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Application of temperature gradient gel electrophoresis technique
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leaf-epiphytic community of Posidonia oceanica
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Abstract Seagrass leaves have been recognized as a suit-
able substratum in shallow sedimentary environments for
the establishment of epiphytic communities. Microscope-
based identification of species has been traditionally used to
monitor changes in the composition of the eukaryotic leaf-
epiphytic community of the seagrass Posidonia oceanica
(L.) Delile. Our main goal was to adapt the temperature
gradient gel electrophoresis (TGGE) barcoding technique
largely used in molecular microbial ecology studies to
monitor changes in the composition of P. oceanica epi-
phytic community. This molecular technique has been suc-
cessful for handling large amounts of samples in a fast and
reproducible manner. To that end, we applied the TGGE
technique to study the epiphytic community in two different
seasons and compare the results with those provided by the
classical microscope approach. The results obtained with
both approaches were generally consistent. The complexity
of the banding pattern produced by TGGE was mirrored by
the taxa richness of the community described using the
classical approach. The minimum number of P. oceanica
shoots necessary to adequately represent the composition of
the eukaryotic leaf-epiphytic community was of the same
order of magnitude for both techniques. Partial gene
sequences of some selected bands affiliated with sequences
of zoo and phytoephytic taxa. Some of them were detected
using microscopy. Our results showed that TGGE is an
excellent approach for comparative macrobenthic commu-
nity studies that need parallel treatment of many samples at
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a time. To the best of our knowledge, this is the first time in
which molecular barcoding techniques have been applied to
the comparison of eukaryotic epiphytic communities.

Introduction

Seagrasses are a group of aquatic flowering plants distrib-
uted worldwide that can colonize depths from mean sea
level down to 50 m (Duarte 1991). Seagrass leaves provide
a continuously renewing substratum for the establishment
of an epiphytic community (fungi, bacteria, micro- and
macro-algae and sessile invertebrates) (Borowitzka et al.
2006) which contributes to the high diversity of coastal
ecosystems.

Posidonia oceanica (L.) Delile is a seagrass restricted to
the Mediterranean Sea where it forms extensive meadows
(Procaccini et al. 2003). Its epiphytic community is a sig-
nificant contributor to the biomass, primary productivity,
and the nutrient cycling of the assemblage (Ballesteros
1987, Romero 1988, Lepoint et al. 2007).

While the winter leaf-epiphytic community is composed
of an encrusting layer of Phaeophyta and Rhodophyta, the
summer community is composed of both that encrusting
layer and an erect layer of macroalgae [mostly Ceramiales
(Rhodophyta)] (Van der Ben 1971, Battiato et al. 1982,
Antolic 1986). In addition, the summer community is richer
in taxa and the differences in taxa composition among indi-
vidual shoots are lower than in the winter community (Van
der Ben 1971, Ballesteros 1987).

The composition and diversity of the epiphytic commu-
nity of P. oceanica leaves have been traditionally studied
through microscopic identification by taxonomists (Ballest-
eros 1987, Mazzella etal. 1989, Kendrick and Lavery
2001). Molecular microbial ecology successfully uses gene
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sequences of the small ribosomal subunit (16S rRNA gene
sequence for prokaryotes, or 18S rRNA gene sequence in
eukaryotes, hereafter abbreviated as SSU) to describe the
structure and dynamics of microbial communities indepen-
dent of the culture techniques (Head etal. 1998, Acinas
et al. 2004). This approach, classically used for prokary-
otes, has also been adapted to study the community struc-
ture of microscopic eukaryotes such as marine planktonic
picoeukaryotes (Diez et al. 2001a, Diez et al. 2001b, Mas-
sana et al. 2002, Gadanho and Sampaio 2004), estuarine
fungi (Heuer et al. 1997, Lefevre et al. 2007), soil nema-
todes (Foucher and Wilson 2002), ruminant tract protozoa
(Regensbogenova et al. 2004) and prokaryotic epiphytic
community of tropical seagrasses (Uku et al. 2007).

