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EFFECT OF SITE-DIRECTED MUTAGENESIS OF THE ORF2 AND COAT
PROTEIN GENE ON THE REPLICATION OF RICE TUNGRO

BACILLIFORM VIRUS-CHAINAT ISOLATE

INTRODUCTION

Rice tungro disease is an important viral disease of rice in tropical Asia, causing severe
yellowing and stunting.  The causative agent of the disease is a complex of two viruses, rice
tungro bacilliform virus (RTBV) and rice tungro spherical virus (RTSV) (Hibino et al., 1978).
While rice plants naturally infected only with RTBV show generally severe symptoms as those
infected by the complex, plant infected by RTSV showed only mild symptoms.  In nature,
transmission of the viruses from plant to plant is mainly by green leafhoppers (Nephotettix
virescens) (Hibino et al., 1979).

RTBV is the type and only known member of the “RTBV-like viruses” genus (Mayo and
Brunt, 2001).  The rice tungro bacilliform virus-Chainat isolate (RTBVCN) genome is a circular
double-stranded DNA molecule of 8001 base pairs, containing four open reading frames (ORFs).
The ORF1, ORF2, ORF3 and ORF4 are capable of encoding protein of 24 (P24), 12 (P12), 194
(P194) and 46 (P46) kDa, respectively (Hull, 1996).  While comparison analysis of amino acid
sequence showed that P24, P12 and P46 did not have similarity with any known proteins in
database, P194 is the only protein that contains motifs of, from the N terminus to the C terminus,
movement protein, 37 kDa protein, coat protein, aspartic protease, reverse transcriptase and
RNase H, respectively.  Previous immunological study indicated that the 37 kDa protein is a
component of the viral capsid as well as coat protein.  However, the 37 kDa protein was not found
possessing any known nucleic acid binding motif as in the case of coat protein (Nathwong, 1997).
Recent study showed an interaction between P12 which also contains none of nucleic acid
binding motif, and coat protein.  These results have thus suggested that the viral particle assembly
involves with at least P12 of ORF2 and the 37 kDa protein and coat protein of ORF3.
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To further investigate the effect of mutagenesis of P12 and the 37 kDa protein on the
viral replication, this study is specifically aimed to introduce insertion and replacement
mutagenesis into RTBVCN genome at ORF2 and ORF3, in the area of 37 kDa protein,
respectively.  The mutated RTBVCN genome would be subsequently introduced into rice
seedlings by agroinoculation technique.  Replication and gene expression of the mutated viral
genome would be detected by PCR and western blot analysis.
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LITERATURE REVIEW

1. Rice Tungro Disease

1.1 Disease Symptoms

Rice tungro, a destructive virus disease is the most economically important viral
disease of rice causes annual losses in excess of $1.5 x 109 (Herdt, 1991) in many South and
Southeast Asian countries.  The disease is caused by a complex of two viruses (Hibino et al.,
1978, Omura et al., 1983), rice tungro spherical virus (RTSV) a single-stranded RNA virus and
rice tungro bacilliform virus (RTBV) a double-stranded DNA virus (Omura et al., 1983; Hibino et
al., 1991; Jones et al., 1991).

Rice plants that are infected by RTSV alone show mild symptom of growth stunting.
Those infected by either RTBV alone or both RTBV and RTSV show severe symptoms in which
leaf-yellowing and growth stunting are clearly exhibited (Hibino et al., 1978).  ).  Discolored
leaves may show irregularly shaped dark-brown blotches.  The leaves especially the younger
ones, may show striping or mottling and intervernal chlorosis (Figure 1 a).  In glasshouse, yield
losses reached 70% when plants were infected 10 days after sowing, and losses were reduced to
5% when infection was delayed to 75 days after sowing (Ling and Palomar, 1966).  Symptoms of
rice tungro disease in rice plants vary according to the age of the plant, rice variety, and virus
strains.
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Figure 2  Electron micrograph of rice tungro bacilliform virus (RTBV) and rice tungro 
  spherical virus (RTSV) particles

Source:    Hull (1996)
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1.2 Transmission
Transmission of RTSV is independent of RTBV and is in a semipersistent manner by a

number of leafhoppers but most by the green leafhopper (Nephotettix virescens) (Figure 1 b)
(Hibino et al., 1979) that has higher transmission efficiency than other vector species Recilia
dorsalis.  RTBV is also efficiently transmitted by the green leafhopper but depends on the
presence of RTSV in source plants.  The retention period of RTSV in the insect is 3 days after
feeding on source plants, after which the insect loses the ability to transmit RTSV but retains the
ability to transmit RTBV for 5 days further (Hibino, 1983).  This suggested that the RTSV virion
might not be the helper factor for RTBV transmission but some other unknown product which is
related to RTSV infection.

Neither RTSV nor RTBV or the complex is mechanically transmissible to rice plants
but the DNA genome of RTBV was able to be transmitted to rice plants by agronoculating the
host plants with the constructs of more than viral genome length (Dasgupta et al., 1991).  The
agroinfected rice plants showed typical symptoms of tungro disease with the presence of viral
DNA and bacilliform particles.  Moreover, healthy rice plants could be infected and showed the
symptoms of tungro disease after being inoculated by the leafhoppers which had acquired RTSV
from infected plants and then fed on the Agrobacterium-mediated RTBV-infected rice plants.
This finding indicates that RTBV can replicate, spread and cause symptoms independently in rice
plants but, in nature, it needs an RTSV-related helper factor in order to be transmitted to the
plants.

2. Rice Tungro Bacilliform Virus (RTBV)

RTBV is a plant pararetrovirus, belongs to the family Caulimoviridae and the genus
“RTBV-like viruses” genus (Mayo and Brunt, 2001).  Virions are non-enveloped bacilliform with
of 30 nm width and 130 nm length, which varies with the virus isolate (Hibino et al., 1991)
(Figure 2).  RTBV is not found in any cytoplasmic inclusion bodies although it appears to be in
aggregates in infected cells (Lockhart, 1990).
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2.1 Genome Organization and Function of Gene Products

The RTBV genome is a circular double-stranded DNA molecule of about 8 kb,
containing two site-specific discontinuities on the minus strand (D1) and another (D2) on the plus
strand, that resulting from the replication process by reverse transcription (Bao and Hull, 1992;
Hay et al., 1991; Qu et al., 1991).  Genomic sequence analysis revealed 4 open reading frames
(ORFs) on the plus strand while none was found on the opposite strand.  The ORF1, ORF2,
ORF3 and ORF4 are capable of encoding protein of 24 (P24), 12 (P12), 194 (P194) and 46 (P46)
kDa, respectively (Hull et al., 1996; Fütterer et al., 1997).  The first three ORFs are closely
packed and have the interface ATGA, the ATG being the start codon of the downstream ORF and
the TGA the stop codon of the upstream ORF (Hay et al., 1991).

