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Pretesting of molecular identification tests for Bactericera cockerelli (Sulc, 1909)
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1. Introduction

The European Reference Laboratory for Insects and Mites has to select, adapt or develop reliable identification tests for the
phytosanitary insect and mite species that are relevant for the European Union (included in the Commission Delegated
Regulation (EU) 2019/1702 and in the EURL for Insects and Mites working programmes). One of the tasks of the EURL is to
validate available diagnostic protocols before recommending their use to the National Reference Laboratories of the European
Union. Pretesting of available tests is necessary to select the most reliable ones for the validation study.
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Fig. 1 Bactericera cockerelli

adult (Pest and Diseases Image
Library, Bugwood.org)

The potato psyllid Bactericera cockerelli (Fig. 1) is of interest to the European Union as a
vector to the bacterium ‘Candidatus Liberibacter solanacearum’ (haplotypes A, B, F). B.
cockerelli originates from North America, with its four biotypes correlating to certain regions
of the western part of the United States. These biotypes are associated with polymorphisms
of the mitochondrial cytochrome c oxidase subunit | (COl) gene, which is typically used for
barcoding. The internal transcribed spacer region 2 (/TS2) contains enough interspecific
variation to distinguish B. cockerelli from closely related species and seems to contain less
intraspecific variation than the COI gene locus.

In addition to North America, B. cockerelli has been found in parts of Oceania. Currently it is
absent in Europe, but due to its polyphageous nature and climatic requirements,
establishment in parts of Europe could be possible (current distribution see Fig. 2).

B. cockerelli is a European Union regulated species, listed among the EU quarantine pests (Annex Il of the Commission
Implementing Regulation (EU) 2019/2072) and among the EU priority pests (Commission Delegated Regulation (EU)

2019/1702).
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Legend: O Present @ Transient

Fig. 2: Distribution of B. cockerelli according to the EPPO global database (query date January 2023)

2. Scope of pretesting

The scope of this preliminary study was to review available molecular tests which are appropriate for the identification of B.
cockerelli. Additionally, a database inventory for sequence records should led light on the application possibilities of barcoding
as identification method.

3. Literature review

For this pest species no published specific diagnostic protocols in an international standard are available yet. However, B.
cockerelli is mentioned in diagnostic protocols of ‘Candidatus Liberibacter solanacearum’ as its vector.

However, identification of insect quarantine pests is covered in the EPPO PM 7/129 (2) DNA barcoding as an identification tool

for a number of regulated pests (EPPO, 2021) (Appendix 1), which includes tests for the DNA barcoding of arthropods in general.
Additionally, Sumner-Kalkun et al. (2020) describe a B. cockerelli-specific real-time PCR.

4. Evaluation of available tests

Following tests were selected for in silico pretesting (details of which can be found in Appendix 2):
e Real-time PCR test based on Sumner-Kalkun et al. (2020) targeting the ITS2 region
e Barcoding according to EPPO PM 7/129(2)

5. Database inventory for sequence records

Frequently used DNA barcoding markers for the discrimation of insect species are loci such as the cytochrome C oxidase subunit
1 (COI) or the internal transcribed spacer region 2 (/ITS2). DNA barcoding relies on comparison of those sequences to a database
of reference sequences (Armstrong and Ball 2005). Applying barcoding for insect identification requires enough sequence
records from the species within the genus for a reliable comparision. Not only the number, but also the genetic and geographic
diversity of the records and the quality are potential issues that should be taken into account.
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Three different databases (NCBI GenBank, Bold and EPPO Q-Bank) were consulted for the inventory. As search parameters the
genus and species name and the gene locus (CO! and synonyms) were used. If no records for the COI locus were available, the
search was extended to other gene loci. In addition the reliability of the records were checked.

5.1 Results

At the time of query, only NCBI GenBank and Bold have sequence records available for B. cockerelli on the COI locus (55 and
53, respectively), while none have been deposted in EPPO Q-Bank. Additionally, GenBank also offered 52 records on the /TS2
locus and 123 sequence records for other genes are present (query date October 2022). It has to be noted, that the presence
of 13 whole mitochondrial genome as well as whole genome shotgun sequencing records indicates possible additional
barcoding success with single gene loci sequences.

Table 1: Number of sequence records per gene for each database (query date October 2022)

Gene GenBank Q-Bank Bold
col 55 0 53
coil 0 0 0
ITS2 52 0 0
18S 1 0 0
28S 0 0
60S 1 0 0
complete genome (mitochondrium) 13 0 0
whole genome shotgun sequencing 15 0 0
other genes 123 0 0
4.2 Detailed information

The Bactericera genus encompasses a high species diversity (123 species, assessed October 2022, Wikipedia
https://en.wikipedia.org/wiki/Bactericera). Bold database holds 20 species, nine of these with barcodes. For B. cockerelli 53
public records are available in Bold, 45 of which are mined from GenBank. These specimens were collected mainly in the
western part of the United States, as well as single collection sites in Canada, Australia and New Zealand. 33 B. cockerelli records
had sequences of at least 500 bp.

4.3 Tree-based identification

To evaluate the species divergences within the genus, Neighbor Joining (NJ) trees of distance were constructed using NCBI
GenBank (max. seq. diff. of 0.75) on both the COI and ITS2 locus.

Fig 3 revealed B. cockerelli clustering with one entry for B. maculipennis and some Psyllopsis discrepans, whereas other
sequences of the latter do not fall into this cluster.

