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Abstract

The shapes of the sepals and petals are important for orchids
because of the commercial value of its flowers, and their form is a
target characteristic for breeding. This study introduces a method that
allows for the quantitative evaluation of the structures using elliptic
Fourier descriptors and principal component analysis (PCA). This
method describes petal and sepal shapes mathematically by
transforming chain-coded contours into elliptic Fourier descriptors and
summarizing it by PCA. To examine differences among the orchids,
one-way analysis of variance was performed on the principal
component scores. Results of the analysis showed that the mean
shapes can be evaluated successfully and for use in systematics and
classification of orchids. A number of significant principal components
were generated to summarize shape differences-left sepals (7); right
sepals (6); center sepals (5); left petals (8); right petals (7). Ordination
of the first two principal components showed overlaps between the
convex hulls delineating the different groups of orchids. However,
ANOVA of the principal component scores was successful in detecting
independent significant characteristics that vary significantly among
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the orchids. Among the most variable traits include the aspect ration
(length-width ratio) and the shape of the sinuses at the base of each
petal and sepal. The overall shapes of the structures were also
decomposed into symmetric and asymmetric components. The results
were discussed in relation to the relative contribution of genetics and
environmental factors in determining the shapes of petals and sepals;
and that within an orchid flower the major source of the symmetrical
elements is genotypic and the asymmetrical elements are strongly
affected by the environment.

Keywords: Vanda, geometric morphometrics, elliptic Fourier analysis,
chain codes

Introduction

The family orchids (orchidaceae) comprising a total number of about
25,000 known species worldwide is one of the most widespread of all plant
families. Their adaptation to extremely diverse environments has produced great
variation among them. Orchids come in all shapes and colors. An orchid flower
consists of 3 sepals which are usually different from sepals in shape but not in
color. There are also 3 petals but one has been greatly modified into a lipan
extremely complex, which is quite different from the other two petals, (Soon,
T.E., 1989).

Vanda is one genus of the orchid family (orchidaceae). Members of this
genus are mostly epiphytic but sometimes lithophytic or terrestrial orchids and
are distributed in India, Himalaya, Southeast Asia, Indonesia, Philippines, New
Guinea, Southern China and Northern Australia. This genus is one of the five
most horticulturally important orchid genera because it has some of the most
magnificient flowers to be found in the entire orchid family. The shapes of their
sepals and petals are important because of the commercial value of their flowers
and their forms are the target characteristic for breeding.

The colors and shapes of the sepals and petals are often used to
determine the variations among orchid varieties. However, these qualitative
evaluations are all rough estimates by human visual judgment which were
sometimes deceived and misled by size factors. Furthermore, the variations are
generally continuous and quantitative measurements are essential. Therefore,
qua.nti_tative evaluation of sepals and petals shape is important to understand
variations among orchid varieties.
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This study introduces a _
ovaluation of the structures usm;ne:ll;;):t icth;::)u :itl;)wg fo:: the quantitative
rincipal component analysi s : eecriplors (EFDs) and
p P po analysis (PCA). Elliptic Fourier descriptors (EFDs) Kulh
and Glardana_l (1?82) is one of the method which is ccmmonly used to describe the
shape qu'antltzatlvely and have been applied effectively to the evaluation of
various biological shapes in animals and plants. This method can delineate any
type of shape w1'th a closed two-dimensional contour. It describes an overall
shape ma-thematlcz?lly by transforming coordinate information concerning its
contours into Fourier coefficient. Rohlf and Archie (1984) suggested principal
component analysis for summarizing the elliptic Fourier descriptors.
Furthgrmore, thgy reported that it is possible to analyze the shape quantitatively
by using the principal component scores as ordinary quantitative characters.
Quantltative evaluation of shape based on EFD has been successfully conducted
in several plant species such as Citrus leaf (Iwata, et al, 2002); Radish root
(Iwata, et al., 2004); Primula seiboldii petal (Yoshioka, et al., 2004); Soybean
leaflet (Furuta , et al.,1995); Buckwheat kernel (Ohsawa, 1998) and Yam tubers
(Toyohara, et al., 2000). The development of computer program package
“SHAPE” by Iwata and Ukai (2002), based on elliptic Fourier descriptors made
quantitative evaluation of biological shape possible.
The objectives of this study are to examine
variations in orchids particularly among genus van
descriptors and principal component analysis, establis
for the evaluation of variations among vanda orchids a
of EFD and PCA in analyzing the variations among van

and sepals.

