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Simultaneous determination of wheat, barley and rye allergen in food by
conventional PCR
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ABSTRACT: Objective To establish a method for simultaneous determination of wheat, barley and rye allergen
(WBR155bp) in food by conventional PCR method. Methods ClustalW software was used to analyze the homology
of the nucleotide coding sequences of wheat w-gliadin, hordein and w-secalin, and then to determine the homologous
region. Primer Premier 5.0 was used to design primers based on homologous regions. The specificity of the PCR
method was tested by selecting plants of different species. The grain content gradient of wheat flour, barley flour, rye
flour and rice flour was 100%, 10%, 1.0%, 0.1%, and 0.01%, respectively. The detection limit of WBR155 bp was
examined. Results Amplified product fragment was <200 bp, and highly degradable DNA fragments could be
detected. The detection limits of primer WBR155bp on wheat, barley and rye were 1.0%, 0.01% and 0.1%,
respectively. Conclusion This method has good specificity and can be used for routine detection of wheat, barley
and rye allergens in food.
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MR NEE L KRFE. BFE. HeE. Bk FFE. K
Ko /NEDK ., Bk, AE. BEL @Rk M CER. FER
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JifETE . AL, ANER . BRI (G RELD) . REBY
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R R A 75 BE 3 = B 4 (cetyltrimethy] ammonium
bromide, CTAB)., KE(/r#ral, bR REARARA
A)); f-SRFECIE, Tris. S K(EWEA TAY TRABRAF);

S5 FOREE . FINEE . £ TRV ZFR (ethylene diamine
tetraacetic acid, EDTA) (74, EZG4ERL2 =54 FRAF);
PVP40 I 2 MnEI% Befif(3% H Sigma 23 7]); 2xPCR-Master mix
TR (A S A A B PR A B ), BE MR (R vk
fil). DNA MarkerI(100 ~ 600 bp)(FAR A= ALBIH A BR ),
10xTBE buffer #iA (LA TAY TR ).

{3##: Centrifuge 5415R .U HL(FE [ S AEBEAT A F);
580 BR PCR ¥ 84 {% (35 E N A Y R4/ w]); PowerPac
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(25:24:1, V-V V)IR-AW 600 uL, 185, .0, $EBCEEHR,
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B ETEBOMA 0.8 FHABURTIRE, -20 °CHUEZ) 1.5 h, B0
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FE 110V, HLJk 50 min. LIRSS, FHBERS LR R Gkl
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DNASTAR Hill 7 25 S 1 B AR 75317 X .
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Table 1 Information of target sequences
‘& 519 P34 R Be/op H bR 51 4 i 25 11 Genbank % 35
NG 153 w-gliadin AB059812.1
WBRI155bpF/ .
KR WBRI155bpR 156 hordein X60037.1
WA 153 w-secalin AF000227.1
Majority CACCARGATCAGARACATCAATTCCARGARAGCATTAGTARCCACARATCCAACATGARGACCTTCCTCATCTTTGTCCT
10 20 30 40 50 &0 70 80
Wheat AB059812.5¢q  CACCARGATCAGARACATCAATTCCARGARAGCATTE - JAAHCACARATCCARPATGAAGACCTTONTCATTTGTCCT 70
Barley X60037.seq CACCAAGATCAGAAACATCAATTCCARGAAAGCARTAGTARCCACARATCCARCATGARGACCTTCCTCAGCTTTGTCCT 80
Rye AF000227.seq CACCARGATCAGARACATCAATTCCARGHARGCATTAGTARCCACAAATCCAACATGARGACCTTCCTCATCTTTGTCCT 80
Majority CCTTGCCATGXCGATGAGCATCGTCACTACCGCTAGGCAXCTARACCCTAGCGACCARGAGTTGCARTCACCACAR
50 100 110 120 130 140 150
Wheat AB059812.seq  CCTTJCCATS TGAGCATCGTCATEAGCTAGGCACTIgAACCCTAGCGACCARGAGTTGCAGTCACCACAA 153
Barley X60037.seq CCTTGCCATGETGATGAGCATCGTCACTACCGCTAGGCARCTARACCCTAGCRECCARGAGTTGCARTCACCACAR 156
Rye AF000227.seq cF=J6CCATGRICGATGAGCATCRTCACTACCGCTAGGCAGC TARACCCTAGCGANCARGAGTTGCAATCACCACAA 153
K1 NE o-FEAEN. REFBEAEND., BE o-BEWGH T HY R I X R
Fig.1 Homologues sequences of the target gene coding for wheat w-gliadin, barley hordein and rye w-secalin

