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Context: Cymbidium mosaic virus (CymMYV) is one of the most devastating viruses causing losses in the orchid industry,
affecting economies worth millions of US dollars. CymMYV significantly affects the orchid population and could be
controlled through an integrated management strategy consisting of virus detection, good sanitation care of gardeners and
their tools, and maintaining virus-free explants.

Evidence acquisition: This review was written based on research publications relevant to the CymMYV infection in orchids.
The literature cited were obtained from online literature databases such as web of Science, Scopus, and Google Scholar.
The searched term used was “Cymbidium mosaic virus”. Related publications to the initial search were also examined.
Results & Conclusions: This review describes the threat of CymMYV to the orchid population by examining its history,
genome organization, symptoms on individual orchids, detection, and management. Current research has been focusing
on the prospect of transgenic orchids with viral resistance. This review also highlights the potential role of the symbiotic
relationship between orchids and arbuscular mycorrhiza fungi that could be useful to improve the protection of orchids
against virus infection. Overall, this review provides information on how CymMYV infection impacts the orchid population.
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1. Background

Orchids are monocotyledonous ornamentals that belong
to the Orchidaceae family with global distribution
and are considered as one of the most popular garden
plants. Orchidaceae is one of the biggest plant families
consists of a large number of species — around 500 new
species described every year since 2003 — with wide
varieties of colours, shapes, and scents (1,2). Many
wild orchids were identified and recorded in addition to
thousands of hybrids that were described and cultivated
(1). Most cultivated orchids are economically valuable
for their aesthetics, therapeutic, fragrant potential, as
well as cosmetics values (1-3). Orchids play a major
role in the global floriculture industry and many
countries are involved in its import-export trade with
an average value of at least US$500 million in the last
decade (4). Like other plants, orchids are susceptible

to viral infections. Records show that viral infection
in wild orchids is relatively unknown and almost
unnoticed compared to the cultivated ones (5). Besides,
the infection in cultivated orchids has been the subject
of research since they are significantly affecting the
cut flower industry (6,7). There are at least 50 viruses
that have been found to infect orchids, where the
most prevalent ones are the Cymbidium mosaic virus
(CymMYV) and Odontoglossum ringspot virus (ORSV)
(Table 1) (6,8). CymMYV was first found in Cymbidium
orchids (9) while ORSV was first found in tiger orchids,
Odontoglossum grande (another name: Rossioglossum
grande) (10). Several studies have found the ability of
CymMYV and ORSV to co-infect the same host (11-16).
Co-infection can be associated with synergism between
viruses and it usually produces more conspicuous disease
symptoms compared to a single infection (8,12,16—-19).
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Table 1. List of several viruses found infecting orchids and the
geographical records. The information from this table is taken from (6).

Virus name

Geographical location

Bean yellow mosaic virus (BYMYV)

Japan, India

Calanthe mild mosaic virus (CalMMYV)

Japan, India

Calanthe mosaic virus (CalMV) Japan
Ceratobium mosaic virus (CerMV) Australia
Clover yellow vein virus (CIYVV) United Kingdom

Colombian datura virus (CDV)

Europe, Japan, Canada, United States

Dasheen mosaic virus (DsMV)

French Polynesia, India

Dendrobium mosaic virus (DeMV) Hawaii
Diurus virus Y Australia
Habeneria mosaic virus (HaMV) Japan
Pecteilis mosaic virus (PcMV) Japan
Phalaenopsis chlorotic spot virus (PhCSV) Taiwan
Sarcochilus virus Y (SVY) Australia

Spiranthes mosaic virus 2 (SpiMV2)

United States

Spiranthes mosaic virus 3 (SpiMV3)

United States

Turnip mosaic virus (TuMV)

Australia, United Kingdom

Vanilla mosaic virus (VanMV)

French Polynesia, India

Vanilla necrosis virus (VNV)

Fiji, Tonga, India

Cymbidium mosaic virus (CymMV)

Singapore, China, India, Taiwan, Malaysia, United
States, Japan, Korea

Phaius virus X (PhaVX)

Japan

Carnation mottle virus (CarMV)

Taiwan

Cymbidium ringspot virus (CyRSV)

England, India

Cucumber mosaic virus (CMV)

French Polynesia, India

Dendrobium vein necrosis virus (DVNV)

Europe, United States

Orchid fleck virus (OFV)

