Proc. Int. Symp. on Biological Control
of Plant Diseases. pp. 86-102

Molecular Biological Studies on Korean Garlic Viruses

Jin Nam Choi, Jong Tae Song, Chan Seok Shin, Yong-Joon La',
Jong Seob Lee?, and Yang Do Choi

Department of Agricultural Chemistry and ' Department of Agricultural Biology,
Seoul National University, Suwon 441-744, Korea
2Department of Molecular Biology. Seoul National University. Seoul 151-742, Korea

ABSTRACT : To understand the molecular structure and pathogenesis mechanism of Korean
garlic viruses, we have isolated cDNA clones for garlic viruses. The partial nucleotide sequences
of 24 cDNA clones were determined and that of six clones containing poly (A) tail were
compared with those of other plant viruses. One of those clones, V9 has 81.8% similarity
in nucleotide sequence and 93.0% in deduced amino acid sequence, respectively, to the coat
protein gene for garlic mosaic virus (GMV). Northern blo't"analysis with the clone V9 demonst-
rated that the genome of GMV is 7.8 kb long and has poly (A) tail. The anti-coat protein
antibody for GMV recognizes 35 kDa polypeptide which could be the coat protein of GMV
from infected garlic leaf extract or virus preparation. Clone G7 has about 62% of deduced
amino acid sequence identity with the members of potyvirus group. Northern blot analysis
with the clone G7 demonstrated that the genome of the potyvirus in garlic is 9.0 kb long
and has poly (A) tail. The third clone, S81, shows 42% amino acid identity to the potexvirus.
The other clones are under the characterization. To test the possibility of producing garlic
virus resistant plant, we have designed a hairpin type ribozyme to cleave V9 RNA at the
middle of the coat protein gene. From the cleavage reactions in vitro with two different sizes
of RNA substrates, VOISUB (144 nucleotides) and V9 RNA (1,361 nucleotides), the ribozyme
can cleave V9 sequence effectively at the predicted site. To study the activity of the ribozyme
in vivo, plant transformation is in progress. Further possibilities to produce garlic virus resistant
plant will be discussed.

Garlic (llium sativumn L.) is an important vegetable crop for the Korean people and has
long been cultivated extensively in Korea. Currently garlic mosaic disease is considered to
be the most important disease of garlic in Korea. Two sap-transmissible filamentous viruses
from garlic plants were described and named as garlic latent virus (GLV) and garlic mosaic
virus (GMYV) based on the microscopic observation and the symptoms produced in infected
garlic plants (41). Symptoms due to the infection of GMV was mosaic in garlic plants.
Garlic plants inoculated with GLV produced visible symptoms at early stage of infection
but less prominent at later stage (36,38, 41). Particles of GMV were flexuous rods about
750 nm long and pinwheel-type cytoplasmic inclusions found in the infected garlic plant
cells, as is most of the potyvirus (41). Particles of GLV were also flexuous rods, 650~700
nm long, and existed as either randomly or small aggregates in the cytoplasm of the infected
plant cells as is most of the carlavirus. However, mixed infection of GLV and GMV were
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found in most of the garlic plants showing mosaic symptoms collected from various parts
of Korea and Japan (41). Present evidences indicate that most, if not all, of unselected
commercial garlic cultivars contain a complex of two or more viruses (6,8,62). But the
identity of the individual viruses contained in each complex is variable, particularly in mate-
rials from diverse geographical locations. Garlic mosaic virus (GMYV), garlic yellow streak
virus, leek yellow stripe virus and onion yellow dwarf virus are known as potyviruses occur-
ring in vegetable Allium plants (49). Therefore, the identification of viruses infecting garlic
is complex and the related literatures are not clear in this aspect (62).

To understand the molecular structure and identities of garlic viruses, molecular cloning
of ¢cDNAs for viral genome was attempted. Virus particles were isolated from field-grown
garlic leaves and a ¢DNA library was constructed. Molecular evidences are described for
the presence of multiple species of viruses in field-grown garlic.

To test the possibility of producing virus resistant plant in this study, we intended to
try a newly designed hairpin ribozyme to cleave coding sequence of GMV coat protein
at specific site. Further possibilities to produce virus resistant garlic by gene manipulation
will be discussed.

