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SUMMARY

(%52 oFF)

Development of control and monitoring system of ASGV-K

by understanding the transmission mechanism

Most reports about plant viruses in Korea have been focused on the
virus isolation/identification, functional analysis of viral ORFs as well as the
induced resistance to virus infection. In this project we tried to show new
research trends about plant virology by investigating the virus transmission
mechanism, identifying intermediate plants between infected plants and
studying molecular/ecopathological analysis.

Specially the research about fruit viruses has some trouble to analyze
the life cycle because of limitation of host plants. So most works about
viruses deal with virus identification and detection tools. There was few
report about fruit transmission studies or natural vectors except some
examples of grafting. It takes relatively long time to see the symptoms on
plant by fruit virus infection. If trees were infected viruses, those trees can

be recovered. ‘Therefore the preventive approach against virus infection in

fruit trees is more important to the any crops. Even though virus—free fruit



trees were planted in fields, these plants can be infected by virus in fields
via natural vectors. However, there were little reports about fruit virus
transmission In trees so that it is necessary to study the virus transmission
mechanism between plant and plants to develop the bio-control strategy of
virus infection.

The basic studies and approaches for virus protection in the
herbaceous plants were quite different from in the wooden fruit trees. In case
of wooden fruit trees, it 1s hard to applying genetic engineering to give a
resistance to plants compared to herbaceous crop plants. So many approaches
have been developed to applying the cross—protection by using mild strains of
target viruses. Basically preventive protection i1s more important than
therapeutics.

Many new fruit trees which were developed in other countries were
imported from outside by non-regulated distribution. By importing fruit trees
without quarantine inspection, fruit virus may also enter and distribute to
orchards. Practically most fruit viruses which were identified in Korea were
imported by this routes. Therefore we need to develop the precise and rapid
virus detection methods in Korea as well as other countries which has been
reported virus outbreaks in order to protect farmers fruit trees in Korea. In
this reason, now we have to investigate and inspect not only fruit trees, but
also soil itself, fungi in soils as well as insects to detect viruses.

Practically 1t 1s hard to develop the trees by genetic engineering

_10_



approaches because of low efficiency of transformation. So some examples of
virus protection has been applied by cross—-protection. But without any
alternative strategy about the transmission of virus via natural vectors, we
can not say that we have a virus protection tools. Therefore we have to
study and understand the virus transmission mechanism by natural vectors,
ecopathological analysis, and the interactions among host trees, viruses and
vectors.

In this project, we tried to do develop the precise and rapid detection
method of ASGV to understand the transmission mechanism as well as the
characteristics of natural vectors. Naturally the titer of ASGV in plants were
pretty low and there is a chance to be infected with other viruses in same
plants in fields. So the detection methods is important to go to the first step
of this project. To better develop the virus detection methods, we currently
applied the patent for rapid and precise detection method of virus from plants
and fungi.

In any previous reports, there was no publication about ASGV
transmission between plant to plant. To better characterize the biological
properties about ASGV, each ORFs of ASGV and specific motifs of proteins
were investigated. For this purpose, viral genome of ASGV from plants and
fung1 were cloned and sequenced. Also we have tried to identify the
sequences and motifs of specific regions of each ASGV genome isolated from

plants and fungil in order to apply for understanding transmission mechanism.

_11...



In addition, we tned to investigate the relationship between sequence
differences and symptom severity.

There were reports about the possibility of viral genome integration
into host chromosome which caused pathogenesis. With this rational, we also
tried to see the possibility of ASGV genome integration into fungal
chromosome. There was few reports about the cases of viruses which could
be 1infectious both plants and fungus as wviral vector for {transmission.
However, ASGV can also replicate in both host plant and fungus even though
the replication efficiency was low. Practically these two events were not easy
to be proved in the lab but these were significantly considered by applying
with various approaches in order to develop the bio—control of virus
protection. In case of plant virus disease, fruit viruses were not detected in
early stage and then virus infected plants suddenly showed symptoms. So it
1s 1mportant to minimize any possibility of virus infection.

Many {fruit virus can not infect and multiplicate in herbaceous host.
So if we can use herbaceous host plant in this study, we can do study basic
and principle analysis. So we tried to select herbaceous host plant which can
be infected by fruit virus. If herbaceous host was not available for specific
fruit virus, the basic study -has to be limited. In this study, it is necessary to
select herbaceous host plants to understand the interactions between plant,
fungus and virus. Therefore we develop the host system which can be

infected by fungus and virus respectively.

- 12 -



In this study, we focused on the fungus as a natural vector system
to protect virus infection. It 1s an alternative approach to protect virus
infection in fields. It is open to virus in field even though virus-free plants
were planted. With this research purpose, we investigated the ecopathological
characteristics of fungus as a vwral vector after we analyzed the
morphological, cultural and mycological properties as a viral vector system.
We 1ntended to develop the bio-control technology by analyzing the

pathogenesis relationship between the distribution of fungus and virus.
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& AE BE Este Aol dAdH o wi¢ oFHrh HaE ulojgisd A

EWNol fleEs % no]lH2E o] &3 WAAIYA
(cross protection) Yoy F=H Aite] vpolelx WA Fhozy 713 B
Ass o] AT ARk violglAE &)= HAA ] I h@ste] kA =2
4 "WAEZAE 7IdEr] gy wiiEo] ulela dwAAE Bz o5

TAAE R s)Foke] FE RG] @ AT ohS A,

mk,. 380 w7 vlol2 2~ A GALH
Plasmodiophoromycota  (Polymyxa  graminis, P. betae and

Spongospora subterranean)$t  Chytridiomycota (Olpidium brassicae and O

bornovanus)et L EY FFole AAF R 03 FEL A= npold)

zoosporeE F 3 olFojRoh JEAHC Y Atdl+e o&9 )

Indian Peanut Clump Virus (IPCV)E Polymyxa graminisd] 23] 4

A Aol o] E WAEY] s FFolg AASAY dASHE =Hol FF
Aog AT HEF8A XAt Polymyxa graminis7F A4S 71X 2 9+
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A= | = A | e | 5| F4A4 | A 34

- st | §7F | F7F | s7F | s7F | w7t L F %

F7FAS 23,072 19,598 | 28,609 | 19,950 | 32,572 | 29,816 | 18920 | 19,583
TYAS 10,897 | 10,448 | 19,876 | 12,741 | 25916 | 19,986 | 10,018 | 15,038
(20013 71%)
O = Heutole =g HEHASA 4 - Ads FEEE Aty vlols s
Age #3 oldiE EdE e wielelan e A2 WAYAS st i

2 A Adog FrtasHd YlHd davt Sl

- 4, A R F 8k (&9} M/T, 3$)
am 05 08 '99 2000
- &-gF = 2 B & = N = a N = =
Al 1331,900(299,822|211,944174,309|327,396 | 260,380 |431,687|319,635
AL 3} - - 256 251 975 936 920 908
il ~ — 3593 | 2580 333 243 1,006 574
&5 0} - - 5046 | 5148 | 6,611 | 6583 | 8622 | 8577
A = . ~ 12,790 | 21,377 | 20,070 | 35,080 | 20,285 | 31,104
o - — 123 264 397 676 275 415
Z+ - — 4 7 1,090 082 1,529 | 1,473
A= | 15402 | 13,389 | 68,362 | 68,605 | 70,016 | 83,390 {139,603 | 116,013
oo}l 1121538 | 49,513 | 85,939 | 37,801 | 167,783 | 73,098 | 184.212 | 75,250
gl o= 23644 | 9042 | 16517 | 11,117 | 30,198 | 19,650 | 32,240 | 19,382
ggelsiz| 7735 | 6,279 | 1,192 | 1468 | 2518 | 2,740 | 2042 | 2522
7| & 3014 | 3622 | 2648 | 3367 | 3,322 | 4464 | 3958 | 4,960
7] 9] 5112 | 9653 | 3471 | 5192 | 4383 | 7521 | 5228 | 8647
Z1ekabA| 7,062 | 12686 | 12,003 | 17,132 | 19,650 | 25,017 | 31,767 | 49,810
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73 wol ALEEY o+ WhH F9 shviolg. ey o] WhHE AlAd A A ok
& =Y, B A HF 2FE AR d= @] AT (Mink, 1980;
Varveri et al., 1997; Bertozzi et al., 2002). Blo]& 29 F &7} o] 45 o] o]

HAE o AR 7 = wyolr] wiFo 37T olsl XA vlo]ly A9 =

2 RT-PCR W€ A gl wloleaz® selo] 7b5al7] el A4

r} (Nam et al, 1996; Shim, 2000). 2132 v} AL AW (pear black necrotic leaf
spot)9] WH& AArE A3t} A oR AAHEH o] Helo] HE ASGV
= #4E = 3AS TR gv SA4S 2 o) ARE dio] oE T

Holo #Aost= wWiZhA7F vk 7|E9 Haer de] 2 AN s

ASGV7E #gelol <8 e A FAskgith ole] ASGVl WE A A
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g AAE FHEEEY. HadE ASGVY RdRp, helicase, CP ¥#¢ ¥7]4 E

7| &8t Aeg Zepo|mE A|#ekgitt (Table 1)

Table 1. vlold 2 ATE 93] ALE3 Zelojm e HrlAMdE

— 7
hah §4 Agg meoln o] 7)Y ol
F| (4058) ACTTCTTCTGCCTGGATAGCT (4078)
RdRp 529
(D14995) | g | 4587) CTGTCTTTCACTCATCATCTTG (4566)
| F| (2293) TTCGACCTAGAATTCTGCAAGA (2314)
Helicase 713
(D14995) | g | (3011) GTCGCCACAGGTATTCTG (2994)
p F|  (5641) CATATGGATTTGGAAGACGTGCTTC (5665)
B 714
(AF465354) | g | (6368) CTCGAGACCCTCCAGTTCCAAGTTA (6354)
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A3 ou) AL FWo] AT o] x2S o]&3] multiplex RT-PCRE
zZ72% 399 A9 oA E34QA "WHd 98 A & ASGVY #Y
Ho] AL #HHo] BAT Ao Holx WYL MAS Y HAe wd@L A

o A2 HEE 33 Bt oy AhelA BRAYT. AEATI|BelA o 4
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(]

18 Adst7] 93l 22 HHE 2 oy x3F oA
g9 multiplex RT-PCR WS HE3to AAsAYG (¥ 1) AAL 33 4

=}

A&a AAS 93l F%ol:= potato dextrose brotholl 4 H4 255 %A

31, Trizol reagentE AF§3te] total RNAE FE3Ath

(A)

a9 1. F%3o]o A total RNAE 3F%39 multiplex RT-PCR #¥E& &%
% A7149% A7, (A) RARP + helicase; (B) RARP + CP
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2. ASGV AA A £ 4 g
7t ASGVe 52, =488 % total genome FH

aZololAl ASGVE genomes 3Tt #FBo]E potato dextrose
brothell A 209 &<t wf<3t9la, filtration 8-S A 100 g (dry weight) <]
T#AFE FR3Y . Kim et al. (2003) ©] Penicillium stoloniferum virus S &

3 v AREAE Wyel 7] x& A 223 viral nucleic acids & 1% agarose

gel oA H7]gE3te] oF 65 kb 27]9] single-bandE A& At (28 2).

¢ 2. Ionic strength-dependent sensitivity of purified viral nucleic acids to
hydrolysis by RNase A. The viral nucleic acids were incubated for 30 min at
37C without nuclease (lane 1), with DNase 1 (5 w/m; lane 2), with RNase A
(10 pg/me) in 0.5 M NaCl (lane 3) and 0.05 M NaCl (lane 4). M, perfect RNA
marker (0.5-9 kb) (TaKaRa).
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T ololA LHE= B2 niolgl27F dsRNA genomesS ZHE A0
B3 Fo] AT (Koonin et al, 1991, Nogawa et al, 1993; Castillo and
Cifuentes, 1994; Hillman et al., 1994; Ghabrial, 1998; Preisig et al., 1998; Chu
et al., 2002), ssRNA & %+ strains (Hollings and Stone, 1971; Hollings, 1978;
van Zaayen, 1979; Coley-Smith et al., 1980; Tavantzis et al.,, 1980; Honkura et

al.,, 1933; Shirako and Ehara, 1985, Revill et al, 1999; Yokoi et al., 1999,

Robyn et al, 2001; Yu et al, 2003)o] tist Hix vt s FFo)7}

ASGVE ti/lske Aolztd ssRNAZE EHEHUE 7Hsdel 7] Wil o=
gretsti ot 23 RNAY DNase IS A S wie ¢ A7 22 =27]9
single-bandE €<% 4 AT 0.06 M (low salt)® 05 M NaCl (high-salt)oll
Al RNase A (10 pg/m)& A& W oH FHMHE FalHe A& FUS

S AT o) Ao ® FHolo|A Ee)H RNAE ASGVSE Z& ssRNAZH:= AL

d g AT (2" 2).

L}, Infectious clone®] #x 92 {3 A 4

FFolol A BEE vlo]#HAE ASGVEY wl§ FAFSIAIR 7)Eo] ¢
A2 ASGVel @2 FFololA AL Z infectious cones A Z 3 EA EA
S St Y. HEAHAS 2= infectious clonee A2l 98 full-length
cDNAE ¢ W ¥tgo2 R334 3t (¥ 3). poly AZE 83 37
region® @7 X g Eol¥<Q primerE A FsFR AL, 5 regiond EZ& 93l
primerol = T7 promoterE X% 3}% in vitro transcription®] 7}&3stE=E 3%

o},
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* Directly amplification by RT-PCR
Spe | T7 promoter

EcoR vV

a2 3. AEA ol FEES A7) Y8 dFEA = T7 promoter sequence

2 AL, HREAE poly(A) taile Aol maolmE ARs ATk

\I

RT-PCR Z3 ¢k 6 KbelAel PCR product® cloning 3t 1, o4 ¢
ANMNEE EAEgcE AA ME, 57 region E 37 region®] A Fol RuF
ASGV2| infectious clone® AR Z1-& M €lsto] RNA transcriptE FE3HS
o}, o] AL wg] £8§ Holxel Fo| HFsto] WAL wxet whol# i

28 Fold]l Botrh 2y vloly e FAH HALS AT 5 AT F7

Ao BA AdzE Ry nlolglae] G EH 2oy infectious clonel.

!
-
lo
gl

AL 7IA A E &9kttt o= RNA virus® 74-% infectious clone A2}
Al el E dAaog 11 gee WESGHR] %o infectious clones ¥HE-4 S

L

2 A #ZsH o] FA F9 infectious clones FRHT = & Ao ZE AZET)
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t}. Putative ORF9] 4 2 G774 E &4

G ASGVeE| ORFol| &7 38t FFololA FHg A vl
w3 ool A E]EE viojE| et ol F A& HFEAS "W 7IF A=A A
AE wholgl s, A2 AW A-sty I EH= ASGVE &7 Bl

FFolol A lx = helicase 94 F$1+ D149959F AY596172 R 59
thale] 97%9 %<& A& A8s UYeAd. S ASGVE helicased| X BHEHE
motif < GFAGSGKTE <& + AR (28 25). FF o)A &+ +=
plojej 2ot o] F A Fd FF 7[5 A= FAE wpolelx, AL AW &
st £ EHE ASGVY helicase dd FHE AE 97% ol 454 E B
Ao #3%olE T3 wiEe 44 HE J|F AEAA BAEAoY & ®Hole
ARG Aoz Bl

FFolo A EdHE CP 44 F9+ DI14995¢F AYH96172 EFo o) &}

o 98%° w2 A4S EHIH. FFoldA &3 ASGVY CPt #%0l&

F@&F (Phaseolus vulgaris)ol HE3Fe ¥ Aol vephd & EE g nfojg] 9]

CPet 7H4 717k +dd #Ad A= As AT o+ UUS (3™ 4). o]

F71Mdol dEoA Big ASGY HErke PBNLSE Hole wWiuFelA &3

H
g AN ¢ 77k -l BA9 e AE HYE F Y 44 gE 7| F
A EBEdg Rl BE ASGVY CPo+ flexuous rod-shaped plant virusol A
HZEY & salt bridge motif7F €23+ AL AT 4+ Aot (29 4). Salt
bridge motif+ positively charged residue (Arg)$e} negatively charged residue

(Asp)2 T7AE Aot} (Koonin and Dolja, 1993).
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ABGY - BEAN P 1BE LeBY AFEXERwYAFDFAT L 32
AEGY-FUNE] POEBE] (ZH) AFEXGPYYAFPFAY BE
AERY-OP PR3] 28y AVEUEAWYARDFAY 32
AERY-PEAR (2012 2y APENSPWvAFIFAT G2
LA Pt {22 AYTHOPAVYFDF ui 51
Py L Higs (317 LORMAKWVARDIFAL  § 48
ALLERY %’ i *‘*{fﬁh i;{% *
sty §oaRG iy
BV 1163 (24
HEY tEE Ve
L . 13 P GRVLEYELVYHLES | 4B

19 4. Amino acid alignment of the coat proteins of ASGV and flexuous
rod-shaped plant viruses potentially involved in salt-bridge formation. The
conserved positively and negatively charged residues (Arg and Asp,
respectively), proposed to form a salt bridge crucial for protein structure, are
shown in bold (modified from Dolja et al., 1991). Identical residues are

indicated by asterisks and similar residues by colons.
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Potex-like plant viruses®¢ 9 #AE HHRYH, ASGVS 4
Capillovirus®ll &3} Cherry virus A (CVA)$F 71 2313, gt o2

