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Abstract. It is well known that plant growth depends on the interaction of auxin and hormones,
but whether different hormones have different effects on seed growth in different varieties is not
fully understood. This study used a controlled experimental setup in which seeds from three
different genotypes (assumed to be wild-type, abscisic acid (ABA) insensitive, and gibberellic
acid (GA) deficient) were exposed to treatments of these compounds (labeled compounds A and
B), as well as a control treatment using ethanol. Our results confirm the identities of Compound
A as gibberellic acid and Compound B as abscisic acid through their consistent effects on seed
germination. Gibberellic acid (Compound A) significantly enhanced germination across all
genotypes. With the help of Gibberellic acid, GA-deficient genotype also showed a dramatic
increase in germination rates which suggested a compensatory effect. Conversely, abscisic acid
(Compound B) markedly inhibited germination, with the most pronounced effect observed in the
wild-type genotype. The ABA-insensitive genotype demonstrated reduced susceptibility to
Compound B, supporting its phenotypic characterization. The study highlights the key
antagonistic role of gibberellic acid and abscisic acid in seed germination, providing valuable
insights into defining genotypic-phenotypic interactions in plant responses to environmental and
chemical signals.
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1. Introduction

In the exploration of plant growth and development, the role of endogenous hormones is a subject of
considerable interest [1]. The experiment is designed to delve into the intricate interactions between
plant growth regulators and seed germination, specifically in the model organism Arabidopsis thaliana.
Arabidopsis thaliana is widely recognized for its genetic simplicity and rapid lifecycle, making it an
exemplary candidate for genetic and physiological studies [2]. It has relatively compact and well-
characterized genome which facilitates genetic manipulation and simplifies genomic studies. These
features help enabling scientists to identify gene functions and genetic interactions more easily.
Additionally, its well-manipulated genes make it an ideal candidate for studying complex traits in
genetics. Another significant advantage of Arabidopsis is its short life cycle, which spans only about six
weeks from germination to seed maturity. This allows researchers to conduct multiple generations of
experiments within a single year, thereby expediting genetic studies and phenotypic analysis. This
research leverages the distinct advantages of Arabidopsis to explore the intricate dynamics between
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plant growth regulators and seed germination, focusing on the effects of two unidentified compounds
across three different genotypes of this species. These genotypes presumably include a wild type and
two mutants, each with unique responses to hormonal regulation.

Plant hormones, also known as phytohormones. They are crucial in regulating various aspects of
plant growth, including the germination process. These organic compounds are produced in extremely
low concentrations within plant tissues and orchestrate developmental processes and responses to
environmental stimuli. Among the key hormones influencing germination are gibberellins (GAs),
abscisic acid (ABA), ethylene, auxins, and cytokinin. Each of them plays a specific and different role in
plants development [3]. The interplay among these hormones ensures that the germination occurs at the
right time. They also integrate internal developmental cues with external environmental conditions. This
hormonal balance not only triggers the start of germination but also coordinates subsequent growth
stages. Thereby optimizing the plant’s chances for survival and successful growth. The rationale behind
this experiment is to better understand how different plant growth regulators can influence germination.
Previous studies have demonstrated that GA and ABA antagonistically regulate seed maturation,
hypocotyl, and stem elongation [4]. Gibberellins are vital for initiating germination [5]. They promote
the breakdown of seed dormancy and facilitate the emergence of the radicle by stimulating the
production of enzymes that degrade the starch stored in the seed endosperm into glucose. This process
provides the necessary energy for the developing embryo. Grasping the mechanisms of GA transport is
vital for the survival of plant species and the success of crop production [6]. Abscisic Acid maintains
seed dormancy and acts as a growth inhibitor by suppressing the action of gibberellins. High levels of
ABA prevent germination, making its downregulation for the seed to sprout. The dynamic balance
between ABA and gibberellins is therefore critical for ensuring that seeds germinate only under
favourable conditions. Yet, mutations resulting in inadequate ABA levels cause significant stunting in
plants [7]. Studying seed germination under the influence of these regulatory substances can provide
valuable understanding of the genetic mechanisms that control plant growth reactions.

