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ABSTRACT

We have applied the polymerase chain reaction-based single-strand conformation
polymorphism method (PCR-SSCP) to detect sequence variation in the first and second
internal transcribed spacers (ITS1, ITS2) of ribosomal DNA (tDNA). These polymorphic
DNA sequences have been used as additional characters to separate species of Cliona Grant,
1826 (Hadromerida) and to estimate levels of variability within and among populations of
Hymeniacidon beliophila (Patker, 1910) (Halichondrida). The PCR-SSCP method allowed us to
quickly detect different migration patterns of fragments which reflect DNA sequence
diversity, both for individuals of different species and for individuals of the same population.
We concluded that the PCR-SSCP method is: (1) useful to resolve differences at the species
level; (2) simple, of low cost, fast, and non-radioactive; (3) excellent as a fast screening
method for species identification, and might thus be a useful tool to discriminate sibling
species and detect intragenomic variation without cloning, prior to sequence analysis.
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INTRODUCTION

Studies of ribosomal DNA (tDNA) sequences have been used to infer
phylogenetic history across a very broad spectrum of taxa, from Kingdoms and
Phyla to closely related species and populations. The DNA sequence differences in
the variable regions of the two internal transcribed spacers (ITS1 and ITS2) can be
used to assess the structure and natural history of closely related taxa, to identify
species or strains, to study hybridization, and as markers in population genetic
studies (STOTHARD e¢7 al., 1997, DAFFONCHIO ef al., 1998; EL TAI ¢t al., 2000; ZHU et
al., 2000). Amplification of the ITS via the polymerase chain reaction (PCR) is
facilitated by conserved flanking regions in the 18S, 5.8S and 28S genes (HILLIS &
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DIXON, 1991; HILLIS ef afl, 1996). These sequences proved to be good molecular
markers to separate species of sponges (WORHEIDE, 1998; LOBO-HAJDU ez a/, 2001;
LOPEZ et al., 2002; WORHEIDE ef al., 2002, 2003; DURAN e7 al., 2004).

The single-strand conformation polymorphism (SSCP) method (ORITA ef al,
1989) has been used here to study levels of genetic variability in sponges. Material
identified as Cliona aff. celata Grant, 1826 (Hadromerida) from Bahia, Rio de Janeiro
and Sao Paulo States has been compared to another two species, C. varians
(Duchassaing & Michelotti, 1864) (Rio Grande do Norte State) and C. delitrix Pang,
1973 (Bahia State), as a first step towards understanding genetic diversity within
Cliona.

Additionally, preliminary observations (MORAES e¢f al, 1998) suggested a likely
ecophenotypic explanation for the observed morphological plasticity in Brazilian
Hymeniacidon  heliophila (Parker, 1910) (Halichondrida) - size of papillac being
negatively correlated with hydrodynamism, but apparently insensitive to degree of
pollution or sedimentation. This species is reported for the Atlantic Ocean from the
North Carolina coast (USA) to the Caribbean Sea, where it is widely distributed
(DIAZ ¢t al, 1993) and also for the Southeastern Brazilian coast (Rio de Janeiro and
Sao Paulo States) where, although being a common sponge, little is known about its
morphological, cytological or molecular characteristics. No taxonomic description
has been published for Brazilian specimens. In the North Atlantic Ocean, H.
heliophila is considered a species with little morphological variations (DIAZ ef al,
1993). We decided to further test the SSCP method in searching for correlations
between observed morphological plasticity and likely genetic diversity in H. heliophila.

The PCR-linked SSCP method has already been used successfully for species
identification and in studies of population genetics in, for example, nematodes,
Diptera, snails and fishes (GASSER ¢ @/, 1997; KOEKEMOER ef al., 1999; SHARPE ef
al., 1999; CLAPP ef al., 2000; SMALL & GOSLING, 2000; ASENSIO e¢f al., 2001). These
studies have shown that PCR-linked SSCP is an accurate and sensitive method to
detect genetic variation, and to assist in taxonomic investigation at levels ranging
from populations to species.

We intend to determine genetic differences among five populations of
Hymeniacidon heliophila and between three species of the genus Cliona, scattered along
the Brazilian Coast, aiming at: 1) standardizing the PCR-linked SSCP method for
identification of sponge species; and 2) determining at which taxonomic level the
method is most useful to analyse genetic variability.

