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Abstract: Aleurocanthus spiniferus (Quaintance) (Hemiptera: Aleyrodidae) has rapidly
spread, mainly in the central and eastern Mediterranean coastal area, infesting various
new host plants alongside known ones. This invasive species poses a significant threat to
agricultural ecosystems, necessitating urgent action to monitor and control outbreaks in
previously pest-free areas. While entomological and morphological recognitions are crucial
for initial detection, challenges often arise in quickly identifying different developmental
stages or genus-level distinctions, particularly in surveys conducted by personnel with lim-
ited entomological skills. Due to these challenges, a qPCR probe protocol was developed to
enhance the diagnostic capacity of laboratories responsible for the territorial control of pests.
This biomolecular tool integrates morphological surveys, enabling prompt and reliable
proof of A. spiniferus presence in free areas, delimited territories, or during phytosanitary
import inspections. The protocol’s high analytical specificity, inclusivity, and exclusivity
ensure accurate identification of A. spiniferus, while its low limit of detection and high
repeatability and reproducibility reinforce its utility as a standardized diagnostic method.
By facilitating prompt and targeted control efforts, this innovative approach strengthens the
resilience of agricultural systems against the widespread threat of A. spiniferus infestations.

Keywords: early detection; invasive pest; molecular diagnostics; prompt diagnosis;
Spiny Blackfly

1. Introduction
The genus Aleurocanthus (Hemiptera: Aleyrodidae) currently comprises 92 species [1],

and of these just over 10 are associated with citrus or related plants [2]. Among these 10,
only Aleurocanthus citriperdus Quaintance & Baker, Aleurocanthus spiniferus (Quaintance),
and Aleurocanthus woglumi Ashby could cause significant economic damage to citrus [3].

While A. woglumi has extensively spread across the Americas and A. citriperdus has
spread westward to the Indo-Pacific region, A. spiniferus, albeit also of oriental origin, has
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reached the Mediterranean basin [4]. Aleurocanthus spiniferus, commonly known as the
Orange Spiny Whitefly, originally hails from China, as well as southern and southeastern
Asian regions. Over the course of a century, A. spiniferus has spread to various regions,
including other Asian territories, Africa, Australia, and the Pacific Islands. The invasion
in Europe began in Italy in 2008, with its discovery in southern Apulia [5] marking the
outset of an initial gradual northward expansion [6–8]. Initially, the spread of A. spiniferus
appeared to be confined to the coastal Adriatic region of Croatia, Montenegro, Greece, and,
recently, France [9–13]. However, starting from 2017 there have been findings of this pest in
other mainland areas and islands of Italy [4,14–16] and Europe (Belgium, Netherlands, and
Czech Republic) with imported plant material [14,17].

The Orange Spiny Whitefly is currently included in the EPPO list (A2) as a quarantine
pest threatening Europe [18]. Aleurocanthus spiniferus poses a significant risk to citrus pro-
duction [16]. The primary concern stems from its polyphagy and ability to self-propagate,
making it an important hazard to citrus crops. However, apart from the main hosts (Citrus
spp.), as it expanded its distribution range the Orange Spiny Whitefly has been found
on different hosts and can infest fruits, vegetables, and ornamental plants belonging to
different botanical families [6,15,19,20].

Plants infested by A. spiniferus show general weakness, attributable to sap loss or
even to indirect damage caused by the production of honeydew. The abundant production
of honeydew causes the development of sooty molds, resulting in a severe reduction in
photosynthesis and respiration activities [21]. Thus, trees extensively infested exhibit an
almost entirely blackened aspect, which renders the fruits unsuitable for the market (EFSA
2018). Aleurocanthus spiniferus infestations have also been found to adversely affect the
physicochemical properties of citrus fruits [22]. The use of chemical methods to control
A. spiniferus has proven ineffective [21], and inadequately timed treatments appear to be
counterproductive, exacerbating the severity of infestations [23]. This could occur due
to the potential development of resistant populations, as has already occurred with the
congener Aleurocanthus woglumi Ashby [24], and the adverse effects on non-target insects,
including potential natural predators of A. spiniferus [19,25–27].

