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Molecular characteristics of diverse dsRNAs in edible fungi
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ABSTRACT : Mycoviruses have been found in many fungal species including mushrooms. Double-stranded (ds) RNA genomes were
common type in mycoviruses, but single-stranded (ss) RNA mycoviruses were also reported in some fungal species. Sequencing analysis
using cDNA cloning experiments revealed that mycoviruses can be classified into several different virus families such as Totiviridae,
Hypoviridae, Partitiviridae and Barnaviridae etc. Because the nucleotide sequence data that are available in these days are very limited
in a number of mycoviruses, the existence of more diverse viral groups in fungi are currently expected. In this review, we selected four
different fungal groups, which were considered as the model systems for mycovirus related studies in both plant pathogenic fungi
and edible mushroom species, and discussed about their molecular characteristics of diverse mycoviruses. The plant pathogenic fungi
introduced here were Cryphonectria parasitica and Helminthosporium victoriae and the edible mushroom species were Agaricus

bisporus and Pleurotus ostreatus.
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Al H2E Hholel vt A4 ZFRHGEA, B2
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X Aok WA QA sieh el A2e AEEst 7]
Ho] et} ool A3} BRE ulolejs SHE Hopo] A

7h fEo] grom, 2ol obA = HiolH A Al ¥
A A, FAA @A} 2o ERAESH] A
g Qlo] vol A 9] 7] ¢lef Tt of e 7] 7Hd o] A 7] =] 3L
Ut 1 F EH #2191 7Hd 2= o] 2]2250] 7]5(host) Al
9] DNA -2 94| RNA 222 5] °JAIH}0]HA«I =4
= Ad 4+—4 Hpo|H A7 AAS Ao A EIL, o] %

Ay A of] A 5= hdRt A= A”EX”L A ‘ﬂi}f
S 28 3o A &Aoo 2 283 gkogle) AzhE)
Z}zko] vho| g A5 Ao the F4A| Aol T2
gk S sk A o2 dEzl EdRol(mutation), AHZ3H
(recombination), -2 2} ¥ A (reassortment)¥} 22 34
2 Q1 H3}E Foto] =2 Fe| 9 vlol g AR Xl $=
Aoz FAE|6A| 3L Q)t} (Holland and Domingo, 1998;
Becker, 2000, e} 1 42] .9 57 npo] el 5o] A
AR 0w ol BARNE, o A Ao, e 150
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STl 2 vt thE vhelBlagoAle ofuRt ¢
e vAHA FAH o Astste] gheAlofl et HA1A
A& gl S5 |olle dE Aol AMdeltt.,

=30l of| A I Ho] 2] A 0] A= 71 ¥] o] YrH(Ghabrial,
1998). ol& 5o LFolA WA= violg A dRt
Hog Fgsto] “FgolutolH A (mycovirus)' 2t EY
3la1, o] FFoluto] A tEE-L double—stranded (ds)
RNA Als FHE 7ML = A o= I A Ut Buck,
1986; Ghabrial. 1994; Ghabrial, 1998). ©] ‘T‘TL]’O]H]‘O]H
A50| o 159 vloly A9} R 553 £ F

Sht= Al 229 7F9A (extracellular infection) 3 27F H"ﬂE]
A o= Aoltt. 7o) BolH A2 MEE STAEZE
A7 = HHo=Z ojgfgt Ml o HAHAEE t4l A=
R o= thE o] 7ot #F7F A oh= 7K
SH(hyphal anastomosis)= £5}%] =% 4] 0] (horizontal
transmission)& sFAY -2 HFo|] LA} F4lof o)
of vlolg A7t Fgolo thi At R o5 sk 24
0]5-(horizontal transmission)¥} &2 WS o] &3l A
O 2 oA Utk E3F #Fo] Hiolg s S50 543
HAE UEA] ¢ cryptic symptoms 9.©.7]+= HfO|
g Aaso] Wol 25kl Q= Ao &2 defA St (Lemke,
1979; Ghabrial, 1998). @A71A] o]2|gt 30| Hfo|2| 2
=9 553 EAS2 vroly A0 o] o ¢hollA 2

T 71 0=
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Table 1. Summary of mycoviruses found in C. parasitica, H. victoriae, A. bisporus and P, ostreatus

Fungal host Genome Family Species
Cryphonectria mitovirus 1
Cryphonectria hypovirus 1
. Cryphonectria hypovirus 2
Cryphonectria SSRNA Nar nay/(/dae Cryphonectria hypovirus 3
. Hypoviridae ) .
parasitica dsRNA . Cryphonectria hypovirus 4
Reoviridae X
Mycoreovirus—1
Mycoreovirus—2
Mycoreovirus—3
Helminthospor dSRNA Totiviridae Helminthosporium victoriae virus 190S
jum victoriae Chrysoviridae Helminthosporium victoriae virus 1455
Barnaviridae Mushroom bacilliform virus
Agaricus SSRNA Chrysovirus Agaricus bisporus virus 1
bisporus dsRNA Partitiviridae Agaricus bisporus virus 4
Unassigned La France isometric virus
Pleurotus dsRNA Partitiviridae Pleurotus ostreatus virus 1
ostreatus SSRNA Unassigned QOyster mushroom spherical virus 1

