FIITS2 B0 S BRSSP v LLIZS BRI AR 57

BER, FRE? R HL FAER
(1. B R AR AR B 74 1M 5106322, BRifE R AR WA RA T, )4 BRI 519090)

HWE. BXKL PO FRERA%RDEEZZUR BT FRAG LK (Eutrema wasabi) . # Ak
(Armoracia rusticana) . 7~A& (mustard) #/RAIm Tk, A A ZAEK DNA W34 EE B R 11
(Internal transcribed spacer 2,1TS2)#& R beik EAHAHEZ B LK KRR, A ZHE KRS AT
THREF R A BAMNBELSE A3 FHEBHF (LR IR G R)AZEMHH RERARA
DNA i@ i 3] 49 ITS2_S2 # 47 PCR ¥ 3§ /2] ITS2 R &, M L& Rd@d A W2 6 F ok v #
%% ., MEGA7.0(Molecular evolutionary genetics analysis) % #7 ITS2 53] 4 R &8, L& &7 K
Fo kA% K2P(Kimura 2—parameter ) 3% 4 32 & /£ 0.088~0.171, 3 X T 0.01, 18] & F 12 .5 & 36 4,
1 F AR ITS2 A3l sk 3k A KAk 3 X 5 &, 7 4F,GenBank P 3 47.L K
B B Al AR BRAR R R 89 ITS2 A7) ,MEGAT.0 #E 47 #F 18 &> 7] 447, it F K2P, 5 7 4%
# % (Neighbor —joining, N @ #t LAt , LA SE FHLLGFERA—L AR RKEEHF K2
FRBA—K I, mAARE A — 3, B AT ITS2 47, ZLI0 R 538 F 8ol 4 K kAR
I A 89 A) K2P i 4 3B B £ 0.030~0.105,% K T 0.01, AFR &AW, A A ITS2 H KT L E 50
R AR FE G A B RTAR THREPAAREEZRHA RS ERLRZEE, ALSR
FHEH R R R A REHRFIRE,

KRB : L3R HAR T R N304 1A 18 R TI(ITS2) ; 0 A 26 52
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Identification of Components of Eutrema wasabi, Armoracia rusticana and
Mustard in Pungent Condiment by Internal Transcribed Spacer 2 (ITS2)
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(1. College of Life Science and Technology, Jinan University, Guangzhou 510632, China;2. Zhuhai Kingzest
Food Co.,Ltd., Zhuhai 519090, China)

Abstract: In Japanese diet, the pungent condiments are mainly made from FEuirema wasabi,
Armoracia rusticana and mustard, which are in the Brassicaceae family. Futrema wasabi, Armoracia
rusticana and mustard were quickly and accurately identified in the study by the internal transcribed
spacer 2 (ITS2) technology, providing a reference for the technology used in the quality control of
pungent products. In this study, three plant materials, i.e., Fuirema wasabi, Armoracia rusticana and
white mustard, were used as the experimental materials to extract the genomic DNA, and the ITS2
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sequence was obtained by PCR amplification using the universal primer ITS2 S2. After sequencing,
bioinformatics analysis was performed for species identification. MEGA7.0 (Molecular evolutionary
genetics analysis 7.0) analysis of ITS2 sequence showed that the K2P genetic distance (Kimura
2-parameter) of Euirema wasabi, white mustard and horseradish was between 0.088 and 0.171, which
were all higher than 0.01, and there were 36 interspecies variation sites, preliminarily inferring that
ITS2 sequence could be used to distinguish the three species of Eutrema wasabi, mustard and
horseradish. In addition, ITS2 sequences of Eutrema wasabt and its close relatives, such as Kutrema
edwardsii, Armoracia rusticana and mustard, were obtained from GenBank. MEGA7.0 was used to
analyze the interspecies sequence, calculate K2P and build evolutionary tree by Neighbor-joining
(NJ). Eutrema wasabt and Eutrema edwardsii were gathered into a large branch. In the meantime,
brown mustard, white mustard, and black mustard were gathered into a large branch. And Armoracia
rusticana was alone as a branch. ITS2 sequence analysis of Futrema wasabi and its close relatives,
such as Eutrema edwardsii, Armoracia rusticana and mustard, showed that the genetic distance of
K2P between species was between 0.030 and 0.105, which were all higher than 0.01. This study
showed that ITS2 technology could be used to identify the relative species such as Euirema wasabi,
Armoracia rusticana and mustard. This technology can be used to identify and quantify the specific
raw material ingredients of pungent condiments, providing a scientific basis for food quality control
and food safety.

