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Species-specific PCR assay was developed for detection of cattle, sheep, goat, horse, dog, pig, chick-
en, duck, goose, and turkey using mitochondrial 12S rRNA and 16S rRNA as target genes. Also, an
internal positive control was used to detect possible false negatives by using 18S rRNA gene. We de-
signed species-specific primers with amplicon length of 190, 219, 350, 467, 241, 119, 171, 229, 111
and 268 bp for cattle, sheep, goat, horse, dog, pig, chicken, duck, goose, and turkey respectively. The
specificity of the primers was tested against the other 10 non-target animal species and a cross-re-
action was not observed. We developed two multiplex PCR assays for the simultaneous identification
of Korea's major livestock species (cattle, pig, chicken and duck) and poultry species (chicken, duck,
goose and turkey) from analogous samples, retaining the same specificity. The limit of detection of the
multiplex PCR assay (cattle, pig, chicken and duck) ranged between 1 pg and 0.1 pg of template
DNA extracts from raw meat. Applying multiplex PCR assays to DNA extracts from experimental
pork/beef and pork/chicken tested raw and heat-treated (120°C for 30 min) mixtures respectively, de-
tection limit was 0.1% level beef in pork, pork in beef and chicken in pork and 1.0% level pork in
chicken. In conclusion, this assay using gel-based capillary electrophoresis would be very useful in
highly sensitive and rapid identification of animal species or ingredients in minced meat and other
meat products.
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IPC125-2514F | —
Cattle CGGICTGAACTCAGATCACGTAGGACT - TTAATCGTTGAACAAACGAACCTTTGATAGCG  //.....
Sheep CGGTCTGAACTCAGATCACGTAGGACT - TTAATCGTTGAACAAACGAACCTTTGATAGCG  //....
Goat CGGTCTGAACTCAGATCACGTAGGACT - TTAATCGTTGAACAAACGAACCTTTGATAGCG  //.....
Horse CGGTCTGAACTCAGATCACGTAAGACT - TTAATCGTTGAACAAACGAACCCTTAATAGCG  //.....
Dog CGGTCTGAACTCAGATCACGTAGGACT -TTAATCGTTGAACAAACGAACCCTTAATAGCT  //....
Cat CGGTCTGAACTCAGATCACGTAGGACT - TTAATCGTTGAACAAACGAACCTTTGATAGCT /...
Pig CGGTCTGAACTCAGATCACGTAGGACT -TTAATCGTTGAACAAACGAACCTTTAATAGCG  //....
Chicken  CGGTCTGAACTCAGATCACGTAGGACTGTTAATCGTTGAACAAACGAACCCTTAATAGCG  //......
Duck CGGTCTGAACTCAGATCACGTAGGACTATTAATCGTTGAACAAACGAACCCTTAATAGCG  //....
Goose CGGTCTGAACTCAGATCACGTAGGACTG TTAATCGTTGAACAAACGAACCCTTAATAGCG  //.....
Turkey CGGTCTGAACTCAGATCACGTAGGACTG TTAATCGTTGAACAAACGAACCCTTAATAGCG  //....
Cattle v/ AGGTCGTAAACCCTA - TTGTCGATATGGACTCTTGAATAGGATTGCGCTGTTATCCCTAGG
Sheep v/ AGGTCGTAAACCCTA - TTGTCGATATGGACTCTTGAATAGGATTGCGCTGTTATCCCTAGG
Goat e/ AGGTCGTAAACCCTA - TTGTCGATATGGACTCTTGAATAGGATTGCGCTGTTATCCCTAGG
Horse v/ AGGTCGTAAACCCTA ATTGTCGATATGGACTCTGGAATAGGATTGCGCTGTTATCCCTAGG
Dog e/ AGGTCGTAAACCCTA - TTGTCGATATGGACTCTTGAATAGGATTGCGCTGTTATCCCTAGG
Cat v/ AGGTCGTAAACCCTA - TTGTCGATATGGACTCTGAAATAGGATTGCGCTGTTATCCCTAGG
Pig wd/ AGGTCGTAAACCCTA - TTGTCGATAGGAACTCTAGAACAGGATTGCGCTGTTATCCCTAGG
Chicken ...// AGGTCGTAAACCTCC - TTGTCGATATGGGCTCT TGGAGGAGATTGCGCTGTTATCCCTGGG
Duck e/ AGGTCGTAAACCCCC - CTGTCGATAGGGGCTCTTGAGGGGGATTGCGCTGTTATCCCTGGG
Goose wed/ AGGTCGTAAACCCCC - CTGTCGATATGGGCTCTTGAGGGGGATTGCGCTGTTATCCCTGGG
Turkey  ...// AGGTCGTAAACCTCC - TTGTCGATATGGGCTCTTGGAGGAGATTGCGCTGTTATCCCTGGG

