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Abstract

Insects host diverse microbiomes comprising bacteria, fungi, viruses, and other microorganisms-that
play vital roles in nutrition, immunity, development, and adaptation. Conventional pesticides, while
effective, often promote resistance, harm non-target species, and cause environmental damage. In
contrast, microbiome-based strategies present precise and eco-friendly alternatives by manipulating
microbial partners to suppress pests or enhance beneficial insect traits. Advances in metagenomics and
synthetic biology enable the identification and exploitation of insect-associated microbes with
biocontrol potential. For instance, Wolbachia can be engineered or introduced to alter host reproduction
and reduce vector populations such as mosquitoes. High-throughput sequencing further uncovers novel
candidate microbes whose bioactive compounds or genomes may be harnessed for pest suppression or
sterility induction. Symbiosis, encompassing mutualistic, commensal, and amensal interactions,
underpins these associations and is fundamental to ecosystem functioning. Collectively, these
approaches represent a paradigm shift toward sustainable pest management rooted in the hidden
potential of insect-microbe interactions.

Keywords: Insect microbiome, symbiosis, endosymbionts, Wolbachia, metagenomics, synthetic
biology, biocontrol, sustainable pest management

Introduction

Insects harbour complex microbiomes composed of bacteria, fungi, viruses, and other
microorganisms that are integral to their nutrition, immune function, development, and
resilience to environmental challenges. While conventional chemical pesticides have long
been used to manage pest populations, their broad-spectrum activity often leads to issues
such as resistance evolution, harm to non-target organisms, and environmental contamination
(Rupawate et al. 2023) B4, By contrast, microbiome-based tactics offer a precise,
eco-friendly alternative: manipulating the microbial partners of pest species to disrupt their
survival or reproduction, or bolstering beneficial insect traits to support ecosystem health.
Capitalizing on these insights, researchers are employing metagenomic surveys and synthetic
biology tools to pinpoint and harness insect-associated microbes with biocontrol potential.
Endosymbionts like Wolbachia, for example, can be introduced or engineered to skew host
reproduction and curb vector populations such as mosquitoes. Meanwhile, advances in
high-throughput sequencing reveal new candidate organisms whose bioactive molecules can
be isolated or whose genomes can be edited to enhance pest-suppression efficacy or induce
sterility. Together, these strategies mark a paradigm shift toward targeted, sustainable pest
management grounded in the hidden power of the insect microbiome (Arora et al. 2018 ;
Qadri et al. 2020) 50,

Symbiosis

Symbiosis is pivotal for the maintenance of the structure and functioning of ecosystems.
There are different types of symbiosis such as mutualistic, commensal, and amensal
symbiotic interactions, and they all are of paramount importance in all the types of
ecosystems and play an essential role in organization and performance of communities.
Microbial endosymbionts are microbes that are generally localized in specialized cells called
mycetocytes (Costa et al. 1992 ['6; Szklarzewicz et al. 2017) [6%,

~1713~


https://www.biochemjournal.com/
https://www.doi.org/10.33545/26174693.2025.v9.i8Sx.5433

International Journal of Advanced Biochemistry Research

which often group together in a mycetome. Symbionts are
usually present in the gonads of hosts and while they are
also reported in the haemolymph, malpighian tubules,
salivary glands, fat bodies, ovarian cells, gut and even the
nervous system of their hosts (Provorov et al. 2018). These
symbiotic bacteria are transmitted to the offspring
intercellularly by the means of transovarial transmission and
also extracellularly by capsule formation, jelly formation,
coprophagy etc. Furthermore, insect symbionts are classified
into 2 types based on the functions they perform viz.,
obligatory symbionts and facultative symbionts. The first
type is important for the insect to survive as they provide
missing dietary nutrients for its survival whereas the latter
ones are known to play various roles which range from
protecting the insect hosts from natural enemies to the
manipulation of the reproduction, male killing etc.

Inset endosymbionts aggravate the pestiferous activity of
insects by downplaying the plant defensive responses,
abiotic stress management, maintaining the insulin pathway,
protecting insect host from predators, parasitoids and
pathogens besides the degradation of insecticides (Montillor
et al. 2002; Tsuchida et al. 2010 [52; Soko et al. 2017 [58;
Handique et al. 2017) B% with this being said, it is of
colossal importance to devise managerial strategies to
disrupt the endosymbionts, but practically we cannot Kill or
suppress the symbionts at field levels but instead, symbiont
mediated RNAI, whereas insect borne diseases can be
controlled by wusing the classical technique called
paratransgenesis (Durvasula et al. 1997; Arora et al. 2008
[2: Dyson et al. 2022) 23],

Categories of heritable symbionts

Heritable symbionts are classified into Obligately symbiotic
and Facultatively symbiotic organisms, obligately symbiotic
so far as is known, they lack replicative phase or dormant
phase outside hosts, but they vary as to whether they side
hosts. But they vary to whether they are obligate form the
host perspective, that is whether they are required for
successful host development and reproduction.

These symbionts, also called primary symbionts, which are
restricted to a special organ called bacteriome, which
consists of distinctive host cells called bacteriocytes.
Examples include Buchnera aphidicola in aphids, can be
thought of as domesticated by hosts.

In contrast to obligate, bacteriome associated symbionts,
another type is facultative symbionts, which are erratically
distributed and are not required for host reproduction
(Haynes et al. 2002 B4; Moran et al. 2006) 3 Facultative
symbionts resemble invasive pathogens in that they may
invade various cell types, including reproductive organs,
and may reside extracellularly in the body cavity
(haemolymph) (Dobson et al. 1999 % In many cases,
facultative symbionts experimentally introduced to
previously uninfected hosts establish stable, maternally
inherited infection (Chen et al, 2000) [*3, indicating that the
persistence of the symbiosis is largely achieved through
symbiont capabilities rather than host adaptations for
maintaining symbiosis. In insects with bacteriomes,
facultative symbionts may invade bacteriocytes where they
coreside with, or even exclude, obligate symbionts (Buchner
1965 (1), Besides retaining mechanisms for invading new
hosts, entering cells, and countering host immune responses,
successful facultative symbionts also must affect host
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phenotypes to enhance the spread and persistence of
infected host lines. The nature of these effects is the basis
for dividing facultative symbionts into two non-exclusive
categories

Facultative mutualists confer fitness benefits upon hosts,
allowing their carriers to live longer and reproduce more,
thereby increasing frequencies of infected hosts. These
benefits include protection against natural enemies, heat, or
other mortality factors. Bacteria possess a myriad of
metabolic and biosynthetic capabilities lacking in insects
(and animals generally), so a wide variety of benefits to
hosts are possible.

