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Phytoplasma-like diseases were observed affecting bitter gourd, Loofah, string 
bean, "Baguio" bean, cucumber, and tomato in , Philippines. The Eastern Visayas
infected vegetables commonly show little leaf/witches' broom symptoms. The 
study aimed to detect and confirm phytoplasma's presence in these vegetables 
through PCR and nest PCR assays using universal primers, electron microscopy, 
and 16srDNA sequence analysis. Loofah little leaf had the highest prevalence (50%  
of the surveyed farms), followed by bitter gourd (45%) and string beans (31%). The 
disease had an approximate mean incidence of 27% for bitter gourd, 38.0% for 
Loofah, and 42.5% for string bean, in farms where plants showed infections. 
Electron micrographs of bitter gourd and Loofah samples showed phytoplasma 
cells in the phloem sieve tubes. Nest PCR assays using R16F2n/R16R2 primer 
linked to phytoplasma 16srDNA amplified a ~1.25Kb band in the majority of DNA 
samples. rDNA sequence analysis using Blastn showed that phytoplasmas in bitter 
gourd, Loofah, and one cucumber samples shared 98-99% identity with Loofah's 
reference gene phytoplasma clones. More than one phytoplasma strain infected 
the vegetables based on Rsa1 enzyme digestion and phylogenetic analysis. 
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Phytoplasma is an ultramicroscopic, wall-less specialized bacterium belonging 
to the Mollicutes that resides in the plants' phloem. Little leaf, witches' broom 
phyllody, and virescence are some of the visible symptoms caused by this pathogen 
in plants (Bertaccini 2007). Phytoplasma diseases pose a severe threat to 
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agriculture (Bertaccini et al 2014). The reduction in the size of leaves and fruits of 
affected plants eventually leads to reduced yield due to stunted growth and 
production of smaller fruits.

Unlike fungal and bacterial diseases, phytoplasma could not be detected using 
common clinical examination protocols in the laboratory. Phytoplasma diseases  
were once thought to be caused by viruses (Bertaccini  Duduk 2009) because the &
type of symptoms exhibited by infected plants resemble those of virus diseases. 
Molecular detection of the pathogen is cheaper than electron microscopy and is 
commonly performed through PCR and nested PCR using universal phytoplasma 
primers (Kummert  Rufflard 1997, Gundersen  Lee 1996). Differentiation of &   &
strains at the molecular level can also be achieved using RFLP and rDNA sequence 
analysis (Bertaccini 2007, Schneider et al 1997, Montano et al 2007, Montano et al 
2000, Khan et al 2003, Lee et al 1998).

In Mexico, Lebsky et al (2007) detected phytoplasma from the yellows-type 
disease in tomato through PCR analysis. In Brazil, Montano et al (2000; 2001; 2006; 
2007;) detected phytoplasma from the cucurbit  

diseased chayote and hibiscus respectively showing witches' broom 
symptom. Singh and Singh (2000) detected phytoplasma from chili little leaf in 
India. Almomani and Almuaikel (2014) detected phytoplasma from tomato, pepper, 
and squash in Jordan. AL-Saleh & Amer (2014) characterized the phytoplasma 
associated with fava bean in Saudi Arabia. Samuel et al (2014) detected  
phytoplasma from pea, watermelon, tomato, amaranthus, and bottle gourd. It was 
also detected in witches' broom of bitter gourd in Vietnam by Nang et al (2014). 
Habili et al (2014) detected phytoplasma from a bitter gourd using generic primers, 
as well as in Loofah, bamboo, and coconut specimens from the Philippines.

Phytoplasma disease symptoms were first seen as early as 2012 in bitter gourd 
showing little leaf and little fruits in few vegetable farms in Leyte Philippines but 
formal study on it started in 2015. These little leaf symptoms were observed later in 
Loofah  , stringbean, “Baguio” bean cucumber, and tomato. Knowledge of 
phytoplasma diseases is insufficient, particularly the ones affecting vegetables, 
hence the need to detect the presence of this emerging disease. The causal  
organism needs to be characterized so that specific programs for its prevention 
and control can be formulated. This study was conducted to detect and   
characterize phytoplasma diseases affecting vegetables in Leyte using PCR and 
nest-PCR assays and rDNA gene sequencing.

