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Development of multiplex RT-PCR for the detection of two main
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Abstract: [Background] Lentinula edodes virus disease is important for L. edodes production. Previous to
this study, L. edodes mycovirus HKB (LeV-HKB) and L. edodes partitivirus 1 (LePV1) were proved to be
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the two major mycoviruses identified in L. edodes germplasm, and co-infection of these two viruses was
also prevalent. [Objective] The purpose of this study was to develop a quick and efficient technique for
detection of these two viruses in the early stage of L. edodes production. [M ethods] Three pairs of specific
primers for LeV-HKB, LePV 1 and actin genes (f-actin) of L. edodes were designed based on the reported
sequences, respectively. The crucial factors of multiplex RT-PCR including template concentration,
primers concentration, dNTPs concentration, annealing temperature, and number of cycles were then
optimized. [Results] A multiplex RT-PCR detection method for LeV-HKB (or LeV-HKB related virus) and
LePV1 was developed. [Conclusion] The multiplex RT-PCR assay developed in this study had high
specificity and repeatability using the virus detection of L. edodes core collections.

Keywords: Lentinula edodes, Edible fungi, Mycovirus, Detection
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1.5 RNA i£E
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HRT A —E 08T, IMASEARR PCl, TRl
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(4) /NCWREC ST S — 0T, A Y10 K
U NaAc (pH 5.5), RAIE, A 2.5 fHARIK TG
IKCEE, FROETRG# FIRYI5], —20 °C UliEsy
40 min, 12000 r/min &.0> 10 min; (5) 3 FiHW,
BIA 750 pL 70%I1) £ BEBE A DTTE , 12 000 r/min &5
L 5 min, NOERZEE, TG TES LTS
5-10 min, ZJ&fn 50 ul f DEPC 4b¥iid it ddH,0

HE R IR B ) T4 R EiL72 ] PR B
Classification Primers name Primers sequence (5'—3) Amplification length (bp) Tm (°C)

HKB LeV-F CTCCGTAGTCGTCAGATTGTCC 589 55
LeV-R GTGACGCTACTACCGATTTAGCC

LePV1 LePV1-F GGACTCAAACCCATTCTAAAT 389 55
LePV1-R TTCGAGCCCATACATAATACA

pS-actin actin-F GGAGAAGATTTGGCATCACACA 258 55
actin-R GAAGAGCGAAACCCTCGTAGA
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51¥HeEE(0.45, 0.20, 0.25, 0.30 F1 0.35 pmol/L) .
dNTP ¥ (0.15. 0.20, 0.25. 0.30 F1 0.35 pmol/L).
1B K (48-60 °C) L K AR %1(30.35 Fl 40 1K),
SRR R R & Q RT SuperMix for gPCR
16 B B #E 4T ; 20 pL PCR & W4k & v rTaq
(5U/uL) 0.2 uL, PCR JZ ¥ 414: 95°C 5 min;
95°C30s, 48-60°C30s, 72°C40s, (30. 35.
40)/ME3AR ; 72 °C 10 min, RT-PCR [ 7= #14: 1%
B R e B vk, 180 V Ha vk 30 min, ik
BEYL A 10 min J5 T RER AR R Gkl RT-PCR
gk
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A E AR BRI, R 255 5 50 2
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2 ZRH54h
21 RNAREFRANEEIZE RT-PCR 14
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PLZEG dsRNA il FiER 85 RT-PCR Al ik &2
AT LeV-HKB F1 LePV1 ii#11) ZP28 itk
BERE, KA STE B:4RHU RNA, 720 FAY RNA ¥R
TLHEI, RNA ¥ 50 ng/uL I 2 RT-PCR 74
PHEY 34 BFR AR SR TF 37.5 ng/uL B
B (K 1A); 1B JGREXT Z H RT-PCR § HE0R
IR, p-actin BARAS 52 B BEIR JORE Y
TR, LeV-HKB HFR 4%t 52 BEREIR AR
JE AT G, 1T LePV L H bR kit 5o B iR AR
JE T s s (] 1B).
2.2 CDNARE REIR B3 % E RT-PCR 18
WEMFZ

FEVL_ERESR SR 1, K R SR ARAS ) cDNA
Iy HIFERE % 50, 25, 5. 2.5, 0.5, 0.25 #il 0.05 ng/uL,

7 8 9 10 11 12

— LeV-HKB
- LePVI
— f-actin

Figurel Effectsof the concentration of RNA and annealing temperature on mRT-PCR
#: M: DNA marker BM2000; 1-12: iR KIREEAKIKy 48, 48.7, 495, 50.6. 51.8, 53.2, 54.7, 56.1. 57.4, 58.6. 59.4 7 60 °C.
A: cDNA 7£ R SERTERING RNA 525 1000ng; B: RNA &l 750 ng.