250l %) e olo7 Lo é»g—% SE

1
A, A= I o] Hiolg A Ao AALHA &

o] vlo|g A A O] 2Bk} Bl ofF= @7 A7k
B TFo] ol EAEligE AR S50 Qi) o]y
et 7HEE wgo] Hio H A 0] H7IAE A A Aol 9
A =S50 glom, Fgo] Hlo|gAaet A 0w Ayt
go] gl HiolgiAEo] YA EE(protozoa)S FHHAI7] L
U= vholH A TIF 0 2 vehde] wat A7) = ik, Ay
=ollA FFolet YAFEE Fsksk o7 Zebxl A2
o= Qe o WAYskl o, ol Abdo] dojur] A
ojul o] Fgo| vpolgAzo] At HE& AHAI7]AL
A Aor FFE U}, o3t 7S SRSk
THREE A S o= YA FFolo EA4sk=
Helminthosporium victoriae virus 190SV (Hv190SV)2] -
A AdE ARt dat, o] violg|As2 vt 5
o] Z1&l 5\—3}3 O|AEE THA|7|= vHio|HAE Kk
HRYRES LA 7]= Leishmania RNA virus 1 (LRV1)Z}
Lezshmama RNA virus 2 (LRV2)°] B fHst4 o= ¢
ol SO = ettt wheh] of2jgt #go] vhojaA
= wFolet dAEe] dutk= Aol dojur] A O}
F o ARE oln] 2t USH AegE FZE
T} (Ghabrial, 1998).

LN AY =5 rFolet A 28| $e 24He] =2
159 dsRNA— | & sl 2o 2R wAgE o] 5t
A F2 oy 2AFCR

A=K
= @_ZHWW ALE L ek, FFo] dsRNASS 4]

St o gL} ol et Ao =m B F o
o, o]e{ Xﬁ’_u43§ TheFeh 5730 dsRNAS] Az
ot 7P o o AAFRAA A AR TRt
dsRNAZ} T}AY E]°1 2 A 0]2= monophyletic 74 Rt}
=, O] AE o2 origin @2 FE AIRE|O] £-& A O
& AZ1=]= polyphyletic 7Hd o] B & HaL it o5
bR ol= AR SAAER dsRNA Hio|g| A s
HOol = 714 conserved Eo] = FE O & eFHZ] RNA
dependant RNA polymerase(RdRp) G-AAF H¢S Tk
gk &%l dsRNAY| Az 2fE Zejste] A% 2t
A7IXEe] A o] AL 2 5HA] ¢h= A e = YEhyith
(Koonin, 1991: Koonin 1992). =3+ 35-0]2] dsRNAY] &
A 5H= Z2FzEe] RdRp -S4 AFe] &7 & thofsl A o & ke #]
o, ofe] rgo] ol A WA E o A= thet dsRNAE
2 sl FAA7E obd o Hef EA s el of g violy
& 52 A2 U o §4 %QEETH ol A Aast =
83 Ast242] 9 (force) T2 F&FS AAHA, 229
ol W3} A-g-5ko] = dsRNAR A5 Z3fsff & A
© 7 2=%]o]x]31 )t} (Koonin, 1992; Koonin and Dolja,
1993). 1} o] w3t T152] dsRNAE©] -2 A oA =
2 o2 2o AA agE o] Aol ek A2 o
5| AtE|ofof & Fitolrt,
2|22 rgols ol vlol g A7FEAEIAL Utk H v}
U T GETFE “‘“’)’0101]/\15 A& A vio] 2 A7E 1
JLEjo] grow, dxHLﬂ-J‘:H o Fgo| 5ol viol
271 S Ao g =AE 31 Qe O}Xlu} o= itk A
= Folutelgis EA o RE e uls FEof 7|24
¢l Oﬂ?'oﬂ = gHE]o] glom, Hiolg|A 7+Y] 7|2k W EAY
o o] 8- R 0] HA S} o EE]' Zlo] 9l o
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S TYsHL Sl o= 18] EokA] YTt ol &gl
o] A 0] B7= dsRNAY F-21A19] f71AE w4] ]9
T atol A Alse] A7), HAA O 24 /-5, TFo o
o] 4, A9staL = ARkt ofn] Ll ok F-HAk
S0 A B T Zo] B3Rl A+t AaE F5ho]
AL ek @A 7R Gl 322 Q1 70| dsRNA=
Hypoviridae, Narnaviridae, Partitiviridae, Totiviridae 5|
&35h= 71 0 2 UENTH(Ghabrial etal., 1995a; Ghabrial et
al., 1995b; Hillman et al., 1995; Wickner et al., 2000). & &
JLof| A rgofato] A ko] Qlof Al T34 ¢l ol = LRl
= 259 A& WYX FHo| (Cryphonectria parasitica}
Helminthosporium victoriae)?} A0 &2 AR5 & &
29 HA (Agaricus bisporus®} Pleurotus ostreatus)®l|
Al Dojzl, FA7IA] of 2] ZHO] dsRNA A2 3} 5 53]
dsRNA®| 44 thefdat 159 FAME=EEA el 549
A FH 207 sz} (Table 1).

