oAl dHio|2{A AICEA| ek 4l

— L - =

FHiolE A SN

Production of Flammulina velutips virus

diagnosis kit and virus—free spawn
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SUMMARY
(FE2E)

Natural viral epidemic was observed in Flammulina velutips
mushroom farms in Korea. The disease was always
accompanied by the presence of spherical RNA viruses. All
isolates obtained from different geographic farms characterized
by the formation of abnormal fruiting bodies contained the RNA
viruses. A novel mycovirus was isolated from the diseased
Flammulina velutips using a purification procedure involving
PEG—NaCl precipitation, differetial centrifugation, and equilibrium
centrifugation in CsCl gradient(1.585g/ml). The  virion
encapsidated two single—stranded RNAs of 4 and 1.5kb by a
coat protein of about 60kDa. The new mycovirus named
Flammulina velutips Spherical Virus (FvSV).

We developed FvSV detection system using ELISA and
PCR. For ELISA, three monoclonal antibodies in mouse and
polyclonal antibodies in rabbit against FvSV were made. The
monoclonal and polyclonal antibodies against FvSV could not
cross—react with the other mycoviruses. To detect FvSV in the
mushroom, we constructed a triple antibody
sandwich—ELISA (TAS—ELISA) and immunochromatography
rapid kit using anti—FvSV mouse monoclonal and anti—FvSV
rabbit polyclonal antibodies. The TAS—ELISA and
immunochromatography rapid kit system was sensitive enough

to allow detection of FvSV 1n F.velutips with the naked eye.



The cDNA of genomic ssRNA of FvSV was made. Partial
sequences of RNA1l and RNAZ showed that they have same
sequence homology at 3'end. FeSV genomic RNA could be
polyadenylated at 3'end. The specific primers were made for
PCR detection of FvSV.

The mycovirus could not be transmited by mechanical contact,
vector, air, etc., but could only by cell fusion, anastomosis. The
origin of the viral disease on mushroom farm could be caused by
virus harbored spawn. The only way to eliminate the FvSV from
F. velutips mushroom is planting virus—free, healty spawn. The
viral diseases in general could not be cured by chemical treatment.
We have succeeded to cure FvSV by culturing virus—infested
mycelia on cAMP plate containing 1% glucose, 2% L—asparagine
anhydrous, 2% agar, 1mM cAMP, 75ug/ml rifamycine. The mycelia
were grown on cAMP plate 6 times successively. Each successive
passage was tested by triple—antibody sandwich
ELISA(TAS—ELISA)and RT—-PCR using anti—FvSV monoclonal
and polyclonal antibodies and FeSV specific primer, respectively.
Viral content inside the mycelial cells significantly decreased with
the increase of passage number on cAMP plate. After successive
5th passage on cAMP plate, the viruses were disappeared from the
cell. It could be a successful way to cure mycoviruses for treating
mycelium on cAMP plate.

We made spawn with the virus—cured and virus—infested Z.
velutips mycelia to have mass production of mushrooms. As
disease symptom of FeSv in F. velutips was not severe in

controlled culture housess, virus—cured spawn produced fruiting



bodies 2~3 days earlier and slightly more( 279g per 1,100ml
bottle) than virus—infested spawn( 270g per 1,100ml bottle).
Here we report that it could be a successful way to cure
mycovirus, FeSV, from F. velutips mycelium culturing on cAMP

plate.
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H 2% = - 2 ZIs7ge

WA A wrASE= dlolElas W2 1948y w| T HEZ Agaricus
bisporus(F&o)ol A HAHJoY 2 HAAE HHAsHA Hste] die-back
disease il B oA th7F 1960 Sinden¥ Hauser’} 1 9A] Wo] FHEx=
HAE Fr7he] o]FS WA "La France Disease” il A5 W3t
(Sinden and Hauser, 1950). Z12]3l o]9} 72 WAS YUEU & oAl
A 19773 virus like particle(VLP)o] @A Eo] B ¥l om(Moyer and
Smith, 1977) 1 o]% H]=g WAS vetdle HAle nlolel~ WS "La
France Disease” %2 "Die back disease”#til HEtH(Hollings, 1962, 1978).
Virus like particle o2} 3t A3 oA virus particle®] 28t wlo] 2~
o] A3yt A=E7} plasmidA #H cell fusion ez & AxX=E HadS Ui+
Aolth. S dukAQl ntoly =9 I AR HF, ¥, A s& &3 A

5 X = virus particles 23l A o]tH(Van Zaayen, 1979). WAl A &
A%+ La France Disease® M@ ZQ SEA=S AvEH WA AdA o
dol =ojA AL st the] Aol7f gl Zke] Roko] 7| o] WA grobA|
= As 5 F ded, A Aol WAl EshHdeveloptment)7F 71 ¢] o] F
o] x#] &ZE=thH(Harmsen, 1990;Harvey et al, 1982;Schisler et al., 1967). 1%
I A Aol R FEFE v A=, TAF o] =ojA| AL AP " vhol
A= AL 2 = A (Hicks and Haughton, 1986;Koons et al.,, 1989). o] &

Agaricus bisporus ° A% La France disease? 9912 25nm<e} 34-35nm
o & wmpolEla QfAkdle] ¥El Y. 7@ e uiely] 2~ A La France
isomeric virus(LIV)+= I FHAZ 38kbellAl 0.8kb Alole] 97}x] =7]<]
dsRNAE 7FA1aL o 1 F 28kbie WSo] YEFA] e Ads wAlo
A= A Koons et al., 1989;Goodin et al, 1992;Harmsen et al, 1989).
npol 2] 9] F- A A9} hostel A. bisporus 2] F+AA codon usages FAMS A
¥}, vfolef 27} hostuloll A &gk replications sk Zlo] wpolg] 2~ WO
A=A el Yelolgtal 3¢ th(van der Vlugt et al, 1993). H}o]#] ~7}host Wl
Al replicationdl+= &<t viral mRNA9 translation A o] A.bisporus®]
mRNA translation®] 2 23t amino acyl tRNAs®] F%E& t©] ol A & 4
Aot 2 AAA FA oy substrate colonization o W2 Fo] Hgash
hydrophobin %59 A. bisporus protein &Ao] Ad|E =4 La France
Disease ¢ WA AAAY 7[@ddde] Hddtt A2ty A vk(Harmsen et
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al., 1991;Van der Lende et al, 1994). A. bisporus | A3k wfolg] -~ H
AAd == WA dAF J3 A Foll dojHe= A= g Ak, Al
AufAE Wl A &7 Foll HatE = ¥4} (basidospore) oA wlo]g] 2o
AE ZA7F EASHH Exol] ofg W Aurt vbs & o Utk o] ¢ Z&
niol e 2o o)zt o g Qlaf el wAle] A ABikgkol] =y
= HJH(Marino et al., 1976;Morris and Dodds, 1979).

Feluetoll Al mpolef e gk A= FHZolof o] FojA 7] AlZG
1992 =gt Aol HEx2E dste] Hag wlolg = A7]7F 30nmeél
7@ wole 2= HE 24nme] mlol Ak o] A HATHGo et al,

1992). L FAl= W a7t ARG Btel © ol o] upojy 2o g A=
AP A Fdrh 1 F 19990 7)Ee] BuE s OE 4 THY vlol
Hags B dAFHdA FEE AT ol 4T Hio] ¥ 2= EOyster
Mushroom Spherical Virus (OMSV; Yu et al.2003), Oyster Mushroom
Isometric  Virus I (OMIV-I), Oyster Mushroom Isometric Virus
I(OMIV-II), ¥ Oyster Mushroom Isometric Virus HI(OMIV-II) 2tx2 &
SFATHYu et alin press). ©]E uviel#] 2o 93 Al WA=z = HAY
7h @obx oL wAlZto] Mg Aol Mol dojx= T 7| HAle] AVl= A
ojth oA FAl thF Al WAORE WAUIE HFAs A WAZe] A1
HAH Aol EarE Al 7IEW Aol yEbdr ATES =EE A bt
ol# X 4F ol the HWeAeFE JEste] 5315 ¥5389lem TAS-ELISA

kit 7|&=oldS stk &k 4l HJAE 93 PCRE 59| primerg 7l

FPE

Fgolol A wholuz HX MW AWH AP AgA TUelA 1
8wt glovt B aTEe ee Al YA velenE B
e RE woh dukCRuteld s F7 BWE) ol B ATM
IMA ANAEO] aFEHE WelwA Rrtelel s FiEe YAt YU )
wa Zlolt
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) AEFE S AT

Aol MA (Flammulina velutipes)< o)W A AT 3] Aujsta d= F
F 713 A S ALEE At (Figl). ©¢EFE A AN MEFT Zagh 3
MEZ A E+= mouse myeloma A EQ P3X63AgR.V653E A&

vlol# 2~ F- A4 A cDNA 4%  cloning vectorZ+ pUC19S AF-&3Flon o
2 E coli JM83%} XL1- bluedl transformation 3}$th.

