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Cryphonectria parasitica (Murrill) Barr+= 2y &7|vpE
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o7 HauxEa . a2y o]y 5SS A U= C. parasiticadl +%°] &

1 mycovirus7t  HutEo]  IAS doviw, Wdde] wWdAdel A
(Hypovirulence), o1& 71+ @®j8t], As}et4 gl EA4E4 Wsts ds
=4, B HANAE  C  parasitica®l mycovirus CHV1e 7Fdo] o3t
hypovirulence® F%3h= C parasitica®l ANZAGAAZS FEst, U CHVY
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ool AZIHL vk wepA Al A= AR, CHVI1O 93] =4 W= novel
protein kinase(cppk1)e] 54 +2 2 cppklT} interactingdt= T 2 {15
s o-5Adskste] A=A 7les S cppkl-dE ASHLAAE ¥zt
o, EAEE WY C parasitica®) €A3E mycovirusd THA H types-
AAstaL, o5 W C parasitica ¥52 mycoviral symptomzte] J#HAIAAE &
tel  ZF symptomd  5°] mycovirus FAAE 24Foer =l #59
hypovirulencef-=°] 7F4 37} = mycovirusE st #F 3T},

o]t A e AR, CHV1el Eo|&Q C parasitica N E G protein kinase
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W H C parasitica 55 WEOE dAS RS S LotR LA vegetative
compatibility group (VCG)E ZAAsRFow, 732 VCG typeZt hyphal fusions
%3l mycoviruse HAE 3elstal ds-RNAS £ EA3) 3k 5, o]F vigo =z A

f rﬂl

)
ol

rl

[o5

WA dol#F Az 0% AWUA Hol@Fe AXE field triald] 7]
WA e A go] Aol

(<3

V. 70 23 2 8o gt 719
TAHoRE B At #wAE C  parasitica TTE YHOR genomics
proteomics, 59 A77F AIAEI glow, Dr. Nusssol & FEAHOR F3H =

A AZ 2l Genome project groupdl # A7 FHo7t oAE I 9], O]b =

HAE B WER AT ARFE] TAAY QAL W] GEoE Y ®
2 S B W Fe) F4H Byel B field studyt EAYEA
WS ol gstel ALY, olel WHe B4 WA WPAE FTeE 4



SUMMARY
(FE Q%)

The chestnut blight fungus Cryphonectria parasitica virtually eliminated the American chestnut
tree in the early 20th century. However, strains that contain the double-stranded (ds) RNA virus
Cryphonectria hypovirusl(CHV1) display characteristic symptoms of reduced virulence, i.e.,
hypovirulence, as well as diverse hypovirulence-associated traits, such as reduced pigmentation,
sporulation, laccase production, and oxalate accumulation.

We previously isolated the cppkl gene encoded the Ser/Thr protein kinase of Cryphonectria
parasitica and was transcriptionally up-regulated by the presence of hypovirus CHV1-EP713. To
determine the biological function of cppkl, in this study, we constructed a cppkl-null mutant using
targeted homologous recombination. The phenotype of pure cppkl-null mutant exhibited dramatic
changes in colony morphology showing the characteristics of yeast-like microcolonial growth, no
sporulation, and no hyphal differentiation into feeding hyphae. Moreover, hyphae of the
cppkl-null mutant were shortened and hyperbranched with globose to bulbose cells. Electron
microscopy of the cppkl-null mutant revealed the presence of intrahyphal hyphae, which was the
most striking ultrastructural change, indicated that cppkl is important for coordinating growth with
development and maintaining cell wall integrity.

To isolate the target proteins of Cppkl, we further analysed the cell-extracts of C. parasitica
phosphorylated by Cppk1 using 2-D PAGE. Four distinctive protein spots were randomly selected
and the MALDI-TOF MS analysis conducted, followed by a protein data base search was
conducted. The homology search, based on the molecular weight of digested protein fragment,
indicated that the proteins appeared seemed to be a fungal enolase, Bckl like MEKK, and
phosphatidyl inositol-specific phospholipase C (PLC) homologue. To get clone of the each genes,
we conducted the multiple alignments of each proteins, designed several degenerated primers from
the conserved region of each proteins, and PCR using the degenerated primers. The screening of
the genomic A library of C. parasitica, using the cloned fragments as a probe, we finally isolated
enol, Bckl like MEKK, and cplcl genes.

To better characterize fungal gene regulation by hypovirus, we selected the cplcl gene for further
analysis, because hypovirus infection of the chestnut blight fungus C. parasitica is known to
downregulate the fungal laccasel (lacl), the modulation of which is tightly governed by the

inositol triphosphate (IP3) and calcium second messenger system in a virus-free strain. Sequence



analysis of the c¢plcl gene indicated that the protein product contained both the X and Y domains,
which are the two conserved regions found in all known PLCs, and the gene organization appeared
to be highly similar to that of a 0 type PLC. Disruption of the ¢plcl gene resulted in slow growth
and produced colonies characterized by little aerial mycelia and deep orange in color. Accordingly,
reduced virulence of the cplc1-null mutant as compared to the wild type was observed, which can
be ascribed to the growth defect. However, other PLC-associated characteristics including
temperature sensitivity and osmosensitivity did not differ from the wild-type strain, indicating that
the cplcl gene is required for normal mycelial growth rate and colony morphology, and regulates
the lacl expression, which is also modulated by the hypovirus.

In this study, we also isolated a total of 87 C. parasitica strains showing hypovirulence from 670
C. parasitica isolates, which were collected from major chestnut plantations all over Korea. To
determine the genetic diversity of the fungal strains, we classified all strains into 121 vegetative
compatibility group, and among them, 40% of total strains were shown to belong in three major
VC groups, indicating there are a few major VC group in Korea and it is possible to control the
infection of C. parasitica by transfer dSRNA through hyphal fusion in nature. To determine the
transfer of ds-RNA between fungal strains, we selected 7 strong virulent strains and 5 ds-RNA
containing strains, tried hyphal fusion between them, and finally got 11 hypovirulent strains which
containing same ds-RNA isolated from parental strains.

The results obtained through this studies we obtained the information of fungal signal
transduction, that regulate many important mycovirus-specific genes related in the virulence of C.
parasitica. These results will be help to understand the natural biological control of fungal
pathogen at the molecular level, which can be applied for the establishment of better strategies to

prevent fungal pathogen.



CONTENTS
(@ & & 2
Submission form -----—-——-—--——————-—-——-——— - ——————— 1
SUMMARY (Korean) —-————=———————————————— - 2
SUMMARY (English) ---—----————-————————————————— - ——— 4
CONTENTS (English) ---------==——-————————————————mm 6
CONTENTS (Korean) ———=—===——=—=———=—————— 7
Chapter 1. Introduction ————————=——————————————————————————————— 8
Part 1 Purpose of the R&D ------——----"-"-"-"-""""""-"-"-"-"-"-"-"-~———— 8
Part 2 Necessity of the R&«D ----——"7"-"-"--"-"-"-"-"""""""""""-"-"-"--——— 8
Chapter 2. Status of the technology------—-——-—----"-"-"-"-"""----———— 14
Part 1 Status of international research----------—--—----—-——-——-———— 14
Part 2 Status of domestic research---———-------"-"-"""""-"""-----—- 15
Chapter 3 Contents and Results of the R&D---------"-"-"-"""""-"""-"--- 16
Part 1 Determination of the signal transduction pathway of cppkl,
which regulated specifically by mycovirus ————-—-——————==—=——=—————- 16
Part 2 Determination Mycoviral diversity isolated from C. parasitica
in Korea ~-----——-=-=--------—---—--———— - ————— 22
Chapter 4. Achievement and contribution of the R&D---------—-—---- 30
Chapter 5 Plan to apply the results of R&«D----——-------"-------—- 31
Chapter 6 R&D information collected from foreign country----------- 32
Chapter 7 Reference-—-—----------"""-"""=""="="="="=-"—"=-"=———-————————— 33
Attachment ------—--—--—---—--—--"—=-"—"—"—-"—"—-"—"—"—"—"—"—~—(————————————————— 34



2 3

MA1& AFILoA e R -~ 8
T s B R e B e 8
A2 AT AR HQA — oo 8
M2z Ze J|l=oie e - 14
A1E =99 7 F X FF - 14
Ad 7l 7e 5F H S oo 15
M3Z Aogt = Y2 2 88 16

AN1& C parasitica®l ] mycovirusol] Eo]&<l A3 A protein kinase,
cppkl1®] pathway 7% % 75 Q] ——-—--—-——---mmmmmm - 16
1. C. parasitica 2152 protein kinase A cppkDe] =4 71580 ——-- 16
2. Cppkl &AL jn vitro 52 &l - 16
3. Cppkl target WAL &l W #8] ————-——--——mm oo 18
4. Cppkl target &9 coding 42+ cloning % §48 —————---—————-—- 19
A2d =W C. parasitica®l #F93te= Mycovirus® B¢ —--—-—-—----—--- 22
1. =Wl Cparasitica o EA8H= mycovirus®?| typing ——-------------- 22
2. 752 VCG type?t hyphal fusion& &3 mycovirus® ®% gl —-- 24
3. =W mycovirus® FHAA FX2E 7IFL®2S typing ———-——————-—— 24
4. =Wl 8 mycovirus®] F3 A cloning ¥ 548 ———-------————- 26
5. AP Hol|dtF AF —————————mmm oo 26
6. Vegetative compatibilityE ©] &3 do] #F A ————-————————- 26
M4y sxEHdE 2 2AHBoko e 7|0 ————m 30
M5 Aol &8A8 - 31
Med AFMLotHo &t s |=dE - 32
M7 &nEd oo o 33
oz 34



