Vol. 23 No. 6
Jun. 2 0 2 3

i S 2 = T S
A

Journal of Chinese Institute of Food Science and Technology

EToFEHREARNAERRIMIRER S S ERRTTIE

AW, kEwm: O OIRW', EFRH' KEF', TEE' MRE"
(CTHTEREDREERARIR (TR T L% AT)  #io Tk 315408

2

el

LH R &G SE SR EARAENE  HiT A3 330400)

HE A3 —-AATEARNR S FEALUNEAKAEMEESINTERGALERS I RERS $EiHbs ik, @i,
F FFOMNFTREAZTEDIMWAEARAS B I AT R ANEEF 5, B E KA R 165 1DNA T A AT LMk
BB A Y 5) Rt e BN RS A kS FAEAR, AR A B E AL HAR R R B R B A e 5t e,
B R R A AEAR KGR E (Tm), 3 53k F 92 8% 38 5k PCR BUIE R 2500 A7 89 A7 A M 55 % | 5F 33 1 4 o i 09 R4
Tt FHHEITER LA EIEN T £ OFEEIYARAT I EHE— MNBELERERE I — 5%, M EHFO®
AR B E B AR R LI AR E 10510 copies/wL BEA I K Cr A6 B A 15~36 M HAER (2903 £ 4 R?=0.99) , 15 iR ok 4
AE Tm 1 (68.020.1)°C, *F 9 £ % & 1 EAF AN T4 B4R F FARA ST 0k 5400, & 3 34 Rk K B 3% R T #5789
4 F B S % (Tm % A A 4% 68.0 °C 4 64.3 C. ¥ 65.1 C. 5 65.8 °C. % 63.4 °C. % 60.6 C.# 61.8 °C 4 52.6 °C ™ 56.7
C) , B HE S Ao ) VT I A S 64 b B 45 AR 5 0 S Bk A T R TS A, L T A AL 3| 4 B T AR AR 09 2 B 98k PCR A o

EAAEAGZHE R FE TEASFRETEANELRRERSGEE S EET ARNERRRERY FES GRLA

— e B AL,
KBWR Tk, AERR,; BEHLE;, X2
XEHS 1009-7848(2023)06-0378-07

BB P SO A R B SE B SRR, —
PAKRAR o B H R G B A i B 2 R iR 2R 2
—, BCHCR 2 A DR R 2 R A AR R
RS, ZEm AR T IRFERRNLGEE
SR, ST AR AR 0 2 B Y R AR Lk, A% 26 P
a2 77 AN S R, B TR IS SRR B
2l s ARG R 3 R, 5 2 A SR A E R R i 2 4
AT AR AR AE [ AN R A iR E N s vk i A
A7 09 X011 B 3G A BE R, Rl SR IEA B B9 A
DU L X LA S i ok TR a2 4 KU U
P i U R TR T e o R B K
SRR 7 TR AR, M DL B S T v
HE DX HARNE IR o B il DR B8 23 46 5 R X 3 i
A7 09 BEAT i A5CHE i M A A R A S, R A
A I H AR AT A B EE R R O e, [ AT 3

Wim B H . 2022-06-07

ESWHE . Wil g e R e 4w 3 (CY2023322)

TPz 3315 BH ATBA I H (2018B-18-C) 5
T B R RORE SE U H (7 R RH2018163 45)
E—EE . K, P WL, TR
BIEEE: IFKE  E-mail: nbsjy2017@163.com

DOI: 10.16429/j.1009-7848.2023.06.037

AR (B E S TR %
(2019-2021) ) H B #f 3 9 , 22 Ko & fh s s
Z AESE S I AR 56 D vk BRI 0 BE L DD SE SR AR AT
T RE B E AR L, B HE s
BB I R B, A 3B o R AR, R
R RS A IS SRR o £ T
FEJT L, R T e 4 G I A A 8 S 1 1
LI,

T, KFhWIEER S RO HIES
I8, T A A R i A bR AR
Yy (B ok 3 D), DATIT 8 21 S8 AL 43 A i b
Ja SRR B AP AT BRI, B R R
I LA oy B A AR v R 2 T —
AR I RAEAE 4L ) ik 22 S0k TR B 4K & PCR
FAR N i 0o T A8 By 1, KRR T T AR
D5 vk 0 R AR S, DR R 24 B A TR
PR 6 52 O vk R R I F R B Rk
A1 A5 SE2 it ) £ 2 A b v rp i i ST T TR A
B A8 H AR B PP AR BARAER I 7 vk L SR, (A
S SR, FH S8 B 7 Tk 22 R < — R — K
B, RVEL Xt —Fh sh# Fl g, BT Al — &4 5



