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Identification of Tricholoma matsutake and its counterfeits based on TagMan
real-time fluorescence polymerase chain reaction technology and DNA
barcoding technology
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ABSTRACT: Objective To establish a method for qualitative determination of Tricholoma matsutake ingredients

by a TagMan real-time fluorescence polymerase chain reaction (PCR), and identify the conformity of Tricholoma
matsutake and its products with their labels by DNA barcoding technology. Methods Taking the pol gene of
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Tricholoma matsutake as the target gene, specific primers and probes were designed to study and analyze their
specificity, sensitivity and repeatability. The established TagMan real-time PCR method of Tricholoma matsutake
was used to detect different types of commercially available samples and identify their authenticity. Results The
established method was used for real-time PCR detection, and there was no cross-reactivity between Tricholoma
matsutake and 32 kinds of other edible fungi, animals and plants, indicading strong specificity of the method. The
sensitivity was 0.01% Tricholoma matsutake and 0.01 ng/uL Tricholoma matsutake genomic DNA. The authenticity
test of 160 commercially available Tricholoma matsutake and their products showed that there was counterfeiting of
dried Tricholoma matsutake. The test results did not match the labels at a rate of 36.70%. DNA barcoding technology
was used to further identify the species of counterfeit matsutake mushrooms, with species attributes of Sropharia
rugosoannulata, Tricholoma giganteum and Tricholoma bakamatsutake. The non-compliance rates with labels in the
authenticity testing resultes of other collected matsutake products were 23.70%—-60.00%, respectively. Conclusion
This method has high sensitivity and strong specificity, which can quickly and accurately identify the authenticity and
compliance of Tricholoma matsutake ingredients.

KEY WORDS: Tricholoma matsutake; TagMan real-time fluorescence polymerase chain reaction; DNA barcoding

technology; rapid detection; authenticity identification
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AT, ARS8 ik R B S SRR e R )
B BRARAGI Jy i1, RS2 RS Se e e AU L 2 A R R
FRRZR, E LA S BIPA T (RS o bt 2 511 TaqMan SE2H
9N R G W%k 2 (polymerase chain reaction, PCR)H A
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TaqMan SZHF2¢5E PCR KGN F AR (AN EL LA PG . K 1E
A gy, 3 T DRk B L i b R R A3 1 LR B G,
BAERARIIE ARG . I RIPERR . (R ER
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SEH . WA . SRR BA . AR
SR . BN, R, JUEE . AHEE . RN
B MR | AEIE . Wk, BORHE L GIHEE . A4
MR AGPN . AR MG 0. ATER; HAb SIS
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Y FE K 2H DNA $2EURH) & (175 DP305, RIRA:4b
B AL B BR /A F]); PrimeSTAR® Max DNA Polymerase
795 R045Q) ., Premix Ex Taq™ Probe qPCR(%%5 RR390
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1.2 (UFE5E%

QuantStudio6Flex i} 2¢ € & PCR (32 E ABI 2y
A]); 5415R /NRI R VR O HL(EE Eppendorf 22 H);
DK-8D A #E IR K 1A 58 (i — TR 22 AU A IR D),
Epoch B##1% (35 E Biotek 23 Fl)o
1.3 RIE5E
13.1 # &4 & DNA #9425

PR O BE S 2O B b PR, FR BRI S 4] DNA
PRGN G HERAE VLA HEA T T AT FE AL ) DNA $2HL, JF0
TS 2 B UL R 4 DNA 4 4003 AN B
132 %

WHAT AR UE SN/T 4625—2016( DNA 25T i ik 5
BiHEBR ) o ITS 51551 (ITSS/1TS4), M AR RIFAH K
HoAbE RS FEN 4] DNA #5477 PCR §7 38 i, FHokd™
P e, 53R BT S0 3% 1 E KA W EORE B
H10»(National Center of Biotechnology Information, NCBI)
YEAT BLAST [AIEE X, DL R B RE Sl i B Rh B 1
1.3.3  TaqMan 5 &F 358 PCR 3% 5| 49 B AR A4 69 % 3t

7£ NCBI #4fs P b T #AA HE Pol JER P ¥R S % 7
51(GenBank: AB016926.1), {fi[] Mega 4 #{4%t)3 41 k47
Lo X AR AT, P BSR4 22 SR I, SR Primer
Premier 5.0 #F1% 11 B IR H W5 [ AERE . BARS | PR
FREER P8 ange 1 s .

