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Introduction 

Ascidians and vertebrates share very similar chordate characteristics during their 

developmental stages. Since both lineages have highly conserved genomes we are able to 

make evolutionary comparisons between the two subphyla at the genome level (Dehal et 

al, 2002). By further exploring metamorphosis in the ascidians, we may be able to 

develop insight into the evolution of their unusual adult body plan.  

Molgula oculata and Molgula occulta belong to the class Ascidiacea, or ascidians. 

Ascidians (sea squirts) belong to the subphylum Tunicata (Urochordata) and are known 

for their hard cellulose tunic that covers them. Ascidians are part of the clade Chordata, 

however, they possess most of the chordate characteristics in the larval stage of 

development. Ascidian larvae swim in the larval stage until they find a suitable substrate 

to attach themselves. Then, metamorphosis transforms a larval tadpole into a juvenile.  

Finally, a stationary juvenile ascidian has become a filter feeder invertebrate with two 

siphons, an incurrent and excurrent one (Davidson and Swalla, 2002). 

There are a number of genes associated with the process of metamorphosis in 

other ascidians, specifically Boltenia villosa (Davidson and Swalla, 2002; Davidson et al, 

2003). We found that Molgula oculata and Molgula occulta have very similar genes that 

in Boltenia villosa are expressed during metamorphosis. By selecting various 

metamorphosis genes in Boltenia villosa, we can observe how and where they are 

expressed in the similarly sequenced Molgula oculata and Molgula occulta by using 

whole-mount in situ hybridizations for larvae and juveniles. This will reveal how similar 

or different the process of metamorphosis is between the two species.  
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The genes I chose are all known to be involved in various events in the 

metamorphosis of Boltenia villosa. The first three are Cornichon (Bv-Cni), Programmed 

cell death protein 2 (Bv-PCD2), and Programmed cell death 6 interacting protein (Bv-

Aip). The last three immune-related genes are Selectin-like protein 2 (Bv-Sccp2), 

Mannonse-binding lectin (MBL), and Tolloid protein (Ci-BMP1), most similar to the 

Ciona intestinalis gene.  

 In the fly Drosophila melanogaster, the Cni gene along with gurken, determines 

the dorsal/ventral and anterior/posterior position of the oocyte in development and may 

also be involved in epidermal growth factor (EGF) signaling (Roth et al, 1995). In 

Boltenia villosa, Cni is most active in the anterior region during larval metamorphosis 

where the expression can be seen one hour into metamorphosis. The expression stayed in 

the papillary (anterior) region about three days, then the Bv-Cni expression ceased 

(Davidson and Swalla, 2001). Also Bv-Cni may help to promote Hemps, which induces 

settlement of larvae (Eri et al. 1999; Davidson and Swalla, 2001). The gene sequence is 

also very similar to a number of organisms including Homo sapiens. 

 Programmed cell death 2 or the similar Rp8 in rats has been identified to be 

involved in programmed cell death (Owens and Cohen, 1992).  

Bv-Aip is known to partially regulate apoptosis, or programmed cell death (Vito et 

al. 1999). AIP1 working with ALG-2 are found in the cytosol of cells and depend on 

calcium to become active in apoptosis. AIP1 may control the expression of ALG-2 in 

metamorphic apoptosis.  

Sccp2 is responsible for signaling lectin proteins to adhere and destroy indentified 

pathogens in inflamed tissue (Ley, 2001).  
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MBL aids in the protection from various microbial invaders and is responsible for 

activating MBL-activated serine protease (MASP) by binding to pathogens. MASP then 

sends signals to encode for immune-related proteins active in the lectin pathway 

(Takahashi et al, 2008). 

The Tolloid protein (Ci-BMP1) function is not well known in Ciona intestinalis. 

In Drosophila melanogaster however, tolloid activates the Decapentaplegic (DPP) 

complex. The DPP complex in Drosophila melanogaster helps regulate the growth of the 

imaginal discs that form the limbs and organs (Finelli et al, 1994). Finelli and colleagues 

also explain that the Drosophila tolloid gene is simililar to the human gene bone 

morphogenetic protein 1 (BMP-1), and may interact with DPP (BMP-2 in humans). This 

similarity of genes and uses of them shows a high rate of homology and conservation 

between organisms. 

This study takes metamorphic genes from Boltenia villosa, and observes 

expression in Molgula oculata and Molgula occulta, very close relatives with a similar 

genome. By looking where and when these genes appear during development, we can 

determine what role they play in this developmental stage for tailless ascidians. We will 

discuss why these processes occur in ascidians and how these two species have such 

different larval morphologies. We also will briefly take a look at what these genes do in 

other organisms, specifically deuterostomes, and discuss why they have been conserved 

in more specialized organisms over millions of years. Studying the genes of Molgula 

oculata and Molgula occulta is important because we can potentially uncover genomic 

homologies that will further our understanding about the origins of vertebrates. 
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Methods 

Molgula oculata and Molgula occulta samples from the Station Biologique in 

Roscoff, France were used for sequencing. Genes known to be involved in Boltenia 

villosa metamorphosis were selected for Molgula oculata and Molgula occulta testing 

(Davidson and Swalla, 2001). Samples were collected in the Swalla lab for the 

transcriptomes of the metamorphic genes in Molgula oculata, Molgula occulta, and 

hybrids. Sequencing was done at Michigan State University in collaboration with C. Titus 

Brown.  We could find areas that were highly conserved and sequences for different 

alleles by alignment of the gene sequences in Clustal W2 at www.ebi.ac.uk.  

The most complete nucleotide sequences of genes were put through BLASTp, to 

find the protein sequences. By searching ‘Multiple alignment’ with the protein sequence, 

organisms with high conservation of the gene could be identified. These organisms could 

be used to compare function of certain genes. 

We made half of the primers using the program primer3, and manually making 

the other half by choosing from highly conserved sections of the transcriptome 

sequences. These primers will be subcloned next and used to make probes for in situs. 
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Results 
 

Cornichon (Cni) 

Hybrid.38411  

 In Figure 1, we show the protein alignment between the Molgula cornichon 

sequence and other deuterostomes. The alignment shows that this gene is highly 

conserved between hemichordates (Saccoglossus kowalevskii), ascidians (Ciona 

intestinalis and Boltenia villosa), and mammals (Mus musculus and Homo sapiens). The 

time of cornichon expression shows that there is early expression in Molgula oculata, 

Mogula occulta, their hybrid, and Boltenia villosa. In B. villosa, cornichon expression is 

turned on at the beginning of the embryonic stage, turns off at the end, and then turns 

back on in the larval stage for metamorphosis (Table 1). Studies by Castro and colleagues 

show that cornichon is involved in TGF-alpha trafficking within the cell and that it is not 

involved in transmembrane operations (Figure 2, Castro et al, 2007).  

 

Mannose-binding lectin-like protein (MBL) 

M.oculata.3951 M-SL-LP.SOC 

 The Molgula gene transcriptome of Mannose-binding lectin-like protein, 

protein alignment compares ascidians (Polyandrocarpa misakiensis), mammals 

(Monodelphis domestica, Mus musculus, and Homo sapiens), and Aves (Meleagris 

gallopavo) to the molgula gene sequence and shows that there is relatively high 

conservation among the listed deuterostomes (Figure 5). The time of Mannose-binding 

lectin-like protein expression shows that there is some late expression in the embryonic 

stage for only in the hybrid of Molgula oculata, Molgula occulta. In Molgula oculata and 
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Molgula occulta there is no expression seen in the embryonic stage from data we have at 

this time (Table 4). The Endoplasmic reticulum Golgi intermediate compartment 53-kD 

protein (ERGIC-53) is the homologous gene found in humans, to the molgulid MBL 

gene. ERGIC-53 is a L-type lectin because it shares homology to leguminous lectins. It is 

a mammalian type 1 membrane protein involved in the secretory pathway by exporting of 

a subset of glycoproteins (Kamiya et al, 2008; Nyfeler et al, 2008). 

 

Programmed cell death 2 protein (PDCD2) 

oculata.11977 PCD2.SOC 

 Molgula gene transcriptome of Programmed cell death 2 protein, protein 

alignment compares hemichordates (Saccoglossus kowalevskii), actinopterygii (Danio 

rerio), ascidians (Ciona intestinalis), and mammals (Mus musculus and Homo sapiens), 

to the molgula gene sequence. Excluding areas of insertions or deletions, it shows a 

relatively high conservation of the transcriptome among the listed deuterostomes (Figure 

7). The time of Programmed cell death 2 protein expression shows that there is some 

early expression in Molgula oculata, and the hybrid in the embryonic stage. However, in 

Molgula occulta there is no seen expression in the data we have at this time (Table 4). In 

humans and other mammals, this gene is expressed in many tissues. It induces apoptosis 

in human cells and may protect against lymphoma development (Baron et al, 2010). 

 

Programmed cell death 6 interacting protein (PDCD6IP) 

hybrid.63042 PCD6IP.S 
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 Molgula gene transcriptome of Programmed cell death 6 interacting protein, 

protein alignment shows a relatively high conservation of the transcriptome among 

hemichordates (Saccoglossus kowalevskii), ascidians (Ciona intestinalis), reptilia (Anolis 

carolinensis), and mammals (Mus musculus and Homo sapiens) (Figure 9). The time of 

Programmed cell death 6 interacting protein expression shows that there is some early 

expression in Molgula oculata, and the hybrid in the embryonic stage. However, in 

Molgula occulta there is no seen expression in the data we have at this time (Table 4).  

 

Selectin-like protein 2 (Sccp2) 

hybrid.28816 SLP2.SOC 

 Molgula gene transcriptome of Selectin-like protein 2, protein alignment 

compares ascidians (Ciona intestinalis), amphibians (Xenopus (Silurana) tropicalis), and 

actinopterygii (Salmo salar), to the molgula gene sequence. This alignment is less 

conserved among the listed deuterostomes (Figure 11). The time of Selectin-like protein 2 

expression shows that there is early expression in Molgula oculata, Mogula occulta, and 

their hybrid. However, in B. villosa, Selectin-like protein 2 expression is off in the 

embryonic stage and only turns on in the larval stage for metamorphosis (Table 2). In 

Ciona intestinalis, the Carbohydrate-binding domain in this gene has various functions 

such as enzymatic activity, combating toxicity and signaling transduction (GenPept). 

oculata.29132 SLP2.SOC 

 

Tolloid 

M.ocu.TolloidSOC 
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 Molgula gene transcriptome of Tolloid (TLD), protein alignment compares 

ascidians (Ciona intestinalis), and mammals (Mus musculus and Homo sapiens), to the 

molgula gene sequence. This alignment showed the highest level of homology compared 

to the other alignments of the molgula metamorphosis genes (Figure 13). The time of 

Tolloid expression shows that there is early expression in Molgula oculata, and the 

hybrid. In Molgula occulta there is no early expression seen in the data we have so far, 

and in B. villosa, Tolloid expression is off in the embryonic stage and only turns on in the 

larval stage for metamorphosis (Table 3). In vertebrates, the TLD-like metalloproteinases 

are involved in making the extracellular matrix (ECM). They are important in the 

forming the ECM and signaling by TGF-beta-like proteins in morphogenesis. Precursor 

proteins are made into functional enzymes, structural proteins, and ECM mineralization 

proteins in hard tissues. The vertebrate transforming growth factor-beta (TGF-beta) and 

GDF11 (BMP11), can be activated by TLD-like metalloproteinases as well (Ge and 

Greenspan, 2006).  
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Discussion 

 The early expression of metamorphosis genes in the ascidians Molgula occulta 

and Molgula oculata is an unusual result compared to the ascidians Boltenia villosa and 

Ciona intestinalis.  

