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In Alberta, more than 14,000 farmers grow over 6.6 million acres of canola every year. Canola is Canada's
most valuable crop, as it contributes over $29.9 billion annually to the economy. However, increasing
challenges with climate change threaten the productivity of this sector. Conditions such as persistent
drought have become a great concern to canola producers. Drought-resistant canola can be engineered
through a collective approach combining plant-growth-promoting rhizobacteria and RNA interference
(RNAI) to silence negative regulators of drought tolerance. A 2020 study using the model plant Arabidopsis
thaliana showed that overexpression of bHLH61 impaired plant drought tolerance. However, the plants
showed increased drought tolerance when this gene was mutated. There is a homologous gene found in
canola, and we predict that by knocking down the expression of bHLH61 in canola, we can improve the
drought tolerance of the crop. We will engineer Arthrobacter globiformis to express small-interfering RNA
(siRNA) targeting the bHLH61 gene and incorporate the bacteria into the seed coating. The engineered
bacteria can colonise the canola roots, delivering double-stranded RNA (dsRNA) to silence the bHLH61
gene while concurrently activating host stress response pathways to improve drought tolerance.
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outhern Alberta's agriculture sector is a practices. The region includes over 10
S crucial part of the Canadian and Alberta million acres of farmland, representing more
economy. It is characterized by than 20% of Alberta's agricultural land, and
expansive  farmlands, diverse  crop contributes over $2.6 billion annually in
production, and advanced agricultural agricultural revenue (Stahl & Gething, 2024).
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Between 2021 and 2023, there has been a
24%  growth observed in  Alberta's
agricultural industry, making it even more
crucial for the protection of this sector (Stahl
& Gething, 2024). Increasing challenges with
climate change threaten the productivity of
Alberta’s agriculture sector. In recent years,
conditions such as persistent drought,
increasing pest pressures on crop production,
winds, and lack of water have become of
great concern to Alberta's industry (Nickel &
Williams, 2024). Historically, the area’s
nutrient-rich  soils have facilitated its
development for livestock production, crop
production, and agricultural processing,
contributing $17.9 billion to Canada’s
agrifood exports in 2023 (Calgary Economic
Development, n.d.). This agricultural
prominence is supported by a strong
workforce and collaborative networks across
sectors of research, technology, and industry,
making Southern Alberta a critical driver of
food security and economic stability in
Canada.

In recent years, Southern Alberta has
faced significant drought challenges
exacerbated by consecutive dry years, below-
average snowpack, and low reservoir levels.
These below-average levels have placed
Southern Alberta’s agricultural sector into
Stage 4 of 5 in Alberta's Water Shortage
Management Plan (Government of Alberta,
2025). This stage is defined by water
shortage in multiple water management
areas, including reservoirs, lakes, and rivers,
persistent water shortage over a lengthened
period of time, and a significant number of
agricultural wusers and households are
severely impacted or unable to access water
(Government of Alberta, 2023). The
agriculture sector, heavily reliant on adequate
irrigation and water supply, is now faced with
soil erosion risks, limitations on water usage,
and therefore water allocations (Stephenson,
2024).

Canola is one of Southern Alberta’s main
agricultural crops. Canola production,
cultivated across over 6.6 million acres by
approximately 14,000 farmers, contributes
$4 billion annually to Alberta’s agricultural
revenue (Canola Statistics - Alberta Canola,
n.d.). The crop’s prominence stems from its
role as a high-value export commodity across
Canada and on the global market. However,
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prolonged drought poses severe risks. Recent
forecasts predict a 30-40% drop in Canadian
canola production due to water scarcity, with
southern Alberta particularly vulnerable
given its semi-arid climate and lack of natural
water bodies (Farmonaut, 2024). Drought
conditions during early growth stages of the
canola plants reduce seed yield and oil
content, leading to extreme losses in revenue.
Current research into drought-tolerant canola
varieties is ongoing, but persistent drought
conditions threaten the crop’s economic
viability. Canola requires at least 400 mm of
water to sustain growth throughout the entire
life cycle, making insufficient water a key
issue  (Alberta Agriculture &  Rural
Development, 2011).

