A 2 AR

1 Moz noldx Axe] DNA 224, ¥AFRY Axulz 2 1)
FzeNdo] 3 A7

o] =

(=3

AAETLE LAFH

g 2 9)=o] WA (Rice Dwarf Virus, RDV) £ g Al RNAY s
AL zAVEL7) 98 polyacrylamide gel A71%9% (PAGE)¥} dot blot hybridization2 A A
9tk 4 RDV A AlE segmento] gt fulllength (DNA ZES AFstaqet.  S2,
S3, S5~S12&= RDV-ANI1& SI, S4= RDV-HZ ©o]&3}] full-length <DNA Z2YS 4
A&t S3~S1271%19] cDNAZHA L Als dsRNAQ] SJAALPCRY (RT-PCR)ol| <o)
A5 RDV-Hel @71 Ee 71228t AAg 38D primerE ARE-St] JHA
Hhgol 93 (DNAE A8k, 59 34 primerE ARS8l PCR o 2J3] <DNAE
ZEZ 59k Agarose gel H7|GE 93] FA3F A}, S3~S12 segment?] full-lengthol)
235 band7} #QIERTh S4, S6~S129] cDNA =Z=24-& RT-PCRAEL PCR #H&
o] A}8-3t primero] HEZ AFEALAZ FISlE, L ATdELZ A28 plasmid
vector pUCL199)] 4+)3tqth. S33 S52] cDNA Z 22 RT-PCR9 2]3] o]z cDNA
o] poly dCHE FH7}sted, o]AL Pst 1 Ho| poly dGHE H7}3F plasmid vector
pUC99)| annealA]# full-length cDNAS AFdtdth  S2& 3,512 @712 g ZAoA
RT-PCRo] )3} fulllengthe] ZZo] Er}5597] 5o, DNATAS RDV-He 7]
e o3 e sTToZRE oF 1,800 Er1d) ' AFEARS Hin dIE ©]
£35lod Hin dIMY AF 9 sFERo 2 LFojx RT-PCRE 335t3ch cDNA mZg2Yd-e
Hin dle) AF <} 55529 PT-PCRAE-E plasmid vector Bluescript II SK-¢} pUC119
o AdsEtgtr. Hin dIl 3HF-3-%-& Bluescript II SK-olf A¢jdl=7of 28l full-length
cDNAS m=2Y35t3rh S1-& Gubular & Hoffmanol] 9]3l] ozl 5sdgdo] BE3 cDNA
£ 7}R plasmid pRDT199] RT-PCRo] ¢J3) ZZ3 52¢e] 800 |E7]|E AtY3=A9)
93] full-length cDNAES =Z2Y3}gc}

S1~S129} full-length A8 02 Xy HFZURAS F=3dh= S4, S6, S10, Sil, Si2
o 3t A ES |83l full-length cDNA probe2} S129] Wolgd 9] probeZ A 23}
o ax Azte) EFRRE F2% Als RNASH hybridizatond dAISIATH £
S129] probeE AMESIHE A% BElFol AE Uehd 249 S #alME S12
o 14 AN G/ FEAAY WolE 2T 81 SIze FMgR
RE ol&se ol del o8] ATFE AU Q¥ AF(IYW, U,
F=, $h)e] EElTE o]83ld, Als RNAQ PAGEd] QoM ojE %o o3 B3
o Ade AP 1AW, AR e ATHEUL Uehie RPFE EAeA 3
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3, 2e AFA YoIHE EeF Ay dedde g3ich 3 vjud 23 3
Z9o] BEFE 27, U, 2gAF0) vude R RIFo He IdFHES Y
etk BlpzuwAL F=dtE 4, S6, 89, S10, Sil, S129] full-length cDNAZE
& A}g3}e, full-length cDNA probeE A &3ttt A Z3H (DNA probeE AHE3}Y, 7}
Bolz=zHE 223 Ak RNAS dot blot hybridizationg AA1Qch. 1A S12¢]
probeE AMR-E A B EF7) 9= EFHG Alage] FiFor At
Az, QBT 9Fe] BIYFHe Aol 7FdHth. & E2Fe] S12¢9] @UHE
o] HEERE wWolrt Be 99(283~38197)) ol B3l EE)F ANILo] &J3) probeE
Azpetel 2R YFEREH F2F Am RNAY dot blot hybridizationS AAIgH A3, o
B, 3o BFe gyd, v, 39 EF Apold o] rbestit =3
Y=o B3 (RDV-KORI1, RDV-NEL19) S128 = 23ste], AG7iaide] 48 AHA|
gtk Ar)5E £ 1066024 P12, P120Pa 2 PI120Pb A7) @i dS 33}
= ORFY HAEE 2 AXFZEC] BEFHY Uth RDV-He} d7uige] F5A4E vl
w3 A3z}, RDV-KORIGA 96.1%, RDV-NELI9|AE 954%<] AEAS Jehidch
RDV-KOR13} RDV-NEL19¢] S129] @rui@zRE odsE opmjxihjge P12,
P120Pa, P120Pbe] 3714 ORF7} RZEEFo] iUtk RDV-He} vlmgk Zx, PllojA|
RDV-KOR1& 94.2%, RDV-NEL19% 91.1%E uYelz2 OPadlA= RDV-KORI, NELI19
B = 968%Z vleh)lch. RDV-KORIS 187#dH], RDV-NEL1I9d|M = 257 wol7t U
ot ZAEF G7MEH ol ikidS 4 AHoE vugt 2y, 48 T
ZRF7re AFAe] dEI v, F3, AAFIH] FeARG A JEhdoh
S129] BB probeAl&tel] ALE-3F G (283~381471)e] |7IWE-& RDV-HS} vl ngh
A3}, AN1& 57d], KOR1-S 4374, CKI8L 974, NELI9E 127d], P& 97t]e] ¥oj
7 Ik FEIAFY PI2E AMSEY AISFE ARSI, FABAE 4% 23
AZEYFE JEELF) 220ES 4351, tE x99 TRy dERYF