M1z oA o erntA o JHe
Ad A 54 5 oA

oAM= whgE ZV|utE 2 C parasitica® mycovirus CHV19 7+

9J3t hypovirulenceE X3 C  parasiticadl AZAGAAZES FHEY, U
CHVe td 2 34 E4S &3t mycvovirusel oJgh Xro] AR Ydst 7]
A8 2 A, A el ¥el ozt skl

o= #lal;

4 W= novel protein kinase(cppkl)e] E4 A 2 cppkld}
interactingsl+= @A B FAAES EE-5435tste] =2
copkl-HE AT AGAAE FEstaLat shglom

@ =W C parasitica®l £A3+= mycoviruse] TS 2 typed ZATIAL =
I = C parasitica @459 mycoviral symptom?te] A AAE FYste] Z+
symptom% 5| mycovirus F&AE E4go2 I #529 hypovirulencefr

wo 7 @37) 9 mycovirusE TrE et ot

A2 A7ide] da4

L st 7=+ 59
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sto] obalobol ] 41 mie] e eAslo] Asks sl AIAE Hvl o F A

oAb HES oI wb ok R Wl Aol s Aew U4y

9 EAS oplehs AHF ATHUA AFOR, o 100013 Aol HFE FEL 9

el A G parasitica®ll 93] AR pEoR AAEO] glo
among all canker area), 359 =39} 7 o] o3k Haj7p Alzsk
= Aog o7 Buwi gt (Ju et al., 2002).



o] o7 FF pathogeno.Z g3 ol W AGF Akl A A
A4 5 Qe e spored 2 Y, FFE B4 FAMNE L7 B Soly
3ol W el AA ARRL HgH] £7o ARHL s AL B

&
Al mycovirus7b A3tH o] AS doriH, WAy o vFstal Aze SAS
YEbA

e WYd Adeld ®ol ®idi= dsRNAR A" virus 52 virus-like
particle®] &A= B2 A5 mycovirusEA] Y¥kd o2 wrolEol x| §)

d), £3] C parasitica®l 74% AEAo] £A3= dsRNAZ FAEH mycovirusd 7+
<

ol C. parasitica®l B2 FEA zte] 2 9} ddE WAS yell= A4
Aol A=A ol T8E vk Ao S mycovirus GRS oW AT

(virus—containing C. parasitica)®t AT dAE A 3E-S 3 (anastomosis;
hyphal fusion)ell °JaiA ol FelA AHTFE virus7t HFAAE Aoz delA
U=, AAZA mycovirusE = HElste] 7|58 HAtel] A AHFos W ol
AaEnt 7] "o mycovirusE X88l+= C parasiticad o7 W3}r}
mycovirus®] el ot Ho] oy} ZA] ME FFod doju= 7EF 229 u
gholl oJgk Zlo] ofyrt sk ool o] ko, mycovirus® WAA A=A
(infectious cDNA copy of dsRNA)EW HAAsH %3 C  parasitica’}
mycovirus® X38lE o Y HAo YeEdsE AS Qo wy
mycovirus® 7ol #F v BAS UEuA skt AHA ddds SHEA
t} (Choi and Nuss, 1992). W&l C parasitica?l A 833 mycovirusete] A&
Ae Aew7hA Bard 27 mycovirusihe] o289 o FolA 7g @o] ShA
A AT Qa, AEEYY e A dd 712 A} @A Newrospora,
Aspergillus spp. 5o L&A A &S mycovirusel] 93+ Ao Fxx vy 2

=z=
AEEI o]z 2l3gk A& st AW AA A4 (hypovirulence)o] 71 = HH=

1

model system©]”7]% 3}t}.

AR 4 w2, C parasitica®l mycovirus’F 49 HALS W YeEly=E E
Ao 713 Eo|Hol7] HUFE mycovirus straino] WEE Aow 9§ F =
mycovirus® @ strainoll ZAEHAJ=X o wWE} C parasitica® Aol AL =

Zolt}t (Chen and Nuss, 1999). A&7t 74 @& A7 o]Fo]& mycovirus
strain®l Cryphonectria hypovirus 1 (CHV1)ol ¥ C. parasitica 459 HAL



ot} it
O AWAAE3}t (Hypovirulence): CHV1 #o® <lsto] Hhupio] gk C
parasitica®l WU o] ZFAF H(Anagnostakis, 1982; Van Alfen, 1982;
Van Alfen et al., 1975).
@ e q Astss W3} (Biraghi et al., 1953, Day et al., 1977; Hillman et
al., 1990):
- A2A 8 FAa
- 8 R FAEA 948 FAa
- laccase (polyphenol oxidase) A4 74
- Oxalate A4 #4
@ wAY=H W3k CHV1ZSCl C parasitica®l 57 8452 2&A 9
e wAN, o FeRE o 54 FHAAEY AAHAESE A
(transcriptional down-regulation)dl=  Zo] &AFHATHKIim et al.,
1995; Rigling and Van Alfen, 1991; Zhang et al., 1993; Kazmierczak
et al.,, 1996). CHV1e &A)d] 9Js] Eo]4 o & down-regulation¥+= C
parasitica®l FAAELS ofdlel 2t} (Kim et al., 1995, Zhang et al.,
1993; Zhang et al., 1994; Varley et al., 1992).

Lacl; extracellular laccase gene

Crpl; cell surface associated-fungal hydrophobin gene
Mf2/1 & 2/2, mating pheromone gene

Cutl; cutinase gene

ol’del virus el osl Yehvi= C parasitica Y873 S4& fofstd, HE
virus® 7ol A-¢9= 2l 715% C parasitica®l SRFAAES] AAMRA S
Ak, 1 A¥ JFAbe] A 5 G = IS FA oy F-FAEAA8A
S #Ate B3 2 @ aA(differentiation, development)el] <3 33 ]

‘FHiGuvenile stage)dl MELES st 54 UEUE AS & 5 don, o]
WA #EE 5452 mycovirusell ogh o] FAA Hd =4S #E-ATSE

o £& marker2A4 &-8o9] 7}535tc).

CHV1el 98 gekS W= (O parasitica® 42 &8 z4d 7|zto2= CHV1
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7¥edo)l C  parasiticad AAAFQ A FTAEHA(signal-transduction pathway)<
"disturb"ettt= 7H o] G-protein(Gea &+ Gp)9l cloning® ©]E FZHAE knock-out
AlZ1 null mutantol] 4] Ho] A= BEAQ] viral symptom-like phenotypeES %3
AAE NS Y (Gao and Nuss, 1996), ©]& G protein® @& g+ mycovirus
CHV1®] ARA dddA= F o d77F 283 dHo|thZhang et al., 1998).
Oy HE B AFHY ZAy:E G-protein®] 9 AEW AsAY 39 Ser/Thr
protein kinase(cppkl)7} mycovirusell 93+ X9 FAA ZAoA F23 target
o] it AL FH3HA ol (Kim et al., 2002), mycovirusel So]Z ¢l ANz AL
A F8 el g Y 15 ddxd s A4S oo AV|EHIL
Utk olH g AR Ao Ayr dojA= WA 111 gsHAE FH Sl
75 Alste], virusel o3 7159 A Hd 24 T]Fol gk V| 28HERokel A
A4 Ale] A ols R &golts FRWHANR B 7|9 E et 7d

o] ALAQ B4 A57F B asttha st

2. BA - AYH S

FTle]l A WS ZlolAel #Zo] 9 iteEre JPE AAlAdl & ¥ ofde)
g FAE R 7P FEol B2 FHolth shARE FHto] ATl ofshd HlalA
Aggor A U W9 A% C parasiticadl ol A4 FEow 7Y
o] 9o (Ju et al., 2002), L& Q1&g QALY Aste, A7te] stAoR FlEE
Saalk whake] Y w3k A7be oz "oz oo ik ti o] Fadh Ao

C. parasitica® WWAE g =9 A7 o3 A|l=E A EH, mycovirus®]
DNA copy(infectious cDNA copy of dsRNA)E o]&3te YA d55 FAZs
AA LAY dFE AT TE d8et=d A sdtHChoi and Nuss, 1992).
weha] olEA DA FAHEANE C parasitica®] Hedell Fxtoz HuAES
AlZetal Zlgietiont, ol FAHETA S genomeel A WAE A=A
(infectious cDNA copy of dsRNA)9 HAL#}A A3} A7]+= dsRNAE CHV1Z nf
ANA 2 C parasitica®l AL AA S]] WFo) (Zhang et al.,, 1993), &AA|
ol HYA A Z3HA (infectious cDNA copy of dsRNA)E ¥3H3H A thaksk A A

F& (Vegetative Compatibility Group)ell £3}= progenyS 7|tst7] ol H Al

Hol AAA JEe mycovirus®] HE o] &F AW WAl FAE =Wl
o}
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(unit): 44 2F

Nut and Fruit (ton)
T
2 (Chestnut) S & (Walnut) o &= (Jujube) 2 (Pinenut)
Az | 22 [ 29 | 2y | 2d [ 2y | 29 [ py | 2o
1986 58,411 45110 880 3,601 3,274 12,518 429 2,025
1987 57,048 64,283 972 5,296 4,636 25,054 785 4,356
1988 77,652 75,115 1,290 5,674 4,522 24,168 1,127 4,349
1989 78,752 87,681 1,297 5,984 5,064 28,549 1,164 4519
1990 85043 95,931 906 4,516 5,953 38,010 869 3,436
1991 89,748 104,931 1,023 6,220 7,578 57,313 715 5,023
1992 101,742 106,338 1,118 6,566 11,216 66,320 436 2,513
1993 80,994 189,397 1,173 7,072 7,038 52,182 970 4,766
1994 100,163 221,255 1,514 10,289 12,600 69,587 1,579 4,338
1995 93,655 193,012 1,311 10,737 13,180 73,868 1,085 5,423
1996 108,346 223,652 1,149 9,876 13,969 80,057 497 3,488
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M2z =Ll 7=
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Ad =ele 7le sF H
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A Q) HAS C parasitica®l hypovirulence A7 Fofol|A BE PAHE Hr]=
groupl 2+ u|=- U. of California at Davis ™&2 Dr. N. K. Van Alfenx5¢} U.
of Maryland®] Dr. D. L. Nuss 283l Cornell ¥¥¢] Dr. M. G. Milgroom %]
AU

WA Dr. Van Alfen 49 A= C  parasitica®l ZEA38+= ds-RNA9}
hypovirulence®t¢] #AE AAIBHA L, ds-RNA®] #Aell o8 C. parasitica®l 2
A A7} down—regulationgv"— AEeo 72 FHelY o (Kazmierczak et al., 1996),
ol 54 FAAEY AETA Vs AR xFe] el os] Ao wA
B B fFAxe] gEd #3 AE AS FdL UAHKim et al,
1995).

