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Detection of the Bovine-derived Materials and Their Contents in
Meat Products by Real-time Fluorescence Quantitative PCR
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Abstract: In order to establish a rapid, efficient, accurate and low-cost method for the identification and quantitative
detection of the bovine-derived materials in meat products, the primers and probes were synthesized with the single-
copy gene of cell nucleus, bosPDE as the target gene and LcoR as the internal reference gene, to optimize the reaction
conditions and evaluate the specificity and sensitivity of the method. By using the relative quantitative method of real-
time fluorescence PCR, the regression curves were respectively established with the linear model of ACt value and
222C value, and the accuracy of the method was evaluated by simulating artificially the mixed beef samples. The

results showed that: the bosPDE primer of the target gene only amplified the DNA of beef, which was specific, and
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the sensitivity of amplification to beef DNA could reach 0. 01 ng » pL™'. The regression curves with ACt value and
25888 value as the quantitative indexes were y=—3,0965218.4797 (R*=0.998) and y=0.7122x+3. 0504 (R*=
0.9887), respectively, The recovery rates of the artificial simulated mixed beef samples with 35% —90% beef con-
tent detected by the two methods were 94, 30% —102. 52% and 98. 55% —106. 30% , respectively. The deviation of
recovery rate was reduced when the number-average treatment was carried out on the two quantitative methods. The
real-timefluorescence quantitative PCR method established in this study could accurately characterize the bovine-de-
rived materials in meat products, and could be used for the relative quantitative analysis of beef in the beef adulterated

products. It had important reference value for identifying the adulteration of meat products and quantifying the con-

centrations of components in beef products.

Key words: Meat products; Bovine-derived materials;
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1.1 #5557
HEEEA, . A, BEAR. TR, %

Real-time fluorescence quantitative PCR; Relatively

S, BA. ER. SR, PR KIER. BERE
W, RA. B, PR, THEB. DNEREAESH
MRMART G EME WY FE; ) iEMERHA
DNA /haaifbif & (TaKaRa); 6 X DNA F#
Zi . 2X Tag man PCR MasterMix (ZKEF);
100 bp DNA Ladder, TS-GelRed #Z B 4t k., 1 X
TAE BEBR . e dLm%ERb,
1.2 NE5EE

