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Abstract

During our previous study, the mixed infection of canna yellow mottle virus (CaYMYV), bean yellow mosaic virus (BYMYV),
and cucumber mosaic virus (CMV) was identified in a Black Knight cultivar of canna exhibiting severe yellow streak and
mottling symptoms. Before the development of the virus-free plants, the ability of callogenesis and organogenesis from the
ovary, stalk, and rhizome explants was tested on different concentrations and combinations of TDZ, NAA, BAP, and Ads
growth regulators. The performance of rhizome explants was above all the explant types and 33.33 + 1.67 rhizomes (out
of 50 placed) showed callus development on ME medium (MS supplemented with 0.8 mg/L. TDZ and 0.25 mg/L NAA)
and further on a refined M4 medium (MS supplemented with 4.0 mg/L BAP, 1.0 mg/L NAA and 50 mg/L. Ads) produced
4.06 +0.16 shoots per explant. The development of virus-free plants was attempted by in vitro chemotherapy using ribavirin.
Not only in callogenesis and shoot development but also in the ribavirin treatments, rhizomes developed about 3.78 + 0.68
shoots per explant on 40 mg/L ribavirin in the ME medium. These optimizations suggested that ME medium for callogenesis,
M4 medium for shoot development and the treatment of 40 mg/L ribavirin for 30 days at M4 medium was effective. The
elimination of coinfection of all three viruses from rhizome explants of 0.5 cm? of the Black Knight cultivar was attempted.
Consequently, a total of 53.33% of plants free from all three viruses (48 out of the 90 plants developed) were obtained when
screened by RT-PCR and PCR for their absence.
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Introduction

Canna (Canna generalis L.) of the family Cannaceae
(order Zingiberales) is an annual herb. Due to its eye-
catching foliage and flowers, canna has socioeconomic
importance and is disseminated over the world (Tanaka
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2008). Not only as flower beds but also it is used at bor-
ders in landscapes of lawns and parks where attractive
foliage and flowers provide an interesting layout (Roy
2009). Canna has remarkable medicinal value too (Taiba
and Arkan 2020) and contains polyphenolic secondary
metabolites, flavonoids, isoprene polymers, terpenoids,
basic nitrogen-containing organic molecules, alkaloids,
proteins, carbohydrates, steroids, glycosides, oils, triter-
pene, glycosides, saponins, tannins, and pigments in good
proportions (Pandey and Bhandari 2021). The phytoextract
is used in traditional medicine as a diuretic for fever and
dropsy, as a demulcent, to treat suppuration, and rheuma-
tism, and to regain energy (Chigurupati et al. 2021; Duke
and Ayensu 1985). More, antitumor (Pornsiriprasert et al.
1986), cytotoxic (Darsini et al. 2015), human immunodefi-
ciency virus type 1 reverse transcriptase inhibitory activity
(Woradulayapinij et al. 2005), and antibacterial proper-
ties (Patil 2021) has also shown by phytoextract. These
attributes forced the development of new varieties using
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disease-free canna and a large number of hybrids have
been generated and cultivated around the globe (Tanaka
2008).

Considering the immense potential of canna as a multi-
faceted plant, the Protection of Plant Varieties and Farm-
ers' Rights Authority, Ministry of Agriculture and Farm-
ers Welfare, India has designated CSIR-NBRI, Lucknow
as the Distinctness, Uniformity, and Stability (DUS) test
center (Singh et al. 2014). The institute conserves and
maintains more than 50 cultivars of canna as germplasm
(Roy 2007). Earlier, several cultivars of canna were found
to exhibit severe yellow streak and mottling symptoms
on leaves (Kumari et al. 2014, 2015). The co-infection of
canna yellow mottle virus (CaYMYV, genera Badnavirus),
bean yellow mosaic virus (BYMYV, Potyvirus), and cucum-
ber mosaic virus (CMV, Cucumovirus) in Allegheny,
Black Knight, and Eileen Gallo cultivars were found with
disease (Kumari et al. 2016). Our DUS center is dedicated
to the production of canna and therefore the disease-free
planting material is a prerequisite.

