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Development of TaqMan® probe-based real-time PCR for rapid
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Species-specific TaqMan\@ probe-based real-time PCR assays were developed for detection of beef,
pork, chicken, duck, goose and turkey. The primer and probe sets used in this study were designed to
be complementary to fibroblast growth factor (FGF) for cattle and pig, mitochondrial NADH de-
hydrogenase (ND) subunit 3 and ND2 for chicken and duck, 12S rRNA for goose and turkey,
respectively. As internal positive control we used conserved region in the ribosomal 18S RNA gene to
ensure the accuracy of the detection of target DNA by real-time PCR. We confirmed that real-time
PCR assays with the primer and probe sets were positive for cattle, pig and chicken intended target
animal species with no cross-reactivity with other non-target animal species. Only >50 ng DNA of
beef show cross-reactivity in the determination of duck. Using species-specific primer and probe sets,
it was possible to detect amounts of 0.1 ng DNA of cattle and pig, 1.0 pg DNA of chicken, duck and
turkey, and 0.1 pg DNA of goose for raw samples, respectively. The detection limits were 0.1 ng
DNA of cattle, 1.0 ng DNA of pig and 1.0 pg DNA of chicken for DNA mixtures (beef, pork and
chicken) extracted from heat-treated (121°C/5 min) meat samples. In conclusion, it can be suggested
that the TaqMan " probe-based assay developed in this study might be a rapid and specific method for
the identification of meat species in raw or cooked meat products.
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iaris), 1L9Fo|(Felis catus), S R|(Sus scrofa domestica),
H(Gallus gallus), 22 (Anas platyrhynchos*Cairina mu-
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Table 1. Sequences of the oligonucleotide primers and probes used in the species-specific real-time PCR assays

Optimal Product
Species Oligonucleotide Sequence (5' — 3") concentration ~ Genes
(M) (bp)
Cattle  Cattle-FGF4-1106F ~ GCCGCGGGATTGAAAGT 300 FGF4 110
Cattle-FGF4-1215R  GGCAGCGGAGGGTCTACA 300
Cattle-FGF4-1128P  FAM-CGCTCCTGAGGCAGTGCCGCT-BHQI1 400
Pig Pig-FGF7-761F CTTTCCCTGACAAATGAGATTTTGAT 400 FGF7 142
Pig-FGF7-620R GGTGGGATGGATATGCAAATTAAC 300
Pig-FGF7-727P JOE-CAGTGCCTCTGCCTCCCTCAGTTGGAA-BHQI1 500
Chicken Chicken12S-11014F TCCAACTTGCACACCCTATAATAAC 400 ND3 102
Chicken12S-11117R ATTCTAAGCCGCCCTGAGTT 400
Chicken12S-11060P TAMRA-CATCGCCCTCCTCACATTTGGTCTCATCT-BHQI 500
Duck  Duck-ND2-451F CCAGCCCTACTTACCGCAATA 200 ND2 169
Duck-ND2-619R CAAGCTAGCACTACTCACCTTCTATC 200
Duck-ND2-552P FAM-CTCCCACCTAGGCTGAATCGCCATCA-BHQI1 400
Goose  Goose-281F GACTTAGTTATAGCAACAGCCTAACTTC 200 12S rRNA 111
Goose-391Rc CACTCTTTACGCCGTGTCAAT 200
Turkey Turkey12S-270F AACTTGACTTAGCCATAGCAACTTTA 200 12S rRNA 201
Turkey12S-470R CGTTAAGTTAAGATCATTTTTTAGGCT 200
Poultry Poultry12S-1541P FAM-TGCCAGCCACCGCGGTCAT-BHQI1 200 Consensus goose and turkey
IPC IPC12S-2514F CGGTCTGAACTCAGATCACGTA 150 18STRNA  152~153
IPC12S-2363R CTAGGGATAACAGCGCAATC 150
IPC18S-2434P Cy-5-TGATCCAACATCGAGGTCGTAAACC-BHQI 150
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Table 2. The Cr values of specificity and sensitivity tests obtained with the species specific primer-probe sets