Materials and Methods

Garlic samples. Garlic (4/lium sativum L)) samples used in this experiment were collected
from Danyang area and grown at the experimental farm of Seoul National University.
Virus preparation. Garlic virus particles were isolated from the virus-infected garlic leaves
by sucrose gradient centrifugation as described by Langenberg (40) and La (37).
Construction of garlic virus cDNA library. c¢DNA library was constructed into pUCI8 plas-
mid vector and gtll phage vector by the method of Gubler and Hoffman (20) with minor
modification. Garlic virus was treated with 1% SDS, 20 mM EDTA, and 0.25 mg/ml Protei-
nase K, incubated for 10 min at 60°C, extracted with phenol/chloroform/isoamylalcohol (25:
24:1), and then precipitated with ethanol. Five pg of garlic virus RNA isolated from virus-
infected garlic leaves was used as a template. Oligo (dT) was used as primer.
Nucleotide sequencing and recombinant DNA techniques. Nucleotide sequencing was carried
out in plasmid pUCI8 (61) by the dideoxynucleotide chain termination method of Sanger
et al. (52). Universal M13 primers for reverse and forward reaction were used and the reaction
products were analyzed by 6 M urea-polyacrylamide gel electrophoresis. Northern blot was
carried out by the procedure of Kroczek and Siebert (35). Purification and manipulation
of DNA were carried out according to the standard protocol of Sambrook er al (51).
Design of oligodeoxynucleotides for ribozyme reaction. Since natural substrates in plant
viral satellite RNAs for hairpin catalytic RNAs contain GUC or GUA sequence, one such
site was selected from GMV RNA. We analyzed seconday structure of V9 RNA by ‘PC-
FOLD’ program. The target region containing GUC (bases 278 to 410: oG value of —14.5
Kcal/mol) seems to the most open to access by a ribozyme compared with other regions contai-
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ning GUC. Synthetic double stranded oligodeoxynucleotide determining target site was ligated
with hairpin ribozyme encoding DNA. Hairpin ribozyme domain sequence was taken from
(—)strand of TRSV (26).

Preparation of ribozyme and substrate RNA. Synthesized ribozyme DNA or V9 fragment was
subcloned under the control of T7 polymerase in pBluescript SK transcription vector. The subst-
rate and ribozyme RNA were prepared by in vitro transcription of the linearized plasmid with
T7 RNA polymerase (Promega, technical manual, 1992). Then RNA products were analyzed
by electrophoresis in 5% polyacrylamide/7M urea gel and by autoradiography.

Ribozyme cleavage reaction. The mixture for cleavage reactions contained 40 mM Tris-HCl
(pH 8.0), 4 mM MgCl,, 2 mM spermidine, 0.3 pmole each of *P-labeled substrate RNA and
ribozyme RNA in a total volume of 10 ul. Mixtures were incubated for 1 hr at 50°C. After
reaction, product was denatured by heating in loading mixture, fractionated on 5% polyacryla-
mide/7 M urea gels and autoradiographed.

Results and Discussion

Heterogeneity of viruses infecting field-grown garlic. To study molecular structure of garlic
viruses (GV), virus particles were isolated from virus-infected garlic leaves by Langenberg
method (40) with minor modification. Jt was purified by 10~40% sucrose density gradient
sedimentation and peak fraction was analyzed by electron microscopy and 12.5% SDS-polya-
crylamide gel electrophoresis. Flexuous rod-shaped viruses of 600~800 nm was predominant
as reported previously. At least five protein bands were resolved by SDS-PAGE and the
molecular weights of the proteins were 27, 30, 34, 38, and 43 kDa (Fig. 1). These proteins
could be regarded as structural proteins of garlic viruses. Therefore, the virus preparation
can be considered to contain at least five different kinds of viruses, if each virus is made
up of a single kind of coat protein. It also suggests that field grown garlic plants are indeed
infected with multiple species of viruses. These results are consistent with Northern blot
analysis using cDNA clones for GV as is shown later on. Purification of individual virus
by serial infection in indicator plants didnt work even though partially successful.

To isolate the genomic nucleic acid from GV, the peak fraction was treated with SDS,
EDTA, and Proteinase K and analyzed by 12% formaldehyde agarose gel electrophoresis
(Fig. 2, lanes 1| and 2). The major band of about 82 kb was the same as the genome
size predicted from the size of rod-shaped GV particles of about 700 nm. When the nucleic
acid was treated with RNase A (50 pg/50 pl for 30 min at 37°C), the major band disappeared
suggesting that GV is a RNA virus (Fig. 2, lane 3). It is not possible, however, to resolve
individual viral genome at this range.

Multiple species of ¢cDNA clones for GV are isolated. To isolate the cDNA clone for
GV, garlic virus cDNA library was constructed. We used oligo (dT) as a primer because
carlavirus and potyvirus of 600~800 nm long usually have poly (A) tail at the 3" end of
genome (30). We have isolated 24 cDNA clones for garlic viruses and determined their
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Fig. 1. SDS-PAGE analysis of garlic virus particles prepared from field-grown garlic leaves. Protein samples
were analyzed by 12.5% SDS-PAGE and stained with Coomassie Blue. lane M: size marker, lane V: garlic

virus particles from the leaves of garlic with mosaic symptom.

1 23Mu

-—8.2K

Fig. 2. Size analysis of garlic virus RNA. RNA was analyzed by 12% formaldehyde agarose gel electropho-
resis and stained with ethidium bromide. Lanes 1 and 2 are from two different virus preparation. Virus
genome of lane 1 was treated with RNase (50 pg/50 pl) for 30 min at 37°C and analyzed in lane 3.

