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Thesis Title A Multiplex Direct PCR for Meat Identification in Food Products
Author Miss Kuangtiwa Sittichan
Major Program Forensic Sciences
Academic Year 2015
ABSTRACT

This is the first time that direct PCR, DNA amplification without prior DNA
extraction, was successfully developed and fully validated for rapid and economical simultaneous
identification of six commonly consumed meat species. To achieve this, six species-specific
primers were selected from previous reports and newly designed from the mitochondrial
cytochrome b (cyt b), cytochrome oxidase I (COI), and 12s rRNA gene. The assay generated PCR
products of 100, 119, 133, 155, 253, and 311 bp for pork, lamb/mutton, chicken, ostrich meat,
horsemeat and beef, respectively. Validation showed that the assay is robust, rapid, economical,
reproducible, specific, and sensitive down to 12,500 mitochondrial copy (equating to seven fg). It
could be used with a variety of raw meats and products, including highly degraded and processed
food samples. This proposed method will be greatly beneficial to the consumers, food industry,

and law enforcement.

Keywords: Multiplex PCR, Direct PCR, Meat species, Identification and Validation
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[ = Yo o 3 = a2 d (=
agluluTnaowaie vz lasvuanuiminiu luTnaeuweseadoue (mDNA) 92 11lin1s
o o w @ J ycu 1 1<
Recombination ¥ 1H&19UIUE (Sequence) TiAMWOUSNY UonINTHFINDINAIDUIOVDY

a A A

<3 [
HAdeazingzuIUNT Reprication repair 108 1910u lasiNTi%931 Proof-reading enzyme

=

= Y A 9 ] a2 d Aa 1A A Ao w
“NllﬂuTVIGluﬂ1iﬂi’)‘ﬂﬁ@ﬂﬂ’)1ﬂ§]ﬂﬂﬂ\1 BOUUBUALDUIDNUNITADWNA IoUAIAULU A

J

v v v
alasundasly uaddwelulyInnoweasoas lulinszuiunsi MliinasasimMsnalenus

Q

(Mutation) g4

= a2 d a 9 a d’l v Aq Y J
luTnaewaieadioute (mDNA) Houldlunisseyriavouiodainldiiu
e A A o oA v & a
paA1lsznoulueIms e dainduaNuIounIonszuIUNITHlI 311113 Aroue
J ] a 4 1 <]
lugaadiulnaormnansidenio nsodouanin ua lu InaounToadidoue (mtDNA) 12
[ Jd 1 = o 1 J . =
dansauysoiog msrzliswauninluuaazisad (High copy number) IagluInnoumsoa
ag ~ o 1 . 1 J £ 1A A Jad
ADUID (MDNA) HF1UIUNINNTN 1,000 %A (Copies) AOIHAA (22) FININNIHIUAAYTADULD
AA o =| 1 . [ J Qs: =~ a2 a3
(Nuclear DNA) Afi$1uautiioqna 2 9a (Copies) Avtaagd onidly Innouassaddue
(mtDNA) §30A1UHANANGITEHINFUANANNY (High interspecies vairations) HANAIY
1 ° ' L a @ . . ..
Lmﬂ@m@nizmnmﬂuwmﬁt’nﬂu (Low Intraspecies variation)
dy 2 aa [ 1 A A a da"
uonnnil luInasumisaddue (mDNA) dilinnunanuasmsidoudn ninaiy
a Y Yy 1A a Jdaa . o A = 9 dy A d
nndunadonlaaniniunfesaoue (High stability) 111039103 Inseadaiugiuiiu

aa

1 Y v
wony 2 su M lvamnsodnilosduesninilitemadounousniondiwansznuaoaoue
Y [} 9 dy A 4 A AaAa < A A a A Jd I Y
18 wu anwdou anudu wietou ladnndelidiamans (31 nuafise gaunid fudu)
vAa o 1 o Y =3 a g =1 ~ o Y a ¢ A
nnaaaula asna1h i lu Tnaewaisadwwelinnumunzauivziihunlsluinsizie
a A o 2 & v A A Ja 9 A A A

seyriaveuilodadlue1ms seluivgiuiinsscavgaanumaiin tazinToalon 199
a 2 ' 2 g 0 o v o Y a a v ¥ P
navueduInNIe sutudiudidylunisnanauliinaanuaigniaviludiulunig

a a o Y a 9 9 9 a A A AaAaa 1 ] 9
Y HFIINYT "Vlﬂ,ﬂLﬂﬂﬂ’J11!2ﬂ’J11!L"Uﬂ,%GluﬂWu"]f’J’JﬂEﬂ"UfNﬁﬂiJ"]f’m%NG] DYNNINUIN



15

mﬂﬁﬂﬁ°§m§ (Polymerase Chain Reaction; PCR)

A aa 7 A an A a o . . =
MAUANED1T (PCR) ﬂ?J’J‘ﬁﬂﬁlWiJ‘]Jiiﬂﬂ!ﬁﬁWH‘ﬁqﬂiﬁJ (DNA amplification) %9

[ O’Qy 1 a3 ! @ 3 a
?ﬂlﬂiﬂﬁ\ilﬂ51$W‘Buﬁﬁuﬂl@ﬂal@ul@ﬁﬁ@ﬂﬂ15qﬁjiulﬁﬁT@uﬁuﬂTﬂiuﬁaﬂﬂﬂﬂﬁ’(’N NAUA

4

! a'ltlslw £ 3 & = o = A aa
W15 Mananvdunsasnlud N.F.2528 Taemans10150 Kary Mullis UNAUANL DT
[V Id A Ao w = 1 ) Iq Y [ [ =
%ﬂlﬂulﬂﬂuﬂﬂﬁ']ﬂﬂ]u Llﬁzllﬂ‘ﬂﬂ']‘ﬂﬁ@ﬂ']iu']ulﬂﬂigQﬂﬁﬂlﬁﬂﬁluﬁ']ullﬂluﬁ@]'lﬁ‘] YN
A A a JY a dy Y A 3 A o =
Uszansomn Tagmsasinasizralamaiall 92 1nansiaiEg Iaus ez Y

Y A o [l as.;‘ Y ~ I Y £ J ad aa J
ul’JGh.!ﬂﬁﬂi’J%ﬁ’e)‘U Llazalﬁlfﬂiu1mﬁﬁﬂ’mmﬁﬂW]‘LlLWENLﬁﬂ‘Ll@EJ F909A1 52 NOVVDIITNHDS

E4
v A

Ugall (23)

a g Y A adg Ay A a aan A J
- A HIBAHIVUY (DNA template) A9 ﬂl@ul@&‘ﬂTWNTﬂﬂ@]@ﬂﬂ?ilWMﬂiNTﬂ!iHﬂ{]ﬂiﬂTW%’@?i
& 9 Y] = zﬂy A 1 A 9 ax A a2 A
°]Nulﬂlﬂ%?ﬂﬂﬁﬁﬂm“ﬂaaﬁiﬂmﬂl‘c’m@n\?‘] Wi@%ﬂlﬂ%?ﬂ?‘ﬁﬂﬁ@u‘]611!@%“1)’331/]‘(’11

i a ¢ A Ay ¥ Aa A
- mu"lcvuﬂmmaiwammﬁa (DND polymerase) o L@ul’l‘ﬁﬂlﬂulﬂ?J']%']ﬂLl‘].lﬂVllﬁﬂVlﬁ']ll']ﬁﬂVlu

a

) v Y 1 P Aa A4 o 1A v d
ﬂ??lli’é)“lqlulﬂqq "lmm Thermus aquaticus “ﬁﬂ!ﬂﬂ!kﬂﬂﬂ!ﬁﬂﬂﬂWﬁﬂﬂgUiL’Jm‘UE]UW%ﬁE]u (qmwnu

Y

¢ g { @ 1A
qaiszunal 70-80 IR ITAITYE) 30 Pyrococcus species FuTULDAIG N0 1fo0guTII

a

9 = = A A AaAa 4 9
i@ﬂ!tﬂﬂi@]ﬂzlaaﬂ (Qﬂ!ﬁﬂﬂ@’ﬂﬂizMTm 104 D3R LHQLHE) Lu@ﬂ%WﬂﬁlumﬂuﬂW“ﬂﬂﬁﬂzﬂﬂﬂ

Y

Y

ad ad ! = v v v o P a 7 Hq 9
uenAudAwemen Indumeanel lagldanuiou auiueu lsidioue Indmesisanly

=2 o

o L] [ 1 a
lumsdunsznanuedluiludesmunsgungiige 14

QU

d . A A d = A = Yy
-Iwsiues (Primer) Ao AU BIAEINLANVE1IYTENIY 18-25 1Ud FIvzoonuuu 1Ry
o w A d [ v ad 9 A I A 9 [ 4
aduandlugay (Complementary) nuARMRAUIUY ol ugasuau lumMsduns1ziaiy
a3 aaa ==} 4
A IulnTeiGeIs
- feen@iinaleInalasweana (Deoxy nucleotide triphosphate;dNTPs) AviUaNaz1i N
' S A o P ' Aaa s X
aoene Insmesedunsiziawwee Inaluldnsendiders swzlsznonlddie daTp
(Deoxy adenosine triphosphate) dTTP (Deoxy thymidine triphosphate) dCTP (Deoxy cytidine
triphosphate) (181 dGTP (Deoxy guanosine triphosphate)

Y] d I A [l o Y
- asazawdvhivlas (PCR buffer) Hudisazarsngiglunisnivguanitzaieg Mil4

Aaaa < o a 1 J : I
Ugnseiigersaniulldedrwmmnzay dsznovldrenunibdounaslsa (MgCL) Fuilu
' Ao ' A A A ° Y adg 3 P
arulszaounsutluedianin eannuunii@enyinni 1Nty Cofactor voudu lyiaduIe-
4 ] aan < o a [ a a Y

Indwesisarielnlgnseriidersauidulydedreiidsed@niain uenviniiarsazate
% S ] a 4 4
mlosdasznoulddremniae vy nTaaanlsa (Tris HCI) uaz InsunaFsunao'lsa (KCI)

% { (o 1 1 aaa Jd I
Faziinthnlsue pH 19llan iz auaelnseniiders Hudu
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Unsenia Ho19uuF AN (Conventional PCR)

Aaaa == 4 aa}l a A A aA P 9) 4 1 o aan
TJJ;] NIYTNYDITUVUAIAN AD mﬂuﬂW%@Wi‘ﬂi“B"},Wim@i 1 ﬂﬂluﬂWi‘ﬂWﬂQﬂiﬂW

[

A a < [ {
witwda il damnsaiudSnaddueimine (ONA amplification) aqaadlugiin 4

F1l —

5 ] 3’

= EY
ﬂ!ﬂ‘l!!ﬂ!”]]l‘l‘i?]l]il

ardwarihiing
2 1 e Y

€—R1

d' g Yo o aa 9 A o AaA o o’/‘ a
31]7] 4 Llﬁﬂ\1ﬂ']5f’]i’]ﬂLL‘]J‘]JVlW5Lllf’]55],14’l]‘]Jﬂ‘]JﬂLi’]'LlLi’]ﬁ'LlLL‘]J‘]JLW@ﬂ']iVI']W“D’@']iLL‘U‘UﬂQLﬂ?J

Aaan o o a Oy a A -4 I n
Ugnsefigersvgduiulldng Uszanm 25-35 sou Usuranzmuiwiu 2" (nfo
1 9 v
$ausevvealfnsen) dluusazseuszsznou ldae 3 Juaou dwdaslugiin 5 (24)
. & o ) y A a a I~
1. Denaturation uvunauusn Iagazlonnuieungargiilszuna 92-98 oarusamea 11y
a A A ad Y 19 Y A
(381 30-60 N WBUENADUIDAULLY (DNA template) 1Ineag 1l uae@e)
. aq Y 1 [ = I a oA I 9
2. Annealing angavini1vied usa9 50-65 osrusaiFoa 1Hunar 30-60 Iui el 14
~ o [ Y v o ad 9 4
aanzingdmsunM U uaRweAuuUUvee Inswes
. A A = 3 a A qyyy =
3. Extension tinguvgNszanm 72 ossmadod 1funar 1-2 wdi e 1d ldannz g
o w o P < o a ¢ o o
Fmsumsduasizvanweveudu laiadue Indwesisa Tasnisinuana 4 lu

a J v o 1 <3 a
aoondiand lelna laseaa (ANTPs) irdufuagauuuaefDueAuLILINAA

514 3
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_i: et 0 1S SR AN AN SR NERR :Z::::!Z:!E: DNA fviry
e
Fergw sl oRgaar e
s- tsanem ¢ AEREEEETaE Ik."u"ti.nn
¥ YWmmdeugaanw H- bond
S semannnnns ¥ g DNAR 2 o
4' Annealing
Ly EEREEN EEL L LR L L] " I
e 2 diuaagumgi i primer fia 2100

e T sesmnnenns 5 G INA #unm

5 . Extension

; Tk e | — re— 3 o o = A

3 sesanenanes 5 fumuguorgidlu 72°

zr - - e A

3 eeesans mmmma "A — sssssmnnae 5 pulml DNA polymerass ey

AIUIOUN | TheNTe fit 4 Fliauwenode
¢ AW primer

¥ EEEEs 3" .

¥ NN RA RNV EE NSRRI EEEN) s+ Denaturation

# EEERERIREARNNEREE) > i

¥ . A . EEEsEsEsEs O Almﬂ‘ah“g

5 EREEEETENEREENEENN &

v s Extension
_.-; amaEe RARREREE INEERNRREREAE, sasansnann
; ﬁ‘.lll‘.\-ﬂlﬂ'llﬁ F

|

1030073-30 sxh iy DNA dwfdeanmbudma

v Y
v o aaa o
51 5 uaastuaeumslgnTeiTe s (24)
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v A < i Jd .
NaAWand#ite13 (Multiplex PCR)
v A < A d A a AaA saq Y 4 [/ o ) Aaaa
Vaamandideons Ao malaidorsnld Iwswesvaeguionnulunsiilgase
= a’;’ o 9 A a ad . . 9 ) ] a’;’ =
ianse v sauds Ao ue (DNA amplification) davianedurualunsuden
[ H & 4 H [ [ [ { I~ [ [
aweaalugiln 6 delwswesnlduaazgozdos lifiuaniugan (Complementary) 5211319
s Y [ d’ [ a 4 . . =% aaj 4 [ [
Twswesdreiu ivetlosiumsiialwswes lames (Primer dimer) 9913 lnsiesudazgnls
= . A Y 2 o 9 alay a g A
92U Melting temperrature (Tm) nlpamesnu tazazdealvisuadue (PCR product) NYUYUIA
[ [ 0o w A <3 L= =1 Jq Y o dgl [ % 9
uanANAY MnlaAmansidos 1nlssauraduivaziuegiumslsvan g imuzay
[ A Iy 1 [ 4 [ @
(Optimization) 1@uA MSINNKTOAATATIAIUVRIANMTNTUTEHI InTwesunazdn

A A . o . A Y ¥
ASINNYT0aA Annealing temperature (Ta) 1UYUABY Annealing 1ii01¥ lAen192 (PCR
A

{ { o 4 A a 3
condition) Mz aunazin 1 Inswosnanuamunsanulsunaadwethvineldasudu

AWK (22)

Fl1 — F2 — F3 —
5 N O s

aroamarihing 1 arowarthing 2 arowanthiing 3

= 2 = 2 = 2
ardwarihiing 1 ardmerhwing 2 ardwarihing 3
5 I S _—

<—R1 <—R2 €—R3

[

A 70 Yo ad Y A o v a & Jdas & o
E”LI‘VI 6 Llﬁﬂ\iﬂﬁ@@ﬂLL‘]J‘]JthiL?JfJiGl.‘HED‘Uﬂ‘].lﬂl@ul@ﬁuLL‘]J‘]JLW@ﬂﬁVIHJﬁ@ILWﬁﬂ“]fW“K@ﬁ@ﬁ

JouSaiae13 (direct PCR)

9
IS

I aA J A A a a g 9 o
hlis”l!Jiﬂ“l/\l“]ffn'i Ao Manulsuaauea LUy (DNA template) Tﬂﬂ‘JJ‘lJuﬂfJuﬂﬁTﬂ

s o 1

Aaana ] =) YY) a A 4 Qle a . = "9
‘]J;]ﬂ'imwuLﬂﬂ’.]ﬂuﬂ‘]JmﬂuﬂW“]ffJﬁLL‘U‘Uﬂﬁlﬂ‘JJ (Conventional PCR) !,WfJQLm’J‘ﬁﬂQﬂﬁTJhl‘JJGIfN

[l o v Aax o w [l = Y a g 9 Y
NIUHUVUADUNITTNAALDULD TﬂfJﬁnﬂﬁi‘lqu’JE)EJN‘1/]1\‘1‘]5’35]11/‘1%11‘]5!,!,1/]14@!,@14!,@@14LL‘U‘Ullﬂ

v
ad A

U o a < J g @ a a
luilagtumaiinladaidersiduisnlasvanutdenlunisendiiner saudeluaan

an A <

Aaan s A I [ @ [ Y 9
UAINMAATADUD eI UITNTIA57 Usendaan Llﬁgﬂi$ﬁﬂﬂﬂ11%ﬂ1ﬂ{1uﬂ1u

a A

=~ 19 ] qul v a3 A v A I aan
(RFLREY LWi1$hl‘JJS5]ENW1uﬂluﬁ@uﬂ1iﬁﬂﬂﬂl@ul@ Lu@\?ﬂ1ﬂﬂ1iﬁﬂﬂﬂlﬂulﬂlﬂuﬂ‘ﬁmﬂi$ﬁﬂﬁﬂ1w
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R-

[

o A o < Qy Y 1a a g =\ 9 ad 3
a1 ﬂi’Jmf’JTnﬂﬁﬁﬂmﬁiﬁ]ﬁuﬁ]%ulﬂﬂiNTmﬂL@uL@LWENii’JEJﬁ% 16-30 UDIADUDNIYUA (15-17)

= oa.a‘ 9 a A
annalsszeznarlunsinsignngnuu

v [

(Y a v d
4.2 !ﬂ%ﬂ\?ﬁu1ﬂwu§ﬂﬁﬁusluﬂ1§§$u‘lfuﬂmﬂﬁlﬁﬂﬁﬂ3

a A . . A a ] A A o oa
luInaoumieadu (mitochondrial gene) Niouldlunisszyriiavowuilodad Ao
tulyInTasud (Cytochrome b; Cyt b) tazdu Iy Inlasuoondiad 1 (Cytochrome oxidase I;
d' =S 3 dyd a = 4 v d a @
COI) (25) KloannduiIdesilinnuranvalsvesiing lo Inaweagaludaiaeriany
= o a = 4 a d? Y v Jd A = o & A Id
gaziianuAundsvestlndle lnduanavuiissuinludaiyiia@ernu Faneilu

]
[ I

dy 1 a d" v d"w = 9 = =
UANHUZNIODADNITIZYTUAUDIUUDAN) uaxuaﬂmﬂuﬂqwmmmi“l%"lﬂmmumaaﬂu

f]
A a dy v 9 [ s I3 .
DU “lUﬂWiizuﬁlfUQﬂlauuaﬁm ulﬂllﬂ 12 1od uliT‘]JT%’llf’Jﬁ 01540110 (128 ribosomal RNA;

128 rRNA) (25) 15 udu

tuleInTasud (Cytochrome b; Cyt b) wag lginlasuvendiad | (Cytochrome
. o 9 A A [ 1T ad ~
oxidase I; COI) MmnnneInumsvuaidanaseuluszuumsrelavedlulanowase Tag
T TaTasuiidredunateriia azutalsznnued s TalasuTasns 1¥a19nusunuFevila
wod'laTalasu wu lalalasy v lalalasy 3 wielalalasy & Wudu dulelalasy O
uag 1o Tnlasueondinavzilsznoudlodiduiiang Te Indalszuna 1140 guua uag 800 grud
o o & = ] [} Ao A o v o J 1 a K Yy

AUAIFY FINUITADUOUVNFINUANHULNTANUI UMz UFA Iudazyila 331115
o ) ad ] dy 9 o A a v .
Wan Tagdiueauediutinlylse Temilumsasivaouiessyyiinueddnd (Species

Identification)

¢ A a X o ¢

4.3 msoonuuiInsmesineszyriiavouilodn?
[y d
nanlumseanuuvInsios

o :,I o P
mseenuuy Inswesiduduaeudiny Taoniseenuuylnsiuesisuainms
P o v Aa A s v I a a = v I A Ao v o
a1 Ivaadiduiiiaa To Inavesdaivianauladnul uagdaivianianuduiusnig
a o Y A [ 9 aa/’ o o w A =S o’oaxl o
FaumsIndifesduuiningiudoya Genbank v uiaag Te lnananuauii
o < ! .
Sequence alignment Taa 19 T1sunsudu5ogy Taun Tusunsuiifioa (Geneious) Talsunsumin
P & o o 7
(MEGA) %50 Tdsunsulwswes 3 (Primer 3) 1ludu a0 lnswesnesnuvuy 11

Y
a A 4 1 [
asyvaevlsraniaimidesduvedlnswes lasldldsunsuaiag 1dun Oligonucleotide
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Properties Calculator (http://www.basic.northwestern.edu/biotools/OligoCalc.html) ¥4z AN
J :‘ o . a

ATIVADUANEIVD INT1N0T (Length) 1imiin Tuana (Molecular weight) Usunanuaves G

v I

118% C (CG content) gai¥N (Melting temperature; Tm) UBNINHFIAWI0ATI9d0D Tonan

a

a a 1 4 a
%Slﬂﬂiﬂiﬂﬁ%ﬁﬂnﬂﬂﬂu (Self-complementarity) Taun msnesunau (Potential hairpin

U

a

formation) M3 YVGIUARANILA1G 3' (3' Complementarity) 18 t1az 11511053 Thermo scientific
(http://www.thermoscientifichio.com/ webtools/tme/) F39za1U1T0ATIVIANA T VUMY

J 1 ] A !
(Melting temperature; Tm) v03 lwsiwes 1deglugigamginmunzauaiuiidens

eszl dy = J ] saa 2 =
Tlﬂuﬂﬁ!,a’e)ﬂllWiLll’Oi “Nu],Wﬂll’Oiﬂﬂﬂ’Jillﬂ’JﬂJEJTJ‘]Jizlﬂﬂl 18-25 11e U CG-content
\ ! 43 o A . ya o o
9YITNIN 40-60 wWosigua azn1sua Annealing temperature (Ta) Tnateen U Forward
. . o 1. 1 = ady
primer L4 Reverse primer Tﬂﬂﬂ?qﬂﬂﬁiﬂgiuﬁmﬁ 52-70 DA LBALKYT NTUNADINITODNUUL
4 VA Y a v A 3 an J Y = o v ad Y
llWiLllf’)iﬁaW“] ﬂLW@i%iumﬂuﬂNﬁmWﬁﬂW%@ﬁ ABDIUANUINUNIZIICINNUADUIDAULD U
o J = a g AN ¥ A a a2 d
ﬂl@ﬁﬁﬂﬁl‘ﬂWﬁNWﬂ (template DNA) mmﬂmmm@m@ﬂmmmimuﬂimmm@um (PCR
. A @ a A Y o o <3| '
product size) NANNU uazmiwamammiclﬁlf‘lmm@immummﬂuﬂau (Complementary)