S 7HHA Ykt

Sl7} ZEske wuia Pol die AT AMgs ZAAZFNA PI2S) WAL
ZALEFAT). S6o e A A plasmid vector ol A S60] Z=dl= ©iA P6S wEA

A FAE AFstd ZrdHelA P6S) 2AS FABIIG E2ATONA ARG
RDV-AN19] S69] full-length cDNA HAEL F¥ 0 Z3lo], P6 ORFS] 7JA|AZELZFE
A% 3TE7R]] (DNAZ A Zsted, pMAL-c29] EcoR I, Pst I #9)o) A4stuch
pPMAL-c20]] Z 23 S69] ORFZHE] P6-S MBP9t P6ol gtebiides LAz
MBP-P6<]l 3t 8833 A 23l western blot ZA] LEGM A whg-S A A},
P6o] @A 5l pMAL-c2ol 25 MBP-S-gal-a SF A

o 25E 3 MBP-P6 EgoA MBPo| chgt At Pooll ok Al EXE
ok P63} P129] FAE A&t FUA N E immunolabelings AAI5H, A
ol ofs] A2 RE P6 E P129] BHE ARSI 22T FYATE AELT]
T e o]y 2t Holdog whgatA| ¢, AZRZAA AN BRAAG. oA
227 P6 L Pl2e AEZAAA ] sl JeRoE AE}A

il
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2. iRl A2 (o) 3 S ) HY R 3

sqTe)e e ERER A2

xoA vle FA ZAE U2 FEx 7T FLE AFFY st a¥H)
1970} F7158 45 FriolA wivy Sl AUERS SN0 s A
u =

7t Ho g AZdle A= Fedd vt Aulsrtdl 2 g Fn Aok
gt 2 drolxe & Be 9A7EH WANALS Mdetr] A TGRS s,

B

B“M—J% gz oz AP, 483 FAYA VS Fh3A
B ge 59 AR gAde oS AYsn AFe A3 doll, =FA
T 7159 7ZstE Yol 3t Aol AR 64 FEAoE I HAV =2
k. 4L x7]d AAA ) FAntyo] do WA F AHAMOo R Wy F453
Zaog ‘?*;?_E} HFd e Fustste FHxF0] FHHIL I3 7Y Wk
=5 AujE o] 713 B#e AndA M3 I Ax SAFELS HId 23%)
S AAZF vIst] o] oF 49% AAF T, HAe] TANME BeEF
‘E}%“l o
ARy AAE FHI}Y] At AW Yo Ry #&
g Ax F2 Alernaria spp.7} EE]HJh 28 oA FE3 dolle Aag
A7elA Bhdde] AR olHAZIA T o Hoe H A
A7 23 HaA4E Jehidoh meta Axea 93 & °
a1 oA 7oA Eldt #2 A Kikuchiana® 575

ALHWE dodle 8As AR H3A E
3ta, AT EGT dAFe EY o|FstAdS —E—*ﬁ& A EYL8Qd HARe
BAZE AAt. DAF ‘i‘=} d9 ARFY AA ‘5% —“%71%1; &MHE °‘:x}
Zvol zol7b Lk E3F pH 3.0~6.09] <1FAMA
st

B e 6¥o] TAHNVZE 7Y SEHE 227l Ao dAZ F9EY. &g
Hidz 87k AME A dAEo] 14~36%71A AstET. 7 E FAHEAIE &
stz o] AHIT T B2 FHREZ BN 2L ZAJS old BANY
25 E w=ART 433C~4719C7HA Assaot 2 ¥e] wAo] By /1y &
2EE FI BT/ BTHTE £ ST =AAE fFHsIY F4% F o] &
A3 AN F F3F 23T/ 18T AF 71344l wigstd BAo] L 2
Hu AR FAatelMe TR g

flo
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L
£

By AGWHE wel7] AsiA uf AUEo] 2A f [AAE 1THET 2
7 BAAE B2 dHA AT He vrye] Bk £ BT HAFE 7R
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Aoy ARABLS Aday] Yatel B Wl o)gy EFS FWoz wiE o
ATk AAAT FoAA B Wol o}F MPSA WeHT = B P} vs 2