Australia, Brazil, Japan, India

Tomato ringspot virus (ToRSV)

Puerto Rico

Capsicum chlorosis virus (CaCV)

Australia, Taiwan, Thailand

Impatiens necrotic spot virus (INSV)

Europe, United States

Tomato spotted wilt virus (TSWV)

Hawaii

Odontoglossum ringspot virus (ORSV)

United States, Thailand, Lithuania, Singapore, India

Tobacco rattle virus (TRV)

Japan, China

Groundnut bud necrosis virus (GBNV)

India

Infections on orchids negatively affect the yield and the
quality of orchids, significantly decreasing the number
of total orchids viable for the cut flower trading in the
orchid industry (6,8,12).

Consistently, CymMYV is more common in the orchid
population compared to ORSV (8,15,20). Similar

to other important viruses, this review will be
focusing on CymMYV and its prevalence in the
orchid population, emphasising the characteristics
and comparison of the virus and relevant diagnostic
tools, as well as current and future approaches in
controlling the virus (21-23).
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2. Virus Discovery and Symptomatology
CymMYV was first found to infect Cymbidium orchids
in California, USA in 1950 (9). Since then, CymMV
has been found infecting various orchids globally
(8,13,15,20,24). CymMYV genome is accessible at the
National Center for Biotechnology Information (NCBI)
online database (Table 2). The first complete sequence
of CymMV genome came from Singapore (6,8). So
far, the virus has been found in various orchid species
and two non-orchid hosts; Nicotiana benthamiana and
Datura stramonium (6,8,24). The wide host-range
of CymMV is supported by records showing positive
CymMV infection, mainly in orchids; Dendrobium
sp., Epidendrum sp., Laelia sp., Oncidium sp.,
Phalaenopsis sp., Vanda sp., Zygopetalum sp., Phaius
tankervilliae, Vanilla planifolia, and in one non-orchid
host — Cephalotaxus hainanensis (a species of conifer)
found in nature (Table 2) (8,24).

CymMV infection leads to asymptomatic or
symptomatic orchids. So far, the symptoms are similar
in different orchids regardless of their geographical
location. CymMYV infection in orchids can be detected
from the following symptoms such as mosaic patterns,

flowers with deformities and colour breaking, sunken
chlorotic or necrotic patches on leaves and stems (Fig.
1) (8,12,24). Additionally, CymMYV can also negatively
affect the metabolic pathways and growth of infected
orchids, i.e., dwarfing (6,25).

3. Viral Genome Structure & Diversity

CymMV belongs to the Alphaflexiviridae family
(genus: Potexvirus) and the virions have flexuous rod-
shaped particles of approximately 500 nm (length)
and 15 nm (width) (6,10,12). The genome consists
of a positive, single-stranded monopartite RNA with
around 6200 nucleotides containing five open reading
frames (ORFs). A typical potexvirus, the ORFs of
CymMV’s genome are flanked by the untranslated 5°-
and 3’- ends and a poly-A tail at the 3’ end (Fig. 2) (6).
ORF1 encodes for a 160-kDa putative RNA-dependent
RNA polymerase (RdRp) protein. RdRp contains three
conserved domains: (i) methyltransferase at the N-terminal
region, (ii) RNA helicase and (iii) core binding domain —
responsible for the RNA polymerase activities — both at
the C-terminal region (6,8). However, the knowledge of
the specific structure of the domains is quite limited (26).

Table 2. List of current NCBI entries containing the information for Cymbidium
mosaic virus (CymMYV) isolates with complete genome sequences.

Cyml\;[:;) Isolate Host Geographical location | Accession number | Reference
CymMYV (6,227) Cattleya sp. Singapore U62963 27)
China (6,203) Cephalotaxus China KR185347 (unpublished)

