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ABSTRACT. Peach (Prunus persica) fruit emit more than 100 volatile organic compounds. Among these volatiles,
g-decalactone is the key compound that contributes to peach aroma. The final step in lactones biosynthesis is catalyzed
by alcohol acyltransferases (AATs). In this study, five AAT genes were isolated in the peach genome, and the ways that
these genes contribute toward the peach aroma were studied. The sequence analysis of the five AATs showed PpAAT4
and PpAAT5 are truncated genes, missing important residues such as HXXXD. The expressions of PpAATs were
investigated to identify the roles in creating the peach aroma. The results indicated that only PpAAT1 is highly
expressed during g-decalactone formation. A functional survey of the five PpAATs, using the oleaginous yeast expression
system, suggested that only PpAAT1 significantly increased the g-decalactone content, whereas the other four PpAATs
did not significantly alter the g-decalactone content. Enzyme assays on PpAATs heterologously expressed and purified
from Escherichia coli indicated that only PpAAT1 could catalyze the formation of g-decalactone. All results indicated
that PpAAT1 is a more efficient enzyme than the other four PpAATs during the g-decalactone biosynthesis process in
peach fruit. The results from this study should help improve peach fruit aroma.

Peach (Prunus persica) is a high-value stone fruit that is
widely cultivated throughout temperate and subtropical zones
(Akagi et al., 2016; Crisosto et al., 1999). Over the past few
decades, peach cultivars have been mainly selected for enhanced yield, disease resistance, and firmness in a similar way
to other fruit crops (Cao et al., 2014; Zhou et al., 2020). As an
unintended consequence, peach fruit flavor has significantly
declined. Fruit flavor is due to the unique combination of
sugars, acids, and volatile compounds, with volatiles being the
most essential for good flavor (Goff and Klee, 2006; Pichersky
and Gershenzon, 2002). Today, the major complaint from
consumers is that many peach cultivars have lost their unique
aroma. Therefore, volatile compounds have received considerable attention. Even though more than 100 volatile organic
compounds have been identified in peach fruit, only a few of
them have high odor active values (Eduardo et al., 2010; Jia
et al., 2008). Recent studies have indicated that g-decalactone is
an important volatile that distinguishes peach from other fruits
and makes the greatest contribution to peach aroma (Peng et al.,
2020; Zhang L. et al., 2017). Apart from its contribution to
peach fruit flavor, g-decalactone is also one of the most
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extensively used lactones in the food and fragrance industry
because of its ‘‘peach-like’’ aroma (Wache et al., 2003).
In the biotechnology industry, this chemical is mainly
obtained from oleaginous yeast (Yarrowia lipolytica) by adding
a hydroxyl fatty acid (HFA), ricinoleic acid, as the substrate for
biotransformation (Mlikova, 2004; Nicaud, 2012). Unfortunately, in plants, the biosynthetic pathway of g-decalactone has
not been fully elucidated. However, some studies have provided enzymes specifically involved in the formation of
g-decalactone in peach fruit, such as epoxide hydrolases, fatty
acid desaturase, and acyl-CoA oxidase (Sanchez et al., 2013;
Vecchietti et al., 2009; Zhang L. et al., 2017). In recent years,
many studies have shown that alcohol acyltransferases (AATs),
which catalyze the transfer of an acyl group from a CoA donor
to an alcohol acceptor, are involved in plant aroma biosynthesis
(Beekwilder et al., 2004; D’Auria, 2006; Defilipi et al., 2005).
For example, in apple (Malus ·domestica), a quantitative trait
loci (QTLs) analysis indicated that the alcohol acyltransferase
1 (AAT1) gene is critical during the biosynthesis of fruit aroma
(Souleyre et al., 2014). In papaya [Vasconcellea pubescens
(Moralesquintana et al., 2011)], tomato [Solanum lycopersicum
(Goulet et al., 2015)], and kiwifruit [Actinidia chinensis
(Souleyre et al., 2011)], the AATs play very important roles in
aroma biosynthesis. The peach fruit storage studies have
suggested that AAT is associated with aroma formation (Zhang
et al., 2010; Zhou et al., 2018). We previously showed that
PpAAT1 are capable of catalyzing internal esterification at the
hydroxyl (-OH) and -CoA groups of 4-hydroxydecanoyl-CoA
yielding g-decalactone, and some amino acid substitutions in
PpAAT1 are responsible for the low levels of g-decalactone
accumulation in some low-aroma peach cultivars (Peng et al.,
2020).
