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Abstract

Cold treatment and meristem tip culture were used for elimination of Hop latent
viroid from four cultivars of hop (Humulus lupulus). Efficiency of the method was
compared for hop cultivars, cold treatments of tested plants and time of meristems
excision. HLVd was successfully eliminated from infected plants after one month
of cold treatment. Good results were also obtained after cooling tested plants dur-
ing winter. Excising the meristems as soon as possible after ending of plant cooling
was an important factor in HLVd elimination. The effectiveness of viroid elimina-
tion depended also on hop cultivar. The use of a very sensitive diagnostic method
RT-PCR to confirm complete viroid elimination from infected plants resulted in
obtaining a population of HLVd-free hop plants, which remained healthy also after
dormancy period.
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Introduction

Hop latent viroid (HLVd) is widespread in hop (Humulus lupulus) cultivated in
many regions of the world. In Poland the incidence of HLVd infection in commer-
cial hop gardens ranged between 80 and 90%, depending upon a cultivar (Solarska
and Grudzinska 2001 b). Despite the absence of obvious morphological symptoms
of infection, HLVd is regarded a serious hops pathogen. Practical significance of
HLVd has been reported by English and Czech researchers who have shown that
viroid infection decreased total cone yield and alpha-acids content in cones (Bar-
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bara et al. 1990, Adams et al. 1991, Patzak et al. 2001). Alpha-acids are the most
important compounds of hop resins used by brewing industry as bittering agents
in the process of beer production.

To prevent or reduce negative effects caused by the viroid, it is necessary to use
viroid-free planting material which can be obtained by elimination of the pathogen
from infected plants. Cold treatment (Morton et al. 1993) and thermotherapy
(Matousek et al. 1995), commonly used for elimination of viroids from other
hosts, have been unsuccessful for HLVd elimination. These methods initially re-
duced HLVd concentration in hop plants but the infection usually returned to the
original level after some time.

HLVd was very widely spread in hops cultivated in Poland. That is why at-
tempts to obtain viroid-free hops were made at the Institute of Soil Science and
Plant Cultivation in Pulawy. The negative selection method based on search for
viroid-free plants among hop plants grown in commercial hop gardens was unsuc-
cessful. All plants identified as viroid-free on the basis of molecular hybridisation
results were then tested by RT-PCR and found infected with HLVd (Solarska and
Grudzinska 2001 a).

The results presented in this paper show that HLVd can be effectively elimi-
nated from infected hop plants by meristem tip culture. The study was carried out
in two stages: in the first part the comparison of viroid elimination efficiency in de-
pendence on cultivar, cold treatment of tested plants and time of meristem exci-
sion was investigated, in the second part the health status of hop plants obtained
after tissue culture and then grown in the greenhouse was examined. Plants were
tested before and after dormancy period.

Materials and methods

Plant material and in vitro culture

The study was carried out on four hops cultivars: ‘Magnum’, ‘lunga’, ‘Sybilla’
and ‘Lubelski’. Shoot tips for excision of meristems were obtained from plants
originated from dormant hop sets, which were kept at low temperature for one
month and then transferred to the greenhouse, and also from plants grown in the
field (hop-garden).

Dormant hop sets were obtained in autumn from commercial propagators. A
set consisting of a short underground stem and associated roots is the normal com-
mercial planting material. Sets were stored for a month in trays with sand at 4°C.
Next they were potted into soil and transferred to a greenhouse. The total number
of potted plants was 350. All plants were tested for the presence of HLVd by
dot-blot hybridisation after one month of growth in greenhouse under standard
conditions (photoperiod: 16 h, temperature: 23°C). These tests confirmed that all
tested plants were infected with HLVd.
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Shoot tips were collected for excision of meristems from hop plants grown in
greenhouse on two dates: January, i.e. at the beginning of sprouting and April,
when donor plants were over 1 m high.

Shoot tips from hop plants grown in the field were collected early in spring, i.e.
in the third decade of April. Temperature during the period prior to shoot tip col-
lection is shown in Table 1.