Note: M: DNA marker BM2000; 1-12: The annealing temperature is 48, 48.7, 49.5, 50.6, 51.8, 53.2, 54.7, 56.1, 57.4, 58.6, 59.4, and 60 °C,
respectively. A: The total amount of RNA in reverse transcription reaction is 1 000 ng; B: The total amount of RNA in reverse transcription

reaction is 750 ng.
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TEM R E W3 30, 35 il 40 kT £
RT-PCR ¥}, o4 &M, MIaHECh 30 1,
3P HER) B bR R BrE BERE CDNA Y S AR s
BAEA I il i ok BV Bl N 3G A 4 p-actin,
LePV1 Fl LeV-HKB fEFRAHIE M H 145745 1 eIk
cDNA #4354 0.05.0.25 F1 5.00 ng/uL (& 2A);
MIEMECH 35 1), LePV1 FIfas p-actin 125 &
cDNA WA R, H LeV-HKB ) Bin
S Bkl cDNA YR FEREAR MRS , 708 F At ik B Y
N F 45 p-actin, LePV1 Fil LeV-HKB BEFRTEH
B H A9 2571 eIk cDNA #& #4354 0.05., 0.05 Fll
0.50 ng/uL (& 2B); M1EH%CH 401, 34~HbRs%
HisEEERE cDNA e B AR LA 2 (B 2C),
2.3 S|¥EREF ANTP JREXISE RT-PCR i
b E A

EVL_EAFGE 8RS I, X5 [ #rHk B (0.15. 0.20,
0.25. 0.30 £ 0.35 pumol/L)#l dNTP #¢Ji(0.15. 0.20,

A pp M 1 2 3 4 5 6 7

LeV-HKB
LePV1
f-actin

2 CcDNA REMBEHRHTEE RT-PCR Kk K AIFNT
Figure 2 Effects of cDNA template concentration and
cycleson mRT-PCR

7E: M: DNA marker BM2000+; 1-7: 20 uL PCR {AZ ' cDNA
W/ 50, 25, 5. 2.5, 0.5, 0.25 1 0.05 ng/uL. A: f§¥F
ok 30; B: JEFECH 35; C: {EFRECH 40.

Note: M: DNA marker BM2000+; 1-7: cDNA concentration in

the 20 uL PCR system as followed, 50, 25, 5, 2.5, 0.5, 0.25 and
0.05 ng/uL. A: 30 cycles; B: 35 cycles; C: 40 cycles.

0.25. 0.30 1 0.35 umol/L)i# 4T T #ivk . BFsxss
(&l 3y, £ RT-PCR ¥ #1 3 /4~ H s i eS|
Yrd FE AT ANTP #2344 0.25 pmol/L i 5 .

24 % E RT-PCR MK RN K IE R MEIFEN

MG DL EWF s 45 1, #iE LeV-HKB (&%
LeV-HKB #1558 ) il LePV1 2 i 5 £ # RT-PCR
Rl i SOWAR R . P2 H RT-PCR WK R
(20 pL)>y RNA % 50 ng/ul 475 ; PCR
A Z . 10xPCR buffer (Mg® plus) 2 uL, 10 pmol/L
dNTPs1puL, 10 umol/L LeV-HKB (& LeV-HKB #f
K EE)F19 05 ul, 10 pmol/L LePV1 514 1 L,
5U/pL rTaq 0.2 L, cDNA #ik 1 uL, il ddH,0 %b
JE 20 pb. IRAbREE 2 8 PCR 45144 K: 95°C
5min; 95°C30s, 58°C30s, 72°C40s, 35 MM
¥; 72°C 10 min,

