L R e R D ST R 1 E2 g R R A O 41T
53 PCR A5

WHEE, RER, & F, MEk, HEFER, #H F,
kO, M, HE R M, Mk
CHB A8 7= o e A 6 IF 9 . ) 0 T4 o o A B ARG 8 A 0 s (R ), AR AN 350002)

HWE. YRa X E TR EPOE AR THRMAEAS A 10 FFEER B T4 LT (M E
ot a4 35S B3 F (pCaMV35S) R AT H 44 M8 s 4% & A B A B 0k F (INOS) , % A f6 vt % &
9 35S &3 F (pFMV35S) \RAF A 49 I8 5 6 BE A B B 21 T (pNOS) 2 RZZ AW B 3 T
(pUbi) JB 3 64 36 545 F 12 TA29 69 X B K F A% & 30T (pTA29) . 5t & = Bk B2 A% B 4% #2410 Bl A
B & 20k F (tE9) . & 38 s B 45 0k F (10CS) A R BE B #5 45 B 7 40 F (1g7) A6 K 78 7T 9%
AL (1CaMV35S) ) A AF R ¥ein , 4T 10 # B &) T A4 b F 6 5| e dRAT A& ik B 4
MR RAE M A XA F R 2T 3 M EERN KA PCR LKA, FFHE L
ATFRELEEHEN, 2REN. W3 AETLHELPCR AEKARMG AL BB L
B, HEZHE 55 A4 0.01.0.04.0.04 ng/pl; 14 Fr 3K Fids o 69X 2 = % & 5% B %k PCR
Fo ¥ & F B R K PCR 6948 M 45 R — 50,40 4 7 & ¥ % 69 76 & 7 A 4 3% F 4 B pCaM V35S A=
INOS, R ARG T XX XRZTEMNKAE, 5 EABREPHAR RS GAENRET B
BB AR Rl B AL E R e R S R R4 e AR

KB BE HAE, BT LT £ EF LR PCR

HESES TS 2073 XEHS :1673-1689(2024)01-0069-09  DOI:10.12441/spyswjs.20220420001

Detection of Promoters and Terminators of Transgenic Components
in Honey by Multiplex Real-Time Fluorescence PCR
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Abstract. In order to efficiently identify suspect transgenic positive samples in honey, ten transgenic
promoters and terminators, i.e., CaMV35S promoter, NOS terminator, FMV35S promoter, NOS
promoter, Ubi promoter, TA29 promoter, E9 terminator, OCS terminator, g7 terminator, CaMV35S
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terminator, were used as research targets. A series of experiments were conducted for these ten

promoters and terminators, including primers combination screening, reaction condition
optimization, sensitivity determination, and test comparison of quality control products. Three groups
of multiple real-time fluorescence PCR reaction systems were established and applied to the
detection of commercial honey. The result showed that the established three groups of multiple
real-time fluorescence PCR reaction system could accurately detect the target gene, with sensitivities
of 0.01, 0.04, 0.04 ng/p.L, respectively. The tests of 14 genetically modified quality control products
showed that the detection results of multiplex real-time fluorescence PCR and single-plex real-time
fluorescence PCR were consistent. The screening of 40 commercial honeys showed that two honeys
contained pCaM V35S and tNOS, and the others were not detected, greatly improving the detection
efficiency. This method could provide a fast screening and detection technology for the detection of
genetically modified ingredients in honey, and meanwhile, it could also be applicable to the detection

of genetically modified ingredients in other products.

Keywords: honey, transgenic, promoters, terminators, multiplex real-time fluorescence PCR
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Table 1 Three groups of multiple real-time fluorescent PCR systems primers and probes sequence

SEIFEE G PCR . .
*;§$? Ko

EIL/R73a0s 2]

18S rRNA-F: CCTGAGAAACGGCTACCAT

18S rRNA
(NZSHEN)