DNA barcoding techniques like TGGE or denaturing
gradient gel electrophoresis (DGGE) have been extensively
applied (Ovreas et al. 1997, Niibel et al. 1999) to describe
the structure of prokaryotic communities. They allow the
simultaneous processing of a large number of samples and
provide an estimate of diversity independently from the
knowledge of the identity of the species composing the
community. TGGE and DGGE are based on the separation
of Polymerase chain reaction (PCR) amplified gene frag-
ments of identical size but different in sequence along a
chemical (DGGE) or thermal (TGGE) gradient (Muyzer
and Smalla 1998, Muyzer 1999). Sequence separation
occurs on acrylamide gels with a denaturing gradient,
where each fragment migrates according to its melting
point. Melting point is directly related with its
guanine + cytosine (GC) content (Muyzer 1999, Gadanho
and Sampaio 2004). In this regard, the complexity of the
amplification pattern (i.e. the number of bands, gene frag-
ments obtained) is directly related to the taxa composition
of the community. In order to compare community struc-
tures, each band migrating with an identical velocity in
TGGE has been traditionally assumed to be an operational
taxonomic unit (OTU). In microbial ecology studies, each
OTU is considered a different phylotype (Rossell6-Mora
and Lépez-Lépez 2008). Due to the conservativeness of the
16S rRNA gene sequence each phylotype can be consid-
ered at least as a different species (Rossell6-Mora and
Amann 2001). Given that SSU gene sequence divergence
among eukaryotic species is even lower than that of
prokaryotes (Eckenrode et al. 1985) each band might also
represent different taxa. Eukaryotes, as prokaryotes, show
paralogy in their SSU gene content. However, differences
among paralogous SSU genes in eukaryotes are insignifi-
cant (Eickbush and Eickbush 2007, Ganley and Kobayashi
2007). Thus, it is highly improbable that two bands appear-
ing separated on the same lane correspond to the same
organism.

Our main objective was to evaluate the usefulness of
TGGE to describe the composition changes of the eukary-
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otic leaf-epiphytic community of P. oceanica. To that end,
we compare the results of TGGE with those provided by
classical microscope techniques.

Materials and methods
Sample collection

The study was performed in February and September 2006
in a P. oceanica meadow located at a depth of 7m in La
Victoria (39° 51’ N, 3° 11" E, Alcudia Bay, Majorca,
Spain). A total of 20 P. oceanica shoots were haphazardly
collected at each sampling date by SCUBA diving and
frozen at —80°C to keep nucleic acids intact. Five (in
February) and ten (in September) additional shoots were
harvested and preserved in 4% formalin seawater until their
processing to identify the epiphytic taxa. Five to ten shoots
are considered as an adequate number to assess the taxa
composition of the leaf-epiphytic community using classi-
cal microscope methods (Panayotidis and Boudouresque
1981, Ballesteros 1987).

TGGE technique
DNA isolation and purification

We expected macroalgae to be a dominant fraction of the
epiphytic biota (Lepoint et al. 1999). As DNA isolation of
marine algae has proven to be very difficult due to the co-
isolation of polysaccharides and secondary metabolites
which can inhibit PCR (Hong etal. 1997, Vidal et al.
2002), we used a modification of an aggressive DNA isola-
tion method for soils (Zhou et al. 1996). PCR inhibiting
molecules were removed from the extracted DNA by using
DNeasy Plant Mini Kit (Qiagen, Ref.: 69106).

The epiphytic community of all leaves of a shoot (on
average six leaves per shoot) was carefully scraped into
sterile filtered seawater with a clean razor blade (we chose
the whole epiphytic community of the shoot to obtain
enough quantity of DNA to perform the analyses). Epi-
phytes were then collected by centrifugation at 2,000g and
room temperature for 15 min. Epiphyte mass (around 1 g of
wet weight) was frozen with liquid nitrogen and ground to a
fine powder using 5 mm stainless steel beads (Qiagen, Ref.:
69989) and a vortex.