236 Hol

ETrTEAERRGAELETRIDRERS $ T iHkh ik 379

PESIRIERET ik B 2 8480 H Y AR AT
Z YR R H 2 EAR R BRI 5 3%, AR &
YIRS 2%, H 58 AN T o ik PRLES R G T Lk 3
U S ROR, (HR AT AR 7 i G 6 A6 ) 401
BTz K R AR T O R e
R8I BRI Y XUbR 25 ik DR AR B, i
M ZE-IREEA e, 24 5 HL R DA 2% 5 I ] ol 96
R S BT AR 114 7 P A RO B BT, B R
BB o R S R A I A TRT IR T R A
ENEL I BB uR 3 i S e S s i B A
PRURR TC 7 D00, PRI O 30 T i PR 5 A M 03] 25
ST,

ARWETE LU & shP A A )iz i 2Rk
05 ST DA Al e e 22 3 PR 81 L ) 7 328 , 3¢
RIS 1% 5 10 K 1 AR ELAT e S " e
T TAGFRERED , L — M T 52298t PCR
FoR, EHTH W& &8s Y IR sl o 4 E 1Y
SR INTT ¥ o % TT AR R AR R R
R, A A S B A TR U S R AR R
sty L PR 5 A 25 RE 4 RO BB

1 MB57R®
1.1 RF 5=

Bin LA PO & (EasyPure Food and
Fodder Security Genomic DNA Kit) . o B #% &
(pEASY -T1 Cloning Kit), J&i ki #2 B ik 7 &
(EasyPure Plasmid MiniPrep Kit), #{%f % qPCR
Kz 55 (PerfectStart 11 Probe qPCR SuperMix) ,
X e N (dbant); mER A L] (Premix
Taq) ., R qPCR # 7] (Premix Ex Taq),
Takara 28 &) (AL 5T ) ; 5190 S BT Z= 4T 1 g 5 i
A, DY 248 SR e A Rl SE .

AB ViilATM7 %) 5E # PCR X \ProFlex PCR
1, ZEE Thermo Fisher /A ] ; GelDoc—It &E % i 14
24, = FE UVP A A ; MaestroNano 18 i %8 7h 43 )6
YT, 55 [E MaestroGen 23 ) .
1.2 WA =E
1.2.1 FEACREJUEE A EE & N RARERE &
(CELHESE B R O XS ) R ) R e A
Mo R BRI, B BRBE AR AR A S K
WPRAT A BB ke R O UL 38 & sh W I8P L A

75 L9 PCR %) (GB/T 38164-2019) 4
PRE Dy ik b AT S RE, 48 P 81 28 NCBI BLAST
(https ://blast.nchi.nlm.nih.gov/) 7E 28 ¥ 51 b XF 43
e T 45 A it M i SR UL

122 MG Lo TAEARBOT SOk R 21
HA e P8 DU o S e 32 20 i T T 25 i 4
/N5 T RGN AR A R R S e P R R R A
Z 0, ARYEAWFFE B B, 1 IR A A R B
P 3t P 5 7 Bl 18] OR 1 (51455 1K) h BE 91
845 i 18] g 8 S o (PR 2% 22 X)) Y S A 5 5K
IO FH A W 5 JE 2 B AR T B 7 2% ol Jog ) A a3 1
AR R B A, 4525 E & AR VERE AL 2P
A2 B B PR 0 % 7 e T R TR S, A\ Gen-
bank (https ://www.nchi.nlm.nih.gov/genbank) H i
PEAH N Tl e RAR 2 % 75 A4 4 (Sus scro-
fa)NC012095 . 4+ (Bos taurus )NC006853 ., 1l
(Capra  hircus NC005044 . I
NC001788 . ] (Canis lupus familiaris )NC002008
X (Gallus  gallus NC001323 8 (Anas platyrhyn-
chos )EU755252 . 5y (Equus caballus YNC001640 3%
B¢ (Camelus bactrianus YNC009628 .,

