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ABSTRACT

The aim of the research was to obtain virus-free stock plant material of several cultivars and breeding clones of narcissus (Narcissus L.)
and tulip (Tulipa L.) by in vitro culture using chemotherapy with ribavirin. Virus indexing by ELISA was done several times to detect the
most important viruses infecting tulips and narcissus. Genotypes of both crops, totally or heavy infected by viruses, were subjected to
chemotherapy in a few experiments. The results of virus eradication showed that none of the three concentrations of ribavirin (12.5, 25
and 50 mg I'") did result in death. However, shoot regeneration and growth on the medium with the highest concentration of ribavirin was
significantly retarded, both for tulips and narcissus. Chemotherapy joined with further consecutive virus indexing and roguing the virus-
suspected plantlets of tulip S2 and S3 enabled selection of virus-negative plants. The results of chemotherapy obtained for the new tulip
cultivars (S2, S6 and S7) in the next experiment were very promising. The ribavirin treatment resulted in virus eradication from the newly
forming shoots. In turn, in the old cultivars (E and F) and one breeding line (P7), whose shoots were totally infected, chemotherapy
appeared to be ineffective. Virus eradication was unsuccessful for all treated plantlets of narcissus ‘Lajkonik’ infected by Narcissus
mosaic virus and potyviruses in two experiments. Virus eradication for breeding clone 0.985T infected by Narcissus latent virus and
potyviruses was successful in 27 among the 80 plantlets which started the experiment. The results leads to conclusion that the effect of
ribavirin depends on the concentration of this antiviral agent, kind of virus and their concentration in plant tissue and on the genotype of
the plant.
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Abbreviations: CMV, Cucumber mosaic virus; ELISA, enzyme linked immunosorbent assays; DAS-ELISA, double antibody sandwich
ELISA; LSV, Lily symptomless carlavirus; NDV, Narcissus degeneration potyvirus; NLSYV, Narcissus late seasons yellows potyvirus;
NLV, Narcissus latent carlavirus; NMV, Narcissus mosaic potexvirus; NWSV, Narcissus white streak potyvirus; NYSV, Narcissus
yellow stripe potyvirus; PBS, phosphate buffer saline; TBV, Tulip breaking potyvirus; TNV, Tobacco necrosis necrovirus; TRV, Tobacco

rattle tobravirus

INTRODUCTION

Viral diseases can drastically affect the yield and quality of
tulip and narcissus bulbs and flowers, sometimes resulting
in total crop loss. Commercial bulb reproduction involves
vegetative propagation. Vegetative propagation can lead to
the accumulation of viruses and their spreading by daughter
bulbs. For tulip, 22 viruses have been reported (Mowat
1995). The most common ones causing serious symptoms
include: Tulip breaking potyvirus (TBV), Lily symptomless
carlavirus (LSV), Cucumber mosaic cucumovirus (CMV),
Tobacco necrosis necrovirus (TNV), and Tobacco rattle
tobravirus (TRV). At least 24 viruses have been reported
for narcissus (Brunt 1995; Asjes 1996). Ten of them occur
only in restricted geographical locations, the others are
spread world-wide. Both crops can be infected by more
than one virus at the same time. However, mixed infections
occur in narcissus more often than in tulips. The most dan-
gerous for narcissus are: Narcissus yellow stripe potyvirus
(NYSV), Narcissus white streak potyvirus (NWSV), and
Narcissus degeneration potyvirus (NDV) (Hanks 1993).
The last one is known only to occur in Narcissus tazetta
(Brunt 1980). Very common are also: Narcissus late sea-
sons yellows potyvirus (NLSYV), Narcissus latent carla-
virus (NLV) and Narcissus mosaic potexvirus (NMV).
When propagating geophytes, it is essential to start with
healthy, virus-free material. Micropropagation of selected
virus-free plants and the elimination of viruses during in
vitro culture are the best methods to ensure that the breed-
ing and planting stock is healthy. In case of totally infected
cultivars, it is possible to eliminate viruses and obtain

