514 % 5516 0] (eI e o bl v R 4 Vol. 14 No. 16
2023 4 8 H Journal of Food Safety and Quality Aug. , 2023

AE# ' Bayarmaa Gun-Aajav’, X|E& 5 = 8!
4%‘*5"7% eaR ! 4880 3 g
[1. BRSSO 2= Be s kB 4 2 ) AR SR B, BiMki4F  026000; 2. Department of Biology, School of Arts and

Sciences, National University of Mongolia, Ulaanbaatar  14201; 3. SRS 8y 95§ Bk 55 K60 S 56 g
(BMRER AR & 7 SR IR AGI o), BIARIE4E 026000]

W E: HW @R PR ) = 5 SR SO0 B A iFE SN (polymerase chain reaction, PCR)EAR,
FHUAPRE K PRI, 8 2R R A IR A . sk BN B AR FRAR IR BUARDS  HEARIRAE T RSl
TR T R S RGN ) B 3 e R RS B B I IR I ik i 4 b A R (limit of detection, LOD), it #
- R R B BB 2 12 7 AR R . SRR 2 R e s, BB S b G ) B R YT
AR R RIZLAY DNA, FR7E 5386 i NI TP A Z0bt S TR BAMEZS SR, Ay IR EE AT B AR i 46 %t LOD
2.5x107~5.0x107 ng, FFAHEAIIKLENT LOD Jy 2.5x10°~5.0x1072 ng, A7 ¥eXt il 4 N IR IR A A 1A
X RGBT 0.1%FEF N . 88 it i) = E S99t PCR ik e tioi . B, W] SC Bl s A FIEAF
T LA R P9 R S 42 14 [ 25 A6, 3 228 PR P A HE A S BB B 4 2

KB SHCINIOCREBHEE N B FE NIRRT, RStk REUE

Development of a method for simultaneous detection of cattle and
yak-origin ingredients based on triplex real-time fluorescence
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yak milk, etc. was tested. Meanwhile, the absolute limit of detection (LOD) of the method was verified by radient

dilution. Finally, the relative sensitivity of the method was determined by simulated adulteration test of cattle meat

and yak meat. Results

The method was highly specific and could only detect the DNA extracted from meat and

milk of cattle and yak. The stable amplification of endogenous control effectively avoided false negative results.

The absolute LOD of this method were 2.5x107°~5.0x107 ng for cattle’s milk and 2.5x107°~5.0x107> ng for yak’s

milk. The relative sensitivity of this method for mixed meat of yellow beef and yak could reach 0.1% yak.

Conclusion The established triplex real-time fluorescence PCR method showed high specificity, high sensitivity,

which can realize the simultaneous detection of cattle and yak provenance and endogenous control, and can exclude

false negative results through endogenous quality control.

KEY WORDS: triplex real-time polymerase chain reaction; cattle; yak; endogenous control; specificity; sensitivity
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Fed B KAETEIR 3000 m LA F, DAFRE &5 s,
WHAS T3 10, T L A e et HRG, At
FHEA R 1753.5 13k, HEFA 1655.6 13k, EitH L
A A B AR GBI Z I E R 4 A RS,
NI 2 B A A2 R B, . 2R B SR & e T
AW, FHEEH 40 ZMAERITRRERITE, BHIXA
RFEEF AR AEF AP T A 4.9%~5.3%0H [ %,
16.9%~17.7% M5 P FF 5.5%~7.2%HINENT, EEEHFY
R E TR ALY, B4R RN, SRS
L8 S I SRR B VR R S B A A AR A LR T
b o B R . FEREE T AE S E MR, dig
HH B3 A PR R AR B SR BB IR A AR AR LI R VR
AT BB RSB BT N R R E R Bl
YIRS B ARSI vk . EET, Sl IR A B A vk
LRI, — MR T EA R TR, ¥k
AB A ik Y R R E S R
FE AT S B 1 O SR ARG DB AR A R —,
B REUEBAR, SRPU AL PR R E MRS, B —Rh
F DNA {34 EfF4% v (polymerase chain reaction, PCR)
PR S5 R AR A Sl 7 R R R S DNAT 181,
DNA ZE—F HFaE A YL, 7EsmZl a3 >
AT B R 1Y) TARTAGLIA 2205 PCR 44l
Tk A RS, BERAEERPIIE T PCR #ESE T
AR YR A3 I D i 1B PCR 7 AT AEAE — & 1R R,
SEEFPEE PCR =4, fds T PCR ARG SLEEI Ik 25
TR, IR BEXT 484 PCR 2 R 752 At W), 2 pl o —Fhas
S e 4 P T PR ot PR S i g