W ofN

) Al o

r°*'

GFEFdA o} ZYFEIA FAA sk BE ASF2 Sigmailel A Y
21t DNA size marker= TakaraAlol /\1 protein marker+= Bio-RadAlol A &
A AL At A0S 93] AFE-3F phosphatase conjugated second

antibody(goat anti-mouse IgG, donkey anti-rabbit IgGG)+ PromegaXiloll Al <1

ol
3R

3+ th. Peroxidase conjugated second antibody(goat anti-mouse antibody, goat
anti-rabbit antibody): SigmaAloll A FLd3dte] AFESATE E colis v st
A3 vijx] AE R AL H yeast extract, tryptone agar 5 BBLAF #A|ES Ab
, X-gal, IPTG(isopropyl-f
-D-thiogalactoside) 52 Sigmacll A 73t tF. Random primerE ©] 83 cDNA

g3ttt Selective marker® AR8-¥  ampicillin

et & Takararle] cDNA synthesis kitE o] &3l o1 ligatione 93 T4 %
% Takara’l9] DNA ligation kit ver.2E A&3tth 7|Ef AleFEL2 555 o)<

A golL BAYEFE NS g,

kel g s ¢4

D) vpoj#i s 4xp &

30%% 6% Waring blender® homogenization A%l %, 6000xg, 4C oA 228 &
HAAET g9 F5 e 10% PEG ( polyethylene glycol 6000 ) 2F 0.6M NaCl
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o 4 2417 wwkalal 6000xg, 4TColA 228 o 42y stk I A ES pH7.59
TE buffer2 &AE3ste] 10,000xg, 4C oA 258 =<k A2y 3sta AR

100,000xg ol A 1A]ZF 30 &<¢F 2hAlEe] ko] wloly 2~ Ao HAES AU
o] AAES pH75¢9 TE buffer® overnighte® JAESAU 1L, Hiolz A =S
50% CsCl (1.583g/cm®) ¢l A 15A1 5 <k 130,000xg o] A equilibrium
ultracentrifugation dte] 0.75ml¥ ® &3}t vlolH =7 28H fractions pH7.59]
TE buffer2 dilutiondt ¥ 100,000xgell 4 1A]ZF 308 &9 Al =AM EE st o]
g sto] dojxl HHAES pH759 TE bufferz dEste] wpolg 25 & 3
P

ol 25 =8y 3 ¥ 100w pH7.52] TE buffere] =9 H, o] 5 0SS &
o] 50mM Tris-Cl, pH 6.8, 100mM dithiothreitol, 2% SDS, 10% glycerol & i
0.1% bromophenols F7Al 7] 95Tl AM58E7F 7FE Al A denaturation AlZ T 12%
polyacrylamide gel ©llA4] 40% &<t electrophoresisdla Coomssie Brilliant Blue
R-2500.& 3087 M3 & 50% Methanol, 10% Glacial Acetic Acid®} 7%
Methanol, 5% Glacial Acetic AcidZ gM3alo] wald bandE el sttt

2% nlo]g]2~E phenol¥® PCI ( phenol/chlorofirm/isoamyl alcohol (25:24:1,
v/v/v) ) AR dlAS A = 53 2uiQl ethanol? 1/10¥1¢] 3M sodium
SHS H7bs 5 20TAA 1A2FE<E WA sk 10,000xgol A1 303 L4
A2 pellets 70% ethanolZ M A3t ZA1Z1 ¥ DEPCE AHZgh it

Rkt I

T2 594t ol#@ A sle] dojR MAS DNase I ( Sunit )3 10mM MgClA 7}81 7
U AsE=d (0.05M NaCl) ¥ 125 =9( 05M NaCl ) ol4 RNase A ( 10pg/ml )=
Zkzy A gste] 37T A 30 &<t W3k th. PCI extraction 3F¢ ethanol %72
2 Aozl MAS DEPCE A3t "irsE [o|lil 1% agarose gel oA A7|9%
AT 19 H ethidium bromide®Z @A38te] S/HGolA AlA sl 254nm A& H =
gatel A s

2) AAdw 73 A7

sFEgsk vlolglx f9dS formbar-coated 400 mesh grideol A 2% ( w/v )
uranyl  acetate, pH 452  @A3te]  JEOL model 200 transmission
electronmicroscope( TEM ) & #Zs}gth

u}l) cDNAsynthesis
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1) vtold 2~ {3 A RNA =

e E wolgl~ 9dAE PCIAE 9t Ethanol IS T3 Hie AAS & 1%
agarose geldlA 7] 53}l ethidium bromide® QA sle] FFFolA AHst
254nm #Are)d ZWstel Al BEE AT cDNAE A3 s vpolg 2 {3 A|
RNAX agarose gel elutiong %3 RNAl @ RNA2Z zt7F Reste] F=314
=<2 dialysis bag® 2 elutionst= WHE A&t RT-PCRZ cDNA T4
o

et

RNA13} RNA2 Z+7+9] segmentS 71953k geldld 27 elutiondte] F

2) random primerE ©]&3 cDNA 34

cDNA synthesis kit ( Takara )& ©] &3 o™ Alg&WHo] XAt HE2 3435
th ol & tdhs] Awstd ohed 2

A E vhole] 2~ ssRNA(GGug o])E 65CeolA 10 &<t 714
WAlZ1 ¥ Random nonamerZ primer® 34 reverse transecriptaseS ©]-&3Fe] first
strand cDNAZE 43tk RNase HE *2]38lo] cDNA®} hybrid¥le] 9+ RNAES
E3|Al 712 E.coli Polymerase 122 second strand DNAZ 4% T T4 DNA
Polymerase® cDNAZ blunt end® "HEAt}.

2 dgolA F

of

3) Adaptor and Vector ligation

EcoRI-Notl-BamHI adaptor( 10pmol )¢} &4 ¥ cDNAZE ligationS 3} o™ o] A
S EcoRISZ A3 plasmid pUC19 ¢ EcoRI sitedl ligationd}1t}h. DNA ligation
kit ver.2 ( Takara )& ©| &3]

4) Competent cell®] ZA|

LB agar®f#]oll ®EH E. coli XL-1 blue®} JM83 Al*E 2] single colonyE 3m{ LB
HjxJ el FHF3ske] 37TColA 16412 &<t s Fsk vjgdodS 500me LB Aol 7 &3t
37CAA HEujFatATt. 600nmelA FFE=7F 05-0.6°] S v wigAES 102
A d5olA dZA 71 47T, SOOOXgoﬂfﬂ 205t dA e #Ad
pelletE W2d dytsz 2SI dEAI7]aL 4T, 3,000xg ©lA 20 &<t 942
2 23] HEE )Tt Ao cell pellets WZE 10% glycerol & HEAIA 47
3,000xg oA 108 Tt fAEZ sl HAE 2 T Iml 10% glycerolZ &EA

A
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I 80 BFsle] -70°Ce] B &3t electroporation®] ©] €381t}
5) Electroporation

XL1-blue$t JMS83 cell 80uLE ligation mixture®t &&3tar xe]MoA 158 Fot
WA st mlg] YA AE 02em 742 Pluser cuvetteo] &7 18 WX
E.coli Pluser apparatus ( Bio-rad )& A}&3] 25kVZE electroporationdt ¥ A g]
Ime SOCH]A el @i 37Tl A 1A1F 304 wiFatdch wigFdS A F3tA 3|4 sto
Ampicillin ( 5pg/ml )o] H7}8E Macconkey agar Pl A2} LB agar ( X-gal ; 40ug/ml,
IPTG ; 05mM )ol =233

6) Plasmid ¢

LB HjA|ol| Al 16A13F vl ke Ecoli WS 3l 13 dAEeste] #AE &
o131, solution I ( 50mM glucose , 25mM Tris-HCI, 10mM EDTA ) 100t &€t
A7), solution I ( 1% SDS, 02N NaOH ) 200u(E <3 53] inversion 3}$3ith.
Solution M ( 60m¢SM potassium acetate, 11.5m¢ glacial acetic acid, 28.5m¢ H:O )
150 S ¥ L 103] inversiondti, 10,000xgol A 10E7F LA Egsgt. AS5HLe
PCI( phenol/chloroform/isoamylalcohol, 25:24:1 ,v/v/v) extraction® @ &S #|A
3F, 10%9] 3M sodium acetate$} 28] 9] ethanolS H 718t A LA 28 o]AF H
A1gk % 10,000xgol Al 5E3F Al E vk =S 70% ethanol® Al ste] 7

