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The maximum number of nucleoli was counted in interphase nuclei of Posidoniu oceanica, and a restriction pattern of 
nuclear rDNA was obtained after digestion with four restriction endonucleases and Southern hybridization. P. oceanica 
has only one type of ribosomal gene whose size was estimated to be 18.5 kbp long. The nucleotide sequence of the entire 
ITS region was also determined by direct sequencing of PCR amplified DNA fragments. The sequence of the ITS region 
was aligned with those of homologous regions of other monocots available in literature, and phylogenetic trees were 
obtained. 
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The wide uniformity of morphological characters in 
aquatic groups of plants, such as Alismatidae, is due 
to an extensive phenotypic plasticity. This leads fre- 
quently to uncertain interpretation of data concern- 
ing relationships among species. 

The monocot Posidonia oceanica (L.) Delile (fam- 
ily Posidoniaceae, subclass Alismatidae) is endemic to 
the Mediterranean sea and among other species of 
marine angiosperms, is one of the most interesting 
because of its extensive distribution and ecological 
role (BOUDOURESQUE et al. 1984). 

Other species of the same genus live in the oceans 
surrounding Australia. The genus is regarded as one 
of the ancient marine angiosperms and has under- 
gone little changes during its long evolutionary his- 
tory (DEN HARTOG 1970). It is characterized by the 
prevalence of vegetative reproduction, (HUTCHINSON 
1975; PHILBRICK and LES 1996), stability of chromo- 
some number (2n=20) and uniformity of chromo- 
some morphology (Kuo et al. 1990). 

In populations of P. oceanica, analysis by means of 
DNA fingerprinting has indicated a very low genetic 
variability (PROCACCINI et al. 1996). In this species 
no molecular data are available on rDNA structure, 
now widely utilized for exploring phylogenetic rela- 
tionships among taxa (ZIMMER et al. 1989; TROIT- 
SKY et al. 1991; HAMBY and ZIMMER 1992; HSIAO et 
al. 1994). 

In eukaryotes the ribosomal rRNA genes (rDNA) 
contain a transcription unit and an intergenic spacer 
DNA (IGS), which exhibits length and sequence het- 
erogeneity. These genes are clustered in multiple 

copies at one or more nucleolar organizer regions 
(NORs). In higher plants each transcription unit con- 
sists of coding sequences corresponding to 18S, 5.8s 
and 25s rRNAs. The rDNA coding sequence are 
highly conserved in the plant kingdom, as well as in 
animals and fungi. Their arrangement and the pres- 
ence of different restriction sites can be useful in 
taxonomic and evolutionary studies, though they are 
not informative for exploring phylogenetic relation- 
ships among closely related taxa. In contrast, the 
internal transcribed spacers between 18s and 5.8s 
(ITS 1) and between 5.8s and 25s (ITS 2) are vari- 
able among closely related species and have been 
demonstrated to be phylogenetically informative 
(BALDWIN 1992; BALDWIN et al. 1995). 

In the present work we report data on the nucleoli, 
the structure of rDNA and the nucleotide sequence of 
ITS region of P. oceanica. 

MATERIAL AND METHODS 

Plant material 

Rhizomes of P. oceanica were collected near Tar- 
quinia (Viterbo, Italy) on a sandy and reefy ground 
at a depth of 5 meters. The material was rinsed in 
distilled water and shoot apex meristems, excised 
from rhizomes, were frozen in liquid nitrogen and 
stored at -80°C until use. 
Nucleoli preparation 

Root tips were fixed in Carnoy and nucleoli were 
stained with silver nitrate according to MEHRA et al. 
(1 984). 
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Fig. 1. Restriction map of the P. oceanica ribosomal DNA. B, E, S and X represent BamHI, EcoR1, Sac1 and Xbal restriction sites. 
The boxes indicate the coding regions for rRNAs. The size of EcoRl fragments are indicated. 

DNA extraction, labelled probes preparation, 
restriction enzymes and Southern hybridization 

DNA extraction was carried out following the 
CTAB method described by ROGERS and BENDICH 
(1994). The restriction pattern of DNA was ob- 
tained by single and double digestion analysis of 
total nuclear DNA with four endonucleases: Eco 
RI, Bam HI, Sac I and Xba I (Gibco BRL, Life 
Technology, Italy), and Southern hybridization with 
18s and 25s homologous rDNA probes PCR la- 
belled with dUTP digoxigenin (Boehringer 
Mannheim). Chemioluminescent signals of the re- 
striction fragments were developed with Tropix pro- 
cedure for CDP substrate (Perkin Elmer Italy) and 
detected by means of autoradiogrdphy. 