healthy material by application of chemotherapy and/or
thermotherapy combined with in vitro techniques (Hansen
and Lane 1985; Spiegel ef al. 1993). Within geophytes,
positive results using such techniques were obtained in
alstroemeria (Hakkaart and Versluijs 1985), gladiolus
(Lilien-Kipnis ef al. 1992; Mangal et al. 2003), hyacinth
(Asjes et al. 1974) and bulbous iris (Van der Linde et al.
1988). Elimination of viruses from bulbous plants is, how-
ever, very difficult. The most effective method to obtain
pathogen-free material is selecting healthy indexed plants
e.g. with ELISA and their fast propagation (Spiegel and
Loebenstein 1995). Micropropagation is considered as the
most potent propagation technique. This method is recom-
mended for nuclear stock production by European and
Mediterranean Plant Protection Organization (OEPP/EPPO)
for several vegetatively propagated ornamentals, such as
carnation, chrysanthemum, begonia, New Guinea hybrids of
impatiens, rose, kalanchoe, narcissus and lily (Anonymous
2002). In vitro techniques are also used for maintenance of
pathogen-free nuclear stocks (Brunt 1985). In our earlier
studies, virus-free stock plants of several tulip cultivars
were obtained using in vitro propagation by testing plant
material repeatedly with ELISA against five viruses (TBYV,
LSV, CMV, TNV and TRV), and selecting virus-negative
plants for further propagation (Podwyszynska et al. 2005).
It was also shown, that in one of the studied cultivars, ‘Gie-
wont’, the only TBV-negative shoot clone obtained was
derived from the bulb for which the absorbance A5 at the
initial stage testing was very close to the negative control.
Our previous experiments, revealed that TBV detection was
more effective in samples taken from leaves than in those
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derived from scales, the tissues that remain after excision of
the flower stem from which fragments are being used for
initiating in vitro culture (Sochacki and Podwyszynska
2006). Furthermore, detection of TBV (belonging to poty-
virus group) using antibodies specific for TBV was much
more reliable than using antibodies universal for the poty-
virus group. In some cases only looking for non-infected
plants was not enough and additional treatments such the
chemotherapy had to be applied.

In narcissus, potyvirus-free plants were obtained in an
earlier study from infected bulbs using in vitro propagation
via adventitious shoot regeneration (Sochacki and Orlikow-
ska 2005). Just as for tulips, obtaining of virus-free narcis-
sus plants by selecting non-infected plants and serious virus
indexing was a goal of the recent experiments (Sochacki
2011). Individual virus-negative clones were selected from
narcissus donor plants infected with NMV and NLV based
on indexing done during micropropagation. The results of
above mentioned research showed that micropropagation
via adventitious shoot regeneration made it possible to
eliminate the viruses from infected narcissus plants. The
success depended on the type of virus and its concentration
in the plant tissue. In addition, chemotherapy was necessary
in the case of totally infected narcissus genotypes.

The aim of presented studies was to obtain virus-free
stock plant material of several cultivars and breeding clones
of tulip and narcissus by chemotherapy with ribavirin as
antiviral compound.

MATERIALS AND METHODS
Plant material

Plants of Polish old and new tulip (Tulipa L.) cultivars without
symptoms of viral diseases and breeding lines of tulip were used
for initiation of in vitro shoot cultures. The old cultivars were
labeled A to F; the new selections S1 to S8, and the breeding
clones P1 to P8. In vitro shoots of previously established cultures
of two narcissus (Narcissus L.) genotypes — the Polish cultivar
‘Lajkonik’ and the Polish breeding clone 0.985T - were used for
experiments with virus eradication. The shoot cultures were estab-
lished and multiplied via adventitious shoot regeneration, fol-
lowing protocols developed in previous studies on tulip (Podwy-
szynska and Marasek 2003) and narcissus (Sochacki and Orlikow-
ska 2005). Shoot cultures of tulip were started from flower stem
explants isolated from cooled bulbs in January 2004 and 2005,
shoot cultures of narcissus were started in 2008. As initial explants
of narcissus, fragments of single scales connected by a section of
the basal plate were used.

Serological tests

Enzyme Linked ImmunoSorbent Assays (ELISA) were used to
detect the following viruses: for tulip TBV, LSV, CMV, TNV and
TRV and the potyvirus group; for narcissus Arabis mosaic virus
(ArMV), CMV, NLV, NMV and the potyvirus group. DAS-ELISA
(Clark and Adams 1977) was used with specific antibodies for the
detection of the LSV, NMV, NLV, TBV, TNV (from Applied Plant
Research — Flower Bulbs and Nursery Stock Sector, Lisse, The
Netherlands), for the detection of ArMV and TRV (from Loewe
Phytodiagnostica, Sauerlach, Germany) and for the detection of
the CMV (from the Research Institute of Horticulture, Skiernie-
wice, Poland) (Kaminska et al. 2005). DAS-ELISA tests were per-
formed according to the protocols of the producers with minor
modifications. The leaves were ground in phosphate buffer saline
(PBS), pH 7.4, and all the conjugates were diluted in PBS-T con-
taining 0.1% Tween 20 (1:5, w/v). To detect most viruses of the
potyvirus group indirect ELISA with monoclonal antibodies were
used (Jordan and Hammond 1986; Jordan 1989; Derks 1992) ac-
cording to the protocol provided with the commercial kit (Agdia
Inc., Elkhart, IN, USA) with minor modifications described earlier
(Sochacki and Orlikowska 2005).

