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Key Words: The genus Dendronephthya, generally known as soft corals, is reported as
Dendronephthya an abundant and variable taxon. They mostly distribute in warmer waters of
Soft coraI,sJ the Indo-Pacific Ocean region including Korea. In spite of their abundance

and ecological importance as habitats of marine organisms, there are diffi-
culties in the study of their identification and systematics because they
have morphological variabilities and limited taxonomic characters. To re-
solve the problems, we attempted to elucidate the genetic relationships in
the genus Dendronephthya by using random amplified polymorphic DNA
(RAPD) analysis. This study was based on eight dendronephthian species
and one Alcyoniidae species, Alcyonium gracillimum, as an outgroup. The
results from all analysis suggest that they could be classified into four
groups by the growth form and the anthocodial grades as follows: the first
one, D. pitteri and D. suensoni with the divaricate form and VI grade; the
second one, D. sp. 1 and D. sp. 2 with the divaricate form and Il or IV
grade; the third one, D. gigantea and D. aurea being closer than D.
spinifera with the glomerate form and lll grade; the last one, D. castanea
related to D. gigantea rather than D. pitteri with the umbellate form and IV
grade. Moreover, the divaricate form was separated from the group of the
glomerate and umbellate form. At the intraspecies level, the types of the D.
castanea, D. gigantea and D. spinifera were separated depending on the
feature of spicules in the polyp head, and the coloration could not influence
genetic variation. From this study, we can confirm that their morphological
characters are compatible with the genetic variation, also RAPD analysis is
a very useful method for resolving the systematic relationships of den-
dronephthians.

RAPD analysis
Systematic relationships
Interspecies

Intraspecies

The Anthozoa is very variable and important taxon for
the habitats of marine organisms. The order Alcy-
onacea belongs to the subclass Octocorallia that is
under the Anthozoa, generally known as soft corals
and mainly distributed in the southern sea of Korea
including Cheju lIsland area.

In the alcyonarians, three families (Alcyoniidae, Neph-
theidae and Siphonogorgiidae) have been recorded
from the Korean waters (Rho and Song, 1976; Song,
1977). Especially, the Nephtheidae that contains nine
dendronephthian species is reported as an abundant
taxon in the Cheju Island area (Je, 1994).

The genus Dendronephthya shows bushlike or branch-
ing feature and their polyps are always provided with
supporting bundles (Roxas, 1933). The genus contains
an enormous number of species, not fewer than 150
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species all over the world (Thomson and Dead, 1931;
Roxas, 1933; Utinomi, 1952) and is mostly distributed
in the warmer waters of the Indo-Pacific region from
the Red Sea to Japan except one species, D. mexicana
(Utinomi, 1952).

To identify them, observations are focused on the
growth form (Kukenthal, 1905), and the anthocodial
grade and formula (Sherriffs, 1922). The former divided
the genus into three main groups - Glomerate, Divari-
cate and Umbellate, and the latter classified them into
six grades by the number and arrangement of point
and crown sclerites in anthocodial armature (Thomson
and Dean, 1931; Roxas, 1933). However, their identifi-
cation retains difficult problems because they have
minute variability in the intraspecies (Utinomi, 1952). The
variation in a narrow range is caused by the cross-
fertilization between sibling-species, and the mutations
of species apart from any hybridizing influence. For
example, D. gigantea, D. ehrenbergi and D. brebirama
having much variability brought about this influence
(Thomson and Dean, 1931). Therefore, the systematic
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Table 1. Two taxonomic characters of the genus Dendronephthya used
in this study

Table 2. Taxonomic information and types of each species collected
from the Cheju Island area

Growth form Anthocodial
Species by Kikenthal grade by Sheriffs Authors
{1905) (1922)
Thomson and Dean (1931)
Dendronephthya Roxas (1933)
gigantea Glomerate n Utinomi (1952)
Song (1977)
D. aurea” Glomerate 1] Utinomi (1952)
PP n Roxas (1933)
D. spinifera Glomerate Y, Utinomi (1952)
Divaricate Vi Thomson and Dean (1931)
D. suensoni Song (1977)
Glomerate v Utinomi (1952, 1954)
B - Roxas (1933)
D. potteri Divaricate Vi Song (1977)
Utinomi {1952)
D. castanea Umbeliate 1\ Song (1977)
D. sp. 1** Divaricate v
D. sp. 2 Divaricate 1]

*Species identified in the present study, **Species added for analyzing

relationships within the genus Dendronephthya remain
uncertain in spite of their abundance and ecological
importance, and some species are described by
different opinions according to scientists (e. g. D.
suensoni and D. spinifera) (Table 1).