DNA amplijkation and sequencing 

Amplification of ITSI, ITS2 and 5.8s was per- 
formed in a Perkin Elmer (mod. 2400) thermocycler 
that was set to run at 95°C for 1 min for initial 
denaturation, followed by 30 cycles at 95°C for 30 
sec, at 48°C for 30 sec, at 72°C for 90 sec and 
finally at 72” for 7 min. Reaction was performed in 
a thin wall tube in 50 pl of total volume. 

“ITS 5” and “ITS 2” or “ITS 3” and “ITS 4” 
primers (WHITE et al. 1990) were used at a concen- 
tration of 0.5 mM. Genomic DNA (100 ng) was 
added to other components of Taq polymerase kit 
(Gibco BRL, Life Technology, Italy). Amplification 
products were cloned in pGEM-T vector (Promega) 
and entirely sequenced on both strands by the 
chain termination method (SANGER et al. 1977). 

The sequence of the entire ITS region of P. 
oceunica is deposited in the EMBL data base (ac- 
cession no. AJ225091, POA225091) 

Sequences analysis 

The sequences of the entire ITS region (ITS1, 5.8s 
and ITS2) were aligned with those of homologous 
regions of the following monocots available in liter- 
ature: Brachypodium distachyon (EMBL accession 

number BD58SlTS), Triticum aestivum 
(TAVSRDNX), Oryza sativa (OSRGSBHA), Sor- 
ghum versicolor (SV04795). The 5.8s sequence of 
Potamogeton natans was deduced from the rRNA 
sequence published by TROITSKY et al. (1991). The 
multiple alignments were performed using the 
Clustal W computer program (HIGGINS et al. 
1992). Phylogenetic reconstruction was performed 
using “branch and bound” or “heuristic” options 
of PAUP (version 3.1.1., SWOFFORD 1991). Boot- 
strap values were obtained from 100,000 replicate 
parsimony anlaysis using “heuristic” options and 
closest additon of PAUP. 

RESULTS 

Nucleoli 

The maximum number of nucleoli was counted in 
several interphase nuclei stained with silver nitrate 
and resulted to be two of similar size (not shown). 

Restriction map of ribosomal R N A  gene 

On the basis of the restriction pattern obtained 
with single and double digestions with previously 
mentioned endonucleases, we tentatively constructed 
a restriction map of rDNA of P. oceanica, and 
found that, in our material, only one type of 
rDNA, about 18.5 kb long, is present (Fig. 1). 

Two Eco RI restriction sites were located near 
the 3‘ end of both the 18s and 25s regions. This is 
similar to what is found in most plant species in 
which these sites are highly conserved, though 
monocots show some exceptions. For example in 
some Pooideae, such as species of Bruchypodium, 
the Eco RI  restriction site near the 3’ end of the 
18s region is absent (SHI et al. 1993). One Bam HI 
site was located in the 18s region, two sites in the 
25s region, one in the intergenic spacer. This Bam 
HI restriction pattern is more or less similar to the 
one found in monocots, such as Ornithogalum mon- 
tanum (DE DOMINICIS 1989). The occurrence is 
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P.OCedniCd TCGAGGCT-TGTC---GATCAGACCATGAATGTGTTA-CCAT~CCGGGCAGGGTGCGTCCGGCTTGTGTCGGGTGCAGCTTCTTTCC 
B.distachyon TCGTGACCCTGAC-CAAAACAGACCGCGCACGTGTCATCCATCCCACCGGT--GGCGGCATCGTCCTTCGCTCGGC--CAA-----GTCC 
T.aestivum TCGTGACCCTGAC-CAAAACAGACTGCGCACGCGCGTCATCC~TCCGTCGGC-~GACGGCACCGTCCGTCGCTCGGC--CAA-----TGCC 

S.VerSiColor TCGTGACCCTTAAACAAAACAGACCGCGCGCGTCTCTCTCTCATGTC-GCTGG--G----------CCTCGGCTCGG---CA---------C 

91 180 
P.oceanica TAGCCCGCCGTGCAGCCGCAGCATTGCAGTGGCGTGCAGTGCAGTGCACAACTAACCTCTGCAC--MGGTGTGCCAAGCAACGATCA-- 
B.distachyon TCGTCCACCT---AGCCCC--CT-CGGAGGCGGTG----CACGGGGCRAARGAACCGACGGCGCTGACGGCGGCGT--CAAGGAACACTG--- 

