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Abstract

Špak J., Pavingerová D., Přibylová J., Špaková V., Paprštein F., Sedlák J. (2013): Blueberry red ringspot 
virus eliminated from highbush blueberry by shoot tip culture. Plant Protect. Sci., 50: 174–178.

In order to find an effective elimination method of Blueberry red ringspot virus (BRRV), shoot tips of 2–3 mm size 
originating from buds of highbush blueberry cv. Darrow naturally infected by BRRV and collected in winter months 
were regenerated and multiplied on woody-plant medium (WPM) with 1.5 mg/l zeatin and 20 g/l sucrose. Developed 
shoots tested negative by polymerase chain reaction (PCR) for BRRV were transferred onto a rooting medium consisting 
of WPM supplemented with 1 mg/l indole-3-butyric acid. Rooting plants were transferred into soil and tested twice by 
PCR 6 months apart. Ninety per cent eradication of BRRV was achieved while isolating shoot tips, multiplying them 
in one vegetative generation, and regenerating whole 50–60 cm high plants within 30 months. All plants developed 
rich fruits after their overwintering in a cold greenhouse and were tested BRRV negative in summer 2013.
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Red ringspot disease (RRS) of highbush blueberry 
was identified in the United States in 1954 (Hutchin- 
son & Varney 1954; Ramsdell et al. 1987), and its 
viral origin was confirmed about 30 years later (Kim 
et al. 1981). The causative agent – Blueberry red 
ringspot virus (BRRV) – has a circular dsDNA genome 
encapsidated in particles 42–46 nm in diameter (Kim 
et al. 1981). The complete genome sequence of the 
New Jersey isolate has been described (Glasheen et 
al. 2002), and the virus has recently been classified 
into the genus Soymovirus, family Caulimoviridae. 
Although there is no commercially available kit for 
routine ELISA diagnostics, the virus can be reliably 
detected by polymerase chain reaction (PCR) us-
ing BRRV-specific primers (Glasheen et al. 2002; 
Polashock & Ehlenfeldt 2009). 

To date, the virus has been detected outside of North 
America on imported plants in Japan (Isogai et al. 

2009), and in the three European countries: Slovenia, 
Czech Republic, and Poland (Mavrič Pleško et al. 
2009; Přibylová et al. 2010; Kalinowska et al. 
2012). The infection in Slovenia was found in one 
plant of cv. Coville introduced with planting material 
in the 1980s. 

In the Czech Republic, surveys of plantations, germ-
plasm collections, and propagating material for BRRV 
were conducted during 2009–2010. These resulted 
in finding two infected plants of cv. Darrow about 
10 years old among 67 tested plants of 10 cultivars 
at a single location (Přibylová et al. 2010). Infected 
plants developed typical symptoms of red ringspot 
on the upper surfaces of leaves and faint ringspot 
on fruits. The leaves turned completely red in late 
summer and bushes were reduced in growth. In both 
Slovenia and the Czech Republic, BRRV occurrence 
was limited to a few plants putatively generated from 
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infected propagative material. The infection in the 
Czech Republic was not actively spreading to the 
neighbouring plants during 3 years of our monitor-
ing of symptoms and PCR testing (Přibylová et al. 
2010). Similar observations have been made in Japan, 
where BRRV infections were specifically restricted to 
distinct cultivars. Since the possible vectors remain 
unknown (Cline et al. 2008; Polashock & Ehlen-
feldt 2009), all these data indicate that the major 
mode of BRRV spread, at least in the past, has been 
infected planting material. This hypothesis is also 
supported by phylogenetic analysis of 3 complete 
and 22 partial sequences of American, Japanese, and 
European BRRV isolates (Petrzik et al. 2011). This 
study revealed that European isolates are closely 
related to the American ones.

As highbush blueberry plants are mainly propa-
gated vegetatively, virus infection can easily spread 
into new areas. Thus, disease control depends on the 
production of virus-free propagating rooting stem 
cuttings. With increasing spread of the virus in Eu-
rope there is need for an effective virus-elimination 
method which has been missing in the literature 
so far. The aim of our work was to test an in vitro 
method for producing BRRV-free blueberry plants 
using infected cv. Darrow as a model.

