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Abstract: Invasive alien plants represent one of the five major threats to biodiversity and the dis-
ruption of ecosystems. They are introduced through various routes, starting with commercial
trade. Preventing their introduction is essential to avoid the spread of new invasive plants. In
this paper, we propose a new early warning DNA barcoding tool for invasive plant detection.
Eight invasive alien species of European Union concern (i.e., Ludwigia grandiflora, Elodea nuttallii,
Myriophyllum aquaticum, Pontederia crassipes, Ailanthus altissima, Heracleum mantegazzianum, Impatiens
glandulifera, Pueraria montana) were selected and analysed. A unique DNA marker for each species
was identified and amplified using species-specific primers capable of identifying the presence of
alien species. To verify whether the approach could detect the presence of alien plants in urban areas
from lawn clippings, mixes with typical urban spontaneous plants and invasive species were tested.
In all mixes, only the invasive species was identified. This rapid detection capability will enable
environmental operators to intervene promptly to contain the spread of invasive plants before they
can cause significant damage to the local ecosystem. This tool could have a significant impact on the
protection of local biodiversity and the integrity of urban habitats.

Keywords: invasive alien species; invasive alien plant species; DNA barcoding; urban area; biodiversity;
biodiversity loss

1. Introduction

Invasive alien species (IAS) have been defined by the latest United Nation’s (UN)
Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES) report as
those whose presence in a specific region is due to human activities [1] and that, through
their spread, show a negative impact on biodiversity, local ecosystems and other species [2].
The European Commission has defined alien species as those that, upon introduction or
spread, have been found to threaten or adversely impact biodiversity and related ecosystem
services [3]. Globally, plants represent the second IAS in terms of abundance (i.e., 1061), just
below invertebrates (i.e., 1852) and followed by vertebrates (i.e., 461) and microorganisms
(i.e., 141) [4]. These figures, which are probably underestimated, will likely increase due
to global change in the near future, thereby enhancing the extent and impact of invaders
on the ecosystem [5]. Invasive alien plant species (IAPS) represent serious threats to local
biodiversity, ecosystem services, environmental quality and also cause health problems [6].
IAPS are known to negatively affect ecosystem functioning and structure mainly through
different actions, including the following: (i) decreasing overall diversity in terms of native
(i.e., animals and plants) species; (ii) altering soil (physical and chemical) properties and
microbial community functioning; (iii) changing firewood regime (i.e., frequency and

Diversity 2024, 16, 647. https:/ /doi.org/10.3390/d16100647

https:/ /www.mdpi.com/journal/diversity


https://doi.org/10.3390/d16100647
https://doi.org/10.3390/d16100647
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diversity
https://www.mdpi.com
https://orcid.org/0000-0003-1683-8660
https://orcid.org/0000-0001-6738-0122
https://orcid.org/0000-0002-9236-2177
https://orcid.org/0000-0003-1065-5804
https://doi.org/10.3390/d16100647
https://www.mdpi.com/journal/diversity
https://www.mdpi.com/article/10.3390/d16100647?type=check_update&version=1

Diversity 2024, 16, 647

20f12

intensity) [7]. IAPS are also responsible for impacting ecosystem services, including a
decrease in several provisioning [8] and regulatory services [9]. IAPS represent a serious
concern mainly in high-income countries, where very active human-mediated activities
(transport, migration and commerce) are responsible for higher (30-fold) numbers of alien
species in comparison to those in developing countries [10].

In Europe, the financial impact of invasive alien species from 1960 to 2020 was recently
estimated at EUR 116.61 billion [11]. However, due to ongoing data gaps, this figure is
likely underestimated [12]. It should be noted that the costs associated with invasive alien
species (IAS) are not limited to directly quantifiable damages or management expenses.
They also encompass various indirect costs that are difficult to quantify, such as ecosystem
services [13,14].

