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ABSTRACT

Orchids are one of the most important flowering plants in Vietnamese urban agriculture. During
the last decade, the orchid cultivation area has expanded significantly and this has led to the
increase of the growers'income. The orchid - virus diseases are causing serious damage to orchid
production and quality while the treatment hasn't yet been shown. Conventional approaches to
control virus spread are time - consuming and costly, however ineffective. In order to control this
disease more effectively, it is necessary to establish efficient strategies employing advanced
techniques of plant biotechnology. In this report, we presentthe outputs of our current strategy for
managing the viral disease in orchids, including virus detection using the RT - PCR, virus - free
orchid micropropagation, meristerm culture for the recovery of virus - infected plants, and
development of virus - resistant orchids using RNA interference (RNAi) technology. In addition, the
feasibility, effectiveness and prospects of the control strategies for orchid viruses in Vietnam are
alsodiscussed.
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1.INTRODUCTION

Orchids are one of the characteristic products
of urban agriculture, contributing positively to
improving national agricultural development.
The orchid cultivation area is expanding in
Vietnam. The area expansion and specialized
culture of orchids are leading to the emergence
of several diseases. There are many types of
diseases affecting the orchid, in which viral
disease is the most serious disease. Viral
diseases have severe economic losses to orchid
growers. So far, the treatment method for viral
diseaseis not usable. Once the orchid plant was
infected with thevirus, ithasto be removed and
destroyed. The damage caused by the viral
disease cannot be estimated fully. Thus, the
development of appropriate schemes for
controlling orchid viral disease is very im-
portant for the growth of the orchid industry in
Vietnam.
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2. OVERVIEW OF ORCHID VIRUSES

There are more than 50 viruses have been
reported to infect in orchid [1]. Of these,
Odontoglossum ringspot virus (ORSV) and
Cymbidium mosaic virus (CyMV) are the most
prevalent viruses [2 - 3]. These are two viruses
infecting on many orchids and causing severe
symptoms, including a reduction of vigorous,
and flower quality [4]. They can infect simul-
taneously in the same orchid plant [5] and
induces a form of abnormal symptoms with the
orchid. The viral symptoms change very greatly
in the different orchids that infected with the
same virus. The most striking symptoms are
chlorosis, necrosis of leaves and color breaking
of flowers. Symptoms can express alone, in
combination or completely unexpressed. The
virus can be transmitted through garden tools or
avector ofinsects and nematodes [3].
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3.VIRUSES INFECTING ORCHIDS INVIETNAM
Although there are many kinds of orchid viruses
that have been recognized over the world,
however, in Vietnam, the studies focused only
on two prevalent viruses such as CyMV and
ORSV. Initial surveys showed that CyMV infects
orchids in some of the major areas of orchid
cultivation of Vietnam. The viral infection rate is
quite high in areas with high potential for orchid
cultivation, such as Ho Chi Minh city (37.33%),
Dalat city (37.14%) and Hanoi city [6]. The
infection rate of CyMV is higher than ORSV
(26.67%) [6 - 8]. In a special case, the incidence
reaches to 100% for CyMV and 43% for ORSV
with adult orchid samples which were taken
from the orchid nurseries [8]. Especially,
Dendrobium orchids taking from some orchid
nurseries in Ho Chi Minh city were infected only
with CyMV (65.7%) but without ORSV [7]. Thus,
it seems that CyMV is the most prevalent virusin
cultivated orchidsin Vietnam.

4. STRATEGIES FOR CONTROLLING VIRAL
DISEASES

Virus - infected plants often have reduced in
vitality, quantity, and quality of flower, thereby
seriously affecting yield. Besides, because the
virus could implicit growth and rapid spread
through cut tools, so its damage often occurs on
a large scale. To date, the main measure of
control of viral disease is the elimination of
infectious agents in cultivation and production.
This approach is frequently time-consuming and
costly, however ineffective. To effectively control
this disease, itis necessary to establish a strategy
appropriate to conditions in each nation. In
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Vietnam, we have developed the strategy with
three main stages: 1/ Development of RT-PCR-
based procedures for virus diagnosis; 2/
Establishing procedures of virus-free micro-
propagation of orchids and virus elimination
from infected orchids; 3/ Generating virus-
resistant orchids using RNA interference (RNAI)
technology.