The development of virus-free plants through in vitro
chemotherapy has been demonstrated as a successful
tool for eliminating viruses in plants that are propagated
by vegetative cutting like orchids, lily, chrysanthemum,
begonia, gerbera, and gladiolus (Kumar et al. 2009; Panat-
toni et al. 2013; Gautam et al. 2017). Various explanations
are suggested for the elimination of the virus including the
action of growth regulators, particularly cytokinin (Barlass
and Skene 1982), phenol-amines (Martino 1985), loss of
enzymes necessary for viral replication, and RNA degra-
dation due to cell injury during explant excision (Mellor
and Stace-Smith 1977). The use of the antiviral compound,
ribavirin [1-(p-p-Ribofuranosyl)-1"H"-1,2,4-triazole-3-
carboxamide], a nucleoside inhibitor that suppresses the
replication as well as multiplication of virus in infected
cells, has provided a better strategy for virus elimination
(de Fazio et al. 1978; Panattoni et al. 2013). However,
the concentration to be used in chemotherapy is tissue or
plants specific as reported for banana (Lassois et al. 2013),
chrysanthemum (Ram et al. 2005; Kumar et al. 2009),
gladiolus (Aminuddin and Singh 1993), lily (Xu et al.
2000), orchid (Loi et al. 1991) etc. In the present study,
in vitro regeneration and development of virus-free canna
plants of the Black Knight cultivar were attempted for the
production and availability of the disease-free healthy
planting material for the first time. Because, no study is
reported for the development of virus-free canna plants
through in vitro chemotherapy using ribavirin and there-
fore the protocol was first optimized for high-efficiency
shoot regeneration using the ovary, stalk, and rhizome of
the Black Knight cultivar. The best responsive explant type
was then used for the development of virus-free plants and
details are discussed.
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Materials and methods
Virus culture

The newly emerging young suckers of the Black Knight
cultivar exhibiting symptoms of severe yellow streak and
mottling on leaves and plant stunting (Kumari et al. 2016)
were dug out from the repository of the DUS center. Leafy
green portions were removed leaving the basal rhizome
with axillary buds and transferred to the earthen pots filled
with soil, soilrite, and vermiculite in a 2:1:1 ratio. Simi-
larly, the healthy rhizomes of the Black Knight cultivar
were also maintained and used as a control for comparison
during further experiments. All potted plants were main-
tained in the insect-proof glasshouse under natural illumi-
nation and 25 +2 °C temperature.

Virus detection

To ascertain the presence of CaYMV, BYMV, and CMV
in the ovary, stalk, and rhizome plants parts of the Black
Knight cultivar, all PCR and Reverse transcription-PCR
(RT-PCR) assays were performed following the condi-
tions of Kumari et al. (2016). Briefly, 100 mg tissues
were used for the genomic DNA and total RNA isolation
independently using the GenElute Plant Genomic DNA
Miniprep Kit (Sigma-Aldrich, MO, USA) and RNeasy
Plant Mini Kit (Sigma-Aldrich, MO, USA), respectively,
following the manufacturer’s instructions. Samples from
the healthy Black Knight cultivar were treated as negative
control and the known infected plants of the same cultivar
as the positive control. The primers of Momol et al. (2004)
capable of amplifying about 565 bp DNA band were used
for the detection of CaYMV in PCR. While primers of
Gibbs and Mackenzie (1997) capable of amplifying about
800 bp DNA band and primers of Choi et al. (1999) capa-
ble of amplifying about 900 bp DNA band were used for
detection of BYMYV and CMYV, respectively, in RT-PCR.
The DNA preparations were subjected directly to PCR
amplification. The RNA preparations were first subjected
to cDNA synthesis with respective downstream primers
independently using GoScript™ Reverse Transcription
System (Promega Corporation, Madison, USA) following
their instructions. The synthesized complementary DNA
was then used as a template for PCR amplification in a
thermal cycler (PTC200, MJ Research). The conditions for
the amplification of target genes of viruses were described
elsewhere (Kumari et al. 2016). The amplified products
were electrophoresed on 1% agarose gel in 1X TAE buffer
(40 mM Tris-acetate and 1 mM EDTA) and a current of
5 V/em.
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Explants and surface sterilization

For the establishment of in vitro regeneration protocol, the
ovary, stalk (5 cm above the rhizome), and rhizome of the
Black Knight cultivar of canna were selected as explant
types.

