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ABSTRACT

Grisoni, M., Davidson, F., Hyrondelle, C., Farreyrol, K., Caruana, M. L., and Pearson, M. 2004.
Nature, incidence, and symptomatology of viruses infecting Vanilla tahitensis in French Polyne-
sia. Plant Dis. 88:119-124.

A survey was carried out to identify the viruses infecting vanilla in French Polynesia and to
assess their incidence. Virus identification was based on enzyme-linked immunosorbent assay
(ELISA) and, for potyviruses, on the sequence of part of the coat protein and inoculation assays.
Between 1998 and 1999, 3,610 vanilla plants from 49 plots in the Society Islands were indexed.
Cymbidium mosaic virus (CymMV) was detected in 500 vines from 10 plots in the Leeward
Islands. The data suggest that this virus has spread widely since its first detection in French
Polynesia in 1986, most likely through the dissemination of symptomless infected cuttings. Vi-
ruses belonging to the Potyvirus genus were found in 674 plants from 27 plots in the four islands
surveyed. Three distinct potyviruses have been identified: (i) Vanilla mosaic virus, (ii) Water-
melon mosaic virus, and (iii) and a virus related to Bean common mosaic virus. The symptoms
induced on Vanilla tahitensis by the three potyviruses can be differentiated from each other and
from those due to CymMV. A significant proportion of the plants surveyed (97/476) were symp-
tomatic but tested negative by ELISA for CymMV and the Potyvirus group. Odontoglossum

ringspot virus was not detected in any sample tested.

Additional keyword: Potyvirus

Vanilla is the most-used flavor in the
food industry. Natural vanilla is produced
mainly from the fruit of two species of
orchids: Vanilla planifolia G. Jackson, syn.
Vanilla fragrans (Salisb.) Ames, (Bourbon
type of vanilla) and V. tahitensis J. W.
Moore (Tahitian type of vanilla). Close to
5,000 tonnes of vanilla beans are grown
yearly worldwide and imports to consuming
countries are worth about US$200 million.
More than 95% of commercial vanilla is of
the Bourbon type. However, the aromatic
properties peculiar to Tahitian vanilla make

Corresponding author: M. Grisoni
E-mail: michel.grisoni @cirad.fr

This work was funded by the government of French
Polynesia.

Sequences of four isolates studied are registered in
the EMBL database under the numbers AJ429522,
AJ429523, AJ429524, and AJ429525.

*The e-Xtra logo stands for “electronic extra” and
indicates that the figures appear in color online.

Accepted for publication 1 July 2003.

Publication no. D-2003-1208-03R
© 2004 The American Phytopathological Society

it a well-sought-after product and its culti-
vation is noticeably increasing in the Pacific
region. French Polynesia was the first culti-
vation zone of V. tahitensis and remains the
principal producer of Tahitian vanilla.

Six viruses have been reported to infect
vanilla.  Cymbidium  mosaic  virus
(CymMYV) and Odontoglossum ring spot
virus (ORSV), two viruses commonly
found in ornamental orchids, were first
detected in vanilla by Wisler et al. (32) in
the Society Islands (French Polynesia).
CymMYV later was reported on V. planifolia
in other Pacific countries (22) and in In-
dian Ocean countries (9,20). In Reunion
Island and in Madagascar, it was linked
with the presence of chlorotic and necrotic
flecks on the leaves. A Potyvirus sp. caus-
ing a mosaic and severe malformations of
leaves was described in French Polynesia
on V. tahitensis and V. pompona (32). This
virus is related serologically to Dasheen
mosaic virus (DsMV) but is differentiated
by its host range and tentatively is named
Vanilla mosaic virus (VanMV). Pearson et
al. (21) reported another Potyvirus sp.
infecting V. planifolia in the kingdom of
Tonga that differs from VanMV by its se-
rological properties, host range, and symp-
tomatology on the vine. It was first called

Vanilla necrosis virus (VNV) before Wang
et al. (30) demonstrated it was a strain of
Watermelon mosaic virus (WMV). Liefting
et al. (17) reported from Tonga another
Potyvirus sp. different from VanMV and
WMY, but this remains to be confirmed.
Pearson et al. (22) summarized the occur-
rence of these viruses on vanilla in several
South Pacific countries. In addition, they
reported the presence of Rhabdovirus-like
particles in some samples from Fiji and
Vanuatu, detected by electron microscopy
of negatively stained sap extracts. More
recently, Farreyrol et al. (8) reported the
infection of vanilla plants by Cucumber
mosaic virus (CMV) in both the Society
Islands and Reunion Island.