#F 1 TaqMan AR PCRIES RS FFIER
Table 1 Primer and probe sequence information by TagMan
real-time fluorescence PCR

255 EIL/ES 517 51(5'-3")
s Pol-F CAGATGCAGCGTCACCTATCC

TS Pol-R GGCTGAACGGTTCTCAATCAC

s Pol-P FAM-AGGCAGACGTGATGGATGG
AATACCTGTCAAG-TAMRA

1.3.4 TaqMan 5 B 3¢ £ PCR % B AR R R R 4t
FWAKRZ: Premix Ex Taq™ 12.5 uL, b F#g1%Hk
JE 978 10 pmol/L)4% 1.0 pL, TagMan 541 (M€ & 4 10 umol/L)
0.5 pL, 4 DNA 2.0 pL, ddH,0 8 pL, Az ik Z 3125 ul.
KRS 95 °C 30 s, 1 ASUWAEER; 95 °C 55, 60 °C
30 s, 40 AN RNAEFR . ZECIE A SE AT 2 € it PCR Bk
ME.
1.3.5 TaqMan % B % & PCR k4§ M X3
FE B 1301 AR IRORS T R At £ P R R At S Y
B HPIRE S B0 FE D41 DNA, I 58 Haf B Fv ¥ )5 A T
TagMan SZH%¢ 5 PCR §7 34 ) fi, [RIBT LA ddH,0 KAE R 2
X AR, DR AR R G A Sk o

1.3.6 TaqMan % B 32 £ PCR & R #UE iK%

AT AT B A BRSO IR Be: B RAR T . AR
HREMEEMSOE 4 A REHBSERSE, R
100.00% . 10.00%. 1.00%. 0.10%F1 0.01%FK Fi & il 5
T DU IR AR SR A AU BRSO B T L T, 43 B T
K41 DNA J5#1F TagMan SZHI5¢ 56 PCR U, LATHE
H R 0 43 5 RS R

PATE R A3 I i VR B R AR i K SR IR AR L A
ZH DNA %M 10 ERVIFRE, Wil & Tk B 7m0
100.00, 10.00. 1.00, 0.10 F1 0.01 ng/uL, LAISr%]4 DNA
RN AR HEF T TaqMan SEEFE5% PCR Jh, DABfAE PATFL,
35 2 e R ARG I R AUEE
1.3.7 AR HRE

RS 100,00, 10.00 F1 1.00 ng/pL AIFA AL
2 DNA 43 BIVE B34 T TaqMan S2AF 9856 PCR S,
T T RGN 45 SR C B AR S R B
1.3.8 55 FR & A S A 3 % 2 69 409X B

TP K He ) dh 33T 160 43, FLIGFAERSES, 15 14
FATEVRAN 15 03 . WAEET 5 30 43 . A% 20 £y . AATFETRIR
B 20 1 . RFEGETCRINIS 3 FR&E SIAER R B 24 TR AL
TAT 15 7. ARZE SRR AR AR T8 10 13 LA I bR s
REME A I EH AT 52 10 43 AR SASE I 1Y 24
PAIET1% 10y, A HOE A S MRS
1.4 BUEAIE

6 808 % F Microsoft Excel 2016 X il 2 S it g
HEAR 222775347

2 HR55H

2.1 HmBEMHFEMEE

T DNA I H A WA i pA T B LR 5 & FH
SRR BT A e, 4 BLAST RIJEEHEXHE, &
BRI RD B R LS N 2 R, WK ESS R s 3
PR RATFERE i B 27 Pl HAth £ FH GRSl B R 2 S R AR R
F—3
2.2 E#Z4E1 18S rRNA ASEE RN R

