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SWALATINTT : BGJ4580020
#Falasens : m‘;‘ﬁwam:ﬁuamaowm‘ﬁ‘lu'h]' Stelfantchasmus falcatus
Onji & Nishino, 1916
Fownide :  19.05.718U8 WEETES AMAITITINGT AUEINUITEaT
WRIANENa LT se lnal
wigtsraadgns aiaind  medvBiing andanomaad
urAnsnasgoalng
Prof.Dr. Jong-Yil Chai Department of Parasitology and Tropical
Medicine, College of Medicine,
Seoul National University
seevanysal eduaslnds  mMedmding aninueaad
WWIINENa T lny

E-mail Address : cwongsawd@yahoo.com

szaziratasinig : 11

nsiensianuuanaienausnTinvawesluld 6 wiia (Stetrantchasmus
falcatus, Haplorchis taichui, Cenirocestus caninus, Metagonimus yakogawai,
Haplorchoides sp. War Opisthorchis viverrini) lasneiia high annealing temperature -
random amplification of polymorphic DNA (HAT-RAPD) 37nn13LT arbitary primer A2
817 10 faadlalng $1u7% 20 primers (RBLRNUTU L DNA WU 3317 genomic DNA
WaIWENTLIINUYIRANW 83T PCR wui1ll 19 primers 1unsodatasnzvatdutoaiolnii
FITRUVLHUA I RURTLANE19TUIENIINENT 6 Tilale uaswuunUdEuloTune 382 7
WalMLDULHUAORUWELE UM primer OPA-08 (GTGACGTAGG) dewuianiszlu
S. fafcatus 3 ldwd@duiug aﬂnﬁaa‘.‘laﬁ'ld’ilﬂﬂaanuuu specific primer 1 ¢ fia 5-
GTGACGTAGGACCTTAAAACAG-3 tar 5-GTGACGTAGGTAGCCCAGGTAGCGCGT-

[ | v a o= '
3 ‘ﬂ\]muﬁ“iﬂﬁsqﬁﬂLauLaﬁqU‘l“NLﬁWWZ‘lu S. falcatus

AMAan : Stellantchasmus falcatus, heterophyidae, detection



Abstract

Project code : BGJ4580020
Projecti Title : Molecular identification of trematode, Stelflanfchasmus falcatus
Onji & Nishino, 1916
Investigater :
Assoc.Prof. Chalobol Wongsawad Department of Biology, Faculty of
Scinece, Chaing Mai University
Mr. Pralongyut Sripalwit Department of Bioclogy, Faculty of
Scinece, Chaing Mai University
Prof.Dr. Jong-Yil Chai Department of Parasitology and
Tropical Medicine, College of
Medicine, Seoul National University
Assoc.Prof. Somboon Anantalabhochai Department of Biology, Faculty of
Scinece, Chaing Mai University
E-mail Address : cwongsawd@yahoo.com

Project Period : 1 year

Genomic DNA from four heterophyid flukes (Stellantchasmus falcatus,
Haplorchis taichui, Centrocestus carinus and Metagonimus yakogawary and two other
flukes (Haplorchoides sp. and Opisthorchis viverrini) were amplified by the high
annealing temperature random amplification of polymorphic DNA (HAT-RAPD)
technique. Out of 20 random 10-mer oligonucleotide primers (Operon Technologies
Inc.), 19 primers produced DNA polymorphism among those genomic DNA. A unique of
382-bp band generated by the OPA08 primer (GTGACGTAGG) was found in HAT-
RAPD pattern of S. falcatus. Subsequently, this band was excised and sequenced.
Based on sequence data, a pair of specific primers was designed to detect S. falcatus;
5-GTGACGTAGGACCTTAAAACAG-3  and 5-GTGACGTAGGTAGCCCAGGT
AGCGCGT-3.

Keywords : Stelfantchasmus falcatus, heterophyidae, detection



Executive summary

Stellantchasmus  fafcatus  \unsBlulifunadnfidaudadunanisunng
Hlasnausndadateauld ludszimalnofinseuwuluauluwaniamilousznie
ariuaen Woanila nsendiednlinveane iyl s falcatus mldlaonisas
q%msuﬁamMmaawm‘ﬁTwU@Taouunmmu@ﬂmamn'l'ﬁwm%‘luwvﬁﬁmﬁ’u Favin'ler
mmwsw:‘l'u"uaowm%’[u‘lﬁnejnﬁﬁ’umm’a’nLtazﬁnwmzﬂé’wﬂﬁoﬁu wanaNdilives
wm%nq‘m‘fﬁoﬂﬁﬁuﬁuvlﬂmaowm%"lu‘laﬂuﬁu (Opisthorchis viverriniy @ap 1asasltiagd
LLa:Lﬁmmmﬁﬂwmﬂiumﬁﬁaiﬂé’hUﬁasﬁ’aamé’uQﬁﬂs:aumsm“lum‘sé‘ﬂﬁmmn Tu
msénmaiefiididandinsasiawinemilasls DNA primers 1 HuSTAwsnuazlTiY
pruninasluagiiu HARINNNSENBULDUHUE IR UWELEUaR lduay S falcatus
LﬁalﬁumﬁUuﬁ'uwm%‘nﬁﬂlﬂélﬁm vl@'fLLfi Haplorchis taichui, Centrocestus caninus,
Metagonimus yakogawai, Haplorchoides sp. WWax O. viverrini MMNAUAN HAT-RAPD
Wudn 19 primers ®ansadnassiaiueaulnififianwsusiu polymorphism waswe
ar primer AMULULHBARUWABWEATANBIsIanIzes IRaUnUGBwaninue 354
way dmﬁfnimaqaév'mwfi 5,200 - 185 €LU LﬁmLmuﬁLﬁmaﬁﬁﬁwﬁfﬂ‘[maqaLmﬂemn”v.
47U 203 UOU  UATWULULDUREUIEDUIG 382 SudluluuuHua R UWGIBwEaN
primer OPA-08 @awwiawizlu S, falcatus Foinluwidduiua mnﬁagaﬁw’ﬁﬂﬂ
8NULY specific primer 1 § fa F1 (5-GTGACGTAGGACCTTAAAACAG-3) waz R1 (5-
GTGACGTAGGTAGCCCAGGTAGCGCGT-3) @ uindsaisvanviiauaaulng
lawzln S, falcatus intu wansdnwfldasiiulsslomilunisdnwanisszunevas
weonFludszoing G'mmum‘sﬁm%vawm‘ﬁ‘luu@ia:qgua:mwé‘ams%’nm UBNTINEUT
suninihlUdszynd@nsanuduiussnitawosnulaad (host-parasite interactions)
volulaadinins (definitive host) uazla@ananany  (intermediate host) Snmadainluls
asamsaaalulaadionatd 1T @39MIeI8auIzn:  cercaria  luwmauw3assus

metacercaria WUa"



LHOWINIWIVY

n’l‘m'a'uans:ﬁua%ﬂaawanﬁ‘lulﬁ Stellantchasmus falcatus Onji & Nishino, 1916
Molecular ldentification of Trematode, Stelfantchasmus falcatus Onji & Nishino,

1916

n. aiuan

Stellantchasmus falcatus ({Juwedluldvuiadnfinulud ldo s GATC TR
wnuaranlueauitmatdo-uddin astusannatuazeaaasiioy  (Pearson, 1964;
Pearson and Ow-Yang, 1982) funueiusnlul 1924 Tag Onji and Nishio 3N&" 1§
WANTAIUN ULT URZRUY '[uﬂs:mmﬁﬁu (Martin, 1958) Tuauiisntauassusnoainilssine
REUTIuE (Alicata and Garcia, 1935) laadfonaniean 1 Juwendudon 13
Stenomelania newcombi, Thiara granifera W& Tarebia granifera mauiensis (Martin,
1958; Noda, 1959) loadninanaef 2 frpnunadanitiewsniiniey 1iu Mugil
cephalus (Noda, 1959: Chai and Sohn, 1988), Mugil dussmieri, Anabas testidineus
(Vazquez-Colet and Africa, 1940), Liza menada, Acanthogobius flavimanus (Komiya and
Suzuki, 1966), Dermogenus pusillus {Tantachamrun and Kliks, 1978) uat Xenotodon
canciloides conciloides (Ditrich et al., 1990)

Tusmimalnodisngsuwy S falcatus  lwananmsiranidamIadoslvalay
Kliks and Tantachamrun (1974) t@unluil 1978 Tantachamrun and Kliks S189TUNUEN
3 T8 N dunevaunsd wIadoding Sna@osdy dandansion wazdindauau
INNIIHAGA Fau7 Radomyos et al. (1990) TIHITULRNEN 2 TI0TINTINTARNARATUAS
olasy laonistnowenBdtedioo) praziquantel nsdadavraIwenTriatiiunantan
wodnssumsfivvasewdudidnplosnisiuwdarndyolian iu doovar audsn Taglu
Yanunariifiensoussyr metacercaria "ﬁuﬂu‘s:u:ﬁmamaowm%ag W ¥ weFaunsa
dadeirgauuazaipiluandnivagludrldian aufidadawrisiai wordaninifa
Uinmiinedinnzdeararinldifianisdnianidniey vnlifianisiduaiias (colicky pain)
Yasiienqg wuuBiymlw@aa  wainwoBliEnlumiladld  lderawdadnlulunszua
Tadia Taitnzdafdmeneg 1w auas ludunds wale uardwials vlddniauuazaneds
ane'le (Africa et al., 1940)

mmﬂﬁﬁ%dfu‘[mﬁﬁ'lé’[@um?mwa‘amsmﬁam'l'ﬂwm% Favpausnaay
uana N liwenT heterophyids ¢25u %aﬁ’\'lﬁmmwﬂ:"l'ﬂ'naqwm%’lu‘lﬁnsﬁuﬁﬁmmm
Wnuardnruzaduadanudisnarniideanufanselundiassle FIUITNN3

aTafwIzzRILasud NI uRIsuIn  tRaanuTaI lunineuas NIz Ing



aowdannwonidall ludlegrudinanys At ltlunsasomawenigu msls
antigen Wia antibody HudafineuiiafnozaTiany antibody w3a antigen @u&GLU
DNA  probes/primers  filudnmadanuiedinisldasiaunsnarslunmsasiam
genomic DNA 1aswenFlidinendunsenaludihe namimnszdaswioamiwsuds
Fudanlulszing DNA probes/primers filtludlagiuaninsnananinedldlunaio g
TUALTW Plasmodium falciparum (Delves et al., 1989), Schistosoma mansoni (Walker et
al.,, 1989), Onchocerca volvulus (Harnett et al., 1989), Theileria parva (Allsopp et al.,
1989) we: Ophisthorchis viverrini (Wongratanacheewin et al., 2001) ﬁafuiun’l'z‘ﬁﬂ‘l&’]
a$iii5aléwenn1umn DNA probes/primers Tisiwizianzassawssoiiaiidefianuadny
mansuwnatiuagianan
v, Jaguszasanimnigvasniside
1. FPNULLUHUBURONABUDTEY S. falcatus WInununuwensoiialnaldos
Anaiia High Annealing Temperature - Random Amplified Polymorphic
DNA (HAT-RAPD)

