaeuluansgowsniildswunundsiudauafivanaunasandnfifeades
(ruminant) lauadun (Bernhard and Field, 2000) saulnsiuasHF 183 tasuniswmunlilslumafinfigensida
Ui eriuamaudusiuarannsansitluasiiifiesanusntosdld warlnamesildgminlulfluussna
#99 IneUseinafinanauanisidinliuad 1oun eoanside (Ahmed et al., 2009) H5uaa (Gawler et al, 2007;
Gourmelon et al,, 2007) laswaun (Gawler et al., 2007) Iﬂiﬁ;ma (Gawler et al., 2007) @151991041905 (Gawler
et al, 2007) uaziuaidon (Seurinck et al., 2005) Turueiivszmaiivilnswes HF183 lulduslsinanissuun
wnasriniinldiduiinels 1w Buile (Odagir et al, 2015) waziAuen UJenkins et al, 2009) 1ugu aﬁﬂﬁsﬁaé’qm@
1 nguuszinaiifioaunalndfuduunliufiaramsonanuuuaiiFendudertuld nanfe aunsaldds
prninnduuuadiFelagldlnsmesdumednauluyssmanidluldnaaouilulssmadiafodls fuandidiu
Tutsemauauglsy Wudu dedu mndsandlvefinstaniianeanguuuaiiSeiideulostuunasiidouafio
ladsa Uszmvﬁimﬁ%LﬁuﬁﬁnﬁwﬁﬁgiuﬂﬁﬁﬂWiLma%ﬁﬁwmﬁumﬁIamaﬁﬂﬂi%’lmuﬂizm;af[,ut,m‘umLs?jﬁulﬁ

TngazsoadinsnagauiuinlunmaguniisdudusazAuInUsEaNs NNt insely

Tunguusaimaaafoutesiuldfinmeiauuasaaoulnswesimngaudmiumansatafidueluis
Ufinavnaunazdnivineineg feg199u Odagin wagane (2015) lanaasumaiiafigersidausunalulseme
ity (Odagiri et al,, 2015) Tnefinsuilwsiwenansqgunld uazldnailuussmedude leua Bacuni Mlddmsu
AT 165 rRNA gene YBUATISBNGY Bacteroidales ey fecal pollution Tnglsitanzasyiingms
it %dlﬁ%uﬂﬂiﬁ@uuﬂﬁ%ﬁuﬂﬁﬂ@iﬁa (Kildare et al, 2007), BacCan 4@ msunsranindute 16s rRNA
gene YaLUATIFBNGY Bacteroidales AdwmzAuglia Felssunmsianniisguadiediie (Kidare et al, 2007) 1u
#u luvaeiilwsiesvaneeg AU human fecal pollution nduldldnalyifivssmeduie Wy lnswes HF183
AFdmIuATIIM 165 RNA gene vosluaTi3angu Bacteroidales FaldFun1swaiu1ainigosisnou (Berhard

and Field, 2000), lwstue$ BacHum-UCD #ilddwmsunsiam 16s rRNA gene YBIWUALTENEY Bacteroidales 9

a

IsunsWaiunansgunaneside (Kildare et al, 2007), wsiues HumM2 Aldnsaiadiduedmivasnelusiu
wnenfulnaseaailsawazlalilndusanlsaveasinuuaitse Bacteroidales (Shanks et al., 2009) wanannd &adl
Iwswas BacCow-UCD Mniunansguaanasiile (Kildare et al,, 2007)lngns397n 165 rRNA gene 1aIbUATILTe

Ngu Bacteroidales MkanIAINT NN IEAUFRILAELD09 baud 1 nszle une wavwne laRlenaaeulusy



wadnlofide uddevnlifivssmaduiie nduannsansatauuaiiFeluyagivnazla Wiindnde dmdu
fetnaUszmaluaieudnuszmaldun Ussimaiauen 39 Jenkins uazaniy (2009) lé@nwinisasiatauuniiFed
Fumzivasfnamemaiaitendideimalulszmaaue wagnuit Insiwes BacUni n51ain fecal pollution
uarlnsiued BacCow Msuiwizfuasufnannladu Idnafunifisusiiuiisguednesidefduiuiinlasuns
fiaulnsmesitumn dalwawes HF183 fuszansamneldlulssmmauesn Tuvaeilwaiues BacHum 19ldua
lifiusgansaimegnann duasnduldiiunlduilnaue v fldumataululssmaannuniiising

panbl @1unsathunlalesluusewmeunsau wiluvarnuislnswesidlulananas Fevasdinisnageulseiiunay

Tran wazAns (2015) lfuugiiin msdnwinguuuadiBeiilelisuununasiniauafiv asdnuilusedu
fluiifiuszavdyw nanfe Buannadoniuiidnu antdussygmiiidesnisudly Wy fosnisdiuun
wiaganliauafiwainaunseandnilaglissyvslinvesdnd visluvinsdenvdedinsseyslinUssinnvesdnd
demmniifanssudiosdnivarnaneUssaviluituil iDudu mﬂﬁ?uﬁ'lmiLﬁw?hasjmgammmdaﬁuﬁmﬂwmwﬁa6]
Tuituit lnemsfmunsuiushogsvesnadaiidaudasUssamidudndniuuariianomaluiug andurh
s ST Tnnguiuaidouasvaaeuiuumaniluiuiidu ilethdeyauiinseiuastvuvasiniandng
pudndiunoly (Han Tran et al,, 2015 uslulssmAanvenandnsivamutuneusnauayUssauanudsa
Tumstmuanislinguuuaiidefidenlsstuumastuindunnsatafiugiu (routine procedures) luuvasinlu

Usena laens197aLae Bacteroides A1e357@e13 (Environment Agency, 2008)

v
o a a

nuadsalunsinisnaiesfuRnmsunldatvayuulevienisauauaunimitlulraaidaAuves

v Usemelugaeiiiiuan vlviulalddnssuiunsiannnisldnguuuaiiGendeulosiuunasinlinasussay
°o < ! P v ! ¢ 1 a v a P9 Y o2 A <

nadnsuguieiululsenalng uagavdanaussleviegreswensuidymuanyluwvaninls Jdioduaiy
Fudussufivssmalngaisiniuuimanisihnguuuaiiseidenleaiuunasiidauafivian sAonssuundu
fatuanungunsmwesuuafisefidmualuiasgiuaunminfinuludagdu lnelasainisifedazilunis
Woulgsasranuinlannnsimundsnsiuiesufiinsuildnaaeuiuiuniussaulymasdulsewmalne uay
Wideyadilddenanufvundusuims WwensihlugnisndndunisldnguuuaiiGeidenlesivumasiniaie

Uszneunsasvinnunmindulszdeely

wsitvindu Huundaiwidsiinudgmen FCB wag TCB LAUNINTFIU Tnomgluwawiivinduneuuy
uaznauna SsdiRanssumainunsnisdesdiuasgusududinlng mnmenuaniunsaiuafivies Usane Tng
T 2557 (nsumuRuuaiin 2558) nut ushivihiuneuuu ddlddunisussmelfbuunanir Useianil 2 iiloms
mﬁﬂﬁﬁmiﬁfﬂ n3Uszas My wagimiah winudymeamisfiees DO, BOD, TCB, FCB 1iumAss Y
deuwhundsissand 4 donisgramnssy Tasuinadnuiym fo sunewles uasdunoauyn Seuin
ANTIUYT uannd waltvhiumeunans Feldsumsussmalddumaniussand 3 Wonisinuas uswutlym
Am13fiees DO, BOD, TCB Aunmsuifisusiuvasiusziand 4 luassunouinau Sminuaslgy uay
Sunaifiosuarduneassiitios Smfnanssayd Inefausnhvitdunouuusasaeunats wuduvdadulinuafivan
MNYTLLEENRALRS (Tumsdssdad) Wuduunn luvueiuidyiSuneudsdsldsuns vsznna Thduumd
hussuandl 4 fienisgramnssy wudymeamnsdines DO, BOD Wumnsguuvasni Ussiond 4 ey
wudgy fo daususnusunaiies Jminaunsains fa Sunounsloead Smiauns Ugu Tnsundsindauafiei

o
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1. diedavhseanunisdneidasizdanusndulunisduununasiidauaiwanizianssuluuiun
vaaUsewmalng n15iAseivesitwengssidsutedsrukasunsgiudididuludagiuvesdsemalng
sudnsafnyndndszmalunsldnguuueiiiengeulesivuasiiliauaivnatvayussauuloue

Tunsann1suaiwwnastin

a ° [

2. WeWau1IsnsiesjURnsmemaiaiidoisuas igo5igeUTunad miunsainsieing

wuAfiise Hanunsaduundsufgaanunasiniauaiwanizianssy Addglunuiidudivitu Mmeanudime

o (]

< s

(specificity) laitloand1 90 wWaesidus uavaulla (sensitivity) Litipenin 65 Wesidud Inglilalusiuesednaties
1-2 gawmiuumasillauafivisazianssy (guau wisuans Wisula vhsuliuassiuynunasinge) nfeudnsien

AU avesIeswatiaeusuiuluiudunu deliuSeulasdedninduvade

v v

3. weasiafAan uaua n lulidvindu Tugiaaan 1 U aseuaquaaruuazguas basyad
wiasniafanssunineliinnisuuilouveuuaiisenguladnesuiuunnsgiu wianinsgiwazilaueniaden

2 ¥ . 4 qw o g A
wuuiduduneu (tiered approach) Wielimunzauiuiulssanauaraugusssvastymilunuiug

v
o a a v o

4. WednvinalieUURn1snsiaeuwrasiunvesnisvuleuiuaiiseluwnasimafu wagdnvia

Jolausuuztdsulyuie (Policy brief)
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2.1 m'sm‘umamwaﬁmu,azmLﬁaﬂqu‘uuiuwumquuWMqau

2.1.1 Anwiszinnuaziiasvasunasnudaanwiiaag lugud1vidy 99Usenavade yuyy uazWisunaes
dndnaagy laun gns la uazln sausend1 unasnudavan

mmdeyauagnumuteyanienil nuwnasdeyanie laua aaduasaumanineinsuiias

I3

)
Y
ddnauaifuiend wagnsuuadn?

N5INYAT (DIANTUMITL) NTUATUANNATY

2.1.2 19 UATIUIUA 108 INBASTO YN UAIDEIN AINTATIUNITATEDIIAIVaIUNaIn Ndananuas
unasnuidnsad

v < v

Tunsuiuseg1sanudazwrasnwin sndudesiudledrdlrladiuiuagredinanis weliuanlea

£
a o °

amsavenAuuanaegsldediAgyld Tuauided inisaiuiudiuiuiegislundazunasniie 1838
Stratified random sampling Tneldnsuvssegnunasiniindmuedudadiunusunuiiaedunday
Jmdn Tngmwameinag A A1 90% confidence interval Wag A1 acceptable relative error of 0.20 wazlunil
AN expected prevalence WihfuA1ALlI9a35N150579A (sensitivity) fuensulsii 0.80 (Ahmed et al., 2009;
Gawler et al., 2007; Jenkins et al., 2009; Odagiri et al., 2015) lnganulivednsiuesudasg vureds
anuaninsnvedlnsiveslumsnnanuiiduelunnfedmesdaitmnefifeinisasaaey mssumdiuou
fegrstusdaelusunsu ProMESA version 2.3.0.2 dmsusegrsanunasindadilailadvane Auimuay

dndruvesatAnisiaesssdamin alduannisifieaiuds Stratified random sampling fananslun1sned 1 wag 2

M1999 1 waudregvewraiiladminewazunasilliafldlgdhmneainguuiviniu

wrasnidadmaneg wnasrdadlaletmneg
J9nin YUY ans I 1A wne  wnz nszle Wl 594
Foum 5 2 3 2 2 3 4 1 22
ANTIUYS 4 10 10 8 2 2 1 2 39
UAIUIU 5 9 3 0 0 2 34
AUNTAAT 5 0 0 0 0 0 5
RRY 19 20 20 19 7 5 5 5 100
maedi 2 Srunusegsesvasiudadmnsuazuaai sl mnennguiidmesen
wrasinllauinnung uwnasiudndtlaliidvane
9N YU 4ns 1A A wng  wne  nswde  ula 52
Unusndl 0 3 3 2 3 0 0 0 11
ATUNN 9 0 1 0 0 0 0 0 10
NITUATATOYSEN 0 5 1 0 0 0 1 0 7
Total 9 8 5 2 3 0 1 0 28
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2.1.3 IUsIUTING I8 1Ny ad A TUaz ey ULaan AR U VI 10E 19

maiusegrsyadaiuasindaguyy

nann1saAYluNITWIENAIDEIN 1 FaEIa ﬁaéfaqmmmmmauﬁwawaé’mié’aLLGi 20 favuly il
dosnnsuudoudnfnaasgunanii ietulussdugdlalasedu 1 vie 2 f drfunsienesinguuuadiiean
widsrfiausazviadsdeddfununguuuaiifesegs waziielildfognsiifinnsnszaeiifuas dusunudia
Fwhmafunisuay 1-3 degraviitu Tnefuusnauazaonides diufegnaiidsgueuiinunumdiszuuiide
ihideluusiazenmstu fedndunissauiuresnduussrinseguds Sunsuniafiufognsyadn (reasdonds
wanslunianuan v.) Ingaguisuainnisiuyaan vesdndvdaferiuainlsaieudeniu lnodufunugaiag
souvFnalsuissdninioiuiidedng wiresiulaiyadnihidudadedelsafiorafinsldvuiiu useds
waUszanas 1 nuluusazge S 20 90 3ulU dedufunuvesdnd 20 ftuly Tdnwusitazernsiudu vie
p1funUevieaununuyadaiudlinsgnidosieindsitu uazsiulaindugeanll Tnedeniiu 20 90
Tuve geazdszana 1 n¥u Wildmausfiavennsiuiu soghaianuihulaesindufesfifmsnielutu
Weatu nmafuiesiude shnmafuanganunuiideneudissuu tidaldorans lnsnaifudiedns
Ui 1 803 widhudaasinduintesl fiRmsneluiufiontu lesuusemafvaniuiiduiyindulu
4 S¥avdnidudaulng uarazsiuiedaiildnniuiisudumadeusae (AU sEIY) dieLfiuay
desulunsvenenanisddunslusiiuiisusel Taedinaiudminluuinalndides

v

msafiafidueyadnivazindeyusy

Wiushegyadniuariegniidsliludiiun 5 eswnwadea dnnainfduedmeazidenlunianuan
. lngaguAevhnisnansinyadnd wazdiyadaiinaufvdau3una 150 fadnsy unhnsadafiduedeynadin
ZR Fecal DNA MiniPrep Kit (Zymo Research) lamiduteuSunauszanu 50-150 lulasans vinnsinaanuidudu
YoIRdUeMBLATaInUSHIME15WLgNTIN (NanoDrop™ 2000, Thermo Fisher Scientific) uaziiufinogefidule
Ay 1 & A a = ° YY) ' T Y ! 5 a a aa %
Ngududeangaumgil -80 esrngaded dwTudiegradnde UrdiegraniuTuing 50-150 Tadfnsuinsesnie
N3eMIYNTa9 Mixed cellulose esters membrane YuUIAg 0.22 lalasiums (Merck Millipore Ltd) antuiinseny

v & A & o o’ v o vva & a a o Y vy o’

nspundndududnquarainfiduemeyaain ladidueusuin 100 lulasdns vnsinanududuvesdidue
AeiA309InUTUIMAITHUGNIIH (NanoDrop™ 2000, Thermo Fisher Scientific) waztiud1a819A10WLB WY

gl -80 BarLvALTY

2.2 WAIULAENAdaUITNSIATITRUUATISER8 S NTaS

2.2.1 naaaulWsIuasnUA 188199 1NUARIT AR 199

s 1l

yhmsnuusTnssfie v e gildsunseenuuumlFs e fuiideyue yaans Ta 14
wazsnmauvasiida antu ¥iniseaeuiTiinnesiseisatens lneflwazBesadnaiweiie 22 4 Mnina
#l 3 (eazBeaiinduduandlunianuan 1) FBnaassiuanisisazidenlunianuan v5 i ¥10 Tasasude
duusznouUitenfidens Uums 10 lulasdng Useneude 1. Insweddumiuasdunds fanudud 10 Tu

1Asluans agn9ar 0.5 Tulasans, 2. MBueduwuy Usuiu 0.2 84 20 wilundy Ysues 1 lulasdns, 3. Thermo
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Scientific DrearnTaq PCR Master Mix (2X) U3u103 5 lulasans uay 4. tndulsannide antdu U RS ENG
915un5ufeiAdes Thermo Cycler feviinsaudsdl: Sunau initial denaturation flgaimgdl 95 sarmeaiea 1y
a1 3 unit audae 30 spUTBTURDY denaturation Tigmungd 95 ssanealTya Wuna1 30 Jundt awudae
funou annealing fegumniuazinaiinimed 3 uazduneu elongation figuundl 72 ssawaidea \Wuian
30 3unfl 1&39370 30 T0ULED Tumeugatinefe final extension figuungd 72 s waldsaiuian 10 und
9nturi Gel electrophoresis Insn1sgaansazatondndasiufise1fidersusums 10 lulashns waufu DNA
loading dye V31195 2 lulasans neonasuuwauiaa agarose inausedng 100 1aas 1uan 30 wadt Tu
Urlie$ TAE Tneiinasld 100-bp DNA ladder (Thermo Scientific, USA) ilususivunnvesiid uioitnune

PMNUUINNTTDULHULIA LUATATA8 ethidium bromide waznsianan1elsiaIad UV transilluminator
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M1999 3 TaviBualnswesilinaaeufmeralideyurunasyadn

WIAG -
AWNAN 1281
a o 3 q U
%% ol 4 .| vialwe e awalws | 1dwa 4 o . L. .
e A aaun ’HE!VLWSLNBS . [AUALD LD (5' - 3') . " e e annealing |annealing ﬁaqaumu‘nmm’m DaUW tandsandad
URAINILNA LNa3 L7 (bp) |HaOAEN ® -
o) | Gwi
(bp)
NN BacUni-520f BT5479 |CGT-TAT-CCG-GAT-TTA-TTG-GGT-TTA 24
. 1 170 60.0 30 Bacteroidales 16s rRNA Kildare et al., 2007
WaIriia BacUni-690r1 BT5480 |CAA-TCG-GAG-TTC-TTC-GTG-ATA-TCT-A 25
(Universal) GenBac3F BT5482 [GGG-GTT-CTG-AGA-GGA-AGG-T 19
2 129 60.0 30 Bacteroidetes 16s rRNA Siefring et al., 2008
GenBac4R BT5483 |CCG-TCA-TCC-TTC-ACG-CTA-CT 20
Bac32F BT5524 |AAC-GCT-AGC-TAC-AGG-CTT 18 Bernhard and Field, 2000b;
3 696° 53.7 60 Bacteroides-Prevotella 16s rRNA
Bac708R BT5492 |CAA-TCG-GAG-TTC-TTC-GTG 18 Hussein et al., 2014
TUTH BacHum-160f BT5488 [TGA-GTT-CAC-ATG-TCC-GCA-TGA 21
1 81 60.0 30 Bacteroidales 16s rRNA Kildare et al., 2007
BacHum-241r BT5489 |CGT-TAC-CCC-GCC-TAC-TAT-CTA-ATG 24
HF 183 BT5493 |ATC-ATG-AGT-TCA-CAT-GTC-CG 20 Bacteroides doreiftotal
2 167" 60.0 30 16s rRNA Haugland et al. 2010
BFDrev BT5494 |CGT-AGG-AGT-TTG-GAC-CGT-GT 20 Bacteroidales
HF183F BT5493 |ATC-ATG-AGT-TCA-CAT-GTC-CG 20 Bernhard and Field, 2000a;
3 541a 55.3 60 Bacteroides-Prevotella 16s rRNA
Bac708R BT5492 [CAA-TCG-GAG-TTC-TTC-GTG 18 Hussein et al., 2014
ans PF163F BT5491 |GCG-GAT-TAA-TAC-CGT-ATG-A 19 Dick et al., 2005; Hussein
1 559a 524 60 Bacteroides-Prevotella 16s rRNA
Bac708R BT5492 |CAA-TCG-GAG-TTC-TTC-GTG 18 etal, 2014
GCA-TGA-ATT-TAG-CTT-GCT-AAA-TTT-
2 Pig-2-Bac41F BT5931 |GAT 27 116 60.0 30 Bacteroides 16s rRNA Mieszkin et al., 2009
Pig-2-Bac163Rm BT5932 |ACC-TCA-TAC-GGT-ATT-AAT-CCG-C 22
16 CowM2F BT5484 |CGG-CCA-AAT-ACT-CCT-GAT-CGT 21
1 92 60.0 30 Bacteroidales 16s rRNA Shanks et al., 2008
CowM2R BT5485 |GCT-TGT-TGC-GTT-CCT-TGA-GAT-AAT 24
CF128F BT5486 [CCA-ACY-TTC-CCG-WTA-CTC 18
2 177 60.0 30 Bacteroidales 16s rRNA Kildare et al., 2007
BacCow 305r BT5487 |GGA-CCG-TGT-CTC-AGT-TCC-AGT-G 22
CF193 BT5807 |TAT-GAA-AGC-TCC-GGC-C 16
3 519° 55.0 30 Bacteroides-Prevotella 16s rRNA Bernhard and Field, 2000a
Bac708R BT5492 |CAA-TCG-GAG-TTC-TTC-GTG 18
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M13197 3 (fid) eazidunlnsiuenlivaaeufmegundyuruLaradn’

v ¢

2WIAG -
AWMNAN 1281
a o 3 q au
790 ol 4 .| vaalne e amalns | Bwe 4o e L. A
e A aaun ’nﬂIWSLNai . [AUALD LD (5' - 3) . e e annealing |annealing ﬁaqaumu‘nm’amm DaUW tanadsandad
URAINILNA LNd3 L3 (bp) |HAOAN ® -
Co | Gwi
(bp)
1G] CF128F BT5486 |CCA-ACY-TTC-CCG-WTA-CTC 18
4 596@l 62.0 60 Bacteriodales 16s rRNA Bernhard and Field, 2000a
Bac708R BT5492 |CAA-TCG-GAG-TTC-TTC-GTG 18
Bac2F BT5868 |GCT-TGT-TGC-GTT-CCT-TGAGAT-AAT 24 Gene encoding an HDIG domain
5 274 62.0 30 Bacteroidales protein involved in energy metab- |Shanks et al., 2006
Bac2R BT5869 |ACA-AGC-CAG-GTG-ATA-CAG-AAA-G 22 olism and electron transport
Bac3F BT5870 |CTA-ATG-GAA-AAT-GGA-TGG-TAT-CT 23 Gene encoding a sialic acid-
6 166 60.0 30 Bacteroidales specific 9-O- acetylesterase Shanks et al., 2006
Bac3R BT5871 |GCC-GCC-CAG-CTC-AAA-TAG 18 secretory protein homolog
qCS621F BT5872 |AAC-CAC-AGC-CCG-CGA-TT 17
7 1()4a 62.0 30 Bacteroides-Prevotella 16s rRNA Okabe et al 2007
qBac725R BT5873 |CAA-TCG-GAG-TTC-TTC-GTG-ATA-TCT-A 25
BoBac367f BT6078 |GAA-GAC-TGA-ACC-AGC-CAA-GTA 21
8 100 57.0 30 Bacteroides 16s rRNA Layton et al., 2006
BoBac467r BT6079 [GCT-TAT-TCA-TAC-GGT-ACA-TAC-AAG 24
it CP2-9F BT5808 |GTA-AGA-CAG-CAA-CCC-CAT-GTA 21
1 245 45.0 30 Bacteroides fragilis 16s rRNA Lu et al., 2007
CP2-9R BT5809 |ACC-TAT-GGT-TCA-ACA-CGC-TTT-A 22
qCD362F-HU BT5810 |AAT-ATT-GGT-CAA-TGG-GCG-AGA-G 22
2 102 60.0 30 Bacteroides—Prevotella 16s rRNA Kobayashi et al., 2013
qCD464R-HU BT5811 [CAC-GTA-GTG-TCC-GTT-ATT-CCC-TTA 24
LA35F BT5919 |ACC-GGA-TAC-GAC-CAT-CTG-C 19
3 571 58.0 60 Brevibacterium 16s rRNA Weidhaas et al., 2010
LA35R BT5920 |TCC-CCA-GTG-TCA-GTC-ACA-GC 20
Q-PvA-f BT5925 |AGT-CCA-CGA-GAT-TGG-CAA-CA 20 Chicken/turkey
4 81 60.0 30 Virion protein 1/Virion protein 2  [Carratala et al., 2012
Q-PVA-r BT5926 [GCA-GGT-TAA-AGA-TTT-TCA-CG 20 parvoviruses
Av4143F BT6080 |TGC-AAG-TCG-AAC-GAG-GAT-TTC-T 22
5 244 60.0 30 Lactobacillus 16s rRNA Ohad et al., 2016
Av4143R BT6081 |TCA-CCT-TGG-TAG-GCC-GTT-ACC 21
AV43F BT6082 |GCA-AGT-TGA-GCG-GAG-ATA-TGG 21
6 100 60.0 30 Firmicutes 16s rRNA Ohad et al., 2016
Av43R BT6083 |ATC-GGC-CTA-TCC-CCC-AAT-ATA 21

®DNA product size identified by BLAST
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2.2.2 Aadn1aaala (sensitivity) UasaIua W1 (specificity)

AU UNNY MNeTe AuEnasaveslnsweslumMsaTIanUAB ueIEiIeg1adniAdensialRen

Inglaiamnsansimnuiiduevesitegdaivindulias wu nswesdwiunsanguuuafiiioangusu azdes

I3

asranusuuaRdueludeg i degururingy lnsszdawmnalinuwuudniduesluiiegyadaivinduae (u

£ ' '
a A I aada P

yaulunauideil de 4ns 1a 1 e nszde une way wng) edriidiign Ae 1.0 Fafu Araanus iz
wisfmediianudidyann lunsussifiunsdadeninsue uwidlifinmsssydnauimaudun gasdu
wilsTszeeusuld urarnnsmuniuassaunssufiieades nuiiaimusuziivnsauaisldiesndn 0.90
(Ahmed et al., 2009, 2008; Gawler et al., 2007; Odagiri et al., 2015) NSATUIUAIANUTUNIE A1uIUlaaN

dun1s9i 1 (Ballesté et al., 2010)

TN
TN + FP

(1)

I w6 A

o s ApArAudTwIg (specificity), TN (true negative) Ais §1uaumingvdnivlindunnsialuiasuuuns

& &

\Bute uay FP (false positive) An $1uruiegednivdaduiinsranunuudfidue uenaini Araiuls
(sensitivity) vaslnaiedusard mneds arwannsavedwawoslunansanufibuelunniesnsuesdiulioy
Taganiidfian fe 1.0 wigsliinmszydanuirauhmaduilsfegeeniuld uwinnsumuissunsui
Aeados nudrAenuhifimunsaunislidesnin 0.65 (Gawler et al,, 2007; Jenkins et al., 2009; Odagiri et al.,

2015) Analdanaunisi 2

__TP
TP + FN

(2)

e r AsA1Aula (sensitivity), TP (true positive) Aa $1UIUF0E AR IR TMUNENNTIANULUUAR
1Oule uay FN (false negative) An S1ulusiegrednfviadmunefinsalinuwuudadue nan1sageulian
Usedliudadonalnsiues wielildlnsiwesededos 1-2 gdwmiuuvasindawsiazelin Ineinuandadonds

AUz nswesialdtioenit 0.90 waranulivealnsweskidesnin 0.65

2.2.3 Uszilluaniaenlwsiuespiivaizauiignvasisndersa msuusdazunainuin

nsAndeninswesanfnanveusazylinunasnie lngldnsiSeufisuainnuliwaganuinme
vodusazdlnsiues uenanidvinisAuiaamiiwesifiuiuvedlnsiues As snsinsiianauln (positive
predictive rate) WagdnI1N19IAANAAU  (negative predictive rate) (Kildare et al. 2007) Ingdnsin1siAnnauIn

AodndiuvassuiuiegeinalluuInaSweswuedeiduuInavuna IdgnsnisAin deaun1si 3

9MINNSARNAUIN = TPATP+FP) (3)

1ag TP (true positive) A S1uruimegsdniviatvnnefinsanunuunmoue uaz FP (false positive)

A9 U8 19ER IRADUNATIINULUUAALULD
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dwdnnsifianaay Aedndiuvesiinuiedaiinaluauaieduudmediwiseiiluau THans

ANSATLI F9ENNST 4

ansINIsNaNaayU = TN/(TN+FN) (4)

o TN (true negative) Aa 1urufiedsdnivindunnsialiinouuunmdue way FN (false negative)

A9 IuIufeg1ed@n vt v efin s lUnuLUUARLS LD

ad aa s

Aty et Isigensnlaanmmeaeuiufmegsadaitazundeyuruilunsiaiinseiiieg 1913w

TinsruwrasUulauuaiiny Wauu@inia1 9nsIn1siaNauIN LagdnsINIsHaNaay JAMLAL wsienaasuly

& da o g w1 <, val & & a A < <, a vy
NUNLAU V]’]i“lﬁU\‘lU@ﬂﬂ']’]llLﬂu‘lﬂ‘lﬂWNaUaﬂuu@]gLﬂumaUaﬂﬂiqﬁiaNaaUuu‘ﬂgLﬂUNaa‘Uﬁ]ﬁﬁiﬂ

2.3 NAIUILAENAEaUITNTIANATITNLUATISEA 8T NTR1S1TIUSU

2.3.1 385N IMIAsF T MTUTAUSIIMA TN TUYasLuATsed e Tuua s udnm199

v
a U a

nsAnwe3sidensidausuatuiealdnsvuinsgiud msudsvenuiuianududuresdiibue

a Ada A

Wmnedaduguifinnudimeludd@infiaula Tunsfinwiluasslg@nwviinis@inuu 16s rRNA veauuaiiise
Tunqu Bacteroidales Fudunupfieninnuswnzivunaainings wieonanandniendaldinfianuinngly
dndingq Baazumnansiuluuusiumuelinuesdnd msdnulaldlnsiwesnmun 5 6 Awmns1eit 4 Jallanudnmg

soans In 1a iideguwy way saumnurasida (universal) lun1sasadeszinidueveuaiiseluyavesdn’

q q

I o a

iinsneg Fena1auudrtnedu Faduunasiuiandn muﬁgﬂgaé’m’iémﬁﬂmmaqmLumaaﬁﬁﬂﬁlﬁmuaﬁwm}]
#e Taglwawodihs 5 gildsumsdnienuudeisidensilvinaudusifigntuinediyavesdn fvdamegan
Uinguiindy

desmnnsinuluadaifivamediadusiniuinn Bnsarensmesgufivanzauiunsdeu
fegemangseu AenTMNINsgIULUY mixed model (Sivaganesan et al., 2010) lngviinisasnansmainiioue
Funuuiivinisdauassdtudeivun 521 diva uaglufiBuledunuy 1 a1sUsenaudisBu 165 RNA 184
Bacteroidales s umzsia gns la videsuru way amnundsinida (universal) saddy fagud 1 Tuoausiia
Buesuwuuradnswesliadrennnistrauiidensidhmneadunanaiin ndmntuhmsiensiiduesuwuud
AMLTUTUAIN) 593 6 ANULTUTU FeUsznousesmIuBu 5 x 105, 5 x 10°%, 5 x 10° 5 x 10°, 5 x 10% uay 50

gene copy numbers aua1au TunsiazglnsiuesvinsnageusieufizeidersideUsinaiufdweiuwuun 6

v
v o [

Anududy wiazanududuringt 3 ass sandu 18 Ujisusedlnswes Snnsdmageuiuiiegeniuauday

o 1

(negative control) Fawsanainufizenfiludfduesuwuy Tnevingn 3 aswiodinswes lunilsglnswedviinis

v

a¥unsinasgusiuan 4 1§y nnnstleuhetisausysey vhdnauasudmiy 4 Alnswes diudszneuufizen
fiTo133aU3uauUsins 20 lulasans Ussneudie 1. Inswesiunmiuaziunds Aanududu 10 lulasluas
pg19az 0.8 lulasans, 2. Adulefnniu (probe) Autdudu 10 lulasluais Usuns 0.4 lulasans 3. fAdue
fusuuiimnududusigg Usuams 5 lulasdns, 4. iTaq Universal Probes Supermix (2X) U3u1as 10 lulasans
wae 4. Yinduusiaanide Usunas 3 lulasans arnthniunvadeusieiniesfidensidesunn (StepOnePlus,
Thermo Fisher Scientific) feviinsoussil: 4unew initial denaturation ﬁqmmﬁ 95 ssAnwaldya Lunan 3

w1l Audae 40 seuveItume denaturation Migauninll 95 s waldea Wuar 20 3undl audeduneu
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annealing uazdunou elongation flgamgil 60 ssrwwaLdsaitiuiam 60 3unft (TwaziBoanandlunianuan v
11)

Kan1INAADUMIBU AT TiTensiTsTualldan cycle threshold w3a Ct Tngen Ct filéannn1svingn 3
adiluusazamududuinumeaniade (Ct mean) wisnniuthanastensansgiu Inglden Ct mean (wnu )

warUSunaenududuvesfiduesiuuuy Ny X) ndwntiu vinsiesgidunsunnsgiuns 4 dusendag
IWsesoMIAIANNLANANNNSEDALAENIAIANTUIRAY (pooled slope) Taalt multiple linear regression
pelusinsu GraphPad Prism 5

wenandl YnsAuaAl PCR amplification efficiency (E) aasuaazlnsiuasainanuduiadessnsiu
119351 IgANININENNTS 5 Feranfgensulaazeglugag 90 - 110 %

PCR amplification efficiency (E) = 10™9P* —1 .. (5)

v ¢ ad aa s

M990 4 TeaviBualnswesildnaaeuimeralideyurunasyadn e BN TeTuu

PR I LCL T PR
- v e A a @ - o o v o 1|H’19I1V|‘7 PWIAALDWLD Eﬂ’\lﬂ“ﬂ’ﬂ i A e
ARALKRINUWA ﬁﬂ1wilﬂﬂ? TVIN‘INTINEIT AAUALAWLD (5'- 3) P Ao @ annealing 4 - iﬂﬂﬂ LandNiagad
L3 (bp) | WAGNM (bp) 932990
(c
Fan GenBac3F Uni_F  |GGG-GTT-CTG-AGA-GGA-AGG-T 19
unasriiia GenBacdR Uni R CCG-TCA-TCC-TTC-ACG-CTA-CT 20 129 60.0 Bacteroidetes 16s rRNA Siefring et al., 2008
(Universal) - UniP  |FAM-CAA-TAT-TCC-TCA-CTG-CTG-CCT-CCC-GTA-TAMRA| 27
HF183 Hum F  |ATC-ATG-AGT-TCA-CAT-GTC-CG 20 Bacteroides
U™ BFDrev HumR  |COTAGGAGTTTG.GACCOT.GT 2 167 60.0 dorei/total 165 RNA Haugland et al. 2010
Bacteroidales
- Hum P [FAM-CTG-AGA-GGA-AGG-TCC-CCC-ACA-TTG-GA-TAMRA 2
Pig-2-Bacd1F Pig F |GCA-TGA-ATT-TAG-CTT-GCT-AAA-TTT-GAT 27
qns Pig-2-Bac163Rm Pig R |ACC-TCA-TAC-GGT-ATT-AAT-CCG-C 2 116 60.0 Bacteroides 165 rRNA Mieszkin et al., 2009
- Pig P [FAM-TCC-ACG-GGA-TAG-CC-TAMRA 14
Bac3F Cow_F  |CTA-ATG-GAA-AAT-GGA-TGG-TAT-CT 23 Gene encoding a sialic acid-
la Bac3R Cow R  [GCC-GCC-CAG-CTC-AAA-TAG 18 166 60.0 specific 9-0- Shanks et al., 2006
- Cow_ P |FAM-CCT-TAT-ACA-TTG-AGC-ATC-GAG-GCC-TAMRA 2 secretory protein homolog
qCD362F-HU PCHF  [AAT-ATT-GGT-CAA-TGG-GCG-AGA-G 2
) Bacteroides — Kobayashi et al.,
I qCD464R-HU PCH_R |ACC-TCA-TAC-GGT-ATT-AAT-CCG-C 22 102 60.0 16s rRNA
Prevotella 2013
- PCHP  [FAM-TCC-TTC-ACG-CTA-CTT-GG-TAMRA 17
Pig_F Pig_P

1 GCATGAATTT AGCTTGCTAA ATTTGATGGC GACCGGCGCA CGGGTGAGTA ACGCGTATCC AACCTTCCCT TATCCACGGG ATAGCCCGTC GARAGGCGGAR
—

Cow_F

101 TTAATACCGT ATGAGGTCTA ATGGAAARATG GATGGTATCT TTGGAGCCTT TGAAAGCAGG CGGTCCTTAT ACATTGAGCA TCGAGGCCGG AAAGCAGGAR
Pig_R Hum_F
201 CTTATATATA ATAAGGTATT AGTAGGCGAA GTATGGCTTT GCTCAGGTCA GTCGAACATG GAGTTCTATT TGAGCTGGGC GGCATCATGA GTTCACATGT

Cow_R

301 CCGCATGATT AAAGGTATTT TCCGGTAGAC GATGGGGATG CGTTCCATTA GATAGTAGGC GGGGTARACGG CCCACCTAGT CAACGATGGA TAGGGGTTCT

Uni_F Uni_P
401 GAGAGGAAGG TCCCCCACAT TGGAACTGAG ACACGGTCCA AACTCCTACG GGAGGCAGCA GTGAGGAATA TTGGTCAATG GACGTAAGTC TGAACCAGCC

Hum_R
501 AAGTAGCGTG AAGGATGACG G

Uni_R

UMl 1 duihndlelvdvesdiduesuwuuiignduaseiieldlunisadensmuinsgiusasdunislnswesuas

Insunbslunisvegeu
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A1511A1 limit of detection (LOD) wag limit of quantification (LOQ)

LOD #e Vsinaeudiduvesduiimneitesiianfianisansaaiold uasdeshildinduudmuned
FumzdelnsuesfildFnuasafiseduaudesiu 95% Tned198938n1s@nw1an Francy et al., 2017 333075
ﬁﬂmﬁﬂmsjﬁwaLﬁuLaﬁuLmUﬁﬁﬁmié’nLﬂiwzﬁﬁuﬁﬂa’luLsﬁwﬁuﬁﬁqmﬁ 10 gene copy numbers 1 MARBUAIITNT
915 3aUSauasrhen 10 A ndmintuinsmanads Cio LLazsﬁaaﬁmLﬁmLuummgmﬁlﬁmﬂmsﬁwmuﬁy’q
10 #1lalifin 0.5 (SD < 0.5) sausialy 10 Srdesanursansavinldvianun (anudestu 95%) winaandudud
nogeuliulumunasiisimun Thnsusuanududuiumniaday 10 cene copy numbers wazsinsnaas
seFEfanandisiu aundiazlddeds Ctop war Andsavumasgudulunuiidivue arsdutduilsiduen
LOD

' '
o a

LOQ uanududuvesdudinuiensnaanaiuisasuiuninnututulsegsandes Iy LOQ 9%

9 Y

AulanARiekarAdLUNLIINITINYEY Ciop AUENNIST 6

CtLpQ = Ctrop — Z(GCtLOD)

LB Oct,op = FHIBILRINATUVBIANARD Clop

93833 duaLialglun1snagay

& 1

megidueililummaaey Wusestidueyaiieafuillineaeuisidens neunaaeuldinisin
AALTUTUAE NanoDrop™ 2000 Spectrophotometers (Thermo Fisher Scientific) Snaditeunisifensiieths
Trlamnuidudu 20 unlundusio 5 lulasdns 10 wilunduse 5 lulasdns wag 5 uilunsuse 5 lulasdns dmsu
fhogafisnanunasiiiiandn (ans Ta dudeyueu uazld) way 20 wilunsuste 5 lulasAnsdmiuiednefiunain
wndsrilnses (8a n3ede wng wazuny) ndwindu Mnisfudedsiduefiionsd 4 esreaided iite
wandeimsutuduararaevateseu warldlunmmaassmelu 1 §unilagldmnmsnedeudesunuinsine

N o

Avvuelilanasegraiidodifglurianisiusiogng

o

3
o o °

2.3.2m73nv1mudu (sene copy number) ludaagiduovasyaan Suazundeyuvuae5igaside
Usuad

Msvageudiegfdueiieaudimelnsuesia 5 ¢ dinsed 4 lnevaaeud 2 assludiegnad

WWuekAarANNdY YnmsAuumnBufeUlvesiiduwedwmnedunizaelnswesiug meai Ct wasilaain

s

fegafdueanududy 20 unlunduse 1 U§A3e1 winnuideddlafanisdudwesufisefidens (PCR
inhibition) (snwazidaadaiade 2.3.3) Tilden Ct whsvesineganaududy 10 wilunsusde 1 URAsewnu Ty

adaa s

nMnedeume g fdTnaynasildvinismaasunlug

v o ' a

UR9819AIUALLTIAY (negative control) Fslslilf
Wuesuwuuluuiizen uardiegrsniunudauan (positive control) Faldfdueduwuuduasizinanududu 5

x 10° 5 x 10°, 30 5 x 10" gene copy numbers agyin1snaaaufiufiog 19AIUANLTIUINLALLTIAUET 3 ASY
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2Nty vhmsduman Ct wde sussandesuumasgiu (SD) Tassndeauunnsguilédediiu 05
Tuudagsetne riethslafidndsuunasguiunindifmun Whnimeaeudeisigensdesuingsn
uniegldandsauunmsgrusglussauiidivue egndlsina mnAndosuumnsguiiuniiismuaduds
wingnandn Ct Tuusiazdiiu 35 July azligminunsisomsedien Ct gsndidn LOD daifu el ct infoud
thafauidauBudiaunisd 7 nsunualuaunistuan m dnaneaduedeildainnisadiangm
1AsgIU dauen b Fadugadaunu ¥ ldainnsh Ct lndgvesiiegnuaudsuinluuualuaunisi 8 dudu

' @

NSAUINLUL mixed model fireananuranagoulauinniinisagasawn Y fildainnsinunnsgiuunly

q

Tun1sA1UIU (Sivaganesan et al., 2010)
Logio concentration = (Ct-b) / m e, )

We b = gadaunu Y

m = ANNTURAEYBINTINLINTFIY
b = -((Logig concentration * m)-Ct) ..c.ccovrveneee. (8)

Wlo  Logio concentration = AdeaauidutuvasiiagmIUANEuIN

m = ANNTULRAETBINTINLINTFIY
MR YINITAIUIUNNED AN AdaUANNLANANEE 19T T AT T8 1119971UUBU (gene copy
numbers) A1nfeg19 U MINsLazfeg1s liluidmune Tagldats one way ANOVA A2e Dunnett's Multiple

Comparison Test (P<0.05)

A1SAIUUAAT Ct cut-off

adaa 4

\Wennnsnaaesuiieisigensizautuiuiiaiuligs Tuunasienanunauingis (false positives) lu
Fe819mIUALLTIAU (negative control) uld Aeilu Tunisimumnasivsdiwanisnageuidunauinads (true
positives) vi3arauINa Mldlagihauade Ct vewiteguauANduivageualIudiudiegaundluusiasseu

iauﬁﬂml,ﬁw,uummgm AR Ct cut-off sldunish 9 (Chandelier et al., 2006)
Ct cut-off = M«(3*SD)  ............ 9)

W M= duady Ct ¥eaiiag9nIuaANday

SD = ANMUeUNanTguY

1Nt YINSiUSsuLisuAdy Ct AEA1NF98719 (Clmean) HUAT Cleurot bA8TNMUANITAIITUITILUN

a o

16 4 nsal fatl Ap
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1. ASET Ctrean > Cterorr MsafgsltlausaifinUSinamdueluufiseidesidelsuma @slivans
A1 Ct ndsannissuasadn) Wnasanaduau Aensialinu senavinfldoradunauinalsduiiownain
F19E19AIUANLYIAY (UN; undetermined)

2. AFMN Ctiop < Ctmean < Ctastorr WITANSUINALTUAU Aonsaalainuuniu (ND; no detection) &4

| A A a v a ' val ) o

mnganuAduerneivsinaesiuninarasivaeulenseauauula 95%

3. N3N Ction < Climean < Ction < Cteurorr WIRANTNALTUUIN Aansianuwiinazuandsunalals (NQ;
no quantification) @wneanuianunsanmanuliudegiiuveuiuniazuenusunalaegausiug

4. A58 Climean < Ctoo < Ctiop < Ctevror MARRNTNRADUUIN ABRsranusazuanUsunalls

2.3.31135AMIUAINIIUTUNIE (specificity) AL (sensitivity) AI13gnABY (accuracy) 8AsINITINALE

v9n (positive predictive rate) uazansn1sinanaay (negative predictive rate)

AMIATUIUAIAINTNE (specificity) A1l (sensitivity) n1siianauan (positive predictive rate) wag
dnIIN9IAANAaU (negative predictive rate) uansliluiade 2.2.2 wag 2.2.3 uoNaINUNINITAIUIUAIAIL

ONADY (accuracy) ?JENI‘WiLlJEJiLLG]ﬁ ﬂ VeIRAN ﬂ’J’]@Jﬁ’WiJ’]iﬂﬁJENlWiL@JE)ﬂuﬂ’ﬁfﬂi?ﬁ]W’U@]LEJULE]IUVIﬂG]’J@EJNGUENEJa

Y
o N

Faidnunouay @@Qlﬂﬁ’lﬂ?iﬂmi?‘\]WUﬂLEJ‘HLEJSUEJ\‘l(51’3EJEJ’]QM@&V]’JWlMI?JLﬂ’]M@J’IEJIWLa‘c’J lngAiaan Ao 1.0 %\‘l

mmulmmaumsm 10

Accuracy = P+IN___ (10)
TP +FP+TN +FN

Tumswanamnsfivesning1ni asiulaindunsimaludmaunin Aewavinvsenaauintu Tng
L fdsfsUsnamdueiinmatald wldlunisiua sl adunsilSeuiieulaenssiuisigens weldluns

UseiuANEINITORATAUWLALUS B UM UIDNTDNS Las NYa1 5L 39US M Aauandluiita 2.4

N13A593deUMIEUsIUAASuHT51BsUSu1d (PCR inhibition)

dosnlugegandannden fhiimstudouassudufaseidens diliuailladamniiammdy
939 Fesndusesinisaseaeunniansiuduiiseuasfuasnduitellinaduiug 57lsTuauion
Tunsléamaaouninfanisdudaufase Tiun Bnsdensses ddinainiiBnafuiegunuamdun
(positive controls or internal amplification control) (Bustin et al., 2009; Cao et al., 2012; Staley et al.,
2012) Inginaidensiiegisinunastudandn (a gns s1degusu wagld) fasvaziBoalusiade 2.3.1
wFantiy shnsnaseudeIsigesiteTun Tnsusasaududurhnmmageud 2 ads th ct ndsvesusias

ANUNtulunsazfitege Niiandeauuunsgiutosndt 0.5 11a319N3NAMUENRUSTENINIANUTNTUVDA

< Y a ° Vo a £ v a .. . . 2\ o v W | Aa
WuleAuALRaY Ct hazAmuwiAdulszansnisendula (coefficient of determination, R%) @ nSusiagnanilan

s

duuszdnsnisdinduladinda 0.9 asfiarsuidndrednauliarsdudsufiseiidesigalsunn vinisAuiu

aaa

LﬂaiL"’UUWﬂ'ﬁ‘IN‘Uﬂ’ﬁEJ‘UEJQ‘UQﬂiEﬂ‘W“Ua’ﬁﬁ]’]ﬂﬂ&lﬂ']iVI 11

o o o w & men  Aa &
L1 ’«J']u'l‘u.(v'l'iBU'N‘HWTJTI"\‘SEI'LI?N?JQHTFJ']W"JJB"\S

a aaa =t

1 awnumm‘iwum‘mumﬂgn‘smwsﬁm‘? =

x 100

® o ' & i - . e a af ~ a
'ﬂ"lu".lu@]']'ﬂiﬁd‘ﬂﬂ‘l’mfﬂ'ﬁi‘ﬁ&l??ﬂﬂ'}%?mﬂ']'ﬂ&lﬂi:’ﬁ‘ﬂﬁﬂ"liﬂﬂﬂ'uli]

(11)
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anuynduinsvedidweivineglussasunasiiie

o ]

AUYNEUTNS (relative abundance) AodnndruvesUsunaiidweadvuneinnainlddelnsues
Wwinne sevsnaiiueiinnaialianinswesiidmnziunnunasinia (universal) Tusegnatiu Tngmlaain

dunsh 12

e o & FrwniufindazlnaweFialdluaainmi
ﬂ’J’]&l“]qmanWﬂﬁ -

o = A o [ e & . o a | &
Jwuidusaslnswaiiduwzivynundsiuda (universal)ialdludatiu
(12)

2.3.4 Usziduiilaidengwswesizauluuiasunasnudadmuig

UszansamvadlnswesunazdlunisldduununaiiniaiieIsigensizeusuim 2wgniiansunain
wis1diwesane Alavinnisnaasuseiinanalunaiinedu i A1 PCR amplification efficiency A1AMuaNIg
(specificity) A21317 (sensitivity) mmgﬂﬁaﬂ (accuracy) 9m31N15LAAKNAUIN (positive predictive rate) 9M3INT

\innaau (negative predictive rate) auiaUSuubuvasidwotimuiy

2.4 ApsgiianumIzanssndumalinidersuasndar istsualudiudunu deldwsey wazdagnags
A

walda

wadafidersilumaiadildetrwnsnarsludagiuiionisnsiaaeu 3dady waziiindwiuduthwne

wiaUszynaldluaudus legldudnnisiiugulunmsduasizifidueaslninnaefouefifuduiuudadud

saa °

Wuewdmune deteulysl DNA polymerase uagldlnsiwesaifianudwmziviiduwedmvineg 1 ¢ lneltunoud

o w A

& a | . < a & A v 19 v g a 1) a
ANAUAD YULLTA LIBNI denaturlng LUUﬂ'ﬁLLEJﬂa']fJ@LQUL@WLUHWULL‘U‘UG\nﬂﬁ"ISQ IWLUuaWEJL@EJ’JIWEJGL%QWMQNQQ

4

9295 ssmwaidualunisvihateiuselalasau dufidensendy annealing Wudunsufiangaumaliasiielilnswes

a @ !

