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Abstract 
The somatostatin (SST) family members are a group of neuropeptides that are best known for 

their role in the regulation of growth, development and metabolism. The occurrence of six 

paralogous SST genes named SST1, SST2, SST3, SST4, SST5 and SST6 has been reported in 

vertebrates. It has been proposed that SST1, SST2 and SST5 arose in 2R from a common 

ancestral gene. SST3 and SST6 would have been subsequently generated by tandem duplications 

of the SST1 and SST2 genes respectively, at the base of the actinopterygian lineage. SST4 is 

thought to have appeared more recently from SST1, in teleost-specific 3R. 

In order to gain more insights into the SST gene family in vertebrates, we sought to identify 

which paralogs of this family are present in cartilaginous fish. For this purpose, we first 

searched the recently available genome and transcriptome databases from the catshark 

Scyliorhinus canicula. In a previous study, three S. canicula SST genes, called at that time SSTa, 

SSTb and SSTc, were identified and proposed to correspond to SST1, SST5 and SST2 

respectively. In the present work, two additional SST genes, called SSTd and SSTe, were found 

in S. canicula plus two other chondrichtyan species, elephant shark (Callorhinchus milii) and 

whale shark (Rhincodon typus). Phylogeny and synteny analyses were then carried out in order 

to reveal the evolutionary relationships of SSTd and SSTe with other vertbrates SSTs. We 

showed that SSTd and SSTe correspond to SST2 and SST3 respectively, while SSTc corresponds 

to SST6 and not to SST2 as initially proposed. Our investigations in other vertebrate species also 

led us to find that the so-called SST2 gene in chicken, lungfish, sturgeons and teleosts actually 

corresponds to SST6. Conversely, the so-called SST6 gene in actinopterygians corresponds to 

SST2.  

Taken together, our results suggest that: i) SST3 and SST6 were already present in the 

gnathostome ancestor, much earlier than previously thought; ii) SST6 was also present in the 

tetrapod ancestor and still occurs in living birds; with this respect, it is likely that SST6 was 

independently lost several times during evolution: in euteleosts, amphibians, squamates and 

mammals; iii) SST2, SST3 and SST5 were probably lost in euteleosts, sarcopterygians and 

tetrapods, respectively. 

 

  



Introduction  
Somatostatin (currently known as somatostatin 1 or SST1) was originally isolated from ovine 

hypothalamus and found to inhibit the release of growth hormone from the rat pituitary 

(Brazeau et al. 1973). It has been subsequently shown that SST1 is widely distributed in the 

central nervous system and in various peripheral organs where it plays important roles in the 

regulation of growth, development and metabolism (Günther et al. 2018). The occurrence of 

SST1 was reported in all vertebrate species investigated so far. Moreover, most species were 

shown to possess additional SST forms. In gnathostomes (jawed vertebrates), it was 

demonstrated that all these SST variants are the products of at least six paralogous genes named 

SST1, SST2 (also known as Cortistatin in mammals) SST3, SST4, SST5 and SST6 (de Lecea et 

al. 1996, Liu et al. 2010, Tostivint et al. 1996, 2008, 2013, 2014). SST-related peptides are 

thought to act through at least six SST receptor subtypes (Ocampo Daza et al. 2012). In 

lampreys, three SST genes have characterized but their phylogenetic status is still unclear 

(Tostivint et al., 2016), while in the hagfish Myxine glutinosa, the occurrence of only one SST 

gene, encoding a SST1-like peptide, is attested to date (Conlon et al., 1988).  

It is currently well accepted that the evolution of the SST gene family, as that of many other 

neuropeptides (Elphick et al. 2018), was strongly shaped by the different rounds of whole-

genome duplications that took place in the vertebrate history, especially the two basal rounds 

of vertebrate genome doubling (2R) and the teleost fish-specific genome doubling (3R) (Dehal 

& Boore 2005, Putnam et al. 2008, Sacerdot et al. 2018). Thus, SST1, SST2 and SST5 seem to 

have been generated during 2R from a common ancestral gene, while SST4 is likely to have 

appeared during 3R from SST1. Impact of 2R on the early evolution of SST gene family is 

notably supported by synteny analysis showing that SST genes are located on a same tetra-

paralogon that contains paralogous genes of at least ten other families (Liu et al. 2010, Tostivint 
et al., 2013, 2014). For their part, SST3 and SST6 would have been independently generated by 

tandem duplications of SST1 and SST2 respectively, at the base of the actinopterygian lineage 

(Liu et al. 2010, Tostivint et al. 2004, 2008). Some of these genes could have been subsequently 

lost explaining their absence in some lineages. For example, SST5 is believed to have been lost 

in tetrapods.  

Cartilaginous fish (chondrichthyans) are of particular interest in evolutionary studies because 

of their key phylogenetic position at the base of the gnathostome lineage. They consist of two 

major groups: elasmobranchii (sharks and skates/rays) and holocephali (chimaeras). Until 2013, 

SST-related peptides were characterized in only a very few species of cartilaginous fish: SST1 

from the ray Torpedo marmorata (Conlon et al. 1985), a SST1-like peptide exhibiting a serine 

residue at position 5 from the ratfish Hydrolagus colliei (Conlon 1990), a SST2-like sequence 

from the elephant shark Callorhinchus milii (Tostivint et al. 2008) and finally a totally atypical 

SST-related sequence from both the little skate Leucoraja erinacea and C. milii (Liu et al. 

2010). In 2013, three SST genes, called SSTa, SSTb and SSTc, were identified in the common 

dogfish (today referred to as small-spotted catshark, Scyliorhinus canicula) and proposed to 

correspond to SST1, SST5 and SST2, respectively (Quan et al. 2013). Surprisingly, none of these 

genes appeared as the apparent ortholog of the atypical SST-like gene found in C. milii and L. 

erinacea. Nevertheless, these findings were regarded as in good agreement with the model 

described above since they support the existence of these three SST genes in the gnathostome 

ancestor (Liu et al. 2010, Tostivint et al. 2013, 2014). However, due to the lack of a fully 

sequenced and assembled S. canicula genome, this view could not be confirmed (Quan et al. 

2013). 

The first goal of the present study was to determine the complete repertoire of the SST gene 

family in cartilaginous fish. For this purpose, we searched the newly available S. canicula 

genome and transcriptome databases (unpublished data). We also took the opportunity to 

explore or reexplore the genome and transcriptome databases from two additional species, the 

http://www.sciencedirect.com/science/article/pii/S1095643309008423#bib5


whale shark, Rhincodon typus (Read et al. 2017) and the elephant shark, C. milii (Venkatesh et 

al. 2014). We found two novel S. canicula SST genes that we propose to provisionally call SSTd 

and SSTe (according to the nomenclature initially proposed in Quan et al. 2013). S. canicula 

SSTd was shown to be the ortholog of the L. erinacea and C. milii atypical SST-like gene above-

mentioned, while S. canicula SSTe appeared as a totally new SST gene. In both R. typus and C. 

milii, four SST genes were found that correspond SSTa, SSTc, SSTd and SSTe.  

Taking advantage of the genome assembly of various representative species from other 

vertebrate groups, we then carried out phylogeny and synteny analyses in order to reveal the 

evolutionary relationships of chondrichthyan SSTd and SSTe with other vertebrates SSTs. From 

our investigations, it appeared that SSTd and SSTe correspond to SST2 and SST3, respectively, 

while SSTc corresponds to SST6 but not to SST2 as initially proposed (Quan et al. 2013).  

The major implication of these results is that the repertoire of the SST gene family in the 

gnathostome ancestor was already composed of five paralogs namely SST1, SST2, SST3, SST5 

and SST6. Our observations also led us to revisit the phylogenetic status of SST2 and SST6. As 

a result, the nomenclature of these genes had to be corrected in some species. 
 

Material and methods 
Nomenclature 

In this article, S. canicula SSTs, as well as their counterparts from other chondrychthyans, will 

be first described as SSTa-SSTe, according to the provisionnal nomenclature proposed by Quan 

et al. (2013), without prejudice to their evolutionary relationships with other vertebrates SSTs. 

Thereafter, in the light of the phylogeny and synteny data, they will be renamed according to 

the phylogenetic nomenclature, SST1-SST6, initially introducted by Tostivint et al. (2008) then 

extended by Liu et al. (2010). Nevertheless, the correspondence bewteen the two nomenclatures 

will be regularly reminded throughout the article as follows: SSTa = SST1; SSTb = SST5; SSTc 

= SST6; SSTd = SST2 and SSTe = SST3. Note that in Quan et al. (2013) SSTc was initially but 

mistakenly referred to as SST2.  

 

Identification of SSTd and SSTe sequences from cartilaginous fish 

S. canicula SSTd and SSTe genes were sought by TBLASTN (Altschul et al. 1990) using the C. 

milii and L. erinacea SST2-like sequences (AGCKLFFWKTFSHC and 

APCKLFFWKTFSHC) as queries against the S. canicula genome draft assembly (version 1, 

unpublished). S. canicula full-length SSTd cDNA (but not SSTe cDNA) was also retrieved from 

S. canicula Illumina transcriptome (version 1, unpublished).  

The SST repertoire of SST genes in R. typus and C. milii was sought by TBLASTN using the S. 

canicula SST cDNA sequences as queries against the R. typus and C. milii genome assembly 

databases (Read et al. 2017;Venkatesh et al. 2014).  

Protein sequences were predicted by using consensus splice donor and acceptor site and by 

sequence identity comparison with related SST genes. The signal peptide cleavage site was 

determined using SignalP (http://www.cbs.dtu.dk/services/SignalP/) (Petersen et al. 2011). 

 

Molecular cloning of the coding sequence of S. canicula SSTe cDNA  

5’RACE-ready cDNAs used for this procedure were constructed as previously described 

(Gaillard et al. 2018). The coding sequence of the S. canicula SSTe cDNA was amplified by 

nested PCR using the Advantage 2 PCR kit (Clontech). Nested PCR was carried out in a 

MyCycler thermal cycler (Bio-Rad, Marne la Coquette, France) with the following primers, 

csSSTe Rev x Universal Primer A Mix (UPM) then csSSTe Rev Nest x Nested Universal 

Primer A Mix (NUP) (see Table S1) using the manufacturer’s procedure. PCR amplifications 

were carried out for 35 cycles (denaturation 94°C, 30 sec; annealing between 57 and 60°C 

depending on the Tm of the primers, 30 sec; and extension 72°C, 30 sec) and a final extension 

http://www.cbs.dtu.dk/services/SignalP/


of 72°C for 7 min. The product of the nested PCR was subcloned into the pGEM-T vector 

(Promega, Charbonnières-les-Bains, France) and sequenced (Value Read Sequencing at MWG 

Biotech, Ebersberg, Germany).  

 
Synteny analysis 

To generate synteny maps, genes flanking C. milii and R. typus SST genes were obtained from 

the NCBI database. Non-protein coding genes and genes coding unknown proteins were 

excluded from further analysis. Note that SSTb was not included in the study since it is absent 

in both C. milii and R. typus, while in S. canicula, it is located on a very short scaffold that did 

not contain any other genes. Genes flanking the SST genes in eight additional osteichthyan 

species, namely human, chicken (G. gallus), green anole lizard (A. carolinensis), Western 

clawed frog (X. tropicalis), coelacanth (L. chalumnae), spotted gar (L. oculatus), zebrafish 

(Danio rerio) and medaka (Oryzias latipes), were obtained from Genomicus (version 92.01) 

(Muffato et al. 2010). 

 

Phylogeny analysis 

A set of 147 vertebrate SST precursor sequences was primarily collected from Yun et al. (2015) 

and Tostivint et al. (2016) and supplemented by the chondrichthyan sequences characterized in 

the present study. All these sequences were aligned using the Muscle algorithm (Edgar 2004) 

then manually adjusted. The phylogeny of SST precursors was inferred by Maximum 

Likelihood using PhyML (Guindon & Gascuel 2003) with the LG model of substitution 

combined to the neighbor-joining interchange (NNI) method on Seaview browser (Gouy et al. 

2010). The robustness of the tree was assessed by the approximate likelihood test (aLRT) SH-

like branch support and by bootstrapping procedure from 500 data set replicates. The Genbank 

accession numbers for all sequences used in the analysis are listed in Figure S1. The alignment 

is presented in Figure S2. 

 

Tissue expression of S. canicula SSTd and SSTe genes by reverse transcriptase-polymerase 

chain reaction (RT-PCR) amplification 

The expression profiles of S. canicula SSTd and SSTe genes were examined by RT-PCR, as 

previously described (Quan et al. 2013, Gaillard et al. 2018). Total RNA was extracted from 

various tissues, including telencephalon, diencephalon, mesencephalon, cerebellum, brain 

stem, spinal cord, skeletal muscles, heart, spleen, gills, stomach, duodenum, valvular intestine, 

pancreas, liver, kidney, ovary and testis and purified by using RNAeasy Plus Mini kit (Qiagen, 

Courtabœuf, France). For each tissue, 330 ng of total RNA were reverse transcribed using 

ImProm-II Reverse Transcription System (Promega, Charbonnières, France). Gene-specific 

primers of S. canicula SSTd and SSTe were designed according to the predicted sequences 

(Table S1). PCR amplifications were carried out for 35 cycles (denaturation 94°C, 30 sec; 

annealing between 57 and 60°C depending on the Tm of the primers, 30 sec; and extension 

72°C, 30 sec) and a final extension of 72°C for 7 min. The S. canicula Egf1 gene was amplified 

in parallel with specific primers (Table S1) to verify the quality and quantity of all cDNAs 

samples. Negative controls were performed without cDNA template. All PCR products were 

electrophoresed through 2.0% agarose gel and stained with ethidium bromide and then detected 

under UV light with the ChemiDoc Touch Imaging System (BioRad). Three independent PCR 

amplifications were performed to check the consistency of amplification. 
 

 

 

Results  
Structure of S. canicula SSTd (SST2) and SSTe (SST3) precursor cDNAs and genes  



The nucleotide and deduced amino acid sequences of S. canicula SSTs including SSTd and SSTe 

are shown in Figure S3. The coding region of the SSTd cDNA consists of 315 nucleotides (nt) 

that encode a 105-amino acid (aa) protein (PSSTd ) including a 20-residue potential signal 

sequence (Petersen et al. 2011). The primary structure of PSSTd contains a monobasic 

processing site at position 91 (Lys) potentially yielding the mature 14-aa peptide SSTd (SST2), 

TPCKLFFWKTFSHC, plus one dibasic and one monobasic processing sites at positions 87-88 

(Arg-Arg) and 79 (Arg) respectively, potentially yielding 17- and 26-aa NH2-extended forms 

of SSTd.  

The coding region of the SSTe cDNA consists of 321 nt that encode a 106-aa protein with a 18-

residue potential signal sequence. The SSTe sequence is flanked by a pair of basic residues 

(Arg-Lys) at position 92-93 potentially yielding the mature 14-aa peptide SSTe (SST3), 

NCKNFFWKTYTLC, plus two monobasic processing sites at positions 85 (Arg) and 90 (Arg) 

respectively, potentially yielding 17- and 22-aa NH2-extended forms of SSTe.  

Comparison of the cDNAs with genomic sequences revealed that SSTd and SSTe genes are each 

composed of two exons and one intron (Figure S4). For each gene, exon 1 encodes the 5’ UTR, 

the signal peptide and the N-terminus of the prepro-peptide while exon 2 encodes the C-

terminus of the precursor, including the putative mature peptide.   

 

Repertoire of SST cDNAs and/or genes in cartilaginous fish 

The entire repertoire of SST cDNAs and/or genes found from S. canicula, R. typus and C. milii 

databases is shown in Figures S3-S8. S. canicula SST family appears as the richest with no less 

than five SST genes: the three genes previously reported in Quan et al. (2013), namely SSTa, 

SSTb and SSTc, plus two additional genes characterized in the present study, SSTd and SSTe. 

All these genes, with the exception of SSTb, were retrieved from R. typus and C. milii. Only a 

partial sequence of the SSTd gene could be detected from L. erinacea (already reported in Liu 

et al. 2010).  

 

General organization of the chondrichthyan SST genes and SST precursors  

The molecular organization of the SST precursors is the same in all species examined, with a 

signal peptide followed by a long central segment, a conserved pair of basic residues and, 

finally, the SST sequence at their C-terminus (Figure 1). All putative SST possess a cyclic 

conformation ensured by the presence of two Cys residues, and their cyclic region encompasses 

the Phe-Trp-Lys motif. The structure of the corresponding genes is also very well conserved 

with two exons and one intron (Figures S4, S5, S7). Note that the first exon of S. canicula SSTd 

and that of S. canicula SSTa (SST1) exhibit almost the same nucleotide sequence (Figure S4). 

This sequence identity was also found in the corresponding cDNA identified by RT-PCR ruling 

out an artefact of genome assembly (Figure S3). 

 

Structural features of the chondrichthyan putative SST tetradecapeptides  

- SSTa (SST1) 

The primary structure of SSTa is AGCKNFFWKTFTSC both in S. canicula and R. typus. In C. 

milii, it exhibits one substitution, Ser vs Asn, at position 5, as previously reported in the ratfish 

H. colliei (Conlon 1990) (Table S2).  It is to note that the genomic SSTa sequence encodes for 

a Leu in place of Phe at position 6 that was not retrieved in the cDNAs (Figures S3 and S4). 

Chondrichthyan prepro-SSTa exhibit high sequence identity (ranging from 66.3 to 

74.1% between one another) (Table S3). 

- SSTb (SST5) 

As mentioned above, the SSTb sequence could only be found in S. canicula (see Quan 2013 for 

a complete description of the precursor). Just as a reminder, S. canicula SSTb exhibits the same 

primary structure as SSTa (SST1) (Table S2). 



- SSTc (SST6) 

SSTc exhibits two substitutions at positions 1 and 2 when compared to SSTa (Table S2). The 

residue at position 2 is a Pro, except in R. typus. The residue at position 1 is more variable. 

Chondrichthyan prepro-SSTc exhibit high sequence identity (ranging from 53.8 to 86.7% 

between one another) (Table S3). 

- SSTd (SST2) 

When compared to that of SSTa, the primary structure of SSTd can be distinguished by the Ser-

His-Cys (SHC) motif at its C-terminus (Table S2). Variable residues are present at position 1 

and 2. However, the residue at position 2 is generally a Pro, except in C. milii. Chondrichthyan 

prepro-SSTd exhibit high sequence identity (ranging from 51.9 to 76% between one another) 

(Table S3). 

- SSTe (SST3) 

In all species examined, the primary structure of SSTe exhibits the unique Tyr-Thr-Leu-Cys 

(YTLC) motif at its C-terminus (Table S2). Only the residue at position 1 is different depending 

on the species. S. canicula and C. milii prepro-SSTe exhibit only 38.1% identity (Table S3). 

 

Synteny analysis of SST genomic regions 

In both R. typus and C. milii, SSTe (SST3) and SSTa (SST1) are tandemly arranged on the same 

scaffold (Figure 2, Table S4). However, this scaffold is very short and does not contain any 

other genes. On the basis of our previous results suggesting that SSTa probably corresponds to 

SST1 (Quan et al. 2013), we aligned the chondrichthyan SSTa-SSTe scaffold with the SST1 

locus from the other species analyzed. In teleosts, SST3 is localized in tandem with SST1, as 

SSTe and SSTa in cartilaginous fish.  

In spotted gar, the SST1-SST3 locus bears a third SST gene, here called SST4, surrounded by 

Nyap2 and Irs1 (Figure 2, Table S4). In teleosts, the SST known as SST4 is located on a 

different chromosome than that bearing SST1 and SST3. Its closest neighbors are Nyap2b and 

Fgf12a (Figure 2, Table S4). The co-orthologs of these two latter genes, Nyap2a and Fgf12b, 

are present in the vicinity of both SST1 and SST3. Thus, the teleost SST4 can be view as either 

an ortholog to gar SST4 (as this is what its name implies) or a 3R duplicate of either SST1 or 

SST3. These three possibilities are illustrated in Figure 2. 

R. typus and C. milii SSTd (named SST2 in Figure 3) were found in a genomic region containing 

several genes, Kif1b, Pgb, Cenps and Dffa, that are also present in the vicinity of the human 

SST2 gene (Figure 3, Table S4). It is to note that the gar and zebrafish SST genes present in the 

syntenic region correspond to genes previously known as SST6. 

The neighborhood of the R. typus and C. milii SSTc (named SST6 in Figure 3)  is composed of 

several genes, Tardbp, Masp2 and Srm, that, in the other species examined, were present in the 

vicinity of SST genes previously known as SST2, notably in chicken, spotted gar, zebrafish and 

medaka (Figure 3, Table S4). 

 

Phylogeny analysis of SST precursors 

Figure 4 displays an unrooted tree constructed from 147 selected vertebrates SST precursor 

sequences using maximum likehood phylogeny analysis. In the resulting tree, osteichthyan SST 

sequences cluster into six main clades, SST1-SST6. Bootstrap support values for these six 

groups were 53, 10, 94, 29, 68 and 75%, respectively. The only discrepancy of this patterning 

is the presence of the gar SST4 sequence into the SST3 clade. It is to note that the actinopteygian 

SST sequences belonging to the SST2 clade were previously known as SST6. Likewise, 

chicken, lungfish, sturgeon and teleost SST sequences included in the SST6 clade were 

previously known as SST2.  

Chondrichthyan SSTb, SSTc and SSTd branch at the base of the SST5, SST6 and SST2 clades, 

respectively. Gnathotostome SST2-SSTd and SST6-SSTc appeared as two sister groups as well 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/unrooted-tree


as osteichthyan SST1 and SST3. For their part, chondrichthyan SSTa and SSTe formed a 

monophyletic group that branch at the base of the osteichthyan SST1-SST3 clade.  

As previously reported (Tostivint et al. 2016), lamprey SST sequences did not group to any of 

the gnathostome SST clades. 

 

Tissue-specific expression of S. canicula SSTd (SST2) and SSTe (SST3) genes  

The distribution of S. canicula SSTd and SSTe mRNAs in various tissues was examined by RT-

PCR. Figure 5 shows the results of one representative experiment out of three performed with 

identical results. SSTd mRNA was detected primarily in the brain (notably in the diencephalon, 

mesencephalon and brainstem) and spinal cord. In contrast, SSTe mRNA appeared particularly 

abundant in the central nervous system (in all subdivisions examined except in the cerebellum) 

as well as in the intestinal tract and pancreas. Note that traces of SSTd mRNA were also seen 

in the spleen, gills, pancreas and gonads.  
 

Discussion 
The main aim of the present study was to determine the repertoire of the SST gene family in 

cartilaginous fish. For this purpose, the genome and/or transcriptome databases from three 

representative chondrichthyan species were examined, namely the small-spotted catshark S. 

canicula (unpublished, see Gaillard et al. 2018 for more details), the whale shark, R. typus 

(Read et al. 2017) and the elephant shark C. milii (Venkatesh et al. 2014). In S. canicula, two 

new SST genes, named SSTd and STTe were found, in addition to the three SST genes, SSTa, 

SSTb and SSTc, previoulsly identified (Quan et al. 2013). All these genes, with the exception 

of SSTb, were retrieved from R. typus and C. milii. It is noteworthy that the occurrence of partial 

sequences of the SSTc (Tostivint et al. 2008) and SSTd genes (Liu et al. 2010) were already 

reported in both L. erinacea and/or C. milii. In contrast, SSTe appeared as a totally novel gene.  

The nomenclature used above (SSTa-SSTe) was initially (and provisionally) proposed to 

designate the S. canicula SSTs without prejudice to their evolutionary relationships with other 

vertebrate SSTs (Quan et al. 2013). Synteny comparisons and phylogeny analysis were 

subsequently carried out in order to reveal the phylogenetic status of all these genes.  

Synteny comparisons suggest that SSTd is the chondrichthyan counterpart of SST2 since both 

S. canicula and C. milii SSTd reside in the same chromosomal environment as that of human 

SST2. For the same reasons, SSTc can be legitimately viewed as the chondrichthyan counterpart 

of SST6. These conclusions are quite consistent with our phylogeny analysis because SSTd and 

SSTc precursor sequences branch at the base of the SST2 and SST6 clades, respectively, 

although the bootstrap support values of the new clades are extremely weak (4% and 37% 

respectively).  

Our investigations on the chondrichtyan SSTc and SSTe also led us to redefine the relationships 

between SST2 and SST6. The SST2 gene was been first characterized in frog (Tostivint et al. 

1996) and mammals (de Lecea et al. 1996, 1997a), then in most other vertebrates, including 

chicken (Trabucchi et al. 2003), lungfish (Trabucchi et al. 1999) and sturgeons (Trabucchi et 

al. 2002, Li et al. 2009) (see Tostivint et al. 2008 for review). All peptides encoded by SST2 

possessed a Pro residue at position 2 and most of them exhibited the APCKNNFWKTFTSC 

sequence (Quan et al. 2013), except in mammals and some other species such as frog (Vaudry 
et al. 1992; Tostivint et al. 2008 for review) (Table S2). As for, the SST6 gene was initially 

characterized in only one teleost species, the zebrafish (Liu 2010), then in spotted gar (Tostivint 

et al. 2013) and coelacanth (Yun et al. 2015) (Table S2). In the present study, we found an 

ortholog of this gene in several other teleost species belonging to various groups (particularly 

from otocephala) but not from euteleosts. Peptides encoded by SST6 also shared a Pro at 

position 2, suggesting a common origin with SST2. In support of this latter view, in both 

zebrafish and gar, SST2 and SST6 are closely linked on the same chromosome, indicating that 



they most likely arose by tandem duplication. Our phylogeny and synteny analyses showed that 

most of the non-mammalian SST sequences previously referred as to SST2 are not orthologous 

to cortistatin (the other name of the mammalian SST2) but actually correspond to SST6. Such 

is notably the case for birds (chicken) and fish (lungfish, sturgeons, bony and cartilaginous 

fish), but not for reptiles (lizard) and amphibians (marsh frog). Conversely, all SST sequences 

previously referred to as SST6 appeared to correspond to SST2. As a result, all the SST genes 

concerned with these observations were renamed accordingly. It is to note that the nomenclature 

adopted in the present article was already proposed in Yun et al. (2015) but without explicit 

justification. 

In R. typus and C. milii, SSTe and SSTa are tandemly arranged suggesting that both genes arose 

by local duplication of a common ancestral gene. Synteny analysis of the SSTa-SSTe locus was 

inhibited by the fact that SSTa and SSTe were the only genes present on their scaffold. However, 

based on previous results showing that SSTa probably corresponds to SST1 (Quan et al. 2013), 

the most credible assumption is that SSTe corresponds to SST3 because in all species possessing 

both SST1 and SST3, these genes are systematically localized in tandem (Tostivint et al. 2004, 

2008, 2013, 2014). Phylogeny analysis is in agreement with close evolutionary relationships 

between SSTa and SSTe, on the one hand, and SST1 and SST3, on the other hand. However, it 

does not fully support the orthology between SST1 and SSTa, on one hand, and SST3 and SSTe, 

on the other hand, since chondrichthyan SSTa and SSTe sequences did not strictly group with 

osteichthyan SST1 and SST3, respectively. One explanation to reconcile these contradictory 

results would be that SST1/SSTa and SST3/SSTe genes were subjected to concerted evolution, 

a genetic process that leads to homogenize repetitive DNA sequences over time (Liao 1999). 

Indeed, the major hallmark of concerted evolution is that paralogous genes within species are 

more similar to one another than they are to their orthologous counterparts in closely related 

species (Liao 1999). DNA recombination mechanisms, especially unequal crossover and gene 

conversion, are responsible for concerted evolution (Liao 1999). Interestingly, we have shown 

that nucleotide sequences of the first exon of S. canicula SSTa and S. canicula SSTe are almost 

identical (93.5% of identity), while those of the second exon are much more divergent (only 

61% of identity). Such level of similarity may be a good indicator of a recent recombination 

event occurring between the two genes.  

The phylogenetic status of the S. canicula SSTd and SSTe genes suggested by synteny and 

phylogeny analyses is consistent with their tissue expression pattern since SSTd, as SST2, is 

primarily expressed in the central nervous system (SNC) (de Lecea et al. 1997b, Lin et al. 1999, 

Trabucchi et al. 1999, 2003), while SSTe, as SST3, is expressed both in the SNC and the 

gastrointestinal tract (Moore et al. 1995, Xing et al. 2005). Further studies at the cellular level 

will be needed to speculate about the functions of the corresponding peptides. 

In contrast to the other SST genes found in cartilaginous fish, SSTb was detected only in S. 

canicula and not in R. typus and C. milii. Phylogeny analysis showed that SSTb grouped into 

the SST5 clade, as previously reported (Quan et al. 2013). However, the orthology relationships 

between SSTb and osteichthyan SST5 could not be confirmed by synteny analysis since the S. 

canicula SSTb-bearing scaffold was too short.  

 

Among the six SST paralogs characterized so far in gnathostomes, SST4 is the only one not to 

exist in cartilaginous fish. Up to now, the SST4 gene was considered as a SST1 paralog 

generated by 3R (Liu et al. 2010), in agreement with the fact that it was found only in teleosts 

(Figure S9A). Recently, however, Yun et al. (2015) reported the occurrence of a so-called SST4 

ortholog in spotted gar. This finding is clearly in conflict with the Liu’s view since the gar 

lineage is known to have diverged from teleosts before the 3R (Figure S9B) (Braasch et al. 

2016). In the present study, synteny analysis showed that teleost SST4 can be equally viewed 

as orthologous to the gar SST4, or co-orthologous to either teleost SST1 or teleost SST3, without 



the possibility to decide between these three conceptions. Indeed, in both zebrafish and medaka, 

the SST4-bearing chromosome block contains only very few paralogs of the neighboring genes 

of SST1 and SST3 (such as Fgf12 and Nyap2), making it impossible to precisely place the teleost 

SST4 in relation to gar SSTs. Examination of other teleost species whose genome is available in 

Ensembl failed to resolve the problem (data not shown). What is clear, however, is that 

phylogeny analysis absolutely does not support the orthology of gar SST4 and teleost SST4 since 

gar SST4 groups within the gnathostome SST3 clade, thus without any obvious relationships 

with the teleost SST4 clade. Rather, the very high level of sequence similarity between gar 

SST3 and gar SST4 (91 % nucleotide identity) strongly suggests that gar SST4 arose very 

recently by tandem duplication of SST3. It therefore appears unlikely that gar SST4 and teleost 

SST4 are orthologous unless gar SST4 and SST3 were subjected to concerted evolution, as 

shown above for S. canicula SST1/SSTa and SST3/SSTe.  

 

Concluding remarks 
Over the past few years, significant advances have been made in the understanding of the 

evolution of the SST family. One of the most important results has been the demonstration that 

the current diversity of the family was initially caused by 2R (Liu et al. 2010, Tostivint et al. 

2013, 2014). According to this view, the last common ancestor of vertebrates possessed four 

SST genes, three of which, SST1, SST2 and SST5, are still present in all extant vertebrate species. 

A fourth SST gene (referred to as SST? in Figure 6) is likely to have been generated by 2R but 

since this gene has never been found in extant vertebrate species, it is assumed to have been 

lost very early after 2R. Conversely, the rest of the diversity of the family, represented by SST3, 

SST4 and SST6, was considered restricted to only some groups of bony fish (Tostivint et al. 

2013, 2014): actinopterygians for SST3 and SST6 and teleosts for SST4.  

The principal result of the present study is the demonstration of an unexpected diversity of SST 

genes in cartilaginous fish. Thus, in S. canicula, not less than five SST genes, SST1, SST2, SST3, 

SST5 and SST6, have been identified, while only three of them were characterized so far (Quan 

et al. 2013). Therefore, contrary to what was previously though, it is likely that all these five 

genes were already present in the gnathostome ancestor (Figure 6).  

It is to note that our study did not provide any new data supporting the impact of 2R in the 

evolution of the SST gene family due to the small size of the scaffolds from the three 

chondrichthyan species examined. Thus, within the regions containing SST genes, Masp 1 and 

Masp 2 were the only genes indicating that SST1 and SST3, on the one hand and SST2 and SST6, 

on the other hand, belong to the same paralogon. In contrast, our study confirm the idea that 

SST3 and SST6 likely arose by tandem duplications from SST1 and SST2, respectively (Figure 

6). In strict logic, however, we must admit that it is currently impossible to know which of SST1 

and SST3, on the one hand and SST2 and SST6, on the other hand are the ancestral genes. The 

uncertainty on this matter will remain as long as the phylogenetic status of lamprey SSTs is 

unsolved (Tostivint et al. 2016) because the lamprey SST sequences are the only ones that could 

be currently used as outgroups. Thus, in Figure 6, SST1 and SST2 are displayed as ancestral 

genes in a totally arbitrary manner.  

Another important result of the present study was the finding that SST6 was not totally lost in 

sarcopterygians, as previously thought, because it is still present in coelacanth and birds (Figure 

6). In this context, it is noteworthy that chicken SST6 was initially but mistakenly reported as 

SST2 (Trabucchi et al. 2002), now refuted by synteny and phylogeny analysis. In a general way 

and for the same reasons, all teleost genes previously known as SST6 had to be renamed SST2, 

and vice versa. Notably, the true SST2 is also present in amphibians (but not in Xenopus), 

sauropsids (but not in birds) and mammals (Figure 6). Taken together, our result show that 

SST2 and SST6 have been lost independently and repeatedly during evolution: in euteleosts, 

birds and some amphibians for SST2 and amphibians and mammals for SST6 (Figure 6). After 



their appearance, SST3 and SST5 were also secondarily lost in sarcoperygians and tetrapods, 

respectively. 

Finally, the present work was unable to precisely determine the phylogenetic status of teleost 

SST4. In particular, whether teleost SST4 and gar SST4 are truly orthologous or not remains to 

be investigated. Further studies in other species than those examined here will be needed to 

address this issue.   
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Legends to figures 
Figure 1. Alignment of the amino acid sequences of prepro-SST1 (PSSTa), -SST2 (PSSTd), -

SST3 (PSSTd) and -SST6 (PSSTc) characterized from cartilaginous fish. (*) denotes conserved 

residues. SST peptide sequences are in red. Potential cleavage sites are in bold. Signal peptides 

are in grey. (p), partial sequences. Sequences of S. canicula SST2 (SSTd) and SST3 (SSTe) 

cDNAs have been deposited in the GenBank database under the accession numbers MK491629 

and MK491630, respectively. 

 
 

Figure 2. Synteny of genes in the SST1-SST3 locus in R. typus and C. milii plus eight selected 

bony vertebrate species (human, chicken, anole lizard, western clawed frog, coelacanth, spotted 

gar, zebrafish and medaka). Genes are represented by block arrows. Genes with conserved 

synteny are coloured. For the teleost SST4 gene, three possible positions are proposed with 

respect to the gar SSTs (see the text for more details). Position of the genes (in megabases -Mb) 

is displayed below each box, according to the Ensembl database. Empty circles indicate the end 

of scaffolds. Letters inside the boxes refer to the specific and provisional nomenclature of S. 

canicula SSTs initially proposed in Quan (2013). The detailed chromosomal locations of genes 

displayed in this map are included in Table S4.  

 

Figure 3. Synteny of genes in the SST2-SST6 locus in R. typus and C. milii plus eight selected 

bony vertebrate species (human, chicken, anole lizard, western clawed frog, coelacanth, spotted 

gar, zebrafish and medaka). Letters inside the boxes refer to the nomenclature of S. canicula 

SSTs proposed in Quan (2013), while numerals refer to the previous nomenclature of vertebrate 

SST genes (Tostivint 2013, 2014). Legends are the same as in the Figure 3. 

 

Figure 4. Phylogenetic tree of vertebrate SST precursor sequences. Phylogenetic analysis of 

147 vertebrate SST amino acid sequences was performed using Maximal Likelihood, with 500 

bootstrap replicates. The number shown at each branch node indicates in percentage the 

bootstrap value. Sequence references and alignment are given in Figure S1 and Figure S2, 

respectively  

 

Figure 5. Tissue distribution of S. canicula SST2 (SSTd) and SST3 (SSTe) mRNAs using RT-

PCR. Parallel amplification of dogfish Egf1 mRNA served as internal control. NC, non- 

template control. 

 

Figure 6. A proposed evolutionary scheme for the evolution of the SST gene family in 

gnathostomes with special emphasis on chondrichthyan species (in red). The names of the 

different paralogous genes are given in the boxes. Note the unresolved status of the teleost SST4. 

Gar SST4 is shown here to have arisen independently of teleost SST4. Boxes connected by a 

vertical line represent linked genes. Crossed-out boxes represent lost genes. Double-headed 

arrows represent local duplications. R, rounds of whole genome duplication.   



Supplementary data 
Table S1. Sequences of the oligonucleotides used for PCR amplifications. 

 

Table S2. Primary structure of SST-related peptides from different vertebrate species. Peptides 

from chondrichthyan species are in red. Conserved residues are in bold.  

 

Table S3.  Pair-wise comparison of full-length SST protein sequences from S. canicula, R. 

typus, L. erinacea and C. milii. Values represent percentage of amino acid identity. 

 

Table S4. Chromosomal locations of gene orthologs in the synteny analysis of the SST loci. All 

human gene names in the table are approved HGNC symbols and the genes from other species 

have been given the name of their human orthologs. Chromosomal locations of genes are 

expressed in bp. Blanks represent genes that have not been found in the current genome 

databases. Non-syntenic genes are in grey. 

 

Figure S1. Protein sequences of prepro-SSTs used for phylogenetic analysis and their accession 

numbers. Chondrichthyan sequences are in red. 

 

Figure S2. Amino acid sequence alignment of the SST family used for the phylogenetic 

analysis. The alignment was made using Muscle and then manually optimized. Conserved 

residues between all orthologs are in black bold. Characteristic residues of each ortholog are 

colored. 

 

Figure S3. Nucleotide sequence and deduced amino acid sequence of S. canicula cDNAs. 

Nucleotides are numbered 5’ to 3’ and amino acids N-terminal to C-terminal from the putative 

starting methionine. Signal peptides are in grey. SST peptide sequences are in red. Potential 

cleavage sites are in bold. Polyadenylylation signals, when detected, are underlined.  

Nucleotide sequence (almost) identical between SST1 and SST3 is in red. 

 

Figure S4. Sequence of S. canicula SST genes, inferred from the cDNA sequences given in 

Figure S3. Exons are indicated by colored boxed. The exon/intron boundary consensus 

sequences (GT/AG) are highlighted in red. Initiation (ATG) and stop codons are boxed. 

Polyadenylation signals are underlined. The identity of the scaffolds containing the sequences 

is indicated. Nucleotide sequence (almost) identical between SST1 and SST3 is in red. 

 

Figure S5. Predicted sequence of R. typus SST genes, inferred from the SST cDNA sequences 

given in Figure S6. Legends are the same as in the Figure S4. 

 

Figure S6. Nucleotide and deduced amino acid sequences of R. typus SST cDNAs. Legends are 

the same as in the Figure S3. 

 

Figure S7. Predicted sequence of C. milii SST genes, inferred from the SST cDNA sequences 

given in Figure S8. Legends are the same as in the Figure S4. 

 

Figure S8. Nucleotide and deduced amino acid sequences of C. milii SST cDNAs. Legends are 

the same as in the Figure S3. 

 

Figure S9. Two alternative conceptions regarding the phylogenetic status of the teleost SST4 

gene. A. Conception from Liu et al., (2010). B. Conception from Yun et al. (2015). 
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Figure 1 
 
PSST1 (PSSTa) 

C. milii             MSCGRVQCALALLSIALTVLSVTSAPAHDRYREILQRSLAAAGARSKPELTKYSLAQLLA 

S. canicula          MWCSRLQLSLALLSIALAVLSVSSAPTDNRYREILQRAMAATGSGGKAELTKYSLAQLLS 

R. typus             MWCSRVQCALALLSIALAVLSAGAAPTADRYRELLQTSMAGAEPRSKAELIKYNLVQLLA 

                     * * * *  ******** ***   **   **** **   *      * ** ** * ***  

 

C. milii             ELANAENEALEAEDMARATAQDEVRVELERSANPNLAQRERKAGCKSFFWKTFTSC 

S. canicula          ELENAENEALETDAM---GGRNEVRLELERSINPNLANRERKAGCKNFFWKTFTSC 

R. typus             ELANAENEVLDGEDLPRMAKQDEVRVDLERSANPNSPQRERKAGCKNFFWKTFTSC 

                     ** ***** *            ***  **** ***   ******** ********* 

 

 

PSST2 (PSSTd) 

C. milii             MQWQAFASVVCLLFIVTVQGVEPQEERMGLQLNREMVKDKKRLIAKLLAGLLDVDDNLLE 

L. erinacea (p)      -----------------------MEDRT---TLQELTKNRKSLILKLLAGLLDVDDHLGE 

S. canicula          MKWLMTVSLMSLLYLLRVEGTDLLEERMKLQVNREMTKSRKNLIVKLLAGLLETDDNLLE 

R. typus             ----MTVCLMSLLLLLSVEAADPLEERMKLQVNREVTKSRKYLMLKLLSGLLDPDDNLLE 

                                             * *       *  *  * *  *** ***  ** * * 

 

C. milii             SVIAPLGLSKEEGTDFEERSAAGEIPPRKPKAGCKLFFWKTFSHC 

L. erinacea (p)      SGYTYSNTEEAGERSLEERAVVAVIPRREQKAPCKLFFWKTFSHC 

S. canicula          NGFAPLKPEEAEGTLFEERSVNAGIPRREQKTPCKLFFWKTFSHC 

R. typus             NDFTSLSPGEEES-SLEERSVNAGIPRRPQKAPCKLFFWKTFSHC 

                                     ***     ** *  *  ************ 

 

 

PSST3 (PSSTe) 

C. milii             -MQARCTLTLAL--LSLAALGLSALPTHLRDQLVLQGSPAMELRDGVVRELIQAVADAES  

S. canicula          MWCSRLQLSLALLSIALAVLSVSSAPTDNRHREILQRALDQELLKDTMMKLLPLVTDVDT  

R. typus   (p)       -----------------------------------------DFLKDTIIQLLHVVADADK  

                                                                       *   * * 

 

C. milii          KPQSEEAAEDF-APDEKAE---LRLALAPRWRKDCKNFFWKTYTLC  

S. canicula          EAGTLDVSNAETSEENTTPMKFQHRQLGMRMRKNCKNFFWKTYTLC  

R. typus             DAVEVNASQVETPPXNKIPMKFQQRQLGTRMRKNCKNFFWKTYTLC  

                                               *  * ** ************ 

 

 

PSST6 (PSSTc) 

C. milii          MQIL--VALISTLFLVSGVSTTTASLDDRFNLQSSREMNQERKEMILKLLSGLLDNAAVS 

S. canicula          MQLLGTASLLSMLLIV-SSVRATAPLEDRLSLRANQELNKERKEVILKLLSGLLDSS--S 

R. typus             MQLLGSASXVSILLIV-SSVKATAPLEDRLSLRANQELNKERKEVVLKLLSALLDSS--S 

                     ** *      * *  *      ** * **  *    * * ****  ***** ***    * 

 

C. milii             GQTGSEAGYPEPADGGPVMLEERSRYSQLPQRSRKVPCKNFFWKTFTSC  

S. canicula          NQIAIENTFPDPEDVEEMKVEERSRFSQLPQRERKAPCKNFFWKTFTSC  

R. typus             NQMGIENTFPDQEDMEEMKVEDRSRFSQLPQRERKTSCKNFFWKTFTSC  

                      *   *   *   *      * *** ****** **  ************ 
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Somatostatin 1 
Primates  

>Human (Homo sapiens) SST1 (BC032625) 

MLSCRLQCALAALSIVLALGCVTGAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSEPN

QTENDALEPEDLSQAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC 

>Monkey (Macaca fascicularis) SST1 (XP_005545499) 

MLSCRLQCALAALSIVLALGGVTGAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSEPN

QTENDALEPEDLSQAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC 

Other mammals 

>Bovine (Bos taurus) SST1 (NP_776385.1) 

MLSCRLQCALAALSIVLALGGVTGAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSEPN

QTEIDALEPEDLSQAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC 

>Dog (Canis lupus familiaris) SST1 (NP_001003307.1) 

MLSCRLQCALAALSIVLALGGVTCAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSEPN

QTENDALEPEDLSQAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC 

>Mouse (Mus musculus) SST1 (NP_033241.1) 

MLSCRLQCALAALCIVLALGGVTGAPSDPRLRQFLQKSLAAATGKQELAKYFLAELLSEPN

QTENDALEPEDLPQAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC 

>Pig SS1 (Sus scrofa) SST1 (AAT02532.1) 

MLSCRLQCALAALSIVLALGGVTGAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSEPN

QTENDALEPEDLSQAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC  

Birds  

>Flycatcher (Ficedula albicollis) SST1 (ENSFALT00000007767.1) 

MLSCRLQCALALLSIALALGTVSAAPSDPRLRQFLQKSLGGGGGGGELAKYFLAELLSEPSQ

TENEALESEDLSRGAEQDEVRLELERSANSNPALAPRERKAGCKNFFWKTFTSC 

>Chicken (Gallus gallus) SST1 (CN210817.1) 

MLSCRLQCALALLSIALAVGTVSAAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSEPSQ

TENEALESEDLSRGAEQDEVRLELERSANSNPALAPRERKAGCKNFFWKTFTSC 

>Turkey (Meleagris gallopavo) SST1 (ENSMGAT00000008507.2) 

KELAKYFLAELLSEPSQTENEALESEDLSRGAEQDEVRLELERSANSNPALAPRERKAGCKN

FFWKTFTSC  

Reptiles 

>Anole lizard (Anolis carolinensis) SST1 (XP_003228868) 

MLPCRLPCALALLSLALALGSGAAAPADPRLRQFLQKSLAAAAAGKQELAKYFLAELLSEP

GQAENEALEPEELSRGGGAEQDEVRLELERSASLNPALEPRVRKAGCKNFFWKTFTSC  

>Chinese softshell turtle (Pelodiscus sinensis) SST1 (ENSPSIT00000016437.1) 

MLSCRLQCALALLSLALAVSSVSGAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLAEPS

QPENEALEPEDLSRGPEQDEVRLELERSANPNPALAPRERKAGCKNFFWKTFTSC 

Amphibians 

>Marsh frog (Pelophylax ridibundus) SST1 (P87384.1) 

MQSCRVQCALTLLSLALAINSISAAPTDPRLRQFLQKSLASAGKQELAKYFLAELLSEPSQTD

NEALESDDLPRGAEQDEVRLELERSANSSPALAPRERKAGCKNFFWKTFTSC 

Lobe-finned fish 

>Coelacanth (Latimeria chalumnae) SST1 (XP_005992512.1) 