2. &319 DNA probes/primers A9UWIt& WU S. falcatus

A, UWIN I UALUHWBATALIRIWATIIY
A5n1939u

1. Parasite collection

1.1 $9D520 metacercariae Guiludnsaussusiadavaswens Stellantchasmus
falcatus, Haplorchis taichui Wt Centrocestus caninus INUa 1Ty (Dermogenus pusilius)
Uanalauwir (Henicorhynchus siamensis) WatUamas (Carassius auratus) @386
PIndamTadolniiuaznanwy smiuilon  metacercaria iy lrivSenudalsidu
definitive host WEI¥NISHY host RaLUIILTING NG UTHaIRe B UIT aunnd
20°c

1.2 anfuivveswend Metagonimus yokogawai l83L97N Prof. Jong-Yil Chai,
Department of Parasitology and Tropical Medicine, College of Medicine, Seoul Nation
University, Korea

1.3 an@uInveIwend Haplorchoides sp. {AUTIVTININE LRVBIUAINAREDT
(Hemibagrus filamentus) VINNTI@TIUADULAT BLNadaq JaniaiFolna

1.4 @@uTBUBIWINT Opisthorchis viverrini 1@3UIN se.as. lwuad &ndaas

MATIUTEIINGT ATULSUWNBAIRAT UPITINUIaUUIUUNY



2. DNA extraction
'Lun'rﬁé'ﬂﬂ%v’aiaﬁﬂﬁl,ﬁmahm;@] DNeasy Tissue Kit 284U714N QIAGEN NI
ﬁLSuLaﬁ“leﬂﬂLﬁuﬁqmuQﬁ 20°C
3. HAT-RAPD technique
Tun1533Da 50 LeNa 3313189 Anantalabhochai ef al. (2000) §ail
3.1 nsRanlT primers
primers LBlun153901u arbitary primers Aflausa 10 daedlaine
Ta Kit A 283031N Operon Technology, USA 37124 20 primers (OPA-01 —
OPA-20)
3.2 svndsznauludfissn PCR
leansazanudIuaas 20 u adlu eppendorf tube 2wie 0.2 ml @4
grsarapUsznaualy Tag PCR Master mix Kit (QIAGEN), primer, '15’1 e
ALAULDFULLULY 10-25 ng
3.3 GowlwlfAden PCR

gl () : 94 94 48 72 72
a1 (W) : 2 : 045 045 1 : 7
INWIUIDY (FaU) 1 : 30 : 1

%ﬁﬂfﬂﬂﬂmamﬁmﬁiﬁmnﬂﬁﬁ%m PCR li¥in agarose gel electrophoresis
¢ial
4. Sequencing
Bantududiiweanda 3 wunasnain agarose gel lault MinElute Gel
Extraction Kit (QIAGEN) i uauilalar pGEM-T easy vector
(Promega) wdas T duLafinin puIns i AUAWUTTEINTIUURGS
A lwladBrnwurasid
5. Primer design
dFuguimduafilaonnds 4 lUnidduiuaniudiua9 Harnett et af. (1989) 91N
ﬁa;&aﬁ‘lﬁﬁ’l‘lﬂaammmLa:ﬁamﬁ:ﬁ primers WBLTIATIVFBY primers L6
6. Data analysis
amagdumiireinsdnnguoudiduweuar drngunudidue luuuenuany
wiaduevammeiudassiia  Tenmiufnuseldzoudaae fa nisUsinguoy

wuwa Waganwoliiu 1 warlidnguov@idue Waganwolidu o laavinisdudin

e T ) S Y

néumisrasunudidualuudar primer Al i Toyau i zinIaINEIRUS
ninesudaztiia lagltldsunsy PAUP (Phylogenetic Analysis Using Parsimony)
version 4.0b10



J. HARNISNARDYI
HAT-RAPD technique

NNMILBinaia  HAT-RAPD Lﬁa%Lﬂﬁ:ﬁﬁuqnsmmaowm‘ﬂmUm‘%uuﬁﬁma
nwensiuly 6 viieda Stelfantchasmus falcatus, Haplorchis taichui, Centrocestus
caninus, Metagonimus yakogawai, Haplorchoides sp. Wt Opisthorchis viverrini *%ﬂ‘ff
dudntSomfioy  (controt) wdniluinvsnoyiiulasendoufifen Pcr lasld
arbitary primer $1%72% 20 primers (OPA-01-20) wWui1 OPA-05 liaunsnduasi=halin
et uanld dudn 19 primers snsomesvalsweaolnyleuaziwuing
ﬁnuﬁn‘[maqaﬁtmn@haﬁu(polymorphic bands) luszvinesfiaws iindls nsénw
LUULHUANBRUWEL S WBALANIIN 19 primers WUANAGUOUALE WY INNG 354 WO
ﬁwuﬁn‘[umqa@?&@ 5200 - 185 bp. lLa:LﬁG]LLU‘U?]LguLE}ﬁﬁii"mffﬂTiJLﬂQﬂLLG]ﬂGi’Nﬁu
$1um 203 woy FelFuananunansiesznineriieowes le



@159 1 WEAIAQULIUETEY primer wazdwuunvdiduaifiaaninaila HAT-RAPD

MMNWLT 6 TUA

Primers dreuur 5 —>3 FIUIBUDNLFLDULE MIULOUG LB uLa ]
YInua ﬁmﬁfn‘[maqatmnmaﬁu
OPA-01 CAG GCCCTT C 22 12
OPA-02 TGC CGA GCT G 23 17
OPA-03 AGT CAG CCA C 19 12
OPA-04 AAT CGG GCT G 31 17
OPA-05 AGG GGT CTT G 0 0
OPA-06 GGT CCC TGA C 1 1
OPA-07 GAA ACG GGT G 24 17
OPA-08 GTG ACG TAG G 14 13
OPA-09 GGG TAA CGC C 19 9
OPA-10 GTG ATC GCA G 23 6
OPA-11 CAATCG CCG T 16 10
OPA-12 TCG GCG ATA G 8 8
OPA-13 CAG CAC CCAC 25 12
OPA-14 TCT GTG CTG G 8 8
OPA-15 TTC CGA ACC C 16 10
OPA-16 AGC CAG CGA A 21 9
OPA-17  GACCGCTIGT 19 11
OPA-18 AGG TGACCG T 25 11
OPA-19 CAA ACG TCG G 20 9
OPA-20 GTT GCG ATC C 20 11
PWEN 354 203
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U 1 wuvurua s RunGiawevaIne sy 6 vie lauinaile HAT-RAPD #lT primer
A) OPA-01 B) OPA-02 C)OPA-03 D) OPA-04 E) OPA-06
(lane M, molecular weight marker ; lane 1, S. falcatus ; lane 2, H. taichui ; lane 3, C.

caninus ; lane 4, M. yokogawai ; lane 5, Haplorchoides sp. ; lane 6, O. viverrini)
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gl 1A LEFILULLNUANURUWALEwafLiaann1sLT primer OPA-01 Gavinlw

RALOUGLE W aNINNS 22 Lo m%un‘[manaau'lwma 3,080 — 285 bp. \AauDUALEULD
Al ﬁmun‘[maqalmmnmmu 10 UOY Lta:wuﬁwuniwLaqauﬂnmanu 12 uny loun

1. unufdshwninluiana 1,500 650 usz 315 bp. wu'lu S. falcatus

€

2. LlnuﬁﬁuﬂuﬁfnTuLaqa 1,920 1,550 waz 1,350 bp. wulwu H. taichui
3. Lmu'v’iﬁtfm'tl'ﬂmaqa 1,800 war 285 bp. wu'lu C. caninus

4 Lmuﬁﬁﬁmunimaqa 530 bp. WUl M. yokogawai

5 I.Lnuﬁﬁm{’muﬂimaqa 800 Lax 360 bp. Wy Haplorchoides sp

6 LmuﬁﬁﬁmunTmaqa 1,160 bp. wulu O. viverrini

~ =l P = - . i o .
N7 1B WEAIULUULHUASRUNGE WA NAAINMITLE primer OPA-02 Tavil4
aunufiduianIivue 23 uoy ﬂﬂﬂﬁﬂlnnaqaa%iluﬁaa 3,000 — 255 bp. AQUOVALDWLD

ﬁﬁﬁﬂﬂﬁniutaqa‘lﬂLLmn@iﬁoﬁu 6 un Lta:ﬁﬂmﬁn‘[maqmmneﬁqﬁu 17 wovu laun

‘ -
~ & o

1. LLﬂUﬂ&J%’]MIIﬂI&JLaQﬂ 615 bp. wu'lu S. falcatus

o¢

wouRd wunnluiana 2,750 1,500 1,200 uax 382 bp. wulw H. taichui

2
3. LLnuﬁ"'ﬁmﬁfﬂTwana 1,350 1,260 450 uaz 255 bp. WUlu C. caninus
4. Lmuﬁ“ﬂwunimana 420 365 Wax 305 bp. wulu M. yokogawaj

