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Abstract

Specimens of the polychaete Americonuphis reesei from two locations in the Pacific Ocean off the coast of the Republic of
Panama were examined by sequencing of the internal transcribed spacers (ITS1 and ITS2). The complete sequence of the 5.8S
ribosomal DNA (rDNA) was obtained and the 3’ end of the 18S rDNA and 5’ end of the 28S rDNA were also determined.
Neighbor-joining analysis of ITS variability indicates a close relationship between the two populations of Americonuphis reesei.

INTRODUCTION

Americonuphis reesei belongs to the Onuphidae family of
the phylum Annelida. This species consists of individuals
that live in a thick mud-walled tube; they are carnivorous
and extend out of the tube to trap their prey (Villalaz, 1997).
A. reesei is harvested and used locally in Panama to provide
feed for the culture systems of penaeid shrimp (D’Croz et
al., 1988, Spadafora, 1994). Because these shrimp are a
species of key economic importance in Panama, extensive
studies of A. reesei concerning their ecology, embryology
and physiology have been performed (Luna et al., 2001;
Villalaz et al 2001).

A. reesei is found in two locations in the Gulf of Panama,
Republic of Panama: one in muddy bottoms at a depth of 27
meters  and the other  in the sandy  bottoms of an intertidal
region  (Fauchald, 1973). Two populations from the
intertidal region have been selected for phylogenetic
comparison in part on the basis of a different morphology,
namely their reproductive period (Luna et al., 2001).

A. reesei has previously been characterized using
morphological markers (Fauchald, 1973; Luna et al., 2001 )
and phylogenetic studies of this species have not yet been
reported. However, phylogenetic studies of other species of

annelids belonging to the families Tubificidae, Dorvilleidae,
Syllidae, Eunicidae, Onuphidae and Hartemanniellidae have
been conducted using molecular markers such as 18S
ribosomal DNA (rDNA), as well as 16S mitochondrial
rDNA (Dahlgren et al. 2001; Struck et al. 2002; Nygren y
Sundberg 2003).  Additionally, randomly amplified
polymorphic DNA (RAPDs) and internal transcribed spacers
(ITS1 and ITS2) of rDNA have been used to genetically
characterize cryptic species of annelids, such as Petitia
oculta (Westheide and Hass-Cordes, 2001; Meyer et al.
2008).

In this study we analyzed the sequence of the region of
rDNA spanning from the 3’end of the 18S rDNA, including
ITS1, ITS2, and 5.8 rDNA and ending at the 5’end of the
28S rDNA of A. reesei from two localities off the Pacific
coast of the Republic of Panama.

MATERIAL AND METHODS

Sampling:

The polychaetes were collected by hand from Agallito beach
in Herrera Province and El Salao beach in Coclé Province,
which are both located on the Pacific side of the Republic of
Panamá.
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A total of 25 A. reesei specimens, 15 from the Salao
population and 10 from the Agallito population were
examined by ITS analysis.

DNA extraction and Phylogenetic analysis

Genomic DNA was extracted from the polychaetes as
previously described, with small modifications (Chen and
Yu, 2000 and Chen et al., 2002). Specifically small pieces of
tissue were transferred to lysis buffer (0.4 M NaCl, 200mM
EDTA, pH 8.0) and then incubated at 65°C for 30 minutes.
Proteinase K was then added to the sample at a final
concentration of 0.1 mg/ml, and samples were incubated at
55°C for 3-4 hours. After centrifugation at 12000 rpm for 10
minutes, the supernatant was extracted with equal volumes
of phenol/chloroform, and DNA was precipitated overnight
at -20°C with absolute ethanol and 0.3 M sodium acetate. 
The samples were centrifuged at 12000 rpm for 15 minutes,
washed with 70% ethanol, resuspended with distilled water
and stored at -20°C.

ITS rDNA amplification and sequencing:

PCR reactions were set up as previously described (Chen et
al., 2002).  The forward primer, 5’-GGTACCCTTT
GTACA-CACCG-CCCGTCGCT3’ annealed to the 3’ end
of the 18S rDNA and the reverse primer, 5’GCTTTGGGCT-
GCAGTCCCAAG-CAACCCGACTC-3’ to the 5’ end of the
28S rDNA. PCR products were purified using a QIAquick
PCR purification kit (QIAGEN, http://www1.qiagen.com).

