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Abstract

The cone snails belong to the superfamily Conoidea, comprising ~10,000 venomous marine
gastropods. We determined the complete mitochondrial DNA sequence of Conus textile. The gene
order is identical in Conus textile, Lophiotoma cerithiformis (another Conoidean gastropod), and the
neogastropod llyanassa obsoleta, (not in the superfamily Conoidea). However, the intergenic interval
between the coxl/coxll genes, was much longer in C. textile (165 bp) than in any other previously
analyzed gastropod.

We used the intergenic region to evaluate evolutionary patterns. In most neogastropods and three
conidean families the intergenic interval is small (<30 nucleotides). Within Conus, the variation is
from 130-170 bp, and each different clade within Conus has a narrower size distribution. In
Conasprella, a subgenus traditionally assigned to Conus, the intergenic regions vary between
200-500 bp, suggesting that the species in Conasprella are not congeneric with Conus. The intergenic
region was used for phylogenetic analysis of a group of fish-hunting Conus, despite the short length
resolution was better than using standard markers. Thus, the coxl/coxIl intergenic region can be used
both to define evolutionary relationships between species in a clade, and to understand broad
evolutionary patterns across the large superfamily Conoidea.
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Introduction

The cone snails (Conus) are a species-rich genus of venomous marine gastropods. In the fossil
record, the earliest Conus species are found in the Eocene (Kohn, 1990) several major radiations
have given rise to the impressive present day biodiversity that makes Conus one of the largest
genera of marine invertebrates (~700 species) (Bouchet and Rocroi, 2005; Ponder and
Lindberg, 1997; Ponder and Waren, 1988; Taylor et al., 1993). All Conus species are
venomous; individual Conus species prey on fish, other molluscs or marine worms (Rockel et
al., 1995). The venom of at least one fish-hunting species, the geography cone, Conus
geographus, is sufficiently potent to cause a high frequency (~70%) of human fatality in the
absence of medical intervention (Cruz and White, 1995; Fegan and Andresen, 1997). The
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venoms of cone snails are being systematically analyzed in a number of laboratories, and a
compound from a cone snail venom was recently approved as a commercial drug for alleviating
severe pain (Czerwiec et al., 2006; Miljanich, 2004; Olivera, 2000, 2006; Terlau and Olivera,
2004).

However, an evolutionary framework for the 700 species in the genus is not yet available, and
the relationship of Conus sp. to the other venomous snails belonging to the superfamily
Conoidea is poorly understood. Most taxonomists place all of the venomous neogastropod taxa
in the single superfamily, Conoidea (Duda and Kohn, 2005; Kohn, 1998; Taylor et al., 1993).
The groundbreaking work of Bouchet and co-workers has established that the biodiversity of
venomous mollusks is much larger than previously suspected (probably >10,000 species)
(Bouchet et al., 2002).

Here, we report the complete mitochondrial DNA sequence of Conus textile (Linné, 1758), the
“cloth-of-gold-cone”. This is the first such analysis for any cone snail. As will be reported
below, the gene order in the mitochondrial genome of Conus textile and of the turrid
Lophiotoma cerithiformis (Powell, 1964), the only other species in the superfamily for which
a complete mitochondrial DNA sequence is available (Bandyopadhyay et al., 2006), is
conserved, suggesting that gene order is not useful for phylogenetic analysis of Conoidean
gastropods.

However, a large change in an intergenic region between coxl and coxll was revealed by a
comparison of the two conoidean mitochondrial DNA sequences. In this paper we present data
suggesting that both the length of, and the rapid sequence divergence of the coxl and coxll
intergenic region are useful for evaluating evolutionary relationships, both broadly within the
superfamily Conoidea, as well as between closely-related Conus species.