BiHBE O PL (Centrifuge 5481R), eppendoff;
fEIR 4 B (DKT200-4), M KBRS A RA
Al EARBELOHL (WTL-10K), IR S2 3 =X
BHEAWAA; #MESHAEIT (Deaou
US200), J B AE MR A BRA R DAERA
B0l (PlateSmart), JbatfRERFEARA A
1% 8 PCR Y (SureCycler 8800), Agilent Technol-
ogies; HLIKIX (DYY-6C), bt ImA—4WHR KA
BN F); BERORR AL (BIS 910), Jbm & M A
R R R A R SR s & & PCR X
(7500), Applied biosystems,
1.3 REAHE
1.3.1 Fl4iR4#3t R Laube F Y BERMIE
(9 PAE T 4T M A% B2 R bosPDE Bl ¥y B ¥R 4T N A58
4 Fe BB W MR &, ¥ 5 A bosPDEF:
ACTCCTACCCATCATGCAGAT , bosPDE - R ;
TGTTTTTAAATATTTCAGCTAAGAAAAA,
bosPDE-probe: (FAM)-AACATCAGGATTTTT-
GCTGCATTTGC (TAMRA); % Wang U6
FARGE RS D40 M 4% 3 A LeoR 514 ARSI A
A S 08 G Y R EE, FF) R LeoR-F,
CCAGCCAGCCCAATAGCACAA, LcoRR: GAG-
GTGAGTCTTGGTCAGCCAT, LcoR P: ( HEX)-
TGCYGAAAGCATCTC-(MGB) ., 3|9 K435 F
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LR A R B A BR A BB K
1.3.2 #&sam K. FLENIEIIYAR
REER, HIGEEFEHL T K EHREHF,
TREHEHNLS000 r » min 'HE 3~5 min HEH
UNSHR., THM . FALXE SRR E—
WHEMBER S, TREMBEILL000 r « min~' HHBE
3~5 min EEHL BRI
1.3.3 #&% DNARKR 50 mg M5 1.5 mL
BOLE, R DNA #ECGRN & ULl #H, #H
MiniBEST i F 2t H 4 DNA $2 B0 5 & 38 BB AR
FoNE# DNA, g E N4 DNA #2305 &
GERED #£W3h4Y DNA, B4 H 60 pL Tris-ED-
TA (TE) 22 K 32 R # & DNA BB, R
ARy L EE I E DNA 4hifF Ry B, DNA 1
ODyso mn/ ODigo o 7E 1. 8~2.0, ] JIF DNA ¥ 3,
T—20 CRAERH.
1.3.4 R pf&#uki BAEEHRML:. H TE Zi
WK DNA W ERRFRE 50 ng » pL 'YE N EAEAR
M, 28 1.1 X T3 Super PCR Mix ¥ 05 35 #t £ 1
PCR RN AR R SR, {8 ABE PCRXF M X &4
IR BE S0 DNA AR TP . RMIER N
1. 1X T3 Super PCR Mix 21 pL, 10 pmol » L7! k¥
1% 1 pL, 10 pmol« L' F 5[ # 1 pL, AR
DNA2 pL; bosPDE )7 R # % F: 98C, 2 min,
[98°C, 10 s, (46.3C, 47.8C, 50.9C, 52.3C,
53.7C. 54.9C, 58.0C, 60.0C) 72C, 1 min]
35 MEF, 72C, 2 min, 4CHEFE; LeoR KRR FE
J7: 98C, 2 min, [98C, 10s, (53.2C, 54.6C,
56.0C, 57.2C, 59.6C, 61.9C, 63.2C, 65C)
72°C, 1 min] 35 ME#H, 72C, 2 min, 4 CIEFE,
F 220 BB B B8 BE I WK A AT B 38 7 9, WA PCR
IR K IR BE

7ot PCR 5 #). #REFWEEMAL: BN PCR X
MBKEER, B5lYW. REKEREZR 10
pmol « L™ G R 1 M & 4 3 # 47 PCR 5%,
4t PCR 5147, HEFKE.
1.3.5 514 FHuBiE SFLIEHA. WA, R’
W, #EN, STR, BZH, BH., £H. 5
. PR, BEA. BHEERN. /. @, |
W, FEM. /NER DNA R84, F bosPDE 3|
W R AR IR IR L. 3. 4 B4k 09 RO S AR AE AT SR AT 3%
3 PCR ¥"#, BiIF bosPDE B| ¥ R ¥4 B Rt

1 SIURHSRERUREEFZRE
Table 1 Optimized reaction system of the primer probe con-

centration

2X Tagman PCR

MasterMix el e

K

0.5 uL
1L
1.5 ul 0.5 uL
2 pL
12.5 uL 2.5 pL
0.5 uL HKZE 25 Ll

1yl
1.5 pL 1pL
2 pL

2.5 pL

1.3.6 WA HARMBIE SFLUEA. A .
KA., BN, STH. BE5H. BH., FR. 5
. PR, BIERN. BEERN. ZA. A DNA
KRR, WEHBESE 50 nge pL7', I LeoR 3
W RRE i IR 1. 3. 4 R ALJS B I R 2% 1 HEAT S B 3%
Jt PCR 4784, WIENS 54 R HREH @8 T .
1.3.7 ZH#EXE ¥4 A DNAKRERBEZR 100
ng« puL7, REHR 10 BRIIBERE, BIWES
# >k 100, 10, 1, 0.1, 0.01, 0.001 ng- uL7",
B Rz Ax BT PCR AR,