O.sativa TCGTGACCCTGAC-CAARACAGACCGCGCGAACGCGTCACCCCTGCCCGCCGA--G--------------CGCTCGCG--CG---------C 

T.aestivum TCGACCACCT---CCCCTC--CT-CGGAGCGGGTGGGGGCTCGGGGTAARACAACCCACGGCGCCGAAGGCGT--CAAGGAACACTG--- 
O.sativa GAGGCAACCG---AGGCCC--C--CGG---------------GCCG~CAGAACCCACGGCGCCGACGGCGT--CAAGGMCACAG--- 

181 210  

S.VerSiCOlOr ACGGCCCCCG---AGCCCTGTCA-CGGGGCGGAGGG------GCCACAARAGAACCCACGGCGCCTAAGGCGT--CAAGGAACACTTATA 

P.OCeaniCd -AGGC-AGCCAG------C-TGGTTCACA--CATGCTGTGGCCATG--CGTTG--CGTTG-GATCCTA---ATGAGTTTT~~TCTC~ 
B.distachyon -TGCCTAATCCG--GGGACGCAGCTCGCTCGCCTGCTTGCTGCCCCCCGT---TTTGCAATGCCA----TTCGATC~TcTc~ 
T.aestivum -TGCCTAACCCG--GGGGCATGTCTAGCTTGCTAGCCGTCCCTCGT---GTTG~GCTA----TTTAATC~TCTC~ 

S.versicolor TTGCCTTGCTCG--GCGGAGCGGTCGGCCTGCCTGCCTTCCGCTCCCCGC---ACAGCGATGATA---TCTT~TC~~~~ 
P.natans --cATGAcTCTcGDcMc 

O.Sdtivd -CGATACGCCCGCCGCGGCCCGGTCGGCC--CTGGCCGTCCGGCGGCGCGGCGCGATACCACGAGTTAAATC~~~~ 

1 

27 1 360 
P.OCednica O O A T A T C T A G C C C C T C G C ~ ~ ~ ~ T O C ~ ~ ~ ~ ~ T T ~ T C C C ~ ~ ~ T C ~ T C ~ ~  
B .  dis ta chyon O O A T A T C T C D C C T C T C O C A T ~ T ~ ~ ~ ~ ~ C ~ T G T ~ T ~ T C ~ ~ ~ ~ C ~ T C T ~ ~  
T.aestivum 0 0 A T A T C T C 6 C C T C T C C C A T C G A T O A A O A A C C T A O C C l V  
0. sat iva 0 0 R T A T C T C O O C T C T C ~ C ~ ~ ~ ~ ~ C T f f i T G ~ ~ C C 6 T ~ ~ ~ ~ ~ ~  
S . VerSi Color O O A T A T C T C O O C T C T C C C ~ ~ ~ ~ C ~ ~ ~ ~ T C ~ ~ ~ ~ ~ T T T T ~  
P.natans ~ T ~ T C T C G C ~ ~ ~ ~ T ~ ~ ~ ~ ~ C ~ ~ ~ C ~ T T ~ ~  

361 4 50 
P.oceanica A C O C A A G T T G C G C C A G M G T C - G A A G G C A ~ T S C C m G T C A T A A A T C G T G T C G C T C C G A A C A C T T C C G G T A C A T G G C C  
B.distachyon A C O C A A G T T O C O C C C O A G G C ~ C f f i T ~ ~ C ~ C T G G G C G ~ ~ C A A R A C A C G C T C C C A C - - - - - C C T - - - - - - - - T C  
T.aestivum A C O C A A G T T O C O C C C O A M i C C A C T C G O C C O A G O O C A C G C C - - - - - - - - C T  
0.sativa ~ T T O C G C C C O A G G C ~ T c C D C C C ~ ~ T G C C m G ~ ~ C ~ G A C G C T C C G C C G G C - - C C C - - - - - - - - C C  
S.versicolor ACGCAMXTGCGCCCGAGGCCTTCTGGCTGMGGWCGTCTGCC~CAAAAGACACTCCCAA-----CCC--------AC 
P.na tans ACGCMOTTGCOCCCTAADCTTCCGGGC~CTGCGTGGGCGTC----  