[

Dr. N. L. Nuss®] 49+ hypovirulence® <17el4 53] mycovirus®l CHV12]
AAA LS} o] 59 7]55(Choi et al.,, 1991) 18] SkA] 7]&3k vpx g BWYd A=
A (infectious ¢cDNA copy of dsRNA)E °o]&ste] HAdAd H4S FAHAGo=
oS ANYAAR ¥FE T2 7 oS TSI 2™ (Choi and Nuss, 1991) %3
ol9} & HWAA AxFA(infectious cDNA copy of dsRNA)E o]&3ste] C
parasitica®t FABA U= thE oA E B A=F A (infectious cDNA

copy of dsRNA)E =3t 2 AEA e ds-RNA2l mycovirus7t AA4E <
AAFO 2 hypovirulence @Ao] & oy o ® o] &d F S A
tH(Choi and Nuss, 1992). B3k o] A dojxl F é‘ﬁ%ﬂ]e C. parasitica® &
of dxstow WAAE Alwsta 7o, ol5 FH A S genomedl Y

H HAdd A=A (infectious cDNA copy of dsRNA)S] At Az A7]+=
dsRNAE CHV1# w37l AE C parasitica® 544825 AA87] wWEo| (Zhang
et al., 1993), dAA Nl HLYA AZA (infectious cDNA copy of dsRNA)E *E
shalH A opeksl AME S (Vegetative Compatibility  Group)ell <38+
progenyE 7Ithst7] ol HGAIE ] AAAA Jhe] mycovirus® HitE o] &3k 2
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HikAlo] AE =gyt m3 HZoE CHV1 #ddl 93+ C parasitica®
signal transduction pathwayell @ ¥ G-proteinf#d A= cloning 3t o559 A
=8H4] 7)ol ek ATt W S 7ol JtHChen et al., 1996).

Dr. M. G. Milgroom< C. parasitica®l population biologyd] W& AFE s U
ow, HuAHo #F= B TFY VC groupl® FAHY US W on o
s dAFe] Mgl folskA] Eela wEkA mycovirus®] Il AAHE
Ful A Qo= CHVIel &g a2l WA7E o] Fojd & glss AAstaL 3l
tHMilgroom and Lipari, 1995). shA%k &4 Fiel Afelx= A C
parasitica?t 2 T+ 3719 VC groupell £&do =2 VCG Ao w$ daste Ao
W o= 3 5o mycovirus7t #FFEA HW FJehl VCG ZA 0]
Fele] e w5 dAbgel &olste] Aty CHV1S a7t o]
o] A ddst gow A WA a3t vig- =4 vehtar 9l

A2A Tl A% 5F L £F

ZFe] A C parasitica®) ZA< o] #F HEA )

g o]F o]o] uigt AF7F wm|E oy HE 4l

parasitica®] #3 oW ATE TSt A=t FAostue] o|Fqf vAbE 18a
Y _

wejste] 23z wpy Sl old) etiologyel #E A7 AAHL T £H
mycovirusel €13 WAle] Wl Fol welelt AAuistire] ol@% bl o3
C A

mycovirus® 4 % SAgte] ek Ag7F e, ALdstue] o] &
Sol o&) BEAAESHHQ WMo R Fusarium spp.olA  dsRNAS HAA
A A3t AT U Magnaporthe grisea’lX] cAMP ¢ PKCSo] s A%
PN
ES

A
of et A7t 3] FapEa vk 1 vro] AAHslne] o)A udddl o E
AV Htell A PLCY cloning 2 7]l digh A7t H&sa glom, X9

proteomics®l] tjet A= F3P Fo|t},
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M3 A7 = & 3 Z2f

148 C.  parasitica®l~] mycovirusel] Eo]F<Ql Az A

- -
protein kinase, cppkl,®] pathway T+ 2 7]% &<l

1. CHV1el Eo)&dQl C. parasitica A1 S Y protein kinase FAA(cppkD)e] WE
A 715E<l

R

1) cppkl §AAe] E4 2 ubg okal

cppkl full-length §#AXZS cloning 3] sequencing 38t A3 A3 »nE&=

(0]
5l
filo
fo
o
ol
K

kinase® conservedd domaine 7}A+= Ser/Thr protein kinas
homology searchE A A|3}e] Z oA & homologueE 7FHMat ). T3+ cppkl
HAxe] Y8 S Northern blot analysis® ©]&3Fe] EX3 Ay o FHA=
mycovirus®l] 93] Eo]xow o] Z7}sl= up-regulation

skltt (Fig. 1.

il
rir
Ho
2
D)
jukes
o
il

[-'O

2) cppkl mutant Az

C. parasitica 213 protein kinase F+AX(cppk)e] BEZH 7]3
o] FAAe] 7]5o] A4<HE null-mutantE A F3FFTE oS & & g
A2k8] hygromycin fr82E cppkl FH2F el AZAIA Ax3t e E Az
gt FAASsle] Az WNE e DNAS W9 chromosome®] &7 &}
DNAZFe] 2xFe] Z %l homologous recombination (double crossover)S =3}
t}. Target §AA7F X85 null-mutant®] A X3hE §-1x22] 7] el A
%% PCR primer& °]&3lef z}7he] g e] DNARSE PCR& AA &
dAE+= DNAS Z=Z 5= 7IXa 12 A=38Fa, Yo7} restriction enzymeS
A48l Southern blot analysisE AA|ste] HF &35 (Fig. 2).

Fig. 291 A+ cppkl® genomic DNAFT$9 ofg] Adah siteE o]E35}9]
cppkl-null mutant®] F+4A X Zolt}. Fig.29] B+ hygromycino] 23] X3k%l
cppkld] FA2 A4S cppkl 9 hygromycin §A S probeZ st 3elsl 18
oty ¥ HAS Fal Fr¥ prototyped FHHAEA= cppkl-null typed] 3}

ox ot
O,

N mlo
Ho

ot

o

s

o o

o o Jo ¥ rIf
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cppkl-wild typed] #o] 3l}ol AXol] H Ao £A3}E= heterokaryondS &2l3}
SFom cppkl-null typed o =W H clones FH3E7| 98]+ heterokaryon
3

S WjYste] FAXAE E53 tg JAHZ AFEE AERAQ] hygromycin©]

A= HIA A wjFE o2 cppkl-null mutant type?] & 7HX FAME AEH o=
F58 4 o, &4 289 cppkl-null mutants EAHAS A Edh= A

2) cppklmull mutant®] FEfA A X AESZH EF

A 2g o R f =Y cppklnull mutants= PDAmb Hix|o|A dejH oz g® o
colony (yeast-like micro-colonial growth)¢} 2 FEH=Z A4S 3} o5 Fgd
n7 2 AAAu o2 #AF S hyphaed] Aol A A= AoE e
o] A% hyphase?] ®oFo] Ameko] olm FHO wHow el w3 A
20 AL Eaf Bz S u hyphae Wo ¥ t2 hyphae’} £A)3+E intrahyphal
hyphae(hypahe within hyphae) FH=Z A&st2 ASS A3 ol A¥EHS
el FA7E U= Ao E AZFE O mutantd] cell-walls @8] 2 A3 v G4

A9l chitin®] F2 o= <3 Aoz yeldtt (Fig. 3).

3) cppkl-null mutant®} wild type 7+ cppklf-dx}e] &l &<l

cppkl null-mutant®} wild type 7+e] hypovirulent symptom¥@# EAS H|ud}7]
Q&+ methionine¥} biotine ¥ 35}+= potato dextrose agar (PDAmb) plate©l
19] hypovirulent symptom¥} ##Ao] A+ pigmentation, sporulation, laccase
production®] AN E #AFsa, FIHTS &3 virulence testE Y3t
steloy growth AFA|7F wild-type w59} zbol7} Zorm = olE A3 Huste 4
L gun7} gle Ao=m AlgHo]  mutantl MY cppkle &S cppkl-specific
antibody g AH&-3llA gelsksitt (Fig 4).

2. Cppkl ©9A 9] /n vitro 574 €<l

D ZAAdeE AxS Cppkl ©jde] vhel Fa] 2@ AA.
ol =4 B2 93] cppkl cDNA F2& A #89] expression vector
of AAAA Aol HFAAT A7l FH LEAA AEES 2y o]
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SDS-PAGES &3 #Fd2 d=5 Fdsiqltt. o2/ ¢dd @2

His-o}n| :=2FS- 335l fusion protein®@ wago=z whdw chujgo] whoko
E2 gxHis-tagell 3k Eo]AS X Ni-affinity chromatography (Novagen Inc.)
£ ol&3st & FYekdlth (Fig. 5). 2 A7olA = AA cppkl FHAE LA

731 kinase domain ©] ¥3tH partial -FAAE waste] &elskitt.