FaduiiBueansdy q Uszneudeindlolnddnau 14-30 wa) A wuivadudauiuiduefidusuuuuiug
fu Gsgangiiazumndiulluutazglnswesoglutag 37-60 ssmueadoa 9uil 3 3unt extension Wudunou
nsdaasgiiidueaelnilaedanszideanlnsmesmudeyavuiiueidusuiuuudazanslngedons
yauvssiaules DNA polymerase Saioulusidannsaviauldffianfiounnd 72-75 osrwaidoa ndsainlés

Wuendnduaiudrnzgnilvimseilasnisivanadlu agarose walfieinisdeunasguuinfduiendnsoiila

wAdafiForsidwiunanfumadafignitmuiuiainnisifidenfuuudaiu Tnsldieuled DA
polymerase wazldlnsiesnfmudumzividueitmne 1 guudeniu uiinuunndisiensinaainde
asFomadlufduendaduaiilianunsainUsinavesdiduethmnenndegdidue lduazanunsainuua
fdueiiiintunlituiluudasseuresjiselaghidesselinszuiunmsiaiofudey nsldas Sowasdlunis
neaeuiiduefuuuuiiuanuisavinlévaieis iy nslidngoasamudilannsodidusuiiduenseiuma
minor groove YasALBULDANE (SYBR Green) wionnslidulefinnu (probe) fiinaansudngeesawusdady
Bigiseldlunsinvidesnnianudumegsninnislidngooisawudiuuy SYBR Green Adulefnaududifu
liduRgfanudumefuiiduleduuuy Yseneuse reporter dye fidusguane 5 dailud fluorescein 1u

FAM, TET way HEX 1Judu du quencher dye agduivate 3’ vasdidute@nniu 1wy TAMRA uduy Wieifin
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UfATendaunszididueanslns (extension) toulesl DNA polymerase #ifl 5" nuclease activity 9v8@ reporter
dye panNAdweRAnIN VIl reporter dye 1aaw19e8n21n quencher dye wazaunsaAIendsupanulugy
YosuagonLsaruATIENIsaiNsnTIRdeulInaduethungld UssdnSamuazenuminzanveunaie
NFD13LAZNTOITTIUITUIULNITUIAINAINITILADIH99) 13U A1 PCR amplification efficiency A1AMMANNTE
(specificity) 31313 (sensitivity) AHQNABY (accuracy) 8nT1NMSIAANAUIN (positive predictive rate) 8051113
\AAnaaU (negative predictive rate) waz limit of detection luusazlnsiwasfilgannisine saumedoldivieu
FordoiUTounazdunuilflunsdinw

a 14

2.5 psr3daunguuuaiseNiaulssiuunasininf183sNWALITY AIUAAUNITATIVEBUAMAINUI

NW1318A5ANNNIATFIUAMAININ TUUNE IR IR

v

nsfntanandiiugiagatinluiiinvindu

Tunsdmdenaniifusednshifuluuiivhiu MWamdtagturesduuvanidn nsuauauadivi
Ihnsivieseiidulssdmnd Taodendumisesamifuiidiuau 12 anrdanimun 14 an1dfinunis
vuidloustesoiiios fuanduansnadi 5 uazgUT 2

Mnn1sTvTIndoyaiiiuinveansuauguativiudasd 2552 - 2557 wudtladuosumun (total

coliforms) luusiazaniil udsmuseumaiunugagguy (2 aiwiel) uazgguds (2 assiel) Awuandlugui 3 lng

wuiraladvesuagludadlndifesiuidluggruiasgguds wazarfigandaeqinnulndifssiuluseunisiiu

1%
av A &£ o <

8 v o Y N o Y °
Wiy Ay Tuanuided 3uhnsiAviinvte 4 seu LLUQLUU‘U’NQ@]N‘H 2 IDULATE QAN 2 59U lnemvunlilu

gardeniuinsiiviegaiiunatindifesiu feviaiu 1 wew wazvhnsiiudiegieis 12 aandl

v

AN5199 5 S1waztduadwisaniiifiudiegtainlusiiivindy

Foualn Bode funiIgaLiy wnw X wnw Y ‘]Jitmﬂﬂ‘mn’]w%a\‘ltméd‘li’]a
wiirindn | TCo1  [thnuadhringu a.dles 2.AYNIEAT 637969N | 1493895E 4
wdihridu | TCo4  [Sadsuena e.idles 2.FYNITAAT 633383N | 1501093E 4
waitirindn TC07  |n.3.lrudssunany 2.NTHUULK 2.]YNITNT 634993N | 1510839E 4
wiivindu | Tcoo  [mirdaiieuda tuvinlwad o muwsm a.uasgs 634400N | 1514600E 4
wiivindu | To10  [Favthamiie a.saweu a.uavlgu 630899N | 1517001E 4
widvidu | TC13 iy a.uaitods a.uasls 658667N | 1525838E 4
widridu | TC15  [mewiuunaian a.unaau 2, 4A713% 627714N | 1549429E 3
whiridu | 117 [ldhnassswszeuside 8. sefitias .FWIIIAYF| 622055N | 1564946E 3
wiiwindu | TC22  howdesgwssmy a.flos a.qwssaiy’ 620685N | 1599046E 3
wiirindu | TC23 ﬂszgﬁzmaﬁﬂwﬁ%izm 01089 9. gWITALS 621057N | 1606545E 3
uwdthrindu | Tc25  |mewu 0.8NTN VEAWTIOUYS 618291N | 1630756E 2
wihrindn | TC28  [sEwnnwzanuieh a.3nFN 9. 5uwm 615384N | 1681834E 2

a kS P2 A A v = { . =
‘ﬂll’]ilm@l m:ummgmqmmwmlmmmmmau WAEINAN: ﬂitﬂ’]ﬁﬂi&lﬂ’lu@l&l&lﬂ‘w}:& Faahnualssinn vaaunadiii

Tuusdsinrindu anunwlu NTAINBLNE atiudszmanily Wy 111 aaun 62 9 89U 4 Faway 2537

22



)
QMUY IRTEURTUATUNS

M &
2
Myauy3 Jgrezan:
0 Sl 4 G
\ ¥
N Gz) Usygae &%
\ » ) muigbiwan
[ areuusTRII ¥ | WIZUASASOYEHN
A

~ \

{ ” A\

oA

) LT

JUN 2 dumisanninudaegnaluwitnvindu

Total Coliforms - aRHU

—e—wneniau 52

10,000,000
—a—Gavau 52
1,000,000
—e—wnmniay 54
100,000 —a—fowiau 54
E
S
E 10,000 —s—nauman 55
z
£
= ——fgviAu 55
2 1,000
g
] —e—nnmnau 56
100
—e—domau 56
10 —s—nnunnau 57
N = g1 57
(a) TCO1 Tcoa Tco? TCO9 Tci0 TC13 TC15 TC17 TC22 TC23 TC25 Tcas
Total Coliforms - gauaAY
——nunviug 52
1,000,000
—s—nnASnou 52
100,000 L
——nuamiug 54
—a—cunan 54
_ 10000
s
8 —e—nuniug 55
]
z
o 1,000
= ——nnainigu 55
=)
=
g
]
100 —#—nuniug 56
nnASnou 56
10
—e—fhunen 57
: —s—nnAinwu 57
(b) TCo1 TCO4 TCO7 TCog TC10 TC13 TC15 TC17 TC22 TC23 TC25 TC28

JUN 3 anududuvedladnesunauaiinsiaiale andeyansuniuausaie Tuggeu (a) uazgguas (b)
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nmafufegishuaziasginsiivesaaunini

ymafusegiainn 12 anil wiidesaindesitavessiuuiesaitinseildlunisads vilides
wsnaftuiegndlunisseudundsay 6 aoni vy 1 &Uasi Tnewfulugauu 2 soU wazgguas 2 50U mu
urumafuth uansfmaneit 6 lnedsnafiiulidutiaathas fe sewisishiugeaauastanihasgean
Tngnsaaaoutoyanin naugvnmans nesime uenani wensmuguaunwluauide Tévinsfugegis
Wa (field blank) wagdaenam (field duplicate) 819ae 1 yasnissaunsfivi wazvhmsinsesiindoutu
fegethats mndiweiiieed BBnafut weeiBes ey wansdiansneil 7 wasaakuan v12

dmiuegnuiiifufiediaseinisdaine ﬁwiﬁﬂdmﬁzﬁuzwamaﬂﬁmumi&zhl,%aé’fwl,tiaé’u
(autoclave) éf’msmﬁwﬁlﬁuLﬁ@%mmzﬁmqmﬁmsmwwﬁwmiﬂdﬂwuzazmmﬁlmj'1Lf??a mmﬁﬁ;ﬁwﬁuvﬂu

desgrinmsuudainduluiviesd fiRnsuazinsieseinauansuguil 4

AN5199 6 LauALdLazandlunsiiudieg1ain

soUl aana* SuiiAudaosng | aanilfuin A29819ATUALAA TN
1 foeu 29 n.A. 60 TC01, TC04, TCO7, TCO9, TC10, TC13 | ffapgedinil TC13
fouu 54.0. 60 TC15, TC17, TC22, TC23, TC25, TC28 | ¢hegrawan vl TC28
2 foeu 19 &.. 60 TC01, TC04, TCO7, TCO9, TC10, TC13 | $fapgednil TC13
Qe 26 @.A. 60 TC15, TC17, TC22, TC23, TC25, TC28 | sheghawan iuil TC28
3 goues | 3. 61 TC01, TC04, TCO7, TCO9, TC10, TC13 | $fapgeenii TC13
AR 10 n.w. 61 TC15, TC17, TC22, TC23, TC25, TC28 Freghadan 1iudl TC28
4 gouas | 3dla. 61 TC01, TC04, TCO7, TCO9, TC10, TC13 | dfapgeenii TC13
goues | 10 3. 61 TC15, TC17, TC22, TC23, TC25, TC28 | fheghawan 1iiuil TC28

e gasuTuAsRsuNgEAANiuAunAIAY

fouasiusudiioungAmINguiuAuMwIEY
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@ o '

M19199 7 MITNBSAUNINUNNTIINTIATIZR TNUMAIBE1NU wagIBIATIEn

W1Reas SN uMatng A5ATIEn*
pH ag;uIWiquﬁw electronic probe
temperature ﬁj&lIWi‘]Jlmi’] electronic probe
conductivity ﬁuiwsuluﬁw electronic probe
salinity ‘-g'&li‘wmluﬁﬂ electronic probe
BOD5 F299nfsnaesTn AfenaanaEn azide modification
total suspended solids a”aamnﬁaﬂmoa“wﬁw 'ﬁ'ﬁdﬂmdmmﬁﬂ dried at 103-105°C
total dissolved solids  |$293nAanmegtin ARanaIAAEN dried at 180°C
dissolved oxygen 5’Jdﬁl’mﬁ\1ﬂa’mé'1£'l ﬁﬁdnmdm’mﬁﬂ azide modification
total phosphorus ﬁ"mﬁ]’mﬁdﬂmdﬁﬂﬁﬂ ﬁﬁdﬂmdmmﬁﬂ ascorbic acid
phosphate - phosphorus ﬁ"sdﬁ]’mﬁdﬂa’mﬁﬂﬁﬂ ‘ﬁlﬁdﬂm\‘im’m§ﬂ ascorbic acid

total coliforms

I

13 d o & A o o a3
FHNNNINFNETN N 30 TU.FININszAURIN

multiple fermentation tube, membrane filtration

fecal coliforms

o

@ = o o d ° . o a ¢
IMNNIN/WITU ﬁ 30 TU.AMIITEAUNIU

multiple fermentation tube

E. coli FranAsnansdnin A 30 su.dnirseufAIn |membrane filtration
enterococci Fr99nAanansdnin A 30 ww.dnINEaUAN | membrane filtration

DNA FranAsnansdnin A 30 u.dniiszeufain PCR, gPCR

SR14 phage FranAsnansdnin A 30 mu.dnitszeufain double-layer plaque assay
AIM06 phage $r9anAsnansdin A 30 mu.dninsseufain double-layer plaque assay

vangwin 1. *JLASILYINNLITUBY Standard Methods for the Examination of Water & Wastewater

(American Public Health Association et al., 2017)

2. SR14 uay AIM06 phage Ju bacteriophage U84 enterococcus Tlun1snsainnsvuidounss

ﬁ?LﬁEJ‘qmm (Wangkahad et al. 2017, 2015)

Onsite measurement

>

pH

» Temperature
» Conductivity
Salinity

»

sUn
Y

DAY 1

-

-

l Transport on ice within 8 h

Laboratory measurement

l DAY 2 l DAY 2 i DAY 3-6
BODS > Total coliforms Water filtration
Total suspended solids » Fecal coliforms
Total dissolved solids » E. coli
Nitrate-nitrogen » enterococci DNA extraction

Nitrite-nitrogen
Dissolved oxygen

Total phosphorus
Phosphate-phosphorus

YVVVVYYYVYVYY
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PCR and qPCR analysis
for Bacteroidales MST
markers
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aa aa s

nsadafduelusiegnuinsssumaiiewssunsiaiasieIsngaiswas g1t eUSunu

YdnegainUsinng 1 ans snuduitendu 3.5 (Harwood et al., 2013) AULNNINTDINIYNTEANENTBY
Mixed cellulose esters membrane 31103 0.22 lulasiuns (Merck Millipore Ltd) antuthnszatensewde
L‘f]u%ul,é‘m wazainfdwesieyaain ZR Fecal DNA MiniPrep Kit (Zymo Research) laiatdutau3uins 100
lulasdns VT’]ﬂ’]S’?ﬂﬂ’J’mL‘gﬁm%u%aﬂaLém@@hBLﬂ%aﬂﬁ)ﬂU%QJWmﬁﬁiﬁuﬁqﬂiiM (NanoDrop™ 2000, Thermo Fisher
Scientific) uazifusagnsddueiigudanmadl -80 asrwaiea iasgrunsUiiRnunsadafdueandetng

a a

Ay fanansluninauan v13

MATEnguiuaSeiusgunaiansuulauwaganuduiusiumsilinesauy

1N15951AALD ULBVDIFBE19ETTRT a1 Shar 1T IS U dmsuivasidaitmune 4 Usznm

v
N °

Ag Unduguouy 4ns 1a wasunaeniilnsiy (universal) As1vazidealun1anuIn 95 - 910 way Y14 - ¥15
FIENUNALUUTIANAINLAZITIUTUN (gene copies per ml) insiUTaufisunsiinasines seninananuuag
faudaseaiia Analysis of variance (ANOVA) dmiumnsilmesaiinisuanuaauuuund (normal distribution) uaz
Kruskal-Wallis test dru3unisfiaesaisinisuanuadliun@ (Non-normal distribution) 3ins1zviaanuduiiusues
Wﬂi’lﬁLG]E)%Vjiuﬂ’]WﬁﬁﬁgﬂﬁﬁM@ﬁ’JﬁJ%%%Lﬂ‘i’wﬁWﬁﬁ’JLLiJi (multivariate analysis) A2833 Principal component
analysis (PCA) Tnelusunsuenf iledirszsimannuduiusvosiauuseing nglivienguiusud siurdodauds
a1 uivhnsaanguiauuslnl fvszneumennuulsusuesnuUaifiy msdangumisiweslu Pca 1435 k-
means analysis uaﬂmﬂﬁ?ﬁLﬂi’wﬁmﬁmmjmwuﬁ’]ﬁu%u (hierarchical clustering) %aﬁﬁaaﬁhﬁﬁmﬂamﬁ@m‘]
1‘1«!LL(§]'E13§E]‘UH’1§LﬁUﬁWIﬂﬂQNULLﬁ%Q@JLLéjﬂﬂEJ‘W] distance matrix #8 Euclidean method wazld Ward's method
Tunsadausunmuuudiutu wdnanduhmstangumnsiivesuazamivesnaiuii 4 soulaglaluendu
gama wlemmanuduiusvemisdiwesndn (common parameters) uazanniiiinnudiusiuluyngg se
1514 Model- Based Clustering dsagdnngulngmannuiasuremnailuusay cluster uagivangdmiunmsdn
nqun1sinesfideyaiinisuanuanyvatsiuy (normal or Gaussian distribution) Taeld the Expectation-
Maximization (EM) algorithm n153tAs1eiaanduius (correlation analysis) seninadauta 2 # iiledudy
Aruduiussenitensflinesdae Kendalls correlation coefficient ntuinnsiaszsiuanguuuafigeiied

wasrudnnsuudeulaedidnvasnislivselosinauluuinaaaiiuinusazge
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2 w ' o ¢ H A A 8 i a
3.1 ﬂﬂiLﬂUﬁ?aﬁquQaﬁﬂqLLazu’lLaﬁl‘qu‘ljuiuwu%ququqﬂu

UNT 3 HANTSNAABILAZIAAITAINE

3.1.1 Anwszinnuaziinivasunasnuilnuanviid1ag luguumiidu 4eusznaudae yuvu uasnIsuiaes

dndnaagy laun gns la uagln sausend uvasiuiavian

Joyaniansuazau Nty

T & - o4, 0% o o
qmmm%uagiuwmmmma ATDUARUNUN 13,477.16 A1S9NLALUAS NUNQUUIATOUARULUR N ING )

AIN3I90 8 UAzgUN 5 Al

M19199 8 Finlugutvindu (@0TuaTAUWANINEINTUILAZNISNEAT (BIANTUNITY) 2555)

Jmin dmin it lunguimin§u Sovazvos | fovazvasivui
(m5.n4) (m5.n30.) (13) wuidmda | Tududwiau

NFUNNLWTLAT 1,573.52 11.71 7,318 0.74 0.09
AT 19,376.39 2,088.57 1,305,358 10.78 15.50
Houm 2,500.40 1,646.72 1,029,202 65.86 12.22
uATUSY 2,124.82 1,804.57 1,152,855 86.81 13.69
UMY 637.06 3.25 2,031 0.51 0.02
NIEUATATALEN 2,557.82 57.60 36,003 2.25 0.43
ELLATE] 5,195.27 23.07 14,417 0.44 0.17
AUWNIHIATI 40933 3245 20,280 T.93 024
AYNTAIRT 858.00 663.53 414,704 77.33 4.92
A3 830.68 9.26 5,788 1.11 0.07
anTinuyi 5,426.34 4,819.38 3,012,115 88.81 35.76
g1anas 952.70 220.01 137,507 23.09 1.63
2vieaE1il 6,621.64 2,057.03 1,285,646 31.07 15.26
LEL! 13,477.16 | 8,423,225 100.00
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5. P 150
i fan ‘qlnllnumnmmm (
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0 000 e - - oo s o

H iﬁn =54

JUN 5 unuiiguudnvindu @onduansaunaningnsuikasn1sinuas (83An15umIvw) 2555)

L3l FUTULE NBBNUINIEAYINVBIMLULIINTE NI VAN UAN BN TRaidmTnteun wazlua
' v W a | Au @ a Yo -
iudmingnssagiunsusy uareengenlnedminaunsains lnevensuaiuautaiy (2537) lamvuaiui
YBIUUIYNTUBAL MUUAUSLLANLIEIRIRY fatlAe

97 1 udidwiiduseuds BunnUinusidn duneidles dwminaynsaias fdniseuneuaslyees
Jarinunasugu Elamsii 0 §a 82) fuue auanasgiupammiuwaahfu Widuweaiivseand 4

991 2 udwhAumeunans 1NIMseuneuasers Jaminuasugu elsegszunetilndnszen 6une
Wies Jwminanssays (ﬁimmsﬁ 82 9 202) sl duwnaaiussnna 3

=

‘U’N‘Vl 3 LL@J‘U’W]’]‘UUG]E]MUU ‘UWﬂUiuﬁ'ﬁuU"lEJU’]IWSWquﬂ ‘\NW’Jﬂﬁ‘Wiim Us UNUUINARDINEUILILAIN

N TAEIA JWIATEUMN ( ﬂIaLimiVl 202 94 325) ﬂﬂﬁu@lﬁLUULL‘WaQUWUiSLﬂVM 2
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Joyauszinsuazuvasiniayainy

Wesmnuatvidulvaniu ¢ Jmdandn loun Feum gnssays uasugy wasaymsains Tulasenist 39
svihmsiudegsluiug 4 Jwmiadinanneu lnsuasiilauafividdglaun guvu uay nsdesdnivie

#1199 Yeyauszunsveudardmialul 2558 uansian1sen 9 uazdeyanisiiesdnilanifinised 10

M19199 9 ToyausernsTedwmialul 2558 (@innuatifuiand 2559)

J9AIN UIUYUTZBINT (AL)

Fyum 331,655
ANTTUYI 849,699

UATUZH 899,342
ANIEAT 545,454

A319it 10 Toyauadnisedminlud 2558 (nsaadnd 2559)

I3

uUUATAT (5)

99In . - -
In \Un qns 1A nsela | uwe | une

Foum 2,966,815 516,008 | 57,105 36,197 7,077 | 11,755 669

?jﬁ/\liimlﬁ 13,494,765 | 2,150,014 | 315,196 | 123,765 2,495 | 15,002 589

uAIUIY 11,210,550 | 2,158,884 | 213,510 22,322 480 | 9,554 | 1,034
dynsaEng 179,602 11,533 136 46,150 131 1,118 6
3 27,851,732 | 4,836,439 | 585,947 | 228,434 | 10,065 | 37,429 | 2,298

P "o

31NNTANYINUNGUUIYINTY WUt Aanssundniiiluunasindauaivniaunlann fanssugusy uas

v
§  w

Wsudadaivanlaun Wsudesans lawazln lunsfinwill Jsmvualiunasnndandn laun gns 1a ln wasyuwu
TngnsimunIsasiainnguwuaildendenlesiuunanniald azyuduunanniandn dauuasnniases fe
L o oe o a .«:4' a Y A v 4 & °
nsdesdnivssiamduludsinaisemauniuuinaguurindu loun wne ung nsede wasde sxihanldlunis
VAAOUANNTINIZTRIIIN1IATIIRluAdURBlY uananil nsnsiainnistwlauainurasiiing iy nuneds

a

nsusinsvuieudlefidsfpaanyuvu viedniviad1aq Quanideil aseuaqunisnaasuiuindeyusy ya

ans Ta 1 wnz ung nsede wanda) dufu Fadumsdusunisuudeussetlissyundatuie
Tudvesiidegury Idvhnafusegaiidzeimsdeunstiniinunumiidetesihlueasiin
91y 91A1sENTInNY eAslsmenua (enzesi Tnglisu ewiianieewinisaus) wazlsedeu Tagll
sunhdsanlsshtnidegusuioniinsiudeuyagtouasuin Wudu auveivhnindentidesiiedy
dunudsinaneu Tnglildiegnsgraszautu iesnnlunissiaesaniunsaimsuteuundsiaieims

Juieunnundeannguauvseyusy linansenuninninisvuilendnnagaanseseau dunmmadeuya

¢ v 6

An113909915E NI TULNUNNS MU ESNIeaN1INWISY LiB9ANNNNSIANITHNSUTANUKaINraty unanisulginda

)
¥ '

asftupeaniiiodinidsjnasenly luraeiiuissuldisniayauiseanneunistndianu viliusuianis

Yulaudinnuuanaaiuegsgann nstdundeanisudnifaliduiunuia nsmeaeuyadnisziyaanain

dnisnes $1uau 20 ddulunwandu 1 e edusunuiifveanguusenssers
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3.1.2 AMUATIYIUAIDEIINUASAD IUTAUAIDE I AINGAFIUNTITNTLDIIAIYDIUNAINUTANANUAE
unadnninsad

nsMauRAuieEsadnuaztidguy Iihnseenuuuegaduszuu nanite Sruusegidluu
avdwriasdunandadiusuudn fsuuiasaia (M3 9 uag 10) nande Tudwiafiinndsdasuu
wn agvhnaiuieggalannnifludmieiifadisiunletiosndt sl mafisudaduandoutuiunudng
Tnglsiifisusuduauin Hesnnsuiinadwigauusiunuswiudnd wesemidfoilisdsdaadonstans

yoadslunsaznnsy F9AUraINNa1ERIN A15199 11 KAAIIILIURIBENTANILHULAUTIETIN TR

AN5197 11 31UIURIDL1TNHILAUTAS LN TR

o . wrasnLlanan (A1ae19) waINLlATaY (A289)
MmN . - —
yuvy | ans | la o | wwe | wnz | nszde | WUa
Foum 5 3 4 3 2 2 4 1
ANTINYI 6 13 14 | 12 2 1 1 2
uATUZH 9 9 2 10 1 2 0 2
AUNTAAT 5 0 5 0 0 0 0 0
574 25 25 25 25 5 5 5 5

3.1.3iUTIUTING I 1NYaFA TUALUTI YUY UUA L ARE ULV I 108179

Joyaasudiegsyadnivasfograindsyusuivihnisiudiens duandunised 12 (eandenves
(g ! a I a2 @ v v a2 o 1 v = v a
M0g14 @nuiliv uazSunadlduenls uanduaianuan 1) lazuruiiiuiiegisdsuanddugun 6 laglaliy
mafiudegdludmialndifsdunianannauans Ao Jwiaunusiil njummumuas uagnszunsAtoysen (AN
anuiudussiiv) Feiliuasiiliauisdadanuwandisszninediuiiegesedmiafinunu uaz iy

939 WU wasillaainyuy Fufiudiegslunsavmimuasinniu desnidudemaiuasiifendeeguin

M990 12 asuinuiediwadniuasundeyuusedmin

undsnulia g uvasifialilgidmane
J9nin YUY gns I i uwe  une  nszfe e 5o

qatsiiu

Foum 5 2 3 2 2 3 4 1 22
ANTIUYT 4 10 10 8 2 2 1 2 39
uATUgY 5 9 3 0 0 2 34
AUNSENAS 5 0 0 0 0 0 5
R 19 20 20 19 7 5 5 5 100
g mszen

Unusnil 0 3 3 2 3 0 0 0 11
ATUNN 9 0 1 0 0 0 0 0 10
NITUATATOYTEN 0 5 1 0 0 0 1 0 7
RRLY 9 8 5 2 3 0 1 0 28
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200 India, ° Wy, 200
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fBe Myanmar
¢ ¢ .
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) \ W 8o Marilibar
¢ Chai-Nat (Wi
& .
15.0 = 15.0
A d
o P\ =
@ ) =
L
<, 1 J
t :' 1naan
o
Suphan Buri '/ Phra Nakhon
Si Ayutthaya
| "
10.0 e \ IS ’
v, - ) : 109" % Human
2 Pathum T hani .
AL S > Pig
Nakhon'Pathom / . Cow
Bangkok ¢ Chicken
N b~ 10 0 10 20 30 40 km A G
) < . oat
( \ Samut Prakan * LE == ==
> Sheep
Indonesia Malaysia * Buffalo
Duck
86.0 91.0 96.0 1010

v &

JUN 6 unufiuanagainuieg e uuazyadn

3.2 NAIUILAENAEAUITATINATITULUATIS BRSNS

106.0

3.2.1 nadeulwsivasnudag e nunadauidnm 199 uazauruniaiula (sensitivity) LAZAIUTUNIE
(specificity)

HANTIATIETAIRE UL BYUBULEE

yadnd saglnswesnovun 22 f MgTENTens dwuandlunisein 13
suiiulddn inamegeuudlnswesimedegiaui

| 1 ° P < L2 ]
YIUNWEIU (IQJﬂSU?JWUQU) Luaﬂ?ﬂﬁﬂLWULLUQIUNQWQBINLUUIWS

WeshA wu IA1anul vsernudwiztesun Jskivihinisvegeulnswesiussoaunsuyniogns wananil a
n1sUsvdiulnswesgndnwizdula nudlddnswesdlalinanunue niliniseenuuulnswesinddmsu

wiasrudalnagldiaanunn vilildanansailalulasinisd egndlsfinny Inswes 3 gfinsiataurasindasiuy

aunsansivinygalald Audaldaudiulnswesndumeivunasiniadu ibieslunisulanauvasindala
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M1399 13 wan1snTIvinmeg i dsyuvulariadad melnswesidmnzduundainiavineieg deTsngens

- Wa Frwammetsiiivnfwudiegsiinasey X
2% Do P . ” AN [AnNIe
. AUN zalnsiaas Tws . nsed | _
WASINILTA | oew [ans | Ta | la | uwe | unz e | Ta (%) (%)
a3 a
NN BacUni-520f BT5479
R 19/19 | 20/20 | 20/20 | 19/19 77 5/5 5/5 5/5 100 _
LARITLAR BacUni-690r1 BT5480
(Universal) GenBac3F BT5482
19/19 | 20/20 | 20/20 | 19/19 77 5/5 5/5 5/5 100 _
GenBac4R BT5483
Bac32F BT5524
15/19 | 20/20 | 20/20 | 19119 | 717 | 5/5 | 565 | 505 96 _
Bac708R BT5492
TUTU BacHum-160f BT5488
18/19 | 17/20 | 1/20 9/19 517 2/5 1/5 2/5 95 54
BacHum-241r BT5489
HF183 BT5493
16/19 | 4/20 1/20 9/19 2/7 1/5 0/5 2/5 84 77
BFDrev BT5494
HF183F BT5493
18/19 | 4/20 4/20 | 12119 117 1/5 0/5 2/5 95 70
Bac708R BT5492
gn3 PF163F BT5491
0/0* 20/20 | 6/20 3/19 o7 1/5 4/5 0/5 100 77
Bac708R BT5492
Pig-2-Bac41F BT5931
019 | 20/20 | 020 | 219 | o7 | o5 | o5 | 055 | 1000 98
Pig-2-Bac163Rm |BT5932
1a CowM2F BT5484
0/0* | 3/3* | e | 11* | 22 | o0* | 0/0* | 0/0* 86 0
CowM2R BT5485
BactCow CF128f1 |BT5486
0/0* 0/3* (Vi 11* 2/2* 0/0* 0/0* 0/0* 100 0
BactCow CF305r |BT5487
CF193 BT5807
0/0* 0/3* (Vi 0/1* 0/2* 0/0* 0/0* 0/0* 0 100
Bac708R BT5492
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A19199 13 (i) HansnTindedrnhideemsuasya

v & v

dna Ny

s

o

Inswosnduwgiuwma

o '

amillauting19) e Isngens

_ e Srwumadefiduuinidradheninan .
%% . . . - A |A8TNE
. aeun | Zealwswes | lws . nsedi | _

UAAI AL | oew [ans | Ta | Tn | ume | unz wa |12 (%) (%)
a3 a
1n (di0) 4 |cF128F BT5486
0/0* 3/3* 77 1/1* 2/2* 0/0* 0/0* 0/0* 100 0
Bac708R BT5492
5 Bac2F BT5868
0/19 0/20 | 14/20 | 0/19 o7 0/5 0/5 0/5 70 100
Bac2R BT5869
6 Bac3F BT5870
0/19 0/20 | 17/20 | 0/19 (V4 0/5 0/5 0/5 85 100
Bac3R BT5871
7 qCS621F BT5872
0/19 1/20 | 18/20 | 18/19 77 5/5 5/5 4/5 90 50
qBac725R BT5873
8 BoBac367f BT6078
0/0* |18/19*( 20/20 | 0/0* 0/0* 0/0* 0/0* 0/0* 100 5
BoBac467r BT6079
1n 1 CP2-9F BT5808
0/0* 0/3* (Vi 0/1* 0/2* 0/0* 0/0* 0/0* 0 100
CP2-9R BT5809
2 qCD362F-HU BT5810
0/0* 0/0* 0/0* 13/19 | 0/0* 0/0* 0/0* 2/5 68 60
qCD464R-HU BT5811
3 LA35F BT5919
0/0* 0/0* 0/0* 0/19 | 0/0* 0/0* 0/0* 1/5 0 80
LA35R BT5920
4 Q-PvA-f BT5925
0/0* 0/0* 0/0* 0/19 | 0/0* 0/0* 0/0* 0/5 0 100
Q-PvA-f BT5926
5 Av4143F BT6080
0/0* 19/20 | 19/20 | 15/19 717 4/5 5/5 2/5 79 10
Av4143R BT6081
6 Av43F BT6082
0/0* 0/0* 0/0* 8/19 0/0* 0/0* 0/0* 0/0* 42 _
Av43R BT6083
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3.2.2 UszdiuAndenlwsie g izaunignyasisnae1sa msvusiasunainuin

HaveRlnsesiANandmIuuvasiuinuliafnie dsuanddunisied 14

M15197 14 asuglnsiesifnandmsvwrasininsiianiieg wasAmnsfiwesiliuszdiuglnsues

T N ) . el [@naduw | dannis | dasinis
rRaunaInIia |aeun | Zelwswas | swalwsiwad - -
(%) 2 (%) INANALIN INANAAL

I NUA a9k 1 BacUni-520f BT5479
100 NA 100 NA

(Universal) BacUni-690r1 BT5480

2 GenBac3F BT5482
100 NA 100 NA

GenBac4R BT5483

3 Bac32F BT5524
96 NA 100 NA

Bac708R BT5492

TUTH 2 HF183 BT5493
84 77 46 95

BFDrev BT5494

gn3 2 Pig-2-Bac41F BT5931
100 98 91 100

Pig-2-Bac163Rm |BT5932

1a 6 |Bac3F BT5870
85 100 100 96

Bac3R BT5871

PMNNaNTIENUI Alnswesdmunsniudunsuulendnpaasgurasiiuuliinngasunainie

anunsaldliana 3 glnswesivihinsmegeu Wnemnnageundildnauin (anefsdunuudfouie) anunsadulale

a °

100 Wesidud indunisvwdeudljoasinaunseyadniaie dmiuisduunuafivainau ldglnswes
HF183/BFDrev wuinmnnageuiudiegrailinaduuin axfienudule 46 wWesidud indegreiuvuleuds
Ufnaanauais uimnnaaeuldnaau azdinnudulegedis 95 wWesidus dredrahiuludinisuuleudajna

3NAUATT psndiaulideudsganuaaNuTNIlAawn dnsuisiuunuaivangns Todlnsues

Pig-2-Bac41F/Pig-2-Bac163Rm wuindlanailuuan faudulaiinsdnisuleuyaansasaludiagini 91
Wosdud TuvazAimnuauau danudula 100 wWesdus Ildinisvuileuass sisiliilasunanisidinnuliunn

widsaunsansiaaeluyadniduldegUne diuwdsduwunuaivanlaty 1delnswes Bac3F/Bac3R mnlina

v v
¢ & 1w 1

Besrziduuinazdula 100 wWesidud Idegnahdnisiuldeuainyaladde uasmnifianaduavidulale

v v
=

Aoutegatia 96 Wasidud wuiuiwiegreiulifinsuudenainyalaase nnainidvuadessiuiinisussdiu

QIWima%ﬁﬁ AsfiAIAN A AT INIELINATT 80 Wasiud Tu aznuItnsuesd1rsun1sIun

WAAIANIAINAUTAIANUTUNIEFIN NN NHILS AT lglamszaanulkunue
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3.3 NAIUILAENAEaUITATIAATIZNLUATISBA 8IS NTR1SLBIUSU

3.3.17m158590 3N s IE MU TAUTIaIA T TuYasuuAiliFad e Tukaen udnm19 9

v

nsmlinasgudmnziulnswesudasguansiagun 7 lnsluusazqlnsuesiu lauansnsmunnsgiuma

o

4 Eunlaannnisneaeu ¢ seuidudaseeadu ldnuanuwansisiusgrafitodda (P>0.05) wianaaaunie

o

analysis of covariance (ANCOVA) m1auduladeveansmunnsgiuddundnmesegns (a) ddsyuwu (b) 1a ()

ynumaarla (universal) (d) wazla (e) AWy - 3.57 -3.42 -3.47 -3.3 uaw -3.28 ANUAU Puvdieiaien
fusyandnsdnaula (correlation coefficients; R?) = 0.99 ﬁm%ﬂwmua%nmj A1 PCR amplification efficiency
firunaldeglutisiianuisosonsuld Tnsfiddaud 90-102 wWedifus uanainildr LOD vedlwamesiidunizde
naundafiln dideguru ans 1a wazld dldannismaaouiian 20 40 40 30 waz 60 gene copy numbers

'3

AUAU @A LOQ vealnsiuas

Nnmedennurasinile dndeyuvu ans la waglnuumiiniu 40 61 66 52

WAL 118 AUANGU Fan15199 15

a Pig-specific standard curve b Hum-specific standard curve
40- =&~ Instrument run 1 40 -~ Instrument run 1
-& Instrument run 2 -@ Instrument run 2
304 =& Instrument run 3 304 =&~ Instrument run 3
< =%~ Instrument run 4 < =¥~ Instrument run 4
o 3
S 204 s 204
- oy
o Pooled slope = -3.5725 © Pooled slope = -3.421
A R’ mean = 0.99 1 R’mean =0.99
10 P=0.4386 10 P=0.9825
- o
T T T T T T T 0 T T T T T T T 1

o

0 1 2 3 & 8 6 7

o 1 2 3 4 5 6 7 8
Log,, concentration (copies/reaction) Logy, concentration (copies/reaction)
c Cow-specific standard curve d Universal standard curve
- 1
40+ -8~ Instrument run 1 401 MSHLIRONL T
& Instr
-# Instrument run 2 SO 1un 2
=&~ Instrument run 3
30 =& Instrument run 3 304
¥~ Instrument run 4
c =¥~ Instrument run 4 c
S e
@
s 204 s 204
Py o
© Pooled slope =-3 46836 © Pooled siope = -3.2957
A R’mean =099 ] R’mean = 0.99
10 P=0.4361 10 P=0.721
0 0
0 T T T T T T T 0 T T T T T T T 1

o

o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8
Log,, concentration (copies/reaction) Log,, concentration (copies/reaction)
e
Chicken-specific standard curve
40+ -o~ Instrument run 1
-& Instrument run 2
304 =& Instrument run 3
- =¥ Instrument run 4
o
< 204
5 Pooled slope =-3.279
"y Remean = 0.99
10 P=02353
0 T T T T T T T 1

0 1 2 3 4 5 6 y g 8
Log,, concentration (copies/reaction)

JUN 7 nlanmsgiuvestnsweiidimieduans (a) dderuu (b) 1a () sauynuvasinba (d) wagli (e) A

UANFNNNADRAVDUEUANTUNS 4 1& U LWavAaeuAIY analysis of covariance (ANCOVA)
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M990 15 sdmeiiigrtesiunsmunnsgiuveslnsiueseanieg

WAEINLLA autuade
tusne (Pooled PCR ampilification efficiency LOD LOQ
slope) (%) (copies/reaction) (copies/reaction)
3NN
wuasnLin
(Universal) -3.2957 101 20 40
iAoy -3.4210 9 40 61
dns -3.5725 91 40 66
I -3.4684 94 30 52
1n -3.2785 102 60 118

3.3.20153A9149U8U (gene copy number) ludaag19aidutovasyadniuazuneyurui 1835
W91 P98

o

PNEan1sANY nuittnswesndanudumzividueluyaansanunsaldinduubunsimiziuyagns

Y 9
197 Tnedanadsuszuias 10° sene copy numbers siauaansnilansy wazkinlnswesiazasianuidueluya
S py SRR U

o o [

vadlauazlnldualuuSunaniisadntes wazuansnuunnd1ses 1iiteddyresuSunanidueninldlisiieuiu

< N

Wagns (P<0.05, a13199 16) faniy InswesiAdldlaalunisnsainfduedmieiuyagns (5Un 8a) dmsulns

sala °

v o Y o a a 6 Y A
Lllaﬁ/]llﬂ'ﬂqll"\nLWW%ﬂU@L@uL@Q’]ﬂu’]LaHﬁN%uWUﬂquauﬁuLaaﬂﬁixmqm 10 gene copy numbers AUy 100

3 t%

fiaddns wasudazasranulugadnivdndudnies laun yala yaans yaln yala yaunsuazyaune wrfinam

o a

! a a0’ Ao MYy 1 aAw o ad o v 5 P Y I3
LLmﬂm’N‘UEN‘lJimmmLEJuLE)‘mmlﬂEJEJN@JuEJmmUVINaﬂmLiJEJLV]EJUﬂUMLﬁEJ‘QiJ‘U‘u (P<0.05, #1519 16) EJﬂL'Ju%IJaL‘U@

o

LLazaﬂaLmz"l,:u'wudwﬁm’mLmﬂsmasmﬁﬁfaﬁﬁiylﬁaLﬂauﬁuﬁ%ﬁwmu (p>0.05, A15197t 16) Lo nUsaa
Fegniidutesishliliaunsamannuuandrsmeadnld lnenudiduwe 3 Tu 5 Medrwewaile uaz 1
Tu 4 fhedravesyauns (UMl 8b) InswesidanudumeAuAidueluyalaannsansiawuiiduieiadeUssaa
10° gene copy numbers Giaaﬂaiwﬁm%’m LLazmmmmwwuﬁL5uL@Iué’miﬂﬂ%ﬂﬁaaﬂaidﬁﬂmu 4 Tu 21 9819
LLﬁiﬁLLG]ﬂGi’NEJﬂ?&ﬁﬁﬂﬁ?ﬁmLﬁaLﬁﬁJUﬁUuﬂﬂﬂ (P<0.05, 5147 16) 1usumzﬁ;3aLﬂmwu 1 Tu 5 fvgramaziusunn
gene copy fitfes (5Ufl 8c) anvhelnswesiianusansiafidueluynunasiuien (universal) ansnsaindiuaudu
Wmsnelelunnyadnd Srnedeuszuna 10°-10' gene copy numbers snvuluyaliuazidedediduduloni
AadsUszanm 10>-10° gene copy numbers (5Ufl 8d) Gadenndesiunisinuilag Ohad et al, 2016 finudilu

dniUniuuaiiselungu Bacteroidales Uaaiilawiuniudniidionguriinduiinaiunlutnesiu
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=4 R4
a § S Swine-specific marker b g 2 Sewage-specific marker
Goat Goat *
Sheep E Sheep II o
Buffalo{ Buffalo
Duck i Duck t .
Chicken ' V. S Chicken vvvy o*
Sewage ' Sewage A ia “‘ ﬁ AIA“A {ﬁ‘.
Pig Ll LA 1 Pig =
Cow ' o x Cow %o =
/ AL / L
T / T T 1 T 7/ T T T 1
1.6 1.7 26 8 10 12 1.61.7 2 4 6 8 10 12
Log;, gene copies/g feces Log;, gene copices/g feces
(v o 4 :
§ S Cattle-specific marker d § 2 Universal marker
Goat Goat
Sheep I Sheep !
Buffalo] Buffalo |8
Duck ; . Duck i o
Chicken{ | v vvv % Chicken vrrvp vy oy
Sewage . Sewage 4 i A“; 2 L lx A
Swine I Pig [ '._'.st -:‘ [
Cattle ' % ’l :.0:0 L3 i Cow . . i':i ‘:’
/ L / L
T 1 [ 4 T T T 1 LI AR 4 T T T 1
1517 2 4 6 8 10 12 1.3 1.7 2 4 6 8 10 12
Logyo gene copies/g feces Logyy gene copies/g feces

U 8 U3 gene copies TashiButafisinizsiogns (a) dudeguu (b) 1 (© wagsmmnunasiin (d) 7
a5 TnldRieiEiTensifUsuna nsmluans gene copies inldlundazfegruazAnade (—) aandu (%)
wanIAURANAEitud Ry veauTun gene copies Wowsuwnasindatnunefuunasiniaiildle
wWnnne (P<0.05, P-values adjusted by the holm method) fin8@dif generalize wilcoxon test (nondetects

analysis)
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M990 16 AIUANIAATATINTTUWIUTUIN gene copies Tuusdazlnsiuaiinmianuluyadniudazyiln uaze

adjusted p-value 31NAINARDUAIY generalize wilcoxon test (nondetects analysis)

Assay Sample N? N. Cen®  Median Mean SD P-value®  Sig®
Cattle 25 0 9.1500  9.0420  0.7084 NA NA
N Swine 28 0 9.9500  9.9321  0.6729 NA NA
% Sewage 26 0 8.0200  7.8008  1.0144 NA NA
£ Chicken 21 3 58400 65852  2.0255 NA NA
g Duck 5 2 4.6200 63840  2.6461 NA NA
2 Buffalo 0 9.1900  9.0683  0.9298 NA NA
> Sheep 0 NA 10.0350  0.0379 NA NA
Goat 10 0 9.9800  9.9780  0.2794 NA NA

Cattle 25 24 NA 7.8805 NA <0.0001 *
g Swine 28 0 85460 86182  0.8378 NA NA
£ Sewage 26 26 NA 0 0 NA NA

& Chicken 21 19 NA 8.4905  0.0512  <0.0001 *
3 Duck 5 5 NA 0 0 NA NA
§ Buffalo 6 6 NA 0 0 NA NA
3 Sheep 4 4 NA 0 0 NA NA
Goat 10 10 NA 0 0 NA NA

Cattle 25 21 NA 50252  0.1632  <0.0001 *

% Swine 28 25 NA 57682  0.0987  <0.0001 *
g Sewage 26 1 6.09 6.0946  1.2074 NA NA

& Chicken 21 18 NA 55014 02022  <0.0001 *
:,i Duck 5 2 5.83 59260  0.2172 1 NS
o Buffalo 6 NA 0 0 NA NA
i) Sheep 4 3 NA 5.4700 NA 0.2075 NS

Goat 10 8 NA 56950 03606  0.0046 *

Cattle 25 8 59119 59659  0.9284 NA NA

g Swine 28 28 NA 0 0 NA NA
g Sewage 26 26 NA 0 0 NA NA

% Chicken 21 17 NA 51911  0.6778  0.0233 *
a Duck 5 4 NA 5.3205 NA 0.2865 NS
2 Buffalo 6 6 NA 0 0 NA NA
:’§ Sheep 4 4 NA 0 0 NA NA
Goat 10 10 NA 0 0 NA NA

*Srunufiegiinaaeuiavin
bSnusegsinTianuisuetioandn detection limit
“adjusted P-values Ing holm method
‘auunnansegneitudiy;

N

* fauuansinegnsitoddey NS laudiauunnasegeditediny uaz NA liauisamenla
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3.3.3 N19AIUIUAIAIINTUNIE (specificity) AI1ula (sensitivity) AIIugNABY (accuracy) dA5INIT

inarauan (positive predictive rate) azansn1sinaNaay (negative predictive rate)

ad oo

Wasanlavinisuseiiuyseansamlnsiuasaigdsngens o mﬂmaawuaamLLameasﬁumumﬂﬁNmm
A luusnagudvidy LLaziﬁsumssuamwmﬁﬂimﬁuﬂizawﬁﬂwwimmaﬂﬂmmamﬂummemﬁﬂ,uqum

Wanszeae Aetiu TuaududesntinisussdudsedninmlnswesmeIsngonsidelsunni 3ddieg1mm

Weaiu lnedszluwendunguiegimnguiiidutasainguindinszen annsussiiulnsieseaneg fungu

Y

M108199 g UL Insesndunnzdunnunaaiiia (universal) A214117 (sensitivity) kazAugnaes
(accuracy) Usanas 96 Wasidus Tuvugidsnsinisiiaxnauln 100 Wesidud wansliiuinlnsiuesnsinigiu
ynuvasiuladuszdvsamadenlunisnsiaia dannsaed 17 lusasilnswesndanudwnnzdudndeyusy i

Al 100 Wesidud anudunizuazaugndos Ussana 80 uar 84 wWosidud audiu lunasiifidnsinis

saa

WANAUINLAYHAAULAY 54 wag 100 Wosidud a1udidu IWiLMaiWNWJWN%WLWW ﬂ‘Uﬁﬂillﬂ'Wﬂ’]’]lll’J 100

