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Abstract

Transcript profiling methods are increasingly used to understand the biological
basis of growth and development, and fruit quality in the case of fruits. Such methods
provide information for thousands of genes, including those of still unknown function.
Furthermore, high-throughput methodologies can be used for comprehensive
transcriptome analyses, which may lead to further elucidation of fruit growth and
development. Microarray is an attractive genomic tool, since it can be used in a
heterologous fashion for gene discovery and characterization in species where few
resources are available. In the current study, the progress of apricot (Prunus
armeniaca cv. Goldrich) fruit ripening during the last developmental stages was
monitored and microarray data that were produced were used for comparative in
silico studies with data reported during the transition of peach and nectarine fruits
from pre-climacteric to climacteric stage. Transcriptomic studies for both fruit species
were carried out using the first available peach microarray (WPEACH 1.0) that
contains 4,806 oligonucleotides, each corresponding to a single unigene. Intriguingly, a
sharp increase of transcript levels in genes regulating an array of heat shock proteins
was detected in apricot fruit, which was not the case during nectarine fruit ripening.
In addition, we focused on transcript levels of auxin regulated proteins and their role
during the last phases of fruit ripening. Overall, data of the present study offers an
initial descriptive picture of transcript profiling of novel key genes and their putative
role during the last stages of fruit development is challenged. A future perspective,
which will also encompass data validation for genes of interest, is the unravelling of
the mechanisms underlying the ripening process in stone-fruits, through the identi-
fication of genes differentially expressed during peach and apricot ripening and their
correlation with traits of agronomic interest.

INTRODUCTION

Multiple endogenous and exogenous signals influence fruit maturation (on-tree
ripening) as well as postharvest ripening and the evolution of pre- and post-harvest
quality parameters, respectively. Although physiological processes that regulate the
maturation syndrome of fleshy fruits are well documented, few data exist regarding the
gene regulation of such processes.

Genomics is the study of genes and their function and is divided into two basic
areas: structural genomics (characterization of the physical nature of whole genomes) and
functional genomics (characterization of overall patterns of gene expression). The latter is
becoming common place in plant science and is mainly based on transcript profiling
studies. The aim of this approach is to improve the understanding of complex functional
aspects (as growth and development) by detecting changes in expression of genes
involved in different cellular processes. Microarray (gene chip) platform is considered as
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a high-throughput tool that allows the simultaneous monitoring of many genes in a single
experiment avoiding limitations of traditional molecular techniques; it is an easy way to
use sequence information gained from expressed sequence tags (ESTs) and genome
sequencing projects and it can be utilized in a heterologous fashion for gene discovery in
species with few available resources (Bonghi and Trainotti, 2006). Up to date, a tomato
microarray was successfully employed for comparative studies in Solanaceae (tomato,
pepper, eggplant) (Moore et al., 2005).

ESTree, the Italian consortium for peach functional genomics (http://www.itb.cnr.it/
ESTree), constructed the first available peach oligonucleotide microarray (WPEACH1.0).
The peach platform contains 4,806 oligoprobes (70 bases long) each corresponding to a
single unigene, as reported in the dedicated database (ESTree consortium, 2005). This
unigene collection comes from EST sequences mainly obtained from libraries of ripening
fruits, so it is biased towards this physiological process. The application of this platform
was used initially to investigate transcriptome changes during transition from pre-
climacteric to climacteric phase in nectarine (cv. ‘Fantasia’) fruit (Trainotti et al., 2006).
This approach was also used in order to elucidate the involvement of auxin in the ripening
of peach (cv. ‘Red Haven’) and its interplay with ethylene (Trainotti et al., 2007). In
addition, microarray tool was applied to elucidate the mode of action of methyl jasmonate
(Ziosi et al., 2008) and the effect of 1-methylcyclopropene (I-MCP), an ethylene
antagonist in nectarine fruit ripening (Ziliotto et al., 2008).

Considering the high degree of sequence conservation within the Rosaceae family
and, in particular, among the Prunus species, the first available peach microarray
(LPEACH1.0) was recently applied to investigate changes in gene expression during
transition of apricot (Prunus armeniaca ‘Goldrich’) from green-immature stage to fully-
ripe stage (Manganaris et al., 2008). Results indicated that the peach oligo-probe
microarray can be successfully applied in a heterologous fashion. The aim of this work
was to study transcript profiling of genes during the last stages of on-tree apricot fruit
ripening and try to correlate such data with data referring to the transition of peach and
nectarine fruits from pre-climacteric to climacteric stage.

