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Abstract: Peach (Prunus persica L.) represents a very important model plant given its small and pub-
licly accessible genome, the availability of homozygous doubled haploids, and its taxonomic simi-
larity to other popular stone fruits. Albeit it is an economically important crop with a great produc-
tion potential, peach consumption is still considered low in comparison with other fresh fruits such
as apple or banana. A way to increase it could be to improve its quality and aroma, which tend to
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scriptomic and metabolomic methods. This review aims to discuss the most relevant latest research
results in this area, to provide a useful starting point for researchers in the field and future perspec-
tives for improving peach quality.
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1. Introduction

claims in published maps and institu- Peach [Prunus persica (L.) Batsch] belongs to the Rosaceae family and particularly to
tional affiliations. species that produce drupe fruits, that are important crops worldwide. It is considered a

® model plant and its small genome is relevant for agricultural research field [1]. Since
peach consumption is lower than other fresh fruits [2], most investigations focused on the
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and profoundly affect carbohydrate and organic acid metabolism, chlorophyll break-
down, anthocyanin accumulation, ethylene production and biosynthesis of volatile or-
ganic compounds (VOCs).

Once peaches are collected from the plant, during the post-harvest ripening period,
changes dependent on the specific fruit metabolism occur. These modifications involve
protein and lipid degradation, resulting in an alteration of different fruit quality features,
including texture, taste and aroma [4]. In order to limit these effects, several post-harvest
strategies were investigated and have been developed.

Peaches are characterized by a rapid deterioration at a temperature of about 20 °C
[5]. Therefore, cold storage (CS) treatments are often used for enhancing fruit shelf-life.
However, if applied incorrectly, they can result in chilling injury (CI), characterized by
specific changes in texture and reduction of aroma quality [6,7]. Some post-harvest treat-
ments designed to prevent CI include use of controlled atmosphere (CA; with low Oz and
high CO:z concentrations) under cold conditions. 1-methylcyclopropene (1-MCP) treat-
ments also prevent CI development [8]. Moreover, there is also a genetic influence on the
development of CI: notably nectarines show a better resilience to storage conditions than
peaches [9].

However, to date, in spite of the large number of studies available, many aspects of
the ripening process under post-harvest conditions remain obscure. Therefore, the aim of
the present work is to discuss the most relevant recent evidence and studies in the field,
focusing on omics and especially multi-omic approaches. Particularly, we intend to pro-
vide a concise overview of the latest advances in plant metabolomics, genomics and tran-
scriptomics to act as a useful starting point for researchers in the area.

2. Growth Regulator Control of Peach Ripening and Phytochemical Changes

In species belonging to the genus Prunus, as shown by a large number of studies, the
complex and integrated action of auxins, cytokinins (CKs) and gibberellins (GAs) under-
lies the regulation of several key fruit traits. Moreover, abscisic acid (ABA) and ethylene
also contribute to some key effects observed during fruit ripening in all these species [10].

Ethylene signalling is often considered the main growth regulator involved in fruit
ripening, in climacteric fruit such as peaches it underlies a complex transduction pathway
affecting genes involved in traits like aroma, colour, firmness, and post-harvest shelf-life
[10]. However, ABA interacts with ethylene in a complex cross-talk, and it regulates cell
wall modulation, as well as genes involved in auxin signalling [11]. ABA is accumulated
before ethylene synthesis starts, and its levels reach the highest values in fully ripe stage.
Lower ABA levels are correlated with an increase in ethylene, and, conversely, a decrease
in ABA is associated to a higher acid and sugar content during fruit maturation.

Auxin also interacts with ethylene regulation of fruit ripening by upregulating its
synthesis, but a genomic-level approach has shown that many auxin biosynthesis genes
as well as those involved in auxin transport and signalling increased in expression during
fruit maturation [12]. This provides evidence for the involvement of the auxin directly in
the ripening process [12]. CK levels are finely regulated and seem to be crucial to plant
growth, stimulating mitosis, but they may also partially act as auxin inhibitors, causing
an increase in fruit size [13]. GAs also appear to be involved in fruit development, pro-
moting mitosis and cell growth, and post-harvest treatment with GAs delayed ripening
by inhibiting ethylene biosynthesis [14]. From this perspective, ABA and ethylene can be
seen as GAs antagonists.