& 1

Wosldud Armudunisiazaugnses 96 wWesdud waz 97 Wesidud mud1du Tdnsinisiawauin 87
Wedidud waznaau 100 Wedidus dudulwswesifanudimeiuiidsg vuuaransiedivssansamlunis
Suununasinialuseduiia dnlnswesifenudungivle faanuluszaa 70 Wosldud Aranudunie
wazAIANgNAB 94 uay 89 Wesldus luvnrilidnsnsiianauinuazkaay 74 uay 93Wesidud mudidy
nnmsAnwmuhluiegaiiduyalafiviinuiuvesuniiFeridumedulnsweosledos silidanulsi e
mMadfiaUTinuiduesadulufAzenigonfidaiiamnin 20 wilunfuseuAsendu 40-50 wlundudeufisen
ahliaaulufintu weranaiarusmevedlnsweslauandidiuiiissdvsnmlunissuunundsinda
TuseduiiAuii

' o Y '

msuseiiulnswesan I'Ns]ﬂUﬂﬁﬂJffl’JE]EJ’NﬁﬂﬂﬁiJU’]L"\]']W‘i EJ']‘WUT]lWiLJJE]iVHHLW’] ﬂ‘U‘V]ﬂLL‘Maﬂﬂ’]L‘Llﬂ

Y 9

(universal) faula mmgﬂmaﬂ LAZEATINITAANAUINYINAU 96-100 LU@?LGU‘HG] ﬂﬂ@l'ﬁ’]\‘l‘ﬂ 181‘14%2“3‘1/11‘1/‘5&83‘1/1

v
U v

ﬁﬂ’mm"mwwﬁ’uﬁ%?ﬂaﬁmu fanul Anudwng ﬂ’)’]llﬂﬂ@]@ﬂ TR TINTAANAUINLAZHAAULYINAU 100

Wosidusd lunnan dnllnswesifiarusumefugnsdianula anusimng anugnies savaiisnsnis faua

o

" w s & & 1 YY) 1 sala ) a
UINUAZNAAULNNINY 100 LUDTTUR LWULABINY E]‘UWUE?WVHEJIWiLﬁJE]ﬁVlﬂJﬂaquﬁ]WLWWEﬂUIﬂ mmmmi’sﬂ'ﬁsmm 60

aa v

Waedldud AanudumzuazAInNgnes 100 wag 92 Wedldud Tuvariifidnsnisifianauinuaznaay 100
way 91 Wosidud mudiu aguldinsussdiumssuunuasidaveshoddludguindmssedianalndifes
fusegndluguinindu Ssanansadnisnsdnwidlulilunmsssyundssudeld widosinsinwvidedisanuiiy
sz

dmsulnsmesdumedumidueluyalilignimnieszing esanniidiaiulivedisigesids

3 s @ &

USanaudien Useanm 57 wWeosidud LLasmﬂmiﬁﬂmLﬁaﬂﬁuﬁa83§W%miwmmmmmhwhﬁ”u 68 LUasLTus

a1 o =

LAYAILAUNIE 60 Wasidus %QNﬂWﬂ’NNQ’]LWWZW °”|mﬂ1umumm Arun aﬂummmaamuuaamﬁuumauq

[

2835 7T15L T aUS U
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N1395298UN3Eug1UFATENNT1518USIN (GPCR inhibition)

o v
[ aaa = s ' o

PNNIATIRERUANTTUTUATeNTo U Tusegraaansuaslanuansdudal fiseidensusyannu

v
o 1 ' ° '

40 Wosidud war 10 Wesiiudlusmetsduiiidu luvnzdlinvarssufsujasenfidonslufedsui
Wnszen fedredsinanninidegurussdeunyinfansdufaufiteidens 37 wesidudlumediauidi
3w way 57 Wesdudlumedrushindmazen (mmefl 17 uay 18) dwsuiedsiinuasdud s fitens ¥
mMsfnanUTinaiulmmelagnnifiediwnidensi 10 wiluniuse 5 lulasdnsuwazduiumusunuiy

Wnunga1neieg199daan91u
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M19199 17 nsussliudsednsnmilnswesmeisngensidalsunamesinegidluguuiviidu

' ' 9NN NN o
) Srunudregrsiiliuuin/suiuieteiimageu ey | arwdumag | o | fewawan | demmay | oo g
¥iin o o anAe9 i ) f158U89
Do A Sensitivity | Specificity Y Positive Negative e
unasnila - o Accuracy dicti dicti gz
vy | gns | la n Ja | wne | unz | nsele ° ° (%) predictive | predictive | 202 (%)
value (%) | value (%)
wnaanLiin
334 19/19 | 20/20 | 20/20 | 17/19 3/5 7/7 | 4/4 5/5 96 N/A 96 100 0 N/A
(Universal)
ﬁlﬂLﬁﬁqumm 19/19 | 3/20 4/20 3/19 3/5 2/7 | 1/4 0/5 100 80 84 54 100 7/19 (36.84)
gns 0/19 20/20 1/20 2/19 0/5 0/7 | 0/4 0/5 100 96 97 87 100 8/20 (40)
A 0/19 0/20 14/20 4/19 1/5 0/7 | 0/4 0/5 70 94 89 74 93 2/20 (10)

* Not applicable
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M19199 18 MsuszliudseAnsamilnswesmedsngersigelsunaesitegndluguunimssen

BNIINNS BNIINNS
° o ' a < o o 1 o 0 a a o ' A=
- UIUAIBYNNUUUIN/ATUIURDEWNNAGDY AUl AANUIUWIY ” NANAUIN INANaaU NDY19NUET
YUR . . AIUANADY (%) . . o & mem e
Lo A Sensitivity | Specificity ¢ Positive Negative BU8IUNIVIN
UUNEINILUA %) (%) Accuracy dicti dicti 91 (%)
yuvy [ gns | 1o | 1A | wwe | nszde > > e °
value (%) value (%)
LRaanLiln
334 i 8/8 | 5/5 1/2 3/3 1/1 96 N/A 96 100 N/A N/A
(Universal)
%L?{'&J“qmm i 0/8 | 0/5 0/2 0/3 0/1 100 100 100 100 100 4/7 (57.14)
gns o/7 8/8 0/5 0/2 0/3 0/1 100 100 100 100 100 0/8 (0)
1A 0/7 0/8 3/5 0/2 0/3 0/1 60 100 92 100 91 1/5 (0)

* Not applicable
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ANUYNFURNSvastswaitvanelulsaruaiia

MnransAnwmuiluietisyagns (PP) wufduerdmneis e dugnsluuimaiun luvasiiung
fhoghamuiiduetmnefisunstuindegmudndos (Uil 9a) foghareadeihnandidesumu (Sew) wuf
Bulethmnefisumefuihidemmilurinuigaduty wilinufiduedmsvesundsiiinduqae (Ui
9b) dmFuiiegrayala (PCOW) nufidueidmuneisiumzAvlauszun 60 Wesiiud vesdurudiegis
favun upgnuhannsanuiiBueitmneiisunefuiideguiergnslutinadiaduusiegndnde (sud
9¢) dmiumetsadniln (PCH waz PDU) wuididuterdmanefisimeduyadnidulunareiodsuass
Asvanvanege TureiidegiaanssTo uny ung nuvssrnsiBuedmuneiidumsiula iy uas
ans TuUSinaiities (Uil 9d uay 9e) uenanduluunaegts (PCH13, PCH20 uay PDU2) lilaunsamdiaay

= v

gndunnsla WesnnliaunsainUSunadiduemelnswesninmigiuynunaaniie (universal) uazludiaagng

o & a

PCH18 PCH19 uay PG10 fiAauynduimsiiu 1 ilesainnuuSuadidueiisunizdunnunasiuia
& =

(universal) TuUsunauiidesnitsuiamdueidimie Auunaniiing1ag 399198 NAA MUY DNA 89

#1819 Fanudn DNA Tadaladusunaumazaanmaiiudnidn Jauiiies 5 1Wesidud andegeiaue

Pig marker I 0.8

Cow marker 06

0.8
Hum marker

0.6

Cow marker

04 0.4
Hum marker Pig marker

0.2

i

12
Cow marker I
1

0.2

Hum marker ~ 0.8
0.6
Pig marker 0.4

I l 0.2
o =P dsasddsrT L o

Pig marker 15

Cow marker 1

Hum marker

0.5

JUT 9 Anugnduiinsvesiidueidmvaneluyaans (a) dndsguvu (b) yala (©) yaln (d) swvisyada nsele ung

v
v 6

wazuny (@) Aunmueiadenugnduinsuiniiage wardiRunneddiaugnduivsidueud
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3.3.4 UsziuiWaidanglwsieasimauluuaazunasnuidadmsng

waannTidsasulddlnamesie 4 giisunnedoundsinia fo qns dndsyuu la uazsamyn
wyaanLilin ﬁﬂizﬁwﬁmwiumiﬁ%LLuﬂLmdnﬁ’lLﬁmﬂmmaLLazmmsﬂ‘uaﬂﬂ%u’lmmﬂﬁaaéwejmf’wiﬁmaz
Wnszenla lnefiainiula (sensitivity) wazanuswng (specificity) 11nnan 65 wag 90 Wosidus audidu
pniulnse s e dsguauiisaruduniziing 90 Wesdud Favuhanunsonmanufiduedmane
Tuundsrndiovdndun 1wy ans waela lumsthlnswesfisimedeiidegurulunsaausogwieduludody
Inswesiidunzeiola wazans lunmsnsaaouiandie iesaniis 2 Inswesliaunsonsanufiduedmanely
sy wsvhlinslenginausiugimniy Tuvnedilnawesisunziuladaanuling 70 Wesidud 4
annsadiuenaulldflasmafinuTnaiduedeilufiseigeisan 20 wilundudu 40-50 wilundusie
Ujnsen

° o '

Fnsulnsiwesninmnzsolnimanuluiiiu 68 Wesidud wazanuanig 60 wWasdud Wensiaaou

s =

Fe3ERTens uaziilensinaeuieiiderfideliinamuiiiaanulaiies 57 wWesidud vlvlnswesisimnzse
1laifiszavsawlunissuununasiuin deduaguldnimesoulnswesfisunzseyalideiu 165 rRNA vas
LLUﬂﬁL‘%EJﬂa;m Bacteroidales Lactobacillus Wag Firmicutes im‘ﬁﬂﬂiamm Chicken/turkey parvovirus ﬁ?u laidl
1W5Lm%‘lmﬁmmsamﬁ’wnﬂﬁﬁ"lufjuﬁwﬁﬁu NATNUMIUITIUNTIUNUDN Tnsseauanuentuniseankuulng

wesidmesdeyaln Wesnyalidadunidniiaumainvateuin (Ohad et al., 2016; Weidhass et al., 2010)

v v
P ¥ o s

nansAneNlaidutuginudrfguesnisesniuulnsiues

o

o

Mawmgduyalndulnl drenslddeegsyalaluul
W

4

3.4 JATANAUMNIEENTEIIIWATaNTaSuasNFa15iB UG alududun daldseu uazdadniaitie
A

wmalda

MnMsAnwmuItmaliafideriuariderfigeUsnadianubilndidesiulaediofiarsuluusiazeglng

'
& o U !

wesnulnsiweiidumgiuunaniidasin (Universal) uagladirmanubiwazanugndeilenaasusiemaia

fidorsgendunaliafigensidauiunm luvaeilnswesndumeiuiidogusuiidinnuliasainugneadowmaia

fFeilSnagandtlumaiiaiigens dwsulnswesgnstunuidaanubifivinduns 2 weille wilir1aw

o ad Ao s ' ad Ao s a |a o d' A a i ° ' s o 3
gnadluisn@ensaininluisigersideUsuna dem1sei 19 WeRiarsandAianudnnignuinlnsiuesidimizin
deoguruidlonaaeumewailaidorsideUsinaiiarginitlumailaidens Tuvagnlnsueiidmesegnsuayiai

AAnuIuneilenageumemaliafidesgainiunalaiidenfideiuim Wehinsudnsnisiianauinnuing

sl o ) i o

wiriuns 2 Blulwswesndwnzdunnunasinde Twsagilnswesidmedugnsuaslaidnsinisifianauiniy

v
a o

wadlafidensganittunaiafidorfdauiunn dusulnswesndwmnzdudnidsgurunuignsnisifarauinly
wadlafi@esitlSinaainiinaiafidens snsnisianaaunuindanrindiun 2 Blulnswesidimedugns
dwiulnswesundeyurusnsnnisiiesaatlumadai@eoniidalunugniunaiiaiivens lumanduiulnsuesia

fignsnsiianaaulumedafidoniganiinaiafidersideUiunm gavneidiofiansanel LOD nuinmadafidensids

'
a

USunaufien LOD Aisnintumediaiidens Suuneanudnmadaidorsseansadueidmunglul jisefigedees

Y

a@unsansianule

WaNANTUITBABALVBINNALUTUNATANUIT tATANTDISHaLATD15TIUS U@ NS0 MNAaRULND

Puunuasiialdftuszgauiilndifesiuluiegwadniuasindegurudaduuasindaniivsuuanududu
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v
1 o

vasdueilmunegs dniuluwrauhsssuniviowiiivinafiduegnidesenvdinaneuszdnsawlunis
A529FBUNF1NUNINTY WanINUUnAlARNTe15TveRAptUnaunIswlanalidudau wAlvadnnAaRBINISAIIY
Wudwresiduweimunengainiinedafi@eniidauu svisauisavenaaliiissnunielinunisuuleu us
lyausavenUSunavesdbueithuinevsesesunistudeuls Tuvuzfiwadaidensiausunaiidenfaaunsa

Y] a a o o X P P a a a aaa a
avianaanauusnUsuamduethnnenseszauntsiudeuls wazdeinsusuamduetmnglulfizend
PYesnIndmuneianuisansiaindiegraniinsvuidoundwatd vunadis santeslafninmedafizens wazd
anu15adnansulsunaunisuuideulussg1enilasunisuuidauninnin 1 wrasnwiinbe NageRsilyseezalu

NFIATIBREUAMANTOIIDEI0 ainflowe edeuUiiseuazetuna saunassann 5-6 FaluslndlAssiy

¢ =

Wiefiarsaniduyunudy wedaidensldiuunenisinssivilsdiiegaiiensnmmve 4 unasindesiuducu

Useunad 3,320 U9 hvaeiinadaide15.39Usunalddunuaanisias e nniesiognaiensianine 4

q

ad aa s = 1%

waanin U duEuysELad 6,000 UM lne3Enige1swalunadesinisasansmunmsguluasaien syududu

= adaa s

Useuna 32,000 U kagkafiansanans I unuLAS eIl ad nsuls g eSS suuiuitiaensideUsunaay

q

=

wWiulaieSesdlodnsuisigenstisnasininieu 2 W asansluaisien 20

s

M15199 19 N151T0LMeSMNEITDINUNNITUTEIUUSEANTAINWLALAMULNUIZAUYDUNATATN Y15 haLNTDISLT

USuna vesiiegeyadnivaziideainguinvindy

5 . 8AMINARALIN A INARIAY
e anuly (%) Sensitivity |A@NINE (%) Specificity | ANNANADI (%) Accuracy LOD (copies/reaction)
Positive predictive value Negative predicti
WAAIALHA
PCR gPCR PCR gPCR PCR gPCR PCR gPCR PCR gPCR PCR gPCR
unadi e
100* 96* NA NA 100* 96* 100 100 NA NA 30 20
(Universal)
ﬁwl?u’qu’uu 84* 100* 77 80 78 84 46 54 95* 100* 300 40
ans 100 100 98 96 98 97 91 87 100 100 3000 40
Tn 85* 70* 100* 94* 97 89 100* 74* 96 93 300 30

NA, Not applicable

o o A

*upneintegiidedfylevnaaaunie 'N - 1' chi squared test (p<0.05)

o
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'3

M19199 20 FIAFUYLYRYATiATT S uAL TR ST

o » . mr | Ysondleld | memsias | Swowan | nende
ATANE Jaauazgninl _ e e
(un) fanuIY (um) Ayl Jnsen UfnTn
m‘ma’mmmmaﬁwm;ﬂﬁw (NanoDrop ™ 2000, Thermo Fisher Scientific) | 560,000
Tulastuleq 2we 2 Tulaseas (Eppendorf ) 15,000
Tulastules awa 20 Tulasaas (Eppendorf ) 15,000
lulasdwlee awie 200 Tulasaas (Eppendorf ) 13,000
lulastidae awie 1000 Tulnsaas (Eppendorf ) 13,000
TANINTDINEEANLTTA 10 70 27,000
UIAUMITHIA 1 AATABNUHRIANTES 10 239 2,000
ANAALIWD FIUTINAW UAIN 645,000
A n@aagha |ZR Fecal DNA MiniPrep Kit (Zymo Research) 9,200 50 184.00 5 920.00
Mixed cellulose esters membrane (Merck Millipore 5,600 100 56.00 4 224.00
Tulasiweny vwa 10 Tulasaas (Axygen) 700 1,000 0.70 20 14.00
Tulastwaany] vwa 20 Talnsfas (Axygen) 700 1,000 0.70 40 28.00
Tulasdwleemy) awa 200 Tulasaas (Axygen) 600 1,000 0.60 40 24.00
Talasiwaanyd 1wia 1000 tLAsAAs (Axygen) 700 1,000 0.70 20 14.00
MO AITRAM I3 TWIR 1.5 NARAAT (Axygen) 500 500 1.00 10 10.00
TITINANAALGWARAI DL (LUTIUeAT UAdN) 1,234.00
AATIDILATIZN A 1AL LU FALE A 300 1 300.00 5 1,800.00
Zymoclean gel DNA recovery kit 4,200 50 84.00 1 84.00
TAINprep rapid mini plasmid ki 3,700 200 18.50 1 18.50
PCR reaction 48 1 47.74 1 47.74
agarose 138 (500 g, Vivantis) 8,000 9,000 0.89 2 1.78
lulastaand vue 10 Tulasaas (Axygen) 700 1,000 0.70 5 350
ONA Tulastaany wwa 20 Tulasias (Axygen) 700 1,000 0.70 10 7.00
standards T aTaem T 200 TlaTans (Axygen) 600 1,000 0.60 10 6.00
Tulastwleany awa 1000 Tulasaas (Axygen) 700 1,000 0.70 10 7.00
AROA AL ANTRAIN9TWIA 1.5 UARAAS (AXygen) 500 500 1.00 5 5.00
A1 FastDigest enzyme 8,100 2,500 3.24 1 3.24
TIUNRIFUAT Y T NTIWANATF T4 1,983.76
synthetic DNA standard (for gPCR 814 7L NTIWANATY 10 5,500 44,000 0.13 18 225
1A309W BT 30N (StepOnePlus, Applied Biosystems) 1,300,000
@ LHR A 8ANWDEIAA IL RILAT8Y (Applied Biosystems™ ) 800
aailaduas 21a 100 lulasies (Mettier-Toledo Rainin ) 35,000
AUATHANTINIATI U 31,171
TINTINAUY U 1,335,800
iTaq Universal Probes Supermix (2X) (Bio-Rad ) 6,500 200 32.50 1 32.50
ALDWANAN NN ANFTTLIDILAY (fluorescent probe , Macrogen) 8,500 6,250 1.36 1 1.36
e s |wawas2 mu 600 3,125 | ]
W'Zm“m AROAWTAT (Applied Biosystems) 5,000 1,000 ;gg f zgg
N naeR e (Appied Biosysiems) 6,300 2,400 2.21 1 2.21
Haoa WA TUWaTNI9IWIe 1.5 UaaaaT (Axygen) 500 500 1.00 5 5.00
Tulasdwleand awa 10 Tulasaas (Axygen) 700 1,000 0.70 3 210
Aawmaiiyl vwa 20 lulasias (Axygen) 6,000 1,920 3.13 3 9.38
Aamany Twm 200 WlaTans (Axygen) 6,000 1,920 313 5 15.63
AawmaIny 1w 100 lraas (Mettler-Toledo Rainin ) 2,600 960 271 1 271
Tulasduwmend vwa 1000 Tulasaas (Axygen) 700 1,000 0.70 2 1.40
TIUTIAAEL 19 70.28
FINTIANADAIDENIHT TINANAAIGHID (AFTIDNG 4 UKAINUHA) 5,990.98
FINTIAIAE AIQELNIWT TINENAA WD (157D 1 LWAIN 143601 3,137.02
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M19199 20 (i) TIAFuUYLYeVATiaTiTeSuas TN ST

o » ) Usinmdilale | memibn | swowmsin | nenea
ATANE Iaquazainsal 1A (UMN) - o o
Ay (um) aiadl i Ufnsen
138474813 (T100 Thermal Cycler, Bio-Rad ) 200,000
La3a0neuaEILATEW A ML A (Gel Doc EZ Imaging systerr, Bio-rad) 480,000
LATAILENAEWB AT ENTZLE AW (Mupid®-exU) 30,000
TINTIRAUY WA IDY 710,000
DreamTaq PCR Master Mix (2X) (Thermo Scientific) 5,500 200 27.50 1 27.50
TWanaT 2 1 % 600 3,125 0.19 2 0.38
WRaAWTaT3 (Applied Biosystems) 2,700 1,000 270 1 2.70
wilanaaawsat (Applied Biosystems) 700 1,000 0.70 1 0.70
A waoa wlasduaiiisone 1.5 Jadaas (Axygen) 500 500 1.00 5 5.00
agarose LA@ (500 g, Vivantis) 8,000 9,000 0.89 4 3.56
lulasiwaavid awm 10 Tulasaas (Axygen) 700 1,000 0.70 3 2.10
Tulaswaany 1we 20 WlATaaT (Axygen) 700 1,000 0.70 3 2.10
lulastlulaemit) 1we 200 Tulasass (Axygen) 600 1,000 0.60 5 3.00
Tulasdiaany 1w 1000 TWlnsaes (Axygen) 700 1,000 0.70 1 0.70
TGS URERTALD LY 10.00 1 10.00
TuTmaalg N 57.74
FINTIAIGEAIBENGHT TINANA AL WD (AFIINT 4 AN 11AA) 3,312.62
FINTIATIADAID LW TINANAALL WD (ATID 1 HAFIN1HA) 1,753.66

W *sensfisunnidmiumsleneisegnaiiitessyunasiuitioudeisilasunmsitaumuda 1l
We 91AdmSuNISHMUNIENSI AT IEY
(nanilisudusiyaaing Aedesdiofiugiu Avigsinusel wasandnuse wu Gy, duddesg,
wnsilusindeseuseiu (autoclave), idasinfitonin gunsaidsadomsdvinen s
EUSUITNT015L 9T MTBATIZY 1 Faega 19 60 UA3eN [4 assays* (3dilutions*2rep + 3
rep positive + 3 rep NTC)] + (acin 2 subsamples*3dilutions*2reps)
**FEor PCR, 1 fiegndly 36 A1 [4 assays * [(3 dilutions * 2 replicates) + 1 positive control +
1 NTC + 1 DNA ladder]]
**N15a3519N TN I MTUTTNT O SLT9UT U0 19 288 URASEN [4 assays * 6 concentrations * 3

reps * 4 runs]

1 a A ﬂl lﬂ' L J o a Qﬂl:. o g - 90’
3.5 m’mﬁa‘unqmwﬂmLiemwauimnul,mmmmﬂé"amﬁwwmuwu AIUANUNITAIIVEBUAUAINU

NW1518M5ANNNIATFIUANAININ TUUNE IR IR

3.5.1 ganmiir9nnisnsasdeusaenguuuaiiGeuazwslinesaamnmiy

yhnafuiegisiainusdivindy $1uau 12 dand niouAlegaauauAunIn lawn dreg1uuan
(Field blank) uazéeg1etn (Field duplicate) lutasudt 29 nsnAu B9 5 A 2560 etdufunufiegng
faNusaUT 1 uazdasiud 19 fs 26 Awnau 2560 Wusunudiegieggruseud 2 dudunuiiodinguiazyh
nsiiufieenssoudl 1 9asTufl 3 fis 10 nuawius 2561 uazseudl 2 Tugratudl 3 fa 10 flunau 2561 deya
Uiy a anidnneiaviinadiduuinadndideaningetanunimidlusit iy 9naant arsauna
NENEINTUIRATNI5NEAS FeinnsEnsadinerdiansuazmalulad (httpy/weahai.orth/telemetering
/ais/map.php) ‘UizﬂaUﬁaEJamﬁmiaaﬁmﬂ%mmﬁmﬂummduﬁmﬁu Toun 1 (Indwi damiadeun), 2 (Wuan
Jamdadeuin), 3 (Muaadnuin Famdnanssuys), 7 (1w Fwmdauasusy) uag 8 (@Un.uenTEid1 Jmdn

ﬁll‘VliEﬂﬂi) el ﬁmummmmﬂimmumuwmaﬂummaumLmWﬁwm laun a4 (aun. UIUNTIU R]QWJWE]’NV]EN) 5 (d
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%

Mnsmduiiuaainde Janianszuasasoysen), wag 6 (Uruandeu Jmdauuny3) Falviveuvnguun

v
oA '

nszenayivaasguaiindmszendudilng uavasguadiwiidudeudnatosun fuanduguil 10 Tasusiay
aniivsinanidusedluavaumicTusar i funeutuiiufegns fwanduasiedt 21 uaz 22 Tasnasinng
seruiinadelulssmalnglaonsugniouine fvund Usinaruse 24 au. fsusliudndes (Light
Rain) dlerunniivsinadaus 0.1 fadunas fv 10.0 fadwns duuiunans (Moderate Rain) dierunniuSunaiaus
10.1 fiadiuns S 35.0 dadwns dumiin (Heavy Rain) Wedunnfiusunadaus 35.1 Sadiuns §e 90.0 Jadluns
wazrluminann (Very Heavy Rain) dledumniiuSunaaus 90.1 fiadwns 1uly Fenuaildmuiluwadinugy
drinduiivinarudilondndoslugie 15 Sudewufuiets uariiuuarunnuiunansiiaaiidiuangeu
Fmdnuuny3 neutuiusednaiui 29 nsngiau 2560 dwlugguésnuindilunnidntes lutas 1-3 furouwiv

feg1s snundamianszunsasegnsemuruantusgduliungs wiesananiinuinuila segluwnguin

q
v

Winszen dindwlngdddvaasusindimsseuarliasguainiiu lngagusauiiaindndivinlvaasguaitdim

Fulusinandes luihdednsiivhnsiivisaesseuluggruuazgguas

aniininluindu
1 TC28  sewnnzruusit 8. 5080 4 foum
' 1 o ; 2 TC25 s e.mwn aqnaronji
] 3 TC23 sy 1 a.dfna 8 nsmoa
4 TC22 7 .o aqnarongd
5 TCI7 Vihnasewssussie o.sesitis s qnemoaf
’ i 6 TC15  aswmunieu o.00ueu s, uanisu
7 TC13  winivin aunrford auanigu
‘ L 8  TCI0 dmndtivevile o summu sunnls
6 . 9 TC09  wivisFiuudn timailve o.ammeu s uanlgy
8ngkok 10 TCO7 2.1 limaldesAnn .n1NLIY 8 AmIang

NWIUAT
11 TC04 s oo s amesnas

12 TCOl  thnushiwiu a.dles s sypmng

(a) i
A01UngIATAUINY
1 dedwi, fouwm
2 vuan, daum
Q 1 7 = 3 wusednuin, anesonfd
Q 2 H 4 aun. fihuniu, 81ames
o A 5 Fmmsiniuiauaaindn, nesunsedersun
Q 3 Q 4 : 6 thusndieu, wunF
Q f 7 v, uanlgu
o 5 8  aumuwnszin, synsanas
Q "Pangkok
) hpinmaivuas

JUN 10 wnuiiuansaninsainauniniiluwiiviidu (a) Wsudvandasieiausunadulugudniniu (1, 2,
3,7, 8) wazushadlnalags (4, 5, 6) (b)
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a a H ) < o o @ o a a
M1319N 21 "Uﬁll’]ﬁuu’]NUT]Eﬂ]’ﬂllﬁﬁgﬂllMUQUUﬂ@uqumeﬂ?@ﬂ’N (Haauns)

¢ ) 3. s o a0 o @ o B v ' v
o e e | L TeEE | 2.9um | 4. aua. Uhuwsu | 5. ivhmsmduaiada | 6. thuandeu | 7. v | 8. aus. UeATELN
Tufiudegne| . finun . . .
(Woww) | (eum) o (919v199) (WeguAsAIDY5YN) (wunys) | (uasugw) (aM3en3)
(gwssauys)
29-Jul-17 1.8 31.8 0.2 0
5-Aug-17 1.6 0 0 0.4 0
19-Aug-17 0 0.4 0 0.6
26-Aug-17 0 0 0 0 0
3-Feb-18 0 0 0 0.4
10-Feb-18 0 0 0 0 0
3-Mar-18 0 0 0 0
10-Mar-18 0.4 0 0.8 0.2 21.6
U8 amilil 4, 5, uay 6 egluimguindwszen Wnanwilnaasgudtidmerondudulng
s http://wea.haii.or.th/telemetering/ais/map.php
P 2 H ) Y w1 [ Y ' a a
A15197 22 USnaudusiedilisazaniniunowiunuiegns @aduwng)
v a ¢ o 3. viuey o S o o o a v P 1 v
o o o |1 A0EeR | 2.9 | 4. aup. Uruwstu | 5. ivihmsiiuanade | 6. dwanndeu | 7. vwun | 8. sum. U1enTeLdn
Tumiudeda| . dnuIn ‘ . .
(Ggum) | (Tewmn) o (919193) (WszunsAtoyse) (Wunys) [ (upsdgw) (aywsanas)
GLERRNTR))
29-Jul-17 10.8 31.8 0.6 4.8
5-Aug-17 12 0 0 1.8 1.8
19-Aug-17 41.4 4.2 11.8 14.4
26-Aug-17 10 33 0 0 2.2
3-Feb-18 0.2 0 0 0.4
10-Feb-18 0 0 0 0 0
3-Mar-18 8.8 0 0 29
10-Mar-18 0.4 0 0.8 0.2 21.8
amnilil 4, 5, uaw 6 oglupguiidmszen Usinaniwhlueasguithidmssendudanineg

VUL

P

http://wea.haii.or.th/telemetering/ais/map.php

MNTWhNTeseiauduiustesnmilinesannmeneg linadeszd daandugui 11
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. pH Water temperature (°C) —a—Eventl

= Event-1 b EvENL-2
== Event-2 —=—Event-3
w=g—Event-3 3 —t—Event-4
8 ~-Event-4
32
75
a0
7
28
6.5 26
6 24
(a) e e (b) TCO1 TCOA4 TCO7 TCO9 TC10 TC13 TC15 TC17 TC22 TC23 TC25 TC28
Salinity (ppt) o Conductivity (uS/cm)
alini
, y (pp
18 1200 e Event-1
~é=Event-2
16 —de—Event-1 —§—tvent-3
14 —s—Event-2 1000 ~&—Event-4
~@—Event 3
1.2 ~—Event-4 800

0
(C) TCO1 TCOA TCO7 TCO9 TC10 TC13 TC15 TC17 €22 TC23 TC25 TC28 (d) TCO1 TCOA TCO7 TCO9 TCI0 TC13 TC1S TC17 TC22 TC23 TC25 TC28
Total Coliforms (CFU or MPN/100 mL)
1,000,000 Fecal coliforms (MPN/100 mL)
1,000,000
100,000
100,000
10,000
10,000
1,000
1,000
100 100
= CFU/100 ml, Event-1 =$—CFLU/100 ml, Event-2
—8—CFU/100 m, Event3 ~B—CFU/100 ml, Event-4
10 == MPN/100 ml, Event-1 == PN/100 ml, Event-2 10
4= MPN/100 ml, Event-3 ~#=MPN/100 ml, Event-4
1 1
TCO1 TCOA TCO7 TCO9 TC10 TC13 TC15 TC17  TC22  TC23  TC25 TC28 TCO1 TCO4 TCO7 TCO9 TC10 TC13 TCIS TCA7 TC22 TC23 TC25 TC28
(e) ()
DO (mg/L)
E. coli and Enterococcus (CFU/100 mL)
7
1,000,000 =d=Event-1
6 ==pvent2 [N L
100,000 —4—Event-3
5 ~@—Event-4
10,000
g E
1,000
3
100 2
i E. coli, Event-1 ~H=E. coli, Event-2 MG T T T TR
=&=E. coli, Event-3 =@=E. coli, Event-4
10 —h—Cnterococcus, fvent-1  —d=Enlerococcus, Cvent-2 1
occus, Fvent-3 erococcus, Fvent-4
1 0
TCO1 TCOA TCO7 TCOS TC10 TC13  TC15 TC17 TC22 TC23  TC25  TC28 TCO1 TCo4  TCO7 TCO9  TC10 TC13  TC15 TC17  TC22  TC23  TC25  TC28

(g) (h)

U7 11 wis1fitnesaanmitvesiiegsinanuiiiidu duiungiuuazggudsvesdn pH (), water
temperature (b), salinity (c), conductivity (d), total coliforms (e), fecal coliforms (f), E. coli and
enterococcus (g ), dissolved oxygen (h), biochemical oxygen demand (i), total suspend solids and total
dissolved solids (j), phosphate and total phosphorus (k) LﬁuﬂizmemmmgmﬂmmwfﬂﬁaﬁwuaaLma'mfﬂﬁa
Uszunndl 3 (TC15-TC23) warUszanmii 2 (TC25-TC28) Auddy
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TSS and TDS (mg/L)

BOD5 (mg/L)

10 -~ Event-1 TSS, Event-1 ==pg=TSS, Event-2
—#—Event-2 —8=T55, Event-3 =m=TSS, Event-4
~@—Event-3 10000 =d—TDS, Event-1 =pe=TDS, Event-2
~-Event-4 TDS, Event-3 ==TDS, Event-4

100000

1000

100

(I) TCO1 TCO4 TCO7 TCO9 TC10 TC13 TC1S TC17 TC22 TC23 TC25 TC28 (J) TCO1 TCO4 TCO7 TCO9 TC10 TC13 TC15 TC17 TC22  TC23 TC25 TC28

Total phosphorus and phosphate (mg/L)

3 Phosphate, Event-1 —#— Phosphate, Event-2

—a— Phosphate, Event-3 —8— Phosphate, Event-4

—&— Total phosphorus, Event-1 == Total phosphorus, Event-2
Total phosphorus, Event-3  —#— Total phasphorus, Event-4

o
(k) TCO1 TCO4 TCO7  TCO9  TC10  TC13 TC1S  TC17 TC22 TC23 TC2S TC28

Uil 11 (si@) wifiwoiguamiivesieginiianudimingy dmiunguulaznauaevesa pH (a), water
temperature (b), salinity (c), conductivity (d), total coliforms (e), fecal coliforms (f), E. coli and
enterococcus (g ), dissolved oxygen (h), biochemical oxygen demand (i), total suspend solids and total
dissolved solids (j), phosphate and total phosphorus (k) La‘uﬂi‘”LLammmmm‘mmmwmmﬂmadLmaﬂmm
Ussandl 3 (TC15-TC23) uagdseiandl 2 (TC25-TC28) muddu

Pnuamslengimnmivesaunimilustazanidnuhandifdmsinesifuinnsgi Idun 6
total coliforms fiaani TC25 uay TC28 Iumamdmml,muqaﬁiu uae fecal coliforms LAuNNATFILAAANT TC22
TC25 waz TC28 ludeagaiidmunugaruduiu dusual DO nurdInIuInsgIuieunnandandu 60

s 2 & o 1 & &, | s 2 & Y I aoe o
wWosidud vewegwimun waznuluggauiludiuunuszuiu 66 Wosidus vesiegeiainiiAmNInsgu
dwfue1 BODS wuihdian1iifiganiiuinsgiunnnia 65 wWesidud vislugaunazgouds uenanfuwiliuiianil
TCO7, TCO9, TC13 WUF’iWLLUﬂﬁL’%HQG lown total coliforms, fecal coliforms, E. coli hag enterococcus @4

donAdaiiudn BOD5 igaway DO 71 uansianauninuislusieg1afisnan

3.5.2 AANIWUIDINNITATIVABUNGUUUATIENT UWILAULYAN UTAR 8 T5W T 15 Uaz T 151995 10d

dwiunanslieseinguuuafiienlddiwunuasninia laun wiasrling wasdudnangns Ia uag

ad Ao 11

YU PEIeNTOS AT NS TIUS U ﬁﬂLLﬁﬂﬂug‘Uﬁ 12 uag M19199 23
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Universal marker

Log,, copies / 100 ml
+

2
... LOQ
“ LOD
0 L | | L L L L L L| | L} L L
PO PO S I R A I
P R P I O O O O O S U
(@)
Sewage marker
§m
—— Wet |
-m-- Wet 2 A
= 41 A~ Dry
£ L -¥- Dry2
oy .
(=]
= 3
2
3
S 24 Yo LOQ
5 = L = LOD
Q
- 14
" I 1 ] ] ] ] | ] ] | 1 1
\ 8 > 4 ) D ‘v e A " Ve Vel el
N N N N N N N N Y Y A
(b)

JUN 12 Wan15nseinquuuafisenieisigesidalsinaidingdounasinilasi (universal) (@) yuwy (b)

ans (o) wazla (d) Mnfeg1gaNULasgRA 4 SoUNMSAURBEN
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Swine marker

61
—o— Wet |
-m-- Wet2
—_ n A Dry 1
=) -¥- Dry2
S 4-
]
S
2.
)
[*)
s 2- LOQ
& = : = = u LOD
-
0 1 | | 1 | | | | 1 | | 1 | | 1 1 | )
N T S PRI R, R
(c)
Cattle marker
5-
—— Wetl
- 4- -4 Wet 2
= <A Dry 1
= -¥- Dry2
[—]
= 34
K
g2
Qc -- . . LOQ
& - -  — | LOD
3 14

(d)

UM 12 () wamslasigvinguuuaiiemeBidensieUsunundimesaunasiniasiu (universal) (a) guu

(b) an3 (c) wazla (d) InfvgegRHuLAZaAUA 4 SaUNSLiUfIBENS
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M19197 23 NANITIATILNGURUATISEAIEITNTOITNT NIz oUNEIN1TIATIN Yuu ans wazla 9NFeE19n

galuLazguaIis 4 SoUNMSufIegs

Marker 99 annfiinsramu marker
Universal Wet 1 'wmqﬂamﬁ
Wet 2 wuynanil
Dry 1 wuynanil
Dry 2 nunnaniil
Sewage Wet 1 lanuluynannd
Wet 2 TCO1 TCO7 TC25
Dry 1 Lanulumnannd
Dry 2 TCO4 TCO7 TCO9 TC10 TC13
Swine Wet 1 TCO7 TCO9 TC13
Wet 2 TCO7 TCO9
Dry 1 Lainulunnannd
Dry 2 TCO7 TCO9 TC10
Cattle Wet 1 TCO7 TCO9 TC10
Wet 2 Lanulumnannd
Dry 1 Lanulumnannd
Dry 2 Lanulumnannd

o '

NHANTIATIERNFUILUATSERT UMz AuundsnLila nunguuuaiiieannisuuideudaufgaan

v '
U adao s d

wiassndinsaluynanififuiaegnais 2 gReIsigerfuasifonfidaUsunm (Ul 12a, n1seit 23) wanis
Anrevinguuuaiizeiisumeduindogueuiieisfito idwiamuhasansanuldfiaand Tco1 TCo7
TC09 TC10 TC13 TC25 luganu waganlll TCO4 TCO7 TCO9 TC10 TC13 TC22 TC25 Tugauds Auiduduves
Usnaiidutedingaainldoglutdis 1.8-4.32 gene copies/100 mL (Ul 12b) luvnzisfdensnsranuiiannd
TCO1 TCO7 TC25 Tuggrluuay TCO4 TCO7 TC09 TC10 TC13 Tugguds (eedi 23) Insanniifinsranuiis 2 ag
Huiludigueu 1wy TC07 (5.3.0wldounden o.n3zsjuuuy 1.aumsains) TC09 ihimfieudn Sruvinlvl o.amw

W31 2.uATUTH) TC10 (Taunetiamile a.a1uns1u 2.uAsUgH) TC13 TIN5 8.uASTEAS 2.uATUgY) uae

P

TC25 (Aanauyn 0.814YN LENTIUYT) HansenwaenadeaiuUssansnmlunisnnainnguuuaiiiseninmne

v v
o o N a s s ' P o

fuddeyurureitigdorfidalsnundarnnuliganinidersegdited Ay (p<0.05, A13199 19) SNl

a

AMUTUNIZGINIINTD1SUAZEIAT Limit of detection 1A1nI1TBHTRNT (A191991 19) wennTuLilolafsrdns

v
U adao I3 <

ASAAKAUINBALHARUYBINAIoNT NS harNTa15189US U8 (M151991 19) WU Hanudesidle 100 Wasidusin

ynaifimsvudauainunaniinsuase luaniiinunguuuaiiSeduununasuideuanundegusu Iau

& 1

fulald 54 wWesiwud Tlunsuudeunnindeyuruase luvagfidiegninnalinunguuuafiiednaniaig
fulald 100 Wesi@udilainisvuileuundsgususgass lneNdnsmaifanaauvesiigorsidasuna (100%) a4

o o

N71135NT015 (95%) agaiitivdAry (p<0.05)
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HANTITIATIBANGURUATISENTUNIZAVENIAEITANTRSL TSN UaINTansIanuiiaantl TCO7
TC09 TC10 TC13 visluggrunazgguds Wnefianududuresiunafidueniasainlioglurig 3.35 - 4.9 gene

copies/100 mL (3Ul 12¢) \ilensavaeusieisfigerinuimsaanudiaand TCO7 TC09 TC13 luqgslu waz TCO7

v

TC09 TC10 Tugauds (3197 23) lnpganinisvuidowsnniigafe TCO9 mihinwigudn Uruvinlval e.ammsu 2.

o

uAsUFY LHaNA13IAIANULIRAZAMUTUNIZVRINT 2 FFN1IRTIERU (15197 19) wudndnalnalAssiuuin

o

(96-100 wWasidus) lnglinuirdianuuansnegdidedfty (p>0.05) dwsuandinsanunguuuaiizendnme

7

o

fugnsanusaesiule 100 Wesidudindnisuuleussailonsivdeumieisidens uazioluld 87 wWesidudlu

ad aa s o

W15 TUsuu JadenaaeumeaianuinlifinnuuansisiuegisfitodiAyvesis 2 38 (a151e? 19) Tuvue

¥
=

Mdensvlinunguuuaiiieaiusadeduld 100 Wesidudilufinnsuulouyagnss 2 FBn1svaaeu waziile

[

N15419A7 limit of detection WuUIARTe5LTUSU LA LITaRTIINUALD WL mueTud TuUSuaEntae

1=

T iisigensdeddmsuedduinnids 75 wh

w1 Iginguuuaiiefsnmesulanuiannsonsranuldlugeruiidu Tnewuiland Tcor
TC09 TC10 TC13 iilensivaausnedBiidensiBeUsuas (sUdl 12d) wagitanndl TCO7 TCO9 TC10 Wlannaousie
EFens (sl 23) Tnganunsataanududuresiidueiivuideuldlutie 3.4 - 4.2 gene copies/100 mL e
fivsanainalnuiisidesicanulaf 85 Wesiiud luvauriitsitensideSunnian 70 wWeddud (ased

' ° a

19) iofiarsanfiA1nudmienuinie 2 3daenudinglndidesiulutig 94-100 Wesidud dwsuanidn
asnunquuuaitisefisuniziulaaunsadedulsd 74 uaz 100 WesifudluididonsideUsunauasiidons
mua1iu Tuvagidlensialinunguuuaiissaunsavetulaildinsvuleudsjnaaniaiiaiuiula 96

§ < adaa s § @ aad aa & a a tﬂl a s U U aad aa 4 aad aa
Wosudludsngens uag 93 Wesidudluisngensidausunn Wolnseianuunni195eningisngesuasIsng
915, 39UT N U FFRF15TAIANL ANT NI wagdnsInsiianauIngIinfidensizausuiaegied

o o

Tfudfy (p<0.05, asedi 19)
MNuaN1IAnwIFeTITefuagiidorfiduinuamsnasnansiinrginguiuaii3eidunigag
Ufpaluinegiaii 2 gglédegudl 13 uandloifivunari total coliforms uay fecal coliforms (Ut 11) wue
total coliforms \iusmsgIuiianiil TC25 way TC28 mmmmﬁ@mmwﬁﬁ’;auﬂizmw 2 uagAn fecal coliforms
\Ausasgufianid TC 22 TC25 wag TC28 muinaisinanmihfifuussinn 2 uay 3 1uéhasm1§'1qawuwhﬁ?u
druanil TCO1 TCO4 TCO7 TCO9 TC10 TC13 dmfuthfnfutszinn 4 Felifinaianasgiues total coliforms
ua fecal coliforms wanuanIsAnymuinaanfimaniifianade total coliforms waz fecal coliforms gann
Anadsluaniidufioglutszian 2 uay 3 wnds 6 wag 14 wh pudFy Fsannsonuldiiluggruuazgguds
uaﬂmﬂ‘ﬁwaﬁ]’mﬂEjMLLUﬂﬁL%EJ‘ﬁIﬁT’]LLUHLL‘ViﬁIQﬁWLﬁﬂaﬂﬂiﬁﬂ“ﬁl’sﬂiquﬁ’j”ll,mﬁﬂﬁ?Lﬁﬂ‘jﬂLﬁﬂﬁiﬂﬁ]ﬂﬂyjaﬁlﬁl’mﬁwgﬂaﬂ
guvudmduanll TCO7 TCO9 TC10 wag TC13 Jainliilan total coliforms wag fecal coliforms figs @auaani
TCO1 way TC04 Linwunisuuiiouninyadnd winunisuuidouainindeguruiaduainandniiviilsien
coliforms g4 dufuanil TC25 e fecal coliforms AAuuAsgIuldsuBvEnamInInmMstudouindegumsuly
USuauige egndlsfnuiiannd TC22 way TC28 ldnunisuudouanyuau 1a vieans eraidululéine fecal

a

coliforms MAunInsgruiintstwleulndanasdsujnaanuuasiniindue) 1wy WisudniUn unuinusssuvd

Y

W
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lowUSeuifisuan logi, copies NANLUATILSY bacteroidetes mﬂmiﬂumaumﬂgﬂammmmmLuﬂ
samfuen total coliforms way fecal coliforms Fudunguuuai3edlfifuinmsgiunmamih 7 fimsaany
Tuwsitvidu wuidianudiiudiuegiaiidoddy (P<0.001, Pearson correlation) figufl 14 uaziilomn
Auduiusues LOD 1e935fid0fidasinniiasiigauesis 4 Insies (40 copies/reactions) fudn
total uay fecal coliforms WU LOD Lilg U 568 uay 138 MPN/100 ml ANddy eannnsgu
@mmwﬁﬂﬁaﬁuﬂﬁzmwﬁ 2 (U'ﬁxm‘wLméqﬁﬂﬁﬁqmﬂﬂwﬁﬁﬁqmém%’uLL:J'ﬁWiﬁu) AYUAAN total way
fecal coliforms D€l 5000 Wag 1000 MPN/100 ml asidsy wansliiiuindiinsianumnindr LoD Tu
BidoridsTnalddmansznulunsulananunmusuma dufunsuisudieud LOD fue
ardssmaguamiy Siliifeyafivmelunsussdiunanssnumaguam iesanidumsnain
nduuuaiiBefiiudsidiansuudeoudinguuuaiiGedlildibudedelsnsunsy uiduiudng
UuL'nyau?hUﬁQa feiinnudeslunisuudioudenolsaiivannvansrdauaruTinadunnsaiuly

a) e b) e

Chai Nat Chai Nat

15.000 - ~{ 15.000 —15.000 o

wnsUseand 2

Suphan Buri Suphan Buri

v 3
Si'Avutthava vutthava wwaniUsgani 3

TC17
il TC15 athum Thani bl athum Thani |-
L Nakhop Pathom _| _ _Nenthaburi/ — =~ | — A Nakhonpathom | _ Nonthaburi/ =~
TC13 'r‘ l’}. Bangkok TC13 }o Bangkok
U TC107c00 Y ‘H‘%o reio, Tcoo 1% )
TC07 'H""" «‘ A ?TCO? " \8 camut | WAIUsHAMT 4

Prakan Prakan

mutSakhon &C(’l 'H‘ mutSakhon ’XTCOI

100 000 100 000

UM 13 wnuiidnhanudssinnurasiuasnsuuleuwasnidauaiivluanniisneg Tudegrahgaru @) wazege
e (b)
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—e— Fecal coliform  Y=04953*X+0.6728
—s— Total coliform Y =04061*X+ 1552
O I"I 1 T T 1
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UNI gPCR (Log,, copies/100 ml)

3UN 14 nsmluanspnuduiusnguuuaiise Bacteroidetes 31nA1sUNWauFUpavnunasnnilngiy

(universal) fu total coliforms waz fecal coliforms Fadunguuualeilddunnsgrunmnin

3.5.3 M153ATILYAINUANA1NYBINI IdnaTud 019U 19gruLa g RUA

o

= ' a 3 Ao ' o I Ao o .«:4' ™~ =
Han1sANwINUMNITIAWmeI e milddinnuuanatsiuedeiitediAg (0>0.05) WetuSsuifisulu

gaSeuuazageu laundn Tlof (BOD) wewdsiunfiazaneun (TDS) veaudauyiuase (TSS) uay pandiauavais
(DO) lunauzfiA1n1sua il (conductivity) pH el auAn Weanesa wazWeann dauwanaisegiedl

o w '

TodAryseninegaluuazQuas (p<0.05) deguil 15 drunisdinesn1adanin laun Ecoli Total coliforms,
Enterocuccus, Fecal coliforms, SR14 kaz AIMO6 phage 571919 gPCR marker ‘U@ﬂﬂfjmmﬂﬁﬁaﬁﬁ’lmwﬁa
wdariuila wuildfienuunndsiuegaiidedifysening 2 g9 (P>0.05) sniunguuuafiienitmesedanlfna

Mnladanuiamzlugguy JvhliuansvegdidedAgillameuiugguas (P<0.05)
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7Ne@aUNIY ANOVA d1nSunns1imasNnseataduuuni way Kruskal-Wallis rank sum test @15unnsifmasi

'
o

nzaefliund boxplot wansindsegu wazesidulvail 75 uaz 25 UaneidulzuansArganuazsingn qade

q

WARIA outlier kALIAFVILANIANRGEY

3.5.4 N153ATIZHATINAUNYS 52N TINNITIAND NN 180N saduazT13ne19 2835 A1 vid09a U5

(Correlation) tag Wi;iﬁ";ulli (multivariate analysis)

detdiAmisifmedaig 1191N1538AT18INYAILUT (multivariate analysis) #9833 Principal
component analysis (PCA) tioTisnzsimanuduiusvosiiuisineg Tngliutenguiduiulsiuniofuusn
wiviin1sasanguduysing fiusynaudeauwlsUsIuveIRaLUsiy 138091 Principle component w3e
dimension 9nnsAeeiteyafegsinluggdunui nguiauUsEisAuLsUTIueglu 5 dimensions wsn
(Aazauiiu 80 WWasldus) Aauanssiensiv Scree plot 17'iLLamﬁhLU@%L%uﬁmmLLUiﬂiaumanﬂﬁcjuﬁaLLﬂﬂuLLﬁias

dimension U19ASUSENAUKUTUTINIA eigenvalues Auuanslugun 16(a)

58



(o)

(@

Scree plot

o
=)

41.5%
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Percentage of explained variances
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pH
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Salinity
Conductivity
BOD

1SS
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Do

Total phosphorus
Phosphate

E. coli

Total coliforms(CFLU)
Enterocoaci
Fecal coliforms
Total coliforms {(MPN)
AIMOS phage
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UnigPCR
Sewage qPCR
Cattle qPCR
Swine gPCR

Dim.1
Dim.2
Dim.3
Dim.4
Dim.5
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|
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'
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Dim2 (13.3%])

Wet 1

Variables - PCA

i)

Temperature

75t

o
Dim1 [41.6%)

Total phosphorlis
Phasphate

n:nf—————————————————————————EfSw-d\_:a:r!GH;—Mm“g‘- 7777777 sz

Conductivity

R14 phage DS

Wet 2

TCOo9

TC09

TCo7

TC10

TC23

TC22

TC28

TCO7

TCO1
TCO4
TC13
TC10

Cluster

a3
.

