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Taxonomic errors in the mitogenomes of two scale insects
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Abstract: The mitogenome is a double strand molecule that has become an extensively studied molecular
marker used in the study of the phylogeny of insects. A recent study investigated the mitogenomes of
Planococcus citri (Risso, 1813) and Unaspis yanonensis (Kuwana, 1923) published by PeerJ (Liu et al. 2020).
In our study, we determine that the putative “P. citri and U. yanonensis” mitogenomes did not originate from
Coccoidea but from parasitic wasps in the Chalcidoidea. These results are based on the genetic distances of
the barcoding sequences of cytochrome c oxidase | (COI) and on molecular identifications performed against
the Basic Local Alignment Search Tool (BLAST) in NCBI.

Key words: Molecular phylogenetics; correction; parasitic wasps; taxonomy

KT 2 Pl R BRI 20 /7 R AR

g, R=%"

ML R S48 ML AR § 5P 2E HRE A se8e=, Jb3T 100083

WE.: AR AE TR € R 71, HETH 2 T B ARG B . Peerd 44 2020
R F T MREESOR I Planococcus citri (Risso, 1813) 144k Unaspis yanonensis (Kuwana, 1923)¢)
LRSI . SR, AWFFUEIE COI K TEAEF A1 (4% FE 25 73 AT LA BT NCBI L) BLAST i
BT /3 FHE5E, A5 BORINIX 2 Fh BT (i AR JE DR 20 R AR X B AR (R SRR AR, i ok A AR
e, TP EOE E HR

REHE: Il FRIE; T o

Introduction

The mitogenome is a double-strand circular molecule, ranging from 14 kb to 20 kb in
size, and usually consists of 13 protein-coding genes (PCGs), 22 transfer RNAs (tRNAs), two
ribosomal RNAs (rRNAs), and one or more non-coding regions (also known as the control
region, CR) (Wolstenholme 1992; Boore 1999). Because of relatively high evolutionary rates
and rare recombination, mitogenomes have been used recently as molecular markers for
molecular evolution, population genetics and reconstruction of phylogenetic relationships at
various taxonomic levels (Cameron 2014). Advanced sequencing methods have resulted in the
publication of a greater number of mitogenomes (Cameron 2014; Deng et al. 2019; Lu et al.
2020; Xu et al. 2021). Liu et al. (2020) recently published the mitogenomes of three species
assigned as coccoid species, namely Ceroplastes rubens Maskell, 1893, Planococcus citri
(Risso, 1813), and Unaspis yanonensis (Kuwana, 1923).

Accepted 29 December 2021. Published online 22 February 2022. Published 25 March 2022.
@ Corresponding author, E-mail: Sananwu@bjfu.edu.cn


mailto:Sananwu@bjfu.edu.cn

2 XU & WU. Taxonomic errors in the mitogenomes of two scale insects

In this study, we examined if the molecular data published by Liu et al. (2020) originated
from the P. citri and U. yanonensis by analysis of genetic distance based on the barcoding
sequences of COI and by molecular identification against the Basic Local Alignment Search
Tool (BLAST) in NCBI.

Material and methods

Taxon sampling. We downloaded the molecular sequences from the NCBI
(https://www.ncbi.nlm.nih.gov/) and selected 651 bp of barcoding sequences of cytochrome ¢
oxidase | (COI) of mitogenomes from the nominal species “P. citri” (Accession Number
MT611526) (position: 5297 bp — 5947 bp) and “U. yanonensis” (Accession Number
MT611525) (position: 10001 bp — 10651 bp). In addition, we selected an additional 48 and 11
barcoding sequences of actual species P. citri and U. yanonensis, respectively, to analyse the
genetic divergence between them and two nominal coccoid species (Table 1). The sequences
we adopted are submitted by different researchers in order to reduce the potential impact of
any incorrect sequences.

Table 1. Taxon used in genetic distance analysis

Species Accession Number Species Accession Number
"Planococcus citri"* MT611526 Planococcus citri KY373077
"Unaspis yanonensis"*  MT611525 KY373079
Planococcus citri GU936938 KY373081
HM474278 KY373107
HM474279 KY373108
HM474280 MF952472
HM474281 MF952477
HM474283 MF952478
HM474285 MF952535
HM474286 MG437485
HM474287 MG813757
HM474288 MG813759
JF905461.1 MG813760
KJ187500 MG813761
KP692643 MG813762
KP692644 MG813763
KP692645 MG813766
KP692646 MG813767
KP692647 MG813768
KP692648 U. yanonensis HM474407
KU254182 HM474408

KU254185 HMA474409
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Continued Table 1.

Species Accession Number Species Accession Number
KY211612 KP981077
KY372905 KP981078
KY372939 KP981079
KY372948 KP981075
KY372979 KP981076
KY373012 KR001888
KY373051 KR001889
KY373073 KR001890

* The two nominal coccoid species are indicated with quotation marks.

Genetic distance analysis. The genetic distances of the COIl barcoding sequences
between the two nominal coccoid species with other orders and with other specimens of
Coccoidea were calculated by MEGA7 using the Kimura 2-parameter (K2P) model (Kimura
1980; Kumar et al. 2016).

Molecular identification. “P. citri” and “U. yanonensis” COI barcoding sequences were
queried against the Basic Local Alignment Search Tool (BLAST) in NCBI
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) (Altschul et al. 1990).