T A e Ao2 LA Potato virus T (PVT) (Ohira et al.,, 1995)2 %=

7V7h& A" A AS B T AY (¥ 5). ssRNA genome mycovirus
o} vlust A3E RH BVF (Botrytis virus F)9F 7} 233 AL s <+
AF+=Hl BVF+ flexuous rod-shapes #HetZ Q&= FHALZE Hi FHo v}
(Robyn et al., 2001). w}&}A] FFolof EA3E vlo]z 27} ASGVe &2 3

o mpolei=g Ae AHT & k.

bttt b e o M S A AL e e el s R F o

19 5. Phylogram of the putative salt bridge region corresponding to
amino acids of the ASGV coat protein.
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3. ASGV ¥lo] &4 A g9
7}, SSCPE ©| &% riolej& fdate] Wo] &4

ASGV®] SSCPE o] &% Wo] EAL& B dF™o| Citrus tristeza
virus (CTV)e] 249 A188d WHES A&t AT CTV straind A
2 90% o9 A4FHE HolAT Wole YT F4 glo] H|So|Hoz Uo
U7l M 947] A8 EHoeze FEEY YE volH2e 548 SSCP #
He T8 ¥AS duste 7% (Gago-Zachert et al., 1999). o] A3}
A&l mild strain®} severe straing 2il, cross-protection 23} #A o 2 &3l
ok 2@y ASGVElAE SSCP patterno.2 Wol2 A & gt 2Fo|d
A B2 Aoy oY HEdAN B Aol A A4 MHE 2F UUAT 2
o= zolE B F AU FFoldl o3 wii=Ee] F B2 HolHE n}

o] 2

P>

£ oztel Wolt AolAW wholHzg Z4o) WE AHAEL i
Ao wolzth

a9 6. %ol o3 vi7jEE ASGVE SSCPE o] £3F wWo] 24
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i B4 & uielg & FHAe WHol B4
AL HAWo] L@ Ao wEt ASGVY ®lo] AEE EANFAY. 2
d 7M ReE AAY B9 AES wolxe] We] AxE E #{AV Qe

o2 Bt}

a9 7. 715 42 #EFE ASGVY Ho] £4

4. 715 A& w%ol d8A Wl ASGV w4 4
7b 715724 & ddlA el ASGV 34 £8 % g4

Fd Aol ASGVZE F%e] miAAE T8 71F AEd dge] H
A ARG F HA e AE AHAHLE AAEAY. 2y ol dldo] wiil
A T Ao A Aol otdz 71F AAAd A= A H7IA L9

ofN
|

Zo] ol U2 o A3l3 &9l t}. 71F A Eo A genomic DNAES FZ3}¢]

U

e

sholg A ol AL FEHA g AL

Aot
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U 2ol Yol A ASGY fAA HEl R A

3}
of
£
N
N
R
R
s
1)

M
il
it

s slo] obgl Zgo] MR Ul ASGV ¢

ASGV 44 F3Fo] YA HEA7L o]FAX=XE &FJAstux 9t
ASGV 29 #380°lE 100 m¢ PDBe HFst] A&oA 20¢ F<F wjdsgdx
o] & 20¢ A oE A wjdsivh. ZF @AY HE YL uE A GA Y u Y
Hollq Aok Ad s w1 & A AARY U AA SR g4 &
ANA B4t FAFZEH total RNA & F53l9 templatee® AL 4 1
ASGV2e] CP geneo] W3t specific primersE ©]-&3led RT-PCRE S8t}
Zyzr o] Hbgo A expected size?l 714 bp F7]¢ PCR productsE 3¢1354th
(L& 8A).

A wF A T vl HA G FAM A FET total RNAE

template 2.2 AF-83l] ASGVE] serine proteinase, RdRp, helicase®} Z#& F8

ORFE F&sta ol dist F71dd B & 3&9ct RT-PCR 23 7zhzh 9]

2900 gl )= 2719 bands® HAT F UND (19 8B), FZH 4

RdRp, helicase®} Z+2} 829, 83%, 96%2] F&A4L B9}
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spolgl st 7)Fe) o Edte] BAlsts 41 Tdolth wed WA ol

Au gloh 2 Az BRI ASGV Ao oRolAE AL 4T &

AN
(A) (B)
|
4% culture
ASGV-CP

2% 8. Gel electrophoresis of RT-PCR products. (A) PCR products amplified
by primer set CP-specific P1 and P2. Lane 1, ASGV-infected fungi before
suspension culture; Lane 2, suspension cultural mycelia of ASGV-infected T.
flavus 20 days post-inoculation (p..); Lane 3, suspension cultural mycelia
collected on days 20 after the introduction of suspension mycelia of lane 2;
Lane 4, suspension cultural mycelia were collected in the same manner. (B)
Lane 1, serin protease;, Lane 2, RNA dependent RNA polymerase; Lane 3,
helicase. Electrophoresis was performed in 1% agarose gel and 100 bp DNA

ladder (Bioneer) was used as a DNA standard.
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o]¢] 715 4 & screening
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5. ASGV #&4¢¥ #

FPhaseolus

Chenopodium quinoa,

T
p——mll
L-

o] &&A Uttt T} ASGV

L
Q

vulgaris, Nicotiana glutinosa

P A=

o

]
A

] o]

[HI

YA
1

)

HAEsAY (Table 2-A)

geldog

(Table 2-B).
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(A)

®)

©

2% 9. Comparison of symptoms on leaves of Phaseolus vulgaris at 25 DPL
The leaves on the left are buffer-inoculated leaves, which served as the
negative controls, and the leaves on the right were inoculated with (A)
infectious ASGV plant sap, (B) ASGV-infected 7. flavus, and (C) plant sap
from ASGV-infected T. flavus infected leaves.
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Table 2. Infection rates of various P. vulgaris cultivars inoculated with ASGV-infected

fungal isolate.

(A) Inoculation of fungus onto the leaves.

Plant N* infeiedb severity®| DPI° | RT-PCR
P.vulgaris
Kyunggi 1 20 35 4 10 +
Kyunggi 2 20 85 3 17 +
Kyunggi 4 20 85 4 12 +
Kyunggi 5 20 90 5 10 +
Kangnangkong 1| 20 50 2 17 +
KGP 6029 20 fts 3 11 +
KGP 7059 20 79 3 14 +
Chungkye 20 20 50 2 20 +
Chungkye 23 20 50 2 20 +
Sansung 20 35 1 23 +
C.quinoa 14 0 0 ND® ND
Nicotiana tabacum | 14 0 0 ND ND

a; number of plants treated

b; (number of plants showing symptoms/total number of plants treated) x 100

c; degree of symptom development (0; no symptoms, 1; mild symptoms, 2; moderate symptoms,and
3, severe symptoms)

d; DPI (days post-inoculation)

e, Not determined
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(B) drenching

Plant N* infe{ftedb severity | DPI® | RT-PCR
P.vulgaris
Kyungg: 1 10 o0 2 14 +
Kyunggi 2 10 o0 1 20 +
Kyunggi 4 10 50 2 16 +
Kyunggi 5 10 70 3 14 +
Kangnangkong 1| 10 20 1 19 +
KGP 6029 10 40 2 16 +
KGP 7059 10 40 1 19 +
Chungkye 20 10 ND® 0 ND +
Chungkye 23 10 ND 0 ND +
Sansung 10 0 0 ND ND
C.quinoa 14 21 1 20 +
Nicotiana tabacum | 14 0 0 ND ND

a; number of plants treated

b; (number of plants showing symptoms/total number of plants treated) x 100

¢; degree of symptom development (0; no symptoms, 1; mild symptoms, 2; moderate symptoms,and
3; severe symptoms)

d; DPI (days post-inoculation)

¢; Not determined
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probe =

FR T (19 10). ASGV CPE

glold

northern hybridization©. =

| total RNAE =33, ASGV 7

[}

2 3

ol AR 2

AL AL

0

| bt QoA sape ) A=E A7) 530 A

A o

L-
e
.-

2] accumulation®] Yo}

2~

A E5o| A wio]e

o] E F 3l

G

]

H

T
T

o] 7) AR

F Ak aEy FHHE %o

Zz] e
7 1~
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a9 10. 79 9o mE nlo)# 29 accumulation A= M| 7)F AEERE
47] 558 A3t total RNAE FZ3t9 7+ 10 pg2 A7) 9 F3%th Lane
1, Mock (water-inoculation); lane 2, ASGVE 79217l HolFoA WAL &2l
3 F o)y JozHE HI sape HF lane 3, ASGV #H FBolE A7) 5%
o AE ¥ AxoA HAL LHE FRAsta oY Y ZHH saps H A
28 7A7] 55 HZE; lane 4, virus—free isolateE Ao AH HZE; lane 5,
ASGV #d F%els 49 A4 AdF
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ASGV #d F%olg FFstd ¥AL B2 5 YA A7 55A
Aol HAF Y B2 2AS A3 FZA total RNAS FF3L 99 FY
g W 02 northern hybridizationS FR&Ath F3ole HF2 o] 27 o]
AL 9 13 FAAen oF= WA LI AIAA HES wFEAU
Probe= ASGV CPE A3t o] At f1A ¢ wet 23E& FHoto 523
RNA 7} 20 ugS membrane®l transfer 3t%t. Hybridization 23 7} =4 &

Ag oA npolg A7t 7 Bel F4d A& FAsAd (ZE 11).

(Probe : Virus),

1% 11. Virus accumulation on different leaves of different developmental stages.
A, foliage leaf; B, l1st trifoliolate leaves; C, 2nd trifoliolate leaves; D, latest leaves.
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Taoldl s wuFE ASGVZE delH = Ae A7) Hd F5H
of FFolE T 7HA WHeE HFESIH 2E VF HEAA FIIE A

£UeA ARE Qo) BYHA WPoz HFAADL ARE Fol BFFAh

QoA FHI H+E virus-free root stockol] HE

I
"
o
Ji
i
3
>
i
.
i

Eo =Y. o] F 10 7/l A = mock inoculation €22 AMR3YE I, THE 107
Aol = vlolg|zo PP FFolE HEHIT. vl 42 xFo] Ty Wi
oA 671 WACl= FAZIE o] &5t leaf surfaced] EFZQ HAE = H
infiltration 332, 47} 7§Al= PDBOA w3t A8 Fo A4 AHzstgct H
Aol I vlojg| 2o g Fde g dETE AL Y8 ASGV %
AE w5 7HRE H5-E HE virus-free root stockel] FHE-dlm wl %FEdTh
67 do] A3t F ASGVH #HEH 7HAE JEY vivFodA AP AR pear
black necrotic leaf spot< #Z% = Ao (Y 12). wlo|#x Y F37

E AHFTE AAANMs F 7HA 3 & g e ol AES A48 = A

ol&¢] T4 indicatoroll A ®<Q WAI FARIL B EG A7 Holr] Az}
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Table 3. Infection rates of pear trees inoculated with ASGV-infected fungal isolates and

top-grafting.
| Methods - N* . % infected® | severity* DPI* RT-PCR %
To n
P grafiing 16 0 0 - :
(Heaithy plants} ,J. :, 5 : ;z
Top grafiin | ~ n
pigr £ 16 it 3-5 & months + :
{Indiecator plants) z ;
Virus-infected fungus |
> m‘fe = 0 20 2 6 months + :
Inoculation

a; number of plants treated

b; (number of plants showing symptoms/total number of plants treated) x 100

c; degree of symptom development (0; no symptoms, I; mild symptoms, 2; moderate symptoms, and 3;
severe symptoms)

d; DPI (days post-inoculation)
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*) (B)

© (D)

79 12, Symptoms caused by virus-infected fungi and grafting. (A)
Virus—free T. flavus-infected pear, (B) virus-infected 7. flavus-inoculated pear,

.C) Virus-free pear tree, (D) Virus-infected indicator plants.
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HAL Holx gL AAF AYF<A HAL ®Q indicator plants, F
7HA ez FFst HAS AT + YD 47| AAAA ol¥ A&
# 3] total RNAE F&38F3 ASGV CP primerg ©]-&3¢ RT-PCR& T334
t}, AAF A= PCR product® &2 4 ¢, HAo] 4dH indicatorell A
£ product® U F AAG (2 13). vl doll FH HFF dolA HAo
o2E 3 Fd HFH #%o] MIFAS AT doAA BHE BAE AANA
42 YA %= PCR products A + ANeH F7IXEE A% 274 =

ASGV (AF465354)2F 98% ©]4te] a7|Ade] AL B3}

M12 34 5467

1% 13. Agarose gel electrophoresis of RT-PCR using ASGV CP specific
primer. M, 100 bp DNA size ladder; Lane 1, healthy pear leaves; Lane 2,
ASGV infected pear leaves; Lane 3 and 4, ASGV-infected T. flavus
inoculated onto upper leaves far grafting point; Lane 5 and 6, ASGV-infected
T. flavus inoculated onto lower leaves near grafting point; Lane 7, conidia
suspension of ASGV-infected 7. flavus drenching roots. Odd number lanes (3,
5 and 7) are new developed young leaves and even number lanes (4 and 6)

are fungi inoculated origins.
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A 28 B ulolalz 7 EFole Ry F7 o

qat7) s 93 by T AdelA 4 @ 2o bR HEALe WY

T AdFe oS E ol 9y U|F il £ He W %ol &
glof] ARSI EulE A FF0] T ASGVe| Y E %ol RT-PCR #

i
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) wAse Amzd o2& 4-692 FAAch AA Fo] Axe W 7

Zo] pwolg FA ol 7] Ulg WHE 2AH AHo] o

*t} (Table 4).

Sl FEWolA migE HA FFole H

H1
rlr
M
e
2
-
@)
e
il
o)
o
Ait)
At)
X

°F 50% a8ttt (Table 5). ASGVel #® #Fole 2=y FAN FRAF

Fd A flo] Bl o2 EEHAT B A F

oft
o
i
H
fo
‘B
o
o
1

g

A #A= flen A4l Aol AFEHZR] & AT



Table 4. Population density of fungi on Pyrus flowers.

 Plant .
Location i Total (A} = ASGV-infected* (B)  Ratio (B/A) |
. Condition

Suwon Healthy 64 G 0

|
Infected ] 24 0 0

Anseong  Healthy ; 2 0 0

TP F F P Bk wa g m 4 ddad e mememmm e g F T TR R NN TN R R AR i e e dn e EEEEE Rt aeaane TR E e e ad a8 1R bbb e dmemnm e g T RN NN NN g 4o oo aasme sme mmerrrrrrrrrrammmaTt L b

Infected 14 0 0

*ASGV mnfection was determined by RT-PCR.

Table b. Seasonal changes of fungal populations on leaf surface of Pyrus

virus-infected fungi*/total fungi®

.....................................................................................................

Location April May June Total
. Condition

Suwon Healthy G6/11 079 0/6 0/26

mfected O . &6 S 121

LR e e AT T T L LR e e m e F e E T T TR NN R N e e e et BT R L L L LR L e ARk P e e e P g p e g R L BB R A L ke p BT P N TR g maudBd AL LR e LA e Ba s amngeananat AT

Ankeong Healthy 1/12 (/4 077 1723

................................................................ —rr-erarEmEEEEESrLLrriaasad .-

mfected 111 05 04 . 120

The a/b ratio represents the ratio of virus-infected fungi (a) to the
total number of fungi detected (b). ASGV infection was determined by
RT-PCR or dot-blot hybridization.
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o WEAA wldd ZTFolx= 9 FHOA R BE ZFolrt Ry
AW 4€9oE As EHHA FUTE (Table 6). 4900 v 59 Fjzeo=z &
= 79 FFoI7F o WFelA EHEHAYUIE 6€dl= wUA FaEUT. F 2

oA mod Aol t2A ASGV 7Y ERole 47t WA FHo] WEe W

.
A,

stet FALSHAl wAlHE RS & 9 U™ (Table 6). 8 FHAA S} v EA &2

-

ResE FRol BE W AY e Aol 71F HEY Adel ©E 2

ol= AT

E RS e 2k WHEd 2 JS X &gkew Ho 13 isolates7t 8 HATH
(Table 7). ASGV 79 £%ol9l 45 A4 £%o] Wwe] Wshsh SAa%e
H (Table 7), EdolMd= Foly oA Ed Ao vluste] HJizlo=z 7
< 5 isolates ¢ ASGV #4d H%o|7F £ 5 At
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Table 6. Seasonal changes in fungal populations in the interior of Pyrus

leaves.

virus-infected fungi*/total fungi®

Plant
Location . Aprit . May = June @ Total
- Condition

;
H 4
e re g e

r
'
ot ot i o L N e St b e R

Suwon |  Healthy 0’0 ¢ 077 1 07

 Infected 0/0 /1 /2 113

' L . '
............................................................................................................................................................................................................................................................................................................

Infected 070 0/6 /1 (/7

The a/b ratio represents the ratio of virus—infected
fungi (a) to the total number of fungi detected (b).

ASGV infection was determined by RT-PCR or dot-blot
hybridization.

