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Malaysia is the second largest producer of palm oil in the world. However, palm
oil production is often affected by bagworm infestation. The overuse of chemical
insecticides to control the oil palm pest can lead to more persistent problems
such as pest resistance to treatment and an abundance of harmful chemical
residues in the environment. Therefore, this study aims to analyse the genome
of Bacillus thuringiensis MPOB Bt1 (MPOB Bt1) and the synergistic effect of the
combination treatment of MPOB Bt1 and flubendiamide (Fbd), the microbial
community shift and the functional responses of metagenome-assembled
genomes (MAGS) to pesticide exposure for improved control of Metisa plana in
oil palm plantations. Whole genome sequencing of MPOB Bt1 was performed
using lllumina HiSeq and PacBio platforms. Comparative genomics and analysis
of insecticidal genes with other closely related genomes of B. thuringiensis used
in commercial biopesticide products were also performed. The laboratory test
and synergistic response of MPOB Bt1 and Fbd against M. plana larvae were
then optimised using different combination ratios. The details of the changes in
the microbial community of M. plana towards the pesticide treatments at day
zero (DATO), day one post- treatment (DAT1) and day three post- treatment
(DAT3) were analysed using a gene-centric metagenomic approach. The
genome-centric approach was performed for an advanced high—resolution
analysis of the functional responses of the M. plana microbiome to the pesticide
treatments. The MPOB Bt1 genome size is approximately 6.9 Mbp with the
highest average nucleotide value (ANI) of 0.9765 in B. thuringiensis subsp.
aizawai strain ABTS-1857. The bioassay results showed a synergistic ratio of
more than 1 for 48 and 72 hours after the treatments, confirming the presence
of synergistic interactions between MPOB Bt1 and Fbd. Community succession
analysis of larval microbiome showed an increase in richness (p-value:
0.012537) and rapid growth in the combined MPOB Bt1-Fbd treatment
compared to the individual Fbd treatment. Pearson correlation coefficient



analysis showed that the combined MPOB Bt1-Fbd treatment affected the
growth of the microbiome that can coexist with Bacillus, based on the positive
correlation between Bacillus and the genera Enterobacter and Pseudomonas in
the combined MPOB Bt1-Fbd treatment. A total of 11 MAGs were successfully
binned from the co-assembled shotgun metagenomics data, with genome
completeness ranging from 70.42% to 98.59%, and the major genera were
Pantoea, Bacillus, Acinetobacter, Pseudomonas, Stenotrophomonas, and
Enterococcus. Time interval studies of MAGs and functional Kyoto
Enclyclopedia of Genes and Genomes (KEGG) modules in response to MPOB
Bt1-Fbd treatment showed that the community and function of MAGs that initiate
the degradation of xenobiotics shifts to a more resilient MAGs community that
can produce the nutrient itself by synthesising terpenoids and polyketides in a
state of dysbiosis. The results demonstrate for the first time how the combined
MPOB Bt1-Fbd synergistically kills M. plana larvae and is linked to microbiome
responses. This suggests that the resilience and interactions of taxonomic
groups and functional shifts during dysbiosis may be responsible for community
selection and the rapid rise of new taxonomic groups to survive. The study
highlights the potential of the MPOB Bt1-Fbd combination for the development
of effective M. plana control and reduces dependence on harmful chemical
pesticides.

Keywords: Bacillus thuringiensis MPOB Bt1, Bioassay, Flubendiamide, Metisa
plana, Microbiome Response, Metagenomics

SDG: GOAL 12: Responsible Consumption and Production, GOAL 15: Life on
Land
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Malaysia adalah pengeluar kedua terbesar minyak kelapa sawit di dunia. Walau
bagaimanapun, pengeluaran minyak kelapa sawit sering terjejas oleh serangan
ulat bungkus. Penggunaan berlebihan racun serangga kimia untuk mengawal
perosak kelapa sawit boleh menyebabkan masalah yang berterusan, seperti
kerintangan perosak terhadap pestisid dan kelimpahan residu kimia yang
merbahaya kepada alam sekitar. Oleh itu, kajian ini bertujuan untuk
menganalisis genom Bacillus thuringiensis MPOB Bt1 (MPOB Bt1) dan kesan
sinergi gabungan MPOB Bt1 dan flubendiamida (Fbd), perubahan komuniti
mikrob, dan tindak balas genom-terhimpun-metagenom (MAGSs) terhadap
pendedahan kepada pestisida untuk kawalan yang lebih baik terhadap Metisa
plana di ladang kelapa sawit. Penjujukan genom penuh MPOB Bt1 dijalankan
menggunakan pelantar lllunima HiSeq dan PacBio. Analisis perbandingan
genom dan gen insektisid antara MPOB Bt1 dan B. thuringiensis berkait rapat
yang digunakan di dalam produk biopestisid komersil juga telah dijalankan. Ujian
makmal dan tindak balas sinergi MPOB Bt1 dan Fbd terhadap larva M. plana
juga telah dijalankan dengan nisbah kombinasi yang dioptimumkan. Perubahan
komuniti mikrob M. plana terhadap kawalan pestisida selepas dedahkan terus
(DATO), hari pertama selepas kawalan (DAT1), dan hari ketiga selepas kawalan
(DAT3) dianalisis menggunakan kaedah metagenenom berpusat gen,
sementara kaedah berpusat genom dijalankan untuk analisis resolusi tinggi
terhadap tindak balas fungi mikrobiom M. plana terhadap kawalan pestisida.
Saiz genom MPOB Bt1 adalah kira-kira 6.9 Mbp dengan nilai identiti nukleotida
purata tertinggi (ANI) sebanyak 0.9765 dalam B. thuringiensis subsp. aizawai
ABTS-1857. Hasil bioasai menunjukkan nisbah sinergi lebih dari 1 pada 48 dan
72 jam selepas kawalan, mengesahkan interaksi sinergi antara MPOB Bt1 dan
Fbd. Analisis kejayaan komuniti bagi mikrobiom larva menunjukkan peningkatan
kekayaan (nilai p: 0.012537) dan pertumbuhan cepat dalam rawatan gabungan
MPOB-Bt1-Fbd berbanding dengan hanya Fbd. Analisis koefisien korelasi



Pearson menunjukkan bahawa kawalan gabungan MPOB-Bt1-Fbd
mempengaruhi pertumbuhan mikrobiom yang boleh hidup bersama Bacillus,
berdasarkan korelasi positif antara Bacillus dan genera Enterobacter dan
Pseudomonas. Sejumlah 11 MAG berjaya digabungkan daripada data
terhimpun metagenom tembak, dengan kelengkapan genomnya berkisar antara
70.42% hingga 98.59%, dan genera utama adalah Pantoea, Bacillus,
Acinetobacter, Pseudomonas, Stenotrophomonas, dan Enterococcus. Kajian
selang waktu MAG dan modul fungsi Kyoto Enclyclopedia of Genes and
Genomes (KEGG) dalam tindak balas terhadap rawatan MPOB-Bt1-Fbd
menunjukkan bahawa komuniti dan fungsi MAG yang memulakan degradasi
xenobiotik berubah kepada komuniti MAG yang lebih tahan terhadap
ketidakseimbangan. Hasil kajian ini menunjukkan untuk kali pertama bagaimana
gabungan MPOB-Bt1-Fbd secara sinergi membunuh larva M. plana dan
berkaitan dengan tindak balas mikrobiom. Kajian ini menyoroti potensi
gabungan MPOB-Bt1-Fbd untuk pembangunan kawalan yang berkesan
terhadap M. plana dan berpotensi mengurangkan kebergantungan kepada
racun serangga kimia yang merbahaya.

Kata Kunci: Bacillus thuringiensis MPOB Bt1, Biocerakinan, Flubendiamide,
Metisa plana, Respons Mikrobiom, Metagenomik

SDG: MATLAMAT 12: Penggunaan dan Pengeluaran Bertanggungjawab,
MATLAMAT 15: Kehidupan di Darat
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CHAPTER 1

INTRODUCTION

Infestations and outbreaks of bagworms have persisted in oil palm plantations
in Malaysia for over five decades (Cheong and Tey, 2012; Syarif et al., 2023).
Despite effective control measures, bagworms have caused yield losses of
about 33%-40% (Basri, 1993; Sidi et al., 2023). To seriously address this issue,
the bagworm was declared a dangerous pest on November 15, 2013 under the
Malaysia Act 167, Plant Quarantine Act 1976. The ongoing outbreak can cause
serious economic problems if not properly controlled.

Among the bagworm species, Metisa plana Walker (Lepidoptera: Psychidae) is
the most invasive, followed by Pteroma pendula Joannis and Mahasena corbetti
Tams (Basri et al. 1988, Norman et al., 1994; Norman and Basri, 2007).
Therefore, to reduce the population of M. plana below the threshold level,
chemical control is the most commonly used strategy (Kok et al., 2012;
Noorhazwani et al., 2017; Yap, 2000; Zulkefli et al., 2021; Fuat et al., 2022;
Mazmira et al., 2022; Nurulhidayah et al., 2023). However, the frequent use of
chemical pesticides to control this agricultural pest has led to other, more
persistent problems, such as the disruption of beneficial insect populations, the
development of pest resistance, and the spread of harmful chemical residues in
the environment (Thaer et al., 2021).

Out of concern for these problems, an integrated pest management (IPM)
program was introduced as an environmentally friendly and more sustainable M.
plana mitigation strategy (Wood and Norman, 2019; Sulaiman and Talib, 2021).
The IPM program for M. plana consists of biological control agents such as
Bacillus thuringiensis, beneficial insects and pheromone traps (Adams et al.,
1999; Wood and Norman, 2019; Sulaiman and Talip, 2021). The implementation
of an IPM program requires a precise use of IPM components depending on the
growth stages (Norman et al., 2019). However, the success of the IPM program
is also affected by the presence of multistage larvae, the development of a
pesticide-tolerant population, and the disruption of the ecosystem of M. plana
predators due to the long-term use of chemical pesticides (Sulaiman and Talip,
2021). B. thuringiensis has been shown to be an effective biological control
agent against M. plana (Ramlah Ali and Mohd Basri, 1997; Mazmira et al., 2011;
Noorhazwani et al., 2017; Shawal et al., 2023). Therefore, enhancement of IPM
components by B. thuringiensis is an option that can be explored. The effect of
B. thuringiensis in combination with other class IV pesticide such as
flubendiamide (fbd) and the exploration of unknown genomic features harboring
the virulence genes of M. plana are also worth investigating (Asib and Musli,
2020). A thorough understanding of the genomic features of B. thuringiensis and
the enhancement of mortality effects against M. plana larvae could lead to better
control of M. plana.



Another area that needs to be explored is the diversity of the gut microbiome of
M. plana. As a leaf defoliator, the microbiome of M. plana larvae is involved in
the digestion of oil palm leaves (Paniagua Voirol et al., 2018; Ting et al., 2023)
and the long-term application of pesticides sprayed on the leaf affects the
taxonomic relationships of the insect gut microbiome community that specifically
responds to pesticide treatment (Chen et al., 2022). A previous metagenomic
study showed differences in the composition of the M. plana microbiome at the
taxonomic level (Ting et al., 2023). However, the responses of the M. plana
microbiome specifically to pesticide treatment are still unexplored. The reason
for this is the potential identification of an M. plana microbiome network that can
positively react with B. thuringiensis to kill the host. The microbiome networks
are critical for the maintenance of microbial communities during pathogenesis
(Hernandez et al., 2021), and the changes in interactions between bacteria and
bacterial networks in response to pesticide application may serve as a guide for
a more effective strategy to control M. plana that targets the stability of
microbiome networks in the gut.

Further exploration of the responses of the gut microbiome to pesticides can
also be done by analyzing the taxonomically identified microbiome at a functional
level. The insect microbiome has been reported to play a central role in the insect
ecosystem by regulating ecological balance, insect health and pesticide
detoxification (Antonelli et al., 2022; Jaffar et al., 2022). It is therefore
hypothesized that the microbiome of M. plana is responsible for the host insect’s
resilience and susceptibility to disturbance. The reason for this is the microbiome
community, which can increase or decrease depending on the combination and
concentration of pesticide treatment (Wu et al., 2022). A comprehensive
understanding of the functional responses of the microbiome during pesticide
treatment is crucial for the control of M. plana.

To address the challenges of IPM program and chemical pesticide use against
M. plana in Malaysia, this study aims to investigate the genomic and insecticidal
activity of B. thuringiensis MPOB Bt1 (MPOB Bt1) and Fbd, microbial community
shifts and functional responses of metagenome-assembled genomes (MAGSs) to
pesticides in the control of M. plana. The whole genome of Bt was sequenced,
and the genome and its insecticidal crystalline delta-endotoxin (Cry) genes were
compared with the genomes and Cry genes in closely related B. thuringiensis
genomes in the National Center for Biotechnology Information (NCBI)
databases. Subsequently, the synergistic effect of MPOB Bt1 with flubendiamide
on the fourth-instar larvae of M. plana will be tested. In addition, the study uses
gene-centric shotgun metagenomics with the co-assembly method and genome-
centric approaches to analyze the effects of pesticide treatments on broader and
more detailed microbiome responses. Figure 1.1 shows the flowchart
summarizing the entire work.

The importance of this study is to guide future potential strategies to increase
toxicity in the control of M. plana by suggesting the synergistic use of pesticides
and biological control measures in pest management programs. The changes in
the microbial community in response to each pesticide treatment and the major



bacterial genera within the microbiome of M. plana, under both healthy and
stressed conditions, will provide valuable insight into community succession and
the function of these genera in facilitating resistance to pesticide treatments and
improving efficacy.

Problem Statements:

i. The impact of chemical pesticides on the environment, which
contributed to the emergence of multistage larvae, and the
development of pesticide tolerance hindered the IPM program.

ii. The persistent use of chemical pesticides led to changes in the
microbiome of M. plana and the microbiome network that responds
positively or negatively to pesticide use is still unexplored.

iii. The functional response of the M. plana microbiome involved in host
resistance and susceptibility to pesticide treatments is also still
unknown.

Hypotheses:

i. The whole genome sequence (WGS) of MPOB Bt1 will reveal the
insecticidal genes and virulence factors and the combined treatment
of MPOB Bt1 and Fbd will enhance insecticidal activity against M.
plana larvae.

ii. Gene-centric metagenomic profiling of the bacterial community of M.
plana after combined treatment with MPOB Bt1 and Fbd will reveal
significant shifts in community composition through increased richness
and rapidly increased abundance of the microbiome.

iii. Genome-centric metagenome profiling of the bacterial community of
M. plana will reveal MAGs involved in pathogenicity and resilience in
response to pesticide treatments.

Aim:

To determine the effectiveness of pest control strategies (combination of MPOB
Bt1 and Fbd treatment), microbial community shifts and MAGs’ functional
responses to pesticides exposure for guiding improved M. plana control in oil
palm plantations.

The specific objectives of this research are as follows:

i. To sequence and analyze the whole genome sequence of MPOB Bit1
and

i.  Toevaluate MPOB Bt1 synergy with Fbd for control of M. plana larvae.



