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Abstract       One of the most important problems of geranium growers is the 
infection of plants with different pathogens. Commonly, the microorganisms 
are identified based on their morphological and microscopic traits. But these 
methods do not provide sufficient information for accurate species 
identification. Therefore it is necessary to complete these tests with molecular 
analyzes, namely the sequencing of certain genes. The aim of this work was to 
identify the pathogen which produces the leaf spots and the necrosis on 
geranium plants cultivated in greenhouses. For this purpose the bacterial 16S 
RNA gene was amplified with specific primers and the obtained fragments 
were sequenced based on Sanger method. The sequiences were compared 
with the international databases (https://blast.ncbi.nlm.nih.gov/). Although it 
was initially considered that the effects were due to the Xanthomonas attack, 
only strains belonging to the genus Pseudomonas were identified after 
sequencing. The importance of molecular analyzes is obvious, considering 
that Xanthomonas has morphology similar to Pseudomonas and their 
differentiation would not have been possible exclusively through microscopic 
observations.   
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Geranium is one of the most widespread 

ornamental plants in the world due to its diversity of 
colors and long flowering period. However, in the last 
years, one of the geranium growers problem is the 
plantlets susceptibility to attacks of bacteria, fungi and 
viruses.  

One of the most important disease that affects 
geranium plant is bacterial rot, caused by Xanthomonas 
hortorum pv. pelargoniums, also known as 
Xanthomonas campestris pv. pelargoniums. The most 
important symptoms that occur after infection are plant 
wilting, localized moist lesions and stem rot [3]. This 
disease is widespread both in Europe and in United 
States of America, Australia and Israel and can cause 
important losses, especially if the widespread 
propagation of geranium cuttings is carried out [11, 8]. 

Under unfavorable conditions for the disease 
development, this bacterium can survive on the plants 
surfaces, on their epidermis or as latent infections, 
inside plants. This pathogen can be spread by moving 
infected, asymptomatic plants between greenhouses 
and using cuttings originated from infected plants. All 
commercial varieties of geraniums are susceptible to 
Xanthomonas hortorum pv pelargoniums infection [11, 
3]. 

In addition to Xanthomonas infections, there 
are other diseases caused by bacteria that can affect 
geranium crops. Bacterial wilting is a disease caused 
by Pseudomonas solanacearum, which causes the 

initial wilting of the lower foliage, followed by 
yellowing, blackening of the stem at the ground line, 
and plant collapse, similar to Xanthomonas infection 
[8]. Bacterial leaf spot is another disease found in 
geranium crops and is caused by Pseudomonas cichori. 
Infection with this bacterium causes large black 
lesions, measuring between 5 and 20 mm on the leaves, 
surrounded by yellowed tissue [8, 12, 13]. 

Bacterial fascia is a disease caused by the 
attack of the bacterium Rhodococcus fascians, which 
leads to the development of many short, fleshy and 
thick stems with deformed leaves. This fascial growth 
can reach between 2.5 and 7.6 cm in diameter. 
Infection with this bacterium can cause other 
symptoms besides fascial growth, such as the growth of 
scabies on the stem or even below the surface of the 
soil or culture medium [8]. 

All diseases caused by bacteria are best 
controlled by establishing culture with disease-free 
plants or cuttings, using good sanitary practices, and 
eliminating infested plants as soon as they are observed 
to be infected [8]. 

Currently, for the diagnosis the pathogens are 
isolated from plants, followed by macroscopic and 
microscopic observations. Although diagnostic 
procedures generally have a satisfactory degree of 
accuracy, false positives can occur frequently. The 
growers are advised to discard all potentially infected 
plants, causing significant damage. In addition, 
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outbreaks can sometimes occur in greenhouses, as a 
result of failure of latent infection detection [11]. 

Therefore, bacterial species identification 
based on morphological aspects involves some 
limitations that have led to the development of new 
approaches, based on DNA analysis. The taxonomic 
classification of species using genomic methods is 
based on the recognition of differences in DNA 
sequences [7]. 

In 2003, DNA barcoding was proposed as a 
method for species identification. In this context, a 
short genetic sequence from the standard part of the 
genome is used to mark an organism. This can avoid 
the limitations of identifying species using traditional 
methods, but not in order to replace them, but to 
supplement them. It can also be a way to fast 
identification of organisms, especially by people who 
are not specialists in the field [4, 5, 6, 7]. The DNA 
regions selected as barcodes need to have high 
interspecific variability and low intraspecific one [5]. 
One of the sequences used for barcoding analyzes, in 
the case of prokaryotic organisms, is a small subunit of 
a gene encoding ribosomal RNA, called 16S rRNA [1]. 
Considering that it is an universal component in the 
microbial cell, the 16S rRNA gene has been widely 
used as a barcode for cataloging prokaryotic 
biodiversity [10]. 

