Pre prints.org

Short Note Not peer-reviewed version

Toward Mainstream Market: Notes on
Using of Innovative ‘Genetic Zipper’
Method Based on Oligonucleotide
Insecticides

Vol Oberemok , Kate Laikova i , Nikita Gal'chinsky

Posted Date: 18 April 2025
doi: 10.20944/preprints202504.1547v1

Keywords: CUAD (contact unmodified antisense DNA) biotechnology; DNA containment mechanism;
practical recommendations; DNA-programmable pest control; eco-friendly insecticides

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2546589
https://sciprofiles.com/profile/2888013
https://sciprofiles.com/profile/2366966

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 April 2025 d0i:10.20944/preprints202504.1547.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Short Note
Toward Mainstream Market: Notes on Using of

Innovative ‘Genetic Zipper’ Method Based on
Oligonucleotide Insecticides

Vol V. Oberemok 2, Kate V. Laikova ! and Nikita V. Gal’chinsky 1*

! Department of General Biology and Genetics, Institute of Biochemical Technologies, Ecology and
Pharmacy, V.I. Vernadsky Crimean Federal University, Simferopol, 295007, Republic of Crimea

2 Laboratory of Entomology and Phytopathology, Dendrology and Landscape Architecture, Nikita Botanical
Gardens — National Scientific Centre of the Russian Academy of Sciences, Yalta, 298648, Republic of
Crimea

* Correspondence: pcr.product@gmail.com

Abstract: Laboratory and field experiments have been conducted by our team since 2008 and formed
the basis for these brief practical recommendations for the use of oligonucleotide insecticides
(briefly, olinscides or DNA insecticides) for insect pest control in forests and agrocenoses. Most
technological innovations start out very expensive and don’t work well, but eventually start
working well and become very cheap. CUAD biotechnology has come a long way for 17 years and
is very close to the point to be implemented on a large scale against sternorrhynchans and other pest
groups. These recommendations will help scientists and farmers around the world to use
oligonucleotide insecticides more efficiently after registration.

Keywords: CUAD (contact unmodified antisense DNA) biotechnology; DNA containment
mechanism; practical recommendations; DNA-programmable pest control; eco-friendly insecticides

1. Introduction

In 2008, it was shown for the first time that short wunmodified antisense
oligodeoxyribonucleotides can be used as contact insecticides (Oberemok 2008). Oligonucleotide
insecticides (briefly, olinscides or DNA insecticides) as a new class of insecticides has its own peculiar
characteristics. Olinscides are short unmodified antisense DNA fragments that use pre-RNA and
rRNA of pests as target and act through DNA containment mechanism (first step: ‘arrest’ of target
rRNA, block of functioning of ribosomes accompanied with hypercompensation of expression of
rRNA; second step: degradation of target rIRNA by RNase H or other specific enzymes) (Gal’chinsky
et al. 2024; Oberemok and Gal’chinsky 2024; Oberemok et al. 2024a). A target rRNA and an olinscide
interlock and in the presence of specific RNase resemble zipper mechanism performed by DNA-RNA
duplex (‘genetic zipper’ method) (Oberemok et al. 2024b). Use of insect pest pre-rRNA and rRNA as
target leads to high efficiency of oligonucleotide insecticides, since pre-rRNA and rRNA comprise 80
% of all RNA in the cell (Oberemok et al. 2024a). Thousands of different mRNAs make up only 5 %
of all RNA and use of pre-tTRNA and rRNA for targeting substantially increases signal-to-noise ratio,
ca. 1051 (rRNA vs. random mRNA) (Palazzo and Lee 2015). Other cell RNA, in both target and non-
target organisms, due to much lower concentration, will be much less susceptible to antisense
oligonucleotides, even if oligonucleotide insecticides will possess perfect complementarity to it
(Oberemok et al. 2024c).