To determine the community succession of M. plana larval microbiome
after the combination of MPOB Bt1 and Fbd compared to individual
treatment using gene-centric shotgun metagenomics.

To characterize the functional aspects of the metagenome-assembled
genomes community in relation to the combination of MPOB Bt1 and
Fbd compared to individual treatment.



(G 1eydeyo) ¢ aAnoslqo

S| Xoq papeys-an|q ay) pue ‘(y 1e1deys) om] aAnoalqo si xoq pepeys-mo|iak sy ‘(¢ Jerdeyo) suo aAoslqo si xoq papeys-pal
ay] "eaiy] aAnoalqo ybnouyy suQ aAnsalqo Bulianos siaydeys [ejuswiiadxy ayj Bulziiewwng Jeyosmold : 'L ainbi4

03 BuUIp1022y UOIIPUNS PUB SO J0 aBeyur]

JUBWyeal] BpIDNSad

\

(9wIn) sewouag
pa|quassy-swouadels|y

/

sjuaweal] apionsad
13pun juoiquAs 9y aeAle]
pupjd "|A jo Ayseded sljogeia iy

juawiesl] J-3g
paulqwo) uj sish|euy 83US4IN320-0) snjj1I0g

T19 90dIN 40
(9VIA) awouas pajquiassy-awouadelaiy

_ 3WOIqOoIIIA JO3UBPUNQY PUB ALUOUOXE] ¥

mmu_n:_>u_m._w>_n_.m; 7 mmu_vc_ﬁ_ﬂmzn‘i

sish|euy awouadue,
© wu:wn_._ﬁnd SnIeRY e 7 4 T 7 Anixs|dwod jiomis exel-exel _
i | T = ]
dd 3 3.
Yoe0iddy s2lWouase33|A UN310Ys J1juad-3wouss yoeouddy soiwousBelsiy undioys (Alquiasse-07) sa1wouagelajy unS1oys JUSI-3UsY _
3113US3-3US5) 3Y]} UO paseq s3|1Jold T
simdeyy |euoildund josisAjeuy aaizesedwo) amdey
€ 3A1323[q0 Z2A11930g0

uonen|ead 213s184auis

SBIIAIDY [epID1dasU|
apiweIpuagn|d-3g PAXIA

H

_ 19 Jo sishjeuy ajwousBojAyg _

S31AIRY [2PIo1II3s Y|
apiwelpusgniy  pue
13@ 90dIAl [enpiAIpuj

H

| awousn yeig 138 804 | — | seuap jeprnsasul




REFERENCES

Abbott, W.S. 1925. A method of computing the effectiveness of an
insecticide. Journal of Economic Entomology 18(2): 265-267.

Abdullah, F., Sabri, M.S.M., Sina, I., Fauzee, F. and Isa, S.M. 2012. Response
of the male bagworm moth (Metisa plana Walker, Lepidoptera:
Psychidae) towards female bagworm pheromone lure in wind tunnel
bioassays. Asia Life Sciences 21: 375-389.

Adair, K.L., Bost, A., Bueno, E., Kaunisto, S., Kortet, R., Peters-Schulze, G.,
Martinson, V.G. and Douglas, A.E. 2020. Host determinants of among
species variation in microbiome composition in drosophilid flies. The
ISME Journal 14(1): 217-229.

Adhawiyah, N.R.A.M.A.N, Noorhazwani, K., Fahmi, M.K., Najib, M.A. and
Mazmira, M.M.M. 2021. Impact of multiple aerial spraying of Bacillus
thuringiensis on bagworm control in oil palm smallholdings in Johor,
Malaysia. Serangga 26(4): 113-123.

Alneberg, J., Bjarnason, B.S., De Bruijn, I., Schirmer, M., Quick, J., ljaz, U.Z.,
Lahti, L., Loman, N.J., Andersson, A.F. and Quince, C. 2014. Binning
metagenomic contigs by coverage and composition. Nature Methods 11:
1144-1146.

Anderson, R.L. 1989. Toxicity of synthetic pyrethroids to freshwater
invertebrates. Environmental Toxicology and Chemistry 8: 403—410.

Aramaki, T., Blanc-Mathieu, R., Endo, H., Ohkubo, K., Kanehisa, M., Goto, S.
and Ogata, H. 2020. KofamKOALA: KEGG Ortholog assignment based
on profile HMM and adaptive score threshold. Bioinformatics 36(7):
2251-2252.

Authority, E.F.S. 2015. Conclusion on the peer review of the pesticide risk
assessment of the active substance ferric phosphate. EFSA Journal
13(1): 3973.

Badrulisham, A.S., Kageyama, D., Halim, M., Aman-Zuki, A., Masri, M.M.,
Ahmad, S.N., Md-Zain, B.M. and Yaakop, S. 2021. New insights into the
phylogeography of the oil palm pest, Metisa plana towards its
management control. Journal of Oil Palm Research 34(3): 427-438.

Bakker, L., van der Werf, W., Tittonell, P.A., Wyckhuys, K.A. and Bianchi, F.J.
2020. Neonicotinoids in global agriculture: evidence for a new pesticide
treadmill? Ecology and Society 25(3): 26.

Bankier, A. T. 2001. Shotgun DNA sequencing. Methods in Molecular Biology
167: 89-100.

132



Baranek, J., Banaszak, M., Kaznowski, A. and Lorent, D. 2021. A novel Bacillus
thuringiensis Cry9Ea-like protein with high insecticidal activity towards
Cydia pomonella larvae. Pest Management Science 77(3): 1401-1408.

Barwell, L.J., Isaac, N.J. and Kunin, W.E. 2015. Measuring B-diversity with
species abundance data. Journal of Animal Ecology 84(4): 1112-1122.

Basri, M.W. 1993. Life history, ecology and economic impact of the bagworm,
Metisa plana Walker (Lepidoptera: Phychidae), on the oil palm, Elaeis
guineensis Jacquin (Palmae). PhD Thesis, University of Guelp, Ontario

Basri, M.W. and Kevan, P. G. 1995. Life history and feeding behaviour of the oil
palm bagworm, Metisa plana Walker (Lepidoptera: Psychidae). Elaeis
7(1), 18-34.

Basri, M.W., Hassan, A.H. and Zulkefli, M. 1988. Bagworms (Lepidoptera:
Psychidae) of oil palm in Malaysia. PORIM Occasional Paper 23: 37.

Basri, M.W., Norman, K. and Hamdan, A.B. 1995. Natural enemies of bagworm,
Metisa plana Walker (Lepidoptera: Psychidae) and their impact on host
population regulation. Crop Protection 14(8): 637-645.

Battu, R.S., Singh, B., Kooner, R. and Singh, B. 2008. Simple and efficient
method for the estimation of residues of flubendiamide and its metabolite
des-iodo flubendiamide. Journal of Agricultural and Food Chemistry 56:
2299-2304.

BenFarhat-Touzri, D., Saadaoui, M., Abdelkefi-Mesrati, L., Saadaoui, |., Azzouz,
H. and Tounsi, S. 2013. Histopathological effects and determination of
the putative receptor of Bacillus thuringiensis Cry1Da toxin in
Spodoptera littoralis midgut. Journal of Invertebrate Pathology 112(2):
142-145.

Bergamasco, V.B., Mendes, D. R. P., Fernandes, O. A., Desidério, J. A. and
Lemos, M.V.F. 2013. Bacillus thuringiensis Crylla10 and Vip3Aa protein
interactions and their toxicity in Spodoptera spp. (Lepidoptera). Journal
of Invertebrate Pathology 112(2): 152-158.

Bernard, C.1985. Introduction a I'étude de la médecine expérimentale. Bailliere
2

Bhatt, P., Bhatt, K., Huang, Y., Lin, Z. and Chen, S. 2020. Esterase is a powerful
tool for the biodegradation of pyrethroid insecticides. Chemosphere
244:125507.

Bickhart, D.M., Kolmogorov, M., Tseng, E., Portik, D.M., Korobeynikov, A.,
Tolstoganov, I., Uritskiy, G., Liachko, I., Sullivan, S.T., Shin, S.B. and
Zorea, A. 2022. Generating lineage-resolved, complete metagenome-
assembled genomes from complex microbial communities. Nature
Biotechnology 40(5): 711-719.

133



Biddinger, D.J., Robertson, J.L., Mullin, C., Frazier, J., Ashcraft, S.A., Rajotte,
E.G., Joshi, N.K. and Vaughn, M. 2013. Comparative toxicities and
synergism of apple orchard pesticides to Apis mellifera (L.) and Osmia
cornifrons (Radoszkowski). PloS one 8(9): e72587.

Bingham, G., Strode, C., Tran, L., Khoa, P.T. and Jamet, H.P. 2011. Can
piperonyl butoxide enhance the efficacy of pyrethroids against
pyrethroid-resistant Aedes aegypti?. Tropical Medicine & International
Health 16(4): 492-500.

Bishop-Lilly, K.A., Turell, M.J., Willner, K.M., Butani, A., Nolan, N.M., Lentz,
S.M., Akmal, A., Mateczun, A., Brahmbhatt, T.N., Sozhamannan, S. and
Whitehouse, C.A. 2010. Arbovirus detection in insect vectors by rapid,
high-throughput pyrosequencing. PloS Neglected Tropical Diseases,
4(11): e878.

Bonaventure, G. Van Doorn, A. and Baldwin, |.T. 2011. Herbivore-associated
elicitors: FAC signaling and metabolism. Trends in Plant Science 16:294
-9.

Bonis, M., Felten, A., Pairaud, S., Dijoux, A., Maladen, V., Mallet, L., Radomski,
N., Duboisset, A., Arar, C., Sarda, X. and Vial, G. 2021. Comparative
phenotypic, genotypic and genomic analyses of Bacillus thuringiensis
associated with foodborne outbreaks in France. PloS One 16(2):
e0246885.

Bowers, R.M., Kyrpides, N.C., Stepanauskas, R., Harmon-Smith, M., Doud, D.,
Reddy, T.B.K., Schulz, F., Jarett, J., Rivers, A.R., Eloe-Fadrosh, E.A. and
Tringe, S.G. 2017. Minimum information about a single amplified
genome (MISAG) and a metagenome-assembled genome (MIMAG) of
bacteria and archaea. Nature Biotechnology 35(8): 725-731.

Branscome, D.D., Storey, R.D., Eldridge J.R. and Brazil, E.E. 2017. Synergistic
Bacillus thuringiensis subsp . kurstaki and flubendiamide mixtures for
beet armyworm, soybean looper, corn earworm , and cabbage looper
control. Patent Application Publication US 2017/0311606, A1.

Bray, J.R. and Curtis, J.T. 1957. An ordination of the upland forest communities
of Southern Wisconsin. Ecological Monographs 27: 325-349.

Brila, 1., Lavrinienko, A., Tukalenko, E., Ecke, F., Rodushkin, |., Kallio, E.R.,
Mappes, T. and Watts, P.C. 2021. Low-level environmental metal
pollution is associated with altered gut microbiota of a wild rodent, the
bank vole (Myodes glareolus). Science of the Total Environment 790:
148224.

Brindley, W.A. 1977. Synergist differences as an alternate interpretation of
carbaryl-piperonyl butoxide toxicity data. Environmental Entomology 6:
885-888.

Buchfink, B., Xie, C. and Huson, D.H. 2015. Fast and sensitive protein alignment
using DIAMOND. Nature Methods 12: 59-60.

134



Bushnell, B. 2017. BBTools software package. Retrieved 9" September 2023
from https://jgi.doe. gov/data-and-tools/bbtools/.

Bustamante-Brito, R., Vera-Ponce de Ledn, A., Rosenblueth, M., Martinez-
Romero, J.C. and Martinez-Romero, E. 2019. Metatranscriptomic
analysis of the bacterial symbiont Dactylopiibacterium carminicum from
the carmine cochineal Dactylopius coccus (Hemiptera: Coccoidea:
Dactylopiidae). Life 9(1): 4.

Caicedo-Montoya, C., Gdmez-Roman, M.P., Vazquez-Hernandez, M., Mora-
Rincén, R.A., Rodriguez-Luna, S.D., Rodriguez-Sanoja, R. and
Sanchez, S. 2021. Evolutionary genomics and biosynthetic potential of
novel environmental Actinobacteria. Applied Microbiology and
Biotechnology 105: 8805-8822.

Cang, T., Dai, D., Yang, G., Yu, Y., Lv, L., Cai, L. and Wang, Q. 2017. Combined
toxicity of imidacloprid and three insecticides to the earthworm, Eisenia
fetida (Annelida, Oligochaeta). Environmental Science and Pollution
Research 24: 8722—-8730.

Carriére, Y., Fabrick, J.A. and Tabashnik, B.E. 2016. Can pyramids and seed
mixtures delay resistance to Bt crops? Trends in Biotechnology 34: 291—
302.

Casteel, C.L. and Hansen, A.K. 2014. Evaluating insect-microbiomes at the
plant-insect interface. Journal of Chemical Ecology 40: 836-847.

Ceballos-Escalera, A., Richards, J., Arias, M.B., Inward, D.J. and Vogler, A.P.
2022. Metabarcoding of insect-associated fungal communities: a
comparison of internal transcribed spacer (ITS) and large-subunit (LSU)
rRNA markers. MycoKeys 88: 1.

Cedergreen, N. 2014. Quantifying synergy: a systematic review of mixture
toxicity studies within environmental toxicology. PloS One 9(5): 96580.

Chansang, A., Champakaew, D., Junkum, A., Jitpakdi, A., Amornlerdpison, D.,
Aldred, A.K., Riyong, D., Wannasan, A., Intirach, J., Muangmoon, R. and
Pitasawat, B. 2018. Synergy in the adulticidal efficacy of essential oils for
the improvement of permethrin toxicity against Aedes aegypti L. (Diptera:
Culicidae). Parasites and Vectors 11(1): 1-16.

Chaudhry, Q., Blom-Zandstra, M., Gupta, S.K. and Joner, E. 2005. Utilising the
synergy between plants and rhizosphere microorganisms to enhance
breakdown of organic pollutants in the environment. Environmental
Science and Pollution Research 12: 34-48.

Chen, Y., Zhou, H., Lai, Y., Chen, Q., Yu, X.Q. and Wang, X. 2021. Gut
microbiota dysbiosis influences metabolic homeostasis in Spodoptera
frugiperda. Frontiers in Microbiology 12: 727434.

135


https://jgi/

Chen, Y.P., Li, Y.H., Sun, Z.X., Du, E.W,, Lu, Z.H., Li, H. and Gui, F.R. 2022.
Effects of host plants on bacterial community structure in larvae midgut
of Spodoptera frugiperda. Insects 13(4): 373.

Chevrette, M.G. and Handelsman, J. 2021. Needles in haystacks: reevaluating
old paradigms for the discovery of bacterial secondary metabolites.
Natural Product Reports 38(11): 2083-2099.

Ciuffreda, L., Rodriguez-Pérez, H. and Flores, C. 2021. Nanopore sequencing
and its application to the study of microbial communities. Computational
and Structural Biotechnology Journal 19: 1497-1511.

Connell, J.H. 1978. Diversity in tropical rain forests and coral reefs: high diversity
of trees and corals is maintained only in a nonequilibrium state. Science
199(4335): 1302-1310.