hainanensis

HNXL (6,224) Vanilla planifolia Hainan, China HQ681906 (20)
NJ-1(6,225) Phalaenopsis sp. Nanjing, China JQ860108 (unpublished)
Korean (6,227) Cattleya sp. Korea AF016914 (53)
18-29 (6,218) Dendrobium sp. Hawaii, USA EF125180 (6)
18-30 (6,218) Dendrobium sp. Hawaii, USA EF125179 (6)
18-1 (6,218) Dendrobium sp. Hawaii, USA EF125178 (6)
plml (6,227) Phaius tankervilliae Palampur, India AMO055720 (6)
M2 (6,226) N/A Taiwan EU314803 (unpublished)
Taiwan (6,227) N/A Taiwan AY571289 (unpublished)
CymMYV (6,226) | N/A Japan AB197937 (unpublished)
Cat (6,226) Cattleya sp. Japan LC125633 (54)
Malaysia (6,196) | Orchids Malaysia MK&816927 (unpublished)
SMi2 (6,225) N/A Yunnan, China AMO055640 (unpublished)
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Figure 1. Cymbidium mosaic virus infecting Dendrobium sp. systemically, causing observable symptoms.
A) Leaves showing mosaic patterns B) Leaves showing yellowish colouration and dark necrotic spots.C)
D) Stem showing dark necrotic spots. Photos have been taken by the authors for this manuscript.

Iran. J. Biotechnol. January 2022;20(1): e3020



Yusop M S M et al.

ORF 2, 3, and 4 are overlapped and referred to as the
triple gene block (TGB) which encode three proteins,
namely, TGB1 (26-kDa), TGB2 (13-kDa), and TGB3
(10-kDa), respectively. TGB1 plays a role in cell-to-
cell movement and the suppression of RNA silencing
(6). ORF 5 encodes for the viral coat protein (CP) of
24 kDa, which also involves cell-to-cell movement and
viral encapsulation (12).

Various studies were conducted to examine the
genome sequence variability of CymMYV isolates. The

phylogenetic comparison of the RARp and CP shows the
relationship of CymMYV to other potexviruses, including
but not limited to Clover yellow mosaic virus (CIYMV),
White clover mosaic virus (WCIMYV), Narcissus mosaic
virus (NMV), Potato aucuba mosaic virus (PAMYV), and
Strawberry mild yellow edge virus (SMYEaV) (Fig. 3)
(5,6,8,27). The RdRp gene of CymMYV contains the
conserved motifs of the methyltransferase — It1 (nt 348-
381), IItl (nt 502-523), 11t2 (nt 552-612), and IIt3 (nt
622-663) — among potexviruses (27).

5!
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Figure 2. Schematic representation of Cymbidium mosaic virus genome organisation. The 5’ to 3” end of the non-
coding regions are represented as a single line. The open boxes represent the open reading frames (ORFs); ORF 1
encodes an RNA-dependent RNA polymerase (RdRp). ORF 2, 3, 4 encode triple gene block (TGB) proteins 1, 2,
and 3, respectively. ORF 5 encodes the coat protein (CP). (A), represents the poly-A tail. The numbers represent

nucleotide positions. Figure adapted from (30).
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Figure 3. Phylogenetic tree showing the comparative analysis of coat protein nucleotide sequences of Cymbidium
mosaic virus isolate of Malaysia (red box) with different potexviruses. The figure shows each isolate with its
respective accession number and the potexvirus name abbreviation. The tree was generated using MEGA X
software. The neighbor-Joining method based on the Kimura 2-parameter model was utilized in the phylogeny
construction. Numbers at the branching points indicate the bootstrap support calculated for 1000 replicates, with

values less than 50% not shown.
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The RdRp gene among different CymMV isolates
showed high sequence similarity (around 97-98%)
which proves that the RdARp in CymMYV is a conserved
region (5,27). Meanwhile, the CP can also be considered
a conserved region of CymMYV due to the high sequence
similarity (around 85-100%) across different isolates
(5,6,8,27). Additionally, the amino acid sequence in the
C-terminal of the CymMV CP varies significantly as
compared to the N-terminal region (12,28).

Sequence comparison of CP and RdRp in CymMV
populations geographical origins
revealed sequence similarity of more than 90% at both
nucleotide and amino acid levels (5,6,28). Even though
the phylogenetic analyses have shown that CymMV
isolates can be classified into two subgroups, however,
the variation between the subgroups is not significant
enough to explain their geographical differences
(5,6,8,11,29) and the phylogenetic analysis of CymMV

from different

isolates from Table 2 supports that the genomic
variability is not influenced by their geographical
locations (Fig. 4). Hence there is no clear correlation
between the geographical origin of CymMVs and
their sequence variation. However, several studies
suggested that the extensive movement and exchanges
of orchid varieties have not only caused the global
virus transmission but has potentially muddled the
true geographical origin of the isolates (4-6). The
virus can be transmitted through sap inoculation for
laboratory studies, but there are only mechanical means
of transmission found in nature (6). So far, CymMV
is not considered to be transmitted through seed or
insect vectors, although there is a study suggesting that
prolonged exposure of an insect towards infected plants
could eventually lead to the insect propagating the virus
to other healthy plants (8,30).