TC1T

[ TC13
TCo1
TCO4
TC25
—

TC17

TC23
TC22
TC28
TC25
'_

TC15

T T T T T
10 & 6 4 2

o d

TC15

JUN 16 N51LARINITIATIENAIY Principal component analysis (PCA) 98381151 asAMAINUT d1m5U
Megenanulaglansan Scree plot (a), N3 PCA waninuduiusuaznsinngusenitamsilineseneg me
k-means clustering (b), % contribution ¥89W1518LM95A199 Tu 5 dimensions w3 (c), kag cluster analysis VB4

anfiiiudegnania 2 seuluggru (d)

devmsitesieiamsifinesudnitdmasengusaudsly dimensions 1 uag 2 wuanuduiusves
mafiwosaunini Kuanduzuil 16(b) Tnsnawosvemniinesfieglndtunazvinsmngn (0,0) Feszerlnd
\Agefiu azdmnuduiudiunnnnitnamefvesmnsdinesieglnaiu mslinsizsidangy (cluster analysis) Javin
nsdanguvesnsilinesitdnvasimiieunieatendsiutrineiu nsazildimiimeslisunisianguidu
4 nga léud nquil 1 Uszneudie vesudsuviuasy sendlauavats way gaumall nqudl 2 Uszneude
phosphate total phosphorus An1siiliin AT way vewdatmuaiiazatet nguil 3 Uszneusny Tlef
Sewage gPCR marker SR14 Uag AIMO6 phage ngugavngusenauiy pH total coliforms (CFU method) total
coliforms (MPN method), fecal coliforms, £. coli, enterococcus, Universal gPCR marker, Cattle gPCR marker

waz Swine gPCR marker ﬁﬂLLaﬂﬂugﬂﬁ 16(b)



A Wesldud contribution wansANsNIINSENEFIvERINTITmesi1eqlu dimensions 1§ 5 FU
16(c) Fauansninudfgyremisfimesinande lnsuandliifuimisfinesiidmane dimensions 1 lduA
fecal coliforms, anandial, £ coli, vewdaimuniiavaneth, vewdwwiuass , Arnsthlid | total coliforms
(CFU and MPN methods), ua enterococcus dhumsniiinesiidswasio dimensions 2 léurdn pH gamndl Tled,
gandLauazans , total phosphorus uas phosphate ¥ialiuansAumanilaalunsan 2 dimentions fiaau
Undefielunisulanannuduiusveamisfives luvaefinisdnesfinszaredlu dimention dusulusodld
FuusyAvsandusitus (correlation coefficient) lumsinsiesiauduiusvesnnimeidnads uenanidands
wuUSIFUTY (hierarchical clusterings) 13f10819t50Y 1 way 2 Ul 16(d) STiﬁLﬁuﬁaLquﬁﬂquNuwudw

fagadfianil TCO7 (5.5.Uruudeamasy 8.nseyjuuu 2.83M5a1A3) wag TCO9 (mihinfieudn druvinlnl e.

' '
o o a

anunsu .uasUgy) Smnadwesaunmihiilndidesiuluia 2 sevresmsfivih@digaunmihfisdsiinaunly
U19A wAENUIIM TC15 (@MUY 8.U1aU 2,uATUgH) way TC17 (FUneaeansze1ussie o.afita 1.
gnssauyd) dnsfwesaauniniifinnulndifesiunie 2 seu Fadugainunimiireudisinudn Total waz fecal

-:4

coliforms sndunasiganminuarfmsrlinunuafiFerisingfuay vy waz$ uazdanuanifimisfmes
n&Ansffusesasufio TCO1 uay TCO4 Fsoguiinanusii 2.aumsanas wavaniil TC22, TC23 way TC28 Taay
Uinnduh 2 anssayTuasdoum

f%’mi”umﬁLﬂiwﬁmmé’mﬁuﬁ‘maawwwﬁLmaiﬂmmwﬁﬂuﬁaasmﬁ’]qQLLéﬂWUdﬁﬂajméfqLmsﬁﬁﬂmé’ﬂwm
wiuazaglu 5 dimensions wsn (Aazasiiu 80 Wesidus) fauansiaonsin Scree plot luguit 17(a) Wlosinns
Rnsgvienmsnfinoiudniidmarenduiauuslu dimensions 1 way 2 nuaruduitusvomIineinma i
seq Fauansluguil 17(b) mylnsesidanga (cluster analysis) wuimsfiweslaiunsdangudu ¢ ngu leun
ﬂfjmﬁ 1 Us¥naufae pH, pondlauayale , ¥edaLdiuviauase , SR14 phage uag AIMO6 phage mjmﬁ 2
Usznausy Jlod, aaumai, Sewage gPCR marker, Cattle gPCR marker mju‘ﬁ 3 Usznaunae phosphate, total
phosphorus, Al | auidy wag veswdeioundiazarerr nauanvieysznaude total coliforms
(CFU method), total coliforms (MPN method), fecal coliforms, E. coli, enterococcus, Universal gPCR marker
waz Swine gPCR marker ﬁﬂLLamﬂugUﬁ 17(b)

A Wefldust contribution waasliifiuiimsinesiidssade dimensions 1 way 2 léun Namsfiwes
onLiuA1 pH gaungi AIMO6 way SR14 phage fauanslugudl 17(c) nsdanguiuudadudu (hierarchical
clusterings) vosfa0g 19130y 1 uae 2 luggudanudn degrsthilaanil TCO7 (3.3 tuldeunden o.nsevuuuy
2.AuNTANAT) Uay TC09 (ihindieudn thuvinlvl o.anmsu .uasUsy) fwsdwesaanmidlndidssiuly
i1 2 sourpamaivinlugguisuasiinunindisiniunessiu Uil 17(d) et 2 anddenulndiAestuiongg
Sounarqauuuanslifivinonaiimstuidioudsufgaldnaenitad uonaniudmuandfinsfimeslndidsafiu
sesanAe TC15 waenwuind (Exwiuunaay e.uraay 9,uasdgy) was TC17 (fnrasanszonussie o.aesil
ffo 2.qnssan3) fvaenndesivlugguuisenadugaiiimauuioutosts 2 ag

ﬁ]’]ﬂNaﬁlﬁﬂ]’]ﬂﬁﬁa&j’mﬂf’]ﬁ%qaﬂmlﬁ%qaLLéﬂWUj’]ﬁﬂ’J’]ﬂJLLﬁmﬁi’Nﬁuﬁ”m LLGiW'mﬁma%mé’ﬂﬁdmaﬁaﬂmmw
drveeeanaseuimiloudu 18w total coliforms (CFU and MPN methods), fecal coliforms, E. coli,

enterococcus FuIJUNITTNasN193INe
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Variables - PCA
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i Salinity
Scree plot ' 7 ehosphate
: Total 3”5513“0\'[\5
05- | o8
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o
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43.8%

| Conductivity
hd sbp
oH :

o
=3

Clustar
bo 1 a1

e
Catile gACR
i

i
=)

z
a3
SR14 phage 4

| a
| Temperature

[
<o

RS

Sewage GPCR

Percentage of explained variances
=

7.3% g4
4.5% 3o 3.2%

1.3%

' . . ' | ' ' . . . ] 00
1 2 3 4 5 8 7 8 ] 10 Dim?1 {43.9%)
Dimensions
(a) (b)
R R
EEEEE
ooooao
4526
pH
Temperature .
40.73
Salinity
Conductivity
BOD o 36.21
TSS
TDS 3168 Dry 1 Dry 2
DO TONY e— 0
Total phosphorus 27.15 TCo ————————— T&o?
Phosphate Teio Toos
E. coli 2263 e Te1 —
Total celiforms(CFU) Tcot e ——]
Enterococci L 184 TC13 TCo1
Fecal coliforms TC13 ToZ2
Total coliforms (MPN) L 1358 TCAT TC15
AIMO8 phage Te28 TC1T
SR14 phage L oos TE25 TC25
Uni gPCR Tez2 ‘{’>< Tozs
Sewage qPCR L 453 TC23 Tez8
Cattle qPCR
Swine gPCR
(C) L L 4 (d) W 1z 0 B 8 4 2 0 0 0z 4 ® B 10 12 14

JUN 17 n5MUAAINITIATIENALE Principal component analysis (PCA) vasA1n15dlwasamuaInt1dmiv
Megenguadlaguanidn Scree plot (a), N3l PCA uansaudiusuarn1sdangusenitanslinesengg (o),
% contribution ¥aIN13HLABSANeY Tu 5 dimensions wsn (c), way cluster analysis ¥8saaAUA L1999 2

soulunauas (d)

uananiiinsdnngusie model-based clustering vosagnsinainaniiiane fuaninruadonds
funazdangumisiinesaunimiififienuduiusiu Taun1siieseside model-based clustering 9¥¥in15m7
Tuiafivanzay 3Uel 18(a, o) Favnzdumslddangusuysifinsuauasestoya (distribution) naneguiuy
Tasanunsauvenguaniiléiiu 5 ngu (clusters) fauanslu U 18(b) Tunduil 1 wudriimnsdimesuuaiise
Usgnaumag total coliforms (CFU wag MPN), fecal coliforms, enterococcus kag E.coli luszauurunany i
Amsfwmesmamenimiaiailuseduuiunans winuA1 gPCR marker fisnungduunastilasnaglusedusi
Usdinmamihlasralussdudiunans Sessnaudaeanid TC15 TC17 TC22 TC23 TC25 TC28 Awmunoglugg

Hu Wy TCO1 lugquas naundnanmilaesiueglunusisinuiteglungui 5 daminilinefuuaidelusedusdl

q

A1 9BNTLIUATAIY g9 WU gPCR marker AT uwIzAvuvaInLdad19qluseauan faudinaenuina SR14 uay
AIMO6 Faludizianisuuldeuainundeyuvuaduuisantd annfdneglunguilusznaudie TC15 TC17 TC22
TC23 TC25 TC28 Favianunaglugauas daungud 2 3 uay 4 wuirfinmisdwesuuaiiSeuay gPCR marker 7

Junzduwnaarnianiie luusnaias willinudunuwanisdudndesanarnsfimesnianieninuaziad
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Ustnunmiilaesislussdusiniunasiinnsgu Seandndniinufie TC04 TCOT TCO9 TC10 TC13 ?jqwuﬁqqg
Hukazgguds mnmsdenevinguaninuinuamiilassuiidnuldveslugguds luvaeiiggruagnuyed
A isnImnsgulunnuias iesmninisvedrarhauiuutouasgundnitlungsiy
dnsumsdandumafivesaunimimuhasowianndwesosnidu 9 nquiiimudiiustu fegu
i 18(d) Ao nauil 1 18ud pH nquf 2 Ae gaungll Twis 2 wiweslifieuduiusumsfiwesdu nduil 3
1dun Anufa dnsiilaih way vesudsimuaiiazanedh nqudl 4 Sled nduil 5 eonBlauarans way vesuds
WUIUDDY ﬂﬁjuﬁ 6 total phosphorus i8¢ phosphate ﬂﬁjuﬁ 7 total coliforms (CFU wag MPN) fecal coliforms
uay E.coli nguil 8 fis qPCR marker Sumnzfuuvasriniinm1eg wag enterococcus waznguaavnede SR14 waz

AIMO6 phage

Model-Based Clustering

Model selection Classification

Best model: EEI | Optimal clusters:n =5
-2500 :
' s 28-2
.
TC28-1%_TC23
-2750 . e
A TC23 cluster
Ty 1092 Tels ez [*]
-3000 2 oo LTC152 / >
o 3 £ wu” 8]
E el .
-3250 o, .
——Ell il EEI
3500 ! —=—VEl —=-EVI —=—WVI
e EEE--EVE - VEE
' —4-\/VE -#-EEV -+ VEV a
1 BV
-3780 1
1 2 3 4 5 8 7 g 9 50 25 0o 25 50
( ) Number of components (b) Dim1 (37.7%)
a
Model-Based Clustering
Model selection Classification
Best model: Ell | Optimal clusters: n = 9 5 1016l phosphorus
Phosphate
-2800
cluster
pH
28 Gonductivity !
Salinity
+ 2
-2900 § 3
2 SR14 phage s 4
o o '3 Fecal coliforms e s
@ Total coliforms (MPN)
i g AIMDS phage otel ealiferm: N, &
I * otal coliforms(CF Ul
Cattle BPCR " 7
-3000 | Sewage aPCR =
I ¥ Enterocasci E. coli 8
——Ell VIl | =
o EE|—=VE| 25 * a
EVI-s-wVI I .,
i Swine aFCR
BOD
-3100 ' *
Uni gFCR
1 2 3 a 5 5 7 8 g T
Number of components Dim1 (30.3%
(0) p (d) 30.3%)

U7 18 nsluansmsliaesisae modelbased clustering Tasmsnfinosuaziiogainananiingg lneuans
ImLﬂal,l,azﬁ?wmumjuﬁmmzamfﬁ”fumﬁmﬂfjméhasmifwmﬂamﬁﬁm6]1%@ 4 soumaifivih () NANITIANAUAIBENS
ihananiilaneg (o) IumaLLaxaﬁmaumjuﬁmmxamﬁ“umﬁﬂﬂfjmmiﬂﬁma%qmmwﬁw (©) uarHan1sIANGY
WﬂiﬂﬁL@@%ﬂmﬂﬂwﬁ’l (d) best model wansdnwaizvo3 model #il% EEl Ao the volumes and shape of
allclusters are equal, the orientation is the identity 11w £9 El wuneda Al mixture components are

spherical and equal volume. A1 BIC (Bayesian Information Criterion) unnuUsiu model fwvisngau
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\9991nMTIATIEYAMUY PCA uay clustering Wun1simsizimeanuduiusyesnsfiwesiuuningu

s o w

Aatiudssndudesldmanduius (correlation coefficient) lunisuenaudunused1eiited Ay naainnis

= '

FATITANUIN N1510LRBBUATILSY LU total coliforms (CFU wag MPN) fecal coliforms enterococcus wag

o v = o

E.coli uansan correlation og19dfed 1Ay deiuuariu (p<0.01) AegUN 19(a) gPCR marker N NN AU

o

a o o

wiasiliasiuwazyaansiianuduiusesiiivddyiunsiivesuuafiewuniu (p<0.05) @ gPCR marker 7i
Fumzduiidesumy Saruduiusodiedideddyiu qPCR marker s ingfuunasindingu total coliforms
(CFU) way E.coli (p<0.05) luvaisdi AIMO6 wa SR14 phage flArnuduWusdafunasfu (p<0.001) welaldl
AuduiusA U imesu

M lesianudITuSsEransmesnenien Ui iy vewduimundiavanet uwaz e
msilil Sanuduiudiuegsiifudifn (p<0.01) faguil 19(b) Tuvazil sondilauazats Tauduiudide
avegeldud1Agy v vodaimuafiazatedn war drnasualai (p<0.01) @71 Total phosphorus &

°o W w1 I3 ' o

anuduiusednsdidudidgydua pH aamall mnudu Anisiiliih vewdaimuaiiazanei waz phosphate

7

P v o &

(p<0.05) wag phosphate UANUFUNUS

U w1

pgafideddyiua pH ANuLAL vesudawimuaiazaietn Ansiildn

)

wag Total phosphorus (p<0.05) LagiiaudnusBauiu oandlauazaiy (p<0.05)

P

WaN1TUIANUFUAUSVTDINITITADININUAN LATILAZLUATISENUIN panFlauazany AAnud
ANUFUNUSLIAUNUNIS AW BSwUATILSE takn E.coli total coliforms (CFUWay MPN), enterococcus, fecal
coliform, Uni ag Swine gPCR marker (p<0.05) A519R 24 drumsifimes Arnsiali , mauﬁﬁ?@m@ﬁ
avaneih, phosphorus ua total phosphorus Slaudiudidsuiniumsiiiwesuuaiierinarnunludnedu Uni
GPCR marker SAuduiugiu Arnisinlnii waz vewdwiomuniiazaterin (p<0.05) dau Cattle gPCR i

AUENTUETIUINAY pH war ANUAN uazdnTe Swine qPCR marker fAnuduiusiv vosudwviuasey
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E. coli -
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3U# 19 Correlation plot %04W151TL00TNTINNINANY (a) Laznguas (b) AiavuansmduUsyansanduius (Kendall's Tau correlation coefficient) Histogram aasn13

wanuaedaya (%) uansAAuduiusegelitudfny ** p<0.001, **p<0.01, *p<0.5
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M19197 24 ANMUFNTUTVRINNTITRDTNINIEAN AT UaETIINYMIQHULAZUAY dalavuansmduysedns

o W

andunusS (Kendall's Tau correlation coefficient) (*) wansarmudNRuSoeslitiodIAn *** p<0.001, *p<0.01,
*p<0.5

Parameter DO Conductivity | TDS | Phosphorus Total Salinity pH TSS
phosphorus
E.coli -0.43%* 0.37* 0.37* 0.31* 0.32* <0.29 <0.29 | <0.29
Total
coliforms -0.42%* 0.40** 0.40** 0.33* 0.34* <0.29 | <0.29 | <0.29
(CFU)
Enterocuccus | -0.29* 0.31% 0.33* 0.30% 0.29% <0.29 | <0.29 | <0.29
Total
coliforms -0.41%* 0.31% 0.32* 0.32* 0.35% <0.29 | <0.29 | <0.29
(MPN)
Fecal
coliform -0.46** 0.39* 0.38* 0.39* 0.38* <0.29 | <0.29 | <0.29
Uni gPCR -0.33% 0.32% 0.35% <0.29 <0.29 <0.29 <0.29 | <0.29
Cattle gPCR <0.29 <0.29 <0.29 <0.29 <0.29 0.35% 0.36% | <0.29
Swine gPCR | -0.43%* <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 | -0.33*

3.6 undnseidadiunazundaisranvamnisuuidaunuaiiiengulagnasuluunaviiay
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ans 11nfia 63iedidud uax 88% nmansaapuiaua 16 A% Tu 2 g Tnefiannil TCO7 TCO9 TC10 n3raMY
3 Aty 4 adadwiuindegueu uay TCO7 TCO9 TC10 TC13 Asranuyaansanilas 3 addlu 4 afs uenaintdu
Hmmanunguuuafideiisunztuyalaegation 1 adiluynandfindrludhaiu

dlefinsunssinnvssnguuuafidefisimnsdinmaniluanidsine mfumansaianuamiily sUd
11 wazusuiuvasiniauafivluusiazdmin (Uil 20) mmsaa@ﬂmﬁaaﬁumﬁﬂ uhiwhiufisesuthandain
uasUguitiymnisuuiioudsufgaanisuuadn Tneusina Tled figuuas sonfiauazans milaildunsg &
ammnnmsUudouyagnsuazindsyuvudundn egdlsfiniuusinisiesesiunasiuiuafiviu awiso
finsananUssanuessvasnssswhaasdafuaniifiuiediah venanimsiilafsfianauazsnsinig
Tnawesi Lﬁaﬁwmmmiﬂmﬁauuaﬁwﬁnﬂé’uﬂfwméamﬁﬂa'm‘fw LarAIIANTIINENIIN1SYRYEaTY (decay rate)

YoenguuAfisenavanitatduwrathieuldsunsnsnindndae
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(n) NMsgulnauazuslaalagdosinunisaidelsnmuuniineusasiiunseuIunMsusuUTsnun i luneu

(W) NSLAEANT

waa1Useand 4 lewaunaaiflssuinnainfanssuuislssnusazanunsaulseloviilite

(n) nsgulnauazuilaalagdewunisdndelsamuuniiuaziiunszuiunsusuupaunmuluiinynou

(¥) NIYRAIMNTIY
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wiasiUsznng 5 lennunaainnlasuiifiaainianssuuisusenniazaiunsalulseloviifianisauuinunazla
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Muuadvtivsaan i bIsIuviaEy 28 Aull MUUTELANWMEIL AaRN919% N1

M19199 N1 ftiaanimhnirualuinnsgiuaun i luLa R IRy

avlannIwnY iVeld A naIIfUAgIEn” A1NN1TUUS
9 Uszinnaaunniinunislduselevd
a0m
dssnn | Uszm | Ussian | dsean | Ussan
1 2 3 q 5
1.8 nduuaysa (Colour, Odour - - 5 5’ 5’ 5’ -
and Taste)
2.90unnd (Temperature) GNGY - 5 5 5 5 -
walded

3. Anudunsauazang (pH) - - il 5-9 5-9 5-9 -
4.80n3Lauavay (DO)” 1n./a. P20 5 6.0 4.0 2.0 -
5.41ef (BOD) un./a. P80 5 15 2.0 4.0 -
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M191990 N1 dvdaunmiiiivualuinesgiuaunmiluiraniifu (e)

dufigauniwin” Vel A \nauaifUAgeEn” nun1suds
N4 Uszunaunmimumsldusslevd
fnf
Usznnl | Usenan2 | dssan3 | dseand | dssians
6.uuniiSanguladnesuvianu Wumdw/ | P80 5 5,000 20,000 - -
(Total Coliform Bacteria) 100 wa.
7.uupfiSenguilrealadnasy Wuidw/ | P80 5 1,000 4,000 - -
(Fecal Coliform Bateria) 100 wa.
8.luwmsm (NOs) Tumibelulasiau 1n./8. - 5 5.0 -
9.uoulundly (NHs) Tunmioe un./a. - 5 0.5 -
Tulmsiau
10.5uoa (Phenols) un./a. - 5 0.005 -
11.999m9 (Cu) un./a. - § 0.1 -
12.4atha (Ni) un./a. - 5 0.1 -
13.49m18& (Mn) un./a. - 5 1.0 -
14.d&ned (Zn) 1n./a. - 5 1.0 -
15.uAndlew (Cd) un./a. - 5 0.005* -
0.05**
16.1as lsuviagnaniaun 1n./a. - 5 0.05 -
(Cr Hexavalent)

°

M13197 n1 fedlaanmihffvualunesgiuaun i luuasiiay (de)

o '

wilanniwin” w2 A NUTINVUAZIEAY AINNTTUUS

9 Uszianaunwiinunisldusslev
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a0 | Uszam | Ussiam | Ussan | dszand | Ussuans
1 2 3
17.9M (Pb) un./a. - 5 005 |17mz% | wn/a. -
(Pb)
23.06% (DDT) Tulasnsy/ - 5 1.0 -
a.
24 Uevdvilateani (Alpha-BHC) laulasnsuy - 5 0.02 -
a.
25.7an3u (Dieldrin) Tulasnsy/ - 5 0.1 -
a.
26.9a05U (Aldrin) lulasnsuy/ - 5 0.1 -
a.
27..8UnAanshartaUnnaadlan lulasnsuy/ - 5 0.2 -
lan a.
(Heptachor&Heptachlorepoxide)
28.10UA3Y (Andrin) Tulasnsu/ - 5 Tdanunsansianulanny -
a. J3msnsiadeURinvun
winewmg  : ‘dvusdisspiuenngluivasnissond 2-0 dmuuvdsiszoni 1 A Suluawsssini ua

uwidsissand 5 laifwuae

? 61 DO LHuNATILATFIAEN

5 Wulunusssund
ﬁ’qmmﬁmmﬁwséfaalaiqqﬂ’hﬁ;mwgﬁmmﬁmﬁtﬁu 3 perngATea

v
°

* Uiifianunseandlugures CaCo3 lifiunia 100 fadnsusiedns

“ nanunsgandluuves CaCo3 iund 100 dadnusodng

[

dofiansanmunstsdannzaunimih ansaudsisieondunguld fadl

1. nguUan1Iall meneam vl wasdinn Ingldlunsssyseduamunimindng weld wieegluseduininge

I a

dunaldananasgiuiuandsluluusasseduaunimiinuussnnuaa 1aud @ ndw sa gaumgll anadunse

714 (pH) eanFLauara1y (DO) Tlaf (BOD) wuailsunguladnesunvan (TCB) wuafiienguilnealadnesy (FCB) lny

BOD Us¥nsuuidauanansdunidnunainynianssy TCB uag FCB Uadtamsuuieuvasyadniidongudanang

udwywduazrdnd uazidunuaiisennulusssunlaguiu
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° '

2. nguustandufiv fufinguifasnuueasidufiviotsruuinawssteuyed Tnsrunsgiutnagfvunaidien
nnenauduiy Geuanevia 1iud Taneniinfiduasiinuldfemusssumalasansluiuifidaussuagns
Judlousnauinianssuimiiousuazanaedifllusfidounasgnaminss asndnsfivardnidaduasdunsei
Wieldlunisinuns answndsun wu loerlus fuea wazansiuiunded sautvensusznoululaswuiivsdnsvudoudiun
Mvayasyed Yadniuardefliluiuiimanees Sduliainzaniudusnemsiiddgreninaiyivinves

iy werllafUSunanunnluinazdsmainanuduiivnedndun dudisnanfe luwsnlundislulnsiau (NOs-N) way

wouludeluntielulnsiay (NHs-N)

dmsuansnisuazuleuieiertesiunistesiuiasauaunmsvulenlusuvesiuaiiss wuindseuliluunsgu
ANANNAMTUUNSTINYIF Lok U1RIRY (113199 n1) wazdnzia (n13199 n2) IneseylugudviuuaiiBonduled
Weasuvianun (TCB) wupiisenguilnoalaanesu (FCB) Inaludmziaddviuuafisangudumnslsaanla (Enterococci

Bacteria)

M19199 N2 Ardannintiluannsgiuguanmes

avtiannnin iy Usznnislduselovy
Uszan Uszan Uszian | dsean | dssian | dseam
4 5 6
1 2 3
1. Jngiaee - Liduminsaie

(Floatable Solids)

2.4 - Tiduminsaie
a R oA v oA
3.nau (Odour) - Tiduninsaies
4.90unQdl BNGR WhsuwUae | lieuwdae | wWhsuudas wWasuUawRuliny 2
(Temperature) waded | Wiinvuluify ATEGTIIEY
1 nu 1
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M19199 N2 Frtiamn i luasIuAuN UL (9)

AvlAnAINI iVeld] Usznnisliusslev
U3z U3z UYssn UYssn Jszns UJssn
q 6
1 2 3
5. dunsauazang - 70-85
(pH)
6.alUsla - APANNNANMETINA BIAUNT 10% TnAwhgn
(Transparency)
7 @15UIUA0Y - AviENE 1
8.AULAN (Salinity) wWasuuadllsiifumin 10% vesdga
9. hdunIslasiuuui - waslsliu
11
(Floatable Oil &
Grease)
10.Uns\8eu ug/l TaliAu 05 TiAu 1 laiiAiu 5
lelasansuou
11.09n3auazany mg/l | lidesnina | ludesnin 6 lsitleemin a
(DO)
12.wupfisengulad BUd.. 1A 1000
Wosuyanun /L1100
(Total Coliform ua.
Bacteria)
13.uupilisenduiimea | CFU/100 Tidiu 70
Tnanesu ml

(Fecal Coliform

Bacteria)
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M19199 N2 Frtiamn i luasIuAuN UL (9)

o

AUTAMAINU

) Vel Usznnisldusslev
UJszn Yz Uz dszng | dseans | dssamn
6
1 2 3
14.uupiisengudumne | CFU/100 -
1smanla ml
(Enterococci Bacteria)
15 uasm (Qulmsiau ug - N/L TsiAiu 20
NOs-N)
16 ean-woanesa ug - P/L TaiAu 15
(PO4-P)
17 weuludelulasiau ug - N/L TalAu 70
(NHs-N)
18.soniimun (Total ug/ TaiAu 0.1
He)
19.uAaLilew (Cd) ug/ laidus
20.1AsiileuTIn (Cr) ug/ {9 100
21 lasuleusiadnenn ug/L TaliAn 50
AU
(Cr-Hexavalent)
22,922 (Pb) ug/! TaiiAu 85
239194494 (Cu) ug/ lidu s
24 uasnila (Mn) ug/! TaiiAu 100
25.dned (Zn) ug/l TsiiAu 50
26.an (Fe) ug/ TaiiAu 300
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M19199 N2 Frtiamn i luasIuAuN UL (9)

AvlAMAINI Vel Usznnisldusslev
UJszn Yz Uz dszng | dseans | dssamn
6
1 2 3
27.1g00l5d (F) ug/l T 1
28.AA03UANLUED ug/l - - - - lsiiAiu 001
(Residual Chlorine)
29 3lupa (Phenols) ug/l lsiAu 0,03
30.9alua (Sulfide) ug/l lsiiiu 10
31.lgelud (Cyanide) ug/l laiAu 7
32. W90 (PCB) ug/l ATRIINY
33 asiediilalunng - AVENEV 2
Jasufmdndngituuas
dnid
(Total Organochlorine
Pesticides)
34.8151y (Arsenic) ug/l TaiAu 10
35.AutfunnIng @ Lum) ug/ TaiAu 01
(\naLsasaanT
- Anfugtunnnsed s hifiu 10
Laan
- ANUTUAN NS IFTMLU
1
(ladsruAludadew-40)
36.815U3¥NBUAYN ng/l lifu 10

dunsduiialnstafa
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v oo
o A

wazdluinsnistesiunisvuideulugduilanunlasiidyduuafiledvualuninsgiuuiaueieyg loun 11nsgiu
HandusignansIUIUIlnAeenlagnTENTIEAMNNTIN (ANT197 n3) WRsgruAMnmaLluYUEUTIINTUnain
20NlAYNTENTNATITUGY (M15197 nd) UazannsgIuuInIaiien1suslnAenlagnsens1NINGINTSTTUIRLAE

Fanany (MN5199 N5)

M19199 3 Avlinunmiisugatiiveluinsgundaduenavnssuinuslan (nsensagnamngsy 2521)

AMANWY AN ATt AU
naaifvuageEn nuaiaylaugegn’
(Maximum (Maximum Allowable
Acceptable Concentration)
Concentration)
1998 28.uamuasanan | lalatldeguian 500 -
Y2Inen LAUA LYURLINT
(Colonies/cm?)
(Standard Plate
Count)
29. 80U (MPN) | Tndnesueasuniady Hosnin 2.2 -
fo 100 gnuen
LBURLUANT
(Coliform
Organism/100 cm”)
30.81ala (E.coli) Taigd -
&l v I3 ol v o o Y a8 Aa
NN a naineylaslvigsaaidununineygalvidmsudissuwseruinaiidaing

Fudusadduslnadunmstinsmezinfifinudnvazeglusswiaunasitvungegn (u

wnaeulangeantulallvieSomaneunsgula
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= v o H o = T A N a
A1319% N4 mugmm‘wmmwﬂLm{Luu’mig’mmmﬁ[,umﬂjuzmiqwﬂmauw (NILNTREATITUEY 2524)

AMANBY autiamniwi g ANIATFIU(NaIiayaugen)
nadaws | 27.1manesu (Coliform) WBu/fiL8U.100 22
ua.
28.8lala (E.coli) WU/ .481.100 ERDIEGILY
ua.
29.9aunsgviiliinlse (Disease-causing | 483/ .481.100 ERDIEGIY
bacteria) ua.

35197 n5 dvinannimsines lunesgruhuinaiiensuson (NsenTImineInssssuRLazAuIndey 2552)

o

AMANYUE avtiannnin mide ANATZIU

9

naEinuamInzaN | inadiaylangegn

N9UNLNS 21.9n939n579nUlneds lalatife au.u. TadAunan 500 -

Standard plate count

22 Jnuasinsranulagis WBUR LU, 8NN 2.2 -
Most Probable Number 79 100 aU.9Y.

(MPN)

23.81ala (E.coli) - fagluiiaey -

Tuduvesnasidauafiviefnssufienanoliiansuudeulusuuuaiide dldun thidsanasaFeu dudean
gAaMNTINDIMNS Wagideanvhiuladng Sandsifiulouneniesmsmiladmiumuaunistuidiouvedd wipalu
suuafiseluiiinas asguifisiifedesiifoglutiagiuuazaisiinissmuadaifodu Tiun sesgiuthiisann
ssvuthintndegusy wesgiuihivngaannssulssinnomsuasmsulsUileda finnsg i fiennisugns

WAHINITFINUITINUBINILLEES

Wiednseanuenlesessiivuvasiliauaivasnuin nndvlanunsadenleddunasiniiauaiulauinnii 1

= o

wras (U7 n1) Ailivedanuidesinsuvesgaunmiilaenuiiedldlunisinddununimiuag iusseinnunas

[

oun eandiauazany (DO) wazdled (BOD) WunasiuvemansgnunnsUasasduvsdanuuaiuliaynusean

v
[

THINNYATNTIN @RAMNTTULA LYY AvNUAIEansomIsge laun lulasiau (TN) uagWearesa (TN) 11310
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mansinuesidundn wazeraunanindsygusuildlasunistiidanasihisangaannssuemsuaznsinuns A
vansuuleuresdafna laun wuaiisenguladnesy (TCB FCB) anvunannmsuutouvesdsfgavinuywd 3910
yavasdninnuinaadniuazannsedalanluwith venanilfarutuuaiieeglusssumanie uazudlunsdldud

-1 & A [ = T A = o Y oV iaw
M@anuduniuds laun Tanendn fenannanuideainasavnssuvsearsialinldlupiasou aguladn daluliduile

Tugasgiunausavaduvasiiiauanuliiounaaden dadu lunmsudlvdymuafivanuasiiiaiedidennides

fadndiunisudesuaiiviuiass uaglianunsoszudnevaiiviidaauls lnsnmziliennsandymaunminfiiium
Feaguledn JymuaiiwiivsemelneUszauunegiwoilouasyiniugunsidudiuunnnasdunsdlnedidsigaain
yauywduazdniinsaianisuudeuldlusuuuaiiSauazansusznevlulasiaudussusznou Tunsudludgmetns

H s a

MM38N151TLH 85 Nl

o =

Jagudadinnudnduiesuiuugmnisnsiatawasimumaialmig Tunsesinindaiinunind

getiuadl
anuduwnzivianssy lneannsadnlélunsfwesaduayuivinunnifdegiuluinasgiunaniniiluwnas

A asuduinasnisennsiuiiedumuwasiilaaudndiunisuassuaiuiuiasa

INEHATNTTH 'qmﬁ']ﬁﬂ??ﬂ ﬁ;m]u
g 5 %
ndaedaaa \| | nd aisinnadea \\\

. \ s :\
daalnsalaasan | T‘nsmqnmmwy/ _ “\“%v
uDOBOD || [15uTN TP e

\ arantuu
‘c‘ nqaiaiinanans |/ / du H.M.
‘9 tudlavanga | Pest
| | dndau // y
| |1duTCBFCB / &
Twhde *l/ 10 O, i

AnranTg /
A /
B e e -
avtaasuAuindadnm | Andvmng

JUN n1 Anuveslesvesvasiillauaiuiidwasrenunnilazdviannmhiieites

nsinguuuaiiSeileulestuunasindauaiiy udvuauleviesldidunsiwesatvayungunisdines
wuaiSenuunsguiRanu dliduegaunsarslusisszmea wu Tulssneansgowsninisihunldlunisivun

Agegnsefundusenlvinafividesaiunatiiiug ¥38 total maximum daily loads (TMDLs) Tngdaelunsuseidu

unasnlinuafivliegrsiiuglazamisavenunasindavaniisuiuunasniinsesdusla wavdwaliauisoan

USunauuafivasgunaniliannunasinliafigndes endiegadu sgneside 1old MST iiefuindinisuuileuTCB

Y

ynanwrasnialaludsunainlsSeuiisuiu wasdesigiinmnannisyuieuannwrasiliawanilazaiunsoan
AanUsnvaumastnaslainls wananildalinaslyd MST lunsdansuafivluwnasiilusgsneg wu Idaho, Oregon,

New Mexico, New Hampshire, Michigan, Wag South Dakota 1 ufu (United States Environmental Protection
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Agency, 2011; Benham et al., 2011) ?jqam'ﬁmzqLméaﬁuﬁﬂﬂgmuuﬁmwwLmuau (point source) hay
uwasriuilndilingugauiueu (non-point source) Inglawizagneds nsdanisuvasiidailimsuaauuueu Favinld
g1nniundsfiafinsugauiuoutu ve US EPA Tdsausaunsdfiegaiiussavanudnialilunuled
https://www.epa.gov/nps/success-stories-about-restoring-water-bodies-impaired-nonpoint-source-pollution
uanNi MihsnuiuduindenvesUsyimasinguuaziaad vise Environment Agency Meiluunuiddaluns
fwunazinanudiu MST smaelunmsuidgmuaivluidiouluuani luussnalosuaud diuea Wamna uaza
wiwedns deseanulul 2008 lagldsenuinisldnsnsainfiduevenguuunadiise Bacteroidetes sesid
015BssInanduisfmnzaniian warldiaumansaiafmeisfnanuasdmuauumemshluldduduneunis
n3aUsEIdmfunmslensinuamiilumani e Sesdduuvasiiouainfiddgsuninlugnaisiiunis
Famauvdaiuinneundald egslafiou senulfitudrinansinmeidridaes dudnvusiadaium Tay
WunsiwFeuiisuiuszvinundsinde wiesihlugnsiaunselugmadaiiannsaduiandeimaldiiuoudi

wasillalavanUaseuafiveandunaninduuiunawitla (Environment Agency, 2008)

wennilennUsgleviimunsuununasassuafividy nMsvsuwrasiilauaivanunsatluidudeyalszneunis
funmarndssioguninléde ileswndnfnanieyadn iuudeuasgundniilenmaiiaztimidegunidielsa
asguvasirdug e Tnglonanisuutouriauas Uinameadonelsafunnsfuludufudssnnumasiuin iy &
snuihtidegmuivudeuasgurdniierudssogunimlndifssiunsuudouewyalaasgundsi Turued
nsvudeuninyald ans wazunuisuaa (ulls) farundssdeguainlusedudininds iusu (Soller et al, 2010)
faiu mansuteyaunasiinuaiiy axdslumsUssdiumimdssioguamildesausiugunntu lasianizegeilu
uwidsissand 2 Afinslivsslesidumshetasfwmne forefimsduiadilnenss vidsluwdaiussoni 3
fianldlumainens Tasamzegnsddunmssmirdnaaliiumssuussmuanduinada Hudy sawfinsussdiu
seivreamelulaBvasnszuiunmasnidelsanaznszuaunsuiulsnuaimineuilugulnauslag auszduan i

Eeauasnsuuloudalse Wudu
v a
LBNE1581984

nsuAIUANLATiY. 2558. TeauanIUMSHiNafivvesUsemalne U 2558. nsuaiuauuafiv nsensaningInssssuys
LazAINFoN.

N3ENTOAAMNTIN. 2521, UseniAnsznsgaamngsy adufl 332 Bes fmuaunsgiundafusionamnssui
U3lna. AfuilusAaayune @ 95 noudl 68 astuil 4 nangnaw 2521.

NIENINATINTUAD. 2524, UsEnIFnTenssasiangn aduil 61 Feniwilnalunivusitaain, Afuilussian
YN L1au 98 naudl 157 @dufivaw) astuil 24 fuereu 2524 Felduflufindulag Ussniansensas
ansnsnugy atuil 135 (. 2534) 1309 thuslnalumaurusseiiteain (iufl 2) asfufl 26 nuawus wa.
2534 Afssiluvilsdoraiaayiun 1@y 108 noufl 61 asiuil 2 wwieu 2534,

NENTININYINTETTNTIALALAWINGON. 2552. UTEn1ANTENTIMININToTINTRNATAaUINdey o9 Fmun
vannusiuazansmslumdnnsdmiunistestu suassaguuasnsdesiuluFosdunadouduiiv

wa. 2551 Afusiluseiatyune ay 125 aoufivey 85 9 asfufl 21 nquaiau 2552
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79138 Funane1. 2546, nenTseAMANLitaendn wuilduiaznisUdsusdas. ddndnnisauninii nsuAIuAL
uaiy.

¥ ' v
LY & a °

ﬁ?Uﬂ‘\]@ﬂﬁ@mﬂ’lW‘j’l. 2558. (i"N)LLN"LJUﬁ‘fJJaﬂ']i‘ﬂENﬁ’uLLm‘ULLazﬂqu‘J@mﬂ’]Wﬁ’] WuNguUIvIAL WA, 2558 - 2564.
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Environment Agency, 2008. Using Science to Create a Better Place Microbial Source-Tracking project Science
report: SCO70003.

Soller, J. a., Schoen, M.E., Bartrand, T., Ravenscroft, J.E., Ashbolt, N.J., 2010. Estimated human health risks from
exposure to recreational waters impacted by human and non-human sources of faecal

contamination. Water Res. 44, 4674-4691. doi:10.1016/j.watres.2010.06.049
United States Environmental Protection Agency, 2011. Using Microbial Source Tracking to Support TMDL

Development and Implementation.
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AAKWIN V1. N1SIAURIREYadR ]

gunsaluazisg

1. nsgawiivy

2. fududeililunsifiusioing -20 sseeaidea (Mitsubishi Electric Fo5u MF-U14J-W)

3. ddlabuds

4. fawanadnla

5. guefleadinduuuldudaiis

6. wunmaln

7. tuds

8. Unmitlilumsszysnedn

9. flinaynuuuldudiia

10. 8193

11. 59uyn

12. asazaneienuea (70 Wasidug)

13. vaoAWaN@Rn YU 50 fadans Akunsede (Axygen™ Presterilized Conical Centrifuge Tubes)

2579y

auseanymmaonnaeglufiufiiviteg

2. awgsiiouarinaaynmnass lurueivhnafiusegs
nsiiufegagadnd nedoniuyadavesdaiastiafeatiunnlsusoudeiu lnaduiumnugasiie den
U%L’;mﬁﬁ’uiadwadaﬁm’ﬂaiéf’uﬁaﬂgwmﬁzhL%@Iﬁﬂ%qawﬁﬂ’]iﬁuuﬁu Wnsiudszanas 1 nsuluwsazyn Suu
20 9a7ly Wladusunuresdng 20 saiuly

4. ervhmafusegaaanntonieaununuyedaiulinsgniieasisideiu waedulaidugaaslnl
Tnaidoniiiu 20 9aluts nazUszanas 1 n3u

5. hhegeild ldsmfulunasananaiin wuin 50 faddns Miunissdedsuiesuda odufunures
fetnaya 1 feg Inglimsldauduvasn iesanagilimesadussnulsidethluuguds mnlndidy
vaen lriuvsshoedlddnvasanils

6. linnuTeutesiogns Suiliudiedns Suiugauesyaiinmsiiu asswinathamasanaiadin vuin 50
ladans

7. Mnszaviingidauinameui nouflazshmsUadmasanataiin vun 50 faddns uazildgemanadnlasi
UngdliSeudon Tunmnssaeivglduda ldgmanaindnluilesiusaniia

8. vnfeanaifuiegealmiluvinaanuiidssdnideatu Tiinisniunuislude 3 8 7 Tnewdeugs
fiolmimnadaiunafuiegnseln thosdeliudldadugmarainiosiuruiiiis

9. Tmunnmtdalaudzudnadrigesiusiumasaiuiiegis wdwihnsiouaauiiuiiegauag fufiiy
IPLEAR

10. thgawanainfidiiegyaldlufiiiudssqey

1. neniBnaynilldudaldgmanafindaingiliisusosionurmi
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12.

13.
14.
15.

16.
17.

nemseavyniiosenaniiuidesdnd mnid sumwduuimann Trdsieissr mudenadadeie
yuga (70 Wesldus) Fenseauiivy mndeudeudndedliiasmeiomuen (70 iesidud)
mndinafiusegnefianiuiidssdniuisdusely Wauiunisnude 18 12

fnfudefiussafosnya ssgnuudaniiviosjointg nelunarlsiiu 8 Hlumdnnaiuiegs
feundsiosufoinng vnsthegananadnussgrnasaiiusegisluiivluduiudeionmgfl -20 ssmivaldea
ilevihnsadamduenielu ¢ Ju
paflelfuduasfivyliudfinununazgnidneegnismuaniudiduimun
soavyniiliudmsdndiazen wagsinnsanloiusi
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AIANUIN V2. NITNUALDE19ULTe

aunsaluazIEn

—_

W o N o RN

— e
N = O

L N .

o

10.