Disrupted cell material was suspended in 13.5 ml of
extraction buffer [100 mM Tris—hydrochloric acid (Tris-
HCl) (pH=38), 20 mM ethylenediaminetetraacetic acid
(EDTA) (pH = 8), 1.4 M sodium chloride (NaCl), 2% poly-
vinylpyrrolidone (PVP) and 2% cetyl trimethyl ammonium
bromide (CTAB) (modified of Porebski et al. 1997)] and
100 pl of proteinase K (10 mg/ml). Tubes were incubated
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horizontally at 37°C for 1 h with shaking. Then, 1.5 ml of
25% sodium dodecyl sulfate (SDS) was added to each tube
and samples were incubated for 2 h in a 65°C water bath.
Tubes were mixed by inversion each 10-15 min. Extracts
were then left at room temperature for at least 20 min. After
incubation, 15 ml equilibrated phenol (pH=8) (Amer-
sham, Ref.: US75829) was added to each sample and vigor-
ously mixed and centrifuged for 15 min at 2,000g at room
temperature. Aqueous supernatant was collected and mixed
with 15 ml of chloroform:isoamylic alcohol (24:1), vigor-
ously shaken, and centrifuged at 2,000g at room tempera-
ture for 10 min. This step was repeated at least two times,
or until no interface was seen. Finally, 1/9 volume of 3 M
sodium acetate (AcNa) (pH = 7) and 0.6 volume of isopro-
panol were added to the supernatant to precipitate DNA. To
increase recovery yields, samples were stored at 4°C over-
night. DNA was collected by centrifugation at 2,000g for
30 min at room temperature and the supernatant was dis-
carded. Precipitated DNA was air dried at room tempera-
ture and finally dissolved in 200 pl MiliQ sterile water.

To remove PCR inhibitors, isolated DNA was further
purified using DNeasy Plant Mini kit (Qiagen, Ref.: 69106)
following manufacturer’s instructions. Quality and quantity
of purified DNA was measured in 1% agarose gel with ethi-
dium bromide (EtBr).

PCR conditions

Eukaryotic 18S ribosomal DNA gene fragments were
amplified by PCR using (rDNA)-specific primers EuklA
(5'CTG GTT GAT CCT GCC AG3’) and EukNew-516r-
GC (5'CGC CCG CCG CGC CCC GCG CCC GTC cca
CCG CCC CCG CCC GAC CAG ACT TGC CCT €39
(Diez et al. 2001a). EukNew-516r-GC is a one nucleotide
shorter version at the 3" end of the previously published oli-
gonucleotide. Comparisons of 18S rRNA gene sequence
alignments in the ARB-SILVA database (http://www.arb-
silva.de, Pruesse et al. 2007), using ARB software package
(http://www.arb-home.de, Ludwig et al. 2004) allowed us
designing a wider spectra primer set for eukaryotes. This
new set allows to distinguish Rhodophyta in contrary to the
previously published (Dfez et al. 2001a).

A 600-pb fragment was generated with PCR using a
Master Mix (Eppendorf) in a final volume of 20 pl accord-
ing to manufacturer’s instructions. A total of 5% dimethyl
sulfoxide (DMSO) was added to increase specificity of the
reaction (Sambrook and Russell 2001). The PCR program
included an initial denaturation at 94°C for 3 min, followed
by 30 cycles of denaturation at 94°C for 30 s, annealing at
48°C for 1 min, and extension at 72°C for 3 min, with a
final extension step of 72°C for 10 min. Amplicons were
visualized in a 2-3% MS-8 Agarose gel (Pronadisa, Ref.:

8066) with EtBr. “Real Escala No 2” was used as a quanti-
fication and size marker (Durviz, Ref.: RBMM?2).

TGGE conditions

Polymerase chain reaction products were resolved by using
the Biometra TGGE Maxi System with the procedure in
accordance with the manufacturer’s instructions. Acrylam-
ide gel was prepared with 6% acrylamide/bisacrylamide
(37.5:1), 8 M urea, 2% glycerol, 1x TAE (Tris—acetate—
EDTA Buffer), and 20% deionized formamide. The gel was
polymerized by adding 38 pl N,N,N,N-tetra-methylethylen-
ediamine (TEMED) and 63 pl 10% ammonium persulfate
(APS). The gel was let polymerizing at least for 3 h (modi-
fied of Van Dillewijn et al. 2002). About 70 ng of each
PCR product were run at a constant voltage of 130 V for
17 h. For our purpose, the thermal gradient was optimal
between 35 and 45°C. Finally, gels were silver-stained fol-
lowing a modification of a protocol of Heuer et al. 1997.
The gel was fixed in 10% (v/v) ethanol plus 0.5% acetic
acid (10 min). After removing fixing solution, the gel was
stained with 0.2% (wt/v) silver nitrate (30 min). After four
thorough washes with bi-distilled water, a freshly prepared
developing solution containing sodium borohydride
(NaBH,) (around 0.12 g/1), 0.15% formaldehyde, and 1.5%
(wt/v) sodium hydroxide (NaOH) was added to the gel. The
development of the gel was stopped by adding 0.75% (wt/
v) sodium carbonate solution (10 min.). Gels were finally
conserved with 25% ethanol and 10% glycerol and dried.
Alternatively, gels were stained by using SYBR Gold
Nucleic Acid Gel Stain according to manufacturarer’s
instructions (Molecular Probes, Ref.: S-11494).