the petals and sepals shape
da using elliptic fourier
h a quantitative method
nd to test the affectivity
da varieties using petals

Materials and Methods

f vanda orchids taken from orchids grower of Iligan City

and from JC Garden, Orchids and Green at Carpenter Hills, Koronadal City were
considered in this study. These are the V. JVB Thongchai Gold, Velt. Mammo,
Velt 406 x Dr. Anek, Velt. Penang Manila , Velt. Charles Good Fellow and Velt.
g f 236 vanda flowers belonging to six (6) vanda varieties were
collected. The 3 sepals and 2 petals were separated using a cutter. These were
arranged accordingly between two pieces of 5” X 5” clear glass of 1/16 inch thick.
A scanner (HP Scanjet 2400) was used to capture the image of the sepals and
petals using a resolution of 600dpi. The images of the sepals were then grouped
accordingly pased on their position, left, right and center. Similarly, the petals
were also grouped into left and right. Using a chain coder, the full color images of
the sepals and petals were converted to a binary (black and white color) images.

Six (6) varieties 0
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The contours of the sepals and petals were then traced and were recorded
chain code (Freeman, 1974). The CHC2NEF software was then used to caley] -
the normalized EFDs from the chain code information. The 80 coefficient Wate
also classified into- two groups related to symmetrical and asymmetriiﬁ
variations for the central axis of each petal and sepal (Iwata, et al., 1998). The
coefficients a and d represents symmetrical while b and c repre.sents
asymmetrical variations.

A program named princomp was used to visualize the shape variations
accounted for by each principal component. The coefficients of the elliptic Fourier
descriptors were calculated, then the sepal and petal shapes were reconstructed
from the coefficients by inverse Fourier transformation (Furuta et al., 1995). This
visualization method is helpful in understanding the morphological mean of the
variations evaluated by each principal component. Using the normalized elliptic
Fourier coefficients, the principal component analysis were performed and the
scatter plot and box plot graphs were generated. The outline of the method used
is shown in figure A.

To further compare the shapes of sepals and petals, one way ANOVA
(Kruskal Wallis) and Dunn’s Multiple Comparisons Test were performed using
the scores of the components as characteristics of petals and sepals shape.
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Figure A. Outline of the method used in the study

Results

The standardized elliptic Fourier coefficients of the sepals and petals of

the 236 vanda flower belonging to 6 varieties were calculated. The mean shapes
s (left, right and center) and 2 petals (left and right) of each variety

were drawn using the mean values of the standardized Fourier coefficient. Figure
1 shows the comparison of mean shape of the 3 sepals and 2 petals of the six (6)
vanda varieties. The figure shows that variations occurred among sepals and

petals of the vanda varieties.

of the 3 sepal
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Figure 1. Mean shapes of sepals and petals of the six (6) vanda varieties.

Tables 1 and 2 show the results of the principal component analysis and
the contributions of each component to the variations of the sepals and petals
shape. A number of significant components were generated to summarize shape
differences — left sepals 7; right sepals 6; center sepals 5; left petals 8 and right
petals 7. Among sepals (left, right and center), these significant components
accounted for 93.10%, 92.42% and 92.13% variations, similarly for petals (left
and right) they accounted for 92.36% and 91.57% variations respectively. The
results also show that great variations among sepals and petals were
summarized in component 1 while the other principal components detect the
minor or subtle variations which cannot be detected by merely comparing the
sepal and petal structures qualitatively.
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Table 1. Eigenevalues and the contributions

of the effective principal

components to the shapes of sepals of the six (6) vanda varieties.