2.1.1 ORF1

RTBV ORF1 is the first ORF downstream of a leader sequence of 666
nucleotides.  ORF1 does not have a conventional ATG start codon (Hay et al., 1991).  There are,
instead, two AUU codons at the 5’ end of ORF1.  Expression of CAT reporter gene showed that
the second AUU codon acts as the ORF1 start codon (Fütterer et al., 1997).  RTBV ORF1
overlaps the following ORF2 which itself overlaps ORF3 as well.  Little is known about the role
of P24.  Immunological detection of P24 on disrupted virus particle using Decon 90 has,
however, suggested association of P24 with the viral assembly (Hay et al., 1994).

2.2.1 ORF2

RTBV ORF2 is located between nucleotides 665 and 997 (Qu et al., 1991).
This ORF overlaps the following ORF3 by a – (minus) 1 frameshift in the sequence of ATGA
(start/stop codon).  ORF2 encodes a 12 kDa protein (P12).  P12 of RTBV and P2 of the
badnavirus commelina yellow mottle virus (CoYMV) were shown to be associated with purified
virions (Cheng et al., 1996; Hull, 1996).  P12 of RTBV and P2 of the badnavirus cacao swollen
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shoot virus (CSSV) were also described as sequence-nonspecific nucleic acid binding proteins
(Jacquot et al., 1996, 1997).

Herzog et al., (2000) reported a between RTBV P12 and coat protein (CP)
domain of the ORF3 in yeast two-hybrid system and in vitro.  Domains involved in the P12-CP
interaction were identified and mapped on both proteins.  To determine the peptide motifs and
individuals of the C-terminal part of P12, small deletion and point mutations were introduced into
the complete P12 coding sequence.  The results showed an essential CP-interacting region of P12
extending from amino acid 99 to 109 in which the amino acid P99 and I104 were shown to be
crucial to the association with CP.  Moreover, replacement of KK102 by alanine which has only a
slight effect on the P12-CP interaction but totally abolished the interaction of P12 with nucleic
acids in vitro (Jacquot et al., 1997) did not prevent viral infection.

Herzog et al., (2000) also proposed that P12 could play a role similar to the
scaffolding proteins of double-stranded DNA bacteriophages and of animal DNA virus (Hendrix
and Garcea, 1994).  P12 shares two main properties with scaffolding proteins of bacteriophage
P22, HSV-1 and cytomegaliviruses (Parker et al., 1998; Pelletier et al., 1997; Wood et al., 1997)
that could interact with the CP though its C-terminal extremity (Leclerc et al., 1998).
Participation of P12 in viral assembly was hypothesizes involving 2 successive steps.  First, P12
monomers could interact with the CP and second, P12 tetramerization may then promote
interaction between CP subunits.  P12 can recruit the CP subunits to the nascent capsid structure
and facilitate the assembly of the capsid shell (Herzog et al., 2000).

2.2.3 ORF3

 RTBV ORF3 encodes a polyprotein 194 kDa (P194).  Sequence comparisons
with retroviral and other pararetroviral proteins suggest that P194 contains domains
corresponding to, from N- to C-terminal, the movement protein (MP), coat protein (CP), aspartic
protease (PR), reverse transcriptase (RT) and RNase H (RH), respectively (Laco and Beachy,
1994; Tzafrir et al., 1997).
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Subsequent study on the coat protein of RTBV revealed that there are 2
species of coat protein.  The first species is reportedly of molecular weight 37 kDa and that of the
second species is 27 kDa.  There was none of known motif found in the first species coat protein
while the RNA binding site was found locating in the second species coat protein (Nathwong,
1997)

2.2.4 ORF4

The ATG of the additional ORF4 of RTBV is separated from the stop codon
of ORF3 by 20 nucleotides and the starting nucleotide of ORF4 overlaps the 3’ end of ORF3 by
67 nucleotides (Hay et al., 1991).  This ORF is expressed from a spliced mRNA and encodes for
protein of molecular weight 46 kDa (P46).  There is a motif of leucine zipper found on P46 but
lacking the basic DNA binding region that usually associated with classical leucine zipper
transcription factors.  RTBV ORF4 protein is in the same relative genome position as ORF4 of
cauliflower mosaic virus (CaMV).  Since the gene product of CaMV ORF4 was shown to
function as a translational activator.  The P46 has, thus, been suggested involving in some manner
in the control of expression of the RTBV genome (Hull et al., 1996).

2.2 Transcription

RTBV produces a more-than-genome length pregenomic transcript which is the
template for the translation of gene products and is the template for the reverse transcription
phase of replication.  By northern blot analysis, RTBV subgenomic transcripts were also detected
from total RNA extracted from infected plants (Hay et al., 1991).  The RTBV genomic transcript
was originally reported to start at nucleotide 7353 or 7355 (Qu et al., 1991), but a more recent
analysis showed that the 5' end was at nucleotide 7404 or 7405 (Chen et al., 1994).  The 3'
terminus has been reported to be at nucleotide 7620 and thus, there is a terminal redundancy of
215 or 216 nucleotides.

9



10

Figure 3  RTBV genome organization.  Viral DNA is represented by a thin double line with the
sites of the two discontinuities (∆1 and ∆2) indicated.  The thick arrows outside the
DNA represent the four viral genes.  The pregenomic RNA is shown as a thin arrow
inside the DNA.

Source:     Herzog et al. (2000)
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The RTBV genomics promoters have been the most extensively characterized
badnaviral promoters and expected for vascular tissue specificity.  In vascular tissue of transgenic
rice, the activity of the RTBV promoter is much stronger in shoots than in roots.  Cross sectional
analysis localized the activity site of RTBV promoter in phloem cells and cis-acting elements
essential for the promoter activity and phloem-specific expression have been identified (Yin and
Beachy, 1995).

Terminally redundant pregenomic transcripts of RTBV are polyadenylated as are
those of other pararetroviral pregenomic transcripts.  The sequence analysis of RTBV revealed
the presence of the AAUAAA signal (nt 7598-7603) and two upstream U-rich elements,
AUUGUA and UUUGUA (nt 7567-7572 and nt 7555-7560, respectively) are in the terminal
redundancy and are essential for the efficient polyadenylation SanfaÇon1 1994).

2.3 Splicing

Fütterer et al. (1994) demonstrated the requirement of splicing out an unusually long
6.3 kb intron from the RTBV pregenomic transcript for ORF4 expression.  The pregenomic
transcript contains a long leader sequence (696 nucleotides) comprising of 12 short open reading
frames (sORFs) (Chen et al., 1994).  Excision of the long intron results in an in-frame fusion of
sORF 1 in the leader sequence to ORF4.  The AUG codon of sORF1 on the spliced RNA is in a
favorable context and in a protoplast system 90% of translation starting from this codon while
only 10% started from the AUG codon of ORF4 (Fütterer et al., 1994).  The efficiency of RTBV
splicing and the steady state level of spliced and unspliced RNAs depended on the length of the
intron, i.e. the longer intron, the lower efficiency.