The 16S rRNA gene comprises highly 
conserved genetic regions that can be used to design 
universal primers. Thus it is possible to amplify the 
gene from most known bacterial species by polymerase 
chain reaction (PCR). These regions are interspersed 
with regions whose sequence records a degree of 
variability, which can be used to determine the identity 
and phylogeny of prokaryotic microorganisms, such as 
bacteria [10]. 

The aim of this work was to identify the 
pathogen which produce the leaf spots and the necrosis 
on geranium plants cultivated in greenhouses based on 
molecular analysis. 

 
Material and Method 
 

The microorganisms were isolated from the 
leaves of geranium plants originated from a 
greenhouse. The method of isolating microorganisms 
from plants was adapted after Balasz et al. 2016 [2]. 
Thus, fragments from diseased and healthy foliar tissue 
were ground and macerated in distilled water and serial 
dilutions were made. Volumes of 50 µl of the 1/1000 
dilution were inoculated on YDCA (Yeast dextrose 
carbonate agar) solid medium [17]. The samples were 
incubated at 28℃ for 72h. 3 subcultures were 
performed, also on YDCA medium, both solid and 
liquid, in order to purify the isolated bacterial cultures. 
The loop depletion technique was used for solid 
medium subculture. For liquid bacterial culture, a 
single colony was inoculated.  

Finally, a liquid bacterial culture was obtained 
which was used for DNA extraction. The kit ISOLATE 
II Genomic DNA (Bioline) was used to extract DNA 
from 1.5 ml of bacterial culture. To evaluate the 
concentration and the quality of the DNA samples the 
spectrophotometric method was used (Nanodrop 8000- 
Thermoscientific). 

The DNA samples extracted from bacteria 
isolated from plants were amplified with the primers 
F27 AGA GTT TGA TCM TGG CT and F485 CAG 
CAG CCG GGG TAA, specific for the 16 S rRNA 
gene. 

The amplification process consisted of an 
initial denaturation at 95℃ for 5 minutes, followed by 
35 cycles consisting of a denaturation step at 94 ℃ for 
30 seconds, a primer annealing step at 55℃ for 30 
seconds and a DNA synthesis stage at 72℃ for 30 
seconds. The amplification process was completed by a 
final DNA synthesis at 72℃ for 7 minutes. The 
amplification took place in a working volume of 25µl 
obtained by mixing 12.5µl Green Taq master mix 
(Promega, USA), 1 µl from each primer (20µM), 1 µl 
of extracted DNA sample and sterile distilled water to 
complete the final volume (9.5 µl). The amplified 
products were separated by 1.6% agarose gel 
electrophoresis, in TAE (Tris-acetate- EDTA) buffer, 
and visualized in UV radiation in ethidium bromide 
presence. 

After amplification of the DNA and separation 
by agarose gel electrophoresis, purification was 
necessary before sequencing. Therefore the bands 
containing the amplified DNA were cut and extracted 
from gels and their DNA was purified with the 
Monarch DNA Gel Extraction Kit (New England 
Biolabs). 

The purified DNA samples were quantified 
and send to Macrogen Company for sequencing. The 
Sanger method was applied, starting from the primers 
used for amplification. 
 
Results and Discussions 
 

In this research, geranium plants were 
analyzed, originated from a flower greenhouse. In 
recent years, problems have arisen because the plants 
showed symptoms of a disease, initially thought to be 
an infection with Xanthomonas hortorum pv. 
pelargoniums, the most common disease observed by 
growers of these ornamental plants. 

The analyzed plants showed symptoms that 
could be signs of an Xanthomonas infection, but at the 
same time, they could be produced by another 
bacteriosis. Symptoms included withered leaves, 
blackened leaves, and leaves that showed yellowed 
areas (Fig. 1). 

The bacteria isolated from the leaf tissues (4 
samples) were inoculated on liquid and solid culture 
media, and were incubated at a temperature of 28°C 
during development, and at 4 °C for storage. 
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After bacterial cultures development on the 
initial media, 3 subcultures took place, successively on 
solid and liquid culture media, in order to purify the 
bacterial strains to obtain single colonies (Fig. 2). After 

purification of the bacterial strains, a single colony was 
chosen for each isolated strain, which were used for 
subsequent analyzes. 