Conter, C., Fruncillo, S., Fernandez-Rodriguez, C., Martinez-Cruz, L.A,,
Dominici, P. and Astegno, A. 2020. Cystathionine -synthase is involved
in cysteine biosynthesis and H2S generation in Toxoplasma
gondii. Scientific Reports 10(1): 14657.

Contzen, M. and Stolz, A. 2000. Characterization of the genes for two
protocatechuate 3, 4-dioxygenases from the 4-sulfocatechol-degrading
bacterium Agrobacterium radiobacter strain S2. Journal of Bacteriology
182: 6123-6129.

Conway, G.R. and Wood, B.J. (1964). Pesticidechemicals — Help or hindrance
in Malaysian agriculture? Malayan Nature Journal 18(2&3): 111-119.

Cornwallis, C.K., van’'t Padje, A., Ellers, J., Klein, M., Jackson, R., Kiers, E.T.,
West, S.A. and Henry, L.M. 2023. Symbioses shape feeding niches and
diversification across insects. Nature Ecology and Evolution 1-23.

Costaglioli, P., Barthe, C., Claverol, S., Brozel, V.S., Perrot, M., Crouzet, M.,
Bonneu, M., Garbay, B. and Vilain, S. 2012. Evidence for the involvement
of the anthranilate degradation pathway in Pseudomonas aeruginosa
biofilm formation. Microbiologyopen 1(3): 326-339.

Crickmore, N., Zeigler, D., Schnepf, E., Van Rie, J., Lereclus, D., Baum, J.,
Bravo, A. and Dean, D. 2016. Bacillus thuringiensis toxin nomenclature.
Retrieved 9 September 2023 from: http://www.btnomenclature.info

da Mota Alexandrino, D.A. 2022. Microbial degradation of persistent fluorinated
pesticides-understanding the microbial dynamics and catabolic
pathways associated with the biodegradation of epoxiconazole and
fludioxonil, PhD Thesis, Universidade do Porto.

Dada, N., Lol, J.C., Benedict, A.C., Lopez, F., Sheth, M., Dzuris, N., Padilla, N.
and Lenhart, A. 2019. Pyrethroid exposure alters internal and cuticle
surface bacterial communities in Anopheles albimanus. The ISME
Journal 13(10): 2447-2464.

136


http://www.btnomenclature.info/

Dai, W.F., Zhang, J.J., Qiu, Q.F., Chen, J., Yang, W., Ni, S. and Xiong, J.B.
2018. Starvation stress affects the interplay among shrimp gut
microbiota, digestion and immune activities. Fish & Shellfish Immunology
80: 191-199.

De la Fuente-Salcido, N.M., Casados-Vazquez, L.E. and Barboza-Corona, J.E.
2013. Bacteriocins of Bacillus thuringiensis can expand the potential of
this bacterium to other areas rather than limit its use only as microbial
insecticide. Canadian Journal of Microbiology 59(8): 515-522.

De Liguoro, M., Riga, A. and Fariselli, P. 2018. Synergistic toxicity of some
sulfonamide mixtures on Daphnia magna. Ecotoxicology and
Environmental Safety 164: 84-91.

Decourtye, A. and Devillers, J. 2010. Ecotoxicity of neonicotinoid insecticides to
bees. Insect Nicotinic Acetylcholine Receptors 85-95.

Delbare, S.Y., Ahmed-Braimah, Y.H., Wolfner, M.F. and Clark, A.G. 2020.
Interactions between the microbiome and mating influence the female’s
transcriptional profile in Drosophila melanogaster. Scientific Reports
10(1): 18168.

Delgado, L.F. and Andersson, A.F. 2022. Evaluating metagenomic assembly
approaches for biome-specific gene catalogues. Microbiome 10(1): 1-11.

Delmont, T.O. and Eren, A.M. 2018. Linking pangenomes and metagenomes:
the Prochlorococcus metapangenome. PeerJ 6: e4320

Delnat, V., Tran, T.T., Janssens, L. and Stoks, R. 2019. Daily temperature
variation magnifies the toxicity of a mixture consisting of a chemical
pesticide and a biopesticide in a vector mosquito. Science of the Total
Environment 659: 33-40.

Desa, H., Dahari, N. and Hanani, N. 2021. Knowledge level on bagworm in oil
palm and its control using integrated pest management (IPM) practices
among independent oil palm smallholders in Johor. Malaysian Journal of
Social Sciences and Humanities 6(11): 296-305.

Desneux, N., Han, P., Mansour, R., Arné, J., Brévault, T., Campos, M.R.,
Chailleux, A., Guedes, R.N., Karimi, J., Konan, K.A.J. and Lavoir, A.V.
2022. Integrated pest management of Tuta absoluta: practical
implementations across different world regions. Journal of Pest Science
1-23.

Devi, S., Saini, H.S. and Kaur, S. 2022. Insecticidal and growth inhibitory activity
of gut microbes isolated from adults of Spodoptera litura (Fab.). BMC
Microbiology 22(1): 1-14.

Dhariwal, A., Chong, J., Habib, S., King, I.L., Agellon, L.B. and Xia, J. 2017.
MicrobiomeAnalyst: a web-based tool for comprehensive statistical,
visual and meta-analyses of microbiome data. Nucleic Acids Research
45(W1): W180-W188.

137



Diaz-Garcia, L., Bugg, T.D. and Jiménez, D.J. 2020. Exploring the lignin
catabolism potential of soil-derived lignocellulolytic microbial consortia by
a gene-centric metagenomic approach. Microbial Ecology 80(4): 885-
896.

Diaz-Nieto, L.M., Gil, M.F., Lazarte, J.N., Perotti, M.A. and Berén, C.M. 2021.
Culex quinquefasciatus carrying Wolbachia is less susceptible to
entomopathogenic bacteria. Scientific Reports 11(1): 1-9.

Dillon, R.J. and Dillon, V.M., 2004. The gut bacteria of insects: nonpathogenic
interactions. Annual Reviews in Entomology, 49(1): 71-92.

Douglas, A.E. 2015. Multiorganismal insects: Diversity and function of resident
microorganisms. Annual review of enfomology 60: 17—-34.

Douglas, G.M., Maffei, V.J., Zaneveld, J.R., Yurgel, S.N., Brown, J.R., Taylor,
C.M., Huttenhower, C. and Langille, M.G. 2020. PICRUSt2 for prediction
of metagenome functions. Nature Biotechnology 38(6): 685-688.

Duarte, C.M., Ngugi, D.K., Alam, I., Pearman, J., Kamau, A., Eguiluz, V.M.,
Gojobori, T., Acinas, S.G., Gasol, J.M., Bajic, V. and Irigoien, X. 2020.
Sequencing effort dictates gene discovery in marine microbial
metagenomes. Environmental Microbiology 22(11): 4589-4603.

Durazzi, F., Sala, C., Castellani, G., Manfreda, G., Remondini, D. and De
Cesare, A. 2021. Comparison between 16S rRNA and shotgun
sequencing data for the taxonomic characterization of the gut microbiota.
Scientific Reports 11(1): 1-10.

Eberhard, F.E., Klimpel, S., Guarneri, A.A. and Tobias, N.J. 2022. Exposure to
Trypanosoma parasites induces changes in the microbiome of the
Chagas disease vector Rhodnius prolixus. Microbiome 10(1): 45.

Eddy, S.R. 2011. Accelerated Profile HMM Searches. PloS Computational
Biology 7: €1002195.

Edgar, R.C. 2004. MUSCLE: multiple sequence alignment with high accuracy
and high throughput. Nucleic Acids Research 32:1792-1797.

Elhamouly, N.A., Hewedy, O.A., Zaitoon, A., Miraples, A., Elshorbagy, O.T.,
Hussien, S., El-Tahan, A. and Peng, D. 2022. The hidden power of
secondary metabolites in plant-fungi interactions and sustainable
phytoremediation. Frontiers in Plant Science 13: 1044896.

Elmassry, M.M., Zayed, A. and Farag, M.A. 2022. Gut homeostasis and
microbiota under attack: Impact of the different types of food
contaminants on gut health. Critical Reviews in Food Science and
Nutrition 62(3): 738-763.

Eren, AM.,, Esen, O.C., Quince, C., Vineis, J.H., Morrison, H.G., Sogin, M.L. and

Delmont, T.O. 2015. Anvi'o: an advanced analyses and visualization
platform for ‘omics data. PeerJ 3: e1319.

138



Eren, A.M., Kiefl, E., Shaiber, A., Veseli, ., Miller, S.E., Schechter, M.S., Fink,
I., Pan, J.N., Yousef, M., Fogarty, E.C. and Trigodet, F. 2021.
Community-led, integrated, reproducible multi-omics with anvi'o. Nature
Microbiology 6(1): 3-6.

Estela, A., Escriche, B. and Ferré, J. 2004. Interaction of Bacillus thuringiensis
toxins with larval midgut binding sites of Helicoverpa armigera
(Lepidoptera: Noctuidae). Applied and Environmental
Microbiology 70(3): 1378-1384.

Ettinger, C.L., Byrne, F.J., Redak, R.A. and Stajich, J.E. 2022. Metagenome-
assembled genomes of bacterial symbionts associated with insecticide-
resistant and-susceptible individuals of the glassy-winged sharpshooter
(Homalodisca vitripennis). Microbiology Resource Announcements
11(7): e00506-22.

Fairbanks M. 2021. Tidytable: Tidy Interface to ‘data.table’. R package version
0.5.8. Retrieved 9 September 2023 from https://cran.r-
project.org/web/packages/tidytable/news/news.html

Fang, H., Lian, J., Wang, H., Cai, L. and Yu, Y. 2015. Exploring bacterial
community structure and function associated with atrazine
biodegradation in repeatedly treated soils. Journal of Hazardous
Materials 286: 457—465.

Fayad, N., Patino-Navarrete, R., Kambris, Z., Antoun, M., Osta, M., Chopineau,
J., Mahillon, J., El Chamy, L., Sanchis, V. and Kallassy Awad, M. 2019.
Characterization and whole genome sequencing of AR23, a highly toxic
Bacillus thuringiensis strain isolated from Lebanese soil. Current
Microbiology 76: 1503-1511.

Fedhila, S., Buisson, C., Dussurget, O., Serror, P., Glomski, I.J., Liehl, P.,
Lereclus, D. and Nielsen-LeRoux, C. 2010. Comparative analysis of the
virulence of invertebrate and mammalian pathogenic bacteria in the oral
insect infection model Galleria mellonella. Journal of Invertebrate
Pathology, 103(1): 24-29.

Ferré, J. and Van Rie, J. 2002. Biochemistry and genetics of insect resistance
to Bacillus thuringiensis. Annual Review of Entomology 47(1): 501-533.

Flury, P., Aellen, N., Ruffner, B., Péchy-Tarr, M., Fataar, S., Metla, Z.,
Dominguez-Ferreras, A., Bloemberg, G., Frey, J., Goesmann, A. and
Raaijmakers, J.M. 2016. Insect pathogenicity in plant-beneficial
pseudomonads: phylogenetic distribution and comparative genomics.
The ISME Journal 10(10): 2527-2542.

Foster, Z.S.L., Sharpton, T.J. and Grinwald, N.J. 2017. Metacoder: An R
Package for Visualization and Manipulation of Community Taxonomic
Diversity Data. PloS Computational Biology 13: €1005404.

Fournier, P.-E., and Raoult, D. 2005. Genus Il. Rickettsiella Philip 1956, 267AL.
Pages 241-247. In: Bergey’s Manual of Systematic Bacteriology. Garrity,

139


https://cran/

G.M., Brenner, D.J., Krieg, N.R., and Staley, J.T., Eds., 2™ Edition, Vol.
2, part B, Springer, New York.

Frago, E., Dicke, M. and Godfray, H.C.J. 2012. Insect symbionts as hidden
players in insect-plant interactions. Trends in Ecology &
Evolution 27(12): 705-711.

Freitas, T.A.K., Li, P.E., Scholz, M.B. and Chain, P.S. 2015. Accurate read-
based metagenome characterization using a hierarchical suite of unique
signatures. Nucleic Acids Research 43(10): €69-e69.

Fuat, S., Adam, N.A., Hazmi, |.R. and Yaakop, S. 2022. Interactions between
Metisa plana, its hyperparasitoids and primary parasitoids from good
agriculture practices (GAP) and non-gap oil palm plantations.
Community Ecology 23(3): 429-438.

Furet, J.P., Kong, L.C., Tap, J., Poitou, C., Basdevant, A., Bouillot, J.L., Mariat,
D., Corthier, G., Doré, J., Henegar, C. and Rizkalla, S. 2010. Differential
adaptation of human gut microbiota to bariatric surgery—induced weight
loss: links with metabolic and low-grade inflammation
markers. Diabetes 59(12): 3049-3057.

Gao, S., Khan, M.l., Kalsoom, F., Liu, Z., Chen, Y. and Chen, Z. 2022. Role of
gene regulation and inter species interaction as a key factor in gut
microbiota adaptation. Archives of Microbiology 204(6): 342.

Gao, Y., Lei, Z. and Reitz, S.R. 2012. Western flower thrips resistance to
insecticides: detection, mechanisms and management strategies. Pest
Management Science 68(8): 1111-1121.

Garcia, J., Escanuela, M., Bhat, S. and Lampert, E. 2020. The Trichoplusia ni
gut microbiome and its derivation from the Phyllosphere of Its food
plants. Georgia Journal of Science 78(2): 9.

Garcia, P. 2011. Sublethal effects of pyrethroids on insect parasitoids: What we
further need to know. Pesticides — Formulations, Effects, Fate. 475-494.
Margaritia, T ed.

Garnaik, T.K., Palai, S., Sardar, K.K., Parija, S.C. and Goswami, T.K. 2021.
Microbiome-induced Antimicrobial Peptides: The Host-defense Weapon
Unravelling Drug Designing. International Journal of Livestock Research
11(1): 42-52.

Gaulke, C.A., Rolshoven, J., Wong, C.P., Hudson, L.G., Ho, E. and Sharpton,
T.J. 2018. Marginal zinc deficiency and environmentally relevant
concentrations of arsenic elicit combined effects on the gut microbiome.
mSphere 3(6): 10-1128.

Ge, L., Song, L., Wang, L., Li, Y., Sun, Y., Wang, C., Chen, J., Wu, G., Pan, A,,
Wu, Y. and Quan, Z. 2023. Evaluating response mechanisms of soil
microbiomes and metabolomes to Bt toxin additions. Journal of
Hazardous Materials 448: 130904.

140



Giambo, F., ltalia, S., Teodoro, M., Briguglio, G., Furnari, N., Catanoso, R,
Costa, C. and Fenga, C., 2021. Influence of toxic metal exposure on the
gut microbiota. World Academy of Sciences Journal 3(2): 1-1.

Gibbons, S.M., Scholz, M., Hutchison, A.L., Dinner, A.R., Gilbert, J.A. and
Coleman, M.L. 2016. Disturbance regimes predictably alter diversity in
an ecologically complex bacterial system. Mbio 7(6): 10-1128.

