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ABSTRACT 
A rapid and reproducible technique to detect Xylella fastidiosa (Xf) in the glassy-winged sharpshooter (GWSS) is important 
for epidemiological studies, and monitoring programs in support of Pierce’s disease management.  Such a technique must be 
amenable to large samples sizes, while remaining sensitive enough to detect pathogen DNA in low amounts.  In this study we 
have improved the speed of tissue extraction by developing a simple vacuum step that replaces labor and time-intensive 
tissue maceration, and is compatible with manufactured DNA extraction kits and a SYBR Green® based real-time (QRT) 
PCR system.  No statistical differences in the ability to detect Xf were found among samples that were extracted using 
traditional maceration vs. our vacuum extraction method.  Further experiments using our vacuum extraction methods 
detected no significant differences among samples immediately extracted, or stored for 10 d at -4ºC, dry or in mineral oil.  In 
another experiment we placed Xf -fed GWSS on yellow sticky cards in a sunny location for 0 to 6 d.  We found that there was 
no significant reduction in our detection capabilities for insects left on the cards. 
 
INTRODUCTION 
Grapevines infected with Xylella fastidiosa (Xf ), the bacterium that induces Pierce’s disease of grapevine [12], usually die 
within three to five years after infection due to the occlusion of xylem vessels [17].  The glassy-winged sharpshooter (GWSS) 
has recently become an important vector of Xf in California, spreading Xf to grapevines that traditionally had little or no 
Pierce’s disease [2, 17].  This vector can disperse widely [5], and has a large host range [18] resulting in alarming spread of 
Xf to new areas [11].  The presence of GWSS in new regions of California, greater incidences of Xf -induced diseases in 
several crops, including grapevine [15], almond [1], oleander [10], and the threat of citrus variegated chlorosis (not currently 
found in the US) has lead to great concern over the ecology of this pest/pathogen interaction. 
 
Over the past several years control programs have focused on reducing pathogen spread by managing vector populations 
[18]. Improvements of these strategies can be achieved through studies examining patterns of disease epidemiology [15, 20], 
and  GWSS population densities and dispersion [5, 11, 21].  Most epidemiological studies of this system have involved Xf’s 
interaction with host plants [3, 6, 15, 20] or the population and behavioral ecology of the pest insect [5, 11].  Investigations of 
the interactions between Xf and insect vectors have largely been limited to laboratory and greenhouse studies [2, 4, 10]. 
 
Molecular protocols, such as PCR, to detect Xf in plants have been developed and are currently being used in epidemiological 
studies in other disease systems [8, 9, 14, 16, 19, 20].  Unfortunately, methods adapted to detect Xf in insects are inefficient.  
Detection methods designed for epidemiological studies, from collection of insect specimen to analysis of samples for the 
presence of Xf, need to be rapid, reproducible, inexpensive, and amenable to large sample sizes. We recently developed a 
DNA extraction protocol using the DNeasy tissue extraction kit (Qiagen Inc.) in conjunction with a SYBR Green® based 
real-time (QRT) PCR system to detect Xf in infectious GWSS [4].  Using this protocol, we reliably detected 50-500 Xf cells 
with GWSS background.  This method used labor-intensive maceration of tissue to extract Xf from insect tissue where the 
bacterium resides in infectious insects [7].  The speed and efficiency of this method could be improved by simplifying this 
extraction step. 
 
OBJECTIVES 
Our overall goal is to develop a method of detecting Xf in infectious GWSS that would allow us to conduct epidemiological 
studies and optimize plant protection.  To this end, the objectives for this study are to develop an efficient method to remove 
Xf cells from the foregut and mouthparts of GWSS for PCR based detection. 
 