The cone snails used in this paper were collected in the Phillipines. High molecular weight
DNA was isolated from hepato-pancreas of the snails. Genomic DNA was prepared from 20mg
of frozen tissue from each species using the Gentra PUREGENE DNA Isolation Kit (Gentra
Systems, Minneapolis, MN) according to the manufacturer's standard protocol (Sambrook and
Russel, 2001). Segments of mitochondrial DNA were amplified by polymerase chain reaction
(PCR) using degenerate primers described in (Bandyopadhyay et al., 2006). Primers were
designed from amino acid sequences conserved in aligned mitochondrial protein and RNA
sequences (Table I). PCRs were carried out using BD Advantage™2 PCR enzyme system
(Clontech, CA, USA) ina PTC 200 thermocycler (MJ Research, MA, USA). The PCR cycling
profile consisted of initial denaturation at 94°C for 2min, then 39 cycles of conditions were
94°C for 45s, 45°C for 45s, 68°C for 1-5 min (depending on the length of the expected DNA
fragment) and a final elongation step of 10min at 68°C. The amplified DNA was purified by
agarose gel electrophoresis, isolated using Qiagen kit (QIAGEN Inc. CA, USA) and cloned
into pPGEM®-T Easy vector(Promega, WI,USA). The nucleotide sequence of the insert was
determined using oligonucleotide primers corresponding to T7 and SP6 promoter sequences
and in cases where the sequences did not overlap, by primer walking. Specific primers designed
from the sequences were used to amplify the rest of the mitochondrial genome and their
sequence determined as described above. Amplification of mitochondrial DNA from within
coxl to rrnL was carried out using Txmt3 and Lr283r; cob to nad4 using TxCytb e.1 and nad
4-2; coxlll to coxl using coxlIll-1 and Txmt2; nad4 to coxlll using ND4CO3F and CO3r.2; and
rrnL to cob using 187S.1 and cob-2 (see Table | for sequences of primers). The PCR cycling
profile consisted of initial denaturation at 94°C for 2min followed by 39 cycles of 94°C for
45sec, 55°C for 45sec and elongation at 68°C for 1-6min depending on the expected length of
the fragment and a final elongation of 10min at 68°C. The Expand Long Template PCR System
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from Roche Molecular Biochemicals (Roche Diagnostics Corporation, Indianapolis,IN, USA)
was used for these experiments.

The complete sequence was assembled using SeqMan(DNASTAR, Inc. WI USA). The
nucleotide sequence have been submitted to GenBank(accession no. NC_008797). Protein
genes were identified by comparing the sequence of the encoded proteins to products of
previously identified mt-protein genes (Bandyopadhyay et al., 2006; Boore and Brown,
1994a; Clary and Wolstenholme, 1985a; Maynard et al., 2005).

The ribosomal RNA genes were identified by homology to other mt-rRNA genes and hence
are not defined by their actual 5’ and 3’ ends. Transfer RNA (tRNA) genes were identified by
their ability to fold into the clover leaf structure characteristic of metazoan mt-tRNA, from the
tri-nucleotide in the anticodon position and using tRNAscan-SE Search server
(www.genetics.wustl.edu/eddy/tRNAscan-SE) or by eye.

Intergenic sequences between coxl and coxll were determined from PCR amplified product
from total genomic DNA using oligonucleotide primers close to the C-terminus of coxl (COI-
Ct421: 5'GGI ATR CCI CGI CGI TAY WSI GAY TAY CC 3') and NH»- terminus of coxl|
(COII-24r: 5’'ATI GCRTGR TCR TGR AAR AAR AT 3'). I=inosine and the other single letter
codes are described in Table 1. The amplified DNA was cloned into pGEM T-Easy and the
nucleic acid sequence of five clones from each species were determined. Nucleotide sequences
for the 16s ribosomal RNA for the same species were also determined in a similar manner
except 16s rRNA specific primers (16s fw.: 5’CCG GTC TGA ACT CAGATCACG T 3'and
16srev.: 5’GTT TAC CAA AAA CAT GGC TTC 3') (Espiritu et al., 2001) were used for the
PCR amplification. The PCR cycling profile were as follows: for 16s- initial denaturation (95°
C, 60sec); followed by 40 cycles of denaturation (95°C, 20sec); annealing (55°C, 20 sec); and
extension (72°C, 30 sec); for coxl- coxll intergenic- initial denaturation (95°C, 2min; followed
by 40 cycles of denaturation (95°C, 30sec); annealing (55°C, 30 sec); and extension (72°C, 30
Sec).