Gisi, U. 1996. Synergistic interaction of fungicides in mixtures. Phytopathology
86:1273-1279.

Gonzalez-Serrano, F., Pérez-Cobas, A.E., Rosas, T., Baixeras, J., Latorre, A.
and Moya, A. 2020. The gut microbiota composition of the moth Brithys
crini reflects insect metamorphosis. Microbial Ecology 79: 960-970.

Greathead, D.J. 1995. Benefits and risks of classical biological control.
Biological Control: Benefits and risks: 53-63.

Greenwood, M.P., Hull, K.L., Brink-Hull, M., Lloyd, M. and Rhode, C. 2021. Feed
and host genetics drive microbiome diversity with resultant
consequences for production traits in mass-reared black soldier fly
(Hermetia illucens) larvae. Insects 12(12):1082.

Grizanova, E.V., Krytsyna, T.l., Kalmykova, G.V., Sokolova, E., Alikina, T.,
Kabilov, M., Coates, C.J. and Dubovskiy, .M. 2023. Virulent and
necrotrophic strategies of Bacillus thuringiensis in susceptible and
resistant insects, Galleria mellonella. Microbial Pathogenesis 175:
105958.

Guégan, M., Zouache, K., Démichel, C., Minard, G., Van Van, T., Potier, P.,
Mavingui, P. and Valiente M.C. 2018. The mosquito holobiont: fresh
insight into mosquito-microbiota interactions. Microbiome 6(1): 1-17.

Guevarra, R.B., Magez, S., Peeters, E., Chung, M.S., Kim, K.H. and
Radwanska, M. 2021. Comprehensive genomic analysis reveals
virulence factors and antibiotic resistance genes in Pantoea
agglomerans KM1, a potential opportunistic pathogen. PloS One 16(1):
e0239792.

Gupta, A. and Nair, S. 2020. Dynamics of insect—-microbiome interaction
influence host and microbial symbiont. Frontiers in Microbiology 11:
1357.

Gurung, K., Wertheim, B. and Falcao, S.J. 2019. The microbiome of pest insects:
it is not just bacteria. Enfomologia Experimentalis et Applicata
167(3):156-170.

Gweon, H.S., Shaw, L.P., Swann, J., De Maio, N., AbuOun, M., Niehus, R.,
Hubbard, A., Bowes, M.J., Bailey, M.J., Peto, T.E. and Hoosdally, S.J.
2019. The impact of sequencing depth on the inferred taxonomic
composition and AMR gene content of metagenomic samples.
Environmental Microbiome 14(1): 1-15.

141



Habineza, P., Muhammad, A., Ji, T., Xiao, R., Yin, X., Hou, Y. and Shi, Z. 2019.
The promoting effect of gut microbiota on growth and development of red
palm weevil, Rhynchophorus ferrugineus (Olivier) (Coleoptera:
Dryophthoridae) by modulating its nutritional metabolism. Frontiers in
Microbiology 10: 1212.

Hajjar, M.J., Ahmed, N., Alhudaib, K.A. and Ullah, H. 2023. Integrated insect
pest management techniques for rice. Sustainability 15(5): 4499.

Hamilton, J.T. and Attia, F.L. 1997. Effects of Mixtures of Bacillus thuringiensis
and Pesticides on Plutella xylostella and the Parasite Thyraeella collaris.
Journal of Economic Entomology 70:146—148.

Han, N., Qiang, Y. and Zhang, W. 2016. ANIltools web: a web tool for fast
genome comparison within multiple bacterial strains. Retrieved 9
September 2023 from https://ani.mypathogen.cn/

Hansen, A.K., Pers, D. and Russell, J.A. 2020. Symbiotic solutions to nitrogen
limitation and amino acid imbalance in insect diets. In: Oliver KM, Russell
JA, editors. Advance in Insect Physiology 58:161-205. Academic Press
Inc.

Hasber, S. 2010. Evaluation of several chemical control approaches against
bagworm, Metisa plana Walker (Lepidoptera: Psychidae) in Felda oil
palm plantations. M.Sc. Thesis, Universiti Sains Malaysia.

Hasber, S., Che Salmah, M.R., Abu Hassan, A. and Salman, A.A. 2015. Efficacy
of insecticide and bioinsecticide ground sprays to control Metisa plana
Walker (Lepidoptera: Psychidae) in oil palm plantations, Malaysia.
Tropical Life Science Research 26(2): 73-83.

He, Q., Li, J,, Liu, Q., Li, Y., Liao, X., Zhou, J. and Zhou, X. 2023. Complete
genome sequence resource of Pantoea anthophila CL1 causing soft rot
disease in Clausena lansium (Wampee) in China. Plant Disease
107(5):1613-1616.

Hernandez, A.F., Gil, F. and Lacasana, M. 2017. Toxicological interactions of
pesticide mixtures: an update. Archives of Toxicology 91: 3211-3223.

Hernandez, D.J., David, A.S., Menges, E.S., Searcy, C.A. and Afkhami, M.E.
2021. Environmental stress destabilizes microbial networks. The ISME
Journal 15(6): 1722-1734.

Hernandez-Martinez, P., Ferré, J. and Escriche, B. 2008. Susceptibility of
Spodoptera exigua to 9 toxins from Bacillus thuringiensis. Journal of
Invertebrate Pathology 97(3): 245-250.

Heuston, S., Begley, M., Gahan, C.G. and Hill, C. 2012. Isoprenoid biosynthesis
in bacterial pathogens. Microbiology 158(6): 1389-1401.

Higuita Palacio, M.F., Montoya, O.l., Saldamando, C.l., Garcia-Bonilla, E.,
Junca, H., Cadavid-Restrepo, G.E. and Moreno-Herrera, C.X. 2021. Dry

142


https://ani/

and rainy seasons significantly alter the gut microbiome composition and
reveal a key Enterococcus sp. (Lactobacillales: Enterococcaceae) core
component in Spodoptera frugiperda (Lepidoptera: Noctuidae) corn
strain from Northwestern Colombia. Journal of Insect Science 21(6): 10.

Ho, C.T. and I, C.L. 1999. Integrated Pest Management in plantation crops in
Malaysia. Challenges and realities. Proceedings of the 1997
International Planters Conference — Plantation Management for the 21
Century (Pushparajah, E ed.). Vol. 1. Incorporated Society of Planters,
Kuala Lumpur 1: 125-149

Hoffmann, A., Thimm, T., Droge, M., Moore, E.R.B., Munch, J.C. and Tebbe,
C.C. 1998. Intergeneric transfer of conjugative and mobilizable plasmids
harbored by Escherichia coli in the gut of the soil microarthropod
Folsomia candida (Collembola). Applied and Environmental
Microbiology 64:2652—2659.

Hofte, H. and Whitely, H.R. 1989. Insecticidal crystal proteins of Bacillus
thuringiensis. Microbial Reviews 53: 242-255.

Hou, J., Yu, J., Qin, Z,, Liu, X, Zhao, X., Hu, X,, Yu, R., Wang, Q., Yang, J., Shi,
Y. and Chen, L. 2021. Guadipyr, a new insecticide, induces microbiota
dysbiosis and immune disorders in the midgut of silkworms (Bombyx
mori). Environmental Pollution 286: 117531.

Huerta-Cepas J, Szklarczyk D, Heller D, Hernandez-Plaza A, Forslund SK, Cook
H, Mende DR, Letunic |, Rattei T, Jensen LJ, Von Mering C, Bork P.
2019. EggNOG 5.0: A hierarchical, functionally and phylogenetically
annotated orthology resource based on 5090 organisms and 2502
viruses. Nucleic Acids Research 47: D309-D314.

Hwang, H.J., Li, X.H., Kim, S.K. and Lee, J.H. 2022. Anthranilate acts as a signal
to modulate biofilm formation, virulence, and antibiotic tolerance of
Pseudomonas aeruginosa and surrounding bacteria. Microbiology
Spectrum 10(1): e01463-21.

Hyatt, D., Chen, G-L., Locascio, P.F., Land, M.L., Larimer, F.W. and Hauser,
L.J. 2010. Prodigal: prokaryotic gene recognition and translation initiation
site identification. BMC Bioinformatics 11:119.

Hyatt, D., LoCascio, P.F., Hauser, L.J. and Uberbacher, E.C. 2012. Gene and
translation initiation site prediction in metagenomic sequences.
Bioinformatics 28: 2223-2230.

[, C.L. 1996. Integrated Pest Management of leaf-eating caterpillars of oil palms
in Sabah. The Planter 72(844): 395-405.

Ibargutxi, M.A., Estela, A., Ferré, J. and Caballero, P. 2006. Use of Bacillus
thuringiensis toxins for control of the cotton pest Earias insulana (Boisd.)
(Lepidoptera: Noctuidae). Applied and Environmental
Microbiology 72(1): 437-442.

143



Isaacs, A.K., Qi, S., Sarpong, R. and Casida, J.E. 2012. Insect ryanodine
receptor: distinct but coupled insecticide binding sites for [N-C3H3]
chlorantraniliprole, flubendiamide, and [3H] ryanodine. Chemical
Research in Toxicology 25(8): 1571-1573.

Islam, M.T. and Omar, D.B. 2012. Combined effect of Beauveria bassiana with
neem on virulence of insect in case of two application approaches.
Journal of Animal Plant Science 22(1): 77-82.

Itoh, H., Hori, T., Sato, Y., Nagayama, A., Tago, K., Hayatsu, M. and Kikuchi, Y.
2018. Infection dynamics of insecticide-degrading symbionts from soil to
insects in response to insecticide spraying. The ISME Journal 12(3): 909-
920.

Itoh, H., Navarro, R., Takeshita, K., Tago, K., Hayatsu, M., Hori, T. and Kikuchi,
Y. 2014. Bacterial population succession and adaptation affected by
insecticide application and soil spraying history. Frontiers in Microbiology
5: 457.

Jackson, C.R. 2003. Changes in community properties during microbial
succession. Oikos 101(2): 444-448.

Jaffar, S., Ahmad, S. and Lu, Y. 2022. Contribution of insect gut microbiota and
their associated enzymes in insect physiology and biodegradation of
pesticides. Frontiers in Microbiology 13: 979383.

Jain, C., Rodriguez-R, L.M., Phillippy, A.M., Konstantinidis, K.T. and Aluru, S.
2018. High throughput ANI analysis of 90K prokaryotic genomes reveals
clear species boundaries. Nature communications 9(1): 5114.

Jameel, M., Alam, M.F., Fatma, H., Singh, D., Khan, M.A., Qureshi, M.A., Javed,
S., Younus, H., Jamal, K. and Siddique, H.R. 2023. Flubendiamide
induced genetic and cellular damages directly influence the life cycle of
the oriental leaf worm, Spodoptera litura. Pesticide Biochemistry and
Physiology 193:105448.

James, C. 2006. Global status of commercialized biotech/GM crops. ISAAA
Briefs 35: 96.

Janson, E. M., Stireman, J. O., Singer, M. S., and Abbot, P. 2008. Phytophagous
insect-microbe mutualisms and adaptive evolutionary diversification.
Evolution 62: 997-1012.

Jenkins, T.P., Peachey, L.E., Ajami, N.J., MacDonald, A.S., Hsieh, M.H.,
Brindley, P.J., Cantacessi, C. and Rinaldi, G. 2018. Schistosoma
mansoni infection is associated with quantitative and qualitative
modifications of the mammalian intestinal microbiota. Scientific Reports,
8(1): 12072.

Jeong, H., Lee, D.H., Ryu, C.M. and Park, S.H. 2016. Toward complete bacterial
genome sequencing through the combined use of multiple next-

144



generation sequencing platforms. Journal of Microbiology and
Biotechnology 26(1): 207-212.

Jiao, S., Wang, J., Wei, G., Chen, W. and Lu, Y. 2019. Dominant role of
abundant rather than rare bacterial taxa in maintaining agro-soil
microbiomes under environmental disturbances. Chemosphere 235:
248-259.

Jing, T.Z., Qi, F.H. and Wang, Z.Y. 2020. Most dominant roles of insect gut
bacteria: digestion, detoxification, or essential nutrient provision?
Microbiome, 8(1): 1-20.

Junemann, S., Kleinbdlting, N., Jaenicke, S., Henke, C., Hassa, J., Nelkner, J.,
Stolze, Y., Albaum, S.P., Schliter, A., Goesmann, A. and Sczyrba, A.
2017. Bioinformatics for NGS-based metagenomics and the application
to biogas research. Journal of Biotechnology 261: 10-23.

Jurat-Fuentes, J.L., and Jackson, T.A. 2012. Bacterial entomopathogens. (pp.
265-350). In: Insect Pathology. F. Vega, and H.S. Kaya, Eds., Academic
Press, London, UK.

Kakumanu, M.L., Reeves, A.M., Anderson, T.D., Rodrigues, R.R. and Williams,
M.A. 2016. Honey bee gut microbiome is altered by in-hive pesticide
exposures. Frontiers in Microbiology 7: 1255.

Kamaruzaman, N.A., Leong, Y.H., Jaafar, M.H., Khan, H.R.M., Rani, N.A.A.,
Razali, M.F. and Majid, M.l.A. 2020. Epidemiology and risk factors of
pesticide poisoning in Malaysia: a retrospective analysis by the National
Poison Centre (NPC) from 2006 to 2015. BMJ Open 10(6): e036048.

Kanehisa, M., Furumichi, M., Sato, Y., Ishiguro-Watanabe, M. and Tanabe, M.
2021. KEGG: integrating viruses and cellular organisms. Nucleic Acids
Research 49: D545-551.

Kanehisa, M. and Goto S. 2000. KEGG: Kyoto Encyclopedia of Genes and
Genomes. Nucleic Acids Research 28:27-30.

Kanehisa M. 2019. Toward understanding the origin and evolution of cellular
organisms. Protein Sci 28:1947—1951.

Kato, K., Kiyonaka, S., Sawaguchi, Y., Tohnishi, M., Masaki, T., Yasokawa, N.,
Mizuno, Y., Mori, E., Inoue, K., Hamachi, I. and Takeshima, H. 2009.
Molecular characterization of flubendiamide sensitivity in the
lepidopterous ryanodine receptor Ca2+ release channel. Biochemistry
48(43): 10342-10352.

Khan, M.A., Amin, A., Farid, A., Ullah, A., Waris, A., Shinwari, K., Hussain, Y.,
Alsharif, K.F., Alzahrani, K.J. and Khan, H. 2022. Recent advances in
genomics-based approaches for the development of intracellular
bacterial pathogen vaccines. Pharmaceutics 15(1): 152.

145



Khoo, K.C., Ho, C.T., Ng, K.Y. and Lim, T.K. 1983. Pesticide application
technology in perennial crops in Malaysia. Malaysian Plant Protection
Society (MAPPS). In Pesticide application technology. Proceedings of
the Seminar 42-85.

Kim, D., Song, L., Breitwieser, F.P. and Salzberg, S.L. 2016. Centrifuge: rapid
and sensitive 146eg146onent146146ion of metagenomic sequences.
Genome Res 26:1721-1729.