e XSG IR X i PR <F F 1), 2 Primer5.0
AT, 28 BLAST EEXT (https : //www.
ncbi.nlm.nih.gov/tools/primer—blast) , £ 1% £ —Xf
i T % o SR R B 1 K O AR AR A
I e e e P L S 1 ), BRAE AT T R B B0
HR 1 B 23 145 A 0 B 3 PR S B P LA B A Y
CHERE”, th TR ICA H RAE R 28 RO b7 Y
Ze5¢ , AL TE I 2% 58 0 1 s A il JBE 1 22 5 X0 A A
S PR RERE DN AR 4% 26 2 25 IR 97 4
Bt PR R ER, B Mfold #2F (http : //www.
unafold.org/mfold/applications/dna —folding —form.
php) TEL M ¥REF M5, B UNAFold 7 /7
(http : //www.unafold.org/hybrid2.php ) 7E £k 73 #7 48
Bt 5 48 B TR 2% S R M O 0TI 24% 52 O 4 e ik
(Tm)"™, p M FEE PR £ T T H A ik PR 8 5 19
ERGLAT
123 FiifE DNA SR R SXEER
B HEAE St 1) 5 S L P 2H 2 28 i R T S 24 B 0, B
100 mg Y BiAEdh, RHET MR CTAB 2k 1)
3 PR £ 41 R & B I DA, BTl S A 2 PR

(Equus asinus)



380 hoE g

M

2023 455 6

4, BT T E 51 %R Premix Taq s £ B
PHURR R =k RN A S H R B
WY & BRIk B s, ik 244 bp HEY
Bt R T-A 5o R A A8 #5120 Bk, 5% 4k Trans—
T1 832 25 40 M DT 0 A7 35 1 0 8k BB €2 BH 1 5
R, FH M3 3l H 51955 47 PCR i g S I v 45
E o BB ) v B A o R R R B A 2 3 A4, 20
CHAFH M .

1.2.4  RT-PCR il K Ja i i e o0 A DL 40 4%
PRAREAR, (R S AR IR B PCR TR 4 & A6 0
Gy FA5 bR MB-P X4 bR i 52 K A %00 6B 07 . 20
wL 2V AR 2 2xqPCR FiliR %2 10 wL, b FiF
51 FP A1 RP 29K FE 0.2 pmol/L, #%H MB-
P ¥ 0.1 pmol/L, 50xROX 2 Fe ek} 0.2 wlL, RT—
PCR K i th £k S 1 25444 195 CHAE P 30 5,95
CAEME 55,50 CHEME 20 s FfK I 58 Y6 AH 72 CHE
i 10 s, 3L 45 DEER P0G AR ) 45 oS HEAT I
M2 34, K SR R IR & 95 CZ8 P 1 min, B
% 40 CA3Z 5 min, B 5 LLE 2D 0.2 CCTHE # %
Zi1B G % 80 °C, M RAEVOL, N RS A
TR % 5 6 AE ARAE BLHEAT 5 BT, 225 1 0 ik i 2, 1
FE R 5 A AR HEBE R % 52 43 F I RRAE Tm

125 REEE SRR 10 4580 B B An
Y3 D R A 2 9 Bl 10°~10° copies/pL, HU 1 pL
T o 2 DRI TRV A A A, SR Y AR A 3T ) R A%
PEHEAT RGN, 3 BT & B Rk BE T 2Ot € i PCR I
ML Ce A8 BN Sl BE | 256 25 88 i i 3 43 TR b

Y8 T 1 Y R U R S
1.2.6  SEAERIN A E &R LARM T T4
AR, REBRBI S 34 5T S R ) i R
HUBE 4, K B K A0 B 22 10 ng/pl, B R UL
BB SR AR T s SO PCR L)
(GB/T 38164-2019) S A5 v g 37 A il Jy i ik
T80, 580 T8 bk J7 3 XA [ 28 A 1l
A SR RE S, BEAN, LU R DR A R O ol S
FEHE 1:100.1:10 A1 1:1 He @l A e s &N
2 1) S TR A RSN , R FH T 57 7 Ik R AT R
B BTy 1 TR R i ) S O3 e
1.2.7  Geit#or b Bds o Hr ok SPSS17.0 4¢
A,
2 ZBRE55H
21 S| RIFEsHEIT