Urban areas are known to be hotspots for IAPS diffusion because of their pronounced
habitat heterogeneity [15,16], higher average air temperatures due to the heat island phe-
nomenon (which enables the spread of thermophilic species) and the elevated hazard of
IASP propagules from ornamental horticulture (public and private gardens) [17]. Urban
regeneration processes and urban forestry activities are increasing green spaces in cities
and enhancing ecological connections with urban parks and protected areas. While this
undoubtedly has benefits for nature, it also raises the risk of spreading invasive alien
species. Monitoring the presence of IAPS is fundamental to prevent their spread in the
environment, especially in the young growth phase, small seedlings and/or seeds and
propagation material [18]. Traditionally, invasive species detection and monitoring have
heavily relied on morphological features [19,20]. However, considering that it is difficult
to morphologically analyse plants in the early stages of development, it is essential to
have early detection systems based on other markers, such as DNA. DNA barcoding has
been increasingly used for the identification of invasive species [21]. This is a molecular
technique that uses a short genetic sequence from a standardised region of the genome to
identify species. For plants, common barcoding regions include the ribulose-bisphosphate
carboxylase (rbcL) and maturase K (matK) genes [22,23]. However, even though these
regions are commonly used for DNA barcoding in plants due to their moderate variability
and ease of amplification, they often lack sufficient variability to distinguish closely related
species effectively. To address this issue, the psbA-trnH intergenic spacer and the nuclear
ribosomal internal transcribed spacer 2 (ITS2) region exhibit higher variability and are more
suitable for plant species identification [24]. These markers provide better resolution at the
species level and have shown higher success rates in invasive species identification [20].
Although this approach is scientifically rigorous, it needs to be easily applicable by regional
agencies responsible for environmental and biodiversity monitoring. For this reason, in
this work we aimed to evaluate the following: (i) the effectiveness of developing species-
specific primers capable of amplifying DNA barcode regions of only alien species; (ii) the
specificity of these markers against commonly distributed urban herbaceous species in
Europe; (iii) an efficient analytical procedure to propose to regional agencies. The result of
this study could represent a significant step forward in the management of invasive species
in urban environments, contributing to the preservation of biodiversity and the protection
of urban ecosystems.

2. Materials and Methods
2.1. Invasive Alien Species of European Union Concern: Selection and Collection

All invasive plant samples belonging to the list of invasive alien species of Union con-
cern (https:/ /environment.ec.europa.eu/topics /nature-and-biodiversity /invasive-alien-
species_en accessed on 1 October 2024) were obtained from Trauttmansdorff, Bozen (Italy),
where in 2023, the exhibition “Invasive Neophytes” (www.trauttmansdorff.it/en/Magazin/
Invasive-Neophytes accessed on 1 October 2024) aimed to share information and concerns
about these invasive plant species. Samples were carefully harvested under the strict super-
vision of the Trauttmansdorff personnel and processed on site to avoid the risk of spreading
propagules across the environment. At sampling, only eight species were available for
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assessment (Table 1), with four belonging to aquatic environments (i.e., Elodea nuttallii
(Planch.) H.St.John, Ludwigia grandiflora (Michx.) Greuter & Burdet, Myriophyllum aquaticum
(Vell.) Verdc. and Pontederia crassipes (Mart.)) and four to terrestrial environments (i.e.,
Ailanthus altissima (Mill.) Swingle, Heracleum mantegazzianum Sommier & Levier, Impatiens
glandulifera Royle and Pueraria montana (Lour.) Merr.).

Table 1. List of invasive species of EU concern used in this trial collected in Trauttmansdorff,

Bozen (Italy).

Sample ID Botanical Name Family Origin Habitus
SI_IG01 Impatiens glandulifera Royle Balsaminaceae Asia Annual herbaceous
SI_HMO02 Heracleum .mantegazz:mnum Apiaceae Caucasus Perennial herbaceous

Sommier & Levier
SI_PMO3 Pueraria montana (Lour.) Fabaceae Fast Asia Herbaceot}s perennial
Merr. vine

SI_AA04 Ailanthus al? issima (Mill. SimaroubaceaeAmaranthaceae Northern a{nd Shrub/Tree

Swingle central China
SI_ENO05 Elodea nuttallii (Planch.) Hydrocharitaceae North America Perennial aquatic

H.St.John

Ludwigia grandiflora (Michx.) . . .