The current solutions are government-
imposed water-sharing agreements and
various agricultural technologies. In April
2024, major water users in the South
Saskatchewan River Basin signed a large
water-sharing agreement with Alberta to
manage drought risk (Alberta Law Review,
2024). These agreements are intended to
effectively use limited water supplies and
reduce potential impacts on communities.
However, this means that territories and
communities are fully dependent on other
land areas, which can be helpful in the short
term but can be considered unreliable for
several reasons. For example, because there
is a limited supply of water, depending on
other provinces can serve as only a temporary
fix. Furthermore, the increasingly
unpredictable weather patterns due to climate
change can cause the current solutions to be
outdated and ineffective.

The physiological responses in canola
(Brassica napus) due to drought conditions
affect many processes, including
photosynthesis,  stomatal  conductance,
transpiration,  protein  synthesis, and
metabolite accumulation (Zhu et al., 2016).
All these pathways either directly or
indirectly affect seed yield and quality. The
bHLH family of proteins plays an important
role in plant stress response, but their exact
molecular mechanism is still largely
unknown. A 2020 study using the model
plant Arabidopsis thaliana showed that
overexpression of PHLH6I impaired plant
drought tolerance, but when this gene was
mutated, the plants showed increased drought



tolerance. There is a homologous gene found
in canola that codes for a hypothetical
transcription factor and has been shown to be
involved in cold tolerance previously (Wang
et al., 2022). We predict that by knocking
down the expression of hHLHG61 in canola,
we can improve the drought tolerance of the
crop (Wang et al., 2021).

Systems level

Our project proposes to knock down the
expression of bLHLHG6I in canola using
bacteria-mediated RNAi (Figure 1). Our
engineered bacteria will be incorporated into
the canola seed coating, then incorporated
into the plant’s rhizosphere, where they will
produce double-stranded hairpin RNA that
targets the PHLH6I gene in canola, thus
increasing drought tolerance.

bHLHE1

Drought
Tolerance

Figure 1. RhizoRetention proposes to engineer
naturally symbiotic bacteria to deliver dsRNA to
canola plants through the root system that will
knock down expression of bHLH61 to increase

drought tolerance.

Device level

Rhizosphere microbes

Microorganisms will inhabit plant root
environments and can form a symbiotic
relationship with their host organism. Some
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microorganisms can help facilitate nutrient
uptake, prevent colonization by pathogens,
and help mitigate environmental stress
factors' impact (Lay et al., 2018). An analysis
of canola root microbiomes in 2018 showed
many rhizobacteria species, including
Amycolatopsis, Serratia proteamaculans,
Pedobacter, Arthrobacter,
Stenotrophomonas, Fusarium merismoides,
and Fusicolla (Lay et al., 2018). For our
project, we aim to engineer and use
Arthrobacter globiformis to express siRNA
targeting canola stress response genes, and
the bacteria will be incorporated as part of the
seed coating.

Arthrobacter is a genus of Gram-positive
soil bacteria that is often found as part of the
indigenous bacterial biota of soil and
rhizospheres. It is a native rhizobacteria in the
canola root microbiome, which supports
effective root colonization and long-term
stability in the soil. Common microbiology
and molecular biology techniques can be
used to culture and transform Arthrobacter
sp. with plasmids of interest. It is a biosafety
level one organism and poses no threat to
human health or the environment. However,
in order for Arthrobacter to produce the
siRNA, the RNase III gene will have to be
deleted from the genome.

Seed coatings

Seed coating is a process that consists of
covering seeds with low amounts of
exogenous materials, including insecticides,
fungicides, nutrients, and biostimulants.
Incorporating plant beneficial microbes into
seed coatings can lead to increased
germination, higher yields, and fewer
fertilization  needs. The  engineered
Arthrobacter bacteria would be included in
the canola seed coating to allow for a cost-
effective delivery system.