In the infested zone, several species of natural antagonists have been observed. Partic-
ularly, the predators Delphastus catalinae Horn and Serangium montazerii Fürsch (Coleoptera:
Coccinellidae) have been identified [15,25], and there are also frequent findings of para-
sitoids that may have a specific affinity or show some adaptability to A. spiniferus [19,26–29].

The recent discoveries of A. spiniferus in various locations across Italy and Europe
underscore the unstoppable spread of this species. Given the increasing number of new
outbreaks and the challenges in accurately distinguishing between different species using
traditional entomological techniques, like genus-level identification keys, not all Aleurocan-
thus species can be reliably identified at the species level [4]. This issue is exacerbated by
the finding of additional closely related species, such as Aleurocanthus camelliae Kanmiya &
Kasai, which infests ornamental plants [30,31]. The methodologies used and developed
thus far to differentiate the species rely on slide mounting and microscopic examination [30].
However, these methodologies encounter three notable challenges: they require proficient
observers, they may not encompass all congeneric or similar species comprehensively, and
they are time-consuming.

Given the substantial influx of alien species into Europe through legal and illegal plant
material trade and the potential for invasiveness [32–34], there is an immediate necessity to
develop rapid, reliable, sensitive, and accurate diagnostic tools. Such advancements would
allow the interception of regulated and unregulated species, not only at points of entry
but also within agricultural areas. By enhancing the identification of infestations, targeted
control programs can be implemented to attenuate the propagation of potentially harmful
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species within the agricultural domain, thereby fortifying biodiversity preservation efforts.
Biomolecular methods are particularly promising, but so far, with the exclusion of a protocol
for DNA barcoding based on COI [35], not many diagnostic methods have been developed,
and often the sequence data available are problematic. Many of the deposited sequences
correspond to other genetic portions, are contaminated with no-target DNA (such parasitoids),
and reveal multiple haplotypes, potentially indicating a species complex [36].

In this scenario, this study introduces a real-time PCR probe test using species-specific
primers and probes for A. spiniferus. The development of this new test and the evaluation
of its main performance characteristics could ensure the adequacy and eligibility of the test
as a standardized method for routine diagnostics within the EPPO region, based on the
criteria established in PM 7/98 [37].

2. Materials and Methods
2.1. Insect Sampling and Identification

Starting from 2020, several developmental stages of A. spiniferus were taken from
different parts of Italy to test the effectiveness of the developed method on different A.
spiniferus invasive populations (Table 1). The first identification of Aleurocanthus sp. was
carried out based on morphological characters [30,36].

Table 1. Insect samples (target and non-target specimens) used in this study along with Cq values
and standard deviations (SDs). Abbreviations: IPSP = Institute for Sustainable Plant Protection;
PPS-T = Plant Protection Service, Tuscany; UC = University of Catania; N 1-2-3 = 1st, 2nd, and 3rd
nymphal stage; P = puparia; A = adult; LC = leaf tag with colony.

Species Code Coordinates Host Plant Stage Supplier Cq ± SD

Aleurocanthus
spiniferus

A.S. AA 142 40◦52′ N; 14◦29′ E Vitis vinifera A IPSP 20.23 ± 0.12
A.S. AA 143 IPSP 20.34 ± 0.28
A.S. AA 144 40◦52′ N;14◦30′ E Prunus sp. N1 IPSP 23.02 ± 0.11
A.S. AA 145 IPSP 22.31 ± 0.27
A.S. AA 146 40◦50′ N; 14◦31′ E Citrus reticulata N1 IPSP 25.65 ± 0.33

