@ RUDN Journal of Agronomy and Animal Industries 2019; 14(2):105—113
L/

Becthuk PYAH. Cepua: ATPOHOMUS U XXUBOTHOBOACTBO http://agrojournal.rudn.ru

PACTEHUEBOACTBO
CROP PRODUCTION

DOI: 10.22363/2312-797X-2019-14-2-105-113

Review article

DNA insecticides as an emerging tool
for plant protection and food security strategies

Palmah M. Nyadar*, Shyatesa Razo

Peoples’ Friendship University of Russia (RUDN University),
Moscow, Russian Federation
*Corresponding author: biopalmgene@gmail.com

Abstract. A large number of plant diseases and damages are caused by insects and insect vectors
of plant pathogens, leading to the serious threats facing plant protection and food security. The access to safe
and nutritiously high-quality food is essential for human growth and development. This translates to a well-
developed society with systematically organized efforts for maintenance and increased food production
or supply to meet the continuous growing demand. The effects of environmental, biological, chemical,
political and socioeconomic factors have all contributed to the present nature of food dynamics, its
availability, supply and security. Hence, the development of safe bio-based substances should be prioritized
for precise and effective use in plant protection strategies. This review examines the sequential results
of the insecticidal potentials of unmodified short single-stranded DNA fragments used as DNA insecticides,
and emerging tool for safe plant protection strategy.
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Introduction

The outright challenge of the constant flow of a nutritionally balanced diet available
for a given population to aid growth, socioeconomic development and productivity
at large, calls for a continuous exigent integration of all sectors of research, this coalition
will make certain food security at the optimum level.

The increasing demand for safe and quality food is directly proportional to the
growing population of the world. Today we have enough food to meet the world’s
needs. Indeed, we have an extraordinary global food system that brings food from all over
the planet, with some countries leading better than others (Fig. 1) for consumers who
can afford to buy it [1]. However, a significant amount of the human population still
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Fig. 1. Food security indicator showing the average value of food production
for an individual, using the course of three years as a constant.

The data provides a comparable estimation of food production in different economies
of the world (http://www.fao.org/economic/ess/ess-fs/ess-fadata/en).

do not have access to drinking water, food and arable land or environment [2—4]. These
results to less intensively grown plants that serves as food source and nutrition require-
ments in some areas of the globe. Plant protection can be threatened by abiotic and biotic
factors. These biotic constraints, such as insect pests, can at times seriously compromise
food production and security.

In the 1970s a concept of food security was introduced in the discussions of inter-
national and national food trouble during a period of world food crisis, which focused
on the attention of structural food supply, and to assure to some degree the provision
and stable price index basic foodstuffs at all levels [5]. Analyses of the United Nations
projections indicate that the human population will expand from roughly 7.2 billion
today to 9.6 billion in 2050 and 10.9 billion by 2100 [6, 7]. This implies that, the more
population the higher the food demand and the greater intensity of food security to pre-
vent global food crisis.

One of the major challenges of plant protection and food security in the world
today is insect pest management [8—10]. Insects can be found almost everywhere,
both in terrestrial habitats as well as every fresh-water habitat, they are the most diverse
group of living things in the world [11]. Some insects have coevolved with humans
and have been associated with significant roles since the start of modern agriculture,
with a large number of them becoming natural rivals and causing damages to plants
grown for human food [12—14]. Though some insects can be beneficial in agriculture,
a number of them are destructive to plants and their products.