Table 7. Seasonal changes in fungal populations in rhizosphere soil.

virus-infected fungi®/total fungi®

Location April May June Total
~ Condition |

Suwon | Healthy 014 19 010  1/33

T M T T L B L o b o e b o o o e e e o e e T T E = BB T L E T T 1T T P F L 1IN E 1T 4l o ki o = ke m e e mm = = p = B =3 == A=A 7T8T A T EF T P KRR AR R R R R R R G Ak o B m e m mm mm mm m e m A T TR EEL Y Y Lk e e e e e R e e e e pr e rar TR AR R T TETTTT 71T e R e Mo b ko mmanmman s e mnaamEererrseoccsmamtaaatan

Il............."....-..-.....-..-----.,---.-.--..-u-a,.,...",..............-."....-..-.-..-un-.--.-u.....“,,...,......,...,.,...,.,.,.,.,.....................-,...".,.g.........-.-...............-.--.u-u.uuu-uu--uu,."" T L R R R T R N R R F g b PP P EF P E P E P E R R R EE R EE R 10 L B RN RN R R EE L e n B ddndnnddddanna e T e

~ Anseong | Healthy 312 = 015 | 0/10 3737

Infected

The a/b ratio represents the ratio of virus-infected fungi (a) to the
total number of fungi detected (b). ASGV infection was determined
by RT-PCR or dot-blot hybridization.
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A9 Ate =4 BE het 2

Healthy ;' Infected

8, 0126 {0%)
A, 1723 {4.3%)
S, 1121 (4.8%)
1120 (5%)

+ 8, Suwon

29 14. ASGV #H H%0]e Ao mE FE FEZAL
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2. 298 %99 ASGV #4 < ¢ ¥ 7|5 £4
7}. RT-PCR 2 dot-blot hybridizationg ©] &8 npo]e]~ &9l

T934 4 F AQY g Bl wiEFd ASGV TE FFo]
2RE 9XAE 2Estdn, o] W g AAE AR &5 B o]
£ Z+7+S RT-PCR¥ dot-blot hybridization®.2 ZHA3te] ASGVel #dE &

Folg HTHLoE AW, ol5g FHERE EFIFAT. ASGVY #HEE

Ul'-l

ol FAIS FEje FFolE A UxFE HAsid dExA £ F 3
3] 9] dot-blot hybridization ZZ& AH FLd&d Zx9 signalg AT + ¢l

o5

it

=

rlr
ofN

Agstgn. o]E4 dis] RT-PCRS #3354 ASGV CP7l &

LS

He

s

< ¢ T Ay

() +)

M1 234856

 Smilar
VIoIrD QI0gyY
a9 15. ASGV a4 H3olE AdEy] gl TAANA T FFoldA &

== =
¥AE B3 F total RNAS F%3}3 dot-blot hybridizationg %3] #21. 3
e wE RAFE 53 TLI

=
P ZEE Rol= #FE AH39 RT-PCRE +
gsta wpolg o FEH ASE AA. FAIE FEHOA T T six wry
AYE B3 vlolgze AAHA G FHolE FA A,

o
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747] 539 dol EHQA wHon HESUT Hlolgl i ZEE FFolE
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20do] AR WAHo] wHAT, RT-PCRE

ASGVY #AAE FAF & JUTE FAS FEE AW vro] o] 2+

RT-PCR Z¥o A= ASGVE #AAE AT T {1y o|# 3 A 7%
K

shof & u 4% FHo|E: HEFR F Uit
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Table 8. Infectivity of mechanical inoculation assay on P. vulgaris with

ASGV~free and ASGV-infected fungus

—

Infectivity (%) severity” RT-PCR
virus—infected 1 70 3 * +
virus—infected 2 80 2 +
virus—infected 3 60 3 +
virus—free 1 0 0 -
virus—free 2 0 0 -
virus—free 3 0 0 # ~

a ; number of plants showing symptoms / number of total plants applied X 100

b; degree of symptom development (0; no symptom, 1; mild symptom, 2; moderate symptom and

3, severe symptom)
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3 Qe Folg. oA WielAg uviolgix X FH BF JA ASHe=E F
P& Aol 7t B2 T/ ANEE YA, ST dEAN RIS
A E33 g

=Folol A Bz]g nlo]g]2dlA ASGVE coat protein® #L =7]9

@A S AT 5 JANG (¥ 16).

kDa M

66 —

45 o i

30— W
-+

20 = wan

% 16, F%oldlA g uiolE oA FA G,

- B9 -



L ASGV #d 2 A4 F30] 279 MNEgy v
ASGVe] dael &8t Talaromyces flavus A U5 ml A zF e ¥
AE RV A8 FRdAdud (TEM)C.2 #A&stEth. 74 ) vlolglxe] |

=% ¥ TEM= °]&& AHAR #Fo] &olste® ASGVel A F4

= TESFT olF 93 ASGVE Zrgo] EEE FFE A& 5cm 7|9
petri-disholl 4 79 &<t wldst H F3:3] AFXA)A starvation condition®] %
Z AT o|AS AEULE A 83l Q2L PDA VIR E $AFI 149 Eob

v %3ttt HEHE TAHCZ 5 X 5 mm 3719 247 blocko.g& F+3L 1

1] 3k 93 ok,

497 Yy FrRE gdEA g 759 U2x e Ao ue
o). upol@lze] Fajo] o] oln AmAA BASFYOY AE U @e] 6]
AH AP e BFHA Gk vholgx titerrh %X ko 7139 BFold u
B omA Tz WeE FA e Ao we A Ao E4L nHsd M

o Be ARE #ndtn dde dmoly BRI wolezd o3 JFL

i
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a9 17. Talaromyces flavus®l Az2&R 7 ALz, A9 BE virus-free isolate
(T16-6), C¢} D= virus-infected isolate (T2-3).
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2. ASGV AA AR 2 2 2R ]l
7. ASGVE 52, ¢ E2l 2 total genome EE

B0l g 7152 ol g3 ASGVE FHo] dhgHo o|Fold & 9

th. AE 5 cm platedl A 1% T, flavuss 5 X 5 mm Z7|E2 T HF Yoz
THISHGA T o]3= PDA HiAle] T4 A5 792 sjddt 5 1673 343
0% J0TCA 1AZE &<t vidsts s 38 W& A% PDA powder
A agar®| Y= 202 ¥o] #iAE REAY. OHE AL WA E A Fo 22
71302 v et v A VF WA vfEEE o]

5 28T w7l A2t s, Aeld 2360 Aagle] & v 712
HE 5 14Y0] HEZE At o#A Mgt FF0) 44S HEULE I Y
PDB wi#]el] HFstsial, 1492 7l F filter paperg °|-&3sto] dALES 3|53
FrTh 339 HbE AF-E 433 A3} starvation FA°] HEE 2EHAE X
b oA THE =2 ¥ ulolE vt ERIE S ¥ AT Ad wg A
Ay wlol] 2+ dot-blot hybridization WH 2 E3 39 ct Alg] nljek A
Hpol2f 2ol Heo] FUsHA o] FAXA Ee FAFC] AUS Y starvationS
A ol npolH27F AQH = #5771 Je ALRE Hol L 4o npolg At

Hol Ao EAE ot Aer B
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18 18. PDA powder®] agarE 2¥|2 YW uix| oA wj%Fdd #F oA vt
olg]~ ko] W3l AE ASGVY CP gened probeZ A&, BE ASGVY ORF1
% N-termini €% = cloning 3% probeZ A}-&. A%} B9 Z} 37) blot 5 7}
Al e A2 A F F violH 27t FRlEE ¥E TF 9 RNA. ot 27
blot& ulolg} 27} BQlEA] ¢z #FF agar IF H7tE WA o)A g A,
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g 19. @A-8E 3 TF oA ulelelx el W3 A:E ASGVY CP
geneS probe® A&, B ASGVE ORFl1 % N-termini 9%% cloning 39
probeZ Ab-&. A} B2l Z} 37) blot 5 7F4 Heoll U= A2 Aldl v F ujo)

927} #A5E g F59 RNA. obel 270 blote wholel 27k FelHx] g

i TR & T

TFEAY F F 748 71 H 16713 AR 50T A 123w .

13 20. starvation & TF uloA 9 ulo)g)x ko] W3 AxE ASGVY CP
gene< probeZ A4, BE ASGVeE ORF1 % N-termini €%%& cloning 3}
probeZ A&, At B2 ZF 37] blot & 71 $ld e AL Ad wig F vfo]

oy

g7t ERlEE & dFF9 RNA. obdfl 278 blot2 Hio]#&7F S &

T35 starvation A7 5 W% A,
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ASGVE 715 A EdA 9 EA7F &dalA] @S upolg|x F sho|th
E G988 7IFE2 dAAE FRoldA 9G4 Hlx® FEE BHo HolEi
genome?] FH7} oYt ol ISHII] 3 d¥d 2EH2 2AE Hos
3, ZtZe] i@ wpol2 A8 ¢S FASAT. B ATFINAE starvation F Ho]
A2 BAZ #EHE AoE AT o] &8t HiojH2E T4 L 2
B33 ot FFoldA BAF ASGVE HA d71HEo] AEA FAHAHUAEA

ol 7] 913} total RNASH dsRNAS F&& Wit FPo =z AL

% 21. virus-free isolate®} virus-infected isolateo]lA] FZ3 dsRNA. M,
DNA/Hind III fragments; Lane 1, dsRNA from virus-free T. flavus Lane 2,

dsRNA from virus-infected 7. flavus.
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ASGVE 715 A E<Q Wols (C quinoa), 4EFE (P. vulgaris), Bl

(N. benthamiana)E WEoZ vloldlLs THAFE FFot] wiolgite HA o

o} WX vy AL FE HlusAy, 2 4388 3 vo=, N benthamiana

AA e ZAE] MY EBSI, ASGVE AFH BAL FAT F AU o
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a8 22. A, virus-free T. flavusE HFF 2¥l; B, ASGVE F2 3 HolF9
sapg HEFIF 9ul; C, virus-infected T. flawusE HAFF =ul; D,
virus-infected 7. flavusE HE T SvlolA B4 LAF A9 saps 3l
AR E g

(R G ©

92 P 82

1% 23. virus-free & virus-infected 7. flavusE N. benthamiana®)| HZF39 <
o wlolg]xol 7 Tl A, ASGVE 23 HolF9o saps HEFS G

ul; B, virus-infected 7. flavusS HZE3 o)
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ol M FH3t sapS AHFT Gl

virus-infected T. flavusE BZF st 715 2 EdA Hlolg]| 25 F44]
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L. Infectious clone®] X 2 {F2x 2} BA putative ORFE] EA]

AA A7 Ee] EAE ASGVE AtgolA Balg 2259 strainz v
AN 2% & F57F9 strain©] GenBankdl T 25| gltl o] 9o Apy} Y,
7191, #E oA R T REHoz BAE ASGVEY 97 Hdo] B3 o]
ATH ASGVe| F4 0] o]Folzl 713 2 Eo] 2y % 80% o9 AEA ol
AT, amino acid A B9 WM E 75% o4 EL FFAHL 2=t} 7
2 54 Wo] 9= AA 6495 nt T 1364-3605 (nt) Abolo] E A
Z FEEY. AAR FFoloA BEF nlojz oA E o] Rl W
o|7} AldtAl WERSTE &, Wolrb 1364-3605 (nt) AFolo] FEHe] gulm REA
g 9= Y. o]+ helicase, methyltransferase, RNA dependent RNA polymerase
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% 9. ASGVE] AA genome? Wo] BAE 95t A A3 primers

Name Position Sequences (5 -37) Size (bp)
Pve | sl | St | o
sovi | sierses | fpletetatonctiy | g,
sove | wosps | Sostessetee g
sova | ameasw | s | g
SGV4 3607-4148 | B s iag 541
ovs | mzam |ttt |
sove | msam | Umcosmtcmenss | g
sovr | rmeoms | oot |
sovo | o | pemmcmeamggecian | g
sovio | e | sttt | gy
SGV11 124-595 gacgagattgaaaaagaccttaga 201

gttacgtgtaaggcattgatctc
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s 7k 8/W e Ad LA (spiny ascospore) 7F &0 ATk A 2hd Ez}e

rio

A7) 44 7-9 T7-9 mm, 44-56 24-36 m 2A Talaromvces flavus 9
1A et dARskRTh. 53] 2EFH W9} olE AR JdE 2AHVE
Talaromyces flavus 9] 153 EACEH 2 30-C A A go] #AHAHQTE o]
T 4T = A &% 25T 37T Ao duslgion o
52| =¢A A =hiverticillate Penicillium sp. 2.2 321 ¥}

Phenicillium & &4t FAMETA A%< 58S ribosomal DNA

ITS 999 H7IME EA A GenBank ol B a¥ Talaromyces flavus

b

(U18354) ¢t 98%<9 H7IMdE AsdE B39 (2™ 31). g o F&
Talaromyces flavus 2 & WF £33+ AE & 4 JYTh o9} 2 Axs=
fungi®] #3 54 23 Netherland CBS® 2139 F 7#dA 2L Ax
£ do] WiyF AdFAA BEYE fungi $9 ASGV o ZEE fungiE

Talaromyces flavus ¢} % WS <38t fungi® &9 ¥t}
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(A &

1% 29. Cultural morphology and mycological characteristics of Talaromyces
flavus. T. flavus grows rapidly on MEA, with dense arial mycelia and
pigmentation ranging from yellow to yellowish-green in the center and

white at the margins.
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19 30. Characteristic features of Ascomycota. A, ascomata; B, ascospore; C

antheridia and ascogonia; D, biverticillate Penicillium sp.

} 10 20 3 L] 50 60 n 80 %0 100 110 120 13?
118354-IT51 étmﬁmmmcmcmmmm-mmmscmmcmmmammmmmmmm'
2-3-ITS1 (LGAR TG eaLCCTL G Bae L AR T AL CCT TG TCTOCTRTACRLC TR TR TTTRACHORCCCRCCRG05-C CRECTRRTCRCLORAE0ALEORCGTECCLBGRECBIGLECALLBRABEGCE
Consensus  ECGAGTECGRRCLCTEGLERECTRACCICECRICCTIRICTL, TRTACRCCTRTTRETTTRACOGRECCRCRGAS, (Lol T6RTCREDGARGEAT acalICECORRRELCRORTECACCRRARIR

140 150 160 1 1n

1% 31. Sequence analysis of ribosomal ITS gene amplified from 7. falvus.
(A) ITS 1; (B) ITS 2
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Lt ASGV #d 2 HIZE F%cl9 #e3 54 v
Hpolglx ol ER1E T flavus F3°] &5 (2-3 I10-A) & #A5H7]
A A wigFets AAGAA Ao &5 FEjol b2 isolate (16-6 VF) & 4
A HA A2 4L FF vielg 27t gle A& RT-PCR 2 &3t <
EAQ GxA wYgy o]EZHYH fFTH isolatesEY wWF HHES BFEUn
o] #A Tl FFo] Wl virus7t EAEA B2 isolatess ALshe] wpolE
Adel W& T flavusd AFH LS vusgc. ASGV-free &
ASGV-infected T. flavus= PDA°| A w|¥ A] colony morphology7} & AL
T AJH. 16-6 VFE 2-3 I0-As}t 27 2A¢S FAsHA F%1, £ <
Tl E8ld T flavuse] 572 yellow-green color?] pigmentations “}EFU
A B AEAIAE 98 FF0]9 T AR SE= ZA A7 §ld
o @22 27 AA Fo Ad W A dAERE btelelx FE gRE ASGV
CP #HAe FZoz FQsld e ASGV-free isolate®t ASGV-infected
isolate®] #%Fo] F4AL ITS regions FE3lo] &3 At ITS regione 97]

g v v ASGV-free isolate GAl T. flavus & & HF| &= A

.