Nucleotide sequences have been submitted to GenBank. The accession numbers of the 16s
sequences are EU078935-EU078945 and EU078946-EU078956 for the intergenic region.

Phylogenetic analysis was carried out using the nucleic acid sequences. Final nucleotide
alignments were done by visual inspection (Table 3). Both trees were created from two
independent runs each using the software program MrBayes (Huelsenbeck and Ronquist,
2001;Kumar et al., 2004;Ronquist and Huelsenbeck, 2003). 1,000,000 trees were made in each
run, 10,000 of which were saved. The first 500 of each of those 10,000 were discarded as “burn-
in”. The two independent runs were combined into a single tree where branches were preserved
if they were found in 75% of those trees not discarded. The average standard deviation of split
frequencies after 1,000,000 generations for the intergenic data was 3.031 x 103, and 2.556 x
1073 for the ribosomal data.

A general time reversible (GTR) model was used, with the rate variation of some sites being
invariable and the remaining rates drawn from a gamma distribution.

The organization and gene content of Conus textile mitochondrial genome is shown in Figure
1. The size of the C.textile genome, 15,562 base pairs, is similar to the 15,380 base pairs for
L. cerithiformis (Bandyopadhyay et al., 2006) the only other conoidean gastropod whose
sequence has been determined, and the genome of the non-conoidean neogastropod, llyanassa
obsoleta which is 15,263 base pairs (Simison et al., 2006).
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The genome encodes the expected 13 proteins, 2 ribosomal RNAs and 22 tRNAs. The
mitochondrial genome encoded proteins, cytochrome oxidase subunits 1-3, (cox I-111); subunits
6 and 8 of ATPase (atp6 and atp8); subunits 1-6 and 4L of NADH dehydrogenase (nad 1-6
and nad 4L); cytochrome b (cob); tRNAs for D, V, L(1), L(2), P, S(1), S(2), H, F, K, A, R, N,
I and small and large subunits of ribosomal RNA (rrnS, rrnL) are transcribed from the same
DNA strand while tRNAs for M, Y, C, W, Q, G, E, and T are encoded in the complementary
strand (Figure 1.). The intergenic unassigned spaces vary between 0 and 35 nucleotides with
two relatively large regions of 165 and 126 nucleotides between coxl and coxIl and tRNAPhe
and coxlIl respectively. The coding sequences of NAD4 and NADAL overlap by 7 nts, NAD4
and tRNAHIS by 1nt, NAD5 and tRNAPMe by 1nt, tRNAT™ and tRNAC! by 3nts.

The sizes of the predicted mitochondrial proteins are similar to that reported for other
gastropods.

Ribosomal RNA and transfer RNA genes

Comparison

Unassigned

Ribosomal RNA genes were identified by homology to known ribosomal RNAs. The rrnS is
located between 3’ end tRNAC! (nt3851) and 5’ end of tRNAVal (nt4808). The rrnL is located
between 3’ end of tRNAVa! (nt4875) and 5’ end of tRNALY (nt6254). Since the 5’ and 3’ termini
of the RNAs have not been experimentally determined the assignments are tentative. The rrnS
and rrnL thus defined are 958nt and 1380nt respectively.

Transfer RNA genes were identified on the possibility of these sequences to fold into secondary
structures characteristic of metazoan mt-tRNAs. 22 putative tRNAs were identified.

of gene order in mitochondrial genomes of gastropod molluscs

The mitochondrial gene order of the neogastropods Conus textile, (this study) Lophiotoma
cerithiformis (Bandyopadhyay et al., 2006) and Ilyanassa obsoleta (Simison et al., 2006) is
conserved and is similar to that of Littorina saxatilis, a Littorinamorpha. (A partial sequence
of L. saxitalis has been published (Wilding et al., 1999). The gene arrangement in the
neogastropods can be derived from that of the polyplacophoran species Katharina tunicata
(Boore and Brown, 1994a) and the vetigastropoda species, Haliotis rubra (Maynard et al.,
2005) mainly by two major rearrangements as described previously for L. cerithiformis
(Bandyopadhyay et al., 2006).

intergenic sequences

Genes coding for tRNAs are interspersed between rRNA and protein encoding genes except
for coxl/coxlIl, atp8/atp6, nad6/cob, nad4L/nad4, nad2/coxl. The tRNAS may serve as signals
for processing larger transcripts (Battey and Clayton, 1980; Ojala et al., 1981). In addition, it
has been suggested that in the absence of tRNAs, short non-coding sequences with putative
secondary structure may serve as alternative signals for transcript processing (Bibb et al.,
1981).

