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Recently, as a result of development of biotechnology, especially of genome marker
technology, acquisition of genomic information became easier. Investigation of the
relationships between creatures’ macro-traits and genome information is becoming
an important theme for biologists. On the other hand, inexpensive digital cameras
made it easy to get digital images of living things. Accordingly, investigation of the
relationships between creatures’ shape and genome information is becoming an
important theme for biologists. In order to do this, the quantitative measurements of
shapes are necessary. In this research, we propose a new method for quantitative
evaluation of shapes.

In 1982, a quantitative evaluation method for shapes of plants by using elliptic
Fourier descriptors (EFDs) proposed by Kuhl and Giardina. Since then many
researches began to use Fourier descriptors to do quantitative evaluation of shapes
of plants. For examples, Furuta et. al analyzed leaves of soybean, Ohsawa et. al. did
analysis of seeds of buckwheat, Iwata et al. analyzed shape of roots of Japanese
radish and leaves of citrus and so on.

Though EFDs has many merits, it has the fault that only closed curves can be well
described. In the evaluation of shapes of the plants, it is sometimes necessary to
evaluate shapes with open curves. Results of analyzing partial contour are more
meaningful than that of analyzing whole contour in some cases. Moreover, when the
targeted plant’s organ has got the insect damage or has been cut artificially, the
complete contour is not able to obtain. So the evaluation of parts of contours is
important. In 1984, Uesaka proposed P-type Fourier descriptors (PFDs). PFDs is not
only applicable to closed curves but also to open curves. Since PFDs can be applied to
the description of open curve, it is considered that the method based on PFDs can
extend the range of application of shape analysis based on EFDs and become one of
the effective quantitative evaluation techniques for plant organ shapes. P-type
Fourier descriptor was applied to the author distinction of the Ukiyoe. But
application for the quantitative evaluation of plant’s shapes is not found. Our
research is the first one in which plant organ’s shapes is analyzed with the aid of
PFDs and principal components analysis (PCA).

In our research, we analyze tips of lotus‘s petals and blades of citrus as samples
for our new method. Petals of lotus had been cut into several parts in order to
make them flat, so that we can easily digitize their contours. Outlines of petal are
not closed, and so the quantitative evaluation method that based on EFDs cannot be
applicable sufficiently.

From fragmented lotus petals, which were obtained by cutting each bowl-shaped
petal into four or five fragments, we extracted the contour of the tip part of petal and
delineated the contour shape using PFDs up to 8th order. The first principal
component of PFDs accounted for 50% of the total variation, and the cumulative
contribution of the first five components reached 80%. The shape variation
explained by each principal component could be visualized by inverse Fourier
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transformation. The 1st and 2nd components were good measures of sharpness and
asymmetricity of the tip part of petal, respectively. The 3rd and 4th components
explained the features of the apex of the tip part. We assessed shape variations
within a flower based on petals of two varieties, and found that a systematic
variation in the 1lst principal component. As results of ANOVA, the varietal effect
was significant at the 0.1% level in the 1st and 3rd principal components, indicating
that the shape characteristics accounted for by these components reflected the
among-variety variation well. The varietal mean of these two components showed
continuous distribution, indicating that it is difficult to grade these shape
characteristics. We conducted the variety classification based on principal
component scores of PFDs using support vector machine. The rate of correct
classification of 7 varieties was estimated as high as 85% by leave-one-out
cross-validation.

Our results indicated that PCA of PFDs extracts the independent shape
characteristics of petal of sacred lotus and these characteristics are efficiently used
in the classification of sacred lotus varieties.

In research of blades of citrus, blades of several varieties of citrus were used to
verify whether our method is useful or not. In this research, total 6 varieties citrus
were divided into 2 sets (setA and setB), each set has 5 varieties. The blade shapes of
setA are similar to each other. On the other hand, in setB the blade shape of
Poncirus is very differ to other 4 varieties’ blade shape. The highest recognition rate
ratio reached 70.4% and 82.2% respectively for setA and setB. We also found that
the PFDs principal components of Poncirus are very different with PFDs principal
components of the other varieties. It indicates that these principal components of
PFDs can also evaluate the plant organ, whose shapes are very differing to each
other.

We got the results that our method can recognize differences of shapes among
varieties with high recognition rate. Because the leafstalk and the blade can be
thought as different organs, so we evaluate not whole outline of leaf but its blade
quantitatively, We wish that this analysis would help us to find some new features
related to shapes of leaves.

In our research, the software was developed. It can help us to evaluate shape of
plant’s organs with PFDs and PCA. Our analysis results indicate that PCA of PFDs
can extract independent characteristics of shapes from petals of sacred lotus and
blades of citrus. Principal component scores of P-type Fourier descriptors from
plant organ were used for discriminate analysis. We hope that our research will
promote the improvement of automatic classification of plants.

I assembled several programs developed for this research into package software.
I expect that my research of automatic classification and genetic analysis based on
the quantitative analysis of shapes of plant’s organs will be able to profit
agriculture and biology in near future.
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