On the ITS2 locus, however, no such irregularities were observed (Fig. 4).
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Fig 3: Neighbor Joining tree of distance for the COI locus, NCBI Genbank
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Bactericera cockerelli voucher 160725 B.coe 07.c0L.08 internal ranscribed spacer 2, partial sequence
% 7 Bactericera cockerelli voucher 160725.B.coc 01,006 _ internal transcribed spacer 2, partal sequence
& Bactericera cockerelli voucher 181119.B.coc 02_ITS2 ine ral transcribed spacer 2, partial sequence
4 Bactericera cockerelli voucher 181119.B coc. 19_ITS2 internal tednscribed spacer 2. partial sequence
Bactericera coc kerelli voucher 190604.B.coc. 13_ITS2 iniemal transcribed spacer 2, pariial sequence
) Bactericera cockerelli voucher 181119.B.coc. 13 ITS2 internal transeribed spacer 2, partial sequence
Bactericera cockerelli voucher 190604.B.coc. 15_ITS2 internal transeribed spacer 2, partial sequence
Buctericera cockerelli voucher 181119.B.coc 09 ITS2 internal transcribed spacer 2, partial sequence
Bactericera cockerelli isolate GUAQO2 5.5 ribosomal RNA gene, partial sequence; internal iranscribed spacer 2, complete sequence: and 285 ribosomal RNA gene, pariial sequence
{ Bactericera cockerelli voucher 181119.B.c0¢.04_ITS2 interal transcribed spacer 2, partial sequence
Bactericera cockerelli isolate MEX002 585 ribosomal RNA gene. partial sequence: internal transeribed spacer 2, complete sequence: and 285 ribosomal RNA gene. partial sequence
Bactericera cockerelli voucher 160726.B.coc.2 internal transcribed spacer 2. partial sequence
Bactericera cockerelli isolate GUAO3 5 85 ribosomal RNA gene. partial sequence: internal transcribed spacer 2. complete sequence: and 288 ribosomal RNA gene. partial sequence
Bactericera cockerelli isolate Coll 5.55 ribosomal RNA gene, partial sequence: internal transcribed spacer 2, complete sequence: and 285 ribosomal RNA gene., partial sequence
Bactericera cockerelli solate Ora2 5.85 ribosomal RNA gene, partial sequence; intemal transcribed spacer 1, complete sequence: and 285 ribosomal RNA gene, partial sequence
Bactericera cockerelli isolate GUAOOI 5.8 ribosomal RNA. gene, partial sequences internal transcribed spacer 2, complete sequence: and 285 ribosomal RNA gene, partial sequence
Buetericers cockerelli isolate GUAOOS 585 ribosomal RINA. pene, partial sequence: internal transeribed spacer 2, complete sequence; and 288 ribosomal RNA gene, partial sequence
Bactericera cockerelli isolate Col2 588 ribosonial RNA gene, partial sequence; inte mal transcribed spacer 2, complete sequence; and 285 ribosomal RNA gene, partial sequeiice
Bactericera cockerelli isolate Nebl 5.85 ribosomal RNA gene, partial sequence: interal transe ribed spacer 2, comphete sequence: and 285 ribosomal RNA pene, partial sequence
Buctericera cockerelli isolate Coal 5.85 ribosomal RNA gene, partial sequence: internal transcribed spacer 2, complete sequence: and 285 ribosomal RNA gene. partial sequence
Bactericera cockerelli isolate Cold 588 ribosomal RNA gene. partial sequence: ine mal transcribed spacer 2, complete sequence: and 285 ribosomal RNA gene, partial sequence
Bactericera cockerelli isolate Bajl 5.8 ribosomal RNA gene, partial sequence; internal transcribed spacer 2, complete sequence; and 285 ribosontal RNA gene, partial sequence
Bactericera cockerelli voucher 160726, coc.3 internal transeribed spacer 2, partial sequence
Bactricer cockerel vouc her 160720, 005 el transcribed spacer 2, parial seence
Bactericera coc kerelli voucher 160726.8.coc.01 internal transcribed spacer 2, partial sequence
Bactericera cockerelli voucher 160726,B.c0c.6 internal transeribed spac
Bactericera cockerelli voucher 160726,8.coc.4 intemal transeribed spacer 2,
Bactericera cockerelli isolate Oral 585 ribosomal RNA pene. partial sequence: internal transcribed spacer 2, com plete sequence: and 285 ribosomal RNA gene, partial sequence
Bactericera cockerelli isolate Ora3 585 ribosomal RNA pene. partial sequence internal transcribed spacer 2. com plele sequence: and 285 ribosomal RNA gene. partial sequence
Bactericera cockerelli voucher 190604.B coc.14_ITS2 internal transcribed spacer 2, partal sequence
Bactericera cockerelli voucher 181119.B.coc.11 TTS2 intemal transcribed spacer 2, partal e
Bactericera cockerel i voucher 190604.B.coc 09_ITS2 internal transcr Thed spacer 2, partial seence
Buctericera cockerelli voucher 150827.B coc. 3 iernal transeribed spacer 2, partial sequence
Bactericera cockerelli voucher 181119.8.c0c.12_ITS2 internal transcribed spacer 2, partial sequence
Bactericera cockerelli voucher 150827.B.c0c.2 internal transcribed spacer 2, partial sequence
Bactericera cockerelli voucher 181119.B.coc.01_ITS2 internal transeribed spacer 2. partial sequence
Bactericera cockerelli voucher 181119.B.coe.17_ITS2 internal transeribed spacer 2. partial sequence
Bactricer cockerell voucher 181119, coc 05 ITS2 interaltrsnscibed spaces 2. patial sequence
Buctericera cockerelli voucher 150877.B coc.6 internal transeribed spacer 2. partial sequence
Bacterkerscockerell voucher 190604.B.coc.10_ITS2 el tanscribed spacer 2, partal sqence
Bactericera cockerelli voucher 181119.B.coe 22 TTS2 internal transeribed spacer 2, partial sequence
I8 Bactericera cockerelli voucher 131119.B.coc 15 T nal transcribed spacer 2, partial sequence
Bactericera cockerelli voucher 190604.B.c0c.11_ITS2 interna ibed spucer 2, partial sequence
Bactericera cockerelli voucher 150827.B.c0¢.17 internal transcribed spacer 2, pariial sequence
> Bactericera cockerelli voucher 150827.B.coc 4 internal transcribed spacer 2. partial sequence
Bactericera cockerelli culture USDA: western internal transeribed spacer 2. partial sequence
Bactericera cockerelli isolate Baj3 5.8 ribosomal RNA gene, partial sequence; internal transcribed spacer 2, complete sequence; and 285 ribosontal RNA gene, partial sequence
Bacierice ra cockerelli voucher 181119.B.coc.03_ITS2 infernal transcribed spacer 2, pariial sequence
' Buctericera cockerelli voucher 150827.B coc.05.col 04 internal ranscribed spacer 2, partial sequence
Bactericera cockerelli isolate 150727.B.coc.2 585 ribosomal RNA gene, internal transcribed spacer 2, and 285 ribosomal RNA gene, region
Bactericera cockerelli voucher 181119.B.coc 21_ITS2 internal transcribed spacer 2, partial sequence
Buctericera cockerell voucher 181119.B coc. 1 internal transeribed spacer 2, parial sequence
Bactericera cockerelli voucher 181119.B.coe. 18 ITS2 internal transeribed spacer 2. partial sequence
Bactericera cockerell culture USDA:northwestern internal transcribed spacer 2. partial sequence
Buctericera cockerelli isolate Coa2 5.8 ribosomal RNA gene, partial sequence: intermal transcribed spacer 2, complete sequence: and 28 ribosomal RNA gene. partial sequence
Bactericera cockerelli isolate VEN3 585 ribosomal RNA gene. partial sequence: internal transcribed spacer 2, complete sequence: and 285 ribosomal RNA gene. partial sequence
Bactericera cockerelli isolate VEN2 .85 ribosoral RNA gene, partial sequence: internal transcribed spacer 2, complete sequence: and 385 ribosomal RN
Bactericera cockerelli isolate MEX001 5,85 ribosomal RNA gene, partial sequence: intemal transcribed spacer 2, complete sequence; and 285 ribosomal RNA
Bactericera cockerelli isolate MEX0D3 5,88 ribosomal RNA pene, partial sequence: internal transeribed spacer 2, complete sequence  and 285 ribosomal RNA gene, purtial sequence
Bactericers cockerelli isolate VENI 5.8 ribosoma | RNA gene, partial sequence: internal ranseribed spacer 2, complete sequence: and 285 ribosomal RNA gene, partial sequence
¢ Bactericera cockerell culte USDAiGentalintrnal trariss b spaser 2 patial sequencs
Buctericera cockerelli voucher 191003.B.co¢.01_ITS2 internal transeribed spacer 2, partial sequence
Bactericera cockerelli voucher 181119.B.coc 06_ITS2 internal transcribed spacer 2. partial sequence
- < peytlis |2 leaves
Bactericers cockerelli voucher 191003.B co¢.02_ITS2 internal transcribed spacer 2. partial sequence
Bactericers cockerelli voucher 191003.B coc 03 _ITS2 internal transcribed spacer 2. partal sequence
S Bactericera cockerelli voucher 181119.B.coc.08_ TS intermal transcribed spacer 2. partl sequence
4 Bacicricera cockerelli voucher 150827 B.coc. 12 iniernal iranscribed spacer 2, partial sequence
¥ Bactericera cockerelli voucher 160725.B.coc.06.coL04_internal transcribed spacer 2, partial sequence
Rl Query 53931
Bactericera cockerelli voucher 181119.B.co¢.16_ITS2 internal transeribed spacer 2, partial sequence