2) Cppkl1®| in vitro phosphorylation assay &#

=4 #gl® Cppkle kinase assayi= Myelin basic protein (MBP)E substrate@®
i WA BY9AR #AY [gamma-PPIATPE  ol&stel A 3
SDS-PAGEE “3a3te] kinase activity® <18ttt Fig. 69 uebwlzo]l oI
oA ®a FA¥ Cppkl @2 MBPo| tsle] kinase activityZ7} °] 03l
o}, WA cppkl FHAE E coliE o]&3sle] ths ©@AIQ cppkl-interacting

proteing AT = 9= assay WHS FEEATL

oA

N}
A

3. Cppkl target ©tjd o] &9 2 Eg

1) cell-free extractE substrate® ©]|-83}] Cppkl assay

C. parasitica W~ Cppkl9 target protein® 4 % IA7|E 33t A} cell-free
extractE substrate® 3}  jn vitro phosphorylation assayS X&3ct 1 Ay
50 kDa % 44 kDa®] A71Z zt= @wld bandZS &ldld (Fig. 7).

2) Cppkl @A ] target @A S 2-D analysisE &3 ¥2 2 54

Cppkl YA 9] target @WAS Fa &A35}7] ¢3to], /n-vitro kinase assays
B3 YA E A H target protein (50kDa and 44kDa)E2 2-DE(dimensional
electrophoresis) #3S Z&] &2 Egstaxl A =3Ac. 7 A3 F 719 spot

2-D gel Aol A &elatdtt (Fig. 8).

jas
)

4) MALDI, Q-TOFZ %3 target ¥4 sequence 274
E. coliolA] A A &5 AAE Axe CpPK1 @A) 98 kinasingS & C
parasitica®l @A & 2-D PAGEE A Alsle] Z+Zbe] vl d S PAGE geldl display

gtRom olu Q¥ spot & Tandem MassE ©|&3te] HFEZX o] wud
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sequences 2213 A3 4719 interacting candidate® AEd = Ao (Fig.
9), 1 4he B3 2ok
- 270€9] signal transduction ¥ A=}
a) BCK1 homologue
b) PLC homologue
- 2709 metabolic &&=}
¢) enolase

d) glyceraldehyde—-3-phosphate dehydrogenase.
4. Cppkl target ©®& coding 4429 cloning % EA3}

1) Cppkl target @™ & coding & %+9] cloning

(1) Enolase &3¢ cloning

GenBank DatabaseE FAMsle] A Fle enolase ofn| At E S EA51Y, %
o2 el = 2= Ao = degenerated primer (forward:
5'-CTTGAATCTTCCCCAGTTA-3', reverse: 5'-TTCACTAACTACCGGCCAA-3")
= A3 & C parasitica®l genomic DNAZ tAto 2 PCRS 433l t). oA
g1 PCR replicone DNA 714 4SS B3 f4A I E Qs o] WALA
THYLALE labelingdlte] C.parasitica genomic libraryoll A screeningste] <13}
t}, olul F1¥ cloned subcloning ¥}48LS A FHA A7IMLE 2

GenBankoll %53}l Fd2 245 A8t (Fig. 10, Fig 11).

(2) Bckl homologue %%+l cloning

GenBank Database& #AAate] 2l fr#fl] Bekl like MEKK ofv| =2t S 4
3l (Fig. 12), 3522 UeuUsE FY9E o2 degenerated primerE A
Zo "o g ARl C parasitica®l genomic DNAE WA o & PCRES S35}
At (Fig 13). o]#2 A &H ¥ PCR replicone DNA 97|M<ES 53] C parasitica
el Bcekl like MEKKfFHA= Zlglal dA] subclonig ol Sith o= &%
subcloning #A& AA FdA @7IMES ZAS] GenBankel sFs8kal At

4 90 AZReIA sl e Aolh,
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(3) PLC homologue &%+ cloning

GenBank Database® #43te] zl3t 29 PLC w@ujd o] opniitd& 43}
FEo® Yelhye X9 YHEYQ SSHNTY % GYVLKPE Ao ® degenerated
primerE A 23t (Forward: 5'-CAGYTCNCAYAAYACNTAYCT-3', Reverse:
5'-CGGGATCCGGYTTNAGNACRTANCC-3"). ©]& eo|&38te Cparasitica 1 94
Al DNAE Ao = PCR fragmentE &R3 1 o274 313 PCR replicon
DNA @7144& S8l 34 & FSlsta ol& WA U4 E labelingsho]
C. parasitica genomic libraryoll A screening® ¥ cloning s}t ojuw 2l=
clone< subcloning #}4& AXH FH1A @7IM<ES 27435t GenBankol &%3dkal
A EAe Al 2 Aol & RS Cparasitica el PLC +dAk=

736 bp ¢ PLC-delta typeo = #AEATH(Fig. 14 R Fig. 15).

@ PLC A7} 2<% mutant 9] &2

C. parasitica A3 AE protein kinase FAXHcppkD)e] target FHAAZ &=
PLC #F4dzke] A=4 7ss #Ashr] fAste] o Ao risol A
null-mutantE& A2t} ol & 3] dAELD AL r

£ cPLC #37F ol ASAA Azt WEE Axd 5 el Fddskste] AQx
FowlE kel cPLCOF A9 chromosome®]| 413t cPLCTFe] 2xfo] AR
homologous recombination (double crossover)S %3}t Target A7 A
2 null-mutant®] WS X gE FA2Y VI DolA F=¥ PCR primers ©]
&3to] Zzte] dAHgA o] DNAZFEH PCRe A & 5 o= DNAY
5= 7HR 2 12 AE38Fa, Yolr) restriction enzymes AR8-3FE Southern blot
analysis® AA|3le] FH= @ttt (Fig. 16). Fig. 169 A¥ cPLC9 genomic
DNAF9 9] o8 AFdaEA siteE ©]€3+o] cPLC-null mutant®] Fdx A Zo|t},
Fig.169] B¥ hygromycinol 93] X35 cPLCY FHA ZA&ES cPLC 2

hygromycin +3AZS probe® &}e] Southern blot analysisE 2Feldt 1do|t},

ZA}el hygromycin

ol
N

ol\
e

)
o,

@ cPLC #AA7F A<% mutant & A€
= A¥s Sd grR¥E cPLC-null
temperature sensitivity, osmosensitivity

Fig. 18). T3 cPLC F4x9 7]%<&

F

SHAle] YA 5AS AFHIA
wildtype®} B]W &}t (Fig. 17 2

171 ¢3ste] yeast Saccharomyces

oft
o)
mlO r_>‘~l_4 _llm

18 ol
5y
ol
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cerevisiae ¥ 2] PLCE ©]&3}9] complementatione Attt (Fig. 19). HE3h
cPLCel ofa] =d¥= el $/-E Lotrr] #4ste] laccase FAAE HIET
marker FAAE o2 Norhern blot analysisE® A =39t (Fig. 20). = A3}
cPLC #AA7F A<H mutante BT B Aol =23 aerial mycelia’l A
9] Q= oFE 2dXAME ul:= mycelial growth EFS YeuAo}t (Fig. 21). w
g WA HAECA Adws B BdA AR7F ekl ugkoy o= mutant
79 growth-defectel]l &3+ Aoz Alg®ry 1 9o temperature sensitivity,
osmosensitivity & AAdF & xFol7F 9 lacl Ao w3 o] ¢cPLC &
Aol o8l 2" W Zle® uyEhEth lacl fAAkE AR PLC
complementation®] ¢J3 Tddo] IJ{E= FHAo=Z byt web cPLC A=
A9l growth ¥ colony morphologyE 8] Wwh=A] & Q38 hypovirusel] <] 3]

2HH 7|5 dh= lacl fdzke] @del] wr=A] Hadh FHAl Aow #AHEH A
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AN2d = C. parasitica® 7+93}t= Mycovirus® THFA
1. =W C.parasitica ol £A3}+= mycovirus® typing

D o5 g1

olg] ™o YER} Q= 72+ (9o 2HE E 6700 TFY C parasiticas 573
AT o]59 HFERYGES wFo] AAHoE =dNS wuA IAE Hol vh=
A, wF] 7Rt g 7Pk = siREANRE el A, 1Ela o] A

How 3 wAERW oFold glom ZAGHE ofF BUH 2 ¥ 3 4

Chun-cheon 48(h)
Hong—-cheon 31())
Jun-kok 8(S) .r'fu-. Hoeng-sung 7(i)
Euyjongpu 4(T) L] Won-ju 15(g)
Yang—-pyung 18(
Kwang-ju 30(V) .. e c)
Hwa-sung 4(X) ] °
° Choong-ju  49(e)
e, Jin—cheon 7(f)
Seo-san 3(0) Chung-ju 8(m)
Ye-san 16(P) . ° Young—dong 39(|)
Pu-yeo 25(Q) ° ®
Kong-ju  25(R) “ * & > 3
<)
* Yung-cheon 14(l)
lk-san 15(H) Kyung-ju 21(J)
Jung-eup  9(G) . Pung-san  4(K,M)
Im-sil 7(E) ) ) ® Yung-yang 5(L)
Soon-chang 3(F) p
F, e o
o ®
Koo-rye 13(D) ﬂ
Kok-sung 18(C)
Soon-cheon 29(B) ji %ong Aé11((\;))
Kwang-yang 30(A) Sanjchung 54(a,b)
Ham-an 27(d)
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2) Bavendamm test

C. parasitica isolateE59] phenol oxidase L FA}3H A3 (Fig. 21) & #F9

-l 576¢F7F HAdd dow Hlow, 87T AMAAE] Aowr K
HAAG FFE Hole A HEo] oF 13%d Edu. AYYHdeR Hol= o&