Table 1

Mean temperature during the period prior to collection of shoot tips
from hop plants grown in the field

Mean temperature January February March April
4§ I | | I | | I I | | I I | I
Per decade -7.71-03|-68| 49 |-3.7|-22|-30| 64 | 6.1 |-0.1] 1.7 | 0.8
Per month -4.9 -0.3 3.2 0.8

The plant material was rinsed with running water for 2 h, sterilised in 6% so-
dium hypochlorite for 5 min and finally rinsed four times with sterile distilled wa-
ter. Meristems were cut under aseptic conditions from shoots. The explants were
< 0.5 mm in length and contained one or two pairs of primordial leaves. The
explants were put onto regeneration medium and kept at 24°C with a 16 h
photoperiod. After 14 days the regenerated plants were transferred onto propaga-
tion medium. Properly developed stems at least 15 mm in length were then trans-
ferred onto rooting medium (Krembheller et al. 1989). All plants were tested for the
presence of HLVd by dot-blot hybridisation after two months of in vitro growth.
The samples, in which viroid was not detected by this method, were checked by
RT-PCR. HLVd-free plants were propagated under in vitro conditions.

The in vitro rooted HLVd-free hop plants were potted in peat and kept in a
chamber in high humidity (90%). Next the plants were replanted into soil and
moved to greenhouse (photoperiod: 12 h, humidity: 80%, temperature: 21°C).
Plants within each cultivar were randomised into groups A or B. Plants in the
group A were tested for the presence of HLVd by RT-PCR before and after a dor-
mancy period, plants in the group B were tested by this method only after the dor-
mancy period. Tests before the dormancy period were carried out after two months
of plants growth in greenhouse, i.e. eight-nine months after isolation of meristems
from tested plants. Plants from A group in which HLVd was detected before the
dormancy period were eliminated. Remaining plants from A group and all the
plants from group B were cut off and placed outside greenhouse to undergo winter
dormancy. After one month of the dormancy period plants were transferred to the
greenhouse and after reaching the height of ca 50 cm they were all tested for the
presence of the viroid by RT-PCR.
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Total nucleic acids (TNA) extraction

TNA were extracted from fresh hop leaves and petioles. The samples from in vi-
tro grown plants were tested separately, whereas pooled samples from four plants
were taken in the case of plants grown in greenhouse, both before and after the
dormancy period. In this case the leaves and petioles were collected from the low-
est part of the stem. The amount of reagents used for extraction of TNA from
pooled samples are presented in square brackets.

80-100 mg [4 x 200 mg] of plant tissue was ground in 0.65 ml [2.0 ml] of 2%
CTAB buffer (100 mM Tris HCI, pH 8.0, 2 M NaCl, 25 mM EDTA, 2% CTAB, 2%
2-mercaptoethanol) (Kiefer et al. 2000) and the homogenate was incubated for 1.5
h at 65°C. Following incubation, 0.85 ml of chloroform/isoamyl alcohol (24:1) was
added to the tubes, mixed and centrifuged at 14 000 rpm for 10 min. The aqueous
phase was transferred to a fresh tube and an equal volume of chloroform was
added. After centrifugation at the same conditions the chloroform extraction was
repeated. The total nucleic acids present in the aqueous phase were precipitated
with 0.6 volume of cold isopropanol and 0.1 volume of 3 M sodium acetate over-
night at 4°C and centrifuged (14 000 rpm, 30 min). The pellet was washed in a 70%
solution of cold ethanol and dissolved in ribonuclease free water. The concentra-
tion of RNA was estimated by measuring absorbance at 260 nm.

Diagnostic tests

When the result of the dot-blot hybridisation test for viroid presence was posi-
tive, plants included in the pooled sample were again tested separately by RT-PCR.
Detection of HLVd in the pooled samples was earlier checked on the experimental
ones that consisted of a sample derived from HLVd infected plant mixed with sam-
ples derived from healthy plants. Hop plants grown in vitro were tested by dot-blot
hybridisation. TNA extracts (10 pl) were mixed with an equal volume of 37%
formaldehyde and 20 x SSC (2:3 v/v). Samples were incubated for 15 min at 60°C
and after chilling on ice 2 ul were spotted onto a dry nylon membrane (Hy-
bond-N+, Amersham) and fixed by UV irradiation. Blotted membranes were sub-
jected to molecular hybridisation with HLVd specific DIG-labelled DNA probe
(Grudzinska and Solarska 2004). Colorimetric detection was performed at room
temperature using anti-digoxigenin-alkaline phosphatase conjugated antibody and
NBT/BCIP as the enzyme substrate according to the protocol recommended by the
producer (DIG Nucleic Acid Detection Kit, Roche Molecular Biochemicals).