MLSSRLQCAFAFLSLALVVSNISAAPSDLRLRQLLQKSLAAAAGKQEVSKYSLAELLAELAQ

AENEALESDDFSKTSDQDEVRLELERSANGNPALAPRERKAGCKNFFWKTFTSC  

>African lungfish (Protopterus annectens) SST1 (AAD39138.1) 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=10090
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=8406
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7888
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MLSCRFQCALVLLSLAVVFSKVSAAPSDLRLRQLLQRSLAAAAGKQELTKYSLAELLSELA

QSENDALDSSDLSRGADQDEVRLELDRSANSSPLAARERKAGCKNFFWKTFTSC 

 

Euteleosts 

>Orange-spotted grouper (Epinephelus coioides) SST1 (AAU93565.1) 

MKMVSSSRLRCLLLLLLSLTASISCSSAAQRDSKLRLLLHRTPLLGSKQDMSRASLAELLLSD

LLQVENEALEEENFPLAEGEPEDVHVDLERAAAAGSGPLLAPRERKAGCKNFFWKTFTSC 

>Killifish (Fundulus heteroclitus) SST1 (EV461374.1) 

MKMFSSLSLRCLLLLLLCLSASISCSAAAQRDSKLRLLLHRTPLLSSQQDVSRSSLAELLLSD

LLQMENEALEEDGFTLPEGEPEDIRVDLERAASSGPLLAPRERKAGCKNFFWKTFTSC 

>Atlantic cod (Gadus morhua) SST1 (AAZ85702.1) 

MMSVRSTLLLLSCAAMLSGSSAAPSDTKLRQLLQRSLLAPMPGQEETVRYTLAQLLSELAQ

AENEALGTDDQDDERMDLERAAGPMMAPRERKAGCKNFFWKTFTSC 

>Stickleback (Gasterosteus aculeatus) SST1 (KT235748) 

MVSSRLRCLLLLLLSLTASISCSSTAQRDGKLHLLLHRTPLLSSKQDMSRASLVELLLSDLLQ

VQNEALEEENLAPAGGEPEEVHLDLERAADAGPLLGPRERKAGCKNFFWKTFTSC 

>African cichlidfish (Haplochromis burtoni) SST1 (AAS97964.1) 

MNSSSRLRCLLLLLVSLTASISCTSAAQRDSKLRLLLHRTPLLGSKQDMSRSSLAELLLSDLL

QVENEALEEENFPLADGEPEDIRVDLERAAGSGPLLAPRERKAGCKNFFWKTFTSC 

>American anglerfish (Lophius americanus) SST1 (P01169.1) 

MKMVSSSRLRCLLVLLLSLTASISCSFAGQRDSKLRLLLHRYPLQGSKQDMTRSALAELLLS

DLLQGENEALEEENFPLAEGGPEDAHADLERAASGGPLLAPRERKAGCKNFFWKTFTSC 

>Rainbow trout (Oncorhynchus mykiss) SST1 (CA364601.1) 

MLSTRVQCALALLSLALAISSVSAAPSDAKLRQLLQRSLMAPAGKQELARNTLVELLSELAH

VENEAIELDDMSHGVEQEDVDLELERAPGPVLAPRERKAGCKNFFWKTFTSC 

>Tilapia (Oreochromis niloticus) SST1 (ENSONIT00000001338.1) 

MNSSSRLRCLLLLLVSLTASISCTSAAQRDSKLRLLLHRTPLLGSKQDMSRSSLAELLLSDLL

QVENEALEEENFPLADGEPEDIRVDLERAAGSGPLLAPRERKAGCKNFFWKTFTSC 

>Medaka (Oryzias latipes) SST1 (XP_004084505.1) 

MMSSSSRLLLLLLSLTASISCSSAAQRDSKLRLLLQRTPLLGSKQDMSRSSLAELLLSDLLQM

ENEVLEEDGFPLSDGEPEDVRVDLERAAASGPLLAPRDRKAGCKNFFWKTFTSC 

>Amazon molly (Poecilia formosa) SST1 (ENSPFOT00000005658.1) 

MKMLSSLSLRCLLLLLLSLSASISCSSAAQRDSKLRLLLHRTPLLSSKQDASRSSLAELLLSDL

LQMENEALEEDGFGLPEGEPEDIRVDLERAASSGPLLAPRERKAGCKNFFWKTFTSC  

>Atlantic salmon (Salmo salar) SST1 (CB509644.1) 

MLSTRVQCALALLSLALAISSVSAAPSDAKLRQLLQRSLMAPAGKQELARYTLAELLSELAQ

AENEAIESDDLSRGVEQEDVRLELERAAGPVLAPRERKAGCKNFFWKTFTSC 

>Takifugu (Takifugu rubripes) SST1 (ENSTRUG00000010048) 

MFSSNSMCLLMLLLSLSASFSCSSAAHRDFKLPLLLQSNALMGNKQEMTRSSLANLLLSDLL

QVGNEALEENLALAEGEPEEVHIDMERAAAAGIGPFLTPRERKAGCKNFFWKTFTSC 

>Tetraodon (Tetraodon nigroviridis) SST1 (KT235747) 

MKMFSNSCCLLMLLLSLSASFSCSSAAHRDSKLALMLPPNPLLGHRQEMSRSSLADLLLSDL

LQVENQALDENFPLVEGEPEEVHVDMERAADAGIGPFLTPRERKAGCKNFFWKTFTSC 

>Platyfish (Xiphophorus maculatus) SST1 (ENSXMAT00000014478.1) 

MKMLSSLSLRCLLLLLLSLSASISCSSAAQRDSKLRLLLHRTPLLSSKQDASRSSLAELLLSDL

LQMENEALEEDGFPEGEPEDIRVDLERAASSGPLLPRERKASCKNFFWKTFTSC   

Other teleosts 

>Mexican tetra (Astyanax mexicanus) SST1 (ENSAMXT00000006698.1) 

MLSTRVQCALALLSIALAVGSVSGAPSDAKLRQFLQRSLIGSAGKQELARYTLAELLSELAQ

AENEALEDDVPRGAEQEDVRMELERAAGPVLAPRERKAGCKNFFWKTFTSC 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=94232
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Fundulus+heteroclitus
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=8049
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=8153
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=8073
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oncorhynchus+mykiss
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oryzias+latipes
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Salmo+salar
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99883
http://www.ensembl.org/Xiphophorus_maculatus/Transcript/Sequence_Protein?db=core;g=ENSXMAG00000014435;r=JH556879.1:447745-450293;t=ENSXMAT00000014478;tl=nXSccOUBwuPO7ppy-4507902-702482459
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>Goldfish (Carassius auratus) SST1 (Q9YGH5.1) 

MLSTRIQCALALLSLALAVCSVSAAPTDAKLRQLLQRSLLNPAGKQELARYTLADLLSELVQ

AENEALEPEDLSRAVEKDEVRLELERAAGPMLAPRERKAGCKNFFWKTFTSC 

>Clown knife fish (Chitala chitala) SST1 (AAK97070.2) 

MLSTRIQCALALLSLALAVSSVYAAPSDLKLRQLLQRSIIAPASKQELARYTLAELLSELAQV

ENEALESDDLSRGADQEEVRLELERAAGPPLAPRERKAGCKNFFWKTFTSC 

>Atlantic herring (Clupea harengus) SST1 (XP_012673158.1) 

MLSLRLQCALALLSIVLAISCISAAPTDVKLRQLLQRSLFAPGGKQELARLTLAELLSELAQA

ENEALESEDMSRGAEGEDVRYELERSAGSMLAPRERKAGCKNFFWKTFTSC  

>Grass carp (Ctenopharyngodon idella) SST1 (ACB69423.1) 

MLSTRIQCALALLSLALAVCSVSAAPTDAKLRQLLQRSLLNPAGKQELARYTLADLLSDLV

QAENEALEPEDLSRAVEKDDVRLELERAAGPMLAPRERKAGCKNFFWKTFTSC 

>Zebrafish (Danio rerio) SST1 (AAH76254.1) 

MLSTRIQCALALLSLALAVSSVSAAPSDAKLRQLLQRSLLSPAGKQELARYTLADLLSDLVQ

AENEALEPEDLSRGAEKDDVRLELERAAGPMLAPRERKAGCKNFFWKTFTSC 

>Elephant nose fish (Gnathonemus petersii) SST1 (AF292652) 

MLSSRIQCALALLSLALAVSSVSAAPSDLKLRQLLQRSLLAPASKQDLARNPLEELLSEMVR

VENEALEPDDLSRGADQEEVRLELERAAGPALAPRERKAGCKNFFWKTFTSC 

>Channel catfish (Ictalurus punctatus) SST1 (CAA23877.1) 

MPSTRIQCALALLAVALSVCSVSGAPSDAKLRQFLQRSILAPSVKQELTRYTLAELLAELAQ

AENEVLDSDEVSRAAESEGARLEMERAAGPMLAPRERKAGCKNFFWKTFTSC 

>Megalobrama (Megalobrama pellegrini) SST1 (AAO92644.1) 

MLSTRIQCALALLSLALAVSSVSAAPSDAKLRQLLQRSLLNPAGKQELARYTLTDLLSDLVQ

AENEVLEPEDLSRAVEKDEVRLELERAAGPMLAPRERKAGCKNFFWKTFTSC 

>Fathead minnow (Pimephales promelas) SST1 (DT100930) 

MLSTRIQCALALLSLALAISSVSAAPSDAKLRQLLQRSLLNPAGKQELARYTLADLLSELVQ

AENEALEPEDLSRAVEKDDVRLELERAAGPMLAPRERKAGCKNFFWKTFTSC 

>Red-bellied piranha (Pygocentrus nattereri) SST1 (XP_017539070.1) 

MLSTRVQCALALLSLALALSSVSGAPSDAKLRQFLQRSLIGPSGKQELARYTLAELLSELAQ

AENEALEAEDMPRGAEQEDVRMELERAAGPVLAPRERKAGCKNFFWKTFTSC 

Other ray-finned fish 

>White sturgeon (Acipenser transmontanus) SST1 (AAL13248.1) 

MLSSRLQCALAFLSLALAVSSVSAAPSDPRLRQLLQRTLAASAGKQELLKYSIAELLSELAQS

ENDALASDELSRAAEQNDVRLELERSANGNPAMAPRERKAGCKNFFWKTFTSC 

>Chinese sturgeon (Acipenser sinensis) SST1 (FJ792687.1) 

MLSSRLQCALALLSLALAVSSVSAATSEPRIRQLLQRALVASAGKQDLLKYSLAELLSELAQ

SENDALASDELSRAAEQNDVRLELERSANGNPAMAPRERKAGCKNFFWKTFTSC 

>Spotted gar (Lepisosteus oculatus) SST1 (XP_006637937.1) 

MLSSRVQCALALLCLALAVSSVSAAPSDLRLRQLLQRSLAASAGKQELARYTLAELLSELA

QSENEALESDDLSRAAEQDEVRLELERSANPALAPRERKAGCKNFFWKTFTSC  

Cartilagonous fish 

>Elephant shark (Callorhinchus milii) SSTa (XP_007910586.1) 

MSCGRVQCALALLSIALTVLSVTSAPAHDRYREILQRSLAAAGARSKPELTKYSLAQLLAEL

ANAENEALEAEDMARATAQDEVRVELERSANPNLAQRERKAGCKSFFWKTFTSC 

>Whale shark (Rhincodon typus) SSTa (XP_020365362.1) 

MWCSRVQCALALLSIALAVLSAGAAPTADRYRELLQTSMAGAEPRSKAELIKYNLVQLLAE

LANAENEVLDGEDLPRMAKQDEVRVDLERSANPNSPQRERKAGCKNFFWKTFTSC 

>Catshark (Scylorhinus canicula) SSTa (JX964750) 

MWCSRLQLSLALLSIALAVLSVSSAPTDNRYREILQRAMAATGSGGKAELTKYSLAQLLSEL

ENAENEALETDAMGGRNEVRLELERSINPNLANRERKAGCKNFFWKTFTSC 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7957
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=112163
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7959
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7955
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=42645
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7998
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=77646
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Pimephales+promelas
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7904
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=61970
https://www.ncbi.nlm.nih.gov/protein/632987064
https://www.ncbi.nlm.nih.gov/protein/1160104615
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Somatostatin 2 
Primates 

>Human (H. sapiens) SST2 (AAB66895.1) 

MPLSPGLLLLLLSGATATAALPLEGGPTGRDSEHMQEAAGIRKSSLLTFLAWWFEWTSQAS

AGPLIGEEAREVARRQEGAPPQQSARRDRMPCRNFFWKTFSSCK 

> Monkey (M. fascicularis) SST2 (XP_015298230) 

MPLPPGLLLLLLSGATATAALPLEGSPTGPDSEHMQEAAGIRKSSLLTFLAWWFEWTSQASA

GPLIGEEAREVARRQEGAPPQQSARRDRTPCKNFFWKTFSSCK  

Other mammals 

> Bovine (B. taurus) SST2 (NP_001191825) 

MLPLCLLLPLLLLPSGATTALSPEGGLAGHESGHMQEVAEIKTNSLLTFLAWWYEWASQAR

AVPFVGGEAREVSKRQEGAPLHQSTRQDKTPCKNFFWKTFSSCK 

>Mouse (M.musculus) SST2 (AAD51127.1) 

MMGGRGTGGKWPSAFGLLLLWGVAASALPLESGPTGQDSVQEATEGRSGLLTFLAWWHE

WASQASSSTPVGGGTPGLSKSQERPPPQQPPHLDKKPCKNFFWKTFSSCK 

> Pig (S. scrofa) SST2 (NP_001191865) 

MLPPLCLLLLLLLPPLGATTALPLEGGLTSHDRDSGHMQEVAEIKKNSLLTFLAWWHEWMS

QAREVPFVGGETREMPKKQEGLPRQQASRGDRTPCGNFFWKTFSSCK 

Reptiles 

>Anole lizard (A. carolinensis) SST2 (XP_008119733.1) 

MAFLVHPPPSAPFLLALLSFSRLMGAAPAAVLPIPGGLAWKHNEGSADLGRDELLAFLSGLV

DRASRRHGMPLSKQEKVVRSPREERVPFFRHPVREKAPCKNFFWKTFSSC 

Amphibians 

> Marsh Frog (P.ridibundus) SST2 (AAC60094.1) 

MLGSAGTLLLLLLAWGARALSQPDDNRITTGRNQDLNAIQQDLLLKLLSGWTDSRESNLVE

VERNVPDPPEPKIPPSVKFPRLSLRERKAPCKNFFWKTFTMC 

Lobe-finned fish 

>Coelacanth (L. chalumnae) SST2 (NW_005819697) 

MQPLILLVPLVLMAWNLGVAAVPKEERLMLYDKVNRETTGFGEERKQFLSNMLDALIGLN

TLENDTPLLGTKEQEEHNLSERSAFKYSSLKKAPCRNFFWKTFSSC 

Teleosts 

>Mexican tetra (A. mexicanum) SST2 (ENSAMXT00000013558.1) 

MALSGGGDTCGAADGGMFIMRMLLSLVPLLLIAWSGTNTDALPIDNKLPQSKEVLTKEQKD

LLIKIMSDLAELNMTLKDLGALDLEQLLNGKLGERSVEKSPCTNFFWKTFSAC 

>Atlantic herring (C. harengus) SST2 (XP_012681486.1) 

MGVLARVDPCSVAQSARITMRVLTSLVPLILIVWSGSQTGALPVREKPLRNESLADEERILLL

KILAGLTEKNLTEENLTGHDLEGLLNGTLKGGSVPTPQERSPCKNFFWKTFSSC 

>Zebrafish (D. rerio) SST2 (ENSDART00000146411.2) 

MFLMRVLLSLFPLVFVIWNGEALPIQDKQSQTNEILSKEEDGLKMITYVAELNLTSKELADL

DAELLNGKLWEKSDKPSKDKSPCKLFFWKTFSSC 

>Channel catfish (I. punctatus) SST2 (XP_017341959.1) 

MALGGRINLYQAVDSPMFTMRVLLSLIPLLFVAWSANNADALPVQDKLPNSNEVLTKEQK

DFMTQFLANLAELNMTIKDLETMDHEQLSKLSERAAFGLPPAREKSQCNFFWKTFSSC 

> Red-bellied piranha (P. nattereri) SST2 (XM_017706353.1) 

MALAVGGTSCGGADGGMFIMRMLLSLVPLLLIAWSGTSTDALPVENKLPQSNEVLTKEQK

DLLIKIMSDLAELNMTVKDLGALDLEQLLSGKLGERSVFGLPAQEKSPCKNFFWKTFSACQ

H 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=10090
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=8406
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Other ray-finned fish 

>Spotted gar (L. oculatus) SST2 (NC_023203.1) 

MHLLSSLVPLALLVWSLKCAAAVPSEERRALQSNGGLAKERKDVLLKVLSGLLVSNLLRKE

QSAVDSEQLKSSLMGERSVFGPSVSRERTPCKNFFWKTFSSC 

 

Cartilaginous fish 

>Elephant shark (C. milii) SSTd (XP_007900347.1) 

MQWQAFASVVCLLFIVTVQGVEPQEERMGLQLNREMVKDKKRLIAKLLAGLLDVDDNLLE

SVIAPLGLSKEEGTDFEERSAAGEIPPRKPKAGCKLFFWKTFSHC 

>Whale shark (R. typus) SSTd (XP_020390988.1) 

MTVCLMSLLLLLSVEAADPLEERMKLQVNREVTKSRKYLMLKLLSGLLDPDDNLLENDFTS

LSPGEEESSLEERSVNAGIPRRPQKAPCKLFFWKTFSHC 

>Catshark (S. canicula) SSTd (MK491629) 

MKWLMTVSLMSLLYLLRVEGTDLLEERMKLQVNREMTKSRKNLIVKLLAGLLETDDNLLE

NGFAPLKPEEAEGTLFEERSVNAGIPRREQKTPCKLFFWKTFSHC 

 

Somatostatin 3 
Euteleosts 

>Orange-spotted grouper (E. coioides) SST3 (AAU93566.1) 

MQCIRCPTILVLVALVLCSPGVFSQPDRDQDQYQNQDLDLELRHHRLLQRARSAGLLSQEW

SKRAVEDLLAQMSLPEADTQREAEVVSMATGGRMNLERSVDPPNNLPPRERKAGCKNFYW

KGFTSC 

>Stickleback (G. aculeatus) SST3 (KT235756) 

MQYTRCPAILVLVGLVLCGPGVSSQRNRDQDQDQYQNQDLDPRPHLLLQRARGAGLLSQD

WSKRAVEDLLAQMSLPEADSQLGAEVVSAATGGRLHLERSVDPPNNLPARERKAGCKNFY

WKGFTSC 

>American anglerfish (L. Americanus) SST3 (P01170.2) 

MQCIRCPAILALLALVLCGPSVSSQLDREQSDNQDLDLELRQHWLLERARSAGLLSQEWSK

RAVEELLAQMSLPEADVQREAEDASMATGGRMNLERSVDSTNNLPPRERKAGCKNFYWK

GFTSC 

>Rainbow trout (O. mykiss)  SST3 (Q91194.1) 

MKVCRIHCALALLGLALAICSQGAASQPDLDLRSRRLLQRARAAAWPHRSGVSERWRTFYP

NCPCLRPRKVKCPAGAKEDLRVELERSVGNPNNLPPRERKAGCKNFYWKGFTSC 

>Medaka (O. latipes) SST3 (AU168379.1) 

MQHARGPAFVVLAALALSSLGVSSQSDRDQDQFQNHDLDLELRHHRLLQRARSAGLLSQD

WSKRAIENMLARMPDPEAEAEREAEVGRNNMERSVDANVPPRNRKDGCKNFYWKGFTSC 

>Amazon molly (P. formosa) SST3 (ENSPFOT00000005672.2) 

MHHARCPTILVLAALAALSLGVSSQADRDQDPYQNQNLDLDLELRHHRLLQRARSAGLLS

QDWSKRAVEDLLAQMSRSAVEAQQDDPEAASKGTDSRLNLERSVETTARERKAGCKNFY

WKGLTSC 

>Atlantic salmon (S. salar) SST3a (DW531645.1) 

MKFSQIHCALALLGLALAICSQGAASQPDLDLRSRRLLQRARAASIATQEWSKRVMEDVLS

KLSLPDVEAQKSVGSTADAKEDLERSVDNSNNLPPRERKAGCKNFYWKGFTSC 

>Atlantic salmon (S. salar) SST3b (CB505007.1) 

https://www.ncbi.nlm.nih.gov/protein/632968108
https://www.ncbi.nlm.nih.gov/protein/1160130978
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oncorhynchus+mykiss
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MKVCRIHCALALLGLALAICSQGAASQPDLDLRSRRLLQRARAAGIATQEWSKRAVEDILS

QLSWPEAQESEVSPAGAKEDLRVELERSVGNPNNLPPRERKAGCKNFYWKGFTSC 

>Takifugu (T. rubripes) SST3 (ENSTRUT00000025350.1) 

MQRIHSSTILMLTTLVLCIQGVSSQPDRDLNQNQDLEMEVRHHRLLQHVHGAGLLSQEWSK

RAVEDLIAQMSMPEGTGQRDTEVVSMATGGRMNLERSVDTTNNLSPPERKAGCKNFYWK

GPTSC 

>Tetraodon (T. nigroviridis) SST3 (ENSTNIT00000001563.1) 

MPGVRSSTILVLTALVLSIQAVSSQPDRDLDQNQDLDQEVRRHRLLQRAHGAGLLSQDWSK

RAVEDLIAQMSLPEGTGQRDTEVVSMATGGRMNLERSVDTTNNLPPRKAGCKNFYWKGFT

SC 

>Platyfish (X. maculatus) SST3 

MHHARYPAILVLAALAALSLGVSSQADRDQDPYQNQNLDLDLELRHHRLLQRARSAGLLS

QDWSKRAVEDLLAQMSRSEVEAQQDGPEAASRGTGSRLNLERSVETTARERKAGCKNFY

WKGLTSC    

Other teleosts 

>Mexican tetra (A. mexicanum) SST3 (ENSAMXT00000006711.1) 

MKVCVLQCGLVLLGLALVLCSSGASSQPDLDLDLDVDLRHRRLLQRARALGIAAQEWKKR

EMEDLLSQLTLPESEFQESEISTLGSKQDVRVEMDRSAENPNSLPPRERKAGCKNFYWKGFT

SC 

>Goldfish (C. auratus) SST3 (AAF15306.1) 

MRLCELHCYLALLGLSLVLCGRCANSQLEPDLDFRHHRLLQRASATGQATRWDFTKRDVE

KLLSLLSIPEMEMREKGLSMAGESEDLRLEQERSAESSNQLPTRVRKEGCKNFYWKGFTSC 

>White sucker (Catostomus commersonii) SST3 (AAK97071.2) 

MRLCELHCYLALLGLSLVLCDRGADSQLEPDMDFRHRRLLQRARAIGLATQDWTKKDIEEL

LSQLSLPEIEARENGVSTTGGNDDLHLELERSAENTNQLYPRERKAGCKNFYWKGFTSC 

>Clown knife fish (C. chitala) SST3 (AAV48555.1) 

MKNCQAQCILALMGLFLGLCWPSDASQPDLRYRSLLQRAHSAPASPQDWTRRTVEDLLAR

LPPPEGEFTPVEDVPAADEGEEVRVELERSVDPNNLPPRERKAGCKNFYWKGFTSC 

>Atlantic herring (C. harengus) SST3 (XP_012693360.1) 

MMRFSGIHCSLALLGLSLVLCSHSASSQPDLDLDLDLRHHRLLQRARAAGMSTQEWSKRAV

EDLLSQLSLPEEETQDREVSTVGAAKDDLHMERSAETNNIPPKDRKSGCKNFFWKGRTSC 

>Grass carp (C. idella) SST3 (ACB69424.1) 

MRLCELQCYLALLGLSLVLCGRSANSQLEPDLDFRHRRLLQRARAIGQATQDWTKKDVEEL

LSLLSMPEMEMRENDISTVDENEDLRVELERSAESSNHIPARERKAGCKNFYWKGFTSC 

>Zebrafish (D. rerio) SST3 (XP_694143.1) 

MRLCELQCYLALLGLSLVLCGRSANSQLEPEMDFRHHRLLQRARAIGQAQEWTKKDVEEL

LSLLSMPEMQMRESDLSTTDENEDLRVELERSAESSNHIPARERKAGCKNFYWKGFTSC 

>Channel catfish (I. punctatus) SST3 (CK424149.1) 

MRTCVLQCCLTLLGLSLVLCSNGVSSQPDLDLRHRRLLQRVQALGVAAQEWTKNDLKAIL

AQLTMPESEFQESDVSTLGTKQDLTVELERSAEDPNSLPPRERKAGCKNFYWKGFTSC 

>Elephant nose fish (G. petersii) SST3 (AAV48556.1) 

MKTCQVHCVLVLLGLVLGLCYPSAASQPDLRYRSFMQRAHTAAMSPQDWSRRVVEDLLSR

LAPPEDDTPQSEMSTAEEGEETRVELERSVEPNNLPPRERKAGCKNFYWKGFTSC 

>Silver arowana (Osteoglossum bicirrhosum) SST3 (AAK97067.1) 

MKICQIHCTLVLLGLVLGLYCPSAASQPDLRYRSFLQRAHAAAMSPQDWSKQAVEELLSRL

APAQGEVPQGAVSAADEEEDVRVDLERSLELNNLPPRERKAGCKNFYWKGFTSC 

>Freshwater butterfly fish (Pantodon buchholzi) SST3 (AAK97068.2) 

MKLCQVHCILALLGLVLGMCGSSSATQLDSRYRSLVQRARAASMGPQQDWGKLSVEDLSL

LAATEADMPFGDMSAAEESEGAHLDLERSVEPGNVPPRERKAGCKNFYWKGFTSC 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7957
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=42645
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> Red-bellied piranha (P. nattereri) SST3  (XP_017539071.1) 

MRVCVLQCCLALLGLSLVLCGNGASSQPDLDMDVDVDLDPRYHRLLQRARALGMAAQD

WRKREMEDLLSQLTLPESEFKESEITSLGAKHDVRVELERSAENPNNLPPRERKAGCKNFY

WKGFTSC 

Other ray-finned fish 

>Spotted gar (L. oculatus) SST3 (ENSLOCT00000011545.1) 

MLSYRVHCTLALFGLVLAFCCVSAVSHSDLRFRRFLQKAKAAGLNKQDSSKYAIEDLISQL

VQSDSEALENEMSVLDENSDARLELERSTEIGKEIPPRERKAGCRNFYWKTFTSC 

Cartilaginous fish 

>Elephant shark (C. milii) SSTe (XP_007910587.1) 

MQARCTLTLALLSLAALGLSALPTHLRDQLVLQGSPAMELRDGVVRELIQAVADAESKPQS

EEAAEDFAPDEKAELRLALAPRWRKDCKNFFWKTYTLC 

>Whale shark (partial) (R. typus) SSTe (XP_020365363.1) 

DFLKDTIIQLLHVVADADKDAVEVNASQVETPPXNKIPMKFQQRQLGTRMRKNCKNFFWK

TYTLC 

>Catshark (S. canicula) SSTe (MK491630) 

MWCSRLQLSLALLSIALAVLSVSSAPTDNRHREILQRALDQELLKDTMMKLLPLVTDVDTE

AGTLDVSNAETSEENTTPMKFQHRQLGMRMRKNCKNFFWKTYTLC 

 

Somatostatin 4 
Euteleosts 

>Stickleback (G. aculeatus) SST4 (KT235754) 

MAHILCVFALLCFAFCAAQDGETQRGFKDNRLQRDSLPWLDKLQDEQDSTKKLNLIEWLYS

FYKFDNGNIVKGPTDAEEPEKNRRGLGKTTRRFGCRVFFWKSWSPC 

>Medaka (O. latipes) SST4 (KT235752) 

MANVLCVLAFLCFAVCVVQNTEIMVESEDLPAGQGLLSSFDRISDFQQSVETGILMNLLYKL

SRPDSAITLQQVRDSEKQEKNRRGVEIATQRPCRVFYWKSWAKC 

>Atlantic salmon (S. salar) SST4 (CA039604.1) 

MALTGIWCAFVLVCVTLCQMGKVDSFVNEDKPTWLETLQDKQVSAADDKYNLVWLLYKL

SQSHHDNTFKINFPPHGPESVGKPESRRETIPQDSRVRKEGCKVFFWKSWTAC 

>Takifugu (T. rubripes) SST4 (NC_018911.1) 

MARALCILVLLCFAPCCAENSKTEHRFNDLQVQEDLLSWLKPQEKWEPSKRQTLEDLLYKL

TNYKSENRILPQQPGDTENQEKNRRDLDNLRVQQRQFGCRMFFWKSWTYC 

>Tetraodon (T. nigroviridis) SST4 (KT235753) 

MARALCFLVLLCFASRCAGNSKTEHRLKDLQVEEDVLPWLNSQEKWEPSKGQNLEDLLYK

LTNYRSENRIVSQQPSDTNQEKNRRGLDNLKVQQRQAGCRIFFWKSWTSC 

Other teleosts 

>Zebrafish (D. rerio) SST4 (NP_571802.1) 

MASSQLHLTATLLCLAMMAGIICGRSHMLLNSALQASRGTSADEEIPERYSLSELEWLLSNS

DPAVFQPDSSSLGSLHSGLELMRRDTKEERKTGCKNYFWKSRTAC 

>Channel catfish (I. punctatus) SST4 (P01172.1) 

MSSSPLRLALALMCLVSAVGVISCGRPHVVLNSALEEARNVPFGEEVPERLTLPELQWMLS

NNELTPVQVEEAPRSRLELVRRDNTVTSKPLNCMNYFWKSRTAC 

Other ray-finned fish 

>Spotted gar (L. oculatus) SST4 (ENSLOCT00000011651.1) 

MLSYRVHCTLALFGLVFAFCCVSAVSNSDLRFRRFLQKAKAASLSTRDSSKYALEDLISQIA

QSDNEALENEMSVLDENSDARLELERSADMGKVIPPRERKAGCRNYYWKTITSC 

 

Somatostatin 5 

https://www.ncbi.nlm.nih.gov/protein/632987066
https://www.ncbi.nlm.nih.gov/protein/1160104617
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Lobe-finned fish 

>Coelacanth (L. chalumnae) SST5 (XP_005999859.1) 

MMCSHVQSLLAVLSASLLLVGVGGLPKGEVLTDLFQGQGAEGKEDFSRMLMLKMVSNLL

KSENDVLVPSAEDTASQDELTRRLAPSRERKAGCKNFFWKTFTSC  

Euteleosts 

>Stickleback (G. aculeatus) SST5 (ALD51533.1) 

MQVLLVALFSSVLLVQVSGAPRGDMPTQRGDPADNKDLAYSMLLKFVSELTAARGGETLL

VPEQEEEEAEGGRQEVMRRHLPLTQRERKAGCRNFFWKTFTSC 

>Rainbow trout (O. mykiss) SST5 (BX909872.3) 

MLCSQLQVLLVALSASVFLARVSAAPHRDMLAELLRADSTKGNEDLSRTLLLKMMSDLMS

AAVGENEVLPDLEEALGVREEVRQLPLSHRERKAGCRNFFWKTFTSC 

>Sockeyess (Oncorhynchus nerka) SST5 (EV380196.1) 

MLCSQLQVLLVALSASVFLARVSAAPHRDMLAELLRADTTKGNEDLSRTLLLKMMSDLMS

TAVGENEVLPDLEEALGVREEVVRQLPLSHRERKAGCRNFFWKTFTSC 

>Tilapia (O. niloticus) SST5 (XP_005464163.1) 

MLRSQVLLVALGLSVLLVRVSTAPYSDMLTETLRADLTNDKDLTHWLLLKFMAELMAARG

DETRRGREEVTRRHLSLSQRERKAGCRNFFWKTFTSC 

>Medaka (O. latipes) SST5 (XP_020567335.1)  

MLLAALGLSLLMACVSGAPQRNPLTHTKQLQLLKSEVDPTRLLLMKLVLELVALRRQEML

QELEEEELGGRERLMKRHIRFTQRERKAGCRNFFWKTFTSC 

>Amazon molly (P. formosa) SST5 (XP_007551472.1) 

MLCSQMKVLFVALCSSMLALHVSSAPQMDELTETLQAELISDKDLTGLLLLRFMSELMASR

GEEMLREKQEEEEEELGGRQRLMRRHIRFSHRERKAGCRNFFWKTFTSC 

>Takifugu (T. rubripes) SST5 (N.D.) 

MLSQVQLLLVTSFSSMLLMEVSSAPRKHMPSELLPADPLKDKDLAILILLRIISEVMAAEREM

LLLPQEGEEEAGVREGEVMMRRQVPFSQRDRKAGCRNFFWKTFTSC 

>Tetraodon (T. nigroviridis) SST5 (ALD51532.1) 

MTRSQLLLAASFSFLLLMEAGGTPRKHKFLPADSVKDKDLALVTSLKFAFEGTAAQREMLL

LLQEDEEDAGVREMMMMMRRQIPFSQRERKAGCRNFFWKSYTSC 

>Platyfish (X. maculatus) SST5 (XP_005804860.3) 

MLCSQMKVLVVALCSSMLALHVSSAPQMDELTETLQAELISDKDLTGLLLLRLMSELTASR

GEEMLREQEEEEEDELGGRQRLMRRHIRFTHRERKAGCRNFFWKTFTSC 

Other teleosts 

> Mexican tetra (A. mexicanum) SST5 (XP_007243346.1) 

MCSQLQVVLVALSVLVLVSRVSAAPRGDVLTQLLQNEADTKENEDISRMLMLKLLSELEVA

GENEVLSGADVRNDVVRQLPFSQRERKTGCRNFFWKTFTSC 

>Zebrafish (D.rerio) SST5 (XP_001333082.1) 

MFSRLQVVVVTLWVSLLLCRVSSAPRGDLLFQLLRSQVDPKENELQDLSRLLLLKQLSESVT

PEEKDALDSIDELDVRNEVVRQIPVSQRERKAGCRNFYWKTFTSC 

> Channel catfish (I. punctatus) SST5 (XP_017327476.1) 

MSSQMQIVVLAVSLLVLVSRVRTAPRTDLLAHMLQNEADGKEDLSRILLLKLISELKIPDEN

DTLSDDDMELNRILRHLPLTTRERKAGCRNFFWKTFTSC 

>Fathead minnow (P. promelas) SST5 (DT105503.1) 

MFSPLQMVVATLSLSLLLCSVSSAPGGDMLIQLLRSEVEPKEIELQDFFRLLLLKQLSESAAP

EEKQPRESIDDDPEVHNEVVRQIPLSHRERKTGCRNFYWKTFTSC 

> Red-bellied piranha (P. nattereri) SST5 (XP_017578562.1) 

MNFEVKSSLLSRAAGRSASTPVIQTFEEFEYFKSICLLNHLITRVSAAPRGDILAQLQADPKG

NEELSRMLILKLLSDLEIPGDNEVLSGTDVRSDMVRQLPFPQRERKTGCRNFFWKTFTSC 

Other ray-finned fish 

>Spotted gar (L. oculatus) SST5 (XP_006627411.2) 

https://www.ncbi.nlm.nih.gov/protein/926659908
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oncorhynchus+mykiss
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oncorhynchus+nerka
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oryzias+latipes
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99883
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7955
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Pimephales+promelas
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MSTGQPSLPPAPAPNQGFQQHKLQVLLVALSVSVLLARVSGVPQRDRLADLLRAEVPEGKE

DLSRMLLLKIFSDLLRAENEIPPGSAEDAGIRSDVPRQLPLAQRERKAGCRNFFWKTFTSC 

Cartilaginous fish 

>Catshark (S. canicula) SSTb (JX964751) 

MPRSQTQVLLTLVTVALLLLRGSSTARVQGLPDILQERNDEGTEELSRTMVLNLLSELLHAG

DKGLPSTERRGLPQAEIVRRWNSPRDRKAGCKNFFWKTFTSC 

 

Somatostatin 6 
Birds 

>Duck (Anas platyrhynchos) SST6 

MQLVASLVSVLLLVWSVRATALPGEERLALQNSREQTKLRKDAILKMLAGLLESVDVASPD

LEEEGKLEEERATLGRLAQLSQRDRKAPCKNFFWKTFTSC   

>Chicken (G. gallus) SST6 (DQ279789) 

MQLVASLVSVLLLVWSVRATALPGEERLALQNSREQTKLRRDALLKMLAGLLESSDVASP

DLEEEGKLEEERAALGRLAQLSQRDRKAPCKNFFWKTFTSC 

>Zebra finch (Taeniopygia guttata) SST6 

MQLVASLASVLLLLWSVRATALPGQEGLQSTREQSTARKDVILKMLAGLLGSVDAGAEVA

FPAGQEKARLEEDQAALGRLAQLSQRDRKAPCKNFFWKTFTSC 

Lobe-finned fish 

>Coelacanth (L. chalumnae) SST6 (XP_005994063.1) 

MQLLTSLVSFLLVVWSVRATALPIEEKLMSHNNVELTKERKELMLKMIAGLLEGIDSPPMG

GEVGSMDLEEPVEPKLEERAAFNRLPQLPQRDRKAPCKNFFWKTFTSC  

>African lungfish (P. annectens) SST6 (Q9W7E9.1)  

MQFLASLVSFLLVVWSVKATALPVEDRLSVHSNRDLTREREEMILKMISGLLDGSDNSLFG

GEVTSMDIEEPLENKLEERAAYNALPQLPQRDRKAPCKNFFWKTFTSC 

Euteleosts 

>Orange-spotted grouper (E. coioides) SST6 (AAU93567.1) 

MQLLVVLAALMGVLFSVRAAAVLPVEDRSSIHVNRELSKERKELILKLVSGLLDGALDTNM

LPGEAAPVDLEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

>Atlantic cod (G. morhua) SST6 

MQLMVVLAALMGVLFSVRAAALLPVEDRSNFHSSRELSKERKELILKLVSGLLEGSPDSNM

LPGELSPVELEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

>Stickleback (G. aculeatus) SST6 (ENSGACG00000007077) 

MQLLVVLATLMGVLFSVRAAAVLPMEDRSSINVNRELSKERKELILKLVSGLLDGAADAN

MLPGEAAPVDFEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

>Rainbow trout (O. mykiss) SST6 (CX153272.1) 

MQLLVILASLMGVLYSVRAAAVLPVEERSPLLNRELSKERKELILKLVSGLLDGATDTNMLP

GEGVSPVDLEEPLESRLEERAAYNRLSQLPQRDRKAPCKNFFWKTFTSC 

>Medaka (O. latipes) SST6 (BJ885293.1) 

MQLLVVLAALMGVLFSVRAAAVLPVEDRSSIHVNRELSKERKELILKLVSGLLDGSLDTNM

LPGEAAPVDFEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

>Rainbow smelt (Osmerus mordax) SST6 (EL519905.1) 

MQLLVVLAALMGVLYSARAAAVLPVEERSPIQANRELSTERKQLILKLVSGLLDGASDSNM

LPGDVSPLDLEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC 

>Amazon molly (P. formosa) SST6 

MQLLVVLAALMGVLFSVRAAAVLPLEDRSPIHANRELSKERKELILKLVSGLLDGALDTNM

LPGEAAPVDLEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

>Takifugu (T. rubripes) SST6 (ENSTRUG00000012370) 

MQLLVVLAALTGVLLSIRAAAVLPVEERSPVHLNRELSKERKELILKLVSGLLDGALDTNML

PMETVDLEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7888
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=94232
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=8049
http://www.ensembl.org/Gasterosteus_aculeatus/Gene/Summary?db=core;g=ENSGACG00000007077;h=BLAST_NEW:BLA_mVc0eQCUg%21%2120120828;r=groupXII:9113794-9117943;t=ENSGACT00000009389
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oncorhynchus+mykiss
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Oryzias+latipes
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Osmerus+mordax
http://www.ensembl.org/Takifugu_rubripes/Gene/Summary?db=core;g=ENSTRUG00000012370;h=BLAST_NEW:BLA_hYQaI1YLg%21%2120120828;r=scaffold_20:942391-946651;t=ENSTRUT00000031443
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>Tetraodon (T. nigroviridis) SST6 (ENSTNIG00000015178) 

MQLLVVLAALTGVLLSVRAAAVLPVEERIPLHLNRELSKERKELMLKLVSGLLDGALDTNM

LPMEAVDLEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

>Platyfish (X. maculatus) SST6 

MQLLVVLAALMGVLFSVRAAAVLPLEDRSPIHANRELSKERKELILKLVSGLLDGALDTNM

LPGEAAPVDLEEPLESRLEERAVYNRLSLPQRDRKAPCKNFFWKTFTSC 

Other teleosts 

> Mexican tetra (Astyanax mexicanus) SST6 (ENSAMXT00000013526.1) 
MQILASLVSLLLVLYSVRAAAVLPVEERSPAHTRELSKERKELILKLVSGLLDGVDNSVLGG

DLVPMEAEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC 

 >Goldfish (C. auratus) SST6 (AAD09631.1) 

MQLLSSLVSLLLVLYSVRAAAVLPVEERNPAQSRELSKERKELILKLISGLLDGVDNSVLDG

EIAPVPFDAEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC 

> Atlantic herring (Clupea harengus) SST6 (XP_012681579.1) 

MQLLASLVSLMLVLYSIRAAAVLPVDERSPAHARELSKERKELILKLVSGLLDGVESNMLPG

DEAPLDLEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC  

>Grass carp (C. idella) SST6 (ACB69425.1) 

MQLLASLVSLLLVLYSVRAAAVLPVEERNLAQSRELSKERKELILKLISGLLDGVDNNVLAG

EIAPVPLDVEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC 

>Zebrafish (D. rerio) SST6 (BG307388) 

MQLLASLVSLLLVLYSVRAAAVLPLEERNPAQSRELSKERKELILKLISGLLDGVDNSVLAG

EIAPVPLDVEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC 

> Channel catfish (I. punctatus) SST6 

MQLLASLVSLLLVLYSVRAAVVLPAEERSPAHTREPSKERKEMILKMVSSLLDGVDNNMLA

GDLLPLEEEEPIDSRLEERAVYNRLAQLPQRDRKAPCKNFFWKTFTSC 

>Fathead minnow (P. promelas) SST6 (DT250237.1) 

MQLLASLVSLMLVLYSVRAAALLPVEERNLAQSRELSKDRKELILKLISGLLDGVDNSVLAG

EIAQVPMDAEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC 

Other ray-finned fish 

>White sturgeon (A. transmontanus) SST6 (AAL13249.1) 

MQLRARLVSLMLVVYSLRVVAVLPGEERLSVHSNRELSKERKEGFLKLLSGLLDRVDSSVV

LGEDVSPMDLEEPLDSRLEERAIYNRLSQLPLRARKAPCKNFFWKTFTSC 

>Chinese sturgeon (A. sinensis) SST6 (FJ792688.1) 

MQLRASLVSLMLVVYSLRVVAVLPGEERLSVHSNRELSKERKEGFLKLLSGLLDGVDSSVV

LGEDVSPMDLEEPLDSRLEERAVYNRLSQLPQRARKAPCKN 

>Spotted gar (L. oculatus) SST6 (XP_006642047.1) 

MQLLASLASLMLVVYSVRAAAVLPGEERATLHTKELSKDRKELILKLISGLLDGADSAMLA

GDVASVDLEEPLESRLEERAVYNRLSQLPQRDRKAPCKNFFWKTFTSC  

Cartilaginous fish 

>Elephant shark (C. milii) SSTc (XP_007895974.1) 

MQILVALISTLFLVSGVSTTTASLDDRFNLQSSREMNQERKEMILKLLSGLLDNAAVSGQTG

SEAGYPEPADGGPVMLEERSRYSQLPQRSRKVPCKNFFWKTFTSC 

>Whale shark (R. typus) SSTc (XP_020368528.1) 

MQLLGSASXVSILLIVSSVKATAPLEDRLSLRANQELNKERKEVVLKLLSALLDSSSNQMGIE

NTFPDQEDMEEMKVEDRSRFSQLPQRERKTSCKNFFWKTFTSC    

> Catshark (S. canicula) SSTc (JX964752) = SST6 

MQLLGTASLLSMLLIVSSVRATAPLEDRLSLRANQELNKERKEVILKLLSGLLDSSSNQIAIE

NTFPDPEDVEEMKVEERSRFSQLPQRERKAPCKNFFWKTFTSC 

 

Other somatostatins 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99883
http://www.ensembl.org/Tetraodon_nigroviridis/Gene/Summary?db=core;g=ENSTNIG00000015178;h=BLAST_NEW:BLA_IfnZJjNnq%21%2120120828;r=9:2204217-2208357;t=ENSTNIT00000018459
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7957
https://www.ncbi.nlm.nih.gov/protein/831299348
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7959
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7955
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Pimephales+promelas
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=7904
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=61970
https://www.ncbi.nlm.nih.gov/protein/632960048
https://www.ncbi.nlm.nih.gov/protein/1160131941
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Lampreys  

>Japanese lamprey (Lethenteron japonicum) SSTa (KU522234) 

MPAMPTTCVLLLFSLGVTALLPRPLGASPFRRPAEGSSLAGLGAWALGPGAGXGGAGLIDD

RLQQRVEAVLTQELSREERALVGRLLAELAAGGAGLGGALPPLGWGPGSSSDEEGGEEGEG

AGGDGGRGERALSARVRKAGCKNFFWKTFTSC  

>River lamprey (Lampetra fluviatilis) SSTb (KX345282) 

MKISRATTTTTSTFSSTLSTSSTSSCRAVRLLFVLPMLSVVLGSVTADVRPLHVRMALERVM

DGPGMENLDQDQKQFLVRLLAAIDSSADETNELNHSEDGSLPEVLVARALRAAAAPGAAG

GAQLPLGNRERKAGCKNFFWKTFSSC 

>Japanese lamprey (Lethenteron japonicum) SSTb  (KU522235) 

MKISRATTSTTSTFSSTLSTSSTTSSCRAVRLLFLLSVLSVVLGSVTADVRPLHARMALERVM

DGLGMENLDQDQKLFLVRLLAAIDSSADETNELNHSEDGSLPEALVARALRAAAAPGAAG

GAQLPLGNRERKAGCKNFFWKTFSSC  

>Japanese lamprey (Lethenteron japonicum) SSTc (KU522236) 

MKATAAICCSLALVLVATGGRRGGGLHAASIGRSAILRAPASYRQLEAHPDLQMGDQDDSQ

MLLNMIVEAMRMRDAGPETDGPGEGEAARVVDGLPEFPREEVRALGPNERPFVPVVLSPRD

RKANCRMFYWKTMAAC 

>Sea lamprey (Petromyzon marinus) SSTc (KU529940) 