MATERIALS AND METHODS

Fruit material (‘Goldrich’) was collected at two maturity stages: (1) mature fruit
(Sm, firmness values ~ 4 KgF), and (2) fully-ripe fruit (S;, firmness values ~ 1 KgF). The
RNA was isolated according to Bonghi et al. (1998). In order to remove contaminant
DNA from the RNA samples, the nucleic-acid extract was treated with DNase, according
to the manufacturer’s instructions. The concentration of RNA was quantified by
measuring the absorbance at 260 nm and its integrity was checked on agarose gels. Total
RNA (20 pg) of each maturity Stage was converted into target cDNA by reverse
transcription using the SuperScnpt Indirect cDNA Labeling System (Invitrogen, USA)
following manufacturer’s instruction. The amino-modified ¢cDNA was coupled to a
monoreactive N-hydroxysuccinimide (NHS)-ester fluorescent dye: the green-fluorescent
cyanine3 (Cy3) and the red-fluorescent cyanine5 (Cy5) (Amersham Biosciences, UK). A
final purification step removed any unincorporated dye. The purity and yield of the
labelled ¢cDNA was calculated from the OD values obtained by means of a spectro-
photometer (Ultrospec 2100 pro, Amersham Biosciences) using the formulas reported in
the SuperScript™ Indirect ¢cDNA Labeling System instruction manual The pre-
hybridization and hybridization steps were carried out in Corning® hybridization
chambers as analytically described by Trainotti et al. (2007). Three biological replicates
were created, repeating three times the same combination of targets one of which was a
dye swap and values were subjected to SAM (Significance Analyses for Microarrays)
analyses. Genes showing log, ratio either > 1 (up-regulated) or < -1 (down-regulated)
were annotated following the Gene Ontology categories (GO) developed by The
Arabidopsis Information Resource (TAIR).
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RESULTS AND DISCUSSION

Among the differentially transcribed genes during transition of apricot fruit from
mature to fully ripe stage, an up-regulation of genes encoding heat shock proteins (HSP)
was monitored (Fig. 1). These data are in accordance with data reported by Grimplet et al.
(2005). Beside their well-documented role as a response to stress conditions, HSP have
been involved in pectin depolymerisation (Ramakrishna et al., 2003) and, more recently,
were analyzed at a proteomic level during tomato fruit development (Faurobert et al.,
2007). In order to detect possible common or divergent mechanisms that govern on-tree
fruit ripening in Prunus species, we compared these data with data reported during the
transition of peach and nectarine fruit from preclimacteric to climacteric stage (Trainotti
et al., 2006, 2007). Intriguingly, results show that the transient increase of transcript levels
of hsps appears only in apricot fruit. Whether the examined stages are identical is still
questionable; however, this indirect approach may offer some insights about the role of
hsps in the ripening syndrome in Rosaceae family.

Members of the AUX/IAA family are highly up-regulated when ripening proceeds
and their importance has been highlighted during the onset of peach (cv. Red Haven) fruit
ripening (Trainotti et al., 2007). In the case of apricot fruit AUX/IAA appears to remain
unaffected offering a field for further research (Fig. 2). However, it is questionable
whether the transition of apricot fruit from mature to fully ripe stage is similar to the
transition of peach and nectarine fruit from preclimacteric to climacteric stage or the fully
ripe stage corresponds to a post-climacteric phase. For certain genes encoding AUX/TAA
proteins (ctgs 358, 1741), an increase for the comparison of climacteric to preclimacteric
stage has been monitored, while similar expression was the referred level when
preclimacteric and postclimacteric stages were compared (Trainotti et al., 2007).

CONCLUSIONS

The peach gene chip (WPEACH 1.0) can be successfully applied to closely related
species as apricot, where fewer information and/or genomics tools are available. Further
studies should focus on: i) correlating genes with characteristics of agronomic or
physiological interest; ii) the comparison with peach for common and divergent
mechanisms during fruit growth, ripening and storage; and iii) the selection and analysis
of new candidate genes (e.g auxin regulated, hsp) for a better physiological character-
ization of apricot fruit development.
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Fig. 1. Modulation of gene expression encoding heat shock proteins, measured by means
of the yPEACH1.0 microarray, during the transition of ‘Goldrich’ apricot fruit
from ‘mature’ to ‘ripe’ stage. For comparative studies, gene expression profile of
these genes during transition of nectarine (‘Fantasia’) and peach (‘Red Haven’)
fruit from preclimacteric to climacteric stage are presented. (Data adapted from
Trainotti et al., 2006, 2007). Bars correspond to + SD of the means. ctg 3067:
small hsp-soybean, ctg 3072: hsp (Daucus carota), ctg 3460: hsp 70 (Cucumis
sativus), ctg 2762: putative hsp 81-2 (HSP 81-2) (Arabidopsis thaliana),
ctg 4998: putative hsp (Arabidopsis thaliana), ctg 3092: hsp like protein
[imported] (Arabidopsis thaliana).
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Fig. 2. Modulation of gene expression encoding AUX/IAA proteins, measured by means
of the hPEACH1.0 microarray, during the transition of ‘Goldrich’ apricot fruit
from ‘mature’ to ‘ripe’ stage. For comparative studies, gene expression profile of
these genes during transition of nectarine (‘Fantasia’) and peach (‘Red Haven’)
fruit from preclimacteric to climacteric stage are presented. (Data adapted from
Trainotti et al., 2006, 2007). Bars correspond to = SD of the means. ctg 1211:
auxin-regulated protein-like protein ctg 734: auxin-repressed protein like-protein

ctg 2797: auxin efflux carrier protein family ctg 1741: Aux/IAA protein ctg 358:
Aux/IAA protein.

581



582




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /NLD <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


