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Identification of cereal allergens based on high-throughput
sequencing technology
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ABSTRACT: Objective To establish a high-throughput sequencing method for detecting cereal allergen species
based on next-generation sequencing technology. Methods Taking Hordeum wvulgare, Triticum aestivum,
Fagopyrum esculentum and Fagopyrum tataricum as research objects, next-generation sequencing technology was
used for the high-throughput identification of cereal allergen samples with different proportions and mixing methods
and commercially available samples were collected to verify the method’s applicability. Results In different
proportions of simulated samples, Hordeum vulgare, Triticum aestivum, Fagopyrum esculentum and Fagopyrum
tataricum were detected, the limit of detection was as low as 0.1%, but the measured relative abundance of species

and the actual amount of different additives; in different mixing methods but the same proportion of simulated
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samples, cereal allergens had been detected; the relative abundance of DNA mixing and mixing of raw materials and

raw material mixing methods were different from the actual amount of species, and raw material mixing methods of

species relative abundance closer to the exact amount of additives; commercial samples contained varying degrees of

grain allergens, while a small number of samples with the ingredient list or label. Conclusion The detection method

established in this study enables specific and simultaneous identification of 4 cereal allergens (Triticum aestivum,

Hordeum vulgare, Fagopyrum esculentum and Fagopyrum tataricum). By conducting relative quantitative analysis of

species abundance, the method can effectively determine the content of cereal allergens in samples.

KEY WORDS: cereal allergens; gluten allergens; gluten-free allergens; high-throughput detection technology
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FH/NZZ (Triticum aestivum). K7 (Hordeum vulgare). 77
EXYTT R STERE ATE P E R B . WFR R, )
& KES REPUEH, W SEOER E % E R
5% 77 [ &t 3% (Fagopyrum esculentum) . ¥ 37 (Fagopyrum
tataricum)]5 | & AEER L8, H S BOLMK . B S S R GE AE
ARTL, 252 W 3 5 N B A £ R A 35 i AR K i [
PR iE M2 B 25 & BRI A 9 S N Rl R 2
B A Wy U AE I B R ) s L H
AKEFEAZ ) A s bR U A e AR FEBAC A Tl R
BEsT, DIRZEZ . /DL, TSRS 4 B89 0 5k
FIN T SRR W, XS AR . WA
RN L U2 A E, MELLGE A R 5 B 2T 4 51 .
SR, 5 AU 2R a2t s, i BT EE
BB 2, A RBTHEAZ, ET T BAnid &R
RS TAE, HAMBAMIR R R, LML 7
s MR, Wby 32 BI/INEE 32 (i i5 e 100 pcue

PRI 2R R R RE S 0 45 W 28 3 BN AR Mo SO ) XU, PRI,

o T A S MERA AT RE RN ¥k . BT DNA ZEN A h B
REMNER, AotEA. Bk, MNEEZME, 4F
A= W A R I B R £ 0 2o ARG ) g R 1 O
T DNA B R4 Hi#4% X (polymerase chain reaction,
PCRKEMNHE AR H A E AR b /NE FRE A B
JrbRAEN) SR T R I RE M S — A P et
Ji, Z 55 PCR AR M Al ST 2 HUAR [R5 4 3, IR 2t
TR U4 DR b e 7 e 3 R AR 22 Fh 2 o U
1k, AW R RGN S i SRR T

T — & M B 4% AR (next-generation sequencing
technology, NGS), L8R A =8 w il F A, 1] [F] i X %%
H A~ DNA S FHEA 10, Re8 48R g i i ARl
4%, LI TN R s R T NGS ] LG I 3R
) DNA 431, 1868 TR BENN T A7 7E DNA FERRI ™ el
IE IR R, ZBAR IR B HXS = R X i sy
PEF AR T LIU U s SRR, NGS fEf