All explants were first roughly excised to 2.5 cm pieces
and subjected to surface wash under running tap water for
30 min. Explants were treated with 1% (w/v) carbendazim
(Bavestin, BASF India Limited, India) in the beakers with
continuous stirring for 10 min to eliminate any fungal con-
taminations. Then washed in 5% (v/v) Teepol detergent
(Orpington, Kent, UK) for 5 min and rinsed four times with
sterilized distilled water. Under the aseptic condition in a
laminar airflow hood, the explants were reduced to 0.5 cm?
sizes and quickly immersed in 70% (v/v) alcohol for 30 s fol-
lowing to 1.0% (w/v) HgCl, solution for 10 min and finally
rinsed four times in sterilized distilled water. After blot dry-
ing, these explants were used for callogenesis (callus devel-
opment) and organogenesis (shoot development) by cultur-
ing in basal Murashige and Skoog's medium (Murashige and
Skoog 1962) supplemented with different concentration and
combinations of plant growth regulators.

Media composition and optimization
of regeneration protocol

The plant growth regulators used for callogenesis and
organogenesis include a-naphthalene acetic acid (NAA),
6-benzyl amino purine (BAP), adenine sulfate (Ads) and
thidiazuron (TDZ) as suggested by Wafa et al. (2016) and
were procured from Sigma-Aldrich (MO, USA). Different
concentrations of TDZ ranging from 0.2 to 1.0 mg/L (with
a gradient of 0.2 mg/L) supplemented to basal MS medium
were used for callus formation, while the concentration of
0.25 mg/L NAA was common to all treatments (denoted
as MA, MB, MC, MD, ME and MF medium). The combi-
nations and concentrations of NAA ranging from 0.25 to
1.5 mg/L (with a gradient of 0.25 mg/L) and BAP from 1.0
to 6.0 mg/L (with a gradient of 1.0 mg/L) supplemented
to basal MS medium were used for direct organogenesis
or shoot regeneration while the concentration of 50 mg/L
Ads was common to all treatments (denoted as M1 to M6
medium).

For callogenesis, 0.5 cm? size explants of the ovary,
stalk, and rhizome, obtained from the healthy Black Knight
cultivar of canna (10 explants per plate with 5 replicates)
were placed on MA to MF medium. For organogenesis,
the rhizome explants showing callus formation at their
ends were selected for further experimentations. The rhi-
zome explants (10 explants per plate with 3 replicates)
were placed on M1to M6 medium. All the explants were
incubated at 25 +2 °C under 16/8 h light/dark period and

subcultured every fortnight to their respective fresh medium
and responses were recorded for the statistical analysis.
Light at 60 pmol photon m?/s was supplied by fluorescent
tube lights fitted on culture racks (Chen 2005). The young
developed shoots were subcultured onto half-strength basal
MS medium with 0.6% agar—agar for rooting. The best com-
bination of medium with the highest efficiency was used for
in vitro virus elimination therapy.

In vitro chemotherapy

The virus-infected rhizomes of the Black Knight cultivar
of canna were used for the production of virus-free canna
plants through in vitro chemotherapy with different concen-
trations (20, 30, 40, 50, and 60 mg/L) of ribavirin (Duchefa
Biochemie, The Netherlands). The 0.5 cm? rhizome explants
were surface sterilized following the aforementioned proce-
dures, blot dried, and placed onto the media plates contain-
ing optimized concentrations of TDZ, BAP, NAA, and Ads
in MS medium. Cultures were incubated under 16 h light
and 8 h dark period at 25 +2 °C and with a light intensity
of 60 pmol photon m2/s at the culture level and subcultured
every fortnight.

Screening of regenerated plants

The 1-2 leaf stage shoots were indexed by PCR/RT-PCR
assays to ascertain the absence of all three viruses (CaYMYV,
BYMYV and CMYV) in them. Briefly, 100 mg leaf tissue from
the developing shoots along with the young leaf samples
from healthy (as negative control) and infected Black Knight
cultivar (as positive control) plants were used for genomic
DNA and total RNA isolation independently following the
aforementioned procedures. The rest of the PCR and RT-
PCR conditions were as described above.

Rooting and acclimatization

The 1-2 leaf stage shoots were subcultured onto a half-
strength basal MS medium containing 0.6% agar—agar
for rooting. The well-grown plantlets were hardened in
Hoagland solution (Hoagland and Arnon 1950) under a
glasshouse in a hardening chamber with 80-90% relative
humidity. Post hardening for 20 days, regenerated plants
were potted in vermiculite containing 6-in. pots and main-
tained in an insect-proof glasshouse. The developed plants
were finally transferred to 12-in. earthen pots filled with a
mixture of soil, soilrite, and vermiculite in a ratio of 2:1:1.