Some of these viruses appear to produce
diverse symptoms on the vanilla vines
(1,8,21), but the symptomatology and im-
pact of these viruses in the field have re-
ceived little attention. For French Polyne-
sia, which hopes to develop intensive V.
tahitensis plantations, these viruses repre-
sent a potentially serious threat. This study
has been carried out to clarify and identify
which of the viruses are infecting vanilla
plants and the extent of their spread in the
Society Islands. In particular, information
regarding the efficiency of the detection
methods, the symptoms of the viruses on
the vine, and the mode of spread in the
field will allow the development of control
measures to limit the economic impact of
viruses on the crop.

MATERIALS AND METHODS
Survey sites and sampling procedures.
Several vanilla plots in the islands of
Raiatea, Tahaa, Huahine, and Moorea were
surveyed. Plots were distributed across
different administrative subdivisions (dis-
tricts), but favored those where the exten-
sion agents suspected the presence of dis-
ease. For each plot, between 30 and 150
evenly distributed clumps of vanilla vines
on support trees or stakes were indexed in
the following way. Vine vigor was graded
on a 0-to-3 scale, where 0 = dead or ab-
sent, 1 = stunted or declining, 2 = showing
normal growth, and 3 = well-developed,
showing vigorous growth. The presence of
viral symptoms (flecking, mosaic and de-
formations, or abnormalities) was recorded
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and four to eight leaves were sampled to
test for CymMYV and viruses belonging to
the Potyvirus group by enzyme-linked
immunosorbent assay (ELISA). Segments
of the vines showing pronounced or un-
usual symptoms were collected and propa-
gated in an insect-proof shade house for
further characterization.

Detection of CymMYV, potyviruses,
and ORSYV. Leaf samples were tested by
ELISA for the presence of (i) CymMV
using specific antibodies from Agdia, Inc.
(Elkhart, IN) and (ii) a virus of the genus
Potyvirus with the Potyvirus group mono-
clonal antibody from Agdia, Inc.. For each
sample, 0.6 g of tissue was ground in 6 ml
of carbonate buffer (4), pH 9.6, containing
2% (wt/vol) polyvinylpyrrolidone (MW =
40,000). For the detection of CymMYV, the
plant extracts were diluted fivefold in
phosphate-buffered saline (pH 7.4) con-
taining 2% (wt/vol) polyvinylpyrrolidone,
and tested by indirect double-antibody
sandwich ELISA with commercial anti-
bodies and conjugate diluted at 1/300. For
the detection of the potyviruses by plate-
trapped antigen (PTA)-ELISA, the plant
extracts were tested at a final dilution of
1/30 (wt/vol).

The vines collected in the field and
propagated in the shade house were
checked additionally for infection by
ORSV. This virus was detected by PTA-
ELISA using polyclonal antibodies mar-
keted by DSMZ (Braunschweig, Germany)
and used at a 1/1,000 dilution. Several
vines reacting with the Potyvirus group
monoclonal antibody were additionally
tested in PTA ELISA with six polyclonal

antibodies directed against five known
Potyvirus spp. (Table 1).

All reactions were performed in a vol-
ume of 100 ul per well and each sample
was tested in duplicate wells. Each plate
included four negative controls from four
separate virus-free vanilla leaves and a
range of 1:3 serial dilutions of a positive
control. Positive controls prepared from
freeze-dried vanilla leaves that previously
tested infected by CymMV and Poryvirus
spp. ORSV-positive controls were prepared
from leaves of an infected vanda orchid.
Absorbance at 405 nm (A4s) was meas-
ured with a Digiscan spectrophotometer
driven by the Digiwin software (version
3.1; ASYS Hitech, Eugendorf, Austria).
The reaction was stopped when the posi-
tive control reached two A4gs units.

