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As an environmental stress factor, ultraviolet-B (UV-B) radiation directly affects insect growth, development, and
reproduction. Heat shock protein 70s kDa (Hsp70s) plays an important role in the environmental adaptation of
insects. To determine the role of MpHsp70s in the UV-B tolerance of Myzus persicae (Sulzer), we identified the
complete complementary DNA sequences of seven MpHsp70s. They were found to be ubiquitously expressed

during different developmental stages and were highly expressed in second-instar nymphs and wingless adults.
The expression levels of the MpHsp70s were significantly upregulated when exposed to different durations of UV-
B stress. Nanocarrier-mediated dsMpHsp70 suppressed the expression of the MpHsp70s and reduced the body
length, weight, survival rate, and fecundity of M. persicae under UV-B exposure. When the combinational RNAi
approach was adopted, the effects on the survival rate and fecundity were greater under UV-B stress, except for
MpHsc70-4. These results suggest that MpHsp70s are essential for the resistance of M. persicae to UV-B stress.

1. Introduction

As an important environmental stress factor, solar ultraviolet (UV)
radiation significantly impacts both biological and non-biological or-
ganisms in the ecosystem. According to their wavelengths, UV radiation
can be divided into three different types: UV-C, 100-280 nm; UV-B,
280-315 nm, and UV-A, 315-400 nm [1]. Among them, UV-B is the
strongest light wave reaching the earth and is effectively absorbed by
the ozone layer in the atmosphere; however, approximately 10 % of it
can penetrate the ozone layer and reach the earth [2]. In recent years,
the emission of hydrochlorofluorocarbons from human activities has
damaged the ozone layer in the atmosphere, thus leading to a sharp
increase in the UV-B radiation reaching the earth's surface [3,4]. High
doses of UV-B radiation are harmful to all organisms [5] as they can
induce oxidative stress via the production of reactive oxygen species
(ROS), which cause damage to the DNA, membrane lipids, and proteins
and severely affect growth, physiology, biochemistry, and population
structure [6-8]. Although UV-B is harmful to most organisms, some
possess complete anti-stress mechanisms, including antioxidants, cell
apoptosis, DNA repair, and molecular chaperones (e.g., heat shock
proteins [Hsps]), which protect the body from damage caused by UV-B
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stress [1,9-12].

Hsps are a class of highly conserved molecular chaperone proteins
that are involved in maintaining and regulating the conformation and
function of various cellular proteins [13,14]. Hsps can be classified ac-
cording to their molecular weight, structural characteristics, and func-
tions, namely Hsp100, Hsp90, Hsp70, Hsp60, Hsp40, and small Hsps
[13]. Among them, the Hsp70 family is the most common and evolu-
tionarily conserved member and is widely present in prokaryotes and
eukaryotes [15-17]. The Hsp70 family is further divided into two sub-
groups according to its response patterns to various stimuli, namely
stress-inducing proteins (Hsp70s) and constitutively expressed proteins
(Hsc70s) [18-20]. Several studies have shown that under stress condi-
tions, such as high or low temperatures, hypoxia, and UV exposure,
Hsp70s can play multiple roles in protein folding, degradation, and
transportation; protein—protein interaction; and prevention and disso-
lution of protein aggregates [13,21-24].

In nature, insects can adapt to fluctuating and unfavorable envi-
ronmental conditions because of their environmental adaptability
[25,26]. Growth, development, survival, and geographic distribution of
insects are influenced by various environmental factors, including UV
radiation [27,28]. Previous studies have shown that the transcription
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With 5 figures

Abstract: Sublethal concentrations of insecticides can affect the population dynamics of insects by inducing changes in
their reproductive traits; however, the underlying molecular mechanisms remain unclear. In previous transcriptomic experi-
ments, triazophos was found to promote SfTOR transcription. Therefore, in this study, two representative insecticides, thia-
methoxam (inhibiting reproduction) and triazophos (stimulating reproduction), were selected to evaluate the transcription
of the key genes involved in the target of rapamycin (TOR) and juvenile hormone (JH) pathways under stress in Sogatella

furcifera. The results showed that thiamethoxam could significantly inhibit the transcription of SfRheb, SfTOR, SfS6K,

and SfHMGR, whereas triazophos significantly promoted the transcription of SfRheb, SfTOR, SfS6K, STHMGR, SfMet, and
SfKr-h1. Moreover, RNA interference (RNAI) technology was used to target and silence TOR signaling pathway-related
genes. The results showed that RNAi-mediated silencing of SfRheb, SfTOR, and SfS6K significantly inhibited ovarian
development and fecundity. The transcription of JH signaling pathway-related genes (i.e., STHMGR, SfFAMeT, SfMet, and
SfKr-h1) and SfVg was significantly inhibited. However, the effects of SfRieb and SfTOR silencing on female reproduc-
tion were partially mitigated by the JH analog methoprene. These results indicate that the TOR signaling pathway can
regulate the JH signaling pathway and SfVg transcription. In addition, insecticide stress can influence the transcription of
TOR signaling pathway-related genes and transduction of stress signals via the JH signaling pathway, thereby affecting the

transcription of SfVg and ultimately regulating reproduction in females.

Keywords: Sogatella furcifera, insecticides, target of rapamycin, juvenile hormone, reproduction

1 Introduction

As one of the most important pests of rice, white-backed
planthopper (Sogatella furcifera) nymphs and adults suck
phloem sap from the rice plant and act as the vectors of south-
ern rice black-streaked dwarf virus, which seriously affects
the yield and quality of rice (Wu et al. 2017). S. furcifera is a
typical r-strategic migratory pest, which has strong fecundity
and is likely to cause outbreaks. Although the application of
chemicals remains to be the main strategy for controlling
S. furcifera, the long-term and large-scale use of insecticides

© 2022 E. Schweizerbart'sche Verlagsbuchhandlung, 70176 Stuttgart, Germany

DOI: 10.1127/entomologia/2022/1496

can easily lead to the resurgence of pests by stimulating
reproduction and insecticide resistance (Wu et al. 2020).

To date, there has been extensive research on ecologi-
cal issues related to the sublethal effects of insecticides on
S. furcifera (Liu et al. 2016, Zhou et al. 2019b). For example,
thiamethoxam is a widely used neonicotinoid with excellent
insecticidal activity and an ideal substitute for imidacloprid.
It can not only directly kill target insects but also significantly
inhibit the reproduction of S. furcifera at its sublethal con
centration (Yang et al. 2017). Triazophos, a broad-spectrum
organophosphorus insecticide, has also been widely used to
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Abstract

BACKGROUND

Phytoseiid mites are important natural enemies of spider mites. Sex-determination
mechanism are important basic scientific issues in the reproduction and evolution of
predatory mites. Clarifying sex-determination mechanism may provide reference for
exploring genetic approach to have the phytoseiid mites produce more female offspring,
which could improve their effectiveness as a biological control agent.