DNA Cattle Pig Chicken Duck Goose Turkey
Species concentration 128 128

(ng/ul) FGF4 IPC FGF7 IPC ND3 IPC ND2 IPC RNA IPC RNA IPC
Target species 10 30.73 1873 2831 19.65 2056 1937 1896 17.71 1934 1926 2326 2345
1 3447 2232 32,00 23.16 2393 2285 2441 2295 2336 23.18 2665 26.75
0.1 3771 2547 3586 2636 2728 2617 2797 2643 2699 26.68 3045 3035
0.01 ¥ 28.66 38.10 3045 3092 2941 3258 3082 3033 2866 34.16 33.20
0.001 - 32.15 - 33.68 3525 3284 3570 33.88 33.65 3331 3626 3624

0.0001 - 35.40 - 37.67 - 36.59 3870 3646 3679 3552 - -

0.00001 - 38.86 - 38.39 - - - - - 37.26 - -
Cattle 100 27.33 1561 - 14.26 - 16.48 - 16.05 - 16.04 - 16.03
Sheep 5 - 19.92 - 18.53 - 20.12 - 19.53 - 20.85 - 24.48
Goat 15 - 18.94 - 17.23 - 18.48 - 22.13 - 18.02 - 18.23
Horse 10 - 18.92 - 17.54 - 19.14 - 2323 - 19.07 - 19.29
Pig 50 - 18.18 2582 18.14 - 17.12 - 16.98 - 16.59 - 16.64
Dog 1 - 22.24 - 20.82 - 22.07 - 22.13 - 18.02 - 18.23
Cat 2 - 17.11 - 19.83 - 2141 - 20.83 - 22.11 - 25.74
Chicken 100 - 15.72 - 14.62 1694 15.88 - 15.23 - 16.96 - 20.73
Duck 100 - 15.81 - 14.79 - 1589 1569 1518 - 16.64 - 20.25
Goose 100 - 15.86 - 14.84 - 16.71 - 15.68 16.19 16.71 - 20.76
Turkey 100 - 15.34 - 14.29 - 20.31 - 15.75 - 1647 1998 20.31

*No amplification. The Cr values were as follow: above 38.0 (cattle), 37.0 (pig, chicken, duck) and 36.0 (IPC) were considered as negative.
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E35t 5 109 ATk 3)4810] A 7 =
Table 30 7]&3tAh. 54 AZWAEL 247 &
FGF4 -7} 0.1 ng/ul (Cr 35.70), E}#] FGF7 G-}
1.0 ng/ul (Cr 34.70) Z18]3 S ND3 G A=} 1.0 pgul

(Cr 35.17)0]| %]t}

2, HXl, & Sx2=K00 o AECH

Ax e ol et £58 AEWAL 247 2 FGF4
9A7} 0.1 ngul (Cr 37.87), A FGF7 SAz} 1

ng/ul (Cr 36.56), 7123 & ND3 9-A#}F 1.0 pg/ul (Cr
35.04)0| QITHTable 3). IPCE] AEFHA L 0.1 pgul~
10.0 fg/ul ¥2)c}.
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Fig. 1. Sensitivity of the real-time PCR assays based on the
10-fold dilution series of chicken from 10 ng/ul to 0.1
pg/ul. The detection limit was 1 pg per PCR reaction for
chicken and IPC. Lanes 1) 10 ng/ul; 2) 1 ng/ul; 3) 0.1

ng/ul; 4) 0.01 ng/ul; 5) 1 pg/ul; 6) 0.1 pg/ul.

1o

mtDNA+= & f DNAR T A2t =3 7§19 copy
number7} 917] WEo] F2 S71EE0] A g
o] 78S $13k PCRHA | AHg-E|=d|(Bottero®} Dal-
masso, 2011), YHFA o7 ND2 (Kesmen 5, 2012),
NDS5 (Kesmen 5, 2009), cytochrome b (Camma -5,
2012; Dooley -5, 2004; Jonker &, 2008; Tanabe -5,
2007), 12S rRNA (Koh %, 2011; Martin £, 2009) 1
2]al D-loop (Montiel-Sosa 5, 2000) SHAX7F S&
% el AgET gtk oW Aveld U=Sw
AA2) A %ol AH8H FF F& Kol Ho|w ksl
A A3 Y8iA TaqMan probe2 ©]-83l re-
al-time PCRH 22 3 Yo £x5}= FGF A A<}t
mtDNA®] 3= ND2, ND3 2 12S rRNA o=
o|-gsto] 4, HjA] L2l 4F9] TtaRE A
o oldl AtolA 3 f DNAE ©]-83F 49} ##| 9]
AETA Rt mDNAE o83t 779 HETHAZL
10~1008] A= W=7} L4319tk mtDNAS] &
ZE%A = Jonker F(2008)°] oJsiA HEHE Aytkch
S5 AL SastaA, The s A A
Hobes W=7 94642 gkt Camma F, 2012;
Lopez-Andreo 5, 2005; Tanabe 5, 2007).