J': HQ681906 China Hainan
94 EF125180 Hawaii isolate 3

{ KR185347 China
100 MK816927 Malaysia

AMO055720 India

i': JQ860108 China Nanjing
96 EU314803 Taiwan isolate 2

_|: AB197937 Japan
100 98 LC125633 Japan isolate 2

AF016914 Korea
AMO055640 China Yunnan Subgroup A
U62963  Singapore
AY571289 Taiwan isolate 1 _|
—— EF125179 Hawaii isolate 2
Subgroup B

100 L EF125178 Hawaii isolate 1 _

§73580 PAMV

Figure 4. Phylogenetic tree of the complete genome nucleotide sequences of published Cymbidium mosaic virus
isolates as listed in Table 1 was generated using MEGA X software. The figure shows each isolate with its respective
accession number and geographic origin. Maximum Likelihood method based on the Tamura 3-parameter model was
utilized in the phylogeny construction, forming two major subgroups; subgroup A (isolates four China, two Taiwan, two
Japan, Hawaii 3, India, Malaysia, Korea and Singapore) and subgroup B (isolates Hawaii 1 and Hawaii 2). The positing
of CymMV-Malaysia in subgroup A was supported by a bootstrap value of 100%. The complete genome sequence of
the Potato aucuba mosaic virus (PAMV) (GenBank accession no. S73580) was included as an outgroup. Numbers at
the branching points indicate the bootstrap support calculated for 1000 replicates, with values less than 50% not shown.
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There is a consensus variation in the amino acid
sequences among potexviruses from the alignments
of the TGB proteins of CymMYV, in which that TGBI,
TGB2, and TGB3 of CymMYV showed the highest amino
acid similarity to PAMV, WCIMYV, and Bamboo mosaic
virus (BaMV), respectively (ranging from 55.4% -
60%) (27). Interestingly, TGB1 of CymMV was found
to encode for an NTP-binding helicase motif, which is
also found in the ORF1, suggesting a co-requirement
for successful infection (6,8,27).

4. Detection Methods for CymMYV in Orchids

Accurate viral diagnosis and identification are
essential in the orchid industry as precise and reliable
diagnostic procedures are required to manage and
control CymMYV. To make things worse, asymptomatic
infected individuals also allow the virus to spread into
the population (12). An enzyme-linked immunosorbent
assay (ELISA) was developed for rapid and reliable
detection of CymMYV infection in large sample sets
of orchids (6,8,14), followed by the development of
immunocapture-RT-PCR (IC-RT-PCR) that can detect
both viral nucleic acid and its capsid protein at optimum
annealing temperature (55 °C) (31). Additionally, the
virus detection by IC-RT-PCR can be achieved from
dilution equivalent to 100 ng of orchid material, hence
these abilities showed that IC-RT-PCR is more sensitive
than ELISA by 10 to 100-fold (31). Using both ELISA
and IC-RT-PCR allows for a more efficient virus
screening (31). Since then, multiple detection methods
that target the nucleic acid and/or the protein of the
virus in orchids have been developed. These methods
such as digoxigenin (DIG)-labelled cRNA probes,
electron microscopy, mass spectrometry, molecular
beacon hybridisation, and quartz crystal microbalance
(QCM) immunosensors are used individually or ‘mix-
and-match’ to confirm the occurrence of CymMV
infection in the host (8,24,32,33). Table 3 provides a
summary of available CymMYV detection methods that
are viable for quarantine authentication, germplasm
collection, and selection for resistant plants. These
diagnostic procedures allow for a range of methods
to be carried out by countries and laboratories that
are involved in the research and business involving
orchids. Many research laboratories use RT-PCR is
widely used as a part of their diagnostic tests in many
research labs because it is a reliable, cost-effective,
and straightforward procedure (24,33). The efficiency
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of CymMV screening in plants is most sought after
in the industry and is constantly being improved and
refined for a more accurate and precise rapid screening
of large samples without compromising sensitivity and
specificity (12).