FIAH Primer Premier5.0 Bf4-3EF R IH X k%1154,
5l Bl TAY TRARA RGN, 519MESLE 2,
514 WBR155 bp ) PCR LR 503 3,

&2 5M9ER
Table 2 Primer information
Elk KA s 519751
F:5'-caccaagatcagaaacatca-3'
WBR155bp

R:5'-ttgtggtgattgcaactctt-3’

%3 3|4 WBR155 bp & PCR X M &1
Table 3 PCR reaction condition of WBR155 bp

G1EY PCR JZ v 451
o : AN 8 o, . o .
WBRI55 bp 94 °C, 4 min—35 MEH(94 °C, 30 s; 58 °C, 30 s;

72 °C, 40 5)—72 °C, 5 min—4 °C, +oo

3 HEREHR

31 HFRMXE

WHUT/NZE . R e #ede | Bk, 37 K
Ko NEOK . FOK, AE. BT @mEKY WBRISS bp
SIEAT TR S, SER K 2 Bk,

MIE 2 ATLIFES], WBRI155 bp R7E/NE . KRAEHSB
F2 b AR B S 1 B bR s, AR Sl A AT B
MR A&, BLEHB I /N | K32 F R HAT AR 1R
PE, AR R IR ER

1 2 3 4 5 6 7 8 9

10 11 12 13 14

H#: L1: Marker(100 ~ 600 bp), L2: /NAZ . L3: K& L4 B
L5: M, L6: K. L7: 32, L8: KoK, L9: /NHDK, L10:
Tk, LI 406, LI12: #5 , LI3: &Rk, L4 BIHExTHE,
B 2 514 WBRI155 bp $5-5 S0 1 vk K

Fig.2 Specific experimental electropherogram of primer WBR155 bp.
3.2 KUWRSLI

Fe SIS SR, NN . KEM AR
ZR ol KRR A, TN | KRR B
1 100%. 10%. 1.0%. 0.1%. 0.01%KFES, LUK SERE S,
) DNA R0 PCR MR rR: HEBRBEAT T 8F5E, 452440
Kl 3 s

M 3 AT LIE S WBR155 bp Mf/NE | KEFMBEK
K BRI 1.0%, 0.01%F1 0.1%, A6 Hi FREK B iy g
3. PCR 5 i 7 B0 A v 26 ARG 2 5 R S SO T
SRR A B
3.3 LM SEIE

T BRSNS PCR kRS R, X 14 Fde Stk
AT TR, HasRmE 4 Fros. IWE 4 7 LUE HFTa A
HBLE 155 bp AL LT AR BHE 1 B AR Sy, Al 25 SR 54
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¥ L1: Marker(100 ~ 600 bp). L2: /& 100%. L3: /N3 10%.
L4: /N 1.0%.L5: /NE 0.1%.L6: /N 0.01%.L7: KZE 100%.
L8: K#F 10%.L9: KF 1.0%.L10: K#E 0.1%.L11: K& 0.01%.
L12: M3 100%., L13: ¥ 10%. L14: B3 1.0%. L15: BFE

0.1%. L16: B3 0.01%. L17: BITEXIIR,
K3 WBRISS bp i BR S2 5 L 3k ]

Fig.3 Detection limit experimental electropherogram of WBR155 bp

1 2 3 4 56 7 8 910 1112 13 1415 16

¥ L1: Marker(100 ~ 600 bp), L2: ¥M“Hk. L3: #H, L4: #id
WA TR A /N AT S A A TR LR) L LS il L6 5
W, L7: &AL, L8: /NEM. L9 BRRYI(HKEL), L10: |’
BRYEIF T RER) . LI KFEEAM., L12: BEH . LI13: K
ZEFE N L4 BEMM DT L15: BEEA, L16: FIHEX
i<
&l 4 WBRI155 bp SEATA I 52 56 1 yk (&l

Fig.4 Actual sample detection experimental electropherogram of
WBR155 bp

3.4 PCR F=HEF

ME 5 6 FE 7 R LLABLINE KRR DNA
SHIEAR Y WBR155bp #7384 774 15 4% B AR 741 9 DG i )3
SrBIEEENT 93.3%. 96.8%F 95.5%, 1A I8 4k B 5 kAR
JPOVREE T B i — 30k, ¥ a2 Bin Y.