Samples were considered negative if the
mean Ays was lower than two times the
mean of the negative control, and positive
if higher than four times the mean of the
negative control and above 0.1 unit. This
threshold was based on statistical analysis
(Student ¢ test) of data from 20 plates
where the probability of a false positive
using this threshold was always less than
0.01. Values between two and four times
the mean of the negative control were re-
garded as doubtful.

Partial sequencing of the Potyvirus
coat protein gene. Reverse-transcription
polymerase chain reaction (RT-PCR) was
used to amplify a 300-bp fragment of the
coat protein (CP) gene of potyviruses from
infected vines as described by Marie-
Jeanne et al. (18). Briefly, total RNA was
extracted from 0.1 g of vanilla leaf using

Table 1. Antibodies used for the identification of the potyviruses found in vanilla

Working
Antiserum? Homologous antigen strain, host Source dilution
Potyvirus group Not applicable Agdia Corp. (USA) 1/200
VanMV VanMV Tahiti, Vanilla tahitensis M. Pearson 1/1,000
DsMV Not provided by manufacturer Agdia Corp. (USA) 1/200
WMV VNV Tonga, Nicotiana benthamiana M. Pearson 1/1,000
WMV WMV, Cucumis melo Biorad (France) 1/500
CABMV CABMV-0417 Morocco, Vigna unguiculata ~ DSMZ (Germany) 1/1,000
BCMV PStV-0337 Taiwan, Glicine max DSMZ (Germany) 1/500

2 VanMV = Vanilla mosaic virus, DsMV = Dasheen mosaic virus, WMV = Watermelon mosaic virus,
VNV = Vanilla necrosis virus, CABMV = Cowpea aphid-borne mosaic virus, BCMV = Bean com-

mon mosaic virus, PStV = Peanut stripe virus.

the RNeasy plant minikit (Qiagen, Valen-
cia, CA). This RNA (2 pl) was incubated
with 25 pl of the reaction mix provided
with the Access quick RT-PCR kit
(Promega Corp., Madison, WI) and 25
umol of each of the two degenerate prim-
ers designed to amplify part of the CP gene
of potyviruses infecting the family
Poaceae (18): Oligol, 3'-ATG GT(A/C/T)
TGG TG(C/T) AT(A/CIT) GA(A/G)
AA(C/T) GG-5' and Oligo2, 3'-TGC TGC
(G/T)GC (C/T)T TCA T(C/T) TG-5'".

Amplified DNA fragments were cloned
into the pGEM-T-easy vector (Promega
Corp.) and both strands sequenced by Ge-
nome Express (Grenoble, France). The
sequences were compared with each other
and with those deposited in the EMBL
sequences databases using BLASTN. The
percent homology between aligned se-
quences was calculated using the Clustal
W and Identity Matrix modules of the
Bioedit software (10).

Mechanical inoculations. Four sero-
logically distinct Potyvirus isolates from
infected vines were mechanically inocu-
lated to several herbaceous species to de-
termine their host range, and to virus-free
vanilla vines to observe the symptoms they
produced. For mechanical inoculation, 1 g
of young leaf tissue was homogenized on
ice in 5 ml 0.05 M phosphate buffer (pH
7.5), 0.3 g of carborundum (400 mesh),
and 0.3 g of activated charcoal, using a
mortar and pestle. Two young leaves (or
cotyledons in the case of members of Cu-
curbitacae) of each test plant were rubbed
with this extract on both the upper and
lower sides and then rinsed with tap water.
For each virus, three to six test plants of
the same species were inoculated and the
experiment was repeated once. After in-
oculation, the plants were grown and held
in an insect-proof shade house (25 to
32°C). Tests plants were observed regu-
larly for symptoms and checked for virus
systemic infection by ELISA 2 and 3
weeks after inoculation for herbaceous
hosts and 6 and 10 weeks after inoculation
for vanilla test plants.