NENTS
COMFO LEFT SEPALS RIGHT SEPALS CENTER SEPALS
Exg
e Popartion  Cumuleie Ege  Dropartion Camnlstin Egm Roparion  Cmalein
(109 (109 (109
1 6662
. g 7481 7481 6427 1687 7687 6424 8205 8205
: 4'|s 530 2012 408 484 2171 287 367 3573
; 466 24M 329 390 8562 186 238 8811
4 270 303 1J) 306 362 8925 1.75 224 9036
5
. 201 226 %008 153 182 9107 139 17 9213
154 1.73 9181 113 134 924
7 1.14 129 93.10
Total vaziance 8404 8439 .29

Table 2 . Eigenvalues a

nd the contributions of the effective principal components

to the shapes of petals of the six (6) vanda varieties.
COMPONENTS LEFT PETALS RIGHT PETALS
Eigen : Eigen . :
values Proportion Cunulative values Proportion Cunulative
ao (10%)
s 39.43 4948 49.43 41.93 5187 57.87
2 13.36 1677 66.26 10.55 13.06 64.93
3 9.91 1244 78.70 9.56 1183 76.76
4 4.48 563 84.34 6.83 845 85.22
s 2.24 2381 87.15 2.23 276 £7.98
6 1.54 193 89.09 1.30 223 90.22
7 1.40 175 90.85 1.09 135 01.57
8 1.20 1.50 92.36
Totel vaziance 79.67 80.83

Reconstructed shapes show
indicating variations 2
The figure shows g

this component con
Among the most varia

eate

mong the diffe
r contour overlaps occu
tributed greatly to the vari
ble traits include the aspect ra
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the shape of the sinuses at the base of each petal and sepal. The variation in
length-width ratio as summarized by component 1 accounted for 74.81%, 76.87%
and 82.05% for left, right and center sepals, respectively (tables 1 and 2). The
other principal components had minor contour overlaps indicating minor
variations or subtle variations in the shape of sepals and petals. These said
variations cannot be detected based on estimates using human visual judgment.

- OO O GO
e O OO OO
o OO O OO
o (O OO OO
s (OO O OO

Figure 2, Effects of the effective principal components on each petal and sepal
shapes of the six (6) vanda varieties

The overall shapes of the structures were also decomposed into
symmetrical and asymmetrical components. Among sepals, the contributions of
the symmetrical components were greater than that of the asymmetrical
components. The variations accounted for by symmetrical components of the }eft-
right and center sepals were 93.03%, 94.47% and 94.48%, while the variations
accounted for by asymmetrical components were 85.02%, 89.21% and 88.49% for
left, right and center sepals respectively. Similarly, the variations accounted f‘Z{'
by symmetrical components of the left and right petals were 93.10% and 92-99 &
which were higher than that of the variations accounted for by the asymmetrical
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components of the left and right petals which were 88.87% and 87.77%
respectively (Tables 3a&b and 4a&b).

Table 3a. Eigenvalues and contributions of the symmetrical group to the
shapes of sepals of the six vanda varieties.

COMPONENTS LEFT SEPALS RICHT SEPALS CENTER SEPALS
. Ege Proportion Cunslaive
EE® popaton Cummlein :ﬁ: Rropartion Cummlstioe e 08
(109 (109 (109
1 623 845 8459 6475 123 9 U2 994 7994
2 439 561 9021 346 467 91.90 628 1434 9448
3 220 231 93.03 190 257 94.47
Total vaziance 7829 7423 4318
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Table 3b. Eigenvalues and contributions of the asymmetrical group to the
- shapes of sepals of the six vanda varieties.

COMPONENTS LEFT SEPALS RIGHT SEPALS CENTER SEPALS
EK®  poain  Comiin Egm  Ropatin Cumlein :Uh: Popatn Cumleie
(109 109 (109
1 3% 3591 3591 3> 24 koX.v) 1954 4409 4409
2 253 2353 59.44 294° 297 61.39 0.79 1787 6196
3 1% 1’ nxn 0% 953 093 055 1242 7439
4 066 620 4 064 632 725 029 665 8104
5 04 445  81m 04 488 214 021 431 8586
b 04 32 B0 0% 359 73 o 263 80
L 035 347 21
Total variance 1075 1016 443

Table 4a. Eigenvalues and contributions of the symmetrical group to the
shapes of petals of the six vanda varieties.

