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Abstract

The traditional taxonomy of ca. 700 cone snails assigns all species to a single genus, Conus
Linnaeus, 1758. However an increasing body of evidence suggest that some belong to a
genetically distinct clade alternatively referred to as the Conasprella (Thiele, 1929), Previously we
showed that a short (259 bp) conserved intronic sequence (CIS) of the y-glutamyl carboxylase
gene (intron 9) is surprisingly informative for delineating deep phylogenetic relationships among
other Conus snails (Kraus, et al. 2011). In this work, we once again use intron 9 (338 bp) to easily
resolve problemaric relationships among the Conasprellans. Counterintuitively, we show that
these relationships can be inferred from just 39 synapomorphic isites. The sequence is so well
conserved that conflicting sites do not obscure the few informative sites that provide clear
phylogenetic signal.

Unexpectedly we also found that intron 9 unambiguously distinguishes Conasprella species from

the Conus species studied earlier. The respective alignments are so different from one another that
the sequences from the two groups cannot be aligned and thus a phylogeny describing the genetic

relationship between the formerly desginated congeners cannot be inferred from these data alone.

This lack of homology between the intronic sequences belonging to each group clearly shows that
they are separated by considerable evolutionary history.
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Introduction

The venomous cone shails have traditionally been assigned to a single large genus, Conus,
Linnaeus 1758 comprising about 700 species. Attempts based on shell morphology to clarify
the phylogeny of the genus have left the evolutionary history of Conus species largely
unresolved (for an overview, see Rockel et al., 1995). However, recent molecular data
divides the species in this large genus into two major clades, separated by considerable
evolutionary distance. A substantial number of species, clearly divergent from the bulk of
the Conus clade has been referred to as the “Conasprella clade” (Bandyopadhyay et al.,
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2008), the “small major clade” (Williams & Duda, 2008), or “Clade 21” (Puillandre et al.,
2008). A recent taxonomic proposal separates these species into a separate family from
Conidae, Conolithidae (Tucker and Tenorio, 2009) that also comprises some other cone
snail species likely to be only distantly related to the Conasprella clade (e.g., “Conus”
californicus, “Conus” profundorum). An even more recent phylogenetic proposal
(Puillandre et al., 2011b; Bouchet et al., 2011) assigns these species to the genus
Conasprella, in the family Conidae (with the majority of cone snails remaining in the genus
Conus). This is the taxonomic framework that we have implicitly adopted in the discussion
of our data.

The first indication that this group (Conasprella) was distinct from the bulk of Conus
species was the discovery that the deep-water IndoPacific species Conus memiae is
genetically distant from other Conus species (Espiritu, et al., 2001). Establishing this as a
widespread group, it was later discovered that based on molecular criteria, other deep-water
IndoPacific species and a significant complement of Panamic and Caribbean species are
similarly unrelated to most Conus species, and closely related to Conus memiae (Duda and
Kohn, 2005; Puillandre et al., 2008; Williams and Duda, 2008; Bandyopadhyay et al., 2008;
Olivera and Biggs, 2010).

The complete sequence of the mitochondrial genome of Conus textile revealed an intergenic
region between the coxl and coxIl genes (Bandyopadhyay et al., 2008). In most
neogastropods, including other conoidean groups (Turridae and others), this region ranges in
length from 0-40 base pairs. However, among cone snails, this region is significantly longer
(from 130-170 base pairs in most species). The discovery that within Conasprella, the length
is also much more variable than in other Conus species provided an additional criterion for
assigning species to the Conasprella clade. Thus, in Conus jaspideus, for example, the
intergenic region is over 500 nucleotides in length.

Here we demonstrate that a remarkably small molecular sequence can be used to
unequivocally separate species in Conasprella from standard Conus. We previously reported
the unusually strong phylogenetic signal for standard Conus species from a very short region
of the intron 9 from the gamma-glutamy|l carboxylase gene sequences (Imperial et. al., 2007,
Krause et al., 2010). Here we evaluate the feasibility of using this intron as a marker for
species in Conasprella; these data provide further evidence for the marked divergence of
species in Conasprella from other Conidae. Despite its short length, the conserved intronic
sequence interval is shown to be useful for clarifying molecular phylogenetic relationships
within the Conasprella at the species level.

We analyzed a short portion of “intron 9” of the y-glutamyl carboxylase gene (Table 1) of
15 Conasprella species using methods described for Conus species in Krause, et al., (2011).
DNA sequence accession numbers for intron 9 are listed in Supplementary Table 1 along
with GenBank accession numbers for each of the other genes studied.
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Sequences alignment, model estimation, maximum likelihood, maximum parsimony and
Bayesian inference of phylogenies for Intron 9, 12S rRNA and COI sequences are as
described in Kraus, et al. 2009

Analysis of Intron 9 sequences

Compared to the Conus species studied earlier (Krause, et al. 2011), the analysis of intron 9
sequences from species in the Conasprella clade reveals a similarly short (338 bp)
conserved interval (Supplementary Table 2). There is, however, no apparent homology with
Conus species as the two groups align to separate and non-overlapping regions of the full
Conus textile sequence (Supplementary Figure 1). Hence although Conus and Conasprella
species are clearly highly divergent, inferring the evolutionary history of the two major
clades from the intron 9 sequences alone is not possible.

