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ABSTRACT

onus species in the sub-genus Asprella are poorly

studied because they inhabit deep-water habitats. To

date, only a few peptides have been characterized

from this clade. In this study, the venom duct

transcriptome of a member of this clade, Conus
rolani, was mined for potential conopeptides. Using a high-
throughput RNA sequencing platform (Illumina) and a multiple
k-mer de novo assembly, we found 103 putative conopeptide
precursor amino acid sequences, including the few peptides
previously reported for this species. The sequences,
predominantly novel based on amino acid sequence, were
diverse, comprising 36 gene superfamilies (including the
“unassigned” superfamilies). As observed in other Conus
species, the O1 gene superfamily was the most diverse (12
distinct sequences) but interestingly none of the sequences were
found to contain the conserved amino acids associated with
certain bioactivities in peptides found in piscivorous Conus
species. The O2 superfamily was also highly diverse but con-
ikot-ikot and an unassigned superfamily (MMSRMG) were
more diverse than the rest of the superfamilies. In terms of gene
expression levels, the understudied MEFRR paralog of the
ancestral divergent M---L-LTVA superfamily was found to be
the most highly expressed in the transcriptome, suggesting a
novel role. Additionally, a conopeptide with high sequence
similarity to A, secretory group XII phospholipases is the first
reported member of this phospholipase group in Conus and
potentially represents a novel superfamily, expanding the
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catalog of known phospholipases present in cone snail venoms.
The discovery of these putative conopeptides provides the first
but early glimpse of the diversity and novelty of the peptides in
the Asprella group and sets the stage for their functional
characterization.

INTRODUCTION

Cone snails are the largest marine invertebrate genus,
comprising over 800 extant species (Himaya and Lewis 2018).
They use a wide array of venom peptides for defensive and prey-
capture purposes (Dutertre et al. 2014). This dependence on
envenomation strategies for survival spurs a chemical
evolutionary arms race against their predators and/or prey and
drives the diversification of venom components (Duda Jr. and
Kohn 2005). This chemical diversity has been highlighted by
multiple Conus venom transcriptomics studies that reveal
typically 100 to 500 putatively expressed precursor peptide
sequences, each precursor giving rise to around 10 post-
translationally modified peptides by variable peptide processing
(Peng et al. 2021). In this light, transcriptomics has been an
indispensable tool in shedding insight into these snails’ venom
components, so much so that venom researchers describe the use
of this technology as arguably the single best advance in venom
peptide discovery of the last decade (Robinson et al. 2017).

Since these venom components target neurological and
neuromuscular receptors with high selectivity (McIntosh and
Jones 2001), they constitute a promising source of molecular
probes and/or drugs. In 2004, the US Food and Drug
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Administration approved ziconotide, a 25-amino acid natural
product from the Conus magus. Along with its clinical
application, the discovery of this peptide led to the identification
of the voltage-gated calcium ion channel CaV 2.2 as a target for
pain management (Miljanich 2014). Though ziconotide was
discovered using an “activity-first” approach, recent
technological advances in nucleotide sequencing have made
“sequence-first” approaches facile and feasible (Safavi-Hemami
et al. 2019; Robinson et al. 2017). Peptide drug leads from cone
snails that reached clinical trials, such as Vcl.1 and RgIA, were
discovered using this integrated approach (Sandall et al. 2003;
Ellison et al. 2008).

The pharmacological diversity of the peptides found in the
venom gland of the cone snails is suspected to be underestimated
since most of the studies focused on species that belong to a few
lineages (Puillandre et al. 2014). One poorly studied group is
Asprella (Figure 1); members of this sub-genus are presumed as
fish hunters that live offshore, typically at depths of 60 to 250m
(Olivera et al. 2021). One study that investigated the
conopeptides from this group described the potent NMDA-
specific bioactivity of conantokins from C. brettinghami, C.
bocki, and C. rolani (Twede et al. 2009; Platt et al. 2014; Gowd
et al. 2012). Additionally, using a bioactivity-guided
purification, a new class of conopeptide was discovered from the
venom duct of C. rolani, the first evidence of somatostatin-like
peptides in animal venoms (Ramiro et al. 2022).

To date, no transcriptome analysis is available for any member
of this clade. To further investigate conopeptide diversity in
Asprella, and to contribute to the cataloging of conopeptide
diversity in general, a high-throughput transcriptome
sequencing of the venom duct from C. rolani was carried out.
Here we report 103 putative precursor venom peptide sequences
from 36 gene superfamilies, of which ten are unassigned
superfamilies, and two are proposed new superfamilies. We also
report a putative Group XII Secretory Phospholipase A, enzyme
annotated from the transcriptome assembly.

