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In recent years, DNA barcoding has rapidly developed as a powerful tool in taxonomy, demonstrating its value in species identification and discovery of cryptic diversity. The number of barcoding sequences of various species continues to grow in the GenBank and BOLD databases; however, the accuracy of sequences and related raw information in public repositories is often questionable. In the present study, based on a dataset of 68,089 Hemiptera COI barcode sequences covering 3,064 species, 1,072 genera, and 48 families, we analyzed genetic differences within and between species and evaluated possible data errors in the insect barcodes. The results showed that errors in the barcode data are not rare, and most of them are due to human errors, such as specimen misidentification, sample confusion, and contamination. A significant portion of these errors can be attributed to inappropriate and imprecise practices in the DNA barcoding workflow. Herein, suggestions are provided to improve the practical operations and workflow of DNA barcoding to reduce human errors.
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1. Introduction

DNA barcoding is a tool that uses genetic variation of standard barcode sequences to distinguish species (Hebert et al., 2003; Kekkonen and Hebert, 2014; Mishra et al., 2015). It has proven to be efficient in species identification, both for distinguishing known species and for discovering previously unknown species (Hebert et al., 2004; Foottit et al., 2008; Lumley and Sperling, 2010). For animals, a 658-bp fragment of the 5’ end of mitochondrial cytochrome c oxidase (COI) gene was proposed as the standard barcode (Hebert et al., 2003). The number of publications applying DNA barcoding have accumulated rapidly since 2000 (Figure 1). Moreover, the application of DNA barcoding has expanded to other research fields such as food safety (Carvalho et al., 2015), biodiversity assessment (Jones et al., 2021), environmental monitoring (Carew et al., 2013), and trophic interactions (Hrcek et al., 2011). A vast number of barcode sequences have been produced and uploaded to public databases, such as GenBank and the Barcode of Life Data Systems (BOLD). As a main public database of DNA barcode data and a curation tool, BOLD currently archives barcode sequences for 11,429,650 specimens from animals, plants, fungi, and protists (accessed on July 12, 2022).
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FIGURE 1
The number of articles retrieved using “DNA barcod*” from 2000 to 2020 in (A) Web of Science and (B) PubMed.


With the explosive growth of data volume, errors are inevitably present in public databases (Shen et al., 2013; Meiklejohn et al., 2019). There is evidence that mtDNA data published in the fields of forensic medicine and anthropology contain errors (Bandelt et al., 2001, 2002). Between 1981 and 2002, more than half of the mtDNA sequences (80/137) in articles related to forensic medicine and anthropology published in journals such as Nature, Science, Cell, and others, have obvious errors, including mistakes in sample description, misread nucleotides, and wholesale rearrangements of the sequence tables (Forster, 2003). Ashelford et al. (2005) also showed that 5% of existing 16S rRNA sequences in public databases harbor substantial errors, such as chimeras, degenerate, and unidentified sequencing errors. In another investigation, Meiklejohn et al. (2019) found that both BOLD and GenBank performed poorly at species-level identification for insects (with accuracy of 35% and 53%, respectively). They suggested that misidentification was attributable to the earlier inclusion of misidentified specimens in public databases, since morphological identification between closely related species is inherently challenging in many orders.

DNA barcoding assigns specimens to their source species by comparing the query sequence with reference libraries (Hebert et al., 2003; Gwiazdowski et al., 2015). Therefore, the quality of libraries determines the accuracy of species assignment using DNA barcodes. The comparison between the query sequence and reference sequences fundamentally depends on the degree of overlap between intraspecific and interspecific genetic divergence. The difference between the greatest intraspecific genetic distance and the smallest interspecific genetic distance is called “barcoding gap.” Usually, the greater the gap, the easier and more accurate the species identification (Meyer and Paulay, 2005). It was recommended that 10 times of the average intraspecific genetic divergence can be used as a possible genetic distance threshold for species identification (Vences et al., 2005).