  We see early expression of the metamorphosis gene cornichon in the 

embryonic stage for the molgulids as well as Boltenia villosa (Table 1). In Boltenia 

villosa, cornichon expression turns on at the beginning of the embryonic stage, turns off 

at the end of the embryonic stage, and then turns back on in the larval stage when 

metamorphosis begins (Table 1, Davidson et al, 2003). Cornichon is involved in 

Epidermal growth factor (EGF) signaling, which lets larvae react to cues for 

metamorphosis in Boltenia villosa (Davidson and Swalla, 2001). We may predict that it 

has a similar function in other ascidians. Cornichon is involved in TGF-alpha trafficking 

within the cell in vertebrates, but not in transmembrane operations (Figure 2, Castro et al, 

2007). For this gene we also see high homology among deuterostomes, which may point 

toward more similar function among them to be investigated in the future (Figure 2). 

  We see early expression of the immune-related gene Mannose-binding lectin-

like protein in the embryonic stage only for the hybrid of the two molgulids. In M. 

oculata there is no expression seen, and for M. occulta we also do not see expression for 

the data we have at this time (Table 4). Mannose-binding lectin-like protein binds to 

pathogens, which activates MBL-activated serine protease (MASP) to send signals to 

encode for immune-related proteins active in the lectin pathway (Takahashi et al, 2008). 

We may predict that it has a similar function in other ascidians. For this gene we also see 
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somewhat high homology among deuterostomes, which may point toward some similar 

function among them to still be investigated (Figure 5). 

 We see early expression of the cell-death-related gene Programmed cell death 

2 protein in the embryonic stage for M. oculata and the hybrid of the two molgulids. In 

M. oculata there is expression seen near the end of the embryonic stage while expression 

for the hybrid begins earlier near the middle of the embryonic stage. For M. occulta we 

do not see expression in the data we have at this time (Table 4). Programmed cell death 2 

protein is involved in human apoptosis and may protect against lymphoma development 

(Baron et al, 2010). Since we see relatively high homology in this gene among 

deuterostomes in Figure 7, this may point toward some similar function within 

deuterostomes.  

 We see early expression of the cell-death-related gene Programmed cell death 

6 interacting protein in the embryonic stage for M. oculata and the hybrid of the two 

molgulids. In M. oculata there is expression seen near the end of the embryonic stage 

while expression for the hybrid begins earlier near the middle of the embryonic stage. For 

M. occulta we do not see expression for the data we have at this time (Table 4). 

Programmed cell death 6 interacting protein partially regulates apoptosis in Boltenia 

villosa (Davidson and Swalla, 2002). Again we see relatively high homology in this gene 

among deuterostomes in Figure 9, which may point toward some similar function within 

deuterostomes.  

 We see early expression of the immune-related gene Selectin-like protein 2, in 

the embryonic stage for all the molgulids but not in Boltenia villosa, which is unusual 

compared to other ascidians (Table 2). In Boltenia villosa, Selectin-like protein 2 
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expression is off in the embryonic stage, but turns on in the larval stage for 

metamorphosis (Table 2, Davidson and Swalla, 2002). Selectin-like protein 2 is involved 

in fighting toxins, and is involved in transduction signaling in Ciona intestinalis 

(GenPept). This function in C. intestinalis may be similar to the function in the molgulids 

as well and other ascidians. For this gene we see a lower homology, compared to the 

other metamorphosis genes in this study, among deuterostomes (Figure 11). 

 We see early expression of the immune-related gene Tolloid, in the embryonic 

stage for M. oculata and the hybrid of the two molgulids. In M. oculata there is 

expression seen near the beginning of devekpoment (3 hours after fetilization) and at six 

hours after fertilization, while expression for the hybrid is seen throughout the embryonic 

stage. For M. occulta we do not see expression in the data we have at this time (Table 3). 

In Boltenia villosa, Tolloid expression is off in the embryonic stage, but turns on in the 

larval stage for metamorphosis (Table 3, Davidson and Swalla, 2002). Tolloid activates 

the Decapentaplegic (DPP) complex in Drosophila melanogaster, which is partaily 

responsible for forming limbs and wings. Also this gene is similar to the human bone 

morphogenetic protein (BMP). (Finelli et al, 1994). This gene has the highest homology, 

compared to the other metamorphosis genes in this study, among deuterostomes leading 

us to think that the function may be very well conserved among many deuterostomes 

(Figure 13). 

 Early expression of metamorphosis of this gene could imply that the molgulid 

ascidians are entering metamorphosis early. An early metamorphosis means the larval 

stage would be cut short which could lead to many events including the loss of a tail. 

With a shortened larval stage, there would be less time for a tail to develop or for gene 
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expression of tail/notochord genes. Another idea on tail loss is that cell-death-related 

genes that are being expressed early which means they are responsible for the death of 

cells that normally form the tail.  

 



Hausch	
  14	
  

Future studies 

There are a number of studies that should be done in the future to uncover more 

evidence surrounding the question of tail loss in the molgulid ascidians.  The first step in 

future studies should be to get the correct size of PCR products. The sizes of the 

fragments need to be much closer to the sequence sizes we are expecting to see. Next, 

PCR fragments need to be subcloned and linearized to make probes that will be used for 

in situs. Then finally get to in situ hybridizations, which will tell us the location of the 

genes in the body at a specific time.  

Another test to be done would be to inhibit cell-death-related genes in the 

mogulids. If we inhibited the cell-death-related genes in the tailless molgulids, then we 

could observe if the tail would develop. If the tail did not form then we could say that 

these certain cell-death-related genes are not involved in tail loss of the molgulids. 

However, if a tail formed then we could say that they are responsible because they are not 

destroying the cells that normally form the tail. 

 We also need to collect the data for the molgulid metamorphosis gene expressions 

for after the embryonic stage so we can compare it to gene expression in other ascidians. 

 Finally we need to collect gene expression data for the genes Programmed cell 

death protein 2, Programmed cell death 6 interacting protein, and Mannose-binding 

lectin in other ascidians so we can compare this data to the molgulid gene expressions. 
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Figure Legends 

Figure 1. Molgula gene transcriptome of Cornichon, protein alignment compares 

hemichordates (Saccoglossus kowalevskii), ascidians (Ciona intestinalis and Boltenia 

villosa), and mammals (Mus musculus and Homo sapiens), to the “unnamed protein” 

which is the molgula gene sequence, seclected as the subject of the alignment. The list of 

dueterostomes, are listed on the left hand side while their protein sequence is to the right 

of them. Predicted transmembrane domains are underlined. The conserved Cornichon 

domain is boxed in red. 

Figure 2. Molgula gene transcriptome of Cornichon, protein alignment comparing 

hemichordates (Saccoglossus kowalevskii), ascidians (Ciona intestinalis and Boltenia 

villosa), and mammals (Mus musculus and Homo sapiens). Highlighted sections in green 

show conserved motifs in the transcriptome among all the listed dueterostomes. 

Figure 3. Drawing of Cornichon location in vertebrates. Cornichon is involved in 

moving TGF-alpha proteins from the endoplasmic reticulum (ER) to the Golgi apparatus. 

The cornichon product stays within the cell and is not involved in transmembrane 

operations. 

 Figure 4. Molgula gene transcriptome of Mannose-binding lectin-like protein, protein 

alignment compares ascidians (Polyandrocarpa misakiensis), mammals (Monodelphis 

domestica, Mus musculus, and Homo sapiens), and Aves (Meleagris gallopavo), to the 

“unnamed protein” which is the molgula gene sequence, seclected as the subject of the 

alignment. The list of dueterostomes, are listed on the left hand side while their protein 

sequence is to the right of them.  
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Figure 5. Molgula gene transcriptome of Mannose-binding lectin-like protein, protein 

alignment comparing ascidians (Polyandrocarpa misakiensis), mammals (Monodelphis 

domestica, Mus musculus, and Homo sapiens), and Aves (Meleagris gallopavo). 

Highlighted sections in green show conserved motifs in the transcriptome among all the 

listed dueterostomes. 

Figure 6. Molgula gene transcriptome of Programmed cell death 2 protein, protein 

alignment compares hemichordates (Saccoglossus kowalevskii), actinopterygii (Danio 

rerio), ascidians (Ciona intestinalis), and mammals (Mus musculus and Homo sapiens), 

to the “unnamed protein” which is the molgula gene sequence, seclected as the subject of 

the alignment. The list of dueterostomes, are listed on the left hand side while their 

protein sequence is to the right of them. 

Figure 7. Figure 2. Molgula gene transcriptome of Programmed cell death 2 protein, 

protein alignment comparing hemichordates (Saccoglossus kowalevskii), actinopterygii 

(Danio rerio), ascidians (Ciona intestinalis), and mammals (Mus musculus and Homo 

sapiens). Highlighted sections in green show conserved motifs in the transcriptome 

among all the listed  

Figure 8. Molgula gene transcriptome of Programmed cell death 6 interacting protein, 

protein alignment compares hemichordates (Saccoglossus kowalevskii), ascidians (Ciona 

intestinalis), reptilia (Anolis carolinensis), and mammals (Mus musculus and Homo 

sapiens), to the “unnamed protein” which is the molgula gene sequence, seclected as the 

subject of the alignment. The list of dueterostomes, are listed on the left hand side while 

their protein sequence is to the right of them. 
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Figure 9. Molgula gene transcriptome of Programmed cell death 6 interacting protein, 

protein alignment comparing hemichordates (Saccoglossus kowalevskii), ascidians 

(Ciona intestinalis), reptilia (Anolis carolinensis), and mammals (Mus musculus and 

Homo sapiens). Highlighted sections in green show conserved motifs in the transcriptome 

among all the listed dueterostomes. 

Figure 10. Molgula gene transcriptome of Selectin-like protein 2, protein alignment 

compares ascidians (Ciona intestinalis), amphibians (Xenopus (Silurana) tropicalis), and 

actinopterygii (Salmo salar), to the “unnamed protein” which is the molgula gene 

sequence, seclected as the subject of the alignment. The list of dueterostomes, are listed 

on the left hand side while their protein sequence is to the right of them. 