MHindlll size marker is shown.

89



nucleotide sequences. Six different clones of them contained poly(A) tracts of 15~57 nucleoti-
des at the 3’ end suggesting that they are ¢cDNA clones from the 3’ end of viruses. The
insert size of these clones was 2.0 kb(G7), 14 kb(V9), 1.5 kb(S83), 1.0 kb(S81), 1.0 kb(S106),
and 0.55 kb(S64). As a result of Northern blot analysis, 6 clones strongly bind to the total
GV RNA from field-grown garlic leaves and poly(A) RNA purified from total GV RNA
by oligo (dT) cellulose chromatography (data not shown). Therefore, we confirmed that six
clones are cDNA clones for garlic virus. The full nucleotide sequences of V9, G7, S83,
S64, S81 and S106 were determined. The determined sequences were compared with those
of other plant viruses in databank. First, these clones have no sequence similarity each
other. This result further confirms that there are at least six different kinds of viruses in
garlic as expected from previous SDS-PAGE analysis. The nucleotide sequencing analysis
of cDNA clones are summarized in Table 1.

The clone V9 encodes a coat protein for GMV, a carlavirus. The full nucleotide sequence
of clone V9 was determined (Fig. 3). It shows 81.8% similarity in 1,333 bp region in nucleotide
sequence and 93.0% identity in 298 amino acids region in deduced amino acid sequence
to the coat protein for GMV. The clone V9 consists of two open reading frames. The first
ORF which corresponds to positions 55~945 seems to encode a GMV coat protein of 32

Table 1. The summary of nucleotide sequence analysis of 6 clones containing poly (A) tail

Identity to the coat protein gene of

Clone Size(bp) - - Group Ref.
Virus Nucleotide sequence Amino acid sequence
G7 1841  potato virus Y 54,0% in 1,675 bp 61.9% in 247 aa Potyvirus 1
tobacco etch virus 59.1% in 1,512 bp 624% in 255 aa 2
soybean mosaic virus  559% in 1,159 bp 614% in 233 aa 3
S83 1,562  potato virus S 49.5% in 1477 bp 394% in 282 aa  Carlavirus 4
garlic mosaic virus 512% in 1483 bp 49.8% in 241 aa 5
V9 1,346 garlic mosaic virus 81.8% in 1,333 bp 93.0% in 298 aa Carlavirus 5
S81 867 potato virus X 482% in 767 bp 419% in 160 aa Potexvirus 6
S64 498  garlic virus A 66.4% in 459 bp 550% in 111 aa Unclassified 7
garlic virus B 81.5% in 449 bp 79.1% in 110 aa
garlic virus C 718% in 451 bp 68.5% in 111 aa
garlic virus D 63.9% 452 bp 577% in 111 aa
S106 1,000 not identified ? ? Unclassified
Ref.: 1. Robaglia er al., J Gen. Virol 70 :935-947(1989).

1
2. Allison et al., Virology 147 :309-316(1985).

3. Eggenberget er al, J Gen. Virol 70:1853-1880(1989).
4. Mackenzie et al, J Gen. Virol 70:1053-1063(1989).
S. Sumi S. EMBL AC:Dl1161.
6. Kavanagh et al., Virology 189 :609-617(1992).
7. Sumi et al., J Gen. Virol 74:1879-1885(1993).
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1  AGCAAGCAAAACCTTTTGGTTCACTTTAGGTATACAGCGCTCTAAATTGATATTATGGCTAACGAAGAA 69
1 M A NEE 5