Fixed genetic distance thresholds have been widely used in various studies. For instance, a 3% threshold was common in earlier barcoding studies (Ross et al., 2008), whereas a 1% threshold is used in the BOLD identification system. For insect identification, a threshold value of 2% K2P genetic distance is generally accepted for the identification of Lepidopteran species (Hebert et al., 2003; Hajibabaei et al., 2006; Zahiri et al., 2014). In Hemiptera, the thresholds for subfamilies Greenideinae (Liu et al., 2013), Chaitophorinae (Zhu et al., 2017), and Calaphidinae (Lee et al., 2017) are considered to be 2%, 2%, and 2.5%, respectively. Analysis of the COI sequences of true bugs revealed that the intraspecific divergence was less than 2% in 90% of the examined taxa, whereas the minimum interspecific distance was more than 3% in 77% of congeneric species pairs (Park et al., 2011). These examples suggest that a threshold value of 2–3% K2P genetic distance is appropriate for Hemiptera species. In cases where an abnormal intraspecific distance greater than the threshold or interspecific distance less than the threshold, misidentifications or other taxonomic issues are probably indicated.

To ensure the quality of reference libraries, certain procedures must be followed for the preparation and uploading of barcode data (Figure 2). The basic operating procedure of species identification using barcodes starts with specimen collection. Collectors typically record geographic information such as coordinates and altitudes in as much detail as possible. Habitat information, including microenvironment and host plant, is also important, particularly for insect collection (Ma and Liu, 2020; Blackman and Eastop, 2021). However, this information is often not well recorded, and therefore can lead to misidentification of species. The next step is species identification based on morphological and/or molecular information (Gwiazdowski et al., 2015). Morphological identification requires experienced taxonomists to compare characters between species (Žurovcová et al., 2010). Sometimes, the differences are too subtle to be distinguished accurately (Jinbo et al., 2011; Chan et al., 2014). The molecular information extracted from specimens can usually identify species accurately (Ivanova et al., 2006; Kekkonen and Hebert, 2014); however, as the COI sequences can be amplified from the DNA of different tissues, unanticipated sources of contamination can occur (Smith et al., 2012; Asghar et al., 2015). For instance, when sampling host tissues for DNA extraction, sequences of symbionts, parasites or commensals may inadvertently be obtained. Other contamination can occur if DNA extraction is not conducted strictly in accordance with experimental specifications (Wilson et al., 2019). Ideally, in a DNA barcoding project, the final species identification results should be based on an interactive validation of morphological characters and barcodes. However, this practice is frequently disregarded.
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FIGURE 2
A flow chart for DNA barcoding workflow. Simplified workflow commonly used for DNA barcoding is shown in blue and quality check practices recommended herein are shown in orange. The key steps of the workflow are in bold with explanations in regular font, and possible errors or deficiencies in italics.


If errors occur during the production process of sequence data and public database, they can compromise the reliability of downstream analyses and future data reuse, potentially causing a negative cascade reaction (Barratt et al., 2018; Peres et al., 2021). Despite the potential for these issues to affect the quality of insect barcode data, empirical evidence is lacking. To address this gap, a dataset of 68,089 Hemiptera COI barcode sequences representing 3,064 species, 1,072 genera and 48 families was compiled. Possible data problems were then evaluated through systematic analysis of intraspecific and interspecific genetic divergences and retrieval of raw specimen information of questionable barcodes. Based on our analyses, several suggestions for quality check in the DNA barcoding workflow were recommended.