METHODOLOGY

Sample collection, RNA extraction, and sequencing

A C. rolani specimen collected from Sogod, Cebu, Philippines
using tangle nets at depths of around 150 to 300m was selected
for this study. Before dissection, a live specimen was
acclimatized for 24 hours in an aerated (improvised) aquarium
filled with seawater. The snail was dissected directly on ice, and
its venom duct was carefully obtained and stored in 1 pL of
RNAlater® (Invitrogen) at 4°C before long-term storage at -
80°C. Total RNA was isolated from the venom duct using the
Trizol extraction method. Briefly, the thawed venom duct was
homogenized using 2.0 mm of ZR bashing beads (ZYMO
research) in a bead beater (Precellys, Berlin Technologies) with
1 ml TRIzol reagent (Sigma-Aldrich TRI reagent®). The total
RNA was extracted from the homogenate using chloroform and
precipitated using isopropanol. The pellet was washed with 75%
EtOH and air-dried. The pelleted RNA was resuspended in 50
pL of RNAase-free water, and clean-up was performed using the
Qiagen purification kit following the manufacturer's protocol.
The quality and quantity of total RNA were evaluated using the
Agilent TapeStation and Qubit, respectively. One library was
constructed using the TruSeq Stranded mRNA Library prep kit
and the sequencing was performed in Illumina NextSeq550
using Mid Output v2.5 with 300 cycles (paired ends, 2 x 150
base pairs). All library preparations and sequencing were done
at the Philippine Genome Center, University of the Philippines.

De novo Transcriptome Assembly

Random sequencing errors in the raw sequencing reads were
corrected using Rcorrector (Song and Florea 2015). The reads
were then filtered, and the adapters were trimmed using the
default settings of Fastp (Chen et al. 2018), which resulted in
6,213,532 reads for forward and reverse reads. To rid of
unwanted ribosomal RNA sequences, reads with identical
sequences in the SILVA database (Quast et al. 2013) were
removed from the working data using Bowtie2 (Langmead et al.
2012).

The filtered reads were then de novo assembled using
TransAbyss v. 2.0.1 (Robertson et al. 2010) using four k-mer
sizes (31,49, 55, 77), based on the predicted optimum k-mer size
using rnaSPAdes (Bushmanova et al. 2019). The assembled
sequences were compiled using a merge package from
TransAbyss 2.0.1. To assess the alignment rates of the individual
and merged assemblies, filtered reads were mapped to the
assembly using the Bowtie 2 read aligner (Langmead et al.
2012).

To calculate gene transcription values in the assembly, the
obtained alignments were used as input to RNA-Seq by
Expectation Maximization (RSEM) (Li and Dewey 2011) to
estimate transcript abundance in terms of transcripts per million
(TPM).

Species identification of Conus sample

To confirm the species identity of the sample, the assembly was
used as a query for the Conus molecular markers database from
the Barcode of Life Database (BOLD) (Ratnasingham and
Hebert 2007). BlastN was used to match the transcripts to the
marker database, with a 97% percent identity and a 50% High
Scoring Pair (HSP) query coverage cut-off (Boratyn et al. 2012).
The COI gene sequence match from the transcriptome assembly
was used to construct a phylogenetic tree altogether with COI
sequences from the Conus (Asprella) clade (Olivera et al. 2021),
conducted in MEGA X (Kumar et al. 2018). ClustalW
(Thompson et al. 1994) was used for multiple sequence
alignment via Jalview (Waterhouse et al. 2009). The
phylogenetic relationship of the sequences was inferred by using
the Maximum Likelihood method and the Hasegawa-Kishino-
Yano model (Hasegawa et al. 1985) with a discrete Gamma
distribution (5 categories) (+G, parameter = 0.9598) and a rate
variation model that allowed some sites to be evolutionarily
invariable ([+/], 33.57% sites). The consensus tree was inferred
from 1,000 bootstrap replicates (Felsenstein 1985).

Annotation of conopeptides

Nucleotide sequences were translated into peptide sequences
with TransDecoder, considering six possible reading frames
(https://github.com/TransDecoder/TransDecoder/releases).
Using a compiled conopeptide database (combined NCBI and
Conoserver (Kaas et al. 2012), retrieved October 31, 2021),
sequences similar to the translated sequences were then searched
using BlastP (Boratyn et al. 2012), with a 1e-5 e-value cut-off.
Only matched sequences with a recognizable stop codon, and
with >1 TPM were considered as putative conopeptides (i.e.,
precursor sequences) and used for further analysis.

The putative conopeptide precursor sequences were then
submitted to ConoPrec (Kaas et al. 2012) for prediction of their
structural features. Matches with no detected Signal or Pre
region were N-terminally trimmed based on the closest database
match and re-submitted to ConoPrec. If more than one
translation product from a nucleotide sequence were obtained
from the set cut-offs, additional parameters such as proper
partitioning result from ConoPrec, NCBI-BLAST match score,
cysteine framework, and signal sequence detection using
SignalP v.6.0 or TransP v.2.0 were taken into account to choose
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only one translation product or if the sequence would be
included as an annotated conopeptide. For conopeptide
precursor sequences that correspond to two or more distinct
transcripts (i.e., at the nucleotide level), the expression values
(TPM) of the transcripts were summed.