RESULTS 
In this study we tested a vacuum extraction protocol for removal of Xf cells from GWSS foreguts for detection by QRT PCR.  
GWSS adults, collected from orange trees at the University of California, Riverside, were placed in rearing cages and 
allowed to feed for a 6 d acquisition access period on cuttings of Xf -infected grapevines that showed Pierce’s disease 
symptoms. GWSS heads were removed, and because they float, an insect pin was placed through the back of the insect head 
and forced through the frons, so that the tip of the pin protruded slightly.  The pinned head was then placed in a 
microcentrifuge tube (one per tube) and 500µl phosphate buffered saline (PBS) was added to the tube so that the head was 
completely submerged. Tubes were loaded into a tube rack and placed in a glass vacuum desiccator.  With the desiccator lid 
in place, vacuum was applied to 20 bars slowly, to keep buffer from being displaced from its tube, and held for 15 s.  Then, 
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the slow release valve was opened and pressure was slowly returned to ambient.  The vacuum application and release was 
repeated 3 times.  In this way, the insect’s forgut and mouthparts were flushed out with PBS.  The pinned heads were 
removed and DNA was extracted from the fluid using the DNeasy Tissue kit (Qiagen Inc.). QRT PCR was conducted as 
described earlier. 
 
To compare our vacuum extraction method to a more conventional maceration technique, heads from GWSS infected with 
Xf, as above, were either macerated in PBS buffer with a pellet pestle in a disposable 1.5mL microcentrifuge tube (Kontes 
Glass Company, Vineland, NJ) or vacuum extracted in PBS buffer. In further experiments insects were collected and 
immediately extracted (n=24) as previously described or stored at -4ºC for 10 d either submerged in mineral oil (n=24) or not 
(n=24). Finally, infectious GWSS were placed by hand on yellow sticky cards (Trécé Inc., Adair, OK).  Yellow sticky cards 
were placed outside in a sunny location. GWSS were removed from the traps for DNA extraction at 0, 3, and 6 d after 
placement.  DNA was extracted individually from GWSS heads using the vacuum technique and QRT-PCR was used for 
detection of Xf.  
 
DNA Extraction 
The vacuum extraction technique developed in this study improved the speed and efficiency of extraction.  Extraction of 
DNA using traditional maceration with the Qiagen DNeasy tissue kit averaged 90 minutes for 24 samples.  About 30-40 
minutes of the extraction was preparing for and executing the maceration step of the procedure.  Using the vacuum extraction 
technique we prepared 24 samples in an average of 15 min.  The vacuum extraction technique neither improved nor 
compromised our ability to detect Xf in GWSS heads.  No statistical differences were revealed between maceration-extracted 
and vacuum-extracted samples in any trial for either the number of positive samples or the relative amounts of Xf DNA 
measured (Table 1).  However, in 5 of 6 trials mean positives and mean relative fluorescence levels were greater for 
macerated samples than vacuum-extracted samples (Table 1). 
 
 

Table 1.  Proportion of GWSS positive for Xf, and mean relative fluorescence using vacuum (VE) and maceration 
(MP) sample collection prior to DNA extraction (n=24).  

 
Trial Mean Positivea Mean relative fluorescenceb 

 VE MP VE MP 
1 0.458a 0.542a 1.137a 6.299a 
2 0.464a 0.789a 1.728a 5.879a 
3 1.000a 0.917a 0.112a 0.125a 
4 0.917a 0.958a 0.001a 0.003a 
5 0.750a 0.917a 0.009a <0.001a 
6 0.917a 0.792a <0.001a <0.001a 

aMeans in the same row followed by the same letter were not statistically different (χ2>6.6, df=1  , p > 0.359). 
bRelative fluorescence correlates to cell number. Means in the same row followed by the same letter were not 
statistically different (χ2<3, df=1, p<0.01). 

 
 
Comparison of Sample Storage Methods 
On either collection date, there were no significant differences in mean number of GWSS testing positive for the presence of 
Xf that could be attributed to the method of storage following GWSS collection (trial 1 χ2=1.626, df=2, p=0.443; trial 2 
χ2=2.4, df=2, p=0.3;) (Table 2). 
 