@ . 1 a J
NUIDN LW51$%ZLﬁﬂ\i@l@ﬂﬁlﬂﬂl‘mim@ﬂﬂm@i (Primer dimer) (22)

a 4 J a
gun@m@a‘lmm@i (Universal primer) 9¢0904UUVUU Sequence alignment $TIUTLIU
Ado o a = J A @ . v a A Y @
wumﬂuu’maiahlwﬂmuauﬂu (Conserve region) YDITAIVAYFUA LW@1Wﬁ1N1§ﬂﬂULLa$
A a A g 9 [ S ¥ a QBJI ) o = 9 [
LWNﬂﬁN1ﬂlﬂLQUL@ﬂuLL‘]J‘]JGUEJQﬁﬂ'JMlﬂﬁaWJG]Suﬂ ﬂ1ﬂuuu1hl°w3Lmﬂﬁﬂhlﬂhll]ﬂﬁﬂlﬂﬂfﬂ
a A 4 4 J J cy @
dszanimmdosduveslnswos laun anwervedlwswes (Length) iminTuana
(Molecular weigth) 1JSuauave9 G uag C (CG content) Qﬂmﬂ“ﬁ (Melting temperature; Tm)
:JI < A a 9 a a . Y J a
5mNIAT TR Tomanazina Inseas1anasgil (Self-complementarity) laun nswosumanu

o 1 Aa I
(Potential hairpin formation) MIVUPUA Aanatlate 3' (3' Complementarity) wudu

s o . . .
"1Wim@ﬁﬁmm1$m$m (Specific primer) 9¢99NUUVUU Sequence alignment 9154

=

a Ao v A = J ad v Y 1 o & a A
UﬁL'Jﬂl‘ﬂﬂJa’lﬂ‘Uu')ﬂaI@hlﬂﬂﬂl@\?ﬂL@ul@ﬂl@ﬁﬁﬁ?t‘ﬂ’lﬁu’lﬂiﬁllﬁﬂﬁ’lﬂﬂﬁ]’lﬂﬁﬂ?%uﬂﬂuﬂ
(species-specific Single Nucleotide Polymorphism; SNP) e ldenusodunaziivlsm
ad v Y 1o v a g 7 & o sy v
ﬂl@ul@ﬁullﬂﬂqﬂ@ﬂ'lﬁi]’l!fW’lg!ft]'wﬂﬁﬂﬂﬂl@ul@tﬁ’lﬁﬂ’lﬂlﬂ’luu i]’lﬂuuu’lth'iliJﬂﬁﬂhlﬂhlﬂ

< a A dy 9 J 9 1 J gl @
ﬁﬁ'Ji]!ﬂfﬂﬂﬁ3ﬁﬂﬁﬂ1WLU@Qﬁum@ﬁ1WilﬂJ@i llﬂllﬂ ﬂ')’liJEJ’l'J"U?NthﬂN?Jﬁ (Length) HINUD

Tutana (Molecular weigth) USN191UdU09 G uag C (CG  content) UNNH (Melting

a

QEJI [ { a 9 a .
temperature; Tm) 3IUM9AT179%A lon1dNaziNa InT9a319NA8U (Self-complementarity)

U
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1 4 a o 1 Aa
18un nmsvesuunanu (Potential  hairpin  formation) ﬂTiﬁ]‘LIﬂL‘LIﬁNﬂ‘VIN‘lJaWEJ 3 (3

Complementarity) Wudu

(Y] Y

av A
5. NUIWENNYIVDI

Jas A A J

1INIUITEUDI Meyer R. tazane 1w w.a.2537 1814350 T015 (PCR) Tunisszy

ad A = = v Aax Ay o A 1 a AaA J
AL ULIDVDINY LWE’JL’]JiEJ‘]JWIEJ‘]Jﬂ‘]J’J‘ﬁVINQZJﬂZJﬂL!’J‘V]Eﬂ (Immunology) WUIUNAUANEDT

9
%

Yo o ' & do oda ' &L L oyy ¥
ﬁ’]ll'lif]ﬂlsb'ﬂlm?@ﬂ']\uu@ﬂﬁﬁ?ﬂllﬂ’]ﬁWﬁllﬂuﬁgﬁg']\uu@ﬁﬂvllﬁgluﬂgﬁulﬂ Llﬁgﬁ'lll']ﬁﬂﬁlﬁlfulﬂfﬂﬁ

&L a & A ¥ ) o ya v v
Lu@ﬂﬂllaglu@ﬂWTL!ﬂiz‘].l')uﬂ’]iﬂzﬁq‘ﬂiﬂﬂi%ﬂ'ﬂuﬁ@u Iﬂﬂﬁ’]ﬂ’]iﬂ@]i?%?ﬂllﬂﬂ‘ﬂ')’]llmlllallu

a2 a o J 2 J ax Ay o a [l Y o dy =
ALULBAITA 2 1Wosisua ﬁ?u?ﬁﬂ?iﬂ?ﬂﬂﬂﬂﬂﬂu?ﬂﬂ’]zﬂzlluﬁ’]u’]iﬂiﬂfﬂﬂlu@uﬂ’]ﬁﬂzﬂfffﬂ

A

A & A D, v v a A & 0 &
ﬁﬁ@ku@ﬂW']HﬂiZU'Juﬂ'liclﬁ‘ﬂ'J'UJiﬂullﬂ Lu@ﬂ‘ﬂ’]ﬂiﬂi@lulﬁﬂﬁﬂWW ﬂﬁ@gﬂﬂWaWﬂ‘lﬂ BN

v
o

o 4 73 o
amnsoasnialananudududiga 20 wlosigud (26)

1 a o J a
APUIIUITOUDY Matsunaga T. uazane 1ull w2542 lddszgnaldinaia

v A <3

JA A J . A a d" L a o J A Y 1
VaaNanyWeye13 (Multiplex PCR) LW@izuﬁﬁuﬂm@\uu@ﬁ@niuWa@lﬂﬂl“ﬂ@’]ﬁ’]ﬁ 6 ¥UA llﬂllﬂ

(3

' 9y £ g A a adg ] s '
F1 vy 1o unz unz wazd FuilumsmvlsnadouedhvineTasns 14 Inswesvateg
9 o aan = o A a d’l v A o 1 =

wsounululnseuainu easvdousiaiiodad 6 ¥HAAING1Y TAg0ONULVLININTY
[ H A a < a 4 [

TudrvesdulsIalasy O man'ldnnmamulsnaddue lumaiaides nunuuIaves
a2 g ~ 9 A a A d (% Y [

Ao Idanmamudsuafduwevesun: 1n 32 ung vy uazdh Tvwawiiny 157, 227,

274,331, 398 1A 439 QUUA MUEIAY Taguasinalun1sns v IamIng 0.25 W Tunsy uay

Y v
awnsaldldnuiiondumsldnnuougads 120 oswaiFod (27)

1 Aav . = Y= dy
ADUINUITBUDY Lopea-Calleja IM tiazame 11l w.7.2550 larnyinmstduiouves
@ a o &) = = Jgadt v A I JAaA 7 .
wuNlundasansa @auuune tazFauuuny) Tasldsianmansiaes (Multiplex PCR)
[ v A $ [ o ) v A
Taeldeu 12srRNA 3230193 Indirect ELISA @Inan1sanyinu lnswesnlédmsuis
v A <3 JA J . dy [ a o J
YoAmansiae1s (Multiplex PCR) aansouenmsdutlouun i lundasasiuuune wazuy
Y Y
S I 4
unz1d azannsanstvaeumstualeuldudaeinsudlowiies 1 Wosidud nSolns
A ~ Ay v Y  an ] ] v an
199910W 89 1:10,000 tazNanlaa1nnIsNAaaUAI87T ELISA 1¥iNaasandsdnuId

&7

a 3 Jan J .
AANANEWEDIT (Multiplex PCR) (28)

1 av . = y=R a =)
ABNIUITEVDY Yin RH tazame Tl w.a.2552 TdAnyinsszystiaueaniud (Yak)
o yas v A S Jax J . Y I a =
waz i Taelddssianmansiaens (Multiplex PCR) Tagl¥ Insimesfnoontuuuainuinatu

12s rRNA 11l Inaeuassadidute (Mitocvndria DNA) Taglduuiadduie (PCR Product)



22

YDIDIW3 (Yak) Loz Ty 290 oz 159 gruaaud1du #ail lawn e msonsindouns
§ o A o o & A el o
Hasnduvsuiio T lundaduaiiionns laudazilsnaiosiies 0.1 nlesiFud uazauso

Y v
1¥1dnuilonrumaiegnTneldanusougede 121 eerusadod (29)

ADN 9INIIUITEUDI Murugaiah C nazame Tudl w.a.2552 18AnyIn1sszyrinves
dy o ag & ) s = =
iiadadluemisarala 1ae3s PCR RFLP G4l lwsiwesnoonuuvuarndu s Inlasui
v
o @ d v o
(Cytochome b; Cyt b) 31ntiudaalgoulsidasinig Alu 1 uazasivaounalaely
s E L 2 Ay v ' &
3 1osIFuUa agarose gel electrophoresis mwam"lﬂwmwmmmmmﬁeumiﬂmﬂaumm
ad dy a o J d" o ' 1 ¥ & Y =
AuoIonyINHAAS AT ANe un 10 une waznizaed Feawisog Idanuaud
3 A & ] a g Vo '
©UeN131NYUY agarose gel F¥YILINVUIAADUIB (PCR Product) 1M1 224 11ag 115 ¢

9/
a /3 7
51} uazmmmma%ﬁ@u"lﬁ'uﬁ'%ﬁﬂimmmaﬂmﬂ@mﬁm 1 losigua (30)

[ Aa o a v Aa <3 o
A01191NIIUITIUD S.Ghovvati mazame Tull w.e.2552 1aldmaiiavanmand

a o J

S 4 . A o A o ¢
WH®13 (Multiplex PCR) titoviimsasavaeunstlasuiuveuiodadlunandusiomisuls
S 4 { @ [YL 1 ao J
sulunqudadifendes (11 ung uazuny) dadiln (1n) nazuy Tasauidadenly lnswes
A a <] v qazl 1
108U 125 RNA 1ag 16s RNA lunisasiaden maini/sunadiouevesdadni 3 nqu
9 1 d’l dy Y] Y [ =\ a2 g [
I8un 1nendes (31 ung wazung) dadiln (In) uazvy Jvinadoueminy 104-106 183 wag
v k4
290 fiua awdny Hah ldnnmanaaeualog s luuaaznguiuau 3 nqu 1dun e
9 Qy dy [~ I o [ @ (] c?: Qy ] (] [ (=}
va ldnson uazFuilousuds Pusmnunguaz 10 @019 3I099T0 30 A29819 Wi ludl
dy a g @ (] c?/l 1 dy [ Y] (] Y
mstdudleudwuenyludsdraniua uanumsdudouvesdaiilnludledisldnson

PG S S /3 o I, o w
LA B ULHDLBLLUN Lﬂuﬂ1u')u 40 Lﬂ@ﬁl%uﬂ uag 30 Lﬂ@ﬁl%uﬂﬂ’lua’lﬂﬂ (31)

1 av .. = 9Jq 9 a o A I 4

AIDNIVINITUIVYUDY Daiming Zha LIASAUE GhHJ W.F.2553 llﬂcl%mﬂuﬂuamwaﬂ%
a2 . A A & o o4 a o @ & Y 1w
NED1T (Multlplex PCR) LW@ﬁ$u%uﬂmeﬁluaﬁﬂ3ﬂﬂaﬁ)nﬂu1uwaﬂﬂm“ﬂmmuﬁ)ﬂ’m llﬂllﬂ 9

Y A 9/ 4 Ay Aaa 4 [ 9
UNe Ny Lm%ﬁﬁ’)ﬂﬂ IﬂEJLa’e)ﬂGlGIfllWiliJ’e)imﬂﬂu’)ﬂﬂﬂﬁWNWN1ﬂ@uﬁu1 UASDDNUUULIDIIIN
a = ' s=q 9q ¥ a g o o o
UINIU tRNA-Val llag 16s rRNA Waﬂﬁﬁﬂ‘lgTW°U’31111'\1iLN@iﬂi%iﬁﬂlu1ﬂﬂL@ul@ﬂl@ﬁ’J’J T;W]’Jﬂﬂ

[

Y
LN HAZWY N 124 183 225 1Az 290 Qrud awday Tastiasinalunisasiainiiony
[ [ dy Y= [ [ dy [ [ [ d!
HazuAZMINY 1 W1 IuAsYy edadnminy 5 w1 Tunsy uaziiodn1ny 0.5 1 TunTy &9
~ 9 9y 3 [ dy o A a [ 4 dy =y
pad lanaasldvuiniymnmsdasutuiiodaioulundaiusiainiionieiionsinis

A 4 1 a3 1 @ @
LWN%H@?JNTJWLTJ Tﬂﬂmwwiumummm% La'é)ﬂ DIYITINE LUAIVIVDININ (6)
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1 Aawv . . = Y A v A < I 7
AONINIUITEUDI Dai-Ming Zha ttazame 1l w.7.2554 THmatiadafnansnsels
4 a a % 4 4 3 a a
(Multiplex PCR) o3z ywiavesn1elumdasuaiiiion1anaviug 4 ¥iia Ao n219%01 (Sika
ara .. S J .
deer) n2194711A (Wapiti deer) N31964AN (Red deer) 40 NINUTULAYT (Rein deer) Tagponuyl
4 a A [ = a g = 1 saq ¥
Iwswesnnuina 16s rRNA fiogluluInaouwssadoue namsaneimwu Inswesnld
3 a [ Y 1 ara [ Y
TRv11ARADUIOUDININEA (Sika deer) 117D 307 LUE 121917 (Wapiti deer) 1M1 307
1B 246 AU NINUAIMTN (Tarim red deer) (MIAY 272 YLUA AINUAL (Red deer) IMAY 230
1 4 [ o w [ a
AU 1HAZNINUTURYS (Rein deer) (M0 141 bp Taslivasinalunisasirviavesninedi
(Sika deer) 1azn19MUA (Wapiti deer) (1A 0.05 U1 TUNTY NI1UAINITY (Tarim red deer)
[ (% [ % o
91100 0.10 W1 TUNSH NI19UAY (Red deer) IMND 0.50 W1 TUATY LAZNINUTUIABT (Rein deer)

11101 0.02 W1 TUN5Y (5)

ARNINUIVEVDY Ali ME. iazaae 11l w.71.2555 1AiAtian TagMan probe real-time
1o o 4 & 4 a Y] 4 Qy
PCR 21gAUN3%1 PCR RFLP tiveszmistuilonveuiioviylundafauaigniu (Meatballs)
SA o o . . . {
Tl lnswes NS unizinnzeaiuny (Porcine-specific primer) Noonuvuvngu laTnlasud
=2 Y a Y 1 A 9 L4
(Cytochome b; Cyt b) wamsinulHvuiadd ueuesrumny 109 guud uaziio 4o lan]

o D} a g 1 2 a s & Yy v
Alu 19 ﬂgiﬁﬂJMWQQLGULﬂ 27 33 uag 49 ﬁ]!fUﬁ “]Nﬁ]3?(']11']30@3’3%%?1ﬁ'lgﬁﬂ'lﬁﬂulﬂ’f)uulmm*ﬂ3

< ~

A I3 J Qy Ay
UALUDHYIWEN 0.01 1Wos iU Glugﬂsvmu’a (32)

Y
v o < A = A

1 Ao o
gaiuazrin 1annnauidenmumniivenufe matin Multiplex PCR yag Insiuoes

< o

A = A A o v A o o Y

VIfJfJﬂLL“]J“]JiJWmﬂEJuh],G]iI@IﬂﬁJ U 11?1’31111]1LW1$ﬂ1JﬂLﬂulﬂﬂlﬂﬁﬁ@]’uﬂiﬂhw wﬂwmmm
o 79 ¥ a ¥ J A a o o Ya o K
m”lﬂﬂamn@“lﬂumaazu%ummﬁmmﬂ 7 VINDINIT HIDWAANUNDINIT WIYIN
) v o ' < 4 . . 4
‘an‘ﬂiﬁﬂETW@J‘HT“I;@VI@?{@‘]_IWﬁ?ﬂ@ﬂllﬁuﬂu‘ﬂU"lﬂliﬂﬁéli)’@ﬁ (Multiplex direct PCR) ﬁu

A & amay 1Y ] o v aa av .
LHE’Nﬂ?ﬂlﬂﬂ?‘ﬁ’ﬂulllﬁ@QNTHﬂJHﬁ@uﬂ?iﬁﬂﬂﬂli’]uli’] TA891n911298904 Erica L.R. Butts 1182
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2 ag S aA J & ama @ & aada
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ﬂﬂll?ﬂli%Gl,‘Llﬂ15izu“ﬁuﬂm®ﬂlu@ﬁﬂ31u@1ﬁ15ﬂWTLlﬂizllﬂuﬂﬁllﬂigﬂ ﬁi’é)ﬂﬁﬂiqﬁ?!ﬂiﬂﬂ

o <3 o 4 S o o ' o a o
1¥nnwdougs hldawuegnihate wiedonaninly 8nnaitawinandsddwanising iz

v o

A A A = o a dy [V 4 9
NUNBDDD Nﬂ??N%HWWLMZ%Qﬂﬂﬁ@lﬁll‘ﬂ1ﬁlﬂﬂ mmmizu%ummm@ﬁmiummi"lﬂ

9
v A

= o |22, .4 0o q Yy Y 3 A2 2 .
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a o’dyw Id A Ao ' Y Aaaa s =& I 4
miamiwwuumﬂuﬁmmrﬂuammmﬂlmmﬂmumwEn?nﬁm m%tﬂuﬂiﬂﬂﬂmqu’m
Y 9 A 9 a 4 dy A
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IsA U UIY

Y} H v d
1. mstfufeehaiiodn) (Sample collection)
] (] d" v oA 9 = ua.t‘ dydn u’.t‘ Q" a 9 1
mamuuaﬁmwﬂlﬂumiﬁﬂym’immmaumﬁu 6 YU llﬂllﬂ Wll.u (Sus scrofa) UNe
[ 9
(Ovis aries) 1n (Gallus gallus) UNNITEIDUNA (Struthio camelus) W (Equus ferus caballus) g
[ a [ L] [ d' d! % L] 1 dy 9 Yo A [
17 (Bos taurus) ¥UAAS 1 179U muﬁﬂﬂumﬁm 1 mm’omﬁmmuﬁ]m@ﬂmumiﬂuﬁlu
Y

wila Tagldanyaen1adag1uIne) (Voucher specimen) noutinldlunisdnyi a1niuda
o [ Qy dy J z:y PE I a PIEY Vo oA dy
m@mwumama1u1wm1u1maﬂ‘ﬂizmm 2X2 IHUNUAT Iﬂfl“lsb'llﬂﬂ']@]ﬂﬂﬁgﬂ']ﬂ ‘]Jﬁ@ﬂlsb'@

Aa

= 14 Yy < dy @ [ [l ~ dy
FINIANNACDIAAUDNIUDA (70% ethanol) Lm']!ﬂ‘].llu@@]']@fl']\ﬂﬁ'fﬂ]\?“])"]_la@ﬂﬂﬂa@ﬂlslf@ I3

Qe

T o [ a A [ dy zﬂy v J a A <3 @ [ QSJ‘ A
ADAIDYNY 1 BUA Lwe‘ﬂmﬂumi‘ﬂm‘ﬂ@ummuaﬁmﬁvuﬂauﬂ AMMUUINUAIDYNNIHUAN

9
gangil -20°C auniezih 1§ lumsnaassiuaeudelil

d‘ o [ [ A 9 ng < % [ d" 4 .
M3199 1 LA IUIUAI08 19N 15 IUTUADUMISINUA D819 ER ) (Sample collection)

a &’ v d o 1 d'
FHAVDIUHOAAN szianves | u uraInn
CREEAR
4
WYY (Sus scrofa) i1iio 1 AANANABTHU 9.a9vA1
4
N (Ovis aries) 1aon 1 AIUFNITIVA .99V
4
1n (Galius gallus) 11 1 ADIAARDAUIHU 1.A9UA
4
Aaa o 4 aa
UNNTEINNA (Struthio camelus) 11 1 NNFTAUNTDIUTITUYININYY 50
WITH ﬁﬂmmquuﬁ 2. 039
9 Y J 4
U1 (Equus ferus caballus) YU 1 goiaaoin v.d9van
4
11 (Bos taurus) 11 1 ADIAARDAUIHU 1.A9UA
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¢
2. PISENMUD HazMItaen INTIeS (Oligonucleotide primer design)
s A Iy " s Aa /A o o X o s A
IIWiLJJ@iVILaE’Jﬂ“l‘])'“luf‘lﬁﬁﬂi&lWﬂiﬂulﬂu]‘lWillﬁ’Jiﬂmﬂm%ﬁn%ﬁ]ﬂﬂ‘um@ﬁ@n‘ﬂﬂ 6 ¥UA
1 v v
(Species-specific primer) ‘%Qllgljmﬂf‘lﬁi’)i’)ﬂll‘]_l‘]_lli’)ﬂch.!ﬂﬁﬁﬂ“ﬂ%‘l%ﬂﬁ HAZIIVTINNIDINIIUIY
A A A1 A A A I o P4
G‘IN‘] 'VWIWZJW611!’315%’(151!11!1%1?]1/]1!1L6156ﬂ6 Iﬂﬂﬂﬁla’t’)ﬂllWiLll@i'VIﬁ]%WWzLﬁnzﬁNNﬂG}fiu
= Ao X A A Ja A Yy 9 ) adg
NITANHIU uwanmmmiumnaan 3 ﬂi$ﬂ1i Ao 1) "1W'im@ima@ﬂmmaﬂmumm@ma
v [ v 2 v
(PCR product size) ﬁu@mmﬁu Lﬁaﬁ%z’mma*mzu%umawmﬁaﬁmmq'lﬁ'Tﬂmei@,mﬂ
{ [ o’ugj ] Aa A
mumﬁﬂimgummuazﬂﬂiﬁma 2) llWiLll’e)i“Ll“Ll“] GQII’E‘NINTL!ﬂ1§ﬂﬂﬁ@ﬂﬂi$ﬁﬂ‘ﬁﬂ1WN1LLéj’J
v v
v A 1 o J . .
NIAU L BU m’:“mﬁ@ummmmmmz%wm”l‘wa?maﬁ (Specificity test) LaENIINATDUAIY

J I 4 c?/l a
T Insiues (Sensitivity test) tTudn 3) lwsiwosiug vzdosliguugl (Melting

~ Y @ A Y 1 A a a2 g 9 4
temperature; Tm) N IpdiReany e lideaemsmivlsnadmwedhuuelasls Inswes

naneg luauagIny TaoTumsaniiog z1aon19quungil (Melting temperature; Tm) 11579
1 d’

9 9
64-67°C il Wdiden TnswesRamuilumnsmsumnaiindedomiei 4 1 MTuny

Une "lﬂl HAZUNNTSIDNINA ﬁ’mﬁmﬂlumimﬁ 2

a Ja A ad 1 A A
M19719N 2 LlﬁﬂﬁulWﬂll@TﬂLa@ﬂ1]']ﬂ']ﬂ'J']iﬁ']iu']u']G]ﬂﬂVlu'llG]f@ﬂ@