70  GAAGAACTCAATAACGTTCAGAATTTGCCGACTCGCGACCCTGGGACTATCCCAGAGCATGAGCAGACG 138
6 EELNNVQQNLPTRDPSGTTIPEHE-® QT 28

139 AAAGCAGTGAATGATGTCGGCGTTATGGAGCGTGAGGGTTTCGAAGCCGTGCTACGAAGGACGGAAAAC 207
29 K AVNDVGVMETRESGTFEAVLRRTEN 51

208  AGATTCAACAAACTTAAGGAAAAGTGCATGTCCGAATTATCCAGCGTGAATGTCACGAATTGCGGGTGG 276
52 RFNKLEKEKTCMSELSSVNVTNTCGHUW 74

277  GAGTCTGGACGCCCAAAAGCACAACTAGCTGACAGTCTCAAAGGTGACGCTTCTAATATTTTCACCCGC 345
75 ESGRPKAQLADSLIKGDASNITFTR 97

346  CCTTCTATGGATGCCCTCCTTGTTCGGAATTACGCACCTGAAAGTAACAACATGGCCACTGCTGAGGAA 414
98 PSMDALLVRERNYAPESNNMATATEE 120

415  TTGGCAAAAATCTCCGCTAAGGTGCAGGCTCTTGGTGCCCCTGAAGAATGTTTAGCTGAAGTGTTCTGG 483
121 L AKISAKVQALGAPETETCLAEVTFW 143

484  GATATATGCATGTATTGCACCACTGCTGGAAGTTCTCCAAATGTAAATCCTAAAGGAACTATCTCTGTT 552
144 DI CMYCTTAGSSPNVNPKTGTTILI SV 166

953  GGTGGCAAGGTCGTTACTAGAGACATGGTTGTAGCTGTCATCAAAGAGTACTCCACATTACGCCAGGTC 621
167 G GKVVTRDMYVVAVIKEYSTTLTRA QY 189

622  TGCCGCTGCTACGCGCCTGTGGTCTGGAACTACATGTTATTGAATGAGCAACCACCAGCCAATTGGGAC 690
190 CRCYAPVVWNYMLLNEA QPPANWD 212

691  GCAAAAGGTTTTACTGAGAACACTAAATATGCTGCCTTTGACACTTTTGATGCTGTCACGAATAAAGCT 759
213 AK GFTENTIKYAAFDTT FDAVTNEKA 235

760  GCAATTCAACCTCTTGAGGGCCTGATTAGGGCCCCCACTGATGCAGAACGAATTGCCTTTGCAACGCAT 828
236 Al QPLEGLTIRAPTDAETRTIAFATH 258

829  AAAAAGTTGGCTCTAACCAAAAATTCTCAGAATGCTCGTTACGCCAATACTTCTGCTGATGTTACTGGA 897
259 K XKL ALTKNS SOQNARYANTSADVTSG 281

898  GGTTTCTTCGGCTGTTTTCCAAAAAATAATTTCAGAGAGAATCGATGTTGATCAAACAGAGAACTTACC 966
282 G FFGCFPIKNNFRENTRTEC * 298
M L I KQQRTY

967  GTAGGCTACTGCGTGTTATATTTAAATTACATACTAATAAGAATTGTGTGGATCTGATAAATATAATCG 1035
RRLLPRV ]I FKLHTNIKNCVVLINTII

1036  TGAGTAAAATAGTGTGTGAAAGTGCGGGTGCTTCGAATGCTCGAGCTCGTAGGGCTAAGAGCATAGGCA 1104
VSKI1UVCESAGASNARARTRAKTGSTIG®G

1105  GGTGCCCTCGCTGTTTTCGGTGTTCACCTGGTTTTTATTTCACTAAAAACTGTGACACGAAAAATTGTT 1173
R CPRCFRCSPGFYTFTIKNTCDTI KNSTC

1174  CCGCAGGTATTAACTATAATGCAAAAGTCAAGGATTTTATAGTTGATGGTGTAACAATGTGAAACCCTA 1242
S AGINYNAKVEKDTFI! VDGVTMH=*

1243 CTACAAACCTTGGCTAGTTGCCCATAAAACCTAAGTAATGCATAAGTGGGAACGTATAAAATAATTTGT 1311
1312 TTTTAAAATATTTTCGCAAAAAAAAAAAAAAAAAA 1346

Fig. 3. Nucleotide sequence and deduced amino acid sequence of the clone, V9, for garlic mosaic virus.
Coat protein gene corresponds to the first open reading frame from the nucleotide 55-945. The second
open reading frame encodes the 10 kDa protein.
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kDa. In case of carlavirus and potyvirus, the average molecular weight of coat protein is
known to be 31~34 kDa (29, 33). The second ORF which corresponds to positions 942~1232
encodes the 10 kDa protein. The 10 kDa protein, like the analogous proteins of other carlavi-
ruses, contains a highly conserved region which comprises a basic arginine-rich domain
and a putative zinc finger motif (32). Analogous ‘finger’ structures are found in other plant
virus-specific proteins (53) and they have been shown to bind nucleic acids in vitro in the
case of potato virus M (PVM) and chrysanthemum virus B (CVB) (19).

To figure out the RNA transcript corresponding to the isolated cDNA clone, V9, Northemn
blot analysis was carried out with the clone V9 as a molecular probe (data not shown).
GV was isolated from field-grown garlic leaves showing yellow streak. Polyadenylated GV
RNA was purified from total virus RNA by oligo (dT) cellulose chromatography. Forty
four percent of total garlic virus RNA was retained by oligo (dT) cellulose chromatography.
GV RNA and poly(A) GV RNA preparation show strong signal at the position of 7.8 kb
and 20 kb. This result demonstrated that clone V9 is a cDNA clone for GMV and GMV
geriome has a poly(A) tail as most of other single stranded RNA virus of plants (30). Poly(A)
tail sequence of 18 nucleotides at the 3' end of the clone V9 supports this fact. The strong
signal at the position of 7.8 kb corresponds to GMV genome, but about 2.0 kb long transcript
seems to be a subgenomic RNA encoding the viral coat protein. To identify the V9 as
a coat protein gene of GMV, cDNA fragment (nucleotides 227-1346) was constructed into
pRSET-A expression vector and expressed in E. coli. pRSET vector allows high level expres-
sion of foreign gene in E. coli by the T7 promoter. Recombinant construct pRATI2 was
transformed into E. coli BL21 and T7 RNA polymerase was induced by IPTG. The expressed
GMV coat protein was purified by Ni**-NTA affinity chromatography because of an N-
terminal metal binding domain on the fusion peptide provided by pRSET vector. The expres-
sed protein was analyzed by 12.5% SDS-PAGE (data not shown). The IPTG-induced E
coli transformed with the pRATI2 shows the predicted 30 kDa polypeptide of recombinant
protein compared to cell lyzate of control E. coli without coat protein gene. Purified coat
protein was observed at the same size of 30 kDa in a single band.