= A7 F Agdel "wsd s
#h) RT-PCR
1) RT-PCR

RT-PCR< oligo(dT)-primer®} oligonucleotideE o] &34 S35t 2 (Table 1,2
), enzyme<= AMV reverse transcriptase( 9U/ul ; Promega)®} Superscript reverse
transcriptase I ( 200U/l ; Invitrogen )F7HAS o] &3tk AA¥ ssRNAES
primere} A 65CAA 10 &<t 7FE3sta E&F&olA 383 SFYAI 713l centrifuge
2 A A 5 AMV reverse transcriptase( 9U/ul ; Promega ) 1 w0, 25mM
dNTP mixture 25u0, AMV reverse transcriptase bx buffer S5uE H7}3k
DEPC-treated W2 25p07b# -1 42TolA  1Abest wk&sto] A=
cDNAS PCR ( Polymerase Chain Reaction) & %53 A|Z Tt Superscriptell reverse

transcriptase( 200U/¢f ; Invitrogen )AF8A] 9= Superscriptell reverse transcriptase
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( 2000/t ; Invitrogen )1 pl, 25mM dNTP mixture 25x0, 0.1M DTT 2u0,
Superscripte I reverse transcriptase 5x buffer 503 713t ¥ DEPC-treated &=
2M7FA A3 AA] 42TCAA 1AIFESE ®EE-3te] PCR ( Polymerase Chain
Reaction)2 FZFA|Z . PCRS 100ue] H3E 7|Fo 2 dRer, dANTP mixture
25mM3¥ 5U Taq DNA polymerase, 10X Taq buffer 12|31 template DNA ¢}
primer® %32 100pl® 23 5 95TColA 587 7Fgstar 95T 30%, 58T 20%, 7
2T 156%=2 35 cycles 33tax 72ClA 10 8-kt Hhgo] &1 % PCR

productsE 2% agaros geldlA] A7 FE& 3}

2) Agarose gel electrophoresis®} DNA elution

A71dE dFgdorE TAESE=E9 ( 40Mm Tris-acetate, pH8.0, 1Mm
EDTA)S AF83l9 o™ 1%72% agarose gelS AF&3Fe] A 89 1/6 ¥l%He 6x gel
loading buffer ( 0.25% bromophenol blue, 0.25% xylene cyanol FF, 40% ( w/v )
sucrose in water )& 7}Fd DNA £ 9& 100V E=& 120VelA d7]19% sttt 7]
4%  05ug/mle ethidium bromide §HoA A3 & Z=F 2 A Hste] 254nm
2o = Eto A A& TE Agarose gel2H-EH DNA ©#H 9 3]4E Gene clean
O kit ( Bio 101 )& AF&-3F3ith.

3) Gene cloning

F=% DNAE A|staAa( EcoRl ) A E 3dto] plasmid pUC19¢  EcoRI
ligationd} 91 th(24,25). E. coli JMS83 cell #FXL1-blue cell2 electroporationd} o]

plasmidE F2A17]13L o] & 83t sequencingdt Sl

AR) vlo] 8 2 & £ ¥ A (monoclonalantibody ) &4

1) ¥y

AE 6F¥ 947 BALB/c w2zl wpolzlx  (vFg]d 10750ug)9t  freund’s
complete adjubant(Sigma)?] TF NS Bz WAsAY. WY 37354 T3 I

4S5 freund’s complete adjubant(Sigma)oll &3ste] F7pa st thA] 3530 A
gAAFR A4S THY FdUS BEAUE FAEIY HFH Y
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2) 8A AEEFAME FH

MEGT AFE3 FAMNEZAELE mouse myelomar L2l P3X63Ag8.V653 A
IFE AL&-3FA T} o] MEE  hypoxanthine  guanine  phosphoribosyl

transferase(HGPRT)7} &4 o|o] 4 8-azaguanineo] WAlolw W ZF2EHHUS AAe}
A BEglkty, o] MEFE 8-azaguanine(20g/ml)©] ¥ RPMI 1640ul) 2] | A wl &3}
o 274l SHHA A A FH B AR iR Z ZolFr A 37°C, 4% CO2 oA Hj
%, A A AEGT AIEE FEANEFT AXE N2 WA= 18417 w3t

& RPMI 1640 ©. 2 33 A H &t A¥E 52 1x10/mlZ 245 A5

3) BIAE =4

HITWY ¥ 39% Z34¥ BALB/c w22 8H B[S AE=3te] Dulbecco’s
Modified Eagle’s Medium (DMEM) WolA #AAo = HFAELE L5ttt B A
FHE AoA 15673 BAAA vFA2FdE4s 7tepeks] Al7stal DMEMO = ¢
Al A st v A EAS Fetal Bovine Serum (FBS) o F%&3Fe] 280XgolA] 5
AR oA Az Y] FAaus AT DMEMO. 2 94 A1
oS v A E NS red blood cell lysing buffer (Tris 20.6g/1 , NH,Cl 8.3g/1) =
Aglsto] AdyE SEANA WA LS wYsdith. 19 v RPMI 1640 o=
33 AHstel AZ 5 1x10°/ml 2 2Hsko] A8t

I -

4) ME &%

%’401]/\1 gk AMEFTAEL (P3X63AgRVEE3) e v M EE 1:109] HE&EE &
g3t & DMEMO 2 230 Zx AAAZ 3t 37°C2 B A7 &3 AXAAE
o 50%(W/V) polyethylene glycol 1500(PEG 1500)1ml& 1%7F HZslo] AXE &
FAAY. A4 & FA] 371°Ce) DMEM Iml & EE5WA 18 FoF H7tsta A
A DMEM 15ml& 15%7F #H7beh vbg 93k 20% FBS |, 10% NCTC 11
gentamycin (50ul)e] #7F¥ DMEMo| AXE FEFAZ 1S 96well 81 ol well
F 50ul BFshe] 37°C, 6% CO°oll wlgatach. &8 Axgke Aesr] $1s)e]
HAT (50Um hypoxanthine, 0.4uM aminopterin, 16uM thymidine ) WX & A% &3
T 135 2 7 well & 50ul & H7Fstal 9o = 150ul o ®WiRE Eoja F
o MiAE HrtstHA & F 1397HA §RHAEY] T4 F5FE A4 d9A
2 HEskadth

5 SFAE] Aex d=E v (cloning)
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AE Fd 5 102 WA 139 Afeloll Alx27F well BvHEe] 1/30178 Astls o vl
& skl 2augSAY wholg] o gk FAE EHle=A o o
}_

= o=
[e] oo _l -
5 st FAE Aatsts AlZ7F S013lv wells 2dwellol Uro] &
3t B A IGr7F AE FAEHIL AFEL F24 0] ﬂ‘ﬂlfﬂ' hybridE €3} cloning
S A3t Cloninge McKearn® F3htf 3] 4 2 AANEA T 24-wello] AF

= DMEMOS 2 3A43te] H%10730 cell/ml o] & AAs] welld 100
A H7beto] widkatATh o] wj AREEE A= ammoptermol A7 A g2 wiAE
Gsta 5 Mg F A9 A A ew 1hY ME ool FAHE wells A et
I FARNARE ZavgSAYEoR HASAY EAHASAMY  conjugated
antibody 2+ goat anti-mouse Ig(s) conjugated with peroxidaseZE AF-&3}sicth. 34
o] 97}7}b %2 hybridoma cell(1x10” cel/0.2ml)& BALB/c 979 &7 o] FAsla
oF dFd I Fo HAoRRY HE4E dojdomy d st ZEd A
2 ammonium sulfate (407509% saturation) precipitation®Z %3 3 protein A

columne TIHAA HA S
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Antigen

Mycloma cells

"'::\' I'J-T-;;'I | PRT - - ki B
. S i ):/:- "-1_;’ {HOGPRT —. 1g=, “inumortal ™)
= L -
Primed B-cells [ )
. . = itr) i 1)
(LIGPRT *, Ig"‘. “prwartal ™y S, b o el b
(B I z
\'—""J \"-L_ _/- \-_.-/’l
Pt}l}'ttl{yl:nt
2yl
| infused mveloma el
Unfuscd B cell !
'\\ _ |‘
A, P N o, ST l"'d_\'] A, P e
Iy \ (i) (e ' lasial i o - Loy
@ Oy A sl Lol las T
_— Hererokaryons - - [
Ddies | D¥es im HAT
HAT selecrion (omby B-cellfmyeloma hybridoma grows)
!
=y Hybridorma (oontaining genes for
h}"_:-.jl T HGPRT, Iy,"'._ ikl gromwth)