Recently, to resolve many problems occurred from
the intraspecies and interspecies of many taxon, the
method of random amplified polymorphic DNAs (RAPDs)
(Willlams et al. 1990, Welsh et al. 1990) has been
used (Borowsky et al., 1995; Clossland et al., 1993;
Espinasa and Borowsky, 1998; Foo et al., 1995; Heun
et al., 1997; Krane et al., 1999; Sultman et al., 1995;
Tamate et al., 1995; Tibayrence et al., 1993). The
RAPD markers are made of relatively short DNA frag-
ments (a few Kb, or less in length) and amplified via
PCR (Polymerase Chain Reaction, with low annealing
temperature, 35-45C) by small arbitrary primers (usually
10 bases in length, with G+C contents > 50%) (Grosberg
et al.,, 1996).

In the present study, we analyzed RAPD markers in
an attempt to determine the extent of genetic varia-
tions within intraspecies and interspecies of dendrone-
phthians. Also another aim of this study was to ex-
amine the usefulness of the RAPD marker for genetic
analysis of soft coral populations.

Materials and Methods

We collected 39 specimens in total from the southern
part of Cheju Island by scuba diving between 1997
and 1998. This study was based on eight species of
the genus Dendronephthya - D. suensoni, D. pgtteri, D.
castanea, D. gigantea, D. spinifera, D. aurea, D. sp. 1,
D. sp. 2, and one Alcyoniidae species, Alcyonium
gracillimum, as an outgroup (Table 1). A. gracillimum is
a common and abundant species in Cheju Island and

Classification Species Types (N) Main characters

Phylum Cnidaria
Class Anthozoa
Subclass Octocorallia
Order Alcyonacea
Family Nephtheidae  Dendronephthya 3)
suensoni

D. ptteri ()]

D. castanea Aw (2), noM
Ay (2)
Bw (3), with M
By (2

C@ with many M

D. gigantea D (3) equal P

polyp neck with spicules

E (4) subequal P
polyp neck without spicules

F (6) subequal P
polyp neck with spicules

D. aurea 2)

D. spinifera G (1) number of S.B.=3

long and thin S.B.

H (3} No. of S.B.=more than 4
short and thick S.B.

D. sp.1 1)

D. sp.2 (1)

Family Alcyoniidae Aleyonium 1)
gracillimum

A-H, types of each species; M, intermediate sclerities; P, large point
sclerities,

S. B., supporting bundles; Bw, white supporting bundles; By, yellow
supporting bundles.

has same habitat with dendronephthians. So we selected
it as an outgroup for this study. However, three
species, D. castanea, D. gigantea and D. spinifera,
among them showed variation of anthocodial armature
and coloration. Therefore, we divided D. castanea into
five groups (Aw, Ay, Bw, By, C), D. gigantea into three
groups (D, E, F) and D. spinifera into two groups (G,
H) (Table 2).

The genomic DNA were extracted from polyps by
using the phenol extraction method described by
Sambrook et al. (1989). Before the extraction, they had
been submerged for two or three days in 0.5M EDTA
for decalcification (Song and Won, 1997). The concen-
tration of DNA was adjusted to 10ug/ul for the
subsequent PCR reaction. Total 40 primers were used
from QUIAGEN 10-mer Kits series A and B, and then
17 primers with polymorphic results were selected. We
set PCR solution to 20 pl [100 mM Tric-Cl (pH 8.3 at
25C), 500mM KCi, 0.01% (wfv) Gelatin, 1.5mM
MgClo, 0.1% Triton X-100] with 1 unit of Tag poly-
merase and 10 pmol primer. The PCR-reaction was



Table 3. Matrix of similarity coefficient among the genus Dendronephthya
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13 14 15 16 17 18 19 20

