A Study Of Circadian Genetics and Abiotic Stress Towards Sustainable Agriculture
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Figure 2. The above graphs illustrate percentage germination (Y-axis) over 7 days (X-axis) under normal conditions and salt and osmotic stress. Percentage
60 Only wildtype and gi-2 were studied under
germination was calculated as the ratio of number of germinated seeds over total number of seeds in a given set.
200mM salt stress. All mutants and wildtype have a delay in germination under salt stress. FKF1 experiences the least delay, with percentage germination on any
30
given day very close to that of the non-stress (normal) condition. Gi-2 and CCA1 OX have a considerable delay in comparison
to wildtype.
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Effect Of Abiotic Stress On Plant Yield
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Studying circadian genes is vital for agricultural sustainability,
given that they regulate many key agronomic traits. Moreover,
understanding the influence of circadian genetics from
germination to early stages of plant development allows for
developing methods to improve plant yield during the cultivation
process itself. Trichomes, a key agronomic trait, are an important
part of certain crops, such as cotton, basil and mint.
Understanding trichome development can allow us to apply its
properties and functions to staple crops. The microbial volatile
compounds
produced
by
beneficial
bacteria
are
underappreciated. Utilizing these compounds (including those
from endophytes like B. subtilis Bsn5) increases the viability of
Bacillus strains as inexpensive, future biofertilizers. Specifically
exploring circadian influence on plant response to these volatiles
can aid in identifying pathways through which these compounds
work for engineering stress tolerant, higher yielding crops.
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Figure 3. A. These graphs depict the large
decrease in relative percentage biomass
under abiotic stress, emphasizing the
detrimental effects of salinity on crop yield.
All the controls (non-stress condition) have
been normalized to 100%. Gi-2 is more salt
tolerant compared to wildtype. B.
Molecular mechanism behind gi mutant
salt tolerance. Free SOS2 protein is needed
for salt resistance. SOS2 and Gi complex in
wildtype. Absence of Gi in the gi-2 mutant
allows for higher quantities of free SOS2.
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Trichome Variation
It is known that circadian genes control developmental
processes, of which flowering has been primarily studied. This
study also examined the influence of circadian genes on early
plant development, which has not been extensively studied
previously. Below is a novel finding involving plant trichomes
(epidermal cells).

Courtesy of Nature Communications. Please refer to
bibliography for full citation.
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Figure 11. 4-spined trichomes

gi-2

B. subtilis Bsn5

(compared to 3-spined trichomes on
wildtype) have been observed on the
adaxial side of leaves on the FKF1
mutant.

FKF1

Figure 4. B. Effect of B. amyloliquefaciens fzb42 was studied in wildtype under
normal conditions. It was found that it increased percentage biomass by 2.6 times
and percentage leaf surface area by 3.1 times that of the control. 4C. Microbial
volatile compounds produced by various Bacillus strains significantly improve plant yield
and confer different amounts of benefit between wildtype and mutant plants.
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Figure 10. Larger trichomes and higher trichome density was
observed on the adaxial side of the 3rd rosette leaves of the FKF1
and gi-2 mutants compared to the wildtype. The wildtype leaf
has very few, small trichomes.
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Figure 4. D. Microbial volatile
compounds produced by Bacillus
strains significantly increase leaf
surface area in both the circadian
mutants and wildtype. B. subtilis
Bsn5 has greater impact on the
surface area of gi-2 plants over
FKF1 and wildtype.
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Figure 6. A. B. subtilis
GB03 improve plant
growth and are darker
green (more chlorophyll)
in color compared to the
control. B. B. subtilis
GB03 increases biomass
and leaf surface area in
FKF1 under salinity
stress.

Figure 5. A. 2,3-butanediol
structure. 2,3-butanediol is a
volatile compound produced by
B. subtilis species. Courtesy of
Sigma Aldrich. B. 2,3-butanediol
5B producing pathways in B. subtilis
strains. Courtesy of ScienceDirect.
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B. subtilis GB03 and B. subtilis Bsn5 have different effects
on the circadian mutants and the wildtype under normal
and stressful conditions. All results on B. subtilis Bsn5 and
the effect of B. subtilis GB03 on the circadian backgrounds
are novel findings from my study.
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B. subtilis GB03 and B. subtilis Bsn5 increase petiole length
significantly in the FKF1 mutant and wildtype, with a higher
fold increase in the FKF1 mutant.
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Microbial volatiles produced by the Bacillus species tested
significantly promote plant growth and increase biomass
and leaf surface area under normal and stressful (saline and
osmotic) conditions (2.5-5 fold increase).