MATERIAL AND METHODS

Sponges
Samples were collected along the Brazilian coast (Fig. 1)through SCUBA and snorkelling,

fixed in ethanol or frozen until DNA extraction (Tab. I). To include conspecific samples
from different populations in the analysis, specimens of C. aff. celata were collected at Praia do
Cabelo Gordo, Sdo Sebastiao, SP; Praia de Guarajuba, BA and Praia de J6éao Fernandes,
Buzios, R]. Specimens of C. varians were collected at Atol das Rocas, RN; Baifa de Todos os
Santos, Salvador, BA and Praia de Guarajuba, BA. All specimens of Hymeniacidon aff. heliophila
were collected at Guanabara Bay, R] (Praia Vermelha and Praia da Urca at Rio de Janeiro City
and Praia de Boa Viagem and Praia de Itaipu at Niterdi City) or Sdo Sebastido, SP (Fig. 1).
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Voucher specimens were deposited in the Porifera Collections of the Museu Nacional of the
Universidade Federal do Rio de Janeiro (MNR]).

Tab. I. Deposit number at UER], sponge species, collection sites, and voucher numbers. BA
= Bahia State, PE = Pernambuco State, R] = Rio de Janeiro State, RN = Rio Grande do
Norte State, SP = Sio Paulo State, Brasil. MNR]J and UFRJPOR = Porifera Collections of
Museu Nacional, Universidade Federal do Rio de Janeiro.

UER] SPECIES COLLECTION VOUCHER
NUMBERS SITES NUMBERS
119 Amphimedon viridis Duchassaing & Michelotti, 1864 | Praia do Sono, RJ UFRJPOR 4747
106 Aplysina fulva (Pallas, 1766) Abrolhos, BA UFRJPOR 4699
006-008 Cliona aff. celata Grant 1826 Praia do Cabelo not available
Gordo, Sio
Sebastido, SP
045-046 Cliona aff. celata Grant 1826 Praia de Guarajuba, | not available
BA
052-055 Cliona aff. celata Grant 1826 Praia de Guarajuba, | not available
BA
179 Cliona aff. celata Grant 1826 Praia de Jodo not available
Fernandinho, Buzios,
R]
047-051 Cliona varians (Duchassaing & Michelotti, 1864) Praia de Guarajuba, | not available
BA
155-160 Cliona varians (Duchassaing & Michelotti, 1864) Atol das Rocas, RN | not available
178 Cliona dyorissa Ritzler, 1974 Praia de Jodo not available
Fernandinho, Buzios,
R]
188-190 Cliona delitrix Pang, 1973 Baia de Todos os not available
Santos, Salvador, BA
319-330 Hymeniacidon aff. heliophila (Parker, 1910) Praia Vermelha, Rio | *¥12 specimens
de Janeiro, RJ
331-337 Hymeniacidon aff. heligphila (Parker, 1910) Praia da Urca, Rio de | *7 specimens
Janeiro, RJ
338-344 Hymeniacidon aff. heligphila (Parker, 1910) Praia de Boa Viagem, | *7 specimens
Niterdi, R]
345-353 Hymeniacidon aff. heligphila (Parker, 1910) Praia de Itaipu, *9 specimens
Niterdi, R]
354-362 Hymeniacidon aff. heliophila (Parker, 1910) Praia do Cabelo *9 specimens
Gordo, Sao
Sebastido, SP
002 Mycale aff. americana Van Soest, 1984 Sio Sebastido, SP MNR]J 1584
009 Mycale escarlatei Hajdu, Zea, Kielman & Peixinho, Sao Sebastido, SP UFRJPOR 4451
1995
013 Mycale laxissima Duchassaing & Michelotti, 1864 Sao Sebastido, SP MNR]J 1027
099 Mycale microsigmatosa Arndt, 1927 Sio Sebastido, SP MNR]J 1331
015 Mycale magnirbaphidifera van Soest, 1984 Sao Sebastido, SP MNR]J 1330
136 Mycale arcuiris Lerner & Hajdu, 2002 Sdo Sebastiao, SP MNR]J1942
100 Mpycale angulosa (Duchassaing & Michelotti, 1864) Parati, R] UFRJPOR 4743
094 Dragmacidon reticnlatus (Riedley & Dendy, 1886) Sao Sebastido, SP MNRJ 289
105 Topsentia ophiraphidites (De Laubenfels, 1934) Fernando de UFRJPOR 4779
Noronha, PE

*Several individuals were collected at the same site.
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Fig. 1. Collection sites for Cliona species and Hymeniacidon heliophila specimens: 1 = Praia do
Cabelo Gordo, Sio Sebastido, SP; 2 = Praia Vermelha, Guanabara Bay, R]; 3 = Praia da Utrca,
Guanabara Bay, RJ; 4 = Praia de Boa Viagem, Guanabara Bay, RJ; 5 = Praia de Itaipu,
Guanabara Bay, RJ; 6 = Praia de J6ao Fernandes, Buzios, R]; 7 = Baia de Todos os Santos,
Salvador, BA; 8 = Praia de Guarajuba, BA; 9 = Atol das Rocas, RN.