For direct DNA sequencing, both primers described above
were used, along with two internal primers. The internal
primer sequences were, 5’ CGATGAAGAG
CGCAGCCAGC-3’ and 5’ CGATGTTCAA
TGTGTTCTGC3’ (Chen et al., 2002). Direct sequencing of
PCR products was carried out using ABI PRISM, Big Dye
Terminator v3.1 as described by the manufacturer (Applied
Biosystem). Samples were run on the Genetic Analyzer ABI
3130XL (Applied Biosystem) at the Molecular Biology
facilities of the Smithsonian Tropical Research Institute
(Panama). The sequences were verified and aligned using
Sequencher 4.7 (Gene Codes).

Phylogenetic analyses were performed using the CLC
sequence viewer version 4.6.2. and PAUP 4.10 (Swofford,
D. L., 2002). Distance analysis was conducted using the
neighbor-joining (NJ) option employing the Kimura 2-
parameter (K2P) distance.

RESULTS

A sequence of approximately 1200 nucleotides, which
spanned from the 3’ end of the 18S rDNA to the 28S 5’ end
of the rDNA and included the 5.8S rDNA, ITS1 and ITS2,
was amplified from 15 samples of A. reesei of the Salao
population and 10 samples of the Agallito population. Both
strands were sequenced. In both A. reesei populations, the
5.8S rRNA gene was 154bp in length and identical in
sequence. The ITS1 among all individuals had almost the
same sequence and was 364 bp in length. The ITS2 length
among all individuals was 288 bp, and almost the entire
sequence was identical. Three single base exchanges were
observed in ITS1 and ITS2 combined. At position 140
(ITS1), eight samples from El Salao have a T instead of a C
(transition) (Fig1a), and four samples at position 454 (ITS1)
have another single change, again a T instead of the C
(transition) observed in the rest of the samples (Fig.1b). At
position 722 (ITS2) we found the third single base change,
eleven samples (5 from El Salao and 6 from Agallito) have a
G and 19 samples (11 from El Salao and 8 from Agallito)
have an A in this position (transition) (Figure1c).

Nucleotide composition observed in both ITS 1&2 showed a
higher content of G+C (55.5%) than of A+T (table 1).

Sequence data of one specimen from the El Salao localition
was deposited in Gen Bank (accession number 1190451).

To ascertain whether sequences obtained from PCR products
were consistent with the polychaeta origins of this specie;
we compared the 3’end of the l8S rDNA and the 5’ end of
28S rDNA of our A. reesei with other polychaeta taxa
obtained from Gen Bank. They were similar to the 3’end of
18S and the 5’end of 28S of Perinereis aibuthitensis, (shown
in Figure 1).

All sequences were aligned with the CLC sequence viewer
4, and subsequently used for phylogenetic analyses. A tree
was constructed with the algorithm of Neighbor joining and
with a bootstrap analysis (100 replicas) using the CLC
software.  Minimum Evolution tree using Kimura two
parameters correction method (K2P) obtained with PAUP
was topologically identical to the one constructed using
CLC, Jukes Cantor (Figure 2).  We rooted this tree with
Perinereis samples (on the tree PAN1.1 and PAN3.1, Chen
et al.)

Both the sequence alignment and the phylogenetic tree
demonstrated a close relationship between specimens from
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both populations. The distance determined by the analysis
showed that the two populations are identical and thus
belongs to the same species. The K2P distance between
samples from these two locations is 0.024% and the Fst
values were negative, which explains the lack of
differentiation between locations and suggests that not
enough time has passed for genetic differentiation to occur.