1 2 3 4 5 6 7 8 9 10 11 12
1 -
2 0.264 -
3 0.387 0.360 -
4 0529 0538 0.583 -
5 0435 0412 0282 0.509 -
6 0424 0387 0424 0489 0.346 -
7 0678 0678 0700 0574 0.700 0.678 -
8 0651 0651 0667 0.604 0674 0644 0324 -
9 0648 0655 0663 0.608 0.692 0670 0346 0291 -
10 0604 0620 0644 0587 0.667 0.644 0.367 0.300 0254 -
11 0659 0.674 0674 0578 0674 0.651 0.393 0.387 0.418 0.447 -
12 0604 0620 0628 0587 0.644 0604 0380 0.360 0.406 0374 0.331 -
13 0612 0.628 0.636 0587 0.644 0.612 0.367 0.387 0.393 0.387 0.331 0.141 -
14 0651 0667 0674 0578 0.674 0651 0.380 0424 0.380 0412 0.346 0.400 0.374 -
15 0624 0648 0655 0574 0.655 0.624 0.435 0.380 0.360 0406 0.339 0.367 0.353 0.254 -
16 0640 0648 0678 0574 0655 0.624 0.447 0.406 0.435 0.452 0.406 0.380 0.367 0.406 0.400 -
17 0651 0674 0689 0561 0674 0.644 0452 0.424 0430 0.458 0.360 0.412 0.400 0.360 0.353 0.234 -
1§ 0624 0624 0616 0547 0624 0616 0479 0463 0458 0463 0.474 0484 0.474 0452 0.458 0.447 0.463 -
19 0636 0636 0620 0570 0.644 0.612 0514 0458 0.441 0.479 0.479 0479 0479 0.479 0.452 0.484 0.469 0.308 -
20 0632 0616 0616 0538 0632 0624 0509 0.504 0.500 0.494 0543 0.494 0.504 0.474 0.479 0.500 0.494 0.346 0.308 -
21 (0636 0636 0644 0587 0659 0.636 0494 0500 0.463 0479 0.509 0.469 0.469 0.469 0.494 0.474 0.500 0.418 0.435 0.441
22 (0636 0651 0636 0587 0.659 0.651 0.494 0500 0.484 0.489 0.489 0.489 0.489 0.479 0.474 0.524 0.509 0.430 0.435 0.452
23 0632 0648 0.640 0583 0670 0.640 0529 0514 0.500 0.474 0.504 0494 0.504 0.494 0.500 0.513 0.504 0.424 0.418 0.458
24 0624 0616 0.608 0547 0632 0624 0489 0514 0.479 0494 0524 0494 0504 0.524 0.519 0.547 0.552 0.447 0.430 0.435
25 0636 0628 0636 0561 0651 0.636 0524 0509 0.494 0489 0.500 0.500 0.509 0.529 0.524 0.514 0.509 0.463 0.458 0.484
26 0620 0644 0644 0543 0659 0644 0463 0489 0452 0458 0.469 0.479 0.469 0.469 0.504 0.514 0.489 0.441 0.435 0.484
27 0624 0632 0640 0547 0648 0640 0479 0504 0.458 0484 0.494 0.494 0.484 0.474 0.509 0.479 0.484 0.435 0.463 0.500
28 0624 0632 0624 0547 0640 0.648 0519 0.533 0.479 0494 0.494 0.494 0.484 0.474 0.500 0.500 0.484 0.412 0.418 0.447
29 0612 0628 0628 0561 0636 0.612 0.504 0.479 0.463 0.458 0.489 0.469 0.469 0.458 0.463 0.484 0479 0.406 0.412 0.452
30 0612 0636 0644 0561 0651 0.636 0494 0.500 0.463 0458 0.489 0.458 0.458 0.469 0.484 0.484 0.489 0.430 0.424 0.463
31 0648 0648 0624 0556 0.640 0.640 0509 0.533 0.519 0524 0.463 0.494 0.484 0452 0.489 0.519 0514 0.458 0.494 0.509
32 0612 0612 0612 0533 0.628 0620 0514 0519 0.504 0.500 0.500 0.500 0.489 0.500 0.494 0.514 0.519 0.474 0.479 0.494
33 0636 0644 0628 0595 0.651 0.628 0533 0519 0.504 0.500 0.500 0.489 0.489 0.469 0.474 0.514 0.509 0.474 0.458 0.504
34 (0648 0648 0640 0565 0663 0640 0529 0543 0529 0524 0514 0514 0524 0494 0.489 0556 0.524 0.500 0.474 0.489
35 0595 0.604 0604 0543 0628 0.604 0463 0447 0.430 0400 0.509 0.469 0.479 0.489 0.484 0.474 0.469 0.430 0.435 0.452
36 0632 0600 0616 0565 0632 0.608 0458 0474 0.447 0452 0514 0494 0.494 0.484 0.479 0.519 0.494 0.447 0.484 0.479
37 0616 0600 0616 0608 0624 0632 0583 0.561 0.547 0.524 0.628 0.561 0.570 0.604 0.600 0.600 0.628 0.583 0.578 0.574
38 0578 0570 0595 0552 0595 0587 0.561 0.565 0.543 0529 0.600 0.556 0.556 0.583 0.587 0552 0.583 0.514 0.556 0.561
39 0632 0624 0685 0640 0685 0.663 0.692 0.689 0.692 0.644 0.717 0.681 0.689 0.696 0.692 0.692 0.710 0.685 0.703 0.678
21 22 23 24 25 2 27 28 29 30 31 32 3 3 3 3 37 38 39
]
2
3
4
5
6
7
8
9
10
1
12
13
14
15
16
17
18
19
20
21 -
22 0.360 -
23 0353 0.308 R
24 0393 0406 0.387 -
25 0412 0.400 0406 0.339 -
26 0387 0346 0367 0406 0.360 -
27 0.339 0.380 0.387 0.400 0.367 0.308 -
28 0406 04068 0.400 0.374 0393 0324 0.316 -
29 0374 0.360 0.353 0.353 0.360 0.331 0291 0.324 -
30 0360 0.374 0.353 0.353 0.360 0.300 0.308 0.308 0.200 -
31 0463 0452 0.469 0483 0504 0.452 0435 0435 0463 0.463 -
32 0479 0435 0452 0.463 0489 0435 0430 0.406 0424 0435 0.339 -
33 0447 0424 0418 0484 0489 0447 0452 0430 0387 0424 0418 0.346 .
34 0484 0418 0447 0469 0504 0484 0469 0458 0.441 0452 0400 0.308 0.324 -
35 0469 0458 0418 0452 0447 0447 0452 0.463 0400 0447 0514 0458 0.424 0.452 -
36 0474 0452 0469 0447 0452 0.441 0447 0447 0393 0441 0489 0463 0463 0447 0308 -
37 0587 0587 0616 0574 0570 0552 0591 0583 0570 0570 0.583 0570 0.570 0.591 0514 0538 -
38 0538 0565 0570 0.514 0509 0489 0514 0514 0509 0500 0533 0519 0556 0570 0519 0514 0441 -
30 (0680 0689 0670 0.678 0689 0681 0707 0678 0689 0674 0632 0636 0851 0.655 0.667 0.663 0.574 0.604