Cryphonectria parasitica 2| dsRNA

Cryphonectria parasitica~ 252 HS do7]=
F Ao mH Fofgfrlo|l A fEAIGCE AE FUE

o, o] FFHFO R QI8 FHAE AU HEAA &4
Al =]tk (Grente, 1969). o] 52 WAI5H7] Yool of
T= XPAIZIE F o] F3+toll A4 T 5 ot
LHp b= ge] WAlo] Au|sto] dopd= ot &

k= S ddskelnt. o]eh 2 HhbRolA 2= C
parasitica 5 we|gh=t] 58t on, o] 5= 4
AR T2 C. parasitica w52h= 8] 2 54& YE
U= Ao g Bk o] #3559 542 A4 o=
Hlsl] @&llA] A2k wal Qar, <3<t AFA| 9] virulent”}
oFgl o] gl Ao ® Yeht o] #3E  “hypovirulent
strain' €2 E2]4 EQh (Anagnostakis, 1987). A= o]
hypovirulnece #5523 dsRNA2] £x9} AAlo] Qlth=
Zlo] L&A A =tk 222 hypovirulence dsRNAZ} B
&7 o] 2 S AEE XY= o] SEA|TE, FA7EA] o]
= dsRNA7}F <3291 35730 QFof|A] o] B 7| hypovirulenceS
dozZ o= Q= Aol et et 712k Y A Q1] gt
et o] 3t 2 ALE FAlA 3 H w3} dsRNAS] o
o] WO 7| 2 AETHS oldlsh=t] 583k Walgo] Fo
grou, o] o] A A= Fgo] vfo|# A Ae] F 8%t
13 system© & AYZHE] L QIt} (Nuss and Koltin, 1990;
Dawe and Nuss, 2001).
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Hypovrius, CHV 12| 2XHMEsHH H1
C. parasitica®|~] 7V tiEZF o2 HEHe A7}
o]F0]Z dsRNAY Cryphonectria hypovirus 1 EP713

(CHV1-EP713)& & 4= Ut (Shapira et al., 1991). ©]
dsRNAE -4l E2]%E hypovirulent w5-¢1 EP7139]
A @A dsRNAO|t}, o] dsRNA Als A4 Zol&= 12,712
nucleotideZ ©] Zol= Al E9 poly A tailingS A9
Sk Aot} (Shapira et al, 1991). & 719] open reading
frame (ORF)°] &Ajgh= A2 oA Jlen, o] F 7}
+ ORF A%} ORF B ™ ¥ 2{tt. ORF A+ polyprotein?!
p692] autocatalytic activityoll 28 2%l p29 ¢} p40¢l
5 7H9] polypeptideE A5} okl Q= AR deA
o, ORF B ¥A] polyproteing Y&s} 3}l ¢lom
autocatalytic activity®l] 2]8Fo] p48 polyproteine AJAJ 3t
t} (Choi et al., 1991a; Choi et al., 1991b; Shapira and
Nuss 1991). ORF A} ORF BARe] €] Als0] F7HEoll=
5 -UAAUG-3  H7IA1EE 7HA]aL §lem, o] |74 d
2 ORF A% A= termination code® 286111, E35F ORF
Bo|Al:= starting code® 2-8-5k= A o2 Ue{A] i}, o]
dsRNA ¢] RdRp +4A= ORF B7} 4335} 5= Ao 2 &
ojn], A7IME FAHIS 2ASHAS o, A& vlol#lA &
o] A &3] EA %= Potyvirus 7152 RdRp -4 AFe} 713+
=2 GAMS Yehf It E3F CHV1S] ORF B pd8E
W% papain—like protease?] 715 7K1l QJJS Ao =2
FRA = TS oFes) ol Sle Ao E A U
z| AAato] oshd CHV12] ORF B T -2 coupled
termination/reinitiation 7]2+e] 2]5}4] translation®+= A
oz Ad#fA Utk (Guo et al, 2009). Guo2t Suzuki:
firefly luciferase gene2 ©]-8-3F A3 whilzl 7|&3}
E¢Ho] AG-5 ©o]-&5to], ORF A9 translation®] &
%], thA] ORF B9 translation®]| A|ZtEE AL 24519
t}. o2&t translation 7|22 thE vRo|2] A9} B WSS
< 1, 553 translation YO &2 AR Qi) &3]
single—stranded RNA virus®|4+= downstream ORF2]
translation= subgenomic mRNA A4S Sl 4] 0] F01%]
=707 d#A it E3F CHV1Q] coupled termination/
reinitiation 7]2F2 reinitiation =2} virus viability7} &
ol = AR YEon, ofA7hR] H2 Fio A
oG A A3}t coulpled termination/reinitiation®] ©]5-¢]
AL Y=A= GHA UA] Gt o] o]Lfof| = CHVIS] A
A As 55 - & 729 non—coding -2 °F 494 ¢
7IM R o]FolA QlaL, 67119] minicistrong 7FA| AL Q=
Aoz dHHt (Shapira et al, 1991). 05 5 - & 5&
o] £A51+= non—codng F-&-2 Internal Ribosome Entry
Site (IRES) activity”} & 202 3= gloyt et
et AR FA= HAEA] okt