DISCUSSION

 Polychaete taxonomy has traditionally been performed by
using phenotypic differences, specifically via morphological
markers as observed by light microscopy (Westheide and
Schmidt, 2003). In addition to this methodology, molecular
markers such as ITS1 and ITS2 of the ribosomal region have
demonstrated that Petitia oculta, which had previously been
regarded as a cosmopolitan species and phenotypically
indistinguishable, was shown genotypically to consist of
cryptic species (sibling species) (Westheide and Hass-
Cordes, 2001). On the other hand, ITS1 and ITS2 analyses
have confirmed a cosmopolitan distribution of the species
Proscoloplos cygnochaetus (Meyer, 2008).

A. reesei have previously been characterized using species-
specific morphological markers  (Fauchald, 1973).  To our
knowledge this is the first report of molecular
characterization of this species using ITS molecular markers,
although ribosomal ITS have previously been used for
phylogenetic analyses of other polychaetes. One of the
advantages of using ITS1 and ITS2 in phylogenetic studies
is that the length of sequences for each of the regions is less
than 1000 bp in both plants and animals (Chen et al., 2002).
Universal primers were used in this study, which give an
advantage for use in PCR and sequencing, because they are
capable of amplifying the ITS region from species of
Perinereis and Proscopoplos as well (Chen et al., 2002;
Meyer et al, 2008).  Using these universal primers, we
successfully sequenced the ITS1 consisting of 364 bp and
the ITS2 of 288 bp. Compared with the ITS length of other
polychaetes, there was very little variability in the size of the
ITS regions.  For instance the ITS1 and ITS2 of species of
Perinereis were between 348 and 375 bp and between 304
and 325 bp respectively  (Chen et al 2002), ITS1 being
larger than ITS2. Petitia species also showed ITS2 of
different lengths depending on the population. For the
Seychelles population (Mahé Island) the ITS2 was 510 bp in
length, compared with the Rhodes population
(Mediterranean) that was 428 bp (Westheide and Cordes,
2001), both of them larger than the ITS2 of A. reesei. The

ITS1 sequence of A. reesei showed two transitions compared
with other species such as Petitia oculta, where the ITS1
sequence was identical for all populations studied
(Westheide and Cordes, 2001).  The 5.8S rRNA gene of both
A. reesei populations is identical in sequence, which is
similar to reports of other studies in species such as Petitia
oculta and Ctenodrilus serratus (Westheide and Cordes,
2001, Westheide et al., 2003). The length of the 5.8S gene is
154 bp, which is slightly smaller than in other species of
Perinereis previously described that were reported to be 155
bp (Chen et al. 2002).

The ITS2 showed one single base exchange (transition G-A)
in both populations and this pattern of base exchange has
been reported in Petitia species with variable bases at
different positions between populations and the same holds
true for Ctenodrilus species in which ITS2 showed single
base exchanges (Westheide and Cordes, 2001; Westheide et
al., 2003).

ITS have been used successfully to determine interspecific
and intraspecific species (Westheide, et al., 2003; Chen et
al., 2002).  However, there is no genetic distance between
the two populations of A. reesei in this study, since the
sequences of both ITS1 and ITS2 showed a minor difference
only. Thus the phylogenetic analyses obtained by NJ, K2P
and parsimony methods produced a similar relationship
between the two populations, boostrap supported that this is
a monophyletic group. This indicates that the same species is
present in both localities and agrees with our data that A.
reesei has a wide geographic distribution in Panama.

Although the two populations in this study showed a
different spawning season (Luna et al., 2001) it possible that
these differences are due to different geographical locations
and not due to genetic differences.
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Table 1

Base Frequencies for Polychaetes sequences for ITS1 and
ITS2

Figure 1

Alignment of the ITS1 and ITS2 sequences of A. reesei from
Agallito and El Salao locations

Figure 1 Continued

Alignment of the ITS1 and ITS2 sequences of A. reesei from
Agallito and El Salao locations

Figure 1 Continued

Alignment of the ITS1 and ITS2 sequences of A. reesei from
Agallito and El Salao locations
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Figure 2

Phylogenetic relationship obtained from 1168 bp sequence
comparison from ITS1, 5.8S and ITS2. The tree was
obtained using the neighbor-joining (NJ) option of the
PAUP, employing the Kimura 2-parameter distance.
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