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Abstract. To produce virus-free plants, a simple and original protocol was established by
combining several techniques: repeated shoot meristem excision before and during in
vitro culture and thermotherapy applied to bulblets in vitro. Lily symptomless virus
(LSV) is a major virus that decreases plant growth vigor and the quality of cut flowers,
yet infected plants show no distinct symptoms. Stock bulbs of pollenless Asiatic hybrid
lily (L. · elegans Thunb) lines (‘409’ and ‘599’) were used as explant. Shoot meristems
were excised and micropropagated. Thermotherapy (42 days at 35 8C) was applied to in
vitro growing bulblets and a second meristem cut was then made from heat-treated
material. Leaf tissues from bulblets formed before or postheat treatments were analyzed
either by enzyme-linked immunosorbent assay or by reverse transcriptase–polymerase
chain reaction. Line ‘499’ produced LSV-free plants without heat treatment, but line
‘599’ produced LSV-free plants only after heat treatment. The virus-free lily bulblets
grew vigorously in vitro and acclimatized promptly. It is suggested that thermotherapy
given to in vitro growing bulblets effectively eliminated the virus and induced a fast and
efficient micropropagation technique for virus-free mother plant stock.

Lilies have become the most important
floral crop in Italy in the last 20 years and this
has created a need to produce high-quality,
healthy bulbs free from virus. More than one
hundred million lily bulbs are imported from
abroad every year, so the availability of
cultivars that were bred and suitable for
culture under Italian environments, particu-
larly hot weather, could be strategic for
national production. Since 1983, commer-
cially available Asiatic hybrid (Lilium ·
elegans Thunb) lily cultivars and other native
species were exposed to x-ray irradiation to
create new genotypes (Grassotti et al., 1989).
Progenies with commercial traits, i.e., the
ability to be grown outdoors in summer, new
flower shapes and colors, high Bulbils for-
mation, resistance to Botrytis elliptica, and

the lack of pollen production, have been
selected (Grassotti et al., 1996).

Commercial lilies have shown symptoms
of virus infections after years of asexual
propagation and culture in the field. Pro-
duction for virus-free plants must be devel-
oped to produce quality plants and avoid
developmental abnormalities. Micropropa-
gation protocols in vitro have been developed
to produce virus-free lily propagules (Spiegel,
2006). In many lilies, lily symptomless virus
(LSV) has received special attention because it
decreases plant vigor and production despite
an apparent symptomless behavior.

Fungi and bacteria are removed during
the establishment of in vitro cultures from
standard sterilization of bulb scales, whereas
viruses are not. Viruses can be eliminated by
heat treatments of in vivo plants and bulbs
(Ten Houten et al., 1968). The detection
of viral agents in micropropagated plant
cultures has been traditionally achieved by
enzyme-linked immunosorbent assay (ELISA),
but the sensitivity is low compared with
recently introduced polymerase chain reac-
tion techniques (Spiegel, 2006). Reverse
transcriptase–polymerase chain reaction (RT-
PCR) was used for detection of a Tomato
Aspermy Virus isolate that infected Chrysan-
themum (Verma et al., 2006) and lilies (Niimi
et al., 2003). RT-PCR has also been used to

detect and study the biodiversity of 44 isolates
of Cucumber Mosaic Virus and other virus
strains (Anonymous, 1998). Pasquini and
Barba (2001) used the RT-PCR method for
detection of Plum Pox Virus in stone fruit
trees. RT-PCR has been used in Lilium to
compare the efficiency of the ELISA test in
several plants of three lily cultivars of field-
grown plants (Niimi et al., 2003) but has not
been applied to verify the sanitary status of in
vitro meristem-derived plants. Han et al.
(2006) obtained a good percentage of virus-
free material in vitro by using anther-derived
callus in Lilium · ‘Enchantment’, but this
method may induce somaclonal variants. We
hypothesized that heat treatment given to
bulblets already in vitro culture could be
more effective to inactivate viruses. We report
here a new program to develop virus-free lily
plants combining techniques such as repeated
meristem excision, meristem tip culture, and
in vitro thermotherapy. Further efficiency of
detection by ELISA and RT-PCR as influ-
enced by genetic lines is discussed.

Material and Methods

Plant material and in vitro culture
conditions. To set up an in vitro multiplica-
tion protocol, bulb scales were separated
from bulbs stored at 10 �C of pollenless
Asiatic hybrid lily (L. · elegans Thunb) lines
‘409’ (unknown cultivar · ‘Primavera’) and
‘599’ (‘Connecticut King’ · ‘Silvia’). They
were sterilized with 1.25% sodium hypochlo-
rite solution for 15 min and rinsed twice with
distilled sterile water. Scales were placed in a
Murashige and Skoog (1962) (MS) basal
medium supplemented with 2 mg�L–1 benzy-
ladenine acid (BA), 0.2 mg�L–1 napthalene-
acetic acid (NAA), 60 g�L–1 sucrose, 7 g�L–1

agar, pH 5.7 (multiplication medium). They
were cultured at 16-h photoperiod, 35
mmol�m–2�s–1, or in the dark at 23 �C ± 2 for
bulblet formation at the base of scales. The
bulblets formed in vitro were separated from
the scales, and each individual bulblet was
used in all subsequent experiments and tests.

