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ABSTRACT

Brugmansia x candida Pers ‘Creamsickle’ plants produced by in vitro treatment with ribavirin, and no thermal
therapy, remained polymerase chain reaction (PCR-) negative for Columbian datura virus (CDV) after one year. The
plants were produced by establishing B. x candida ‘Creamsickle’ shoot cultures on autoclaved MS basal medium
(Murashige and Skoog, 1962), sucrose 30 g/L, myo-inositol 100 mg/L, thiamine HCl 1 mg/L, pyridoxine HCI 1 mg/L,
nicotinic acid 1 mg/L, glycine 2 mg/L, BAP 1.1 uM, pH 5.7, and bacteriological agar (USB Corporation, Cleveland, Ohio,
USA) 9.0 g/L with 15 ml of medium per 25%100 mm flat-bottomed glass culture tubes with polypropylene caps (Magenta
Corporation, Chicago, Illinois, USA). The cultures were maintained in a growth room illuminated by cool-white
fluorescent lamps (26 yumol m * s ), constant 27°C, and a 16h photoperiod. Four weeks after initiation, the cultures were
transferred to the same medium in polypropylene capped glass tubes except that the BAP concentration was reduced to 0.5
UM. In vitro-derived shoots were excised and further dissected to 3-6 mm in length before transferring onto the same
medium containing ribavirin at 0, 50, 87.5, or 100 mg/L; these shoots were cultured for 30 days. The ribavirin treated
shoots were then transferred onto the multiplication medium without ribavirin for one subculture before being rooted in
vitro on the same MS basal medium except with one half strength MS nitrogen salts and 3 pM TAA for four weeks
followed by greenhouse acclimatization. In vitro-derived plants that expressed no CDV symptoms and tested PCR-negative
one year after transfer to the greenhouse were produced over the entire range of 50-100 mg/L ribavirin tested. A single
line, CS2”°B, from these PCR-negative plants was selected for long-term assessment - this line remains symptom-free and
enzyme-linked immunosorbent assay-negative after 6 years.
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INTRODUCTION

Brugmansia is a popular and economically
important ornamental plant that is susceptible to a number
of viruses including Colombian datura virus (CDV; Kahn
and Bartels, 1968). Infected plants may be symptomless if
adequately watered and fertilized during vegetative growth
(Preissel and Preissel, 2002), with symptoms ranging from
faint chlorotic spots to severe mosaic and rugosity. A
study to determine the incidence of CDV in Brugmansia
plants obtained from Florida, Connecticut, Wisconsin, and
California in the United States found that the virus was
widespread (Chellemi et al., 2011).

Two methods commonly used to produce “virus-
free” plants include thermal and chemotherapies applied
singly or in combination, followed by in vitro shoot-tip or
meristem culture (Awan et al., 2007; Fletcher et al., 1998;
Gopal and Garg, 2011; Ohta et al., 2011; Sedlak et al.,
2007). Virus-free means a specific virus cannot be
detected. The specific combination of temperature,
chemicals, and method of in vitro culture for producing
virus-free plants is determined by the sensitivity of the
virus and plant to the treatment. For example, a heat
treatment may be effective for inactivating a virus, but
may be an unsuitable treatment if the plant is sensitive to
heat. The objective is to inactivate the virus but not kill the
plant.

We report a strategy to produce CDV-negative
Brugmansia plants that uses the antiviral agent ribavirin,
(Virazole; 1-pB-D-ribofuranosyl-1H-1, 2, 4-triazole-3-
carboxamide) a synthetic nucleoside that inhibits many

mammalian RNA viruses (Chang and Heel, 1981), on in
vitro shoot cultures.

MATERIALS AND METHODS

Plant material and initiation of shoot cultures

Source plants for in vitro shoot tip cultures were
CDV-infected greenhouse-grown mother stock plants of
Brugmansia x candida 'Creamsickle’. Plants were grown
and maintained using standard horticultural practices.
Shoot cultures were initiated from lateral buds and shoot
tips dissected to about 5 mm to 10 mm tall followed by a
disinfestation protocol that began with 95% ethanol for 1
minute with agitation. After decanting the excess ethanol,
the explants were placed into a solution of 0.525% sodium
hypochlorite plus two drops of Tween-20 per 100 ml with
agitation. After 15 minutes, the sodium hypochlorite
solution was decanted and the explants were rinsed three
times with sterile water. The lateral buds and shoot tips
were further dissected to about 3 mm to 6 mm tall before
explanting onto the culture initiation medium. The
initiation medium was MS basal medium (Murashige and
Skoog, 1962), sucrose 30 g/L, myo-inositol 100 mg/L,
thiamine HCI 1 mg/L, pyridoxine HCl 1 mg/L, nicotinic
acid 1 mg/L, glycine 2 mg/L, BA 1.1 pM, pH 5.7, and
bacteriological agar (USB Corporation, Cleveland, Ohio,
USA) 9.0 g/L. The medium was autoclaved in 500 ml
volumes for 20 minutes at 121°C and then poured into
previously autoclaved 25 x 100 mm flat-bottomed glass
culture tubes with polypropylene caps (Magenta
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Corporation, Chicago, Illinois, USA) at 15 ml of medium
per tube. The culture tubes containing the liquid medium
were cooled in a vertical position in polypropylene racks
(Magenta Corporation). Four weeks after initiation the
cultures were transferred to the same medium in
polypropylene capped tubes except that the BA
concentration was reduced to 0.5 uM. Thereafter, the
multiplying clumps of precociously enhanced lateral buds
were cultured onto the same medium in 77 x 77 x 77 mm
polycarbonate vessels with polypropylene closures
(Magenta Corporation, Chicago, IL, USA) containing 35
ml medium per vessel. The cultures were maintained in a
growth room provided by cool-white fluorescent lamps
(26 pmol.m™.s™"), constant 27°C, and a 16-h photoperiod.