2. Materials and methods


2.1. Data acquisition and filtering

The sequences of hemipteran insects used herein were downloaded from the BOLD database (accessed 06/08/2018). To ensure the consistency of sequences, all the barcodes used in the analysis required confirmation from the same gene region. Therefore, only sequences of the most commonly used COI-5P region were retained as the barcode fragment, and all other sequences, including COI-3P, Cytb, COII, COXII, ND1, ND2, and others, were excluded. Sequences that were not identified to species level and that were not named using the standard system of binomial nomenclature were also removed. Additionally, species with only one sequence and the genera with only one species were excluded since intra- or inter-specific genetic distances cannot be calculated in such cases. After data filtering, 68,089 COI barcode sequences of 3,064 species, 1,072 genera and 48 families of Hemiptera were selected (Supplementary Table 1). All sequences were given a preliminary alignment by MAFFT (Katoh and Standley, 2013). Then the sequences with large gaps were excluded. A 500 bp long region was specified that contained maximum sequence variation information for the subsequent analyses. The barcode sequences used herein can be downloaded from the DataOpen repository at the link http://dataopen.info/home/datafile/index/id/276.



2.2. Calculation of intra- and inter-specific genetic distances

As mentioned above, very large intraspecific distances or very small interspecific distances were considered abnormal and suggested potential issue with data quality. To identify such sequences, genetic divergences were estimated for all sequences using the K2P distance model (Kimura, 1980) in MEGA 7 (Kumar et al., 2016) and TaxonDNA/SpeciesIdentifier 1.8 (Meier et al., 2006). For cases with large intraspecific or extremely small interspecific K2P distances, their raw specimen information and chromatogram (if available) were retrieved from the public database. These sequences were also searched using BLAST to further validate the accuracy of specimen identification. The top 10 abnormal sequences with largest intraspecific genetic distances and 10 groups with an interspecific genetic distance obviously less than 2% were selected for further analysis. Finally, to present a more reasonable overall distribution of genetic distances, species with less than five sequences were excluded from the calculation of the intra-/inter-specific genetic distances.



2.3. Analysis of questionable sequences

Since the appearance of abnormal intraspecific genetic distances involved multiple species and sequences, retrieving and analyzing the associated raw data on a case by case basis was too difficult. Instead, 10 sequences with most significant abnormal intraspecific genetic distances were selected as examples to evaluate cascade effect of questionable sequences. Sequence BOLD IDs and GenBank accession numbers were retrieved in Web of Science, PubMed, Google, and Google Scholar to search literature that cited these sequences. We then analyzed how the sequences were used and examined whether the use of such sequences led to questionable results.




3. Results


3.1. Overall distribution of genetic distances

After removing species with less than five sequences, the overall distribution of genetic distances of the 64,063 sequences from 1,578 species was shown in Figure 3. The data indicated that around 86.8% of the species had intraspecific genetic distances less than 3%, whereas 7.8% of the species had intraspecific genetic distances greater than 10%, and 12.2% of the species showed interspecific genetic distances less than 5%, (see Figure 4). The presence of apparent anomalies with unusually large intraspecific distances or extremely small interspecific distances indicated potential errors and provided samples for further investigation about data quality.
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FIGURE 3
Overall distribution of intra- and interspecific genetic distances. Green and blue bars represent the frequencies of intra- and interspecific K2P genetic distances, respectively; orange bars indicate the overlaps of intra- and interspecific distances.
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FIGURE 4
Proportions of (A,C) intra- and (B,D) interspecific genetic distances based on the complete dataset and the dataset excluding species with less than five sequences, respectively.