A.S. AA 149 40◦52′ N; 14◦29′ E Citrus ×
paradisi N2 IPSP 20.14 ± 0.37

A.S. AA 154

40◦40′ N; 14◦45′ E

Vitis sp. A IPSP 20.21 ± 0.21
A.S. AA 155

N3
IPSP 23.67 ± 0.34

A.S. AA 156 Citrus sp. IPSP 22.65 ± 0.21
A.S. AA 158 Edera helix IPSP 21.23 ± 0.26
A.S. AA 159 A IPSP 25.98 ± 0.18
A.S. AA 160

40◦44′ N; 14◦38′ E Rosa sp.
P IPSP 24.23 ± 0.15

A.S. AA 161 A IPSP 21.56 ± 0.07
A.S. AA 162 A IPSP 22.54 ± 0.08
A.S. AA 164 40◦52′ N; 14◦29′ E V. vinifera A IPSP 23.65 ± 0.13
A.S. AA 166 40◦52′ N; 14◦30′ E Prunus sp. P IPSP 23.45 ± 0.09
A.S. AA 168 Citrus × limon IPSP 23.76 ± 0.11
A.S. AA 170 40◦40′ N; 14◦45′ E Vitis sp. N2 IPSP 22.87 ± 0.14
A.S. AA 171 Citrus sp. IPSP 22.43 ± 0.16
A.S. AA 504 40◦42′ N; 14◦42′ E Citrus sp. N3 IPSP 21.56 ± 0.18
A.S. AA 509 40◦50′ N; 14◦31′ E Citrus sp. N2 IPSP 25.76 ± 0.13
A.S. AA 510 45◦04′ N; 11◦47′ E Citrus sp. P IPSP 21.23 ± 0.15
A.S. AA 511 LC IPSP 25,56 ± 0.43

MR4110 43◦50′ N; 11◦09′ E Rosa sp. LC PPS-T 26.71 ± 0.38
MR4111 43◦51′ N; 11◦05′ E Citrus sp. LC PPS-T 25.21 ± 0.37
MR4112 44◦03′ N; 10◦03′ E Citrus sp. LC PPS-T 24.21 ± 0.52
MR4113 43◦46′ N; 11◦17′ E Prunus sp. LC PPS-T 25.34 ± 0.47
MR4114 42◦24′ N; 11◦12′ E Citrus sp. LC PPS-T 24.46 ± 0.46
MR4115 43◦13′ N; 10◦35′ E V. vinifera LC PPS-T 25.76± 0.54
A.S. 1_a 37◦13′ N; 14◦32′ E Citrus sp. A UC 21.34 ± 0.24
A.S. 1_b Citrus sp. N3 UC 23.75 ± 0.21

A.S. 2 40◦35′ N; 17◦05′ E Citrus sp. N2 UC 23.91 ± 0.45
A.S. 3 40◦35′ N; 16◦58′ E Citrus sp. N2 UC 22.41 ± 0.23
A.S. 4 41◦25′ N; 12◦57′ E Citrus sp. N3 UC 23.87 ± 0.14
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Table 1. Cont.

Species Code Coordinates Host Plant Stage Supplier Cq ± SD

Aleurocanthus
camelliae

LabDB_3080 43◦56′ N; 10◦53′ E Camellia
sasanqua

A PPS-T N/A
MR 001683 A PPS-T N/A
MR 001684 43◦54′ N; 10◦58′ E A PPS-T N/A

Planococcus citri
MR 001685 43◦33′ N; 10◦19′ E Citrus sp. A PPS-T N/A
MR 001686 43◦09′ N; 10◦36′ E A PPS-T N/A
MR 001687 42◦26′ N; 11◦13′ E Citrus sp. A PPS-T N/A

Dialeurodes citri LabDB_3086 43◦43′ N; 10◦21′ E Citrus sp. A PPS-T N/A

Planococcus ficus LabDB_3126 43◦51′ N; 10◦15′ E Vitis sp. A PPS-T N/A

Ricania
speculum In017In015C2 44◦16′ N; 9◦27′ E Laurus nobilis A PPS-T N/A

Saissetia oleae In062In049C2 43◦46′ N; 11◦13′ E Olea europaea A PPS-T N/A
In066In052C2 A PPS-T N/A