1.3.8 4 BRMEEHABEET BHRKKSK
FHERAMER, HREKES, HISFRTESHN
1 %. 10%. 20%. 40%. 60%. 80%. 100% A4
REREMENTAER, B DNA, BERE KB
% 50 ng- pl™', #HATLE TN PCR M. L
LeoRfERNSER, DEREEN 10MEE RN
W, DIEdoKhE B, R REE 2 T
TR, SR#ETENERMASERY Y,
H CtBHE, RAMEMEREEACES 224 A4k
PEAS AU 43 B L AR HE 2R

1.3.9 EmRsHREiE DFH:. BARET
Ay A 35% . 50% . 65%. 90% IR A HE 4R B
DNA, B EHRHBEE 50 ng « LY, FEITLRHE
J6PCR I, #% 1.3. 4 fhAL /G W Jr s b4 97 38,
¥ Ct P E AT A BT HE L R An o 1 2% T B4R AR
SERE, WIE AR,
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2.1.1 BXBEHA bosPDE K LeoR &iB ki
S M PCR ¥ 8y #1122 2 20 9B NG 45T 0 )it B, Dk 4%
W 1, bosPDE B KiRIE £ 53. TCLLFT B~

Py K 25417 18 T T WG FRAR . BLFC 60. 0 C N TTH 18
Fitrs LeoR B KR ETE 61.9C )5 P =410 7k &
wWER—LEW: AHIAERSY SRk —RiES
B, ARKEEEE 51CH 63C 4 91EN bosPDE K
LcoR ) PCR R NCREFF IR KR FE 5.

e S e e e

il: ANOosPDE {iEKBESTH PCRY M HEEE RS, 18 53 0B KiBE 16.3C, 17.8C, 50.9C,
52.37C, 53.7C, 54.9C, 538.0C, 60.0CHIIEKEER: BH Lok &l KT & F 1Y PCR J 18 A 9 5 ke ik 55 1,

G- 164 FIRTIGE MR 53.2C, 5L.6C, 56.0C, 57.20C, 39.6C, 61.9C, 63.2C, 65 CHIEE kLS 5,

bp DNA Ladder

M ¥ 100

Bl 1 2%mAEmEREkE

Tig. 1

2.1.2 R A& PCR 314, A KEMLAL bosPDE
B LeoR 519, AR ERALERI R EE PCR ¥
HRE 2, CtfHRFE 2, mF 2 sl W, bosPDE R
LeoR BEETEUH LN 0.5 pL B RS Ct {E | T H
IR KT oL A Cof, HIPASE R A IR IRUT
B1L 0.5 pL B P EHRK 1 pL B AL, B
bosPDE 5| YJBHET 0.5, 1 pL &, HEBAE

A

&n
EE
B

(=

2 % agarosc gel clectrophoresis diagram

K 0.5 ul I CUfR Y BORFE B 1l 1 A9 75 5
LeoR 5IYIHUHI & 0.5, 1. 1.5, 2 ul B}, #HFFTHL
FAEEH 0.5 uL A Co {09 B BOREE H 1 L A 09 65
WTREEUIEE, FEIIE, ARBEBENY,
PR IR0 1 L I ROV B DM fEAL S RO R 3190
BV

190000
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00008 1
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a0 |
0000
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TET i * % mra

i A, Bo#l A REE bosPDE. LeoR T4, R FEHDEOLLE & PCR 374 i 2%
B2 ZEEXESPCRTEHE

Fig. 2

Amplilication curve ol the real time [luorescence quantitative PCR
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F2 AEKE bosPDER LeoR 5[#H). I THERES PCRFE CGLE
Table 2 Real-time fluorescence quantitative PCR amplification of Ct valuc with different concentrations of bosPDE and l.coR