Results

Genetic divergence of the barcoding sequences. The genetic divergence between the
nominal “P. citri” and other specimens of P. citri, ranged from 51.5% to 94.4% with an
average value of 58.5% (Table 2). And the genetic divergence between the nominal “U.
yanonensis”and other specimens of U. yanonensis, ranged from 45.3% to 52.5% with an
average value of 50.2% (Table 2).

Molecular identification. The nominal “P. citri” sequence was determined to originate
from Hymenoptera with high similarity, ranging from 83.87% with Platygastridae to 99.45%
with Encyrtidae (Table 3). And “U. yanonensis” was determined to originate from within
Chalcidoidea in Hymenoptera with a high similarity, ranging from 88.79% with Aphelinidae
to 89.42% with Pteromalidae (Table 4).

Table 2. The genetic divergence between the nominal ‘Planococcus citri’ and ‘Unaspis yanonensis’ and
other conspecific individuals, respectively (%)

Min Max Ave.
“P. citri”* 515 94.4 58.5
“U. yanonensis™* 45.3 52.5 50.2

* The two nominal coccoid species are indicated with quotation marks.
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Table 3. Top 10 records of matching results based on the barcoding sequence of COI of the nominal “P.
citri” from BLAST in NCBI

Order Superfamily Family Species Similarity GenBank
(%) Accession
Number
Hymenoptera Chalcidoidea Encyrtidae Anagyrus jenniferae  99.45 KY211367
Hymenoptera Chalcidoidea Encyrtidae Aenasius arizonensis  99.45 KY211366
Hymenoptera Chalcidoidea Encyrtidae Anagyrus jenniferae 99.09 KY211364
Hymenoptera Chalcidoidea Encyrtidae Anagyrus 98.91 KY211369
thailandicus
Hymenoptera Chalcidoidea Encyrtidae Clausenia purpurea  94.9 KU499516
Hymenoptera - - Hymenoptera sp. 86.36 KM568188
Hymenoptera - - Hymenoptera sp. 86.01 KM557055
Hymenoptera Chalcidoidea Eurytomidae Eurytomidae sp. 84.26 KY845423
Hymenoptera Chalcidoidea Megastigmidae  Bootanomyia sp. 84.13 MF956341
Hymenoptera Platygastroidea Platygastridae Platygastridae sp. 83.87 KR802803

Table 4. Top 10 records of matching results based on the barcoding sequence of COI of the nominal “U.
yanonensis” from BLAST in NCBI

Order Superfamily  Family Species Similarity GenBank
(%) Accession
Number

Hymenoptera Chalcidoidea Pteromalidae Pteromalinae sp. 89.42 KR892750

Hymenoptera Chalcidoidea Trichogrammatidae  Trichogramma 89.11 KX512841
platneri

Hymenoptera Chalcidoidea Trichogrammatidae Trichogramma 89.11 KX512840
platneri

Hymenoptera Chalcidoidea Trichogrammatidae  Trichogramma 89.11 KX512839
platneri

Hymenoptera Chalcidoidea Trichogrammatidae Trichogrammasp. 89.11 KR794810

Hymenoptera Chalcidoidea Aphelinidae Aphytis melinus 88.79 MH456570

Hymenoptera Chalcidoidea Aphelinidae Aphytis melinus 88.79 MH456569

Hymenoptera Chalcidoidea Aphelinidae Aphytis melinus 88.79 MH456568

Hymenoptera Chalcidoidea Aphelinidae Aphytis melinus 88.79 MH456567

Hymenoptera Chalcidoidea Aphelinidae Aphytis melinus 88.79 MH456566

Discussion

Previous studies indicated that the genetic distance of barcoding sequence of COl among
conspecific individuals in Diaspididae and Pseudococcidae ranged from 0.00% to 5.98% at
least (Park et al. 2011; Wang et al. 2016). Had the molecular data from Liu et al. (2020) been
correctly assigned as those of P. citri and U. yanonensis, these two nominal coccoid
specimens would have been the closest genetic distance with each conspecific individual
based on the barcoding sequence of COI. But they both had an extraordinarily high genetic
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divergence with each conspecific specimen, with an average genetic distance of 58.5% and
50.2%, respectively, far exceeding the range suggested by previous studies. Moreover, they
should also be identified as corresponding coccoid species by the BLAST on NCBI, because
of numerous records of the barcoding sequences of COI of the actual P. citri and U.
yanonensis submitted from different researchers on NCBI. Instead, they were both identified
as parasitic wasps Chalcidoidea by the BLAST on NCBI. The Chalcidoidea is ungquestionably
one of the most key natural enemies of scale insects and extensively adopted as a biocontrol
agent (Dean et al. 1978; Noyes 1985; Neuenschwander et al. 1989; Garcia Morales et al.
2016; Ramos et al. 2018). There have been 29 species belonging to five chalcidoid families
reported as a natural enemy of P. citri, including Anagyrus aurantifrons, A. bohemanni, and A.
dactylopii (ScaleNet; Garcia Morales et al. 2016). Likewise, there have also been 16 species
belonging to three chalcidoid families as a natural enemy of U. yanonensis, including Aphytis
melinus, Ap. proclia, and Ap. unaspidis (ScaleNet; Garcia Morales et al. 2016).

Accordingly, the molecular data from Liu et al. (2020) was erroneously assumed by the
original authors to originate from coccoid species. However, they are in fact from parasitic
Chalcidoidea of Hymenoptera. An incorrect species assignment may cause confusion in the
phylogenetic analysis of Coccoidea and lead to mistaken conclusions in subsequent studies.
Therefore, researchers must ensure the identity of specimens and their molecular data.
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