Virus-indexing in tulip was performed for donor plants and
then repeated several times for micropropagated shoots during the
shoot multiplication stage, viz., after 5, 6, 9, 12, 14 or 22 months
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from initiation. Besides, donor plants used for starting in vitro
cultures in January 2004 were tested only at initial stage, but the
donor plants serving as explants source in 2005 were tested twice,
during the flowering in spring, and at initial stage.

Each sample was tested in 2-3 replicates. The measurements
were carried out with a Multiscan Plus reader (Labsystems, Fin-
land) at 405 nm. The samples were recorded as infected when the
value of absorbance (A4ps) was at least twice as high as the Ao
value for the negative control (Clark ez al. 1988). In addition, sam-
ples having an A4y value that exceeded the negative control by
50-99% were recorded as “virus-suspected” (vs). The virus-
infected shoot-clones were removed, except for genotypes that
were highly or totally infected. These shoot-clones were subjected
to chemotherapy. In such genotypes, the most vigorous shoots,
indexed as “virus-suspected” plants were selected and micropropa-
gated for further testing.

Chemotherapy
Tulips

In the first experiment, shoot cultures of the three genotypes (D,
P1 and P2) established in 2004 were used. They were totally in-
fected with TBV but were negative for other tested viruses.
Ribavirin (virazole, 1-B-D-ribofuranosyl-1,2,4-triazole-3-carboxa-
mide) (0.22 pm filter-sterilized) was added to the multiplication
medium. The medium is described in previous studies (Podwy-
szyfiska and Sochacki 2010). Shoots were maintained on media
containing ribavirin at 12.5, 25, or 50 mg I for 10 weeks and sub-
sequently were subcultured two times at two-month intervals on
media containing ribavirin at 12.5 mg 1"'. The initial number of
shoots used for each treatment was 56 (four flasks, each con-
taining four clumps with 3-5 shoots). The total number of shoots
obtained after the first subculture with ribavirin was counted to
assess phytotoxicity. Shoots were tested for viruses following
chemical treatment after the last ribavirin-subculture and another
three times as described in Table 1.

In the second experiment, started in 2005, treatment with
ribavirin at 12.5 mg 1" was given to initial explants derived from
virus-positive donor bulbs of 7 genotypes (Table 3). Ribavirin
concentration was selected on base of the results of the first
experiment. All initial explants were subjected to chemotherapy
during the period of four months of initial culture. Regeneration
capacity was compared between untreated (virus-negative) and
ribavirin-treated virus-positive explants. The micropropagated
shoots were tested for viruses following chemical treatment at
successive micropropagation phases at different terms described in
Tables 4 and 5.

Narcissus

In the case of the variety ‘Lajkonik’, almost totally infected with
NMYV and potyviruses, an experiment on virus eradication using
ribavirin was carried out in 2009 and 2010. MS medium with
ribavirin at 12.5, 25 or 50 mg I'' (0.22 pm filter-sterilized) was
used. Medium without ribavirin was the control. Twenty bulblets
from in vitro cultures were cut into four parts and each segment
was transferred into a 100 ml Erlenmeyer flask with fresh MS
medium with a different ribavirin level. The explants were grown
on medium with ribavirin for 10 weeks. After 10 weeks, the
plantlets were virus-tested by ELISA. The same cultures of ‘Laj-
konik’ with the same concentrations of ribavirin were used to
repeat the experiment in 2010, because of any successful results
obtained from the first one. Similar experiments with the same
concentrations of ribavirin were carried out in 2010/11 for Polish
breeding clone 0.985T infected by NLV and potyviruses.