MKATAAICCSLALVLVASGGRRSGLHAASIGRSAILRAPASFRQLEAHPDLQMGDQDDSQIL

LNMIVEAMRMRDAGPETDGPGEGEATRVVDGLPEFPREEARALVPNERPFVPGALSPRDRK

ANCRMFYWKTMAAC 

 

 



Alignment: C:\Users\htostivi\Dropbox\Disque dur réserve\Publications\2018- Tostivint- SST in cartilaginous fish\Phylogénie\Muscle-25.06 SST frog2+zebra2+elasmo3+ostei1
Seaview [blocks=10 fontsize=10 A4] on Wed Sep 05 10:26:59 2018

                           1
2Human                     ---------- ---------- ---MPLSPGL --LLLLL--- ----------
2Mouse                     ---------- --------MM GGRGTGGKWP --SAFGL--- ----------
2Pig                       ---------- ---------- -----MLPPL --CLLLL--- ----------
2Bovine                    ---------- ---------- ---MLPL--- --CLLLP--- ----------
2Monkey                    ---------- ---------- ------MPLP --PGLLL--- ----------
2Lizard                    ---------- ---------- -MAFLVHPPP SAPFLLA--- ----------
2Frog                      ---------- ---------- -ML------G SAGTLLL--- ----------
2Coelacanth                ---------- ---------- ------MQPL --ILLVP--- ----------
2Lepisosteus               ---------- ---------- ------MHLL --SSLVP--- ----------
2Astyanax                  -------MAL SGGGDTCGAA DGGMFIMRML --LSLVP--- ----------
2Pygocentrus               -------MAL AVGGTSCGGA DGGMFIMRML --LSLVP--- ----------
2Clupea                    -------MGV LARVDPCSVA QSARITMRVL --TSLVP--- ----------
2Ictalurus                 -------MAL GGRINLYQAV DSPMFTMRVL --LSLIP--- ----------
2Zebrafish                 -------M-- ---------- ----FLMRVL --LSLFP--- ----------
Catshark2                  ---------- ---------- ------MKWL --MTVSL--- ----------
Whale_shark2               ---------- ---------- ---------- --MTVCL--- ----------
Elephant_shark2            ---------- ---------- ------MQWQ --AFASV--- ----------
Skate2                     ---------- ---------- ---MEDRTTL ---------- ----------
aLethenteron               ---------- ---------- MPAMPTTCVL --LLFSLGVT ALLPRPLGAS
bLethenteron               MKISRATTST TSTFSSTLST SSTTSSCRAV --RLLFL--- ----------
bLampetra                  MKISRATTTT TSTFSSTLST SSTSS-CRAV --RLLFV--- ----------
cPetromyzon                ---------- ---------- ---MKATAAI --CCSLA--- ----------
cLethenteron               ---------- ---------- ---MKATAAI --CCSLA--- ----------
3Lepisosteus               ---------- ---------- ---MLSYRVH --CTLAL--- ----------
3Astyanax                  ---------- ---------- ---MKVCVLQ --CGLVL--- ----------
3Clupea                    ---------- ---------- --MMRFSGIH --CSLAL--- ----------
3Ictalurus                 ---------- ---------- ---MRTCVLQ --CCLTL--- ----------
3Pygocentrus               ---------- ---------- ---MRVCVLQ --CCLAL--- ----------
3Amazon_molly              ---------- ---------- ---MHHARCP --TILVL--- ----------
3Platyfish                 ---------- ---------- ---MHHARYP --AILVL--- ----------
3Rainbow_trout             ---------- ---------- ---MKVCRIH --CALAL--- ----------
3Freshwater_butterfly      ---------- ---------- ---MKLCQVH --CILAL--- ----------
3Grass_carp                ---------- ---------- ---MRLCELQ --CYLAL--- ----------
3Goldfish                  ---------- ---------- ---MRLCELH --CYLAL--- ----------
3Clown_knifefish           ---------- ---------- ---MKNCQAQ --CILAL--- ----------
3Orange-spotted            ---------- ---------- ---MQCIRCP --TILVL--- ----------
3American_anglerfish       ---------- ---------- ---MQCIRCP --AILAL--- ----------
3Silver_arowana            ---------- ---------- ---MKICQIH --CTLVL--- ----------
3White_sucker              ---------- ---------- ---MRLCELH --CYLAL--- ----------
3Elephant_nose_fish        ---------- ---------- ---MKTCQVH --CVLVL--- ----------
3Zebrafish                 ---------- ---------- ---MRLCELQ --CYLAL--- ----------
3Stickleback               ---------- ---------- ---MQYTRCP --AILVL--- ----------
3Takifugu                  ---------- ---------- ---MQRIHSS --TILML--- ----------
3Tetraodon                 ---------- ---------- ---MPGVRSS --TILVL--- ----------
3Medaka                    ---------- ---------- ---MQHARGP AFVVLAA--- ----------
3aAtlantic_salmon          ---------- ---------- ---MKFSQIH --CALAL--- ----------
3bAtlantic_salmon          ---------- ---------- ---MKVCRIH --CALAL--- ----------
Elephant_shark3            ---------- ---------- ---MQ-ARCT --LTLAL--- ----------
Whale_shark3               ---------- ---------- ---------- ---------- ----------
catshark3                  ---------- ---------- ---MWCSRLQ --LSLAL--- ----------
Catshark1                  ---------- ---------- ---MWCSRLQ --LSLAL--- ----------
Whale_shark1               ---------- ---------- ---MWCSRVQ --CALAL--- ----------
Elephant_shark1            ---------- ---------- ---MSCGRVQ --CALAL--- ----------
1Human                     ---------- ---------- ---MLSC-RL Q-CALAA--- ----------
1Mouse                     ---------- ---------- ---MLSC-RL Q-CALAA--- ----------
1Monkey                    ---------- ---------- ---MLSC-RL Q-CALAA--- ----------
1Bovine                    ---------- ---------- ---MLSC-RL Q-CALAA--- ----------
1Pig                       ---------- ---------- ---MLSC-RL Q-CALAA--- ----------
1Dog                       ---------- ---------- ---MLSC-RL Q-CALAA--- ----------
1Chicken                   ---------- ---------- ---MLSC-RL Q-CALAL--- ----------
1Flycatcher                ---------- ---------- ---MLSC-RL Q-CALAL--- ----------
1Turkey                    ---------- ---------- ---------- ---------- ----------
1Anole_lizard              ---------- ---------- ---MLPC-RL P-CALAL--- ----------
1Chinese_softshell_turtle  ---------- ---------- ---MLSC-RL Q-CALAL--- ----------
1Frog                      ---------- ---------- ---MQSC-RV Q-CALTL--- ----------
1Lungfish                  ---------- ---------- ---MLSC-RF Q-CALVL--- ----------
1Coelacanth                ---------- ---------- ---MLSS-RL Q-CAFAF--- ----------
1Lepisosteus               ---------- ---------- ---MLSS-RV Q-CALAL--- ----------
1White_sturgeon            ---------- ---------- ---MLSS-RL Q-CALAF--- ----------
1Chinese_sturgeon          ---------- ---------- ---MLSS-RL Q-CALAL--- ----------
1Platyfish                 ---------- ---------- -MKMLSSLSL R-CLLLL--- ----------
1Tilapia                   ---------- ---------- ---MNSSSRL R-CLLLL--- ----------
1Elephant_nose_fish        ---------- ---------- ---MLSS-RI Q-CALAL--- ----------
1Carp                      ---------- ---------- ---MLST-RI Q-CALAL--- ----------
1Goldfish                  ---------- ---------- ---MLST-RI Q-CALAL--- ----------



1Clown_knife_fish          ---------- ---------- ---MLST-RI Q-CALAL--- ----------
1Orange-spotted_grouper    ---------- ---------- -MKMVSSSRL R-CLLLL--- ----------
1Anglerfish                ---------- ---------- -MKMVSSSRL R-CLLVL--- ----------
1Megalobrama               ---------- ---------- ---MLST-RI Q-CALAL--- ----------
1African_cichlid_fish      ---------- ---------- ---MNSSSRL R-CLLLL--- ----------
1Cod                       ---------- ---------- ---MMSV-R- --STLLL--- ----------
1Zebrafish                 ---------- ---------- ---MLST-RI Q-CALAL--- ----------
1Medaka                    ---------- ---------- ---MMSSSSR --LLLLL--- ----------
1Stickleback               ---------- ---------- ---MVSS-RL R-CLLLL--- ----------
1Takifugu                  ---------- ---------- ---MFSSNSM --CLLML--- ----------
1Tetraodon                 ---------- ---------- -MKMFSNSC- --CLLML--- ----------
1Trout                     ---------- ---------- ---MLST-RV Q-CALAL--- ----------
1Fathead_minnow            ---------- ---------- ---MLST-RI Q-CALAL--- ----------
1Killifish                 ---------- ---------- -MKMFSSLSL R-CLLLL--- ----------
1Salmon                    ---------- ---------- ---MLST-RV Q-CALAL--- ----------
1Pygocentrus               ---------- ---------- ---MLST-RV Q-CALAL--- ----------
1Ictalurus                 ---------- ---------- ---MPST-RI Q-CALAL--- ----------
1Astyanax                  ---------- ---------- ---MLST-RV Q-CALAL--- ----------
1Clupea                    ---------- ---------- ---MLSL-RL Q-CALAL--- ----------
1Amazon_molly              ---------- ---------- -MKMLSSLSL R-CLLLL--- ----------
5Coelacanth                ---------- ---------- ---MMCSHVQ --SLLAV--- ----------
5Zebrafish                 ---------- ---------- ----MFSRLQ --VVVVT--- ----------
5Stickleback               ---------- ---------- ---------- --MQVLL--- ----------
5Takifugu                  ---------- ---------- ----MLSQVQ --LLLVT--- ----------
5Tetraodon                 ---------- ---------- -----MTRSQ --LLLAA--- ----------
5Medaka                    ---------- ---------- ---------- --MLLAA--- ----------
5Sockeyess                 ---------- ---------- ---MLCSQLQ --VLLVA--- ----------
5Trout                     ---------- ---------- ---MLCSQLQ --VLLVA--- ----------
5Fathead_minnow            ---------- ---------- ----MFSPLQ --MVVAT--- ----------
5Amazon_molly              ---------- ---------- ---MLCSQMK --VLFVA--- ----------
5Platyfish                 ---------- ---------- ---MLCSQMK --VLVVA--- ----------
5Tilapia                   ---------- ---------- ---MLRSQVL ---LVAL--- ----------
5Lepisosteus               ------MSTG QPSLPPAPAP NQGFQQHKLQ --VLLVA--- ----------
5Astyanax                  ---------- ---------- ----MCSQLQ --VVLVA--- ----------
5Ictalurus                 ---------- ---------- ----MSSQMQ --IVVLA--- ----------
5Pygocentrus               ---------- ------MNFE VKSSLLSRAA GRSASTP--- -------VIQ
Catshark5                  ---------- ---------- ---MPRSQTQ --VLLTL--- ----------
6Chicken                   ---------- ---------- ------MQLV --ASLVS--- ----------
6Zebra_finch               ---------- ---------- ------MQLV --ASLAS--- ----------
6Duck                      ---------- ---------- ------MQLV --ASLVS--- ----------
6Lungfish                  ---------- ---------- ------MQFL --ASLVS--- ----------
6Coelacanth                ---------- ---------- ---MLNMQLL --TSLVS--- ----------
6White_sturgeon            ---------- ---------- ------MQLR --ARLVS--- ----------
6Chinese_sturgeon          ---------- ---------- ------MQLR --ASLVS--- ----------
6Lepisosteus               ---------- ---------- ------MQLL --ASLAS--- ----------
6Carp                      ---------- ---------- ------MQLL --ASLVS--- ----------
6Goldfish                  ---------- ---------- ------MQLL --SSLVS--- ----------
6Orange-spotted_grouper    ---------- ---------- ------MQLL --VVLAA--- ----------
6Zebrafish                 ---------- ---------- ------MQLL --ASLVS--- ----------
6Stickleback               ---------- ---------- ------MQLL --VVLAT--- ----------
6Takifugu                  ---------- ---------- ------MQLL --VVLAA--- ----------
6Tetraodon                 ---------- ---------- ------MQLL --VVLAA--- ----------
6Rainbow_smelt             ---------- ---------- ------MQLL --VVLAA--- ----------
6Trout                     ---------- ---------- ------MQLL --VILAS--- ----------
6Medaka                    ---------- ---------- ------MQLL --VVLAA--- ----------
6Fathead_minnow            ---------- ---------- ------MQLL --ASLVS--- ----------
6Astyanax                  ---------- ---------- ------MQIL --ASLVS--- ----------
6Pygocentrus               ---------- ---------- ------MQLL --ASLVS--- ----------
6Clupea                    ---------- ---------- ------MQLL --ASLVS--- ----------
6Ictalurus                 ---------- ---------- ------MQLL --ASLVS--- ----------
6Amazon_molly              ---------- ---------- ------MQLL --VVLAA--- ----------
6Cod                       ---------- ---------- ------MQLM --VVLAA--- ----------
6Platyfish                 ---------- ---------- ------MQLL --VVLAA--- ----------
Catshark6                  ---------- ---------- ------MQLL --GTASL--- ----------
Elephant_shark6            ---------- ---------- --MQILVALI --STLFL--- ----------
whale_shark6               ---------- ---------- -MQLLGSASX --VSILL--- ----------
4Lepisosteus               ---------- ---------- ---MLSYRVH --CTLAL--- ----------
4Zebrafish                 ---------- ---------- ---MASSQLH --LTATL--- ----------
4Takifugu                  ---------- ---------- -----MARAL --CILVL--- ----------
4Medaka                    ---------- ---------- -----MANVL --CVLAF--- ----------
4Tetraodon                 ---------- ---------- -----MARAL --CFLVL--- ----------
4Channel_catfish           ---------- ---------- ---MSSSPLR --LALAL--- ----------
4Stickleback               ---------- ---------- -----MAHIL --CVFAL--- ----------
4Atlantic                  ---------- ---------- ---MALTGIW --CAFVL--- ----------
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2Human                     ---------- ------SGAT ATAALPL--- ---------- EG--------
2Mouse                     ---------- --LLL-WGVA ASALP----- ---------- ----------
2Pig                       ---------- --LLL-PPLG ATTALPL--- ---------- EG--GL----
2Bovine                    ---------- --LLL-LPSG ATTALSP--- ---------- EG----GLA-
2Monkey                    ---------- --LLL-SGAT ATAALPL--- ---------- EG--------
2Lizard                    ---------- LLSFS-RLMG AAPAAVL--- ---------- PI--PGGLA-
2Frog                      ---------- LL-----LAW GARALSQ--- ---------- PD--DNRIT-
2Coelacanth                ---------- -LVLMAWNLG -VAAVPK--- ---------- EE--RLMLYD
2Lepisosteus               ---------- -LALLVWSLK CAAAVPS--- ---------- EE--RRALQ-
2Astyanax                  ---------- -LLLIAWSGT NTDALPI--- ---------- DN--KLPQ--
2Pygocentrus               ---------- -LLLIAWSGT STDALPV--- ---------- EN--KLPQ--
2Clupea                    ---------- LILIV-WSGS QTGALPV--- ---------- ----REKPL-
2Ictalurus                 ---------- LLFVA-WSAN NADALPV--- ---------- QD--KL-PN-
2Zebrafish                 ---------- LVFVI-WNGE ---ALPI--- ---------- QD--KQ-SQ-
Catshark2                  ---------- -MSLL-YLLR VEGTDLL--- ---------- EE--RMKLQ-
Whale_shark2               ---------- -MSLL-LLLS VEAADPL--- ---------- EE--RMKLQ-
Elephant_shark2            ---------- -VCLL-FIVT VQGVEPQ--- ---------- EE--RMGLQ-
Skate2                     ---------- ---------- ---------- ---------- QE--------
aLethenteron               PFRRPAEGSS LAGLGAWALG PGAGXGG--- ---------- AG--LIDDR-
bLethenteron               ---------- -LSVLSVVLG SVTADVR--- ---------- PL--HARMA-
bLampetra                  ---------- LPMLS-VVLG SVTADVR--- ---------- PL--HVRMA-
cPetromyzon                ---------- -LVLV-ASGG RRSGLHA--- -----ASIGR SA--ILRAPA
cLethenteron               ---------- LVLVA-TGGR RGGGLHA--- -----ASIGR SA--ILRAPA
3Lepisosteus               ---------- -FGLV-LAFC CVSAVSH--- ---------S DL--RFRRF-
3Astyanax                  ---------- -LGLA-LVLC SSGASSQ--- ---PDLDLDL DVDLRHRRL-
3Clupea                    ---------- -LGLS-LVLC SHSASSQ--- -------PDL DLDLDLRHHR
3Ictalurus                 ---------- -LGLS-LVLC SNGVSSQ--- ---------P DLDLRHRRL-
3Pygocentrus               ---------- -LGLS-LVLC GNGASSQ--P DLDMDVDVDL DP--RYHRL-
3Amazon_molly              ---------- -AALAALSLG VSSQADR-DQ DPYQNQNLDL DL--ELRHHR
3Platyfish                 ---------- -AALAALSLG VSSQADR--- DQDPYQNQNL DLDLELRHHR
3Rainbow_trout             ---------- -LGLA-LAIC SQGAASQ--- ---------P DLDLRSRRL-
3Freshwater_butterfly      ---------- -LGLV-LGMC GSSSATQ--- ---------L DS--RYRSL-
3Grass_carp                ---------- -LGLS-LVLC GRSANSQ--- -------LEP DLDFRHRRL-
3Goldfish                  ---------- -LGLS-LVLC GRCANSQ--- ---------L EPDLDFRHHR
3Clown_knifefish           ---------- -MGLF-LGLC WPSDASQ--- ---------P DL--RYRSL-
3Orange-spotted            ---------- -VALV-LCSP GVFSQPD--- -RDQDQYQNQ DLDLELRHHR
3American_anglerfish       ---------- LALVL-CGPS VSSQLDR--- --EQSDNQDL DL--ELRQHW
3Silver_arowana            ---------- -LGLV-LGLY CPSAASQ--- ---------P DL--RYRSF-
3White_sucker              ---------- -LGLS-LVLC DRGADSQ--- -------LEP DMDFRHRRL-
3Elephant_nose_fish        ---------- -LGLV-LGLC YPSAASQ--- ---------P DL--RYRSF-
3Zebrafish                 ---------- -LGLS-LVLC GRSANSQ--- ---------L EPEMDFRHHR
3Stickleback               ---------- -VGLV-LCGP GVSSQRNRDQ DQDQYQNQDL DP--RPHLL-
3Takifugu                  ---------- -TTLV-LCIQ GVSSQPD--- ---RDLNQNQ DLEMEVRHHR
3Tetraodon                 ---------- -TALV-LSIQ AVSSQPD--- ---RDLDQNQ DLDQEVRRHR
3Medaka                    ---------- -LALSSLGVS SQSDRDQ--- ----DQFQNH DLDLELRHHR
3aAtlantic_salmon          ---------- -LGLA-LAIC SQGAASQ--- ---------P DLDLRSRRL-
3bAtlantic_salmon          ---------- -LGLA-LAIC SQGAASQ--- ---------P DLDLRSRRL-
Elephant_shark3            ---------- -LS---LAAL GLSALPT--- ---------- --HLRDQLV-
Whale_shark3               ---------- ---------- ---------- ---------- ----------
catshark3                  ---------- -LSIA-LAVL SVSSAPT--- ---------- DN--RHREI-
Catshark1                  ---------- -LSIA-LAVL SVSSAPT--- ---------- DN--RYREI-
Whale_shark1               ---------- -LSIA-LAVL SAGAAPT--- ---------- AD--RYREL-
Elephant_shark1            ---------- -LSIA-LTVL SVTSAPA--- ---------- HD--RYREI-
1Human                     ---------- -LSIV-LALG CVTGAPS--- ---------- DP--RLRQF-
1Mouse                     ---------- -LCIV-LALG GVTGAPS--- ---------- DP--RLRQF-
1Monkey                    ---------- -LSIV-LALG GVTGAPS--- ---------- DP--RLRQF-
1Bovine                    ---------- -LSIV-LALG GVTGAPS--- ---------- DP--RLRQF-
1Pig                       ---------- -LSIV-LALG GVTGAPS--- ---------- DP--RLRQF-
1Dog                       ---------- -LSIV-LALG GVTCAPS--- ---------- DP--RLRQF-
1Chicken                   ---------- -LSIA-LAVG TVSAAPS--- ---------- DP--RLRQF-
1Flycatcher                ---------- -LSIA-LALG TVSAAPS--- ---------- DP--RLRQF-
1Turkey                    ---------- ---------- ---------- ---------- ----------
1Anole_lizard              ---------- -LSLA-LALG SGAAAPA--- ---------- DP--RLRQF-
1Chinese_softshell_turtle  ---------- -LSLA-LAVS SVSGAPS--- ---------- DP--RLRQF-
1Frog                      ---------- -LSLA-LAIN SISAAPT--- ---------- DP--RLRQF-
1Lungfish                  ---------- -LSLA-VVFS KVSAAPS--- ---------- DL--RLRQL-
1Coelacanth                ---------- -LSLA-LVVS NISAAPS--- ---------- DL--RLRQL-
1Lepisosteus               ---------- -LCLA-LAVS SVSAAPS--- ---------- DL--RLRQL-
1White_sturgeon            ---------- -LSLA-LAVS SVSAAPS--- ---------- DP--RLRQL-
1Chinese_sturgeon          ---------- -LSLA-LAVS SVSAATS--- ---------- EP--RIRQL-
1Platyfish                 ---------- LLSLS-ASIS CSSAAQR--- ---------- DS--KLRLL-
1Tilapia                   ---------- LVSLT-ASIS CTSAAQR--- ---------- DS--KLRLL-
1Elephant_nose_fish        ---------- -LSLA-LAVS SVSAAPS--- ---------- DL--KLRQL-
1Carp                      ---------- -LSLA-LAVC SVSAAPT--- ---------- DA--KLRQL-
1Goldfish                  ---------- -LSLA-LAVC SVSAAPT--- ---------- DA--KLRQL-
1Clown_knife_fish          ---------- -LSLA-LAVS SVYAAPS--- ---------- DL--KLRQL-
1Orange-spotted_grouper    ---------- LLSLT-ASIS CSSAAQR--- ---------- DS--KLRLL-
1Anglerfish                ---------- LLSLT-ASIS CSFAGQR--- ---------- DS--KLRLL-



1Megalobrama               ---------- -LSLA-LAVS SVSAAPS--- ---------- DA--KLRQL-
1African_cichlid_fish      ---------- LVSLT-ASIS CTSAAQR--- ---------- DS--KLRLL-
1Cod                       ---------- -LSCA-AMLS GSSAAPS--- ---------- DT--KLRQL-
1Zebrafish                 ---------- -LSLA-LAVS SVSAAPS--- ---------- DA--KLRQL-
1Medaka                    ---------- -LSLT-ASIS CSSAAQR--- ---------- DS--KLRLL-
1Stickleback               ---------- LLSLT-ASIS CSSTAQR--- ---------- DG--KLHLL-
1Takifugu                  ---------- LLSLS-ASFS CSSAAHR--- ---------- DF--KLPLL-
1Tetraodon                 ---------- LLSLS-ASFS CSSAAHR--- ---------- DS--KLALM-
1Trout                     ---------- -LSLA-LAIS SVSAAPS--- ---------- DA--KLRQL-
1Fathead_minnow            ---------- -LSLA-LAIS SVSAAPS--- ---------- DA--KLRQL-
1Killifish                 ---------- LLCLS-ASIS CSAAAQR--- ---------- DS--KLRLL-
1Salmon                    ---------- -LSLA-LAIS SVSAAPS--- ---------- DA--KLRQL-
1Pygocentrus               ---------- -LSLA-LALS SVSGAPS--- ---------- DA--KLRQF-
1Ictalurus                 ---------- -LAVA-LSVC SVSGAPS--- ---------- DA--KLRQF-
1Astyanax                  ---------- -LSIA-LAVG SVSGAPS--- ---------- DA--KLRQF-
1Clupea                    ---------- -LSIV-LAIS CISAAPT--- ---------- DV--KLRQL-
1Amazon_molly              ---------- LLSLS-ASIS CSSAAQR--- ---------- DS--KLRLL-
5Coelacanth                ---------- -LSAS-LLLV GVGGLPK--- ---------- GE--VLTDL-
5Zebrafish                 ---------- -LWVS-LLLC RVSSAPR--- ---------- GD-----LLF
5Stickleback               ---------- VALFSSVLLV QVSGAPR--- ---------- GD--------
5Takifugu                  ---------- --SFSSMLLM EVSSAPR--- ---------- KH--------
5Tetraodon                 ---------- --SFSFLLLM EAGGTPR--- ---------- KH--------
5Medaka                    ---------- -LGLS-LLMA CVSGAPQ--- ---------R NP--------
5Sockeyess                 ---------- -LSAS-VFLA RVSAAPH--- ---------- RD--MLAEL-
5Trout                     ---------- -LSAS-VFLA RVSAAPH--- ---------- RD--MLAEL-
5Fathead_minnow            ---------- -LSLS-LLLC SVSSAPG--- ---------- GD--MLIQ--
5Amazon_molly              ---------- -LCSSMLALH VSSAPQM--- ---------- DE--------
5Platyfish                 ---------- LCSSM-LALH VSSAPQM--- ---------- DE--------
5Tilapia                   ---------- --GLS-VLLV RVSTAPY--- ---------- SD--MLTET-
5Lepisosteus               ---------- -LSVS-VLLA RVSGVPQ--- ---------- RD--RLADL-
5Astyanax                  ---------- -LSVL-VLVS RVSAAPR--- ---------- GD--VLTQL-
5Ictalurus                 ---------- -VSLL-VLVS RVRTAPR--- ---------- TD--------
5Pygocentrus               TFEEFEYFKS ICLLN-HLIT RVSAAPR--- ---------- GD--ILAQL-
Catshark5                  ---------- V-TVA-LLLL RGSSTAR--- ---------- VQ--GLPDI-
6Chicken                   ---------- VLLLV-WSVR A-TALPG--- ---------- EE--RLALQ-
6Zebra_finch               ---------- VLLLL-WSVR ATALPGQ--- ---------- EG--------
6Duck                      ---------- VLLLV-WSVR A-TALPG--- ---------- EE--RLALQ-
6Lungfish                  ---------- FLLVV-WSVK A-TALPV--- ---------- ED--RLSVH-
6Coelacanth                ---------- FLLVV-WSVR A-TALPI--- ---------- EE--KLM---
6White_sturgeon            ---------- LMLVV-YSLR VVAVLPG--- ---------- EE--RLSVH-
6Chinese_sturgeon          ---------- LMLVV-YSLR VVAVLPG--- ---------- EE--RLSVH-
6Lepisosteus               ---------- LMLVV-YSVR AAAVLPG--- ---------- EE--RATLH-
6Carp                      ---------- -LLLVLYSVR AAAVLPV--- ---------- EE--RNLAQ-
6Goldfish                  ---------- LLLVL-YSVR AAAVLPV--- ---------- EE--RNPAQ-
6Orange-spotted_grouper    ---------- LMGVL-FSVR AAAVLPV--- ---------- ED--RSSIH-
6Zebrafish                 ---------- -LLLVLYSVR AAAVLPL--- ---------- EE--RNPAQ-
6Stickleback               ---------- LMGVL-FSVR AAAVLPM--- ---------- ED--RSSIN-
6Takifugu                  ---------- LTGVL-LSIR AAAVLPV--- ---------- EE--RSPVH-
6Tetraodon                 ---------- LTGVL-LSVR AAAVLPV--- ---------- EE--RIPLH-
6Rainbow_smelt             ---------- LMGVL-YSAR AAAVLPV--- ---------- EE--RSPIQ-
6Trout                     ---------- LMGVL-YSVR AAAVLPV--- ---------- EE--RSPL--
6Medaka                    ---------- LMGVL-FSVR AAAVLPV--- ---------- ED--RSSIH-
6Fathead_minnow            ---------- LMLVL-YSVR AAALLPV--- ---------- EE--RN----
6Astyanax                  ---------- LLLVL-YSVR AAAVLPV--- ---------- EE--RSPAH-
6Pygocentrus               ---------- -LLLVLYSVR AAAVLPV--- ---------- EE--RSPTH-
6Clupea                    ---------- LMLVL-YSIR AAAVLPV--- ---------- DE--RSPAH-
6Ictalurus                 ---------- LLLVL-YSVR AAVVLPA--- ---------- EE--RSPAH-
6Amazon_molly              ---------- LMGVL-FSVR AAAVLPL--- ---------- ED--RSPIH-
6Cod                       ---------- LMGVL-FSVR AAALLPV--- ---------- ED--RSNFH-
6Platyfish                 ---------- LMGVL-FSVR AAAVLPL--- ---------- ED--RSPIH-
Catshark6                  ---------- -LSMLLIVSS VRATAPL--- ---------- ED--RLSLR-
Elephant_shark6            ---------- ------VSGV STTTASL--- ---------- DD--RFNLQ-
whale_shark6               ---------- ------IVSS VKATAPL--- ---------- ED--RLSLR-
4Lepisosteus               ---------- -FGLV-FAFC CVSAVSN--- ---------S DL--RFRRF-
4Zebrafish                 ---------- -LCLA-MMAG IICG------ ---------- ----RSHML-
4Takifugu                  ---------- ---LC-FAPC CAENSKT--- ---------- EH--RFNDL-
4Medaka                    ---------- -LCFAVCVVQ NTEIMVE--- ---------- SE--DLPAGQ
4Tetraodon                 ---------- ---LC-FASR CAGNSKT--- ---------- EH--RLKDL-
4Channel_catfish           ---------- -MCLV-SAVG VISCGRP--- ---------- ----HVVLNS
4Stickleback               ---------- -LCFA-FCAA QDGETQR--- ---------- ----GFKDNR
4Atlantic                  ---------- V-CVTLCQMG KVDSFVN--- ---------- ED--KPTWLE
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2Human                     -GPTGRDSEH MQEAAGI--- RKSSLLT-FL AWWFEWTS-- QASAGPLI--
2Mouse                     -LESGPTGQD SVQEATE--- GRSGLLT-FL AWWHEWAS-- QASSSTPV--
2Pig                       -TSHDRDSGH MQEVAEI--- KKNSLLT-FL AWWHEWMS-- QAREVPFV--
2Bovine                    ----GHESGH MQEVAEI--- KTNSLLT-FL AWWYEWAS-- QARAVPFV--
2Monkey                    -SPTGPDSEH MQEAAGI--- RKSSLLT-FL AWWFEWTS-- QASAGPLI--
2Lizard                    -WKHNEGSA- -----DL--- GRDELLA-FL SGLVDRASRR HGMPLSK---
2Frog                      -TGRNQDLN- -----AI--- QQDLLLK-LL SGWTD--SRE SN--LVE---
2Coelacanth                KVNRETTGF- ----GEE--- RKQFLSN-ML DALIGL---- NTLENDTP--
2Lepisosteus               -SNGGLAKE- ---------- RKDVLLK-VL SGLLVS---- NLLRKEQS--
2Astyanax                  -SKEVLTKE- ---------- QKDLLIK-IM SDLAELNMTL KDLGALDL--
2Pygocentrus               -SNEVLTKE- ---------- QKDLLIK-IM SDLAELNMTV KDLGALDL--
2Clupea                    -RNESLADE- ---------- ERILLLK-IL AGLTEKNLTE ENLTGHDL--
2Ictalurus                 --SNEVLTKE ---------- QKDFMTQ-FL ANLAELNMTI KDLETMDH--
2Zebrafish                 --TNEILSKE ---------- EDGL--K-MI TYVAELNLTS KELADLDA--
Catshark2                  -VNREMTKS- ---------- RKNLIVK-LL AGLLETDD-- NLLENGFA--
Whale_shark2               -VNREVTKS- ---------- RKYLMLK-LL SGLLDPDD-- NLLENDFT--
Elephant_shark2            -LNREMVKD- ---------- KKRLIAK-LL AGLLDVDD-- NLLESVIA--
Skate2                     -LTKN----- ---------- RKSLILK-LL AGLLDVDD-- HLGESGYT--
aLethenteron               -LQQRVEAVL TQELSRE--- ERALVGR-LL AELAAGGAGL GGALPPLGWG
bLethenteron               -LERVMDGLG MENLDQD--- QKLFLVR-LL AAIDSSADET NELNHSED-G
bLampetra                  -LERVMDGPG MENLDQD--- QKQFLVR-LL AAIDSSADET NELNHSED-G
cPetromyzon                SFRQLEAHPD LQMGDQD--- DSQILLN-MI VEAMRMRDAG PETDGPGEGE
cLethenteron               SYRQLEAHPD LQMGDQD--- DSQMLLN-MI VEAMRMRDAG PETDGPGEGE
3Lepisosteus               -LQKAKAAG- -LNKQDS--- SKYAIED-LI SQLVQSDS-- EALENEMS--
3Astyanax                  -LQRARALG- -IAAQEW--- KKREMED-LL SQLTLPESEF QESEISTL--
3Clupea                    LLQRARAAG- -MSTQEW--- SKRAVED-LL SQLSLPEEET QDREVSTV--
3Ictalurus                 -LQRVQALG- -VAAQEW--- TKNDLKA-IL AQLTMPESEF QENDVSTL--
3Pygocentrus               -LQRARALG- -MAAQDW--- RKREMED-LL SQLTLPESEF KESEITSL--
3Amazon_molly              LLQRARSAG- -LLSQDW--- SKRAVED-LL AQMSRSAV-- EAQQDDPE--
3Platyfish                 LLQRARSAG- -LLSQDW--- SKRAVED-LL AQMSRSEV-- EAQQDGPE--
3Rainbow_trout             -LQRARAAAW P--------- HRSGVSE--- -RWRTFYPNC PCLRPRKV--
3Freshwater_butterfly      -VQRARAAS- MGPQQDW--- GKLSVED--L SLLAATEA-- DMPFGDMS--
3Grass_carp                -LQRARAIG- -QATQDW--- TKKDVEE-LL SLLSMPEM-- EMRENDIS--
3Goldfish                  LLQRASATG- QATRWDF--- TKRDVEK-LL SLLSIPEM-- EMREKGLS--
3Clown_knifefish           -LQRAHSAP- -ASPQDW--- TRRTVED-LL ARLPPPEG-- EFTPVEDV--
3Orange-spotted            LLQRARSAG- -LLSQEW--- SKRAVED-LL AQMSLPEA-- DTQREAEV--
3American_anglerfish       LLERARSAG- -LLSQEW--- SKRAVEE-LL AQMSLPEA-- DVQREAED--
3Silver_arowana            -LQRAHAAA- -MSPQDW--- SKQAVEE-LL SRLAPAQG-- EVPQGAVS--
3White_sucker              -LQRARAIG- -LATQDW--- TKKDIEE-LL SQLSLPEI-- EARENGVS--
3Elephant_nose_fish        -MQRAHTAA- -MSPQDW--- SRRVVED-LL SRLAPPED-- DTPQSEMS--
3Zebrafish                 LLQRARAIG- --QAQEW--- TKKDVEE-LL SLLSMPEM-- QMRESDLS--
3Stickleback               -LQRARGAG- -LLSQDW--- SKRAVED-LL AQMSLPEA-- DSQLGAEV--
3Takifugu                  LLQHVHGAG- -LLSQEW--- SKRAVED-LI AQMSMPEG-- TGQRDTEV--
3Tetraodon                 LLQRAHGAG- -LLSQDW--- SKRAVED-LI AQMSLPEG-- TGQRDTEV--
3Medaka                    LLQRARSAG- -LLSQDW--- SKRAIEN-ML ARMPDPEA-- EAEREAEV--
3aAtlantic_salmon          -LQRARAAS- -IATQEW--- SKRVMED-VL SKLSLPDV-- EAQKS-----
3bAtlantic_salmon          -LQRARAAG- -IATQEW--- SKRAVED-IL SQLSWPEA-- QESEVSPA--
Elephant_shark3            -LQGSPA--- ----MEL--- RDGVVRE-LI QAVADAESKP QSEEAAE---
Whale_shark3               ---------- -----DF--- LKDTIIQ-LL HVVADADKDA VEVNASQV--
catshark3                  -LQR--ALD- ----QEL--- LKDTMMK-LL PLVTDVDTEA GTLDVSNA--
Catshark1                  -LQRAMAATG SGGKAEL--- TKYSLAQ-LL SELENAEN-- EALETDAM--
Whale_shark1               -LQTSMAGAE PRSKAEL--- IKYNLVQ-LL AELANAEN-- EVLDGEDL--
Elephant_shark1            -LQRSLAAAG ARSKPEL--- TKYSLAQ-LL AELANAEN-- EALEAEDM--
1Human                     -LQKSLAAA- -AGKQEL--- AKYFLAE-LL SEPNQTEN-- DALEPEDL--
1Mouse                     -LQKSLAAA- -TGKQEL--- AKYFLAE-LL SEPNQTEN-- DALEPEDL--
1Monkey                    -LQKSLAAA- -AGKQEL--- AKYFLAE-LL SEPNQTEN-- DALEPEDL--
1Bovine                    -LQKSLAAA- -AGKQEL--- AKYFLAE-LL SEPNQTEI-- DALEPEDL--
1Pig                       -LQKSLAAA- -AGKQEL--- AKYFLAE-LL SEPNQTEN-- DALEPEDL--
1Dog                       -LQKSLAAA- -AGKQEL--- AKYFLAE-LL SEPNQTEN-- DALEPEDL--
1Chicken                   -LQKSLAAA- -AGKQEL--- AKYFLAE-LL SEPSQTEN-- EALESEDL--
1Flycatcher                -LQKSLGGG- -GGGGEL--- AKYFLAE-LL SEPSQTEN-- EALESEDL--
1Turkey                    ---------- ----KEL--- AKYFLAE-LL SEPSQTEN-- EALESEDL--
1Anole_lizard              -LQKSLAAA- AAGKQEL--- AKYFLAE-LL SEPGQAEN-- EALEPEEL--
1Chinese_softshell_turtle  -LQKSLAAA- -AGKQEL--- AKYFLAE-LL AEPSQPEN-- EALEPEDL--
1Frog                      -LQKSLASA- --GKQEL--- AKYFLAE-LL SEPSQTDN-- EALESDDL--
1Lungfish                  -LQRSLAAA- -AGKQEL--- TKYSLAE-LL SELAQSEN-- DALDSSDL--
1Coelacanth                -LQKSLAAA- -AGKQEV--- SKYSLAE-LL AELAQAEN-- EALESDDF--
1Lepisosteus               -LQRSLAAS- -AGKQEL--- ARYTLAE-LL SELAQSEN-- EALESDDL--
1White_sturgeon            -LQRTLAAS- -AGKQEL--- LKYSIAE-LL SELAQSEN-- DALASDEL--
1Chinese_sturgeon          -LQRALVAS- -AGKQDL--- LKYSLAE-LL SELAQSEN-- DALASDEL--
1Platyfish                 -LHRTPLLS- --SKQDA--- SRSSLAELLL SDLLQMEN-- EALEEDGF--
1Tilapia                   -LHRTPLLG- --SKQDM--- SRSSLAELLL SDLLQVEN-- EALEEENF--
1Elephant_nose_fish        -LQRSLLAP- -ASKQDL--- ARNPLEE-LL SEMVRVEN-- EALEPDDL--
1Carp                      -LQRSLLNP- -AGKQEL--- ARYTLAD-LL SDLVQAEN-- EALEPEDL--
1Goldfish                  -LQRSLLNP- -AGKQEL--- ARYTLAD-LL SELVQAEN-- EALEPEDL--
1Clown_knife_fish          -LQRSIIAP- -ASKQEL--- ARYTLAE-LL SELAQVEN-- EALESDDL--
1Orange-spotted_grouper    -LHRTPLLG- --SKQDM--- SRASLAELLL SDLLQVEN-- EALEEENF--
1Anglerfish                -LHRYPLQG- --SKQDM--- TRSALAELLL SDLLQGEN-- EALEEENF--