Statistical analysis

Ten explants of stalk, ovary, and rhizome in three repli-
cates were used for the callogenesis study. To obtain the
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direct shoots, ten responding explants of thizome (during
callogenesis) were used and repeated three times for each
treatment. The proliferating shoots with distinctly visible
apical meristem were counted and subjected to analysis of
variance. The values of data are presented as the mean SE
(+) of different replicates. The critical value was obtained
from the ¢ test at 0.05% significance level (P=0.05). All
statistical analyses were performed using Statistical for
Windows (version 5.1, StatSoft, Inc., Tulsa, OK) and SPSS
(SPSS Inc. version 16.0. Chicago, SPSS Inc.). For rooting
and acclimatization, five replicates were used and efficiency
was calculated accordingly.

Results

The canna plants of the Black Knight cultivar in which
coinfection of CaYMV, BYMYV, and CMV identified earlier
were selected for the elimination of these viruses through
in vitro chemotherapy with an aim to optimize a method for
the development of virus-free canna plants. These plants
were exhibiting symptoms of yellow streak and mottling
on leaves and stunting, resulting in quality deterioration of
the plants. Before starting the optimization protocols, the
presence of these three viruses was confirmed in the ovary,
stalk and rhizome explants of the Black Knight cultivar. PCR
with CaYMV-specific primers and RT-PCR with BYMV
and CMV-specific primers resulted in the amplification of
expected 563 bp, 800 bp, and 900 bp DNA bands, respec-
tively, in all tissues. Whereas, the ovary, stalk, and rhizome
explants of healthy Black Knight cultivar plants did not
produce any amplicon with the aforementioned primers and
were used for the optimization of regeneration conditions.

Optimization of plant growth regulators
and regeneration protocol

The ovary of the developed flower, stalk (5 cm above the
rhizome), and newly emerged rhizomes of healthy Black
Knight cultivar were used for the optimization of callogen-
esis and organogenesis (Fig. 1). All explants responded to
their best efficiency on the ME medium (MS supplemented
with 0.8 mg/L of TDZ and 0.25 mg/L NAA), however,
higher callus formation was achieved with rhizome explants
(Table 1; Figs. 2a, 3a). More than 66% of the rhizome
explants (33.33 +1.67 out of the 50 placed) produced yel-
lowish-green callus from their excised ends, whereas it was
40% with ovary explants (20.00 + 1.15 out of the 50 placed)
and only 12% of the stalk explants (6.00+0.57 out of the
50 placed) produce such callus (Table 1). The callogenesis
in the rhizome explants though was significant but shoots
were very small, mal-developed, and were less in numbers
during the later stages of regeneration on the ME medium,
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hence the organogenesis (direct shoot regeneration) medium
was developed. Contrary, the ovary and stalk explants did
not produce any shoot during the later stages of regeneration
on the ME medium.

The lethal dose of the ribavirin, (on a gradient of 10 mg/L
supplemented in the ME medium), was observed on each
explant type for 30 days (Table 2) and explants were sub-
cultured every fortnight on fresh medium. Results revealed
that the concentration of 50 mg/L and 60 mg/L were lethal.
Though 1-2 small malformed shoots developed in some of
the explants but they turned brown and eventually died dur-
ing subsequent subcultures. Among all the explant types,
the number of shoots that emerged per rhizome was higher
at 20 mg/L and 30 mg/L concentration of ribavirin but the
number of virus-free plants was less as compared to the
ribavirin-treated explants at 40 mg/L which produced an
optimum (3.7 +0.68) number of virus-free shoots (Table 2).
Therefore, 40 mg/L ribavirin was considered optimum for
the development of virus-free canna plants from rhizome
explants.

For organogenesis, the combination of 4.0 mg/L BAP,
1.0 mg/L NAA, and 50.0 mg/L. Ads (M4 medium, Table 3)
was found optimum for direct shoot regeneration (Figs. 2b,
3b, c¢) and a maximum of 4.06+0.16 shoots per explant
were obtained. Only 1-2 shoots per rhizome explant were
obtained on the M1, M3 and M5 medium, whereas M2 and
M6 media were least responsive and had single or no shoots
(Table 3). The growth of the developed shoots was appar-
ently normal on the M4 medium and therefore used for fur-
ther experimentation. More than 98% rooting was achieved
in all developed shoots within 15 days on a half-strength
basal MS medium solidified with 0.6% agar.