Keywords: FEuirema wasabi, Armoracia rusticana, mustard, internal transcribed spacer II (ITS2),
species identification

TERRSE TR R a2 B AR H I R R A 7R AN E A VF 2 BF 5T T o O T R S S | A T £ A

A SUCE R T, T AER I — 2R
FE A SRR MR, o A R R 1 2 O B 1 X
R o B UL R RO L R AT R 135 )R T
TR E RS S RS PR SN R
PR Z BB A ITA, FEWRIE A AR R AR,
(ELH T 1L 5 T R 9 B 358 R 2% 8 220, e s I
WO St AR ERE 5 L AR R AR, T i 2
T BSR40 2R FHAR FPORAURR L 25 ISR AR
P SR G (PR AR TR ) IAK 5 BT8O B o
AR, o TR AL S o (ER L S BUR
FIIT A I AT — 58 B DO B4 L 28 i) 5 ik
5 BUR IR (6- AR O ST A SRR AR 7P A
e P L e L R i ok HE B A R B R, X 3 AR
AT EAAR AT AR PR AR, MH PR S H —
Tl Fly o B i 1% o R A 2 I AR P B, T
AL 2o A B2 JER A | P I T % i 24 S — b AL
R UL, T R A5 A A RO R R R A A
B BRI 14 BP0 e SO A Bh . BT RLL IR
SR L I T A R R L2 AR T AR
SR AT REME M E S A EEANE L, [

B 7F R oL 85 Palle —reisch 25 F] A 36 %% 5% oo 4
13G42-26 5| ¥y W ikt & 75 f v 19 28 % R FAS O
K, FEAE i WU S PCR A HEAT 5 AR I, 78
A, BB IS 25 M FHIT R Sin A1 8 58 K B0 1k
519 A £ TR B,

T s A S R B S T AR
i I B 23 AR AR AT 2 L 2278 AL B (A I 7 R 6 B
st ME AT R B R 00 A X B R i, 5 75 24 PHIE B
1 G5 (1% S IR M T TR ARG T 32 A T A i 4,
T8 2%, K s 2 R R R E IR O
AN BRI 3E TR BRI 3 Fdh A XA Tk
AN RE TG AL T 37 5%k L SR A 8 U 1 R

FE ) v A 6] b Bl B 43 F B i, TGI8 7R B B
RN T S b AR RE R A R E RS R R i ]
1 il SRR SR VEURD 56 B 5 0 LS L fE LR RS
o VR 2 058 R BRI SR VR O o AR R
I 35 PRSR B R5 525 14, DA ARG 13 I 32K = i 11
WAy o FERFAEO I L IR SE T e RS
JRZ A B E S 5 WA S ISR $R 3 % Hara 509
BAE T AR A RE S5, 8 R O b PR O T
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Identification of Components of Eutrema wasabi

CHEN Xuezhen,et al: ificati i,
R E S EA RC H ART' C LE Armoracia rusticana and Mustard in  Pungent
Condiment by Internal Transcribed Spacer 2 (ITS2)