SI_LGO06 Creuter & Burdet Onagraceae South America Perennial aquatic
SI_PC07 Pontederia crassipes (Mart.) Pontederiaceae South America Perennial aquatic
SI_MAO08 Myriophyllum aquaticum Haloragaceae South America Perennial aquatic

(Vell.) Verdc.

2.2. Spontaneous Plant Collection

To simulate lawn clippings for creating mixes in the laboratory, two actual field sites
in the Milan metropolitan area (Italy) were sampled for plant assessment in both terrestrial
and aquatic environments (Figure 1). For the terrestrial environment, a site near Milan
airport in Malpensa was chosen because this type of site, where both native and alien plants
co-occur, may represent a hotspot for the introduction of alien species in the region [25]. In
particular, the site is an open abandoned field (0.5 ha) on the outer edge of the eastern border
of the airport, where a spontaneous mix of tree, shrub and herbaceous species coexist. The
aquatic site (1 ha) was located within a natural park (Parco del Ticino) and constituted of a
network of canals used for irrigation. One plant survey for each site was performed in late
summer 2023. For both sites, five (4 x 4 m) square relevé plots were selected, representing
the average conditions of the site in terms of vegetation uniformity (i.e., composition and
structure) as well as habitat type. In both cases, the plant survey was performed using a
systematic approach. The sampling of the vegetation was performed only by assessing the
presence/absence of a new plant species without counting their number. Plant identification
was performed using available keys. The botanical nomenclature followed the “Portal to
the Flora of Italy” (http://dryades.units.it/floritaly accessed on 1 October 2024), and for
alien species, the “Plants of the World Online” database (https://powo.science.kew.org,
accessed on 1 October 2024). The species collected are shown in Table 2.
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Terrestr{él site

% Malpensa airport
45:60'N, 8971 &

)

Aquatic site
Parco Ticino
45.37 N, 8.86 &

Figure 1. Location of the sampling sites.

Table 2. In the table are indicated the mixes prepared in the laboratory, containing 25 mg of each

plant species (both invasive and spontaneous vegetation species).

Aquatic Terrestrial
MIX 1 MIX 2 MIX 3 MIX 4 MIX 5 MIX 6 MIX 7 MIX 8
erzzl% fu Elodea nuttallii Myriophyllum Pontederia Ailanthus HZ”ZZ:;ZZZH- Impatiens Pueraria
(Mig hx.) ér uter (Planch.) aquaticum crassipes altissima (Mill.) ngrni & glandulifera montana (Lour.)
cx.) Lreute H.St.John (Vell.) Verdc. (Mart.) Swingle ommie Royle Merr.
& Burdet Levier
Phragmites australis (Cav.) Trin. ex Steud. Acer negundo L.
Typha latifolia L. Achillea nobilis L.

Helosciadium nodiflorum L. W.D.J.Koch
Callitriche stagnalis (Scop.)
Muyriophyllum spicatum L.

Groenlandia densa (L.) Fourr
Stuckenia pectinata (L.) Borner
Elodea canadensis Michx.

Artemisia verlotiorum Lamotte
Buddleja davidii Franch.
Chelidonium majus L.
Erigeron annuus (L.) Desf.
Erigeron canadensis L.
Galinsoga quadriradiata Ruiz & Pav.
Geranium molle L.
Juncus effusus L.
Lolium perenne L.

Malva sylvestris L.
Onxalis dillenii Jacq.
Phytolacca americana L.
Plantago lanceolata L.
Plantago major L.
Rumex acetosella L.
Rumex pulcher L.

Setaria pumila (Poir.) Roem. & Schult.

Silene vulgaris (Moench) Garcke
Solidago gigantea Aiton
Taraxacum officinale FH.Wigg.
Trifolium pratense L.
Trifolium repens L.
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2.3. Primer Pair Design

Primer pairs for species-specific identification were newly designed in silico. All
nucleotide sequences of the Internal Transcribed Spacer 2 (ITS2) and psbA-trnH region
for the invasive species genera in Table 1 were obtained from NCBI Nucleotide and were
aligned using the latest version of ClustalOmega software (www.ebi.ac.uk/Tools/msa/
clustalw2/ accessed on 1 October 2024). The most variable regions for the target species
were identified using Bioedit software (7.7.1. version), and a primer pair specific to all the
species in the study was designed de novo. All the primer couples were tested for species
specificity using the Primer—Blast tool available from NCBI (www.ncbi.nlm.nih.gov/tools/
primer-blast/ accessed on 1 October 2024) to verify the specificity for the target species.
The primer pairs were ordered from an external service (Eurofins, Hamburg, Germany).