P A TR BT L L PR I R G 4 2
S PE T 5315 b 22 B A 8 DI RE I SRR, 44
Tt sh Py i R L LA 225 17 80 LU X o B, i i
i 16S rDNA %A v — Bt 224 bp J¥ 51k H 43 7
G o LAIZ R B 3 1 1y 8 Kb B S B 91 Oy
BB, 43 590 51 4 B o FAR bR (W3R 1),
WA AR T A EsR, S&MEIMS
% 7 Y AAFTE 0~10 D OEHTBC, 24258 PRIk 43
BT , #5 28 22 28 7 Wy Yo D 425 At 305 B (T ) 7 59.1~68.3
CXE (W 2), HAEEMW AR 2ZE ST 1 C,H
Wb R S R,

&1 ET 16S rDNA EERITHER I Y K5 FERF &t

Table 1 The sequence of universal primers and molecular beacon probe based on 16s rDNA
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Table 2 Oligonucleotide sequences of molecular plasmid DNA standard

and the results of T, detection

B AR i A B A7 /371 e T,/°C s T,/C
M CACTTGTTCTCCAAATAAGGACTTGTATGAATGGCCACACGAGGG 68.7 68.0
+ CATTTGTTCTCTAAATAAGGACTTGTATGAATGGCCGCACGAGGG 61.0 64.3
* CATTTGTTCTCTAAATAAGGACTTGTATGAACGGCCACACGAGGG 62.4 65.1
5 CACTTGTTCTCTAAATAGGGACTTGTATGAATGGCCACACGAGGG 64.9 65.8
5 CACTTGTTCCCTAAATAGGGACTTGTATGAATGGCCACACGAGGG 69.5 63.4
B CATTTGTTCTTTAAATAGGGACTTGTATGAACGGCCACACGAGGG 63.2 60.6
# CATTTGTTCCTTAAATAGGGACTTGTATGAATGGCCACACGAGGG 66.1 61.8
) CAATTGTCCCGTAAATTGAGACTTGTATGAATGGCTAAACGAGGT 56.9 52.6
] CAATTGTCCCATAAATCGAGACTTGTATGAATGGCTAAACGAGGT 60.5 56.7
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Fig.3 Amplification curves (a) and melting curves (b) in real-time PCR assay applying the molecular plasmid

DNA standards with serial dilutions
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Multiple Identification Method of Animal Species in Meat Food
Based on Molecular Beacon Technology

Cheng Hai', Zhu Hongliang?, Yao Zhenming', Mao Lingyan', Zhang Shengnan', Wang Huijun', Xing Jiali"
('Ningbo Academy of Product and Food Quality Inspection (Ningbo Fibre Inspection Institute), Ningbo 315408, Zhejiang
’liaxing Institute for Food, Drug and Product Quality Control, Jiaxing 330400, Zhejiang)

Abstract To establish a multiple identification method of animal species in meat by using a universal molecular beacon
with probe melting curve analysis. Through multi sequence alignment of the genomes of 9 common edible livestock and
poultry, the gene fragments with specific structure in the 16S rDNA of the mitochondrial genome were selected as the
detection target sequence. A pair of primers and a long—chain molecular beacon for universal detection were designed by
the method of bioinformatics analysis. The characteristic annealing temperature (7Tm) of different animal derived compo-
nents was determined based on real-time polymerase chain reaction (RT-PCR) and melting curve analysis, while the
sensitivity and specificity of the identification method were investigated. The RT-PCR based on universal primers and
molecular beacon was performed on genome samples derived from 9 animal species. The amplified product of each sample
was single, and the sequencing result was consistent with its reference sequence. While a dilution range of 10® to 10!
copies/pL of standard DNA of pork was used as template, the RT-PCR was performed validly with incremental Ct value
from 15 to 36 cycles, and the characteristic Tm was about (68.0+0.1) °C steadily by melting curve analysis. The detec-
tion result also showed that identifiable specific annealing temperature was obtained for each sample derived from the
livestock and poultry meat investigated with Tm of 68.0 °C for pigs, 64.3 °C for catiles, 65.1 °C for sheep, 65.8 °C for
donkeys, 63.4 °C for horses, 60.6 °C for camels, 61.8 °C for dogs, 52.6 C for chickens and 56.7 C for ducks. While the
mixed genome derived from different animal species was detected, the results could show the independent melting peaks
of various species genes or the emergence of a new fusion peak. The RT- PCR detection method based on universal
primers and molecular beacon can realize the single—tube multiple identification of common livestock and poultry meat
food species with ideal sensitivity and specificity. With high application value, this method could be used in meat adul-
teration screening.

Keywords molecular beacon; meat; melting curve analysis; identification



