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Research on DNA barcoding identification method for gluten
allergen components

YI Zi, YANG Li-Xia', LIU La-Lan, ZHONG Fei-Fei, LI Ben, QIN Ji-Jun

(Changsha Institute for Food and Drug Control, Changsha 410036, China)

ABSTRACT: Objective To establish a method for identification of gluten allergens in food by DNA barcoding
technology. Methods The 4 kinds of molecular markers (psbA-trnH, trnl, rbcl and 1TS2) were used to identify 5

gluten allergen species, including wheat, barley, oat, rye and buckwheat. The 4 kinds of gene sequences of each
species were obtained from GenBank, and sequence alignment, genetic distance calculation and phylogenetic tree
construction were performed using MEGA 11 software. Results Among the 4 kinds of gene sequences, only the
minimum interspecific genetic distance of the trnl sequence was greater than the maximum intraspecific genetic
distance, showing a significant barcoding gap. The analysis results of the phylogenetic trees constructed by the
neighbor joining method showed that the phylogenetic trees constructed based on trnl and rbcl sequences had clear

branching structures, and different species could be accurately clustered. Therefore, the trnl sequence was the optimal
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DNA barcode for identification of the 5 gluten allergen species. Combining the trnl barcoding detection and

high-throughput sequencing technology for the detection of 7 actual samples allows for simultaneous detection of

multiple allergen components. Conclusion The trnl sequence, as a DNA barcode, can accurately identify gluten

allergen components in food.

KEY WORDS: DNA barcoding; gluten allergen; identification
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BV O R 2B AL TR R, PE5EIT,
BERAE 1% A AH 2.5%089 )L % 32 £ 9 SR Y,
o Bk 5T ok B (U FLIBE TS ) PR HL 5 | 1 S i B ] - 0™ T
J i i B I R AE R, BN e BOR FEAAAE T
INFE L REE . BAESGEAYITh, S AREREENETIK
FLEE VS 1Y B SRR DY . BRI A, FLBE TS 5 i
1%~2% M N AL HS Wi Ik X FREmE, ™
G A S BRI SR ME— A RUIRT B Bk, B
mi R T A3 RS MEAS I, S OR B AT (A 25 .
TRE TSRS A R DR S, RIS
ARy = O &2 =R

R, BT R Ry vk AR R ik
(L B0K 5 728 MR R 72 9L VR B 1 o 4L 14 % 4
By, GARCIA-CALVO “£7 % T 45 8 APk IF
SR FH T 30K f 92 W BEE e A 0 4 2 1, A PR R 15 mg/kg . (H
BN T B A e . SR KA SR AL 4 IR
BRI A RIRM G AR50, PRIk R
JERMR T R 2 e () B AN () 4 ok s iy 8k o 2 1 2L
A FIEYE, A PR R RE & A2 28 U hE, MELUAE 1§ X 43
HAR YIRS, PRI w05 KBS PEAY . JIRA 2N ODR
FHWAH €38 - Bt kil A W E, KRy 10 pg/ke,
TN T SR BR 2R . Bk E, T RO
G ¢ AR A R AS DU 2 0 ok U AR 1, g 2 A
BRI PUA, B REOT ) PRk A I ) 32 A
T B E AR, REEREAL, B X 5 b
BORE AR B B

X BB AR, DNA A FHEFEAREAE
1R RS M AL e e o, SRR 52 B R A AR ™
WA, CBCH B S TR A A P B AR, R T
VRERAL 74y F 3R, e 2t SR S e R A
JitH4% X =2 v (polymerase chain reaction, PCR)AG: il T i 5 14
BLAY, WRB B AP UR ] £ H S U0 R PCR OGN 2 hk
T el . KGR, &SR HR A B AR
G 5 DL R AL SRSy, BT S DR AR e
AT 5 P g% R 43 o {H 3 PCR B H AR —
AN, Z T PCR LA BERIN % B b irApl o) ok se
Bz i . DNA SRIEEARANE N —Fiog 4 A Yy b %€

Jrik, A 2 A BARE YRS E S I R By A, nl sk
Xk AR T AR, AT C AR 2 A
BRI TR ARSI SR, o0 EPOR AR LA
il it SRR R i, B ARV ST ITS ARG
FROPRAEE b PR AR AT ISR B S8 T ik TEREIE T S0, T4
PEPNEIR T AR W R S e S 2R e
IS, AR B TR R
R AR EOIAE e 2 b L S B ST . % T DNA
FICAHAR BA A SR S TR R A R AU
SEIRF, AW B ER RIS T B U 22 1) DNA
FIU A S Ty, T I T A e S DR S M S A i
G, Ay AR i A JSOR R ARG 4 BT R T-Be, X0 T
HEMLRUERA . REEE R A TR NS
SR

1 MR5ERE

1.1 UE5%%

CP225D HLF-KF-(KEJEE 0.0001 g, 738 2 R0
/~dl); Nanodrop one FUAZMAH A m AN [T Bk Qi /R Bl
(hENA PR R, $1000 B PCR XA ARAE A B2 b (L
1A PR/ F]]; QlAxcel Connect T4 H B R /34T R G [Pl
ANEY TRGINARAE].