2.4. DNA Barcoding Analysis

The total genomic DNA was extracted from 80 mg £ 10 of plant species samples
using the Qiagen© DNeasy® Plant Pro Kit (Qiagen, Hilden, Germany), with an added
thermal lysis step (65 °C for 1 h). DNA quantification was performed using the Qubit™
dsDNA HS Assay Kit (Thermofisher, Waltham, MA, USA). Firstly, all eight plants were
tested for species authenticity by performing DNA barcoding analysis. Then, 25 uL. PCR
amplification using illustra™ PuReTaq RTG PCR Beads (Merck, Darmstadt, Germany) was
performed following the ensuing programme: 95 °C for 5 min, 35 cycles of 95 °C for 45 s,
55 °C for 45 s, 72 °C for 1 min and finally 10 min at 72 °C. The Internal Transcribed 2 (ITS2)
marker was chosen as the marker for the identification for its high sequencing success
rate [26], as well as its short length, ease of amplification and high discriminatory power [27].
Amplicon occurrence was assessed by capillary electrophoresis (QlAxel connect, Qiagen,
Germany). Amplicon length was measured by comparison against the QX Alignment
Marker 15 bp /600 bp (Qiagen, Germany). Purified PCR products were sent to an external
service (Macrogen, Amsterdam, The Netherlands) for sequencing and edited as described in
Frigerio et al. [28]. The obtained sequences were analysed after using the NCBI Nucleotide
Blast tool (https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi accessed on 1 October 2024). Each
barcode sequence was taxonomically assigned to the plant species with the nearest matches
(maximum identity >99% and query coverage of 100%). Then, another PCR amplification
was performed on invasive species to test the primer pairs designed following the same
protocol described above, changing the annealing temperature from 55 °C to 59 °C.

2.5. Creation of Mixes and Testing of Primer Pairs

To test the ability of our method to detect the presence of invasive species within
lawn clippings samples, eight mixes were created in the laboratory and tested. Each mix
contained 25 mg of each of the 8 invasive species (i.e., dry weight) and 25 mg of each 8 to 24
(i.e., dry weight, respectively, for the aquatic and terrestrial mixes) spontaneous vegetation
species (Table 2). The DNA from the mixes was extracted following the same protocol
described in Section 2.3, tested with the species-specific primers designed, and the obtained
amplicons were purified, sequenced by Macrogen (Europe) and analysed using the NCBI
Nucleotide Blast tool (https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi accessed on 1 October 2024).
Each barcode sequence was taxonomically assigned to the plant species with the nearest
matches (maximum identity >99% and query coverage of 100%).

2.6. Limit of Detection and Multiplex PCR

To evaluate the limit of detection (LOD) of the test, the eight mixes” DNA extracts
were diluted from 10! up to 107> and tested with PCR. Thereafter, a multiplex PCR
was performed by combining two of the invasive species with different amplicon lengths.
Precisely we combined Pontederia crassipes (i.e., 350 bp) and Myriophyllum aquaticum (i.e.,
249 bp), Impatiens glandulifera (i.e., 273 bp) and Ludwigia grandiflora (i.e., 494 bp), Heracleum
mantegazzianum (i.e., 225 bp) and Pueriaria montana (i.e., 322 bp) and finally Ailanthus
altissima (i.e., 218 bp) and Elodea nuttallii (i.e., 320 bp). Both the limit of detection (LOD) and
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multiplex PCR were conducted following the PCR amplification programme described in
Section 2.3.

3. Results
3.1. DNA Barcoding

DNA extraction was successful for all eight invasive species and their mixes, with a
good quantity of DNA (60 ng/puL £ 20 ng/pL). The DNA barcoding analysis for invasive
species identification was performed, confirming the declared species, as shown in Table A1.