% 1-3, D. suensoni; 4-8, D. pitteri; 7-8, D. castanea Aw; 8-10, D.

castanea Ay, 11-13, D. castanea Bw; 14-15, D. castanea By; 16-17, D. castancea C; 18-20, D.
gigantea D, 21-24, D. gigantea E; 25-30, D. gigantea F; 31, D. spinifera G; 32-34, D. spinifera H; 35-36, D. aurea; 87, D. sp. 1; 38, D. sp. 2; 39, A. gracillimum
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carried out using the following protocol: 1 cycle at 95T
(1 min), 35T (2min), and 727 (2min); 35 cycles at
95¢C (1min), 36C (@min), and 72T (2min); and |
cycle at 95¢C (1 min), 35C (2min), 72 (5 min)
(Williams et al., 1993; Grosberg et al., 1996). Each of
the amplified products were run on a 1.5% agarose
gel. The gels were stained with 0.5pgful ethidium
bromide solution, and then photographed. RAPDs
markers were coding as "0" (absence of band) or "1"
(presence of band), and made up of the data matrix.
The genetic similarity coefficients and the dendrogram
were estimated by the UPGMA method in the NTSYS
program (Rohlf, 1992).

Results

A total of 200 polymorphic RAPD markers amplified by
17 different primers was used to analyze the genetic
relationships among the dendronephthians (Appendix 1).
The genetic similarity coefficient among 39 specimens
(9 species, 15 types) was estimated by the UPGMA
method (Table 3). The average of similarity coefficient
(ASC) crosses all specimens ranged from 0.141 (be-
tween the specimens of Dendronephthya castanea Bw)
to 0.717 (D. castanea Bw and A. gracillimum). In the
same species, the specimens of D. gigantea were
considerately divergent (ASC=0.312). The ASC across
all specimens ranged from 0.446 (D. suensoni and D.
patter) to 0.692 (D. castanea and A. gracillimum), and
the ASC between outgroup, A. gracillimum and the
other specimens was 0.646 (Table 3).

As shown in Fig.1, dendronephthians are divided
into two clades; D. suensoni and D. pdtteri consist of
the first one, and the remaining species the second
one. From the first clade, six specimens were used
from D. putteri and D. suensoni, they are clustered
together without branching each other species. And in
the second clade, a total of 32 specimens (8 species)
were used; 11 specimens of D. castanea, 13 specimens
of D. gigantea, two specimens of D. aurea, four
specimens of D. spinifera and each one specimens of
two species, D. sp. 1 and D. sp. 2. Especially, many
specimens of D. gigantea and D. castanea were used
to examine the variability in the anthocodial armature.
As a result, they are divided again into two clades,
one has D. gigantea, D. aurea, D. spinifera and D.
castanea, the other does D. sp. 1 and D. sp. 2. In the
first one, D. gigantea and D. aurea bind together, and
then D. spinifera binds again with them, and the last,
D. castanea binds. Of course, there are no mixing with
different species.

Furthermore, the specimens of D. castanea, D.
gigantea and D. spinifera are composed of each of two
branching groups (Fig.1). In the D. castanea, four
specimens of the type A separate from the other types
and seven specimens of the types B and C divide into
groups according to the types despite of color varia-
tion. D. gigantea are divided into two parts, three

o8 98 o o2 90
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Fig. 1. Dendrogram of the 39 dendronephthian specimens derived from
genetic similarity coefficient estimated from RAPD analysis.

specimens of the type D and 10 specimens of the
types E and F, and the 10 specimens of the second
part are compound together. Finally, the two types of
the D. spinifera, one specimen of the type G and three
of the type H of D. spinifera, are also divided following
their types.