Two relatively large non-coding regions are present in Conus textile, a 126nt region between
tRNAPhe and cox!11 and a 165 nt region between coxl and coxll. The intergenic region between
tRNAPe and coxl11 in the two other neogastropods, Lophiotoma cerithiformis and llyanassa
obsoleta, that have been sequenced are 139 and 56 nt respectively. The secondary structures
of the intergenic region between tRNAP and coxlll of the C. textile, L. cerithiformis, and I.
obsoleta sequences include potential 23nt, 38nt and 14nt inverted repeats respectively. The
longest non-coding region in Lophiotoma cerithiformis and Ilyanassa obsoleta mitochondrial
genomes, is between tRNAP"® and coxlIl and probably represents the control regions for
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replication and transcription. By analogy we suggest that this region plays a similar role in C.
textile.

coxl/coxll intergenic sequences are useful as phylogenetic markers

The length of the coxl/coxll intergenic region in the C. textile mitochondrial genome (165nt)
was unexpected. The intergenic sequences between coxl and coxll are considerably shorter for
the other neogastropods for which a complete mt DNA sequence is available (12nt for L.
cerithiformis and 28nt for I. obsoleta). We have determined the nucleotide sequence of this
region from 20 cone snail species and 10 non-conus species generally assigned to the
superfamily Conoidea. The intergenic region is longer in all cone snails analyzed: Table 2
shows the lengths of this intergenic region together with the lengths from two non-conoidean
species obtained from the GenBank (l.obsoleta, DQ 238598; L.saxatilis, AJ 132137).

Four discrete size classes of intergenic sequences are apparent from the data in Table 2: < 40
nts, 70-90 nts, 130-170 nts and 190-510 nts. The intergenic region of the majority of the
Conus species are between 130-170 nts with a narrower distribution within clades of related
species in the genus. Species analyzed in the Pionoconus clade that comprise fish-hunting
species widely distributed across the Indo-Pacific, had intergenic region between 130-140 nts
in length and the three species in Cylinder (to which Conus textile belong) are between 165-170
nts. As shown in Table 2B, one group of species conventionally assigned to Conus have an
extremely broad range of intergenic lengths, 190-510 nts (see Discussion below).

We examined if the intergenic sequences of different Conus species within a clade could be
used to clarify their evolutionary relationships. The alignment of the intergenic sequences is
shown in Table 3. Phylogenetic relationships for the same series of species were also deduced
using 16s rRNA sequences. Figure 2 shows a comparison of the results of the analysis using
the two data sets; the trees obtained in both cases are similar. The mollusc-hunting species C.
textile, C. dalli, and C. episcopatus in the Cylinder clade are well resolved from the fish-hunting
species C. monachus, C. magus, C. consors, C. stercusmuscarum, C. circumcisus, C.
aurisiacus, C. gaugini, and C. striatus from the Pionoconus clade. However, the analysis using
the intergenic region appears to yield somewhat better resolution, separating C. magus and C.
consors from C. monachus in one sub-branch of Pionoconus branch, and C. textile and C.
dalli from C. episcopatus in the Cylinder branch.