ot Atol Al 2eje] Eo]& <] real-time PCROJA] 4
11712 DNA 5%=7} 100 ng o)/o] L AlzoflA w2}
5kgo] PAEYAT, 50 ngt} 10 ngO 2 B4 AR
o A= wAEgo] WRER] eFoftt. Lopez-Andreo 5
(2005)2] Ax}o] w2 real-time PCR¥H o)A DNA =
L7} 60 ng olFolH thE F= FolA dF FFAl

o

Table 3. Detection limit for DNA mixtures extracted from raw and heat-treated cattle, pig and chicken

Concentration

Cr value* of raw samples

Cr value of heat-treated samples

mlif:t?es Species t}(l)rfe tearsi?clizl:][;;& Cattle Pig Chicken Cattle Pig Chicken
mixture (ng/ul) FGF4 IPC FGF7 IPC ND3 IPC FGF4 1IPC FGF7 IPC ND3 IPC
Mixed DNA  Target 10 2875 17.69 3026 17.74 2059 17.85 3241 19.15 33.07 1931 20.78 16.11
(cattle, pig species 1 3224 2099 3470 21.04 2400 21.08 36.01 2293 36.56 22.68 24.09 18.78
and chicken) 0.1 3570 24.37 - 2436 27.60 24.53 3787 26.09 - 2620 27.61 22.04
0.01 3837 27.92 - 27.88 3128 27.88 - 29.73 - 29.73 31.34 2555
0.001 it 31.36 - 31.03 3517 31.24 - 32.83 - 3248 35.04 28.90
0.0001 - 34.95 - 34.20 - 33.92 - 36.13 - 35.61 - 3244
0.00001 - 38.41 - - - 37.07 - - - - - 3574
No mixing Cattle 100 2497 14.99 - 15.00 - - 29.38 18.86 - 18.67 - 18.64
DNA Pig 100 - 1575 26.04 15.66 - - - 18.30 29.33 1837 - 18.47
Chicken 100 - 15.85 - 1572 17.07 1593 - 16.97 - 1695 17.69 16.11

*The Cr values were as follow: above 38.0 (cattle), 37.0 (pig, chicken) and 36.0 (IPC) were considered as negative. ™No amplification.
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Table 4. Real-time PCR results for raw meat samples (beef, pork,

Table 5. Cross-reaction of the real-time PCR using duck- specific

chicken and duck) detectors
PCR system No. of positive samples DNA concentration (ng/ul)

Species Cattle Pig Chicken Duck 100 50 10

Beef (n=37) 37 - - 4 Species ND2 IPC ND2 IPC ND2  IPC

Pork (n=30 -* 30 - -

C(I’lridgn (ni3 1) N Beef | 3635 1618 3845 1730 - 19.66
Beef 2 3889 17.01 39.52 1822 - 20.54

Duck (n=21) - - - 21
Beef 3 ¥ 17.32 - 18.47 - 20.94

*No amplification. All meat samples were positive for IPC PCR Beef 4 3634 18.64 37.12 1934 3930 21.72

system.

57} AZE%tE Dooley 5(2004)2 200 ng ©]AFS]
DNAE AHE3HH PCR HH-g-o] A% 7] wiie] tem-
plate DNA&= 50 ngO 2, FEZ3]4= 30 cycleZ A|gH
3} 31, Jonker 5(2008)-2 template DNAZ} 125 ng ©]
ARl A% ARGl TE 4 AW, A4 A%
7V EEA o] HEO| k% DNAZF E3HE o] 9%
7] ol 2A7F HA e Aoem Husigith
webA ol AtAie] wef FE F AEe ftt
DNA 5%+ 10 ng =204 Adst= A& AR
th H|E o] oA & & HEE flsiAl 40
cycle ¥F07 AGIFAX|TE Aa17|

of A7+ &7l HaL7|7} 0.1% o] &2

Table 3of] A st dmS} 7HE #2592 Cr Lol
Z}7} 31.281} 31.34 o|sto]|7] wjZol FE&34E 35
3|2 Algtstol e APApo] nj2= FFe 2A &
odjet Azkee.

