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Amounts and types of pigments are responsible for the color appearance of plant.
Loss of green color is one of the ripening indexes in fruit, and it is caused by the
degradation of chlorophyll. In pear fruit, there are three different types of colors at mature
stage; green, red and russet color. In this thesis, color and pigment changes during ripening
in pear fruit were studied.

Green pears usually turn yellow during ripening. ‘La France’ pears are the most
popular cultivar and account for ~70% of pear production in Japan. This cultivar stays
green even at the fully ripe stage. This causes judgment difficulties for the edible phase by
consumers. In the first chapter, color and pigment changes, and the molecular mechanism
of chlorophyll-degradation-related genes were studied using six green pear cultivars. ‘Le
Lectier’, ‘Gorham’, ‘Bartlett’, ‘Marguerite Marillat’ and ‘Michaelmas Nelis’ pears lost
their greenness and developed a yellow color during ripening, which was directly related to
the decline in chlorophyll a concentration. Thus, the development of yellow color results
from the masking of carotenoids with chlorophyll at harvest, and the unmasking by
chlorophyll degradation. Otherwise, ‘La France’ pears remained green even at the fully ripe
stage. The contents of chlorophyll a, chlorophyll b, and carotenoids in this cultivar changed
little throughout the experimental periods. These results suggest that chlorophyll
degradation does not occur in the ‘La France’ cultivar. This led to the stay-green
appearance when the fruit fully ripened. Climacteric ethylene was normally observed in
‘La France’ pears, and was concomitant with fruit softening. Therefore, it was not the
inability of fruit to produce ethylene that prevented chlorophyll degradation and the
development of yellow color in ‘La France’ pears. Transcription levels of chlorophyllase 1



(CLH1), pheophorbide a oxygenase (PAO), non-yellow coloring 1 (NYC), and NYC1-like
(NOL) genes in “La France’ pears were lower than those in fully yellow pears. Suppression
of these genes in ‘La France’ pears might be related to the stay-green characteristics when
fully ripened.

The russet pears resist to the stress or improper environment, i.e. temperature,
humidity. Color changes can be observed during ripening even in the russet pears. In the
second chapter, ripening characteristics and pigment changes in russet pear fruit were
investigated. The green pears, ‘Gorham’ and ‘La France’ cultivars, and their russet spot
‘Grand Champion’ and ‘Gold La France’ cultivars were used. The delay of ripening
occurred in russet pears compared with their wild types. These resulted from the delay of
ethylene production. Even in russet pears, chlorophylls accumulated like green pears,
although they were masked by russet. Moreover, pigment changes during ripening in russet
‘Grand Champion’ pears were the same as in ‘Gorham’ pears. Similarly, in another russet
cultivar “‘Gold La France’, whose color was unchanged during ripening, chlorophyll level
was the same as ‘La France’ fruit. These suggested that the pigment changes of russet
mutant pears followed their wild types. ‘Gorham’ turned from green to yellow, while
‘Grand Champion’ developed light russet during ripening. The color change in ‘Grand
Champion’ russet pears during ripening was caused by loss of chlorophylls. On the other
hand, little change in chlorophylls level corresponded with the unchanged russet color in
‘Gold La France’ pears. Thus, chlorophyll degradation might imply to the color change not
only in green pears but also in russet ones. Color changes in russet pears seemed to be
similar to their wild types. The expressions of chlorophyll-degradation-associated genes in
the russet mutant pears showed similar pattern to their wild types.

Ethylene is required for ripening of many fruit, particularly in climacteric fruit. In
the third chapter, green and russet pears, ‘Gorham’, ‘La France’, ‘Grand Champion’ and
‘Gold La France’ cultivars, were treated with ethylene or 1-methylcyclopropene (1-MCP)
to study the role of ethylene on fruit ripening and color changes. Ethylene production was
inhibited by 1-MCP treatment in both green and russet pears. Interestingly, fruit softening
was perfectly suppressed by 1-MCP treatment in ‘La France’ and ‘Gold La France’ pears,
while softening gradually progressed in 1-MCP treated fruit in ‘Gorham’ and ‘Grand
Champion’ pears. Ethylene or 1-MCP did not affect color and pigments in ‘La France’ and
‘Gold La France’ pears. In contrast, fruit yellowing and chlorophyll degradation was
partially suppressed by 1-MCP treatment. These suggest that chlorophyll degradation was
regulated by both ethylene dependent and independent manners. The influence of ethylene
on the expressions of chlorophyll-degradation-related genes seemed to be similar in both
russet and their wild types. NYC1 and SGR1 genes were stimulated by ethylene, while
these expressions were suppressed by 1-MCP treatment. These indicated that these were
ethylene dependent genes. SGR is the protein that participates in degradation of light
harvesting chlorophyll-protein complex and acts upstream of chlorophyll degradation
pathway. Ethylene treatment dramatically up-regulated the SGR gene expression not only
in ‘Gorham’ and ‘Grand Champion’ pears, but also in ‘La France’ and ‘Gold La France’



pears, in which chlorophyll levels did not change during ripenig. Meanwhile, ethylene
might have little effect on CLH1, PPH, PAO and NOL genes expression in both green and
russet pears. Thus, these were thought to be ethylene independent genes.

Taken together, in the first chapter, it was found that yellowing resulted from the
unmasked carotenoid by chlorophylls degradation, and thtat stay-green characteristic in ‘La
France’ pears may be cause by suppression of CLH1, PAO, NYC and NOL genes. In the
second chapter, the ripening of russet pears was delayed. The chlorophyll and carotenoid
concentrations at harvest were the same level, and color and pigment changes were also
similar in russet mutant pears and their wild types. The last chapter showed that
chlorophyll degradation was regulated by both ethylene dependent and independent
manners. It was suggested that NYC1 and SGR1 were ethylene dependent genes, while
CLH1, PPH, PAO and NOL were ethylene independent ones.
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