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dsRNAZ T4 % mycovirus7} Wy FZHE o7+ A Cryphonectria par-
asitca (Murrill) Barr,®] M XA ZEAstE Zo] RIHJAS™ (Anagnostakis, 1987;
Van Alfen, 1986) ©]9} 7S mycovirus 3-& dsRNAS FHZHQ 750l AR &
e g e 7Y A$ge ¥ C panasitcas ©|E mycoviruse] EA7F A A
o7 #FFo AE/NFA @ HLA At hypovirulence)E 7t LT WP HUH
2t (Choi and Nuss, 1992; Nuss and Koltin, 1990; Van Alfen, 1986). ©]¢} &
Hypovirulence #4& AddA EAste A& WA £ 42 o8 IATFLEH
A, ARz 2L FH AE ¥ PA S EX WP #€Ed A
F9 §77 2A 2 o5 FAAESY A =W/, A, Mycoviruse] 9 WA
o] §Ax wde =7 (Fungal Gene Regulation by Mycovirus)7}2t 5o #d Ao
ge ozt 2 % Yoz st

Mycovirus® Zd A JeldE C. parasiticad HMAL FYF mycovirus strainol
o8 ARHE Aoz gEizew 2F HiE UREEY ¥HAL EF opAITIHEA
2 A3yt AR #@9E mycovirus  CHVI1-713  (Cryphonectria  Hypovirulence
Virus1-713)& 12,712bpe] dsRNAE FA & Z(Shapira et al., 1991) ojd ZHE F
(hypovirulent strain)¢] WA 2E 1) BARFY Adt, 2) 74 A 34 9 #Ha
3) g8 MA FA 59 7+A, 4) polyphenol oxidase?l Laccase®] Z4:, 5) Oxalate
kel 4 Sol UrthElliston, 1985). o|F Ex A T MA: A T Aste
hypovirulent straing &¢to2 474 F+EA = FH A 5F (phenotypic markers)
o2 7183 A AMEFEC. ol5 HAY CHVI-713¢] 9% hypovirulent straine TE
dukA Q) virusZAge ASU1F FHAAEY HAFAH< transcription £ translation
machineryol] o342 Yove dvrEl diAr A Ae €8 71FA C par-
asitical®] BRE FAREY FA HFHL F2 JA(down-regulation)Fo] BIH o]
glth(Powell and Van Alfen, 1987). ©]& CHVI-7139] 23] down-regulation®+ &
A GARE o ZE 1) extracellular laccase gene (Lacl; fungal polyphenol oxi-
dase)(Kim et al., 1994) 2) Cryparin (Crpl; cell surface hydrophobin) (Zhang et al.,
1994) 3) Virl and Vir2 (fungal sexual pheromone) (Zhang et al., 1993), Cutinase
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(Varley et al., 1992)%°] ¥¢#A Uttt CHVI-7139] 93t hypovirulent strain®] A uk
A EAZL A AF TH 2L vegetative growtholle virusZEe FFE A
wou FA 22 A4 H fA44 T3 2L ZAAFHA 2N 2 B3 Ao A
Hol ol59 ASFH EAo] A AAHL ARA & juvenile stageE Hol YA =H
O ZEFHOZ olE ¥ H ey B HETAH SASL AN 7F) oY @
Zre] Wi, #AFE §oldtA A o|EL ©] &3t C. parasiticadl A HWYAP /FAA
Golflz o] FAAES Ld7|F 2L CHVI-7139] 93} C. parasiticad] FAx &
d 27135 #HdteY AHEEHE 83 FHEESo € 4 Ut B A3E A,
o]@A CHVI-7139] C. parasitica®] molecular marker geneEo] Eo]|F oz L3
7kt €4, ©lA ™ mycovirusol] Hol¥og FJFE W FAREL C. parasitica o A
AESAQ 7]Fo] Fdlel7}E marker rescuing® marker exchanged] Wyo g ztzh
AFgoZHN mycovirusol] 3 HFe |HAZA E hypovirulenced Hz} AME &
el

Azte] B wElTA s

i AN

Fungal Regulation by mycovirus occurred through a putative
DNA binding regulatory gene, Hsm1, in Cryphonectria parasitica.

