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Abstract
In plant pest diagnosis, Sanger sequencing of marker genes (DNA-barcoding) is the most applied and appropriate method for 
the identification of insects. Standard PM7/129 of the European and Mediterranean Plant Protection Organization (EPPO) 
includes a number of primers and PCR protocols for diagnosing insect pests. LCO1490 and HCO2198 primers recommended 
herein were shown to be excellent tools for amplifying a fragment of the COI gene from a vast range of arthropods. The COI 
barcoding region is available for thousands of arthropod taxa in public databases and ready-to-use for evolutionary studies. 
However, we found that LCO1490 and HCO2198 primers are not working for bark beetles of genus Ips. The attempt to 
amplify this gene fragment from an individual organism using the barcoding primers led to DNA amplification of associ-
ated wasps and nematodes, which were apparently vectored by the beetle. Thus, new primers for Ips that bind specifically to 
another (non-barcoding) region of the COI gene were developed in the past years. These primers were successfully applied 
in phylogenetic analyses of this genus, resulting in the adverse effect that COI-based Ips phylogenies cannot be expanded to 
higher systematic categories without sequencing the outgroups (as they are not available in databases yet). Here we provide 
new primers for Ips that differ significantly from DNA sequences of Ips-associated wasps and nematodes and bind to a COI 
fragment that largely overlaps with the barcoding region proposed in the EPPO standard. Furthermore, using these primers 
we developed a quick PCR-based test for detecting Ips duplicatus, a quarantine pest currently emerging in many European 
countries.
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Introduction

The suitability of the mitochondrial gene encoding subunit I 
of Cytochrome oxidase (COI, CO1 or COX1) as a molecular 
marker for evolutionary studies of a wide range of organ-
isms (particularly animals) was already shown more than 

two decades ago (Simon et al. 1994, Lunt et al. 1996). Since 
then many PCR primers have been designed for more or less 
conserved regions of the gene in order to enable identifi-
cation and phylogenetic analyses of diverse species across 
eukaryotes (often called “DNA barcoding”). The European 
and Mediterranean Plant Protection Organization (EPPO) 
diagnosis standard PM7/129 (1) recommends DNA barcod-
ing of the COI gene using primers LCO1490 and HCO2198 
for PCR and subsequent sequencing of the DNA fragment 
(EPPO 2016). These universal primers were shown to 
amplify a 710-bp COI fragment from a broad range of meta-
zoan invertebrates (709-bp fragment in many arthropods) 
(Folmer et al. 1994). In addition, the EPPO Standard further 
provides two PCR-alternatives amplifying a COI-fragment 
of 745 bp using cocktails of degenerative primer. Among 
insects these primers (here: LCO1490 and HCO2198) were 
shown to cover species of Cerambycidae and Curculioni-
dae (both Coleoptera), Agromyzidae and Tephritidae (both 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4134 8-020-00388 -w) contains 
supplementary material, which is available to authorized users.

 * Matthias Becker 
 matthias.becker@julius-kuehn.de

 * Björn Hoppe 
 bjoern.hoppe@julius-kuehn.de

1 Julius Kühn-Institut, Institute for National and International 
Plant Health, Messeweg 11/12, 38104 Braunschweig, 
Germany

https://orcid.org/0000-0001-8689-4911
http://crossmark.crossref.org/dialog/?doi=10.1007/s41348-020-00388-w&domain=pdf
https://doi.org/10.1007/s41348-020-00388-w


528 Journal of Plant Diseases and Protection (2021) 128:527–534

1 3

Diptera), Noctuidae (Lepidoptera) and Thripidae (Thysano-
ptera) (compare Table 1 of the EPPO Standard). In addition, 
during a test performance study conducted in the frame of 
“EUPHRESCO DNA Barcoding—Optimizing and validat-
ing DNA barcoding protocols for plant pests” (led by Dutch 
NPPO) another 90 arthropod genera comprising 32 families 
within Coleoptera (3), Diptera (6), Hemiptera (3), Hyme-
noptera (6), Lepidoptera (13) and Thysanoptera (1) were 
successfully tested using the suggested primer combinations 
and PCR-settings.