ORF1, 2 and 3 are believed to be expressed from an intact pregenomic RNA since
subgenomic promoter or splicing consensus that would be responsible for producing specific
mRNA of those ORFs, or the specific mRNAs themselves have not been detected.  It is, therefore,
necessary for the virus to keep the splicing efficiency at low level and regulated to preserve the
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pregenomic RNA for the reverse transcriptional replication process.  Having a 6.3 kb intron to be
spliced out seems to be the way that RTBV regulates the efficiency of splicing.

 2.4 Reverse Transcriptional Replication

The appearance of the reverse transcriptase/RNase H coding region at 3’ end of
ORF3 of every known badnavirus and mapping of primer binding site for tRNAmet on RTBV (Bao
and Hull, 1992) indicates reverse transcriptional replication of the viruses.  Study on reverse
transcriptional replication of RTBV had identified various forms of replication intermediates
including strong-stop DNA from total DNA extracted from infected plants.  RTBV strong-stop
DNA of 595 nucleotide length is covalently linked to about 70 ribonucleotides which hybridize
with a probe of the sequence of the 3’ end of plant tRNAmet which further indicates that the virus
uses host tRNAmet as a primer for minus-strand synthesis (Bao and Hull, 1993).

 2.5 Translation

Since translation of ORF1, 2 and 3 gene products are from full length genomic RNA
and that of ORF4 is from subgenomic RNA.  Expression of ORF4 could follow the ordinary
translation mechanism.  In contrast, translation of the ORF1, 2 and 3 need a special mechanism,
ribosome shunt, to overcome the limitation on reinitiating of eukaryotic ribosome.  By the
ribosome shunt mechanism, ribosomes would process by passing leader sequence between the 5’
end and the start codon of ORF1, leading to the translation of the ORF2 and 3 (Fütterer et al.,
1994).

In the case of ORF3, it is believed that the protease would release itself from the
polyprotein.  Then the protease would cleave the nest of polyprotein to release the other proteins.
Expression of RTBV aspartic protease reverse transcriptase/RNase H fusion protein in a
baculovirus expression system had provided supportive evidence for this suggestion as the fusion
protein was showed to be processed by the viral aspartic protease (Laco and Beachy, 1994; Laco
et al., 1994).  However, it has to be noted that processing of a polyprotein releases each protein in
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a ratio of 1:1, and these viruses do not need as much Pol as Gag.  There, therefore, must be a
regulatory mechanism which has not yet been determined that RTBV used to keep expression
level of Pol relatively low.  Splicing out the parts of pol and other non-gag sequences to produce
specific Gag mRNA has been suggested (Rothnie et al., 1994) but as mentioned earlier, no
subgenomic mRNAs have been detected except that of RTBV ORF4.

3. Green Fluorescent Protein (GFP) Gene

The Green Fluorescent Protein (GFP) of the jellyfish Aequorea victoria has recently
emerged as a novel genetic marker that can be directly visualized in living cell of many different
organisms (Haseloff and Amos, 1995).  In A. victoria, GFP is activated by oxygen-dependent
energy transfer between aequorin and GFP.  In the absence of aequorin, GFP emits green light at
508 nm when it is excited with UV light at 396 nm (Chalfie et al., 1994).  Several GFP mutants
have been constructed with altered fluorescence properties (Heim et al., 1994)

Introduction of the GFP into a cell results in fluorescence that does not require any
substrates, is not species specific, and can be detected by nondestructive means.  Formation of the
fluorescent chromophore occurs as an intramolecular reaction sequence that is limited only by the
available of molecular oxygen and independent of cellular co-factors.  Expression of GFP within
any given cell requires simply placing the GFP coding sequence under the transcriptional control
of appropriate regulatory sequences (Tsien et al., 1998).  GFP is photostable, tolerates fusions
with other proteins (Wang and Hazelrigg, 1994) and can be readily detected under the microscope
and by using other methods of quantitative fluorescence analysis.

GFP has been widely used as a transcriptional reporter and cell marker in many different
organisms and a fusion partner to monitor the localization and fate of different proteins (Sullivan
and Kay, 1999).  GFP expression has found a variety of applications in higher plants, first as a
general transgenic marker and for other purposes including studies of virus invasion and spread
(Baulcombe et al., 1995).
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GFP have been exploited for testing the ability of the plant virus-based vector to express
valuable peptides and proteins in plants.  Verver et al., (1998) demonstrated the GFP can be
expressed from cowpea mosaic virus (CPMV) RNA-2, when it is introduced between the
movement protein and large coat protein genes.  In the case of tobacco mosaic virus (TMV) it has
been used successfully to express GFP in infected plant (Casper and Holt, 1996).  Moreover,
potato virus X (PVX) has been determined to express GFP as a free protein in plants including
expression of GFP fused to N-terminus of PVX coat protein without abolishing particle formation
(Santa Cruz et al., 1996).

4. Agroinoculation

Since rice tungro viruses are not mechanically transmissible, an infectious clone could
facilitate the molecular analysis of the tungro disease, by making it possible to reintroduce
mutated and wild type viral gene into the plant, independent of the insect vector and thus to test
the phenotype effect of mutations in the viral DNA (Dasgupta et al., 1991).  Agroinoculation is
the term given to the process of introducing viral or viroidal genome into plants without the use of
an insect vector by the mediation of the soil bacteria, Agrobacterium tumefaciens or A. rhizogenes
resulting in an ‘agroinfection’ (Grimsley et al., 1986; Boulton et al., 1989).  This technique was
used to produce infections in monocotyledons with cloned viral DNAs of maize streak virus
(MSV), digitaria streak virus (DSV) and wheat dwarf virus (WDV), viruses which are solely
insect-transmitted (Grimsley et al., 1987; Donson et al., 1988; Woolston et al., 1988).
Agroinoculaion was also proved useful for initiating infections with cowpea mosaic virus
(CPMV) an RNA virus (Lomonossoff and Johnson, 1995; Liu and Lomonossoff, 2002).

Agroinoculation requires the viral insert in the T-DNA vector to be expressed as a unit
capable of initiating viral replication and infection.  In the case of RTBV, full length viral genome
is cloned into a T-DNA vector together with a 3’ end fragment of the genome in a head-to-tail
manner.  This results in a recombinant plasmid termed “one-and-a-bit-mer clone”.
Agrobacterium transformed with the one-and-a-bit-mer clone will be used for agroinoculation to
deliver the viral genome to plants.  Expression of the one-and-a-bit-mer clone in agroinoculated
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plants is expected to yield a viral genomic transcript that is a bit longer than the usual length of
the genome.  This more-than-genome length transcript, hence, resembles the viral genomic
transcript occurred naturally.
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MATERIALS AND METHODS

Materials

1. Bacterial Strains

1.1 Escherichia coli strain DH5α (F’ traD36 proA+B+ laclq ∆(lacZ)M15/∆(lac-proAB)
gln V44 e14- gyrA96 recA1 relA1 endA1 thi hsdR17) was used as a cloning host.  This E. coli
strain was grown and maintained by the standard protocols described by Sambrook et al. (1989).

