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Abstract: Objective A method for the rapid detection of Russula japonica was established based on a visual or real-
time fluorescent loop-mediated isothermal amplification (LAMP) strategy. Methods A LAMP primer group targeting the
internal transcribed spacer sequence of R. japonica was designed and primer specificity was tested in 23 mushroom
species. The sensitivity of the method was assessed by detecting DNA at a series of concentrations ranging from 10 ng/pL
to 1 fg/uL. Results The designed primers specifically identified R. japonica without cross-reaction with the other 22
mushroom species. Both developed LAMP methods could detect as low as 2 pg/pL of a DNA template or 1% R. japonica in
different mushroom mixtures. Conclusion The established method is suitable for rapid on-site identification of R.
japonica and can be applied to fresh, dried, or cooked mushroom samples, with a detection time of <1 h. This
visualization strategy does not require professional equipment and is suitable for the rapid identification of R. japonica.
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Table 1  Collected mushroom specimens used in this study
J& il 0 G R HhL S Gene Bank % 5% % L ames
214k A . ;
e AL REM Z W — -
Russula Russula emetica
S \
AL RRE Tl KU237465.1 -
Russula resca
RIAEEEAN Sy s
o zfﬁ; RSU WL A T T - -
Russula subnigricans
il £ 21 45 s N
) RAE A 5%l AR T — -
Russula aeruginea
i ki PR AT
i . ﬁﬁ RNI SN A AT KX812835.1 -
Russula nigricans
R LT B \
i ﬁ . RDN nEE L AB291761.1 -
Russula densifolia
HALL . ;
/I\A Z&E ) RJA By K R LA AB509603.1 +
Russula japonica
17 IR I ST '
N N ﬁ% .krjg . ASU R B T KR996715.1 -
Amanita Amanita subjunquillea
HEIE ARG - ;
e AVI A — ~
Amanita virgineoides
AR T
*‘m ,k{’% i ASI LR AT MK388152.1 -
Amanita sinocitrina
INFIBERS B
AJ 5 #g% APAR N A MW 192484.1 -
Amanita parvipantherna
RIS N
/,ﬁ‘ k{%% APAL B A4 9 T Tl KY616971.1 -
Amanita pallidorosea
Eu =d
ORI AKO I 9 MH508415.1 -
Amanita kotohiraensis
i 2t B
et AOB VA — -
Amanita oberwinklerana
JUHERSH — ;
. %% 4 AJA Py K= gL LC100003.1 -
Amanita javanica
ER RS
#Eﬁqﬁ ASUB NEE MH508619.1 -
Amanita subglobosa
DB RE B . .
mmé ‘ APA 7 HE A T ABO15701.1 -
Amanita pantherina
b ): R £ — Y
P‘*f{:&; i *%%ﬁ, AAB nEAEE MW 192484.1 -
Agaricus Agaricus abruptibulbus
N NGRS ;
7 ¥4 A2 J& Chlorophyll CMO i AY081243.1 -
H 84 R Chlorophyllum Chlorophyllum molybdites i
[ 35 & Leucoagaricus %@E%?ﬁ i LTA nEA KF981791.1 -
Leucoagaricus tangerinus
I <
RIS & Gymnopus R GYS A MW 816520.1 -
Gymnopus subnudus
Y 545 N4 ‘
B m. %5“ ' ) MPU R} MW291124.1 -
Marasmius Marasmius pulcherripes
Wﬁ %ﬁ LED isGai — -
Lentinus Lentinus edodes

VE < L. edodes) 2y AT A BB 0T 3815 8520 KR, emetica) WYL 45(R. subnigricans) B ST 05 (R. aeruginea) HE 54 1130 (4.
virgineoides)FIER 88 (A. oberwinklerana) i B W) % 5% H 8L 2 VAR 415 722 AT 25 R0 AR AE 25 2
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(LF), i it i 51 9 i A4 T AR (i) A BR 2 A
G
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B
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SR AR I Y, A B A A R AR T LA B
SR TR B . N 5 UE T ST W B AP LAMP
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ANTR BT o L 78 40 TR A, B 2085 5 4 4 0T A L 43 i)
F1:0.1:1,1:3.1:19.1:99 fl 0: 1, HL 50 mg IR A&
BE LR AR AREA A 1.5 mL 4K F 2 mL B0+, 0
FEWRA 1 min J5 K 8508 € TR IR AL, R )5
BT 100 COKE R M 15 min, B30 45 55 & 4
B o B BB 4 22 A S K 10 pL BB 10 £
LAy PR 1,303 Al 1.3, 4 Fr s 5 ik R T 4
TP 5 PR P AP LAMP K6 )7 5 7 SE PR AEAS th i
i
1.9 Gl