Discussion

The genus Dendronephthya was named by Kukenthal
(1905) and it's systematic studies were continued by
Sherriffs (1922), Thomson and Dean (1931), Roxas
(1933), Utinomi (1952, 1954) and Song (1977) for a
long time. However, in spite of all their studies, we find
difficulties in identifying the relationships within den-
dronephthians because of their variabilities and limited
taxonomic characters.

As a result of the dendrogram (Fig. 1), a total of
eight dendronephthians species is divided into two
clades; D. suensoni and D. ptteri are in the first clade
and the remaining species are in the second one. The
first clade, six specimens of D. suensoni and D. putteri,
is clustered together. And it is supported by their
common characters which are described as divaricate
from and VI grade (Roxas, 1933; Song, 1977, Thomson
and Dean, 1931). Therefore, we consider that they are
more closely related than other species.

Within the second clade, 32 specimens of six species,
D. castanea, D. gigantea, D. aurea, D. spinifera, D. sp.
1 and D. sp. 2, are divided again into two clades. One
has D. gigantea, D. aurea, D. spinifera and D. castanea
and the other has D. sp. 1 and D. sp. 2. In the first
clade, all specimens of D. gigantea and D. aurea
appeared as a cluster without any confusion, and then



D. spinifera binds into them. Those three species are
reported as organisms having the glomerate form and
Il grade (Roxas, 1933; Song, 1977; Thomson and
Dean, 1931). These results mostly coincide with one
another. However, the growth form and anthocodial
grade of D. suensoni and D. spinifera by Utinomi
(1952) are not supported in terms of our present
results. In the second one, D. sp. 1 and D. sp. 2 were
clustered together. Their growth form is inferred as the
divaricate form, but they bind to the group of the
glomerate and the umbellate, and separate from the
group of the divaricate. We got that result, because
their feature of the divaricate forms were different from
D. suensoni and D. pgtteri. And their grade is inferred
as IV for D. sp. 1 and lil for D. sp. 2. However, their
identification isn’t concluded yet, so more study about
their growth form is needed.

D. castanea reported as the umbellate form and IV
grade was clustered with the group of the glomerate
form and Il grade (D. gigantea, D. aurea and D.
spinifera), but separated from which the divaricate form
and VI grade (D. putteri and D. suensoni). That is the
glomerate form has a closer relationship with the um-
bellate than the divaricate form. According to Thomson
and Dean (1931), the relationships among the growth
forms have two different opinions which the umbellate
form differs from the glomerate and agrees with the
divaricate in showing much minor branching, but the
glomerate and the umbellate different from the divari-
cate in the feature of polyp heads. Therefore, we
consider that the feature of polyp head is a more
important character because of the agreement on the
latter by results.

Especially, the results divided D. castanea, D.
gigantea and D. spinifera into six groups. D. castanea
is divided into two groups by their absence or
presence of intermediate sclerities, but coloration does
nto effect our results. D. gigantea is seperated into two
groups by the feature of large point sclerities and D.
spinifera is divided into two groups by the number and
shape of support bundles. With these data, we suggest
that some kinds of characters on anthocodial armature
are more important than others. These resulis are
accordant to the report of Thomson and Dean (1931).
They report that the variation of the D. gigantea is
caused by the mutation, and our result agree with that.
Also, the variation of D. castanea and D. spinifera are
caused by the same reason of D. gigantea.

From the result of this study, we confirm that three
characters of growth form, anthocodial grade and
formula are very important characters in identifiying
dendronephthians and compatible with the genetic
variation. Also, the relationships of the growth form
identified that the glomerate is much closer to the
umbellate than the divaricate. The RAPD analysis is
defined as very useful method to resolve the system-
atic relationships within the genus Dendronephthya.

Korean J Biol Sci 4: 1-7, 2000

Acknowledgements

This work was supported by grant Nb. 971-0510-051-2 from
the Basic Research Program of the KOSEF.

Reference

Borowsky RL, McCelland M, Cheng R, and Welsh J (1995)
Arbitrary primed DNA fingerprinting for phylogenetic recons-
truction in vertebrates: the Xiphophorus model. Mol Biol Evol
12: 1022-1032.

Crossland S, Coates J, Grahame J, and Mill PJ (1993) Use of
random amplified polymorphic DNAs (RAPD) in separating
species of Littorina. Mar Ecol Prog Ser 96: 301-305.

Espinasa L and Borowsky R (1998) Evolutionary divergence of
AP-PCR (RAPD) pattern. Mol Biol Evol 15: 408-414.

Foo CL, Dinesh KR, Lim TM, Chan WK, and Phang PE (1995)
Inheritance of RAPD markers in the guppy fish, Poecilia
reficulata. Zool Sci 12: 535-541,

Grosberg KG, Levitan DR, and Carmeron BB (1996) Charac-
terization of the genetic structure and genealogies using
RAPD-PCR markers; a random primer of the novice and
nervous. In: Grosberg KG (ed), Molecular Zoology: advances,
Strategies and Protocols. Wiley-Liss, Inc, New York, pp
67-117.