ArMY 1 (% %5 AY822710), I H A FH 1l %% il 4%
SPEB Y38 a3 528 PCR §7 4% 11 25 2 JF 1 il 3 [N
WiMY 1( %55 AB194903), 4K, B IF F i 3 [
[ J5 AR Bt 5 o o B R M DL i 2R Oy
T I R R e S | R LA T A, R
FEHFGA AL, AW R HUE A= PCR R AT
R AFE 38 SN 56 9] R0 f A D X J3E TR, i AR A 5%
TR — BOARERY . A BE A Y DNA ¥ 51 H 5
PR DNA NG SEmIfm X T (1TS2) 18 R bs
i, KRR AR AE T A H#EAT PCR 378 AN F A
T 1 28 5 H AT e M osiaR | I R S5 ot
B A 2 Ak b 45 ok, 3 02 1 S 25 A T A
e R M T ik . N R FE Sk ) B X (Internal
transcribed spacer,ITS) J¥ 51 2k RNA JE K
FETE T 4589 RNA (WAETIRE T RNA JP 81, F 4% ¢
X /) 5.8S rRNA JE B M, 43 51 #% Sk 1TS1
ITS2, #iFHY M ITS KJF bigfa e, 7£ 600~700
bp, Hrfr ITS1 A9 K Ry 187~298 bp, ITS2 K & N
187~252 bp", ITS1 I ITS2 %Eﬁrﬁﬁé%ﬂzbﬂi Hi T
WK rDNA J& 5 B E A 1 BRI P 91, 3 2 v i
S B R R AR N, R HEERT T,
ITS 76 K5y B A R Z T 248
P, Bba] 22 5 oA IS, BT AT LUFF ITS 2 3 1
25 5 MR I 2R W B kAT 2 10 Chen SRR
ITS2 ¥ 51 Al LIVE N Hn i DNA 4500 % 51 25 Fl
B LA Gy, D9 St R B DX (ITS) P 91 1) 4 7 3R
G O AE—SEAE ) S rh 2 25 b 0 S e v ) iz L (B
TE BT b AR I P e O IR I BRS JR R S TS R
i JE I
Y& F T ITS2 F5iC DNA 5 A& % 1 2% 12 3 |

TEARBEAT o0 i A S R S, D i 27 R i
P R S PRGN 1L 28 BRI R SR IR A4

1 #il57HE

1
L1 KB

111 &m0 (Ewrema wasabi) . AR
(Armoracia rusticana) , 197 K (Sinapis alba) . ¥k ifE K
AR A BRAS AR AL (B2 R T AR TS R )
TEAEAE B ILER 1,

112 XA PCRYMHIY M A T Y THEA R
AL OITS2 51 F 51 (ITS2_S2F : ATGCGATA
CTTGGTGTGAAT;ITS2_S3R : GACGCTTCTCCAGAC

x1 ZBRHERER

Table 1 Sample information

it s 5

1 1122 (Eutrema wasabi) JN387781.1
03 s iR AF078032.1
rusticana)
3 FIJF K (Sinapis alba) i1 MH645770.1
TACAAT) .2xTaq PCR MasterMix: 4= TAY) T4
B 777 i s DNA SR BRG] . - 7Sbe 38 — B LR Ak

¥ (CTAB) .4 RV 412 (EDTA) | =52 AL & L H

Bt (Tris) AT O BE N | B-%i B L 1% . bt b

A= R A IR |7 i

1.2 Ak

1.2.1 DNA # R 5#&al  FRBCFE & T # 100 mg,

4G CTAB ¥ v #2 UM 97 DNA J7 v 2 Uk B 4

DNA ,DNA H TE & w5 i .