The final category, reproductive manipulators are parasites
that spread by increasing host reproduction through
daughters at the expense of reproduction through sons. Their
strategies, which reflect the fact that heritable symbionts are
usually transmitted maternally, have been reviewed
extensively. One of the most common is reproductive
incompatibility between infected and uninfected strains, in
which infected males sterilize uninfected females, thereby
increasing population frequency of infected matrilines.
Other modes of reproductive manipulation are son killing
(which potentially increases investment in daughters),
feminization of genetic males, and parthenogenesis. The
best-studied  reproductive  manipulator  isWolbachia
pipientis, which is widely distributed in arthropods and
some other invertebrates and which shows all of these
phenotypes  (Stouthamer, 1999) [, Reproductive
manipulation has evolved repeatedly in phylogenetically
diverse insect heritable symbionts, including Cardinium
hertigii and other Bacteroidetes (Perlman, 2008) [,
Arsenophonus nasoniae (Enterobacteriaceae), Spiroplasma,
and Rickettsia species (Perlman, 2006) 11,

Transmission of mycetocyte symbionts from parent
insect to offspring

The mycetocyte symbionts are known to transmit directly
from one insect generation to the next through the female.
There are no known cases of insects that acquire mycetocyte
symbionts from the environment or from insects other than
their parents and the sole claim of paternal inheritance {In
bostrychid beetles (Mansour, 1934) [ has been discounted
(Buchner, 1 965) M. Direct evidence for exclusive maternal
inheritance has been obtained in the cockroach Blattella
germanica and the weevil Sitophilus oryzae by crossing
individuals freed of their symbionts with untreated insects.
In both species, the offspring of untreated females and
symbiont-free males had a normal complement of symbionts
but all offspring of females that lacked symbionts were
symbiont-free.

The symbionts may be transmitted by the following

routes

e The egg shell is smeared externally with symbionts,
which are ingested by the offspring as they hatch. This
mode of transmission has been reported in anobiid,
cerambycid, cleonine curculionid and chrysomelid
beetles and some lygaeid Heteroptera (Buchner, 1965)
[11]

e The symbionts are transferred from the mycetocytes to
the ovary and are incorporated into the oocytes
(transovarial transmission). Most mycetocyte symbionts
are transmitted by this route.
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In the viviparous Glossinidae and Hippoboscidae, the
symbionts may be transmitted to larvae retained within
the female reproductive tract from secretions of the
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milk gland on which the lavae feed (i.e., via the larval
digestive tract) (Wigglesworth, 1929) [641,

Types of transmission

Example

Coprophagy

Blattaria, Isoptera, Hemiptera, Hymenoptera

Egg and oviposition site inoculation:

Hemiptera, Coleoptera, Hymenoptera, Diptera

Jelly transmission

Hemiptera

Environmental determination

Orthoptera, Hemiptera, Thysanoptera

Social transmission (trophalaxis)

Isoptera, Hymenoptera

Capsule transmission

Hemiptera

Through milk

Diptera(tsetse fly)

O Nojo|d|w[d|-

Egg and oviposition site inoculation

Hemiptera, Coleoptera, Hymenoptera, Diptera

Different function played by endosymbionts in insects
Maintaining the insulin pathway

Insulin like growth factor 1 pathway is well established
as a critical regulator of growth and metabolic
homeostasis across animal kingdom

Insulin is key metabolic hormone that modulates
carbohydrate and lipid metabolism in response to an
organism nutritional state

1S pathway is belligerent important in aging of the
insects, playing role in stress resistance.

The insulin/IGF-like signaling (lIS) pathway is
ubiquitous in multi-cellular animals and may have been
involved in the evolution of multi-cellularity itself
(Skorokhod et al. 1999) 571,

Symbiont involved in pest status of host insect

Formation of intraspecific plant specialization by insect
must have evolved through acquisition of a new food
plant by a local population of the insect.

In the case that the new food plant is an agricultural
plant, the insect population will be recognized as an
emergent pest.

Traditionally, it has been believed that such ecological
traits are attributed to genes encoded in the insect
genomes (Feder et al. 1988; Hawthorne & Via 2001).
However, recent studies have revealed that facultative
bacterial symbionts may substantially affect various
ecological traits of herbivorous insects.

Recent study conducted by kikuchi et al. 2007(Fig: 2)
showed that bacterial symbiont Canditus sp. Inside the
insect playing vital role in pest status, and the when
they transformed the symbiont from native insect i.e.,
Megacopta punctatissima to M. cribaria then the M.
punctatissima became the minor pest of soyabean,
furthermore, though M. cribaria was minor pest after
getting the symbiont it started behaving as a major pest.
The above study concluded that for insect to became an
major or minor pest its decided by the type of symbiont
which insect house during course of evolution.

3. Role of microbial symbionts in providing missing
nutrients to macro symbiont

Several mycetocyte symbionts synthesize various
nutrients required by the insect.

In beetles and blood feeding insects symbionts known
to provide B vitamins. Whereas, in cockroaches and the
homopterans symbionts produce essential amino acids
required for growth and development of insect, the role
of symbionts in sterol nutrition of insects is uncertain.
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Symbionts help the insects to utilize nutritionally
imbalanced substrates.

Aphids cannot survive on their limited diet of plant
phloem without the help of their primary symbiotic
bacterium, Buchnera. In addition, Buchnera known to
produce amino acid, tryptophan (rare in plant sap) to
the aphid host, and also aids in the production of
leucine and vitamins.

Other sap feeding insects, such as scale insects, leaf
lice, and cicadas also harbour same bacteria.

Tsetse fly known to contain Wiggelsworthia as a
symbiont, which synthesize vitamins that the tsetse fly
does not get from the blood

Mound-building termites and leaf-cutting ants cultivate
cellulytic fungi in underground gardens, these fungi
decompose the wood or leaves brought in by the
termites and ants, respectively, and provide them with
digestible and nutritious mycelium.

In addition to mound, termites also harbours the
bacteria in their gut which make termites digesting
process easier.

Lower termites rely on protozoa, for celluloses and
hemicelluloses.

Beetles, Lepdiota sp. house the flagellate protozoa,
spirochaets etc. which help in degradation of cellulose.
And, Anomala sp. house the firmicutes and
proteobacteria which having cellulytic, lipholytic and
nitrate reductase activity (Handique et al.2017) B9,

During presence of insect symbionts
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During absence of insect symbionts Ikeya et al. 2009 [
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Role of endosymbionts in Abiotic stress management

e Many aphids are sensitive to high temperatures. For
example, some species of Sitobion fai Ito reproduce at
28Cin the laboratory and pea aphids do not reproduce if
subjected to a temperature of 37C for several hours as
first-instar larvae.

e Rearing pea aphids for three generations at 2C also
curtailed reproduction severely (Chen et al., 2000) [231,

e Montllor et al. 2002 3 found out that pea aphids in
California contain at least two facultative bacterial
secondary symbionts (pea aphid secondary symbiont,
PASS, or pea aphid rickettsia, PAR).