Neighbor Joining tree of distance for the ITS2 locus, NCBI Genbank
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For the COI gene locus a sufficient number of sequences has been deposited in the Bold and GeneBank database. However, in
silico data of this pretesting suggests that issues might occur during barcoding on the COI locus due to one B. maculipennis
sequence as well as four Psyllopsis discrepans sequences clustering with B. cockerelli on this locus. Primer blast of the LepF/R
primer pair according to Hajibabaei et al. (2006) with restricting the search to B. cockerelli suggests suitability of identification
with this test.
Investigating tree-based identification on the /TS2 locus revealed sufficient clustering of B. cockerelli that is not interspersed
with any other psyllid species. In silico data for the real-time PCR according to Sumner-Kalkun et al. (2020) targeting the /TS2
locus indicates it as suitable for identification of Bactericera cockerelli. For more details of the in silico data see App. 2.

7. Discussion

Molecular identification of B. cockerelli investigated in this pretesting (COl barcoding, ITS2 sequencing, TagMan real-time PCR)
is highly promising based on database inventory of sequence records and in silico data.

However, even though there are indiciations that the COI locus is suitable for identification of B. cockerelli, it is recommended

to proceed with caution and to employ tree-based identification.
In silico trees on the ITS2 locus suggest the suitability of /TS2 sequencing for identification of B. cockerelli as well, as the closely

related species in this genus seem to cluster separately from each other, indicating sufficient interspecies variability.

Both in silico data and the validation data given in the publication by Sumner-Kalkun et al. (2020) demonstrates this TagMan-
based real-time PCR test as specific for B. cockerelli.