Development of virus-free plant by in vitro
chemotherapy

A total of 90 virus-infected rhizomes (30 infected rhizomes
in each treatment and in three replicates) of the Black Knight
cultivar were excised to 0.5 cm? after surface sterilization
and placed on ME medium with 40 mg/L ribavirin for
30 days of treatment (subcultured on fresh medium every
fortnight). After 15 days of incubation, the yellowish-green
callus started developing at the excised ends and a significant
amount developed in 30 days. The 28 rhizome explants that
produced callus were further placed on M4 medium without
ribavirin (Fig. 3d—f) and a total of 90 shoots were obtained
with an efficiency of 3—4 shoots per explant (Fig. 3e,f).

Validation of the regenerated shoots
The regenerated shoots were validated in two successive

stages of development to ascertain the absence of all three
viruses. Stage 1 considered was the day on which shoots
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Knight cultivar plant showing
the position of ovary (a), stalk
(b) and rhizome (c) used as
explant for in vitro chemother-
apy and their close view next to
the intact plant (a—c)

Fig. 1 Image of a canna Black Canna CV. BIaCk Knlght

Explant types

Table 1 Effect of TDZ growth

: Medium TDZ (mg/L) Rhizome (+ SE) Ovary (+SE) Leaf stalk (+SE)
regulator on callogenesis
from rhizome, ovary and stalk MA 0.0 1.33+£0.33d 1.00+0.00d 0.67+0.33d
explants of Black Knight MB 02 5.00+0.57d 400+057 ¢ 1334032 be
cultivar, while the concentration
of 0.25 mg/L NAA was MC 0.4 11.33+1.85¢ 5.66+0.88 ¢ 2.66+0.33b
common to all treatments MD 0.6 18.33+1.66b 11.66+1.66 b 3.00+0.58 ab
ME 0.8 3333+1.67a 20.00+1.15a 6.00+0.57 a
MF 1.0 24.33+2.33 ab 15.00+1.73 ab 4.00+0.56 a

Data represents the callus formation in the rhizome, ovary, and leaf stalk explants, culture period =45 days,
SE =standard error (+), P= <0.05. The statistical significance differences are denoted by a, b, c and d

were excised from the developing callus and placed on the
rooting medium after chemotherapy. Stage 2 was consid-
ered at 90 days from stage 1. Screening by PCR at stage 1
revealed the absence of CaYMYV in 75 shoots (out of the
90 tested) with 83.33% (75/90) virus elimination efficiency.

Whereas screening by RT-PCR revealed the absence of
BYMYV and CMYV in the 72 and 78 shoots with 80.0%
(72/90) and 86.66% (78/90) virus elimination efficiency,
respectively. Cumulatively, during stage 1, a total of 51
shoots were found free from infection of all three viruses
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Fig.2 Graphs showing a response of growth regulators on explants. a to all treatments. b Effected of BAP, NAA and Ads on direct shoot
Response of rhizome, ovary and stalk (stem) explants on MS medium development from rhizome explants. Data represent the callus forma-
supplemented with TDZ (0.2-1.0 mg/L) for callus formation (cal- tion (a) and average number of shoots per explant (b) with standard
logenesis) while the concentration of 0.25 mg/LL NAA was common error (SE) obtained from respective treatments

Fig.3 Image showing the callus
development from rhizome (a),
ovary (b) and stalk (c) explants
of canna cv. Black Knight in
ME medium (MS medium
supplemented with 0.8 mg/L
TDZ and 0.25 mg/L NAA).
Response of rhizome explants
on M4 medium (MS medium
amended with 4.0 mg/L of
BAP, 1.0 mg/L of NAA and
50.0 mg/L of Ads) for shoot
development (d—e). Initiation
of direct shoot regeneration on
M4 medium (d) after 15 days
of incubation, multiple shoot
formation (3—4 shoots) per
explant after 30 days (e) and
shoot development stage after
40 days (f)

Shoot development
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Table 2 Effect of antiviral