= T o : = : =
yHaveuiednl | ¥elns e e qutigi (Melting Foiiu (mtgene) ) 81984
, seutianalelng (5-3) . .
thviang eI temperature; Tm)('C) APUID
ny Sus-F1 | 5'- GAA AAA TCA TCG TTG TAC TTC AAC TAC A -3' | 64.24 o TaTasud 100bp | Lopez-
Andreo Loy
(Pork) Sus-Rl | 5'- GGT CAA TGA ATG CGT TGT TGA T -3' 66.07 (Cytochrom b; eyt b) Az (2005)
Ovi-F2 | 5'-GAA AAA CCA TCG TTG TCA TTC AACT -3' 66.10 nsmalesersdue ngaum | 119bp | Loper
une -l Talasud Andreo 1182
Ovi-R2 | 5'- AAA TAT TTG ATG GAG CTG GGA GA -3' 64.84 AW (2005)
(Mutton) (transfer RNA glutamate ; t-Glu
- Cytochrom b; cyt b)
1n Gal-F3 | 5'- AGC AAT TCC CTA CAT TGG ACA CA-3' 66.66 o TaTasud 133bp | C-L.Zhang
Hagnme
(Chicken) Gal-R3 | 5'- GAT GAT AGT AAT ACC TGC GAT TGC A-3' 65.03 (Cytochrom b; eyt b) (2007)
unmszaonma | SUF2 | §-CCCTTT AAA GAC ATC TGG TAT TGT GAG -3' 65.66 12100 IsTuTsuoa 0158w | 155bp | Rojasuaz
AMUL(2011)
(Ostrich) St-R2 | 5-TAA ATT GTA GGC TCT CTG GGG TTC -3' 65.45 (128 ribosomal RNA; 125
rRNA)
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= 3 dyd o J o [ dy v J = a A 9
ﬂlUﬂ’]iﬁﬂH']‘ﬂi\iufl]\ﬁ/nﬂ']i@@ﬂl!‘]Jt]J]‘lW5L3J@5ﬁ’]WT]Jlu@ﬁ@]'JLﬂ']Vfll’]fl@ﬂ 2 ¥UA AD U1

o a % I
wazia Tagaziaonl9du lsInlasueendad 1 (Cytochrome oxidase I, COI) Fududuain

ag

= A < a Ao [4 =2 o [ Y
"laﬂmﬂammﬂamama maqmmﬂumnmmmmwimgqq mmmzmmu“l%“lumﬁzu

a dy v A oa.l'd a Y A A Yo a o 9
¥ilavoatodad onnsouleTalasueondaa 1 dudun lasuanuiienlumsiunlsluns

a dy o Jdo Iy Y o w A = 4 (] 9 £ ] [
izuﬂvuﬂsueam@ﬁmm“lwmauﬁammamumﬂaia"lmag“lugmmmga SHAISNTYLUNNT

o v a A s A 9 s a ]
i?ﬂi?llﬁ?ﬂ‘ﬂuﬁﬂﬁI@UlﬂﬂLW@ale'sluf‘ﬂﬁ’l’]@ﬂLL‘U‘UUlWﬂ?J’Oﬁ IﬂEJLﬁJ%TﬂﬂTﬁﬁ'J‘Uﬁ'J?JsU@HﬁsU@Q

o

Seuwainndlelnavesdaithwine saulddsiinaale Induesdaiviialndifesiu uas

v & a Aa o Y I o a o o z Qy a 9 1 &
dadyiandeminnldiiuiagaundnlumsisznovening Srurunedu 12 wiia 1dun e
A1 ¥R uwg 1219 9520 19 uwa In unnszeenma vy wazunz sdntlosyiiaaz 2

o w

A a s & 2 ] = = .
am‘umﬂaia"lm “ﬂﬂﬂ??ﬂiﬁﬁﬂﬂ?%?ﬂi?ﬂﬂl@ﬂa Genbank UaUNN18NLVYY (Accession

u

o w A P ya’/’ [ {
number) Y3319V 1o Inan ¥ lumsdnuiiinaiua sataasluaisian 3

d' =\ . o v A = 4 =~
AN 3 UTAUAUHUIINTIUYY (Accession number) ﬂl@ﬂﬁTﬂ‘]Ju’JﬂaI@]l‘ﬂﬂﬂJi’NElull%’IG]Iﬂill

oONHIAd 1 (Cytochrome oxidase I, COI) 310 Genbank

danthviane lurINanz ey RGN
(Accession number)

1.ila EU755253.1 Tu, J. et al. 2012
2. 1i)a NC_009684.1 Tu, J.F. et al. 2007
3.9 AF492350.1 Hiendleder, S. ef al. 2008
4.9 AF492351.1 Hiendleder, S. ef al. 2008
5. A8 NC _006295.1 Qian, J.X. et al. 2004
6. 1Y NC 020615.1 Hassanin, A. et al. 2012
7. vnith KC461238.1 Zhang, H. et al. 2014
8. vimth NC_011218.2 Meng, C. et al. 2009
9. UNWY NC 020683.1 Hassanin, A. et al. 2012
10. LW NC 020622.1 Hassanin, A. et al. 2009
11. LN GU068049.1 Xi, W.H. et al. 2010
12. UNe NC _005044.2 Hassanin, A. et al. 2010




dadhwiang Nz ey 914999
(Accession number)

13. N NC_014703.1 Yu, H. et al. 2012
14. N9 NC_016178.1 Pan, H.C. et al. 2014
15. 95214 NC_015647.1 Zhang, M. et al. 2011
16. 93214 NC_015651.1 Zhang, M. et al. 2011
17. 914 NC_005129.2 Rogaev, E.I ef al. 2006
18. 14 EF588275.2 Maikaew, U. et al. 2007
19. 31 CK203026.1 Allard, F. ef al. 2003
20. 31 CK203028.1 Allard, F. ef al. 2003
21. 147 NC _001700.1 Lopez, J.V. et al. 1996
22. 1147 U20753.1 Lopez, J.V. et al. 1996
23.'ln HQ857210.1 Miao, Y. et al. 2010
24. 'ln HQ857212.1 Miao, Y. et al. 2010
25. UNNITLIDNINA NC _002785.1 Haddrath, O. et al. 2001
26. UNNTZIDNINA Y12025.1 Harlid, A. et al. 1997
27.1y AF034253.1 Lin, C.S. et al. 1998
28. i NC 012095.1 Yasue, H. et al. 2009
29. ung NC_018596.1 Liu, G.H. et al. 2012
30. N2 1Q996232.1 Liu, G.H. et al. 2012
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nnuihdguiingTolndwanuauisi Sequence alignment laoldlysunsy

Geneious (fataaalugii 7-8)

1o 120 130 140
|dentity

struth2|U76055 1]SCU76055
C SlruthlU?EUSS 1SCU7B055
. sheep[X56284.1]
sneempxaa?azw 1
. pigIX36295.1|
plg\ﬁEﬂESﬁZ 15342-16481
. Goall |JX010746.1]

1 BATACANTACACAGCHE
2

3

i

8

6

7

g. goat2|AB004071.1|
1

1

1

1

1

1

1

1

1

1

EATACARTACACAG
AATACACTADACAR
AATACACTARACAECEH
AATACAMTACACATCA
AATACARTACACATCAGACACAACAACAG
AATACACTABACATCEGAMACAAE

GCAATACACTANACAT

BuffalolJF946525 1|
. buffalolJQ241283.1|
.Horsel1|JF489134. 1\
. horse2|JFE11436.1
. Cow|KC153975.1 | 14514-15653
Cow2|AY626085.1 cc
. Chicken|71040207:14903-16045 CCCT
. Chicken2|AB044984.1|
elephas deer|AJ000021 1|
. nippon deer|D32192.1|CEUMT..
kangaron|UET13? 1 \MGUBH 37

CmummEL—= O

20. kangaroo|EF368023.1|

21. elephant|DQ31 6068 1| 14148-
22 E\Ephanl\.‘\ﬂ 325211

23. duck|EU585609.1]

24 duckl 541 257[]2 14708-15850

25. dog[17737322:14183-15322
26. dog2|ELI352854.1|

27. crocoidile|122891700:14287-1
28. crocodile|GU331906.1]

29. CatjAB194817.1|

30. cat2|ABDD4237 1]

517 7 1A Sequence alignment ¥4l TnTasuL8U (Cytochrome b; Cyt ) Tagld Ta)sunsu

Geneious

Identity

Anas platyrhynchos
Anas platyrhynchos breed m.
Bos indicus
Bos taurus
Bubalus bubalis
Bubalus depressicornis
Canis lupus desertnrum
Canis lupus laniger
Capra caucasica isolate MA.
Capra falconeri
Cervus elaphus songariger
Cervus nippon kopschi
Crocodylus acutus
Crocodylus novaeguineae CEETGACTETTTTC
E\Ephgs maximus’ CCGCTGACTATTTTCA
Elephas maximus2
Equus caballus hapotype M5
Equus caballus hapotype N1
Felis catus] :
Felis catus2
Gallus gallus isolate yin109
Gallus gallus isolate yindf
Capra hircus?
Capra hircus2
Shruthio camelus?
Struthio camelus?
Sus scof;
Sus scofa domesticus
Trichuris discolor
Trichuris ovis

I E AT

PP Y ¥ P ¥ P P Y ¥ P PP ¥ P F P EFF

=L T e R R P

iTTGGI‘CC.TIT‘CI[‘iCTITT.GGT-l'G‘.GIGGC.

v

gﬂﬁ 8 LAY Sequence alignment vodlsInlnsueondiae (Cytochrom oxidase I; COI) Taely

11511051 Geneious
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= g & sad 7q YA o .
1‘Llﬂ1§ﬁﬂkl1ﬂ5\11!‘1]5’E)f’)ﬂllllll?‘l@il')iﬂ]’l‘wilﬂﬂiiﬁﬂﬂ'ﬂﬂﬁnlvﬁgﬁngﬂﬂ (SpeCIﬁC forward
. v 2 . . . a = 4 [ Y4
primer) A1 (Single nucleotide polymorphism; SNP) Uua1811aa 1o Inavesdadithwune
=& o o [ J 9 J v ¢ a A @ A [l =
ﬁi\iﬂiﬂﬂ 3 "']NﬁTQ‘UL‘UﬁﬂQﬂﬁYJ’ﬂgﬁi’NLMﬂWNll‘]J"lnﬂfW]'JGIfuﬂﬂu‘] muﬁ@ﬂugﬂ‘n 9-10 943UT
Aad 4 . < = J J . . 4
Asalnswos (Reverse primer) %zaammmﬂugunmuma"lw:ima:i (Universal primer) ‘39
A a Ao w a = s A [ v d a o o
Lﬁﬂﬂ‘]Ji!'JmiJﬁTﬂ‘]J!‘]Jﬁ‘]Juu'JﬂﬁIﬂll“l/lﬂ°VIWillﬂuﬂuiuﬁﬁﬂﬁTﬂ“ﬂuﬂﬂuﬁiﬂﬂﬁTﬂ 3 muﬁﬂﬂu

s 11

Identity il ]

De1. Anas platyrhynchos & ETE o

[+ 2 Anas platyrhynchos breed m. e ETE pac

L+ 3, Bos indicus o W c &

e 4. Bos taurus T I e G

[+ 5 Bubalus bubalis w & v:l.!.'r'ru'r'rn.\r'racl;.ca ATTATEAACATAAAA| Eccl A

O+ &, Bubalus qepressmorms CT GOCMATTAATTTTATTACNACA ATTATHAACATAAAA mccH A

Ce 7. Canis lupus desertoru ETCEATTE GORNATTAATTTHATHACTACE ATTATHAACATAAAAL = WTCE

O+ §. Canis lupus laniger ETCEATTE GEENATTAATTTTATHACTACE ATTATEAACATAAAA] ] WTCH

C+ O, Capra caucasica isolate MA... o CCATTAATTTTATEACKACE ATEATTAAMBATAAAMR' CHCCE A

<] U_Capra[alconen ] ECATHAATTTTATHACKACH ATHATTAACATGAAA Eccm A

[+ 11. Cervus elaphus songariger GLECATTAANTTTATTACHACA ATTATTAAMATAAAA WecHATH =

Ce 12. Cervus nippon an schi (2 TATTACHACA ATTATEAMEATAAAA W5 ClATE

Ce 13. Crocodylus acutus ETCNTCHATEC T ENATTAARTTTATTACHEACG GETATEAACATAAAA &

[+ 14. Crocodylus novaeguineas ETCH EC T CHATHAANTTEATTACHACE GETATTAANATAAAL &

O 5.E|ephasmax|mu3 FY { B EATTAATTTTATEHACTACE ATHATEHAACATAAAA EATETCH

[+ 16. Elephas maximus2 & T RCEGCMATTAATTTTATHACTACE ATHATHAACATAAAA BATETCH

Ce 17. Equus caballus hapotype GTCHTCGATTE T CATRAARTTTATTACHACA ATHATTAACATAAAAL CH DETATCE

L+ 18. Equus caballus hapoiyp GTCETCGATTE ToECATEAABTTTATTACEACA ATEATTAACATAARAL CX TETATCE

[+ 19, Felis catus1 BETGGCEGCHATTAATTTHATTACTACE ATTATTAAMATAAAL BccEGCBATETCH

[+ 20. Felis catus?2 BRT GGl ?:‘IATTAATT?IATTMTACI ATTATTAANATAAAAL EccEcCRATETCR

Ce 21, Gallus gallus isolate yin109 = (] CCATEAAETTTATHACTACE ATHATEAACATAAAAI [ BTG

L+ 22, Gallus gallus isolate yind6 o ] ECATHAANTTTATHACTACEH ATHATHAACATAAAM | BTE

Ce 23. Capra hircus1 = CCATTAATTTTATHACHACE ATHATTAACATGAAAL CHCCE &

[« 24, Capra hircus2 n FCATTAATTTTATHACKACE ATHATTAACATGAAAl CHCCE A

Ce 26, Heterodoxus macropusi TAGK N GOEEMATEAATTTTATTACTACE ATTETTAACATAGENTT CTTT: KN ETAT

[+ 26. Heterodoxus macropusi TAGK A GOREATEAATTTTATTACTACE ATTETTAACATAGEEIT TTT:A8 ETEmC: v
] | b

~ H sad 7 . Yo o
E‘IJTI 9 LLﬁﬂQﬂlH@]@HﬂTi@@ﬂLLUUV‘Ii’)iniﬂ]’lWﬂNﬂi (Forward primer) THUaANUIuNIZI1299
. . v oo _ v . . . a 4
(Specific primer) NUAAVLUET (Single nucleotide polymorphism; SNP) UU& 11a3 1o Inaves

Fanthvueaselars 3' Taels 1151051 Geneious

Identity 5 By FUET Bl ] LI

Ci- il Anas platyrhynchos NCABGTEGTH [ ¢ |
Anas platyrhynchos breed m... B CANGTHG T o c |

L‘* .Bos |ndlcus B:TH ®ATE G

[+ 4. Bos tau BG TG WATE 3

[+ 5, Bubalug bubahs HCANATEGTH .\c’rAc’rcar.s.l.na.l..x.sc.\.l.ccu'rl [

Ce 6, Bubalus dapress|com|s T T TRACCTACTACTCAGGAAMARAGGAAC CATTC GG T AT

L« 7. Canis lupus senorum B EATEG TREACELACTAC TCAGGEAAAAAAGAGC CHTTCGGIT AN )

Ce 8. Canis lupus laniger ] EATEGTEACETACTAC TCAGGGAAAAAAGAGC CNTTCGG|ET AN ATGE

Ce 9. Capra caucasma isolate MA... B CADATEGTH ABTACTCAGGGAAAAAAGAACCATTCGGET A N

Lo 10 Caprafalco ETCECABATRGTH FACTACTCAGGRAAAAAAGAACCATTCGEET AR ®

e 11 Cer\rugelapnus songariger u EGTHACATACTANTCAGGAARARAAGAAC CATTHGEGT A WTGE:C|S

C+ 12, Cervus nippon Kopscm c BGTHACATACTACTCAGGAAMAAAAGAAC CATTGGGT A 0T ;G

Ce 13, Crocodylus acutus 0CARG TANTEACATECTAC TCANGEAAAAAAGAACCATTRGGIT AMATG GG C

Ce 14, Crocodylus novaeguineae METEACATEETAC TCANGEAAARAAGAACCATTCGEIT AR GATEGTH

C+ 15, Elephas maximus GTH EGTHACGIACTACTCAGGRAAAAAAGAAC CHTTEGHUT A G GTGE

Ce 16. Elephas maximus2 GTH ECTEACGTACTACTCAGGRAAAAAAGAACCHTTEGE|ET AN G GTGE

[+ 17. Equus caballus hapotype M5 BCABATECTEACBIACTAC TCAGGHAAAAAGGAACCHTTHGCET ABATG W &

Ce18, Eq us caballus napotype M1 NCAEATECTEACBIACTACTCAGGEAAAAAGGAACCHTTEGH|ET ABATEGGE G

L+ 19 Felis catusi1 L W6 TH ARTABTCAGGEAAAAAAGAAC CHTTEGGIET ARATG

C+ 20. Felis catus2 ] WeTH ARTANTCAGCEAAAAAAGAACCHTTRGE|ET AEATE

O+ 21, Gallus ga||u3|5c||aie y|n109 ETCECARGTRES TAGCAFACTANGCAGGAAARAAAGAACCATTC G -] 4

L+ 22 Gallus gallus isolate yind6 ETCECABGTAC TRGCATACTANGCAGGAAAAAAAGAACCATTCGE o C

L+ 23 Capra hircusi BATHGTH ACTACTCAGGGAMAAAAGAACCATTCGEET AR G

Ce 24 Capra hircus2 B TR E AGARCCATTCGGGT AR G

Ce 25, Heterodoxus macropus1 ¥ o A 6 AANCETTC 66 GITT ATTTAD

C+ 26. Heterodoxus macropusi r m T TTCTTEANG ARNG AGG AAAADGEG A AN CHTTC GG [ GIET ETTTEEGC v |

] | kI

a o Aas s . <
31]7] 10 Llﬁﬂ\151]u@]@uﬂTi@@ﬂllUUilfJiﬁ]’lW§U~lﬂi (Reverse prlmer) Tﬂﬂ@@ﬂlllllllﬂu
gilnosuyalnswod (Universal primer) Farzidenusnalidduauuiindle lndi

mitoutuludaianriaduasaate 3' Taeld 1151051 Geneious
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g o P Aa a g 4 [
v lwswesnesnuuuld lilasteasviszaniaimiiesduvealnswes 1dun
4 3‘ o . a
ANE1I90 INT1005 (Length) 111419 Tutana (Molecular weight) UTunanuauos G uaz C

Y v
(CG content) 91 (Melting temperature; Tm) UaNINHIIAMIT0ATIVad0U Ton1anazinag
a Aa 1 4 a
Tﬂiﬁﬁ%an@]ﬂQJJ (Self-complementarity) Taun aswesunany (Potential hairpin formation)
o [ Aa I
MsTuguanan1elate 3' (3 Complementarity) tHudu @218T1/51n50 Oligonucleotide
Properties Calculator (http://www.basic.northwestern.edu/biotools/OligoCalc.html) SRR ERE!
o [V ] a . Jq Y [ (]
Twswes llasrviauazliuguuinl (Melting temperature; Tm) 404 Twstuo3 1Wogluga
A A @ o
guugivuizavnaz Indifesiuynnglwsiues Ao 1150050 Thermoscientific
4 Y v
(http://www.thermoscientificbio.com/webtools/tmc/) ﬁaﬁqmwgu (Melting temperature; Tm) 7
o o sad sa o . . ' '
ionlddmsunesiisa lwswes NIAMUTUNIZI91299 (Specific forward primer) 920g 11579
N ° I aad s . A g ~ s s .
QUNHV 65-69 C asasalnswes (Reverse primer) mﬂugun@ima"lmmai (Universal

. 9 a o [ d' [ 3 =® 3 dy 9 4
primer) 9 19ga1gil 71.30°C asuaasluas i 4 asiulumsaninsatoz 19 lnswessa

QSJ‘ Qy (Y ~ A o [ Y v o ad c’u’/‘
AU 6 9 aaaadlumsni 5 uaxumtmmmmmmﬂumammﬂmmamaﬂwimai‘nq 6 f

U

' luTnaeumssatu aeaaslugli 11

a sa = g
M1319N 4 LLﬁﬂQHlWﬂN@iV]N'ﬁnﬂﬂ?ﬁ@@ﬂllﬂﬂiuﬂ’]iﬁﬂﬂ’]u

yHavesdad yolws e e e Qutg(Melting Fodiu(mtgene) N 81984
, seutianalelng (5-3) ) .
thviang eI temperature; Tm)('C) APUIB
Equ-CO-F1 | 5-GTT TGA TCT GTC CTT ATT ACG GCA -3' 65.10 loTaTnsueend 253bp | eonuuulu
y
7h (Horse) 19 1 (Cytochrome MsanyId
Uni-CO-R | 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA -3' 71.30 oxidase I; COD)
Bos-CO-F4 | 5'- CCATCAACTTCATTACAACAATTATCAACATAAAG-3' | 68.40 Tl Insuoond 3itbp | eonauuulu
@ d’/
77 (Cow) 19 1 (Cytochrome MsanyId

Uni-CO-R 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA -3' 71.30 oxidase I; COI)
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a o v a dI ul ¢ ul 7 o d'al yal =
119N S UAANAIAUUING LD LNAVDI LNTLUBDITNINUAN LK LUNITANHA
yiiavesdnd | , e e Qamgii(Melting ¥ofiu (mtgene) wna #1984
Yolnwses seutianalelng (5-3) ) .
thvisng temperature; Tm)('C) APUIB

Sus-F1 5'- GAA AAA TCA TCG TTG TAC TTC AAC TAC A -3' 64.24 o TaTasud 100bp | Lopez-Andreo
13 (Pork) (Cytochrom b; cyt b) uazAY

Sus-R1 5'- GGT CAA TGA ATG CGT TGTTGA T -3' 66.07 (2005)

Ovi-F2 5'- GAA AAA CCA TCG TTG TCA TTC AAC T -3' 66.10 nianleferidue 119bp | Lépez-Andreo

ngaun-lo TaTasud I

ung (Mutton) N taznuz

Ovi-R2 5'- AAA TAT TTG ATG GAG CTG GGA GA -3' 64.84 (transfer RNA glutamate (2005)

t-Glu-Cytochrom b;cyt b)

Gal-F3 5'- AGC AAT TCC CTA CAT TGG ACA CA-3' 66.66 o TaTasud 133bp | C.-L.Zhang
I (Chicken) (Cytochrom b; eyt b) avA

Gal-R3 5'- GAT GAT AGT AAT ACC TGC GAT TGC A-3' 65.03 2007)

Str-F2 5'- CCC TTT AAA GAC ATC TGG TAT TGT GAG -3' 65.66 120 IsTulawen 019 | 155bp | Rojas tag
UNNTTIDNINA <

1®UL® (12S ribosomal AML(2011)

(Ostrich)

Str-R2 5'-TAA ATT GTA GGC TCT CTG GGG TTIC -3' 65.45 RNA ; 125 IRNA)

Equ-CO-F1 | 5'-GTT TGA TCT GTC CTT ATT ACG GCA -3' 65.10 o TaTasu eondiaa 1 253bp | eenuuuly
T (Horse) (Cytochrome oxidase I; ﬂﬁﬁﬂyqﬁy

Uni-CO-R 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA -3' 71.30 [€0))]

Bos-CO-F4 | 5'- CCATCAACTTCATTACAACAATTATCAACATAAAG-3' | 68.40 o TnTasu oondiae 1 311bp | eenuuuly
37 (Cow) (Cytochrome oxidase I; ﬂﬁﬁﬂyqﬁy

Uni-CO-R 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA -3' 71.30 [€0))]
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t-Glu Cytochrome b gene Cytochrome oxidase | 12s rRNA
V/i /i
o I
FL F2 Rl R2 F3 R3 F4 R4
2> D> e« > €« — e
b...Sus scrofa | i Gallus gallus: Struthio camelus,
100 bp 133 bp 155bp
VIS QTS0 Bos indicus
119 bp 311bp

d' o ] 4 3 J = =
31]7] 11 LLﬁﬂWlTLLﬁHQﬂJ@Q]‘lWﬂN@iWQ 6 ﬂ’]_luulﬂiﬂﬂ@ulﬂiﬂaﬂu
sad s o o . .
Tag F1 An Wos135a Insiwes N3 um1z1912990UNY (Sus scrofa-specific forward primer), F2 A1
sad ’A o o . . sad
Wosisa lnswesndumzmizaenuune (Ovis aries-specific forward primer), F3 Ao WesIsa
’A o o ' . . A sad ¢
Twswesndumizizaesnuln (Gallus gallus-specific forward primer), F4 fio Wlo5135a lnswos
{ o [ . . Jdad
NBUMIZIIZVINVUNNTZVDNUNA (Struthio camelus-specific forward primer), F5 Ao Wesisa
’A o o Y . . A sad
Inswesndumnzzaenuin (Equus ferus caballus-specific forward primer), F6 A9 I GHER

A ad

’a o v w . . s
Tnswesndumnznizaaiuia (Bos taurus-specific forward primer), R1 Ao Ssa lnswesn

o o . . ad I o
VUNIZIRIZINNVHY (Sus scrofa-specific reverse primer), R2 ﬁ@ '%'n'iﬁ"lwnmiﬁmmmmmq
] . . . . A Aaad P ] [

NULLNE (Ovis aries-specific reverse primer), R3 A9 S37a lnswes nsuwizmizasnyln (Gallus

. . A AaAad P ]
gallus-specific reverse primer), R4 A9 S5 NI Nes NI UNIZIILIINVUANTLIDAINA
. . . LA aag 7 . A ]

(Struthio camelus-specific reverse primer) (8 Uni-R A9 1338 Twses (Reverse primer) Ny