DNA extraction

After careful dissection to remove macroscopic symbionts on an ice-cooled Petri dish,
specimens were ground with a rod in a mortar with 1:5 (weight:volume) solution of 4M
guanidine hidrochloride, 50mM Tris-HCl pH 8.0, 0.05 M EDTA, 0.5 % sodium-N’-
lauroylsarcosine and 1 % B-mercaptoethanol. The suspension was incubated at 50° C for 1 h
and centrifuged at 3000 g / 20 min. The supernatant was extracted with an equal volume of
phenol:chloroform:isoamyl alcohol (25:24:1) and nucleic acids were precipitated with 2
volumes of ethanol. The pellet was washed in 70 % ethanol and air dried. The dried pellet was
dissolved in sterile water plus 20 pg/ml RNAse A (GIBCO BRL) and incubated at 37° C for
2 h. The DNA concentration was estimated in 0.8 % agarose gels in TBE 0.5X (50 mM Tris
Base, 50 mM boric acid, 1 mM EDTA) by comparison with solutions of known
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concentrations of lambda bacteriophage genomic DNA (GIBCO BRL) (10 ng/ul, 20 ng/ul,
50 ng/ul, 100 ng/ul), incubated with 0.6 ug/ml ethidium bromide and visualized under UV
light.

PCR

The ITS regions were amplified using the pair of primers 18SFow: 5"-TCATTTAGAGG
AAGTAAAAGTCG-3" plus 5.8SRev: 5-GCGTTCAAAGACTCGATGATTC-3" and
5.8SFow: 5-GAATCATCGAGTCTTTGAAGCC-3" plus 28SRev: 5-GTTAGTTTCITTT
CCTCCGCTT-3, for ITS1 and ITS2 respectively. Primers used in this study were designed
according to a multiple sequence alignment using Genebank sequences aligned with Clustal W
(THOMPSON e¢f al., 1994). We used the nucleotides present in the sequence of Hymeniacidon
heliophila (ODORICO & MILLER, 1997a) at positions where more than one type of nucleotide
was found. Each PCR amplification reaction mixture of 50 pl contained 10 ng of genomic
DNA, reaction buffer (10 mM KCIl, 20 mM Tris-HCl pH 8.8, 10 mM (NH4)2SO4, 0.1 %
Triton-X-100, 100 mg/ml gelatin), 3 mM MgSOs, 200 uM dNTPs (Amersham Pharmacia), 80
ng of each primer and 1 unit of Pf#x DNA polymerase (produced by R.M. Albano).
Amplification was carried out in a DNA thermal cycler (M.]. Research PTC-100). An initial
denaturation step of 5min at 96° C was followed by 35 cycles of 30 s at 94° C, 45 s at 52° C
and 1 min at 72° C, with an additional final step of 5 min at 72° C. The amplified bands were
separated by electrophoresis on 2 % agarose gels in TBE 0.5X. The size of amplified
fragments was estimated by comparison with standard DNA markers.

SSCP

The samples were subjected to electrophoresis in an 8 % acrylamide (50 % or 99:1
acrylamide:bis-acrylamide) non-denaturing gel for SSCP (ORITA e 4, 1989). Each 3ul of PCR
product is added of 5 pl denaturing buffer NaOH 10 mM, formamide 95 %, bromofenol
blue 0.05 % and xyleno cyanol 0.05 %), the sample mixture is boiled during 5 min at 95° C
and immediately after this step, placed on ice to maintain the denatured single strand state.
This mixture is applied on gel and run for 18 h in a cold chamber under an electric field of 15
V/em. The gel is visualized after silver nitrate impregnation (BASSAM ef al, 1991), dried and
scanned.

SSCP data interpretation and analysis

Relationships between SSCP profiles were explored by comparing the presence (1) or
absence (0) of shared vatiants using PHYLIP software (FELSENSTEIN, 1993), which allowed
the calculation of the genetic distances and the construction of a phenogram of similarity
between taxa through the MEGA software (KUMAR ez 4/, 1993).