Discussion

When this study was initiated, one goal was to assess whether changes in mitochondrial gene
order could be utilized to evaluate the phylogeny of Conoidean molluscs, a large and
taxonomically complex group of predatory venomous snails (recently estimated to exceed
10,000 species). However, it is likely that gene order in the entire order Neogastropoda (to
which Conoidean molluscs belong) is the same; this probably extends even to other groups of
gastropods such as the Littorinamorphs (e.g. Littorina saxitalis). The conoidean gene order can
be readily derived from the polyplacophoran Katharina tunicata by only two rearrangements,
(Bandyopadhyay et al., 2006; Boore and Brown, 1994a). Thus, the gene order described above
for Conus textile appears to be the major pattern in many gastropod lineages, although some
groups, such as the vermetid species within the genus Dendropoma (Caenogastropoda,
Littorinamorpha,Vermetidae), exhibit striking changes in gene order that are estimated to have
occurred only in the last 38-48 million years (Rawlings et al., 2001). The present results suggest
that such gene order changes have probably not occurred extensively in Conoideans, or in other
neogastropod groups, although the possibility that a small clade of species may have undergone
gene order changes remains a possibility.
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The most notable and useful discovery resulting from the determination of the complete Conus
textile mitochondrial DNA sequence is based on the striking difference found between the
coxl — coxll intergenic of C. textile and that of Lophiotoma cerithiformis. Since the C. textile
intergenic region was unexpectedly large, a larger survey of a number of diverse Conoidean
taxa was carried out, including species in the families Turridae, Terebridae, Drillidae and
additional Conoidea, as well as some problematic taxa.

The non-Conoideans, and all of the species in the families Turridae, Terebridae and Drillidae
had relatively short intergenic regions, <40 bp in length. All of the Conus species examined
had a longer intergenic region; for most species, this generally varied in length from 130-170
bp, with the exceptions discussed below. Notably, one group of conoideans comprising two
different genera, Thatcheria, and Typhlosyrinx, had an intergenic region of intermediate length,
from 70-90 bp. This is a potentially significant result, because these genera are somewhat
problematic in their placement within the superfamily. Conoideans in these taxa have
traditionally been included in the large group known as “turrids”, and in the conventional
phylogeny, were all included in the family Turridae. However, these genera are part of a group
of “turrids” that were recently proposed to be transferred from their traditional assignment in
the family Turridae to the family Conidae (Taylor etal., 1993); they are regarded as “Daphnellid
genera”, and included in a subfamily group referred to as Daphellinae or Raphitominae by
various workers. Their intergenic regions are clearly longer than Lophiotoma cerithiformis and
other related taxa, but not as long as in all of the species of Conus examined. The intermediate
length of the intergenic region of these taxa this provides an additional molecular guidepost
for the assessment of where these groups should be placed within the superfamily Conoidea.

Among cone snails (Conus), the species we analyzed fall into five different clades, generally
given subgeneric rank within the genus. For four of the clades, there is a small variation in the
length of the intergenic region observed; thus, fish-hunting Conus species belonging to the
Pionoconus clade have a smaller intergenic region (~135 bp.) than the molluscivorous species
that belong to the Cylinder clade (~165 bp.). The four clades all have coxI-coxll intergenic
regions between 130-170 bp in length.

The most surprising and unexpected result was the discovery that a group of Conus species
had the largest coxI-coxll intergenic regions so far discovered in any animal mitochondra; a
species in this group has a coxl-coxll region >500 bp in length. These are mostly species
traditionally assigned to the subgenus Conasprella. Repeated sequence motifs are not observed
in the long intergenic regions. In addition, the alignment of the short intergenic regions to the
longer ones occur in short dispersed regions. As shown in Table 2, not only are the intergenic
regions unusually long but they are also extremely variable in length (and always longer than
any other group within the genus Conus, or in the whole superfamily Conoidea).

Recently, this group of species was shown to be surprisingly distant phylogenetically from all
other Conus clades; similar results were previously reported by us (our own data is shown in
Figure 3) and by others (Kohn et al., 1999;Rolan and Raybaudi Massilia, 1994a,1994b). The
discovery that there is a qualitative difference in the intergenic region length of these species
from other clades in Conus, as well as the unexpectedly great phylogenetic divergence

suggested by the 16S data in Figure 3 all indicate that these group of species are not congeneric
with other Conus species. The intergenic region provides a defining genetic marker that makes
this group of species qualitatively distinguishable from all of the other taxa in the superfamily
Conoidea. On the basis of the data presented above, we suggest that this group of species, for
which Conasprella appears to be the earliest available name, be regarded as a separate genus
from Conus. The new genus, includes not only species traditionally assigned to Conasprella
but all the other Conus species with expanded intergenic regions. This suggestion is consistent
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with anatomical studies on the radular teeth of Conus/Conasprella spp (Kohn et al., 1999;Rolan
and Raybaudi Massilia, 1994a,1994b).