 

 
Fig. 1. Infected geranium leaves 

 

 
Fig. 2. Cultivation on solid and liquid media 

 
Identification of bacterial strains using 

morphological methods 
The morphology of bacterial strains isolated 

from the leaves of infected plants was first analyzed. 
The characterization of the four isolated bacterial 
strains highlighted some widespread bacterial colonies. 
Microscopic analysis of isolated bacteria after applying 
Gram staining revealed some Gram-negative 

microorganisms with bacillary form. These traits are 
specific for bacteria of the genus Xanthomonas, but this 
information is not sufficient to accurately identify a 
microorganism (Fig. 4). For example, Xanthomonas 
has similar morphology to Pseudomonas and Erwinia, 
therefore the molecular analyzes were necessary to 
complete classical microbiological determinations. 

 

 
Fig. 3. Morphology of isolated bacterial strains 
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Fig. 4. Microscopic analysis of isolated bacterial strains 

 
Considering that the purpose of DNA 

extraction was its use in PCR analyzes, it was 
necessary to select an extraction method with good 
results both in terms of the quality of the extracted 
DNA and its concentration. 

Based on previous experiences, a commercial 
extraction kit produced by Bioline, ISOLATE II 
Genomic DNA Kit was selected as the extraction 
method because it had good results repeatedly. In 
addition, using a kit is faster and simpler compared to a 
classic extraction protocol. 

To evaluate the quality of the extracted DNA 
based on spectrophotometric method the ratio OD 
260/280 and OD 260/230 were determined. The first 
one is a measure of the proteins extracted together with 
the DNA and its value have to be 1.8 - 2; the second 
ratio show the presence of contaminants in the 
extracted DNA sample and the optimal values are 2- 
2.2. The concentration of extracted DNA was 
determined based on the value of the optical density 
measured at 260 nm, wavelength at which DNA has 
maximum absorption. All the samples had a 
concentration of aproximatelly 200 ng/µl. 

 
 

Amplification and purification of the 16S rRNA gene 
The 16S rRNA gene is a small ribosomal 

RNA subunit, most often used to identify and 
taxonomically classify bacteria which is found in 
almost all prokaryotic organisms. Specific variable 
regions are present in its structure, which are easily 
recognizable. 

In the case of isolated bacterial strains, the 
16S rRNA gene was amplified using two primers, F27 
and F485, respectively, in a working volume of 25µl. 
After amplification, the samples were subjected to 
1.7% agarose gel electrophoresis (Fig. 5). The 
visualization of the bands in the presence of ethidium 
bromide and UV radiation allowed the identification of 
the amplified fragments. The gel bands containing the 
interest fragments (1500bp) were cut and extracted 
from gel and their DNA was purified.  

 
Identification of the 16S rRNA gene sequence 

DNA fragments corresponding to the samples 
isolated from each analyzed bacterial strain were sent 
for sequencing to Macrogen company (Netherlands). 
An example of the obtained sequence is presented in 
Fig. 6. All the sequences were analyzed and compared 
with the international databases. 

 

 
Fig. 5. Analysis of the products amplified with 16S rRNA gene-specific primers in 1.7% agarose gel electrophoresis 
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Fig. 6. The obtained DNA sequence for the sample M1 

 
The obtained sequences were compared with 

the sequences uploaded to the NCBI (National Center 
for Biotechnology Information) databases, namely 
Standard Nucleotide Blast 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=b
lastn&PAGE_TYPE=BlastSearch&LINK blasthome). 

Of the four isolated bacterial strains, none 
belonged to the genus Xanthomonas, as we initially 

assumed. All of the isolated strains belonged to the 
genus Pseudomonas. In the literature, bacteria of the 
genus Pseudomonas are known as pathogens in 
geraniums [14, 15, 16]. 

In the case of the first bacterial strain isolated 
from plants, the amplified sequence corresponds to 
bacteria of the genus Pseudomonas in a ratio of 94% 
(Fig. 7).  

 

 
Fig. 7. The identification of the bacterial specie based on https://blast.ncbi.nlm.nih.gov/Blast.  
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Conclusions 
 
Four bacterial strains from geranium plants 

that showed symptoms of a pathogen attack were 
isolated. Initially we expected to find that the plants 
were infected with bacteria of the genus Xanthomonas, 
because these prokaryotes are one of the most common 
problems of geranium growers. The results of 16S 
rRNA gene sequencing showed that none of the 
isolated strains belonged to the genus Xanthomonas. 

All the four samples identified Pseudomonas 
species, which is not surprising, given that 
Pseudomonas species are widespread in the soil and 
are a pathogen of geraniums. 

The importance of performing molecular 
analyzes is obvious, considering that Xanthomonas has 
morphology similar to Pseudomonas and Erwinia and 
their differentiation would not have been possible 
exclusively through microscopic observations. 
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