ZHATAL AR UHE SN/T 5637—2023 (6 Flvi Tl AR FAEE AL
O3 B PRSI 7 B SEI 96 PCR 3 ) HHELAE ) 18S rRNA
WA YES, RUCSER 35 FhRES LA DNA #EfT
TaqMan SZHF 585 PCR §7 3 S0y AGI 25 5 an &l 1 Fes, 42
FERAEEAE PIE) 35 RIER AL 18S tRNA PN KPR G ) 25 S 14
PAPE, LAXGEK A DNA BEHR 25 [0 B B g
WLk, FrAREML R Ct {ETE 14.16~18.78 JEF A, MK
5 B F ] 2 A5 R ] TaqMan 5258 5% PCR J5 XA
PEA TR S O A I B, TR B RE B DNA 34038 H
T 1N
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Table 2 Species attribute identification names of Tricholoma

matsutake and other edible mushrooms

FEdh g FEah 24 FK Y E LR
1 FAFEGE ARAE 1) Tricholoma matsutake
2 FATE( )1 H 75 Tricholoma matsutake
3 AL (= B AT HL ) Tricholoma matsutake
4 WRAE Agaricus blazei
5 IRANTE Stropharia rugosoannulata
6 HAAE Tricholoma giganteum
7 YN Tuber indicum
8 SE/N Tuber huidongense
9 KN Flammulina yunnanensis
10 ey w2 TR Bol etus umbrinipileus
11 EEr G| Boletus reticulatus
12 WA R Leccinum aurantiacum
13 SRR Boletus bainiugan
14 4% 7 2 TR Rugiboletus extremiorientalis
15 AT Neobol etus obscureumbrinus
16 FptE Morchella sextelata
17 JUE Hohenbuehelia serotina
18 I Tricholoma album
19 BRFA 1 Tricholoma bakamatsutake
20 IR Sarcodon aspratus
21 A i Pleurotus eryngii
22 SN Hericium erinaceus
23 JEARH Auricularia auricula
24 PLAE) Cantharellus yunnanensis
25 a4 Lentinula edodes
26 TR G Oudemansiella raphanipies
27 B Tremella fuciformis
28 T Agrocybe salicaciola
29 213k Russula vinosa
30 (HEZD Dictyophora indusiata
2 o
Son
0.5}
& 04
£ 0 /
= ot v SR

246 810121416182022242628303234363840
TEEREL
TE: 0.04 R ATOCHME, THEIFE.
FATE B AR IR FE i 18S rRNA i 25
Detection results of 18S rRNA for Tricholoma
matsutake and other samples

1
Fig.1

2.3 WERS TagMan SEEFSEE PCR 45 F MR

R AT AR AN L K 27 b FH B ot Al
5 RISy . AR A TAR B L TaqMan SEI 5
PCR J5 R SR ST . R 25 SR i 2 fvos, 7 A 7k
SERL . DU FORN 2 T A L DX PR AT A 2 23
DPEE, R BT R A MERAEE . ORARNE B
T OBANER . IRAEESEIAM 27 FhEHTERES G RSE S
TS DSl | AT S B LS K B X BE ARG I 45 2R 44 S B
PEo S8R BN, IR IRYI R 2 S IR 5 H 22 1)
YYARAFAESE SR, WA 58 S I FA B AL 4> TagMan
SEI A PCR AN 7 I 4 e A, 38 FH AR B AL oG
iRl
0.50
0.45
0.40¢+
0.35
0.30
0.25
0.20+
0.15
0-0970.04
0.5 2 4 6 810121416182022242628303234363840
TEFR
TE: BIMEXS IR 27 FhHAL & AR AL 5 Fhgl) AR
é Ileﬂ!ﬁ ddeOo
B2 FAEEALSY TaqMan SERT 3 PCR 45 S 25 21
Fig.2 Specific detection results of Tricholoma matsutake by
TaqMan real-time fluorescence PCR
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2.4 WMYERS TagMan SERTSE PCR REEIMLER
241 AEBRSRENSBRBLAILER