During the analysis of the draft genome of peach, five
alcohol acyltransferase genes have been annotated (Verde et al.,
2013). Unfortunately, there have been very few studies on how
these five AATs affect peach aroma. In this study, the roles of
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the AATs involved in g-decalactone biosynthesis were verified
by isolating the AATs from an heirloom cultivar Fenghuayulu in
the National Peach Germplasm Repository (Nanjing, China).
The expression analysis of the five AATs during peach fruit
ripening was conducted using real-time quantitative polymerase chain reaction (qPCR). Then, the AATs were heterologously expressed and functionally characterized using the
oleaginous yeast system. Furthermore, we also conducted
enzyme assays on AATs, which were heterologously expressed
and purified from Escherichia coli.
Materials and Methods
PLANT MATERIAL. The peach fruit (cultivar Fenghuayulu)
were harvested from the National Peach Germplasm Repository. Fenghuayulu is an heirloom Chinese peach cultivar that
has been found to have a strong aroma according to numerous
consumer panels (Yu et al., 2010; Shen et al., 2013). Peach fruit
were selected at 130 d after full bloom (DAFB) and were
matched to ensure similar ripeness based on the index of
absorbance difference (IAD) (Zhang B. et al., 2017). The fruit
were immediately taken back to the experimental laboratory at
Jiangsu Academy of Agricultural Sciences within 30 min of
collecting. Following this, the samples were mechanically
peeled, cored, sliced, frozen in liquid nitrogen, and stored at
–80 C for use in further experiments.
SEQUENCE ISOLATION OF FIVE AATS. We have previously
isolated PpAAT1 from the cDNA of ‘Fenghuayulu’ fruit (Peng
et al., 2020). Here, we conducted a BLAST search using
PpAAT1 coding sequence (CDS) against PEACH genome
[Prunus persica Genome version 2.0 (Verde et al., 2013)] to
identify alcohol acyltransferase genes. Gene-specific primers
for the full-length AATs (PpAAT1–PpAAT5) (Table 1) were
designed using their homologous gene sequences (Prupe.
5G018100, Prupe.5G018200, Prupe.5G017800, Prupe.
5G017900, Prupe.5G018000) in the GDR database (Genome
Database for Rosaceae). RNA isolation was performed from
peach fruit tissue (130 DAFB) using MiniBEST Plant RNA

Extraction kits (Takara, Dalian, China). Recombinant DNase I
(Takara) was used to eliminate DNA. The purity of RNA was
estimated by spectrophotometric measurements using an ultraviolet-Vis spectrophotometer (NanoDrop 2000; Thermo Fisher
Scientific, Waltham, MA). The first-strand cDNA was synthesized using a PrimeScript II First Strand cDNA Synthesis Kit
(Takara) according to the manufacturer’s instructions. All cDNA
samples were stored at –80 C. The PpAAT genes were amplified
using Mastercycler pro (Eppendorf, Hamburg, Germany), and the
cDNAs were used as the template. The PCR was carried out with
Golden Star T6 Super PCR Mix (Tsingke Co., Nanjing, China),
PCR primers (amplification occurred most effectively at 0.4 mM
final primer concentration for PpAAT1 and PpAAT3, 0.3 mM for
PpAAT2, PpAAT4, and PpAAT5) and cDNA (20 ng) in a final
volume of 25 mL. Cycling conditions were: initial denaturation 2
min at 98 C followed by 35 cycles of 10 s at 98 C, 60 C for 15 s,
72 C for 2 min, with a final extension step of 72 C for 5 min. The
PCR product of each gene is cloned into PMD 18-T (Takara),
respectively, according to the manufacturer’s instructions and
sequenced by Tsingke Co.
SEQUENCE ANALYSIS. Intron–exon structures of the AAT genes
(Prupe.5G018100, Prupe.5G018200, Prupe.5G017800, Prupe.
5G017900, Prupe.5G018000) were performed following the
methods of Xue et al. (2012). The amino acid sequences
produced were translated using MEGA 6.06 (Tamura et al.,
2013). Sequence alignments were performed using MEGA
6.06. Then, the alcohol acyltransferases annotated in other
plants were searched in GenBank (National Center for Biotechnology Information, Bethesda, MD). The amino acid
sequences for AATs, along with other known AATs, were
phylogenetically analyzed with the Maximum Likelihood
method with 1000 bootstrap replicates using MEGA 6.06.