3.2. Primer Pair Design and Test on Invasive Species

The species-specific primer pairs obtained, listed in Table 3, were designed by evaluat-
ing the CG content (~45%), the difference in annealing temperature between the forward
and reverse primers (~1 °C), and the amplicon length (200-500 bp), and identifying the
most variable region.

Table 3. Species-specific primer pairs designed: the table shows the primer region marker used for
the in silico design, the primer specificity for the invasive species, the amplicon length, the annealing
temperature and the 5'-3’ sequence of both the forward and reverse primers.

. Primer Primer Amplicon Annealing Il
Primer Name Region Specificity Length Temperature Sequence (5-3')
SL_IGO1_F Impatiens ] TATGGAGCAGTTGGCCGAAA
SI_IGO1_R 1152 glandulifera 273 bp 60 °C AACGACGAAGCCGTTCGATT
SI_HMO2_F Heracleun ] CCCACAACCACACACTCCTT
SI_HMO02_R ITS2 mantegazzianum 225bp 60 °C CTGGGGTCACAGTCGAAGC
SI_PMO3_F ) Pueraria montana R TCCGTCCATCAAAATTCCAGG
SL_PMO03_R psbA-trnH var. lobata 322bp 59°C GAGGGACTTGAACCCTCACG
SL_AAO4_F ATCGGTGGCGGAAATTCCAT
SL_AAO4 R ITs2 Ailanthus altissima 218bp 60°C CGATTCTCAAGCTGGGCTCT
SI_EN05_F ) ] TGCCTGGGAGTCTTTTCGAC
SI_ENO05_F ITS2 Elodea nuttallii 320bp 60°C TAAACTCAGCGGGTGACCAT
SI_LG06_F . . ] CATCCGCCCCTTAACTCTCAT
SI_LG06_R psbA-trnH  Ludwigia grandifiora 494bp 59°C AAGACTTCCGTCTTAGTGTAAGTG
SI_PC07_F o ACGGATTGTTGAGGTAAATTGGC
SL_PCO7_R ITs2 Pontederia crassipes - 325bp 59°C GGAGTAATCCACTGTGACACG
SI_MAO08_F T2 Myriophyllum 249b 60°C TCGCGAGAAGTCCACTGAA
SI_MAO8_R aquaticum p GTTATTGTAGCCGAGGGCGA

As shown in Figure 2, all the invasive species were successfully amplified and the
amplicon length matched with the values reported in Table 3. Therefore, for all the speci-
mens it was possible to identify the species, proving the ability of these primer couples to
correctly amplify and identify all invasive species that were the subject of this study. The
sequences were deposited on GenBank, and the accession numbers are shown in Table Al.

3.3. Species-Specific Primer Testing on Mixes and Limit of Detection

The mixes” DNA extracts were successfully amplified by testing the species-specific
primer pairs, and the sequences obtained matched with the invasive species, confirming
the ability of the primer pairs to detect the presence of invasive species within the mixes
(Table A2; Figure 3).

For the limit of detection, three microlitres of mix DNA dilutions from 10! up to 10>
were tested. For mixes 2 and 3, the species were detected up to a 10~° dilution; in mixes
6 and 8, up to 10~%; in mixes 4, 5 and 7, up to 1073; and finally, in mix 1, up to 10~2. The
results of the PCR reaction showed the high sensitivity of this assay.
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Figure 2. The picture shows the PCR amplification of each invasive species (Table 1) using the primer
pairs designed in this study (Table 3) and the negative samples.

3.4. Multiplex PCR

From the perspective of saving time and resources, a multiplex PCR was performed.
Each pair of invasive species was combined and amplified, but the first two combinations,
containing Pontederia crassipes with Myriophyllum aquaticum (i.e., SI_PC07 + SI_MAO8)
and Impatiens glandulifera with Ludwigia grandiflora (i.e., SI_IG01 + SI_LGO06), resulted in
the amplification of only one species (i.e., Pontederia crassipes and Impatiens glandulifera)
(Figure 4). Otherwise, the other two combinations, containing Heracleum mantegazzianum
with Pueraria montana (i.e., SI_HMO02 + SI_PMO03) and Ailanthus altissima with Elodea nuttallii
(i.e., SI_AAO04 + SI_ENO5), were successfully amplified and separated (Figure 4).
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Figure 3. PCR amplification of the mixes’ extracts (Table 2) and their dilution from 10! up to 107°.
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Figure 4. Multiplex PCR of the invasive species combinations. As shown in the picture, in the first two
combinations, the PCR only amplified one species (i.e., Pontederia crassipes and Impatiens glandulifera),
while the other two combinations were successfully separated (i.e., Heracleum mantegazzianum with
Pueraria montana and Ailanthus altissima with Elodea nuttallii).
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4. Discussion