Given the acquisition of target and non-target psyllid samples in the future, a validation study would compare barcoding of the
COl locus and ITS2 sequencing as well as the TagMan real-time PCR according to Sumner-Kalkun et al. (2020).
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Appendix 2 — In silico data

Barcoding according to EPPO PM7/129(2): Search was restricted to Bactericera cockerelli

Fast Minimum Evolution tree for LepF

‘ <l psyllids | 22 leaves

) —rlkmiplcrn sp. BOLD:AAOS339 cytochrome oxidase subunit 1 (COI) gene, partial cds; mitochondrial
‘ . Hemiptera sp. BOLD: AAOB339 cytochrome oxidase subunit 1 (COI) gene, partial ¢ds; mitochondrial
. r Bactericera cockerelli voucher BIOUG<CAN>:10BBHEM-463 cytochrome oxidase subunit 1 (COI) gene, partial cds: mitochondrial

* Bactericera cockerelli voucher BIOUG<CAN>:10BBHEM-447 cytochrome oxidase subunit 1 (COI) gene, partial ods: mitochondrial
“ Bactericera cockerelli voucher BIOUG<CAN>:10BBHEM-446 cytochrome oxidase subunit 1 (COI) gene, partial ods: mitochondrial
2lcl|Query 49449

* Bactericera cockerelli clone 1-3 Vgé6-like protein mRNA, complete cds

? Bactericera cockerelli clone C1 vitellogenin 1-like protein mRNA, complete cds
[? Bactericera cockerelli aquaporin 5-like protein mRNA, complete ods

1 Bactericera cockerelli ATPase mRNA, partial ods

Bactericera cockerelli culture USDA:western internal transcribed spacer 2, partial sequence
#4 Bactericera cockerelli culture USDA:northwestern internal transcribed spacer 2, partial sequence
Bactericera cockerelli culture USDA:central internal transcribed spacer 2, partial sequence

* Bactericera cockerelli ferritin mRNA, complete cds

Fast Minimum Evolution tree for LepR

T

B.muncgm cockerelli from USA cytochrome b (CytB) gene, partial cds: tIRNA-Ser gene, complete sequence: NADH dehydrogenase subunit. |
— ? Bactericera cockerelli elongation factor 1 alpha mRNA, complete ods

2 BJL"(.I'IL\, ra cockerelli cytochrome oxidase subunit I gene, partial cds: mitochondrial
- Bactericera cockerelli from Mexico cytochrome b (CytB) gene, partial ods: tRNA-Ser gene, complete seq; : NADH dehydrog subunit 1 (ND1) ge.
g ? Bactericera cockerelli from Mexico cytochrome b (CyiB) gene, partial ods; IRNA-Ser gene, complete seque NADH dgh\duq.uusc subunit 1 (ND1) gene, com..

* Bactericera cockerelli from Guatemala cytochrome b (CytB) gene, partial ods: tRNA-Ser gene, complete sequence: NADH dehydrogenase subunit 1 (NDI) gene, complete.
B.xckncu.l cockerelli from USA cytochrome b (C\lBl gene, partial ods: IRNA-Ser gene, complete sequence: NADH dehydrogenase subunit 1 (ND1) gene, complete ods: and (RN.
—9 Bam.ru.\.m cockerelli from Mexico cytochrome b (CytB) gene, partial ods: tRNA-Ser gene, complete sequence: NADH dehydrogenase subunit 1 (ND1) gene, complete ods: and tRNA-L...
Bactericera cockerelli from USA g\lmhmnx b (CytB) gene, partial cds: tRNA-Ser gene, complete sequence: NADH dehydrogenase subunit 1 (NDI) gene, mmpklc ods; and tIRNA-Leu and larg.
Bmuwcm cockerelli cytochrome b (cytB) gene, partial ods: tRNA-Ser gene, complete sequence: NADH dehydrogenase subunit 1 (ndl) gene, complete cds; tRNA-Leu, large subunit ribosomal RNA, a..|
? B.ndgnum cockerelli clone 1-3 Vg6-like protein mRNA, complete ods
? Bactericera cockerelli Kruppel-like protein | mRNA, complete cds
9lcl|Query 52121
, Bactericera cockerelli clone C1 vitellogenin I-like protein mRNA, complete cds
) Bactericera cockerelli ATPase mRNA, partial ods
J Bactericera cockerelli aquaporin 5-like protein mRNA, complete cds
@ Bactericera cockerelli mitochondrion, complete genome
@ Bactericera cockerelli mitochondrion, complete genome
T‘B.mkriu.m cockerelli delta-24-sterol reductase mRNA, complete cds
# Bactericera cockerelli glyceraldehyde-3-phosphate dehyd mRNA, lete ods
Bactericera cockerelli aquaporin 2- like plouu\ mRNA, mmpluc ods
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TagMan real-time PCR according to Sumner-Kalkun et al. (2020), expected amplicon: 187bp

Fast Minimum Evolution tree for Bcoc_JSK2-f: GAGGTCTCCTCATCGTGCGT

Bactericera cockerelli culure USDA:northwestern internal transcribed spacer 2, partial sequence
2 Bactericera cockerel li culture USDA:central imernal transcribed spacer 2 gamal sequence

? Bactenicera cockerelli voucher 150827, B.coc. 3 internal transcribed spacer ial sequence
’anctn coxkcmlln voucher 150827.8.coc.2 internal transcribed spnca 2, pmnl sequence
150827.B.coc. 12 internal transcnbed spacer 2, partal sequence

DB— X cockadlu her 191003,B.coc.03_ITS2 imemal transcribed spacer 2, partial sequence
B wera cockerelli her 191003.B.coc.02_ITS2 intemal transcribed spacer 2, partial sequence
B wera cockerelli ber 191003.B.coc.01_ITS2 inlemal transcribed spacer 2, partial sequence
) Bacterioera cockerelli her 190604.B.coc. 15 ITS2 intemal transcribed spacer 2 2 pantial sequence

? Bactericera cockerelli voucher 190604 B.coc. 147 ITS2 intemal transcribed spacer 2, partial sequence
DBu\emcn cockerelli voucher 190604.B.coc. 13_ITS2 intemal transcribed spacer 2, partial sequence
cockerelli her 190604,B.coc, 117ITS2 intemal transcribed spacer 2 2 partial sequence

F" sera cockerelli her 190604, B, coc, I0 ITS2 imtemal transcribed spacer 2, partial sequence
B wera cockerel li her 190604.B,coc.09”ITS2 internal transcribed ipnoa‘-. partial sequence
? Bactericera cockerelli her 181119.B,c0¢, 227 ITS2 internal transcribed spacer 2, partial sequence
? Bactericera cockerelli ber 181119.B.coc.21_ITS2 internal lnmmbedquoa- partial sequence