Insects coexist with baculoviruses [15, 16], a pathogenic virus that can be utilized
as a control substance [17]. These viruses are insect-host specific, circular and super
coiled double-stranded DNA genomes in a range of ca. 80 to180-kbp [18]. There is
up to 600 and more baculoviruses originating from insect orders of Lepidoptera, Hyme-
noptera and Diptera (butterflies and moths, sawflies, and mosquitoes respectively) [15].
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Baculoviruses are characteristically rod-shaped like nucleocapsids, known as “baculum’
in latin, that are as long as 230—385 nanometre (nm) and as wide as 40—60 nano-
metre (nm) [18]. They have enveloped virions, also having phenotypes that are occlusion
derived virus (ODV) and budded virus (BV). These virions share same genome proper-
ties but differ in composition and morphogenesis of their functions during the life cycle
of the virus. Their environmental stability as well as their infectivity in target insects,
are generally different [19]. The nature of baculoviruses have provided a platform
for studies and trials on insect pests control [19—21], and maximum positive results
of control programs based on baculoviruses will depend upon joint efforts among
research institutes, governments, companies and growers’ associations [19]. So far,
studies on modern insecticides termed DNA insecticides created from unmodified short
single-stranded DNA oligonucleotides of IAP genes of baculoviruses are being consid-
ered as an emerging tool for plant protection and food security.

DNA Insecticides, current status and future prospects

DNA insecticide is a developing contemporary approach for plant protection and
insect pest management [20, 22]. Based on 18—20 nucleotides long unmodified DNA
fragments of viral inhibitor of apoptosis (IAP) genes, DNA insecticides can be used
to significantly manage its target insect-host. The action of DNA insecticides is attributed
to its ability to interfere with target gene expression [23—25]. Recent studies show
that topical application of DNA insecticides designed form IAP-2 and IAP-3 genes
of LAMNPYV (Lymantria dispar Multicapsid Nuclear Polyhedrosis Virus), decreases
the population of gypsy moth (Lymantria dispar) caterpillars, an insect pest with damag-
ing effects on forest trees of economic importance, located mostly in North America
and Eurasia [26, 27]. Another study indicated that DNA insecticides from DIAP-2
(Drosophila inhibitor of apoptosis) genes used on the larvae of fruit fly (Drosophila
melanogaster) interfered with DIAP-2 gene expression [23], suppressing the develop-
ment female fruit flies. This phenomenon was also observed in gypsy moth larvae treated
with DNA insecticides from LAMNPV IAP-3 genes where the target [AP-Z gene was
interfered with in female gypsy moth larvae [27]. The actions of DNA insecticides
majorly from the antisense fragments indicated that it acts as RNase H-dependent oli-
gonucleotides that promote the degradation of target mRNA and can be effectively
utilized against target insect pests.

In addition, further studies of DNA insecticides on non-target plant organisms like
common wheat Triticum aestivum, apple seedlings Malus domestica and oak leaves
Quercus robur showed that DNA insecticides are safe and not harmful to non-target
(plants) organisms [28, 29]. This implies that DNA insecticides designed from specific
baculovirus affect only its host insect, a characteristic nature of modern insecticides
that are insect-specific and engineered for plant protection that will support food
security strategies.

The practical advantage in the use of 18—20 nucleotides long insect-specific DNA
insecticides is in its cost-efficiency, which implies the ease of synthesis with minimal
hands-on participation. However, the development of DNA insecticides is still at an early
state, even though there are ongoing studies to expand this idea. The ease of creating
DNA insecticides will be advantageous especially for mainstream production, for large
scale plant protection.
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Additionally, the application of DNA insecticides by contact or oral means is con-
venient to control and maintain insect pest control of crops as well as economic plants.
In the situation were DNA insecticides may be used against feeding insects such as
adult beetles, their chitinous covering could protect them from contact with the insec-
ticide [25], Nevertheless, DNA insecticides have demonstrated strong potency for the
management of the larval stage of lepidopteran pest such as gypsy moth (Lymantria
dispar), especially during early larval instars, in their unprotected exoskeleton form.
The use of unmodified short single-stranded DNA fragments from conservative IAP
genes as insecticides could reduce insect resistance because of the low potential of mu-
tation in the conservative regions of the host insect. The approach of DNA insecticides
is of immense value, and elaborations in this field may lead to a very safe and cheap
bioinsecticides with high potency for sustained plant protection and food security.