Ribavirin treatment

In vitro-derived shoots were excised and trimmed
to 3-6 mm in length and then transferred onto shoot
multiplication medium containing ribavirin at 0, 50, 87.5,
or 100 mg/L; these shoots were cultured for 30 days.
Shoot multiplication medium was MS salts (Murashige
and Skoog, 1962), sucrose 30 g/L, myo-inositol 100 mg/L,
thiamine HC1 1 mg/L, pyridoxine HC1 1 mg/L, nicotinic
acid 1 mg/L, glycine 2 mg/L, BA 0.5 uM, pH 5.7, and
agar 9.0 g/L. At least six culture tubes per ribavirin
concentration were used, with twelve tubes for the 87.5
and 100 mg/L concentrations. Ribavirin treated shoots
were then transferred onto shoot multiplication medium
without ribavirin for 30 days. Shoots were excised and
rooted in vitro on the same culture medium except with
one half strength MS nitrogen salts and 3 uM IAA for four
weeks. Rooted shoots were transferred to the greenhouse
and acclimatized.

Serological and RT-PCR detection of Colombian datura
virus

Two months after ribavirin treated plants were
moved to the greenhouse, plants were analyzed for the
presence of CDV by serological- and nucleic acid-based
detection methods. For serological detection, enzyme-
linked immunosorbent assay (ELISA) for potyviruses
(Agdia Inc., Elkhart, IN) was used per the manufacturer’s
instructions. For reverse-transcription-polymerase chain
reaction (RT-PCR) detection, a portion of the CDV
NIb/coat protein (CP) genes was amplified using primers
as previously described (Chellemi et al., 2011). One year
after ribavirin treatment plants were moved to the
greenhouse, plants were assayed by ELISA. A single
ELISA-negative plant was selected. Six years after
ribavirin-treated plants were moved to the greenhouse, the
single ELISA-negative plant was tested by ELISA and
RT-PCR.

Data analysis

Because all ribavirin concentrations resulted in
CDV-negative plants, a Fisher’s exact test was conducted
on the data using the software Prism 5 (Graphpad
Software, La Jolla, CA, USA).

RESULTS

Because preliminary thermotherapy experiments
indicated that heat therapy was detrimental to Brugmansia
chemotherapy using ribavirin was selected. Ribavirin-
treated plants showed little phytotoxicity to ribavirin, even
at the highest concentration (100 mg/L). Thirty-six in
vitro-derived ribavirin-treated plants were transferred to a
greenhouse and, two months after transfer were tested for
the presence of CDV using ELISA and RT-PCR (Figure-1,
Table-1).

1 2 3 4 5

6 7 8 9 10

Figure-1. RT-PCR detection of CDV using primers - CDVv (5-GGGAGAGCTCCTTACCTAGC-3") and CDVvc
5'-CCATGTATGTTTGGTGATGTACC-3') to amplify a 511 bp fragment of the NIb/CP genes (Chellemi et al., 2011).
Lanes 1 and 10 -DNA size markers (~bp); Lanes 2 and 9 - 0 mg/L ribavirin, CDV-positive; Lane 3 - 0 mg/L ribavirin,

CDV-negative; Lanes 4 and 5 - 50 mg/L ribavirin, CDV-negative; Lanes 6, 7, and 8 -100 mg/L ribavirin, CDV-negative.
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Table-1. Two month old in vitro-derived greenhouse plants were tested for the presence of CDV by ELISA and RT-PCR
analyses. The number in the parentheses is the number of plants that were retained for testing after one year. Grouping the
data and comparing the number of CDV-positive and CDV-negative plants from shoot culture treated with no ribavirin
(0 mg/L) or ribavirin (50, 87.5, and 100 mg/L) by Fisher’s exact test resulted in a highly significant p value < 0.0001.

e
0 6 5(5) 1(1)
50 6 0 6 (6)
87.5 12 0 12 (6)
100 12 0 28

All plants treated with 50, 87.5, and 100 mg/L
ribavirin tested negative. Five of the six 0 mg/L ribavirin
(control) tested positive and one plant tested negative.
Because of limitations on available greenhouse space,
twenty-six plants were retained to be tested in one year -
twenty-one CDV-negative plants and five CDV-positive

One year after transfer to the greenhouse the
twenty-six in vitro-derived ribavirin-treated plants were
tested for the presence of CDV using ELISA. The CDV
status of these plants was not changed from the prior two
month test (Table-2); namely, the twenty-one 2-month
CDV-negative plants remained ELISA-negative and the

plants. five CDV-positive plants remained ELISA-positive.
Table-2. One year old in vitro-derived greenhouse plants were tested for the presence of CDV by ELISA analysis.
Grouping the data and comparing the number of CDV-positive and CDV-negative plants from shoot culture
treated with no ribavirin (0 mg/L) or ribavirin (50, 87.5, and 100 mg/L) by Fisher’s exact test resulted
in a highly significant p value < 0.0001.