1Megalobrama               -LQRSLLNP- -AGKQEL--- ARYTLTD-LL SDLVQAEN-- EVLEPEDL--
1African_cichlid_fish      -LHRTPLLG- --SKQDM--- SRSSLAELLL SDLLQVEN-- EALEEENF--
1Cod                       -LQRSLLAP- MPGQEET--- VRYTLAQ-LL SELAQAEN-- EALGTDDQ--
1Zebrafish                 -LQRSLLSP- -AGKQEL--- ARYTLAD-LL SDLVQAEN-- EALEPEDL--
1Medaka                    -LQRTPLLG- --SKQDM--- SRSSLAELLL SDLLQMEN-- EVLEEDGF--
1Stickleback               -LHRTPLLS- --SKQDM--- SRASLVELLL SDLLQVQN-- EALEEENL--
1Takifugu                  -LQSNALMG- --NKQEM--- TRSSLANLLL SDLLQVGN-- EALEENLA--
1Tetraodon                 -LPPNPLLG- --HRQEM--- SRSSLADLLL SDLLQVEN-- QALDENFP--
1Trout                     -LQRSLMAP- -AGKQEL--- ARNTLVE-LL SELAHVEN-- EAIELDDM--
1Fathead_minnow            -LQRSLLNP- -AGKQEL--- ARYTLAD-LL SELVQAEN-- EALEPEDL--
1Killifish                 -LHRTPLLS- --SQQDV--- SRSSLAELLL SDLLQMEN-- EALEEDGF--
1Salmon                    -LQRSLMAP- -AGKQEL--- ARYTLAE-LL SELAQAEN-- EAIESDDL--
1Pygocentrus               -LQRSLIGP- -SGKQEL--- ARYTLAE-LL SELAQAEN-- EALEAEDM--
1Ictalurus                 -LQRSILAP- -SVKQEL--- TRYTLAE-LL AELAQAEN-- EVLDSDEV--
1Astyanax                  -LQRSLIGS- -AGKQEL--- ARYTLAE-LL SELAQAEN-- EALEDDVP--
1Clupea                    -LQRSLFAP- -GGKQEL--- ARLTLAE-LL SELAQAEN-- EALESEDM--
1Amazon_molly              -LHRTPLLS- --SKQDA--- SRSSLAELLL SDLLQMEN-- EALEEDGF--
5Coelacanth                -FQGQGAEG- ---KEDF--- SRMLMLK-MV SNLLKSEN-- DVLVPSAE--
5Zebrafish                 QLLRSQVDPK ENELQDL--- SRLLLLK-QL SESVTPEEK- DALDSIDE--
5Stickleback               -MPTQRGDP- -ADNKDL--- AYSMLLK-FV SELTAARGGE TLLVPEQE--
5Takifugu                  -MPSELLPAD PLKDKDL--- AILILLR-II SEVMAAER-- EMLLLPQE--
5Tetraodon                 ----KFLPAD SVKDKDL--- ALVTSLK-FA FEGTAAQR-- EMLLLLQE--
5Medaka                    -LTHTKQLQL LKSEVDP--- TRLLLMK-LV LELVALRR-- QEMLQELE--
5Sockeyess                 -LRADTTKG- ---NEDL--- SRTLLLK-MM SDLMSTAVGE NEVLPDLE--
5Trout                     -LRADSTKG- ---NEDL--- SRTLLLK-MM SDLMSAAVGE NEVLPDLE--
5Fathead_minnow            -LLRSEVEPK EIELQDF--- FRLLLLK-QL SESAAPE--- EKQPRESI--
5Amazon_molly              -LTETLQAE- LISDKDL--- TGLLLLR-FM SELMASRG-- EEMLREKQ--
5Platyfish                 -LTETLQAE- LISDKDL--- TGLLLLR-LM SELTASRGEE MLREQEEE--
5Tilapia                   -LRADLTND- ----KDL--- THWLLLK-FM AELMAAR--- ----------
5Lepisosteus               -LRAEVPEG- ---KEDL--- SRMLLLK-IF SDLLRAEN-- ---EIPPG--
5Astyanax                  -LQNEADTK- --ENEDI--- SRMLMLK-LL SELEVAGEN- EVLSGADV--
5Ictalurus                 -LLAHMLQNE ADGKEDL--- SRILLLK-LI SELKIPDEN- DTLSDDDM--
5Pygocentrus               -------QAD PKGNEEL--- SRMLILK-LL SDLEIPGD-N EVLSGTDV--
Catshark5                  -LQERNDEG- ---TEEL--- SRTMVLN-LL SELLHAGD-- ----------
6Chicken                   -NSREQTKL- ---------- RRDALLK-ML AGLLESSD-- --VASPDL--
6Zebra_finch               -LQSTREQS- -----TA--- RKDVILK-ML AGLLGSVD-- AGAEVAFP--
6Duck                      -NSREQTKL- ---------- RKDAILK-ML AGLLESVD-- --VASPDL--
6Lungfish                  -SNRDLTRE- ---------- REEMILK-MI SGLLDGSD-- NSLFGGEV--
6Coelacanth                -SHNNVELT- -----KE--- RKELMLK-MI AGLLEGID-- SPPMGGEV--
6White_sturgeon            -SNRELSKE- ---------- RKEGFLK-LL SGLLDRVDS- SVVLGEDV--
6Chinese_sturgeon          -SNRELSKE- ---------- RKEGFLK-LL SGLLDGVDS- SVVLGEDV--
6Lepisosteus               --TKELSKD- ---------- RKELILK-LI SGLLDGAD-- SAMLAGDV--
6Carp                      --SRELSKE- ---------- RKELILK-LI SGLLDGVD-- NNVLAGEIAP
6Goldfish                  --SRELSKE- ---------- RKELILK-LI SGLLDGVD-- NSVLDGEIAP
6Orange-spotted_grouper    -VNRELSKE- ---------- RKELILK-LV SGLLDGALDT NMLPGEAA--
6Zebrafish                 --SRELSKE- ---------- RKELILK-LI SGLLDGVD-- NSVLAGEIAP
6Stickleback               -VNRELSKE- ---------- RKELILK-LV SGLLDGAADA NMLPGEAA--
6Takifugu                  -LNRELSKE- ---------- RKELILK-LV SGLLDGALDT NMLPMETV--
6Tetraodon                 -LNRELSKE- ---------- RKELMLK-LV SGLLDGALDT NMLPMEAV--
6Rainbow_smelt             -ANRELSTE- ---------- RKQLILK-LV SGLLDGASDS NMLPGDVS--
6Trout                     -LNRELSKE- ---------- RKELILK-LV SGLLDGATDT NMLPGEGV--
6Medaka                    -VNRELSKE- ---------- RKELILK-LV SGLLDGSLDT NMLPGEAA--
6Fathead_minnow            -LAQSRELS- -----KD--- RKELILK-LI SGLLDGVD-- NSVLAGEIAQ
6Astyanax                  --TRELSKE- ---------- RKELILK-LV SGLLDGVD-- NSVLGGDL--
6Pygocentrus               --TRELSKE- ---------- RKELILK-LI TGLLDGVD-- SSVLAGDL--
6Clupea                    --ARELSKE- ---------- RKELILK-LV SGLLDGVE-- SNMLPGDE--
6Ictalurus                 --TREPSKE- ---------- RKEMILK-MV SSLLDGVD-- NNMLAGDL--
6Amazon_molly              -ANRELSKE- ---------- RKELILK-LV SGLLDGALDT NMLPGEAA--
6Cod                       -SSRELSKE- ---------- RKELILK-LV SGLLEGSPDS NMLPGELS--
6Platyfish                 -ANRELSKE- ---------- RKELILK-LV SGLLDGALDT NMLPGEAA--
Catshark6                  -ANQELNKE- ---------- RKEVILK-LL SGLLDSSS-- NQIAIENT--
Elephant_shark6            -SSREMNQE- ---------- RKEMILK-LL SGLLDNAAVS GQTGSEAG--
whale_shark6               -ANQELNKE- ---------- RKEVVLK-LL SALLDSSS-- NQMGIENT--
4Lepisosteus               -LQKAKAAS- -LSTRDS--- SKYALED-LI SQIAQSDN-- EALENEMS--
4Zebrafish                 -LNSALQASR GTSADEEIP- ERYSLSE--L EWLLSNSD-- PAVFQPDSSS
4Takifugu                  -QVQEDLLSW LKPQEKWEPS KRQTLED-LL YKLTNYKSEN RILPQQPG--
4Medaka                    GLLSSFDRI- SDFQQSV--- ETGILMN-LL YKLSRPDSAI TLQQVRDS--
4Tetraodon                 -QVEEDVLPW LNSQEKWEPS KGQNLED-LL YKLTNYRSEN RIVSQQPS--
4Channel_catfish           ALEEARNVP- -FGEEVP--- ERLTLPE--L QWMLSN---- NELTPVQV--
4Stickleback               -LQRDSLPWL DKLQDEQDST KKLNLIE-WL YSFYKFDNG- NIVKGPTD--
4Atlantic                  TLQDKQVSA- -----AD--- DKYNLVW-LL YKLSQSHHD- NTFKINFPPH
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2Human                     ----GEEARE VARR--QEG- ----APPQQS ----ARRDRM PCRNFFWKTF
2Mouse                     ----GGGTPG LSKS--QER- ----PPPQQP ----PHLDKK PCKNFFWKTF
2Pig                       ----GGETRE MPKK--QEG- ----LPRQQA ----SRGDRT PCGNFFWKTF
2Bovine                    ----GGEARE VSKR--QEG- ----APLHQS ----TRQDKT PCKNFFWKTF
2Monkey                    ----GEEARE VARR--QEG- ----APPQQS ----ARRDRT PCKNFFWKTF
2Lizard                    QEKVVRSPRE ERVP--FFR- ---------H ----PVREKA PCKNFFWKTF
2Frog                      VERNVPDPPE PKIPP-SVK- ----FPRL-S ----LRERKA PCKNFFWKTF
2Coelacanth                -LLGTKEQEE HNLS---ER- -----SAFKY ----SSLKKA PCRNFFWKTF
2Lepisosteus               ----AVDSEQ LKSSLMGER- --SVFGPSVS ------RERT PCKNFFWKTF
2Astyanax                  -----EQLLN GKLG---ER- ---------- -----SVEKS PCTNFFWKTF
2Pygocentrus               -----EQLLS GKLG---ER- ----SVFGL- ----PAQEKS PCKNFFWKTF
2Clupea                    -----EGLLN GTLK------ -----GGSVP ----TPQERS PCKNFFWKTF
2Ictalurus                 -----EQL-S -KLS---ER- ---AAFG-LP ----PAREKS QCN-FFWKTF
2Zebrafish                 -----E-LLN GKLW---EK- ---SDK---- ----PSKDKS PCKLFFWKTF
Catshark2                  -PLKPEEAEG TLFE---ER- ---SVNAGIP ----RREQKT PCKLFFWKTF
Whale_shark2               --SLSPGEEE SSLE---ER- ---SVNAGIP ----RRPQKA PCKLFFWKTF
Elephant_shark2            -PLGLSKEEG TDFE---ER- ---SAAGEIP ----PRKPKA GCKLFFWKTF
Skate2                     -YSNTEEAGE RSLE---ER- ---AVVAVIP ----RREQKA PCKLFFWKTF
aLethenteron               PGSSSDEEGG EEGE--GAGG DGGRGERALS ----ARVRKA GCKNFFWKTF
bLethenteron               SLPEALVARA LRAA--AAPG AAGGAQLPLG ----NRERKA GCKNFFWKTF
bLampetra                  SLPEVLVARA LRAA--AAPG AAGGAQLPLG ----NRERKA GCKNFFWKTF
cPetromyzon                ATRVVDGLPE FPRE--EARA LVPNERPFVP GALSPRDRKA NCRMFYWKTM
cLethenteron               AARVVDGLPE FPRE--EVRA LGPNERPFVP VVLSPRDRKA NCRMFYWKTM
3Lepisosteus               ---VLDENSD ARLE--LER- -STEIGKEIP ----PRERKA GCRNFYWKTF
3Astyanax                  -----GSKQD VRVE--MDR- -SAENPNSLP ----PRERKA GCKNFYWKGF
3Clupea                    ----GAAKDD LHME------ -RSAETNNIP ----PKDRKS GCKNFFWKGR
3Ictalurus                 -----GTKQD LTVE--LER- -SAEDPNTLP ----PRERKA GCKNFYWKGF
3Pygocentrus               -----GAKHD VRVE--LER- -SAENPNNLP ----PRERKA GCKNFYWKGF
3Amazon_molly              ---AASKGTD SRLN--LER- -----SVETT ----ARERKA GCKNFYWKGL
3Platyfish                 ---AASRGTG SRLN--LER- -----SVETT ----ARERKA GCKNFYWKGL
3Rainbow_trout             -KCPAGAKED LRVE--LER- -SVGNPNNLP ----PRERKA GCKNFYWKGF
3Freshwater_butterfly      ---AAEESEG AHLD--LER- --SVEPGNVP ----PRERKA GCKNFYWKGF
3Grass_carp                ---TVDENED LRVE--LER- -SAESSNHIP ----ARERKA GCKNFYWKGF
3Goldfish                  ---MAGESED LRLE--QER- -SAESSNQLP ----TRVRKE GCKNFYWKGF
3Clown_knifefish           --PAADEGEE VRVE--LER- --SVDPNNLP ----PRERKA GCKNFYWKGF
3Orange-spotted            ----VSMATG GRMN--LER- -SVDPPNNLP ----PRERKA GCKNFYWKGF
3American_anglerfish       ----ASMATG GRMN--LER- -SVDSTNNLP ----PRERKA GCKNFYWKGF
3Silver_arowana            ---AADEEED VRVD--LER- --SLELNNLP ----PRERKA GCKNFYWKGF
3White_sucker              ---TTGGNDD LHLE--LER- -SAENTNQLY ----PRERKA GCKNFYWKGF
3Elephant_nose_fish        ---TAEEGEE TRVE--LER- --SVEPNNLP ----PRERKA GCKNFYWKGF
3Zebrafish                 ---TTDENED LRVE--LER- -SAESSNHIP ----ARERKA GCKNFYWKGF
3Stickleback               ----VSAATG GRLH--LER- -SVDPPNNLP ----ARERKA GCKNFYWKGF
3Takifugu                  ----VSMATG GRMN--LER- -SVDTTNNLS ----PPERKA GCKNFYWKGP
3Tetraodon                 ----VSMATG GRMN--LER- -SVDTTNNLP ----PR--KA GCKNFYWKGF
3Medaka                    ---------- GRNN--MER- ---SVDANVP ----PRNRKD GCKNFYWKGF
3aAtlantic_salmon          ----VGSTAD AKED--LER- -SVDNSNNLP ----PRERKA GCKNFYWKGF
3bAtlantic_salmon          -----GAKED LRVE--LER- -SVGNPNNLP ----PRERKA GCKNFYWKGF
Elephant_shark3            -----DFAPD EKAE--LRL- -A------LA ----PRWRK- DCKNFFWKTY
Whale_shark3               -----ETPPX NKIP--MKF- -Q---QRQLG ----TRMRK- NCKNFFWKTY
catshark3                  -----ETSEE NTTP--MKF- -QH---RQLG ----MRMRK- NCKNFFWKTY
Catshark1                  -----GGRNE VRLE--LER- ---SINPNLA ----NRERKA GCKNFFWKTF
Whale_shark1               --PRMAKQDE VRVD--LER- ---SANPNSP ----QRERKA GCKNFFWKTF
Elephant_shark1            --ARATAQDE VRVE--LER- ---SANPNLA ----QRERKA GCKSFFWKTF
1Human                     --SQAAEQDE MRLE--LQR- -SANSNPAMA ----PRERKA GCKNFFWKTF
1Mouse                     --PQAAEQDE MRLE--LQR- -SANSNPAMA ----PRERKA GCKNFFWKTF
1Monkey                    --SQAAEQDE MRLE--LQR- -SANSNPAMA ----PRERKA GCKNFFWKTF
1Bovine                    --SQAAEQDE MRLE--LQR- -SANSNPAMA ----PRERKA GCKNFFWKTF
1Pig                       --SQAAEQDE MRLE--LQR- -SANSNPAMA ----PRERKA GCKNFFWKTF
1Dog                       --SQAAEQDE MRLE--LQR- -SANSNPAMA ----PRERKA GCKNFFWKTF
1Chicken                   --SRGAEQDE VRLE--LER- -SANSNPALA ----PRERKA GCKNFFWKTF
1Flycatcher                --SRGAEQDE VRLE--LER- -SANSNPALA ----PRERKA GCKNFFWKTF
1Turkey                    --SRGAEQDE VRLE--LER- -SANSNPALA ----PRERKA GCKNFFWKTF
1Anole_lizard              SRGGGAEQDE VRLE--LER- -SASLNPALE ----PRVRKA GCKNFFWKTF
1Chinese_softshell_turtle  --SRGPEQDE VRLE--LER- -SANPNPALA ----PRERKA GCKNFFWKTF
1Frog                      --PRGAEQDE VRLE--LER- -SANSSPALA ----PRERKA GCKNFFWKTF
1Lungfish                  --SRGADQDE VRLE--LDR- --SANSSPLA ----ARERKA GCKNFFWKTF
1Coelacanth                --SKTSDQDE VRLE--LER- -SANGNPALA ----PRERKA GCKNFFWKTF
1Lepisosteus               --SRAAEQDE VRLE--LER- ---SANPALA ----PRERKA GCKNFFWKTF
1White_sturgeon            --SRAAEQND VRLE--LER- -SANGNPAMA ----PRERKA GCKNFFWKTF
1Chinese_sturgeon          --SRAAEQND VRLE--LER- -SANGNPAMA ----PRERKA GCKNFFWKTF
1Platyfish                 ---PEGEPED IRVD--LER- -AASSGPLL- ----PRERKA SCKNFFWKTF
1Tilapia                   -PLADGEPED IRVD--LER- -AAGSGPLLA ----PRERKA GCKNFFWKTF
1Elephant_nose_fish        --SRGADQEE VRLE--LER- ---AAGPALA ----PRERKA GCKNFFWKTF
1Carp                      --SRAVEKDD VRLE--LER- ---AAGPMLA ----PRERKA GCKNFFWKTF
1Goldfish                  --SRAVEKDE VRLE--LER- ---AAGPMLA ----PRERKA GCKNFFWKTF
1Clown_knife_fish          --SRGADQEE VRLE--LER- ---AAGPPLA ----PRERKA GCKNFFWKTF
1Orange-spotted_grouper    -PLAEGEPED VHVD--LERA AAAGSGPLLA ----PRERKA GCKNFFWKTF
1Anglerfish                -PLAEGGPED AHAD--LER- -AASGGPLLA ----PRERKA GCKNFFWKTF



1Megalobrama               --SRAVEKDE VRLE--LER- ---AAGPMLA ----PRERKA GCKNFFWKTF
1African_cichlid_fish      -PLADGEPED IRVD--LER- -AAGSGPLLA ----PRERKA GCKNFFWKTF
1Cod                       --------DD ERMD--LER- ---AAGPMMA ----PRERKA GCKNFFWKTF
1Zebrafish                 --SRGAEKDD VRLE--LER- ---AAGPMLA ----PRERKA GCKNFFWKTF
1Medaka                    -PLSDGEPED VRVD--LER- -AAASGPLLA ----PRDRKA GCKNFFWKTF
1Stickleback               -APAGGEPEE VHLD--LER- -AADAGPLLG ----PRERKA GCKNFFWKTF
1Takifugu                  --LAEGEPEE VHID--MERA AAAGIGPFLT ----PRERKA GCKNFFWKTF
1Tetraodon                 --LVEGEPEE VHVD--MERA ADAGIGPFLT ----PRERKA GCKNFFWKTF
1Trout                     --SHGVEQED VDLE--LER- ---APGPVLA ----PRERKA GCKNFFWKTF
1Fathead_minnow            --SRAVEKDD VRLE--LER- ---AAGPMLA ----PRERKA GCKNFFWKTF
1Killifish                 -TLPEGEPED IRVD--LER- -AASSGPLLA ----PRERKA GCKNFFWKTF
1Salmon                    --SRGVEQED VRLE--LER- ---AAGPVLA ----PRERKA GCKNFFWKTF
1Pygocentrus               --PRGAEQED VRME--LER- ---AAGPVLA ----PRERKA GCKNFFWKTF
1Ictalurus                 --SRAAESEG ARLE--MER- ---AAGPMLA ----PRERKA GCKNFFWKTF
1Astyanax                  ---RGAEQED VRME--LER- ---AAGPVLA ----PRERKA GCKNFFWKTF
1Clupea                    --SRGAEGED VRYE--LER- ---SAGSMLA ----PRERKA GCKNFFWKTF
1Amazon_molly              -GLPEGEPED IRVD--LER- -AASSGPLLA ----PRERKA GCKNFFWKTF
5Coelacanth                ---DTASQDE LTRR--LAP- ---------- ----SRERKA GCKNFFWKTF
5Zebrafish                 --------LD VRNE--VVR- -----QIPVS ----QRERKA GCRNFYWKTF
5Stickleback               ----EEEAEG GRQE--VMR- ----RHLPLT ----QRERKA GCRNFFWKTF
5Takifugu                  ----GEEEAG VREGEVMMR- ----RQVPFS ----QRDRKA GCRNFFWKTF
5Tetraodon                 ----DEEDAG VREMMMMMR- ----RQIPFS ----QRERKA GCRNFFWKSY
5Medaka                    -----EEELG GRER--LMK- ----RHIRFT ----QRERKA GCRNFFWKTF
5Sockeyess                 ------EALG VREE--VVR- -----QLPLS ----HRERKA GCRNFFWKTF
5Trout                     ------EALG VREE------ ---VRQLPLS ----HRERKA GCRNFFWKTF
5Fathead_minnow            -----DDDPE VHNE--VVR- -----QIPLS ----HRERKT GCRNFYWKTF
5Amazon_molly              --EEEEEELG GRQR--LMR- ----RHIRFS ----HRERKA GCRNFFWKTF
5Platyfish                 ----EEDELG GRQR--LMR- ----RHIRFT ----HRERKA GCRNFFWKTF
5Tilapia                   ----GDETRR GREE--VTR- ----RHLSLS ----QRERKA GCRNFFWKTF
5Lepisosteus               ----SAEDAG IRSD--VPR- -----QLPLA ----QRERKA GCRNFFWKTF
5Astyanax                  ---------- -RND--VVR- -----QLPFS ----QRERKT GCRNFFWKTF
5Ictalurus                 ---------- ---E--LNR- --ILRHLPLT ----TRERKA GCRNFFWKTF
5Pygocentrus               ---------- -RSD--MVR- -----QLPFP ----QRERKT GCRNFFWKTF
Catshark5                  ----KGLPST ERRG--LPQ- -AEIVRRWNS ----PRDRKA GCKNFFWKTF
6Chicken                   -------EEE GKLE--EER- AALGRLAQLS ----QRDRKA PCKNFFWKTF
6Zebra_finch               -----AGQEK ARLE--EDQ- AALGRLAQLS ----QRDRKA PCKNFFWKTF
6Duck                      -------EEE GKLE--EER- ATLGRLAQLS ----QRDRKA PCKNFFWKTF
6Lungfish                  TSMDIEEPLE NKLE---ER- AAYNALPQLP ----QRDRKA PCKNFFWKTF
6Coelacanth                GSMDLEEPVE PKLE---ER- AAFNRLPQLP ----QRDRKA PCKNFFWKTF
6White_sturgeon            SPMDLEEPLD SRLE---ER- AIYNRLSQLP ----LRARKA PCKNFFWKTF
6Chinese_sturgeon          SPMDLEEPLD SRLE---ER- AVYNRLSQLP ----QRARKA PCKNFFWKTF
6Lepisosteus               ASVDLEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Carp                      VPLDVEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Goldfish                  VPFDAEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Orange-spotted_grouper    -PVDLEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Zebrafish                 VPLDVEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Stickleback               -PVDFEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Takifugu                  ---DLEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Tetraodon                 ---DLEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Rainbow_smelt             -PLDLEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Trout                     SPVDLEEPLE SRLE---ER- AAYNRLSQLP ----QRDRKA PCKNFFWKTF
6Medaka                    -PVDFEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Fathead_minnow            VPMDAEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Astyanax                  VPMEAEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Pygocentrus               VNMEVEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Clupea                    APLDLEEPLE SRLE---ER- AVYNRLSQLP ----QRDRKA PCKNFFWKTF
6Ictalurus                 LPLEEEEPID SRLE---ER- AVYNRLAQLP ----QRDRKA PCKNFFWKTF
6Amazon_molly              -PVDLEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Cod                       -PVELEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
6Platyfish                 -PVDLEEPLE SRLE---ER- -AVYNRLSLP ----QRDRKA PCKNFFWKTF
Catshark6                  -FPDPEDVEE MKVE---ER- ---SRFSQLP ----QRERKA PCKNFFWKTF
Elephant_shark6            -YPEPADGGP VMLE---ER- ---SRYSQLP ----QRSRKV PCKNFFWKTF
whale_shark6               -FPDQEDMEE MKVE---DR- ---SRFSQLP ----QRERKT SCKNFFWKTF
4Lepisosteus               ---VLDENSD ARLE--LER- -SADMGKVIP ----PRERKA GCRNYYWKTI
4Zebrafish                 LGSLHSGLEL MRRD------ ---------T ----KEERKT GCKNYFWKSR
4Takifugu                  ---DTENQEK NRRD--LDN- --------LR ----VQQRQF GCRMFFWKSW
4Medaka                    -----EKQEK NRRG--VEI- ---------- ----ATQR-- PCRVFYWKSW
4Tetraodon                 ----DTNQEK NRRG--LDN- --------LK ----VQQRQA GCRIFFWKSW
4Channel_catfish           -----EEAPR SRLE--LVRR DNTVTSKPLN ---------- -CMNYFWKSR
4Stickleback               ----AEEPEK NRRG------ --------LG ----KTTRRF GCRVFFWKSW
4Atlantic                  GPESVGKPES RRET--IPQ- ---------D ----SRVRKE GCKVFFWKSW
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2Human                     SSCK-
2Mouse                     SSCK-
2Pig                       SSCK-
2Bovine                    SSCK-
2Monkey                    SSCK-
2Lizard                    SSC--
2Frog                      TMC--
2Coelacanth                SSC--
2Lepisosteus               SSC--
2Astyanax                  SAC--
2Pygocentrus               SACQH
2Clupea                    SSC--
2Ictalurus                 SSC--
2Zebrafish                 SSC--
Catshark2                  SHC--
Whale_shark2               SHC--
Elephant_shark2            SHC--
Skate2                     SHC--
aLethenteron               TSC--
bLethenteron               SSC--
bLampetra                  SSCX-
cPetromyzon                AAC--
cLethenteron               AAC--
3Lepisosteus               TSC--
3Astyanax                  TSC--
3Clupea                    TSC--
3Ictalurus                 TSC--
3Pygocentrus               TSC--
3Amazon_molly              TSC--
3Platyfish                 TSC--
3Rainbow_trout             TSC--
3Freshwater_butterfly      TSC--
3Grass_carp                TSC--
3Goldfish                  TSC--
3Clown_knifefish           TSC--
3Orange-spotted            TSC--
3American_anglerfish       TSC--
3Silver_arowana            TSC--
3White_sucker              TSC--
3Elephant_nose_fish        TSC--
3Zebrafish                 TSC--
3Stickleback               TSC--
3Takifugu                  TSC--
3Tetraodon                 TSC--
3Medaka                    TSC--
3aAtlantic_salmon          TSC--
3bAtlantic_salmon          TSC--
Elephant_shark3            TLC--
Whale_shark3               TLC--
catshark3                  TLC--
Catshark1                  TSC--
Whale_shark1               TSC--
Elephant_shark1            TSC--
1Human                     TSC--
1Mouse                     TSC--
1Monkey                    TSC--
1Bovine                    TSC--
1Pig                       TSC--
1Dog                       TSC--
1Chicken                   TSC--
1Flycatcher                TSC--
1Turkey                    TSC--
1Anole_lizard              TSC--
1Chinese_softshell_turtle  TSC--
1Frog                      TSC--
1Lungfish                  TSC--
1Coelacanth                TSC--
1Lepisosteus               TSC--
1White_sturgeon            TSC--
1Chinese_sturgeon          TSC--
1Platyfish                 TSC--
1Tilapia                   TSC--
1Elephant_nose_fish        TSC--
1Carp                      TSC--
1Goldfish                  TSC--
1Clown_knife_fish          TSC--
1Orange-spotted_grouper    TSC--
1Anglerfish                TSC--



1Megalobrama               TSC--
1African_cichlid_fish      TSC--
1Cod                       TSC--
1Zebrafish                 TSC--
1Medaka                    TSC--
1Stickleback               TSC--
1Takifugu                  TSC--
1Tetraodon                 TSC--
1Trout                     TSC--
1Fathead_minnow            TSC--
1Killifish                 TSC--
1Salmon                    TSC--
1Pygocentrus               TSC--
1Ictalurus                 TSC--
1Astyanax                  TSC--
1Clupea                    TSC--
1Amazon_molly              TSC--
5Coelacanth                TSC--
5Zebrafish                 TSC--
5Stickleback               TSC--
5Takifugu                  TSC--
5Tetraodon                 TSC--
5Medaka                    TSC--
5Sockeyess                 TSC--
5Trout                     TSC--
5Fathead_minnow            TSC--
5Amazon_molly              TSC--
5Platyfish                 TSC--
5Tilapia                   TSC--
5Lepisosteus               TSC--
5Astyanax                  TSC--
5Ictalurus                 TSC--
5Pygocentrus               TSC--
Catshark5                  TSC--
6Chicken                   TSC--
6Zebra_finch               TSC--
6Duck                      TSC--
6Lungfish                  TSC--
6Coelacanth                TSC--
6White_sturgeon            TSC--
6Chinese_sturgeon          TSC--
6Lepisosteus               TSC--
6Carp                      TSC--
6Goldfish                  TSC--
6Orange-spotted_grouper    TSC--
6Zebrafish                 TSC--
6Stickleback               TSC--
6Takifugu                  TSC--
6Tetraodon                 TSC--
6Rainbow_smelt             TSC--
6Trout                     TSC--
6Medaka                    TSC--
6Fathead_minnow            TSC--
6Astyanax                  TSC--
6Pygocentrus               TSC--
6Clupea                    TSC--
6Ictalurus                 TSC--
6Amazon_molly              TSC--
6Cod                       TSC--
6Platyfish                 TSC--
Catshark6                  TSC--
Elephant_shark6            TSC--
whale_shark6               TSC--
4Lepisosteus               TSC--
4Zebrafish                 TAC--
4Takifugu                  TYC--
4Medaka                    AKC--
4Tetraodon                 TSC--
4Channel_catfish           TAC--
4Stickleback               SPC--
4Atlantic                  TAC--



Figure S3 
 
A. Catshark SST1 (SSTa) 

       gctgtccacagagccagtgctgaaaccaccgccaatttcaaagcgtttgtaaa 

atgtggtgcagccgccttcagttgagcctggctctcctctccatcgccctggcagtactg 

 M  W  C  S  R  L  Q  L  S  L  A  L  L  S  I  A  L  A  V  L  

agtgtcagctcagcacccacagacaacaggtatcgcgaaatcctgcagagagccatggca 

 S  V  S  S  A  P  T  D  N  R  Y  R  E  I  L  Q  R  A  M  A  

gccacaggaagcggagggaaagcggagttgacgaaatattccctcgcccaactgctctcc 

 A  T  G  S  G  G  K  A  E  L  T  K  Y  S  L  A  Q  L  L  S  

gaactggaaaacgcggagaatgaagctctggaaacggatgcaatgggcggacgcaacgag 

 E  L  E  N  A  E  N  E  A  L  E  T  D  A  M  G  G  R  N  E  

gtgcggctcgaactggagagatcgataaatcccaacctggcgaacagggagcgaaaagcg 

 V  R  L  E  L  E  R  S  I  N  P  N  L  A  N  R  E  R  K  A  

ggatgtaagaacttcttttggaaaaccttcacatcctgttaactctccgaattctccata 

 G  C  K  N  F  F  W  K  T  F  T  S  C  -   

gcaacccacacactcagaatgtggcattcagataactaaataaatcatgtggtgaatgat 

tctatttgaattatgtaagagaagacaattggtttgaattgtccaatagcaggccagttt 

gaatggtgactggatagagtcgctatttttcattaatctgttgcaataaaatctctgttt 

gaaattg 
 

 

B. Catshark SST2 (SSTd) 

                        tttagcattttgtccaggagtgctcgaagattcagc 

atgaagtggctaatgacagtgagcctgatgtctctgctgtaccttctgagagtcgagggt 

 M  K  W  L  M  T  V  S  L  M  S  L  L  Y  L  L  R  V  E  G  

actgacctactggaagaaagaatgaaacttcaggtaaacagagaaatgacaaaaagcagg 

 T  D  L  L  E  E  R  M  K  L  Q  V  N  R  E  M  T  K  S  R  

aagaatctgattgtaaagctactggctggcttgttggagactgatgataatctcttggag 

 K  N  L  I  V  K  L  L  A  G  L  L  E  T  D  D  N  L  L  E  

aatggctttgcacctttgaaaccagaagaggcagaagggactttgttcgaagagaggtcg 

 N  G  F  A  P  L  K  P  E  E  A  E  G  T  L  F  E  E  R  S  

gttaacgctggaattccacgcagggagcaaaaaaccccatgcaaactgttcttctggaaa 

 V  N  A  G  I  P  R  R  E  Q  K  T  P  C  K  L  F  F  W  K  

accttttcccactgttaataaccgtgtagcggatttttctaaagcagtgggagtatgaaa 

 T  F  S  H  C  -   

gaaaaatgggtgtaaaggcttaactttaaaactatcgaaaatacactgcaatcatgtttt 

tctctatcccaaatatttaattcaaatttacaggaaatgcttgcaataaagttaacctga 

aagttacaccttttaagacatgtgaaattattgtgttttaaatgagatagcaatccagtt 

aaactttctcagtttgtttctatcatgcctgttatttccctgtttttccagcattgtttt 

cttctctcagttcctcgctttcctttggcatgttagccccctctcttcccacagaatgct 

cctgggattccgtactctccccctcgctttacctttccctctttcgctagacgaatgttt 

ctgaaagattgcacctgcccctgacacagccggctgggacttctggaagcacttgaattt 

tgccagacacaatttgggatattttctgagttaaagcctatatatatgttgacagtgacc 

tttcctcttgatcgtgagatctgagcatattgtaatggtgttaattgttttgaccagtct 

atctgcatacaatgtacatacttatctcgaaatatcctgtgagtaatgctaacaataaaa 

agaca 

 
 
C. Catshark SST3 (SSTe)   

                                                      acatgg 

ggagagacagtgctgaaacgccctctccactttccgtcggcttcttcgccttgtgcagag 

atgtggtgcagccgccttcagttgagcctggctctcctctccatcgccctggcagtactg 

 M  W  C  S  R  L  Q  L  S  L  A  L  L  S  I  A  L  A  V  L  

agtgtcagctcagcccccacagacaacaggcatcgcgaaatcctgcagagagccttggat 

 S  V  S  S  A  P  T  D  N  R  H  R  E  I  L  Q  R  A  L  D  

caggaacttctgaaggacacaatgatgaaactgttgcctttggttactgatgtagacact 

 Q  E  L  L  K  D  T  M  M  K  L  L  P  L  V  T  D  V  D  T  

gaggccggaacactggatgtttccaatgctgagacttcagaagaaaacacaacaccgatg 

 E  A  G  T  L  D  V  S  N  A  E  T  S  E  E  N  T  T  P  M  

aaattccagcatcgtcagttgggaatgagaatgcggaaaaactgcaagaacttcttttgg 

 K  F  Q  H  R  Q  L  G  M  R  M  R  K  N  C  K  N  F  F  W  



aaaacctacactttatgctaatccactgtacccagtgagcccttctcactggaccctgct 

 K  T  Y  T  L  C  -   

gtaccccac 
 

 

D. Catshark SST5 (SSTb) 

tcgaccctcgcgtccggagcagttacacagagaagctcgcctctcgcccacactgcccga 

cgagacagtttgccaatcgttcccatctcccactccgcagtaagaaaatcagagctcgag 

atgccgagatcgcagactcaagtcctcctcactctggtcactgtcgctctgctgttactg 

 M  P  R  S  Q  T  Q  V  L  L  T  L  V  T  V  A  L  L  L  L  

cggggatcgagtacagccagagtgcaggggctgcccgatatcttacaggagaggaacgac 

 R  G  S  S  T  A  R  V  Q  G  L  P  D  I  L  Q  E  R  N  D  

gaggggactgaggagctgtccaggaccatggtgctgaacctcctctccgagctgctccat 

 E  G  T  E  E  L  S  R  T  M  V  L  N  L  L  S  E  L  L  H  

gctggggacaaggggttgcccagcaccgagagacgggagcttccccaggctgagatcgtc 

 A  G  D  K  G  L  P  S  T  E  R  R  E  L  P  Q  A  E  I  V  

cgccggtggaactcaccgcgggaccgcaaagcaggctgcaagaacttcttttggaaaacc 

 R  R  W  N  S  P  R  D  R  K  A  G  C  K  N  F  F  W  K  T  

ttcacctcttgttaacgtgcggagagagagagggaaagagaaagtgagccggcgggggga 

 F  T  S  C  -   

gagatataaagagaattcctccctctcccaaaacccatcttcagctcctgaagggaggca 

aaaaaaaatcaattgcctctaacttgtagattttaagattcacaaatcccaaccacctcc 

gtccctcgaaagattgcctccccctttgggctgcctctccgctgaggatttctctgtgtc 

tttatccaaggtgtttgtaaatgattgacttgtttgctttgttctctgagcatggacttg 

ctctcacatcataaaatatctttatttctcagcaaaaaaaaaaaaaaa 
 

 

E. Catshark SST6 (SSTc) 

                            tcgaccctcgcgtccgccaaggtcgaggcaca 

ttgagaagatctcggccaggctccgcttcattccaacttcacaagatcgagagtgtcagc 

atgcagttgctgggaacggcgagcctcctgtccatgctgctcatcgtgtccagtgtgagg 

 M  Q  L  L  G  T  A  S  L  L  S  M  L  L  I  V  S  S  V  R  

gccacggcacctttggaagatcggctgagtctgcgggcaaatcaggagctgaacaaagaa 

 A  T  A  P  L  E  D  R  L  S  L  R  A  N  Q  E  L  N  K  E  

aggaaagaggtcattttgaagctgttatccggactgcttgactccagcagcaatcaaatc 

 R  K  E  V  I  L  K  L  L  S  G  L  L  D  S  S  S  N  Q  I  

gcgattgagaacactttcccggatccagaggatgtggaggagatgaaagtggaggagagg 

 A  I  E  N  T  F  P  D  P  E  D  V  E  E  M  K  V  E  E  R  

tcccgcttcagccagttaccgcagagagagcgcaaggctccctgcaaaaacttcttttgg 

 S  R  F  S  Q  L  P  Q  R  E  R  K  A  P  C  K  N  F  F  W  

aaaaccttcacctcctgctgacgacagacaatgccacctggctgccaactaaagccgccg 

 K  T  F  T  S  C  -   

agaaaggaactgatttagcactgtacataagctgctttttattttattcatctgtgaggg 

gtggtggaggtggggggggggttaatattttctgtcgtgcacaagaaaaataaaaagagc 

atgattgtgtgatttcaccgcaacctgtatgtatttattttctttcccagtaatgttgtc 

gcgctcaacctgccagagcaataaagtggatccgagataaaaaaaaaaaa 

 
 
 



 

Figure S4 
 
A. Catshark SST1 = SSa (scaffold122178)  

AACAGAAGTAAAATGATACCTGGTCCCAGTGTGTAAATCTGTAACAGCCCCATTTCTGTGGCATTTCAAT

GAAAAGCTAGTTTAAACCTGACGAATACAGTGGAGTTATTGAGATGAACACATTGCAGATTGGCACATGT

GGGCCACAAAGAGAACACGCTGTTAAAATCACAAACTACACACAATTATTCAGATGGCAGCGAGTCTTTC

CCCAGGAAACATTCCTTTATTCTGTCTCACTCAGTCTCTAACTTTGTACATTCAGTTCACTGGGATTACC

CAACCCATTCCCCACTGATCCAGTGTGTTCAATGCTCAAGGAAGATTGAGATTTATGGATGAGGGTGTTT

ACTGGGGATTGATGTTCACTTTTTCCACGGATTTTCTAGTTGAAGACTTGGCTGCATTCATTTTGTGATC

GACACGAACCAATACAATCGTAGGGCCAGCTGCCAACACGCGATAGGGTGTCCACATTGAGACTCCATGG

ATCTATCTCAATCTTCCTCATGGGTAATGGGTTGGTTGAGGATGTGACTGGGTTGTGCGTAAATACTCGT

CATCTCCTGGGACCCTCCTCCCAACGTGTGAGCTGGTGTGAAGGCGGCTTTAAAAGGAGCTTCCCCGATT

GCAGGGACAGAAGGAGCGGAGCTGTCCACAGAGCCAGTGCTGAAACCACCGCCAATTTCAAAGCGTTTGG

AAACTGCTCTCCTTCTCGCTGTCTCTCCCGTTGATCTTCGCCTTGTGCAGAGATGTGGTGCAGCCGCCTT 

                                                     M  W  C  S  R  L   

CAGTTGAGCCTGGCTCTCCTCTCCATCGCCCTGGCAGTACTGAGTGTCAGCTCAGCACCCACAGACAACA 

 Q  L  S  L  A  L  L  S  I  A  L  A  V  L  S  V  S  S  A  P  T  D  N   

GGTATCGCGAAATCCTGCAGAGAGCCATGGCAGCCACAGGAAGCGGAGGGAAAGCGGTAAGGACCCAGCA 

R  Y  R  E  I  L  Q  R  A  M  A  A  T  G  S  G  G  K  A   

AAAAGTCACATTCAATAGAAATGGTAGTTTGTGTTCATCCCGTTCACCTCGAATAGAAACAGGGACTGGG 

AAATAACTGGTTCAATTCTGATCTAGTGAGAAGACCCACTTTTAACAGGACTATAATATTGAGAGTGAAT

TGGCTTTGTTTAGTGTTGGGGATCATTTCATTGGTTTAGAAAGGTTTCTGAGCGCGTTGATCCAAATTAC

TGGATTTCTCGTGCATCGAGTAAAATCTCGTCCTCTCCAATCCATAGCCACTCTGCACAAAGAGTAACAG

ACAAGAAGTAGACATCGTTCCACAATCCCAGAGAACTTACTGCTCTTCTCTCTTCCCAAACTGCCTCTCC

CATCTTAACCCCAACCCTCCTCTCTCCCCAAATCCCGTCTCCCATCCCAACCCCAACCCTCCTCTCTCCC

CAAATCCCCTCTCCTGTCCCAACCCCAACCCTCCTCTCTCCCCAAGCTCCCAAACCCCCCTCTCCCATCC

CAACCCCAATCCCCTTTCTCCCCAAACCCCCCTCTCCCCACCCAACCCCAACCCTCTCTCTCCCCAAACC

CCTCTCTCCCCACCCAACCCCCCACCCCAACCCCCTCTCTTCCCACCCTGGGACTTCTGACCAGGCTCAT

TTGGTCCTGTTTATCATTTGAAGACGAGCACCTGAGTCTCTCTCAGTCACCTCCAATAACCATCTAGAAT

GGGGCAGCTGAATCAAATCTTGCAACCAAGTCATTCAGTTTGAAAGAAATATTCATTACAATTATGTTTT

CAATTGCCTTCATGTTGAAAAGAAACTCCGAGCACGGGGATTGGTTCCTTCCAGAGATTTTCTCGCTCTT

TCCAATGTCCACCTCCCTTTGAAGGGTTCAGAATTGTGGTGGATGGAATGGAGTTCGGGGTGGAGTGGGA

GGGGGTTTGGGCAGTTCAGGTCTCTATTTGCGAATTGGGATCTTCCCGGCCGGTTGCAATGGAGAAATAT

GAAGATAAATGAAGATAATTTCACAAAGTTGAATTTAATTCATTGTAGATTTATTCGCGGGAGTTTGCAA

CTTTCGTTTGCAAAACAAACGTAAATATAGCGTCAATTGGCGGAAATTTCTCCCCTAATCTATTTCCTGT

TGTTCTCAGGAGTTGACGAAATATTCCCTCGCCCAACTGCTCTCCGAACTGGAAAACGCGGAGAATGAAG 

             E  L  T  K  Y  S  L  A  Q  L  L  S  E  L  E  N  A  E  N     

CTCTGGAAACGGATGCAATGGGCGGACGCAACGAGGTGCGGCTCGAACCGGAGAGATCGAGAAATCCCAA 

E  A  L  E  T  D  A  M  G  G  R  N  E  V  R  L  E  P  E  R  S  N  P  N 

CCTGCCGAACAGGGAGCGAAAAGCGGGATGTAAGAACTTATTTTGGAAAACCTTCACATCCTGTTAACTC 

  L  P  N  R  E  R  K  A  G  C  K  N  L  F  W  K  T  F  T  S  C  - 

TCCGAATTCTCCATAGCAACCCACACACTCAGAATGTGGCATTCAGATAACTAAATAAATCATGTGGTGA

ATGATTCTATTTGAATTATGTAAGAGAAGACAATTGGTTTGAATTGTCCAATAGCAGGCCAGTTTGAATG

GTGACTGGATAGAGTCGCTATTTTTCATTAATCTGTTGCAATAAAATCTCTGTTTGAAAGTGGACCATTT

GTTGGATTTTGTTCTCTGGGAGATGGGGCAATATAACAAGGGACAGAATTAACTCGGCTAGTTTTCAACA

CCAGTCTGTGTCCAAAGGTACAGAGCGAGGGGAGTCATTTTCCACAGTTGTGACTTTGTAAATCAGCTCT

GGGTGGAATCGCTCTGGGTCACTGTCTCTGATCTGGGAAATGTGTTGCTGGAAGTTCCTCCGCGTATTCA

AACTCAGAGGAGACAATGAATGGACGGATATTAAAGGGGGTTCTGCTCTGTCCAATGCAACCGTGCTCTG

TGAGTGCTGTAATCTGCAGGAGAGCAAACTATTCACCTGCATCACACTGGTAAAAGTCTAACCCTGGTCA

ATGAAAGCATCAATCCACAAATCACAAACCTGCTTCCAGCCTTCCCTTGTAAAGCCGGTTTCCATTCTAA

CCTAGCGGCACGGTAGCACAGTGGTTAGCACTGCTACTTCACAGCGGCAGGGTCCGGGGTTCGATTCCCA

CTTGGGTCACTGTCCATGCGGAGTCTGCACGTTCTCCCCGTGTCTGCGTGGGTTTCCTCCGGGTGCTCCG

GTTTCCTCCCACAAGTCCCGAAAGACGTGCTGTTGGGTAATTTGGACATTCGGAATTCTCCCTCTCTGTT

CCCGGACAGGCACCAGAATGTGGCGACTAGGGGCTTTTCACAGTGGAAATGTCAGTGGAGGTTCTGTACA

ATACCAATGTTCCGTACAGGTGTTGAATTGTGTTCTACACAGGAAATTGCCTTCCATCATCCCCTATTAT

GTCTAGAAACATAGAAAATAGGTGCAGGAGGAGGTCATTTGGCCCTTTGAGCCTGTTCTGCCATTCATTA

TGATCATGGCTGATCATCCAGCTCAATAGCCTTCTCCAGCGTTCCCCCATATCCTTTGATCTCCTTCACC

ATAAGTGCTATATCTAACTGCTTCTTGAAAATATATTGAGAGGGATTCTCCATCCTGCCACACCAGGAGC

TGGATTCTCTGCCGTCGCGATTCTCTATTTTGCCAGAAGCACGGGGGTTTCCCAACAGCGTAGGGTGGCC

CCACAAGGAGAAACCCCGTTGACCAGCTGGCGAAACGGAGAATCCCGATGGCATATGGTGGGACAGAGAA



ACCCGCCCCAGATTTCTGATGCGGCATGTCGTCGGGATTCTCCATTTCGCCGACTGGTCAATGGGGTTTC

CCATCATGGGGCAGCCCCATGTCGTCGGAAAACCCTTGGGCTGGGGGTAAAATGGAAAATCATGATGGC…  
 

B. Catshark SST2  
(scaffold 83887)  

…CACTCTTTCTCAAAAAGCAGTGGACGCAGTCTTAAATATGTTCAAGACAGAGGTAGATAGATTCTTGAA

AGGTAATGGGGTGCAAGGTTGTTGGGGGTAGGCGGGAGATTACAGTCCGATGGGCCATGATCTTATTGAA

TGGCAGATCAGGCTCGAAGGGCCGAGTGGCCTACACGTGCTCTTAGTTCCTATGTCTGTAACATCCGACA

CTTTGGAGAAGAATATTTTTGATTGTGTCAGGAATCCAGCCCTCCCAGAATTTTCCAGGGTGCTAATAAT

CAGTTTTTACTTAGATTTCTAGTCAACCTACAGGTTTTAGATTTTAGTTTTCTTATACTGCATTGGAGGG

TCAGTTGTTGAACAGCATCCATCCAATTCCACTTTTATAACTTCTAAAAATATAATTTTGTTTAAATGGC

TGGAACATTCTTGGATTGGAGGCTATAAAGCTCTTTAATGGCTGCTTCATTCAAATTGAACTGCAATTTT

AACTGTCCACATTACAGATCCTTCATCTACTTGCCCATAAATTTACAGAACGTAAAAGTGTAATATAATC

AGTCAGGTATGTTCTTCCTGAATTAATATTCCTCCATTTACGATAACGCAAACCTGTTACTCCTTATATA

CATATTGTTTTCAGGCCTGTATTGGGTTAATGATGCACACTGGCTATTAGGCTTTGATTGTATCATTAAT

TTTGTGCGTCAGAGTTGCTTCTGCTGTGCTATAAAAGAGCTGGAAACACTTTCGGAAAAATAGATTGAGG

AGTTCACAATACATTTAGCATTTTGTCCAGGAGTGCTCGAAGATTCAGCATGAAGTGGCTAATGACAGTG 

                                                  M  K  W  L  M  T  V 

AGCCTGATGTCTCTGCTGTACCTTCTGAGAGTCGAGGGTACTGACCTACTGGAAGAAAGAATGAAACTTC 

 S  L  M  S  L  L  Y  L  L  R  V  E  G  T  D  L  L  E  E  R  M  K  L  

AGGTAAACAGAGTGAGTAGAAAGATCATTACTAAATGCACAGAGGTGGCGGCAGTGTGGTGAAAGGGGTG 

Q  V  N  R   

GGAGGGACGAAATCCACAGCCATAAGGAGAGAATTGACGTAAAAATATTGGGAAAATTATGTAGAGAGAT

GAGAGACAATGGGATTGTTCTCTCTAATGCTAGGAGATTAAGGGAAGACTTAATAGAGGTGTTCAAAATA

ATGAGAAAGCGTTTCCACAGGCAGATGGGCCGGTGACCACGAGGAGAACATTTTAAACTAATTGATAAAA

GAGCAAGAGGGAGCGATGAGGAAAATTGTTTTTTACATCGTCAATCATTATAATCTGAAACGTGTTGCCT

GAAAGTTGATGGAAGCAGATTCAATAGTAACTTTTCAAAAGGACTTAGATATATACTTGAAGGTTGGAAA

CTTGCAGAACTATCAGGAAGAGGGGAGGGAGCACTATAAATTCTGCACTGTAAATTCTATGATTACGTTA

AGGCAGGAAAATGGAAGTAATTGAGTAGCTCTTTACAAAGGGCTGGTATAGATGTGATGGGATGAATGGC

CTTTTTTGCTGTAAAGTTCCATGAAAGCCAACATCAGCAATAATCAGACTTTCAGATTTCCAGCATCCAC

ACTATTTTGCTTTAATCAGCATTAATATATCATCAAGGGATCTGGTAGTGGGTAGTTGTCTTACTGGACA

AGATTAATAATCACGAGAATTTGAGTTCAAAAACCACCATGGCAGTTTGAGAACTCGAATTTGGTTTGAA

AATAAAATCTGGAAACAAGAAACTGGTTTCAGTCAAAGACGTAAACTGTCGGATTGTCATAAACCCTCAA

CTGGTTCGTCAATACCTTTTTTTAATATAAGTTTAGAGTTCCCAATTAATTTTTTTCCAATTAAGGGGCA

ATTTAGCGTGGCCAATCCACCAACCCTGCACATCTTTTGGGTTGTGGGGGTGAGACCCACGCAGACACGG

GGAGAATGTGCAAACTCCACACGGACAGTGACCCGGGGCTGGGATCGAACCTGGGGCCTTGGCGCTGTGA

GGCAGCAGTGCTAACCCACTGCGCCACCGTGCTGCCCTGGCCAATACCTTCTAAGGAAGGAAACTGATCT

GCCAGGTATCCTGGGCCATAGCAATCTGTTTGGCTGTTAACAGATTTCTTAGTGACCTAACGAGCCACAC

AGGTTTAACCAGGATGGCAATAATGTGCCAGTCGGACTTGGAATTCTGTGAAAAGATCAGAAAACCCGGC

GCAGACTGTTCTTCGGGAAAAATTGCTGATTAAAGTTTGGTGGATTTACTTTAAACTAGTGGAACATTAT

TGAAAGGACCTGTGGACCTGAACAAGCTCGACACTCATTTTTGCCTTTAATCTAATGTCCTTCAGGGAAT

GAAATCTGCCGTCCTTACCTGGTCTGGCCTACATGTGACTCCAGATCCACAGCAATGTGGTTGGACTCTT

AACTGCCCCCTCAAGGGCAATTAGATATGGGCAATAAATGCTGCCCAGCCTGCGACGCCCATGTCCCTTG

AGCGAATAAAAATAAATCAGGCCAAGTACAAAAATATATTGAGGGAACAGAAAGATTTAGGCTTAGGGAT

GTTCGAGTTGGCAAGATATGCAGAGGGTAGCAACGAGTAAACTGTAACAAAACTGGGTCAATGGTGGGAA

TAATGGTTGGAAATAAAGTGTAAAAGACAACTAAAAGAGCTGAGCTAGATCTGAGTGAGTGATTCATGTT

TGGCATCAACAAACAAGTGCCTTGCAATGAAATGAAAACGAAAGCTTTCTATTCTCTGTTTATCCACAAG

GAAATGACAAAAAGCAGGAAGAATCTGATTGTAAAGCTACTGGCTGGCTTGTTGGAGACTGATGATAATC 

 E  M  T  K  S  R  K  N  L  I  V  K  L  L  A  G  L  L  E  T  D  D  L  

TCTTGGAGAATGGCTTTGCACCTTTGAAACCGGAAGAGGCAGAAGGGACTTTGTTCGAAGAGAGGTCGGT 

D  L  L  E  N  G  F  A  P  L  K  P  E  E  A  E  G  T  L  F  E  E  R  S   

TAACGCTGGAATTCCACGCAGGGAGCAAAAAACCCCATGCAAACTGTTCTTCTGGAAAACCTTTTCCCAC 

  V  N  A  G  I  P  R  R  E  Q  K  T  P  C  K  L  F  F  W  K  T  F  S 

TGTTAATAACCGTGTAGCGGATTTTTCTAAAGCAGTGGGAGTATGAAAGAAAAATGGGTGTAAAGGCTTA 

 H  C  - 

ACTTTAAAACTCGAAAATACACTGCAATCATGTTTTTCTCTAGCCCAAATATTTAATTCAAATTTACAGG

AAATGCTTGCAATAAAGTTAACCTGAAAGTTACACCTTTTAAGACATGTGAAATTATTGTGTTTTAAATG

AGATAGCAATCCAGTTAAACTTTCTCAGTTTGTTTCTATCATGCCTGTTATTTCCCTGTTTTTCCAGCAT

TGTTTTCTTCTCTCAGTTCCTCGCTTTCCTTTGGCATGTTAGCCCCCTCTCTTCCCACAGAATGCTCCTG

GGATTCCGTACTCTTCCCCCTCGCTTTACCTTTCCCTCTTTCCCTAGACGAATGTTTCTGAAAGATTGCA

CCTGCCCCTGACACAGCCGGCTGGGACTTCTGGAAGCACTTGAATTTTGCCAGACACAATTTGGGATATT



TTCTGAGTTAAAGCCTATATATATGTTGACAGTGACCTTTCCTCTTGATCGTGAGATCTGAGCATATTGT

AATGGTGTTAATTGTTTTGACCAGTCTATCTGCATACAATGTACATACTTATCTCGAAATATCCTGTGA… 
  



C. Catshark SST3 
(scaffold121269) 

TTAGATTCCTGGCTTGGGTCACTGTCTGTGCGGAGTCTGCACGTTCTCCCCGTGTGTGCGTGGGTTTCCT

CCGGGTGCTCCGGTTTCCTCCCACAGTCCAAAGATGTGCAGGTTAGGTGGATTGGCCATGCTAAATTGTC

CTCAGTGTCCAAATTGCCCTTAGTGTTGGGTGGGGTTACTGAGTTATGGGGATAAGGTGGAGGTGTTGAC

CTTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTGGAGGCAGTTTTCTCGCAAAGCAGGATAG