RESULTS

We used transcriptome sequencing to identify and characterize 20 putative sex-
determination genes in the phytoseiid mite Neoseiulus californicus, a species with
uncommon pseudo-arrhenotoky, including doublesex-like (dsx1-like), transformer-2 (tra-2),
intersex (ix), and fruitless-like (BTB2). A significant negative correlation was found between
prey stress and offspring sex ratio. But the most genes identified showed no difference in
expression between the groups with lowest and highest female offspring ratios. The
hatching rate and sex ratio of female offspring were reduced when the ix gene was
silenced, and the oviposition days and fecundity were reduced when the BTB2 gene was
silenced. The fecundity was reduced when the tra2 gene was silenced and the snf gene is
essential for oviposition in female. There was no effect on reproduction and female sex
determination when silencing the dsx7-like and dsx2-like gene.

CONCLUSION

The genes BTB2, tra2 and snf are involved in oviposition, and ix may be involved in female
sex determination and egg formation in Neoseiulus californicus. The results are
conductive to further understanding molecular regulatory mechanism of sex
determination in predatory mites and may provide a reference for better use of this
predatory by producing more females. © 2022 Society of Chemical Industry.
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Abstract

BACKGROUND

Habrobracon hebetor (Hymenoptera: Braconidae) is a gregarious ectoparasitoid that
attacks the larvae of several species of pyralid and noctuid moths. The reproduction and
population dynamics of parasitoids in general are affected by host deprivation. However,
how host deprivation affects H. hebetor is unknown. The effect of host deprivation on the
parental generation, life table parameters, and the paralysis rate of the F; generation of
H. hebetor were evaluated using the age-stage, two-sex life table under laboratory
conditions.

RESULTS

The results indicated that the greatest longevity and the least lifetime fecundity of the Fy
generation occurred after 19 days of host deprivation (PW-20 treatment). The life table
parameters (intrinsic rate of increase, r; finite rate of increase, A; and net reproductive
rate, Ro) and the paralysis rate parameters (net paralysis rate, Co; transformation rate, Q,;
stable paralysis rate, {; and finite paralysis rate, w) of F; individuals after PW-20
treatment were significantly higher than those of individuals subjected to the control
treatment (no host deprivation). However, no difference was detected between the two
host deprivation treatments: host deprivation after 1 day of host contact and immediate
host deprivation (PW treatment).

CONCLUSION

Our results demonstrated that the effectiveness of H. hebetor did not decrease even
during host deprivation for 19 days. Meanwhile, it was observed that mass rearing of the
parasitoid could be improved by providing 10 individuals of 5th instar larvae of Ephestia
elutella (Lepidoptera: Pyralidae) with a 20% honey-water solution. © 2020 Society of
Chemical Industry
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Abstract

The cotton mealybug Phenacoccus solenopsis Tinsley (Hemiptera: Pseudococcidae), is a highly
invasive and harmful pest. It causes considerable loss of cotton crops in China, India and Pakistan.
Little is known about its bionomics since it was first recorded in Pakistan and India in 2005. Rapid
spread of this pest worldwide has accelerated research on its biology, ecology and management. The
P. solenopsis has a short life cycle, and optimal temperatures lead to an increase in the number of
generations per year, which is a serious threat to cotton crop production. Cotton mealybug is native
to the USA, although it has now spread to >43 countries. Insecticidal control is the primary and
dominant practice for this pest, and its resistance to commonly used insecticides is increasing.
Biocontrol agents have strong potential for the management of nymphal instar stages. We read >250
articles related to our review title and finally reviewed recent advances in the understanding of P.
solenopsis biology, ecology and control approaches, aiming to highlight integrated and biological
management practices of this pest. © 2021 Society of Chemical Industry.

Keywords: Phenacoccus solenopsis; biological characteristics; cotton; integrated management;
invasive pest.
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Abstract

BACKGROUND

Calcium is an essential macronutrient for plant growth. Although it has been shown that
exogenous Ca application can increase plant resistance to abiotic stress, little is known
about its potential to enhance plant tolerance to biotic stress. Here, we investigated
whether pretreatment of wheat (Triticum aestivum L.) seeds with calcium chloride (CaCly)
improves plant resistance against wheat aphid (Schizaphis graminum Rondani). The
developmental time, population size, feeding behavior of aphids on plants grown from
CaCl,- and water-pretreated seeds, and plant defense responses to aphid attack were
investigated.

RESULTS

Seed pretreatment with CaCl, extended aphid development time and reduced aphid
population size and feeding efficiency. In addition, the pretreatment significantly
increased the concentration of Ca?* in wheat leaves, and upregulated expression levels
of TaCaM genes and callose synthase genes (TaGSL2, TaGSL8, TaGSL10, TaGSL12, TaGSL19,
TaGSL22 and TaGSL23). Callose concentration in the leaves of plants grown from CaCl,-
pretreated seeds increased significantly upon aphid attack. Further, callose deposition
was observed mainly in the phloem.

CONCLUSION

These results suggest that seed pretreatment with CaCl, primes the plant response
against wheat aphid attack, leading to modulation of callose deposition in the phloem in
response to aphid attack. © 2021 Society of Chemical Industry.
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Abstract

Chitinase degrades chitin in the old epidermis or peritrophic matrix of insects, which
ensures normal development and metamorphosis. In our previous work, we
comprehensively studied the function of SfCht7 in Sogatella furcifera. However, the
number and function of chitinase genes in S. furcifera remain unknown. Here, we
identified 12 full-length chitinase transcripts from S. furcifera, which included nine
chitinase (Cht), two imaginal disc growth factor (/DGF), and one endo-S-N-
acetylglucosaminidase (ENGase) genes. Expression analysis results revealed that the
expression levels of eight genes (SfCht3, SfCht5, SfCht6-1, SfCht6-2, SfCht7, SfCht8, SfCht10,
and SfIDGF2) with similar transcript levels peaked prior to molting of each nymph and
were highly expressed in the integument. Based on RNA interference (RNAI), description
of the functions of each chitinase gene indicated that the silencing of SfCht5, SfCht10, and
SfIDGF2 led to molting defects and lethality. RNAi inhibited the expressions of SfCht5,
SfCht7, SfCht10, and SfIDGF2, which led to downregulated expressions of chitin synthase 1
(SfCHS1, SfCHS1a, and SfCHS1b) and four chitin deacetylase genes (SfCDAT, SfCDA2, SfCDA3,
and SfCDA4), and caused a change in the expression level of two trehalase genes (TRET
and TRE2). Furthermore, silencing of SfCht7 induced a significant decrease in the
expression levels of three wing development-related genes (SWG, SfDpp, and SfHh). In
conclusion, SfCht5, SfCht7, SfCht10, and SfIDGF2 play vital roles in nymph-adult transition
and are involved in the regulation of chitin metabolism, and SfCht7 is also involved in
wing development; therefore, these genes are potential targets for control of S. furcifera.