For the evaluation of the analytical specificity of the test (exclusivity), non-target
species were used, including specimens (adults and pre-imaginal stages) of different
species, collected in the field or obtained from the molecular insect collection available
at the Phytopathological Laboratory of the Pistoia Phytosanitary Service (Tuscany, Italy),
the University of Catania (CT) (Italy), and the Institute for Sustainable Plant Protection
(IPSP—CNR) of Portici (NA) (Italy). When collected in the field, specimens were placed
in 1.5 mL Eppendorf or 50 mL Falcon tubes, killed in 70% ethanol and carried to the
laboratory in double-sealed plastic bags, and then frozen (−20 ◦C) and stored until use.
The samples analyzed in this study, along with non-target samples, are reported in Table 1,
and include adults, immature stages (nymphs and puparia), and leaf discs. Leaf discs were
collected using a steel cylinder with an internal diameter of 1 cm, and the cylinder was
flame-sterilized after each cut. To ensure a representative sample, each disc contained at
least five distinguishable juvenile stages of A. spiniferus. The choice to include samples of
leaves with colonies arises from the natural behavior of the Orange Spiny Whitefly, which
usually creates copious overlapping colonies, because its colonies are usually covered by
sooty mold, which could be a limiting factor in molecular analyses, especially if sooty mold
layers cover any presence of other phytophagous insects.

2.2. DNA Extraction

DNA extractions on target and non-target samples were performed according to
the extraction protocol as in [38] with some slight modifications including a preliminary
digestion with Proteinase K and RNase A. Briefly, each stage of the insect or each leaf
disc was grounded individually and homogenized in 2.0 mL microtubes with 3 mm
tungsten beads and 600 µL of 2% CTAB extraction buffer [38] with a Mixer Mill MM
200 (Retsch, Torre Boldone, Italy) at low speed (20 oscillations) for 10 s. Each lysate was
supplemented with 40 µL Proteinase K (20 mg/mL) (Promega, Madison, WI, USA) and
20 µL RNase A (4 mg/mL) (Promega, Madison, WI, USA) and incubated at 60 ◦C for
30 min. One volume of chloroform was added, thoroughly mixed, and then centrifuged
at 20,000× g at 4 ◦C for 10 min. A total of 400 µL of the upper phase was discarded,
and an equal volume of isopropanol was added for further centrifugation at 20,000× g
at 4 ◦C for 10 min. The resulting pellet was washed with 500 µL of 70% ethanol before
re-suspension in 100 µL of sterile, nuclease-free water. The quantification (ng/µL) and
evaluation of the degree of contamination (A260/280 ratios) of the extracted DNAs were
performed using the QIAxpert spectrophotometer (Qiagen, Hilden, Germany) as in [38].
For each stage of development (leaf discs included) the quantification and degree of
contamination were averaged from each quantization made. Furthermore, to quantitatively
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assess the extracted DNA and its suitability for real-time PCR assays, the DNA samples
were amplified by performing a probe-targeted real-time PCR as in [39] on the highly
conserved 18S ribosomal DNA region using a CFX96 thermal cycler (Bio-Rad, Hercules,
CA, USA) as in [40]. Additionally, 1 µL of the extracted DNA was amplified following
the protocol described in [15,35] and subsequently sequenced to confirm the preliminary
morphological identification. The obtained sequences were compared with the genetic
databases GenBank, BOLD, and the EPPO Q-Bank (www.ncbi.nlm.nih.gov/genbank/;
www.boldsystems.org; https://qbank.eppo.int/-last) (accessed on 2 February 2025).