= J J . .
gUNDI ua lnsues (Universal primer)
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Q' =Y a d
3. msindSinaddueaieds lasai@e1s (Direct PCR)
= ng tiyo = % 1 dy ad ~
lumsfnpiaseiiimsnssudiegruiion1uIsves Kitpipit tazane 1ull w.a.2557 (33)
& o 9 ] Qy dy v o (] Yy < Aa A 1
Faau509 14 lasdaguiledaddleaalvivna@nilssuna 1x1 Naaweaslaviasanaasa

F4 U
VAR 1MNAY PBS ANt 1 Tua1s pH 7.4 Y313 20 Tulasaas 1l umeay

A

] A Y] A = v Aa VY o
AIYLATBON vortex LLa’J‘VTllq‘L!LTT’JENLW@ﬂ\16],14ﬁ?iazaTﬂVIﬂﬂ@Qﬂﬂﬂﬂa@ﬂaﬂlll]lNﬁlJﬁ’JlJﬂll

Y v 9 v
msazaelurasaudineie Bguvgivesszanm 2-5 wai 9anviusi 1wy (Incubate) #

U
> s

a o I = o o 1 Y Y o aA
UNHU 98 °C Wuna1 2 un fn1ﬂuuumauﬂjaqmiazaw“lﬁmuuu"lﬂ“l%“lumimwmmi

a =

[ { [ ] (] o < [ o [ {
ao 1) (nsain T lalddedviniideunusnuidiedia ingugil -20 esruvaFod)
o o == o’u’/‘ A a a2 a Y . . ®
dmsunszuIuMsigosiuszinnlsuaddue Taeldya Finnzymes Phire” Hotstart IT
Y
DNA Polymerase (Thermoscientific, Germany) lagluugazvianaazilsuiassiunanua 10
luTnsaas Usznon@ie SX Phire” Reaction Buffer (F91sznou lide MeCL anududu 1.5
o a a a o
luTasTuas) Ysuas 2 lulnsans, Aeondtiang Lo na laswedila (Deoxynucleotide
. Aa a 4 a a Jdad o
triphosphate; dNTPs) 10 Haaluars Usuas 0.2 Ullliﬂiﬁ@i, Wesisalnswes (Forward
s A a ad o
primer) 0.5 TulasTuans 1U5u1as 0.5 lulnsans, 535a Inswes (Reverse primer) 0.5 1u1as
o a a a a
Tua1s Y5195 0.5 luTasans, Phire” Hot Start I DNA Polymerase U51105 0.2 lulasans,
I a a 31 Aa a
A UPAUUUY (Template DNA) 51105 0.75 TuTasaas, 11 (1,0) USuas 5.85 luTnsans
2, 2 s < - , o 22
N sivlSnafued181nT 4 T100 thermocycler (Bio-Rad; California, USA) N

] A Y o ~
e lF¥annzisuduaananluaisan 6

Y a { aaa 4
ms1ei 6 uaasanzisuAunlFlulgaseiidens

Funou i ('C) na1 Gun) UIUTOU
Initial-denaturation 98 30 1
Denaturation 98 5 35
Annealing 55 5 35
Extension 72 10 35
Final extention 4 o0 1
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a A I JdAax J .
3.1 FUNAUWANY WD1T (Singleplex PCR)
I 3 a A s 9 = 3 dy 1
Wuduaeumsasrvaevilsz@ninmuesInsmesnez 15 lumsAnyinsedl awnse
A a I v 1 a [} J T
Idmudsunadduevesdaiithnunouaazaiialddnioli nagouTasns1dInswes 1 gao
Y l d" v a A s & Y ~ £ oa.t‘ dy ]
dred1utiodad 1 yialurasalde151ie awaaalua1sen 7 Faiuaeuilazuiians
L 9 & g H a ' . v .
nadouiiiesauleanilu 2 duaou A 1). N341A1 Annealing temperature (Ta) A28 Gradien

PCR 110 2). NINATOUANUIUNIZIDIZ (Specificity test)

H [ H 4 A a 3 Aaaa 4
m319i 7 ugasaruilsznoui Idemuls @i ue lul§iseniiders (Singleplex PCR)

amszneu (Reagent) waaﬂmu@uiﬂﬁwmﬂumn waaﬂmuﬂuiﬂﬁwmﬂuau
(Positive control) (nM) (Negative control) (nM)
5X Phire” Reaction Buffer 2.00 2.00
Aeendiiindleind lasvloanla (Deoxy nucleotide 0.20 0.20

triphosphate; dNTPs) 10 aaluany

Phire” Hot Start I DNA Polymerase 0.20 0.20
Wos135a Insmes (Forward primer) 0.5 1uTlasTuas 0.50 0.50
S35 a lnsimes (Reverse primer) 0.5 TulasTuas 0.50 0.50
vh (H,0) 5.85 6.60
ABUEAUILY (Template DNA) 0.75 -
IERTRIRRR}Y 10.00 10.00

1). M311A1 Annealing temperature (Ta) A28 Gradien PCR Tnoaz 1dgainigiinuanais

U 4 quugi 1Aun 72'C, 70.5°C, 67'C uaz 64 C 1N Annealing temperature (Ta) HNZ AW

A J A a a g Yo A
1/]HlWiLllE’Ji?fﬁJﬁﬂ!WiJ‘]Jﬁﬂmm@uL@"lﬂﬂ‘Vl?m

o . . { [ c’os.t’ a

2). MINATOUAIIUUNIZLIIIS (SpeCIfiClty test) Iﬂﬂﬂgi%Lﬁ@ﬁ@]ﬁﬂﬂﬁﬂﬂ 10 ¥UA

Y Y Y Y
1aun ilounnszvonine (Struthio camelus) VoY (Sus scrofa) 1110 10 (Gallus gallus) 1o

Y Y < Y Y
(Bos taurus) TRGRRE (Bubalus bubalis) iotfla (Anas spp) ioung (Capra hircus) ioung
. . & Y &L 9 A 9
(Ovis aries) WRITLIU (Crocodylus spp) WaskUN (Equus ferus caballus) Tagaztaonlas
. Ao A Ay v . Yy g %
Annealing temperature (Ta) ﬂﬂﬂ@(ﬂﬂ‘lﬂmﬂmiﬂﬂﬁ@‘u Gradien PCR ludsduveslnsiwos
1 @ A A o sq Y =2 Osll t:lyt:l o @ zﬂy v J

LATA LW@EJHEJH'J']llWiLll@i‘V]GlG]fcluﬂ']iﬂﬂE']‘ﬂi\iuﬂﬂ'ﬂu‘ﬂuWWzL‘ﬂWz‘ﬂﬂﬂULu@ﬁ@l?LﬁWﬂNWﬂ

\ QSJI
IMuUU
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v A J d
3.2 saAtNaNa N¥13 (multiplex PCR)
I 3 o P Aa a 3 d A 4 .
Wudupeumsih Inswesidiunsnageusaunamans #5013 (Singleplex PCR) 910

9 9 == 4 = o 3 [ ya I dy v o
51]N@]uuTiDMIUWaﬂﬂW%ﬂﬁﬁaﬂﬂmEJ’JﬂLl‘VN 6 f uaz“lﬂmLaummmmaﬁmgﬂmmawauﬂu

b4
% a

v 4 v v
N9 6 vHA ALaadlum15190 8 1NTUIAN M IMNIZaN (PCR optimization) NILEINITD

A a a g dy v QsJ‘ a 9 = [ & = 9 [ as
LWMﬂiMTﬂ!ﬂL@HL@ﬂJ@ﬁlu@ﬁ@nl‘ﬂTﬁMTﬂ‘ﬂﬁ 6 Gnu@"lﬂ“lunmmmﬂu HAUAIYNUYIA1YID LY

)}

A [ 1 v J 1 U A
ﬂ']ﬁLWNW?@ﬁﬂ@@]5']?f']‘Llsll'E’]Qﬂ']'llllslslliJslsljuﬁgW']'NulWﬂ?J@ﬂW]ﬁZﬂ ﬂ?ﬁlWNﬁ?@ﬁﬂqmﬁﬂN

U

. & . Yy 9 a3 9 | Y
Annealing temperature (Ta) Tudunou Annealing (QEANUUVNVUVDIADUIDAULDY wWuau

H [ H 4 A a a3 Aaan o
ms1ei 8 uarasdausznounlfivemulsnadioue lulgseniiders (Multiplex PCR)

auszneu (Reagent) ﬁaaﬂmu@uﬁ“lﬁ'wmﬂumn ﬁaaﬂmuﬂuﬁ“lﬁ'wmﬂuau
(Positive control) (nM) (Negative control) (nM)
5X Phire” Reaction Buffer 2.00 2.00
Aeendiiindloind lasvloanla (Deoxy nucleotide 0.20 0.20

triphosphate; dNTPs) 10 aaluany

Phire” Hot Start I DNA Polymerase 0.20 0.20

Wos135a Insmes (Forward primer) 40 1uTlnsTuas

Sus-F1 0.50 0.50
Ovi-F2 0.45 0.45
Gal-F3 0.20 0.20
Str-F2 0.30 0.30
Equ-CO-F1 0.50 0.50
Bos-CO-F4 0.25 0.25

F35a lnsmes (Reverse primer) 40 1uIns Tuans

Sus-R1 0.50 0.50
Ovi-R2 0.45 0.45
Gal-R3 0.20 0.20
Str-R2 0.30 0.30
Uni-CO-R 0.75 0.75
1 (1,0) 1.20 3.20
ABUAUILY (Template DNA) 2.00 -

15110559 10.00 10.00
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4. mIasaeuramsiaSnaAB e (DNA separation and detection)
A a <} o
M1IATIVAOUNAVRINITNUUTUIAUADUD (PCR products) 32111 Iaen15ueny
3 ll
avwe Tagrunszua lvhuumasemlsa maesouaszn lsannududulszunm 2%
(Electrophoresis) 11 1ag% a0z Isauuune 2 n5u aza1slu TBE buffer (Y52noudae Tris
F4
Base, Boric Acid itag EDTA ) 151105 100 Tadans 9101wl lianuseudqelulasm
I 1 Aa a A
Wunanlszana 1 wdi seldiaagu 1Ay Ethidium bromide U511a5 2 luTasaas wawlddh
o { % <
AU udanwansluoia (Tray) Mason 13 3219173 (Comb) 1Auda nazseldwaunis (Usvanm
3 ) 1 4 ad a . !
20 W1#) nuaeAn (comb) oon wadnirllalunTesdian Ins INSFa (clectrophoresis) A%
1w Aa 9 ] dy u’j ad ~ 9 o A 4
TBE buffer 8¢ d4nA1/31181 Buffer doanautilona miniunanmioued 1da1nmsiiiders
(PCR product) 10 pl AU@&0 5X (loading dye) 2 pl udthiaaslusesvesernlseana ¥alu
E4 1
° . . Id o
11391 Gel electrophoresis ive1% 100 bp DNA ladder (New England Biolabs, UK) Fadluda
= a g Ay ¥ A a a g A
evviaveaUvesAue ldunInmanlsnadnuenliinguuaaszm lsd uay
Jd I 3 o (] 4

1dnszualvlilh 100 Trad iunanlszana 15 - 30 v inuIaiuealidesgarenios

LED transilluminator (Nevada, USA) M N taziiunnpa

9 9
v A 3 4

A a a g 1 3 Y J 3
Mt lumsasrvasunamamndsnaddue luudaznsnaaoaivaz 1o sidud
] A T o A Aady A A ad
anutuTuvetozm Isamanuana1any AelunidindsinisnstvaeumaiiulsinaaduLe
a a a3 4
HUUFUAAINANE (Singleplex PCR) 9219015105 eumanyn1lsannunduduy sz
-] ady A (a a g v a 3 .
2 1lesidud arulunsaindesmsasrnaeumsiindsuudduenuuTaamand (Multiplex
sl o A P
PCR) 2z 1dmsesoumanzm Isannududuiszina 4 losidud o Inswosnldslu
= dyd A Y A o o Y a dy v a2 g A
msanilvnanlndifestui ldnsszyriaveuiedainnvuavesdduelsinguu
' g o o & A Yy v A s I o ° 9 =
wraozm Isaiui ldenn duiumsmuanudutunsslosiFudnaszildnaivuig
A d o Y] a g A AN VY = A
yoagnjutanas $1ld luanavesdweomaoui ddnas nazamnsonezszyriinvos
dy 4 a g ~ ] o Y d? Y] 9
ilodainnuiavesdwennuaunlsnguuukumaszmisah 1diedu azdsums 19

nszua iy 80 Taad Whunaidszauna 45-75 win
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o d
5. fnﬁﬂ'n!ﬁﬂﬂ‘lgﬂﬂﬂﬁf’)ﬂﬁﬂ1ﬂﬂ1!!ﬁﬁx‘i!!ﬂﬂ1ﬂ!gﬂﬁ°§®1§ (Validation test)
a a o ] < 4 .
ﬂ151/]'3uﬁ@ﬂﬂi%ﬁ‘ﬂ‘ﬁﬂTWGUE’Nﬂ;ﬂﬂﬂﬁ@ﬂﬂﬁ?ﬂﬁ?tlﬁuﬂllﬂﬂqﬂliﬂﬁ%@1§ (Multiplex

. A o Y = o & o 2
direct PCR) VIW@J‘H']"lﬂ%']ﬂﬂ']iﬁﬂH']ﬂiﬂu TUININATDU 3 E‘]JLLIIII o

5.1 msnageulagn i (Reproducibility test)

o oy o 4 ' o ' 3 s . .
f‘lﬁ’i/l?“])’?’ﬂ%ﬁ@’ﬂﬂﬁ@‘]_lﬁTGIﬁ]’ﬂﬂ?fi’]‘]_Wiﬁ?ﬂ@]%tﬁu\iu‘]_l‘]_lulmiﬂﬁ?b’i’ﬂi (Multiplex direct

9

A A 1o A a a g A '
U JJﬂ’JmuJJ‘LlEJﬂum’iLWJJﬂ’iJJWmm’eJuLﬁJLﬂWWJWﬁi@"lJJ

[

A Y v dzl = >
PCR) V]ulﬂwwu']ﬂlu(luﬂ'ﬁﬁﬂy']ﬂﬁq
[ A A ] dy o o’a’/‘ a 9 [ [ 9 [T~
NANIADINDNATDUNUVIUDTNING 6 BUA ulﬂllﬂ ny ung Vlﬂ UNNIZIONNA 11 wazIudu

9 1
UIUK A “?Qulﬁlll']{ﬂ']ﬂﬂ’]ﬁﬁ?ﬂi']llﬁ]’]ﬂllwa\i@']\i‘] ’ﬁ’]u']usb'uﬂagﬂﬂ']\iﬂj@ﬂ 2 719819910
1 o ] { 1 % @ . a { o 1 as.l'
memwmﬂﬁu@ﬂmdﬂu ﬂ\illﬁﬂ\iiﬂ@’]ﬁ’]\iﬁ 9 %Vlﬁlwaﬁluﬂﬁ’izu%uﬂﬂlmlﬁ@ﬁ@ammuu
Y :,I A ]
gﬂ@]@\iﬂ\i‘ﬁﬂﬂw3@l’h~l

3 a { o o @ 1 1 ! { v o
C"n’ﬂ\‘iﬁ 9 uﬁm%ummzﬁaﬁmgﬂmma MUHIUNIDYN LLWaﬂﬁMTﬂJ@ﬂLﬁ@ﬁﬂﬂ UHagMUIU

v Y
fregaminlylumsnaaey Taen1sing (Reproducibility test)

a A o ¢
%Hﬂﬂlﬂd!uﬂﬂﬂ?!ﬂ1ﬂlﬂﬂ

A o A a s
°I)'E]‘1/I’Jllﬂ FDINYIANTAAT

IUUHaININ uraInn ERTRY

YDIMIDENY MI9ea

Y a 9 <
Hiy Sus scrofa 5 nasInauAualag (v.q9va1)
= =) ~
aaAmelaniyy (21.UATATHIINIIY)
Maassnaudunaldlada 2.a3van)
=S ~
aaamedannanaseu (v.a9va1)

(2]
HIasINTUMLNG (3.99va1)

1

. . 9 a Y <
ung Ovis aries 1 nasInauAuialag (v.q9va1)

Y a 9 <
f Gallus gallus 5 Aassnauauialag (v.asvan)
amamelanyaa (3.9aanil)
Maassnaudunaldlada 2.aavan)
=S ~
paamedannasaseu (v.a9va1)

9 a Y g =)
RNATINAUNUNEY (V. 903UA1)

Y a 9y
UNNISVONUNA | Struthio camelus 2 ﬁ1§ﬁ§§Wﬁuﬂ1LLNﬂIﬂﬁ (d.99v@1)
aa o o an
WANTHUNTDIUTITUBIAINGT S0 NITH

ﬁEJ"Iil’]Jillﬁ"l"h’f]il"lg .403UaN

o o ] Y
Equus ferus caballus 2 goiaaioin m@“lmg (d.99v@1) 148

amamelanyaa (3.9aanil) 1 1
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a :-‘;l" v d
rHaveuHaan thwing ,
o U \ 1 o
UIUMIBENG uraanan UIU
o) Foinomans 2 y
NIKNA MNIDE9
@ Y a Y I
M Bos taurus 3 neasInauAualag (v.q3va1) 1
amamelanyaa (3.9aail) 1
9 a Y g =)
RNFATTNAUNUNEY (D.943UA1) 1

5.2 NINATDUANHIVWIZINIZDI (Specificity test)

NINATDUANUIUNIZIVIL I ‘ﬁuﬁ@@]i’l‘i]?fi’)‘i.l’h“ljﬂ‘ﬂﬂﬁ@llﬁﬁTEJ@%HLWINLL‘LI‘LI

S AaA J . . AN Yoo d?' =2 o Liyd o Y
ulmiﬂWGb’@ﬁ (multiplex direct PCR) m"lﬂwwuwu“lumiﬂﬂmmm UANUIUNIZIIZINND

Y
A o

B9 573 20 ¥ Aauaaalum1sIen 10

'
A o

A ' o dy v J A adg v v
1§18 ﬁ@?&ﬂ']ﬁll']flﬁﬁﬂllll IﬂEJTI']ﬂ']ﬁ'Vlﬂﬁ'f]‘IJGl‘LlL‘Ll@ﬁ@'JW5'E]ﬂL@uL@ﬂl@ﬁﬁ@?&ﬂ?ﬁﬂ?ﬂuﬁgﬁﬁﬁ

M1319% 10 uaaasznn tazinnvesdiegsinthun ldmaaeunnus L1z (Specificity

test)
oY a A a d Y3 \ v ::;
a1y BUA BOINUIAITAI ﬂﬁ%!ﬂﬂﬂ?f’)ﬂ%‘l UyRaInin
& 9 5 v
1 ny Sus scrofa LUD ’ﬁNﬁiiWﬁuﬂmnﬂIﬂi . 903va1
v J
2 Une Ovis aries Laﬂﬂ TIUTAI V.03V
] & ) 5 v 2
3 llﬂ Gallus gallus LUD ’ﬁNﬁiiWﬁuﬂmnﬂIﬂi . 903va1
4
aa [ o aa
4 UNNTEIDNINA Struthio camelus Lﬁﬂ NATAUNTDIUTITINBIAINYT 50
WITHN ﬁﬂ111ﬂ51151°1§f]111§ . 909va1
Y o o
5 in Equus ferus caballus vU goiaaioin v.aeum
o & y ~ v
6 11 Bos taurus LUD ’ﬁNﬁiiWﬁuﬂmnﬂIﬂi . 93va1
v & ) 5 v
7 TSIV Crocodylus spp LUD ’ﬁNﬁiiWﬁuﬂmnﬂIﬂi . 903va1
3 & y = v
8 11la Anas spp 110 Aassnduaalag . q9van
4 o a o a s
9 U Homo sapiens Lﬁﬂu‘ﬂﬁgwxulﬂll 1!ﬂﬁﬂ‘}zl"Iilﬁ"l'JVlEl"lﬁElﬁ\?‘UfﬂuﬂﬁuVﬁ
] £ 9 5 v
10 NIN Cervid spp LUD ’ﬁNﬁiiWﬁuﬂmnﬂIﬂi . 903va1
v J
11 %1\3 Elephas maximus 99132 FAIUFAAITIVAT V.03V
a v J
12 N Macaca mulatta i@ AIUAAITIVA .69V
v J
13 | ide Panthera tigris i@ dudaidsvar v.aevan
a v J
14 dela Panthera leo 1A TIUAAITIVA 0.6V
v J
15 NUWIN Ursus malayanus 1aon TIUFANITIVAT 2. 93UAN
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16 e Rhinoceros spp L{fﬁ] audaiasva v.asum
17 1 Muntiacus muntjak 11 audaiaavan .039UA1
18 Hin Canis lupus familiaris iduau audaiasva v.asum
19 L7 Felis catus Lﬁ’wuu ﬁ'«luﬁ"ﬁ{ﬁﬁﬂlﬁ'l .03Ua1
20 | ANY Bubalus bubalis YU 0.1199 v.Jami

5.3 MSNATOUNUAIBEIID 1 IMUNIDINAIA (Street sample test)

MINAFOUNUAIDE1901115A N 0IAAIA 1NBATIIADUNYANATOUNA A WHU
S aA 7 . . A Yo 4 = g & v W '
wuvlaisAfi®e15 (Multiplex direct PCR) 1 lasimun¥ulun1sfneinsell nageunud10619
Aa [ do 9 A dy v J P R A 9 a 9
p1MIsHazHANA MNdUTVF U uNeInaIn HIaada JusuuanIevIslumaas snaum
Y v
[ @ @ @ o @ [ [y [ @ I
7199 TN IATIUAT NIHUATIUIU 101 A8 Tasvziiivdloeanaruaeemnilu 4 Uszian
Y [ dy v ¢ 1 g o o [ o < [~
laun ifodauanida (Cold cut) 149U 17 A10619 81415 U593 UNFUUN (Instant frozen food)
$119U 19 @29619 IMITIINTIUDIHT (Street food) T1UIU 27 F2108714 HAZDIMITINAD
(Halal food) 314724 38 A20819 AIUEAIIUAITIAN 11 FIUSUNTNATOUNUAIDE1IDIHT
o [ a Qy 4 g’ ) 1 ) a 4
autesna1nrgiinsqurduFuiionnniyuzandnwaleiinauneuiii lUinszidoe
ax [ a v Y ~ ;’5 =K o 1 ;’5 = d’l v J 1A a
AmMs deeseluiiven 1 miussiimsaseaeuluesiug iedadluegnaila

[ v Jd a 9 A 9 A '
uaziludadwiia lvuihe aseaunszy 13 lunainnie i

3 a o J = { y o
ﬂTi'Nﬁ 11 152N NYDINAAN UNDINT S18N1TOIHIS @]5']@'1!?9{'] Lﬁ@ﬁmﬁizwﬁﬁmmﬂ

q

VoA a [ I'd A 9 dly [ [
HazuvaInuIveINanf N 1v1sIie lsluasrvaeunisduilouvesdieg1ee1riisaiy

y
NvINaIn
=y A o ¢a v 1A
Uszianves 315015 fivio ledaifsyythanain uwaafisn
a 9 J
wanfamiermns
- P &
Liiledausuda - wanfamiarniiony
= ) & o 3 -
(Cold cut) 1. uiFe e nyiilounq, fumy Huassnauding v.aewan
v 2o L o o & Ay o
2. nyoeButle qnianual iiedas (ifony ifieln) Tuny | 7-Eleven
)
3. unUNNYEN qilen iilenydaiiey 70% 7-Eleven
)
4. wunviya ladndeunu qnidnual siongy, vilany 7-Eleven
) -
5. Uy Big C silevy 50%, wilamy 36% Hassnaudiing v aavan
2 g o so & Ay & oy
6. gn¥udumy e silewy, iile 1n, Bu'ld 7-Eleven
2 X g & y s 9.
7. gn¥wiilony wedaie iileviy 92% Hassnaudifien v.aawan
d A 4 dy v o
8. wesaounes cp iiledas 7-Eleven
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9. ldnsondaiaou