Band reamplification, sequencing and phylogenetic
analysis

To reveal the gene sequence, some bands were excised
from the freshly stained gel with SYBR gold (Molecular
Probes, Ref.: S-11494) soaked in 30 pl of sterile water, and
let stand at overnight at 4°C. Acrylamide pieces were
disaggregated by using a plastic stab. Between 1 and 3 pl of
each supernatant were used for reamplification by using the
same primers and PCR conditions as above. Sequencing
was performed by using the Euk 1A primer by the sequenc-
ing company Secugen SL. Partial sequences were revised
and corrected with Sequencher v 4.7 (Gene Codes Corp
2006). 18S rRNA gene alignments were produced with the
use of the ARB software package (http://www.arb-home.de,
Ludwig et al. 2004), introducing the new almost complete
sequences into a preexisting alignment available of about
208,000 single sequences (http//www.arb-silva.de, Pruesse
et al. 2007). Aligned partial sequences were inserted in a
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preexisting tree by the use of the ARB-Parsimony tool as
implemented in the ARB package (Ludwig et al. 2004).

Optical microscope technique

Following standard methods to describe the epiphytic com-
munity of seagrasses, we studied the 10 cm apical portion of
the oldest leaf (both outer and inner leaf sides) of each shoot
for it has been shown to adequately represent the epiphyte
community structure of the whole shoot (Vanderklift and
Lavery 2000, Lepoint et al. 2007). Moreover, the species
richness and biomass of epiphytes in the apical portion of
seagrass leaves are usually higher that those of the basal por-
tions (Reyes etal. 1998, Trautman and Borowitzka 1999,
Lepoint et al. 2007). Random scrapings (between 3 and 5)
of this apical segment were mounted on glass microscope
slides for the identification of epiphytic taxa (Reyes and
Sansén 1997) using an optical microscope (ZEISS AX10).

Data analysis

Temperature gradient gel electrophoresis band profiles were
manually translated into a binary (presence/absence) matrix
for each sampling date. All bands migrating with an identical
velocity in TGGE were identified as unique OTUs (Rossell6-
Mora and Lépez-Lépez 2008). To obtain comparable results,
amplicons of different sampling dates were run together in
the same gel. An averaged rarefaction curve (cumulative
number of different OTUs vs. number of shoots) was con-
structed by using 999 permutes of the band profiles of all
shoots collected in each sampling date. The minimum num-
ber of shoots required to represent the band richness of each
sample was reached when the relative increase of band rich-
ness after including an additional shoot was smaller than 5%.

A non-metric multi-dimensional scaling (MDS) based
on the Bray—Curtis similarity index, and an analysis of sim-
ilarity (ANOSIM) was used to evaluate the differences
between profiles.

Differences in number of OTUs per shoot between
sampling dates were assessed by one-way ANOVA. Data
were previously tested for homogeneity of variances and
normality using Levene’s test (P > 0.05) and Kolmogorov—
Smirnov test (P >0.05), respectively. Variances were
homogeneous and data followed normal distribution.

Similar to the TGGE data analysis we calculated aver-
aged rarefaction curves, and performed MDS, ANOSIM
and one-way ANOVA analysis on the data obtained using
optical microscope.