Ribavirin mg/L Toé?lpr;:rr]r:: o CDV[\lpli)rsT;zs/re 0;;Iants CDvmggr;ttt)ievreo:)Iants
0 6 5 1
50 6 0
87.5 6 0
100 8 0 8?

?A single plant was selected and maintained for 6 years in a greenhouse - it was CDV-negative by
ELISA and PCR after 6 years.

CDV mottling symptoms were observed on CDV-positive plants but not on CDV-negative plants per a visual assessment
(Figure-2).

Figure-2. Visual assessment of CDV mottling symptoms on 12-month old ribavirin-treated plants. A) 0 mg/L ribavirin,
ELISA CDV-positive, mottling symptoms; and B) 100 mg/L ribavirin, ELISA CDV-negative, no mottling symptoms.
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A single CDV-negative plant, CS2’B, derived
from the 100 mg/L ribavirin treatment, was selected for
long-term maintenance and observation. The single 100
mg/L ribavirin treated plant, CS2’B, was tested by ELISA
and RT-PCR six years after transfer to the greenhouse
from in vitro. CS2°B tested CDV-negative by both ELISA
and RT-PCR. Further, CS2’B had no visible mottling
symptoms characteristic of CDV infection.

DISCUSSIONS

We developed a relatively simple plant tissue
culture system to produce CDV-negative Brugmansia
plants from CDV-positive Brugmansia plants. The
procedure is built around a micropropagation system
where shoot tips from stage 2 proliferating shoot cultures
(Murashige, 1974) are grown for one culture cycle on
proliferation medium containing ribavirin. The ribavirin-
treated shoot tips are rooted in vitro and moved to ex vitro
culture in the greenhouse. Compared to other plant species
where ribavirin is typically used at concentrations ranging
from 5-50 mg/L (Klein and Livingston, 1982; James et al.,
1997; Awan et al., 2011; Gopal and Garg, 2011; Fletcher
et al., 1998; Toussaint et al., 1993; Faccioli and
Colalongo, 2002; Bittner et al., 1989; Faccioli and
Colombarini, 1996; Grefio et al., 1990; Verma et al., 2005;
Sochacki, 2011; Weiland et al., 2004; Sedlak et al., 2011)
and occasionally at 60-100 mg/L (Ohta et al., 2011; Singh
et al,, 2007), Brugmansia appears highly tolerant to
ribavirin since little phytotoxicity was observed even at
the highest tested concentration of 100 mg/L.

CDV-negative plants were readily produced from
50 mg/L ribavirin, the lowest level, other than 0 mg/L,
tested. These results suggest that lower concentrations of
ribavirin may be suitable for producing CDV-negative
plants efficiently. The production of a single CDV-
negative plant from 0 mg/L ribavirin indicates that the
virus is not uniformly distributed in the plant. Thus,
ribavirin is not essential for producing CDV-negative
Brugmansia plants; it just makes the process considerably
more efficient. These results also suggest that CDV is
particularly sensitive to ribavirin.

MS salts (Murashige and Skoog, 1962) were used
in this study for stage 1 shoot initiation and stage 2 shoot
proliferations. However, though MS salts resulted in
growth sufficient to produce CDV-negative plants, the
system could be potentially improved by using the salt
formulation recently developed for Brugmansia in vitro
shoot growth (Niedz et al., 2011). This formulation
provides a significant improvement in growth compared to
MS salts and could be particularly useful for the
micropropagation of Brugmansia.

With the results obtained from this study it is now
possible to address the problem of widespread CDV
infection of Brugmansia reported by Chellemi et al.
(2011) and produce, maintain, and multiply CDV-negative
Brugmansia plants commercially. First, in vitro shoot
cultures would be established from desired cultivars.
Second, shoot tips from these cultures would be treated
with ribavirin as described in this study. Third, ribavirin-
treated shoots would be rooted and established in a

greenhouse. Fourth, established plants would be tested for
the presence of CDV by ELISA and/or RT-PCR as
described by Chellemi et al. (2011). Fifth, in vitro shoot
cultures could be established from CDV-negative plants
and maintained ad infinitum for conservation or as stock
cultures for micropropagation of CDV-negative plants.

In conclusion, 1) Brugmansia is tolerant of high
concentrations of ribavirin, relative to other plant species;
2) ribavirin is an effective antiviral compound for the in
vitro production of CDV-negative Brugmansia; and 3)
CDV is not uniformly distributed throughout Brugmansia
plants.
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