B. subtilis Bsn5 benefits gi-2 the most out the 3 strains under
normal and stressful conditions.
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FKF1 and gi-2 mutants have larger trichomes and higher
trichome density compared to the wildtype. The FKF1
mutant has a higher number of 4-spined trichomes, which
may be the result of higher frequency of endoreduplication.
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CCA1 OX and gi-2 genetic backgrounds have decreased and
delayed germination under normal and stressful conditions.

B. subtilis GB03 confers most benefit to wildtype and FKF1
plants under the conditions tested.
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FKF1 genetic background is resilient to various abiotic stress
during germination. This is a novel finding from my study.
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Figure 4. A. Benefits of microbial volatile compounds on plant growth in wildtype,
gi-2 and FKF1 (Arabidopsis thaliana) under normal (non-stress) conditions. B.
subtilis GB03 substantially improves plant growth in all 3 plant lines. B. subtilis
Bsn5 provides a large benefit to gi-2, in comparison with wildtype and FKF1.
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Figure 8. Effect of microbial
volatile compounds on
biomass under osmotic stress
in the wildtype and gi-2 plant
lines.
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Discussion and Future Work
In the future, I am planning on improving plant abiotic stress
tolerance by:
• Identifying molecular mechanisms behind the observed
trichome variation and resilience of FKF1 to abiotic stress
during germination.
• Characterizing the volatile compounds produced by B. subtilis
Bsn5.
• Synergy between Bacillus strains for added plant growth
promotion
Furthermore, in my study on undivided plates (please refer
binder) I noticed that in 1 plate, the bacterial colony’s
morphology had changed to a branch-like structure due to its
response to signals from the plants. I would like to further study
bacterial response to plant signals and how it changes bacteria’s
effect on plant growth.
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Figure 7. A. Bacillus strains significantly increase plant yield under salinity stress,
particularly in the wildtype plant. B. Bacillus strains increase relative biomass leaf
surface area under salinity stress. C. Benefits of microbial volatile compounds on
plant growth in wildtype and gi-2 under salinity stress. The above Bacillus strains
were also tested in FKF1. B. subtilis GB03 demonstrates improved growth in
100mM (larger colony), making it suitable to employ under saline conditions.
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0) were rinsed in 75% ethanol and 100% ethanol for 18
minutes. Suspended seeds were air-dried and sprinkled
onto MS agar plates. Plates were made to be ½ strength MS
and 0.8% agar. Stress plate were made with the same
composition of regular plates, but with salt or mannitol
dissolved to intended concentration and 0.5% sucrose
added prior to autoclaving agar and pouring plates. Plated
seeds were stratified for 2 days at 4 degrees Celsius and
germinated in incubators at 21 degrees Celsius.
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Experimental Design
Germination assay: 3 circadian mutants (gi-2, FKF1 and CCA1
OX) and wildtype Arabidopsis thaliana seeds were plated onto
MS agar plates with the addition of 200mM mannitol and
sodium chloride salt in concentration ranging from 25 – 200mM.
Number of seeds on plates were counted. Plates were examined
daily and number of germinated seeds and stage of germination
were noted.
Salt and osmotic stress experiments: Wildtype, FKF1 and gi-2
were germinated on regular MS agar plates. 6 day old seedlings
were transferred from germination plates to salt plates with
concentration ranging 50 – 100mM and 200mM mannitol plates.
Seedlings were grown on stress plates for 2 weeks and
monitored every 3 days by examination for leaf number,
developmental features and taking pictures. At the completion
of 2 weeks, biomass data was collected by weighing plants on a
milligram balance.
Effect of Bacillus strains: Bacillus strains were streaked and
grown on LB medium for about 24 hours. Cells were than
harvested, suspended and diluted to about 107 cells/mL. 20
microliters of suspended cells was spotted onto stress and nonstress MS plates that contained transferred 6 day old seedlings
(wildtype and circadian mutants). 20 microliters of distilled was