(&) B

% 32. Colony morphology of 7. flavus with and without ASGV. (A)
ASGV-free fungus isolate 16-6 VFE. (B) ASGV-infected fungus isolate 2-3
I0-A.
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Hpol 2 =e] o] #3%o] 7iFd mAls FFS U7 A3l laccase
activitys  SASIRAT. vleolglad A" d = Mg o5 v

extracellular ¥ intracellular laccase A} o] 7}l <2 AE2 Rt} 7S5

A3t 10 dAd= EF LS olFAL, Y 108 & IFZ laccase o]
2o AT E vHZF FFol vlste A 4u7tA] laccased] A o
F7HEE #EsdY HFAFFANE FEFY BE extracellular 2
intracellular laccase &Ado] g A} F<k WHEetR] &kl A4 laccase
g A 125 vlustH AEF9  A$  intracellular laccase  activity 7}
extracellular laccase ° H]3lo oF 26w Wo| ¥HIS el o= virus
ol mEt AEZ A B B Agdrgo] dojde 4 4 At
virus—infected isolate®| 73-5- v Algto] Zoe] wa}bAM laccase &
gol #aH[ES ¥ °tYE sporulation ability7hA] Aletzl RS o4 ¢ UG-

-6 VFol A& ZEF< 2-3 10-A9 22 vl =70 dlolA £A

z
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N
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A . intracelluiar Laccase

1 —_—
—— VF 16-6
—— | 223

Units of Laccase Activity (/100 pg protein)
'

Incubation days

. Extracellular Laccase

0.20 Temmemm———
—p— YF 165
—0 YL 2.3

0.15 -
0.10 -

.85 =

9.60 Y Y ‘.-\.f

Inctubation days

Units of Laccase Activity (/10 ug protein)

C. Sporulation

10 -
—&— VF 16-6
—C— i 2.3

Log. No. of Conidia

Incubation days

¢ 33. Comparison of laccase activities and sporulation abilities in 16-6 VF
and 2-3 IO-A. Proteins from mycelia and culture filtrates were used for
measuring intracellular and extracellular laccase activities, respectively.
Laccase activity was determined with 2.6-dimethoxyphenol as the substrate.
One unit was defined as an increase of absorbance of 1.0 per min at 468 nm
and at 25C. All measurements were conducted with three replications. A,
Intracellular laccase activities; 100 pg of total protein was used for each
analysis. B, Extracellular laccase activities; 10 pg of total protein was used
for each analysis. C, Sporulation was examined in 5 m¢ of V8 juice broth at 8

days after inoculation with approximately 1,000 conidia.
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2. ASGV "7} FFol9 JAA3Z
7F. F%ol W= selectable marker 3 A =4

Aol 7= LM<= B¥Holn HEFSA Ayl s T. flavus W
selectable markerE A8t AF vectorE construction 3. marker® =
Hygromycine 4 AH(hph)E& AF&3IG T o] AL 19929 Punt®t van del Hondel
of J3fA JtE PAN7-191A4 & F AU Aspergillus nidulans® trpC
gene®| promotor®; terminator(Mullanet et al., 1985)E X33 3601bpY
Hygromycine W A A hph) & 2 53T Agrobacterium-mediated
transformation< 33 A Folm 2 FEgst TdH S PSB11(6329bp) plsmid DNA
ol A3kt

Mgt iR o o N Loai X2
Aphi o Tool Bad Foaf 3372 Ptf 3375 o it

MedHe PHLIE piag vy | weeRi 1604
i H

=y

RN 3 : #

Sicod 1419
gl?-‘si_‘i 1334
SO gt 27 { BoRf L

Soaf B4

ALY SR -
¥ i
. ; "1,_,._" 4 1 [T TLR
Ergaae” CARED E_E(/_H R8h ) : - : if & »:
I D o .“..-.I i -----------------1----;5' ;-::E::I'.-:;::-':::::-'::::h?:::\.-\ "'\-:‘il'-".*:‘ﬂ.""'I .‘!-:-:::'_:
Ll i !I & - Y ?

Sl Susf REY i_;,?;r 5"-$ .
HE i .f

RS S { H ;
tindtE6 P b pagmen ves %E‘E:{-am td24 S5 1 Feakl mat

\""*-» _ J'"r.- i E i :
h Qh (3 60 1 bD) --%EEEEE:Efi:5-:-?5:5:5:i=:ﬁ‘-:‘=‘:=i=€=:'-"::-*.‘55-*;::**535-*3:.-‘:5:5:35:'-&:.E:Eri:i:i:i:i:iﬁ~:E§f§: e IR e

[Trpl ik Pyt

£-E(2067bp)

Rt JE1E
_ . 1Pl 1433
G TR pdag e HpoeRi 154

S il

S o sl et

H-E(1534bp)

. “_' QS I L LY LREE AL A L LT N R ety
g sph

19 34, pAN7-1(6236bp) plasmidZ25#H A S & 4 (Hindlll/EcoRD A o ] 3t

Hygromycine WA % ZH(hph) F&5& 93 partial digestion 24 %
A'pAN7-1 plasmid,6236bp, BAIZFE A& A(HindlIl/EcoRD A #lol] 2] 3k

Hygromycine WA %A hph) & EA %,
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o ——RNwRe P

19 35, pAN7-1(6236bp) plasmidZE Hygromycine WAl A} (hph)e] F=
2 A A

Apartial digestion of pAN7-1 with restriction enzymes (HindlIll/EcoRI),
M,molecular  marker(\/Pstl); lanelpartial digestion of pAN7-1 for
5min.;lane2,15min;lanel,30min.

B:Purification of digested DNA fragements with restriction enzymes
(Hindlll/EcoRI) by Gene Clean II Kit, Mmolecular marker(A/HindIIl);
lanel, pAN7-1(digested with Hindlllane2, for 5min.;lane2,15min;lanel,30min.
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et uses |

Pl 0458 §

At 9192 ;
S 4076 |
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Su RYSE
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“nsier DETS

Netel 5180

Pound K3

Bt 8%
Soll 558

}{ ey saa

5 Sped 658

HE YR

o Bt 1714

Bl 1809
Halfi] 198

Hoal 2768

19 36. ASGV "W/ FF o (Talaromyces flavus) G e 24L& 93 genetic

marker(Hygromycine WA 732 - A4S 3 vectore] 2HA.

PgpdS'expression signals of the Aspergillus nidulans gpd gene; tTrpC,

termination region of the A. nidulans trpC gene; gpd, 5'part of the coding
A,

region of the

nidulans gpd gene;

gene(hygromycine tolence).
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3. ASGV ] F%olAY Ho] 717 #£4 I
FFANA FFZY wpolez Aolst JUEAFE HAdts] $iste] o}

o} 2L 71xZFA AIS F£3hstgrt EA3 plate Woll virus-infected isolate

(donor isolate) ¢} virus-free isolate (recipient isolate)E vl %3H T isolates”’}
Tht= BAIR red pigment7t AT, ol AS 1A 10 wgdd = F o
Fo] ZBAHOCZRE <¢tE o7 virus-free isolate’} A& WA colonyE A F
At olAE HEFEYoFE ALE38le] PDA platel| A AwiF st} v kg 2070
o] plates & 37 <l platesol A colonye] FEf HI}E HZAE = QAT o5 T
AE = red pigment’} £7}8F Aol 911, virus—free isolate®] ¢} =2 A +
ARl A B HoM =g IAEs FAT Ao AT T o] AFA =
OE 7AF #%0le 2dx wiAgE 5 7] wWEd FA8A A3 F-4A7E <F

AAow 49 LAY FFE IS5 FUF YL wEuA $.
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(A) (B) © (D)

¥ 37. A, Y% plate el virus-infected isolate (donor isolate) <}
virus—free isolate (recipient isolate) ¥ %¥. Ao 10Y wjLFs & T o
Fo| AAUSZHRE AFHO 2 virus-free isolate’} A& WA colonyS
AF; B, red pigment %7} C, virus-free isolate®] Eje} th2 A4 A3
4
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Al 52 I mpolE = w7 FHOlE o] F3F wHiol X

WA o) & 7l

AZF7AA ] vlolg e AT 7)FA =] WFE @I} FA WE L Uehjs
NEERH volgxe] EARE PCRA I3 WPow BMsE U

g AT e, dele2g wAsE Ao Hel: FRo|RRY upolyx

il

2Ase 23 @A weldls Zgel }E FFo| So] HAXNE VAR
AL Aol A s ov] Yotk s

DEG 4% "4 A% Itel mRNAS 2FAo]E Hole EE

o] A MFAQ Wyt Aeli obel 1Y 38% 2Oow DEG RAH

o2 ¢ 607l FAAE BHsAn 230 FolstA BE FelA Holst 1}
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© 10749 A7 dS A48ttt

o Vs Transription

EE::_L..'.'..U:-:-:-:-"' % {%ﬁﬁ ;%&ﬁ} TR I e erasas e

[ ' " W [ R d - g - " v r. O
‘:.
: .

L TASE Settraey 0P VB

i SR,

tlectrophoresis PUK produnts on sparnss gol

..............................................

19 38 DEG #4349 €. mRNAY Poly ARYY Eo)doz ZAdsl=
dT-ACPZE ©o]&3s}] 42T A Reverse transcription #+%8 3] first strand
cDNAE 7. o] F3 22 Second strand cDNAEA. o]l Annealing 25+
RT W Ht}t ol 50C=E ¢ %A+ dT ACP7} templated] 233 4 9
AL, arbitrary ACP2| core HE% Eojd oz F3rlgo] ZAZ HEzARo=zm
Annealing 258 66CE ¥ F22M, Arbitrary primer®} 100% X3+
A PCR 34 & &3] A9 productyt Eo)|do g %

u
......... A
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plolgl A ZAdF e AAFIA &5 & FE3Bo] total RNAS ET3+Q
i (29 39), ©]F GeneFishing DEG Premix Kit (Seegene Co, Korea)E ©]&
gl PCRE F33tAth. 1 A3 1% 403 #Zo] primer mix & 7/ whehA

stolel s fripol whe Thbd wd S MR o|FA Fold FFol

FAAY A 715 el ZARAFAY dTE VA Aol WA

GenBankell #ol T5°] Ho AR ol A7IME EAWURToRE FHAY

155 &9 + Wit (298 43 # E 10).
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= Total RNA extraction
+ OD determination

s Electrophoresis of 3 ug total RNA

swmple | A3 WG || pone | Yoru
V+fungi 11 43.179 217 172717 12019
V+fungi 16 51.141 2.15 204565 | 143.2
Virus free-1 11.364 2.1 454,55 68.2
Virus free-2 9.583 2.12 383.34 5.5

19 39. DEGE ©| 8% ASGV #Yd AT F3o| total RNA 23
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1000bp -

500bp

1000bp

500bp

1000bp

a% 40. DEGE °] &% &%o] #d £, 471449 24 R TIFY &4
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29 4l wpol# &~ I fol wEp o Zolg B

A FHAEY 471 ME
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39 42, vpola Y frFol wE B zolE B FAAEY 7] ME

B 93 AFE 2 gel extraction
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DEG2

(direct seq.)
TTGCGGCAGTATACATCATGACCCCWTGGTCTTATGACCAAYTTCTGACTGGATATCGMCCACTATGTTCCGATTT
. CAATAACACATGGTCTGTCTCCTTTACCTTCGGCACTGACRACACCCATAAAACTTTCACGGTTACCGGTGATCAA
TTGGCGACACCTGGATATGTGGACGACGATCACTGCTTCCCACCATTCAACCCAKRKGGGGTAGCAACAATMCCWTTC
TCGGAGCGCGATGGATGAGCAATTTTTATTCCGTCTTCGATTTTGGATCGTTTGASCCGTCAGGATATGATCTTCG
CWTTGGYTTTGCGCCWTTGAARAAGGAATMCCGGCCCATAGTCTAAAAATGGAGGCTAACTTAGCACTATCTATAG
GCATTAGGATTATCGTGTGTCGAGWAAGGCTGCACATGTGTGTTTTCAAGCGAAAGATTCTTTGATTACTCTGTAC
GTTATATGTTGGAGCATTGCCCACTCCCTCGCTCTACATTCAACGTAATCCTCGTTGCTAGCTATATCTTACCATA
i CTAGATCATCTAGAATGCGAAAAAAAARAAAAAACCCCCATCGTAGTCSCAGCATTCMCAGAAGGGCGAATTCTGCA
; RAWWTCCATCACRCKGGCGGCCSCTSGAGCATGCATCTARRGGG

ey e, L L ey s e ot R .,-nw-«h;

DEG4

(direct seqg.)

NGGCGGGTNNGGGCTNGGCATCTACGGGGEGGECATCAACTCTTCCGAGTCGGCCGATTTGGGAACAAACGACTTACT
CAAAGCCAGCGTGATCTGCTTTCTAGCTGCATACGTTGCGTTTTTGGGETTTGTTCCTGCTTTTCTTGACCGGGTTG
AGCCGGATCCCCCCCAACNAACGCCCGTTGCTTTATGGCTTTGCCGTCTGCATTCCCTTCATGGTCGTTCGATTCA
TGTACAGCGTTCTGCCGACGTTTATACCGAGCATCAGGGACAACTACAATGCTCTCTTTGGTAATGTCACAATATA
TTTGTTCATGGCTGTCCTGGAANAGATTGTCATTGTCGCCTGCTACGTCTACATCGGCATGAGGTTAGACNAGCTC
: CCGCCCGAATTGAAGGCCCCGCCTTTGAGTTTCAAGAAGAAGGACAAGAAGAAGAAGAGAAAGCACTCGTCACAGG
? ATAGCGGTGAGCATATGTTGAAATGATTGTCAGTTGTGCGTGAGCAAGGGGAGCAAATATTGCTGCTTATATTTGT
% TTGTTTATTCTTGGGCCNAGACATGATTTCTTTTGTTCNAAGCGATTAGCCAGTGTGTGAGTCCGTTGTTAGCTAC

.
el ot gt Fophg ol PR i W N MW Mo P o o T e R LY T PP PR ——

GTGGAGATAGGAACCTATCAAAATCCTTTTTTTTTAAAAAAAAAAAAAAADARA

 DEG15

(direct sedq.)
GGGGTGCAAGGAGTATTCTGAGTGCTGGAATGATCGGATCTCCTCAGCTTCTACTTGCCTCCGGAGTTGGCCCTGC
ACGATCACTARAGTCACTGAATATTCCCGEGTTGTAGCTGACAGACCGGGTGTTGGCCAAGGCTTGCAAGACCACGCT
TGGATGCATATCACATATCGTGTGAACGGACAGACCATTTCATCTCTCAACAACCCCGAATTTGCTGCGGAGCAAG
CANAACTCTTCATCGACCATGCTGAAGGCATGTACACTAGCCCAAATACCGACGTGCTTGGCATGGGAGAAGATCCC
. TCAACCGTTCCGGGCACACTGGAGTAACGACACGAAGCGCGCTCTCGATGCCTACCCCGCCGATTGGCCCGAGGTT
é GAGTACATCACTGTCCCTTCGTACTTGGGTGACCAAGAAAACTCAAGATCGCTGGGTCCCAATGATGGCTATGACT
é ACGCCTCACTGGCTATTGTCTTGATCGCGCCGCGATCCCGAGGATCTGTAACCATTACATCGCCTGACACGAAGET
E CGCTCCGCTGATCAACCCTAATTACTTGACTGTGCAGTCCGACATTGACATTTTGATCGGAGCATTCAAGCGCATT

CGTCAGTTTTGGGGCACTCCAGTCATGCANAGTTTCGCTATTGGTGACNAGTACTGGCCCGGCAAAAACGTGACAA
. CCGATGCTGATATTGAGCATTTTATCCGCCARAACTTCAATACCATTTGGCATGGAACTTCTACTTGCGCAATGGG
E TCGTGCTAACGACAAGAATGCCGTTGTGGACTCAAAGACCAAGGTCATTGGTGEGTCCAAGGCTTGAGGGEGTTGTANAC
§ NCAAGTGCTTTCCCATTTCTCCCTCCGGGACATCCCATGTNAACNTTTATGCTCTTG
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(direct seq.)

CTGMGGYGGGGACTCATGACCCCMCAGACCTCGAGAAGASYCAACCACTATATTCCTTCCAACTCAGCCCGCAGCA
CAGCACGGGAAGGATAGAGTTCCATCTTCCGTACAAACTTGAYTTTGGAGTCTCCGAGTCTGGGATTGKGGGGAGA
CAGGCAAYTTTACTYTTGTCAAGTCRAGATGTGAGTGAGATGAGTATTCTGGGGAAGGGGGTTATKGGGKGGAATT
GATCAGTAGTTACCAGGAGGGACGCAGTTGAYTTTGCGTCGGETAGATATCGTTCTTACAATTCCAGTCTTETTCCT
TTTTCTGAAARAARMTWGAATCTCGAAGTTACTTGACAGATTCTGGAGGGAATAACATAAAACAAGATAATTAAAA

(direct seq.)

NTGGGNCGACCACGACCTCGAGAGAGTCAACCACTATATTCCTTCCAACTCAGCCCGCAGCACAGCACGGGAAGGA
TAGAGTTCCATCTTCCGTACAAACTTGACTTTGGAGTCTCCGAGTCTGGGATTGTGGGGAGACAGGCAACTTTACT
CTTGTCAAGTCNAGATGTGAGTGAGATGAGTATTCTGGGGAAGGGGGETTATTGGGTGGAATTGATCAGTAGTTACC
AGGAGGGACGCAGTTGACTTTGCGETCGGTAGATATCGTTCTTACAATTCCAGTCTTGTTCCTTTTTCTGAAAAARAA

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

DEG26

(direct seq.)
TGNGGGGAGAGTGCTCCAAGCTCCATTGATGTCATTTTGACCTTTGATGAGTACGGCGTTAGTAACCATCCGAACC
ATCGATCTCTATACCACGGCGCGGTCGCATTTTTGAAGGCATTGATGGATGGCAAGAGCGGATATTCATGTCCTGT
AACGTTATTCACGTTGACAACGACAAACATTGTCCGGAAGTACTCCGGTATTCTCGATTCATTTTTGACGATGGTC
CTGGGCGCATTCACAAATCTTGGAGACTCGATGGCTTCGGCAGGCAAGAAGGGCGCTGCAAAAAATAATGGTTGCG
CCAGTCGTCTTTTGTATATCAGCTCGTTTCAGGATTGGGTACAGGCTCGCACTGCGATGACGGATGGACACAAGAG
TCAGATGTTGTGGTTTCGATGGGGCTGGATTACTATCGGGCGATATATGTTTGTCAATGATTTGAAGAGGGAGAAG
ATTTGACTATGTCTCGCTCCGAACTGGAGAGATATCGTACAGATATGGGCAGGCAGACGATACTCACAATACTGTA
TTATATGTATCTTAGGACTGTAATAGTAACTAACTTACGCTAAATGAACATATACTCTTTATGAAAAAAAAAALAA
AAA

R N NN AR N0 NN SR bbb b P B I I R e e B I B N N e e B N e B B B RN BB B B B R B R N N A N B NN N NN RN N N NN N N N RN R N R NN RN N AR R R N MR RN AEEEEEEEEmEEE

(direct seq.)