B F R IR AN RE X A3 AR NS, R KA A A2,
T SO Ny T A R AR ORIy v, (BARIRAE
ERBUEA R, EEEEAR, AEARREX S8 N
BRI L . DR LERAEIE ST S & T R
G B2 PR AR RUK AR R A3 = F S 2 PCR R,

R Ty W G R v B B VR ) 8 A TR R 2 PR B A 77
FEMBAPER S B0, BRESEPWE L T R RE . fE2kE A
KA RS B SRR R AR K A L AL AR IR
TR (A A3 (25 4 ), AR BT IR . INTR
PEE LRI DG PCRY IS PR B 2, Th 14 IR B 4a v]
DIHEWT DNA MEES o alifh, 7ead B ip A ui R fig, 0
PCR FESL PR & A Wi h ™ 1 DNA fFEeedy it |
T, 2T PCREARAY AR oA il 3222 F T IR B PRl i,
FLH A B AR 2, I HL 2 R TR A A I A vk e =
R WERR . PGH, FEIEBRIR I B R

FEF UL, ARBFGT T HAT Wy b e 55 1 10 2 b Ak 200 it
@E ¢ FALEHT S I (cytochrome ¢ oxidase subunit III,
CONNEEF B[R] 20 55 e B 2R AR AR 5 | I FEREE, 38
Jon P B s T A T I B R A R A Ak T B AR BH
P ST — P B P IR B 2 ) = B SE R 26 PCR ik, ALK
[F) 25 % 7 R REL P A o 2 RV 2R R B, AR X 43T
B b 0o A AR AR VR B AR B AR S 3

1 MRERE

1.1 M5

BERARD A B FEAEIAL KA R B
LSRR A JEP; RRA A T T,
WA T 0 T v [ AR R AR ST 3 B PR AU /N B
FFAE-20°CYR VR IRAF, Bij Lk DNA FRBEERESR . BF 55 /E-80°CY2
RERAT

TransStart Probe qPCR SuperMix(Jt 5t 42304 L ¥4
AABRAF): qPCR 3197, FREH G RALT AR A ),
AR 2% v R 1% W (phosphate buffered saline, PBS). FLfkif|
(90% Triton-X 100 20 mL . 95% Z % 125 mL. 0.9 g/L NaCl
855 mL). MiniBEST Universal Genomic DNA Extraction
Kit[F2E ) TR (ORI A IR A

1.2 UE5%%
5418R i 5 LHL(FEE Eppendorf AG /A H]);
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Nanodrop 2000c #% i@ 2 [ & {X (35 Thermo Fisher
Scientific 2\ ); 7300plus SZHFFE% PCR 45 (3£ E ABI
AN T]); AF-06A K RRAL(R T 2R TR RS A BRA F])

1.3 /5 &

13.1 ABIBEAELRESHH &

A= AP LE AN ) i L BTR A, Herp, #4R AR
R 99.9%. 99.0%. 90.0%. 70.0%. 30.0%. 10.0%.
1.0% 1 0. 1%HF, X7 AFE4R R TR LG43 10 0.1%.1.0%
10.0%. 30.0%. 70.0%. 90.0%. 99.0%% 99.9%. T ¥
K BT 2SI SR A, ARUFR IR AR RIAZE,
SRIGHER VRS T NP IR E IR S 4 mine. i
FEAh 7 B AEE—80°C, B RNFE— 40T,