Wilbur-Upman DNA Aignment
Kuple: 3; Gap Penalty: 3; Window: 20

Seq1(1>105) Seq2(1>1858) Similarity Gap Gap Consensus

WBR155bp(Wheat).seq Wheat ABD59812.5eq Index Number Length Length

(102¢1) (274>376) 933 1 1 103
w100 w90 w80 w70 w60 w50

CACCAAGATCAGAAACATCAATTCCAAGAAAGCATTAACCACAAATCCAAAATGAAGACC

CACCAAGATCAGAAACATCAATTCCAAGAAAGCATTAL CACAAATCCAAAATGAAGACC

CACCAAGATCAGAAACATCAATTCCAAGAAAGCATTAAGCACAAATCCAAAATGAAGACC
*280 “290 *300 310 320 *330

v40 v30 w20 vi0

TTCATCATCTTCGTCCTCGTTTCCATGCG-ATGAGCATCATCA

TTCATCAT TTCGTCCTC TTTCCATGC ATGAGCATC TCA

TTCATCATATTCGTCCTCCTTTCCATGCCTATGAGCATCGTCA

340 *350 360 ~370
B 5 Li/NZE DNA WA WBR1SS bp 4734 7=4 0 7> 45 2 S5 45
AR 4 B4 X ]

Fig.5 Comparison diagram of WBR155bp amplification product

sequencing results and template sequences using wheat DNA as

template
‘Wilbur-Lipman DNA Aignment
Kuple: 3; Gap Penalty: 3; Window: 20
Seq1(1>126) Seq2(1>156) Similarity Gap Gap Consensus
WBR155bp(Barley).seq Barley X50037 seq Index Number Length Length
©>125) (35>156) 968 2 2 122
v10 v20 v30 v40 v50 v60

ATAGTA-CCACAAATCCA-CATGAAGACCTTCCTCACCTTTGTCCTCCTTGCCATGGTGA
ATAGTA CCACAAATCCA CATGAAGACCTTCCTCACCTTTGTCCTCCTTGCCATGGTGA
ATAGTAACCACAAATCCAACATGAAGACCTTCCTCACCTTTGTCCTCCTTGCCATGGTGA
~40 *50 ~60 70 80 90
v70 v80 vo0 v100 v1i1i0 v1z0
TGAGCATCGTCACTACCGCTAGGCAACTAAACCCTAGCAGCCAAGAGTTGCAATCACCAC
TGAGCATCGTCACTACCGCTAGGCAACTAAACCCTAGCAGCCAAGAGTTGCAATCACCAC
TGAGCATCGTCACTACCGCTAGGCAACTAAACCCTAGCAGCCAAGAGTTGCAATCACCAC
~100 ~110 ~120 ~130 ~140 ~150

Al
Al
AA

Kl 6 LIKFZ DNA itk ) WBR155 bp §7 1 ™ il 5 45 4 5k
R S B He X ]

Fig.6 Comparison diagram of WBR155 bp amplification product
sequencing results and template sequences using barley DNA as

template
Wilbur-Lipman DNA Aignment
Kuple: 3; Gap Penalty: 3; Window: 20
Seq1(1>122) $eq2(1>153) Similarity Gap Gap Consensus
WBR155bp(Rye).seq Rye AF000227 seq Index Number Length Length
(12>121) (44>153) 955 0 [ 10
vzo v30 v40 v50 v60 v70

ACAAATCCAACATGAAGACCTTCCTCATCTTTGTCCTCGCCATGACGATGAGCATCGTCA
ACAAATCCAACATGAAGACCTTCCTCATCTTTGTCCTCGCCATGACGATGAGCATC TCA
ACAAATCCAACATGAAGACCTTCCTCATCTTTGTCCTCGCCATGACGATGAGCATCATCA