1.2.2 PCR # 3 & 5 WA 10 pL:2xTaq

PCR MasterMix 5 L, F 51474 1 pL(10 pmol/L),

& DNA 1 wL(100 ng/pL),ddH,0 2 wL, 5147 ITS2

P FEY .94 CAEYE 5 min;94 CAEYE 30 5,56 CiE

k30 5,72 CHEAH 45 5,40 3 ;72 °C 4E fif

10 min, ¥ PCR F=¥) ik 24 T4 T A RA A

W

1.2.3 GenBank ¥ 3K BLL K | #RARA I K 5542 8

AECHE TR R 58 BRARFIGT R 3 R 1TS2 7

SIEME B (W2 2), H MEGA7.0 #4178 5%t L, 3t

SRR BB M 4B 45 B (Neighbor—joining tree,NJ

tree) , &% # Bootstrap (1 000 YK & ) K % 4% 7 X %

R

F2 BEERREM L, HRMITK 3 MEY T2 F
FEE

Table 2 Information of ITS2 sequence of three plants of

Eutrema wasabi, Armoracia rusticana and
mustard in the database

75 HF Y GenBank % 5% 5

1 9T K (Sinapis alba) AF128106.1
2 F#IF K (Brassica juncea) AF128093.1
3 IF K (Brassica nigra) AF128103.1
4 B (A rmoracia rusticana) MG235336.1
5 P L &5 5% (Eutrema edwardsii) MG237688.1
6 1135 (Eutrema wasabi) JN387781.1
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1.3 HEFESH ] 1 K2P AL HE B i, o 0.171; I 5 vk 2
3 FRE S PCR ™= 000 5 Ji5 ) A5 Iy e ] S ] ) K2P st A% M B f /N, o 0.088 5 BiAR 5 15 1Y
P, i MEGA7.0 1155l i) 35¢ 1% 5 B3, FH 5 R ABLAR K2P i f& B 20 0.150., i R Eb X e K2P 5%
1 (Maxinmum likelihood , ML) #4 & AL R P B ER AT , BT 0.01, 97 28 4 Wi Rl T 1TS2 5471
2 prapy e ﬁ‘fﬁ%mg\%ﬁmﬁﬁﬂ@ﬁﬁﬂéo 25 5HR  F
FEAR ITS2 FEAN X Ja P A FEA 198 bp, -1 G\C
2.1 DNA #RE5 PCR ¥ i BRFE & A 6.99%., 3 FhEE &L ITS2 J7 81 He Xt I 748
F CTAB 42 il 28 AR | IF K 3 FhAE & S 36 A, HoAli S [ OR S AR A
B ZH DNA, £ Nanodrop %5413 56 6 3 6 S 18 A, L2 SR Z H) AR S 5 26 4,
Jove BRI I 519 1TS2_S2 43 5%t 3 FhA: TER 5 HR LX) I A8 S0 054 29 4, BARAR 540
i FEEUR) DNA #47 PCR ¥4 . PCR =¥ 1 g/dL R 4,

SR BIEE I L DK R 3 R DNA HE 39 73 iy 198 £3 LB RRREFR ITS2F 2L THE 8

bp e 2 DNA %&%O PCR fu:%jf N T AT Table 3 ITS2 sequence information of Eutrema wasabi,

FAg FR AN | 47 0 Armoracia rusticana and white mustard

22 uESHR. EFFRAFIEERERG s IETUCTCTIN RSO

D MENCE 198 18 0.088
22 MEGA7.0 23 A7 LU XTI, 1 9% AR & 11 3T K LB /AR 197 26 0.150

Y TTS2 3 1 et J i) 7y A0 B 7% S5 o7 i st 1% IR BAR 198 29 0.171

HE B4 B e A L2 3, o, PR S BUR 2 i/ B AR 28 36

F4 LEFRERAFRENFEERMSR

Table 4 Variation sites of Eutrema wasabi  Armoracia rusticana and white mustard

10

FIJFR-ITS2
112 -1TS2 © © T T (© G A G A G (¢ A T A © T G G
FRAR-1TS2 T T T (© T T G A T T T G (© T (© (© G A

AR AV 1,

I
10 m

FIFFAR-ITS2 T
11 -1TS2 T ¢ T € A T T G A A T T T € G G G C
FRAR-ITS2 AT C€C A A G - T G T G - T €C G G T A

23 BAMAZML)HEHEHEINLZE HKR 24 FITS2 F3IHE LZE R Hik 49w ad 4R i
S A=Ei S (NJ tree)
it MEGA7.0 Al R AR (ML) 434l MBI GenBank HH 3R HILI%% | PEAL 1L #53%

