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Study on microfluidic chip detection method of honey plant species in honey
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ABSTRACT: Objective To establish a microfluidic chip detection method for the identification of honey adulteration.
Methods The nucleic acid in honey was extracted by nanotechnology, and a microfluidic chip detection method including
the characteristic sequences of 8 kinds of honey derived plants and 4 kinds of syrup derived plants was established, and the
specificity of this method was tested. At the same time, the sensitivity of the method was tested with Eucalyptus as an
example, 64 honey samples collected were tested. Results The test results showed that this method could effectively
distinguish 12 kinds of plant components in honey, and the DNA content of Eucalyptus samples had a negative correlation
with Ct value, and preliminarily concluded that the limit of detection was about 1.0x10™ ng. Forty-seven of the 64 samples
were able to extract DNA that met the requirements. Microfluidic chip combined with fluorescence PCR technology could be
used to detect 8 kinds of common honey plant species and 4 kinds of syrup plant components at one time, and 15 samples
were all positive. Conclusion This method is quick, high sensitivity and high throughput, and can be used for the
detection and identification of honey plant species in honey.
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Table 1 Primers and probe sequences for microfluidic chip

L5 A izl
F primer GCTGAAGCAGCTACTTTCGAAGTAACA
1 NADH R primer AGGAGCCGTGTGAGATGAAAGTCTCA
QSY probe FAM-TGGAGTGGGAGAGTCAGAGTCGAAAAGAGG-QSY
F primer GGAGCAATAAATTCTTTC
2 i % R primer ACAATACCACTAAAAACGGGCT
QSY probe FAM-GAGGGGTTATTGCTCCTTTATTTT-QSY
F primer GAGGATAACCCCGCACTAGC
3 i B R primer GGTGGGAGCCAAGAGACTTC
QSY probe FAM-TTTTCATTTGGTGCCCTGAAGAAGAAGG-QSY
4 CTL-18S* Hs99999901 sl /
F primer GCTCAACCAGGAACGATC
5 R R primer GCAGCATTTGACTACGTACCA
QSY probe FAM-CATAAACCTATTATCCGAACATTCATTTCA-QSY
F primer ATTGTAGCAACTGAAATCTTTCTTA
6 Fef 1 R primer GTATTGATGCTTTATTACACTGCCT
QSY probe FAM-ATGCAGATAAAGGGAAGGTTGAGAGAA-QSY
F primer ATTGTAGCAACTGAAATCTTTCTTA
7 ¥t 2 R primer GTATTGATGCTTTATTACACTGCCT
QSY probe FAM-TGCAGATGGAGGGAAGGTTGAGAGAA-QSY
F primer GGGCATCGAACATGAGCTTT
8 AR R primer TTCAACGAGTTTGCATGGGA
QSY probe FAM-AAAGAAGATGCGCCTACAAGACCTGTTGC-QSY
F primer CCCAAGCTTCCTGATTGGGT
9 pA:! R primer AGGTGGTGTTTGTCGCTTCT
QSY probe FAM-CTTCATTGAAAGAAAGGCATAACTAG-QSY
F primer TCATGTGTGGTCTCAACCCG
10 I BRI R R primer CGTCGCCGACTGGAAAGATA
QSY probe FAM-TTACACAAAGATTCTATCAACTTTCTGGGC-QSY
F primer CGAAATGTCAAAAGCATAAAACG
11 ER R primer ATTCCATCTTGGCTGAAAGAAAT
QSY probe FAM-TTCCAATGGACCCAACGAAGAAAGTAAATAA-QSY
F primer CGTCGTTTCCCATCTCTTCCTCC
12 ESP N R primer CCACTCCGAGACCCTCAGTC
QSY probe FAM-AATCAGGGCTCATTTTCTCGCTCCTCA-QSY
F primer TTGCGCCTGAACGGATAT
13 IKAE R primer CGGTTGATCTTTTCGGGATG
QSY probe FAM-TCCGAGCCGTCCGTGCGTC-QSY
F primer CAACAATTTTCTCAGCCCCAACA
14 INEE R primer TTCTTGCATGGGTTCACCTGTT
QSY probe FAM-TTCCCGCAGCCCCAACAACCGC-QSY
F primer GACCTCCATATTACTGAAAGGAAG
15 HiEd R primer AGTAATTGCTCCATCCTGTTCA
QSY probe FAM-TCTACGAAGTTTAAAGTATGTGCCGCTC-QSY
16 IPC-DNA- Xeno® Ac00010014 al /