e In aphids without pea aphid secondary symbiont or pea
aphid rickettsia, heat stress reduced the number of
bacterio-cytes (in which the obligate primary symbiont,
Buchnera, resides) to 7% of non-heat-stressed aphids,
while aphids with only pea aphid secondary symbionts
retained 70% of their bacteriocytes. Bacteriocytes in
aphids with but not pea aphid secondary symbiont was
reduced to 42% of controls.

e Finally, whenever there is rickettsia as secondary
symbiont in aphids, they can able to manage the
increasing temperature

Role of endosymbionts in production of pheromones

The congregation of locust into vast swarms can cause crop
devastation of biblical proportions Guaiacol a key
component of a pheromone derived from locust faecal
pellets that promotes the aggregation of locusts, is produced
by bacteria, Pantoea (Figure: 4) (Dillon et al. 200) ],

Role of symbionts in protecting against pathogens.

e Protection against nematodes: Fruit flies, like most
animals, are vulnerable to infection by a range of
organisms, which, in co-infections, can interact with
sometimes surprising effects. Jaenike et al. 2010 [
discovered that a species of Spiroplasma bacterium that
is sometimes found in flies, and that is transmitted from
mother to offspring, protects its host from the effects of
a nematode worm parasite, Howardula aoronymphium.
The worm sterilizes the female flies and shortens their
lives, but when flies were experimentally infected
with Spiroplasma, their fertility was rescued (Figure 5).

e Protection against fungi: Kaltenpoth et al. 2005 [
reported unique association between an new
Streptomyces bacteria and a solitary hunting wasp, the
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European beewolf, beewolf known to cultivate the
Streptomyces bacteria in the specialized antennal glands
and smear them to the brood cell prior to oviposition,
the bacteria taken up by the larva and occur on the walls
of the cocoon. Bioassay indicate that the Streptomycetes
protect the cocoon from fungal infection by producing
the antibiotics. (Figure: 6).

e Protection against predators: Rove beetles used to
house the symbiont, Pseudomonas, which produce
polykide amide (pederin), this pederin makes predatory
spiders to repel from the rove beetles (Piel, 2002)
(Figure: 7).

e Symbionts involved in pesticide degradation:
Chemical insecticides are wused worldwide for
controlling agricultural, medical, and hygienic pest
insects and other organisms, which have greatly
contributed to worlds agricutlture, economy, and public
health. Meanwhile, indiscriminate use of insecticide
leads into development of resistance in diverse pest
organisms. Mechanisms underlying the insecticide
resistance may involve alteration of insecticide target
sites, up regulation of degrading enzymes, and
enhancement of insecticide excretion, meanwhile,
previous studies also showing that repeated application
of insecticide cause drastic increase of pesticide
degrading microbes viz., Pseudomonas, Flavobacterium
and Burkholderia in agriculture field soils (Tago et al.
2006 [®4: Singh, 2009) Bl These bacteria’s able to
hydrolyse insecticidal activity and metabolize the
degradation product as a carbon source for their growth
(Figure 8). Exemplified with the bean bug, Riptorous
pedestris, known as notorious pest of leguminors crops,
is associated with gut bacterial symbiont of the genus
Burkholderia in posterior region of the midgut, in the
specialized organ, these bacteria known to degrade the
op compound fenitrothion into harmless compound
(Figure 8).

Insecticide breakdown by diamondback moth-associated
symbionts: The diamondback moth Plutella xylostella is a
major global pest of cruciferous crops P. xylostella is not
only able to overcome host defences, but it has even been
shown to be highly resistant to a large variety of chemical
insecticides and it is one of the only three insect species to
have developed resistance to Bacillus thuringiensis-based
insect control methods (Furlong et al., 2013) 7, The rapid
development of highly resistant phenotypes of P. xylostella
is at least in part attributed to the insect’s own physiology,
and includes altered target sites for carbamates and
organophosphates, metabolism of parathion via glutathione
S-transferases and detoxification of pyrethroids via
microsomal P-450 monooxygenases (Ramya et al., 2016)
154, I1solated Bacillus cereus colonizing the larval gut were
able to break down the insecticide indoxacarb for use in
metabolism and growth (Ramya et al., 2015) Y. Another
insecticide, acephate, was also readily broken down by
bacteria isolated from the gut of the diamondback moth.

Symbionts control: As of present players symbionts can’t
be killed instead we can utilize symbionts for humans own
benefit by processes called paratransgenesis, symbiont
mediated RNAI, etc.
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Megacopta punctatissima Megacopta cribraria

House Candidatus
Ishikawaella capsulata
as obligate symbiont

Minor pest of soyabean and
Major pest of soyabean and \/ having <50% egg hatch rate in
having 80% egg hatch rate in soyabean

soyabean

Fig 1: Relationship between soft S-metric space and contractive mappings.

House other
symbiont

Interchange the
symbionts of two bug
e -
Became minor pest with <20% egg -Became major pest with 90% egg
hatch on soyabean hatch on soyabean

Fig 2: Stepwise process for proving a common fixed soft point.

Aphids are temperate insects

Usually house Buchnera as
endosymbiont for nutrition

During stress time secondary

symbiont Serratia symbiotica known
to help aphids by producing heat
shock proteins

During summer

conditions both aphid
and Buchnera cant
withstand high
temperature

\\»_/'

Fig 3: Example of four soft self-mappings showing compatibility.

If their is no smaller amount of
Pantoea sp. as a guaiacol(locustol)
——
/ symbiotic bacteria and phenol volatile
in faecal pellets

4

\ " PN
VI,J'/ iE\! I
If their is a Pantoea Larger amount of
sp. as a symbiotic paey gualqco_l and phenol
bacteria volatile in faecal

pellets

Fig 4: Corollaries illustrating special cases of the main theorem.

Role of symbionts in protecting against predators

——

Rt

House Pseudommonas as

symbiont which produce
polykide amide(pederin)

Presence of pederin makes
cumbersome for spiders
predate on rove beetle

Piel, 2002

Fig 5: Flowchart of conditions leading to the existence of a unique fixed soft point.
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Role of symbionts in protecting against nematodes
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Drosophila neotestacea

Mortality is due to the attack of
nematode, Howardula
aoronymphium

—

The author suspect that
spiroplasma may invade the
nematode inside the insect,
enceforth Drosophila is resistant

Fig 6: Convergence of soft sequences in a complete soft S-metric space.

Role of symbionts in protecting against fungi

Philanthus triangulum

Yo T

In the antennal gland

wasp carries,

Streptomyces |
- 4

During egg laying, wasp smear
the symbiont into the cell
outside

Grub will taken up the symbiont,
Streptomyes and smear into the
cocoons

symbiont, Streptomyes produce
antibiotics fight against the fungal
pathogens

Fig 7: Graphical representation of mappings illustrating Theorem 2.3.

Role of symbionts in pesticide degradation

Fenitrothion(C9H12NO5PS)

o
o N*
(0] \N
7N e
/ NS
(0]
\ Colourless toxic

~

3-methyl-4-nitrophenol methyl hydroquinone

Utlize for carbon
source

yellow, less toxic to
insects

——— Burkholderia
bacteria

s

Kikuchi et al. 2012

Fig 8: Demonstration of uniqueness of the common fixed soft point through contradiction.