1.2 Agrobacterium strain
The nontumour-inducing Agrobacterium tumefaciens strain LBA4301 contains a

mutated Ti plasmid (pTiC58) in which the oncogenic function of the T-DNA deleted.  The
agrobacterium was used for agroinoculation.

2. Plasmid

A full-length genome of RTBV was inserted into pUC19 at SalI site to create
pRTBVCN.  A binary vector pCBRT1.13 containing a one and a bit mer of RTBV genome was
used for agroinoculation (Nathwong et al., 1999).

Methods

1. Polymerase Chain Reaction (PCR)

PCR was used to generate DNA fragments flanked by appropriate restriction sites as
described above.  Oligonucleotides used for PCR amplification are listed in Table 1.  PCR of each
DNA fragment was performed with PTC-200 DNA Engine (MJ Research).  In 100 µl reaction
mixture contain a DNA template 0.3 µl, 10X PCR buffer (10 mM Tris, pH8.8, 50 mM KCl, 1.5
mM MgCl2 and 0.1% triton X-100), 10 mM dNTPs, 10 pmol of each primer and 1U of Taq

16
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polymerase (OIAGEN).  The amplification was performed as follows: 1 cycle of initial
denaturing for 4 min at 94ºC, then 30 cycles of 1 min denaturation at 94ºC, 1 min annealing at 52º
C, 1 min extension at 72ºC, and an additional 10 min extension at 72ºC at the end of the program.
Amplified DNA fragment was analyzed on a 0.8% agarose gel electrophoresis.  Primers used in
all experiments are shown in Table 1.

ORF DNA
fragments

Primer Position in
RTBV

                                                Sequence

KS5X
P12K101X (+)

KS5RTB (-)
944

1,995
5’-CTC  GAG  TTT  AGG  TGG  TGC  TTT  ATA  TTG  A-3’
5’-GGT  ACC  GTC  GAC  GGA  TGA  GGT  TAT  AAA CGA-3’

ORF2

HAVR
P12K101H (+)
RTBAVR (-)

967
1,547

5’-GTT  AAC  AAA  GGA  ATT  AAG  AGA  AAA  TAT  CCA  GC-3’
5’-CAT  ATC  CTA  GGG  TTT  GTA  TCC  CTA  TC-3’

N37X
N37LX (+)

5648 (-)
2,051
1,469

5’-CTC  GAG  TGC  CAT  TTT  TGA  TGA  TTC  TTT C-3’
5’-GGA  TAT  GAA  CGG  AGG  TTG  CGG-3’

ORF3
(CP)

C37H
LBSTX1 (+)
C37UH (-)

4,005
2,915

5’-CTC TAT GTG TGC TT TAA TCC ATG ATG C-3’
5’-GCC GTT AAC TGC GAA GAT CCT ACT-3’

- GFP
XHOG (+)
HPAG (-)

-
-

5’-GAG  AGG  CTC  GAG  ATG  AAA  GGA  CAA  GAA  CTT-3’
5’-GGG  GGG  AAT  TGT  TTG  TAT  AGT  TCA  TCC  ATG-3’

Note: 1) The restriction sites of XhoI (C'TCGAG) and HpaI (GTT'AAC) are underlined.
Table 1  The sequence of primers used for PCR amplification of desired DNA fragments.

2. Small Scale Isolation of Plasmid DNA

Plasmid DNA was extracted as described by Sambrook et al. (1989) with a slight
modification. Recombinant clone was grown overnight at 37ºC with vigorous shaking in 5 ml of
LB containing 100 µg/ml amplicillin.  A 1.5 ml aliquot of cell suspension was centrifuged for 1
min at 12,000 rpm and the supernatant was discarded.  The pellet was resuspended in 200 µl of
solution I (10 mM EDTA, 25 mM Tris-Cl, pH 8.0).  Two hundred microliters of freshly prepared
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solution II (0.2 M NaOH, 1% SDS) were added, and the content was mixed by inverting for 2-3
times.  The solution was then neutralized by the addition of 200 µl of solution III (1.32 M
potassium acetate, pH 5.2 galcial acetic acid).  The DNA was then precipitated with equal volume
of isopropanol and pelleted by centrifugation for 10 min.  The DNA pellet was washed with 70%
ethanol before centrifugation for 5 min and air-dried.  The pellet was resuspended in 30 µl TE
buffer containing 10 µg/ml RNase A and incubated at Room temperature (RT) for 30 min.

3. Restriction Enzyme Digestion

Plasmids or PCR products were digested in 100 µl reaction consisting of appropriate
amounts of enzyme and buffer at the concentration recommended by the manufactures.  All
reactions were incubated at 37ºC except for the reaction of SmaI which was at 25ºC.  Completion
of plasmid digestion was confirmed by gel electrophoresis.

4. Purification of PCR Products

PCR products were purified using a PCR purification kit (QIAGEN) essentially as
recommended by the manufacturer.

5. Isolation of DNA from Agarose Gel

DNA bands were excised from agarose gels and extracted using QIAquick Gel
Extraction Kit (QIAGEN) essentially as recommended by the manufacturer.

6. Agarose Gel Electrophoresis

Amplified DNA fragment from PCR reaction was electrophoresed on 0.8% agarose gel
using 1X TBE (Tris-borate buffer: 0.045 M Tris-borate, 0.001 M EDTA pH 8.0) at a constant 100
V for 30 min.  After electrophoresis, the gel was stained with ethidium bromide and photographed
under UV light.
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7. DNA Cloning

A restriction enzyme-treated plasmid vector and DNA fragment in the various ratios
were mixed in a microcentrifuge tube.  In a 20 µl ligation reaction, 2 µl of 10X T4 DNA ligase
buffer (250 mM Tris-Cl (pH 7.6), 50 mM MgCl2, 5 mM ATP, 5 mM DTT, 25% (w/v) PEG8000:
New England Biolabs) were added and mixed with the DNA mixture.  DNA ligation was
catalyzed by 1 unit of T4 DNA ligase (New England Biolabs).  The reaction was incubated at 16º
C overnight and stored at 4ºC before introducing the ligated products into competent E. coli cells.

The blunt-ended PCR product was ligated into plasmid vector using a QIAGEN PCR
Cloning kit essentially as described by the manufacturer (QIAGEN).  The ligation reaction was
prepared in the 0.5-ml microcentrifuge tubes.  The reaction mix (20 µl) contained 1 µl of the
pDrive cloning vector (50 ng/µl), 2 µl of 2X ligation master mix buffer and 17 µl of blunt-ended
PCR products.  The reaction was incubated at 16ºC overnight.

8. Preparation of Competent E. coli Cells

E. coli DH5α was transformed using a modified method of Sambrook et al. (1989).  Five
hundred microliters from a 5 ml overnight culture of E. coli DH5α were transformed to a 50 ml
LB and shaked at 37ºC until an OD600 of 0.3 was reached.  The culture was then placed on ice for
30 min before pelleting by centrifugation at 8,000 rpm for 10 min at 4ºC.  The supernatant was
removed and the pellet was resuspended in 10 ml of 50 mM CaCl2.  The cells were placed on ice
for 30 min before pelleting by centrifugation at 8,000 rpm for 10 min at 4ºC. The cells were
resuspended in 1 ml of 50 mM CaCl2 and stored at 4ºC.