1.3.2 #db DNA 4238

T, IS0 mL RRINFURE RS, £F 4°Co%14 F, 4800 r/min
B0 10 min, 7F Fi, A 30 mL PBS MWEULIE, HEIT
TESEATRAI A F PBS o 9R), 1E 4°C& 14T, 4800 r/min
B0 10 min, JLA 30 mL PBS 1 10 mL FLALFI e vie, &
FEUEE ARSI T PBS MFLFIER D, IR
TE 40°C/KVBH IR 10 min, WARTE 4°CE 14T, 4800 t/min
B0 10 min, fEEVLIE. A 30 mL PBS #hikiiiie, HE
UUUESE AR 51504 F PBS . £ 4°C41F T, 4800 r/min
> 10 min, YIEYIRER . VIEYRE, IR =
FH LAk 4% (cetyltrimethylammonium  bromide, CTAB):B%
{2HU DNA,

AR 4 MiniBEST Universal Genomic DNA Extraction

Kit PR R 7 SRR PR AR PR DNA

RAIFLRE S, IR TGN ZE ODasonm~ ODagonm
TH) DNA MREEMAERE . WA A Asso nm: Asgo om FE
1.8~2.0 ZAIZ2 BRI DNA 154 SEmf 5 E & PCR A,
BRI AR ROARAE IRl 100 ng/ul, FHFHE—#404r .

P FLEE S DNA YEITIELE 10 f5H0 2 f5 590 RS,
B3 1.0x10°. 1.0x10'. 1.0x10°. 1.0x107', 5.0x107.,
2.5x1072, 1.0x1072, 5.0x107, 2.5x107°, 1.0x107, 1.0x107*,
1.0x107° ng/pL (24 W5 FIFELE W DNA, SRR 2 uL
JHAE PCR S A BEAR o
1.3.3 3| hAedfbt4o R

i DNAMAN B0 #4 | FE 4= A R i £ kL
PP HN AT HEXE, BB REREr . ARG T RS
SIAEEr . RIS -6-RILTOEE HEX) R ICHEA- B ET,
FEHAEH 6-1R ILFE N (FAMFRIC B 4- 184, B IE-x-B
FFHROX)PRIC IR BT 84T o 5 AEE AL R H A9
BHCA R A E G RFIgifh . 5195 3EHpaansR 1 s,
134 SoF%KPCR R EAKAZES

HA A E M = ESEAT 9O PCR UMK R, 45l
TZ AR R A TR S A B A R R - s A = EE SR
PN PCR § BN, =TI PCR SV KRR L3 2,
AT LA 7O PCR RWARR L3 3. SERZEE PCR
HIE 96 FUAIETT, PGSR % 354 /5 8 A ABI 7300plus
HATIERF S5 PCR S, fFLLT IWFRF: 94°C: 30 s,
94°C: 5's, 60°C: 31 s, 40 MEFR (K H BRAIN A 45 MR

Fz 1 Z=ELAIRS PCR 3|49F0iR s F5

Table 1 Triplex real-time fluorescence PCR primer and probe sequences

SIMRBE KE F51(5'-3" FBRNbp BRI E /umol/L
AT 25 CTCATGCTTATCATATAGTAAACCC 10
ALY 25 ATTTGTTGTTAGGCCAATTATTAGC 135 10

B RET 33 FAM-CTAACCATGTGATTTCACTTTAACTCAATGACC-TAMRA 10
YRS 25 CTCATGCTTATCACATAGTAAATCC 10
LE e S| 25 GTTGTTGTTAGGCCAATTATTAAC 137 10

AR RE 33 HEX-TTAGCCATGTGGTTTCATTTTAACTCAACAGCT-TAMRA 10

B REr 25 ROX-AGCCCTTGACC(T/C)CTTAC(A/G)GGAGC-BHQ-2 10

FR2 ZEZHTN PCR REAFREAFTR 20 pL)
Table 2 Reaction system of triplex real-time fluorescence PCR
(total volume 20 pL)

#3 BEIMWHE PCR RFNAER(EMAF 20 pL)
Table 3 Reaction system of single real-time fluorescence PCR
(total volume 20 pL)

R ER S Wz fdi & /pL
TransStart Probe gPCR SuperMix 10 pmol/L 10
51 10 pmol/L 1
5l 10 pmol/L 1
WA RE 10 pmol/L 0.5
LR IRE 10 pmol/L 0.5
piEt73a 10 pmol/L 0.5
L DNA 100~120 ng/uL 2
K ddH,0 - 45

T RN o, % 3 AfE .