1.2 #R5RF

K7 (Hordeum vulgare) . /N7 (Triticum aestivumL.) .
HE 57 (Avena sativa L.). 2477 (Secale cereale L.). 37 &
(Fagopyrum esculenturm) F1 7 A4~ 52 BRAE i (T ) o

Premix Ex Taq Mix[E H AP AR ALE)ARAF]];
FIAE LAY CROEE) R A RAF] DNA 205
BEIARAY TRGEINA R F.

1.3 FIIRSSEEx

AT GenBank FHEZEFTFET 5 AR50
B psbA-trnH. trnl. rbcl & 1TS2 J$%1(psbA-trnH 531 13
2%, trnl 731 30 4%, rbal 531 23 4%, ITR 751 40 %%, BEAR
TEANE R ULER 1), 38 1 5T R 7 41 b X B vk 4 R
(basic local alignment search tool, BLAST)ZIRE#E4 T+ 5[]
TEPEXT L5 iy, SRR TSR BE P9l )E, LRI A %
FE3l 106 45 FIH MEGA 11 A=9{5 B2 W e i s
ARUFFNIEAT LERT, IR BRI HE AR ST F B o
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Table 1 Information of sample gene serial number

LB W& e
N 0Z7253662.1
K% MN171383.1, 0Z243444.1, MN171392.1, HQ600125.1
psbA-trnH e KJ477761.1, KM538882.1
RE HQ600151.1
Fr NC_064334.1, MT572344.1, NC 010776.1, MT668925.1, KY206922.1
INE MZ230675.1, MW889059.1, LC377169.1, KM668209.1, MK348610.1
KR 0X338151.1, 0X337649.1, 0X337900.1, 0X337889.1. 0X338333.1
rbcl ez MN192754.1, PQ605487.1, L15300.1. NC 027468.1, MK525268.1
B MF597037.1, KY636136.1, MK526649.1
Frd NC_064334.1, AB000310.1, MG249568.1, MN204819.1, MN192588.1
INE MZ230675.1, MW889059.1, MW889060.1, KJ592713.1 ., MHO051715.1
K& 0X337900.1, 0X338307.1. 0X337505.1, 0X338490.1. 0X337664.1
trnl e GU367245.1, MK336398.1, EU276603.1, GU367244.1, GU367243.1, EU276606.1
B MZ507427.1, LC645358.1, AF519162.1, NC_021761.1, OL688773.1, KY636133.1
_— NC_064334.1, MT572344.1, NC _010776.1, EU024792.1, EF653788.1. JQ041838.1, EU109605.1
EU840543.1
N AJ301799.1, PQ860599.1, KF482108.1, AY346115.1, FM998862.1, FM998871.1, AY346119.1
K MW506987.1, KM252859.1, AJ608147.1, AF438194.1, MW506797.1, KC193783.1
T i AY520821.1, EU833797.1, KX872934.1, MH808787.1, EU833800.1, EU833798.1
B HQ600533.1, MW509895.1, 0Q506348.1, MW509903.1, KP296112.1, KF482106.1
. KY945305.1, KY945332.1, KY945285.1, KY945325.1, KY945327.1, KY945334.1, KY945330.1

KY945277.1 ,KY945300.1, AB000331.1, JN083792.1, 0Q629348.1, JF829995.1 , EF653685.1, IN187114.1

14 EEEBETE

iZH] MEGA 11 BF X5y 91 i 47 R G o0 b, BT
Kimura2-Parameter R K58 115525 90 Fh A0 b A B b 0] 35
liF
1.5 PEERGLENEE

iZH MEGA 11 RS ERE LB, i
AT FF RIS 0Hr, Flid Bootstrap 1000 YK HE & K56,
WAEE D L RGE R B RAN RN, TR R MR#ES
TRk .