9. Heat-Shock

After the competent cells had been incubated on ice for at least 3 hr, 5 µl of ligation mix
were added into 100 µl of competent cells and incubated on ice for 30 min.  Cells were then heat-
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shocked at 42ºC for 60 sec. before placing on ice for 2 min.  The cells were resuspended in 1 ml
of LB and incubated in a shaking incubator at 37ºC for 60 min.  An appropriate amount of
transformed cells were plated on LB plate containing IPTG (29 µg/ml), 50 µg/ml X-gal, 100 µ
g/ml amplicilin and 100 µg/ml kanamycin.  The plate was incubated at 37ºC, overnight.
Recombinant clones were identified by white colonies.  The colonies were grown on LB
containing 100 µg/ml ampicillin and 100 µg/ml kanamycin, for an overnight. 

10. Electroporation (Introduction of Plasmid into Agrobacterial Cells)

A plasmid was introduced into Agrobacterium tumefaciens LBA4301 by a modified
method of that described by Sambrook et al. (1989).  To prepare the competent cells,
Agrobacterium was grown on freshly prepared 2XYT plate containing 150 µg/ml rifampicin at
28ºC, for an overnight.  The cells were harvested and suspended in sterile water.  The cells were
centrifuged at 5,000 rpm for 20 min at 4ºC.  The supernatant was removed and the pellet was
resuspended in 30 ml of sterile water.  The cells were centrifuged at 5,000 rpm for 20 min at 4ºC.
The cells were then resuspended in 0.5 ml of sterile water and ready for electropotation.

To transform agrobacterium, 5 µl of a plasmid were added into 100 µl of competent cells
and incubated on ice for 30 min.  The competent cells were transferred to a chilled cuvette
(HYBRID).  Electroporation was performed at 2.5 kV and the pulse controller was set to 200 ohm
resistance.  After electroporation was completed, 1 ml of LB was added and the cells were
incubated in a shaking incubator at 28ºC for 4 hr.  The appropriate amounts of cells were plated
on 2XYT containing 150 µg/ml rifampicin and 50 µg/ml kanamycin and the plate was incubated
at 28ºC for 48 hr.

11. Agroinoculation

Agroinoculations was performed as described by Dasgupta et al. (1991).  Agrobacterium
tumefacies LBA4301 containing either plasmid (pCBRT1.13, pCBG2::XH, pCBG2G, pCB∆
37::XH and pCB∆37GFP) was grown on 2XYT medium containing 150 µg/ml rifampicin and
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50 µg/ml kanamycin and incubated at 28ºC for 48 hr.  The bacterial cells were harvested by
centrifugation and resuspended with sterile water.  The bacterial cell suspension was immediately
used for delivering to 2 week-old rice seedlings.  A 10 µl of suspension cells were injected into
rice seedling at the base of stem.  A mock injection using sterile water was also performed.  After
injection, all plants were maintained in a containment glasshouse.

12. Virus Purification

Fifty grams of leaves from infected plants (4-6 weeks post inoculation) were frozen in
liquid nitrogen and then ground to a fine powder in a cold mortar.  One liter of 0.1 M sodium
citrate buffer pH 6.0 was added to the powder.  The mixture was digested with Celluclast (Novo-
Enzymes) at 5% (v/v) for 2 hr at 30ºC.  The mixture was centrifuged at 8,000 rpm for 4 min at 4º
C.  The supernatant was mixed with 7% (v/v) PEG6000, 0.2 M NaCl and 1% (v/v) TritonX-100
for 1 hr at RT before centrifugation at 11,000 rpm at 4ºC for 20 min.  The pellet was resuspended
in 2 ml of 0.1 M sodium citrate buffer pH 6.0, for an overnight at 4ºC.  The sample was then
placed on a 10% sucrose gradient and centrifuged at 30,000 rpm for 3.5 hr at 4ºC. The pellet was
then resuspended in 0.1 M sodium citrate buffer pH 6.0.

13. Detection of Viral DNA Using PCR Techniqe

To investigate viral infection, viral DNA was extracted from inoculated rice plants.
Briefly, leaves were harvested at 2-7 weeks after inoculation and excised in 3 cm long and ground
in liquid nitrogen to a fine powder in a cold mortar.  The powder was transferred to a
microcentrifuge tube.  Fourty microlitres of 5 N NaOH were added into the powder and mixed
well.  The slurry was then centrifuged at 10,000 rpm for 5 min and the supernatant was
transferred to a new microcentrifuge tube.

Polymerase chain reaction was used to confirm the presence of viral DNA in
agroinoculated plants.  The viral DNA isolated as mention above was diluted to 1:200 in TE
buffer and then used as a template.  Two primers used to amplify the viral DNA are as follow:
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5648 (+): 5’-GGA TAT GAA CGG AGG TTG CGG-3’
5735 (-): 5’-CCT TTC GTG TTC GCT TCT GAA GC-3’

PCR reaction was carried out in a total volume of 25 µl containing 2.5 µl of 10X PCR
buffer (100 mM Tris-Cl, pH 8.3 and 500 mM KCl), 0.5 µl of 10 mM dNTPs, 2.5 µl of 25 mM
MgCl2, 0.5 µl of 20 pmol of each primer (5648 and 5735), 10 µl of distilled water, 1 µl of
template solution and 0.1 µl of 1 U Taq DNA Polymerase (QIAGEN).  The amplification was
performed with the following program : initial denaturing for 4 minutes at 94ºC, then 30 cycles of
1 min denaturation at 94ºC, 1 min annealing at 52ºC, 1 min extension at 72ºC, and an additional
10 min extension at 72ºC at the end of the program.  Amplified DNA fragment was analyzed on a
0.8% agarose gel electrophoresis.

14. Detection of GFP Fragment in Agroinoculated Plant

The viral DNA from 13 was subjected to PCR analysis using primers specific to gfp
gene.  The primers are shown below.

XHOG (+): 5’-GAG AGG CTC GAG ATG AAA GGA CAA GAA CTT-3’
HPAG (-):  5’-GGG GGG AAT TGT TTG TAT AGT TCA TCC ATG-3’

The reaction was incubated in a thermocycler which was programmed 94ºC, 1 min; 52ºC,
1 min; 72ºC, 1 min for 30 cycles.  After all the cycles were completed, 5 µl of the reaction were
taken and analyzed on a 0.8% agarose gel electrophoresis.