RESULTS
Tulips

In the first year of the studies, 2004, ELISA indexing
revealed that the donor plants were highly infected with
TBV (89.1%) (Table 1). TNV, CMV, LSV and TRV oc-
curred sporadically. It is noteworthy that these donor plants
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Table 1 Detection of viruses by ELISA at succeeding phases of micropropagation process in tulip plant material of the genotypes which were partly
infected with viruses (S1, S2 and S3) and totally infected (D, P1 and P2). Virus-free plant material was gradually selected based on ELISA. The totally

infected genotypes were subjected to chemotherapy during the period of six months, between the 2" and 3™ indexing term. In vitro shoot cultures were

initiated in 2004.
Genotype Term of No. of indexed No. of infected donor plants or shoot clones or shoot clumps* No. of virus-negative
indexing donor plantsor TBV TNV LSV CMV TRV Poty- donor plants or
shoot clones or viruses shoot clones or
shoot clumps* shoot clumps*
S1 I 17 7+3 vs 0 0 0 1vs 1vs 5
(new cultivar) 2 10 1+2 vs 0 0 0 0 0 7
3¢ 9 0 nt nt nt nt 0 9
4" 144 343 vs nt nt nt nt nt 138
S2 1™ 14 4+10 vs 0 0 0 0 8 vs 0
(new cultivar) ond 10 8 vs 0 0 0 0 8 vs 2
31 10 0 nt nt nt nt 0 10
4" 72 0 nt nt nt nt nt 72
S3 1™ 17 1245 vs 0 1vs 3vs 242 vs 6 vs 0
(new cultivar) 2nd 5 0 0 0 0 0 2vs 3
30 5 0 nt nt nt nt 0 5
4t 35 0 nt nt nt nt nt 35
D 1™ 10 10 0 0 0 0 9 0
(old cultivar) 2nd 8 8 0 0 nt nt 8 0
30 8 8 0 0 nt nt 0 0
4t 15 14 1 0 2+1 vs 1 nt 1
5° 38 24+8vs 0 0 4vs 1vs nt 6
6" 23 13+7 vs 2vs 0 3+2 vs 0 nt 2 (decayed)
P1 ™ 3 3vs 1vs 0 0 0 3vs 0
(breeding clone) 2™ 3 2+1 vs 1vs 0 nt nt 142 vs 0
31 12 1+3 vs 0 0 nt nt 0 9
4t 32 0 0 0 0 0 nt 32
5t nt nt nt nt nt nt nt nt
6" 30 0 2vs 0 242 vs 0 nt 26
P2 I 3 3 1vs 1vs 1 1 0 0
(breeding clone) 2™ 3 0 0 0 nt nt 0 3
3¢ 12 0 0 0 nt nt 0 12
4t 56 0 0 0 0 0 nt 56
5t nt nt nt nt nt nt nt nt
6" 38 0 0 0 0 0 nt 38
Total % of virus positive and vs plants
1™ 64 89.1 1.5 3.1 6.3 9.4 422
2 39 56.4 L5 0 - - 53.8
3¢ 63 17.5 0 0 - - -
4" 386 9.8 0 0 1.0 0.3 nt

*Terms of indexing: 1) at initial stage (donor plants), 2) after 6 months and 3) after 12 months (samples were taken from each shoot clone, each originated from individual
donor plant), 4) after 18 months (single sample were collected from each pot), 5) after 19 months, only for cultivar D (samples collected from each shoot clump); 6) after 22

months, for genotypes D, E and F (samples collected from each shoot clump)
nt — not tested
vs - “virus-suspected” plants

Table 2 Effect of ribavirin on adventitious shoot regeneration in tulip
genotypes totally infected. /n vitro shoot cultures were initiated in 2004.

Genotype Ribavirin (mg I'") No. of shoots*
D 0 75
12.5 39
25 33
50 10
P1 0 70
12.5 -
25 57
50 30
P2 0 73
12.5 139 Fig. 1 Adventitious shoot cultures of old tulip cultivar 'D' treated with
25 50 ribavirin. From left to right: control, 12.5, 25 and 50 mg 1"". Ribavirin at
50 37 higher concentrations caused necrosis of the shoots.

* No. of shoots obtained after 10-week treatment with ribavirin; the initial
number of shoots was 56

were tested only at initial stage and they were not indexed
earlier at active growth during the spring. Two genotypes, D
and P2, were totally infected and within the remaining four
genotypes, only a few clones were considered as virus-
negative or virus-suspected (Table 1). From the totally in-
fected genotypes, three, D, P1 and P2 were subjected to
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chemotherapy. The effect of ribavirin depended on the con-
centration and the genotype. Regeneration capacity of the
old cultivar D was inhibited at 12.5 mg 1", whereas in the
breeding line P1, even a higher number of shoots was ob-
tained at this treatment (Table 2). Ribavirin at higher con-
centrations caused necrosis of many shoots thereby red-
ucing their number (Fig. 1). The results of the virus in-
dexing were ambiguous. Independently of the ribavirin con-
centration, TBV was detected in all samples of the cultivar



Floriculture and Ornamental Biotechnology 6 (Special Issue 2), 114-121 ©2012 Global Science Books

Table 3 Regeneration efficiency of initial explants in different tulip geno-
types on media without (-) and with addition of 12.5 mg I"' ribavirin (+). In
vitro shoot cultures were initiated in 2005.