primers and prohes

bkt - bosPDLE Ct {4 h()s?‘[)E Cr ﬁﬂuﬁ LeoR Ct (Y Lc_oR Ct HHLWI
1 5 4 I # 8D 1 5 3 AT # 8D
0.opL 0.opL 27. 09 26, o5 26. 5l 26,72 0, 324 26. 71 26,11 26,2 26. 45 0,272
1nl 27.1 26. 71 26. 3 26. 70 0. 100 27,05 26.72 26. 37 26. 71 0. 310
1. .'_Jp]. 27. 22 26. 99 26. 841 27.02 0. 1491 27.23 26,72 26. 69 26. 88 0.303
Zpl. 26. 95 26,77 26. 76 26. 83 0.107 26. 48 26. 64 27.3 26. 81 0. 435
2. 5pl. 26. 83 26.72 26. 85 26. B0 0. 070 27. 28 27.12 26. 96 27.12 0. 160
1L 0.5l 26. 09 26. 27 26. 15 26. 17 0. 092 23. 58 25. 87 23. 88 25. 78 0. 170
1L 26. 19 26. 16 26. 35 26, 33 0. 136 25,54 25. 71 25,71 23. 67 0,115
1. 5pl 26. 25 26. 66 26. 1 26. 14 0. 207 24. 88 25.2 25.02 25,03 0. 160
2ul. 26. 16 26. 64 26. 15 26.12 0. 218 25.73 25. 87 25.95 25. 85 0.111
2. 5pl. 26. 57 26. 85 26. 2 26. 51 0. 326 26. 19 25. 68 26. 15 26.01 0. 2841
2.2 S| RMERIE W. SR, PE. SESER. WHBERA. /A, &

H 8 &R bosPDE | #ks sl e 45 = WIE 3, L PAL TR, &R DNA B R,
bosPDE G184t 4= B DNA 345 57 1, xd 3G 1 HILET L. bosPDE G194 55 . ok,
TP, ®OP . BN, &% S SENHE. I, £

250,000 E /////j
225,000 4:B‘\]///
175,000
150,000
125,000 1
76 BAp. FAM. 39
'fi 100,000 | 3P0, BBFFY. 8BS
©. M. ¥, 5
76.000 M. . B, 8
50,000 HBA. R ’9"%
2s000 *;i!ﬂ@fl\i*m £=}
0| BEme - —

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 35 38 40 42
Cycle

B3 bosPDES[ 43T 17 F i DNA FIEmke
Fig. 3 DNA amplilication curves of 17 kinds of animals & plants by bosPPDE primers

2.3 AS5|9EAKEEIE 2.4 REFERSG
WZHEFA LeoR 5| X B A, SR, f8H. 8 HKEM bosPDE 5| ¥ 3% G . A5t DNA T

BA.BTA. BEZA. BA. FA. ALY BeEAREKERLL RN, R4, 4R
. BRSEN . BAEREW. RN, FW T4FEILE  DNAWREN 0.01 ng« pL "TH 8EF| PCR §
BP DNAY I CeHIFE 4, BRI, MY @KL, AL, FHE &N R 5 E A 1k 0.0l
NESATLAYT ML, Wik, LcoR ATLI/E ngepl ',

HR BT .
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Table 3 Ct values of DNA amplification of 11 kinds of livestock and poultry meat by I.coR primers

=3 k| Cr{g 1 Cefg 2 Ce ¥ triifez: SD| #Eandesl Cefg L Ct{& 2 CtEHE  #ilifes SD
Jen: 21. 89 21. 66 21.775 0. 16263 o 20. 57 20. 66 20. 615 0. 06364
T 21. 06 20. 19 20. 775 0. 10305 Y 20. 17 20. 37 20. 270 0.14142
F 21.34 21.53 21.435 0. 13435 ey 20. 71 20. 82 20. 765 0. 07778
#5539 14 22.01 22.28 22. 160 0. 16971 o LE I 1A 20. 28 20. 00 20. 110 0.19799
TR 22.19 22. 08 22.135 0. 07778 A 20. 45 20. 50 20. 475 0. 03536
B 1, 1A 21. 86 22.00 21. 930 0. 09899 24 14 22.18 22. 67 22,125 0. 31648
EH 21. 08 21.32 21. 200 0. 16971 Ak - -
F 14 29. 85 28. 71 29. 295 0. 78189
300,000
275,000
250,000
225,000
200,000 100 ngl.’
175,000 .
& 150000 10 el _ 74
< 125000 1ngul™ - /
100,000 0.1 ngul " /
75,000 | 4 / / //'
0.01 ng-pL. "
50,000 o
25.000 0.001 ngpl™ | / Z
o R - s ,_'_—r"’i__--—/ —_—
.
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Cycle

