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Photo 1. Target Mushrooms Used in This Study

A: Kuritake (Hypholoma sublateritium), Sample No. 1
B: Nigakuritake (Hypholoma fasciculare), Sample No. 5
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Table 1. List of Mushroom Samples Used in This Study

No. Sample name Scientific name Remark No. Sample name Scientific name Remark
1 Kuritake Hypholoma sublateritium  pC®, Y 11 Murasakisimeji Lepista nuda NC, OS, M
2 Kuritake Hypholoma sublateritium PC,Y 12 Nameko Pholiota microspora  NC, OS, M
3 Kuritake Hypholoma sublateritium PC,Y 13 Eringi Pleurotus eryngii NC, sm”
4 Kuritake Hypholoma sublateritium  pC, OSC), 14 Maitake Grifola frondosa NC, SM
5 Nigakuritake Hypholoma fasciculare PC,Y 15 Bunashimeji Hypsizygus tessellatus NC, SM
6 Nigakuritake Hypholoma fasciculare PC,Y 16 Bunapi . ... Hypsizygus tessellatus NC, SM
: (Whight bunashimeji )
Mukitake Sarcomyxa serotina NCC), Y 17  Shiitake Lentinula edodes NC, SM
8 Tsukiyotake Omphalotus guepiniformis NC,Y 18 Enokitake Flammulina velutipes NC, SM
9  Chanametsumutake Pholiota lubrica NC, OS, M 19  Tsukuritake (Braun)  Agaricus bisporus NC, SM
10 Numerisugitake Pholiota adiposa NC,08,M 20 Tsukuritake (White)  Agaricus bisporus NC, SM

a): Used for positive control, b): Hunted in Hokuto, Yamanashi, c¢): Purchased in online shopping, d): Hunted in Ohsaki, Miyagi,
e): Used for confirmation of singularity, f): Purchased in supermarket

Table 2. List of Crops Used for Confirmation of Singularity in This Study

No. Sample name Scientific name No. Sample name Scientific name

1 Carrot Daucus carota subsp. Sativus 8  Cabbage Brassica oleracea

2 Green onion Allium fistulosum Onion Allium cepa

3 Edible chrysanthemum  Glebionis coronaria 10 Kaiware” Raphanus sativus var. hortensis

4 Napa cabbage Brassica rapa var. pekinensis 11 Japanese honeywort ~Cryptotaenia canadensis subsp. japonica
5 Asparagus Asparagus officinalis 12 Potherb mustard Brassica rapa var. laciniifolia

6 Eggplant Solanum melongena 13 Potato Solanum tuberosum

7 Bitter melon Momordica charantia 14 Japanese radish Raphanus sativus var. hortensis

These crops were purchased in supermarket.
a): Japanese radish sprouts
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Table 3. List of Primers and MGB Probes for Target Mushrooms Used in This Study

Primer name Target Sequence Amplicon Origin
TRO3 5’-TCTGCCCTATCAACTTTCGATGGTA-3’

Eukaryote 137 bp ref. 13
TRO04 5’-AATTTGCGCGCCTGCTGCCTTCCTT-3’

TN IKUR_Fz ............................................................... 5V_G AGTGTCATTAAATTC TCAACCTTTAT-? ................................................................
TNIKUR-R2  Hypholoma fasciculare 5'-CGTAGATAATTATCACACCAATAGACAT-3' 141 bp This study
TNIKUR-P2 5'-(FAM)-CATGTTGGTTTCTTCAT-(NFQ)(MGB)-3'

TKUR_F2 .................................................................... 5'_G TCATTAAATTC TCAACCTTTGC_3' ............................................................................
TKUR-R2 Hypholoma sublateritium  5'-TCACACCAATAGACAGGTTCA-3' 148 bp This study
TKUR-P2 5'-(FAM)-TATGCAGGTTTCTGTAA-(NFQ)(MGB)-3'
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141 bp

TNIKUR-F2 ‘ TNIKUR P2 \ TNIKUR-R2

ITS 1 5.8S rRNA

ITS 2 28S rRNA

TKUR-F2

TKUR-P2

TKUR-R2

148 bp

Fig. 1. Schematic Diagram of Primers and MGB Probes Desingned for Nigakuritake (Hypholoma fasciculare)

and Kuritake (Hypholoma sublateritium)
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Fig.2 Agarose Gel Ekectrophoresis of PCR Amplified Products
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PCR was done with primer parTR03 and TRO4.

