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Abstract
In this study authors tried to confirm the involvement of plant virus for
variegation in camellia cultivars. Two different approaches were undertaken for this
objective. One was virus detection by PCR using degenerate primer for candidate
plant virus including rod-shaped RNA virus. By this means, we could not get any
positive amplification till now. Another approach was sap inoculation that is basic
method for virus confirmation. Crude extracts of variegated camellia leaves or flowers
were inoculated by rubbing into test plant Nicotiana benthamiana leaf. Crude
extracts of three camellia cultivars successfully induced disease symptoms in N.
benthamiana leaves. Then extracts of these N. benthamiana leaves with disease
symptom inoculated again into another N. benthamiana leaves and resulted in the
identical symptom development. These results strongly suggested the existence of
plant virus in variegated camellia leaves and petals.
INTRODUCTION
In Camellia, many variegated cultivars are known and favored because of
beauty, thus those are very valuable. There are two types in variegation. One is
“Shibori” in Japanese, red pattern appeared in white background, and the other is
“Fuiri”, white pattern appeared in red background. The latter variegation pattern
“Fuiri” has been thought to be occurred by virus infection for a long time, because the
symptom is transferable by grafting. Plant virus infection often causes disease
symptom and makes host plants weaker. But in case of camellia, it is thought that
virus induces beautiful variegation and plant growth is not affected by infection. So
that long time variegated “Fuiri” cultivars have been maintained. In spite of the long
history of “Fuiri” cultivation, no causal virus for variegation has been identified yet. In
this study we aimed to identify causal virus from variegated camellia cultivars.
Few viruses are known in camellia. Rod-shaped virus like particle was
observed by electron microscope (Inoue and Inoue, 1974, Milicic et al., 1985). It was
about 140 nm in length and about 30 nm in width. And recently, camellia chlorotic
dwarf-associated virus (CaCDaV) was discovered (Zhang et al., 2018) by Next
Generation Sequencing (NGS).
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We tried to detect plant virus by using primer for rod-shaped RNA virus,
tobamovirus, potexvirus and potyvirus or CaCDaV. Sap inoculation is known as
another way to detect existence of plant virus. In this study, we aimed to identify
candidate virus which induce variegation in camellia by using PCR and sap inoculation.
MATERIALS AND METHODS
Plant materials
Twelve variegated camellia cultivars in the Botanical gardens, Osaka City
University were used in this study (Table 1.). All accessions were showing symptoms
supposed to have been caused by virus. Leaves or petals were used.
Table 1. Materials used in this study.

Plant ID No.
Cultivar
Used procedure
2F0316
‘Beni-osaraku’
PCR
2F0196
‘Kifukurin-benikarako’
PCR
2F0043
‘Tsukisekai’
Inoculation
2F0118
‘Hagoromo’
PCR, Inoculation
2F0323
‘Matsukasa’
PCR
2F0100
‘Komomiji’
PCR, Inoculation
2F0083
‘Kumagai’
Inoculation
2F0276
‘Shinonome’
PCR, Inoculation
2F0286
‘Shogetsu’
PCR
2F0280
‘Shokko-nishiki’
PCR, Inoculation
2F0284
‘Sodekakushi’
PCR
2F0278
‘Yukibata-tsubaki’
PCR, Inoculation
DNA and RNA extraction
For both of DNA and RNA extraction, about 50 µg of fresh leaves or petals
containing margin of variegation were used. DNA was extracted by using DNeasy
Plant Mini Kit (Qiagen, Hilden, Germany) and RNA was extracted with RNeasy Plant
Mini Kit (Qiagen, Hilden, Germany), both following manufacture’s protocol. After
extraction, concentration of DNA sol. or RNA sol. were measured by Qubit
fluorometer (Thermo Scientific, Waltham, MA,USA), then stored under -80oC till use.
cDNA synthesis
cDNA synthesis from extracted RNA was performed using PrimeScript II 1st
strand cDNA Synthesis Kit (TaKaRa, Shiga, Japan) following manufacture’s protocol.
Transcription was done at 30oC for 10 min using random 6 mers.
PCR amplification to detect candidate fragment of causal virus
CaCDaV detective primer (Zhang et al., 2018) and degenerate primer for
rod-shaped RNA virus were used (Table 2.). We prepared primer based on reference.
Reaction mixture was constructed 1.0 µL template, 0.1 U rTaq (TOYOBO, Osaka,
Japan), 1.5 mM MgCl2, 0.2 mM dNTP mixture, 0.2 µM each primer. PCR was
performed as following cycle, at 94oC for 2 min, and 35 cycles of at 94oC for 10 min, at
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annealing temperature of each primer for 30 sec, 72oC for 1 min; and 72oC for 7 min.
PCR products were checked by electrophoresis using 1.5% agarose gel, staining with
ethidium bromide.
Sap inoculation
Collected leaves or petals were immediately used for the sap inoculation
experiments. As a test plant, Nicotiana benthamiana was used for inoculation,
because it could give rise to disease symptoms against many plant viruses when
infected.
Crude extract for inoculation was prepared from variegated camellia leaves or petals
grinded in phosphate buffer (pH 7) on ice by using mortar and pestle. N. benthamiana
leaves sprinkled with carborundum prior to inoculation, were rubbed gently with
crude extracts using finger wearing gloves. After inoculation, crude extracts were
immediately washed away with water. N. benthamiana were grown in the incubation
room kept at 24oC, 16h light and 8h dark condition. As a positive or negative control,
Asparagus virus 3 (AV3) (Fujisawa, 1986) or phosphate buffer was inoculated
respectively.
Table 2. Primers used in this study.