4.1. Virus detection using the RT - PCR
technique

In some cases, virus - infected orchid plants do
not exhibit any symptoms [9]. Therefore, to
accurately detect the presence of viruses, it is
necessary to produce highly sensitive and
accurate procedures for diagnosing the virus.
These procedures are very significant for
controlling virus disease of orchids. Although on
that point there has been a bunch of studies
published for detecting the virus in the world [9 -
13], the similar studies are nevertheless very few
inVietham.

Virus detecting studies are given in this report
focusing on CyMV (Cymbidium mosaic virus) and
ORSV (Odontoglossum ringspot virus). Both
viruses are single - stranded RNA viruses so the
RT - PCR technique is applied to amplify the gene
sequence of the virus from orchid tissues.
According to this, viral RNA is extracted from
infected leaf tissue by sucrose method [14]. RT-
PCR was set up to amplify the sequence of 257
bp (CyMV) and 398 bp (ORSV) of RdRp gene
(coding for RNA dependent RNA polymerase).
With this approach, the diagnostic procedures
were established successfully for both of CyMV
and ORSV (Figure 1) [7].

Figure 1. Gel electrophoresis of RT - PCR products detecting CyMV (left) and ORSV (right).
1: Samples, 2: Positive control, 3: Negative control, 4: DNA ladder (left: 10,000 bp, right: 1,000 bp)
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Inaddition to qualitative detection, the number
of viruses in the tissue was also determined by
the Real - time RT - PCR for assessing the level of
viral infection of the tested samples. The Real-
time RT - PCR was also set up to amplify the

same sequence of 257 bp (CyMV) and 396 bp
(ORSV)fromthe RdRp gene. Theresults showed
that the target gene sequences amplified with
products of a melting point at 80.0°C for CyMV
and 81.5°Cfor ORSV (Figure 2) [7].
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Figure 2. The fluorescent signal (above) and melting curve (below) of the Real-time RT-PCR amplified
target genes of CyMV (A) and ORSV (B). 1: Sample, 2: Positive control, 3, 4: Negative control

For the effective test, both procedures of RT -
PCR and Real - time RT - PCR were applied to
detect viruses in orchid samples collected
randomly from orchid gardens. The results
showed that all tested orchids were infected
with the virus. Of three tested orchid genera,
included Dendrobium, Mokara, and Cymbidium,
Dendrobium was with the highest incidence. In
addition, CyMV infected all three genera, while

Table 1. Result of virus detection in orchid genera

ORSV infected Cymbidium and Mokara.
Simultaneous infection of two viruses was
detected in orchid plants of Cymbidium and
Mokara (Table 1). Results of virus quantification
using Real - time RT - PCR in Mokara and
Cymbidium orchids showed that the copy
number of viruses in the range of 10" to 10°
copies per 1.0 uL for Mokara, and 10° to 10°
copies per 1 uLfor Cymbidium (Table 2) [7].

. N, of testing | No of virus- infected samples Infection rate (%)
Orchid genus
sample Cymv ORSV Cc+0 CyMV | ORSV | C+0O | Total
Dendrobium 312 205 0.0 0.0 65.7 0.0 0.0 65.7
Mokara 76 41 0.0 2.0 53.9 0.0 2.6 56.5
Cymbidium 38 10 3.0 1.0 26.3 7.9 2.6 36.8
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Table 2. Result of virus detection using Real - time
RT-PCR

. Cycle Copy
;Cnhljg Sample | Virus [threshold] number
(Ct) (/uL)
1 CyMV | 20.25 | 1.38x10%
Mokara 2 CyMV | 24.75 | 6.45x10?
3 CyMV | 22.45 3.09 x 10t
1 ORSV | 17.32 | 2.76x10°
Cymbidium 2 ORSV 15.04 1.18 x 10°
3 ORSV | 19.00 | 9.51x10%

4.2.Virus - free orchids micropropagation
Micropropagation of orchids using plant tissue
culture method has been applied very popularin
Vietnam. Nevertheless, most of the applied
procedures have not focused on virus elimi-
nation for the propagated plants yet. In fact, this
is a problem that needs to be considered
because of propagating infected plants will lead
to bad consequences for the orchid industry. In
addition, the production of virus - free seedlings
will reduce the damage and give advantages for
orchid export.