TNA samples in which HLVd was not detected by molecular hybridisation and
samples isolated from hop plants grown in greenhouse were amplificated by
RT-PCR. HLVd specific primers were used (Matousek et al. 1995) and RT-PCR
was performed according to the protocol described previously (Solarska and
Grudzinska 2001 a). The products of the reaction were analysed by electrophoresis
through a 3% agarose gel containing ethidium bromide.
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Results

In vitro culture of meristems deriving from tested plants cooled under con-
trolled conditions and then transferred to greenhouse and from tested plants
grown in the field resulted in HLVd-free hop plants within all the hop cultivars
studied (Table 2).

The preliminary results of HLVd elimination from infected hop plants were ob-
tained after testing in vitro hop plants by dot-blot hybridisation (Table 2). When
RT-PCR was used for examination of the samples, in which the viroid was not de-
tected by molecular hybridisation, additional plants within each cultivar were
found to be infected (Table 2).

Table 2

Detection of HLVd by dot-blot hybridisation and RT-PCR in hop plants grown
in vitro derived from tested plants cooled under artificial and natural conditions

) Healthy plants
Cultivar Tested plants —
dot-blot hybridisation RT-PCR
‘Magnum’ 146 48 43
‘Iunga’ 94 77 71
‘Sybilla’ 91 63 60
‘Lubelski’ 85 27 25

The efficiency of viroid elimination from infected hop plants by meristem tip
culture differed depending on a cultivar, cold treatment of tested plants and time of
meristems excision. The method was the most effective for hop plants of cv.
‘Sybilla’ derived from meristems isolated in early spring from plants grown in the
field — almost 90% viroid-free plants were obtained after meristem tip culture (Fig.
1). The efficiency of HLVd elimination from plants of the cultivar was also high for
plants obtained from tested plants treated with low temperature for one month
and grown in greenhouse, but only when meristems were excised from very young
plants (in the first term). Collection of meristems from older plants resulted in less
than 10% HLVd-free ‘Sybilla’ plants. Among the plants obtained from meristems
of plants grown in greenhouse the greatest number of viroid-free plants were ob-
served within ‘Tunga’ cultivar but only after the first date of meristems collection.
The efficiency of viroid elimination from plants of the cultivar grown in the field
was also very high. No viroid-free plants were found within ‘Lubelski’ and ‘Mag-
num’ cultivars originating from meristems excised from older plants grown in
greenhouse (Fig. 1).

Testing hop plants obtained after in vitro culture carried out after two months of
their growth in the greenhouse, i.e. eight-nine months after isolation of meristems
from tested plants, has shown that only few plants of each cultivar were infected
with HLVd (Table 3). After removing infected plants and retesting the rest of the
group after the dormancy period, no viroid-infected plants were found (Table 3).
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Fig. 1. Efficiency of HLVd elimination from hop cultivars by in vitro culture in dependence
on treatment of tested plants (plants after one month low temperature therapy grown
in the greenhouse and plants from the field after cooling under natural conditions) and time
of meristem excision (I term — January, beginning of sprouting, II term — April, plants ca 1 m high)

Table 3

The health status of hop plants obtained after meristem in vitro culture
and grown in the greenhouse, tested for the presence of HLVd before
and after the dormancy period (group A)

Cultivar Plants tested before dormancy period Plants tested after dormancy period
tested healthy tested healthy
‘Magnum’ 108 107 107 107
‘Tunga’ 88 88 88 88
‘Sybilla’ 95 94 94 94
‘Lubelski’ 3 2 2 2
Table 4

The health status of hop plants obtained after meristem in vitro culture
and grown in the greenhouse, tested for the presence of HLVd after
the dormancy period (group B)

) Healthy plants
Cultivar Tested plants
number %
‘Magnum’ 124 117 94.3
‘Tunga’ 149 144 96.6
‘Sybilla’ 103 102 99.0
‘Lubelski’ 256 235 91.8
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The percentage of HLVd-free plants in the group of plants tested only after the dor-
mancy period was very high, however, in none of the studied cultivars reached
100% (Table 4).

