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Abstract: In this study, multiplex ligation-dependent probe amplification (MLPA) was applied to simultaneously detect 14 plant-derived
allergens from pistachio, Brazil nut, celery, gluten, macadamia nut, sesame, hazelnut, soybean, peanut, sunflower seed, walnut, cashew, almond
and mustard. Specific hybridization probes were designed for ITS sequences. After the sample nucleic acid was denatured at 95 °C, specific
binding was carried out with the probes, and target fragments of different sizes were obtained through ligation and PCR amplification reaction.
The target fragments were analyzed by capillary electrophoresis to determine whether or not the allergens were present. Using the mixed probe
system to detect a single template canonly amplifya single amplification peak, indicating that the probe had high specificity. The detection limit
results showed that the lowest detectable DNA concentration of MLPA amplification was 1 ng/uL. Through the detection of 20 actual samples, it
is proven that the detection method of allergens in processed foods established in this study on the basis of MLPA has the characteristics of high
specificity and high sensitivity, and can be applied to food safety supervision.
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1 MLPA RS K 5 149551
Table 1 Probes and primers used in MLPA method

ID Primer % A 514/%%(5'to 3) BAL K bp  FERKNbp
R Pistachionut-LPO-1 GGGTTCCCTAAGGGTTGGACGTGTGCCTCCACCCGTGCTT 40
Aok Pistachionut-RPO-1 CGTCGGGTGTCGGTCGTATGCTTCTGTCTAGATTGGATCTTGCTGGCAC 49 8 88.18
— Brazilnut-LPO-1 GGGTTCCCTAAGGGTTGGACACGACGAGTGGTGGATCACGACACG 45 . 9011
Brazilnut-RPO-1 CGCCCCGCGTCGTGCCGCGCCCGTCTCTAGATTGGATCTTGCTGGCAC 48
o Celery-LPO-1 GGGTTCCCTAAGGGTTGGACACATTGGGCAAGCGTCGGTGGGCTTTGG 48 . 0417
Celery-RPO-1 TCCGCCGTTTGCAAACCTTTGGTATCTAGATTGGATCTTGCTGGCAC 47
1 Wheat-LPO-2 GGGTTCCCTAAGGGTTGGAGICAATGCAGTGCATCCGGCGCGCAGCT 47 %8 9537
Wheat-RPO-1 GGCATTATGGCCTTTGAACGACCCAACATCTAGATTGGATCTTGCTGGCAC 51
AER Macadamianut-LPO-1 GGGTTCCCTAAGGGTTGGATTGCGCGATCAAGGTAGGGCGTGGGAGCGTGAG 52 100 9713
Macadamianut-RPO-1 CTCCTTCCTTCCCGACCCTTGTAAATCTAGATTGGATCTTGCTGGCAC 48
i 2 Barley-LPO-2 GGGTTCCCTAAGGGTTGGAQgtCAATCCTCCGACGATGGCATTGTT 47 103 L0179
Barley-RPO-1 CGTCGTTCGGCCAATTCCTCGACCGCCTCCAQGTCTAGATTGGATCTTGCTGGCAC 56
£ Sesame-LPO-2 GGGTTCCCTAAGGGTTGGAggtTCACGACCAGTGGTGGTTGAACGCTCAACT 53 04 103.16
Sesame-RPO-2 CGCGTGCTGTCGTGCCGCGCTCytgtgtTCTAGATTGGATCTTGCTGGCAC 51
Hazelnut-LPO-1 GGGTTCCCTAAGGGTTGGACGAACGGCGGGGAGACACTCGTGCCTTCT 48
¥ Hazelnut-RPO-1 TGCCGAACAACGAACCCCGGCGCGGTCTGtgtgtgtgtgtTCTAGATTGGATCTTGCTGGCAC 64 1z 10.98
xg Soybean-LPO-1 GGGTTCCCTAAGGGTTGGAggtgtgtgt CGACTTCGCCGTGATAAAATGGTGGATGAG 59 7 11567
Soybean-RPO-1 CCACGCTCGAGACCAATCACGTGCGAGCCGGTCAGTCTAGATTGGATCTTGCTGGCAC 58
ik Peanut-LPO-2 GGGTTCCCTAAGGGTTGGAgtgGAAGCCAAACGTTTCTGCTCTCCCCGCCGGCTCCGGAGA 61 199 1061
Peanut-RPO-2 CGGCATCCGGTCGGGGCGACGAGTGACCACAAGAGTTATCTAGATTGGATCTTGCTGGCAC 61
o Sunflower-LPO-1 GGGTTCCCTAAGGGTTGGACAAGTTAACACATCTGGCCTTGCCGGGACCGAAGCATTTGTTTC 63 123 12163
Sunflower-RPO-1 GGCCCTTGTGAGTCCTTGTCGACGTGCGTTCATGCATTCTAGATTGGATCTTGCTGGCAC 60
o Walnut-LPO-4 GGGTTCCCTAAGGGTTGGAgIGtCACGTTGAGATATGCCCACCGCTCCTCGTGTGTGGTTGGTCAATCTTCT 72 125 12375
Walnut-RPO-1 CGTTCCCTTCCCGATCGAACAATGAACOYTCTAGATTGGATCTTGCTGGCAC 53
X Cashewnut-LPO-2  GGGTTCCCTAAGGGTTGGACGAGTCGCGCCAAGGAATCTTACTTGAGAGGGCTCGCTCCCGTCGCCCCGTGCT 73 130 181
Cashewnut-RPO-2 CGGTGCGCGTGCGGGAAGCGTTGCCTCCTTTCATTCTAGATTGGATCTTGCTGGCAC 57
s Almond-LPO-2 GGGTTCCCTAAGGGTTGGACAATCGGTGGTTGCGAGACCTCGGTTGCCCGTCGTGTGCGTTCGT 64 132 13078
Almond-RPO-2 CGCGCATCGAGGGCTCGAAAAAATGCTCGGCTCCGGCTCGGCTTTTCTAGATTGGATCTTGCTGGCAC 68
" Brownmustard-LPO-2  GGGTTCCCTAAGGGTTGGACTAAGGACGTCAGGAGCGTCTTGACATGCGGTGGTGAATTTAATTCTCGTCATA 73 137 135.55
i Brownmustard-RPO-2 TAGTCAGACGTTCCGGTCCAAAAGCTCTTGATGACCCAAAGTCTAGATTGGATCTTGCTGGCAC 64
Common Primer-F FAM-5-GGGTTCCCTAAGGGTTGGA-3' / / /
WA