This study aims to dissect the germination rates across the selected Arabidopsis genotypes under the
influence of these regulatory substances to elucidate potential genetic mechanisms underlying plant
growth responses. This study is predicated on three null hypotheses. The first null hypothesis states that
the genotype of Arabidopsis, whether G1, G2, or G3, does not significantly influence the rate of seed
germination, indicate that any observed differences in germination rates are due to random chance rather
than genotype. The second null hypothesis suggests that the treatment applied to the seeds (exposure to
ethanol, Compound A, or Compound B) has no significant impact on the germination rates, thereby
implying that all treatments are equally effective in influencing seed germination. The third null
hypothesis assumes that there is no significant interaction between the genotype of the Arabidopsis seeds
and the treatments applied; in other words, the effect of the treatment on germination rates is uniform
across all genotypes, without any genotype responding differently to the treatments.

The experiment investigates the varying germination rates across genotypes and seeks to associate
these rates with possible genetic variations that affect their reactions to the compounds. It also validates
the comprehension of hormone-regulated germination, and potentially uncover information about the
genotypes’ identities through their phenotypic reactions.

2. Materials and method

2.1. Reagents

Murashige and Skoog Basal Salt Mixture (MS), agar, and milliQ water. Prepared 2x agar and 2x MS:
one with 1.6g of agar and another with 0.44g of MS salts, each diluted in 100 mL of water to achieve a
2x concentration. These solutions were autoclaved to ensure sterility.
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2.2. Planting medium preparation

10 uM of Compound A and 3 pM of Compound B were added into separate aliquots of the 2x MS
solution, along with a mock treatment using ethanol as a control. Each treatment was then mixed with
an equal volume of 2x agar to form a 1x planting medium.

2.3. Seeds incubation

The media was dispensed into labelled Petri dishes, dividing each into three sectors to allocate space for
each of the three Arabidopsis genotypes: G1, G2, and G3. Approximately 30 seeds from each genotype
were then evenly distributed into their respective sectors using a sterilized aluminium sheet to facilitate
precise placement and avoid cross-contamination. After a stratification period of four days at 4°C and
subsequent incubation under light for seven days to simulate natural germination conditions, then
assessed germination by counting the emerged seedlings.

2.4. Germination rate calculation

Germination rate calculation was performed by using dissecting microscopes to ensure accuracy, count
total number of seeds in each sector. This number represented the seeds that germinated. Seedlings have
come out of the seed coat and have green cotyledons. Calculated germination percentage for each
genotype under different conditions by using this formula: Number of seeds that germinated) / (Total
number of seeds) *100.

2.5. Statistical data analysis

The raw data were collected the germination percentage for each genotype under each treatment
condition were calculated. These data were plotted in individual graphs to visually represent the
germination responses. Statistical analyses, including two-way ANOVA, were conducted to determine
if the differences observed across genotypes and treatments were significant, thereby testing our initial
hypotheses regarding the effect of the genotypes and the impact of the compounds on germination rates.

3. Results

3.1. Genotype-specific responses to the various media

Visual analysis of germination patterns presented in Figure 1 revealed genotype-specific responses to
the various media. G1 exhibited consistent germination across ethanol and Compound A treatments but
showed inhibited germination with Compound B. G2 germination was unaffected by Compound B,
while G3 showed poor germination unless exposed to Compound A.
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Figure 1. Germination of Different Arabidopsis Genotypes on Different Media. This figure displays
Petri dishes containing Arabidopsis seeds from three unknown genotypes (labeled as 1, 2, and 3) after a
germination period. Each plate is divided into three sections, each containing one genotype. The media
in the plates include a control (ethanol), compound A, compound B, labeled as EtOH, A, and B. All the
media have replicate A plate and replicate B plate.

