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ABSTRACT

Wolbachia are endosymbiont bacteria of the family Rickettsiacea that are widespread in invertebrates and
occur between 20% and 60% of Neotropical insects. These bacteria are responsible for reproductive
phenomena such as cytoplasmic incompatibility, male killing, feminization and parthenogenesis.
Supergroups A and B of Wolbachia are common in insects and can be identified using primers for 16S
rDNA, ftsZ and wsp; these primers vary in their ability to detect Wolbachia. The ftsZ primer was the first
primer used to detect Wolbachia in Anastrepha fruit flies. The primers for 16S rDNA, ftsZ and wsp and the
corresponding PCR conditions have been optimized to study the distribution of Wolbachia and their effect
on the biology of Anastrepha in Brazil. In this work, we examined the ability of these primers to detect
Wolbachia in Anastrepha populations from three regions in the State of Sdo Paulo, southeastern Brazil. All
of the samples were positive for Wolbachia supergroup A when screened with primers for 16S A rDNA and
wsp A; the wsp B primer also gave a positive result, indicating cross-reactivity. The ftsZ primer showed a
poor ability to detect Wolbachia in Anastrepha and generated false negatives in 44.9% of the samples. These
findings indicate that reliable PCR detection of Wolbachia requires the use of primers for 16S rDNA and
wsp to avoid cross-reactions and false negatives, and that the fzsZ primer needs to be redesigned to improve

its selectivity.
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INTRODUCTION

Wolbachia are intracellular obligatory bacteria of the
family Rickettsiacea that occur in a wide range of arthropods
and nematodes. These bacteria are maternally inherited by

horizontal transmission (26, 29) and enhance their propagation

by altering the reproductive system of their host in various
ways, e.g., by cytoplasmic incompatibility, male killing,
feminization and parthenogenesis (19, 24).

Molecular markers have been extensively used to detect
Wolbachia. For example, primers for 16S rDNA (a ribosomal

gene), ftsZ (a regulatory gene of the bacterial cell cycle) and
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wsp (a gene for an cell membrane protein) have been used to
study the phylogenetics of Wolbachia (2, 6, 18) and have led to
the division of Wolbachia into eight taxonomic supergroups (A
to H) (12, 13, 27). The initial studies in this field were done
with 16S rDNA primers and identified two groups, A and B,
that diverged about 50 million years ago and are widely
distributed in insects (14, 27).

The ftsZ gene was extensively used by Werren and
colleagues (27, 28) to detect Wolbachia, but several studies
have demonstrated its low sensitivity (3, 9, 30, 31). This low
sensitivity can lead to false negatives in bacterial detection
when this primer is used alone, i.e., without another marker or
technique to detect Wolbachia. The 16S and wsp primers have
greater sensitivity for detecting Wolbachia (30, 31), although
the wsp primer can generate false positives in discriminating
between supergroups A and B (8). This lack of absolute
specificity means that there is a need to use specific primers in
the characterization of these bacteria.

Between 20% and 60% of Neotropical insects are infected
with Wolbachia (28). Studies in different regions of Brazil
have detected Wolbachia in fruit flies of the genus Anastrepha
(3, 4, 17, 23). Anastrepha fruit flies are a major pest insect of
Brazilian fruit crops because of the losses they cause to

commercial fruit growers (5, 15). The presence of Wolbachia

Sensitivity of primers for detecting Wolbachia

in Anastrepha is therefore of considerable interest since these
bacteria may be exploited as biological controls of pest insects,
as suggested by Bourtzis (1).

Coscrato (4) and Mascarenhas (17) showed that 16S and
wsp primers varied in their ability to detect Wolbachia in
different Anastrepha species; studies with other fruit fly
genera, such as Bactrocera (8, 11, 25), Rhagoletis cerasi (20)
and Ceratitis capitata (21), have reported similar findings. In
this work, we examined the ability of 16S, ftsZ and wsp
primers to detect Wolbachia in populations of Anastrepha from
different regions of the State of Sdo Paulo in southeastern

Brazil.