Top hits from the Uniprot database, with search restricted to
Conus clade and with set e-value: < 0.001 of the mature region
sequences of the top 15 most highly expressed precursor
peptides were compiled (Table 2). Only hits with bioassay data
were reported.

Classification of Gene Superfamilies

The predicted conopeptide sequences were classified with the
aid of ConoPrec, an online precursor analysis tool implemented
in the ConoServer (Kaas et al. 2012), and/or the closest matches
of signal sequences in the GenBank database (highest scoring
conopeptide signal sequence hit with >90% sequence identity)
identified using BlastP (Barghi et al. 2015).

Signal sequences that were not assigned by ConoPrec to a
superfamily but have been previously reported were named
using the first six letters of the signal sequence. This set of
sequences would be referred to as unassigned superfamilies.
These sequences were verified using SignalP 6.0 (Teufel et al.
2022) and TargetP (Mishra et al. 2014). DeepLoc (Thumuluri et
al. 2022) was also used to assess the protein localization of some
sequences. Data on the closest matches of these signal sequences
from GenBank (sequences, taxonomic identity of source species,
etc.) reported were then collated.

The predicted signal sequences that were >15 amino acid long
were aligned using MAFFT (Katoh et al. 2019; Kuraku et al.
2013) with default setting to construct a maximum likelihood
tree. Using MEGA X (Kumar et al. 2018), the tree was inferred
from 1,000 bootstrap samples using a maximum likelihood
model, Jones-Taylor-Thornton (Jones ef al. 1992) matrix-based
model, and a discrete gamma-distribution evolutionary rate.
Branches corresponding to partitions reproduced in less than
50% of bootstrap replicates were collapsed. Figures 3 & S were
prepared using a Zappo color scheme to highlight the differences
in the physicochemical features on the aligned amino acid
residues.

RESULTS AND DISCUSSION

I.  Transcriptome assembly

The multiple k-mer assembly workflow using four k-mer sizes
(33, 49, 55, 77) with TransAbyss and TransAbyss merge
package resulted in 94.30% of the 6,213,532 paired reads
aligning concordantly. This alignment rate is higher compared
to assemblies that tested the k-mer sizes individually (83.24% -
88.27% alignment rate). The highest alignment rate was used as
a basis for selecting the assembly to be used later for further
analysis (as described in Barghi et al. 2014).

From this assembly, a total of 103 putative precursor
conopeptide sequences were identified, totaling 151,092.95
TPM, relative to the total transcripts of the venom duct.

II.  Species confirmation of the C. rolani sample

Early studies on the identification of members of the Asprella
clade encountered difficulties in resolving what appeared to be
similar forms from diverse localities (Olivera et al. 2021). To
confirm the species identity of the sample used in this study, the
COI sequence was extracted from the transcriptome assembly
and, along with other Asprella COI sequences, was used to
construct a phylogenetic tree. This study’s COI sequence labeled
“Olango C. rolani” clustered strongly with the previously

identified C. rolani sequences (Figure 1). This confirms the
sample used for transcriptome analysis was C. rolani.

III. Conopeptide toxin precursor diversity in C. rolani

A total of 103 putative conopeptide sequences were annotated
from the transcriptome assembly, assigned to 25 known
superfamilies, 10 unassigned superfamilies but previously
reported in the literature, and putatively one novel superfamily
(a single precursor sequence but multiple reads that map to the
predicted transcript). Because the identification of these putative
conopeptides was based on sequence similarity, it is possible if
not likely that there were novel gene-encoded venom
components that could not have been detected by this method.

To investigate relationships among identified conopeptide
precursor sequences, a phylogenetic tree based on the amino
acid sequences of the signal sequence region was constructed
(Figure 2.). The tree confirms that most of the annotated
conopeptides could generally be assigned to canonical
superfamilies based on cluster membership.

IILI.A O1 superfamily is most diverse.

Of the identified conopeptides, the Ol superfamily has the
highest number (12) of distinct precursors in C. rolani. This is a
common observation for cone snails; on the Conoserver
database, this superfamily has the most precursor sequences
reported (as of May 28, 2023). However, only the VI/VII
cysteine framework was observed among the O1 sequences from
C. rolani (Figure 3). In contrast, per records of the Conoserver
database, multiple Cys frameworks are found within the O1
superfamily.

It was also observed that none of the C. rolani O1 sequences
contain the critical residues at specific positions associated with
certain bioactivities in conopeptides from other piscivorous
species. For example, Ol superfamily ®-conotoxins from
piscivorous cone snails are reported to have a tyrosine residue at
position 13 (aligned residue 24 in Figure 3) that is critical for
voltage-gated Ca* channel bioactivity (Lewis et al. 2012). This
was not observed in the C. rolani O1 superfamily sequences,
with this position predominantly substituted with positively
charged residues (Ro9, Ro31, Ro36, Ro43, Ro54, Ro58, and
R072), similar to GVIIA from piscivorous Conus geographus
(Olivera et al. 1985), and to MoVIA and MoVIB from
vermivorous Conus moncuri (Sousa et al. 2018). Another known
critical residue for bioactivity among fish-hunting cone snails is
the lysine residue at position 2 (aligned residue 11 in Figure 3)
(Lewis et al. 2012); in C. rolani O1 peptides, this position is
mostly occupied by aliphatic/hydrophobic residues.