__ Assay for desired antibody in
culture supernaut

el

Reclone Ab¥
hwbridoimas

-
Expand
positve clones T

& T L

Culture Ascites fuaid
| |

Momnowclonal antibodies  Monoclonal antibodies

Fig.1. Scheme for monoclonal antibody production
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D
~

AU Y9=AW (Enzyme Linked Immuno-Solvent Assay)

FHAEANA A APNEE ALY
7 f1ste] wE3 o] EAWY b
96-well-polystyrene microplateol0.05M carbonate <+ <Y
=2 A% FAS welld S50ug¥ H7betal 4°CollA sk F-

Phosphate buffered saline (PBS, pH 7.3) 0.05% Tween 2022 3+ A% 3}313%
bovine serum albumin (BSA) PBS 0.05% Tween 20 &€& welld

sko] 37004 FHAIZE EQF Aelste] dde] BAHA @2 F9E AdAZT. 1 o
& PBS-Tween 20 9o Al W Azt g sjgFdoly s]4s A& 50ug
/well A H7Fskar 372014 1A gk vbg8 WA Zth PBS-Tween 20
o7 37 Ao w 3H AAE 1:50000.% 34 % peroxidase conjugated goat
anti-mouse IgGE 50ug/well 2 H7}ate] 37004 1A e vk AT 29 o2
PBS-Tween 20 &9 o2 53] AFatx W7 F71d 712 €9 100ug/well =
A7tsle] §4A9eS FE3Y. 71d 892 0.1M hosphate cirtrate 9459 (PCB)
10mlell 30% #FArata=4 200, 18] 3L ortho phenylene diamine 4mg & o] Wt

iIk3

x olo

=0

LA = AN

o AL A 537 SANSSHAAZ & s 2N A8 AS HUbslo] Hg&
w3 & gaEkg-o] A ZMicroplate Reader ( Bio-Rad, model 550) & ©]-83}¢]

o}) 3 Z &34 (polyclonalantibody) 34
(1) 92 #=
Smlel 4 @ vholes lomg Selo] =

o
adjuvant (FCA)Z F71¢ 99449 10ml Syringeo] ¥} 20%7F mix3dle] emulsionS
7=t Emulsion©] 45 ASS 2187 S8t /77 2010+ vl A g W

_V}i

(3mD<] Freund’'s complete

< "oy Hokth (ol Ag o] FCAl Euxe]l o =9o =A #.)
emulsified g Hholef & &g 7] 3 vie] B Bl 1ml, 8k 9] o 3t )
Iml & FAFSFIT

(2) o]z HF

12 "AE = dE & wlolyx g F#H9  Freund's Incomplete

Adjuvant(FIA)E A3} emulsions THeo] E79 73 dstd 242 Imly &
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FAkstsi v,

(3) A2k 4%

32 2 459 3 E7Y A AW Imle ¥ E At 3000rpmol A 108 =
o AAEE ot €S dAfth(olw €& 07ml A% HAS) EHE 2=
dilution series® ®E°] 97} AAS Aok 97F AA WHS 1% agarose F
noble agar gel precipitation (AGP) test 9f &AWy SAHHS ALE3AT. 240y
=AMl conjugated antibody EEgoat anti  rabbit Ig (s) conjugated with
peroxidase & AM&-atth o] wWl A& 2P 2MAEAA 32 HF wlo} vpEIEA W
Mo W ¢ virus £4S HFsAh

(5) Factor serum 2] A%

ol 2] & A7} contaminant ¢} cross-reaction dFi= Zi% HF] 5}7] %’4811/\1

=
A3 st 2 (& 37°C) Oﬂfﬂ 1/\] U= A @ F %ﬂ‘%ﬂﬂ@l /23]'%9111

S factor serum o & /\}%3}915}.

(6) Western Blot Analysis

vlolgl~2 W% FHolA monoclonal antibody®t E7]lA AL polyclonal
antibody®] WHEAS FARSIATE AR Sl EEL2 95°C oA H5w3F #BA H
Mini-protein kit (Bio-Rad, Rhichmond, Calf, USA) & A}-&3}o] 12% polyacrylamide
gel, 26mA°lA dAIZF H7]99E 3 F nitrocellulose membrane®] =7t Tris
bufferd saline (10mM Tris—Cl, 150mM NaCL)-0.05% tween 20°] 9} =1% BSA
(bovine serum albumin) §4o =z A2o|x 30&7F blocking 3+ %, monoclonal
antibody ¢ 7% nlolelzo] w3k U} A= hybridoma AES v T AAE
gl 9 AS5HS A3t Polyclonal antibody® 79 antibody & TBST

buffer® 3%3F 33] A% 3t alkaline phosphatase conjugated second antibodyZE 30
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2+ WkS-A| 7] ZBCIP (5-Bromo—-4-chloro-3-indoyl-phosphate) / NBT (4-Nitro blue
tetrazolium chloride) & AREE-9] 7[H 2 AF§-3le] WS B3}

A}) Triple Antibody Sandwich ELISA(TAS ELISA)

npo] 2] 220 théF monoclonal antibody €7 %S 0.05M carbonate €% < (pH9
o 34 3lo96well plate ©l coating 3T} 49C°ﬂ’\1 skt FEAZ o
buffer & ©oJWlaz PBST ( 0.14M NaCl, 27mM KCL, 15mM KH>PO,; 81mM
Na2HP4, 0.05% Tween 20) bufferol =o}3)& 3% BSA £ 150ulE 7tz
37°CoN A 2A17F S¢t ¥k A 71 © 4 blockingS A A8 th PBST buffer® 33] A
Zeta Aeake] vlole 2~ 7 WA e dAF FHS HUbsta 37°Col A 1A 7F Wb
S A AT PBSTE 33] A& & vlole] 2o W3t polyclonal antibody ¥4 HS 7}
Stal ThA] 37°9 A 1AIZFE o wESA|F T 33 AMlE F peroxidase conjugated
second antibody ( goat anti-rabbit Ig(s) )& 37°ColA 1A|ZF HE-g-A| 7] a1 22 A) 7}
A7k 71HE HN s F = 3 & e ith

rlo '@
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Peroxwdase

Secondary antibody
anti-rabbit Ab goat
polvclonal antibod v

I, Anti—virus rabbit
polwvclonal antibody
\ Anti—virus mouse

monoclonal antibody

Fig.2. Scheme of Triple antibody sandwich-ELISA
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AGEE FAE o] &3 Fo| WA Hio]FH 2 FvSV, A& Rapid kitFHA
Aol A A% anti-FvSV  monoclonal antibodyE  nitrocelluose

membrane®] binding A7 immunocrmatography W o & FvSV ko] AA
71 EE 7=t (Fig.3).
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Fig3. Immunocromatograpy method to detect FvSV in 20 min. using

anti-FvSV monoclonal antibody
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) Bupol g =BT AN
D whelel 2 B¢ Al WA wo

PDA 1A wvjx]o] HF ¥ o] 25Tl 1297 A& A €2 27 1ene discz 2
©hAl cAMP plate(Table.1)ell HEste] WS xpeksto] 25T oA v st
o] A& cAMP 12+ Ald] wigFelet xAletaL, wAZE wMiA 7R A At e
I OA 1en9 disc® 24 cAMP plated] HEFsto] WS 23k Az 25T &2
Ao Al wjgstA Tt o] AE cAMP 22k A wj<kolgbil AL o]eld Ao =
TAZE AbebE o] WH A cAMP 621 Ald] wjg7tA] A Al S Th 13Fol A 63
7+ A cAMP plateol| A Z+zF At v kst A9 discE PD 2 PDA HiX] o #HZ3}o]
FA 3 WALE FHste] Az As AR R do] TAS-ELISA® RT-PCRS o] &
sto] wlolg] 2 HAMS sf=tl ol &8kt

[}

Tablel.
Composition of cAMP plate to cure mycoviruses
Chemical Concentration
Glucose 1%
L-Asparagine anhydrous 2%
Agar 2%
cAMP 1mM
Rifamycine 75u8/ml
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antal ‘D—b.-
~O-