MATERIALS AND METHODS

Sixty-six fruit fly larvae collected from guava (Psidium
guajava) and chapeu-do-sol (Terminalia catappa) fruits in
three regions of the State of Sdo Paulo, southeastern Brazil
(Table 1), were stored in boxes with vermiculite and
transported to the laboratory, where the larvae were allowed to
develop to pupal stage. The pupae were subsequently removed
and allowed to grow to the adult stage for species
identification, after which they were stored in 70% ethanol at -

20°C.

Table 1. Number of individuals, host plants, collection sites and geographic location of the fruit fly populations examined in this

study. All collection sites were in the State of Sdo Paulo.

Taxon Species No. of Host plant Collection site  Geographic location
individuals
A. sp. 1 aff. fraterculus 11 Guava Jacare{ 23°17°S; 46° 01'W
(Psidium guajava)
fraterculus  A. sp. 1 aff. fraterculus 19 Guava Serra Negra 22°35°S; 46° 50'W
(Psidium guajava)
A. sp.2 aff. fraterculus 21 Chapéu-do-sol Caraguatatuba 23°39°S; 45° 25°'W
(Terminalia catappa)
A. sp. 3 aff. fraterculus 24 Chapéu-do-sol

(Terminalia catappa)
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DNA was extracted from each fly abdomen using the
protocol described by Jowett (10), with some modifications.
Amplification reactions were done as described below.

The reaction mixture for the wsp A and B primers
consisted of 50 ng of DNA, 10 X buffer (Invitrogen), 1.0 ul of
50 mM MgCl,, 0.4 pl of dNTPs (10 uM each), 0.5 pl of
forward (F) primer (20 uM), 0.5 ul of reverse (R) primer (20
uM), 0.5 ul of Tag DNA polymerase (5 U/ul) (Invitrogen) and
water in a final volume of 20 ul. The amplification reaction
consisted of one cycle of 1 min at 94°C, 1 min at 58°C and 2
min at 72°C, followed by 35 cycles of 15 s at 94°C, 1 min at
58°C and 2 min at 72°C, and one cycle of 15 s at 94°C, 1 min at
58°C and 7 min at 72°C. These conditions yielded PCR
products of ~600 base pairs (bp) (2, 32).

The reaction mixture for the ftsZ A and B primers (6)
consisted of 50 ng of DNA, 10 X buffer (Invitrogen), 0.6 ul of
50 mM MgCl,, 0.4 ul of dNTPs (10 uM each), 0.5 pl of F
primer (10 uM), 0.5 pl of R primer (10 uM), 0.5 pl of Taq
DNA polymerase (5 U/ul) (Invitrogen) and water in a final
volume of 20 pl. The amplification reaction consisted of an
initial 4 min incubation at 94°C, followed by one cycle of 1
min at 58°C and 2 min at 72°C, 38 cycles of 15 s at 94°C, 1 min
of 58°C and 2 min at 72°C, one cycle of 15 s at 94°C and 1 min
at 58°C, with a final extension of 7 min at 72°C. These
conditions yielded fragments of 1043-1055 bp.

The reaction mixture for the 16S A and B rDNA primers
(18) consisted of 50 ng of DNA, 10X buffer (Invitrogen), 0.75
ul of 50 mM MgCl,, 0.5 pl of dNTPs (10 uM each), 0.35 pl of
F primer (20 uM), 0.35 ul of R primer (20 uM), 0.25 ul of Tag
DNA polymerase (5 U/ul) (Invitrogen) and water in a final
volume of 25 pl. The amplification reaction consisted initially
of 2 min at 95°C, 35 cycles of 30 s at 95°C, 1 min at 55°C and 1
min at 72°C, with a final extension of 3 min at 72°C. These
conditions yielded fragments of ~259 bp.

In all cases, the PCR products were analyzed by
electrophoresis in 1% agarose gels in Tris-borate EDTA buffer
(TBE 1X) After

containing 1% ethidium bromide.

Sensitivity of primers for detecting Wolbachia

electrophoresis, the gels were examined in ultraviolet light and
documented with an Eagle Eye II photodocumentation system
(Stratagene).

