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SUMMARY

A quick, simple and efficient procedure for detecting
Xylella fastidiosa in potential insect vectors is described.
The procedure employs a commercially available DNeasy
tissue kit for the extraction of high-quality DNA from the
insect, followed by one-step polymerase chain reaction
amplification using previously published oligonucleotide
primers specific to X. fastidiosa. The procedure does not
require the use of phenol, chloroform or alcohol for the
precipitation of nucleic acids. Also it does not need additional purification or enrichment steps, and can be completed in less than a day. The procedure was used successfully in detecting X. fastidiosa in two potentially important leafhopper species, Graphocephala versuta and G.
coccinea, and in a treehopper species Entilia concisa, collected from a nursery where bacterial leaf scorch disease
caused by X. fastidiosa occurs.
Key words: Bacterial leaf scorch, DNA extraction, insect vectors, PCR detection, Xylella fastidiosa.

INTRODUCTION

Xylella fastidiosa Wells et al. is a fastidious bacterium
that causes many economically important plant diseases
including Pierce’s disease of grapevine, citrus variegated
chlorosis, and leaf scorch of elm, oak, oleander, sycamore
and mulberry (Sherald, 2001; Hopkins and Purcell,
2002). X. fastidiosa is transmitted by xylem-feeding insects, such as sharpshooter leafhoppers (family Cicadellidae) and spittlebugs (family Cercopidae), see DeLong
and Severin (1949, 1950). The vectors can acquire and
transmit the bacterium in less than two hours (Purcell
and Finley, 1979; Hill and Purcell, 1995). Adult carrier insects can transmit the bacterium for life but do not pass it
to progeny (Purcell et al., 1979; Purcell and Finley, 1979).
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Currently, no effective therapy for infected plants or
a strategy for prevention of infection is available. Control of diseases caused by X. fastidiosa is limited to
pruning of infected shoots, removal of infected plants,
use of healthy plant materials for planting, and identification and control of insect vectors. Identification of insect vectors, however, is hampered by the lack of fast,
easy and sensitive detection methods. So far, the most
commonly used method for detecting X. fastidiosa in
suspected insect vectors is enzyme-linked immunosorbent assay (ELISA), which has a limitation for detecting
low numbers of bacterial cells. Use of polymerase chain
reaction (PCR) to detect X. fastidiosa in insect vectors
has been complicated by the lack of quick and easy
DNA extraction protocols and by the inhibition of PCR
by components in insect extracts (Vega et al., 1993). An
immunomagnetic separation and nested PCR method
has been developed that detects low levels of bacteria in
leafhoppers such as Graphocephala versuta, Graphocephala coccinea, Erythroneura and Typhlocybia species
(Pooler et al., 1997). The procedure, however, requires
the use of X. fastidiosa-specific antibody, specific IgG
coated magnetic beads and a magnetic capture stand,
which makes it very expensive to use. This procedure is
also very time-consuming. It takes more than one day to
complete since it requires time for insect preparation
and bacterial separation plus time for two rounds of
PCR. Although the use of insoluble acid-washed
polyvinylpyrrolidone (PVPP) and Chelex 100 resin matrix for DNA extraction has been developed that allows
sensitive detection of X. fastidiosa in citrus plants and
sharpshooter leafhoppers by nested PCR (Cicapina et
al., 2004), it is laborious and time-consuming to prepare
acid-washed PVPP and activated Chelex 100 resin, and
to run two-rounds of PCR.
Recently, Rodrigues et al. (2003) developed a number
of primer pairs, including a set C pair that targets part
of the 16S rRNA gene of X. fastidiosa that has been
used for specific detection of X. fastidiosa in field-collected plants, asymptomatic but infected plants, and in
known insect vectors. In this study, we describe the
development of a detection method that combines a
commercially available DNA extraction kit with a onestep PCR using the 16S set C primers for a simple,
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quick and efficient detection of X. fastidiosa in potential
insect vectors.