'Bmmn cockerelli voucher 181119,B.coc, 197ITS2 internal transcribed spacer 2, partial sequence
cockerelli her 181119.B,coc. 187 ITS2 intemal transcribed qan,wnulsqwe
D" wera cockerelli her 131119.B.00¢,17_1TS2 imemal transcribed spacer 2. P8 partial sequence
Danceucock«dln voucher 1811198 .coc, 16_ITS2 imtemal transcribed spacer 2, partial sequence
wera cockerel li her 181119.B.coc, 157 ITS2 internal transcribed spacer Z.pmul sequence
iBaaemcn cockerelli voucher 1831119.B.coc. 147 ITS2 intemal transcribed spacer 2, pastial sequence
cockerelli ber 181119.8.c0¢.13° m’mm;llmcnbc«lm.‘wmlwqme
'B wera cockerel li her 181119,B.coc, 127ITS2 intemal transcribed spacer 2, pantial sequence
? Bacterioera cockerel li her 181119.B.cox. Il'l'l’S’m mal transcribed spacer 2, partial sequence
2 Bacterscera cockerelli voucher 181119.8.coc.09”ITS2 intemal transcribed spacer 2, partial sequence
Danccracml.cmlh voucher 181119.8.coc.08_ITS2 imtemal transcribed spacer 2, panial sequence
wera cockerel li her 181119.8.coc.06_ITS2 internal transcribed spacer 2, partial sequence
'Baacncen cockerelli voucher 181119.8.c0¢.05_ITS2 intemal transcribed spacer 2, partial sequence
wera cockerel i her 181119.8.c0c.04_ITS2 internal transcribed spacer 2, partial sequence
?Bmcmnood.cn:lh voucher 181119.8.c00.03_ITS2 intemal transcribed spacer 2 partial sequence
? Bactericera cockerelli voucher 181119.B.coc.027ITS2 imtemal transcribed spacer 2, partial sequence
I Bactericera cockerel li voucher 181119.B.coc.01” ITS2 intemal transcribed spacer 2, partial sequence
iBmmencmkculh voucher 160726.B.coc.6 mtermal transcribed spacer 2 pnmal sequence
wera cockerelli her 160726.B.coc.S intemal transcribed spacer 2, partial sequence
B wera cockerelli her 160726.8.coc.4 intemal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 160726,B.coc.3 inlemnal transcribed spacer 2, partial sequence
'Bauencen cockerelli voucher 160726.B.coc.2 inlemal transcribed spacer 2 pamal sequence
» cockerelli cher 160726,B.co¢.01 internal transcribed spacer 2, partial sequence

'

B sera cockerelli her 160725,B,co¢,07,c0l.08 internal transeribed spacer 2, pnmnl sequence
? Bactericera cockerelli her 160725.8,00¢,06,00L04_ intemal transcribed spacer 2, pantial sequence
? Bactericera cockerelli her 160725.B.coc.01.c0l.06 intemal iranscribed qlocer , partial sequence

Y Bactericera cockerelli voucher 150827.B,coc. 17 intemal transcribed vlccr . partial sequence

Y Bactericera cockerel li voucher 150827.B.coc.6 intemnal transcribed spacer 2, panul sequence

?Bactericera cockerelli voucher 150827, B.coc.05.col. 04 internal transcribed spacer 2, partial sequence

? Bactericera cockerelli isolate 150727.B.coc.2 5.8S ribosomal RNA gene, intermal transcribod sp-o:r 2, and 285 rbmounl RNA gen.
2 Bactericera cockerelli isolste MEXDOT 5.8S ribasomal RNA gene, partial sequence; -naml m;cnb:d spacer 2 2. cnnvlac Kquenc.,

? Bactericera cockerelli isolate MEX003 5.8S ribosomal RNA gene, pantial <q ik ibad spacer 2 > .
Y Bactericera cockerelli isolate MEX002 5.8S ribasomal RNA gene, pantial seq I tr spwu 2. complete equenc..
? Bactericera cockerelli isolate GUAO3 5,88 ribosomal RNA gene, partial sequence; nmaml lnnscnbed spac« 2, complete aequmce;.
? Bactericera cockerelli isolate GUADOS §.8S ribosomal RNA gene, partial spacer 2, complete seq

nbAAAAAApAAAAAnAnAAAAntnnnlAnnAAAnnAAAAAAAAAAAAAAAn.

) Bactencera cockerelli isolate GUADO2 5.8S ribosomal RNA gene, pantial sequence: intermal transcribed spacer 2. complete scqumc“
Bactericera cockerel li isolate GUAGOT 5.8S ribosomal RNA gene., pmhl sequence: internal lnmcrinod spacer 2, complete sequenc...
Bactericera cockerelli isolate Col3 5.8S ribosomal RNA gene, partial soqs inge ral transcriby «r..compklcwqocncrm
Bactericera cockerelli isolate Col2 5.8 ribosomal RNA gene. partial sequence: internal transcribed spacer 2, complete sequence: an,
Bactericera cockerel li isolate Coll 5.8 ribosomal RNA genc. partial seq internal transcribed spacer 2, complete sequence: an,
Bactericera cockerel li isolate Coa2 5,88 ribosonal RNA gene, pastial sequence; intemal transcribed spacer 2, complete sequence; a..
Bactericera cockerelli isolate Coal 5,88 ribosonml RNA gene, pastial sequence; intermal transcribed spacer 2, complete sequence; a.. |
Bactericera cockerelli isolate Neb3 3.8 ribosomal RNA gene, partaal sequence: intemal ranscribed spacer 2, complete sequence: a..
Bactenicera cockerel li isolate Neb2 5.8 nbosomal RNA gene, partial sequence; imtemal transcribed spacer 2, complete sequence: a..
Bacterioera cockerelli isolate Nebl 5.88 ribosomal RNA gene, partaal sequence: mumnl tnmmha! spaccr 2 mpl«esewmce a.