Genotype No. of donor No. of initial % of regenerating
bulbs explants explants
Ribavirin Ribavirin Ribavirin

© (6] © ) ©) ®

S3 2 2 35 36 74.3 58.3
S4 5 2 66 37 78.8 81.1
S5 1 3 12 55 58.3 29.1
P3 3 3 38 35 78.9 37.1
P4 1 4 24 69 62.5 21.7
E 5 8 65 132 36.9% 34.8
F 2 10 24 159 70.8 25.2

*viruses were detected as early as 9 months after in vitro culture initiation

D just after chemotherapy (Table 1, 3 term of indexing).
Although, in a few plant samples of this cultivar, for which
ELISA performed a few months later, chemotherapy did not
reveal TBV. A test performed one year later detected this
virus in all samples (data not shown). Instead, in the
genotype P2, no viruses were detected at any indexing term,

and in genotype P1, 86.7% of tested samples was virus-
negative (Table 1). In the cultivar S1, only virus-negative
explants were selected for further micropropagation, and
the occurrence of the virus-positive shoots was sporadic in
the later testing terms. In the genotypes S2 and S3, virus-
negative plants were absent, but some plants were con-
sidered as only virus-suspected and they were further pro-
pagated, successively tested, the virus-positive and virus-
suspected shoot clones were eliminated, and finally, the
virus-negative plants were selected (Table 1).

In 2005, more donor plants were indexed as virus nega-
tive (26.9%) than in 2004 (5.0%) when the donor plants
were tested only once at the initial stage. The virus-negative
donor plants in 2005 were selected based on the early
ELISA indexing performed during the spring, and testing
and selecting was repeated just before in vitro cultures initi-
ation. With regard to the still very high virus infection of
donor plants in 2005, the in vitro cultures were started also
from the virus-positive plants. Explants derived from virus-
positive plants, incubated for 10 weeks on medium con-
taining 12.5 mg 1" ribavirin exhibited generally lower re-
generation capacity (Table 3). Results of ELISA showed
that from term to term of indexing, the number of the virus-

Table 4 Detection of viruses by ELISA at succeeding phases of micropropagation process in tulip plant material of the genotypes which were partly
infected with viruses (S1, S3, S4, S5 and S8) and totally infected (S2, S6 and S7). Virus-free plant material was gradually selected based on ELISA. All the
initial explants derived from virus-positive donor plants were subjected to chemotherapy during the period of four months of initial culture. /n vitro shoot

cultures were initiated in 2005.

Genotype  Term of No. of tested No. of donor No. of infected donor plants or clones or shoot clumps*  No. of virus-
indexing* donor plants or plants of which TBV TNV LSV CMV TRV negative donor
shoot clones or explants were plants or shoot
shoot clumps* treated with clones or shoot
ribavirin clumps*
S1 1 10 0 1vs 0 0 0 0 9
2 nt nt nt nt nt nt nt
3 41 0 0 0 0 0 41
4 66 0 lvs 0 0 0 65
S2 1 11 11 5+6 vs 0 0 1vs 2+1 vs 0
2 nt nt nt nt nt nt nt
3 25 0 0 0 0 0 25
4 51 0 0 0 0 0 51
S3 1 5 2 1+2 vs 0 0 0 0 2
2 nt nt nt nt nt nt nt
3 13 0 0 0 2vs 0 11
4 13 0 0 0 0 0 13
S4 1 7 2 2 0 2vs 1 1 5
2 nt nt nt nt nt nt nt
3 17 2 0 0 0 0 15
4 53 0 0 0 0 0 53
S5 1 4 2 3 0 0 1vs 1vs 1
2 nt nt nt nt nt nt nt
3 8 2 1vs 0 1vs 1vs 5
4 4 0 0 0 0 0 4
S6 1 2 2 2 0 0 0 0 0
2 nt nt nt nt nt nt nt
3 2 0 0 0 0 0 2
4 4 0 0 0 0 0 4
S7 1 5 5 4+1 vs 1+1 vs 0 0 0 0
2 nt nt nt nt nt nt nt
3 8 3 0 0 1+1 vs 1+1 vs 4
4 4 0 0 0 0 0 4
S8 1 5 0 0 0 0 0 0 5
2 nt nt nt nt nt nt nt
3 3 0 0 0 2+1 vs 1 0
4 13 0 0 0 0 0 13
Total % of infected plant samples
1 55.1 2.0 4.1 4.1 10.2
2 nt nt nt nt nt
3 1.0 0.9 0.0 6.8 34
4 0.0 0.5 0.0 0 0