Introduction

The white-backed planthopper, Sogatella furcifera (Horvath) (Hemiptera: Delphacidae), is one
of the most destructive rice pests, which damages rice by sucking plant juices, ovipositing,
and transmitting southern rice black-streaked dwarf virus; this causes substantial rice yield
loss (Zhou et al., 2008). Insecticidal control of S. furcifera is a convenient option, but
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Abstract

Diapause, an important strategy used by insects to avoid adverse environments, is regulated by
various cell signaling pathways. The results of our previous studies demonstrated that the
transforming growth factor-p (TGF-B) signaling pathway regulated pupal diapause in Helicoverpa
armigera, which was accompanied by downregulation of proteins in TGF-f signaling. However, to date
the mechanism underlying this phenomenon remains unknown. Here, we cloned the E3 ubiquitin
ligases gene Smurf. In vitro experiments showed that Smurf directly bound to TGF- receptor type |
(TGFBRI) and Smad2. Overexpressing Smurf promoted ubiquitination of TGFBRI and Smad2, thereby
downregulating their protein levels. Conversely, silencing of the Smurf gene suppressed
ubiquitination of TGFBRI and Smad?2 thereby increasing their protein levels. Results from in vivo co-
immunoprecipitation assays revealed that the binding of Smurf to TGFBRI or Smad2 was stronger in
diapause pupae than in nondiapause pupae. Injection of Smurf inhibitor AO1 into diapause pupae
markedly upregulated expression of TGFfRI and Smad?2 proteins, leading to resumption of
development in diapause pupae. Taken together, these findings suggested that ubiquitin ligase E3
Smurf participated in H. armigera diapause by regulating TGF- signaling, and thus could be playing a
crucial role in insect diapause.

Keywords: Helicoverpa armigera; Smurf; TGF-p signaling; degradation; diapause; ubiquitination.
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Abstract

For elucidating phylogenetic relationships among members of the family Cicadellidae,
mitogenomes of six members of the subfamily Iassinae, including Batracomorphus lateprocessus,
Iassus dorsalis, Krisna concava, Krisna rufimarginata, Gessius rufidorsus, and Trocnadella arisana,
were sequenced. The mitogenomes are 14,724-15,356-bp long. Moreover, typical 37 genes in
mitogenomes were identified; arrangement of these genes in the studied species was
consistent with that in the inferred ancestral insects, except for tRNA genes, with a simple
switch between the positions of trnl and trnQ in Trocnadella arisana. Most protein-coding
genes in the Iassinae mitogenomes showed typical ATN start codons (ATA/ATT/ATC/ATG) and
TAR (TAA/TAG) or an incomplete stop codon T--; ATPS8 of all sequenced species showed the
start codon TTG. The secondary structures of 16S rRNA and 12S rRNA were predicted. 16S
rRNA comprised 6 domains with 43 helices, and 125 rRNA comprised 3 domains with 25
helices. All subfamilies, except Cicadellinae and Evacanthinae, were recovered as
monophyletic. As reported previously, treehoppers originated from paraphyletic Cicadellidae.
Iassinae and Coelidiinae, Megophthalminae and treehoppers, and Cicadellinae and

Evacanthinae were sister groups with high nodal support.
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Photinia serrulata (Lindl.) (syn. Photinia serratifolia) is a popular evergreen ornamental shrub
that is cultivated worldwide for floral and pharmacological properties. Leaf extracts for P.
serrulata have been reported to contain antioxidant, antibacterial, anthelmintic, and
purgative properties (Song et al. 2007). From 2015 to 2018, leaf spots were observed on
leaves of P. serrulata cultivated on the West Campus of Guizhou University (20°26'26" N,
106°39'20" E), Guiyang, Guizhou province, China. The disease incidence increased to 60 to
70% in 2018. In June of 2018, leaf samples with symptomatic black spots were collected
from P. serrulata grown on the West Campus of Guizhou University. The leaves were surface
sterilized with 10% bleach for 30 s and 75% ethanol for 30 s, rinsed three times with
sterilized distilled water, air dried, placed on potato dextrose agar, and incubated at 25°C in
the dark for 8 days. The colonies of the pathogen cultures were white with a regular round
shape at the early stage and became darker gray with fluffy hyphae after 7 days. Conidia

were produced from clusters of conidiophores. The single-celled, globose-shaped conidia
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Abstract

Background: Commonly known as blister beetles or Spanish fly, there are more than 1500 species in the Meloidae family
(Hexapoda: Coleoptera: Tenebrionoidea) that produce the potent defensive blistering agent cantharidin. Cantharidin and its
derivatives have been used to treat cancers such as liver, stomach, lung, and esophageal cancers. Hycleus cichorii and Hycleus
phaleratus are the most commercially important blister beetles in China due to their ability to biosynthesize this potent
vesicant. However, there is a lack of genome reference, which has hindered development of studies on the biosynthesis of
cantharidin and a better understanding of its biology and pharmacology. Results: We report 2 draft genomes and quantified
gene sets for the blister beetles H. cichorii and H. phaleratus, 2 complex genomes with >72% repeats and approximately 1%
heterozygosity, using Illumina sequencing data. An integrated assembly pipeline was performed for assembly, and most of
the coding regions were obtained. Benchmarking universal single-copy orthologs (BUSCO) assessment showed that our
assembly obtained more than 98% of the Endopterygota universal single-copy orthologs. Comparison analysis showed that
the completeness of coding genes in our assembly was comparable to other beetle genomes such as Dendroctonus ponderosae
and Agrilus planipennis. Gene annotation yielded 13813 and 13725 protein-coding genes in H. cichorii and H. phaleratus, of
which approximately 89% were functionally annotated. BUSCO assessment showed that approximately 86% and 84% of the
Endopterygota universal single-copy orthologs were annotated completely in these 2 gene sets, whose completeness is
comparable to that of D. ponderosae and A. planipennis. Conclusions: Assembly of both blister beetle genomes provides a
valuable resource for future biosynthesis of cantharidin and comparative genomic studies of blister beetles and other
beetles.