5

WOURD dmtinluana 1,950 1,550 765 720 uaz 475 bp. wulw O. viverrini

3l 1C LEAILULLHRANSRUNALE W ALAANANTLT primer OPA-03 T9vinlw
Lﬁmmuﬁﬁmaﬁmm 19 uny ﬁﬂﬁﬁnTuLanaaﬂ‘lwﬁw 2,150 — 285 bp. \iALOLGLEULE

ﬂW“HﬂIMLaﬂRVL&JLLGIﬂﬂ'NﬂM 7 unuy uas umwunlmanmmnmanu 12 Wil VLGILLT'I

-~

1. unufifiiminlutana 930 510 uax 460 bp. w*.u'l,u S. falcatus

A
. wouifhihminlaana 1,800 1,400 uas 700 bp. wulu H. taichui

2

3. Lmuﬁﬁﬁmﬂfﬂimaqa 1,250 bp. wulu C. caninus
4 s

5



31n3U 1D LEAILULUHUAIDRUWaL S waTitAaannslE primer OPA-04 davinly
AaunUALBwaronee 31 uny ﬁﬂuﬁnTmaqaaglwﬁda 2,550 — 265 bp. (fiaunudLlauLa
ﬁﬁﬁﬂuﬁfn‘[utaqa‘lﬂumnmoﬁu 14 uny LLa:ﬁ*lfmf(nTumqmmn@mﬁ’u 17 wou leun
1. unm‘r‘iﬁmfmﬁfnimaqa 2,550 650 Wax 480 bp. WUlw H. taichui
2. unudifiihwinluana 1,200 1,020 uaz 680 bp. wulu C. caninus
3. unuAtiminluana 2,250 1,850 1,750 1,180 770 310 waz 265 bp. wuln
Haplorchoides sp.

4. LmuﬁﬁﬁmﬁfnTmaqa 1,580 960 510 war 340 bp. WUlu O. viverrini

a - PR @ . A . .+
3n3Y 1E ugeUUUUHBANDRUWABUeIAAINNT1E primer OPA-06 Gavinlv
Wannufilauianinee 1 unu winluana 1200 bp. wulw C. caninus



M..1.:2..3.. 4.5 6.:

Hi 508

e

= =l

1000 P

T
1

1

1031 b

PHEHY
.‘_:

s00 P

2
—
®)
w
-
w
2
<
e
N
W
N
s
o

3000 P 1000 P

)

lo31 b 1031 P

R ELTIRAN |
L

31 2 LULLHBA SRS wava w1 6 vile latinafia HAT-RAPD 7% primer
A) OPA-07 B) OPA-08 C)OPA-09 D) OPA-10 E)OPA-11
(lane M, molecular weight marker ; lane 1, S. falcatus ; lane 2, H. taichui ; lane 3, C.

caninus ; lane 4, M. yokogawai ; lane 5, Haplorchoides sp. ; lane 6, O. viverrini)



. a = - a w A . ™
gl 2A URAILULLHUR DR LWL A UaRAaIINMTLT primer OPA-07 Gavin 1%
AOLOUGLEMaNINGS 24 uny umun‘[umnaau’lumu 3,000 — 290 bp. LAAUOLALIULD

Adiwinluiana lduandranu 7 wou ua:umv\unTmanmmnmmu 17 wou leun

1. unudill 'mun‘[umna 1,000 990 uaz 670 bp. wu'Lu S. falcatus
Y

. unU wunTumqa 3,000 &z 590 bp. Wulu H. taichui

- unufAdimanluana 1,340 1,280 uaz 445 bp. wulu C. caninus

b, $h. B Sh .

'l

op :o( s:n(

. Lmunuu’munTmaqa 1,720 1,250 uas 700 bp. wulu M. yokogawai

L

2
3
4
5. LLnuﬁﬁﬂmﬁ'ﬂTmaqa 1,800 1,550 1,450 1,180 war 970 bp. wulu

Haplorchoides sp.

-~

6. WoUAL wmunluiana 290 bp. wulu O. viverrini

o - = PN v . = w
N3 2B UAGIUULLHUARUNGE U HLAAINNTLT primer OPA-08 Tavinl¥
Lﬁwmuﬁtﬁmaﬁ’muﬂ 14 uou 'Li’lWlIﬂIlJLﬂﬂﬁElfﬂ%'ﬁ’N 2,620 — 390 bp. AOWLOLALDULD

ﬁﬂﬂunTmana‘luuﬂﬂmonu 1 U0V UAS ;meun‘[manaumn@mﬂu 13 wou léun

1. unUAdl u’munTmana 1,700 waz 382 bp. wulu S. falcatus

+«
o4 ot g

2. Lmuvmu’munTmaqa 1,420 waz 760 bp. wulw C. caninus

¢

3. Lmuﬁﬁmﬁﬂ?ﬂmaqa 2,300 uRz 1,450 bp. wulu Haplorchoides sp.

t

°

4. Lmu?‘iﬁmwﬁfnTmaqa 2.620 2,000 1,800 1,600 1,500 1,350 waz 1,150 bp.

wuln O. viverrini

L) = & ﬁl‘ - A% A o w
nnzl 2C LEAILUULHBA sRUNALEuaftiaa nnslE primer OPA-09 davinls
diauoufduanmua 19 uoy dninluenasglutig 2,400 - 190 bp. iaunuddue

Dnminluanalauandiaiu 10 uny ua:ﬁﬁmﬁnTmaqaLmn@haﬁ'u 9 uoyu teun

L™

1, Lmuﬁﬁﬁwﬁfﬂmaqa 1,900 Wat 470 bp. wulw H. taichui
3l

[

wouidiminlaana 2,400 uaz 1,450 bp. wulu C. caninus
wnufdiminlauans 600 bp. wuls M. yokogawai

wouAsl ﬂﬂwﬁnTuLaqa 1,040 bp. wulw Haplorchoides sp.

o oA © N

woURAL wmdnluana 315 240 uaz 190 bp. wulu O. viverrini

angu 2D WERILDLUNUR RN aL e INnslE primer OPA-10 Favinlaw
AALOUALE N INNG 23 uny iﬂuﬁfﬂ‘[manaaﬂwﬁw 2,900 — 185 bp. \NaLOUALAKD
iy ﬁwuunlmana‘lmmnmmu 17 WOy ua.ummun‘[umnauﬂnmonu 6 wou laun

1. ununumvmn‘[maqa 2,900 wuaz 2,300 bp. wulu H. taichui

w
aal o

2. LLnUﬂameunTmaqa 450 bp. wulu m. yokogawai



3. uout ﬁﬂnﬂ'ﬂtmanﬂ 2,650 war 1,200 bp. wulu Haplorchoides sp.

+ .

4. Lmuﬁ"'ml'muntmana 185 bp. wulu O. viverrini

- -1 —- o . . P [ -~

9103y 26 usadLuLURUAIRUWAL G U IAMINMITLE primer OPA-11 d9vilv

HiaunuaiduanIneg 16 unuy ﬂwnﬁn‘(maqaaﬁwﬁu 5,200 ~ 280 bp. LAAUOUGLEULD
Al miinluanaliuand i 6 wou uaziiiminluanauand1ain 10 wou ldun

v [
ol al e

1, ununuu’mﬁnTmana 2.400 uaz 360 bp. wulu C. caninus

¢

2. UOUT mv\un'[mana 930 uaz 840 bp. wulu M. yokogawai
3. Lmuﬁ"ﬁmunimaqa 5,200 1,500 uax 830 bp. wulu Haplorchoides sp.

4. Lmuﬁ“ﬁ'mtlf'n'[mar]a 1,280 810 uar 280 bp. wulu O. viverrini
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51 3 wuuueua eRuWALEuoBa W ENs 6 Bile lasinaiie HAT-RAPD #lF primer
A) OPA-12 B) OPA-13 C) OPA-14 D) OPA-15 E) OPA-16
(lane M, molecular weight marker ; lane 1, S. falcatus ; lane 2, H. taichui ; lane 3, C.

caninus ; lane 4, M. yokogawai ; lane 5, Haplorchoides sp. ; lane 6, O. viverrini)



-~

- al = - o % . P o
7l 3A uaMILUULRURRUWALBWa AR NIl primer OPA-12 avinlu
HaunualauianIvue 12 uay ﬂﬂuﬁ’nTmaqaagTu'ﬁw 1,800 — 570 \{Haunu@LawLaHill
iminluanauandanuninueg 8 uny 1aun

—

- unufifiiminlaans 800 bp. wulw S. falcatus

-

wonuffiihwinluiana 930 bp. wulu C. caninus
Lmuﬁﬁﬁ’mﬁn'[maf]ﬂ 1,800 bp. wulu M. yokogawai

waufifiiminluanes 640 bp. wulu Haplorchoides sp.

-

o A W N

unufidihminlutana 1,480 1,360 1,220 uaz 570 bp. WUl O. viverrini

- - o o w . Ty o +

cahibyl 3B WRAILULUHRR DR YW AL uLafitiaannsld primer OPA-13 Gavinln

AALOLEEWENINUS 25 LY m%un‘[manaau‘lumq 1,700 — 260 bp. \iaunudiduia
"'ﬁﬁwunimana‘luumnmonu 13 uOU ua:uumunhuaqmmnmanu 12 wou leun

1. ununil ﬁﬂuﬁfﬂTuLana 1,450 War 680 bp. wulu S. falcatus

WOURT dWmnlatana 1,380 uaz 660 bp. wulu H. taichui
Lmuﬁﬁmnunimaqa 1,360 1,080 uaz 380 bp. wulu C. caninus

woufid wanluiana 1,160 bp. wulu M. yokogawai

[
= s o

ununumuunTmaqa 335 bp. WUlW Haplorchoides sp.

