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Abstract 

 

Morphogenesis is a shape-building process during development of multicellular organisms. 

During this process the establishment and modulation of cell-cell contacts play an important 

role.  Cadherins, the major cell adhesion molecules, form adherens junctions connecting 

epithelial cells. Numerous studies in Bilateria have shown that cadherins are associated with 

the regulation of cell differentiation, cell shape changes, cell migration and tissue 

morphogenesis. To date, the role of Cadherins in non-bilaterians is unknown. Here, we study 

the expression and the function of two paralogous classical cadherins, cadherin1 and 

cadherin3, in the diploblastic animal, the sea anemone Nematostella vectensis. We show that 

a cadherin switch is accompanying the formation of germ layers. Using specific antibodies, 

we show that both cadherins are localized to adherens junctions at apical and basal positions 

in ectoderm and endoderm. During gastrulation, partial EMT of endodermal cells is marked 

by a step-wise down-regulation of cadherin3 and up-regulation of cadherin1. Knockdown 

experiments show that both cadherins are required for maintenance of tissue integrity and 

tissue morphogenesis. Thus, both sea anemones and bilaterians use independently duplicated 

cadherins combinatorially for tissue morphogenesis and germ layer differentiation. 
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Introduction 

 

Morphogenesis is a process of tissue and organ formation during organism development 

(Gilbert, 2013), driven by coordinated cell shape changes, cell migration, cell proliferation 

and cell death and cell adhesion. The key morphogenetic events during early development are 

gastrulation and germ layer formation, folding of the neural tube and body axis elongation. 

Cadherins are transmembrane cell adhesion molecules, which play an important role in these 

processes. They do not only provide the mechanical connection between cells, but also 

control cell-cell recognition, cell sorting, tissue boundary formation, signal transduction, 

formation of cell and tissue polarity, cell migration, cell proliferation and cell death 

(Gumbiner, 2005; Halbleib and Nelson, 2006). In adult tissues, cadherins preserve stable and 

ordered tissue integrity (Angst et al., 2001; Halbleib and Nelson, 2006).  

 

Classical cadherins are conserved molecules present in all animals whose genomes have been 

analyzed (Alberts, 2007). They are major components of the adherens junctions between 

cells, which are conserved structures of epithelial cells in most animals (Meng and Takeichi, 

2009). In adherens junctions, cadherins form homophilic (more rarely heterophilic), calcium 

dependent interactions with other cadherin molecules from neighboring cells. The 

cytoplasmic domain of cadherins is highly conserved among metazoans, distinguishing 

classical cadherins from other cadherin subfamilies (Hulpiau and van Roy, 2011; Oda and 

Takeichi, 2011). It contains β-catenin and p120 binding sites, which connect catenins with 

the actin cytoskeleton in a dynamic manner (Meng and Takeichi, 2009). In comparison with 

other cadherin subfamilies, classical cadherins are unique by showing the most noticeable 

variation in their extracellular region among different species (Hulpiau and van Roy, 2011). 

Indeed, the extracellular domain consists of a variable number of cadherin repeats of about 

110 amino-acids each, and - depending on the species - the presence of laminin G and EGF-

like domains.  

 

During development, the regulation of specific cadherin expression correlates with the 

formation of new tissues. For instance, the folding of the neural tube in vertebrates occurs in 

parallel with down-regulation of epithelial cadherin (E-cadherin) and up-regulation of 

neuronal cadherin (N-cadherin) (Nandadasa et al., 2009). Such cadherin switches are 

characteristic of several different morphogenetic processes, for example, during gastrulation 
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and neural crest development (Basilicata et al., 2016; Dady et al., 2012; Detrick et al., 1990; 

Giger and David, 2017; Hatta and Takeichi, 1986; Pla et al., 2001; Rogers et al., 2013; 

Scarpa et al., 2015; Schäfer et al., 2014; Shoval et al., 2007).  During mesoderm formation of 

Drosophila, Dme_E-cadherin becomes replaced by Dme_N-cadherin (Oda et al., 1998), 

similar to the switch from E- to N-cadherin during mesoderm formation in chicken (Hatta 

and Takeichi, 1986). It has also been shown that N-cadherin expression triggers active 

endodermal cell migration, which leads to the cell segregation and germ layer formation 

(Ninomiya et al., 2012). Moreover, a cadherin switch allows efficient Wnt, BMP and FGF 

signaling, required for proper mesoderm differentiation in both fruitfly and mouse (Basilicata 

et al., 2016; Giger and David, 2017; Ninomiya et al., 2012; Schäfer et al., 2014). For 

example, N-cadherin can interact with the FGF receptor and modulate the signaling pathway 

(Francavilla et al., 2009; Williams et al., 1994). Therefore, accurate control of the expression 

of cadherin is important for proper cell movements during gastrulation, like epiboly, or 

convergence and extension of the tissue during axis elongation (Babb and Marrs, 2004; 

Basilicata et al., 2016; Shimizu et al., 2005; Winklbauer, 2012).   

 

While the role of cadherins has been studied in model bilaterian species, very little is known 

in diploblastic organisms, such as cnidarians. Most of our knowledge on cell adhesion 

molecules in cnidarians is restricted to genome analyses (Hulpiau and van Roy, 2009; 

Hulpiau and van Roy, 2011; Tucker and Adams, 2014) or biochemical studies  (Clarke et al., 

2016). The sea anemone Nematostella vectensis has become one of the prime model 

organisms for embryonic development during the last two decades (Genikhovich and 

Technau, 2009a; Layden et al., 2016; Technau and Steele, 2011). A bioinformatic analysis of 

the available genome sequence of Nematostella vectensis (Putnam et al., 2007) revealed 16 

different cadherins from all main groups of the cadherin superfamily (classical, flamingo, 

FAT, dachsous, FAT-like, protocadherins and cadherin-related proteins) (Hulpiau and van 

Roy, 2011). It has been shown that adherens junctions in Nematostella ultrastucturally 

resemble those in bilaterians (Fritzenwanker et al., 2007). However, the molecular 

composition of these junctions has not yet been described, and a recent report questioned the 

presence of adherens junctions in the inner layer of Nematostella (Salinas-Saavedra et al., 

2018). 

Germ layers are formed in Nematostella by invagination of the endoderm at the animal pole 

(Kraus and Technau, 2006; Magie et al., 2007). However, whether classical cadherins play a 

role in germ layer formation of a non-bilaterian is not known. Here, we show that classical 
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cadherins of Nematostella, Cadherin1 (Cdh1) and Cadherin3 (Cdh3), form the adherens 

junctions of the epithelium of both germ layers. Germ layer differentiation in Nematostella is 

marked by a cadherin switch, where Cdh3 is down-regulated in the inner, endodermal layer, 

while Cdh1 is up-regulated and remains the only cadherin expressed in the endoderm. 

Unexpectedly, we found that in addition to apical adherens junctions both Cdh1 and Cdh3 are 

also involved in cell junctions between cells on the basal-lateral side. Knockdown 

experiments of cdh1 and cdh3 indicate important roles of cadherins in cell adhesion and 

tissue morphogenesis of this diploblastic metazoan. 

 

Results 

Structure of classical cadherins of Nematostella vectensis 

 

Three genes encoding classical cadherins have been predicted in the genome of Nematostella 

vectensis – cadherin1, cadherin2, cadherin3 (cdh1, cdh2, cdh3) (Hulpiau and van Roy, 

2011). However our analysis of the cadherin2 gene model showed that it is a fusion of two 

separate gene models for which we have no evidence of its complete transcription. cdh2 is 

not detectable by in situ hybridization. Furthermore, the hallmarks of the cadherin 

intracellular domain are absent. Therefore, cdh2 may be either a pseudogene or the result of 

an incorrect assembly. Hence, this gene model is not further investigated here. 

Hulpiau and van Roy predicted 25-32 EC repeats for Nematostella cadherins (Hulpiau and 

van Roy, 2011). However, in a recent publication, two cadherins with 14 and 30 EC repeats, 

respectively, were reported (Clarke et al., 2016). We cloned both cadherin1 and cadherin2 in 

overlapping fragments of 2-3kb length, resulting in full-length cDNA clones of >13 kb, 

predicting a protein size of about 480 kDa for both cadherins. The protein model suggest a 

structure similar to classical cadherins, composed of a typical intracellular domain with 

binding sites for ß-catenin and p-120, and a large extracellular domain consisting of three 

EGF-like and two interspaced Laminin G domains, followed by 31  (cdh1) or 32 (cdh3) 

extracellular (EC) repeats. This is similar to the original model of Hulpiau and van Roy (Fig. 

1) and we therefore follow their gene terminology. By comparison, fruit fly cadherin has 17 

EC repeats, and chick cadherin has 13 EC repeats, mouse cadherin has only 5 EC repeats 

(Hulpiau and van Roy, 2011).   
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We also interrogated the genomes and transcriptomes of several other cnidarians and found 

that all investigated cnidarian cadherins have 30-32 EC domains and the EGF/Laminin 

domains in the extracellular part. Notably, corals and hydrozoans have only a single classical 

cadherin while the sea anemones underwent a lineage-specific gene duplication (Fig. 1; Fig. 

S1). Mammals have lost the extracellular EGF and LamG domains and have retained only a 

few EC domains (Hulpiau and van Roy, 2011). Interestingly, platypus has several paralogs of 

the short version with no EGF/LamG domains, typical for mammals, but also one classical 

cadherin with EGF/LamG domains and many EC domains, like other non-mammals. This 

suggests that an ancestral "long" cadherin gene duplicated in the ancestor of placental 

mammals and platypus and one of the duplicates underwent a drastic loss of EC and 

EGF/LamG domains. Platypus has kept both versions, while other mammals have retained 

only duplicates of the short classical cadherin version.  

 

Expression of classical cadherins is highly dynamic during early development of 

Nematostella 

To characterize the pattern of classical cadherin expression during normal development, in 

situ hybridization has been performed on developmental stages from early cleavage through 

adult polyp. cdh3 is maternally expressed at significant levels, which are detectable at the 

earliest cleavage stages. cdh3 is then strongly expressed in all cells starting from the egg until 

gastrula stage (Fig. 2A-D,M). During early gastrulation cdh3 expression is decreased in the 

presumptive endoderm (Fig. 2B,C), and completely down-regulated in the endoderm by the 

planula stage (Fig. 2B-E).  

By comparison, cdh1 expression could not be detected by in situ hybridization until early 

gastrula stage (Fig. 2G-I), although RNAseq data suggest that it also maternally expressed at 

lower levels (Casper et al., 2018). During gastrulation cdh1 expression first appears and 

intensifies in the pre-endodermal plate (Fig. 2H,I). At late gastrula stage cdh1 starts being 

expressed in the aboral ectoderm and then expands orally during planula development (Fig. 

2J,K). Interestingly, at the late planula stage, the strongest cdh1 expression is detected in the 

endoderm and in the subpopulation of ectodermal cells, which give rise to a sensory apical 

organ (Fig. 2K).   
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In primary polyp, cdh3 expression remains strongly expressed in the tentacles and in the 

pharynx and weakly in the body-wall ectoderm (Fig. 2F). Interestingly, cdh3 in juveniles and 

adults is detectable only in the ectoderm of the pharynx and tentacles, ciliated tract, septal 

filaments and developing eggs, with hardly any expression in the body-wall ectoderm (Fig. 

S2A,B). Almost complementary to that, cdh1 is expressed both in the ectoderm and 

endoderm, but it is completely excluded from the ectoderm of the pharynx and tentacles (Fig. 

2L). In juveniles, cdh1 is expressed in the endoderm and body-wall ectoderm, but not in the 

ectoderm of most of the pharynx. Interestingly, the part of the pharynx carrying siphonoglyph 

and the ciliary tract below the pharynx specifically expresses low levels of cdh1 (Fig. S2C-

H). In adults, cdh1 is expressed in the body-wall endoderm and in small oogonia (Fig. 2N; 

Fig. S2I). 

 

Cdh3 is the main component of adherens junctions during cleavage and gastrulation 

 

We wished to visualize the subcellular localization of Cdh3 protein during development. We 

generated specific polyclonal and monoclonal antibodies against two recombinant fragments 

of Cdh1 and three peptides of Cdh3, respectively (Fig. S3). All antibodies against the 

different fragments and peptides consistently showed the same pattern for Cdh1 and Cdh3, 

respectively (Fig. S4; Materials and Methods) (Madeira et al., 2019). Immunocytochemistry 

experiments were carried out at all stages of development. Cdh3 protein is already 

accumulated at the apical cell junctions at the first cell divisions, suggesting a role in 

establishing early cell polarity. It is also detectable in less confined areas at the lateral 

contacts between cells (Fig. 3A-C). Interestingly, cells maintain their polarity during cell 

divisions. In contrast to the Par system proteins (Ragkousi et al., 2017; Salinas-Saavedra et 

al., 2018) Cdh3 stays localized at the apical cell junctions at different cell cycle stages (Fig. 

4). It is possible that the polarized Cdh3 at the junctions may guide the Par system proteins 

during their transient loss of polarity during cell division. Later, during blastoderm formation, 

apical cell junctions become more pronounced (Fig. 3D-F). Strikingly, we found that Cdh3 

also localizes on the basal-lateral side of the cells (Fig. 3D-L), in addition to the apical 

localization. Ultrastructural analysis by transmission electron microscopy revealed that the 

cell-cell junctions at the basal side resemble the adherens junctions at the apical side (Fig. 

3M,N). However, during blastula stage, asynchronously dividing cells lose transiently the 

basal-lateral localization of Cdh3 (Fig. 3E, a yellow star), similar to the early cleavage stage, 
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when cells are synchronously dividing (Fig. 3B,C; Fig. 4). Thus, Nematostella has a unique 

epithelium, where cells form cell-cell contacts on both apical and basal sides. These Cdh3-

positive junctions develop before any contact to an endodermal layer or presence of the 

mesoglea, the extracellular matrix of Cnidaria. This is remarkable, and has to our knowledge 

not been described in any other animal. Interestingly, as the pre-endodermal plate (PEP) 

starts to invaginate and the cells adopt a partial EMT phenotype, Cdh3 disappears from the 

basal junctions of the invaginating cells (Fig. 3G,H,I). Meanwhile, ectodermal cells of the 

blastoderm retain both apical and basal cell contacts. As the pre-endodermal cells lose basal 

junctions, its epithelium becomes less rigid and columnar. Pre-endodermal cells form 

filopodia and become more motile on the basal side (Fig. 3O). This event is possibly one of 

the crucial steps of the incomplete EMT, which pre-endodermal cells undergo during 

gastrulation (Kraus and Technau, 2006; Salinas-Saavedra et al., 2018). Notably, apical cell 

junctions expressing Cdh3 are preserved in the pre-endodermal cells during the course of 

gastrulation (Fig. 3J-L). 

After the invagination process is completed, Cdh3 fully disappears from the cell junctions of 

the endoderm, concordant with the decrease of mRNA expression in the whole endoderm. 

Cdh3 remains expressed exclusively in the ectoderm, forming apical and basal cell junctions 

(Fig. 5A-E). Notably, while the boundary between ectoderm and endoderm is very difficult to 

discern by morphological criteria, Cdh3 localization at the cell junctions in the pharynx 

precisely marks the boundary between the last ectodermal and the first endodermal cell (Fig. 

5B,E). At the polyp stage Cdh3 remains exclusively expressed in the ectoderm, with 

especially strong expression in the pharynx and the tentacles (Fig. 5F,G). 

Cdh1 protein expression marks a cadherin switch during endoderm formation 

After completion of gastrulation, Cdh1 protein forms pronounced cellular junctions. At early 

planula larva Cdh1 localizes to the apical and basal junctions of the endoderm (Fig. 6A-D). 

Hence, the formation of the endoderm is marked by a cadherin switch from Cdh3 to Cdh1.  

