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Abstract
Propagation by cutting is one of the most commonly used multiplication
methods for Camellia sinensis. During the different stages, various biotic and abiotic
problems may occur which make it difficult to obtain a new plant. Between 2018 and
2019, during the propagation process by cutting of Camellia sinensis clones in different
greenhouses and facilities of the Estación Fitopatolóxica Areeiro (Pontevedra,
Northwest Spain), necrotic and water-soaked spots were observed on numerous
leaves. The spots were initially small, but they progressively increased in size as the
disease developed. It was also transmitted to nearby plants. Using symptomatic
samples, a bacteria was isolated in culture media. After performing several
biochemical and molecular tests, the bacteria was identified as Pseudomonas syringae
pv. syringae.
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INTRODUCTION
Camellia sinensis is the most widely cultivated and financially profitable species
of the genus Camellia because the leaves of two of its varieties, C.sinensis var. sinensis
and C.sinensis var. assamica, are used to produce different types of tea. Propagation
by cutting is one of the most commonly used propagation methods for Camellia
sinensis, as it is the simplest and affordable way to produce many identical plants.
In Galicia, in Northwestern Spain, camellias are widely distributed and have
been mainly grown for more than 200 years, mainly as ornamental plants. However, in
recent years there has been an increasing interest in cultivating different species of
Camellia for other purposes, such as obtaining oil from the seeds (C.oleifera,
C.sasanqua, C.japonica, among others) or brewing tea (C sinensis). Galicia’s soil
characteristics (acid, well-drained, rich in organic matter) and climatic conditions (mild
temperatures and high relative humidity) are ideal for growing any species of this
genus. And studies carried out at the Estación Fitopatolóxica Areeiro (EFA) in
Pontevedra, Galicia, over the past years Have confirmed that Galicia is an ideal area for
growing and producing Camellia tea. At the moment, some commercial plantations of
C.sinensis already exist and there is a growing demand for plants belonging to this
species.
In order to ensure a steady tea production, disease and pest control is
important both during plant propagation and in plantations. Among the diseases that
can affect this crop, those caused by plant pathogenic bacteria have a higher incidence,
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particularly in plant propagation nurseries, as growth conditions --humidity,
temperature, cuttings, etc. -- promote bacterial development and establishment.
During 2018 and 2019, necrotic water-soaked spots were observed on the
leaves of several Camellia sinensis clones growing in different greenhouses and
facilities of the EFA. The spots were initially small, but they progressively increased in
size, causing the affected leaves to fall prematurely. Such symptoms may be associated
with some type of bacterial disease. Thus, the present work is aimed at identifying the
organism causing the symptoms observed in Camellia sinensis.

MATERIAL AND METHODS
Bacterial strain isolation
Leaves from several Camellia sinensis clones showing necrotic lesions were
collected in different propagation greenhouses at the EFA (Figure 1) for bacterial
isolation. The samples were washed three times with sterile water, macerated and
incubated for 15-30 minutes. Afterwards, aliquots of 100 μL were planted onto King’s
B (KB), nutrient agar (NA) and nutrient agar supplemented with a 5% sacarose (NSA)
culture media and incubated at 25 °C for 3 to 6 days.

Figure 1. Symptoms of necrosis observed in Camellia sinensis growing in greenhouses and
propagation beds.