For sequencing, the PCR products were purified with
GFX™ PCR DNA and gel band purification kits (Amersham
Pharmacia Biotech), after which DNA (100 ng/ul) was mixed
with 1.0 ul of buffer (1 M Tris-HCI, pH 9.0, containing 50 mM
MgCly), 2.0 ul of Big Dye, 1.0 ul of primer (5 pmol/ul) and
water in a final volume of 10 pl. Sequencing was done in a
Genetic Analyzer 3100 (Applied Biosystems) sequencer. The
sequences generated from these samples and the corresponding
consensus sequences were assembled with phredPhrap/consed
v. 14.0 and then used to search the National Center for
Biotechnology Information (NCBI) database for homology
with Wolbachia sequences; the searches were done using

BLASTN (http://www.ncbi.nlm.nih.gov).

RESULTS AND DISCUSSION

Wolbachia was detected in all of the DNA fragments
generated by the 16S and wsp primers in Anastrepha species 1,
2 and 3. The sequence of the DNA fragment amplified with the
wsp primer showed 98% and 96% similarity with Wolbachia
from Anastrepha sp.2 aff. fraterculus (EU116316.1) and
Wolbachia from Brugia pahangi (AY527208.1), respectively.
The results with the 16S rDNA and wsp primers allowed us to
classify the bacteria as belonging to Wolbachia supergroup A.
These results were similar to studies in other Anastrepha
species (4, 17).

In some samples, the wsp B primer generated fragments
that suggested the presence of supergroup B (figure 1A).
However, this result was considered to be a false positive since
no fragments were generated by the primer for 16S B rDNA
(figure 1B). Kittayapong (11) and Ruang-Areerate (22) have
previously shown that the wsp B primer yields false positive
results for this Wolbachia supergroup because of cross-
reactions; similar findings have been described by Coscrato (3)

and Marcon (16). Together, these studies indicate that the
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conclusive identification of Wolbachia supergroup A in
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Anastrepha requires the use of wsp and 16S rDNA primers.
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Figure 1. Electrophoresis of Anastrepha sp.1 samples in 1% agarose gels containing 1% ethidium bromide, after amplification. In

(A), the primers used were wsp A in lanes 2A-6A and wsp B in lanes 7B-11B. In (B), the primers used were for 16S A rDNA in

lanes 2A-13A and 16S B rDNA in lanes 2B-13B.

We also compared the results obtained for the ftsZ primer
with those for the 16S and wsp primers, particularly since data
generated by the former primer have sometimes led to the
misidentification of Wolbachia. No Wolbachia were detected
in the 66 samples incubated with the ftsZ primer, a finding in
agreement with previous studies that have also used this primer
to screen for these bacteria in other insects (7, 9, 30).

The ftsZ gene is of particular importance because of the

potential usefulness of its product for detecting Wolbachia,

identifying supergroups and performing phylogenetic analyses.
We therefore sought to optimize the PCR protocol for this
primer by altering the concentrations of DNA, MgCl,, dNTPs,
primers and 7ag DNA polymerase and quality of the DNA in
order to detect Wolbachia in Anastrepha (Table 2). When the
volume of DNA in the reaction was decreased to 3 pl (50
ng/ul), Walbachia was detected in 27% of Anastrepha sp.1
(Jacarei) samples (Table 3). Based on these results, this volume

of DNA was used in subsequent reactions.
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Table 2. Modifications in the reagent concentrations and volumes of the PCR reactions (ftsZ I-VIII) used to detect Wolbachia in

Anastrepha with the ftsZ primer.