Discussion

Low-temperature treatment of plants before excising the meristems is one of
the methods used for elimination of viroids from diseased plants (Lizarraga et al.
1980, Paduch-Cichal and Kryczynski 1987). The method is recommended for vir-
oids which are resistant to high temperature (PSTVd, CSVd, HLVd). Adams et al.
(1996) have tested different periods of low temperature therapy in order to elimi-
nate HLVd from infected hop plants. The highest number of HLVd-free plants was
obtained from plants kept at low temperature for eight months, whereas very long
cold treatment, up to 21 months, resulted in the lowest recovery of healthy plants.
Our study has shown that the cold treatment of plants for one month was suffi-
cient for successful elimination of HLVd from infected plants. Moreover, good re-
sults in freeing plants from HLVd were also obtained when the meristem tips were
sampled from plants grown in the field in early spring, i.e. in April, which indicates
that the cooling of tested plants during winter had an effect similar to that of cold
treatment under artificial conditions. It seems that the most important factor for
effectiveness of HLVd elimination was a very early growth stage of plants prior to
excision of meristems. It is possible that isolation of meristems from the first
sprouting shoots resulted in a high percentage of HLVd-free hop plants because
the period from the end of plant cooling to meristems excision was too short to al-
low the pathogen to spread in plants. Hop is a herbaceous perennial and at the end
of the growing season all the aerial growth dies back to rootstock — a specialised
structure comprised of a short underground stem and associated roots (Neve
1991). When grown commercially, the aboveground part of plant is cut off and the
rootstock remains under ground during winter. In HLVd infected plants the viroid
survives in the rootstock and in spring spreads slowly into the new shoots, there-
fore in shoot tips of young plants the level of viroid is very low (Morton et al.
1993). Moreover, Matousek et al. (1995) has shown that the low level of HLVd in
stem apex of young plants was correlated with high activity of a nuclease degrading
double-stranded (ds)RNA. During plant growth the concentration of HLVd in
shoot tips increases, which causes difficulties in efficient elimination of viroid
from older infected hop plants.

The obtained results indicate that the effectiveness of viroid elimination by cold
therapy and meristem in vitro culture may depend on the hop cultivar. The influ-
ence of cultivar on obtaining viroid-free plants by this method has been observed
previously. Adams et al. (1996) reported that the percentage of HLVd-free plants
obtained after meristem tip culture ranged from 12 to 85, depending on clones and
cultivars. They suggested that this variation could also have been caused by differ-
ences in treatment of tested plants. In our study the differences in the percentage
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of healthy plants were observed between similarly treated plants of tested culti-
vars, which can support suggestion that genetic effect was important for the effec-
tiveness of viroid elimination by meristem in vitro culture.

A wide range of HLVd elimination efficiency with respect for different hop
cultivars was also achieved by Patzak and Matousek (1999), however, the percent-
age of healthy plants was very low (2.4-10.7%). The differences were also influ-
enced by the time of shoot tip sampling. The authors suggested that the optimum
time for isolation of meristem tips from plants was time before training, i.e. the
end of May and the beginning of June. Our results indicate that the viroid can be
more effectively eliminated if meristems are isolated very early in the season, at the
beginning of plant sprouting.

Production of viroid-free plants requires the use of sensitive diagnostic meth-
ods to detect the viroid presence at a low concentration in plant tissue. A rapid,
sensitive and low cost method to test a large number of samples is desirable at the
beginning of obtaining healthy material. For this first step of diagnosis the molecu-
lar hybridisation is sufficient. To prove complete viroid elimination from infected
plants more sensitive diagnostic method, such as RT-PCR, should be used. Simi-
larly, procedure of testing plants obtained by meristem in vitro culture have been
used by Patzak and Matousek (1999).