2.3. Design of A. spiniferus Primers and Probes

The software OligoArchitectTM Primers and Probe Design Online (Sigma-Aldrich,
St. Louis, MO, USA) was used to design the primer pairs and probe based on the conserved
Cytochrome C Oxidase Subunit I region (Accession number MN662925) of the mitochon-
drial genome of A. spiniferus (Table 2). Primer and probe design considered primer melting
temperatures, amplicon length, and the absence of secondary structures as in [40] and were
synthesized by Eurofins Genomics (Ebersberg, Germany). To assess the specificity of the
designed primers, an in silico run was performed with the BLAST® software (Basic Local
Alignment Search Tool; 2.14 version, http://www.ncbi.nlm.nih.gov/blast) (accessed on 18
October 2024). To enhance specificity assessment in silico, the nucleotide sequences linked
to the designed qPCR probe were aligned utilizing the MAFFT software Version 7 [41] inte-
grated within the Geneious 10.2.6 software (Biomatters, Auckland, New Zealand) [42]. The
results of the in-silico analyses revealed that the analyzed assays displayed no significant
matches or extended sequences with non-target organisms in the database (Figure S1). The
inclusivity involved comparing sequences associated with A. spiniferus from diverse host
and geographical origins worldwide with the reference sequence (Figure S1), while exclu-
sivity entailed testing as many non-target species as possible to underscore the specificity
of the assay (Figure S2). Non-target species included congeneric species (Aleurocanthus
arecae David & Manjunatha, Aleurocanthus bangalorensis Dubey & Sundararaj, A. camelliae,
A. citriperdus, Aleurocanthus inceratus Silvestri, and A. woglumi) and other whitefly species.

Table 2. Primers and probe of the real-time PCR developed in the present work.

Primer/Probe Name Length
(Bases) Sequence 5′–3′ Nucleotide Position Product Size

(bp)
Reference
Sequence

Aspin_10F 19 GCCGTTATTCTGATTATGG 10–29
112 MN662925Aspin_121R 22 GACTCCATCACTAAATAGTAAA 121–99

Aspin_81P 26
FAM—

AACTTAACAGCCTGCCTATAGATGAA—
BHQ1

81–55

2.4. Real-Time PCR Optimization

The primer annealing temperatures ideal for qPCR amplification were established
through the assessment carried out in [38]. Starting from the suggestion provided by probe
and primer design software, a temperature gradient ranging from 50 ◦C to 55 ◦C was tested
(based on the tests carried out), and the primer and probe concentrations varied from 0.2
to 0.5 µM. Primer and probe concentrations were tested as in [43] and the QuantiNova
Probe PCR Master Mix Kit (Qiagen, Hilden, Germany) (at 1 × concentration) was used
in a 20 µL final reaction mix and real-time PCR amplification reactions were performed
in a CFX96 thermal cycler (Bio-Rad, Hercules, CA, USA). In addition, for each reaction
two samples containing 2 µL of nuclease-free water were tested as a No Template Control
(NTC). Raw data were analyzed with CFX Maestro 2.3 software (Bio-Rad, Hercules, CA,
USA) and samples were considered positive when the real-time PCR curves showed a clear
inflection point (in addition to increasing kinetics) and Cq values < 35.

www.ncbi.nlm.nih.gov/genbank/
www.boldsystems.org
https://qbank.eppo.int/-last
http://www.ncbi.nlm.nih.gov/blast
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2.5. Performance Characteristics

With the ultimate aim of establishing the test as a standardized method, the following
pertinent characteristics were determined:

- Analytical specificity: comparing both the tested targets (inclusivity) and non-targets
(exclusivity) in the same amplification reactions with a real-time PCR, tested using nor-
malized genomic DNA from target and non-target organisms at a final concentration
of 10 ng/µL.

- Analytical sensitivity (limit of detection—LoD) was assessed using a 10-fold 1:5 serial
dilution in triplicate of genomic DNA extracts from single adults. The evaluation range
was between 5 ng/µL and 5.12 fg/µL. All dilution measurements were performed with
QIAxpert (Qiagen Hilden, Germany). Mean Cq values and their standard deviations
(SDs) were calculated for the target species.