DNA template were used two-fold serial dilutions

(12.5 - 0.1 ng) of extracted DNA from Nigakuritake No.5.
M: 100bp Ladder, Amount of template: Lane 1, 9 (12.5 ng),
Lane 2, 10 (6.3 ng), Lane 3, 11 (3.1 ng), Lane 4, 12 (1.6 ng),
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Lane 8, 16 (0.1 ng)
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Fig 3. Amplification Curves of Real-Time PCR Detection for Nigakuritake (Hypholoma fasciculare ), Kuritake (Hypholoma

sublateritium) and Various Mushroom Samples

A, Samples were tested with primer set (TKUR-F2/TKUR-R2) and probe (TKUR-P2) for Kurnitake. B, Samples were tested
with primer set (TNIKUR-F2/TNIKU-R2) and probe (TNIKUR-P2) for Nigakuritake. The samples used for this experiment
were shown in Table 1. The samples number of Kuritake and Nigakuritake were indicated in parentheses.
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Table 4. Results of Real-time PCR for Mushrooms Identified as Kuritake or Nigakuritake by Shape Based Identification
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No. Shape based identification Ct value Judgment Remark
Aa) Bb)

1 Kuritake 22.35 36.76 K? Hunted in Minamisaku, Nagano
2 Kuritake 22.66 37.01 K Hunted in Minamisaku, Nagano
3 Nigakuritake uDp® 18.07 NO Hunted in Minamisaku, Nagano
4 Nigakuritake UD 19.79 N Hunted in Kai, Yamanashi
5 Nigakuritake UD 18.48 N Hunted in Kai, Yamanashi
6 Nigakuritake UD 17.42 N Hunted in Kai, Yamanashi
7 Nigakuritake UD 17.21 N Hunted in Kai, Yamanashi
8 Kuritake 16.39 UD K Hunted in Kai, Yamanashi
9 Nigakuritake 36.06 14.88 N Hunted in Nakanojo, Gunma
10 Kuritake 17.77 43.11 K Hunted in Nakanojo, Gunma
11 Kuritake 23.00 36.51 K Hunted in Hokuto, Yamanashi
12 Kuritake 17.57 UuD K Hunted in Hokuto, Yamanashi
13 Kuritake 17.27 42.00 K Hunted in Hokuto, Yamanashi
14 Nigakuritake 36.23 19.82 N Hunted in Nasu, Tochigi
15 Kuritake 16.00 41.33 K Purchased in online shopping
16 Kuritake 19.66 UD K Purchased i online shopping
17 Nigakuritake uD 20.01 N Hunted in Hachioji, Tokyo
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Threshold lines were set at 0.200. Detection of target was judged at Ct values less than 35.
a): Samples were tested with primer set (TKUR-F2/TKUR-R2) and probe (TKUR-P2) for Kuritake, b): Samples were tested
with primer set (TNIKUR-F2/TNIKUR-R2) and probe (TNIKUR-P2) for Nigakuritake, ¢): undetermined, d): Kuritake, e):

Nigakuritake

R CIECHEA3TEL F OEGE I G & HIE CE 72h, Bthxt
BUSNDFX ) a TOMEEIROSLS ER 2EEB LT, 7
YRR OR=A 7V 27 & bIZCHED3SLLT DAk
CHIrT Az LT LTz,

3. EREOHKER
REOEREEHGRT D70, ML 7 U X7 k=
AU & EHE S B CTERI L 72 173N oW T Y
TNE A LPCREFEM L, ZOfEHR % Table 4127 LTz,
GBS 7 ) B EHBISNT-9E T, 2V X0
MHRIZBWT, CHEIX16.007> 523.00DFPHICH - 7=, 9
LR T UMD CHEISLL F CTholeZ Enn, VT
JVH A KAPCRIZBWT Y, 7 U Z 7 LHBIShZ. 725,
SN E =T 7 ) Z LR S 7228k (No. 9, No.

14) THHEWHBROSS ERY RN, CHEl
36.06 % 136.23C, HELMEDISL Y KERETHY, 7
U & B SN o Tz,

SNBLIN B =F 7 ) Zr ERI ST 8REN T, =Y
U &7 OBRHARIZENT, CHEIX14.882>520.01 DFFEIC
Hotz. SHEIETHBIEEDCHE3SLL T ThH o722 &)
5, UTILEZALPCRIZEBWTY, = A7) &7 LHRBIE
ni=. ek, MENL IV 2y LIS Z6EN (No. 1,
No. 2, No. 10, No. 11, No. 13, No. 15) TH HIEHifrOL S
ERRB LT, CHEIX36.5102543.11°C, HIERUE

DISE YV RERETHY, =7V Zr TR S Zeh
o7, U T NE A LPCRICE D HBIFERIIANBUC LD 7V
ErROB=H 7 ) ZrDHBIRERE T T L.
INOORREY, SEBIRED & HRIN F #7303
WTh, R THRUEREI LT T4 ~— KO T u—7
ERVWD Z IRV RREEOEWN I ) Z SRR Y H
TDYTNE A LPCRICEDHBIDITZ DD EEZ B
7z

SBITS DI, BEOICT VEr =7V & 7D
PR & IS 272D, VT NVEA LV TF T Ly 7 APCR
EEDOREFEIT I LERH L.