RESULTS AND CONCLUSIONS

The sizes of the DNA fragments yielded by PCR amplification of the ITS1, ITS2
and ITS1-5.85-1TS2 in Hymeniacidon aff. heliophila are shown in Fig. 2. For this
species, the I'TS1 fragment had approximately 350 base pairs (bp), the I'TS2 had 300
bp and both ITS plus the 5.85 rRINA gene had close to 800 bp. Fig. 3 shows the
ITS1 fragment amplified from H. heliophila individuals out of two populations. On
agarose gel, there was no clear difference in size when DNA fragments from the
same species were compared, neither between nor within populations. However,
both ITS1 and ITS2 fragments vary in sizes between different sponge species. An
example can be seen in Fig. 4.

The SSCP technique allows the distinction of specimens with the limit of a single
nucleotide change. The method is based on the denaturation of PCR products
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(double stranded) yielding single stranded DNA, which folds through internal base
pairing assuming tertiary structure (conformations). These structures migrate on
polyacrylamide gels on a way that correlates with the number of mutations
(substitutions, indels) accumulated in an individual, population or species.

Fig. 2. PCR products on a 2 % agarose gel. Lane 1 = molecular weight DNA standard of
lambda phage digested with EcRI and HindlIl, from top to bottom: 2027, 1904, 1584, 1375,
947, 831 and 564 base pairs (bp). Lane 2 = ITSI; lane 3 = ITS2 and lane 4 =
ITS1+5.8S+ITS2 amplified from H. heliophila BV3. Where: BV = Praia da Boa Viagem,
Niteréi, R]. Lane 5 = molecular weight DNA standard of pBlueScript SK plasmid digested

with Hinfl: 1.077, 517, 456, 396 and 356 bp.

8 9 1011 12 13 14 15

Fig. 3. Inter- and intraspecific variation of H. heliophila ITS1 fragments amplified by PCR on
a 2 % agarose gel. Lane 1 = molecular weight DNA standard of pBlueScript SK plasmid
digested with Hinfl. Lane 2 = PV1; lane 3 = PV2; lane 4 = PV3; lane 5 = PV5; lane 6 = PV0;
lane 7 = PV7; lane 8 = PVS; lane 9 = U1; lane 10 = U2; lane 11 = U3; lane 12 = U4; lane 13
= U5; lane 14 = UG; lane 15 = U7. Where: PV = Praia Vermelha, RJ and U = Praia da Urca,

RJ.
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Fig. 4. Interspecific variation of I'TS1 PCR products of different demosponge genera in a 2
% agarose. Lane 1 = molecular weight DNA standard of pBlueScript SK plasmid digested
with Hinfl. Lane 2 = Hymeniacidon heliophila; lane 3 = Mpycale aff. americana.; lane 4 = Mpycale
arcuirisy lane 5 = Mycale escarlates; lane 6 = Mycale magnirhaphidifera; lane 7 = Mycale angulosa; lane
8 = Mpycale laxissima; lane 9 = Mycale microsigmatosa; lane 10 = Cliona aff. celata; lane 11 = C.
variansy lane 12 = C. delitrix; lane 13 = Dragmacidon reticulatus; lane 14 = Aplysina fulva; lane 15 =
Awmphimedon viridis; lane 16 = Topsentia ophirbapbidites.
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Fig. 5. Intraspecific variation of ITS1 in H. heligphila shown on an 8 % SSCP-PAGE gel.
Lanes 1 - 4 = Praia Vermelha, RJ; lanes 5 - 8 = Praia da Utrca, RJ; lanes 9 - 12 = Praia da Boa

Viagem, RJ; lanes 13 - 16 = Praia de Itaipu, RJ; lanes 17 - 20 = Praia do Cabelo Gordo, Sio
Sebastido, SP.
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Fig. 6. Intra- and interspecific variation of ITS2 within the genus Cliona on an 8 % SSCP-
PAGE gel. Lane 1 = Cliona dyorissa; lanes 2 - 3 = Cliona delitrix; lanes 4 - 8 = Cliona varians and
lanes 9 - 14 = Cliona aff. celata. Conspecific populations of C. varians: Praia de Guarajuba, BA
(lane 4), Bafa de Todos os Santos, BA (lane 5), Atol das Rocas, RN (lanes 6 - 8) and of C. aff.
celata: Praia de J6ao Fernandes, Buzios, RJ (lane 9), Praia do Cabelo Gordo, Sio Sebastido, SP
(lanes 10 - 11), Praia de Guarajuba, BA (lanes 12 - 14).
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The gel in Fig. 5 presents the migration pattern of ITS1 fragments in different
populations and between individuals of the same population of H. aff. heliophila. 1t
was noted that the migration pattern presented intra- and interpopulation variation.
The specimens on lanes 1, 2, 10, 13, 17, 18, 19 and 20 had one pattern of SSCP
variant, while specimens on lanes 3, 4, 5, 6, 7, 8, 9, 11, 12, 15 and 16 had an
alternative pattern. The specimen on lane 14 had a third pattern or SSCP variant.
Each SSCP variant corresponds to an allele.