- For the repeatability test, the diagnostic protocols were tested on 8 adult samples of A.
spiniferus in triplicate. The reproducibility test was carried out on the same samples by
two different operators on different days as in [31,38]. DNA extracts were normalized
to a concentration of 0.04 ng/µL (corresponding to the third serial dilution used in the
analytical sensitivity test).

3. Results
3.1. DNA Extraction

The average DNA concentrations (ng/µL) resulting from the DNA extraction per-
formed on different developmental stages and pools of A. spiniferus are reported in Table 3.
The purity of the samples, expressed as absorbance ratios (A260/280), resulted on average
in values higher than 1.8. The qPCR amplification, to test the amplifiability of the 18S
ribosomal gene, shows average Cq values from 18.0 to 21.45, calculated across the samples
belonging to each category (i.e., adults, juvenile stages, and leaf discs). The obtained
sequences confirmed the morphological identification by showing a similarity of over 99%
with other sequences of A. spiniferus deposited in the considered genetic databases.

Table 3. Average concentrations of DNA extraction and respective standard deviations, absorbance
ratios (A260/280), and mean Cq values of 18S for the A. spiniferus assayed samples.

Developmental Stage DNA Concentration (ng/µL) ± SD A260/280 Ratio Cq (18S) Cq qPCR Probe
(Aleu. spiniferus)

Adults 36.1 ± 4.53 1.92 ± 0.23 18.01 ± 1.56 22.15 ± 1.54
Juvenile stages 28.2 ± 3.25 1.86 ± 0.21 20.15 ± 2.12 23.45 ± 2.35

Leaf Discs 45.2 ± 2.32 1.98 ± 0.18 21.45 ± 2.36 24.56 ± 3.21

3.2. TaqMan Probe Protocol Real-Time PCR Optimization

The optimization process yielded the following results: the ideal reaction mixture
parameters for the TaqMan probe were achieved using 10 µL of the QuantiNova Probe
PCR Master Mix (Qiagen, Hilden, Germany) with primer and probe concentrations of
0.4 µM and 0.2 µM, respectively. The experimental results confirmed that the optimal
annealing temperature for consistent amplification was 53 ◦C. Consequently, the optimal
thermal protocol established includes an initial denaturation at 95 ◦C for 2 min, followed
by 40 cycles of 95 ◦C for 10 s and an annealing/extension step at 53 ◦C for 40 s.

3.3. Performance Characteristics

The performance evaluation of the developed test demonstrated its reliability and
accuracy through various parameters. The results from the analytical specificity assay con-
firmed that the test was inclusive for A. spiniferus samples while remaining fully exclusive
to non-target organisms (Table 1).
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The LoD experimental determination of the limit of detection (LoD) established the
sensitivity at 0.064 pg/µL with a corresponding mean Cq value of 37.4 ± 1.592 S.D. (Table 4).
Beyond this threshold, the final two dilutions (0.0128 pg/µL and 5.12 fg/µL) consistently
failed to produce amplification, underscoring the assay’s detection limits. The test exhibited
strong linearity, with an R2 value of 0.997, and a 100% response rate across technical
replicates (Figure 1).

Table 4. Serial dilutions with their detection limits from adult DNA extract of A. spiniferus (specimen
A.S. 1_a in Table 1). Cq values were considered negative when >35.

Concentration
Technical Replicates

Cq Mean ± S.D.
A B C

5 ng/µL 20.92 20.63 20.79 20.78 ± 0.145
1 ng/µL 23.07 22.91 23.08 23.02 ± 0.095

200 pg/µL 25.28 25.12 25.41 25.27 ± 0.090
40 pg/µL 26.71 26.77 27.13 26.87 ± 0.227
8 pg/µL 28.85 29.32 29.57 29.25 ± 0.366

1.6 pg/µL 31.27 30.98 31.87 31.37 ± 0.454
0.32 pg/µL 33.58 35.78 33.3 34.22 ± 1.358

0.064 pg/µL 35.71 38.87 37.63 37.4 ± 1.592
0.0128 pg/µL N.A. N.A. N.A. -

5.12 fg/µL N.A. N.A. N.A. -
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Figure 1. Amplification curves (A) and standard curves (B) relating to the qPCR probe assay using
serial dilutions (1:5) of A. spiniferus DNA from 1 ng/µL to 0.32 pg/µL.