To figure out the specificity of anti-V9 antibody to garlic virus in garlic leaf extract and
garlic virus preparation, immunoblot analysis was carried out (Fig. 4). The anti-V9 antibody
recognizes four bands of 35, 32, 26 and 24 kDa from garlic virus preparation (Fig. 4, lane
1), but one band of 35 kDa from infected garlic leaf extract (Fig. 4, lane 2). It also recognizes
V9 antigen (Fig. 4, lane 3), but don't recognizes 10 kDa as expectedly (Fig. 4, lane 4). Multiple
bands were detected in garlic virus preparation than garlic leaf extract. This was perhaps
a result of the lengthy purification procedure which would allow extensive degradation of
the coat protein by proteolytic enzymes. To confirm proteolytic cleavage, infected garlic leaf
extract was incubated at 37°C at time intervals and each fraction was analyzed by immunob-
lotting. Considering that the intensity of 35 kDa band decreases, but that of lower bands
increases, 32, 26, and 24 kDa bands are proteolytic cleavage products of GMV coat protein
(data not shown).
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Fig. 4. Immunoblot analysis of GMV coat protein. Protein samples were separated on 12.5% SDS-PAGE,
transferred onto nitrocellulose paper and probed with anti-coat protein antibody for GMV. Arrowhead
indicates the nascent coat protein of GMYV. lane 1: garlic leaf extract, lane 2: garlic virus preparations
from cultivar Danyang, lane 3: affinity-purified coat protein, lane 4: affinity-purified 10 kDa protein.

The clone G7 encodes a coat protein for a potyvirus in garlic. To understand the genome
structure of garlic potyvirus, the nucleotide sequence of the clone G7 was determined (Fig.
5). It has 50~60% similarity in nucleotide sequence and 60% identity in deduced amino
acid sequence with the members of potyvirus group, potato virus Y (PVY), tobacco etch
virus (TEV), plum pox virus (PPV) and soybean mosaic virus (SMV). We conclude, therefore,
that the clone G7 is a ¢cDNA clone for potyvirus in garlic. The clone G7 consists of two
open reading frames. The first ORF which corresponds to nucleotide positions 1-570 seems
to be C-terminus of potyvirus polymerase. The second ORF corresponding to nucleotide
positions 571~1338 encodes a coat protein of 256 amino acids. The molecular weight predic-
ted from this coat protein gene is about 30 kDa. In case of carlavirus and potyvirus, the
average molecular weight of coat protein is 31~34 kDa (29,33). Arrowhead indicates the
putative cleavage site for coat protein by viral encoded protease. In general, the potyvifus
genome is translated as a larger polyprotein precursor. The precursor protein molecule is
cleaved at susceptible Gln-Ser, GIn-Gly, GlIn-Ala residues by virus-coded proteinases (13).
The proteinase from TEV appears to recognize the consensus sequence motif Glu-X-X-Tyr-
X-GlIn~(Ser, Gly) found at five positions in the C-terminal portion of the polyprotein (7).
The analogous putative cleavage site in tobacco vein mottling virus (TVMYV) also contain
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Fig. 5. Nucleotide sequence and deduced amino acid sequence of the clone G7. Partial polymerase gene
corresponds to the first open reading frame from the nucleotide 1~570. The second open reading frame
encodes coat protein from the nucleotide 571~1338. Arrowhead indicates the putative cleavage site by

TATGCCTTGCGGAAATGTGGCATAGAATTGGATAAACAGACTGAGGTTATTAAATACTTTTGCAATGGTGACGATCTATTA
YALRKTCGTIELDIKO QTEVIKYTFT CNG GDUDLTL

ATTGCAATACATCCGGACTATGAAAACATACTTGACAAATTCCAACAGTATTTTCAGGAACTTGGCTTAGATTATGACTTC
I AT HPDYENTILDKTFOQQYTFOQETLGLUDYTDETF