Downstream of the growth regulators, fatty acid composition is modulated during
the different stages of peach ripening and has a major influence on the aromatic profile.
Several well-studied families of enzymes, including alcohol acyltransferases (AATs), al-
cohol dehydrogenases (ADHs), fatty acid desaturases (FADs), hydroperoxide lyases
(HPLs) and lipoxygenases (LOX) are involved in the production of fatty acid derived
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VOCs [15]. Polyunsaturated fatty acids (PUFAs), like linoleic and linolenic acids accumu-
late significantly during fruit maturation. However, palmitic acid was found to decrease,
while the amounts of oleic, stearic, and other fatty acids did not change significantly [15].

Fatty acid metabolism is also involved in the production of another growth regulator:
jasmonic acid. LOX enzymes catalyse the peroxidation of PUFAs, the first process in the
biosynthesis of oxylipins, that include the family of jasmonates (JAs) [16]. In peach fruit,
JAs have been shown to impair ethylene and auxin biosynthesis as well as signaling and
to slow down the ripening process [16]. Treatment of fruit with methyl jasmonate (MeJA)
down-regulated the expression of genes related to ripening, while upregulating defence-
related genes [17]. In apples endogenous JA was higher in fruit stored under chilled com-
pared to ambient temperature suggesting a role for JA in postharvest storage and indeed
Jas are used as a treatment to extend shelf-life and prevent CI damage [18].

Among antioxidants, flavonoids and carotenoid levels also vary during peach ripen-
ing, resulting in a more favorable nutritional profile. Carotenoids are not just accessory
pigments involved in photosynthesis, but also norisoprenoid precursors, a family majorly
influencing the final peach aroma, and whose levels increase during ripening. In peach,
the most important carotenoid pigment is xanthophyll, found in high amounts in both the
peel and flesh of the fruit [19]. The specific amounts of carotenoid species are profoundly
affected by post-harvest conditions and factors such as CA composition and temperature
[20].

Phenolics are also important nutritionally in peaches, with major groups being flavo-
nols, anthocyanins and hydrocinnamic acids, and higher polyphenol content was associ-
ated with higher density nectarines [21]. During ripening phenolics increase and then fall
again, and there seems to be a complex interaction with ethylene signalling [22].

3. Volatile Organic Compounds

The volatilome is a crucial part of the plant metabolome due to its contribution to
fruit aroma and flavor. About 110 different volatiles, including alcohols, aldehydes, car-
boxylic acids, esters, ketones, lactones, phenols and terpenoids have been described for
peach fruit. Among them, around 40 compounds directly involved in aroma perception
in peach have been detected [23]. Lactones, and particularly y- and d-decalactones are
considered the major contributors of the typical ‘peach aroma’, with the former being the
most relevant and widely employed in food industry as added aroma [2,24].

Several detection methods have been applied to detect VOCs in peach including solid
phase microextraction (SPME) which however can suffer from saturation [25]. Moreover,
many reports are based on analyses from homogenized tissue [25]. The use of thermal
desorption tubes and minimally processed or whole fruit has more recently provided a
better overview of the volatilome of relevance to the fruit supply chain in peach and other
species [26-28].

VOCs are produced during fruit ripening through metabolic pathways involving
fatty acids, proteins and carbohydrates. These pathways can be influenced by pre-harvest
factors including genotype, cultivation conditions and ripening stages [15,28]. VOC levels
undergo dramatic changes during fruit maturation, with specific patterns among different
species, but also at cultivar-level [28]. Post-harvest aroma is critical for the consumer and
is influenced by CA composition, ethylene exposure and temperature [28,29]. Aldehyde
levels have been found to decrease and esters to increase during peach shelf-life [30]: par-
ticularly, cold storage enhances the synthesis of both alcohols and aldehydes, while esters
increase with storage at 20 °C after a cold treatment period. However, the pattern of
change in response to postharvest treatments also varies with cultivar [28].