Ag Eubd (pAlac1)E o] &38te] A A (hygromycin Bl thik &4 S zHA)
3t wild type@F EP155/2(MatA, virulent, virus-free, ATCC38755)9 A A3 A=
Mty E< o] A (insertional mutant)?] HSMI (hypovirulence symptom mimickingl)
& A A AA mycovirusZE glo] mycovirusel]l ZEE o)l¥ FF(hypovirulent
strain) ¢} 22 ¥ YFEH SAHAES Yl UG A" SAWolH HSMIS
parent strain¢l EP155/2 ¢} EP155/29] CHVI-713& 7+ Al7] EP155/29] isogenic
hypovirulent strain(UEP1)3} H|Z ZAlste] B Ad MixA FA9 AHst € FA ¥
A Aol il AejA UEPIH FY3d +££& e AT extracellular laccase
(Lac1)9] A% HSMId|A e EP155/23 vlwste @RS ZAEHT 2 %S UEPLY
FFo #HEZL gl 718E& ©]43F spectrophotometryo] s} FQIHATH o) dH
72 AYA, Fd3y 54 o £ FE FHA 5L Jel= C parasitica®] o
2] molecular marker geneS9] 7% C. parasitica HA] wiYF F 48A) 7o 2 ol
o] o]Z%& early expression genedl Lacl3} CrylS HSMI1o|A EP155/23 ®] 3}
o ZtzZb 75%9F 80%S] FAZE UNUIL, o] FHAFES UEPIY ZF$9 ®zsiAY. C
parasiticao|Ax] 2 D&Eo] wlYF F 120417 Fo FIlo] o]E = late expression gene
of &3le Vvirlst vir2d A$AAME v3st2 HSM1Y 2d-e EP155/29 A3
vliste] @A (108] o) TAHE AE JYEET. ol EAEERE ol A

ofh
(b

by

mycovirusZHg 5AL YeldA ste Edde] §AAE 53] H3 FF A &
kAo ZA = E coli 9 plasmidE ©]-835le] marker rescuingS AA3 & o]E %
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AV Az §A AY LukAIZ} € parasitica®] genomel 2 A Y€ FHAE F A3
Hsm 13 Hsm2¢] Atejgie] W Rth o9 Ze AYe #42 Hsml#t Hsm2 5 5
3 Hsm19 @do] 43¢ v, 2 9% A5 AF wlF 271(48AHAlE 25%
¢] down-regulationg HPoU wWiF F71(072A170eE 200% 27t overexpressiond
o syt (Fig. 1. §F AF A Ado] &) of7|® Hsm 19 @ Ao
7} 2 Eduold HSMIMA o8 mycoviusZge EAL Hole g Edsdte W
Moz Yutd oz FF HSMIE mating typeo] & FF9¢ Matingd F &
oz A TAESL PP A LukA o) A selective markerd] hygromycin
Bol Wid MM Y FBE FASE “reverse genetics™E °|§Fo] HH
Aot} #F HSMISY #ASE 1 EA ¢ 39l fungal pheromonedl Virldt Vir2
o] z+Aao] 98] HSM1E mating A3 Adze A A TAes FAHA Rste
“sterile”3t-& VEREOoZ olgt ZHe B4o] sHdtx) ERh olE 9 wild types
SAHA Hsm1S 73 HSMI19] ¥o] “in trans” phenotypic complementationS A A&
A3 Hsml1e EFste ¥3 A ukAg A$olxgto] wild typed] #F9 22
H4 ¥R Jepdosa Hsm1e @39 3yt 2 o8 Zd¥yged 4d9d$ AA
g 4 AT oA ZAE uvgeE A Hsmlg 4% A3 HsmlE DNA
binding ProteinZ leucine-zipper domaing Z}= b-zip protein® homologyE Yvebyd

.
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Fig. 1. Comparison of Hsml expression. Hsml expression’ from UEP1 and HSMI

was normalized to that of wild type isolate, EP 155/2. Numbers at bottom
indicate incubation times(days) of liquid culture.