Bactenicera cockerelli isolate Ora3 5.8S ribosomal RNA gene. pantial seq hed spacer 2, P q an,
Bactencera cockerelli isolate Ora2 5.8S ribosomal RNA gene. partial seq: i I b spacer 2, b -an,
Bactericera cockerelli isolate Ora I 5.8S ribosomal RNA gene, partial seq i I whed spacer 2, complete wqumce an,

Bactenicera cockerelli isolate Bag3 5,88 ribosomal RNA gene, partial sequence: intemal transcribed spacer 2, complete sequence:: an. |
Bactericera cockerelli isolate g:l 5.8S ribosomal RNA gne. "::nnnl sequence; internal transcribed s%r 2, complete sequence; an. |
Bactercera cockerelli isolate VENS 5.8S nibosomal RNA gene, partial sequence; internal transcribed spacer 2, complete sequence; 2

Multiple organisms | 32 beaves
_19363
Bactercera cockerelli culture USDA: westem intemal transcribed spacer 2, partial sequence
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Fast Minimum Evolution tree for Bcoc_JSK2-r: GGACGAGCATTGCTGCTGC

Bactericera cockerelli voucher 130827.B.coc.2 internal transcribed spacer 2. partial sequence

Bactericera cockerelli voucher 150827.B.coc. 12 interal transcribed spacer 2, partial sequence

Bactericera cockerelli voucher 191003.B.coc.03_ITS2 internal transcribed spacer 2, partial sequence
»Bactericera cockerelli voucher 191003.B.coc 027ITS2 interal transcribed spacer 2, partial sequence
? Bactericera cockerelli voucher 191003.B.coc.01_ITS2 internal transcribed spacer 2. partial sequence
» Bactericera cockerelli voucher 190604.B.coc. 15_1TS2 intemnal transcribed spacer 2. partial sequence
? Bactericera cockerelli voucher 190604.B.coc. 147 1TS2 internal transcribed spacer 2, partial sequence
Y Bactericera cockerelli voucher 190604,B.coc.13_ITS2 intemal transcribed spacer 2, partial sequence
» Bactericera cockerelli voucher 190604.B.coc.1171TS2 internal transcribed spacer 2, partial sequence
E'Bactcriccm cockerelli voucher 190604.B.coc.10_1TS2 internal transcribed spacer 2, partial sequence
Y Bactericera cockerel li voucher 190604.B.coc 09”1TS2 intemal transcribed spacer 2. partial sequence
E'erioem cockerelli voucher 181119.B.coc.22_ITS2 interal transcribed spacer 2, partial sequence

Bactericera cockerelli voucher 150827.B.coc.3 internal transcribed spacer 2, partial sequence
)
y

»Bactericera cockerelli voucher 181119,B.coc.2171TS2 internal transcribed spacer 2, partial sequence
) Bactericera cockerelli voucher 181119.B.coc.197ITS2 internal transcribed spacer 2, partial sequence

Y Bactericera cockerelli voucher 181119.B.coc.18_ITS2 intemal transcribed spacer 2. partial sequence
aDBmcr'mm cockerelli voucher 181119.B.coc. 177 1TS2 intemal transcribed spacer 2. partial sequence

? Bactericera cockerelli voucher 181119.B.coc.16_ITS2 interal transcribed spacer 2, partial sequence

Y Bactericera cockerelli voucher 181119,B.coc.157ITS2 internal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 181119.B.coc.14_I1TS2 internal transcribed spacer 2, partial sequence
) Bacterioera cockerelli voucher 181119.B.coc.1371TS2 mtemal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 181119.B.coc. 127 1TS2 intemal transcribed spacer 2. partial sequence

» Bactericera cockerelli voucher 181119.B.coc.11_ITS2 interal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 181119,B.coc. 097ITS2 internal transcribed spacer 2, partial sequence
# Bactericera cockerelli voucher 181119.B.coc.08_ITS2 internal transcribed spacer 2, partial sequence
Y Bactericera cockerelli voucher 181119.B.coc.06_ITS2 internal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 181119.B.coc.05_1TS2 internal transcribed spacer 2. partial sequence
Bactericera cockerelli voucher 181119.B.coc.04 ITS2 internal transcribed spacer 2, partial sequence
Bactericera cockerelli voucher 181119,B.coc.03_1TS2 internal transcribed spacer 2, partial sequence
»Bactericera cockerelli voucher 181119.B.coc.01_ITS2 internal transcribed spacer 2, partial sequence
) Bactericera cockerelli voucher 160726.B.coc.6 mternal transcribed spacer 2, partial sequence
? Bactericera cockerelli voucher 160726.B.coc.5 internal transcribed spacer 2. partial sequence

?Bactericera cockerelli voucher 160726,B.coc.4 internal transcribed spacer 2, partial sequence