TATAAAAGTAATAATATTTAAAGCAGAGCAGTCTTGACTGAGGACAAGGAAGGGGCTGAAGCACACCAGG

TGAACCAGTTTTTTGAAGATATTCAGCCGAATCTGAAGGGGCTCTAATAGGAGTGTAAATATTTTCTGTG

AAGCAATTTTTACTCTGTGCTATGCTGATTGTAAGATGGATTAAGAGCTGTATGTTTATTTCCTTGTTTG

TTCATGGGGAATTGAGTAGTTGTCTTTAAGGGGTAATTGTAAACTGTTTTCCTCGGATGTGAAGTTAAAG

AGATAATATTGTATTCATAATAAGGTTTTGTTTGAGAAATACCAAACCCCTTTTATTTCACGCAATCGTT

CCTGAAGTGAGTCATTCTTTCTGCATAGCTGTACAACAAACTAAAATATTAGGGTTTTGGTCCAGTATCC

TGTTGTGGTCTGGTCTGGGATCACAATATGCAATACATCTCAAATTACTACATTCATCTCAGGTCATTGA

TGAAGCAGCTGAAGATGGTTGGACTGAGGACACTACCCTGAGGAACTCCTGCAGTGATGGCCTGGAGCTG

ACATGATTGACCTCCAACCACCACAACCATCTCCCTTTGTGCCGGGTATGACTCCAACCAGCGGAGAGTT

TCCCCCCTGATTCCCATTGACTCTGTTTTGCTCGGGTGCTCTAATGTATTACAATCCTGGATCAGACCGC

AACATTTGCTAAGATACCGAACAGAAACGACAATATTTTATTTTAATTTTGTAAGACTGTGAGGAAAGGA

TACTTCACTCCAGGAGTGATTGCACGAAGAATTAGGGATTTGGTTTGTTAAAACAAACTTTATTACTAAC

AGTAATAATAACTGTGACATCATATAAACATATAGCTTTCAATTACCAGTTAAATAATGCTTATCAGTAC

AATGACACAATAACCCTCAACTGCTATTTTTATTTCCACTCAAACAACACCCATCTCAAACCAAATCCAC

TTTTAAACACAATGAGCAGTCTCAGGAATCCATGCTGTAAAGAAACATCCTGGATAAACAAACTTTGATA

AAGCAATATTCTTCAGCTTAGGCTCGGTGTATTGGNNNNNNNNNNNNCTTAGTGTCCAAAAATGTTAAGT

GGGGGTTAGTGGGTTACAGAGATAGGGTAGATATGTGGGCTTCAGTCGGGTGCTCTTTGTAAGGGCTGGT

GTAGACTTGATGGGCCGAATAACCTCCATCTGCACGGTAAATTCTATGGTTATATGGTTCTATTCTGTGG

TCTCAACTTACTGTTTGAACTCCCTCTCCTGTTCATAGGCAAATCATTAATGCATTGCCTTGAGATCAGC

TGCTTCTGGTCTGTCCCCAGTCAGATATTTAACTGAACTGTTTGGAAAGTTTCTCCTAGTCTGTCTACAG

GCACATCTTTAACTGAACTGTATTGAGAGCAGCTGTTTTATAAAATCCCCACATGGCAGAAGGAAGCCAT

TCAGCCCATTGCGTTCGCGACCCATCGAAAGACCACCCTACCTTGAACAATTCCCCCACCCTATTCCTCC

AAGCCCAACCTGAGGGCAATTGATCTTGATCAATCCATCAATCTGCACATGTTTGGACTGTGGAAGGAAA

CTGGAGGAAACCCATGCAAGCATGGGGAGAATGTGCAAACTTCACACAGACAGTGACCAGAGGTTGGAAT

CAAACTCGGGCCCCTGCCGCTGTGAGGCAGCAGTGTTAACTACTGTACCACCATGCTTCCCTGACTCTGT

GAGGCAGTAGTGCTAACCACTGTGAAACTCTGCCACCCATTTGTCTCCTGTTCACACCCCAATCTAAAAC

TAAACTGAAACCTCAACATCTGACTGCTTCATCCCCTGGCTCCTTCCATTAACTACATCATCTCATTAAG

CTGAACACGCTGTCTCTAATTATCTATTCCAGGAAACCCTCTCAATATAAACAAAAGTCAATTACCCCAA

ACTTGTAGGATGCTTTAATTGCACCTCTTGTAGCCGCAAAACCTGGCTGTCTTGCAAACTAGAATTTTAA

AAAACGCTACTGCAACAGTCACACACACTAACCCAGGATTTTAACCCTTACGGCACGCGGTACATACAGT

ACAATATATCTGAAATCCCTACATTCATCACAGATACCACACTCGGTCAAATATTTTCTTGATGTCAAGA

GCAGTCACTCTCACCTCACCTCTGGAATTCAACTCTTGGGTCCATATTTGTGGAGCAGAATGGTTTTCTT

ATTCATAACTGGAAACAATAGTTTGAAGATTGCTTTTTAGACATGAGTTACATGGATGAGAAACTGGGTC

AATCACTCACATGTACTCACAAGAGAGTATAAGCATGTCAGAAATCAGGGATGTAAGAAATTGAAAAATC

ATCTCTAGCAAGGACTGAATTAAATGCAGGTGAGAAGAAACTATTGTAAAATATCTATGTGCAAAGGTCT

GACACACATAATAAATGTTTGATTACGTGGGTTAGAGGTATACAGAGATACCAAGAACTGCACTGGGTGT

TTCTGGGATACACTATGTGCCCAATCAGGGTAAGGCTAATTGCATCTTACCCAATGCCATATTGCTTTCG

TGGGTCACTAAGAAAGTGATGTCGATTGCACTCACTGCAGGGGTAATCTGTCACCAGGCTGTGTCTAACT

CAAAGTCTAAAGACCGATGCTGGGGAAGTGTAATTATTTAATTCAGTGTTTTTCCTCACTTTAGATAATT

GATGAGGATAAGGAGGAATGCTTTGTTAACAGGTGGAATTTTCTAGAACTACTCCTCCTCCTGACGTGCG

ACCAGGTTTTCAGAACGGGTTTAAAAGGGCAGGAGGTTAGGAGCTGTCCTCAGAGACAGTGCTGAAACGC

CCTCTCCACTTTCCGTCGGCTTCTTCGCCTTGTGCAGAGATGTGGTGCAGCCGCCTTCAGTTGAGCCTGG 

                                        M  W  C  S  R  L  Q  L  S  L   

CTCTCCTCTCCATCGCCCTGGCAGTACTGAGTGTCAGCTCAGCCCCCACAGACAACAGGCATCGCGAAAT 

A  L  L  S  I  A  L  A  V  L  S  V  S  S  A  P  T  D  N  R  H  R  E  I   

CCTGCAGAGAGCCTTGGATCAGGTAAGACCGATTCCAACTCACCAGATCTCACCAGCTGACATCAGGGGA 

  L  Q  R  A  L  D  Q 

AGTATTTCCAAGGGAAAAATAGCAGTAGAATCATAGAATGGTTACAGCACACAAGGAGGACATTCAGCCC

GCCACTTCCATGCTGGTTTACTATCACATTACATCTAGTGTCTCTTCTGCGACTTTTACACGTCGCTCTT

TTTTTTCTCTCTGTTCAGATACGTCTTTGTTCTTTGTATCCAATTTTCCTTTGAAACCCATATTTGAAGC

TGCCTCCACTATTCGACACATTGTTTTCCAGCTCCTAACAATTCGCTGGAAACAAAAGGTTTTCCTGATG

TCACCTTTTGTTCTTCTGGCAGTTAACTGTTTTCCTGTGGATCTTGATCCTTCCATCATTTGGGAATAGT

TTGTCCCAATCTACTCTGACCAGACCCCTCATGATTATGAACAACCCAATCAAATCTTCCAACATTAATT



TCCCCAAGTCCCAACGTCTCAAATATATCCATACAACTGAATTTCAACAGAATTGTGACAACGCAGAAAG

AGCCCTTTTGACCCATGGTGTTTGCACTGGCTCTCAAATCAGCATCATGATAATGAAATGAAATGAAAAT

CGCTTATTGTCACGAGTAGGCTTCAATTAAGTTACTGTGAAAAACCCCTAGTTGCCACATTCTGGCGCCT

ATCCAGGGAGGCTGGTATGGGAATCGAACCATGCTGCTAGCCTGCTTGGTCTGCTTTAAAAGCCAGCGAT

TTAGCCCAGTGAGCTAAACCAGCCCCTATTTTGTGCCAATCCCTTGCATTTTCCCCTACTCCTGAACATT

GTTTCTGTTCAAGTAACCATCTAAAGCCCTCTTGAACCTCTCAATTGAACCTGGCTCCCCCACACTACTA

GACAGTGCATTCCAGACCCAACCACTCACTGTGTGAAAAAAAAATCTAACATTACATTTGTTTCTTTTAC

AAATCGCATTAAATCTGTGCCCTCTCATTCTTGATCTTTTACCTGCGGAAACAGTTTCTCCCCGTCTACT

CTGTCCGGCCCCCTCATGGTTTTAAGCATCTCTATCAAAGCTCCTCTCAGCCTTCTCTCCAAGGGGAACA

GTCCCAACCTCCCCAATCTATCCTCACAACTGAAGTTTCTCATCCCTGCAACTGTTTTTGTGAACCTCTT

CTGCCCTCTCTCTACAATACATTCACATCCTTCCTATGGTGTGGTGTACAGAACGGTGCACAATACATCA

ATTGAGAGTCTATGTTAATGTCTTGTATAAATTTAACATAACCACATTACTCTTGTACTCTATTCCCTTG

TTTCTAAAGCCTGGTATACTGTGTATTCATTAACTGGTCTCTCCATCTGTTGTACCACCTTCAATGATCT

ATACATACACACAGGTCTCTCTGCTCCTGCACCCCTTAAGAATTTTATGCTTGATTTTATATTGTCTCTC

CATTGTGGGCAGCACGGTAGCACAGTGGTTAGCACTGTTGCTTCACAGCACCAGGGTCCCAGGTTTGATT

CCCGGCTTGGGTCACTATCTGTGTGGAGTCTGCATGTTGTCCCCATGTCTGCATGGGTTTCCTCCGGGTG

CTCCAGTTTCCTCCCACAAGACCCAAAAGACATGCTGTTGGGTGTATTGAGCATTCTGAATTCTCCCTTC

GTGTACACAAACAGACGCAGGAGTGTGGCAACTAGGGGCTTTTCACAGTAACTTCATTGCAGAGTTAATG

TACAACTTGTGACAATAAAATATTATTATTATTATTATGTGACTCCTCCCAAAATCCATCACCTCACACT

TCTATGCACTGAACTCTATCTGCCATCTATCTGCCCACTCCACCAACTTGCCTATGTCCTTTTGAGGTTC

TATACTGTCCTCCTCACAGTTTACAATACTTTCAAGTTTTGTATCATCCACAAACTTTGAAATTGTTGGG

CAGCACAATGGCGCAGTGGTTAGCTCTGGGACTGCAGCACCGAGGACCCGGGTTTGAATCTCAGCCCTGG

TCACTGTCTGTGGAGTTTACACAGAACATAGGGCAGCACGGTAGCATTGTGGATAGCACAATTGCTACAC

AGCTCCAGGGTCCCAGGTTTGATTCTGGCTTGGGTCACTGTCTGTGTGGAGTCTGCACATCCTCCCCGTG

TGTGCGTGGGTTTCCTCCGGGTGCTCCGGTTTCCTCCCACAGTCCAAAGATGTGCAGGTTAGGTGGATTG

GCCATGATAAATTGCCCTTAGTGTCCAAAATTGCCCTTAGTGTTGGTGGGATTACTGGG 

 
(scaffold 604248) 

GTACGAGACAAGTTTTTACACAGAGGGTAGTGGGTGCCTGGAACTCGCTGCCGGAGGAGGTGGTGGAAGC

AGGGACGATAGTGACGTTTATGGGGCATCTTGACAAACACATGAATATAGTGACACAGTGGTTAACACTG

TTGCTTCACAGTTCCAGGGTCTCGGGTTTGATTCCTGGCTTGGGTCACTGTCTGTGTGGAGTCTGCACGT

TCTCCCCATGTCTGCGTGGGTTTCCTCCGGGTGCTCCGGTTTCCTCCCACAGTCCAAAGGCGTGCAGGTT

AGGTGGATTGGCCGTGATAAATTGGCCTCAGTGACCAAAAGGATAGCTGGGATAACGGGGATAGGGTGGA

GGTGTGGGCTTAGGTAGGATGCTCTTTCCAGGGGATGGTGCAGACTCGATGGGCCGAATGGCACTGTAAA

TTCTATGATCCTATGGTGAGGATGGGAATAGAGGGATACGGACCCCGGAAGTGCAGAAGATTTTAGTTTA

GACGGGCAGCATGGTCGGCGCAGGCTTGGAGGGCCGAAGGGCCTGTTCCTGTGCTGTACTTTTCTTTCTT

CTTAAGCACCTAACGTCAGCACCAAGCAACTGAAACACAAAGGATTCAAATTAATTTTGAACAGGAGTCC

TGTTGGATTCGAGATTTCTCTTTCCACAGAAGCTGCCGGACTTTCTGGATTTCTCCAGCATTTTATTATT

TTACATTGCACAATCCAAACTTCTGTTTCTAACAGACTTTAATTGCTTCCTTTCAGGAACTTCTGAAGGA 

                                                         E  L  L  K  D   

CACAATGATGAAACTGTTGCCTTTGGTTACTGATGTAGACACTGAGGCCGGAACACTGGATGTTTCCAAT 

  T  M  M  K  L  L  P  L  V  T  D  V  D  T  E  A  G  T  L  D  V  S  N  

GCTGAGACTTCAGAAGAAAACACAACACCGATGAAATTCCAGCATCGTCAGTTGGGAATGAGAATGCGGA 

 A  E  T  S  E  E  N  T  T  P  M  K  F  Q  H  R  Q  L  G  M  R  M  R   

AAAACTGCAAGAACTTCTTTTGGAAAACCTACACTTTATGCTAATCCACTGTACCCAGTGAGCCCTTCTC 

K  N  C  K  N  F  F  W  K  T  Y  T  L  C  -   

ACTGGACCCTGCTGTACCCCACTGCACCCCACTGACTCCATCCCACTGTACCC 

 
 

 

 

  



D. Catshark SST5 = SSb  

(scaffold 888145) 
GTGGAGAGTGTACGGGCGTAGGGGAAGAACCTTGAGGTGGGCGATGAAAATCTCTCTTTCCTCACATCGT

ATTGAGTGGGGGGTGGCAGGGGGCATGAAACAGAAATCAGATAGAAAGCAAAATGGGTTTCTCTTCATTG

AGTGAGAGGGCATGCCNACTGATTGGTACACCGTCCGCCCAATTAAATCGCAGCACCAATCAGAGAGTGA

GGAGCGTGGGGGGCTTTGCTTGTGACGTGATTGCTACCTCGCCTGAGGGGGTATATAAAGCAGGTAAATC

GCAGGGCTGGAGTTGGTCAGAGCAGTTACACAGAGAAGCTCGCCTCTCGCCCACACTGCCCGACGAGACA

GTTTGCCAATCGCTCCCATCCGCAGTAAGAAAATCAGAGCTCGAGATGCCGAGATCGCAGACTCAAGTCC 

                                              M  P  R  S  Q  T  Q  V  

TCCTCACTCTGGTCACTGTCGCTCTGCTGTTACTGCGGGGATCGAGTACAGCCAGAGTGCAGGGGCTGCC 

L  L  T  L  V  T  V  A  L  L  L  L  R  G  S  S  T  A  R  V  Q  G  L  P 

CGATATCTTACAGGAGAGGAACGACGAGGGGACTGAGGTAAGACAGATACCCCTATAAAATCTCCATCCT 

  D  I  L  Q  E  R  N  D  E  G  T  E   

GTTGCGCTGGCGCAGGTTAACCCCAGACACTCCATTCTGCACTCTATTTAACCCGTTAAGATCCAGCACT

TAACATAATTTAAATGCATAATTTTGTTTAGTTTATTGCTGGAATCCATCT 

 

(scaffolds 316000) 
TTCGGCCCTCGATGTTGCGCCGACCTGTGAAACCATTCTAAAGCCCATCTACACTATTCAAATGCCAGTG

TTGTGTTGTGTTTACAGGAGCTGTCCAGGACCATGGTGCTGAACCTCCTCTCCGAGCTGCTCCATGCTGG 

                  E  L  S  R  T  M  V  L  N  L  L  S  E  L  L  H  A  G   

GGACAAGGGGTTGCCCAGCACCGAGAGACGGGAGCTTCCCCAGGCTGAGATCGTCCGCCGGTGGAACTCA 

  D  K  G  L  P  S  T  E  R  R  E  L  P  Q  A  E  I  V  R  R  W  N  S 

CCGCGGGACCGCAAAGCAGGCTGCAAGAACTTCTTTTGGAAAACCTTCACCTCTTGTTAACGTGCGGAGA 

 P  R  D  R  K  A  G  C  K  N  F  F  W  K  T  F  T  S  C  - 

GAGAGAGGGAAAGAGAAAGTGAGCCGGCGGGGGGAGAGATATAAAGAGAATTCCTCCCTCTCCCAAAACC

CATCTTCAGCTCCTGAAGGGAGGCAAAAAAAATCAATTGCCTCTAACTTGTAGATTTTAAGATTCACAAA

TCCCAACCACCTCCGTCCCTCGAAAGATTGCCTCCCCCTTTGGGCTGCCTCTCCGCTGAGGATTTCTCTG

TGTCTTTATCCAAGGTGTTTGTAAATGATTGACTTGTTTGCTTTGTTCTCTGAGCATGGACTTGCTCTCA

CACAATAAAATATCTTTATTTCTCAGCAACCTCCACGACTTTGTGTTCCTTTCTGCCCTCTCCCTGACTG

GGAATCCATCCCTGCACCACCTTCCACACTCATACCCAGCTCCCCTCTAAAAATCTAATCGGTTATGTGA

ACATTTTTGGGTTGTGGGGGGTGAAACCCACGCAGACACAGGGAGAATGTGCAAACTCCACACGGACAGT

GACCCAGAGCCGGGATCGAACCTGGGACCTCGGCGCCATGAGGCAGCAGGGCTAACTCAATGCGCCACCG

TGCTGCCTTCATAGGCTGTTAATGACCTCATCCTCCCTAAACAAGCGAAAGAGGGGTTTGCAGCTTGTAA

CGACTATGAAGTACCGTCCATAACTGTATTCCCAGAACTTCTCCACTCGGAAAATTACGGCTAGTCCCTT

TTTCTCCATATGAGAATTAAGCTTTTTCGGCATCAGTCCGAGTCCTCGCACAGGCAATAGGCCACCTTAA

ATGATAAAACCGCTCCGATTCTGGGTGAGAATGATCGCTATTAGCGGGGAGTGGGGGGAGGGGGGGATTC

TAAATGAATAAGAAACTGGATGACTGGAAAGCTAGTTTGACCTGTTAAAAGGTTTACTTCTGATGTTCTC

TCCAATACCACCTCTGCTGCTTCTTGAGCAATGTGTGTAGGGGTGCCAACATTACAGAAAGATTAGGAAT

AAATCTTCCGTAACCATTCACCATTCCTGAAGAAAATTTCAGTTCCACACATTTTTGGGAGCTGGTGCTT

CCTTCGATATTCTCCTACATTGGTTGCAGCCCTTGGGCGTCTACCCTGAACCCCAAATACTTCACTCGAT

GAACCTGGAACGTGCACTTTTCAATTTTTAAGACTTTTTAAAACTTCTCTAATTCTAATTGTTGGCACGC

TAGCCTCATACAAAGTTTAGTGTCAGTTAAACCTGCTAATTTAACATATAAGTCTTCGATTCTTGGTATT

GAGTAACTGCCCAATTTTGCTGCCAGTTTCACGGTTAATTTATAACCGCACATATCTCAATGGTTCCATC

TGGTTTAACCACAGGCACGATGGGTGCTGCCCACTCCGAAAACTGCATAGATCTGATGATGCTTCATTCT

TCCAATGTCTTGAATTCAGGTTCAACCTTCTCATGTAAGGCACGGGGGTATGGGCCAGGCTCTGTAAAAC

TAGGATCCACAAGCAAATTTAATTTGACGATAAGAGCCCCAGGGGAGACGATAGCGGCATTCACGGCGTA

CCTAAGACAAACAGCTGAGTGTTGCAAGCTCGGGTCTGCGCTCAACGACATGTTGAGAGACCGGTTCATC

CATGGCGTTACCGACATGGCCAAATTACTAGCAGAGGCATAGATTACCTCATAATAATCTTTATATATTT

TATAATCGTTATTAGTGTCACAAGTAGGCTTACATTAACACTGCAATGAAGTTACTGTGGAAAACCCC 
  



E. Catshark SST6 = SSc  
(scaffold 66610)  

…GTAATAAGGGAAGGAAAAATACACTAAGGTCCCGGGTCCTGATTGCTACACACCAATGCCAAATAAGGC

ACCAAGATCGGGCTGTGATGCAGCCACAGTTGAATAGTTTGCTAACATCCATGGTCCATGCTTGCATAAG

AAGAATGGGCACTCGATAGAGATACTGGAGTGCAGTCAGCATCTGTGAAGCTGTACTCAGTAAAGATAAA

ACATTTTCAGAGAAGCAGGTGAAGGAACATGGAATGTGTTTCTGGTCTGAAAACATAGAATCCAATTCAC

TTGACATTGCTTTTTCTTTAAGTATAAAACACAATATCAGATTTGGGACTTTTCAAATCATCAAATAATA

TTCCACAAATGGCATCAAGAAAAAACGTTTAATCATATTTTAATTTCCATATATACCATGATAGATATTT

ATATTTGCTCAGTGCTGAACCTCTCCAACAAATTGTTAGCACAAAAAGAATTCTGACTGGGAAATGTCCG

ATGTTAAATGTTGCCTGAGCATTTAAAATTTGTCCCTGAAGCAAAGGTTCTTGCCTTAAGTCTGGAGACA

GAAATTCAACATTTAATTTAATTCAGAATTTAAAACTTTCTCCTCAGTGCTTCTTATCTTCAGGCAGAAA

ATTGCAGAAATTCAACGCAATAAGACTCTTGTATTGACCGATGTGTTTGTGAAGCAAACCTGGTCAGCTA

AGGGTTAATCTTGGACCGAGTGTAATTGTTTGGCTTTGATGGAGCCCTGATGTTTAATGAAGCTTTGGTC

TGTGCGTCAGTGACTGGGGCTGCGCTGGGTTATATAAAGGGTTAGAGATTGTCAAAGCCACACAGAGACT

CCAAGGTCGAGGCACATTGAGAAGATCTCGGCCAGGCTCCGCTTCATTCCAACTCCACGAGATCGAGAGT

GTCAGCATGCAGTTGCTGGGAACGGCGAGCCTCCTGTCCATGCTGCTCATCGTGTCCAGTGTGAGGGCCA 

       M  Q  L  L  G  T  A  S  L  L  S  M  L  L  I  V  S  S  V  R  A   

CGGCACCTTTGGAAGATCGGCTGAGTCTGCGGGCAAATCAGGTGAGTGAAAACTTAAGCGAGGGGAAAAT 

T  A  P  L  E  D  R  L  S  L  R  A  N  Q 

CTGCAAAGGGTACACGGCCGGAAGGGAATGACAGAACGAAGAAAAGAGAGGGAGACGACAAAAAAGAACA

CACAAGACAAAGCAAGGAGACAAGGAGCGAGAGGCAGATGGCGTGGGAGAGAAGTCGAGGTCGATATGAA

TCGGGGTGACAATTACAGAAGGGGGAAAGGCAGCTAGAAAATGAGAGGGGGATGGAGGTAGGAAGAAAAC

CTGAGCAACGAATGATTTCAGAGAAGAGGAAATCTGTGAGAAGAAAAGAAAGTTTCAGTCAGGTAAGTGG

CATGGGTGTGGGTTAGAGTGAGAGGAACTGAAAGTAACAGTGACAAAGGCTGGGGATAAAATGAGAGAGA

GAGAGAGAAAATAACAGGTGGCGGGGATGGCAGAAAGAGACCTAGCAAAGGGGCAAGAAGTGTGGGTGAG

GGGGAAAAAAAGTAGAGGGATGAACAGAAAAAAATGTGAGGGAGAAGTAGAAAATGAGAGTGACTCTGGA

AGAGCGACAGAGGTGGAAATAATAGAGAAAAAGCAACTGACAGAGGTTAAAGGGAAAAAAATAAATGAGA

CAAACATGCACACCAGAAAGTGAGAATAACAGAGAGGTGGTGAGAGAGGGACAGAAGAAGAGTACGAGAA

TTTTTTTTTTGAGTTGGCTGATATCCATGACTGGTTTCTTGGGGGGGAGGGATTGTGATAGTTATCCCGG

GATGCACAAAGATTTTAGTGTCTGAGTCTGCCTCTGGAATAAGAGTTAGTCATGCCGACACTGTACTCAC

ACAAGCAGCTTCCCACCCCTTTAATCACATTTAGTTTTGGTGCTTTAAGTTTCCTTGGAGATTCTGTTCA

CTTTGATGCAGTACCCCTTTAAATGGCAGCCTCTTCATTTCTCCCCCAACTTGCTGATTTTAGATTTTGT

GGTTACCTCAAAAGAAGCACAACCAGTTTCCCAGAATCCGACTTAAACATGCATCAGTGTAAAAGTGGCA

AAAGAGATGCAGCAAGAGGGAAAAAGGACAGATAATTTTTTTTAAAACACACAAAGAGAGAAACTAAATG

AAAAGATTAGGGTGCCAGAAAAGAATCTTTTCATTCCGATGCTGAATGCGGAGGAGACAATATCCTTTGA

ATCGAAGTGTAGCATGCAGTAACTAGGAGAGTGAGTGACATGAAGCACAAAAAACAGAGCAAGACAGGTG

GAACAGTAATAAGTAAGCCATGACAAGCAATAAAATGCAAACTGTGTGTTCTTACCTCCCTGGCGCACAA

TGTTCGAAGATGCCTACCCCTTATTATTAGTCTAATAGGTCACCTCGGTCAATGTTTGTCTCATGGTAGC

TTAGCTCCACTCACTGACGCCAAAACGTTCCCTCATCCTTCACTTCTCAGTGCTGTGTGGCTTAAAATGA

TCCCCAAACTATAAATTACTGTCGGTGTTGTAATTGTATGAAGACTTTGTGTACTCCCCTCTGATTCGCC

TCTGGGTTAGCAGAGCTGTATACGTGCGAGTGTGGACTTTTGAATAGATACTCGACATTTTACCGTGTGT

TTTCTGTGTTAACTTGTCCTTTGCTGCTATCTCCAACAGGTGCTCCTGTCCCACTTAACCCCCATCTCAT

TATTCAGGGGGTTTCTGTTCAATTATACATGACCGAGGGCAGCAAGTGGGAGCCCCCTCCCTGTTGAGTT

GAAGGGGAGGGGGGTCCTTGGCAGGTGAAACAACTTTGTGCTGGATACTTGGGTAAGGATAGACTTAGAG

ACAATGGGCTGGATTCTCCGTCCCGGTTCAGCACGCCGGCACGATGCTCCGTTTCGCCAGCTGGTCACTG

TGGGCAGGTCCCATACCGTCGGGAAACCTCCGGGTTGCCAGCAAAATGGAGAATCCCAACGGCGGAGAAT

CTAGCCCAAAGTTAAAGAGAGAGCGAGTTTTATATGATCACGAAGGAGTCCACATCGAGTAGTTCAAAGA

AACTTAGTTTATTTACAATCACTATTATATACATCACACGGCAGATCCCAACTGGGTCTGCCTTGCTGAT

GCCAAACTGGCCAGCTTTATACATCGTCCAATAATATATTGTTTAGAGGTCCCCCACACCCTTAACGGGG

GAGCTCGTATTCCGCAAGGTTCATGGGGAAGCTAATTGCCCTCACCCCTTTAGACCCTTGCGGGTTATAA

TGAGAGAGAGGGATTGCAGCCGTGAAGATCGGTCTCTAGATTAAATATAAAATGCCTATCAGGTACTGAT

TTCCAGCCAGGCGGTGCTATAGCATCATTGCTCAGTCCATGTGGACACCCCTTCCATTTGAAGACGGCGC

TAATTTAATGTATCTCAGACAGATGAAGGGCAAAGCCACTTTTCCCTTGACAAGTATACGGAATCGGGCT

TGATTTTTGACCCCGTTTTCTGTTTATCTAAATGTTGATCAGAAATGACCGGTTTTCTCATTTTAGACAT

TTAGACACAGGTACAGAGCAAGGCGGCTCTTTACCCCCCTACCTTGTCCCAGCAATTATTTTCCCCCCTT

TCTCAAGACAGAACTGACCCACCGCTTTCACAAGGATGAATTTTTTCCCATTCTGTAGTCTCTAAGTTGT

GATTTGCTGTGGGTGTTTTCGTGCTTGAACTGTGGCCGATTCTGTCCACGAACCTCCGGAAACAAAGCAT

TGGCTTGGAGTTCCCGTTTAACAGAGAGTCGCTAAACATTGTGAAGCTTGCAACCCATATCCCCCCCCCC

TTAACAAAACAGGATGGCCATTATCACAATGTATTATATTTTGAGATGGAGTTGATAGTCACTATATGTT

GGGATGCATTAGCAGAAGATTCTAGCACATCATTGTTTTACGCAGGTTCAGTATGTATCGCAGCTCAGTA

ACTTACGGCAAGGTCAAAAGGTCACGAGAGCAACTTGATCCAATCTCTAAAATTCTGGCAGCAATGAATC



ATAGAAACCGTACAGTGCAAAGGGCGGCCATTTGGCCAATCAAGTCTGCACCGACACTCTGAAAGAGCAC

CCTCTAAGGCCCAAACTCCATCCTATTCCCGTGACCCCACCTAACCTTTCGACGTCGGGGGGGGGCAATT

TAAAATGGCCCGTCCACCTAACCACATCTTTGAACACTAAGGGACAATTTTTGTACGGCCAATCCACCTA

ACCTGTACATCTTTGGACTGTGGGAGGAAACCGGAGCACCCGGAGGAAACCCACACAGACACGGGACAAA

CATGCAAACTCCACGCAGACAATCACCCAAGACTGGAATTGAACCCAGGTCCTTGGCATTGCAGGGCAGC

TAAAAACTGTGTCACCATGCTGCCCATAATGCTGCATCTCATCCAACCCCTCAGTGGAGGGAGGGTGTAG

AACACCAAGTGAAGGATGGGGTGGAAGGATGGGGAAATCAAGGGCTTGGGCGGCAGGATTTGTCTGGAAA

TACTCTTGTGCAATTGCTGTAATTGTAACAATTATGAAAGCTAATTAAGTAGCTGACGATCAGATCCTTT

TGTTAATGCTACGCGCTGAAAAACAGTTAAATGAATAAATGGGTGAATAGAAACATGTTTAGAAAGGGCT

GAGGGAAGCAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTGGGATTGTGGGTGGGTGGGGGCGGTAGCTACC

AGCTACTTGATCCTCTTTCCTCCTGCTGCGCACCAACATAGGTTTTCTAGTGGAATGTAGAATTTTCCTG

GAGACTCGGAGGTTAGCATATATGAACATATCAATTAAGAGCAGGAGTAGGCCACTCAGCCCCTCTAGCC

TGCCCATCATTCAATAAGATCATGGCTGATCTGGTTGCATCCTCAACCCCACATTCCTGTCCAGAACCAA

TAACCTTTCACCCTCTTGTTGATCCAGAATCTATCCAGCTCAGCCTTAAAAAACATTCGAAGACTCTGCT

TCCACTGCCTTTTGAAGAAGAACGTTAAAGAGATCCTCTGAGGGAAAAATATTCTCCTCATCTCCATCTT

AAATTCAGTAGCAGCGGGACTGCTTTGCTTCCCATGGAACCCTACAGTGCAGAACGAGGCCATTCAGCCC

ATCGAGTCTGCACCGACCGCAGAAAGCTAACCCCATCCCAGCCCACTCCTCCACCCTGTCCCCGTAACCT

AATGGCCCCAGCTAACCTTTTTGACACTAATGGGCCATTTATCATGGTCAATTCACCTAACCTGCACATC

TTTGGGCTGTGGCAGCTCCTGGTGGAAACCCACGCAGACATGGGGAGAACGAACAAACTCCACACAGTCA

CCCAACGTCGGTAAATTAAAATGTTAATTAAAAACTTTAATTAATTGGGTTTTTAATTAACCTGAAGAAG

ATTAACTAATTCCGATGATCCATTGCTGAGTTTTATGATCTCCCTCTCATTTTGGAGTGAACATAATGCT

CAATATATTGGTACTGTTGCTTTAAGAATAGCGAATGCCTCACGGAGCTGCTATGGAGCTGATCCACATG

CTCCAATCAACGCTGTGACCGAAGAGAACATTATTCTGTGAGCACAGGAAAACAGAGTAAATCTCTTCAC

CACTCTGTACTGTGTATGACTATTTTTTAAAAAATGCACAGGGCAGAGAGAGAGTGCTAATTGTTGAGCT

CAGCACTAAATGACTTCGCATGGGTGGTAGTGGCTGCTCATCTGTAATATCCTTGGTGTAACCCAGCTTC

ACACGTCGAGCTCCATTGTCCTTTCCACCCGTTCCGCTATGAGAAATCACCCCGGGTTCCCGCTCATGGT

GAAATGTTTAACTTGCATCTCCCCGGGTTATATAAATATGTACAATAACAAAATGCAATCATTAAATCAA

CAACAGAAATGAGGCAGAATTTTAAATCCTGCTTTGTGAAAACTTTAAAAGTAGGCTGTCATTTAAAAAA

ACAGTTTATCCAGAGTTATCATAGAATGTGACAGCAGAGAGGTTCAGTCCATTGTGCCACCACCACGTTC

CCCCTCCACCCCACCCCAGATTCCACCCTAAGGGCGGGTGACATCCTCACCATTATCCTGTGACACCCGC

AGAGAAGCAGGTGGGAGCAGGCGTCAGGCAAGCACAGAATCAGGCCTCCATGGCTTGCTGTGCCTCACTC

ACCAGGCTTGAGCTGCTGGAGCATAGTGGGGGGAGCCGACAAAAAAGGACTATCCGCCAGCAGGAGCTAT

CACTGCATTTGGTGGAGGAGGGGGGAAAATGCATGGGTGGGGTGGCAGGAGAATCAGAAAACAAGGTGCG

ATTTTTCACTGTTAATTAGCGCTCGCATCTCGGAGTCACAAGACCATAAGACGTAGGAAGGCAACTCACC

GCCACCTTCTGAAGGGCAACTAGGGATGGGCAACGAATGCTGCCCTTACCAGCGACGCCCACATCCCGTA

AATGAATTTTTAAAAAAGGAGCAGAAGGAGGCCATTCGGCCCTTCAAGTCTGCTCCGTCATTCAATGAGA

GCATGGCTGATCTGATATAATCCTCAATTCCACTTTTCCGCCTTATCCCCATAACCCTCGATTCCCTAAC

TGATCATAGCCAGAGGAAGTCTCACTCCAGATAATGCAGGCCAACATTTCACTGCAGTAGTGATGGCGTG

CTACCCTGTTGGAGGTGCTGTCTTTCCAATAAGATGTTAAACCCGGGCCCTGTCTGTCCTGTCAGGTGAG

CATAAAAAATCCCAAGACGACCTGATCAACACTAAAAAAGGCATTTTCTTCACCCATGGCACCTTAAATA

GAATCGTCAAATTCTTGTGTGCTCAATGCTCTGGAGCACAATTTCTCACACAGGTAACTTAAATGTATCA

TGTCCTGTGTTTGCCCGTCAGGAGCTGAACAAAGAAAGGAAAGAGGTCATTTTGAAGCTGTTATCCGGAC 

                      E  L  N  K  E  R  K  E  V  I  L  K  L  L  S  G   

TGCTTGACTCCAGCAGCAATCAAATCGCGATTGAGAACACTTTCCCGGATCCAGAGGATGTGGAGGAGAT 

L  L  D  S  S  S  N  Q  I  A  I  E  N  T  F  P  D  P  E  D  V  E  E  M   

GAAAGTGGAGGAGAGGTCCCGCTTCAGCCAGTTACCGCAGAGAGAGCGCAAGGCTCCCTGCAAAAACTTC 

  K  V  E  E  R  S  R  F  S  Q  L  P  Q  R  E  R  K  A  P  C  K  N  F   

TTTTGGAAAACCTTCACCTCCTGCTGACGAGAGACAATGCCACCTGGCTGCCAACTAAAGCCGCCGAGAA 

 F  W  K  T  F  T  S  C  -  

AGGAACTGATTTAGCACTGTACATAAGCTGCTTTTTATTTTATTCATCTGTGAGGGGTGGTGGAGGTTGG

GGGGGGGTTAATATTTTCTGTCGTGCACAAGAAAAATAAAAAGAGCATGATTGTGTGATTTCACCGCAAC

CTGTATGTATTTATTTTCTTTACCAGTAATGTTGTCGCGCTCAACCTGCCAGAGCAATAAAGTGGATCCG

AGATAATCAAATCGATTCCATTATTTTACTGACTCAATTTTCCGAAGGGGGATTTGATGTTCTGTGGAAT

TGAGGGTCTTGAGCATGGAAGGGGGGTGGAGGGGAGGGGTTCAGGAAAATAGTGAAAACCACGTAGAGAG

ATGATTAGAGACAGCAAACGCAGGTCGGTGAGAGAGGTGAAAAGTACAAGAGAGAGTGGGCAGTACGAGA

GAGGGGGAAATTGATAGCCGTCGAGTGCGTGGTCAGTTCCAGCCCCACTCGTCTCGGAGTCACAACGCAA

GTGAATTAACCAATAATTCTGATAAAAATACACACCGTCTTTGGCCCTTGGCTGACCAATAATTACAGTC

ACCAGGTTTGTAAATGTAAACACAATACTGTTTATTTATAACAAAAACTATCTTGAAACAAATGCAGTA… 
 



Figure S5 
 
A. Whale shark SST1/3  (NW_018029766.1) 
…AAGCAAGTCCAAGTGTTGCATCTGCCTCACAGACACCTATTTGATAGGCTACATCCAACACCAGTCTCA 

AACTACATCTCAGACTTCAAGGCACTGGCAGATAATGTGCAGTCACAGGTATCACATTGAGGCATAGTAA 

GTAGAGGACAAAATAAATATTTACGTACATTTGGTTTTAGAGTTATGTGGCACTAAAAATAAACTGTTTA 

TTTCGTACTTTCTTAGAGTAGATCCTGGCTTGCACTTAAATTCAAAAAGTGATCTTGTGTTTAAAAACAT 

TGGTGACCTTTGCTGTAGAGTTAGTGCAACAAATGTTCTCCAGGCTTGTTCCTGGGATAACAGAACTATC 

CCGTGATGATAGATTAGGCAAACTGGGACAGTATTTGTGAGTTTCAAAGAATGAGAGATGATCTCATTGA 

AACCTACAAAATACTTGAAAGGATGGACAAGGTATATGCAGGTTAGACGCTTCCACAGTGTGACTGAGTC 

AAGTTACTGCAGTGTATCGTGTATTTGCACAAATGTCACTGCGCATCAGTGATAGAGTCAATATTCAAGA 

TGGTGGGAAGTGGTGCCAAGCAAGCAGGTGCCTTTGTCCTAGATGGTGTATGTTTCTTGAATACTGTTGG 

AGCTGCCCTCATCCAGACAATTGGGTTGTTTCCCATCGCACTCCATACTTGTGCTTTGTGAATGAAGGAT 

AGGCTTTGAGGAGCCAGGAGGTGATTTACTCACTTCAGGATTCCTAGTCTTTGACCTGTTCTTGTAGCCA 

CTGTATTTATACAACTGACCTAGTTCAAATTCTAATCAATGTTAATTCCCAGGATGTGGATGGTGGGGAA 

TTCAACAACGGAAATGTCACTGAATGTCAAGGATAACAGTTTCTGTCTTGCTGGAGATGGTCATTGCCTG 

ACGTTTGTGTTACATCCCAATTGTTAGTCCAAGACCTAAATATTGTACAGATCTCACTGCATTTTAGCAG 

TATTTAAAGAGTTACAAAAGTACTGAACATTGCAATCATTAGCGGACATTCCCACTTCTGACCTTATGAT 

GGATCATTGATGCAGTAACTGAAGATGGTTGGGCACAGGACGCTACCCTGAGGATCTCCTGTCATGATGT 

CTTGAAGCTGTGATGACTGACCTCCAGCAACCACAACCATCTTCGTTTGTGGCAGGCATAAAACCAACAA 

GTGAACATACATTGTCAGCGGATGTCAGGCTTGAGCTTGCAYTGGAGCAGCTTGTTTAGGGCCATGACTT 

GTTCTGAAGCACAAGTCTTCAGTATTATTGCYGGAATGGTGTCAGGCTCCAAAGCCTTTGCAGTATCCAT 

TGCCTTCAATCATTTCCTGATAACACGTGGAGTGAATCTAATTAGCTGAAGATTAACATTTGTGATTCTG 

GGCATTCTGGAGAAGGCCAAGATGGGTAATAAATCCTGGCCTAAGCCACGGATATCCTGTGCATGAATAA 

AAGCAGAATTCAGAATGTCCCTGGGATTCTATTAAAACAGCCATGTTTCTTAGTGACAAATTGTAAGACT 

TACCCATTCTTTGAACTAAGTGACAAGAAACAAGACAAAATTTGTTTAATTCTTTGCGGTAAACACAATA 

ACCATTTTGTAGGACCCTGTACTTGTGACTACATGCAGCATGAACCACTTTAGTGTCATTTGTTTATTTG 

TCTGTTTGTGTAGCAATAGCAAAATAGAAAGCTGCACTGTACACTGTAGTTTGATTCATATCCATTGCTT 

GTCATCAGGATAGCAACATAAGGCTACTCAGAATTTAGATTGAACTTGGAAGATATCACAAATTACTGTG 

AACACTTTGTTTTCCTGAGCCAGTGTTTATTACAACGAGAAATATTCTGATCATGTCCAAAGAGGGAATT 

TTGCTCAAGGATGGTATCTGTTGCTGAATTGAAATTGAAACTGGGGAGAGAAGAGGAACTATCATTCCTC 

TAATGGGCTAATGGTAAGATTACTGGGCTAATGGTAAGACTACTGGGCTAATGGTAAGATTACTGGGCTA 

ATGGTAAGACTACTGGGCTAATGGTAAGATTATTGGGCTAATGGTAAGACTACTGGGCTAATGGTAAGAT 

TACTGGCATAATGGTAAGACTACTGGGCTAATGGTAAGATTACTGGGCTAATGGTAAGATTACTGGGCTA 

ATGGTAAGACTACTGGGCTAATGGTAAGATTACTGGGCTAATGGTAAGACTACTGGGCTAATGGTAAGAT 

TCTTGGTAGTGTGGATGAGCAGCGAGATCACGGTGTCCATGTGCATAGATCACTGAAAGTTGCCACCCAG 

GTTGATAGGTTGTTAAGAAGGCATACGGTGTGTTAGGTTTTATTGGTAGAGGGATTGAGTTTCAGAGCCA 

TGAGGTCATGTTGCAGCTGTACAAAACTCTGGTGCGGCCGCACTTGGAGTATTGCGTACAGTTCTGGTCA 

CCGCATTATAGGAAGGATGTGGAAGCATTGGAAAGGGTGCAGAGGAGATTTACCAGGATGTTGCCTGGTA 

TGGAGGGAAGTTCTTATGAGGAAAGGCTGATGGACTTGAGGCTGTTTTCGTTAGAGAGAAGAAGGTTAAG 

AGGTGACTTAATAGAGACATACAACATGATCAGAGGATTAGATAGGGTGGACAGTGGGAGCCTTTTTCCT 

CAGATAGTGATGGCTAGCACGAGGGGACATAGCTTCAAATTGAAGGGTGATAGATATAGGACAGATGTCA 

GAGGTAGGTTCTTTACTCAGAGAGTAGTAAAGGCGTGCAATGCCCTGCCTGCAAAAGTAGTAGACTCGCC 

AACTTTAAGGGCATTTAAATGGTCATTGGATAAACATATGGATGATAATGGAATAGTGTAGGTTAGATAG 

GCTTCAGATTGGTTTCACAGGTCGGCGCAACATTGAGGGCCAAAGGGCCTGTACTGCGTTGTAATGTTCT 

ATGTTCTATGTTCTATTCCAGTTATAGTCAGGAGCCATTTCACGTGGAGTTTGGAGGTGATGAAATGGAT 

GTGTTGAGTTAGTGATGGTGCTCAGTTTATATTTTCTTGCCACAAATTCCTCTAATTGTAATCACTAATG 

TTTGGAAGGTAAGGTCCAATTCAACAATGAAGCTGGACCTTATCCTTGCCTAACGTCCACACAGATATCC 

TATGATAGTGCTGTGAAGTGGAAAAACCACTTGGGTTTTTGCTCTTTCTATTACATGAGCATTGATCCCT 

CCCACTCTGATCCTGACTGTGACCAGCATAAGCTGGTGCTGGATTTTGTTTTTAGTCCAGAGCAGATAAA 

GCCATCTTACCCTTCATCTCCATTCTCCTCACCACCCACATGCTCACACACCTCTCCCAATCTTGCTTTA 

TTGGGAGAAAAATTAGAATTAATTTGTTTCTTTTTAACTTTCAGAATTAAAACATGTAACTGAAGAGACT 

CTAAGCAATAGATAACTGATGTCAACAGTAGGCAATGCAAAGACATGTTGAATTTCCACATTTCAGTTTC 

TTGCAAACTTTACTTGCTTCCTTCTAGGACTTTCTGAAGGACACAATTATCCAACTTCTACATGTGGTCG 

                            D  F  L  K  D  T  I  I  Q  L  L  H  V  V   

CGGATGCAGACAAGGATGCTGTGGAAGTGAATGCTTCTCAAGTTGAGACTCCACCAGWTAACAAGATTCC 

A  D  A  D  K  D  A  V  E  V  N  A  S  Q  V  E  T  P  P  X  N  K  I  P   

AATGAAATTCCAGCAGCGTCAATTGGGAACAAGAATGCGGAAAAACTGCAAGAATTTCTTCTGGAAAACA 

  M  K  F  Q  Q  R  Q  L  G  T  R  M  R  K  N  C  K  N  F  F  W  K  T   

TACACTTTATGTTAACACATTGTACTCCGCTCTACTGCACTGAGCCCTTTTCCACATTATCTCACTGTAC 

 Y  T  L  C  -   
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CTCACTGCATCCTGTTTGTCCACAGTGCCCTTCTCTGTGCTCAACGTAGTGGACTTTGCCTCACTGTACC 