The bulblets with scaly leaves and shoots
were then grown for 15 d on hormone-free MS
medium with 30 g�L–1 sucrose at 23 �C ± 2 in
dark. Plants were transferred to the same base
medium that was supplemented with 0.5
mg�L–1 indolebutyric acid (IBA) to induce
multiple bulblets and cultured under light as
previously described for 30 d. Bulblets were
transferred to a hormone-free MS medium
with 30 g�L–1 sucrose to induce root formation.
When roots had developed, bulblets (plants)
were planted in pots filled with peat:perlite
substrate (1:1 by volume) and acclimatized in
a greenhouse maintained at 80% relative
humidity controlled by an electronic leaf and
50% shading. After 15 d, the humidity was
reduced gradually to 50%.

Shoot meristem tip culture and
thermotherapy. Meristems without shoot pri-
mordia (�0.3 mm long) were aseptically
excised from 20 bulbs stored at 10 �C and
plated in petri dishes with MS basal medium
supplemented with 60 g�L–1 sucrose, 7 g�L–1
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agar, pH 5.7, and grown in the dark for 40 d to
obtain virus-free plants. Shoots were placed
on multiplication medium as previously
described, and tissue samples were collected
to detect the presence of LSV by ELISA
when scaly leaves became 3 cm long. The
presence of LSV was also determined by
RT-PCR. To inactivate LSV, meristem-
derived bulbs were cultured aseptically using
multiplication medium for 42 d in the dark
maintained at 35 �C ± 1. A second meristem
cut was performed after heat treatment, and
shoot apices were obtained and cultured in
dark for 15 d in hormone-free MS medium
and then transferred to the same medium and
conditions previously described. After 90 d,
a second RT-PCR test was performed using
leaf samples.

Immunoenzymatic enzyme-linked immu-
nosorbent assay test. Leaves collected from
in vitro plants were tested for the presence of
LSV by an indirect ELISA test. This method
uses protein A in two applications to sand-
wich antibody–antigen–antibody layers as
described by Edwards and Cooper (1985).
The first applied layer of protein A prepares
the plate for the coating antibody layer. The
second layer of protein A is conjugated to the
enzyme and detects the second antibody
layer. Sera against LSV had been provided
by University of Bologna, DiSTA-Patologia
Vegetale Italy. Each sample was assayed four
times.

Reverse transcription–polymerase chain
reaction. Total RNA was extracted from
�100 mg of fresh leaves. Plant material
was frozen in liquid nitrogen and homoge-
nized with a mortar and pestle in 450 mL of
Buffer RLC following the procedures sup-
plied with Qiagen’s RNeasy Plant Mini Kit
(Qiagen, Inc., Valencia, CA). The RNA
concentration was determined by ultravio-
let-VIS spectrophotometer (Ultrospek 3000;
Pharmacia Biotech, Piscataway, NJ).

Degenerate primers (Operon Biotechnol-
ogies GmbH, Cologne, Germany) were used
for RT-PCR amplification to detect LSV.
These primers were designed according to
amino acid sequences of coat protein in four
LSV strains (LSVu and LSVd) and used to
amplify a 483 bp-specific fragment from
LSV by PCR (Niimi et al., 2003) (Table 1).
Reverse transcription and PCR amplification
were performed according to the information
provided by Sigma’s Enhanced Avian HS
RT-PCR Kit (Sigma Aldrich Chemie GmbH,
Steinheim, Germany). A one-step RT-PCR
reaction was used to combine the eAMV-RT
with the JumpStart AccuTaq LA Polymerase
(Sigma Aldrich Chemie GmbH).

PCR was carried out in a 50 mL reaction
mixture containing 1 mg template RNA,
3 mM MgCl2, 1 mM of each specific primers,
200 mM each dNTP, 0.05 units/mL–1, the
JumpStart AccuTaq LA DNA Polymerase,
1· reaction buffer, 0.4 units/mL–1 of eAMV-
RT, and 0.4 units/mL–1 of RNAse inhibitor.
The cycling program consisted of 50 �C for
50 min, denaturation at 94 �C for 2 min,
25 cycles at 94 �C for 15 s, 55 �C for 30 s,
extension at 68 �C for 1 min, final extension

at 68 �C for 5 min, and finally hold at 12 �C.
Amplified samples were electrophoresed on
1% agarose gel in 1· TAE buffer with the
size marker (100 bp DNA ladder). Gels were
stained with ethidium bromide and observed
under 254 nm ultraviolet light.