— 121 —



Characterization of biological function of a fungal gene using
gene replacement.
FE o8t FAAY AEF 7159 M d4dFoz PP FAA
GA Ad BHY ol e V1&Fd H 9o AF}E fFAAY
]3 A 2}71 lethal geneo] ofUy X 3" 297} recombination®] H] i
Bag Feool e EAFEY HEE AAE e oEgez i A
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A AFoAA 6-7/09 fHA g ALr Hygy 9o} ddte

AR R voprt fHA e 5F Rube MEFoln ooz A FTL =4

WMol ded £ Atk WMES & A= FHA g8 71F NWARY H3age

? = HE HY FAAES A4, FAde AP AS A="Ez Ut

web B AFE C parasiticad|A] |2 marker geneE9 AEAH J)|5S BY 3

#sl ©]E marker geneE& WIEAZ FAHA A 2HAE ol g3t FHA AEA

g 5% F o8 AN ZFY HAFo2N o]E marker geneEH virusZy WA
2 AHE HLAFHY 4 BAE diled ol &3ATh

A9 laccased] 7 MaA e ¥4, AAA e ¥4, 4E ligning B} 45
phenolic compoundE-& ®3dte 59 2 AEFH 75 AAHY Aspergillus ni-
dulans 8] Z9E& Adsiie o1F 2 7159 FHo] BT Aejoltt. C. parasitica
of A AZ #HF9 “homologous recombination” ©]43 Lac19 A= oA
g FAAEA F 1249 FEZ HEY & UG A¥E EF¥olA Cacl-null mu-
tant) | M= A &3] intracellular laccase7} AT Ao = wo| o}l Neurospora
crassa®] 7399t 98 C parasiticadl X e W82 Fs)9 laccase) Extracellular- and
Intracellular laccase; Lac! and Lac2, respectively)?} Ztzt th& §A Ao o 2P
& FAsL ANFAE wild typed] FF9 vlmate AL AP Az @A AL
ALgE £ F HYA4S UFES mycoviusZEHA F 2 ojd Ao YoM T o
Holz ¥gtoy ¥R 3o B tanning IZFEEO2%E H7HE wiRoA X
7HA EEiRA] 2L 2L FEle Laccaselac3)E AAANES AP ¢ ol
A F7A YA C. parasitica® R E laccase€acl, 2 & 3)¥A] CHVI1-7139 7}y
o & Down-regulations= RAE &0 4 AU}

virle] 7% d3te NFSAMAE 1809 FEZ IS 4 AUNeH olF wild
types} ®liLstedd A 2 @4 #a: 2 F4449 3L Yeen oy
H 42 A fHx% d7] wEe homologydl 8] ©]Eo] C. parasitica®l sexual
‘pheromone-& codedti YL-& Fstct.

Cryparin®] 7-$¢ 27¢] hydrophobind] £3te SwlA2 A FzA o] W 254
A se 54 9] ceratoulmin®} 72 phytotoxin 3] 3L elicitor, allergen ¢ t©t
¥@ 7150l AL Ak 58 Cryparing C. parasiticadld oh¢ FHe gue
M FAA wgdo] A Y 48A17F Fo] MA mRNAZ 25%(Zhang et al., 1 =
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>
L
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A7 Qe Aot VA B AT Fol s 2 AP AxE v ZAG
30000 AS ¥ AF AZ A 2AE AL £ AR £ 7R 948
A outa]l =& 9% “two-way selection” 3 cryparin®] ©& EAHY T4
e B¢ A s stsAel e FFA/AY iz ole] Ut FUo] A
g Foldh