A virus (CyMV and ORSV) - free procedure of
micropropagation was established for Mokara
Chao Praya Sunset orchid. According to, the
mature plants of Mokara Chao Praya Sunset
were tested by virus detection procedure to
select the virus - free plants for micropro-
pagation (Figure 3) [15].
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Figure 3. Detection of CyMV and ORSV using
multiplex RT - PCR. 1 - 10: Samples,

11: Negative control, 12: Positive control,
13: DNA ladder (10,000 bp). The orchid plants
correspond to wells without DNA bands were

selected for micropropagation

The inflorescence samples (2 cm) taking from
virus - free orchid plants are sterilized with a
Javel solution at concentration of % (v/v) for 30
minutes, before being cultured on MS medium
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for 7 days for getting sterile lived samples. The
sterile lived samples continued to be transferred
to MS medium supplemented with 2.5 mg/L BA
combined with 0.5 mg/L NAA for regenerating
PLBs. The shoot clusters developing from PLBs
were tested for viruses before being used for
micropropagation. Results showed that there
were 92.14% of inflorescence samples which
were alive and sterile after 7 days of culture.
These samples regenerated PLBs on MS medium
supplemented with 2.5 mg/L BA combined with
0.5 mg/L NAA after 5 weeks of culture. Shoot
growth from PLBs occurred on the same medium
after 8 weeks of culture (Figure 4). The shoots
have been confirmed virus free using multiplex

RT-PCR[15].

B .
Figure 4. PLBs regeneration from inflorescence
samples (A) and shoot growth from PLBs on MS

medium supplement 2.5 mg/L BA combined
with 0.5 mg/L NAA
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4.3.Virus elimination of infected plants
Approaches such as virus detection using RT -
PCR, virus - free micropropagation is only
effective in preventing the viral spread. Once an
irreplaceable and rare orchid plant is infected
with a virus, it is necessary to eradicate the virus
for conserving its gene resource. A procedure
has been established for eliminating the virus
(CyMV and ORSV) from infected plants of
Mokara using meristem culture technique
combined with heat treatment. In which, shoots
taking from in vitro infected plants (2 - 3 cm in
height) was treated at a temperature of 37°C for
30 days before isolating meristem. The isolated
meristem (0.5 - 1.0 mm in size) (Figure 5A) was
cultured in Knudson C medium [16] for rege-
nerating PLBs. Regenerated PLBs from the
meristem were cultured on MS medium
supplemented with 0.5 mg/L NAA and 2.5 mg/L
BA for the next stage. PLBs also were controlled
for the efficiency of virus elimination using the
RT - PCR technique (unpublish data).
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Figure 5. Regeneration of PLBs from meristem

after treatment with temperature and culture.

(A): isolated meristem, (B): PLBs regenerated

from the meristem, (C): PLBs proliferated into
PLBs clusters

Using this approach, we have successfully
obtained PLBs from meristem after periods of
isolation, heat treatment and culture (Figure 5B,
C), with the rate of virus - free PLBs were 58.33%
(unpublish data).

4.4. Generation of virus - resistant orchids using
RNA interference technology

RNA interference (RNAIi) is an important
mechanism for resistance to the virus in plants
[17]. Therefore, RNAi based genetic trans-
formation technique was applied for generating
virus - resistant crop. So far, many viruses -
resistant crops have been created using RNAI
based genetic transformation technique in the
world [18]. In Vietnam, the RNAI based genetic
transformation technique has also been applied
to some crops to create resistance to different
viruses such as TYLCV resistant tomato [19],
PRSV resistant papaya [20], SMV and BYMV
resistant soybean [21] and tobacco resistant to
TMV, CMV, TYLCV and TSWV [22]. However,
there hasn't been yet any research on Den-
drobium orchid for creating resistance to CMV. In
an attempt to generate CyMV resistant orchid
plants, RNAi technology has been applied to
silencing gene sequences of viruses in transgenic
plants. According to this, CP (coat protein) gene
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derived from CyMV strains infecting orchids in
Vietnam was isolated (Figure 6) [23] to design
the RNAi vector harboring a segment 450 bp of
the gene (Figure 7) [24].