o|e} Zro] CHV19] Al #4& Fdto] of 2] T aZ ¢of
Zotstal Q= Ao B A §lon, o] 2+ proteins
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o] 7)%5-2 W517] $15 B A7t S ofgieh. ofw] Aoy
2171 e} gro] e uhol |2 AL g Eat s gl
AEL W9 7] ol 9ol tpe] 71358 7

ZHAIAL Qs AR H w3 Qe th 3221 o 2 CHV19)
ORF A2] p297} ORF B2 p48& & 4= St} (Craven et
al., 1993; Suzuki et al., 1999; Suzuki et al., 2003; Sun et
al., 2006; Deng and Nuss 2008). ¢] T 7]j9] gh#HzELS
FEA o2 AHA protease activity©] o= symptom=
AR = IS 3 AY B2 CHV19 replication®]] &
o] Y= Aog BUEQrt (Suzuki et al, 2003; Deng
and Nuss, 2008). E3+ 2|Fe] Ao oJshH o]zt &
SHE o]Qlof|= | p29-S RNA silencingS suppressd}# L},
homologous 2-& heterologous virus=2] replication2 =
Zsh= 7|2l #of, 32 thE 159 Hho|] A, Reovirus
Q1 Mycoreovirus 1 (MyRV1)9] A+ rearrangements©] &=
Tofalal Q= Ao R HirE oot (Segers et al., 2006;
Sun et al., 2006; Sun and Suzuki, 2008). E p292] RNA
silencing suppressor 7|5~ fungal cell {Fof|AJ¥q} o}
2}, plant cell QFANAE 7]5-& 3= A0 E HUEQl o,
ol2]gt &2 p297F A= A Al 71+= Potyvirus group?]|
Al AlgHbol g A Fol A= 22 Y8 RNA silencing
suppressore} oH| Ak Al Fo| FAM S LrERE Hut ofy
2, 7|5 HOA = B]52Eh 7] 5 BhaL QS-S Hojg= Sv
22 dufo|t}, p48e of 2] 7HA| vkt 75 a5kl 9l
Aoz dHF ) 53] pd8E CHVI replicationS A 25
dl 2%t 98-S 5kl Ql= AR AT (Deng and
Nuss, 2008). p482 ¢ 5.3} 5131 )= domains deletionA]
7l EAHo] vlo]g|{ A= CHVI replications A1ZFer 4= Q1
Rom, ot A2 thA| p48< transgenic WS &
sto] WEAI S wf, CHV1 replication®] =5 0] &2y
AL wEbA] p483t CHV1Y] replication®] ¥AI7F Q5=
S ATt ESE p482 SroflA AFEh 7] olelolE, &
T FFoloA Yepbs Ao, 32 MA ) vertical
transmission¥} 72 TheFgE Aol Hofstal Q= A S
2 B %9t} (Deng and Nuss, 2008).

N |o

i rr

C. parasitica®l SO 2 CIU45t dSRNASQ| &

C. parasitica strain®l~= CHV1 o] 2]o]| %= t}eFst dsRNA
5o 24 okl = A o & Yehytth CHV1Y} Zo] Hypo—
viridae®l] £3H= dsRNAZA], CHV22} CHV37| A=
O™, CHV2+ New Jerseyoll Al A E2]%H C. parasitica

5= NB58oj|A] HFA =]t} CHV29] Al dej= CHV1Y}
A5 ZAFSA] poly A taild 3 —& FEof 7FAaL 9}
o]

o, & 7f9] ORF1Z} ORF27} ¥rAE I} (Hillman et

al., 1992; Hillman et al., 1994). 121} CHV1of|A] ¥H
% papain like proteinaser= CHV29| A= &3} 5}l )
Al k2 Ao & et E oE 15! CHV3E Grand
Heavenol Al £2]%l C. parasitica w504 A2 2 WA
= lon, T2 Hypovirus®?} H|w3E of A= 27171 9
kb FEg AH o g 22 Al 7L = AR
ERtth (Fulbright et al., 1983; Yuan and Hillman, 2001).
CHV3+ th& Hypovirus®h= 22| g 7§¢] ORF 1%te] &
At e Aoz Yeptoen, o] ORF| Al 24 2
I} proteinase, RNA polymerase, helicase?} 42 th&
Hypovirusol| A A%+ conserved domain®] £2}3}aL
Ue= Ao FAE]

