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Peach and the supply chain

Relatore
Note di presentazione
The peach (Prunus persica (L.) Batsch) is one of the most commercially relevant species, includes several varieties and cultivars;

 Its fruit is widely consumed fresh as well as in processed products such as canned fruit and juices;

Italy is the second largest peach producer in the EU-28 after Spain;

Peach fruit production plays a key role in the agricultural sector of several Italian regions, including Calabria, where there is an increasing interest to extend commercialization on untapped markets. 




Chilling injury (CI) symptoms

Lurie et Crisosto, 2005

Relatore
Note di presentazione
Ealiness (lack of juice) or failure to softening
Internal browning
Internal reddening
Aroma lost;
decreased concentrations of phenolic, flavonoid and antioxidant compounds;
increased time of low-temperature storage has been found to decrease lactones and C13 norisoprenoids in nectarine;
during storage, vitamin C decreased and carotenoids did not significantly change, whereas both greatly increased during ripening (Lurie et Crisosto, 2005; Aubert et al., 2014).




 Peach is a model plant with a small genome

 Economically important crop with still low consumption

 Its quality and aroma is affected during storage periods.

 Research on the characterisation of the regulatory mechanisms during
peach fruit post-harvest ripening

 Insights about molecular functions of peach genes have been gained by
next generation sequencing.

Background of the work
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Peach (Prunus persica L.) represents a very important model plant given its small and publicly accessible genome, the availability of homozygous doubled haploids, and its taxonomic similarity to other popular stone fruits. 
Albeit it is considered an economically important crop with a great production potential, peach consumption is still considered low in comparison with other fresh fruits such as apple or banana. 
A way to increase its consumption could be to improve its quality and aroma, which tend to be affected during the often-prolonged storage periods.
Recently, substantial research efforts have been directed towards the characterisation of the regulatory mechanisms underlying the hormonal, transcriptomic, and metabolomic changes happening during peach fruit post-harvest ripening
Thanks to technological progress and to advances in next generation sequencing, new insights about molecular functions of peach genes have been gained.




 Review the most relevant research results in peach fruit post-harvest
ripening, focusing on multi-omics approach, combining genomic,
transcriptomic and metabolomic methods.

 Provide a useful starting point for researchers in the field and future
perspectives for improving peach quality.

Aims of the work



 Peach ripening is a complex developmental process controlled by a
plethora of genetic and epigenetic factors.

Peach ripening process

Relatore
Note di presentazione
Its underlying mechanisms lead to structural changes of the fruit that acquires organoleptic qualities and becomes consumable. 
It is a coordinated process requiring a change of the expression levels of hundreds or even thousands of genes to modify many biochemical and physiological signals like carbohydrate and organic acid  metabolism, chlorophyll breakdown, anthocyanin accumulation, ethylene production, cell wall restructuring, small sized metabolite and volatile biosynthesis.




 VOCs are generated during the ripening process through the catabolism of
compounds like fatty acids, proteins and carbohydrates

 Their profile changes during ripening, cold storage and post-harvest
treatments

Volatile Organic Compounds (VOCs) 

Relatore
Note di presentazione
Around 110 volatiles, belonging to different families, including alcohols, aldehydes, carboxylic acids, esters, ketones, lactones, phenolss and terpenoids have been described to date. Among them, a total of about 30 aroma compounds have been identified (Sanchéz et al., 2012; Zhu & Xiao, 2019).
Differences in aromatic profiles have been observed among different cultivars as well as between peaches and nectarines.




Peach post-harvest treatments

Relatore
Note di presentazione
Peach fruits are characterized by a rapid deterioration at room temperature.
Cold storage treatments are commonly used for enhancing its shelf-life, even if cold storage can lead to chilling injury.
Post-harvest treatments such as controlled atmosphere (CA; a high CO2 concentration and low O2) are then used under cold conditions to avoid this unwanted effect. 
In peaches treated with 1-methylcyclopropene (1-MCP) it is possible to prevent CI 
UV-C treatments, causing a reduction of ethylene levels and therefore a maturation delay, have become common in the last years (Kan et al., 2021). 




 The integrated action of auxins, gibberellins and cytokinins plays a
fundamental role

 Abscisic acid (ABA) and ethylene are responsible for strong effects during
fruit ripening in all Prunus species

 Fatty acids composition varies during peach ripening and influences aroma
production

 Flavonoids and carotenoids content varies during the peach ripening
process

Molecules involved in peach ripening  process

(Bonghi et al., 2011; García-Gómez et al., 2020).
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It has long been recognised that in those belonging to the genus Prunus the integrated action of auxins, gibberellins and cytokinins plays a fundamental role in the regulation of several fruit traits. 
Abscisic acid (ABA) and ethylene are also responsible for strong effects during fruit ripening in all Prunus species (Bonghi et al., 2011; García-Gómez et al., 2020).
Fatty acids are another compound category whose composition varies during peach ripening and majorly influencing the aroma production (γ- and δ-decalactones are considered to be the major contributors to peach aroma). 
Flavonoids and carotenoids content varies during the peach ripening process, providing an added nutritional value to the fruit



 Correlation networks analysis (CNA) used to study multi-traits
relationships.

 Peach volatiles clustered based on their chemical nature or known
biosynthetic pathways.