FIFZZ EAIIAZR, X 56 FE A% O R
bR 28T LeV-HKB (8 LeV-HKB #1655 %)
1 LePV 1 Bkl i 45 3 B, X 2 Pl s 4 4
() H B AT B (E 4),  HASI A itk o

3 SIIREF ANTP IREXI % E RT-PCR M4 R
=ppA

Figure 3 Effects of primer and dNTP concentration in
mRT-PCR

#: M: DNA marker BM2000. A 5 |43 B X A6 25 SR (0 52 i,
1-5. 51 E/208 015, 0.20, 0.25, 0.30 Al 0.35 umol/L ;
B: dNTP ¥ B XK 45 S A 52 , dNTP ) 43518 0.15.0.20,
0.25. 0.30 £ 0.35 umol/L.

Note: M: DNA marker BM2000. A: Effects of primer concentration
in detection, 1-5: The concentrations of primers were 0.15, 0.20,
0.25, 0.30 and 0.35 pmol/L; B: Effects of dNTP concentration in
detection, 1-5: The concentrations of dNTP were 0.15, 0.20, 0.25,
0.30 and 0.35 umol/L.
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Table2 The name, source and number of Lentinula edodes cor e collection

B4 BRI RBmE | B4, BB s 2
Strain name Source Number ! Strain name Source Number

S605 i Z2 | EFISAAS0229 YNl Y1
Shanghai Huairen, Guizhou

Cro4 g = Z6 E EFISAAS0351 A RRE Y5
Sanming, Fujian Jingdong, Yunnan

L12 = Z9 . 00167 P Ky Y7
Sanming, Fujian Yaoan, Yunnan

L135 T =] 710 | 00168 ZHA S L Y8
Sanming, Fujian Xianggelila, Yunnan

L856 R = Z20 i ACCC50786 LB T Y11
Sanming, Fujian Huangshan, Anhui

S602 i 223 ' GANO59 Hhas BB Y14
Shanghai Kangxian, Gansu

] #F-51 J AT 227 } HUB39 WAL AR ZEARIX. Y29

Guangxiang-51 Guangzhou, Guangdong Shennongjia, Hubel

U1 it Z28 | HUB40 WAL AR AR X Y30

Hunong-1 Shanghai Shennongjia, Hubel

H75-8 LI Z31 1 HUB91 WAL A H A Y37

Huaxiang-8 Wuhan, Hubei Changyang, Hubei

PRF-20 FRANTIYIS z42 1 HNOO2 R M T Y39

Qingke-20 Lishui, Zhejiang Chenzhou, Hunan

-6 il v Z47 | SHLO44 [ iiK=piE=S Y51

Qiu-6 Wuhan, Hubei Baxian, Shaanxi

H4:-34 R T5 L Z48 i NO41 PANIEEY 7/ €5 Y55

Rifen-34 Pingdingshan, Henan Xiushui, Jiangxi

#RUR-10 WAL A Z49 ! LeQc743s A 2 Y70

Senyuan-10 Yichang, Hubei Qingchuan, Sichuan

FRUA-1 Bl 750  :  Lews73s pujiE e A Y76

Senyuan-1 Yichang, Hubei Dechang, Sichuan

FRUE-2 WAL B Z51 i LHLy14 D)1 2 Y78

Senyuan-2 Yichang, Hubei Huili, Sichuan

430 LRI Z64 i LHLy217 U148 s B Y79
Wuhan, Hubei i Huili, Sichuan

908 IR 767 | LMLH14 DI R B Y84
Nanyang, Henan Mianning, Sichuan

868* WA z82 LMLH36 e Y88
Hangzhou, Zhejiang Mianning, Sichuan

FIL I 785 ; LMLH52 PujI &5 Y89

Xiangjiu Guangzhou, Guangdong Mianning, Sichuan

fite-2 TR T 787 | LMLHS59 P11 T Yol

Y uhua-2 Zhumadian, Henan Mianning, Sichuan

i 16-4 TR T I 788 | LMLH116 PR TR Y94

Y uhua-4 Zhumadian, Henan ! Mianning, Sichuan

i (F548)
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YAASM234 ZRE e Y234
Nanhua, Yunnan