EE) CASASPCR mEmp Select Clone mmmp  Culue

Mullipsly cells
In FDA plates

I:I'l'E'I1

Fig.4. Sceme of virus curing

The mushroom hyphae were grown on the cAMP plates to cure
viruses. The cAMP plates (1% Glucose, 2% L-Asparagine
anhydrous, 2% Agar, ImM cAMP and 75ug/m{ Rifamycine) were
used. Full growth of mycelium took 23days at the first passage
while the mycelium in the last passage took more than 3bdays for

full growth.
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2) cAMP #jA|ol A 7] dtALA o A o] mlole] 2~ A # e

TAS-ELISAS A¥sr] 9lsf) £l vlolels 4As et eds
vtolg &= FAAE FHsdith. AlEE Facte] A2 utolglx AAE Xt A
SN FHF saturated phenol2 #2]3te] phenol extraction2 13] &}o] A5 dE
At o] ASdo| Al E o] phenol/chloroform/ isoamylalcohol (25:24:1/viviv)
extractionS 13] A A|5}e] uwpol#l 2 genome= G A3 TE o] 7|9 sodium acetateE
0.IME A H7Fg o8 258 B3¢9 100% ethanol® genome fibers -207TC ol A
overnight® FA3te] S Ak A4 E e 3o genome pellets ¥ F 70%
ethanolZ A& 3% AZxsATE AZXE pelletS A= DEPC A& 32 SHF
ol vl RT-PCRoll o] &35t}

3) Reverse Transcription-Polymerase Chain Reaction

blolg] 2o 799 Fuelutips®  cAMP platedl A Ati$E PDA ®iRo] Z23
Felutips A A Foelutips 34 2 wpolg] 2 o] §AAE FH3Hh o
AAE o] g3te] RT-PCRS S35ttt olu] AF&3F primers Table 2 2| clonel
primerg A}-8-3FH )

100pmol 9] reverse primer®} sampleS 4 oiA] 65CoIA gl OMIV-II&= 100C
AN ZtzZE 10 7F WA T 1029 vh&o] Eu dFel 3HolA tubes wHRAIA
reverse primer’} A 9Xo] EA vt DNTPES 0.25mME A ¥ il 5x reaction
buffer(250 mM Tris-HCI, 375mM KCl, 15mM MgCl), 1mM DTTE Y1
Superscript'™ II RNase H Reverse Transcriptase 200US #7}ato] 50Tl A & Al
F F HrSAlAH  cDNAE  FAAY. FAHE cDNA, AZE  primerst
dANTP(0.25mM), 10x buffer(100mM Tris-HCI, 500mM KCl, 150 mM MgCl)E ¥ i
TAKARAAFS] Ex taq polymerase(bU)E Yol 42 32 PCR HH3S AAEA
PCR HF$-9 2o 2E 95T b& &9 13 whgsla 95C 156%, 56T 4b%, 72T 1%
o] oA 153 Wkg H 72TolA 5% &<t 13 ¥335H3

A% PCR product®= 1% agarose gel AolA 100VE A7]19% 3od ethidium
bromide solution(0.5ug/me)ol G M3te] 254nm A& A ZW 3ol A HAFH productZ
el At
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4) 28s Ribosomal RNA gene2 PCR

Z A &9 virus curing testoll A viruse Uo] Foj=i= AL FQldlo] oA A
A o] o] FUS oA 3 HojxjoF St} o]o] A|EAE

=3
dotr 7] fjstel Zk AlBolA FAdEF] AEE EF8He] genome
!

WA zZtzbel Aty ZF A AL 18] 3L negative control® AF&3E ] AL
Z 02e% E3dt) o] #AIE HAA FAAE o] &3] FZLS 3 & QiagenitY
DNeasy Plant Mini kitE ©]-&3}t%] genomic DNAE & 3st3th

E23% genomic DNAZS o] &3}lo] Fuelutips®] E4 HHYE =Z3Jet. =2 &
A H-9= NCBI homepage®] Genebank reserchE %3 28s ribosomal RNA genes
A3t} (gene bank locus AY207200)

ot

o] o= ZA bp= T/ = o] nom, 3 =9
20bp(5'-AAAATGGCCCACTAGAAACT-3'; Reverse primer)<} 5 E9
21bp(5'-AGGATTCCCCTAGTAACTGCG-3" ; Forward primer)E A ZsF% o}

Template®} primer (100pmole/m?), dNTP(0.25mM) 2] 3l buffer(10mM Tris-HCI,
50mM KCI, 15mM MgCl)E H7Fste] TAKARAAS] Ex Tag Polymerase(5 Unit)E
Y1 PCRYSS AATH WEg 2SR 95T A 5&3F 13 w8 F 95T 30%,
48C 30%, 72T 2%5 253 W5 & 72T 10%e= 98-S vFg g AAH
PCR product(1076 bp)= 1% agarose gel’doll A &1+ ot

ille}
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1) vlole] 2~ JAFe} coat protein 2

Aoz A AekA] E3te Fol WA (Flammulina velutipes) .25 wlo]H A&
2389 tHFig.5). 50% cesium chloride ( CsCl : 1.585g/cit ) & Hol A E 3
5 750w 1671 9] fractione kTl o] fractions A QA EE 3 ¥ pH7.5¢]
TE buffer2 #g3)] vlolgl~E &5 w8 & 5 AAvh vlo]# =9 coat protein?]
polypeptide AHEZ &7 93] SDS-PAGEE 3stgtl. o] A310 - 15fractionol] A]
polypeptide7t =<1 HAvt o] A3} wpo]2] =€ coatproteine Aol 60kDag!
polypeptide! & & 4 AU THFig.6).

AxREn Gol A AAS A olnfolyas PR 1 AV|= F 20nme] Aot
(Fig.7)

2) Virus genome?] ¢

50% cesiumchloride ( CsCl : 1.585g/cnt ) & Ho Al =dAE2] & 5 75004 1671
o] fractions WUTEZ7ZEe] fraction®] &S phenolextractiondlil agarose gel
electrophoresisE &3alA A4HS8HQl A thH(Fig.8). viol#f2=9] 4k SDS-PAGEE
3}o] coat proteine] <¢1¥ 10 - 15 fractionoll A e T gel® dl ko] RNACIA
DNA?®I#] <o} ® 7] 98] DNasel®t RNase AS 2t} o] dlAke] DNaselS #
S "= ous EalE Aoy F%em RNase AE AYIdS de Adss
%7 ( low saltcondition : 0.0bM NaCl ), x93 %= Z7Z ( high salt condtion :
0.05M NaCl ) oA R #ibo] 3] Atk o] A= nlolef 29 {3 A]= ssRNA
2 o &S HoFva FAhES o] ulel#~= 403 15kb 270977 thE
3719l ssRNAE encapsidation3tZ A S tH(Fig9). $gl= o] #Hlo]H2E FvSV(
Flammulinavelutipes Spherical Virus )g}ar ™ 3}l c},

o] vpolej 7t 54 oAl AT EAGt=AE dolr ] 93] WA FolA fFE
Hi e WolAlS AASAPEE T sty ¢ FUSAHANAAE ST 1
A3} 5L sizee] ssRNA bands7b &A1& Ah( Fig.10) 345 thE size®] ssRNA
bands® YWERSEH ol& g wloly vt WFE AR & vlo] g 29} co- infection

|

d AAAE Lok Farh A AR o] E=FeA = dobE Al XAl major
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Fig.5. Possible viral diseasesymptoms of Flammulina velutipes
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Bottom Top
lane 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16

Fig.6. Polypeptide of viral coat protein in SDS-PAGE. Analysis showing
the distribution of the viral coat protein following equlibrium centrifugation
in 50%(1.585g/cr’) cesium chloride. Viral coat protein were denaturated for
5 min at 95C in 50Mm Tris-Cl, pH 6.8, 100mM dithiothreitol, 2% SDS,
10% glycerol, and 0.196 bromophenol. Denatured proteins were separated by
12% polyacriylamide gel electrophoresis. Gel was stained with Coomassie
Brilliant Blue R-250.
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Fig.7. Electron micrography of Flammuline velutips Spherical
Virus (FvSV).