 

Table 2. Comparison of Xf detection in GWSS following storage by three methods (n=24) 
 

 Storage method (n=24)a 
Trial Directly off Plant -4ºC (10 d) -4ºC in mineral oil (10 d) 

1 0.875a 0.792a 0.917a 
2 0.833a 0.750a 0.917a 

aMeans in the same row followed by the same letter were not statistically different (trial 1 χ2=1.626 , df=2, p=0.443; 
trial 2 χ2=2.4, df=2, p=0.3). 

 
 
Detection Capabilities Following Insect Trapping 
Exposure to the elements after capture on sticky cards had little effect on the ability to detect Xf in GWSS samples (Table. 3). 
Chi-square test for goodness of fit revealed no statistical differences among means from trial 1 (data taken 0, 3, and 6 days 
following capture, χ2=3.069, df=2, p=0.216), or trial 2 (data taken 0,  3, and 6 days following capture, χ2= 2.845, df=2, p= 
0.241). 
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Table 3. Proportion of GWSS positive for Xf after outdoor exposure on a yellow sticky card.  
 

Trial Mean proportion of GWSS positive for Xf a 
 Day 0 Day 3 Day 6 

1(n=49) 0.388a 0.429a 0.265a 
2(n=30) 0.533a 0.333a 0.367a 

aMeans in the same row followed by the same letter were not statistically different (trial 1 χ2=3.069, df=2, p=0.216, trial 2 
χ2= 2.845, df=2, p= 0.241) 
 
 
CONCLUSIONS 
Our study was conducted to find a means of accelerating a series of steps required to conduct epidemiological studies 
involving GWSS spread of Xf, while maintaining a high degree of detection sensitivity.  Epidemiological studies require the 
examination of a large numbers of samples; therefore, an efficient testing protocol is necessary.  Through our investigation, 
we improved the efficiency of Xf detection by streamlining DNA extraction and implementing a QRT PCR-based detection 
system.  The vacuum method was simple, requiring only that heads be removed, pinned into position, and covered with 
extraction buffer.  While time efficiency is the most obvious advantage to using the vacuum extraction method, other 
advantages also exist which did not impact the studies reported here but may affect detection in field samples.  First, no 
insect tissue is homogenized; it is likely that fewer PCR inhibitors are released to interfere with the PCR reaction and less 
non-template DNA would be extracted.  These factors often hinder detection of pathogen DNA in low concentrations.  
Second, by flushing the content of the insect’s foregut the search for the presence of Xf is being concentrated in the area of 
the insect that will most likely contain the organism of interest.  QRT-PCR is a sensitive detection technique that allows low 
concentrations of bacteria to be detected in environmental samples [13].  Our QRT-PCR detection system improved detect an 
order of magnitude, from 500 Xf cells (with traditional PCR[4]) to 50 Xf cells per insect sample.  The implementation of such 
a system is well suited for the detection of pathogen DNA in an insect vector. 
 
A disadvantage of using a molecular technique like PCR for the detection of a pathogen in a host is that detection is based on 
the presence of pathogen DNA.  Unfortunately this does not necessarily mean that the pathogen was alive at the time of 
collection; the presence of DNA confirms the presence of the pathogen in the host.  While other techniques, such as culturing 
[2], determine the presence of live cells, the sensitivity of such a technique is lower than molecular techniques.  The 5-10 d 
growth period required to see Xf colonies on a nutrient agar plate allows time for contaminants to overgrow the plate. 
Although specialized media are often used for growth, confirmation of bacterial identity is still needed.  While morphological 
and colony growth characteristics are often used, genetically based identification is more reliable and discriminatory. 
 
The mean number of GWSS testing positive varied between trials and between experiments.  This was most likely due to 
natural variation in the ability of GWSS to harbor Xf which may be a function of both the insect’s age and its exposure to 
other biotic and abiotic factor that influence the ability of the bacterium to colonize the foregut of GWSS.  This does not 
compromise our objective which was to develop a detection protocol that could be used regardless of field conditions. 
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