10. ldnsensa

11. ldnsenilsanlesines

12. lénsenuynszifioumsnlng

13. ldnsenwesinesuyda

S&P
S&P
S&P
S&P

1A AT

Haassndudriion v.aswan
Haassndudriion v.aswan
Haassndudriion v.aswan
Haassndudiion v.aswan

9 a Y I~
Heassndudwiinlas v.aewan

Y a Y <
wuasInausudn Ins v.a9van

14. viyoonsn lned RG]
v y
15. QnAUNY My iilevy 70% 7-Eleven
, y
16. une LA TGM 1ilevy 80% WaassnduiTade v.aevan
A o d A o
- wanduinniieT
s s v
a o a =3
1. gniwile sy ] et Huassnaudifien v.awwan
o 3 | A o d A
2. omudiSoglus | - wandaetoindieny
< "o a =3
143 (Instant frozen | 1. $13mymz 14 S&P wy 11%, T'lA 1% Huassnaudifien v.awwan
g 23 . y s 92 o
food) 2. il uiiaAvmmy Big C Wy 12% Waassnduiing v.awan
s
3. dfienszmsinnmy 7 FRESH MY 9.07% 7-Eleven
»
o o a =3
4. $nfanszmsiinmy ERITNAE AANTZINT MY 6% Huassnaudifien v.awwan
o
[ a =3
5. ey cp Wy 23% Huassnaudifien v.awwan
vy
o o ' a <
6. flsyazmimhiagasgoans cp ny Waassndudwdalas v.aewm
)
a <
7. ap1lth TGM 1oy 95% Huassndudwdalas o.aevan
8. dhavyinua TESCO MYINHE 28% Huassnaudrlade v.a0va
y
9. mydunsen aziiioe 1oy 85% Waassndui Tade v.aevan
. v
10. viyth 7 FRESH iilony 37%, unduia 1.50% 7-Eleven
,
11, usuisugy VRNBNEY (iloda?) Meat Huassnaudrlade v.q0va
A o Ay
- wanduatninideln
= ' ' £ -1
1 @emvnuln S&P 1 13% Huassnaudifien v.awwan
o
2. 41 Innsziisuwsnlng Big C 1A Heassnauiing v.a9van
3. nszman 7 FRESH I 12.52% 7-Eleven
bJ ' ' Y a 9
4. $nanszms’ln Tasty meat I 26.5% Huassnaudifien v.awwan
' ' a <
5. TAnswidiou S&P I Huassndudmdalas o.aevan
6. lameSen TESCO lrme3ed 30% Huassnaudrlade v.a0va
y
7. Tafle TPF iite'ln 68%, IR 12% Huassnaudrlade v.a0va
8. lAneamsuny cp n 69% Huassnaudrlada v.q0va
Y S o ¢ A
3ominniid | - waadaeianideny
(Street food) 1. viynea qalea - T539%13 wo. . ar9van
9 o Y o Aa 4 P
2. lénsenvyeesiiu dudiduaes - T59%19 we. 9.49an
3. finufiany ih - T59%19 we. 9.89an
4. Jénseniysuaiu Mr.Stack - Ve
D a L4 1)
5. unan Ty Anaa - 1599749 wo. v.a9um
6. Ran3nwy thiden - T390 1M5A0ZING w0, v.d9ua
+ 4 o o a o
7. MeRemydy thuda - T390 1M1 ING we. 9. d9van
8. unansnnyuzde o3 - auujaiud 108 v.@9va
9. Aufnnzsmiy o3 - auujaiud 108 v.d9va
< a
10. gynon thidn - T390 1M35AMEING 10, v.d9ua
11, unatfiany aFIAuADY - AAAAEASY 9. a9ua
12. nyfiadn Inadeou HERNTITERT - auujamiud 109 9.43va
13. nyneansiion AsINUADY - aa1anEATe v.a9va1
14. WeUUINY afInuADY - AAAATATY 9. a9Ua
15. iyransn AFuWNY - auujamiud 109 9.43m
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A o ¢ FI
- wansamanniieln
1. lAaznt Mr.Stack - Fandaaauan
<3 ' { v @
2. aufinlna s Mr.Stack - Fardaaeum
3. duéla finda - 59414 wo. 2.9
o ' @ a ¢ v
4. unaemnule fAndan - 154919 wo. 2. 890
= ' = )
5. unaearnule dth - 54919 w0 v. 890
6. Wnina'ln qalda - 59419 wo. 2.9
7. lAgnamesend Fuddumes - 54919 w0 v. 090
8. unavrln 0TS - auujamius 108 9.3
e ~ . o
9. unanszd lnuze oY - auuljamius 108 9.43um
10. unansed laviedn Hhideu - TsaoMsaag Indue. v.a09va1
11. unanszila ASINUADY - ARAAIASY 9.8
12. unatfialn AFINUADY - ARAAIATY 9. 89N
A o ¢ FI
4. 91391810 - wansamianiieln @ana)
' a ' P} A v 2 a
(Halal - certified 1. Innma BigC A aassnaumdng v.avan
o ' a ' a =1
food) 2. e lnnanadn cp a Hassnauidiod v.aavan
< a ° '
3. wesnesmin lansalnem cp a 7-Eleven
4. Jilnenma'ln TESCO 1A Heassnaum lada v.aeva
5. lénsenyiissaenima’la BKP I 7-Eleven
;
6. aunad lAdu cp n Hassnaum lada v.aeva
)
7. atduneademinuln cp n 7-Eleven
8. 1 Indu Faarsol - Hassnaumlaezii v.agvan
9. $1mun lanea Faarsol - Hassnaum laezi v.agvan
10. sfanfu'ln ysa Taann - 159414 wo. 2.9
11 weuuala ysa Taann - 159419 wo. 2.9
Yie  a Ada 1 o M)
12. Inffansn T8 AN - 159919 10 v. 290
4 " ara o g y
13. 1n504una In T AN - 159919 10 v. 290
)
14. lAnseufaimsnen qlow Tawn - 159419 wo. 2.9
15. Infianszifiounsnlng qlow Tawn - 159414 wo. 2.9
16. lInnon lrneavhdu - auuijamiud 108 9.3
J ' v a 4 ' =2
171095005 1A Fuduuesines - AmAIATa v.a9van
18. urunln yhowi - AAAAINSY 9. 891
2 g oy ~ 2 4. ~ o
19. gnauduln 0101 gna Tagns - AmAEAsa v.aevan
~ . oo L
20. Tsdwzazuzln Ts@yadu - AaAMIAI 9,298
Y o = o) a rd
21. du'lAdidios fizlny - Tss0MsangINg wo. v.a09va
22. 1mthln feande - Tss0MsaneINg we. v.a09va1
"o a = I3 "
23. Infiamansens 01U - 0,943 9. 73081
9 o 1 = 4 =)
24. 41fia'ln 01U - 0,943 9. 73081
@ a ' = 4 A
25. fiansnln 01U - 0,943 9. 83081
X o D) Y a
26.un0H0 T ERRTINIEY - s5.thuyaa v ilamil
o o & D) Y a
27. fiafiniionaa ERRTINIET - s5.thuyaa v ilamil
. "
28. unaiatiuile Fuemnsyaay - flu don. 0. 98Uz v.09vm
p ”
39. 1ilonen Fuemsyaay - flu don. 0. 98Uz v.09um
) ”
30. 1ilefansn Fuemsyday - flu don. 0.92uz 90998
A o ¢ A o
- pansamaniie I (@1ma)
9 d" g 9/ dy dy @ 9 a Y @
1. lénseniioayunsusuda thuile Tayu RIGED) Heassnaum lada v.aevan
2 d o5 £ o P} 5 v d
2. gn¥uiilodu T IBF et Hassnaududialag v.aevan

s 2 &
3. A9NAdUD

oAU daa WA

Hassnaumlaezi v.agvan
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o y
4. fianzriuilonen
&

5. numauileidloy
s g
6. inunagnFuile

P

7. gniuile

4 4 dy
8. 1U9INDILUD

oAU daa WA
o e oa
@nduddan

o e oa
@nduddan

- O
01301 gnIn g

v a 4 4
JUFUVDILNDT

- Hassnaumlaezi v.agvan
- Hassnaumlaezii v.agvan
- Hassnaumlaezii v.agvan
- AAAAIATY 2,891

- ARAAIATY 9. 89

A Yy oy & ' a L o 2
UYL - 1D BIN1TIINTTUAN m”lnmmsmsuﬂsmmmaﬁm

Mdiluesdisznouluems
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HNan13INeaol

I3 axy 3 A ¢ . . . .
1. msnaaavInsmeslaedd latSaiide s (Primer test and direct amplification)

= Ao s A s . . . Aq Y A
miﬁﬂHTLlllﬁﬁqﬂizﬁﬂﬂmﬂﬂﬂﬁ@u"lWim@i (Species-specific primer) Al lumsinu
a a g v 3 = 3 dy ag I ax J s
‘]Jill']ﬂl ﬂL@'L!L@ﬂ?ﬂﬁﬂ?tﬂ?ﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂluﬂ']iﬁﬂkl']‘ﬂiﬂuiﬂﬂ?‘ﬁ]‘lﬂliﬂW‘ﬂf@'ﬁ Iﬂﬂ]lWﬂll@TV]
o dyd o Y] dy v o a = 9 1 dy
umm@ﬁ@‘uuummmmwtmzNﬂmuaﬁmﬂmmmmau 6 FURA ‘ﬁN]lﬂLLﬂ Lu@ﬁll” (Sus
Y Y Y Y
scrofa) Houng (Ovis aries) 1o 'ln (Gallus gallus) HoUANTZIONINGA (Struthio camelus) (101
Y 1
(Equus ferus caballus) Haztiindd (Bos taurus) F952UIWVIATIBNUNTITeTuNTAS
A o 1 QSJ‘ s“:. 1 4
mmﬂﬂﬂ’guﬂ TUIU 4 ﬂ Llﬁzﬂﬂﬂllﬂﬂiuﬂ'ﬁﬁﬂﬂ']ﬂi\?ﬁ%']u?u 2 ﬂ i?ﬂﬁ%k%ﬂﬂﬂl@ﬁqv\lﬂﬂﬂi

< Aq Y = ~
INNAN I IUMSANE Laaa lua1519n 12

d‘ = o’asJ‘ Aq Y = z:ly £ Y J a v J
M1319N 12 uﬁmimazmﬂﬂmm"1Wima’imwuﬂﬂﬁﬂumiﬂﬂmu c]Nllﬂllﬂ FUAVDITN

z:io A d 0o v A = 4 a .
ithmnefdumzinizes ¥e lnswes s1auianale lng gaungil Melting temperature (Tm) 1

U

I = = a g . auv Y a VoA [
NADUATYAYU YUIAALDULD (PCR product size) LAZITUIIYDWOILVAINUIVDILARS

4
Inwswes
a o ¢ A a o A = a
rHAvRITA) Holus e aew e Qi Melting Tulnnewneoativ vAA 01999
, seutianalelng (5-3) . .
thvisng eI temperature ('C) ouLe

Sus-F1 5'- GAA AAA TCA TCG TTG TAC TTC AAC TAC A -3' 64.24 1o Ta Tasuil (Cytocrom b; cyt b) 100 bp (34)
13 (Pork)

Sus-R1 5'- GGT CAA TGA ATG CGT TGT TGA T -3' 66.07

Ovi-F2 5'- GAA AAA CCA TCG TTG TCA TTC AAC T -3' 66.10 nimanlefersdue ngauun-ly | 119bp (34)
1A (Mutton) Iﬂiﬂiuﬁ(transfer RNA glutamate t-

Ovi-R2 5'- AAA TAT TTG ATG GAG CTG GGA GA -3' 64.84 Glu-Cytocrom bjcyt b)

Gal-F3 5'- AGC AAT TCC CTA CAT TGG ACA CA-3' 66.66 1o Ta Tasuil (Cytocrom b; cyt b) 133 bp (35)
1A (Chicken)

Gal-R3 5'- GAT GAT AGT AAT ACC TGC GAT TGC A-3' 65.03

Str-F2 5'- CCC TTT AAA GAC ATC TGG TAT TGT GAG -3' 65.66 1208 15 TuTwwea erfidue (128 | 155bp (36)
UNNTTIDNINA

ribosomal RNA ; 12s rRNA)

(Ostrich)

Str-R2 5'-TAA ATT GTA GGC TCT CTG GGG TTC -3' 65.45
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yHavesdad yolws o mew e QW3 Melting Tulnnewneativ wnad 81989
, seutianalelng (5-3) . .
thvisng eI temperature ('C) ouULe
Equ-CO-F1 | 5-GTT TGA TCT GTC CTT ATT ACG GCA -3' 65.10 o TnTA3u e0nTFIAA(Cytochrome 253bp | eenuuulu
y
7h (Horse) oxidase I; COI) MsAnyIL
Uni-CO-R | 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA -3' 71.30
Bos-CO-F4 | 5'- CCATCAACTTCATTACAACAATTATCAACATAAAG-3' | 68.40 1o TaTnsu eoNTFIAA(Cytochrome 311bp | eenuulu
o . 2
33 (Cow) oxidase I; COI) MsaAnyIL
Uni-CO-R | 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA -3' 71.30

d v [ 3 ) A a ad &y v Y A =
HlWimi’]iﬂQﬂaTNNWNﬂuﬂJWlﬂﬁi’]‘]JLW11‘]J'illTEL!ﬂL@u!@ﬂl@ﬂmi’)ﬁ@]’JLﬁTﬁMWﬂﬂ’Jﬂ’J‘ﬁlﬂimfJLl

4 o

== . d! 9 a . d' J [

W¥®19 (Gradient PCR) mmﬁaﬂ%hqmm_]u Annealing temperature (Ta) NANNY 1UIU 4

gavinhl 1dun 72'C, 70.5'C, 67 C 1oz 64 C 1lon1gungil Annealing temperature NgaNgaf
7 o ' A a a g & o ¢ v

"l‘Willl@TVN 6 ﬂﬁ']ll']iﬂW‘lll‘ﬂi1]']ﬂ!ﬂl@ul@ﬂl@ﬂlu@ﬁﬁ?tﬁ’]ﬁﬂ’]ﬂqﬂ

Y
A (3 J

' JA o @ 4 us.l‘ A
Wﬁﬂ'ﬁﬁﬂH']W‘]J'J']ulWﬂNi’Jiﬁ"1]']“/‘”3!%']3%\1ﬂﬂlu@ﬁﬁ?tﬂ’]ﬁﬂ’]ﬂrﬂﬂ 6 7 AIWITUNY
Aa A g dyo.lc'tdltd' Y Yo & Y ax S ax s Y A
ﬂﬁﬂ?mﬂl@ul@ﬂl@ﬁlu@ﬁﬁ?ﬂlﬂﬂ?ﬂl@ﬁllﬂﬁ'llﬁﬂﬂ?ﬂ?‘ﬁ]’lﬂlﬁﬂW“ﬂ@1§ Tﬂﬂ“lwumﬂmama (PCR
v Y Y Y
product) MUNAIANTI AD 100 119 133 155 253 wag 311ga disuiiony ioung 1o 1n
dy dy E) dy o o w o A o 1
IHBUNNTEIDNUNA LUDUT LISIUDII ATUAL muﬁﬂﬂug‘ﬂﬂ 12-17 Tﬂﬂ"lmmmmuau 1 f
A S o Y . . Y A a a g
o UlWﬁL?J@ﬁVW']LW']%W']%%Qﬂ‘UWH (Sus scrofa-specific primer) ﬁ1u13a1mwuﬂm1mmaum
Y
MNITieny 31891l Annealing temperature (W4 2 gungll Ao 67 C uaz 64 C aanaadly
~ ~ oo & 9 1 P o @ . .
E‘]J‘V] 12 “lmlmzﬂllwa‘maimuau 59 ‘ﬂN]lﬂLLﬂ ulWiLll@i‘Vlﬁ]']LW']%H]']%iNﬂlILLﬂ% (Ovis aries-
. . ’a o o ' . . sa
specific primer) Inswesnsumizzaenu'ln (Gallus gallus-specific primer) Iwswosn
o o . . /A o 1
AUWIZZINNUUNNTSIDNNA (Struthio camelus-specific primer) "lwnn@iﬁmmwmzmﬂu
s o v @
i (Equus ferus caballus-specific primer) wag Insiues N3 Um0 U3 (Bos taurus-
SpeCIﬂc primer) anseldinSnadEuennmeda fithwne 16 4 gunl daaaaly
‘]J 13-17 u’t‘)ﬂzﬂ']ﬂuWﬁﬂ'ﬁﬁﬂﬂ']u]JJW‘]JLLﬂ‘]JﬂL@uL@ﬁ']TﬁUGI'Jﬂ'JTJ‘ﬂlW]Gl‘ViWﬁlﬂuall (Negative
controls) Glunﬂﬂ’]ﬁﬂﬂa@\i GNL‘]JumiEJuﬁuaumum@umﬂﬂimgmﬂmﬂm@m@mmm@ﬁm
(= dy a g A Aaa A 3‘ A 9 A a
L‘ﬂ']ﬁll']fl uaz"lmJm’u‘ﬂmﬂ@um@m’emwmeuﬂ lelgﬂmt’lmalﬂuﬂizuaum’imuﬂimm

ag
ALBULD
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72°C 70.5°C 67°C 64°C
|

100 bp (ny)

51 12 7w 2% ez Isava uaaswamsnadoy lnswes AT UNIZI9IZ 090 UY (Sus scrofa-specific primer)
Tao1¥gangil Annealing temperature (Ta) 4 gainqil 1auA 72'C, 70.5°C, 67 C 1z 64 C Taodaydnyal M fo

o 99 g { < Y 99 g
100 bp Marker, P fio daarugui ldwailuuinhlifawuevesny waz N Ae dnruguildwaiiiuay

72°C 70.5°C 67°C 64°C
1

119 bp (unz)

[ SA o o .

sUA 13 2% ezmisava uaaswamsnadoy Insimes NS UNIZI1ZIINUUNE (Ovis aries-specific
primer) Tﬂﬂi‘]’f}qmﬂﬂ"f Annealing temperature (Ta) 4 qmﬂgﬁ 1&un 72°C, 70.5°C, 67C uag 64C lagy
- 4 A A @ Aq ¥ < Aaa @ A @ ~
ﬁiy,aﬂ‘lelm M a8 100 bp Marker, P A9 mm‘uqu‘nclﬂwmﬂun’mwumaum"umuﬂz Iag N A9 AINIUANUN

Tnailuay
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'
I o @

sU# 14 7w 2% ozmTsma udaswanisnagey Iwsmos NS uw1z19129300 10 (Gallus gallus -specific
primer) Iﬂﬂi%qmﬂﬂ“ﬁ Annealing temperature (Ta) 4 Qmﬂﬂ“ﬁ 1&un 72°C, 70.5°C, 67C uag 64C lagy
v o 4 A A @ Aq ¥ I Aaa @ J A @ ~
ﬁiuﬁﬂ‘klm M a9 100 bp Marker, P A9 Gl')ﬂ'NJﬂll‘Vlch’iWﬁlﬂuu’.]ﬂﬂllﬂlﬂutﬂ"llﬂﬂvlﬂ 1ag N A9 AINIUANUN

TWnailuay

72°C 70.5°C 67°C 64°C
|

155 bp
(unnszaemma)

J

U7 15 2 2% ezmlsaa udawansnadon lnswesn

o @

FUNIZIVICWNNUUNNTEIDNINA (Struthio

camelus-specific primer) Tﬂﬂi%}qmﬂﬂ“ﬁ Annealing temperature (Ta) 4 qmwgﬁ 1&un 72°C, 70.5°C, 67C uay
° v o 4 A A @ Aq Y < Aaa g

64 C Tﬂﬂﬁigﬁﬂ‘klm M a8 100 bp Marker, P A9 ﬂ?ﬂ?ﬂﬂuﬂiﬂwalﬂUUﬂﬂﬂﬁJﬂlﬂUL'E]"]J'ENUﬂﬂ53ﬁ]ﬂﬂl‘ﬂﬁ lae

o { S
N fio Maduaui liwailuay
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k3

517 16 7 2% ezmlsana uaasnamsnadon Inswes NS Uz T UTN (Equus ferus caballus-
specific primer) Tﬂﬂi%’qmﬁﬂ“ﬁ Annealing temperature (Ta) 4 qmﬁgﬁ 1&un 72°C, 70.5°C, 67C uaz 64 C lag
I Y

v o t4 A Ao Aq Y 4 Aaa A o =
aigaﬂym M A® 100 bp Marker, P A9 Gl'Jﬂ'JUﬂll‘ﬂch’iWﬁlﬂuﬂ?ﬂ‘ﬂuﬂlﬂulﬂ"“ﬂqu'l 1ag N A9 AINIUANUN

Tnailuay

72°C 70.5°C 67°C 64°C
| |

311 bp ($1)

v SA o o o . .