4. Metabolomic Peach Profile

The volatilome is a part of the wider metabolome and the complex relationships be-
tween VOCs levels and metabolites were investigated in through powerful statistical
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methods, like those based on Correlation Network Analysis (CNA). Particularly, an inte-
grated approach, based on a hierarchical cluster analysis and a metabolomic CNA, has
been used in peach to investigate the effect of pre- and post-harvest treatments on VOCs
levels [2]. Volatile compounds were clustered according to their chemical nature or pre-
viously known biosynthetic pathways. VOCs groups showing a similar organization were
isolated as well as those included in specific metabolic pathways.

Lactone biosynthesis during post-harvest maturation appears to be regulated by
Acyl-CoA oxidase, the first enzyme of the b-oxidation metabolic pathway [31]. Further-
more, important differences in VOC profiles amongst several cold-stored peach cultivars
and varieties were confirmed [29,32].

A recent review considering the relationship between the metabolome and quality
traits [33] concludes that the integration of different approaches such as transcriptomic
and proteomic analyses with metabolomic approaches can be a powerful tool for explor-
ing how changes in metabolism during fruit post-harvest storage result in changes in qual-
ity. In particular, more research is needed to understand the genome-wide reconfiguration
of gene expression and consequent changes in metabolism in response to abiotic stresses
experienced by the fruit post-harvest.

5. Genomic and Transcriptomic Peach Profiles

The first peach genome used as a reference was assembled in 2008, by the Interna-
tional Peach Genome Initiative. The first release was only published in 2010, followed by
a second one based on reads sequenced from the double haploid variety ‘Lovell’, making
it possible to obtain a new genome sequence that was more consistent and accurate than
the previous one [34].

Initial peach transcriptome and large-scale differentially expressed gene analyses
among the different maturation stages was carried out through microarrays. The first re-
lease, referred to as uPEACH]1.0, was developed by the Italian Consortium for Genomics
studies in Rosacea species, aiming to investigate the effects of ethylene and propylene on
peach maturation and post-harvest processes [12]. A few years later, another highly spe-
cific microarray was created, with the aim to investigate differentially expressed tran-
scripts between two peach genotypes, showing a different aromatic profile. The study re-
vealed over fifteen hundred significant transcripts [35].

Subsequently, Next Generation Sequencing (NGS) methods, such as those based on
Roche 454 pyrosequencing and Illumina technologies, became gold-standard practices,
making it possible to generate large amounts of both genomic and transcriptomic data at
an unprecedented speed. As a consequence, bioinformatics and biostatistics packages, as
well as a constantly growing number of tools and databases, are now crucial to correctly
analyze and integrate the wide variety of datasets available, ranging from completely an-
notated whole-genome sequences, metabolomic data, to transcriptomes and expression
data. At first, the short size of NGS reads was often considered one of the main limits of
these new methods, because they made it quite demanding to assemble genomes cor-
rectly, resulting in a large number of unassembled sequences. Repetitive regions, particu-
larly common in many species, and structural variants were often hard to map as well
[36]. To address this issue, recent 3rd generation high-throughput technologies were de-
veloped, making it possible to obtain higher-quality assemblies [37].

cDNA is also often obtained and sequenced through NGS technologies, making it
possible not just to investigate the expression levels of previously chosen genes, but also
to analyse the transcriptome as a whole, including genes expressed at low levels, as well
as splicing variants [38]. This kind of evidence, correctly integrated with other omics data,
can be used to obtain more accurate gene models, as previously carried out for Arabidop-
sis in the TAIR database [39].

SVs (Structural Variants) have also been investigated, being often associated with
economically relevant characteristics in crops [40]. More specifically, in peach, whole-ge-
nome sequencing data from over one hundred accessions made it possible to carry out a
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GWA (Genome-Wide Association) study for analyzing crucial agronomical traits, includ-
ing some affecting flavor, fruit texture, shape and size.