. Unaynuuulduainie
. 8193
. gunsalifusetnui

NIEATHNYY

ﬂizuaﬂamﬂwﬁﬁ;a’liaxmsJLamuaa (70 Wasidua

v
o a

vananafnindlnsfiduikiunssidodmiuussginges wun 1 ns
Aiuutiiegne gamgiusenna 5 esrigaided

fildduds

pafleaninduuuldudaiis

wiunmtsla

thuds

Unnmiilflumsszyfoeis

v
a

aunailonnads lusueiivhnaiusegnaiude

THmunamddliwzuinadimniuiegns udwhnadsuaauiiiviegauas Tufliiusegn
Hgunsalifuietrahidendeuasluliih vinnsdrsgunsalifusensundduideussana 15 Jund
nthuvdeugunsalifuiegisadiiitiszana 30 wuiwns Asduwnuazmindeldadurinussatiide i
nssideiSeusenud

thaadeghaifiuldudaduiaiudossgiudeivhnaedols
yhmsdsgunsaifusegadeinszn mudenadedeieniuen (70 Wesidus) deonseanuiivg
msdsunsiiennads Weanfumednaialy Tnehgeileliudldaadugmanainifiosusuthiie dndangdls
Bou¥os Mniwihnafuiedieialy Tnedudumaniude 1 56

5@5ﬁLL6ﬁﬂﬁ7‘iuss@¢T’;aﬂwﬂfw sggnuudaniviesufiinis melunaliiifu 8 Hlumdnnsiuieds
downdaiesufoRnng inmstheviaussgfedluiivlugiiuusiogisiigumniivszana 5 esmiwaidys
ilevihnsainsegsdduenelu 9 Ju
paffeluduasiivgldudfisiunumargniinestegrisnuanuiiufvun
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AANUIN V3. NIFAAALDUDIINAIBE YA

aunsaluazIEn

—_

W o N o RN

T e e e N e L e e e
O O 00 N O 1 AW DN - O

nIgANuNYY

NADITIVTINNADAUTIYAOU

\A30aEans (Vortex-Genie 2; Scientific Industries)

\n3osfsaaasiuvia (Mettler Toledo %aéu ML802/01)

wdosiluniBoseussduleth gamnfl 121 ssriwailoa WWuan 15 wit (Tomy fu ES-315)
w3nstiumies (Microcentrifuges; Eppendorf §U minispin plus)
\3esTaUSnaansugns L (NanoDrop™ 2000, Thermo Fisher Scientific)
ﬂgmaﬁmaﬂiﬁLSULa (ZR Fecal DNA MiniPrep™, Zymo Research)

nzfoulsifiunissinge

. prunsananadnldvasalulasidunsindunn 1.5 Sadans

. fusudeildlunsifiusesn -80 ssmuwaidea (Thermo Scientific 31 Forma 900)
LSTRRGER

. gaftoainduiialdudaii

- Uinmillflumsszysetng

. inPaaynuuuldudaiis

. lalastad aunm 2, 20, 200 waz 1000 lulasans (Gilson)

- lalastadfiy awie 2, 20, 200 wag 1000 lulasans (Corning incorporated)

. U950

. @158¥a18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)

. @sazanslenuea (70 Wosidud)

21.
. yeoalulasdunsinduwin 1.5 §addns (Corning incorporated)

d@entl

yihmsaddent i TadUnaunuagldgaieluvaeivihauluiesd fiRneasaiian

° L a & o v A & a v s 2 e\ 2 vy

FanuazeInuRildzNagvinn1sainnbue lnednngaisazatgeniuea (70 wWesidus) Aalidua 1
a v v a @ ¥ v % Qy Y al v ¥ a [ v

wiikadldnszauivgdaliuia sudieaisazaty RNase Away fdbiiduan 1 niudldnsearuitvydinl

WA

'
v v £a

o ! < Y @ A = & Y dl‘ Y 1

e eyadniMiulTludusulen 20 ssrwadea senusuulivusyann 1 Pluaielifiegvazay
#n

Wiliinzifeunniunaudiegigansieglunasanatadin vua 50 fiaddns Wunaiuszunm 15 i
ldnzifeuildudisulunade Tdadugamarafiniwsenlimesiuswiiie msasussieuliivazgale
nASIEUYIFeg1aluy

° o a v ) aa L. a a ¢ a @V v
imsainadwelneldynainag1sfidue ZR Fecal DNA MiniPrep™ 3uannnislalulastilndiu vwnlanla
1dlun1swefmedgaaseuarldinostaiiodeinegnausum 150 fadnsu ldadlunaen ZR BashingBead™
Lysis
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10.
11.

12.

13.

14.
15.

16.
17.

18.

19.
20.

21.

22.

23.
24.

25.

26.
27.

28.
29.

Idnseauiing Wiausnveunasnussyiiednuwin 50 daddnsliiseuses uhnasaussyiiegaiuld
m‘wmaaﬂﬁmmﬂﬂﬂﬁﬁw%@aLLazﬁﬂlﬂLLﬁu"luﬁLLﬂiLL%qﬁ -20 Sy LTALTYE

Lmumiauma Lysis Solution asluvaen ZR BashingBead™ Lysis 7iu3unns 750 lulasans
wdsntuthvasn ZR BashingBead™ Lysis lunaudnseiulngldinioangransiduian 20 wni

¥1aen ZR BashingBead™ Lysis ldluadastumieos Tngldnnnuda 10,000 x ¢ Wuan 1 undl
nmsgaansazanedila Wuuiuins 400 lulasdnsaslunasn Zymo-Spin™ IV Spin Filter (Orange Top) 7
audevaen Collection Tube wéntluwiesdi 7,000 x ¢ Wuvian 1 Wil

\Wiuansaraie Fecal DNA Binding Buffer USu1as 1,200 lulasdnsasluaisavatsfianasunlunasa
Collection Tube

vhn1sgaatsazanelunasa Collection Tube Wuu3uns 800 lulasans ldlunasn Zymo-Spin™ IIC fiaa
pevan Collection Tube

¥vaen Zymo-Spin™ IIC Taluedasduies Tngldnnands 10,000 x ¢ Wuvan 1 wi

wansavaneinnalumasn Collection Tube e udthnaen Collection Tube aalldnasn Zymo-Spin™
IIC 9819LAN

¥t 13-15

W1l DNA Pre-Wash Buffer U315 200 lulasansastunasn Zymo-Spin™ IIC fiaaudaevasn Collection
Tube vasalnl

¥vaen Zymo-Spin™ IIC Taluedasduies Tngldninings 10,000 x ¢ Wuvan 1 wiil

Wi Fecal DNA Wash Buffer Usums 500 lulasansasluvasn Zymo-Spin™ IIC
iuaan Zymo-Spin™ IIC Taluinsestumies Inesldaanusa 10,000 x g Wuan 1 il

&I INTU freviaen Zymo-Spin™ IIC ®8na1n Collection Tube in wazihlvamiunaenlulasidunsiag
A 1.5 Uaddns
nas9niu Td DNA Elution Buffer Usunas 50 lulasansaslumasn Zymo-Spin™ IIC vinnstumies lngly

A213L57 10,000 x ¢ LUuan 30 Aun#l azldansavareiduiennasuniviaenlulasidunsiidnisinuai
p13vhgde 22 WielrldUsunsvesansavarsAduioiudu

IINUY N15H388 Zymo-Spin™ IV-HRC Spin Filter (Green Top) lneilAgIuaua10nwasaINmenasn
Collection Tube vimstlusiedlagldnnusa 8,000 x ¢ Wuan 3 urdl
ihansavarwiduelunaenlulasidunsiasunldlu Zymo-Spin™ IV-HRC Spin Filter (Green Top) Ma3es
ud? vnsanuvaealulasidunsindvasalud Juwieiiausa 8,000 x ¢ Wuan 1wl avlaansazaned
@ v @ aa 6 o [ |
Wuegavennasnlunasnlulasdussinddmsunimaasssiely

vnmyinfiduelnglfiniosinUinamsiugnss laglivsines 2 lulasdns

THunmiildlunisssysiedns Weuanduiin defegeililunisafadrmasalulasiduniindauin 1.5
ladans

\uvaenussglduefiatndsusesudadundesussaiidue wasfuluguufigamyil -80 ssmwaidoa
quile nszanuiivy uasTansns Idudadegaadn fuldgamatain YauingdiiSousesuazazgnindnotis

RELLGRRNTVIE g ite
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AIARUIN V4. NITENARLDULEINADENLTE

aunsaluazian
1. nssng
2. N3EMYNTBY Mixed cellulose esters membrane, 0.22 um GSWP (Merck Millipore Ltd)
3. NIEANENYY
4. naedldlunisussgiidue
5. 97AlA7 Duran 9U1A 500 Hagans
6. Lﬂ%@ﬂm&hﬁﬁ (Vortex-Genie 2; Scientific Industries)
7. idesiluiidesoussiuleh gamgl 121 ssriwadua WWuran 15 w17 (Tomy u ES-315)
8. Lﬂ%quum”jm (Microcentrifuge; Eppendorf q'u minispin plus)
9. AR0snUTINMANTWLENTIY (NanoDrop™ 2000 Thermo Fisher Scientific)
10. MueINSAsNTeiiiIafiunsade
11. ¥anTo3deey1nA (Nalgene® DS0320-5045 Reusable Bottle Top Filter Holder, Polysulfone with 45
mm Neck Vacuum Adapter, 500mL; Thermo Scientific)
12. quaﬁjﬂmial,éma (ZR Fecal DNA MiniPrep™, Zymo Research)
13. priieuDanaged
14. pzunsenanadnlaviaonlalasidunsindauin 1.5 Jadans
15. Fusudeildlunisifiusedis -80 ssrwaiFea (Thermo Scientific 31 Forma 900)
16. QINaaRn
17. gefteainduiialdudaiia
18. 11 deionized MiruN"TaNTD
19. %uqzyzywmm (Vacuubrand 3u ME1)
20. Uinmitldlunsseysnedng
21. U1ndAv
22. r;’iﬂmaﬂmmﬂ%’ué”aﬁﬂ
23. luda
24. lulastuss auin 2, 20, 200 wag 1000 lulasdns (Gilson)
25. lulastundiiu aunm 2, 20, 200 wag 1000 lulasdns (Gilson)
26. @138¥818 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
27. @1savangenuea (70 Wasidus)
28. @saranglen1uea (90 Wasidus)
29. i@en1l
30. viaenlulAs@unsiaguunn 1.5 1adadns (Coming incorporated)
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10.
11.
12.

13.

14.
15.
16.
17.

18.

19.

20.
21.

22.
23.

a

Unaynuasldgaiieluvaeivinuluiesujifinisnasniia

Y

yinsanud@aniil haen

o v a

o L a g0 4 < a v 2 oAy

manuazeniiuilfziagyinisadadidue lnedasisarsazatgieniuea (70 Wesidud) Haliiduan 1
a v v a < v Y v vy g Y v a < 4

wiualdnszauiivgdaliuia audigansazate RNase Away 7idliiduna 1 iniudldnseauiivy el

LA

o o '

s A ¥ 2 a = & P by :
mmamﬂmwLﬂui’ﬂu@LaumquQuUisuﬂm 5 avALaLYd aaﬂmmwiﬂmﬂi:mm 30 UWWL‘W@I‘VIWJE]EJ'T\T

t%

TgaumaillnalAssgaumgivios

o

INMTUTENBUYANTBIGYAINTA LDLATELIINTEAYNTBN

ihlnludesngansifeueancsed uadldvnAuiumsazarsieniuea (90 wWedidud) vinnisaulyl faanduls
dninlindud

n¥sniuliunAvAunseaunsesiisidend: Mauuiinanszaunseduganses Usenougansesiuranuia
Duran uaztugayanie

ihéheeghaideniugnegnausssiuan 20 asufieliidntu uasimindeuinnng 50-150 Sadansadlufesui
vosyanses Watuaaannme sesutgnnsesaumn Indugaaame

with deionized fiumssintionda Uiuns 10 Saddns adudeiuimesmenses Tnswseugindiuluves
fesuthifiovzdsesnaindefienafinds Weduayayinia sesuthgnnsesaumun Tntuaaenie
THnAuguansararseniuea (90 wWosidus) vhnsaulyl AsnAulidninlidus
nenduUsTnuvesanTas Iiedasilefu Aunszaunsesuuanses seninsULEWNTABA T TN
ihnsslnsduasazatsioniuea (90 Wedius) vhnsauly fansslaslininlmBum
ihnsslnsundnnsgaunsesiinel llivunminduasssato 5 x 5 fadwns hiunseasnsesiigninula
adluynainanshdue Tumasn ZR BashingBead™ Lysis

thgaite ldaslugamanainfiwseslifteriumuiifis madsugedionnedsiiGuieddlvsl

\uansazane Lysis Solution adlumasn ZR BashingBead™ Lysis fivsuns 750 lulasans
vdntuthmaon ZR BashingBead™ Lysis lunaudnsreiulneldindoangransidunan 20 i

1hwaen ZR BashingBead™ Lysis Tdluedasthunies Tagldnunda 10,000 x g iunan 1 il
nsgeansazanedula 1Wuusunes 400 lulasdnsaslunasn Zymo-Spin™ IV Spin Filter (Orange Top) il
audeviaen Collection Tube wéntluwiesii 7,000 x ¢ Wuvan 1 Wil

\Wiuansaraie Fecal DNA Binding Buffer USu1as 1,200 lulasdnsasluaisavatsfinnasunlunasa
Collection Tube

vhn1sgaansazanelunasn Collection Tube Wuuiums 800 lulasans ldlunasn Zymo-Spin™ IIC i
saenasn Collection Tube

fvaen Zymo-Spin™ IIC Taluedasduies Tngldanands 10,000 x ¢ Wuwan 1 il

wansazansfianaslumaen Collection Tube #ie W& maen Collection Tube @ulldvaen Zymo-Spin™
IIC 9EAL

¥dde 19-21

Wil DNA Pre-Wash Buffer U315 200 lulasansaslunasn Zymo-Spin™ IIC fidaudaenasn Collection
Tube iaonlnl
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24.

25.
26.

27.

28.

29.
30.

31.

32.
33.

34.
35.

¥vaen Zymo-Spin™ IIC Taluedasdumies Tngldnnands 10,000 x ¢ Wuvan 1 wii

L@ Fecal DNA Wash Buffer Usuns 500 lulasansadluvaon Zymo-Spin™ IIC
maen Zymo-Spin™ IIC Taluin3eslumios Ingldanuisa 10,000 x g Wuian 1 wiil

s

WAINTU E1evaen Zymo-Spin™ IIC 98na1n Collection Tube 1A wazthlUaiuiunaenlulasidunsiag
A 1.5 Uadans
nas9niiu Td DNA Elution Buffer Usunns 50 lulasansaslunasn Zymo-Spin™ IIC vinnnstuimios lngld

A2M3L57 10,000 x ¢ 1Wuan 30 il agldansavaeiduiennasinivieenlulasidunsindnisinuais
9137 de 28 Wielrldusunsvesansararefduioiudu

91N1U YIN15038L Zymo-Spin™ IV-HRC Spin Filter (Green Top) lneidagiuaiuaisoanutasainsignasn
Collection Tube vimstlumieslagldnanuisa 8,000 x ¢ Wuai 3 unil
iharsavangiduelunaenlulasifunsiadunldlu Zymo-Spin™ IV-HRC Spin Filter (Green Top) Mm3eu
ud? vnsanuvaealulasidussindnasalud Juwiesdinnnusa 8,000 x ¢ Wuan 1 wil avldansazaned
@ % @ aa, & o [y |
Wuegaennawnlunesnlulasdussinddmsunimaasssialy

vmsinfiduelngliiniosiaunamsiugnssy lneliUsunes 2 lulasins

Tunmildlunisssydedns WWeuandudin Fefedsililunsatniramaenlulasduniiiadvuia 1.5
ladans

\RuvaenussidueiiatniSeusesudiadundesussaiduie uazivlugusiionmad 80 esrwadea

faile uazaninqndudamegyadniszgnidnegrsgniauaniuntug ivun
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MAaRwIn v5. wallaidesdmiunsaianguuuaiiednuunuvasinliadauganalugn 1
(BacUni 520f/BacUni 690r1)

aunsaluazian
1. 1X TAE Uvivlas (50X TAE buffer: 242 nSu tris base, 57 n¥u glacial acetic acid, 100 lulasans 0.5 M
EDTA (pH 8.0) UsuUiunassmeunnauauasu 1 ans)

2. DreamTaq PCR Master Mix (2X) (Thermo Scientific)

3. Forward primer (BacUni 520f): 5-CGT-TAT-CCG-GAT-TTA-TTG-GGT-TTA-3' (10 lulasluans)
4. Reverse primer (BacUni 690r1): 5-CAA-TCG-GAG-TTC-TTC-GTG-ATA-TCT-A-3' (10 lulasluans)
5. NS¥ANWNYY

6. naosldiuds

7. Lﬂ%‘laqv’u&hmi (Vortex-Genie 2; Scientific Industries)

8. iASeateuarlnTIZinIMLAE (Gel Doc XR System)

9. ndeadumies (Microcentrifuge; Eppendorf 3u minispin plus)

10. w3ssdumissmnaznauasiegsuundn (TT-6000 Mini-Centrifuge)

11. A30sfige73 (Thermo cycler; Eppendorf)

12. w3psmendiduedensudliin (Mupid®-exU)

13. mzunsananadinlavaenlulasiduniindauin 1.5 Dadans

14. gifuntdnegn gaumaliuszann 5 swreaides

15. pananadin

16. geloawdinduialdudaii

17. 11 deionized firumsanide

18. duds

19. dnmitldlunsseyiegng

20. WHUNWITITA

21. lulastad aunm 2, 20 way 200 lulasans (Gilson)

22. lalasUndfiv awe 2 waz 20lulasans (Gilson)

23. 972990

24. ansildlunmseuiidue (Ethidium bromide)

25. @siiguruInvaswoue (100 bp DNA Ladder, Thermo Scientific™)

26. @13aga78 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
27. @sazaruienuea (70 Wosidus)

28. & (DNA Gel Loading Dye (6X), Thermo Scientific™)

29. Honm]

30. waenalulasdun3iadvuin 1.5 fadans (Corning incorporated)

31. aoalulaswuAiag aun 0.5 Jaddns (Coming incorporated)

32. aynlsalaa (3 Wosidud svnilsaaa: 3 nfu avnlsa wauasly 1X TAE Uvwes USu1ns 100

lulasans)
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a

Unaynuasldgaiieluvaeivinuluiesujifinisnasniia

Y

yinsanud@aniil haen

o v a

° A a so o I a v s 2 e AUV

AuazeIanuialfizNazyinnisanadue Inedesvasazaigieniuea (70 Weosidud) naliidunan 1
a v v a < Y v 13 Q9} Y & Y v a <@ 4

wiualdnszauiivgdaliuia audigansazate RNase Away fidliiduna 1 iniudldnseauitvy el

WIS

w3eu Master Mix Ingldunasnlulasidunsiindauin 1.5 faddnsnsdunzunssnvaoniuguudaiings

maoAaLionInLLY vinswauansaee aslurasaniunisesil Iagld lulastiadfiu vum 2 uay 20

lulpsdns Suuufiselvidwinandinuliiseniazneaswsauasuiniiudn 1A wNevaLseU3u10s
o1ameluainnste

ansitlluntsway 1 Ujisen A79E19NTATEY

d193U 20 UnTen
DreamTagq PCR Master Mix (2X) 5 lulasdng 100 lulAsdns
Forward primer (10 lalasluans) 0.5 lulasang 10 lulasans
Reverse primer (10 Tulasluans) 0.5 lulasans 10 lulpsdns
dfivmsniunssdondn 3 lulpsans 60 lulasans
USunasianun 9 lulasans 180 lulasdns

Vmswananslunaon Master Mix Iddnfuseiedaaagnans

n¥ndusiouvaenlulassuiiadoun 0.5 Tedans Sunuvaeaduliizeniasnanes Mneuudeiid
hudaussgey

anansanvaen lulasdunsianuwn 1.5 fiadansfivhnsnavansmaiouseslulsuns 9 lulasans laadly
waenlulasiwuininatafinuwin 0.5 faddnsTiadeuly

thiegsmduenndusiionmgi -80 osmeaiea snaeiislitonmgiviosaulndazats uduiudiudadio
Agaung iy

¥msideansanududuesiiduesuuulidu 0.2, 2, uay 20 Wilunda #etn deionized MENunTEiED
TngnsALIMINNANLTNTIYeR B Ul uaeAfIBE 19 LE U

n&s1niiu gausazdiegsiiiuie Usnns 1 lulasdnsldaslunaonlulaseufiindwatadinuuin 0.5
alnsAnsidansazans Master Mix HALDY FmswaanslunaonseLa3eugas

10. ¥ vaenlUyinn1sue LRSI UMISINALNBUANTFIBE1UUINLEN
11. wdsniuiwsasviasnluldlunsediafidenstae MuuanN1SauaAILAISI9R9
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

9ol (asAvalTyd) 128 UIUTBY
95 DyANYALTE 3 179 1
95 DeANYALTLE 30 A9
60 3AsaLTYE 30 Ui 30
72 psAsalfod 30 Ui
72 paAwalded 10 Wil 1
4 oy Iralyd a 1

wdntuedey 3 Wesiiud evnlsama dwdulunsuenfiduesuin 170 wa sonseualii
waiwieuliargnaadlul X TAE Tiies luiedesueniduesenszualui
Yiaswaudilaannisviidersusunnng 10 lulasang swansud 2 lulasansuuuiunsiiay
Tdansiieurwnvesiidueusuns 5 lulasansludosusnvonaadisnaseuls
TdansavaneiinauiuSeuiosudrlude 14 adureasadnun
Fardeeniiduesonseualiin 100 Taamdunan 30 Wi
wdntuealdutluansililunsdeuduedunan 10 il

Yaasenanmsdouiiiue warrauuaiosewardinszininaeg
wafvhnmsdenmuarlinseideuiosud srgrlulumidnogagnislnsanitudun
Smailaliunuuimduedunuy 0.2 yilundu Ihinsveassiinududuvesiduesuuuudu 2 uay 20
wlunsu MuaIRu
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AMARWIN V6. Wwallaigesdmiuniaianguuuaiieduunuvasinladagganalugn 2
(GenBactF3/GenBactR4)

aunsaluazian
1. 1X TAE Uvivlas (50X TAE buffer: 242 nSu tris base, 57 n¥u glacial acetic acid, 100 lulasans 0.5 M
EDTA (pH 8.0) UsuUiunassmeunnauauasu 1 ans)

2. DreamTaq PCR Master Mix (2X) (Thermo Scientific)

3. Forward primer (GenBactF3): 5-GGG-GTT-CTG-AGA-GGA-AGG-T-3' (10 lulasluans)
4. Reve Reverse primer (GenBactdR): 5-CCG-TCA-TCC-TTC-ACG-CTA-CT-3' (10 lulasluans)
5. NS¥ANWNYY

6. naosldiuds

7. Lﬂéamﬂ’la’li (Vortex-Genie 2; Scientific Industries)

8. iASeateuarnTIZinIMLAa (Gel Doc XR System)

9. ndeadumies (Microcentrifuge; Eppendorf 3u minispin plus)

10. wissduissmnaznauasiegrsuwndn (TT-6000 Mini-Centrifuge)

11. 1p303ide1$ (Thermo cycler; Eppendorf)

12. \pdemeniiduedienszualiih (Mupid®-exU)

13. mzunsananadinlavaenlulasi@uniinduwin 1.5 Gadans

14. gifuntdnegn gaumaliuszann 5 swreaides

15. pananadin

16. gefloawdinduialdudaii

17. 15 deionized Firumseinie

18. thuds

19. Vinnildlunsszyietng

20. WHUNITITA

21. lulastad aunm 2, 20 way 200 lulasans (Gilson)

22. lalasUndfiu awe 2 waz 20lulasans (Gilson)

23. g135n

2a. asildlunisdeuiiduie (Ethidium bromide)

25. @nsiiiguruInvesAduLe (100 bp DNA Ladder, Thermo Scientific™)

26. @15aga78 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
27. @sazaruienuea (70 Wosidus)

28. & (DNA Gel Loading Dye (6X), Thermo Scientific™)

29. \#onul

30. naenlulasdun3induunn 1.5 fadans (Corning incorporated)

31. maoalulaswudiag auin 0.5 Jaddns (Coming incorporated)

32. aynlsalaa (3 Wosidud svnilsaaa: 3 nfu avnlsa wauasly 1X TAE Uvwes USu1ns 100

lulasans)
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ihmsaddent TadUnaynuagldgaleluvaenvihailuesd fiRnseasniaa

° A a so o ° v a & a v 2 e A VY

anuazeIniuialfziazinnsanafoute lnednaisaisazatseniuea (70 Weosidus) ieliiduna 1
a v v a < Y v 13 Q9} Y & v v a < 4

wiiualdnszauivgdaliui susieaisazaty RNase Away 7idbiiduia 1 uiiudldnsearuitvy il

WIS

w3eu Master Mix Ingldunasnlulasidunsiindauin 1.5 faddnsnsdunzunssnvaoniuguudaiings

maoAnALioAInNLLEY i msnaNansaie adunasnnuniseisil Ingld lulastundfv vuim 2 uwag 20

lulaséns 1uaudfisenlidiuiaainduiuljasennazneassaswazuiniiudn 1 UfAsewiewae
Yuwsiienameluainnistile

ansitlluntsway 1 Ujisen A79E19NTATEY

d193U 20 UnTen
DreamTagq PCR Master Mix (2X) 5 lulasdng 100 lulAsdns
Forward primer (10 lalasluans) 0.5 lulasang 10 lulasans
Reverse primer (10 Tulasluans) 0.5 lulasans 10 lulpsdns
dfivmsniunssdondn 3 lulpsans 60 lulasans
USunasianun 9 lulasans 180 lulasdns

Vmswananslunaon Master Mix Iddnfuseiedaaagnans

n¥ndusiouvaenlulassuiiadoun 0.5 Tedans Sunuvaeaduliizeniasnanes Mneuudeiid
hudaussgey

anansanvaen lulasdunsianuwn 1.5 fiadansfivhnsnavansmaiouseslulsunns 9 lulasans laadlu
waenlulasiwuininatafinuwin 0.5 faddnsTiadeuly

thiegsmBueandutfionmgd -80 osmeaifea snaeislitonmgivosaulndarats udahudiudadie
Agaung iy

¥msideansanududuesiiduesuuulidu 0.2, 2, uay 20 Wilunda #etn deionized MENunTEiED
TngnsAUIMINAANLTNTIYeR B U luaenf IR 9RLBuLe

n&s1niiu gausazdiegsiiiuie Usnns 1 lulasdnsldaslunaonlulaseufiindwatadinuuin 0.5

lulasdnsfiflansazany Master Mix nawag vinisuaansluvaoniiein3og1ans

10. ¥ vaanlUyinn1sume LRSI UMISINALNBUATTFIBENULINLEN
11. wdsniuiwsasviasnluldlunsediafidenstae MuuanN1SauaAILAISI9R9
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

9ol (asAvalTyd) 128 UIUTBY
95 DyANYALTE 3 179 1
95 DeANYALTLE 30 A9
60 3AsaLTYE 30 Ui 30
72 psAsalfod 30 Ui
72 paAwalded 10 Wil 1
4 oy Iralyd a 1

wdntuedey 3 Wesiiud evnnlsawa dwdulunisuenfiduesuin 129 wa seonseualii
waiwieuliargnaadlul X TAE Tiies luiedesueniduesenszualui
Yiaswaudilaannisviidersusunnng 10 lulasang swansud 2 lulasansuuuiunsiiay
Tdansiieurwnvesiidueusuns 5 lulasansludosusnvonaadisnaseuls
TdansavaneiinauiuSeuiosudrlude 14 adureasadnun
Fardeeniidueonseualii 100 Taamdunan 30 Wi
wdntuealdutluansililunsdeuduedunan 10 il

Yaasenanmsdouiiiue warrauuaiosewardinszininaeg
wafvhnmsdenmuarinseiideuiosud avgrluluminossgnislaantubun
Smailaliunuuinduedunuy 0.2 wilundu Ihinsveassiinududuvesidueduuuudu 2 uay 20
wlunsu MuaIRu

109



MARwIN ¥7. wellaidersdmiunmaianguuuaiiGeduunuvaiiilindeupanaluen 3
(Bac32F/Bac708R)

aunsaluazian
1. EDTA (pH 8.0) USudsunmsteinduauasu 1 ans)
DreamTaq PCR Master Mix (2X) (Thermo Scientific)
Forward primer (Bac32F): 5-AAC-GCT-AGC-TAC-AGG-CTT-3' (10 lulasluans)

Reverse primer (Bac708R): 5-CAA-TCG-GAG-TTC-TTC-GTG-3' (10 lulasluans)
NILAYNYY

naedldtuds

\A30aeans (Vortex-Genie 2; Scientific Industries)

LATIEELATIATIZINNLAE (Gel Doc XR System)

0 o N kR WD

w3aaumies (Microcentrifuge; Eppendorf $1 minispin plus)
. wnsestumiesmnazneuansiiegsuunalan (TT-6000 Mini-Centrifuge)

—_
(@}

. 1A303fiT915 (Thermo cycler; Eppendorf)

. insesueniiBuedenszualitin (Mupid®-exU)

. pzunsananannlavasnlulasiduniinduin 1.5 faddns
. Aiuuiieg1e gaumalivssana 5 asralded

. QINANERN

. pefloandinduiialdudaiis

P e e = S
S N 2 R =N UC R NCR N

. 11 deionized AHunnsande

ude

- Uinmildlumsssysedng

. WAL

- lulasUilad vuia 2, 20 wag 200 lulasans (Gilson)

. lalasUadfid vuie 2 way 20lulasans (Gilson)

. 871930

- ansildlunisdeumdue (Ethidium bromide)

. @nsilguruIAUBIALOULe (100 bp DNA Ladder, Thermo Scientific™)

. @138¥a18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
. @savanulenuea (70 Wosidud)

. @ (DNA Gel Loading Dye (6X), Thermo Scientific™)

el

. veenalulAsi@unsindvuin 1.5 Jadans (Coming incorporated)

. naealulasiwuRiig auin 0.5 fadans (Coming incorporated)

. aznlsalaa (3 Wesidud avnilsama: 3 nSu axnlsa navaslu 1xX TAE Svlles USuams 100

LW W LW NN N D DN D N DD DNDN P2
N —, O O 00 NN O 0 A W N P, O OV 0o ~N

lulasans)
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imsadudent TddUnaynuayldgaieluvauenvihailuiesd finsmasniian

° A a so o ° v a & a v 2 e A VY

anuazeIniuialfziazinnsanafoute lnednaisaisazatseniuea (70 Weosidus) ieliiduna 1
a v v a < Y v 13 Q9} Y & v v a < 4

wiiualdnszauivgdaliui susieaisazaty RNase Away 7idbiiduiian 1 wiludldnseauitvy il

WIS

w3eu Master Mix Ingldunasnlulasidunsiindauin 1.5 faddnsnsdunzunssnvaoniuguudaiings

maoAnALioAInNLLEY i msnaNansaie adunasnnuniseisil Ingld lulastundfv vuim 2 uwag 20

lulaséns durudfnselidiuinaindiuuljiseniasnaassaswazuiniiudn 1 UfASewiowae
Yuwsiienameluainnistile

ansitlluntsway 1 Ujisen A79E19NTATEY

d193U 20 UnTen
DreamTagq PCR Master Mix (2X) 5 lulasdng 100 lulAsdns
Forward primer (10 lalasluans) 0.5 lulasang 10 lulasans
Reverse primer (10 Tulasluans) 0.5 lulasans 10 lulpsdns
dfivmsniunssdondn 3 lulpsans 60 lulasans
USunasianun 9 lulasans 180 lulasdns

Vmswananslunaon Master Mix Iddnfuseiedaaagnans

n¥ndusiouvaenlulassuiiadoun 0.5 Tedans Sunuvaeaduliizeniasnanes Mneuudeiid
hudaussgey

anansanvaen lulasdunsianuwn 1.5 fiadansfivhnsnavansmaiouseslulsuns 9 lulasans laadly
waenlulasiwuininatafinuwin 0.5 faddnsTiadeuly

thiegsmduenndusiionmgi -80 osmeaiea snaeiislitonmgiviosaulndazats uduiudiudadio
Agaung iy

¥msideansanududuesiiduesuuulidu 0.2, 2, uay 20 Wilunda #etn deionized MENunTEiED
TngnsALIMINNANLTNTIYeR B Ul uaeAfIBE 19 LE U

n&s1niiu gausazdiegsiiiuie Usnns 1 lulasdnsldaslunaonlulaseufiindwatadinuuin 0.5
alnsAnsidansazans Master Mix HALDY Fmswananslunaonseln3ougas

10. ¥ vaenlUyinn1sue LRSI UMISINALNBUANTFIBE1UUINLEN
11. wdsniuiwsasviasnluldlunsediafidenstae MuuanN1SauaAILAISI9R9
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

9ol (asAvalTyd) 128 UIUTBY
95 DyANYALTE 3 179 1
95 DeANYALTLE 30 A9
53.7 s igaLged 60 i 30
72 psAsalfod 30 Ui
72 paAwalded 10 Wil 1
4 oy Iralyd a 1

wdntuede 1 Wesiiud evnlsama dwdulunisuenfiduesuin 670 wa sonseualii
waiwieuliargnaadlul X TAE Tiies luiedesueniduesenszualui
Yiaswaudilaannisviidersusunnng 10 lulasang swansud 2 lulasansuuuiunsiiay
Tdansiieurwnvesiidueusuns 5 lulasansludosusnvonaadisnaseuls
TdansavaneinauiuSeudosudrlude 14 adureasadnun
Fardeeniiduesonseualiin 100 Taamdunan 30 Wi
wdntuealdutluansililunsdeuduedunan 10 il

Yaasenanmsdouiiiue warrauuaiosewardinszininaeg
wafvhmsdenmuariinseiideuiosud avgrluluminogsgnislaantubun
Smailaliunuuimduedunuy 0.2 wilundu Ihinsveassiimududuvesidueduuuudu 2 uay 20
wlunsu MuaIRu
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MArwIN U8, WaliaNdansdmiunsiviangunuaiitiednuununasnnliaundeguyu
(HF183/BFDrev)

aunsaluazian
1. EDTA (pH 8.0) USudsunmsteinduauasu 1 ans)
DreamTaq PCR Master Mix (2X) (Thermo Scientific)
Forward primer (HF183): 5'- ATC-ATG-AGT-TCA-CAT-GTC-CG -3’ (10 lulasluans)
Reverse primer (BFDrev): 5- CGT-AGG-AGT-TTG-GAC-CGT-GT -3’ (10 lalasluans)
NILAYNYY
napsldtuds
Lﬂ%‘laﬂL“Uﬁhmi (Vortex-Genie 2; Scientific Industries)

LASBIANIUALIATIENAINLAG (Gel Doc XR System)

0 o N o R W N

LATIUULIYY (Microcentrifuge; Eppendorf ju minispin plus)
. inseslunieamnaynouansiegsualan (TT-6000 Mini-Centrifuge)

—
= O

. A38aiTeNS (Thermo cycler; Eppendorf)

. sesueniiiBuesenszualii (Mupid®-exU)

. prunsananainlanasnlulasi@uniiiduunn 1.5 Dadans
. ALiuLFeg19 gumaliuszana 5 ssraidua

_ e e
[ I = U N

. QaNaNERn
. gufleanindudnldudiia
. U1 deionized MK1UNT8ITD

—_ =
~N O

thuds

- Unnniildlumsseysoens

. WU E

lalasUiues wunm 2, 20 wag 200 Lulasdng (Gilson)

. lalastidsaid vune 2 way 20lulasdng (Gilson)

. 87193

. ansildlunisdeumdue (Ethidium bromide)

. @sileurunvesAlduLe (100 bp DNA Ladder, Thermo Scientific™)

NN NN NN DN =2
O A W N - O VO 0

. @199£a18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
. @sazaulenIuea (70 Wosldus)

. @ (DNA Gel Loading Dye (6X), Thermo Scientific™)

. denmd

N N N DN
O 00 N O

a

. aenalulasi@unsinswin 1.5 9adans (Coming incorporated)
. vaonlulAswuRTg Yun 0.5 adans (Corning incorporated)
. aenlsaa (3 1Wesidud avnilsaaa: 3 nSu evnilsa wavasly 1X TAE vlies USuims 100

W W W
N = O

lulasans)

113



10.
11.

imsadudent TddUnaynuayldgdleluragnvhavluesdfiinsnasniian

o X a o ° v a & a v @ 6 A VY

iauazeniuinlfziazinnsaniasoute lnednsgaisazatsieniuea (70 Weosiud) Aeliidunan 1
= 1% v a <@ LR 4 13 Q9} Y & a v ¥ a < 4

wituaIldnszauivgdaliuie aumeaisazaty RNase Away fidliiduan 1 uniudildnseauiivydnli

WIS

w3eu Master Mix Ingldunasnlulasidunsindauin 1.5 Saddnsnsdunzinsnnmasafiuduudainis

napAnaLiionsnuLdy vnswauasane aslurasaniumsiensil Tneld lulastundfiv vum 2 uay 20

lulasdns 91uudisenlidiuinaindiuiuljaseniasneassaswazsuiniiudn 1 Ufaseievaiye
YSumsiienameliainnistile

ansitlluntsway 1 Ujisen A79E19NTATEY

d193U 20 UnTen
DreamTagq PCR Master Mix (2X) 5 lulasdng 100 lulAsdns
Forward primer (10 lalasluans) 0.5 lulasang 10 lulasans
Reverse primer (10 Tulasluans) 0.5 lulasans 10 lulpsdns
dfivmsniunssdondn 3 lulpsans 60 lulasans
USunasianun 9 lulasans 180 lulasdns

ymswavanslunaon Master Mix ldnfuseiadsugnans

n¥rntunisavaealilassuiindunn 0.5 faddns SunuvaeawduiizeTiagvaans Meuudeid
thudeussgey

Anansnnvaenlulasdussiaiunn 1.5 fiadansfivhniswanansmadeudosluusuins 9 lulasdns Tdasly
waenkilasiuithinanafinawin 0.5 fadansieIeouls

thiregsmbuenndusiigumnf -80 ssrmwwadea sndandlifigamnivesaulndazans wdhurdudade
Aagaung Iy

¥nsideansanududuresiidueduuuulndu 0.2, 2, uag 20 uilundu @reth deionized AiHunsETe
ngnsAuIMAIINANUTITUeRdue luaanfIag R duLe

n&s91niu gaudaziied1sfiuie Usums 1 lulasdnsldaslunaonlulasisudfiainatafinauin 05
lilnsansfiansazans Master Mix HALDY Wmswananslunaonselieugnans
dmaenlunmsiumissoniasiumismnaznouasietsuundn
wintuhusazvaenlUldluedsdlofidonslnarmunnisynununsiasied
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

9ol (asAvalTyd) 128 UIUTBY
95 DyANYALTE 3 179 1
95 DeANYALTLE 30 A9
60 3AsaLTYE 30 Ui 30
72 psAsalfod 30 Ui
72 paAwalded 10 Wil 1
4 oy Iralyd a 1

wintuedey 3 Wesidud evnlsama dwdulunsuonfiduesua 167 wa denszualudi
waiwsolargnaadlul X TAE (s luiedesuenfiduesenszudlit
thanswaudilaainnisyiidersusuns 10 lulasans sweaudud 2 Tulasansuuuiuns iy
Tdensiieurnnvesiduweusung 5 lulasansludosusnvosaadisnasonls
TdansazaneiinauiuSeusosudilude 14 adureasadnun
Frrseenuesonseualiii 100 Taaddunan 30 Wil
vdntuieallutluansildlunsdeudsuedunan 10 il

1119890n9NNSERNRLEUE LarIauUAS e ELarIATIZIRA A
wafivhnsdionmuasiinseiduiosud asgrluluminesnegnislasaniubun
Smailalifunuuindueduuuy 0.2 uilunda Iiihnsvaassiirududuvesmidueduuudu 2 uwas 20
wlunsu MuaIRu
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MArWIN 9. waliaNdofdmiunsiviangusuaiiiieanuununasnniaengns
(Pig-2-Bac41F/Pig-2-Bac163Rm)

aunsaluazian
1. EDTA (pH 8.0) USudsunmsteinduauasu 1 ans)
DreamTaq PCR Master Mix (2X) (Thermo Scientific)
Forward primer (Pig-2-Bac41F): 5-GCA-TGA-ATT-TAG-CTT-GCT-AAA-TTT-GAT-3’ (10 lulasluans)
Reverse primer (Pig-2-Bac163Rm): 5'-ACC-TCA-TAC-GGT-ATT-AAT-CCG-C-3" (10 lalasluans)
NILAYNYY
napsldtuds
Lﬂ%‘laﬂL“Uﬁhmi (Vortex-Genie 2; Scientific Industries)

LASBIANUALIATIENAINLAG (Gel Doc XR System)

0 o N o R W N

LATIUULIYY (Microcentrifuge; Eppendorf ju minispin plus)
. inseslunieamnaynouansiegsualan (TT-6000 Mini-Centrifuge)

—
= O

. A38aiTeNS (Thermo cycler; Eppendorf)

. sesueniiiBuesenszualii (Mupid®-exU)

. prunsananadinlavaonlulasiduniindvuin 1.5 Jadans
. ALiuLFeg19 gumaliuszana 5 ssraidua

_ e e
[ I = U N

. QaNaNERn
. gufleanindudnldudiia
. U1 deionized MK1UNT8ITD

—_ =
~N O

thuds

- Unnniildlumsseysoens

. WU E

lalasUiues wunm 2, 20 wag 200 Lulasdng (Gilson)

. lalastidsaid vune 2 way 20lulasdns (Gilson)

. 87193

. ansildlunisdeumdue (Ethidium bromide)

. @sileurunvesAlduLe (100 bp DNA Ladder, Thermo Scientific™)

NN NN NN DN =2
O A W N - O VO 0

. @199£a18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
. @sazaulenIuea (70 Wosldus)

. @ (DNA Gel Loading Dye (6X), Thermo Scientific™)

. denmd

N N N DN
O 00 N O

a

. aenalulasi@unsinswin 1.5 9adans (Coming incorporated)
. vaonlulAswuRTg Yun 0.5 adans (Corning incorporated)
. aenlsaa (3 1Wesidud avnilsaaa: 3 nSu evnilsa wavasly 1X TAE vlies USuims 100

W W W
N = O

lulasans)
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10.
11.

imsadudent TddUnaynuayldgdleluragnvhavluesdfiinsnasniian

o X a o ° v a & a v @ 6 A VY

iauazeniuinlfziazinnsaniasoute lnednsgaisazatsieniuea (70 Weosiud) Aeliidunan 1
= 1% v a <@ LR 4 1% Q9} Y & a v ¥ a < 4

witualdnszauivgdaliuie mumeaisazals RNase Away fidliidunian 1 uniudildnseauiivydnlv

WIS

w3eu Master Mix Ingldunasnlulasidunsindauin 1.5 Saddnsnsdunzinsnnmasafiuduudainis

papAnaLiionsnILdy vnsnaua1sane adlurasaniunisessl Taeld lulastuadid auie 2 uay 20

lulasdns 91uudisenlidiuinaindiuiuljaseniasneassaswazsuiniiudn 1 Ufaseievaiye
YSumsiienameliainnistile

ansitlluntsway 1 Ujisen A79E19NTATEY

d193U 20 UnTen
DreamTagq PCR Master Mix (2X) 5 lulasdng 100 lulAsdns
Forward primer (10 lalasluans) 0.5 lulasang 10 lulasans
Reverse primer (10 Tulasluans) 0.5 lulasans 10 lulpsdns
dfivmsniunssdondn 3 lulpsans 60 lulasans
USunasianun 9 lulasans 180 lulasdns

ymswavanslunaon Master Mix ldnfuseiadsugnans

n¥rntunisavaealilassuiindunn 0.5 faddns SunuvaeawduiizeTiagvaans Meuudeid
thudeussgey

Anansnnvaenlulasdussiaiunn 1.5 fiadansfivhniswanansmadeudesludiuins 9 lulasdns Tdasly
waenkilasiuithinanafinawin 0.5 fadansieIeouls

thiregsmiuenndusiigumnf -80 ssrmweadea sndandlifigamnivesaulndazans udthurtudaiie
Aagaung Iy

¥nsideansenududuresiiduedunuulndu 0.2, 2, uag 20 uilunda @reth deionized AiHunsETe
ngnsAuIMAIINANUTITUeRdue luaanfIag R duLe

n&s91niu gaudaziied1sfiuie Usums 1 lulasdnsldaslunaonlulasisudfiainatafinauin 05
lilnsansfiansazans Master Mix HALDY Wmswananslunaonselieugnans
dmaenlunmsiumissoniasiumismnaznouasietsuundn
wintuhusazvaenlUldluedsdlofidonslnarmunnisynununsiasied
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

9ol (asAvalTyd) 128 UIUTBY
95 DyANYALTE 3 179 1
95 DeANYALTLE 30 A9
60 3AsaLTYE 30 Ui 30
72 psAsalfod 30 Ui
72 paAwalded 10 Wil 1
4 oy Iralyd a 1

wintuedoy 3 Wesidud evnlsama dwdulunisuonfiduesun 116 wa denszualudi
waiwsolargnaadlul X TAE (s luiedesuenfiduesenszudlit
thanswaudilaainnisyiidersusuns 10 lulasans sweaudud 2 Tulasansuuuiuns iy
Tdensiieurnnvesiduweusung 5 lulasansludosusnvosaadisnasonls
TdansazaneiinauiuSeusosudilude 14 adureasadnun
Frrseenuesonseualiii 100 Taaddunan 30 Wil
wintuieallutluansilélunsdeudsuedunan 10 il

1119890n9NNSERNRLEUE LarIauUAS e ELarIATIZIRA A
wafivhnsdionmuasiinseiduiosud asgrluluminesnegnislasaniubun
fmailalifunuuindueduuuy 0.2 wilunda Iiihnsvaassiirududuvesmidueduuudu 2 uwas 20
wlunsu MuaIRu
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MARWIN ¥10. Walianga1sdmsunsradanguuuaiisedwunurasilinainia
(Bac3F/Bac3R)

aunsaluazian
1. EDTA (pH 8.0) USudsunmsteinduauasu 1 ans)
DreamTaq PCR Master Mix (2X) (Thermo Scientific)
Forward primer (Bac3F): 5'- CTA-ATG-GAA-AAT-GGA-TGG-TAT-CT-3’ (10 lulasluans)
Reverse primer (Bac3R): 5'- GCC-GCC-CAG-CTC-AAA-TAG-3’ (10 lalasluans)
NILAYNYY
naosldtud
Lﬂ%‘laﬂL“Uﬁhmi (Vortex-Genie 2; Scientific Industries)

LASBIANIUALIATIENAINLAG (Gel Doc XR System)

0 o N o R W N

LATIUULIYY (Microcentrifuge; Eppendorf ju minispin plus)
. inseslunieamnaynouansiegsualan (TT-6000 Mini-Centrifuge)

—
= O

. A38aiTeNS (Thermo cycler; Eppendorf)

. sesueniiiBuesenszualii (Mupid®-exU)

. prunsananadinlavaonlulasiduniindvuin 1.5 Jadans
. ALiuLFeg19 gumaliuszana 5 ssraidua

_ e e
[ I = U N

. QaNaNERn
. gufleanindudnldudiia
. U1 deionized MK1UNT8ITD

—_ =
~N O

thuds

- Unnnfildlumsseyseens

. WU E

lalasUiues wunm 2, 20 wag 200 Lulasdng (Gilson)

. lalastidsaid vune 2 way 20lulasdns (Gilson)

. 87193

. ansildlunisdeumdue (Ethidium bromide)

. @sileurunvesAlduLe (100 bp DNA Ladder, Thermo Scientific™)

NN NN NN DN =2
O A W N - O VO 0

. @199£a18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
. @sazaulenIuea (70 Wosldus)

. @ (DNA Gel Loading Dye (6X), Thermo Scientific™)

. denmd

N N N DN
O 00 N O

a

. aenalulasi@unsinswin 1.5 9adans (Coming incorporated)
. vaonlulAswuRTg Yun 0.5 adans (Corning incorporated)
. aenlsaa (3 1Wesidud avnilsaaa: 3 nSu evnilsa wavasly 1X TAE vlies USuims 100

W W W
N = O

lulasans)
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imsadudent TddUnaynuayldgdleluragnvhavluesdfiinsnasniian

o X a o ° v a & a v @ 6 A VY

iauazeniuinlfziazinnsaniasoute lnednsgaisazatsieniuea (70 Weosiud) Aeliidunan 1
= 1% v a <@ LR 4 1% Q9} Y & a v ¥ a < 4

witualdnszauivgdaliuie mumeaisazals RNase Away fidliidunian 1 uniudildnseauiivydnlv

WIS

w3eu Master Mix Ingldunasnlulasidunsindauin 1.5 Saddnsnsdunzinsnnmasafiuduudainis

mapAnaLiionsnudy vnswauasane aslurasaniumisiensil Tneld lulastuadiu auie 2 uay 20

lulasdns 91uudisenlidiuiaainidiuiuljAseiasneassaswazuiniiudn 1 Ufaseievniye
YSumsiienameliainnistile

ansitlluntsway 1 Ujisen A79E19NTATEY

d193U 20 UnTen
DreamTagq PCR Master Mix (2X) 5 lulasdng 100 lulAsdns
Forward primer (10 lalasluans) 0.5 lulasang 10 lulasans
Reverse primer (10 Tulasluans) 0.5 lulasans 10 lulpsdns
dfivmsniunssdondn 3 lulpsans 60 lulasans
USunasianun 9 lulasans 180 lulasdns

ymswavanslunaon Master Mix ldnfuseiadsugnans

n¥rntunisavaealilassuiindunn 0.5 faddns SunuvaeawduiizeTiagvaans Meuudeid
thudeussgey

Anansnnvaenlulasdussiaiunn 1.5 fiadansfivhniswanansmadeudesludiuins 9 lulasdns Tdasly
waenkilasiuithinanafinawin 0.5 fadansieIeouls

thiregsmduenndutiigumaf -80 ssrmweadea sndandlifigamaivosulndasans wdhurdudaiie
Aagaung Iy

¥nsideansenududuresiiduedunuulndu 0.2, 2, uag 20 uilunda @reth deionized AiHunsETe
TngnsAuIMIINANUTITIYeRB Ul uaenfIBE 19 LE U

n&s91niu gaudaziied1sfiuie Usums 1 lulasdnsldaslunaonlulasisudfiainatafinauin 05
lilnsansfiansazans Master Mix HALDY Wmswananslunaonselieugnans

10. Wvasaluvnistumissmeiasosluwidewmnaznauasfiieg19vunnLan
11. ndsntutusaznasalUldluesasiiandansinemnuanisyinaiuaiunsnasadl
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

9ol (asAvalTyd) 128 UIUTBY
95 DyANYALTE 3 179 1
95 DeANYALTLE 30 A9
60 3AsaLTYE 30 Ui 30
72 psAsalfod 30 Ui
72 paAwalded 10 Wil 1
4 oy Iralyd a 1

wintuedey 3 Wesidud evnlsawa dwdulunsuonfidueosun 166 wa denszualudii
waiwdoliargnansadlul X TAE (s luiedesuenfiduesenszudlit
thanswaudilaainnisyiidersusuns 10 lulasans sweaudud 2 Tulasansuuuiuns iy
Tdensiieurnnvesiduweusung 5 lulasansludosusnvosaadisnasonls
TdansazaneiinauiuSeusosudilude 14 adureasadnun
Frrseeniuesenseualiin 100 Taaddunan 30 Wil
vdntuieallutluansildlunsdeudsuedunan 10 il

1119890n9NNSERNRLEUE LarIauUAS e ELarIATIZIRA A
wafivhnsdionmuasiinseiduiosud asgrluluminesnegnislasaniubun
Smailalifunuuindueduuuy 0.2 uilunda Iiihnsvaassiirududuvesmidueduuudu 2 uwas 20
wlunsu MuaIRu
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MAKUIN Y11 MIaFensvansgiudmsuiavsunannududuvasuaiisadmungluwvasnudaciieg aaeds

N5 BIUTU

aUNsalLazIan

1. iTaqg Universal Probes Supermix (2X) (Bio-Rad)

2. NI¥ANWNYY

3, ndeddiuds

4. 1p3eaEnaEns (Vortex-Genie 2; Scientific Industries)

5. indeadumies (Microcentrifuge; Eppendorf i;‘u minispin plus)

6. wsosuiemnazneuasiegwungn (TT-6000 Mini-Centrifuge)

7. ipSeaiidenitaiunm (StepOnePlus™ Real-Time PCR; Applied Biosystems™)

8. szunsawaradnldvasnlulasduniiiidaun 1.5 Tadans

9. é’ﬂaam%a Biological Safety Cabinet Class |l

10. ghuutdnegn gamalivszana ¢ ssrnwades

11. pwdnwenududmiuvaeniidens aunil -20 °C

12. paldvaeniidensdmsuanedes (Applied Biosystems™)

13, pananadin

10, gefloawdinduiialdudaii

15. 15 deionized Fishumssinge 2 seu

16. thud

17. dnmitldlunisssyiegng

18. #9135 (MicroAmp™ Optical 8-Cap Strips; Applied Biosystems™)

19. Wawesfiu aun 100 lulasdns (Mettler-Toledo Rainin)

20. Fawesiiv vun 20 wag 200 lulasans (Axygen)

21. lalastad aunm 2, 20, 200 waz 1000 lulasans (Eppendorf)

22. TulpsUndiiy vuim 1000 lalasdng (Axygen)

23. 97950

24. @1vazany RNase AWAY® Surface Decontaminant (Molecular BioProducts)

25. @nsazanslenIuea (70 wWosidud)

26. don1]

27. viaeaN@e13 (MicroAmp™ Fast 8-Tube Strip, 0.1 mL; Applied Biosystems™)

28. naenlulasidunsinduunn 1.5 fadans (Corning incorporated)

29. 9aslaUiUnd vun 100 lulasans (Mettler-Toledo Rainin)
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vhnsdaasmiiidueduuuiivuin 521 dwa Ssluidutedunuy 1 aneUsznoufiedu 165 mNA
19 Bacteroidales fis1mzsio ans 1a tideuwu way sammnuvdaiuin (universa) TeaziBondagu
# 1 Tuunil 2 3853 Wttt 2.3 Felunisiseadailyinnisdedunsneisinu GeneArt Gene Synthesis
U3 Invitrogen an3geuiing ddldszegnanysvann 1 Weu

yhnsandenia Tafaaynuasldgediolurnedivhauluiesufofnisnasaia
V‘iwﬂmuasamé’ﬂaawﬁy@ Biological Safety Cabinet Ing3ngneansazasieniuea (70 Waddud) fsls
Hunan 1 niudlinszasiivydaliui audoaisazans Rase Away Adliifuna 1 wiitudald
Nz UTIvYIR LU

FnsdoansiBuedunuuiildannnisdaaseiisaeg PCR grade water lunasslulasifussindaunn 1.5
fadansfinnandudusiigg s 6 anududu Feusznaudesiuaudu 1 x 105 1 x 10°, 1 x 10%, 1 x 10%
1 x 10%, 48z 10 gene copy numbers Aalulasdns mua1iu lneruiuanuialuanaveududidue
FULUU fegns N x 1.096E-21g/bp, tle N=521 Aiua zlaiuialuianavesfiouie 1 copy kagininsna
freU3une copies TaamiBweTiFaIN1s (6 Arudiud) fefinaraludnedu
msaansrunsgIuluisazdlnswesiinnsageumeUjiseidensidalsinaiuidueduwuy
#a 6 Aty wiagarududuringr 3 afs by 18 VRS edlnses Snfisdimamouiy
F10819mUALIBIAU (negative control) FasdenanuiAtenlififdueduiuy Taevhen 3 afided
Inswes sundu 21 UjAseseglnswes

3o Master Mix Ingldvaonlulasi@unifindouin 1.5 Sadans luniswauaisaieg aslunaonniu
a1519a1uan lneldlulastiadfivvuinieg Tinunzanduusuinsdnuiudjiselidiuiuan
SunuUfitefiaznaassianaruanidiudn 1 Ujiteiflevaweyunnsiionameluainnistive

snsitldlunsneu 1 Ujisen
iTaqg Universal Probes Supermix (2X) 10 lulpsang
Forward primer (10 lulasluans) 0.8 lulasdns
Reverse primer (10 Tulasluans) 0.8 lulasans
Fluorescent probe (10 ulasluans) 0.4 lulasdng
Yhivmsniumssgeudn 3 lalasdng
U3asvianun 15 lulasans

ynswavastumaen Master Mix Tidndusenioseians

nFsnduLsinnaanitens (8-Tuoe Strip) wu1m 0.1 fadans $nnunasaiduuU e
Aass MaumnSnwmuBuiTgamgiiliannnit 4 °C aaeanismaass uazgaasInvaeslulng
Fussiduuie 1.5 faddnsfivhnisuauansenegdevseslutiues 15 lulasdas ldadlunasavaen
fForsnTeuls
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10.