5. Current Management & Prospects for the
Orchid Industry

Orchids are classified in appendix II of the Convention
on International Trade in Endangered Species (CITES),
and it has impacted the movement of orchids across
international borders. Alongside the local phytosanitary
protocols, these regulations aim to limit the transmission
of orchid viruses by limiting the host movement
(5,21). In addition to the border control enforcement,
the management of plant viral diseases does integrate
other approaches such as the sanitation of the gardeners
and their tools, development of virus-free seedlings
and plantlets, and virus screening for exported and
imported orchids (6). The examples include proper
handwashing with soap, the usage of disposable gloves,
pots sterilisation, and handling the younger plants first
before attending to the older ones, amongst others.
Furthermore, regular disinfection of tools should be
carried out by using chemical disinfectants such as
phosphate, bleach solution, and even bacterial culture
filtrate (5,6). The development of virus-free orchids
was proposed through plant meristem tissue culture
and intense management to control virus transmission
across generations and maintaining healthy plant
stocks (7,34,35). CymMV-free plants have been grown
successfully through tissue culture using various types
of antiviral compounds, such as ribavirin (virazole),
dithiouracil, and also colchicine treatment (6).
Generally, the meristem culture is established through
several steps: sample collection and sterilisation,
generation of aseptic culture in a media, growing the
explants, and analysis of their stability (6,7,36). This
approach is widely used commercially to maintain a
steady supply of healthy, virus-free explants for various
plant species (6,36). Additionally, meristem culture
could be supplanted with thermo-, cryo-, and chemo-
therapies to better eliminate pathogens from the plants
(37). The above-mentioned diagnostic methods could
be used to screen plants crossing the border (33). The
implementation of the integrated management strategy
does incur additional time and could affect the quality
and quantity of orchids being transported globally;
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Table 3. List of the detection methods for Cymbidium mosaic virus alongside
their respective descriptions and references.

Detection Method Description Reference(s)
Enzyme-linked Practical for routine detection of virus in a large number of samples.
immunosorbent assay Downsides include a limited supply of viral antiserum and potential (55)
(ELISA) interference due to the high viscosity of the plant sap.

Immunocapture-polvmerase Includes the use of polyclonal antibodies for increased sensitivity. Used
chain reac tIi)on a g—P}éR) in conjunction with ELISA, this method is suitable for the certification of 3D
virus-free orchid materials.
Reverse transcription- A direct, simple, and sensitive method to detect CymMV. Only requires a
polymerase chain reaction O : oo (24,33)
(RT-PCR) small amount of template nucleic acid. Requires no antibodies.
The annealing temperature starts higher and gradually lowered in
Touch-down polymerase subsequent cycles, ensuring higher yield by reducing chances of (6.8)
chain reaction (TD-PCR) mispriming. Also, it can be used to simultaneously detect multiple ’
viruses with the same primer pairs.
. A detection method combining quantitative RT-PCR and fluorescent
TaqMan® real-time RT-PCR detection. Probes can be designed to target RARp and CP genes. (6.8)
E)Zwiizgiz?:grilspot‘zﬁgrmal This assay involves only one step, making it a rapid and easy detection
ampliﬁcation (RT-LAMP) method. However, it is yet to be fully optimised — examination of (56-58)
P parameters, buffer, temperature, and concentration.
assay
Conducted using two separate primer pairs that are specific to two
. . separate viruses, allowing simultaneous detection of the presence of
Multiplex RT-PCR two different viruses in the same sample. This can be a rapid, simple, (6.8,53)
relatively cheaper, and precise tool across a wide range of plant species.
Electron microsco A direct method to observe the presence of potexvirus particles in a (24)
Py sample. This method is usually used as an additional confirmation.
?ﬁ%\?;]gf:gg (DIG)-labelled Increased localisation study means that this method can be used to (6.8)
p examine the viral distribution patterns in plants’ leaves and stems. ’
Immuno-Capillary Zone Suitable for routine detection when dealing with many samples. This
Electro horgsis (I}j CZE) method analyses antibody-antigen reaction in real-time, thus, a shorter (6,8)
P time is taken compared to other antibody-based assays.
Mass spectrometry: -
EII:g;ll\;isihromatography Shorter time for sample preparation, resulting in rapid and accurate
~matrix-assisted laser detection of CymMYV. However, other confirmation tests e.g., electron (6,8)
desorption-ionization microscopy must be done.
(MALDI)
Very specific and can be used for simultaneous detection of different
Molecular beacon viruses in the same sample. Furthermore, the analysis can be done in (6.8)
real-time, with relatively high throughput. Disadvantages of this method ’
include high costs.
Quartz crystal microbalance Rapid detection method using plant crude saps. Can also be optimised for
4 different viruses in different hosts. In the long run, there is potential to be 59
(QCM) s P
more cost-effective for rapid screening.
Alabel-free detection tool using gold nanorods as the sensor. The nanorods
Fibre optic particle plasmon | are functioning through antibodies that can detect corresponding viruses (60)

