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Paratransgenesis is an innovative biocontrol strategy that employs genetically modified
symbiotic microorganisms of insects and pests to suppress the transmission of pathogens.
Unlike conventional transgenesis, where the genome of the host/vector is directly altered,
paratransgenesis exploits the natural association of microbes with vectors by reprogramming
them to express molecules that kill or block pathogens. This approach has been applied
against major human diseases such as malaria, Chagas disease, sleeping sickness, and
leishmaniasis, as well as in agriculture against phytoplasmas, viruses, and plant-parasitic
nematodes. Paratransgenesis holds promise as an eco-friendly and species-specific alternative
to chemical pesticides and insecticides, but its implementation is challenged by biosafety,
regulatory, and ecological concerns. With advances in synthetic biology, CRISPR-based
editing, and microbiome research, paratransgenesis is poised to become a key component of
next-generation integrated pest and disease management strategies.
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Introduction

Vector-borne diseases remain one of the most persistent threats to global health and food
security. According to the World Health Organization (WHO), diseases such as malaria,
Chagas disease, leishmaniasis, and sleeping sickness collectively affect hundreds of millions
of people annually, while insect-transmitted plant pathogens cause billions of dollars in
agricultural ~ losses  worldwide. The genetically  modified native  microbiome
(mutalistic symbiotic and commensal bacteria, fungi, and viruses) of the vector insect is used
in paratransgenesis, a promising and especially clever technique being developed for
controlling vector-transmitted diseases. This method inhibits or kills the disease pathogen. To
stop the disease organism's life cycle, native symbionts or commensals that have been
separated from the vector are genetically altered in vitro to create antipathogen factors. These
are then reintroduced to the insect. Traditional approaches to vector and pest control have
relied heavily on chemical insecticides and pesticides. While effective in the short term, these
methods face significant drawbacks:

« Emergence of resistant vector populations.

e Environmental toxicity affecting non-target species.

o Human health risks due to pesticide residues.

e Unsustainable costs for long-term application.

Biotechnological approaches, particularly transgenesis and genetic modification, have been
explored as alternatives. However, the direct genetic manipulation of vectors such as
mosquitoes and insects is technically difficult, costly, and raises ecological and ethical
concerns. To address these limitations, scientists developed paratransgenesis, a technique
where symbiotic microorganisms of insects are engineered instead of the insects themselves.
First conceptualized in the 1990s by Frank Richards and colleagues for the control of Chagas
disease vectors, paratransgenesis has since become a promising tool for both public health
and agriculture.
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Concept and Mechanism of Paratransgenesis

Paratransgenesis is based on the close mutualistic relationship between insects and their
symbiotic microbes. These symbionts often live in the gut, haemolymph, or specialized
tissues of their host and are critical for nutrition, reproduction, or survival. By genetically
modifying these microbes, researchers can introduce effector molecules that act against
pathogens without harming the host itself.

Steps in Paratransgenesis
1. Symbiont Identification - Paratransgenesis

Microbes such as bacteria S
(Rhodococcus, Serratia, Sodalis) o

or fungi naturally associated with

vectors are selected. (Bacteria )@= o
2. Genetic Engineering - Blasriide

Symbionts are transformed to

express anti-pathogen molecules I

like  antimicrobial  peptides, . - b g

antibodies, toxins, or RNA
interference molecules.
3. Reintroduction -  Modified
Immature-stage

symbionts are reintroduced into feeding e
vector populations by feeding, q

microinjection, or sprays. '

"6"0

4. Colonization —  Engineered

microbes colonize the insect gut Paratransgenic
or tissues, establishing a stable % nellts
association.
5. Effector Release — Symbionts Source: The procedure of insect transformation via
release effector molecules that kill transgenic symbionts is depicted (Iliano et al., 2010)

pathogens (e.g., Plasmodium, Trypanosoma, viruses) or prevent their transmission.
6. Sustainability — Symbionts are transmitted vertically (to offspring) or horizontally
(between individuals), enabling long-term establishment

Applications of Paratransgenesis

A. Human and Veterinary Health

e Chagas Disease (Trypanosoma cruzi): The kissing bug (Rhodnius prolixus) harbors
Rhodococcus rhodnii, which has been engineered to produce antimicrobial peptides like
cecropin and melittin, killing T. cruzi in the insect gut.

« Malaria (Plasmodium spp.): In Anopheles mosquitoes, gut symbionts such as Serratia
and Pantoea agglomerans have been engineered to secrete anti-Plasmodium proteins,
significantly reducing parasite survival in the vector.

e Sleeping Sickness (Trypanosoma brucei): The tsetse fly (Glossina spp.) carries Sodalis
glossinidius, which has been modified to produce trypanocidal molecules that block
parasite development.

e Leishmaniasis (Leishmania spp.): Sandflies carry natural microbes that are being studied
for potential genetic modification to interfere with Leishmania transmission.

B. Agricultural Applications

e Citrus Greening Disease (Huanglongbing, HLB): Caused by Candidatus Liberibacter
asiaticus and transmitted by the Asian citrus psyllid (Diaphorina citri). Engineering
psyllid symbionts offers a potential control strategy.

o Phytoplasma Transmission: Leafhoppers and psyllids that transmit phytoplasmas in
crops like grapevine and sugarcane are targets for paratransgenesis-based control.
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e Whitefly-Transmitted Viruses: Symbionts of Bemisia tabaci are being explored for
suppression of begomoviruses.

o Plant-Parasitic Nematodes: Soil bacteria and root-associated symbionts engineered to
release nematicidal compounds could provide crop protection.

Advantages of Paratransgenesis

Species-specificity: Limits collateral damage to non-target organisms.

Eco-friendly: Reduces dependence on chemical pesticides.

Self-sustaining: Symbionts spread naturally within host populations.

Flexible: Applicable in both human health and agriculture.

Resistance management: Novel mechanism reduces likelihood of resistance development
compared to chemical control.

Limitations and Challenges

o Genetic stability: Modified traits may be lost in natural environments.

e Horizontal gene transfer risks: Potential spread of engineered genes to unintended
microbes.

o Delivery methods: Ensuring effective colonization in wild populations.

e Regulatory hurdles: Strict laws govern the release of genetically modified organisms.

o Public acceptance: Concerns about biosafety and GMOs may slow adoption.

« Ecological uncertainty: Long-term interactions with natural ecosystems remain poorly
understood.

Conclusion

Paratransgenesis represents a promising frontier in both medical and agricultural
biotechnology. By harnessing symbiotic microorganisms, it offers a targeted, sustainable, and
environmentally safe strategy to reduce the burden of vector-borne diseases and crop pests.
While challenges related to biosafety, regulation, and ecological impacts remain, ongoing
research continues to refine and expand its applications. With interdisciplinary collaboration,
paratransgenesis has the potential to complement traditional methods and form the backbone
of future integrated pest and vector management programs.
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