Heun M, Schafer-Pregl R, Klawan D, Castagna R, Accerbi M,
Borghi B, and Salamini F (1997) Site of einkorn wheat
domestication identified by DNA fingerprinting. Science 278:
1312-1314

Je JG (1994) The distribution of benethic animals on the rocky
shore of Munsom area, Chejudo, Report on 93’ natural
ecosystem of coral area, pp. 241-259.

Krane DE, Sternberg DC, and Burton GA (1999) Randomly
amplified polymorphic DNA profile-based measures of genetic
diversity in correlated with environmental impacts. Environ-
men Toxicol Chem 18: 504-508.

Kuokenthal W (1905) Versuch einer Revision der Alcyonarian. I1.
Die Familie der Nephthyiden. 2. Teil. Die Gattungen Den-
dronephthya n. g. und Stereonephthya n. g., Zool Jharb Aby
Syst 15: 635-662.

Rho BJ and Song JI (1976) A study on the classification of the
Korean Anthozoa. 3. Alcyonacea and Pennatulacea., J Korea
Res Inst Bet Liv Ewha Womans Univ 19: 81-100.

Rohlf FJ (1992) NTSYS-pc Numerical Taxonomy and Multiv-
ariate Analysis System. Version 1.70, Exeter Publication New
York, 1.1-13.9.

Roxas HA (1933) Philippine Alcyonacea. Il. The families Alcy-
oniidae and Nephthydae. Phillipp J Sci 50: 345-470.

Sambrook J, Fitsch EF, and Maniatis T (1989) Molecular
Cloning: a Laboratory Mannual, 2nd Ed. Cold Spring Harbor
Laboratory Press, New York, 1.1-18.85.

Sherriffs WR (1922) Evolution within the genus Dendrone-
phthya (Spongodes) (Alcyonaria), with descriptions of a number
of species. Proc Zool Soc 3: 33-77.

Song JI (1977) A study on the classification of Korea An-
thozoa. 2. Alcyonacea. Korean J Zool 19: 51-60.

Song JI and Won JH (1997) Systematic relationship of the
anthozoan orders based on the partial nuclear 18S rDNA
sequences. Korean J Biol Sci 1: 43-52.

Sultman H, Mayer WE, Figueroa F, Ticky H, and Klein J
(1995) Phylogenetic analysis of cichild fishes using nuclear
DNA markers. Mol Biol Evol 12: 1033-1047.

Tamate HB, Shibata K, Tsuchiya T, and Ohtaishi N (1995)
Assessment of genetic variations within populations of sika
deer in Japan by analysis of randomly amplified polymorphic
DNA (RAPD). Zool Sci 12: 699-673.

Thomson JA and Dean LMI (1931) The Alcyonacea of the
Siboga Expedition. Siboga Expeditie Monograph Amsterdam,
pp 1-227.

Tibayrenc M, Neubauer K, Barnabé C, Guerrini F, Skarecky D,
and Ayala FJ (1993) Genetic characterization of six parasitic
protozoa: parity between random-primer DNA typing and



Molecular Systematics of the Dendronephthya Coral

multilocus enzyme electrophoresis. Proc Natl Acad Sci USA
90: 1335-1339.

Utinomi H (1952) Dendronephthya of Japan. |. Dendronephthya
collected chiefly along the coast of Kii Peninsula. Publ Seto
Mar Biol Lab 2: 161-212.

Utinomi H (1954) Dendronephthya of Japan. Il. New species
and new records of Dendronephthya and the allied Sterone-
phthya from Kii region. Publ Seto Mar Biol Lab 3: 319-329.

Welsh J and McCelland M (1990) Fingerprinting genomes
using PCR with arbitrary primers. Nucl Acids Res 18: 7213-

7218.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, and Tingey
SV (1990) DNA polymorphism amplified by arbitrary primers
are useful as genetic markers. Nuc/ Asids Res 18: 6531-
6535.

Williams JGK, Hanafey MK, Rafalski JA, and Tingey SV (1993)
Genetic analysis using random amplified polymorphic DNA
markers. Meth Enzymol 218: 704-740.

[Received November 3, 1999; accepted December 21, 1999]

Appendix 1. Data matrix of RAPD markers in the genus Dendronephthya

P1 P2 P3 P8 P9 P10 P12 P14 P15
ABCDEFGH ABCDEFGHIJKLMNOPQ ABCDEFGHI ABCDEFGH ABCDEFGHIS ABCDEFGHIJK ABCDEFGH ABCDEFGHIJ ABCDEFGHIJKL

1 00111000 00100301001000100 100100010 00010101 0000100110 00111011001 00001000 0010000101 001001001100

2 00011000 00100001100000100 100100010 00010101 0000100110 00011011000 00001010 0010000001 001001001100

3 10011100 00100001001000100 100000010 11110101 0000100110 00011011001 10001010 0010000001 001011001100