In summary, the intergenic region between coxl and coxll is a useful genetic marker for
molecular evolution studies of the superfamily Conoidea. The length of the region can be used
to assess broad evolutionary trends in the superfamily, while direct comparison of sequences
of this region can be used to help clarify how closely related species in a clade are related to
each other.

Our results raise a number of intriguing questions: why has there been an expansion in this
intergenic region in some conoidean lineages but not in others? In Figure 3 we indicated the
demarcation between the lineages in which the intergenic region remains <40 nucleotides, vs.
the lineages where it has amplified.

The most remarkable lineage where an intergenic expansion has been taking place are the
species in Conasprella. Using 16S data (shown in Fig 2) as well as 12S data (not shown), all
of the species with intergenic regions >190 bp appear to be closely related to each other (see
Fig 3). Not only are the intergenic regions of all Conasprella longer than in any other
Conoideans, but the variability observed in the expanded region has resulted in an enormous
range in the length of these sequences; Conus jaspideus, with >500 nucleotides has reached
an apogee in Conoidean intergenic amplification. Why the length of the intergenic interval
appears to be constrained over a narrow range in most clades but unconstrained in
Conasprella, is a phenomenon for which we strain to come up with even the most speculative
of conjectures at this time.

Metazoan mtDNA usually has a single large non-coding region. This region referred to as the
control region (CR) contain signals for the initiation of transcription and replication(Boore,
1999; Taanman, 1999; Wolstenholme, 1992). In mollusks the length of the longest non-coding
region varies and in some cases they are considerably short. In the absence of experimental
evidence it is not possible to ascertain what features in the non-coding region (other than being
A-T rich and secondary structure) constitute signals for initiation of replication and
transcription. Though a single CR is most common, duplicate CRs have also been observed.
In such cases the two CRs have identical or highly similar nucleotide sequences. However, in
birds duplication has been reported in which one of the copies of the CR is a degenerate control
region. Shao et al. (Shao et al., 2005) suggested that the two CRs may evolve independently
and that duplicate CRs may be useful markers at the genus or family level.

In the case of the neogastropods llyanasa obsoleta, Lophiotoma cerithiformis and Conus
textile whose gene-orders are known, the longest non-coding region occur at comparable
locations (between tRNAPN€ and coxlI1) and may indeed be functional CRs. The sequence of
the intergenic region between coxl and coxll in C. textile is 30% similar to that between
tRNAPhe and cox!11 and is unlikely to be a duplicate CR. At present we do not have an
explanation for the wide variation in intergenic length. However, in analogy to trinucleotide
expansions a plausible scenerio would be that the region between coxl and coxll might have
been prone to expansion due to presence of short repeats in the ancestral sequence. Different
degrees of expansion and subsequent mutations have resulted in the heterogeneity of observed
lengths.
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Figure 1.

Gene arrangement of Conus textile mitochondrial DNA. Each tRNA gene is identified by the
one letter amino acid code. The serine and leucine tRNA genes are identified by the first letter
of the codon family (in parenthesis) that their transcription products recognize. The central
arrow indicates the direction of transcription of proteins and rRNA genes. The direction of
transcription of the tRNA genes are indicated by arrows. Numbers at gene boundaries indicate
apparently non-coding nucleotides between genes. Overlap of genes are indicated by a minus
sign preceding the numbers. The solid black sectors indicate the longest non-coding regions.
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sequences (A) and 16s mitochondrial DNA sequences (B). (Only those branches that were
found in 75% or more of the trees were retained. Shells for each species are also shown in A.
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Figure 3.

Phylogenetic relationship of Conoideans constructed using MrBayes and 16s mitochondrial
rRNA sequences. Members of the Drillidae, Turridae, Terebridae, Conidae (four clades),
Conasprella and the “Daphellid genera” (see text) are represented.