*Terms of indexing: 1) at initial stage (donor plants); 2) after 5 months (samples were taken from each shoot clone, each originated from individual donor plant); 3) after 9
months (single samples were taken from each container containing shoot cultures); 4) after 14 months (single samples were taken from each container containing shoot

cultures).
nt — not-tested
vs - “virus-suspected” plants
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Table S Detection of viruses by ELISA at succeeding phases of micropropagation process in tulip plant material of the genotypes which were partly
infected with viruses(P3, P4, E) and totally infected (P5, P6, P7, P8, G F). Virus-free plant material was gradually selected based on ELISA. All the initial
explants derived from virus-positive donor plants were subjected to chemotherapy during the period of four months of initial culture. /n vitro shoot cultures
were initiated in 2005.

Genotype  Term of No. of tested No. of donor No. of infected donor plants or clones or shoot clumps*  No. of virus-
indexing* donor plants plants of which TBV TNV LSV CMV TRV negative donor
or shoot explants were plants or shoot
clones or treated with clones or shoot
shoot clumps*  ribavirin clumps*
P3 1 6 3 1+2 vs 0 0 0 0 3
2 nt nt nt nt nt nt nt
3 18 0 0 0 0 0 18
4 19 0 0 0 0 0 19
P4 1 5 4 1+3 vs 0 0 0 0 1
2 3 0 0 0 0 0 3
3 5 0 0 0 0 0 5
4 7 0 2vs 0 0 0 5
P5 1 5 5 243 vs 0 0 0 1vs 0
2 nt nt nt nt nt nt nt
3 6 0 0 0 0 0 6
4 11 0 0 0 0 0 11
P6 1 8 8 1+3 vs 7 442 vs 0 0 0
2 7 0 0 0 0 0 7
3 9 0 0 0 0 0 9
4 3 0 0 0 0 0 3
P7 1 6 6 3+3 vs 0 0 0 0 0
2 3 3 0 0 1vs 0 0
3 13 9+2 vs 0 0 0 0 2
4 - - - - - - decayed
P8 1 5 5 3+2 vs 1 0 0 0 0
2 nt nt nt nt nt nt nt
3 6 0 0 0 0 0 6
4 4 0 0 0 0 0 4
G 1 4 4 2+1 vs 3 3 1 2 0
2 3 0 0 0 0 0 3
3 2 0 0 0 0 0 2
4 - - - - - - decayed
E 1 13 8 4+2 vs 2vs 0 0 1+1 vs 5
2 3 2+1 vs 0 0 0 0 0
3 13 10+1 vs 3vs 0 1+7 vs 0 0
4 - - - - - - decayed
F 1 12 12 10 0 2vs 0 0 2
2 nt nt nt nt nt nt nt
3 15 8 0 0 0 0 7
4 - - - - - - decayed
Total % of infected plant samples
1 71.0 26.1 203 14 7.2
2 28.6 0 4.8 4.8 0
3 333 33 0 8.9 0
4 0.0 39 0 0 0

*Terms of indexing: 1) at initial stage (donor plants); 2) after 5 months (samples were taken from each shoot clone, each originated from individual donor plant); 3) after 9
months (single samples were taken from each container containing shoot cultures); 4) after 14 months (single samples were taken from each container containing shoot
cultures).

nt — not-tested

vs - “virus-suspected” plants

Table 6 Summarized results concerning detection of viruses by ELISA in tulip plant material propagated in vitro and gradually selected for virus negative
plants based on ELISA. All the initial explants derived from virus-positive donor plants were subjected to chemotherapy during the period of four months
of initial culture. /n vitro shoot cultures were initiated in 2005.