11.

12.

13.

iiegrstiduledunuuluudazanududu it 6 armidudu) worlidfudisindonngrans
n&aaintugausagfiegfiduie Usung 5 lulasdasldadlunasafidensouin 0.1 fadans id
1595818 Master Mix wawag Woldfegsiiduloasuudinistanuasnauansluvasnsmelaias
wehans Ingldusage

PmaenlurinnistunesmenIesduniswmnaz NauansiIog19TuIaAlan nasaIntuLIasnidens
TuldlupIesilan@desT9UsunalaeMuunnN1sYNaIUsUAISI1969il

o il (a9AYaLTYe) L3810 31U
95 peALsALTYE 3 Uil 1

95 peALsALTYE 15 U1l

60 DeALsALTYE 60 AUl 10

Tunsglnswosagynmsadensminasgiudiun 4 1§ mnnsloumegnadiiaiesidenids
U3unnud sau9as 21 Uhisendanvasidentude 3.

namsTadeUREUATe T SITUTInaldA cycle threshold WS Ct e Ct fildainnisyen 3
adiluusazanududuthamnaniads (Ct mean) wisniuianadsnsminasgiu aelden ct mean
(unu v) warinuerduduresiiduedunuy wnu X) shnsieneidunsmansgiu 4
GiawﬁﬂﬁﬂWiLuai‘LﬁammﬂmuLmﬂ@mmqaﬁaLLasmwhmm%uLa?{ﬂ (pooled slope) Inld multiple
linear regression

¥insfuaMA PCR amplification efficiency (F) vosusazlngiesainanuduadevosnsnuinigiu
TaeA11IUINANN1S PCR amplification efficiency (E) = (104" - 1) x 100 Fadfivouiulsazeg
Tut9 90 - 110 %
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mManwIn v12. wadanderfilslinadmiunisasadanguuuaiiGediuunuvasiniaciieg dusudtegeya

68
69
70
71
72
73
74
75
76
I
78
79
80
81
82
83
84
85
86
87
88
89

dnduazude

auNsalLazIan

61 iTaqg Universal Probes Supermix (2X) (Bio-Rad)

62 NS¥ANWNYY

63 napsdldiuds

64 Lﬂ%‘la\u‘u&hmi (Vortex-Genie 2; Scientific Industries)

65 deadumie (Microcentrifuge; Eppendorf 3u minispin plus)

66 n3osuisnnazneuasiiogwungn (TT-6000 Mini-Centrifuge)

67 1A3eafiTe1TaUSINa (StepOnePlus™ Real-Time PCR; Applied Biosystems™)

azunsIvanaantavasnlulasduniindunn 1.5 fadans

éﬂaam%@ Biological Safety Cabinet Class |l

Aiuutiiege oamgiusea 4 earuaaided
ansnwnududmiuraeniidens gugll 20 °C
aeldnaenfidenidviuanaios (Applied Biosystems™)

ANIGRGEN

pafleaninduilaldudaiia

11 deionized fikun1saide 2 sou

B

Unnmiililumsseyfoeig

@915 (MicroAmp™ Optical 8-Cap Strips; Applied Biosystermns™)
Wawmosiu auia 100 Tulpsdns (Mettler-Toledo Rainin)

Tawosiy vurm 20 way 200 lulasans (Axygen)

laulasTUiuad aunm 2, 20, 200 waz 1000 lulasans (Eppendorf)
laulasTiundfiv auim 1000 ulasdns (Axygen)

Y95

#15ara18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
asaranslonuea (70 Wosidus)

Hon]

naonAfida1s (MicroAmp™ Fast 8-Tube Strip, 0.1 mL; Applied Biosysterns™)
naenlulasiunsinduunn 1.5 fadans (Corning incorporated)
pa5latiung 9w 100 lulasdns (Mettler-Toledo Rainin)
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o

3533w

1. vihmsaudenid TadUnaynuarldgeiieluvagnvihauluiesujifnisnasniia

2.

9.

v‘hmmazmmg’fﬂaamﬁa Biological Safety Cabinet Ingdndasansazatstoniuea (70 wWeddud) fals
Hunan 1 uniudlinszasiivydaliuis audieaisazats RNase Away ialifunan 1 uiudald
N3EANYYLIALIAUIAS

W3 Master Mix foudimegraduntalug Ineldvasnlulasidunsiindauin 1.5 faddns Tunis
HENA15A199 aslunaonnun1519n1uas lnelslulastiuadivauinnng Timngauduusuing
Fruufizelimunenduuuiitefaseassaiuazuiniiiudn 1 UgAsefiovaeyIuinsd
a1ameliannnmstia

1 Ufnsen
10 lulpsdns
0.8 lulasans
0.8 lulasans
0.4 lalpsans
3 lulasans
15 lulasans

ansniglunisway

iTaq Universal Probes Supermix (2X)
Forward primer (10 lulasluans)

Reverse primer (10 lulasluans)
Fluorescent probe (10 lulasluans)

YINVINAITHIUNITU T DA

J3UN05NINUA

vinawasanstuvaen Master Mix Widhfugewedesiugnans

p¥andunIounasafitens (s-Tube Strip) wu1m 0.1 faddns FrunuvasawiduuU§Azeiae
vpaes Navunasnweuduitoamgiiliinnnit 4 oC sasanisnaass
gaansanvaenlilasidunsiatawin 1.5 fiaddnsfivhnnsnauansenagSeudesluuiues 15 lulasans
Taaslunaoaviaendidensfimiewly

thihegrsidueninduiiigumadl ¢ esmwaldea weilidfuseirdoaveians

n¥anntu gausazdaegsiiue Uinng s lulasnsldaslunasniidorfounn 0.1 Sadans il
1588818 Master Mix wauag WoldfegsiiduleasuudwinsUanuazsnanaslunasnfionios
wenans Tngldusaugie

thaenluvhnstusiesherdesiumisinnaznouasiogisrundn

(9

10. viaantuiresni@ensluldluesesiloNdenSi39USUUlAg A UANISINIUAIUAISI9R 9T

ol (asAiwaldyd) 1380 IUIUTOU
95 perLTAlTYd 3 U7l 1

95 parLTALTYd 15 3ui

60 aerFLTALTYd 60 U 10

11. deldAuade Ct wdr9zmuInUsSInuEuanaunis Logi concentration = (Ct - b) / m  ile b [JuAdaunu

Y fIF1u3naInAT Ct Y0908 9AIUAILTIVIN kar m Ao AANtuRdeNliannTInNInsgIl
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AIARUIN V13, NISHNUAIBEIUIRIAY

gunsaluazisg

D e N e e

Ea e

10.
11.

12.

NIEAENYY

N3zUBNBMNUITYENTazaBLeNIUea (70 Wasidus)
ManaaRnInansiduikiunssded miuussinide wua 1 8ns
Aduudiiedns oamgiussana 5 earuaaided

fildduds

pefloanfinduuuldudaiia

wiun1mtdsla

thuda

Unmitldlunissyysegis

. fUaynuuulduaaie
. 87430
. gunsaliiusegna

augeionnads luvazfivhnmafuiednehinfiu

Tyunmifslauzuinadannifuies udwhmsdeuanuiiiuiedisuay uiliudedis
Tgunsalfiushegshinfundeuadiuliir vhnnsdrsgunsalifufemsunidluissann 15 Jund
QWﬂﬁuﬁéauqﬂﬂﬁiﬁLﬁUﬁaaﬂwqaﬂﬁﬁ:ﬁUﬁw’n;u 30 iwuRlunsdndunsiieseinguuuaiife uasiisedy
Asnansaudnvesshhdmsumsinseiamaiiwesmaniiandduy fdunuasmivldadunaussi
KunssdeisuTesudn

dnsurnse ilddmsuIausunaoendiauiiazatslutn (Dissolved oxygen; DO) A9iNNISIALETT
ansazarsuuenitadaine (manganous sulfate) wazihensanilalelolasorled (alkali-odide-azide
reagent) aehsazU3unas 1 fiadans aduvimidiegeianu anduwinmswenvanaansimdfutuinedis
thinfu

vaFedsfilitadmaniiiognsazdonhnmsinvamnmiilasnisifiunsadanin (Sulfuric acid) adly
fheghaihfaiulagldan pH s 2

thaadeshaifiiuldudadufaiudossgiudeivhnaedenls
yhmsdgunsaifusegaieissn mudenadedeieniuen (70 Wesidus) denseaniivy
maAsugadionnads Weanfusenedaly Tnewgaileldudldadlugemanafnitesausaaniie satangdls
Byu¥es niwinafuiedieill Tnedudunsmude 1 56

5@‘13%1,%@%35@%@&1@131 svgnuudaniviesufiinis melunanlsiiiu 8 Hlumdsannsiuiedis
oundeiosufoans innstheviaussgiedsluiivlugifuusiognsiigumniivszana 5 esmiwaidya
Wevihmsiesgimaainazatnfegiediduonelu 6 Tu
paffeluduasivgldudfisiusumnasgniidnestegrisnuanuiiiufwun
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AMANUIN V14, NISENARLDULDIINALDEIUNRIAY

aunsaluazIEn

W o N o R DNe

e e T e e
o LA W DN O

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

2N nsalglasaasdn (HCL)

2N lagideulansenlan (NaOH)

n3Thng

A5EANENTBI MF™ Memberane Filters, 0.45 pum HA (Merck Millipore Ltd)
NIEATYNYY

naodlalun1sussaiioue

239102 Duran 911 1000 fadans

23AlA7 Duran 911A 500 Hadans

winsmuanslianudou (Isotemp Digital Hot Plate/Stirrer, Thermo Fisher Scientific)

. 1A309WE1EN5 (Vortex-Genie 2: Scientific Industries)

. idesilidefeusauloth gamadl 121 evrngaded WJuan 15 wifl (Tomy Ju ES-315)
. wdnsiluwies (Microcentrifuge; Eppendorf 34 minispin plus)
a3eataAmnudunsasng (YSI Model 60 Operations, USA)

\n3esinyTunniansWgnssa (NanoDrop™ 2000 Thermo Fisher Scientific)

. Mo sdeadedihdafiinunisande
. ¥anTgInIA (Nalgene® DS0320-5045 Reusable Bottle Top Filter Holder, Polysulfone with 45 mm

Neck Vacuum Adapter, 500mL; Thermo Scientific)

ﬁqmaﬁma’liaﬁwa (Quick-DNA™ Fecal/Soil Microbe Miniprep, Zymo Research)
RN LRGERN)

azunsananainlavaanlulasiduniinduunn 1.5 Gadans
gusdudsililunisifiusiesns -80 ssriwaldea (Thermo Scientific §u Forma 900)
ANIGRGEN

pefloaniindeuiialdudaiis

wrisushudnniuans

1 deionized Firumsanide

v¥hen pHa Trlles

v¥hen pH7 Trlles

%ungmﬂmﬂ (Vacuubrand g1 ME1)

Unmildlunssyysegis

UnAvu

Fndnaynuuulfudaiia

Tluda

lalastUiad wunm 2, 20, 200 waz 1000 lulasans (Gilson)

TulasUnadiu auie 2, 20, 200 wag 1000 lulAsdns (Gilson)

@1582818 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
ansavanslenuea (70 Wosidus)
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10.
11.

12.

13.

14.

. @158ran8LeM1uea (90 Wasidus)
. #enu
. vaenlulasidunsihsvunn 1.5 §addns (Corning incorporated)

ihnsauden ladUnaynuayldgaileluvasivihanluiesdfiinsmasniia
MANuazeniuRllfzNazinn1susu pH Ausegshiau lnsdameansazaiseniuea (70

& < oy & Y < Y ¥ a < AR 4 i3 qy Y
Woesidud) Mdlidunan 1 niudldnszauilygiinliuis anuseansazans RNase Away N9liTu

<

van 1 wiikaldnsyanuivyIa i

'
=]

o o 1 ?a a 44 v & a = & A o
mmamﬂmmmumﬂulﬁumLau%amwﬂuﬂizmm 5 avALaLY Y E]E]ﬂll']'nfl‘UUIWS"diziﬂm 30 ‘UTWL‘W@&L‘V‘

megelinamaiilndlAugaumngivie

thsegaifafuihnswelidiy Wuswau 20 ads

wnshegnahiauiivhnswelddiu 1 dns adly vaauds Duran YA 1000 fadans
TduviawslmEnnauansasly vaauAs Duran vw1e 1000 SadansTiltAIRULAY Y@ IULLAREINILENS
T ¥ou (Isotemp Digital Hot Plate/Stirrer, Thermo Fisher Scientific) #tsniumyutuniuans
aQ'MLﬂ‘%'aqimﬁWﬂQWMLTJUﬂimoﬁﬂ& (YSI Model 60 Operations, USA) asly a1 pHa Siwled waz then pH7
il o3 calibrate wedosneuiluguluiedrehinfu

ajmﬂ%ﬁﬂmﬂ’nmﬂuﬂimmﬂ (YSI Model 60 Operations, USA) adlu oy wazvihnsusy pH Yo
Radulndu pH 3.5 5ﬂﬁjul,ﬂ%"aq’°5mwmmLﬁuﬂiﬂﬁiwaq’luﬁwﬁaﬁuué”ﬂéfﬁh pH 1Ju 7 4ld 2N nsnlalas
PR3N (HCL) 1 Menaunsziis pH 18u 3.5 uidduieiesiadanudunsadsadutififuwdléen pH
Ju 4 Wild 2N Tedeulansenles (NaOH) 1 vemaunseis pH LU 3.5

Wiovins U3u pH vesiedslailu 3.5 Seusesuan T probe Tun1sin pH quaslu asazansoniues
(70 Wosdud) \Junan 5 wiil ndwintuguasdluien pHa drwles Wuan 5 wiil
anuazoniiuialfzfiagyinisadafdue Tnedameaisazatsieniuea (70 Wesidud) Heliifuian 1

a v v a @ ¥ v % Qy Y al v ¥ a @ v
wikadldnszauivgdaliuia audieaisarate RNase Away 7idbiiduna 1 indiudldnseauiivydali
LA
YIN3UIENOUYANTOIGYYINIA LHBLTEUINNTEATENTB
lWudrunganzifisaeaneges wazliunfuguatsazarsieniuea (90 wWesidud) vinisaulyl Asvnauly
[ v Y @ LY
Ananlanduss
nasnuulgUINAU AunszA1wnIes MFTM Memberane Filters, 0.45 um HA (Merck Millipore Ltd) iginiie
WAY INUUTINTEMENTaLlugANTas Usenauyansesiuuinwii Duran wasUuagainie
ihMmegrahRiaAumiinisusu pH 1Wuieusosuds u1wg19819u5931uu 20 Asaiislidniu wagniiin
Audsuns 250 fladdnsadluiiefuivesyanses iWatuayyinia seauuignnsesauvin Uatuayainie

TdunAuguansazatsienuea (90 Weosidus) vnsauln fendulidninlngus
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15.

16.
17.
18.

19.

20.
21.
22.
23.

24.

25.

26.
27.

28.
29.

30.

31.
32.

33.

34.

35.
36.

37.
38.

39.
40.

nondulszneuesyanses THiaTesleAy Aunszmunsosuuanges genUNYNUL OISl Uni
Kun1sEige

thnsslnstuansavansieniuen (90 Wesidus) shnsaulyl fsnsslnsliFninlmdum
wdniurinsnsesshegeinfuadiay 250 JadansatuunsEmEnTes uNSYITNERAUMNA 1 Ans
thnsslnaindanseaensesiinelilvifouadntuasussana 5 x 5 fadiuns dhiunssaunsesiigninuld
asluypainasidue Tuvaen ZR BashingBead™ Lysis

thyaile ldadlugmanainfiwdeslfiftesiuruiifis madsunsdonnadsfizuvindredsll

\uansazane BashingBead™ buffer asluvasn ZR BashingBead™ Lysis #iU3u1ms 750 lulasans
wdntumaen ZR BashingBead™ Lysis lUnasidhdefulneldintesugansidunan 20 widl

¥1waen ZR BashingBead™ Lysis ldluadastumios Tngldnnaunda 10,000 x ¢ Wuan 1 undl
vhnsgaansazatediula 1uuiuies 350 lulasansadlunasn Zymo-Spin™ IIl-F Filter flarusagnasn
Collection Tube u&atluwiesii 8,000 x ¢ Wuan 1 undl

Wuasazany Genomic lysis buffer Usuns 1,200 lulpsansasluansazatefinnasuilumasa Collection
Tube

vhnsgaansazanglunasn Collection Tube Wuuiums 800 lulasans lalunasn Zymo-Spin™ IIC i
pevaen Collection Tube

tvaen Zymo-Spin™ IIC Taluiedesdumies Taegldauida 10,000 x ¢ Wluaan 1 wiil

wansazanefinnasnlunaen Collection Tube #iv wéanmaen Collection Tube a@slldnasn Zymo-Spin™
IIC 9819L5N

¥t 25-27

Wil DNA Pre-Wash Buffer U315 200 lulasansasluvasn Zymo-Spin™ IIC fiaaudaevasn Collection
Tube iaonlyl

¥vaen Zymo-Spin™ IIC Taluedasduies Tngldanands 10,000 x ¢ Wuvan 1 i

13 g-DNA Wash Buffer Usuas 500 lulasansaslunasn Zymo-Spin™ IIC

tvaen Zymo-Spin™ IIC Tdluipdesdumies Tagldruida 10,000 x ¢ Wluaan 1 wiil

vt Erevaen Zymo-Spin™ IIC 88n31n Collection Tube 1ix wazihlamiunasnlulasidunsiag
A 1.5 adans

wdtaniiu Td DNA Elution Buffer Usinas 50 lulasansaslumasn Zymo-Spin™ IIC vinsdumies Tneld
AuiEa 10,000 x ¢ Wuaan 30 it aldansasanefiduennasniivasslulasidussiadmaiuans
drde 28 titelldUsmsvesensavaneSueiuay

thansazarefiduelunasalulasdunsiduilaly Zymo-Spin™ IFHRC Spin Filter Tun3euuda vinisasuy
waonlulasdunsindnasnlnl duwilesfiammss 16,000 x ¢ WWuian 3 wiil awldansararefidueanting
anasntumaealulasidunsihddmsunmeassioly

vmyinfiduelngliiniosinuiamsiugnssu Inglivsines 2 lulasdns

THuanmililunisseyfedns WWeuanduiin Tededeililunisafnirmasnlulasiduniinduun 1.5
Hadang

\fuvaenusselduefiatndsusesudadundesussgiidute uazfvluguifigamal -80 ssmwaidoa

fafle waraninenNdudaiegwwadniaggnidnegsgniTauanuntug invun

U
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MARWIN V15, WAdANE15IeUsIad S UN1TnsRdanguuuafiseduunuiaanlinm1eg

AMMSUAIBE19URIAY

aunsaluaziEn

iTag Universal Probes Supermix (2X) (Bio-Rad)
NIEAENYY
naodldiuds
\A30aEans (Vortex-Genie 2; Scientific Industries)
winsduies (Microcentrifuge; Eppendorf 3u minispin plus)
wisaduissmnaznauasiegsuundn (TT-6000 Mini-Centrifuge)
\3eeidodieUsunal (StepOnePlus™ Real-Time PCR; Applied Biosysterns™)
nzunsananaanlavasnlulasidunsinduunn 1.5 adans
é’ﬂaam%a Biological Safety Cabinet Class |l

. fufundiiedne aamgiussana 4 earueaided

W o N o AW DN e

—
—= O

. oasnwianududmsunaenii@ens gugll 20 °C

. mnldvaendidonsdnsuacaios (Applied Biosysterns™)

LSTRRGER

. peftoainduiialdudaii

. 1h deionized flrunssnide 2 seu

. thuda

. dinmitldlunsssyiegng

. 6915 (MicroAmp™ Optical 8-Cap Strips; Applied Biosystems™)

. Tlawesfiv vum 100 lulasdng (Mettler-Toledo Rainin)

. TlawesAiv vum 20 wag 200 lulasans (Axygen)

. lalasted aunm 2, 20, 200 waz 1000 lulasans (Eppendorf)

- lulasUUndiiy vuim 1000 lulasdng (Axygen)

. 8930

. @158za18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
. ensavanslenuea (70 Wesidus)

. \donm

. ¥iaeANde1s (MicroAmp™ Fast 8-Tube Strip, 0.1 mL; Applied Biosystems™)

N N D N DN DN DN DNNMNDN P PR s P
00 N O U A W N P, O O 00 NN O U1 A W DN

. meoalulasdunitiiduwin 1.5 iaddns (Corning incorporated)
. 903lUWed vun 100 laulasdng (Mettler-Toledo Rainin)

N
\O
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9.

o & €9 1Y a LA o o a wa
nsanadeni ladtnaynuagldgeiioluvasiivihauluiesd jiinsnaenam
AuazeIngUasniie Biological Safety Cabinet lna@adisaisazaisioniuea (70 wWesidus) Haliidu
va1 1 wiiuddldnseamuiivydnliuis audeaisazate RNase Away fisbiidunian 1 unfiwdildnszanviiy
< DA 4
NIALAUAS
wsew Master Mix neuthiegadundalug Inegldvasnlulasiduniiiadown 1.5 Gaddns luniswauans

#1949 aslunasaniuniseniuans ngldlulastivndnvauinede Tmugauduusuinsinuudjazents
AT IUU TN naeRswmasuINiindn 1 UfiseniesaweUsuasiienameliainnistiue

ansitlluntsway 1 Ufjiizen
iTaq Universal Probes Supermix (2X) 10 lalasdng
Forward primer (10 Tulpsluans) 0.8 lulpsdns
Reverse primer (10 ulasluans) 0.8 lulpsdns
Fluorescent probe (10 lulasluans) 0.4 lulasdns
Bovine serum albumin (1 fadnsusioliadans) 4 lalasdng
USnasianun 16 lulasans

vnsnauanslunaen Master Mix lidnfugneipdonagnans

nFrndueieuvaeniidens (8-Tube Strip) 1unm 0.1 Taddns Sruvmeawis LIUiATeTieneaes 19
vumndnunAnuiuifgumndlininni 4 °C aaeansviaaes

Anansnvaenlulasidunsiafawin 1.5 fiaddnsiiviniswavansinegdeuseslulsunnes 15 lulasdng ldas
Tunaeevaenfidensiwseuly

thiegsfilueanguiiioumad 4 ssmwadea welvidiuseieioauenans

wsnia Anusafng1fidue Usuns 4 lulasdasldadlunasniidersauin 0.1 Taddns fiflansazane
Master Mix Wesog dleldiegnsiiBuensundivhnmslnduasnauastuvasndienisnvgnans Tnglduss
\ugen

thnaealuinistumisshendesduniismnaznauasiegiuadn

[

10. ndsntutvassigensiuldluaiadloNgoi5ieUsunala g MuUANISYNIURIUAIS 1A IT

gaunnll (asrLaLdys) 180 U
95 aerlwALTed 3 Ui 1

95 aerLwALTed 15 U1l

60 asrlwaLTed 60 U %0

11. disldAnade Ct waazmuwIudsinuduainaunis Logi concentration = (Ct-b) / m e b 1uAdaunu

Y f1F1U3naINAT Ct Y09iI0819AIUATILIN kA m Ao AANduRde (pooled slope) NlAaNNTIHNINTFIU
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MARWIN V16. WaTiANTasdmsunisnsraianguuuaiiseduunuainiingnee dmsualegiaiRanu

aunsaluazIEn

0.5 M EDTA (pH 8.0) USudiimseetnduauasy 1 an3)

1X TAE Unliwlas (50X TAE buffer: 242 n3u tris base, 57 n3u glacial acetic acid, 100 lalasans
DreamTaq PCR Master Mix (2X) (Thermo Scientific)

Forward primer (asusaaffinfisiasnisnsanin)

Reverse primer (Auunasiuinfisiosnisnsnin)

NIEAENYY

naodldiuds

LSaaEans (Vortex-Genie 2; Scientific Industries)

\w3nsdnenariseinInaea (Gel Doc XR System)

W o N o AW DNe

—_
(@)

. wdnsiluwies (Microcentrifuge; Eppendorf §u minispin plus)
. wnsestuisemnanauansilegisvunaLan (TT-6000 Mini-Centrifuge)

—_
—_

. 130T (Thermo cycler; Eppendorf)

. wisseniBuedensyudlnil (Mupid®-exU)

. azunsanaaanldvaonlulasiduniinduuin 1.5 Tadans
LSRRG

. gefloandinduiialdudaiia

. 1h deionized THunseide

. thuda

- Uinmitlflunsseysetng

. WHUNS AN

. lalastUlas w1 2, 20 waz 200 lulasans (Gilson)

. laulpsUiueddi aue 2 wag 20 lulasdns (Gilson)

. 87990

. ansiildlunisdeuidiuie (Ethidium bromide)

. ensiieurunnvesAdule (100 bp DNA Ladder, Thermo Scientific™)
. @158¥a18 RNase AWAY® Surface Decontaminant (Molecular BioProducts)
. @1sazangienuea (70 Wosidus)

. @ (DNA Gel Loading Dye (6X), Thermo Scientific™)

\donmd

. yeoalulasiduniinduunn 1.5 Jadans (Coming incorporated)

. vaonlulasgudiing vun 0.5 §addns (Corning incorporated)

. eznlsalea (3 wWesidus exnilsalaa: 3 n3u exnlsd wauadly 1X TAE Uviiwes USums 100 lulasdng)

W W W NN DN DN DNDNDNDDNDNDNDMDNNDNDNN P2 P22
N m, O O 00 NN O i A W N P, O VO 00 N O O A W IN
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ymsaudentl TdhUnaynuazldgeiioluvnemvihnuluiesujifinsaasaim
° X a so 4 ° v a & a v s % e AUy a
ANz niuialfzNazinsanafoue Inedameasazatsieniuea (70 Wesidud) Maliidunan 1

a v v a <@ LR 4 13 Qal Y & Y v a <@ v
wiudIldnsemuivyinlilie auieatsazate RNase Away Maliidunan 1 uniuiildnseauiivydali
WA
W3 Master Mix Ingldvaonlulasiduniihdawn 1.5 Tadansnslunvinsanameeniiuduudaiuds
paoAnaienIrIdy inmsuanasnne adunasanumssisil Iaeld lulastiadfiv vunm 2 wag 20

Lulpsans Sunuufiselienunaandunuljisenazneassasauasuiniiudn 1 UfAseniiosaiwe
YSumsfionameluainnistin

ansldlunnseey 1Ujfsen | dredremsaseudniu 20 UjRsen
DreamTagq PCR Master Mix (2X) | 5 lulasans 100 lulasdng
Forward primer (10 lulasluans) | 0.5 lulasans 10 lulmsans
Reverse primer (10 lulasluans) | 0.5 lulasans 10 lulmsans
dhilvimsiiunnsenLEouda 2 lulpsans 40 llasdng
UBnasiianun 8 lulasang 160 lulas@ns

ymswaaslunasn Master Mix Tidiusein3oseians

n¥rntunisavasalulasiuiihivug 0.5 faddns Srunuvaeaid U fRzeiasnnaes Mavudsiis
thudeussqog

anansnvaealulasdussiiiung 1.5 fladansiviniswauanssnaseusosluuiung 8 lulasans Tdasly
vaenhilasuiasnanainuuin 0.5 fadansfiwdeuly

thiegaiisuenngudiigamnd -80 ssmwaifea ineiidlifgamgitesulndarats uénhusihudaie
Aegaun Iy

¥msiEeaanududuvediduedunuulidu 10 ulunty deth deionized finnunisainide Tagnns
AMUINANANMUTIT LY BRI B U I unaRAMBENSAILE LD

iy gausaziegsiidue Yiines 2 lilasdnsldadunasnlulesieuiadnatafinuun 0.5
llpsansfislansazats Master Mix HALDY nswavasluaensiein3ongdns

10. ¥viaanlUyinn s emeLAs e U iIgInNALNaUaNSAI0E 19VUNALEN
11. ndndutusasvasaluldlunisdofdesinemrunanisyinaumunisnasadl
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12.
13.
14.
15.
16.
17.
18.
19.
20.

gouu il (asAvalTYd) 128 UIUTBY
95 DIFALYALTYA 3 Ui 1

95 DIFALYALTYA 30 Ju9
Juogiulnsweifionmnsdey 30-60 U1 | 30

72 paAwaLgya 30 3

72 peALgaYa 10 w1t 1

4 parwaLgya a 1

wdmnuesen 3 Weddud sznlsaea dwsulunsueniiduesuin 166 wa densvudldh
waiwdeliargnisadul X TAE Sle$ Tuiedowendiduesenszualii
thaswaudildainnsvifidgersvsuns 10 lulasans uwausud 2 lulasansunuiunns sy
Tdensiiieurunvesidueyusuins 5 llasanslutesnveasaiisneiouls
Tdansavanefinaniusousesudilute 14 adudonsadnu
FArseenfduesonsyualin 100 Taddunan 30 wiil
wintuiealuudluansildlunstouidueduna 10 undl

$19880nNN1sTaNmeue LazINsuuAIteuazIAT AN Nea
wafivhnsdienmuasiieseiidouiosud avgniluiinediegnitlasantduliueg
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MANLIN V17. A29E19AUANTIVINLAZAIUANTIaUTUITHTD Suas i@ sidedsuna
ad ad s
WNGeIs

fetnamuRduINEEENaINNTS clone HAnfasifitesildlnsiwe sy fuyadn ey Tagld
Aiduefiatninyadniviatug WudBueduuuuluufiteditens
yhnsBududduiuavesiiBulefiuuuLsens sequencing wag¥iins blast Tugnudeya NCBI iog
TifufiueveauafiGefiadesnuioll
Tumsvhitdensusazadenasouietumunudindefiduesuuuitldnmanielutieu

aaa a

agatiay 1 UAse ieduduinniswisuufiseniigensiainugnees
fegnuaudmuAsUjiseidersnluifdueduiuy tngasldunmiunisindeununuiuninsves
a v A Ao aa & v & g =~ aaa o
Aduesuwuy Wesudunludfiduesuuuululeulussnirslunounswisnuisen lnaagsin

MegmuANdisauagntey 1 Ujiseensviiidens

AFNTo5LTUSU

Y 1 a v & o o =3 < o v aaa
MeagamuAuduInagldaeuenuwuunduaszviduly aarwn w11, Wudweruwuuluuise
AP TIUTU Y

MY AZNNTUTIAUsas AT IAde UM AUANTIUINIBRBLBAULUUNTAINN1S
dunsieiednatios 3 URNsen weduduinnmswlenuiiseniigensiiaugnees

o 1 a - aaa Ao sav 1aa & v RN & A 1a
MegmIuANdsauAsUisenfigensliifiuesuwuy lngarldinfiuniseesuuiiuiunnsves
a v A Ao aa & v - Y =~ aaa o
Aduesukuy Wesuduldifueduwuuludeulussnittunsunswiendjizen Ineagin
MegemIuANdisauagitey 3 Ujisedensviiigensideusunm
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MAKUIN A. S18azdeafeg1Lda 1A TIAZYadR )

v o

. | PBarassinm
UInasun e . o
L 4. ZALa LD AN LUN VA
URAILAY , nana (va.)
aau | sRAGIE9 L Fansu w s . | eonnnza | wwamilunia
@281 w30 ININ
L. anm aalalasdns)
aNQ (N3N)
(lalasaas)
wndwonans
1 |Sewage 1 2. NTINNY 271013 CRI 100 WA. 50+50 36.1, 23.6
2 |Sewage 2 a.nyamwy  (Tsawenona awansol 100 4A. 50+50 30.1, 28.2
3 |sewage 19 3. n3aNNY dlsawenunale-iin 106-1 100 4a. 50+50 175.3, 75.8
4 |Sewage 20  [2. NTINWY ighlsmeuauaIon 106-2 100 WA. 50+50 93.6, 49.5
5 [Sewage21  [2. NINWY i lsanenunaunsualna 106-3 100 4. 50+50 50.6, 38.8
6 |Sewage22  |9. NTINNY dghlsmenuaunsua 14 5 106-4 100 WA. 50+50 282,135.70
7 |Sewage 23 |a. Taun ilssSowmaunarmse 50 WA, 50+50 2229, 109.3
8 |Sewage24 3. TEUW ilsassumannatundas 50 8. 50+50 157.1,81.3
9 |[Sewage 25 |a. TouMN audn1sdnmWLey 150 3a. 50+50 64.3, 49.3
10 |Sewage 26 |3 TEUIN T39S umnauaianasens 50 ¥8. 50+50 176.4, 79.9
11 |Sewage 27 2. TIWIN Fawinauia sunaliias 50 W8. 50+50 173.9, 98.6
12 [Sewage 28 2. FYNINNAI SnunaLa druauidan 50 ¥8. 50+50 84.7, 30
13 |Sewage 20 |3 mynimay  [lsniTuueynamnauIadmuaILa 50 WA, 50+50 403
14 [Sewage 30 |1 AWNIAAT  |guEN@WIANEN 50 W8. 50+50 52.7
15 |Sewage 31  |1. aNIEAT awﬁmﬁuﬁﬁuqry 50 W8 50+50 150, 1,48.5
16 [Sewage 32 |1 aynIanT |13 FuudBARyNIANATIATY 50 8. 50+50 41.7,33.9
17 |Sewage 33 [2. gwmimkyS  |fiadas awrinuiud 50 WA, 50+50 51.3, 37.1
18 |Sewage 34 |2 gwyims)s  |thuihuile 50 8. 50+50 96, 34.7
19 [Sewage 35 |2 gWTIYS  |ASusaanas awninuiud 50 4. 50+50 35.8, 34.4
20 |Sewage 36 |v. gwyimay3  |Aenimd awrinudud 50 WA 50+50 32.3, 30.0
21 |Sewage 37 |2 gwiImaUT  |@1inaminaua duneiiies 50 ¥8. 50+50 28.4, 27
22 [Sewage 38 Q. umﬂgu 15958unaua 2 50 U\. 50450 161, 93
23 |Sewage 39  [1. uAvlgw T5958mnaLna 1 50 8. 50+50 36, 25.1
24 [Sewage 40 2. ualgun nerw. 50 ¥a. 50+50 95, 39.1
25 |Sewage 41  [1. uAvlgw T5a58mnauna 3 50 8. 50+50 33.8,26.2
26 |Sewage42  |v.uAvgy  |Audianian 50 WA. 50+50 60.2, 32.1
27 |Sewage 43 [|v.nyunwy  |lsWenunainnw 100 4. 50+50 151.9, 67.3
28 [Sewage 44  [v.n3jomwy  |lsawenunaila 100 4a. 50+50 343.4, 1285
29 |Sewage 45  [v. n3amwy  |Isawsnunadszmdu 100 W@ 50+50 310.4, 156.3
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USa1asinen

3anasin e . o
D a4 o BALDWLD ANNLVNVWH
wiadtny B N&anA (ua.)
e | IRERIE9 L Zavhsa o+ . | esnvnze | wa@ilunia
(e} g l] HIaw1inn
L ana aalulasans)*
&N (NIN)
(lalasans)
ﬂ;‘ﬂi
1 [P9 LuaTLlga MATTFNILIA ATAINBAT AUNILE 0.19 50+50 28.7,15.7
2 |P14 2. unIlgn AuIANAFAA TR NN LAIEATINY 0.14 50+50 27.0, 20.1
3 |P17 2 uagw audAnfFanmdaIunnoaman I 0.18 50+50 47.0,325
4 |PP19 2LuaTtlga MATTENILIA ATAINBAT AUNILE 0.15 50+50 382,217
5 |PP18 2.uATUY MATTIRAILIN ALNBAT HIUWILEY 0.19 50+50 63.0, 36.8
6 |PP21 1. Y5 qzyﬁaﬂﬁu 0.15 50+50+50 51.6
7 |PP22 3. aymn yydaviu 0.15 50+50+50 49.3
8 |PP23 9. Y5 yaysaviu 0.15 50+50+50 48.7
9 |PP24 3. aysN WAy 0.15 50+50+50 76.8
10 |PP27 3. BYBIN NIAWIASH 0.15 50+50+50 27.8
11 |PP30 3. dnumil wTevniy 0.15 50+50+50 78.4
12 |PP31 L unumit [wstevhdu 0.15 50+50+50 61
13 |PP32 A Unumit [wigevdu 0.15 50+50+50 33
14 |PP33 LFHUMN sy 0.15 50+50 283.1, 1023
15 | PP34 A gwimys  |§invhdy 0.15 50+50 133.4, 60.1
16 | PP35 2. gwiney3  (wavhiy 0.15 50+50 170.9, 82.1
17 |PP36 A gweiys  [wevhdu 0.15 50+50 139.4, 60.1
18 |PP37 2. gwitey3  (wavhiu 0.15 50+50 153.7, 65.1
19 |PP38 3. gwin)3  (wavhi 0.15 50+50 155.3, 81.1
20 |PP39 A gwatys  (Usrindvdy 0.15 50+50 172.5, 55.2
21 |PP40 2LBUUN WawnTu 0.15 50+50 241.9, 162.9
22 |(PP41 9 ﬁWiim‘Lﬁ WSL‘YIWW']SF&I 0.15 50+50 501.1, 273.3
23 |PP42 2. gwiny3  [dazsedvisy 0.15 50+50 4445,232.9
24 |PP43 2. gwnys  |giadhiy 0.15 50+50 341.2, 162.0
25 |PP44 2. gwiny3  gmavisu 0.15 50+50 2246, 107.8
26 |PP45 2. gweiys  [daEnwhiy 0.15 50+50 323.1,120.5
27 |PP46 2. WAty Savisy 0.15 50+50 1445, 834
28 |PP47 2. wAsaw ansWsy 0.15 50+50 348.2, 121.7
29 |PP48 2. WAl mﬂ%:awﬁw 0.15 50+50 241.6, 90.0
30 |PP49 2. wAslaw Waunniy 0.15 50+50 161.3, 70.8
31 |PP50 2. uastlsu T 0.15 50+50 303.4, 154.3
32 |PP51 2. wAsaw qmyamwﬁu 0.15 50+50 186.0, 93.5
33 |PP52 2. Al qulasy 0.15 50+50 271.4, 109.6
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Saasinen

P3anasin e . o A
- A4 BEALDWLD ANNLANTIWA
Liadtny . GG (am.)
a10U| IHEAIE1 .. Zawsu . | esnnnza | wa@iluniu
(e} g ] HIaw11inn
.. anm aalalasdns)
ana (NIN)
(lalasans)
Ta
1 |Pcow11 2. uaslgn  |guddniifanedaiunnaaan gy 0.16 50+50 32.0, 15.9
2 |PCOw12 3. ualau MATTIFAILIR AULNBAT HIUNILEY 0.17 50 40.4, 20.9
3 |PCOW13 2. uaslgu MATTIRAILIN AUINHAT LN ILRY 0.15 50 38.8, 20.7
4 |Pcow14 A dnumdt [amninmnaomaluladnsssaasyy’ 0.15 50+50+50 67.2
5 |Pcow1s 2. NN Tsalanumuinaan 0.15 30+30 37.7
6 |PCOW16 2. 4ATUY duaansu 0.15 50+50+50 57.4
7 |Pcow17 2. unvdgy  |sud@visy 0.15 50+50+50 55.9
8 |PCOW19 3. ualgu SIS I geEY 0.15 50+50+50 58.1
9 [PCOW20 2. waslgy  [fauvse 0.15 50+50+50 67.1
10 |Pcow21 3. aymN Jolrativhsy 0.15 50+50+50 126.6
11 |PCow22 Linumit |gswarhiy 0.15 50+50+50 50.4
12 |PCOW23 3. dnumil Savoasu 0.15 50+50+50 39.4
13 |PCOw24 2. TOU anTunIIL 0.15 50+50 160.5, 79.1
14 |PCOW25 1. TuwIn sy 0.15 50+50 103, 43.3
15 |PCOW26 3. gwsry3  [dusavdu 0.15 50+50 148.4, 732
16 |PCOW27 9. ﬁ;Wiimlql%‘ mmwﬁu 0.15 50+50 184.7, 89.3
17 |Pcowz2s 2. gwsnay3 ey 0.15 50+50 154.3, 63.6
18 |PCOW29 2. gy’ sy 0.15 50+50 133.5, 83.4
19 |PCOW30 2. gwinys  (Tygvhiy 0.15 50+50 125.1, 52.1
20 |PCOW31 A gwamys  |dudtoavda 0.15 50+50 120.9, 96.4
21 |Pcows2 3. gwIIey3 R 0.15 50+50 305.2, 141.9
22 |PCOW33 3. gWIIIALS & 0.15 50+50 67.9, 316
23 |PCOW34 2. gwiney3  |awlanhiy 0.15 50+50 262.3, 110.3
24 |Pcowss 3. gwsny3  |sdwhdy 0.15 50+50 217.2, 77.4
25 |PCOW36 2. gwaIys Aty 0.15 50+50 234.1, 129.2
26 |PCOW37 2. gwsny3 (AT 0.15 50+50 202.4, 123.4
27 |PCOW38 2. gweiys (A 0.15 50+50 78.7, 39.4
28 |PCOW39 2. AWITOALS Ahavsy 0.15 50+50 265.0, 128.5
29 |PCOWA40 3. gwiniy3  [duvhsy 0.15 50+50 2231, 121.2
30 |PCcow41 1. TuwIn Ay 0.15 50+50 126.8, 55.4
31 |PCOW42 2. TUWIN dszsipnniy
0.15 50+50 124.2, 55.8
(HENFDINIY) |2, Toun FuABTAWNTY
32 |PCOW43 2. TWIN VAT 0.15 50+50 151.0, 78.8
33 |PCow44 2 uavdgy  |sulEnsy 0.15 50+50 175.0, 71.5
34 |PCOW45 . uaslay  [Savinnsy 0.15 50+50 171.1, 55.1
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Sauasinen