YAASM358 = A T Y358
Chuxiong, Yunnan

YAASM366 =BT Y 366
Chuxiong, Yunnan

YAASM1515 ZRE R Y1515
Yangbi, Yunnan

YAASM1518 NEARRE Y1518
Yangbi, Yunnan

YAASM3334 SRR b E Y 3334
Longling, Yunnan

YAASM3353 ~HAERE Y3353

Yiliang, Yunan

(#5352 2)

LMLHA18 145 B L Y100
Mianning, Sichuan

LMLHA36 U148 T Y104
Mianning, Sichuan

LMLHL22 U4 R R Y110
Mianning, Sichuan

LMLHL26 145 5 L Y111
Mianning, Sichuan

LMLHL210 P45 B Y113
Mianning, Sichuan

LMY P&2+" DU 1|45 K 5 B Y118
Miyi, Sichuan

LPG82*" U145 A% L Y121
Puge, Sichaun

M1 2 3 45 6 7 8 9 1011121314 M 151617 18 19 20 21 22 23 24 2526 27 28P N

E 4 MHBIZE RT-PCR EMFHEZLHERPHREHETIFR

Figure4 Virusesdetection of Lentinula edodes core collections using the developed multiplex RT-PCR

Note: M: DNA marker BM2000+; P: Positive control (viruses infected); N: Negative control (viruses-free). 1-55: ZP2, ZP6, ZP9, ZP10,
ZP20, ZP23, ZP27, ZP28, ZP31, ZP4A2, ZPA7, ZPA8, ZP49, ZP50, ZP51, ZP64, ZP67, ZP82, ZP85, ZP87, ZP88, YS1, YS5, YS7, Y S8, YS11,
Y S14, YS29, YS30, YS37, YS39, YS51, YS55, YS70, YS76, YS78, YS79, Y S84, YS88, YS39, YS91, Y S94, YS100, Y S104, Y S110, Y S111,
Y S113, YS118, YS121, Y S234, Y S358, Y S366, Y S1515, Y S1518, Y S3334 and Y S3353.

U LeV-HKB Ji B TR AT 61>, {USHL LePV1
IR 20 4, ZAEYe LeV-HKB F1 LePV1 Jik &
EHRA 71 (B 4), 4585 HLE RT-PCR Al 45
;.ﬁ#ﬁ[[u,le] .
25 %E RT-PCR =4I F

PEPEZH RT-PCR ¥ 4411 ZP28 ik 2 1~
B HbR R B AT oM Y, S5 R, P
LeV-HKB H E{F41 5 NCBI $i /% LeV-HKB
S5 7 RARp ¥4 (GenBank & 5% 5 5 AB429556)4H
RIPE N 99%, ¥ 1Y LePV1 i BF %5 LePVl

i 5 17 41 (GenBank & 55 ok KX 35497 1) FHAL 1
100%.

3 WiE&®

S HARE R AT AL, BN
WRTRA BN, B, PRt diss .
R 22 BEr P T 25 B BT 58 245 BE A 7 19 6 B
R, ER IR A E AT R — Ll 2
P B T A o RE AN 7 T 22 22 8] ) I SR S
AT AL, DASGE I e A T e AL
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T PR SRR BER I B AR, A B ARV BB
Bral e A 5 5 2 T B R R I B S B
B, R R R 1 A — RO A R
o AT T RE RS I i 2 32 S v
LeV-HKB J5 7 (2 LeV-HKB F15555 2) Al LePV1 ik
B ZE RT-PCR #illHeAR, HE R BRIVl
589 bp F1 389 bp; It4h, 7E RT-PCR AR hig N
4 p-actin BREFIESIWI(H B Be 258 bp)fE N
%, — A LI RNA 2% cDNA Ju i 311
Fit, Sy—Jrm el il R #E H AR S
B-actin H 4% 50 B 21 i s WU 75 35 it o B R
SR R AL, CHORE AR ST, SR
— RT-PCR # b, A#rRE £ HE RT-PCR £
Wy ik B BT | AR . FERT DA R
PO E AR B R B A I R BT RN, ARk
TR B 23 4l 2 S Loy FRAAE R LA |, 7]
SR TE 2SN AR Z2 G I 1R B A B Y
Festenyy, T H 2 &/ RN 2 E RT-PCR
K
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