3.2. Sequences with very large intraspecific genetic distances

Ten sequences with the most significant abnormal intraspecific genetic distances were selected as examples for further analysis, and the causes of abnormal sequences were classified into four types (Table 1; Supplementary Figure 1). The raw data for these sequences in the public database were retrieved. None of the ten sequences contained images of the specimens, half of them omitted the details of collection information, and only one of them had an associated chromatogram. BLAST searches indicated that six of the ten sequences were suspected of misidentification. Of these six suspects, four sequences belonged to the same genus as the species names assigned to them. For example, GBMHH6231-14 (Triatoma dimidiata, Supplementary Figure 1A) and GBMHH8550-16 (Pseudococcus calceolariae, Supplementary Figure 1I) were closely matched to Homo sapiens (identity = 100%) and Encarsia brimblecombei (identity = 89.9%), respectively. ANGEN341-16 (Cletus schmidti, Supplementary Figure 1G) was found to be a case of reverse complementarity and misidentification. Even after correcting for the reverse complementarity, the corrected sequence still showed significant genetic differences from the Cletus schmidti sequences (mean distance = 0.89). ANGEN365-16 (Trigonotylus tenuis, Supplementary Figure 1J), ANGEN338-16 (Spilostethus pandurus, Supplementary Figure 1H) and ANGEN331-16 (Harmostes reflexulus, Supplementary Figure 1F) also had a similar reverse complementarity problem as ANGEN341-16. After correction, ANGEN341-16 matched Cletus pugnator (identity > 98%), but ANGEN331-16 did not have a good match (identity lower than 93%). The BLAST result for GBMTG4583-16 (Adelphocoris lineolatus, Supplementary Figure 1C) indicated a match with a Cytb sequence. GBMIN23751-13 (Brachycaudus lateralis, Supplementary Figure 1E) showed a 95.1% identity match with Brachycaudus helichrysi (FJ965596.1), as well as matches with other species in different genera, including Acyrthosiphon, Myzus, Fibriaphis, and Uroleucon with identity ranging from 92% to 94%. GBMTG4605-16 (Eurydema gebleri, Supplementary Figure 1B) had a 92.3% identity match with Eurydema dominulus. Moreover, GBMHH6231-14, BIPR006-13, and GBMHH8550-16 in the BOLD database were transferred from the GenBank, where they were annotated as “unverified” or “record removed.” However, this information was not updated in BOLD.


TABLE 1    BLAST results of ten sequences with very large intraspecific genetic distances.
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3.3. Species groups with extremely small interspecific genetic distances

Ten groups of species pairs with very small interspecific genetic distances were selected to represent interspecific anomalies (Table 2). Retrieval of raw information related to these sequences, including specimen images and related literature, revealed three causes of extremely small interspecific distances can be divided into three types: (1) specimen misidentification (outliers cannot be matched with either species in a pair), (2) species confusion (outliers may be misidentified as another species in a pair), and (3) species complex (interspecific distances between two species in a pair are very small, but literature supports the presence of a species complex). After correcting or deleting the sequences that caused the distance anomalies, the revised data better distinguished the species within each pair— although most of them (8 out of 10) still had interspecific genetic distances less than 3%.


TABLE 2    Ten species pairs as interspecific genetic distance anomalies.
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The zero interspecific distance observed in some pairs of species is likely due to species confusion. In group 1, GBMTG4792-16 was more closely related to Apolygus spinolae (with a mean distance of 0.006) but was misidentified as Apolygus lucorum. After revision, the intraspecific genetic distance of Apolygus lucorum decreased from 0.016 to 0, and the minimum interspecific genetic distance between Apolygus lucorum and Apolygus spinolae was increased from 0 to 0.014.

Interspecific distance anomalies may also be caused by misidentification. For example, UAMIC3488-16 in group 3 showed significant genetic differences with both Chlamydatus keltoni (0.131–0.146) and Chlamydatus pulicarius (0.046–0.050). However, based on the result of BLAST analysis, UAMIC3488-16 did not match neither of the two species and is probably a case of misidentification.

Sequences of a real species complex can also lead to a zero interspecific distance. For example, Lygus hesperus and Lygus keltoni in group 5 are morphologically indistinguishable (Roehrdanz and Wichmann, 2015), making it easy to assign the wrong species name. The genetic distances between them ranged from 0 to 0.016.



3.4. Cascade effect of questionable sequences

The citations of the ten sequences with abnormal intraspecific genetic distance were checked in Web of Science, PubMed, and Google Scholar to analyze the possible cascade effect of using questionable sequences. The results showed that they were mainly cited as references for reconstructing phylogenetic trees or annotating mitochondrial genomes. For example, GBMTG4605-16 (Genbank accession: NC027489) had only a 92.3% similarity to the closest sequence (Eurydema dominulus, Genbank accession: NC_044762.1). In Wang et al. (2019), GBMTG4605-16 was identified as Eurydema gebleri and clustered with Eurydema maracandica. In the phylogenetic tree of Pentatomidae reconstructed by Zhao et al. (2021), this sequence was considered a sister group or closely related to Pentatoma rufipes. This sequence was also used as a reference for the entire mitochondrial genome annotation of Eysarcoris aeneus, but not used to reconstruct the phylogenetic relationship (Zhao et al., 2019).

