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Abstract: The European Union (EU) is facing the recent arrival of the bacterium Xylella fastidiosa.
Its fast spread has caused great alarm because of the economic impact it implies for the agroeconomy
of European countries. Among its insect vectors, Philaenus spumarius has been demonstrated to
transmit the bacterium from infected to uninfected trees in the EU, where different measures have
been established to control it. One of the proposals to manage this vector is the augmentation of
natural enemy populations. However, the identification of candidate predator species is essential if
such a management system is to be introduced. The present paper describes a set of species-specific
primers designed to detect the presence of P. spumarius DNA in soil arthropod fauna generalist
predators’ gut which can reveal candidate species for the pest’s biological control. Such primers have
been proven to be a useful and reliable taxonomic tool for P. spumarius identification at any life stage,
i.e., nymphs. This rapid and accurate identification is essential for control strategies designed to
avoid the spread of the pest and consequently the considerable economic losses it causes in crops.
Keywords: Olea europaea; predation; Xylella fastidiosa; Philaenus spumarius; DNA; primers; specificity;
sensitivity; cytochrome oxidase subunit I

1. Introduction
Olive quick decline syndrome (OQDS) is a new severe disease with which the bacterium
Xylella fastidiosa subsp pauca Wells et al. (1987) is strongly associated. In early stages, the disease
can be asymptomatic but usually causes leaf scorching, extensive dieback, and finally, the death of
the entire plant affected [1]. As the European Union (EU) produces 73.2% and 34.4% of the world’s
olive oil and table olives, respectively [2], the recent arrival of X. fastidiosa to Europe has triggered an
alarm due to the huge impact it could have for the economies of those countries that produce and
export table olives and olive oil. The first detection of the bacterium X. fastidiosa subsp pauca in the
EU territory was in olive trees in the Italian region of Apulia in 2013, with nearly 10,000 ha affected
by the strain ST53 [3]. In July 2015, the bacterium X. fastidiosa subsp multiplex was reported for the
first time in France [4]. Spain, the main producer and exporter of olive products worldwide, reported
the first X. fastidiosa subsp fastidiosa outbreak in Prunus avium in the Balearic Islands in October 2016
and confirmed the presence of X. fastidiosa subsp multiplex in the continental territory in June 2017 [5].
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By 2018, the presence of this subspecies of X. fastidiosa has been confirmed in olive groves in Madrid and
Andalucía, the main olive oil and table olives producer region in Spain [6] (pp. 72–76), [7] (pp. 146–150).
Until now, at least these three different subspecies of X. fastidiosa have been detected affecting
different plant species in the EU. Transmission of this wide host spectrum bacterium, with more than
300 different hosts, occurs through vector insects that inhabit the EU territory. Strict rules have been
introduced on the basis of a full pest risk assessment by the European Food Safety Authority [1].
The European Union adopted the executive decision 2015/789/UE to avoid the propagation of
X. fastidiosa. These measures have severe impact on the local agroeconomy and the environment
and include the removal and destruction of all host plants of X. fastidiosa and harsh phytosanitary
treatments against the vector [8].
In the EU, the meadow spittlebug Philaenus spumarius (Linnaeus, 1758) has been reported to be
a vector of X. fastidiosa, transmitting the bacteria from infected to uninfected plants, including olive
trees [9] (see also [10–12]), and P. italosignus and Neophilaenus campestris also possibly act as vectors [13].
P. spumarius is a ubiquitous and highly polyphagous species [14] that can feed on a large variety of
plant species, including olive trees [15]. Control programs for this vector integrate different measures
such as soil and vegetation management, application of insecticides, and augmentation of natural
enemy populations [1].
In this context, biological control mediated by predators may offer a solution to manage
P. spumarius populations, being the most environmentally friendly control strategy against X. fastidiosa.
The soil arthropod fauna in olive groves is composed of different taxa, and some of them, such as
spiders, carabids, or staphylinids, are generalist predators [16]. However, selecting the most
appropriate predator is often a difficult task, given that the trophic web is complex and that human
presence in the ecosystem alters the arthropods natural behaviour [17]. Also, postmortem visual
examination of the gut contents of candidate predators is usually unsuccessful given their feeding
habits and the size of preys’ remains [18]. To overcome this issue, PCR-based techniques allow for the
reliable identification of prey species DNA in their predators’ gut and require a species-specific primers
design. Gut content analysis, however, implies the detection of minute quantities of the prey’s DNA,
which is expected to be degraded by the digestive process [19,20]. Thus, amplifying small fragments
of multicopy genes can improve detection rates. It is for this reason that the mitochondrial genome is
a suitable target for primers design because of the presence of several copies per organelle and also
several organelles per cell. Likewise, the interspecific variability of the mitochondrial cytochrome
oxidase I (COI) gene, considered as the universal barcode for animal species identification [21], makes it
suitable for distinguishing at species level.
In addition, P. spumarius traditionally has been identified based on morphological characteristics.
To distinguish between the meadow spittlebug and other closely related species, such as those from
genus Neophilaenus, adults’ characteristics lend themselves for identification purposes. However,
the immature stages are hard to identify unambiguously because both of those genera are very similar.
Therefore, discrimination of these species using their morphological features is difficult at the early
stages and morphological characteristics alone are not reliable for proper identification, especially if
both species coexist in the same area, as in this case.
The aims of this work are, firstly, to develop several species-specific primer pairs of P. spumarius
DNA for molecular gut content analysis to identify future candidate predators of this species in the
field for biological control. Secondly, to use these primers as useful and reliable taxonomic tools for
P. spumarius identification at any life stage. A rapid an accurate identification of effective predators is
vital for control strategies designed to avoid the spread of this pest.
2. Materials and Methods
The 50 region of the mitochondrial COI gene was checked for in silico primer designing.
Over 200 sequences from the Philaenus genus (P. spumarius and closely related species), Aphrophoridae
members, and other potential predators arthropods present in the olive agroecosystem were retrieved
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Table 1. PCR primers designed to amplify P. spumarius COI gene fragment.
Table 1. PCR primers designed to amplify P. spumarius COI gene fragment.