FvSV is a isometric aqueous uranyl acetate pH4.5
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M 1 2 3 45 6 7 8 9 101112 13 14 1516

Fig.8. The viral nucleic acids on 1% agarose gel electropforesis.
The viral nucleic acids were extracted by phenol from the fraction
prepared by CsCl (1.585g/cr’) equlibrium ultracentrifugation and
precipitated with ethanol. M ; Perfect RNA ladder( Takara ).
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lane 1 2 3 4

4kb —»
1.5kb —»

Fig.9. Ionic strength-dependent sensitivity of purfied viral nucleic
acids to hydrolysis by RNase A and DNase I. Viral nucleic acids
were incubated without nuclease ( lane 1), with DNase I ( 10U/ml ;
lane 2 ) in 10mM MgCl2, with RNase A ( 10 g/ml ) in 0.5M NaCl
( lane 3 ) or 0.05M NaCl ( lane 4 ) for 30min at 37C. M ; Perfect
RNA ladder ( Takara ).
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Lane 1 ¢ 3 4 5 6 7 8 9

(a) (b)

Fig.10. Ionic strength—dependent sensitivity of purfied viral nucleic
acids to hydrolysis by RNase A and DNase I.
(a) Lanes:1,2,34/5,, nucleic acids of FvSV extracted from
diseased Flammulina velutipes collected from Green peace Co. ,
Daeheung Co. , Paldo Co., Honam Co., and Mulebanga co.
respectively. M ; Perfect RNA ladder( Takara ).
(b) Lanes:1,4,7; viral nucleic acids were incubated, with DNase
I ( 10U/ml) in 10Mm MgCl2, 25,8; with RNase A ( 10 g/ml )
in 0.6M NaCl and 3,6,9; with RNase A ( 10 g¢/ml ) in 0.06M
NaCl for 30min at 37C. M ; Perfect RNA ladder ( Takara ).
Samples collected from different commercial componies.
(Lanes: 1,2,3; Daeheung Co., 45,6 Paldo Co. and 7,8,9; Honam
Co.)
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1}) cDNAsynthesis
1) FvSV genome ssRNA( 4 2 15kb ) cDNA &4 % sequencing

cDNA synthesis kit ( Takara )& A}&3F9] cDNA 3FAS 319th. Radom
nonamerE primer® 34 reverse transecriptaseE ©]£3}¢] first strand cDNAE
St 3tal Ecoli Polymerase 122 second strand DNAZ 43 5 T4 DNA
Polymerase® cDNAE H&@dstelddot ( Fig. 11 ). §4%¥ cDNAE EcoRI
adaptor$} ligationste] plasmid pUC192 & cloningstgth. ol A< E.coli cell ( JM83
%8 XLl-blue )& electroporationdt®] plasmidE F2 A 7] &ttt o2 A 3
of W& clonesE & 4 A%Th 1 F RNAL RNA2 ®25Fd sigats 7719
clones(Fig.12)& €& < A4t} clone 13} clone 25 o]&3le] o & %7}9] cDNA
=2 A7 95} clonel 2] sequence®]| A 57
-GCCGGAATTCAAACCTCTATTCTGTGCGTAGCTC-3 " Eforward primer=,
clone22] sequence 5 - GCCGGAATTCCAAGCCTTTGCTCAAGAAGCTTTT-3 " &
reverse primer® Ab&3e] RNA1 % RNA2E PCRate] ©f & %7t9], °F 700bpe]
cDNAES FH &5 A th(Fig.13). RNAL, RNA2 2504 FU3F productE A1
o] AmZ %3] RNA27} subgenomic RNAQ 7540l =28 & 471 At o
primer® A5 WAE F3dto] RT-PCR® 93 A3 WE
700bp®] band”} WEFRL o™ AT ool A= o]& band 7F HERA eFob(Fig.14)
o] Abol| Al A}&3F primer’t FvSV e zgte] ARgs 4= 9l A A3 primer® A2 €
t}. ©] 700bp cDNA %7Z'2 nucleotide sequencing &tz Q2w o]= clonel™}
clone2A}olol ¢F 100bp7} EAHS HodFvha 2l tH(Fig.15).

¢
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5 3
NN RN/
| I mmmmm Random primer

Reverse transcriptase

5 3

hybrid

nlck l E.coli RNase H
— I EE .

E.coli DNA polymerase 1
E.coli DNA ligase

Double—stranded m—— I

cDNA I

T4 DNA polymerase P4z}
(blent end)

Fig.11. Strategy for random primer cDNA cloning ofFvSV
genomic ssRNA.



Clonel:
CACGTACCCAAACCTCTATTCTGTGCGTAGCTCTATTTCCTCT
ACTCGTGACAATCCACTCCACCCCAATCTAACCGCCATATCTA
GCCCAGCCTGTCCACGAGCGTTACGCAGAGAAACCCGCAATGT
CGACCATCATCCCAATACTGCCAGGCCGATGCCCCCACCAATC
AAGCGGTCCTCATCGCATTCTCCAAGGCCACTTGAACGTAAGC
TCGAAGGTAACCTTTGCCGCATCCAGTGTTTAATCAATCAAC
TGAACCTTCATAGAGTTGGAACAAAATTCTATGTCGCCCGTG
ACTGCGACCTGCAACACAGCCAACATGTGGCAGAGCCACACTA
CTCGGCAATGCCGAGTTGGCTAGCGTGCACGTC

CloneZ2:
CTTCAAGCCTTTGCTCAAGAAGCTTTTTGAGCTGTTTCGGGC
GGGGTTGCGTGTTTCGGACCAGCATGTTGATGCGATGGAGTG
GGTTGGTGAATTTGGGTTGACTGGGTATGAGCCGGCTGATTG
GGGGATTAGGCGCAAGGCGCGGGAGGCTCGGTTGAAGAGCGG
GGAGTGG

Fig. 12 . RT-PCR sequences of clones from RNAI1 and RNAZ.
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Table 2. The primers were used for RT-PCR ( RNA 1, 2). Viral
RNA was primed with specific oligonucleotides complimentary to
internal regions of viral genomic RNA.

Clones primners

clones 1 B -GCCGGAATTCAGCCAACTCGGCATTGCCGAGTAG-3'

ET-FCR B -GCCGGEAATTCACTCCCCGCTCTTCAACCGAGCCT -3

RT-FPCR S -GCCGEAATTCTTTTTTTTTTTTTTTTTTTTTTTT-3
clone 5 -GUCGEHAATTCACTCCCCGCTCTTCAACCGAGCCT-3
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1500
1000

700bp

500
400
300

Fig.13. Agarose gel electrophoresis of RT-PCR product of FvSV
genomic RNA1 AND 2. RT-PCR products analyzed on 2% agarose
gel and stained with ethidium bromide.

M ; 100bp DNA ladder
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Fig.14. Identification of FvSV infection of F.velutips by RT-PCR
using specific for FvSV.

Lane M ; 100bp DNA ladder(TOYOBO), 1 ; healthy isolate, 2 ;
purified FeSV, 3 to 10; diseased isolates.
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2) 3" RT-PCR clones

25+ % RT-PCRZ FZAZtH( Fig.16). Random primerE
tol ol 3Folgt AP 1

JF/]E—’- 3/ E T L
e 27

clones% sequence®] stop codone] ¢ Z}
Zko 2 3'Eol poly(A)FFE Fst=t AHE & 5 AATh

37 Eal poly(A)7FA =4 gleA] Lolrr] 98 37 £l polyadenylationS
RT-PCRE & B dt}t. EcoRI ATHE A sites 9o Al 2Fstoligo(dT)primer = =
5" -GCCGGAATTCTTTTTTTTTTTTTTTTTT- 3~
ArH A el gpecific primer$l

o]
A

shA AL

9} viral genomic RNA<}
5" -GCCGGAATTCACTCCCCGCTCTTCAACCGAGCCT-3'E o] &3t cDNAE g

RNA1¥ RNA2 Z+Z+S elutiondle] RT-PCRES 3t TY3 productsE AUt
(Fig.17). o€ A %% cDNAsE cloningsl %l

o] A3 =& FvSVe RNA1¥} RNA29| 3’ poly(A)7} A8t 7hsAdo] =il AlR

ekt

Ht} o]= 3’end? sequencingo] B4 urE A Aot}
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a
®

RNA 1

RNA 2 ] ]

cDNA clone 1 ¢cDNA clone?

RT-PCR clone 1
——
3" RT-PCR clone

Fig.15. Alignment of the cDNA clones used to characterize FvSV
RNAs. Viral RNA wasprimed with random nanomer or with specific
oligonucleotides ( Table 1 )complimentary to internal regions of viral
genomic RNA and oligo(dT). 3 end of FvSV RNAs were
polyadenylated.
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Denaturation
5/
e  AAA(n)

cDNA synthesis by reverse transcriptase using
specific primer and oligo (dT)

specific peimer mm—>
e A\ AA ()

oligo(dT) <--mmm TTT(n)

Amplification of PCR

Products of 3'RT-PCR clone

Fig.16. Strategy for 3" RT-PCR clones.