FIF A5 008 DL I B0+ 5 fE 2% (Mean+SD ) /R , 4
i 2 9 B % SPSS 26. 0 B {4 (IBM Corporation ,
FH) . Gt BRI F )7 2247 BT (ANOVA)
AT F IR KR, L P<0.05 h 25 H 4%

2 BR
2.1 51¥iit

i it 78 NCBI |48 % H AR 40 7% 36 K 5 51, >R H
5.8S rDNA P4 1TS J¥ 5I4E 8 BARSE A, if —25
55 R i 35 DR 41 4 AR 21 g 5 R E A LR, 4R
AR RS 0T 5 R B ARSI TR
H AR 21 45 57 57 LAMP 51 9 78 $8 45 15 51 1 19 07 &
D7 1 B 1 TR, R 7 AN A 6
LAMP 51975 {5 B 3% 2.

361 TTCCGAGGGG TACACCCGTT TGA;cn_

E3 F2

421 [BRGRAGGETT GGAATTTGGA GGCTTTTGCT GGCTTTCCTC TCAAAGCCAG CTCCTCTTAA

LF

Flc

481 ATCAATTAGT AGGGTCTACT TTGCTGATCC TTGACGTGAT AAGATTATT TCTACGT!

Blc

541 GECCHTINGICARAGErGCcT TCT;GATATATA AACCCTTGAC
B2

B3

B 1 HALLEE LAMP B Wik it &

Figure 1 LAMP primer designing sites for Russula japonica
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Table 2 Primer sequences of Russula japonica

5149 J¥5 (5'-3") K& /bp
F3 GTGTCATGATATCTTCAACCTT 22
B3 AGTCTCTGACGAGACAGTT 19
FIP AGCTGGCTTTGAGAGGAAAGCGGTTTCTTGATCAAGAAGGC 41
BIP TAGTAGGGTCTACTTTGCTGATCCGGTTTGCAAAAAGCCCAAG 43
LF GCAAAAGCCTCCAAATTCCAA 21

2.2 Bl rERIE
FH A AT B AL G ST Y, 20
K AT AL LAMP 325 F1 %€ 56 LAMP 3% 78 23 AN

[m] B % 9 A ] EAT RE R OE . W B 2(A) B
/N, ddH,0 25 [ %I (No. 1), B A 21 25 4 FH 4
FEAS (No. 24) , HiAth 22 Fh B 75 b B £ AE 4% (No. 2~
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® 3.300
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AL BH 25

|

0

[ 0.000
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{EZ 3

7 B (AR AT RLAE LAMP 35 (4 51 905 S PE B E 25 5 . 1: ddH,0; 2: ASU; 3: AVI; 4: ASL; 5: APAR; 6: APAL; 7: AKO; 8: AOB; 9: AJA: 10: ASUB; 11:
APA; 12: AAB; 13: CMO; 14: LTA; 15: GYS; 16: MPU; 17: LED; 18: REM; 19: RRE; 20: RSU; 21: RAE; 22: RNT; 23: RDN; 24: RJA; [€(B)J 52 i 3% 6
LAMP 35 19 51 95 5 MRS IE S, SR L 20 Gl 28 O H AR 20435 2 €0 il 28 g HAR P 1 fl ddH,0
2 YR e

Figure 2 Specificity test of primers

2.3 r R ST

B AR5 0 H AR 40 %% DNA B AR 0 47 B0 3 7 B
WREIE M 10'~107 ng/ L, #2 H8 1.4 F1 1.5 25 3%
53 AT TR AR RN SE 26 LAMP 4735 B0, B A4~
WeRE KB 3 s, s 3(A)F 3(B) s,
AP AN S2 I 2256 LAMP J7 59 0] K 1 20 pg FOHE
ARSI, BV Bl 2 pe/ L IIFEA DNA,
2.4 J5ikid RS uE