The double-spined spruce bark beetle Ips duplicatus 
(Sahlberg 1836) (Coleoptera: Curculionidae, Scolytinae) 
is native to Europe and has been reported from 15 EU-
member states. Its distribution range covers mainly Eastern 
European countries and Scandinavia, but also Asian parts 
of Russia (EFSA 2017). According to Zimová et al. (2019), 
the beetle is currently spreading to Norway spruce (Picea 
abies) in many European parts, with high outbreak poten-
tials especially where drought events and warm tempera-
tures coincide with Picea abies outside its native range. In 
that sense, climate change may also lead to an increasing 
number of I. duplicatus generations per year (Holusa et al. 
2003). The threat that I. duplicatus poses to European for-
ests is controversial. Since I. duplicatus is supposed to be 
a secondary pest that follows and coincides with other bark 
beetles, some scientists consider it to have low detrimental 
effect. On the opposite, the beetle is considered to be the 
most important harmful biotic agent on Norway spruce in 
Czech Moravia and Polish Silesia (Zahradník and Zahrad-
níková 2019). Reported mass propagations of bark beetles 
in Czech Republic since 2015 (Knížek and Liška 2019) 
(mainly Ips typographus and I. duplicatus) have aroused 
interest in further investigations on the current distribution 
of the rather “unknown” Nordic member of the genus Ips in 
neighboring countries (e.g., Steyerer 2019). However, the 
species is listed in Annex III of Commission implementing 
Regulation (EU) 2019/2072 with existing protective zones 
in Greece, Ireland and the UK. Reliable information on its 
distribution in Germany was lacking before 2019. Petercord 
and Lemme (2019) refer to early reports of Ips duplicatus 
in Bavaria from the 1920s and 1950s, but mass propaga-
tions, as known from other bark beetles, were not observed. 
Responsible Plant protection services in the Federal states 
were tasked to provide monitoring data for Ips duplicatus 
starting in spring 2019.

Beetles collected in 2019 from insect traps (slit traps with 
“Dupliwit” as lure; available at Witasek, Feldkirchen, Austria) 
in four German federal states were morphologically diagnosed 
as I. duplicatus (personal communication with German plant 
protection services) and reference material was sent to Julius 
Kühn-Institut (Forest Quarantine Laboratory as part of Ger-
man National Reference Laboratory) for molecular diagnosis/
confirmation. As an outcome of the monitoring, Ips duplicatus 

was later officially reported and confirmed from, e.g., across 
Bavaria (Lemme et al. 2020) and Baden-Württemberg (John 
et al. 2020). Irrespective of the still undetermined threat to 
German forestry the extensive monitoring of I. duplicatus, 
which has only started recently, will require a molecular tool 
for easy and rapid detection of I. duplicatus and its differ-
entiation from widely distributed I. typographus. Such a tool 
will also be of interest to other countries such as Switzerland, 
where I. duplicatus was introduced lately (Lässig 2019).

We successfully applied the EPPO PM 7/129 (1) for diag-
nosing diverse insect genera such as Agrilus, Anoplophora, 
Aromia, Componotus, Pityogenes, Tetropium and Xyela. How-
ever, when following the protocol for diagnosing two species 
of bark beetles (Ips duplicatus and Ips typographus), we 
received surprising sequencing results. However, what proved 
to be an appropriate tool for molecular diagnosis of a range of 
regulated insect pests, turned out to be unsuitable for bark bee-
tles of the genus Ips (family Curculionidae, subfamily Scolyti-
nae). This inapplicability was experienced during monitoring 
campaigns against Ips duplicatus in Germany in early 2019. 
DNA-barcoding of collected species (morphologically pre-
identified according to Steyer et al. 2019) following the EPPO 
PM 7/129 Standard resulted in high-quality non-target DNA 
sequences. It is well documented that all species of genus Ips 
are associated with nematodes (Susoy and Herrmann 2014), 
but to the best of our knowledge, it was overlooked that the 
COI barcoding primers LCO1490 and HCO2198 bind much 
better to DNA of nematodes of the genus Micoletzkya than to 
DNA of bark beetles (Supplemental Fig. 1). Most species of 
the genus Micoletzkya are host species specific, but hosting the 
identical nematode (Micoletzkya buetschlii) Ips duplicatus and 
Ips typographus are among the rare exceptions from this rule 
(Fig. 2, adopted from Susoy and Herrmann 2014). Braasch 
et al. 1999 alone reported 18 scolytid species (four species 
within the genus Ips) to be associated with wood-inhabit-
ing nematodes. In addition, the fact that Ips typographus is 
often infested by parasitic wasps of the genus Ropalophorus 
(Wegensteiner et al. 2017) renders diagnosis of Ips duplicatus 
and I. typographus even more challenging and may provide 
additional false positive results.