& OHUR AT AR 3 FPEES TR 1L 25 S R R R FIITR BRI R CBITR AR By 1TS2 /741, FIH]
BRAR Z (1] K2P 35 1% 1525 43 51 24 0.090 F1 0.160, 1 MEGA7.0 #7484 H (N tree) (WLIE 2) , 1135 PH L
TFAR R Z (8] i K2P i85 R 0.170, F L #T3E LL 99% 1 S Re e R — R 3, BTl 28
FRABNER I (ML) A4 2 () E AL AR (LI 1), 3R 5 P17 HoAb A 1TS2 Fe 3 Al B & X B HF ik r R 5 H
R 22 TR 3 A% B RS dR I, T 0T R LR 2 ) A sk TER BIFKRLL 2% 0 LHRERR N — KL, FAIFR
1 S A Al FRFITARLL 75% 1) L FFHRR N — 1, LFRFRY KT
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0.050 Sinapis alba-1TS2
0.030
&Eum&ma wasabi-1TS2
Armoracia rusticana-1TS2
0.090
—A
0.020

Bootstrap : None,, 7 3¢ F 19U 175 K2P 38t 1% i 2

B1 EFITS2AAZKMAZEML)MELZE KR . BF
7R B L AR

Fig. 1 ML method based on ITS2 to construct tree of

Eutrema wasabi,Armoracia rusticana,and white

mustard
70% ., P TTS2 [ 30 Al LIk 3 F ot A 5 Ho Al 4 o
X4y, HAT DK BRI R 5 HIF R BRI R XA I, 43
Mr 6 25 ITS2 F# 41 () K2P i fEE 2 (L3 5) ,6 &%
%1 2 8] K2P #4485 78 0.030~0.105, 9K F0.01.
vl 25 595 d6 1l 7 3% 2 18] 3 AL B B d i, Ol
0.030; F5 9T K 5 AR Z 8] 1 35215 B B Ik, ok
0.105;3 F JF K = [8] 19 K2P 38 1% M B M 3T | 7%

0.045~0.049 ; 111 111 &7 22 J& (14 111 25 A v b 1L 3 28 5 25
&R 3 Fh T R M EE K2P 3t 44 E B 7E 0.064 ~
0.077; th#3 22 & /Y 1L 25 M pa b 1L a7 22 5 AR A H
K2P L B 7E 0.093~0.097 ; 25 & & 3 ok 5
BRARAH L, K2P it & #E B 7E 0.080~0.105, Fr ALl &F
FEEEEE KP BE B ol , =8 R 5 HRZ
1] K2P 8t {4 I 25 fe it

AF128106.1 Sinapis alba

75% 0.020
72% 1010 AF128093.1 Brassica juncea

0.010 0.030
AF128103.1 Brassica nigra

0.020
99% 0,010 JN387781.1 Eutrema wasabi
0.020 MG237688.1 Eutrema edwardsii
0.020

MG235336.1 Armoracia rusticana

.010

0.050
0.010

Bootstrap: 1 000 R H &, 4332 b A IHL A 7Ry 34 5
(F1=50%) , 53 3 T BUE R K2P 8L HE B

B2 A NJEETFLERLILZYH ITS2 F It hs
Fig. 2 NJ method based on ITS2 sequences of Eutrema
related construct

wasabi and its species

phylogenetic tree

x5 WERHEZWH ITS2 F 3 K2P BEEE S

Table 5 Genetic distance analysis of ITS2 sequence of Eutrema wasabi and its related species

AF128093.1
(FEIF AR -ITS2)

AF128106.1
Ge ank ZEE;( 5 Ly e Q
enBank % 5t 5 (HFFR-1TS2)