ATAATGACTCCTTCCCATTGTGCCTCATCGTAGCCTATTATCCTCTACTGTACCTCATTATACCACATTG 

AATTTCATTGTACTTCACTGTGTCCTACTGTACCCTAATGCACTGCTCTGTACCTCACAATGTCACATTA 

ACTCTTTCCCACTGTACCTACTATACAGTATTATACCACATTATGCCACATTGTAGTGCACTTGTACCCC 

ACTGTTCCACACTACAGGCAACTGTATCCCACTATAAAGTATGGAGTCCTTCACACTACATCCCAATCTA 

CCACAGTGTGTACTAATGAGCTCTTCCTATTTTATCTATTGTAATCTGACAATAGTTGCATTTAATCTGC 

AGTATAACTGAAGCTTCAGTTTAAACTATTTGACACACACATTCTTTACTTTTTGTTTTGCATTTGTACT 

CAAAGTCCTGCATTACGCTTTCAACATGCTGCAATAAAAATGGTTTCACATTTGAAGATTATGCTGCAGT 

CTCTGTCTAGTTGAAATTTATCATGGTGAGAATCCACAGATTGTAACCTTACCGAGAATCCAGTTATGGG 

AGTCCTGAGGTGGCAATTCCACGCAGTACTGAGGGAGCATTGCATTGCCATTGGTGTCATCTTTCTGACG 

GTCCGTCTGTTCAGCTAAACGTGGAAATGTCACAGCACCAGTTGAAGAAGACCAGAGAGTCTTTGCCATT 

AAATGACATCATGTGTGATGTGTTTCTGTTTGAATTCCACATTCCCATCTGTACCCAGCAATCCTTTATT 

CCCTTGCATTATTTGTGGATATCTCCCCCGTAATTGTCCCATCTTCTTCTGTCATGCACCTATTTTCACA 

CAAAACCAAAAACTCGCATCCAAAATAGTGAATCCATAAGCAGATCTAACTAATTAATTCTGAAATGTGC 

ATCTAAAATAAACAGCTAATTGAAACCTTGATTTAATGCATATCATATCAAATTTGTGAAGACACTCCCC 

CATATCTCATTCTAAAGCAAAATATTTTGGATGCTGGAAATCTTGGTTAAGAACAAAAATGCTGGAAAAA 

TGCAGTACACAAGGCAGGGCCCATTGAGAAAGAAACACATTTAACATTTAATGTGAAAATTAATTCCGTT 

TCTCTCCATAGGTAGTCCCAATTTGCTGAGACTTTTTAAATGTATGTTGTTACTGTGCAACTCATAATGA 

ATTTGAAATGAAACTCCAAATAGTACCTTTGTTATTAAATCTATAAATATGTTGTCTAAATACATATTTC 

TAATTGAAATCTGAAACTTCAGCTGTCTTGATGTTTTAAACAAAAGTTCCAATAACCATAAACATAACAT 

AGTAAGAACACTCAGCAGGTCAGGCCCTACCCTCAGGAAGAGAAACAGATTTAGGGAAAATAATGTAATC 

CAATTTTTAAGAAAGAAGCATTTCTGGAAACCAAAATATAATAATGACCAATATCAATTTGAAATGGAAG 

TGTTGCCTGATCAACTTAATTGGACTCTGAATCATCAGCAGAGTTTAGAAAAGACAATGAGGTAGATATA 

ATAATTTATATTTCTAAATGACATTCAAAAAAGTGACATTTAATAAACTATTCAATAAAGTATGCAGATA 

CATAGTACAGCATCAGAATGGATACAAATTGACTGTACACAGAAAGTAGAGAGTGGGGATAACTAGCTGC 

TCAAAGTAACAGAAGCTAGGGAAGTAGAGTTGTCTAGAAACAGGTAATGTTATTTTCAATTTACATTAAT 

GACTTTAAAATCAAAGCACAATTTAGAAATATGCAGATGTTTCCAAATTGCGTGGTAGGTAATAGTTGAT 

TTCAAGGCAAACAGAAACACATTTCAAGAGGATATTAATACAATTTTAGAATAGACATGTTGTAATTTTC 

AATACAGATTGAAAATAAAGAGCCATATATTTTGATTAAACATTAGACTAGAGGAAGCAGGATTGGCACA 

GACATGGATTAGTAAGAGTTGCACAGTAGCCCACTAAGGCCATAAGAAAGTAAAGTAAAATGCTCAGAGT 

TCCAAAGGTGAGTCATTAGACTCAAAATGTTCAATTTTTCTCTCTTTCCACAAATGCTGCCAGGCCTGTT 

GTGTTTCTCTGGCACTTTCCATTTTTATTTCAGATCTCTAGTATCTGCAGTATTTCGATTTTATTTAAGA 

TGAAGTAACGGGGAGATGGTATAGGAAAGTCCTCAGTGGTACCTTGCAGGTTTCTACCACCAGAGCTATT 

TTTCTAGCAGCAGAAAAGATATCAAATTAAACATCTTCCCAGAACCAAACTGAATAATTGGCTAGTTAAG 

GGGGTGAGTGGGGTTTGGAAAGGATGCTATGTGGGGCCGTGGACCAATTAAACCTGGCAGCCTGACAGCA 

GGCTCTGGGATTAGGCATCAACTACTCACAGCTCAACTGGTCATCATTACGGGCGCTACCATCAATGCAT 

CTTCATGCACTGAGTGCACAAGCACAAGTGGCCATCCTAGCAAGGTGCTGTTGAACTGCCAACCCTTTGA 

TTTGGACATTCATTCTTGGGGTCAGGCCATTGTACATAGGAGAAACAAAAGTTCCAACATAGCTGCTTAA 

CTGGTTGCAGAGGCCATAATGAAATCACATTGCCAACTGCACAGGGGTCGCACCAATAAAGGTAATACCT 

CACATCTATCAATGTTGAAATTTATTGGGCTTCATGTCAATTTCCTACCTCACTGTGTTGTACTTTCATG 

TCCTAAACCCTCACACCTCACTGAGCTGTAACTTAGGTTCTTATTCCCTCCCCACTCTGCTGTAACCCTG 

GATCTTATACTTAGTCTCAATTAGTTATAACACATGCGACCTATACATTACCCCATCACCCTCACTGTGC 

TGAAATTCTGGGTCTTATAATCTCCTTTATTGCATTGTAATCCTTGATCTATTACCCTCCCTCACTGGTC 

TGTAACTCTGGATATTATGTGCTTCCACTAGGAACTGTAACATATGCCTTATACTCTCCCTGATTGTGTT 

ATAACCTTGTGTCCTACAAACCACCAGCCCCATTCCTCCTTCAATGTGCTCTAACCCAATTACTATAACC 

CTTAATCTTGTACCGTTCATCATTATACTGTAATGCTGGGTCTATTAACTTGCACATCCCCACACCCCCA 

CCTCCCACTCAGTGCTATATCCCTGGGACTTATACCCTACCTCACTGTGCTGCACACCTGGATCTACTAC 

ACTCACTCAGTGCTGTAACTTCTGTACCTTCCCTTGCTGGTCTTATACTCCCCCCTCCCTCTCTGTGCTG 

TAACTCTGAATTTTGTACCCTTCCCCATTACGCTGCAATCCAGCCTCATTCAATAATTTGTGCACCCATG 

CCCCGAGGTGCTCTTGTTCCCCTCTGGAGTTGCATTCTCTATTTTATACTGTTTCTCCGTTCATTCCACC 

AGAATGAATCGCTTCACATTTTATTGAATTAAATTCGCTCTGTAACGTCTGTCAATTCCACCAGCCTTTC 

TACGTTTTTGGAACTTCTACACTATCCTCCTCACAGTTCGCAATGCTTTCAAATTGCGTCATCAGTACAT 

TTTGAAATCATCTAATGTACAGAAAAATCTCGATTGTTAATATAGATCAGGAAAATTAATGGTGATGAAA 

CTGATCAACTCGGCCCATCTGATGGCATCACCTGTTTGAAGGTGCCATTCTCTTGGTCCACTCTACAATA 

CAAGAGGTTAATGTCGTATTCCTGCCCGTGTTCGACACCGTCTCAATGTCAAGGTTGAGAAAAATCCCAG 

TTGTACGACCCCAAGTGAGATGCCTCATTGTCTGCCATTCTAAAATGATGTCCATTTAATGAAATAAGCG 

ATTCATTTCGACAGTTCCTTTCCATTTGAGACGGTTCCAGTTGACTAGAGTTTCCCCTCACTGATCAACA 

GTTCATTAATCTCCCGAGCCACTAGCACTGCACACTAACGGTGAGAAGACTTTCTGCCTTGCCTCGTGTC 

AAGATAAATGACATGTGGTATCATAGAGCTCCCTGGCGCTACTACCCGTAACAGGACAGAGGTCCACTCA 

TGCTGATAGGTTTCTACTTATCTTGTCAAAACACACCAACTTGTAAATAACAATTACTGCTCCCTTAATA 

TATTCATCAGCACTCAGCACGCAAGCCGCTTCCACAACCTATTTCTCAAGTTCCTTCCCATTGATTAACA 



GAAATATCTGCATAATAGGTCCTGGAAATTCCCTTTCACTCTCCCAATTCACTACAGGTACAATGGTTTA 

AACTAACATTATTCCGGTCGTTCGGTCTTTTGTGAACAAAGTATAGATTTTCCTGATGCGTTGCAAAAGA 

AACAAAAATTCATTGTCTAGAACATTTCATTTCATTTCTGCTGCCGGGTTGCACAGTGTCATCTGTAAAC 

GAATAATCTCAGTTAATTGCAGTCCCCTCCAGCCATTCTCACTCAGCAGAGAATCTTCCAAAAGTCAATA 

TTAAATAAAATCAGAATAGGCTACAAATAGTTCAGGCAGCGTCTGTGAGGGCAGAAAACTTGCCACTTGT 

TCATACAGCTACGGTTCAGTGGAAAACTTAACTACAGCTTACAGCAGAACCCAAACGTTGTGGGTTCTTT 

TGTTTTTACAAAACAAAAATCCAAAAGGTGAACAAAAGTGGACCGACCATCGAGACAGACAGAGGCAGAC 

AGACAACGACAGAAGCAGACAGAGACCGAGACAGACAGGGAGGCAGACAGAGACTGACAGAGATGGAGTC 

GCAGGCAGAGATAGAGAGACAGACAGAAAATGCAACTCTTTAGTCGTGATCAAGTCTGAATTATTGGTTC 

ACTTGACTTGAATTCTCCAATGAATCTTTATCCATTGCCTTGTTCATGCAAATAAGGAAGTGTTTCCCCG 

GGTAATGGTATATTTAATAGTCAGCCTGGTGCTGTTCTGTTTTCTTGTGTTCGCGCGGAGATACAGATAT 

TTAACATTGTTTGAAGCGATCAGGGATGGCGATATCATTAAAATTATGAAGGGTTGCAGGTTGTAAATCT 

CAACCAACCCACCAATTCAGTGTAAAAACAAAGTTAAATCTCAAGTCCACTGAGTTCGGTGTTAGCTTTA 

AGAAGAATACCAATCAGAAGGGATTGTAAACCCACACATAGAACACGGGGATAAAACCACAAAATACTAC 

ACAATGATTAGGAAACTAGCAAGTCTTTCCCCAGGAAACAATCCTTTACTGTGCCTCACGTAGTTTCTGC 

CCTCATAATCTCACACAATTCGCAGCAAATGATTTAGAAGTTGGAATCAGCTATTCTGCCTGTCTCCCCT 

GATATCCATTTATTAAAATTCAGGCTGAACTAGCTGTAGTCCAGTTCCATCTTGCTGTCTTGTCATAGGC 

TTTGACTGTCTTGACTATCAGAAATCTATCGAATTCTGCTTTGATTAATTTCAATGAGGCAGCCTGTGCT 

ACTTTCTGAGGAAAAAATGTTCAAGGACTAACGACCCTCTGACATCTTCCATCTTAGTCTTAAGATGGTG 

ACTTCGTTCTTAAACTGTTTCCGAGAGTTATTGTCTCCCTCATAAGTGGAAACATCCTTCGGCATCTCAC 

ACATTTTCATCTCTGGATCATTTAATTCTGTAATGAATTGGCCAGCACTCCCCTGGATTATGATCACAAA 

GTTTACTTGATAAGAATTTGTGCGTTGGAGAGATGTATTCCCTTTTCCGAACGAGCCCTATCGTCACTCC 

GACCTTTTGGCAGGATCGAATTATTAGTGGAGACCACCTCACATTGAAACCCATCCCTGACCCCCGCACT 

ATGACCCATTCACAAACATCTAAAGAACTGATCAAAGTAAATTCATCCTCGTACCTGTAAAAAGACCCGC 

AATAAGAACACGGTGACAAAAAAAAAACAGAAATTGCTGAAAAAACTCAGCAGTCTGGCAGCATCTGTGA 

AAGAAAGCAGAGTTAACATTTCGGCTCCAGTGAACCTTCTTTAGAATCTTGCTTCTAATTTCCAGCATTC 

GCAGTTCTCTTTTTGTTTAGGTGTTAAGAACACTGGTTGGACGCGGAGATACAGGATGGGCTATCAACTT 

GAGGAACCATCCGTGTATCATGGCATCAACAAGTCCGAATTCCTCAAGGGAGGCGCAGTATTGAAATGTC 

AAAAACGGAACTCAAATCATGAAGTTACAGGAAAATGGAACAATTCAAGACTTGACTGAATTGACTGTAT 

TCATTCGTGATGGACATGGCCCAATATCCAATCACAGGAGCAACTGCCAGAATGCGATAAGGTGTCCACA 

TTGAGAGTCCCTGGCCGTTATCTCAATCTTCGTCAGCTTGGTAATGATTTGGTTGGATGATGTGACTGGG 

TTGTGCGTAAATGCTTGTAAATCTCCTGGGAGCCGTCCTCCTGACGTGGGTTCAGGTTGGGAAAGCGCCT 

TTAAAAGGAGCTGCCACTTCGAAGAGCCAGTAGGAGCGGAGCTGTCCACTGAGCTGGTGCTGAAACTCGG 

GCAACTTTCGAAAGCTGTAAAGCCTCTCACTTTCTTCCTTCCCTCGACGAGGTACCTCACTTTGTGCAGT 

GATGTGGTGCAGCCGAGTTCAGTGCGCCCTCGCCCTGCTCTCCATCGCTCTGGCAGTGCTGAGTGCGGGC 

  M  W  C  S  R  V  Q  C  A  L  A  L  L  S  I  A  L  A  V  L  S  A  G   

GCCGCTCCCACCGCCGACAGGTATCGCGAACTCCTCCAGACATCAATGGCTGGCGCAGAGCCCCGGAGTA 

 A  A  P  T  A  D  R  Y  R  E  L  L  Q  T  S  M  A  G  A  E  P  R  S  

AAGCGGTAAGAATCCAGCAACGGGAAACCCCCATGTAATAAAGCGGATAATATGGTTATACCATTTAATT 

K  A 

GAAATAGAGCCGAATAAAGGGAGAGACTTATTGCTGAATCTAACCTGATTAGAAAGATGTAATGCCCATC 

AAATGACGGCATGGATGAGTGAGTTATATTTGAGTTCCACAGATCTCTCGGTTTATAAACCGCTCTGAGC 

GCGCTTGTTTCGACCGAGAGAGATCACTGAGTTCCCCAGCTCCAGGGAGACAGTACTCTCCCTCTCTCCA 

GTCGATATCGCCACTCCGGTCAGACTGGAAACCAACGGCTTGCAACTTTCCGCAGTTTTCAGGCATCAGT 

CCCTCCCTGTCTCCGATCCAAACTCATTTCCTCAGATTGAAATGATAATTCTCTGAGCAGCCTCCAATCG 

CTCATCTAAAATAACTCTAACCTAGCAGCAAAGAGATGTTGATGTAAATGACGTTAACCTTTCAGGTTTA 

GATGTTCTGTTTATTAGCGGGAAGCTCAGAACCCACATTCACCAGAATGGCGAGAAAGATAAACGCGCTC 

TGACTCTTTCTACATTGTATCCGCCTTTCGCTAAACCCTAAGCACCTCGATACCGTCTCATCCGGGGTTT 

CCTCCTTTTCTCCAAAGACCCGCCTATCATGATTAATTAAGCCCCCAAAACATCCACACGGGATATGAAG 

GGAGCTGCACAATGGATTTGTTACATTGTGATTTAATTGTCGATTGGGAGGTTCACGGCCTGTTGGAGTC 

TAGAGATAGGAAATGAGGATAATTTCACCCAGTGGGATACAGGGACTGATGGGCTGACACTATAGTAAAG 

ATTTGCCAAACTATACTTTCAGATCCAGCGTTTAGTGCTTAAATCAGCACCAATTGAGTGGATTTCTCTG 

CCCTAACTATCCCCTTTTCTTAATGTAGGAGCTGATCAAATACAATCTCGTCCAATTGCTCGCGGAGCTG 

                             E  L  I  K  Y  N  L  V  Q  L  L  A  E  L   

GCAAACGCCGAGAACGAAGTTTTGGATGGGGAGGATTTGCCGCGGATGGCGAAACAGGATGAGGTACGGG 

 A  N  A  E  N  E  V  L  D  G  E  D  L  P  R  M  A  K  Q  D  E  V  R     

TTGATCTGGAACGATCCGCCAACCCCAATTCGCCCCAGAGGGAACGCAAAGCGGGCTGCAAAAACTTCTT 

V  D  L  E  R  S  A  N  P  N  S  P  Q  R  E  R  K  A  G  C  K  N  F  F   

CTGGAAAACCTTCACATCCTGTTAACTCGCTGACACTCCAGAACAACCCGCGGGCCACTGCTTCATCCCA 

  W  K  T  F  T  S  C  -   

ATCACGTACGGTCAGATGCGGCAGCACCAGAACTGTTAATTAAATAATGTAATTGATTACTTGATTTGAT 



TTATTTGACACAAGAGTTTAAGTTTGAATTGTTCAGCAGACCAGTCCTCATTGAAACTAGGTAGGACCGG 

TTTGATTAAAGAGGCTCTTTCTCATTGAAATAAAATCTTTGAAAGTGGAATATTGTGTTCGTGTTTTATG 

TGGTGGGAACTGTGGGCAATATACCTGAGTGGGCAGAAACAAATCAAGGTTTCGCGAAGCCCAGTCGTTC 

TGGGAAGGTACAATGCGCGGAATTAAGCGCTCACAGTTAGAACAATGTGGCCATCAGCTAGTGGGAATCG 

CTTTGAGTCCCATTCCCGGAATCTGTTTTGTCTTAAGTTGCTCCGTTACCAAGAGGCAGTGACAATCAGC 

CTTATCTATATGAAGGGGGTTCTACACCAGGTCTTCGTGCGCATTGTGTCTGTTAGAAGCTATATGGGAG 

AAGACCCACAGTGCAGGCATCAGGACCCAACCGCTTCAATGTAACCAACAATCCACAAAGCGTAAATTTG 

CACTCCGCAAACCGGCGGCCAGTCTCTCATTTCAACGGCGGTTTCTCTTAAAACCTGCCATTTGTCTTTG 

TGCCGTTTGCTGCCCAATCTCAGTGCTGTAGCTGGAGGGAAACATAGTGTTCCAGCTGGGGATAGTGTTG 

CTGGTGGTGGTGAAGGGATCGGGGCGGGGAGTTGGGGGAGGTGGGTATTGGGAAGGGGATCCATTCCCCA 

TTCTTCATCTAACAGGATCCAGGAAATAAAAGACACAGGGTGGTTCAATCAGCAAGTGCCCATATCAGTA 

ATTGCAATCCTGAACTTCAGACAGATCACGGGAGCGCTGACMGTGAGGAAAGCTATCGTTTTACGAAGGG 

AATAACAACTGATAACAGACTTTACCAAGGGTGTCTGTGTCCCATCAGCAACGCAGACCCGTCCGGGTCA 

AAGTGAGATGCTAAGCGTGGGAGGGGTTGGTTTCCTCGAGGAAATTTCCGATCAAGCACCCACTTCCTGC 

CTTAACAAACTAAGGTTCATTATGATATACAGCGGCACGCGGGGAAATAGAACGTACACGAATGCAGAGT 

TAAAGTGCAACGTCACAACAACACACATGCCTAGGGCACATCTGATCACTATACCGCTGGCAGGAGGGAG 

AACCACGCACTCCTTAAGAATGCAAAGCATTGTCTTTAGCAAGCCTTCAAGGTGCATCACACCCACATGC 

TGAGTGTGTACAGACTGACGCTAAATCACCACGGTCAATGACACACTATGGGCCATTAATTTTAGAAGAA 

TTGTAAACCGCCACAATGTCTAACCTCGTGGCGGAGCGTACCTTCCAGTCTTCCACAATCATCTGTCCAG 

TCGGCTGTGGAAGAATTATGGGAATGCCATCGCCCTCCCGTTCCTCTCCAAGCTACTCACCATTCTGATT 

TGGAGACATATTGTTACTGGGTCAAACTGCAAGAACTTCCTTCCAAAGCCATTCTGGATGACCTTACCTC 

CCAGGAATTTCTGCAGTTGAAAATGGCAGCTCACCACAACGTTCTTCAGAATAATTAGAGGTGGGTTATA 

AATGTTGGGCCAGCTACAGACATCCACATCCCATCATTCAGCAACAGGAAGGGATATCAGGAATAGCAGC 

AATCTCATTTAGAAAAGAGACACAGAATTATTCAAGCTGTAACATCGAGATATCTGTCAGAGCCAGCTGA 

TCAGAACAAAGCACTGTTGTCCTATTATACCCGGTGAAGAATAGCAGTGACTAAGGAGGTAGCGAGAGGA 

TTAGAATGAAATAACATGAAAATATCCATTCACAATCATGATGAAGTCCGGCTCATGAGTGTTAGGGACA 

AAGCTGAAAGTTTGTAAAATCTTTTTCTGGAAGTGAACGTGACTATATCTTGCTGAGACTCTCCGAGGAT 

CCAGTAGGTGAATGAATCATGAGCAAAGAATAGTTCTTTAAGTGTATTGCTGCAAATTCCTCAATTCTGC 

TGTAAGATCTAATCTCAATTCCCGACTTTTCTAACTATTGACGGACCTTTGTTTTCACATTTCTTCAATC 

TTTATCTGCGATTTCTTCAATCATTTAATGCTGAGAGAATGCAGATTGCTGTCGACTGAGCAACCAGTAG 

GAGGTAGAATTCCAGTCTGAACTCACAATTAATGGCAATTTTCCTTCCAAGTGAACAGTACCCTTTATTT 

TGGACGAGCAACATCCAATGGTTAATAAAAATCGATACATCCAAAAGAAAGGATACGTTTCCCTTATCAT 

CTGTCACCCCCACATCTTCAATTTGTGATTAAATAAACATGAGGTAGTTCACTCACAAGTAACAAACTCA 

GAAAGTGATGACATTGGCTGTAAAATGCATTCCTTTTACACTAATCCACATCCAAACTGTGGAAAGCAAG 

CCATTTACTACCCTGGAAATCTTTTTCTCCTGAGATTCTAAGAAATAGGAACAGGAGTGAGTCAGTCAGT 

CCTCTGAGCCTGCTCTGCCATTCAACAAAATCTGGGAAGATAAAAAAAAACTGTTTAGCTGATTAAGGTT 

TGGCTCCATTTAATGTCATTTCATGTACAATTGGATATGGGCAATTCGTAAATCAATGAATTCCCAACAT 

AGCCCACCTCCACCCCATCTAAATAATGGTGCTTTCCTAACTTTAACCACTGACATGTGGTTCTCTACTC 

AAGGTACACTGCAGTGTTCCAATATTTTAATCAGTCACCAATTCATTGATTTCAGTGTGATTGCCTGTGT 

GGCTCAATATTTCACACTTTTCCTGAAACCAATGAAGATTATGAATTCAAGTCTGACTTCAGAGGCTTCA 

GAATAATACCCAAGCAGGAGCTATTCTTTTGAACCACATTCATTCAAGAAAGCAGCTGGAATTCACTTCC 

ACTGACTGCAGATATCAAATGAAAAAATGGCGTCAAATTTGCTCATGATCAAAATCTGTCTTTGGTATAC 

TGAAATAAATATGCCAACTAGATTCAAAACATTTTGATTCAGATTATACTGACCTTAGAGAGCTCATCTG 

TTGCCTCCCCGCATCAAATCCCAGTGCTCCACTTAATATTCCAAATCACCCCATCTATTAGCCTTGGCAG 

ATTTTTTAAAAAATAGATCACCTGATAAACCAAAGATTCATCTCCATCTAGTACCTGCCCAAACTTGCTT 

CTAGGATTATTCAATGTCCTCTGAAATCTAAAGTTCTGATAATGTGCAATGAAATCTAATCAAATATCTT 

GTAAAACGTACTGCTGGTCTCATCAATTGCCACCAAAAGATAGTCTTGGTTAGTGGAACTTGCAGTTAGA 

ATCAGTGTAATTTGTAGTTTGGACAGAGTAACTCTTCAGACTTAGTACAACTGAATGCTAGCATAARCTG 

TTGTCTGTGTAACTCAATACTTACACAATGTGTTGCCAGTGTAATTCTGTGGCATTGTATTTTGGTGTC… 

B. Whale shark SST2 (NW_018077477.1) 
…AATGTTGATTCATAACAATTGAACCAGAAAGGAAAAAAGACTGCATTTGAATAGCATCTTTCATGATCT 

CAATACACCCCAAAGCAACTGAGTTAATTTTAATTTGTTTTTACAATAGTGTAGGAAACATGGTCGGCCA 

ATTTGTACTATGGAATGTGTTGAACAAGCAGGGATGTTTATTGAGGGATAAATATTGGTCAGGAGAAAGG 

GGAGGAGAACTCTGCTCTTCTCTTAAATGTTATTTCCACCTCTGAGGGCAGGTTTAACACATTGGTTTAA 

TGTCTGTTCTGAAACCAGACAAGTTTATAGACTAAATCAATTAAAACCTACCAAAAAATGGCTAAAGTAT 

GCACCCCATTTGGCAATTCATCAACACACATGAACACGGTTAAATGGATGCCCAAGCAATGTGCAGTGAA 

TGGTGGGCAGATATCATTATATCAGCTTGTTGCAATAAATTTGAAAACCTGAAGTAAAAACGAGAAGAAG 

AATTGATTTTCAGTACAGTATATAGATTAAAATGACAAATCCTTGACCAGTGTTTTAAGAAGAAATTTCC 

AGGAAACAACTTACCTCAGAACTCTCTAAGGTGCTGACGATCAGCTGTTATGATTAATTCTAGTCAGCCC 

ATGGGTTTTGATAACGCTTGTACTGCATTAGATGGTCTATCTAACATCTAGCTCCACTTTGAAACAGCTA 

AGAATATATTTTTGCTGATATGGTTAGAATGTTTCTAGATTGGAAACTATAAAACTTCTTAATGAGTAAT 
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TGTACTTCAATTTTAACCATCCATATTACAGACCTTTCAGACACTTTCATAATAAATTTACAAAACTTAT 

AGCGGCAATATTATTAGTCAGTTATGTTCTTTGTAAATTAGCATTTTTCCATTTACGATAACACAAACCT 

GTCGCTCTTTATATACACCGAGATTCCAGGCCTTTATTGGGTTAATGATGCACTTGACTATTAGGCTTTA 

ATTGTATCATTAATTTTGTGCGTCAGAGAGTTGGTTCTGCTGTGCTATAAAAGAACTGGAAAAGCATCCA 

GTAAAAAAAGGATTGAGGTGTTCACGACACATTGAGCATTTTATTCGGGAGAGCTTGGAGCTTCAGTATG 

AAGTGGCAAATGACAGTGTGCCTGATGTCCCTGCTGCTTCTTCTAAGTGTTGAGGCAGCAGACCCACTGG 

          M  T  V  C  L  M  S  L  L  L  L  L  S  V  E  A  A  D  P  L  

AGGAACGAATGAAACTCCAGGTAAATAGGGTGAGTAAAAGGTAATTACGGAATTTGCAAATGTGGCAGGT 

E  E  R  M  K  L  Q  V  N  R   

AGGGGACCAGGCAGAATCAATAATTGTAACAAGCAAAATAGAAAACAGAAGTGTGATGGAAGTGAAAAAA 

AAGACAGAAGGAAATCCCACTGGAGAGAAGAACAGAACTTTTTTATTTAAAGCAGGTATTGCGGAAGAGA 

ATTGGCAGTGAATTAAACAGTAATACTGCTGATGCTGGATATCTGAAATATAAACAGAAACTGTTGGGGA 

AGAAACTTGGCACTGTGGAGAGAGAGGAAAATAGAGTAAATGTTTCACGTTTTAGTTCAGATTTCCAGCA 

CCTGCAGTATTCTGTTTTTTTAACAGAAAGGAGAGAATTGAAGTAATAGTTTTGGGGAAATTGTAGAGAG 

AAATGACAGAAGGTGGGATTGTTCTCTAGAACACTGAGAAAGCGGAGGGAAAATTTAATAGAGCTGTTAA 

AATCTTGAAGAGGGAATAAGTGCAAGTGGTTTCCACTGATAGCAGACCGGTAGCCAGAGGTCACAATTTT 

AAGTTGGTTTAGAGAGAGAATTTTTTTTTTGCACAGTGCATTGTTATAATCTGGAATATGGTGCCTAAAA 

GTTGAGGGAATGAGATTCAGCAGTAACTTTTAGAAGGAAATTTGATATATAAAGGATGGTAAATTGCACG 

GCTGTGGGGAAGAAACAGGGAAATGGGACTAACTGGCCAGCTATTCCACAAGGACTAGTACAGGGATGAT 

TGAATGAATGGTGTTGTTCTTTTCTGTAGGATTCTATGAAAGCCAACATTGGCATCAAGAGATATTGAGT 

ACATTAGTTATCTCTCAGGACTGGTATTATATAGGTCTGAGTTAATAAACCAGAGAATTTGAGTTCAAAG 

ACCACTTATTTGAGAACTTGAAATTGGTTTGAAAACAAAATGCAGAAACACAAAGCTGGTTCCAGCAAAA 

GTAAGCGTGAAGCTGTCAGACCGTAATAAATCCCCAACTGGTTCACAAATTTCCTTTAAGGAAAGAAGTT 

GATCTGATACATGGCCCACAGCTGCTCCAGAGCCAATCTGGATGGCTATTAACTGCCTTGTGAAGTGGTC 

CAGTAAATCACTCAAATGTACGGGGAGCTGAACAAAAATATAGGCATCTGTTGACATTGAAAACCTACTC 

AAGATTAGAAAATCCAGTGCGGCTGTGCTTTTGAAAGACTTGTTGATTATACTTAACTAGATAGTGGAAC 

ATTATTGAAAAGACCAGTAAACCTTAACAACTGAGGGATTTTTGATTTTGCACAAATACTTCGGCAGGAC 

AGGAGGATCAGGGTTTAAGGAAGTGTTCATTGGCAAAGAGCAGTGAGGAGTTTTATTTATTCATTTTGTG 

GGATGTAGGCATTACTGCCTGGGCCAGCATTTCTTGCCCATCCCTAGTTGCCCTTAAGAAGGTGGTGGTG 

AGCTACCTTTTTGAACCGCTGCAGTCCTCCTGCTGTGGGTTGACGCACAATTATGTTAGGGAGGGAATTC 

CAGGATTTTGACCCAGCAACAGTGAAAGAACGGTGATTTATTTCTAAGTCAGGATAGTTAATGGCTTGGA 

GGAGAACTTGTGGGTGATGGTGTTCCCATGTATCAGCTGCCCTTGTCCTTCTAGGTGGAAGTGTTTGTGA 

GTTTGGAAGGAGCTACGTGAGGATCTTTGATTTTCTGCAGTGCATCTTGTAGATAGTACACACTGCTGCA 

ACTGCAGTAAACTGCAATAAAGCAGGTCGATGGTGGGGAAGGTGCTGCTATAAACTATGAAAAGCATTCA 

GGACAACTGAGCACAATTTGAGTAAGCAAATGATGCTTGCATCAATGGACAAATGGCTTGTGTTGTATAA 

AGATAAACAAAAGTTTTTTTCTCTCTCTCGGTTTGTCCACAAGGAAGTTACAAAAAGCAGGAAGTATCTG 

                                            E  V  T  K  S  R  K  Y  L   

ATGTTAAAACTGCTGTCTGGGCTGTTGGATCCTGATGATAATCTCTTGGAAAATGACTTCACGTCTTTGA 

 M  L  K  L  L  S  G  L  L  D  P  D  D  N  L  L  E  N  D  F  T  S  L   

GCCCAGGAGAGGAAGAGAGTTCGCTTGAAGAGAGGTCGGTTAACGCTGGCATCCCTCGTAGACCGCAGAA 

S  P  G  E  E  E  S  S  L  E  E  R  S  V  N  A  G  I  P  R  R  P  Q  K  

GGCACCGTGTAAATTGTTCTTCTGGAAAACATTCTCGCACTGTTAATTATTGATGGATTTCTAAACCAGT 

  A  P  C  K  L  F  F  W  K  T  F  S  H  C  -   

AGAACTGTATTTAAACAAAATGGCTTCTGAAGAAGGGTCTAGGCCCAAAATGTCAGCCTTCCTGCTTCTC 

TCATGCTGCTTGGCCTGCTGTGTTCATCCAGCTCTACACCTTGTTATCTCTGTTTTCCTGTAAAGGCTTA 

ACTTTAAAATGATCAAAAACTTGCATGCAATTCTGTTCTTTTTCGATATCAATATTTACAACATGTGCCT 

GCAATGAATTTAAGCGGAGAGCGACCTGTGAAACCCCCTGTCAAATCATGTTTTCGCAAATCAAACCCAG 

GTTAAACTTTCTAAGTTTTTGTGTTAAGGAAGGTTATTCTTTGGCATGTGATTCCGGGCACTTTCCTGCC 

GTTTTTCCCCCTCTATTCCCCACCCTAGCATTATTATTTCTTCATCTCCCTGATTTCCCTGTCCCCAAAA 

GGGTAGTCCTGGATCCAGTTTCCCTCCCTCCCTGATTCAAACCCCATACTGATAGTTTCAGAGAAGGACC 

TGGACGTAGAGATTCTCTGTCTCACACACACAGTCTCTCAAGTCTGTCAAACTGAGGAGACAGTGTCATT 

TGGATTTGATTGTGATACATGAATGTATAGAACATACAGTCTATCTGCATTGAATGTATATACTTACCAA 

GCAGTGTGATGCCAACAATAAAAGTATACATTCACACCTGTGTATTAAGCATTGTTATTCTTTTCTATCT 

CAAACAAAAAGGTAAACAAAAACACTCTGCTCCTTCTGTCTTCCTTGTGTTGAATTTGCAGCACCAACAG 

AACCGGTCTTTAACCCTTTTATTTATTGATACCAATGTTTCAGCTCTCACCGTCAATTACTCACAACCGT 

TACAGTTTTGCTATCCTAGGGGTGAGGTTGCACAAGCCAGGTGTGTGTGCTCATTGGGCTGTGTGGATTC 

CGGGGTGATCTGATTTTGCTGATTACAGGGTCCGATAGAATGCACTCTGTCTGAAATTAACTTTCGAGCC 

AATCTGTTCAGGGTTGACGCCACAAAGAGCTAATCCACACAAAGGTCAATGAGAGGCAATTTAAAATCCC 

CCCTCACTCCCCTACTTTCTGACCCTCCTCCGCCCACAACACAAAAAAAATTACAAAAAGAAGTGGAAGG 

GTGATCTAATCTTTAAAACGGTCAGTGGTTTTGATGGAATGAATACACAGATTAAAAATAATCTTAAAAA 

TATCTTAAAACTAAACAACTTCTTTTCAGAATATGCCGAAGAATCGAGCAAGTACTGTTTGTAGTGTTAA 



ACAGTCATTACTTGCAGAGCAACAGTATTCAAACTAGGATACAAACTGGAAATTCATGATGAGCTGATAC 

TAGAGATCTTCAAGATTGATTTTGTTTTGACCTGCTGGTTGTCATTTCTGCTGCTGTGAGATAGTTAAGT 

GTTTGTCCTTGCAAATCATCTCCCTGTCTTTTGGAAGTAAGGACAGGGGCTCCTGGCAATATGTCGATT… 

C. Whale shark SST6 (NW_018032490.1) 
…CCTTGGCATAGGAAAGGGAGAATGTACTTATTTCCAGGTTCCTAACTGCTACACAGTAATGCCTAGTG 

AGGCATCGGGCACCAGCTGTAATGCTGGCATAGTTGAATAATTTGCTAGCATCCATCACCCAGACTCATA 

TGTGAAAAAGGGGCACTTGGAAGGAATACTGCAGTACAATCTCCTTGTATGAAACTGTTCTCGCCAAGGA 

TAAAACATGTCCAGGAAAGGCAGGTGAACAAAAAGGGAGTAGGGAACCTGTTTAATTTGTGAAAACAAAA 

CAATCCAATTCACTGGAAATCAGTTTTTGACACAAATATACCATCAGATTTAGCATGTTTTAAAAAATTC 

AGTCATCAAATAATATCCCACAAATGTCATGAGGAAGATCTTTTGATCATATTTTAAAGACCTTATTAGA 

TATAGTGACAGTCATTTACATTTGCTCAATCTTTCAAAAATCCTTAGCACAAAGAAAAATTCTCACGGAG 

AAATGACCATCACTCCCTGAACATTTTAACGTTTTTCCCGAAGAAAAGGATCCTGCCTTAAAACTGCAGA 

CAGAAATTCAACATTGAATTTAATTTTGAATTGAAGACTTCCTCCTCAGTGCTTCTGCAGGCAGAGAATT 

GCACTATTTCAACATATCTGATTGGATGACCTGGTTCTAAACTAAATCTGGTCAGTGAATGGTTAATCTT 

GGACTGGGTGTAATTGTGTGTCTTTGATGGAGTCTTAATGTTTAATGAAGCTTTGGTCTGTGCGTCAGTG 

AGTGGGGCTGTACTGGGTTATAAAAGGGGGTTGGAGACTGTCAAAACCACACAGAGACTTCAAGGGTCGA 

GGCACATTGCAAAGATCTCGAAAAGGCACCACTTCAATCCAATTCCAAGCGACTGAGAGAAGAGGCAGCA 

TGCAGCTACTGGGGTCAGCGAGCTTKGTGTCTATACTGCTCATTGTGTCCAGTGTGAAGGCCACAGCACC 

M  Q  L  L  G  S  A  S  X  V  S  I  L  L  I  V  S  S  V  K  A  T  A  P   

TTTGGAAGACAGACTGAGTCTTCGGGCAAATCAGGTGAGTAAAGTCTTAAAATGTGGGAGCAGTACGTGA 

  L  E  D  R  L  S  L  R  A  N  Q     

CCAAAAGATAAATCAGTGGAGAGAATAAGTAAGAACCTTAAAGGAATCAAGGAGTAAGAATCAGTGTGGG 

AGAGAGGTAGATGAATTTAGTTGGCAATTATAGAAAGTGAAATTCGTAGACAAACAAATGACATACATCG 

GGGGTGTTGATTGGAGATAAAAAATGTGAATAGTACATGATTTTATTACAGAGCAGTGAAATAATATTTT 

TAACCCCTTATGCAGAAAGAATTAATCCTTCAGAAGAGGAAACCAGCGAGTGAATCAGATTGAGAGGAGC 

TGAAAGTAATAGTGAGAGAGAATGGGGCTAAAATGAGAGTACGAGAAAATAACAGGTAAATGGAAGAGTG 

CAGTAAGAGAGTGGGCATGTTAAAATGGGAGGGAACAAGTGCATGAGACAGAAAAAAAACAAAAAACGAA 

TAGAAAGGGACAATAGAAAAAAATAGAAGACGAGAGAGGAAGTAGTGGAAATAGTAAAAATTAATTGACA 

AATGTTAAAGAGAGAAAGACAAAACTGMGGGTAAGGATGCACATCAGAAACTGAGAATGACAGAGTGAGA 

TGGTGAACAAGGGGCAGAAGCGCAGTGTAGGGGAATCAAAAACTGCTTTTACACAGGAGCTAGTTTTGTT 

TGGATGTCAGAGACTGATTTGCATGACGAGTCTCTTGTGTTTTATTCCCCAATAGTTATCGCCGTGGTAA 

GTTTGTAAACCCTCAAAAACTTCAGCGCACAAGCCAGGCTCTGGAATAAGACAACCAGAATTAATAGTGC 

AAATGTCTAGGCCCGAAACGTCAGCTTTGCTGCTCCTCTGATGCTGCTTGACCTGCTGTGTTCATCCAGC 

TCTACACCTTGTTATCTCTTAATAGTGCAAATACCATGTTCACATGAGCAGTTTCTCAGAATTCGACTTA 

AACCTGCGTCTCTATAGAAGTGGGAAAAGAATGAGAGTGAAAGAGATCAGAAGACAGAAAGAGCAAATTG 

AACAGATAAGCTGGGAGTAAGTGAAAATAACCCTTTCATTCCCTCACACAGAATATCTTTTGAAAAGTAG 

TAAGGCTTCACAGTAAGTAGGAGAGTGAGTGACAGAGACAAAAAAAAACCTGAAAGGCAGATGGAGAACT 

AATAAGCAGAGAGACTTGGCTCTGACAAGCAATAACAGTGCAAACTAYATGGTCTGACCTCCCTGGTGCA 

CAATCTCTGCAAAGACTGCCCCTTGTTATGAGACTAAGTCACTTCAGTCACTGTTAGTGTCACGGCAGCT 

TACTCACCAGCTCTGCTCATTGATGCCACACCATTCCCCTTATTGTTCAGTTCTCAGTGCCGTGTAGCTA 

AAAGTGATTCCCAAACTACAAATTACTGTCAGTGTTGTAATTGTACGAACGTTTCATGCACTCATATCTG 

ACTCTCCTCTGGCTCAGCAGAGCTGTTAAAATGTTAATAATACAACAATGTGAATGCAAGTCTGGACTTC 

CAAGTACAGGTTCTAGTTTTTATAGTGTGTATTCCACATTAATTTTCCCTTTGCTGTTATCTCTAACAGG 

TGCTCCTGTCCTAATAAATCGATCGCATTGTCGTATGCATTTCTATTTAATTATAAAGGAGCAAGGAAAC 

CAAGTGCAGGACTCTCCCTGTTGCTGAGTTGAAGGGAACAGTCCCTGGCAGATGTTACAACTTTGTATTG 

GATACATGGCTAAGGAGAGATTTAAAGATAAGGGACAGTTCTGCTGTTGAGATCAGTCTTTATTAAATAT 

ATTATGCTTATTACATGCTGATTTCCATTTATATTATCAATGGTCAGCATAGCTAGGTCCACACAGTCAC 

CTGTTTTCATCTTATATCTCAAGATGAGTGGAAGAGTGAGCCTTCATAGAACCATTTGCTCCAGCTTTGG 

GTGACATATTTACAGATTCTGTGCATCAGTTCAAAGGCTCATCAATCAGACTTGCTTTTGATGAACCTTT 

GTGTCTATCAAAATGACCAAAAATTAATAGTGTTCTCATTTTAAGGGAGCAATGTCCTCTCACAGGTCAG 

GTCTGCCACAGATACAGCTCCTTCTGTGCTGTCCCAACAATATACCTTTAACTTCAGTCCCCTCGGTCAA 

AACAGGCACGAGAGTAAAGATTTCCTTTTTCACTCCAGTCATTCCTGTCATCTCTCTGAGTGTCCAATTG 

CTGCTAAGGTGGKTCGGTATGTGAGTCTCTGAAAAGCATTGGCTGAGCCTTTTGTTTAGCAGAAGCTAAC 

AAGATTGAAAAGCTGATTATCCTGTCGTTTTAAAACATGCTTGTTAGGCCATTAATTTAATATTTTACAA 

GATGGAGTTATTAAATCCATTGGAATATTGGGTATCATTTTTGGAGGTTGAGCATATCTTGAAGCACTGT 

AATGTCAGGTAATGAGCTCAACTTCACTCTAACTCTAGGATTTTGGCAGCAGGAAATTTCCCATCTCGTA 

CAAACCTATTTTCTGTACGAGGGGCAGGAAACAGCAAGGGAGTTTCGGTGAGGGCTGGGGGTGGGGGGTG 

CGGTGGTGGGCAGTGGTGCGTGGGATGTGGGGTAAGGGAATTAAGAGGCAGAGTGGGGACTGTGACTGGG 

ACTGACTCCACTCCAGAAGTGACTTTGCGTCTGTCATAGATAACAAGGTGTAGAGCTGGATGAACACAGC 

AGGCCAAGCAGCATCAGGGGAGCAGGGGTCTCGACCTGAAACGTCAGCCTTCCTGCTCCTCTGATGCTGC 

TTGGCCTGCCGTGTTCATCCAGCTCTACACCTTGTTATCTCAGATTCTCCAGCATCGGCAGTTCTGACTA 
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TCTCTTGCATCTGTCATAAGTTGCTGGCCAATCAGATTCCTTGCTAAAGGGGAATGTGCTGCACTGGGGA 