Paratransgenesis

There was need of developing new methods to combat
arthropod vector that transmit different disease in plants,
humans, and animals (Ault, 1994) Bl As concerns had
raised to use insecticides for vector control and drugs for

parasites control, insecticides and drugs may be used to
achieve temporary reductions, but target populations often
develop resistance (Georghiou and taylor, 1986 281, Which
demands development of alternate strategies for insect
vector control, one such strategy was transgenic approach
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where transgenic insects engineered to replace wild vector
populations. However, manipulation of genome of every
species of vector population to supress their capabilities to
transmit pathogens is a very old scientific dream (Barik et
al. 2020) M. Furthermore, a parallel approach aimed at
combating vectored diseases by transformation of symbiont
instead of manipulating the whole organism known as
paratransgenesis. Paratransgenesis is a trojan horse approach
(Beard et al. 2002) B, its involved usage of recombinant
symbionts to deprive the pathogens present in the vectored
insects (Durvasula et al. 1999 ?2: Bextine et al. 2003 [;
Hurwitz et al, 2011) 34,

Requirements for paratransgenesis

e Paratransgenesis is multidisciplinary approach it
requires several requirements to be successful viz.,

e Microbial ecology: Suitable micro-organism must be
identified that live in the vector in proximity to the
pathogen or parasite and that can be cultured in the
laboratory, the selected microbe should be associated
close proximity of the targeted disease causing
pathogen, this is the paramount and basic in the
paratransgenesis.

e Effector molecules: Effector molecules can be
proteins/toxins/monoclonal antibodies (Durvasula et al.
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1997; Durvasula et al. 1999 Z; Apani 2011) M,
Effector must be inhibiting the target parasite or
pathogen within the vector. Success of paratransgenesis
depends on the specificity of effector molecule.

o Effector delivery: The effectors must be delivered
from the paratransgenesis organism in efficacious
concentrations and at suitable periods of time.

e No loss of fitness cost: Fitness cost of vectors should
not harm, accordingly have to select the microbial
symbiont and effector molecules.

e Stable inheritance: microbial symbiont carrying gene
for effector molecules should be inherited stably and
there shouldn’t be any genetic drift.

Mechanism involved in Paratransgenesis:
Paratransgenesis works on the principal of vector
competence (Beard et al. 2002) I, symbionts present in the
insect vectors are recombined to produce effector molecules
that will deprive the pathogen, further we can able to control
the disease, its involved in the extraction of symbionts
followed by metagenomic study will yield us the best
symbiont that can be amenable for transformation process,
then symbiont will be modified to express effector molecule
that can eliminate only the disease causing pathogen (Figure
1), (Bextine et al. 2003 ['l; Arora et al.2018) [,

Disease Insect species Pathogen targeted

Symbiont modified

Effector molecule Reference

Chagas disease Rhodnius prolixus Trypanosoma cruzi

Rhodococcus rhodni | fragment (rDB3), Arthrobacter - | Duravasula et al. 1999;

Cercopin-A, VyK antibody Duravasula et al. 1997;

1, 3-glucanase Jose et al. 2013 [¥7]

Pierce diseases of grapes

Homalodisca vitripennis

Xylella fastidiosa
subsp. fastidiosa

Alcaligenes
xylosoxidans
denitrificans

single-chain antibodies (scFv)

Bextine et al. 2003 [}

Pierce diseases of grapes

Homalodisca vitripennis

Xylella fastidiosa
subsp. fastidiosa

Pantoeaj
agglomerans

melittin and scorpine-like molecule|

(SLM)

Arora et al. 2018 @

African trypanosomiasis/

sleeping sickness Tseste fly

Trypanosoma brucei

Sodalis Trypanocide Medlock et al. 2013 2

Plasmodium

Malaria ;
falciparum

Anopheles Mosquito

Pantoea agglomerans

SM1, anti-Pbs21, and PLA2 Bisi et al, 2013 &

Leishmaniasis Phlebotomus argentipes |Leishmania donovani

Bacillus subtilis GFP

Hurwitz et al, 2011 34

Mechanism of Paratransgenesis

~ -
et T 7
Tranfer of Transformation of
effector recombined
plasmid into the
symbiont of interest

molecule gene
into plasmid

{::::' cloning gene(Effector
molecule) of interest into
the symbiont
Tsolation of
symbiotic /

microbe Transfer of

recombinant symbiont
\C \ into-the host
®
®
; e B

Pathegen

recombined
'symbiont
Expression of effector / ymbior
molecule leads into == ../
elimination of ==Y
pathogen.

Fig 9: XXXXXXXXX

Future scope of paratransgenesis

Paratransgenesis; an insect pest control tool

Ecological important traits of insect are provided by
endosymbionts, these symbionts may be obligatory or
facultative, obligatory symbionts are essential for their
hosts’ survival and reproduction, they tend to provide
missing dietary nutrients to the insects, in addition, these

symbionts also affect their hosts interaction with natural
enemies as well as pesticide degradation. Paratransgenesis
has future scope in controlling the insect pest by inhibiting
the obligatory symbionts, this can be possible by genetic
modifying of facultative symbionts to express effector
molecules that will deprive the obligatory symbionts in the
insect pests.

Paratransgenesis; solution for insect vectored plant
diseases.

Insect vector-derived plant diseases, particularly those with
viral, or phloem- and xylem-limited bacterial causal agents,
have great role in crop losses, as plants are immobile the
epidemiology of these diseases mainly depends on their
vectors capable of acquiring, persisting and transmitting of
the disease causing agents (Cook et al. 2008) [%1 as
paratransgenesis strategy works on the principle of vector
competence, moreover, Bextine et al. 2003 [ Arora AK,
2015 had successfully inhibited the Xylella fastidiosa
causing the grapevine pierce disease, this provides an array
of scope and confidence for utilizing the paratransgenesis
platform for the control of plant disease vectors.

Conclusion
Paratransgenesis is a Trojan horse concept, had started with
inhibiting the vector borne human disease, and in a half
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decade it had spread into the vector borne plant disease,
although paratransgenesis on plant disease got succeed in
inhibiting Xylella fastidiosa causing grapevine pierce
disease, but still paratransgenesis on other vector borne
plant disease have not been tried, so in future
paratransgenesis on plant diseases as well as for improving
the colony health of honey bees, improving the commercial
traits of silkworm and in insect pest management
paratransgenesis can be seen.

Symbiont mediated RNA.

RNAi: The main antiviral immune system of insects is the
post transcriptional gene silencing mechanism known as
RNAI. This, post transcriptional mechanism of silencing
gene function by inserting short homologous sequence of
messenger RNA (mRNA) to prevent translation of proteins.