In this research, a quick and efficient method for the early detection of invasive species
using the power of DNA barcoding and species-specific primers was developed. This tool
efficiently identifies the invasive species even in the mixes created in the laboratory, which
simulate samples of lawn clippings from urban areas where invasive species can make
their way into parks, reserves and peri-urban areas. Indeed, it is essential to simulate what
could be a routine inspection for municipality monitoring and, at the same time, provide
environmental agency operators with simple tools to detect these species.

Identifying invasive species at the initial stages of their introduction allows for
prompt intervention, which is essential for preventing their establishment and subse-
quent spread [29]. When invasive species are detected early, management actions such
as eradication, containment and control can be implemented before the species becomes
widespread [30,31]. This not only minimises the ecological disruption caused by the inva-
sive species but also reduces the costs associated with long-term management efforts. In
this context, the simplicity and sensitivity of the method are crucial. Our approach allowed
us to develop a highly sensitive method, as it detected the presence of invasive species from
a very small amount of DNA, which could come from a single small leaf or plant fragment.

In urban environments, where human activities and trade can introduce invasive
species more frequently [32], early detection systems are especially important. Implement-
ing an efficient early warning tool based on DNA barcoding can significantly enhance
the ability to monitor and respond to invasive species threats. By identifying invasive
species before they become problematic, urban areas can safeguard their green spaces,
protect native biodiversity and avoid the extensive costs associated with late-stage invasive
species management [29]. In this context, the speed of the analysis becomes crucial. The
analysis developed in this study provides results within a few hours. Additionally, due to
the reduction in sequencing costs in the last few years, it is also inexpensive. The financial
impact of invasive alien species (IAS) can cause extensive economic damage [33], but our
method could reduce eradication costs by preventing the spread of invasive species. It is
also worth noting that this method is very cost-effective, and it is possible to extract and
amplify DNA within a few hours for less than 10 euros.

Although the technique developed in this study has the advantage of offering high
specificity and adaptability, allowing for rapid, on-site identification without requiring
extensive taxonomic knowledge or specialised laboratory equipment, it does have some
limitations. Its main disadvantage lies in the fact that it is a target analysis, so can only
detect pre-selected species, making it less effective when multiple or unknown invasive
species are present. However, other methodologies known in the literature can compensate
for these shortcomings. eDNA metabarcoding, for example, allows for the simultaneous
identification of multiple species within an environmental sample, making it ideal for
broad biodiversity assessments. This technique is highly efficient in detecting diverse
communities, particularly in complex ecosystems. However, its disadvantages include
the need for advanced laboratory facilities and a reduced ability to differentiate closely
related species. Additionally, the method requires complex data analysis and interpretation
compared to species-specific DNA barcoding, and it often involves longer processing
times to obtain results [34]. Both techniques have their strengths: species-specific DNA
barcoding is better suited for targeted analysis and quick detection, while metabarcoding is
more appropriate for large-scale ecological surveys. For the purposes of this study, which
required specific, fast and cheap species detection, the use of species-specific primers based
on DNA barcoding represented the optimal solution.

To turn the tool developed in this study into one for routine analysis without spe-
cialised technical personnel and a well-equipped laboratory, future studies could be based
on applying this technique and the primer pairs developed in this study to rapid tech-
nologies such as LAMP and RPA. These are emerging techniques with recent applications
in biosecurity and forensic sciences [35-37] and that can be used as field-based detection
tools. These techniques allow for the development of a targeted method for species identi-
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fication through a colorimetric or visual test. In the literature, they are typically used for
bacterial detection and food traceability [38—40]. However, it is possible to adapt them to
any target, including invasive species of interest. Although laboratory verification through
Sanger sequencing is recommended to confirm the species, it can still be a helpful tool for
municipalities to take quick action and contain the spread of invasive species.

