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In contrast with normal apples, spatial differences in cell turgor (B) as well as
total soluble solids (A) have been observed in watercored apples. Using single-
cell analyses coupled with two principally different osmometers show the
presence of a high concentration of volatile compounds in the watercore region
and a steeper water potential gradient across the flesh (F). Credit: Ehime
University
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Watercore is known to be a physiological disorder in Rosaceae fruits that
site-specifically appears as water-soaked and translucent flesh tissue
adjacent to the vascular core, which generally occurs by exposure to low
temperatures after the onset of climacteric on a tree.

Watercored apples, such as the popular variety 'Fuji', are economically
of great importance in Asian fruit markets because of the marked sweet
and honey rich flavor. Since increases in temperature are predicted to
have an impact on the symptom formation, steady production under
open field conditions is a major concern.

Many studies have been conducted to investigate the physiological
causes, however the exact mechanism(s) in the fruit has remained a
question.

The research team utilized a novel site-specific analytical method,
termed picolitre pressure-probe electrospray-ionization mass
spectrometry (picoPPESI-MS, see Nakashima et al., 2016) together with
two principally different osmometers (freezing point osmometer and
vapor pressure osmometer) to analyze changes in cell water status and
metabolisms in the following three regions: the watercore region, the
normal outer cortex, and the border in the flesh, in both watercored and
non-watercored (normal) fruit.
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In watercored apples, remarkable metabolic modifications through fermentation
occur at the cells in the border (B) and watercore regions (W), inducing greater
production of watercore-related volatile compounds, such as alcohols and esters.
Credit: Horticulture Research

The analysis using picoPPESI-MS indicated that turgor-associated
metabolic modifications were actively occurring in the cells at the
border, inducing greater production of watercore-related volatile
compounds such as alcohols and esters through fermentation, compared
with other regions . Furthermore, conducting the two osmometer
measurements allowed identification of a significant concentration of
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volatile compounds generated at the watercore and border regions.
Importantly, the water potential gradient that retains the potential to
transport water to the watercore region from normal outer cortex was
also detected in the watercore flesh, in contrast to the normal flesh. 
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In the normal apple flesh, light reflection is randomly caused by the numerous
air spaces present in apoplastic space (mostly intercellular air spaces), and then
light is scattered and does not pass through from the cut surface to deeper tissue,
causing a loss of transparency. Contrastingly in watercored apples, apoplastic
spaces including air spaces in watercore flesh were filled with water, alcohols
including ethanol (EtOH), and other solutes, which increases tissue transparency
in addition to the yellowish appearance changes. These findings were obtained
by performing picoPPESI-MS analysis combined with two principally different
osmotic pressure measurements. Note that putative apoplastic solutes associated
with turgor gradient and significant water flow toward the watercore region (blue
arrows) were drawn, and the solutes contained in the cells are removed to
simplify. π: osmotic pressure; VB: vascular bundle; Xy: xylem; EtOH: ethanol.
Credit: Ehime University

In the normal flesh, light reflection is randomly caused by the numerous
air spaces present in apoplastic space (mostly intercellular air spaces),
and then light is scattered and does not pass through from the cut surface
to deeper tissue, causing a loss of transparency with an increase in
lightness. In contrast, apoplastic spaces including air spaces in watercore
flesh are filled with water, alcohols, and solutes due to the above
mechanisms, resulting in an increase in transparency together with a
yellowish appearance in the flesh. 

The study was published in Horticulture Research.

  More information: Wada, H, et al. Direct evidence for dynamics of
cell heterogeneity in watercored apples: turgor-associated metabolic
modifications and within-fruit water potential gradient unveiled by
single-cell analyses, Hortic Res (2021).
doi.org/10.1038/s41438-021-00603-1
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