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Phylogenetic Relationships between Ulva conglobata and U. pertusa
from Jeju Island Inferred from nrDNA ITS 2 Sequences

Sae-Hoon Kang and Ki-Wan Lee
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In this study, the length of ITS2 from four species of the Ulvaceae in Jeju Island varied between 167 and 203 bp.
The results of this investigation showed that two genus, Ulva and Enteromorpha are grouped in a monophyletic
assemblage with 100% bootstrap support in all phylogenetic trees. However, a thorough examination of these char-
acters from representatives does not provided a way to identify any unique morphological features of clades in this
tree. This study reveals that Ulva conglobata and Ulva pertusa belong to one clade in the phylogenetic tree with the

samples from Jeju Island, Korea.
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INTRODUCTION

Ulva and Enteromorpha are two well-known marine
green algal genera. In Korean waters, fourteen species
and four genera have been listed already (Lee and Kang
1986; Lee et al. 1986). They are common inhabitants of
the upper intertidal zone of the seashores and estuaries,
and various artificial structures around the world.
Characteristic tolerability of a wide range of salinities
and water qualities, together with the production of
large numbers of propagules causing green tides, con-
tribute to the ecological success of these worldwide gen-
era and to their significance as the most widespread and
troublesome ship-fouling macroalga (Callow 1986).

The ITS sequences are located between the 18S and
28S ribosomal RNA genes, and this region includes the
5.8S rRNA gene and the spacers ITS1 and ITS2 (Baldwin
and Johnson 1993). With analyzing of ITS sequence,
Blomster et al. (1998) concluded that Enteromorpha intesti-
nalis and E. compressa represent two distinct, genetically
divergent, and reproductively isolated species that hap-
pen to be very difficult to distinguish from each other
and could be regarded as cryptic species. Malta et al.
(1999) proposed that three species of Ulva are all mem-
bers of one highly polymorphic Ulva based on the ITS2
region. Tan et al. (1999) demonstrated that two genera,
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Ulva and Enteromorpha are not monophyletic and that the
characteristic of Ulva and Enteromorpha morphologies
had arisen independently several times throughout the
evolutionary diversification of the group.

We will here describe the basic characteristics of the
ITS2 sequences from Enteromorpha intestinales, E. linza,
Ulva conglobata and U. pertusa in Jeju island to compare
our results with the above previous studies.

MATERIALS AND METHODS

Ulva and Enteromopha thalli were collected from five
sites in Jeju (formerly Cheju) (Fig. 1). Before DNA extrac-
tion, the tissue were rehydrated in distilled water and
then cleaned immediately. Details of algal specimens
used in this study are presented in Table 1.

Samples were identified on the basis of morphological
characteristics such as habit and details of cell arrange-
ment and organelles (Lee et al. 1986; Maggs and Ward
1996; Blomster et al. 1998). Details of cell morphology
were observed in surface view using 100-400 x
microscopy.

Algal materials (50 mg) were ground with a ceramic
mortar in liquid nitrogen for 2 min. and then DNA was
extracted using a DNeasy® Plant Mini Kit (QIAGEN Inc.)
according to the manufacturer’s protocol. DNA extrac-
tion was directly used for PCR experiments.

The polymerase chain reaction (PCR) was used to
amplify the nuclear ribosomal internal transcribed spac-
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Table 1. Enteromorpha and Ulva species used in the phylogenetic analyses