MATERIALS AND METHODS

Insect samples. Insects were collected during July 2224, 2004 from the National Park Service, Daingerfield
Island Nursery in Alexandria, VA (USA). This nursery
has a moderate incidence of bacterial leaf scorch in elm,
mulberry, porcelain berry, and wild grape. Yellow sticky
insect traps (97 cm2, Gempler’s, Belleville, WI, USA)
were placed on the periphery of selected trees showing
leaf scorch symptoms. Cicadellinid leafhoppers and the
treehopper Entilia concisa caught on the traps were removed, identified to species, and placed into individual
plastic storage cups based on location, trap number, and
species. The insect samples were stored frozen at -20oC
until used for DNA extraction.
DNA extraction from insect samples. Insect DNA
from selected insect samples was extracted using a
DNeasy tissue kit (Qiagen Inc., Valencia, CA, USA) following the manufacturer’s protocol “Purification of Total DNA from Animal Tissues”, or using a FastDNA kit
(Qbiogene, Inc., Carlsbad, CA, USA) according to the
manufacturer’s instructions for DNA extraction from
animal tissues, plant, bacteria and other samples, with a
few modifications. For DNA extraction using the
DNeasy tissue kit, whole insects were placed individually into 1.5 ml microcentrifuge tubes containing 180 µl of
buffer ATL (a component of the kit), and ground using
a disposable pestle. Then 20 µl of proteinase K was
added to the tube, and mixed with a vortex mixer. The
tube was incubated at 55°C for 1 h with occasional
manual mixing to disperse the sample. Total insect
DNA was eluted with 100 µl of elution buffer AE provided in the kit. For DNA extraction using the FastDNA kit, whole insects were placed individually into a
FastDNA lysing matrix tube, and 1 ml of cell lysis solution TC was added to the tube. The insect tissue was
homogenized in a FastPrep FP120 instrument (Qbiogene, Inc., Carlsbad, CA, USA) at speed 6 for 40 sec.
Total insect DNA was eluted with 100 µl of distilled elution solution.
DNA extraction from plant samples. As a control to
find out whether the DNeasy tissue and the FastDNA
kits are suitable for preparing high-quality insect DNA
free from substances inhibitory to PCR amplification,
DNA from one healthy and two X. fastidiosa-infected
oleander plants with leaf scorch symptoms (Huang et
al., 2004) was extracted individually using a DNeasy
plant kit (Qiagen Inc., Valencia, CA, USA) and the
same FastDNA kit (Qbiogene, Inc., Carlsbad, CA,
USA). A total of 0.1 g of leaf midribs from each of the
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oleander plants was cut into small pieces. Half of the
cut sample (0.05 g) was placed into a FastDNA lysing
matrix tube containing 410 µl of buffer AP1 (for the
DNeasy plant kit), and the other 0.05 g was placed into
another lysing matrix tube containing 800 µl of CLS-VF,
plus 200 µl of PPS (for the FastDNA kit). The tubes
were put into a FastPrep FP120 instrument. The plant
tissue was homogenized at speed 4 for 40 sec, followed
by DNA extraction using the DNeasy plant or FastDNA kit. The plant DNA was eluted with 100 µl of the
respective elution buffer provided in the kit according
to the manufacturers’ instructions.
PCR amplification conditions. For the one-step PCR,
the reaction was performed by adding 5 µl of
insect or plant DNA to 15 µl of the PCR master mix containing a final concentration of 1x Taq buffer, 0.125 mM
dNTP, 5 pmol each of X. fastidiosa-specific 16S set C
primers A-19 (5'-CTCCTCGCGGTTAAGCTAC-3')
and S-21 (5'-GCAAATTGGCACTCAGTATCG-3') (Rodrigues et al., 2003), and 1 unit of Taq polymerase (Qiagen Inc., Valencia, CA, USA). To test PCR inhibition effect of the FastDNA samples, 5 µl of DNA prepared by
the FastDNA kit from each of the two inoculated oleander plants was mixed with 5 µl of DNA prepared by the
DNeasy kit from the same inoculated plant, and the mixture was added to 10 µl of the PCR master mix.
Amplification was performed using 1 cycle of 3 min
at 94°C, 30 cycles of 1 min at 94°C, 0.5 min at 55°C,
and 2 min at 72°C, and a final extension of 7 min at
72°C (Rodrigues et al., 2003). Twelve ng of X. fastidiosa
genomic DNA purified from a mulberry strain (Huang
and Sherald, 2004) was used as a positive control and
water as a negative control. The PCR product was analyzed by electrophoresis in 1.0% agarose gels stained
with ethidium bromide.
To determine its efficiency in detecting X. fastidiosa
in potential insect vectors, the one-step PCR using the
16S set C primers was compared with a nested PCR using primer set 272 (Pooler and Hartung, 1995) that detected X. fastidiosa in plants and insects before (Pooler
et al., 1997; McElrone et al., 1999). The first round of
the nested PCR was performed by adding 5 µl of the insect or plant DNA to 10 µl of the PCR master mix described above using external primers 272-1 and 272-2
(Pooler and Hartung, 1995). For the second-round
PCR, 4 µl of the first round reaction mixture was added
to 36 µl of the PCR master mix using the internal X. fastidiosa-specific primers 272-1-int and 272-1-int (Pooler
and Hartung, 1995). Amplification for nested PCR was
carried out in a Peltier Thermal Cycler PTC-210 (MJ
Research Inc., Las Vegas, Nev, USA) using the conditions described by Pooler et al. (1997).
Purification, cloning and sequencing of PCR products. Selected PCR products obtained by nested PCR
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and by one-step PCR were purified and cloned as described before (Huang et al., 2003). Both strands of the
inserts in the clones were sequenced using M13 forward
(-21) and M13 reverse primers, respectively, at the Genomics and Sequencing Laboratory, Auburn University,
AL, USA. The sequence of the PCR product was used
as a query sequence for a GenBank database search by
Blastn (Altschul et al., 1997).

