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14 3% (Lentinula edodes) =&
15 44t % (Flammulina yunnanensis ) =8
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Fig.1 Detection results of 18S rRNA gene in black truffles
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Fig.2 Specific detection results of 6 species of black truffles by real-time PCR
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K2 EMBEXLHRINX PCREEEMBEMESHT iz PPN ENFE RS M/
Table 2 Repeatability and stability of real-time PCR o = R & AL %
for black truffle detection NS 20 20 100
= o By ¥
DNA R EL f“g‘/ CtAaF H 14 ’(‘ii;‘ AN 20 20 100
etk ‘ 2 i F K 20 20 100
AT E 10 19.74 £ 0.09 0.47
. 24375 0.19 077 2 R 10 10 100
. + U, .
Z o E A 5 5 100
0.1 29.28 + 0.26 0.88 &
VAN % B vk )
P £ A 10 19.56 +0.22 1.12 B RAR 3 > 100
Ju A e,
1 2466067 271 kTR 20 0 0
0.1 29.76 + 0.69 231 A E AT 20 0 0




408 hoE

i oF i

2023 455 7 #

) B AT B B B O RE i (R AL R B R AN R
PRy ) X B A 2 B Ly
100% , A & AN B 803 1 4% 18 AL T B 4% 1 i T
BERE S O B S5 2R R I 25 2R 5 Ry AR I — B
] B SR F DNA 45 T8 65 77 6 % BH M A 5 647 1TS
S F I RO, SRR EE (T, in-
dicum Cooke & Massee) , ¥t W A< SC 3 57 1Y S 76
J6 PCR A I J7 125 5 B n] 58 | 78 AL 88 1l o3 5 M
5 v LA AR R A S B ;A B

3 #Hig

AW ST T 458 AN ER 53 1Y) TagMan 45
BE SIS 5 PCR AN J7 v | HLAT B35 A4 4k A AL
e A R 23 i e DL A R Bl
R it 24 TC 28 SR NE, A D SR B AT 35 3] 1.0x
107 ng/pLL, B FARE L 41 DNA 55 5344 0.01%
O SRARGR By . XF 120 13 11765 PR 5 S PR AL i A
48 S35 55 AR IR — B, TR R A I 2 SR Y P
PEFE S 5 DNA ZRIE R b o 7 25 4 0 45 5 — B, 136
B AR 7 v A 00 48 SR At T S, Y B A PR AL R
B VR T BRI TR AL 8 A 7R R AL R
J 53 LS e h B AR S PR N, A
T3 5 0 R ST R AN TR [ RS A A A 1, TR
AR RN T B T R R T A L R R
il it ) O 00, SR bR B AT B PE AT 5 AT B IR
Vi IS T 37 Bk 7 SR MR H AR SRR i E 3 [ PR AR
5 7 M HVHE 1 BR B R R B B L

2 % X #

(1] BrlE, ZH0E, SHEM, &5 PE CRPRE" R R
#5) OB A RN K W R 2 AR RO AR T R
2. BBk, 2018, 48(3): 319-331.
CHEN J, LI S C, LI J M, et al. Distribution, bi-
ological diversity, and conservation of Chinese black
truffle[J]. Scientia Sinica Vitae, 2018, 48(3):. 319-
331.

[2] MELLO A, MURAT C, BONFANTE P. Truffles:
Much more than a prized and local fungal delicacy
[Jl. FEMS Microbiology Letters, 2006, 260(1): 1-8.

[31 MARTIN F, KOHLER A, MURAT C, et al. Périg-

ord black truffle genome uncovers evolutionary ori-

gins and mechanisms of symbiosis[J]. Nature, 2010,
464(7291): 1033-1038.

[4] ZHANG B C, MINTER D W. Tuber himalayense
sp.nov. with notes on Himalayan truffles[J]. Transac-
tions of the British Mycological Society, 1988, 91
(4): 593-597.

[5] MORENO G, MANJON J L, DIEZ J, et al. Tuber
pseudohimalayense sp. nov. An Asiatic species from
China commercialized in Spain similar to the ‘perig-
ord’ truffle[]J]. Mycotaxon, 1997, 63. 217-224.

[6] HU H T. Tuber formosanum sp.nov. and its mycor-
rthizal associations|J]. Journal of Exp Forest. National
Taiwan University, 1992, 2. 79-82.

(7] Z=0E, 70, xVRUE, . SRR FREE M

BAR SL A MU AR 5 SR [D]. B4, 2017, 36(2):
131-144.
LI S C, QIAO P, LIU S S, et al. Research
progress in the molecular systematics and symbiotic
mechanism of Tuber (Tuberaceae, Ascomycota) [J].
Mycosystema, 2017, 36(2): 131-144.

[8] RUBINI A, PAOLOCCI F, GRANETTI B, et al
Single step molecular characterization of morphologi-
cally similar black truffle species[J]. FEMS Microbi-
ology Letters, 1998, 164(1). 7-12.

[9] MANJON J, GARCIA-MOTERO L, ALVARADO P,
et al. Tuber pseudoexcavatum versus T. pseudohi-
malayense—new data on the molecular taxonomy and
mycorrhizae of Chinese truffles[J]. Mycotaxon, 2009,
110: 399-412.