Species hame Code Site GenBank No. Collection date or literature source
E. intestinalis Eint-ham Hamdeok 8 Apr. 2001
E. intestinalis Eint-ojo Ojo-ri 8 Apr. 2001
E. linza Elin-ojo Ojo-ri 8 Apr. 2001
E. linza Elin-jung Jungmun 7 Apr. 2001
U. conglobata Ucon-jo Jocheon 8 Apr. 2001
U. conglobata Ucon-ojo Ojo-ri 8 Apr. 2001
U. conglobata Ucon-seong Seongsan 8 Apr. 2001
U. pertusa Uper-jo Jocheon 8 Apr. 2001
U. pertusa Uper-ojo Ojo-ri 8 Apr. 2001
U. pertusa Uper-seong Seongsan 8 Apr. 2001
U. pertusa Uper-jung Jungmun 7 Apr. 2001
E. compressa Ecom-AF202466 AF202466 Blomster et al. (2000)
E. compressa Ecom-AJ234302 AJ234302 Tan et al. (1999)
E. intestinalis Eint-AF202467 AF202467 Blomster et al. (2000)
E. intestinalis Eint-AF202468 AF202468 Blomster et al. (2000)
E. prolifera Epro-AF035354 AF035354 Blomster et al. (1998)
E. prolifera Epro-AJ234304 AJ234304 Tan et al. (1999)
E. linza Elin-AJ000204 AJ000204 Tan et al. (1999)
E. linza Elin-AJ000203 AJ000203 Tan et al. (1999)
E. linza Elin-AF153491 AF153491 Malta et al. (1999)
U. californica Ucal-AJ234315 AJ234315 Tan et al. (1999)
U. fenestrata Ufen-AJ234316 AJ234316 Tan et al. (1999)
U. lactuca Ulac-AJ234311 AJ234311 Tan et al. (1999)
U. lactuca Ulac-AJ000208 AJ000208 Tan et al. (1999)
U. pertusa Uper-AJ234321 AJ234321 Tan et al. (1999)
U. pseudocurvata Upse-AJ234312 AJ234312 Tan et al. (1999)
U. rigida Urig-AF153490 AF153490 Malta et al. (1999)
Blidingia minima Bmin-AJ000206 AJ000206 Tan et al. (1999)
Monostroma grevillei Mgre-AJ000205 AJ000205 Tan & Sluiman (2000)
*Collection sites for GenBank datas refer to literature.
g were excluded from the full data set of sequences gener-
e {f T ated from individual primers. New sequences were
H::n;, " p ﬁ_ﬂ_w-"’ R m**&v.; - aligned with published sequences (Table 1). Initial
b el — 2 sequence alignments were constructed using the Clustral

Fig. 1. Map of Jeju showing the sites where Ulva and
Enteromorpha thalli were collected in 2001.

er 2 (ITS2). Details of primers for ITS2 region were
described in Table 2. PCR amplification, Cloning of the
PCR product and Sequencing were conducted as
described by Kang (2001).

For phylogenetic analysis, unalignable sequence data

X program. Sequences were modified after inspection by
eye of the profile of fluorescent peaks. Sequences from
GenBank were aligned with those of this study for data
analysis (Table 1).

Distance analyses were conducted by the tree-building
algorithm of Neighbor-Joining (NJ) (Saitou and Nei
1987) and Minimum Evolution (ME) methods using
Kimura’ two parameters (Kimura 1980), Jukes-Cantor
(Jukes and Cantor 1969) and Tamura and Nei’s (Tamura
and Nei 1993) distances within the program MEGA (ver-
sion 2b3) (Kumar et al. 2001), respectively. In the parsi-
mony analysis, the phylogenetic tree was constructed
with using Maximum Parsimony (MP) (Fitch 1971)
method with the program PAUP (version 4.0b8)
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Table 2. Primers used for PCR amplification and sequencing in this study (primers designed by author)

Primer Name Sequence Target Direction
5.8S-F12 5’GTG AAT TGC AGA ATTCCGTC 3’ ITS2 Forward
2652 -R1 5’GCC TCA CCTGAACTCAGGTC3 ITS2 Reverse

SKP 5’'CGC TCT AGA ACT AGTGGATC 3’
T7° 5’GTA ATACGA CTC ACT ATAGGGC 3’

a: primers designed for PCR amplification

b: primers designed for the pBluescript phagemid vector based on STRATAGENE

(Swofford 1998). Base composition and patterns of sub-
stitution for pairwise comparisons were also analyzed
with MEGA.

Bootstrappings of 1000 replications were performed to
evaluate statistically the strength of support for each
internal node in resulting trees (Felsenstein 1985).
Bootstrap analyses were conducted with using MEGA
for the NJ and ME methods and with PAUP for the MP
method.

All trees were rooted with Monostroma grevillei and
Blidingia minima, which were chosen as the outgroup
because they represented a different genus and their
sequences were alignable with, but more divergent than,
all Enteromorpha and Ulva sequences.

