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We attempted a molecular phylogenetic
approach based on small-subunit rRNA
(ribosomal RNA) sequences in three mem-
bers of genus Bryopsis. In this study, we tar-
geted the chloroplast 16S rRNA molecule for
the partial sequencing. Their phylogenetic
relationship previewed by organelle DNA
RFLP (Restriction Fragment Length Poly-
morphism) analysis (Misonou et al. 1989) and
some characteristics of Bryopsis 16S rRNA
were discussed. The algae used were Bryopsis
maxima Okamura, B. plumosa (Hudson) C.
Agardh, and B. sp. (Misonou ¢t al. 1989).
The first was collected at Choshi in Chiba, on
the Pacific coast, the second at Yokosuka in
Kanagawa, and the third at Futtsu in Chiba,
from November 1986 to May 1990. The
second and third sites are on Tokyo Bay.

Chloroplasts were isolated from algal thalli
in an alkaline buffer containing EDTA (Mis-
onou et al. 1989, Ishihara et al. 1992). Total
nucleic acids were extracted by the chlo-
roform/phenol method from this fraction and
RNAs were purified with the DNase I treat-
ment. 16S rRNA partial sequences of each
species were determined directly with dide-
oxynucleotide chain termination method using
reverse transcriptase accrding to Lane et al.
(1985). The three primers used are com-
plimentary to the Escherichia coli 16S rRNA
highly conserved region. Their positions
and sequences are I: 357-342
(5'CTGCTGCCTCCCGTAGOHS3)), II: 1242-
1227 (5CCATTGTAGCACGTGTOHS3))
and III: 1510-1495 (5GGCTACCTTGTTA-
CGAOHS3") according to E. coli nomenclature

(Sawada et al. in press).

The sequences read with each primer were
466 bases and aligned with the homologous
sequence of Chlorella vulgaris strain 211-11b
16S rRNA (Neefs et al. 1990) as an outgroup
in Fig. 1. Bryopsis 16S rRNAs show intra-
generic sequence divergence between each
species (Fig. 1). It might be considered that
the speciation of these organisms is an ancient
incident or the rate of 16S rRNA molecule
evolution in this genus is faster than that of
higher plant.

Of the total 466 bases, 443 bases were com-
parable to each other in sequence. The
remaining of 23 bases could not be identified
by anomalous bands across the lanes on the
gel owing to the nucleotide modification.
While the sequences with primer II were
homologous, the primer I region of B. plumosa
has 1 deletion (No. 103 in Fig. 1 I), and se-
quences with primer III were heterogeneous
(Fig. 1). In thisregion, the chain termination
reaction continued only up to 100 bases with
19 anomalous bands. It seems that primer
IIT complimentary to E. coli sequence anneals
to Bryopsis RNAs in low extent due to the se-
quence heterogeneity, and/or this region is
abundant in modified nucleotides.

The genetic distances of these three regions
were calculated according to Kimura’s 2
parameter method (Kimura 1980) and
presented in Table 1. The primer III region
of 3 Bryopsis is not only heterogeneous each
other but also shows low homology with Chlo-
rella sequence. Moreover, no homologous se-
quence with this region was found in GEN-
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Table 1. Genetic distances (X 1073 Knuc) of
three regions between each of three Bryopsis and
Chlorella 16S rRNA.

region M-S M-P S-P M-C SC P-C
I 0.0 0.0 0.0 1714 171.4 166.1
II 0.0 0.0 0.0 1135 113.5 113.5
II1 125  25.1 12.3 681.5 673.0 756.5

total 2.3 4.5 6.8 213.9 213.7 217.4

M: Bryopsis maxima; S: B. sp.; P: B. plumosa; C:
Chlorella vulgaris.

BANK database. These results show that
Bryopsis 168 RNA sequences around the posi-
tion 1400-1500 are not conservative even in
the primer III region considered homologous
from bacteria to higher plant chloroplast.
This may suggest that these algae occupy a
unique position in plant kingdom.

From these genetic distances, a phylogene-
tic tree was inferred in Fig. 2 by UPGMA
(Sokal and Michener 1958), and NJ method
(Saitou and Nei 1987) with bootstrap confi-
dence limits using the Clustal V computer
program (Higgins 1991). In both trees, B.
sp. is distinguished from other 2 species. Itis
shown that this alga, having regarded as an in-
traspecific variation of B. plumosa, is an in-
dependent species and has rather far relation-
ship with B. plumosa. In the UPGMA tree,
B. sp. is clustered with B. maxima as previous
RFLP analysis (Misonou et al. 1989). On the
other hand, although the bootstrap confi-
dence interval is not sufficiently high, B.. sp.
is separated from B. maxima—B. plumosa
cluster in the NJ tree. In the case of this
study, UPGMA tree seems to be more relia-
ble for the close relationship of these algae.
More sequence informations may be required
for further phylogenetic analyses of Bryopsis.
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