[10] CHEN J, LIU P G. Delimitation of Tuber pseudohi-
malayense and T. pseudoexcavatum based on mor-
phological and molecular data[J]. Cryptogamie My-
cologie, 2011, 32(1): 83-93.

[11] KINOSHITA A, NARA K, SASAKI H, et al. Using
mating—type loci to improve taxonomy of the Tuber
indicum complex, and discovery of a new species,
T. longispinosum[]J]. PLoS One, 2018, 13(3):
€0193745.

[12] CHEN J, GUO S X, LIU P G. Species recognition
and cryptic species in the Tuber indicum complex|[]].
PLoS One, 2011, 6(1): el4625.

[13] WANG Y J, TAN Z M, ZHANG D C, et al. Phy-
logenetic and populational study of the Tuber in-
dicum complex [J]. Mycological Research, 2006, 110
(Pt 9): 1034-1045.

[14] ZHANG L F, YANG Z L, SONG D S. A phyloge-



#4523 % 857 LN 4 TaqMan R4+ B & & PCR A ikt s 5 5 A 409

netic study of commercial Chinese truffles and their chemical constituents and pharmacological effects of
allies: Taxonomic implications[J]. FEMS Microbiolog- Tuber (Pezizales, Ascomycota)[J]. Mycosystema,
ical Letters, 2005, 245(1): 85-92. 2021, 40(4): 873-894.

[15] Ju&E. PN RN E7 (B ) 28 40 20 28 il 31 23 A ik 52 [19] sKZEE, EZRB, L. WM IR L2
HERE[I]. WWEsE, 2021, 19(1): 6-11. MAE]. Sk TRFSE, 2018, 11: 169-170.

FAN L. Current taxonomic and geographic situation ZHANG 7Z C, WANG H Y, LU X Y. Research
on Asian black truffles[J]. Journal of Fungal Re- status and medicinal value of truffle[J]. Modern
search, 2021, 19(1): 6-11. Chemical Research, 2018, 11: 169-170.

[16] RUBINI A, BELFIORI B, RICCIONI C, et al. Iso- [20] LEE H, NAM K, ZAHRA Z, et al. Potentials of
lation and characterization of MAT genes in the truffles in nutritional and medicinal applications: A
symbiotic ascomycete Tuber melanosporum [J]. New review[]]. Fungal Biology and Biotechnology, 2020,
Phytologist, 2011, 189(3): 710-722. 7(9): 1-17.

[17] sker, &4, BRbE, 5. P s 5 0 Ak 2= o & [21] SELOSSE M. Truffles 2020 [J]. Current Biology,
A WG PR AT T R RE D] B A Tl B4, 2018, 39 2020, 30(9): 382-383.

(17): 313-318. [22] e N B SR [ 5 5 A R A 56 62 B R, DNA
ZHANG H, DU J, CHEN P, et al. Research ad- F VR 48 5 Bt BoR . SN/T 4625-2016[S]. Jb .
vances on chemical constituents and bioactivities of o bR o kR, 2017 2-3.

truffle fungus|[J]. Science and Technology of Food General Administration of Quality Supervision, In-
Industry, 2018, 39(17):. 313-318. spection and Quarantine of the People’s Republic of

[18] 24, MWL, BRiH. B4 5224w IR China. Principles of screening for DNA barcode
YAk 5 5 M 2 BIOS E F 9T 0 R D). WO AR AR, quality elemtnts: SN/T 4625-2016[S]. Beijing: Stan-
2021, 40(4). 873-894. dards Press of China, 2017. 2-3.

LI 'Y, GUO S X, CHEN J. Research progress

Development and Application of a TagMan Real-time PCR Assay for Rapid Detection
of Black Truffles Derived Ingredients

Yang Aifu', Sun Yun', Wan Chao', Liu Xuehua', Tai Limei’, Wang Mei"
(‘Technology Center of Dalian Customs District, Dalian 116001, Liaoning
*Kunming Edible Fungi Institute of All China Federation of Supply and Marketing Cooperatives, Kunming 650033)

Abstract In this study, a TagMan real-time PCR method was established for rapid detection of black truffle derived
ingredients. Specific primers and probes were designed according to conserved sequence of ITS gene of Tuber indicum
complex to test the target gene fragment in the samples, and species—specific detection, sensitivity detection and practi-
cal application detection were carried out. Results showed that this real-time PCR method had strong specificity, only
showed specific amplification curves for black truffle genomic DNA, but there was no amplification curve for other edible
fungi, animal and plant materials. The limit of detection was 1.0x107 ng/wl. genomic DNA or 0.01% (mass fraction) per
reaction. The feasibility of the method was further verified by detecting 120 commercial black truffles (fresh, frozen, dry
and powder), black truffle products (black truffle sauce and black truffle seasoning powder) and miscellaneous bacteria
bags without black truffle components. The black truffle components were detected in 70 black truffles and 10 black
truffle products. This method has the characteristics of strong specificity, high sensitivity, rapidity and high sufficiency,
and is suitable for rapid identification of black truffles ingredients.
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