+~

Lmuﬁﬁﬂ’mﬁfnTmaqa 1,280 720 Us: 260 bp. Wulu O. viverrini

o o B e N

an31 3C LEAILUUUHUA IR LR ELE waMAa1nn151% primer OPA-14 davinlst
AALOUSEUENINIG 8 WO d’mﬁfnTmaqaaglwﬁw 1,320 — 260 bp. tRaunUGBUDT
ﬁtf’mﬁfniuLar]aumn@hoﬁ’uﬂ:mum 8 oy loun
1. LLnuﬁﬁxfwﬁnTmaqa 260 bp. wulu S. falcatus
2. unufithitminTuana 1,320 830 650 610 540 uaz 340 bp.
wulu M. yokogawai

3. unun ﬁﬂmﬁn‘[maqa 860 bp. wulw O. viverrini

37n31 3D WERILLUUNUABRUWEL S wafitAiaanmsls primer OPA-15 &avinly
AALNUALAWYIRYA 16 LD JﬁuﬁnTuLﬁqaaglwﬁ'so 3,200 — 540 bp. tiaunUfHidute
ﬁﬁﬁﬁuﬁn‘fmanaﬂ.mmndwﬁu 6 wou LLﬂ:lef’]ﬂiIﬂIlJLﬂQﬂLLﬂﬂGﬁWﬂﬁu 10 wavu leun
. tmu?i”'wfwﬁfﬂTmana 540 bp. Wulw S. falcatus
. woufid ffwunT,umna 3,200 2,750 1,920 1,250 uaz 650 bp. wulu H. taichui

1
2
3. uny ﬁwun'[maqa 700 bp. WUlw C. caninus
4

¢

-~

il
Afiminluiena 2,880 waz 1,600 bp. wu'lu Haplorchoides sp.

. way



-

5. wouifiminlauana 980 bp. wulu O. viverrini

- =l - d‘ -~ w A ] L 7
n3l 3E WEAILUULHURIBRUWALawBNLAAIINNTLSY primer OPA-16 T3vi 1w

faunudidwaninue 21 wou iminluanaagluzgig 3,000 - 295 bp. WaunudiiuLe

Avdwinluanalduwandiaiu 12 uoy ua:ﬁﬁwxfﬂmaqaLmn@haﬁ’u 9 unyu laun
1. wnuifminlanana 600 bp. wulu S. farcatus

Sunufilihwinlaana 540 waz 310 bp. wulu H. taichui

-

TR IR ﬁwﬁf'nTmaqa 350 bp. wulu C. caninus

2
3 3
4. Lmuﬁﬁxfwﬁfn‘[mar}a 390 bp. wulw M. yokogawai
5 fiaf

mmlfn'[maqa 1,140 410 335 ez 295 bp. wulu Haplorchoides sp.

.
a

SHOuUnN
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sU 4 wuyunuaoRuGiBweraIneing 6 1iia lavinafia HAT-RAPD 71l primer
A) OPA-17 B) OPA-18 C)OPA-19 D) OPA-20
(lane M, molecular weight marker ; lane 1, S. falcatus ; lane 2, H. taichui ; lane 3, C.

caninus ; lane 4, M. yokogawai ; lane 5, Haplorchoides sp. ; lane 6, O. viverrini)



nn3l 4A LEMILUVLHUA S RUWELEua AR nn51E primer OPA-17 davinly
AALaUELEuenInLa 19 wou ﬁﬂwﬁnTULaqaaglu'ﬁdq 2,550 — 280 bp. \isunudiduie
ﬁﬁmfwﬁfn‘[mana'lajummmﬁu 8 WNy u.a:ﬁ'iwﬁfn‘[manau@nmaﬁu 11 wou loun

1. wouAd ﬂmun‘[manﬂ 2,000 WR: 950 bp. wulw H. taichui

[
a

wnuAThi MUNLIENS 2,400 uax 1,840 bp. wulu C. caninus

&
ddo

- UWDUNUUN vmnTmana 1,250 uaz 1,000 bp. wulu M. yokogawai

o

-
o

2
3
4, Lmunumuun'[mar]a 2,250 1,080 R 280 bp. wulu Haplorchoides sp.
5. Lmuﬁﬁmnﬁfnimaqa 475 uax 400 bp. wulw O. viverrini

o - o - - L . Py @ ~
’il’mgﬂ 4B UFAILULLHUA DR aLEwe AR N NTLS primer OPA-18 Tavin 1A

Waunuauianivue 25 unuy l‘iwﬁnTmaqaagiwﬁw 3,500 - 194 bp. LRARDUALEULE

-

Afdminluanaliduandeiu 14 woy wasiiwinluanawansiaiu 11 woy léun

(%

1. unufii Ihwinlaiana 340 240 ua: 205 bp. wulu S. falcatus

°e¢

woufiil wunluiana 3,500 3,000 510 Waz 194 bp. wulu H. taichui

L.
b
oe

unuwumvmﬂiman‘a 560 bp. WUlW C. caninus

¢

unufiivminluiana 370 bp. wulu Haplorchoides sp.

-

LLnuﬁﬁﬁwm‘[ﬂTmaqa 930 waz 680 bp. wulw O. viverrini

O s N

$INIY 4C UEMIUUBUHUABRNNGBUEAAMINTTLE primer OPA-19 Farinli

(A G]LLI"IUG)LE)HLE)YN'MJJ@ 20 uny mv\un‘[maﬂaau'lwmq 3,000 — 230 bp. SLIHEIEINE]

ﬁ“ﬂmun‘[maqa"lmmnmmu 11 WOy Llﬂ:&Ju"l"ﬂuﬂTulﬂﬂ‘ﬂLLG]ﬂGﬂOﬂIL 9 unu ‘l(ﬂLLﬂ

-
o ool o

1. unuiiiiininluwena 810 720 uaz 365 bp. wulu H. taichui

et

2. Lmu“ vimdnluiana 1,960 uar 870 bp. wulu C. caninus
3. WUt ﬁﬁ%ﬁn‘[mar}a 230 bp. wu'lw Haplorchoides sp.

4. unun ﬁ,wﬁ’nTuLaqa 3,000 1,031 WAz 640 bp. wulw O. viverrini

n3u 4D LEAILULUHURIBRUV LS WA TR N5LS primer OPA-20 Favinlw
AaLnUSEwanmue 20 way uﬁuunTuLanaaulu'ﬂaa 2,450 — 310 bp. \iaunudiauLe
ﬁﬁmfmun'[maqa‘lmmnmanu 9 uny LLa:uwmunTmaqaLmﬂmqnu 11 wou loun

1. uﬂu"'ﬁtimﬁ'ﬂmana 2,300 1,250 waz 485 bp. wulw H. taichui

<

- unufifidimnnlutana 820 uaz 310 bp. wWulw C. caninus

e

2

3. woufif vmnTuLana 1,540 950 uax 460 bp. wulu M. yokogawai
4. woudii MuﬂImana 2,450 uaz 395 bp. wulw Haplorchoides sp.
5 nil

- wouifhiwinlaana 760 bp. wulw O. viverrini



A9 2

wasansusinguazldusinpuovdiduielundazdrunssanaroRuvisiibiule

P ~ o . E o 1 -l
YIIWHUIBNI 6 'ﬂ%ﬂT(ﬂ{JlYIﬂuﬂ HAT-RAFD 37N 19 primers ‘ﬁdﬂ']“l&ﬂﬂ']ﬂ']'iﬂ"i’]ﬂgﬁﬂﬂﬂ

uwadn 1 uazlddsinguoudu o

Tt drunumsdsinguasldUmnguoudidwe
OPA-01 OPA-0Q2 OPA-03
1 —> 22 1 —>» 23 1—> 19
S. falcatus 1100010101000000101010 10000000000000100000000 1010000111000400100
H. taichui 11110110111061001000000 11110010010100000001000 0111001100010000000
C. caninus 011010000100000C000001 00100001 100000010100001 0000010100000000010
M. yokogawai 0000000001101000010000 00000000000000010010110 1000100010000011001
Haplorchoides sp. 0000000001100111001100 00000000001000000000000 0000000000101000000
O. viverrini 0000000001010100000000 1001110000111100G1000000 0000001000000000011
TUR dununisdrnguazlidsnguoudidwe
OPA-04 OPA-06 OPA-07
1 —> 31 1—>1 1—> 24
S. falcatus 0000000100001000100000000100000 0 001000000000001101001000
H. taichui 1010000110000000000001000011000 0 111010000 1000000000C0100
C. caninus 0010000001011110010010100001000 1 01000000001 1000000100010
M. yokogawai 000010000000000001 1000000000000 0 000000100000100000C010000
Haplorchoides sp. 0101010010100010000100010100011 & 000101011100010010100000
Q. viverrini 0000101000010001111000111000100 0 001110000000000001000001
76 dununisdsingusslddsnguoufiduie
OPA-08 OPA-09 OPA-10
1 —> 14 1—> 19 1—> 23
S. falcatus 00001000000101 0010000000C01000000 00010010010000111000100
H. taichui 00000000000100 ¢110001011000100000 10111011100100000100000
C. caninus 00000000100010 1011110010100000000 00001111000010101000010
M. yokogawai 00006000000000 0010111001610010010 00000111000100100111010
Haplorchoides sp. 01000001000000 0000100101001010010 01001111011011010001000
Q. viverrini 10110110011100 0000000010101001101 00001010100001000000101