Keywords: blister beetle Hycleus cichorii; blister beetle Hycleus phaleratus; genome sequencing; reference gene set; cantharidin
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Abstract Gardenia jasminoides and Rosa chinensis are
economically important horticultural plants in China.
Frankliniella occidentalis and Thrips hawaiiensis are
serious coexisting pests that previously demonstrated
opposite population trends on G. jasminoides and R. chi-
nensis flowers. To further study the different performances
between F. occidentalis and T. hawaiiensis, we investi-
gated their population dynamics in the field (for 5 years)
and their life history characteristics on the two flowers in
the laboratory. In the field, the density of F. occidentalis
was lower than that of 7. hawaiiensis on G. jasminoides but
was higher than that of 7. hawaiiensis on R. chinensis.
Under laboratory conditions, F. occidentalis showed sig-
nificantly slower development, and lower survival and
fecundity levels than T. hawaiiensis on G. jasminoides, but
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the opposite was true on R. chinensis. Significant differ-
ences in the net reproductive rate (R,) between F. occi-
dentalis and T. hawaiiensis were observed, with respective
values of 38.66 £+ 2.85 and 47.91 £ 2.70 on G. jasmi-
noides, and 55.64 + 2.15 and 32.45 + 2.16 on R. chinen-
sis. The intrinsic rates of increase (r,,) of F. occidentalis
and 7. hawaiiensis  were 0.156 £ 0.008 and
0.198 & 0.007, respectively, on G. jasminoides, and
0.172 £ 0.003 and 0.165 &+ 0.002, respectively, on R.
chinensis. Thus, the performances of both thrips with
respect to population size in the laboratory were in accor-
dance with those in the field, suggesting that the innate
capacity for insect population increases may directly
impact their population dynamics in fields. Thus, the
population performance of different thrips species on
flowers is species-dependent, which could be exploited in
thrips control programs by breeding pest-resistant cultivars.

Keywords Western flower thrips - Flower-inhabiting
thrips - Insect population development - Gardenia
Jjasminoides - Rosa chinensis - Life history

Key message

e Frankliniella occidentalis and Thrips hawaiiensis are
important pests of Gardenia jasminoides and Rosa
chinensis, which are economically important horticul-
tural plants in China.

e Reasons for the different F. occidentalis’ and T.
hawaiiensis’ population dynamics associated with
flower species are unknown.

e The F. occidentalis population developed faster and
was larger on R. chinensis, while the same was true for
T. hawaiiensis on G. jasminoides in the laboratory.
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cateniannulata strain 08XS-1, against Tetranychus urticae (Koch)

Xiaona Zhang, Daochao Jin B4, Xiao Zou, Jianjun Guo

First published: 18 January 2016
https://doi.org/10.1002/ps.4233
Citations: 5

Abstract

BACKGROUND

The two-spotted mite, Tetranychus urticae Koch, is one of the most serious mite pests of
crops throughout the world. Biocontrol of the mite with fungal agents has long been paid
much attention because of the development of insecticide resistance and the severe
restriction of chemical pesticides. In this study, the efficacy of submerged conidia of the
entomopathogenic fungus Isaria cateniannulata strain 08XS-1 against T. urticae eggs,
larvae and female adults was evaluated at different temperatures and humidity in the
laboratory and under field conditions.

RESULTS

The results showed that a suspension of 2 x 107 submerged conidia mL™" caused the
highest mortalities of mite eggs, larvae and females (100, 100 and 70% respectively) at
100% relative humidity and 25 °C in the laboratory. In the field experiments against the
mites, a suspension of 2 x 108 submerged conidia mL~" achieved significant efficiency —
the relative control effects were 88.6, 83.8 and 83%, respectively, in cucumber, eggplant
and bean fields after 10 days of treatment.

CONCLUSION

The results suggest that the /. cateniannulata strain 08XS-1 is a potential fungal agent,
with acceptable production cost of conidia, against T. urticae in the field in an area such
as southwestern China with higher air humidity. © 2016 The Authors. Pest Management
Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
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Abstract: The western flower thrips, Frankliniella occidentalis Pergande, is an invasive pest that
damages agricultural and horticultural crops. The induction of plant defenses and RNA interference
(RNAI) technology are potent pest control strategies. This study investigated whether the anti-
adaptive ability of F. occidentalis to jasmonic acid (JA)- and methyl jasmonate (MeJA)-induced defenses
in kidney bean plants was attenuated after glutathione S-transferase (GST) gene knockdown. The
expression of four GSTs in thrips fed JA- and MeJA-induced leaves was analyzed, and FoGSTd1
and FoGSTs1 were upregulated. Exogenous JA- and MeJA-induced defenses led to increases in
defensive secondary metabolites (tannins, alkaloids, total phenols, flavonoids, and lignin) in leaves.
Metabolome analysis indicated that the JA-induced treatment of leaves led to significant upregulation
of defensive metabolites. The activity of GSTs increased in second-instar thrips larvae fed JA- and
MeJA-induced leaves. Co-silencing with RNAi simultaneously knocked down FoGSTd1 and FoGSTs1
transcripts and GST activity, and the area damaged by second-instar larvae feeding on JA- and MeJA-
induced leaves decreased by 62.22% and 55.24%, respectively. The pupation rate of second-instar
larvae also decreased by 39.68% and 39.89%, respectively. Thus, RNAi downregulation of FoGSTd1
and FoGSTs1 reduced the anti-adaptive ability of F. occidentalis to JA- or MeJA-induced defenses in
kidney bean plants.