Conclusions

Insect pests have significantly contributed to food shortage by destroying crops
and affecting their produce, leading to food insecurity both in developing and indus-
trialized parts of the world. Hence, for effective food security strategies, there is need
for integrated methods and tools for plant protection. DNA insecticides are presented
as a developing tool for plant protection, and the potency recorded for insect-specific
action especially against Lymantria dispar implies that insecticides based on short single
stranded DNA oligonucleotides from conservative genes of insect baculovirus have
the potential to pave a way for the creation of new forms of biological substances
to control insect pests. The use of insect viral inhibitor of apoptosis gene fragments is
relatively new as a modern tool that is eco-friendly, fast-acting, target-specific, and
safe for non-target organisms. DNA insecticides encodes traits that are favourable for
plant protection and food security.
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AHK-unHcekTuunabi
KakK HOBO€ HarnpasJieHMe B 3aluTe pacTeHum
n obecnevyeHnn NpoaoBOJIbCTBEHHON 6e30nacHOCTH

II.M. Huapap*, L11. Pa3o

Poccuiickuit yHuUBEpCHTET TPy OBl HAPOIOB,
Mocksa, Poccuiickas @enepanus
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Bosbiioe umcio HOBpe)K,Z[CHI/Iﬁ paCTCHI/Iﬁ BBI3bIBACTCA HACCKOMBIMHU, KOTOPBIC MOTYT OJHOBPEMCHHO

SIBIITHCS KaK BPEIUTEISIMHU, TaK U TIEPEHOCUNKaMH OOJIE3HEH, 4TO CO3qaeT cepbhe3HbIe MPOOIeMBI POJIO-
BOJILCTBEHHOM Oe3omacHocTH. KpaifHe BayKHBIM JUIS YeJIOBEYECKOTO POCTA M PA3BUTHS SIBISETCS JOCTYII
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K 0€301aCHBIM U BHICOKOKAYE€CTBEHHBIM NPOAYKTaM MUTAaHUS. ITO CTAHOBHUTCS 3aJI0IOM Pa3BUTHsI 00LIIECTBA
oTpeduTENeil C BBICOKMMH TPEOOBaHUSMHU K KaUeCTBY MPOAYKTOB MUTAHUS U, B KOHEUHOM HTOT'e, IPUBOJUT
K TOCTOSIHHO PacTyILEMy CIPOCY Ha MOZOOHYIO MPOIYKIHIO. BiusHue 3KOMOTHYecKuX, OHOIOTHYECKHX,
XUMHYECKUX, TOJIMTUYECKUX M COLMAIbHO-D)KOHOMHYECKUX (DaKTOPOB CHOCOOCTBOBAJIO (YOPMUPOBAHHIO
COBPEMEHHOTI'0 IIPOI0BOJILCTBEHHOTO PhIHKA, €0 JOCTYITHOCTH M 0e30IacHOCTH. VIMEHHO II03TOMY paspa-
00TKa 06e30MmacHBIX OMOJIOTMYECKUX MPETapaToB CTAHOBUTCS CETO/IHS TPHOPUTETOM B COBPEMEHHOH CHUCTEMe
3alIMTHBIX MeponpusaTuid. JlaHHas paboTa cucTeMaTU3UPYeT OTIENbHBIE PE3yJIbTAThI [0 UCCIIEI0BAHUIO
3aIIUTHBIX CBOMCTB HEMOAN(PUIIMPOBAHHBIX KOPOTKUX OHOLEnoYeyHbIX PpparmenToB THK, ucronszyembix
B KauecTBEe MHCEKTHLNIOB, KAK HOBBI HHCTPYMEHT B CUCTEME 3aIl[UThl PACTEHHUH.

KuiroueBble ci10Ba: 3aliMTa pacTeHUM, MPOJAOBOJIbCTBEHHAs Oe30macHOCTh, IAP rensl, Guormec-
tuuasl, JTHK-uaCcekTHIMIB
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