TCAAGTAGGAGTAAATCAAAGGAGGATGTGTATTTTATGTCCCATAGAGGATTACTTAGAGACGGGATTTATATACCAAAG
S SRSKSKEDVYFMSHRGLLIRDGTIYTIPK

TTGGACAGAGAACGTGTTGTATCAATACTTGAGTGGGATCGAGCGGACAAGCCTGAGCACCGGTTGGAAGCTATATGTGCG
LDRERVVYVSITLEVUWDRADIKPEHRLTEA AITCA

TCAATGATTGAAGCATGGGGTTATCCAGACCTTCTACATGAAATTCGTAAATTTTACCAATGGCTACTAGAACAAGCTCCA
SMI EAWGYPDLLHETIRKTFYQVWLLET® QATP

TATAATGTAATAGCTCAGAATGGAAAAGCACCCTATATAGCAGAGACAGCCCTTAGAAAGTTGTTTACTGATATTGATGCA
YNVI AQNGKAPYTAETALRKTLFTDTITDA

AGTGAGGGGGAATTGGAAAAATATTACGAAGTATATATGAACCTTGAGAATGACGAAGTAGTTCCGAAGGAAGTTCATTAC
SEGELEIKYYEVYMNELENDEVVPKEVHY

CAGGCAGGAGAAGGGGAAGATCAGCGGCACAATCAAGTACGTCACAACAGGTGGAAGCAAAAGGATAAAGATGTTGACACT
Q‘A GEGEDQRHNQVRHNRUWKOQKDIKDVDT

GGCACTACTGGTAAATTTTCAATTCCTAGAATCAAGGCACTATCTGACAAAATGAGGTTTCCAAAAGTTGGTAAAATTGTC
G TTOGK FSIPRIKALSDKMRFPKUVGKTIWV

GTGCTCAATGCAGAACACTTGTTGGCATATAAACCAGAACAAATTGAATTGTATAACACAAGATCAACAAAGCAGCAATTT
VLNAEHLLAYKPEQI ELYNTRSTZI KT QQQTF

GAGAACTGGTACAACGCAATAAAGAAGGAGTACGACGTTAATGATGATCAAATGAAGATATTGCTAAATGGCTTAATGGTT
ENWYNAIKKEYDVNDDOQMEKTIILLNGLMUV

TGGTGCATTGAGAACGGAACATCTCCTAATTTATCAGGAAATTGGACGATGATGGACGGCGAAGAACAAGTTGAGTACCCA
¥ CIlI ENGTSPNLSGNWTMMDGOGETE® QV EY?P

TTGGCGCCAATCGTGGACAACGCAAAACCAACATTTAGGCAAATAATGGCGCATTTCAGTGATGCACGTGAAGCATACATT
LAPI VDNAKPTFRQOQIMAHNHTFSDAREAYI

GAATATAGAAACGCCACGGAAAAATACATGCCCCGGTATGGACTTCAGCGAAATTTAACAGAACTTAGTTTGGCACGTTAC
EYRNATEIKTYMPRYGLQRNLTETLSTLARY

GCATTCGACTTTTACGAGATGACTTCGAAGACT CCCAAACGAGCGAAAGAAGCACACATGCAAATGAAGGCGGCTGCGGTT
AAFDFYEMTSKTPKRAKEAHMOGMIKAAAYV

AGAGGGGCAACTAACCGTTTGTTTGGCCTGGATGGTAACGTAAACACAACAGAAGAGGACACGGAAAGACACACAGCTGCG
RGATNRLTFGLDGNVNTTETETDTET RHTAA

GACATTAATAAGAACCAGCACACGTTGCTTGGTATTAAAATGTGAAGCCGCGTTGAAGTCTTTAGTTTTATATATATATAT
DI NKNQQHTULLGTI KM=

AGTTATATAAAGACGTATGTAATATGTATTCCTCTTCCTTTCGTTTAATCTGACTTCGAGCGAACGAAATTGGGGTACACT
AGTTGTGGCGAACGATACGGTTAAATATCTGTGATTAATGTTGAACTTCATGAGTGTGATGTATCACGAGGTGAATTTTGA
TGTGAATTACGGAGAAGAGATTCTCTTAAGTCCAATTCTATCTAATCTTTATACCTATGGTGTAAATTGCTTAGCTTGTCG
ACGCATATTGTTAATGTACTACATTGAAACATGATTCTTGAATTGGGTACACCTTTACATTCCTATTTITCCTTGTGACAA
TTCTTATACTCCTTCTCTATTTCTCCCCTTTTTACTTGCTTTTGTGAATACTAAGTTCATTCGGAACTTAGAATGAATTTC
GTTGTATGCGATTATGACACGGGGGAAAATTGGGTATAATTTAATTTAGTAAATTTTGG

virus encoded protease.

a consensus sequence motif, but the motif, Val{ArgLys)-X-Gln-(Ser,Gly), is different from
that in TEV (12). The finding of different sequence motifs for the two potyvirus proteinases
is surprising, particularly when analysis of the 3'-terminal sequence for SMV-V (21), PPV-
AT. and PPV-NAT (45, 46) show they all conform to the Val-X-X-Gln sequence but without
a basic residue at the -3 position. Closer inspection of the putative cleavage sites in TEV
reveals that four of the six (at residues 262, 772, 1849, and 2279) also conform to the Val-
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CLUSTAL V multiple sequence alignment
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Fig. 6. A comparison of amino acid sequences of coat proteins from potyviruses. The asterisk (*) and
dot (-) indicate identical and equivalent amino acid among the five proteins, respectively.