I+ mycovirus, 5 ds-RNAC 5o} QS 7FsAdol =2 AEogta & 4 9l

3) C. parasitica isolate=2] vegetative compatibility
C. parasiticat™ 7% Wol7} Alsle] =37k dAMGFEA o] vkst Aoz e A
© Hstolth. ml=o A= FE5 e vF9 64719 VC groupe] HEA low, #F
M= Aol wek F Apol7h JYAIRE mlmel AR T v o] A Be
Itk 2y et #FES e R @ oW A9 A3 (Fig. 22)%
vzt = 121719 VC group®] A8t Ao = WA C parasitica® +
Fdel e vgrg geudtedA E8 9 AE & A1 ol

-

0] =
AR

9
tt
(I
At
)

_EL

¢

;O
rzi
X
o 4

mycovirus®] A9HE AYPAY dFTE5 ol &3t AEH WA AEE] € F= r}
SHAIRE, tha el A2 oYkgl VC group TolAE AJHoZ S il =
== =

groupE°] EAsltt= AlAo|t), AAE VC group 5 KR-VC1049+= & 670
F T 1647F7F FdR e, KR-VC10591E= 6295, KR-VC439l= 4277}
Zg)9lo] o] Al groupdl &l TFEO] AAY 40%9 o2 YUk KR-VC104
S AL o= AGeMy 7w WEE Hola Ut whEhA
KR-VC104Z $-guete] ¢ C parasitica VCGE #da|= Fg71 ¢1S Zo=

Y

= ARe

4) I HFAE
AU FFEETQ UEP-1HT 28 Wuks wt== #3535 & 67045 < 164
dom WY FFFF EP 155-2RT} Huks o= #5= B 378

A F 670¢F S 6507FlA ds-RNAS &AE AAS A 777FlA
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ds-RNA 5|4 W=& #H&d 4 At 2uete] C. parasitica’t mycovirus®l
A= 9l BF 4 FFEA(Fig. 23), ds-RNAS] A7]"H = 12 kbellwk 7+
FHo U= A, 12 kbt 2.7 kboll A A= A, 3 kbellw 2| A, 2ea 3
kbet 2 kb, 1.8 kbell &Alell ZAAE ol U= Zeldnt. o] & 12 kboll w5 e
Aol 46 = 7P wkon, thgo]l 129 2.7 kb2 25 5, 1¥il YA F

Z25= 247 3 #5309t}
S-gugtel] EAs= 121709 VCG ZF 2971914 ds-RNAE AEE 4= e, o
J2GAE KR-VCI04E HIZsle] W=7 & VCGES EF #Eo Ao
Ao rE= A8 FAS A9E UrA LoldE BT ds-RNA ZE#FE S
ANo, SHAME & 1 5, TEH AR = 5 #F, AERAAN 7 #F F

A

o
>
-1N r1r off o

—l—‘

%]
ul-- A Atk Rbdol] whupRe) S Al gl Aol 43 o,
ds-RNA°| ZH S
, ds-RNA 7% A3l Bavendamm test Z¥E H]uldle] HW, Bavendamm
testoll Al ?ﬂ%%@gi Bo|d 87 5 T 45 dFol MW ds-RNAZF HEH AL, W
dos Hol"d 5 F 32 #FolA JA ds-RNAE £ 5 Ao w5 7t

=2
2
—
(@)

o o A
—Hz
)
o

o
HHN'

Aol HEsRS wWe] ¥ vlwshy, UEP1 Ryl HY9Adoel We w5 F 20
FHbo]l ds-RNA°] #Hd=leo] gllon, EP-155-21tF W§AAo] & 45 F 44 o5
7F e Aol ds-RNAS] EA19F 2 Bfels 542 #F0 JEdint. Ay
o2 WA Aoz odFHa = wek #FS UEE 45009 HFF F 8 o
FHko]l ds-RNA°l| Zd=o] AL, FAHFE E= 8 73S W=s oA 69 o
F7F Ao AT

2. = #F¢ VCG typeZt hyphal fusionS =3+ mycoviruse] ¥HA 3ol

1070 VCGollA Al #F232¥ oF 300709 Feds7F A= dokFig. 24). ©
S #FE A4 dsRNA 8¢ HYX #HA, phenol oxidase 84 AR Ad Zd
o]

AN

3. =W mycovirus® FHA FZ2E 7]TS 23 typing

1) ITS-RFLPE o] &3t fFA&A vl
1897 2] DNAE ITS-PCRZ F%3slo] Agais Agst A3, 1787 5



7 2T R2 ARge frHel CHVL w59 sdst M= JE Blow, 1149
2 e JEE 2otk Al & A2PS W CHVIS 430 bpt 220 bp
g W ol 5 1171 o = AdEA FUuth E3 Chl S A
), CHV1 w57} 290 bp®t 50 bp WMEE HQl AdE &, o]&2 300, 270, 1
213 80 bpe M=E B YTH(Fig. 25). W= Fej7} ot 1149 75 = 9&%—7} A
ol A, 29FE A Egd #5F9om, 67T dsRNAZE AEHATH
12.7 kb dsRNAE 7F A& 29dFom, 747 Ada 4ol A «ﬂ% sin=l el
t} 47#FE 3.0 kb EE 3.0+2.0+ 1.8 kbE 7 B2 3T AedA, 145
= Aol EYEAn 11 45 F dAdold & 4455 VCG-14°0 £a)9)
Ko, ] 74 wdFE 42 vhE 79 VCGel Salf AUt

f
=
=Y

it %x

2) RT-PCR& o] &3 @A vl

C. parasitical Xl 71& %+ dsRNAY TFFAl S dolr 7] $a] ¢cDNAZ o] &3
3 A3} 5 non-coding regionol A ¥ 600 bp, ORF BelA 1200 bp =719 PCR
des der(Fig. 26), dsRNAS] A7 #7 e CHVI-EP7133% HlaLskqitt.

o|N
e

@ 5 non-coding region

T 14N #5e 59 agoE Yy Ao (Fig. 27) FH< EP713%+= <F 90%
ol%Fel A S Rtk fElvet #FEgte] fAMES BH delA EElE AS112
of Aol ZS312 5 F #F9 A7IANEL 100%E LR o, T2 FrolA B
2lEl aN422¢F aS522+= 0.2%2 ztolEs Hlth Aol aSh229 A& [E412+
92.7%% 744 o fAES Bith BS222S ITS-RFLPOIA Eoldt M= =
HAW FFFo Y1213 98%9] =& FAMS Bt

@ ORF B

5 non-coding region¥ H]38HA 5719 1F o2 UFH A (Fig. 28) EP7133 & oF
81% ol4e FAMES HTh 1E4129F RN421, aN4229F aS5227F Z+zh 99.8% 9}
99.5% = FAMAdol 71 =Zko ™, 5 non-coding regionoﬂfﬂ A7 de] FLdPW
AS1129}F 7ZS312% 92.3%°] frAMdS Hlth 53] dA&elA wed HE522% #4
o] EP713%} 98.1%9 %2 FAMdS Rt
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4. W F2 mycovirus® A cloning ¥ &A%}

#2]" dsRNA & L-dsRNAS! 12.7 kbE Al2]3t 3.0 kb, 2.7 kb, 2.0kb, 1.8 kb
dsRNAES AA&AHFig. 29). o]5 dsRNAE 9|=o|A Hiwo] i s-dsRNAK
ot A717F 8 Zom L-dsRNAZF EAleHA] @+ dFoA % SATHE HollA -
vt 7] 54Y 7Hsdol wig #rh o] dsRNAE©] L-dsRNA9] d¥1A & &
13H7] flete] el ds-RNAES AAsiglom, Al RTHAS &3 cDNA 34

39 AA cloning Al 9t} Cloning 237 4o $-avel C parasitica

o 3 5 o
d& &N 5 A& Aol

1o o
Jm
o

2,

5. AW AN Aol A%

o] Fig. 219l = & 4= ko] e VCGl ats dFE78e X%

gk dARg el 9ste] mycovirusel FARE, S AWUAG] FEH=

g 4= 9tk 2y, VCGIZE 9 #5578l ol gk diAu| el 23}

A Aol#FE wHEo] ¥ 4 gl VCGZF v #FE Il #AMEEel

A kA X g Aol A FAE B o] Ak e Ae gelekgint. ol g
PDACA] ¥4k offe} Fujo] HF3S Aol mpxbrbx u}

AujFg el ot AR AWYPY dFE e U= A Tbe

il

@ ok Mo o
ox T e ro

T
v

TE A& Feolth wEA, C parasitica® YFEAE s

[e]
ofo AU dFolA 2l dsRNAE HFots W= ASte] 7Hsstrt.

6. Vegetative compatibilityS ©]83F o] #F A+

D AR A5

1999~2000d A=re] Wiy A oA et w5 F VC group 1044 ¥
A6 #F, AMYEARs #F, 283 VCG 859 WEA 1dF@DE AREEIh
VCG859 7, al& v& VCG #F Abolejrle] 7hs/ds otuly] fls AHE-skal
o},
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Colony type Phenol oxidase pathogenicity ds—-RNA

al Irregular yellow +++ 10.23 -
B411 Irregular yellow +++ 7.77 -
Q1 Irregular yellow +++ 7.63 -
QE412 Irregular yellow +++ 9.2 -
R112 Regular center yellow +++ 9.86 -
RW412 Regular center yellow +++ 8.63 -
Ya Irregular yellow +++ 8.8 -
- ARy 75
Colony type Phenol oxidase pathogenicity ds—RNA
AS112  Irregular center yellow + 5.03 +
[E311 Regular white +++ 3.86 +
RN421 Regular white ++ 1.97 +
Y112 Irregular white ++ 3 +
ZW411 Regular white ++ 2.91 +
2) w9 A
Adbel 12 #5% PDACIA 25T, 49791 =, 1/4 PDA wixo] Wa4 w5 A
WU #F @4e Uws] AASAT. EE 25T, 390G F T #Fe #A
PPE PR ARANPUONOE BEtel T S ACE nolt BAE
Ak PDAC 2d8toinh. 8 FARE 25T, 443 wikatla AEZE A7) R
= g3 wFoew AF W A ALKSA AW wjgstEA st olFEA £
2% #F+ colony type, phenol oxidase activity, VC test, ds—RNAdetections
ZAelg T (phenol oxidase activity test: bavendamm HlA], VC test: PDAvc bl

=], ds-RNA detection: cellulose chromatography ¥ ©|€). = A3 1/4 PDAC
A A §8E Ao® Hol: 314709 #FE EE gt (Table 3).