COMPONENTS LEFT PETALS RIGHT PETALS

Eigen . Eigen . :
values Proportion Curulative values Proportion Curnlative
(10%) (10

1 3861 66 47 66.47 07 6636 66%

2 953 16.40 28 916 1492 81238

3 433 746 9035 664 1081 nm

4 159 275 93.10

Total vanance 5808 6148
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Table 4b. Eigenvalues and contributions of th :
e asymmet
shapes of petals of six (6) vanda varietiei . metrical group to the

COMPONENTS LEFT PETALS RIGHT PETALS
Eigen . . Eigen
vnlougl Proportion Cumulative values Proportion  Cumulative
oY) o
1 1298 60.12 60.12 1057 5490 540
2 235 1092 nw 238 1230 6681
208 965 207 188 on 76.53
a 112 519 8591 147 603 e
s 063 296 8387 100 520 o
Total vanance 21.59 199

The box plot graphs of the first five components of sepals and petals are
shown in figures 3 and 4. The PC 1 showed wide variations in sepal and petals
mean shape as exhibited by scatter box plots, while minor variations among
mean sepal and petal shapes were shown by principal components (PC) 2-5.

A. Left sepals B. Right sepals C. Center sepals

( a
) e v -t
.~ 8 C b &7
¥ e
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Figure 3.

Box plot graphs of the effective principal components of sepals of
the six vanda varieties. (A) V. JVB Thongchai Gold; (B). Velt.

Mammo; (C). Velt 406 x Dr. Anek; (D). Velt. Penang Manila ; (E).
Velt. Charles Good Fellow ; (F). Velt. Dr. Anek.
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Figure 4. Box plot graphs of the effective principal components of petals of the
six vanda varieties. . (A). V. JVB Thongchai Gold; (B). Velt. Mammo;
(C). Velt 406 x Dr. Anek; (D). Velt. Penang Manila ; (E). Velt. Charles

Good Fellow ; (F). Velt. Dr. Anek.

Ordination of the first two principal components showed convex hulls
delineating the different vanda varieties (figure 5). Varieties overlapping in their
convex hulls indicated that the said varieties share common characteristics in the
shape of their sepals and petals. Moreover, varieties with convex hulls separated
indicated that they possessed a distinct petal and sepal shape characteristics.
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vanda left petals
Legend:
* V JVB Thongcha Gold,
® Velt Mammo

A Velt 406 x Dr. Anek

« Velt. Pensng Manula
x Velt Chardes Good Fellow
® Vell Dr. Anek

Figure 5. Results of the principal component analysis showing convex
hulls delineating the six vanda varieties based on the shapes of
their sepals and petals.
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Table 5 shows the results of the one way ANOVA - i
effective components of the 3 sepals (left, right and centermsgall):tﬁih(sl’)efzf:r}:s
right). The results showed that the effective principal components of both sepals
and petals were all extremely significant except for component 3 of the left
sepals and 5 of the right petals which were very significant and significant

respectively.

Table 5. One way ANOVA (Kruskal-Wallis) of the effective components of sepals
and petals of the six vanda varieties.

COMPONENTS LEFTSEPALS  RIGHTSEPALS  CENTERSEPALS LEFTPETALS RIGHT PETALS
1 173.76%** 173.48%** 155.65%** 119.45%%* 111.20%**
2 71.01%** 25.32%%% 58.06%** 43.93%** 32.73%**
3 -17.47%* 33.22%%* 116.48%** 64.08%** 92.02*%**
4 67.85%** 83.45%** 69.37%%* 41.42%%* 32.05%**
5 T1.42%%* 62.65%** 21.50%** 30.54*** 12.01*

#+%_ P value <0.0001- extremely significant
#*_ P value =0.0037 - very significant
* _ P value = 0.0346 - significant

Discussion

Quantitative evaluation of the shapes of sepals and petals of the vanda
varieties has been successfully established by qsing principa! cqmponent scores
obtained from standardized elliptic fourier fiescnptors. The principal components
were independent and can be observed visually how each fiffects the shape.by
drawing the contours under particular score valut.a qondltlons, demonstrating
that PC scores can be used as new shap.e charact:enstlcs of sepals and petals of
vanda orchids. The study in P. seiboldii by Yoshioka (.2004) also dem_c')nstrated
that PC scores were also used as new shape characteristics of P. stebold!t sepals.