?Bactericera cockerelli voucher 160726,B.coc.3 internal transcribed spacer 2, partial sequence
Y Bactericera cockerelli voucher 160726.B.coc.2 internal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 160726.B.coc.01 intemal transcribed spacer 2, partial séquence
) Bactericera cockerelli voucher 160725.B.c0¢.07.col.08 internal transcribed spacer 2, partial sequence
Y Bactericera cockerelli voucher 160725,B.coc.06,c01.04_ intemal transcribed spacer 2, partial sequence
?Bactericera cockerelli voucher 160725,B.coc.01,c0l,06_ internal transcribed spacer 2, partial sequence
» Bactericera cockerelli voucher 150827.B.coc.17 intemal transcribed spacer 2, partial sequence
* Bactericera cockerelli voucher 150827.B.coc.6 interal transcribed spacer 2. partial sequence
Bactericera cockerelli voucher 150827.B.coc.05.c0l.04 internal transcribed spacer 2, partial sequence
Bactericera cockerelli isolate 150727.B.coc.2 5.8S ribosomal RNA gene, internal transcribed spacer 2, and..
Bactericera cockerelli isolate MEX00! 5.8S ribosomal RNA gene, partial sequence: intemal transcribed sp.
Bactericera cockerelli isolate MEXO003 5.8S ribosomal RNA gene, partial sequence: intemnal transcribed sp.
Bactericera cockerelli isolate MEX002 5.8S ribosomal RNA gene. partial sequence: internal transcribed sp.
Bactericera cockerelli isolate GUAO3 5.88 ribosomal RNA gene, partial sequence: internal transcribed spa..
Bactericera cockerelli isolate GUAOOS 5.8S ribosomal RNA gene, partial sequence: intemal transcribed sp.,
Bactericera cockerelli isolate GUAOD2 5.8S ribosomal RNA gene, partial sequence; internal transcribed sp.,
Bactericera cockerelli isolate GUAOOL 5.8S ribosomal RNA gene, partial sequence; intemal transcribed sp.,
Bactericera cockerelli isolate Col3 5.8S ribosomal RNA gene, partial sequence: intemal transcribed spacer..
Bactericera cockerelli isolate Col2 5.8S nibosomal RNA gene. partial sequence: internal transcribed spacer..

Multiple organisms | 47 leaves

kl[Query_26619
Bactericera cockerelli voucher 150827.B.coc.4 internal transcribed spacer 2, partial sequence
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Fast Minimum Evolution tree for Probe: Bcoc_JSK2-p: GCAAACGCGGCACAAGTACCGCGC

9 Miliochnsta miniala genome assembly. chromosome: 28

filochrista miniata genome assembly. chromosome: 26

Miliochrista miniala genome assembly, chromosome: 25
Mabochrista miniata genome assembly, chromosome: |

In silico PCR Bcoc_JSK2_f/r

B

A

Kerelli culture USD, intemal spacer 2. partial sequence
] sy 1ids | 12 eaves

9 Bacteriera cockerelli isolate VENI $.8S ribosomal RNA gene, partial sequence: intemal transcribed spacer 2, complete sequence:: and 28S ribosomal RNA gene, partial s
? ¥ Bactericera cockerelli isolate VEN2 5.8 ribosomal RNA gene, partial sequence: interal transcribed spacer 2. complete sequence: and 288 ribosonal RNA gene, partia.
¥ \71' Bactericera cockerelli isolate VENS 58S ribosonsal RNA gene, pantial sequence; imtemal transcribed spacer

2. complete sequence; and 28S ribosomal RNA gene, parti.
complete sequence; and 28S ribosonal RNA gene, partia. |
complte sequence: and 288 ribosomal RNA gene, partia

2 Bactericera cockerelli isolate Ora2 5,85 ribosomal RNA gene, panial sequence: intemal transcribed spacer 2, complete sequence; and 288 ribosomal RNA gene, parti,.
o Bactericera cockerelli isolate Ora3 5.8S ribosomal RNA gene, partial sequence:; intermal transcribed spacer 2, complete sequence; and 288 ribosomal RNA gene, parti..
O Bacterwcera cockerelli isolae Nebl 5.8S ribosomal RNA gene, partial sequence:; internal ranscribed spacer 2, complete sequence: and 288 ribosomal RNA gene. parti.
QBactericera cockerelli isolate Neb2 5.88 ribosomal RNA genc, partial sequence:; imteral transcribed spacer 2, complete sequence; and 288 ribosomal RNA gene, parti.
Kerelli isolste Neb3 5,88 ribosomal RNA gene, partial sequence; intemal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, parti.

OBaciericera cockerelli isolate Coal 5,88 ribosonsl RNA gene, partial sequence: intemal transcribed spacer 2, complete sequence: and 28S ribosomal RNA gene. parti..
QBacterera cockerelli isolae Coal 5,88 ribosonal RNA gene, pastial sequence: intemal transcribed spacer 2, complete sequence: and 288 ribosomal RNA genc, parti.

OBactericera cockerelli isolase Col3 5.8 ribosomal RNA gene, partial sequence: insemal transcribed spacer 2, complete sequence: and 288 ribosonual RNA gene, panti
?Bactericera cockerelli isolaste GUAOOI 5.8S ribosomal RNA gene, partial sequences internal transcribed spacer 2, complete sequence; and 288 ribosomal RNA gene,

S
O Bacterxcera cockerelli isolate GUADO2 5.8S ribosomal RNA gene, partial sequence: internal transcribed spacer 2, complete sequence: and 288 ribosomal RNA gene,
OBactercera cockerelli isolate GUAOOS 58S ribosomal RNA gene, partial sequence; intermal transeribod spacer 2, complete sequence: and 288 ribosomal RNA genc,
OBacteriera cockerelli isolate GUAO3 5,88 ribosomal RNA gene, partial sequence; internal transcribed spacer 2, complete sequence; and 288 ribasomal RNA gene, pa.|
O Bactercera cockerelli isolae MEXD02 5.8S ribosomal RNA gene. partial sequence: internal transcribed spacer 2. complete sequence: and 288 ribosomal RNA gene, .
OBaciericera cockerelli isolate MEX003 5.8S sibosomal RNA gene, partial sequence: internal transcribad spacer 2. complete sequence: and 288 ribosomal RNA genc, ..
OBactericera cockerelli isolate MEX00! 5.8S ribosomal RNA gene, partial sequence; internal transcribed spacer 2, complete sequence; and 288 ribosomal RNA gene, ..
OBactericera cockerelli voucher 150827.B.coc.6 intemal transcribed spacer 2. partial sequence