Results

The proposed protocol permitted an effi-
cient propagation scheme. Bulb scales from
‘409’ or ‘599’ regenerated four to six bulb-
lets from the base of each scale in 40 d from
sterilization in multiplication medium when
cultured in the darkness in the presence of
BA and NAA. Scales cultured in the light
(16-h photoperiod) developed four to six
small bulblets with elongated shoots. Either
bulbs or shoots, when transferred to IBA-
containing medium, developed as bulblets
with scaly leaves. When leaves collected
from bulblets developed from scales were
checked for the presence of LSV by ELISA,
‘409’ and ‘599’ tested positive (Table 2).
However, ‘409’ tested negative for LSV
after culture after the initial meristem iso-
lation (first step), whereas all samples of
‘599’ still tested positive (Table 2). The
amplified banding patterns by RT-PCR con-
firmed the absence of LSV in ‘409’ (Fig. 1,
lane a) after the first meristem isolation. LSV
was present in plants formed directly from the
scale or after shoot tip culture in line ‘599’ by
ELISA (Table 2) and RT-PCR tests (Fig. 1,
lanes c and d).

Shoot tips obtained from plants with
etiolated leaves grew well and multiplied
rapidly after the 42 d of 35 �C heat treatment.
Plants of ‘599’ submitted to heat treatment
and a second meristem cut (Fig. 2, lane a) did
not demonstrate bands that indicate the pres-
ence of LSV and were considered virus-free.
Virus-free bulblets were multiplied in vitro
(Fig. 3) and transferred successfully for green-
house culture after acclimatization (Fig. 4).
Virus-free plants were more vigorous and
produced more leaves than virus-infected
plants after the first year of culture for bulb
enlargement in the field.

Table 1. Primer pairs for detection of lily symptomless virus used in reverse transcriptase–polymerase
chain reaction.z

Primer sequence (5#–3#) Position (bp)
Fragment size

of amplicon (bp)

Forward: GAYGARYTYTTYAARATGAARGT 280–302 483
Reverse: ARYTGYTTRTGYGCRTTRTG 761–742
zY = T or C; R = A or G.

Fig. 1. The effect of shoot meristem tip culture on
the elimination of lily symptomless virus in two
lily genotypes, ‘409’ and ‘599’. (A) ‘409’ after
single meristem excision; (B) ‘409’ without
meristem isolation; (C) ‘599’ after a single
meristem isolation; (D) ‘599’ without meristem
isolation.

Fig. 2. The effect of thermotherapy and shoot
meristem tip culture on the elimination of lily
symptomless virus in lily genotype ‘599’. (A)
‘599’ after thermotherapy and two meristem
isolations; (B) ‘599’ without thermotherapy
after one meristem isolation.

Table 2. Detection of lily symptomless virus by enzyme-linked immunosorbent assay (ELISA) and reverse
transcriptase–polymerase chain reaction (RT-PCR) in leaf of in vitro bulbs of two pollenless lily
genotypes as affected by shoot tip excision and heat treatment.

Stage of shoot apex excision Analysis 409 599

A. Mother stock plants ELISA + +
RT-PCR + +

B. After the first meristem cut (first step) ELISA – +
RT-PCR – +

C. After thermotherapy + second meristem cut (second step) ELISA nm nm
RT-PCR – –

+ = positive; – = negative, absence of band; nm = not made.
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Discussion

This study demonstrated that virus-free
lilies can be produced by a combination of
meristem cut, shoot tip culture, and thermo-
therapy. In many cases, meristem excision
alone can successfully eliminate virus from
infected plants (Ten Houten et al., 1968), and
this is true in ‘409’. The effectiveness of this
virus removal treatment depends on the
genotype. When virus removal was not suc-
cessful from a first meristem cut, heat treat-

ment applied during in vitro culture
effectively eliminated virus from plants of
‘599’. Although producing virus-free plants
by shoot tip culture with or without heat
treatment has been reported in many floral
crops, this is the first report, to our knowl-
edge, in which the efficacy of virus particle
removal by shoot meristem tip culture and
inactivation of virus particle by heat treat-
ment depended on the genotype. Meristem tip
culture methods would be better than callus
culture as reported by Han et al. (2006)

because the continuous proliferation of
undifferentiated tissue during subculturing
can increase the risk of genetic and/or epige-
netic variations (Jain and De Klerk, 1998).

The increased effectiveness of RT-PCR to
detect LSV in two genotypes compared with
ELISA has been reported in Lilium for LSV
and other viruses (Niimi et al., 2003). RT-
PCR was performed, in that case, in a two-
step experiment. In this study, a one-step
PCR was used successfully to amplify the
viral sequence in lily. This protocol will
permit the simplification of molecular detec-
tion for wider use in commercial laboratories.
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Fig. 3. In vitro propagation of lily bulbils (‘409’ virus-free) after transfer to Murashige and Skoog medium
supplemented with 0.5 mg�L–1 IBA in light (16-h photoperiod, 35 mmole�m–2�s–1) at 23 ± 2 �C.

Fig. 4. Lily ‘409’ virus-free plants acclimatized in the greenhouse 4 weeks after transfer.
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