Figure 11. Molgula gene transcriptome of Selectin-like protein 2, protein alignment 

comparing ascidians (Ciona intestinalis), amphibians (Xenopus (Silurana) tropicalis), 

and actinopterygii (Salmo salar). Highlighted sections in green show conserved motifs in 

the transcriptome among all the listed dueterostomes. 

Figure 12. Molgula gene transcriptome of Tolloid, protein alignment compares ascidians 

(Ciona intestinalis), and mammals (Mus musculus and Homo sapiens), to the “unnamed 

protein” which is the molgula gene sequence, seclected as the subject of the alignment. 

The list of dueterostomes, are listed on the left hand side while their protein sequence is 

to the right of them.  

Figure 13. Molgula gene transcriptome of Tolloid, protein alignment comparing 

ascidians (Ciona intestinalis), and mammals (Mus musculus and Homo sapiens). 

Highlighted sections in green show conserved motifs in the transcriptome among all the 

listed dueterostomes. 
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Table 1. Chart comparing cornichon expression in the molgulids to Boltenia villosa. The 

Y-axis lists the names of ascidians being compared. The X-axis shows the hours during 

development, and is also split into three stages, embryonic, larval, and juvenile. “F+#” 

stands for the number of hours past fertilization. “L+#” stands for the number of hours 

into the larval stage. “J+#” stands for the number of hours into the juvenile stage. There 

are also two events that occur “hatching”, between the embryonic and larval stages, and 

“metamorphosis” between the larval and juvenile stages. The green checks mean 

expression is found at a certain time. The red dash mean no hits were found when the 

gene was being transcribed, more tests need to be completed to be sure that there is 

actually no expression at a certain time. That red X means that there is no expression 

found at a certain time. The darker circled question marks represent areas where data is 

expected to come soon to be added to the chart, and the lighter un-circled question marks 

represent a future area of study. 

Table 2. Chart comparing Selectin-like protein 2 expression in the molgulids to Boltenia 

villosa. The Y-axis lists the names of ascidians being compared. The X-axis shows the 

hours during development, and is also split into three stages, embryonic, larval, and 

juvenile. “F+#” stands for the number of hours past fertilization. “L+#” stands for the 

number of hours into the larval stage. “J+#” stands for the number of hours into the 

juvenile stage. There are also two events that occur “hatching”, between the embryonic 

and larval stages, and “metamorphosis” between the larval and juvenile stages. The green 

checks mean expression is found at a certain time. The red dash mean no hits were found 

when the gene was being transcribed, more tests need to be completed to be sure that 

there is actually no expression at a certain time. That red X means that there is no 



Hausch	
  24	
  

expression found at a certain time. The darker circled question marks represent areas 

where data is expected to come soon to be added to the chart, and the lighter un-circled 

question marks represent a future area of study. 

Table 3. Chart comparing Tolloid expression in the molgulids to Boltenia villosa. The Y-

axis lists the names of ascidians being compared. The X-axis shows the hours during 

development, and is also split into three stages, embryonic, larval, and juvenile. “F+#” 

stands for the number of hours past fertilization. “L+#” stands for the number of hours 

into the larval stage. “J+#” stands for the number of hours into the juvenile stage. There 

are also two events that occur “hatching”, between the embryonic and larval stages, and 

“metamorphosis” between the larval and juvenile stages. The green checks mean 

expression is found at a certain time. The red dash mean no hits were found when the 

gene was being transcribed, more tests need to be completed to be sure that there is 

actually no expression at a certain time. That red X means that there is no expression 

found at a certain time. The darker circled question marks represent areas where data is 

expected to come soon to be added to the chart, and the lighter un-circled question marks 

represent a future area of study. 

Table 4. Chart comparing Programmed cell death 2 protein, Programmed cell death 6 

interacting protein, and Mannose-binding lectin-like protein expression to each otherin 

the molgulids. The Y-axis lists the names of ascidians. The X-axis shows the hours 

during development in the embryonic stage. “F+#” stands for the number of hours past 

fertilization, and hatching occurs at the end of the embryonic stage. The green checks 

mean expression is found at a certain time. The red dash mean no hits were found when 

the gene was being transcribed, more tests need to be completed to be sure that there is 
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actually no expression at a certain time. That red X means that there is no expression 

found at a certain time. The circled question marks represent areas where data is expected 

to come soon to be added to the chart.
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Molgula_protein_product       --------------------------------------------------
Ciona_intestinalis            MAFTFAAFCYILALVLTAFLIFFAIWQIIAFDELKTDYKNPIDQCNSLNP 50
Boltenia_villosa              MAFTFAAFCYIAAIILTAFLIFFAIWQIIAFDELKTDYKNPIDQCNSLNP 50
Mus_musculus                  MAFTFAAFCYMLALLITAALIFFAIWHIIAFDELKTDYKNPIDQCNTLNP 50
Homo_sapiens                  MAFTFAAFCYMLALLLTAALIFFAIWHIIAFDELKTDYKNPIDQCNTLNP 50
Saccoglossus_kowalevskii      MAFTFVAFCYLLAMILSAVLIFFAIYHIIAFDELKTDYKNPIDQCNSLNP 50
                                                                                

Molgula_protein_product       -----------------------SIILNLPLIIYHIYRYANRPVMSTPGL 27
Ciona_intestinalis            LVLPEYAIHVFYNLLFLWAFEWLTVLLNLPLIAYNVYRYSKRPVMSGPGL 100
Boltenia_villosa              LVLPEYAIHIFFTLLFLWGGEWVTVALNMPLIGYNVWRYLHRPVMSAPGL 100
Mus_musculus                  LVLPEYLIHAFFCVMFLCAAEWLTLGLNMPLLAYHIWRYMSRPVMSGPGL 100
Homo_sapiens                  LVLPEYLIHAFFCVMFLCAAEWLTLGLNMPLLAYHIWRYMSRPVMSGPGL 100
Saccoglossus_kowalevskii      LVLPEYGLHMFFTILFLLAGQFGTVALNMPVIGYNIYRYANRPVMSQPGL 100
                                                     :: **:*:: *:::**  ***** ***

Molgula_protein_product       YDPTTVLNADILSYCMKEGWGKLAFYILSFFYYLYRMIYVLVT--- 70
Ciona_intestinalis            YDPTTIMNADILSYCMKEGWGKLAFYLLSFFYYLYRMIYVLVTY-- 144
Boltenia_villosa              YDPTTVMNADVLTYCMREGWCKLAFYLISFFYYLYRMIYVLVTY-- 144
Mus_musculus                  YDPTTIMNADILAYCQKEGWCKLAFYLLAFFYYLYGMIYVLVSS-- 144
Homo_sapiens                  YDPTTIMNADILAYCQKEGWCKLAFYLLAFFYYLYGMIYVLVSS-- 144
Saccoglossus_kowalevskii      YDPTTIMNADVLSRCMKEGWMKLGFFLLSFFYYLYSMIYVLVSSSA 146
                              *****::***:*: * :*** **.*::::****** ******:   
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Figure 5. 

Mus_musculus                    PTQGHFGISAATGGLADDHDVLSFLTFQLTEPGKEPPTAEKDISEKEKEK 296
Homo_sapiens                    PAQGHFGISAATGGLADDHDVLSFLTFQLTEPGKEPPTPDKEISEKEKEK 288
Polyandrocarpa_misakiensis      PPNYYFGVSAATGGLADDHDVLKFLTWSISD--KNMTEESEGLQEDQRQE 269
Molgula_protein_product         ---------AATGAVADDHDVLSFVTWSILD----VQPEDAGLSPEENQQ 37
                                         ****.:*******.*:*:.: :        .  :. .:.::

Mus_musculus                    YQEEFEHFQQELDKKKEEFQKGHPDL--QGQPADDIFESIGDRELRQVFE 344
Homo_sapiens                    YQEEFEHFQQELDKKKEEFQKGHPDL--QGQPAEEIFESVGDRELRQVFE 336
Polyandrocarpa_misakiensis      LMDDYEKNLEDYNRMQDEYKSENPDSYQEQRSPEDLYGGAATQELRSVFE 319
Molgula_protein_product         -QEEYNKNVEEFNKMHEDYKEQHPDQG----IRQPLLEEISGPELQAIFD 82
                                  :::::  :: :: :::::. :**        : :    .  **: :*:

Mus_musculus                    GQNRIHLEIKQLNRQLDMILDEQRRYVSSLTE-EISRRGAGT------P- 386
Homo_sapiens                    GQNRIHLEIKQLNRQLDMILDEQRRYVSSLTE-EISKRGAGM------P- 378
Polyandrocarpa_misakiensis      IQSAIKKEIRNLAEVVGHMLNQQNNLYEKLDNANIGATADGQ------PP 363
Molgula_protein_product         IQSNVHTDVRSIHSLM-LSLQQQQQTVTNLLQ-QMDARSSTTTQQQQVPP 130
                                 *. :: :::.:   :   *::*..   .* : ::.  .         * 

Mus_musculus                    -GQPGQVSQQELDTVVKSQQEILRQVNEVKNSMSETVRLVSGI-----QH 430
Homo_sapiens                    -GQHGQITQQELDTVVKTQHEILRQVNEMKNSMSETVRLVSGM-----QH 422
Polyandrocarpa_misakiensis      AGADDNAKKYHIDNVLNMQRETYDQVKGMRETLGRFEQIMNNMAVQLQQR 413
Molgula_protein_product         SGGDDNAKNYHIENVMNLQREVIDSLNVLRSTMDTVQSSIIAVS----QQ 176
                                 *  .: .: .::.*:: *:*   .:: ::.::.     :  :     *:

Mus_musculus                    PGSA-GV-------YETTQH-FMDIKEHLHVVKRDIDSLAQRSMPSNEKP 471
Homo_sapiens                    PGSAGGV-------YETTQH-FIDIKEHLHIVKRDIDNLVQRNMPSNEKP 464
Polyandrocarpa_misakiensis      PKIEGGSNTGTQNSYEVVQQ-QQAVNEKLHRIQNDLTVMMQRQPPT-PKL 461
Molgula_protein_product         VSSSKGTGQQQATGGAGDQYAMQQVQRQLTAVQGDLQALANKKQPT-PQL 225
                                     *            *     ::.:*  :: *:  : ::. *:  : 

Mus_musculus                    KCPDLPPFPSCLSTIHFVIFVVVQTVLFVGYIMYRTQQEAAAKKFF 517
Homo_sapiens                    KCPELPPFPSCLSTVHFIIFVVVQTVLFIGYIMYRSQQEAAAKKFF 510
Polyandrocarpa_misakiensis      VCPE-PEMPNCISIGVFVAVAVVQVIILIIYHSTRTSREDAAKKFF 506
Molgula_protein_product         RCPE-PEMPNCSSIPAVVLIAIVQIIILVIYHQIKSSRENAAKKFF 270
                                 **: * :*.* *   .: ..:** :::: *   ::.:* ******
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Figure 7. 