The generation of mean shape (ﬁg1_1re 1) and the reconstrgctlox? of the
contour shapes based on recalculated coefficient (ﬁgurg 2) made us wsuahz.ed. the
variations among Vanda varieties. The Fesplts indicated that the variations
among sepals and petals as revgaled by prmc.lpal compqnent (PC) 1 were greatly
due to the length and width ratio as wel! as differences in the convex hulls at the
base of both sepals and petals. This variation accounted for 74.81%, 76.87% and
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82.05% for the left, right and center sepals, while for the left and right petals
these accounted for 49.48% and 51.87% respectively, (tables 1 and 2). PC 2.5
described other causes of variations which were not described in PC 1, The
detection of these minor causes of variations made the methods EFD and PCa
very advantageous for these minor variations could not be detected by mere
qualitative evaluation. Furthermore, EFD and PCA are also very effective
methods for the evaluation of shapes for they can quantitatively analyze the
shape of the image/ object independent from their size. The capability of thig
method to do such is a great advantage in performing such analysis, for
accurate evaluation of shape variations could not be attained by using
qualitative method because human visual judgment on shape of the object /
image were often influenced or deceived by the effect of size factor.

The results in tables 1 and 2 revealed that left and right sepals showed
greater variations than that of the center sepals which were 89.04 x 104, 84.39 x
104 and 78.29 x 10+ respectively. The results of total variations of the sepals
from that of the petals, the total variations of the sepals were generally higher
than that of the petals with total variations of 79.67x10 and 80.83x10 for both
left and right sepals respectively. This implied that the use of the left and right
sepals to discriminate variations among Vanda varieties is better than that of the
center sepals. Furthermore, the use of left and right sepals is also more effective
in discriminating shape variations among Vanda varieties than using the left and
right petals.

The results of the symmetrical and asymmetrical analysis of both sepals
and petals showed that the total variations of the sepals (left, right and center)
which are 78.29x104, 74.23x10-4 and 43.18x10 of the symmetrical group were
higher than that of the total variations of the asymmetrical group which are
10.75x104, 10.16x104 and 4.43x10+ for left, right and center sepals respectively.
Similar results were also observed among petals wherein the left and right petals
of the symmetrical group have higher total variations which are 58.08x10+ and

61.43x104 than that of the total variations of the left and right petals of the
asymmetrical group with 21.59x10-4 and 19.39x10+4 respectively_. These results
implied that variations among the orchid flowers can be attributed by both
genetic as well as environmental factors, wherein genetic factors play a great:,er
role than that of the environmental factors. Within an orchid flowe_er, the major
source of the symmetrical elements is genotypic and the asymetncal elemer;is
are strongly affected by the environment. The wide variations in shape .of petals
and sepals among vanda varieties are greatly contributed by the genetic facfro}:s
which direct the activities of the cells during cell division and cell elongation. 1he
differences in the extent of cell activities during cell divisions are major fa"tgf’;’
which determine the shape of sepals and petals. According to Meyerowitz (1% s
the quantitative characters such as the size and shape of the floral organ, ter;)oth
vary continuously among individuals within populations and can arise from
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gz‘tzrlr;nﬁ:::alv :r?:t' genetic factors. Since plant cells do not migrate during
P , val ions in size and shape of the floral organs is bab
ult of variati i ivisi probsbily fiis
res ations in patterns of cell division and cell elongation amon
genotypes. In addition, development of the floral organs was largely controlled bg
homeotic genes which also controlled organ identity by regulating thz
ggggpnate differentiation of organs and specific tissues, (Nakayama et al,
Environmental effects also contributed variations among sepals and
petals _of the Vanda varieties as shown by the result of the asymmetrical
.anaIYSIS. The contribution of environmental factors to variations can be divided
into leve!s : general environmental variation which arises from permanent or
non_-locahzed circumstances such as nutritional and climatic factors and special
environmental variation which arises from temporary or localized circumstances
operating during development (Falconer and Mackay, 1996; Ukai 2002).

The one way ANOVA of the principal component scores was successful in
detecting independent significant characteristics that vary significantly among

the orchids.

In conclusion, EFD and PCA can be effectively used in analyzing the

shape variations of sepals and petals of Vanda orchids quantitatively. It is also
an effective method used in the study of variations among Vanda varieties by
using the sepals and petals of the orchid flower. In the study of variation among
Vanda, the use of sepals are better than that of petals and among sepals it is best
to use the left and right sepals for they can discriminate better the variations

among different Vanda varieties.
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