TE: OB HAF NS IR B, © S SN v SR R F I UEAR BOSOR,, /3R TR
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100 pL BBVRAREC G IR IRk, B ECTIF Y 100 L A9/
PEBRGES F ERnEE LR A IR, WSk A AINFEL,
SMRL 45°9e 1, BRTEN, BRI B A= AR, &
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¥ 12 A~ BAMEYIEFE RS R TS e R A 5
ARG RE, LA 12 A~ B BRI A 15 oSk Tz
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Table 2 Reference sequences for plant components
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GGAGCAATAAATTCTTTCTTGGTCTATCAAGAGGGGTTATTGCTCCTTTATTTTCTTTTCAATTAGTAGC
CCGTTTTTAGTGGTATTGT

GAGGATAACCCCGCACTAGCAGCAGCTGCTCGCGAAGGATCAGTCTTCCCTGTTTTCAT
2 i TTGGTGCCCTGAAGAAGAAGGCCAGTTTCATCCAGGAAGAGCTTCAAGATGGTGGATGAA
ACAGTCTCTTGCTCATTTGAACCAATCCTTGAAGTCTCTTGGCTCCCACC

GCTCAACCAGGAACGATCCACATAAACCTATTATCCGAACATTCATTTCACTTITTTAG
GCTATTTTTTAAATGTGCGACTAAATCGTTCAGTGGTACGTAGTCAAATGCTGC

3 TR
4 i)
5 i)
6 JEHR
7 AL
8 ERR

ATTGTAGCAACTGAAATCTTTCTTACATAAACAAAAAAAAATCAATCTGATTATGATATA
AAAAAAGTATGCAGATAAAGGGAAGGTTGAGAGAAAGAAAGAAAAAGAATATCAATGA
TATAGGATTCCAATATATGTAAGGTTTAGGAGTCATCTCATAAAAGGCAGTGTAATAAA
GCATCAATAC

GGGCATCGAACATGAGCTTTTTAGCTCCTATTAAAGAAGATGCGCCTACAAGACCTGT
TGCGCTGGTTCCACGTGAGAAAATCCCATGCAAACTCGTTGAA

CCCAAGCTTCCTGATTGGGTAAGTTAGCTTCATTGAAAGAAAGGCATAACTAGCTTGT
TTATCCATTACCCTTTAATCTTTTTTAATTTTTCAGAAGCGACAAACACCACCT

TCATGTGTGGTCTCAACCCGGAAGGGTTCATATAAACCACTTACACAAAGATTCTATCA
ACTTTCTGGGCTATCTTTCCAGTCGGCGACG

CGAAATGTCAAAAGCATAAAACGTGTTTTTGTTGAGAGTACCTATTTTGGTACTAAAAAC
ATTCCCTTTTTTTATCCTCATGAATCTGACAATACTATGCTATTTTCTATGCTTGGATTAG
TATTATTTACTTTCTTCGTTGGGTCCATTGGAATTTCTTTCAGCCAAGATGGAAT
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Table 3 Results of the specific experiments

FF5 HintEE N Ct ferll 4%

KRt 1: 26.644; Fieh 2: 25.660;

! ek A A AR

2 e MR 26.20; HARRIY BT AA H

3 biiF S I 25 27.182; HARMIW ST AAS H
4 R HERE: 26.676; FLAHEY ALAT KA H
5 HBeARt B : 24.578; HAHE W o0 ARG
6 1253 TR 28.983; LAY AT R
7 P BRI 27.565; AR BT KA H
8 Je iR JeHR: 27.352; HAHEY LA KA H
9 oK FoK: 24.032; HAHY B R H
10 KK KK 34.403; FARAEY) BLAT AR AL
11 N /NZE:20.400; FHAFEY) ALAT KA H
12 fipd FH3E: 24.700; HAHIYI R A RA H

22 REYEXW
22,1 REESHT

VIR B, SR RIBIPEREAS T T 10 fisfif, EAASE
BZE LA 1, RRR R R AR DNA S RIET 1.0x10 7 ng,
Ct{EH KT 35, kw4 HA M IRZ R 1.0x10° ng.
222 ¥ HEELSHT

PUR VAR Z2 R REAR DNA 55 (ng) RO XEAEL (X)) FI
Ct {H(Y)Z [ X R @ bnfi th 2 7 1, pndfiph 2 /2
Y=-3.2669X+16.43, r*=0.9949, EAA/MFAIT: Mt AR