MATERIAL AND METHODS

Plant material. The plant material originated from a 
field collection for propagation of highbush blueberry 
(Vaccinium corymbosum L.) in South Bohemia, Czech 
Republic. Branchlets of young shoots from BRRV-
infected blueberry plants cv. Darrow (Přibylová et 
al. 2010) were collected in January 2010. 

Shoot tip cultures. After sprouting in water at room 
temperature, the apical and lateral vegetative buds 
were surface-sterilised with 0.15% mercury chloride 
along with several drops of Tween 20 and rinsed three 
times (5 min per rinse) with sterilised water. Buds 
were thereafter dissected aseptically, outer scales were 
removed, and the shoot tips of 2–3 mm size bearing 
inner scales, immature leaves. and stem tissue were 
used for propagation. Shoot tips were transferred 
aseptically to 100 ml Erlenmeyer flasks with woody-
plant agar medium (WPM) (Lloyd & McCown 1980) 
including vitamins (Duchefa Biochemie, Haarlem, the 
Netherlands) and supplemented with 1.5 mg/l zeatin 
and 20 g/l sucrose. Cultures were maintained under 
photoperiod of 16 h light, light intensity 55 µmol/m2/s,  
and temperature of 23°C. After 3–4 months the 
regeneration of shoots was observed. Shoots were 

separated and cultivated individually on the WPM. 
Portions of shoots were used for detecting BRRV 
by PCR. Developed plantlets testing negative were 
transferred onto a rooting medium consisting of 
WPM supplemented with 1 mg/l indole-3-butyric 
acid (IBA). Four months later, rooting plants were 
transferred from the Erlenmeyer flasks to soil and 
were maintained in a hotbed under greenhouse condi-
tions. After 6 months, when these plants had reached 
8–10 cm, they were transferred to pots, maintained 
under cold greenhouse conditions and tested by PCR. 
Repeated testing by PCR was conducted 6 months 
later, when the plants had reached 50–60 cm. Final 
testing was conducted after their overwintering and 
development of fruits in summer 2013.

BRRV detection. DNA was extracted from 0.1 g 
of regenerated shoots from in vitro cultures using 
DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) for 
purification of total DNA from plant tissue according 
to the manufacturer’s instructions. In regenerated 
plants, leaf samples of individual branches from each 
plant were used for BRRV detection.

Primer sets RRSV3/RRSV4 (Polashock & Ehlen-
feldt 2009) and RR13/RR14 (Glasheen et al. 2002) 
were used in PCR for BRRV detection. Symptomatic 
leaves of cv. Darrow infected with BRRV from a 
field germplasm collection (Přibylová et al. 2010) 
were collected, maintained at −20°C, and served as 
a positive control in PCR assays.

PCR with Taq Purple DNA polymerase utilised the 
following program: 94°C for 2 min, followed by 35 cy-
cles at 94°C for 30 s, 49°C for 30 s, and 70°C for 45 s, 
followed by a final extension at 70°C for 5 minutes. 
A total volume of 25 µl contained 1 µl of the DNA; 
200 µmol/l dNTPs; 0.5 µl of each primer (20 pmol/µl);  
75mM Tris-HCl, pH 8.8; 20mM (NH4)2SO4; 0.01% 
Tween 20; 2.5mM MgCl2; 2.5 U of Taq Purple DNA 
polymerase; and stabilisers (Top-Bio, Prague, Czech 
Republic). Amplification was conducted using an MJ 
Research (Waltham, USA) thermocycler. Aliquots 
(4 µl) of each PCR product were analysed by elec-
trophoresis in Tris-acetate-EDTA buffer.

RESULTS

In view of the declining state of the BRRV-infected 
shrub of cv. Darrow, only 18 shoot tips were success-
fully isolated from sprouting shoots. After 4 months, 
13 shoot tips (72%) regenerated and formed multiple 
shoots. These shoots were separated and cultivated 
individually on the WPM. Four months later, regen-
erated shoots were used in the PCR test for BRRV. 