5UR 17 2 2% ozm Tsenaa uaaswamsnadoy Inswes NS uwzi12990U (Bos taurus-specific primer)
a . a Vo o o o o o ¢

Tael9qaunqil Annealing temperature (Ta) 4 gairigil 1AuA 72'C, 70.5'C, 67 C uaz 64 C laodyanwal M fie

o 99 g { < o Y 99 g
100 bp Marker, P fin dnrugui Inailuuiniifiowevoads uaz N Ao aadugui ldwaiuay
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o d a a J
2. mﬂlﬂaaummmmwgmzmmaa"lwmuaﬁgmumammwﬁﬂm (Singleplex)

9

= A v s A o . . J
ﬂTiﬁﬂHTLINﬁﬁﬂﬂigﬁﬂﬂLW'@ﬂﬂﬁ@UﬂﬁnﬂJ‘tﬂﬁ/‘ﬂgﬁngﬂﬂ (SpeCIﬁCIty test) 51]@\1]11/‘511165
o A A v A a 2 o & aa P . o
N3 6 fI‘ ‘Vllﬁ’f)ﬂﬁﬂkl19]'JEJ“I;@1/]ﬂﬁ@ﬂ%ﬂlﬂﬁlWﬁﬂ“ﬂqﬂliﬂW“ﬂ@Ti (Slngleplex direct PCR) Iﬂfl‘lﬂ
4 1 q Y A a a g dy o J dy o A Aa ) Y 3
"lWim@iglﬂazﬂhgwuﬂimmmemmu@ﬁmﬁmma uazgu’aﬁm’auqwuﬂummalﬂmﬂu
Y Y
3a9ADT1u01%15 (Possible meat) SINNINVA 10 Fiia 1AL 1TTOUNNTZIONINA (Struthio
Y Y k2 v
camelus) Lﬁwg (Sus scrofa) 150 10 (Gallus gallus) 151997 (Bos taurus) 1119A18 (Bubalus
Y < k2 2 2 ¥
bubalis) ol (Anas spp) RTINS (Capra hircus) Hiony (Ovis aries) 19951V (Crocodylus
dﬂl 9 = :/‘ dy Y A Y a .
spp) BastUdNN (Equus ferus caballus) miﬁﬂmmm"lmaaﬂﬂlﬂvqquu Annealing temperature
= A Id Aaa o o A a ad
(Ta) 67 DIAUYDLBYT L‘Ll@\?QTﬂLﬂuqmﬂ@‘NﬂlﬂﬂJTgﬁNﬁTﬂiﬂﬂTiLWNﬂiNTmﬂL@HL@ﬂJ@Q
Il o o T2 gy Y aa = N2 .
]’l,WiLﬂJ@iTl‘tnLW']ZL%']giNVN 6 ﬂ “]Nvl,ﬂll'ﬁnﬂﬂ']iVlﬂﬁ@‘]_lﬂ'Jﬂ'J‘ﬁlﬂimfl‘LlW“]fi’)']i (Gradlent PCR)

TumsAnEInoUKIN

v d

= 1 4 :Jl 1 A a a2 d Y @ dy
HANSANEINUI INTIwesne 6 ¢ aunsamiulsuaddue lammeziuioda)
1 aaj Y a g A v A 1 [
idhvmneminiiu Tagldauuaddue (PCR product) mufiniande A 100 guud 119 guud 133
Y Y Y Y

quud 155 Qe 253 guud uaz 311gwa dmiiieny ieung e ln ilounnszvenma
da, 9 dy [ o W [ = =& Y I 1 A 9 =
iwedh wazito Ty mwd ey dwaaslugili 18-23 FweaadlimunInswesnldlunsinu
= o ] d’l v J dy ] a g ) v o ~ Y
Hanudumzmizssiuiodadithwine uenandl linutaudLwedmsudiniuguinldna

Wuay (Ne gative controls)

500 bp
200 bp
100 bp

317 18 7w 2% ozmIsava HAAIHANMINATOUANUTUWIZINIZI (Specificity test) vod'lnsesisme
191299V UNY (Sus serofa-specific primer) 99 (Lane) M : 100 giua (bp) Ladder 1 ilounnszaenMA
(Struthio camelus) 2 : Lﬁ?ﬂﬁy‘ (Sus scrofa) 3 : Lf}’ﬂulfi (Gallus gallus) 4 : Lfl?ﬂ’a’? (Bos taurus) 5 : Lffﬁ]ﬂﬂﬂ
(Bubalus bubalis) 6 : Lfli’mﬂﬂ (Anas spp) 7 : Lffauwz (Capra hircus) 8 : Liﬂ;’mmz (Ovis aries) 9 : Lfl?ﬂi]imﬁlsll

(Crocodylus spp) 10 : 1i1e1h (Equus ferus caballus) ag 11 : ﬁamuquﬁ“lﬁ'wmﬂuau (Negative controls)
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119 bp (unz)

I

31]‘?; 19 7N 2% azmkama LEAINANITNATOUAINIBNISIDIZ DY (Speciﬁcity test) mﬂﬂllW§l3Jﬂiﬂﬁ1lW1$
112990 VUNE (Ovis aries -specific primer) ¥04 (Lane) M : 100 fjma (bp) Ladder 1 : Lﬁﬂuﬂﬂi&’ﬂﬂﬂmﬁ
(Struthio camelus) 2 : Lﬁﬂﬂg (Sus scrofa) 3 : L‘f’f]"lﬂ' (Gallus gallus) 4 : L‘lf’f]’cj’? (Bos taurus) 5 : L‘lf’f]ﬂ’ﬂﬂ
(Bubalus bubalis) 6 : L‘f;(ﬂl‘]djﬂ (Anas spp) 7 : Léﬂllwz (Capra hircus) 8 : L‘lfﬂuﬂz (Ovis aries) 9 : Lﬁﬂﬁ]i&’t‘l’l’

(Crocodylus spp) 10 : 1i{e1h (Equus ferus caballus) hag 11 : ﬁ’m’mﬂuﬁ“lﬁ'wmﬂuau (Negative controls)

500 bp

200 bp
133 bp (14)
100 bp

gﬂﬁ 20 7N 2% 92N 15E9A LAAINANTNATOUAINTUNIZIAIZ I (Specificity test) v lnswesisume
wizaany'ln (Gallus gallus-specific primer) ¥94 (Lane) M : 100 fjl‘uﬁ (bp) Ladder 1 : Lfli‘ﬁ]uﬂﬂizi]ﬂﬂmﬁ
(Struthio camelus) 2 : Lfl%"t']ﬁy‘ (Sus scrofa) 3 : Lf!%"ilulﬂ' (Gallus gallus) 4 : Lfli"il’j? (Bos taurus) 5 : Lif’ﬂﬂﬂﬂ
(Bubalus bubalis) 6 : Lfl?ﬂlﬂﬂ (Anas spp) 7 : n’?yauwz (Capra hircus) 8 : Lif’ﬂuﬂ% (Ovis aries) 9 : L“L{’i]i]izlﬁfl}

(Crocodylus spp) 10 : 1iieh (Equus ferus caballus) 149 11 : ﬁamuqnﬁ“lﬁ’wmﬂuau (Negative controls)
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500 bp
200 bp
155 bp
100 bp (unnszoanma)

I

31N 21 710 2% e 158190 LAAIWANTNATOUAINTUNILINIZ (Specificity test) Vo4 TN BT NI 1Y

L1l
4

112N VUNNTEIDNINGA (Struthio camelus-specific primer) %949 (Lane) M : 100 f;jma (bp) Ladder 1 : 1$io
UNNITLIDNUNA (Struthio camelus) 2 : Lf}‘ﬂﬂg (Sus scrofa) 3 : Lf}‘ﬂ"lfi (Gallus gallus) 4 Lf:l’ﬂ’alﬂ (Bos taurus) 5 :
L’ifﬂﬂ’ﬂﬂ (Bubalus bubalis) 6 : Lfl?ﬂl‘ﬂﬂ (Anas spp) 7 : Lﬁi‘mm&’ (Capra hircus) 8 : Lﬁi‘ﬂuﬂ&’ (Ovis aries) 9 : Lﬁi‘ﬂ
SEEALT (Crocodylus spp) 10 : Lﬂfﬂfﬁ (Equus ferus caballus) 1o 11 : ﬁamuquﬁliﬁ’wmﬂuau (Negative

controls)

500 bp

200 bp

100 bp

gﬂﬁ 22 7N 2% 92 15E90 LAAINANTNATOUANTUNIZIAIZ I (Specificity test) vod'lnsosiame
912990V (Equus ferus caballus-specific primer) ¥04 (Lane) M : 100 f;jl‘uﬁ (bp) Ladder 1 : Lﬁ?ﬂ
UNNTLIDNUNA (Struthio camelus) 2 : Lﬁyﬂﬂg (Sus scrofa) 3 : Lf;(ﬂ"lfi (Gallus gallus) 4 Lf:l’ﬂ’ali (Bos taurus) 5 :
Lifﬂﬂ’ﬂﬂ (Bubalus bubalis) 6 : Lf;(ﬂlﬂﬂ (Anas spp) 7 : Lﬁyauwz (Capra hircus) 8 : Lifﬂllﬂ% (Ovis aries) 9 : Lfl?ﬂ
SEEIGT (Crocodylus spp) 10 : Lﬁyaﬂﬁ (Equus ferus caballus) o 11 : ﬁamuquﬁ'“lﬁ’wmﬂuau (Negative

controls)
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500 bp
311 bp ($)
200 bp

100 bp

31]‘?; 23 7N 2% 92N 1S E190 LAAINANITNATOUANTUNIZIIZ I (Specificity test) vod'lnswosiame
1912940137 (Bos taurus -specific primer) $89 (Lane) M : 100 gt1/e (bp) Ladder 1 flounnszonme
(Struthio camelus) 2 : L‘f}‘ﬂﬂg (Sus scrofa) 3 : Lfli’ﬂylfi (Gallus gallus) 4 : Lﬁ’(ﬂ’j’J (Bos taurus) 5 : Lﬁ,(ﬂﬂ’ﬂﬂ
(Bubalus bubalis) 6 : Lf}‘ﬂl‘ﬂﬂ (Anas spp) 7 : Lf}‘ﬂuwz (Capra hircus) 8 : Lf;(mmz (Ovis aries) 9 : Lfli‘ﬂi]izlﬁlsll

(Crocodylus spp) 10 : 1i1eth (Equus ferus caballus) Wag 11 : ﬁamuquﬁiﬁwmﬂuau (Negative controls)
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o o d
3. maiannganage Ui wruauylaSafide13 (Multiplex optimization)

= dydo./ s A A a ag A A A

mMsanetlIaglszasdiemanzmamvlsnaaeue Mg ay Naus oy
] § v 3 a o aaan 3

Uszmnudoueveuiiodaiithniens 6 wia ldlunsinljseniisensufer Taold Ins
0’3 = o’ogj 1A Y = dy Y Aa A 4
WeiN 6 § 9 lwswesia 6 ginldlumsanyiil ladumsnaaeuilszaninimved Insimos
F2 = 1 Y A = o Y] dy v J 1 eajl =
vdrvnmsanyineuntl Ae Januiumizmizasnuiedanihvuainiy uagl

a

Auantanmenmimzay 1l Tassadeszaunasnil (No secondary structure) ag

fd)}

a . Y o £ 1 a Y a o A
U Melting temperature Glﬂammﬂu C]f\?ﬁ\uﬁﬁllﬁlﬁlﬂﬂﬂﬁ']llﬁ']ﬁzﬂiuﬂ’]iﬁ’]ﬁﬂ’nz%

4 @ (3 ] 3 J
LTTll13ﬁllL‘VA‘I’OW?’MHTﬁﬂﬂﬂﬁ@ﬂﬁﬁ?ﬂﬂulﬁuﬁllﬂﬂllﬂliﬂﬁ‘%@?i

§ o o ] <3 Jd o A a
ﬂ']ﬁ'ﬂﬂﬁ@\ulﬁﬂlﬁ@WﬁluW%ﬂVIﬂﬁ@UWaWﬂﬂHLWHQLLUUllﬂlﬁﬂﬁ“?f@”lﬁ mlaanndsun
a g v A 9 . = = [ Y
m@ut@ﬁmtﬂmma @only Annealing temperature 67 DIAUBALFYE VINNANITANYINDUYIUN
9
T ﬂi%ﬂgﬂﬂWm Phire” Hot Start Il DNA Polymerase (Thermoscientific, Germany) wazl¥eaa1ny

14
a vAa o

A a adg 1A ) ' v Y Y I
muﬂimmmamamu@mﬂgmmimmﬂ;ﬂmmmﬂan IﬂElﬂlﬁlfﬂ’ﬂllLﬂlNﬂluﬂl@QHlWimi’)iLMﬁS

9 9 9
= -4

[ Y 4 9 o Aaana ==} o =
iy 0.5 TuTas Tuans fetiez g8 mauseuveal §Ase e 15Marng 30 50U HANTANY
y I A ad a
ienenuavAdUealsmMAtinean 1as IN3Se (Electrophoresis) lagl¥aasznilsaniny
1 <] o . Y
[Wudu 4% nudsinguavdiouesuau 4 uau Jyuia (PCR product size) (A 119 133
1 A £~ Y o a g A o dy dy
155 wag 311 guua (317 24) FalvnalnameanuvnatouaL UeNAAKIYBULBUNE 11D
[ dy dy ] o w aad dy dy ] =
1n iiounnszaenmd taziedr mud1au Tasuouddueveuilaun taziile3l awiiny
Y . 9 ] a g d" zﬂy 9 ~ [
Iuve DL (Intensity) Hoo waz lilsnguavanueveuiiony taziioi Avaminy 100
[ [ ~ o Y t;’ = ] a g o v W
Auua waz 253 guua awnaaniald uenaniiwanisdnyr lunuuaudduedmsuad

. ) 3 .
aruquiInmailuay (Negative controls) fanaaslugili 24
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155 bp (unnszoanim)
133 bp (Ia)
119 bp {unz)

31]“?; 24 NN 4% 33ﬂ'ﬂiﬁﬁ]al!ﬁ@NWﬁﬂ'lilﬁﬂﬂ'lﬁﬂ'ng‘ﬁlﬂﬂ'lgﬁllcluﬂ'liﬁmu'l°]§ﬂ1/lﬂﬁﬂﬂ1’iﬁ'lﬂﬁ'luﬂli\ulﬂﬂ
lasasideons ﬂ%ﬂ‘ﬁ 1 ¥849 (Lane) M : 100 @:L‘Uﬁ (bp) Ladder 1 : Lﬁi‘ﬂﬁy‘ (Sus scrofa) 2 : Lfmmz (Ovis aries)
3: lf;(ﬂulfi (Gallus gallus) 4 : L‘lf‘EJUﬂﬂiZi]’fJﬂmﬁ (Struthio camelus) 5 : L&ﬂﬁﬁ (Equus ferus caballus) 6 : gf}’afj‘g
(Bos taurus) 7 : Lﬁyaﬁm'fwauﬁuﬁq 6 BUA (L&ﬂﬂg (Sus scrofa) n’fmmz (Ovis aries) Lf}”ﬂ"lfi (Gallus gallus)
L‘fﬁ)uﬂﬂizfﬂﬂﬂmﬁ (Struthio camelus) L‘fﬁ)ﬁ% (Equus  ferus caballus) uazsﬁyafia (Bos taurus) g

o { 2 )
8 : uaui liwailuay (Negative controls)

=

= [ 2K o A Yy 9 4 9 o ]
ﬂTiﬁﬂ‘HWQﬂll’lJiN‘I/ITﬂWiL‘WlIﬂ’JﬂJLﬂJﬂJﬂluﬂlf’NVlWim@iﬂﬂJ“ Lagu ‘I/Iﬂxilli\lﬂiﬁ‘lglmﬂ
a g A v 9 s 3 A 9 g9 s
ALDULD IﬂEJL‘WNﬂ’ﬂmﬂlﬂ\lﬂluﬂl@\i"lWimﬂiinﬂ 0.5 uM L’]J“Ll 0.75 uM uaxmmmmuﬁum"lwsmm
o Aa Y] a g ] A Y v 7 3
UNE LTI NUANUIVNUDILDUALDUIDUDY Tﬂﬂmummmmumm"lwsmmmﬂ 0.5 uM l‘]Ju

0.6 uM aataae U5 19N 13

= Y v sq v A
MN1919N 13 llﬁﬂ\1ﬂ:ni]léU1]EU‘H51]9\1llWilll951/]Gl%aluﬂ']5‘Vi']ﬁﬂ']:]gﬂ!wﬂ1$ﬁumﬂ\1ﬂﬂﬂﬂﬁﬂﬂwaﬂlﬂ

o ] S aA 4 3 A
GHLLVINQLL‘]J‘]J]lmiﬂW“IﬁJ”Ii AIIN 2

d J
FHAVDI IN3INDS ANuTNTHYEI INIIS (UM)
S o o
Twswesnsumzmzeenuny 0.75
S o o
Twsesnsumizzaduung 0.60
a’d’ o @ {
Twsesnsumizmzasnu'ln 0.50
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PCR) wimsnagolaonsiig (Reproducibility test) %04 (Lane) M : 100 §i1a (bp) Ladder 1-5 : Lﬁi’awy,
(Sus scrofa) 6-7 : Lifmms (Ovis aries) 8-12 : Lf;(ﬂllfi (Gallus gallus) 13-14 : L&ﬂuﬂﬂizi}ﬂﬂmﬁ (Struthio
camelum) 15-16 : L‘ifﬁ)ﬁ1 (Equus ferus caballus) 17-19 : L‘fﬁ)’a”s (Bos taurus) 20 : Lﬁi’aﬁmﬁ'wauﬁuﬁq 6 ¥UA
(L‘é‘ﬁmyl (Sus scrofa) Lﬁyﬂuﬂz (Ovis aries) Lf‘ilﬂllfi (Gallus gallus) L‘Iﬁlﬂuﬂﬂi SANUNA (Struthio camelus) L‘Iﬁlﬂ i

{ o o { & .
(Equus ferus caballus) waziiie i (Bos taurus) Uag 8 : mmuﬂumﬁwmﬂuau (Negative controls)
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4.2 MINATBUANNIUNIZINZDY (Specificity test)

o [ s A A a
ﬂ']i‘ﬂﬂﬁf’)‘ﬂ‘ﬂ'ﬂllflﬂﬂ/‘l']%ﬁ]']g‘lel'N]Q‘]J53ffNﬂLﬁ@ﬂﬂﬁ@ﬂﬂi%ﬁﬂ‘ﬁﬂ??‘l%ﬂﬂﬂﬁ@ﬂ
o ] I J . . o
‘Viﬁ']ﬂﬁ?tlﬁuﬂllﬂﬂqﬂliﬂﬁ%@'ﬁ (multlplex direct PCR) ﬂlué’fmmmmmmmwtmmwm
o’d’d [ dy v J [ @ [ g a a % [ d!
ulWiLN@iﬂNﬁ@Lu@ﬁﬁ'Jlﬂ']ﬁﬂ']ﬂ Iﬂﬂ‘ﬂﬂﬁ@ﬂﬂﬂ@]ﬁ@ﬂ']ﬂ‘ﬂﬂﬁllﬂ 20 YU FUAAL 1 $1IDYIN Y
[ Y4 o a 1 [
Usznonldredaiidhvines i 6 wiia l1aun iy (Sus scrofa) ung (Ovis aries) 0 (Gallus
9 o
gallus) UNNTLIDNNA (Struthio camelus) W (Equus ferus caballus) 88233 (Bos taurus) 1hag
o A A o 9 A A v d I~/ o a 9 1 9
ﬁ@]?@u‘]Tl@']’i]u'lﬂ']ﬂigﬂ@‘ﬂﬂ']ﬁ']iﬂi’)ﬁﬂu Wi@ﬁ@]?‘ﬂ'] Lﬂumuau 14 FuUa ulﬂllﬂ ISV
I 9
(Crocodylus spp) e (Anas spp) 94 (Homo sapiens) N1 (Cervid spp) 13 (Elephas maximus)
a4 (Macaca mulatta) 10 (Panthera tigris) aala (Panthera leo) ELTR (Ursus malayanus) 1439
2
(Rhinoceros spp) 0 (Muntiacus muntjak) i1 (Canis lupus familiaris) WN7 (Felis catus) g

ANY (Bubalus bubalis)

= J ) ] < ax 4 A a a g
HaMsANEINUIgANadoUnatedurLDY laisaidosamnsamulinufioue
o [ { g 4 v A J og.l' I
IdmmzludredanihuilodaSithvune 6 ¥iiamniu Taglivuiafdue (PCR product)
v Y
AMNAIANIL Ao 100 ruer 119 Guud 133 guud 155 Quue 253 uud nag 311gd d1Miuiile
dy dy 1 dy dy 9 dy [ o W [ d‘ (]
vy tlounz 1iieln ileunnszeenmst 1o taziiloTr awday dewaaslugli 32 uaz 'l
I o 1 4 { [ [ 4 I~ [
Usinquovddoueludiededouq dliledafidhvure naaslimviui yanaaoy
o 1 S Aax S W d”' = o 1 o [ z
wated iy ladaidors iiandulinnudumnzmizasaeda idhmuege auiunin
Y v v v Y
1 11 19meaeudiediaiion lins1wyiia (Unknown) azaunsoiulalain wan ldunnniiie
1 ;’,' VA a ad dy o A dy =< 1
whvsnemniy wazee imulSnadoueveaiiodaioug uennniinamsanu linuuoy

ac o [T A Y < .
mauzammummquﬂlwwayﬂua‘u (Negative controls)
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500 bp
311 bp (9)
b 253 bp (i)
200 bp
155 bp (unnszoanma)
133 bp (%)
119 bp (ua:z)
100bp 100 bp ()

glﬁ';l 32 7NN 4% E]gﬂ'liiﬁﬁlﬁllﬁﬂﬂWﬁﬂ'lﬁﬂﬂﬁﬂﬂﬂ'«]'llﬁ‘]"llw'lgLi]'lgiN (Speciﬁcity test) Gllﬂﬂaljﬂﬂﬂﬁﬂﬂ'ﬁﬁ"m
fumianun e aflde13 (Multiplex direct PCR) 94 (Lane) M : 100 f1Ud (bp) Ladder 1 :Lﬁ{aﬁmfwanﬁu
‘1?;}/3 6 ¥UA (Lﬁ%‘ﬂﬁiql' (Sus scrofa) Lﬁymmz (Ovis aries) Lﬁyﬂllﬁ (Gallus gallus) Lﬁa‘Emﬂﬂizi]E]ﬂmﬁ (Struthio
camelus) Lﬁ?ﬂfh (Equus ferus caballus) LLﬁzl‘f}‘ﬂ 33 (Bos taurus) 2 : PRIt (Crocodylus spp) 3 : iila (Anas spp)
4 : AU (Homo sapiens) 5 : NN (Cervid spp) 6 : 14 (Elephas maximus) 7 : 89 (Macaca mulatta) 8 - 1o
(Panthera tigris) 9 : aala (Panthera leo) 10 : SRR (Ursus malayanus) 11 : 459 (Rhinoceros spp) 12 : 194
(Muntiacus muntjak) 13 : W\ (Canis lupus familiaris) 14 : N7 (Felis catus) 15 : 0918 (Bubalus bubalis) 1181

o { I~ .
16 : snruau Iimailuay (Negative controls)
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4.3 MINATOUNUAIBENIMUNDINAA (Market/Street sample test)

% % [ @ s A @ [
mMIsnadeunuAls A NReIamaliinglszaenogudunyanaaeuansald
dy o J 1 Y a us.t‘ dy A
asrufieda i muielue sy sznnaien 19939 souneastnaeumsuilen wiens
A o @ A o o Aa A o o4 P
Yasuiluveawandaionisaniiodainiee tazemslgsgnnliedadiluesnilsene
& o ] [ Y ) ) ) ] 3 aa J
FaRimsnesigegawi e hl Tasasihganageunatsd iy laisaiders
A o 9 = asJ‘ dy o o (] Aa o d o 3
M laanmsaneInsal wiastvdeuniudlI0geIIsHazNAnd N duSIg A
9 A dy v ¢ 1 I A Y a 9 as.l' Qy o [ ]
No9Ra1n 1o dAILSLUININVI T UA AT TNAUAIAIG) SINNIFU 101 A20819 1ABLLL
I 9 [ dy v o [~ o o [ o < [~
pomilu 4 Uszinn 1aun ilodaSumsuda (Cold cut) $119u 17 @29819 9115 F U5 93U UBH
(Instant frozen food) 314U 19 §70619 11139105 1U01MIT (Street food) 91UIU 27 #9814

HaEDIMITd1A1a (Halal food) 1UIU 38 AU (@niNﬁ 11)

[ o ] 3 4 @
HaNMsANEIND AN deurated iy lasaidersaunsoldnaaouiy
Y
Modumuitesnain1d udludredaezliUsSinavesdardudl§aser (PCR inhihitor) oglu
A 4 2 - A A : o
Ysange sananluguie tazhunieslsalsznnnieunaaiag Tagaindleds
os.t' o [ A Aa a g A a dy v Y = o [
Nanua 101 A10819 AnsanulTinudueieszysiavouiiodad Iagan 97 @10819
A a I % o < A a a d ] (] J o
(915199 19) At uoasia g s lun 1SNy lS U Iuad UV IR 10 819ININY
J 2 4 o [ A [ A a a g ya A % [ U (% [
96.04 11los1Fud Tasare1an luaunsomiudsunaawue 1diimes 4 A10819 1dun d19814
dy [ dy d‘ o 1Y 1 Y ] = 1 o Y ]
iwiadr lwnuvanitonlos 11 1 d10819 dred1alsanzazuzln 112U 1 d10819 tay
Y Y
A29619gNFU §1UIU 2 DG UONIINUNANINIUTBUNIS IFIUEANATOUNAWA N
4 Aa oA w =2 = o Ao )
uuv larsandors nianvu lumsanyiasatinue1msamunesnata numsasuiluves
dy v oA [} ] 9 QSJ‘ Qy @ (] QSJ‘ ] (] & a I
iodadn luasenunainszy 13 sausedu 25 9ndre819anua 101 A10819 Feaailu 24.75
s 3 4 o J [~ 4 1o
weosidu Tagluilodadusuda (Cold cu) vory wumsaoniuie lnswau o lu 14
o 1 a g ol @ Y N R 0 Yy
7108149 AU 52.94 10T IFUAVDIAIDINUUDTAWLBUVININUA AIHTUVDIHITINTIUAT
Y Y
10 @ (] a 3
(Street food) ¥outiony wunisiasuiwie lnduau o lu 15 @019 Amilu 3333
] 4 @ (] o [~ oall o [ dy
nesirudveIdiegesduTaglusIIINe S1MTU01M1381a1a (Halal food) Vo110
o 2 F N o 1 a g s
1 wumstlaouduiitounzuazilo Insudlus oy 5 Tu 8 10819 Aantlu 18.42 1los1Fud
Y 1 oaj 1 o I o 3 [ ~1
YoIRed NI Imanaiua tag lunuldasuduludmsvermsduSogUusuda (Instant