Also found to be relatively more diverse are the A, con-ikot-ikot,
and the MMSRMG superfamilies, each of which has 6 distinct
precursors observed in the transcriptome.

I11.B Coninsulins

A previous study reported that cone snails produce venom
peptides that are structurally and functionally similar to insulin;
these peptides induce glycemic shock in prey (Safavi-Hemami
etal. 2019). Con-Ins G1 is a minimized version of human insulin
that could bind and activate the human insulin receptor (Menting
et al. 2016). It lacks a region equivalent to the canonical eight-
residue C-terminal segment of the human insulin B chain. In the
current study, two putative homologs were found in the C. rolani
transcriptome (Figure 4) and one of these (Ro23 insulin) has a
B-chain region that is even shorter. An interesting feature is the
longer A chain region found in the C. rolani sequences (Figure
4), which is also reported to be found in homologs in the
Phasmaconus clade and which could be compensatory for amino
acid deletions in the B chain to improve its activity on insulin
receptors (Xiong et al. 2022).
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II1.C Unassigned superfamilies

Thirty-six conopeptide superfamilies were identified in the
transcriptome assembly on the basis of distinct signal sequences.
Majority of these are established and named superfamilies.
However, putative conopeptides were found in the transcriptome
that belong to 10 unassigned superfamilies, i.e., superfamilies
previously observed in the transcriptomes of other Conus
species but still lack peptide-level validation. The signal peptide
region of the sequences inferred using SignalP (ver. 6.0) or
TargetP was predicted with high probability values (Table 1).
These observations provide confirmation of the existence of
these superfamilies and of their wider distribution in Conus. Of
note is the putative superfamily Ro94 MVREVT which
potentially represents a novel conopeptide superfamily, as
discussed in the next section.

IIL.D Secretory phospholipases

Animal venoms are known to contain a wide range of secreted
phospholipase A2 (sPLA2) enzymes. In the current study, three
putative sequences were found to have significant sequence
similarity to SPLA2 phospholipases. Two of these,
R0102_conodipine and Ro103_conodipine, could be identified
as homologs of previously reported Conus conodipines, which
belong to the sSPLA2 group IX of phospholipases (Moller et al.
2019), increasing the taxonomic distribution of these enzymes
in the genus. However, the transcripts of these peptides were not
highly expressed (with expression values 7.1 and 2.87 TPM,
respectively).

The third sequence exhibiting sequence similarity to sPLA2
enzymes is Ro94 MVREYV (Figure 5). A BLASTP search in the
GenBank database using the whole precursor sequence as query
showed that the top 100 closest hits to Ro94 MVREV are
phospholipases that belong to another group, sPLA2 group XII
(e-value: <2e-29), of which 29 are molluscan in origin (retrieved
May 28, 2023). Interestingly, none of the hits are from cone
snails. Upon limiting the database search to the genus Conus, no
significant matches were found (e-value cutoff: < le-4). The
domain hit (sequences 41-177) has a very low domain hit e-
value score (7.58e-40), indicating the significance of the protein
annotation. Results of the analysis using the tool DeepLoc
indicated that the protein is a secretory protein (88% probability),
consistent with it being a possible venom component.

The signal peptide of the sequence Ro94 MVREYV (TPM value:
2.82) is also different from the other two C. rolani
phospholipases (conodipines). Hence, it potentially represents a
novel superfamily (Figure 2) and hence is the first report for
Conus. The signal peptide was predicted with high probability
values by both SignalP and TargetP (99.9% probability on both
tools) and thus appears to be a valid eukaryotic signal peptide.

However, the function of this protein remains to be established.
Among the group XII A, phospholipases, only the human group
XII sPLA; enzyme has been previously studied. Constitutive
expression of this gene in HEK293 cells exhibited no detectable
phospholipase activity in vitro, nor in arachidonic acid release
and prostaglandin production. Interestingly, transfected cells
exhibited abnormal morphology, suggesting an unknown
functional aspect of the enzyme (Murakami et al. 2003). The
sPLA; catalytic site with a known DXCCXXHD motif (Dennis
etal.2011) is well conserved for all presented sequences, except
for the first aspartic acid residue (Residue no. 120-127, Figure
5).

Expression profile of conopeptides in C. rolani

The relative level of expression of the predicted peptides in the
transcriptome is shown in Figure 6. The most highly expressed
peptides (> 4 log10 TPM) are an A superfamily peptide and two
peptides that belong to the so-called Divergent superfamily M--

-L-LTVA (a superfamily identified in early diverging clades in
the Conus lineage). Other highly expressed peptides (expression
level close to 4 logl0 TPM) include a Bl superfamily
(Conantokin) peptide and a C superfamily peptide. Collectively,
these most highly expressed peptides constitute more than fifty
percent of the TPM attributed to conopeptides in the
transcriptome.