A pangenomic approach was also recently used, obtaining correctly integrated SVs
and a limited number of putative casual variants, opening new perspectives for future
studies aiming to investigate the relationships between SVs and VOCs [41].

6. Peach Post-Harvest Ripening and Multi-Omics Approach

Over the last decade, thanks to advances in NGS, combined omics approaches have
been applied in several fields, including fruit post-harvest ripening. Multi-omic analyses
have been targeted at identifying key genes controlling metabolites and transcript levels
and to investigate their regulation, revealing significant metabolic changes behind fruit
ripening process [42]. This approach has also been valuable in linking regulatory genes
and metabolic changes associated with pre-harvest stress and its effect on ripening.

Integrated metabolomic and genomic methods have also been used to investigate
pre- and post-harvest maturation. This approach has confirmed the involvement of a lim-
ited number of gene regions controlling the peach aromatic profile [43]. QTL (Quantitative
Trait Loci) positions within chromosomes were identified using the peach genome as a
reference, and proved to be different from those forecasted in previous work, also provid-
ing a superior QTL mapping for several peach species.

The accessibility of gene expression and metabolomic analyses has made it possible
to investigate the effects of postharvest treatments on peach CI development [5]. In par-
ticular this approach has explained mechanisms underlying pre-conditioning, which in-
hibits CI and results in an enhanced ethylene production. These approaches open new
perspectives for understanding peach fruit adaptation and response to cold temperature
storage.

Different peach development stages, and differences amongst cultivars, have also
been investigated using a combination of omics and other approaches, aiming to identify
the gene responsible for the modulation of the VOC linalool between glycosylated and
volatile states [44]. GC-MS allowed to perform metabolomic analysis and RNA-Seq librar-
ies were used to investigate transcriptomic data, together with qPCR (quantitative Poly-
merase Chain Reaction) to confirm fold-change expression changes in a few selected genes
and identify the UDP-glucosyltransferase responsible.

A combination of volatilomics and RNAseq together with expression studies also
demonstrated that specific carboxylesterases are important in modulating ester levels as
well as previously identified alcohol acyltransferases [45]. At the same time, they high-
lighted that the highest amounts of esters were detected after MeJA exposure.

Recently, multi-omic methods were also used to investigate the effects of 1-MCP on
peach post-harvest quality. It is widely recognized that 1-MCP has profound effects on
the peach aromatic profile as it affects the gene expression of the enzymes responsible for
the production of key VOC:s. Particularly, esters decreased after 1-MCP exposure, and the
levels of some alcohols and aldehydes were also significantly affected. Transcriptomic
data was obtained through RNA-Seq and metabolomic analysis based on SPME and GC-
MS [46] showing that inhibition of peach VOCs was concomitant with an increase in green
leaf volatiles, and both were associated with a transcriptional down-regulation of ethylene
biosynthesis and signaling, and a modulation of fatty acid levels.

Furthermore, an overview of key genetic and molecular approaches to understand
the mechanisms involved in fruit maturation in Prunus species [10] underlined the im-
portance of a wise integration among genomic, metabolic and transcriptomic approaches.
The authors emphasise the need for the development of new marker assisted selection
strategies and the identification of more markers and genes responsible for key traits to
provide a better understanding of ripening mechanisms and to successfully apply the
gained knowledge in breeding new varieties.
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7. Conclusions

Multi-omics-based studies integrating relationships between physiological changes
in peach post-harvest maturation and volatilomic, transcriptomic and metabolic changes
is gaining pace. However, for these studies to be translated into new more resilient varie-
ties and real change in the organoleptic quality of stored peaches further work will be
needed. This will need to be aimed at translating gene discoveries into breeding markers,
and a full understanding of the effects of different pre-and post-harvest treatments on key
traits important to consumers.

Author Contributions:

Funding;

Institutional Review Board Statement:
Informed Consent Statement:

Data Availability Statement:

Conflicts of Interest:

References

1.

10.

11.

12.

13.