LN

18S TRNA-R : CGTGTCAGGATTGGGTAAT

18S rRNA-P: FAM-TGCGCGCCTGCTGCCTTCCT-BHQ1
pCaMV35S-F: GCCTCTGCCGACAGTGGT

pCaMV35S

pCaMV35S-R: AAGACGTGGTTGGAACGTCTTC

pCaMV355-P: FAM-CAAAGATGGACCCCCACCCACG-BHQ1
INOS-F: ATCGTTCAAACATTTGGCA

tNOS tINOS-R : ATTGCGGGACTCTAATCATA
tNOS-P: JOE-CATCGCAAGACCGGCAACAGG-BHQ1
pTA29-F: GAAGCTGTGCTAGAGAAGATGTTTATTC

U

pTA29

pTA29-R: GCTCGAAGTATGCACATTTAGCAA

pTA29-P: FAM-AGTCCAGCCACCCACCTTATGCAAGTC-BHQ1
pUbi-F: GAGTAGATAATGCCAGCCTGTTAAAC

A 4 PY R pUbi

pUbi-R: ACGCGACGCTGCTGGTT

pUbi-P: CY5-CGTCGACGAGTCTAACGGACACCAAC-MGB
pFMV355-F: CGAAGACTTAAAGTTAGTGGGCATCT

pFMV35S

pFMV35S-R: TTTTGTCTGGTCCCCACAA

pEMV355-P: JOE-TGAAAGTAATCTTGTCAACATCGAGCAGCTGG-BHQ1
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5184 51

tOCS-F: CGGTCAAACCTAAAAGACTGATTACA

k1
SIFHE: PCR o
Rl y
RRIAZR AR
A ZH PO t0CS

tOCS-R: CGCTCGGTGTCGTAGATACT

tOCS—P: ROX-TCTTATTCAAATTTCAAAAGTGCCCCAGGG-MGB
tg7-F: ATGCAAGTTTAAATTCAGAAATATTTCAA
tg7 tg7-R: ATGTATTACACATAATATCGCACTCAGTCT

tg7-P: FAM-ACTGATTATATCAGCTGGTACATTGCCGTAGATGA-BHQ1
pNOS-F: GTGACCTTAGGCGACTTTTGAAC

pNOS pNOS-R: CGCGGGTTTCTGGAGTTTAA
pNOS-P:ROX-CGCAATAATGGTTTCTGACGTATGTGCTTAGC-MGB
tCaMV35S-F: GGGGTTTCTTATATGCTCAACACATG

B ZH DU

tCaM V35S

tCaMV355-R: TCACCAGTCTCTCTCTACAAATCTATCAC

tCaMV355-P: CY5S-AAACCCTATAAGAACCCTAATTCCCTTATCTGGGA-MGB
tE9-F: TGAGAATGAACAAAAGGACCATATCA

tE9 tEO-R: TTTTTATTCGGTTTTCGCTATCG
tE9—P: JOE-TCATTAACTCTTCTCCATCCATTTCCATTTCACAGT-BHQ1

133 % E%a &k PCR RE 4 asfite  HRIE
A9 O e M 0, X 3 20 2 i SRS U PCR R
RARBIATHA (LK 2), SRR EARR 25 L,
GoTaq qPCR Master MIX TiIR# 12.5 pL,f<4Hk DNA
2 L, 51 ¥ %) (10 wmol/L) FIEE £ (10 wmol/L) AR #fi

22 R HEA T, KRN E 25 L, £ S
%9t PCR ¥4 ¥ 0 .95 CHIZEME 5 min;95 CAF
£ 15 5,60 CiR k 60 s, 3:dE1T 45 MG, B
WEER G EIOCE S . Bies W IREHAR
PEATIR i BE ik, U B R 58 .60.62 C,

®2 3JASEXMENK PCR ERSIWRHHMMK

Table 2 Optimization of primers /probes for three groups of multiple real-time fluorescent PCR systems

SE9EE PCR R
k2

1+1+0.5
1+1+0.5
0.5+0.5+0.25
0.5+0.5+0.25
1+1+0.5
1+1+1
4 1+1+0.5
TE R BUE S RS | AR RS AR B SR B R B N

134 % ¥ %8F Rk PCR R B4R & 2 HUE 69 ) 3K
DL B 5 100 ng/pL 1 QC—GM-008 DNA A i
W, Al 7K R A7 6 B2 AR R | AR A5 J5T 2 vk B2 43 501 Oy
100, 10.1.0.0.1.0.01.0.001 ng/p.L fY 5 &3 ML AL
i, HEATOOUEE SR 2% PCR 3738, B AN FE A 4
11, LAH R S S 26 PCR SR 1A 58 1Y R A
PR B[R] 5 5 A 10 Fh B A 3 B % BE 6 BERE
AW 9T DL B TR SR Ms1 i 21 20 i IR 4