Mechanism of RNAI

The RNA precursor molecules from the RNAI pathways in
insects are identified as small RNAs. These are of three
types viz. small interfering RNAs (SsiRNAs: 20-25
nucleotides) microRNAs (miRNAs: 21-24nucleotides) and
the PIWI-interacting RNAs (piRNAS;24-30 nucleotides).
Both miRNAs and siRNAs share a common RNAse-111
processing enzyme, Dicer. While piRNAs are independent
of Dicer activity. In the siRNA pathway, the dsRNA is
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processed by Dicer into siRNA duplexes. But the miRNAs
are generated from endogenous transcripts in nucleus as pre
miRNAs. It is then processed by Enzyme Drosha and finally
transported to cytoplasm. Both these RNAs contain
ribonucleoprotein particles (RNPs). The siRNAs contain
RISC “RNA induced silencing complex” and a miRNA
contain miRNPs. Every RISC or miRNPs contains a
member of the Argonaute (AGO) protein family. The AGO
protein uses the guide RNA to associate with target RNAs
and then silencing of the target mMRNA occurs. In most cases
a single Dicer is responsible for both the sSiRNA and miRNA
pathways. While in Drosophila melanogaster has two
prologues, one is Dicer 1 which process miRNAs and other
Dicer2 which process siRNAs. In drosophila, AGO-1 is
involved in the miRNA pathway and AGO-2 in the siRNA
pathway. Although in Tribolium cataneum only one type of
AGO protein has been identified in miRNA (i.e., Tc Agol)
and two classes of AGO protein pathway in siRNA.
Whereas in Bombyx mori three RNAi pathways has been
identified (Kolliopoulou et al., 2014). As such RNAI has
become the most widely used reverse genetics research tool
in insect and have great potential to contribute to novel
strategies for species specific control of insect pests and to
overcome viral infections in disease vectoring and beneficial
insects.
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provides a feasible means both to investigate gene function
and as a biocide to control insect population size. The
cumbersomeness of using RNAI in insects are viz., insect
lack the RNA-dependent RNA polymerase enzyme, RNAI is
normally delivered by transgenic plants, meanwhile Dyson
et al. 2022 %I said that insect do have salivary enzymes
which degrades the RNAI, so all this intricates can be
resolved.

Symbiont mediated RNAI: Symbiont mediated RNAI is an
novel way to exploit the association between culturable
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Dysbiosis in insect pest management

The growing need for sustainable pest control has
spotlighted dysbiosis the deliberate disruption of insect-
associated microbial communities as a promising alternative
to chemical pesticides. Insects rely heavily on their
microbiota for digestion, immunity, and detoxification; for
example, Drosophila depends on gut bacteria to metabolize
nutrients (Douglas, 2015) 4, while termites use symbiotic
microbes to break down cellulose (Engel & Moran, 2013)
241 By destabilizing these partnerships, researchers can
impair pest survival: antibiotics reduce microbial diversity
in pests like the Colorado potato beetle, weakening their
defenses (Cheng et al., 2017) 41, while introducing harmful
bacteria (e.g., Serratia marcescens in fruit flies) disrupts
beneficial symbionts (Ratzka et al., 2013) 52,

One of the most promising tools for inducing dysbiosis is
the use of antibiotics. When administered to pests like the
Colorado potato beetle (Leptinotarsa decemlineata),
antibiotics reduce microbial diversity, stripping the insect of
its ability to detoxify plant defenses or synthetic pesticides
(Cheng et al., 2017) . Similarly, dietary interventions
such as altering nitrogen availability can starve out essential
symbionts in aphids (Acyrthosiphon pisum), causing stunted
growth and population collapse (Wilkinson et al., 2007) 6],
Modern technologies like RNA interference (RNAI) add
precision to this approach. In diamondback moths (Plutella
xylostella), suppressing genes critical for microbial
symbiosis rendered the pests vulnerable to Bacillus

thuringiensis (Bt), a naturally occurring biopesticide (Xia et
al., 2021) 61, Even sterile insect techniques, used to control
invasive fruit flies (Ceratitis capitata), have been enhanced
by manipulating gut bacteria to reduce mating
competitiveness. These examples underscore dysbiosis’s
versatility, offering tailored solutions for diverse pest
species.

Case studies highlight successes: aphids deprived
of Buchnera bacteria fail to synthesize essential nutrients
(Wilkinson et al., 2007) %1, and mosquitoes with depleted
microbiota become easier targets for malaria control.
However, challenges like off-target effects on non-pest
species (Mason et al., 2021) ! and ecological ripple effects
demand caution. As microbiome research advances,
combining dysbiosis with integrated pest management could
offer a safer, greener future for agriculture if deployed
thoughtfully.

However, the approach is not without challenges.
Specificity remains a major hurdle many interventions risk
harming beneficial insects or soil microbes. For example,
broad-spectrum antibiotics might inadvertently decimate
pollinators like bees or disrupt nutrient-cycling bacteria in
ecosystems (Mason et al., 2021) 4. Additionally, pests
could evolve resistance by recruiting alternative microbial
partners or evolving compensatory traits. Ecological ripple
effects are another concern, removing a pest species might
destabilize food webs or inadvertently favour secondary
pests. Ethically, large scale manipulation of insect
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microbiomes  raises  questions  about  unintended
consequences, akin to debates over genetically modified
crops.

Despite these challenges, the future of dysbiosis in pest
management is bright. Advances in microbiome sequencing
allow scientists to identify keystone microbial species that
are critical for pest survival, enabling highly targeted
interventions.  Engineered  probiotics, designed to
outcompete beneficial microbes or deliver toxins, could
offer species-specific control. Phage therapy, which uses
viruses to attack pest-associated bacteria, is another
precision tool under exploration. Integrating dysbiosis with
existing strategies like crop rotation, biological control
agents, or pheromone traps could create synergistic effects,
reducing reliance on any single method. For instance,
combining dysbiosis-inducing RNAI sprays with Bt crops
might delay resistance evolution while minimizing chemical
use. While challenges like off-target effects and resistance
loom, the fusion of cutting-edge science and ecological
wisdom offers a path forward. As we refine these tools,
dysbiosis could help cultivate a future where farms thrive,
ecosystems rebound, and chemical pesticides fade into
ohsolescence a vision as hopeful as it is urgent.