15. Detection of the Viral Coat Protein Using Western Blot Analysis

15.1 Protein Extraction
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 The viral coat protein was extracted from agroinoculated plants at 2-7 weeks after
inoculation.  Leaves were excised into 3 cm long and ground to a fine powder in liquid nitrogen.
The powder was transferred to a microcentrifuge tube.  Thirty microlitres of 2X SDS-PAGE
sample buffer (6% β-mercaptoethanol, 6% SDS, 0.6% bromophenol blue, 20% glycerol) was
added and the sample was boiled for 10 min.  After centrifugation at 10,000 rpm for 1 min, the
supernatant was transferred to a new microcentrifuge tube and stored at -20ºC.

15.2 Preparation of Sodium Dodecyl Sulfate-Polyacrylamide Gel (SDS-PAGE)

 SDS-PAGE was performed using a ‘Mini-PROTEAN3’ (0.75 mm x 7.3 cm x 10.2
cm) gel system (Bio-Rad).  The gel casting apparatus was assembled according to the
manufacture’s instruction.  For a single gel, 3.3 ml of the resolving gel solution (see below for the
composition) were poured into the assembled glass plates and overlaid with 1 ml water to assure
an even gel surface.

 The gel was allowed to polymerize at RT for 45 min.  After that, the overlaid water
was removed and 2 ml of the stacking gel solution were poured on the top of the resolving gel.  A
Teflon comb was immediately inserted into the stacking gel solution.  Polymerization of stacking
gel was allowed at RT for at least 10 min before the comb was removed.

 Resolving gel solution: 10 ml of 10% polyacrylamide comprising 3 ml of 40%
acrylamide, 1.6 of 2% methylenebisacrylamide, 2.5 ml of 1.5 M Tris-Cl pH 8.8, 0.1 ml of 10%
SDS, 0.1 ml of 10% ammonium persulphate, 2.7 ml of distilled water and 4 µl of TEMED.

 Stacking gel solution: 5 ml of 5% polyacrylamide comprising 0.495 ml of 40%
acrylamide, 0.264 of 2% methylenebisacrylamide, 0.5 ml of 1.0 M Tris-Cl pH 6.8, 0.4 ml of 10%
SDS, 0.4 ml of 10% ammonium persulphate, 2.657 ml of distilled water and 4 µl of TEMED
(Sambrook et al., 1989).
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15.3 Electrophoresis

 The cast acrylamide gels and the ‘Mini-PROTEAN3’ gel running unit were
assembled as described in the manufacturer’s instruction.  The upper and lower chamber were
filled with Tris/glycine electrophoresis running buffer (25 mM Tris-Cl, pH 8.3, 192 mM glycine,
0.1% SDS).  The SDS-treated protein samples were loaded into the sample wells and
electrophoresis was performed at a constant voltage 200 V.  When either the bromphenol blue
tracking dye had reached the bottom of the resolving gel or the bands of prestained protein
markers were well separated, the electrophoresis was terminated.

15.4 Electrotransfer

 After electrophoresis was completed, the gels were removed from the gel apparatus
and trimmed off the stacking gel.  The gel, the sponges and the nitrocellulose membrane were
soaked in transfer buffer (20 mM Tris-base, 0.15 M glycine, 10% methanol) and placed in
flooded condition and the cassettes were assembled in the tank transfer system.  Electrotransfer
was done at constant 10 V for 1 hr.

15.5 Immunodetection

The blotted nitrocellulose membrane was immersed in blocking solution (5% non-fat
dried milk in 1X PBST) with gentle agitation.  A Mouse polyclonal antibody raised against the N-
terminal half of 37 kDa coat protein (Nathwong, 1997) was diluted to 1:1,000 in 1X PBST.  The
membrane was incubated in antibody solution at RT for 3 hr.  After incubation, the membrane
was briefly rinsed with 1X PBST and then washed 3 times with 1X PBST for 10 min.  Antibody
rabbit IgG alkaline phosphatase conjugate (Sigma) at a dilution of 1:10,000 was added to cover
the membrane and incubated for 2 hr.  The nitrocellulose membrane was quickly rinsed with 1X
PBST and washed 3 times with the same solution for 10 min each.  Then a mixture of 500 µl of
10X NBT and 500 µl of 10X BCIP (ZYMED) in 4 ml 1X PBST was added.  After 20 min of
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incubation, the membrane was immersed in distilled water to stop the color development and
placed on the paper to dry.

16. Detection of GFP

Infected leaf tissues were analyzed by viewed under fluorescence microscope (Olympus
BX51) with an Omega Optical XF-14 filter cube with 425DF45 excitation filter, 475DCLPO2
dichroic mirror and 535 DF55 emission filter.

17. Electron Microscopic Visualization of the Virus Particles

17.1 Grid Preparation

 Hexagonal 200 mesh gold grids (AGAR Scientific) were treated with 0.15% (v/v)
Butvar solution in chloroform prior to being placed on a film of pyroxiline which had been
prepared by dropping 4% (v/v) pyroxiline in amyl acetate on the surface of deionised water in a
clean container.  A 3MMTM filter paper was gently placed on the top of the grids and the filter
paper was allowed to absorb water until thoroughly wet.  The sandwich of pyroxiline film-grids-
filter paper was then gently lifted avoiding breaking of folding the film, and air dried overnight.
The pyroxiline-coated grids were then carbon-coated in a vacuum carbon coating unit.

17.2 Electron Microscopy

 The purified virus particles were coated onto the carbon-coated electron microscopic
grids and stained with 4% (w/v) uranyl acetate.  The stained grids were finally blot dried with
filter paper and air dried before examination under a JEOL 1200 electron microscope.
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RESULTS

1. Amplification of KS5X, HAVR, N37X and C37H Fragments

The extra restriction digestion sites of XhoI and HpaI were introduced into the 3’ end of
RTBVCN ORF2.  The KS5X and HAVR fragments were amplified from pRTBVN using primer
pairs [P12K101X+KS5RTB] and [P12K101H+RTBAVR] (Table 1), respectively.  The resulted
fragments, ~1.1 kb KS5X has XhoI site at 3’ end and HAVR of ~0.6 kb possesses HpaI site at its
5’ end (Figure 5 and 6).

Similarly the XhoI and HpaI sites were also added into RTBVCN genome in the area that
corresponding to 37 kDa coat protein in the ORF3.  Amplification from pRTBVCN using primer
pairs [N37LX+5648] and [LBSTXI+C37UH] (Table 1) resulted in XhoI containing N37X
fragment and HpaI containing C37H fragment, respectively.  Gel electrophoresis of the amplified
product showed that N37X is of approximately 600 bp and C37H is of approximately 1.1 kb
(Figure 7)

2. Construction of pCBG2::XH and pCBG2G

The amplified products KS5X and HAVR were separately cloned into pDrive cloning
vector resulting in pKS5X and pHAVR, respectively.  Each recombinant plasmid was transferred
to E. coli (DH5α ) cells.  Gel electrophoresis analysis of plasmid extracted from transformed
bacterial cells indicated the authenticity of pKS5X and pHAVR (Figure 8).