Y v
frozen food) 114 19 D1 AILAALIUATT19N 19
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~ = v o ' 8 aa o A o
M990 19 LlﬁﬂﬂWﬁﬂ'ﬁﬁﬂﬁ']ﬂ']iﬂlsl)“]):ﬂ‘V]ﬂﬁ@‘]JVfﬁ']fl@]']L!,VfUQLL‘]J‘]J]‘lﬂﬁﬂW"]f@']ﬂW@Wﬂﬁ@Uﬂll
Y ] $ 1 a [ 4
f10d 19 uNDINAA (Market/Street sample test) #4190 HANNUNDINT (Food products)

o v [l { [ 0’3 a . . @
%11!’31!@]'3@81\1&‘1?!@?{@]’31/1\1 6 ¥UA (Multiplex 6 species) LD onsinsdasnduluevig (Fraud

ratio (%))
. ¥HAVRIIHD 9NIINT
ERITRIT!
a [ d
NANNUNDINIS aeuiu
drwe | wy | woz | In | wnnszeenma | i T
(%)
1. tHodA g (Cold cut) 17 52.94%
1.1 1iioviy 14 1314 | - 9/14 - - -
A o
1.2 111077 1* - - - - - -
1.3 iiloviyneruite 1n 2 212 - 212 - - -
2. 9113d U5 3Uurud4 (Instant 19 0%
frozen food)
2.1 iony
: g 10 10/10 | - - - - -
221i0'A
: 8 - - 8/8 - - -
23 iionymauiio 1A
: g 1 1/1 - 1/1 - - -
3. 911139103 1401113 (Street food) 27 33.33%
3.1 1ilovy 15 1515 | - 9/15 - - -
3214ieln 12 - - 12/12 - - -
4. 91M1391a1a (Halal food) 38 18.42%
4.1l ln 30% - - 29/30 - - -
4211M 8 - 28 | 58 - - 1/8
Y VoA A (a a3 v
IGERE * 111899 A0 lansamulSinaanue 1a

g S S = Y 1 ‘d'd
A0 TIAT HINED Aoe1NIMsdasudu
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msensemanisnaass

awv Y 1Y) o [ <3 4 [ 4
NustiansaRaganageudmiuasndeuadueveuilsdaiithvuie 6
Y Y Y Y
wiia 18un 1Hony (Sus scrofa) 1N (Ovis aries) 111010 (Gallus gallus) 1110UNNTZIONINA
{ v { o Yo &
(Struthio camelus) ATGIR (Equus ferus caballus) Haziiie (Bos taurus) lusmsldduss lu
o Aaan == d A oa.l‘d [ ] ule v aa uaJ‘dy v o o Ao
mainlnsenidosiiesniuded Taglidewuduasunisanaaoue Neidatedingn
[ =) Y a o < as.t‘ dy A [ 9 1 o (] Qy dy
duasulinaanudusaluasall eraiisananvateilade ldua 1. vuiavesdred1aruLile
Y Y v
TANUMVIZEY 2. NTZUIUNTIAToUA19819F U0 Taeld PBS buffer noun1siinlIuIa
A d 9 A AaA 4 9 gl . ® <
AUOAINAUANTO1T 3.015 19%A11187 Phire” Hot Start I DNA Polymerase 11n13tW

a <] 4 a va
ﬂiuwmﬁmma 4.ﬂ15lﬁi’)ﬂuﬁ$ﬂ?ii’)i’)ﬂullllulWilll@i (Primer) 5.3J1¢]§j§11.!ﬂ]®\1ﬁ®\1ﬂ§]1]@]ﬂ15

VUNAVD I IDENITUIHBTANHINIZ AN

] (] Qy dy A 9 a Jd 1 Aa a A

VUIAUDIR10819F LN ¥ 1uN15AT19A5 124 Unanedszantainlumsiny
a a g ag == J = 3 L:ly alay dy o [
Usuaanue Ineds lasaiiaes laglumsanyiaseiive lsvuioatedavuinlseua
A A 2 £ Y v =2 e N

1x1 M5 19NAAWAT (mm’) FIAPANABINLNITANYIVDY Kitpipit lazante 1ud) w.7.2557 (33)
~ [ Qy dy ~ ~ o o A a ad as 3 aa J A
Anunvuiavesruilo itz auigadisumsmulTinuaduwe laeds laiaidels

A A o o < A
vualszana 1x1 a15198aaas (mm’) 1asions1ANEUTD (Success rate) YOINITLNY

a a g o 1 A o ¢ = s ! adg yd &
Ui uenndioiutodadgad 95 esidua (33, 37) wazwunlunsainldguiiie

1A o a < a (]
wua Ingiiuly e ldSunavesduedunny (DNA template) wnnnu i o1vdawald
4 v W 3 { [ Y
Tnsweshduivauedunuyi lildithvineg (Non-specific binding) 1@ (22, 38) HBAN
Qy 4 " o a v QSJ‘ Aaan 4 . . 4
msldFuiovunalugiilnlsuaddudal§ase1ide1s (PCR inhibitor) Hunduaiu i
2 1 Aa a A a I o a a .

fne FazaanalilszaniamlumsiulSnadoueanas ¥l 1dUSuamanan (Yield)

Y VoA I A o us/I A a a2 g 1 Qy A
DRI RRNGREREASIY ﬁi@ﬂ‘]_lENﬂizﬂﬁuﬂ’]ﬁlwuﬂiﬂ']ﬂlﬂl,@ul@ll‘]J'OEJ'NﬁuLG]N (22) GlfLW]'N
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v o ) Qy dy A a a o Y 1a a g Y I~/ a A
ﬂﬁﬂﬂuﬁTﬂi‘BﬂluTﬂ‘hulu@ﬂlaﬂLﬂ‘Llul‘]J fnzwﬂwﬂimmmmmaummuuu uu@mﬂu"lﬂ VN3]
A a a g Aaas ~N 4 Y a a 9 ] <
LWNﬂiNTﬂ!ﬂL@HL@ﬂluﬂ{]ﬂifﬂW“]ﬁ’]ﬁ ﬁ]%ulﬂ‘ﬂiNTmNﬁNﬁ@]u@ﬂﬁ]u@Tﬁ]HlNﬁTNﬁﬂﬁi’Jﬁ]ﬂfﬂwﬁiﬂﬂ

A, < ]
FBmsusnuavdeue lagru lihuuwaszn1se (Electrophoresis) 161

= Y ) Qq’ &’ 4 \ Q' a a g Y a
ﬂﬁ%‘l.l’n!ﬂ1§!ﬂ§ﬂ§~lﬂ’f]®ﬂ1\‘i‘lﬁu!uﬂiﬂﬂ‘1‘lﬁ PBS buffer ﬂaumsmuﬂsmmmamemﬂmﬂuﬂ

A
WED1I

= o [ Q" d" 1 A Aa a g Y a AaA saq Y
ﬂiz‘]_l’J‘LlﬂTiW]'iEJJJG]’J@EJN“I)"L!L‘L!@ﬂ@uﬂﬁmuﬂﬁﬂmm@ul@ﬂﬁElmﬂuﬂW“])’i’]ﬁ‘ﬂ“]ﬁl)'“lu
= d" I ] & Ao Y a o < A a ad 9 as < aa 4
NITANYIU L”]J‘Ll‘ﬂﬁ]ﬁ]ﬁlﬁuﬁﬂﬂﬂﬁlﬂﬂﬂﬂuﬁ%i‘1]11!ﬂ1§LW3J‘]J§3J1ﬂ!ﬂL@1JL@ﬂ’JElﬁ“ﬁulﬂliﬂW“])’i’]ﬁ

v Y Y
Fai lalasdaazuiilodaidlreonalinvmadndseua 1x1 Jadmas udaldasldlu PBS

aaa =

1 9
Buffer 151103 20 luTn3das 1 PBS buffer azaaoiionrsdiduiulgnsoniidens (Pcr

14
=

% [ 4 [ Y4 ° Aaan < o a [ o (%
Inhibitor) 9Ind08TdAT (39) M lHURAToRNFo 1T A uTUA0 11)1& Bniie PBS buffer &4

] A a g Y Iy (A [ [ = o @
Gmﬂﬁlum’u‘m@mmmm@@mmu (DNA template) Gh’illﬂilﬂﬂ!@Qi‘l!%")\iﬂlﬁll?%ﬁllﬁ?ﬁillfﬂi

aaa =

A a a g 9 = o t;' o =y Y T 9 o w 1
LWMﬂiMWmﬂL@uL@ﬂﬂﬂﬂgﬂi‘c’ﬂW“leﬂi HUDNITNUNAIVINIATINUAIDY1IRIY PBS 38 U19I0819

a =

/i1 (Incubation) Ngaivigiigadi 98°C Feonazroirlfaaduan (Cell lysis) 1l¥landos

Y

Qe &

a g BIdd? o 3 P ) a = 9 1 o .
ﬂl@ul@@@ﬂlﬂl‘lﬂﬂﬂm LLE’I%EJ‘]JENL@L!VL%ZJVI%3‘1/]1%’1181.!%?168?{1%1111/]1@114 (Inactivate nuclease)

wu ou lmiaduea (DNase) Wudu (40)

M315yA1i1e Phire” Hot Start Il DNA Polymerase Tumsiiia/3anadisie

Y
o . . . S
ﬂﬁﬂl‘j’fl‘];ﬂuﬁﬂ Phire” Hot Start Il DNA Polymerase (Thermoscientific, Germany) 1Wu
[ & A dy 1 o < o ) ] <
PJavenilaipeaemslszaunnuduislunswannganadounatedwrusnylasa
s J J o s
#3915 (Multiplex direct PCR) 1iip9a1ngatiienainanilsznon lddreTndmesisagluny
[} { o o 1 v @ QSJ‘ Aaaa 4
T413i (Novel polymerase) 71 lasunmswan ldnuniuaed1dudelnsen#ide s (nhibitor) 79
A a a a3 & 9 N o o aaa S 7 I 19 <
awnsomulsmnafnweveutiohvueudvz ia60891 a5 017%015 (Inhibitor) ogaIen
o q YN Y (A a A ag £ Yy o =
a IR IaUSuaveInanan (Yield) 130a19110 (PCR product) g9 FIa0AAA0INUNTANY
1 < a o oy
Y04 Kitpipit et al 141 7.7.2014 WUIADUIONOAWDTITE (DNA polymerase) YOIYA181
% o d
Phire” Hot Start Il DNA Polymerase (Thermo Scientific, USA) Ionsimslszauanudusa

A a ad dy v =2 A = = v ad a J
“l,umimuﬂimmmamammuaﬁmqqm 95% WollSeuneunuad U NoAINDSITE (DNA
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Y v
Polymerase) ﬂl@ﬂ‘]g’ﬂﬁﬁﬂ Q5 DNA polymerase (NEB, USA) ‘]g’ﬂﬁﬁﬂ Pfu DNA Polymerase
Y v
(Thermo Scientific, USA) “IgﬂﬁWEﬂ TopTaq DNA polymerase (Qiagen, USA) ‘]g"ﬂihfﬂ Platinum”
Y
Taq DNA polymerase (Invitrogen, USA) LLﬁzﬂgﬂﬁWEﬂ Phusion” Hot Start II DNA Polymerase
(Thermo Scientific, USA) #41#8a351n1515zauanudusslumsminilsuadduenin
dy o o v dy @
ioda il 89.2% 85% 5% 0% Loz 0% AW&1AY (33) UenNa1Nti Tu PCR buffer §a1l5znov il
1 k4
ﬁl’JEJ?ﬂi‘]JN’OEJN 1¥U Bovine serum albumin (BSA) 1482 Tween-20 Famsauansmaiiagliey
[ ° Y A a a g = a A dgl Y = aaa A 4
GB'JEJVI']GlWﬂ'ﬁLWZJTJiﬁJ']ﬂlﬂL@uL@NﬂﬁgﬁV]‘ﬁﬂ']WQ\Wu Lm%ummmuﬂgﬂimwwmi (PCR
4
inhibitor) 8gA18NAN UENIINHRITUNINIFATe1HFD1T (PCR  inhibitor) xgnITe1e U

QsJ‘ = % [ 1 o A a Aad
"’U‘L!ﬂi?)‘uﬂﬁmiEJJWI?@EJNﬂ@uuflﬂmllﬂﬁﬂmm@ul@ (33,41,42)

J
mstaenuazmseenuuvlnsies (Primer)

¢ . daw O P SR I o g
Iwswes (Primer) N1FlumsAnuiiudnnilsilavtenvenemsdseaunnudnsalu
o dy I o :/‘ ) Yo A A
myiaganadouil Tao lwswesNdumizinzaenia 6 g larumsasiaaeuilszanan
Y
iesduTlaelslysunsua1eag 1¥u 115un5Y Oligonucleotide  Properties  Calculator
(http://www.basic.northwestern. edu/biotools/OligoCalc. html) IDATIVAOUAIINYIIVD
J 3’ o . a
Twses (Length) mwuﬂimaqa (Molecular weigth) USuauaves G uag C (CG content)
guHNH (Melting temperature; Tm) Hagdeenunsaasltndou Temalumainalaseadandogi
] 1 4 a ] 1 a
(Self-complementarity) ©u 1@11A n15Wo3u18T 1 (Potential hairpin formation) NIVURLUTHA
. I o oA 3 J wvAa
1191219 3' (3' Complementarity) tHudu ¥11d 14 lnswosn1Flunsdnuinseliliguauiia
dy 9 [ ) ] S AA J
Wesduwruzanlunsiauiganadounatodwrusuun laiiaiidors (hip/www.

thermoscientificbio.com/webtools/tmc/)

1 Y
Tnwswednlglunsdnwil gneonuuuainduleInlasud (cyt ) lelalasuy

a =] £ [ =
poNFAd 1 (COI) uaz 12 tod 13 1ulwuoa 81510Ue (125 rRNA) FeoguuluInasuaion

vas A

aa £ A { a dy o 7 A a o 1 =
ALULD (mtDNA) FINAUTNUANDDADNITISUTUAUDIUUDTAAI LUBDIINUITIUAINAIIN

o a = s J A Aaa 1 a o = o a =
ﬂ’ﬂllW‘Ll!L‘iJ‘i"UfJQ‘Ll’Jﬂﬁjﬂqﬂﬂlﬂﬁﬁﬂ‘izﬂ’ﬂﬁﬁﬂh%’m%N“Ifuﬂﬂu LLﬁmJﬂ’JnJWL!LL‘iJ‘i"UENU’Jﬂﬁ

QU

s 9

7 ' v Jd a A Y o 9 ° Y a dy ¥ d

T@Ulﬂﬂmﬁ‘igﬁ'ﬂﬂﬁ’f@n%uﬂ!ﬂEJ']ﬂL!!ﬁﬂLl’EJEJ (25, 33) “VIﬂfl’i’ﬁﬂll15ﬂu1u11%5$u%uﬂﬂl®\1m®ﬁ@n
Y A A A 3 Sq ¥ = 3 dy Y o':l’ s

Ulﬂ@ﬂNuH%@ﬂ@ ’E’Jﬂﬂ\ﬂWi!N@iﬂi%iMﬂWiﬁﬂH1ﬂ5\1ugﬂ’EJ’EJﬂLLUUiWUlWi!N@iﬂQWNﬂNﬂ'NN

1 d! A 9 o [] d' (] 1 a 9
g5z 22-34 LU GlNﬂTi!ﬁ’E)ﬂchI)'UlWﬂiJ@islu“b"Nﬂ'ﬂiJEJTJ%!“I’?ZJW&GT?J%%I)”JEJEN!ET?N%’?
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)}

[} 9 o [

A Aa < o % 3
MIivlTaaRueInNUI M1z aalonalum sV VA UIDA ULV UAAR LYY
. 4 a a a [ 9 J =S Aa o w
(Mismatch) 10 Wstuese1runu Mlorananis laus laFudiuszninsgunisidua
% [ A a A a < { 1o
AMEAAINY (Cross-hybridized) Hu Inswesouq tazeunamamuysnuanuen lusumy
Y I aan J O'QSJ‘ a o
mizasnuaduethnne (Non-specific) lulnseiidets uazmin Twswos dwnnll sz
9 o o’dy 9 A a a g [ A1 A oA
I¥anusumizmizaaved lnswestaatiosad vavesmsindSnaanue luluniuyede

a

Py s A v & vt . A Y a
‘Lli’]ﬂﬂ']ﬂuulWﬂllﬂiﬂlﬁi’]ﬂi“ﬂﬂﬁﬁﬂﬂ@@ﬂllﬂﬂiﬁﬂqmﬁﬂﬂ Melting temperature (Tm) Vlrlﬂﬁmfl\?

U

% [ ] QsJ‘ t;‘ A 9 o’ale 1 A o d? = t;‘
Auoglugig 64-69°C Wathivel Inswesna 6 gluganadouiwaurvulumsdnyiil

A a a g Ay [ Y4 913 a o Aaan == J
mmmmuﬂmmm@m@mmm@ﬁ@mﬁmmﬂ"lﬂm 6 Gb"lm1uﬂ1iﬂ1ﬂgﬂimW‘ﬂf@1iLWﬂﬁ

S a
AIUNY

= dy Y 9 Y A Aa Qy [ a2 g

sl ldeenuuy Inswes IHWinlsasuaIuddu® (PCR product) Y119
[ @ o a <3 { [
ANAUIINTAINYia TaguauARuenlsngaziunia 100 119 133 155 253 uag 311 guud

Y Y Y Y
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Y Y Y
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enforcement.

This is the first time that direct PCR — DNA amplification without prior DNA extraction — was successfully
developed and fully validated for rapid and economical simultaneous identification of six commonly con-
sumed meat species. To achieve this, six species-specific primers were selected from previous reports and
newly designed from the mitochondrial cytochrome b (cyt b), cytochrome oxidase I (COI), and 12s rRNA
gene. The assay generated PCR products of 100, 119, 133, 155, 253, and 311 bp for pork, lamb/mutton,
chicken, ostrich meat, horsemeat and beef, respectively. Validation showed that the assay is robust, rapid,
economical, reproducible, specific, and sensitive down to 12,500 mitochondrial copy (equating to seven
fg). It could be used with a variety of raw meats and products, including highly degraded and processed
food samples. This proposed method will be greatly beneficial to the consumers, food industry, and law

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Unlisted, mislabeled, or fraudulent ingredients in food products
is a serious problem and impacts humans in several ways. Several
manufacturers have exploited consumers by adding or substituting
ingredients in food products for cheaper ones to earn more profits
(Moore, Spink, & Lipp, 2012). Certain ingredients in high demand
could boost the sales of food products, and this serves as an incen-
tive for mislabeling, as evidenced in the case of crocodile meat
(Unajak et al., 2011). These occurrences negatively impact the
health and safety of the consumers and the economy, as well as
breach religious laws. Both national and international regulations
are therefore issued to protect consumer rights; thus, a reliable
technique for meat identification is needed by regulatory agencies.

There are a multitude of options available for species identifica-
tion in raw meats and food products: proteins, lipid, volatile
organic compounds, and DNA analyses (Ali et al., 2012). Among
these, DNA-based techniques are reliable, robust, and rapid. High
variations in nucleotide compositions between individuals and
species enable differentiation and DNA withstands environmental
degradation better than the other compounds (Che Man, Aida,
Raha, & Son, 2007; Che Man, Mustafa, Khairil Mokhtar, Nordin, &
Sazili, 2012; Rojas et al., 2010). Both nuclear and mitochondrial

* Corresponding author. Tel.: +66 74 288 565; fax: +66 74 446 681.
E-mail addresses: pthanakiatkrai@gmail.com, phuvadol.t@psu.ac.th (P. Thana-
kiatkrai).

http://dx.doi.org/10.1016/j.foodchem.2014.04.062
0308-8146/© 2014 Elsevier Ltd. All rights reserved.

DNA have been used, for example, the nuclear DNA’s porcine leptin
gene, bovine beta-actin gene, turkey prolactin receptor (Képpel,
Ruf, & Rentsch, 2010; Koppel, Ruf, Zimmerli, & Breitenmoser,
2008; Koppel, Zimmerli, & Breitenmoser, 2009), and the mitochon-
drial D-loop region, cytochrome b, cytochrome oxidase subunit I
(COI), 16s rRNA, 12s rRNA, and NADH dehydrogenase subunit 5/6
genes (Ali, Hashim, Mustafa, & Che Man, 2011; Branicki, Kupiec,
& Pawlowski, 2003; Che Man et al., 2007, 2012; Dalmasso et al.,
2004; Fajardo, Gonzalez, Rojas, Garcia, & Martin, 2010; Unajak
et al, 2011). These markers are used with several techniques, such
as species-specific amplification (Linacre, 2006, 2009), real-time
PCR (Koppel et al., 2008, 2009, 2010; Rojas et al., 2010), PCR-RFLP
(Ali et al., 2011; Murugaiah et al., 2009), and sequencing (Ali et al.,
2012). However, these methods are complicated and required puri-
fication of DNA from food products. DNA degradation from acidity
regulation and heating process, as well as trace contamination, can
also prevent successful detection (Koppel et al., 2008, 2009).
Direct PCR, the amplification of DNA directly from samples with
no prior DNA extraction, was first proposed in the 1990s (Mercier,
Gaucher, Feugeas, & Mazurier, 1990; Tjhie et al., 1994). With
improved polymerase enzymes and PCR buffer in recent years
(Hedman, Nordgaard, Rasmusson, Ansell, & Radstrom, 2009;
Hedman et al., 2010, 2011; Kermekchiev, Kirilova, Vail, & Barnes,
2009; Zhang, Kermekchiev, & Barnes, 2010), direct PCR has been
touted as a sensitive and robust technique, as well as a time-saver.
Direct PCR possesses several advantages. First, it is rapid as the
extraction and quantification step are bypassed. Second, it is more
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sensitive than conventional PCR (Linacre, Pekarek, Swaran, & Tobe,
2010; Swaran & Welch, 2012), as the process of DNA extraction has
very low efficiency (16-30%) (Colussi, Viegas, Beltramo, & Lojo,
2009; Kishore, Reef Hardy, Anderson, Sanchez, & Buoncristiani,
2006). Lastly, it improves DNA analysis results from several types
of biological sample, including trace, degraded, aged, and difficult
samples (Kitpipit, Chotigeat, Linacre, & Thanakiatkrai, 2014;
Linacre et al., 2010; Park, Kim, Yang, & Lee, 2008; Swaran &
Welch, 2012). Diluting the samples in phosphate-buffered saline
(PBS) increases the amplification success rate for various sample
types (Kitpipit, Thanakiatkrai, & Chotigeat, 2013b; Kitpipit et al.,
2014). This dilution protocol has been used in a recently published
direct-triplex PCR assay for pork, lamb, and chicken and it has been
shown to overcome inhibitors found in food products (Kitpipit,
Sittichan, & Thanakiatkrai, 2013a); however, a larger multiplex
that includes other commonly consumed meat, including another
haram meat (horsemeat), will shorten and simplify the source
identification process, as well as brings additional benefit the halal
food industry.

Thus, the aim of the study was to develop a direct-hexaplex PCR
assay for simultaneous identification of six commonly consumed
meats (pork, lamb/mutton, chicken, ostrich meat, horsemeat, and
beef). Using the dilution protocol for sample preparation, the assay
was then fully validated for its specificity, reproducibility, sensitiv-
ity, and robustness.

2. Materials and methods
2.1. Meat samples

Raw meats of six species (pork - Sus scrofa, lamb/mutton - Ovis
aries, chicken - Gallus gallus, ostrich meat - Struthio camelus, horse-
meat - Equus ferus caballus, and beef - Bos indicus) commonly con-
sumed worldwide were collected from morphological-verified
samples and used. One hundred and fifteen food products, includ-
ing raw frozen meats, cold cuts, instant frozen foods, street foods,
and halal-certified foods were collected from local retailers and
markets in five provinces (Songkhla, Pattalung, Krabi, Yala, and
Pattani) of Southern Thailand. All samples were cut into small
pieces using a sterile scalpel, kept in a sterile plastic bag, and
stored at —20 °C to prevent DNA degradation.

2.2. Primer design

Cytochrome oxidase I subunit (COI) gene sequences of six target
species and other nine possible meat species were downloaded
from GenBank and aligned. Species-specific primers previously
reported were checked for their specificity and new primers were
also designed. The GenBank accession numbers for these

sequences were AF034253.1, AF492350.1, AF492351.1,
CK203026.1, CK203028.1, EF588275.2, EU755253.1, GU068049.1,
HQ857210.1, HQ857212.1, JQ996232.1, KC461238.1,
NC_001700.1, NC_002785.1, NC_005044.2, NC_005129.2,
NC_006295.1, NC_009684.1, NC_014703.1, NC_015647.1,
NC_015651.1, 'NC_016178.1, NC_018596.1, NC_020615.1,
NC_020622.1, NC_020683.1, NC_011218.2, NC_012095.1,

U20753.1, and Y12025.1.