IV.A Superfamily paralog identified from the early
divergent clade is the most highly expressed.

Interestingly, a putative homolog of the early divergent
superfamily M---L-LTVA is the most highly expressed peptide
in the transcriptome (Figure 6 B). The signal sequences in the
C. rolani transcriptome start with MEFRR, which resembles a
sequence previously reported from C. ebraeus and C. judaeus
transcriptomes as SF-mi2 paralog 02 and/or Cerm11 paralog 1.
SF-mi2-02 is reported to be highly expressed in C. ebraeus
(>20,000 TPM), and moderately expressed in C. judaeus
(>3,000 TPM) (Pardos-Blas et al. 2022). This MEFRR motif
was also reported in C. betulinus (Peng et al. 2016) and C. magus
(Pardos-Blas et al. 2019) transcriptomes. No function nor
protein evidence of the MEFRR motif M---L-LTVA
superfamily has yet to be described. However, using SignalP,
this motif was verified as a signal sequence (99.9% probability).
Additionally, subcellular localization by Rol M---L-LTVA
was highly predicted by DeepLoc 2 to be extracellular (95.12%
probability), which is consistent with the expectation that the
peptide is secreted as a venom component.

IV.B Only ancestral loop patterns were observed in A-
superfamily conopeptides.

The A superfamily, consisting of 6 identified conopeptide
precursors in the transcriptome, is the second highly expressed
superfamily as most of the peptides are moderately to highly
expressed. Among these, only the cysteine framework I (4/7
loop size) was observed (Figure 7). This loop pattern is predicted
to be the ancestral form of the gene superfamily as this motif is
highly distributed across cone snail taxa irrespective of prey
preferences (Santos et al. 2004).

IV.C Conantokin sequences previously reported from C.

rolani were not observed in the transcriptome.
Four putative peptide sequences (Ro5 B1,Rol16 BI1, Ro20 BI,
and Ro78 B1) were identified as superfamily B1 (Conantokin)
peptides in this study. Ro5_B1 is the fifth most highly expressed
conopeptide (7150.97 TPM). The other B1 peptides have lower
expression (Rol6_B1, 2505.1 TPM; Ro20 B1, 2065.06 TPM)
or very low expression (Ro78 B1,9.21 TPM). Rol16_B1 has the
same mature sequence as Ro5 Bl but differ in the N-terminal
pro-region.

Interestingly, none of these have identical sequences to three B1
peptides previously found in C. rolani (Gowd et al. 2012) which
the authors isolated using a PCR-capture method. It was
observed, however, that the mature sequence of ConRI-C (Gowd
et al. 2012) only has two amino acid residue differences in the
mature region compared to Ro5 B1: substitution of the fifth
amino acid (V5L), and deletion of the C-terminal asparagine
(Figure 8). The V5L substitution is important as such a
substitution in the sequence of conantokin-R from C. radiatus
significantly diminished the time of inhibition effect from >120
seconds (native sequence) to 45 seconds (conantokin-R V5L) in
NRIA/NR2B NMDA receptors (Klein et al. 2001). However,
the reduction of maximum current evoked was not significantly
different.

IV.D Previously identified Consomatins from C. rolani are
highly expressed

Four C superfamily (hence putative Consomatin) peptides were

found in the C. rolani transcriptome (Figure 9). One of these,
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Ro4 C (whole precursor sequence), completely matched in
sequence a peptide isolated from the venom gland of C. rolani,
reported as Consomatin Rol (Ramiro ef al. 2022) and the first
to be characterized somatostatin-like Conoidean peptide. Ro4 C
is the fourth most highly expressed conopeptides (Figure 9,
Table 2). Another peptide, Rol9 C, has a sequence that is
identical to Consomatin Ro2, a previously reported consomatin
mRNA sequence acquired through database mining (Koch et al.
2022).

IV.E The highly expressed conopeptides: pharmacological
diversity and novelty

The 15 most highly expressed conopeptide transcripts in the C.
rolani venom duct transcriptome are shown in Table 2. The
peptides belong to diverse superfamilies. These highly
expressed peptides thus likely have diverse pharmacological
targets. To obtain insights into their potential pharmacological
properties, their sequences were used as query to search for their
closest hits (e-value cut-off: < 0.001) in the Uniprot database,
with the search restricted to sequences from Conus. Only
matches with bioassay data are shown (Table 2).

Eight out of the fifteen highly expressed peptides
(Rol_Divergent M---L-LTVA, Ro2_Divergent M---L-LTVA,
Ro3 A, Ro6 MKMYL-, Rol10 T, Rol2, Rol4 MSRLFL, and
Ro15 B2) have no close match in the Uniprot database with
bioassay data, given the cut-off value. Hence, the molecular
targets of these peptides cannot be determined based on
sequence similarity. The two most highly expressed precursors
belong to the divergent M---L-LTVA superfamily. No peptide
belonging to this superfamily has yet been pharmacologically
characterized. Ro3_A, classified as belonging to the well-
characterized A-superfamily conopeptide, is expected to target
nAChRs given its 4/7 motif (Lebbe et al. 2014), but no sequence
is currently similar enough to support this claim. Similarly,
Ro10 T, Rol2 MSRLFL, Rol4 14, and Rol5 B2 could be
assigned to superfamilies based on their conserved signal
sequences, but they have no close hits with respect to their
mature region.