Furthermore, repeatability and reproducibility tests demonstrated consistent results,
with standard deviations not exceeding 0.5 (Table 5). The corresponding mean Cq val-
ues (±SD) for repeatability and reproducibility were 27.41 ± 0.294 and 27.36 ± 0.245,
respectively.
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Table 5. Repeatability and reproducibility values with indication of replicates and corresponding Cq
mean values at a concentration of 40 pg/µL on extracted DNA.

Repeatability

Test 1 2 3 4 5 6 7 8

A 27.16 27.79 27.94 27.92 27.26 27.6 27.7 27.9
B 27.64 27.46 27.43 27.27 27.35 27.41 27.56 27.13
C 27.54 27.08 27.21 27.05 26.98 27.03 27.21 27.3

Cq Mean ± S.D. 27.45 ± 0.253 27.44 ± 0.269 27.53 ± 0.156 27.41 ± 0.156 27.20 ± 0.262 27.35 ± 0.269 27.49 ± 0.247 27.44 ± 0.120

Reproducibility

Test 1 2 3 4 5 6 7 8

A 27.51 27.19 27.1 27.09 27.22 27.04 27.31 27.33
B 27.77 27.16 27.18 27.24 27.55 27.63 27.14 27.18
C 27.52 27.13 27.12 27.54 27.86 27.57 27.76 27.4

Cq Mean ± S.D. 27.6 ± 0.147 27.16 ± 0.030 27.13 ± 0.042 27.29 ± 0.229 27.54 ± 0.320 27.41 ± 0.325 27.40 ± 0.320 27.30 ± 0.112