B 1 bosPDESIMX A EIRE 4 B DNA B 18 h 4%

Fig. 1 Amplification curves ol beel DNA with dillerent concentrations by bosPIDIE primers

2.5 HEEESHREHEEL
AR & B PRHESR A bosPDE K LeoR 519 .
BEHLITOLe L PCRY WREE Ct AR & 4. W
ACUEACI™ Clysprr — Clia) NAARFR . LIFRIHES
FWEETT 7 He i R Uy B A 5 4 ST A5 o HH 2R UL
B 5, LL2"YH (ANACE=ACty — ACH ACtyy, =

Clyarne. st meen — Clicor, 1564 gt YRYAIE, LIFRE AL
FPEEE oA R ST AR 2R WL 6. AR
M 28 u] 1T 2 5480 y— — 3. 096 5.0+8.14797, K2 —
0.998; y—0.7122x+3.0504, R*—0.9887, R* 1
AT 0.980. £ 1% 3£ if ¢ % & 8 PCR H By 1k by
—MIQE 5 iK™, HHATRIFAIRECE.

F4 FTEAFASENRER CUEER

Table 4 Ct value results of the standard samples with dillerent contents of beel
- R e g ;
| iii bosPDE Ct {4 bosPDE Ct 45148 LeoR CT {4 LeoR CT HiliiEs At JACT Jhrer
TE W . W . ) FAVAY S L
% 1 2 P # 8D I 2 1 # Y SD
1 32,898 32,898 32. B80 0 24. 80 24. 06 24.13 0. 523 8. 550 0 1.0
1o 29,7 29, 18 29, 590 0. 155 24,25 24, 25 24, 25 1] 3. 340 3. 210 9.3
20 28.07 28. 28 28.175 0. 148 23. 87 23.75 23. 81 0. 084 1. 365 1. 185 18. 2
40 27. 16 27. 16 27. 160 0,000 23,84 23.73 23. 785 0. 077 3. 375 3. 175 36. 1
60} 26. 11 25. 86 25. B85 0.176  23.00 22. 84 22.92 0.113 3. 065 5. 485 44, 8
30 26. 18 26. 09 26. 135 0,063 23,56 23. 91 23. b5 0,014 2,585 5. 965 62,5

100 25,39 25h. 26 25h. 325 0.091  23.11 22,74 22, 925 0. 261 2,400 fi. 150 7.0
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8 BFE050
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ﬁ 5 ' AAAAA ;
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~ .-, i, P SO AU SRS SO
? Y= 3008+ BATS g : !
2 R
1 ; ; H ! :
o i : : : 200 400 500 e w006 12040

(.50 100 PR 200 250 A (%)

B ACtES4ASENHERIINRAREZ
Fig. 5 Standard curve established by /ACt value and the

logarithmic value of beef content

6 20°CEE4XHAS R ARE RS
Fig. 6 Standard curve established by 222 value and beef

content

£5 ACEBURSARBNER

Table 5 Detected results of the mixed meat samples simulated by ACt value

IR 4 bosPDE Ct N LcoR CT _ 5
f%g B B yosPDE R ORCTM pereT g o M W R

n CoTH %D THE £ SD Wi 4 %)
% 1 2 1 2

35 27.2 27. 14 27.170 0.0424 23.50 23.51 23.505 0. 0071 3. 665 1. 555 35. 88 102.52

50 27.04 27.15 27.095 0.0778 23.93 23.78 23.855 0.1061 3. 240 1. 692 49. 22 98. 44