Homo_sapiens                  MAAAGARP------VELGFAESAPA-WRLRSEQFPSKVGGRPAWLGAAGL 43
Mus_musculus                  MAAAAPGP------VELGFAEEAPA-WRLRSEQFPSKVGGRPAWLGLAEL 43
Danio_rerio                   MAANTLKESNTHSDVVLGFLEEAES-WQLLSDQFPSKVGGRPAWLSQSDL 49
Saccoglossus_kowalevskii      MAS----PI----DTELGFVEKVDC-WRLNSKFFPSKVGGKPSWLRLKNL 41
Ciona_intestinalis            --------------MELGFVEEPENTWRLLRCYFPSKVGGKPAWLDPEHL 36
Molgula_protein_product       ------------TDVDLGFAEPVKSPWQLHRCFFPSKIGGKPSWLNPDNL 38
                                              *** *     *:*    ****:**:*:**    *

Homo_sapiens                  PGPQALACELCGRPLSFLLQVYAPLPGRPDAFHRCIFLFCCREQPCCAG- 92
Mus_musculus                  PGPGALACARCGRPLAFLLQVYAPLPGRDDAFHRSLFLFCCREPPCCAG- 92
Danio_rerio                   PAVSELQCEECKLPAVFLLQVYAPVTEYDRCFHRTLFVFCCKTPACYTR- 98
Saccoglossus_kowalevskii      PAENLLQCHNCKKQCVFLLQVYAPVTEKESCFHRTVFIFCCRNPQCYSS- 90
Ciona_intestinalis            PSVDDMECGCCHKPLVFLLQLYSPNDDKLDSFHRTIFVFCCTNGTCYSSE 86
Molgula_protein_product       PTVSELQCEICSNPLVFLLQVYAPDENSENAFHRTIFIFCCKTDSCYKN- 87
                              *    : *  *     ****:*:*      .*** :*:***    *    

Homo_sapiens                  -----LRVFRNQLPRKNDFYSYEPPSENPPPETGESVCLQLKSGAHLCRV 137
Mus_musculus                  -----LRVFRNQLPRNNAFYSYEPPSETEALGT-ECVCLQLKSGAHLCRV 136
Danio_rerio                   NDSKCFKVFRSQLPRKNEFYPFNPPPDEKPEQPVHDAQV-LGSGLKLCRL 147
Saccoglossus_kowalevskii      SNSPPIVVFRCQLPRINEFYDFEPPEEKENGGLLSPDDF----GQKLCVV 136
Ciona_intestinalis            NDAFPFKVFRSMLPKENDYYPADPPDYDEPNAIRECSQF-----TNLCGL 131
Molgula_protein_product       SAGVPVKVFRCQLSKKNNFYPEDAPKYDDKNYISTIKTT----SLKLCDV 133
                                   . ***  *.: * :*  :.*                    :** :

Homo_sapiens                  CGCLGPKTCSRCHKAYYCSKEHQTLDWRLGHKQAC-AQPDHLDHIIPDHN 186
Mus_musculus                  CGCLAPMTCSRCKQAHYCSKEHQTLDWRLGHKQAC-TQSDKIDHMVPDHN 185
Danio_rerio                   CGCLGQKACSRCHSVTYCCKEHQTTDWKQRHKKECLAEASQVSG--ELNS 195
Saccoglossus_kowalevskii      CGCAGPKQCGKCHKVTYCSRDHQTVDWRDGHKINCGNQGCEMNV----SK 182
Ciona_intestinalis            CGNHGVKKCSRCREVQYCSKDHQVFHWKLLHKYQCSKPKDENNEVEMEKS 181
Molgula_protein_product       CGCRGPNHCSRCKKVNYCSKLHQTLHWK-QHKKVCSEISSSEAE-NDLNG 181
                              **  .   *.:*:.. **.: **. .*:  **  *               

Homo_sapiens                  FLFPEFEIVIETEDEIMPE---------VVEKE---------------DY 212
Mus_musculus                  FLFPEFEIVTETEDEILPE---------VVEME---------------DY 211
Danio_rerio                   FLFPEWELVTEP--EVIPA---------KDELQES----------PSLDQ 224
Saccoglossus_kowalevskii      LLFPEYEIVTEAEEYEEPEENEKCEADKMKEYAEF----------MESEE 222
Ciona_intestinalis            ILFSEKELVIEPE-PTAPK---------KENTE------------SEFEN 209
Molgula_protein_product       LNFATFEIVMEPEIKINEA----------ESKR----------------Q 205
                              : *.  *:* *.                  .                   

Homo_sapiens                  SEIIGSMGEALEEELDSMAKHESREDKIFQKFKTQIALEPEQILRYGRGI 262
Mus_musculus                  SEVTGSMGGIPEEELDSMAKHESKEDHIFQKFKSKIALEPEQILRYGRGI 261
Danio_rerio                   ENIASLNSGLEDSELESMALHETLDSKVFQKFKQRIANEPQQVLRYCRGG 274
Saccoglossus_kowalevskii      AKSVMKDRGLTDHDLERMALHE--NDEQFTVFQKRINHEPEQVLRYNRGG 270
Ciona_intestinalis            LKNHIQSGDYTEEELND-AVANVKSDKAFEKFQKQIAVEPEQVIRYQREG 258
Molgula_protein_product       DELPNNSASLSAADLEQFANAGNKADKYFIEFKEKLNGNHEQVLRYHKSG 255
                               :           :*:  *      .. *  *: ::  : :*::** :  

Homo_sapiens                  APIWISGENIPQEKDIPDC-PCGAKRILEFQVMPQLLNYLKADRL--GKS 309
Mus_musculus                  KPIWISGENIPQEKDIPDC-PCGAKRIFEFQVMPQLLNHLKADRL--GRS 308
Danio_rerio                   SPLWVTAEHVPREEEVPEC-TCGAKRLFEFQIMPQLLNHLKVDST--DAS 321
Saccoglossus_kowalevskii      KPLWVSSENIPKDEEIPAC-QCGAKRKFEFQIMPQLLIHLNVDSI--GES 317
Ciona_intestinalis            SVLWCSSENIPSK--IPSC-ECGAQRQFEFQIMPQLLNHLKVDHSIEGPT 305
Molgula_protein_product       EPLWCACDGKLKTEDVPLCGSCGGSRIFEFEIMPQLLNYLNIDQGF-TDG 304
                                :* : :       :* *  **..* :**::***** :*: *       

Homo_sapiens                  IDWGILAVFTCAESCSL-GTGYTEEFVWKQDVTDTP-- 344
Mus_musculus                  IDWGVLAVFTCAESCSL-GSGYTEEFVWKQDVTDTP-- 343
Danio_rerio                   IDWGTVAIYTCAESCDQ-GNKYSPEFIWKQDFSGDQAE 358
Saccoglossus_kowalevskii      LDWGTLGIYTCSDSCD--GISYHQEYVWKQDYSNGNK- 352
Ciona_intestinalis            IDWGTVAIYTCHDDCNI--SPYIKEYCWLQHFSKEAI- 340
Molgula_protein_product       IDWGVITIYTCKNSCLIKSDGYTSEYAHVQNFS----- 337
                              :*** : ::** :.*      *  *:   *. :     
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Figure 9. 

Homo_sapiens                  M------ATFISVQLKKTSEVDLAKPLVKFIQQTY--PSGGEEQAQYCRA 42
Mus_musculus                  M------ASFIWVQLKKTSEVDLAKPLVKFIQQTY--PSGGEEQAQYCRA 42
Anolis_carolinensis           MASP---SSFITVQLKKASEVDLAKPLSKFIQQTY--P-GGESQAEHCRA 44
Saccoglossus_kowalevskii      MA-----TSFVSVPLKVSSEVDLNRPFKTFIENTYGVEEGGED---YGQA 42
Molgula_protein_product       MAYTVDVGRFIVVPLKKTTDVDLVKPLQTFIKNTY-----DKVDDDLKKH 45
Ciona_intestinalis            MSYEVELSRFFNIPIKRSHDVDFVKPLETFIKVTF-----DKTDDDLKKH 45
                              *        *. : :* : :**: :*: .**: *:     .:      : 

Homo_sapiens                  AEELSKLRRAAVGRPLDKHEGALETLLRYYDQICSIEPKFPFSE-NQICL 91
Mus_musculus                  AEELSKLRRSALGRPLDKHEGALETLLRYYDQICSIEPKFPFSE-NQICL 91
Anolis_carolinensis           AEELNKLRKSALGRSLDKHESSLETLLRYYDQLCSIEPKFPFSE-NQICV 93
Saccoglossus_kowalevskii      IKEFTKLRTNVCCKALDKHESSLDSLHRYYDQLIAIDAKLPITE-NQVKX 91
Molgula_protein_product       LKDFNSLRKTAVYKAQDKSAASLNVLLQYYDQFSSLNRKVPFCESNGVHV 95
Ciona_intestinalis            IKEFNTLRKNAVTKPLDKSATSLNLLMQYHDQLVAASRKFPFREANGVIV 95
                               :::..**  .  :. **   :*: * :*:**: : . *.*: * * :  

Homo_sapiens                  TFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLFNCAALASQIAAEQNLD 141
Mus_musculus                  TFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLFNCAALASQIAAEQNLD 141
Anolis_carolinensis           TFTWKDAFDKGSLFGGSVKLALASLGYEKTCVLFNCAALASQIASEQNLD 143
Saccoglossus_kowalevskii      TFTWQDAFDKGSFFGGAKKQSGSTAGFEKVGVLFNIGAMHSQIASVQSLE 141
Molgula_protein_product       SFTWKDSLEKGSLFSGSGKITSASGEFERLMTIYNIAALKSQIASEANLS 145
Ciona_intestinalis            NFTWKDSLQKGKFLSSTPKLSIADGDFERLCILYNIAALMSQVGSEANLQ 145
                              .***:*:::**.::..: * : :   :*:   ::* .*: **:.:  .*.

