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In the past decade, technological development allowed a rapid advance on several
OMIC approaches, metabolomics was no exception. Advances on the detection and quan-
tification of hundreds of metabolites established metabolomics as one of the most promising
areas in both basic and applied studies [1,2]. Within the different biological models, plants
are considered to be the richest in metabolite diversity. Considering both primary and
secondary metabolites, over 200,000 metabolites are estimated in the plant kingdom [3].
These metabolites present a wide range of functions from plant growth and development
to specialized metabolites that are accumulated in response to stress [3]. In addition, with
genomes of many plants being sequenced, functional genomics approaches demand has
promoted the development of multi-omics-based strategies, with a growing importance of
metabolomics. Plant metabolomics is thus, one of the most challenging areas, with proven
impact on crop improvement, bioactive compounds identification, plant development and
stress related responses.

The integration of metabolomics with other -omics data, including genomics, tran-
scriptomics, and proteomics, through systems biology approaches provides us with a more
complete overview of metabolic network regulation and cellular functions [4]. Advances
in the field of metabolomics have contributed significantly toward an understanding of
plant biology and identification of key pathways and plant molecules that participate in
several biological processes. It also enabled a deeper knowledge on food composition,
the development of novel dietary markers and ultimately the establishment of metabolic
engineering approaches and the use of plants as bioreactor organisms. Considering human
health, plant metabolites are also drawing attention with proven beneficial effects against
disease, namely diabetes, hypertension, cancer, among others.

This Biology Special Issue “Recent Advances in Plant Metabolomics: From Metabolic
Pathways to Health Impact” addresses cutting-edge knowledge on plants’ metabolism, un-
derlying stress responses, plant natural product chemistry and benefits and the role of plant
metabolites in human nutrition and health. It comprises 4 articles from 26 authors [5–8]
that mainly summarized the status, applications, and challenges of plant metabolomics
in the context of crop breeding, food quality and safety, and human nutrition and health.
It also addresses the impact of plant metabolites such as chicoric and rosmarinic on the
toxicity of thiacloprid, one of the main insecticides used in agriculture to control pests [8].

Neonicotinoids are one of the most commercially used class of insecticides. They are
selective agonists of insect nicotinic acetylcholine receptors (nAChRs) [9]. Thiacloprid (TH)
is a neonicotinoid compound widely used in agriculture, mainly for foliar application. TH
is reported to be ecologically benign however, several reports, including the study by Farag
and co-workers [8] show that it presents a negative impact on vertebrates and possibly on
humans. Farag et al. [8] explored the effect of chicoric and rosmarinic acids on the insecticide
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induced-toxicity in chicken embryos. A correlation between the toxicity of TH dose and
oxidative damage in the brain of exposed embryos was shown by the induction of oxidative
stress, inflammatory response, and the altered expressions of apoptotic and stress-related
genes. Moreover, these authors have highlighted the properties of chicoric and rosmarinic
acids as anti-apoptotic and anti-reactive oxygen species (ROS)-mediated damages by
enhancing brain antioxidants and reducing cytokines and inflammatory mediators. They
have shown that combining chicoric and rosmarinic acids presents a powerful natural
antioxidant activity against neonicotinoids-induced oxidative injuries [8]

When considering human nutrition and crop improvement, the review by Sun et al. [5]
highlights metabolomics as an important approach to understand plant’s chemical com-
plexity in tissues, organs, developmental stages or in stress conditions, as well as to assess
food security. Instrumentation for metabolomics-based studies is discussed bringing at-
tention to the fact that no single metabolomics method can determine all metabolites in
a sample and that different analytical approaches should be considered to have the best
possible coverage of the metabolome [5]. The selection of the metabolomics approach (tar-
geted vs. non-targeted) as well as the pipeline established, were pointed to be crucial and
fully dependent on experiment aims. The need for standardization of plant metabolomics
studies was also brought into the discussion. Then, Sun and co-workers [5] highlight the
enormous potential for crop improvement of linking specific metabolites or metabolic
pathways with health and nutrition-related traits. In that sense, metabolite quantitative
trait loci (mQTLs) and metabolome-based genome-wide association study (mGWAS) comes
to the front of the application of metabolomics in breeding programs [5]. On the following
section, authors focus on rice, maize, soybean, wheat, and other crops applications of
metabolomics, also highlighting its impact on the assessment of quality and metabolite
variation of plant-derived products and food safety [5].

Considering the nutritional qualities of fruits, the study by Commisso et al. [6] eval-
uated the metabolic diversity and antioxidant activity of six false fruits of apple (Malus
domestica) and five pear (Pyrus communis) cultivars, as tools to identify varieties with supe-
rior organoleptic properties and potential health benefits. Authors used both untargeted
and targeted metabolomic approaches combining different techniques: nuclear magnetic
resonance (NMR) spectroscopy, high-performance liquid chromatography with diode array
detection (HPLC-DAD) and HPLC with electrospray ionization mass spectrometry (HPLC-
ESI-MS). Results allowed the correlation between antioxidant capacity of the extracts (FRAP
assay) and the presence of specific metabolites. This study highlighted one ancient Italian
apple cultivar to be rich in polyphenols and one pear cultivar to be low in sucrose, traits
that may be particularly attractive to consumers [6].