It should be noted, though, the transcriptome data suggest some maternal deposition of cdh1 

in the embryo, even though in situ hybridization does not detect cdh1 till the late gastrula 

stage. Indeed, the anti-Cdh1 antibody detects a fuzzy signal beneath the apical cell membrane 

in all cells at the early gastrula stage, which might be maternal Cdh1 protein that has not yet 

localized to the cell junctions. 
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In addition to endodermal expression, Cdh1 is strongly expressed in the apical organ 

ectoderm and then expands into a wider domain in the aboral ectoderm, where Cdh1 and 

Cdh3 are co-expressed (Fig. 6). At the ectodermal surface, expression of the Cdh1 decreases 

along a gradient towards the oral pole (Fig. 6L). Interestingly, the ectodermal cell population 

that gives rise to the apical tuft is also different from the rest of the ectoderm in terms of 

cadherin expression. These cells lose Cdh3 basal junctions, while keeping the apical 

junctions (Fig. 5C). This specific arrangement may be connected with the special function of 

these cells (Fig. S5). Indeed, the loss of Cdh3 expression in the ectodermal apical tuft cells 

goes hand in hand with an up-regulation of Cdh1 in these cells (Fig. 2K; Fig. 6A,C).  

We have demonstrated that Cdh3 is the major component of adhesion complexes during 

cleavage and gastrulation and is present in all cells until late gastrula stage. Cdh3 forms 

apical and basal cell junctions in the blastodermal epithelium, which during invagination of 

the pre-endodermal plate disappear from basal cell junctions of the future endoderm. Further 

endoderm differentiation leads to the complete Cdh3 to Cdh1 replacement. Therefore, there is 

a distinct boundary between ectoderm and endoderm which is defined by Cdh1 / Cdh3 

localization.  

Cdh3 in apical ectodermal junctions co-localize with β-catenin 

A recent biochemical study showed that the intracellular domain of the classical cadherins 

can form a ternary complex with -catenin and β-catenin  (Clarke et al., 2016). To explore 

further the molecular composition of the cadherin cell junctions, we co-stained the embryos 

with the antibody against Cdh3 and with the previously described for Nematostella antibody 

against β-catenin (Leclère et al., 2016; Salinas-Saavedra et al., 2018). At blastula stage Cdh3 

is co-localized with ß-catenin at the apical junctions whereas basal junctions do not show 

such pronounced co-localization (Fig. 7A-C; G-I). Interestingly, at planula stage β-catenin 

was detected only in the body wall ectoderm but neither in the ectodermal pharynx nor the 

endoderm (Fig. 7D-F; Fig. S6). These results could mean that not all the cell contacts of 

Nematostella epithelium contain β-catenin, in line with other recent findings (Salinas-

Saavedra et al., 2018). This is surprising, as no ultrastructural differences in the junctions of 

endoderm and ectoderm could be detected (Fig. S7).  
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Function of classical cadherins in early development 

To examine the function of cadherins we performed knockdown experiments using 

morpholinos and shRNA. First, we injected independently two non-overlapping translation 

blocking cdh3 morpholinos (MO). However, we could still detect Cdh3 in apical and basal 

cell junctions in the whole mount MO injected embryos (Fig. 8). Indeed, on the 

ultrastructural level, the adherens cell junctions looked similar in morphants and in control 

embryos (Fig. 8C,G; 7D,H). These results can be explained by the significant maternal 

deposition mRNA and protein. However, development of Cdh3 morphants was arrested after 

gastrula stage, presumably due to the block of translation of zygotically expressed cdh3. As a 

result, when Cdh3 protein becomes limited, post-gastrula embryos are unable to develop 

further (Fig. 8A,B).  

The mild knockdown effect on the presence of Cdh3 in the junctions also suggests that there 

is relatively little turnover in established junctions. Therefore, to assess the function of Cdh3 

in establishing new cell junctions we used an aggregate assay. Nematostella gastrulae can be 

dissociated into single cells and small clusters and can be re-aggregated by centrifugation into 

the cell aggregates (Kirillova et al., 2018). We followed the establishment of cell contacts and 

the formation of the epithelium in the developing cell aggregates (Fig. 9).  Dissociated cells 

do not show any signs of polarization: Cdh3 is not localized to any side (Fig. 9C). Only 30 

min after re-aggregation, Cdh3 becomes localized to the apical side of the outer cells of the 

aggregate and the first signs of epithelialization become apparent (Fig. 9E,F,M). 12 hours 

after re-aggregation the outer epithelial layer is completely formed and Cdh3 is localized at 

the apical and basal cell junctions (Fig. 9H,I). 24 hours after re-aggregation two epithelial 

layers – ectoderm and endoderm are formed (Kirillova et al., 2018). Both cell layers possess 

basal and apical cadherin cell junctions (Fig. 9K,L,S). Cdh1 starts being expressed in both 

ectoderm and endoderm at 24 hours of aggregate development (Fig. 9N,Q,T,W).  Similar to 

the normal embryo, ectoderm expresses both Cdh1 and Cdh3, while endoderm expresses 

exclusively Cdh1 (Fig. 9U,X).  

To address the question how Cdh3 down-regulation influences the establishment of new cell 

contacts in the aggregate, we dissociated an equal amount of cdh3 MO injected gastrulae and 

standard MO injected gastrulae as a control. The first difference we observed was that the 

size of the aggregates from cdh3 morphant cells was significantly smaller than control 
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aggregates (p<0.0001) (Fig. 10M-O). Moreover, aggregates from cdh3 morpholino injected 

embryos start falling apart into cells immediately after re-aggregation (Fig. 10; Movies 1,2). 

Cdh3 knockdown in the aggregate at the protein level was shown by immunostaining (Fig. 

10I;J). Ultrastructural imaging with TEM confirmed that cells in Cdh3 MO aggregates do not 

form well-defined subapical adherens junctions, while in the control aggregate cell contacts 

are well developed (Fig. 10K,L). Interestingly, cells in the Cdh3 MO aggregates make 

lamella-like protrusions extending to the neighboring cell on the apical surface (Fig. 10K). 

These results show that cdh3 knockdown impairs the de novo formation of the cell contacts, 

although it does not affect the earlier established contacts built from the maternal protein. 

To further explore the role of Cdh1 protein, we down-regulated cdh1 using an independent 

approach, shRNA-mediated knockdown (He et al., 2018). As in MO knockdown, shRNA 

knockdown leads to the significant decrease of the Cdh1 protein as assayed by 

immunohistochemistry (Fig. S8; Fig. 11). Although early development including gastrulation 

appears largely unaffected, in the subsequent planula stage, mesenteries do not form upon 

cdh1 knockdown. In all MO and shRNA injected embryos mesenteries were absent or 

impaired, while there are eight mesenteries developed in all control embryos at this stage 

(Fig. 11; Fig. 12D,H).  

Besides the predominant expression in the endoderm, cdh1 is also expressed in the apical tuft 

region of the ectoderm (Fig. 2K). Interestingly, cdh1 knockdown abolishes expression of 

FGFa1, which is responsible for apical organ development (Rentzsch et al., 2008). In most 

cdh1 MO injected embryos the apical organ does not form and there is lack of FGFa1 

expression (Fig. 12). These results suggest that Cdh1 is crucial for morphogenesis and 

differentiation of the endoderm as well as the development of the apical organ.  

Discussion 

Evolution and structure of cadherins 

Although proteins with cadherin domains are present in choanoflagellates, cadherins with 

intracellular catenin binding domains are an important class of cell adhesion molecules that 

arose only in metazoans (Nichols et al., 2012). They are mediating not only cell adhesion 

between epithelial cells, but are strongly involved in the differentiation of specific cell types. 

Recently, cadherins have been shown to also convey mechanotransduction, i.e. the activation 
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of gene expression to the nucleus upon mechanical stress, which in Drosophila and 

Nematostella is mediated by -catenin (Lyer et al., 2019; Pukhlyakova et al., 2018; Röper et 

al., 2018). However, most studies on the role of cadherins have been carried out in bilaterian 

model organisms like mouse or Drosophila. Here, we show the localization and function of 

both classical cadherins in a representative of the Cnidaria, the sea anemone Nematostella 

vectensis. The phylogenetic analysis suggests that sea anemone have duplicated an ancestral 

classical cadherin, while corals and hydrozoans have retained a single copy. The two 

investigated cadherin genes code for large proteins with 31-32 EC domains each, largely 

confirming previous predictions from the genome (Hulpiau and van Roy, 2011) and gene 

models based on our transcriptome assembly (Fredman et al., 2013). This significantly 

extends the structure of the recently published gene model for Cdh3 (termed Cad1 in (Clarke 

et al., 2016). Thus, cnidarians as well as other non-bilaterians have substantially larger 

classical cadherins than most bilaterians and their extracellular domain structure is 

reminiscent of the FAT-like proteins (Hulpiau and van Roy, 2009; Hulpiau and van Roy, 

2011). It will be interesting to determine which extracellular domains are engaged in 

homophilic or heterophilic interactions.  

Cadherins are localized to apical and basal junction in both germ layers 

Interestingly, both cadherins localize to apical junctions as well as to basal cell-cell junctions 

in the epithelial cells of both ectoderm and endoderm (Fig. 13A). Electron and confocal 

microscopy analyses show actin filaments attaching to the junction, suggesting that these are 

adherens junctions (Fig. 3G,N; Fig. 8D,H). This is in contrast to a recent study, which 

claimed that the endodermal epithelium does not contain adherens junctions, since neither Par 

complex components nor β-catenin could be detected (Salinas-Saavedra et al., 2018). Yet, in 

line with this study (Salinas-Saavedra et al., 2018), we could detect β-catenin in the apical 

adherens junctions and weakly in the basal junction of the ectoderm, but not in the 

pharyngeal ectoderm and the endoderm (Fig. 7; Fig. S6). This could indicate that the basal 

junctions in the ectoderm and all endodermal junctions are qualitatively different. However, 

apical adherens junctions in the ectoderm and endoderm have a very similar structure on the 

ultrastuctural level (Fig. S7). As we observe co-localized actin fibers at these junctions, we 

assume that either another protein replaces β-catenin or β-catenin is simply not detected at 

these junctions. Indeed, we note that the antibody also fails to stain nuclear β-catenin after 

early cleavage stages. Therefore, as a cautionary note, we cannot fully rule out that the failure 
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to stain β-catenin in the pharynx and the endoderm is due to technical reasons.  

While to our knowledge the basal-lateral junctions involving specific cadherins has not been 

described in other animals yet, more fuzzy basal-lateral localization of cadherins has been 

observed in other systems. For instance, the midgut epithelium of Drosophila shows a basal-

lateral localization of a cadherin (Chen et al., 2018), albeit much less defined as described 

here for Nematostella. 

Basal junctions might be an innovation of Cnidaria and can play a crucial role in 

morphogenesis of the epithelium. The formation of the basal junctions can be connected to 

the special properties and functions of the cnidarian epithelium. For example, in Hydra 

epithelia are composed of the multifunctional epithelia-muscular cells. These cells form basal 

myonemes, connected between the neighboring cells by the desmosomal-like junctions 

(Seybold et al., 2016). These basal connections can be associated with the contractile actin 

bundles and can be used for the increased synchronized contractile activity within large 

epithelia sheets. Basal cellular contractions have also a major contribution in the process of 

the bud formation in Hydra (Holz et al., 2017). Such basal contacts are absent from bilaterian 

embryos, which are mainly connected by apical junction belts.  

Cadherin and formation of epithelia 

The establishment of the adherens junctions is crucial for normal development of the embryo. 

Knockdown of cdh3 in normal embryos does not lead to a dissociation of the embryonic 

tissue, suggesting that maternally expressed cadherin protein, localized in cell junctions 

might have a slow turnover and be sufficient for the early stages of development. This is 

consistent with knockdown of E-Cadherin in mouse embryos (Capaldo and Macara, 2007). 

However, proper formation of epithelial layers is disrupted in embryonic aggregates upon 

knockdown of cdh3. Notably, while knockdown of the endodermal cdh1 does not disrupt 

gastrulation itself, the endoderm does not develop endodermal structures, such as 

mesenteries. Thus, proper development of the inner germ layer is dependent on the 

expression of Cdh1.  
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The role of cadherins in germ layer formation 

The role of cadherins in the formation of germ layers in a diploblast animal is of particular 

interest, as we might learn about the evolution and potential homology of germ layers. We 

find that the formation of the inner layer is accompanied by a step-wise cadherin switch. At 

the blastula stage, Cdh3 forms apical and basal adherens junctions. The onset of gastrulation 

is characterized by a change of shape of the endodermal cells, which adopt a partial EMT 

phenotype: They apically constrict, lose the Cdh3-positive basal junctions, the nucleus 

migrates basally, the cells develop filopodia and become rather motile (Fig. 13B). We 

propose that the changes in the adhesion properties of the endodermal cells are crucial for the 

morphogenetic behavior and further differentiation. In a second step, after completion of 

invagination, Cdh3 also disappears from the apical junctions in the endoderm and is replaced 

by Cdh1 both at apical and basal junctions of the endoderm. Thus, we observe a cadherin 

switch in Nematostella that is analogous to the cadherin switch in vertebrates and insects. As 

cdh1 and cdh3, like E- and N-cadherins in mammals and insects are lineage-specific 

duplications (Fig. 1), we conclude that the cadherin switch evolved convergently in these 

animals.  

However, while Cdh3 is not expressed in the endoderm after the gastrula stage, Cdh1 shows 

partially overlapping expression with Cdh3 in the ectoderm. Cdh1 seems to form a 

decreasing gradient from aboral to oral, but the significance of this gradient is unclear at this 

point. Notably, the oral region and tentacles are completely devoid of Cdh1 expression. 

Interestingly, cdh1 knock down does not disrupt oral patterning. For example, the expression 

of the blastopore marker brachyury was normal. However the expression of the aboral 

patterning gene FGFa1 was abolished. Since the aboral part is an area of strong Cdh1 

expression, we assume, that normal Cdh1 expression is necessary for FGF signaling and 

apical organ development. Our results show that Nematostella cadherins are important for 

germ layer morphogenesis and the maintenance of tissue integrity . However, so far we have 

no evidence that cadherins play role in initial germ layer differentiation, as shown similarly 

for the knock-down of α-catenin, another component of the adhesion junction complex 

(Clarke et al., 2019). We conclude that like in bilaterians (Basilicata et al., 2016; Giger and 

David, 2017; Huang et al., 2016; Nakagawa and Takeichi, 1998; Pla et al., 2001; Schäfer et 

al., 2014; Shoval et al., 2007), different combinations and concentrations of Cdh1 and Cdh3 

convey different tissue properties and identities in different regions of the developing 
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embryo. Thus, the combinatorial and differential use of cadherins is a recurring feature of 

metazoans (Fig. 1; Fig. S1; Fig. 13C), although the paralogous molecules have evolved 

independently. 

Interestingly, our phylogenetic analysis of the classical cadherins showed that hydrozoans 

and stony corals have only cadherin protein, which groups basally with two classical 

cadherins of sea anemones, suggesting that cdh1 and cdh3 arose by a lineage-specific gene 

duplication within the sea anemones (Fig.1). The expression and function of the single 

cadherin in other cnidarians is unknown. However, they do have a dachsous gene, which also 

encodes a cytoplasmic cadherin domain and has a similar structure as classical cadherins, 

except that they lack the EGF/LamininG domains found in most invertebrate cadherins. It 

remains to be shown whether Dachsous and classical cadherin could interact during early 

germ layer formation in other cnidarians. 

Homology of germ layers 

Our study has established that cadherins play an important role in the formation and 

differentiation of the germ layers in a diploblastic animal. This revives the question to which 

germ layers in Bilateria these two cell layers are homologous. Traditionally, they have been 

homologized with endoderm and ectoderm, with the mesoderm missing. The identification of 

a number of mesodermal transcription factors in cnidarians and their expression in the 

endoderm led to the notion of an inner "mesendoderm" (Fritzenwanker et al., 2004; 

Kumburegama et al., 2011; Martindale, 2004; Salinas-Saavedra et al., 2018; Scholz and 

Technau, 2003). However, a recent analysis of many endodermal and mesodermal marker 

genes has suggested that segregation has already taken place in the Nematostella polyp. In 

fact, the inner layer rather corresponds to mesoderm, while all endodermal functions reside in 

the ectodermally derived extensions of the pharynx, the septal filaments (Hashimshony, 

2017; Steinmetz et al., 2017). In the light of those new findings, it is interesting to note that 

Cdh1 is specific to the inner cell layer, which would correspond to the mesoderm of 

bilaterians. Notably, this cell layer also expresses the zinc finger transcription factor snailA 

(Fritzenwanker et al., 2004; Martindale, 2004). Snail proteins regulate the downregulation of 

E-cadherin in vertebrates and insects in the ingressing mesoderm (Nieto, 2002). In line with 

this, snail genes appear to play a role in regulating invagination and partial EMT in 

Nematostella (Salinas-Saavedra et al., 2018). It will be of interest to investigate how the 

cadherins are regulated by Snail in Nematostella.  
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Conclusion:  

This first analysis of the expression and function of classical cadherins in a diploblast shows 

that these molecules play a conserved role in cell adhesion, tissue morphogenesis and germ 

layer specification during embryogenesis. The invaginating cells show partial EMT, 

accompanied by a cadherin switch. The evolutionarily recurring mechanism of a cadherin 

switch suggests that the evolution of germ layer formation and tissue morphogenesis was 

facilitated by the differential expression of cadherins.  