14.

15.

Aranzana, M.].; Decroocq, V.; Dirlewanger, E.; Eduardo, I.; Gao, Z.S.; Gasic, K,; Iezzoni, A.; Jung, S.; Peace, C.; Prieto, H.; et al.
Prunus genetics and applications after de novo genome sequencing: achievements and prospects. Hortic. Res. 2019, 6, 1-25.
https://doi.org/10.1038/s41438-019-0140-8.

Sanchez, G.; Besada, C.; Badenes, M.L.; Monforte, A.J.; Granell, A. A Non-Targeted Approach Unravels the Volatile Network
in Peach Fruit. PLoS ONE 2012, 7, €38992. https://doi.org/10.1371/journal.pone.0038992.

Gapper, N.E.; McQuinn, R.; Giovannoni, J.J. Molecular and genetic regulation of fruit ripening. Plant Mol. Biol. 2013, 82, 575-
591. https://doi.org/10.1007/s11103-013-0050-3.

Yun, Z; Jin, S.; Ding, Y.; Wang, Z.; Gao, H; Pan, Z; Xu, J.; Cheng, Y.; Deng, X. Comparative transcriptomics and proteomics
analysis of citrus fruit, to improve understanding of the effect of low temperature on maintaining fruit quality during lengthy
post-harvest storage. J. Exp. Bot. 2012, 63, 2873-2893. https://doi.org/10.1093/jxb/err390.

Tanou, G.; Minas, L.S.; Scossa, F.; Belghazi, M.; Xanthopoulou, A.; Ganopoulos, L; Madesis, P.; Fernie, A.; Molassiotis, A. Ex-
ploring priming responses involved in peach fruit acclimation to cold stress. Sci. Rep. 2017, 7, 11358.
https://doi.org/10.1038/s41598-017-11933-3.

Brizzolara, S.; Manganaris, G.A.; Fotopoulos, V.; Watkins, C.B.; Tonutti, P. Primary Metabolism in Fresh Fruits During Storage.
Front. Plant Sci. 2020, 11, 80. https://doi.org/10.3389/fpls.2020.00080.

Manganaris, G.A.; Crisosto, C.H. Stone fruits: Peaches, nectarines, plums, apricots. In Controlled and Modified Atmospheres for
Fresh and Fresh-Cut Produce; Elsevier BV: Amsterdam, The Netherlands, 2020; pp. 311-322.

Jin, P.; Shang, H.; Chen, J.; Zhu, H.; Zhao, Y.; Zheng, Y. Effect of 1-Methylcyclopropene on Chilling Injury and Quality of Peach
Fruit during Cold Storage. ]. Food Sci. 2011, 76, S485-5491. https://doi.org/10.1111/j.1750-3841.2011.02349.x.

Manganaris, G.A.; Vicente, A.R.; Martinez-Garcia, P.J.; Crisosto, C.H. Peach and nectarine. In Postharvest Physiological Disorders in
Fruits and Vegetables; CRC Press: Boca Raton, FL, USA, 2019.

Garcia-Gomez, B.E.; Salazar, ]J.A.; Nicolas-Almansa, M.; Razi, M.; Rubio, M.; Ruiz, D.; Martinez-Gémez, P. Molecular Bases of
Fruit Quality in Prunus Species: An Integrated Genomic, Transcriptomic, and Metabolic Review with a Breeding Perspective.
Int. J. Mol. Sci. 2020, 22, 333. https://doi.org/10.3390/ijms22010333.

Soto, A.; Ruiz, K.B.; Ravaglia, D.; Costa, G.; Torrigiani, P. ABA may promote or delay peach fruit ripening through modulation
of ripening- and hormone-related gene expression depending on the developmental stage. Plant Physiol. Biochem. 2013, 64, 11—
24. https://doi.org/10.1016/j.plaphy.2012.12.011.

Trainotti, L.; Tadiello, A.; Casadoro, G. The involvement of auxin in the ripening of climacteric fruits comes of age: the hormone
plays a role of its own and has an intense interplay with ethylene in ripening peaches. J. Exp. Bot. 2007, 58, 3299-3308.
https://doi.org/10.1093/jxb/erm178.