Here we show why the EPPO standard protocol for diag-
nosing arthropods using LCO1490 and HCO2198 barcoding 
primers is in its current version not suitable for diagnosing 
Ips duplicatus und I. typographus and recommend our newly 
developed and successfully tested primer pairs for rapid diag-
nosis of these bark beetles.
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Material and methods

DNA extraction, PCR and sequencing (standard 
procedures according to PM7/129)

During initial processing of ten insect samples that were 
received from extensive monitoring campaigns in Ger-
many, protocols as recommended in the EPPO PM7/129 
Standard (EPPO 2016) were applied. Briefly, total DNA 
from individual adult species was extracted, using the 
Blood & Tissue Kit (Qiagen, Hilden, Germany) accord-
ing to manufacturer instructions. Spectrophotometry 
of genomic template DNA using a NanoDrop ND-8000 
(ThermoFisher Scientific, Dreieich, Germany) proved 
consistent DNA concentrations in the extracts. PCR-set-
tings to amplify 709 bp of the mitochondrial cytochrome 
c oxidase subunit I (COI) gene of arthropods was adapted 
from Folmer et al. (1994) using the primer combination 
LCO1490: 5′-GGT CAA CAA ATC ATA AAG ATA TTG G-3′ 
and HCO2198: 5′-TAA ACT TCA GGG TGA CCA AAA AAT 
CA-3′. PCR Mastermix using the Bio-X-ACT Shortmix 
(Bioline, London, UK) was prepared according to the 
EPPO Standard. PCR amplification was performed using 
the proposed PCR program with an initial denaturation at 
94 °C for 3 min, followed by 5 cycles of denaturation at 
94 °C for 30 s, annealing at 45 °C for 30 s, and extension 
at 72 °C for 1 min, followed by 35 cycles of 94 °C for 
30 s, 51 °C for 1 min and 72 °C for 1 min, with a final 10 
min extension step at 72 °C. To check for successful DNA 
amplification, the PCR products than were separated on a 
1.5% agarose gel.

New Primer design and adjusted PCR-settings.
Geneious Prime (Biomatters Ltd) software was used for 

gene sequence comparison. Primers were designed generat-
ing a COI gene sequence alignment of Ips duplicatus, I. 
typographus, other bark beetles as well as associated bark 
beetle symbionts (Micoletzkya spp.) and parasites (Ropalo-
phorus clavicornis) searching for primer binding sites with 
a maximum number of nucleotide mismatches between Ips 
on the one hand and symbionts and parasites on the other. 
Several primers and primer combinations were tested regard-
ing specificity and reproducibility, of which the following 
three primers turned out to be the best:

dupl_F_spec: 5′-CTT CCC CCC TCT CTA GCC C-3’,
Ips_F_cons: 5′-CAA ATA TTG CCC ATG AAG GAAC-3’.
Ips_R_cons: 5′-GCA TCT GGA TAA TCT GAG TAA CGT 

CG-3’.
These primers were used in the following pairs amplify-

ing a COI gene fragment of the given size: dupl_F_spec 
x Ips_R_cons = 1024 bp, Ips_F_cons x Ips_R_cons = 936 
bp.

For PCR, a 25 µl reaction mix was set up as follows: 
12.5 µl MyFi Mix (Bioline) polymerase mix (2x), 9.5 µl 
water, 0.5 µl primer F, 0.5 µl primer R, 2 µl template 
(genomic DNA). A BIO-RAD T100 thermal cycler was 
used for PCR. The thermocycler profile was as follows: 
step 1: 3 min at 95 °C, step 2 (35 cycles): 30 s at 95 °C, 
30 s at 55 °C, 1 min at 72 °C, step 3: 5 min at 72 °C. An 
1% agarose gel was poured, and loaded samples were run 
for 30 min at 80 V. Roti-GelStain from ROTH (Carl Roth, 
Karlsruhe, Germany) was used for visualization of DNA 
bands in a BIO View transilluminator from biostep. PCR-
DNA was purified using the innuPREP PCRpure kit from 
Analytik Jena (Analytik Jena, Jena, Germany), and a vol-
ume of 10 µl was sent to Macrogen Europe for sequencing 
following the company’s instructions.