XU

DU

W N = W N =

RF/ L

1+1+0.5 0 0
1+1+1 0 0
1+1+1 0 0

1+1+0.5 1+1+0.5 0.5+0.5+0.25

1+1+0.5 1+1+0.5 0.5+0.5+0.25
1+1+1 1+1+1 0.5+0.5+0.25
1+1+1 1+1+1 0.5+0.5+0.25

DNA . 3L GT73/RT73 F 7 8 K 412 B K
DNA Fl% 56 R AR RF B2 U DNA, 20 00 76 B 21 120
ng/wL J5 , 25 BOR [R5 VR AT, P FH 4l A K 2R A7 466 B A
B, RAF T E W EE 2 5 A 40.4.0.0.4.,0.04 ,0.004
ng/w L 19 BRI RE &, EAT DU R SERT SO PCR
Py AR 4 AT, LA RE P4 DY SO
PCR S A Z 1Y R
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Fig. 1 Amplification curves of dual real-time fluorescence
PCR
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Fig. 2 Amplification curves of group A with quadruple

real-time fluorescence PCR
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Fig. 3 Amplification curves of group B with quadruple

real-time fluorescence PCR
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HEOE R 5 A ZH IO B S 5O PCR 7E DNA T & U
JE o 40 .4.0.0.4 .0.04 ng/pl B} 4 il £k b 1%

B Y BHPEAE & DNA ik S 0.004 ng/pl
if H A pFMV35S il pUbi 47 97 34 ; B 41 DY 5 52 A
%)t PCR 7E DNA ST & ¥ £ 24 40 .4.0.,0.4 ,0.04

ng/wL B, 4 S5 26 5 1E &, 4 BH M 5 DNA
Jﬁ W E N 0.004 ng/uL F H A tCaMV35S A §°

, JTLL 3 41 Z 3 S0 9Ot PCR O AR & 9 R
ﬁi 43 & 0.01.,0.04 .0.04 ng/pl., ¥4 CT {4
L% 3 ME 4,

£3 WELMREE PCR WEXLM %K PCR R AR REE

Table 3 Sensitivity of dual real-time fluorescence PCR system

SERFYESE PCR CT {4
s |
pCaMV35S 18.64+0.06  21.99+0.02 25484035  28.61+044  31.58+0.28
2= INOS 18.97+031  22.05+0.07  25.64+0.08  28.46x035  31.52+0.15 —

T — AU 1Y

T4 WEANEXHKHXPCREEFZHMREE
Table 4 Sensitivity of two groups of quadruple real-time fluorescence PCR systems

iﬁﬁtfﬁ PCR CT 1
AR Z 40 ng/pL 4.0 ng/pL 0.4 ng/pL 0.04 ng/pL 0.004 ng/uL
pTA29 26.49+0.12 29.43+0.26 32.43+0.06 35.05+0.06 —
e pUbi 24.41+0.06 27.81+0.03 30.98+0.17 33.96+0.05 36.59+0.95
pFMV358 26.64+0.06 29.69+0.19 32.80+0.08 34.98+0.10 37.84+1.02
t0CS 25.12+0.14 28.19+0.18 31.26+0.01 34.05+0.06 —
tg7 24.55+0.09 27.62+0.05 31.05+0.05 34.07+0.10 —
T pNOS 24.71x0.19 28.04+011 31.28+0.12 34.14+0.14 —
tCaMV35S 24.30+0.07 27.10+0.12 30.36+0.06 33.98+0.10 37.02+0.89
tE9 25.33+0.06 28.20+0.06 31.39+0.04 34.37+0.18 —
ERE AV 7
23 3HZEEAWR K PCR R MK R FRE MmN H 4y, K pTA29 A 1 4, K tOCS A 1 1, K

bt 3

XF 14 473 5 56 DR 2 i 08 A7 R T RN 22 T S A
o PCR K LU 58 43 # , 25 5 2 BH WA b 32 Az 0 14 45
B30 (W2 5), 12 1k F5 R BH 4 ot 5 ok o

pCaMV35S 45 9 fif Kt INOS 45 9 14, it pFM V35S
%5

DA

GT73/RT73 vV
Msl — | = |V ==Y
BESLINARAT —

QC-GM-008 Vv
MON89034 VvV

Btl1 Vv
MON88017 Vv

=]
S
< |
< |
|
|

i pUbi A 6 1y, Kiih tCaMV35S A 3 {7, it tg7
A 16 Kl B9 A 2 6, K th pNOS A 2 iy, & 50
—EFM (8 ZEFRmESA 1, A
pCaMV35S Fl tNOS W B 45 it A 2 4y o B B4 i 1
KK A B F M2k

ZELMFK K PCR R MERIERMEIELSR

Table 5 Applicability verification results of multiple real-time fluorescence PCR reaction systems

o A
|
By [ ) iy [V RV i [V RV
AV RV I R R I VA VR R I RV R
JEN Y ) ) ) )
N I VBV RV VA e e
JE A ) ) ) ) ) B B
[ R VN RV SV [/ Ry
JE A ) ) ) ) ) I B
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