 

Material and Methods: 

Animals and embryo culturing 

Animals were kept in artificial seawater at 18°C the dark. Spawning was induced by 

temperature shift to 24°C and light exposure over 10 hours (Fritzenwanker and Technau, 

2002). In vitro fertilized embryos were collected and kept at 21°C as described 

(Fritzenwanker and Technau, 2002; Genikhovich and Technau, 2009c).  

 

Identification of Cdh1 and Cdh3 protein sequences 

To retrieve the coding sequences of cdh1 and cdh3 genes the 1-3Kb overlapping coding 

fragments of cdh1 and cdh3 were amplified from cDNA of mixed embryonic stages, cloned 

using pJet1.2/blunt vector system (ThermoFisher Scientific) and sequenced. The full-length 

sequences of Cadherin1 and Cadherin3 have been deposited at Genbank (accession numbers 

MK253651 and MK253652). 

Assembled cdh1 and cdh3 protein coding sequences were derived in silico using Expasy 

translation tool (Artimo et al., 2012). Cadherin protein domain annotation was performed 

using SMART protein domain annotation resource (Letunic and Bork, 2018). 

 

Morpholino injection 

cdh1 and cdh3 knockdowns were performed by independent zygote injections of two non-

overlapping translation blocking morpholinos (Gene Tools, LLC): 

cdh1MO1 - 5’ CCGGCCAGCACTCATTTTGTGGCTA 3’; 

cdh1MO2 - 5’ ACCCGTGAGTTTAAAAACCCATAGC 3’; 

cdh3MO1 5’ ACGAGTTGCGGTGAACGAAAATAAC 3’; 
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cdh3MO2 5’ TAGCAGAACCGTCCAGTCCCATATC 3’ at concentration of 500 μM. 

Standard morpholino injection at 500 μM was used as a control.  

SdtMO – 5’ CCTCTTACCTCAGTTACAATTTATA’ 

 

Non-overlapping morpholinos for cdh1 and cdh3 knockdown had similar phenotypes.  

Injection equipment used: FemtoJet (Eppendorf), CellTram Vario (Eppendorf), 

micromanipulator (Narishige), needles were pulled from the glass capillaries type GB 100TF-

10 (Science Products GmbH) with a micropipette puller (Sutter Instrument CO., Model P-

97). We used holding capillaries from Eppendorf for the injection (Renfer et al., 2010). 

 

Short hairpin RNA (shRNA) knockdown  

cdh1 shRNA design and synthesis were performed as described (He et al., 2018). The 

following primers were used for cdh1 shRNA synthesis:  

cdh1 shRNA F: 

TAATACGACTCACTATAGAAGCGCGCTCAGGTAAATGTTTCAAGAGA  

cdh1 shRNA R: 

AAGAAGCACGTTCGGGTAAATGTTCTCTTGAAACATTTACCTGAGCGC 

Purified shRNA was injected into zygotes at concentration of 500 ng/µl. As a negative 

control shRNA against mOrange was injected at 500 ng/µl. Uninjected embryos from the 

same batch were used as a control for injection. After the injection embryos were raised at 

21°C.  

 

Generation of Cdh1 and Cdh3 antibodies 

  

To generate antibodies against Cdh1 we expressed the protein domains cdh1:domain1 

(extracellular) and cdh1:domain3 (intracellular) in E.coli. The fragment sequences were the 

following: 

 

Cdh1 domain1 (extracellular): 

NAPKDGSLLIIVNAYDGNFTGGVIGKPYYQDDDFDGDENTYELNSQSPGSYFRVNEG

NGDITAAPMIPMGEYNLKIRVTEKKDSPSTVTSSVRVLVRRIDKEAVDNGVAVEFTD

MRKVGYFVGDYYKGFEDVLASTLGVPTGDIKIFSVQKAHDNGLAVVVFFTVAAKDS

YMPHWDVVSKLVDAKKPLESLGLKVSRLGMD 
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Cdh1 domain3 (intracellular): 

RRPEPVVVYADSTDTGHVHDNVRLYHDDGGGEEDNLGYDITKLMKYTYIETTIAPPS

VAPSKASEDKISTSSDQPLLQGRPPDAVFGLTGKEPGPKMPKYMEGDDVGDFITTRV

KITDREVFLAVDELHIYRYEGDDTDVD 

 

The column-based affinity purified recombinant protein fragments were used for 

immunization. Specifically, the extracellular fragment was used for immunization of two rats 

(polyclonal Cdh1 antibodies 1 and 2) and the intracellular fragment was used for 

immunization of a rabbit (polyclonal Cdh1 antibody 3). All Cdh1 antibodies resulted in the 

same staining pattern (see Fig. S4). Cdh1 antibody2 was used for most experiments in this 

paper. 

For visualization of Cdh3, monoclonal antibodies were produced in mice. The following 

peptides were used for immunization: SSSDRNRPPV (for Cdh3 antibody1); DEKDPPQFSQ  

(for Cdh3 antibody2). Both epitopes are located in the extracellular part of Cdh3 in the third 

and seventh cadherin repeats, respectively.  Both antibody clones - Cdh3 antibody1 and Cdh3 

antibody2 resulted in the same staining patterns (see Fig. S4). Cdh3 antibody2 was used for 

antibody staining in this paper. 

 

Antibody and Phalloidin staining 

For Cdh1 antibody staining embryos were fixed for 1h at 4°C with Lavdovsky’s fixative 

(3,7% formaldehyde (FA)/50% ethanol/4% acetic acid). For Cdh3 and β-catenin antibody and 

phalloidin staining embryos were fixed for 1h with 3,7% FA in PBS at 4°C. Primary polyps 

were relaxed prior the fixation in 0,1 M MgCl2 in Nematostella medium for 10 min. After 

fixation, embryos were incubated on ice in ice cold acetone (chilled at -20°C) for 7 min 

followed by 5 washes with PBSTx 0,2% (PBS with 0,2% of TritonX-100).
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Then embryos were incubated in blocking solution (20% sheep serum, 1% Bovine 

Serum Albumin (BSA) in PBSTx (0,2%) for 2h at room temperature (RT). Primary 

mouse anti-Cdh3 antibody (1:1000), rabbit β-catenin antibody (Sigma C2206, 1:500) 

(Leclère et al., 2016; Salinas-Saavedra et al., 2018) and/or rat/rabbit anti-Cdh1 

antibodies (1:500) were diluted in blocking solution and incubated with the embryos 

overnight at 4°C, followed by washing in PBSTx 0,2% at RT (10x 10 minutes each). 

at RT. After incubation in blocking solution for 2 h at RT, embryos were placed in a 

secondary antibody solution: goat anti-mouse Alexa Fluor 568 antibodies (1:1000), 

goat anti-rat Alexa Fluor 488 antibodies (1:1000) and DAPI overnight at 4 °C. When 

fixed with FA, phalloidin Alexa Fluor 488 (1:30) (Thermo Fisher Scientific) was 

added to the secondary antibody solution, since phalloidin staining is not compatible 

with the Lavdovsky’s fixation. Embryos were washed in PBSTx 0,2% at RT (10x 10 

minutes each), infiltrated with Vectashield antifade mounting medium (Vector 

laboratories) at 4°C overnight. For β-catenin staining of the embryo sections, fixed 

embryos were embedded in 10% gelatine in PBS. Gelatine blocks were post-fixed in 

3,7% FA in PBS overnight at 4°C and sectioned on a vibratome Leica VT 1200S.  50 

μm embryo sections were stained with β-catenin antibody, phalloidin and DAPI as 

described for the whole-mount embryos. Imaging was performed with Leica TCS SP5 

DM-6000 confocal microscope. 

 

In situ hybridization 

 

In situ hybridizations of embryos were conducted as previously described 

(Genikhovich and Technau, 2009b; Kraus et al., 2016). The following regions of the 

CDS of cadherins were used to produce the in situ hybridization probes: for cdh1 

(7054-9126bp); for cdh3 (2728-5091bp). Adult animals and juveniles were relaxed 

for 20 min in 0,1M MgCl2 solution in Nematostella medium followed by fixation and 

in situ hybridization as described (Steinmetz et al., 2017). After in situ hybridization 

embryos, adult and juvenile pieces were embedded in 10% gelatine in PBS. Gelatine 

blocks were post-fixed in 3,7% FA in PBS overnight at 4°C and sectioned on a 

vibratome Leica VT 1200S.  Embryos and adult and juvenile 50 μm sections were 

embedded in 80% glycerol and imaged with the Nikon Eclipse 80i compound 

microscope equipped with DIC optics and Zeiss AxioCam camera.  
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Time-lapse microscopy  

Time-lapse imaging was carried out with the use of a Nikon Eclipse 80i compound 

microscope. Pictures were taken Zeiss AxioCam camera. Time-lapse movies were 

made with the use of FIJI software (Schindelin et al., 2012).  

Transmission electron microscopy (TEM) 

TEM was performed as previously described (Fritzenwanker et al., 2007). 

Phylogenetic analysis 

 

The protein complements of Mus musculus (GRCm38) (Schneider et al., 2017)  and 

Drosophila melanogaster (FB2018_03) (Thurmond et al., 2019) were downloaded 

from Ensembl (Zerbino et al., 2018), Strongylocentrotus purpuratus, Capitella teleta, 

Lottia gigantica and Tribolium castaneum from Ensembl metazoan (Kersey et al., 

2018), Hydra vulgaris and Ornithorhynchus anatinus from RefSeq at NCBI (O'Leary 

et al., 2016), Acropora millepora (PRJNA74409) (Moya et al., 2012), Anemonia 

viridis (PRJNA260824) (Rachamim et al., 2015), Exaptasia pallida (PRJNA386175) 

(Baumgarten et al., 2015), Stylophora pistilata (PRJNA281535) (Voolstra et al., 

2017)  from the Sequence Read Archive at NCBI (Leinonen et al., 2011), Acropora 

digitifera from marine genomics at OIST (Shinzato et al., 2011). Sequences were 

selected which had a significant domain hit (domE < 1 × 10−5 ) to the Cadherin 

cytoplasmic Pfam family (PF01049) according to HMMER 3.2.1 (Finn et al., 2011). 

When multiple isoforms were present, the longest one was used. The genes were 

filtered against truncated and misassembled gene models manually. Sequences were 

aligned using MAFFT v7.307 in E-INS-i mode and a maximum of 1000 iterations of 

refinement (Katoh and Standley, 2013). The WAG+F+R6 model was determined as 

optimal by the Bayesian Information Criterion using ModelFinder (Kalyaanamoorthy 

et al., 2017). This was used to infer a maximum likelihood tree using IQTREE 

(Nguyen et al., 2015). Support values were determined with 1000 standard bootstrap 

replicates. Domain architectures were determined using standalone interproscan 

(Mitchell et al., 2019). Sequence, alignment files and Subtree files can be obtained 

upon request. 
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Analysis of the size of the cell aggregates 

 

50 Cdh3 morpholino (MO) embryos and 50 Std MO control embryos were 

dissociated into cells at the gastrula stage.  Cell aggregates were generated by slow 

centrifugation as described (Kirillova et al., 2018) and photographed immediately 

after centrifugation. The size of the aggregates was analyzed with FIJI software. 

(FIJI/Image/Adjust/Threshold tool and FIJI/Analyze/Analyze particles). The threshold 

was set to 50. The experiment was repeated three times.  

 

Image processing  

  

Images were processed and adjusted for brightness and contrast using FIJI software 

(Schindelin et al., 2012). Focus stacking of ISH images was done using Helicon 

Focus software (Helicon Soft Ltd, Kharkov, Ukraine). Images were cropped and 

assembled into the figures as well as schemes were made using Adobe Illustrator CS6 

software (Adobe, San Jose, USA). 
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Fig. 1. Maximum likelihood phylogenetic tree of classical and other cadherins. 

Sequences of all proteins containing a cytoplasmic cadherin domain were extracted 

from the genomes and transcriptomes of Mus musculus (Mmu), Ornithorhynchus 

anatinus (Oan), Branchiostoma floridae (Bfl), Drosophila melanogaster (Dme), 

Tribolium castaneum (Tca), Capitella teleta (Cte), Lottia gigantea (Lgi), 

Nematostella vectensis (Nve), Anemone viridis (Avi), Exaiptasia pallida (Epa), 

Acropora millepora (Ami), Acropora digitifera (Adi), Stylophora pistillata (Spi) 

Clytia hemisphaerica (Che), Hydra vulgaris (Hvu). Proteins with no annotation in 

their respective databases were assigned an arbitrary number. All gene names are 

based on the respective databases' annotations, except for Oan Type-III Cdh, Nve 

Cdh1 and Nve Cdh3, which were annotated based on the findings from Hulpiau and 

van Roy (2011). Dachsous cadherin proteins, which also contain a cytoplasmic 
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cadherin domain, were used as an outgroup. The number at the nodes indicates the 

bootstrap support; nodes with no label have 100 % support. Domain organization is 

shown on the right. Some proteins lack a signal peptide. It is either an indication of a 

truncated protein (e.g. Che, Avi) or can be a result of assembly mistakes in a gene 

model.  
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Fig. 2. cadherin3 and cadherin1 expression is highly dynamic during early 

development and polyp growth. (A, G) Cleavage. (B, H) Early gastrula, lateral 

section. C, I: Early gastrula, oral view. D, J: Late gastrula, lateral section. (E, K) 

Planula, lateral section. (F, L) Primary polyp. (M, N) Adult mesentery section. 

Double-headed arrows show an expansion of cdh1 expression on the aboral pole. 

Arrows show the eggs. Asterisk indicates an oral pole. Scale bar (A-L) 50 µm; (M,N) 

100 µm. 
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Fig. 3. Cdh3 is a major component of adhesion complexes during cleavage and 

gastrulation. (A-F) Besides apical junctions (AJ), strong basal epithelial contacts 

(BJ) form in the blastula during epithelialization. (G-I) As the pre-endodermal plate 

(PEP) starts to invaginate, Cdh3 disappears from the basal junctions and decreases in 

the apical junctions in the pre-endodermal plate. Ectodermal cells preserve both apical 

and basal cell contacts. (J-L) Late gastrula. Apical junctions are present in the 

ectoderm and in the endoderm. (M-N) Transmission electron microscopy (TEM) of 

the Nematostella epithelium. (O) Cell protrusions on the basal side of the PEP. Apical 

cell-cell junctions (AJ); basal cell-cell junctions (BJ). Yellow star (*) is located next 

to the dividing blastula cell. Scale bar 20 µm; Scale bar M-N: 0,2 µm.  
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Fig. 4. Cdh3 apical junctions localization and cell polarity are preserved during 

the cell division. (A, B) Non-dividing blastula cells. (C, D) Dividing blastula cells at 

different mitotic phases. Scale bar 25 µm. 

  

D
ev

el
o

pm
en

t •
 A

cc
ep

te
d 

m
an

us
cr

ip
t



 

 

 

Fig. 5. Cdh3 marks the boundary between ectoderm and endoderm. 