@1519 2 (8) uraInsUnnguarlidnguoudidueluudasduntiinatom ke u

= -‘-: - Lo . A o 1
LAUDIWHIDNY 6 'DRG]I@UL'I’IFIHFI HAT-RAPD 310 19 primers ‘ﬁdﬂ?ﬂ%@ﬂ"tﬂ"l')’ﬂ??ﬂ{]uﬂu

o &

aduaiiu 1 wslidrnguoniln o

e mLmumsﬂﬂngna:hjU?’mgunuﬁLﬁma
OPA-11 OPA-12 OPA-13
1—> 16 1—8 1—» 25
S. falcatus 0000000000011000 00000100 0101000000011001001010100
H. taichui 0000000000000000 00000000 1010100100110000100110100
C. caninus 0101001000010010 00001000 1110010101110100000001100
M. yokogawai 0010000110000000 10000000 0010000010111000001110100
Haplorchoides sp. 1001100001000100 00000010 0000000000010000010000010
Q. viverrni 0010011000101101 01110001 00000010000001 10010100001
ivg Arununsurnguas lidmnguou@idwe
OPA-14 OPA-15 OPA-16
1—>8 1—> 16 1—> 21
S. falcatus 00000001 0000000 100000001 000100010010100000000
H. taichui Q0000000 1010110100100010 110111000000010000010
C. caninus 00000000 0000000010000100 010000101100001001000
M. yokogawai 10111110 000000001100100C 000111101000000010000
MHaplorchoides sp. 000000300 010110100C001000 001010000001000100101
O. viverrini 01000000 0000001001010000 111010011110001000000
TUA drununsusinguas lddsmnguovdibuia
OPA-17 OPA-18 OPA-19
1—> 19 1—>25 1—> 20
S. falcatus 0000001 100000000000 | 0011000010110000000001110 00001010011000001100
H. taichui 1001011101001000000 1100111010100000100100001 01010000110001100010
C. caninus 1100111100000100000 | 0011110001000010001000000 01001101001010001000
M. yokogawai 0000000110010110000 | 0000101000001000100000000 000000000000000Q0100
Haplorchoides sp. 0010000000100011001 | 0000001111010011000010000 0111001 1100000000001
O. viverrini 0000000001000101110 | 000C010100001101010000000 1010000C000100010000




a15719 2 (@9) waasnisUinguazlidsnguoviiaweluwdazdunilsanansmuWadu

. - - . a4 . .
LOUDIWHIEYIY 6 'H‘LLGIT@ULYI?I%ﬂ HAT-RAPD 370 19 primers mmuummm‘sﬂﬁngunu

s s

ddutatiin 1 wazrlaUmnguoudu o

7 sununmsdminguaz s inguavddue

OPA-20
1 — 20

S. falcatus Q0000001011100010000

H. taichui 01110001101000001000

C. caninus 00010001000101000001

M. yokogawai 00001010000010000100

Haplorchoides sp. 10100110010100000010

O. vivernini 00000100010100110000




Sequencing and primer design

bp AwulawIzlu S. falcatus URZLUNBANIINUDVBUTALINIIN primer OPA-08 (31 2B)
iﬂﬂ”t.ﬁammuﬁLé"maiﬂﬂma’wé’ummm:’lé’ﬁﬂé’umﬂﬁagﬂ 5 mnﬁagaﬁ'lﬁﬁﬂﬂaammu

primer fisiwizda S. falcatus uazun primers Aldnaulunasasdnaiinuwensng 6 oiie

wazwuin primers fanaMEnsaaivdldwasiniianizlu S, farcatus (31 6)

351

GTGACGTAGG ACCTTAAAAC AGCAATACAA AAATTAATGG AGATACATCA

GGTACCCACT CCATGGAGAG CAGCAAGCGA TGCAAATATT TTTTCCAGTA

TTTTAAATTT TCAGTTATTC AAGCCGCGTC TGTACATGGT GAAAAAATAG

GTAAAGAAAT GATCAAAACA ATTCATTITGA ACGTCAGATT TTAATCTACA

TCACCCTGGA AAACTTAAAA ACTCTCATGA GCCTGCAGGT TTCTGCTGAA

GCTTTATGCG AACAGGATCC TCCCAAATIT AATGTGATTT CTTTGGAATC

ATTCCAAACC AACACATAAG GTTTAGCACC GCGTTCTTAC GCTACAGTGA

TTGAACGCLGC TACCTGGGCT ACCTACGTCA CA

Jus LREIEIOUILFVDITREIRALSulafAtRananatuRunaE A naTaws T luly

S. falcatus NudanawaIU]i307 PCR lag primer OPA-08

INUVBUHBARUWAL G anmuanlaan 19 primers wuunudiduavswia 382

50

1460

150

200

250

300



el o

31 6 WuDUHUATDRBWAB W aTa Wy TN 6 Tia leinaila PCR Al specific primer
NiwIzda S. falcatus (lane M, molecular weight marker : lane 1, S. falcatus ; lane 2,
H. taichui ; lane 3, C. caninus ; lane 4, M. yokogawai ; lane 5. Haplorchoides sp. ; lane

6. O. viverrini



Data analysis
IMMULUUNURIDRUVALBWETAIN 19 primers (Do lF 031 ¥ Laiow
\ auduwurninsiewontlavlusunsy PAUP wWuin S falcatus, H. tachui, C.
caninus WR: M. yokogawai 5ﬂag1uﬂﬁmﬁmﬁu laufidn bootstrap 1¥inry 81 &3

. . Y .
Haplorchoides sp. 8(n®aanuY uaz O. viverrini TAUU oulgroup dUUBNEN (3 6)

Boolsirap

{ Stedanichiamous Tk alun

Hophvxdhrs Laschu

Coanttornatys canmue

- bt mdrn wmiys yOio) mas s

Haphky chosios s

Opsinharcha viielren

51 7 Evolutionary tree (consensus tree) 9INUNUFALAUD 354 uny laumedia HAT-
RAPD 183%115%13 6 740 1ao3T parsimony method 33nlusunsi PAUP (iree length =

500, Cl = 0.704 ua: rep. = 5,000)



3. "‘Jm-s*l:ﬁua:a*gﬂ HANIINGARDI

?J‘mﬂ’l‘ii‘ju'l'ff' arbitary primer ﬁ'lu’mﬁ‘:\mu@l 20 primers WU31 19 primers 14130
FuasvaisuemolnifidanwusiIn polymorphism wasudas primer AWLLLHUWANE
AiEBWaATAN BIERWITET NIANIMLLRRUA B RUAGBuafiAaan 19 primers
WUIILAALOUALT WO NINIA 354 Loy li,’mﬂfﬂ‘[maqaéfou@i 5,200 - 185 bp. \AqunuUfLaw
Laﬁﬁﬁﬂ%ﬁﬂhLaqmmn@haﬁuﬁﬂmu 203 woy GelfusnenuuandisszniteTiawols
16 wazifauoudiduoiey 2 woufiwulune®he 6 sieAdans 90 primer OPA-01
WAz OPA-10 @eniln 0.56% INNUOLALEUEY MU §I0 primer OPA-04 OPA-08 OPA-10
OPA-13 ez OPA-18 susnaisunudduialaun

primer OPA-01, OPAQ2, OPA-03, OPA-07, OPA-08, OPA-12, OPA-13, OPA-14,
OPA-15, OPA-16 1z OPA-18 &131I0FAATIEHULNVELEUENRINITOUANAURAN G
w89 S. falcatus MNWEIBTRABUNRINTEN®EN 5 TRald Tas primer OPA-01 wuLOU
fBue 3 woUINIRNeRFNATIEFEulle 22 uny  primer OPA-02 WILDUGLAWD
Fgd 1 unuaInnenae 23 way primer OPA-03 WULDULEWE 3 WOLIINNIvLA 19
WOY primer OPA-07 WULOUSLAWE 3 WOUIINYIRUA 24 WOY primer OPA-08 WULOL
FLEWD 2 LOLIINNINA 14 UDY  primer OPA-12 WULDUEUE 1 LOLIINYINLA 8
W01 primer OPA-13 WULLOUALDULE 2 WOLINNYIMIG 25 WO primer OPA-14 WUWDL
SLEUD 1 LOLTINTIVMUA 8 UOU  primer OPA-15 WLLOLLE WD 1 40U IMLe 16
way primer OPA-16 WULOUALAULD 1 Lmumﬂﬁb’mu@ 21 40y waz primer OPA-18 WU
LOURENIA 3 WOLRINMINLE 25 LOU FINNIRUA 21 LouInunudiiuianinae 354

woy aatdlu 5.93% NNInLa

primer OPA-01, OPAQ2, OPA-03, OFPA-04, OPA-07, OPA-09, OPA-10, OPA-13,
OPA-15, OPA-16, OPA-17, OPA-18, OPA-19 Wa: OPA-20 ®1ansnddtaTziuaufiidus
AEINIOVANANULANGIIVY H. taichui MWL TBRaDUTAYINNIsdnEn 5 1iiald oy
primer OPA-01 WULOLU®LOWD 3 wOUANTIRLeATaT I ua e 22 wou primer
OPA-02 WLLOLALEWS 4 WOUIINYINNA 23 WU  primer OPA-03 wWULOUEwE 3
LOUTINNINAUA 19 uny primer OPA-04 WULDURALEUID 3 WOLRANNINUA 31 U0y
primer OPA-07 WULOUALBWLD 2 WOLINYINUA 24 WD primer OPA-09 WULOLSLE WS
2 LOURINTINNG 19 UDY  primer OPA-10 WULNUAEWE 2 LOUINNMINLa 23 WO
primer OPA-13 WUlLDUALAUuLE 2 WOLNYINUG 25 way primer OPA-15 WUWTIUALOULD
5 LOLIMYINLG 16 WAL primer OPA-16 WUXDUAEWE 2 LOUIINTIRYU® 21 uoy
primer OPA-17 WULOU#ALAULD 2 WOLIINTINNA 19 LaL primer OPA-18 WUUNU&LHULD