was spotted as a control. Seedlings were grown in the presence
of bacteria for 2 weeks. Data was collected in similar method as
that used in the salt and osmotic stress experiments.
Divided V.S. Undivided plate experiments: The same procedure
as that described in the effect of Bacillus strains experiment was
used. Suspended cells and distilled water (control) were spotted
onto MS plates with a plastic divider along the diameter of the
plate. Seedlings were transferred onto the opposite side of the
divider. Similarly, spotting was also done on plates with no
divider and transferred seedlings and bacteria on opposite sides
of the plate. Divided and undivided plates showed the effect of
volatile compounds and both hormones and volatile compounds,
respectively.
Image analysis: All photographs taken were analyzed using the
open source software ImageJ (NIH). ImageJ was used to quantify
leaf surface area, petiole length, leaf length and rosette
perimeter.
Plating Method: Arabidopsis thaliana seeds (background Col-
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Objective
This project aims to employ and explore a combination of nonpathogenic Bacillus strains and circadian genetics to maximize
plant growth under saline and osmotic stress. Furthermore,
study examines the influence of circadian genes on plant
response to various external stimuli, including abiotic stress and
microbial volatile compounds. It was initially hypothesized that:
• All Bacillus strains used (please refer introduction) will
improve plant growth
• FKF1, CCA1 OX and gi-2 circadian mutants and wildtype
plants will respond differently under salt stress in terms of
plant yield and germination ability
• Circadian genes will regulate/ influence plant response to
volatile compounds produced by bacteria
Different conditions/ experiments were later explored based on
obtained results.
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Food security and agriculturally unfavorable climates are
prevalent sustainability concerns, especially when considering
Earth’s rapidly growing population and diminishing resources,
including arable land. Irrigation is a common and vital
agricultural practice, but results in the salinization of land.
Increasing soil salinity is the primary cause of the declining
amount of land being used for conventional farming. Saline soil,
coupled with consequential abiotic stress such as osmotic stress,
largely effect crop production, resulting in lower yields,
decreased biomass and poor plant health. Therefore, it is critical
that methods for alleviating salinity stress and increasing plant
salt tolerance are developed.
Circadian genes govern various developmental processes
from seed germination to flowering, but also control abiotic
stress response, including salinity. Understanding plant response
to adverse conditions is essential to improving salt tolerance of
crops in the future. In my research, 3 important circadian genes,
GIGANTEA (gi-2), FLAVIN-BINDING KELCH REPEAT F-BOX1 (FKF1)
and CIRCADIAN CLOCK ASSOCIATED1 OX (CCA1 OX), along with
wildtype (Col-0) Arabidopsis thaliana have been studied for salt
and osmotic stress tolerance.
Plant growth promoting rhizobacteria (PGPRs) can also be
used to confer salt tolerance and increase crop production. In my
project, I have studied several non-pathogenic Bacillus strains,
B.subtilis (Bsn1), B.subtilis GB03 and B.amyloliquefaciens (fzb42)
to examine the effects of solvents and bacterial scents (volatile
compounds) they produce. The increased crop yield and salt
tolerance conferred by PGPRs make them viable bio-fertilizers.
Furthermore, understanding the molecular mechanisms behind
the positive effects of Bacillus strains can aid in developing salt
tolerant crops for agricultural sustainability.
Figure 1. The circadian clock
consists of multiple feedback
loops, which factor in
environmental
cues
to
regulate plant response to
stimuli and development
processes, as well as the
circadian clock itself. Courtesy
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Figure 9. A. Effect of microbial volatile
compounds on petiole length in wildtype
and circadian genetic backgrounds. B.
Wildtype experiences a reduction in
petiole length under salinity stress. FKF1
and gi-2 are fairly resilient to this
reduction. C. Bacillus strains increase
9C petiole length under salinity stress.

Figure 12. Bacterial colony
responds to signals from
plants under osmotic
stress, demonstrated by
branching colony
morphology.
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