AACAGATAAATGAGGCAAGTGGACGAATCACATTGTTTCTACAGAGAGTAGAGGGAAGCAAAGATGCATG 

ATCTTTGTGACCTTAAAAAATCTTTCTCCCCAGTTATTCCACCTCAAGATATTTGCCACTAAATAAGACT 

TAAGACCGACATTAATGTGCAGAAGGAATAAATAGTGGTGGTGATTATCCACCCAAGGGCAGGACTCCGG 

CTTATTTCTCTTTGCTTTGTGGTACTGAGGTGTCCTGCCTGGTTGGCAATCTGACTAGGCAAGAGGGGAC 

ATGAGGTAGTTTCCTCCCATCTTCCTTGTGTGCTTAAAGGAAATGCAGATGCTCTCCTGCATCCCTTGCC 

TGTAAGCAGCTTGTTTCTAGAGGTTCTACCAACATTACCAACACTGGCTTACAGCCTTCAGCATGGCACC 

CTCAGCTGGGCCTGGCTCCGTCTCAAGAAAGGATAGGAAAAATCTGTCCCTAAAACCTCAAATGACCAGT 

AAATAACGTTGCTGAGATTATATTCCACTGGGCTAAAGGCTAAATGTTTCATAGATACCACTGAACAATC 

CCCCTTTCAGACTAAAACTCAGTCATTCCTTGGTTTGTTATAATATGCAGAATTTTACAGTTTCGGCATG 

TGACTGTCTTTTGTTGCAAATTGGCCTTGCTCCAAGTTTTCTCTGGCAGTGGTTAGAGGGGCAGCACGGT 

GGGTCAGTGGTTAACACTGCTGCCTCACAATGCCATGGGGCCTGGGTTTGATTTCACCGTTGAGCGACTG 

TCAGTGTGGAGTTTGCATATTCTCCCCGTGTCTGCTTGGGTTTCCTCCTGGTGCTCCAGTTTCCTCCCAC 

ATTCAAAGATGTGGATTGGCCTTGCTAAATTGCCCACAGTGTCCAGTGATGTGTAGGTTAGGTGGATTAG 

CCATGAGATATGCAGGATTACAGGAATAAGGTAGGGGTTGGGTCTGGGTGGGTTGCTCTTCGGAGGGCCA 

TTGTGGGGTCAATGGGCCGAATGGCTTGCTTCCACACAGTGGGGGTTCTGTGTTTTCCCCTCTCTGTTCC 

TTAAGGTGATGACCAATGGCAAAATGTGGGAACTTCCTAATAACCCACTTGAGTGTGAGGCTGGACTATG 

AATATCTGATCATGTAAGTATAGGTCTAGAGAGGGGAATAATTACCAATTGAACGTTATCTTATTTTCGC 

CTGGAGTTCACAAGCATTAATTTTTTAGTGGAATGTAAAATATTAATAGACACCCTCTGGTCATTTGCAG 

CTGGACTGTTTTGTTTGAGGTCAGCTAAAAGCATTCCGAGACTGTGTGGCTCAGGACCACAGCAGAAGGA 

GTGTCTGATGATTGATTTATGTGATATGTGGCCATCAGCTCTTTTTAGCCCTCAATACCTTGATTCTGTT 

GCTCTATAAGAAAGTGCTGGGATTGTTCATATTTTACTGAGCTGTTATTCAGCTAACTTCCAGGCTCCAA 

TCAACTAGGTAACTGAAGGAAACATTAAATAGCGAGTGCAGGAAGACAGAAGAAATTCTCTCCAACAGCC 

TGTGTATTATTTTATTAAAATATTGAAATGGCGGAAGGCTTTGTTTAAGCTGAGTGCTATACGACTTTAC 

ATGGAAGGTAATAATGGTTCATCTTTAATATCCTGCGTGCAGCTTTACTTTGTTGTACGTGTTGGCACCT 

TTTATACTTGTATCCTGCCTCTGCAGAAAATTACGCTGAGTGCCTGTGGTGAAGTATCTCCGCAGATTAT 

AAAAATACAATCACAAATGCAGTCATTACATCAGCAACATAAATCTGACAGTATTTTAAATGCTGCTCTG 

TGAAAGCTTTAAGTGTAGCCAGTTATTTTATTTAGAAAAGGCACTTATTCATGGTTATCGTAGAATCTTA 

CAGCAGAGGAGGCCATTCAGCCCATTGTGCCTGCAATGGGTTTTAGAAATACCTATCCAATAAGTCCCAT 

TCCTGGATTTTTCCTACCAGTAAATGAGCTAATCTGAATGTTCCAGATCATTCCTTGGGCTCTGCTGGAT 

TGGTTAATCTTAGTTGGAGAAGTGGCTTTGATGTTACAGTCGGTTGAACCCATCAGATTAAGGGCTGGGT 

AACATGGGGAGGCGATGGCCTGTTGGTATTATTGCTGGATTGTTGACCCAGATAATGTTCTGGGGACCCA 

GGTTTGAATCCTGCTATGGCAGATGGTGAAATTTGAAATCAATAAATATCTGGAATTAAGATGACCATGA 

ATCAAACAAATCTGGTTCACTAATGTCCTTTAGGGAAGGAAACTGCTGCGTGTACTCCATCTGGCTTGCA 

TGGCCTGTCTGAATCCAGACCCACAGCAATGTGTTTGATTCTTAACTGCCCTCTGGGCAATTAGGGATGA 

GCAATAAATGCTGCCTGGCCATTGACGCCCTCATCCCATGAATGAATGAAGGAAAAAAAAATCCTGGTTA 

TCATTCTGCAACACTTGTAGAGAAGTCTCCGTGAATAAAGAGTCTGCTGACTCTCACTCTCTGGACTGAA 

ACACTCAGCTGATGTTTTAGAAGATAGCATGTACTGAGTAAACTATTCAACCAGCAAGAGATGCCGCGTC 

TTGTGCAGGAGTGGGACGGGGGGATTGGGGTAATGGGAACAGAAAAACAATGTGACACTCAGCACTGTCA 

TGTCTGAGTCAGAGTATTCAATCCCATTCCACAGAGCTGACCACATAATTTAGGCCAAAAAGTGACTGTG 

AGGATGTGCTGTCTTGTTTGAGGCATCTTTTCCAAGACAAGATGTCAAACAGAGGCCCTGCCAGATGAAT 

GTAGACTATCCCACATCAAGTCAGAAATTGCTGGAGAATCTCAGCAGGTCTGGCAGTGTCTAAGAGAGAG 

AGAAGCAGAGTTAACGTTTCAAGTCCAGTGACCCTTCCTCAGAACAGTAAACTATCCCGTGTGTTTCCTG 

ACCAATATTTGCCTCTCAATCAACATTACTGTTACTCGGCCCTTCCTGAGTGTAATTTGATTGCTGCATT 

TCTGAAAAAAAWTTCTTAATTGCGATTAAAGTGCTCTAGAAGAGCAAAGATGCAACATAATTGCAAGTTA 

TTTCTTTAACCGGTATGTGTACAAAGGCTCAGGTTGGGGAAAAAAAATTACTCTTTTACACATGGCAGGC 

CACCCATCACGTGTACAAAATAAAACCTCCACCTCAGCCAAATAAATGGGCTCAATCCTTCAGAGTGCAA 

TTTGGCACAGGTTTTCACAGAGCGGCAAACACGAATAGTTCTGAGGAAGCATCACTGGACCTGAAACGTT 

TACTCTGATTTCTTACCATAGATAATACCAGACCTTTTCCAGCAATTCCTGTTCTTGTTTCCGATTTACA 

ACTTCCACAGTTCTTTCGGTTTTTGTGAATGAGTTTCGTGTTTGTCTTTAACAGGAGCTGAATAAAGAAA 

                                                       E  L  N  K  E  

GGAAAGAGGTTGTTCTCAAGCTGTTATCTGCACTGCTTGACTCCAGCAGCAATCAAATGGGGATTGAGAA 

R  K  E  V  V  L  K  L  L  S  A  L  L  D  S  S  S  N  Q  M  G  I  E  N   

CACGTTCCCAGATCAGGAGGACATGGAAGAGATGAAAGTGGAAGACAGGTCCCGCTTCAGTCAGTTACCA 

  T  F  P  D  Q  E  D  M  E  E  M  K  V  E  D  R  S  R  F  S  Q  L  P   

CAACGAGAGCGGAAGACATCCTGCAAAAACTTCTTCTGGAAAACCTTCACCTCCTGCTAACGTCAGACGA 

 Q  R  E  R  K  T  S  C  K  N  F  F  W  K  T  F  T  S  C  -  

TGACATGTCGCTAGGAACTGATTTAGCACTGTACATAAGCTGGTGTTGTTTATTTTCTTTGTTTCTTGGG 

GGTTACATTTCTTTCATGCACAAGAAAAATTTAAAAAAAAAGCATGAATGTGTGTAATTTTGCTGCAACT 

TGTATGTATTTCTTTTCCAGCAATGTGGTGCCGCTCGTTCTGTTAGAGCAATAAAGTGGATCCGAAATAA 

TCAAATTTGATTTGATCGTTTACTGACTTGGCCTTTCCAAAGCTCTGTTTGAGATCTGTTCAGGGGATTG 



ATGTCTTAAGTGAGAGAGGGAAGTCATAGTCAAAGCTACAGGGGAGGCAATGGCCTGGTGGTATTATCRG 

TGGGCTGTTAATCCAGAGATCCAGGTAATATTTTGGGGACCCGGGTTTGAATCCTGCCATGGCAGATGGT 

GGAATTTGAATTCAGTATAAAGAAAAATCTAGCTGGTGCTCTGGTTTCCTCCCACAGCCCAAAGATGTGC 

AGGCTAGGTGGATTGGCCATGCTAAATTGCCTATAGTGTTCAGGGGTGTGTAGATTAGGTCGGTTATAG… 

 



Figure S6 
 

A. Whale shark SST1  (SSTa) 

atgtggtgcagccgagttcagtgcgccctcgccctgctctccatcgctctggcagtgctg 

 M  W  C  S  R  V  Q  C  A  L  A  L  L  S  I  A  L  A  V  L  

agtgcgggcgccgctcccaccgccgacaggtatcgcgaactcctccagacatcaatggct 

 S  A  G  A  A  P  T  A  D  R  Y  R  E  L  L  Q  T  S  M  A  

ggcgcagagccccggagtaaagcggagctgatcaaatacaatctcgtccaattgctcgcg 

 G  A  E  P  R  S  K  A  E  L  I  K  Y  N  L  V  Q  L  L  A  

gagctggcaaacgccgagaacgaagttttggatggggaggatttgccgcggatggcgaaa 

 E  L  A  N  A  E  N  E  V  L  D  G  E  D  L  P  R  M  A  K  

caggatgaggtacgggttgatctggaacgatccgccaaccccaattcgccccagagggaa 

 Q  D  E  V  R  V  D  L  E  R  S  A  N  P  N  S  P  Q  R  E  

cgcaaagcgggctgcaaaaacttcttctggaaaaccttcacatcctgttaa 

 R  K  A  G  C  K  N  F  F  W  K  T  F  T  S  C  -   

 
 
 
B. Whale shark SST2 (SSTd) 

                                                  gaagtggcaa 

atgacagtgtgcctgatgtccctgctgcttcttctaagtgttgaggcagcagacccactg 

 M  T  V  C  L  M  S  L  L  L  L  L  S  V  E  A  A  D  P  L  

gaggaacgaatgaaactccaggtaaatagggaagttacaaaaagcaggaagtatctgatg 

 E  E  R  M  K  L  Q  V  N  R  E  V  T  K  S  R  K  Y  L  M  

ttaaaactgctgtctgggctgttggatcctgatgataatctcttggaaaatgacttcacg 

 L  K  L  L  S  G  L  L  D  P  D  D  N  L  L  E  N  D  F  T  

tctttgagcccaggagaggaagagagttcgcttgaagagaggtcggttaacgctggcatc 

 S  L  S  P  G  E  E  E  S  S  L  E  E  R  S  V  N  A  G  I  

cctcgtagaccgcagaaggcaccgtgtaaattgttcttctggaaaacattctcgcactgt 

 P  R  R  P  Q  K  A  P  C  K  L  F  F  W  K  T  F  S  H  C  

taattat 

 -      
 

 
 

C. Whale shark SST3 (SSTe) (exon 2 only)  

gactttctgaaggacacaattatccaacttctacatgtggtcgcggatgcagacaaggat 

 D  F  L  K  D  T  I  I  Q  L  L  H  V  V  A  D  A  D  K  D  

gctgtggaagtgaatgcttctcaagttgagactccaccagwtaacaagattccaatgaaa 

 A  V  E  V  N  A  S  Q  V  E  T  P  P  X  N  K  I  P  M  K  

ttccagcagcgtcaattgggaacaagaatgcggaaaaactgcaagaatttcttctggaaa 

 F  Q  Q  R  Q  L  G  T  R  M  R  K  N  C  K  N  F  F  W  K  

acatacactttatgttaa 

 T  Y  T  L  C  -   
 

 

 

 

D. Whale shark SST6 (SSTc) 

                         aaccacacagagacttcaagggtcgaggcacattg 

caaagatctcgaaaaggcaccacttcaatccaattccaagcgactgagagaagaggcagc 

atgcagctactggggtcagcgagcttkgtgtctatactgctcattgtgtccagtgtgaag 

 M  Q  L  L  G  S  A  S  X  V  S  I  L  L  I  V  S  S  V  K  

gccacagcacctttggaagacagactgagtcttcgggcaaatcaggagctgaataaagaa 

 A  T  A  P  L  E  D  R  L  S  L  R  A  N  Q  E  L  N  K  E  

aggaaagaggttgttctcaagctgttatctgcactgcttgactccagcagcaatcaaatg 

 R  K  E  V  V  L  K  L  L  S  A  L  L  D  S  S  S  N  Q  M  

gggattgagaacacgttcccagatcaggaggacatggaagagatgaaagtggaagacagg 

 G  I  E  N  T  F  P  D  Q  E  D  M  E  E  M  K  V  E  D  R  

tcccgcttcagtcagttaccacaacgagagcggaagacatcctgcaaaaacttcttctgg 

 S  R  F  S  Q  L  P  Q  R  E  R  K  T  S  C  K  N  F  F  W  

aaaaccttcacctcctgctaacgtcagacgatgacatgtcgctaggaactgatttagcac 

 K  T  F  T  S  C  -   



tgtacataagctggtgttgtttattttctttgtttcttgggggttacatttctttcatgc 

acaagaaaa 

 

 
 



Figure S7 
 

 

A. Elephant shark SST1 (Sc_821) 
…TTTAGTGGATGGTATGTTGTGGATGCTGTATAGGGGATTGTGTGTAATGGATTGTGTGTAAGGGATGGT 

GTGTAGTGGTTGGTGTGTAGAGGATAGTGTGTAGTGGATGGTGTGTGGTGGTTGGTTTGTAGAGGATAGT 

GTATAGTGGACGGTGTGTGGTGGTTGGTGCGTTGGGCATGGTGTGCGGAGGATGGTGTTCGCGATGGTGT 

GTAGAAGACTGTTTGTAGAGGATGCTGTGCAGTGAAGGGTGTGTTGGGGATGGTATGTAGTGAATGGTGT 

GTAATGGATAGTGTTAAGGGATGGTGTATATGGGATGGTGTGTAGAGGATGGTGTGTTGGGGATGGTGTG 

TTCAGGATGTCCTTCTAATATTTTGCACTACAGTATTAGAATTGAAAAGTTTGCCTCTTGTTTTTGCTCT 

GTATTTAAATCCATAGAATTAATAAGAAAAAAAATGTAATATTTAAGAGGAGGTGGACGTGGTACGAATC 

TCTGCCCTAATCTTAAAAGCCTCGTCACGGCCGGATGGGTGGGGGTGGGAGAGTCAACGTATCGGAGGCG 

ATAACATCCCCAAGTGGCGAGGTTATGGACATTATCTCAATACTCGTCACGTGGGTTATTATTTTGTTCG 

ATGATGTGACTAAATTGAGCATAAATTGCTTAAATCTCTGAGGACATTTGCTTTTGACGTCAGAAGGTGG 

CGTGAGGCGGCTTTATAAGGCGAGTCTATGGACACCAGGACCAGAAGATCCAGACGAGGCAGAGCGTCCA 

GAGAGCCGGTGCTGAACCACGAGCGTTCCTCCGTTCCTCTCTCGCTCCTCCTTTGACAGTTTGGTGCCGT 

CGCCCCGAGATGTCGTGCGGCCGAGTGCAGTGCGCCCTGGCGTTGCTCTCCATCGCCCTGACAGTGCTGA 

          M  S  C  G  R  V  Q  C  A  L  A  L  L  S  I  A  L  T  V  L   

GTGTCACCTCGGCGCCAGCACACGACAGGTACCGCGAAATCCTGCAGCGATCACTGGCCGCGGCGGGAGC 

S  V  T  S  A  P  A  H  D  R  Y  R  E  I  L  Q  R  S  L  A  A  A  G  A   

CAGGAGTAAACCGGTAAGACAGCCGATTCCACACTGGGTAATTAATATCTGACAAGGTTGCTAAATACAC 

  R  S  K  P 

ATATTTACAACATTGACCTGTATTTCTAAAGTACATTCATTTGGGATTTTTGACTGGAGCTAATTATCCG 

ACCGTCAGATTTTATTTCCTCATTTCTGTAATTCTGAATATAGCGCATTTCAGATGTCAGTCTATAACTG 

TAAAGGAGATATCACGGTAACTCGTCTCTAACTTGCACAGAGGCAGATGCGCACCTGCCAGGATCGCCGA 

TGGCCCCAGAGACACACCCCGATCTGGAGCCCCGGTACCGCGGCTCTCGGGCTCTGAGGATAACATTCCA 

AACCATCAGATTACCGCACTCTCAGTCTCAGGGCAACTGCTCAGTGCCGCCGAGGACCCATAGCTCCCGA 

GCGCTCCGTGTCAGTCGTGTAGTTGGAACCGTTGACACCTTGAGAGCCATTCATTCGTCTAAACCAGTTT 

TATTTTAATGATTAATGCATCAATTGGCATCAAACGACAATTTTAACTTTCAAGATTTGAGACAGTTTCT 

AACTGAACTTCCCCCAAAATCTCTTCCGACAATTGTCCCCATAAACAGAAACCTCCCGAACACAGCACAA 

GAACCAAGTTAAACAGCTACAGATTGTAAGTAGCTGTCAAAACAACCGCGTAACTAGTAACTAGTCCGGT 

TGGTGCATTTCTGGGCACAATAGAGAGGACTCCAGACTCCAGGCTGAAAACCTTACATCTTTCTTACATT 

TACTAAAACATTGATATCTCCTAAGCTGAGAGAGCACATCCGTGTTCACCCCCCACCCCCACCCCCACCC 

CGGAGCGCTGGCCTCTCATGTAGCCAATGGCTTAGAACCTATTTCTCCGGGAAAGTGAATGCTCGTGATT 

TACATTCCGGTTTCTGAATTGAGTGATTTTCAGACATTTCTTGTCTTAGTGAGTAGTTTGGACTGAGGAG 

GAGTTTGACGTATATAGGAGGTGGGAGTCACTGAGCCATAAACAGACAAACACGCTGATTTTCCTGATCT 

TCACACAAACAGCCAAAGCTGGAGAGGAAACTGCGCCAAACGATACATTTTTGTGAATGTAGTCATTAAT 

CCGGGTTGAGTAATCAGCCATCAGCTGCTTGCCATGTGTACATGTGCCTCACTGATTACTGTTCTCTTGT 

GTTACTGTTCTCAGGAGCTGACCAAGTACAGCCTGGCTCAGCTGTTGGCGGAATTGGCCAACGCGGAGAA 

               E  L  T  K  Y  S  L  A  Q  L  L  A  E  L  A  N  A  E  N   

CGAGGCGCTGGAGGCGGAGGACATGGCCCGAGCAACCGCACAGGACGAAGTAAGGGTTGAATTGGAGAGA 

  E  A  L  E  A  E  D  M  A  R  A  T  A  Q  D  E  V  R  V  E  L  E  R  

TCGGCCAACCCCAACCTGGCGCAGAGAGAGCGCAAAGCGGGCTGTAAAAGCTTCTTCTGGAAAACCTTCA 

S  A  N  P  N  L  A  Q  R  E  R  K  A  G  C  K  S  F  F  W  K  T  F 

CTTCCTGCTAACTCTGAGCAGCCCCCACCACCCCTCTCACACACACTCATACACACACTTTCCCTGACCC 

T  S  C  -   

CCACCCCTCCCATCCCCACCCTACACACAAAGTTTTCCCGATCCCCCGCCACACACACACACACACACAT 

TGTATTTGTCTTACGCTACG TGGTCTGTTCTGATTTTAACATACTGTAAATAAAACACATGGTGATGATA 

ATTCAACCTAATTTATTGTGACAGAACCTTTAGATGGGGTTGTGACTGTATAGTTACCCACTCTTTCTGG 

CTAGAGGTGTATGTATTATTTTTAATTTGTATGTCGCAATGAAATACATGTTTGAAACTGAAACCATCTC 

TTCTCTTTCTTGCCTGACGTGTGAAAGTCGCTGGTTACCCGGCTCAGCTCCATCACTGACGGCAAAGCGT 

AGCTGTAACATTACACGAGTTCTATATATTTATATCACTTTCTCAAAACGTAAACCATTGTATCACAGAT 

GTCTTTTCAGCGATGTGGAGTCCTGTAGCTCAGTGGTTAGAGCACTCGCTTTGCAAGTGAGAGACCTGAG 

TTCAATCCCCGGGGGGTCAGGGCCAAACCTCGGGCAAGTTTCCTTACTCCACACAGAGCCTAATAATAAT 

CCTCCAAAACCAAAAACAATAATAAATTGGTCATTTTCAATCTACGACTGTTTGTGGGACATTGCTGTGC 

GCAATTGGCTGCCGCGTTCGCCCACAAATATACAGTCAATTCACTTTACAGTGTGTTCTGTGAAGTGCTT 

TGGGACATCCTCCCGACGTGAAAAGCGCTATATCAAATGCAAGGATTATTATTATTATTATGGCTCAGAC 

AGATCTGCCATAGTCTTTCACTGTGTGATTGACATTTCGGCTCTCATTTCACCAACTCCAGAACAGCTCA 

CTGGAAGCGATCATTTGAACACAGCAATGACCGGGGGCGACCCCCACCGTCTGTCTCAATGTAATCCTCA 

CTCTTGTTCTGCTCTCACTCTCGCACTCCTTCCCTCAACCATTCCATCACCAGATGGTTATCTCATACTC… 



  



B. Elephant shark SST2 (Sc_58) 
…TACTTATTTTTTTCACATAATAATAATAATCCTTGCATTTGATATAGCGCTTTTCACGTCGGGAGGACA 

TCCCAAAGCGCTTCACAGAACACACTGTAAAGTGAATTGACTGTATATTTGTGGGCGAACGCGGCAGCCA 

ATTGCGCACAGCAATGTCCCACAAACAGTCGTAGACTGAAAATAACCAATTTATTATTGTTTTGTTTTTT 

GGAGGGATTATTGTGGTTGCTTGTGGTTGCCCTGTTGTCAGTTTAATTAGCTTATCTTGTAAAAAAGAAA 

CAATGAGGTTTTGAATGAAGAAACAATTAACAATCCTGTTTGAGACTGAAATCTTCCGACTTGATATGAC 

TTGTGTGAGGTTTTTTACTCTATTCATACCCTTGCTGTTCAGTCTAAGTGTTATAACTTAATCGACCTTC 

TTGCAGTACTTAGATTTTTGTGCACACCTCACCTCATAATAGAAAGAAGCACTTGTAATTTTATAGTACC 

TTAACATGTTGAAGTGGCTCAAAATGCTTTACGGTATTGAGTGTGCTGTAATGGAAATAATGATAATAGT 

ACTTGCATTGCACCTTATATTGTCGTTGAGACGTCTCAAAGCAAGCGCTTCACAGACTATAATGTAAAGT 

GGATTGACTGTAGTTTGTGGTGAAAAGTATCAGAAATCCTGATAACCGTCTACGACAGATGTATGAACAC 

TATCAACCGAGCTGAATTAATACCCATTAATGTGGGCAAATCACTAACGAGGCCACTTTTTTTAGTCTTT 

TTGAAACTGATAGTAACCAAAGTCTCAAACTCAGCCTAAGGATAATTTGCCACTGTATAGGCAAAAGGAG 

CTCTAGTGAGAAAAGTTCACGTTTAGATATTGTTTGGAGGAATGTATTTAAAGTTCTAATAATAAAATTA 

TGAAACAGCACCTCATGACATCGTACCGACAACTCAAAGCACTTCACAGAATTTTACCGTACAGTGTAGT 

CAATGTGTGTAGGCAAACGCGACAACCAGAACAAAACGATGTCCCACGAACAGCATGATGTCAATCTAGA 

CTGAGTACAAAGTCCCAACATGGGGCTTGAACCCATGATCTTCTGACTCAGATGAGAACAGTTAGTGACA 

TTTTGAAGACAATCTTGTGGTGAGGATGGCGTTTAACCCTTATTTCCTACTTGTCAGGAAAGAGTAAGTG 

TAAAACGCAAAGGTCAAATTCTTTTAATTTACGTAATGGTACTGATATGTCCCTTGTTAATGTCAGGGCT 

ATTCAAGTGGAACATTAGGGCATATATCAGACCTTACACGTGACCCACAAACCAGACTATAAACAAGACC 

TGCTATTTCAATCTTTCCAGTTTCTTCAGCAAAATCGATACGGCCAATTGAGAAATTAAATAACTATAAT 

TGATGTAGATCACCCAAATCACAACTGTTTGTGGGGCACTGTTGTGCGTAATTGGCTGCCTCGTTTTACC 

CACAAAATGTACAGTATATTCTGTGAATCACTTTGAGACATCTTGAAGATGTGATAAGGTACTATATCAA 

ATGCAAGGATTATTATTATATTGATATTGAGACGTCTTCCCGATGTGAAAAGCACTATACGAATGTAATC 

TTCTTGTGGAAATGTTACAAAACTCAGAGCTGGCTAAATGTTTGTTCTACAGACAAATTCCCCATGAAGA 

GTCCCAACATCCCATAAGCTGCTGAACCCTTATTTAGTAAACTGGAGGTCAATCATGTAATACTGTGGAC 

CTTTCTGGCTCATGTATCAGATCGCCCAACGAGAGTCTATCAAAGAGAATTGTCTCAGCTCCACTAGTCA 

TGTTAGATTGGTGTTGGCATCACCCCTTTCTCAGAGTTGTCCCATGACATCAATTCTCTCCGCAAACTCA 

GGCTTCAGCCTCACTGATTCCTTATCAGTCTTTGAAAACAATGACTTTCTGAGTTGTGAAAATCTTATGT 

TCTGTAACAGGCATTATTTCCTGTTAGGGTCATCAAGTGGTATTGCCAAGGGGAGCCACTTTTTTTAATA 

GATCAGATGACAGATTGGTTTAATGTCTCATTTGAAGGACAGATGATTCATGGTAAGACGAAAAAGTTTC 

ATTTCTTGTGGATTTCTAGAGCTGGAACAATTTCTACCTCCACTTTAATTCGTAGAAGTGTTTTTTGTGT 

GTTGGATATTATAGAAGATTGATGTTGAAAGCTCTATACAAAACACACAAAGACTGACTCATTCTAAATT 

GGAAAGCTCTTTTAATTATCAGTGTTCTAATCTTTGATGCAAATCGAAATTGGAAAATATAAAATAAATC 

AATTATGATCTTTCTAAATTAACATTTTTTTCCAGTTGTTGACTTTGTCATTTTTTTAATGTTCCAGTTA 

ATGGTTCTCATTGTATATTAGTGTCTGATTATAGCACTAATTTTGCACGTCAGCGAGTGCTATAATTGTG 

CTGCATTATAAAAGCAGGACAATTAGAGTTTTCTCAGCAAAACAGGGAAAGAGTCAGTGAAAGCTCGACA 

GATCCATTGAAAAGAGAGAAAGTTTGAGTCCAGCATGCAGTGGCAAGCATTCGCAAGTGTCGTGTGTCTG 

                                   M  Q  W  Q  A  F  A  S  V  V  C  L   

TTGTTCATTGTAACTGTTCAGGGAGTTGAACCACAGGAGGAACGAATGGGTCTTCAGCTGAACAGGGTGA 

 L  F  I  V  T  V  Q  G  V  E  P  Q  E  E  R  M  G  L  Q  L  N  R   

GTAAAATAATAATAATCCTTGCATTTGATATCGCGCATTATCACGTCGTTGATATGTCTCAACGCCCTTC 

ACAGAATGTACTGTAAAGTGGTGACTATTTGGGGCCAAATTCGGCAGTCAGTTGCGCACAGCTGTGTCCC 

ACCATCAGTCGTGGATTTAAACTCGCATGAATTTTACCAAAAAAAAAAAGTTTCTTCTCTCCATCCAACA 

GGAGATGGTAAAGGACAAGAAACGCCTGATTGCGAAGCTGCTGGCGGGATTGTTGGACGTGGATGACAAT 

  E  M  V  K  D  K  K  R  L  I  A  K  L  L  A  G  L  L  D  V  D  D  N   
CTGTTAGAAAGTGTCATCGCCCCATTGGGTCTGAGCAAAGAAGAGGGGACTGATTTCGAGGAGAGATCAG 

 L  L  E  S  V  I  A  P  L  G  L  S  K  E  E  G  T  D  F  E  E  R  S  

CTGCCGGTGAAATCCCTCCCAGAAAACCGAAGGCAGGGTGCAAACTGTTCTTCTGGAAAACCTTCTCGCA 

A  A  G  E  I  P  P  R  K  P  K  A  G  C  K  L  F  F  W  K  T  F  S  H 

CTGTTAGTGGATTTGTCAAAGATAAACATTTTTTAAAAATCCAGTTTGTGTTTTCCTGTTGATATGTAAA 

  C  -   

CACTTCCCCCCCCCCACTGCCCCAATTCCCTGCACCCCCTCCTCTCCACTCCCTCCCCCCCCCCCCACCC 

CTTCCATACATCAAACGATTTGTAAATATTCACTGAAATAAAACTGGAAAATAAATAGGTGGCTTTCTAA 

AAGGCGACGTAAAATGATTACATTTTAATAAATGGAAATTCTGCATTAGAATTCACAGTGTCTTGTGCGT 

TTTTTTAAAGGAAAAGAATCTGAATTATTCCCATGTTCCCCTTTAATCATCCGCTGCGCTAAAGAGATGC 

ACAGGTCCCTGCTCAGCGCATCCCGCGGCAGTGAAGCTCATATCTTAACTCATACCCACAGCCCACAACT 

TTCTGACTCAGAGGCAAGAGTGAAACCAACTGAGCCAGACTGACACCTGTGACTAATAGTAATTTCATTT 

CAGACATCTTATCACATCTTCAAAACATCTCAAAGCGATTCACACGATATACTGTAAAGCGCAGTGACTA 

TTTTCAAGAGTGTTATTGTTGCATTTGGAAGGGTTGTGTGTCAGCCTGGCTCAGTCGGTAATGTTTTCA… 

  



C. Elephant shark SST3 (Sc_821) 
…TGGGCAGGGCATTTGGGAATAAATTAATCAAATTATTAATCAGGGTGGGTAGGGCATTGGGATTAAATTA 

GACATCTTGCTCTGACAGCCTGTACAGAATCAATAAACTGAATGGACTCCTTCTGCACTGTAAATTTCTG 

TGTCTCTGAGTTGAGTCAGTCGGTGAGATTTTTGAAGCGTTTCCAATCCCACGTAATTGTGTATCATTAA 

TTATATATATTATATATGCTTACATGTGTCTAACATTTTTGTGTGGGTGTGTATGAGAGATATGCATGTA 

TTGTATAGCACCTCATGGATAGTACTCGTTATGCCGCTACACATGGATAAACTGAAGTTTGCTTTGAGTG 

TCCATCAACCTTAATCTGTCTGGACAGGTGGCTGTTTGCAGATGAATTATAAAAATCTGTCCACCTTCCT 

GGGTAAATATTTGCTAATTAGTTGTGTTTGCAATAAGTGAGTGGATCAGCTGAAACCAGAAAGCCATTAT 

CACATTTTCACCTGAAATTAAAATTGCTCAGTGAACCACTCAGCCCTACCACATGGGAGCTGTGTCCAGC 

ATTCACGGGGGGAGGGGGCAGCTAGTGAGGGCTACTGATTGCACACACAGTCAAGGGAAGAAACACTCAC 

TGGCAGCTGCTGATGGACATTCATTGTGCTGATTCCAGTGCTTTTATGCTGGAAATTGGAAGACTTGAGT 

TGAGTCAGTAAGTGAGGTTAATGGAGTGGCTCCAATCCCATCTAATTGTTTAATGAATAGAGATGGGCTG 

AGGCAGAAGGTGGGAGTCAAGCGGCTAAATTTGATGGAAGAGCTCTCCATTTAAATTCCAAGCCTCTTGT 

GTTTAATTGACAGCAGAAATTCACAGACCATTTAAAGCTGTAACTAATCTTTACACCGTTTCACTTCCGC 

TTTTGACAGAAACAAACATTTACAGTCAAAGCACTAGACCAATTCTCAATACTATTTCCATAACATATTT 

AACAAAGGCCCAATAACTTTTCCACAACACGCAAGGAGAACATTTATTACATGTGATTTGATAGTTATCA 

ACAGTGAGACTGTGTGCAATGGGGGAAGTTCTCTGTCTAAGTGAGTGTGGGGTGGGGTGGATATGGGTGT 

ATGTTTGTGTGTGTTCGGTGGGGGCTGTGATCGGAGGCTGACTGTTGCTTTACCTTATGATCTGGGTTTA 

AATCTTCAGTGGTAGGGGTGACTGACTGTGAGCACCCTGACAGGGGAGGGAAATTGGGGCCAATCCTAAT 

AGCTGTGCACAAAGCTGGCCCTGGCCTGGACCTTGCTCAGGCGGTCTCGTGTGGGAAATGGAAGTTCATG 

GTTGAGAATAGGGAGCCTGAGGGTAATGGAGGAGATACCCTGAGCGATCTAAGCACTGACTGGTTTCCTT 

GCATTTGATCAGTATCTGTGATGATCAGCCTGACAGAGGAGGGTAATTGTGCATAAATGTCAGGTCACTC 

TCCCCAGGTGTTATTTAACATCAGGTGATTATGCGAGAGTGGCTTTATAAAGCAGGACATAGGGTACCCC 

CACAGTGCAGTGATCGGATCAGCATTGCTGACAGTTTGAGACTGACACACATTGCAGACTGTGCTCCGGT 

GTTGGCAGCAATGCAGGCTCGGTGCACCCTCACTCTAGCCCTCCTCTCCCTGGCAGCGCTTGGCCTCAGT 

           M  Q  A  R  C  T  L  T  L  A  L  L  S  L  A  A  L  G  L  S   

GCTTTGCCCACACACCTCAGGGACCAGCTCGTTCTCCAGGGATCACCAGCAATGGTAAGTAAGCTTCACC 

 A  L  P  T  H  L  R  D  Q  L  V  L  Q  G  S  P  A  M  

TCACCAGCTTTCAGCCTCTAGGCCTCAACCCAAGCTTGAGTTATTTCTAATTGACAACTTGCCTTCACTC 

AAGATTAACAGTAAGGATTGTATTAGTGGCTCATAGAATCACAGAATTATACAGCACAGAAGAAGGCCCA 

TCGTGTCTGTGCTGAATCTTTTAAAAGAGCTATCCAAATCAATCCTACTCCCCCGCTCTCCCTATAGCCC 

TGCAAATCTGTCCTTTCCAAATAATTATCTATTTCTCTCTTAAAAGTTGTTATTAAATCAGCTTCCACCA 

GCCTTTCAGGCAATGCATTTCAGATCCAAAATTGAATTGAAAACATCTATTAAGTCTCCTCTTAACCTTC 

TCTGCTCCAAGGAGAATAATCCCAGCTTCTCTACCTCTCATGATAACTGAAGTCCCTCATTCCTGGTACC 

ATTCCGGTCAATCTCCTTTACACCCTCTCCAATGCCTTGACATCCTTCCTAAAGTGTGGGGCCCAGAACT 

GAACCGAGTCTCTCGCTGAGGCCTAACCAGTGTTTTATATAAAGGTTCATCATAACTTCCTGACTTGTGT 

ATTCTAAGCCCCTATTTATAAAGCCCAGTATCCCGTATGTTTTTTTTTAACAGCTGTATCTACCTGTCCT 

GCTGCCTTCAAAGATTTCCTTATATGACCCCCAGGTCTCTCTGTTCCTTCACCCCCTTTACGATTCTACC 

ATCAGCTTATATTGCCTCTCCTCATTCTTCCTCCCCAATTGCATCACTTTGCATTTCTCCACATTAAACT 

TCATTTGCCACGTGTCTGCCCATGTTACCAGTCTGTCATCTGAAAACTTGGAAATTGTACTCCCTATAGT 

CCAGGTCATTTATATAGATAAAAAAAACATCAGTGGTCCCAATACTGACCCCCGGGGGGACACCACTGTA 

CACTTCCCTCCAGTCAGCAAAACAACCGTTCCCCACACTCTCTGCTTTCTGTCTCCCAGTTCTGTATCCG 

CTGCCACTGTCCCTTTAATACCGGGGATTTTTATTTTGCTTACAAGTCTCTTATGTGTCACTTTATCAAA 

TGCCTTTTGAAAATCCATATAAACTACATCAACTGCACTACCTTCATCCGCCCTCTCCGTTACTTCATCA 

AAAACTCTATCAGGTTTGTTAGACATGATTTGCCTTTAACAAATCTGTGCTGGCTGTTGATACTGTGGCA 

TTGACTGCATCCTTTTATCAAGAAAGTACTATTCAGTACGTCAGCCGTGCCCGCTGCCTCCACAAGAAGA 

TTTTCCCTTTAGTCCCTTATTGAGCCCACCCTACCTTTGACTAACCTTTTATTCTTTATATGCTTATAAA 

ATACCTTAGGTTTCCCTTTTATGTTACCTGCTAATCTTTTCTCATACAATCTCTTTGCCCCTTTTGTTTC 

CTTCTTCAGTTCTTCTCTATACTTTCTATATTCTATTTGATTATCTTGTGTTGTATTGAAGTGTTCACAT 

GTTCGTATTGAATTGTCAGCCTGTCTCACTCTTGCCTTTGAGCCAGAAATAGAGGGTTAAAGCCTCATGC 

CAGGGAGCTTAGCACAGAGATTTGATGGAATACAATTTCATCCTGTGATACATAGAATGATATGGAACAG 

AAACAGATCATTCGGTACAGCTAATCTGTATTTGACATAACTTGCCTTTCAGTGCCAACTCATCCCTGAA 

ACTGCCCCAGCTTGTAACTACAGTCATTGCTTGAGACAAACCTTCTGGAGCAATGAGCAGCGAGAGAGAT 

CCCTGTTATTGCAAACGGGAGGATTCTCTGAGCCCAAGAGGAACTCAGTAAAAACATGTCATCCTGTCCG 

TTACTCAGCATGTGCCTTAACAAAATAAATCTTTTTTTCCTACAGCTGCTAGGCAAATAAAAATGAATCC 

AATTTTTTCAACCTAAGGTGAGATAATTGACTCTTTTATTCACTTCCTGCTGTGCAAATATCAAAGTGAA 

TAGACTGCTGATGTACTCAGGAGATGGCACACATCTCTCCTCTTGTACTTTATAAAAGCAGCCATTAAAC 

ACTCTGATCACCATTGAATGGAAAGCTCACAATAATTGTCACTGAGAGGTAATAATAATAATAATCCGTG 

CATTTGATATAGCACTTTTCACGTCTTCCAGATGTCTCAAAGCGCTTCACAGAATAGACTATAAAGTGAA 

TTGACTGTATATTTGTGGGCGAAACGCAGCAGCCACTTGTGCACAGCAGTGTCCCACAAACGGTCGTGGA 

TTGGAATGACCAATTTATTTTTTTTGAGGAATTATTATTAGGCGTGTGGAGTAAGGAAACTTGCCCAAGG 



TTTTGCCCTGCCGGGAATCGAACTCAGGTCTCTCACTTGTAATCACCACAGTTTTAAATACCCTTTAAAT 

AAATGCCCATTAAATACCCTTTGAAGGAATATCCTCTAAATACCTCTGAGCAATGGAATACCGGCAGAAA 

TGCCACAGATGTCCATTTGAAAGGCCAGACCCCTAGTACTGACGAAAGGTCATCGACCTGAAACGTTAAC 

TTATTTTCTTCTCTCCATAGATACTGCCAGACCTGCTGAGTGTTCCAAGCAATTTCTGTTTTTATCCCAA 

GGCTCGGTGTTTTGTTGGTGTCAGTCAGAAAGTACTCGTCACAAGTGCGTTGTGTCGGGACTACCATCTC 

AAATGGTCTAGGCCAGTGATGGCCAACTTGCAGCCTGCGTGACTAATTTACACGTGTGTATTGTAAGTTG 

GTCATCCCTGGCGAGGCTGACACTGCAAATCAGCCGTCTTTTGGAGAGTTTCAACAGCATAATGATGCCA 

TGTGTAATAATGGACCTTTTAAGCAGGGATTAATTACATTGTCCTGTGTAAATATCACTTGACAGCAATT 

AATCATGAAGCATTTGGGAGCGATTTGACGTGATAAGGTGCTATAAAAAAATTGGATTTGACTTGTTGTC 

ATGTCTAACAAATCTAATAGAATTTTTTGATGAGGTAACGGAGAGGGTGGATAAAGGTAGTGCAGTTGAT 

GTCGTTTATATGGACTTTCAAAAGGCATTTGACAAAGTGCCACATGAAAGACTTGTAAGAAAGATAGAAG 

CCAATGGTATAAAAGGGGCAGCGGATCCCGAACGGGCCGGGAGACAGAAAGCAGAGAGTGGTGGTGAACG 

GCTGCTTTTCTGACTGGAGGGAAGTGTACAGTGGCGTTCCGCAGGAATCGGTATTAGGACCACTGCTCTT 

CTTAATATATATAAACTTGGACTTGGGTATAGCAAGTACCATTTCCAAGTTTGTGGATGACACAAAGTTA 

GGGAGGGGGTAAACAGTGAGAAGGACAGGAACCAACTGCAGGAAGACATAGACAGAATGGTACAATGGGC 

GACACATGGCAGATGAGTTTCAATGTAGAGAAATGTGAGGTAATGCATTTTGGTAGAAAGAATGAGGGGC 

AATATAGGCGGTAATACAATCTTAAGGGGGTAAAAGAACAGAGAGACCTGGGGGTGCAGGTAAATGAATC 

CTTGAAGGTGGAGGGACAGGTAGATACAGCTGTAAAAAGGGCATCTGGGATACTGGGCTTTATAAACAGG 

GGCATAGAGTACAAGAATCAGGAGATTATGATTAACTTATATAAAACACTGGTTAGGCTTCAGTTAGAAT 

ACTGCGCCCAGTTCTGGGCACCGCACTATAGGAAGGATGTTAAGGCATTGGAAAGGGTACAGAGGAGATT 

TACGAGGATGGTACCAGGAATGAGGGACCTTGATGATGAGGAAAGGGTAGAGAGGCCGAGATTATTCTCA 

TTGGAGCAGAGAAGGTTACGAGGACCTGATAGAGGTCTTCAAAATCAAAATCATTTGATAGGTTAGAAAG 

GGAACAACTGTTTCCACTGGTGGGTGTGTCGGTGACTCGAGGTCACAGATTCAAAATAGTCTCTAAAAGA 

AGCCGAGGGGAGGGGAGAAGACATTTTTCACGCAGCGAGTTGTTGGAATCTGGAAGCCATTACCTGAAAG 

GGCGGTCGAGGCCGATTCGATAACTACTTTTAAAAACGCGGTGGACGGGTATTTGAGGAGGACGGGTTTG 

CAGGTTATGGGGTAAGGGCCGGGAGTGGGATTGACATTAATTGCTCTATTCAAAGAGCCGCACAGACTCG 

ATGGGCCGAATGGCCTCTTTTTGTGCTGTACGATTCTATGATTCTATGATTCTATGTGCTTGCACTGGAG 

GGTGTGTGTCAGCAGGCGGCGCTCTGCCCTCGCTGGGTTACTGCTGTTTTTACATTATTATAGACATTGA 

GAAGCAGATCAGAAATCTCCGCTTATTAAACACTATAGTGAGGACAGAATGCTGACGCGCCTGCTCTTAA 

ACTCAGATAGGGGTCAGAGAGGTGACACTATGTAATTACAGAGAACAAATGTCAAAATAAACTAGGTTGC 

CCTATTTAGAATGTTCCAGAAAGTTTAGAGTCTAATGTAGCTACTCAGGGTGCAGCAGGGACGGAGGAGA 

CTGGGAGGGAAAGGATGGATTGTGATAGTGTTTTAATAATAATAATCCCTGCATTTGATATAGTGCCTTA 

TCACGTCTTTGAGATGTCTCAAAGCGCTTCACAGAATATACTGTAAAGTGAAATAACAGTAGTTGCTGGG 

AACACACAGCAGATCAGGCTGCATCTAAGGAGAGAGGAAAGTGAGGTCATGTTTCAGGTAACGATGACCT 

TTCATCAGAACTGGAAAGTGAATTGACTGTATATTTTATACAGTATTTTATGTGACAACACGCTGTATTT 

CAGCACAATCAGTTGAATCTCAACGACACTGGCTGTTACGTCAGTAATCTCAGCATCTCAGGGGTCAGTG 

GATGGAGTGCGCAGGAGGGGGACAGTGCTGCGGAGGTCAGAGATTGTGTTCACTCTGTGATTGGCCGATG 

CTATTCATGTTATGAGCCACTCAGTCTGTCCTGCGTTGTGTGGCCGCCAGCGGGTGACTTTGCTCTCACC 

GCTTGTTTGCAGGAGCTGCGGGATGGTGTGGTCCGGGAGCTGATACAGGCAGTGGCCGATGCAGAGAGCA 

             E  L  R  D  G  V  V  R  E  L  I  Q  A  V  A  D  A  E  S   

AACCCCAGAGTGAGGAGGCAGCAGAGGACTTCGCTCCAGATGAAAAGGCTGAACTACGGCTTGCGCTGGC 

K  P  Q  S  E  E  A  A  E  D  F  A  P  D  E  K  A  E  L  R  L  A  L  A    

TCCACGGTGGCGGAAAGATTGTAAAAATTTCTTCTGGAAAACTTACACTTTGTGCTAATCCTGTGCCAGC 

  P  R  W  R  K  D  C  K  N  F  F  W  K  T  Y  T  L  C  -  

GTTAAAGCCTGACTGAACCACAACCGTCTGGCTGGCGAGAGGTCTTAATTAATGTGTAATATGAATTGTT 

TGCTATTTAGCATGCCTCAATTATTGTTAATCCTTTACTCATTGTGAATTCTTAATCAAGTGTTTACTGT 

TACGGGGAACAATAAATCATCATCATAGCTATATTCTGCAATGTGTGAAATATTTGTAAACGATTTGGTG 

ATTTTTTTAAATGTTGATTCAAGTGACAACTGTCAATGTTGGGGAACTAAAGTTTCAGGGCTCAACGTCA 

GCTCTGCACTCACACTTCGTATTGAGGCCATTCTGGACTGCAGGAAGGATGTCAAGGCCAAAGGTAGGGC 

ACATTCACTGGACATCTCATTCTTTCATCCAACAGCCTCCATCACTGCTGCACCCAGACAATAGTCACGG 

CAGAACCATAGACATTTAAAGCACAGGAGAAGACCATTCTGCCCATAGTCTCTGTGTTCCCCTTAAAGAG 

CAACCTTTTGGGGCCCATTTATATGCCCATTCCCAAAACCCTGTAATTTAATCTATCTACCATTCCATCT 

CAACCTGCCTTTCATCTCACTGACCTGATCAAAGTCACAAATAACATTCTCTTTCCTCAGCGTCTTGACC 

TCTCTGCCACCTACCACACGTAACTCTATCTCTCTGTCTTCACCCTTGATTCCAGGACCACTGTTGAACT 

GACCGGTTGTCTTTTGGACATCCTGGATGTCCTGGATGAGAGCTAAACTTTCTCTAGTTAAATGTTGACA 

AGACATCAACACCTTTTCACTTCAGGTACTACAGCATCAATCCACACAGGTGCACTCTCCACCTCATGGA 

AAGCGTGATGAAAGCATGGATCAGGGTCTCGGGGGCCTGCGGTGAGAGGCAGTGATGGAGGTGGGCAATA 

CTGCGGAGGTGGTGAAAGCCGGAACGGGTCACAGCACGAATGTGGGGTTTGAAGGATAGCTGAGGGTCGA 

AAAGGACTCCGAGGTTTTGGATTGACTCAGTGAGGTGAAGAGCACAGCCGTGGGTGGGGATAATGCAGT… 

  