X-X-GIn(Gly, Ser, Ala) motif. Clone G7 seems to be cleaved at Val-X-X-Gln-Ala site which
may be the initiation site of coat protein indicated by arrowhead in Fig. 5.

A comparison of amino acid sequences of coat proteins from five potyviruses is shown
in Fig. 6. The asterisk (*) and dot (-) indicate the identical amino acid and the equivalent
amino acid among five proteins, respectively. High similarity in the majority of coat protein
sequence but low similarity in N-terminus of coat protein is observed. The coat proteins
from the potyviruses vary considerably in size because of differences in length of their N-
termini. These variations in length at the N-terminal region may reflect different locations
of the specific cleavage sites in this highly variable region of the potyvirus polyprotein (3, 12).
In contrast the C-terminal ends vary in length by only one or two residues. Fig. 6 shows
that the N-terminal ends vary considerably in sequence but the striking homology commen-
ces around residue 23 and extends through the C-terminal region.
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To figure out the RNA transcript corresponding to the isolated cDNA clone G7, Northern
blot analysis was carried out with the clone G7 as a molecular probe (data not shown).
GV RNA was isolated from field-grown garlic leaves showing yellow streak and poly(A)
RNA was purified from total garlic virus RNA by oligo (dT) cellulose chromatography.
GV RNA and poly(A)* GV RNA preparation show strong signal at the position of 9.0
kb. This result demonstrated that the clone G7 is a cDNA clone for potyvirus and potyvirus
genome has a poly(A) tail as other single stranded RNA virus of plants (30). There is a
weak signal about 12.8 kb long. This could be probably the genomic RNA covalently linked
to VPg at the 5 terminus. It is reported that VPg is about 6 kDa in size for TEV (23)
but larger (24 kDa) for TVMV (54). But a role for the VPg polypeptide has not been establi-
shed. In addition, a ¢cDNA clone, S81, for a potexvirus was also isolated.

Degradation of viral genome by ribozyme. To test the possibility of producing garlic virus
resistant plant by transgene expression, we designed a hairpin ribozyme to cleave VO RNA.
Several self-cleaving RNA catalysts have been adapted for cleavage of a target RNA in
trans (trans-activity). The group I self-splicing structure of the Tetrahymena ribosomal RNA
intron, the hairpin self-cleaving structure of the minus srand of the satellite RNA of tobacco
ringspot virus, and the hammerhead self-cleaving structure from the positive strand of the
satellite RNA of tobacco ringspot virus have all been disigned for trans-activity (14, 26). Hair-
pin ribozyme is known to be more effective than hammerhead type (31). These ribozyme
is to cleave 5'-phosphoester bond of non-base paired GUC flanked by basepaired region
between ribozyme and substrate RNA. Since interactions between ribozymes and substrates
are RNA-RNA interactions, ribozymes with altered sequence specificities can be generated.
The substrate could be any RNA molecule provided it contained a GUC or similar trinucleo-
tide at the target site, and the ribozyme could be made as a ~40-nucleotide RNA with
specific base pairing to the substrate {25). This leads to the expectation that engineered
ribozymes may serve as useful RNA cleavage tools to destroy specific mRNA in vitro and
in vivo (9,10, 55). Transgenic plant can be produced by using ribozyme in agriculture. Endoge-
nous RNA transcripts encoded by the plant cell or by the plant pathogens are possible
targets for ribozymes (14). To prevent virus replication early in infection, cleavage of the
genomic RNA in the region encoding the RNA-dependent RNA polymerase should stop
translation of this polymerase and inhibit production of progeny viral RNA. The ribozyme
targeted against TMV RNA inhibited replication of TMV in vivo (15).

The ribozyme, VIR, was designed to cleave V9 RNA of GMV at the specific site between
nucleotides A310 and G311 as shown in Fig. 7. Short RNA fragment of nt 278410, V9S,
was taken as a substrate. Each construct under the control of T7 promoter was transcribed
in vitro with T7 RNA polymerase and the labeled transcript, VIS, was incubated with synthe-
tic ribozyme, VIR. The product was analyzed by 5% polyacrylamide gel electrophoresis. From
the mobility of products, it was possible to show that a specific cleavage occurred at the
predicted site. The cleavage reaction required Mg?* and the optimal concentration was 4
mM. it was the most active at 50°C. The Na* concentration between 0 and 500 mM had
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Fig. 7. Structure of hairpin ribozyme and base pairing with its target site within positive strand RNA
of GMV. The ribozyme is targeted to the GUC (boxed) at position 311~313 of GMV RNA encoding
the coat protein of the virus. The ribozyme catalytic domain and cleavage site are also indicated.

no significant effect on the cleavage. The reaction was optimal at pH 80. There was about
10 min of lag and the reaction rate was linear thereafter. Hydrolysis reaches maximum
after 1.5 hr. Half of the substrate RNA was cleaved in 35 min and over 68% of substrate
RNA was cleaved after 1.5 hr in optimal condition.