¥ AT G MM EIRENEHRERIRES )G, HEAH
JT L L P A AR S A TR A BRI T, 43 ) 4R B
HELH DNA, DLt AR H TagMan SZ2EF 5856 PCR 5
PR IFATR B BT /0 B RAWEE . 255 3 s, i
B4 TaqMan SZH 25 PCR J5 1 B B 43 BO il 53
A% 0.01%.

0.70}
0.65]
N 8?(5)-
La 0.50}
= 045]
R 0.40
R i
= 025]
% 020
2 015

<0091 0.04

[1]8

005

24 6 810121416182022242628303234363840
PEIEL
1 1. 100.00%FAFEE; 2. 10.00%FAE:; 3. 1.00%FAEE; 4. 0.10%FAE;
5. 0.01%#AT; 6. 25 FIXT I ddH,O,
P 3 BRI L B AGI 25 21

Fig.3 Sensitivity test results of simulated samples
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242 BEBRSREREZHEREER

PL 10 5 R 50 F R il 25 00 5 ASAS IR s MR BE A R
fh LR 2 DNA SRR, SR TagMan SZA%¢)G PCR Jrik
KA By M INZE RN 4 B, AR o vk
BEH 0.01 ng/pL B, FAESS R INEE R B, A sy
PET R BB, B E AT R 4 TaqMan SEH 285 PCR
Jri iR 2 DNA L B wnil R B8 0.01 ng/pL.

0.70;
0.53f o4
= 0.50} /
= /
3033 ~ )/
& 030/ /
2 0% 1/2/3/ 4/ s
ER et T
< 0.05[24 ——
0 " 6
00SE
2 4 6 8 10121416 1820222426 28 30 32 3436 38 40

TEEREL

#: 1. 100.00 ng/pL; 2. 10.00 ng/uL; 3. 1.00 ng/pL; 4. 0.10 ng/pL;
5.0.01% ng/uL; 6.75 A%} #8 ddH,0.
&l 4 AN[FZER 4 DNA J5 5 e BE R U R I 45
Fig.4 Sensitivity detection results of different genomic DNA mass
concentrations

FABEPET ORME) . 2 R LA B 27 TR R i P 0 T 1 4 Al
ERUNR 4 Fr7m . FEA RS EEE SORIPAFEVR i 2t R R
Prigh e, RgE R IANE, BT PR E A,
25 5 SARAEAFF LB R 36.70%, HE—25 K FI DNA 450E
W ARIHER B M EHTY RS E, BERF I L BoR B E
FAEEYIRHE ol PR BR 35 15 (Sropharia rugosoannulata) .
K 10 % (Tricholoma giganteum) F1 £ #& E 2 (Tricholoma
bakamatsutake); FAE: il i EIEVA T . AAEIRMR . FAE
BETCRA YR 25 5 p SRS AR 1 LEAG) 4350 R 35.00%
55.00%F01 23.70%; bR IAFERLA AR AL T 5% | JR TR
T OURE SRR 25 SR b S AR ARAE I L1 43 0 k- 40.00%F1
60.00%; PREANTIAE M IAEE T ZREET 5
A R BRI G R 2, A ISR e . A4
FH, ATHFTE ST AN AL A3 A0 T 7 vk T A G A b 2531
T RIS TR A AR, HA BRI I Kz
3 R o