B IE A IR S R A2, A BRAK % 0.5% . PIREDDA 45!
FET NGS XA 5 PR T 5, B IA 45%01)
W EEAAAEFSRARIL, LB & R R A SO
K51 . MOTTOLA %2158 5 NGS A & P il b v i 49y ol
AT AT SR, R EIRA 62%R9 & P 5 P AFFE AR
Wrshmsh, . 45, RE NGS ¥ TSP
YR LAy B %00, BAE B U AR B . WANG
SRR A HRETFE R NGS Fa 25 4 7 i £ s i
BT BN B Fh B W ) el B L R T — P B 2 Fh 5 | R
B, TRBREE L, MEECh Y, DNA ZAIEMES N H 4%
MARRRE T, REE A B — XT 51 ¥ X%t 2 Ay Fp 1t 47 [R] B 3
W, KBTI, NGS 5 DNA XIEM M E ML S, 2EMma
W R SR A T TR, FTHFIREH ST RZ YR
P21 F 5T R, A N B S IRIBR X 2 (internal
transcribed spacer 2, ITR)JE THZILH, HA KRB YF
Rk 4 g 7, W H )38 F Boi s, 76 5 FEfdAE b
RIS RCR AR T AR, R ] DNA SIS 0R
A I X BERO A, AR TT R R T AR, %
WP RS, 335 B R T /N 600 bp, 1M 1TS2 3
R B RS H, 2 Y38ad U Y % i FAE L A
FB.

AWFFEIET NGS, UKFE . /N GHFFME I R
HRER, XA R F E ] . ASTRIR A 7 U AR o
Ty, HFUREET & MBS A, BENS
WL B R SR ) R A SR R R SR

1 RS

L1 #HR5RF

INEE L Rz, EItFRE. 3. KK (Oryza sativa) K i B
I TR R M 5.

Nucleospin® Food kit(#[E Machereye-Nagel 2%7]);
TruSeq Nano DNA Library Prep Kit(32[E Illumina /A ]);
Quant-iT PicoGreen dsDNA Assay Kit(3E [E Thermo Fisher
Scientific 2y #]); 2xTaq PCR StarMix .DL2000 StarMarker(
[ TIANGEN 2 7)); JoK ZBE(3Hral, [ 254 A1
HIRH),
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1.2 NEH5REF

TissueLyser-11 /=i 2 2 20 EE 25 (T2 E QIAGEN A F);
Quintix65-1CN FKFE[IEEE 0.0001 mg, LAl F#{LE
AbE) A BRZA F]; Heraeus Pico 17 & E.LHL. NC2000
Nanodrop ONE it 43 Y66 11 (3€ E Thermo Fisher
Scientific 23 F]); 1645050 Hi 3k 1% . ChemiDoc MP #E % i %
Z4i(35 [ Bio-Rad /A 7l); Research plus fif{ i 7 1K % (Fi [
Eppendorf 23 7l); Veriti 96-Well Thermal Cycler PCR 1 ,ABI
3500 il 71 (35 [E Applied Biosystems /A )); NextSeq 2000
WP (S Tlumina 22 H]); Qubit®3.0 AR HE G 115 i
I (ZEHE Invitrogen 23 F]); 2100 A= )43 H1 L (35 E Agilent 2
ri]); FLx800 ZEGMEHR X (32 ¥ Bio-Tek 24 Hl).
13 75 %
1.3.1 HsaTasE

JffR DNA FEARTR, Fra RS fER IR AL FI T )
i LK 2 BERZE K AT B i T, LA is g,
FETBIE S 2% 00 BT A Wy 28 i B A TR A, R A 3B 58— HF
b JE T XS ILEEA I B o 430 LA 50 B Y07 X X A A 7
0, IR IR MRS R RE.OE T, bR
ik, B TR VK20 °C)FE .
132 #&4145 DNA KR

PR/ NE | K37 | BlEFE . T FRRICOR IR TR L ]
B LA i (R 1) WFST R IR it TR & 22 I P 45
S L — T, RS AR I, ASBESE T PRl
REY): D ALK SRS ) DNA $2 IO LR &5 Y 41
PR S FoRHE LR A S, THRIL DNA, [RlES, S 4T

T B S PR R U R 2 s, ST AR
I, BE 0.1%~80.0% MW FEEREEE, RGVEALA 1AM
WP R AP

DNA 20K HiR A 8 Nucleospin® Food kit X}
BYREAHIRONE . K. #HFE. wFAIKIITIEHE
41 DNA $2HC, He BRI i i %8, -7 T/ E s, Hik
3 DNA Z4fi#mf[a] 1 30 min €4 % 120 min, {#if{ 100 uL
BEMR G2 iR BRI DNA PIK . #R)5 {81 NanoDrop ONE 4}
HCEETHE Asgo Aogo AL PG EE(E, 1251 8 SR IBURE 5
) DNA W . 4lifE. $/NE . K. #iIFE. wIF. KK
M —FP ) DNA REURS —FBEZE 10 ng/uL, {1/
Qubit B E W, IR UNZ 1 FiR BRI ER &Y, LI/hE
AR