Results

When following the EPPO PM7/129 standard barcoding pro-
tocol for diagnosing two species of bark beetles (Ips duplica-
tus and Ips typographus), we received surprising sequencing 
results. The DNA chromatograms were of high quality (Sup-
plemental Fig. 2), but nucleotide BLAST against NCBI Gen-
Bank revealed > 99% identity to either a symbiotic nematode 
(Micoletzkya buetschlii) or a parasitic wasp (Ropalophorus 
clavicornis) (Fig. 1c) indicating that not DNA of Ips was 
successfully amplified but “non-target” DNA of vectored 
nematodes and wasps, respectively. The reason for these 
false positive results is the low complementarity between 
primers LCO1490/HCO2198 and primer binding sites in 
Ips (Fig. 1d). As barcoding primers are always designed for 
highly conserved DNA regions, it is possible that DNA of 
an organism associated with the target organism matches the 
primer sequences significantly better than the target DNA 
does. In such a case, running a PCR will result in DNA 
amplification of the associated organism. To the best of our 
knowledge, this was not reported earlier for the genus Ips, 
but other researchers must have encountered this problem 
before as they designed new primers for Sanger sequencing 
that bind outside the COI barcoding region (Fig. 1a).

To continue diagnosis of Ips duplicatus and differentia-
tion from I. typographus by simple PCR (without sequenc-
ing), we designed two new primer pairs. Prior, additional 
literature and database surveys were conducted to identify 
available primers for the identification of European bark 
beetles based on sequencing of the COI Region. Two Ips 
specific primers, Dick/Pat and AC1-J-2183/AC1-N-2611 
(compare discussion section), were identified to amplify 
two fragments of the COI marker gene, but were not over-
lapping with the fragment amplified by the Barcoding 
primer LCO1490/HCO2198 proposed by EPPO. Hence, we 
designed three primers to be combined in two different PCRs 
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in order to fulfill both criteria: specific binding to DNA tem-
plate and covering at least a fraction of the standard barcod-
ing region.

The reverse primer is the same in both primer pairs and 
binds to a conserved DNA region of both Ips species as well 
as other bark beetles (primer “Ips_R_cons”, Fig. 1a). The 

forward primers differ significantly: one of them binds spe-
cifically to I. duplicatus (primer “dupl_F_spec”), while the 
other one binds to both species and further bark beetles of 
genus Ips (primer “Ips_F_cons”). Using both primer pairs in 
parallel (in two different PCRs), one can determine (even in 
the co-occurrence of nematodes or parasitic wasps) whether 

Fig. 1  a COI gene and five primer pairs: barcoding primers 
LCO1490/HCO2198, Ips specific primers Dick/Pat and AC1-J-2183/
AC1-N-2611 and our two new primer pairs. Note that regions ampli-
fied by Dick/Pat and AC1-J-2183/AC1-N-2611 do not overlap with 
the COI barcoding region—except primer binding sites!, b DNA 
amplified in PCR using primers LCO1490/ HCO2198 (left) and our 

new primer pairs, specific to I. duplicatus (middle) as well as specific 
to genus Ips (right) (Dick/Pat and AC1-J-2183/AC1-N-2611 primers 
were not employed in PCR),  c photographs of the sequenced organ-
isms, d number of nucleotide mismatches (SNPs) between primers 
and primer binding sites. Note that Micoletzkya buetschlii is a nema-
tode and Ropalophorus clavicornis a wasp
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the organism is (i) I. duplicatus = a band in 1st PCR and a 
band in 2nd PCR, (ii) not I. duplicatus but another bark bee-
tle = a band in 2nd PCR only or (iii) no bark beetle at all = no 
bands (Fig. 1b). The annealing temperature in the thermo-
cycler profile is 55 °C (and as such it is below the Tm of the 
primers) and enables binding of primers to primer binding 
sites in the COI gene with up to three nucleotide mismatches 
(as determined experimentally). Therefore, using primer 
“Ips_F_cons x Ips_R_cons” DNA fragments of a range 
of bark beetles can be amplified and thereafter sequenced 
for confirmative diagnosis. For instance, we obtained only 
a band in the 2nd PCR but not in the 1st PCR in several 
samples from infested trees from Thuringia (Supplemental 
Fig. 3) suggesting another bark beetle than Ips duplicatus 
and diagnosed Pityogenes chalcographus by sequencing. In 
contrast, amplification of nematode and wasp DNA having 
10 and 11 nucleotide mismatches to primer “Ips_F_cons”, 
respectively, (Fig. 1d) can be excluded.