(A-C) Lateral section of planula. (D, E) Cross-section of planula. Ectodermal-

endodermal boundary in the pharynx is distinctly labeled by Cdh3 localization in the 

cell junctions. (F, G) Primary polyp. Cdh3 is expressed exclusively in the ectoderm, 

forming apical and basal adherens junctions. Red arrow indicates the boundary 

between the last ectodermal and the first endodermal cell. Scale bar 20 µm. 
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Fig. 6. Cdh1 and Cdh3 protein localization during germ layer differentiation. (A-

D) Planula lateral section. D is an enlargement of an area shown in C. (E-H) Lateral 

lection of the primary polyp. H is an enlargement of an area shown in G. (I-K) 

Planula cross-section. (L) Surface of the planula, oral part of the ectoderm is free of 

Cdh1. Cdh1 is localized in the apical and basal junctions of the endoderm, as well as 

in the apical junctions and basal junctions of the aboral ectoderm, especially in the 

area of the apical organ. Cdh1 is gradually disappearing from the ectoderm towards 

the oral pole and completely excluded from the ectoderm of the tentacles and the 

pharynx Cdh3 is localized to the apical and basal junctions of the body wall ectoderm, 

ectoderm of the pharynx and is completely excluded from the endoderm. Asterisk 

marks an oral pole. Scale bar 50 µm. 
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Fig. 7. Cdh3 and beta-catenin are co-localized at the apical cell junctions of the 

ectoderm. (A-C) blastula stage. (D-F) planula stage. (G-I) Apical surface of the 

ectoderm. Note that only weak beta-catenin staining can be detected at the basal 

ectodermal junction and none in the endoderm. Scale bar (A-F) 50 µm; (G-I) 10 µm. 
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Fig. 8. Cdh3 knockdown blocks gastrulation movements. (A-D) Cdh3 morpholino 

(MO) injected embryos, 28 hours post-fertilization (hpf). (E-H) Control embryos, 28 

hpf. Apical (AJ) and basal (BJ) cell junctions of Cdh3 morphants look very similar to 

the cell junctions of the control gastrulae. Scale bar (A,B,E,F) 40 µm. 
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Fig. 9. Reestablishment of the polarity and de novo germ layer formation 

 in the cell aggregate. (A) Scheme of the experiment. (B,C) Dissociated cells do not 

show polarized Cdh3 localization. (D-F) Epithelialization of the cell aggregate starts 

~30 min after re-aggregation in small groups of cells. (G-I) 12h after dissociation the 

ectoderm of the aggregate is fully epithelialized. (J-L) 24h. Aggregate forms two 

germ layers. (M-X) Cdh1 protein appears at the junctions at 24h of aggregate 

development. At 48h after re-aggregation Cdh1 is broadly expressed in both germ 

layers. Apical junctions (AJ); Basal junctions (BJ). Scale bar (B-K) 20 µm; (M-X) 50 

µm. 

  

D
ev

el
o

pm
en

t •
 A

cc
ep

te
d 

m
an

us
cr

ip
t



 

 

 

Fig. 10. Cdh3 MO aggregates fail to form adherens junctions de novo. (A-D) 

Cdh3 morpholino (MO) aggregates do not form new cell contacts, fail to develop and 

fall apart into cells. (E-H) Standard (Std) MO control aggregates stay compact. (I,J) 

Down-regulation of Cdh3 protein in the Cdh3 MO aggregates. Confocal microscopy, 

Cdh3 antibody staining. (K,L) TEM of the apical adherens junctions. Apical cell 

junctions (AJ) of the Cdh3 MO aggregates are much less pronounced than AJ in the 

control aggregates. (M,N,O) Cdh3 MO aggregates are significantly smaller than Std 

MO aggregates. Distribution means within each replicate were tested for significance 

using a two-sided unpaired Wilcoxon rank-sum test (****: p < 0.0001). Scale bar (A-

J) 50 µm; (K, L) 1 µm. (M,N) 1 mm.  
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Fig. 11. Mesenteries do not develop upon Cdh1 knock-down by shRNA injection. 

Cdh1 protein expression is strongly down regulated. (A-D) 1 dpf, gastrula stage, 

lateral section. (E-H) 2 dpf planula, lateral section. (I-L) 3 dpf planula, lateral section. 

(M-P) 3 dpf planula, cross section.  
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Fig. 12. Cdh1 knock-down impairs apical organ development. (A-D) Control 

embryo. (E-H) Cdh1 MO knockdown. Apical organ fail to develop (acetylated tubulin 

antibody staining). FGFa1 is not expressed. Mesenteries do not form (phalloidin 

staining). Brachyury expression is normal. Scale bar 50 µm. 
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Fig. 13. Cadherin localization during early development of Nematostella.  

(A) Schematic depiction of the apical and basal adherens junctions in both epithelial 

cell layers. (B) The onset of gastrulation is characterized by a downregulation of 

Cdh3 in the basal junctions, accompanied by apical constriction, migration of nuclei 

to basal positions, formation of filopodia. (C) Overlapping and specific expression 

domains of Cdh1 and Cdh3 in a planula larva.  
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Fig. S1.  Phylogenetic analysis of classical cadherins. Extended version of the tree 

in Fig.1. Dachsous cadherin proteins were used as an outgroup. The phylogenetic tree 

was constructed with the maximum likelihood method in IQ-tree. The number at the 

nodes indicates the bootstrap support from the maximum likelihood method.  
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Fig. S2. cdh1 and cdh3 expression in adults and juveniles. (A-B) cdh3 is expressed 

in the ectoderm of the pharynx, septal filaments and ciliated tract and in the oocytes. 

(C-I) cdh1 is expressed in the endoderm, ciliated tract, ciliated lobe of the pharynx – 

siphonoglyph and small oocytes. Scale bar A-D, I: 100 µm.  Scale bar E-H: 50 µm.  
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Cdh3 antibody 1
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Cdh3 antibody 2
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Cdh1 antibodies 1 and 2 (against extracellular domain)
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Fig. S3. Protein alignment of the full-length sequences of the Cdh1 and Cdh3. 

Cdh1 and Cdh3 antibody epitopes and transmembrane protein regions are underlined 

and recognized with the colors. Transmembrane regions were identified with the 

SMART protein domain annotation resource. Alignment was performed with the 

Clustal Omega Multiple Sequence Alignment tool. 

transmembrane

region Cdh1 antibody 3 (against intracellular domain)
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Fig. S4. Custom antibodies generated in different animals against different 

protein domains result in the same staining pattern. Cdh1 antibody1:domain1 

(extracellular) and Cdh1 antibody2:domain1 were raised in rats; Cdh1 

antibody3:domain3 (intracellular) was raised in a rabbit. All three custom Cdh1 

antibodies show the same staining result. Monoclonal Cdh3 antibody1 and Cdh3 

antibody2 were generated against different Cdh3 peptides and result in the same 

staining pattern.  
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Fig. S5. TEM of the ectoderm of the apical organ. (A,B) Apical side of the 

ectodermal cells of the apical organ. (C) Basal side of the apical organ ectoderm. AJ 

apical junctions; Ec ectoderm; BP basal protrusions; BM basal membrane Scale bar 

A,C: 5 µm. Scale bar B: 1 µm. 
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Fig. S6. β-Catenin is localized to the apical and basal adhesion junctions of the 

body wall ectoderm. β-Catenin antibody and phalloidin staining of vibratome 

sections of the 4 day old planula to exclude a possible penetration problem of the β-

Catenin antibody. Please note that in vibratome sections, the β-Catenin antibody 

detects the basal junction in the ectoderm, but has a tendency to show unspecific 

staining in nematocytes and other subcellular structures. Scale bar 50 µm.   
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Fig. S7. TEM of the apical adherens junctions of the ectoderm and the 

endoderm. (A,B) ectoderm, 2 dpf planula; (C,D) endoderm, 2dpf planula; (E,F) 

ectoderm, 4 dpf planula; (G,H) endoderm, 4 dpf planula.  Scale bar 2 µm. 

Fig. S8. Cdh1 and Cdh3 expression upon Cdh1 MO knockdown. (A-H) Cdh1 MO 

injected planula. (I-M) Uninjected control planula. Scale bar 50 µm.  
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Movie 1 Std MO aggregate development. Time indicates hours and minutes.

Movie 2 Cdh3 MO aggregate development. Time indicates hours and minutes. 
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Sequences for Phylogenetic analysis of Fig. 1 and Fig S1. 

>Strongylocentrotus_purpuratus.2 spu_WHL22.504363.0_e_9.3e-55 

MAVNLRWNRTHNLCLSVIYILATLQLTLGLALPRINVPSNALPGFKVTEVKKS

GQFSELLSDSDVHNLFQIAENGALEIKNSLEHLANSDIALKVRHTLRGQSWDD

LLNLHVEDTSLEFSKKSYRGYVFESHEAIQEVMGLDDLQIASTKPVSYQLAGE

DSANFRLQVNPEGRVQIFTSVPVDSETTSQFHMEIKASAQDLLGNPPLMSLPA

EVTIIVRPLSNNFRPFGDDIMYPPNEPVKMVRVRRDVLPGESVNLTESTAMDT

VVHTITETGADLRYAMGTPVNDKFSIDEMSGDVTLLQSVDYEAYSTNPQEIL

NVQITNTSDPDALDTLVVTFDILDADDLPVWTMPVYPYIAVVPTDAPNQACI

YTLEASDQDLGSDITYSLRAGGDGAFTVGETDGCVYTAIVSGFPGYVQDLEYI

LSVMATGTSGSFDGGVTGTVRVYGGSYPPQFSQEEYSASVLEDQANQAVIQV

TASSFSRNVPLTYSIVGPENRPSHTINANDGTITLVDAILAEDLLSYFLTVRATE

QVVDGLSSEVRVNVMVEDVNNCVPTFGQDILSFNDVLETTAIGEPVGTVTAT

DCDVGPNAELTYSITTPNSGFTIGSDTGVLSPAVVLDYEEGDRYYTFAITATD

GGTPQLSSTATVVISIANAPEAPYFTPPSYRFRMDEVAQVNYEVGTVYASDDD

VNDVLTLSIDGGDGTFRIDQFGVISVARAAVESSYMFAVVASDIANNEANAT

VEISVTDLNDNIPIFPECDNYRGEVSEDATIDTDVITVTATDSDQGSNAEISYKL

SSNSDASRFFRVDQRGLITTNTLLDRETTAVFEVTVEAEDDGNPALTGFCTFT

VEVTDVNDNFPAFPFTGYQTSISTSAASGDEVIEVRADDLDLNSDLTYSLSAA

DGGECDTGYFTIFPATGSIIVRQDLTPLIEFGSPNEQDCIVTATDVGGQATDVP

VQIDVRSSDDDTYQVPTFSATSYQVTINENSMSQEVLLVSVLGAAQVGFNIIR

GSRPSTNYNRNFGLSNDDDEFTSSYITVLEALDYESVTRYDLIVTARYPNSPYT

VETNVIIDILDVNDETPIFPAFTFYGNIAENQPLPNLDPVITLEATDSDVTPEFSQ

IVYSIDGDQTDFRIDENSGEIFAITEFDREAVAEDTIPLTVIASDGINESRATVFIT

IVDENDNQPEFNGTFSFDVSEDVEMGYEIGMVTATDADISEDLEYFISGGNVG

GAFTVVANSGVIRKAGVLDYESQTSYSLDYSVNDGFNTETTTVVVNVINVND

VAPQFGESSYSATVLEEDDSDIPRVLLTVAATDGDADAVADAVVYDLLGTG

AGTLFTIDPQTGNITLTGVLDREEIPRYVLSAMATDDNGNGLSSYVDVIIEVED

INDNFPFFPDQEYVGSVDENMPPNTLVLAVVAEDPDTADNLVYSFPIPNSNFN

IDSGTGEITTAIQLDRERVSEYELEVQVTDGTNTATTPVIITINDVDDNRPVFTQ
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DPFPPASVLETEPVGTTITTVQVTDPDVDHMDKVVFTINSGDDADLFRIVPDA

ATLSGLIQVNKPLDFESGNANDFTLTIQVEDSQGTIGTPQTTTIEISIENANDLA

PVFEEDMYAGAVSEGADVGSQVGTFTLTATDGDEPGGVLNYVIDPSTDPEGQ

FGIDANQRLVVASPLDRETVASYELKVYAVDNGDPPMSGTATINVVIEDVND

TPPRFAEDYTPSVKENSDAVAEVVSVRAVDDDDPASGPPFLYRVAGTPNEWT

DYFTIEGLGTETSGDITISTSGRAIDREAIPYFDIVFLIEEVNTDELLTGTQTLSIM

VTDVNDNPHLAATKNILVYSYEGNIPTTGVGKVAVEDPDILEDKTYTAEGEFP

DGFQLDTDTGDIVMLEGTPAGIYTMQVMVSDGGMFPDVVSTVIVTVKDIPQE

AVFSSGSIRFSGTTAEELIDPNAEGVSKLDSLKVILAEAAGAQLENFDIFSVLN

VEGMERTVDIRYAAHGSPYYPADKLDLAALSVSDQIAALGLDIAQLPVDLCV

KENVCESSCTNVLVVDPTPTVVDSGSASFVAITSVLQAQCICGARTEAPGSCD

SIPCLNGGTCVDVHGGTYKCECPYLFDGPNCQQTKRSFNDGYATFSTLRQCE

ETSLSIEFITETPSGTLFYNGPIQPTEVDDAIDMILLELTNGKAKLTINLGSVDGT

TLNLELEVPKDNLGDGQWHRIDVYRNGRSVEMTVDRCEDAPFAETSSSSTLD

TSNCRSSGETPGENKFLNVNTPLFLGGMSPDYNPDVVVPGGFDGCIKNLVSD

GFLYDLADPGIFDKSDSGCLRTDGQCTVDGEPVCENGICEADLGSFVCICFPG

FNGEFCSIVLPPYDFATDSYITYELLDESLYNDARSSNYHIMVRSRQENGLIWS

ISSANTYEYIRMEMVAGELQADWHLGDKPVSVTMGNFSINDGAWHAINFDR

YDSVVTIKIDGGGGVKEIQNRESAFSGLDIDSNSLVIGAFVDLNTVTDDFMGC

MNDPRIDNNFLGMEGSNEYATATQSAGVSEGCPSEVCDSNPCPGQDLVCTDY

WRFYECECPVGEELSGPETCLAIIDCDPNPCYNGGTCTEGVPTGFNCTCAPTY

YGTQCEATIGGQGASLGITPLGIILMIICILLIIILLLGLVLYTRQRDRKSALTFAI

DPEDDIRENFINYDEEGGGEEDNDAYDLSTLRKPVDAISAGSIEKKPAMPVSE

VPVGNRPSGVDPNVGDFINDRLKGANDDPEGPPYDEPHVYDFEGDGSSAGSL

SSLNSSSTESEQNYDYLNDWGPQFRKLADMYGS 

>Strongylocentrotus_purpuratus.1 spu_WHL22.66143.0_e_2.9e-13 

MASSKARSGGVGGRSCHHDKCEMGDGEVSFSQGILMSSVSGIIRTKRTHGCL

VHRKMALSWRVCIALLVLWALICARTCSAQQDLLYYSVKENQPVGTFVGSL

QDDTSFGSPFTTLNPSAEFMIESDTGIITTGAVLDRETAPDQEFVIIVFAGEMFT

ALVVTIRLNDTNDNNPIFSQDNRTFEVTEAVQPYMTKINGVTATDADEGINGI

QGYRIVGGNIDNTFDLDVRVRETGVYMDIVVNKTLDRETISMYTLIIEAYDGG

DPRLTANTTVNIKVTDVNDNSPVFTLTSFTATINESAPVNTTVLQVTASDEDE

GLNGEVVFNLQRDDGFFRIDPASGIVYLNKVLNYEDAQAHDFLVIAQDKAEP

PMSSQPAYVSIMVININEKPPSLEVLFLPDGGASQVSEAAVADTTLARISVTDP
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DDGVLTNVSMTITGGAGQFDLQKNSNQVYFLIVATTASSFDREEVASYDISIR