RESULTS
Incidence of CymMV and potyvi-
ruses. Forty-nine plots were indexed by

Table 2. Incidence of symptoms and detection of Cymbidium mosaic virus (CymMYV) and potyviruses in 49 vanilla plots in the Society islands

NS? NPE) NSPE¢ NSNE¢
Island NPI¢ Fleck Mosaic  Atyp None CymMYV Potyvirus Both! Doubtful Healthy CymMYV Potyvirus Fleck Mosaic
Tahaa 994 1 77 108 308 2 224 7 15 746 2 80 0 4
Raiatea 1,417 77 180 219 941 406 139 63 66 743 277 11 13 42
Huahine 989 5 136 77 771 4 218 18 29 720 6 87 0 38
Moorea 210 0 0 0 210 0 5 0 1 204 0 5 0 0
Total 3,610 33 393 404 2730 412 586 88 111 2,413 285 183 13 84

2 NS: Number of symptomatic plants; Fleck = flecking, Mosaic = mosaic and deformation, Atyp = atypical symptoms, none = no symptoms.
b NPE: Number of plants positive in enzyme-linked immunosorbent assay (ELISA).
¢ NSPE: Number of symptomless plants positive in ELISA.

4 NSNE: Number of symptomatic plants negative in ELISA; Fleck = flecking, Mosaic = mosaic and deformation.

¢ NPIL: Number of plants indexed.

f Plants co-infected by CymMV and a Potyvirus sp.
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ELISA between October 1998 and June
1999 on the islands of Tahaa, Raiatea,
Huahine, and Moorea (n = 18, 15, 14, and
2 plots, respectively). Plants infected by
CymMYV, at least one Potyvirus sp., or both
were present in 30 of the 49 plots indexed
by ELISA. In total, 1,086 of the 3,610
vines tested were virus infected (412
CymMYV, 586 Potyvirus sp., 88 CymMV +
Potyvirus sp.; Table 2). CymMV was de-
tected in 10 plots on the islands of Raiatea,
Tahaa, and Huahine (in 6, 3, and 1 plots,
respectively), while potyviruses were de-
tected in 27 plots on the four islands (in
10, 9, 7, and 1 plots in Tahaa, Raiatea,
Huahine, and Moorea, respectively). Vines
co-infected by both virus types were found
in six plots and represent 8.1% of the in-
fected plants (88/1,086; Table 2). Virus
incidence varied greatly from one vanilla
plot to another: between 0.9 and 99% for
CymMYV and between 0.6 and 97% for
potyviruses. There was no apparent corre-
lation between the level of infection and
either the type of support used or the age
of the plots (data not shown). No clear or
consistent correlation was found between
the incidence of viruses in the field plots
and the average vigor of the vines.
Symptoms were observed on the leaves
of 880 plants; 83 plants showed flecking
(Fig. 1), 393 showed mosaic and deforma-
tion, and 404 showed atypical symptoms
(Table 2). Excluding atypical symptoms
and doubtful ELISA results (A4s value
between two and four times the negative

control), visual diagnosis based on pres-
ence or absence of symptoms was in
agreement with ELISA tests for 86% of
the plants. However, many plants positive
in ELISA did not exhibit symptoms. For
CymMYV, 57% of the plants (285/500)
positive in ELISA were symptomless.
Conversely, 20.3% (97/476) of the symp-
tomatic plants tested negative in ELISA for
both virus types.