FIFHFE & 1) LAMP J5 2 T2 0 5 iR A&
WhEFEA . A0 4(A)F 4(B) Frw , o] #4675 Al s
f2¢ 5t LAMP &3l ke #R G A 5 P 1% 9 H AR
AR AN RN E DO Wi VLT o R |
JH T8 gl B o T o b AR 214 0 M

3 iFie

AR P NETE RN Ay L S Sy
YA . Al AR 800 Ay AP, Tk R E B 24
180 Ff, Horh Al 2L gk R 2K 78 Bh A #E AP S 18 Ff,
LIRS AR AR AN s VL 8 A A
Ttz IG5 8 20 4 S o I R A 2 5 R R SO
Vs i R A A L0 a5 R B T S BOH W R
AR PEAER B A 2L gE 5] R 0 R R AR
PN 2 £ R NS A WA S I AN | L 5 RS R S
TSR R A SR, H AT I TS AT AT H AR 2% 1Y
R M 7 vk IR . LAMP 35K B A IR AL
T A i B G PR AT S B HG B RE L BN B[]
<1 h, M AL G M PCR KN F B A B . 1
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Figure 3 Method sensitivity analysis
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Figure 4 Method applicability
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LAMP J7 ik AE R 55 —Fp 5 6 00 F BL, ol 1t C
{8 2 1 — A W 58 BT 8 57 0 LAMP 5 25 35 3045 5 1
{4 5 S ) 1)

B R S0 LAMP 514, B bR E 51 (4 2k 4%
Ju ok E T, R R DNA B B i AR
SR, Fr 5.08S o DNA KA 1TS Xk, HA
HEAL TR, P A 7 BN i AL (5 B F B AR AR
fil g S et [ A 25 507, AR S R B 1TSS AR
JH AR LD LAMP 51 %) (38 A5 7 8 o YR,
GeneBank W3 {0 5% 5 WS E 0 H AN 41 45 /Y 3 A
JP 9, 4 B Ja & AL 15 4507 5 A L 1 A
iK™, H v GeneBank 5 4 AB509603. 1(2009) Al
AB154697. 1(2003) i 5 [H )3 5 AH MBI 3¢ 5, R IR T H
A 3 GeneBank % ) MNG648957. 1. MN648956. 1
(2019) 1 MK167414. 1(2018) 14 5 [F 15 51) A AR %
LRI T E . Sl T R R IR
T H AW AT 5%, AB154697. 1 44 & ITS2 F
28S rDNA [X 4 , AB509603. 1 7 5. 8S rDNA . ITS2
1 28S tDNA #8437 51, ¥ 5 BAg /I o i o 5
FE Y 3 ST A & 5. 8S tDNA K H 7 il
[ 1TS J3 30, Fp 804 B 3, A B AT — 413058 A 1R R
Sl HARF S . T, AR IR T
3HAAEETI Y, ik T — 2l o s s g H
A SOR AR A5, IF 22 A [ R R R 2k
FEABGUE T Hoke 5 1 L 45 5 WoR 91 ) 5 5 0 )4
TCAE N o

AW GE 3T LAMP £ AR 43 ) a3 7 Pk 26 5
A 21 4 o] W0 AR RS s 506 O vk, 3 B A R A
B4 S R AR T ARG T VR B R 2 pe/ L 1Y
BB DNA. AP B8 E A IR A WA E R 1
B AT A5 2 R 4P i 45 58 al ke iR IR 2 1% 1 H A
ZLa N Mo, B2 LAMP R U5 72 FH B AR 2 1 b, H
H R R b A T 445 SR A o A HIR O 8 B € 72 Ak B T K
Wi, J7 P, vT F T B2 W 5 S A 2 6k U AT L
W) S 0 R S R LS P LR = A L AS B
GEHE ST HAS 2T 0k PRt 58 0 R ok B B 4 b B 1 T
B AN R 32 W LA B2

5% 3Lk
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