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RNA interference (RNAi) has the potential to 
have a major impact on agriculture, horticul-
ture and forestry with many different applica-
tions for plant improvement in terms of  both 
quality of  products and productivity. In addi-
tion, crop protection applications are being 
developed which provide ‘green’ alternatives 
to conventional pest control methods. RNAi is 
a naturally occurring process present in plants 
and animals, in which double- stranded RNA 
(dsRNA) molecules interfere with homologous 
RNA. It allows genes to be targeted to remove 
unwanted products in plants and improve 
plant productivity and quality of  plant prod-
ucts. These RNAi mechanisms were only dis-
covered and described 20 years ago and their 
discovery led to a Nobel prize in 2006. RNAi is 
now being developed within plants to silence 
genes often described as host- induced gene si-
lencing (HIGS). Also, external and topical ap-
plications, such as sprays and seed treatments, 
are being developed to substitute for other 
types of  pesticides or growth regulator treat-
ments. An example is the spray- induced gene 
silencing (SIGS) approach for targeting pest 
and pathogen genes and for manipulating en-
dogenous gene expression in plants. Examples 

of  plant improvement applications include: im-
proving fatty acid profiles of  soybeans; delayed 
ripening and improved shelf  life of  fruits such 
as apples and tomatoes; or removing unwant-
ed compounds, toxins and allergens from crop 
products such as decaffeinated coffee, gossypol 
in cotton seeds and hypoallergenic fruits and 
cereals.

For pest and disease control applica-
tions, dsRNA can be selected for silencing es-
sential genes in pests, pathogens and viruses, 
expressed either in transformed plants or in 
exogenous applications. dsRNA can be very 
specifically targeted at genetic sequences 
in these targets so that off- target effects are 
avoided or minimized. Recent advances in 
genomics and transcriptomics have provid-
ed sequence data that enable the design of  
highly targeted dsRNAs, providing efficient 
silencing while minimizing the risk of  effects 
on off- target genes or the silencing of  gene 
expression in non- target organisms. Due to 
the involvement of  RNA in virus replication, 
several virus- resistant plants have been devel-
oped (e.g. papaya, plum, squash and tomato) 
and many more virus control applications are 
in the pipeline. More recently, plant resistance 
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to a range of  other pests and fungal diseases 
is being developed, including insect pests such 
as Colorado potato beetle (Leptinotarsa decem-
lineata) and insect vectors of  viruses. The fun-
gal disease targets include a range of  diseases 
such as cereal rusts and Botrytis grey mould 
on fruit. In the USA, maize transformed to ex-
press a dsRNA targeting a gene in corn root-
worm (Diabrotica spp.) has been developed and 
commercialized.

RNAi provides additional options for plant 
breeders to improve plant varieties compared 
with other new breeding techniques (NBTs) 
such as clustered regularly interspaced short 
palindromic repeats/CRISPR- association pro-
tein (CRISPR/Cas) or transcription activator- like 
effector nucleases (TALENs). For example, RNAi 
provides a method for reducing gene expression 
(knockdown) rather than complete blocking of  
the expression (knockout). This is important for 
providing reduced levels of  gene expression, or 
when a specific stage in a physiological process 
is to be targeted. Another important feature of  
RNAi is that dsRNA molecules can be highly mo-
bile in plants. Therefore, dsRNA produced in part 
of  the plant (e.g. rootstock) can have the poten-
tial to spread into the grafted parts of  the plant 
to confer resistance to disease to the whole plant, 
including fruit. This results in fruits that are not 
genetically modified but protected by the pres-
ence of  target- specific degradable small RNA 
molecules (Limera et  al., 2017). In addition, 
dsRNA molecules can be formulated and applied 
as a topical treatment to plants to change their 
physiology or combat pests and pathogens. This 
approach will avoid genetically modified organ-
ism (GMO) regulations if  no GMOs are present in 
the products.

Research on RNAi is being conducted 
mainly in Europe, the USA and China. However, 
in Europe and some regions of  the world the 
technology and its applications are being held 
back by policies and legislation on biotechnolo-
gies, by failures in the implementation of  GMO 
regulations and by failure to develop appro-
priate methods for the regulation and assess-
ment of  novel plant protection products. This 

is inhibiting investment in research and devel-
opment (R&D) on novel ‘green’ applications of  
RNAi, as can be seen by the reduction in patent 
applications in Europe. It has been shown that 
RNAi has the potential to make major contri-
butions towards sustainable crop production 
and protection with minimal environmental 
impacts compared with other technologies. 
In regions where legislation prevents the use 
of  RNAi technology, farmers will not have ac-
cess to the technology and important options 
for improving productivity and economic 
competitiveness (Taning et al., 2019; Mezzetti 
et  al., 2020). Ironically this will be at a time 
when governments are trying to introduce 
more sustainable ‘green’ agricultural practices 
and when food demand is increasing and food 
supplies are at risk from climate change, new 
invasive species and urbanization.

In 1971 a European Cooperation in 
Science and Technology (COST) programme 
had been created. In 2016 the iPlanta COST 
Action CA15223 ‘Modifying plants to produce 
interfering RNA’ (available at https:// iplanta. 
univpm. it, accessed 1 November 2020) was es-
tablished with the objective of  bringing togeth-
er experts from a wide range of  fields to develop 
a deeper understanding of  the science of  RNA, 
the applications of  RNAi, the biosafety of  these 
applications and the socio- economic aspects 
of  these potential applications. This book con-
tains a series of  chapters by experts from many 
countries, who are participating in iPlanta, 
to review the current scientific knowledge on 
RNAi, methods for developing RNAi systems in 
GM plants and a range of  applications for crop 
improvement, crop production and crop pro-
tection. Chapters examine both endogenous 
systems in GM plants and exogenous systems 
where interfering RNAs are applied to target 
plants, pests and pathogens. The biosafety of  
these different systems is examined and meth-
ods for risk assessment for food, feed and envi-
ronmental safety are discussed. Finally, aspects 
of  the regulation of  technologies exploiting 
RNAi and the socio- economic impacts of  RNAi 
technologies are discussed.

https://iplanta.univpm.it
https://iplanta.univpm.it
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