In the case of Roll 02, the closest match is R7a. This is
reported to have multiple brominated tryptophan residues,
affecting mice with light sleep when injected intracranially. No
molecular target has yet been identified for R7a (Jimenez et al.
2004).

For the other peptides with matches in the database (Ro4 C,
Ro5_BI1, Ro7_02, Ro8 M, Rol3_A), it might be possible to
infer their molecular targets from those of their closest hits (at
least at the receptor type level). Based on the search results, the
targets of the C. rolani venom components could include
somatostatin receptors, NMDA receptors, voltage-gated calcium
ion channels (CaV 1.2, & CaV 2.2), tetrodotoxin-sensitive
voltage-gated sodium ion channels (Ttx-sensitive NaVs), and
nicotinic acetylcholine receptors (nAChRs) (Table 2).

Collectively, the transcripts of these 15 sequences represent 75%
of the total TPM that could be attributed to putative
conopeptides. Further investigating the venom repertoire of C.
rolani may reveal new molecular targets of these peptides, as
most of these sequences do not have homologs with reported
bioactivity.

CONCLUSION

Analysis of the venom duct transcriptome of C. rolani revealed
a significant amount of not only diversity but also structural
novelty of putative conopeptides in this species notwithstanding
the significant amount of data already collected from various

Conus species. The potential novelty of the pharmacological
properties of these peptides is clearly of interest. In addition,
potential functional differences in the role played by the
different superfamilies in Conus venoms are apparent from the
observation that the level of expression of the peptides at the
superfamily level in C. rolani differs from those of other Conus
species. And because this study represents the first
transcriptomics-enabled venomics study of a species from the
Asprella group, it also highlights the greater level of diversity
and novelty of conopeptides that await further discovery in this
group.
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Figure 1: Phylogeny of selected Conus species in the subgenus Asprella and phylogenetic placement of the specimen used in this study.
The maximum likelihood tree was constructed using a fragment of the cox7 gene. The numbers shown next to the nodes are the bootstrap
support values in % (from 1,000 bootstraps). “Olango C. rolani”, boxed in red, was the sample used in this study.
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Figure 2: Putative conopeptides superfamilies found in C. rolani. A) A bootstrap consensus tree of the 98 out of the 103 signal sequences
from identified conopeptides was derived using a Maximum Likelihood method, with statistical support from 1,000 pseudo-replicates. Only
signal sequences with annotation and >15 amino acids long were used for the analysis. B) A bubble plot of known, unassigned, and a
possibly novel superfamily (highlighted in orange) from C. rolani. The bubble size is proportional to the cumulative expression values (TPM)

of each superfamily. In total, conopeptides were assigned into 36 superfamilies.
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Figure 3: Sequence alignment of the mature peptide region of identified O1 superfamily from C. rolani and other O1 superfamily w-
conotoxins. The residues are colored using the Zappo color scheme to highlight the differences in their physicochemical properties.
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Signal Sequence B chain

1|0 2|0 3|0 4|0 5:0 GIO
Human_insulin/1-113 - - MALWMRLLPLLALLAL----WGPDPAAA .- - - RREA
Con4ns_G1/1-119 MTTSSYFLLMALGLLLYVCOSSFGNQHTRIFDTP- - - KHRCGSEITNSYMDLCYRKRN- -DAGEKRGRA
Ro23 Insulin/1-115 MTTSSYFLLVALGLLLHVCQSSFG|SQHTR- - - - - - - - DTKCGPELTEYLLTLCLGKRN--DAGKKRGRA
Rod41_Insulin/1-123 MTTSSCFLLMALGLLLYVCQSSFGISQHTCDPNATAGGNRLCGGDV IPCLLKLCPGKRN--DAGKKRGRA
A chain
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Ro23 Insulin/1-115 SPLWKRRVFL - SMLKAGAKRNEAFLLQRARPGIVEECCHKTCTDDEARKYCSSLM
Ro41_insulin/1-123 SPLWKRRVFL - SMLKAGAKRNEAFLLQRARPG |V CHKTCT ARKYC

Figure 4: Sequences of human insulin, Con-Ins G1, and coninsulins found in the C. rolani transcriptome were aligned using MAFFT. In boxes
are sequences annotated from protein evidence (orange or blue box) or conserved canonical signal peptides (green boxes). (Genbank
accession numbers - Human_insulin: QMS45324.1, Con-Ins_G: AOAOB5AC95.1).
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Danio_rerio/1-198 DVGIPSMTRCCNEHBRCYDSCGREKSDCRMEQFQLCLENICONLOMTLGLSQSVQACESAVTVLFDTVMHL
Mus_musculus/1-192 NIGIPSLTKCCNQHBRCYETCGKSHNDCREEFQYCLSKICRDVOQKTLGLSAQNVQACETTVELLFDSVIHL
Homo_sapiens/1-189 NIGIPSLTKCCNQHBRCYETCGKSKHNDCEEFQYCLSKICRDVOQKTLGLTQHVQACETTVELLFDSVIHL