All analyses were performed using PRIMER 5 (Plym-
outh Routines in Multivariate Ecological Research) (Clarke
and Gorley 2001), SIGMAPLOT 8.0 (SPSS Science 2002)
and STATISTICA 7.1 software (StatSoft Inc 2005).
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Results

A total of 43 different OTUs were identified in the complete
set of samples of February and September shoots (Fig. 1).
The February sample contained 30 of the total identified
OTUs, whereas the September sample contained 38 of
them. The number of OTUs per shoot varied between 4 and
23 in February with a mean (£SD) of 11.9 & 5.2 OTUs per
shoot. In contrast, the number of OTUs per shoot in Sep-
tember varied between 16 OTUs and 30 OTUs with a
mean of 22.3 3.9 OTUs per shoot. One-way ANOVA
revealed significant differences in the number of OTUs
per shoot between the February and September samples
(F 36 = 48.54, P < 0.05).

A total of 37 epiphytic taxa were identified by optical
microscopy. The total number of epiphytic taxa identified
was 10 in February shoots and 36 in September shoots. The
mean number (£SD) of taxa per shoot was higher in
September (14.9 £ 4.1) than in February (6 £ 2.1). One-
way ANOVA revealed significant differences in taxa rich-
ness per shoot among February and September samples
(Fy13=20.32, P <0.05).

The analysis of the relative increase of OTUs richness
compared to the number of shoots included in the sample
increases indicated that four shoots in September and six in
February were enough to represent TGGE band richness
(Fig. 2a). Similarly, seven shoots in September and five
shoots in February were necessary to represent the taxa
richness using the optical microscope (Fig. 2b).

| Feb. ‘ September

Fig. 1 Barcoding of the leaf-epiphytic community of some of the
February and September shoots. Lane I of the TGGE represents a
February shoot and lanes 2—12 represent September shoots. Sequenced
OTUs and their codes are indicated and correspond to that listed in
Table 2
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Fig. 2 Average rarefaction curves of the leaf-epiphytic community of
Posidonia oceanica in February and September. Relative increase in
(a) OTUs richness and (b) taxa richness as a function of the number of
shoots. The horizontal discontinuous line represents the 5% level con-
sidered to indicate minimum number of shoots needed to evaluate total
OTU richness or taxa richness, respectively. One sample of each sam-
pling date was unfortunately lost while processing in the lab

Multi-dimensional scaling analysis produced a clear sep-
aration between the leaf epiphytic community of February
and September shoots when based both on OTUs (Fig. 3a)
and on taxa richness (Fig. 3b). ANOSIM tests confirmed
the significance of the differences between the two sam-
pling dates (TGGE: R =0.709, P <0.01; optical micros-
copy: R =0.877, P <0.01).

A list of the epiphytic taxa identified in the February and
September shoots using optical microscopy is shown in
Table 1 (according to the taxonomy of Furnari et al. 2003).
In general, the February epiphytic community was basically
composed of Rhodophyta and Phaeophyta, whereas in Sep-
tember, the community was much more complex and it
included Rhodophyta, Phaeophyta, Chlorophyta, and zoo-
epiphytes. Rhodophyta and Phaeophyta showed similar
taxa richness in February shoots. However, Rhodophyta
(Ceramiales mainly) dominated in September shoots. Some
epiphytes were found in almost all samples (brown and red
encrusting algae (Myrionema magnusii, Hydrolithon sp.

Fig. 3 MDS ordination of the leaf-epiphytic community of Posidonia
oceanica shoots in February and September using (a) TGGE and (b)
optical microscope

and Pneophyllum sp.) and filamentous red algae such as
Audouinella daviesii, Audouinella sp., Erythrotrichia
carnea and Spermothamnion sp.). However, others were
mainly present either in February (brown algae Giraudia
sphacelarioides) or in September [Ceramiales, Chlorophyta
(Phaeophila dendroides and Cladophora sp) and zooepi-
phytes (Bryozoa and Foraminifera)]. Zooepiphytes were
less present than algae in both sampling dates.

Six selected bands, representative of permanent and sea-
sonal OTUs, were excised, reamplified and sequenced. The
sequence identity (Table 2) indicated that they affiliated
with algae, crustacea, bryozoa, annelida and mollusca.
Some of the bands (i.e. OTU 003 and 006) represented
sequences of organisms that had been detected under the
microscope.