Homo_sapiens                  NDEGLKIAAKHYQFASGAFLHIKETVLSAL-SREPTVDISPDTVGTLSLI 190
Mus_musculus                  NDEGLKTAAKQYQFASGAFLHIKDTVLSAL-SREPTVDISPDTVGTLSLI 190
Anolis_carolinensis           SDEGLKAAAKHYQFASGAFQHIKDTVLSSL-NREPTVDIAPDTVGTLSLI 192
Saccoglossus_kowalevskii      SDEGLKKAARHFQLSAGIYSYLRDHVYTLT-PTIRTPDIEPDVLSTLSAI 190
Molgula_protein_product       NDDELKSAAKHFAEAAGMLDFIKDNILASI-NQNPTSDLSPNVLSAFRCI 194
Ciona_intestinalis            TDDGLKSAAKYFQEAAGILTFIKERVMSVVGNNSITSDLAPEVLNLYRCV 195
                              .*: ** **: :  ::*   .::: : :       * *: *:.:.    :

Homo_sapiens                  MLAQAQEVFFLKATRDK---MKDAIIAKLANQAADYFGDAFKQCQYKDT- 236
Mus_musculus                  MLAQAQEVFFLKATRDK---MKDAIIAKLANQAADYFGDAFKQCQYKDT- 236
Anolis_carolinensis           MLAQAQEVFFLKATRDK---MKDAIIAKLGNQAADYYGDAFKQCQYKDT- 238
Saccoglossus_kowalevskii      MLAQAQEVFFKKAVMDK---MKSVVIAKIANQAHDLYADALKSC--NET- 234
Molgula_protein_product       LIAQSQECFYSKASSDK---MKPDILAKVANQAASLYADAVSALSEAGQ- 240
Ciona_intestinalis            LLGQAQECFYDKACTDASLNRKPEVLAKVAMQASYLYSEASKAFTEAESS 245
                              ::.*:** *: **  *     *  ::**:. **   :.:* .        

Homo_sapiens                  LPK-EVFPVLAAKHCIMQANAEYHQSILAKQQKKFGEEIARLQHAAELIK 285
Mus_musculus                  LPK-EVFPTLAAKQCIMQANAEYHQSILAKQQKKFGEEIARLQHAAELIK 285
Anolis_carolinensis           LPK-EVFPLLAAKHCIMQANAEYHQSILAKQQKKFGEEIARLQHAADLVK 287
Saccoglossus_kowalevskii      IPK-DWYSILAGKTPYFQGEAEYHQSLVCKAAKNFGEEISRLRHASELIE 283
Molgula_protein_product       MLPSNVSTMCNTKKSLYEVLAHFQMASVAHNAKKFGEEIGRLQKIEPSLK 290
Ciona_intestinalis            YSLAGVQAMCGAKKELFECYAQYHQATAAQEGKRFGEAIARYQIVEPMAR 295
                                     .    *    :  *.:: :  .:  *.*** *.* :      .

Homo_sapiens                  TVASRYDEY--VNV--KDFSDKINRALAAAKKDNDFIYHDRVPDLKDLDP 331
Mus_musculus                  NVASRYDEY--VNV--KDFSDKINRALTAAKKDNDFIYHDRVPDLKDLDP 331
Anolis_carolinensis           TVASRYDEY--INI--KDMADKTNRALTAAKKDNDFIYHDRIPDLKDLEP 333
Saccoglossus_kowalevskii      AAHNRGGLS--VSF--KDTAAKIKRNYDESKKDNDFIYHERVPDVGSLAA 329
Molgula_protein_product       PLGKHPELIQGFNM--KDLALKVSVQLKEAQRENDFIYHDPIP--KELSA 336
Ciona_intestinalis            NLHKNASEYL-VNFKGKQFIEMVSTIRGTTEKDNNFIYNDVVPKTSSLSP 344
                                 ..      ...  *:     .     ::::*:***:: :*   .* .

Homo_sapiens                  IGKATLVKSTPVNVP--ISQKFTDLFEKMVPVSVQQSLAAYNQRKADLVN 379
Mus_musculus                  IGKATLVKPTPVNVP--VSQKFTDLFEKMVPVSVQQSLAVFSQRKADLVN 379
Anolis_carolinensis           IGKASLVKPTQVAVP--LSQKFTDLFEKMVPLAVQQALTLYNQRKADLVN 381
Saccoglossus_kowalevskii      IGKAPIAKAIPPSTP--MGAQFTDLFEKLVPLSVHQSVTSFENRKAEIVN 377
Molgula_protein_product       IGKAAIAKAMPFNATEALGGKYVDVFTSLVPLAVHTAIESYENRRKQIIE 386
Ciona_intestinalis            IGKAPIAKAKAFNEKENLGAKFTDMFSSLVPLDVHNALEAYEGRRKELVE 394
                              ****.:.*.        :. ::.*:* .:**: *: ::  :. *: ::::

Homo_sapiens                  RSIAQMREATTLANGVLASLNLPAAIEDVSGDTVPQSILTKSRSVIEQGG 429
Mus_musculus                  RSIAQMREATTLANGVLASLNLPAAIEDVSGDTVPQSILTKSTSVVEQGG 429
Anolis_carolinensis           RSIAQMREATNLANGVLASLNLPAAIEDVSGDSVPQSILQKSKSVIEQGG 431
Saccoglossus_kowalevskii      REIGKLRSKTEFLNGVLSTFNLPAAIEDISGNNVPPSLLEKSRNMQQQGG 427
Molgula_protein_product       REVARIRELNTLINGVMSSLNLPAALEDISGDSVPQSILEKSQAVISKGG 436
Ciona_intestinalis            KEVERIRELNNLVNGVMSSFNLPAALEDMSGSDLPPSILEKSRTVIQKGG 444
                              :.: ::*. . : ***::::*****:**:**. :* *:* **  : .:**

Homo_sapiens                  IQTVDQLIKELPELLQRNREILDESLRLLDEEEATDNDLRAKFKERWQRT 479
Mus_musculus                  IQTVDQLIKELPELLQRNREILEESLRLLDEEEATDNDLRAKFKDRWQRT 479
Anolis_carolinensis           IQTIDQLMKDLPELLQRNREILDESLRILDEEEATDNELKNKFKERWQRT 481
Saccoglossus_kowalevskii      LHALDQMISELPELLQRNKEILDESIRLLDKEQSSDDQMRGQFKERWTRV 477
Molgula_protein_product       LQSIENLLQELPESLTRNQQLLNECMRMMNEEQSTDDELRSKFGATWNRT 486
Ciona_intestinalis            SAPIDQLLQDLPESLNRNQQILTECVRILNDEQSSDAELREKFGDKWRRK 494
                                .:::::.:*** * **:::* *.:*:::.*:::* ::: :*   * * 

Homo_sapiens                  PSNELYKPLRAEGTNFRTVLDKAVQADGQVKECYQSHRDTIVLLCKPEPE 529
Mus_musculus                  PSNDLYKPLRAEGAKFRAVLDKAVQADGQVKERYQSHRDTIALLCKPEPE 529
Anolis_carolinensis           PSNDLYKPLRTEGSNYRNILDKAVQADKQVKERYQSHRDTISLLCKPEAE 531
Saccoglossus_kowalevskii      PSQQLTEPLRAEAAKYKGILDNAIQADHIVKEKYNAHKDGFILMNKSESD 527
Molgula_protein_product       PS------------------------------------------------ 488
Ciona_intestinalis            PSAELTVPLRQEMSKYQTIIENAQKADAIIRGKYEDNKEGISLLCLPPDQ 544
                              **                                                
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Figure 10. 
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Xenopus (Silurana) tropicalis 294 
Salmo salar 314 

unnamed protein product 470 
Ciona intestinalis 579 
Xenopus (Silurana) tropicalis 349 
Salmo salar 369 

unnamed protein product 546 
Ciona intestinalis 653 
Xenopus (Silurana) tropicalis 391 
Salmo salar 411 

unnamed protein product 622 
Ciona intestinalis 730 
Xenopus (Silurana) tropicalis 469 
Salmo salar 489 

unnamed protein product 695 
Ciona intestinalis 804 
Xenopus (Silurana) tropicalis 546 
Salmo salar 566 

unnamed protein product 760 
Ciona intestinalis 869 
Xenopus (Silurana) tropicalis 625 
Salmo salar 633 

unnamed protein product 837 
Ciona intestinalis 946 
Xenopus (Silurana) tropicalis 687 
Salmo salar 713 

unnamed protein product 838 
Ciona intestinalis 1026 
Xenopus (Silurana) tropicalis 701 
Salmo salar 727 

unnamed protein product 

MDKRTSNVATVAVFKLIFCLGLIEISFSIDDSINVPAEYEHCTCSWSEWMNSDTPNDDGSEIETFNEQRKNGYSFCKSPV 80 

------------------------------------EYKVRVLCCYCPPEPIGPKFQIESQNGLSGCLSAPKSPEQSTTT 44 
DIQCYNLALGRTITKEDTAAGQCSVDFGYSCNFLCDDYKIRVACCYCPPPVIGPAFQIQSQTS-GACLAVS--PPSSVSL 157 

VSVEQCTDQD-YQNWEWVSKYRIKNTQSEQCLSV--TADDITIITENCD---------------SNNDNQNWKYYHKSSV 106 
VSRSNCNDNEISQLWNWVSNNQIMNQHNNQCISVGNTAVSSPVLTEDCD---------------ASDTKQKWSYD-KRTF 221 
----------------------MI--------SLFYCSLTAFVLA----------GVQGWSYHYS-DTNMTYEDA-RKFC 38 
----------------------MLPWSNYLRQSLYNRLLVILLMTIYHDLTGETGGVQAWTYNYSVNQNLDWDSA-RQWC 57 

LQYMNKKSYINYRKDNQKLRLHTSRGTDSEWLA--LLDVGTT--SLRNLQTPKCPEEGT-DMANPHGAIDCSL------- 174 
TLSSSSMYL------DSTTATITNLPSNSHWIA--KVDEGTA--DMNIMQGQQCSNAPD-DPN--FGSVSCSF------- 281 
QTRYTALVAIQNREENDYLNSILPFNPAYYWIGIRLIENQWTWEGTKKVLTEEAKNWALNEPNNKKSNEDCVEMYVKRKE 118 
RQHYTDMVAIQNQEEIVYLNTMLPRNSQYYWIGLRKVNEMWTWMGTNKTLTKEAENWATGEPNNVGDGQDCVEIYIKRGK 137 

--GSYVSSVCQ----FSCEFGYSLPEDAVTKFECTDD-GEFVPEIIP----PTCEKIVCLPQLSAPQHGNITCTNA---N 240 
--GSYQGSECH----FSCDYGYRLPSQAIYPAICMRN-GLFNASA------PTCEKIICNPTLTSPANGKVECTNS---N 345 
DGGKWNDEPCRKKKVALCYTAACSPSSCSGHGECIETINNYTCSCYEGFYGSACEHVVDCPRLVVPELGSMECKDEYGKF 198 
DEAKWNDERCTKKKGALCYTASCSEHCCSTHAECLENIGNYTCQCDPGFKGPRCQEAVACDTVSDPDQGSVNCDHPHGLF 217 

NLYSTCTYDCALGYKMSSTESTLSCYETKKWD-HDPPTCERITCQPNITSDGLTSGAISCTSANFYSSVCKYSCDVGYEI 319 
NQDSNCLYECDLGYKLNSSNQQSLCMENGHWDPYPPPTCQKITCLPDPITEGISNGRVNCSMKNSFASKCIYTCDTGYEL 425 
QYNSNCSFSCNEGFTLTGP-NSLQCISSGSWS------------------------------------------------ 229 
AFNSSCQFHCAQGYQLLGA-SQLLCQATGFWD------------------------------------------------ 248 