These alleles wetre used to generate a similarity phenogram. Only one tree was
obtained for the 20 individuals and three characters (SSCP wvatiants), showing
unresolved polytomies, which indicate that the five populations of H. aff. heliophila
cannot be separated in distinct groups (data not shown).

It is expected that due to the process of concerted evolution the I'TS should be
homogeneous in sequence within an individual. Molecular processes such as unequal
crossing-over, gene conversion and transposition have been proposed as
mechanisms that not only generate variation in multigene arrays on which natural
selection can operate, but also as mechanisms by which mutations spread through a
multigene family (homogenisation) and become fixed in a population/species
(molecular drive) (FRITZ e al, 1994 and references therein). However, the degree of
differentiation observed within a species is a balance between those processes that
generate variability and those that lead to homogenisation and fixation. In all cases
reported so far where intraindividual variation has been looked for within ITS1 and
ITS2, it has been found to some degree. This includes studies on beetles (VOGLER &
DESALLE, 1994), crayfish (HARRIS & CRANDALL, 2000), coral Aeropora (ODORICO &
MILLER, 1997b), and more recently in the sponge Crambe crambe (DURAN et al., 2004).
As shown in Fig. 5, it is possible to distinguish three pairs of double bands in some
lanes, for example 5 to 8, that most likely represent different types of intragenomic
variants rather than distinct alleles. In repetitive markers such as ITS, it is usually
impossible to distinguish between homozygous or heterozygous individuals and
more than one different copy may occur in diploid individuals. The next step will
involve the use of a more direct method, where individual variants should be cloned
and sequenced.

The ITS1 fragment is less vatiable. It presented less SSCP variants than the I'TS2
tragment of H. aff. heliophila in the five populations analysed (data not shown).

There is a clear difference between the SSCP patterns of each Cliona species, but
the pattern is generally similar between individuals of the same species (Fig. 6). In
the ITS2 analysis of Cliona species the SSCP patterns were also generally similar
among individuals of the same species in C. varians and C. delitrix, and among
individuals of the same populations in C. aff. celata (Fig. 6). Cliona aff. celata showed
intraspecific variation both among populations (lanes 9 - 14 in Fig. 6) and within a
single population (lanes 12 - 14, Fig. 6). The possibility that different populations of
C. aff. celata represent distinct biological species is being investigated through DNA
sequencing of the I'TS1 and I'TS2 regions.

Our results show that it is possible to distinguish different patterns of SSCP for
different species and populations of sponges. The PCR-SSCP revealed different
migration patterns of fragments for individuals of different species and for
individuals of the same population, and might thus be a useful tool to discriminate
sibling sponge species and detect intragenomic variation without cloning. This



421

technique is excellent as a fast screening method for sponge species identification
prior to sequence analysis. To assess the number and type of mutations, experiments
of dideoxynucleotide sequencing of the ITS1 + 5.8S + ITS2 fragment is mandatory.
These DNA sequence differences can be used to infer phylogeny among closely
related taxa and as markers in population genetic studies.

We have been able to separate species of the genus Cliona on the basis of SSCP
variants, which may be a useful additional character when morphology is
inconclusive. The intrapopulation diversity of the SSCP variants in the five
populations of Hymeniacidon aff. heliophila was as high as the interpopulation
variability. This suggests that all five populations belong to the same species. There is
gene flow between them, in spite of the different morphotypes, which are most
probably cortelated to ecological and/or environmental influence.

The ITS sequences proved to be good molecular markers to separate species of
sponges of further genera, viz. Mycale Gray, 1867 (Poecilosclerida), Aplysina Nardo,
1834 (Verongida) and Geodia Lamarck, 1815 (Astrophorida), as reported previously
by out group (LOBO-HAJDU ez 4/, 2001).

Major advantages in using SSCP techniques include their simplicity and low cost
(SUNNUCKS ¢t al,, 2000). Moreover, the technique does not make use of radioactive
probes and does not require large amounts of DNA.
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