Bacterial strain identification and characterization
Morphological analysis in culture media, biochemical tests, fatty acid profile
and molecular and phylogenetic analysis were carried out to identify and characterise
the obtained isolates.
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Phenotypic characterization
The biochemical tests assayed to characterise the isolates were Gram’s staining,
fluorescence in KB, levan production, oxidase production and potato rot tests.
Fatty acid profile
Fatty acid profile determination was performed according to Abelleira et al.
(2014). Obtained isolates were replicated twice in trypticase soy broth agar culture
media (TSBA) and kept at 28 °C for 24 hours.
The fatty acid profile was determined following the methodology proposed by
Stead (1992) for the Pseudomonas genus. Approximately 50 mg of each isolate’s
culture was transferred to test tubes covered with PTFE stoppers, and fatty acids were
extracted by saponification, methylation, extraction and purification. Once the fatty
acids were extracted, their analysis (separation and quantification) was performed
using a gas chromatograph (Agilent 7820A) with the software Sherlock Microbial
Identification System v. 6.1 (MIDI, Inc., Newark, DE, USA).
Molecular identification and phylogenetic analysis
For molecular identification, DNA was extracted both from the bacterial isolates
and directly from the symptomatic leaves’ exudates. Both matrixes (exudates and
colonies) were resuspended in 100 µL sterile water and subjected to a 95 °C thermal
shock for 10 minutes. The quality and quantity of the DNA were estimated by
measuring the absorbance ratios at 260/280 and 260/230 in a Nanodrop 1000
spectrophotometre.
The 16S rRNA gene was amplified using the primers suggested by Relman et al.
(1992) and the housekeeping genes gapA, gyrB and rpoD, which encode
glyceraldehyde 3-phosphate dehydrogenase, DNA gyrase B and sigma factor 70,
respectively, with the primers designed by Sarkar and Guttman (2004). All PCR
reactions were carried out using a 2720 thermal cycler (Applied Biosystem®).
Amplicons were separated by 1.5% agarose gel electrophoresis in 0.5X TBE buffer. The
obtained DNA was stained with Midori Green Advance stain and viewed with an UV
transilluminator. In order to estimate DNA size, a 100 bp molecular weight marker
(Weight Marker XIV, Roche Diagnostics) was used.
All the fragments obtained were purified using illustraTM ExoProStar kit and
sequenced with ABI PrismTM 3500 Genetic Analyzer (Applied Biosystems). The
resulting sequences were analysed with Sequencing Analysis Software v. 5.3.1 and
compared with the sequences available at GenBank (http://www.ncbi.nlm.nih.gov)
using BLAST alignment software.
Sequences were later assembled and cut out using BioEdit v. 7.0.9 (Hall, 1999)
and aligned with ClustalW (Thompson et al., 1997).
Phylogenetic analysis was performed with the maximum likelihood method,
using the computer software MEGA v 5.1 (Tamura et al., 2011). The genetic distances
were calculated according to the Kimura-2-Parameter model of nucleotide substitution
(Kimura, 1980). The statistical support for the NJ trees obtained was evaluated using
1,000 bootstrap replicates.
Pathogenicity assays
To confirm that the isolated bacteria were responsible for the described
symptoms, a pathogenicity test was performed on 10 leaves of Camellia sinensis clone
EFA-925. For the inoculation, a water-based bacterial suspension was created from the
237

29. A. Abelleira, et al : Detection of Pseudomonas syringae pv. syringae associated
with Camellia sinensis in Spain
isolated EFA 421919 with a concentration of 1 x 108 CFU/mL. To favour the entrance of
the bacteria in the back side of the leaves, 10 incisions were performed on them with a
sterile hypodermic needle before being sprayed. The leaves were incubated in Petri
dishes (2 leaves per dish) with a moistened filter paper at room temperature. Then the
dishes were observed daily to assess the evolution of the inoculated leaves. A control
group of 10 leaves, also with 10 incisions per leave but pulverized with sterile distilled
water, was established.

RESULTS
Bacterial strain identification and characterization
From the symptomatic leaves gathered in several clones of Camellia sinensis
coming from different greenhouses of the EFA, aerobic Gram-negative, fluorescent
isolates were obtained in KB medium. In nutrient agar, the colonies obtained were
round and whitish (Figure 2). In the biochemical tests performed, all isolates were
levan-positive, oxidase-negative, and with negative pectinolytic activity on potatoes.

Figure 2. Colony of Pseudomonas sp. in KB medium obtained from symptomatic leaves of
C.sinensis.

The fatty acids profile was identical in all isolates identified in this study, and they
showed a high similarity index (80%) with the profile of Pseudomonas syringae.
Molecular analysis and phylogenetic activity
The amplification of the 16s region and of the gapA, gyrB and rpoD genes
yielded DNA fragments of 500 bp, 700 bp, 650 bp and 700 bp, respectively (Figure 3).
The sequences obtained for the 16S gene were 100% homologous to the sequences of
Pseudomonas syringae stored in the GenBank. For the gapA, gyrB and rpoD genes the
sequences showed 96%, 100% and 99.8% homology, respectively, to the sequences of
Pseudomonas syringae pv. syringae.
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Figure 3. 1.5% agarose gel from the products obtained through a) amplification of the 16S region; b)
amplification of the gapA gene; c) amplification of the gyrB gene and d) amplification of the rpoD gene.
M: 100 bp Plus Blue DNA Ladder marker.

In the phylogenetic analysis, all the sequences obtained in this study were
grouped with sequences corresponding to Pseudomonas syringae pv. syringae colonies
with bootstrap values over 70% (Figure 4).
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Figure 4. Phylogenetic tree built with the maximum likelihood method of the species of Ps. pv.
syringae obtained in this paper and the species and pathovars closely related to them, based on
the data obtained from sequences of the gyrB housekeeping gene, calculated using the Kimura2-Parameter model of nucleotide substitution. A strain of Pseudomonas viridiflava was included
as an outgroup. The isolates generated in this study are in bold.

Pathogenicity assays
The first symptoms of disease on the Camellia sinensis leaves inoculated with
Pseudomonas syringae pv. syringae were observed six days after the inoculation.
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Necrotic spots appeared around the small incisions performed in the back side of the
leaves and slowly evolved into water-soaked spots and exudates (Figure 5). The test
was ended after 15 days from the beginning. At that time, 90% of the inoculated leaves
showed symptoms of the disease while the control leaves remained unaffected.