R 2 e fif & /uL
Transséf;;ﬁli’: aPCR 10 wmol/L 10
51 10 pmol/L 1
5l 10 pmol/L 1
it 10 pmol/L 1
iR DNA 100~120 ng/pL 2
K ddH,0 - 5
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1.3.5 4R m A R SE TN

KHMFEAS . 85, FB4 . AR AR B AR
FOKAR . FR. SR FER BR. BR. IR
)RR DNA, #15E — E SR 26 PCR Rl B4

R TSRS PR S A PR B IR RAE, 5 A
S IRZEREY, UBIZEARIAIERER . MRS DNA
FEAE 20 A, FEHGET M S e 4 Rk A 1ot

T8 100 52 4G PR (limit of detection, LOD)JAETEEMi% 7
P RABE R FHFESE 10 550 2 FF & e B A 1 AR 4= 1%
DNA 1155 LOD fH. LOD & XCH7E 20 YRE & & % /0
A 19 IRAE 45 MBI ZOGAE 510 i B Rk B2 (BAS
IX[H]: 95%)°2, ARG 20 A, HGH e
RGP CEE X 95%).
1.3.6 3%

PUAEFIEE G5 0 REAR, 75 100 ng/pL~10 fg/pl B3
e RE S 9 LR B DNA $RBUR, #9E = B SLAT9¢% PCR
PIACR, PR EREIRAR(), MR RREITH.

E/%=(10"""*-1)x100% )

2 HR55%

2.1 SERTEESE PCR #M A4 St
R AEET T FAM ARIC, HEAEH SPEIRE

A 600000
L e e ——
g 450000 o
g 300000 |- A FE#EROX
2 150000 | A D
= 4 Z—
= 0 ;?——-————<_—zﬁ4‘{/ é?iﬂiﬂiﬁ?i
= ;
-150000 O L L L I | | | | |
2 6 10 14 18 22 26 30 34 38
EAREL
€ 600000
B 450000 #E-FAM
1T
S 300000
ﬁf 150000
>=
= 0
-150000 5, o, o, o,
2 6 10 14 18 22 26 30 34 38
TEAEL
E 600000 -
e 450000 |-
PllleS
£ 300000 |-
) JFHE-ROX -
£ 150000 [ KFA = =
=y
junag 0k
2
~150000 |5

2 6 10 14 18 22 26 30 34 38
{255

HEX #ric, PWIEPEXSBEE A ROX prid. Hrhattcdg
I DNA FEAR, X I8 =026 PCR SERZE R, 7 40
AMMER Z WA TG SRR, HobmEE B 2P
Mgk, FELL CHENHIWHKSE, X CtlE <40, DEITZ RN
WA F R

i PR T 5 19 R A DA 24 FRIVEE A 14 475 0 1R i
TFE AR FAE 2R AR B DNA, 78 = F S8 5% PCR U,
mE 1A, B 1C FR, #4-FAM BRRSEVED 38 37
AR AR, TR -ROX A4 G St PCR
FTHBE T RBAEZE SR . [WRE, Wl 1B, & 1D PR, 4
A--HEX W4 14 Hh BUAEREAF R RE -3k, T 45 -ROX A
R BB G . IE 1E. & IR FoR, HAtHdE AR
Al A B4 3 5 2F -FAM FI4E 2R -HEX,

10 AR K 2 By = E SEI 9 PCR AR SS Ct (8
g 4 PR, WA RE Ct{EN 14.37+0.07; ¥4 CtH
h 14.14+0.09, FEAGIH) C{ELTI0 16.23+0.15, FEAHIH)
Ct{H A 21.75+0.16, H: Ct{HIE/NTF 35, F- S5 Hihek—5.
HAR A A R e 1 AR -FAML 9 1 ih 2, 4R
RRIEA- 3[R RR e Y 1 B A--HXE B9Y SRR, ik
A ANWEFHE-ROX 9 Ct {2 LIS IE = H LA 2 PCR
ARATAT R R IS S o DL S 1R fe Sk, 35
TSR FER N = SO PCR AN,