Common Primer-R

5-GTGCCAGCAAGATCCAATCTAGA-3'
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5/~ (130.78 bp). FFAK (135.55bp), ZEH WA 1.

[FIFI A 14 Fhid USRS 5, RS ERET i3
17 MLPA 18, DITCHR TE fE A AXTIR, S50
2, \NEl 2 vJLLEH, FIHZMRE TR 2 ®H
R, SREAF RS T N—SUry g0,  IToHER
T EX R Y AT B By, Uk &R
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Fig.1 Capillary electrophoresis of the MLPA system using a mixture of 14 allergens mixed DNAs
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Fig.2 Analysis of 14 allergens by MLPA capillary electrophoresis
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Table 2 The table of levels and factors to orthogonal test

FAHRE fmol - X BHRM Z23CRE/T
1 1(13) 1(2) 1(60)
2 1(13) 2(6) 3(68)
3 1(13) 3(16) 2 (64)
4 2 (3.0) 1(2) 2 (64)
5 2 (3.0) 2(6) 1(60)
6 2 (3.0) 3(16) 3(68)
7 3 (5.0) 1(2) 3(68)
8 3 (5.0) 2(6) 2 (64)
9 3 (5.0) 3(16) 1(60)

ATV HE MLPA S WA 22 R S AT iR
FAE IS ] =AM R BT = R 2 KPP IEAS S, 1EA
RIS ENEK 2, DUREFEAR DNA (K5, ZHE. &
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Table 3 Anova analysis of allergen amplification results
g m AR AL
207 . .
v 4t %% % > ki
KR Mmool BFiEl/n BEIC

K& 1134086 1214084 1124079 0.019 0.895

2 1704045 1844049 1714081 0.698 0431

#HF 2402091 2593067 2694.72 0520 0.494

fed 3071076 2684082 2834059 0.044 0.841

A 24240.06 2.3040.75 2254040 0.359 0.568

A4= 2742057 2464054 3224056 1.282 0.295

23 I RGE A

PRI W R AL R IR I s DS S, %
TRELREREATRRRE, 40090798 100, 50, 20. 10. 5. 1.
0.1.0.05 ng/uL I, 73 AL 5 uL 34T MLPA M,
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Fig.3 MLPA capillary electrophoresis of different allergen nucleic acid concentrations
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Table 4 Results after MLPA and real time PCR analysis of commercial food products
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12 BEEEG HIR. % / B, K& /
13 Bt ES 3 / ZH. A 2R
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17 HIAE AR &BE. Bz, K2 =S RFE. = K& x&
18 IR R Ak KEH| 50, ok Zhk. BR i At
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