1.6 FEmil

Al tnl &R E M E A5 W F
5'-CGAAATCGGTAGACGCTACG-3'; R: 5-GGGGATAG
AGGGACTTGA AC-3)L Xf 7 AT B4 i EA 7 2 050K
Sy FESKIREIS, FREK 200 mg SR T DNA $RBGRAF &
$2HU DNA,PCR " 3{KZ 4: Premix Ex Taq Mix(2x) 12.5 uL .
RS9 10 pmol/L 45 0.5 pL, DNA (10~50 ng/uL) 2 uL,
F ddH,0 9.5 uL . PCR " 14 554%F: 95 °C 30's; 95 °C 5 s, 60 °C
30's, 72 °C 30 s, 40 MEHF; 72 °C 5 min, ¥ 877362k T2k
P TR ) A AT B I EA T Rl s DU, I 45 SR
GenBank 4% 247 EL X 2087

2 HRED

2.1 4 FMREIEZEFRB ARG S S HTEe

K MEGA 11 34 #9 Kimura2-Parameter [ 25 #5050 %
psbA-trnH ., trnl, rbcl K 1T FHI T B E & i, 45
REIR, 16 psbA-trnH JE4 (R 2), & PRGN A 5L
B 0~0.8966, FlAII (LI 2% 8hF 0.0563~1.1584 Z ],
Rl RS AL HE B 0.8776, trnl JF5 R (R 3), BRMEE
FEF IR AEEE R 438 0.0053, 0.0163 4b, HAthis K
O(FR TR, Fhls L ¥ BEE A 0.0292~0.5788, Fiili]
SEHIBAGIE B 0.3074, FhA] /MBI B K TR ek
WAGEE RS, RIRRPY . FhIRlAE7E i 1 TR e B, i rbcl
FP A (3 4) 0 o 314 B B BR 3522 0 0.0049 4, oAbk
0, F i 8 AL HE 85 40 T+ 0.0041~0.1120 X[, 1TS2 F 41
(32 5), FlPIBAEEE 4 0.0016~0.0213; Fli[7] 5t £4 i 25 3
FlH 0.0141~1.0213, FhF4msiEEE N 0.5195,
psbA-trnH ., rbel . ITS2 3 A3 K 7 51 (o Fh 7] dee /)N 35t 15 T 8
INTF RPN R R AG IR , BIRRDY . FRIRIJCATE R R B 25
BB R INGEE 6), HER 4 B0 TF 5 il E] - 25 35 1 g S
psbA-trnH>ITS2>trnl>rbel i tas, H 4 FaTEmh R
A trnl 70 ] S5 /INg A% B i R o de R A5 I
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2 psbA-trnH EEFFIMA. FhELNEEEES
Table 2 Intraspecific and interspecific genetic distance of
psbA-trnH gene sequence

&4 rbcl BEFFIFA. MEEEES
Table 4 Intraspecific and interspecific genetic distance of rbcl
gene sequence

lES N R e B Fik

Fhk N RE iz e Ik

INFE 0.0000

/N 0.0000

K& 0.2984  0.5728

K& 0.0041  0.0000

HEE 1.1447  0.8576  0.0026

M 0.0164  0.0206  0.0000

Y 1.1584  0.8558 0.0563 0.0000

mE 0.0041 0.0082  0.0123 0.0000

Frd 0.9821 0.9978 1.0835 1.0619 0.8966

B3 0.1071 0.1120 0.0932 0.1023 0.0049

F3 trnl BEFTIFA. MENEEERS
Table 3 Intraspecific and interspecific genetic distance of trnl
gene sequence

®5 ITS2EEFFIMELEGERS
Table 5 Intraspecific and interspecific genetic distance of | TS2
gene sequence

S N RF%E M Bk i

GES N RE Mk e Ik

INZE 0.0000

INFZ 0.0213

KE 0.0825  0.0000

KFE 0.1308  0.0064

e 0.5234  0.5673 0.0053

A 0.2638  0.2953  0.0016

B 0.0292  0.0624  0.5350  0.0000

mE 0.0141 0.1263 0.2546  0.0026

bz 0.3742 03981  0.5788  0.3694  0.0163

Fr 0.9272 1.0213 0.9760 0.9306 0.0209

R6 4 MREFHDHFHAFMEEEESERILR

Table 6 Comparison of intraspecific and interspecific genetic distances differences among 4 candidate barcodes

ol P 3 12 11 Al 5t 4% P 2
DNA £JE4Y
fe/IME fr o] RS al(E] fe/MiE N T
psbA-trnH 0.0000 0.8966 0.2944 0.0563 1.1584 0.8776
trnl 0.0000 0.0163 0.0043 0.0292 0.5788 0.3074
rbel 0.0000 0.0049 0.0010 0.0041 0.1120 0.0426
ITS2 0.0016 0.0213 0.0106 0.0141 1.0213 0.5195

AT 5 AR A %
22 MEERGREMST

T 5 AR 30 % trnl SEEJF A, SRA4RHEL
(neighbor joining, ND)MJEM R L EWUE 1A s,
ZER IR, [Fl—PF BRI SR, Wi SR
TEWTATHE; 25703 A SRR T 96%, HhRERA
JESCRERRIE 100%, RIIZRGK T IZEN BA R E
ATEEYE

rbcl JEKFAIR RGE K BRWE 1B Fis, [F—Y
T AN [ AN AT SEBEERZE, Wi a] SRR M, [H.4% 73 3¢
IR SRR AR B

psbA-trnH I ITS2 KL [R5 51 (1 R 48 L B RHNE 1C.,
1D PR s R R, AHIREPIRIR 58 2R T A — 2 52
INFE L FEFE . KFEM psbA-trnH A 781 R IE Al —
RO, /N HRAE 1T BRI P S ITEIR] RIS S A
I