ATDHGSPPQHAEENLTIAVTDVNDNPPIFDLPLYHATIIEASEPGTPVKQVHAT

DADEGVNAQIIYRISPEGTDYSDWFEINPMSGLVTTLQKVDREETGSVFLTVIA

SDEGEISLSSSVIINITITDVNDNQPVFFPGSYNASILEEQEIPYCFLQVNATDPD

EGSAGQVTYSPSTDLVPTPSQFSINPLTGDLCVISRLDRDAGQEEYNFAVKAT

DGGGLMSHAFVRVILEDINDNVPVFTSLNYRGHIEYDAALGTEVKLVVAEDR

DAREFGRVTYTIDSSTNDGTFAINQTTGLITLVGSLDWVQHPVYTLEVIATDG

GGRTSANHAQVTITVAGPDTSPPEFESSSYAFSVQENAAQVLVGAVKAGHIDP

GITFPITYTLTSGDPNDFFRINTTSGEIFTRGSGPDHEQQAFVLITIQAASGMPPT

YDDVQVNITVIDVNDNVPQFMAQTARTSIPESTGIGSSIYVATAMDLDSGDNG

LVRYRLTSNPGNTFRIVEATGEIILNKEVSYNDQLSFEVDIQAYDAGEPSLEGS

LTLTVIILDVNDNGPVFTMGFYPVSILENLPISTPVVQVEATDNDRGANALITY

TLTPNNDSPYFAVFPREGWLYTRQVLDRELKSTFTLTIMASDSGSPPQNSSAT

VQVTVVDANDNAPHFTKKSYHFHINENLPAGTEVDRVEAVDPDLGPNGQVT

YTLSPSGDFTIDEEGVIRTTHPLDREAAYSYRLIIRAVDGGNPALSSSATVYINV

NDLNDNAPVFSQDRTYQASVREEQPAGEFVAWIIATDTDSGVLGNISYSLIDS

SPKFIIDSSGVISTAAAIDREDESYYTLTVLAQDGGNPPMQATASVRVRILDLN

DNVPIAAMSAYIFTADENIQPPTVVGVVSASDMDVGDNGKIYYYITEGNDFD

VWDVNHSSGEVYNVRVVDYEMAAHYTLTIIAQDNNVPQTHSTSISVTINILD

QNDNTPDFDQDLIYLTLQENVGINHVLWTVSATDADSGANGLIRYTILTEQDF

FAVDEYTGTLRTIQNVDHEINHVFLLVIQAQDQAINVSARRAATSTVEVRIYD

SNDNNPVFVSRSSTDVMEDEPVGFNVIHIIATDEDSGENGRVGYTITSGNEDG

KFSLDAVTGLLTIAHSLDHEHKRDYELVILATDHGTVQRMATQTLTIRVIDVN

DQPPRFEQSIYVMNVSESQAPGTYVGMVVAIDGDSGVNGRITYELPEEIARG

MFRINATTGEIRTKAILDREQRDSYVVTVYAMDGAFPARYDMATVLVYVMD

VNDNNPTFAPPTFDITLPENQSPGVIHNAIATDADEGPNGDLIYSITGGDPKNA

FSINQSTGAIFTVGALDREDEATYTLTITATDQGTSPRSGTTTIRVTVTDLNDN

DPVFGSMSYYKSIPESTAINATILTVVATDDDEGLNGDVYYTLDNTTIGLFSID

PEHGEITTTGKFDYEKETRYTFQVTATDSGVFGPRSERVQVIIDISDVNDNAPV

FKTIPIRANVTQDASSNTFVANVEADDKDSGVNGEVNYRFTQQSSSFAIDTVT

GVITTKSLNPGTLFYHLEVMAFDLGSPSLSSNGIVEVWVGTSGSGGLQFGQQT

YLVQPSEAADNGDVVLSLSAFLPDGSSSNDIVYSLVSGNENGAFGIQVQAGGS

AILVVADTTKLDYETQPNIRLVAEAMRTPENSSPMYGYATVQVELTDANDN

APQFVQDRYQSRVWEVPNSDIYVTQVSATDADEGTNGAIYYEVTSGNTDNA
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FAIDHVTGIVTTAKSLDYEIEDSYVLTVVARDGGSPQLTGTATMRIGIVDVND

NQPVFVQMDPVSVSEDLGVGLSVTTVTATDSDTNPNIQYSFTSTGNPGGYFAI

DQYSGIITLARSLDRETQDGYTLELEATDTEYTTTMTLEVIVTDENDNAPVFR

QESYQVTLPELTQPNVAVVAVNASDKDIGLNAELTYSFVDSHPSFYIDPITGVI

FTNQVIEFNDVETTIQLYVTATDSGAPALSEFVTVRIEITDVNNQSPVFVEDIYS

ASVSENVSLGHHVITVVAEDMDLSPENSKINYFIESGNDQGKFKIDANDGSIT

VLERLDREATDTYTLIIGAVDNGEPVNNATAEVVIEVEDINDHSPIFDHVQYE

GRIAENATASTYILTVHATDRDIGYNGEVEYSIISGTYSDLFAIDVVSGAVTVR

GELDREEVERVEFTVQASDRGMENQLASVVLVTITITDFNEFPPYFPQLFYHF

LVPENMPVETYVFTAGALDNDAGEYGELTYSIRGLGPSNGDDYFTIDPVTGE

VFTAAVFDYESANSYRFVVQAQDTGGLSISIQTEVNITSVDEFPPMFNDQEYY

FEIGDGADAGDYVGQVTATDADGGEDGVVIYSLTHEFFYIEATTGIIKVAKPL

NSSARKRRGLEDRFTHRSRREIDLSAQSNFALKIIASTGKPGTLIDDTTAAVSV

VNAASSIPVWIIAIVVVAILIILLFVVIGIILVCRQRRRRRKKEAQADKRSVAGS

MSPRSYDVTFDPVEMGAQGMVNHGMNSSGHFPHRQLYGIPGSGGGMGHTNI

SEPSNSASSGRGSTTMEDEEIRRINEGGTGAPKNNIREKVIDSGIAQDHEDGSV

SDVNSPREKHLNYLNSTSVESMHVFGEEGGGEAGGGLDIGHLIYHRLDEVGA

EEDDAIMDGTRLFGFTEDGHPSMAGSLSSIVNSDEELSGSYNWDYLLDWGPQ

FQPLAHVFAEIAKLKDDTVAKRQMTDPRLQQKKSLHANVKNYPPPLLTNTPQ

GPIKPVAQRVMNNTSMSNHSQHLPRSPVVQESAFVPAVVSPDLSPSLSPLAPG

SSSLSPLVTSTGVSSQSSRVTSGTTTPQRMHYGGGIVFTHPTANDDEIQI 

>Capitella_teleta.2_v1.0.pep.all_CapteP226654_e_2.5e-54 

MTFFEQGSNPVAVRDEQPVIIKLTPVNDEVPEFKNLPRPFLATVTPNAGPGTF

VYHLMAHDADVGSEVRYILESGGEDRFEVDEETGVVRTRGTEPFPLDREYQI

GVSAQDIRADYLQKSPTHSLKILVGERDPQFFETLYRAKVPETASEQFKILEVK

AHSHQQYPITYELTTESGGQSNEFAISQTKGVVDLLRKLDYEKDMHQYHLRV

KAVENGRPTRTSTLIVDLIDMNDNAPMFPLSQYIMHGIAETASIGTDIMQVTA

TDLDSVTNAQLTYSVSDSNFSVQTLNNIGYIRTAKRLDYDHIPNHTYNFTITAT

DNGTPTLTGSAVIRVSVDNVNDEDPVFTQKIEHVQVSEDAAQNTVVHVMQA

YDPDGDDVTYSFPGGQMNSGPFYIDPKSGIITLQGPLDKSRVVYKLNVTAVD

NGRCCGGATSRRSKALVIVEIKDINNNAPRFPECSSYNPTVLEKEDVGTSVVQ

VRAVDQDSGANGNITYSIVKSNDQSSERFQIEPTSGILRTADIFDREGQIGVTG

FGVTIKAKDQGNPSLAGFCTVRVKIGDTNDNPPVFNLPEYSTSIEENSVVGKR

VKQVYATDRDAGDNGKVGYFMESDPSGFFAIHRSSGWVTVARPMAGREHV
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TIIIRAQDKGTPSKSTTVSMDIQITQTVNAYPQWVEDYSSTPLSLSENAPVNTV

VKTVKATSSIPDSYVNYVIQPGEAPEQNSLRSFYYRIDEDTNEMVLLTYKPLD

FEALSSYTITIKAANRATNSLHNDTRLVINLVDENDEIPQFIGLDENGRYAGSV

AENLNPGTEVITVTAMDRDEFPDYNKKMARXSDRPNHYPPGTPNQGEAEVQI

RVTDMNDNTPFFADRVYTARVPENSDSGAVIITVTAKDLDEENRLTYSITGGN

VGNAFEVVPDVGEIKVRGNLDYEEGPREYHLEYRVFDDKFSNNTMVVIEILD

VNDNPPRFDNAIYNESSLFEEEPGISMNHPKYLLTVRATDPDTSRHSKIRYSLT

GQFAEDRTFMIQEHTGEIYATRSLDRDAPYGRPVWNFNVLAQDEVGTGQPSL

TGYAEVRVMPRDINDNAPVFDRNRLIGSVPENSRARMTVLTVIASDVDQGNN

GSVHYSLKQVQSRGNQPLFSINSHTGLISTMLDNVLDRETEEEYNIIVQAKDK

GSPPMSSSAVVTIVITDVNDHPPKFTQPIYKATMSENYKAGASITSVSATDKD

MGIHARLTYILNTQDRKYFSMTSVEATNTGVLKVFQPVDYDTLINPVFNLTV

TVHDPDSRNNDTAYVEVRVTDYNDNPPQFVPNIKRVTIHENTTKDTTLYRFT

ATDRDTGLNKLFKYSIDRLTDPARQFAVDANGLVTISAALDRETEAEHRIHIL

AIDEGDPPMTGTGTLIVTLLDINDNFPKFAEAYRPVVYENLPPGQKVIEISARD

ADTARHGPTFDFWLPCGGGCPCKANPTCGKFSFKFVQGGGDQGYGSGIITSL

VTFDREEVKEYHMPIIMKDSGNPPTSGTNTLTIVIGDINDSKHHPAHKNIFVYN

YKGEFENAALGNVFARDEDDWDVSNKTFTMVGEDMDVHFRLDRNTGQLFM

RGRVTTGEYDFKVRVYDALWQREVISTVTVTIQEIGDDAVLSSGSLRLQGMT

AEEFVDRPMLQKTGHFGLSTYDILRREIAKKLSVPTGNVDIFTVVNHPTLPRTI

DVRYSAHGSPYYQPSRLDGIVNLNKNEFEKILGLKIVMVPIDECVKEVCESGG

CSNRLVTTPDPLLINTNSTSIVGVTAYVQADCVCAARTFDESSEGHLCTPESC

YNGGTCNQREADFFCSCPRGFEGARCQQLRHSFNGNGWAWYKPLAQCQDS

HTSLEMITSHANGLILYNGPSTTPSDDQDGDFILLELRNGYPYLRINHGSGETQ

LAIDGRDRQGRVQLPRLNDGHWHRIDVFRAGNEVRLVVDQCRVASLTETSG

NMADRRACEAQSTTPSDNQYLNVHSPLELGGRSHPDATYPERTMKEGFNGCI

KNLVHNGELYDLHIGRTGEHSESHDACPDEDSLCSSHDLTAPKCGAHGTCIA

DIRGKTSYCVCNPGFRGKYCDQTTTVKDFRDNSFIEWDIKDDFYLAMEKELF

QTQLQLMFRTRQSSGLLFKAQNAQKSEYLMLEIVDHIIRFRYNLGGGQDIVQL

SHVQVSDGQWHTVYVERIGQWVTLKLDAGEGRYFNETLGQHKGHLHVRISQ

RSLFAGGDVRFPSSNSDPLVDYDYRDSCMNDVRFNGEWMPMDEQENAYSIS

ANFLTRSRNLEDGCESTACLTKHCPFPLTCFNFWRYAECRCPLGQEFREELNI

CENINECIQNPCYHGQCIDQSQGFVCDCYNGYSGELCAATQESATALMSTGAI

LVIIICALVLLLVILLFIVYTRRRRPDSYVVGVDPDDDVRENIINYDEEGVGEED
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QDAYDINRLKKPVNDIGSPKKMPDSPLKSAVPPPVTEKSMPPPQREPPRRRIAT

PKGENPDVGDFIKNRLQDADDDPYAPPHDSVREYAYEGGGSDAGSLSSLAST

ASSEDQEYQYLNNWGPRFTKLADMYGGQKK 

>Capitella_teleta.3_v1.0.pep.all_CapteP226653_e_7.8e-50 

METHFPLLVLLAILACASARSTRAIHVVPRTASPGYVVTMLQDSPRFYGSHSQ

VHHHFKILPNGALVTQRRLPSTLDSSFFIRLEHGGEKEWRESLNIQLSDDHVR

GGFPHQPYTAHVTEEQPANTQLTGLETLSSDAHDMSIDCSISIHDSRAPFSLYR

GRDGALSIVTSKSLDRERKQEYSLTLKAVCPNKKDIYAMVNVRVDDVIDNAP

VFSETQYTATLIPDLPQGLPVLQLQATDADSEDELVYSLENGDFEFVVDSHTG

VISIKTSYGLEPMTYDLVATVTDLAGQSSTASVVIEVLPDIPHIRTRRETLDRR

GWVVRRTDTGELFTVASIPANEDERFEMQDPSPDNLEVNYESGMVRLIPGAD

WDPNEDMVQFFVNISHASDPQYESYLPVVIHLIDLDELAPIFTNLPQPMRTTIPI

WIRPDTIIYTVESIFAQYDDVKVQYKLESGGDGWFRVDPETGDVLIVGRHEFE

EVSYSLGISAQCIGANPREDMTPSQELQVIVGVALPQPYEHPYHVFMPETTKP

GERVVLVQAVSFQDAPLKYSLSSDDPRALNTFEINEDTGEVTLKEKLTWVSA

TQRYFHMILKVEEKAENIDQAFSDDFEITLQAENMNAPYFALTNYVVPNILES

VPVDTEITEVIAIDIDPLDYGVVNFTSSDPHFTITTDGDNVGRMVTAQELDYD

YQEGHMYSVVVTATDGGGRTGETTVQVYLDPSNDKAPVMDPPEQRAYVKE

DAGSGLVVHIVQAYDPDGDDITFEILNNNGEISEYFLLGTTSGDLSLKKRLGN

SNDNFEIQVRISDGENSVDGVVFVDIIGVNHQPRFPECNSYEPEIAEGSEIGTSV

IRICHNPWGKEASCFEPNMRAEDDDPGANGNLHFSVVTPYNEAKWFEVEGV

EGDEKSVDLKSLREIDREDLLTQRPNEVLVLGNTVKFRVTVKVEDEGQPPLST

NCFLLVDIIDQNDNIPIFDEANYKTTILRNTNYDDRVIRVFALDDDDGNNAVV

TYDIEDSEPSCDNCFTIDSSSGWISRGSGNIGSGVNSITLSVSAIDPDPSHKALT

DVVIDLTESSSDLPPQWSDVGGIPIDDLTSIKVMENTTAFTSLSVNFEATASGN

MVGYFLVKGRTPEQNKNRGFDYRESNQEMVIHNLQLDYETTHSYILLLRSYR

RDPGSSSIPATDARLLVELEDVNDNPPEWQGRDNNGFYPASVSDQTQPGEHV

VTVMATDIDGTSPNNRVSYGFVDTCTDCELFNLDSNTGDITAKEGGFDREDK

EQYYLRVYAEDGAQSSNNPPGPNRIETAIDVLVMGPSMKPPYFPQPSYTVSLD

EGIPFNTTVDDTILAIDQEPGMTYMQYAITAQSNVDRKFAVDMGAGRIYTVG

ELLYDEQESYTLTFRIFDGDTVNSTSVNINLVKQNLYPPVFEPLEIEGPPVEEK

NPNTSPTNPHYLGMMTARNPDDESSPIQYSVEGALTEGDFSGQFVINNTGHIW

LTRGIDRDYPYGHSTWSFNVAGTDDGVPAKTGYGVVRISPTDINDNAPIFDTC

CLAGSIDEHESVSTTVMQLVADDYDNGPNGDVIYEAVTIPEDEDGQPLFAVD

Development: doi:10.1242/dev.174623: Supplementary information
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SEGIITTLEQLDREDVSEYVLIVKATDQGDPDPLSSENQRILITVDDTNDNPPRF