3) AWE #F9] vegetative compatibility test
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VCG 104 &8 dTE52 279 BEF #AF 3485 241, VCG 8575 wiA
ol kst AAE s3It

4) Colony type
e ols dTE
30), o1& % 10 ¢

= obYAIRE AL AR FEle A Ak dEHE EATHFig. 3.

5) phenol oxidase activity

B9 3147019 59 phenol oxidase activityS XA A3, & 75709 +F7F
B BTy @4o] yogan AgdAY EdadTee vshAY w@dtd (Table

4)). E3 Z3E FANHO I 9 7= HYA a5 AHAA RaTFHc
phenol oxidase activityZ} WAl YERSTE E8E #Fo FEl= AHEYA F59 H]
AT SIS w A= oty WA FFHT EXAEA T A Fo] ZolE A

S B
= =

At (Fig. 32).

3

6) ds-RNA¢ 7=

3147) #F9 ds-RNAEZA3 A3} 117019 #FoA ds-RNAZF A&Ht) o2
VCGS! VCG 8501883 al-Hol#F9}F, TU3 VCGY B411, Ql-Ao]#FolA
= A AZEA 2t o]DA dsRNAZF HAEH 11dFE 479 Ade o3
BE® 9 #59 Ya-RN421 13¢5, R112-IE311 1¥#5°]t} (Table 5). o] & #5
M= AU maFela BEEAY ds-RNAZF 2488 & = AATHFig. 33).
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Table 2. Characteristics of 11 Korean isolates of Cryphonectri parasitica
which had different band patterns in ITS-RFLP

Isolates ~ Province VCG dsRNA type - e -
(kb) Pathogenicit Colony Phenol oxidase

y type activity
AE322  Jeonnam  VCG-8 3.0 high white moderate
AN122  Jeonnam VCG-14 none low white moderate
B211 Jeonnam  VCG-13 none low white moderate
B422 Jeonnam  VCG-58 none moderate white moderate
BW112  Jeonnam  VCG-14 none low white moderate
BW412  Jeonnam  VCG-14 none high white moderate
BS222  Jeonnam  VCG-14 12.7 high yellow moderate
BS322  Jeonnam  VCG-16 3.0+2.0+1.8 high white moderate
BN122  Jeonnam  VCG-17 3.0+2.0+18  low center moderate

yellow

aW411 Gyeongnam VCG-65  12.7+2.7 low white moderate
bS131 Gyeongnam VCG-83 3.0 high white moderate
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Table 3. Isolation of hypovirulent by hyphal fusion.

hypovirulent

AS112 [E311 RN421 Y112 ZW411

a1 23 3 16 20 3
B411 8 1 1 14 3

Q1 7 23 9 13 -

virulent  QE412 9 12 2 9 3
R112 6 21 10 5 1

RW412 14 17 11 16 -

Ya 2 5 9 12 3
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Table 4. Numbers of the hypovirulent strains shown low phenol oxidase

activity.
hypovirulent
AS112 [E311 RN421 Y112 ZW411

al 7 1 1 4
B411 4 - 1 1 _
Ql 3 3 - 3 -
virulent QE412 4 (2) 5 (3) - 1 _
R112 3 8 4 (1) 1 1
RW412 5 (3) 2 5 1 -
Ya 1 4 6 1 3

37



Table 5. Numbers of the hypovirulent strains containing dsRNA molecule.

hypovirulent
AS112 [E311 RN421 Y112 ZW411
QE412 2 3 - - -
R112 - 1 1 - -
virulent
RW412 3 - - - -
Ya - - 1 - -
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Fig. 1. Northern blot (A-D) and RT-PCR (F and Q)
analysis of marker gene expression in virus—infected UEP1
and virus—-free wild type EP155/2 strains. A; cppkl, B;
cryparin, C; Mf2/1, D; glyceraldehyde-3-phosphate
dehydrogenase (gpd), F; gpd, G; cppkl, E; EtBr-stained
RNA gel for equal loading of RNA samples
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Fig. 2. Restriction map and Southern blot analysis of
heterokaryotic parental strain and pure cppkl-null mutant.
Note that heterokaryotic parental strain contains both wild
type nuclei and cppkl-null type nuclei in the same
mycelia due to the coenocytic(mutiple nuclei in a single
cell) characterics of filamentous fungi.
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Fig 3. Phenotypic characteristics of cppkl-null mutant.

(A)

(B)

©

D)

Morphology of colony forming units of a heterokaryotic spore suspension
(TdPK1) grown on non-selective (I) and selective (II) PDAmb plates. The
characteristic colony types are shown in enlargements of the areas marked
by boxes. Both cultures are 10 days old.

Microscopic observations of the wild type EP155/2 (I and III) and

cpﬁokl—null mutant TdPK1-1 (I and IV). Bars, 25 mm (I, II) and 10 mm (III,

V).

I. Typical extended filamentous hyphae (H) are seen in the wild type
EP155/2.

II. Bead-like catenulate hyphae (BH) consisting of bulbous and globose cells
(arrows) are seen in the cppkl-null mutant TdPK1-1.

[II. Transverse and longitudinal sections of the wild-type EP155/2 strain
showing normal fungal hyphae (H).

IV. Transverse and longitudinal sections of the c¢ppkl-null mutant TdPK1-1
showing parts of bead-like hyphae (BH). Note that all the fungal cells
are markedly hypertrophied to varying degrees.

Fluorescent microscopy to detect chitin accumulation. Young hyphae of wild

type EP155/2 (I) and cppkl-null mutant TdPK1-1 (II) were stained with 10

mg/ml Calcofluor White for 20 min and photographed through a fluorescence

microscope. Septa are indicated by arrowheads. Photographs were taken at

a magnification of x 400.

Transmission electron microscopic images of mycelia of the wild type

EP155/2 (I), and hypertrophied globose cells (II) and intrahyphal hyphae (III)

of the cppkl-null mutant TdPK1-1. H, hyphae; S, septae; HH, intrahyphal

hyphae; W, cell wall; Bars, 2 mm.
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Fig. 4. Western blot analysis (A) and colony morphology (B) of
representative C. parasitica strains transformed by anti-sense
copies of cppkl.

(A) Western blot analysis of representative anti-sense
transformants. Total cell-free extracts prepared from wild type
EP155/2 (wt), cppkl-null mutant TdPK1-1 (cppkl), and
representative anti—sense transformant types I, II, and III were
probed with CpPK1-specific antisera. The numbers at left are the
protein size in kDa.

(B) Colony morphology of representative anti-sense transformants.
Three examples of representative types of colony morphology of
the anti-sense transformants are shown in comparison with the
nontransformed wild-type EP155/2 strain and the cppkl-null
mutant TdPK1-1.
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Fig. 5. SDS-PAGE of purified £ coli-expressed
full-length and truncated CpPK1. Lanes 2 and 3 contain
E.  coli-expressed full-length and truncated CpPK1,
respectively. Lane 1 contains the size markers and
numbers at left refer to the protein sizes in kDa.
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Fig. 6. Kinase assay of CpPKl1 using cell-free extracts.
(A) Lane 1 shows the phosphorylation pattern of
endogenous proteins without £. coli-expressed CpPKI.
Lanes 2, 3, 4, and 5 are phosphorylation patterns of
endogenous proteins with 2 ng, 4ng, 8ng, and 16ng of E.
coli-expressed CpPK1, respectively. (B) Kinase assay
using bovine serum albumin as a control. Each lane
contains the same amount of BSA as described above.
Arrows indicate the potential intracellular substrates of
CpPK1. Numbers at left refer to the protein sizes in kDa.
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Fig. 7. Kinase assay of cell-free extracts. Kinase assay of
endogenous proteins was conducted using cell-free extracts from
1-day and 5-day old culture of both Ep155/2 and UEP1. Lanes 1
and 2 contain endogenous proteins from 1-day and 5-day old
culture of Ep155/2, respectively, and lanes 3 and 4 are from 1-day
and 5-day old culture of UEP1, respectively. Arrows indicate the
phosphorylated proteins, and numbers at left and right refer to the