158 

451 540 
P.oceanica CTCGAGGGCGTGAGTGCGGGGATGGTTACGAACGG-ATATTGGCTCTCGCTCT-------ACGCAGCGGTGG~TGAA-AT---GCTCAT 
B.distachyon CTCGTGGG---GAG--CAG----G---ACG--CGGCATATGGCTCCTCGTGCC-----CCTAGGCGCGGTGGGCCGAAGATCGGGCTGCC 
T.aestivum CTCAACGG---GAAT-CGG----G---ATG--CGGCATCTGGTCCCTCGTCTC-----TCAAGGGACGGTGGACCGAAGATTGGGCTGCC 
0.sativa CTATCCGG---GAGG-CGGCGGGG---ACG--CGGTGTCTGGTCCCCCGCCCCGCGCCTCGCCTCGCGGCGCGGTGGGCCGAAGCGCCTCTCGGGCTGCC 
S.versicolor CCAAAGGG---GAG----G----G---ACG--TGGTGTTTGGCCTCCCGTGCC-----TCACGGCGCGGTGGGCCGAAGTTGGGGCTGCC 

54 1 630 
P.oceanica GGTCTGATTTTTCGTGGGGATGCGCATGACG-GGTGGTGA--ATTGCGTTGATTGCAGT--CACAGTCCCGCC--GATGACAATGCGT 
B.distachyon GG-CATATCTATCGTGCCGG-GCGCAGCGCGTGGTGGGC--GATCTCGCTTTACTCAG---CGCAGCGCTGCA-GGTGCGTAGCCGGCGC 
T.aestivum GG-CGTA----CCGCGCCGG-ACACAGCGCATGGTGGGC--GTCCTCGCTTTA-TCAA---TGCAGTGCATCC-GGCGCGCCTGGCAT 
o.sativa GG-CGAA----GCGTGCCGG-GCACAGCGCATGGTGGACA-GCTCACGCTGGC-TCTAGGCCGCAGTGCACCCCGGCGCGCGGCCGGCGC 
S.versicolor GG-CGAA----TCGTGTCGG-GCACAGCACGTGGTGGGCGACACCTAGTTGTTCTCGG---TGCAGCGC--CCCGGCACGCAGCCGGCGC 

631 1 2 0  

P.oceanica GTCGTGCCTCCTCACGATATCACCCAAGGTTCCA-TGTGCGACCCTTTGCGGG~GGTATCTATCATC~TTGACAGCTCTACG~TCG 
B.distachyon AATG-GCCTCA-AAGGA---CCCC-AAAGAACGG-AGTGCGC-GTCGCTCCGACC----------------------------------- 
T.aestivum TATG-GCCTTTGAACGA---CCC--AACAAACGA-AGCGCAC-GTCGCTTCGACC----------------------------------- 
O.sativa GGTG-GCCCCT-CAGGA---CCCA-AACGCACCG-AG-GC~-ACGCCTCGGACC----------------------------------- 
~.versicolor ATCG-GCCCTA--AGGA---CCCATGGAGCACCGCAGCGCACCGCCGCTCGGACCGCGACCCCAGGTCAGTCGGGACT------------ 

721 . 134  
P. oceanica CATAGAATCTGACC 
B-distachyon ______--__---- 
T.aestivum -____---__---- 
0.sativa -------------- 
S.versicolor -------------- 

Fig. 2. Aligned DNA sequences of the internal transcribed spacer region from P. oceanica and other monocotyle- 
donous plants (EMBL accession numbers are reported in Materials and Methods). The 5.8s sequences of Potamogeton 
natans (TROITSKY et al. 1991) is also reported. Numbers indicate conservative nucleotide positions of 1-734 (5’-3’) 
from the beginning of ITS1 region to the end of ITS2 region. Characters in bold indicate 5.8s sequences. Dashes 
denote gaps. 

worth mentioning of an extra Bam HI site in ITS 1 of 
P .  oceanica, which is quite unusual in other plant 
species. Sac I restriction pattern showed One Cleavage 
site in the 18s region, four sites in the 25s and one 
near the 3‘ end of the IGS region. Two Xba I 
cleavage sites were located in the 18s region, one in 
the 25s and one in the IGS region. 

ITS region 
sequence analysis of the amplified ITS region of p .  
oceanica indicated that the length of ITS1 was 226 bp 
with 56 yo GC, while ITS2 was 301 bp long with 54 % 
GC, and 5.8s was 160 bp long with 53 %, GC. 