REAL-TIME QUANTITATIVE PCR. In this study, absolute quantification was generated using a standard curve. The above positive
recombinant AAT-PMD 18-T plasmids were extracted respectively using plasmid miniprep kit (Tiangen, Beijing, China)
according to the manufacturer’s instructions. Spectrophotometric
measurements were carried out using a spectrophotometer

Table 1. Primer pairs for coding sequence (CDS) amplification, heterologous expression, and real-time quantitative PCR (qPCR).
Gene
Forward primer (5#–3#)
Reverse primer (5#–3#)
Used for
PpAAT1
ATGGGTTCATTGTGCCCTCT
TTATTTAGATATCTCCTCGACATGC
CDS of sequence analysis
aggccgttctggccaATGGGTTCATTGT
ggggtaccccTTATTTAGATATCTCCTC
Heterologous expression
GCCCTCT
GACATGC
CATAAACCACGCAATGTGT
GCATTGAGGAGCTCTCGTGCC
qPCR
PpAAT2
ATGATTTCCCCATCCGCCC
TTACATCCTTGACACGATCTTAGC
CDS of sequence analysis
aggccgttctggccaATGATTTCCCCAT
ggggtaccccTTACATCCTTGACACGAT
Heterologous expression
CCGCCC
CTTAGC
TCAGGGAAGGACCTAAT
CACATTGTGTGATTTAG
qPCR
PpAAT3
ATGATTTCCCCATCCGCCCTCC
TTACATCCTTGACACGATCTTAGCTGA
CDS of sequence analysis
aggccgttctggccaATGATTTCCCCATCC
ggggtaccccTTACATCCTTGACACGATC
Heterologous expression
GCCCTCC
TTAGCTGA
TTGGGGAGATGGCACAAGGT
ATGCACACACGTAATTCGTGGCT
qPCR
PpAAT4
ATGGGTCCACTGTG
TCATCTAGTAGTAGCTA
CDS of sequence analysis
aggccgttctggccaATGGGTCCACTGTG
ggggtaccccTCATCTAGTAGTAGCTA
Heterologous expression
TCTACTGTTTCCGGTGAACCGGT
TCAATGCTTCCTTGATCACC
qPCR
PpAAT5
ATGGCAGATTTTATC
TTATTTAGATACATCATC
CDS of sequence analysis
aggccgttctggccaATGGCAGATTTTATC
ggggtaccccTTATTTAGATACATCATC
Heterologous expression
TTTATCGCGGTTGAGCTA
GGCCATCTCCCCAATTGCGTTC
qPCR
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(NanoDrop 2000), and the number of copies of individual temperature of 40 C was held for 2 min, then increased by 5
genes was calculated (Whelan et al., 2003). Each of the Cmin–1 to 240 C, and held for 2 min. Nitrogen was used as a
recombinant plasmids was diluted to eight gradients (100 to carrier gas at 1.0 mLmin–1. A standard curve for g-decalactone
10–7) and used as a template to perform quantitative PCR to was generated by analyzing a standard concentration series
establish a standard curve. The qPCR was performed on a ranging from 1.00 mgmL–1 to 10.00 mgmL–1.
PREPARATION OF RECOMBINANT PROTEINS AND ENZYME ASSAY.
Real-Time PCR System (Applied Biosystems ABI-7500,
Thermo Fisher Scientific) using TB Green Premix Ex Taq II The PpAATs coding sequences with a C-terminal six histidine
(Takara). The reactions were performed in three biological tag, which were optimized for expression in E. coli, were
replicates and two technical replicates, each containing TB synthesized by GenScript Co. Ltd. (Nanjing, China). The PETGreen Premix Ex Taq II mix (Takara) 10 mL, 0.4-mM primer 30a (+) was used as expression vector. The heterologous
pairs (primers used for the qPCR are listed in Table 1, and the expression in E. coli [BL21(DE3) Strain], purification, and
lengths of RT-PCR products of PpAAT1–5 were 123, 253, confirmation of the identity of the recombinant proteins were
101, 194, and 162 bp, respectively), 2-mL template (either conducted by GenScript.