Conclusion

MycovirusZ gl &% C. parasitica®l % 71&%22& C. parasitica e AAZFHQ]
signal transduction®d & A EW 23 AGAQ] Ca gt #AFE ZA7)3d 9%
e =3 9ol AT o oS o3 ZHL W& C parasitica M 9]
final target®2¥E mycoviusZd HWAEFH A AF7HA WA C parasitica @] B
714 SAREZ AAHZ YA o5 IF-7 QALY FEAEE AE A€de V)
= C parasiticadlM 9] primary targeto] HE FA] W AF7t tE A
viruse] 2ol ASoMAP mustt @ £ Utk ool #F HsMIAA #AA
Hsm19] W& ool wisto] wel o] FF(UEPDOIA 9} 7ol marker gene ¥de] ¢
ASE 843 o Yolrt oy FFolMe Hsm1wA FFo] wild typedlHste o
2 7 HsMIFH Ze FHE Jegde C parasiticadlAl ¥ marker geneE-of|
get =8 §AA2MY Hsm19 7HsA dolrt CHVI-7139] o3 = 23
SAAA e AAFLZ mycoviruso] & C. parasitica®l FAA ZA71&2A C
parasiticat} ©] “regulatory hierarchy”}¢] key regulatory geneg %% ZH¥7|zE& v
Wi gk (Fig. 2).

Mycovirus (CHV1-713)

? /l\
/\ Virt Vir2 Mts-at

Lact Crp1

Fig. 2. The putative regulatory hierarchy of gene regluations by CHV1-713 in
Cryphonectria parasitica. Lines with arrow head represent the possible steps
and directions in mode of action. ? indicates unidentified gene(s). Hsml,
Mat, Lacl, Crpl, Virl, Vir2, and Mits-al represent genes for hypovirulence
symptom micmickingl, mating type locus, extracellular laccasel, cryparin,
pheromonel, pheromone2 and mating type “a”-specific gene, respectively.
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o2 WA} marker geneE7re] AEZ#HA E o|E marker geneEY AETH %
& A3 AAZ FAR 8 APF Lac19 A ¢ functional redundancyol] o3k
J2& ¥e)2 inducible extracellular laccase(Cac3)d] A& POV Lacle 7
< HAAH HAHHA AFE AL F= QoY C parasiticaol A 2] AuEF Q) laccase
o AETH 7T U AxEY ¥ # .

virle] REFH 7N5e AHE A7 o5 C parasiticadl §FAW2 o] FHAH sex
pheromone & 2 Al AAAAA ¢ Ao #WE ®rig] o dolrt o5 HEHT
&8 F24e C parasitica®l mycoviruso] g FL3 7] wo] FWQ vegetat-
ive compatibility group(VCG)& ZAA s+ FAHAAEY AZXFE AdgozH ¢ par-
asitica G W VCGE YA o2 ol FF AN #F7HY FAY §F
S 53 viruse A} &o]|&A 3t} E mycovirushFol o3 FA ¥Exo] A e
Zae duF 52 2z A9 & Ao WURE FrEF] oid A
Z

>

)
T Gyl A& WA 5 o] o|&¥ A7y gozE o AFt &
2l &%o] hydrophobin gene?] 04?1 AESAHQA 753 i §A% ayld ¥
Aol #A 3 dFEIE e Gyldld de& HPFE W promoterdt reporter
gene2 2 FAE chimeric fusion gened FFAFo 2 AL JFABA NN °]F re-
porter gene? WL AW HEE “promoter analysis”® ©|EZYE 432 promotert
9] ZQ23l cis-element ¥ ©o]E z}7Z}9 cis-elementEo] 3 mycovirus®] FFE AT
sed geFolth. A B AFAT dF Cryle FAAT/AY Mo B &
2l e MLz XA HEFH olF o|&F ATt HEFFHolH & £ U
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