Cytoplasmic incompatibility (Cl) and Incompatible
Insect Technique (11T)

Cytoplasmic  incompatibility (Cl), a reproductive
phenomenon mediated by the intracellular
bacterium Wolbachia, has emerged as a groundbreaking tool
in sustainable insect pest management. Cl occurs when
Wolbachia infected males mate with uninfected females or
females harbouring incompatible Wolbachia strains, leading
to embryonic lethality due to chromosomal segregation
defects. This mechanism has been harnessed through the
Incompatible Insect Technique (IIT), a species-specific
approach where mass reared, incompatible males are
released to suppress wild pest populations by inducing
sterility in wild females. Unlike traditional methods like
chemical pesticides, IIT minimizes environmental harm and
resistance risks while preserving non-target organisms
(Werren et al. 2008 [®3l; O°Neill, 2018) €1, For instance, IIT
has shown remarkable success against Aedes aegypti
mosquitoes, vectors of dengue and Zika viruses, by reducing
population densities in field trials across regions like
Australia and Southeast Asia (Hoffmann et al., 2014 [,
Zheng et al., 2019) 9, Similarly, applications in fruit flies
(Ceratitis capitata) and disease-transmitting tsetse flies
(Glossina spp.) highlight its versatility (Zabalou et al., 2004
67): Bouyer et al., 2020) 9. Challenges remain, such as
ensuring the exclusive release of non-transmitting males to
prevent accidental establishment of incompatible Wolbachia
strains which could undermine efficacy. Advances in sex-
sorting technologies and combining 1T with radiation-
induced sterility (e.g., “combined SIT/IIT”) have mitigated
this risk (Zhang et al., 2016) 8. Moreover, IIT’s integration
with other biocontrol strategies, such as gene drives or
pathogen-blocking Wolbachia strains, offers  synergistic
potential for long-term pest suppression and disease control
(Carvalho et al., 2015) [*2, Despite logistical hurdles like
cost and scalability, 11T represents a paradigm shift toward
ecologically responsible pest management. Its success
hinges on interdisciplinary collaboration, community
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engagement, and adaptive field testing to refine protocols
across diverse agroecological contexts. As resistance to
conventional pesticides escalates, 11T stands out as a beacon
of innovation in balancing agricultural productivity and
environmental stewardship.

Microbial semiochemicals in insect pest management
Microbial semiochemicals (chemical signals produced by
microorganisms) are emerging as powerful tools in
sustainable insect management, offering eco-friendly
alternatives to conventional pesticides. These compounds,
integral to insect communication, influence behaviors such
as mating, foraging, and predator avoidance (Dicke and
Sabelis, 1988) 8. Microbes like bacteria, fungi, and yeasts
emit volatile organic compounds (VOCs) that can attract or
repel pests, enabling targeted control strategies. For
instance, Davis et al. (2013) '™ identified bacterial volatiles
that lure fruit flies (Drosophila melanogaster), suggesting
their use in bait traps. Conversely, yeast-associated
compounds disrupt mosquito host-seeking behavior,
potentially reducing disease transmission (Rering et al.,
2018) B3l Microbial symbioses further highlight their
utility: bark beetles rely on symbiotic fungi to produce
aggregation pheromones, a vulnerability exploited to disrupt
infestations (Boone et al., 2008) [l Similarly, fungal
metabolites interfere with the mating behaviors of pests like
the coffee berry borer, Hypothenemus hampei, by masking
pheromone signals (Hulcr et al., 2020) 3. Goelen et al.
(2020) 291 demonstrated that bacterial volatiles, particularly
a synthetic blend of styrene (1 pg) and benzaldehyde (10
ng), effectively attract the aphid parasitoid Aphidius
colemani in laboratory and greenhouse experiments. The
blend outperformed individual compounds and bacterial
culture media, achieving a 75 per cent parasitoid preference
in lab assays and significant attraction in greenhouse trials,
suggesting its potential as a targeted biocontrol tool. This
study highlighted microbial semiochemicals as a sustainable
strategy to enhance natural enemy retention in crops,
advancing eco-friendly pest management.

The advantages of microbial semiochemicals lie in their
specificity and minimal environmental impact, avoiding
harm to non-target species. However, challenges such as
field stability, large-scale production, and ecological
complexity hinder widespread adoption. Innovations in
synthetic biology and microbial consortia engineering
promise solutions, enabling tailored semiochemical
production. Integrating these compounds into integrated pest
management (IPM) systems could revolutionize agriculture,
reducing reliance on toxic chemicals. As research advances,
microbial semiochemicals may unlock precise, sustainable
pest control methods, aligning agricultural practices with
ecological balance.

Conclusion

In-depth studies of microbiomes across diverse agro
ecosystems such as those found in insects, plants, and other
natural resources are paving the way for exciting
discoveries. This era holds great promise for identifying
new microbes or microbiome functions that could be
harnessed for controlling insect pests. Advances in state-of-
the-art  technologies like gene editing, microbial
engineering, and nanotechnology are helping scientists
improve methods for extracting bioactive compounds from
microbes that can't be cultured in the lab. These
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breakthroughs are expected to play a crucial role in driving
agricultural innovation and more effective pest management
strategies.

References

1.

10.

11.

12.

13.

14.

Anani BA. Engineering of recombatinant antimalria
antibodies for application in  paratransgenesis.
[Dissertation]. Westminster: University of Westminster;
2011, p. 151.

Arora AK, Pesko KN, Quintero-Hernandez V, Possani
LD, Miller TA, Durvasula RV. A paratransgenic
strategy to block transmission of Xylella fastidiosa from
the glassy winged sharpshooter Homalodisca
vitripennis. BMC Biotechnol. 2018;18:1-10.

Ault SK. Environmental management: a re-emerging
vector control strategy. Am J Trop Med Hyg.
1994;50:35-49.

Barik TK, Acharya UR. Paratransgenesis: A novel
approach for malaria transmission control. In: Barik
TK, Acharya UR, editors. Vector biology and control
an update for malaria elimination initiative in India.
India: Academic publishers; 2020, p. 183.

Beard CB, Cordon-Rosales C, Durvasula RV. Bacterial
symbionts of the triatominae and their potential use in
control of Chagas disease transmission. Annu Rev
Entomol. 2002;47:123-141.

Ben Ami E, Yuval B, Jurkevitch E. Manipulation of the
microbiota of mass-reared Mediterranean fruit flies
Ceratitis capitata (Diptera: Tephritidae) improves
sterile male sexual performance. ISME J. 2010;4:28-37.
Bextine B, Miller TA, Richards F, Lauzon C, Lampe D,
Cooksey D. Paratransgenesis to control Pierce's disease:
biology of endophytic bacteria in grape plants and
bioassay of reagents to disrupt pierce’s disease. In:
Bextine B, Miller TA, Richards F, Lauzon C, Lampe D,
Cooksey D, editors. Symposium Proceedings; 2003, p.
21-26.

Bisi DC, Lampe DJ. Secretion of anti-Plasmodium
effector proteins from a natural Pantoea agglomerans
isolate by using PelB and HIyA secretion signals. Appl
Environ Microbiol. 2011;77:4669-4675.

Boone CK, Six DL, Zheng Y, Raffa KF. Parasitoids and
dipteran predators exploit volatiles from microbial
symbionts to locate bark beetles. Environ Entomol.
2008;37:150-161.

Bouyer J, Yamada H, Pereira R, Bourtzis K, Vreysen
MJB. A stochastic model of tsetse fly population
dynamics and its application to the optimization of
control  strategies. PLOS Negl Trop Dis.
2020;14(8):e0008253.