protein sizes in kDa.
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Fig. 8. 2D-PAGE of phosphorylated proteins of C. parasitica. A
panel indicated the Coomassie blue stained gel and B panel
shows the autoradiogram of the same PAGE gel.
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Fig. 10. Amino acid sequence alignment of predicted gene
product with other homologous genes from filamentous fungi.
Identical amino acids are highlighted in white on the black
background. The homology (percent identity) of the C.
parasitica gene in relation to other genes is given In
parenthesis at the end of each sequence. The numbering of
the residues from the N-terminus of the whole protein is
shown on the right. Cp_Eno, Af Eno, Ao_Eno, Nc_Eno, and
Pc_Eno are the enolases from C. parasitica, A. fumigatus, A.
oryzae, N. crassa, and P. citrinum, respectively.
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Fig. 11. Nucleotide and deduced amino acid sequence of
interacting gene from C. parasitica. The intron and 5'- and
3'-flanking regions are shown in small letters. The 7-bp
conserved element is wunderlined and the transcription
initiation site shown by a bold letter. The putative poly (A)
signal is indicated in the box.
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ILESTHFTEHRN MR EID TERRHSP TLSES GEAGG TRFREGE TRLG GGG GE GE GG GRIEPEAGSENEAS
A FPESTAGNLS ASFHEERFGHR SRS TOSYES SN V5GP AL AL K0 b MU & AR N AN DFEF
BO GRS POESGEEDAS AGE FRGEANG REEFLSF TREKHER KD DIZFG GDEDSR TSP GLEFRPESELED
NEP RS SAGTY GHH HAT MFANRG OGP FFILATADC WK YRR TRE TASLRCUC LG PESEGAHLYFT
ELGRFEHD GEA DLSHLLAIKTERAR G TL ELF YR W GF P LR TGAGA DEE T VYR L NGEMR S SSFPT
SRCHNTLTGKE GED LT AE AE YRTECLRRDKEYLAKRECY AE RN HWVADFES P 255 WGRTVIF P FHSFFE
DREMDTLLAFOR FFFRAFPSDFSA TLIKANSLEKT GHGLRL S GDEG Y HPRRK TES LRSS GDYWWFE KD ER'WGEP
WADES AGHG ALL WEMEDEAAE ARP PP GG GO RGP SPHR A TEF TS QELGA GREAME TWVHF GP BH R
ERS RS GEEEPRPG GMPGEPG EVTWESHN WP LW Dy ERF Y G TPAPE TAS AP DG GENSEDECLD D HKH
CHAC G TI RPN YARAPE P GHVEP S5 RRAPE DS PR A K KEHEP D TOFTD MDY TFEAS S TRASKKY
DS DE00TED DGl FAIF IAARNS OFDEGRT TAF AL QNSGDEDGAS AT THRRF SLRLN TR OGS SRARKT
LEWaF AN SR n S GG TPLEDD D GRS EE0 RRG TR GTRPOS EGEWDEEE KDE K RERSFIER DV AN R
FTRALVMNLECFRFDL DA DGR M EEGYDOEFF S FAE GDENNG GEAS W PLFFLFPGLITGELHTFYHDND
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FANANTHLMAREES TEMPNARINGIGP DS GEL RLAWG L TTIFQDELF TRETHERES FERO TTARWFRGLL)
G G TGP LGN AT TGE FLAYREVEYNPFERASD GO KEEMOELY AL DOEID TR HL DH W WL GLERKE
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ETPPFEDIREYVEFYAIMFMLDCFTWSSERFTADYLLSOHFF CELDP TrSFLD TEL Y ARGV RO GRGE

Fig.12. Matched the peptide sequence with Bckl like MEKK of 2.
anserina were indicated by red color. Using these peptide
sequence, degenerate primers were generated.
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Fig.13. As a result of PCR amplification with two degenerate
primers, 400bp DNA fragment was cloned. DNA sequence of this
PCR amplicon was identified as a Bck1 like MEKK of 7. anserina
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Fig.14. The schematic diagram of the predicted cplcl gene
product. The conserved X, Y, and C2 domains are indicated in the
boxes. The unique amino acid extension between the 2nd b-strand
and the a-helix of the TIM-barrel is indicated by a bold line.
Numbering of the residues from the N-terminus of the whole

protein is shown at the top.
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gt cgactgcttgcccaatt ggccgaggetttcttccget ccgcgacgececgggttcagetcee
gat gcat ct gaagat gct gt t gt gct ggct gaggat ctt ct t at agt cccacagagat gcgacggaaggagg
gacagct gcacccagagcccaaat acaaat gt caaat t ggaaact gt gct at aacgct gacct gageccttca
cct aaagt agact gaat aggcgaacaaaacaccact ct agcacgt gt aagccgcgggt cgt cgatttgtt gt
tcttctttcctgaaccatcggtttgettccatctcgttcagggt ccaaccccccatt at ccgt ccagaccct
ttaattcttgcggaggcagct aaaacgaaggcccct aat t gagggct acgt gggcagcecat at t at t aagat
gggccacccgtt ct agccgggt ccagecccct gaaacggcccgcaaat ct ggcccgagagagagagagaaagg
gaaggaaggcct cgaagct ggcgacct gct aggt gacgt ctt agggt cct cggtt gct gcttctcectctct
at t tt gggt cgggcgacggcaagt gaggat gaggt cgaaaccaaggaagccagagcgat t at caagtcttca
ggat gat gt gt acat gagccat cctgecttgattttcttctttact gcat aaaacacatgtcattcccttac
t cgcccagt cacacggt gacacgcgageggt gt ct cgegt at ccat t t gt cct ct ccaaagcet cgagcet cgt
ggt gggggaaaaaggccct t gt ccgt t acgacacaagt ct ggccgggaagaat acccact t t cagggct cga
cttccactcttgtatcaaggcgaagct gggect ccaaacctattttcct ggagat cgccaggcggt gaggt g
gacgt ggt gt caaaat t gat ggact t t ggt t gagccgagt at gt ggcgcgat t gcacacgt act cact cact
tactcgttgtctagcatagagtttcttcttcccaccgecgt cgaagecctcecttttattt ggaat aaacaga
ttcccacat acat cgt aacat ct cct cccccgt ccaggacagagt ggt gcaaacact cct acaacagt cgt ¢
ATGGCCECEECT GCACCACAAGAGCAGCAGCAGCAGCAGCAGAAGGAGGAGGAT GGAGAACT CCCTCCGCCC
M A AAAPCECQCQQCQQCQKTETEUDTGETLZPZPP
AGTGAGGCCATCACCCAGGCCGGTGGTGECGT CTCCEECECEEGT CCCGCCCBCAGCATCACCACTGTCTCC
S EAI T QAGGGVS S GAGPARSI TTVS
GCTGCTGTGCTCCCATACCTCGAGAAAATCT TCAACT GT CATGCCGACACCAGCCAGGCCTGGCACCGTGEC
AAAV L PYLEIKI FNCHADTSGQQAWHRG
CAGGCAGAGACCT TCATCCGAT GCACT CAGGCT GGCGACCCGAAT GGCAGCGCCGAGBECCT CCCTGCCGAC
CAETFI RCTOQAGDZPNGS SAETGLPATD
CTGGCTACCAAGGACGAGCTGGACT TCAATGATTTTCTGCGCTACAT GACCAGT GATGCTACCAGCGCCGTC
L ATKDELDTFNDTFLIRYMTSUDATSAV
ACACCCCTGAATGCACAAACGGGTGEGGACCT GTCCTATCCGCT GAGCAGCTACT TCATCTCCAGCAGCCAC
T PLNAQT GGDULSYPLSSYEFI1]l S S SH
AACACGT ACCT CACGGGAAACCAGCT CAGCAGT GAT GCCAGCACGGACGCGT ACAAGAACGT CCTGCTACGC
N TYLTOGNO QLSS SDASTUDAY KNVTLTILTR R
GGGTGTAGATGCATCGAGAT TGATGT CTGGGAT GGGGACGAGT CAGACT CAGAGGCCAGCGGT TACTCGTCG
G CRCI] El DV WD GDET SDS SEASTGYS S
AGTGACCT CGAGGAT CAT GACCCCAAGAAGGCGGCT GCAGCT CGOGCAAAGAGGAAGECAAAGGT CGACAAG
S DL EDMHIDUZPI KK KAAAARAIKIRIKAIKVDK
GCCAAGGCCAAGAT TCCCAAGTCCGT GCT GCAGAAGCT TGAGCAGACAT CGCT CGGCAAGAAGCT CGAGAAG
A KA K1l PKSVLCKILET QTS SLGKI KTLEK
TATGT CGAGAAGAAGACGGAGCCCAAGGCGCCCGCCT CGCCGT CTACCT CGT CAGCAGCAGCAGCAGCAGCA
Y VEKKTEPIKAPASP ST S SAAAAAA
GCGCCAGCGCCAGCACCCGCAGCGAAGGAT GAT TCGAAAGT GAAAGT CGCCAGCCAGGCCTCCTCCTCTCCT
A P APAPAAKDUDS S KVYIKVASGASS S SZP
GCGCOGCCGT TGGT GGAGAAGCT CCCBECCCT CECEECAEECTGT TATCGAACCCCGTGTACTACATGGT TAC
A PPLVEKLPALAAAYVYI|I EPRVYLHGY
ACGCTAACCAAGGAGGT CTCCTTCCGCGAGGT GTGT TT TGCTATCAAGGAGTACGCCT T TTCCGT GACGGAT
I LTKEVSFREVCLAI KEVYAFAVTD
CTTCOGCTCATCGT GAGT CTCGAGGT GCAT GCAGGGECCT GAACAGCAGGAGAT CATGGT CAAGATCATGAAC
L PLI VSLEVHAGPEZ GQGQETI NMVIKIL NMN
GAGACCTGGGECCGRECCT CCTACT CGATCCGCCT GAGAAGGAGGCCGACGT ACT CCCGTCGCCTAGCGACCTG
E T WAGL L L DPPEI KEADVLUZPSUZPSUDIL
CGTCGCAAAAT TCTCGT CAAGGT CAAGT ACGCGCCCCCT GGCCAGGAGGT CTCTGOGGECCGCCGCATCCGAC
RRKI1I LV KV KYAPPGOQGQEVSAAAASTD
GAGGATGT CTCTACGCCGGEGECCAAGT CGCTGCCCCT GEGT CTCCAGAGGCCAAGAAGAAGAAGAAGCCCTCC
EDVSTWPGQVAAPGSUPEAIKIKIKKKP S
AAGATCATTCATGCTCTGAGT GCCCTGBGCAT CTACACCAAGGCCGT TTCGT TCAAGTCGCT TCACCAACCG
K1 I HAL SAL G|l YTUKAVYSEFEFIKS SULUHTGEP
GAAGCCACTATGCCGTCACACGT CTTTTCCCT GGECGAGAAGAGCGT CAGAGAGGT GCACGAGAAGCAGGGT
EATMPSHVYESL GEI K SVREVHEIKTU QGG
CAGGACCTGT T TGAGCACAACCGAAAATATCTCAT GOGGGCGT ACCCATCT GECTTCAGAGT TGGCTCGTCC
¢ DLFEFEMHNRIKYLMRAYZPSGERYVYGS S
AATCTGGACCCTACGCCGT TCTGGAGGAAGGGGAT CCAGAT TGCCGCGT TGAACT GGCAGCACT GGGATGAG
N L DPTUPEWRIKGIL L AALNWQOQHMWDE
GGSKTGATgtgagtgggaagcaaaagcatccagaagcgctggcctgattataattgctgacccattgtccct
G M
acccatacccaccatacagGCTCAAOGAGXI)ATGWTG(X:GX:TCA(XB(XISTTA%WCTCAAGJCTCAAG
L NEGWMEAGSGGY VL KUPFP

