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Physiological and Transcriptomic Analysis (Medicago satival.)
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Abstract

Aluminum (Al) toxicity is a major constraint in plant growth and development, particularly in acidic soils where solubility and bioavailability of
aluminum ions increase. This study investigates the potential alleviative effects of melatonin on aluminum toxicity in alfalfa (Medicago sativa L.).
Physiological parameters and transcriptomic analysis were employed to elucidate the molecular mechanisms underlying melatonin-mediated
alleviation of aluminum stress. Results demonstrate that melatonin application mitigates aluminum-induced oxidative stress, enhances antioxidant
enzyme activity, and improves plant growth in alfalfa. Transcriptomic analysis reveals the differential expression of genes associated with aluminum
detoxification, antioxidant defense, and stress response. The findings suggest that melatonin plays a crucial role in enhancing aluminum tolerance
in alfalfa through modulation of key molecular pathways.
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| n tTO ducti on antioxidant properties, acts as a scavenger of ROS, thereby reducing oxidative
damage. This is reflected in increased activities of antioxidant enzymes such

as Superoxide Dismutase (SOD), Catalase (CAT), and Peroxidase (POD) in

Aluminum toxicity poses a significant threat to crop production, particularly  melatonin-treated alfalfa plants under aluminum stress. These enzymes play a

in acidic soils where the solubility of aluminum ions increases, leading to  crycial role in detoxifying ROS and preventing cellular damage. Photosynthetic
adverse effects on plant growth and development. Alfalfa (Medicago sativa L.),  processes are adversely affected by aluminum stress, leading to a decline
a widely cultivated forage legume, is not exempt from the detrimental impact in chlorophyll content and a decrease in photosynthetic efficiency. Melatonin
of aluminum stress. Understanding the molecular mechanisms underlying  application helps maintain chlorophyll levels and promotes photosynthetic
aluminum toxicity and identifying potential mitigating agents is crucial for  activity, ensuring sustained energy production even in the presence of

sustainable agriculture. In recent years, melatonin, a versatile molecule with aluminum. This is essential for overall plant growth and biomass accumulation
various roles in plants, has gained attention for its potential to alleviate abiotic 13].

stress, including heavy metal and metalloid toxicity. This study explores
the alleviative effects of melatonin on aluminum toxicity in alfalfa through a Di .
comprehensive analysis of physiological and transcriptomic responses [1]. IScussion

the ratu re Review To unravel the molecular mechanisms underlying the melatonin-mediated
alleviation of aluminum toxicity in alfalfa, transcriptomic analysis was
conducted. RNA sequencing revealed significant changes in gene expression
Aluminum toxicity disrupts various physiological processes in plants,  patterns, shedding light on key pathways involved in the plant's response to
including oxidative balance, nutrient uptake, and overall growth. Alfalfa  aluminum stress and melatonin treatment. Several genes associated with
plants exposed to aluminum exhibit characteristic symptoms of stress, such  aluminum detoxification were found to be upregulated in melatonin-treated
as reduced root elongation, inhibition of nutrient absorption, and oxidative alfalfa plants. These genes encode transporters involved in the exclusion of
damage. However, pre-treatment with melatonin has been shown to mitigate  aluminum ions from the root apoplast, limiting their entry into the plant. The
these effects. Aluminum stress inhibits root elongation in alfalfa due to the enhanced expression of these genes suggests that melatonin contributes to
interference with cell division and elongation processes. Melatonin, acting as the regulation of aluminum uptake and accumulation in alfalfa [4].
a protective agent, counteracts this inhibition, promoting root growth even in
the presence of aluminum. This suggests that melatonin may play a role in
maintaining root architecture and facilitating nutrient uptake under aluminum
stress conditions [2].

The transcriptomic analysis revealed a modulation of genes associated
with stress response pathways. Melatonin-treated alfalfa plants exhibited
upregulation of stress-responsive genes, including those involved in signal
transduction, transcriptional regulation, and the synthesis of stress-related

Aluminum stress induces oxidative stress by promoting the generation  proteins. This indicates that melatonin not only mitigates aluminum-induced
of Reactive Oxygen Species (ROS) in plant cells. Melatonin, known for its  stress but also primes the plant for a more robust response to environmental
challenges. The physiological and transcriptomic responses observed in this
study collectively contribute to a better understanding of the mechanisms
by which melatonin alleviates aluminum toxicity in alfalfa. The promotion
of root elongation, maintenance of photosynthetic activity, and activation of
detoxification and antioxidant pathways collectively result in improved plant
growth and aluminum tolerance [5].
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photosynthetic efficiency in melatonin-treated plants under aluminum stress
has direct implications for biomass production. Sustained photosynthesis
ensures a stable energy supply, allowing the plant to allocate resources for
growth and development even in the presence of aluminium. The upregulation
of genes associated with aluminum detoxification indicates that melatonin
contributes to the exclusion of aluminum ions from plant tissues. By limiting
aluminum uptake and accumulation, melatonin helps reduce the direct toxic
effects of aluminum on cellular processes [6].