FIRZERE, T84 DS, trnl BERF 514E
N DNA 5B, X0 5 A ER T U I R e £
2.3 HEmENER

VA A I 5 07 1 0 SRR A 1 S8 A (B, AR F

SEUAEE T 3 A5 S [R) R A R i SR B DL AR,
SRR trnl ZRIEAS P45 B 1%t 7 AR S EA TR, 2
WP 7, Hd, YP-1, YP-2. YP-3, YP-5. YP-6iX
5 AR b PR R 1 R T U R — R, RN
Mz | ANAZ L INAERNMESE, A D45 SR v B A X A
T U R, YP-4 FEBPRAS bR e e . BaE |
# 3 FhERTL U, ORI ez, Rk B L FR
YP-7 FESAREEARA S/ NAE | M IR ER T RO, (UG
INFE, KK e . BAN, ZOT IR A | R
KGR, U RREPRER TR, . BT
LR YIENE RS o (HAAER AR, YP-4 il YP-7 35946
T AR RERT MG | AN LY, RS R T T
BRI FERR A AN B EJ  AREI A AS: H 1 J5E DS mT i
S FESREYIIE TR S, BT I A AR A
Py, TEEIR T EARER A U A3 A S5O . 43-#r
SR, TR B AN FE S AETE T A 3 U AR S 5 SRS
SRR -G i 5L Bbert i o &8 2R i
LAY, ATCRSAS I Jr i 5 5 At ek A v 1 2o B
K AR GRSy, T BRSO A WA E A A
H B
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0.01
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INE

)
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MW306797.17
631 AJ608147.1
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KX872934.1
9NEUS33797.1
99lMHs08787.1 [HE%
64EU833800.1

9 EU833798.1

,_JN1871]41 N

EF653685.1
0Q629348.1
781JF829995.1
374 KY945325.1
o KY945334.1
12K Y945285.1
20K 'Y945305.1
15[Nos37921  |FFE
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AL trnl; B. rbcl; C. psbA-trnH; D. ITS2,
1 SRR 4 FhE R ND B
Fig.1 NI tree of 4 kinds of genes in allergen species
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Table 7 Detection results of actual samples
R AT o A7 -
PSRRI h”ii;fﬁ@ FRas T R e
N E . TR - IR TE2E . AR . BE . Hibk. & o _
YP-1 Ll Bk KE . Zh P A, ANE L R, kG
TR R M. am . Mk, k. BR. k.
P2 PR SR / Wk e b WU e
YP-3 NE. KL A / ok, IR . ABVER . DR Tk, NE. K
| Wk BAET . BBl BT, FUNEE. k. BAG. T, ML
v PR / WA MR R A ok
vbs I wa, xy E WO SREER. AR, TE KL A
B S
JOK(95%) . A IRI(3%, TRk, Jok. . e n
YP-6 / / R . R Eok, M KK
E8 WL EHRE . WE . -
o P / R . EERR . BO0E . T PR

Ky, KK e R RERE

VE: SFR AR
3 &

ARUFIT A AS 20 B psbA-trnH ., trnl, rbcl A1 1TS2 4 /N3t
RSN AL, & trnl JEE0 R0 A FD a8 A BE 2 25 e AN 2
R, (B R AP /N B TR B R TR R IR B, B
FhPY . FRIAFEAE A M ABAD M BR, Widla 3 A EE T4
TCMCFRAE . R R — L IUE T X —45i0: BT
trol, rocl FFAIREEE) NI RELTW, SYIFEENE WK
XK, H trnl WX EREZFFREWEET rbe; MHILZT,
psbA-trnH Fl ITS2 FFFIFFEMR S R G . L5 Lk
TRHF, trnl FEHVREIRIA A RSN | K37 . e . BBEM
FEFE X 5 AERTYIR 0 Bl DNA &JEAS .

A4 trnl SR8 )7 1 5 Sl e P BR A S A TS8R
FE AN, AT ARSI S AR A R, DB R A R R
T AR RIS R, RS B 2 R TR
PERC, TR ICIEY i a B S R, Xl Re
BAEPIEE o A — B R R, TR REAF
RIS T ORRERAZ KB E I
A2y A U R PR SR E PO R Y AT %,
PRI A S5 SR T - TR 2 S0 TB B 1 J ik 4R s ik
PR R 1 3505, Sk SR T R A e i T A )y ThT B {5
2T
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