176 

Vol. 50, 2014, No. 4: 174–178 Plant Protect. Sci.

In the first vegetative generation, 103 shoots were 
obtained in total. From 11 original regenerated shoot 
tips, 83 BRRV negative shoots were obtained (Ta-
ble 1). These shoots were transferred to the rooting 
medium consisting of WPM supplemented with 
1 mg/l IBA. In this medium, 60 shoots formed roots. 
Six months later, the rooting shoots were transferred 
from Erlenmeyer flasks to soil and maintained in a 
hotbed under greenhouse conditions. Thirty plants 
survived transfer into soil. When these plants reached 
8–10 cm (after 4 months), they were transferred to 
pots, maintained under glasshouse conditions, and 
tested by PCR. Only one out of 30 plants tested BRRV 
positive. Two additional BRRV-infected plants were 
revealed in a repeat test 6 months later, when the 
plants had reached 50–60 cm in height (Table 1). 
Thus, 90% eradication of the virus was achieved 
within 30 months just by isolation of shoot tips, their 
multiplication in one vegetative generation, and re-
generation into whole plants. Final testing of plants 
was conducted after their overwintering in summer 
2013, when they developed rich normal fruits. No 
symptoms on leaves and fruits were observed. All 
30 plants had reached over 100 cm in height and 
tested BRRV negative (Table 1).

While virus-infected shoots are usually eliminated 
from further cultivation, we had intended to multiply 
some in vitro BRRV-infected plants for additional 
experiments and as BRRV positive controls. There-
fore, the base of BRRV-infected shoots remaining 
after PCR testing was used for propagation in the 
next vegetative generation. To our surprise, only 
in 3 out of 20 plants originating from two original 
regenerated shoot tips (Table 2) indexed positive 

in PCR assay using the RRSV3/RRSV4 and RR13/
RR14 primer sets yielding PCR products of 548 bp 
and 487 bp, respectively. Twenty-nine shoots were 
regenerated from 3 BRRV-infected ones of the first 
vegetative generation. Only 2 of these were shown 
by PCR to be infected by BRRV. In the third subse-
quent vegetative generation, 29 shoots derived from 
those 2 positive were tested and only 3 of those were 
BRRV infected. In the fourth vegetative generation 
34 shoots were tested by PCR and none of them was 
infected (Table 2). We showed that maintaining and 
propagating BRRV-infected blueberry shoots in vitro 
as positive controls is impractical due to spontane-
ous elimination of the virus from explants in tissue 
culture propagation.

DISCUSSION

Various methods can be exploited for virus elimi-
nation from plants, such as apical meristem cultures 
(Cheong et al. 2012) often combined with thermo-
therapy (Tan et al. 2010), cryotherapy (Wang & 
Valkonen 2008), or chemotherapy (Špak et al. 2012). 
In view of the limited source of infected shoots, and 
to avoid loss of plant material, we decided to start 
with shoot tip culture and did not pursue thermo-
therapy or chemotherapy. 

To our knowledge, there has been only one pub-
lished report to date regarding eradication of red 
ringspot disease (RSS) in blueberry (Stretch & 
Scott 1977). Plants free of RSS were produced from 
softwood cuttings of shoots emerging from chip buds 
from RRS-infected buds inserted into healthy blue-
berry stock cultivars. Several RRS-free plants of the 

Table 1. Numbers of isolated shoot tips, regenerated shoots, and plants tested by PCR and found infected in process 
of eliminating Blueberry red ringspot virus from highbush blueberry cv. Darrow by in vitro culture of shoot tips

Shoot tips 
isolated  
from BRRV 
infected plant

Regenerated 
shoot tips

In vitro multiplication Rooted plants Plants in soil Overwintered plants

shoots
tested

BRRV
infected

shoots 
transferred

to soil

plants
surviving

plants
tested

BRRV
infected

plants
tested

BRRV
infected

18 13 103 2 60 30 30 3 30 0

Table 2. Numbers of isolated buds and regenerated shoots tested by PCR and found infected in attempts to multiply 
in vitro Blueberry red ringspot virus-infected highbush blueberry cv. Darrow plants as positive controls 