For effective water retention in plants,
biopolymer-based hydrogel seed coatings are
the best option, especially those that mimic
natural seed mucilage. These are
programmable coatings that have the ability
to initiate rhizobacteria after sowing to form
symbiotic water-stress-tolerant root nodules,
especially in  semi-arid environments
(Zvinavashe et al., 2021). Sodium alginate
and pectin hydrogels also show satisfactory
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performance, with excellent water holding
capacity and maintaining favorable microbial
activity for over one month. When fortified
with NPK and micronutrients, these coatings
significantly promote root and sprout
development (Skrzypczak et al., 2021).
While starch-based hydrogels help in initial
growth under moderate water stress, their
influence is lost once the plant has formed
roots. Overall, hydrogel-based coatings can
be tailored with beneficial microbes and can
improve plant performance and water use.

RNAi

RNAI is a naturally occurring immune
response against viral infections and can
occur through multiple pathways
(Baulcombe, 2004). Our team plans to utilize
the siRNA pathway to target a gene within
canola that is related to the expression of
stress  response  proteins,  specifically
bHLHG6I. The siRNA is generated through
transcription from a plasmid as a double-
stranded hairpin precursor (Figure 2). It is
then processed into the active siRNA

Figure 2. RNAi pathway using small interfering
RNA against a target plant gene. The siRNA
precursor hairpin is transcribed from the plasmid
and then processed by Dicer (blue). The mature
SiRNA is then incorporated into RISC (tan) to

degrade the target mRNA sequence.
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sequence by Dicer. The siRNA is then
integrated into the RNA-induced silencing
complex (RISC), which can then scan mRNA
to find the correct corresponding target
sequence. Upon base pairing, the messenger
RNA (mRNA) is degraded, leading to a loss
of protein expression in the target plant
(Svoboda, 2020).

bHLH super gene family

The basic helix-loop-helix (PHLH) gene
family codes for the Ilargest group of
transcription factors in plants, meaning they
help turn genes on and off in plants, but their
functions are poorly characterized. In canola
(Brassica napus), more than 600 potential
bHLHs have been identified and categorized
into 35 subfamilies (Ke et al., 2020). The
bHLH gene family is highly conserved across
plant species and is involved in growth and
development, responses to light, drought, and
pests, among others.

A 2020 study using the model plant
Arabidopsis thaliana showed  that
overexpression of PHLH6I impaired plant
drought tolerance, but when this gene was
mutated, the plants showed increased drought
tolerance (Wang et al., 2021). There is a
homologous gene found in canola that codes
for a hypothetical transcription factor (NIH,
n.d.) and has previously been shown to be
involved in cold tolerance in the related
cultivar Brassica campestris (Wang et al.,
2022).

Since transcription factors, like PHLH61,
often have multiple roles, and knocking them
down could lead to  unintended
consequences, transcriptomic profiling will
be used to assess global gene expression
changes and compared to the control
samples. Additionally, phenotypic analyses
under different stress conditions will be
completed to hopefully catch any context-
specific effects like cold sensitivity.

Parts level

SiRNA design

The Arabidopsis gene bHLHG1 is a potential
target for RNA interference. The Arabidopsis
locus tag for this gene is AT5G10570 and



encodes for a putative myo-inositol
hexakisphosphate kinase (NIH, n.d.). A
standard nucleotide BLAST was completed
using the Arabidopsis gene sequence against
Brassica napus, and a predicted transcription
factor bHLH61 (LOC106435320) gene was
found to share 86% identity. For siRNA
design, Gen siRNA Wizard
(https://www.invivogen.com/sirnawizard/si
RNA.php) was used to generate potential
siRNA  candidate  sequences.  These
sequences were manually checked for any
off-target sequence overlap using BLAST.
Four candidate siRNA sequences were
chosen to target the PHLHG61 gene in canola
(Table 1). Scramble sequences were made
from the candidate sequences and will be
used as negative controls to ensure that any
observed effects are due to specific gene
silencing and not caused by non-specific
siRNA activity or the transfection process
itself. We aim to use Arabidopsis as a proof-
of-concept; therefore, siRNAs will be
designed for both canola and Arabidopsis
gene sequences. Additionally, for our proof-
of-concept testing, we will create an siRNA
that will target GFP mRNA in transgenic
Arabidopsis.

Table 1.