Oligo(dT) andspecific primers are contained EcoRI restriction enzyme
site. Viral RNAwas primed with specific oligonucleotides(Table 1)
complimentary to internalregions of viral genomic RNA and
oligo(dT). RT-PCR products were produced using specific primer
and oligo(dT).
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lane 1 2

Fig.17. Agarose gel electrophoresis of RT-PCR products of the 3°
ends of FvSV RNAI1 (lanel) and 2 (lane2) .

RT-PCR products analyzed on a 2% agarose gel and stained with
ethidium bromide. 100bp DNAladder was used as a DNA size
marker (Takara).
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t}) @2 &3 A (monoclonalantibody ) &4

NEFA vloly 27 EeEolz AL #elsta FvSVE coat protein®® FvSVoel
&A= E FAS FA ek Fvsvel Wi |22 AE o8 A s 5 A
gl o] ¥ ELISA test® AAI3te] 490nmelA OD#ts A ¢ A3 ODgrel 0.4e]
He= 34 35 It 4o 28 ELISA® western blot analysisE 3]
Aot 1 Ay 3719 FE#1, #2, #3)°] ELISA®F western blot
analysisoll 4] FvSV #bg-o] Yehds &2lstdth Control2 o|v] vhEo(zl th& v}o]
2] 2~ % 2] monoclonal AbE Al& 5}03\:}(F1g 18). 23 OMIV-T oA ¢Fzre] w-Ao] 1}
BuE AL #9591 ODFezEE SAHFHJL. o= FvSV coat protein®] OMIV-
O 9] coat protein@} oJH AT:A o] AS AL} F50] FHH o]= FvSV coat protein
9] amino acid sequencingS 3 243 T AE Aolt}. o5 7 FEEY Eo
S gl & 3719 TdEFE9] cloning®
o] FAbete] oF AdFd & Ho HA

=

1

doox 1 2
001'
N
l

ol

E
=

o,

LIS

ybridoma cell( 1x107 )= BALB/c %% ¢
25E HE dojdlog diF EEstd

10':7[“3

oy
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#Clone 1 #Clone 2 #Clone 3

@ — #1
® — #2
® — #3

Fig.18. ELISA (a) and Western blot analysis(b) usingthree
monoclonal antibodies against FvSV. Monoclonal antibodies of clone
#1, #2, and #3 react with FvSV in bothELISA and western blot
analysis.

NC : Monoclonal antibodies against oyster mushroomspherical
virus(OMSV); @), oyster mushroom isometric virus— I (OMIV-1); ®,
oystermushroom isometric virus- I (OMIV-1I); (©.
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) 8 Z & 34 (polyclonalantibody) &4

FvSV wufo ] Hag He® E7oA 4 serum & polyclonal antibodyoll th3h 5t
H-8-/d-2 ELISAZ testat A =dl, 53X serumS 2814 3|43}k
o *e‘@ skich 1 @ﬂ g A B upe o] wkEojxl ZYEE A A 7Htiter)
164008 °]ddS & 5 AAJTH(Fig.19). vHEAAN GEFE 3 T 97 U =
3tupe] F2oA "FE antibody® western blote 2 EolAS 233 Ay FvSV
ghgsto] 1 Solds & & F AT T sthel 8-S OMIV-I ¢ cross
reaction®] ¥oubA ELISA kitE Rt=wdl Agebx] edokom ymr T &
cross reaction®] dojubx] ¢kol ELISA kitAZgo = AFE 8 4= QA =3 wE
o] 7l polyclonal antibody¥ FvSVel Ag-Ab( 4-31A4 )ur<S B
Z~( OMSV, OMIV-1 ,OMIV-IO ,OMIV-II )°| cross—reaction® S
skl et th(Fig.20). 224 o2 FySVe TdF &, ZYFEIA7 wEAHSS ¢ +
ARew o5 o] gste] TAS-ELISA kitE Al F3}kdth

1o
2
T
N
&O
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Fig.19. Titeration of polyclonal antibody against FvSV by ELISA.
Rabbit anti-serum was diluted by two times. 16400 times diluted
serum( — ) can be detected FvSV
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OMSV OMIV-1 OMIV-II OMIV-1II FvSV OMSV OMIV-T OMIV-II OMIV-II FvSV

(a) (b)

Fig.20. Western blot analysis of monoclonal( a ) and polyclonal
antibody (b) against FvSV. Viral coat proteins were separated in
1296SDS—polyacrylamide gel and second antibody were used alkaline
phosphatase conjugated goat anti-mouse IgG( a ) and donkey
anti-rabbit IgG( b ).
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w}) Triple Antibody Sandwich ELASA(TAS-ELISA) Kit 343

Fig.2 olA HoF WHoZ anti-FvSV monoclonal ¥ polyclonal antibodies =
o] £3}o] TAS-ELASA KitE A3 tH(Fig.2l). o] 43k TAS-ELASA Kit® t©}
59 Fufol# i TAF Auke] A3 Y

Nl

B G E 8 FAE o] &3 Fo|HA vl 2 FvSV, I8 Rapid kit 4

B Agao)A A3 3F9 anti-FvSV monoclonal antibodyZ ©]-&3dte] w74
3l Anigenol A to] EI|E sampled FA AT vlole 2ol A BoAE 1g
o] st 3m0e] TE buffere] E33Ho] Microfused] A 2% centrifusedte] %52
kite] {1=*ell pasteur pipet>® 3-5%E& "ol 5720&F 2709] lineo] urERdT
vpol g 2ol 7 AH A e AE] Hf A line 170 e o] T A ALE
& 4 98 Aozt AzE UH(Fig. 22).
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momdand antibody fram
Clone 1 clone 2 clone 3
diluian diluion dihstion
Qi‘mqu X0 | 12800 | X50 | 12800 350 | 12800
L@@ | | 100 2500] 100 25600 | 100 | 25600
200 | 51200 200 | 51200] 200 | 51200
-’:‘: %{)“g‘dd 400 | 102400 400 1{941}: A0 | 102400]
L mliﬁi.iﬂjﬂd 800 204500] 800 204800+ 800 206800}
O OO OIS 1600 1600
i!i‘@}b? ';"m:‘ 3200 3200 3200
OO T 6400 6400
polyclaral antibody 1:2500

Fig.21. Senstivity of triple antibody sandwich-ELISA(TAS-ELISA) to

detect FeSV.

Monoclonal and polyclonal antibodies against FvSV and peroxidase
conjugated goat antibody were used. Sensitivity of TAS-ELISA was
tested with purified virus solution. Monoclonal antibodies of clone 1,
2, 3 were diluted initially by 50 times and subsequently by two
times. Polyclonal andibody used 1:2,500 dilution.

N/C : negative control
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Specimen
15001 of tissue 3--5 drops c n—>
rmixhure

3 oSy

< * Virus positive

Fig.22. Immunochromatography rapid kit for FvSV diagnosis
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Ab) Bhol# 2o o] o] FALZH-H FvSV H A

1) cAMP plateol| A 2] A} A%

ZA4 & dlojyols PDA wiAlo] HFste] A& FARE wpole]=ef A

&4 7 cAMP plate(Table. 1) oA v %3t cAMP plate 2ol
o2 A £=7F wlg =H AT TAE 9em platee] 7HEAFE] 7
A= Alzro] 12 At wigAlddl &= 239 E A8 5T Fo] 5346
© 3Bl Aok wAZE M Aol 7hA AgE #ld
AT I A Sl FAZE dubH el PDA HiAolA Aete A B3 dew
Abeket b A 7F Al ol F)r AR Wi ofF wrolbxlth PDA HiA| oAM= A
b wj A e ZojA bk Zlo] dREHOIUA R cAMP plateo A= At 7F A
HH A v A W] et Bt ofF AL W] dAE el F-gE o
U= AAH BATH(Fig23). 2k AtE 2 cAMP plateol A ARF Slew 7 2
g9 #AFE 1emd discE ZrebA] PD(potato dextros) 2 PDA(potato dextrose agar)
Hjzlell HEFst At cAMP plateel Al 2 AebA] star wbe WER =g A el
TALEo] PDAM Al A= dgle] wASE ¥ Aol gleo]l zgke S Felstd
(Fig.24). ©] platedl X TALE 3434 TAS-ELISA® RT-PCR= ©]&3}¢o] Hlo]#{ X~
A Mg sh=dl o] &3t

i
K

=
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Cells on
cAMP plate

Mulliply cells
In PDA plates

ELISA & PCR

Fig.23. F.velutips mycelial culture on cAMP plates.