Buds isolated 
from BRRV 
infected plant

Regenerated 
shoot tips

In vitro generations
1.  2. 3. 4.

shoots 
tested

BRRV 
infected

shoots 
tested

BRRV 
infected

shoots 
tested

BRRV 
infected

shoots 
tested

BRRV 
infected

2 2 20 3 29 2 29 3 34 0
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blueberry cultivars Blueray, Burlington, and Darrow 
were propagated by this method, while heat treat-
ment of infected plants did not inactivate the virus. 
However, this laborious procedure is not practical in 
commercial plantings. Moreover, virus-free status of 
plants was evaluated after 36 months only according 
to the absence of symptoms, as neither serological 
nor molecular methods for BRRV detection were 
available at the time of that work in 1977.

While large-scale production of high-quality plants 
is needed for commercial plantation establishment, 
traditional vegetative propagation of highbush blue-
berry by cuttings has not been successful due to 
poor rooting ability, considerable demand for large 
amounts of mother plants, their limited seasonal 
growth, and relatively high price. In Vaccinium spe-
cies, in vitro techniques are quite effective for rapid 
mass production of high-quality planting material for 
large-scale cultivation, germplasm improvement, gene 
conservation, and research purposes. Micropropaga-
tion via direct shoot regeneration from meristems 
is well suited for obtaining genetically homogene-
ous planting material that is identical with mother 
genotype (Ostrolucká et al. 2007). For our purpose, 
therefore, we used the method of shoot tip culture 
utilised in micropropagation of Kalmia latifolia 
(Lloyd & McCown 1980). This species is a member 
of the family Ericaceae, as is blueberry (Vaccinium 
genus). The method was efficient for regenerating 
and multiplying shoot tips from branchlets collected 
in winter and for sprouting in the lab. 

With respect to possible latency of the virus in 
plants, repeated virus testing of plants derived from 
shoot tip cultures is critical to the assumption of 
BRRV-free status in plants. To verify virus-free status 
of regenerated plants, a 6-month testing interval is 
recommended. The PCR method using primer sets 
RRSV3/RRSV4 and RR13/RR14 has proven to be 
sensitive enough for detecting BRRV in regenerated 
shoots and whole plants. Because of the formation 
of multiple shoots in vitro and branching of whole 
plants, sampling represents a challenge for reli-
able virus detection. Therefore, we tested all stems 
regenerated in vitro and leaf samples of individual 
branches of each plant transferred into soil were 
used for BRRV detection.

In conclusion, the use of apical shoot tip cultures 
without thermotherapy or chemotherapy was found 
to be efficient for eliminating BRRV from an infected 
shrub and producing virus-free propagation material. 
WPM was found to be effective for regenerating shoot 
tips, multiplying shoots, and, after adding IBA, also 

for rooting of plants. This method is more efficient 
than is the originally described chip bud grafting of 
meristem plantlets onto healthy seedlings (Stretch 
& Scott 1977) and can be useful to save critical 
one-of-a-kind germplasm of blueberry.

R e f e r e n c e s

Cheong E.J., Mock R., Li R. (2012): Elimination of five 
viruses from sugarcane using in vitro culture of axillary 
buds and apical meristems. Plant Cell Tissue and Organ 
Culture, 109: 439–445.

Cline W.O., Ballington J.R., Polashock J.J. (2008): 
Blueberry red ringspot observations and findings in 
North Carolina. Acta Horticulturae (ISHS), 810: 305–312. 

Glasheen B.M., Polashock J.J., Lawrence D.M., Gil-
lett J.M., Ramsdell D.C., Vorsa N., Hillman B.I. 
(2002): Cloning, sequencing, and promoter identifica-
tion of Blueberry red ringspot virus, a member of the 
family Caulimoviridae with similarities to the “Soybean 
chlorotic mottle-like” genus. Archives of Virology, 147: 
2169–2186.

Hutchinson M., Varney E.H. (1954): Ringspot-A virus 
disease of cultivated blueberry. Plant Disease Reporter, 
38: 260–262.