Today, CUAD (contact unmodified antisense DNA) biotechnology is the only technology that
uses short unmodified antisense DNA oligonucleotides in plant protection (Oberemok and
Gal'chinsky 2024; Oberemok et al. 2024a). Unlike modern chemical insecticides, oligonucleotide
insecticides use natural mechanism of action and are part of this mechanism. In addition to the high
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biodegradability potential, low carbon footprint, and safety for non-target organisms, the
opportunity of solving the problem of target-site resistance using oligonucleotide insecticides based
on conservative gene sequences is expected (Gal'chinsky et al. 2023, 2024; Oberemok et al. 2023;
Kumar et al. 2024; Patil et al. 2024; Gavrilova et al. 2025). With abovementioned advanced
characteristics, never seen before for chemical insecticides, oligonucleotide insecticides serve as an
asymptote that cannot be reached by current pest control agents (Figure 1). As a new class of
insecticides, oligonucleotide insecticides can reduce the concentration of modern chemical
insecticides (organic xenobiotics) in ecosystems (Oberemok et al. 2024a) and provide organic
agriculture. CUAD biotechnology, or so-called ‘genetic zipper’ method, is a very efficient and eco-
friendly platform against hemipteran insect pests from suborder Sternorrhyncha (aphids, whiteflies,
mealybugs, psyllids, soft scale insects, armored scale insects, etc.) and spider mites; in average,
mortality rate comprises 80-90 % in 3-14 days after single treatment (Gal'chinsky et al. 2024;
Oberemok et al. 2024a). Already today, according to our estimations, the ‘genetic zipper’ method is
potentially capable of controlling 10-15% of all insect pests with a simple and flexible algorithm
(Oberemok et al. 2024c).
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Figure 1. Oligonucleotide insecticides as an asymptote for current chemical insecticides.

Oligonucleotide insecticides can be designed using DN AInsector program (dnainsector.com) or
manually using sequences of pest pre-rRNA and rRNA found in GenBank database. Literally, now
you can manually create any oligonucleotide insecticide complementary to pre-rRNA or/and rRNA
of a sternorrhynchan and with a very high probability it will work very efficiently. For selectivity,
you should consider the same sites of pre-rRNA or/and rRNA of non-target organisms, they must
not coincide. The synthesis of DNA insecticides is possible by the phosphoramidite method using
liquid-phase synthesis or solid-phase synthesis on DNA synthesizers such as ASM-800 (BIOSSET,
Russia), OligoPilot™ (Cytiva, Sweden), 10-Column DNA Synthesizer (PolyGen, Germany), etc.
(Gal’chinsky et al. 2023). Oligonucleotide insecticides are generally dissolved in nuclease-free water
and usual concentration is 1 mg of olinscides per 10 ml of water solution and applied per m? of plant
leaves containing insect pests (Gal'chinsky et al. 2020, 2023, 2024; Puzanova et al. 2023; Oberemok et
al. 2024a). Notably, low-dose concentration of olinscides also have shown significant insecticidal
effect on conifer aphids (1 ug of olinscides per 10 ml of water solution and applied per m?) and makes
oligonucleotide insecticides very competitive on the market (0.5 USD/ha for control of conifer aphids)
(Oberemok et al. 2024c). The length of an oligonucleotide insecticide ~ 11 nt makes it possible to create
selective oligonucleotide insecticides with a uniqueness frequency equal to 1/4.19-10¢ (Oberemok et
al. 2024a). Animals and plants comprise around 1.2-10¢species (National Geographic 2024), and this
level of uniqueness of an olinscide will be sufficient to provide safe DNA-programmable plant
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protection in most agrocenoses and ecosystems. Many random oligonucleotides in our investigations
did not cause a significant insecticidal effect on target insect pests. Moreover, previous studies of the
effect of oligonucleotide insecticides on the biochemical parameters of the plants and on the viability
of the insects showed their safety for non-target organisms as well (Oberemok et al. 2013, 2019, 2024a;
Oberemok and Skorokhod 2014; Zaitsev et al. 2015).

2. Recommendations on the Application of Oligonucleotide Insecticides

Contact oligonucleotide insecticides are recommended for use in the morning (from 9 to 11 a.m.)
and in the evening (from 5 to 7 p.m.) in dry and windless weather at a temperature of 20-27 °C
(Oberemok et al. 2018, 2023). For one tree 2-3 meters high, it is recommended to use 8-10 mg of an
11-nt long oligonucleotide insecticide. For treatments, an aqueous solution of DNA insecticides
should be used at a rate of 300-400 ml per tree (Oberemok 2023). Adding of auxiliary substances
(spreaders, adhesives, penetrators, UV protectants, etc.) to formulation is possible in each separate
case and their effect on efficiency and safety of the final formulation should be previously evaluated.
Oligonucleotide pesticides are also compatible with the use of viral (Oberemok et al. 2017) and fungal
(Gavrilova et al. 2025) biopesticides showing higher mortality of the pests.

Treatment with an oligonucleotide insecticide is recommended to be carried out using a
backpack sprayer or a cold fog generator with a droplet size of 10-20 microns, changing the angle of
attack so that the olinscide gets on the entire leaf surface of trees with insect pests located on them. If
there are 400-500 trees per hectare of forest, 10-12 g of an 11-nt oligonucleotide insecticide dissolved
in 180-200 liters of distilled water will be sufficient. For bushes and grasses, 9-10 g of an 11-nt
oligonucleotide insecticide dissolved in 180-200 liters of distilled water will be enough (Oberemok
2023). Oligonucleotide insecticide do not possess pronounced characteristics of systemic insecticides
and direct contact of oligonucleotide insecticides with insect integument is required for substantial
insecticidal effect (Oberemok et al. 2024d).