Figure 2 provides an overview of the decision steps in 
which primer pairs from EPPO protocol PM 7/129 and the 
new protocol presented in this article can be used for efficient 
diagnosis of bark beetles. Depending on the kind of suspi-
cion (e.g. via prior morphological analysis), the researcher 
may start with one of the three primer pairs shown in Fig. 2.

Discussion

Blasting the nucleotide sequences of barcoding primers 
LCO1490 and HCO2198 (EPPO PM 7/129 (1) adapted 
from Folmer et al. 1994) to GenBank databases showed 
that these primers are suitable for diagnosing diverse organ-
isms. Focussing on best hits with 100% identity BLASTn 
searches (date: 12th July 2020) yielded 81 organisms for 
primer HCO2198, among them arthropods, molluscan 
and rotifers. Regarding primer LCO1490 BLASTn search 
yielded more than a thousand best hits including diatoms, 
sponges, worms and also vertebrates and even plants. The 
primers were designed by Folmer and colleagues for ampli-
fication of the mitochondrial Cytochrome C oxidase subunit 
I gene from diverse metazoan invertebrates (Folmer et al. 
1994) and were repeatedly shown to allow phylogenetic 
analyses across eukaryotes.

However, the benefit of this universal applicability of 
the primers turned out to be a disadvantage while sequenc-
ing inadvertently mixed DNA samples consisting of target 
organism and associated symbionts or parasites. Organisms 
from different phyla live frequently together in complex 
interactions and may be that closely attached to each other 
that the target organism cannot be physically isolated from 
the matrix. This may lead to false positive results if com-
plementarity between primer sequences and primer binding 
sites of associated organisms is higher than between primer 

sequences and primer binding sites of the target organism. 
The fact that not a single Ips duplicatus sequence from the 
barcoding region is deposited in GenBank, Bold Systems nor 
Q-Bank suggests that other researchers may have encoun-
tered error-proneness of primer pair LCO1490/ HCO2198 
before.

The EPPO PM 7/129 standard proposes two alternative 
PCR approaches to amplify a 745 bp fragment of the COI 
gene, each using a cocktail of five degenerated COI prim-
ers. The degenerated primers themselves consist of up to 36 
specific primers yielding a mixture of > 40 specific prim-
ers per cocktail. Applying cocktails of degenerated primers 
and using initial PCR cycles with an annealing temperature 
of 45 °C might help to amplify DNA from organisms with 
very low primer matches, but is certainly not the method 
of choice for amplifying specific target DNA from a mixed 
DNA sample and should not be recommended for barcod-
ing approaches as part of reference diagnostics. In compli-
ance with this, the authors of PM 7/129 declared that the 
selectivity criterion does not apply to the primer cocktails 
as individual specimens are used.

Primer pairs other than LCO1490/HCO2198 (Folmer 
et  al. 1994) such as “Dick/Pat” (Lunt et  al 1996) were 
designed for partial amplification of the COI gene and were 
successfully applied for genetic comparison of different Ips 
duplicatus populations (Lakatos et al. 2007). However, prim-
ers “Dick/Pat” bind outside the LCO1490/HCO2198 region 
yielding a DNA fragment not overlapping with the typical 
COI barcoding fragment. Consequently, it is impossible to 
perform phylogenetic analyses on organisms of which some 
were sequenced using LCO1490/HCO2198 and others using 
Dick/Pat primers. The DNA fragments amplified by our 
primer pairs overlap significantly with the COI barcoding 
fragment: 331 bp using the conserved primer “Ips_F_cons” 
and 419 bp using the I. duplicatus-specific primer “dupl_F_
spec”. Apart from enabling phylogenetic analyses, another 
advantage of covering a part of the barcoding region is that 
similarity of a primer and the primer binding site of any 
nematode presumably associated with Ips spp. can easily be 
determined by in silico analysis.