50 ~60 70 80 ~90 ~100

v80 w90 v100 v110 v1z20

CTACCGCTAGGCAACTAAACCCTAGCAGCCAAGAGTTGCAATCACCACAA
CTACCGCTAGGCA CTAAACCCTAGC CAAGAGTTGCAATCACCACAA
CTACCGCTAGGCAGCTAAACCCTAGCGAACAAGAGTTGCAATCACCACAA

~110 ~120 ~130 ~140 ~150

K7 DIERFZ DNA NHIARAY WBRISS bp 45 7= 4l 7 45 S-S 4%
B 51 1 e el
Fig.7 Comparison diagram of WBR155 bp amplification product

sequencing results and template sequences using rye DNA as
template

ABIFEHALE) PCR JiAAE e R . Wk, Hi5
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SR

SE 0k

[1] Hendra T. Passing the food allergen test [J]. Gere Foods World, 2003,

48(1): 20-23.
2] Z#HE. WIREEXEHSEURGEED]. T ERE, 2018, 522(10):
166-167.

Li Q. Control of food allergens in the United States [J]. China Stand, 2018,
522(10): 166-167.

[3] FAO. Report of the FAO technical consultation on food allergies food and
agriculture organization [Z].

[4] Taylor SL. Allergic and sensitivity reactions to food components [J]. Nutr



CE

FSHERR, 25 H L PCR i [R] HASIN £ it v A9 /N2 | DR R Bt

1815

[3]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

Toxicol, 1987, (2): 173-197.

Vader LW, Stepniak DT, Bunnik EM, et al. Characterization of cereal
toxicity for celiac disease patients based on protein homology in grains [J].
Gastroenterology, 2003, (125): 1105-1113.

Meloni GF, Dessole S, Vargiu N, et al. The prevalence of coeliac disease
in infertility [J]. Human Reprod, 1999, 14(11): 2759-2761.

Mcfarlane XA, Bhalla AK, Reeves DE, et al. Osteoporosis in treated adult
coeliac disease [J]. Gut, 1995, 36(5): 710-714.

Holmes JM, Hutton PA. ‘Optimal’ model selection when the true
relationship is weak and occurs with a delay [J]. Econ Lett, 1989, 30(4):
333-339.

FBEHE, BROR S, RRR. £ AR TR B A R IR ]
B2 A TR 244, 2017, 3(8): 1127-1131.

Yin R, Chen JY, Wang YQ. Preliminary study on food labeling
requirements of allergens and their process control [J]. J Food Saf Qual,
2017, 3(8): 1127-1131.

Popping, Bert DA, Carmen. European regulations for labeling
requirements for food allergens and substances causing intolerances:
History and future [J]. J AOAC Int, 2018, 101(1): 2—7.

Caterina V, Joana C, Cristina G, et al. Effect of food matrix and thermal
processing on the performance of a normalised quantitative real-time PCR
approach for lupine ( Lupinus albus ) detection as a potential allergenic
food [J]. Food Chem, 2018, 79 (4): 251-259.

Yan MM, Wei GC, Pan XH, et al. A method suitable for extracting
genomic DNA from animal and plant modified CTAB method [J]. Agric
Sci Technol, 2008, 9(2): 39-41.

bm, INEE, MO, S5 i e AT ORI RO TI )]. £

[14]

[15]

[16]

SRR, 2015, (1): 124-128.

XuY, Sun Y, Du Y, et al. Detection of allergen gene of abalone in food [J].
J Food Saf Qual, 2015, (1): 124-128.

Martin S, Lisa L, Monica F, ef al. Real time PCR for the detection and
discrimination of cereal contamination in gluten free foods [J]. Eur Food
Res Technol, 2003, (217): 344-349.

Benson DA, Karschmizrachi I, Lipman DJ, et al. Genbank nucleic acids
research oxford academic [J]. Nucl Acids Res, 2009, (36): 25-30.

Daniela Z, Marcus A, Glomb DM. Real-time PCR systems for the
detection of the gluten-containing cereals wheat, spelt, kamut, rye, barley

and oat [J]. Eur Food Res Technol, 2009, (228): 321-330.

(AT A o)

fEZ T

S, fit, TR, EEMRAE
ARBREE5KEN,
E-mail: keyan_na@163.com

B F,fEL, ¥RESKIREW, =
EMRFEARRRES5EN.
E-mail: ghgygyc@126.com

&