JERHE A 5 #E L DNA: K51l i i /N2 R 2 B3R
TFE . KOKIEIRE 1 iR BIHl & REY . SREMHH
Nucleospin® Food kit R & F T HREL, 2 T35 i 9 7 22,
AT TR E ek, BAASH DNA Z4#ET A 30 min EKF
120 min, fdFH 100 pL PEBEZE PR BEIE DNA MR, 55 (il
Ffl NanoDrop ONE 43t MG Agso Agso A FII I
RLAC T 72 HEERURE A ) DNA MRBE | 4l

TR L G DNA 210G 8 Nucleospin® Food %7
ST ML 4] DNA BEFTHEE, 9 8 1 7 0y
%, T T AMER, FAR R DNA Z4# T ] B 30 min #EK
% 120 min, 1] 100 pL PEMEZE M e DNA PIIK . fie e
i 1 NanoDrop ONE Z3 TN &E Asso. Aago RIS
JE AR 2 B HURE §h ) DNA MR | 4l

DL A AR A 1 FE R 41 DNA 358 F-20 °CREAE R

*1 EALHNAYMEIGEREGHR

Table 1 Mixed samples of cereal allergens of known proportions

e A ey el
DNA I B4R & (D 41) JEURHE A 5 $ U DNA (Y 41)
1 80:6.67:6.67:6.67 80:6.67:6.67:6.67
2 50:16.67:16.67:16.67 50:16.67:16.67:16.67
3 25:25:25:25 25:25:25:25
4 10:30:30:30 10:30:30:30

INGE R I RS

5 5:31.67:31.67:31.67 5:31.67:31.67:31.67
6 1:33:33:33 1:33:33:33

7 0.5:33.17:33.17:33.17 0.5:33.17:33.17:33.17
8 0.1:33.3:33.3:33.3 0.1:33.3:33.3:33.3
9 10:10:10:10:60 10:10:10:10:60
10 5:5:5:5:80 5:5:5:5:80

11 INEE R TR TR OOR 1:1:1:1:96 1:1:1:1:96

12 0.5:0.5:0.5:0.5:98 0.5:0.5:0.5:0.5:98

0.1:0.1:0.1:0.1:99.6

0.1:0.1:0.1:0.1:99.6
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1.3.3 PCR ¥ ¥ & /= 4 />

R PRRE S LS, BT R, AU X
ITS2 AT A Y FH 51 4120006 25 49 28 e s e Ok b4 75
UE (J2 N AR ZR R 18 R i T 4 8 ). ITS2F:
5"ATGCGATACTTGGTGTGTGAAT-3' fl ITS3R: 5-GACG
CTTCTCCAGACTACAAT-3', i) PCR KA FR N 25 L,
HAFfE 12,5 pL mix, FIFAFES (10 umol/mL)4%
0.5 uL. DNA 4% 3 uL (10 ng/pL) . FiA FHXZE KM E %
25 pL, AT DUAR S BB LN LR % (1% B A 1 DNA 4
B BHERTAR), PCR P HGFRF9: 94 °C, 5 min; 94 °C, 30 s,
58 °C, 305, 72 °C, 45 s, 35 MEW; 72 °C, 10 min,
134 XEHF&L ZHidzn 5