Serological characterization of the po-
tyviruses. Of the 120 symptomatic vines
collected from the field and maintained in
an insect-proof shade house, 50 were
tested with six antisera against five known
Potyvirus spp. Each of the six virus-spe-
cific antibodies reacted with at least one
sample and, reciprocally, all samples re-
acted with at least one of the antisera used
(Table 3). These results indicate that the
potyviruses infecting vanilla vines in
French Polynesia are serologically related
to five distinct potyviruses: VanMV in
sample WP013; DsMV in samples WP013,
WP021, WP043, WP073, and WPOSO;
WMV (including VNV) in samples
WP014, WP019, WP043, WP050, WP055,
WP058, WP073, WP080, and WP099;
Cowpea  aphid-borne  mosaic  virus
(CABMYV) in samples WP080, WP086,
WP088, and WP099; and Bean common
mosaic virus (BCMV) in samples WP080,
WPO088, and WP099. Several vines reacted
with a limited number of antibodies, show-
ing distinct serological profiles, such as
WPO014 and WP019 (WMV only), WP021

Fig. 1. Chlorotic flecks (arrows) following infection of Vanilla tahitensis by Cymbidium mosaic virus.

(DsMV only), and WP088 (CABMV and
BCMYV), whereas other vines (i.e., vines
WP043 and WP080) had a broader range
of reactions suggesting possible mixed
infections. For some plants, the serological
profiles were notably different between
tests conducted several months apart and
these are not presented in Table 3.

Identification of potyviruses by RT-
PCR. A 327-bp fragment was obtained by
RT-PCR, cloned, and sequenced for four
isolates of vanilla-infecting potyviruses
(Table 4). The virus infecting WP013 had a
87.7% nucleotide identity and 98.1%
amino acid homology with DsMV. WP(073
had a 96.3% nucleotide identity with a
WMYV isolate from vanilla. The viruses
infecting vines WP086 and WP099 showed
greater than 90% nucleotide identity and
amino acid homology to both Azuki bean
mosaic virus (ABMV) and Dendrobium
mosaic virus (DeMV), which are strains of
BCMY, and less than 83% identities with
CABMV and WMV, two other serologi-
cally related potyviruses.

Mechanical transmission and sympto-
matology. Four isolates from vines
WPO13, WP019, WP010, and WP017,
which showed stable and simple serologi-
cal profiles were used as inoculum sources.

WPO013, which was serologically related
to VanMV and DsMV (Table 3), was in-
oculated to V. tahitensis and V. pompona,
watermelon (Citrullus lunatus cv. Sugar
Baby), melon (Cucumis melo cv. Canta-
loup), Nicotiana benthamiana, taro (Colo-
casia esculenta), and the orchid Spath-
oglottis plicata. WP013 was infectious
only to the two vanilla species, where it
produced a pronounced mosaic “in islets”
on young leaves. It is characterized by a
yellowing and thinning of the leaf lamina
delimiting large green patches that appear
in relief and is associated with severe de-
formation of the leaf edge (Fig. 2A). Al-
though WPO13 is serologically related to

Table 3. Reactions of a range of vanilla plants infected by different viruses when tested in enzyme-linked immunosorbent assay (ELISA) with various antis-

era

Antisera?

Virus isolate Origin® Poty VanMV DsMV VNV WMV CABMV BCMV
WP 013 R ++ + ++ - - d nd
WP 014 R ++ - - ++ ++ d nd
WP 019 T ++ - - + d - -
WP 021 R ++ d + - - - nd
WP 043 H + d ++ + + - nd
WP 050 H ++ - - + d — —
WP 055 H ++ - d ++ + d d
WP 058 H ++ - d + d - -
WP 073 T ++ - + ++ + d d
‘WP 080 T ++ d + + d + +
WP 086 T ++ - - d d + nd
‘WP 088 T ++ - - - d + +
WP 099 T ++ - + + +

a ++ = Highly positive in ELISA (i.e., absorbance at 405 nm [A4s] greater than 10 times the healthy control), + = positive in ELISA (i.e., A5 greater than 4
times the healthy control), — = negative in ELISA (i.e., A4s less than 2 times the healthy control), d = doubtful in ELISA (i.e., A4s between 2 and 4 times
the healthy control), nd= not determined. Antisera are directed against Potyvirus group (Poty), Vanilla mosaic virus (VanMV), Dasheen mosaic virus
(DsMYV), Vanilla necrosis virus (VNV), Watermelon mosaic virus (WMV), Cowpea aphid borne mosaic virus (CABMV), and Bean common mosaic virus

(BCMV).

b Origin of vanilla samples: H = Huahine, R = Raiatea, and T = Tahaa.
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DsMV and infected V. tahitensis, we failed
in several attempts to infect this species
with field isolates of DsMV.