OBactericera cockerelli voucher 150827.B.coc.17 intermal transcribed spacer 2, partial

OBactericera cockerelli voucher 160725,B.coc.01.001,06_ intemal transcribed spacer 2, partial sequence

OBactericera cockerelli voucher 160725.B.coc,06.coL04_ internal transcribed spacer 2, partial sequence

GBaciericera cockerelli voucher 160725,B.c0¢.07.c0L.08 internal transcribed spacer 2. partial sequence

OBacteriera cockerelli voucher 160726,B.coc,01 intemal transcribed spacer 2, partial sequence

OBactericera cockerelli voucher 160726.B.c0¢.2 inlernal transcribed spacer 2, partial sequence

OBactericera cockerelli voucher 160726.B.coc.3 internal transcribed spacer 2, partial sequence

O Bactericera cockerelli voucher 160726,B,c0¢ 4 internal transcribed spacer 2. partial sequence

@ Bactericera cockerelli voucher 160726.B.coc.S internal transcribed spacer 2, pantial sequence

OBactericera cockerelli voucher 160726.8.c0¢.6 imemal transcribed spacer 2, partial sequence

OBactericera cockerelli voucher 181119.B.coc.01_ITS2 internal transcribed spacer 2, partial sequence

B Bactericera cockerelli voucher 1811 19.B.coc.02_ITS2 intermnal transcribed spacer 2, partial sequence

@ Baciericera cockerelli voucher 181119.8.coc.04_ITS2 imtemal transcribed spacer 2. pantial sequence

OBactericera cockerelli voucher 181119.8.coc,05_ITS2 intemnal transcribed spacer 2, partial sequence

©Bactericera cockerelli voucher 181119.8 .coc,06_ITS2 intemal transcribed spacer 2, partial sequence

OBactericera cockerelli voucher 181119.8.coc.08_ITS2 intemal transcribed spacer 2. pantial sequence

OBactericera cockerelli voucher 181119.B.coc.09_ITS2 intemal transcribed spacer 2. partial sequence

OBactericera cockerelli voucher 181119.B,coc, 11_ITS2 intemal transcribed spacer 2, pantial sequence

OBacericera cockerelli voucher 181119,B.coc. 13 ITS2 infemal transcribed spacer 2, partial sequence

DBacteriera cockerelli voucher 181119.8.c0¢.15_ITS2 intemal transcribed spacer 2, partial sequence

OBactericers cackerelli voucher 151119B.coc, 16_ITS2 internal transcribed spacer 2. partial sequence
L
<

>Bactericera cockerelli voucher 181119.B.coc.17_ITS2 internal transcribed spacer 2, partial sequence
Y Bactericera cockerelli voucher 181119.8.coc. 187 ITS2 intemal transcribed spacer 2. pantial sequence
?Bactericera cockerelli voucher 1S1119,B.coc, 19 _ITS2 internal transcribed spacer 2, partial sequence
OBacericera cockerelli voucher 181119.B.coc.22_ITS2 intemal transcribed spacer 2, partial sequénce

L kerelli voucher 190604.B.coc.09_ITS2 intemal transcribed spacer 2. partial sequence
QO Bactericera cockerelli voucher 190604,B,coc, 10_ITS2 intemal transcribed spacer 2, partial sequence
OBactericera cockerelli voucher 190604.B.coc.13_ITS2 internal transcribed spacer 2, partial sequence
OBacierscera cockerelli voucher 190604.8.coc. 13_ITS2 intemal transcribed spacer 2. partial sequence
OBactericera cockerelli voucher 190604.B.coc. 15_ITS2 intemal transcribed spacer 2. partial sequence
OBactericera cockerelli voucher 191003,B.coc,01_ITS2 intemal transcribed spacer 2, partial sequence
OBacteriera cockerelli voucher 191003.B.coc,02_ITS2 internal transcribed spacer 2, partial sequence
D Bactericera cockerelli voucher 191003,8.c0¢.03_ITS2 intermal transcribed spacer 2. partial soquence
O Bactericera cockeralli voucher 150827.B coc, 12 intemal transcribed spacer 2, partial sequence

Multiple organisms | 27 leaves

Sequence (5->3) Tm GC% Self complementarity Self 3' complementarity
Forward primer GAGGTCTCCTCATCGTGCGT 61.66  60.00 5.00 0.00
Reverse primer GGACGAGCATTGCTGCTGC 6239 6316 7.00 5.00
Products on target templates

=MW641997.1 Bactericera cockerelli culture USDA:western internal transcribed spacer 2, partial sequence

product length
Forward primer

Template 3 - 619
Reverse primer 1 GOACGAGCATTGCTGLTGC 19
Template 452 iiiiieiaaaaaaaaas 47a

= 187

1 GAGGTCTCCTCATCGTGCGT 28

=MW641990.1 Bactericera cockerelli culture USDA northwestern intemal transcribed spacer 2, partial sequence

product length
Forward primer

Template B38  iiiiiiiaiaaaaaaaaas 619
Reverse primer 1 GOACGAGCATTGCTGLTGC 19
Template 452 iiiiieiaaaaaaaaas 47a

= 187

1 GAGGTCTCCTCATCGTGCGT 28

=MW641989.1 Bactericera cockerelli culture USDA central internal transcribed spacer 2, partial sequence

product length
Forward primer

Template 3 - 619
Reverse primer 1 GOACGAGCATTGCTGLTGC 19
Template 452 iiiiieiaaaaaaaaas 47a

= 187

1 GAGGTCTCCTCATCGTGCGT 28

=MTOZ27598.1 Bactericera cockerelli voucher 150827 B.coc.3 internal transcribed spacer Z, partial sequence

product length = 187

Forward primer 1  GAGGTCTCCTCATCGTGCGT 2@
Template 26 . 45
Reverse primer 1 GOACGAGCATTGCTGLTGC 19
Template 212 194
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