Primer Name
Primer Sequence 5′–3′
Phi 1FName
GCTCCTGACATAGCATTCCCA
Primer
Primer Sequence 50 –30
Phi 2F
GCTTCCTCCTTCATTAACGCTT
Phi 1F
GCTCCTGACATAGCATTCCCA
PhiPhi
3F2F
CCTGACATAGCATTCCCACGA
GCTTCCTCCTTCATTAACGCTT
PhiPhi
4F3F
TGCTTCCTCCTTCATTAACGCTT
CCTGACATAGCATTCCCACGA
TGCTTCCTCCTTCATTAACGCTT
PhiPhi
1R4F
TAGCTAAATCAACACATGCACCAG
TAGCTAAATCAACACATGCACCAG
PhiPhi
2R1R
GGAGGATAAACTGTTCATCCC
Phi 2R

GGAGGATAAACTGTTCATCCC

Figure 1. Diagram showing primer combinations and COI amplicon sizes in base pairs. Dark and light
Figure 1. Diagram showing primer combinations and COI amplicon sizes in base pairs. Dark and
grey arrows indicate the designed primers (names in bold).
light grey arrows indicate the designed primers (names in bold).
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Then, the specificity of the designed primers for P. spumarius was assessed in PCR reactions
using 10 ng of DNA from the arthropod species stated above. The final volume was 12.5 µL with 6.25
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Then, the specificity of the designed primers for P. spumarius was assessed in PCR reactions using
10 ng of DNA from the arthropod species stated above. The final volume was 12.5 µL with 6.25 µL Taq
PCR Master Mix (Qiagen, Hilden, Germany), 0.8 mM of each primer, and 1.5 µM of MgCl2 . The PCR
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Figure 2. Specificity assays with the primer pair Phi 3F–Phi 2R. M: Low Molecular Weight DNA

Figure 2. Specificity assays with the primer pair Phi 3F–Phi 2R. M: Low Molecular Weight DNA Ladder
Ladder (New England Biolabs); Lanes 1–12 PCR reactions using as template 10 ng of DNA from: 1, P.
(New England Biolabs); Lanes 1–12 PCR reactions using as template 10 ng of DNA from: 1, P. spumarius;
spumarius; 2, Neophilaenus campestris; 3, Neophilaenus lineatus; 4, Cercopis intermedia; 5, T. nigerrimum; 6,
2, Neophilaenus
campestris;
3, Neophilaenus
4, Cercopis
intermedia;
5, negative
T. nigerrimum;
F. auricularia;
7, H. griseus;
8, O. barbarus;lineatus;
9, B. oleae;
10, S. globosum;
C-PCR
control.6, F. auricularia;
7, H. griseus; 8, O. barbarus; 9, B. oleae; 10, S. globosum; C-PCR negative control.
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These two primer combinations were thus very appropriate for molecular detection of P. spumarius
DNA under laboratory conditions. However, it was mandatory to test their efficacy in DNA analysis
of the gut content of spiders collected in olive orchards, the most abundant potential predators
during
spring according our previous surveys (data unpublished). In this first approach, the DNA
Sustainability 2018, 10, x FOR PEER REVIEW
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