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ABSTRACT: Objective To establish detection methods based on real-time fluorescent PCR and loop-mediated
isothermal amplification for detecting dog-derived ingredients in meat products and compare the detection performances
of the two methods. Methods Aiming at the conservative sequence of dog mitochondrial CYTB gene, the
loop-mediated isothermal amplification primers were designed using Primer Explorer Version 4 software and the
real-time fluorescent PCR primers and probes were designed using Primer Express 3.0.1 software. The genomic DNA
of dog meat was extracted as the positive template, and 20 kinds of genomic DNA such as yellow beef were used as
the negative control to analyze the amplification specificity. The artificial plasmid containing target sequences were
used to determine the detection sensitivity and the artificial mixed meat samples were used to determine the minimum

detection limit. The detection rate was analyzed with commercial meat products. Results For the detection of
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dog-derived ingredients in meat products, real-time fluorescent PCR and loop-mediated isothermal amplification both

had good specificity, and the analytical sensitivities of artificial plasmids were 0.1 and 1 fg/uL, respectively. The

dog-derived ingredients of 10 commercial dog meat products were positive, and those of 10 products without dog

meat were negative. The coincidence rates of detection results by qPCR method and loop-mediated isothermal

amplification method were both 100%. Conclusion

The qPCR method and the loop-mediated isothermal

amplification method are quite efficient in detecting dog-derived ingredients in meat and meat products with respect

to sensitivity, detection limit and accuracy.

KEY WORDS: dog-derived ingredients; meat adulteration identification; loop-mediated isothermal amplification

technology; quantitative real-time PCR; meat products
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TR A . R A . BRI A . S AP . A
REI A IE (] I i I ) S I ([P B2 eI NS AN NV e
Flg T KEEHE AU, BRRS . ARRKER . BRI 9
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33T mDNA Kl Jy i R AU &, Hoh mtDNA
B CYTB 3£[A | 16S rRNA Fl 12S rRNA LI}z D-loop X Jig
Sy Wl 65 A I PR BRI Y, g 1 e R 0 s
g UL A DAL LA CYTB 3 PR F 7

S b, 2 RO kB R RN RSy, —2
SN B2 X Z R B A4S, 5
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gy, THEARRR R . A AR SR UH BT X .
ANEBMITET, HEMEM gPCR B TS 4axE #5I A
THEHRE SN T, XM TR IHEE . LAMP AHXT
F qPCR W5 W2 2 X%, FNERE ) 8 AN X, 37k

T A BRI E BRI 5, T B Y Y, Hoag it 2
EE,\, RAGWA 5, B —& 4558
. B, AFRIEITT 4 LAMP 5|[PHIRG 1 &

GIVENBEFF S, 7R B (0 i Ja e S 1 Wil 2 & qPCR 511438
2,500,000 [ o 2,000,000 B
2,250,000 1.750.000
a2 2‘5’8 888 D — i 1,500,000 _———
35 1,500,000 & 1,250,000 p d—
4% 1,250,000 42 1,000,000 1 !
& 1,000,000 . 2 750000 N I
& 750,000 2 Z 500,000 / 2
500,000 | X Y
250,000 \ 250,000
2 6 10 14 18 22 26 30 34 38 42 2 6 10 14 18 22 26 30 34 38 42
P 1t B /min 1B ] /min
4,500,000 | C 4,500,000 | D
4,000,000 i 4,000,000
# 3,500,000 = 3,500,000
4 3,000,000 55 3,000,000
R 2,500,000 :’M 2,500,000
2,000,000 2,000,000
= 1,500,000 = 1,500,000 12
E 1,000,000 12 1,000,000 <
500,000 500,000
0 0
2 6 10 14 18 22 26 30 34 38 42 2 6 10 14 18 22 26 30 34 38 42
P #t ] /min 4B} ] /min
e BRI AR 1 AP, 2 A AR, AL B, C. DARWKRFES 1. 2. 3. 4 B LAMP 5|9k &
Bl 1 FEPE RSy B9 LAMP 514tk &
Fig.1 LAMP primers for screening of dog-derived ingredients
#*1 ALK CYTB EEMRTFS
Table 1 Conserved sequence of mitochondrial CYTB gene in dogs
Filtg S IFES(5°—3%)
CGGATCCTTACTAGGAGTA(TGCTTGATTCTACAGATTCTAACA-F3 [X)GGTTTATTCTTAG
CTATGCACTAT(ACATCGGACACAGCCA-F2 X)CAGCTTTTTCATCAGTCAC(CCACATCTGCC GAGACG-FLP
X)WTTAACTACGGCTGAATTATCCGCT-F1 X)ATATGCACGCAAATGGCGCTTCCA
TATTCTTTATCTGCCTATTCCTACATGTAGGACGAGGCCTATATTACGGATCCTATGTATTCATAGAAACATGAAACAT
KIEHF . AR TGGAATTGT(ACTATTATTCGCAACCATAGCCACA-Blc X)GCATTCATG(GGC TATGTACTACCATGAGGAC-BLP