4 01100100 00001000010100000 111100111 00000010 0000100100 00111011000 11001010 1110000000 000100010000

5 10011100 00100001001000100 101000010 11110001 0000100100 00011011001 11001010 1110000000 000011001100

6 00001100 11001001100000110 100100010 00010101 0000100100 00011011001 01001010 1110000000 000111001000

7 01000110 00001000010101100 101101111 00000011 0010011100 01100000010 90110010 0101000100 000101010000

8 00100101 00001000010101100 100100000 00000011 0010011100 01000000000 00110010 0101000000 000111010000

9 00100101 00001000010100100 100100001 00000011 0010010000 01000000000 00010000 0001010001 000001010000
10 00100100 00001000010100100 100100010 00000011 0010010000 01000000000 00010000 0001000001 000001010000
1 01100101 00001000010101100 101100111 00000011 0010001100 01111010011 11100110 0000000001 000111010000
12 00000100 00001000010101100 100100010 00000011 0010001100 01110010011 00100010 0000000001 000101010000
13 00000100 00001000010101100 101100010 00000011 0010001100 01110010011 00100010 0000010001 000101010000
14 00100100 00001000070100110 101001101 00000011 0010000100 01011010010 01000110 0000010101 000111010000
15 00100101 00001000010101100 101100001 00000011 0010000100 01011010001 00000110 0000010101 000111010000
16 00100100 00001000010101000 101100000 00000011 0110001100 01000010010 01000110 1100110000 000101010001
17 00100101 00001000010100000 101100101 00000011 0010001100 01000010011 01000110 1100110001 000111010001
18 01100100 00001000010100000 101100100 00000011 0110000101 00001000100 10000110 0010000000 000111010000
19 00100161 00001001110100000 100100001 00000011 0010000101 00000010100 10000110 0010000000 000111010000
20 10000100 00001000110100000 110000000 00000011 0010000101 00000010100 10000110 0010000100 000111010000
21 00000100 00001000010100000 110100000 00000001 0010010101 11010010010 01000100 0010101001 100100010000
22 00000111 00001000010101100 101000111 00000001 0010010101 11110010000 00000100 0010000001 100111010000
23 00100100 00001000010100000 100100011 00000001 0010010101 11111000010 00000100 0010100001 100111010000
24 01000100 00001000010100000 110101011 00000001 0010110101 01110010000 10000000 0000001001 000011000001
25 01100101 00001000010101100 110100011 00000001 1010110101 01010010010 01000000 0000000001 100011000000
26 00100101 00001000010101100 101100111 00000001 0110110101 01110010010 01000000 0000000001 100100010000
27 00100100 00001000010100000 101100111 00000001 1010110101 01010010010 01000000 0000100001 100101011101
28 00100100 00001000010100000 101100111 00000001 0010110101 01010010110 11000000 0000000001 000010011100
29 00100100 00001000010100011 101100011 00000001 1010110101 01010010000 01000000 0000000001 000111010000
30 00100100 00001000010100011 101100011 00000001 1010110101 01110010010 01000000 0000000001 000000010000
31 01100100 00001000010100010 101000110 00000010 0110001101 11111010010 11000110 0000000001 000111011100
32 01100110 00001000010100001 101100010 00000001 0100000100 01110010000 01000110 0000000001 000111011101
33 00100110 00001000010100110 000100011 00000001 0100000100 01110010100 01000110 0000100001 000111010000
34 01000111 00001000010100011 000100111 00000001 0100000100 01110010100 01000110 0000000001 000111011100
35 00100100 00001000010100100 100100011 00000001 0010010100 00000000000 00000000 0001100000 000111010000
36 00000101 00001000010100111 001100111 00000001 0010010101 00000000000 00000000 0001000001 000111010000
37 00000100 00010010000001100 000010000 00000000 0001010000 00000111100 00000000 0000000000 000000010000
38 01000000 00001000001000000 001100000 00000001 0000100101 00000011010 01000000 0000000000 000000000010
33 01000000 00000100010100010 000010010 00010010 0001000110 10101101000 00010101 0000000010 000000000101
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P17 P18 P19 P20 P24 P26 P27 P28