BIPR006-13 (Genbank accession: KF371522) was annotated as “unverified” in GenBank, and the mean genetic distance from Nephotettix virescens is as high as 0.72 (Table 1). However, this sequence was cited by Sreejith and Sebastian (2015) to discuss the molecular phylogeny and genetic analysis of Nephotettix virescens. They concluded that this sequence represented a specialized genetic lineage of N. virescens in Orissa region. Considering the accuracy of BIPR006-13 is questionable, their conclusion about population specialization may not be reliable.




4. Discussion

The analysis and comparison of insect barcodes with related raw specimen information indicate that some data errors, such as misidentification of specimen, sample confusion, and contamination, are often encountered in the DNA barcoding workflow. A large part of these errors is due to human factors. To give three examples, the lack of full recording of information in the process of specimen collection may cause incorrect specimen identification; negligence in sample preservation or experimental operation may directly lead to sample confusion; and improper operation during DNA extraction may introduce contamination. Therefore, routine practices must be improved in the DNA barcoding workflow to reduce human errors. Key steps for the improvement of the DNA barcoding workflow are presented and integrated in Figure 2.

Detailed field collection information is essential for retrospective verification of specimen information in a DNA barcoding project. BOLD requires data uploader to provide collection details such as collector names, collection dates, coordinates, and altitudes (Ratnasingham and Hebert, 2007). However, for the 10 sequences with abnormal intraspecific genetic distances analyzed in this study, complete specimen information was not retrievable for any of them. Insects have the ability to adjust their morphological and physiological traits to adapt to different environments or host plants, which can result in speciation (Schuh and Schwartz, 2005; Peccoud and Simon, 2010; Ma and Liu, 2020; Li et al., 2021a,b). As a consequence, habitat and host information can be crucial for species identification. This highlights the importance of considering the ecological context of specimens when analyzing DNA barcodes. Therefore, collectors are urged to record comprehensive details of collection information, including but not limited to geographic and ecological information, and these details should be deposited along with DNA barcode sequences. For example, Aphis lambersi and Aphis newtoni (Table 2) feed on different plants. If the uploader had recorded the host information, the two species would have been easily distinguished (Blackman and Eastop, 2021). Actually, missing coordinates is not the only issue that can cause the coordinates of sample collection sites to be unreliable; there are other factors to be considered as well. For instance, some data have been recorded with the coordinates of research institutions instead of the natural habitats (Peng et al., 2023). Therefore, collectors should carefully validate the accuracy of the raw information before uploading them, also ensure that all the necessary details of collection data are provided.

According to the workflow commonly used for DNA barcoding, specimens are preliminarily identified based on morphological characters and labeled with a species name. However, it remains challenging to perform morphological identification when external characters are damaged due to improper specimen handling (Chan et al., 2014), or when attempting to distinguish closely related species, such as those in a species complex (Jinbo et al., 2011). In fact, only highly skilled taxonomists are able to differentiate between morphologically similar species, which presents a significant barrier for beginners of taxonomy (Ebach and Holdrege, 2005; Žurovcová et al., 2010). Therefore, the inclusion of image data for specimens is critical for DNA barcodes, as it can assist data users in correcting any misidentification that may have occurred.