RESULTS

In this study for the Ulvaceae, the length of ITS2 var-
ied between 167 and 203 bp (data not shown). These
lengths were not comparable to other genera in this
research because the boundaries of the ITS regions are
not at all coincident. Especially, the lengths of
Enteromorpha intestinalis (AF202467) and Ulva lactuca
(AJ000208) were shorter than others (Tan et al. 1999;
Blomster et al. 2000).

The ITS2 sequence alignment used in this study is
shown in Fig. 2. The result of alignment exhibits that
G+C content values were higher than A+T ranging from
65.7 to 76.1%, excluding outgroups (G+C : 68.6 + 2.4%, T
:16.6 £ 1.6%, A : 14.7 £ 1.4% on average).

Pairwise divergence in the ITS2 region using the Jukes
and Cantor distance for samples of the Ulvaceae ranged
from 0 to 26.2%. Considerable variability within individ-
uals was detected in Ulva pertusa. There was a low level
of sequence divergence between the U. pertusa and U.
conglobata collected from Jeju (from 0 to 1.7%), while U.
pertusa (AJ234321) showed a high level of divergence
(from 12.5 to 14.4%). Also, the level of divergence in
Enteromorpha intestinalis showed a high rate (6.0%). On

the other hand, E. linza had a low level of divergence
(from 0 to 0.8%). Significantly, the divergence between
U. pseudocurvata and E. compressa showed a low level
(0%) even though genus was different. And this group
exhibited that the divergence was in excess of 17.5%
compared with others. Although E. intestinalis and E.
compressa was known to be similar with morphological-
ly, their degree of divergence was very high (from 16.4
to 18.5%).

The phylogenetic trees obtained from all the analyses
(Fig. 3 and Fig. 4), showed various clades of the
Ulvaceae. Phylogenetic trees were constructed by the
distance methods (NJ, ME) and the parsimony-based
method (MP). MP was analyzed in weighted (Tv:Ts =
3:1) and unweighted. All phylogenetic analyses resulted
in the monophyletic of a two genera Ulva/Enteromorpha
assemblage with 100% bootstrap support, but the respec-
tive genera were not monophyletic (Figs 3, 4). Sequence
divergence within the Ulva/Enteromorpha clade ranged
from 0 to 26.2%. Enteromorpha intestinalis and Ulva
pseudocurvata, which occupied a strongly supported sis-
ter group position to all other Ulva and Enteromorpha (Fig
3) exhibited a divergences in excess of 10% with all oth-
ers. Several strongly supported interspecific and interge-
netic clades were evident within where the sequence
divergence was extremely low. The phylogenetic analy-
ses clearly showed that the overall morphology of a sam-
ple was not correlated with its positon within the
Ulva/Enteromorpha clade (Figs 3, 4). These results were
comparable with those of Tan et al. (1999).

Ulva pertusa and Ulva congolobata assemblage collected
in Jeju were strongly supported by bootstrap values (BP
= 91%) as a monophyletic group (Fig. 4). Sequence diver-
gence within this clade ranged from 0 to 1.7%, showing
the same levels of sequence divergence found within
other clearly monospecific groupings. So there was no
evolutionary difference between them though U. pertusa
samples had a perforated morphology, and U. conglobata
samples had a fasciculate morphology. Also, U. rigidia
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showed that sequence divergence between the members
was low (from 0 to 1.7%). However, another sample
(Uper-AJ234321) that was not grouped in the same clade,
showed a low divergence (from 12.5 to 14.4%). Thus,
those data indicate that there is no evolutionary distinc-
tion to be made between the members of these genera.
This is not, however, suggesting that they are the same
species. Other samples showed a high level of diver-
gence and bootstrap support for mixed clades containing
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Fig. 2. Alignment of the ITS2 sequences of species of Enteromorpha and Ulva, and Monostroma
grevillei and Blidinggia minima used as outgroup. Dots represent nucleotides identical to
those of the first sequence, and dashes indicate gaps.

representatives of respective species ranged from 74 to
100% (Fig. 3). Therefore, their low values of interspecific
divergence were found to be distinct phenomena in phy-
logenetic trees especially. All phylogenetic trees used
Blidingia nima and Monostroma  grevillei
(Monostromataecae) as a outgroup. They were placed in
a well-supported clade while sequence divergence had a
high level (from 43.1 to 55.8%).
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Fig. 3. Distance tree for ITS2 using the NJ method - Jukes and
Cantor distance. Numbers on the nodes indicate bootstrap
value (500 replicates). Branch lengths are proportional to
the estimated mean number of substitutions site (see scale
bar).