C. parasitica w55 £33t FAA 02 Aol Q=

2 F3o] 150 A= Hypovirus ©|of= Reoviridae,
Totiviridae, Chrysoviridae, Partitiviridae, Narnaviridae2}
A2 oheFet TLEol ob= tol Y AFo] WA E o 2| i §lrk
(Wickner et al., 2000; Hillman and Suzuki, 2004; Lie et al.,
2007; Park et al., 2008). ©|& 5 ¢t 9|2 C. parasitica o
= NB6319j|A4] £2]% dsRNAX= THE Hypovirusl| B3l 7
2] 27|17} @A 3] Ak} (Polashock and Hillman, 1994).
o] dsRNA®] Alx2] H71A E 241 $15to], full-length®]
cDNA clone©] A|ZtE| gl ow, 71 A3} o] Alwo] HA| 27|
= 2,728 bp= HILE|TE o] Ao R 22 Alw
A71E 7HAAL = 54 ol9fol=, o] dsRNAS] H7|Ad
2 BXA3%F A3} UHHA Q] standard genetic codeZ2= 4
ORF7} &A1) 9= 7 o 2 X1 9t} 181} mitochondrial
genetic codes A4S = 311+2] & ORF7} ©| dsRNA
Al Aol A5z As YA =% 2™, mitochondria ©]
€ 32 nyclease assay A3 A1E £35}0] o] dsRNAL} C.
parasitica®] mitochondria®} A o] 912 1 oFc}
wbA o] dsRNAS Cryphonectria parasitica mitovirus
1-NB 631 (CpMV1-NB631)E g3} tt (Wickner et
al., 2000). o]2|o|%= 19944 Enebak®| 7-Au}ol w2
W, 9] dsRNAS] AH(fragment)©] hypovirulent C.
parasitica 770l EA5t= A2 YEFGTH (Enebak et
al., 1994). o]% & 11719} dsRNA fragment’} BHAE ]
o, o] dsRNAY] Alxd 714 E 4143 Reoviridae=
H=%)- Mycoreovirus group®]] £38k= Ao 2 HI11E Q)
t} (Suzuki et al., 2004).

AR opefet TIFe] &35k= dsRNAS] o4 o]
Qo %=, C. parasitica ¥5°= defective interfering(DI)
T2 satellite dsRNA®} -2 79| Sl HilE]ol s
o} (Hillman et al, 2000; Yuan and Hillman, 2001). C.
parastica?] 8t ¥ GH2°|4] Hypovirus¢! CHV32] 4|
o|@]o &= 37)2] 2 H7]9] dsRNA fragment”} WA= o]
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Ftt. 0|5 Z+2+2] dsRNAE 3.6, 1.9, 0.9 kb 715 LER
o, ol& Zt7}+e] @7|AE B4 AT} F HA Q] dsRNA=
helicase®} protease®] domain= 7}X]al 1. 2™, CHV3L}

A= A7 L9 A4S YUetd o], o] dsRNA fragment+=
Hypovirus CHV32] DIZ FA =it} v Y 2] = 719
dsRNA fragment= 97|14 ¥ £4 A3} CHV3Y= Al
F7IM L] FA O] Wot satellite RNASE EFE Tt
(Yuan and Hillman, 2001).

Helminthosporium victoriae2| dsRNA

Helminthosporium victiroae= 19460l 2|22 2F%
Tt 2 F 2o "victoria blight disease'2h= B Lo
7= Ao OPEW AUTH o] FFol= "victoﬁn"OIE}l £
= %—:ﬂ toxing HH[3H= A0 2 A#A 3137, o] toxind
Takto] v1ru1ence9} o] it} (Wolpert et al., 1985). O]

T3t A ARl H. victoriae w52 EATH= @] o

APIAFLEE 7} 20 2] 31, WL sectorE HHE= S5 Eo]%]Q]
FHE Hole #F5 2AGE 23 dsRNAZF EASHL Y=
AL d-AsEA T = 7119 isometric dsRNAZ} £ 8)= A

o] WA E|¢l o o] F= dsRNA= sedimentation value®] 2]
3}l Helminthosporium victoriae virus 190S (HvV190S)2}
Helminthosporium victoriae virus 145S (HvV1453)% 3
W &¢It} (Sandelin and Ghabrial, 1978).

Helminthosporium victoriae virus 190S (HvW190S)

HvV190S+ A E90] ¢F 40 nm?l isometric FE|S 7}A] L
U Hio| B A=A, Alme] F dol= 5,178 bp= YA 3L
T} (Huang and Ghabrial, 1996). A 47144 &4 23t
o] dsRNAT= B2 3ol et YRS <2 5kl Sl=ut
olelA 553 M Totiviridae©l £58k= 2 & = UrelyiTh
(Ghabrial, 1998). ©] dsRNA2] 4| Ali52 & 7i2] ORF&
7R3 = Ao 2 B 0w ORF 1-& coat protein, ORF
2= RdRp T & ¢ 53} 5k Ql= A o= HEJ} o] A
=95 — & HEEL uncapped structures 7FA| 1L ) &

2 FAAof vlste] A& o2 71 untranslated F-E-&
7HA AL Q= A= YT o]efdh Alwe] Yo & <l
&lo], ORF 19] translatione cap—independent o =2
g Zo 2= 9t} 3 ORF 19] 5724 codonO 2
A ZFe] = HLELOl 24 codone site directed mutagenesis
HIHS o] 85l0] H53E A AA R coat protein®] £4

2o 2 Y3 Fet, E3t o] F4 codon®| = &
2 ribosome®] —1 frameWE ©|&35}%] th3 ORFSl ORF
29] translation 7JA] codon® 2 AFE-E= 7|AFS o] 83
= A0 & et} (Ghabrial and Nibert, 2009). o] 23t
termination®} reinitiation®] Z2¢HE FE|Z translation]

codon?!