NTGGGNCNTTCCTNTTNTNAGAANGGGAACAGAAAGAATTACCGNAGGTTTGNTCGGGTGTTGAACCCNCCGETGCC
TTTTGGGAGGCNTGCTTATCAAGAACAACAAATAANCGTGCCACCNCCNCNTGCCACTAANAGGGGGGATGTTTGT
TGATCTCTCTGATTAANAGAGAGATTTGTATTGTTTGTATGTTACANATNCCACGACTACNGTAGTCNGGTCTGAA

TTGAAATGATTGCCNTTNCAAAAAAAAAAARAAAA

DEG33

g A e e e
4
u
1

(direct seq.)

TGGGTGGGGCCTAMTTCTTCGTGGTTGATTTCCCCAGTCCGCCTCTTGGKWRACACCCGAAGAAWAWKCCTTTGTC
ACGGAAAAGACTCGCAGTGATGAGTCGCACGTTGCTCCCGTTACTGCGAAAGACGTGCTGCACTATCTCGGTGATC
TCAAATCTCATCTCGGTGCCATTATGTATTTCACCATTGTCGTCCCCATCTATGMCTTTTCCTACTTTGCCGCGAC
CATCATCAGGGCATTGGGATATTCGACCGTGGAGACCCAATTGCATACCGTGCCACCTTTCGCCGCGGCCTTTGCC
TACGCTCTTATCGTTGCTATCTGGTCTGACCGAGCCAARAATCCGGTTCCCATTCATCTTGGCGTCTGATGCACTGA
TTATCGTCGGCGTCGCCTTGATGCTGCATTACCACGGAAAGAGCCACTTTTCTGCARAAATATTGCGGWATCGTYC

TTCATCAMCCATGGGTGCCTTTTGGCGESGEGEECTATTATCGTTTGCTGGGATTTTGATGGAATCTCCGEE

..!}4 -




DEG35

(direct seq.)
GNGGNNCCCCACGNGCGAGANGGCCGAGCAGAATATGTTGGGTCGTTTGTCGCGTCCTGAGGAATACCGTGGCGCT
GCTGTTTTCTTGATCAGTGATGCTAGTAGCTTTATGACTGGAAGCGATTTGAGGATGGATGGTGGGCATGCTGCGT
GGTAGTTGGCAACTACCAAGCCGACAATGATGACNACNAAAATAGAGCACACGACTATTCTAATACTTTTCGCCAC !
GCATATACAATTGTTTGTTTTTCGGGTGCCTACCTAGGTATGATTGTTCAGTGATATGAGATTGCTGGARAGGCGT
. TTCTTTTTTTTNCNCTGCAAAGNCANGGGNGTTTACATGCCNCGGCGTTTATTTTTGTTTCANCGGNCANGCNCNC
. AAGCGTCANGTTTCNCTNAANTCCGGTTTACGGNGACNGCNCATACTACAANACACTAATCTAANGGATCGATTTT |
. CANANCAAAAAAAAAAAAAAAR

B R il i o e, e e . NS L e AR A ity
v

DEG41

(direct seq.)
GCGGNGNNGANNTCTCTTCACCCAGTTTTCTTCCGATGATGAAGACGATGTTTTCGATCACCAAGATGAGGAATTC
GCTCGTTGACTTGTCTCCGGACTGGCCAGAGGATGTTTTCAAGGACCGAATGACNAATGACGATATTTTTCAGGAA
TGGCGCGAAAATGTCCCGAGGATAATCGATGAAGAGAATCGACTTCGGACTTGGCTTCAGGAATGGCCGGAAGGCA |
: TACACAGCATCTTTGAGGATGATATGGCCATACTTTCCTGGETTGCAGGCCTGGCCCGAANAAGTAACACAACTGTT
g TTCCAGGGACGAGGAANAAATTGAAAATGCAAATGAGTGGCCGGAGAGTTCATCGAACGATCAAACCAGCCGACCG
% GATGTTGGGGTTTCTTTTGTCATACGGGCCGCTCAAGTTCTCATTCCTGCTGCAATAACATTATTTTTCTAGACNA
% CAATANCCTTACACCCTGGCAAGAATAATACTAACATTTGAAGGTTCTCTTGAAAAAAAARAAAAA

a9 43, vlolelz #Y fRo] mek B@] Fo)E Y FAASY 97 A4
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Pear black necrotic leal spot (PBNLS) on pear trees
(Pyrus pyrifolia) s caused by a Korean isolate of Apple
stesn grooving virus (ASGV-K), Yellow spots were
detected in Pluseolus valgaris  (kidney hean} and
Chenopodinm quinca which were grown near the
diseased pears in vear 2000 through 2003, The ASGV.
K, the causative agent of PENLS, was detected from the
symptoms of the diseased kidney bean plant and C.
quinoa. ANGY-harboring fungl were also isolated from
sympiomatic plants and from seils surrounding the
infected plants, The ASGV.harbering fungus was
identified and characterized as Tudaromyces flavus,
Ecopathological studies showed that the number of
ASGY-harboring fungl on the pear leaves was not
corvelated with differences in temperature or severity of
symiptoms.  Additionally, there was no difference in
fungus frequency among the orchard locations or
different hest planis. Although the frequency of fung
isofated from the soil was not affected by vhanges in
tensperature or location, the fongl occurred at higher
dengsities jn the rhizosphere than in the plants them-
selves,

Keywords : Apple stem grooving virus, fungal population,
pear black necrotic leal spot, Py pyrifofia, vector
Transmisson

Pear black necrotie feaf spot (PBNLS) was first reported in
Korea in 1979, and this severe disease has since sprewd
sporadically through orchards, causing losses of up to 50%
iy Crop vield (Nam and Kim, 19943 PBNLS first appears a8

?Ci;rmﬁpﬁmimg author, __
Phone) +82-31-290-7806,  FAX) +82-31-200-7870
Bl sokchan @ skkoac kr

BaE i n e

small, defined, black spols on manre leaves. The spolk,
which may have a circular or irregular shape and are
approsimately 1-4 mup in diameter, are reddish brown
during the carly stages of the infection and Jater tum black,
These lesions grow larger over time and fuse with
neighboring spots until the whole leaf becomes black (Nam
and Kim, 1994}, PBNLS develops on the basad portion of
carly emerging leaves and on hardening leaves appearing
tfrom leal buds in late May (Nam and Kim, 19943, The most
typical symptom of PBNLS & the appearance of necrolic
spotting on mature leaves.

The suggestion by Nam and Ko (20025 that PBNLS was
caused by 4 virus has been investigated experimentally by
ultrastructural observations and grafting assays, Shim et al.
(2004} reported that the causative agent of PBNLS is a
Korean solate of Apple stemn gropving virus (ASGV-K},
which they detected by glectron microscopy and servlogical
analvsis, and they reported the full length sequence of the
putative pear virus genome as well,

ASGV was identified in discased Phaseolus vilgaris and
Chenopodium guinoa which had no physical connections 10
the roots of virusdnfected P pyrifvlic. Transmission of
ASGV from fruit trees to herbaceous plants in nature has
not been previcusly reported, but recently we observed that
ASGV conld transmit from virus infected pear tree to virus-
free pear tree (Shim, 2008}, However, the vector mediating
this ASGY wransmission has not been reported (Lister,
1470},

We hypothesized that ASGY tansnission might be
vector mediated because ASGV caused epidemics in the
field, passing from ASUVeinfected pears to virus-lree
pears, a8 well as from ASGVeinfected pears 1o herbaceous
plants located close to ASGVeinfected pears. In this study,
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we isolated an ASGV-barboring fungus from ASGY-
infected plants and from soil within the rhizosphere,
characterized the fungus, and surveyed the pathoecological
d&gmbmﬁﬁ f:if this fmgﬁt&

.
(gl Rt L i

Fungal isolates, Samples were recovered from plants
showing typical syrptoms caused by ASGV from wo
provinces {Suwon and Anseong} in the R&gmbiac of Korea,
Leaves, bark, and roots were rinsed with runaing tap water
to rermove soil and plant debris. The tissues were then cut
nsing a sterilized scalpel. Small pieces of tissue (1 om®
were surface-sterilized i 70% ethanol for 105, followed by
i min in 1% sodium hypochiorite (NaOCH, and were then
placed on 2% water agar. Plates were incubated at 28°C
and/or 37°C for 2-3 days, after which fungal colonies were
rransferred to potato dextrose agar (PDA). Ninety nulilifer
of sterile distilled water was thoroughly mixed with the ten
grams of soil and final density of funges was adjusted o
105 10°100 1. This fungus was incubated at 37°C for | b
After briet centrifugation, the supernatat was sproad onto
PDA plates and culwred a 28°C anddor 37°C for 2-3 days.
In order to count the frequency of fimps on extermal and
infernal leal tssues, one or two leaves were rinsed with 10
ml of distifled water for the isolation of fangus from
external leaf tissues, The frequency of fungh for internal
tissues were analyzed by cultures from one or two surface
sterilized leaves on PDA plates.

Identification of fangal isolates, The fungal ientifications
were hased on the methods of Samson- (19901 The ASGY-
harboring fungi were J-point inoculated on malt extract
agar &M,{E.A) and PD& ami Hﬁ:ﬁ{:ﬁatﬁd in thfs: ti%trk for ? ﬁiﬁi}"i
caiames ( in mzli:m&tem} were nwamm! fmm &w reverse
side of the plate, and the range observed on gach mediom
from the three inoculation poiats was recorded. Colony
appearance was jwdged by eye or with 2 band lens or
stereomicroscope. To determine colony colors, colomies
were examined by daviight or using a daylight-type fluore-
seent light, To determine whether selected isolates were
Tedaromyces flavas, the TTS-1 and ITS5-2 regions were
amplified by PCR using gene-specific primers based on the
10 flavas (U18354) sequence. PCR was also carried out 10
determine how different the sequences were between
different 1solates,

RNA extraction. Total RNA wus prepuved essentially as
described by Davis and Ausubel (1989} using the Trizo)
method (Giboo BRL), Freeze-dried leaves and mycelia
were collected in 2 mi tubes, which were guick frozen in

liquid nitrogen. The tissue was ground 1o & fine powder
using a mortar cooled in figuid nitrogen. After grinding, the
fine powder was added to a 1.5 ml iﬁiﬂﬁ?}fﬁgﬁ tibe
containing 0.55 ml of RNA extraction buffer (0.2 M Tis-
HCY, pH 9, 0.4 M LiCi, 25 mM EDTA, ami 1% 8DS) and
055 ral ‘water-saturated phenol. RNA was precipitated by
adding a one-third volume of DEP ctreated B M LiCl and
incubating on ice for 3 b, The RNA gﬁﬂ&t was precipitated
by eéntrifugation, dissolved in 0.3 ml DEPC-treated H0,
and ethanol-precipitated in the presence of G.3 M sodium
acetate, pH 8.2 RINA was collecied by centrifugation, dried
under vacuum pressure, dissolved in S0 pl DEPC-treated
HO, and quantified by measuring the absarbance at 260
B,

RT-PCR. Primers were designed to amplify the coal
protein genes of plant viruses known to nfect both trees
and herbaceous plants (Table 1) (httpfwww.virushank.
orgl The speciic primers for Apple chlorotic teaf spot vires
(ACLSVY and Apple stem pitting virus {(ASPV) were
designed based on the recommendations of Menzel et al,
(20021

RT-PCR was carmied out using samples of svimpiomatic
plants and isolated fungi. The cDNA synthesis reaction was
performed as follows: A single ovcle {consisting of 10 min
at TOPC, S0 min af 42°C. 5 min at 95°C) was used 10 reverse
ranscribe 5 pg of RNA treated with RQ-1 DNase (Pro-
mega Madison, W1, USA) in a reaction volume of 30 i
{final concentrations of 1 mM Tris-HCL pH 8.3, 30 mM
KCl, 3.5 mM MgCl, 500 uM each dNTP, 0.4 units RNase
inhibibor/pl, 125 umis reverse manseriptasg/ul), Samples of
the resuliant ¢DNA (5 pl) was then subiected to PCR
amplification (§ min at 93°C, followed by 30 cycles of 20 5
at 94°C, 40 s at 57°C, 40 s at 72°C) wsing Hi-Fidelity PCR
amplification reagents {Super-bio). For coat protein (CP)
gene amplification, the primer pairs used were: ASGV-PI,
5.CAT ATG AGT TTG GAA GAC GTG CTT €-3; and
ASGVP2, 3 CTC GAG ACCCIC CAG TTC CAA GITY
A-3. The PCR product was sub-cloned into the pGEM-T
Easy vector (Promega), according o the manufactuner's

Instructions.
Results and Discussion

Symptoms of ASGVY were observed in C guinon and £
vatlgaris plants which were grown within wround 160 oy of
pear orchard that exhibited signs of PBNLS, But no
symptoms were obsarved on O guinoa and Fovalgariy or
other plants coltivated in fields more distantly Jocated from
pear trees exlibiting PBNLS (Fig. 1),

RE-PCR was performed to detenmine whether & virus was
consing the disease, The PCR primers for the amplification
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of virus coat proteins were designed by Sequence analysis
of viruses reported in the Republic of Korea (Choi, 1999,
Ryu, 20023 (Table 1), The PCR conditfons and specifichy
were determuned using viruses supplied by the Rl
Development Administration (BDA) and the Plant Vious
GenBank,

RI-PCR was pedformed with total RNA extmcred from
the symptomatic leaves of pears, kidney beans, and €
quiinoe, The ASGY CP gepe was amplified from all Gssues
(Fig. 1D}, and sequence mmlysis demonstrated that the
sequence was identicat 1o the ASGY CP gene sequence in
GenBank {Fig. 1E). Additionally, the CP genes of bean

golden mosaie virus (BGMY), bean veliow mosalc virus
{BYMV) and sovbean mosme viras (SMV) were nol

amplified from kidney bean plants that showed vimus-dike

symptoms, No product was detected from any of the other
PCR primer sets shown in Table 1 @data not shown).

it is possible that the causative agent of the disease might
b sssoviated with a soil microvrganisrn because: (13 viral
disease symptoms cecurring from vear 2000 to 2003 were
observed in Kidney beans located near ASGV-infected
pears, but peppers, sesames, and cabbages did not show any
symptoms; {23 new Kidney beans grown in furrows
developed the same disease symptoms detected in kidaey
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Fig. 1. Typical pear black necrotic leal spot disease symploms as they appear in Poras pyrifolic (A). Phaseolus vulgaris (B}, and
Chenopodum guinod (Ch Leaves were taken from planis infected in the field. (D) REPCR and sequence analysis of ASGV CP gene
from plants showing ASOV-lke symptoms, RT-PCR was performed with specific primers (ASGV-P1 and ASGV-P2) for the ASGV CP
gene. M, 100 bp DNA molecular weight marker (Bioneery; Lane 1, P2 pyrifplia; Lane 2, B valgaris; Lane 3, C quinoa. (E) Nuckeotide
sequence alignment of amplified products snd the previously reported ASGY CP gene sequence (GenBank AF63354) Sequence
analysis was canied oul with the program provided at bitpdfwwwtoulouse dnr ft/naudtalin htmd,

M1234567849

¥Fig. 2, Morphology of fungi isolated from soil or virus-infected plant tissues. (A) fungi tsolated from roots of & virus-Infected pear (B)
fungl isolated from rhizosphere soil of a virus-nfected pear (C) fungi isolated from roots of 4 virus-infected kidney bean (D) fung
isoluted from rhizosphere soil of a virus-infected kidney bean. () RE-PCR for virus defection of i samples of fungi isolated from poar
and kidney bean plants and surrounding soils. M, 100 bp DNA size marker: Lane 1. fungi cultured from diseased pear root; Lane 2, fungi
cultured from soi (peary, Lage 3, fungt cultured from discased bean root; Lane 4, fungi cultured from seil {bean);, Lane 5. ACLSV, Lane
6, ASPV; Lape 7, BGMV; Lane 8, BYMV: Lane 9, SMV. The ASGY CP-specific primers were used in lanes 14,
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Fig. 3. Visus-infected strain isolation, (A) Culture morphology and mycological characteristics of ASGV-harboring fungi. This strain
showed dense mycelia and pigmentation ranging from yellow to yellowish-green in the center and white at the margins, (B) ASGV CP
gene was amphiied from this sirain by RT-PCR. (C) Culture morphology and mycological charcienstics of ASGY-infected Talaromyces
favus. T. flavus grew rapidly on MEA, with dense mycelia and pigmentation ranging from yellow to yellowish-green in the center and

white at the margins,

beans during the previous year; and (3) the soil of the
orchard was not exchanged or covered with soils from other
areas. We were indeed able to isolate and identify the soil
microorganism that transmitted and carried the plant virus.