RESULTS

Five species of leafhoppers, including G. versuta, G.
coccinea, Aulacizes irrorata, Draeculacephala mollipes
and Oncometopia undata, and a treehopper species, Entilia consisa, were collected from the nursery. Since G.
versuta was the most abundant, and has tested positive
for X. fastidiosa before (Pooler et al., 1995), it was selected to compare two commercially available, widely
used DNA extraction kits that have similar costs,
DNeasy tissue kit (Qiagen Inc., Valencia, CA, USA) and
FastDNA kit (Qbiogene Inc., Carlsbad, CA, USA), and
two PCR assays, the nested PCR using the primer set
272 (Pooler and Hartung, 1995) and the one-step PCR
using the recently developed 16S set C primers (Rodrigues et al., 2003), for the detection of X. fastidiosa in
potential insect vectors. We randomly chose a total of
60 insects, 20 each time, from one trap that contained
the most G. versuta. DNA from 30 of the insects was
extracted with the DNeasy tissue kit and the other 30
with the FastDNA kit. The DNA was then subjected to
nested PCR or one-step PCR as described in the Materials and Methods.
We found that 15 and 14 out of 30 G. versuta tested
positive for X. fastidiosa when the insect DNA was extracted with the DNeasy tissue kit followed by the nested or one-step PCR, respectively (Table 1, Fig. 1). No
G. versuta, however, tested positive when its DNA was
extracted with the FastDNA kit followed by either PCR
assay (Table 1, Fig. 1). We randomly chose nested and
one-step PCR products from three X. fastidiosa-positive
(DNeasy) DNA samples for cloning and sequencing.
The sequences of the PCR products were most similar
to a 472-bp sequence or a partial 16S DNA of X. fas-

Fig. 1. Typical amplification of X. fastidiosa in G. versuta by
nested PCR (Top) and one-step PCR (Bottom). Lanes: 1, positive control (X. fastidiosa genomic DNA); 2, water control; 3,
1-kb ladder; 4, DNA extract prepared with the FastDNA kit;
5, DNA extract prepared with the DNeasy kit. The arrows indicate the locations of the 472-bp and 620-bp PCR products
at the top and bottom pictures, respectively.

tidiosa in GenBank by Blastn search (data not shown).
To find out whether the negative PCR result of the
FastDNA samples was due to the absence of X. fastidiosa in the insect samples or the presence of PCR inhibitors in the DNA samples prepared by the kit, we extracted leaf petiole DNA from two oleander plants previously inoculated with X. fastidiosa (Huang et al., 2004),

Table 1. Comparison of DNA extraction and PCR methods for the detection of X. fastidiosa in the
potential insect vector G. versuta.

a
b

PCR method

DNA extraction method
DNeasy tissue kit

FastDNA kit

Nested PCR using primer set 272

15/30 a (5.0+2.0) b

0/30 (0+0)

One-step PCR using 16S set C
primers

14/30

0/30 (0+0)

(4.7 + 1.5)

Number positive/number tested.
Values are means of positive insect samples plus standard error of three tests, each containing ten insects.
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Fig. 2. Amplification of X. fastidiosa in oleander leaves by one-step PCR using the 16S set C primers. Lanes 1,
extract prepared using the FastDNA kit with leaves from a healthy oleander plant; 2-3, extracts prepared using
the FastDNA kit with each of two infected oleander plants; 4, 1-kb ladder; 5, extract prepared using the DNeasy
kit with leaves from a healthy plant; 6-7, extracts prepared using the DNeasy kit with each of two infected oleander plants; 8-9, mixtures of the extract prepared by the DNeasy kit with the extract prepared by the FastDNA
kit from each of the two inoculated plants. The arrow indicates the location of the 620-bp PCR product.