5. Conclusions

This study demonstrates that by utilising DNA barcoding analysis, it is possible to
develop species-specific primers for invasive species. It highlights that this approach
is (i) adaptable to different environmental contexts and target species; (ii) sensitive and
does not require extensive taxonomic knowledge; (iii) represents a system that can be
adopted by various environmental monitoring actors, providing them with an additional
tool in the fight against invasive species. This method could also be used at border offices,
customs, airports and seaports to perform checks on goods that might introduce invasive
exotic species. In particular, to allow for rapid and on-site identification without the need
for specialised laboratories, the method developed in this study can be applied to rapid
techniques with visual detection by the naked eye.

Author Contributions: Conceptualisation, J.F.,, W.G.N., EG. and M.L.; methodology, ].E., M.O.L.,
W.G.N. and EG.; formal analysis, M.O.L. and ].F.; data curation, M.O.L. and ].F.; writing—original
draft preparation, J.F., M.O.L. and W.G.N.; writing—review and editing, ].F,, M.O.L.,, W.G.N,, EG,,
P.C. and M.L,; funding acquisition, M.L. All authors have read and agreed to the published version of
the manuscript.

Funding: Project funded under the National Recovery and Resilience Plan (NRRP), Mission 4
Component 2 Investment 1.4—call for tender No. 3138 of 16 December 2021, rectified by Decree
n.3175 of 18 December 2021 of Italian Ministry of University and Research funded by the European
Union—NextGenerationEU; Award Number: Project code CN_00000033, Concession Decree No. 1034
of 17 June 2022 adopted by the Italian Ministry of University and Research, CUP H43C22000530001,
project title “National Biodiversity Future Center—NBFC”.

Institutional Review Board Statement: Not applicable.
Data Availability Statement: Data are available on GenBank and BOLD System.

Acknowledgments: We are grateful to Pircher, Kompatscher and Trauttmansdorff of Bozen for
collaboration in this research.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A

Table Al. The table shows the results of DNA barcoding identification of invasive plant species,
confirming their authenticity.

Sample DNA

Sample Code Marker Declared Species Obtained Species Concentration Al\;'cessmn
umber
(ng/uL)

SI_1G01 ITS2 Impatiens glandulifera Impatiens glandulifera 29.7 PQ435191

SI_HMO02 ITS2 Heracleum mantegazzianum  Heracleum mantegazzianum 45.1 PQ435192
SI_PMO03 ITS2 Pueraria montana Pueraria montana 28.7 IASIT001-24

SI_AA04 1TS2 Ailanthus altissima Ailanthus altissima 60.35 PQ435193

SI_ENO05 ITS2 Elodea nuttallii Elodea nuttallii 60.5 PQ435194
SI_LGO06 ITS2 Ludwigia grandiflora Ludwigia grandiflora 15.6 IASIT002-24
SI_PC07 ITS2 Pontederia crassipes Pontederia crassipes 17.2 IASIT003-24

SI_MAO08 ITS2 Myriophyllum aquaticum Myriophyllum aquaticum 31.8 PQ435195




Diversity 2024, 16, 647 11 of 12

Table A2. The table shows the results of DNA barcoding identification of mixes, confirming the ability
of primer pairs to identify the invasive species. The sequences were submitted to public databases.

Mix Code Species Contained Obtained Species Sample DNA Concentration (ng/puL)

MIX 1 Ludwigia grandiflora Ludwigia grandiflora 10.1
MIX 2 Elodea nuttallii Elodea nuttallii 5.86
MIX 3 Myriophyllum aquaticum Myriophyllum aquaticum 15.5
MIX 4 Pontederia crassipes Pontederia crassipes 10.2
MIX 5 Ailanthus altissima Ailanthus altissima 6.8
MIX 6 Heracleum mantegazzianum Heracleum mantegazzianum 59
MIX 7 Impatiens glandulifera Impatiens glandulifera 34.8
MIX 8 Pueraria montana Pueraria montana 2.32
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