3
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Fig. 1. Clustal X multi-alignment of 18S rRNA sequences of the consensus sequence of each species in the eukaryotes primer pairs. Asterisks
correspond to conserved nucleotides in all sequences, whereas the non-regions of asterisk in the representative sequences correspond to
not-conserved nucleotides in a given species.

Table 1. DNA sequences of the oligonucleotide primers used in this study

Common Scientific name Oligonucleotide Sequence (5' — 3") Genes Product
name (bp)

Cattle Bos taurus Bos12S-1150F ATTCTCTACACCAAGAGAATCAAGC 12S rRNA 190
Bos12S-1339R CCTCTCATGTAGCTAGTGCGTTTA

Sheep Ovis aries Sheep-916Fc CACCCTCCTCAAGTAAATATGATAT 12S rRNA 219
Sheep-1135Rc TATTTAAACTGGAGAGTGGGAGA ~16S rRNA

Goat Capra hircus Goat-808F AATACGAAAGCCATTATGAAATTAATG 12S rRNA 350
Goat-1157R GGTAAATGTTTTGTTTTAGACTGTTTT ~16S rRNA

Horse Equus caballus Horse-810F AAGAACAAGAACTTTAACCCGG 12S rRNA 467
Horse-1276R TTTGCTGTTTAGTACTTTTAATGCA ~16S rRNA

Dog Canis familiaris Dog-1970F CCTGCCCGGTGACACTTG 16S rRNA 241
Dog-2210R TGCCTTGTAGGTATCTAGTATCCATAAG

Pig Sus scrofa domestica Pig12S-712F GAACAATAGTAAGCACAATCATAGCA 12S rRNA 119
Pig12S-830R ATAAAAACTTTCGTGTGGTGGATATT

Chicken  Gallus gallus Chicken12S-171F TGAGCTCAATAGCCCCTCG 12S rRNA 171
Chickenl2S-R CGTCTTAAAGTGAGCTTAGGGGG

Duck Anas platyrhynchos Duck-1837Fc GTCAAGGTATAGCCTATC*GGAC 12S rRNA 229

xCairina muschata Duck-229R CGACTTACCTCATCTTTGGCA

Goose Anser anser Goose-281F GACTTAGTTATAGCAACAGCCTAACTTC 12S rRNA 111
Goose-391R CACTCTTTACGCCGTGTCAATA

Turkey  Meleagris gallipavo Turkey-2355F AACGCATCAAAGTACTAATAGTAATTT 16S rRNA 268
Turkey-2622R CTTTCGTACTAGGAGGAGTTCTTA

IPC Eukaryotes IPC12S-2514F CGGTCTGAACTCAGATCACGTA 18S rRNA 152~153
IPC12S-2363R CTAGGGATAACAGCGCAATC

*The guanine that original sequence was changed to a cytosine in order to eliminate non-specific reaction.
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Singleplex PCR HISZX 2

Singleplex PCR B3-S Table 194 &S &
¥ E0] primerE 0.5 uMI} IPC primerE 0.25 uM
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Multiplex PCR HI3ZX2 X A=0H

&, HjA, o 2P e FAIEY 27 454,
2g, A% 28l FHF)S ¢t multiplex PCR HEt
SNl AHE-% primer 5= Table 29} o] ARg-3}
o, UMz vkgol AL singleplex PCR HH-2-x
ofth. 2= 4% = A7PHS 9J8k multiplex PCR BF
o= IPC primers H7}8FA] ket
&, B4, ' 9 2 A JAE 2F 4% 5A
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Table 2. Optimum concentration of primers for multiplex PCR