Considering human use of plants, tea comes as one of the most widely consumed
beverages worldwide. One of the main plants used for tea is Camellia sinensis (L.) Kuntze.
Although the metabolic composition of tea plant leaves has been widely studied, few studies
focus on metabolite modulation in response to stress. Camellia sinensis trees may freeze
to death during overwintering every year, needing replantation and inducing elevated
costs. In the study of Wu et al. [7], transcriptome and metabolome analysis were used to
examine the freezing resistance mechanism of 60-year-old C. sinensis trees under natural
freezing stress. Plant samples were compared in two conditions, extreme temperature
(average −10 ◦C) and control samples (average temperature of 15 ◦C). Metabolomics
followed an untargeted approach by HPLC-MS/MS. Over 10,000 differentially accumulated
metabolites were found, of which 373 were assigned to 171 KEGG functional categories.
Pathway analysis showed that the phenylpropanoid pathway was promoted as well as
both carbohydrate and fatty acid pathways [7].

All these studies point out to the tremendous potential of metabolomics, even if this
is still considered as an emerging omics approach. With the continuous optimization and
improvement of analytical equipment and analysis methods, metabolomics will be even
more accurate and comprehensive, allowing us to gain deeper insight into the of intricate
and complex plant metabolism.



Biology 2022, 11, 238 3 of 3

Author Contributions: A.F., P.H. and A.D. have written the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: The Portuguese Foundation for Science and Technology (FCT, Lisbon, Portugal) funded
A.F. Research Unit (UIDB/04046/2020 and UIDP/04046/2020).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank the authors and the reviewers of the publications in
this Special Issue for their invaluable contributions and effort. We are also grateful to the editorial
board members and support staff of the journal for their kind support during the preparation of this
Special Issue.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Alseekh, S.; Aharoni, A.; Brotman, Y.; Contrepois, K.; D’Auria, J.; Ewald, J.; CEwald, J.; Fraser, P.D.; Giavalisco, P.; Hall, R.D.; et al.

Mass spectrometry-based metabolomics: A guide for annotation, quantification and best reporting practices. Nat. Methods 2021,
18, 747–756. [CrossRef] [PubMed]

2. Maia, M.; Figueiredo, A.; Cordeiro, C.; Sousa Silva, M. FT-ICR-MS-based metabolomics: A deep dive into plant metabolism. Mass
Spect. Rev. 2021, 1. [CrossRef] [PubMed]

3. Fernie, A.R.; Tohge, T. The genetics of plant metabolism. Annu. Rev. Genet. 2017, 51, 287. [CrossRef] [PubMed]
4. Pinu, F.R.; Beale, D.J.; Paten, A.M.; Kouremenos, K.; Swarup, S.; Schirra, H.J.; Wishart, D. Systems Biology and Multi-Omics

Integration: Viewpoints from the Metabolomics Research Community. Metabolites 2019, 9, 76. [CrossRef] [PubMed]
5. Sun, W.; Chen, Z.; Hong, J.; Shi, J. Promoting Human Nutrition and Health through Plant Metabolomics: Current Status and

Challenges. Biology 2021, 10, 20. [CrossRef] [PubMed]
6. Commisso, M.; Bianconi, M.; Poletti, S.; Negri, S.; Munari, F.; Ceoldo, S.; Guzzo, F. Metabolomic Profiling and Antioxidant

Activity of Fruits Representing Diverse Apple and Pear Cultivars. Biology 2021, 10, 380. [CrossRef] [PubMed]
7. Wu, H.; Wu, Z.; Wang, Y.; Ding, J.; Zheng, Y.; Tang, H.; Yang, L. Transcriptome and Metabolome Analysis Revealed the Freezing

Resistance Mechanism in 60-Year-Old Overwintering Camellia sinensis. Biology 2021, 10, 996. [CrossRef] [PubMed]
8. Farag, M.R.; Khalil, S.R.; Zaglool, A.W.; Hendam, B.M.; Moustafa, A.A.; Cocco, R.; Di Cerbo, A.; Alagawany, M. Thiacloprid

Induced Developmental Neurotoxicity via ROS-Oxidative Injury and Inflammation in Chicken Embryo: The Possible Attenuating
Role of Chicoric and Rosmarinic Acids. Biology 2021, 10, 1100. [CrossRef]

9. Renaud, M.; Akeju, T.; Natal-da-Luz, T.; Leston, S.; Rosa, J.; Ramos, F.; Sousa, J.P.; Azevedo-Pereira, H. Effects of the neonicotinoids
acetamiprid and thiacloprid in their commercial formulations on soil fauna. Chemosphere 2018, 194, 85. [CrossRef] [PubMed]

http://doi.org/10.1038/s41592-021-01197-1
http://www.ncbi.nlm.nih.gov/pubmed/34239102
http://doi.org/10.1002/mas.21731
http://www.ncbi.nlm.nih.gov/pubmed/34545595
http://doi.org/10.1146/annurev-genet-120116-024640
http://www.ncbi.nlm.nih.gov/pubmed/28876980
http://doi.org/10.3390/metabo9040076
http://www.ncbi.nlm.nih.gov/pubmed/31003499
http://doi.org/10.3390/biology10010020
http://www.ncbi.nlm.nih.gov/pubmed/33396370
http://doi.org/10.3390/biology10050380
http://www.ncbi.nlm.nih.gov/pubmed/33924913
http://doi.org/10.3390/biology10100996
http://www.ncbi.nlm.nih.gov/pubmed/34681095
http://doi.org/10.3390/biology10111100
http://doi.org/10.1016/j.chemosphere.2017.11.102
http://www.ncbi.nlm.nih.gov/pubmed/29197819

	References