WPO019, which is serologically related to
WMV (Tongan strain), was mechanically
transmitted to watermelon (cv. Sugar
Baby), melon (cv. Cantaloup), V. tahitensis
and V. pompona, and N. benthamiana.
Inoculated vanilla plants produced a mo-
saic. The leaf surface was embossed but
with limited deformation of the leaf edge
(Fig. 2B). On watermelon and melon, the
infection induced small, systemic chlorotic
spots on the leaves. The re-inoculation of
vanilla plants from the infected melons
reproduced the original symptomatology.
The infected N. benthamiana plants showed
mottling and deformation of the leaves.

WP010 and WP0O17 (reacting to BCMV
and CABMV antisera), were inoculated
into vanilla and several leguminous plants.
Both were infectious to V. tahitensis and
produced a diffuse mosaic (Fig. 2C).
Phaseolus vulgaris (cv. Black Turtle 2)
was infected and developed deformation
and embossing of the leaves. However, we
were unable to infect Vigna unguiculata, V.
marina, or Macroptilum lathyroides with
WP010 and WPO17.

The virus-infected vanilla material col-
lected in the field and maintained in a
shade-house repeatedly tested ORSV free
by ELISA (data not shown).

DISCUSSION

Our investigation, conducted between
October 1998 and June 1999, confirmed
the infection of the Tahitian vanilla vines
by CymMV and VanMV as previously
reported (32) but also demonstrated the
occurrence of two other viruses.

The infection of Vanilla tahitensis by
CymMYV is often symptomless but, in cer-
tain cases, is accompanied by chlorotic
flecks on the leaves. However, the symp-
toms in V. tahitensis appeared less severe
than those reported in V. planifolia (1). In a
previous survey conducted in 1986,
CymMV was detected serologically in
only 10 vines at two locations, 9 in Tahiti
and 1 in Raiatea (32). Thirteen years later,
this virus was detected in 500 vines in 10

plots on the Leeward Islands, mostly on
the island of Raiatea but also in Tahaa and
Huahine. Although a different detection
procedure has been used in this study, it is
likely that CymMYV incidence has substan-
tially increased through the movement of
infected cuttings. Historical examination of
plots typically indicates that the origin of
infection in the plots is the use of infected
cuttings. For example, cuttings from a plot
in Tahiti where CymMYV was diagnosed in
1986 were planted in a shade house of
Huahine, which is the only plot infected by
the CymMYV on this island, and also in a
plot of Raiatea that was subsequently
found to be 100% infected by CymMYV. In
turn, two additional plots in Raiatea con-
taining CymMV-infected plants were at
least partly planted with vines from that
100% infected plot of Raiatea. Similarly,
the distribution of the infected and healthy
vines in a shade-house planted with vines
of different origin clearly is related to the
sources of the cuttings (data not shown). In
contrast, the reservoir of virus constituted
by ornamental orchids seems to play a
negligible role in the infection of vanilla
plots.

Two factors appear to favor the spread
of the CymMYV: (i) the symptoms are often
absent or faint and (ii) CymMYV, like most
potexviruses, is easily transmitted me-
chanically from plant to plant (15). It can
be assumed that the growers have, un-
knowingly, widely disseminated symp-
tomless but infected cuttings from one plot
to another. From these, the virus rapidly
spreads to the whole plot by mechanical
transmission, facilitated by injuries caused
during the cultural practices (notably loop-
ing of the vines and manual pollination). A
similar scenario for the spread of CymMV
was described in shade-house cultivated
vanilla in Reunion Island (16).