Discussion and conclusions

Our purpose was to evaluate the applicability of TGGE to
the study of the epiphytic eukaryotic community of P. oce-
anica leaves comparing the results provided by this tech-
nique with those produced by taxa identification using
optical microscopy. We obtained satisfactory amplification
yields and clear TGGE banding profiles that could be easily
compared between the two sampling dates. The TGGE
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Table 1 List of leaf-epiphytic
taxa found in February and
September shoots (taxonomy February September

names according to Furnari et al.
2003) 1 2 3 4 5 1 2 3 4 5 6 7 8 9 10

Species Shoots

Bacillariophyta

Diatoms o o ([ e 6 o o
Chlorophyta

Ulvales

Ulvella or Pringsheimiella sp. [ [ [ J
Cladophorales

Chaetomorpha sp. [

Cladophora sp. [ ] e 6 6 06 6 0 o ©
Phaeophilales

Phaeophila dendroides o o o 6 6 6 o o
Phaeophyta

Ectocarpales

F. Ectocarpaceae [

Giraudia sphacelarioides e 6 0 ©°
Myrionema magnusii o 6 6 6 6 ¢ 6 6 6 ¢ 6 o o o o
Rodophyta

Acrochaetiales

Audouinella daviesii e 6 6 6 & o o e 6 6 6 o o
Audouinella sp. [ o o e 6 o °
Ceramiales

Anotrichium tenue [ J

Callithamnion corymbosum [

Ceramium codii [ J [ J [ J [ ]
Chondria sp. [
Chondria or Laurencia sp. [

Dasya sp. ([ [ J
Griffithsia sp. )
Herposiphonia secunda [ o o [
Lophosiphonia sp. [
Polysiphonia spp. [ [ o o
F. Rodomelaceae [
Spermothamnion spp. [ ] o o o e 6 o
Crytptonemiales

Hydrolithon + Pneophyllumspp. @ ® @® ® ©® & © © @ 6 6 ¢ ¢ 0 ©
Erythropeltidales

Erythrotrichia carnea [ e 6 6 6 6 06 o o o O

Stylonematales

Chroodactylon ornatum [

Stylonema alsidii (]

Zooepiphytes

Bryozoans o 6 6 6 06 o o
Hydrozoans [
Foraminifera ® 6 6 6 6 06 &0 o o
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Table 1 continued

Species Shoots

February

September

1 2 3 4

Unknown epiphytes
Sp. 1

Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.

[ BN e LY B SNV A )

Table 2 OTUs sequenced in this study. Similarity (%) is referred to the value of similarity between the OTU and the best match (according with

ARB software)

Accession OTU Sequence Best match Similarity Phylogenetic Reference
number length (accession number) (%) affiliation
EU888848 003 430 Pneophyllum conicum 95 Rhodophyta Unpublished
(DQ628985) Florideophyceae
Corallinaceae
EU888849 004 527 Pontoeciella abyssicola 90 Crustacea Huys et al. 2006
(AY627031) Maxillopoda
Copepoda
EU888850 005 497 Parergodrilus heideri 81.5 Annelida Rota et al. 2001
(AJ310504) Polychaeta
EU888851 006 550 Bugula turrita 91 Bryozoa Passamaneck
(AY210443) Gymnolaemata and Halanych 2006
Cheilostomata
EU888852 007 541 Brania sp. (AY525633) 75 Annelida Struck et al. 2005
Polychaeta
EU888847 014 503 Pomacea bridgesi 83.5 Mollusca Giribet et al. 2006
(DQ093436) Gastropoda

technique was successful in detecting differences in the
composition of the leaf epiphytic community of P. ocea-
nica between the two sampling dates, and rendered compa-
rable results to those produced by optical microscopy.

Each TGGE band represents a different SSU sequence.
However, due to the highly conserved nature of the gene
(Eckenrode et al. 1985), and the fact that paralogous genes
may be nearly identical (Eickbush and Eickbush 2007;
Ganley and Kobayashi 2007), different bands may be attrib-
uted to different taxa. In this regard, similar phylotype
diversity evaluations have been previously made for micro-
scopic eukaryotes (Rowan and Powers 1991a, b). We con-
sidered, therefore, identically migrating bands as a unique
OTU, and thus each OTU may be considered a different
taxon. This hypothesis has been corroborated by the exci-
sion and sequencing of six representative bands on the gel.
Despite the difficulties in reamplifying and sequencing
partial amplicons, the sequences retrieved were relatively

clean and could undoubtedly be affiliated to known
sequences in the public databases.