and from one control plant with the DNeasy plant kit
and the same FastDNA kit separately. X. fastidiosa was
detected in the two inoculated plants showing leaf
scorch symptoms when the DNeasy kit but not when the
FastDNA kit was used for DNA extraction, followed by
PCR using the 16S set C primers (Fig. 2). The bacterium
was not detected in the two inoculated plants, however,
when total DNA extracted by the DNeasy kit from each
of the two plant samples was mixed with the one extracted by the FastDNA kit from the same plant sample (Fig.
2). The control plant tested negative by PCR when either
kit was used for DNA extraction (Fig. 2).
To determine if other insect species collected from
the nursery carried X. fastidiosa, insect DNA from 13
adults of E. concisa, 5 G. coccinea, 4 A. irrorata, 3 O. undata and 1 D. mollipes was extracted individually with
the DNeasy tissue kit, followed by one-step PCR using
the 16S set C primers. We detected X. fastidiosa in 6 of
the 13 E. concisa and 2 of the 5 G. coccinea, but not in
any of the A. irrorata, O. undata or D. mollipes adults.

DISCUSSION

In this study, we sought to optimize conditions for
DNA extraction and PCR amplification for detection of
X. fastidiosa in potential insect vectors. Field collected
adults of G. versuta were reported to carry X. fastidiosa
previously by Pooler et al. (1997). We used G. versuta
collected from the same nursery as Pooler et al. (1997)
to compare the DNeasy tissue kit to the FastDNA kit
for their usefulness in preparing insect DNA as a PCR
amplification target. None of the G. versuta samples
tested positive for X. fastidiosa by PCR when their
DNA was prepared using the FastDNA kit; however,
half of the 30 insect samples tested positive for the bac-

terium when their DNA was prepared using the
DNeasy tissue kit. X. fastidiosa also could not be detected in leaves collected from the two leaf-scorched, inoculated oleander plants when the total DNA was extracted
using the FastDNA kit, and when the FastDNA extract
was added to the DNeasy extract from the same plant
sample. This strongly suggests that we were unable to
remove substances inhibitory to PCR amplification using the FastDNA kit.
We also tested a one-step PCR assay using the X. fastidiosa-specific 16S set C primers recently developed by
Rodrigues et al. (2003) for detection of the bacterium in
potential insect vectors. The set C primers target part of
the 16S rRNA gene that has two copies in X. fastidiosa
(Simpson et al., 2000). This amplicon, therefore, may also be useful for phylogenetic analysis and tracking the
mobility of X. fastidiosa isolates between different
plants and insects in the environment. We also tested
the nested PCR method using the primer set 272 that
successfully detected X. fastidiosa in several insects
(Pooler et al., 1997) and plants (McElrone et al., 1999)
as a control, and for comparison with the one-step PCR.
The 272 primers were designed based on randomly amplified polymorphic DNA that has only one copy present in a non-coding region of X. fastidiosa. We found
that an almost comparable number of G. versuta were
detected carrying X. fastidiosa by the one-step PCR and
by the nested PCR, suggesting that efficient detection of
X. fastidiosa can be obtained using the one-step PCR.
DNA sequencing of selected PCR products cloned from
the two PCR assays confirmed that they are most similar
to a partial 16S DNA or a 472-bp sequence of X. fastidiosa in GenBank. Since degenerate primers for bacterial 16S rRNA genes are available (Weisburg et al.,
1991), the sensitivity of the 16S set C primers can be
further improved, if needed, in a nested PCR using the
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degenerate primers in the first round and the 16S set C
primers in the second round. Nevertheless, efficient detection of X. fastidiosa in potential insect vectors by
one-step PCR will not only save time and materials but
also avoid contamination problems commonly associated with nested PCR.
We describe a rapid, technically easy and convenient
method for efficient detection of X. fastidiosa in potential
insect vectors. Our method combines the commerciallyavailable DNeasy tissue kit for the preparation of insect
DNA with a one-step PCR protocol using X. fastidiosaspecific 16S set C primers. Organic solvents, precipitation with ethanol, X. fastidiosa-specific antibody, specialized equipment, and nested PCR are not required. The
entire protocol for detection of X. fastidiosa in insects,
from DNA extraction and amplification to gel electrophoresis and visual documentation, can be performed
in less than a day, and is well suited for testing large numbers of samples. The protocol may also be applied to
plant samples by substituting the DNeasy tissue with the
DNeasy plant kit as done for the oleander samples in this
study, although a more economic tissue grinding method
needs to be developed. By using this protocol, we also
detected X. fastidiosa in the leafhopper G. coccinea and
in the treehopper Entilia concisa. Of the five leafhopper
species sampled, G. versuta and G. coccinea were found
carrying X. fastidiosa previously as reported by Pooler et
al. (1997) using immunomagnetic separation and nested
PCR. This is the first report of E. concisa testing positive
for X. fastidiosa. The role and importance of G. versuta,
G. coccinea and E. concisa in transmitting the bacterium
and causing bacterial leaf scorch diseases in landscape
trees remains to be determined.
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