IGAANHECQLSGKWNDTKPACQKIQCPPLVP-PSNGKMSCDNN---QLYDSSCKFDCNMGYTMQGSGSATCGSDRKWTSE 395 
IGPLVRLCQQSSAWNATKPICQKIMCPRLPA-LQNGNTVCTLG---NSYLSSCRFSCHEGYTMVGSGSTTCNVDRTWGSS 501 
---------------SDVPACKAVVCPSIPV-PEHGSMKCEDDYEEFQYNSNCSFSCNEGFTLAGSNSLQCTSSGSWSSN 293 
---------------HPAAQCQVKQCSSLDNGPHRGTMNCSNPIALHSYNSTCAFSCDLGFDLIGPDRIQCNHTGQWTGN 313 

IPVCQRQECTALDIPDNGVMTCSD---NNFYSSSCQFTCEYGYKLEGE--PTLKCTEKGWDKGVPTCIKIVCSRLNTIQ- 469 
LPDCQRKTCNKLTAPDNGMLSCSD---SSYYSSVCSFECVRGYEIDGDGQAALTCTDEGWNYGSPQCTRISCPNHKNLVP 578 
VPTCEAVVCPPITCPEHGSKECEDDFGEFQYNSNCSFSCSEGFILTGS--NSLQCTS----------------------- 348 
VSTCTVVRCGPLSPPAMGNMSCVDPLGASSFTSSCGFSCEEGYLLRGD--INLTCLS----------------------- 368 

-SGKVSCTDNENYKSVCTYACDVGFKITPGMPNELECGDEGWNNPVPACQKMSCPVVANPANGMLNCV---AGQLYNSIC 545 
WNGAIHCNDTDFFASLCTFTCDTGYEVQGSL--AVICGSSGWNDTASTCVKRTCPTLANPRNGKVVCM----GNEFNSLC 652 
--------------------------------------SGSWSSDVPACKAVDCPHLVVPELGSMECKDEHGEFKYNSNC 390 
--------------------------------------TGQWTNHTPACEPLQCDVLTSPPHGSMNCSDLHGQFHYGSQC 410 

FLTCDVGYKTS-TSRPIIQCMENEQWSQAVPTCKKIQCRKLSSLRSGTVTCSD---GHNFNSTCNFECRSGYNLFGSEKA 621 
FYSCDEGFMKSHAGGPPIKCLSNGAWSGPPDTCRRIKCRKITKIRNGHVRCSD---SNNYNSNCTFRCKDDFTLYGETVA 729 
SFSCKEGFTLT--ESNSLQCTSSGSWSSDVPACKAVVCPSIPVPEHGSMKCEDDYEEFQYNSKCSFSCNEGFILAGSNSL 468 
LFSCEEGFLLN--GLADTECTSLGTWSRRAPLCLAQQCDVLTSPPHGSMNCSDLYGQFHYGSQCLFSCEEGFLLNGLADT 488 

TCR-INGWDSEMPNCAKRSCSPPLARPYNGQINC-----DTTGAPECTFKCNTGYTLIGEAKSVCQAD-ETWSNTDVRTC 694 
TCG-INGWDIQTPTCSRAVCSTTPSKPINGQITC-----SGKSTVKCLFSCNQGFRLIGQNETHCLSNTETWSTTEAPLC 803 
QCTSSGSWSSDVPTCKAVVC-PSIPLPEHGSKECENDYGEFQYNSNCSFSCSEGFTLTGPNSLQCTSS-GSWSS-DVPAC 545 
ECTSLGTWSRRAPLCLVVRC-GPLSPPAMGNMSCVDPLGASSFTSSCGFSCEEGYLLRGDTNLTCLST-GQWTN-HTPAC 565 

ARIECSTVVRSPANGQVSCSD---GKMYGSKCSFSCDVGYFLEGEESITCTDKRTWDGKAATCTRIS------------C 759 
QRIQCLEVAQRRSHGSVKCTD---GRMFGSQCNYTCNRGYSLSGNSLTHCTADGTWDKRPPVCQRVF------------C 868 
KAVDCPHLV-VPELGSMECKDEYGRFQYNSNCSFSCKEGFTLTGSNSLQCTSSGSWGSDVPTCEGIAILLIKTIFVSVQC 624 
EPLQCDLLT-SPPHGSMNCSDLHGQFHYGSQCLFSCEEGFLLNGLADTECTSLGTWSRRAPLC------LVR------HC 632 

PEKIQIVNGISDCSDG---NYYNSKCAVTCNGGYKLVGQITSTCQINTSWSAAEPVCERIICKPVFTNPSNGKVTCSDNN 836 
PNLTGLNYGETQCTDG---SYYGSRCRFSCSQGYELIGEVETNCNLNRTWSKQSPYCERITCFPRFSNPSNGRVSCSDNS 945 
ETLKDPENGHVKCPEK---SEYNSTCSYTCAEGYNLVGLSEVQCLASGDWMSPPPICEVVECK---------------VP 686 
PLLVEPWRGWMNCTHPHSPFSYSSHCLLQCNEGFLLTGAPTMHCNALGVWSQDLPSCQVVQCENLLHRLPSPLPTPSSTP 712 

N------------------------------------------------------------------------------- 837 
NFGSRCNFHCEGGFRLNGALHTTCNADGWSVGEAPTCTKITCPIEANRLLHGTESCDRSNEYLSECQYNCIAGYELVGTQ 1025 
FIPDMGKMNCSHPF------------------------------------------------------------------ 700 
PPTLGPSMNCSHSL------------------------------------------------------------------ 726 

-----------------------------------------YGSLCEFSCVEGFTLEGSKSITCG-GNGWSTAKAPTCKK 875 
FQRTCNIDGEWSAPRPICQEIKCPVLRGIPHGDVVCKGSRGVGSECRYVCDPQYRIRGNSRVRCTDTKKWEPDVTPICEL 1105 
-------------------------------------GDFKYGSVCKFECEGDRLLNGTNTLECESTGTWSSEV-PTCEA 742 
-------------------------------------GEFSFSSLCLFTCSKGYYLNGTEELSCTSEGQWSDLV-PSCQR 768 

Ciona intestinalis 1106 S-PTIPSTTTAPPTTTTLSTTTTERTTTTTTTPPPTTTTTTP----FSTLPPTTTYIPPFDVVGEATDPPEPVAPSVPAK 1180 
Xenopus (Silurana) tropicalis 743 --PRVPDSGVVNV-AVGVAATGASLLSVTSLMIWLVKRLRKS-----AKKFTPSR------------------------- 789 
Salmo salar 769 NITSVQESSRMLVYAVVGAASAAGLLLLLGLGMVVAKKLSKKGDFNFANSLWEERENPAFEIS----------------- 831 

unnamed protein product 
Ciona intestinalis 1181 GPLDGTNTEPPVAPSAGGIPIIPIAVSIVVVVLIIVGITLFIVWRRRSRKPKFKNGYLSNNIRYDNSDQLQKLVPNGSSN 1260 
Xenopus (Silurana) tropicalis 
Salmo salar 

unnamed protein product 
Ciona intestinalis 12 61 RRYPAIPIDRLESEFTRKHADDDKLFREEYSNIPEGVGSRDHGGKSHNKDKNRYTNVIPFDHSRVVLPKSTNTDGDYINA 1340 
Xenopus (Silurana) tropicalis -- --- -- --- --- --- -- --- --- --- -- --- --- --- -- --- --- --- --- -- --- --- --- -- --- --- --- -- ----
Salmo salar 

unnamed protein product 
Ciona intestinalis 1341 SFVDGYKHKGKFIAAQGPKDGTINDFWRMIWDQNVTTIIMVTNLKENNEPKCAQYWPQSGSSIYGDLSVVYLGENHLVDY 1420 
Xenopus (Silurana) tropicalis 
Salmo salar 

unnamed protein product 
Ciona intestinalis 142 1 TIRKFTIQQCKGEATLSVRRNMIQYHFTSWPDFGVPKSPSGILKFMRKIKHGSPTGYGAVVVHCSAGVGRTGTYICIDAM 1500 
Xenopus (Silurana) tropicalis 
Salmo salar 

unnamed protein product 
Ciona intestinalis 1501 VDMMLREGKVDVYSFVTQMRNQRPEMVQTEQQYIFIYQALLEHHLYGDTEVEATEVNNHIDELSQRMPGNVTGMEHEFKK 1580 
Xenopus (Silurana) tropicalis 
Salmo salar 

unnamed protein product 
Ciona intestinalis 1581 LTTIRIQKDQMRAGNHPANMRKNRVLLILPYDWNRAILPVRRGLENSDYINASYIDGYRQKDAYIATQGPLPHTIEDFWR 1660 
Xenopus (Silurana) tropicalis 
Salmo salar 

unnamed protein product 
Ciona intestinalis 16 61 LIWETKSASIVMLTELVERGQAKCEQYWPNEGTLVYGDLNVQLKIEEELDNYTTRDFI ITNNTDHTERKQMVRQFHYHGW 1740 
Xenopus (Silurana) tropicalis -- --- -- --- --- --- -- --- --- --- -- --- --- --- -- --- --- --- --- -- --- --- --- -- --- --- --- -- ----
Salmo salar 

unnamed protein product 
Ciona intestinalis 1741 PETGPPSSGFSMISLVEQVQKQQQSSGNHPITIHCSAGAGRTGAFCALSTALEQVKAEGVLDMFQIVKCLRMQRPHMVQN 1820 
Xenopus (Silurana) tropicalis 
Salmo salar 

unnamed protein product 
Ciona intestinalis 1821 LEQYEFCYRAVQEYIDSMSEYYNFK 1845 
Xenopus (Silurana) tropicalis -------------------------
Salmo salar 
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Xenopus__Silurana__tropicalis      QWTWEGTKKVLTEEAKNWALN-----EPNNKKSNEDCVEMYVK--RKEDG 120
Salmo_salar                        MWTWMGTNKTLTKEAENWATG-----EPNNVGDGQDCVEIYIK--RGKDE 139
Molgula_protein_product            NWKYYHKSSVLQYMNKKSYINYRKDNQKLRLHTSRGTDSEWLA--LLDVG 144
Ciona_intestinalis                 KWSYD-KRTFTLSSSSMYL------DSTTATITNLPSNSHWIA--KVDEG 253
                                    *.:  . .      .          .      .    . ::     .  