BSGA GAAM

multiplex PCR Primer (LM) multiplex PCR Primer (LM)
Cattle 0.4 Chicken 0.5
Pig 0.4 Duck 0.5
Chicken 0.4 Goose 0.5
Duck 0.4 Turkey 0.5
IPC 0.3 IPC -

o 293 o7 FA S 913 PCRS BSGA mul-
tiplex PCRE 37|3}1 §, @2, A9 1811 JHX
EA 7HES 9% PCRS GAAM multiplex PCRE
718kt

4, A, o 2ga o7 FAE| ik DNA
A= AARE Y84 471 %52 DNAE 100 ng/pl
o2 ARt 3 108 A 34sto] 47 =5 DNA

e

EHE 4 plE BSGA multiplex PCRo| ©]-8-3}9ict.
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ot FETH AlEO|A DNAE &3] single-
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190 bp, HSF 219 bp, AFSF 350 bp, & 467 bp, 7l 241
bp, A 119 bp, & 171 bp, 28] 229 bp, A% 111 bp
T8 AHE 268 bpe] PCR AHE©] 5 & QI THFig.
2). =& 5ol primero] thgt wapt-g RS
Q547 1A LA 107 ZEAE singleplex
PCRS AAITH A3 AHRE A5t & 5 YA 9
N &ZFo| A= IPC primere} 7HdgQlo] PCR AHEO]
3159l

ZHzof Eo|AQl primere= IPC primer?} A

o

Z3|

PCRE 3fst 11¢fo], @& 12jal A zofA H]

5o] FHAHEo] 2% UckFig. 2)). ZLefA] IPC pri-

merES PCR Hb 5
, @

golol H7ekA] T fHAE FEal
W ngel, 98 el AWEAA vSe] FHAE

o] TEEA FAUTH(Fig. 4B).

Multiplex PCR §0|4

oA Eol] HEE tud FFom & o
A, g 2Pal 22E FAl AEs
multiplex PCRO] 22 AL A3
A 65S°CTIA 1278 ewg HAsH PCRE Felat
A3} 4 £F BRI T A4 FEL 6l
Ll 54.0~60.0°C H ¥t weba BSGA multi-
plex PCR¥} GAAM multiplex PCR9] annealing &&=+
57°C& A8t 3lch(Fig. 3).

BSGA multiplex PCRZ} GAAM multiplex PCR 73 A}
2 Fig 404 Hol= Az} o] 2t HFoA 2
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Fig. 2. Multicapillary electrophoresis size determination panel of singleplex PCR amplification products obtained using (A) cattle-, (B) sheep-, (C)
goat-, (D) horse-, (E) dog-, (F) pig-, (G) chicken-, (H) duck-, (I) goose-, (J) turkey-specific primers. Lanes: (M) 50 ~800 bp (Qiagen); (1)
cattle; (2) sheep; (3) goat; (4) horse; (5) dog; (6) cat; (7) pig; (8) chicken; (9) duck; (10) goose; (11) turkey; (12) no template control. C; (15
bp) and C; (1,000 bp): internal size calibration markers. Separation was performed by method M500 with a 10 seconds injection time.

Sz 2719] PCR 4k ShIEIglon], 47) 259
DNA Zg&Eo|A = HJA] 24 38 PCR AHEo] 1w}
Hh2-o] Qlo] ZZEtt. GAAM multiplex PCR A}

o= IPC primerE E3F8}#] 9tk

BSGA multiplex PCR Z2{=%HA|

BSGA multiplex PCRoJ| tfjgt &3t

DNA9] &%= (190 bp)ef E(171 bp)> 100

fo/ul7HA], B=I(119 bp)2} 2.2/(229 bp)= 1 pg/ul7HA]
lo] 7Hsskgom, IPCE | fgul7t] AEo] 7Hs

5% chFig. 5).
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Fig. 3. Multicapillary electrophoresis size determination panel of
BSGA multiplex PCR for determination on of optimal
annealing temperature. The annealing temperature of
efficient amplification of cattle, pig, chicken and duck was
obtainted at 54.0~60.0°C. Lane M: 50 ~800 bp (Qiagen).
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Fig. 5. Sensitivity of the multiplex assay for the detection of cattle,
pig, chicken and duck with specific primer sets respectively.
The sensitivity of the assay was determined by amplifying
10-fold serial dilutions of DNA from cattle, pig, chicken and
duck. Lanes 1 to 11, genomic DNA serially ten fold diluted
from 100 ng/pl to 0.01 fg. Lanes: (M) 50 ~800 bp (Qiagen);
(1) 100 ng; (2) 10 ng; (3) 1 ng: (4) 100 pg (5) 10 pgz (6) 1
pg; (7) 100 fg; (8) 10 fg; (9) 1 fg; (10) 0.1 fg; (11) 0.01 fg.
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—  — 229w
150bp— — . 1
| — — «1M1p