It also is probable that wide distribution
of CymMYV in the Society archipelago has
occurred because of the absence of sani-
tary control of the vanilla cuttings. Numer-
ous techniques are available for the detec-
tion of CymMV (6,7,12,13,23,26,28,29,33)
and the ELISA test used in this survey
turned out to be robust, sensitive, and cost

effective. It is now routinely used to check
the planting material distributed to the
vanilla growers.

Three different potyviruses were identi-
fied in the wvanilla vines cultivated in
French Polynesia, based on serological
relationships and nucleotide sequences of a
327-nucleotide CP gene fragment. The
first (WP013; Tables 3 and 4; Fig. 2A) is
related to VanMV and to DsMV. It shared
with the VanMV strains previously de-
scribed (31,32) its serological properties,
symptomatology on V. tahitensis, and in-
ability to infect taro and N. benthamiana.
WPO013 also is related serologically to
DsMYV and has 98% homology to the 109
central amino acids of the CP of DsMV
accession U00122. However, at the nucleo-
tide level, the identity between WP013 and
U00122 is only 87% and, furthermore, the
natural host range of DsMV is restricted
largely to Araceae spp. (3). A DsMV iso-
late that naturally infects the orchid Spi-
ranthes cernua has been reported recently
but this isolate could not be mechanically
transmitted to the two common DsMV
araceous hosts Dieffenbachia and Philo-
dendron (14). Similarly, several attempts to
infect Areaceae spp. with WP013 (this
study) and VanMV isolates have failed, as
has transmission of field isolates of DsMV

C

Fig. 2. Symptoms on leaves of Vanilla tahitensis
following infection by three potyviruses related
to A, Vanilla mosaic virus (isolate WP013), B,
Watermelon mosaic virus (isolate WP073), and
C, Bean common mosaic virus (isolate WP017).

Table 4. Percent nucleotide identity (above diagonal) and deduced amino acid homology (below diagonal) among partial coat protein sequences for four
potyviruses (WP013, WP073, WP086, and WP099) isolated from vanilla in French Polynesia when compared with other viruses®

Virus WP086 WP099 ABMV DeMV CABMV  WP073 WMV WP013 DsMV ZYMV PVY
WP086 98.4 94.8 90.5 81.5 81.9 82.8 75.8 73.3 76.1 72.4
WP099 100.0 95.4 91.4 81.9 81.0 81.6 76.1 73.3 71.6 72.7
ABMV 97.2 97.2 92.6 81.3 81.0 82.5 71.0 74.0 76.4 71.8
DeMV 95.4 95.4 96.3 80.1 71.3 79.2 75.8 73.7 75.2 70.3
CABMV 92.6 92.6 90.8 88.9 71.0 71.3 70.6 72.1 77.9 71.8
WPO073 90.8 90.8 90.8 87.1 90.8 96.3 74.0 71.5 75.8 733
WMV 90.8 90.8 92.6 88.9 90.8 98.1 73.3 71.8 76.7 74.3
WP013 87.1 87.1 85.3 83.4 85.3 86.2 86.2 87.7 71.6 733
DsMV 85.3 85.3 86.2 83.4 83.4 85.3 87.1 98.1 76.4 72.1
ZYMV 89.9 89.9 88.0 86.2 89.9 90.8 90.8 91.7 89.9 74.9
PVY 84.4 84.4 83.4 80.7 84.4 86.2 86.2 84.4 83.4 85.3