After CP genes were identified from the leaves of P
pyrifolia and P vulgaris, fungi were cultured from the
infected plants and the soil around the plants, Among soil-
borne microurganisms, fungl and nematodes are known 1o
transmit viruses. Nematodes were not isolated from the
tissues or soils, but many fungi were isolated from different
plant tissues and from the soil (Fig. 2).

Total RNA was extracted from fungi isolated from soils
and root tissues, and RT-PCR was then performed using
ASGV CP-specific primers. RT-PCR for three bean viruses
(BGMV, BYMV. and SMV) and two pear viruses (ACLSV
and ASPV) was also performed, but only the ASGY CP
gene was amplified by RT-PCR, which was confirmed by
sequence analysis (Fig. 2E),

Single conidia were isolated from fungi pools with
ASGV and grown on PDA plates for 14 days at 28 °C. Total
RNA was extracted for RI-PCR with ASGV CP-specific
primers. The ASGV CP gene product was amplified from
one of the PDA plates (Fig. 3B). After culturing for seven
days. a pale green circle had formed around the tips of the
mycelia (Fig. 3A). Another RE-PCR amplification using
ASGY CP-specific primers was performed to confirm that
the fungus contained ASGV.

Two orchards, one near Suwon and one near Anseong,
were used to study the distribution, frequency, and ecology
of the fungus, Two experimental sites were selected for
cach orchard. Kidney bean was used as the indicator plant
at one site, and sesame was used at the other site. To
analyze the pathoecological distribution of fungi infected
with ASGV, diseased plamts with typical symptoms and
rhizosphere soil were used for isolation of fungi (Table 2),
Control fungus was prepared and isolated from asympto-

Table 2. Jsolation of suspected Tungal vectors of ASGV from the rhizoplane of pear and kidrey bean growing under and near pear trees

exhibiting PBNLS
{Aj List of soil samples
Sample no. Host Condition Collection area

R-1 Pear ASGVeinfeeted plants Suwon (NIAB'
R-2 Bean Virus-like symptoms Sawon (NIAB)
R-3 Bean Virus-fike symptoms Suwon (NIAST)
R-4 Pear Healthy plants {no visible svmptoms) Suwon (NIASTS

National Institute of Agriculivral Biotechnology

Nationat Institute of Agriculiural Science and Technology

(B) Fungal population densities in the thizoplanc of pear and Kidney bean growing under and near pear trees exhibiting PBNLS

No. of isolates selected

. N &, ”f‘:ﬁfjg ot fX ] t}‘) "a\vmge
e 1 1 i x10') for further testing
R-1 0.83 49 099 11 9
R2 833 13.33 6.66 94 ?
R3 666 14.99 6.66 94 9
R4 202 106 1.49 152 i
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“Table 3, Isolation of suspected fungal vectors from rhizosphere soils of pear trees exhibiting PBNLS

(A} List of soil samples
Sample no. Host Congition Collection area
§-1 Pear ASGV-infected plants Suwon (NIAST')
82 Pear ASGVeinfected plants Suwon (NIABY)
53 Pear Healthy plants (no visible symptoms) Suwon (NIAB)
S-4 Sesame Negative control for this study Suwon (NIAST)

‘National Institute of Agricultural Science and Technology
“National Institute of Agricultural Biotechnology

{B} Fungal population densities in the rhizosphere of pear trees exhibiting PBNLS

—— No. of cfu/g root (x10°) Average No. of isolates selected
1" Exp 2 Exp 3% Exp ey for further testing
S-1 175 225 0.50 1.50 8
§-2 35 425 325 375 g
83 10O 1.50 117 117 0
S4 225 6.00 7.00 6.75 7

matic pear feaves, sesame feaves, and soils surrounding
these plants (Table 3). A total of 69 fungi were selected
for further analysis. Three ASGV positives were sent 10
independent laboratories [Ceneraalbureau voor Schiramel-
cultures (CBS) in the Netherlands and Korean agricultural
culture collections (KACC) in the Republic of Korea] for
identification of cach isolate.

A selected ASGV carrying fungus grew well on PDA
plate and formed ascomata (Fig. 3C). This isolate formed

Fig, 4. Characteristic features of 7. flavus. The conidiophore was
_ branched in a brush-Jike manner, with phialides at the branch tips.
(A} ascomata (B) ascospore (C) antheridia and ascogonia ()
biverticitlale Penicillium sp.

miany circular asci bearing eight spiny ascospores (Fig. 4B).
The sizes of the asci and ascospores were 7-9 x 7-9 pm and
4.4-5.6 x 2.4-3.6 pum. respectively, and these characteristics
were similar to the original description of 7. flavus. Lobe-
shaped ascogonia and antheridia surrounding the ascogonia
showed typical characteristics of 7. flavas, and these
structures were observed in the fungus deseribed here. This
fungus isolate did not grow at 4°C, but grew actively at
temperatures from 25 to 37°C. The anamorphic name of
this fungus was biverticillate Penicillivm sp. (Fig. 4D).
Also, ITS-1 and ITS-2 regions of ASGV-harboring fungus
were amplified and compared with sequences of 7. flavus
(UI8354). The sequences of T. flavus (U18354) and
ASGV-harboring fungus were identical each other (data not
shown), Our results were verified by two independent
laboratories, CBS and KACC, confirming that the fungus
isolated from pear and kidney bean was 7. flavus.

The frequency and distribution of fungi were surveyed
from different developmental stages of Pyrus trees and
under different temperature conditions, Fungi were isolated
from flowers, internal and external tissues of leaves of
ASGV-infected pears, and healthy pears, as well as from
soil around the pear plants. ASGV-harboring fungi were
identified in the surveyed fungal isolates by RT-PCR
analysis. The changes in frequency and distribution of
ASGV-harboring fungi were analyzed by comparison to the
total population of fungi surveyed in this study. The survey
was conducted for three months in different orchards
because pear plants infected with ASGV first show
symptoms during this season. Information regarding the
frequency and distribution of fungi came from total
numbers of fungi isolated from soils and pears, not from



54 Hye-Kyung Stim ¢t 4,

individual plants. from pears flower for three months, A
fotal of 89 and 16 isolates were 1solated from the two
separate orchards, respectively, during this period, but
ASGV-harboring fungi were not detected (data not shown).

The frequency of fungi isolated from leaf surfaces
decreased by 56% for three months. The number of ASGV-
harboring fungi was not affected by temperature changes or
seventy of symptoms, and there were no differences bet-
woeen the two locations (data not shows),

No ASGV-harhoring fungi were isolated from the interior
of the leaves during the month of April, althongh many
fungi were isolated from leaf surfaces during this period.
Relatively more fongi were isolated from the interior of the
leaves In May, and the numbers then decreased in June,
Additionally, no difference in fungal frequency was observed
among the ddferent orchard locations and host plants,

Data regarding soil was quite different from those of
leaves and Howers, Relatively constant numbers of fungi
were isolated from the soil (data not shown). The frequency
of fungt isolated from the soil was not affected by changes
i temperature. The average frequency of fungal isolation
was L3 isolates per gram of soil. The frequency of ASGV-
harboring fungt was similiy to the pattern of total fungal
frequency. Soil contained relatively more ASGV-harboring
fungt than did flowers and leaves,
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The pathogenicity to pear trees and other experimental
hosts of the Apple stem grooving virns Kovean isolate
(ASGV.K) carried by a fonpgal vector, Taloromyees
Havus was examined. ASGV-harboring T, flavas indueed
mild symptoms on virus-free pears. Symptom severity
was intermediate bebween pears showing typical PBNLS
and virus-free pears, Ten cultivary of Phaseolus vulgaris
showed 38%-90% infectivity by direet infiltration into
leaves and rosts by ASGV-harboring 7, flavus. Appli-
cation of fungal cultures to soils showed 0%-70%
infectivity depending on the £ vulgaris coltivar. Sap
extracted from ASGViufected Chenopodium quinoa
induced similar symptoms on F. vulparis at 25 days aflter
inoculation. Similar symptoms were also detected on P
virlgaris which were inoculated with ASGV-harboring
L. flavus. When healthy P vulgons leaves were challenged
with sap extracted from P vulgenis leaves infected with
ASGV-harboring T flavas, typical symptoms were
observed, These dala suggest that T, flavus mediates the
transfer of ASGY fo host plants,

Keywords : Apple stem grogving vivus, pear black necrotic

feat spot, kawm VHIgOris, i’ésa’f:;mrm‘*feﬁ ﬂfi 1
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Recently, we reported that pear bk necrotic feal spot
(PBNLS) could be caused by Apple stem grooving virus
{ASGVY) (Shim ef al., 2004). However, there was no
mformation about the viral vectors and  transmission
manner of ASGY on pears.

Twenty plant virtises are currenily known 1o be transmitt-
ed by fungal zoospores, and, in nmaany cases, this 1 their
primary or only means of transmission (Adams, 1991). This

’*“Guff%paﬁdzng author,
Fhone) +82-31200.7866,  FAX) +82.31-200.7810
E~-mail sukchan@skkuackr

by

is a testament to the efficiency of zoospores in locating a
host. However, the vectors belong 1o just three geners,
Oipidinm (Chymdiomycota), and Pelymyaa and Sponpospera
(plasmodiophorids). These fungi are common and usually
symptomiess parasites of roots, and thetr significant foanre
as viral vectors is that the encysted zoospores germiinate 1o
relense a naked profoplast into the plant {Alexopoulos et al,
1996), Fungi (Oomycota) that produce walled hyphae from
ZO0Spore Cysis appear 1o be incapsbie of acting as viral
VECTOTS.

Contrary 1o these studies, von Wechmar of al, (1992)
have claimed that three viruses are transmifted by higher
fungt (Erasnus et al., 1983). They observed that wedo-
spores of P graminis ririci (sterarust of wheat) transmitted
Brome mosaic virus (BMV) when uredospores developed
on plants that were simultaneously infected with stemrust
and BMV (von Wechmar, 1980 Emsmus and von
Wechmar, 1983). Additonally, they showed that frans-
mission of Maize dwearf mosaic virns (MDMV) to new
maize seedlings by wedospores was raaintained for theee
successive years {1988-19913 in g plant growth toom.

Talaromyces flovus ks considered a member of the higher
fungl. T, flavus (anatorply Penicilliun vermsiculatum) is an
ascomycetons fungus, and is the most common species of
Talaromyces, which s found throughout the world in soils
of warmer climates (Murray e al,, 1997). Tt first aftracted
attention as a parasite of R}u;;,:;:,.mma sodani because 1§ was
found to coll around the hyphae on agar plates, penetrating
them and causing localized disruption. However, recent
interest has focused on ils potential 1o control the vascular
wilt pathogen, Yerticillium dahlive (Marois et al., 1982), 7.
Jlavus invades the melanized microsclerotia of V dahlice on
diseased moots and sporalates on the surfuces of these
steuctures, 7. flavus has often been found in soil, but the
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pathogenicity of T) flavas and its ability to act as a virys
ransmitting vector have nol been reported previously, A
few studies have suggested that higher fungi such as T
Jrvas deliver plant viruses, but more definitive studies have
ROt appeared.

Here, inorder to investigate why and how the number of
PBNLS digease was increased in fisld we show that ASGY
could be transmitted by T flavies as 4 putative vector, We
also developed an experimental host system to induce
symptoms and investigated the transnussihility of ASGY
&3}%’ mt}miaﬂﬁg hmt phmh& w&i‘z ASGVﬁhmbﬂrmg mng:

....................

Materials and Methods

Seeds. (. guinoa seeds were obtained from the Nationgl
Horticuliral Research Institute. P wilgariy seeds were
obtained from the National Seed Management Office. The
ten cultivars of Phaseolus vulgaris used in this study were
Kyungm 1, Kyunggt 2, Kyunggi 3, Kyunggi 4, Kyunggi 5,
Kangnangkong 1, KGP 6029, KGP 7039, Chungye 20,
Chyusigye 23, and Sansung.

Fungal transmission tests. Jsolates of virps-free and virus-
infected 70 flavuy were grown on potido dextrose agar
(PDA) for 14 days. Conidial suspensions were prepared in
distilled water containing 0.01% Tween-20, P vulearis, C
qudnoa, and N, tabacum seedlings were used as test plants
for viral wansimission. Soils were autockaved gt 121°C for
15 muin and dried at 63°C. The seedlings were supplied with
modified Hoagland and Arnon solution {(pH 7.0 daily, and
were cultured i a growth chamber at 25C under a 16 b
hght/8 h dark eycle (Tamada et al., 1989). When seedlings
reached the 4-6 leal stage, plant leaves were inoculated with
fungus. or Hiquid fungal caltures were applied 10 the soil,
Leaves were given a wound of approximately T mm in
tength with a sterilized scalpel and were inoculated with 10
L of conidial suspension (1x10° conidin/ml} or a 0.5%0.5
mim mycelial block. Inoculations were performed with 3
replicates per leaf. fnoculated plamts were kept in a plant
growth room with high relative humidity (approx. 70%;)
maintained by an antomatic humidifier. To prepare an
inocuium for soil applications, 10 gl of conidial suspen-
sion {1x10° conidia/ml.) was introduced into 250 ml of
PDR and incubated for 14 days.

RI-PCR. To detesmine the possible tansmission of ASGY
by T flaves, RIPCR was carried owt on fungl and
moculated plants. A single eyele {consisting of 10 min at
T0°C, 50 min at 42°C, 3 min ot 95°C was used o reverse
franscribe 5 pg of RNA freated with RO-1 DNase
(Promega} in a reaction volume of 30 gL {10 mM Tris-HO,
pH 8.3, 50 mM KL, 3.5 mM MgCh, 500 uM cach dNTP,

0.4 units RNase inhibitor/uL, 1.25 units reverse transcrip-

tase/ul.). The resulung ¢DNA (5 pL) was then subjected 1o
PCR amplification (5 min at 92°C, followed by 30 ¢veles of
20 at W0C, 40 5 at 37°C, 40 s at 72°C) using Hi-Fidelity
PCR amplification reagents (Roche), Primers for amphifi-
cation of ASGV were designed based on the nucleotide
sequence of the reported ASGY (AF465354). The primer
pairs used for the amplification of the coat protein (CP)
weare: ASGV-PL, 3-CAT ATG AGE TTG GAA GAC GIG
CTT C-3 and ASGV-P2, 5-CTC GAG ACC CTC CAG
TTC CAA GIT A-3. The resulting PCR product was
sabcloned into the pGEM-T Easy vector (Promega),
accordimg o the manufacturer's Instroctions,

Dot-blot hybridization. Dot-blot hvbridization was used o
detect ASGV in plants and fungi. The guality of the RNA
was checked on a 1% agarose gel alter denatration for 1)
min at J0°C i 5 M wren. The RNA concentration and
purity were determined by UV absorbanve, RNA sampley
{11X) ng} from soil %;am;;zlm and from pure fungal cultures
were denatured in three volumes of 2% gluteraldehvde in
50 mM phosphate buffer {pH 7.0% and applied in duplicate
to Hybond-N+ positively-charged membranes {Amersham
Pharmacia Biotech) using a 96-well Miniford I dot-blot
system (Midwest Scieniificy under vacuum pressure. The
membranes were air-dried prior to hybridization, A [¥PIACTP-
labeled pASCP clone was used as the probe. Unincorpo-
rated mucleotides were removed with a noclesc acid removal
ki {(hagen), according o the manufactures's instructions,
Membranes were pre-hybridized in Perfect Hyb Plus
hybridization buffer (Amersham Phanuacia Biotech) for 13
min gt 42°C before adding the labeled probe. After
overpight hybridization, membranes were washed twicein
100 L. of & wash solntion consisting of 1x S8C {015 M
NaCl, 0013 M sodium cirate} and 1% sodium dodecyl
sulfate at 42°C. Each membrane was then washed for 30
mant e 200 ml of the wash solution at the specified wash
remperatire for each probe, Afler washing, the membranes
were alr-dried and exposed o ﬁ]m fm 2 days at HPC.

B L o P A P A e

fiuietetegutupatl A e R0 A,

Results and Discussion

To compare PBNLS symptoms with those of pears infected
with ASGV-harboring T flavus, three pear tree realmentis
were used. Ten scions from healthy plants were top-grafied
opto healthy rootstocks gs controls in this study, Two
expenimenial groups consisted of ten bealthy scions top-
arafied onto plants that had shown signs of PBNLS, andten
healihy plants that were inoculated with ASGV-harboring
L flevus.

?BN’L&M@ wmpmtm dw&lagm in 'Ehf: ﬂxgmmemai
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Table 1. Infection rates of pear trees inoculated with ASGV-harboring fungal isolates and top-grafting

Methods N G infected” severity* bp RT-PCR
Top grafting (Healthy plans) B . 0 0 - -
Top grafting (Indicator plants) 10 70 3.5 6 months +
Virus-infected fungus Inoculation 10 20 2 6 months +
“‘number of plants treated

“{number of plants showing symptoms/total number of plints treated) x 100
‘degree of symptom development (0; no sympioms, 1; mild symptoms, 2; moderate symptoms, and 3; severe symptoms)

‘DPL {days post-inoculation)

were produced on the leaves of seven out of ten scions
grafted onto PBNLS infected plants. Typical symptoms
were observed on leaves of the top-grafted scions and were
used as positive controls {Fig. 1D). PBNLS-like symptoms
also developed in plants infiltrated with ASGV-harboring 7.
SJlavus. The symptoms were similar 10 those of the grafted
plants, but were relatively mild overall (Fig. 1B). In the
case of the PBNLS infected plants, necrotic spots became
much larger due to fusion of the lesions (Fig. 1D). None of
virus-free fungi infected pears or virus-free scions of pears
developed symptoms (Fig. 1A, 1C). These data indicated
that ASGV can be transmitted both by grafting and ASGV-
harboring T. flavus. This was the first report about the
ASGY wansmission by fungus, not by grafting.