600000
450000
300000
150000
0 k&
-150000

Jii#E-ROX

WIS o

‘If = i,:i —
2 6 10 14 18 22 26 30 34 38
¥

600000
450000
300000
150000
0
—-150000

WIS g

2 6 10 14 18 22 26 30 34 38

{ZEZ51

600000
450000
300000
150000
0
-150000

HoAth A
P -FAM 4624 -HEX JE#E-ROX
—_—

MXIOEFES o
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{25

Pl SEmZe0tE f PCR 71 2 2 /s iy 1A PR L o B e e

Fig.l Real-time quantitative PCR amplification curves showed the specificity of the method in meat and milk
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R4 ZEIFRE PCR IR MER

Table 4 Specific results of triple real-time fluorescence PCR

Ctfa®
B i
#4--FAM FE4-HEX Ji#-ROX
B4 A 14.37£0.07 14.61£0.19
FE 14.14+0.09 13.77+0.07
KA 25.81+0.47
BAY) 16.23+0.15 16.64+0.07
LS U] 21.75%0.16 22.38+0.40
KA1 21.14+0.88
LA - - .
5 - . )
*H - - -
A - - .
FEA - - .
TES - - .
A - - .

T R I bR R 22; -Ron AR, T

2.2 SERFEYE PCR &SNAI R E1E

FEEHSE S PCR R BHIE B AR R0 )5, #5110
F5H 2 i SR A AR LR 15 DNA, e R R,
BFRREA 20 NEREE, ASH i R, %k
5 R 2 PR, B 1 B, 2 PRI R AR Sk
5.0x107° ng f12.5x10° ng(BAFX ] 100%), FE4-45 1. 484
5 2 AR ARSI R AR 23 Tk 2.5% 107 ng F15.0x1072 ng(Bf5IX
[&]: 100%). Ct{EAY 20 MEELERS FiRY ik —3. h
F 5EATLIE H, Ct{HFEE DNA fRB G n . i, LOD
SERULI LTS5 PCR 200805 | D FAa4E T H AR
DNA FRBE R, HAER LoD KB,

BTt PCR KGN B L, HESr AT A1
PR PR IR UE IR . - Wh bRl Zeibe . &R
MEMERA BB P W03k 6 ME 3 PR, grbaieih 4,
PCR ¥ H4RUHRTE 90%~110% 2 [], A< YS2 54 B &Ry
95%, PrdERIZE r'=0.98, F£W, Ct{EH5 DNA KX H A
MR AT, T B AERE 1 A
2.3 R RBVE LR

SO GE R PCR R vk BEA 506 i sh ik
B, ERIB R R, R A A - N I — S
IF 9T 5 2R RE AR IR A PR TR . angk 7 Pw,
WA A - R TS S E L PO R BR, R -FAMA
MF] 1.0%H B4 A, FE4--HEX $IE] 0.1%M 2R A (E
fFIX[E): 100%), —ESZAT5E PCR #ll Y CtAREE RS
R I PR 28 LA e TR RS . B -ROX. FE AT IR G

Prrh RT3 o R = E SISO RE B PCR KRN 5 i51E 48
0 A SR A5 R R AR 1) F AR 5 T B A e 11 U
PEFIRE A

x5 FNMREFNHEGHRER
Table 5 Results of LOD of cattle milk and yak milk

FE A BiE

45 DNA f&/n Ctfii® ‘
F i e E it X /%
1.0x10' 18.51+0.49 20/20 100
1.0x10° 22.73+0.33 20/20 100
1.0x10"! 27.83+0.40 20/20 100
1.0x102 31.10+0.30 20/20 100
WY1 5.0x107 31.64+0.31 20/20 100
2.5x107° - 0/20 0
1.0x107° - 0/20 0
1.0x107* - 0/20 0
1.0x107° - 0/20 0
1.0x10' 18.02+0.44 20/20 100
1.0x10° 22.64+0.35 20/20 100
1.0x10"! 26.62+0.34 20/20 100
1.0x102 29.31+0.29 20/20 100
WY 2 5.0x107 30.95+0.23 20/20 100
2.5x107 31.37+0.22 20/20 100
1.0x107° - 0/20 0
1.0x107* - 0/20 0
1.0x107° - 0/20 0
1.0x10' 24.59+0.22 20/20 100
1.0x10° 28.49+0.26 20/20 100
1.0x10"! 31.99+0.25 20/20 100
1.0x102 35.00+1.30 20/20 100
A1 5.0x107 37.64+0.24 20/20 100
2.5x107 38.68+0.61 20/20 100
1.0x1073 39.08+0.17 2/20 10
1.0x107* - 0/20 0
1.0x107° - 0/20 0
1.0x10' 26.25+0.53 20/20 100
1.0x10° 30.29+0.55 20/20 100
1.0x10"! 34.30+0.49 20/20 100
5.0x102 37.22+1.06 20/20 100
YR 2 2.5%x1072 39.25+0.56 2/20 10
1.0x1072 - 0/20 0
1.0x107° - 0/20 0
1.0x107* - 0/20 0
1.0x107° - 0/20 0
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Fig.2 Amplification curves of detection limits of cattle milk and yak milk