The result of the multiple alignments of the se- 
quence corresponding to the entire ITS region of P. 
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Table 1. Pairwise divergence between ITS region se- 
quences (a) and 5.8s sequences (b) from P. oceanica and 
other monocotyledonous plants. Above the diagonal are 
mean distances (1.0 = loo%), below the diagonal are the 
absolute number of nucleotide substitutions 

1 2  3 4 5 

4 
1 P. oceanica 
2 B. distachyon 
3 T. aestivum 
4 0. sativa 
5 S. versicolor 

1 P. oceanica 
2 P. natans 
3 T. aestivum 
4 0. sativa 

- 0.330 0.365 0.337 0.356 
190 - 0.158 0.199 0.207 
210 94 - 0.207 0.229 
186 112 117 - 0.191 
206 119 131 107 - 

1 2  3 4 
- 0.110 0.091 0.085 

18 - 0.091 0.085 
15 15 - 0.018 
14 14 3 - 

oceanica, with those of homologous regions of other 
monocots is reported in Fig. 2. 

Many gaps had to be introduced in ITS region of 
P. oceanica when the sequence was aligned with those 
of B. distachyon, T. aestivum, 0. sativa and S. versicolor. 
The sum of the gap lengths was 182 nucleotide sites out 
of the total of 734 sites of the entire ITS region. The 

total proportion of nucleotide sites included in the 
inferred gaps ranged from 5.9 '?LO (44 nucleotide sites) 
in P. oceanica to 19.4% (143 nucleotide sites) in 0. 
sativa. In P. oceanica and P. natans the 5.8s sequence 
is 160 and 158 bp long, respectively, that is shorter than 
in other examined taxa in which it is 164 bp long. More 
exactly, in P. oceanica, 5.8s has an internal gap of a 
single nucleotide and is three nucleotides shorter at the 
3' end; in P. natans it is two nucleotides and four 
nucleotides shorter at the 5' and 3' ends, respectively. 
Comparison of ITS region sequence pairs gave diver- 
gence values ranging from 15.8 YO to 36.5 YO of nucle- 
otides (Table la). Divergence among P. oceanica and 
the other taxa was higher than 30 %. Alignment of all 
ITS region positions resulted in a matrix of 734 
characters (Fig. 2) of which 323 were variable. This 
variation is equally distributed between ITSl (44.3 YO) 
and ITS2 (48 YO). Among variable characters, 77 were 
potentially informative phylogenetically (Fig. 3). ITS2 
accounted for most of this variation (60 'YO) compared 
to 35% in ITSl and 5 %  in 5.8s. 

The ITS sequence data of the five monocotyledons 
were tested for phylogenetic signal. (Fig. 4a) The tree 
length distribution of 100,000 random parsimony trees 
was clearly skewed, with gl  = -0.82, suggesting that 
there is a strong phylogenetic signal in the data set 
(HUELSENBECK 1991). 

Taxon Nucleotide position (in Fig. 2) 

1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5  
2 3 3 4 6 7 9 0 1 2 3 3 4 5 0 9 0 0 0 0 1 1 2 3 4 4 4 4 0 0 9 2 3 3 5 ~ 5 0 0 0 9 9 9 0 0 1 4 6 6 7 0 0  
9 3 0 7 9 6 2 0 3 4 4 5 2 0 0 6 1 4 5 6 7 9 6 5 0 8 9 2 3 4 2 2 0 2 3 4 6 6 7 9 3 5 7 0 1 2 6 4 9 1 4 9  

P. oceanica AT?CGGAGAGGTCAG?TTTCTTGGTAGTTTAGGACGG?AAGTTCTCGGAGTT 
B.distachyon CTTCCCCTTTGGGCAGCCTCTCTACCGCCCGCCCCGGCAACCTTGATGGGTC 
T. aestivum CCTTCCCTTTGGCAAGTCTACTTATTACCTGCCACACCACTCTTCATAGACC 
0 .  sativa ACCGCGAG??CCGCGCCTCGCTGGCAATTCGGGCATCTGCTCCCCCAAGATC 
S.versicolor ACCGG?CGAGCCGAGCCTCGCCCGT~AC~CAGCAAAGTGTCTCTGCAAAGCT 

5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
9 9 9 0 0 3 3 3 3 3 4 4 4 4 5 5 6 6 6 6 7 7 7 0  
1 3 0 2 7 0 1 2 3 9 0 1 3 5 4 0 0 3 4 0 1 2 5 1  