RT-PCR was used to detect the ASGV CP gene and
confirmed the presence of the virus. RT-PCR using CP gene
specific primers was performed on total RNA extracts and a

Fig, 1. Symproms caused by virus-infected fungi and grafting, (A)
Virus-free T flavas-infected pear, (B) virus-infected T flavus-

inoculated pear, (C) Virus-ree pear tree, (D) Virus-infected
- indicator plants.

PCR product of the expected size (714 bp) was amplified
from plants grafied onto PBNLS infected plants, but not
from healthy plants (data not shown}, Symptomatic leaves
of plants inoculated with ASGV-harboring . flavus also
produced a 714 bp PCR product. The PCR products were
sequenced and compared with ASGV (AF465354). These
sequences showed extremely high homology (98%) to the
ASGV CP sequence in the database (data not shown).

To study the complex interactions among host plant,
fungus. and virus, we used the experimental hosts £, vulgaris
and C. quinoa which are susceptible o ASGY as well as to
virus-infected fungi. N, tabacton was also tested to deter-
mine whether it could be used as another experimental host
{Table 2). N tobacum was asymptomatic to ASGV-
harboring 7. flavus. In this study, two inoculation methods
were applied for investigating which organs could be the
possible route for infection by ASGV-harboring 7. flavus:
(A) mechanical inoculation of fungi onto the leaves and (B)
direct application of suspension-cultured myeelia to the
soil. Ten cultivars of P vulgaris showed 35%-90% infec-
tivity when they were inoculated by direct inoculation intwo
wounds on the leaves (Table 2A). Direct application of
fungal cultures 1o the soil produced infection rates of 0%-
70% among the different P vaulgaris cultivars (Table 2B).
Infectivity varied depending on the method of inoculation
and the P, wvulgaris cultivar, due to specific interactions
between P vidgaris, ASGY, and the ASGV-harboring
fungus. The Kyunggi § cultivar showed the highest rates of
infection under either method of inoculation and. thus,
should be a suitable experimental host for future analyses.
When leaves of two other herbaceous hosts, C. guinoa and
N. tabacum, were inoculated, or when liquid cultures of
fungus were applied to the soil swrrounding the plants, the
plants were not infected to the same degree as P vadgaris
{Table 2). €. guinoa showed 21% infectivity when fungal
cultures were applied to the soil surrounding the roots, but
the discase symptoms were not clear and a refatively long
amount of time was needed for symptoms to appear. N.
tabacum was not infected by ASGV regardless of inoculation
method. In all cases, inoculation of leaves induced disease
symptoms faster than inoculation of roots by application of
fungal cultures to the soil.
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Table 2. Infection rates of various P, valgaris cultivars inoculated

with ASGVeharboring fungal isolate
(A) Inocalation of fungus onte the leaves
Plants N' % infected® severity’  DPI RT-PCR
Phaseolus vilgaris
Kyungei | 20 85 4 0+
Kyunggi 2 20 85 3 17 +
Kyunggi 4 20 8 4 12 +
Kyunggi § 20 90 5 10 &
Kangnangkong I 20 50 2 17 +
KGP 6029 20 75 3 11 +
KGP 7039 ;) S 3 14 +
Chungkye 20 20 50 2 20 +
Chungkye 23 20 50 2 20 B
Sansung 20 35 | 23 +
Chenopodium quinoa 14 0 KO D
Nicotiana tabacum 14 0 0 ND  ND
“mamiber of plants reated

"(number of plants showing symptoms/total number of plants treated)
x 100

“degree of symptom development (0 no symptoms, 1; mild symp-
toms, 2; muderate symptorns, and 3; severe symptoms)

“DPI {days post-inoculation}

“Not determined

{B) Application of fungal culture to the seil.
Plants N' % infected severity' DPF. RT-PCR

Phaseolus vulgaris

Kyunggi | il 50 2 14 +
Kyunggi 2 10 50 I 20 +
Kyunggi 4 10 50 2 16 +
Kyunggi 5 10 70 3 14 +
Kangnangkong 1~ 10 20 1 19 +
KGP 6029 10 40 2 16 +
RGP 7059 10 40 1 19 +
Chungkye 20 10 NDY 0 ND 4
Chungkye 23 10 ND ] ND &
Sansung 10 0 0 ND ND
Chenopodism guinoa 14 21 H 2 +
Nicotiana tabacwm 14 0 0 ND ND
‘number of plants treated

“(number of plants showing symptoms/total number of plants treated)
x 100

“degree of symptom development ((; no symptoms, 1; mild symp-
tomss, 2; moderate symptoms, and 3 severe symptoms)

“DPL {days post-inoculation)

“Not determined

Sap extracted from ASGV-infected C. quinoa induced
similar symptoms on P, vidgaris at 25 days after inoculation
{(Fig. 2B). Symptoms were also detected in P vulgaris
treated with ASGV-harboring 7. flavus (Fig. 2D). When sap

Fig. 2. Comparison of symptoms on leaves of Phaseolus virlgaris
at 25 dpi. The leaves on the left are buffer-inoculated leaves (A),
(C} and (E) which served as the negative controls, and the leaves
on the right were inoculated with (B) infectious ASGV plant sap,
{D) ASGV-harhoring 7. flavus, and (F) plant sap from ASGV-
harboring 7. flovas infected Jeaves.

extracted from P vwigaris leaves infected with ASGV-
harboring 7. flavus was used to inoculate new healthy P
vielgaris leaves, similar symptoms were observed (Fig, 2F).
However, P2 vulgaris inoculated with mock treatment (Fig.
2A), ASGV-free T. flavus (Fig. 2C), or saps from ASGV-
free . flavus infected P, vulgaris (Fig. 2E) did not show any
disease symptoms, Collectively, with the data of Fig. 2, we
concluded that (1) ASGV can be transmitted by 7. flavus
and (2) the symptoms shown on £ vulgaris, pear, and C.
quinoa (data not shown) were induced by ASGV-harboring
1. flavus, not by 7. flavus only.

The plant samples shown in Fig. 2 were used {or RNA
isolation, and 5 pg RNA was used for dot-blot hybridi-
zation to detect the presence of the virus (Fig. 3). ASGV
was not detected in plants treated with the virus-free fungal
isolate or mock-inoculated (Fig. 3). However, ASGV was
detected in all symptomatic leaves (Fig. 3). Taken together,
these data indicated that 70 flavis mediates the transfer of
ASGY into host plants by ASGY harboring T. flavas
infiltration. With limited information and data about virus
transmission by fungus such as 7. flavus, we could not
explain the mechanism of ASGV transmission ‘from plant
to plant” and “from fungus to plant’. But the challenging of
saps from ASGV infected C. quinoa on P vuigaris,
infiltration of ASGV harboring 7. flavus on P. vulgaris and
re-inoculation of saps from ASGY harboring 7. flavus
infiltrated leaves showed the symptom induction and
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A CP 9-2

Fig. 3. Dot-blot hybridization of 1otal RNA exiracted from
Phaseolus vulgaris. (A) Total RNA extracted from symptomatic
leaves treated with plant sap from ASGV infected plants; (B) total
RNA extracted from P, vidgaris incculated with ASGV-harboring
T flavus; (C) wotal RNA extracted from P widgaris inoculated
with plant sap from leaves inoculated with ASGV-harboring 7.
flavus. Duplicate membranes were hybridized with specific
probes for the coat protein (CP) region and the N-terminal (9-2)
region of the viral genome. H indicates a healthy plant. ST and S2
are two independent symptomatic plants,

ASGV accumulation in all three trials, demonstrating that
somehow ASGV could be transmitted by ASGV harboring
T. flavus.
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Tolaromyces flavay mediates the transmission of Apple
stews grooving virus (ASGY) to several host plants, The
ASGV.F carried by 7. fluves was partindly purified from
the fungus. Based on sequence analysis and homology
searches, this is closely related to other ASGV strains
isolated from host plants. The partially purifi

ied viral

coal ;m:aieiﬁ (CP) was separated on a 12% SDS-
polyacrylamide gel and analyzed by Western blotting

with an ASGV antiserum. A single band at 28 kDa
reacted with the ASGY anfiserum, The deduced amino

*.1 showed conserved domaing,
binding helicase motif, GFAGSGKT.

mz:ium an NTF

‘The amino acid sequences of the heliease and CP

showed strong homology to other ASGY strains (98%).

All ASGYV isolated from plants and fungi had salt
bridges composed of the CP and the GFAGRGKT motif
of the hiﬁli&&ﬁﬁq which are commonly conserved in plant
viruses. These results suppest that ASGV-F is one of
ANGY s;irams isolated from 7. flavus based on sequence
similarity as well as the serclogical analysis of CP,

Keywards 1 Apple stem grooving vivus, cout protein, helicase,

Tiloromyces ﬂamz‘;

e WW%WWMH&{M o KR 0 - i o i e e e i A B KA Ak . et e L o o oo

in the previons studies, we reported that Talaromyees flaviy
served as a vector of Apple stem grooving virus (ASGV),
and transmtted virus was also infectious to the host plants,
ASGV usuaily latently infects Rosaceae fruit trees such as
apple, pear, apricot and cherry Yoshikaws et al., 1996).

ASGY coused apple wop working disease in Japan and

miuced decline syndrome 0 Mitsuba Kawdo {Muadus
sieboldiny, a wootstock of apple trees (Lister,

”{ﬂmsmn&mgamhﬁr -
Phone +82-3 129007866,  FAXY 28231200747
Fe-muubisukehan®@skko.ackr

1970), ASGV

is pransmitted by grafiing and mechanical inoculation into
susceptible hosts such as Phaseolus vidgaris, Chenopodivm
guinou and Nicotiana glutinosa (Lister, 19705 ASGV has a
monopartite genome consisting of & 6.5 kb, single stranded,
plus-sense KNA that is ' capped and 3' polyadenylated.
ASGY RNA contains two overlapping open reading frames:
ORF] 6.3 kb) and ORF2 (1.0 kb}, which encode proteins
of 241 and 36 kDa m molecolar mass, respectively
{ Yoshikawa et al. 1992 Ohira et al., 1995}, The larper
ORFI encodes an ‘*‘:ip;wmﬂy chimeric pfﬂvpmwm contain-
ing at least two conserved regions: the replicase (Rep)
region contains several domains (methyleansferase, papain-
like protease, NTP-binding helicase and RNA-dependent
RNA polymerase domains), which was charscteristics of
viral Rep. The coat protein (CF) region s located at the C-
terminal end and containg ypcad m{ﬁiﬁ& of P (Yoshikawa
et al,, 1992 Ohira et al., 1995). ORF2 encodes a protein
with conserved matifs for both movement proteins (MP)
and viral proteases (Yoshikawa et al,, 1992; Ohia et al,
1995), The expression strategies of &hﬁ% ORFs are not v
well snderstood.

Most mycoviruses have dsRNA genornes, either encapsi-
dated in particles (Buck, 1986}, present as unenc &{}ﬁiﬂaﬁ%{i
forms in the cyioplasm {Ahn and Lee, 200D, or found in

'i‘:hs;, mtochondnal fraction (Hong et ab, 1998 Lakshman e

. 1998}, Rarely, single-stranded Ri‘%fa {ssRNA} penomes
%mve been mg&«z}md i mycoviruses: only four ssRNA
mveoviruses have been identified to date. The Muslreom
bacilliform virus (MBYY was found in Agaricus bisporus
(Tavanizis et al, 1980; Revill et ol, 1994), wnd the
Swfmﬁﬁfﬁhm? mgcrospora Virgs B (SmVB)Y was isolated
from 8. macrospora, the pathogenic fungus mwm?ﬂ for
ﬁﬁwm mzﬁldﬁ:w in yﬁmmm% pi&mt& {Y{}kﬁi et ul., 2*&?‘}3‘}}
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tant pathogen affecting » large mumber of economically
mportant vegetables, flowers, and fruit arops (Robyn et al,,
001). Cyster mushroom spherical virns {OMSY) was
solated from a cultivated oyster musheoorns, Plawrotus
ostreatus. This virus was associated with the recent
epidemic of oyster mushroom die-back disease in Korea
{Yu ¢t al., 2003).

Here, an ASGV-F was puntfied from T. flavas. We
confirmed that this strain possesses the highly conserved
helicase, RNA-dependent RNA polymerase (RdRp), and
coat protein (CP) domains found in other strains of ASGY.
Phjg logenetic analysis showed that this ASGV-F was indeed

a strain of ASGY. This straia also showed relatively high
sequence homology to the famentous form of BVF when
the coat protein sequences were aligned with those of the
ssRNA mycovinuses,

The strains of 7. flavas used in this stady were 2-3 10-A
as an ASGY harboring fungus stran and 16-0 VP a5 a
viras-free T flavus. Both ASGV-F harboring 70 flaves and
virug-free strains were maintained on a selid medium [3.9%
wiv potato dextrose agar (PDA), Difeo, USAL Preparative
cultures for RNA analysis were grown for 20 days at room
emperature under a 16 h licht8 b dark evcle, with
celiophave on e agar surface o permil  mycehal
harvesting, The viras was purified based on the method of
Kim et al. (2003 with some modifications. For pusification
of the virus, the mycelia grown in 250 ml of potato
dextrose broth (PDB) at room temiperatuce for 20 days were
collected on 0.45 pm filter paper {Whatman) via vacuum
filration, followed by two washes with distilied water.
Using 4 mortar and pestle containing lguid nitrogen, 100 g
of the fupgal mycelia were fincly ground, and was
transferred 1o a centrifuge twbe, and added with 0.1 M
sodivm phosphate buffer fpH 7.0}, Cell debnis was removed
by centrifugation at 12,000 rpm for 30 min in a Sorvall
GSA rotor, The virus was precipitated with 6% polyethyl-
ene glyveol IMW, 80003 and 0.15 M sodium chioride on e
for 12 h, and then centrituged at 10000 g for 20-min. The
pellet was resuspended in the sume bulfer. Following
another low-speed  centrifugation, the supernatant was
centrifuzed m a Beckman 70 Ti rotor at 30000 rpm for 3 1,
The pellet was resuspended in the same buffer, and then
subigeted to 20% sucrose density gradient centrifugation
using a SW.27 rotor at 24,000 rpm for 3 h. The virus band
was eollected and concentrated by contrifugation at 30,000
rpnt for 3 b ina Beckman 70 T rotor. The virus preparation
was stored at -70°C ol wse

For viral coat protein analysis, the purified virus was
mixed with an equal volume of 1x sample buffer (30 mM
Tris-C1 pH 6.8, 100 mM dithiothreitol, 2% 5DS, 10%
glycerol, 0.1% bromophenol blue) and heated for 5 mim at
100°C, Further amalysis followed previously published

methods {Shim et al., 2004), In order to chameierize the
viral ¢cDNA, BNA was extracted fromy cultures of virus-
infected 7. flgvuy stain 2-3 10-A grown in PDB. Primer
pairs for the amplification of ASGYV cDNA were designed
based on the nucleotide sequence of the reported ASGY
strain {£214993), The following primer pairs were used for
the amplification of helicase (3-AGC GGL ATA CAA
TGO GOT AA-Y & 35TGG CACTGG CAA COT CAA
A3, RdRp (S-ACT TITTCT GCCTOGG ATAGCTY &
§S-CTG TCT TTC ACT CAT CAT CTT G-3'), and CP (5
CAT ATG AGT TTG GAA GAC GTG CTT C-3, and 5-
CTC GAG ACC CTC CAG TTC CAA GIT A3, The
single PCR products from each amplification were
subcloned into the pGEM-T Easy wector (Promega),
according ko the manofacturer's instructions. ¢DNA clones
were sequenced in both forward and reverse directions.
Sequence ahignment was performed using the CLUSTAL
W program (version 1.8} (Thompson et al., 1994). Helicase,
RdRp, and CP regions were aligned independently of the
entire  replicase  ahignment.  Unrooted  paighbor-joining
thstance trees were constructed using the NEIGHBOR
program. Sequence identity and simulanty mnalyses were
carried out using BLAST 2 and CLUSTAL W, The "tymo-
like' virus group, composed of isomeinic particles, included
genera Tymovirus and Marafivirus. The *potex-hike™ virus
group, composed of flexuous rod-shaped particles, included
genera Capillpvives, Foveavirus, wnd Trichovirs, The
ssBRNA genome mycovirus group includes Mushroom
baciliform virns, Botrvtiy virus F, and Seelerophthora
macospora vinus B

In previous stuchies, we found that Tidaromyees flovus
could transmit ASGV 1o unintecied host plants. Ths study
represents the first molecular charactenzanon of the ASGV-
F harbored by T flavus. The virion, which was present al
very low titers in the fungus, was isolated and patially
purificd. The resuits of the ¢DNA sequence analysis and
homelpgy searches indicate that the ASGY -F i closely
related 1o other ASGV sirains,

...............