Kumar, R.; Khurana, A.; Sharma, A.K. Role of plant hormones and their interplay in development and ripening of fleshy fruits.
J. Exp. Bot. 2013, 65, 4561-4575. https://doi.org/10.1093/jxb/eru277.

Martinez-Romero, D.; Valero, D.; Serrano, M.; Burlo, F.; Carbonell, A.; Burgos, L.; Riquelme, F. Exogenous Polyamines and
Gibberellic Acid Effects on Peach (Prunus persica L.) Storability Improvement. ]. Food Sci. 2000, 65, 288-294.
https://doi.org/10.1111/j.1365-2621.2000.tb15995.x.

Zhang, B.; Shen, ].-Y.; Wei, W.-W.; Xi, W.-P.; Xu, C.-].; Ferguson, L; Chen, K. Expression of Genes Associated with Aroma For-
mation Derived from the Fatty Acid Pathway during Peach Fruit Ripening. |. Agric. Food Chem. 2010, 58, 6157-6165.
https://doi.org/10.1021/jf100172e.



Chem. Proc. 2022, 4, x FOR PEER REVIEW 7 of 8

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Soto, A.; Ruiz, K.B.; Ziosi, V.; Costa, G.; Torrigiani, P. Ethylene and auxin biosynthesis and signaling are impaired by methyl
jasmonate leading to a transient slowing down of ripening in peach fruit. J. Plant Physiol. 2012, 169, 1858-1865.
https://doi.org/10.1016/j.jplph.2012.07.007.

Ziosi, V.; Bonghi, C.; Bregoli, A.M.; Trainotti, L.; Biondi, S.; Sutthiwal, S.; Kondo, S.; Costa, G.; Torrigiani, P. Jasmonate-induced
transcriptional changes suggest a negative interference with the ripening syndrome in peach fruit. J. Exp. Bot. 2008, 59, 563-573.
https://doi.org/10.1093/jxb/erm331.

Yoshikawa, H.; Honda, C.; Kondo, S. Effect of low-temperature stress on abscisic acid, jasmonates, and polyamines in apples.
Plant Growth Regul. 2007, 52, 199-206. https://doi.org/10.1007/s10725-007-9190-2.

Brown, A.; Yousef, G.; Guzman, I.; Chebrolu, K.; Werner, D.; Parker, M.; Gasic, K.; Perkins, P. Variation of Carotenoids and
Polyphenolics in Peach (Prunus persica L.) and Implications on Breeding for Modified Phytochemical Profiles. ]. Am. Soc. Hortic.
Sci. 2014, 139, 676.

Aubert, C.; Bony, P.; Chalot, G.; Landry, P.; Lurol, S. Effects of Storage Temperature, Storage Duration, and Subsequent Ripen-
ing on the Physicochemical Characteristics, Volatile Compounds, and Phytochemicals of Western Red Nectarine (Prunus per-
sica L. Batsch). |. Agric. Food Chem. 2014, 62, 4707-4724. https://doi.org/10.1021/jf4057555.

Aubert, C.; Chalot, G.; Lurol, S.; Ronjon, A.; Cottet, V. Relationship between fruit density and quality parameters, levels of
sugars, organic acids, bioactive compounds and volatiles of two nectarine cultivars, at harvest and after ripening. Food Chem.
2019, 297, 124954. https://doi.org/10.1016/j.foodchem.2019.124954.

Liu, H.; Cao, J.; Jiang, W. Changes in phenolics and antioxidant property of peach fruit during ripening and responses to 1-
methylcyclopropene. Postharvest Biol. Technol. 2015, 108, 111-118. https://doi.org/10.1016/j.postharvbio.2015.06.012.