An AvrII-SnaBI fragment containing HAVR was gel-extracted from AvrII and SnaBI
digested pHAVR.  The fragment was cloned into pKS5X which was firstly digested wiyh HindIII
and treated with Mung Bean nuclease to create blunt end before second digestion with AvrII.  The
presence and orientation of HAVR fragment in a newly constructed plasmid, pKXHA, was
analyzed as shown in Figure 9.
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Digestion of pKXHA with AvrII and KpnI released the KXHA fragment which was
purified by gel extraction.  The KXHA fragment was cloned into the gel-extracted AvrII-KpnI
digested pRTBVCN generating pRTG2::XH (Figure 11).

The mutated RTBVCN genome containing XhoI and HpaI was gel-extracted from SalI-
digested pRTG2::XH.  The mutated genome was subsequently used to replace a SalI-fragment of
pCBRT1.13 to generate an one-and-a-bit-mer clone of the mutated RTBVCN genome, designated
pCBRTG2::XH (Figure 13).

In order to construct pCBRTG2G, the GFP gene was cloned into pCBRTG2::XH at XhoI
and HpaI sites (Figure 15).
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3. Construction of pCB∆37::XH and pCB∆37GFP

Construction of pCB∆37::XH and pCB∆37GFP involved with deletion of the encoding
part of the first species coat protein (37 kDa) in ORF3.  The deleted part was replaced with XhoI
and HpaI cloning sites to create pCB∆37::XH.  The inserted cloning sites were then used for
cloning of GFP gene into pCB∆37::XH to create pCB∆37GFP.

The construction process began with cloning of the amplified products N37X and C37H
into pDrive cloning vector resulting in pN37X and pC37H, respectively (Figure 17).  The
recombinant plasmid pN37X was submitted to digestion of HincII and SacI to release the N37X
fragment that was gel extracted and cloned into SnaBI and SacI treated pC37H to create pNXCH
(Figure 19).

The NXCH fragment was subsequently released from pNXCH by digestions of AvrII and
BstXI.  The gel extracted NXCH fragment was cloned into pRTBVCN, which previously was
digested with the same restriction enzymes and gel extracted.  This cloning step led to
construction of pRT∆37::XH in which the encoding part of first species coat protein within
ORF3 of RTBVCN genome was replaced with the recognition sequences of XhoI and HpaI
(Figure 21).  Insertion of GFP gene into pRT∆37::XH at the newly inserted XhoI and HpaI sites
yielded the designated pRT∆37GFP (Figure 23).

Each of the ORF3 mutated RTBVCN genome was released from pRT∆37::XH and
pRT∆37GFP by digestion of SalI.  The gel extracted ORF3 mutated RTBVCN genome
fragments were finally used to replace the wild type RTBVCN genomic fragment of pCBRT1.13.
Insertion of SalI - RT∆37::XH fragment into SalI treated pCBRT1.13 resulted in pCB∆37::XH
(Figure 25) as well as that was by SalI - RT∆37::XH fragment that resulted in pCB∆37GFP
(Figure 27).
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Figure 21  Restriction digestion analysis of recombinant plasmid pRT∆::37XH
    Lane 1 = pRT∆37::XH digested with BamHI and XhoI
    Lane M = 1 kb DNA ladder
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Figure 23  Restriction digestion analysis of recombinant plasmid pRT∆37GFP
    Lane M = 1 kb DNA ladder
    Lane 1 = pRT∆37GFP digested with ClaI

Figure 24  Diagram illustrates construction 
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Figure 27  Restriction digestion analysis of recombinant plasmid pCB∆37GFP
    Lane M1 = 1 kb DNA ladder
    Lane M2 = 100 bp DNA ladder
    Lane 1 = pCB∆37GFP digested with ClaI and XhoI

Figure 28  Diagram illustrates
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4. Agroinfection of Rice Plants

Two week old Taichung Native 1 (TN1) rice seedlings were agroinoculated with wild
type and mutated RTBVCN genome.  Suspension of Agrobacterium tumefaciens LBA4301
harbouring either wild type or mutated RTBVCN one-and-a-bit-mer genomic clone was injected
to a “meristem heart” area of rice seedling.  At 4 week after inoculation, plants agroinoculated
with the wild-type construct, pCBRT1.13 and ORF2 mutated construct, pCBG2G and
pCBG2::XH, were slightly stunted and began to display typical yellowing symptoms.  In contrast,
plants agroinoculated with the ORF3 mutated constructs, pCB∆37::XH and pCB∆37GFP, grew
normally and did not develop yellowing leaf symptoms, even at later times.

5. Detection of RTBVCN Genome in Agroinoculated Rice Plants

In order to detect whether the RTBVCN genome, delivered into rice plants by
agroinoculation, could replicate.  PCR analysis of plant crude extract at 5 week after inoculation
was performed using primers specific to 5’- area of RTBVCN genome (primers 5648 and 5735).
Amplification of 1,527 bp was obtained from plant agroinoculated with wild type (pCBRT1.13)
and pCBG2::XH and pCBG2G mutant clones (Figure 29).  In contrast, no amplification was
found from crude extract of plant agroinoculated with pCB∆37::XH and pCB∆37GFP mutant
clones as well as those injected with sterile water and wild type Agrobacterium tumefaciens
LBA4301.

6. Detection of GFP Gene in Agroinnoculated Plants

Since the RTBVCN genome could be detected in rice plant agroinoculated with
pCBG2G.  The plant crude extract was subjected to further PCR analysis to determine the
existence of GFP gene using GFP specific primers (XHOG and HPAG).  At the completion of
PCR, amplification of 730 bp GFP gene was obtained from plants agroinoculated with pCBG2G
as well as from purified pCBG2G from bacterial cells (Figure 30).  No amplification was found in
the reactions containing water or purified pCBRT1.13 from bacterial cells.
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7. Detection of RTBVCN Coat Protein in Agroinoculated Plants

In addition to the detection of RTBVCN genome, the expression of the viral genes in
agroinoculated plants was also determined.  Leaves were collected from agroinoculated rice
plants at the second week after inoculation and continued at every week till the seventh week.
Crude extract of the collected leaves were subjected to western blot analysis using polyclonal
antibody against the N-terminal of 37 kDa RTBVCN coat protein.  At the completion of color
development, a band of 37 kDa protein was detected from rice leaves agroinoculated with
pCBG2::XH collected at 5, 6 and 7 week after inoculation (Figure 31).  The same result was also
obtained from western blot analysis of crude extract of rice leaves agroinoculated with pCBG2G
(Figure 32).

In the case of rice leaves agroinoculated with pCB∆37::XH and pCB∆37GFP, since the
viral mutated genome was not presence in the agroinoculated plants, the viral coat protein
expression was thus not expected.  And western blot analysis of crude extract of rice leaves
agroinoculated with pCB∆37::XH and pCB∆37GFP using polyclonal antibody against the N-
terminal of 37 kDa RTBVCN coat protein had proved this hypothesis (Figure 33 and 34).