L Explant type Ribavirin concentration supplemented in optimized ME medium

compound ribavirin on the

ovary, stalk, and rhizome 20 mg/L 30 mg/L 40 mg/L 50 mg/L 60 mg/L

explants of Black Knight

cultivar for shoot development Ovary 1.85+0.66 b 2.05+0.59 ab 22+0.68ab  1.67+0.49 bc 1.35+0.48 a
Stalk 1.20+0.61 ¢ 1.35+0.16 ¢ 1.63+0.87c 1.15+0.30 ¢ 1.05+0.70 b
Rhizome 2.65+0.66 a 291+0.59a 3.78+0.68 a 2174049 a 1.25+0.48 ab
Data represents the average shoot formation from each ovary, stalk, and rhizome explants, n=10, — =no

shoot development, culture period=30 days, SE=standard error (+), P= <0.05. The statistical signifi-
cance differences are denoted by a, b and ¢

Table 3 Effect of BAP and NAA growth regulators on organogenesis
(direct shoot formation) from the callusing ends of rhizome explants
of Black Knight cultivar, while the concentration of 50 mg/L Ads was
common to all treatments

Medium BAP (mg/L) NAA (mg/L) Shoots per explant Shoots

regener-
ated

Ml 1.00 0.25 - -

M2 2.00 0.55 0.6+0.09 ¢ 30

M3 3.00 0.75 14+0.10b 70

M4 4.00 1.00 4.06+0.16 a 180

M5 5.00 1.25 1.3+0.10b 65

M6 6.00 1.50 0.5+0.07 ¢ 25

Data represents the average number of shoot formation from rhizome
explants per treatment and average shoots per explant, n=10, — =no
shoot development, culture period=30 days, SE =standard error (%),
P=<0.05. The statistical significance differences are denoted by a, b
and ¢

with 56.66% (51/90) elimination efficiency. At stage 2, by
and large, a total of 48 shoots tested either by PCR or RT-
PCR were found free from all three viruses (Fig. 4). The
optimized method could successfully eliminate the mixed
infection of CaYMYV, BYMYV, and CMV from the Black
Knight cultivar of canna with more than 50% virus elimina-
tion efficiency (53.33%, 48 virus-free plants out of the total

Fig.4 The percent of individual 100
CaYMV, BYMV, CMV-free, ab
. o 90
and all virus-free canna cv. =
Black Knight plants based on @ 80
the screening by PCR/RT-PCR a 70
in stage 1 and stage 2. Data g 60 :a[
represents the average number = 50
of shoots obtained from 90 1)
explants with standard error 2 40
(SE) S 30
X 20
10
0

CaYMV-free

90 developed). Such a developed 48 virus-free plants were
hardened without any further plant loss and finally potted in
12-in. earthen pots, and maintained at the glasshouse. These
virus-free plants were phenotypically alike to the control
plants (healthy plants of the Black Knight cultivar).

Discussion

Among the canna cultivars having coinfection (of CaYMYV,
BYMYV and CMV), the Black Knight cultivar was selected
randomly to first establish the regeneration and then the
development of virus-free plants. It is pertinent to mention
here that not only the infection of these viruses in canna but
also Canna yellow streak virus (CaYSYV, genus Potyvirus)
and Tomato aspermy virus (TAV, genus Cucumovirus) have
been reported (Momol et al. 2004; Rajakaruna et al. 2014).
These viruses are transmitted through vegetative propagation
in canna and have been reported to deteriorate the ornamen-
tal quality (Monger et al. 2007; Kumari et al. 2016). Canna
plants are mostly propagated in the nursery through vegeta-
tive rhizomes (Hosoki and Sasaki 1991) because the seed
coat of canna is extremely hard (Joshi and Pant 2010). The
rhizome has also been used for the regeneration and devel-
opment of transgenic canna plants (Purshottam et al. 2019;
Rani et al. 2019). The vegetative propagation, however, has

ab a
b = il
I i I
BYMV-free CMV-free All virus-free
m Stage-1 = stage-2
&’?’;’;ﬂmﬁﬁw @ Springer
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its own drawback that if the mother culture is virus-infected,
it will disseminate the virus to all progenies, unavoidably. As
no chemical means are available to eliminate the virus from
the infected plant in field conditions, therefore the present
study aimed at the development of virus-free canna plants of
the Black Knight cultivar which is always a prerequisite for
further multiplication in the repository of the DUS center at
our institute. In the present study, rhizomes along with the
ovary and stalk explants of the Black Knight cultivar were
used for the development of virus-free canna plants.