The alcohol acyltransferase activity of recombinant proteins
cDNA or diluted plasmid DNA), and 0.4-mL ROX Reference
Dye (Takara) in a final volume of 20 mL. Cycling conditions was assayed using 4-hydroxydecanoyl-CoA (Accela ChemBio,
were as follows: 95 C for 30 s, followed by 35 cycles of 95 C Shanghai, China) as a substrate as described by Peng et al.
for 5 s, and 60 or 65 C for 34 s. For PpAAT2, annealing was at (2020). Briefly, a total reaction volume of 1 mL included 5.1 mg
65 C; for other PpAATs, the annealing was at 60 C. Each of protein, 10 mM hydroxydecanoyl-CoA, and 50 mM Tris-HCl
qPCR run was followed by a dissociation curve analysis using (pH 8.2). Reactions were performed at 31 C for 40 min. Boiled
the Dissociation Curves option of SDS software (Applied protein (nonfunctional) was used as the control. Then the
product was collected and analyzed by GC as described above.
Biosystems) at 65 to 99 C.
HETEROLOGOUS EXPRESSION IN OLEAGINOUS YEAST. The ole- All the assays were performed in sextuplicate.
aginous yeast mutant Po1g strain and the pINA1296 expression
STATISTICAL ANALYSES. The comparison tests were analyzed
vector, which were kindly provided by C. Madzak (Institut using the Fisher’s least significant difference test at P # 0.05.
National Agronomique, Paris-Grignon, France), were used to Significant differences were assumed by IBM SPSS Statistics
conduct heterologous expression of PpAATs. The transforma- (version 23; IBM Corp., Armonk, NY). Histograms were
tion, fermentation, and g-decalactone detection steps were prepared with Origin software (version 2019; OriginLab Corp.,
performed as described in Peng et al. (2020). Briefly, the Northampton, MA).
PpAAT1–5 genes were flanked with the SfiI/KpnI (Table 1)
restriction site, respectively. Then, both the PCR fragment and
Results
the pINA1296 plasmid were digested using SfiI and KpnI
PEACH AAT SEQUENCES ISOLATION. The coding sequences of
restriction enzymes (NEB, Beijing, China). The linear plasmid
and the modified PCR fragment were ligated using T4 DNA the five alcohol acyltransferase genes (PpAAT1, PpAAT2,
ligase (NEB). The constructs were amplified in E. coli DH5a PpAAT3, PpAAT4, and PpAAT5) from the ‘Fenghuayulu’ fruit
Electro-Cells (Takara) and extracted by a TIANprep Mini were cloned and sequenced. We obtained 1353, 1383, 1383,
Plasmid Kit (Tiangen) according to the manufacturer’s instruc- 495, and 966 nucleotide (nt) sequences from the five AATs,
tions. Finally, the pINA1296-PpAAT cassettes were trans- respectively. The CDS of all five genes is the same as the
formed into Po1g according to Blazeck et al. (2014). The sequence in the peach genome. The coding sequences for
fermentation of the Po1g transformant producing g-decalactone PpAAT1 and PpAAT2 were 76% identical. The coding sewas conducted according to the protocol described by Braga quences for PpAAT3 was most closely related (99%) to
and Belo (2013), and each construct was tested using eight Po1g PpAAT2, and the sequences from PpAAT4 and PpAAT5 were
closely related to PpAAT1 with 89% identity. The structural
transformants.
A NALYSIS OF g- DECALACTONE
CONTENT. Lactones were extracted
from 2 mL broth with n-hexane
(Sigma-Aldrich, St. Louis, MO).
The organic phase was analyzed
by gas chromatography (GC). The
analysis was performed on a GC
(7890 A; Agilent Technologies,
Santa Clara, CA) equipped with a
DB-WAX column (0.32 mm, 30 m,
0.25 mm, Agilent Technologies).
Conditions for the GC analysis were
conducted as described in Peng et al.
(2020). Briefly, g-decalactone was
extracted by adsorption to a fiber
coated with 65 mm of polydimethylsiloxane and divinylbenzene
[PDMS/DVB (Supelco, Bellefonte, Fig. 1. Positions and phases of introns in PpAAT genes. The term ‘‘phase’’ indicates the position of an intron within
PA)]. Conditions for the GC analya codon. For example, the phases 0, 1, and 2 correspond to the first, second, and third bases of the codon,
respectively.
sis were as follows: an initial oven
376
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analysis of the five genes in the peach genome revealed that containing the PpAAT2, PpAAT3, PpAAT4, and PpAAT5 genes
they have different intron–exon structures (Fig. 1). The amino were not significantly different from the ‘‘wild’’ Po1g transacid sequences analysis of the PpAATs showed that PpAAT1, formant. In contrast, the transformant with the type PpAAT1
PpAAT2, and PpAAT3 contained an HXXXD-type ACYL- gene significantly increased g-decalactone levels and reached an
TRANSFERASE-like motif (HAMCD) (Fig. 2), which is like average of 2.2 gL–1 (Fig. 5).
other known plant acyltransferases.