8. Analysis of Virus Particles

Semi-purifications of virus particle from rice plants agroinoculated with pCBRT1.13,
pCBG2::XH and pCBG2G were done as described by Jones et al. (1991).  Scanning the semi-
purified product under transmission electron microscopes revealed intact bacilliform virus
particles from rice plants agroinoculated with pCBRT1.13 (Figure 35) and pCBG2::XH (Figure
36).  While none of viral particle was found from rice plants agroinoculated with pCBG2G.
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ure 29  Amplification of 1572 bp fragment from 5’ end of RTBVCN genome from crude
extract of agroinoculated rice plants

            Lane 1 = water
   Lane 2 = plants agroinoculated with wild type Agrobacterium LBA4301
   Lane 3 = plants agroinoculated with water
   Lane 4 = plasmid pCBRT1.13 containing RTBVCN genome
   Lane M = 1 kb DNA ladder
   Lane 5 = plants agroinoculated with pCBRT1.13
   Lane 6 = plants agroinoculated with pCBG2G
   Lane 7 = plants agroinoculated with pCBG2::XH
   Lane 8 = plants agroinoculated with pCB∆37::XH
   Lane 9 = plants agroinoculated with pCB∆37GFP
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Figure 31  Western blot analysis of crude extract from rice leaves  at 2-7 weeks a
agroinoculation with pCBG2G.  Protein was probed by using polyclon
against N-terminal half of 37 kDa coat protein.
 Lane 1 = plants agroinoculated with water
 Lane 2 = plants agroinoculated with Agrobacterium LBA43
 Lane M = protein molecular weight marker (NEB)
 Lane 3 = plants agroinoculated with pCBRT1.13

                   Lane 4   = plants agroinoculated with pCBG2G at 2 weeks a
 Lane 5 = plants agroinoculated with pCBG2G at 3 weeks a
 Lane 6 = plants agroinoculated with pCBG2G at 4 weeks a
 Lane 7 = plants agroinoculated with pCBG2G at 5 weeks a
 Lane 8 = plants agroinoculated with pCBG2G at 6 weeks a
 Lane 9 = plants agroinoculated with pCBG2G at 7 weeks a
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Figure 32  Western blot analysis of crude extract from rice leaves at 2-7 we
agroinoculation with pCBG2XH.  Protein was probed by using p
raised against N-terminal half of 37 kDa coat protein.
Lane 1 = plants agroinoculated with water
Lane 2 = plants agroinoculated with Agrobacterium L
Lane M = protein molecular weight marker (NEB)
Lane 3 = plants agroinoculated with pCBRT1.13
Lane 4 = plants agroinoculated with pCBG2G at 2 we
Lane 5 = plants agroinoculated with pCBG2G at 3 we
Lane 6 = plants agroinoculated with pCBG2G at 4 we
Lane 7 = plants agroinoculated with pCBG2G at 5 we
Lane 8 = plants agroinoculated with pCBG2G at 6 we
Lane 9 = plants agroinoculated with pCBG2G at 7 we
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=          plants agroinoculated with water
=          plants agroinoculated with Agrobacterium LBA4301
=          protein molecular weight marker (NEB)
=          plants agroinoculated with pCBRT1.13
=          plants agroinoculated with pCB∆37GFP at 2 weeks after inoculation
=          plants agroinoculated with pCB∆37GFP at 3 weeks after inoculation
=          plants agroinoculated with pCB∆37GFP at 4 weeks after inoculation
=          plants agroinoculated with pCB∆37GFP at 5 weeks after inoculation
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ctron microscopic images of semi-purified virus particles obtained from rice plants
inoculated with pCBRT1.13.
ctron microscopic images of semi-purified virus particles obtained from rice plants
inoculated  with pCBG::2XH.
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DISCUSSION

Site-directed mutagenesis on the ORF2 and 37 kDa protein in ORF3 were introduced into
a full-length RTBV genome in order to determine their effect on virion assembly and replication.
Oligonucleotides encoding for GFP were introduced in two different configurations.  In the first
strategies, GFP was inserted between the XhoI and HpaI sites at position 966 and 977 of the
ORF2.  For the second strategies, GFP was used as a replacement between position 2063 and
position 2906 for part of 37 kDa coat protein.

To investigate the infectivity of mutated RTBVCN, all mutant constructs were
introduced into rice seedlings by agroinoculation technique.  In plants agroinoculated with
pCBG2::XH and pCBG2G, systemic infection was observed at 2 weeks post inoculation as well
as those agroinoculated with wild type RTBV genome (pCBRT1.13).  While the plants
agroinoculated with pCB∆37::XH and pCB∆37GFP did not develop any symptom.

According to symptom development, deletion of the encoding sequence of the first
species coat protein in ORF3 affected the infectivity of the viral genome.  Rice plant that was
agroinoculated with pCB∆37::XH, where the deleted encoding sequence of the first species coat
protein in ORF3 was replaced by recognition sequences of XhoI and HpaI, showed no typical
tungro symptom.  Similar result was also observed when 730 bp GFP gene was used to replace
the same deleted part in ORF3.  In contrast, insertion mutation at the 3’ end of ORF2 did not
affect the infectivity and replication of the viral genome.  Detection of RTBVCN genome in rice
plants agroinoculated with pCBG2G and pCBG2::XH by PCR analysis strongly indicated the
infectivity of these particular mutated RTBVCN genomic clones.  Moreover, detection of 730 bp
GFP gene in rice plants agroinoculated with pCBG2G, also suggested that the replication of the
viral genome could tolerate insertion of such particular long gene.

Expression of RTBVCN 37 kDa coat protein gene in rice plants agroinoculated with
pCBG2G and pCBG2::XH was demonstrated by western blot analysis using polyclonal antibody
raised against the N-terminal part of 37 kDa coat protein.  The results indicated that the insertion
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of XhoI and HpaI recognition sequences and GFP gene at the 3’ end of ORF2 does not interrupt
expression of the coat protein from the overlapping ORF3.

Since the RTBV ORF2 gene product (P12) has been reported interacting with coat
protein during viral particle assembly.  It was interesting to demonstrate whether the insertion of
extra amino acid in pCBG2::XH and pCBG2G would interrupt particle assembly.  Scanning
semi-purified product from rice plants agroinoculated with pCBG2::XH under transmission
electron microscope (TEM) revealed complete bacilliform virus particles.  This suggested that
insertion of extra 4 amino acids, translating from recognition sequences of XhoI and HpaI, did not
affect the interaction between P12 and coat protein during the process of viral assembly.
However, virus particle was not observed when semi-purified product from rice plants
agroinoculated with pCBG2G was scanned under TEM.  In this case, insertion of 730 bp GFP
gene, although did not interrupt the viral replication, might have caused change in either
expression or conformation of P12 so that interaction with coat protein could not occur.

Certainly, more study has to be done in order to determine RTBVCN genome could
accommodate DNA fragment longer than 8 base pairs in its ORF2 that will not interrupt
replication, expression and particle assembly.  The further finding would lead to better
understanding of RTBVCN and even construction of chimeric RTBVCN that could be used as
expression vector.
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