Vegetable areas in Eastern Visayas were surveyed for phytoplasma disease 
symptoms. A total of 1  municipalities and 5 cities in Eastern Visayas were  6
surveyed, but the disease was observed  in Leyte. Bitter gourd and Loofah mostly
were not commonly planted in Samar during the survey. The disease prevalence  
(Percentage of farms where the disease has been recorded over the total number of 
surveyed farms) and the mean disease incidence (% infection) per farm was 
determined. Diseased specimens were brought to the Plant Disease Diagnostic  
Laboratory of Visayas State University for DNA extraction and phytoplasma 
detection. 
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Leaf and stem tissues of vegetables that showed little leaf/witches' broom 
symptoms were subjected to total DNA extraction. An optimized extraction 
protocol for phytoplasma used by Ahrens and Seemüller (1992) was slightly 
modified. In this method, 0.5g of shoots from each vegetable sample was soaked in 
a mortar containing 2mL phytoplasma grinding buffer (100mM K HPO , 31mM 2 4

KH PO , 10% sucrose, 2% polyvinylpyrrolidone-10 (PVP-10), 10mM EDTA pH8.0) 2 4

and kept at –4°C for 10min. The tissue was then ground with a pestle and the 
homogenate was centrifuged at 5000rpm for 5min. The supernatant was  
transferred into a clean 2mL tube and further centrifuged at 13000 rpm for 30 min. 
The pellet was dissolved in 750µL warm 2% CTAB (20g L  CTAB, 100mM Tris-HCl -1

pH8.0, 1.4M NaCl, 2% PVP-10, 20mM EDTA pH8.0) and incubated at 60°C for 30min. 
Each sample was purified with 900µL chloroform-isoamyl alcohol (24:1) and 
centrifuged at 12000rpm for 5min. Nucleic acids were precipitated with 600µL 
isopropanol before incubating at –20°C overnight. Samples were centrifuged at  
12000rpm for 30min and washed with 70% ethanol. The pellets were air-dried and 
re-suspended in 100µL TE (10mM Tris-HCl, 1mM EDTA, pH8.0) buffer. Two further 
extractions, first with 100µL phenol: chloroform: isoamyl alcohol (25:24:1), and then 
100µL chloroform followed. The upper aqueous layer was removed, and 300µL of 
absolute cold ethanol was added to precipitate the nucleic acids. DNAs were 
centrifuged at 13000rpm for 30min, washed with cold 300µL 70% ethanol, air-dried, 
and re-suspended in 10-40µL TE buffer. Two µL RNAse were added to each tube and 
incubated at 37°C for 30min. Nucleic acids were then stored at –20°C.

Initial PCR analysis was done using the universal primer P /P  for phytoplasma 1 7

developed by Deng  Hiruki (1991), followed by a nested PCR using the primer and
R F n/R R  (Gundersen  Lee 1996, Lee et al 1995). Nest PCR reactions were 16 2 16 2 &
carried out in a total volume of 25µL. Each reaction was composed of nuclease-free 
water, 2.5µL GoTaq buffer (GoTaq Green, Promega, Madison, USA), 0.5µL 10mM  
dNTPs (Vivantis), 1µL of 50nM each of forward primer (R F n) and reverse primer 16 2

(R R ), 0.5µL Taq Polymerase enzyme, and 2µL of 50ng µ  template DNA. PCR 16 2
L-1

conditions were as follows: initial denaturation at 94º for 2min; 30 cycles of 
denaturation at 92º for 1min; annealing at 55º for 15s and extension 72º for 30s; and 
a final extension at 72º for 10min. The PCR products were subjected to agarose gel 
electrophoresis using 1% agarose, stained with GelRed . The bands were  (Biotium)
viewed under UV transilluminator attached to an Alpha Digi-Doc Documentation 
System. 

Stem and leaf samples of the bitter gourd and  showing witches' broom Loofah
symptoms were submitted for transmission electron microscopy at the Research 
Institute for Tropical Medicine (RITM) Muntinlupa City, Philippines to confirm the 
presence of phytoplasma in the phloem cells of the tissues. 
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Nest PCR products amplified by R F n/R R  primers of selected samples 16 2 16 2

showing positive phytoplasma bands were sent for rRNA sequence analysis at the 
Philippine Genome Program, University of the Philippines, Diliman, Quezon City. 
Sequence alignment was performed using Blastn, and phylogenetic analysis of the 
different isolates was conducted using the Mega6 software (Tamura 2013). The 
evolutionary distances were computed using the Kimura 2-parameter method 
(Kimura 1980), and evolutionary relationships were inferred using the UPGMA 
method (Sneath  Sokal 1973). &

Enumerated in Table 1 are the municipalities and cities in  Eastern Visayas
where phytoplasma disease symptoms were observed, together with the disease 
prevalence and incidence. Loofah phytoplasma had the highest prevalence (50% of 
the surveyed farms), followed by bitter gourd (45%) and string beans (31%). 
Stringbeans phytoplasma had the highest mean incidence per farm (42.5%), 
followed by Loofah (38%) and ampalaya. Cucumber phyllody and Baguio bean little 
leaf was found in one farm each, with 30% and 10% incidence, respectively. Tomato 
stunt was observed and taken from a single plant in a farm.  PCR analysis were 
conducted in disease samples from the municipalities like Baybay, Inopacan, 
Hindang, Hilongos in Leyte and as far as Maasin City in Southern Leyte where 
phytoplasma disease was more common. The affected vegetables commonly 
exhibited little leaf and witches' broom symptoms and little fruit when able to bear. 