Zhu, J.; Xiao, Z. Characterization of the key aroma compounds in peach by gas chromatography-olfactometry, quantitative
measurements and sensory analysis. Eur. Food Res. Technol. 2019, 245, 129-141. https://doi.org/10.1007/s00217-018-3145-x.
Zhang, L.; Li, H.; Gao, L.; Qi, Y.; Fu, W.; Li; X,; Zhou, X,; et al. Acyl-CoA oxidase 1 is involved in y-decalactone release from
peach (Prunus persica) fruit. Plant Cell Rep. 2017, 36, 829-842.

Sanchez, G.; Venegas-Calerén, M.; Salas, J.J.; Monforte, A.; Badenes, M.L.; Granell, A. An integrative “omics” approach identi-
fies new candidate genes to impact aroma volatiles in peach fruit. BMC Genom. 2013, 14, 1-23. https://doi.org/10.1186/1471-2164-
14-343.

Malorni, L.; Martignetti, A.; Cozzolino, R. Volatile Compound Profiles by HS GCMS for the Evaluation of Postharvest Condi-
tions of a Peach Cultivar. Ann. Chromatogr. Sep. Tech. 2015, 1, 1-4. https://doi.org/10.36876/acst.1007.

Spadafora, N.D.; Cocetta, G.; Cavaiuolo, M.; Bulgari, R.; Dhorajiwala, R.; Ferrante, A.; Spinardi, A.; Rogers, H.].; Muller, C. A
complex interaction between pre-harvest and post-harvest factors determines fresh-cut melon quality and aroma. Sci. Rep. 2019,
9, 2745. https://doi.org/10.1038/s41598-019-39196-0.

Muto, A.; Miiller, C.T.; Bruno, L.; et al. Fruit volatilome profiling through GC x GC-ToF-MS and gene expression analyses reveal
differences amongst peach cultivars in their response to cold storage. Sci. Rep. 2020, 10, 18333.

Brizzolara, S.; Hertog, M.; Tosetti, R.; Nicolai, B.; Tonutti, P. Metabolic Responses to Low Temperature of Three Peach Fruit
Cultivars Differently Sensitive to Cold Storage. Front. Plant Sci. 2018, 9, 706. https://doi.org/10.3389/fpls.2018.00706.

Zhang, B.; Xi, W.-P.; Wei, W.-W; Shen, ].-Y.; Ferguson, I.; Chen, K.-S. Changes in aroma-related volatiles and gene expression
during low temperature storage and subsequent shelf-life of peach fruit. Postharvest Biol. Technol. 2011, 60, 7-16.
https://doi.org/10.1016/j.postharvbio.2010.09.012.

Xi, W.; Zhang, B.O,; Liang, L.L; Shen, J.Y.; Wei, WW._; Xu, C.J.; Allan, A.C; Ferguson, 1.B.; Chen, K.S. Postharvest temperature
influences volatile lactone production via regulation of acyl-CoA oxidases in peach fruit. Plant Cell Environ. 2012, 35, 534-545.
Brizzolara, S.; Tonutti, P. The effect of cold storage on volatile organic compounds (VOCs) emitted from intact peach fruit. Acta
Hortic. 2019, 1256, 151-156. https://doi.org/10.17660/actahortic.2019.1256.21.

Pott, D.M.; Vallarino, ].G.; Osorio, S. Metabolite Changes during Postharvest Storage: Effects on Fruit Quality Traits. Metab.
2020, 10, 187. https://doi.org/10.3390/metabo10050187.

Verde, I; The International Peach Genome Initiative; Abbott, A.G.; Scalabrin, S.; Jung, S.; Shu, S.; Marroni, F.; Zhebentyayeva,
T.; Dettori, M.T.; Grimwood, J.; et al. The high-quality draft genome of peach (Prunus persica) identifies unique patterns of
genetic diversity, domestication and genome evolution. Nat. Genet. 2013, 45, 487-494. https://doi.org/10.1038/ng.2586.

Wang, L.; Zhao, S.; Gu, C.; Zhou, Y.; Zhou, H.; Ma, J.; Cheng, J.; Han, Y. Deep RNA-Seq uncovers the peach transcriptome
landscape. Plant Mol. Biol. 2013, 83, 365-377. https://doi.org/10.1007/s11103-013-0093-5.

