DR ot ot Bt = 2016, Vol.37, No.08 187

i

SR B P PCRIE RS P ) b 2F- 5RO D
W gy W 38 Pt

—ﬁj mly g&%‘/z’ Iz/iﬁ %%27 %C‘K EEJQ’ EE7j<Z'§2y E[ Z'Sz
(LI BNIER LGRS R, WIEE #BM 450003 2.0 Bk I A0 72 % s ol, JlEd #EON 450003)

i B YRS I A B AL R RR A R i, SR R T oM BT SR A RE U R (droplet digital polymerase
chain reaction, ddPCR) HiAR, FILT & R A K A & b 4R PORRE P & =10 U7k . BHAAPCREG ATk, E— &
JUHE N AR S F A S DNA T i . DNAT i SDNAYE NI 83 2L R HREMEL R, JELIDNAS & EE T
HDNASE N (C) S5AEEA R B2 8 (i 5 A M ,.=0.062C—0.943, Mu=0.045C—1.72. &7 %7 ddPCR
T3 BB BRI BER A IRE AT R, A5 R I A S A — B, HASZANE A ) T4 i
XTSRRI, Re O ARSI tH AR RS S AR AR I B e, IERBUETEB RIS, U k2 A
RIFHITT AR T 5. ASEES 8 57 1 ddPCRJ7VELE AR AT ) it v 24 PR IR PR S P e 7 TR A 800K 1) B
73, TR A S5 F R R AT T R R

FBER : R ECFPCR: IS DNAYE DAL Bl

Quantitative Analysis of Bovine and Porcine Ingredients in Meat Products by Droplet Digital PCR

MIAO Li', ZHANG Xiuping’, CHEN Jing’, LI Ke’, WANG Yongjie’, BAI Jie’
(1. Henan Entry-Exit Inspection and Quarantine Bureau, Zhengzhou 450003, China;
2. Identification Consulting Center of Henan Inspection and Quarantine, Zhengzhou 450003, China)

Abstract: A highly precise quantitative method based on the droplet digital polymerase chain reaction (ddPCR) technique
was developed to detect bovine and porcine ingredients in meat products. By using the ddPCR method, we found good linear
relationships between the raw meat weight and DNA content and between the DNA content and DNA copy number. Using
the DNA content as an intermediate value, we established the following formulae for calculating the weight of the original
raw meat from the specific DNA copy number: M, ;= 0.062C ~ 0.943, M, =0.045C - 1.72. By examining the mixed meat
samples of known compositions, we found that the final quantitative results for the mixed samples were similar to the true
raw meat weights, free from interference from exogenous species. Analysis of commercial samples showed that the ddPCR
quantification system enables determination of the proportions of bovine and porcine ingredients in meat products with good
practicability. Quantitative analysis indicates that ddPCR is highly precise in quantifying beef and pork in meat products and
therefore has the potential to be used in routine analysis and meat adulteration of various species.
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Table1l Primer and probe sequences for quantitative ddPCR assays

5 YRR 44K 75 (5'-3") SRR
Beef-F GTAGGTGCACAGTACGTTCTGAAG
Beef-R GGCCAGACTGGGCACATG P-actin
Beef-P FAM-CGGCACACTCGGCTGTGTTCCTTGC-BHQ
Pork-F CGTAGGTGCACAGTAGGTCTGAC
Pork-R GGCCAGACTGGGGACATG f-actin
Pork-P VIC-CCAGGTCGGGGAGTC-MGB

142 AREHI%
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Fig.1  Linear relationship between meat quantity and nucleic acid
content of beef
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Fig.2  Linear relationship between meat quantity and nucleic acid

y=11.957x—3.160 7
R*=0.9977

content of pork

2.3 DNA & 5DNAHE IR R

HNERDNAS BESDNAFE N Z WX R, £
ddPCRA MM 5t i A% T8 T3 B VA< P VO Bl P B B 17 44 PR R
FERDNAZEAT10 B L R AR (25~250 ng/ul)
H4 pLASAR AT ddPCRIGAS I . &5 5 /R 7E ddPCRAG
REREA, AR RO AR A LE 1S 0000 B, R T
“ixt e m R, HDNASESHFT A R IDNAYE I
Bz oA BRI R R AR A < R R >
H5£0.999 0 (E3) F10.999 2 (K4) , FHMERKIS &
FE100~1 000 ngi [ P9 545 DI B B 2ot oc ik, BP
V4=3.526 2x—4.008 21y,,=4.626 4x+43.857, Hrhxft
KT DNA S F/ng; yREFTNAS FIDNAFE L4/
(copies/uL) -



190 2016, Vol.37, No.08

y=3.526 2x—4.008 2
R*=0.999 0

finig
<
Z, 0 1 1 1 1 1 1 1 1 J
A 100 200 300 400 500 600 700 800 900 1 000
- AIDNA it i/ng
B3 4 ADNAZESDNAY MR

Fig.3  Linear relationship between nucleic acid content and DNA copy
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Fig.4 Linear relationship between nucleic acid content and DNA copy
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(] FR)5G 28, AT 2138 i W & DNA S DUECR V5 R 4R Y
FEFRRMH . 4R 2 SDNAYE IUEL 1096 R
M,=0.062C—0.943; J# P & 5 DNAFE T (8] 1) 56 &
3 Myu=0.045C—1.72, HAHCRERHIHIDNAKE I HY
(copies/uL) ; MARGRIAFER BT f/mg.
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Results of quantification of samples with known concentration
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Table 2

¥

Hmg  fmg  E%  FBEmg  fimg  f§E%  Fmg Fimg
1 45 44.24 —1.68 5 5.28 56 0 0
2 40 40.89 222 10 11.86 18.6 0 0
3 35 3471 —0.66 15 15.95 6.33 0 0
4 30 29.58 —14 20 21.8 9 0 0
5 25 24.57 =172 25 2139 116 0 0
60 20 19.13 —435 30 3035 117 0 0
7 15 14.16 =56 35 3697 5.63 0 0
8 10 94 —6 40 40.33 0.83 0 0
9 N 463 =14 45 4533 0.73 0 0
10 5 421 =54 0 0 0 45 0
11 5 502 04 0 0 0 0 45
12 5 528 56 15 15.83 553 15 15
13 0 0 0 N 535 7 45 0
14 0 0 0 5 5.66 132 0 45
15 15 1433 447 N 53 6 15 15
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Wt AR E AR E. 458 SRS BIE S Hsk
WHEA—S, JHHAZIMNERERTI (R2) , £
T8 5211 ddPCR J7 2 1T LA 1S (5] PRI ] i o 2 Y5 R0 4
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2.6 TERE R A 45 SR

*3 WHERMAIPCRE RSP

Table3  Results of quantification of samples from local supermarket
%
FE MRS & MRS =
JLE AR 27.8 0
HRHOR A 241 10.64
K 0 8.7
JLERE PR 0 26.6
a5 93.7 0
BNk 2.5 36
] 0 88.6
VABES 0 91.2
J& A 0 72.8
T 63 0
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