Name of primer

Sequence (5’ to 3’)

tobamo1

TGATHAARMGDAAYWTBAAYDCDCC

tobamo2

TTBGCYTCRAARTTCCA

potex

CAYCARCARGCMAARGAYGA

potex1RC

TCAGTRTTDGCRTCRAARGT

potex2RC

AGCATRGCNSCRTCYTG

potyvirid2

GGBAAYAAYAGYGGDCARCC

potyvirid1

CACGGATCCTTTTTTTTTTTTTTTTTV

MP1-F

CCAAGAGGGTTGAGTATCCC

MP1-R
CP1-F

GCCTGCTGACAATCATAGAAC
AACAGTTTACCACGACGGAC

CP1-R

TGGCTAAGATTGCCTTCATC

Reference
Gibbs et al. (1998)

Rene et al. (2002)
Gibbs et al. (1997)
Gibbs et al. (2003)

Zhang et al. (2018)

RESULTS AND DISCCUSION
PCR amplification to detect candidate fragment of causal virus
In case of positive control, RNA of AV3, expected length of fragment was
amplified by using degenerate primer for potexvirus. But unfortunately any amplified
fragment was not detected when all primers for different plant virus examined. There
are three conceivable reasons about this result, 1) no virus existing in variegated
camellia leaves nor petals, 2) virus may belong to other genus except for potexvirus,
potyvirus, tobamovirus and CaCDaV, therefore used primers could not amplify any
fragment, 3) even virus might exist in camellia leaves or petals used in this
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experiment, it is not so active and difficult to detect. In case of 2), we can try to
detect virus by using different degenerate primer for other genus. For the case 3),
first we need to amplify virus by inoculation with test plants, then we can confirm
whether virus may be involved or not.
Sap inoculation
N. betnthamiana leaves treated with three variegated Japanese cultivars,
‘Hagoromo’, ‘Kumagai’ and ‘Shokko-nishiki’, gave rise to disease symptoms (Figure 1.).
‘Hagoromo’ and ‘Kumagai’ showed chlorosis and necrotic spot, 14 and 10 days after
inoculation respectively. ‘Shokko-nishiki’ had two types of variegated leaves, type1
was partially white, type2 showed chlorosis. ‘Shokko-nishiki’ type1 leaf never gave
rise any symptoms during observation whereas type2 showed necrotic spot and stunt
30 days after inoculation. In order to confirm and separate single virus in N.
benthamiana leaf inoculated with ‘Kumagai’, crude extract was prepared from that N.
benthamiana leaf showing symptoms then inoculated into different N. benthamiana
individual (This is ‘Kumagai’ 2nd in Figure 1.). At the second inoculation, same
symptom appeared as first time inoculation. These results suggested presence of
plant virus in variegated camellia. In case of ‘Shokko-nishiki’, leaves and petals
induced identical symptom, therefore same virus might induce variegation in both
leaves and petals. An expected virus in ‘Shokko-nishiki’ seemed to be different from
an expected virus in ‘Hagoromo’ and ‘Kumagai’. Because symptom caused by
‘Shokko-nishiki’ was different from symptom in ‘Hagoromo’ and ‘Kumagai’. Other
cultivars not inducing symptom might have different virus that cannot induce any
symptom on N. benthamiana. Therefore different test plants will be required to
examine.
CONCLUSION
In this study, we revealed that virus exists in variegated camellia leaves and
petals, not only a kind but also more than two based on the sap inoculation
experiment. As a next step, we would like to identify those viruses by means of
RNA-Seq or other techniques.
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Source of inoculation

Symptoms
observed

Days required
for symptom
appearance

14
Chl*4, NS*5
‘Hagoromo’

10
Chl, NS
‘Kumagai’

22
‘Kumagai’ 2nd*

1

Chl, NS

‘Shokko-nishiki’ type1*2

no symptom
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30
‘Shokko-nishiki’ type2*3

NS, Stu*6

30
‘Shokko-nishiki’ petals

NS, Stu

Figure 1. Source for sap inoculation and those results.

*1: N. benthamiana leaf, which was inoculated

with ‘Kumagai’ extract and gave rise symptom. That leaf was used for next inoculation into different N.
benthamiana individual. *2 and *3: Shokko-nishiki’ with two different type of variegation. Both type
appeared within one individual. *4: chlorosis, *5: necrotic spot, *6: stunt.
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