Within the Conasprella, however, the short intron 9 region is highly informative
phylogenetically yielding a remarkably well resolved tree (Figure 1). With the exception of
the uncertain placement of Conus arcuatus and Conus ichnoseana, these species fall into
three well-supported subgenera: Conasprella (Conasprella memiae/pagodus) Fusiconus
(Conasprella longurionis/orbignyi) and Ximeniconus (Conasprella mahogani/tornatus). In
contrast the trees inferred from the commonly used 12SrRNA sequence leaves the
relationship among the three subgenera unresolved (Supplementary Figure 2). The COI
alignment (Supplementary Figure 3) is useful for distinguishing among the three clades but
otherwise leaves the relationships within the Conasprella species unresolved with very little
support from either Bayesian or Maximum Likelihood analysis.

These observations are not surprising given that the homology is higher and the resolution is
far better for the tree inferred from the short Intron 9 CIS alone (338 base pairs, 59
informative sites, rescaled consistency index=0.65) than for the longer sequences from 12S
rRNA (556 base pairs, 99 informative sites, Rl =0.37) and COI (709 base pairs, 100
informative sites, Rl =0.33).

Maximum resolution is inferred from the long concatenated sequences of 12S, COI and
intron 9 ( Supplementarry Figure 4) although concatenation increases conflict among the
sites and so increases phylogenetic noise (sampling error) and the level of homology
(R1=0.27).

Discussion

We demonstrate that the Conasprella y-glutamyl carboxylase intron 9 CIS sequences are
easily aligned along a conserved interval so that a consensus sequence can be defined (“the
Conasprella CIS consensus”). This very short sequence is sufficiently variable to define
most evolutionary relationships among Conasprella species. Furthermore the variable sites
appear to have changed systematically instead of randomly: most of the sequence is highly
conserved so that very few sites conflict with the 39 synapomorphic sites (Figure 1b) that
define the optimal tree.
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There is some correlation between shell morphology (Figure 1a) and biogeography in the

different branches of Conasprella that have been defined using Intron 9 and other molecular
markers. Two of the well-defined subgenera, Conasprella and Fusiconus are primarily Indo-
Pacific and can readily be distinguished on the basis of shell morphology; most species in

the Conasprella subgenera are biconic, with a fairly broad body whorl, while Fusiconus has
an extremely slender body whorl (these are known to shell collectors as the “needle cones”).
The third group, Ximeniconus, is exclusively a new world group, absent in the Indo-Pacific.

Most species in the Conasprella clade (broadly defined) occur offshore, in relatively deep
water in the IndoPacific. The shallow-water IndoPacific fauna of cone snails comprise
exclusively species from the large clade of Conus, with the total absence of any
Conasprella. At increasing depths Conasprella species begin to play a more and more
significant role. This is quite apparent in the material from the Aurora Expedition carried out
a few years ago off the eastern coast of Luzon (Puillandre et al., 2011a). However, in the
new world (both in the Panamic and the Western Atlantic fauna), species in the Conasprella
clade do make a major contribution to the shallow-water Conidae; some species in the
Conasprella clade (e.g., mahogani, jaspideus) can be found in large numbers in the intertidal
zone.

In the previous work on Intron 9 CIS of Conus (Kraus et al., 2010), we noted an unusual
pattern of evolution with implications for functionality. For an intronic sequence, the CIS is
remarkably conserved within (but not across) major clades, suggesting that the exact CIS
sequence is subject to strong selection. However, the episodic nature of base changes is
another notable feature, with an enrichment of mutations during periods that define clade
divergence. Interestingly, much earlier Allan Wilson (Irwin and Wilson, 1989) and later
others (Gillespie, 1993, Messier and Stewart, 1997) had noted this episodic pattern of
sequence evolution.

Given the large divergence between Conasprella and the major clade of Conus (as estimated
by the standard genetic markers), it is not surprising that their CIS sequences in intron 9 of
the gamma-glutamyl carboxylase gene cannot be aligned. Within Conasprella, this sequence
is nevertheless conserved. Thus, despite the complete lack of any apparent sequence
homology between the Conus and Conasprella CIS sequences, it seems quite possible that
the Intron 9 CIS in Conus and Conasprella have homologous functions. As we discussed
previously (Kraus, et al., 2011) if proteins that regulate posttranscriptional events recognize
the CIS sequences, the episodic nature of base changes observed within otherwise conserved
CIS sequences can be explained. The divergence of species clades may involve changes in
posttranscriptional regulation; however, once a clade is established and a pattern of post-
transcriptional regulation is in place, then purifying CIS selection could conserve the
sequence over long periods of time.

As has been noted previously (Olivera and Biggs, 2010), despite the great evolutionary
distance between the major clade of Conus and the Conasprella clade, it can often be quite a
challenge to unequivocally assign species to either Conus, or Conasprella. In the analysis of
Conus praecellens and morphologically similar forms, it was pointed out that based on shell
morphology, some Conasprella species look closely similar to Conus praecellens and its
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relatives, but based on molecular phylogeny, these are highly divergent from each other. In
fact the very short phylogenetcally informative intron CIS sequences provide a diagnostic
tool for distinguishing Conasprella from Conus species. This may, in turn, give insight into
which subtle morphological features really do distinguish the two groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Bayesian phylogenetic tree inferred from a conserved region of intron9 from the -

glutamyl carboxylase gene of 15 Conasprella species. To indicate clade support, branches
are labeled with Bayes posterior probabilities (left) and with maximum likelihood bootstrap
values (right). Branches with support values that fall below 50% are not labeled. Species are
colored by subgenera defined by morphology and geography: Conasprella (green),
Ximeniconus (red) and Fusiconus (blue). B. The 39 informative sites from a 338 bp portion
of the intron 9 of the gamma-glutamyl carboxylase gene that define the evolutionary history
of the Conasprella species within their subgenera.
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Tablel

Aligned exons 9 and 10 within the y-glutamyl carboxylase gene used in this study of Conasprella species and
our previous study of Conus species (Kraus, et al. 2011).
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