Ribozyme-mediated cleavage of natural substrates appears to be more complex than clea-
vage of a short transcript having limited secondary structure (10, 22,25, 34, 63). This is evident
when excess ribozyme is required to cleave large targets such as plant viral RNA (39). To
show the ribozyme activity on V9 RNA rather than on a short fragment of substrate, it
was synthesized from the clone V9 in pGEM-3 vector with SP6 RNA polymerase. The
mixture for cleavage reactions contained 40 mM Tris-HCl (pH 8.0), 4 mM MgCl, 2 mM
spermidine, 0.3 pmole each of ¥P-labeled substrate RNA and ribozyme RNA in a total
volume of 10 pl. Mixtures were incubated for 1 hr at 50°C. The labeled transcripts, VOR
(68 nucleotides) and V9 RNA (1,361 nucleotides), and the reaction products (P1: 1,054 nucleo-
tides and P2: 307 nucleotides) were analyzed by 3% polyacrylamide gel electrcphoresis (Fig.
8). From the mobilities of products, it was possible to show a specific cleavage occurred
at the predicted site. These results demonstrated that the hairpin ribozyme could cleave
effectively and specifically both V9 RNA (long substrate) and V9S (short substrate) in vitro
and suggesting the possibility of utilizing the ribozyme to produce GMV-resistant plant.

Virus resistant transgenic plants. To control viral disease by molecular biological method,
transgenic plants resistant to viral infection have also been developed other than using a
ribozyme. Viral coat protein (CP) genes have been expressed in transgenic tobacco, tomato
and potato plants, resulting in resistance to the virus from which the CP gene was isolated
and to related viruses (1, 11,27, 28,43, 57~60). Recently, a field test of transgenic tomato plants
that expressed the CP gene from tobacco mosaic virus (TMV) illustrated the practical appli-
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Fig. 8. Cleavage of GMV RNA sequence by the ribozyme. Reaction was carried out with V9 RNA as
a substrate and VIR as a ribozyme. Mixture was analyzed in 3% polyacrylamide/7 M urea gel. Molecular
size marker and the identities of RNA species are indicated. R denotes VIR of 68 nt, S for V9 RNA
of 1361 nt and P1 and P2 for reaction products of 1,054 nt and 307 nt, respectively. lane 1: Ribozyme,
V9 R, lane 2 Substrate, V9 RNA, lane 3 : Cleavage reaction products.

cation of the resistance (48). Antisense RNA copies of viral CP genes have been expressed
in transgenic tobacco plants and produced plants that were resistant to infection by low
concentrations of virus (2,11,27).

Several recent reports have described virus resistance resulting from transgenic expression
of the putative RNA polymerase of plant RNA viruses. The best characterized of these
‘replicase-mediated resistance’ effects is in tobacco transformed to express a modified form
of the 54 kDa putative component of the tobacco mosaic virus (TMV) replicase complex
in which there is extreme, but strain specific, resistance to TMV (18). Also, expression of
amino-terminal portions or full-length viral replicase genes in transgenic plants confers resis-
tance to potato virus X (PVX) infection. The first open reading frame (ORF1) of PVX enco-
des a putative replicase gene. Transgenic tobacco lines expressing ORF1 are resistant to
PVX infection when inoculated with either PVX or PVX RNA (4). However, transgenic
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expression of the putative replicase component of RNA viruses of plants does not always
lead to resistance. In fact, with both alfalfa mosaic virus (56) and brome mosaic virus (47),
transgenic expression of the replicase components had a positive rather than a negative
effect on virus accumulation in that there was complementation of mutations in the inocula-
ted viruses. ’

The expression of virus satellite RNAs in transgenic tobacco plants affects virus protection
or ameliorates disease symptoms caused by the helper virus (17,24). Expression of human
interferon in transgenic tobacco also gives resistant to TMV.

Ribosome-inactivating proteins (RIP) inhibit protein synthesis by specific RNA N-glycosi-
dase modification of 28S rRNA (16). Expression of pokeweed antiviral protein (PAP) in
transgenic plants offers the possibility of developing resistant to a broad spectrum of pint
viruses by expression of a single gene (42). The successful use of RIPs in crop protection
will depend on the extent to each their cytotoxicity is detrimenta] to the host cells, although
introduction of the barley RIP ¢cDNA under control of a wound-inducible promoter that
is also strongly active in pollen and floral organs did not cause infertility in the primary
transformants, and tobacco plants expressing the cDNA under the control of the CaMV
35S promoter apparently grow norally (44).

In light of these reports, new virus resistant crops should be available for commercial
use shortly. To develop such a transgenic plant by gene manipulation, however, understan-
ding of structure and infection machanism of target virus'is required.
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