Xenopus__Silurana__tropicalis      GK------WNDEPCRKKKV-----------------------ALCYTAAC 141
Salmo_salar                        AK------WNDERCTKKKG-----------------------ALCYTASC 160
Molgula_protein_product            TT--SLRNLQTPKCPEEGT-DMANPHGAIDCSL---------GSYVSSVC 182
Ciona_intestinalis                 TA--DMNIMQGQQCSNAPD-DPN--FGSVSCSF---------GSYQGSEC 289
                                            :   * :                          .    : *

Xenopus__Silurana__tropicalis      S-------------PSSCSGHGECIETINNYTCSCYEGFYGSACEHVVDC 178
Salmo_salar                        S-------------EHCCSTHAECLENIGNYTCQCDPGFKGPRCQEAVAC 197
Molgula_protein_product            Q----FSCEFGYSLPEDAVTKFECTDD-GEFVPEIIP----PTCEKIVCL 223
Ciona_intestinalis                 H----FSCDYGYRLPSQAIYPAICMRN-GLFNASA------PTCEKIICN 328
                                                    .     *    . :  .       . *:. :  

Xenopus__Silurana__tropicalis      PRLVVPELGSMECKDEYGKFQYNSNCSFSCNEGFTLTGP-NSLQCISSGS 227
Salmo_salar                        DTVSDPDQGSVNCDHPHGLFAFNSSCQFHCAQGYQLLGA-SQLLCQATGF 246
Molgula_protein_product            PQLSAPQHGNITCTNA---NNLYSTCTYDCALGYKMSSTESTLSCYETKK 270
Ciona_intestinalis                 PTLTSPANGKVECTNS---NNQDSNCLYECDLGYKLNSSNQQSLCMENGH 375
                                     :  *  *.: * .        *.* : *  *: : .. .   *  .  

Xenopus__Silurana__tropicalis      WS------------------------------------------------ 229
Salmo_salar                        WD------------------------------------------------ 248
Molgula_protein_product            WD-HDPPTCERITCQPNITSDGLTSGAISCTSANFYSSVCKYSCDVGYEI 319
Ciona_intestinalis                 WDPYPPPTCQKITCLPDPITEGISNGRVNCSMKNSFASKCIYTCDTGYEL 425
                                   *.                                                

Xenopus__Silurana__tropicalis      ---------------SDVPACKAVVCPSIPV-PEHGSMKCEDDYEEFQYN 263
Salmo_salar                        ---------------HPAAQCQVKQCSSLDNGPHRGTMNCSNPIALHSYN 283
Molgula_protein_product            IGAANHECQLSGKWNDTKPACQKIQCPPLVP-PSNGKMSCDNN---QLYD 365
Ciona_intestinalis                 IGPLVRLCQQSSAWNATKPICQKIMCPRLPA-LQNGNTVCTLG---NSYL 471
                                                     . *:   *. :     .*.  *        * 

Xenopus__Silurana__tropicalis      SNCSFSCNEGFTLAGSNSLQCTSSGSWSSNVPTCEAVVCPPITCPEHGSK 313
Salmo_salar                        STCAFSCDLGFDLIGPDRIQCNHTGQWTGNVSTCTVVRCGPLSPPAMGNM 333
Molgula_protein_product            SSCKFDCNMGYTMQGSGSATCGSDRKWTSEIPVCQRQECTALDIPDNGVM 415
Ciona_intestinalis                 SSCRFSCHEGYTMVGSGSTTCNVDRTWGSSLPDCQRKTCNKLTAPDNGML 521
                                   *.* *.*. *: : *..   *     * ..:. *    *  :  *  *  

Xenopus__Silurana__tropicalis      ECEDDFGEFQYNSNCSFSCSEGFILTGS--NSLQCTS------------- 348
Salmo_salar                        SCVDPLGASSFTSSCGFSCEEGYLLRGD--INLTCLS------------- 368
Molgula_protein_product            TCSD---NNFYSSSCQFTCEYGYKLEGE--PTLKCTEKGWDKGVPTCIKI 460
Ciona_intestinalis                 SCSD---SSYYSSVCSFECVRGYEIDGDGQAALTCTDEGWNYGSPQCTRI 568
                                    * *      :.* * * *  *: : *.    * * .             

Xenopus__Silurana__tropicalis      ------------------------------------------------SG 350
Salmo_salar                        ------------------------------------------------TG 370
Molgula_protein_product            VCSRLNTIQ--SGKVSCTDNENYKSVCTYACDVGFKITPGMPNELECGDE 508
Ciona_intestinalis                 SCPNHKNLVPWNGAIHCNDTDFFASLCTFTCDTGYEVQGSL--AVICGSS 616
                                                                                     

Xenopus__Silurana__tropicalis      SWSSDVPACKAVDCPHLVVPELGSMECKDEHGEFKYNSNCSFSCKEGFTL 400
Salmo_salar                        QWTNHTPACEPLQCDVLTSPPHGSMNCSDLHGQFHYGSQCLFSCEEGFLL 420
Molgula_protein_product            GWNNPVPACQKMSCPVVANPANGMLNCV---AGQLYNSICFLTCDVGYKT 555
Ciona_intestinalis                 GWNDTASTCVKRTCPTLANPRNGKVVCM----GNEFNSLCFYSCDEGFMK 662
                                    *.. ..:*    *  :. *  * : *        :.* *  :*. *:  

Xenopus__Silurana__tropicalis      T--ESNSLQCTSSGSWSSDVPACKAVVCPSIPVPEHGSMKCEDDYEEFQY 448
Salmo_salar                        N--GLADTECTSLGTWSRRAPLCLAQQCDVLTSPPHGSMNCSDLYGQFHY 468
Molgula_protein_product            S-TSRPIIQCMENEQWSQAVPTCKKIQCRKLSSLRSGTVTCSD---GHNF 601
Ciona_intestinalis                 SHAGGPPIKCLSNGAWSGPPDTCRRIKCRKITKIRNGHVRCSD---SNNY 709
                                   .       :* .   **     *    *  :.    * : *.*     ::

Xenopus__Silurana__tropicalis      NSKCSFSCNEGFILAGSNSLQCTSSGSWSSDVPTCKAVVC-PSIPLPEHG 497
Salmo_salar                        GSQCLFSCEEGFLLNGLADTECTSLGTWSRRAPLCLVVRC-GPLSPPAMG 517
Molgula_protein_product            NSTCNFECRSGYNLFGSEKATCR-INGWDSEMPNCAKRSCSPPLARPYNG 650
Ciona_intestinalis                 NSNCTFRCKDDFTLYGETVATCG-INGWDIQTPTCSRAVCSTTPSKPING 758
                                   .* * * *...: * *     *   . *.   * *    *  . . *  *

Xenopus__Silurana__tropicalis      SKECENDYGEFQYNSNCSFSCSEGFTLTGPNSLQCTSS-GSWSS-DVPAC 545
Salmo_salar                        NMSCVDPLGASSFTSSCGFSCEEGYLLRGDTNLTCLST-GQWTN-HTPAC 565
Molgula_protein_product            QINC-----DTTGAPECTFKCNTGYTLIGEAKSVCQAD-ETWSNTDVRTC 694
Ciona_intestinalis                 QITC-----SGKSTVKCLFSCNQGFRLIGQNETHCLSNTETWSTTEAPLC 803
                                   .  *           .* *.*. *: * *  .  * :    *:. ..  *

Xenopus__Silurana__tropicalis      KAVDCPHLV-VPELGSMECKDEYGRFQYNSNCSFSCKEGFTLTGSNSLQC 594
Salmo_salar                        EPLQCDLLT-SPPHGSMNCSDLHGQFHYGSQCLFSCEEGFLLNGLADTEC 614
Molgula_protein_product            ARIECSTVVRSPANGQVSCSD---GKMYGSKCSFSCDVGYFLEGEESITC 741
Ciona_intestinalis                 QRIQCLEVAQRRSHGSVKCTD---GRMFGSQCNYTCNRGYSLSGNSLTHC 850
                                     ::*  :.     *.:.*.*      :.*:* ::*. *: * *     *

Xenopus__Silurana__tropicalis      TSSGSWGSDVPTCEGIAILLIKTIFVSVQCETLKDPENGHVKCPEK---S 641
Salmo_salar                        TSLGTWSRRAPLC------LVR------HCPLLVEPWRGWMNCTHPHSPF 652
Molgula_protein_product            TDKRTWDGKAATCTRIS------------CPEKIQIVNGISDCSDG---N 776
Ciona_intestinalis                 TADGTWDKRPPVCQRVF------------CPNLTGLNYGETQCTDG---S 885
                                   *   :*.   . *                *        *  .*..     

Xenopus__Silurana__tropicalis      EYNSTCSYTCAEGYNLVGLSEVQCLASGDWMSPPPICEVVECK------- 684
Salmo_salar                        SYSSHCLLQCNEGFLLTGAPTMHCNALGVWSQDLPSCQVVQCEN-LLHRL 701
Molgula_protein_product            YYNSKCAVTCNGGYKLVGQITSTCQINTSWSAAEPVCERIICKP------ 820
Ciona_intestinalis                 YYGSRCRFSCSQGYELIGEVETNCNLNRTWSKQSPYCERITCFP------ 929
                                    *.* *   *  *: * *     *     *    * *: : *        

Xenopus__Silurana__tropicalis      --------VPFIPDMG-KMNCSHPF------------------------- 700
Salmo_salar                        PSPLPTPSSTPPPTLGPSMNCSHSL------------------------- 726
Molgula_protein_product            --------VFTNPSNG-KVTCSDNNN------------------------ 837
Ciona_intestinalis                 --------RFSNPSNG-RVSCSDNSN------------------------ 946
                                               *  *  :.**.                           