D. Elephant shark SST6 (Sc_58) 
 
…TAATTAATTCATAAATTAATTAAGATGAATTGATCATCCACCTCATGACTGGTGTGTAAGATCTTGCTT 

TGCACAAAACGGCTGCCACATTTGCCCACGGAATACACAGTCACTACACCTGAGCAGTTGGTGAACTGGT 

GAATCAAAAGAGGCAGCAAAGATCTTATAGTCAATTCACTTTACAGTGTATTCTGTGAAGTGCTTTGAAA 

CGTCTTGAAGACGCAATAAGGCACAATATCAAACAGCAATGATTATTATTATTACATTGTGATATTGTAA 

AGTTTATTTTAATACTAAAGAGGATCAGAGCAGATTGTGTCGAAATATTCAAGATTCTTAAGGGTAATGT 

AATCCAAGTCTCCCCATATCCCCAGTCTCACCGCCCCCCACCCCCACCCTCTCTCTCTATCACCATAGCC 

TCTCGACGCTGGAGCAAATCAAAGAGCAAAATAAAAAGGATAAAAAAAATGAGAAGACTTTTTCTGGTCT 

AATTACAAATAAGTTAGGAAATAATATCTTGGGATACAGTATATAGTTTGGGACACGACATGTCAATCCA 

CGGCCAGGATGGTGGAAAGTGAACTACATGGACTTCGTCTTCCAGTGAATTGTTATGTACTTATGGTCAG 

TGTCACAGAAAACACGATGAGCTCCTGTTCACCTGTCCCCAGAAAACCAACCGGAACGAGAATTAAAACA 

AGTGACGGGACTTTCAGCCACTGAACAAACTCCAGGAGGGAAATGCTGAGCTCTGCGAGATGCCACCCTG 

CATGAAGGCGTTGGGTAACACAAGCTGTCGTTGATGAGAGAACTAGCAAGTGGTTTGGGAGGAGATGCCA 

ATGGAGTCACCCCCACACCCCACCCCAAACTCCCCCCTCCACTCTCCGCCCTCCCCACGAGACCAGATTC 

ACTCCACTAACGTAATGTTTCAGAGCGACCAGGATTTGGCAGATTGTCAGCCACTGTATGTAGTTTGGGA 

GCTGTGAGTGTGTGTGTGTGCGCGAGTATGTTTGTTTGGGAGTGTATGTATGAGGGTGAGTGAGTGTGAG 

TGTGTGAGGATGTGTGAAAGTGAGTGTGTGTGTGTGTTTTCTGTAAGTTTCTCTTTAACAAAGTGCAGAA 

AAATCCCCCCAAAAAATGTGTCACGAACGAATTTCAGTGTTTGGCCAAATAATAATAATAATCATTTGGT 

AAAGATGGTCTATCACTTCAGAAGGATGTCTCACAGTGAAGAGCAGTGATTGTGTGTCTGCAGGCAAACA 

CAAAGATTGTGCCCGGCAACGTCCCACAAACAACGTGAAACTAATCCTGGACCCTCTGTACACTCCCTGG 

GCGGAGAGAGAGCGAGAAAGAGAGAGAGACACAGACAGACAGAGTTAAAGAGAGAGAGGGGGACGCGTTG 

GGTGGAATCTCAGCCTCCATCAATCTGAAGGATGGCGCTCACAAATTTTTATTGCGGAAATGAATTATGG 

GCGGCAATGCGGAAATGTAATAAGCCATTTGCTTCGTCGTTTAAAACTTTCACTGTGTTTCTGCGGAGAA 

TGTGCCCTGGGGCGGGTGTGCGAGCCACGTATGATTGGAACGGACAGACCGAAAGAGAGAGAGAGAGAGA 

AAGCAGGAGCTGTAGTGATTGACGGCTGAGTGGCTGATTCTGATCTGGGCGTTATTGTATGTGTGTTTGA 

TGGACTCTGGAGTTCTAATGAAGCTTTACGTCAGTGCCTGGGCTTCAGCGGCTTATAAAAGGGGCCGGAG 

AAAGACTGAGAGAGACAGACCGAGGCTTCCGCTCTGCGCTGTTCTCTCGCTCTCCCTCGCTCCCGCTCTC 

TCACCCTCGCTCTCCCTCACTCGCCCTGCTCCTGTTCCTCTCGCTCTCTCTCGCTCGCCTTCGCTCCGCT 

CACACCATGCAGATCCTCGTCGCTCTTATCTCCACTCTCTTCCTCGTGTCCGGGGTGAGCACCACCACTG 

       M  Q  I  L  V  A  L  I  S  T  L  F  L  V  S  G  V  S  T  T  T   

CCTCGCTGGACGACAGATTCAACCTCCAGAGCAGCCGGGTGAGTGGAGCGCGACCGGGAGAGAGAGAGAG 

A  S  L  D  D  R  F  N  L  Q  S  S  R   

AGGAGAAAGAGGATGATGAAGAGAGAGTGTGAAAGAGAGAATGAGAATGACAGTGAGAGAGAGAGAGAAA 

CCGAAAGAGTGTGAAAAAAGAAAGACAGCAAGAGAGAGGGGGAGAAAGACGATGATGGAGCTGGTGATGG 

AGCAAGAGCGAGGGAAAGAGAATGGGAAAGAGGGAAGGAGGGAGGACGAGGGTGATCGAGAGAGAGAATG 

ACAGAGAGAGAGAAAAAGGAAACAAAGGGGACGAGAGATAAAGAATGACAGAGAGAGCAGGATACAGCGG 

AGAAAGGAACTGAGGAAGAGGATGATGGAAAGAGAGAGAATGACAGGAAAAGAGAAAGGGAGAGAGAATG 

ATAGAGAAAGCGAGAGAGGGAACAAAGGAGACAGAGACAAGAGAGAGACACAAAGACAAATGGGTAGATA 

AAGAGAATGGCAGTGAGAGAAAGACTGAGAGAGAAAGAGCGGAGTAGAGAGAGAATGATAGGGAACGAGC 

GAGAGGAGTCAAGGGGATAGAAAGAGAGAATGACAGAGAGAGAGACGCTGATAAAAGTATGTGATGGCAT 

GTGAATGACAGCGAGCAAGGGAGAGAAAAATACTTGCTGGAGAGGAGAAAGTGTCTGAGAGAAAGAATGA 

GGGAGAGATAGAAAGTAATGTTAACAGAAAAGGAGAGAAAGACAGGAGGGAGAGAGGAGTGACAGAGAAG 

TAGGGAGAGTGAACAAGATGAACAGTGTGAAAGAGAAAAATGGAACAAGGAGTGAAACAGAGAGCGATAG 

GCAGAAAAAGAGGAGAGAGAAATTGAGACAGACAAGAGTGAGGGAAATGAAGAGAGAGGAAAAGAGATAG 

AATGAGAGAATGAGAGAGATAGACAGAGACAGCGCGAGAGAGAGAAAGTGTCAGAGAGAAAGAAGGAGAA 

TGAGAAAGAGATGGAGTAACTGAGACAGAAAGAGAAGGATTGTGGAGCAGAAAGCAGCTGTGGCTCAGGA 

GTCAAATAGAAAAAGTGAGAGAGAAAGACACACGCACACAAACAGGAGACAGAGGGAGAGAGGAGAGAGG 

GGGGAGACAGGGAGATAGATAGAAGGGAGAGAGAGATTGAGAGAAACCGAGAAAGACAAAGAGAGACACA 

GAGGGCAGGAGACAGAGAGAGATAGAGAAGAGAGAGAAAAGGAGACAGAGGGAGAGATAGAGAGAAGAGA 

GAGGAGAGAGTGAGACAGAAATGGAGAGAGACAGAGAGGAGAGAGCAAGGAGATAAAAGAGAGACAAAGA 

CTGACAGAGGGAGAGATAGAGGTGTTGTGTTGGTACCTGTGGAGCTCACTGACAAAAGGTTGAGACAGAG 

CTAAACTGAGGTAAAGGCTCTCACATCACCAGCGCTGTCTACACTCTCACTCACTAGGACTTGCTCTCTC 

TGTGTGTCTCTCTATCTCTCTCTGCCTCTTTCTCTGTCTCCTGCTCTCTGTGTCTCTCCCCGTCTTTCTC 

AGCGCCCTGGGACGTCCTCCTCATGTGAAAAGCACTTCACAAATATAATTTGGCGTATGTTGTCGTTTCT 

CTCTCCTTCCTTCCCTCTCTCTGTCTCCAGTCTGTGCGGGAGTGTGTGTGTGTGTCTCTCAGTTTTTCTA 

TTTGACGTCTGAATAACAGCTATTTTCTGCTCCACAATCTTTCTCTTTCTGTCTCAGTTCCTCTGTCGCT 

TTCTCTCATTCTGTTTACCTCTGTTTAGTTGATCGGCGGATCGCTTTTCTGCGGATAATAACCCCTTAAA 

AAAAAATTATCATTTGGTCACGACTGTTTGTGGGACGCTGCTGTGCGCATTTCGCCCACAAAACATACAG 

TCAATTCACTTTACAGTATATACTGTGAAGCGCTTTGAGACATATAGAAGACGTGATAAGGCGCTGTATC 

AAATGCAAGGATTATTATTATTATTATGCTTTCTCTCTCACACTCTTTCTCTCTCTGGCTGCTTCCTTCT 



ACCTCTCTATTCTCTCAGTCTGTCTCTTCCTCGTGACGGTGCCATCTATAAAACACCAATACAATGTGTT 

TGTGACAGCACAATGAAAGAGTTAAGTCAGAGAGGGATAACATACAGTATTTCTTACTGGGAAATGGGCA 

ATCATTGAATTTATAACCGTTATTGGAGACAATCTTCAGCTCAGTCTTGTGAGAAGGACGAGTTTCTCAT 

TAAGAATTGGGTTTAAGAAATAGCACAAGTTGGATCCCGACCATGTGCAGATGTAGAAAATTGCTTTAAA 

CTTTGCAAAAATAATGATCTCTGCATTCGATATAGTGCCTTAGCGCATCTTCGAGACGTCTCAAAGCGCT 

TCACAGAAATATACTGTAGAGTTCCGAGCCCCCTCAGTACTCAAGAAGTTAATGAACGTGCGTCCAGCTG 

TTTAAATCAAACGATCCCGGGAATGCTCCGCCCCACGAGGTCCCACTGAGGCAGAGCAATAAAATTCACT 

GTAAATTGTCCAACTACCGTACGGAGAGAGCAGCTTCCATTTACACAGCCTCTGCCACAACAGACAGTGG 

GGGAGTGAGCACCAGCACAGATGCGATGGGGGGAGAGAGAGAGAGAGAGAGCAGGGAATGGGGTTAGAGT 

AGAGAGCTCTAGTGGGGGAGTGAGCCCCAGCACAGACACAATGGGGGGAGAGTGAGCAGGAAATGGGGTT 

AGAGTAGGGCTCAGTCACGATGGCTTCTCTCCCCAGTCTCATTGATTCTGTACCTGTTGTTGACACTATT 

TTACAGGAGATGAATCAGGAAAGGAAAGAGATGATCCTCAAGCTGTTGTCAGGTCTCCTGGACAATGCCG 

                E  M  N   Q  E  R  K  E  M  I  L  K  L  L  S  G  L  L  D  N  A   
CGGTGAGTGGGCAGACGGGGAGCGAGGCCGGTTACCCTGAGCCCGCGGATGGGGGGCCGGTGATGTTGGA 

A  V  S  G  Q  T  G  S  E  A  G  Y  P  E  P  A  D  G  G  P  V  M  L  E  

GGAACGATCTCGCTACAGCCAACTGCCCCAGCGAAGCCGCAAAGTCCCCTGTAAGAACTTCTTCTGGAAA 

  E  R  S  R  Y  S  Q  L  P  Q  R  S  R  K  V  P  C  K  N  F  F  W  K  

ACATTCACCTCCTGTTGACGATAAACAGTACAGACCTCCTACACCCCCCTCTCCCCGTCCCTCTTTCCCC 

 T  F  T  S  C  -   

TCCCTCTTCCCCCCACCCCACCCCACAACCTAAAGCACGGGATGAAACCCACCAGTAACTAAACTGTTTA 

GCACTGTACATTTGCTGCTGCTGTTTTTATTTTTATTCATCTGTGAAGTGAAATTCCTTTCTTGGGCACG 

GAAATAATTAAAGAAAGCATAACCATACGTTCACTGCCTGGTGTTTCTTTCTTCTGGTGACAGAGCGAGC 

GAGGGAGGGAGGATGGAGGGAGAGAGAGAGAGGGGGAAGGAGAGAGGGAGGTGGTACCTGAGCTCATAGC 

ATCTCCCACTTACACAGGGAGCGGATATCTCAATCGCACCTACACACAATCGCACACACTCACACTCGCT 

CACCCACACACACAGCACCTCTAAAGTCTCAACATTTCAAAGCTATAACGGGATGCACTGTAAAGTGACT 

GTGTATTTTGGAGGTGAAGCTGGCCTATGCCAATTTGCTCAAAGCGACGTTCCACAAACAGCCGGGAGGG 

GAATAATCTAATTTAACACTTGTTGGCCGTGACGCTGGGAGAATTTCTCTTCTGTTTTGGAAACAGCTCC 

GCGGGATCTTTAACGCCCACCTGATCAGGTGCAGACAGGTACGCGGTTTAATGTCTTATCTGAAGGACGG 

CGGCTTTGACTGGTGAGTCAGCCTGGACCTGACTGAGCTTCTCACTGAGCCGAGCTGCCTGCCTCACACT 

CAACACACAGGATGAACAGTACAATTAACATTTACACAGCGCCTGTCAGGTCCAGAGGGAGGGTGTCTCA 

AAGCCCTCAACGCTGCTGCCATTGGCTTCACAATCACAGTGGGCTTCACAGGATTAACGTTTTTTGAAGA 

TTCAATGATAGATTTCAAATGGGAATTGGATAGGAACTTAAGAAGGAAAAATGTGCCGGACTATGGGGAG 

AGTGCGGGGAGTGGGACTATTTGGAAGCTCTTTTCAAAGAACCGGCACAGGCACGATGGGCTGAACGGTC 

TCCTTTTGTGCTGTAAAATTCTATGATTCCATGAAGTGCTTCATGAGATGATGGGGTTCACTGGGCGAGG 

AGAAGAGGGCATTTGAGAGTCCATTGAAAGCATGTTAGAGAGAATAAGAGAAAGAAAGAAAGAAAGAAAG 

AAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAGAGGAAGGGGAAGAGAG 

AGTGTGAAGAGTGAGAAAGAGTGAAAGCAAGAGAGAGAACAAGAGGGACTGAGAATGTAAGAGCAAGTGC 

AAGAGAGACAGCGCGAGAGAGATAGAAAGAGAGCCTGAAATGGTGATAATAATATAATAATAATCTTTGC 

GTTTGATATAAGGCTTTTCACGTCTTCGAGATGTCTCATTGCCCTTAACAGAATAGACTGTAAATTTGTG 

GGCGAAACACGGCAGCCAAATGCGCACAGCCTAAGATTTCGCCCCGCCATATATCACAAAGTGTAGTGAC 

TGTATGTGTTGTGGGCGAAACGCGGCAGCAAGTTGCACGTAGCAGTGTCCCACAAACAACCTTGGACTGA 

GTGATCAACTTTGTTTGGGGGATTGTTGGAGTCCGGTAACTCAGTGGTTAGAGCCCTCGCCTCGCAAGTG 

AGAGGACCTGGGTTTGATTCCCGGGCAGGGTGGAACGCTGGGCAAGTTTCCTTACTCCACACGCCTCTGT 

TTTCCCAGCAGTGAGCAGGAACCCGGTTGTTAGTCGATTGGCAGATTGATTTTCCCGGAATAGTAATTGC 

TTCAAAAAGGTTTTTTAATAATAAATTTGTCACTCAATCCACGACTGTGGGACGCTGTTGTACGCAATTG 

GCTGCCACGTTTTGCTCACAAAATATTCTGTGAAGTGCTTTGAGACGCCTTGAAGACATGATAAGGCACT 

GTAACAAGTGCAAAGATTGTTATTATTATCCTAAATAGTAAAGGAACTATACTATTTGCCCCGTGAGTCT 

GATCTGTTGAAATGCTTTGACGATGAGCTTTGAAGCAGAAATCTATCTGATCAATATCATACGTATCTCT 

CGTTTGTTGCACAATTAGTGATTTTCATAATAATAATCCTTGCATGTGATTCATAGATTTTTTTCATAGA 

ATGTTACAGCACAGAAGGAGGCCATTCGGCCCATCGAGTCTGTGCGGCTCTTTGACAGAGCGTCACTTTC 

ACTAACCCCAATCACCAGCTTTCTCCCCATAACTCTGCAAACCCATCCTTCCCCGATACCTGTCCAGTTC 

TCTCTTAAAAGCTGTTATCGAATCGGACTTCACTGCCCTTTCGGGCGGATCATTCCAAATTCCAACAACT 

CGCTGAGTGAAAACATTTCTTCTAACCTCTCCTCTGCTTCTTTTGGTAGATATCTTAAGACTGTAACCAC 

AGGTCACAGACACACCTACCAGCGGAAACAGCTTTCCCTATCTCGCCTGTCGAAACCTTTCATGATCTTG 

AAGACCTCTATCAGGTCCCCACGTAACCTTCTCTGCTCTAATGGGAAAAGTCCTAACTTCTCCACTGTCC 

TCATAGCTAAGGTTCTCCATTCCTGGTATCATTCTCGTGAATCTCCTCTGCACCCTTTCCAGTGCCTTAA 

TATCCTTCCTGAGGTAAGGTGCCCAGAACTGGACACAGTACTCCAGCTGAGGCCTAACCAGTGTTTTGTA 

TAGATTAACCATAACCCCTACTCTTATACTCTATGCCCTACTAATGAAGCTCAGTACACCAAATGCCCTT 

TTTCTGCCCTATCTACCTGCCCCACTACCTTTAATGATTCGCCTACTTGAACGCACAGATCTCTCTGTAT 

GTTCACCCCCCTTAAGATTGAGCTCCAAGTCTATATTGCCTCCTATCATTTTTCCCACCTAAGTGTATCA 

CCTCACACTTATCCACATTGAAATCCATCTGCCACATGTCAGCCCATTCCACCATTCTGTGTGTGTCTG… 



 

 



 
 
A. Elephant shark SST1 (SSTa) 

                                     agactgtttgtagaggatgctgt 

gcagtgaagggtgtgttggggatgaaggtggcgtgaggcggctttataaggcgagtctat 

ggacaccaggaccagaagatccagacgaggcagagcgtccagagagccggtgctgaacca 

cgagcgttcctccgttcctctctcgctcctcctttgacagtttggtgccgtcgccccgag 

atgtcgtgcggccgagtgcagtgcgccctggcgttgctctccatcgccctgacagtgctg 

 M  S  C  G  R  V  Q  C  A  L  A  L  L  S  I  A  L  T  V  L  

agtgtcacctcggcgccagcacacgacaggtaccgcgaaatcctgcagcgatcactggcc 

 S  V  T  S  A  P  A  H  D  R  Y  R  E  I  L  Q  R  S  L  A  

gcggcgggagccaggagtaaaccggagctgaccaagtacagcctggctcagctgttggcg 

 A  A  G  A  R  S  K  P  E  L  T  K  Y  S  L  A  Q  L  L  A  

gaattggccaacgcggagaacgaggcgctggaggcggaggacatggcccgagcaaccgca 

 E  L  A  N  A  E  N  E  A  L  E  A  E  D  M  A  R  A  T  A  

caggacgaagtaagggttgaattggagagatcggccaaccccaacctggcgcagagagag 

 Q  D  E  V  R  V  E  L  E  R  S  A  N  P  N  L  A  Q  R  E  

cgcaaagcgggctgtaaaagcttcttctggaaaaccttcacttcctgctaactctgagca 

 R  K  A  G  C  K  S  F  F  W  K  T  F  T  S  C  -  

gcccccaccacccctctcacacacactcatacacacactttccctgacccccacccctcc 

catccccaccctacacacaaagttttcccgatcccccgccacacacacacacacacacat 

tgtatttgtcttacgctacgtggtctgttctgattttaacatactgtaaataaaacacat 

ggtgatgataattcaacctaatttattgtgacagaacctttagatggggttgtgactgta 

tagttacccactctttctggctagaggtgtatgtattatttttaatttgtatgtcgcaat 

gaaatacatgtttgaaactgaaa 

 

 

 

B. Elephant shark SST2 (SSTd) 

                                                           a 

tatcaaatgcaaggattattattatattgatattgagacgtcttcccgatgtgaaaagca 

ctatacgaatgtaatcttcttgtggaaatgttacaaaactcagagctggctaaatgtttg 

ttctacagacaaattccccatgaagagtcccaacatcccataagctgctgaacccttatt 

tagtaaactggaggtcaatcatgtaatactgtggacctttctggctcatgtatcagatcg 

cccaacgagagtctatcaaagagaattgtctcagctccactagtcatgttagattggtgt 

tggcatcacccctttctcagagttgtcccatgacatcaattctctccgcaaactcaggct 

tcagcctcactgattccttatcagtctttgaaaacaatgactttctgagttgtgaaaatc 

ttatgttctgtaacaggcattatttcctgttagggtcatcaagtggtattgccaagggga 

gccactttttttaatagatcagatgacagattggtttaatgtctcatttgaaggacagat 

gattcatggtaagacgaaaaagtttcatttcttgtggatttctagagctggaacaatttc 

tacctccactttaattcgtagaagtgttttttgtgtgttggatattatagaagattgatg 

ttgaaagctctatacaaaacacacaaagactgactcattctaaattggaaagctctttta 

attatcagtgttctaatctttgatgcaaatcgaaattggaaaatataaaataaatcaatt 

atgatctttctaaattaacatttttttccagttgttgactttgtcatttttttaatgttc 

cagttaatggttctcattgtatattagtgtctgattatagcactaattttgcacgtcagc 

gagtgctataattgtgctgcattataaaagcaggacaattagagttttctcagcaaaaca 

gggaaagagtcagtgaaagctcgacagatccattgaaaagagagaaagtttgagtccagc 

atgcagtggcaagcattcgcaagtgtcgtgtgtctgttgttcattgtaactgttcaggga 

 M  Q  W  Q  A  F  A  S  V  V  C  L  L  F  I  V  T  V  Q  G  

gttgaaccacaggaggaacgaatgggtcttcagctgaacagggagatggtaaaggacaag 

 V  E  P  Q  E  E  R  M  G  L  Q  L  N  R  E  M  V  K  D  K  

aaacgcctgattgcgaagctgctggcgggattgttggacgtggatgacaatctgttagaa 

 K  R  L  I  A  K  L  L  A  G  L  L  D  V  D  D  N  L  L  E  

agtgtcatcgccccattgggtctgagcaaagaagaggggactgatttcgaggagagatca 

 S  V  I  A  P  L  G  L  S  K  E  E  G  T  D  F  E  E  R  S  

gctgccggtgaaatccctcccagaaaaccgaaggcagggtgcaaactgttcttctggaaa 

 A  A  G  E  I  P  P  R  K  P  K  A  G  C  K  L  F  F  W  K  

accttctcgcactgttagtggatttgtcaaagataaacattttttaaaaatccagtttgt 

 T  F  S  H  C  -   

gttttcctgttgatatgtaaacacttccccccccccact 
 

 



 
C. Elephant shark SST3 (SSTe) 

                                                      gcagca 

atgcaggctcggtgcaccctcactctagccctcctctccctggcagcgcttggcctcagt 

 M  Q  A  R  C  T  L  T  L  A  L  L  S  L  A  A  L  G  L  S  

gctttgcccacacacctcagggaccagctcgttctccagggatcaccagcaatggagctg 

 A  L  P  T  H  L  R  D  Q  L  V  L  Q  G  S  P  A  M  E  L  

cgggatggtgtggtccgggagctgatacaggcagtggccgatgcagagagcaaaccccag 

 R  D  G  V  V  R  E  L  I  Q  A  V  A  D  A  E  S  K  P  Q  

agtgaggaggcagcagaggacttcgctccagatgaaaaggctgaactacggcttgcgctg 

 S  E  E  A  A  E  D  F  A  P  D  E  K  A  E  L  R  L  A  L  

gctccacggtggcggaaagattgtaaaaatttcttctggaaaacttacactttgtgctaa 

 A  P  R  W  R  K  D  C  K  N  F  F  W  K  T  Y  T  L  C  -  

tcctgtgccagcgttaaagcctgactgaaccacaaccgtctggctggcgagaggtcttaa 

ttaatgtgtaatatgaattgtttgctatttagcatgcctcaattattgttaatcctttac 

tcattgtgaattcttaatcaagtgtttactgttacg 

 
 
 
D. Elephant shark SST6 (SSTc) 

                                                   cgctctccc 

tcactcgccctgctcctgttcctctcgctctctctcgctcgccttcgctccgctcacacc 

atgcagatcctcgtcgctcttatctccactctcttcctcgtgtccggggtgagcaccacc 

 M  Q  I  L  V  A  L  I  S  T  L  F  L  V  S  G  V  S  T  T  

actgcctcgctggacgacagattcaacctccagagcagccgggagatgaatcaggaaagg 

 T  A  S  L  D  D  R  F  N  L  Q  S  S  R  E  M  N  Q  E  R  

aaagagatgatcctcaagctgttgtcaggtctcctggacaatgccgcggtgagtgggcag 

 K  E  M  I  L  K  L  L  S  G  L  L  D  N  A  A  V  S  G  Q  

acggggagcgaggccggttaccctgagcccgcggatggggggccggtgatgttggaggaa 

 T  G  S  E  A  G  Y  P  E  P  A  D  G  G  P  V  M  L  E  E  

cgatctcgctacagccaactgccccagcgaagccgcaaagtcccctgtaagaacttcttc 

 R  S  R  Y  S  Q  L  P  Q  R  S  R  K  V  P  C  K  N  F  F  

tggaaaacattcacctcctgttgacgataaacagtacagacctcctacacccccctctcc 

 W  K  T  F  T  S  C  -  

ccgtccctctttcccctccctcttccccccaccccaccccacaacctaaagcacgggatg 

aaacccaccagtaactaaactgtttagcactgtacatttgctgctgctgtttttattttt 

attcatctgtgaagtgaaattcctttcttgggcacggaaataattaaagaaagcataacc 

atacgttcactgcctggtgtttctttcttctggtgacagagcgagcgagggagggaggat 

ggagggagagagagagagggggaaggagagagggaggtggtacctgagctcatagcatct 

cccacttacacagggagcggatatctcaatcgcacctacacacaatcgcacacactcaca 

ctcgctcac 
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Table S1.  

Molecular cloning  

Catshark SST3 (SSTe) 
CshSSTe Rev          CAGTGGGATGGAGTCAGTGGGGTGCA 

CshSSTe Rev Nest         GGAGTCAGTGGGGTGCAGTGGGGTAC 

Tissue distribution analysis 

Catshark SST2 (SSTd) 
CshSSTd For          TTGTCCAGGAGTGCTCGAAGA 

CshSSTd Rev          GTCCCTTCTGCCTCTTCTGGT 

Catshark SST3 (SSTe) 
CshSSTd For          ATGTAGACACTGAGGCCGGAA 

CshSSTd Rev     AGAAGGGCTCACTGGGTACA 

Egf1 
Egf1 For CTTTCGCTCACCTACCCAAG 

Egf1 Rev GGTCAAACTGCTCCCAGAAG 

 

 



Table S2 

Name 

 

Sequence Species  

SST1 
 AGCKNFFWKTFTSC Most vertebrates, including catshark (SSTa) 
 AGCKSFFWKTFTSC Elephant shark, ratfish (SSTa) 

   

 

SST2 
(*previously known as 

SST6) 

 

 MPCRNFFWKTFSSCK Human 
  PCKNFFWKTFSSCK Mouse, rat 
 TPCKNFFWKTFSSCK Bovine, monkey 
 TPCGNFFWKTFSSCK Pig 
 APCKNFFWKTFTMC Frog 
 APCKNFFWKTFSSC Anolis 
 APCRNFFWKTFSSC Coelacanth  
 SPCTNFFWKTFSAC Mexican tetra* 
 SPCKNFFWKTFSAC Piranha* 
 TPCKNFFWKTFSSC Spotted gar* 
 SPCKLFFWKTFSSC Zebrafish* 
 SPCKNFFWKTFSSC Herring* 
 APCKLFFWKTFSHC Whale shark, skate (SSTd) 
 TPCKLFFWKTFSHC Catshark (SSTd) 
 AGCKLFFWKTFSHC Elephant shark (SSTd) 

   

 

SST3 

 AGCKNFYWKGFTSC Most teleosts 
 AGCKNFYWKGLTSC Tilapia 
 AGCKNFYWKGPTSC Takifugu 
 DGCKNFYWKGFTSC Medaka 
 AGCRNFYWKTFTSC Spotted gar 
 SGCKNFFWKGRTSC Herring 
  NCKNFFWKTYTLC Whale shark, catshark (SSTe) 
  DCKNFFWKTYTLC Elephant shark (SSTe) 

   

SST4 

 FGCRVPFWKSWSPC Stickleback 
  PCRVFYWKSWAKC Medaka 
QFGCRMFFWKSWTYC Takifugu 
QAGCRIFFWKSWTSC Tetraodon 
 TGCKNYFWKSRTAC Zebrafish 
PLNCMNYFWKSRTAC Catfish 

   

SST5 

 AGCRNFFWKTFTSC Most actinopterygians 
 AGCRNFFWKSYTSC Tetraodon 
 TGCRNFFWKTFTSC Piranha, mexican tetra* 
 AGCRNFYWKTFTSC Zebrafish 
 AGCKNFFWKTFTSC Coelacanth, catshark (SSTb) 

   

SST6 
(*previously known as 

SST2) 

 

 APCKNFFWKTFTSC Chicken*, lungfish*, coelacanth*, actinopterygians*, catshark (SSTc)* 
 TSCKNFFWKTFTSC Whale shark (SSTc) 
 VPCKNFFWKTFTSC Elephant shark (SSTc) 

   

Others   

SSTa  AGCKNFFWKTFTSC 

Lampreys SSTb  AGCKNFFWKTFSSC 

SSTc  ANCRMFYWKTMAAC 

  



Table S3 
 

 

SST1 (SSTa) Csh Wsh Esh 

Catshark  66.37 73.45 

Whale shark     74.14 

Elephant shark      
 

 

 

SST2 (SSTc) Csh Wsh  Sk Esh 

Catshark  76.0 62.03 58.1 

Whale shark   62.82 53.0 

Skate    51.9 

Elephant shark     
 

 

 

SST3 (SSTe) Csh Wsh 

Catshark  38.14 

Elephant shark   
 

 

 

SST6 (SSTc) Csh Wsh Esh 

Catshark  86.79 58.65 

Whale shark     53.85 

Elephant shark      
 



Table S4

Gene Designation Species  Ensembl ID Chromosome location Position (Mb)

R. typus

C. milii

H. sapiens ENSG00000180611 3 192,796,815 - 192,918,161

G. Gallus ENSGALG00000007218 9 13,300,318 - 13,348,379

X. tropicalis ENSXETG00000002143 GL172717.1 276,599 - 277,885 

A. carolinensis

L. chalumnae ENSLACG00000017691 JH126687.1  2,299,815 - 2,301,095

L. oculatus ENSLOCG00000009364 LG14 18,861,293 - 18,899,827

ENSDARG00000077316 15 45,527,281 - 45,538,773

ENSDARG00000077690 2 5,563,077 - 5,581,772

O. latipes

R. typus

C. milii

H. sapiens ENSG00000114279 3 192,139,395 - 192,767,764

G. Gallus ENSGALG00000036971 9 13,369,379 - 13,557,972

X. tropicalis ENSXETG00000002144 GL172717.1 393,833 - 521,960

A. carolinensis ENSACAG00000014969 GL343669.1  155,736 - 286,680

L. chalumnae ENSLACG00000017275 JH126687.1 2,003,413 - 2,283,293

L. oculatus ENSLOCG00000009371 LG14 18,996,717 - 19,055,669

ENSDARG00000113525 15 45,414,883 - 45,510,977

ENSDARG00000027957 2 5,587,495 - 5,681,658

O. latipes ENSORLG00000016010 17 24,782,508 - 24,802,926 

R. typus

C. milii

H. sapiens ENSG00000196083 3 190,514,051 - 190,659,750

G. Gallus ENSGALG00000007253 9 13,905,930 - 13,926,342

X. tropicalis ENSXETG00000015044 GL172717.1 998,488 - 1,097,171

A. carolinensis ENSACAG00000000773 GL343386.1  589,164 - 675,639 

L. chalumnae ENSLACG00000016241 JH126687.1 1,498,996 - 1,521,106

L. oculatus ENSLOCG00000009378 LG14 19,120,504 - 19,150,963

D. rerio ENSDARG00000114719 15 45,338,623 - 45,356,635

O. latipes

R. typus

C. milii

H. sapiens ENSG00000205835 3 190,852,877 - 190,892,429

G. Gallus ENSGALG00000026907 9 13,853,476 - 13,857,367

X. tropicalis ENSXETG00000026307 GL172717.1  934,067 - 936,733

A. carolinensis ENSACAG00000000904 GL343386.1  730,280 - 750,058

L. chalumnae ENSLACG00000016600 JH126687.1 1,636,912 - 1,645,473

L. oculatus ENSLOCG00000009396 LG14 19,190,052 - 19,196,340

D. rerio ENSDARG00000068719 15 36,309,070 - 36,316,825 

O. latipes

R. typus

C. milii

H. sapiens ENSG00000188729 3 191,199,241 - 191,265,615

G. Gallus ENSGALG00000007226 9 13,761,297 - 13,772,476

X. tropicalis ENSXETG00000015042 GL172717.1 750,574 - 755,484

A. carolinensis

L. chalumnae ENSLACG00000016886 JH126687.1 1,792,819 - 1,800,129 

L. oculatus ENSLOCG00000009421) LG14 19,280,012 - 19,292,855

D. rerio ENSDARG00000054055 15 36,228,835 - 36,249,087

O. latipes

R. typus

C. milii

H. sapiens ENSG00000127241 3 187,217,285 - 187,292,022

G. Gallus ENSGALG00000007419 9 14,910,364 - 14,927,972

X. tropicalis ENSXETG00000019757 GL172717.1  2,406,583 - 2,454,003

A. carolinensis ENSACAG00000006732 GL343730.1 51,210 - 227,647 

L. chalumnae ENSLACG00000011850 JH127453.1 641,734 - 706,681

L. oculatus ENSLOCG00000009432 LG14 19,284,195 - 19,341,321

D. rerio ENSDARG00000068726 15 36,187,434 - 36,223,417 

O. latipes

R. typus XM_020509773.1 NW_018029766 122,914 - 124,407

C. milii XM_007912395.1 Sc_821 7,008 - 9,515

H. sapiens ENSG00000157005 3 187,668,906 - 187,670,399

G. Gallus ENSGALG00000007361 9 14,852,386 - 14,853,973

X. tropicalis ENSXETG00000019777 GL172717.1  2,228,041 - 2,229,578

A. carolinensis ENSACAG00000006722 GL343730.1 4,342 - 23,375

L. chalumnae ENSLACG00000003574  JH126687.1 88,278 - 90,189

L. oculatus ENSLOCG00000009439 LG14 19,404,762 - 19,407,399

D. rerio ENSDARG00000040799 15 36,156,986 - 36,158,851

O. latipes ENSORLG00000019152  scaffold660 2,344 - 3,701 

R. typus XM_020509774.1 NW_018029766 131,096 - 160,273

C. milii XM_007912396.1 Sc_821 17,287 - 22,746

H. sapiens

G. Gallus

X. tropicalis

A. carolinensis

L. chalumnae

L. oculatus ENSLOCG00000009445 LG14 19,441,987 - 19,443,409

D. rerio ENSDARG00000033161 15 36,115,955 - 36,120,277

O. latipes ENSORLG00000019158  scaffold660 8,674 - 10,556

R. typus

C. milii

H. sapiens ENSG00000169031 2 227,164,565 - 227,314,792

G. Gallus ENSGALG00000038612 9 9,384,943 - 9,430,089

X. tropicalis

A. carolinensis ENSACAG00000004217 3 23,464,166 - 23,573,541

L. chalumnae ENSLACG00000009918 JH126709.1 458,799 - 567,615 

L. oculatus ENSLOCG00000009454 LG14 19,454,926 - 19,507,683

D. rerio ENSDARG00000003395 15 36,054,864 - 36,112,794

O. latipes

R. typus

C. milii

H. sapiens ENSG00000081052 2 227,002,711 - 227,164,453

G. Gallus  ENSGALG00000004946 9 9,318,986 - 9,370,173

X. tropicalis

A. carolinensis ENSACAG00000003770 3 23,583,599 - 23,670,714

L. chalumnae ENSLACG00000012078 JH126709.1  673,429 - 787,527

L. oculatus ENSLOCG00000009493 LG14 19,522,370 - 19,590,210

D. rerio ENSDARG00000002831 15 35,951,888 - 36,055,401

O. latipes

R. typus

C. milii

H. sapiens ENSG00000144468 2 226,835,581 - 226,999,215

G. Gallus ENSGALG00000004957 9 9,276,974 - 9,300,051

X. tropicalis ENSXETG00000020088 GL172898.1 477,735 - 505,838

A. carolinensis ENSACAG00000003827 3  23,670,816 - 23,710,982

L. chalumnae ENSLACG00000013155  JH126709.1 816,263 - 961,971

L. oculatus ENSLOCG00000009504 LG14 19,592,741 - 19,635,912

D. rerio ENSDARG00000021046 15 35,933,094 - 35,944,902 

O. latipes ENSORLG00000001341 13  2,545,608 - 2,553,109

R. typus

C. milii

H. sapiens ENSG00000169047 2 226,731,317 - 226,799,759

G. Gallus ENSGALG00000004959 9 9,244,127 - 9,248,424

X. tropicalis ENSXETG00000020086 GL172898.1 560,083 - 563,337

A. carolinensis ENSACAG00000003830 3 23,742,830 - 23,746,420 

L. chalumnae ENSLACG00000014111 JH126709.1 963,541 - 1,032,531

L. oculatus ENSLOCG00000017412 LG14 19,644,120 - 19,647,356

D. rerio ENSDARG00000054087 15 35,888,549 - 35,930,070

O. latipes

R. typus

C. milii

H. sapiens

G. Gallus

X. tropicalis

A. carolinensis

L. chalumnae

L. oculatus ENSLOCG00000009520 LG14 19,696,596 - 19,698,886

D. rerio ENSDARG00000014190 2 5,726,353 - 5,728,843

O. latipes ND 17 24,768,840-24,769,036

R. typus

C. milii

H. sapiens ENSG00000144460 2 225,399,710 - 225,654,018

G. Gallus ENSGALG00000004966 9 8,727,389 - 8,844,775 

X. tropicalis ENSXETG00000005150  GL172898.1 945,276 - 992,671

A. carolinensis ENSACAG00000003843 3 24,114,255 - 24,276,004

L. chalumnae ENSLACG00000016098 JH126709.1 1,453,451 - 1,537,068

L. oculatus ENSLOCG00000009528 LG14 19,821,041 - 19,871,639

ENSDARG00000079581 15 35,698,508 - 35,895,161

ENSDARG00000093357 2  5,734,870 - 5,776,030

O. latipes ENSORLG00000016004 17 24,738,491 - 24,749,441 

SST4 Somatostatin 4

Nyap2b Neuronal tyrosine-phosphorylated phosphoinositide-3-kinase adaptor 2 

Col4a4 Collagen type IV alpha 4 chain

Rhbdd1 Rhomboid domain containing 1

Irs1 Insulin receptor substrate 1

Somatostatin 1

SST3 Somatostatin 3

Col4a3 Collagen type IV alpha 3 chain

D. rerio

D. rerio

D. rerio

Mb21d2 Mab-21 domain containing 2

Fgf12 Fibroblast growth factor 12

Il1rap Interleukin 1 receptor accessory protein

Gmc Geminin coiled-coil domain containing

Ostn Osteocrin

Masp1 Mannan binding lectin serine peptidase 1 

SST1

https://www.ncbi.nlm.nih.gov/nuccore/1160104614
https://www.ncbi.nlm.nih.gov/nuccore/1160104616
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