Figure 5: Symptoms on the underside of Camellia sinensis leaves inoculated with a) a
pulverization of sterile distilled water (control) b) an inoculation of the EFA421919 isolate.

DISCUSSION
The morphological characteristics of bacterial colonies, the biochemical tests,
the fatty acid profile, the amplification and later sequencing of several bacterial DNA
genes and the pathogenicity test allowed us to identify the agent responsible for the
symptoms observed in the Camellia sinensis as Pseudomonas syringae pv. syringae.
The Pseudomonas syringae complex comprises a heterogeneous group of
bacteria and is differentiated from many other plant pathogens for its high genetic
variability, which allows it to infect a wide variety of woody and herbaceous plant
species. Currently, Pseudomonas syringae pathovars is considered one of the most
important phytopathogenic bacteria in the world.
According to the references consulted, this is the first time this bacteria is
detected in this host in Europe. The most distinctive symptoms were necrotic spots,
most of them surrounded by a water-soaked halo. The spots were initially small, but
they progressively increased in size as the disease developed. The most damaged
leaves fell prematurely, causing a defoliation of the plant/cutting and leading, in many
cases, to the plant/cutting death, particularly when it was at the initial rooting stages.
The presence of Pseudomonas syringae pv. theae has been already reported in
Camellia sinensis, causing a disease called bacterial shoot blight of tea that shows
similar symptoms to the ones observed in this paper for Ps. pv. syringae.
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In recent years, the occurrences of emerging diseases belonging to the complex
P.syringae have been detected in our region, like the bacterial canker induced by Ps. pv.
actinidae in Actinidia spp., responsible for large economic losses. The detection of Ps.
pv. syringae in propagation material of Camellia sinensis, a crop of increasing interest
in our area, points out the need to continue the research on this bacterial complex to
determine the implications and significance that it may have over this Camellia species
in our geographical area.

REFERENCES
Abelleira A., Ares A., Aguín O., Picoaga A., López M.M., Mansilla P. 2014.
Current situation and characterization of Pseudomonas syringae pv. actinidiae on
kiwifruit in Galicia (northwest Spain). Plant Pathology. 63:691-699.
De Costa W.A., Mohotti A.J., Wijeratne M.A. 2007. Ecophysiology of tea.
Brazilian Journal of Plant Physiology 19(4): 299-332.
Hall T. 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acid Symposium Series 41: 95-98.
Kennelly M.M., Cazorla F.M., de Vicente A., Ramos C., Sundin G.W., 2007.
Pseudomonas syringae diseases of fruit trees. Progress toward understanding and
control. Plant Dis. 91:4-17.
Kimura M. 1980. A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. Journal of
Molecular Evolution 16: 111-120.
Mansfield J., Genin S., Magori S., Citovsky V., Sriariyanum M., Ronald P., Dow
M., Verdier V., Beer S.V., Machado M.A., Toth I., Salmond G., Foster G.D. 2012. Top 10
plant pathogenic bacteria in molecular plant pathology. Mol Plant Pathol 13: 614-629.
Relman D.A., Schmidt T.M., MacDermott R.P., Falkow S. 1992. Identification of
the uncultured bacillus of whipple's disease. N. Engl. J. Med. 327: 293- 301.
Salinero C., Vela P. 2004. La camelia en la colección de la Diputación Provincial
de Pontevedra. Ed. Diputación Provincial de Pontevedra.
Sarkar S.F, Guttman D.S. 2004. Evolution of the core genome of Pseudomonas
syringae, a highly clonal, endemic plant pathogen. Applied and Environmental
Microbiology 70: 1999-2012.
Stead D.E. 1992. Grouping of plant-pathogenic and some other Pseudomonas
spp. by using cellular fatty acid profiles. International Journal of Systematic and
Evolutionary Microbiology 42: 281-295.
Takikawa Y., Ando Y., Hamaya E., Tsuyumu S., Goto M. 1988. Identification of
the pathogen responsible for bacteriosis of tea plant occurred in 1983. Annals of the
Phytopathological Society of Japan. 54: 224–228.
Tamura K., Peterson D., Peterson N., Stecher G., Nei M., Kimar S. 2011. Mega5:
molecular evolutionary genetics analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods. Molecular Biology and Evolution 28:
2371-2739.
Thompson J.D., Gibson T.J., Plewniak F., Jeanmougin F., Higgins D.G. 1997. The
ClustalX windows interface: flexible strategies for multiple sequence alignment aided
by quality analysis tools. Nucleic Acids Research 25:4876-4882.
242

2020 International Camellia Congress, Goto, Japan
Vela P., Paz C., Mansilla P., Salinero C., Sainz M.J. 2014. Yield evaluation of tea
(Camellia sinensis) clones grown in Pontevedra (NW Spain). International Camellia
Journal, 46: 69.

243