ABCDEFGHIJKL ABCDEFGHIJKLM ABCDEFGHIJKLMNOPQ ABCDEFGHIJKLMNOP ABCDEFGHIJKLMN ABCDEFGHIJKLMNO ABCDEFGHIJ ABCDEFGHIJ
1 000000000110 1010100110010 10000101001010010 0001000001100000 00100100110000  010000001000000 0011010100 0000000001
2 100000000110 1010100110010 10000100001010010 1001000001000000 00100100110000  010000001000000 0011011100 0000000010
3 100000000110 1010100110010 10000100001001000 1001000011000000 00100100001100 111000001000000 0010011100 1010000001
4 010000000110 1000010100010 00000001001000000 0001000001100010 01001101110000 111000001000000 0110100000 0000000110
§ 100000000110 1010100110010 10000100001001000 1001000011000000 01001101110000 111000001000000 0010011100 1010000001
6 000000000110 1010101110010 10000100001010000 1001000001000000 01001101110000 111000001000000 0011011100 1010000001
7 011000001001 0100010000010 01000001000100000 0100000100000010 00000100001001 001010110000001 1100111000 0100000000
8 011000001001 0100010000010 01000001000100000 0110000000001000 00000100001001 000000110000001 1100111100 0100000001
9 011000001001 0100010000010 01000001000100000 0110000100000010 00000100001101 001010110000001 1100111100 0100000001
10 011000001001 0100000000010 01000001000100000 0100000000000000 00000100000101 000000110000001 1100110000 0100000001
11 011010001001 0110010000010 01000011000110000 1110000100001000 00000101001001 001010110000001 1100110100 0100000101
12 011010001001 0110101100010 01000001000100000 0100000000001000 00000101001001 001010110000001 1100110100 0000000001
13 011010001001 0110101100010 01000001000100000 0100000100000000 00000101001001 001010110000001 1100110100 0000000001
14 011010001001 0110010001010 01000011000100000 0100000100000010 00000100101001 001010110000001 1100110000 0100000001
15 011010001001 0110010001010 01000011000100000 0110000000000010 00000101101001 001000110000001 1100110100 0000000001
16 011010001010 0110100100010 01000011000110000 0110000000100000 00000100101001 001010110000001 1100111110 0000000101
17 011010001010 0110010100010 01000011000110000 0110000000100000 00000100101001 001010110000001 1100110010 0000000101
18 011000001010 1110000000110 00000001000100000 0000001110000000 00000110101101 011010100000101 0100111110 0000000001
19 011100001010 1110011000110 00000001000100000 0010000110000000 00000110001101 011010100000101 0100100100 0010000001
20 011100001010 1110010110110 00000001000100000 0000000010000010 0000011010101 011010100000101 0100100000 0000000010
21 011000001010 1010110001110 00000001000100000 0000100110000010 00000110001001 001010100000101 0100111110 0100000001
22 011000001010 1110110001110 00000001000100000 0000101010000010 00000110001101 001000100000100 0100000110 0100000101
23 010100001010 1110111001110 00000001000100000 1000101010000000 00000110001101 001000100000100 0100100010 0100000101
24 010100001010 1100110000110 00000001000100000 1000101010000010 00000110001001 001010100000100 0100101100 0010000000
25 011000001010 1000000000110 00000001000100000 1000101010000000 00000110001001 001010100000100 0100100110 0010000110
26 010100001010 1000010000110 00000001000100000 0000001110000000 00000100001101 001010100000100 0100000010 0100000001
27 011000001010 1000110000110 00000001000100000 0000001110010010 00000100001001 001010100000100 0100101110 0100000101
28 010110001010 1110110000110 00000001000100000 0000001110000010 00000100001101 001010100000100 0100100110 0000000011
29 010000001010 1110110000110 00000001000100000 0000001010010000 00000110001001 001010100000100 0100100110 0100000001
30 011100001010 1110110000110 00000001000100000 0000001010000000 00000110001001 001010100000100 0100100110 0100000001
31 011000001000 0000110001110 00100000010101000 1000000100000010 000001000011400 001010100000000 0100000110 0000000001
32 010100001000 1100110000110 00100000010101000 0000000100000010 00000100001100 001000100000000 0100000110 0000000111
33 010010001000 1110110001110 00100000010101000 0000000110010000 00000110001100 001000100000000 0100100110 0100000001
34 011100001000 1110110001110 00100000010101000 0000100000010010 00000110001100 001000100000000 0100100000 0000000101
35 010000001010 1110000000110 01000000001101000 0000000000110000 00000110001100 001010100000000 0100110000 0000000100
36 010000001010 1110000000110 01000000001101000 1000000000010010 00000100001000 001010100000000 0100111010 0000000010
37 100000001000 0000000000001 00010000100001000 0000010000000000 0000010000001C  001010000000000 0100000100 0001000000
38 000000000000 0000000000010 00010000100000100 0000001000000000 10000100000100  001010000000000 0100001110 0000000000
39 000111000000 0001100011001 10101000000010001 0000010000000101 01001100000000  000101001010000 0011000011 0001101010

1-3, D. suensoni; 4-8, D. patteri; 7-8, D. castanea Aw; 9-10, D. castanea Ay; 11-13, D. castanea Bw; 14-15, D. castanea By; 16-17, D; castancea C;
18-20, D. gigantea D; 21-24, D. gigantea E; 25-30, D. gigantea F; 31, D. spinifera G; 32-34, D. spinifera H; 35-36, D. aurea, 37, D. sp. 1; 38, D. sp.
2; 39, A. gracillimum