 VOCs clusters showing similar structures have been identified as well as
those belonging to specific metabolic pathways.

Metabolomics and post-harvest peach ripening

Relatore
Note di presentazione
In order to study the relationships between volatiles and metabolites, methods based on correlation networks analysis (CNA) were used. 
In peach, metabolic networks were investigated mainly through GC-MS and key regulatory enzymes expression levels were evaluated through qRT-PCR or RNAseq approaches
Peach volatiles were clustered taking into account their chemical nature or known biosynthetic pathways. VOCs clusters showing similar structures were individuated (i.e., lactones, non-cyclic esters, carboxylic acid and long-chain aldehydes) as well as those belonging to specific metabolic pathways (i.e., lipid-derived metabolites and terpenoid biosynthesis). 




 Peach v1.0 was released in 2010 followed by v2.0.a1, based on the DNA
from the doubled haploid cultivar 'Lovell’

 Subsequently, peach ESTs databases and NCBI entries were developed.

 Genetic mapping and quantitative trait loci (QTL) were identified

 The relevance of using these genomics approaches in post-harvesting
biology was largely highlighted.

Peach Genomic profile

The International Peach Genome Initiative, 2013 ; Pech &. Latché, 2013
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The first version (Peach v1.0) was released in 2010 and followed by the Peach v2.0.a1 (Approximately 227.4 Mb arranged in 191 scaffolds), based on the DNA from the doubled haploid cultivar 'Lovell’, that made it possible to consistently and  accurately assemble  the genome. This release, has a great 99.2% of mapped sequences (The International Peach Genome Initiative, 2013).
Subsequently, many resources, like peach ESTs databases and NCBI entries were developed, and many new genes were characterized.
Genetic mapping and quantitative trait loci (QTL) identification were individuated as strategies for the detection of candidate genes related to peach characters of agronomic interest and to ripening process.
The relevance of using these genomics approaches in post-harvesting biology was also highlighted (Pech &. Latché, 2013).




 Peach gene expression profiling during ripening was initially based on
microarrays.

 The first peach microarray (named μPEACH1.0) included about 4,800
probes for genes involved in fruit development.

 In 2016, RNA-seq was performed to investigate different peach maturation
stages

 In 2021, DEGs in peach fruit treated with 1-MCP and high CO2 were
studied

Peach Transcriptomic profile

ESTree Consortium, 2005 ; Choi et al., 2021

Relatore
Note di presentazione
The peach transcriptome profiling and especially gene expression analysis during ripening was initially based on  microarrays. 
The first peach microarray (named μPEACH1.0) included about 4,800 probes for genes involved in fruit development (ESTree Consortium, 2005). 
In 2016, a transcriptomic analysis based on RNA-seq technology was performed for investigating different peach maturation stages, including post-harvest ripening (Pan et al., 2016). 
Concerning peach post-harvest ripening, mechanisms involved in CA effect on chilling injury prevention were also investigated
The RNA-Seq approach was also adopted to analyse DEGs in peach fruit treated with 1-MCP and high CO2 (Choi et al., 2021). 




 NGS technologies have deeply revolutionized plant biology.

 Combined approaches, based on the relationship among genomics,

transcriptomics and metabolomics methods, were facilitated.

 Multi-omics applications were developed

Multi-omics approach to investigate peach 
post-harvest ripening and VOCs 

Sanchez et al., 2014Gapper et al., 2014 ;
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NGS technologies have deeply revolutionized plant biology. In fact, omics-based applications have been widely extended to non-model systems with very low costs (Gapper et al., 2014). 
Combined approaches, based on the relationship among genomics, transcriptomics and metabolomics methods, were facilitated. 
Multi-omics applications were developed, providing a powerful tool for individuating relationships between and within the many layers of biological complexity controlling plant functions
Combined genomics and metabolomics approaches investigated pre- and post-harvest ripening processes, and confirmed that some loci control peach aroma (Sanchez et al., 2014). 
Metabolomic and targeted transcription comparisons were employed to characterize the response of peach to chilling injury expression (Tanou et al., 2017). 
1-MCP exposure affects peach fruit aroma metabolism, as revealed by transcriptomics (RNA-Seq) and metabolomics analyses (Cai et al., 2019). 




 Advances in novel biotechnologies made it possible to combine genomics, 
transcriptomics, metabolomics approaches, allowing a deeper 
understanding of the mechanisms underlying the complex architecture of 
fruit expression changes in pre- and post-harvest ripening stages.

 In peach, several studies about the post-harvest ripening stage and
volatiles were based on multi-omics approaches.

 Albeit the achieved results can be considered significant, they are far from
elucidating all underlying aspects and molecular mechanisms related to
post-harvest, making further studies still necessary.

Conclusions
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The advances of new biotechnologies made it possible to combine genomics, transcriptomics, metabolomics approaches, allowing a deeper understanding of the mechanisms underlying the complex architecture of many phenotypic traits relevant to the agricultural field and of fruit expression changes in pre- and post-harvest ripening stages.
In peach, several studies about the post-harvest ripening stage and volatiles were based on multi-omics approaches. 
Albeit the achieved results can be considered significant, don't cover and elucidate all underlying aspects and molecular mechanisms, making further studies still necessary.
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