P. oceanica GTGCTTGTCTCCCCCGTCATGACG 
B.distachyon TAGCCCAATTCAAGCAAGGTGCTC 
T . aes ti vum TAATTTTATTTTAC?CAGACACTC 
0 .  sa tiva GCACTCGGTCCTCGACCCG?GACG 
S.versicolor GTGTCCATCCTA?GAACCGCACCG 

Fig. 3. Data matrix of potentially phylogenetically informative nucleotide positions from the ITS region of P. oceanica and other 
monocotyledonous plants. Vertical columns are nucleotide positions as given in Fig. 2. Horizontal rows are nucelotide states from 
individual sequences. "?" = gaps or missing nucleotides. 
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I P. oceanica 
155 

a 

s. versicolor 

b 
P. oceanica I 

7 

T. aestivum i 
L- 0. sativa 

Fig. 4 a and b. Phylogenetic trees obtained from Wagner parsi- 
mony analysis using the Branch-and-Bound option of the PAUP 
program. a The phylogram of the single maximum parsimony tree 
generated from potentially informative ITS sequence data. Tree 
length = 456 steps; CI = 0.678; R = 0.37. b The phylogram of the 
maximum parsimony tree generated from 5.8s sequences of four 
species; Tree length = 28 steps; CI = 0.7; RI = 0.6. Gaps were 
treated as missing data. The numbers above the branches show the 
number of changes within the lineage. 

Parsimony Wagner analysis using only the infor- 
mative sites generated a tree of 456 steps in length, as 
shown in Fig. 4a. The value of the consistency index 
(CI) was 0.678 and the value of the retention index 
(RI) was 0.37. The evolutionary tree estimated by the 

maximum likelihood method was essentially similar 
in its topology to the maximally parsimonious tree 
(data not shown). 

For 5.8s analysis, the sequence of P. oceanica was 
compared to three 5.8s sequences (P. natans, T. 
aestivum and 0. sativa) of monocots examined by 
TROITSKY et al. (1991). In the alignment of the 5.8s 
region there were 25 variable sites, of which only five 
were informative. The estimated distance matrix is 
shown in Table 1 b. The divergence value ranged from 
1.8 % to 11 %. Separate Wagner branch-and-bound 
analysis of 5.8s data resulted in a parsimonious tree 
with CI value of 0.7 and RI value of 0.6 (Fig. 4b), 
and the gl value of 100,000 random tree was -0.69. 

DISCUSSION 

The subclass Alismatidae represents the largest group 
of aquatic angiosperms and includes all known 
marine angiosperms and hydrophylous monocotyle- 
dons. The phylogenetic relationship of this subclass 
with other angiosperms has been studied by several 
authors (reviewed by LES and HAYNES 1995). Com- 
parative methods based on morphological and molec- 
ular data indicate that Alismatidae is relatively 
primitive within monocotyledons and argue strongly 
for its monophyly. Although rRNA genes have been 
used extensively for assessing phylogeny in plants, 
molecular data concerning these genes in Alismatidae 
are limited to the nucelotide sequences of 18s and 
25s of four genera (Echinodorus, Sagittaria, Najas 
and Potamogeton, HAMBY and ZIMMER 1992) and 
the 5.8s sequence of P. natans (TROYTSKY 1991), 
while no data are available on the general structure of 
these genes. 

The results reported in this paper, on nucleoli, 
rRNA genes and ITS region of P. oceanica, are the 
first data concerning Alismatidae. In literature, to our 
knowledge, few details are reported on chromosome 
morphology of P. oceanica (DEN HARTOG et al. 
1987). Though we had some difficulties in the cyto- 
logical investigations, we were able to count a maxi- 
mum number of two nucleoli indicating the presence 
of two NORs in the somatic chromosomes of this 
species. 

Results obtained with restriction pattern of rDNA 
indicate that P. oceanica has only one type of repeat 
unit, 18.5 kbp long. This size is due to the remarkable 
length of the IGS which makes the rDNA unit of P. 
oceanica one of the longest among ribosomal genes in 
monocots. The presence of a unique type of rDNA 
seems to be in agreement with the great genetic 
uniformity ascribed to this species on the basis of 
different approaches such as karyological studies and 
DNA fingerprinting (DEN HARTOG et al. 1987; PRO- 
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CACCIN~ et al. 1996). On the other hand the low level 
of polymorphism could be related to the fact that, in 
p .  oceanica, as in other seagrasses, the vegetative 
reproduction is prevalent over the sexual one and so 
the probability of genetic recombination is rather 
low. 

We also report the sequence of the entire ITS 
region of P. oceanica and its comparison with those 
of homologous regions present in other monocots. 