Camma 5-(2012)2} Tanabe 5(2007)-2 mtDNA 9]
= TaqMan® probe= AFESH 4, BHjX] 4 Fa17] 59
T4 AN k& AlRe} Aol glo] s F=
T= slaL o3 Auf= oyl Atoll A= A
3hlct. Walker 5(2003)0] 7|43t SYBR® Greeng ©]
25} real-time PCROJ|A] 4xof E0]4] Q1 primer’} E 7|9}
ZNollA ZLe]ar =f=]9] Eol A2l primer= A 1€t E7]9
Al nzpEES-o] HEFE Tt R 15kt Lopez-Andreo
5(2006)-2 mtDNA T+ satellite DNA2} repetitive ele-
ment@} ZHo] 3 fof] EA|5h= multi-copy DNA 47| A]
o 292 ojgsto] THE BB Fu} mAISglo] B

Zo 7rasln)

Sepa] Aol cheft 2 3 ol 1ol re
al-time PCR¥H-> So| =3} Wit e7F e ep35t 7|
o|R|qk, Eolx= UXA O 2 primer?} probeo] 23l A
A=, o8 55 Foll oA RE=A] w23 34

ALE 438)5to]oF Stth(Kesmen %, 2009). o] H19]

m{n
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*No amplification. Cr value of above 37.0 was considered as
negative.

S84 B7baTet Soly Aw ATt &, HA, 5o pi-
mer®} probe= 1152] F5of tfsjA] w2y o] =
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o) 3ER 3|4 g AHgShchE WANES- T
2] k& Ao|t}. 799} Awzo| gt primere} probe
L og)9 npa A 2 maHkeo] UEeRS &= 9] &
of 7129l 44 B717} Bast.

TS oH Aol 121°C°ﬂ*1 SEF AP E &,
2 2e)3 gasleA F5E 3% DNA B3
o == mDNAS A& He] 91 1.0 pg
S & Camma 5(2012)0] B3}t 5.0 pgRtl 35}

gk, 29} HAE 3 ) DNAS AEH9I2 A-83)
A7) WEo] AETATL o2 AFRe Anrot 9
AokA] E3ch Y7280 v DNAQF 3% 5%4 =z
3k DNA 18]32 dxeg)d 4159 &3 DNAS 4
SHAl= 29t Y 117]= Z+2) 0.1 ng/ul} 1.0 pg/p.loi
FASFAA T, WA A B ARo)H HE
AL 10w Y= wigEE £4 Yok

ol ATo|A Ao WAL 8 W §HARl FGF
SANE AJL35197] gEo] 18S rRNAS} mDNA &
AAFe] Cr FHETE 29Fo v, FGF -2 212} mtDNAQ]

Zk AFol&= 9F 10.0 o]AF S & DNA 9F2 ©F 1,0244]
ol Folg W) ol2jst AT HA §AHAL} PC
FAAL] copy €] Aol efgt Ao A7kt
(Lopez-Andreo 5, 2005).

o]} Zro] o toA £ Eo]AHQl real-time
PCRH-E 7fste] A3 vf, thE2 55 X9 Jsfji=
RAES. gio) o F Fol {9 PCE FA0]

Z3lo] DNAS] £AJo] g BHeldk 4= Ql9let. ofejst
7ﬂﬂrL &Y tbe WollA IPCE FAlo TF3h= Camma
5(2012)3} Laube 5(2007)2] "R} frARSHT
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ABE] FANT oFU AU U2 450

AApsied el geskm A
o 2 A RE Hgdes
ol ek F7H4% B7E7E Qlojor & Aew

o AtollA A5 W STFEE S 4, H
o), 719] Ze)3 Wwz 17] 2L 9isjel & Sol
2l primer®} probeE A3t real-time PCRH H =1y
of 1159 (4, WY, 4Hek E, =], 7H, a1eo],
oul, A5 Telm ANT)] AET v, WAEH
g = oAt AR} 117 = ol thet 18S
rRNA §Ax7E m%= AHAEZEQth & Eol&l re-
al-time®] HAE3SH= A%F =A|oA] 0.1 ng/ul, S
A zoA 1.0 pgul 2 2ot AJolA 0.1
pg/ule] itk T1ejar 121°C°1W S dxeE
X 22jar galzloA &% 3% DNA &2
&A= 44 4 0.1 ngul, A 1.0 ng/pl 1251
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