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Quantitative evaluation of the shapes of

biological organs is often required in

various research fields, such as agron-

omy, medicine, genetics, ecology, and

taxonomy. Elliptic Fourier descriptors

(EFDs), proposed by Kuhl and Giardina

(1982), can delineate any type of shape

with a closed two-dimensional contour

and have been effectively applied to the

evaluation of various biological shapes in

animals (Bierbaum and Ferson 1986; Diaz

et al. 1989; Ferson et al. 1985; Rohlf and

Archie 1984) and plants (Furuta et al.

1995; Iwata et al. 1998; McLellan 1993;

Ohsawa et al. 1998; White et al. 1988).

Quantization of shapes is a prerequisite

for evaluating the inheritance of morpho-

logical traits in quantitative genetics.

There are many reports showing that

measurements based on EFDs are helpful

for such quantization of the shapes of

plant and animal organs. For instance,

Iwata et al. (2000) conducted a diallele

analysis of the shape of Japanese radish

(Raphanus sativus L.) roots, using the

principal component scores of the EFDs

as shape characteristics. Quantitative

trait loci (QTL) analysis has also been

conducted using the principal compo-

nent scores of EFDs concerning the

shape of the male genitalia of Drosophila

species (Laurie et al. 1997; Liu et al.

1996). The shape evaluation method

based on EFDs can be a powerful tool

for analyzing biological shapes, but it is

not easy for a researcher to use this

method because it involves several com-

plex procedures, such as image process-

ing, contour recording, derivation of the

descriptors, and multivariate analysis of

the descriptors.

In this article we present SHAPE,

a package of programs for evaluating

biological contour shapes based on EFDs.

This package contains programs for

image processing, contour recording,

derivation of EFDs, principal component

analysis of EFDs, and visualization of

shape variations estimated by the prin-

cipal components. With the aid of this

package, a researcher can easily analyze

shapes on a personal computer without

special knowledge about the procedures

related to the method. The principal

component scores obtained by the pro-

cedures can be used directly as observed

values of shape characteristics for the

subsequent analyses.

SHAPE is characterized by the follow-

ing features: (1) The packaged programs

are easily operated with the aid of

a graphical user interface (GUI); (2) No

special computer devices for image pro-

cessing are required; (3) A large number

of samples (say 1,000) can be treated; (4)

The scores of principal components are

stored in tabbed text format files and can

be easily exported for analysis by other

software; and (5) The variations in shape

accounted for by the principal compo-

nents can be visualized and printed out.

Quantitative Evaluation of Shape
by SHAPE

Image Analysis and Contour Recording

A program named ChainCoder extracts

the contours of objects from digital

images and stores the relevant informa-

tion as chain code (Freeman 1975). First,

a user takes images of samples using

a digital imaging device, such as a digital

camera, a photographic film scanner, or

an image scanner, and imports them as

full-color bitmap files into a computer

memory device. ChainCoder takes the

images as input files and processes them

by the following procedure. The digital

image is split into three colors (red,

green, and blue [RGB]) with 8-bit quanti-

zation (256 gray levels). Then the one

image that has the clearest contrast

between the objects and the background

is converted into a black-and-white image

with an appropriate threshold value de-

termined automatically. After noise re-

duction, the closed contour of the object

is extracted by edge detection and the

contour information is stored as chain

code. The area of the object is also

measured and recorded.

Derivation of EFDs

A program named Chc2Nef provides the

normalized EFDs from chain-coded

contours. The coefficients of EFDs are

calculated by the discrete Fourier trans-

formation of a chain-coded contour after

Kuhl and Giardina (1982). The coeffi-

cients of the EFDs are subsequently

normalized to be invariant with respect

to the size, rotation, and starting point,

with the procedure based on the ellipse

of the first harmonic (Kuhl and Giardina

1982). The coefficients can also be nor-

malized with the procedure based on the

farthest point on the contour from its

centroid. When these methods of nor-

malization are not helpful for giving

biological meaning to the contour shape,

a user can also normalize the coefficients

through manual alignment of the con-

tour. Finally, the normalized coefficients

of the EFDs are stored in files.

Principal Component Analysis

A program named PrinComp performs

the principal component analysis of the

coefficients of the EFDs. The normalized

coefficients of the EFDs can still not be

used directly as shape characteristics

because the number of coefficients is gen-

erally very large and the morphological

meaning of each coefficient is diffi-

cult to interpret separately. Principal

component analysis is effective for

summarizing the information of the

variations contained in the coefficients

(Rohlf and Archie 1984). PrinComp

performs the principal component anal-

ysis based on the variance-covariance

matrix of the coefficients. The scores of

the derived principal components are

also calculated and stored in text

format files, which can be provided as

input files for the various subsequent

analyses, for instance, a quantitative

genetic analysis.
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Visualization of Shape Variations

A program named PrinPrint visualizes

the variation in shape that can be

accounted for by each principal compo-

nent. The visualization is conducted

through the procedure proposed by

Furuta et al. (1998). First, the coefficients

of the EFDs are calculated, letting the

score for a particular principal compo-

nent be equal to the mean plus or minus

two times the standard deviation, that is,

the square root of the eigenvalue of the

component, and the scores of the re-

maining components be zero. Then the

contour shape on each condition can be

reconstructed from the calculated coef-

ficients by the inverse Fourier transfor-

mation. This visualization may be helpful

for giving the morphological meaning of

the variation evaluated by each principal

component. Reconstructed contours are

easily printed on a sheet of paper with an

ordinary printer.

Computer Requirements and
Availability

The programs contained in SHAPE can be

used with any IBM-compatible computer

running Windows 95, 98, NT, or higher

versions. The program package and a re-

lated online manual are available at

http://cse.naro.affrc.go.jp/iwatah/shape

and http://wheat.ab.a.u-tokyo.ac.jp/

;iwata/shape.
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