Temperature gradient gel electrophoresis and optical
microscopy provided comparable results: (1) the number
of both OTUs per shoot and epiphytic taxa per shoot were
higher in September than in February; (2) the minimum
number of shoots to represent OTUs richness and taxa
richness were similar; (3) MDS and ANOSIM detected
significant differences between the epiphytic community
in the two sampling dates and (4) TGGE detected a num-
ber of common bands between the September and Febru-
ary shoots, and optical microscopy identified some
common taxa such as Hydrolithon sp., Pneophyllum sp.
and Myrionema magnusii. These results agree with the
identification of common bands (as OTU 003 affiliating
with Pneophyllum conicum) with sequences of organisms
that appear permanent on shoots after classical optical
inspection.

@ Springer



458

Mar Biol (2008) 155:451-460

We found higher OTUs and taxa richness in September
than in February shoots, a result that is consistent with pre-
vious microscopy studies (Antolic 1986; Ballesteros 1987).
Those studies reported that taxa richness of the epiphytic
community of P. oceanica was also higher in summer than
in winter. The minimum number of shoots required to rep-
resent the richness of the epiphytic community (either 4 or
7 shoots using OTUs or identified taxa, respectively) was
similar to that calculated in previous studies (from 7 to 8
shoots: Panayotidis and Boudouresque 1981; Ballesteros
1987). Furthermore, previous studies also found significant
differences in the composition of the leaf epiphytic commu-
nity (Antolic 1986; Ballesteros 1987) between summer and
winter. Finally, the presence of a permanent group of taxa
in the epiphytic community of P. oceanica is widely
accepted (Van der Ben 1971; Romero 1988; Buia et al.
1989; Mazzella et al. 1989).

The use of optical microscopy to analyse the taxa compo-
sition of the epiphytic community produced similar results to
those described previously: higher taxa richness in Septem-
ber shoots explained by the presence of numerous Rhodo-
phyta (mainly filamentous Ceramiales) as Van der Ben 1971
and Antolic 1986; encrusting Rhodophyta and Phaeophyta
characterized the community in February (Van der Ben 1971
and Ballesteros 1987); Chlorophyta were totally absent in
winter (Tsirika et al. 2007, but see Antolic 1986).

It is clear to us that both approaches are complementary
and do not give identical information. In first instance,
TGGE targets all eukaryotes in the sample, including
microscopic taxa, whereas the microscopy study basically
focuses on macroalgae. This may explain the higher num-
ber of OTUs that TGGE renders, and could be seen as an
advantage of the molecular approach. While it is true that
DNA-based methods are biased (Dahllof 2002), we have
optimized a DNA aggressive purification method and PCR
primer set to better reflect the real diversity of the commu-
nity. On the other hand, the optical identification may be
biased towards macroepiphytes and by the taxonomical
expertise of the researcher.

In summary, the TGGE provides a consistent barcoding
of the composition of the eukaryotic epiphytic community,
and allows the simultaneous handling of large amounts of
samples. Furthermore, TGGE also allows the study of a
broader set of eukaryotic organisms, thus giving a better
idea of the whole community and not only on specific
groups. A practical benefit of the technique is that it relaxes
the level of taxonomical expertise necessary to describe the
diversity of the community. This goal is generally ham-
pered by the fact that taxonomists are relatively specialized,
and seldom can identify organisms that are excluded of
their taxonomic expertise. Hence, fingerprinting techniques
like TGGE appear as an alternative and excellent approach
to the study of the structure of the epiphytic assemblage of

@ Springer

P. oceanica leaves. The possibility to excise, reamplify and
sequence single bands on the gel enhances the resolution
power of the approach. As we have shown by selecting rep-
resentative bands, the analysis of the affiliation of partial
sequences by the use of the parsimony tool of the ARB pro-
gram package allows the identification of putative taxa
colonizing the P. oceanica shoots. In this regard, we could
identify the sequences of some detected taxa by optical
microscopy. However, as an additional benefit of the
approach, we could as well detect the presence of taxa not
listed in our inventory. This may help in overcoming the
problems derived from the lack of expertise in morphologi-
cally recognize observable taxa.
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