Kim, Y., Koh, I., Young Lim, M., Chung, W.H. and Rho, M. 2017. Pan-genome
analysis of Bacillus for microbiome profiling. Scientific Reports 7(1):
10984.

Kleespies, R.G., Federici, B.A., and Leclerque, A. 2014. Ultrastructural
characterization and multilocus sequence analysis (MLSA) of
“Candidatus Rickettsiella isopodorum’, a new lineage of intracellular
bacteria infecting woodlice (Crustacea: Isopoda). Systematic and
Applied Microbiology 37: 351-359

Knoema. Malaysia — Pesticide regulation [Internet]. VA USA: Knoema
Corporation, 2024. Available:
https://knoema.com/search?query=malaysia%Z20pesticide&source=Ho
mePage (Accessed 22 February 2024).

Ko, K.K., Chng, K.R. and Nagarajan, N. 2022. Metagenomics-enabled microbial
surveillance. Nature Microbiology 7(4): 486-496.

Kok, C.C., Eng, O.K., Razak, A.R., Arshad, A.M. and Marcon, P.G. 2012.
Susceptibility of bagworm Metisa plana (Lepidoptera: Psychidae) to
chlorantraniliprole. Pertanika Journal of Tropical Agriculture Science
35(1): 149-163.

Kolde, R. pheatmap: Pretty Heatmaps. R package version 1.0.12; 2019.
Retrieved 9 September 2023 from https://cran.r-
project.org/web/packages/pheatmap/index.html.

Kolmogorov, M., Yuan, J., Lin, Y. and Pevzner, P.A. 2019. Assembly of long,
error-prone reads using repeat graphs. Nature Biotechnology 37:540—
546.

Konecka, E., Kaznowski, A., Stachowiak, M. and Macigg, M. 2018. Activity of
spore-crystal mixtures of new Bacillus thuringiensis strains against
Dendrolimus pini (Lepidoptera: Lasiocampidae) and Spodoptera exigua
(Lepidoptera: Noctuidae). Folia Forestalia Polonica Series A 60(2):91—
98.

Kortenkamp, A. 2007. Ten Years of mixing cocktails: A review of combination
effects of endocrine-disrupting chemicals. Environment Health
Perspective 115: 98-105.

Krawczyk, K., Szabelska-Beresewicz, A., Przemieniecki, S.W., Szymanczyk, M.
and Obrepalska-Steplowska, A. 2022. Insect gut bacteria promoting the

146


https://cran/

growth of tomato plants (Solanum lycopersicum L.). International Journal
of Molecular Sciences 23(21): 13548.

Kunakh, O.M., Volkova, A.M., Tutova, G.F. and Zhukov, O.V. 2023. Diversity of
diversity indices: Which diversity measure is better?. Biosystems
Diversity 31(2):131-146.

Kumar, V., Singh, K., Shah, M.P., Singh, A.K., Kumar, A. and Kumar, Y. 2021.
Application of omics technologies for microbial community structure and
function analyses in contaminated environment. Wastewater Treatment
1-40.

Kupferschmied, P., Maurhofer, M. and Keel, C. 2013. Promise for plant pest
control: root-associated pseudomonads with insecticidal activities.
Frontiers in Plant Science 4: 287.

Kurnianto, A.S., Janah, A.M., Magvira, N.L. and Pradana, A.P. 2022. Effects of
nuclear polyhedrosis virus (NPV) on the death of Spodoptera litura larvae
(Lepidoptera: Noctuidae) and its comparison with chemical pesticide.
Jurnal Penelitian 11(1): 47-54.

Lacey, L.A., Grzywacz, D., Shapiro-llan, D.l., Frutos, R., Brownbridge, M. and
Goettel, M.S. 2015. Insect pathogens as biological control agents: Back
to the future. Journal of Invertebrate Pathology 132: 1-41.

Langmead, B. and Salzberg, S.L. 2012. Fast gapped-read alignment with Bowtie
2. Nature Methods 9:357-359.

Lata, P., Govindarajan, S.S., Qi, F., Li, J.L., Maurya, S.K. and Sahoo, M.K. 2017.
De novo whole-genome sequence of Pantoea latae strain AS1, isolated
from Zamia floridana rhizosphere in central Florida, USA. Genome
Announcements 5(28): 10-1128.

Lee, KA., Kim, S.H., Kim, E.K,, Ha, E.M,, You, H., Kim, B., Kim, M.J., Kwon, Y.,
Ryu, J.H. and Lee, W.J. 2013. Bacterial-derived uracil as a modulator of
mucosal immunity and gut-microbe homeostasis in Drosophila. Cell
153(4): 797-811.

Lee, K., Raguideau, S., Sirén, K., Asnicar, F., Cumbo, F., Hildebrand, F., Segata,
N., Cha, C.J. and Quince, C. 2023. Population-level impacts of antibiotic
usage on the human gut microbiome. Nature Communications
14(1):1191.

Legrand, E., Boulangé-Lecomte, C., Restoux, G., Trémolet, G., Duflot, A. and
Forget-Leray, J. 2016. Individual and mixture acute toxicity of model
pesticides chlordecone and pyriproxyfen in the estuarine copepod
Eurytemora affinis. Environmental Science and Pollution Research 24:
5976-5984.

Leisinger, T. 1983. General aspects: microorganisms and xenobiotic
compounds. Experientia 39: 1183-1191.

147



Lelana, N.E., Utami, S., Darmawan, U.W., Nuroniah, H.S., Haneda, N.F.,
Darwiati, W. and Anggraeni, |. 2022. Bagworms in Indonesian plantation
forests: species composition, pest status, and factors that contribute to
outbreaks. Diversity 14(6): 471.

Lenka, J.L., Yakubu, B., Kutshik, R.J., Joel, E.B., Tukur, A. and Longdet, 1.Y.
2023. Metagenome-Assembled Genome Sequence of a Strain of
Burkholderia cepacia Isolated from the Gut of Macrotermes bellicosus in
Nigeria. Microbiology Resource Announcements e00777-22.

Leonhardt, B.A., Neal Jr, J.W., Klun, J.A., Schwarz, M. and Plimmer, J.R. 1983.
An unusual lepidopteran sex pheromone system in the bagworm moth.
Science 219(4582): 314-316.

Levy, Y., Benderly, M., Cohen, Y., Gisi, U. and Bassand, D. 1986. The joint
action of fungicides in mixtures: Comparison of two methods for synergy
calculation. EPPO Bulletin 16:651-657.

Li, D., Liu, C.M., Luo, R., Sadakane, K. and Lam, T.W. 2015. MEGAHIT: an ultra-
fast single-node solution for large and complex metagenomics assembly
via succinct de Bruijn graph. Bioinformatics 31: 1674—1676.

Li, D., Zhang, Y., Li, W., Tang, T., Wan, H., You, H. and Li, J. 2019. Fitness and
evolution of insecticide resistance associated with gut symbionts in
metaflumizone-resistant Plutella xylostella. Crop Protection 124
104869.

Li, Q., Xu, L.Z., Zou, T., Ai, P., Huang, G.H., Li, P. and Zheng, A.P. 2015.
Complete genome sequence of Bacillus thuringiensis strain HD521.
Standards in Genomic Sciences 10(1): 1-8.

Li, S., Xu, C., Du, G., Wang, G., Tu, X. and Zhang, Z. 2021 Synergy in efficacy
of Artemisia sieversiana crude extract and Metarhizium anisopliae on
resistant Oedaleus asiaticus. Frontiers in Physiology 12: 642893.

Liang, X., Wang, X., Zhang, Y., Huang, B. and Han, L. 2022. Selective inhibition
toward dual enzyme-like activities of iridium nanozymes for a specific
colorimetric assay of malathion without enzymes. Journal of Agricultural
and Food Chemistry 70(12): 3898-3906.

Liao, X., Xu, P.F., Gong, P.P., Wan, H. and Li, J.H. 2021. Current susceptibilities
of brown planthopper Nilaparvata lugens to triflumezopyrim and other
frequently used insecticides in China. Insect Science 28(1): 115-126.

Lin, P., Cheng, T., Jin, S., Wu, Y., Fu, B., Long, R., Zhao, P. and Xia, Q. 2015.
PC, a Novel Oral Insecticidal Toxin from Bacillus bombysepticus
Involved in Host Lethality via APN and BtR-175. Scientific Report
5:11101.

Liu, X., Floate, K.D., Gorzelak, M.A., Holman, D.B., Hrycauk, S., Kubota, H.,
Lupwayi, N., Neilson, J.A., Ortega Polo, R., Petri, R.M. and Tran, L. 2023.

148



Prairie agroecosystems: interconnected microbiomes of livestock, soil
and insects. Agriculture 13(2): 326.

Liu, Y., Zhang, X., Xie, C. and Zhu, H. 2019. Synergistic test of Bt strain with
high virulence of Hyphantria cunea. Journal of Anhui Agricultural
University 46(5): 870-875.

Loong, C. and Chong, T. 2012. Understanding pest biology and behaviour for
effective control of oil palm bagworms. Planter 88(1039): 699-715.

Lukasik, P., van Asch, M., Guo, H., Ferrari, J. and Godfray, J. 2013. Unrelated
facultative endosymbionts protect aphids against a fungal pathogen.
Ecology Letters 16: 214-218.

MacCollom, G.B., Lauzon, C.R., Sjogren, R.E., Meyer, W.L. and Olday, F. 2009.
Association and attraction of blueberry maggot fly Curran (Diptera:
Tephritidae) to Pantoea (Enterobacter) agglomerans. Environmental
Entomology 38(1): 116-120.

MacLean, A.M., Haerty, W., Golding, G.B. and Finan, T.M. 2011. The LysR-type
PcaQ protein regulates expression of a protocatechuate-inducible ABC-
type transport system in Sinorhizobium meliloti. Microbiology 157: 2522-
2533.

Malaysian Agricultural Digest. 2013. Chapter 16: Agricultural chemicals. 155-
163. Malaysian Agricultural Digest.

Malaysian Palm Oil Board. 2016. Standard Operating Procedures (SoP)
Guidelines for bagworm control Malaysian Palm Oil Board (MPOB).
ISBN 978-967-961-218-9 Malaysia.

Mancini, M.V., Damiani, C., Accoti, A., Tallarita, M., Nunzi, E., Cappelli, A.,
Bozic, J., Catanzani, R., Rossi, P., Valzano, M. and Serrao, A. 2018.
Estimating bacteria diversity in different organs of nine species of
mosquito by next generation sequencing. BMC Microbiology 18(1): 1-10.

Mao, K., Zhang, X., Ali, E., Liao, X., Jin, R,, Ren, Z., Wan, H. and Li, J. 2019.
Characterization of nitenpyram resistance in Nilaparvata lugens (Stal).
Pesticide Biochemistry and Physiology 157: 26-32.

Mason, P.G., Barratt, B.l., Mc Kay, F., Klapwijk, J.N., Silvestri, L.C., Hill, M.,
Hinz, H.L., Sheppard, A., Brodeur, J., Vitorino, M.D. and Weyl, P. 2023.
Impact of access and benefit sharing implementation on biological
control genetic resources. BioControl 1-17.

Mathur, A., Feng, S., Hayward, J.A., Ngo, C., Fox, D., Atmosukarto, Il., Price,
J.D., Schauer, K., Martlbauer, E., Robertson, A.A. and Burgio, G. 2019.
A multicomponent toxin from Bacillus cereus incites inflammation and
shapes host outcome via the NLRP3 inflammasome. Nature
Microbiology 4: 362-374.

149



May, C.Y., Ngan, M.A., Yoo, C.K., Majid, R.A., Chung, A.Y.K., Nang, H.L.L.,
Foon, C.S., Liang, Y.C., Wei, P.C., Han, N.M. and Basiron, Y. 2005. Palm
diesel: green and renewable fuel from palm oil. Palm Oil Developments
23: 3-7.

Mazmira, M.M.M., Noorhazwani, K., Napiah, N.R.M.A. and Fahmi, M.K. 2022.
Effectiveness of Bacillus thuringiensis aerial spraying against the
bagworm, Metisa plana Walker (Lepidoptera: Psychidae) outbreak in oil
palm using drone. Journal of Oil Palm Research 34(2): 276-288.

Mazmira, M.M.M., Ramlah, S.A.A., Najib, M.A., Norman, K., Kushairi, A.D. and
Basri, M.\W. 2010. Integrated pest management (IPM) of bagworms in
Southern Perak via aerial spraying of Bacillus thuringiensis. Oil Palm
Bulletin 63:24-33.

McCutcheon, J.P. and Moran, N.A. 2007. Parallel genomic evolution and
metabolic interdependence in an ancient symbiosis. Proceedings of the
National Academy of Sciences 104(49): 19392-19397.

McMurdie, P.J. and Holmes, S. 2014. An R package for reproducible interactive
analyses and graphics of microbiome census data. PloS Computational
Biology 10(12): e1003963.

Meier-kolthoff, J.P. and Goker, M. 2019. TYGS is an automated high-throughput
platform for state-of-the-art genome-based taxonomy. Nature
Communication 10: 1-10.

Mesnage, R., Teixeira, M., Mandrioli, D., Falcioni, L., Ibragim, M., Ducarmon,
Q.R., Zwittink, R.D., Amiel, C., Panoff, J.M., Bourne, E. and Savage, E.
2021. Multi-omics phenotyping of the gut-liver axis reveals metabolic
perturbations from a low-dose pesticide mixture in rats. Communications
Biology 4(1): 1-14.

Meziti, A., Rodriguez-R, L.M., Hatt, J.K., Peha-Gonzalez, A., Levy, K. and
Konstantinidis, K.T. 2021. The reliability of metagenome-assembled
genomes (MAGSs) in representing natural populations: insights from
comparing MAGs against isolate genomes derived from the same fecal
sample. Applied and Environmental Microbiology 87(6): e02593-20.

Miller, R.R., Montoya, V., Gardy, J.L., Patrick, D.M. and Tang, P. 2013.
Metagenomics for pathogen detection in public health. Genome
Medicine 5: 1-14.

Mir, M.Y. and Hamid, S. 2023. Microbiomics and Sustainable Crop Production.
John Wiley & Sons.

Mohamed, S.M.S., Ishak, I., Omar, D. and Asib, N. 2021. Optimization of
motorized backpack mistblower for efficient application of insecticides
against the bagworm, Metisa plana walker. Pakistan Journal of
Agricultural Research 34(2): 479-485.

150



Moran, J. F., Klucas, R. V., Grayer, R. J., Abian, J. and Becana, M. 1997.
Complexes of iron with phenolic compounds from soybean nodules and
other legume tissues: prooxidant and antioxidant properties. Free
Radical Biology and Medicine 22: 861-870.

Moretto, A. and Colosio, C. 2013. The role of pesticide exposure in the genesis
of Parkinson’s disease: epidemiological studies and experimental data.
Toxicology 307: 24—34.

Morishita, M., Masuda, A., Mon, H., Lee, J.M., Kusakabe, T., Tashiro, K.,
Yasunaga-Aoki, C. and liyama, K. 2019. Identification of an insecticidal
toxin produced by Enterobacter sp. Strain 532 isolated from diseased
Bombyx mori silkworms. FEMS Microbiology Letters 366(2): fny295.