The size of the ITS1 and 5.8s regions in P. oceun- 
ica is comparable to those of other angiosperms 
(HSIAO et al. 1994), while ITS2 is about 30 ‘/n longer. 
It will be interesting to verify whether the unusual 
size of the ITS2 is a common feature among species 
of Alismatidae given the putative monophyly of this 
subclass. 

In early hypothesis on the aquatic origin of mono- 
cotyledons HENSLOW (191 1) suggested that the Alis- 
matidae subclass represents a basal lineage of 
monocots. A similar conclusion was drawn by TROIT- 
SKY et al. (1991) and HAMBY and ZIMMER (1992) 
who performed phylogenetic studies analyzing rDNA 
sequence data. However, the latter authors noted that 
such result is preliminary because of their limited 
sampling. 

On the contrary cladograms generated from mor- 
phological data (DAHLGREN and BREMER 1985), 
rubisco-SSU amino acid sequence data (MARTIN and 
DOWD 1991) and rbcL sequence data (CHASE et al. 
1993) indicated that the Alismatidae subclass is prob- 
ably not basal but, instead, originated from a mono- 
cotyledon ancestor. 

We aligned the 5.8s sequence of P. oceunicu with 
the homologous ones from three monocots (P. nu- 
tans, 0. sativa and T. uestivurn) examined by TROIT- 
SKY et al. (1991). The most parsimonious tree 
inferred from 5.8s  sequence data support the 
monophyletic origin of the two alismatids (Fig. 4b). 
The phylogenetic position of P. oceanica is also sup- 
ported by the tree obtained using the entire ITS 
sequence data (Fig. 4a). This analysis was made 
comparing the ITS of P. oceanica with those of 4 (S.  
versicolor was used rather than S. bicolor) out of 10 
species which HSIAO et al. (1994) studied to estimate 
phylogenetic relationships in monocots. Our ITS tree 
shows that P. oceanica occupies a lineage which is 
paraphyletic to both the Pooideae group and the one 
comprising S.  uersicolor and 0. sativa. Moreover 
both our cladograms indicate that the Alismatidae 
subclass, as suggested by other authors (DAHLGREN 
and BREMER 1985; MARTIN and DOWD 1991; CHASE 
et al. 1993), is not basal within monocotyledons but, 
instead, originated from a primitive ancestor com- 
mon to other monocots. 

Studies designed to characterize the ITS region of 
species closely related to P. oceanica are under way in 
our laboratory. We believe that analysis of ITS se- 
quence data might be a useful tool for phylogenetic 
studies of Alismatidae, as shown for other plant 
groups (BALDWIN 1992). 

ACKNOWLEDGMENT 

We wish to thank Mrs. Elettra D’Amato for helpful techni- 
cal assistance. 

REFERENCES 
Baldwin BG, (1992). Phylogenetic utility of the internal 

transcribed spacers of nuclear ribosomal DNA in plants: 
an example from the Compositae. Mol. Phyl. Evol. 1: 

Baldwin BG, Sanderson MJ, Porter JM, Wojciechowski 
MF, Campbell CS, and Donoghue MJ, (1995). The ITS 
region of nuclear ribosomal DNA: a valuable source of 
evidence on angiosperm phylogeny. Ann. Missouri Bot. 
Gard. 82: 247-277. 

Boudouresque CF, Jeudy De Grissac A., and Olivier J eds., 
(1984). First International Workshop on Posidonia 
oceanica Beds. G.I.S. Posidonie, Marseille, France. 

Chase MW, and others, (1993). Phylogenetics of seed 
plants: an analysis of nucleotide sequences from the 
plastid gene rbcL. Ann. Missouri Bot. Gard. 80: 528- 
580. 

Dahlgren R and Bremer K, (1985). Major clades of the 
Angiosperms. Cladistic 1: 349-368. 

De Dominicis RI, (1989). Comparison of rRNA genes in 
Ornithogalum montanum with and without Q-bands and 
B-chromosomes. Giorn. Bot. It. 123: 139-144. 

Den Hartog C, (1970). The seagrasses of the world. Verh. 
Kon. Ned. Acad. Wet. Afd. Natuurk. ser. 2 59: 1-275. 

Den Hartog C, Hennen J, Noten TMPA, and Van Wijk 
RJ, (1987). Chromosome numbers of the European sea- 
grasses. P1. Syst. Evol. 156: 55-59. 