PYLDSQRSACICHYE--EKPDL
PYLDS@RAACWCRYE- - EKTDL

C|

C|
CKATAGLMYTGTMALBCKSYKEARKDACVCDRG - - KHLEF

c

C

CHPYLDSQRAACRCHYE- -EKTDL

Conservation
-53845868 84 4 6 763 65 64 62 535 65774307 -47266 67784 57884 7°608°73 3 234.-.46208
Figure 5: Alignment of Ro94_MVREV (labeled Conus rolani) with known secreted phospholipase A2 (sPLA2) group Xll enzymes from different
organisms with a reported genome assembly. Of note are the conserved HD residues in the catalytic site, which is a motif of all sPLA2
enzymes. Conserved residues with a 29 score (Livingstone & Barton, 1993) are highlighted with a Zappo color scheme. (GenBank accession
numbers - Aplysia_californica: XP_005096638.1, Gigantopelta_aegis: XP_041363593.1, Danio_rerio: NP_001076268.1, Mus_musculus:
NP_075685.2, Homo_sapiens: NP_110448.2).
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Figure 6: Relative expression of conopeptide superfamilies in C. rolani. A. Values reported are the percentage of respective superfamilies
relative to all reads that aligned to conopeptides. B. Jitter plot of all conopeptide expression values (TPM) categorized by conopeptide
superfamily.
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Code Signal Propeptide Mature

Ro3 MGMRMMFTVFLLVVLATTVVS FIFDR--TYEDVGGPPKLYTDEGLTE--- --DQCCQYAACWRVESVICTSAEGA
Ro13 MGMRMMFTVFLLVVLATTVVS FNSDR--ALGGRNAAAIASDKIASTLRRR ---GCCSNPPCIANHPEIC

Ro34 MGMRMMFTVFLLVVLATTVVS SNSDRDPALGGRNAAATASDKIASTLRRR ---GCCSHPACSVNHPEMC

Ro49 MDMRVMFTVFLLVVLATTVVS FIFDR--APDEWKATGRWYSKEGLTKE-- ---ECCLYAPCWKDEDVHCTQLSRGIT
Ro50 MGMRMMFTVFLLVVLATTVVS FTSDR--ASDGRNAAAKAFDLIAPTVR-- ---ECCLYAPCWKDEDVHCTQLSRGIT

Ro64 MGMRMMFTVSLLVVLATTVVS FTSDR--AFNGRNAAA---NDKAFDLVAR ~ IVGGCCSNPACNLNNPHMC

Figure 7: Alignment of A-superfamily precursor conopeptide sequences. Highlighted in yellow are cysteines that determine the 4/7 loop
pattern.

Code Signal Propeptide Mature

Ro5_B1  MQLYTYLYLLVPLVTFHLILG TGTLDHGE:LTERRZBDATALKPEPVLLQKSSARS@DNGKDTQMKRII FPﬁNKAR GEEEISENAVEFAREL@
ConRI-C MQLYTYLYLLVPLVTFHLILG TGTLDHGDALTERRSADATALKPEPVLLQKSSARSTDDNGKDTQMKRIIFK NKAR GEEE SENAVEFAREL
Figure 8: Comparison of the previously reported ConRI-C, obtained using a PCR-capture method, and Ro5_B1, from C. rolani (this study).
Highlighted in orange are the amino acid differences between the two precursor sequences. (Genbank accession number — ConRI-C:
PODKZ1.1)

Code Signal Propeptide Mature

Ro4_C MQTAYWVMVMMMVWITAPLSEG GKPNDVIRGLVPDDLTPQLILRSLISRR RSDKDVREGYKCVWKT-CMP---AL----------- W---eee-
Rol19_ C ------- MVMMMVWITAPLYEG GKPNDVIRGLVPDDLTPQFILRSLISRR RSDKDVRADQTICIWKTWCPP---SL------------------ W
Ro26_C MQTAYWVMVMMMVWITAPLSEG GKPNDVIRGLVPDDLTPQRVLRSLISRR QSGCRVPQEWHCFWKS-CTYCPSRPFASLEEEDECQTVPITVPW
Ro57_C MQTAYWVMVMMMVWITAPLSES DKLNGVIRGLVPDDLTPQLILRSLISRR RSDKDDPGGQECYWNV-CAP---NQG------ DHMIL-------

Figure 9: Sequence alignment of annotated consomatin precursor sequences. Boxed in blue are the regions that correspond to the core
somatostatin receptor binding motif.