Fig. 1. Western blot of viral prowins separated by u [2% 306~
polvacrylanade gel electrophoresss. M, low range  standarnd
prarkers, {Gibeo) The viral CF recognized by the anASGY
serin is noded by the arrow.



262 Hye-Kyung Shim en 4l

PRI o o o R I P RO TR T, SR S P AR TR0 RN N
BEREK, ﬁwﬂ?wmﬁmzwﬁgmhwaw;mwwm?w?m PPEDGRLLTRIR.

%- '# a\-'&- 3 Kt ¢v$ 3 lﬁ :. :* % :{\5:;'. H

lﬁﬁ;ﬁf&ﬁ ﬁf PPN S T AR R A e AT o s e S G Mt e L W kb 6 ?E!?.-% W%@ﬁﬁfqﬁ?ﬁhf’mﬁﬁf{egﬁaﬁmiw
RO 4 ?&2%‘; R AR R B L Y PR S B PR R T iﬁ'ﬁﬁﬁ%ﬂﬁﬁﬂ‘*%?%ﬁ

] '\r‘?‘ ¥ > w ;-.i‘r‘

‘\.Ly '\.\. F-i.nf.,,;.r.,‘. o A.':

API-H WAV T G R o - BBV RETERPYAS ‘&‘ﬁ?‘?'fi‘m - TYYEHE
R RS A fiﬁ ST ORISR R AR e fifﬁﬁﬁ.égf“m‘%ﬁ‘ﬁ?‘hki i ?‘%i E'F""i;s; L
oy Uk RETENCEE ¥
RBGY % ‘Ef iﬁﬁ’jﬁ e »ﬁ %i}s}ﬁ‘”é‘ﬁ“’%&?ﬁ? L REN, ;E’L%i.w
HEREE FDIRNIFETIFED ’?ﬁ*ﬁ.ﬁ’i“*‘%ﬁ*t m’i;ﬁﬁ%‘ FEERTEN 'i’”“ z”? @ﬁ*ﬁﬁ JERFY ?ﬁ}?ﬂﬂ’%«i ¥

= :l:-
a0 21 o * L0 2 a o '@ % V¥

ARGV B LRINR- rin e st R Hi&.imiw‘a?ﬁ&:?&i‘ﬁiﬁ%f%ﬁﬁﬁ&fLihh
BEEE-E ﬁﬁfﬁﬁﬂhﬁ?m%@@?ﬁﬁﬁﬂﬁeﬁm ‘*5::-& FRHYF SRR AR PR SR LS

r é@s$¢p$ﬂ$;ﬁ;u¥§$;¥1$¢ﬁx

B M Eﬁéé}ﬁﬁ‘?ﬁﬁmﬁﬁﬁﬁ PHEBLETYRE ﬁ”“%&x?«%&ﬁ* SN EERDY LB ER
BEEY - E EMRLLIRR DRV IRV STYRAULETANRARRY %%&Lﬁﬁ%ﬁi&%ﬁﬁi%&ﬁr
L Y R AR X s R R s L N ¥ e T E T E e
ARGEY-E GUROENPR N L KF“"’%}W?EE” GAGFFEFTEPHLARRIANGLAMGIR
S8 GERPE &Wﬁm‘”ﬁﬁ AT ST QPR TSV IRLR R AN AR
k&&&&&s&&é%&$$&$v¢&¢m&§E*w#E&}vxarﬁ.;ﬁ;&+hgx@#ﬁ*¢}mg$$$$$$$&
BAHE FRIRT RN N HA P TR v v et e
E e RN RS R PO A R S TP E e SRR SR S G?ﬁ?&%ﬁﬁﬁff&m %‘v‘i}%@}’&i’? ,P},»
FEIXFA LA E R LRSI AFROL ARG
BEH M 2 v v o o P PERE T T SR EP SR LS HAD SN AP
ES-F PR TR LI AN DY S VR AN BRI RE I LERR v’*%’ﬁlf ?iaf‘? ‘*a;’i LAY

* !: -&v* y E ;

-'c:lw-

R R € E‘ﬁiﬂ%%&‘“h*ﬁﬁmﬁﬁﬁﬁhw SRR
ASRE K SPERRRY RN R PP SRR B P LT S B R PR

[ T ¥ 'I"f
> B

R L . LA TR LR L RS PR T

LI e
?sa}'ﬁf‘t"&ﬁ"ﬁ v Ve R RS L AR AL LR AR G b b e e T LT TR PP TR LR LA TR TR LT TN AN R

LB & ?m ~:"’f "W&ﬁ ﬂaﬁwzm,,wwwmi Eﬁh&l&i’iiiuﬁﬂﬁ?ﬁﬁjﬁﬁmwfim

BRGREBE oe o SR SR L RIRY SR D P T O AR R PR SN,

BIEV B OPEOT “”“"E?“ﬂs‘c“a.ﬁﬁ%ﬂ’ Y VAR L R R T LR L L At i e
v ST 13, e 5. 0r Moi..izh

BRCHEnSE BUHDG o - R BIRE LS v s o o o cor s il
LELE -F BMF if%@“ﬂ??”?é%%?ﬁ}%aﬁ%’@ﬁ SLLrip hﬁéw*“ﬁﬁw“@ RS *ﬁ_-ai FROHERS ‘i.*‘z‘a‘%aﬁL
o 5- - i :l -~ :F 1 [ * S: ” *‘:ﬁ
AT g_fﬁf”i * et e ee ee ve ey e s e
L R m’*@fﬁﬁwﬂ GRUERLA SV R LT ATIR e AR DT
44ﬁ4$4$ﬁ;1&x
EEGV - - EVEVERIGLY PYuRipRIRE FALEYM S %ﬁfﬁ“’i‘ﬁi&%ﬁi?ﬁﬁfﬁi‘iﬁE?E‘;fﬁa?iﬂ*{;‘:-i"‘irféﬁ
LEAV-F ﬂ!iﬁ‘ﬁ? f*’“ﬁbs.ih‘a’ LR NG REFC R S QT L N R T S R S N e SR
w R E R TR I fy ?ar * & ;>i .0 & i, AE T ERE R
AR RYVIENSSFS-LADANY %’;gu e bR SRR
Fod, BYVEARIIRLLURTRELD mﬁ}”’”ﬁﬂ} iiga& "“{??’;ﬂw‘ w‘iﬁ‘fﬁ’mfﬁﬁ*ﬁﬁ E‘%’F‘k
FrE ok ﬂ;ﬁ; <k ®y
%ﬂﬁ'fﬁ vee ee e e e s - %(_Lﬁ ";ﬁ'ﬁ-*'&}f e ‘;{?,ﬁ% JF%’* .
B - E E&%ﬁﬁ%‘“ﬁﬁ? zf‘i?* W ‘a«‘ﬁﬂ R *"1 &‘.;??mﬁﬁ ¥Y k*“”fﬁwmmxﬁﬁ ‘“"‘zu.{*u b H&;‘sﬁiﬁé’@“ PR
'3: I‘r : FIR- 2 - b r ¢ &
m;{;?f;---ﬁ BRI TOULEG A o o v v v 8 e i v »
ARGY-E RIVRITREEY "“*”af f:”‘* SLEEL ‘;s?' ST Ny auh%ﬂ f’aﬁh J‘T*E;‘s’{‘ sf&‘%aﬁﬁg,?sﬂ% VST

&, ¢ a9

'Ai?ﬁflh"" Tle e T S e el e e W R LW LN e edm o M b4 ad od rb ord pr bk Tl omE Em EE EE EE Ea oLE oW

T D U L R DA A o e e we AT brice
b ',SJr,rJ. ﬁ R - LTI U LR L S S A ﬁfr-?ﬁ?ﬁf% }3‘:4‘_7;):1. ;#’?‘:?&.‘:jgnﬁf‘.}"" W Fm omromm w1 owE owm Wn e '1.l>",§t:_:;~' i,.? %,&.-,“_ -{d-f':l;?-ﬁ:{:?': M%é‘g
ey 4'{ YRR, A T LR el i ST T T g WA B I A p ik S e 8 oy S e
B R T AN R RSN R TR 3 AR SR R E T I B R e T AR

:g- $,. o Ao P . PR
- - [ -

rrrrrr

RGP R SRR « oo s ot e SRR PR IR
ARGV K ¥R “ﬂa&?fﬁ?‘ﬁ?z’i‘ uﬁﬁmﬁ&%ﬁ "‘4’*‘5‘%5 Kol LEY ﬁﬁﬁ‘wﬁ"‘”}}mﬁﬁﬁ&m‘“ﬁ% K3
&

= .,~$ * j-* » - tA
L] W

Jn.

E?.iéiiwﬂ-éﬁ, LA PRI A S T At R T ’IF%&&@M o e ﬁﬁi&ﬁ&@mﬁ% .::*’””5:”’ RAG
Repy- B BRI R R N S Y B RS s RO R TR RO R R L AR
+ : - : . E-""‘."'.J;.H}#* - -.' o e b £ H s L "“‘*—
é’r s 3 BETER RN BRI R L LEERER - v e e e e ?ﬁzﬂh"’é?
RERY~E Wﬁﬁﬁi‘%&iﬁ»’“ L TTANET SRR RN RN UTR R {F?E-ﬁﬁ%“”?“ﬁf i*?*‘*-f HRPEHLR
N T ¥t
P TR O*fh “”F“é“‘?%‘ ”éw"e IPBIFYIR - v v e ~PEBADPOFRFFE T v v o ma won i won v on
Bidel~ B ATEERFLRSOIECYY LU Eé’ix«?ﬁ‘ﬁm;. IRIGE BT ER I A PR AL LBV

8 = ® K 5 5 % ® K 4¥F

ATV E K “*"% i*s-“"%m, g;ﬁ?‘ﬁ}iﬁ‘iz‘{w%ﬁ’?ﬁa LT A E}“W' FEFERPREERY R Y LSRR
ARG - & RELEAHARERR T NI TEGRR DU Rr MER PR B AR BB Y L LAY CR,

LES RS T RN Y LN L Y A R NN R R R N

}"ﬁia A L AN R DR PR D P eV YR TP T PRI BR R S A B B TR
AGG - FLPEIAVP GRS TR IR P oV RY I TP TR B R VRRGEA S NS R R

ﬁ%ﬁz?#*ﬁﬁ*ﬂﬂtﬁ%#%ﬁ#*ﬁ*E%E#ﬁ*ﬁ*i&#&i%ﬁ&&&ﬂ&&&&kﬁﬂ&*#*tﬁ{ﬁﬁﬁﬁ#

AEGV-R LR LR R R R L TR U M AR LA R B LR RS T P P A T ER A
SR S By L A N B A A T R R B P A AR R L R D Y R PR AT A

RREEEERBRF FIRARE LG ERERBETRIZFERAFREE SRR R DA D B b p b P RBA D LU RS

By WYAFITAICIAMERLY i‘s}%ﬁﬁ‘ / Lﬁﬁéﬁé‘“—ﬁﬂﬂﬁﬁ%&iﬁfﬁ%ﬁ#&“ﬁ&%ﬁ”

BEAV-E BV R A L N e T TR R L P R VP RS S AN B

****f*ﬁii?ﬁﬂﬂﬂakwﬁﬁﬂpﬁrﬁ#*#wfﬁithn&&fﬁtﬁﬁ3wm&gu3&**

Fig 2. Comparison of amino atid segeences of ORF | between
ASGVF and ASGVIK (AYSS6172). ldentics] residues are
incicated by asterisks and shilar redidoes are indicated by colong,
The conserved heboase ot i3 shown I the shaded box, The
alignment was pencrated usig CLUSTAL W,

The partially purified viral particles were separated on a
12% SDS-polyacrylamide gel and analyzed by Western
blotting using an ASGV antbserum provided the by

National Horticoltwral Research Instiste and National
Cheju Agricolural Experiment Station (Fig. 1), One band
at 28 kDa reacted with the ASGV anti-serum, consistent
with (he mobility of the viral OF from pusified ASGY
solated from pears.

The ASGY ORFI encodes 2 241 kDa polyprotein contain-
ing a replicase region, in which all of the characteristic
motifs for methyliransterase (Rozanov et al,, 1992}, papain-
hike proteimase {Rozanoy et al., 19923, NTP-binding helicase
(Gorbalenya and Koonin, 1989), RdRp (Koonin, 1991),
and OP (Yoshikawa ¢t al, 1992; Ohira et al., 1995) arc
Iocated, Specific primers for helicase. RdRp, and CP were
destgned according fo the genome sequences and organi-
zation of ASGY strains previously isolated from plants
{(Shim of al, 2004}, The deduced umino acid sequence of
ASGV-F showed conserved domuaiss, which contain an
NTP-binding helicase motif, GFAGBGKT (Fig. 2. Bura
complete comparison of the RARp amino acid sequence has
not been comducted since a full length ¢CDNA of RdRp was
not amplified, However, when partial sequences of ASGVY-
F were analyzed, these sequences were similar fo those of
ASGVAR (AY396172), which s associated with PBNLS.

The predicied amino ack sequences of ASGV-F showed

B3% similanty to ASGV-K (AYS96172Y and 72%
similarity 1o the ASGVJapan strain (D14995), A BLAST
search revealed that the ASGV-F CP has a relatively high
honmology © sl ASGV straing (98%) (Big. 2 and Fig. 4),

We were not able to detect virus particles in the fungus,
but we assume thet ASGVF has o strocture samilar o
ARGY-K because the ASGV-F CP has a high degree of
aming acid homology 1o the CP of other steains, as well as
conserved residues that have been associated with the
putative salt bridge and corresponding hydrophobic core
found in flexuous rod-shaped ssRNA plant viruses (Fig. 3)
(Dolja et al,, 19915

To compare the phvlogeny and genetic Characteristics of

AUy -S4y { IBR] DIPRMLTERFAY  IBNI aFfWgrwvaR@FaY  § B3
ARGy -Fumg  § 1B CTVERCZERYRG IR a¥fespevaRlirar 4 83
LGV R EED CYPRELLERRALD B8 abiusravaRBAY 1 3%
ASHY - PLAR 2Oy LprELLERrRn {243 vigamevarfEsr {830

194 IGEED L TrBGLIERERE {33 H,,f,ﬁﬁmfgmﬁ ¢ G5

391 EVs sTUBNMSEREAR 11 LUMRAnwvaRDEAas 1 ED
411 8¢ UOiEBY  wisBawiEsrek (24 ynseveinwrliear 1 48
RAPY [ 320 oTaROVCAFYRR I3} TRYAMFOYERFEVES | BX
By¥ P8y oruBmaneyar 198} avesrRavCiBENR D1
MY D OVBAT NELBAHBYERFS  IRBD vybaNeinBRens 1 oA
Srd R PORRB) MIVORISYESVE  IRHD YOULIWELVYNLES  © ARl

Fig. & Amino acid seguence sligmments of coat proteins from
f&’?&{}‘@' i“*‘ ﬁmmm mt.E si‘aagm{i ;:aiam vimw :md %SR;N&
madm {Mg mﬁ mi}, mgmwﬂi} 3 w%&za.h. are W}mm :te;& form
a salt bridge crockd 1o the wertary structire of the protein, ae
shows in bold (modified from Dolja vt al., 19915
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Fig. 4. Pliylogenetic free constructed from shignment of the putative salt brdge region of the ASGVF cow protein. Numbers indicate the
percentage of bootsorap replicates (Ne100) that support esch branch node fonly values >30% are shown). A bar represents {0

substingtions per

100 araine acids. Viruses used in the analysis and their NCBI GenBank avcession numbers are: ASGVK (AYS506172),

ASGV-Jupan (D14995), CTLV {D14455), CVA (X82547, ACLSY (P73, PVT (DIO172), BVEF (NPDASS305, ASPY (D21829),

MBY (N

PO4Z5113, and SmVB (NPR21131)

ASOV-E, the amino acids of the ' terminug were aligned
with other RNA viruses of the Flexiviridae, the family fo
which ASGVY belongs. Flexiviridae comprises Capiflovirus,
Allexivirus, Carlaviras, Foveavirus, Mandarivirus, Potex-
virus, Trichovirus, and Vitvirus, Cherry virus A {CVA,
belonging to the same genus as ASGV ), Apple stem pitting
virus (ASPV), Apple ehlororic leaf spot virus (ACLSY,
which is mfectious © a nomber of Truit frees) and Porate
virus T {PVT, which is serologically similar to ASGY) were
chosen for comparison. ABGV-F was most closely related
iy the ASGY-Korea stramn {ASGV-K) which appears o
cause PBNLS discase, and less closely related w0 the
ASGV-Japan stean which does not cause PBLNS (Fig. 4).
ASGV-F showed a high degree of bomology 1o ACLSY,
which is capable of infecting the same host plants,
mchuding apples. Serologically, PVT showed a sumilarity
o ASGV. Interestingly, ASGV-F was more similar to BVE
a Hexvous rod-shaped ssRNA mycovirus, than © ASPV,
To clarify the characteristics and biology of ASGV-E
¢lectron microscopy {(EM) and a complete genome sequence
analysis are needed. Additionally, it will be imporant to
isolate an infectious clome in future stodies, so that the
mechamsms of virus replication in both fungi and plants,
and virus transmission from plant o fungus, fungus to
plant, and fungus 1o fungus can be betier understood,
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