Conclusion

The modulation of stress-responsive genes suggests that melatonin
primes alfalfa plants for a more effective response to environmental stresses.
This priming effect may extend beyond aluminum stress, enhancing the plant's
overall resilience to various biotic and abiotic challenges. While this study
provides valuable insights into the melatonin-mediated alleviation of aluminum
toxicity in alfalfa, further research is warranted to explore additional aspects.
Investigating the long-term effects of melatonin treatment on plant growth,
yield, and reproductive success under aluminum stress will provide a more
comprehensive understanding of its practical applications in agriculture.

Moreover, the specific mechanisms by which melatonin interacts with
cellular processes involved in aluminum detoxification and antioxidant defense
need further elucidation. Advanced molecular techniques, such as proteomics
and metabolomics, could complement transcriptomic analyses to unravel the
intricacies of melatonin-mediated responses at the protein and metabolite
levels. In conclusion, melatonin emerges as a promising agent for mitigating
aluminum toxicity in alfalfa, as evidenced by its positive effects on physiological
parameters and gene expression patterns. The multifaceted role of melatonin
in promoting root growth, sustaining photosynthesis, and modulating stress-
responsive pathways underscores its potential for enhancing aluminum
tolerance in crops. Harnessing the insights gained from this study could pave
the way for the development of sustainable agricultural practices, particularly
in regions with acidic soils prone to aluminum toxicity.

Acknowledgement

None.

Page 2 of 2

Conflict of Interest

None.

References

1. Awasthi, Jay Prakash, Bedabrata Saha, Jogeswar Panigrahi and Emiko Yanase,
et al. "Redox balance, metabolic fingerprint and physiological characterization in
contrasting North East Indian rice for Aluminum stress tolerance." Scientific Rep
9 (2019): 8681.

2. Wang, You-Sheng and Zhi-Min Yang. "Nitric oxide reduces aluminum toxicity by
preventing oxidative stress in the roots of Cassia tora L." Plant Cell Physiol 46
(2005): 1915-1923.

3. Du, Hanmei, Ying Huang, Min Qu and Yihong Li, et al. "A maize ZmAT6 gene
confers aluminum tolerance via reactive oxygen species scavenging." Front Plant
Sci 11 (2020): 1016.

4. Kichigina, Natalia E., Jan V. Puhalsky, Aleksander |. Shaposhnikov and Tatiana S.
Azarova, et al. "Aluminum exclusion from root zone and maintenance of nutrient
uptake are principal mechanisms of Al tolerance in Pisum sativum L." Physiol Mol
Bio Plant 23 (2017): 851-863.

5. Melo, Janaina O., Laura GC Martins, Beatriz A. Barros and Maiana R. Pimenta,
et al. "Repeat variants for the SOMATE transporter protect sorghum roots from
aluminum toxicity by transcriptional interplay in cis and trans." Proceed Nat Acad
Sci 116 (2019): 313-318.

6.  Gruber, Benjamin D., Peter R. Ryan, Alan E. Richardson and Stephen D. Tyerman,
et al. "HVALMTL from barley is involved in the transport of organic anions." J
Experiment Bot 61 (2010): 1455-1467.

How to cite this article: Garcia, Noah. “Melatonin Reduces Aluminum Toxicity in
Alfalfa, According to Physiological and Transcriptomic Analysis (Medicago sativa L.).”
J Mol Genet Med 18 (2024): 644.



https://www.nature.com/articles/s41598-019-45158-3
https://www.nature.com/articles/s41598-019-45158-3
https://academic.oup.com/pcp/article-abstract/46/12/1915/1827326
https://academic.oup.com/pcp/article-abstract/46/12/1915/1827326
https://www.frontiersin.org/articles/10.3389/fpls.2020.01016/full
https://www.frontiersin.org/articles/10.3389/fpls.2020.01016/full
https://link.springer.com/article/10.1007/s12298-017-0469-0
https://link.springer.com/article/10.1007/s12298-017-0469-0
https://www.pnas.org/doi/abs/10.1073/pnas.1808400115
https://www.pnas.org/doi/abs/10.1073/pnas.1808400115
https://academic.oup.com/jxb/article-abstract/61/5/1455/445897



