Multidirectional Action of Oligo in Plants
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Oligo technology is a low-cost and easy-to-implement method for direct manipulation of gene activity. The major
advantage of this method is that gene expression can be changed without requiring stable transformation. Oligo
technology is mainly used for animal cells. However, the use of oligos in plants seems to be even easier. The oligo effect
could be similar to that induced by endogenous miRNAs.
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| 1. Oligos Treatment—Alternative Method for Screening of Gene Functions

There is a constant search for new tools for genetic engineering and control of gene expression in organisms, both for
basic research and for the development of genetically modified organisms in medicine, agriculture and industry. One of
the methods increasingly used for this purpose is oligo treatment. Of particular note is the possibility of DNA methylation
modulation by oligos, which leads to heritable changes in gene expression without creating GMO plants &2, Qligo-
induced changes are stable and show similar traits to the reference transgenic plants, but without altering the genome
sequence Bl Therefore, oligos provide new tools for plant improvement through noninvasive epigenetic modulation.

Due to the mode of action of oligos, similar to small RNAs, sequence-selective inhibition or enhancement of gene
expression enables the elucidation of complex gene expression, especially gene functions and regulatory elements 25,
Most importantly, oligos enable the study of vital genes, which is virtually impossible using the classical method of gene
knockdown. Gene silencing via RNAIi and siRNA is also used for this purpose. Treatment with oligos does not require
tedious construction preparation and plant transformation, whereas shRNA and artificial miRNA must be inserted into a
plasmid before they can be introduced into the cell, which is difficult and time-consuming B8 Furthermore, this means
that the degree of inhibition of gene expression depends on the level of expression of the plasmid in the cell. A similar
problem occurs when generating mutants with overexpression. Oligos, on the other hand, are dose-dependent and can be
used to either increase or decrease expression, depending on the level of expression (2. At the same time, pleiotropic
effects were minimized, which is a common problem when generating mutants by genetic transformation 1L, The
effects observed after transformation may not only be caused by gene silencing but may also depend on changes in
genome sequences and structure caused by the insertion. Unfortunately, this may also lead to altered expression of other
genes.

Apart from that, the external addition of oligos enables the study of genes at different stages of plant development and
allows experiments to be conducted over time. Therefore, primary and compensatory effects can be distinguished 2.
Regulatory proteins can also be targets of oligos to alter the expression of specific genes or even entire signaling and
metabolic pathways. This provides tremendous flexibility in studying gene function and its global impact on hormone
balances.

Although small interfering RNAs (siRNAs) can also be delivered directly into the cell, their design and synthesis are more
complicated and expensive. Oligos, unlike siRNAs, do not need to be fully complementary to exert an effect 12, They
allow for triggering a change at SNP sites, but because they are inaccurately designed with respect to genome
sequences, oligos can lead to expression defects in nontarget genes.

In addition, homologous sequences can be targeted with a single oligo, meaning that a single oligo can inhibit more than
one gene from the same gene family 22l Important in the context of the applicability of oligo technology is the ability to
target regulatory proteins, which allows the study and modulation of entire signaling pathways and the study of the
influence of individual factors on cell function.



| 2. Methods of Introducing OLIGOs into the Plant Cell

Oligo technology is less commonly applied to plant cells than to animal cells, but it has already been shown to work in
several species: flax, barley, tobacco, tea and recently cucumber and potato LIZIL4IASIIGILTASILN This technique was
first successfully applied in plant cells to alter the expression of the gene encoding the transcription factor SUSIBA2 [0,
The researchers’ results showed that antisense oligonucleotides were efficiently transported within the leaf and reached
the nucleus and chloroplasts 2913l |n general, plant cells are more susceptible to oligo treatment than animal cells. This
is mainly due to the positively charged cell wall, which is not a barrier for the negatively charged oligonucleotide
molecules. Moreover, oligonucleotides can enter plant cells through channels specific to sugar molecules 19, The exact
mechanism of import into a plant cell has not been fully described.

Oligonucleotides can be introduced into plant cells in several ways: infiltration under reduced pressure, infiltration through
the stomata, spraying of cells, forced osmosis, and biolistic particle delivery system (gene gun) 29, Depending on the
plant species, tissue type and age (developmental stage), different delivery methods are most suitable. For details, please

see Table 1.

Method

infiltration
under reduced
pressure [11[15]

infiltration
through the
stomata [19]

spraying the
cellsitissue [21]

uptake in a

sugar solution
[2][20][11][21]

Table 1. Method for delivering an oligonucleotide to a plant cell.

Tissue Typel/Developmental Stage

almost any type of tissue and any
stage of development: whole plant,
leaves, roots

leaves only (the larger the better),
best results with mature leaves,
possible study in vivo

different developmental stages and
organs, possible life examination for
above-ground part of the plant only

whole plant, leaves, roots, best
results with seedlings, possible
study in vivo

Advantages

quick and easy to perform
method, many plants can be
infiltrated at the same time,
spiking is possible to a
certain extent (easy to
seedlings)

small volumes of the oligo
solution required at once, no
problem with impurities, no
equipment required

simple scale-up, hardly any
equipment required

quick and easy to perform
method, hardly any
equipment re-quired

Disadvantages

considerable stress, a large volume
of oligonucleotide solution is
needed at once and tissue residues
contaminate the tissue,
it is difficult to transfer the method
to adult plants

more variable results, possibility of
tissue damage, more difficult to do
manually, especially
troublesome with some small-
leaved species such as flax

more variable results, more difficult
to control quantitative
application of oligo

large volume of oligonucleotide
solution is needed at once,
it is difficult to transfer the method

to adult plants

| 3. Analysis Strategy for Oligo Actions

Oligos are usually designed for a specific target. Therefore, appropriate validation allows determining which one works
“best,” according to our expectations. Based on proper design of oligos, we can expect that they will act in a certain way
on the target gene or sequences 22 Nevertheless, not all aspects of oligos have been fully examined or explained yet.
Therefore, it is necessary to determine at which stage of the gene expression oligo acts (e.g., transcription or translation)
and the direction of those changes (down or up). For this purpose, it is recommended to check both the target transcript
(e.g., by gPCR), and if it results in a protein product, also their value (e.g., by Western blot). In some cases, the enzymatic
activity or the level of final metabolites are also determined [E[28123] Moreover, fluorescence labeling of oligos enables the
determination of their subcellular localization. It is especially important when the target sequence is located outside the
nucleus, e.g., in chloroplasts 12, which allows determining whether the oligos have reached their destination.

In plants, oligos have been shown affect DNA methylation, which can modulate the expression of the target gene.
However, oligo usage may also lead to methylation modulation throughout the genome. The resulting epigenetic changes
can be stable for up to 3 generations. Therefore, the total degree and profile of methylation would be worth checking with
particular regard to the target gene &I,
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