2 Accession numbers: AB012663, Azuki bean mosaic virus (ABMV); 122907, Watermelon mosaic virus (WMV), and U00122, Dasheen mosaic virus
(DsMV). Reference sequences: U23564, Dendrobium mosaic virus (DeMV); AF083558, Cowpea aphid-borne mosaic virus (CABMV); AF127934, Zuc-
chini yellow mosaic virus (ZYMV), and PVI303095, Potato virus Y (PVY).
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from taro to vanilla (31,32; K. Farreyrol,
unpublished data). These data indicate that
WPO13 is a strain of VanMV and favor the
hypothesis that VanMV is a species distinct
from DsMV. The second Poryvirus sp.
(WPQ73; Tables 3 and 4) was identified as
a strain of WMV similar to the Tongan
vanilla strain (VNV) previously described
on V. planifolia (21,30). It shares with
WMV (accession no. L22907) its serologi-
cal properties, 96.3% nucleotide identity,
98% amino acid homology, over 109
amino acids of the CP central core, and
also its ability to infect melon, water-
melon, and N. benthamiana (3). To our
knowledge, this is the first report of WMV
on V. tahitensis. The third Potyvirus sp.
was related serologically to the BCMV
subgroup. Vine WP099 reacted to antibod-
ies directed against a BCMYV strain (Table
3) and the partial CP sequence had 94.8
and 90.5% nucleotide identities with
ABMYV and DeMV, respectively, two vi-
ruses belonging to the BCMV subgroup
(2,11). WP099 also reacted to antibodies
against CABMV and WMV (Table 3), but
nucleotide identities between WP099 and
CABMYV and WP099 and WMV did not
exceed 83%, which suggests they are dis-
tinct potyviruses (24,27). Serological
cross-reactivity is a common phenomenon
within potyviruses (24) and may explain
reactivity of the BCMV-like viruses from
vanilla with CABMV and WMV antibod-
ies, as previously reported for BCMV
strains (11,25). The viruses belonging to
the BCMV subgroup all infect systemati-
cally susceptible bean cultivars but several
strains are distinguished according to their
ability or inability to infect other legume
genera (2,3). The two BCMV-like isolates
from vanilla induced systemic symptoms
on P. vulgaris cv. Black Turtle 2 but, unlike
DeMV (11), which is the only BCMV
strain known to naturally infect an orchid,
they were not transmitted to Vigna ungui-
culata. Although these data suggest that a
strain of BCMV naturally infects vanilla in
French Polynesia, further biological and
molecular analysis is needed to clarify the
relationships of this vanilla strain and other
members of the BCMV subgroup.

In the 1986 survey (32), VanMV was the
only Potyvirus sp. recognized; whereas, in
this survey, three different Potyvirus spp.
were detected in the Society Islands. An
epidemiological appraisal of these potyvi-
ruses should be undertaken to determine
their interactions between each other and
with their natural hosts. To achieve this,
there is a need for specific detection tools
to distinguish the different viral species.
Experimental inoculation of Vanilla tahit-
ensis plants with the three different potyvi-
ruses resulted in distinctly different defor-
mation and mosaic patterns (Fig. 2).
However, the symptoms are of limited
diagnostic value in the field, because they
are not expressed all the time and atypical
mosaic patterns are found frequently (M.

Grisoni, unpublished data). On the other
hand, the high levels of cross reactivity
between potyviruses (24) make virus-spe-
cific serological tests inappropriate for
specific detection of these viruses. The
degenerate PCR primers used in this study
were primarily designed for amplification
of the core CP region of potyviruses in-
fecting members of Poaceae, although they
also are capable of yielding DNA frag-
ments from two dicotyledonous potyvi-
ruses (18). In this study, these primers
allowed RT-PCR detection of the three
distinct Potyvirus spp. infecting vanilla
with subsequent identification of the Pory-
virus spp. being achieved by cloning and
sequencing of the amplified DNA. More
rapid and economic methods for specific
detection of RT-PCR products have been
described (5,6,19), and these may enable
the development of accurate detection
tools for the potyviruses infecting vanilla.

A significant proportion of the plants
surveyed (97/476) were symptomatic but
tested negative by ELISA for CymMYV and
the Potyvirus group. It was discovered
subsequently that, for many of these vines
(notably those originating from four plots
in Raiatea and Huahine), the mosaic and
deformation symptoms observed in the
field probably are linked to infection by
CMV (8).

ORSYV appears to be common in vanilla
vines in several other Pacific countries
(22). However, in French Polynesia, al-
though ORSYV often is found in ornamental
orchids, only a single ORS V-infected vine
was found in the 1986 survey (32) and it
was not detected during the current survey.
Consequently, it is not considered to be a
problem on vanilla in French Polynesia.
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