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INTRODUCTION

Posidonia oceanica grows in the Mediterranean Sea,
along the coast of the eastern and western basins. It is
a structural species and forms long-living ecosystems
(Larkum et al. 1989, Mateo et al. 1997), allowing devel-
opment of associated communities characterized by
conspicuous species diversity (Mazzella et al. 1992). 
P. oceanica meadows prevent erosion of coastline,
forming ‘barrier reefs’ and small coastal lagoons (Har-
lin et al. 1982, Hemminga & Nieuwenhuize 1990).

Posidonia oceanica meadows are formed by hori-
zontally growing rhizomes, which start to grow verti-
cally when the available space is completely covered.
The dense canopy thus formed acts as a sediment
trap. Thus, the over-growth of horizontal and vertical
rhizomes and the sediments trapped within the
remaining scales and sheets form an organic struc-
ture called ‘matte’. The vegetative growth is very
slow, with estimated rates of vertical rhizome elonga-
tion ranging between 0.4 and 1.1 cm yr–1, and hori-
zontal elongation between 0.4 and 7.4 cm yr–1 (Bou-
douresque & Jeudy de Grissac 1983).

Posidonia oceanica can reproduce both sexually and
clonally, and meadows can be either single clones or
groups of many individuals (genets), depending on the
success of sexual reproduction and seedling recruit-
ment. A small number of genotypes was found in dis-
tinct populations (Procaccini & Mazzella 1998, Procac-
cini et al. 2001a, in press), suggesting an overall low
level of genetic diversity in P. oceanica. This could
result from biological factors (i.e. long generation time,
strong clonal growth and infrequent sexual repro-
duction) or post-glacial bottleneck effects.

Posidonia oceanica has been present in the Mediter-
ranean Sea since the Miocene (Pérès 1985) and sur-
vived during the last glaciation in refugia from which it
re-colonized the basin (Pérès 1984). It has been
hypothesized that the plant had its climatic optimum
around 4000 to 8000 yr ago, not being well adapted to
the present conditions of the basin (Molinier & Picard
1952, Pérès 1984). Besides general trends of increased
coastal erosion and decreased water clarity, possibly
related to global climatic changes, the high impact of
human communities along the coast can also account
for the recorded meadow regression (Marbà et al.
1996, Short & Wyllie-Echeverria 1996). The enhanced
meadow isolation, together with the existing low
genetic polymorphism and small population size found
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in P. oceanica (Procaccini et al. 2001a, in press), raises
concern for the future of this species in the Mediter-
ranean.

The status of this important resource, however, can
only be assessed correctly by evaluating whether low
genetic diversity in Posidonia oceanica has occurred
throughout its history and has been inherited through
asexual reproduction or whether it is a relatively
recent phenomenon. The historical memory of P.
oceanica genetic diversity can be sought in the DNA
still present in the organic remains of rhizomes and
leaf scales, preserved within the matte and other
marine sediments. Hypoxia occurs within a few centi-
meters below the sediment surface, allowing long-
term preservation of ligneous material such as rhi-
zomes and roots (Lipkin 1979, Crouzet 1984).

Here we present an optimized protocol for DNA iso-
lation from old Posidonia oceanica material as well as a
first comparison between recent and old genotypes.
Where population genetic screening of living seagrass
beds allows only a tentative reconstruction of the past
diversity, our approach could permit its direct reading
to assess the evolutionary history of this plant and to
forecast the species’ fate in the Mediterranean basin.
Although old DNA has been isolated and PCR-ampli-
fied in a series of plant species (e.g. Rogers & Bendich
1985, Rollo et al. 1987, Golenberg et al. 1990, Dumolin-
Lapegue et al. 1999) this is the first time that DNA has
been isolated and species-specific microsatellites
amplified from old seagrass remains.

MATERIALS AND METHODS

Sample collection. Two samples were collected and
included in the analysis.

Sample A was obtained from a sediment core col-
lected 42 m below sea level on soft bottom not colo-
nized by Posidonia oceanica (Procida channel, Gulf of
Naples, Italy). Well-preserved vegetable remains were
found at 1.25 m depth in the core. The sample, as
determined by correlation with pyroclastic rocks of
known origin and age (Carbone et al. 1984), is about
1100 yr old.