LIST OF TABLES

Table 1: Unassigned and a putative novel superfamily signal sequences from C. rolani with indicated SignalP or TargetP probability values.

C. rolani peptideCode Signal Sequence SignalP | TargetP Fr(;yr:t:vi:;k Best-Hit of whole precursor conopeptide sequence

Species %ldentity | %Coverage GenBank ID

Ro70 MARRLGFLIVALGLLLHWSQA 0.999 1 XIvV C. ermineus 68% 58% AXL95338.1
Ro66 MDMKMTFSGLVLVVLVTTVFG 0.999 0.998 Vil C. judaeus 77% 100% UMA83597.1
Ro24 MGATLVTKLLLVAALLLGLCHEMAA 0.999 1 none C. geographus 100% 67% BA065660.1
Ro40 MGFKVALIVLVLVVMATTSA 0.999 1 XIvV C. villepinii 85% 60% P84704.2
Ro33 MKMYLSLAILLLLASTIVDS 0.999 1 none C. betulinus 57% 99% ALM87512.1
Ro32 MKVVAVFLVVALAAAYG 0.999 1 XXl C. betulinus 86% 100% ALM87501.1
Ro99 MLSMLAWTLMTAMVVMNAES 0.999 1 XXXHI C. judaeus 73% 100% UMAS83620.1
Ro27 MMSRMGVEFFLLLLFALAST 0.999 1 Vlll/none C. ermineus 59% 96% AXL95737.1
Ro52 MNCLQPLLVLLLISTITA 0.999 0.999 Xl C. ebraeus 71% 98% UMAS82624.1
Ro12 MSRLFLVLLVISVVILHTDS 0.999 0.999 none C. judaeus 71% 100% UMAS83294.1
Ro94 MVREVTNMHPNFFVIVILVCVFICQA 0.999 0.999 C-CC-C-C-C-C-C | Haliotis rufescens 55% 68% XP_046382180.2
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https://www.ncbi.nlm.nih.gov/protein/P0DKZ1.1?report=genbank&log$=protalign&blast_rank=1&RID=FBCYTP2D013

Table 2: Sequences of the predicted mature regions of the 15 most highly expressed conopeptide transcripts from C. rolani are shown with
their TPM values. If the transcript has a close toxin match in UniProt (e-value: < 0.001) with bioassay data, the information is shown.

. . . Closest hit with Molecular
Code/Superfamily Predicted mature peptide sequence TPM bioactivity data target/s of hit e-value References
Rol_Divergent FPCDKDQCYCDHEEKDGQCMKISSKGTLCR 24299 .82 : : : :
M---L-LTVA GDKCKTKTDWKEPDNVLGTMYND )
Ro2_Divergent FPCSTDQCYCEHKEEDKCMKTSSKDTLCKG 19429 5 : : : :
M---L-LTVA DVCKTETDW :
Ro3_A DQCCQYAACWRVESVICTSAEGA 15193.75 - - - -
Ro4_C RSDKDVREGYKCVWKTCMPALW 8182.22 Consomatin somatostatin |\ atch | Ramiro et al. 2022
Rol* receptors
NMDA
Ro5_B1 GEEEVSENAVEFARELA 7150.97 conRI-C 1.9e-9 Gowd et al. 2012
receptors
CEQCSCYELNTARCTDKISCITPEACTPRGSC
Rob_MKMYL- PTPGHCVCTRFASGCCTRAVECAPGKCH >183.25 ) ) ) )
human L-type Hansson et al.
Ro7_02 ESECPWRPWC 4826.24 contryphan-M Ca?* channels 2.1e-7 :
2004
(Cav1.2)
Ttx-Sensitive
Ro8_M GRCCIGPKGCSTRYCRNQQCC 4143.63 THIA NaVs (rat NaV 3.2e-11 Lewis et al. 2007
1.2, NaV 1.4)
Ro9_01 STLCMSPGSPCASSKSCCGVCSSAQRC 4105.79 GVIA human CaV 2.2 8.1e-19 Hasan et al. 2021
Rol1l0_T RICCFDDPDCCEA 4036.05 - - - -
TLAEGGMWGECAEWLETCHWPVQCCSGN Jimenez et al.
Roll_02 CEGHCRPWS 3730.99 R7A - 0.00012 2004
SRPLSRAATGDGFQGKLRARIFRRGALSDKT
Ro12_MSRLFL DSEEEETGEKELGKRQQAVQKRGIRRMKQ 3666.75 - - - -
WNIN
Ro13_A GCCSNPPCIANHPEIC 3284.7 TxIA nAChRs 1.1e-9 El Hamzd;fg”' etal.
QLWACSFDKTTESCSYETNELCSCAYHSCCTI
Rol4_l4 PNKPPPVCIKDLMCPYFMSMGTSRRFTQM 32114 - - - -
QERFLPML
RQHSQFNADKSSFDSDSLGNIMDFMNENG
Ro15_B2 NSLPFANMDSAATDLGNFEPSAENEDGKFR 2990.11 - - - -
FFDKQQ

*Exact match
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