= 7122 HvV190S7} 43t Totiviridae®| Victorivirus ~1
TollAl Wol Bol= 54 59 sho|tt (Ghabrial and
Nibert, 2009).

HvV190S+= 319 coat protein 2 RS 7FR| AL Q1 O L},
&3] th2 Totiivirusg H|5381HA| p88x} p83 &2 p88yt
p781} o] 2711 9] =9 coat proteing = P E 0] Y= AL
2 dH AT} p88L 0] dsRNAY coat protein translation?
dxpibE = == oA, p831} p789] protein p88Y]
C—terminal F-0] ZefUrtdA AAGEojX = A o= &
H A Ql} (Soldevila et al., 1998).

Helminthosporium victoriae virus 1458 (HW145S)

HvV145S%= 47112] dsRNA fragment@} A1 9o, o]
E A9 A7 242 2.7,2.9, 3.1, 3.6 kbE YA Stk
(Sanderlin?}Ghabrial, 1978). Northernblothybridization<-
o] &gt A7 Axte] JstH, HvV145S¢} HvW190S= 4
FIMeo] $AME ERR gk Ao miEoiAl)
(Soldevila et al., 2000; Soldevila?} Ghabrial., 2000). E
3l Z+7F0] HyV145S2] dsRNA fragment Alo]of A=, &7]
ALY FAMIE BolA] = Ao & YEtHT) (Ghabrial
et al., 2002). cDNA cloning= 3} A €744 &4
St A1} HvV145S+= Chrysoviridae®l] 453+= Chrysovirus
groupl. & EFE|eltt Z+2F9] dsRNA fragment & 3t
71€] ORF— 7FA AL %)+ monocistronic ¢, 229 Al

5 -9 # HEWZ - & HEL2 conserved domaing

7HA AL Q= AR YERETE 5 -2] UTR F&-2 thA 4]
o2 FA7|7F 2 Holw, ¢F 200904 400 nucleotide %=
2 ZAFEoJgl o, 0]59] secondary structure’} Al
expression®]] 583 G v|F 4= Qlo g2t Az E 1L Q)
t} o] 5 UTRY 3 ‘9 UTR F-&of&= ¢F 75 nucleotide 2]
Zo] Hr=7} ZF2F9] 47K dsRNA o &2 4714 E 9 A
S el Qith 31 o] conserved domain®l| = CAA repeats
FRo] HAE O™, TobamovirusO| A= |58t AL 9]
ko] AL Q131 0] 52 translational enhancer= A&

S 313l Q= AO R Halwo], HyV145So|A % v|S=at 7]
=9 7IX 1 Q)& AL R ZZTL o] V|Ago] AlRA

© 2 translational regulatory elements® 2}-&-5}=X|of 3
stojA= & o HUsh A7F Fast o]t (Ghabrial
et al., 2002).

2£0| (Agaricus bisporus)®| dsRNA

1960t} &l Basidiomycete S I 7-6H= 120l A OF
o] WAIQl Agaricus bisporus©l| vFo|H A A2} v]=3gh
Z0] 918 HL0 7 ¥kt (Hollings 1962). 7L 0] %
19709t e]l o] 22] dsRNA7} ol Al ok mlx]aL
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A= AHEE A HGler, o] dsRNA7E YFEolH A9
Q] La France disease®} 9130 21-3-0] & &t} (Marino
et al., 1976; Morris and Dodds, 1979). 121} 19804t}
o o]2& t}efgt dsRNAE©] A. bisporus©l EA5FL 9L
o, o]5 Z+2F] RNAE©] diseasel} o] &= HAS
Y © 7)= X|of| e =22 A& E| o gtrt (Harmsen et al.,
1989). &0l At ol B2 A A &4 4 d]+= o] gk vt
olglAEE Alofstr| 913t ol 7] 7HA] ko] -4 A
To] Yo, 11 =2 O 7 9|3}¢] o]|F La France disease
o W2 oA 53] EEA =T 1u 1996 1t
2000 AFo]of| La France disease®} H]523t ¥ & o] T}A] 3t
H oAl sl A WA E] Gl o, o] AT} dsRNALk
9] AT S ZARSHE &5, o] A71A] La France disease2}
A = Aoz dEFE 35 nme] dsRNAZE HAS B
ol= FEololA AR A ket webA] o] dsRNAE ©|
9] La France disease?} ATE o=z dajzl A=
A8 ohE M= dsRNAZF FEoH Al oA WA= Y2
AAFSFA LY, ESE La France virus (LIV)O]l ZaE F50]
WA #5=9] oF 60%= Barnaviridae®l| £8= Mushroom
Bacilliform Virus (MBV)&} co—infection H o] Q= ALz
A= =], AEA EHE oFSolrtol A o A= o]
et 5 o] e x| ookt whebA] 1996 of] FEolHAl
&40l Al patch disease 2 Ee]= E A HAS o=
ol gt M 2 Hio| e A E TS0 YFEolHA S Mushroom

Virus X MVX)Z HH3F9 T (Gaze et al., 2000).