Sample B consisted of rhizome remains collected at
11 m depth in Lacco Ameno meadow (Ischia, Gulf of
Naples), 60 cm below meadow level. It was taken
20 cm inside the canopy from the vertical front of the
exposed matte, in order to minimize the possibility of
collecting recent material overgrowth on the ancient
remains. It was dated 300 yr old, according to Lacco
Ameno matte age estimations in Mateo et al. (1997).

Samples were washed with ethanol and distilled
water, dried on absorbent paper and stored at –20°C
for further DNA extraction.

The DNA extraction protocol, reported in Procaccini
et al. (1996), was modified due to the particular nature
and age of our samples. The main problems were
related to the presence of polyphenols in ligneous
material and to the small amount of preserved DNA
expected in the samples.

DNA extraction. The following modified method of
Procaccini et al. (1996) was used: 
(1) The material (0.5 to 1 g) was ground into fine pow-
der in a mortar with liquid nitrogen.
(2) The powder was transferred into a centrifuge tube
containing 8 ml of 2× CTAB extraction buffer (Doyle &
Doyle 1987) with sodium dodecyl sulfate 0.005%,
β-Mercaptoethanol 0.05% and polyvinylpolypyrrol-
idone (PVPP) 0.4% and incubated at 65°C for 1 h, with
occasional agitation.
(3) Samples were centrifuged in a clinical centrifuge
(30 min at room temperature, 4000 × g).
(4) Supernatant was transferred into a clean centrifuge
tube and submitted to a phenol:chloroform:isoamyl
alcohol (25:24:1) extraction followed by 2 chloro-
form:isoamyl alcohol (24:1) extractions.
(5) The aqueous phase was mixed with an equal vol-
ume of isopropanol alcohol and stored overnight at
–20°C.
(6) The solution was centrifuged (30 min, 4°C, 12 000
× g) and the pellet washed with 70% ethanol.
(7) The DNA pellet was re-suspended in 40 µl sterile
distilled water and stored at –20°C.
(8) The total DNA was run on an 0.8% agarose gel and
the high molecular weight region was excised from the
gel and eluted with QIAEX II kit (Qiagen), following
the manufacturer’s instructions. The elution of chromo-
somal DNA from agarose gel was required for removal
of contaminant polyphenols. The electrophoretic sepa-
ration of polyphenols from chromosomal DNA was
allowed by their fast migration in the gel (similar to 100
base pair [bp] DNA fragments). As an elution negative
control, we processed a slice of agarose gel taken from
a line where no samples had been loaded.

The DNA extraction protocol was also performed on
2 negative controls, both consisting of 8 ml of the ex-
traction buffer, 1 of which had been previously poured
into the mortar used for sample grinding. Vegetable
tissues and negative controls were processed at the
same time.

PCR amplification of microsatellite sequences. PCR
using ancient seagrass DNA was performed for 3 Posi-
donia oceanica microsatellite regions (Poc-5, Poc-26,
Poc-45; Procaccini & Waycott 1998). For genotype
analysis, microsatellite were amplified and visualized
as in Procaccini & Waycott (1998). PCR products were
also cloned and sequenced to verify correct assign-
ment to expected regions. In order to obtain enough
PCR product for cloning, amplifications were per-
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formed in a 50 µl total reaction volume using 7.5 units
of Taq polymerase (Boehringer) and 125 pmol of each
primer. PCR conditions were 30 s at 95°C, 30 s at the
primer-specific annealing temperature and 30 s at
72°C (45 cycles). Amplified DNA was analyzed by
electrophoresis on a 2% agarose gel, stained with
ethidium bromide and UV visualized.

Cloning and sequencing. Amplified DNA fragments
were excised from the agarose gel and extracted by
the QIAEX II kit. DNA fragments were cloned in
TOPO TA vector according to the manufacturer’s
instructions (Invitrogen) and samples were sequenced
on a Beckman Ceq 2000 using the Dye-Terminator
cycle sequencing kit (Beckman).

RESULTS AND DISCUSSION

In this paper we present the results of the first
genetic analysis ever performed on old seagrass re-
mains. The present analysis and the DNA extraction
protocol identified here provide a starting point for
future studies on population genetics of extinct sea-
grass meadows.