The infected bitter gourd produced tiny leaves, with or without yellowing, small 
elongated fruits (shoestring symptom), and sometimes stem pitting (Figures 1a-
1b). Little leaf was also the symptom of phytoplasma infection in Loofah (Figure 
1c), string bean (Figure 1d), and “Baguio” bean (1e).  In cucumber, some leaves turn 
tiny, but phyllody symptoms can be observed (Figure 1f). Tomato infected with 
phytoplasma becomes stunted with little leaves (Figure 1g). 

Electron microscopy results from the Research Institute of Tropical Medicine 
showed few phytoplasmas (red arrows) in the phloem sieve tubes of infected bitter 
gourd (Figure 2a) and  samples  Loofah  confirming the presence of the pathogen
(Figure 2b). 
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Initial PCR amplification results using the universal phytoplasma-specific 
primer P1/P7 by Deng and Hiruki (1991) on five infected bitter gourd and four 
Loofah DNA samples produced only faint bands of ~ 1.5Kb for loofah samples from 
VSU (PV), Inopacan (PI), and Hindang in Leyte (PHg). All bitter gourd samples and 
the Loofah sample from Maasin showed no bands (Figure 3). Nest PCR assay of the 
same samples using R F n/R R primers, however, produced positive amplification 16 2 16 2 

(Figure 4). Bitter gourd samples collected from fields in VSU (AV2) and Guadalupe 
(AG), and from the screen house of the VSU Department of Pest Management (AS1 
and AS2) as well as Loofah samples from VSU (PV), Inopacan (PI), and Hindang 

- Only one plant in one farm was documented 

* Only one farm was observed showing the symptom
** Refers to percentage farms where the disease was observed over the total number of surveyed farms in Leyte

Province/Municipality Surveyed 
For Vegetable Phytoplasma Disease 

Municipalities Where Vegetable 
Phytoplasma Was Recorded 

Disease 
Prevalence** 

(%) (%) 

Mean 
Disease 

Incidence 
(%) 

Abuyog, Alang-alang, Albuera, Baybay 
City, Capoocan, Inopacan, Hindang, 
Hilongos, Ormoc City, Palo, San 
Isidro, and Tacloban City 

Anahawan, Bontoc, Maasin City, 
Malitbog, and Silago 

Calbayog City and San Jorge 

Lavesares 

Caibiran 

Baybay City, Inopacan, Hindang, 
Ormoc City and Abuyog in Leyte; 
Maasin City in Southern Leyte 
and Lavesares, Northern Samar 

 

45 

 

 

27 

Baybay City, Inopacan, and 
Hindang in Leyte and Maasin 
City, Malitbog, Anahawan and 
Silago in Southern Leyte 

 

50 

 

38 

Hindang and Hilongos in Leyte 
and Calbayog City Samar 

 

31 

 

42.5 

Baybay City, Leyte

* 

 

10.0 

 

Hilongos, Leyte 

 

* 

30.0 

- 

 

Baybay City, Leyte 

 

- 

 

- 
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(Phg) showed the ~1.25Kb amplicon which is the expected phytoplasma-
specific band based on the report of Lee et al (1993, 1995). Interestingly, another 
field-collected bitter gourd DNA sample from VSU (AV1) produced a much shorter 
amplicon size (~500bp), which is still within the reported band sizes of   
phytoplasmas affecting different crops by Duleep et al (2014).  Similarly, Montano 
et al (2007) also reported different phytoplasma band sizes of ~0.5Kb, 0.8Kb, and 
~1.2Kb. This initially suggests that at least two different phytoplasma strains 
affecting bitter gourd exist in the Eastern Visayas region. The Loofah from Maasin 
City (PM) did not produce the expected band.
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The nest PCR assay was repeated for samples AV1, AV2, and AG with another 
bitter gourd sample AL (Figure 5). The expected ~1.25Kb band was again amplified 
for samples AV2, AG, and AL, and the ~500bp band was produced from sample 
AV1, confirming that it was different from the other bitter gourd samples. Another 
nest PCR assay was also conducted on Loofah DNAs, PV, PI, PH, and PM, together 
with string bean, “Baguio” bean, tomato, and cucumber showing phytoplasma 
symptoms, as well as an associated insect collected from the field, ie, 

nymphs (Figure 6).  The DNA isolates from the infected Loofah samples 
from VSU, Inopacan, and Hindang Leyte (PV, PI & PHg), showed that the ~1.25Kb  
band was positively amplified.  However, a shorter band (<1.0Kb) was amplified 
from the Loofah isolate from Maasin City (PM). This suggests that there is also 
more than one strain of phytoplasma affecting Loofah. No band was amplified from 
the infected string bean DNA (SB), but the ~1.25Kb band was amplified from 
“Baguio” bean (BB) and cucumber from VSU (CV). A faint, shorter DNA fragment 
(~300bp) was amplified from tomato showing little leaf and stunting symptoms 
(TG).