o deNE AP AT AL & AERERE

& AXANETE AUste] PS5 FHst

=
HaAnlo| g A28 EAH3F}7] s 2EAEQA Chenopodium quinoa 5 21
HENED PS95e Y& AAEn

cgl ofy

capillovirus®] 3hJ2 ABztxo] R}

E do Uik gAgy oz B yo AYPHola FA-o| ¢
WA A3 oEFE ol FFez WAAANY WAL ssath wd
PS-958 ol&dix #A Frle Fdo] B We FHFE ALttt £F Aol
o)t} B ulojziAHe] REAAE AUTE BB QojA FHEe] A4t
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3. Identification of Host Range Determinant for Infection of Maize and
3a Movement Protein Sequences Affecting Host Range and Virus

Movement of Cucumber Mosaic Virus

Ki Hyun Ryu
Graduate School of Biotechnology
Korea University, Seoul 136-701, Korea

Cucumber mosaic virus (CMV), a type species of the Cucumovirus genus, is a
positive-sense, RNA virus with a divided genome, expressing five proteins from the three
genomic and two subgenomic RNAs. RNAs 1 and 2 are required for replication while
RNA3 encodes two proteins, the 30kDa 3a protein (movement protein) and 25kDa 3b
protein (coat protein), both of which are involved in virus movement. The numerous
strains of CMV have a collective host range of over 885 species in 65 families, including
monocotyledonous as well as dicotyledonous plants. Some strains of CMV are able to infect
maize. We focused to identify the viral sequences involved in resistance in maize to the
M-strain of CMV and analyzed the nature of the mechanism of this resistance. The
movement of most plant viruses within their hosts involves several distinct stages.
Depending on the virus system, plant viruses encode one to five proteins involved in virus
movement. For some viruses, the coat protein of the virus as well as movement protein
(MP) is involved in the virus movementn spite of the seeming multiplicity of forms of
movement, MPs show similar characteristics whether or not they share the same
requirements for cell-to-cell and long-distance movements. Models for the movement of
viral genomes from site of replication (or assembly) to adjacent cells have been proposed,
but there are still many unanswered questions, including why some viruses seem to have
elements of different mechanisms of movement. CMV requires the coat protein along with
the 3a protein for viral cell-to-cell movement, in contrast to tobacco mosaic virus (TMV),
where only 30K protein is needed for the movement. On the other hand, in contrast to
some other viruses that require the coat protein for movement, CMV does not induce
tubular structures protruding from the cell membrane during infection. Here, we mapped 3a

MP sequences affecting pathogenecity and virus movement by alanine-scanning mutagenesis.

I. The coat protein gene is a host range determinant for infection of maize in cucumber

mosaic virus

Resistance to plant viruses occurs at several levels : activation of a hypersensitive

response, inhibition of virus replication, and inhibition of cell-to-cell (local) and long
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distance (systemic) movements. Infection of maize by the Fny strain of CMV and resistance
against infection by the M strain of CMV were rﬁapped’ to the coat protein gene on RNA3
of CMV, using biologically active cDNA clones for the both strains by the
pseudorecombination, chimeras and site-directed mutations. Changes in the coat protein
gene of M-CMV RNA3 at both positions 129 (Leu to Pro) and 162 (Thr to Ala) were
required to overcome the resistance against M-CMV in maize plant. Resistance to M-CMV
in maize was correlated with an inability to detect virus accumulation in the inoculated
leaves. Since the coat protein of CMV is involved in virus movement, but not virus
replication, the data suggest that the resistance in maize to M-CMV is due to the inability

of the M-CMV coat protein to promote the cell-to-cell movement of CMV in maize.

L Identification of 3a movement protein sequences affecting host range and virus

movement of cucumber mosaic virus

To ascribe particular functions to specific sequences of the CMV 3a MP, we have
constructed a series of alanine-scanning mutants in the 3a gene of the Fny-strain of CMV.
Nine alanine-scanning mutants of the CMV MP, MI-M9, were assessed for their affects on
the properties of the mutated virus or the altered MP in vivo. Mutants M4, M5, M6 and
M7 were unable to promote movement in any of 8 host species tested ; however, mutants
M4, M5 and M6 could be complemented for movement in transgenic tobacco expressing the
CMV MP. None of the four movement-defective mutants could be complemented for
cell-to-cell movement in TMV MP-transgenic tobacco. Mutant M7 could replicate and
accumulate in tobacco protoplasts, indicating that this mutant was cis dominant for
inhibition of virus movement. Mutant M8 affected movement and and activation of a
hypersensitive response in two plant species, but did not affect movement in 6 other hosts.
Mutant M9 was temperature-sensitive for long-distance mo‘vement in tobacco, but not for
cell-to-cell movement. This confirms previous experiments indicating a role for the CMV

MP in long-distance as well as cell-to-cell movement.
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