Ysanasih e . o
0 = A4 o BEALDWLD AIMNNELINTKA
BadtNy n nana (Jax.)
a10U| AR .. Zawsu -+ . | eennnza | wa@milunii
MDY HIDWINNN
L ana aalulasans)
aNA (NIW)
(lalasans)
1n
1 |PCH1 3. uasLlgy gudiniifanuedaunnomaniany 0.17 50 30.1, 15.8
2 |PCH2 2. Unami wﬁ‘nmé‘ﬂmﬂ‘[u‘[aﬁﬂmmmﬁ’mﬁ 0.15 50+50+50 772
3 |PCH3 A Unumil |usedsrlwnndy 0.15 50+50+50 24.5
4 |PCH4 2. gwieys  |Uamadgnndy 0.15 50+50 30.6, 24.9
5 |PCH5 A gueiys  [gTuniuhiy 0.15 50+50 151.1, 64.7
6 |PCH6 2. gwiteys  [navhiy 0.15 50+50 31.6, 28.7
7 |PCH7 3. gwsnn)3  [Asdavhiy 0.15 50+50 136.6, 72.0
8 |PCH8 9. AWTIMLS aaaWITy 0.15 50+50 32.6,20.9
9 |PCH9 2 gwaty3  [lavhdu 0.15 50+50 65.7, 39.4
10 [PCH10 A gwnnys  |[Hiaenavsy 0.15 50+50 55.0, 34.4
11 |PCH11 A gwanys  (Uslwehiy 0.15 50+50 11.5,3.7
12 |PCH12 2. gwsry3 (e iudvindy 0.15 50+50 59,0
13 |PCH13 2. gwitys Wiy 0.15 50+50 46,-0.8
14 |PCH14 . THUIN FUnUaIIN 0.15 50+50 140.0, 82.9
15 |PCH15 2. TUUW WaIWIWNFY 0.15 50+50 30.6, 21.3
16 |PCH16 2. #ATUY aofiviy 0.15 50+50 130.2, 65.9
17 |PCH17 3. uaslgu Wounsy 0.15 50+50 1735, 77.3
18 |PCH18 2. WAl gasaawiiy 0.15 50+50 27.0,22.6
19 |PCH19 3. uaslgu gasaauiiy 0.15 50+50 31.1, 28.1
20 |PCH20 uasdgn  [swlanhsy 0.15 50+50 26.5,21.5
21 |PCH21 2. uatllau dazigSgvisu 0.15 50+50 97.6, 49.4
22 |PCH22 2. %ALY Farrsmursu 0.15 50+50 29.4, 19.6
23 |PCH23 3. uastlu favsu 0.15 50+50 148.8, 73.5
NS
1 |PG1 2. uaslgy  |gudAniifanedaiunnaean gy 0.17 50 68.9, 22.1
2 |PG2 2. uaslgn audnfFanudaIUNNoman I 0.15 50 22.1, 18.1
3 |PG3 A dnumdt [aninmnaomaluladnsssaasyy’ 0.15 50+50+50 99.5
4 |PG4 Linumit |gswarhiy 0.15 50+50+50 68.6
5 |PG5 A Unumil iy 0.15 50+50+50 92
6 |PG6 3. gwsTan3  [niwdauysoiniy 0.15 50+50 175.6, 76.1
7 |PGT 3. gwiIys  (M&D Whiw 0.15 50+50 179.2, 66.4
8 |PG8 . THUIN wWsu 0.15 50+50 54.4, 24.4
9 |PG9 2. TN Fsmwnisy 0.15 50+50 133.4, 81.0
10 [PG10 2. ualau ENREEY 0.15 50+50 264.0, 134.4
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an| (NIN) .
(lalasans)
wwne
1 |Pst cawsInys  |niwdawysaiviidu 0.15 50+50 209.3, 92.2
2 |Ps2 . TewIN w3 0.15 50+50 124.7, 61.1
3 |PS3 ) qwssmq? 1sznaufianisy 0.15 50+50 98.4, 50
4 |Ps4 . TEWIN ORI 0.15 50+50 172.9, 83.9
5 |Ps5 . TEUIN Fevhiu 0.15 50+50 115.8, 50.8
nsrile
1 |PBUF1 . OYTEN Jolsarivdu 0.15 50+50+50 86.1
2 |PBUF2 . TUIN Tyghiu 0.15 50+50 153.4, 69.2
3 |PBUF3 . TUUN gannInivhiy 0.15 50+50 115, 49.1
4 |PBUF4 . TewIn ainumiiy 0.15 50+50 88.3, 35.6
5 PBUF5 . EiWTim‘qu%‘ LﬂE&IW’]{N 0.15 50+50 93.9, 30.9
6 |PBUF6 . Fowm gadinavsu 0.15 50+50 158.0, 68.4
L‘ﬁﬂ
1 |PDU1 Cgwaiyd  |UssnSwnsu 0.15 50+50 252,246
2 |PDU2 cawsiys  |vhueahiy 0.15 50+50 17.8,15.2
3 |PDU3 . TUWIN unFY 0.15 50+50 31.9,27.7
4 |PDU4 . uavlzu souniy 0.15 50+50 70.9, 37.6
5 |PDU5 . nwaslgu Adusnhin 0.15 50+50 88.4,44.5

NBWE *AndvutuReueluAd ueatinaoai 1 wag 2 AuaIsu
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Manuan 9. dagansidlnsiueslunuideaus

AT
2%A , o . ilsztanns anala @3 , , MARA
. Balnsiaas svislnsiwas LON&N381989 nunnnagay e . 4 @wmeragen | desinnunssiiiainagay | _
UARINILUA nagay MBI NNATDY) AAE
nagau)
NN BacUni-520f/BacUni-690r1 BT5479/BT5480 |Kildare et al., 2007 California , USA Wvﬁuuﬁfﬁﬁuﬁﬁ 100% (@Tﬂaﬂ'wga; 73) "aidl Human, Cow, Horse, Dog, Cat, |[PCR
waIiLiia Seagull, Wastewater
(Universal) Ahmed et al., 2009 Southeast Queensland,  |thanlEluiuiid |100% (Matyy; 50) |l Human feces , Cattle, Pigs, PCR
Australia Sheep, Goat, Horses,
Chickens, Dogs, Ducks,
Pelicans, Kangaroos
GenBactF3/GenBactR4 BT5482/BT5483 |Siefring et al., 2008 Mexico danldlwiuddl g "aidl Surface water gPCR
Lee etal.,, 2010 Southern Ontario, Canada wanlflwiuiAn |100% (Gﬁaﬂwga; 70) |laid Human, Cow, Pig, Dear, Horse, [PCR
Dog, Cat, Gull, Raccoon,
Goose
Bac32F/Bac708R BT5524/BT5492 |Bernhard and Field, 2000b [Oregon, USA Wwwmfifﬁ“fru‘;f: 100% (ﬁ"m&inga; 35) "Ll Human, Sewage, Cow PCR
Carson et al., 2005 Columbia, USA danlEluiuid |8e% (@T’Jar;h\‘lga; 286) [laidi Human, Sewage, Dog, Beef PCR
cattle, Dairy cattle, Chicken,
Turkey, Horse, Swine, Goose
Toledo-Hernandez et al., Puerto Rico, USA ﬁ’]ml’ﬁ”lwﬁuﬁﬁ 96% (ﬁ’muuﬁﬁﬁ‘ﬂﬁ’] il Wastewater treatment plant PCR
2013 \§u; 16)
TUTH BacHum-160f/BacHum-241r |BT5488/BT5489 [Kildare et al., 2007 California , USA ﬁﬂml"ﬂuﬁuﬁﬁ 67% (ﬁmmwa; 18); 197% (@'ﬁaﬂ'ﬁdga; 41) |Sewage, Human feces, Cow, PCR
100% (@Taamaﬁm,au; Horse, Dog, Cat, Gull
14)
Jenkins et al., 2009 Kenya sanlAluindis |25% (G‘ﬁarj’lwa; 12); |100% (@ﬁaihds;l]a; Sewage, Human feces, Cow, |qPCR
0% (ﬁuaﬂnﬁmﬁu; 5) [25) Donkey
Lee et al., 2010 Southern Ontario, Canada Wwwm'éﬁﬁ“f{uﬁi{ 100% (é’aamdy‘a; 16) 181.5% (ﬁaazmga; Human, Cow, Pig, Dear, Horse, |PCR

54)

Dog, Cat, Gull, Raccoon,

Goose
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290 , o 4. lszinnnis aala (Frwan , , maka
.. zalwsnas alwsinas Lana1381939 Nunfinagay e s (Frwmaratien | dszianunasmisianinagay .
WARINLUA nagay AaLINNAFEIY) AATIEH
nagay)
TN (dia) BacHum-160f/BacHum-241r |BT5488/BT5489 |Silkie and Nelson, 2009 California , USA il’]ml‘ﬂuvfuﬁﬁ 100% (ﬂu’mﬂ’]dga; 12) |70% (G‘f’sam\iﬂa; 41) |Sewage, Dog, Cow, Horse, gPCR
(da) Canada geese
Jenkins et al., 2009 Kenya sanllumudd (1% (@T’;amal{mﬁm; aidi River water gPCR
18)
Sauer et al., 2011 Wisconsin, USA danlSluiuii [57% (doteinge;  |lid Storm water gPCR
828)
Bambic et al., 2015 California , USA vanllunuid [88% (vﬁ";amaﬁmﬁﬂ; 1aidi Surface water and storm water [qPCR
73)
HF 183/BF Drev BT5493/BT5494 [Haugland et al. 2010 WawAsaaman |l aidl Cow,pig, chicken, dog and cat |qPCR
HF 183F/Bac708R BT5492/BT5493 [Bernhard and Field, 2000a |Oregon, USA Wl IEARMAR [87.5% (Maeya; 16) [100% (8tays;  |Cat, Deer, Dog, Duck, Elk, PCR
27) Goat, Llama, Pig, Seagull,
Sheep, Human feces
Ahmed et al., 2008 Southeast Queensland, ﬁﬂml“ﬁ"[uvﬁuﬁf: 100% ((ﬂ”]amaga; 52) [100% (ﬁmﬂ'ﬁwa; Sewage, Ducks, Kangaroos, PCR
Australia 207) Cattle, Horses, Dogs,
Chickens, Pigs, Pelican, Goat,
Deer, Wild birds, Sheep
Ahmed et al., 2009 Southeast Queensland, |t lFluduAil |100% (fBEWyR; 50) [99% (MBEa; Human Feces , Cattle, Pigs, gPCR
Australia 136) Sheep, Goat, Horses,
Chickens, Dogs, Ducks,
Pelicans, Kangaroos
Ahmed et al., 2009 Southeast Queensland,  |anlFluduiit |97% (hssuuthdedh [99.9% (lssuy Human sewage, Cattle, Pigs, ~ |qPCR

Australia

\§u; 32)

thyasiuie; 50)

Sheep, Dogs, Ducks
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2A%A . e dsziannns a1l @ man , , mana
A Falwsmas swalnsaas LaNaN391999 Aunnagay e . (@wuaiaden | dszianunasiniannasay .
UARINLUA nagay MAIDLNNATFIY) AATIEN
nagay)
TUTH HF 183F/Bac708R BT5492/BT5493 |Layton et al., 2013 California , USA ﬁ’lml’ﬁ’luﬁ/uﬁf: 75% (ﬁ’!aﬂﬂdyja; 84) |96% (@ﬁa&hwa; Chicken, Cow, Dog, Deer, gPCR
182) Goose, Gull, Horse, Human,
Pig
Ballesté et al., 2010 France; United Kingdom; ﬁﬁml‘]j“luﬁuﬁi{ 50% (é‘laﬂﬁdga; 40) (71% (@ﬁamaga; 73) [Human, Cow, Poultry, Swine PCR
Cyprus; Sweden
Gomez-Dofiate et al., 2016 |Catalonia , Spain danlgluwiudd |100% (s‘ﬁamaga; 11) [20% (@Taamwa; 33) [Human fecal, Poultry, Pig, gPCR
Cattle
Nshimyimana et al., 2014 Singapore ﬁﬁuﬂlﬁﬂuﬁuﬁﬁ 93% (ﬁﬁ:uuﬂﬁﬂ‘ﬂﬁﬁ aigi Reservoir and Catchment water |gPCR
\F; 54)
Chase et al., 2012 Pasco, Washington, USA danlsluiudiil |34% (ﬁﬁi:uuﬂﬁﬁﬂﬁﬁ aifl River water gPCR
\Hy; 35)
Gourmelon et al., 2007 France danleluwiuid |98% (issuuthdetn |94% @issuutinga  [Cow, Sheep, Pig, Duck, PCR
L?m; 44) li’u,?m; 86) Seabird, Human
Gourmelon et al., 2007 France danlgluwiudd |100% (ﬁﬁi:uuﬂﬂﬁﬂﬁﬁ 100% ('«iﬁszuuﬂﬁﬂm Waste effluents PCR
WFe: 1) dde: 10)
it Pig-2-Bac41F/Pig-2- BT5931/BT5932 [Mieszkin et al., 2009 Brittany, France w“@uuﬁﬁﬁﬁuﬁf: 100% (ﬁ";aﬂ’m%a; 25) [100% (ﬁ"mii’mgja; Human, Bovine, Horse, Sheep, |gPCR
Bac163Rm 54) Pig
Pourcher et al., 2010 Brittany, France ﬁﬁml“ﬁ‘luv{uﬁi{ 100% (ﬁ"aamdga; 2); [100% (ﬁ"aamdﬁa; 2); |Pig, Bovine, Wastewater qPCR
100% (Hnszuutihaeiin | 100% iszuy
\; 6) esiude:; 6)
Gomez-Dofiate et al., 2016 [Spain danlgluwiudd |100% (@T’;amwa; 12) |50% (@T’;asmﬂa; 32) |Human fecal, Poultry, Pig, gPCR
Cattle
PF163F/Bac708R BT5491/BT5492 [Dick et al., 2005 Cincinnati, Ohio w“@uuﬁ%ﬁﬁuﬁf: 95% (éﬁamaga; 20) Yaifl Horse, Cow, Elk, Sheep, Deer, |PCR
Dog, Cat, Human, Gull,
Chicken, Pig
Fremaux et al., 2009 Canada ﬁﬁml‘ﬂuv{uﬁi{ 100% (ﬁ’damwa; 50) [100% (Gﬁamdga; Cow, Pig, Chicken, Goat, PCR
161) Moose, Deer, Caribou, Bison,
Goat,
Hussein et al., 2014 United Kingdom danlluiuda |100% ide: 2) 100% (inde: 2) Beach water PCR
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a

Bac2F/Bac2R

BT5868/BT5869

Shanks et al., 2006

Kentucky, USA

o aadd AL
WAUWNITNAUNY

aidl

100% (éhmhaga;

279)

Birds, Human, Domestic,

Wildlife, Pets

Shanks et al., 2010

Ohio, USA

sl wnuni

100% (@t WY; 247)

100% (danoya;

431)

Alpaca, Pronghorn, Elk,
Gazelle, Giraffe, Goat, Mule
deer, Okapi, Sheep, Takin,
Tufted deer, Moose, White-
tailed deer, Canadian goose,
Cat, Chicken, Dog, Duck,
Horse, Human, Pelican, Pig,

Raccoons, Sea gull, Turkey

PCR

Bac3F/Bac3R

BT5870/BT5871

Shanks et al., 2006

Kentucky, USA

o aad & 4
WA UWITNANUN

he

aidl

99% (M10t9Ya; 279)

Birds, Human, Domestic,

Wildlife, Pets

PCR

Shanks et al., 2010

Ohio, USA

vl luAnii

91% (Moeaye; 247)

98.9% (fMaLnIyR;

431)

Alpaca, Pronghorn, Elk,
Gazelle, Giraffe, Goat, Mule
deer, Okapi, Sheep, Takin,
Tufted deer, Moose, White-
tailed deer, Canadian goose,
Cat, Chicken, Dog, Duck,
Horse, Human, Pelican, Pig,

Raccoon, Sea gull, Turkey

PCR

CF128F/BacCow 305r

BT5486/BT5487

Bernhard and Field, 2000a

Oregon, USA

De

)
AL
b
=
Sy
ke

WAl %

100% (@"hamdyja; 19)

89% (v‘i"sasjnga; 40)

Cat, Deer, Dog, Duck, Elk,
Goat, Llama, Pig, Seagull,

Sheep, Human feces, Cow

PCR

Kildare et al., 2007

Ventura, California, USA

o & A&
sl wAuni

100% (Fatya; 8)

95% (A8E19Y8; 65)

Human fecal, Horse, Dog, Cat,
Seagull, Wastewater treatment

plant

PCR

Raith et al., 2013

Northern, Central and

Southern California

sl wAuni

100% (8)

62% (51)

Horse, Dog, Cat, Gull,

Wastewater, Human, Cow

gPCR
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a

CF128F /Bac708R

BT5486/BT5492

Bernhard and Field, 2000a

Ohio, USA

o aadd A
WAUWNITNAUNY

aidl

ladl

Cow, Deer, Elk, Cat, Dog,

Duck, Pig, Gull

Shanks et al., 2010

Ohio, USA

sl wnuni

100% (@t WY; 247)

76% (Motayn; 431)

Alpaca, Pronghorn, Elk,
Gazelle, Giraffe, Goat, Mule
deer, Okapi, Sheep, Takin,
Tufted deer, Moose, White-
tailed deer, Canadian goose,
Cat, Chicken, Dog, Duck,
Horse, Human, Pelican, Pig,

Raccoon, Sea gull, Turkey

PCR

Toledo-Hernandez et al.,

2013

Puerto Rico, USA

a

sl ununi

64% (fotays; 66)

Cow, Goat, Horse, Swine,
Monkey, Fish, Pigeon,
Chicken, Duck, Turkey, Swan,

Guinea fowl

PCR

CF193/Bac708R

BT5807/BT5492

Bernhard and Field, 2000a

Ohio, USA

¥

o aadd A&
WAUWNIDTNAUNY

lad

100% (M88794R)

Cow, Deer, EIk, Cat, Dog,

Duck, Pig, Gull

PCR

Shanks et al., 2010

Ohio, USA

sl lununi

100% (fBENYA; 247)

99.9% (@T’mﬂ"]aga;

431)

Alpaca, Pronghorn, Elk,
Gazelle, Giraffe, Goat, Mule
deer, Okapi, Sheep, Takin,
Tufted deer, Moose, White-
tailed deer, Canadian goose,
Cat, Chicken, Dog, Duck,
Horse, Human, Pelican, Pig,

Raccoon, Sea gull, Turkey

PCR
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1a

CowM2F /CowM2R

BT5484/BT5485

Shanks et al., 2008

West Virginia; Georgia;
Wyoming; Delaware;

Florida; Ohio

o aad & AX
WA WITNAUN Y

il

99.9% (144)

Alpaca, Canadian Goose, Cat,
Chicken, Bovine, Deer, Dog,
Duck, Goat, Horse, Human,
Pelican, Pig, Seagull, Sheep,

Turkey, Wastewater

Shanks et al., 2010

Ohio, USA

a

N lrluiuis

lad

99.9% (MBL9YR;

431)

Alpaca, Pronghorn, EIk,
Gazelle, Giraffe, Goat, Mule
deer, Okapi, Sheep, Takin,
Tufted deer, Moose, White-
tailed deer, Canadian goose,
Cat, Chicken, Dog, Duck,
Horse, Human, Pelican, Pig,

Raccoon, Sea gull, Turkey

PCR

Raith et al., 2013

California, USA

sl lunuia

100%

Alpaca, Canada Goose, Cat,
Chicken, Deer, Dog, Duck,
Goat, Horse, Human, Pelican,
Pig, Gull, Sheep, Turkey,

Wastewater, Cow

gPCR

BoBac367f/BoBac467r

BT6078/BT6079

Layton et al., 2006

Tennessee, Pennsylvania,

Texas (USA)

o aad & A&
WA WIDTNAUN Y

100% (fatvys; 4)

100% (e 94; 30)

Human, Bovine, Swine,

Canine, and Equine fecal

qPCR

Shanks et al., 2010

Ohio, USA

vl lunuia

lud

47 4% (Mo tnaym;

431)

Alpaca, Pronghorn, Elk,
Gazelle, Giraffe, Goat, Mule
deer, Okapi, Sheep, Takin,
Tufted deer, Moose, White-
tailed deer, Canadian goose,
Cat, Chicken, Dog, Duck,
Horse, Human, Pelican, Pig,

Raccoon, Sea gull, Turkey

PCR
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C . Balnsiaas swalnsiwas IIMNTINGDY  [Wudfinasay e . 4 @wmaaegen | desinnunssiniainagay | _
URAINILUA nagay MDLUNNNAFDY) AUAE
nagay)
16 BoBac367f/BoBac467r BT6078/BT6079 (Kildare et al., 2007 Ventura, California, USA ﬁﬁuﬂ“ﬂuvﬁuﬁﬁ 100% (@Tﬂazhdyja; 8) 97% (@Tﬂazhoga; 65) |Human fecal, Horse, Dog, Cat, [PCR
Seagull
Lee et al., 2010 Southern Ontario, Canada ﬁmﬂﬂuﬁuﬁﬁ 100% (ﬁ’laﬂ’]\iﬂﬂ; 18) [90.4% (ﬁ"aaﬂ’laga; Cat, Deer, Dog, Goose, Gull, PCR
52) Horse, Raccoon, Pig, Human,
Cow
qCS621FiqBac725R BT5872/BT5873 |Okabe et al., 2007 Japan WawAsaauds |l g River water gPCR
1 qCD362F-HU/qCD464R-HU |BT5810/BT5811 |Kobayashi et al., 2013 Japan WalnIEANUAR [80% (f089y8; 49)  |100% (d1a£794a; 78) [Duck, Chicken, Cow, Pig, gPCR
Human, Swan, White-fronted
goose
Lu et al., 2007 Florida, New Jersey, West vanleluiudd  [40% (ﬁ"samaga; 70) |100% (ﬁ‘]amwa; 36) [Cow, pig, human, Canada PCR
Virginia,Delaware, Ohio, goose, Chicken
Texas, Nebraska, and
Georgia (USA)
Hernandez et al., 2013 Puerto Rico, USA Wwwuﬁ%ﬁﬁuﬁlﬁ 14-37% (ﬁ"samoga; 97 |laid Cow, Goat, Horse, Swine, PCR
Monkey, Fish, Pigeon,
Chicken, Duck, Turkey, Swan,
Guinea fowl
LA35F/ LA35R BT5919/BT5920 |Weidhaas et al., 2010 Oklahoma, USA w“wuﬁ%ﬁ*ﬁuﬁﬁ 76.1% (c-ﬁ"uaimga; 57) 193% (éﬁamoga; 116)|Cow, pig, ducks, goose, PCR
human, Chicken
AvA143F/Av4143R BT6080/BT6081 [Ohad et al., 2016 Israel W asanuia 95% (Modaye; 97)  |97% (d1at9aa; 104)|Battery hen, Poultry, Turkey,  [qPCR

Waterfowl, Human wastewater
Effluent, Bovine, Swine, Horse,

Gazelle
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. e A %a'lwsmas swaiwstuas AIT3WBNIINDIIDY NunNnnagay e . 4 (RAWINAIDENIN szianunaiminannagay
BARI NI WA nagay ADUWNNAFDIY) ALAINLT
GE))
. o o aadd A& o o
I Av43F/Av43R BT6082/BT6083 |Ohad et al., 2016 Israel NAWITNNUAT |91% (mamaga; 97) 99% (mamoga; 104)|Battery hen, Poultry, Turkey, gPCR
Waterfowl, Human wastewater
Effluent, Bovine, Swine, Horse,
Gazelle
o o aadd A& v . ) ;
Q-PvA-fiQ-PvA-r BT5925/BT5926 |Carratala et al., 2012 Catalonia (coastal NawisAwuns [lad il Chicken,Turkey, Partridge, Hen |qPCR

Northeast Spain), the
Basque Country (Northern
Spain), Patras (Greece),

and Budapest (Hungary)
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ABSTRACT

Microbial source tracking (MST) DNA-based assays have been used to successfully solve fecal pollution
problems in many countries, particularly in developed nations. However, their application in developing
countries has been limited but continues to increase. In this study, sixteen endpoint and quantitative PCR
(qPCR) assays targeting universal and human-, swine-, and cattle-specific Bacteroidales gene markers
were modified for endpoint PCR, evaluated for their performance with sewage and fecal samples from
the Tha Chin watershed and subsequently validated with samples from the Chao Phraya watershed,
Thailand. Sample sizes of 81 composite samples (from over 1620 individual samples) of farm animals of
each type as well as 19 human sewage samples from the Tha Chin watershed were calculated using a
stratified random sampling design to achieve a 90% confidence interval and an expected prevalence (i.e.,
desired assay's sensitivity) of 0.80. The best universal and human-, swine-, and cattle-specific fecal
markers were BacUni EP, HF183/BFDrev EP, Pig-2-Bac EP, and Bac3 assays, respectively. The detection
limits for these assays ranged from 30 to 3000 plasmid copies per PCR. The positive predictive values
were high in universal and swine- and cattle-specific markers (85—100%), while the positive predictive
value of the human-specific assay was 52.2%. The negative predictive values in all assays were relatively
high (90.8—100%). A suite of PCR assays in Thailand was established for potential MST use in environ-
mental waters, which supports the worldwide applicability of Bacteroidales gene markers. This study also
emphasizes the importance of using a proper sample size in assessing the performance of MST markers
in a new geographic region.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Samadpour, 2007; Sargent et al., 2011; Tran et al.,, 2015). The
presence and distribution of these source markers in water re-

Microbial source tracking (MST) is an approach used to identify
source markers that indicate fecal hosts by taking advantage of
genotypic and phenotypic traits of microorganisms in animal
gastrointestinal tracts that are specific to their particular host
species, for example, pigs, cows, chicken, goat, and sheep (Field and

* This paper has been recommended for acceptance by Dr. Harmon Sarah
Michele.
* Corresponding author. Research Laboratory of Biotechnology, Chulabhorn
Research Institute, Lak Si, Bangkok, Thailand.
E-mail address: kwanrawee@cri.or.th (K. Sirikanchana).

https://doi.org/10.1016/j.envpol.2018.01.052
0269-7491/© 2018 Elsevier Ltd. All rights reserved.

sources can indicate contamination from particular hosts or groups.
Fecal marker microorganisms belong to bacterial orders or higher
(Bernhard and Field, 2000a; Kildare et al., 2007; Ohad et al., 2016;
Shanks et al., 2008; Siefring et al., 2008), bacterial genera and
species (Bernhard and Field, 2000a, 2000b; Haugland et al., 2010;
Ohad et al., 2016; Weidhaas et al., 2010), or bacterial strains (Jofre
et al, 2014; Leknoi et al, 2017; Sirikanchana et al, 2014;
Wangkahad et al., 2017). The bacterial class Bacteroidetes and, in
particular, the bacterial order Bacteroidales have been most
frequently applied in MST (Ahmed et al., 2016; Harwood et al,,
2014; Tran et al, 2015). Molecular techniques, specifically
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endpoint and quantitative PCR (qPCR) methods, have been
designed to detect the order Bacteroidales to indicate the specific
origins of fecal sources, such as human (Bernhard and Field, 2000a;
Kildare et al., 2007; Siefring et al., 2008), swine (Dick et al., 2005;
Mieszkin et al., 2009), cattle (Bernhard and Field, 2000a; Layton
et al., 2006; Shanks et al., 2006b), chicken (Kobayashi et al., 2013;
Lu et al., 2007), and universal (general) (Bernhard and Field,
2000b; Kildare et al., 2007; Siefring et al., 2008). An advantage of
using molecular methods is that the samples are stable for long
periods with proper storage and thus can be reanalyzed with assays
that are developed or improved after the samples are stored.

qPCR can quantitatively measure fluorescently labeled amplifi-
cation products using a hydrolysis probe or non-specific inter-
calating dye, which in principle can provide more sensitive
detection than endpoint PCR (Botes et al., 2013; Smith and Osborn,
2009). qPCR can also deliver more accurate measurement because
it avoids amplification bias that may occur in later cycles by
measuring fluorescent signal in real-time during an exponential
amplification phase (Smith and Osborn, 2009). Although a number
of studies have demonstrated good performance of general and
source-specific qPCR assays for MST application (Kildare et al.,
2007; Layton et al., 2006; Mieszkin et al., 2009; Shanks et al.,
2008), challenge of implementing qPCR methods in developing
countries remains an obstacle. Endpoint PCR, in contrast, involves
lower instrumental and yearly maintenance costs, lower costs for
each PCR (i.e., consumables, reagents, etc.), and less technical skill
(Riedel et al., 2014), all of which suit the application for use in
developing countries. In fact, promotion of PCR laboratories in
developing countries has also been increasingly emphasized
(Ragheb and Jimenez, 2014; World Health Organization, 2016).
Consequently, there is a pressing need to investigate endpoint PCR
assays for both general and source-specific fecal markers for use in
developing countries. Nonetheless, for some fecal sources, no
suitable endpoint PCR assays have been established (Ballesté et al.,
2010; Bernhard and Field, 2000a; Gourmelon et al., 2007; Shanks
et al, 2010; Toledo-Hernandez et al., 2013). Therefore, it is
intriguing to adapt the widely used qPCR assays to endpoint plat-
forms and evaluate the performance of the modified endpoint PCR
counterparts. Apart from challenges in adapting the assay from
gPCR to PCR platforms, including probable loss of detection sensi-
tivity and accuracy (Botes et al., 2013; Smith and Osborn, 2009),
variability in PCR performance could further be impacted by labo-
ratory protocols and reagents used and therefore could vary from
laboratory to laboratory (Al-soud and Radstrom, 1998; Riedel et al.,
2014; Rissanen et al., 2010; Saeidi et al., 2017; Silva and Domingues,
2015). In practice, improved qPCR performance over PCR counter-
parts with similar primers and target amplicons appeared to be
assay-specific, as no improved sensitivity was shown in one study,
while 10 times improvement was shown in another study (Dagher
et al., 2004; Riedel et al., 2014).

Moreover, although fecal markers have been identified and
developed for source tracking applications in many countries, the
microorganism communities in gastrointestinal tracts can be dis-
similar for each host species in different geographical areas, which
may be due to climate, food, antibiotics, and other region-specific
factors (Adami and Cavazzoni, 1999; Looft et al., 2014; Lu et al.,
2013; Mah et al.,, 2008; Shanks et al., 2011). This potential varia-
tion can lead to variability in the performance of fecal markers
among regions. Sets of performance criteria facilitate the selection
of the best assay when method evaluation is critical. Sensitivity,
specificity, accuracy, positive predictive value, and negative pre-
dictive value have been used as criteria in the evaluation of MST
assays and are determined by measuring the intrinsic properties of
MST markers in regions of interest (Ballesté et al., 2010; Cao et al.,
2015; Fremaux et al., 2009; Gomez-Donate et al., 2015; Green et al.,
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2012; Harwood et al., 2013; Li et al., 2015, 2016; Odagiri et al., 2015;
Schriewer et al., 2013; Wangkahad et al., 2017). Although no strict
guidelines are available, suitable values of sensitivity and specificity
have been recommended to be 0.80 and 0.90, respectively (Ahmed
et al, 2016; Boehm et al., 2013; U.S. Environmental Protection
Agency, 2005). It is also clear that these performance characteris-
tics depend on the number of samples collected for testing
markers; however, a lack of sample size guidelines has been
acknowledged (Ahmed et al., 2016; Harwood et al., 2014; Santo
Domingo et al., 2007). In epidemiology, a minimum sample size
can be computed to ensure that samples represent the prevalence
of markers or diseases in a population within a specified confidence
level and acceptable error (Thompson, 2012). When evaluating MST
assay performance, such a minimum sample size can be calculated
based on the expected marker prevalence, as defined by the assay's
sensitivity. Calculations of sample size vary with the method of
sampling. Three common statistical sampling designs used in ani-
mal populations are simple random sampling, cluster or two-stage
sampling, and stratified random sampling (Leon et al., 2011). Sim-
ple random sampling, or random sampling without replacement, is
the simplest sampling design and involves randomly selecting
samples with equal probabilities of selection from a population
(Thompson, 2012). Cluster or two-stage sampling is a type of
sampling method in which a whole population is divided into
clusters, and certain clusters are randomly selected for individual
sampling. In contrast, stratified random sampling classifies a pop-
ulation into strata of similar traits; samples are then collected from
each stratum by simple random sampling. The stratified random
selection method is generally used when strata are classified by
geographical region or other factors. Because one goal of this study
was to establish a set of MST markers that could be used
throughout the Tha Chin watershed, stratified random sampling
was most appropriate for calculating the sample size of target hosts
to achieve the expected sensitivity.

The ultimate goal of this study was to establish a set of endpoint
PCR assays for tracking universal and human-, swine-, and cattle-
specific fecal markers in agricultural watersheds in Thailand. The
specific objectives were to 1) perform method modification of the
widely used endpoint and qPCR primers to endpoint PCR assays for
universal (general) and human-, swine-, and cattle-specific fecal
origins; 2) evaluate performance of the modified endpoint PCR
assays on sewage and fecal samples of known origins from Tha Chin
watershed and validate in Chao Phraya watershed; and 3) select the
best modified endpoint PCR assays and define their corresponding
detection limits.

2. Materials and methods
2.1. Study area

The Tha Chin watershed is located in the central part of Thailand
(Fig. 1). It covers 13,477.16 km? comprising 13 provinces. The Tha
Chin River is 325 km long, receives water from the Chao Phraya
River in Chai Nat Province and is connected to the Gulf of Thailand
in Samut Sakhon Province. The four main provinces (Chai Nat,
Suphan Buri, Nakhon Pathom, and Samut Sakhon) through which
the Tha Chin River passes were selected as sample collection re-
gions in this study (Hydro and Agro Informatics Institute, 2012a).
For a decade, the Tha Chin River had one of the poorest water
qualities among the 65 monitored freshwater sources in Thailand
(Pollution Control Department (PCD), 2015). The parameters that
pose water quality problems for the Tha Chin River include dis-
solved oxygen (DO), biochemical oxygen demand (BOD), total
coliform bacteria (TCB), fecal coliform bacteria (FCB), and
ammonia-nitrogen (NH3-N) (Pollution Control Department (PCD),
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Fig. 1. Sampling map in the Tha Chin and Chao Phraya watersheds.

2015). The upper and central regions of the Tha Chin River have
been suspected of both community and agricultural contamination,
while the lower Tha Chin River region is likely to be affected by
industry in addition to community and agriculture activities
(Pollution Control Department (PCD), 2015). Two main animal
husbandry practices in the Tha Chin watershed include the tending
of swine and that of cattle; these animals, as well as human sources,
were used as target hosts for MST assays. Samples from animals
raised in lower numbers in the Tha Chin watershed, including
chickens, goats, sheep, buffalo, and ducks, served as non-target
hosts and were collected to determine the assay's specificity.
Additional target and non-target samples were collected from the
adjacent Chao Phraya watershed, including Phra Nakhon Si Ayut-
thaya, Pathum Thani, and Bangkok Provinces, to further validate the
PCR assays developed for the Tha Chin watershed. The Chao Phraya
river is the main river in Thailand, flowing through Bangkok and
into the Gulf of Thailand. Its water quality is poor, ranking second to
the lower Tha Chin River (Pollution Control Department (PCD),
2015). The Chao Phraya watershed covers 20,523.42km? in 16
provinces locating community, agricultural and industrial activities
(Hydro and Agro Informatics Institute, 2012b).

2.2. Sample size calculation

The number of each target sample to be collected in the Tha Chin
watershed was calculated using a stratified random sampling
design (Table 1). Target populations were stratified based on
province, and their corresponding population sizes were gathered
from population census and farm animal records (Information and
Communication Technology Center, 2015; National Statistical Office
Thailand, 2016). Sample size was calculated with a 90% confidence
interval and an acceptable relative error of 0.20. The expected
prevalence of the marker in the population was assumed to equal
the threshold PCR assay's sensitivity of 0.80 (Ahmed et al., 2016;

Boehm et al., 2013; U.S. Environmental Protection Agency, 2005).
A minimum sample size was then calculated via Eq. (1) using
ProMESA version 2.3.0.2 (Leon et al., 2011). Sample sizes for non-
target hosts in each province of the Tha Chin watershed were
weighted based on population size, similarly to the stratified
sampling method (Table 1).

i [n2xp.x<1 m]

N2 x 4B 4

n=

e (1)
;[nl x pi(1 = py)]

where e is the number of strata, n; is the number of individuals in
strata i, pj represents the expected prevalence in strata i, N is the
total number of individuals in the population, AE is the acceptable
absolute error, z corresponds to the value obtained from the stan-
dard normal distribution, and w; denotes a weighting factor for
each stratum, which is calculated as follows:

pi x (1-pi)

x v/Di x (1 —pj)]

(2)

2.3. Sample collection

For samples of human fecal origin, 100 mL of raw human sewage
was collected by grab sampling from influent sumps of residential
buildings and office buildings with no fewer than 100 residents and
of hospitals with no fewer than 80 inpatient beds. The samples
were stored in decontaminated plastic bottles with 3.33 mL of 0.3%
sodium thiosulfate. Non-human fecal samples were manually
collected from freshly excreted feces (within 2 h after excretion) on
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Table 1
Number of composite samples® for each animal host in the Tha Chin and Chao Phraya watersheds.
Location Target host Non-target host Total
Human Swine Cattle Chicken Goat Sheep Buffalo Duck
Tha Chin watershed
Chai Nat 5 2 2 3 4 1 22
Suphan Buri 4 10 10 8 2 2 1 2 39
Nakhon Pathom 5 8 7 9 3 0 0 2 34
Samut Sakhon 5 0 0 0 0 0 0 0 5
Total 19 20 20 1 7 5 5 5 100
Chao Phraya watershed
Pathum Thani 0 3 3 2 3 0 0 0 11
Bangkok 9 0 1 0 0 0 0 0 10
Phra Nakhon Si Ayutthaya 0 5 1 0 0 0 1 0 7
Total 9 8 5 2 3 0 1 0 28

2 One composite sample was prepared from equal amount of at least 20 individual feces samples.

the ground of agricultural farms. One composite sample was pre-
pared by onsite manual agitation of approximately one gram of
fresh feces from at least 20 different individuals. Feces of the
following animals were collected: pigs (Sus domesticus), cows (Bos
taurus and Bos indicus), chickens (Gallus gallus), ducks (Anas pla-
tyrhynchos), goats (Capra aegagrus hircus), sheep (Ovis aries), and
water buffalo (Bubalus bubalis). Mixed fecal samples were stored in
50-mL sterile polypropylene centrifuge tubes. Notably, fresh feces
samples, instead of a mixed slurry from a farm waste lagoon, were
collected to reduce variations in farm management, such as the use
of disinfectants or water to clean floors in contrast to sweeping
away dry feces, which could affect the number of expected mi-
croorganisms. Both water and feces samples were transported on
ice to the laboratory within 8 h. A total of 100 composite animal
fecal and human sewage samples from the Tha Chin watershed
were collected from January to September 2016, and a total of 28
composite fecal and human sewage samples were collected from
the Chao Phraya watershed from May 2016 to March 2017 (Table 1).

2.4. DNA extraction

Water samples were stored at 5°C, while composite fecal
samples were stored at —20 °C; neither was stored for more than
3 d before they were further processed by DNA extraction. Water
samples with volumes of 50—100 mL were filtered through a 0.22-
um-pore-size mixed cellulose ester membrane (Merck Millipore,
Billerica, MA, USA). The membrane filter was subsequently cut into
small pieces using straight iris stainless steel scissors. The scissors
were decontaminated between samples by wiping with RNAse
AWAY decontaminating agent (Thermo Scientific, Wilmington, DE,
USA) to remove DNA contamination on the surface, followed by
ethanol-dipping and burning. The cut membrane pieces were
subjected to DNA extraction using a ZR Fecal DNA MiniPrep™ Kkit,
following the manufacturer's instruction (Zymo Research, Irvine,
CA, USA). Approximately 150—200 mg of composite fecal samples
was processed for DNA extraction also using the ZR Fecal DNA
MiniPrep™ kit (Zymo Research, Irvine, CA, USA). Approximately
50—150 pL of DNA extract was eluted and stored at —80 °C until use
within six months. DNA extracts were diluted in sterile distilled
water to 0.2, 2.0, and 20 ng uL~! total DNA and stored at —20°C
before used in PCR experiments within 10 days. Moreover, a total of
five extraction blanks were performed periodically by filtering
100 mL of sterile distilled water and following similar protocols as
for sample DNA extraction.

2.5. Primers and PCR method modification

PCR primers targeting universal and human-, swine-, and cattle-
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specific fecal markers were selected from both endpoint and qPCR
platforms; all markers were originally reported to have high
specificity (Table 2). Primer maps show annealing regions with
partial 16 S rRNA genes of human-, swine-, and cattle-associated
Bacteroidales (see Figs. 1 and 2 in Somnark et al., 2018). A 10-uL
PCR involved 0.5 pL each of 10 uM forward primers and 10 uM
reverse primers, 1 L of DNA template (corresponding to 0.2, 2.0 or
20 ng total DNA), 5 uL of DreamTaq PCR Master Mix (2x; Thermo
Fisher Scientific, Waltham, MA, USA), and sterile water. The reac-
tion was processed in a Mastercycler Pro thermocycler (Eppendorf,
Hamburg, Germany). Regardless of the original cycling conditions,
the PCR program in this study was modified with the following
steps: initial denaturation at 95 °C for 3 min; 30 cycles of a dena-
turation step at 95 °C for 30 s, an annealing step at the temperature
and time stated (Table 2), and an elongation step at 72 °C for 30s;
and a final extension at 72°C for 10 min. PCR products were
analyzed by gel agarose electrophoresis run at 100 V for 30 min; the
gels were stained with ethidium bromide, and the DNA bands were
visualized with a Gel Doc XR system (BIO-RAD, Hercules, CA, USA).

2.6. Plasmid DNA constructs

Plasmid DNA standards were constructed with DNA inserts that
were PCR-amplified from specified fecal hosts. First, a DNA tem-
plate from an animal or sewage sample was amplified with PCR
primers, and the PCR product was separated using gel electro-
phoresis and purified with a QIAquick® Gel Extraction Kit (QIAGEN,
Hilden, Germany). Next, the purified gene amplicon was cloned
using competent E. coli DH5a cells and a pGEM-T Easy cloning kit
(Promega, Madison, WI, USA). Transformants were grown by
incubating them at 37 °C overnight on Luria-Bertani (LB) agar plates
supplemented with 100 pg mL~! ampicillin, 80 pg mL~! X-gal, and
200 uM isopropyl-p-p-1-thiogalactopyranoside (IPTG). Trans-
formants were confirmed by colony PCR to have DNA inserts and
were subsequently propagated in LB broth containing 100 pg mL™!
ampicillin shaken overnight at 37 °C. Plasmid DNA standards from
overnight cultures were extracted using a QIAprep Spin Miniprep
Kit (QIAGEN, Hilden, Germany) as recommended by the manufac-
turer. The DNA inserts of purified plasmids were sequenced using
M13 primers at Macrogen, Inc. (Seoul, Republic of Korea). For the
universal marker, cloned plasmids were prepared with individual
DNA inserts from human, swine, cattle, chicken, goat, sheep, buf-
falo, and duck DNA samples. Sequences that were homologous to
the sequencing results were sought in the National Center for
Biotechnology Information (NCBI) database using the Basic Local
Alignment Search Tool (BLAST) (Altschul et al., 1990). Plasmid
stocks were stored at —20 °C until use.
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Table 2

Nucleotide sequences and experimental conditions of primers used in this study.
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Host

Assay
name

Primer
name

Primer
sequence (5' -
3)

Primer DNA

size
(bp)

Annealing
product temperature

size (bp) (°C)

Annealing Target

time (s)

microorganism

Target gene

Original
platform

Reference

Universal

Human
sewage

Swine

Cattle

BacUni
EP

GenBac
EP

Bac32F/
Bac708R

BacHum
EP

HF183/
BFDrev
EP

Modified
HF183F/
Bac708R

PF163F/
Bac708R

Pig-2-Bac
EP

CowM2
EP

BacCow
EP

CF193F/
Bac708R

Modified
CF128F/
Bac708R

BacUni-
520f

BacUni-
690r1

GenBac3F

GenBac3R

Bac32F

Bac708R

BacHum-

160f

BacHum-

241r

HF183

BFDrev

HF183F

Bac708R

PF163F

Bac708R

Pig-2-
Bac41F

Pig-2-
Bac163Rm

CowM2F

CowM2R

CF128F

BacCow
305r

CF193

Bac708R

CF128F

CGT-TAT-
CCG-GAT-
TTA-TTG-
GGT-TTA
CAA-TCG-
GAG-TTC-
TTC-GTG-
ATA-TCT-A
GGG-GTT-
CTG-AGA-
GGA-AGG-T
CCG-TCA-
TCC-TTC-
ACG-CTA-CT
AAC-GCT-
AGC-TAC-
AGG-CTT
CAA-TCG-
GAG-TTC-
TTC-GTG
TGA-GTT-
CAC-ATG-
TCC-GCA-TGA
CGT-TAC-
CCC-GCC-
TAC-TAT-
CTA-ATG
ATC-ATG-
AGT-TCA-
CAT-GTC-CG
CGT-AGG-
AGT-TTG-
GAC-CGT-GT
ATC-ATG-
AGT-TCA-
CAT-GTC-CG
CAA-TCG-
GAG-TTC-
TTC-GTG
GCG-GAT-
TAA-TAC-
CGT-ATG-A
CAA-TCG-
GAG-TTC-
TTC-GTG
GCA-TGA-
ATT-TAG-
CTT-GCT-
AAA-TTT-GAT
ACC-TCA-
TAC-GGT-
ATT-AAT-
CCG-C
CGG-CCA-
AAT-ACT-
CCT-GAT-CGT
GCT-TGT-
TGC-GTT-
CCT-TGA-
GAT-AAT
CCA-ACY-
TTC-CCG-
WTA-CTC
GGA-CCG-
TGT-CTC-
AGT-TCC-
AGT-G
TAT-GAA-
AGC-TCC-
GGC-C
CAA-TCG-
GAG-TTC-
TTC-GTG
CCA-ACY-
TTC-CCG-
WTA-CTC

24

25

20

18

18

24

20

20

18

19

18

21

24

18

22

16

18

18

170

129

6967

81

167¢

5417

5597

116

92

177

5197

596

60.0

60.0

53.7

60.0

60.0

55.3

524

60.0

60.0

60.0

55.0

62.0

30

30

60

30

30

60

60

30

30

30

30

60

160

Bacteroidales

Bacteroidetes

Bacteroides-
Prevotella

Bacteroidales

Bacteroides
dorei/total
Bacteroidales

Bacteroides-

Prevotella

Bacteroides-
Prevotella

Bacteroidales

Bacteroidales

Bacteroidales

Bacteroides-
Prevotella

Bacteriodales

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

16s rRNA

gPCR

qPCR

PCR

gPCR

qPCR

PCR

PCR

qPCR

gPCR

gPCR

PCR

PCR

(Kildare et al.,
2007)

(Siefring et al.,
2008)

(Bernhard and
Field, 2000b;
Hussein et al.,
2014)

(Kildare et al.,
2007)

(Haugland et al.,
2010)

(Bernhard and
Field, 2000a;
Hussein et al.,
2014)

(Dick et al., 2005;
Hussein et al.,
2014)

(Mieszkin et al.,
2009)

(Shanks et al.,
2008)

(Kildare et al.,
2007)

(Bernhard and
Field, 2000a)

(Bernhard and
Field, 2000a;
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Table 2 (continued )

Host Primer Primer DNA Annealing

sequence (5' - size
3) (bp)

Primer
name

Assay
name
size (bp) (°C)

Annealing Target
product temperature time (s)

Original Reference
platform

Target gene
microorganism

Bac708R  CAA-TCG- 18
GAG-TTC-
TTC-GTG
GCT-TGT- 24 274
TGC-GTT-
CCT-TGAGAT-
AAT
ACA-AGC- 22
CAG-GTG-
ATA-CAG-
AAA-G
CTA-ATG- 23 166
GAA-AAT-
GGA-TGG-
TAT-CT
GCC-GCC- 18
CAG-CTC-
AAA-TAG
AAC-CAC- 17
AGC-CCG-
CGA-TT
qBac725R CAA-TCG- 25
GAG-TTC-
TTC-GTG-
ATA-TCT-A
BoBac EP BoBac367f GAA-GAC- 21 100
TGA-ACC-
AGC-CAA-
GTA
BoBac467r GCT-TAT- 24
TCA-TAC-
GGT-ACA-
TAC-AAG

Bac2 Bac2F 62.0 30

Bac2R

Bac3 Bac3F 60.0 30

Bac3R

Cow- 104° 62.0 30

Bac2 EP

qCS621F

Lamendella et al.,
2007)

(Shanks et al.,
2006b)

Bacteroidales  Gene encoding an HDIG domain PCR
protein involved in energy
metab- olism and electron

transport

Bacteroidales  Gene encoding a sialic acid- PCR
specific 9-O- acetylesterase

secretory protein homolog

(Shanks et al.,
2006b)

16s rRNA SYBR

gPCR

Bacteroides-
Prevotella

(Okabe et al.,
2007)

16s rRNA (Layton et al.,

2006)

Bacteroides qPCR

2 DNA product size identified by BLAST (Somnark et al., 2018).

2.7. PCR quality controls

PCRs for each DNA sample were replicated by two different lab
personnel on different days to demonstrate reproducibility (inter-
assay consistency). The replicates for 1.5% (n = 1568) of all samples
did not agree; thus, these PCRs were repeated one additional time,
and regardless of the result, positive or negative, the majority was
recorded. Negative PCR results were reported when negative re-
sults were obtained at all three DNA template concentrations (0.2,
2.0, and 20 ng), which corresponded to 18.5—2.51 x 103-fold di-
lutions from undiluted samples. Each no-template control (NTC)
and plasmid standard for each primer pair were included in every
PCR run. When performing PCR, target samples with 0.2—20 ng of
total DNA, corresponding to 0.01 ng-10 mg of feces, were tested for
the presence of DNA markers. To prevent bias, the amounts of the
non-target samples that were tested were similar to the amounts of
the target host that yielded positive results.

