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Research Interests

Application of 5-aminolevulinic acid (5-ALA) in agriculture and its mechanisms

In recent 20 years, Wang’s lab has mainly been focusing on study on 5-aminolevulinic acid
(ALA) and its application in agriculture productions, including fruit trees, vegetables,
flowers, and many other crops. ALA has long been known as an essential biosynthetic
precursor of tetrapyrrole compounds such as chlorophylls and heme, however, it is not
only a common natural non-protein amino acid but a magical substance, because it has
been found involving in regulation in many aspects of plant growth and development. The
follows are listed as examples which we are concerning.

1.

Photosynthesis

Photosynthesis is the basic origin of all organic compounds including our foods. ALA
is well known to be a key precursor of chlorophyll biosynthesis; however, it may be
involved in regulation of the whole process of photosynthesis, including stomatal
movement (Physiol Plant 168: 709—724. 2020) , photosynthetic pigment biosynthesis
and metabolism, photosynthetic electron transport chain and its branch chains, ATP
and NADPH production, photosynthetic dark reaction, and water-water cycle, which
provide the protective role to photosynthetic reaction centers against light inhibition.
Some of regulations above induced by ALA are partially known, but more are still not
clear, which need further study. We have found that ALA can improve almost all green
plant growth and increase their production, thus the study of ALA functions in this field
is of importance forever.
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2. Seed priming

Seed treatment and seed industry are important in modern agriculture. It has been
found that exogenous ALA can promote seed germination under normal condition as
well as stressful conditions, such as salinity, chilling and drought, which is very
meaningful for agricultural production. This effect has been reported in many crops,
however, the mechanisms are not yet clear. It is found that whether endosperm seeds
or cotyledonous seeds, ALA can improve germination. Since seed germination is
involved in storage nutrition metabolism and new organ establishment, therefore, seed
priming by ALA and its mechanisms are an important yield of the lab.

3. Root growth

We firstly reported that ALA promote root growth in strawberry plants, which may be
involved in auxin polar transport regulation in root tips (Acta Physiol Plant 2019, 41.:
85). Our further study showed that ALA induced flavonol accumulation in root tip, which
is necessary for auxin transport. However, how ALA regulates flavonol biosynthesis in
root tips is not clear. Therefore, more studies need to be conducted in the future. On
the other hand, ALA has been found to improve greatly the underground organ growth
in the crops such as radish, carrot, potato, sweet potato, peanut, taro, onion and garlic.
In another word, ALA can increase their production much greater than the other crops.
However, how ALA induces leaf nutrition translocation and accumulation in the roots
has never been reported up to now. Thirdly, it was found that ALA can induce more
root growth when plants encounter stressful conditions (Physiol Plant 168: 948-962.
2020). In sequential cropping soil, many crops cannot root well. However, ALA
treatment can induce newer root occurrence in the kind of soil. The stimulatory effect
of ALA has not been well studied before.

4. Flower thinning

We firstly found that ALA can be used to thin surplus flowers and promote fruit
development and quality in fruit tree production. It is found that ALA inhibited pollen
germination and tube growth in stigma when flowers are open. We have reported some
of mechanisms (Front Plant Sci, 2016, 7: 121; Sci Hort 2018, 241: 41-50), and more
needs further study.

5. Fruit coloration

Fruits such as apple, peach, strawberry and grape are often red in their pericarps,
which is the result of anthocyanin accumulation. We firstly reported that ALA can
induce anthocyanin accumulation in apple fruits, and the regulatory mechanisms have
also been reported lately. ALA can induce up-expressions of structural genes (CHS,
CHI, UFGT) involved in anthocyanin biosynthetic routes, but also induce transcript
factors such as MYB, bHLH, and MADS, which can further regulate the up-expressions
of the structural genes. Therefore, exogenous ALA has been suggested to apply to
several important species of fruit tree productions.

6. Stress tolerance



The most magical functions of ALA which have been reported may be its improvement
in plant stress tolerance. At least in the following aspects including chilling, heat, high
light, low light, low nitrogen, drought, waterlogging, salinity, heavy metal pollution,
sequential cropping, and herbicide injury, has ALA been found to be effective to
alleviate injury and improve plant growth. Therefore, ALA has been suggested to be a
multiple stress tolerance inducer. The plants treated by ALA are stronger and healthier,
which can help to decrease germicide application and keep environment better. The
mechanisms of ALA dealing with stresses are complex and far away from be
elucidated. There must be general mechanisms for ALA to improve plant stress
tolerance, however, in a specific kind of stress, ALA may induce the tolerance through
different signal routes. We have reported ALA inducing salt tolerance (Physiol Plant
167: 5-20. 2019) and osmotic tolerance (Physiol Plant 168: 948—962. 2020), which are
quite different from the others reported before. More work is needed further.
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