Mushroom Virus X (MVX)2| 2AMEEst=Ql AL

MVX HAE& Uetd= dolHAlS 2ARE 2af, & o
% 267112] Th2 dsRNA fragment”} WA= Qlch 71 2671¢]
dsRNAE2] Al59] Z7]% thFaiiAl, A= 640 bp of|A]
- ZA= 20.2 kb Bl= thFe =2719] dsRNAZF A
=3t (Grogan et al., 2003). dsRNAQ] T}FAl-L- k40|
H Al samplingol] whel ZA| Zfol7} U= A0 & H =]
o, G=of Eoldtol e A e o ok oF 671 <t
HAS U= 32 H4E s UetlA] 9= oF 32071
FEolHAlS AT F, 2429 A R2HEH dsRNAE
F2351] agarose gel AollA] &gt A3}, thofgt 27]9
dsRNA7} ZAal= R o= A=), Eat 54 dsRNA
fragment®] A2} 542 Q1 A 9] FZ AT APl A]
= T AdE B A ZZokaitt. thE 2] dsRNA=
G=o 2 22 ofd 7HA] thefet combination?] FEJE F
Folof EAsh, ojugt o= WA o] A HAEX
2= o]0 4= dsRNA fragment”’} EA| 5= A o2 1
Epstth (Grogan et al., 2003; Rao et al., 2007). 16.2, 9.4,
2.4 kb®| dsRNAE= Z14gE oAl Al mol|A e o] 1

o

A=glom, YA dskRNA fragment= HAS UEY =
HAA = A B Gl o, o]Fo] EAstt et BAo] 34t
TR R = AT E3F 2219] dsRNA fragment”} W
= RlE 94| theFateict. 18.3, 7.0, 4.8, 3.6 kbl 2
dsRNAE ©F 50% AE9] WAL Holl ofto] AR oA]
HEFROL, 14.4, 8.6, 7.8, 2.0, 1.8 kb2} -2 dsRNA
fragment= 10-26% =] HAE Hol= o] AR
A EFAE AT, dEbA 0 2 2.0,1.8, 0.8, 0.6 kb2] dsRNAE
FEolo] Ao Toshil Y= A o2 FSE 01 gl oL o]
=o] HAS U= 7132 48 A UA] &t B3 o=
dsRNA®]| particle FE}E 2AFSH] f18te], MAFARE-&
o|-§3t 2 Al =7} Bko] O L, HEo] 2] 9] particle®
Hol= 574 particle 2] o= Aufste], A= FEolel
A AR 267 dsRNAE non—encapsidated®] =
A5t ekar 7= AL Q)

FEol9l ZF dskRNA 29| Alis A7IAES dotd7]
et oy 7HA] =go] ZlgE|ojttt, Ydek=ofA MVX
dsRNA fragment % 22 717]2] dsRNA 2.0, 1.8, 0.8, 0.6
kbE ©]-8-3}9, Northern blot= A A| g A1} Z+2}F2] band+
@ A] Z}FA12] dsRNA band@o] hybridizationsh= A S 2 1}
EptT), o]t Ao ofste] ¢fEo]2] 22 47 dsRNAS
Atolof A= Aol A o] gl Rt ofuet, & 2719
dsRNA®F= hybridizations 92714 55 & 4 AU
AL, wheba fAR R thekRt Al dsRNAZE A
FoloA EAstaL &2 =553} (Sonnenberg
and Lavrijssen, 2004). Northern hybridization ©]2]of=
cDNA cloning= A2}k, ZF29] dsRNA band Al=2] 4
7IMES AAstaL, olAle) digh +AZ2E o] g5t &
%0]9] dsRNA fragment”} @A|7HA] G2 violg X F
o|w gt TFet FAMIE 7HAIAL Q=Aloll HeE A7
Y=k, 5o dsRNA AA| Also] ofAl7HA] ezl &
7 vpold A9 A7 Ea A H =2 FAMIS Hol
+ dsRNA fragmenti= YEFLFA] FA]RE, A5 dsRNAY]
Al Fi 5 thE ol g 29k fFAMIE UEhl= 2o &
NEQE T 92 16.2 kbet 14.4 kb dsRNA 22> 7
Hypovirus@} H]5:3t 1AM & Ut = F2a 7HA] AL Q1o
™ 9.4 kb2] dsRNA+ single stranded RNA virus?! Potex
virus 1E% FAMSS Boh B3 MBV TLE3) H|segt
FAMEE YEY= MVX dsRNA fragment™ YA % Qi
ol2|3t 7|4 Y EA] A1} La France disease@} 13t
%l dsRNA7} Totivirus group®]l <3k= RdRp +4A}2} 3=
2 FAMEE Bl A o2 RS MVX dsRNAE=
H 79 dsRNAS] F-E59to] Totoviridae, Partitiviridae -
2 Hypoviridae®] vtol#| A 157} fAMIS HEh= A
= AQletile =2 FAMI o] UEhA] grof thA] 3 La



Molecular characteristics of diverse dsRNAs in edible fungi a7

France dsRNA®} MVX2] dsRNA7| th2 AYo] FHE S
t} (Rao et al., 2007).