P SC T2 ) 45 R e 2 0 PP Y 3 L IR AR AR )
BB ARA A TE MR HARRIREERT . ARG
FESAN T B FE A EAT PCR 73S, DIHCH B9 H BRI 2021
BRIk i B 0 R B, SRR FESOBREFR Y X PCR 7=
HEfFE R, 2lifk)5 1 PCR ) {# F TruSeq Nano DNA LT
Library Prep 7 &A@ e o AR 4% B0 S isi i 43
AT ARG, MR SR Agilent Bioanalyzer 2100
PEAT TR, 8 Quant-iT PicoGreen dsDNA Assay iR
BSOS i . )5 SCUFAE 1llumina NextSeq V-5 |
AT, BRI EEZd QIIME2 (2022.11) 84k T
B BIORI 58 3 o IR P 50 B0 6 demux 37 £ A 7 A7 A Ak 2,
cutadapt f{FHEATSIMIVIRE, SRIGHEH DADA2 HfiffxlT
GIHEAT L8 . oM | PREERNR A IR L BR AR A 2
X LIRIRAR B P AE 97% P A AR L BE A T IH I, A iy
TEPETF DL J 2 AR A o 3 A0 SR AR M B0 2,
TETE 9 5 5008 2 i S 25 T 5 AH Eext, SRIUREANRRIE 7 51
SR B A 22 A B

1.4 BUEALIE

] Excel 2019 B{FHEAT S E G5 R Gt Je ek 211,
Origin 2021 F/F#ATIE R 22

2 HER50H

2.1 MH@mESLMIIE

JIRERBUR/INEE . KFZ . BHFR . W FERIROK ) DNA i
BB VG AE 1171.3~2358.9 ng/pl Z 1A, Asgo~Aaso 1E
1.70~2.00 Z[6](F 2), FBFTHRELA DNA FTi By, e
S S ER B B 1 TS 41 A PCR P18 % 100%, %5
FE RN N 100%, P25 R BRIGSE R EI/NE | K22 it
FE. W KK BARYIRN(EE 2).
2.2 NGS BUERH

ARG TN . R TR WIEMEERR S
1 DNA IRAWVE WAEHURE L, FRIEE 13 Rl &t e R
0 UF (b 25 vP PSR 5 A5 45 0 2 05 SR P R 5 A ok

J50). f# F Illumina NextSeq 2000 X} A AL s HEA TR, #5
PAF P A HATE B A I, IR BT S B
AR ALARAT 3271162 NG IFF, 2884612 A48 751,
TR A LIRS 1160594 LA 751, 1159703 Ak
FPa . ARERW, R AR S 2 R I IREE, g
i oy I 2 v 8 = DU I A B R AR T R O S
FEPOB R SR YRR 1R BT R L B, R
B UF 2 U5 AT R 3 B s EE v R, HiF 2
BOHE B TR 0 Y A5 B L EE M, B 2 35 Y AR,
T A5 P A ) 55 90 22 B 0% {68 v o o ) S 0 5 SR O T
B2 R, AR5 SR S T X R ADLRE i A
BRI R .

F2 ITS2&RBERNE. KE. T BF KKRER
Table 2 Identification results of Triticum aestivum, Hordeum

vulgare, Fagopyrum esculentum, Fagopyrum tataricum and Oryza
sativa using | TS2 barcoding

FE i Yish DNA JFiHHHe i Y

g Aogo/Aogo ok

Y s /(ng/uL) ghIR
1 KFE 1290.1 1.97 R
2 INFE 2026.4 1.91 v
3 FiER 1814.2 1.95 N
4 HHE 2358.9 1.93 N
5 Kk 11713 1.98 R

T NFORBE RN B AR

23 SBENFENAYEHENER T
2.3.1 DNA Bk A4 80464 NGS &R 54

AN TR A T B B TP RS RE A AE I A W 285 U B F A
[, NIRRT HITAL 1TS2 4B 5 NGS HHEs & T
LRETE N i P A TE 0O AR B AR 2 SRR TR ),
AT FEAE FHIEA 10 ng/pl A7 9250 0 Y e — W
DNA BRI L BIR &R 1. 4R8N (E 1), D1~DI13
W 4 AP BUR T ROK I RER S A s, (B3
FIR AT E B SUSIM LB TR . dn D1 gl N R
PEYIFh, TINELH 80%, (H YRR AGARXS F 5K 22.52%;
D3 /hZE . KFE | BFEMEFRE s, (RIC R
B 2.24% ., 11.14%., 69.65%F1 16.90%; D13 £HAN
99.6% IR MELTT, HAIBA 0.1%M/NE . KFE | §iFF
ISR, a0 45 0 R KOK B9 o Fh kR X S B A
14.36%, /NE . K3 . BFEAESE YRS 325 5 51
2.24%. 6.74%. 65.52%. 14.83%., WIFRLERFM, A5k
REASMERR % 5] ) DNAVR G 7 U iy 4 B el s, 0
PR AR YR P A XS 2 B X — 48 AR, TOTk SE AL A
. KFE. HEFE . WIHEUKIOKRPEHEE /0T, %8510
SRR 7S R A [, D8 415 D13 4rh iR
TR (0.1%)/NEZ . K32 . BFRFNE Fiad URI  Th
Y5, X FRMIAWE ST P H A R 0 R U, A R
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%16 %