The acquisition of molecular data is an important prerequisite for species identification based on DNA barcodes. However, errors can occur during the processes of genomic DNA extraction, gene amplification, sequencing, or sequence alignment. For example, during DNA extraction, samples of different species may be mislabeled due to negligence, causing corresponding barcode sequences to be incorrectly labeled with a different species name. Additionally, the mixing of other organisms into target samples may contaminate the extracted DNA, leading to the barcode sequences being labeled with wrong names. GBMHH6231-14 (Triatoma dimidiata; Table 1 and Supplementary Figure 1A) is a typical example of DNA contamination due to the introduction of human DNA. For small insects such as aphids and scale insects, where the entire body is used for DNA extraction (Donald et al., 2012; Asghar et al., 2015), sequence of symbionts or parasites within the insect body may be included. GBMHH8550-16 (Pseudococcus calceolariae, Supplementary Figure 1I) is an example of sequence anomaly caused by parasitic contamination. To avoid such issues, obtained barcode sequences can be partly validated by submitting them to a BLAST search.

Accurate species identification is of great importance in biological research. Incorrect identification could have a negative cascade effect, for instance, leading to misunderstandings of speciation and phylogeny, or resulting in ill-advised recommendations and decisions on species control and protection (Bickford et al., 2007; Barratt et al., 2018; Erlank et al., 2018; Peres et al., 2021). Given that potential errors can arise during species identification based on both morphology and DNA barcodes, interactive validation is required for both identification approaches to provide a quality check for species names (Figure 2).

Apart from accepting barcode data uploaded by users, the BOLD database also periodically mines sequence data from other databases such as GenBank (Meiklejohn et al., 2019). However, GenBank usually does not have metadata such as sequence chromatograms, specimen details or images (Benson et al., 2017). As a result, the mined data in BOLD often lacks detailed specimen information. Furthermore, some sequences, such as GBMHH6231-14 (Triatoma dimidiata, Supplementary Figure 1A), BIPR006-13 (Nephotettix virescens, Supplementary Figure 1D), and GBMHH8550-16 (Pseudococcus calceolariae, Supplementary Figure 1I), have been marked as unreliable sequences (unverified) or have been deleted (record removed) in GenBank. However, BOLD has not updated such information. To ensure the reliability of data for future reuse, the possibility of these inconsistencies in publicly held databases must be carefully considered as a problem.

As for the distribution of genetic distances of the barcode dataset used herein, when species with less than five sequences were excluded, the extent of overlap between intraspecific and interspecific genetic distances ranging from 0 to 10.0% showed a slight decrease (Figure 4), indicating a better demonstration especially for interspecific genetic distances. This suggests that, to better demonstrate intra- and interspecific genetic distances for a large dataset, it is preferable to omit taxa with too few sequences. Additionally, to more accurately estimate intraspecific genetic distances of a species, it is recommended to use sequence data from multiple populations rather than a single one. Otherwise, the intraspecific genetic distances may be underestimated.
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SUPPLEMENTARY FIGURE 1
Maximum likelihood phylogenetic trees of ten taxonomic groups including sequences with very large intraspecific distances. Orange areas show the sequences with very large intraspecific distances. The maximum likelihood (ML) tree was constructed by IQ-TREE. (A) Triatoma dimidiata; (B) Eurydema gebleri; (C) Adelphocoris lineolatus; (D) Nephotettix virescens; (E) Brachycaudus lateralis; (F) Harmostes reflexulus; (G) Cletus schmidti; (H) Spilostethus pandurus; (I) Pseudococcus calceolariae; (J) Trigonotylus tenuis.
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Species Primary data Revised data Outlier Type of error References