Buchner P. Endosymbiosis of animals with plant
microorganisms. New York: Interscience publishing;
1965. p. 342.

Carvalho DO, McKemey AR, Garziera L, Lacroix R,
Donnelly CA, Alphey L, et al. Suppression of a field
population of Aedes aegypti in Brazil by sustained
release of transgenic male mosquitoes. PLoS Negl Trop
Dis. 2015;9:e0003864.

Chen DQ, Montllor CB, Purcell AH. Fitness effects of
two facultative endosymbiotic bacteria on the pea
aphid, Acyrthosiphon pisum, and the blue alfalfa aphid,
A. kondoi. Entomol Exp Appl. 2000;95:315-323.

Cheng D, Guo Z, Riegler M, Xi Z, Liang G, Xu Y. Gut
symbiont enhances insecticide resistance in a

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

~1723~

https://www.biochemjournal.com

significant pest, the oriental fruit fly Bactrocera
dorsalis (Hendel). Microbiome. 2017;5:1-2.

Cook PE, McMeniman, Mcmiller PA. Modifying insect
population age structure to control vector-borne disease.
Adv Exp Med Biol. 2008;627:126-140.

Costa HS, Westcot DM, Ullman DE, Johnson MW.
Ultrastructure of the endosymbionts of the whitefly,
Bemisia tabaci and Trialeurodes vaporariorum.
Protoplasma. 1993;176:106-115.

Davis TS, Crippen TL, Hofstetter RW, Tomberlin JK.
Microbial volatile emissions as insect semiochemicals.
J Chem Ecol. 2013;39:840-859.

Dicke M, Sabelis MW. Infochemical terminology:
based on cost-benefit analysis rather than origin of
compounds? Funct Ecol. 1988;2:131-139.

Dillon RJ, Vennard CT, Charnley AK. A note: gut
bacteria produce components of a locust cohesion
pheromone. J Appl Microbiol. 2002;92:759-763.
Dobson SL, Bourtzis K, Braig HR, Jones BF, Zhou W.
Wolbachia infections are distributed throughout insect
somatic and germ line tissues. Insect Biochem Mol
Biol. 1999;29:153-60.

Douglas AE. Multiorganismal insects: Diversity and
function of resident microorganisms. Annu Rev
Entomol. 2015;60:17-34.

Durvasula RV, Gumbs A, Panackal A, Kruglov O,
Taneja J, Kang AS, et al. Expression of a functional
antibody fragment in the gut of Rhodnius prolixus via
transgenic bacterial symbiont Rhodococcus rhodnii.
Med Vet Entomol. 1999;13:115-119.

Dyson P, Figueiredo M, Andongma AA, Whitten M.
Symbiont-mediated RNA interference (SMR): Using
symbiotic bacteria as vectors for delivering RNAI to
insects. In: Vaschetto LM, editor. RNAI strategies for
pest management. New York, NY: Humana; 2022, p.
295-326.

Engel P, Moran NA. The gut microbiota of insects-
diversity in structure and function. FEMS Microbiol
Rev. 2013;37:699-735.

Erion R, Sehgal A. Regulation of insect behavior via
the insulin-signaling  pathway. Front  Physiol.
2013;4:353.

Fukatsu T, Nikoh N, Kawai R, Koga R. The secondary
endosymbiotic  bacterium of the pea aphid
Acyrthosiphon pisum (Insecta: Homoptera). Appl
Environ Microbiol. 2000;66:2748-58.

Furlong MJ, Wright DJ, Dosdall LM. Diamondback
moth ecology and management: problems, progress,
and prospects. Annu Rev Entomol. 2013;58:517-541.
Georghiou GP, Taylor CE. Factors influencing the
evolution of resistance. In: Georghiou GP, Taylor CE,
editors. Pesticide resistance: strategies and tactics for
management. Washington, D.C.: National Academy
Press; 1986, p. 157-169.

Goelen T, Vuts J, Sobhy IS, Wackers F, Caulfield JC,
Birkett MA, et al. Identification and application of
bacterial volatiles to attract a generalist aphid
parasitoid: from laboratory to greenhouse assays. Pest
Manag Sci. 2021;77:930-938.

Handique G, Phukan A, Bhattacharyya B, Baruah
AALH, Rahman SW, Baruah R. Characterization of
cellulose degrading bacteria from the larval gut of the
white grub beetle Lepidiota mansueta (Coleoptera:


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Scarabaeidae). Arch Insect Biochem
2017;94:€21370.

Haynes S, Darby AC, Daniell TJ, Webster G, van Veen
FJ. Diversity of bacteria associated with natural aphid
populations. Appl Environ Microbiol. 2003;69:7216-
7223.

Hoffmann AA, Montgomery BL, Popovici J, lturbe-
Ormaetxe |, Johnson PH, Muzzi F, et al. Successful
establishment of Wolbachia in Aedes populations to
suppress dengue transmission. Nature. 2014;476:454-
457.

Huler J, Pollet M, Ubik K, Vrko¢ J. Exploitation of
kairomones and synomones by Medetera spp. (Diptera:
Dolichopodidae), predators of spruce bark beetles. Eur J
Entomol. 2020;102:655-662.

Hurwitz 1, Hillesland H, Fieck A, Das P, Durvasula R.
The paratransgenic sand fly: a platform for control of
Leishmania transmission. Parasit Vectors. 2011;4:1-9.
Ikeya T, Broughton S, Alic N, Grandison R, Partridge
L. The endosymbiont Wolbachia increases insulin/IGF-
like signalling in Drosophila. Proc R Soc B Biol Sci.
2009;276:3799-3807.

Jaenike J, Unckless R, Cockburn SN, Boelio LM,
Perlman SJ. Adaptation via symbiosis: recent spread of
a Drosophila  defensive  symbiont.  Science.
2010;329:212-215.

Jose C, Klein N, Wyss S, Fieck A, Hurwitz I, Durvasula
R. Recombinant Arthrobacter B-1, 3-glucanase as a
potential effector molecule for paratransgenic control of
Chagas disease. Parasit Vectors. 2013;6:1-8.

Kaltenpoth M, Géttler W, Herzner G, Strohm E.
Symbiotic bacteria protect wasp larvae from fungal
infestation. Curr Biol. 2005;15:475-479.

Luo M, Zhang H, Du Y, Idrees A, He L, Chena J, et al.
Molecular identification of cultivable bacteria in the gut
of adult Bactrocera tau (Walker) and their trapping
effect. Pest Manag Sci. 2018;74:2842-2850.

Mansour K, Mansotjr-bek JJ. On the digestion of wood
by insects. J Exp Biol. 1934;11:243-256.

Mason CJ, Jones AG, Felton GW. Co-option of
microbial associates by insects and their impact on
plant-folivore interactions. Plant Cell Environ.
2021;44:1073-1095.