Hamby RK and Zimmer EA, (1992). Ribosomal RNA as a 
phylogenetic tool in plant systematics. In: Molecular 
systematics of plants (eds PS Soltis, DE Soltis and JJ 
Doyle), Chapman & Hall, New York, p. 50-91. 

Henslow G, (1911). The origin of monocotyledons from 
dicotyledons through sel-adaptation to a moist or 
aquatic habitat. Ann. Bot. 26: 717-744. 

Higgings DG, Bleasby AJ and Fuchs R, (1992). Clustal V: 
improved software for multiple sequences alignment. 
Cabios 8: 189-191. 

Hsiao C,  Chatterton NJ, Asay KH and Jensen KB, (1994). 
Phylogenetic relationships of 10 grass species: an assess- 
ment of phylogenetic utility of the internal transcribed 
spacer region in nuclear ribosomal DNA in monocots. 
Genome 37: 1 12- 120. 

Huelsenbeck JP, (1 99 1). Tree-length distribution skewness: 
An indicator of phylogenetic information. Syst. Zool. 40: 
257-270. 

Hutchinson GE, (1975). A Treatise on Limnology, vol. 3: 
Limnological Botany (eds J Wiley & Sons), New York. 

Kuo J, James SH, Kirkman H and Den Hartog C, (1990). 
Chromosome numbers and their systematic implications 

3-16. 



Hereditas I29 (1 998) Posidonia ITS data 65 

in Australian marine angiosperms: the Posidoniaceae. PI. 
Syst. Evol. 171: 199-204. 

Les DH and Haynes RR, (1995). Systematics of subclass 
Alismatidae: a synthesis of approaches. In: Monocotyle- 
dons: systematics and evolution. (eds PJ Rudall, PJ 
Cribb, DF  Cutler and GJ Humphries), Royal Botanic 
Gardens, Kew, p. 353-377. 

Martin PG and Dowd GM, (1991). Studies of Angiosperm 
phylogeny using protein sequences. Ann. Missouri Bot. 
Gard. 78: 296-337. 

Mehra RC, Brekrus S and Butler MG, (1984). A simple 
two-step procedure for silver staining Nucleolus Orga- 
nizer Regions in plant chromosomes. Can. J. Genet. 
Cytol. 21: 255-257. 

Philbrick CT and Les DH, (1996). Evolution of aquatic 
angiosperm reproductive systems. BioScience 46: 8 13 - 
826. 

Procaccini G, Alberte RS and Mazzella L, (1996). Genetic 
structure of the seagrass Posidonia oceanica (L.) Delile in 
the western Mediterranean: ecological implications. Mar. 
Ecol. Progr. Ser. 140: 153-160. 

Rogers SO and Bendich A, (1994). Extraction of total 
cellular DNA from plants, algae and fungi. In.: Plant 
Molecular Biology Manual (eds BG Stanton and RA 
Schilperoort), Kluwer Academic Publisher, Dordrecht, p. 
D1, 1-8. 

Sanger F, Nicklen S and Coulson AR, (1977). DNA se- 
quencing with chain-terminating inhibitors. Proc. Nat. 
Ac. Sci., USA 74: 5463-5467. 

Shi Y ,  Draper J and Stace C, (1993). Ribosomal DNA 
variation and its phylogenetic implication in the genus 
Brachypodium (Poaceae). PI. Syst. Evol. 188: 125- 
138. 

Swofford DL, (1991). PAUP: Phylogenetic analysis using 
parsimony, Version 3.1 . I .  for Apple Macintosh. Illinois 
Natural History Survey, Champaign, Illinois. 

Troitsky AV, Melekhovets YF, Rakhimova GM, Bobrova 
VK, Valiejo-Roman KM and Antonov AS, (1991). An- 
giosperm origin and early stages of seed plant evolution 
deduced from rRNA sequence comparison. J. Molec. 
Evol. 32: 253-261. 

White TJ, Bruns T, Lee S and Taylor J, (1990). Amplifica- 
tion and direct sequencing of fungal ribosomal RNA 
genes for phylogenetics. In: PCR Protocols (eds MA 
Innis, DH Gelfand, J Sninsky and TJ White), Academic 
Press, New York, p. 315-322. 

Zimmer EA, Hamby RK, Arnold ML, Leblanc DA and 
Theriot EC, (1989). Ribosomal RNA phylogenies and 
flowering plant evolution. In: The hierarchy of life. (eds 
B Fernholn, K Bremer and H Jornvall), Elsevier, Am- 
sterdam, p. 205-214. 