AF128103.1
(BIFER-ITS2)

MG237688.1
(P b 1L #7 5 -1TS2)

MG235336.1
(BRAR-ITS2)

AF128106.1
(HFTAR-ITS2)

AF128093.1
(BEIF R-ITS2)

AF128103.1
(PRIFR-ITS2)
JN387781.1
(IE-1TS2)

MG237688.1

0.049

0.045 0.049

0.064 0.077 0.065

(PG b w7 3 - 0.072 0.077 0.064

1TS2)

MG235336.1
(FRAR -1TS2)

2.5 itig

B A A T PR B o R BT A A A e K AN T
TR A o T Ak L 2 G Y000 K R FH S e A
SE JL3 ) AR S A R AT 20 A e R AT
R 43 A 3 U S DR I o £ 22 A DA RN it
TR I R T2 . DNA FRic Ui SE R A% 1 iR )y

0.102 0.105 0.080

0.030

0.093 0.097

G AR S AT LSS A ol ] R N R Y 2 R
Fln, kK DNA #3id COT BRI X & 5 b sh )
Yy Y S SR A RN b 0 R AT T A
G Uy T O 7 ST 5 9 A K I 2 B 2 LT
B DX (TS ) 2 AH T 0 R RE v A 2 8 B ml A8 P g IR 2
e B, 7E X)) 5 4 [ g ) b OC & v B 2 AR
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SRR S b ol 3R BRAR S I R AL 5

FH 3B AR AN BB 1) %5 B T AR i g
WAL /BT ITS X3 DNA J7 51 5 5] 51 & 9 b 3 1
JEE g 1SS AN ) 7 b i 0 TR T S
BRI Amaia %536 3 F 1TS § 3% FIH SYBR
Green T 1 TaqMan M Ff 55 B 5 it PCR A 5 25 K6
I A 2 ) 5 B

AT bR 22 9T BRE R BA  H LLEE SR e
b, A A I R P RO AT R B A B,
IR BRI AR Y XU 5 1L ZE AR AL 1EL LU 25 1Y) f A
5B TR AH HAE RN R T LT R 4 5k
AR ANBEE U B RAE R HELY, CATEZ
FER I RE S 51 P R I £ 5 b Ll S5 RO | R R
A3 AR5 4 15 3 e R 5 A A A% i AL 6 A
MERE IR . DNA S5 A5 2 — i 1) FH 56 D520 v s o
FF A2 VB %5 DNA 791 0k SR AE 2L 0 W) B i 2 R F
B, AMFSE N GUER T WA M 4% {& DNA
(ecpDNA) , 535l )& rbel F1 matk ,/E A HLY) DNA XJE
b8l Alaklabi 55 F) H i SRR FE DR mark 15T 440 56 (X
rbel X WA A (4 REL W 25 R A ABCERL M T HE AT A 2
FEW Fang 45 38 1 X185 7K 31 4 1 Jiti 350 17 e A= 00 TR Ve
1Y rbel & DA A T 8 i 2 I 7 >k Jaff Bl 12k 125 5% g 7K B
Yt AT e W, (EE T cpDNA 78 25 Y1 AH 5 19 53
JEHE Z A7 70 5L D 3l DA BOAR RE X &R G2k B RG E
G PEAE TS AE Y [R) R i3 26 T 51 3 b ARG BRI
T cpDNA 7&J& s Rk V-1 43 BCBE T, T 18S~258
FWEVR DNA (ITS)FE Ry 8 098 A 07 1 & S K . Hao
ZPU[E] I} A FAZ ITS F0 cpDNA 30 T RS AF
G G B e )] A R R L bk B — el A ——K
W35 A~ EAEYA B X 5., o, BHRT K25
WFFEE N ITS2 L ITS1 4K ITS B A A1) T #4748
Y™, W T ITS1 2R BER Tk AR IE LR ~F 19 )7
51, Hoggard 5> L8 A H 1TS1 /N % rRNA 188