Mota-Sanchez, D., Hollingworth, R.M., Grafius, E.J. and Moyer, D.D. 2006.
Resistance and cross-resistance to neonicotinoid insecticides and
spinosad in the Colorado potato beetle, Leptinotarsa decemlineata (Say)
(Coleoptera: Chrysomelidae). Pest Management Science: formerly
Pesticide Science 62(1): 30-37.

Murphy, D.J., Goggin, K. and Paterson, R.R.M. 2021. Oil palm in the 2020s and
beyond: challenges and solutions. CABI Agriculture and Bioscience 2(1):
1-22.

Nagata, N., Nishijima, S., Miyoshi-Akiyama, T., Kojima, Y., Kimura, M., Aoki, R.,
Ohsugi, M., Ueki, K., Miki, K., Iwata, E. and Hayakawa, K. 2022.
Population-level metagenomics uncovers distinct effects of multiple
medications on the human gut microbiome. Gastroenterology 163(4):
1038-1052.

Nagpal, S., Singh, R., Yadav, D. and Mande, S.S., 2020. MetagenoNets:
comprehensive inference and meta-insights for microbial correlation
networks. Nucleic acids research, 48(W1), pp.W572-W579.

Najib, M.A., Ramlah, S.A.A., Mazmira, M.M.M and Noorazah, Z. 2014. Lepcon-
1, Bafog-1 (S) and Ecobac-1 (EC), Bacillus thuringiensis based-products
are not toxic against the freshwater fish, Tilapia nilotica. Journal of Oil
Palm Research 26(4): 317-320.

Najib, M.A., Ramlah, S.A.A., Mazmira, M.M.M. and Basri, M.W. 2009. Effect of
Bacillus thuringiensis, TERAKIL-1® and TERACON-1® against oil palm
weevil Elaeidobius camerunicus, and beneficial insects associated
with Cassia cobanensis. Journal of Oil Palm Research 21:667-674.

Najib, M.A., Ramlah, S.A.A., Mazmira, M.M.M. and Wahid, M.B., 2012. Effect of
Bt products, Lepcon-1, Bafog-1 (S) and Ecobac-1 (EC), against the oil
palm pollinating weevil, Elaeidobius kamerunicus, and beneficial insects
associated with Cassia cobanensis. Journal of Oil Palm Research, 24(2):
1442-1447.

151



Nardi, J.B, Mackie, R.l. and Dawson, J.O. 2002. Could microbial symbionts of
arthropod guts contribute significantly to nitrogen fixation in terrestrial
ecosystem? Journal of Insect Physiology. 48(8): 751-763.

Narwal, S.K. and Gupta, R. 2017. Biodegradation of xenobiotic compounds: an
overview 186-212. Handbook of Research on Inventive Bioremediation
Techniques.

Nasir, A.A., Syarif, N.Y., Omar, D. and Asib, N. 2023. Effectiveness of
Cordyceps fumosorosea wettable powder formulation against Metisa
plana (Walker) and its side effects on Elaeidobius kamerunicus in oil
palm plantation. Journal of Pesticide Science 48(2): 54-60.

Naveenarani, M., Suresha, G.S., Srikanth, J., Hari, K., Sankaranarayanan, C.,
Mahesh, P., Nirmala, R., Swathik, C.P., Crickmore, N., Ram, B. and
Appunu, C. 2022. Whole genome analysis and functional
characterization of a novel Bacillus thuringiensis (Bt 62) isolate against
sugarcane white grub Holotrichia serrata (F). Genomics 114(1): 185-195.

NCBI Resource Coordinators. 2018. Database resources of the National Center
for Biotechnology Information. Nucleic Acids Research 46: D8-D13

Nester, E.W., Thomashow, L.S., Metz, M. and Gordom, M. 2002. 100 Years of
Bacillus thuringiensis: A Critical Scientific Assessment. Ithaca 22.

Neuwirth, E. 2014. RcolorBrewer: ColorBrewer palettes. R package version 1.1-
2, Retrieved 7 September 2023 from https://rdrr.io/cran/RcolorBrewer/.

Nichols, R.G. and Davenport, E.R. 2021. The relationship between the gut
microbiome and host gene expression: a review. Human
Genetics 140(5): 747-760.

Noorhazwani, K., Ramlah, S.A.A., Mazmira, M.M.M., Najib, M.A., Hafiz,
C.A.C.M. and Norman, K. 2017. Controlling Metisa plana Walker
(Lepidoptera: Psychidae) outbreak using Bacillus thuringiensis at an oil
palm plantation in Slim River Perak, Malaysia. Journal of Oil Palm
Research 29(1):47-54.

Norman, K. and Othman, A. 2016. Diversity and activity of insect natural
enemies of the bagworm (Lepidoptera: Psychidae) within an oil palm
plantation in Perak, Malaysia. Journal of Oil Palm Research 28(3): 296-
307.

Norman, K., Seman, I.A. and Mazmira, M.M.M. 2019. Prospects in sustainable
control of oil palm pests and diseases through the enhancement of
ecosystem services-the way forward. Journal of Oil Palm Research,
31(3): 381-393.

Nurhafizhoh, Z., Shawal, M.T.M., Noorhazwani, K., Adhawiyah, N.R.A.M.N.,
Fahmi, M.K. and Mazmera, M.M.M. 2023. De novo transcriptome
analysis of bagworm Metisa plana from highly infested oil palm estate in

152


https://rdrr/

Perak revealed detoxification genes and potential insecticide targets.
Journal of Asia-Pacific Entomology 26(1): 102039.

Nurulhidayah, S.A. and Norman, K. 2011. Pheromone trapping in controlling key
insect pests: progress and prospects. Oil Palm Bulletin 62:12-24.

Nurulhidayah, S.A. and Norman, K. 2016. Growth and longevity of the insect
predator, Sycanus dichotomus Stal. (Hemiptera: Reduviidae) fed on live
insect larvae. Journal of Oil Palm Research 28(4): 471-478.

Nurulhidayah, S.A., Mazmira, M.M.M. and Norman, K., 2020. Assessment on
voracity and predation by predator, Sycanus dichotomus STAL.
(Hemiptera: Reduviidae) to oil palm bagworm, Pteroma pendula. Journal
of Oil Palm Research 32: 480-487.

Nurulhidayah, S.A., Norman, K. and Zulkefli, M. 2011. Mixed preys as food
sources for mass rearing the bagworm predator, Sycanus dichotomus.
MPOB Information Series 486: 2.

Nurulhidayah, S.A., Saharul, A.M., Othman, A. and Mazmera, M.M.M. 2023. The
influence of flowering beneficial plant, Turnera subulata on the insect
natural enemies abundance in relation to oil palm bagworm occurrence
in Bagan Datuk, Perak, Malaysia. Journal of Oil Palm Research Article
in Press, DOI: https://doi.org/10.21894/jopr.2023.0017.

Nurulhidayah, S.A; Othman, A and Norman, K (2017). Assessment of voracity
and predatory efficiency of Sycanus dichotomus (Hemiptera:
Reduviidae) to larvae of bagworm Metisa plana (Lepidoptera: Psychidae)
in cage studies. Proceedings of the PIPOC 2017 International Palm QOil
Congress: Treasure the Past Charting the Future (Agriculture,
Biotechnology & Sustainability Conference). 100-103.

Ortiz, A. and Sansinenea, E. 2022. In Biopesticides, Bacillus thuringiensis based
biopesticides for integrated crop management (pp. 1-6). Woodhead
Publishing.

Ottesen, A.R., Gorham, S., Pettengill, J.B., Rideout, S., Evans, P. and Brown,
E. 2015. The impact of systemic and copper pesticide applications on the
phyllosphere microflora of tomatoes. Journal of the Science of Food and
Agriculture 95(5): 1116-1125.

Oyeleye, A. and Normi, Y.M., 2018. Chitinase: diversity, limitations, and trends
in engineering for suitable applications. Bioscience Reports 38(4):
BSR2018032300.

Pacheco, S., Gémez, |., Chifias, M., Sanchez, J., Soberén, M. and Bravo, A.
2021. Whole genome sequencing analysis of Bacillus thuringiensis
GRO0O0O7 reveals multiple pesticidal protein genes. Frontiers in
Microbiology 12: 758314.

153


https://doi/

Paniagua Voirol, L.R., Frago, E., Kaltenpoth, M., Hilker, M. and Fatouros, N.E.
2018. Bacterial symbionts in Lepidoptera: their diversity, transmission,
and impact on the host. Frontiers in Microbiology 9:556.

Paris, L., Peghaire, E., Moné, A., Diogon, M., Debroas, D., Delbac, F. and El
Alaoui, H. 2020. Honeybee gut microbiota dysbiosis in pesticide/parasite
co-exposures is mainly induced by Nosema ceranae. Journal of
Invertebrate Pathology 172: 107348.

Paris, L., Roussel, M., Pereira, B., Delbac, F. and Diogon, M. 2017. Disruption
of oxidative balance in the gut of the western honeybee Apis mellifera
exposed to the intracellular parasite Nosema ceranae and to the
insecticide fipronil. Microbial Biotechnology 10:1702-1717.

Parks, D.H., Chuvochina, M., Waite, D.W., Rinke, C., Skarshewski, A.,
Chaumeil, P.A. and Hugenholtz, P. 2018. A standardized bacterial
taxonomy based on genome phylogeny substantially revises the tree of
life. Nature Biotechnology 36: 996—1004.

Parks, D.H., Tyson, G.W., Hugenholtz, P. and Beiko, R.G. 2014. Bioinformatics
30 (21): 3123-3124.

Parveez, G.K.A., Kamil, N.N., Zawawi, N.Z., Ong-Abdullah, M.E.I.L.LN.A,,
Rasuddin, R., Loh, S.K., Selvaduray, K.R., Hoong, S.S. and Idris, Z.
2022. Oil palm economic performance in Malaysia and R&D progress in
2021. Journal of Oil Palm Research 34: 185-218.

Parveez, G.K.A.,, Omar, A.R., Najib, M.A., Humaira, M.T., Azwan, M.M.B.,
Rahma, A.A.H., Tuan, N.M.T.I., Soh, K.L., Meilina, O.A., Kalsom, Z. and
Zainab, |. 2023. Oil palm economic performance in Malaysia and R&D
progress in 2022. Journal of Oil Palm Research 35(2): 193-216.

Parveez, G.K.A., Tarmizi, A.H.A., Sundram, S., Loh, S.K., Ong-Abdullah,
M.E.I.L.LN.A., Palam, K.D.P., Salleh, K.M., Ishak, S.M. and Idris, Z.
2021. Oil palm economic performance in Malaysia and R&D progress in
2020. Journal of Oil Palm Research 33(2): 181-214.

Pava-Ripoll, M., Pearson, R.E.G., Miller, A.K. and Ziobro, G.C. 2012.
Prevalence and relative risk of Cronobacter spp., Salmonella spp., and
Listeria monocytogenes associated with the body surfaces and guts of
individual filth flies. Applied and Environmental Microbiology 78(22):
7891-7902.

Peona, V., Blom, M.P., Xu, L., Burri, R., Sullivan, S., Bunikis, I., Liachko, I.,
Haryoko, T., Jgnsson, K.A., Zhou, Q. and Irestedt, M. 2021. Identifying
the causes and consequences of assembly gaps using a multiplatform
genome assembly of a bird-of-paradise. Molecular Ecology Resources
21(1): 263-286.

Picciotti, U., Araujo Dalbon, V., Ciancio, A., Colagiero, M., Cozzi, G., De Bellis,
L., Finetti-Sialer, M.M., Greco, D., Ippolito, A., Lahbib, N. and Logrieco,

154



A.F. 2023. “Ectomosphere”: Insects and microorganism interactions.
Microorganisms 11(2): 440.

Pichler, G., Muggia, L., Carniel, F.C., Grube, M. and Kranner, I. 2023. How to
build a lichen: from metabolite release to symbiotic interplay. New
Phytologist 238(4): 1362-1378.

Pietri, J.E., Tiffany, C. and Liang, D. 2018. Disruption of the microbiota affects
physiological and evolutionary aspects of insecticide resistance in the
German cockroach, an important urban pest. PloS One 13(12):
€0207985.

Pilling, E.D. and Jepson, P.C. 1993. Synergism between EBI fungicides and a
pyrethroid insecticide in the honeybee (Apis mellifera). Pesticide Science
39(4): 293-297.

Plata-Rueda, A., Quintero, H.A., Serrdao, J.E. and Martinez, L.C. 2020.
Insecticidal activity of Bacillus thuringiensis strains on the nettle
caterpillar, Euprosterna elaeasa (Lepidoptera: Limacodidae). Insects
11(5): 310.

Poff, K.E., Stever, H., Reil, J.B., Seabourn, P., Ching, A.J., Aoki, S., Logan, M.,
Michalski, J.R., Santamaria, J., Adams, J.W. and Eiben, J.A. 2017. The
native Hawaiian insect microbiome initiative: a critical perspective for
Hawaiian insect evolution. Insects 8(4): 130.

Pohl, C., Kanniah, K.D. and Loong, C.K. 2016. Monitoring oil palm plantations
in Malaysia. IEEE International Geoscience and Remote Sensing
Symposium 2556-2559.

Polenogova, O.V., Noskov, Y.A., Yaroslavtseva, O.N., Kryukova, N.A., Alikina,
T., Klementeva, T.N., Andrejeva, J., Khodyrev, V.P., Kabilov, M.R,,
Kryukov, V.Y. and Glupov, V.V. 2021. Influence of Bacillus thuringiensis
and avermectins on gut physiology and microbiota in Colorado potato
beetle: Impact of Enterobacteria on susceptibility to insecticides. PloS
One 16(3): e0248704.

Posteraro, B., Paroni Sterbini, F., Petito, V., Rocca, S., Cubeddu, T., Graziani,
C., Arena, V., Vassallo, G.A., Mosoni, C., Lopetuso, L. and Lorrai, .
2018. Liver injury, endotoxemia, and their relationship to intestinal
microbiota composition in alcohol-preferring rats. Alcoholism: Clinical
and Experimental Research 42(12): 2313-2325.

Pradana, M.G., Priwiratama, H., Rozziansha, T.A.P., Prasetyo, A.E. and
Susanto, A. 2022. Field evaluation of Bacillus thuringiensis product to
control Metisa plana bagworm in oil palm plantation. IOP Publishing. In
IOP Conference Series: Earth and Environmental Science 974(1):
012025.

Prawirosukarto, S., Pardede, D., Veyrunes, J.C., Cousserans, F., Philippe, R.,
Desmier De Chenon, R., Mariau, D. and Bergoin, M. 1996. Utilization of
Nudaurelia-beta virus for biological control of the oil palm leaf-eating

155



nettle caterpillar Setfothosea asigna Van Eecke (Lepidoptera:
Limacodidae) in Indonesia. National Institute for Agricultural Research
254,

Pritchard, L., Glover, R.H., Humphris, S., Elphinstone, J.G. and Toth, |.K. 2015.
Genomics and taxonomy in diagnostics for food security: soft-rotting
enterobacterial plant pathogens. Analytical Methods 8: 12—24.