Isogai M., Ishii K., Umemoto S., Watanabe M., Yoshi-
kawa N. (2009): First report of blueberry red ringspot 
disease caused by Blueberry red ringspot virus in Japan. 
Journal of General Plant Pathology, 75: 140–143.

Kalinowska E., Paduch-Cichal E., Chodorska M. 
(2012): Molecular characterization of polish blueberry 
red ringspot virus isolate. Virus Genes, 44: 309–311.   

Kim K.S., Ramsdell D.C., Gillett J.M., Fulton J.P. 
(1981): Virions and ultrastructural changes associated 
with blueberry red ringspot diseases. Phytopathology, 
71: 673–678.

Lloyd G., McCown B. (1980): Commercially-feasible 
micropropagation of Mountain laurel, Kalmia latifolia, 
by use of shoot tip culture. Combined Proceedings, Inter-
national Plant Propagators’ Society, 30: 421–427.

Mavrič Pleško M., Virscek Marn M.V., Koron D. 
(2009): Detection of Blueberry red ringspot virus (BRRV) 
in highbush blueberry cv. ‘Coville’ in Slovenia. In: Book 
of Abstracts. 21st International Conference on Virus 
and Other Graft Transmissible Diseases of Fruit Crops, 
Germany, Neustadt, July 5–10, 2009. 

Ostrolucká M.G., Gajdošová A., Libiaková G., 
Hrubíková K., Bežo M. (2007): Protocol for micro-
propagation of selected Vaccinium spp. In: Jain S.M., 
Häggman H. (eds): Protocols for Micropropagation of 
Woody Trees and Fruits. Springer Science & Business 
Media, Netherlands: 445–455.



178 

Vol. 50, 2014, No. 4: 174–178 Plant Protect. Sci.

Petrzik K., Přibylová J., Mavrič Pleško I., Špak J. (2011): 
Complete genome sequences of blueberry red ringspot 
virus (Caulimoviridae) isolates from the Czech Republic 
and Slovenia. Archives of Virology, 156: 1901–1903.

Polashock J.J., Ehlenfeldt M.K. (2009): Molecular de-
tection and discrimination of Blueberry red ringspot 
virus strains causing disease in cultivated blueberry and 
cranberry. Plant Disease, 93: 727–733. 

Přibylová J., Špak J., Kubelková D., Petrzik K. (2010): 
First report of Blueberry red ringspot virus in highbush 
blueberry in the Czech Republic. Plant Disease, 94: 1071.

Ramsdell D.C., Kim K.S., Fulton J.P. (1987): Red ringspot 
of blueberry. In: Converse R.H. (ed.): Virus Diseases 
of Small Fruits, Agriculture Handbook No 631. United 
States Department of Agriculture, Washington: 121–123.

Stretch A.W., Scott D.H. (1977): Production of highbush 
blueberries free of red ringspot disease. Plant Disease 
Reporter, 61: 605–607. 

Corresponding author:

Prof. Ing. Josef Špak, DrSc., Biologické centrum Akademie věd České republiky, v.v.i., Ústav molekulární biologie 
rostlin, Branišovská 31, 370 05 České Budějovice, Česká republika; E-mail: spak@umbr.cas.cz 

Špak J., Votruba I., Pavingerová D., Holý A., Špaková 
V., Petrzik K. (2012): Antiviral activity of acyclic nucleo-
side phosphonates PMEA, (S)-HPMPC, PMEDAP and 
ribavirin against Cauliflower mosaic virus in Brassica pe-
kinensis. Plant Cell Tissue and Organ Culture, 110: 63–68. 

Tan R., Wang L., Hong N., Wang G. (2010): Enhanced 
efficiency of virus eradication following thermotherapy 
of shoot-tip cultures of pear. Plant Cell Tissue and Organ 
Culture, 101: 229–235.

Wang Q.C., Valkonen J.P.T. (2008): Elimination of two 
viruses which interact synergistically from sweetpotato 
by shoot tip culture and cryotherapy. Journal of Virologi-
cal Methods, 154: 135–145. 

Received for publication December 3, 2013
Accepted after corrections June 4, 2014