S 2 3

(SSU) . KV 3 rRNA 26S(LSU) I ITS2 %5 N KH
#, KB ITS1 SSU 3% LSU #ricd JC i i1 51
ITS2 FRic R B S Ar S5 BT, 44K 1TS ¥4 I
ITS2 KARZ , LU ITS2 W Jir 7 B A v, ELAE i
DNA [t 25 5 m 4 K ITS 5 foRs s ik . 55 4
ITS2 A 24548, b ITS [P AR~ s, BRI, A
WFE B F TTS2 J37 51X I B2 I8 ok b v iy L 2% %
AR IF AR HEA TR E %
[ 1

AR

FEF ITS2 J7 51 119 4 o 68 o 1 2R 28 43 r 485 2 ]
AL, IS HIT R Z ) K2P g A8 B s, R
0.088; I+ A 5 HUR Z [0 i) K2P i 5 i B fc K, Ay
0.171, WZEHHITR, BHRXS G2 AL A 36
A~ K2P A& B B 4 #7 mT LA H 2% BUR A JF
AR I 3 A R B A, I 3 R A A A R —
S, BEH ITS2 JP A X 3 1ok, B P 345 1L 28 %
HIm WP ITS2 FP 4, i NJ kb 4T R G i e i
L2 AVE L 1L 87 22 LA 99% 1) X HF R B — K32, [
TER BIFRAFIT R R A — KL, Warsk@nyh
EMPIIL#r R S EE R 3 FiJF K K2P & i
BTE 0.064~0.077, M2 & &1 3 Mo R SR K2P
1845 B B 7E 0.080~0.105, K2P 33t 14 FE B R840 | H.
KT 001, XEZERRB] 5@ o R ITS2 J3 51 i 17
DNA 4 38 FUI P 43 A7 66 W 1 2% K He 3 2% ) ol
Mg R I HZ O vk 1T LA S S R e AR
Aoy, M e TT BRI T P R A L 2E | BUAR B
IR, J3bb T LK% 05 2 0 T 95 E & PCR,
AT [5G 00 5 A 28 BRI AR A A0 B R
i A I3 B B i, DR ST R DG B AR I i —
ol O 2 26k R A ARG T v

[ 1] FIGUEROA J,BLANCO C,DUMPIERREZ A G,et al. Mustard allergy confirmed by double-blind placebo-controlled food challe-
nges: clinical features and cross-reactivity with mugwort pollen and plant-derived foods[J]. Allergy (Oxford),2005,60(1).:48-55.
[2 ] PALLE-REISCH M, WOLNY M, CICHNA-MARKL M, et al. Development and validation of a real-time PCR method for the

simultaneous detection of black mustard (Brassica nigra) and brown mustard (Brassica juncea) in food[J]. Food Chemistry,2013,

138(1):348-355.

[ 3 ] PALLE-REISCH M,CICHNA-MARKL M,HOCHEGGER R. Development and validation of a duplex real-time PCR assay for

the simultaneous detection of three mustard species(Sinapis alba,Brassica nigra and Brassica juncea) in food[J]. Food Chemistry,

2014,153,66-73.

SRSt A3k 2021 £g 405298 IEEH




CHEN Xuezhen,et al: Identification of Components of Eutrema wasabi,
RESEARCH ART'CLE Armoracia  rusticana and Mustard in Pungent
Condiment by Internal Transcribed Spacer 2 (ITS2)

[47 8B4, B BRI, X0 55, 20985 PCR AT A 5 v BUBUR T AR S4 [1]. B A T AR 2835 ,2011,31(1) :61-64.

[5] 47522, S SUR A N R A I 7 BE PRI (0], B AL BIFFE 5 0T &, 1997, 18(4) :48-50.

[6]8A, FB4a 5t WO, 5. TR h R IT T BERE I 19 5 7 HEAR S v [ B 202 2 80 TR 2 SRR RS B AR E
LB SE[CL. Kb b 202 4x,2005,392-397.