4. Discussion
After the first record in 2008 in southeastern Italy [5], A. spiniferus has gradually spread

throughout Europe [6,8,9,11–13,15], infesting several new host plants in addition to the
already known ones [15,19]. This invasive species has considerable potential to severely
reduce the production and development of some common species in Mediterranean or-
chards and gardens [44]. Like other alien pests, it is extremely important to promptly
survey previously pest-free areas for new outbreaks or new findings. Therefore, mor-
phological identification seems the most straightforward methodology to employ at the
beginning. However, interpretative uncertainties frequently may arise regarding various
developmental stages or at the genus level, especially during surveys carried out by per-
sonnel with highly specialized entomological skills. The biomolecular and genetic tool
therefore assumes, like other pests [31,38,40], considerable importance in ascertaining and
unambiguously defining whether or not the pests found belong to the invasive species A.
spiniferus. The speed of execution and prompt analytical response may add to the initial
morphological diagnosis, sometimes provisional, a definitive identification to thus record
a new finding or delineate the boundaries of infested areas or new host plants. The here-
developed and -validated qPCR probe protocol can, therefore, provide valuable support
for the territorial monitoring and control activities of incoming plant material at entry
points. The proposed protocol to extract DNA from these matrices (eggs, nymphs, puparia,
and adults) shows good DNA quality extracts even considering “difficult” matrices, like
single small insects such as whiteflies. One significant aspect involves the extraction of
various stages of whiteflies from affected leaves or plant material to promptly identify the
type of whitefly present. This approach enables immediate diagnosis of the occurrence
of pests by considering all material found on the infested plant parts. In particular, it is
considerably interesting that the method shows the ability to identify pooled samples,
even with leaf discs. This would allow for the use of infested plant parts, with numer-
ous overlapping populations of the target insect and, in the most significant cases, even
with heterogeneous infestations (composed of multiple biological entities together), to
still obtain a reliable result. The protocol described here gave results in line with those
expected based on similar previous work on other quarantine or priority pests [31,38,40].
In particular, the here-developed assay showed optimal analytical specificity, resulting in a
test that was completely inclusive for A. spiniferus while remaining exclusive to non-target
organisms. It has been demonstrated, both in silico and in vivo, to accurately identify
all the tested Orange Spiny Whitefly specimens from different localities and different
host plants. Notably, the assay’s sensitivity with a limit of detection (LoD) of 0.32 pg/µL
ensures its utility for detecting low-density populations in the field, which is critical for
early interception of outbreaks. Furthermore, the assay’s high reproducibility (standard
deviation < 0.5) makes it particularly reliable for use across laboratories and operators,
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reducing potential diagnostic inconsistencies. The presence of genetic variability within
A. spiniferus has been previously reported, with some studies suggesting the existence
of cryptic lineages or even a species complex [36]. This variability has been observed
in sequences available in public databases, where certain accessions exhibit high genetic
distances from the majority of deposited A. spiniferus sequences. While this could indicate
taxonomic uncertainties or potential misidentifications, it also highlights the importance of
continuous molecular surveillance. Our assay was designed to target the most conserved
and representative regions of A. spiniferus, ensuring high specificity for the currently recog-
nized species. In silico and experimental validations confirmed that the probe and primers
effectively amplify all major haplotypes associated with A. spiniferus, reinforcing the robust-
ness of the assay. However, as taxonomic revisions progress and additional genetic data
become available, further refinements may be necessary to accommodate potential cryptic
diversity within A. spiniferus. Despite these considerations, our diagnostic tool remains
highly reliable for species-level identification and can support phytosanitary measures and
surveillance programs with high accuracy. Additionally, although some of these samples
exhibited various mitochondrial haplotypes [15], the developed technique yielded positive
results, overcoming this potential issue. The results demonstrated 100% compliance in
terms of repeatability and reproducibility with the expected outcomes. Furthermore, the
results demonstrated a standard deviation not exceeding 0.5, indicating minimal intra-and
inter-specific variability [45]. The qPCR probe protocol developed therefore increases
the diagnostic capacity of laboratories responsible for the territorial control of invasive
pests by guaranteeing a timeliness of execution and simultaneously a reliability of results.
Hence, this biomolecular tool can co-exist with morphological investigations related to
verifying the presence of A. spiniferus in free areas, delimited areas, or phytosanitary import
controls. The protocol also adheres to EPPO PM 7/98 requirements [37], further validating
its potential as a standardized method for diagnostic laboratories.

5. Conclusions
The new diagnostic protocol based on a real-time PCR with a TaqMan probe is a pow-

erful tool for the early and accurate identification of Aleurocanthus spiniferus. It overcomes
challenges in invasive species diagnostics, offering greater precision and reliability than
traditional morphological methods. With its high specificity, sensitivity, and reproducibility,
the protocol supports timely monitoring and targeted interventions at entry points and
agricultural areas.

The protocol aligns with EPPO PM 7/98 standards [37], making it suitable as a stan-
dardized method for routine diagnostics. This ensures consistent results across laboratories
and strengthens its role in managing invasive pests.

In addition to its diagnostic benefits, the protocol can integrate into pest manage-
ment systems, boosting the resilience of European agriculture against invasive species.
Future research could expand its use to other invasive species or adapt it for regions with
limited resources.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/agriculture15040414/s1. Figure S1: Inclusiveness of the qPCR
probe assay. Sequences of Aleurocanthus spiniferus belonging to different populations and from
different locations were retrieved from GenBank through alignments based on the in silico theoretical
qPCR probe amplicon. Figure S2: Alignments resulting from the in silico theoretical probe amplicon
and sequences of the related organisms present in GenBank. In the network congeneric species and
other whitefly species were compared.

https://www.mdpi.com/article/10.3390/agriculture15040414/s1
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