65 25. 82 25. 64 25.730 0.1273 22.94 22.63 22.785 0.2192 2. 945 1. 787 61. 29 94. 30

90 25. 45 25. 49 25. 470 0. 0283 23.13 22.89 23.010 0.1697 2. 460 1.944 87.91 97. 68

2.6 #EHIBRAHMRBIL HE R 4R SR, BT 222 EHHE

KRR EASH R 35% . 50% . 65% . 90%
PR A M, 206w & PCRY B CtH
SBRAZETFTACHEH T 2228 8 57 (0 b5 v il 2831
BENRGEE, HTEERKE, PLRGEE 2RI
HERMERE, FRAES. F6. BTFACHE
7 B9 A o i 2R W AU & AR Y = B9 B OR A
94.30%~102.52% , F&F 2°°C A G 7 1 b o il 2R
K 0 A% el g R AE 98. 55 % ~106.30% ., ETACt{H

WEREERE, RAEFHESGERILET, W
W HRTE 96.42% ~104.42%, HE 7 WA, HEk
KRR 100%, EHERE. RBRHA, K
ACtHE 22 ERET B4 RE RO 5ME, Bl
A4 RS E B 5 R R & B R B4R
B T CH S B A SR W O vk R bR o BY R or 4R it
5%,

F6 22EHEMBEAERNERE
Table 6 Detected results of the mixed meat samples simulated by 224 value
ERIR S bosPDE Ct{H ¥ LcoR CT {8 LcoR P e §
bosPDE " & E
4 R oy BE CT¥ i ACT AncT gecor  HW T
¢! 1 2 SD 1 2 ECNT SD - !
35 27.2 27.14 27. 17 0.0424 23.50 23.51 23.505  0.0071 3. 665 4. 885 29.5 37.21 106. 30
50 27.04 27.15 27.095 0.0778 23.93 23.78 23.855  0.1061 3.24 5. 310 39.7 51.42 102. 84
65 25. 82 25.64 25.73 0.1273 22.94 22.63 22.785 0.2192 2.945 5. 605 48. 7 64. 06 98. 55
90 25.45 25.49 25. 47 0.0283 23.13 22. 89 23.01 0.1697 2.46 6. 090 68. 1 91.36 101.52
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Table 7 Detected results of the mixed meat samples after

the mean processing of linear model with ACt val-

ue and 222 value

HERAFAEROD ERFHE B (00D
35 36. 55 104. 42
50 50. 32 100. 64
65 62. 68 96. 42
90 89. 63 99. 59

—

<

S
T

i (%)
[{=} L
e H 00

T LN T

F R AL BT v
H: ARET 200CHR MR R B, BAHEFACHLAR
PR R A, C o AT B 4558 B 4E Bl R
7T 3MAERLERMEKELRS
Fig. 7 Comparative analysis of the recovery rates of the

three methods and results

3 WikEEie

WA NRBREGNREE, ARBERENIR
WREZ R T & & 2B R Pt , BRI T
BHERNIESS . ETOEMaN Ik, &
TEA RN 07 % mME T BR8N 7k, 3
H, BT RIRMEATOUE R’ PCR AR BUER .
Fr e hng, 76 SCBE P ok P Sl P IR A ALY Y 2 EEAL
WRFF AR Z R AN, B AT S RGE i SR
Pl R PCR AR RAL A ik EE W& T LK
& DNANT272U 3 40 g #% 5 45 I DNAP 2 3 ffr,
SR, BT (Al b A I 2 4R R A () Bt 3 A [
AL A LR DNA $5 I 22 e R 3F™ ™, Rig
RTEESN . & DNA 1935 I8 B H AR A [ & Fh
YA EA BEFRREED, AR YA
B E R MO HRA . B, BRIEHRE
R S IR A BRI T R ARG, HE LR
W E R ET IR A . AT L A4 g L
DUBERR —BEEE L B (bosPDE) 455 [ 40 i 4% B 4%

NEERPFEXTER, LT & &EAC
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