Plant material No of No. of plant _ No. of infected donor plants or shoot cultures % virus-negative donor
genotypes samples TBV TNV TRV CMV LSV plants or shoot cultures

Donor bulbs 18 119 63.9 15.1 10.9 5.0 17.0 26.9

Shoot cultures 9 months after culture initiation 18 207 17.9 29 1.9 8.2 0.0 77.8

Shoot cultures 14 months after culture initiation 13 208 0 0.5 0 0 0 98.8

positive and virus-suspected (vs) shoot samples decreased  samples of the breeding line P4 were considered as virus-
(Tables 4, 5, 6). After each indexing all virus-positive and  suspected and they were eliminated (Tables 4, 5). The
virus-suspected shoots were removed. At the third testing  results of chemotherapy obtained for the new cultivars S2,
term, nine months after culture initiation, viruses were  S6 and S7 are very promising. Before chemotherapy and
detected both in some treated and untreated shoot-clones.  selection procedure, these cultivars were considered as
Thus, 77.8% of shoots were considered as virus-negative  highly or totally infected. The ribavirin treatment caused the
(Table 6). Fourteen months after initiation, except for the  virus eradication from the newly formed shoots, thus,
three samples, all remaining shoot-clones (98.8%) were  numerous shoots were indexed as virus-negative (Table 4).
virus-negative. One sample of the new cultivar S1 and two  In turn, in the old cultivars (E and F) and the one breeding
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Table 7 The selected results of virus eradication in narcissus breeding clone 0.985T using ribavirin; ELISAs performed in 2011

Concentration of ribavirin  Description of

The viruses detected in starting

Results of ELISA for the plants regenerated on medium with

in the medium [mg 1"] the probes material before treatment of ribavirin
ribavirin ArMV CMV NLV NMV Potyviruses
0 73 Potyviruses - - - - -
75 Potyviruses - - - - -
77 NLV, Potyviruses - - - - -
77 NLYV, Potyviruses - - Vs - +
79 NLYV, Potyviruses - - - - -
80 Potyviruses - - - - +
12.5 90 NLV - - - - -
91 (x3) Potyviruses - - - - -
91 Potyviruses - - - - Vs
92 (x2) NLV - - - - -
93 NLYV, Potyviruses - - - - -
95 NLYV, Potyviruses - - - - -
95 NLV, Potyviruses - - - - +
98 NLV - - - - -
98 NLV - - + - -
165 NLV - - + - -
25 99 (x2) NLYV, Potyviruses - - + - -
100 (x2) NLYV, Potyviruses - - - - -
102 NLYV, Potyviruses - - - - -
104 NLV - - - - -
105 NLYV, Potyviruses - - - - -
108 NLV - - - - -
108 NLV - - + - +
109 NLV - - - - -
167 NLV - - vs - -
168 (x2) NLYV, Potyviruses - - - - -
50 115 ArMV, NLV, Poty - - - - -
169 NLYV, Potyviruses - - - - +
172 NLYV, Potyviruses - - - - -
173 NLYV, Potyviruses - - - - -
178 NLYV, Potyviruses - - + - +

Explanations: - negative result; + positive result; vs - virus-suspected

line (P7), whose shoots were totally infected, chemotherapy
appeared to be ineffective. Plant material of these infected
genotypes had very poor regenerating capacity and finally
died (Table 5).

All virus-negative shoots of 13 genotypes were further
propagated and subsequently, induced for bulb formation.
The bulbs were rooted and planted ex vitro in an insect-
proof tunnel. Four years of observation and indexing did
not detect viruses in micropropagated tulips. Each year,
leaves of ten plants of each genotype were randomly chosen
and tested by ELISA (data not shown).

Narcissus

The results of virus eradication in the cultivar ‘Lajkonik’
and breeding clone 0.985T using ribavirin showed that none
of the three concentrations of ribavirin (12.5, 25 and 50 mg
I'") resulted in dying of explants. However, shoot growth
was significantly retarded on medium with the highest con-
centration of ribavirin. Virus eradication was unsuccessful
for all treated plantlets of ‘Lajkonik’ infected by NMV and
potyviruses at both dates of experiment (data not shown).
Virus eradication for breeding clone 0.985T was successful
in 27 among the 80 plantlets which started the experiment
in 2010 and tested in 2011 (Table 7). Four virus-negative
results were obtained on control medium without ribavirin,
9, 11 and 3 on medium with 12.5, 25 and 50 mg 1", respec-
tively.