Keywords: Frankliniella occidentalis; glutathione S-transferase; induced defense; jasmonic acid; methyl
jasmonate; RNA interference; metabolites; counteradaptation

1. Introduction

In the co-evolution of plants and insects, plants developed a series of constitutive and
inducible defense mechanisms against insect feeding stress. However, insects also evolved
complex anti-defense mechanisms, including behavioral, physiological, and biochemical
adaptations, to increase survival and reproduction [1-4]. Important progress has been
made in the theory of plant defense [5,6]. In defense against herbivorous insects, plants
induce the production of secondary compounds in response to various induction factors,
and those compounds cause direct toxicity to insects [7,8]. Phytohormones are important
inducing factors that regulate plant defense responses, and predominantly include jas-
monic acid (JA), salicylic acid, ethylene, and abscisic acid and its related derivatives [9].
Among the phytohormones, the JA signaling pathway is the most important pathway
for regulating plant defenses against insects. Activation of the JA signaling pathway in
plants activates corresponding defensive enzymes and proteins and a series of defensive
compounds that counteract the harm caused by herbivorous insects [10-12]. To activate
the plant JA defense system, the JA signaling pathway is induced by chewing and rasp-
ing/sucking by insect mouthparts and also by the exogenous synthesis of JA and methyl
jasmonate (MeJA) [6,13]. The activation of the JA signaling defense network by exoge-
nous JA and its derivatives significantly upregulates JA biosynthetic enzymes, such as
lipoxygenase (LOX), antioxidant enzymes (such as polyphenol oxidase and peroxidase),

Int. J. Mol. Sci. 2022, 23, 10886. https:/ /doi.org/10.3390/ijms231810886
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Abstract: Pardosa pseudoannulata (P. pseudoannulata) is an essential natural predatory enemy in rice
ecosystems. The fluctuating climate may cause them to experience heat stress, whereas heat shock
proteins (HSPs) and antioxidant enzymes help resist heat damage. Herein, we cloned and charac-
terized the full-length genes PpHSP27, PpHSP60, and PpHSC70 from P. pseudoannulata. Changes in
gene expression levels and superoxide dismutase (SOD), catalase (CAT), and glutathione transfer-
ase (GST) activities in adult male and female P. pseudoannulata were measured at different stress
exposure times and temperatures. We found that the abovementioned HSP genes belong to the
sHSP, HSP60, and HSP70 families. The expression of the three HSP genes and the activities of SOD,
CAT, and GST were significantly upregulated with the increasing stress temperature and time. The
knockdown of the three HSP genes via RNA interference significantly decreased the survival rate
of male and female P. pseudoannulata during high temperature stress. Thus, PpHSP27, PpHSP60, and
PpHSC70 play an important role in the heat tolerance of P. pseudoannulata, and SOD, CAT, and GST
enable recovery heat stress-induced oxidative damage. Their changes and regulation during high
temperature stress can improve spiders” adaptability in the field and enhance the biological control
of environmental pests.

Keywords: Pardosa pseudoannulata; heat-shock protein (HSP) genes; antioxidant enzymes; heat
stress; RNAi; thermotolerance

1. Introduction

Arthropods are relatively susceptible to high temperatures because they do not have
mechanisms to regulate their body temperature. High temperatures can significantly af-
fect their growth, development, reproduction, survival, and other processes [1,2]. The in-
tensity, frequency, and duration of high temperatures are increasing because of global
warming, and these trends are expected to deteriorate with increased global warming
[3,4]. During their long evolution, arthropods have evolved various behavioral, morpho-
logical, physiological, and molecular strategies to avoid high-temperature damage. The
production of heat shock proteins (HSPs) and the enhancement of antioxidant enzymes
are considered important strategies for arthropods to cope with heat stress [5-9].

As with adverse environmental factors, such as hypoxia, heavy metal ion pollution,
UV stress, and starvation, heat stress causes protein denaturation and loss of function in
the organism [5,8,10]. As a chaperone protein, HSP cooperates with auxiliary molecular
chaperones and auxiliary proteins to mediate activities such as protein folding, localiza-
tion, and degradation, and prevents the protein denaturation caused by the abovemen-
tioned reasons [11-13]. Based on the relative molecular weight and amino acid (AA) se-
quence homology, HSPs may be divided into HSP110, HSP90, HSP70, HSP60, small heat
shock proteins (sHSPs), and other families [13-15]. Of these, HSP70 is the most

Int. J. Mol. Sci. 2022, 23, 12821. https://doi.org/10.3390/ijms232112821

www.mdpi.com/journal/ijms

60



International Journal of

‘ﬁ' Molecular Sciences

Article

Isolation of Peptide Inhibiting SGC-7901 Cell Proliferation
from Aspongopus chinensis Dallas

Xu-Mei Chen !, Shu-Qi Zhang 2, Mi-Lan Cao !, Jian-Jun Guo **

check for
updates

Citation: Chen, X.-M.; Zhang, S.-Q.;
Cao, M.-L.; Guo, J.-J.; Luo, R.
Isolation of Peptide Inhibiting
SGC-7901 Cell Proliferation from
Aspongopus chinensis Dallas. Int. J.
Mol. Sci. 2022, 23, 12535. https://
doi.org/10.3390/ijms232012535

Academic Editor: Azzurra Stefanucci

Received: 23 September 2022
Accepted: 18 October 2022
Published: 19 October 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by /
4.0/).

and Rui Luo %*

Scientific Observing and Experimental Station of Crop Pests in Guiyang, Ministry of Agricultural and Rural
Affairs, Institute of Entomology, Guizhou University, Guiyang 550025, China

College of Life Science, Guizhou University, Guiyang 550025, China

*  Correspondence: jjguo@gzu.edu.cn (J.-].G.); rluol@gzu.edu.cn (R.L.)

Abstract: Aspongopus chinensis Dallas is used as a traditional Chinese medicine as well as an edible
insect. Although its anti-tumor effects have been observed, the anti-tumor active component(s) in
the hemolymph of A. chinensis remains unknown. In this study, a combination usage of ultrafil-
tration, gel filtration chromatography, FPLC and RP-HPLC to separate and purify active peptides
was performed based on the proliferation of the human gastric cancer SGC-7901 cell line treated
with candidates. One peptide (MW = 2853.3 Da) was isolated from the hemolymph of A. chi-
nensis. A total of 24 amino acid residues were continuously determined for the active peptide:
N’-ECGYCAEKGIRCDDIHCCTGLKKK-C'. In conclusion, a peptide that can inhibit the proliferation
of gastric cancer SGC-7901 cells in the hemolymph of A. chinensis was purified in this study, which is
homologous to members of the spider toxin protein family. These results should facilitate further
works for this peptide, such as the cloning of genes, expression in vitro by prokaryotic or eukaryotic
systems, more specific tests of anti-tumor activity, and so on.