PEASYQHTMEENMPIGSSVMQVVAEDLDIGVNALLDYSITTPGDGDYFFMDS

IFSTRAGVVKIHEMGENKELSFTVRVSDGVYTDTADIVISVVDVNDNPPEFIPE

HVQQNITVSEGEEVDYFVVQVTAEDVDENENGEFEYFIDYMNTDKEFKFKV

NEDGEVTLRNQLDRETVDSYELHVLAIDKGEPALTGTATVFITVLDVNDNPP

MFRESYAPVIAKDLQEGMEIIRFYATDADLPENGPPFEFVNSCNTPECTDLRFE

FEQDTSGGGEDAGIVLSNRNGFSREELGRSSYELTITMSDNPTSGEASQQQTY

TLRLTIEDDNYNMHSEGTKLVTVYNYNGELGSVPLGNVFVEDPDDWDLPDK

TFTFESEQEWFRLDQDSGQLTMKMGAPPMTHEIICDVFDVKYNQGTKAFVY

VDVNYIDKEVTDSAGSMILSGITAEDFIRLEKVTSADKKTSANSLGPGSENYL

DAKYTLLRNKLAELLATKPEYVDIFSVQDVPGETEKVFVQYAAHGSPYYSPS

RLNAIVWTNKDSIETEVGITVEYAPIDMCRKEFQDCWDSGCTTVITPTADPAL

VNANQTAFAGVNSTVEQRCVCATSDFTDDAPQCEINSCMNGGTCQETWNGF

SCECLAGFEGPRCQLTKVNFDGSGWAYMEPLQQCEDGKLSLQFATASGNGL

LLYSGPMRDTEASDMRDYLALTLESGYPVLRANIGDDELTLSISGNNKRGQK

TLSAMNDGNWHTVEIFKQGKMLSLVADHCSVAEVTETIDNSIEDRAACEDEG

SFTGEQFLFNMHTPLELGGRSVGGVNYPSGIPSAGFDGCVKNLMYNGNVYD

MKLVNRTQFQGANEGCVREDCTACPVNSVCHGNFNNANPQCICIDGFQGQD

CDTEVTTIDSHDNPSFIEWKVKNQYNDTLTNIKDGALRLMFRTRETNGVIFM

ANSFSTLERYRLEVVDSHLTFRYDLGAGDRILSLPHVDVADGLWHSVHIERY

GTNGVMRLDGGEGKYYAEQPFLDQHRWITIDEDLIYASAAVTYNVYTGEAY

VDGDLIHTCMRDVRLMENTFPMTEDEEADSWANIQRIENMDYDCESDACVN

VACPEPQFCYDMWRYYECRCDDGERKDEDQCIPVTDCSIPICVNGWCALTED

GDRYCYCKPGWEGPICNMTGPEAFAVVATISQGAVVSIVVVIIAVLLMILLFII

FTQRSNPDHLLIDPDDALRDNYVTYEEEGAGEEDMHAYDLSRLQKPVDPNLD

PMGLRGPPDEPVRRLEVLPQEAPLPLGAPRKPFPMSGDPDIADFMDDRLHDT

DDDPNAPPYDSVREYEYEGNGSVAGSLSSLNSSSSGGDQDYDYLNDMGPRF

KKLADLYGGGGEEED 

>Capitella_teleta.1_v1.0.pep.all_CapteP181060_e_2.6e-10 

MIFQVSASDPDCGANAQVRYAVAANLGFQYPSEFEVQAETGQICIIREVDYEK

KHTYDFPIVARDQDNLDTTALVMIVVQDVNDNSPVFYPTQYSVSMDLDTVAI

SNQVVVVKATDTDSGEYGTVMYDIVGGNEDELFEINRGTGMISLTRTTDLSP

SLHTLIVSATDGGGISSNVRANVSVSLRDASLNPPEFTSSLYRFNVDEDAGILT

LVGVVEATGRNVIYTILSGDPQGLFHLNPNTGQIRSEQSLDHDTVSSLLLNIQA

Development: doi:10.1242/dev.174623: Supplementary information
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RGEGINNGPPVYGNAQVNITIDDINDNTPEFAVTTVEIPVKEDMRLGSTIYVV

HAFDADSGDNGRVRYSIQDPNDIFEVNSESGEISLKRRLDHEMTVRHEFMVH

AYDLGPGDNQASMTVIVEVQDINDNAPVFEFSSYVFDVSESRKANFKFGEVQ

ASDADSGNNGKIRYQVQNGQNVDVFGVFADDGFLYNRVKLDRERRHEYSFV

VLAVDNGVPSRSSSASVTVRVLDANDNDPIFQNIPYVFQITENQPPHTLVGVV

SATDKDETNQLIYFLESSNQYFSVNAESGEVLSSQQLDREERDLHSLTIIVSDQ

GQPSRTSSVDVKIHVTDVNDNNPRFDKEGVFVAYINENQPADTLVAQITARD

SDKGENASITYGFYEGGPDTNHDTAMFNLDTSNGRITTKEVLDHESKVQYVF

KLLARDGGSPHRQTLKTVEVIVEDQNESPPQFDSAHTYFSILENTAPGTIVGN

VTAKDSDSGENARVTYYIVRGNLFGTFGVHSTTGAIFVSRPVDFEECSRYSLQ

VRAVDSNTVNPMSSIINVNVSIIDVNDNSPYFEDNPVVITIRENIPAGVHIYTFT

ALDRDSGDYGRVQFEMVSQSPQNDWFTVERNSGHLKINRQIDFEETKQISIVV

KAEDLAKNVSGRLATTVSALIIIEDVNDNSPLFQTRNQVYVLEDEPVGYPVM

HIVATDADSQDGGRVSFDIVSGNDHSHFSLDSSTGLLQIAKPLDREAVAQYLL

NISAYDHGLPRRTTYMKLTVGVIDVNDSPPVFQHSVYKANISESAVVDTVVT

TVHATDRDTDTNAELNYFIPDGVISNQFTIEQSTGVIRSRIGFDREQQSSYVITA

YVKDGAFPALYDTATVLVDVLDENDNAPIFQVPLVSLEVPENAHLSVIHTVV

ASDADYGVNGHLTYSIIGGNTDNKFTLNSTTGQLSCRPLNREQSSLHNLTIEA

KDGGNPARTSVSSILISVIDDNDNDPEFLLDGYTAEVFENIAVGTSVLRVQAV

DADVGVNAEISYSINNAAQGQFSINNITGVLSTAGEFDREKIAHYSFEVYATD

GGLYGPRSESVRVEVTVKDINDNFPVFTQYPYRQEISQDLGVNQRVLQVSAT

DTDADDNGRIRYSFSTASQFFKIDSTTGVVKTRSLLGPAAAEVHRLNVLAVD

QGSPAKSSTGLVEIHVGSALGGILRFTNLTYNVHITEGARFGEHLTRVQARFIS

NQGSGLIAYSFASGNEDNIFMIHQDTGNITVNEGSKLDFETNPRLRLIVVATAN

SAYDYTTVWVNLKDSNDNAPKFTQQRYTSSTYEGNSRGTYVAQVIATDLDT

GENGRVTYSITSGNTHNAFVIDPPETGIVKTNIILDREIVSTYRLEIEAIDGGRNP

LSAICTLKVQIIDVNDNSPFFPAYPPVNIHEGIEKGSFILEVTANDRDLTPELQY

MFASDGNPADAFSIDRYSGKITVAKELDHEVMPVYRLRILASDEIHNATAEVL

VNLIDDNDNPPVFGQQSYQVSIPELTPPDVQVLTVNATDSDSDDNARLTYSMI

AVDGFKIDSITGVIYTNHTVMFNPRQRDMHLVVTAVDHGKPQRSAVAAVRV

QVMDVNNHAPKFLPSTYSTSVAEDTKAGSTLLTLTATDDDDLHVNKVIYYSI

VSGDVESVFQVMGSTGEIVLVGVLDRERRSKYNLVVMGSDRGEPPLNSTAPV

TITILDINDNTPVFNSSVYHAQVPEDIAIDEDIVKVSAYDLDAGDNGRLHFNID

SGNDDNKFVIDRDTGVISVRITLDHESRDMHKLVISASDSSPVSRNSAFATVFV

Development: doi:10.1242/dev.174623: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



NVTDVNEFPPIFPEGLSFVNLQENQRIGSHVFTAHANDRDSGIFGITQYFIVRD

KDQSAKENFVINTHTGDVSTAAVFYYNVSRRYSVRVRAVDSGGLYADTTYV

VLIQPFTYKRPSFANVNYDFVVPGNAKKGFVVGQIRAMDSGVMVYYSFKNP

NEYFAINSTSGVITVTQDLIENRQENEIMRENDVVLTIVARSGSPTSTYVSEKTI

AIQVNRSCEGCALAQSGSKGTLSDTSLVLLIVFATIAIILVVVIVTMYLRGRER

KRQPPENSQYDSSSFETIEVPPPPPHIGFAPPAYNERYAGHHIHSTTSEVSEPSR

SASSGRGSVEEDEDEEIRMINAAPQQKQALRMPDSGMQDDDAISEHSVNNHQ

DYLARLGIDTDKINTKVSTAKPAPVASSVESMHYFSDADGGEDVLPVYPAQN

AGHHPGPHHQTQAFSYGNAEPSNAGSLSSVINSEEEFSGSYNWDYLLDWGPQ

YQPLADVFSEIARLKDDNIKPKTKPTQIVPQRQMAPPLPSSQLGRPPPIITDMPP

RAVPLANGDSLPSHLSSSSSIANSARTSQLTSVSLPKSPISYESSFTSPAMSPSFT

PSLSPLRTRSPSISPLVSPKGIPSSGHSSSGGETPKRRPHKARGIRLVPPSSGSEQ

EIQI 

>Lottia_gigantica.1_lgi_LotgiP174335_e_1.6e-09 

MTVVHKTVDPVHMTVVHKTVDPVHRTVVHKTVDPVHMTVVHKTVDPVHR

TVVHKTVDPVHQTVVPVHQTVLKVLEKVFFCYYHDKFQVSATDPECGKTAP

VKYFPTGASDLPSVFTLDESTGQICIQSNLDYETTYSYNFLVKAVDLDGLQTT

TAIKITVTDVNDNKPVFDPSSYKVNVEEDFSVGKTILNVQAQDQDSGFFGDVL

YTIETGNSQGYFDIDRTSGVISLAKSLPNVERTYQLLIQASDGDGVESTNPATV

IISVIRPNSERPKFEFNQYSFDVAEDVNPSTLVGSVIATTQSPGSNIQYEILSTNQ

NWFRINNQGSIYTVGRIDRETKPSVLLNIQAESGLNPVWATTQVNITIADVND

NKPEFTIYGDGIRLPVKEDVVVGTSIYGVHANDKDDGLNGTVRYKLLTNPKD

LFDIDALSGEIRLKNELDYETNDQFLLKIVAHDQGTPQQESSTATVTIDVIDVN

DNVPIFTKRIYDFNVKENAELNSKFGTVNATDKDSSHHGGQMSFGFAESPYT

DIFGMYPTGELYVKRDLDREIQDLYVINVVVTDIGQIRLSSTATVRIHVTDAN

DNRPSFTQSEYHFDIEENQQVGSTVGQVVALDRDTGINAELHYSFKTSQNKF

VINPHNGEITTKTKLDREDQGSYQLEVKVVDKGATPLDGATKVKITVLDMND

NKPKFQGRQPYSESVLENKPKGTEVIQMVATDPDAAENGFVSYVLDPASTSA

DGLQNFAIHPKTGWITTKEVLDYEQRSRYLLVVIAKDGGNPGTDNRAEVEIK

VKDDNDEAPLFHASKVTFDVIENSPIRTTVGRVQAHDLDSGENGRVSYYIMS

GNVFSLFAVDMSSGEIYSIREIDYEESSSHVLGIKAIDNNILYPRSNNISVTINIID

LNDNQPKFEKDPIILQTIKENSMIGQVVYTFTAVDRDSGLNGTVQYSIKSETSS

GPEPNHGSYFTIDSNSGQLKIANNIDYEKVHQISLIVKAQDRCPSPSNILESSVT

TVVFIMDTNDNYPIFESRTSIHVSEDESVGYPIMHVIAVDKDSNKDKSGNNIIV

Development: doi:10.1242/dev.174623: Supplementary information
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YNIISGNEDKHFKLDSNSGLLTISSQLDREKKERYFLNISAEDHGSPKRTSYKL

LNIIIDDVNDNIPQFNNNTYYATVPENTGPGATLITVTAVDNDIGDNGKLTYLI

PEGIADNLFEIEAKTGVITTRTELDREIRSAYIITVYVQDGGYPTQYDMTTVVIE

VEDINDNSPIFQSSSYSLNIPENRPESSVMAFVAHDADDGENAVLSYSIIGGND

GHFLINGKTGELTCTPLDREVKKLYNLTVSAVDGGTPSRRGQANVFIQVLDE

NDNNPVFSRSEYSKTIKEDIAKGEVVLQVSATDKDYGHNGEVTFSLGNDTEG

FFSVNSTSGEIITTGVFDREKKGQYNFEIIAHDGGISGPRNASAIVRITLQDVND

NAPVFNQVPYRVDVPPNTDANKQILIVGAKDPDLGENKKLTYNLQSESGSTS

LQYFRIDPQTGEIVTKQSLSNAGVYHNLKVVVLDNGNPRLSSTGVVEITVGTT

TPNPPLKFKQVHYSVEIREHSPTLTPVIRVSATSSVSGTIRYSFANGNDDQIFSI

DQNTGEIKVANSDKLDYEVSQSVRMVVAAEQYKNHAYATLQVNLTDINDNS

PKFAQTKYVSAVWESNEPETYVTKVLARDADSGYNGRITYNIIGGNKDRAFV

IDPPHTGIVKTNIDKLDREIRDSYRLVIQAIDEGEQPKSSSCILSISIIDVNDNQPY

FPPQKPVFLKENMEIGSHVTTVTASDVDPDHSLIYDFSTDGNPENTFNIDRLSG

RITLAKPVDHEQRKHYMIDIKVSDGLHTDFKQVDINIDDINDNSPDFSQKSYQ

VSLPELTSMNYPVISVNATDKDTGQNSDITYSISDNPLDSFYIDSNNGTIFTKKS

INNTTDESILQLVVTATDNGRPRLSSMVTVHIQITSVNKFAPIFDEQLYMKNIS

EASNRGDLLLQVRATDKDNTHHHDDIDYTLISGSTDIFQIRRRTGEIFLNGDLD

REKVGQYTLKVMATDRGDTPKSSTSNINIIVTDVNDNAPYFLEKDYFKILPEN

FTSEQVFLIVGAEDADIGPNADIQYTITSGNGKGLFIIHGTKGEISIMTGMELDY

ETDQSHRLIIRAVDCKSCPQEVTKLSAFVTVDINVTDINDSKPKFPVDHYVESV

YENRPVRSIVFQAHANDRDSGMFGLVRYSLIPGQDSDYFTMDSDTGYVRTQ

MSFDYEERKAYRVRISGVDIGGLRSEANVTILIRDEDEFAPTFIKKTYDFDIQG

NAKKGDILGQVGALDEDGGEAGKVYFYFKYPSSYDYFAVNASSGVISVARSF

HEDVPEDNRVKRALKEEETTIVVIATSGLDNSMESTATIAVKIDRTCDGCKYV

PSTKEEGLSPVVLALVIVVCIIIVIVVIVIAAVLFIRKRKHKAKKAQPEPRQYEP

SFDQIPPAILHPNVGPPPYRQVSPYDRNIANITSSDISNHSHNSASSGRGSAEEE

EDEEIRMINSNNFINHSQGYLRRKAMPDSGIQQDDDSMSEPSVQNHQEYLAR

LGIDSTKIGNKNKKKNVAPSVESMHHFSDEGGGEGDIGIDYNKLTDGETDDE

VAMIDKNRVLDFPNPEKQHAGSLSSVINSEEEYSGSYNWDYLLDWGPQYQPL

AHVFAEIAKLKDDNVTPKKQPIRTVPQKPLLNKLNPQVKMVPPPMITNTPPKA

ISQPASRTSHSSSSSNQSQRASTMDTSLPSLPRSPISYESNYNSPALTPSFTPSLS

PLAAHTPSTISPAVSSQVNSGPNSGQNTPGRIVIRNGQIALTSASDPQEFRI 

>Lottia_gigantica.2_lgi_LotgiP167053_e_6.9e-52 

Development: doi:10.1242/dev.174623: Supplementary information
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MATKKCKLLSVCVFILHSISLHVVSSHNFVHQSQYLQEANQPLHANIRHSRHR