LE}2| (Pleurotus ostreatus)2| dsRNA

A8 0 & o] &&= HAlE FollAl FEololA dsRNAZ}
AR 408 A4Eo] & A o]Qox, E
(Pleurotus ostreatus)°| A= Tt dsRNAZF 2 = itk
(Yu et al., 2003; Lim et al., 2005). tF2 5ol A BHA
&= dsRNAS] S43} v]=51A| 212F9] ool A ke
= dsRNA9| Z7]¢} 7= theFeh Ao 2 Yelylth, 27]
L oF 1.7 kb E] 8.0 kbE HILEQ o™, P ostreatus o+
o] wpa} 24 5H= dsRNA fragment®] S22} Thekst 2
© 2 YERGTE o]F RNAE 8] 7}4] ¢DNA cloning 7]%
S o] g3sto], Q7MY B4 o A, teFst 189
AMIE UEtY= vholgiAEo] EA5ks A2 Uyt
2005 2] H 110f| 2|51 P, ostreatus ASI 2596 w0] &
A5H= 2701 2] dsRNAQ] full-length cDNA clone A 2to]| A
stolom, o] 29 A A7IMES 4241, AA Alw

Zdol= Z}2} 2,296 bp2} 2,223 bpeldler, ol ZH2}
P, ostreatus dsENA 13} P, ostreatus dsRNA 2% 8
At (Lim et al., 2005). ZF2F2] dsRNAS] &1Lk2] ORF7}
AL Sl A o2 F5E ]Ik dsRNA 10] 953} 8}
9= ORF:= 82.2 kDa.© & RdRp 42} GAMIS L}

2131, dsRNA 29] ORF+= ©F 71.1 kDa =.7]9] Talz]
FEofetar glom, thE Hio]# 29 coat protein 51
A2t FAMEE Ut it & o] AR B 7P =
< AMEE KB}l vho| 2] A = Partitivirus group®l] &5k=
Fusarium poae virus 101%™, Z+Z} 56.3%2} 59.9%2] o}u|
LA A7IAE A S UER ST

P. ostreatus®] Th& HdFolAE o]¢t Hglt F7]9]
dsRNA®] Exj7} Al&H o2 HAEIL glom H|3gh =
719] dsRNA fragment YA e FHZH 2= ohefFsr A
07 FZ=%3 Q) P ostreatus®] gt #5¢l “Als “o
M= 8.0,2.5,24, 20, 1.8 kbe] o8] A7]2] dsRNAZ}
AxojFon, o]5 & 2.5 kb2HE A2+ partial cDNA
cloning ¥71AE wA]o)A, Partitivirus group®l|] 48k=
Helicobasidum mompa virus2] RdRp F2A}e} 714 =&
oh| At H 7| A E FAMS S U Tk, Leju o] S Aol 9
GAML oF 359 o] M of Y13 %] dsRNAS} H] i 5Fo] whe
A Hol= Zlog BRUEITH (Kim et al., 2008).

o] 2|3t Partitivirus group®l| &38h= Hho] 2 A8 A&
UEM+= dsRNA ©]@]o| % P, ostreatusll+= A& o2 &
o] vto]g A7} EjE EAsh= A 0= HalE| Qi) 2003
RHo] o5k, oF 27 nm®| spherical virus 2% 71
ssRNAZ} P. ostreatus®l| A &A= o] FH Tk (Yu et al., 2003).
o] 52| HA| Al Zol= 5,784 kbo|H, 7712 ORF7} EA)

b o 1o oy

R

flo .

8h=tll, ORF 1°= RdRp +4}9} helicase ] 7 A}ofl A
WA %)= conserved domain®] WAE T, ORF 2% coat
protein 822 Q=] AT, o] 52 A28t T2 ORFE2
O|A|7IA] Ll B whal A3} 12 FAPdo] HAER] ok
Qe I3} 0] 5.7 kb2 P, ostreatus dsRNA AA| Al -3
OF FHA} EA Aatol| b2, 71 F-AMSS 7HE] o] g A
122 A5 dfo]#| A2l Tymovirus group?l AL &2 eyt
t}, o] o] @]o)| &= t}okst 27]19] dsRNAZ} P, ostreatus®l] &
Astal = A2 defxl 9hE, ¢DNA cloning A4 &
Sk A7IAE B AFE shhd, oSt okt dsRNAY)
S FRlst 4= & AoR =T Qi

=

Hn2s
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