F4 TELRERRREFAMERNER
Table 4 Label compliance test resultsof commercial
Tricholoma matsutake

beapny (AU GATEROY B RIS b

SR P PERESRECRY  MELLB)  SSARRFELE)
25 EEMMBREMRIEER /s 1% 1%
N ff
W FUF R R 100,00, 10.00 Fl 1.00 ng/ul AIFAEE P i 1 1 100.00
A
JE[FIZL DNA W, LI BERTE(T TaqMan S 76 ) PCR MBS 15 15 100.00
B G AT 30 19 63.30 36.70
SO, RS BRI IFT 3 DO TR, B Tk
e
153 T IR, PRI S Cr (4N 7 2 TS HEA i S 1 6500 3500
ET——
Btk StAMRD, SNERREA T 040%-061% IR 20 ° 4500 5500
\HF A
ZI), HEEAE R RN T 1.07%~1.49%2 8], Py At e M}iﬂf 15 10 66.60 23.70
. o N [y il
AR RZB/NT 2%(F 3)o AIFST A 2 5T (AR AR AT
4} TaqMan SZF 55t PCR K )y o 78 42 P A LR P8R s ? 60.00 40.00
X ! TR
R3 WEMS TagMan LR PCR FAEE M e Aot 10 4 40.00 60.00
P B (bR S FATY)
REMREER0N=3) = —
Table 3 Repeatability and stability results of TagMan real-time T%@‘?'ﬂ 10 0
fluorescence PCR for Tricholoma matsutake detection (n=3) (PR AT
DNA T - i [ RGN
T A5 5 Z K% e 10 0
T /(ng/uL) Ctfft S RB BTN
100.00 22.58+0.10 0.46 TR SRR
HNEE 10.00 25.23+0.15 0.61
1.00 28.64+0.11 0.40
100.00 22.94+0.31 135 3 WR5%iR
RS 10.00 25.48+0.38 149 B2 4 A AR B R R,y B Y D B
1.00 29.00+0.31 1.07 AR R R T 3 i B i, MR S E & ST R

2.6 TEHMMERRS TagqMan LA PCRA
RS
TEFATEEE S, | VO URA . b . FATEEE | AR FERORT |

FE R A, dEd R B O R S S E T SRR, R
THPE I BT - AR I ER ] DNA S8 1TS
s AL YRR 28 R R YIRN R R E, &
BLAST [R5 G i Ja 1 2455 R i R — B i 5540



557

WZRE, % 2T TaqMan LR OLR G MFE U NI DNA ZIE S HR S BIRATE K b 17

A3 25 OO 1TS2 #7901 DNA S04 AR 7l 4G %0 X 43 1
1 FH B A 8 A A — 2. Ui DNA &8
T B A A o (L BC DA™ S R 2 v 3 PR . Ao
N7 T BT TaqMan ST PCR £ AR fFA T K Hf b %0y
ik, FEERSEE . RUE . FR MR A ik AT
Titks BFFERMA, %5 A R B AT IAF] 0.01 ng/pl A2
HHANY] DNA, @ FAREFEHPIE 1 PCR 84540l
PALAZ BRI AR AR Jy 1 P S AR. DNA SR fIGAS 4t 0.1
ng/uL, TaqMan SZBF%¢56 PCR AN R BUE & T30
PCR, JH. TaqMan SEAT2¢5% PCR I8 LA Frm ks . adf
PRSI S | 22 42 J0T5 Yo SRR 34, o03E FH 1 S5 56 5 RSl
IR X A7 R SHLC A o A A T R A

HREXE 160 473 T EE AT K L A T AR T B A3 A6
S BT B AR S RN VR A DR BB AS SRS R, WA e
Y5 L2 Tricholoma matsutake; {HAA T Al fFTEMR B A,
K 25 5 S5 hR 28 R HBE 36.70%, 248 DNA £S5
Sy HT N R B AT 0 JE M R R ER T . LR B A
BRFS TR, Pl Sh A (B2 S S IR AR FEAAR; LA SR hn 1
il A I 25 SR SEREARFF R LS 23.70%~60.00%, 5
R B ARSI BN AT B O Bl B 2 5ol i
i . TaqMan S5 PCR 7 AR KN4 K JLi 5 FL O 7
BT, TR AN TR R ARG ST, s sk
B T 52 5 R Sl rp v B AR 52 ) 1) A i T
PO AR S, DI R AT =l (i g g e R .
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