4 WOUIINNINUA 25 WOV  primer OPA-19 WULDUALDULE 3 WDLAANNIVLG 20 unu



WRY primer OPA-20 WUUDUAIAUA 3 WOLIINYIRUA 20 UOU FINNIRUA 40 wouINn

ROUALABIENINUA 354 uny aatilu 11.30% anNIvU@

971N arbitary primer ﬁzdwuﬂ 20 primers WU 17 primers 8N4 primer OPA-05,
OPA-10 WAz OPA-14 ®IUITOFUATIEHUDLGLEwafawNsnvanaINuLanNeITa) C.
caninus IINNDIBTRAAUTYINITENEEN 5 ileld lag primer OPA-01 WLLOLEIEULE
2 wavansnueFe e i le 22 nou primer OPA-02 WLLOYURALEULD 4 LOVINN
FInue 23 1Oy primer OPA-03 WULDUSLIWOLADI 1 u0UINYINUA 19 UOL  primer
OPA-04 WULNURLEWD 3 LALIINTINUA 31 UOU primer OPA-06 WULALSLEUE 1 uny
IINIIRNA 1 WO primer OPA-07 WULDUREWE 3 WOURINIINUG 24 UDU  primer
OPA-08 WULDUAEW® 2 UDUIIFHINue 14 Uo primer OPA-09 Wuunudldula 2
LOLINYONNA 19 UOU  primer OPA-11 WULDUGLAWS 2 WALINMINNG 16 WL
primer OPA-12 WULOUELAUE 1 LDUNHIRUA 8 UOY primer OPA-13 WULDUSIEULE
3 WOUIINTIRLG 25 uay primer OPA-15 WULOUALSWAIRES 1 LoUINTInua 16
LOU primer OPA-16 WULDUSEWaIRES 1 LOUNNNINUA 21 WOU primer OPA-17 WU
WOUGEWE 3 LOUINYINUA 19 UOU primer OPA-18 WUWDUELE U 1 LOUBINTINLA
25 WY primer OPA-19 Wuwnuatduia 2 Lm‘UﬁJ’mﬁv’J‘Huﬂ 20 U0 WRz primer QPA-20
WULDURLEULE 2 LOLIMAIRUA 20 UOL SIUHINUA 33 LOLIINUDUGLEUEVINUe 354

oy Aallu 9.32% INNIVUA

primer OPA-01, OPAQ02, OPA-03, OPA-07, OPA-09, OPA-10, OPA-11, OPA-12,
OPA-13, OPA-14, OPA-16, OPA-17 kar OPA-20 aansndsiamsdunudifutafianunsn
LANAMULANGIIUBI M. yokogawai 3nwp1boiladufivinnisénman 5 oilald lau
primer OPA-01 WuWDU®LIWLE LAHS 1 LovIINTIRua R Fae = u e 22 wou
primer OPA-02 WULDUALaULE 3 LOLANTIRUG 23 WO primer OPA-03 WULDLGLAULE
3 WOUINHINAIA 19 WD primer OPA-07 WLLNLASWE 3 LOLRINYINUA 24 LT
primer OPA-09 WULOUALAWALADY 1 LOUANTIRUA 19 WOU  primer OPA-10 WLLOL
AEWAREY 1 WOUININUA 23 uny  primer OPA-11 WULDULEWA 2 Low9In
MM 16 uDU  primer OPA-12 WULDUFLAUL 1 LOUINNVIRUA 8 DY primer OPA-
13 WULOUSLEUE 1 LOUANTORNA 25 UOY primer OPA-14 WUWNUSLIE1Ia 6 LOUIN
FIMUA & WDY  primer OPA-16 WULOUELEWE 1 LOLININAG 21 UDU  primer OPA-
17 WULDURLEULE 2 LDUINVINUA 19 LU Uas primer OPA-20 WULDU&HWS 3 uow
INPINUA 20 UOL TIVNINUA 28 LOUIINUDLALEUONINYG 354 uay deuiu 7.91%

INNINUA

91N arbitary primer NI9MU@ 20 primers WU 16 primers 8NLi% primer OPA-02,
OPA-05, OPA-06 Wa: OPA-14 g1 SDAUATITVLDLUALEWANRUITOUINAIULANGE



2pa Haplorchoides sp. Nwensriaauiivninisdnwan 5 sialed Loy primer OPA-01
WUKDLEBWS 2 wnunmanuafidaeswauanle 22 wou primer OPA-02 WUUDU
FUHUD 4 UDUIINIINUA 23 W0U  primer OPA-03 WULDUGLEWE 2 woUnmanue 19
unu primer OPA-04 WUUNVALAWE 7 LOLTINYINGA 31 WOU primer OPA-07 WUWOU
FLIWD 5 WOLINMINUG 24 WO primer OPA-08 WULOUSLEULD 2 ROLUINNINUG 14
WOU  primer OPA-09 WULDUSE™E 1R 1 LOLIINYIMUA 19 UOU  primer OPA-10
WULDLALAWE 2 UOUINYIMue 23 unuprimer OPA-11 WUWKALGLEWD 3 wouIN
YAMUA 16 LY primer OPA-12 WLUOUALEULD 1 WOLIINTIVAS 8 Ol primer OPA-
13 WULDUALAWA 1 LOUINMINUA 25 UDU OPA-15 WULDUALEUID 2 LOUIINIIRNE
16 UDU primer OPA-16 WULDUALEY 4 LOUNNIMUA 21 koY primer OPA-17 WU
LOUALFUE 3 LOUINHINUA 19 WO primer OPA-18 WULDUSLEUID 1 ULOUINNIV NG
25 WU primer OPA-19 WLUDUGMSWE 1 (OUINNYIMUA 20 WOY WR: primer OPA-20
WULDUALEUIE 2 LOUIINHINUA 20 40U TIUNINUA 39 WOLINUALAIEuaNIvuA 354

WOU AeLlu 11.02% I INNINUR

47N arbitary primer ﬁt\'mam 20 primers WY 17 primers BT primer QPA-02,
OPA-05, OPA-06 U&: OPA-16 &1NITOFILATIEHULOLFLE BRI UITOUINAINNLANE
209 O. viverrini NWHAT RS UNYIN1TRnw 80 5 Bilals 1oy primer OPA-01 wULDU
S1uia 1 unuInRanuaRFI AT AuIN 1S 22 uny  primer OPA-02 WUWNURLAWE 5
WOLAINNIVAG 23 WOU  primer OPA-04 WULDL@LAWE 4 LOVUIINYIMALS 31 WDy
primer OPA-07 WULOUFLEUIA 1 LDUIINTINLA 24 UDY primer OPA-08 WULNU&AULa
7 WDURINNINNG 14 U0U  primer OPA-09 Wuunufiduia 3 LOLIINYINYA 19 UO
primer OPA-10 WUUDUALAULD LNLY 1 LOLAINYINAA 23 40U primer OPA-11 WULOL
fLBW 3 LOLIINYIMUA 16 UOL  primer OPA-12 WULDURLAWE 4 LOVRINTINLG 8
UOU primer OPA-13 WULOUALOULD 3 LOLINNYINYR 25 UDY  primer OPA-14 WURDY
FLHUD 1 LOLIINMINNA 8 UDY primer OPA-15 WUUNL#LEwalfyy 1 LOUINNINLA
16 WOU primer OPA-17 WUUDUALBULD 2 LOLIINVINN® 19 WOy primer OPA-18 WU
LOUALEWD 2 WOLDINTINLA 25 WOL primer OPA-19 WLUDUFAWS 3 LOUINHINA
20 UOY WAL primer OPA-20 WUWOUGLAWBINLY 1 ROLANNINUA 20 WO TIUNING

42 UDUIINUDURLEULBN IV YA 354 WnU el 11.86% 3 NNINUG

INULULNRE DR UNaEwafAan 19 primers (a0 lUSasiuaiiany
ANy FunusssnIstiawenSlesltllTunsy PAUP wWuin S. falcatus, H. taichui,
C. caninus WAz M. yokogawai 3@at/lungu@unu U Haplorchoides sp. agtinaan
kaz O. viverrini Sailn outgroup aguanga WEINET 4 'ﬂﬁﬂﬁagiuniimé’unﬁu{]'m‘imun

‘:);uﬂu family @uanufia family Heterophyidae We S. falcatus, H. taichui Waz



M. yokogawai ag;rl.'u. subfamily Haplorchiinae &4 C. caninus az‘;"l.u subfamily
Centrocestinae (Yamaguti, 1958) Fats 4 rhefdnoouaunindadaiianld lay
S. falcatus, H. taichui waz C. caninus Tmgouniswuluauludszinalng (Kiks and
Tantachamrun, 1974; Tantachamrun and Kliks, 1978; Radomyos et al., 1990,1994,
1998; Waikagul et al, 1997) &u Haplorchoides sp. Fvaglungudnaanundaiiud
anfisaiuegluntsdeduunenaseunsuism las Chen (1949) 1609 genus fiduuazda
‘lﬁagﬁu subfamily  Haplorchiinae ﬁ'@m'le'fﬂ'm‘lﬂag‘lu family ~ Gryptogomimidae
(Yamaguti, 1958) tiiasnmnwuanduivludar@sdrsanosiedufinuddyiolugaiin
LLa:ﬁ’mftguognﬁduuu daanlddnonduidiliaglu  subfamily Haplorchiinae 5nass
(Pearson, 1964) @3 nanuduwuinidluaHilsoandastunisdaduunsas Yamaguti

(1958) nafe Haplorchoides sp. Y19tunNaanaInN subfamily Haplorchiinae

msamifaanlsavaawentluly s, fafcatus ﬁﬂ@?’[ﬂummsmqamsnﬁamﬂ‘d
waIwenF Taudasusnanuuandanlingiioiadusunonosluiedidoaiu
(Heterophyidae) %aﬁﬂ@'fﬂ'mst'lzvl.'ﬂmaawm%‘lﬂﬁnéuﬁﬁmmmﬁmm:é’nwm:ﬂa“"luaﬁa
nwu uanmnﬁwhjmaowUﬁﬂﬁiuﬁﬂhﬂﬁmﬁ’ﬂ‘zjmaowUﬂ%lu'lu"luﬁu O. viverrini F90136789
TFsuasiinanufianaialunisifadsleding Rdetadpdiivzaunisatluniiia
IULUN {(Radomyos et al.,, 1984; Maleewong ef al., 2003) ﬁdﬁfmﬁaﬂ’nmmuﬂ’l%aﬁao
AN BnaTa N asnnIsIR DN weTuas 1y (Manning et al., 1971)
Tesana (1991) Wiandasanssdaidnasawindislunmsiuunlizaswe s unsénm
anilddanismsaeminoSlasld DNA  primers  HwSTlduduiuazldiuatng
wwinangludagiu Iniswamn primer Aawsnsdaniunosriianug 33iian
MunndnmsaaniwonSdromaiia stool culture (Verweij et al., 2001) (wanzd@ iy
MIANHINTTIZUNIAUBIWLN T WU 52 11NT ﬁﬂmumsam‘%uawm"ﬁ'luu@ia:qﬂLLa:mwaTa
N3N uanmﬁamni‘fﬁomm‘smin”lﬂm:qnﬁﬁnmmmé’uﬁuﬁimdnwm‘fiﬁ’uiaaﬁ
(host-parasite  interactions) ﬁﬂu‘[aaﬁnﬂi (definitive  host) LLG:TEJRGIrﬁJﬂa’N
(intermediate host) (Peyerl-Hoffmann et al., 2001} 5ﬂﬁv‘\1Joﬂﬁ1ﬂ1'ﬁ'®idaﬂﬂiaﬂL%a‘lu
Tagdflonatd 1Tu @57aWNeI88UIT0s cercaria uMOLWIDITur metacercaria 1nian
me:mimm@ﬁamé’aaqaﬂﬁﬂﬂ'ﬁ’nmua:una‘mmn aifinanuAanaIe latwunns
aﬂLfaﬁduﬁuwm%mﬁmﬁuuﬂa:m’zﬂﬂm&l"ﬁmmmﬁmm LAZaTIWLNSRALT asN3T

arsasiilulurandnasiacdaodF shedding method (Maleewong et al., 2003)
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Abstract