Posidonia oceanica meadows are among the few ma-
rine systems that, as coral reefs, can remain for millennia
in the sediment where their stratigraphy reflects accu-
rately their chronology. In some localities, the matte has
been dated to 4000 yr in age (Mateo et al. 1997). Thus,
they present a unique opportunity for studying genome
evolution over time, historical changes in population dy-
namics and genetics, and colonization and migration
events in the Mediterranean Sea. Here we have shown
that DNA is preserved among that material.

The main problems we encountered in the analysis
were extraction efficiency, and presence of PCR in-
hibitors. In our extraction procedure, to minimize DNA
loss we did not perform RNA digestion with the addi-
tional necessary precipitation, not expecting the pres-
ence of preserved RNA in old material. The purifica-
tion of high molecular weight DNA from agarose gel,
instead, reduced the presence of possible contami-
nants that can inhibit PCR reactions. At the end of the
process, almost 300 ng of partially degraded DNA was
obtained per gram of old Posidonia tissue, with a con-
centration only ca. 5 times lower than that obtained
from a comparable quantity of living tissue (Fig. 1). In
general, the characteristics of old ligneous Posidonia
material and its good preservation allowed us to get
DNA of a quality and quantity sufficient to analyze
species-specific microsatellite markers.

Contamination by foreign DNA from fresh material
of the same species or from other species, both in the
extraction and in the PCR amplification, is also an issue
in the analysis of old DNA. To avoid this problem, we

performed a series of negative controls, designed to
detect possible contamination in the chemicals or in
the equipment used. PCR was performed on our sam-
ples, on the negative controls of the extraction, on the
negative control of the elution and on a negative con-
trol of PCR, in the form of a complete reaction mix
without DNA (Fig. 2). The absence of amplification
products in negative controls confirms the absence of
contamination in the different steps of the whole pro-
cess.

For a first genetic comparison between recent and
old Posidonia oceanica genotypes, we used 3 specific
microsatellite markers. Nucleotide sequences of sev-
eral colonies obtained from cloned PCR fragments con-
firmed amplification of the expected microsatellite loci.
The material sampled in the matte (Sample B) was
homozygous for all 3 loci, while the DNA extracted
from material preserved at 1.25 m depth in the soft
sediment (Sample A) was heterozygous at the Poc-45
locus (Table 1). The analysis of old material did not
detect additional alleles with respect to recent popula-
tions analyzed in the Mediterranean basin (Procaccini
et al. in press).

Microsatellite loci have been widely used to study
relationships among populations. In general, they are
characterized by a high mutation rate and are assumed
to evolve linearly with respect to the time of disjunc-
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Fig. 1. Comparison between Posidonia oceanica DNA ex-
tracted from the same amount of recent (Lane 1) and old
material (Sample A: Lane 2 and Sample B: Lane 3). M: mole-

cular weight marker (λ-Hind III)
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tion between 2 different genomes (Goldstein et al.
1994). Both of these characteristics make microsatel-
lites suitable markers for inferring molecular phyloge-
netic patterns and processes at the intra-specific level.
Our results show that microsatellites could be used to
trace Posidonia oceanica genetic diversity to within a
few thousand years. These regions, in fact, are small
enough (150 to 300 bp) to be amplified also in old and

partially degraded DNA. In addition, our data, al-
though limited to only 2 samples, suggest that the
mutation rate of the 3 amplified microsatellites is low,
probably as a consequence of the slow generation time
of this species.

The analysis of old material can help in defining the
evolutionary history of Posidonia oceanica in the
Mediterranean and may determine whether its dra-
matic decline (Marbà et al. 1996) is related to a pro-
gressive reduction of genetic polymorphism. This can
have a significant impact on the definition of strategies
to preserve and re-establish this resource along the
coasts of the Mediterranean basin.
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Samples Age DNA Poc-5 Poc-26 Poc-45
(yr) (ng g–1

of tissue)

A 1100 320 173/173 282/282 168/144
B 300 320 173/173 282/282 168/168

Fig. 2. PCR reactions for Poc-45 microsatellite region on Sample
A (Lane 1), Sample B (Lane 2), a negative control of the ex-
traction consisting of the extraction buffer poured into the
empty mortar (Lane 3), the negative control of the elution
(Lane 4), and the negative and positive controls of the PCR re-
action (Lanes 5 and 6). Arrow indicates position of amplification 

products. M: molecular weight marker (adder 100)
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