3.2. Responses of different genotype with treatments

Results showed that genotype G1 exhibited optimal germination in the ethanol and Compound A media,
achieving a 100% success rate, yet it failed to germinate in the Compound B medium. Genotype G2 also
reached a 100% germination rate in both the ethanol and Compound A media, with a slightly reduced
rate of approximately 87.5%, 56.67%, 79.3%, and 100% in the Compound B medium. Genotype G3’s
response was disparate, with complete germination on the Compound A medium, whereas its success
rates on ethanol and Compound B media were markedly lower, at 9.38%, 5.88%, 0%, and 2.7% on
ethanol; 0% on Compound B media (Figure 2).

Gl G2 G3

EEtOH ®Compound A ™ Compound B

10

(=]

8

S

6

o

4

S

2

Percentage of Germination
(=)

o

Figure 2. Germination Response of Different Arabidopsis Genotypes to Ethanol, Compound A,
Compound B. This bar chart illustrates the germination percentages of three Arabidopsis genotypes (G1,
G2, and G3) when treated with ethanol (EtOH), Compound A, and Compound B. Each genotype’s
response is represented by three bars corresponding to the different treatments.
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3.3. Germination rates of different genotype with treatments

As Figure 3 showed that genotype G1 and G2 had complete germination in the ethanol and Compound
A media. However, G1 had no germination in the Compound B medium. Genotype G2 had 100%
germination rates on both ethanol media and Compound A media, while its mean germination rate
decreased to 80.87% on Compound B media. Genotype G3 had a low germination rate 4.49% in ethanol,
but it achieved full germination in Compound A. Yet, it showed no germination in the Compound B
medium, much like G1. These variations in germination rates across the different treatments revealed
the unique interactions between each genotype and the growth media.
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Figure 3. Mean Germination Rates of Arabidopsis Genotypes Across Different Media. This bar graph
displays the mean germination rates of three Arabidopsis thaliana genotypes (G1, G2, and G3) exposed
to different treatments: ethanol (EtOH), Compound A, and Compound B.

The statistical analysis indicated significant differences in germination rates as shown in Table 1 by
conducting a Two-way ANOVA test. Genotype had a significant effect on the dependent variable, F(2,
27) =267.96902, p = 1.55666 x 10"-18. The media type also significantly influenced the germination
outcome, F(2, 27) =414.94574, p = 5.35688 x 107-21. Additionally, there was a significant interaction
effect between genotype and media, F(4, 27) = 135.21291, p=1.91842 x 10"-17.
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Table 1. Two — way ANOVA of Arabidopsis Genotypes Grown on Different Media

Source of Variance Ss df MS F P-value F crit
Genotype 20786.9934 2 10393497  267.96902 }'85567]5' 3.3541308
Media 32188.3267 2 16094.163  414.94574 3'13569]5' 3.3541308
Interaction 1.9184E-

Genotypo s Modia | 209775737 4 52443934 13521291 27277653
Within 1047.22708 27 38.786188
Total 75000.121 35

As the Tukey test resulted in Table 2, significant differences in germination rates were observed
between all genotypes, with G1 versus G2, G1 versus G3, and G2 versus G3 all yielding ‘yes’ for
significance (abs dif of means > 5.447). Comparisons between treatments also showed significant
differences (abs dif of means >5.447), particularly between ethanol versus Compound A, Compound A
versus Compound B, and ethanol versus Compound B. Further, within-genotype comparisons confirmed
that G1’s germination was unaffected by ethanol and Compound A (abs dif of means <17.108) but was
significantly inhibited by Compound B (abs dif of means >17.108). G2 germination rates did not vary
between ethanol and Compound A (abs dif of means <17.108) but significantly showed variance with
Compound B (abs dif of means >17.108). While G3 had significant different germination rates compared
the Compound A media with ethanol or Compound B respectively (abs dif of means >17.108), no
significant differences with the comparison between ethanol and Compound B media (abs dif of means
<17.108).