Detection of the few plants infected with HLVd after two months of their
growth in greenhouse, i.e. eight-nine months after isolation of meristems from
tested plants, indicates that in plants grown in vitro viroid was present at a very low
concentration, undetectable even by RT-PCR. Under favourable conditions in the
greenhouse the viroid have replicated to the detectable level. The increased
detectability of HLVd in hop plants after transfer of plants from in vitro culture to
pots was also reported by Adams et al. (1996).

Our research resulted in HLVd-free hop plants which were grown in green-
house and remained healthy after the dormancy period. This is in opposition to
previous reports which showed that after the dormancy period the number of
healthy plants decreased (Morton et al. 1993, Adams et al. 1996). Using RT-PCR
instead of molecular hybridisation to prove viroid elimination from infected plants
and removing them allowed obtaining a population of healthy hop plants.

After the dormancy period the viroid was also detected but sporadically, only in
plants which were not tested before the dormancy period. This points the necessity
of frequent and detailed diagnosis of plants grown in greenhouse, especially when
they are destined for further propagation.

Patzak and Matousek (1999), who obtained HLVd-free plants by meristem in
vitro culture, have reported that hop plants remained viroid-free after two years of
in vitro cultivation. Our study has shown that HLVd can be efficiently eliminated
from infected hop plants by meristem in vitro culture and that there is a possibility
to maintain a healthy material in greenhouse, not only under in vitro conditions. It
should be stressed that maintenance of special precautions during the work with
healthy plants and their frequent testing are very important for success.

Long-time observation of the health status of hop plants grown in the green-
house will be continued.
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Streszczenie

UWALNIANIE ROSLIN CHMIELU OD UTAJONEGO WIROIDU CHMIELU
METODA CHLODZENIA I KULTUR MERYSTEMOW WIERZCHO:KOWYCH

Celem pracy bylo okre$lenie efektywnosci uwalniania roslin czterech odmian
chmielu od HLVd poprzez chlodzenie i hodowle merysteméw w kulturach in vitro.
Poréwnano wydajno$¢ metody w zalezno$ci od odmiany, sposobu chiodzenia ba-
danych roslin oraz terminu pobierania merystemow wierzchotkowych. Czesé ros-
lin byla poddawana dziataniu niskiej temperatury (4°C) przez okres jednego
miesigca, a nastepnie przetrzymywana w szklarni. Z roélin tych izolowano mery-
stemy w dwoch terminach. Pozostale roéliny wzrastaty na polu i merystemy pobra-
no z nich wczesng wiosna. Roéliny uzyskane z kultur in vitro byly badane na
obecnos¢ wiroidu metoda hybrydyzacji typu dot-blot. Probki, w ktérych przypadku
uzyskano wynik negatywny, ponownie przetestowano za pomoca RT-PCR. Bada-
nia wykazaly, ze skuteczno$¢ uwalniania roslin chmielu od HLVd zalezy od odmia-
ny chmielu, chlodzenia roélin oraz ich fazy rozwojowej w trakcie pobierania
merystemow. Metoda okazala si¢ najbardziej efektywna w odniesieniu do roélin
odmiany ‘Sybilla’ rosngcych w polu. W wyniku hodowli pobranych z nich meryste-
moéw otrzymano 90% roslin wolnych od wiroidu. Podobnie duzy udziat roslin
zdrowych stwierdzono w przypadku izolacji merysteméw w pierwszym terminie z
mtlodych roélin rosngcych w szklarni. Niezaleznie od sposobu chlodzenia najwa-
zniejszym czynnikiem wplywajacym na skuteczno$¢ uwalniania roslin chmielu od
HLVd bylo pobieranie merysteméw w jak najwczesniejszym terminie od zakoncze-
nia oddzialywania niskiej temperatury na rosliny. Wykorzystanie chtodzenia w
potaczeniu z metoda kultur merysteméw wierzchotkowych pozwolilo uzyskacé
duza liczbe roélin wolnych od HLVd, z ktérych po zastosowaniu bardzo czulej me-
tody diagnostycznej wyselekcjonowano populacje catkowicie zdrowych roslin
chmielu. Roéliny te pozostaly wolne od wiroidu réwniez po okresie spoczynku.
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