Rl R AR i SRS B A, i AR, D
A R IR EIERAOR BN RS B e
PR AR . L, BHFRAPIRIRIN 4 B2 I8 v T S bR s i,
BCATRE S TS e AR, e R A o g o I
Fio [AIIS, SHIRAISEER & BRI S, SR
LR R E R . 25 b, N KA, BHFR. wFF
I SRR RE RS DA T EA HER 42, HARBUEARE 0.1%.

LAl N mOREE mm TR e O TR

DI D2 D3 D4 D5 D6 D7 D8 D9 DI0DIIDI2DI3
RN

10

S

oo
(=

(=)
(=

YRR %
IS
o

33
(=

B 1 T NGS B4 2500 SR DNA JEORIR & A Rk X =2 52
Fig.1 Relative species abundance of DNA mixes of cereal-based
allergens based on NGS

232 BARAJEIRICDNA 4 NGS & R 54

il T B B — RO SRR BRI 5
R E RS T B B, BhEE . K32, B3R, WM
FORIFRHE Ll DIEA S HREUDNA, #1755 @ 5y
R EIR(E 2), YI~Y13 A 4 a2t ROk
VIRepi S i, (R B A 2 0 P Fh 43 A5 ) 5 U H g e AR
o W, Y2 dmA 50%8)/NZZ, {HE YR AT B K
16.98%; Y3 4145 4 AWt MURSE IR G, /N L KEE .
Tt 3 RN 5 0 ) FORE X S BE 43 0l 2.16% . 30.85% .
28.05%. 38.86%; Y8 ZHIBA T 0.1%H)/NE, HAFh Xt
JEA 0.20%; Y12 4LES I 98% B KoK IR, A58 A 0.5%
) 4 FPAE P SR, w0 P 45 SR B R KOKR R AR
YRR 19.34%, /N, KFE . BHFRME TSR YF
AR EBEA 0 3.18% . 15.88% . 24.11%. 34.43%. 5
DNA TRA A5 as BAH IR, A7 7k R 0 48 B RE b iy
INFE L KEZ ISR W FER R, RICERE TR e i, HL
JECRHE A 77 ST A5 A Rl oRE 6 = B B T S PR s i e TR
BF, L REREIN RS A R E 0.1%8) 4 A2l il
Jo BeAh, HERMAERGTE, N K. IR IR
FOKBIYIR T & B S IR AR R . (HE s —1
Fi¥) DNA JFRGR G AHEL, BRI SEER S ARIE, N3z IS
AR, X TTHE RN DNA JRIREIR G i rh &
Wilh DNA WREMF, FRHEAHHNHFREE S E

B S EEZEY R, 75 DNA #2552 e & Gk
ghg, AR CIRY), FLISIRE R DNA B, A
FIP A I T RCR B AR 25 5, X SR R AT g
S BRI A 41 b 0 75 0 B 5 P AR X 3 B R AP0,
gi b, N REZ . SR IR R BE S AR O Tk o
4, HRBUEMZE 0.1%.

P USSP S PR S S

0
Y1 Y2 Y3 Y4 YS Y6 Y7 Y8 Y9 YIOYIIYI2YI3
B AR

B2 T NGS B4 ad SR ORI & Rk e 3

Fig.2 Relative abundance of species in a mixture of cereal-based
allergenic ingredients based on NGS
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PIRARAS /%
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20