LKREVTQKTVEKSIQETQQNPIFALRDEVTNPNSRIFLYADSSRQNFFSVDADG

NVAVRQGNKLDYEDESMRNIKLFVNATSRRDQSDVIVLDVTIQISNVNDENP

VFKNQPFPFLATVPPNAASGVKVYELFAEDPDQNDVIYAFLTGGENRFEVRT

KNVFSTALNRNVRVAEILTQGAGNFIKEEYQLVISAADSTNETQVTTATVLVK

VGVRPPQFYESSYVGKIPEHSSANQFLQNELKILAKSFQGKEITYQLLKGGNST

QASPYFTIDSTTGVVKTTSTLQSSDLDYDISPKSSRPPKYSLTARATESETGLSS

TIDLNVEVIDNNDNSPIFEYSSYQRIIPENYRVNSTILTVKADDDDSGTNAEITY

SVSDGNFTVETVSDPVSGIIGHVKNILPLDYDRIVGHMYSFEVYAHDAGSPRR

SGTASVRVIVTNVNDEPPEIQIDNSTVYSVREDAEINYVVTFIQAVDLDGDRVS

FFFTPDQSTSYIFSIVPQSGLIRLQQKVPSDVNMYVLNITVKDDGSCCGGGTTL

SSEANIYVEIVDVNEHKPTFTNCSEYNKASLLENSPSNTPIIKVHAVDEDRGEN

GRVTYSILRSSTDTTRKFNIDPNTGNITSLIQFDREKTHSHSITIKGNDQANPSL

EGYCTFSINIGDVNDNSPVFDQPSYTVNIVQDYEVGRSVANVRAEDADLGINA

EIEYSLISNPNDMFRIDIDDGIIYLDKDLGTDTAYQLQVMAKDKGIIPLNANVS

VTVKVANITSKPPSWDRNDYDSTPYKVNETVPFGYMIAEFAASSNVDGNPRV

LFNLINGDGNAVAVLDPFYLEIQGNKVQLKVNSRLDYNVKPLHELRLRVTNY

NFIPSTSEISPKIEVIDMNNKAPYFVGRNQDSSIYPGSVAENMPPGQTVIDVKA

YDDDVFPPNNELSFSLVYKEGVSQLFSISKIDDNTARITTTAQFDREQKNFYFI

EVKAEDGKASDTPGHTPANTPNSAIATVQVRITDQNDNQPYFEKEMYNATV

KEDASIRTSVILVTGKDPDTADSLVYSITGGNTRNAFGVQTKKGIIYVARQLD

YESGETEYTLTYMVSDGLYTNTTTVIISVEDVNDNRPEFDQETYTIDDVVEED

ESISPNQPRLLTKVIATDADKTRPNQITYSLLGSGTMPGDDQLFRVDPKTGNL

YLLRKLDRDLPNGRATYQFNVRAMDEPQNPDTAQYGFASVEVKPKDINDNQ

PIFTDNLRGSVAEHSEKGEQVMTVIARDYDFRENGTVTYGIAEGPASLSSSIKF

SIDNNGLITTNTAPKELDREDVAVYNFKITAHDLGPNANTTTATITITLTDIND

HKPEFLEKIYSVTMSEAQEQGEIALVRAKDKDIGENARLTYSLNSAHFAVNVI

TNEGSITVYKPVDYEDPSQRSFNLSVTVSDPDPSHTDTCYVEVTVEDFNDNAP

QFDQASITVNVRENIAVGEKLATFSANDKDSGLNANFTFHIDTTTDRRRQFAI

DEVSGEVSVRRGLDRETLPVHEVRILAIDKGDPQQTGTASLTVNLIDINDNYPI

FKYDYRPIVMENDPNFPKEVIRVHGKDLDTEKFGPPFGFKSTRCEDGTSRCPC

PGRPTCDFFNLTANDAGDGGNGEGVIFTKAEFDREKQKYYYIPIVMWDMRG

KGDPNSQTGTNTLTVEIGDINDNPHNPGHKDIFVYNYKGLFGNIPIGNAYAAD

PDDWDVVDKTFDGPNTYKDLFEVISENGSIILKEKVPEGEYTFTVKVTDNLHQ

Development: doi:10.1242/dev.174623: Supplementary information
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KTVESTVTVVIQMLTEEAVKKSGAMRLTGITAEDFVDREKVDDGNLNSYYD

SKSDKFRQLLADKLNTKKEKVEVISVMNNGEFTDVRYSVSGSPYYDASKSDS

VISLNRKEFENKVGIKIGMVPIDECMDEKFEGGCYNYLNITEQPAMVNTNSTS

FIGVETKVEALEGCRATMYPDEQECSADYCYNGGECVKDDWNTISCPKCPIG

YDGPRCQGTHHSFDGKSYSLFKPLEQCLDSQTSIEFITQQADSLIFYNGPIGEL

GPDDPTDYISLELVKGYPRLRIDHGTGELSLQIDGRDEQGSVKLQRLDDGKW

HHIDIIREGRNVQLIVDRCQDISRNNGIGVDDRACRQSGATSNENRLLNVNTL

LQLGGRAEDPPPSYPAGITPIRYNGCVKNFIHNGEMYNLHIGGTPGYPSGSNG

CKKEEGICGKDLVPVCGENGICISSWSPDDYKCICKTGWRGEKCEKETTVKD

LKDMSYIKWKLSDEWFNNITPWKLQMHLQFRTRDENGVLMTVSTAENSKH

VILEIENGILQVKYDLGNSNVQILQLYYSPASNGRWHTVELERYGKQFILKMD

GGEGRNYNYTLGNPGEYEGINIQRIVFSGASVSETSSISVISPSTDLSDTCLNDV

RIENGWFPMEMNENSESKAATLVRDVNLEDDCLRNDCEGVTCTGEFEVCYP

LWGIYECRCQDGYKKGPNGKCILIPFCETDPCISGRCNVDKCECFEGWDGKF

CEKRDPGSVVAGLSTGAIVAIVVCIFIALILALVVIFLVRFSERPNDSDKYILEV

DPDEDIRENVMNYDEEGAGEEDHDAYDISRLRKPDDNMSMGKSPLDPIPRTR

MVGLGRAPRPGEDPDVGGFIDDRLGDADDDPNGPPPDSVCEYAYEGGGSDA

GSLSSLNTTSSDGDQDYDYLNDWGPKFAKLADMYGAGQED 

>Tribolium_castaneum_E-cad_tca_TC013570_001_e_4e-44 

MDNNIDQQNHLAHSRLSQYQENHKPMFKDCQRYNPKVEEEQPSQTFVIRVQ

AVDEDPPDREGGRITYTIEEPPGTRPNFKINKRTGEITTALPFDRDEPNRQKEIY

LTVRAVDDGRPELADICTIKVTVEDINDNSPSFDQHDYSSNVSEDLPENSEVL

RVFAYDLDDRENARLTYSFVNGNDQFEDYFRIDSVTGVIYLKKQLLGKQSKR

FSSTVEVSDNGKEKNTARADVVFTVVDSNKRPPTIEVVGGNRVIHLKEDEND

FEKPLVALSAQSNIDDPSVVFELVKGKTTQTNKDQTFILSPSGPTSAQITMARP

LDYETVEEYQLTVRAKNKDLLYASVTINVKVEDVNDEIPTFIELLRGSIVEND

KIGAQAMTVRAIDKDGTSPNNLVVYELLDYKDLFEIDKNSGVITAKASFDRE

KEKLYHVTVQARDSAISALFPSKNKPNVANQTFQISIEDQNDNQPKFTKSLYQ

VYNISENADTQKDVAEVKAIDADTASRIEYSIIEGNINDAFLIEPTTGRIKVNNK

LDYEKVEEYNLTVQANDGIYTDTAKVFIQISNENDEIPVFEPYNKDIQFEEERT

SEDCIITLIAYDPDIKDRSADQKIVYRVGEAYKSFLSVGRNGCVTVTKPLDRDL

PNGSSSYQAYIYADDYEGGPNSLSNYAEINIILRDINDNAPYLEQTEVVWQEN

QEPDGQTPIITLTANDNDGPENGPPFTFEIPSYEMTEKFEIRDKQLFAKIRFDRE

ERKYYDVPIKITDNGSPSQSGTSILKVIIGDVNDNAAQDGSSEIFVYKYEGIKM

Development: doi:10.1242/dev.174623: Supplementary information
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DTEIGRVYVTDPDDWDLPDKVFEPDGYLDSNFEIGRIGGMITMKKEIVPNVY

KLNFVVKEELMNGTLNTVHADVTVTVKEIPEEAVRKSGSIRLKGITSEDFITK

NPTTLTSRKDLLQKHLAEVFNTSIENVDVFTVMPSHNSTFVDVRFSAHGSPYY

APERLNNKVTVEQEALERELGAEIIMISINECLQPDVCLNGSCSNILQIRDDPA

VVFTNKTSFVGVKAVAEAVCECRKHMTKECFNGGTPIEGICNCPEGFTGPNC

ESLGISFAGDGWAMYPPFDSCNNTLISFSVLPQTDDGLIFYVGPLSKRQAELN

KDFMSVEMRGGFVVLKVDFGDDTEEFISDYKKINDGGSHKIKINYTNVEVQIE

VDECPSDCIKWASFRKGGLLKTNGPLQIGGRSNIFTQEEAKMIWSNPPSSVGF

RGCITNFTYNSYVYNLGAPSDKYHAHEGTCDYGMFQAAKFGIDSNFLVAILV

CLAILLILLLAVVVHKRKHDNFNEKDLDDTRENIINYEDEGGGECDTNFDLSV

LRNNIDEKPPMTDHLYKHEVPADIGSFLDDKKRACDKDTLPCDDVRHYGYE

GDGNSSGSLSSLASCTDEGDLKFNYLSSFGPRFRKLADMYGDDASEEGSQNG

AEESWC 

>Tribolium_castaneum.1_tca_TC032877_001_e_5e-09 

MLISYRLQGLAIVMSDQFTSDRPSSSDFRTPGLESGDVDLPIDGADFRDDSVG

HAMSRPANICPPSPLSIKITELRRYCTVSATDPDCGVNAMVNYTLGEGFGKLK

EFEVRSATGEVCITSSLDYETRNVYEFPVVATDRGGLSTTAMVKIQVTDVND

NRPVFYPRVYNVSLREGGASSSATTPVVVVATTDPDSGRFGTVTYKIVAGND

AGLFRIDKNSGEIFVNRPNLLSSRSQPYHRLNISATDGGNLKSLADAEVFISVID

SAQRPPIFEHPRYTYSVKEDVRKETIVGNVKATVRDSGDRKNIRYSIYSGDPE

GFFRIDPSTGAIRTASALDHELRSSVLLNIQATNGDPPVYGHTQVNIEIQDVND

NAPEFESNVVRISVPENVETGIALYAAHARDRDSGANGVVRYKIVNNGATGG

LFNVDPKLGHLTLTRHLDYETTQRHSLIITATDTGIPPLSANLTVLVEVQDVN

DNPPVFERNEYSKSVEESRPVNSQILQVTAVDLDTGNNARLTYRLLPGNNTG

EVFGIFPNSGWLYLKGSLDRETKDRYELTVTATDNGTPSLSATAKVLVKVSD

ANDNDPKFMKESYEFSIEENLRSGSPVGKLSATDEDIGINAVIRYSLIPGNTSFQ

INPASGEITAKEPLDRERKETYDLVAEARDQGTPSRSSRVAVKIHVLDVNDNV

PEIIDPQEDVVSVREEQPPGTEVVRVRAVDSDNGQNASITYSLLKRQDSDGYG

VFKIDPLTGVIRTRMMLDHEEKTIYRLAVVASDAGKPPKQTVRVLRVEVLDL

NDNRPTFTSSSLVFRVREDVKIGHVVGTVAASESSDQENMISGSTGGHITYTL

TSLMPENVIDAFDIDRSTGSLVVAKELDRERESEYRLEVRALDTSAMNNPQSS

AITVRIDIADANDNSPRWPEDLVTISLGENTAIGSSIHNFTATDVDSGSNGDVR

YHLLHQYPTNDTFTIDTLTGTLILSNSLDYETVQEYTIIISATDQSLNISERRSSSI

TARVIITDSNDNPPKFVIPVPPTAFISESSSIGMKITHLVAVDSDSGDNGRVTYV

Development: doi:10.1242/dev.174623: Supplementary information
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ISSGNEGSLFALGYDTGVLTLAKPLPDAQRTYVLNVTATDHGTPTLHADMEL

KLIVQGSEVNPPRFFNALYRADVPEDAPVGTFVTRITAKSGLGEDGGNITFYIP

QEIADGAFQIDPTSAVITTSKYLDRETKSTYTLPIYVIDSTTPGKTLFDVATITIE

VTDVNDNAPEFKINSCYRLYVPENNDIAVIHTVVAKDLDVGLNGEITYSINGG

NVGNKFIIDNRTGALTAKPLDRESHSRYYLTITAQDRGKPSMMGSCNITVMV

EDQNDNDPKFDLSKYSTTIPEDISIDTSIIKVHASDADMSVNARIIYSLANESQ

WLFRIDNKTGVITTAGLFDRELQSVYNFLVVATDSGKYNARSQRVPVTVRIE

DINDNKPIFTQYPFREQVAAYKQPGQTILKITAKDADFGTNSEIVYSLVNDGS

YPKFRINPNTGILTATQSLAAENGRVIHLNVIATDKGNPPQSSTGLVEIIVGDIP

DGTPQLRFQNSTYIVNIAENTEQFKDIVRVSAVRTDGRRQRIHYSFGTGNEDNI

FNIDTETGVIQVHDPKNLDYELHKEIRLVVEAKTEGGPVLHGYCEVVMQLTD

INDNAPKFTQQQYSASVWEGNKKGAFVLQVVAFDDDEGHNSRIRYHFLDGN

HDNAFKIEPEFSGILKTNIVLDREIRDNYKLTVIATDEGVPQMTGTARIVINVV

DVNDNQPTFPPPATIKVSEATEVGTVLTTVAANDVDTNPTLTYDFAKDNARE

DLEFFSIDRFNVNDNAPVFSQLVYQANLPEGHSTELSEILTVNTTDSDSGDNA

RVEYFLLNPIPSFAIGRTDGILRANLSNISTTQDVQLYVQATDLGKPPLKSVVS

VRIKTNNRSGHVSSSNKKDYKIQIPESTPKGTIVLHLGKPPNVQKQASFYIVDG

NEEGAFEVSSPTGALIVVKTLDREHRDSYSLKITIGDSAVIAVSIIIVDTNDNAP

VFKQSDYETTISEGTPVGTSIKKFEATDGDSAGPNSDITYDITSGNDELLFRLD

VISGVLFVNGTLDYDDGVTEYNLVVRACDRAAIPLCTLNTFSIELQDENDNEP

KFPVSEYLEFVGENESIGTSVFTAHATDLDKGAFGSLNYSIVSASSVNYPGTD

DSWRLFNIDSSTGMVTTNVIFDYEQQSRYVFIVRATDVGGKSSNVKVRVEIES

KDEFHPQFTERTYKFVLATSVVLPVGYVVGHVIATDRDKGPDGRVVYQLTT

QHSYFKINRTTGAVMIKKKFDNEGLESGREISLVVTASSGRQGSLTNMTVVEI

TLDPLADPGTNLAINRENNTTVAAANGGIADWALGLLIALILLLITFGAVFVFL

HMRNKRNKKINKPNLNSESVSTSNNYVDPSAFDTIPIRGGGGVVTSGTNQFAP

PKYDEIPPYGPGHAASSNSGAATTSELSGSEQSGSSGRGSAEDGEDGEDEEIR

MINEGPLQRDSGIHRQNDDDDNLSDVSVRNTQEYLARLGIVNSSGVQQGTSR

LCSDPRAGSSKESIHHHQGVPLDSLHIFDEEGNNENDMTLIYAKLNDVAGSDR

ASSTDEGGGVNTSTLEHVMAMGGYGEVPAVTHQPSMNGSLSSIVHSEEELAG

SYNWDYLLDWGPQYQPLAHVFSEIARLKDDTASVKSGASGNSSVKSKSSAPA

KSIPPPLITSVAPRSIAMPVLNSRGGSSHHAGGHSQMMMLPRSPINHDASGATF

STSTAMSPSFSPSLSPLATKSPSISPLVTPGLPTSHHVMGRQPPQTRTKTVVDA

ELRI 

Development: doi:10.1242/dev.174623: Supplementary information
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>Tribolium_castaneum_N-cad_tca_TC033193_001_e_9.4e-54 