Keywords: anti-cancer peptide; Aspongopus chinensis Dallas; MTT; inhibition; ICsq

1. Introduction

Cancers are a serious threat to human health. There were 19.3 million new cancer
cases and 10 million cancer deaths in 2020 [1]. Lung cancer, colorectal cancer, breast cancer,
gastric cancer, and liver cancer are the top five cancers with the highest morbidity and
mortality worldwide [2]. However, there are no adequate efficacious medicines for cancer
treatments. Meanwhile, many disadvantages are associated with current medicines, such
as high price, severe adverse reactions, drug resistance, relapse after drug cessation, and so
on [3]. Therefore, the development of new anti-cancer drugs is a major issue at present.

Development of anti-cancer chemicals should be based on chemical design and screen-
ing according to targets, or based on the screening of natural chemicals. For natural
anti-cancer chemical screening, medicinal insects are important resources for active com-
ponent isolation. It has been proven that cantharidin and its derivatives from meloid
insects possess inhibitory effects on various cancer cells, such as laryngeal cancer, gastric
cancer, leukemia, esophageal cancer, liver cancer, lung cancer, cervical carcinoma and pro-
static cancer [4-9]. Bee venom and propolis (Apidae and Vespidae, Hymenoptera), which
are traditionally utilized as medicines, also have inhibitory effects on the proliferation of
leukemia, liver cancer, and esophageal carcinoma cells [10,11]. Mastoparan is an «-helical
and amphipathic tetradecapeptide obtained from the venom of the wasp Vespula lewisii that
exhibits tumor cell cytotoxicity [12]. It induced caspase-dependent apoptosis in melanoma
cells through the intrinsic mitochondrial pathway, protecting mice against tumor develop-
ment. In addition, chemicals originating from Bombyx mori, Chrysomya megacephala, Musca
domestica, and Holotrichia diomphalia larvae also have certain inhibitory effects on various
tumor cells [13-16].

Int. J. Mol. Sci. 2022, 23, 12535. https:/ /doi.org/10.3390/ijms232012535
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Abstract: Coridius chinensis belongs to Dinidoridae, Hemiptera. Previous studies have indicated that
C. chinensis contains abundant polypeptides with antibacterial and anticancer activities. Antimicrobial
peptides (AMPs), as endogenous peptides with immune function, play an indispensable role in the
process of biological development and immunity. AMPs have become one of the most potential
substitutes for antibiotics due to their small molecular weight and broad-spectrum antimicrobial
activity. In this study, a defensin CcDef2 from C. chinensis was characterized based on bioinformatics
and functional analyses. The mature peptide of CcDef2 is a typical cationic peptide composed of
43 amino acid residues with five cations, and contains three intramolecular disulfide bonds and a
typical cysteine-stabilized «3 motif in defensins. Phylogenetic analysis showed that CcDef2 belongs
to the insect defensin family. Analysis of gene expression patterns showed that CcDef2 was expressed
throughout developmental stages of C. chinensis with high levels at the nymphal stage and in adult
tissues tested with the highest level in the fat body. In addition, the CcDef2 expression was significantly
upregulated in adults infected by bacteria. After expressed in Escherichia coli BL21(DE3) and renatured,

check for

p the recombinant CcDef2 showed a significant antibacterial effect on three kinds of Gram-positive
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bacteria. These results indicate that CcDef2 is an excellent antibacterial peptide and a highly effective
Citation: Gong, T,; Du, J.; Li, S.-W.;

Huang, H.; Qi, X.-L. Identification

and Functional Analysis of a

immune effector in the innate immunity of C. chinensis. This study provides a foundation for further
understanding the function of CcDef2 and developing new antimicrobial drugs.
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1. Introduction

Multicellular organisms are constantly infected by pathogens and parasites in the
surrounding environment, and the immune system can help them resist the invasion

Published: 3 March 2022 of bacterial pathogens. Insects have no specific immune system similar to vertebrate T-
lymphocytes and B-lymphocytes, so innate immunity is the only way for insects to face
pathogen infection [1,2]. Insect innate immunity mainly consists of humoral immunity and
cellular immunity. Humoral immune responses include the production of antimicrobial
peptides (AMPs), reactive intermediates of oxygen or nitrogen, and the complex enzymatic
cascades that regulate coagulation or melanization of hemolymph [3-6]. Cellular responses
refer to the immune response mediated by blood cells, including phagocytosis, nodulation,
and encapsulation [7,8]. As a requisite part of the humoral immune mechanism, AMP is
the first barrier of host defense and can kill bacteria, fungi, viruses, and protozoa or slow
down their growth [9,10].

AMPs may be classified into four groups based on the differences in amino acid
composition and structural characteristics: cecropin, defensin, glycine-rich peptides, and
proline-rich peptides [11]. Cecropin was the first insect AMP that was isolated from the
hemolymph of the pupae of Hyalophora cecropia. [12]. Since then, cecropins have been
isolated from Bombyx mori, Antherea pernyi, Drosophila, and Sarcophagidae. The isolation
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Abstract: Rice leaf folder Cnaphalocrocis medinalis is one of the most serious pests of rice in rice-
planting regions worldwide. DsRNA-degrading nucleases (dsRNases) are important factors in
reducing the efficiency of RNA interference (RNAI) in different insects. In this study, a dsRNase gene
from C. medinalis (CmdsRNase) was cloned and characterized. The CmdsRNase cDNA was 1395 bp
in length, encoding 464 amino acids. The CmdsRNase zymoprotein contains a signal peptide and
an endonuclease NS domain that comprises six active sites, three substrate-binding sites, and one
Mg?*-binding site. The mature CmdsRNase forms a homodimer with a total of 16 a-helices and
20 B-pleated sheets. Homology and phylogenetic analyses revealed that CmdsRNase is closely
related to dsRNase2 in Ostrinia nubilalis. Expression pattern analysis by droplet digital PCR indicated
that the expression levels of CimdsRNase varied throughout the developmental stages of C. medinalis
and in different adult tissues, with the highest expression levels in the fourth-instar larvae and the
hemolymph. CmdsRNase can degrade dsRNA to reduce the efficiency of RNAi in C. medinalis.
Co-silencing of CmCHS (chitin synthase from C. medinalis) and CmdsRNase affected significantly
the growth and development of C. medinalis and thus improved RNAI efficacy, which increased by
27.17%. These findings will be helpful for green control of C. medinalis and other lepidopteran pests
by RNAi.