Table 2. Tukey Post-Hoc Comparisons of Arabidopsis Genotypes and Treatment Effects on
Germination

Comparison Abs Dif of Crit Value Significant df k n  MSwithin d
Means value

EOH VS 31.8366667 5447416454 Yes 27 3 12 38786188 3.03

Compound A

Compound AVS 43 1433333 5447416454 Yes

Compound B

G1& Compound

A VS Gl& 41.2066666 5.447416454 Yes

Compound B

Comparison Abs Dif of Crit Value Significant df k n  MSwithin d

Means value

G1& EtOH VS

G1& Compound 0 17.1081 no 27 9 3 38.786188 4.758

A

G1& EtOH VS

G1 & Compound 100 17.1081 yes

B

G1& Compound

A VS Gl& 100 17.1081 yes

Compound B

G2& EtOH VS

G2& Compound 0 17.1081 no

A
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Table 2. (continued).

G2& EtOH VS

G2 & Compound 19.13 17.1081 yes
B

G2& Compound

A VS G2& 19.13 17.1081 yes
Compound B

G3 & EtOH VS

G3 & Compound  95.51 17.1081 yes
A

G3& EtOH VS

G3 & Compound 4.49 17.1081 no
B

G3& Compound

AVSG3 & 100 17.1081 yes
Compound B

4. Discussion

Upon thorough analysis of the experimental data, we have found compelling evidence to reject all three
of the null hypotheses presented in our study. The first null hypothesis was rejected by statistically
significant differences in germination observed among the genotypes (p < 0.05). This indicates that
genetic variation among these genotypes has a determinable effect on their ability to germinate under
controlled conditions [8]. However, the data presented clear disparities in germination outcomes
dependent on the compounds applied (p < 0.05), leading us to reject the second hypothesis as well. The
distinct germination patterns indicate that these compounds have specific roles and efficacies in
influencing seed germination [9]. Lastly, contrary to the third null hypothesis, our results demonstrated
a significant interaction (p < 0.05), revealing that genotypes responded differently to each treatment.
This suggests that Arabidopsis seeds’ genotypic makeup influences how they react to the applied growth
regulators, demonstrating that the genotype-treatment interaction is a key factor in the germination
process [10].

Based on the germination rates observed, Compound A could be hypothesized to be a growth
regulator that promotes germination, such as gibberellic acid, because it enhances germination in G3,
which otherwise shows poor germination. Compound B may be an inhibitor of germination, such as
abscisic acid, since both G1 and G3 exhibit reduced or no germination with it. The complete germination
inhibition confirms that Compound B may activate a germination-inhibitory pathway or possess toxicity
to which the seeds cannot respond [11].

If one of the unknown compounds is a bioactive gibberellin and the other is an ABA inhibitor,
genotype G1 is likely the wild type because it shows a high and consistent germination rate across
Ethanol and Compound A media, and its germination rate is expected to decrease with ABA treatment
due to the compound’s known role as a growth inhibitor. The G2 genotype hypothesized to a mutant
that is insensitive to ABA, because it only exhibited a decrease in germination in the presence of ABA
compare with the wild-type response [12]. G2 genotype’s reaction to ethanol should mirror that of G1,
and one would expect a normal increase in germination rates in response to GA. Lastly, the G3 genotype
which supposedly lacks the ability to produce its own GA, presented with a low germination rate in
ethanol, as no external GA was provided to facilitate the process [13]. When exposed to GA, it is
predicted that G3 would exhibit a germination response approaching that of the wild type, as the
externally supplied GA should compensate for its inherent deficiency. The addition of ABA would likely
exacerbate this effect, further inhibiting germination in the third plate. Future experiments could assess
whether the sensitivity or insensitivity to gibberellic acid and abscisic acid in plants correlates with
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tolerance to other stress factors such as drought or salinity, contributing to broader agronomic
implications.

5. Conclusion

In conclusion, the results are consistent with established scientific knowledge that gibberellic acid
generally promotes germination, whereas abscisic acid inhibits germination. The collective evidence
from experiment leads to a confident identification of Compound A as gibberellic acid and Compound
B as abscisic acid. Genotypic responses to these compounds are as expected: G1 as wild-type, G2 as
ABA-insensitive, and G3 as GA-deficient, thus confirming the alternative hypothesis with rationale
supported by logic and data. These findings enhance the understanding of genotype-specific responses
to plant growth regulators and offer valuable insights into the genetic control of seed germination.
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