Genomic DNA from four heterophyid flukes (Stellantfchasmus falcatus,
Haplorchis taichui, Centrocestus caninus and Metagonimus yakogawai) and two
other flukes (Haplorchoides sp. and Opisthorchis viverrini) were amplified by the
high annealing temperature random amplification of polymorphic DNA (HAT-
RAPD) technique. Out of 20 random 10-mer oligonucleotide primers (Operon
Technologies Inc.), 19 primers produced DNA polymorphism among those genomic
DNAs. A unique of 382 bp band generated by the OPA-08 primer (GTGACGTAGG)
was found in HAT-RAPD pattern of S. falcatus. Subsequently, this band was excised
and sequenced. Based on sequence data, a pair of specific primers was designed to
identify S. falcatus; SFF1 (5-GTGACGTAGGACCTTAAAACAG-3') and SFR
(5-GTGACGTAGGTAGCCCAGGTAGCGCGTT-3"). These two specific primers

designed here gave PCR-positive to S. falcatus whereas the other five species of



adults tested (H. raichui, C. caninus, M. yakogawai, Haplorchoides sp. and

O. viverrini) were repeatedly PCR-nagative.

Introduction

In Thailand, the heterophyid flukes and opisthorchiid fluke (Opisthorchis
viverrini) are the common trematodes infecting humans (Jongsuksuntigul and
Imsomboon, 1997, 1998; Waikagul, 1998). The infection rate and density of
O. viverrini metacercariae in fish decreased markedly during the last ten years due to
the National Liver Fluke Control Program (Jongsuksuntigul and Imsomboon, 1997,
1998; Waikagul, 1998). On the other hand, the prevalence of heterophyid
metacercariae in fishes tended to increase, also with increase of the prevalence in
humans (Radomyos et al., 1998). Recent fish surveys in several areas in the northern
Thailand revealed that most trematode metacercariae were heterophyid flukes
(Waikagul, 1998; Sukontason et al., 1999; Mard-arhin e¢ a/., 2001; Saenphet et al.,
2001). S. falcatus is one of the heterophyid flukes that were reported in humans in the
northern and northeastern Thailand (Kliks and Tantachamrun, 1974; Tantachamrun
and Kliks, 1978; Radomyos ef al., 1998). Kliks and Tantachamrun (1974) initially
reported a case of S. falcatus infection found at necropsy in Chiang Mai Province, and
later added three more cases from surgical sections of the ileum (Tantachamrun and
Kliks, 1978). S. falcatus infection was also reported in two cases from Skol Nakorn
and Yasothorn Provinces, northeastern Thailand, obtaining adult worms after
praziquantel treatment (Radomyos er al., 1990). Radomyos ef al. (1994) added one
male and one female from northeastern Thailand infected with S. falcatus. A recent

survey found S. falcatus infection in a human residing in Phayao Province (Radomyos



et al., 1998). 8. falcatus, like other heterophyid flukes such as Haplorchis spp., has
been reported as causing intestinal irritation accompanied by colicky pain and mucous
diarrhea, with production of excess mucus and superficial necrosis of the mucous coat
(Beaver er al., 1984). However, some of heterophyid flukes perhaps wander in the
deep layers of the intestinal wall, become imprisoned and die. Their eggs that
degenerate are taken up by the lymphatic or blood circulation and are carried to
various organs of the body, including the brain, heart and spinal cord. The cardiac,
brain and spinal cord lesions were also recorded (Africa et al., 1935, 1936, 1937).

The life cycle of S falcatus i1s complex involving 2 intermediate hosts (snails
and fishes) and 1 definitive host (human and other fish-eating mammals). From
parasitological surveys in study area, 11.5% of snails were estimated to be infected,
while up to 39-100% of fishes may contain metacercariae (Tantachamrun and Kliks,
1978; Saenphet et al., 2001; Panyaarj, 2003; Sripalwit e¢r al., 2003) However, the
parasitological technique is only reliable when the intensity of infection is high and
when the procedure is performed by experienced laboratory personnel. In addition,
the microscopy examinations for the presence of cercariae in snails or metacercariae
in fishes are laborious and time consuming. Even experienced personnel can make a
false positive diagnosis if the intermediate hosts are concomitantly infected with other
trematodes. In order to identify the larval stages, mature worms are required. We have
sought to develop a reliable technique for determining the presence of S. falcarus in
infection snails, fishes or human, one that is based exclusively on PCR methodology.
Recently, PCR-based techniques have been applied to classify and identify several
parasitic species (Walker er al., 1989, Yu er al, 1997). Since High Annealing
Temperature — Random Amplified Polymorphic DNA (HAT-RAPD) technique,

which modified from RAPD technique, provides polymorphism and reproducibility at



low cost (Anuntalabhochai er al., 2000), this techmique is considered classification
and identification the trematodes from the larval stages. The technique could prove to
be of practical diagnostic value for those interested in checking for S falcatus

contamination in snail, fish or human and 1s well suited for epidemiological surveys.

Materials and Methods

Parasitic materials

Metacercaniae of S. falcarus, Haplorchis taichui, Centrocestus caninus were
collected from half-beaked fish (Dermogenus pusillus), Jullien’s mud camp
(Henicorhynchus siamensis) and goldfish (Carassius auratus), respectively, in Chiang
Mai and Bangkok provinces. These adult parasites were obtained by orally force fed
to mice (Mus musculus) or to chick (Gallus gallus domesticus) with metacercariac.

Adults of Metagonimus yokogawai were obtamned from Prof. Jong-Yil Chai,
Department of Parasitology and Tropical Medicine, College of Medicine, Scoul
Nation University, Korea.

Adults of Haplorchoides sp. were gathered from yellow mystus (Hemibagrus
Silamentus) from Doi Tao reservoir, Chiang Mai province.

Adults of Opisthorchis viverrini were provided by Assoc. Prof. Paiboon
Sithithaworn, Department of Parasitology, Faculty of Medicine, Khon Kacen

University.



DNA extraction
Each specimen was placed in a 1.5 ml microcentrifuge tube and followed by
extraction using the DNeasy Tissue Kit (QIAGEN). The DNA was eluted in 5 mM

Tris-HCI, pH 8.5 and 1 pl was used in the PCR reaction.

HAT-RAPD Reaction

Twenty decamer oligonucleotide primers Kit A (Operon Technologies Inc.,
California) were screened by polymerase chain reaction (PCR). PCR reactions were
performed by using a 20 pl mixture, containing sample DNA (10-25 ng), 1 x
QIAGEN PCR buffer, 100 uM of each dANTP, 40 ng of each primer and 0.5 units of
Tag DNA polymerase. For DNA amplification. the PCR thermocycler (Perkin Elmer:
Gene Amp System 2400) was programmed as follows: incubation at 94°C for 5 min;
30 cycles at 94°C for 45 sec, 48°C for 45 sce. 72°C for 1 min. followed by one final
extension cycle of 7 min at 72°C. The amplification pioducts were separated by
electrophoresis in 1.4% (w/v) agarose gels with 1 x TBE buffer. stained by 0.5 ug/m]

of ethidium bromide (EtBr) and photographed under exposure to UV light.

Screening fragments

The selected PCR fragments of S. falcatus were isolated from agarose gel by
MinElute Gel Extraction Kit (QIAGEN) and cloned in the pGEM-T easy vector
(Promega) according to the supplier’s instructions. One clone was then sequenced

using T7 primer,



Specificity of the designed primers

The design of oligonucleotides SFF1 and SFR1 were based on the sequence of
selected fragment from above. For specificity of the detection, 10-25 ng of genomic
DNAs from H. taichui, C. caninus, M. yokogawai, Haplorchoides sp. and O. viverrini

were use in PCR.

Data analysis

Amplified HAT-RAPD markers were scored as present (1) or absent (0) for
each sample. Ambiguous bands that could not be easily distinguished were not scored
(Williams et al., 1990). The similarity of samples was calculated as follow: Similarity
= 2 Nap/Na+Npg, Nap is the number of bands shared by individuals A and B, N4 and
Npg are the number of bands in individuals A and B, respectively (Chapco ef al., 1992;
Wilde et al., 1992). Phylogenetic relationships among 6 species were analyzed using

parsimony method and bootstrap analysis in the PAUP program (version 4.0b10).