Target Gene GenBank siRNA sequence

Organis Name Accessio

m n Number

Brassica bHLH61 XM_01387  GATGGACATGGAATGGACTCA
napus 6193

Brassica bHLH61 XM_01387  GGACATGGAATGGACTCAAAT
napus 6193

Brassica bHLH61 XM_01387  GACATGGAATGGACTCAAATA
napus 6193

Brassica bHLH61 XM_01387  GCAAGAGAGCAACAATCATGA
napus 6193

Brassica scramble control GGCAAGGGTCGAACAAGTTAT
napus

Brassica scramble  control GAAATGGTAGACGCTTACAGA
napus

Brassica scramble control GATGACCAGTAGGAATACATA
napus

Brassica scramble  control GACACTAACGAAGGAACTAGA
napus

Arabidop GFP AT1G2541 GGAGTTGTCCCAATTCTTGTT

sis thalia 0

Arabidop GFP AT1G2541 GTTGAATTAGATGGTGATGTT

sis thalia 0

SiRNA production in Bbacteria

We will base our plasmid design on the
method used by Rueda-Silva (2023) and
construct a novel plasmid using tsPurple, a
chromoprotein, as a reporter gene to verify
siRNA transcription (Figure 3). The new
plasmid pPSLA will use the high-copy
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number backbone (pSB1C3), the T7
promoter (BBa 1712074) and terminator
(BBa K2246001), a strong ribosome binding
site (RBS) (BBa B0034), and the tsPurple
chromoprotein coding region
(BBa K1033906). The different siRNA
(sense, loop, antisense) sequences will
immediately follow the tsPurple coding
sequence, tying their transcription together.
Any bacteria transformed with the plasmid
must be deficient in RNase III to prevent
degradation of the siRNA hairpin transcript.

‘ BioBrick prefix T7 Promoter ‘

Bacterial Terminator —’ ’, RBS
\q,%’

®

‘ Sense

& Loop

L Antisense ‘
Lambda t0 J \ / LL T7 terminator

terminator BioBrick suffix

His operon terminator

Figure 3. Plasmid pPSLA design overview. The
plasmid contains a T7 promoter, RBS, tsPurple
coding sequence, and the sense, loop, and

antisense sequences for siRNA production.

Safety

Three broad areas to be addressed by
biosafety: containment of the genetically
modified microorganism, environmental and
public health, and regulation. The host
organism, Arthrobacter globiformis strain
ATCC 8010, is properly described by
Environment and Climate Change Canada
with no known negative effects on
terrestrial/aquatic  ecosystems or human
communities and no in vitro pathogenicity or
toxigenicity. Its occurrence in nature in soil
and rhizospheres and a lack of growth
capacity above 32°C limit growing potential
in warm-blooded hosts or in non-target
habitats (Environment and Climate Change
Canada, 2018). In order to further inhibit
horizontal gene transfer or survival, the
engineered strain can possess auxotrophic
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deficiencies  (i.e., artificial nutritional
deficiency) or kill switches with inducibility,
though the latter feature is not yet
incorporated in the current design (Halvorsen
etal., 2022)..

Risk to the environment is similar to the
specificity of non-target organisms (NTOs)
and RNAi activity, even though 4.
Globiformis per se has low risk; off-target
activity of the RNAIi construct has to be
considered carefully. Bioinformatic tools are
employed to design hairpin RNA to
specifically target bHLH61 and minimize
off-target gene silencing. RNAi crop research
emphasizes the necessity of evaluating NTO
routes of exposure, i.e., ingestion of plant
material or soil residues, and associated
RNAI induction in non-target organisms. For
instance, dsRNA soil persistence and
potential soil invertebrate (e.g., Folsomia
candida) or aquatic uptake are questionable
since the unjustified silencing of genes would
disrupt critical biological processes. (Roberts
et al., 2015). The seed-coating delivery
system proposed, however, confines bacterial
colonization to the rhizosphere and reduces
enormous environmental dispersal. High-risk
assessment by Canadian (CFIA), EU
(Directive  2001/18), and International
(Cartagena Protocol) regulatory agencies is
required for GMMs and RNAI technologies.