resonance immunosensor

in a sample. The potential includes faster multiplex analysis, better
reproducibility, portability, and quality control in the orchid industry.
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however, it is the best way to control viral transmission
especially for those plants that are not native. Hence
an easier way to control viral transmission is to grow
the orchids locally, although it remains to be proven
to better protect this lucrative floriculture industry and
also the wild and native orchid population (5).

A recent strategy to control virus transmission is
by producing transgenic orchids that can naturally
induce virus resistance. This approach is feasible by
using several approaches such as RNA silencing, gene
stacking, host-derived resistance genes, and host defence
factors (12,38,39). Various research has identified at
least 30 resistance genes and transcription factors that
can potentially act as a viral resistance in the transgenic
lines (6,38). The transgenic lines of N. benthamiana,
Dendrobium sp., and Phalaenopsis sp. with expressed
CymMV-CP have shown possible protection against
CymMYV (18,40). Besides, the CP-mediated transgenic
lines of Nicotiana sp. and Dendrobium sp. could
protect against dual infection by CymMYV and ORSV
(18,40). Recently, a high degree of protection against
dual infection of CymMV and ORSV was found in
the transgenic lines of N. benthamiana through RNA
silencing (41). Another overexpression study shows
that the Argonaute proteins (AGOs) play a central role
in the antiviral defence mechanism in plants (42). This
current progress, combined with the increasing interest
in using genome editing tools such as CRISPR/Cas,
shows a potential, feasible and effective approach to
generate resistant orchids that can highly benefit the
industry (42-45).

Another interesting prospect to consider is the
relationship between orchids and arbuscular mycorrhiza
(AM) symbiont fungi. AM fungi play an essential
role in plant growth and development. Recently,
the molecular mechanisms behind this relationship
are explored through whole genome sequencing.
Transcriptomic studies have been used to identify the
molecular processes involved in seed germination and
protocorm development during the symbiosis of several
orchids’ species with their respective AM fungus (46).
Phylogenetic analyses on the RNA datasets obtained
from orchids and their associated AM fungi suggested
a specific evolutionary advantage for both host and
fungi during symbiosis (47,48). Besides being actively
involved in nutrient exchanges, the AM fungi also act
as bioprotectant against phytopathogens (49,50). Hao
et al suggested the possibility that symbiosis protects
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the plants against virus via three main mechanisms; (i)
modulated plant tolerance, (i) manipulation of induced
systemic resistance, and (iii) pressuring the vector,
e.g., affecting the insect reproduction and restricting
the development of nematodes (50). However, some
argue that AM fungi could also cause exacerbation
of viral infection in host plants, rather than symptom
attenuation, as observed during the introduction of an
AM fungus into potato plant that led to the attenuated
and exacerbated conditions after the plant is infected
by Potato virus Y (49-52). Until now, it is yet to be
explored if the symbiotic relationship could protect
orchids against CymMYV or otherwise and these studies
shall provide the foundation to further understand the
tripartite association of plant-fungi-virus from the
orchid cultivation industry perspective.

6. Conclusion

This review outlines the characteristics and importance
of CymMV. The combination of multiple diagnostic
tests could fully utilise the advantages and limiting their
respective disadvantages, which would result in the
best screening strategy for the orchids and other plants,
too. Orchids in the floriculture industry must be virus-
free, and this can be achieved via the implementation of
an integrated management approach that incorporates
advanced analyses and strategies. Current progress
in transgenic orchids research and development has a
truly promising prospect to help protect the orchid lines
against virus infection, leading to the improvement of
the economic standing in the orchid industry. Realising
the potential of research in orchid virus management
would greatly benefit the industry.
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