Stauffer et al. 1997 used primers described by Juan et al. 
1995 and developed by Lunt et al. 1996 in order to perform 
phylogenetic analyses on seven European Ips species among 
them Ips typographus and I. duplicatus. However, again a 
COI fragment not overlapping with the COI barcoding frag-
ment was used. Cognato and Sperling (2000) performed a 
comprehensive phylogenetic study on genus Ips using mod-
ified versions of the Dick/Pat primers and extending the 
sequenced DNA fragment while employing another primer 
pair: AC1-J-2183/AC1-N-2611 (Fig. 1a). Surprisingly, Cog-
nato and Sperling decided to put the forward primer at the 
position of HCO2198, the reverse barcoding primer. The 
reason might have been the lack of information about the 
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Fig. 2  a Schematic flow diagram of primers used for diagnosing 
particular bark beetles and expected outcome for different species, b 
phylogenetic relationships of bark beetles of genus Ips and associated 
nematodes of the Micoletzkya buetschlii crown group, adopted from 
Susoy and Herrmann 2014; the three other Micoletzkya crown groups 
are not shown; orange color refers to taxa from Europe and black 
color to taxa from America. Incongruency of Ips and Micoletzkya 
phylogenies indicates (i) that lineage-specific evolution of both organ-

isms may switch from co-evolution to “host insect transition” when 
different bark beetles infest the same host tree and (ii) that both spe-
cies, Ips duplicatus and I. typographus, host Micoletzkya buetschlii 
(as confirmed by us sequencing both species with EPPO barcoding 
primers LCO1490/ HCO2198). Asterisks indicate taxa for which the 
COI barcoding region has not been sequenced yet (no data deposited 
at GenBank)
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Ips barcoding sequence. The development of alternative 
primers led to an interesting appearance of the investigated 
COI gene sequence of genus Ips: the gene fragment outside 
the barcoding region is well known, but the sequence of 
the barcoding region itself is still missing for most species 
(Supplementary Fig. 4).

Susoy and Herrmann (2014) published an impressive 
study about the co-evolution of bark beetles (genus Ips) and 
nematodes (genus Micoletzkya) illustrated by phylogenies 
based on multiple genes (see also Fig. 2b in this article). 
Meaningfully, the authors sequenced COI of the nematodes 
but not COI of the beetle species.

Metabarcoding approaches using a combination of several 
primer pairs and high throughput sequencing (HTS) circum-
vent the dilemma of false positive results by concatenating 
DNA sequences of several different barcoding genes, allow-
ing for a more reliable diagnosis of critical taxa (even in the 
presence of a wrong COI gene sequence). This procedure 
has been applied successfully to bark beetles and provides 
satisfying results even while using primers LCO1490 and 
HCO2198 (Morinière et al. 2016). However, HTS is expen-
sive compared to conventional PCR and Sanger sequenc-
ing, particularly if only a single suspicious case has to be 
evaluated. Furthermore, any false positive result included in 
metabarcoding analysis weakens significance and robustness 
of the diagnosis.

Using a combination of three primers, we here provide a 
simple and convenient approach for diagnosing and distin-
guishing Ips typographus, a pest native to Germany, from Ips 
typographus, a quarantine pest potentially newly introduced 
or re-introduced to Germany. Furthermore, we offer a primer 
pair to the scientific community that allows the inclusion of 
genus Ips into phylogenetic analyses of diverse arthropods.

Outlook

The observed physical interaction between bark beetles of 
the genus Ips and nematodes of the genus Micoletzkya is 
certainly only one of many examples exhibiting difficulties 
to specifically amplify and sequence DNA of a target organ-
ism from a mixed (often environmental) DNA sample using 
barcoding primers. On the other hand, barcoding primers 
proved to be advantageous for phylogenetic analyses and are 
required for many evolutionary studies. Several scenarios 
predict an increased number of introduced pests due to cli-
mate change and global trade in the future (e.g., Roques 
2010). In order to respond appropriately to this threat, it is 
important to develop highly specific protocols for diagnos-
ing newly introduced pests. An automated procedure such 
as a bioinformatics pipeline for designing specific primers 
under consideration of all known information (not only DNA 

sequences but also metadata about, e.g., associated organ-
isms) would be helpful to simplify future diagnostics of any 
given or newly emerging pest.
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