The research will be under CFIA's Seeds
Regulations for seed coatings, such as
information regarding bacterial viability,
gene transfer efficiency, and RNAI stability.
EU guidance regarding dsRNA-based plant
protection products relies on sequence
specificity, exposure pathways, and NTO
testing, whereas the U.S. EPA regulates
RNAIi products as biochemical pesticides,
which  are  required to possess
ecotoxicological data. Besides, food safety
assessment of RNAI crops needs to confirm
the absence of unintended changes in their
metabolism, not such a major problem in this
situation, as the changed bacteria will not be
intended as human food. Collaborative work
with regulators and transparent risk
communication will be the key concerns to
align policy and public interests (Roberts et
al., 2015; Kleter, 2020).
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Discussions

One application of RNAi has been in
agricultural pest and disease control as a
more versatile and environmentally-friendly
alternative than traditional methods, such as
crop breeding and chemical pesticides, which
may turn out to be slow and inefficient
(Goodfellow et al., 2019). A genetic
engineering approach using RNAi enables
specific adjustments to genomes without
widespread change (Vélez Arango et al.,
2024). RNA1 has been used in a multitude of
ways to combat various viruses, parasites,
fungi, and insects. For example, RNAi has
been shown to form components of fungal
pathogenesis and defense systems within the
plant, combating  fungal infections.
(Goodfellow et al., 2019) There has been
extensive research on the use of RNAi for
improving crop stress tolerance, yield, and
disease resistance. In regard to abiotic
stressors, such as drought in particular, RNAi
has been used in O. sativa (rice) to
downregulate the RACK gene (receptor for
activated C-kinase 1), which resulted in
increased drought stress tolerance (Rajput et
al., 2021). Similarly, disrupting SQS
(farnesyltransferase/squalene synthase) in O.
sativa via RNA1 improved drought tolerance
as well (Rajput et al., 2021). Having such
points of reference 1is essential in
development.

Despite the advantages of using RNAI,
there are certain challenges that must be
addressed for effective usage, particularly
regarding environmental conditions. Soil pH
and moisture levels directly influence
nutrient  uptake. (O'Kennedy, 2022)
Deviations from optimal pH, which lie in the
range of 6.0 to 7.5 for most crops and soil
microbes, can hinder nutrient uptake. For
instance, a pH level outside of this range may
impact the availability of essential nutrients
such as nitrogen, phosphorus, and potassium.
(O'Kennedy, 2022). Additionally, -either
excessive or insufficient soil moisture levels
pose challenges to microbial survival
(Scheberl et al., 2019). Both soil pH and
moisture levels should be taken into account
when implementing RNAi within
agricultural settings, as they affect the
effectiveness of rhizobacteria and RNAI.



Regarding traditional microbial seed
coatings, they may face challenges such as
poor adhesion and reduced microbial survival
rates during storage. (Gong et al., 2023).
Furthermore, many conditions, such as seed
exudates and environmental conditions, can
adversely affect the coating of a seed when
sown. (Callaghan et al., 2012). It should also
be considered that while seed coating
techniques can introduce advantages to plants
during growth, they also introduce additional
costs and further complicate agricultural
practices. The production of these coatings
requires specialized equipment, which has
the potential to increase overall costs. (Gong
et al., 2023). Furthermore, laboratory or
greenhouse conditions, under which we
envision researching, could vastly differ from
real-world agricultural settings. Thus,
multiple environmental factors should be
considered when looking into the viability of
RhizoRetention.

Next steps

The next steps include contacting Dr.
Elizabeth Shultz of the Department of
Biological Sciences at the University of
Lethbridge. Her research focuses on
understanding the genome of Arabidopsis,
and she can provide guidance on using
Arabidopsis as our model organism. Our
current plan is to produce siRNA that will
target the GFP gene in transgenic
Arabidopsis. By targeting the GFP gene, we
will be able to visually confirm knockdown
of the target gene using our siRNA. We will
also target PHLHO6I in Arabidopsis for
knockdown. The siRNA itself will be
produced using the Escherichia coli (E. coli)
HT115 strain, as this strain is RNase III
deficient and has previously been used to
produce large amounts of siRNA in vivo
(Rueda-Silvaetal., 2023). The siRNA will be
purified from the bacteria and applied
directly to Arabidopsis, either by soaking the
roots or spraying the plant.
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