GCTACCGACACGACAAGOCT AACGOGCCCACCEAGACCGOCCACGT GCAGCACCECACGET GRACCT CGAGA
GYRHDEKGPNAPAETAHVY GHRTLTUDTLE
TCAAGGT TCTOGCOGCT CAGAACCT GCOGCT CCOBCOOGAGACCT CGGT CAAGT CGTTTAACCCTTACGTCA
L KVLAAGNTLZPL
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2017  ACAAGGCGCGCACCAAGACCGCCAAGGCCACGT GCGATCCGGACTATAAGGGCGAAATACTCGAGT TCAAGG
645 Y K ARTKTAKATC CDZPDYIKGETILETFK
2089 CCATCCCAGGCGT CGT CGAGGAACT GAGCT TCGT GCGCT TCAT CGT GCGCGACGACGT CAAGT T TAGGCGGSG
669 A |l P GV VEELSFEFVRFEI VRDDVKTFRTR
2161  ATGATCTCGCTGCATGGEGCGT GT'GTACGCCT GGACCGECT GCGGAT GGGGTACCGCTTTGTGAGACT TATGG
693 D DLAAWACVRLDRLRNMGYRTEVRILWVN
2233  ATGCCAAGGGGAAGGAGAGT GAGGGGGCTATTCT TGTCAAGGT CATGAAGAAGGTCTATTAG t cgggt t ga
777 D A KGKESEGAIL LV KV NMKKVY?**
2305 ttgggttgcggaagttttgt gt aaggggagacacacagagagagaat ggagggaggggt ggggat atttagc
2377 actttcgtggctgcgt ggctt ggt acagagccagt cagt agt at cctttccaacaggtttggggt aacat aa
2451 aaat caaagagagacagaaaggttcttatgattctatactctgtttttatggcccattgcatgctagtgetc
2523 tgtacagtcttgaacgcaacaagtttgaatttcattctccatgtactcccctgggccatgatctgtctaatc
2595 gct gacccct t aaaaaaagcat gt caaagt t ccat aaccat ct cgcact at aaat cgct gagagct cttccg

2667 gctgtttgtatgtgggageccttaaaaatcccatttgect ggeat at caacgccaaact ccattcatccctt
t

2739 ct gaaaat gacaal

Fig. 15. Nucleotide and deduced amino acid sequence of the
cpcll of C. parasitica. The intron and 5'- and 3'-flanking
regions are shown in small letters. The regions used to
design degenerate PCR primers are indicated in the boxes.
The amino acid residues of the X domain, Y domain, and C2
domain are underlined, double-underlined, and
double-wavylined, respectively. The unique 133 amino acid
extension (from the conserved Asp 176 to His 310) is
indicated by a dotted lined. The transcription initiation site is
shown by a bold letter, and the conserved hallmark residues
for the binding of InsPsand calcium in the catalytic domain
are highlighted. The putative poly (A) signal is underlined.
The GenBank accession number for the cpc/l sequence is
AY692025.
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Fig 16. Restriction and Southern blot analyses of the c¢p/cl-null mutant
(TdPLC7) and the wild-type EP155/2. (A) Restriction map of the cpicl
genomic region and the gene-replacement vector pDplcl, which
contains 616-bp and 716-bp fragments from the 5'- and 3'-flanking
regions, respectively. The arrows show the direction of transcription.
The box and the line indicate regions in which the sequences have or
have not been determined, respectively. B, BamHIl E, EcoRl N, Nod P,
Psd S, Sall Scl, Sacl Scll, Sacll. (B) Southern blot analysis of the
wild-type EP155/2 strain (lane 1) and the cpicl-replaced transformant
TdPLC7 (lane 2). All of the DNA samples were digested with BamHI.
The blots were probed with the 0.6-kb Sacll/Sacl fragment (probel) and
the 0.8-kb EcoRl/BamHl-hph fragment (probe2). The TdPLC7
transformant has undergone the desired replacement at cpl/cl, as
evidenced by the changes in size of the fragments that hybridize with
probe 1, and the lack of hybridization with probe 2. The probes are
indicated in the restriction map of the ¢p/cl gene in the upper panel (A).
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EP155/2 UEP1 TdPLCI1 TePLCI

Fig.17. Colony morphologies on PDAmb. The colony morphology
after 14 days of cultivation is shown. The strains used, indicated
above the panel, were the virus—free wild-type (EP155/2), its
isogenic virus—containing hypovirulent strain (UEP1), the cpl/cl-null
mutant  (TdPLC?7), and the cplcl-complemented  strain
(TcPLC1).Colony morphology on PDAmb.

56



Fig.18. Colony morphology under the hyperosmotic conditions.
The numbers on the top refer to molar concentrations of sorbitol.
The numbers I, II, and III at left indicate the wild-type (EP155/2),
the osmosensitive cpmkl-null mutant (TdAMK1-23), and the
cpc/l-null mutant (TdPLC7).
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Lacl

Fig. 19. Northern blot analysis of /acl using RNA samples from
strains that were complemented with the yeast PLCl gene. The
numbers 1, 2, 3, and 4 indicate the EP155/2, UEP1, cp/cl-null
mutant (TdPLC7), and yeast PLCl-complemented strains,
respectively. RNA was prepared from mycelia that were grown on
PDAmb plates, and equal loading of RNA samples is shown in the
bottom panel with a parallel blot that was hybridized with the Gpd

probe as an internal control.
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EP1552 UEP1 TdPLC?

A 15 3 5 15 3 5 15 3 5 (dwy)
B EP155/2 TdPLC7 LUEM

12 24 36 0 12 24 36 0 12 24 36 (hr)
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Fig. 20. Molecular characteristics of the c¢plcl-null mutant.
Northern blot analyses of /Jac/ using RNA samples from liquid
cultures (A) and CHX-induced plates (B). The identity of each
strain is given above the line, and the numbers indicate days after
inoculation (A) and hours after transfer to the CHX-containing
medium (B). Equal loading of RNA samples is shown in the bottom
panel, along with a parallel blot that was hybridized with the Gpd

probe as an internal control
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Fig. 4. Radial growth rate on PDAmb at 25°C. The square,
triangle, and diamond indicate the EP155/2, UEP1, and cp/cl—null
mutant (TdPLC7) strains, respectively. Open and closed marks
indicated the radial growth with and without CaZ2+
supplementation, respectively. Error bars represent the standard
deviation of three replicates in three independent experiments. Of
the three different Ca2+ concentrations tested, representative

experiments using 2.0 mM Ca2+ supplementation are shown.
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Fig. 21. Bavendamm test.

Colonies were grown on tannic acid-containing medium, as
previously described (Rigling et al, 1989). The level of brown

coloration correlated with the laccase activity of each strain.
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Fig. 22. Vegetative compatibility test
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Fig. 23. Four types of ds—-RNA infection of Cryphonectria
parasitica. A: 12 kb and 12 kb + 2.7 kb, B: 3.0 kb, C: 3.0 kb
+ 2.0 kb + 1.8 kb.
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Fig. 24. Construction of hypovirulent strain by hyphal fusion. A:

virulent, B: hypovirulent, C: hypovirulent isolate (arrow)

converted from virulent
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Fig. 25. Agarose gel electrophoresis of PCR products of 4 Korean
Cryphonectria parasitica isolates digested with A/u 1 (A) and Cfol
(B). Lane 1: 1 kb DNA ladder, Lane 2: positive control (CHV1)

1solates, Lanes 3-6: Korean isolates.
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Fig. 26. Agarose gel electrophoresis of PCR products of 5'
non-coding region (A) and ORF B (B) of Korean isolates of
Cryphonectria parasitica. Lane 1: 1 kb DNA ladder, Lane 2: positive

control (CHV1) isolates, Lanes 3-4: Korean isolates
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Fig. 27. Relationships among Korean isolates and European isolate
(EP713) of Cryphonectria parasitica in sequences of 5" non—coding

region. Horizontal distance indicates the degree of relatedness.
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Fig. 28. Relationships among Korean isolates and European isolate
(EP713) of Cryphonectria parasitica in sequences of ORF B.
Horizontal distance indicates the degree of relatedness.
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Fig. 29. dsRNA forms isolated from Korean type Cryphonectria

parasitica
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Fig. 31. Construction of hypovirulence strain by hyphal fusion. A,

Virulent strain; B, Hyphal fused strain; C, Non virulent strain
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Fig. 32. Phenol oxidase activity of hypovirulent strains that

constructed from the virulent strain and hypovirulent strain by
hyphal fusion. Upper, Virulent strain, Lower, Hypovirulent
strain, Left and Right, Hyphal fused strain
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Fig. 33. dsRNA forms isolated from hyphal fused strains. M,
DNA ladder; C:EP43 (CHV1); V, virulent strain; T, dsRNS

transferred strain; HV: Hypovirulental parent strain
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