Medlock J, Atkins KE, Thomas DN, Aksoy S, Galvani
AP. Evaluating paratransgenesis as a potential control
strategy for African trypanosomiasis. PLoS Negl Trop
Dis. 2013;7:€2374.

Montllor CB, Maxmen A, Purcell AH. Facultative
bacterial  endosymbionts  benefit pea  aphids
Acyrthosiphon pisum under heat stress. Ecol Entomol.
2002;27:189-195.

Moran NA, McCutcheon JP, Nakabachi A. Genomics
and evolution of heritable bacterial symbionts. Annu
Rev Genet. 2008;42:165-190.

Moran NA, Tran P, Gerardo NM. Symbiosis and insect
diversification: an ancient symbiont of sap-feeding
insects from the bacterial phylum Bacteroidetes. Appl
Environ Microbiol. 2005;71:8802-8810.

O’Neill SL. The use of Wolbachia by the World
Mosquito Program to interrupt transmission of Aedes
aegypti transmitted viruses. Adv Exp Med Biol.
2018;1062:355-360.

Patil CD, Borase HP, Salunke BK, Patil SV. Alteration
in Bacillus thuringiensis toxicity by curing gut flora:

Physiol.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

~ 1724~

https://www.biochemjournal.com

Novel approach for mosquito resistance management.
Parasitol Res. 2013;112:3283-3288.

Perlman SJ, Hunter MS, Zchori-Fein E. The emerging
diversity of Rickettsia. Proc R Soc Lond B.
2006;273:2097-2106.

Perlman SJ, Kelly SE, Hunter MS. Population biology
of cytoplasmic incompatibility: maintenance and spread
of Cardinium symbionts in a parasitic wasp. Genetics.
2008;178:1003-1111.

Qadri H, Shah AH, Almilaibary A, Mir MA.
Microbiota, natural products, and human health:
exploring interactions for therapeutic insights. Front
Cell Infect Microbiol. 2024;5:137-142.

Ramya SL, Venkatesan T, Srinivasa Murthy K, Jalali
SK, Verghese A. Detection of carboxylesterase and
esterase activity in culturable gut bacterial flora isolated
from diamondback moth, Plutella xylostella (Linnaeus),
from India and its possible role in indoxacarb
degradation. Braz J Microbiol. 2015;47:327-336.
Ratzka C, Gross R, Feldhaar H. Gene expression
analysis of the endosymbiont-bearing midgut tissue
during ontogeny of the carpenter ant Camponotus
floridanus. J Insect Physiol. 2013;59:611-623.

Rering CC, Miuller MK, Beck JJ, Vannette RL.
Microbial co-occurrence in floral nectar affects
metabolites and attractiveness to a generalist pollinator.
J Chem Ecol. 2018;44:659-667.

Rupawate PS, Roylawar P, Khandagale K, Gawande S,
Ade AB, Jaiswal DK, et al. Role of gut symbionts of
insect pests: A novel target for insect-pest control. Front
Microbiol. 2023;14:114-123.

Saati-Santamaria Z, Rivas R, Kolafik M, Garcia-Fraile
P. A new perspective of Pseudomonas—host
interactions: Distribution and potential ecological
functions of the genus Pseudomonas within the bark
beetle holobiont. Biology. 2021;10:164.

Singh BK. Organophosphorus-degrading bacteria:
Ecology and industrial applications. Nat Rev Microbiol.
2009;7:156-164.

Skorokhod A, Gamulin V, Gundacker D, Kavsan V,
Muller IM, Muller WE. Origin of insulin receptor-like
tyrosine kinases in marine sponges. Biol Bull.
1997;197:198-206.

Soko KM, Bhattacharya RC, Ramakrishnan B, Sharma
K, Subramanian S. Functional characterization of
bacteria isolated from different gut compartments of
white grub, Anomala dimidiata larvae. J Environ Biol.
2020;41:1526-1535.

Stouthamer R, Breeuwer JAJ, Hurst GDD. Wolbachia
pipientis:  Microbial ~manipulator of arthropod
reproduction. Annu Rev Microbiol. 1999;53:71-102.
Szklarzewicz T, Michalik A. Transovarial transmission
of symbionts in insects. In: Szklarzewicz T, Michalik
A, editors. Oocytes; 2017, p. 43-67.

Tago K, Sekiya E, Kiho A, Katsuyama C, Hoshito Y,
Yamada N, et al. Diversity of fenitrothion-degrading
bacteria in soils from distant geographical areas.
Microbes Environ. 2006;21:58-64.

Tsuchida T, Koga R, Horikawa M, Tsunoda T, Maoka
T, Matsumoto S, et al. Symbiotic bacterium modifies
aphid body color. Science. 2010;330(6007):1102-1104.
Werren JH, Baldo L, Clark ME. Wolbachia: Master
manipulators of invertebrate biology. Nat Rev
Microbiol. 2008;6:741-751.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

64. Wigglesworth VB. Digestion in the tsetse-fly: a study
of structure and function. Parasitology. 1929;21:288-
321.

65. Wilkinson TL, Koga R, Fukatsu T. Role of host
nutrition in symbiont regulation: Impact of dietary
nitrogen on proliferation of obligate and facultative
bacterial endosymbionts of the pea aphid Acyrthosiphon
pisum. Appl Environ Microbiol. 2007;73:1362-1366.

66. Xia X, Gurr GM, Vasseur L, Zheng D, Zhong H, Qin B,
et al. Metagenomic sequencing of diamondback moth
gut microbiome unveils key holobiont adaptations for
herbivory. Front Microbiol. 2017;26:663.

67. Zabalou S, Riegler M, Theodorakopoulou M, Stauffer
C, Savakis C, Bourtzis K. Wolbachia-induced
cytoplasmic incompatibility as a means for insect pest
population  control.  Proc  Natl Acad Sci.
2004;101:15042-15045.

68. Zhang D, Lees RS, Xi Z, Bourtzis K, Gilles JRL.
Combining the sterile insect technique with Wolbachia-
based approaches: II—A safer approach to Aedes
albopictus  population  suppression  programmes,
designed to minimize the consequences of inadvertent
female release. PL0oS One. 2016;11(3):e0151137.

69. Zheng X, Zhang D, Li Y, Yang C, Wu Y, Liang X, et
al. Incompatible and sterile insect techniques combined
eliminate mosquitoes. Nature. 2019;572:56-61.

All Author’s Name and Details

Ayush Sharma

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Sukhdev Sharma

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Karthik Ramappa

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Himanshu Thakur

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Gokul Kumar

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Tamanna Rani

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Sandhya Thakur

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

https://www.biochemjournal.com

Ritika Thakur

Department of Entomology, Chaudhary Sarwan Kumar
Himachal Pradesh Krishi Vishvavidyalaya, Palampur,
Himachal Pradesh, India

Prakash Kumar
Department of Entomology, Swami Keshwanand Rajasthan
Agricultural University, Bikaner, Rajasthan, India

~1725~


https://www.biochemjournal.com/