sequence
Intraspecific | Interspecific | Intraspecific | Interspecific
distance distance distance distance
1 Apolygus spinolae 0.002-0.014 0-0.018 0-0.014 0.014-0.018  |GBMTG4792-16 Species confusion |Seong and Lee,
2007
Apolygus lucorum 0-0.016 0
2 Arhyssus 0.008 0-0.125 0-0.012 0.106-0.130  |JSHMA274-11, Species confusion |Steill and Meyer,
nigristernum JSHMA275-11 2003
Arhyssus lateralis 0-0.130 0-0.020 CNCHA1309-11
3 Chlamydatus keltoni 0-0.012 0-0.170 0-0.012 0.152-0.170  |UAMIC3488-16 Misidentification |Schuh and
Schwartz, 2005
Chlamydatus 0-0.157 0-0.004 CHIP269-12, Species confusion
pulicarius CHIP297-12
CHIP299-12,
CHIP300-12
CHIP533-12,
CHIP565-12
4 Arhyssus crassus 0.002 0-0.010 0-0.002 0.006-0.010 |CNCHA1315-11 Species confusion |Chopra, 1968
Arhyssus scutatus 0-0.010 0-0.002
5 Lygus hesperus 0-0.016 0-0.027 0-0.016 0-0.016 RFMI076-07 Species complex  |Roehrdanz and
‘Wichmann,
2015
Lygus keltoni 0-0.027 0-0.016
6 Aphis lambersi 0.002-0.004 0-0.008 0-0.002 0.002-0.008 ACEA256-14 Species confusion |Muir, 1959;
GBMHHA4249-14 Alford, 2012;
Blackman and
Aphis newtoni 0-0.006 0-0.006 Eastop, 2021
7 Brachycaudus 0-0.697 0-0.703 0-0.002 0-0.008 GBMIN23751-13 Misidentification |Jousselin et al.,
lateralis 2009
Brachycaudus cardui 0-0.010 0-0.010 - Species confusion

Species complex

8 Adelges tardus 0-0.002 0-0.006 - - - Species complex  |Havill and
Foottit, 2007;
Havill et al.,
2007; Zurovcova

Adelges laricis 0-0.006 - - etal., 2010
9 Arocatus longiceps 0-0.010 0-0.010 0-0.006 0.004-0.010  |EUBUG763-11, Species confusion |Raupach et al,
EUBUG764-11 Species complex 2014
EUBUG766-11,
Arocatus roeselii 0 0 FBHETO11-11

FBHET937-11,
FBHET938-11

10 Adelges piceae 0-0.002 0-0.002 0 0.002 GBMHH1817-13, |Species confusion |Havill and
GBMHH1821-13 Species complex  |Foottit, 2007;
GBMHH1822-13, Havill et al.,
RDBA284-05 2007; Zurovcové
RDBA577-06, etal., 2010
Adelges 0 0 RDBA624-06
nordmannianae RDBA625-06,
RFAAP097-14
RFBAC608-07,
RFBAC635-07
RFBAC636-07,
RFBAC646-07
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GenBank |Scientific |Intraspecific| Image | abl file NCBI BLAST

accession |name mean
distance
Closest Accession | Percent
species number identity

GBMHH6231-14 | KC249335 Triatoma 0.406 N N Homo sapiens KT698038.1 100.0% AD
dimidiata

GBMTG4605-16 | NC_027489 Eurydema 0.783 N N Eurydema NC_044762.1 92.3% B
gebleri dominulus

GBMTG4583-16 | NC_027143 Adelphocoris 0.758 N N Adelphocoris KU234537.1 99.9% B
lineolatus lineolatus

BIPR006-13 KF371522 Nephotettix 0.726 N Y Nephotettix MHO052646.1 99.3% D
virescens nigropictus

GBMIN23751-13 | FJ965597 Brachycaudus 0.693 N N Brachycaudus  |FJ965596.1 95.1% B
lateralis helichrysi

ANGEN331-16 - Harmostes 1.012 N N Harmostes KR918399.1 84.9% B,C
reflexulus reflexulus

ANGEN341-16 - Cletus schmidti 0.896 N N Cletus punctiger \MT568728.1 100.0% B,C

ANGEN338-16 - Spilostethus 0.700 N N Spilostethus GU247502.1 98.4% B
pandurus pandurus

GBMHHS8550-16 | KJ187504 Pseudococcus 0.746 N N Encarsia MH115585.1 89.9% AD
calceolariae brimblecombei

ANGEN365-16 - Trigonotylus 0.741 N N Trigonotylus LN879000.1 100.0% B
tenuis tenuis

Type of error: A-contamination; B-wrong sequence; C-misidentification; D-no update.
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