DISCUSSION

Recently, the ITS regions have been studied in several
field especially molecular phylogenetic relationships
(Leskinen and Pamilo 1997; Pillmann et al. 1997; Tan et al.
1999; Rousseau et al. 2000; Stiger et al. 2000) and morpho-
logical analyses in algae (Blomster et al. 1998, 1999; Coat
et al. 1998; Malta et al. 1999; Fama et al. 2000; Woolcott et
al. 2000; Bae and Lee 2001). Because they vary to differ-
ent degrees between taxonomic species, and their align-
ments have been used for phylogenetic purposes
(Coleman and Mai 1997). The general characteristics of
the 18S - 28S intergenic region are similar to those of
other organisms. The 5.8S rRNA gene sequence is con-
served relative to the ITS sequences (Leskinen and
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Fig. 4. MP tree for ITS2 (Tv:Ts = 3:1). Numbers below the nodes
indicate bootstrap value (1000 replicates).

Pamilo 1997). The ITS sequences of Enteromorpha and
Ulva are short in comparison to those found in most
green algae, being more similar in length to the homolo-
gous sequence in Acrosiphonia arcta and some
angiosperms (Bakker et al. 1992).

In this study, the lengths of ITS2 were ranged from 167
to 203 bp. G+C content values were higher than A and T.
These values were similar to those of other published
works (Leskinen and Pamilo 1997).

Two genera, Enteromorpha and Ulva are widely regard-
ed as easily distinguishable because of their dramatically
different morphologies: Ulva species are flat, lettucelike
blades with two cell layers in thickness, and
Enteromorpha species form hollow liquid or gas-filled
tubes with a one cell thickness, which may also be highly
branched. However, cell walls do not merely provide
rigidity. They are essential to cell growth and the devel-
opmental processes, such as axis formation in zygotes
and branching in growing plants. When walls are too
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weak, development may be impossible, as in a mutant
form of Ulva that grew as an aggregate of undifferentiat-
ed cells, rather than first forming a filament and later a
holdfast then forming a blade (Lobban and Harrison
1994). This flexibility of form among genetically homo-
geneous plants corroborates results from earlier culture
studies that showed the development of both tubular
and bladelike thalli from the same zoospore populations
of several Ulva species (Gayral 1967; Bonneau et al. 1977,
Provasoli and Pintner 1980). Gayral (1967) reported the
occurrence of tubular thalli from both zoospore and
gamete (parthenogenetic) cultures. The majority of both
zoospores and parthenogenetic gametes developed into
leafy thalli, whereas some developed into tubular ones.
Culture study of Bonneau et al. (1997) showed progeny
with some of the thalli were distromatic in some parts
and they questioned the validity of maintaining Ulva
and Enteromorpha as two separate genera. Provasoli and
Pintner (1980) showed that Ulva cultures could form
uniseriate filaments when axenic or Enteromorpha like-
tubes if grown with a particular bacteria (Tan et al. 1999).
Nakanishi et al. (1996) found that live bacteria are
required for normal morphogenesis of Ulva pertusa in
culture.

The results of this investigation showed that two gen-
era Ulva and Enteromorpha are grouped in a monophylet-
ic assemblage with 100% bootstrap support in all phylo-
genetic analyses. However, a thorough examination of
these characters from representatives in this study does
not provide data to identify any unique morphological
features in all phylogenetic trees. Throughout analyzing
ITS2 sequences in this study, it was proved that U. con-
globata and U. pertusa assemblages were monophyletic
groups even though morphological differences. It indi-
cates that there is no evolutionary diversification to
make them distinct. Phillps (1984) reported that Ulva has
a morphological variation especially in U. rigida.

This study revealed that U. conglobata and U. pertusa
belongs to one clade in the phylogenetic tree. Also,
Enteromorpha and Ulva are not distinct evolutionary enti-
ties, and can result in a plant with either a blade or a
tube morphology as proposed by Tan et al. (1999). In the
future, this study should be accompanied with a devel-
opmental method and population translation relative
with environmental factor to resolve many given ques-
tions. This data could be applied to interspecific and
population variations, together with fouling research on
green algae.
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