During treatments, it is important to prevent inhalation of olinscide particles into the lungs by
using anti-dust (anti-aerosol) respirators. Additionally, safety glasses should be worn to protect the
eyes. This is necessary because the potential non-specific effects of DNA insecticides have to be
thoroughly studied. The frequency of treatments depends on the dynamics of larval hatching and is
possible to apply 1-3 treatments (with daily interval) to get sufficient insecticidal effect (Oberemok
2023).

It is recommended that DNA insecticides be lyophilized after synthesis and stored in
polypropylene containers in a cool and dry place at room temperature away from sunlight or in the
refrigerator at a temperature of 5-8 °C. A ready-to-use water solution with DNA insecticide is
recommended to be prepared in the day of application. The absence of degradation of the active
substance of the olinscide can be assessed using a mass spectrometer or nucleic acid electrophoresis
using an appropriate freshly prepared olinscide standard in a 3-4% agarose gel (Oberemok 2023).

Before application of oligonucleotide insecticides, it is necessary to assess weather conditions,
follow safety rules and begin plant protection measures only if they meet the requirements described
above (Oberemok 2023).

3. Discussion

Invented in 2008, CUAD biotechnology is among three cost-effective antisense technologies used
for insect pest control (RNAi, CUAD, and CRISPR/Cas) based on the formation of duplexes of
unmodified nucleic acids (RNAi: guide RNA-mRNA; CUAD: guide DNA-rRNA; CRISPR/Cas: guide
RNA-genomic DNA) and action of nucleic acid-guided nucleases (RNAi: Argonaute; CUAD: RNase
H; CRISPR/Cas: CRISPR-associated protein). All three technologies started out from the scratch,
when nothing is certain, and evolved into powerful tools of pest control. Since the operation of RNAI,
CUAD, and CRISPR/Cas technologies is based on the complementary interaction of an antisense
molecule, either DNA or RNA, with a target nucleic acid for its further cleavage by specific nucleases,
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in a broad sense all of them are called as antisense technologies. While CUAD (Oberemok et al. 2024a)
and RNAi (Fire et al. 1998) show great potential to be used as the next-generation biochemical
insecticides (Oberemok et al. 2024e), CRISPR/Cas is used to genetically attenuate insect pest
populations through genetic engineering (Jinek et al. 2012). Organic (xenobiotic-free) farming is
becoming popular all over the world today and is a paradigm of the strategic vector of economic
development in many agricultural countries. Antisense technologies (RNAi, CUAD, and
CRISPR/Cas) are capable of ensuring agriculture that is safe for the environmental and human health.

Laboratory and field experiments have been conducted by our team since 2008 and formed the
basis for these brief notes on the use of oligonucleotide insecticides for insect pest control in forests
and agrocenoses. Most technological innovations initially were expensive and with poor
performance, but eventually become both affordable and reliable. CUAD-based ‘genetic zipper’
method has come a long way for 17 years and is very close to the point to be implemented on a large
scale against sternorrhynchans and other pests.

Biodiversity decrease, climate change, high toxicity load in ecosystems dictate new rules for
plant protection. If pre-market environmental risk assessment for the approval of new active
substances succeeds, oligonucleotide insecticides will be brought to market in abundance and will
complement current classes of chemical insecticides. We envision that oligonucleotide insecticides
(CUAD biotechnology) can be used solely and also can come into place in complex bioformulations
for selective control of a wide range of insect pests and will mark a new marvelous period in efficient
and selective plant protection.

On 1935 P. Muller began his search for an ‘ideal” insecticide, one that would show rapid, potent
toxicity for insect species with no harm effect to plants and warm-blooded animals. Four years later
he found that DDT satisfied these requirements (Britannica 2024). Today we understand that it was
only the beginning of the journey. Over the last 90 years, 6 main classes of chemical insecticides have
appeared (organochlorines, organophosphates, carbamates, pyrethroids, neonicotinoids, diamides)
(Aratjo et al. 2023). Oligonucleotide insecticides as a perspective 7th class of insecticides are going to
possess amazing eco-friendly characteristics (selectivity in action, high biodegradability, low carbon
footprint, avoidance of target-site resistance) that no other insecticides have had before in history.
CUAD biotechnology creates opportunities never existed before, because any farmer, botanical
garden or pests control company is capable of creating very quickly its unique arsenal insecticides
well-tailored for a particular population of an insect pest. These recommendations will help scientists
and farmers around the world to use oligonucleotide insecticides more efficiently after registration.
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