Pujiastuti, Y., Bando, H. and Asano, S.I. 2014. Serial dilution of nettle caterpillar
viruses applied as bioinsectiside against Setothosea asigna van Ecke
(Lepidoptera: Limacodidae) the important pest of oil palm. Journal of
Advanced Agricultural Technologies 1(2).

Quince, C., Walker, A. W., Simpson, J. T., Loman, N. J. and Segata, N. 2017.
Shotgun metagenomics, from sampling to analysis. Nature
Biotechnology 35(9): 833-844.

Rajendran, S., 2020. Insect pest management in stored products. Outlooks on
Pest Management 31(1): 24-35.

Ramlah, S.A.A. 2000. Mechanism of action of Bacillus thuringiensis 0-
endotoxins: binding studies of d-endotoxins to brush border membrane
vesicle of Metisa plana (Walker), PhD Thesis, Universiti Kebangsaan
Malaysia.

Ramlah, S.A.A. and Basri, M.W. 1997. A local Bacillus thuringiensis SRMPOB
BT1 with potential for controlling Metisa plana (Walker). Elaeis 9(1): 34-
45.

Ramlah, S.A.A., Basri, M\W. and Mahadi, M.N. 2003. IPM of bagworms and
Nettle caterpillars using Bacillus thringiensis: Towards increasing
efficacy. Proceedings of the PIPOC 2003 International Palm Oil
Congress — Agriculture Conference 449-474.

Ramlah, S.A.A., Basri, M.W. and Mahadi, M.N. 2005. IPM of bagworms and
nettle caterpillars using Bacillus thuringiensis-towards understanding
and increasing efficacy. Proceedings of the PIPOC 2003 International
Palm Oil Congress — Agriculture Conference 1-25

Ramlah, S.A.A., Basri, M.\W. and Ramlee, M. 1996. Isolation and amplification
baculovirus as a biocontrol agent for bagworms and nettle caterpillars of
palm oil. Elaeis 8(1): 109.

Ramlah, S.A.A., Mazmira, M.M.M., Najib, M.A. and Basri, M.W. 2005. Bacillus
thuringiensis, Terakil 1 (WP) for biological control of bagworms. MPOB
Information Series 1511-7871.

Ranganathan, M., Narayanan, M. and Kumarasamy, S. 2022. Importance of
metabolic enzymes and their role in insecticide resistance. In New and
future development in biopesticide research: Biotechnological
exploration (pp. 243-260). Singapore: Springer Nature Singapore.

156



Raymann, K. and Moran, N.A. 2018. The role of the gut microbiome in health
and disease of adult honey bee workers. Current Opinion in Insect
Science 26: 97-104.

Regode, V., Kuruba, S., Mohammad, A.S., Sharma, H.C. 2016. Isolation and
characterization of gut bacterial proteases involved in inducing
pathogenicity of Bacillus thuringiensis toxin in cotton bollworm,
Helicoverpa armigera. Frontiers in Microbiology 7: 1567.

Ren, Z., Cai, T., Wan, Y., Zeng, Q., Li, C., Zhang, J., Ma, K., He, S, Li, J. and
Wan, H. 2023. Unintended consequences: Disrupting microbial
communities of Nilaparvata lugens with non-target pesticides. Pesticide
Biochemistry and Physiology 105522.

Renwick, S., Ganobis, C.M., Elder, R.A., Gianetto-Hill, C., Higgins, G.,
Robinson, A.V., Vancuren, S.J., Wilde, J. and Allen-Vercoe, E., 2021.
Culturing human gut microbiomes in the laboratory. Annual Review of
Microbiology 75: 49-69.

Rhainds, M. and Cabrera—La Rosa, J.C. 2010. Oiketicus kirbyi (Lepidoptera,
Psychidae), a key pest in Peruvian orchards of avocado. International
Journal of Pest Management 56(2):103-107.

Rizvi, S.A.H., Ling, S., Tian, F., Xie, F. and Zeng, X. 2018. Toxicity and enzyme
inhibition activities of the essential oil and dominant constituents derived
from Artemisia absinthium L. against adult Asian citrus psyllid
Diaphorina citri Kuwayama (Hemiptera: Psyllidae). Industrial Crops and
Products 121: 468-475.

Roush, R.T. 1998. Two-toxin strategies for management of insecticidal
transgenic crops: can pyramiding succeed where pesticide mixtures
have not?. Philosophical Transactions of the Royal Society of London.
Series B: Biological Sciences 353(1376): 1777-1786.

Rowland, I., Gibson, G., Heinken, A., Scott, K., Swann, J., Thiele, I. and Tuohy,
K. 2018. Gut microbiota functions: metabolism of nutrients and other food
components. European Journal of Nutrition 57: 1-24.

Sabbahi, R., Hock, V., Azzaoui, K., Saoiabi, S. and Hammouti, B. 2022. Journal
of Agriculture and Food Research. Journal of Agriculture and Food
Research 10: 100376.

Saharul, M.A., King, J.H., Nurulhidayah, S.A., Mohammed, M.A., Rosman, M.S.
and Mazmira, M.M.M. 2023. The Insect Pest Management Strategies
and Their Influence on The Emergence Rate of Elaeidobius
kamerunicus Faust (Coleoptera: Curculionidae) From The Post-
Anthesising Male Inflorescence of Oil Palm, Elaeis
guineensis. Malaysian Applied Biology 52(5): 147-154.

Saheb Kashaf, S., Almeida, A., Segre, J.A. and Finn, R.D. 2021. Recovering
prokaryotic genomes from host-associated, short-read shotgun
metagenomic sequencing data. Nature Protocols 16(5): 2520-2541.

157



Salamat, S., Hassan, M., Shirai, Y., Hanif, A.H.M., Norizan, M.S., Zainudin,
M.H.M., Mustapha, N.A., Isa, M.N.M. and Bakar, M.F.A. 2021. Effect of
inorganic fertilizer application on soil microbial diversity in an oil palm
plantation. BioResources 16(2): 2279-2302.

Sangannavar, P.A., Kumar, J.S., Subrahmanyam, G. and Kutala, S. 2021.
Genomics and omics tools to assess complex microbial communities in
silkworms: a paradigm shift towards translational research. Methods in
Microbiology 49: 143-174.

Sarwar, M. 2016. Potential uses of synergists in insecticides resistance
management accompanied by their contributions as control agents and
research tools. Chemistry Research Journal 1(3): 21-26.

Sato, Y., Jang, S., Takeshita, K., Itoh, H., Koike, H., Tago, K., Hayatsu, M., Hori,
T. and Kikuchi, Y. 2021. Insecticide resistance by a host-symbiont
reciprocal detoxification. Nature Communications 12(1): 6432.

SawitSecure 2.0, 2024. Oil palm pest, Bagworm / Nettle Caterpillar.
http://sawitsecure.mpob.gov.my/bagworm-nettle-caterpillar/. Retrieved
27" February 2024.

Schéfer, L., Volk, F., Kleespies, R.G., Jehle, J.A. and Wennmann, J.T. 2023.
Elucidating the genomic history of commercially used Bacillus
thuringiensis subsp. Tenebrionis strain NB176. Frontiers in Cellular and
Infection Microbiology 13: 209.

Schirmer, M., Garner, A., Vlamakis, H. and Xavier, R.J. 2019. Microbial genes
and pathways in inflammatory bowel disease. Nature Reviews
Microbiology 17(8): 497-511.

Schmidt, K. and Engel, P. 2021. Mechanisms underlying gut microbiota—host
interactions in insects. Journal of Experimental Biology 224(2):
jeb207696.

Schweigert, N., Acero, J.L., Von Gunten, U., Canonica, S., Zehnder, A.J. and
Eggen, R.I. 2000. DNA degradation by the mixture of copper and
catechol is caused by DNA-copper-hydroperoxo complexes, probably
DNA-Cu(l)OOH. Environmental and Molecular Mutagenesis 36: 5-12.

Schweigert, N., Zehnder, A.J. and Eggen, R.l. 2001. Chemical properties of
catechols and their molecular modes of toxic action in cells, from
microorganisms to mammals. Environment Microbiology 3: 81-91.

Scott, J. G. 1990. Investigating mechanisms of insecticide resistance: Methods,
strategies, and pitfalls. /n Pesticide Resistance in Arthropods, eds. R. T.
Roush and B. E. Tabashnik (pp. 39-57). New York: Chapman and Hall.

Sedlazeck, F. J., Lee, H., Darby, C. A. and Schatz, M. C. 2018. Piercing the dark
matter: ioinformatics of long-range sequencing and mapping. Nature
Reviews Genetics 19(6): 329-346.

158


http://sawitsecure.mpob.gov.my/bagworm-nettle-caterpillar/

Seemann T. 2014. Prokka: Rapid prokaryotic genome annotation.
Bioinformatics 30: 2068—2069.

Sengul Demirak, M.S. and Canpolat, E. 2022. Plant-based bioinsecticides for
mosquito control: Impact on insecticide resistance and disease
transmission. Insects 13(2): 162.

Setubal, J.C. 2021. Metagenome-assembled genomes: concepts, analogies,
and challenges. Biophysical Reviews 13(6): 905-909.

Sevim, V., Lee, J., Egan, R., Clum, A., Hundley, H., Lee, J., Everroad, R.C.,
Detweiler, A.M., Bebout, B.M., Pett-Ridge, J. and Gdoker, M. 2019.
Shotgun metagenome data of a defined mock community using Oxford
Nanopore, PacBio and lllumina technologies. Scientific Data 6(1): 285.

Shabbir, M.Z., He, L., Shu, C., Yin, F., Zhang, J. and Li, Z.Y. 2021. Assessing
the single and combined toxicity of chlorantraniliprole and Bacillus
thuringiensis (GO33A) against four selected strains of Plutella xylostella
(Lepidoptera: Plutellidae), and a gene expression analysis. Toxins 13(3):
227.

Shane, H. 2006. Flubendiamide: the next generation in Lepidopteran pest
management. Paper presented at the Annual Meeting of the
Entomological Society of America (ESA) held at Research Triangle Park.

Shannon, P., Markiel, A., Ozier, O., Baliga, N.S., Wang, J.T., Ramage, D., Amin,
N., Schwikowski, B. and Ideker, T., 2003. Cytoscape: a software
environment for integrated models of biomolecular interaction
networks. Genome Research, 13(11): 2498-2504.

Shao, Y., Chen, B., Sun, C., Ishida, K., Hertweck, C. and Boland, W. 2017.
Symbiont-derived antimicrobials contribute to the control of the
lepidopteran gut microbiota. Cell Chemical Biology 24(1): 66-75.

Sharma, L. and Marques, G. 2018. Fusarium, an entomopathogen—A myth or
reality?. Pathogens 7(4): 93.

Shawal, M.S.T., Amalia, M.H., Noorhazwani, K., Nurulhidayah, S.A., Mazmira,
M.M.M, Raha, A.R. and Syari, J. 2023. Identification of the oil palm
bagworm, Mahasena corbetti Tams (Lepidoptera: Psychidae) via
molecular techniques and its biocontrol assay using Bacillus
thuringiensis. Journal of Oil Palm Research, Article in Press, DOI:
https://doi.org/10.21894/jopr.2023.0036.

Siddiqui, J.A., Khan, M.M., Bamisile, B.S., Hafeez, M., Qasim, M., Rasheed,
M.T., Rasheed, M.A., Ahmad, S., Shahid, M.l. and Xu, Y. 2022. Role of
insect gut microbiota in pesticide degradation: A review. Frontiers in
Microbiology 13: 870462.

Sidi, M., Omar, D., Adam, N.A. and Muhamad, R. 2023. Effect of Present and
Treated Turnera ulmifolia L. on Bagworm and Natural Enemies

159


https://doi/

Population in Oil Palm Plantation. AgroTech-Food Science, Technology
and Environment 2(2): 49-61.

Singh, N., Singh, V., Rai, S.N., Mishra, V., Vamanu, E. and Singh, M.P. 2022.
Deciphering the gut microbiome in neurodegenerative diseases and
metagenomic approaches for characterization of gut microbes.
Biomedicine & Pharmacotherapy 156: 113958.

Smith, W.P., Wucher, B.R., Nadell, C.D. and Foster, K.R. 2023. Bacterial
defences: mechanisms, evolution and antimicrobial resistance. Nature
Reviews Microbiology 1-16.

Soh, L.S. and Veera Singham, G., 2022. Bacterial symbionts influence host
susceptibility to fenitrothion and imidacloprid in the obligate
hematophagous bed bug, Cimex hemipterus. Scientific Reports 12(1):
4919.

Sommer, F., Anderson, J.M., Bharti, R., Raes, J. and Rosenstiel, P. 2017. The
resilience of the intestinal microbiota influences health and disease.
Nature Reviews Microbiology 15(10): 630-638.

Steinegger, M. and Séding, J. 2017. Mmseqs2 enables sensitive protein
sequence searching for the analyses of massive data sets. Nature
Biotechnology 35:1026—1028.

Steinegger, M., Mirdita, M. and Sdéding, J. 2019. Protein-level assembly
increases protein sequence recovery from metagenomic samples
manyfold. Nature Methods 16(7): 603-606.

Stemele, M. Comparative effects of a selective insecticide, Bacillus thuringiensis
var. kurstaki and the broad-spectrum insecticide cypermethrin on
diamondback moth and its parasitoid Cotesia vestalis (Hymenoptera;
Braconidae). Crop Protection 101: 35—42.

Sulaiman, M.N. and Talip, M.S.A. 2021. Sustainable control of bagworm
(Lepidoptera: Psychidae) in oil palm plantation: a review paper.
International Journal of Agriculture 11: 47-55.

Syari, J. 2017. Role of beneficial plants in improving performance of predators
of oil palm bagworm. PhD (Entomology) Thesis, University Putra
Malaysia.

Syarif, M.N.Y., Asib, N., Ahmad, S.N., Bakeri, S.A., Masri, M\.M.M. and Omar, D.
2023. ldentification of Cordyceps javanica and its effectiveness in
controling bagworm, Pferoma pendula joannis (Lepidoptera:
Psychidae). Serangga 28(2): 14-27.

Tabashnik, B.E. 1994. Evolution of resistance to Bacillus thuringiensis. Annual
Review of Entomology 39: 79

Tambong, J.T. 2019. Taxogenomics and systematics of the genus Pantoea.
Frontiers in Microbiology, 10: 2463.

160



Tamez-Guerra, P., Iracheta, M.M., Pereyra-Alférez, B., Galan-Wong, L.J.,
Gomez-Flores, R., Tamez-Guerra, R.S. and Rodriguez-Padilla, C. 2004.
Characterization of Mexican Bacillus thuringiensis strains toxic for
lepidopteran and coleopteran larvae. Journal of Invertebrate
Pathology 86(1-2):7-18.

Tan, S.Y., Ibrahim, Y. and Omar, D. 2008. Efficacy of Bacillus thuringiensis
Berliner subspecies kurstaki and aizawai against the bagworm, Metisa
plana Walker on oil palm. Journal of Bioscience 19(1): 103-114.