Candidate primers were checked for their physical parameters -
melting temperature, self-complementarity, and secondary struc-
tures - using Oligo Calc (http://www.basic.northwestern.edu/bio-
tools/OligoCalc.html). Primers cross-reactivity was also inspected
using AutoDimer (http://www.cstl.nist.gov/strbase/AutoDimer-
Homepage/AutoDimerProgramHomepage.htm). Details of primers
used in this study are shown in Table 1.

2.3. Direct multiplex amplification

All samples were prepared and amplified by the dilution proto-
col of direct PCR technique (Kitpipit et al., 2014): approximately
1 mm? punch of sample (from the inside of the specimen) was
added to 20 pL of phosphate-buffered saline (PBS) and heated at
98 °C for 2 min. The mixed meat sample was prepared by pooling
1.5 pL of each meat pre-PCR dilution sample.

The PCRs were performed in a total volume of 20 L, containing
10 pL Phire® Animal Tissue PCR Buffer (Thermo Scientific, Thai-
land), 1.0 unit Phire® Hot Start Il DNA Polymerase (Thermo Scien-
tific, Thailand), optimized concentrations of six primer pairs
(Table 1), 1.5 puL supernatant of pre-PCR dilution samples (in
PBS), and sterile water. Amplifications were performed using a
T100™ Bijo-Rad thermal cycler with the following PCR condition:
initial denaturation at 98 °C for 5 min; 35 cycles of denaturation
at 98 °C for 5 s, annealing at 66 °C for 5 s, and extension at 72 °C
for 25s; and a final extension at 72 °C for 1 min. The reactions
were stored at 4 °C until further analysis. A negative control was
included with all sets of reactions to monitor for contamination.

2.4. DNA separation and detection

The PCR products were separated on a 2% low melting point gel
electrophoresis. PCR products were stained using ethidium bro-
mide and electrophoresis was run at 100V for 30 min. The gels
were visualized and photographed in a Bio-rad GelDoc 1000 gel
documentation system (Bio-rad, USA).

2.5. Direct multiplex assay validation

The direct multiplex assay developed in this study was vali-
dated for its specificity, reproducibility, sensitivity, and robustness
(food product testing). For the specificity test, the assay was cross-
tested with all six target species and 13 possible domestic and
wildlife meat species consumed in Asia: crocodile (Crocodylus
siamensis), duck (Anas platyrhynchos), deer (Cervidae spp.), rabbit
(Oryctolagus cuniculus), goose (Anser domesticus), buffalo (Bubalus
bubalis), cat (Felis catus), dog (Canis lupus familiaris), muntjac (Mun-
tiacus muntjak), elephant (Elephas maximus), tiger (Panthera tigris),
bear (Ursus malayanus) and human (Homo sapiens). For the repro-
ducibility test, 19 voucher target meat samples from different
sources (five pork samples, two lamb/mutton samples, five chicken
samples, two ostrich meat samples, two horsemeat samples and
three beef samples) were tested with the assay. For the sensitivity
test, quantified mitochondrial copies of the six target species were
prepared following the method of Tobe and Linacre (2008). Five
concentrations (100,000, 50,000, 25,000, 12,500, and 6250 mito-
chondrial copies/uL) were prepared by serial dilution and ampli-
fied by the assay to determine the minimum mitochondrial copy
that can be detected. For robustness and real-world performance
testing, the developed assay was used to test 115 food products,
including 20 raw frozen meats, 17 cold cuts, 13 instant frozen
foods, 27 street foods, and 38 halal-certified foods.

3. Results
3.1. The direct multiplex assay development

3.1.1. Singleplex amplification

The direct singleplex amplifications of all six species-specific
primers used in this study were first performed using voucher
meat samples. This was done to test the primers’ efficiency and
specificity and to evaluate the possibility of applying direct PCR
for meat authentication. The result showed that direct PCR was



85

T. Kitpipit et al./Food Chemistry 163 (2014) 77-82 79
Table 1
Details of primer sequence, melting temperature, PCR product size, and reference are shown.
Meat Primer  Sequences (5'-3") Gene Final conc. Product References
species  name (UM) size
Pork Sus-F1  5-GAA AAA TCA TCG TTG TAC TTC AAC TAC A-3' cyth 2.0 100bp  Lopez-Andreo, Lugo, Garrido-Pertierra, Prieto,
Sus-R1  5-GGT CAA TGA ATG CGT TGT TGA T-3' 20 and Puyet (2005)
Lamb Ovi-F2  5'-GAA AAA CCA TCG TTG TCA TTC AAC T-3' t-Glu - 1.8 119bp  Lopez-Andreo et al. (2005)
Ovi-R2  5'-AAA TAT TTG ATG GAG CTG GGA GA-3' cath 1.8
Chicken Gal-F3  5-AGC AAT TCC CTA CAT TGG ACA CA-3' cyth 0.8 133bp  Zhang, Fowler, Scott, Lawson, and Slater (2007)
Gal-R3  5'-GAT GAT AGT AAT ACC TGC GAT TGC A-3’ 0.8
Ostrich ~ Str-F4  5-CCC TTT AAA GAC ATC TGG TAT TGT GAG-3’ 12s rRNA 1.2 155bp  Rojas et al. (2011)
Str-R4  5'-TAA ATT GTA GGC TCT CTG GGG TTC-3' 12
Horse Equ-F5 5'-CGT TTG ATC TGT CCT TAT TAC GGC A-3’ col 20 253bp  This study
Uni-R 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA-3' 20
Cow Bos-F6  5'-CAT CAA CTT CAT TAC AAC AAT TAT CAA CAT AAA G-3'  COI 1.0 311bp  This study
Uni-R 5'-CCG AAT GGT TCY TTT TTY CCY GAG TAG TA-3’ 1.0

successful in identifying meat species from raw meat samples. In
these experiments, each species-specific primer pair produced
PCR products only from its target species and generated the
expected PCR products of 100, 119, 133, 155, 253, and 311 bp for
pork (Sus scrofa), lamb/mutton (Ovis aries), chicken (Gallus gallus),
ostrich meat (Struthio camelus), horsemeat (Equus ferus caballus)
and beef (Bos indicus), respectively. No PCR product was observed
from the negative controls. Direct amplification from a large sam-
ple size (>1 mm?) could occasionally cause amplification failure;
further dilution (1:10 to 1:100) of pre-PCR solution using sterile
water resolved this problem (data not shown).

3.1.2. Multiplex amplification

The direct multiplex assay for simultaneous detection of the six
meat species were successfully developed. Fig. 1 shows six differ-
ent PCR fragments with sizes corresponding to the expected sizes
of the six target meat species. No PCR fragment was observed from
the negative control.

3.2. Direct multiplex assay validation

3.2.1. Specificity test

The developed direct multiplex assay was used to analyze six
target species (pork, lamb/mutton, chicken, ostrich meat, horse-
meat and beef) and 13 possible domestic and wildlife meat species
(crocodile, duck, deer, rabbit, goose, buffalo, cat, dog, muntjac, ele-
phant, tiger, bear and human) in order to examine the assay spec-
ificity. The result showed that the assay was highly specific to the
targets: the expected PCR fragments were generated only from the
target species as predicted, i.e. no cross-reaction from non-target
species was found (data not shown).

500

200

100

Fig. 1. Multiplex direct amplification of six target species separated on a 2% agarose
gel. Lane M: 100 bp ladder, 1: pork (100 bp), 2: lamb/mutton (119 bp), 3: chicken
(133 bp), 4: ostrich meat (155 bp), 5: horsemeat (253 bp), 6: beef (311 bp), 7: six
target species mixed (pooled from pre-PCR dilution samples of six meats), and 8:
negative control. Expected PCR products were detected in all lanes.

3.2.2. Reproducibility test

The assay reproducibility was tested using 19 voucher meat
samples (of the six targets) obtained from different sources. The
expected PCR products were generated from all target meat sam-
ples, as shown in Fig. 2. This resulted in 100% accuracy in meat
identification.

3.2.3. Sensitivity test

The direct multiplex assay was used to amplify five mtDNA con-
centrations to determine the assay sensitivity — the minimum
mtDNA amount of each target meat species that could still be
detected by the assay. The detectable mtDNA amounts for each tar-
get species were different (Table 2). PCR products of pork, lamb/
mutton, chicken, and beef were detected from as low as 12,500
mtDNA copies. PCR products of ostrich meat and horsemeat were
detected from 25,000 mtDNA copies and 50,000 mtDNA copies,
respectively.

3.2.4. Application to commercial food products

The real-world use of the developed assay with commercial
meats and food products was demonstrated. Table 3 shows the
results from all food products. The result showed that the direct
multiplex assay was robust and could be successfully applied; only
three of 115 samples (2.6%) did not amplify. Approximately 25% of
all samples (29 of 115) had meat species that were not listed as an
ingredient. The falsification was found in all food product types -
raw frozen meat, cold cut, instant frozen food, street food, and
halal food. The highest number of falsification (64.7%) was found
in cold cuts while raw frozen meats had the lowest percentage
(5.0%). No pork was detected in halal-certified food.

Fig. 2. Reproducibility test of the multiplex direct assay with 19 voucher meat
samples. Lane M: 100 bp ladder, 1-5: pork (100 bp), 6,7: lamb/mutton (119 bp), 8-
12: chicken (133 bp), 13,14: ostrich meat (155 bp), 15,16: horsemeat (253 bp), 17—
19: beef (311 bp), 20: negative control. Expected PCR products were detected in all
lanes.
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Table 2
Sensitivity test of the multiplex direct assay. +++ stands for high intensity, ++ for
medium intensity, + for low intensity, and — denotes band absence).

Meat species detection mtDNA amount (copies)
100,000 50,000 25000 12,500 6250

Pork ++ ++ + + -
Lamb/Mutton +++ ++ ++ + -
Chicken et ++ ++ + —
Ostrich meat ++ ++ + - -
Horsemeat ++ + = - =
Beef +++ ++ ++ + —

4. Discussion

The direct-multiplex PCR assay developed in this study could be
completed in only 90 min, does not require expensive equipment
(e.g. no real-time PCR instrument and no capillary electrophoresis),
and saves DNA extraction time and cost. This is the first time that a
direct-hexaplex PCR assay has been evaluated, successfully devel-
oped, and fully validated for simultaneous meat species identifica-
tion from raw meats and food products.

We employed the Phire® Hot Start [l DNA Polymerase and its pro-
prietary buffer. Modified and novel polymerases have been shown to
perform better than the traditional Tag polymerase (Hedman et al.,
2009, 2010, 2011; Kermekchiev et al., 2009; Zhang et al., 2010).
One mechanism of how this is achieved is the stronger polymer-
ase-DNA bond, i.e. via the SSo-binding domain (Wang et al., 2004).
Certain compounds, such as BSA and Tween-20, have also been
shown to increase inhibitor tolerance when they are added to the
PCR buffer (Kreader, 1996). Since the buffer is proprietary, its com-
position is unknown to the users. Additionally, the inhibitors would
also have been diluted using the dilution protocol (Kitpipit et al.,
2014).As the direct PCR procedure requires no extensive and lengthy
pre-extraction and extraction step, this novel assay is therefore cost-
effective and rapid. It addresses the drawbacks of conventional PCR-
based methods previously reported.

The assay required a very small amount of meat sample
(approximately 0.3-1.0 mm?) to achieve a successful amplification.

Table 3

This illustrates that these trace amounts contain sufficient DNA for
amplification. This sensitivity could be achieved as the direct PCR
procedure requires no DNA extraction step, resulting in no DNA
loss (Colussi et al., 2009; Linacre et al., 2010; Swaran & Welch,
2012). The optimal meat sample size found in this study corre-
sponds to our previous experience with wildlife muscle samples,
in which approximately one mm? yields the highest amplification
success rate and PCR product using direct PCR (Kitpipit et al.,
2014). Requiring small amount of samples is very beneficial for
meat authentication as contamination or fraudulent ingredients
could be in trace amounts. The direct amplification technique is
therefore proved to provide a high chance of detecting falsifica-
tions, even in trace amounts.

Primers used for the assay produced small amplicons in the
range of 100 to 311 bp, increasing the chance of detection from
degraded/processed raw meats and food products. Because even
traces of pork are haram (forbidden) for Muslims, the amplicon size
for pork was deliberately chosen to be the smallest at 100 bp in
order to maximize the chance of detecting pork. Previous reports
have shown that amplicon size of less than 150 bp has a higher
chance of survival in degraded samples (Ali et al,, 2011, 2012;
Hughes-Stamm, Ashton, & van Daal, 2011; Képpel et al., 2009;
Senge, Madea, Junge, Rothschild, & Schneider, 2011). Thirty-eight
halal food products were tested with the developed assay and none
showed contamination from pork. The primers were designed from
the cyt b, COI, and 12s rRNA genes in the mtDNA. This brings three
benefits. Firstly, these genes contain high DNA variations among
different species and low DNA variation among individuals of the
same species, providing high confidence in meat species discrimi-
nation (Linacre, 2006; Tobe, Kitchener, & Linacre, 2010). In other
words, the short amplicon length does not compromise specificity.
Secondly, the approximately 3500 mitochondrial copies in a single
skeletal muscle cell make the assay very robust and sensitive
(Miller, Rosenfeldt, Zhang, Linnane, & Nagley, 2003). Lastly, the
sequence data from cyt b and COI genes are available on DNA dat-
abases for many species, which enables additional comparisons
using sequencing if needed. The species-specific primer technique
employed here is better than barcoding because it is much faster

Robustness test with commercial food products and falsification survey. The numbers of samples that contains the target species out of the total number of samples tested are
shown, e.g. 11/16 under the chicken column in the cold cut with pork category means chicken were detected in 11 samples that should have had only pork. Fraud ratio for each
category is calculated by dividing the number of samples with falsification by the total number of samples in that category. The bolded rows show different categories of samples

and the total number of samples in that category.

Food products No. Multiplex 6 species Fraud ratio (%)
Pork Mutton Chicken Ostrich Horse Cow

Raw frozen meat 20 5.0
Pork 5 5/5 - - - - -
Mutton 2 - 22 - - - -
Chicken 5 - - 5/5 - - -
Ostrich meat 3 13 - - 2/3 - -
Horsemeat 2 - - - - 22 -
Beef 3 - - - - - 3/3

Cold cut 17 64.7
with pork 16 15/16 - 11/16 - - -
with beef 1* - - - - - -

Instant frozen food 13 7.7
with pork 5 4/5 - 1/5 - - -
with chicken 8* - - 7/8 - - -

Street food 27 333
with pork 15 15/15 - 9/15 - - -
with chicken 12 - - 12/12 - - -

Halal food 38 184
with chicken 30* - - 29/30 - - -
with beef 8 - 2/8 5/8 = - 1/8

A minus (—) denotes no PCR product detected. An asterisk (*) denotes one sample did not yield any product for all six target species.
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and cheaper. The results are easier to interpret, but it cannot be
used for species not included in the multiplex. The six species
selected are a combination of commonly eaten meats and two
haram meats (horsemeat and pork), which will aid food control
agencies around the world, particularly for halal foods. Comparing
to our previously published triplex assay (Kitpipit et al., 2013a), the
hexaplex in this study adds three more targets (including one more
haram meat). The numbers of samples for specificity, reproducibil-
ity, and commercial products have all been increased, which
results in additional confidence in the assay’s results.

The proposed assay has two limitations. First, the assay cannot
provide quantitative data, unlike real-time PCR (Koppel et al.,
2010). Nonetheless, accurate quantification for real-time PCR could
only be achieved when an appropriate reference material is used,
as the matrix in food could interfere with the amplification pro-
cess. In other words, serially diluted DNA from raw meats could
not be used as a reference for DNA extracted from food samples,
as there might be ingredients in the recipe that are co-extracted
with the DNA and interferes with the quantification process
(Koppel et al., 2008, 2009). The second limitation is the unequal
amplification efficiency and sensitivity for the six species, but this
same problem is encountered in all types of multiplex PCR assays
(Ali et al., 2012).

The assay is fully validated for its accuracy, specificity, sensitivity,
and applicability in analysis of food samples. The assay was found to
provide 100% accuracy in the identification of the six meat species
obtained from different sources. It is specific only to target meat spe-
cies, indicating no chance of error or misidentification found. The
assay is also extremely sensitive, being able to detect samples as lit-
tle as 12,500 mtDNA copies or seven femtogram of mtDNA (equating
to less than five muscle cells) (Tobe & Linacre, 2008), which makes it
viable for thermally processed food samples. This sensitivity is com-
parable to published conventional and real-time singleplex and mul-
tiplex PCR assays, e.g. 300 cells (calculated from 1 ng of DNA froma 3
billion bp genome of cow) (Murugaiah et al., 2009), ten cells (calcu-
lated from 0.32 ng of DNA) (Koppel et al., 2008), and a single cell (cal-
culated from 0.0035 ng of DNA) (Zhang, Fowler, Scott, Lawson, &
Slater, 2007). Comparisons with some studies are difficult as they
reported assay sensitivity in terms of percentages of a mixed sample.
In addition, the optimized multiplex assay is illustrated to be robust
enough to detect various meat fraudulent acts in real-world food
samples. All these points reveal confidence in the use of the devel-
oped direct multiplex assay for the six-target meat identification
from a variety of food samples.

5. Conclusion

This is the first time a direct-hexaplex PCR assay has been
applied to meat species identification in raw meats and food prod-
ucts. The assay has been successfully developed and proven to be
efficient in simultaneously identifying six commonly consumed
meat species, which are pork, lamb/mutton, chicken, ostrich meat,
horsemeat and beef. The assay has also been fully validated to
meet the recommended standards in order to be used in real-world
law enforcement. It is accurate, specific, sensitive, and applicable to
detect adulterations and misbranding from a variety of meats and
food product, including highly degraded or processed food
samples.
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Unintentional contamination and fraudulent labeling of food, especially in halal-certified products,
breach both religious and international laws. DNA-based methods are widely employed to identify trace
amount of contaminants for law enforcement. Direct PCR has proved successful in the DNA analysis from
degraded samples and PCR-inhibited samples, but it has never been applied to meat identification from

Kf}’WOdef food products. In this study, we aimed to develop a multiplex direct PCR assay for simultaneous
.IST'IPIEXPCR identification of three commonly consumed meats without the need to extract DNA. Species-specific
Ml;:t primers were designed from the mitochondrial DNA using the alignment of sequences available on

GenBank. The assay was validated for its specificity, sensitivity, and usefulness in market sample
analysis. The results showed that a highly specific and sensitive multiplex direct PCR assay was
developed and provided the expected PCR fragment of approximately 100, 119, and 133 bp for pork (Sus
scrofa), mutton (Ovis aries), and chicken (Gallus gallus), respectively. Thirty-nine market samples were
tested and a small number of fraudulent labeling was detected. In conclusion, we developed a rapid and
inexpensive test for three meat species. This cost- and time-saving assay could be easily adopted in the
world food hubs, which are mostly third-world countries.

Fraud identification

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

With increasing consumption of ready-made food and contin-
uous expansion of the food industry, identification of food
ingredient is required by law in many countries [1]. This is to
protect consumers from undue profit makers, for example, using
materials that are sub-standard, breach religious laws, or as
substitutes for more expensive ones. Constant developments of
technique for the identification of meat and meat products are
being made. At present, PCR techniques are common as they have
high sensitivity and specificity [2].

Direct PCR is popular in microbiology and forensic DNA
analysis. This method is rapid, economical and has reduced
contamination rate because DNA extraction is omitted. Moreover,
DNA extraction has low yield (16-30% of total DNA) [34].
Consequently, multiplex direct PCR to identify three types of
meat - pork, mutton and chicken - was developed and validated in
this study. This is the first multiplex direct PCR for meat
identification.

* Corresponding author. Tel.: +66 74 288 565; fax: +66 74 446 681.
E-mail addresses: pthanakiatkrai@gmail.com, phuvadol.t@psu.ac.th
(P. Thanakiatkrai).

1875-1768/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fsigss.2013.10.016

2. Materials and methods

Authentic meat samples were bought as an entire body from
retail markets to confirm their authenticity. All samples were cut
into a small size and prepared for the direct amplification following
our unpublished method using the Finnzyme Phire®™ Hotstart II
DNA polymerase (Thermo Scientific, Germany). Three species-
specific primers were modified from previous studies: Sus scrofa
(100 bp) (Sus-F1 5-GAA AAA TCA TCG TTG TAC TTC AAC TAC A-3’
and Sus-R1 5-GGT CAA TGA ATG CGT TGT TGA T-3') [5]; Ovis aries
(119 bp) (Ovi-F2 5-GAA AAA CCA TCG TTG TCA TTC AAC T-3’ and
Ovi-R2 5/-AAA TAT TTG ATG GAG CTG TTA GA-3') [5]; and Gallus
gallus (133 bp) (Gal-F3 5-AGC AAT TCC CTA CAT TGG ACA CA-3'
and Gal-R3 5’-GAT GAT AGT AAT ACC TGC GAT TGC A-3') [6]. PCR
products were separated and visualized on a 4% agarose gel.

This assay was validated for its specificity, sensitivity,
reproducibility, and market sample testing. For the specificity
test, the assay was tested with 10 commonly consumed meats:
pork, mutton, chicken, beef, ostrich, crocodile, duck, buffalo, dog,
and cat meat. For the reproducibility test, meats from five
different sources were prepared and amplified. The sensitivity
test was performed by amplifying three meat sizes - 0.3, 1.0,
and 2.0 mm?2. Thirty-nine market samples were randomly
selected from local markets and food stalls and tested with
the assay.
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Table 1
The result of the multiplex direct PCR assay on market samples. The numbers (1-6) indicate the sample number that showed a PCR product specific to each meat species.
Food products No. of sample Fraud ratio (%) Triplex PCR
Pork Mutton Chicken
Raw frozen meat 15 0
Pork 5 1,2,3,45 - -
Mutton 5 - 1,2,3,4,5 -
Chicken 5 - - 1,2,3,4,5
Instant frozen food 12 16.7
With pork 4 1,2,3,4 - 2,4
With chicken 4 - - 1,2,3,4
With chicken (Halal) 3 - - 1,2,3
With pork/chicken 1 1 - 1
Street food 12 333
With pork 3 1,2;:3 1;2;3 1;2,3
With mutton 1 - 1 -
With chicken 2 1 - 1,2
With chicken (Halal) 6 - - 1,2,3,4,56
Total 39 154 - - -
pork mutton  chicken  triplex negative 4. Conclusion
- e e e s
The obtained results showed that the multiplex direct PCR
500 assay was developed successfully. The assay had high sensitivity
and specificity. The result from the market samples test found that
some products contained contaminants. This method is novel and
200 saves analysis time and cost. The developed assay should benefit
food safety agencies and aid law enforcement.
Role of funding
100

Fig. 1. Multiplex direct PCR result of developed assay. Lane M, ladder; lane 1, pork;
lane 2, mutton; lane 3, chicken; lane 4, three meat mixed, and lane 5, negative.

3. Results and discussion

We successfully developed a multiplex direct PCR assay to
detect three commonly eaten species. The expected PCR
products of 100 bp (pork), 119 bp (mutton/lamb), and 133 bp
(chicken) were generated (Fig. 1). Specificity of the assay was
tested with 10 commonly consumed meats and no non-specific
amplification was observed. The assay was highly sensitive -
less than 0.3 mm? in meat size gave detectable PCR products for
all three species. The assay’s reproducibility was excellent as all
tested samples produced the expected PCR products (data not
shown). The test result of 39 market samples in both raw meat
form and ready-to-eat products is shown in Table 1. The meat
origins of all market meat samples were identified by the
developed assay. We found contamination of unlisted ingre-
dients in 15.4% of all products. The success in this study was
attributed to the novel Phire® DNA polymerase, which is
resistant to PCR inhibitors found in raw meat and food products,
and the short PCR product size.
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