There were no similar motifs in
PpAAT4 and PpAAT5. PpAAT1
and PpAAT5 contain another conserved region of other plant AATs,
D(N)F(V) GWG (Souleyre et al.,
2005; Wang et al., 2014), whereas
the Val is substituted by the Phe in
PpAAT2 and PpAAT3.
Phylogenetic analysis of the
amino acids showed that all the
PpAATs were clustered together
(Fig. 3). When using Arabidopsis
thaliana AAT as the outgroup,
PpAAT1 was placed near the root
of the phylogenetic tree. PpAAT4
had a closer genetic relationship
with PpAA T1. PpAAT2 and
PpAAT3 clustered together and
formed a separate clade. PpAAT5
seemed to have a distant genetic
relationship with PpAAT1.
QUANTITATIVE PCR ANALYSIS AT
THE RIPE STAGE . The transcript
levels of peach PpAAT genes associated with the formation of g-decalactone were investigated by
performing an absolute quantitative PCR analysis on the five
PpAAT genes in peach fruit. At
the ripe stage (130 DAFB), the
results of absolute quantification
showed that only PpAAT1 was
highly expressed in the fruit (Fig.
4), and its average expression level
was about 800 copies/ng cDNA.
The expressions level of PpAAT2–
PpAAT5 were less than 10% of
PpAAT1, and there were no significant changes among those genes.
FUNCTIONAL TESTS ON THE AATS
CONTRIBUTING TO g-DECALACTONE IN
OLEAGINOUS YEAST. The oleaginous
yeast Po1g strain and the pINA1296
expression system were used for the
functional expressions analysis in
this study. The five types of
recombinant oleaginous yeast, containing the five PpAATs genes and
the Po1g strain with empty vector
(treated as the wild type control),
showed different g-decalactone
production abilities. The results
showed the amount of g-decalactone
produced by the ‘‘wild’’ Po1g transformant was about 0.3 gL –1 Fig. 2. The amino acid sequence differences among the PpAATs. The RED frames were the HXXXD-type and
on average, and the transformants
D(N)F(V)GWG motif.
J. AMER. SOC. HORT. SCI. 145(6):374–381. 2020.
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spreading, and defense responses
(Frost et al., 2008). To determine
which PpAAT is responsible for
peach aroma, we first conducted a
sequences analysis. The results
showed that PpAAT4,5 lacked an
acyl transferase-like HXXXD motif. This phenomenon may indicate
they are truncated genes, missing
important residues such as HXXXD
and therefore are not active. Substitute in another conserved region
(D(N) F(V) GWG) was observed
in PpAAT2 and PpAAT3. Whether
this substitution affects enzyme activity requires further research. An
expression analysis of the five
PpAATs was conducted to identify
their roles in g-decalactone formation. However, only PpAAT1 was
highly expressed during g-decalactone formation. The results indicated that only PpAAT1 is likely
responsible for peach aroma. Interestingly, a similar phenomenon has
been observed in apple and tomato.
For example, there are five AAT
paralogs in tomato, but only AAT1
Fig. 3. Phylogenic analysis of PpAATs with other plant AATs. GeneBank accession numbers are as follows:
is correlated with ripe fruit aroma
(NP_199955.1) Arabidopsis thaliana, ViKAAT1(ART85743.1) Vitis labrusca · Vitis vinifera ‘Kyoho’,
SLAAT(NP_001234496.1) Solanum lycopersicum, PMAAT(BAE48668.1) Prunus mume, AEAA- (Goulet et al., 2015). In apple, a
T(AIC83789.1) Actinidia eriantha, RrAAT(AEZ53172.1) Rosa rugosa, FVAAT(AAN07090.1) Fragaria structural characterization and subvesca, FCAAT(ACT82247.1) Fragaria chiloensis, PPAAT(AFW03968.1) Physalis peruviana, BanAA- strate specificity analysis suggested
T1(AX025506.1) Musa sapientum, ADAAT(AIC83790.1) Actinidia deliciosa, DKA-AAT1(AKE98481) that only AAT1 was related to fruit
Diospyros kaki, EJAAT1(AHC32224.2) Eriobotrya japonica, AAT1-GSa(AGW30203.1) Malus ·domestica
aroma biosynthesis (Souleyre et al.,
‘Granny Smith’, AAT1-RGa(AGW30200.1) M. ·domestica ‘Royal Gala’, PCAAT(AAS48090.1) Pyrus
communis, PusAAT(AJD18611) Pyrus ussuriensis, CSAAT(NP_001275839.1) Citrus sinensis, CmeAAT2(- 2014).