PCR reaction Reagents Concentration Volume (ul)
fsZ 1 DNA 50 ng/ul 3.00%*
fisZ 11 MgCl, 50 mM 0.50%*

DNA 50 ng/ul 3.00
StsZ 111 Primer F 8 UM* 0.50
Primer R 8 UM* 0.50
DNA 50 ng/ul 3.00%*
fisZIV MgCl, 50 mM 0.50%*
Primer F 8 UM* 0.50
Primer R 8 UM* 0.50
DNA 50 ng/ul 3.00
fisZV DNTP 10 mM 0.50%*
MgCl, 50 mM 0.50%*
DNA 50 ng/ul 3.00%*
ftsZ V1 DNTP 10 mM 0.50%*
MgCl, 50 mM 0.50%*
Primer F 8 UM* 0.50
Primer R 8 UM* 0.50
DNA 50 ng/ul 3.00%*
ftsZ V11 Taqg DNA polymerase 1 unit 0.25%
DNA 50 ng/ul 3.00
JftsZ VIII Fresh DNA* 50 ng/ul 5.00

*Alteration in PCR conditions (reagent concentration and/or volume).

Table 3. Efficiency of the ftsZ primer in detecting Wolbachia in Anastrepha samples using the altered protocols (ftsZ I-VIII)
described in Table 2.

Protocols Samples Total
A.sp.1 (Jac) A.sp.1(SN) A.sp.2 (Cag) A.sp.3(Cag)
ftsZ 1 27% - - - 4%
ftsZ 11 - - - - -
ftsZ 11 - - -
ftsZ. IV - - - - -
ftsZ.V - - - - -
ftsZ. V1 - - - -
ftsZ. V11 63.3% 42.1% 40.0% 45.0% 44.9%
ftsZ VIII 55% - n n 20.2%

Collection sites: Jac — Jacarei; SN — Serra Negra; Cag — Caraguatatuba.
(-): absence of fragment.
(n): not tested with the protocol indicated.
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No Wolbachia were detected with protocols ftsZ 11, 1II,
IV, V and VI (Table 2), indicating that the alterations
incorporated in these reactions did not improve the efficiency
of detection. In reaction ftsZ VII in which the volume of Tag
DNA polymerase was changed and the number of cycles was
increased from 35 to 40 (in order to enhance the number of
DNA fragments) (Table 2), Wolbachia was detected in 44.9%
of the samples (Table 3). However, this protocol showed poor
reproducibility for the same sample analyzed at different times
(Figure 2A, B). Similar findings were reported by Jeyaprakash
and Hoy (9) for other arthropod species and these authors
proposed that DNA present in the reaction could interfere with
Taq DNA polymerase activity to generate false negatives.

Werren and Windsor (30) observed that the quality of
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DNA was a determinant factor in the successful detection of
Wolbachia with the ftsZ primer and recommended that only
newly extracted DNA be used for the PCR, i.e., one should
avoid using DNA stored at -20°C. To examine the influence of
DNA quality on the detection of Wolbachia with the ftsZ
primer we extracted DNA from Anastrepha sp.1 (Jacarei and
Serra Negra) and used it in protocol VIII, along with the wsp
and 16S rDNA primers. In these conditions, Walbachia was
detected in 20.2% of the samples screened with the ftsZ primer
(Table 3), whereas all of the samples tested with the wsp and
16S rDNA primers were positive for the bacteria. These
findings confirm the low sensitivity of the ftsZ primer in
detecting Wolbachia in Anastrepha, despite the alterations in

the extraction and amplification protocols.

9 10 11 12 13

Figure 2. Electrophoresis of Anastrepha sp. 1 (Jacarei) samples in 1% agarose gels containing 1% ethidium bromide, after

amplification with the primers ftsZ (A) and ftsZ (B). The Anastrepha sp.1 samples are in lanes 2-5 in (A) and lanes 2-13 in (B).

Lane 1 - 100 bp ladder. Arrows indicate the presence of fragments. ? = presence of fragment in column B3 uncertain.

Together, the results of this study indicate that the most
efficient way of detecting Wolbachia in Anastrepha, and of
identifying the relevant supergroup and making phylogenetic
inferences, is through the combined use of 16S rDNA and wsp
primers. The 16S rDNA primer can be used by itself to detect
Wolbachia and identify supergroups. However, since this
primer is for preserved gene it is inappropriate for phylogenetic

and population analyses. This limitation can be overcome by

concomitant use of the wsp primer, which by itself is
inappropriate for identifying Wolbachia supergroups A and B.
The variability of wsp makes primers of this gene particularly

useful for phylogenetic and population analyses.
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