Keywords: Cnaphalocrocis medinalis; RNA interference; RNAI efficiency; dsRNA degrading
nuclease; dsRNase

1. Introduction

RNA interference (RNAIi) is a highly conserved mechanism triggered by double-
stranded RNA (dsRNA) in the evolutionary process; therefore, homologous mRNAs are
degraded efficiently and specifically. The essence of RNAI is post-transcriptional gene
silencing. The transcription of the silenced genes continues to proceed normally, but the
transcribed messenger RNA (mRNA) undergoes sequence-specific degradation in the
cytoplasm, with the result that these genes cannot be normally expressed as proteins [1].
RNA:I exists in most eukaryotes, but the efficiency of RNAi varies greatly among different
species [2-5]. RNAi has high efficiency, specificity, and transmissibility, and is widely
used as a powerful tool in the exploration of gene function analysis, biomedical research,
biological pest control, and other fields. The use of RNAi technology to control pests is
currently one of the hotspots in scientific research. The difference in RNAi efficiency among
different species of insects limits the use of RNAi technology in basic insect research and
pest control; for example, the RNAI efficiency in most coleopteran insects is high and long-
lasting [6-9], whereas the RNAI efficiency in most dipteran, hemipteran, and lepidopteran
insects is variable and unstable [10-12]. There are many factors that affect the efficiency of
RNAI in insects, including delivery methods [13-15], dsRNA transport in cells [16], target

Int. ]. Mol. Sci. 2022, 23, 3961. https://doi.org/10.3390/ijms23073961
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Estimated Divergence Times of
Lecanicillium in the Family
Cordycipitaceae Provide Insights
Into the Attribution of Lecanicillium

Ye-Ming Zhou'?, Jun-Rui Zhi', Jiao-Jiao Qu?® and Xiao Zou?*

" Institute of Entomology, Guizhou University, Guiyang, China, ? Institute of Fungus Resources, Guizhou University, Guiyang,
China, ° College of Tea Sciences, Guizhou University, Guiyang, China

Background: The genus Lecanicillium W.Gams & Zare is a recognized insect pathogen
but members of the genus have been found parasitizing various hosts including
arthropods, nematodes, plants, and fungi. The new classification system for fungi
proposed to reject Lecanicilium and transfer some of the species to the genus
Akanthomyces. However, the attribution problem of most species in the original genus
Lecanicillium remains unsolved. The current study aimed to improve understanding of
the pivotal internal phylogeny in Lecanicillium by estimating the divergence times of
Lecanicillium to provide additional insights into the status of this genus within the family
Cordycipitaceae.

Results: Dating analyses support the supposition that the ancestor of Lecanicillium was
in the Cretaceous period (84.36 Mya, 95% HPD: 72.12-94.74 Mya). After originating
from a common ancestor, eight clades of Lecanicillium were derived and evolved
independently in parallel with other genera of Cordycipitaceae. Based on the clear
divergence age estimates, Lecanicillium clade 8 originated earlier as an independent
group in the Cretaceous period (75.61 Mya, 95% HPD: 63.31-87.54 Mya), while
Lecanicillum clades 1-7 originated later as an independent group in the boundary of
the Cretaceous and Paleogene periods (64.66 Mya, 95% HPD: 52.75-76.74 Mya).
Lecanicillium huhutii formed an independent branch in a polytomy together with a clade
containing Lecanicillium tenuipes (Bl posterior probabilities 1, ML bootstrap 100%).

Conclusion: The pivotal internal phylogeny, origin, and evolutionary history of
Lecanicillium in the family Cordycipitaceae were investigated. Phylogenetic and
morphological analyses indicated that there are eight representative clades (four
representative branches of evolutionary history), including clade 1 (members have a
relatively uniform sporulation structure comprising globose heads with a higher number
of conidia), clade 8 (including all members of Gamszarea), clades 2-5 (the differences of
the divergence time estimations were smaller compared with other clades), and clade
6-7 (members are close to Gibellula, Hevansia, and Ascopolyporus). Based on the
above findings, a novel spider-pathogenic fungus, Lecanicillium huhutii, is described.
All other species in Lecanicillium clade 1 (Lecanicillium araneogemum, L. nodulosum,
L. pissodis, and L. uredinophilum) should be transferred to the genus Akanthomyces.
Furthermore, the monotypic genus Parengyodontium should be merged with the
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Immune function analysis of
LsSd, a transcription factor of the
Hippo sighaling pathway, in the
cigarette beetle Lasioderma
serricorne

Yue Zhang!, Jiapeng Yang?, Renhuai Dai'*, Wenjia Yang? and
Xiaomin Zhang?

1Guizhou Provincial Key Laboratory for Agricultural Pest Management of the Mountainous Region,
Institute of Entomology, Guizhou University, Guiyang, China, 2Guizhou Provincial Key Laboratory for
Rare Animal and Economic Insect of the Mountainous Region, College of Biology and Environmental
Engineering, Guiyang University, Guiyang, China, *China Tobacco Guizhou Industrial Co. Ltd, Guiyang,
China

The Scalloped (Sd) is a transcription factor that regulates organ size control in
the Hippo-signaling pathway. Recent studies have showed that Hippo signaling
also functions in the innate immune response. Although the Sd gene has been
reported in many insects, their immune functions remain unexplored. In this
study, the LsSd gene of Lasioderma serricorne, with a complete open reading
frame that encodes a protein composed of 402 amino acids was identified. LsSd
was predominantly expressed in early pupae. Tissue-specific analyses revealed
that the highest concentrations of LsSd were detected in the midgut and brain.
At 1-24h after Escherichia coli infection, LsSd expression increased
substantially. However, LsSd expression was downregulated 3-12h after
Staphylococcus aureus infection. RNA interference-mediated silencing of
the LsSd transcript resulted in deformed, considerably smaller, and
degenerated wings.Meanwhile, LsCycE, LsDiapl,and LsVg,which are
involved in cell proliferation and wing development, were drastically reduced
when LsSd was depleted. In a survival assay, the LsSd knockdown considerably
decreased the susceptibility to S. aureus, a gram-positive bacterium. In addition,
knockdown of LsSd remarkably downregulated the transcription of LsCact in
response to S. aureus stimulation, while upregulating theexpression of five
immune-related genes. Our results provide conclusive proof for the important
roles of LsSd in the immune response of L. serricorne.