Tang, X., Freitak, D., Vogel, H., Ping, L., Shao, Y., Cordero, E.A., Andersen, G.,
Westermann, M., Heckel, D.G. and Boland, W. 2012. Complexity and
variability of gut commensal microbiota in polyphagous lepidopteran
larvae. PloS One 7(7): e36978.

Taracena, M.L., Oliveira, P.L., Almendares, O., Umana, C., Lowenberger, C.,
Dotson, E.M., Paiva-Silva, G.O. and Pennington, P.M. 2015. Genetically
modifying the insect gut microbiota to control Chagas disease vectors
through systemic RNAi. PloS Neglected Tropical Diseases 9(2):
e0003358.

Tas, N., de Jong, AE., Li, Y., Trubl, G., Xue, Y. and Dove, N.C. 2021.
Metagenomic tools in microbial ecology research. Current Opinion in
Biotechnology 67: 184-191.

Thaer, S., Kassim, F.A., Hasbullah, N.A. and Al-Obaidi, J.R. 2021. Evaluation of
bagworm, Metisa plana (Lepidoptera: Psychidae) infestation and
beneficial parasitoid in an oil palm plantation, Perak, Malaysia. Journal
of Science and Mathematics Letters 9(1): 19-35.

Thongsripong, P., Chandler, J.A., Green, A.B., Kittayapong, P., Wilcox, B.A.,
Kapan, D.D. and Bennett, S.N. 2018. Mosquito vector-associated
microbiota: Metabarcoding bacteria and eukaryotic symbionts across
habitat types in Thailand endemic for dengue and other arthropod-borne
diseases. Ecology and Evolution 8(2): 1352-1368.

Ting, A., Abidin, C.M.R.Z., Hamid, N.H., Azzam, G. and Salim, H. 2023.
Uncovering the microbiota of bagworm Metisa plana (Lepidoptera:
Psychidae) in oil palm plantations in Malaysia. Tropical Life Sciences
Research 34(1): 185.

Tsuchida, T., Koga, R., Fujiwara, A., and Fukatsu, T. 2014. Phenotypic effect of
“Candidatus Rickettsiella viridis®, a facultative symbiont of the pea aphid
(Acyrthosiphon pisum), and its interaction with a coexisting symbiont.
Applied and Environmental Microbiology 80: 525-533.

Tsuchida, T., Koga, R., Horikawa, M., Tsunoda, T., Maoka, T., Matsumoto, S.,
Simon, J.-C. and Fukatsu, T. 2010. Symbiotic Bacterium Modifies Aphid
Body Color. Science 330: 1102-1104.

161



Tufail, M.R., Lugman, A., Muhammad, N. and Amjad, A. 2020. Identification and
phylogeny determination of pathogens-associated with leaf blight of
cotton. International Journal of Agriculture and Biology 24(1): 29-34.

Utembe, W. and Kamng’ona, A.W. 2021. Gut microbiota-mediated pesticide
toxicity in humans: Methodological issues and challenges in the risk
assessment of pesticides. Chemosphere 271: 129817.

Utter, D.R., Cavanaugh, C.M. and Borisy, G.G. 2021. Gene-and genome-centric
dynamics shape the diversity of oral bacterial populations. bioRxiv 2021-
05.

Vasudevan, U.M. and Lee, E.Y. 2020. Flavonoids, terpenoids, and polyketide
antibiotics: Role of glycosylation and biocatalytic tactics in engineering
glycosylation. Biotechnology Advances 41: 107550.

Veseli, I., Chen, Y.T., Schechter, M.S., Vanni, C., Fogarty, E.C., Watson, A.R.,
Jabri, B.A., Blekhman, R., Willis, A.D., Yu, M.K. and Fernandez-Guerra,
A. 2023. Microbes with higher metabolic independence are enriched in
human gut microbiomes under stress. bioRxiv 5.

Wade, W. 2002. Unculturable bacteria—the uncharacterized organisms that
cause oral infections. Journal of the Royal Society of Medicine 95(2): 81-
83.

Walker, B.J., Abeel, T., Shea, T., Priest, M., Abouelliel, A., Sakthikumar, S.,
Cuomo, C.A.,, Zeng, Q., Wortman, J., Young, S.K. and Earl, A.M. 2014.
Pilon: An integrated tool for comprehensive microbial variant detection
and genome assembly improvement. PloS One 9: e112963

Walterson, A. M. and J. Stavrinides. 2015. Pantoea: insights into a highly
versatile and diverse genus within the Enterobacteriaceae. FEMS
Microbiology Review 39:968-984.

Wand, M.E., McCowen, J.W., Nugent, P.G. and Sutton, J.M. 2013. Complex
interactions of Klebsiella pneumoniae with the host immune system in a
Galleria mellonella infection model. Journal of Medical Microbiology
62(12): 1790-1798.

Wang, F. and Roy, S. 2017. Gut homeostasis, microbial dysbiosis, and opioids.
Toxicologic Pathology 45(1): 150-156.

Wang, J., Peiffer, M., Hoover, K., Rosa, C., Zeng, R. and Felton, G. 2017.
Helicoverpa zea gut-associated bacteria indirectly induce defences in
tomato by triggering a salivary elicitor(s). New Phytologist 214: 1294—
1306.

Wang, Q., Garrity, G.M., Tiedje, J.M. and Cole, J.R. 2007. Naive Bayesian

Classifier for rapid assignment of rRNA Sequences into the new bacterial
taxonomy. Applied Environment Microbiology 73:5261-5267.

162



Wang, X., Sun, S., Yang, X., Cheng, J., Wei, H., Li, Z., Michaud, J.P. and Liu, X.
2020. Variability of gut microbiota across the life cycle of Grapholita
molesta (Lepidoptera: Tortricidae). Frontiers in Microbiology 11: 1366.

Wang, Y., Quan, Y., Yang, J., Shu, C., Wang, Z., Zhang, J., Gatehouse, A.M.R.,
Tabashnik, B.E. and He, K. 2019. Evolution of asian corn borer
resistance to Bt toxins used singly or in pairs. Toxins 11: 461.

Weissensteiner, M. H. and Suh, A. (2019). Repetitive DNA: The dark mat-ter of
avian genomics. In R. H. S. Kraus (Ed.), Avian genomics in ecology and
evolution: From the lab into the wild (pp. 93—150). Springer International
Publishing.

Weisskopf, L., Schulz, S. and Garbeva, P. 2021. Microbial volatile organic
compounds in intra-kingdom and inter-kingdom interactions. Nature
Reviews Microbiology 19(6): 39-404.

Wick, R.R., Judd, L.M., Gorrie, C.L. and Holt, K.E. 2017. Unicycler: Resolving
bacterial genome assemblies from short and long sequencing reads.
PLOS Computational Biology 13: €1005595.

Wolff, L. 2023. Regulating pests—Material politics and calculation in integrated
pest management. Environment and Planning E: Nature and Space 6(1):
455-472.

Wood, B.J. 1968. Pest of Oil Palms in Malaysia and their Control. Incorporated
Society of Planters. 204.

Wood, B.J. 1976. Insect pests in South East Asia. Oil Palm Research (Corley,
R H V; Hardon, J J and Wood, B J eds.). Elsevier 347-367.

Wood, B.J. 1988. Overview of IPM infrastructure and implementation in estate
crops in Malaysia. Pesticide management and integrated pest
management in south east asia (Teng, P S and Heong, K L eds.).
Consortium for International Crop Protection of Maryland, USA 31-41.

Wood, B.J. and Norman, K. 2019. A review of developments in integrated pest
management (IPM) of bagworm (Lepidoptera: Psychidae) infestation in
oil palms in Malaysia. Journal of Oil Palm Research 31(4): 529-539.

Wood, D.E., Lu, J. and Langmead, B. 2019. Improved metagenomic analysis
with Kraken 2. Genome Biology 20:257.

Wu, D., Daugherty, S.C., Van Aken, S.E., Pai, G.H., Watkins, K.L., Khouri, H.,
Tallon, L.J., Zaborsky, J.M., Dunbar, H.E., Tran, P.L. and Moran, N.A.
2006. Metabolic complementarity and genomics of the dual bacterial
symbiosis of sharpshooters. PloS Biology 4(6): e188.

Wu, H., Zheng, L., Tan, M., Li, Y., Xu, J., Yan, S. and Jiang, D. 2022. Cd
exposure-triggered susceptibility to Bacillus thuringiensis in Lymantria
dispar involves in gut microbiota dysbiosis and hemolymph metabolic
disorder. Ecotoxicology and Environmental Safety 241: 113763.

163



Wu, J., Wang, Q., Wang, D., Wong, A.C. and Wang, G.H. 2023. Axenic and
gnotobiotic insect technologies in research on host—microbiota
interactions. Trends in Microbiology 13(8): 858-871.

Wou, L.H., Chen, Y.Z., Hsieh, F.C., Lai, C.T. and Hsieh, C. 2022. Combined effect
of Photorhabdus luminescens and Bacillus thuringiensis subsp. Aizawai
on Plutella xylostella. Applied Microbiology and Biotechnology 106(8):
2917-2926.

Xia, X., Gurr, G.M., Vasseur, L., Zheng, D., Zhong, H., Qin, B, Lin, J., Wang, Y.,
Song, F., Li, Y. and Lin, H. 2017. Metagenomic sequencing of
diamondback moth gut microbiome unveils key holobiont adaptations for
herbivory. Frontiers in Microbiology 8: 663.

Xia, X., Zheng, D., Zhong, H., Qin, B., Gurr, G.M., Vasseur, L., Lin, H., Bai, J.,
He, W. and You, M. 2013. DNA sequencing reveals the midgut
microbiota of diamondback moth, Plutella xylostella (L.) and a possible
relationship with insecticide resistance. PloS One 8(7): e68852.

Xu, J. 2006. Invited review: microbial ecology in the age of genomics and
metagenomics: concepts, tools, and recent advances. Molecular
Ecology 15(7): 1713-1731.

Yadav, J., Ranga, P. and Guruwan, D. 2018. Role of synergists in combating
insect resistance to pesticides (pp.52). In book: Applied Entomology and
Zoology, Volume-4Publisher: AkiNik Publications.

Yang, J., Yang, F., Ren, L., Xiong, Z., Wu, Z., Dong, J., Sun, L., Zhang, T., Hu,
Y., Du, J. and Wang, J. 2011. Unbiased parallel detection of viral
pathogens in clinical samples by use of a metagenomic approach.
Journal of Clinical Microbiology 49(10): 3463-3469.

Yao, Z., Wang, A., Li, Y., Cai, Z., Lemaitre, B. and Zhang, H. 2016. The dual
oxidase gene BdDuox regulates the intestinal bacterial community
homeostasis of Bactrocera dorsalis. The ISME Journal 10(5): 1037-
1050.

Ye, W., Zhu, L., Liu, Y., Crickmore, N., Peng, D., Ruan, L. and Sun, M. 2012.
Mining new crystal protein genes from Bacillus thuringiensis on the basis
of mixed plasmid-enriched genome sequencing and a computational
pipeline. Applied and Environmental Microbiology 78(14): 4795-4801.

Yu, D., Yang, Y., Long, J., Xu, W., Cai, Q., Wu, J., Cai, H., Zheng, W. and Shu,
X.0. 2021. Long-term diet quality and gut microbiome functionality: a
prospective, shotgun metagenomic study among urban Chinese adults.
Current Developments in Nutrition 5(4): nzab026.

Zahir, M.H.M., Salim, M.Z., Muharam, F.M., Adam, N.A., Omar, D., Husin, N.A.,
Mohd, S. and Ali, F.S. 2021. Relationship between Metisa plana and its
parasitoids (Braconidae and Ichneumonidae) at different time-lags in oil
palm plantation. Serangga 26(1): 34-49.

164



Zeng, T., Su, HA,, Liu, Y.L, Li, J.F., Jiang, D.X., Lu, Y.Y. and Qi, Y.X. 2022.
Serotonin modulates insect gut bacterial community homeostasis. BMC
Biology 20(1): 105.

Zengler, K. and Zaramela, L.S. 2018. The social network of microorganisms—
how auxotrophies shape complex communities. Nature Reviews
Microbiology 16(6): 383-390.

Zhang, Q., Xiong, W., Gao, B., Cryder, Z., Zhang, Z., Tian, M., Sanganyado, E.,
Shi, H. and Wang, M. 2018. Enantioselectivity in degradation and
ecological risk of the chiral pesticide ethiprole. Land Degradation &
Development 29(12): 4242-4251.

Zhang, S., Li, Z., Shu, J., Xue, H., Guo, K. and Zhou, X. 2022. Soil-derived
bacteria endow Camellia weevil with more ability to resist plant chemical
defense. Microbiome 10(1): 97.

Zhang, X., Zhang, F. and Lu, X. 2022. Diversity and functional roles of the gut
microbiota in Lepidopteran insects. Microorganisms 10(6): 1234.

Zhao, F., Li, Y., Huang, L., Gu, Y., Zhang, H., Zeng, D. and Tan, H. 2018.
Individual and combined toxicity of atrazine, butachlor, halosulfuron-
methyl and mesotrione on the microalga Selenastrum capricornutum.
Ecotoxicology and Environmental Safety 148: 969-975.

Zhao, L., Walkowiak, S. and Fernando, W.G.D. 2023. Artificial intelligence: A
promising tool in exploring the phytomicrobiome in managing disease
and promoting plant health. Plants 12(9): 1852.

Zhao, M., Lin, X. and Guo, X. 2022. The role of insect symbiotic bacteria in
metabolizing phytochemicals and agrochemicals. Insects 13(7): 583.

Zhao, R, Li, D., Wang, X., Li, Z., Yu, X. and Shentu, X. 2022. Synergistic and
additive interactions of zhongshengmycin to the chemical insecticide
pymetrozine for controlling Nilaparvata lugens (Hemiptera:
Delphacidae). Frontiers in Physiology 13.

Zhao, X., Silva, M.B.R.D., Van der Linden, I., Franco, B.D. and Uyttendaele, M.
2021. Behavior of the biological control agent Bacillus thuringiensis
subsp. Aizawai ABTS-1857 and Salmonella enterica on spinach plants
and cut leaves. Frontiers in Microbiology 12: 626029.

Zhou, F. and Pichersky, E. 2020. More is better: the diversity of terpene
metabolism in plants. Current Opinion in Plant Biology 55: 1-10.

Zhu, X,, Li, J., He, A., Gurr, G.M., You, M. and You, S. 2024. Developmental
Shifts in the Microbiome of a Cosmopolitan Pest: Unraveling the Role of
Wolbachia and Dominant Bacteria. Insects 15(2): 132.

Zulkefli, M, Norman, K. and Basri, M.W. 2004. Life cycle of Sycanus dichotomus

(Hemiptera: Pentatomidae) — A common predator of bagworm in oil palm.
Journal of Oil Palm Research 16(2): 50-56.

165



Zulkefli, N.F., Ghani, W.AW.AK., Ali, S., Asib, N. and Chowmasundaram, Y.
2021. Development of Bio-Pesticides Against Metisa plana Walker
Bagworm (Lepidoptera: Psychidae). Journal of Oil Palm, Environment
and Health 12:109-117.

166