1°,2°,3°,4°5°6° ; F.velutips mycelial plugs were successively cultured
on cAMP plate from One to Six times, respectively.
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FDA i z

Fig.24. F. velutips mycelia on PDA after growing on cAMP plates.

1°,2°,3°,4°5°,6° ; F.velutips mycelia were successively transferred on
cAMP from 1 to 6 times, respectively, and finally on PDA
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2) TAS-ELISA Test @ RT-PCRZ F-ufole] A #F A+

CAMP plateol| /] Alth wjFste] wpol#l =5 curing 3+ & PDA wjA| Z/“f{}
TALE daste] MEEAS AUk 2 A A Az blolg~ AF F|E

E

&3oto] mioly s HALES st 1Akl A 6xkel DA cAMP platecl A At HH } 3l
T7F S7F & F5 Aol AN S mpolY s Fo] FolmS ELISA-Readerz #ta =
getel Feld 5 e (Fig2d) & ArolA 7IE g FeSV 5o| primer & ©|&
gt RT-PCRoIA %= &% 4 AATHFig.26). o] A= cAMP platel| Al o] A}
£ Sdleold Al ek & Ag o] #F o] FeSVE HATT &S & 5 UM
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Fig.25. Triple antibody sandwich-ELISA(TAS-ELISA) test to detect
mycoviruses F. velutips spherical virus(FvSV)

The well lanes were coated with FvSV monoclonal antibody.

P/C ; samples not treated with cAMP(positive control). N/C ;
mushroom not infested by FvSV. Numbers 1°, 2°, 3°, 4°, 5" and 6 ;
numbers of successive passages of virus infested F. velutips

hypae on cAMP plates .
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Top M PF/C 0 1° 2 3 4 5 B 7

SUUbp —=

Bottam

Fig.26 RT-PCR product analysis on 1% agarose gel electrophoresis

Top: RT-PCR product analysis to detect FeSV in F. velutips

mycelia after successive passages on cAMP plate.

P/C ; purified virus

0 ; Original F. velutips cultivar. Gosa (virus—infested), not
treated on cAMP plate

Number 1°, 2°, 3°, 4° 5° 6°and 7°, Number of successive passages

of virus-infested F. velutips c.v. Gosa mycelium on cAMP plates.

Bottom: Amplification of genomic DNA by PCR with 28s rRNA

gene specific primer
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Y

3 miol# &~ Ft A

AellA AF7 cAMP plateoll Al Alth wjFaeto] @ Fulolejs tALS sgolH
A 29 x 35 Aol Ftes S48t ASAMAEE sk vhel
2o ol HE tAkel wpolY s H AT dAe] A AHE #ESHAT ofu 1,100ml
of wix|7} 507k WollA Anl e, 20061 5¢ 13Y FHHF, 2006 649 3
4w F7], 20060 7 19 £ TS 27D Ay g o] wAle] ek oy
FAHE HESAT (Table 3 ). dlo]g| 2~ EX]§ Fito] 279g, nufole]~7b o ¥

N

Fitol 270ge] #3e @ & il shel 1 FHFe] Aol A9 glrka A
it wtole sk HAE FFE 1WA Agol 239 HE W (Fig. 27) F3
2~39 A% Wi & 5 Qo] A FohlE AAGeR oo @ & 9
STHCEel WAl AT A ATh ol % ). ol HolmAl Au: 7

=

t}

méiiﬂmlour

o] Aol Hd AAejolx o AolwAl Aol Wk niolH ATl thEk v
7b 3A FSe AAbRTaL v ofu) =8hgk mpol# & o] W S (virus-infested) 2t

Hlol gl &~ E X F(virus—cured) A E RT-PCRS F3sle] vlAl&9] nlo]g] A3
= 34 stk vtol s oW FAE FFEte] S WAdA = HiolH 2Tt AE
Row volej i~ EAFTS HEFS A2 = Hpolgl 27t HEHA B=
< ¢ F AAH(Fig. 28 ).

oldel AddAnE FTstd vholg 2o oW H (virus-infested) o] (F. velutips)
TAFS cAMP wj Aol 53]o]% Altjujetd solutolef ~(FeSV)E HAE i)u—
o] vlol#~E EF XA FANvirus-cured)Z TS THEO] W An & A 72
ANAAM = Fe Aol7t x| gou 8 d FF 2~39 @5 & F Ja FEe o

Mol M= A& whelel 27F HE HA #5e & 7 Uk

J&‘L‘
O
2 ]
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Table. 3. : Harvest of virus - infested and virus - cured mushrooms.

Virus-infested Virus-cured

QA5 32 32
Pt e 270 279
3l o] 0% 0%
24 0% 0%
= H A 0% 0%
] = 0% 0%
et 0% 0%
71w Al 0% 0%

2120061 59 139 HF, 06 6¢ 3

1o
=]
it
N
J
e
—
1o
—x
Lot
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Fig.27. Mushroom production of virus-infested (AB) and

virus—cured(C,D) spawn. Flammulina velutips spawns were
inoculated in 1,100g sawdust-rice bran mediums. The spawns were
inoculated in June 2nd, 2006, were scraped off in June 20th, 2006,
and mushrooms were photographed in July 15th, 2006.

A; original spawns(cultivar. Gosa) from Green peace co., B; virus-
infested Gosa, C; virus infested Gosa grown on cAMP plate 6 times
successively, D; virus—infested Gosa grown on cAMP plate 7 times

successively.
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Top M P/IC A B C D

[ LEL Ty}

Bottom
| l::ll.l|-:h:| _* _

Fig.28 RT-PCR product analysis to detect FeSV in basidium after
harvest of mushroom (from samples of Fig.27).
Top: RT-PCR product analysis using FeSV primer of mushroom
A ; produced by spawn of original F. velutips cultivar Gosa from
GreenPeace Co.
B ; produced by spawn of virus-infested F. velutips c.v. Gosa,
multiplied in our lab. not treated on cAMP plates.
C ; produced by spawn of virus—cured F. velutips c.v. Gosa made
of 6times successive passages on cAMP plate.
D ; produced by spawn of virus—cured F. velutips c.v. Gosa made
of 7times successive passages on cAMP plate.
P/C; Original spawn of F. velutips cultivar. Gosa (virus-infested),
not treated on cAMP plate
Bottom: Amplification of genomic DNA by PCR with 28s rRNA

gene specific primer
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Mo4m =EUME 2 peisoldlel JoE
Bk Zehp B A%
T S 53
s 44 = (%)

onfolH = FHAA cDNATA 100
outely = 54 71 100

123 =(2004) OcDNA nucleotide sequencing 100
OMonoclonal AbA 4t 100
OPolyclonal AbZJ4F 100
O o) F 7 Rivavirin, cAMPS ¢FA #] 2] 100
OcDNA nucleotide(#] ) 80
oufolH 2~ FZ A organizationTt 50
OPCRE E9| primer#l| % 100

221 & (2005) OTAS-ELISA KIT Az 100
O%7Hg 1+ wpoly 2 JAGIE A 100
OF-uko] 8 2 clone A% 100
Offutel 2= Fit T4 100
Offutolg = F3t HSAHE 100
Onfel] 2~ X8 TAS-ELISA7 % 100
ontelg] 2 WAg 5ol primer/hd 3 80

A

HE3 7t Offutely = Fot W 100
Offutelf = Fot HFHY 100
O 7tell volgl =g 1 J1E &5 Ha7bs
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Q@I=EE U HEE IAE o] &g HolwAlntolej 2~ FvSV, o TAS-ELISA %
immurochromatography & ©]&3% 7to] AAINE A,

@ FvSV x4 ssRNAC cDNA 4% PCR g Eo] primer /fd; &8 (18]
1} FvSV genome® full sequencing ©] %A &o} genome organigation =
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H 5 & AFIieZE e

ol

FHEA

Lo

@® Immunochromatography WH¥ =2 ©]&3 FvSV & rapid
kit(ZFo] A et kit)&= WA 7142l Anigen 3JAtolA 1 A EFE 71A
a2 ol B AHA A wFE anti-FvSV  monoclonal antibody =
Anigen3]Alell F 5 3Fe] Anigend AH7F WEEo] HolErldd Fg A
@ = HYHolA L3 TAS-ELISA ol 23k FySV X
=0 % (naked eye) HiolelzolH of B-5 ¢ = glo] HolHA AR
Ao ELISA reader’t glolx= AF83 4 x A

1o o
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