DISCUSSION

The rate of virus elimination depended on the plant geno-
type, the type of virus and virus concentration. The old tulip
cultivar ‘D’ was infected the most and its regeneration
capacity was the lowest. In this cultivar, only a few shoot-
clumps were indexed as virus-negative at the last indexing
term. In the new cultivars of tulip (S1, S2 and S3) and the
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breeding lines (P1 and P2), almost all indexed shoot clumps
were recorded as virus-negative after 18-month micropro-
pagation. These results indicate that eradication of viruses
from the old cultivars which are highly infected with
several viruses is very difficult. Probably the viruses occur
at very high concentrations, thereby strongly reducing the
formation of new shoots and the probability to obtain new
virus-free buds or shoots is therefore very low. It is note-
worthy that shoot formation in tulip involves adventitious
regeneration (Podwyszynska and Marasek 2003). In such
type of organogenesis, there is a vascular connection, so it
is difficult to remove viruses. The shoot meristem is located
very close to the mother tissue, so the mechanism of run-
ning of the new cells before viruses is extremely limited
however not impossible as was shown in our study for
several new cultivars and breeding lines of tulip. Similar
results concerning virus eradication from bulbous species
using in vitro techniques were also reported for shallot
(Fletcher and Fletcher 1998) and lily (Blom-Barnhoorn and
Aartrijk 1985). In our previous study, potyvirus-free narcis-
sus plants were obtained from naturally infected bulbs using
in vitro propagation via adventitious shoot regeneration
without addition any antiviral compounds (Sochacki and
Orlikowska 2005). Later on, we noticed difficulties with
NMV eradication. NMV, of which the transmission way is
unknown, was eliminated with success only in four cases
among the 60 plantlets tested (Sochacki 2011) and without
any success in the next two similar experiments using riba-
virin. Virus-negative plants were obtained, however, in the
case of aphids-transmitted NLV, a virus that is relatively
easy to eliminate. It confirms the findings of Brunt ez al.
(1984) in which the elimination of potyviruses is simpler in
comparison to viruses transmitted by nematodes.

In some cases of our experiments, ribavirin did not
work. The reason is not clear, particularly because the exact
mode of action of ribavirin against plant viruses is not well
understood. On the other hand, it is known that ribavirin
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reducing the growth rate of the explants, what can intensify
inhibition effect in the case of old cultivars, highly infected
by viruses and having low regeneration capacity. In some
cases of narcissus tissues the time of exposure to ribavirin
should be probably longer, what can allow to work it stron-
ger.
Our results, both those with tulips and narcissus, con-
firm that antiviral compounds like ribavirin or DHT can be
successfully used for virus eradication from different hosts
(Spiegel and Loebenstein 1995). Similarly as in our experi-
ments, ribavirin appeared to be effective in virus eliminating
also in Cymbidium (Toussaint et al. 1994), shallot (Fletcher
and Fletcher 1998), potato (Nascimento ef al. 2003) and the
previous research with narcissus (Phillips 1990; Sochacki
2011). Research done by Nascimento et al. (2003) on
Potato virus Y elimination show that ribavirin was the most
effective among three antiviral compounds used (ribavirin,
5-azacytidine, and 3-deazauridine). Similar, maximum
effect (37% Indian citrus ringspot virus elimination) was
seen for ribavirin followed by 2-thiouracyl and acyclogua-
nosine. Other tested antiviral compounds — azidothymidine
and DHT could not eliminate ICRSV (Sharma et al. 2007).
A lot of research with new antiviral compounds are still
leading — as experiments done by Spak et al. (2010) with
acyclic nucleoside phosphonates — but ribavirin seems to be
the most widely and the most active chemical against plant
virus replication. Combination of thermotherapy and che-
motherapy applied in in vitro conditions is commonly used
for virus eradication in many ornamental pot plants and
woody plants including fruit trees (Spiegel et al. 1993;
Cieslinska 2003). However, application of thermotherapy
for tulip or narcissus seems to be rather impossible. Tulip
shoots cultured in vitro are very sensitive to temperature
higher than 20°C. Culturing at higher temperature cause
dormancy development tulip cultures, inhibits the regene-
rating ability and new shoots stop to develop (Podwyszyn-
ska and Rojek 2008).

Our results lead to the conclusion that the process of
micropropagation via adventitious shoot regeneration
allowed to eliminate of viruses from infected tulips and
narcissus in the case of some viruses, particularly if the
concentration of virus particles in the plants is not too high.
It is also essential to keep in mind that due to a possible low
virus level at the in vitro culture stage (below the threshold
of ELISA), further indexing (in consecutive propagation
subcultures in vitro and then ex vitro) is imperative to con-
firm that the micropropagated plants are really virus-free.
Problems associated with virus detection in in vitro growing
plants were also reported by Spiegel (2006). She postulated
to pay more attention to designing protocols for sampling
(including tested organ and term of sampling).

Based on the results obtained in these studies, the pro-
cedure of production of tulip and narcissus virus-free stock
plants was recently developed (Podwyszynska and Socha-
cki 2010; Sochacki 2011).
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