2.8. Confirmation of absence of PCR inhibition

Absence of PCR inhibition was confirmed by adding 200 ng pL~!
(final concentration) bovine serum albumin (BSA) (Gawler et al.,
2007; Schriewer et al.,, 2011) to a PCR that had the universal
primer pair GenBac3F/GenBac3R and contained 0.2—20 ng of DNA
extract of two duck composite fecal samples and two sewage
samples. Subsequent tests were performed with the same primer
pair with a qPCR platform. The qPCR contained 20 ng of DNA
extract, 1x KAPA PROBE FAST qPCR Kit Master Mix (Kapa
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Biosystems, Wilmington, MA, USA), 400 nM each primer, 100 nM
probe (FAM-5'CAA-TAT-TCC-TCA-CTG-CTG-CCT-CCC-GTA3'-TAMRA
(Dick and Field, 2004),), 1x ROX high, 50 and 200nguL~! final
concentrations of BSA, and enough PCR-grade water to reach 20 puL
in final volume. The qPCR was performed using a StepOnePlus™
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA)
with the following program: 95 °C for 3 min, followed by 40 cycles
of 95 °C for 15 s and 60 °C for 1 min. No significant differences in Cq
values were observed at 0, 50 and 200 ng pL~! final concentrations
of BSA in all samples tested (p > .05, repeated measures one-way
ANOVA). In summary, addition of BSA showed no effect in either
endpoint PCR or qPCR assays, which further suggested that nega-
tive PCR results were not due to an inhibition effect. Thus, BSA was
not used in the PCR, and PCR inhibition was not further suspected.

2.9. Performance evaluation measures

The best PCR markers for universal and host-specific fecal ori-
gins were selected based on their sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value, as calcu-
lated by Eqgs. (3)—(7). Sensitivity is a measure of DNA marker dis-
tribution in a target host population. Specificity, on the other hand,
reflects whether the markers are distributed only in target hosts or
also in non-target hosts. Sensitivity can be calculated as the fraction
of known positive samples that yield positive results (i.e., visualized
PCR product band) with the PCR assay of interest, while specificity
refers to the fraction of known negative samples that yield negative
results with the PCR assay of interest. Accuracy is calculated as the
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fraction of samples correctly detected as negative or positive. The
positive predictive value refers to the probability that a positive
result would be derived from a truly positive sample, and the
negative predictive value is the probability that a negative result
would be derived from a truly negative sample. Significant differ-
ences between performance measures in different datasets were
investigated with a two-proportion z test using the Yates correction
in SigmaPlot 11.0.

o P

SenSltlvlty: m—m (3)
P TN

Specificity = TN EP (4)

TP + TN

Accuracy = 5 Fp T IN £ FN (5)

Positive predictive value = TP (6)
ve precdictve valle = Tp L fp

Negative predictive value — — N (7)

gatwe p vevaite = INTEN

where TP (true positive) represents the number of target samples
that showed positive results, FN (false negative) denotes the
number of target samples that showed negative results, TN (true
negative) represents the number of non-target samples that
showed negative results, and FP (false positive) is the number of
non-target samples that showed positive results.

2.10. PCR assay detection limits

Plasmid DNA constructs were linearized by Pstl or Sall FastDi-
gest® enzyme (Thermo Scientific, Wilmington, DE, USA), and the
products were purified with the Zymoclean™ Gel DNA Recovery Kit
(Zymo Research, Irvine, CA, USA). The linearized plasmid copies
were calculated using plasmid molecular weights, and concentra-
tions were measured using a NanoDrop spectrophotometer
(Thermo Scientific, Wilmington, DE, USA). For each human-, swine-
, and cattle-specific PCR primer pair, two plasmid clones from the
same cloning reaction were chosen to determine the detection
limits, while for the universal PCR assay, two plasmid clones from
each host source (i.e., human, swine, cattle, chicken, goat, sheep,
buffalo, and duck), constituting 16 clones in total, were used. The
PCR detection limits were determined by varying the number of
plasmid copies used as templates in PCRs. The lowest plasmid copy
number that provided positive PCR results when performed in ten
replicates was considered the detection limit for each plasmid
clone. The PCR detection limit for each PCR primer was reported as
a range if different clones exhibited different detection limits.

3. Results
3.1. PCR method modification and quality control

DNA sequences of the product amplicons from the modified
endpoint PCR assays were identified, and homology to the database
was shown (Table 3). All ten assays demonstrated high homology
with amplicons from originally designed endpoint PCR and qPCR
assays. The results revealed the successful endpoint PCR modifi-
cation that could detect the desired genetic markers originally re-
ported. In a total of 253 instrumental runs, 96.8% of NTCs (n = 253)
were free of contaminated DNA. Only samples co-run with negative

NTCs were included for further analysis. All five extraction blanks
were negative when amplified with universal primer BacUni EP.

3.2. Evaluation of MST marker performance from the Tha Chin
watershed

Of all 16 MST markers, ten were assayed in all fecal and sewage
samples of known origin from the Tha Chin watershed, and the
performance evaluation measures were determined (Table 4 and
Table 1 in Somnark et al. (2018)). There were MST markers that
were tested with only a subset of samples because of their obvi-
ously poor performance (their sensitivity and specificity were
explicitly lower than 0.70 and 0.80, respectively; see Table 2 in
Somnark et al. (2018)). Consequently, these primer pairs were later
excluded from the performance assessment. Two universal
markers, BacUni EP and GenBac3 EP, demonstrated ideal perfor-
mance, while the Bac32F/Bac708R marker failed to detect only one
human sewage sample. HF183/BFDrev EP demonstrated the highest
specificity, accuracy, and positive predictive value, even though its
sensitivity to human sewage was slightly lower than that of the
other two human-specific assays. The swine-specific Pig-2-Bac EP
marker presented perfect sensitivity and high specificity by cross-
reacting with only two chicken composite samples. For cattle-
specific markers, both Bac2 and Bac3 markers delivered perfect
specificity and positive predictive values, but the latter primer pair
showed higher sensitivity and accuracy and a negative predictive
value. When these characteristics were determined, the best host-
specific MST markers for human, swine, and cattle were selected to
be HF183/BFDrev EP, Pig-2-Bac EP, and Bac3, respectively. Although
both universal markers BacUni EP and GenBac3 EP performed
equally well, the BacUni EP marker was chosen for further
characterization.

3.3. Validation with the Chao Phraya watershed

A set of ten PCR markers that had been assessed with fecal and
sewage samples from the Tha Chin watershed was also used to
examine samples from the Chao Phraya watershed (see Table 1 in
Somnark et al. (2018)). The performance evaluation criteria were
calculated (Table 4). No significant difference in the performance
measures between samples from the two watersheds was observed
for most MST markers (p > .05, two-proportion z test). Exceptions
were observed in the human-specific marker HF183/BFDrev EP and
the cow-specific marker Cow-Bac2 EP, whose performance criteria
were significantly improved in the Chao Phraya watershed (p < .05,
two-proportion z test). However, the results must be interpreted
with care because these markers were tested with a slightly smaller
variety of non-target animals. In summary, the same set of best
universal and host-specific MST markers from the Tha Chin
watershed, including BacUni EP, HF183/BFDrev EP, Pig-2-Bac EP,
and Bac3 markers, could be used and performed equally well in the
Chao Phraya watershed.

3.4. PCR detection limits

The PCR detection limits, as identified by plasmid clone stan-
dards, ranged from 300 to 3000 copies per 10-uL PCR for host-
specific markers (Table 5). For the universal BacUni EP marker,
the detection limits for a total of 18 cloned plasmids from fecal DNA
of human, swine, cattle, chicken, goat, sheep, buffalo, and duck
samples were separately determined to range from 30 to 3000
copies per reaction.
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Table 3
Amplified products from modified endpoint PCR assays.

Host Assay name PCR product % % Query  Matched nearest reference sequence (s)
(bp) Identity cover
Universal BacUni EP 176-177 100 100 Bacteroides spp.
GenBac3 EP 129 100 100 Bacteroides spp.
Bac32F/Bac708R 687—-695 99 100 Bacteroides spp.
Human BacHum EP 82 100 100 Bacteroides spp.
HF183F/BFDrev EP 167 100 100 AB242142
Modified HF183F/ 541 99 100 Bacteroides spp.
Bac708R
Swine Pig-2-Bac EP 117 91 100 AB237869 (100%); AB237867 (91%); AY695691 (98%); AB695696 (93%)
—100
Cattle Bac2 232 38 93 An HDIG domain protein involved in energy metab- olism and electron transport (with 32% identity
from Shanks et al. (2006b))
Bac3 166 74 97 A sialic acid-specific 9-O- acetylesterase secretory protein homolog (with 75% identity from Shanks
et al. (2006b))
Cow-Bac2 EP 104 89 100 AF233407

4. Discussion

A total of 16 endpoint PCR assays targeting Bacteroidales genes
were successfully modified from 7 endpoint and 9 qPCR platforms
as demonstrated by correct DNA amplicons similar to those of the
original assays. To compare the performance of Bacteroidales fecal
markers across PCR platforms (endpoint or quantitative) and
geographic regions, the sensitivity and specificity of published as-
says, both originally designed studies and publications that adop-
ted the original assay for use in another geographic region, were
compiled (see Table 3 in Somnark et al., 2018). Of all 9 original qPCR
assays, only one qPCR assay (BacHum gqPCR) had been previously
adapted to an endpoint PCR platform (Ahmed et al.,, 2009). The
human-specific BacHum EP marker demonstrated reduced speci-
ficity to 0.53—0.54 in Thailand, while great specificity of 0.96 was
reported in Australia in an endpoint PCR platform, similar to the
0.98 specificity for the BacHum gqPCR assay in California, USA
(Ahmed et al., 2009; Kildare et al., 2007; this study). Reduced
specificity of the BacHum EP in this study was due to its strong
reaction with goat and swine samples (66—88%) and moderate
reaction with buffalo, sheep, duck, and chicken feces (20—47%) (see
Table 1 in Somnark et al. (2018)). However, excellent performance
of the modified endpoint PCR (0.84—1.00 sensitivity and 0.77—1.00
specificity) similar to the original qPCR platforms was observed in
the BacUni, GenBac, HF183/BFDrev, and Pig-2-Bac genetic markers
(Haugland et al., 2010; Kildare et al., 2007; Mieszkin et al., 2009;
Siefring et al., 2008). Although reduction in specificity from 1.00
to 0.50—0.78 of Cow-Bac2 EP, compared to the original Cow-Bac2

Table 4

qPCR assay (Okabe et al.,, 2007), was noticed, this was because
the endpoint PCR counterpart strongly cross-reacted with fecal
samples from chicken, goat, sheep, buffalo, and duck (80—100% for
each species). Moreover, a set of fecal markers (CowM2 EP, BacCow
EP, and BoBac EP) was tested with only a subset of fecal samples but
with no human-derived samples due to notice of potential reduced
specificity (see Tables 2 and 3 in Somnark et al. (2018)). Nonethe-
less, the specificity and sensitivity of the modified endpoint PCR
assays could have been improved if the methods had been further
optimized for reaction components and cycling conditions. CowM?2
EP and BacCow EP could amplify every DNA sample (6 of 6) from
swine, chicken, and goat, while BoBac EP could detect DNA markers
from 18 out of 19 swine fecal samples only (no cross-reaction with
chicken, goat, sheep, buffalo, and duck samples). Consequently,
probable loss of specificity of the assay due to lack of qPCR probes
could remain a challenge when adapting the assay from qPCR to
PCR platforms in certain assays (Botes et al., 2013; Smith and
Osborn, 2009). Moreover, endpoint PCR has a higher chance of
false negatives due to undetectable partial inhibition and partial

Table 5
Detection limit of the best endpoint PCR assays.

Host Assay name PCR detection limit (copy no. per reaction)
Universal ~ BacUni EP 30-3,000

Human HF183F/BFDrev EP 300

Swine Pig-2-Bac EP 3000

Cattle Bac3 300

Performance evaluation measures of PCR assays in the Tha Chin and Chao Phraya watersheds.

Host Assay name Tha Chin watershed

Chao Phraya watershed

Sensitivity Specificity Accuracy Positive
predictive value

Negative
predictive value

Universal BacUni EP 1.00 NA*? 1.00 1.00 NA
GenBac3 EP 1.00 NA 1.00 1.00 NA
Bac32F/Bac708R  0.96 NA 0.96 1.00 NA

Human BacHum EP 0.95 0.54 0.62 033 0.98
HF183F/BFDrev EP 0.84 0.77° 0.78"  0.46° 0.95
Modified HF183F/ 0.95 0.70 0.75 0.43 0.98
Bac708R

Swine  Pig-2-Bac EP 1.00 0.98 0.98 0.91 1.00

Cattle  Bac2 0.70 1.00 0.94 1.00 0.93
Bac3 0.85 1.00 0.97 1.00 0.96
Cow-Bac2 EP 0.90 0.50° 058" 031 0.95

Sensitivity Specificity Accuracy Positive Negative
predictive value predictive value

0.96 NA 0.96 1.00 NA

1.00 NA 1.00 1.00 NA

1.00 NA 1.00 1.00 NA

1.00 0.53 0.68 0.50 1.00
1.00 1.00° 1.00°  1.00" 1.00
1.00 0.68 0.79 0.60 1.00
1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00
1.00 0.78" 082" 050 1.00

2 Not applicable.

b Significant difference was observed between Tha Chin and Chao Phraya watersheds as calculated by the two-proportion z test at p-values of 0.05 or less.
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interference to the DNA isolation steps, which could affect the
calculated sensitivity and specificity (Shanks et al., 2006a; Riedel
et al., 2014; Rossen et al., 1992).

The following seven endpoint PCR fecal markers, including
Bac32F/Bac708R, human-specific HF183F/Bac708R, swine-specific
PF163F/Bac708R, and cow-specific Bac2, Bac3, CF193F/Bac708R,
and CF128F/Bac708R markers were subsequently tested in other
regions with an endpoint PCR platform (see Table 3 in Somnark
et al. (2018)). The Bac32F/Bac708R primers performed well, with
a sensitivity ranging from 0.78 to 1.00 in both tropical and
temperate areas, consistent with our results (Ahmed et al., 2009;
Bernhard and Field, 2000b; Bower et al.,, 2005; Carson et al.,
2005; Fremaux et al., 2009; Gourmelon et al., 2007; Lamendella
et al,, 2009; Toledo-Hernandez et al., 2013). The human-specific
primers HF183F/Bac708R demonstrated great sensitivity in
Thailand (0.95), in agreement with results obtained for regions in
USA, France, Canada, and Australia, while the sensitivity of this
marker in Spain is unexpectedly low (0.50) (Ahmed et al., 2008,
2012; Ballesté et al., 2010; Bernhard and Field, 2000a; Bower
et al., 2005; Fremaux et al., 2009; Gourmelon et al., 2007; Toledo-
Hernandez et al., 2013). The swine-specific primers PF163F/
Bac708R exhibited great sensitivity in this study in Thailand and
other countries (Dick et al., 2005; Fremaux et al., 2009; Gourmelon
etal., 2007; Lamendella et al., 2009; Toledo-Hernandez et al., 2013),
but its cross-reaction with a limited number of cattle, chicken,
sheep, and buffalo (14 out of 49) prevented us from characterizing
the marker with a full set of fecal samples that would include hu-
man sewage. The simultaneously developed cattle-specific Bac2
and Bac3 markers showed perfect specificity in both this study and
in the original region, although the sensitivity of their assays was
consistently compromised. The cattle- or ruminant-specific
CF193F/Bac708R primers were not fully tested with samples in
Thailand because of its low sensitivity, in agreement with results
obtained in Spain and Canada. The cattle- or ruminant-specific
CF128F/Bac708R primers performed well with cattle feces but
also with swine, chicken, and goat samples; the low specificity has
been observed in other regions. It should be noted that, although
there could be challenges in modifying from qPCR to endpoint PCR
platform, this study showed that three out of four best assays
(BacUni EP, HF183F/BFDrev EP, and Pig-2-Bac EP) were modified
from qPCR platforms that outperformed their endpoint PCR con-
testants. Moreover, the distribution and levels of DNA markers
could be affected by many factors; for example, the presence of
CF128 and CF193 markers in cattle hosts was observed to be
associated with the age and diet of calves (Shanks et al., 2014).
Furthermore, some studies have used individual samples, while
others have tested the markers with mixed or composite samples.
The use of composite samples as opposed to individual fecal sam-
ples could compromise the true measurement of marker distribu-
tions in target and non-target hosts. However, in this study,
composite fecal samples were intentionally created from the same
animal facilities; moreover, human sewage samples were collected
from populated buildings as representatives of human fecal
pollution. Supported by the stratified random sampling method,
each composite sample offered marker prevalence information in
facility levels. The purpose of this approach was to mimic a situa-
tion in which massive fecal contamination from a farm level or
community level is introduced into water bodies from runoff or
direct disposal.

Expanding the application of these PCR assays to other regions
would require additional validation tests with known fecal samples
because of the potentially dissimilar distribution and prevalence of
each genetic marker in human and animal populations. Addition-
ally, calculation of sample sizes for proper sampling design is
necessary to prevent oversized samples, which require more time

and money to process. Proper design is also necessary to avoid
undersized samples, which would be inaccurate representations of
the population of interest (Thompson, 2012). The use of the PCR
assays examined in this study, which provided qualitative in-
dications of pollution sources, could serve as a screening step that
would lead to a thorough investigation of fecal source apportion-
ment via other techniques, such as qPCR. Moreover, this study had
evaluated the performance of PCR assays in detecting genetic tar-
gets, which were the intrinsic properties of sensitivity and speci-
ficity (Harwood and Stoeckel, 2011). For future MST application in
environmental water samples, it is important to consider other
factors that could influence the performance of the PCR assays,
including inhibition effect from interfering substances present in
environmental matrices, loss in recovery during sample processing,
and the method's detection limits (Odagiri et al., 2016; Rajal et al.,
2007; U.S. Environmental Protection Agency, 2004).

In conclusion, this work evaluated the performance of modified
endpoint PCR assays in detecting Bacteroidales genetic targets in
tropical agricultural watersheds. The BacUni EP, HF183/BFDrev EP,
Pig-2-Bac EP, and Bac3 assays demonstrated potential for MST of
general (non-host specific) and human-, swine-, and cattle-derived
fecal pollution in the two most significant watersheds in central
Thailand. This research demonstrates the multiregional applica-
bility of the Bacteroidales genes in MST and emphasizes the need to
use significant sample sizes to validate the MST markers in a new
geographic area.
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Specifications Table

Subject area Biology
More specific subject area Applied microbiology
Type of data Tables and figures

How data were acquired  PCR instrument (Mastercycler Pro thermocycler, Eppendorf), and litera-
ture review

Data format Analyzed

Experimental factors Composite fecal and sewage samples were collected, and DNA extraction
was performed

Experimental features PCR primers originally designed as endpoint and quantitative PCR were
used in the modified endpoint PCR assays.

Data source location Samples were collected from Tha Chin (Chai Nat, Suphan Buri, Nakhon

Pathom, and Samut Sakhon provinces) and Chao Phraya (Phra Nakhon Si
Ayutthaya, Pathum Thani, and Bangkok provinces) watersheds, located in
the central part of Thailand.

Data accessibility Data are with this article

Value of the data

- PCR results of Bacteroidales-modified endpoint PCR markers could be compared with microbial
source tracking (MST) studies in other geographic areas for further development of region-specific
MST methods.

- Bacteroidales PCR primer maps could offer an insight into annealing regions of primers for further
design of new primers or evaluating currently available primers with their performance.

— A summary of PCR assays that are originally designed and adopted to other regions could serve as a
database for comparing the MST method performance in different geographical areas.

1. Data

We performed endpoint PCR assays modified from published methods originally in PCR and qPCR
platforms. PCR results of ten good-performing modified endpoint PCR assays against human sewage
and animal fecal samples from Tha Chin and Chao Phraya watersheds are shown (Table 1). There were
six modified endpoint PCR assays that demonstrated potentially low sensitivity or specificity during
the process of testing against a limited number of samples and therefore were not further tested with
total samples (Table 2). We also compiled sensitivity and specificity data of previously published
Bacteroidales genetic markers from both studies that originally designed the assays and studies that
adopted the designed assays to be used in another geographic location (Table 3). To provide further
insight into PCR performance, we mapped PCR primers to 16 s rRNA gene of human-, swine-, and
cattle-associated Bacteroidales (Figs. 1 and 2). Amplified PCR products with universal and human-,
swine-, and cattle-specific Bacteroidales PCR assays were presented (Fig. 3).

2. Experimental design, materials and methods
2.1. Sample collection and DNA extraction

Raw human sewage and non-human fecal samples were collected from Tha Chin and Chao Phraya
watersheds. One composite fecal sample was prepared by mixing fresh feces of at least 20 individuals.

Samples were transported on ice to the laboratory. DNA extraction of composite fecal samples and
0.22-um-pore-size mixed cellulose ester membrane (Merck Millipore, Billerica, MA, USA) after 50—
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Table 1
Positive PCR results of modified endpoint PCR markers showing good performance with samples from Tha Chin and Chao Phraya watersheds.

861

Host Assay name Tha Chin watershed Chao Phraya watershed
Human Swine Cattle Chicken Goat  Sheep Buffalo Duck Human Swine Cattle Chicken Goat  Buffalo
(19) (20) (20) (19) (7) (5) (5) (5) 9) (8) (5) (2) (3) (1)
Universal BacUni EP 19 20 20 20 7 5 5 5 9 8 5 1 3 1
GenBac3 EP 19 20 20 20 7 5 5 5 9 8 5 2 3 1
Bac32F/Bac708R 15 20 20 20 7 5 5 5 9 8 5 2 3 1
Human BacHum EP 18 17 1 9 5 2 1 2 9 7 0 0 2 0
HF183F/BFDrev EP 16 4 1 2 1 0 2 9 0 0 0 0 0
Modified HF183F/ 18 4 4 12 1 1 0 2 9 5 0 0 1 0
Bac708R
Swine Pig-2-Bac EP 0 20 0 2 0 0 0 0 0 8 0 0 0 0
Cattle Bac2 0 0 14 0 0 0 0 0 0 0 5 0 0 0
Bac3 0 0 17 0 0 0 0 0 0 0 5 0 0 0
Cow-Bac2 EP 0 1 18 18 7 5 5 4 0 0 5 1 3 1

691-9S1 (8102) 61 Jarg ui pIpq / ‘v 13 HDUWOS
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Table 2
Positive PCR results of modified endpoint PCR markers showing relatively poor performance with limited numbers of samples
from the Tha Chin watershed.

Fecal origin Assay name No. of positive samples/no. of samples tested® Sensitivity Specificity Accuracy

Human Swine Cattle Chicken Goat Sheep Buffalo Duck

Swine PF163F/Bac708R 0/0  20/20 6/20 3/19 0/7 1/5 4/5 0/5 100 0.77 0.83
Cattle CowM2 EP o0 33 6/7 11 2/2 0/0 0/0 0/0 086 0.00 0.47
BacCow EP o0 33 777 1/1 2/2 0/0 0/0 0/0 100 0.00 0.54
CF193F/Bac708R 0/0  0/3 0/7 0/1 0/2 0/0 0/0 0/0 000 1.00 0.46
CF128F/Bac708R 0/0  3/3 7/7 1/1 2/2 00 0/0 0/0 100 0.00 0.54
BoBac EP 0/0  18/19 20/20 0/0 0/0 0/0 0/0 0/0 100 0.05 0.54

2 Limited number of animal samples tested for certain assays due to potentially low sensitivity or specificity.

100 mL human sewage filtration was performed with a ZR Fecal DNA MiniPrep kit (Zymo Research,
Irvine, CA, USA). DNA concentrations were measured using a NanoDrop spectrophotometer (Thermo
Scientific, Wilmington, DE, USA).

2.2. PCR method modification and performance criteria

PCR primers targeting universal and human-, swine-, and cattle-specific fecal markers were
selected from both endpoint and quantitative PCR platforms (Table 4). A 10-pL PCR is composed of
0.5 pL each of 10 pM forward primers and 10 pM reverse primers, 1-pL of DNA template (corre-
sponding to 0.2, 2.0 or 20 ng total DNA), 5 pL of DreamTaq PCR Master Mix (2x; Thermo Fisher Sci-
entificc Waltham, MA, USA), and sterile water. The reaction was processed in a Mastercycler Pro
thermocycler (Eppendorf, Hamburg, Germany). PCR cycling conditions were modified as follows:
initial denaturation at 95 °C for 3 min; 30 cycles of a denaturation step at 95 °C for 30 s, an annealing
step at varying temperature and time (Table 4), and an elongation step at 72 °C for 30 s; and a final
extension at 72 °C for 10 min. PCR products were visualized with a Gel Doc XR system (BIO-RAD,
Hercules, CA, USA). PCRs were run in duplicate. No-template controls and extraction blanks were
included for quality control. Performance criteria including sensitivity, specificity, and accuracy were
calculated as TP/(TP+FN), TN/(TN+FP), and (TP+TN)/(TP+FP+TN+FN), respectively, where TP, FN,
TN, and FP, are true positive, false negative, true negative, and false positive, respectively.
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Table 3

Sensitivity and specificity of Bacteroidales markers in studied in which the assays were originally designed and adopted to other geographic regions.

Host Assay  Platform Geographical region Original/ Sensitivity (n)*  Specificity (n) Non-target hosts Reference
source name Adopted
Universal BacUni qPCR California, USA Original 1.00 (n=73) NAP Human®, cow, horse, dog, cat, seagull, WWTP? (pri- [1]
mary influent)
PCR Tha Chin watershed, Thailand Adopted 1.00 (n=100, NA Swine, cattle, chicken, goat, sheep, buffalo, duck, [2]
composite) sewage®
PCR Chao Phraya watershed, Thailand Adopted 0.96 (n=28, NA Swine, cattle, chicken, goat, buffalo, sewage [2]
composite)
Universal GenBac3 qPCR Louisiana, Michigan, Mississippi, Original NA NA Surface water sample [3]
USA
PCR Tha Chin watershed, Thailand Adopted 1.00 (n=100, NA Swine, cattle, chicken, goat, sheep, buffalo, duck, [2]
composite) sewage
Chao Phraya watershed, Thailand Adopted 1.00 (n=28, NA Swine, cattle, chicken, goat, buffalo, sewage [2]
composite)
Universal Bac32F/ PCR Oregon, USA Original 1.00 (n=30) NA Human, cow [4]
Bac708R
PCR Southeast Queensland, Australia Adopted 1.00 (n=186) NA Cattle, pig, sheep, goat, horse, chicken, dog, duck, [5] (one
pelican, kangaroo, WWTP base pair
mismatch
for Bac32F
primer)
PCR Wisconsin, USA Adopted 1.00 (n=89) NA Cow, WWTP [6]
PCR Missouri, USA Adopted 0.89 (n=286) NA Human, sewage, dog, beef cattle, dairy cattle, [7]
chicken, turkey, horse, swine, goose
PCR Britanny and Normandy, France Adopted 0.96 (n=136) NA Pig, cow, sheep, chicken, wild bird [8]
PCR Saskatchewan, Canada Adopted 1.00 (n=273) NA Human, WWTP, cow, pig, chicken, goose, moose, [9]
deer, caribou, bison, goat
PCR Illinois, Nebraska, Ohio, Texas, Adopted 0.78 (n=222) NA Cattle, human, chicken, raccoon, horse, pig, pig [10]
Delaware, and West Virginia, USA manure pit, pig waste lagoon
PCR Puerto Rico, USA Adopted 0.89 (n=356) NA Cow, goat, horse, swine, monkey, fish, pigeon, [11]
chicken, guinea fowl, duck, turkey, swan, WWTP
PCR Tha Chin watershed, Thailand Adopted 0.96 (n=100, NA Swine, cattle, chicken, goat, sheep, buffalo, duck, [2]
composite) sewage
Chao Phraya watershed, Thailand Adopted 1.00 (n=28, NA Swine, cattle, chicken, goat, buffalo, sewage [2]
composite)
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Human

Human

Human

BacHum

HF183/
BFDrev

HF183/
Bac708R

gPCR

PCR

PCR

qPCR

PCR

PCR
PCR
PCR
PCR
PCR
PCR

PCR

PCR

PCR

California, USA

Southeast Queensland, Australia

Tha Chin watershed, Thailand

Chao Phraya watershed, Thailand
Michigan, Minnesota, Colorado,
South Dakota, Wyoming, Hawaii,

Virginia, Ohio, Florida, North Car-
olina, and New York, USA

Tha Chin watershed, Thailand

Chao Phraya watershed, Thailand
Oregon, USA

Southeast Queensland, Australia
Spain

Southeast Queensland, Australia
Britanny and Normandy, France
Puerto Rico, USA

Wisconsin, USA

Saskatchewan, Canada

Tha Chin watershed, Thailand

Original

Adopted

Adopted

Adopted

Original

Adopted

Adopted
original

Adopted
Adopted
Adopted
Adopted
Adopted

Adopted

Adopted

Adopted

0.67 (n=18); 0.98 (n=41)
1.00 (n=14,

sewage)

1.00 (n=50, 0.96 (n=136)
WWTP)

0.95 (n=19, 0.54 (n=381,
sewage) composite)
1.00 (n=9, 0.53 (n=19,
sewage) composite)
1.00 (n=14, 0.60 (n=5,
WWTP) composite)
0.84 (n=19, 0.77 (n=381,
sewage) composite)
1.00 (n=9, 1.00 (n=19,
sewage) composite)
0.85 (n=13); 1.00 1.00 (n=46)
(n=3, WWTP)

1.00 (n=52, 1.00 (n=155)
WWTP)

0.50 (n=40, 0.71 (n=73)
WWTP)

1.00 (n=59, 0.95 (n=214)
WWTP); 0.80

(n=20)

0.98 (n=44) 0.99 (n=86)
0.75 (n=16, sew- 1.00 (n=340)
age WWTP)

1.00 (n=14, 1.00 (n=75)
WWTP)

1.00 (n=8, 1.00 (n=211)
WWTP);

0.94 (n=54)

0.95 (n=19, 0.70 (n=381,
sewage) 173 composite)

Cow, horse, dog, cat, seagull

Cattle, pig, sheep, goat, horse, chicken, dog, duck,
pelican, kangaroo

Swine, cattle, chicken, goat, sheep, buffalo, duck

Swine, cattle, chicken, goat, buffalo

Cow, pig, chicken, dog, cat

Swine, cattle, chicken, goat, sheep, buffalo, duck

Swine, cattle, chicken, goat, buffalo

Cow, deer, elk, cat, dog, duck, pig, gull, goat, llama,
sheep

Duck, kangaroos, cattle, horse, dog, chicken, pig,
pelican, goat, deer, wild birds, sheep

Poultry, pig, cow

Bird, camel, cattle, chicken, dog, duck, horse, kan-
garoo, pig, possom

Pig, cow, sheep, chicken, wild bird

Cow, goat, horse, swine, monkey, fish, pigeon,
chicken, guinea fowl, duck, turkey, swan

Cow

Cow, pig, chicken, goose, moose, deer, caribou, bison,
goat

Swine, cattle, chicken, goat, sheep, buffalo, duck
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Table 3 (continued )

Host Assay  Platform Geographical region Original/ Sensitivity (n)*  Specificity (n) Non-target hosts Reference
source name Adopted
Chao Phraya watershed, Thailand Adopted 1.00 (n=9, 0.68 (n=19, Swine, cattle, chicken, goat, buffalo [2]
sewage) composite)
Swine PF163F/ PCR Cincinnati, Ohio Original 1.00 (n=19) NA NA [17]
Bac708R
PCR Saskatchewan, Canada Adopted 1.00 (n=50) 1.00 (n=223) Human, WWTP, cow, chicken, goose, moose, deer, [9]
caribou, bison, goat
PCR Illinois, Nebraska, Ohio, Texas, Adopted 0.87 (n=97); 1.00 0.77 (n=119) Cattle, cattle lagoon, human, chicken, raccoon, horse [10]
Delaware, and West Virginia, USA (n=6, slurry)
PCR Puerto Rico, USA Adopted 1.00 (n=30) 0.75 (n=261) Cow, goat, horse, monkey, fish, pigeon, chicken, [11]
guinea fowl, duck, turkey, swan, WWTP
PCR Britanny and Normandy, France Adopted 1.00 (n=25) 0.98 (n=105) Human, cow, sheep, chicken, wild bird [8]
PCR Tha Chin watershed, Thailand Adopted 1.00 (n=20, 0.77 (n=61, Cattle, chicken, goat, sheep, buffalo, duck [2]
composite) composite)
Swine Pig-2- qPCR Brittany, France Original 1.00 (n=25); 1.00 (n=54) Human, bovine, horse, sheep [18]
Bac 1.00 (n=23,
slurry)
PCR Tha Chin watershed, Thailand Adopted 1.00 (n=20, 0.98 (n=80, Cattle, chicken, goat, sheep, buffalo, duck, sewage [2]
composite) composite)
Chao Phraya watershed, Thailand Adopted 1.00 (n=8, 1.00 (n=20, Cattle, chicken, goat, buffalo, sewage [2]
composite) composite)
Cattle CowM2 ¢gPCR West Virginia, Georgia, Wyoming, Original 1.00 (n=60) 1.00 (n=139); 1.00 Alpaca, goat, mule deer, sheep, Canadian goose, cat, [19]
Delaware, Florida, and Ohio, USA (n=5, WWTP chicken, dog, duck, horse, human, pelican, pig, sea
(primary effluent) gull, turkey
PCR Tha Chin watershed, Thailand Adopted 0.86 (n=7, 0.00 (n=6, Swine, chicken, goat [2]
composite) composite)
Cattle BacCow qPCR California, USA Original 1.00 (n=8) 0.95 (n=65) Human, horse, dog, cat, seagull, WWTP (primary  [1]
effluent)
PCR Tha Chin watershed, Thailand Adopted 1.00 (n=7, 0.00 (n=6, Swine, chicken, goat [2]
composite) composite)
Cattle CF193/ PCR Oregon, USA Original 1.00 (n=19) 0.72 (n=43) Human, WWTP, deer, elk, cat, dog, duck, pig, gull, [13]
Bac708R goat, llama, sheep
PCR Wisconsin, USA Adopted 0.85 (n=75) NA NA [6]
PCR Saskatchewan, Canada Adopted 0.16 (n=32)174 NA NA [9]
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Cattle

Cattle

CF128F/
Bac708R

Bac2

PCR

PCR

PCR

PCR

PCR
PCR

PCR

PCR

PCR

PCR

PCR

PCR
PCR

PCR

Spain, UK, Cyprus, France, and
Sweden
USA

Tha Chin watershed, Thailand

Oregon, USA

Wisconsin, USA
Britanny and Normandy, France

Saskatchewan, Canada

Spain

USA

Puerto Rico, USA

Tha Chin watershed, Thailand

USA
USA

Tha Chin watershed, Thailand

Chao Phraya watershed, Thailand

Adopted

Adopted

Adopted

Original

Adopted
Adopted

Adopted

Adopted

Adopted

Adopted

Adopted

Adopted
Adopted

Adopted

Adopted

0.00 (n=19,
ruminant)
0.68 (n=247)

0.00 (n=7,
composite)

1.00 (n=19)

1.00 (n=75)
1.00 (n=32)

0.96 (n=51, cow);

0.98 (n=121,
ruminant=cow,
deer, caribou,
bison, moose,
goat)

0.26 (n=19,
ruminant)

0.85 (n=247)

0.64 (n=66)

1.00 (n=7,
composite)

0.54 (n=148)
0.54 (n=247)

0.70 (n=20,
composite)

175

0.99 (n=94)

1.00 (n=175)

1.00 (n=6,
composite)

0.77 (n=43)

0.93 (n=14)
0.60 (n=98)

0.62 (n=222,
cow);

0.93 (n=152,
ruminant=cow,
deer, caribou,
bison, moose,
goat)

1.00 (n=95)

0.76 (n=175)

0.90 (n=290)

0.00 (n=6,
composite)

1.00 (n=279)
1.00 (n=175)

1.00 (n=80,
composite)

WWTP, poultry, pig [15]

Alpaca, pronghorn, elk, gazelle, giraffe, goat, mule [20]
deer, okapi, sheep, takin, tufted deer, moose, white-
tailed deer, Canadian goose, cat, chicken, dog, duck,
horse, human, pelican, pig, raccoons, sea gull, turkey
Swine, chicken, goat [2]

Human, WWTP, deer, elk, cat, dog, duck, pig, gull, [13]
goat, llama, sheep

WWTP (6]
Human, pig, chicken, sheep, wild bird [8]
Human, WWTP, pig, chicken, goose [9]
WWTP, poultry, pig [15]

Alpaca, pronghorn, elk, gazelle, giraffe, goat, mule [20]
deer, okapi, sheep, takin, tufted deer, moose, white-
tailed deer, Canadian goose, cat, chicken, dog, duck,
horse, human, pelican, pig, raccoons, sea gull, turkey
Goat, horse, swine, monkey, fish, pigeon, chicken, [11]
guinea fowl, duck, turkey, swan, WWTP

Swine, chicken, goat [2]

Bird, human, domestic, wildlife, pets, water by cattle [21]
Alpaca, pronghorn, elk, gazelle, giraffe, goat, mule [20]
deer, okapi, sheep, takin, tufted deer, moose, white-
tailed deer, Canadian goose, cat, chicken, dog, duck,
horse, human, pelican, pig, raccoons, sea gull, turkey

Swine chicken, goat, sheep, buffalo, duck, sewage [2]

Swine chicken, goat, buffalo, sewage [2]
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Table 3 (continued )

Host Assay  Platform Geographical region Original/ Sensitivity (n)*  Specificity (n) Non-target hosts Reference
source name Adopted
1.00 (n=5, 1.00 (n=23,
composite) composite)
Cattle Bac3 PCR USA Original 0.91 (n=148) 0.99 (n=245) Human, sewage, bovine, chicken, black vulture, [21]
Canadian goose, peacock, pigeon, dog, cat, guinea
pig, domestic goat, pig, sheep, horse, alpaca, llama,
armadillo, bobcat, coyote, gray squirrel, rabbit,
opossum, raccoon, whitetail deer, wild turkey,
hedgehog, prairie dog
PCR USA Adopted 0.69 (n=247, ind) 0.99 (n=175, ind) Alpaca, pronghorn, elk, gazelle, giraffe, goat, mule [20]
deer, okapi, sheep, takin, tufted deer, moose, white-
tailed deer, canadian goose, cat, chicken, dog, duck,
horse, human, pelican, pig, raccoons, sea gull, turkey
PCR Tha Chin watershed, Thailand Adopted 0.85 (n=20, 1.00 (n=80, Swine chicken, goat, sheep, buffalo, duck, sewage [2]
composite) composite)
Chao Phraya watershed, Thailand Adopted 1.00 (n=5, 1.00 (n=23, Swine chicken, goat, buffalo, sewage [2]
composite) composite)
Cattle Cow- qPCR Sapporo and Ebetsu Cities, Japan ~ Original 1.00 (n=7) 1.00 (n=9) Human, pig [22]
Bac2
PCR Tha Chin watershed, Thailand Adopted 0.90 (n=20, 0.50 (n=80, Swine chicken, goat, sheep, buffalo, duck, sewage [2]
composite) composite)
Chao Phraya watershed, Thailand Adopted 1.00 (n=5, 0.78 (n=23, Swine chicken, goat, buffalo, sewage [2]
composite) composite)
Cattle BoBac  gqPCR Tennessee, Pennsylvania, and Texas, Adopted 1.00 (n=11) 0.87 (n=15) Human, swine, canine, equine [23]
USA
PCR Tha Chin watershed, Thailand Adopted 1.00 (n=20, 0.05 (n=19, Swine [2]
composite) composite)

@ Total number of samples being tested.

b Not applicable.

€ Human individual fecal sample.
9 Influent of municipal wastewater treatment plant, unless stated otherwise.
¢ Influent of wastewater treatment system in buildings or septic tanks.
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600

GTAGCETAACTGACGCIGAAGCTCGARAGTGCGEETATC

Bac708R

Fig. 1. Primer map targeting the 16 S rRNA gene of human- and swine-associated Bacteroidales. All primers were BLASTed
against the NCBI database. The representative sequences from human feces (Accession no. AB242143.1 [24]) and swine feces
(AB506329.1 [25]) were selected to align with specific primers. Human-specific, swine-specific and universal Bacteroidales
primers are indicated in dotted, dashed and solid arrows, respectively.
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Fig. 2. Primer map targeting the 16 S rRNA gene of cattle-associated Bacteroidales. All primers were BLASTed against the NCBI
database. The representative sequences (Accession nos. GQ921871.1 [26], KR514419.1, LC028711.1, and LC028829.1) were
selected to align with specific primers.
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HF183F/
BacUni EP BFDrev EP  Pig-2-Bac EP Bac3

M + - 4+ - 4+ - 4+ -

500 -

200 -

100 -

Fig. 3. PCR results showing amplification products for universal and human-, swine-, and cattle-specific Bacteroidales markers
(see [2] for related information).
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Table 4
Primer sequences and PCR cycling conditions.

Host Assay name Primer name Primer sequence (5’ - 3") Annealing temperature (°C) Annealing time (s) Original platform Reference
Universal BacUni EP BacUni-520f CGT-TAT-CCG-GAT-TTA-TTG-GGT-TTA 60.0 30 qPCR [1]
BacUni-690r1 CAA-TCG-GAG-TTC-TTC-GTG-ATA-TCT-A
GenBac3 EP GenBac3F GGG-GTT-CTG-AGA-GGA-AGG-T 60.0 30 gPCR [3]
GenBac3R CCG-TCA-TCC-TTC-ACG-CTA-CT
Bac32F/Bac708R Bac32F AAC-GCT-AGC-TAC-AGG-CTT 53.7 60 PCR [4,27]
Bac708R CAA-TCG-GAG-TTC-TTC-GTG
Human sewage BacHum EP BacHum-160f TGA-GTT-CAC-ATG-TCC-GCA-TGA 60.0 30 qPCR [1]
BacHum-241r CGT-TAC-CCC-GCC-TAC-TAT-CTA-ATG
HF183/BFDrev EP HF183 ATC-ATG-AGT-TCA-CAT-GTC-CG 60.0 30 qPCR [12] :
BFDrev CGT-AGG-AGT-TTG-GAC-CGT-GT g
Modified HF183F/Bac708R HF183F ATC-ATG-AGT-TCA-CAT-GTC-CG 55.3 60 PCR [1327] 3
Bac708R CAA-TCG-GAG-TTC-TTC-GTG =
Swine PF163F/Bac708R PF163F GCG-GAT-TAA-TAC-CGT-ATG-A 52.4 60 PCR [17,27] &
Bac708R CAA-TCG-GAG-TTC-TTC-GTG 2
Pig-2-Bac EP Pig-2-Bac41F GCA-TGA-ATT-TAG-CTT-GCT-AAA-TTT-GAT 60.0 30 qPCR [18] B
Pig-2-Bac163Rm ACC-TCA-TAC-GGT-ATT-AAT-CCG-C §
Cattle CowM2 EP CowM2F CGG-CCA-AAT-ACT-CCT-GAT-CGT 60.0 30 gqPCR [19] =
CowM2R GCT-TGT-TGC-GTT-CCT-TGA-GAT-AAT =
BacCow EP CF128F CCA-ACY-TTC-CCG-WTA-CTC 60.0 30 qPCR [1] E’
BacCow 305r GGA-CCG-TGT-CTC-AGT-TCC-AGT-G 2
CF193F/Bac708R CF193 TAT-GAA-AGC-TCC-GGC-C 55.0 30 PCR [13] N
Bac708R CAA-TCG-GAG-TTC-TTC-GTG 5?0
Modified CF128F/Bac708R CF128F CCA-ACY-TTC-CCG-WTA-CTC 62.0 60 PCR [13,28] =
Bac708R CAA-TCG-GAG-TTC-TTC-GTG 4
Bac2 Bac2F GCT-TGT-TGC-GTT-CCT-TGAGAT-AAT 62.0 30 PCR [21] é
Bac2R ACA-AGC-CAG-GTG-ATA-CAG-AAA-G ©
Bac3 Bac3F CTA-ATG-GAA-AAT-GGA-TGG-TAT-CT 60.0 30 PCR [21]
Bac3R GCC-GCC-CAG-CTC-AAA-TAG
Cow-Bac2 EP qCS621F AAC-CAC-AGC-CCG-CGA-TT 62.0 30 SYBR gPCR [22]
qBac725R CAA-TCG-GAG-TTC-TTC-GTG-ATA-TCT-A
BoBac EP BoBac367f GAA-GAC-TGA-ACC-AGC-CAA-GTA 57.0 30 qPCR [23]
BoBac467r GCT-TAT-TCA-TAC-GGT-ACA-TAC-AAG
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City of Avalon, Catalina Island, California
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1993 Cryptosporidium outbreak in Milwaukee, USA

Boil water, mayor says
Safety of drinking supply probed in wake of mystery epidemic
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§319 Projects by NPS Type

This graph shows the source categories NPS
projects have focused on from 2008-2013.
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Chemical- vs. biological-based methods

Fecal Source
Tracking

Using
chemicals

- caffeine and fragrances: human
sewage

- steroids: agricultural input or
wildlife input

Drawbacks: their spread,
transport, and persistence may
be not be correlated with those
of pathogens

Using
microorganisms
(MST)

- viruses, bacteria, protozoa
- culture-based vs. non-cultured
based methods

) a 1
ﬂ')'13Jﬁ"llﬁi]tla‘é’,f%}'l’gﬁﬁ}'l‘llflﬂlﬂﬂuﬂ MST Glumaﬂszma
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Using Microblol Sourca Track
TuoL

Sour ing to Su . .
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science

Microbial Source-Tracking project
S gt 3070

Policy brief

United Kingdom (Environment Agency

2008)
- MST could solve water quality problems in
Ireland, France, Portugal, and UK

United States (US EPA 2011):

-MST has been adopted in many states,
e.g., Virginia, Idaho, Oregon, New Mexico,
New Hampshire, Michigan, South Dakota

Private company

Microbial Source Tracking Services

T

t J
Source Molecular

Microbial Source Trahog

© Fast Rosuk Dabvry - 510 working dys @

© Dviection of 13 fecal pouton hostsoutces.

© Pacing mateia oolers, i st boted provided
& Sirct Gualty AssuranceQuaiity Control procedures.
- © Promet Responss to Inquires within 24 hours.
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What is Microbial Source Tracking?
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i Analysis with o
Development of Human Sewage Source-Tracking Tool: 1500}
Bacteriophages of Enterococcus faecalis
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Comparative persistence of human sewage-specific enterococcal
bacteriophages in freshwater and seawater
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‘watersheds*
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Data Anice
PCR data and comparative performance of
Bacteroidales microbial source tracking genetic
markers
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Phages
for food
safety

Phages
as biomarkers of
health/disease

Phages
as reparters of

Booncharoen et al., 2018

micrabiome diversity

Dalmasso et al., 2014

The first step in the ication of @ virus

A Y is its attachment to a host cell; more than ane
andmeliok | s (OO
single cell.

ADSORPTION l

Profective coat
Viral /—)
chromosome
Entrance of the
viral chromosome \  PENETRATION

"Q Ly into the host cell

Lytic cycle (usually takes
15-60 min ot 37 €)
Relyesy otiney SYNTHESIS OF EARLY PROTEINS
virus particles
LYSIS\ by ysis of the
host cell wall REPLICATIgN OF VIRAL DNA

SYNTHESIS OF
iTE PROTEIN;

The viral chromosomes  ASSEMELY
are surrounded by newly
synthesized protective coats.

hitofextbookafacteriology.net/phagehtml

235




v AI A o o d” A’l dl 1o Y '
M IfnmemqﬂmmmmuLamm@w"l.wnum@u A laluna

o flwdiinstuileuin@aguauiiuaiugn (Anuamng 1.0; AHle 0.90)
o manuluii@equauiszau 100 — 10,000 PFU/100 ml (Wangkahad et al. 2017)
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Principle of DNA-based methods

V3 Tag Sequencing
N 29908
Otror gerers = 99

Bacteroides fragilis

(Huseetal, 2008 Plos Genetics)

*  uup¥idy eewmes Bacteroidales wuinasigalu
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*  Phylum: Bacteroidetes
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*  Family: Bacteroidaceae _ e
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PCR primers and qPCR probes targeting Bactegroidetes genes
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Universal GenBac3 Siefring et al. 2008
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