24 MERMHSBELERSN

VA A T P SR, IR T I R T
AT R, X T B B P 40 P R T BB AEAE & R
B B L, R4 R BORR Hh R AR AR W 28 U,
43 A A U B R 48 B R 3R b JC A W 2 U
Ao TR M AY Mumina W F 45 R BR, 13 RS HAR
[ S W 2 536 3, I 3): ANk L S4 P A RAE
FE S BRTA W) L, SRR A H /N2 5 AR R T P (Rl
FE. W), FEEE S6 ARG BURARSE, FFH AR R P
AW HUR, FPrke /N FIRSZ ; S SO ik
T WRIAFAEFEE S WUR RN, (ASEPRAG R /NE | K323
ORI . RIS, Bl A A P2 aet S0 R A% Al A )
BILNFE & S2 rpAG I B (1 /1N 22 2o S A R AR X S Ay
2.98%; FFhh S3 R R L R MEIFE L BUR RN, ©
T FPAHRT E RS> FN 0.56% . 0.24%F1 0.38%; FEAL
S10 H N B A7 7E /N2 Rl SRRl R, P FikE X = 13 43 5
H 2.05%. 0.79%; FEfh S13 FPAGIIAEFE/INE . K FZ 1L
T, WIRPAHRT E AN 0.72%. 0.60%. | iR%EFIFE
B, TR S AR TR RR JE 1 2o A AR 2 | kLR 5 S B
R 285 RASTF B 15 0

TR, TERENLISEE T B S, DB
BRI EATFRE S, o NGS WP HdE B R 1
TE 0.2%BE LT MR F B P 28 B, S Bl A R A
SORREAE N 7 S ARG VR INA T R i AR A, 0 7T BB
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Table 3 Comparison of cereal allergens in commercially available food labeling with cereal allergens in high-throughput identification

(e A Bkl b A A 28 R T R AR S K B B 2 Bk
S1 N — INFE
S2 x — INAE
S3 INEE | SR TR S L INFE L REE . EIEE. EFE
S4 N B ER AT S L N LR TR
S5 INEE O ER T ) B LA INEE
S6 x — INFE L REE . TSR
S7 x TR T S L *
S8 INEE — INEE L R
S9 I — INEE L REZ L RIER. S
S10 INEE R TAT ) B L INEE L TSR
Si1 N — INFE L REE . TSR
S12 N B ERIRAT W S L INEE L R
S13 INEE — INEE L R
<R BRI 2R Rl — R RAR R AR * R AR th A 2 B
100
—=—S1
—o—S2
—&— S3
—v—S4
80 ——S5
S6
5
° ——
‘Q —h— SO
B —e—310
ﬁ ——S11
= ——SI2
= —¢S13
-
R

40

20

Yo 2R

B3 TR b A S R A o BE

Fig.3 Relative abundance of each allergen species in commercially available foods

MRS ER R (DR EURHE F B b T Rz
FEY; QA HTT 2 IR S EN S 5 Y
(3)HE A2 ol A Al U i e o e 4 S e
2 H bRk BUSE PR E AT BRI R 2R A B AR R
0.2%lIf FHERT, B A4 =R E B T8 &1l . L
FEdh S7 R, NGS 725 R B8 & A 0.01%FP AR 3 B
HI/INZE R B AN, AR PECRHRARARTE/INE 14y, ZR6 HeE
LT AN B /N L R R

AP IR AT AEYHEE S, S5
TR B AR R, &5k — RIS RN, ™
S ANATTI H R A o Mmﬁﬁmiﬁfﬁm@m&
iR SRR A, MBS TR I 2R, IR RS
#m*%ﬂgmﬁol%,ﬁﬂ%ﬁ?NGsﬁ%élﬁz
3 26T o S 8 AR Al R T B B i TP R B B 2
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R fgNAE L R L RHFRANE RN TR BB P JOR} l
DNA JSRA, ARl & 3 W MR R AR b, JF
PR £y P A W) U T REAAE AR Rl & i S5 TR B 7
o SRR, TS S A -5 2 R L (51 PR R AELRE
a2, RPIZ Ty BT LUE R %00 B RE R A /D
A RFE . FHFRAG SR U, H SRR A b F AR
S E 0.1%00, SRR, AR R, RTHRSA
T, PIRNR G T B RERS N 2 H AR U R, REUE
64 0.1%, {HJSURRR S J7 SRR S AR X Ay i 2 8 5 52 P i
A B BT o AR B TR R ARSI R, RO
iy A W 2K e B P A DO 235 3 5 R P T 9 s R
B HCRHE G — B, (H A AR AR ARG 45 2R 5
AR BAFTITE B . AT A P SR IE B AR A AR IR
RO NEATE, AR i, A
TGP DR RRE .
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