* b »

=W VRV ETOHMNEIT) BRTY T AVZ A
LAPCRIEZPHFE L=, FHUCRF LT IA~—L T m—
7% F\, Threshold line&0.2001Z3% & L, CtE235LLFT
OWREBERT 2 LIk, ThbaHG+TsZ EnT
Eilo. Fo, FEEEHEERT OO 4RERIZOWTY T
NEALPCREFEM LI=E Z A, WTHOEEMIZENT
BRI E D TR OMERRN TE 2.

BWORE AFREITOICHTZY, PUBORALKR ORI
W IEE F LR R L e v 2 — OBIAT
R, JERRUERNARRR I At o 2 — D25 IR 3 FR LSRR



182 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 72,2021

7-LET.

X [

1) RYCES  HHUGT 7« —/L B2 M 13
DEE D, 2009, FHF, HL.

2) DL.7—Y=¥ bk, DVarvyy, RYKNI VT
Mg EOZERNE v/mrEIsnIckIED
RA3TJ7, 2010, VEATERE, BORC

3) EAGHE  HEDOV A7 Fu Ty AL X o
=TV Er.
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000142
698.html (2021F7H 1 HEAE. 7RI ARURLITEH /-
TRIHIR O FTREPED 8 2 )

4 BEREEEFEES wX /3 (=70 E5%) &
HREPFED IEICONT, FRK224E10H4H.
https://www.fsc.go.jp/sonota/shokutyudoku/shokutyudok
u_nigakuritake.pdf (20214E7H 1 HELE. 72 BAURL
IREE E T ITERD FTREMER H 2)

5) JRAETHHE EREAL LR RN L EMER L ERE « B
100655175, HEMTE B RTE 2 JRIA &35 P aghl
1EDRIEIZDWNT, 2245106 H.
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000142
698.html (20214F7H 1 HEAE. 7RI ARURLITAEH F 7=

HA

6)

7)
8)

9)

10)

11)

12)

13)

14)

15)

16)

VRYHIR O FIREPED 8 2)

THET, HOER, BAT, il B4
#, 62,205-208,2011.

LT AR - HFEAFAE, 26, 39-43, 2013.

FIRAT, KAFRE @ HARZ 4%, 68, 109-
115,2017.

FHET, EABLE, KEEZE, fl: £ 59,
174-182, 2018
PSR, A ilidsc
71, 127-133, 2020
AT, KaxS,
72, 171-175, 2021.
FAfIATR, HbLE1-,
72, 185-190, 2021.
Pietrzak, M., Shillito, R. D., Hoho, T., Potrykus, et al., :
Nucleic Acids Res., 14, 857-868,1986.

JEAG BB EIER SR REMERBE « RERE111653
5, REVERTFA O X DNAFHTIGH A S O
FIEIZHOWT, FR244E11H 16H

BHINES, AR, AN, . B%5E 51,
110-114, 2010.

His s, 236, FEATHLZ, fi . BARZ O ZFAE,
18, 13-16, 2010.

FESAJL - HOR LT 4R,

A ILESC - AU AR,

AR ILESC - AU AR,



WO /L2 W ' F W, 72,2021 183

Development of Real-time PCR for Discrimination of Nigakuritake (Hypholoma fasciculare) and

Kuritake (Hypholoma sublateritium)

Kimio MONMA®, Hirofumi USHIYAMA?Y and Toshihiro NAGAYAMAP<

We developed a real-time PCR method to quickly discriminate between Nigakuritake (Hypholoma fasciculare) and Kuritake
(Hypholoma sublateritium) in small amount of starting material. Nigakuritake and Kuritake were first discriminated by performing a
real-time PCR using newly designed primer pairs and probes specific to each species. Then, a threshold line was set at 0.200.
Amplification was observed at Ct values less than 35 for Nigakuritake and Kuritake. Next, we tested the specificity of our real-time
PCR using 14 mushrooms [Mukitake, Tsukiyotake, Chanametumutake, Numerisugitake, Murasakisimeji, Nameko, Eringi, Maitake,
Bunashimeji, Bunapi, Shiitake, Enokitake, Tsukuritake (Braun), Tsukuritake (White)] and 14 crops (carrot, green onion, edible
chrysanthemum, Napa cabbage, asparagus, eggplant, bitter melon, cabbage, onion, Kaiware, Japanese honeywort, potherb mustard,
potato, Japanese radish); we did not observed any amplification curves for these samples. Our initial data suggests that the developed

real-time PCR method may be a useful tool for discriminating between Nigakuritake and Kuritake.

Keywords: Nigakuritake, Hypholoma fasciculare, Kuritake, Hypholoma sublateritium, real-time PCR, discrimination
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