During regeneration, it was observed that on the opti-
mized ME media, all three explant types: ovary, stalk, and
rhizome showed callogenesis after four weeks. A study with
rhizome explants of canna cv. Trinacriavariegata cultured
on MS supplemented with 6-BAP, TDZ, and kinetin has
shown that TDZ inhibits the shoot development whereas
increases callogenesis (Prestowitz 2007; Rani et al. 2019).
It was also observed in the present study that the rate of
callus formation was high, but the length of the developed
shoots was small and less in numbers on the ME medium
and therefore required another medium wherein direct shoot
regeneration could be achieved from the callus. The combi-
nation where a higher concentration of NAA was coupled
with a lower concentration of BAP induced the formation of
only roots in canna, whereas increasing the concentrations
of NAA led to a reduction in both shoot and root formation
(Wafa et al. 2016). They achieved a high number of shoot
formation on MS medium supplemented with 3.0 mg/L of
BAP and 1.5 mg/L of NAA after 15 days of incubation. Our
optimized protocol denoted as M4 (MS supplemented with
4.0 mg/L of BAP, 1.0 mg/L of NAA and 50 mg/L of Ads)
has shown similar results and a high number of direct shoot
formation was achieved after two weeks of incubation of
callusing rhizome explants.

Among the reported antiviral compounds against plant
virus eradication, ribavirin is the most frequently used
(Panattoni et al. 2013) which suppresses the replication as
well as multiplication of virus in the infected cells (de Fazio
et al. 1978). Inhibition of viral RNA synthesis decreases the
number of virus particles released from the infected cells
to the newly dividing cells, thus resulting in the reduction
of virus titers in the explants and helping virus eradica-
tion (Simpkins et al. 1981; Fraser and Gerwitz 1984). As
no study is reported to date for the development of virus-
free canna plants through in vitro chemotherapy and hence
before starting the virus elimination, the lethal concentration
of ribavirin was optimized for the rhizome explants. The
concentrations of ribavirin being used for virus eradication
ranged between 20 and 50 mg/L (Laimer and Barba 2011)
depending on the types of virus and hosts, and the virus-host
combinations (Panattoni et al. 2013). The low regeneration
rate with a high concentration is due to the phytotoxic effect
of ribavirin (Agroambientali and Re 2002). In the present

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

study, we used 20-60 mg/L concentration of ribavirin and
observed that at the 40 mg/L concentration the highest virus-
free plants with maximum plant survival can be achieved.
Using 40 mg/L of ribavirin, a total of 56.6% plants (51/90
assayed by PCR/RT-PCR) were found free from CaYMYV,
BYMYV and CMV in stage 1, while the independent analysis
for each virus showed 83.3% (75/90) shoots were free from
CaYMYV, 80.0% (72/90) from BYMYV, and 86.6% (78/90)
from CMV. The variation in the coinfection elimination
efficiency for different viruses may be their localization as
reported in the case of rose, apple, and potato (Hu et al.
2015; Chahardehi et al. 2016). Studies for in vitro virus
elimination in potatoes revealed that high concentrations
of ribavirin successfully eliminated most of the prevalently
known potato viruses like potato virus A, potato virus M,
potato virus S, potato virus X, and potato virus Y but failed
to eliminate potato leaf roll virus (Agroambientali and Re
2002). Herein, when screening of the well-established plants
was done at stage 2, the efficiency decreased to 53.3% and 48
developed plants were found free from infection of all three
viruses out of the 90 assayed. Studies revealed the reduc-
tion of virus titer during the elimination but not complete
virus eradication (Gallard et al. 2011; Silva et al. 2011) and
this may one of the possible explanations for the reduction
in the virus elimination efficiency in stage 2. To the best of
our knowledge, this is the first report of the development of
virus-free canna plants through in vitro chemotherapy of
rhizome explants. The optimized protocol has the potential
to be used in the development of virus-free plants of other
canna cultivars.

Conclusions

This is the first report of the development of virus-free canna
cultivar Black Knight plants through in vitro chemother-
apy of 0.5 cm? rhizome explants in which coinfection of
CaYMV, BYMYV, and CMV was eliminated using 40 mg/L
of ribavirin treatment for 30 days with a significant effi-
ciency of 53.33% (48 developed plants were virus-free out of
the 90 developed plants). Following this protocol, the virus-
free canna plants of other cultivars may also be developed as
disease-free planting material for germplasm conservation.
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