BAC58010.1) Cucumis melo, VCAAT1(ACT82248.1) Vasconcellea cundinamarcensis.
In this study, the oleaginous
yeast mutant Po1g strain and the
pINA1296 expression system were
ENZYMATIC ACTIVITY OF THE FIVE ALCOHOL ACYLTRANSFERASES. used to conduct a heterologous expression analysis that examIn vitro enzyme assays showed the five PpAATs were heter- ined the catalytic activities of the alcohol acyltransferases
ologously expressed and purified from E. coli. Enzyme activity encoded by the five PpAAT genes. The results showed that
analysis was performed by detecting the production of only the recombinant strain harboring PpAAT1 obviously
g-decalactone when using 4-hydroxydecanoyl-CoA as a sub- increased g-decalactone contents. The results confirmed that
strate. The results showed that the g-decalactone can be PpAAT1 was more efficient than the other four alcohol
detected only in the reaction of PpAAT1 (Fig. 6), and its acyltransferases in g-decalactone formation. This strain Po1g
production of g-decalactone was about 17 nmolL–1 on aver- was obtained by deleting two genes, which encoded for the two
age. Meanwhile, there was no detectable level of g-decalactone secreted proteases (alkaline extracellular protease: AEP and
in other PpAAT reactions and control proteins (boiled).
acid extracellular protease: AXP), from the wild-type strain
W29 through genetic modification (Madzak et al., 2004). The
purpose of knocking-out them was to avoid the presence of
Discussion
proteases in the culture supernatant, because they could be able
Some fruits, such as tomato, rely on several compounds to to degrade the heterologous proteins of interest (Madzak et al.,
form their unique aroma (Buttery et al., 1989; Klee, 2010). 2000). Thus all the secretory pathway of the strain remains fully
However, some fruits use a monocompound in their aroma functional with the wild-type strain, and the function of the
production process. In strawberry (Fragaria ·ananassa), 4- exogenous proteins can also be verified (Madzak et al., 2000).
hydroxy-2,5-dimethyl-3(2H)-furanone is the key compound The aim of this study was to compare the activities of the five
contributing to its aroma (Larsen and Poll, 1992; Wein et al., alcohol acyltransferases, which catalyze the transfer of the acyl
2002), whereas g-decalactone makes the most important group (from coenzyme A) donor to the alcohol acceptor
chemical contribution to peach aroma because it activates (D’Auria, 2006). In oleaginous yeast, 4-hydroxy-decanoylhuman olfactory receptors (Maga and Katz, 1976).
CoA is the direct precursor substance of g-decalactone (Braga
In plants, paralog AATs have been shown to be involved in and Belo, 2016). Unfortunately, in oleaginous yeast, whether
different physiological processes, such as pollination, seed the precursor 4-hydroxy-decanoyl-CoA is catalyzed by an
378
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Fig. 4. Gene expression of the five PpAATs in the mesocarp of ripe fruit (130 d
after full bloom). Data are presented as mean ±SE (n = 6). Letters indicate
significant different gene expression levels (P # 0.05).

Fig. 6. Enzymatic activity of the five alcohol acyltransferase in peach fruit. Data
are presented as mean ±SE (n = 6), and letters represent significant differences
at P # 0.05.

that forms the peach-like aroma. In future research, we will
investigate whether several other alcohol acyltransferases
in peach fruit are involved in different physiological processes.
Conclusions
In this study, five AAT genes were identified in the peach
genome. Gene expression experiments and heterologous expression experiments indicated that PpAAT1 is a more efficient
enzyme than the other four alcohol acyltransferases during the
g-decalactone biosynthesis process in peach fruits.
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