Xenopus__Silurana__tropicalis      --------------------------------------------------
Salmo_salar                        --------------------------------------------------
Molgula_protein_product            --------------------------------------------------
Ciona_intestinalis                 --------------------------------------------------
                                                                                     

Xenopus__Silurana__tropicalis      ------------------------------------------GDFKYGSV 708
Salmo_salar                        ------------------------------------------GEFSFSSL 734
Molgula_protein_product            ----------------------------------------------YGSL 841
Ciona_intestinalis                 ----------------------------------------------FGSR 950
                                                                                 :.* 

Xenopus__Silurana__tropicalis      CKFECEGDRLLNGTNTLECESTGTWSSEV-PTCEA--PRVPDSGVVNV-A 754
Salmo_salar                        CLFTCSKGYYLNGTEELSCTSEGQWSDLV-PSCQRNITSVQESSRMLVYA 783
Molgula_protein_product            CEFSCVEGFTLEGSKSITCG-GNGWSTAKAPTCKK--------------- 875
Ciona_intestinalis                 CNFHCEGGFRLNGALHTTCN-ADGWSVGEAPTCTKITCPIEANRLLHGTE 999
                                   * * *  .  *:*:    *   . **    *:*                 
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                             ****::*: .*****:.*.**::* * :*:*****:*** ::    **::

Mus_musculus                 CGSKKPDPVVATGSSLFLRFYSDASVQRKGFQAVHSTECGGRLKAEVQTK 873
Homo_sapiens                 CGSKKPDPTVASGSSMFLRFYSDASVQRKGFQAVHSTECGGRLKAEVQTK 963
Molgula_protein_product      CGTKKPPTVVATGNEMFMKFFSDASVTKRGFSATHATECGGELTAGVRMQ 577
Ciona_intestinalis           CGSKKPSSVVASGIHMFVKFFSDASVQKRGFSASHTTVCGGSLNASARTK 1096
                             **:*** ..**:*  :*::*:***** ::**.* *:* *** *.* .: :

Mus_musculus                 ELYSHAQFGDNNYPSQARCDWVIVAEDGY--GVELIFRTFEVEEEADCGY 921
Homo_sapiens                 ELYSHAQFGDNNYPSEARCDWVIVAEDGY--GVELTFRTFEVEEEADCGY 1011
Molgula_protein_product      KIYSHPQYGDNMYISGQDCDWVISSDEAYGVGIELDFALFEIEGEDDCSY 627
Ciona_intestinalis           DLFSHPQYGDTIYVNGRECDWVITASNGY--GVELMFRAFEVEDETDCSY 1144
                             .::**.*:**. * .   ***** :.:.*  *:** *  **:* * **.*

Mus_musculus                 DFMEAYDGYDSSAPRLGRFCGSGPLEEIYSAGDSLMIRFHTDDTINKKGF 971
Homo_sapiens                 DYMEAYDGYDSSAPRLGRFCGSGPLEEIYSAGDSLMIRFRTDDTINKKGF 1061
Molgula_protein_product      DFVEVYDGDSDSASRMGRYCGSDSPPRLLSSGRSIMIRFHSDDTINKKGF 677
Ciona_intestinalis           DFVEVFDGPTDSAVRFGRFCGYESPDTIFSSGDSLLVRFHSDDTVNKKGF 1194
                             *::*.:**  .** *:**:**  .   : *:* *:::**::***:*****

Mus_musculus                 HARYTSTKFQDALHMRK---- 988
Homo_sapiens                 HARYTSTKFQDALHMKK---- 1078
Molgula_protein_product      EARYTTTQIEDVNSI------ 692
Ciona_intestinalis           QASYSSTVLQDTVSLVQVNAA 1215
                             .* *::* ::*.  :      

Mus_musculus                 ARNTFSRGVFLDTILPRRD-DNGVRPTIGQRVRLSQGDIAQARKLYKCPA 323
Homo_sapiens                 ARNTFSRGVFLDTILPRQD-DNGVRPTIGQRVRLSQGDIAQARKLYKCPA 413
Molgula_protein_product      ---------------------TGIRPSIGQRTRLSEGDIAQAKKLYQCPK 29
Ciona_intestinalis           ARNTFSKGMFLDTIRPMVDQETGMRPSIGQRTQLSEGDVIQANKLYSCPT 546
                                                  .*:**:****.:**:**: **.***.** 

Mus_musculus                 CGETLQDTTGNFSAPGFPNGYPSYSHCVWRISVTPGEKIILNFTSMDLFK 373
Homo_sapiens                 CGETLQDTTGNFSAPGFPNGYPSYSHCVWRISVTPGEKIVLNFTSMDLFK 463
Molgula_protein_product      CGRTLQDTSGNITSPDWPETYPNYAHCEWRISVTPGEKIVLDFTTMDIYL 79
Ciona_intestinalis           CGSTMQSTTGNISSPNWPASYPAYSNCEWRISVTPGEKIVMDFTSLNIFR 596
                             ** *:*.*:**:::*.:*  ** *::* ***********:::**::::: 

Mus_musculus                 SRLCWYDYVEIRDGYWRKAPLLGRFCGDKIPESLVSSDSRLWVEFRSSSS 423
Homo_sapiens                 SRLCWYDYVEVRDGYWRKAPLLGRFCGDKIPEPLVSTDSRLWVEFRSSSN 513
Molgula_protein_product      SRGCWYDFVEVRDGHWNDSPMIGRYCGTTLPAQITSSDSRLWIKFRSTTN 129
Ciona_intestinalis           SRGCWYDYIEIRDGHWERSPLIGRYCGNNLPPQITSTDSRIWMKFRSTSN 646
                             ** ****::*:***:*. :*::**:** .:*  :.*:***:*::***::.

Mus_musculus                 SLGKGFFAVYEAMCGGDITKDAGQIQSPNYPDDYRPSKECVWRITVPDGF 473
Homo_sapiens                 ILGKGFFAAYEATCGGDMNKDAGQIQSPNYPDDYRPSKECVWRIMVSEGF 563
Molgula_protein_product      HEGRGFALKYEAMCGGDIVKSSGQIQSPNYPDDYRPSKECVWRVVVPEGY 179
Ciona_intestinalis           FNGSGFRLRYEAVCGGDIRRNSGQIQSPNYPDDYRPSKECIWTVVVDEGY 696
                               * **   *** ****: :.:******************:* : * :*:

Mus_musculus                 HVGLTFQSFEIERHDSCAYDYLEIRDGPTEDSTLIGHFCGYEKPEAVKSS 523
Homo_sapiens                 HVGLTFQAFEIERHDSCAYDYLEVRDGPTEESALIGHFCGYEKPEDVKSS 613
Molgula_protein_product      TVGLNFQVFEIERHDTCAYDYLEIRDGDSENDKLIGRFCGYEVPEKIQSK 229
Ciona_intestinalis           QVGLSFQAFKVERHDTCSYDYLEVRDGPNATSELIGRFCGSDRPDDIKAT 746
                              ***.** *::****:*:*****:*** .  . ***:*** : *: :::.

Mus_musculus                 ANRLWVKFVSDGSINKAGFAANFFKEVDECSWPDHGGCEQRCVNTLGSYT 573
Homo_sapiens                 SNRLWMKFVSDGSINKAGFAANFFKEVDECSWPDHGGCEHRCVNTLGSYK 663
Molgula_protein_product      YNRLWIKFVSDGSVNKAGFAANFFKEIDECLGENE--CAQVCVNTLGSYK 277
Ciona_intestinalis           TNTLWIKFVSDASVNKAGFAASFFKERDECALESNGGCQQKCINTLGSFK 796
                              * **:*****.*:*******.**** ***   ..  * : *:*****:.

Mus_musculus                 CACDPGYELAADKKTCEVACGGFITKLNGTITSPGWPKEYPTNKNCVWQV 623
Homo_sapiens                 CACDPGYELAADKKMCEVACGGFITKLNGTITSPGWPKEYPTNKNCVWQV 713
Molgula_protein_product      CECNPGFELNSNGRTCDAACGGFLSNLDGYITSPNWPSEYPFNKQCTWQI 327
Ciona_intestinalis           CACYPGYELSRDGMTCEAACGGYVTTPDGEITSPNWPREYPTNKQCIWQI 846
                             * * **:**  :   *:.****:::. :* ****.** *** **:* **:

Mus_musculus                 VAPVQYRISLQFEAFELEGNDVCKYDFVEVRSGLSPDAKLHGKFCGSETP 673
Homo_sapiens                 VAPAQYRISLQFEVFELEGNDVCKYDFVEVRSGLSPDAKLHGRFCGSETP 763
Molgula_protein_product      VAPLQHKISIKFEEFDVEGHDVCKYDYVEVRSGLEEDSPINGKYCGKTLP 377
Ciona_intestinalis           VAPPQHRITIEFDKFELEGNEVCKYDYVEVRSGLTDESTFHGKFCGTELP 896
                             *** *::*:::*: *::**::*****:*******  :: ::*::**.  *

Mus_musculus                 EVITSQSNNMRVEFKSDNTVSKRGFRAHFFSDKDECAKDNGGCQQECVNT 723
Homo_sapiens                 EVITSQSNNMRVEFKSDNTVSKRGFRAHFFSDKDECAKDNGGCQHECVNT 813
Molgula_protein_product      PIITTSGNQMRITFKSDDTVAQRGFRIKYFSDMDECAADNGGCQQDCVNT 427
Ciona_intestinalis           PVITSTINQMRIKFNSDDTVAKRGFRIRFTSDRDECAVRNGGCMHVCVNT 946
                              :**:  *:**: *:**:**::**** :: ** ****  **** : ****

Mus_musculus                 FGSYLCRCRNGYRLHENGHDCKEAGCAYKISSAEGTLMSPNWPDKYPSRK 773
Homo_sapiens                 FGSYLCRCRNGYWLHENGHDCKEAGCAHKISSVEGTLASPNWPDKYPSRR 863
Molgula_protein_product      IGSYSCSCRNGFVIHEDGHGCKEAGCENEIVAAVGEITSPNWPNKYPSRR 477
Ciona_intestinalis           VGSYMCSCRNGYVLHSNGHGCKEAGCEHDVTSYVGEITSPNWPNKYPSRK 996
                             .*** * ****: :*.:**.******  .: :  * : *****:*****:

Mus_musculus                 ECTWNISSTAGHRVKITFSEFEIEQHQECAYDHLELYDGTDSLAPILGRF 823
Homo_sapiens                 ECTWNISSTAGHRVKLTFNEFEIEQHQECAYDHLEMYDGPDSLAPILGRF 913
Molgula_protein_product      ECTWHLSTTPGHRVKVVFNEFDVEFHDECTYDHLELYDGKNADNESLGKF 527
Ciona_intestinalis           ECTWHISTIAGHRVKLVFNEFELESHPDCAYDHLELYDGSNSTAPILGRY 1046
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Table 1. 
 

	
  
Table 2. 

F+3 F+4 F+6 L+2 L+11 J+1 J+96 J+192 J+480

Hours

Embryonic Larval Juvenile

M. oculata

hybrid

B. villosa

M. occulta ! ! ! ! ! !
! !
! ! ! ! ! !

! ! ! !
! !

Cornichon Expression

=  No hits
=  Expression 

=  No
Expression

Hatching Metamorphosis

F+3 F+4 F+6 L+2 L+11 J+1 J+96 J+192 J+480

Hours

Embryonic Larval Juvenile

M. oculata

hybrid

B. villosa

M. occulta ! ! ! ! ! !
! !
! ! ! ! ! !

! ! ! !
! !

Selectin-like protein 2 Expression

=  No hits
=  Expression 

=  No
Expression

Hatching Metamorphosis
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Table 3. 
	
  
	
  

	
  
Table 4. 

F+3 F+4 F+6 L+2 L+11 J+1 J+96 J+192 J+480

Hours

Embryonic Larval Juvenile

M. oculata

hybrid

B. villosa

M. occulta ! ! ! ! ! !
! !
! ! ! ! ! !

! ! ! !
! !

Tolloid Expression

=  No hits
=  Expression 

=  No
Expression

Hatching Metamorphosis

F+3 F+4 F+6 F+3 F+4 F+6 F+3 F+4 F+6

Hours
Embryonic Embryonic Embryonic

M. oculata

hybrid

M. occulta ! !! !! !

Mannose-binding
lectin Expression

Programmed cell
death 2 Expression

Programmed cell
death 6 Expression

=  No hits
=  Expression 