Results

HAT-RAPD fingerprints

The HAT-RAPD technique produces very different genetic profiles among 6
species with all tested primers except OPA-05 (Table 1). Most of the differences
among the genetic profiles of these species were provided by primers OPA-04,
OPA-07, OPA-10, OPA-13 and OPA-18 (Fig. 1). In total, HAT-RAPD had generated
354 genetic markers of which only 0.56% was shared by the six species studied. The
primers OPA-01, OPA02, OPA-03, OPA-07, OPA-08, OPA-12, OPA-13, OPA-14,

OPA-15, OPA-16 and OPA-18 separated S. falcatus from other studies specices. The



most polymorphic genetic profiles for S. falcatus were generated by the following
primers, OPA-01 with 3 of the 22 fragments amplified being polymorphic, OPA-03
with 3 of the 19 amplified, OPA-07 with 3 of the 24 amplified and OPA-18 with three
out of the 25. With primer OPA-08, a single 382 bp fragment was amplified for

S. falcatus.

Development and specificity of the designed primers

In order to develop specific primers for detection of S. falcarus, the nucleotide
sequence of the 382 bp fragment was obtained (Fig. 2). Based on sequence data, the
designed primers for S. falcatus were SFF1 (5-GTGACGTAGGACCTTAAAACAG-
3) and SFR1 (5-GTGACGTAGGTAGCCCAGGTAGCGCGTT-3). When the
primer pair SFF1/SFR1 was used, which was designed to amplify a 382 bp target
sequence in the genome of S falcarus, the appropriate PCR product was only
generated in S. falcarus, not in the five species of adults tested (/. taichui, C. caninus,

M. yakogawai, Haplorchoides sp. and O. viverrini).

Data analysis

The results obtained with the HAT-RAPD data were consistent with the
separation of species. The similarity between S. falcarus and H. taichui, C. caninus,
M. yakogawai, Haplorchoides sp. and O. viverrini were 0.269, 0.240, 0.179, 0.140
and 0.168, respectively (Table 2). The phylogenetic tree was constructed using the
parsimony method with O. viverrini as outgroup. The evolutionary relationships
obtained with the HAT-RAPD data are shown in Fig. 4. The trees grouped the
heterophyid fluke together and placed Haplorchoides sp. and O. viverrini outside the

group. This clustering was supported by 80% of bootstrap replicas.



Discussion

Among the twenty primers screened, 19 primers produces very different
genetic profiles among 6 species studied, whereas OPA-05 was not able to amplify
PCR product. Of these primers, the pnmers OPA-04, OPA-07, OPA-10, OPA-13 and
OPA-18 yielded the best product for HAT-RAPD analysis. In total, HAT-RAPD had
generated 354 genetic markers varied in size ranging from 185 to 5,200 bp. Among
S falcatus, H. taichui, C. caninus, M. yakogawai, Haplorchoides sp. and O. viverrini,
77, 109, 98, 79, 95 and 101 HAT-RAPD markers were revealed, with 21, 40, 33, 28,
39 and 42 of specific markers for each species, respectively. The sources of
polymorphism in RAPD assay may include base change within priming site sequence,
deletions of priming site, insertions that render priming sites too distant to support
amplification, and deletions or insertions that change the size of a DNA fragment
without preventing its amplification (Williams et a/., 1990). The differences in RAPD
profiles are determined by a competition between potential priming sites in genomic
DNA rather than by the total number of priming sites available (Rafalski ef al., 1991)

The consensus tree generated with the HAT-RAPD data separated the six
species studied into two major clusters with the species O. viverrini as outgroup. For
the first cluster, the heterophyid flukes were grouped together with supported by 80%
of bootstrap replicas. For the second cluster, member was Haplorchoides sp. The
Within the heterophyid species, S. falcarus and H. taichui (0.269) was more similar
than (0.240) whereas S. falcatus and M. yokogawai (0.179) was less similar than
S. falcatus and C. caninus. The similarity between M. yokogewai and C. caninus
(0.237) was smaller than between H. taichui and C. caninus (0.280). Moreover, it was

unexpected the similarity between S. falcarus and O. viverrini (0.168) and between



C. caninus and O. viverrini (0.181) were higher than between S fulcarus and
Haplorchoides sp. (0.140) and between C. caninus and Haplorchoides sp. (0.160),
respectively. It indicated that S falcatus and C. caninus were more similar with
O. viverrini than Haplorchoides sp. The phenomena could not be explained well and
might be due to the confusion of the classification of the genus Huplorchoides which
has still not cleared. Chen (1949) Genus Haplorchoides was erected and place by in
the subfamily Haplorchinae, family Heterophyidae. Chatterji (1933) took the
retrograde step of considering it as a synonym of Haplorchis, while Yamaguti (1938)
removed it from the Haplorchinae and placed it in the tamily Cryptogonimidac.
Pearson (1964) returned it to the family Heterophyidae. So the heterophvid flukes
should similar with Haplorchoides sp. than O. viverrini which more different familics.
However, these heterophyid flukes and O. viverrini have reported in human whereas
Haplorchoides occurred in fish, rather than birds or mammals (Pcarson. 1964:
Waikagul ef al., 1997; Radomyos er af., 1998; Chai and lLece, 2002).

The PCR-based method has been successfully used for the detectuon of
digenean flukes e.g. Schistosoma mansoni in Biomphalaria (llanelt ¢r al., 1997),
S. mansoni in water (Hamburger er al., 1998), Flasiola hepatica in intermediate hosts
(Rognlie er al.,, 1994) and O. viverrini in experimentally infected hamsters. bithvmd
snails and cyprinoid fishes (Wongratanacheewin er af.. 2001 Maleewong er af.. 2003)
This report describes the first use of a PCR-based technique for the detection of
S. falcatus. Pertaining to the specificity of the procedure. we have shown that the
primers did not amplify the 382 bp band when DNA from other digenean flukes
belonging to same family or different families than S. falcatus were used. Our specific
PCR could be used for distinguishing S falcarus from those other flukes that are

common causes of human infection in Thailand i.e. C. caninuy, ff taichua and



O. viverrini. There are several advantaged of the method over the conventional
parasitological method. First, it is highly sensitive which is suitable for diagnosis of
the light infection that might otherwise give false negatives by a microscopical
method. Comparison of results obtained with stool culture and PCR show that the
prevalence derived from stool culture is considerably underestimated (Verweij et al.,
2001). Secondly, it can be used with large number of samples at one time, and results
can be obtained within one day. Thirdly, it is independent of the subjective bias
sometimes encountered in microscopical examinations and avoids confusion with
other flukes. Fourthly, it may be further modified for detection of the parasite in the
intermediate hosts (Rognlie ef al., 1994; Hanelt et al., 1997; Wongratanacheew:n
et al., 2001; Maleewong et al., 2003). Fifthly, the method also offers a potential
means of monitoring the effectiveness of drug treatment (Wongratanacheewin er al.,
2001). Last, it offered new possibilities to get a deeper understanding of host-parasite

interactions and the biology of the parasite population (Peverl-Hoffmann er al., 2001).

In conclusion, a specific PCR method for detection of S. falcarus has been
developed. It is suitable for specific diagnosis, epidemiological studies, monitoring

the drug treatment and host-parasite interaction studies.
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Table 1 Nucleotide sequence of primers used for generating RAPD markers

among six studied species.

Primers Sequence 5 —3/ Number of total Number of polymorphic
Markers

OPA-01 CAGGCCCTTC 22 12
OPA-02 TGCCGAGCTG 23 17
OPA-03 AGTCAGCCAC 19 12
OPA-04 AATCGG GCTG 31 17
OPA-05 AGGGGTCTTG 0 0
OPA-06 GGTCCCTGAC 1 1
OPA-07 GAAACGGGTG 24 17
OPA-08 GTGACGTAGG 14 13
OPA-09 GGGTAACGCC 19 9
OPA-10 GTGATCGCAG 23 6
OPA-11 CAATCGCCGT 16 10
OPA-12 TCGGCGATAG 8 8
OPA-13 CAGCACCCAC 25 12
OPA-14 TCTGTGCTGG 8 8
OPA-15 TTCCGAACCC 16 10
OPA-16 AGCCAGCGAA 21 9
OPA-17 GACCGCTTGT 19 11
OPA-18 AGGTGACCGT 25 11
OPA-19 CAAACGTCGG 20 9
OPA-20 GTTGCGATCC 20 11

Total 354 203
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Fig. 1 HAT-RAPD fingerfrints obtained with the primers OPA-04, OPA-07. OPA-08,
OPA-10 and OPA-18 on six species studied; 1 corresponds to the molecular weight
markers; 2 to S falcatus. 3 to H taichui. 4 to C caninus; 5 to M yogogwwai. 6 10
Haplorchoides sp.. 7 to O. viverrini



1 GTGACGTAGG ACCTTAAAAC AGCAATACAA AAATTAATGG AGATACATCA %0

51  GGTACCCACT CCATGGAGAG CAGCAAGCGA TGCAAATATT TTTTCCAGTA 100
101  TTTTAAATTT TCAGTTATTC AAGCCGCGTC TGTACATGOGT GAAAAAATAG 148
151 GTAAAGAAAT GATCAAAACA ATTCATTITGA ACGTCAGATT TTAATCTACA 200
201 TCACCCTGGA AAACTTAAAA ACTCTCATGA GCCTGCAGGT TTCTGCTGAA 259
251  GCTTTATGCG AACAGGATCC TCCCAAATTT AATGTGATTT CTTTGGAATC M0
301 ATTCCAAACC AACACATAAG GTTTAGCACC GCGTTCTTAC GCTACAGTGA sy

351 TTOGAACGUCGC TACCTGGGCT ACCTACGTCA CA N2

Fig. 2 Sequence data of 382-bp band generated by the OPA-08 primer in HAT-RAPD

pattern of S. falcatus.
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Fig 3 The fingerfrints obtained with the primers SIFIF'1 and SFR2 on six spectes
studied, 1 corresponds to the molecular weight markers, 2 o S fulcatus, 3 1o
H o taichui. 4 to C caninus. 5 w0 M vogogawai. 6 1w Haplorchoides sp. 7 to

() viverrini
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Fig. 4 Evolutionary tree (consensus tree) constructed with 354 genetic markers
generated with the HAT-RAPD technique using the parsimony method. The number
in each bifurcation indicates the number of times the two groups are separated in the
5000 trees constructed with bootstrap analysis with the species O. viverrini as an

outgroup (CI = 0.704).






	BGJ4580020_01_o
	BGJ4580020_02_o