Van Dijk, E.L.; Jaszczyszyn, Y.; Naquin, D.; Thermes, C. The Third Revolution in Sequencing Technology. Trends Genet. 2018,
34, 666—-681. https://doi.org/10.1016/j.tig.2018.05.008.

Amarasinghe, S.L.; Su, S.; Dong, X.; Zappia, L.; Ritchie, M.E.; Gouil, Q. Opportunities and challenges in long-read sequencing
data analysis. Genome Biol. 2020, 21, 1-16. https://doi.org/10.1186/s13059-020-1935-5.

Wang, Z.; Gerstein, M.; Snyder, M. RNA-Seq: a revolutionary tool for transcriptomics. Nat. Rev. Genet. 2009, 10, 57-63.
https://doi.org/10.1038/nrg2484.

Lamesch, P.; Berardini, T.; Li, D.; Swarbreck, D.; Wilks, C.; Sasidharan, R.; Muller, R.; Dreher, K.; Alexander, D.L.; Garcia-Her-
nandez, M.; et al. The Arabidopsis Information Resource (TAIR): improved gene annotation and new tools. Nucleic Acids Res.
2011, 40, D1202-D1210. https://doi.org/10.1093/nar/gkr1090.

Cao, K.; Zhou, Z.; Wang, Q.; Guo, J.; Zhao, P.; Zhu, G,; Fang, W.; Chen, C.; Wang, X.; Wang, X.; et al. Genome-wide association
study of 12 agronomic traits in peach. Nat. Commun. 2016, 7, 13246. https://doi.org/10.1038/ncomms13246.



Chem. Proc. 2022, 4, x FOR PEER REVIEW 8 of 8

41.

42.

43.

44.

45.

46.

Guo, J.; Cao, K; Deng, C.; Li, Y.; Zhu, G.; Fang, W.; Chen, C.; Wang, X.; Wu, J.; Guan, L.; et al. An integrated peach genome
structural variation map uncovers genes associated with fruit traits. Genome Biol. 2020, 21, 1-19. https://doi.org/10.1186/s13059-
020-02169-y.

Savoi, S.; Wong, D.C. J.; Degu, A.; Herrera, ].C.; Bucchetti, B.; Peterlunger, E.; Fait, A.; Mattivi, F.; Castellarin, S.D. Multi-omics
and integrated network analyses reveal new insights into the systems relationships between metabolites, structural genes, and
transcriptional regulators in developing grape berries (Vitis vinifera L.) exposed to water deficit. Front. Plant Sci. 2017, 8, 1124.
Sanchez, G.; Martinez, J.; Romeu, J.; Garcia, ].; Monforte, A.].; Badenes, M.L.; Granell, A. The peach volatilome modularity is
reflected at the genetic and environmental response levels in a QTL mapping population. BMC Plant Biol. 2014, 14, 137.
https://doi.org/10.1186/1471-2229-14-137.

Wu, B.; Cao, X; Liu, H.; Zhu, C; Klee, H.; Zhang, B.; Chen, K. UDP-glucosyltransferase PpUGT85A2 controls volatile glycosyl-
ation in peach. |. Exp. Bot. 2019, 70, 925-936. https://doi.org/10.1093/jxb/ery419.

Cao, X,; Xie, K.; Duan, W.; Zhu, Y.; Liu, M.; Chen, K ; Klee, H.].; Zhang, B. Peach Carboxylesterase PpCXE1 Is Associated with
Catabolism of Volatile Esters. |. Agric. Food Chem. 2019, 67, 5189-5196. https://doi.org/10.1021/acs.jafc.9b01166.

Cai, H,; Han, S;; Jiang, L.; Yu, M.; Ma, R; Yu, Z. 1-MCP treatment affects peach fruit aroma metabolism as revealed by tran-
scriptomics and metabolite analyses. Food Res. Int. 2019, 122, 573-584. https://doi.org/10.1016/j.foodres.2019.01.026.