700bp

500bp

Figure 6. Isolation of CP gene of CyMV in
Vietnam. L: DNA ladder (10,000 bp)

K7 GWIWGR{IIYCP_Cydy

11969 bps

Hirdl| 5612
Figure 7. Map of RNAi vector harboring CP gene

RNAi structure was transferred into PLBs
mediated Agrobacterium tumefaciens bacteria
(C58 strain) harboring the transgenic vector.
Transformed PLBs were screened with kana-
mycin (500 mg /L) (Figure 8) [24].

—

Figure 8. PLBs of Dendrobium Sonia were cultured
in screening medium. Non-transgenic PLBs died (A)
while transgenic PLBs grew normally (B)

ISSN: 2615 - 9686

PLBs survived after the screening were cultured in
growth medium (1/2 MS) for obtaining in vitro
orchid plants. The in vitro plants were tested the
target gene before evaluating virus resistance
using the artificial infection method [25] (Figure
9). Results showed that the evaluated orchid
plants had resistance to CyMV under in vitro
culture conditions (Figure 10) [26].

Figure 9. Detection of the CP gene in transforming
orchid plants. 1 - 8: Transformed plant, 9: Non -
transformed plant, 10: Negative control, 11: PCR

control, 12: Positive control, L: DNA ladder (1,000 bp)

Figure 10. In vitro orchid plants are artificially
infected with CyM\. The transgenic plant grew
normally (A) while non-transgenic plant died by

necrosis (B)
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5. CONCLUSION

A strategy consisting of three phases has been
developed for controlling orchid virus disease in
Vietnam. This strategy allows approaching issues
of viral disease controlling of orchids at different
stages. The first stage begins with the accurate
diagnosis of the presence of the virus by RT - PCR
to eliminate positively the source of infection. At
the second stage, the propagation of virus - free
orchid plants using micropropagation in combine
with virus elimination from cultured samples will
help assured safety for orchid production. At the
third stage, the generation of virus - resistant
varieties will provide an effective to control the
viral disease of orchids.
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Chién lwockiém soat bénhvirus hoalan & Viét Nam
Nguyén Xuan Diing, Nguyén Thi Thanh Thao, Dwong Hoa X6

TOMTAT

Hoa lan lad mét logi hoa quan trong nhét ctia nganh néng nghiép dé thj Viét Nam. Trong 10 ndm qua, dién tich
trong hoa lan dé gia téng ddng ké va viéc trong hoa lan dé lam téng thu nhdp clia ngudi tréng hoa. Bénh virus
hoa lan I nguyén nhdn gdy thiét hai nghiém trong dén nding sudt va chét lrong hoa nhung van chura 6 bién
phdp chi¥a tri. Cdc bién phdp kiém sodt bénh truyén théng géy tiéu tén nhiéu thoi gian va chi phi, tuy nhién
vén khéng dat duroc hiéu qud. DE kiém sodt tét bénh ndy, can thiét Igp cdc chién luoc hiéu qud théng qua viéc
str dung cdc ky thudt tién tién cua céng nghé sinh hoc thurc vét. Trong bdo cdo nay, chiing téi trinh bay két qud
dat duoc trong chién lugc kiém sodt bénh virus & hoa lan, bao gdém sw phdt hién virus bdng ky thudt RT - PCR;
vi nhén giéng cdy sach virus; phuc hoi cdy nhiém bénh théng qua nudi cdy dinh sinh trudng va tao cdy khdng
virus bdng céng nghé can thiép RNA (RNAI). Bén canh cdc két qué dat duworc, cdc vain dé lién quan dén tinh khé
thi, hiéu quad va trién vong cua viéc kiém sodt virus hoa lan & Viét Nam ciing duroc thdo ludn.

Tirkhéa: bénh virus, céng nghé RNAI, chuyén gen khdng virus, hoa lan, phdt hién virus, vi nhén giéng sach virus
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