KEYWORDS

Lasioderma serricorne, LsSd gene, Hippo-signaling pathway, wing development,
immune response
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Juvenile Hormone Is an Important Factor in Regulating Aspongopus chinensis Dallas

Diapause

Wen-Zhen Zhou, T You-Fang Wu, T Zhi-Yong_Yin, Jian-Jun Guo,®" and Hai-Yin Li¥"

Abstract

Aspongopus chinensis is a Chinese traditional edible and medicinal insect, which is in great de-
mand in the society. This insect reproduces once a year which is caused by reproductive dia-
pause resulting in insufficient production in wild resources. However, the mechanism of dia-
pause in A. chinensis is still unclear. In this study, we focus on the relationship between juvenile
hormones (JHs) and A. chinensis diapause. The results showed that JHIII concentration in dia-
pause adult individuals was significantly lower than that in diapause termination adult individ-
uals. When exogenous JHIII was injected into diapause adults, the rate of mating was increased
significantly, development of the reproductive systems was accelerated, consumption of fat in-
tensified, the expression of juvenile hormone acid o-methyl-transferase (JHAMT) was upregu-
lated, and juvenile hormone epoxide hydrolase (JHEH) and fatty acid synthase (FAS) gene ex-
pressions were downregulated. In addition, RNAi of JHAMT decreased JH concentration, de-
layed the development of reproductive systems, slowed down fat consumption, and delayed
the mean mating occurrence time significantly. Conversely, RNAi of JHEH resulted in an in-
creased concentration of JH, development of reproductive systems was accelerated, consump-
tion of fat was intensified, and mean mating occurrence time advanced significantly. Taken to-
gether, these findings uncovered that JH plays an important role in regulating reproductive dia-
pause in A. chinensis and, thus, could provide a theoretical basis for further research on the di-
apause of A. chinensis.

Keywords: Aspongopus chinensis, JH, reproduction system, JHEH, JHAMT, diapause

Introduction

Aspongopus chinensis Dallas, 1851, is a Chinese traditional edible and medicinal insect (Guo et
al, 2019). The previous studies showed that hemolytic lymph extracted from A. chinensis in-
hibits the activity of cancer cells (Yang etal., 2017; Tan etal, 2019a, Tan et al., 2019b).
Therefore, A. chinensis is in great demand in the society. However, despite its medicinal value
and information about its bioecology being discovered (Wei et al, 2015; Gu etal., 2017) #* k-~
a diapause for up to 7 months and reproduces once a year (Wei et al., 2015) which rest

insufficient production in the wild resources. To improve the utilization of A. chinensis re

sources, we focused our attention on A. chinensis diapause.
Back to Top
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Abstract

Sogatella furcifera is one of the most serious insect pests that affect rice in Asia. One class of small
RNAs (sRNAs; ~22 nt long) is miRNAs, which participate in various biological processes by regulating
the expression of target genes in a spatiotemporal manner. However, the role of miRNAs in nymph-
to-adult transition in S. furcifera remains unknown. In this study, we sequenced sRNA libraries of S.
furcifera prepared from individuals at three different developmental stages (pre-molt, molting, and
early adult). A total of 253 miRNAs (134 known and 119 novel) were identified, of which 12 were
differentially expressed during the nymph-to-adult developmental transition. Moreover, RT-qPCR
analysis revealed that all 12 miRNAs were differentially expressed among five different nymph tissues
and 14 different developmental stages (15t -5 instar nymphs and 1-d-old adults). Injection of miR-
2a-2 mimic/antagomir and miR-305-5p-1 mimic/antagomir into 1-d-old 5 instar nymphs
significantly increased the mortality rate. In addition, a defective molting phenotype was observed in
nymphs injected with miR-2a-2 and miR-305-5p-1, suggesting that these miRNAs are involved in S.
furcifera nymph-adult transition. In conclusion, these results reveal the function of critical miRNAs in
S. furcifera nymph-adult transition, and also provide novel potential targets of insecticides for the
long-term sustainable management of S. furcifera.

Keywords: Small RNAs sequencing; Sogatella furcifera; Temporal expression; functional analysis;
miRNAs.
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Simple Summary: Betacixius Matsumura, 1914 is a small genus of cixiid planthoppers distributed
throughout China, Japan and Vietnam. Despite its rich biodiversity in Southwest China, Betacixius has
not been taxonomically well studied in this region. Here, two new species, Betacixius gongshanensis sp.
nov. from Yunan Province and B. guizhouensis sp. nov. from Guizhou Province, are described, giving
the genus 27 species in total. We believe that the discovery in this study will contribute to further
studies on the classification and phylogeny of Cixiidae.

Abstract: In this study, two new species of genus Betacixius Matsumura, 1914 (Fulgoromorpha,
Cixiidae), Betacixius gongshanensis sp. nov. from Yunnan Province and B. guizhouensis sp. nov. from
Guizhou Province, are described and illustrated. An updated checklist and identification key to
known species of the genus Betacixius are provided.

Keywords: Auchenorrhyncha; new species; planthopper; taxonomy

1. Introduction

The cixiid planthopper genus Betacixius Matsumura, 1914, in the tribe Semonini
(Hemiptera: Cixiidae: Cixiinae), currently consists of 25 species and two subspecies dis-
tributed throughout China, Japan and Vietnam [1]. Following our previous works [2,3],
we aim to revise the species from Southwest China in the present study. The specimens
from Guizhou and Yunnan provinces brought to our attention another two new species,
Betacixius gongshanensis and B. guizhouensis, which are described and illustrated here. The
total number of Betacixius species is thus increased to 27, with 25 occurring in China. An
updated checklist and identification key of Betacixius are given.

2. Materials and Methods

The morphological terminology follows Bourgoin [4] for male genitalia, Bourgoin
et al. [5] for wing venation, and Bourgoin [6] for female genitalia. Body length was
measured from the apex of the vertex to the tip of the forewing; vertex length represented
the median length of the vertex (from the apical transverse carina to the tip of basal
emargination). Fuchsin staining was used to highlight the female genitalia structures
we studied. External morphology and drawings were visualized and created with the
aid of a Leica MZ 12.5 stereomicroscope. Photographs were taken with the KEYENCE
VHX-6000 system. Illustrations were scanned with a CanoScan LiDE 200 and imported into

Insects 2022, 13, 512. https:/ /doi.org/10.3390/insects13060512
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CERTIFICATE OF AWARD

f D MBIE 4 “ARvEH” B LR B “H=
e — R M B QIO | MR, R
—FR

R RBEUE, PABESR).

Mr.(Ms.) Jiang Lin Zhou Yuanjin Wu Xuesan Muhammad Shakeel
Dharmasena Dissanayake Saman Pradeep

For your excellent performance in " The Second China-ASEAN

International Students' Innovation and Entrepreneurship Competition",

your project When "AR + education" meets insects is awarded the first

prize.

Hereby present the certificate as an encouragement .

| G B ECE e e ST
The Secretariat of -
the Organizing Committee of CAECW
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