Fig. 4. Species specificity of the multiplex PCR assay at annealing temperature of 57.0°C. (A) The BSGA multiplex PCR amplification of cattle,
pig, chicken and duck with specific primer sets respectively. (B) The GAAM multiplex PCR amplification of chicken, duck, goose and
turkey with specific primer sets respectively. Lanes: (M) 50 ~800 bp (Qiagen); (1) cattle; (2) sheep; (3) goat; (4) horse; (5) dog; (6) cat; (7)
pig; (8) chicken; (9) duck; (10) goose; (11) turkey; (12) The mixed DNA of cattle, pig, chicken and duck (A), the mixed DNA of chicken,

duck, goose and turkey (B); (13) no template control.

A: Beef in a pork mixture (Raw meats)
M 1 2 3 4 5

200bp=~ «~190bp
150bp~ «~18S rRNA
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100bp -~

B : Beef'in a pork mixture (Autoclaving of meats)
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Fig. 6. Evaluation of assay sensitivity: progressive dilution of know amounts of a beef in a pork mixture. (A) Samples of raw meats. (B) Samples
of autoclave treated meats (121°C for 30 min). Lanes: (M) 50~800 bp (Qiagen); (1) beef 0.1%; (2) beef 1.0%; (3) beef 2.0%; (4) beef

10.0%; (5) beef 50.0%.
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A: Pork in a beef mixture (Raw meats)
M 1 2 3 4 5

250 bp = s—

200bp=~ 190bp

150bp- 18S rRNA
+~119bp

100bp -~

B : Pork in a beef mixture (Autoclaving of meats)
M 1 2 3 4 5

250bp -+ ——

200bp=~ «~190bp

150bp - +~18S rRNA
e = 119 bp

100bp +——

Fig. 7. Evaluation of assay sensitivity: progressive dilution of know amounts of a pork in a beef mixture. (A) Samples of raw meats. (B) Samples
of autoclave treated meats (121°C for 30 min). Lanes: (M) 50~800 bp (Qiagen); (1) pork 0.1%; (2) pork 1.0%; (3) pork 2.0%; (4) pork

10.0%; (5) pork 50.0%.

A : Pork in a chicken mixture (Raw meats)
M 1 2 3 4 5

250 bp = s—
200bp +——
«171bp
150bp =~ +~18S rRNA
— «119bp
100bp=~

B : Pork in a chicken mixture (Autoclaving of meats)

M 1 2 3 4 5

250bp -+ m—
200bp » ——
~171bp
150bp - «~18S rRNA
—_— ~119bp
100bp »—

Fig. 8. Evaluation of assay sensitivity: progressive dilution of know amounts of a pork in a chicken mixture. (A) Samples of raw meats. (B)
Samples of autoclave treated meats (121°C for 30 min). Lanes: (M) 50 ~800 bp (Qiagen); (1) pork 0.1%; (2) pork 1.0%; (3) pork 2.0%; (4)

pork 10.0%; (5) pork 50.0%.

A : Chicken in a pork mixture (Raw meats)
M 1 2 3 4 5

250 bp - m—
200bp+——
+«171bp
150bp - +«~18S rRNA
«119bp
100bp -+

B : Chicken in a pork mixture (Autoclaving of meats)

M1 2 3 4 5

250bp =+ =——
200bp + ——
—— 171bp
150bp - ~18S rRNA
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100bp+ —

Fig. 9. Evaluation of assay sensitivity: progressive dilution of know amounts of a chicken in pork mixture. (A) Samples of raw meats. (B) Samples
of autoclave treated meats (121°C for 30 min). Lanes: (M) 50 ~800 bp (Qiagen); (1) chicken 0.1%; (2) chicken 1.0%; (3) chicken 2.0%; (4)

chicken 10.0%; (5) chicken 50.0%.
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