Mol Phylogenet Evol. Author manuscript; available in PMC 2009 July 30.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Bandyopadhyay et al.

Table 1

Primers used for the amplification of mitochondrial DNA by PCR
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BarCOI(+):
COI3(-):
125(+)2:
12s(-):
rrnL-1(+):
rrnL-2(-)b:
cob-1(+):
cob-2(-):
nad4-1(+):
nad4-2(-):
nad5-1(+):
nad5-2(-):
coxI-1(+):
coxl1-2(-)
Txmt3:
Lr283r:
TxCytb e.1:
Txmt2:
ND4CO3F:
CO3r.2:
187S.1:

5'ACN AAY CAY AAR GAY ATH GG 3'

5'CCT CCT GCT GGA TCA AAR AAD GC 3'

5TGC CAG CAG YCGCGGTTAZ

5'AGA GYG RCG GGC GATGTG T 3’

5'CCG GTC TGAACT CAGATCACGT 3

5'GTT TAC CAA AAACATGGCTTC &

5'CCN TGR GGN CAR ATR WSN TWY TGR GGN GC3'
5'GCN CCY CAR WAN SWY ATY TGN CCY CAN GG 3’
5TGR GGN TAY CAR CCN GAR CG 3’

5'CGY TCN GGY TGR TAN CCY CA 3’

5TGR YTN CCN GCN GCN ATR GC 3'

5'GCY ATN GCN GCN GGN ARY CA 3’

5'GCN GCN GCN TGR TAY TGR CA 3’

5TGY CAR TAY CAN GCN GCN GC 3
5'GCATCTTGCTGGGGTTTCTTCTATTTTAGGAGC 3’
5'GGCTTTACTTGCTCCTCGGTTGCC 3'
5'GTTGGTGGACTTCTAGTTATG 3’
5'CCGCCG(A/G)CATGCGCTAAATTTCCTGC 3'
5'CGCGGCCGCCTGCAGGTCGAC 3’
5'CTACCTACTAGTAACTAAAACTTAGC 3’

5'ACG GTTGGTCTG TTC GAC 3

(+) and (-) refers to coding and non-coding strands and (N=A,G,C,T; R=A,G; Y=C,T; W=AT; S=C,T;H=A,C,T; D=A,G,T).

&

b(Espiritu etal., 2001)

Oliverio and Mariottini, 2001)
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Comparison of intergenic lengths between coxl and coxl|
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A

Non-conoideans

Family Nassariidae

llyanassa obsoleta 28 bp
Family Littorinidae
Littorina saxatilis 30 bp
B.
Superfamily Conoidea
Family Turridae
Genus Turris
T. garnonsii 23 bp
Genus Lophiotoma
L. cerithiformis 12 bp
Genus Gemmula
G. speciosa 0bp
Family Terebridae
Genus Hastula
H. lanceata 33 bp
Subgenus Impages
H. (Impages) hectica 28 bp
Genus Terebra
T. guttatta 23 bp
Family Drillidae
D. regius 32 bp
Family undetermined
Genus Typhlosyrinx
T. matsukumai 75 bp
Genus Thatcheria
T. mirabilis 88 bp
Family Conidae
Genus Conus
Subgenus Pionoconus
C. magus 131 bp
C. consors 132 bp
C. monachus 132 bp
C. achatinus 132 bp
C. aurisiacus 138 bp
C. catus 138 bp
C. consors 132 bp
C. stercusmuscarum 130 bp
C. striolatus 137 bp
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C. gaugini

C. striatus
Subgenus Gastridium

C. obscurus

C. tulipa
Subgenus Rhizoconus

C. capitaneus

C. vexillum

C. miles
Subgenus Cylinder

C. textile

C. dalli

C. episcopatus
Subgenus Conasprella

(see discussion)

C. vimineus

C. memiae

C. arcuatus

C. orbignyi

C. ione

C. mahogani

C. jaspideus

137 bp
137 bp

149 bp
153 bp

153 bp
157 bp
160 bp

165 bp
165 bp
164 bp

197 bp
217 bp
316 bp
322 bp
429 bp
456 bp
504 bp
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