KR L 10% B R AR SR AR A BRI, ASBF5EIA
F X R AN LUK E] 5% TEAHIT Y, 2R R R TG
AR AP /NT 1L.0%BEEA A, T A4 MR
AT =FE L9656 PCR B, AIZEIR-& W b b ok T
0.1%M4EA N 7)o W = FIEHFHOE PCR S AR IR FE
PEEEH 100 ng. 1.0%MFEA- WIS B A4 05 & 55T 1 ng M9FEA:
BUH{F DNA, LOD Z55 =W, $EA-Fr R A A R ek
WA BERE B MG I 2.5%107~5.0x107° ng (K

A 40
AT
351
30 |
5L
Q
20 - y=4.287x+48.62
15 L 7=0.9936
E=71.11%
10 1 1 1 1
2 4 6 8
lg DNA%
C 40 T4
35 |
30 |
|
Q
20 [ y=-3.472X+49.12
15 | #=0.9967
E=94.10%
10 1 1 1 1
2 4 6 8

lg DNAR

* 6 HEEDMESDAOREMERIE, YEMINEREC)
Table 6 Standard curve slopes, efficiency and fitting coefficient
(r?) for cattle milk and yak milk

FE iy r? Fo e E/%
WA 1 0.9936 -4.287 71.11
WLEYh 2 0.9869 -3.785 83.74
Y451 0.9967 ~-3.472 94.10
YEA4 1 2 0.9940 —-3.985 78.21

B 40 ~
A2
35 |
30 |
g5
Q
20 y=3785x+44.97
E=83.74%
10 1 1 1 1
2 4 6 8
lg DNAR
D 40 L2
35 |
30
Z st
@)
20 | ¥=-3.985X+57.34
7=0.9940
15 g=7821%
10 1 1 1 1
2 4 6 8

lg DNAR

3 B WRRIAE A U AR v 2%

Fig.3

Standard curves of cattle milk and yak milk
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Fz7 =ELARE PCR MEXE LRGSR
Table 7 Results of relative limits of detection for triple
real-time PCR

SRR/ % Ctfg*®
s HE4 #4B-FAM $E4-HEX FE#E-ROX
99.9 0.1 13.3940.05  31.95£0.69  13.62+0.03
99.0 1.0 13.5240.04  26.63+0.21  13.61+0.02
90.0 10.0 13.56+0.04  21.64+0.40  13.70+0.05
70.0 30.0 13.60£0.04  17.80+0.34  13.62+0.03
30.0 70.0 14.0940.05  14.48+0.17  13.63+0.02
10.0 90.0 16.56+0.37  14.07+0.06  13.64+0.03
1.0 99.0 28.26+0.82  13.94+0.08  13.64+0.02
0.1 99.9 13.85£0.08  13.63+0.02

4= DNA il 2.5x107°~5.0x107 ng BY4E;: DNA, 4R, 7E[F
AP HEA T B = F L9k PCR AR AT, #8445 S MEHREN A i
K| e 0.1 ng BA4Y) DNA, SR
PCR #i H R 5 = 9298 6 PCR K H PR A Kk 22 57 e B,
FET I bh 5 | Y AR ST 1) B ER SERT 21 PCR 7RSS EHE 4R
WHFNE A W L = TR 8 PCR U, AR
3 BRI 4T 7] fE 2 78 = B SERT 98 PCR H14+3F PCR
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