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Abstract:

Taxonomic information gap, discordance between species names and BINs, and errors in identification of reference specimens are factors that have impeded the uptake of
DNA barcoding use by industry and regulatory organizations. These challenges are more problematic in the context of pest and invasive species detection because the end-users are not
taxonomically trained. The current study addresses this issue by constructing a purpose-built library that offers access to rich metadata, such as traits associated with the species (e.g.
known host-plants, pest-type, geographic distribution, pest synonyms, pest common names), to facilitate the detection of pest and invasive species. 511 insect pests, from 8 orders and 93
families, documented in Canada were used in a model library by gathering their barcodes and metadata. 489 of these species have DNA barcodes on BOLD, but 43% show BIN splits. To
bootstrap the tailored library, these species were associated with additional traits such as pest-classification (field crop, greenhouse, and forestry), host-plant (species and variety where
possible), geographical origin, common names, synonyms, and the taxonomic reference. The study proposes a workflow and data structure for the construction of customized libraries to
overcome the plant pest identification challenges.

Authoritative Reference Libraries:

Progress:

In order to support the identification and management of plant pest
insects, authoritative DNA Barcode Libraries with additional trait
information can benefit the end-users who have limited taxonomic
knowledge. Although the DNA barcode reference library so far compiled
in the Barcode of Life Data System (BOLD)1 is comprehensive for barcodes
and metadata, and offers BINs as an interim solution to the taxonomy
barriers2, its utility for active pest discrimination has been limited. The
particular problems emerge from incorrect identification of reference
specimens, BIN splits/merger, and high intraspecific divergence in barcode
sequences. Other measures have been taken to gain closest pest
identification by sequence matches3, but they might not be efficient
enough for the end users. The current study proposes adding traits, such
as synonyms, common names, target plants and pest origin/distribution,
to develop a customized barcode reference library that will enhance pest
identification. Here we sketch useful traits to be added to a tailored
library of plant pests.

Of the 511 insect species documented as plant pests in Canada, 489
(96%) are present in the BOLD Systems library, with a total of 61,376
barcode records. A majority (57%) of these records come from Canada,
while the rest are contributed by 142 other nations. 476 of the species
have BINs present, though map to 843 BINs, with only 58% showing 1:1
morphology-BIN correspondence. 333 species are represented by three
or more sequences, while the rest by two or just a single sequence. 85%
of the specimens on BOLD have collection information.
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Fig. 2: Global connections (blue dots) of Canadian plant insect pests, via GBIF.

National Plant Pests – A Canadian Example:
Distribution:

Fig. 1: Schema for a single entry in an authoritative reference library.
Table 1: Description of sources for traits integrated in schema in Fig 1.
Trait Description

Source

A

Valid Linnaean Name

Verified with GBIF, EPPO, ITIS, ESA, EOL

B

Common Names

Literature and databases (GBIF, ITIS, ESA, etc.)

C

Synonyms

GBIF

D

Distribution

GBIF, BOLD Systems

E

Organism Relationships

Literature, OMAFRA

The 511 Linnaean species have over 800 common names and most have
synonyms. On BOLD, there is Barcode data for 489 (96%) plant pest
species in Canada, from the following taxonomic breakdown: 8 orders, 92
families, 322 genera. 442 species have conspecifics in 142 countries, but
a majority are shared with the USA and Europe (Fig. 2). Most pest species
belong to Lepidoptera (169), Coleoptera (145), and Hemiptera (89). 462
species are assigned to 843 BINs, 200 showing BIN splits and 35 BIN
mergers. 45 species are assigned to 4 or more BINs, while 5 BINs possess
3 or more species. 119 species show intraspecific distances greater than
the distance to their Nearest-neighbor (NN) species, which fails their
discrimination by barcode gap (Fig. 3).
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Host Crops:

Orders

Synonyms:
Chloroneura malefica Walsh;
Chloroneura malifica Ball;
Empoa albipicta Osborn;
Empoa albopicta Forbes;
Empoa fabae;
Empoasca abae Wheeler;
Empoasca consobrina Walsh;
Empoasca flavescens Gillette;
Empoasca fobae Bird;
Empoasca malis DeLong;
Empoasca nabae de Sebra;
Empoasca viridescens Walsh;
Empoasca viridiscens Osborn;
Empoasca viriedescens
Johnson & Ledig,;
Erythroneura fabae;
Tettigonia fabae Harris;
Tettigonia mali Baron;
Typhlocyba fabae
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apple leafhopper,
bean leafhopper,
potato leafhopper
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Table 1: Plant insect pests documented in Canada & state of the barcode reference library
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A checklist of insect species, reported as plant pests in Canada, was
developed from literature and the major pest databases maintained by:
CFIA, OMAFRA, AAFC, AA&F, Grains Canada, EPPO, GISD, NAPIS, and the
USDA-APHIS. Valid species names and information on additional traits
including synonyms, common names, pest type, pest host plants, and
pest distribution were extracted from published sources and databases
(GBIF, EPPO, ITIS, ESA, EOL, BugGuide). References for the additional
traits were appended with the pest records. The checklist was compared
with records on BOLD to reveal barcoding progress and correspondence
between named species and BINs. The collected trait information was
linked to the pest records on BOLD to develop a customized and
authoritative DNA barcode reference library for species identification of
Canadian pests.
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Fig. 3: Barcode Gap Analysis: Mean and maximum intraspecific distance (K2P) ver. NN
distances. When mean or maximum distances surpass the distance to the NN species,
barcode gap is absent and species discrimination fails.

Way forward:
Although resolving taxonomic conflicts via morphological analysis for the
species showing BIN discordance may be the ideal approach for an
authoritative reference library, this may not be feasible with dwindling
taxonomic expertise available. Appending additional traits to the pest
records, that provide pest-specific information as proposed in this study,
is a way forward to developing an authoritative barcode reference library
for the end-users.
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