M R EN-3.2669, AR PCR 4333
H102.3%, AL 2259 580 E-5-2015 (B
R G kil SER S E it PCR ikl ET8rE )
KT 90%F/INT 110% 53R (e EAHSE R 8L r7=0.9949, £
G 2259 SN H-5-2015 (LI RAR Y K Hy™ S A4
Rl S 2¢ e i PCR 5kl 46 ) i r'=0.98 iy
Ko B, RN R P EFEA DNA & RA Ct Z [WfEE
RAFMZMESC R, SRR 1.0x10°~1.0x10" ng, frg
SR 2 05 R T T LB 45 R HT .
2.3 HMZERIERER

TERBTT AR 45 EWESE T 64 HEUAES, Hih 48 by
B MU EE D S SRR AR i . HLARRR S PR
PRI B L2 4,64 HEUCRE S b 17 SEUCRE S AR AR I AR,
di L 26.6%. 48 HLIR I A F i 10 #LUCRIBIOR AZ R, %
B AR 1) ST R BE VI RO 0.75~707.80 ng/uL; 11 41t
YW= e 7 HEUCRAR AR, W T A B B A R 14 T

BEWREETEEN 2.45~6.80 ng/pL; 5 HUCHERFE G 4RI
MR, BRI AZBR AOTE R 1.05~905.50 ng/uL. % F,
e 2 T A TR PR U e 22, TR b T I B T e 2 o
K, HEEATRERISINEE . /R T B T & i 2 7%,
JIF A2 R e AL R A MR I, LA S R BUR SR FE A IR
WREEAG . AREEMRAI B .
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5 L
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Fig.1 Results of nucleic acid amplification at various concentrations of Eucalyptus sp.
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Table 4 Nucleic acid extraction of samples

Ly 48 10 0.75~707.80
B T A 11 7 2.45~6.80
i 5 0 1.05~905.50
A1t 64 17 0.75~905.50

24 TRENER

47 HEURFE U AZ FREE AL ) NADH Fl CTL-18S F:K 5
R R B, R A A AR o 47 HEURE S T
A 1S AR SR IS B AG H T B LSRRI AR
FaR S AR e 1 o SR S5 R T T IR, ASSLE
PSR I SR A SRR — B BRI ZE R WS S,
Ho S 14 ke | 1 AL S o 14 LR $ 2
HEYR I T FURS AR I BRSO HEUR I8 A A 1)
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SEREAC R 2 R Iy /INAE AR VR 1
FE, e B R PG /N A FNFH SR AL R B, T REAL
RiZan Mg E P IA TR Y, BB . A0t
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Table 5 Test results of positive samples

Bk DNATURTKIE ooy Homs
/(ng/pL)
. . e VR BRI R
RN 1 5 48.30 Ve o s
PR 6.80 L2 S TS VY N
T 3.35 I INEE
VML 2.00 (i g2
B W 2 285.70 o3 B . R
T HIR e 4.20 e 9 iR . F5H
T MR e 44.80 I IR RS JBIR
b 8.80 w ore TSRS TR
- Wagr S
H R 707.80 23 ER
R 596.95 e HRW
EPaEia 641.50 Y ERYE,
BRYWE R 7.40 e 2% L, ER%
AL e 4.50 23 R
EIE SN IIE N P2
I 2% 66.25 e IR JRIR . BRI
INEE
MR 19.20 iy m%‘iﬁ;mm‘
R

3 THES4R

AWFFE 2 384 LIRSS ARk, 2 h NED
ARSI ZE AL, A LG58 PCR, A — R S 2 #EFR GRS
M, Aire TG ATTIE] o %5 RS T AR Hr
RS, DURSERZOE PCR M@ REUE . SRS R
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Mo Tt b il EEE i, P AR 7 ) pA B, (HAE
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Je LA FAR R B B JSOREA g B XS HE, DH e o ok ]
X 8 FME AP LS A BE K ZH DNA F B RE i i — 2030
EIZ T 5 R S o (LA il LR SRR it ) R LA A
HE, T3 EBENLIIBRRE b, JCIE DR & A 80 (4
B, DRI SR S AT P o e R LR A i AR A )
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YRR, AWM TCIE AR, 5 B — P

AT, C 4 18 9 B4 R R IR 73 1 28 5 A 70
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Pt PCR AR MRS i A 4B e 2 P A R DR 2L 2 19 55
RNy, %07 T B IR A B 1 s Y,
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R A2 O i) 2
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