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Summary. ~ Thirteen cultivars of hop (Humulus lupuius 1) were tested by reverse transcription-poly-
merase chain reaction (RT-PCR) for the presence of apple mosaic virus (ApMV). The virus was detected in
various amounts in all tested cultivars. Control hop clones derived from tissue cultures, treated by thermother-
apy and maintained in greenhouse were virus-free. The procedure for sample preparation and RT-PCR of

ApMV is described in detail.
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Introduction

ApMYV (genus llarvirus) is world-wide distributed virus
which occurs naturally in hop (Bock, 1967; Sanoet al., 1985;
Wong and Horst, 1993). Its incidence in hop varies signifi-
cantly: ApMV occurs in 1% of plants in the Pacific North-
west area of the USA, where the American hop latent car-
lavirus is predominant (Klein and Hustloen, 1995), while
ApMYV is the predominant virus in Europe with almost 100%
incidence (Poldk, 1994).

The virus infection has a dramatical influence on the yield
and quality of producing hop {(Svoboda and Kopecky, 1996).
Hop 1s a vegetatively propagated perennial and the health
control during the propagation of root stock material is nec-
essary. Tissue cultures from meristem tips combined with

Abbreviations: ApMV = apple mosaic virus; ArtMV = arabis
mosaic virus; EDTA = cthylenediamine tetraacetic acid; ELISA =
enzyme-linked immunosorbent assay; HLV = hop latent virus;
HMYV = hop mosaic virus; PCR = polymerase chain reaction;
PEG = polyethylene glycol; PRNV = prunus necrotic ringspot
virus; PVP = polyvinylpyrrolidone; RT = reverse transcriptase

thermotherapy is the only way for production of high quan-
tities of a virus-free material. Therefore the availability of
highly sensitive test for virus indexing in the earliest stages
of multiplication is of econocomical and phytoquarantine
importance.

ApMV is a member of the genus Harvirus which con-
sits of extraordinary unstable viruses loosing their infec-
tivity in crude sap in few hours. Even the purified virus
particles are easily deformed (Fulton, 1972) and poorly
immunogenic (Wong and Horst, 1993). The only routine
serological method available, enzyme-linked immunosor-
bent assay (ELISA), is unreliable and of low sensitivity
for detection of minute amounts of ApMV present in tis-
sue culture samples.

The genome of ApMV consists of three molecules of
single-stranded RNA (RNA 1-3). RNA 3, containing genes
for the movement protein and coat protein of the virus was
sequenced recently (Shiel er al., 1995), and thus gave us an
opportunity to develop a more sensitive detection method
based on RT-PCR. In this paper we describe a method for
detection of ApMV in hop plants and present results of
ApMYV screening in the majority hop cultivars in use in the
Czech Republic.
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polymerase, 0.2 mmol/l each of dNTPs, I mmol/l MgSO,,
20 nmoles of each primer and the AMV/7fI reaction buffer,
RT-PCR was performed in GeneAmp PCR System 9600 Amplifi-
er (Perkin Elmer) as follows: 45 mins at 42°C, 2 mins at 95°C,
and 35 cycles of 30 secs at 94°C, 1 min at 53°C and 2 mins at
68°C. One third of the product was separated by 1% agarose or
6% polyacrylamide gel electrophoresis in 1 x TBE buffer and
stained with ethidium bromide or silver.

Results and Discussion

The field samples were collected at the end of the season,
when the virus concentration in plants decreases and its de-
tection by ELISA is less reliable (Polik and Svoboda, 1989).
We used the direct binding procedure, trapping virus parti-
cles to the tube wall, for preparation of samples for RI-PCR.
It is slightly less effective than the immunocapture method
{Wetzel et al., 1992) but sufficient for ApMV detection.

We tested three independent series of seventeen culti-
vars and clones of hop, which represented the whole sorti-
ment of hop in the Czech Republic.

The RT-PCR detection of ApMV resulted in demonstra-
tion of the predicted 261 bp amplification product. This
product was the only one visible on gels (Fig. 1) and its
nature was confirmed by Hinfl and Msel restriction cutting
(Fig. 3). Occasionally, an additional product of about 300 bp
was observed. Its amount was about one fifth to one half of
that of the 261 bp product as estimated from the band in-
tensity. It occured unpredictably in various samples possi-
bly as a results of low stringent amplification conditions
and/or low amount of the template.

All Czech hop cultivars grown in the Czech Republic as
well as all foreign cultivars were susceptible to ApMV (Ta-
ble 1). The ApMV concentration in some samples was at
the detection limit of the RT-PCR, and we observed faint
bands only (Fig. 2, lane 4). To confirm the ApMV pres-
ence in these samples we increased the number of amplifi-
cation cycles to 40. Then in all so far dubious samples we
clearly confirmed the presence of the virus. On the other
hand, samples from the meristem cultures after the thermo-
therapy were ApMV-free. ApMV-free samples were ob-
served in cultivars BlSanka, Podlegddk, Premiant and Sladek,
and in the Osvald’s clone 126, too,

To our knowledge, the only report dealing with PCR de-
tection of ApMV so far published is that by Rowhani ef af,
(1995). We employed the primers published there, but prob-
ably due to different plant source and/or low concentration of
ApMV i our samples we did not obtain the predicted ampli-
fication product of 700 bp. According to our experience,
shorter products about 300 bp are more suitable for detec-

tion of viruses, especially in case of unstable viruses, when
viral nucleic acid is quickly unpacked from virions and ex-
posed to degradation enzymes in the cell cytoplasm. In addi-
tion, the probability of forming secondary structures and knots
at low stringency conditions, which could influence the an-
nealing of primers and the yield of a PCR product is lower
with a 300 bp target sequence than with a 700 bp one.
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