[7 ] HARA M,0DA M,YOGO T,et al. Detection of horseradish (Armoracia rusticana) myrosinase genes in samples containing
horseradish[J]. Food Science and Technology Research,2008,14(4):389-394.

[ 8 HARA M, YOGO T,SUMI T, et al. Detection of wasabi(Wasabia japonica Matsum. ) in food products by using myrosinase genes
[J]. Food Science and Technology Research,2007,13(4):380-394.

[9] E e, sk 3, BRaKTE. % rDNA (% ITS JP I TEw: T R 48 5 SEALHT S T i I [I]. mh ERR 24 B 222 4, 1999,37 (4)
407-416.

[10] ELDER,J F,TURNER B J. Concerted evolution of repetitive DNA sequences in eukaryotes[J]. Quarterly Review of Biology,
1995,70(3):297-320.

[11] XUHEFS  FRSLE0 B P 2T ITS PO ORI BE 4= A M HE R H KA. L4 41,2007,34(1) :23-28.

[12] CHEN S,YAO H,HAN J, et al. Validation of the ITS2 region as a novel DNA barcode for identifying medicinal plant species[J].
Plos One,2010,5(1):1-8.

[13] CALY S,ZHANG L,SHEN F J, et al. DNA barcoding of 18 species of Bovidae[J]. Chinese Science Bulletin,2011,56(2):164-
168.

[14] FILONZI L,CHIESA R,VAGHI R, et al. Molecular barcoding reveals mislabelling of commercial fish products in Italy[J]. Food
Research International ,2010,43(5):1383-1388.

[15] MASAYAMA A ,MURAKAMI T,SAKUMA D, et al. Discrimination of mushrooms causing food-poisoning incidents by using
DNA sequence analysis[J]. Shokuhin Eiseigaku Zasshi,2012,53(5):237-242.

[16] TOUHATA K,NAMIKOSHI A,SUZUKI T, et al. Origin identification of dried seaweed product “nori” by PCR-RFLP analysis
of Pyropia yezoensis in the internal transcribed spacer ITS1 region[J]. Fisheries Science,2013,79(5):865-875.

[17] AMAIA G S,BELEN P ,JESSICA G S,et al. Specific detection of Aspergillus carbonarius by SYBR green and TaqMan
quantitative PCR assays based on the multicopy ITS2 region of the rRNA gene[J]. FEMS Microbiology Letters,2010(1):57-66.

[18] GROUP C P W,HOLLINGSWORTH P M,FORREST L L, et al. A DNA barcode for land plants[J]. Proceedings of the National
Academy of Sciences,2009,106(31):12794-12797.

[19] ALAKLABI A,AHAMED A, AIQTHANIIN R N, et al. Molecular characterization of endangered endemic plant Aloe pseudoru—
broviolacea using chloroplast matk and plastid rbel gene[J]. Saudi Journal of Biological Sciences,2021,28(1):1123-1127.

[20] FANG T,LIAO S,CHEN X, et al. Forensic drowning site inference employing mixed pyrosequencing profile of DNA barcode
gene(rbel)[J]. International Journal of Legal Medicine,2019,133(5):1351-1360.

[21] HAO G,ZHANG C,Al-SHEHBAZ I A et al. Eutrema giganteum (Brassicaceae) ,a new species from Sichuan, southwest China
[J]. Phytokeys,2017(82) :15-26.

[22] HAN J,ZHU Y ,CHEN X, et al. The short ITS2 sequence serves as an efficient taxonomic sequence tag in comparison with the
full-length ITS[J]. BioMed Research International,2013(5) :741476-741482.

[23] HOGGARD M, VESTY A,WONG G, et al. Characterizing the human mycobiota:a comparison of small subunit rRNA,ITSI,
ITS2,and large subunit IRNA genomic targets[J]. Frontiers in Microbiology,2018,9:2208-2221.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 9 2021