X)AAATATCATTTTGAGG(AGCAACTGTAATCACTAATCTTC T-B2c
X)CTCTGCCATCCCTTATATCGGAACTGACTTAGTAGAAT(GGATCTGAGGCGGCT-B3¢
X)TCTCAGTGGACAAAGCAACCCTAACACGATTCTTTGCATTCCATTTCATCCTCCCTTTCATCA

TCGCAGCTCTAGCAATAGTACACCTCCTATTTCTACACGAAACCGGATCCAACAACCCTTCAGGAATCACATCAGA
CTCAGACAAAATTCCATTTCACCCTTACTACACAATCAAGGAT

T RPAMC A IO R IR 2y, Tl
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Table 2 First set of LAMP primer sequence of dog-derived ingredients

LR 1P E(5°—3")
F3 TGCTTGATTCTACAGATTCTAACA(F3 X)
B3 AGCCGCCTCAGATCC(B3 [X)
FIP (AGCGGATAATTCAGCCGTAGTTAA-Flc [X)(ACATCGGACACAGCCA-F2 [X)
BIP (ACTATTATTCGCAACCATAGCCACA-B1¢)(AGAAGATTAGTGATTACAGTTGCT-B2 [X)
FLP CGTCTCGGCAGATGTGG(FLP [X)
BLP GGCTATGTACTACCATGAGGAC(BLP [X)
1,750,000 | 5 1,750,000 '
4 1,500,000 1,500,000 |
2 1,250,000 1,250,000 —
R 1000000 . 3 1,000,000 /
& 750,000 & 750,000 1\
£ 500,000 B 500,000 2
250,000 | \ 250,000 \
0— — 0

2 4 6 810121416 182022242628 30 32 34 36 38 40

P HAESR

2 4 6 810121416 182022242628 3032 34 36 38 40
Y HYOESR

FE: Iy fha 1y BH PR AL, 27 s X IR . AL BARYRONES 1. 2 BMIEM: UG qPCR 51k 18
P2 HJRIE RS Y gPCR 515 ik P
Fig.2 Figure of qPCR primer screening for dog-derived ingredients

®3 F1ER/REMMS PCR 314K IRE
Table 3 First set of qPCR primers and probes for dog-
derived ingredients

B S FEF(5°—3")
AR CCACATCTGCCGAGACGTTA
B 15149 CGCCATTTGCGTGCATATAG

7 3a FAM-CTACGGCTGAATTAT-TAMRA

22 FFRMIEHER

FHASHI 3T 2237 1 LAMP 35 J qPCR L5 1434 1A K
20 ARSI PO RE S BE R 4] DNA $EFTRIN, 455 L3 4,
Bl 3, &R EBRA, 2 FOrEBACE MR RS BB T S R
BP sk, Hahsh Yok B X AR A Y . TR
B UE M BL A WRE SRR, AT O TR R E M AS A Y5 A
Gy PR, AN B A0 5 B A3 R DN RS, B 2
Fh o7 3 ¥ A B iR Rk

e SRR E PCR PR, &y 1 H
B R B AR A A Be R . B . IR TR )
PAPER R AR 20520 PCR 938 iR Skl b
Ml A5, qPCR AR AR — F i 2 i o i il 4, AR 4l Jovk

FET, BT & a6 PCR B B HI/EH
W . MR, LAMP SRR A2l B SR A, A iaE! %k
LAMP S I AT A I 0 1 I B 4 G5 A T B BRI 4
PRGN, e W HHTTHERE T . AN, LAMP REXTANAEEA T
JELA ARG IS0 AT SYTO-9, — Fift 8 fi% 4o 2 2% [ B 44 4
TR R 2% PG RA P40 B 100 356 A0 R AT AN L 5 A 7 e (e S 258
FeAZBR YL, B 2o Pt B B BASAR H AF FEAS 58 2R Y
Y, REREAINE] . AAFZE T LAMP R Rk il 5 A
SYTO-9 G kb6 i) )5 v 45 2 1 58 47 (R AG U 2802, Ik 5
LAMP MBI A — 8 2 i il 5 o KT LAMP A4 %)
EHERESE, A& TaREgs £, TE T Rkan
6] XHF5 Ik iR i, gad @itk sy, Mg b
XoF I I R 3 4 B 1 B RS, R IR LR R A A R 1
BT, RSy WO Z R, SR b, A AT
AL BIE LT, W E 2 TE B B R B B R B e A H
fhzir MBS, RAEARRE SR 1Y, DR AT T S5 S
AL . B LAMP & qPCR (1SR AR S TT R A 1
HiE AR R VAR ZR, AT DR IESLIS R B B MRl g, A<
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Fig.3 LAMP and qPCR primer specific maps of dog-derived ingredients
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Fig.4 LAMP plasmid sensitivity map and LAMP standard curve of dog-derived ingredients
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Fig.5 qPCR plasmid sensitivity map and qPCR plasmid standard curve of dog-derived ingredients
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Fig.6 LAMP mass percentage sensitivity of dog-derived ingredients and standard curve of LAMP artificial meat sample
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Fig.7 qPCR mass percentage sensitivity of dog-derived ingredients and standard curve of qPCR artificial meat sample
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Fig.8 LAMP and qPCR results of commercial cooked meat products
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