MLLSTAGLLYTDNQRVIIHVRDVNDEPPYFINRPLPMQAVVQLNAPPNTPVFT

LQARDPDTDHNIHYFIVRDRTGGRFEVDERSGVVRTRGTDVFQLDMEYVLY

VKAEDQNGRVDERRFQSTPEERLSIVGGKRAPQFYMPSYEAEIPENQKKDSDI

ISVKAKSFADREIRYTLKAQGQGAGTFNIGPTSGIVKLAKELDFEDLRQPHVY

SLVVTATEDSGGFSTSVELTIRVTDVNDNAPKFELPDYQAHNVDEDIPPGTSIL

KVKAMDADSGANAEIEYLVSDDHFSVDPSGIISNNKQLDADNNNAYYEFVVT

AKDKGEPAKTGTATVRVYTKNKNDEEPKFSQQVYTPNVDENAGPNTLVTTV

VASDKDGDNVRFGFVGGGTSSGQFVIEEITGVIRLHSKSISLDRDKYELNVTA

MDDGACCVNGDQTIHTSTAVVVVFITDVNDNKPIFKDCGTYYPKVEEGAPN

GSPVIKVHATDEDKGVNGQVKYSIVQQPNQKGTKFTVDEETGEVSTNKVFDR

EGDDGKFVSVTVKATDQGEPSLEGVCSFTVEITDVNDNPPLFDRQKYVENVK

QDASIGTNILRVSASDEDADNNGAIVYSLNAGSNAADLEYFEIQPESGWIVLK

KALDRDRYRLRVRASDRGEPPSFADVDVELDVVDRNNKPPLWDVNTYGPIHI

RENVTVGTVVTSVKARLVSALAGAPGALGPGVGGRQGAWRGPAASGRETY

KLEATAQDKGYPPLSRSVEVQIDVVDRANNPPVWDHVIYGPIFIRENLPVGAK

VVSVKASSGIENNPTVFYRLMPGSTAQTNKYHTFYLQQRPDNGFTWADIKVN

HPLDYETIKEYNLTIRVENNGAQQLASEATVYIQLEDVNDEIPLFTEREQETVL

EGEPIGTKVTQVNAIDKDGTFPNNQVYYYIVDSPRNEGKDFFEINKETGEVFT

KIVFDREKQGAYALEVEARDGAPSARPNSDSQPNSVTKFIRIGIADKNDNPPY

FDKALYEAEVDENEDIQHTVLTVTAKDHDESSRIRYEITSGNIGGAFAVKNMT

GAIYVAGALDYETRKRYELRLAASDNLKENYTTVVIHVKDVNDNPPVFERPT

YRTQITEEDDRNLPKSVLRVTATDGDKDRPQNIVYFLTGQGIDPDNPANSKFD

INRTTGEIFVLKPLDRDQPNGRPQWRFTVFAQDEGGEGLVGYADVQVNLKDI

NDNPPTFPQGIYLGNVTENGTAGMVVMTMTAVDYDDPSEGTNARLVYSIEK

NVIEEETGSPIFEIESETGVIKTAVCCLDRERTPDYSIQVVAMDGGGLKGTGTA

SIRVKDINDMPPQFTKDEWFTEVDETDGTTLPEMPILTVTVHDEDETNKFQYK

VLENSGYGADKFTMVRNNDGTGSLKIVQPLDYEDLLQSNGFRFRIQVNDKGE

DNDNDKYHVANSWVVVKLRDINDNKPQFERPNIEVSVYENAEVGKSLETFK

ATDPDQGGKSKVSYAIDRISDRKRQFSINQDGTVSIQRSLDREDTPRHQVKILA

IDDGIPPKTATATLTVIVQDINDNAPTFLRDYRPVLPEHVPPRKVVEILATDDD

DRSKSNGPPFQFRLDPGADDIIRASFKVEQDQKGANGDGMAIVSSLRSFDREQ

QKEYLIPIVIKDHGNPAMSGTSTLTVVIGDVNDNKMQPGSKEIFVYNYQGQAP

ETEIGRVYVYDLDDWDLPDKKFYWETVEHRNFKLNEDTGMISMKHGTREGK

Development: doi:10.1242/dev.174623: Supplementary information
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YHLRFKVYDRKHTQTDVPANVTVTVKEIPHEAVVNSGSVRIAGITDEDFIRIW

DYKTQSLSRSKADKFKDKIAELLNTDRENVDVFSVQLRRKHPPLTDVRFSAH

GSPYYKPVRLNGIVLMHREIIEKEVGINITMVGIDECLYENQMCEGSCTNTLDI

SALPYMVNANKTALVGVRVDVLAECTCGARNFSKEENCRNTPCYNGGRCIE

TRYSLSCSCPATYNGPRCQQTSRSFKGKGWAWYPPLEMCDKSHLHFEFATRK

ADGLILYNGPIVKPETDEVMVSDYIAVELERGYPRLLLDFGSGTLELRVKTKK

SLDDGEWHRIDIFWDTENVRMVVDYCKSAEIAELEDGTPPEFDDSSCQAQGTI

PPFNEYLNVNAPLQLGGFYVEEFDPTEYHWQYMPVGKPFDGCIRNLFHNSKL

YDLAHPGLSRNSVAGCPQTEEVCGRSDATHRCWEHGTCVGSFNEAKCQCKP

GWTGPACLHPTIPTSFKPQSYVKYALSFEPDRFSTQIQLRFRTREEHGELFRVS

DQHNREYGILEIKDSRLYFRYNLNSLRTEEKDIWLSSVTVDDGQWHVARVSR

YGSAATLELDGGEGRRYNETFDFVGHQWLLVDKQEGVYAGGKAEYTGVRT

FEVYADYQKGCLDDIRLEGKHLPLPPAMNGTQWGQATMARNLERNCPSNKP

CANVICPEPFECVDLWNDYECTCGEGRVMSADSKDCMDKDECVDLPCLNGG

TCVNLEPRFRYRCHCPDGFWGENCELIQEGQTLKLSMGALAAILVCLLMILSY

KFHENGCVNENECLWLPCINGGLCKDYEPPKRYECSCPSGYTGGHCELELAP

SGAIMPSKDFIVAVIVCLLALLVLVLVFVVYNRRREAHIKYPGPDDDVRENIIN

YDDEGGGEDDMTAFDITPLQIPIGGPLPELAPPKIGFSVIGVGQEPNVGVFIEEH

KKRADSDPNAPPFDDLRNYAYEGGGSTAGSLSSLASGTDDEVQEYDYLGAW

GPRFDKLADMYGPGEETEQEEEEE 

>Acropora_digitifera.2_adi_adi_EST_assem_551_e_4.7e-13 

PTFPQAVYHWTLFEGSPVQRTLQAKDGDFGANATVGYSILSGNVGNMFMLR

EFRDRKGHLSAELDLAAGKELDRETRDSYLLNISATDGGNPAQVGSTLLNITV

GDINDHKPVFSNSSYSVNTLENSPRGTTILQVFATDKDIGSNAVIEYHVEHGSH

SDPLFAFSADPKTGVIINNHILDFEDQRVYNIYVRAENPNSGMFTLARVAIHV

VDQNDNKPTISVLFELSGRYQVFENAPIGTVVARIYVSDKDSGKNGEVDVTLE

GGNGYFSARSDPANNVDIIAVAKNLDRETQERFILRIVAKDRGQPQQTSYDSF

IANVGDINDNYPVFDQAVYGAVLSENVTIGTQVVRAEATDRDLATNAQLVY

NISHSLPTDYYKTWFQINSQTGQIKTAALLDREKIEQVVLNLTVSDLGVPPLSA

NCIVLINITDANDNNPSFSRAVYFATIAENKPIGTSVEQVSATDIDIGQNGEVR

YSLDNQQGNVPFDVDSSTGIVSTAGLIDHELRSSYNLKIVATDGGGREAKCD

VNVTVKDVNDNFPVIDPLAYDVKVYENLTIGDAITTIIAKDDDSGLFSRLTFSI

SSGNADSIFHVNPSSGLVTLLKALDREEDDFHQFNVSAEDGGGLKSKNTALV

QVTVLDVNDEPPIFDASSYNFTIVENSPVNSILGSVFASSKDLGTNADIFYSVK

Development: doi:10.1242/dev.174623: Supplementary information
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SGDADNIFAINSSGTIFTQRNIDHEKAALLVLSIQAKDGGSPPLYGFANVTVTV

IDLNDNSPSFLSNDIAINILEDTKVGEVFYNVSASDRDSGLFGQVQYTLLSNPN

NTFQLDQYTGALSLTVPIDFEGPRHYTIQVLAQDGGSPPLNDTASFKFTVIDV

NDHAPKFSNSTYSVHVMEGSVTGNILNVVATDADSGDNARISYSFQPGVDRT

VFGLKPDGWIFIKHTLDRERQAVYRFGVTASDQGNPPKSSKANVVVHVDDA

NDNDPKFSQNQFFFPVAENKSNRTKVGQVSATDSDAGLNAKIVYSLVSQSPQ

FVIDPDTGIIRTNQVLDREVQASYDLMVEARDQGASPRTDKSKVTVVVKDVN

DNSPTFRNRSYSQAVPEDIPLGSFVIRVVADDPDFGKNGEISYNLTSGHIVDKT

AMFRIDRRTGEITTAQRLDREQIHRYILFVVAEDHGTPPKDHVVIVSVEVLDA

NDNPPRFVNNSFFVNVAEKLPVGTVVTTVTAKDIDAGKNGQVRYTIDQGNA

GGSFGINDTSGVITLLKQLDYENKKKYQLRVEARDLGQNSRRSYLFVTVYVL

DSNDNTPIFDKNPVTVALREGVPNYFNVTTIKAHDYDSGQNSRIWYSVDSQSP

GPPKFKVNRETGVVQTVGPIDRESVDEYTLTIRATDQAFTESERLSSTLTVLIIV

LDINDNKPDFVSPERTFVLEDEPFGYPIITITSIDRDQGSNAEVRYSIVRGNSGIF

SLDPNSGLLKLHGTLDYERKPTYTLKISATDLGTPPQTSFQTLTIDLVDVNDN

APQFNQSLFLGNVYENEPVGTPVMNVTAHDPDSGSNGALSYNIPRGEVMPRF

VIDPKSGLISTNSTLDREEKDVYILTVSASDNAFPFRVATCTVKITVLDKNDHS

PVFNPTRLNLTVMENRAPFMFYVMSAQDPDVGRNGRLRYSLRSGNEDNKFTI

SEFTGELSTTAELDREKTPQYDLHVVASDITPPFYNSSAHVSVFVGDANDNRP

SFLRASYDVNIRELTPINTAIFNVSAVDRDVGLNGEVVYSLSNKTFGIFRVDSR

TGVIYTQRQFDFSVKQAYTFNCYATDRGVVPRRGSTEIRVSIIDENNHAPVFQ

RLPYSQQIQPSFPQGMRVLTVSATDQDSPSITQMSYRLIGNSSYFLLTSSGELQ

VKRGVYSIPNGTYVLNILADDGGGLSGRGVAEITVGPIMDNPPVFLNSTPANV

SIPENSPNDHEVARVIATRSGSSSGIVYSIINGNDGSPFKINRQSGVVTVANTAL

LDFERLRYFRIQVIASLESISSPNAYLTLNVYLLDVNDNRPLFNPADISVQLAE

DDALHSSGFNARTVVMVTATDLDSGSNQQITYELDSGNVNQRFAIDSKTGVI

TTTKLIDREVLPYYRLVVKATDHGNPPLSSTSDVSVNIVDVNDNIPSFSGPYTA

EVVEDVKVGYVVKRVAASDRDASPNLVYSFSNGMSNKDLFHIDRSAGVVSV

SDSLDYESTKSFVLNINVTDGTYQSQTTLTVNVKDVNDNAPRFLNSSYRATLS

EDSAAGAFILRVSAVDKDSGTNGEITYAFVTDVPQFTIHADTGSIHTAQKIEVG

AQESLFFVVVSATDRGVPRQRAYVNVKIQISRTPKFTSPSYAASIPENTAPGTE

VVTVGASVIDGTKIGFFITNDQDSIFRIGRRTGIIEVNQPRLNYEKDKNYLLLVE

ARDDVTKRSVVVGVNITITDVNDNPPKFSRKQYTTNVREDVSIGTMILQVTAS

DDDSGMNGQVVYSIDSGNDKNSFMINGTTGEIVTVKTLDYENMKRHLLSVQ

Development: doi:10.1242/dev.174623: Supplementary information
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ATDQGSNSLKGFASVAIDVTDLNDNIPLFHIMNPLSIAVEENSEVGTQFYQVL

AVDTDSGINRELTYSITGGSGENLFIIDHKSGYLRTNATFDYETKSFYFLLIKA

VDSGSPPLSNEINITVYIKSVDEYEPAFLNSTYKFEVPGNAKIGDFVGQVSAVD

KDGGEDGVVRYSFESSNAKVFGINATSGVIFVNKSLGEVESKRKRRSIERYEQ

GVGSRRVRRNTDLEIVSLKIRAHSGKSGSKFSTVNAEVAVDFACPGCIPGRVD

TQSGNALSPIIVLVITVSGIIFIVIVVVIAAIAIYKRNKRKRGRPSSRSGFDGSFDP

ISVYPSLNGNVNHVESSLDNVSTPRSASQERSPLNVPSDSPTRRTNSTDSPNSA

SSGRGSSDGVDFEVDHPATLAKGDLGSLHSENYVRTLIAPDSGIHQDSDQASQ

LTISDTSSVLQGEGLGVDKRQDKIDKILARLGSQESLHVFGEEGGGEADGGVE

VGNLLYARLSEVDADEDESIIDGIRPFVDEGHDHPSYGGSLSSIVGSREELTGS

YNWDYLLDWGPQFQPLADVFLEIGKMKDDSPPKKAMSLSLQSSRDLRNLPA

GVVTTDMLSSISSLPRSPISPPSTRYTSPAFSPNFTPAITPLVTRSPSVSPLDTGTS

TPAFTPASATPKSGSRPASMHVLQLRRESHDGSNSDLTHSPSISDNESNLEVDV 

>Acropora_digitifera.1_adi_adi_EST_assem_2804_e_2e-27 

MRGIKEIVGFLLCFCLLHRINTAVQFKQEILEEGKSAGYVVLSLPLPPSNEIYTF

FQAQDSGSRDALLLFQISESGVIKTTKPITYEIGQKNYYDLVAIRRQRGEKVGG

IPTSIRIVIKDTNNFSPTFPQHLYYGRVKERSPDNTVVMGLENCFAEDRDTGGI

QSYSISSGNDKGYFKTSMTTVNDRKFLVLKTTNVPILIDTTPEINLTVRAYDGA

NSATTGITVKIIDENDNSPVFEKKSYATTVNEDTPLLTSVLRVRATDKDLGTN

GGVYYYLNGAQYFSVDAITGVIKVVRQLPDQPRIVLDVKATDRGTPSKTASV

QVTIDINGIPDYPPPDSLNPGVNTVPVFQEESYTASVREDFPINAALLVIHAIDR

DPPGRNRQIRYSLSSPGTFEIDQFSGVIKLVGRLNYDSKKEYNLFVRATDQAV

TPLVASVGLKVTVQEVDKNRNTPVFSPANQQQRVVSIRENMPASTQVGSLIT

ATDADGNQGPDGQIAYSIFSGSGLPYFQINKDSGRLETVIPLDRERQSQYDLIV

EARDKALYPLFSHVYLMINIDPEEDNNPDFSKVVYTANVPEKAPRDTFVTVIH

ATDRDGASVSYSIQNAGSAFAIRAETGVIVTARVLDASIGDTDFTLFVIASAGT

KKSESQINVTIVSKQDSPPTFKNAPYSVTVPENLGKIDNLLCIAAYGVQGTAVS

YSIASAAVGKFAVDIDSGRFSATSSFDYEQVLGGEYPVQVQASTSPQQVATA

GITVRVTDDKDPPTFSRSSYTFDIDENTPGGTTILPKNADGSSGGLLISDEDTAI

TQFDCTIENVPGNVFDHFRVVNPDNSVRECKLVTVRGFNFVENPSFQFEVRAT

DRNYRNMFASAQVKVVIKDRNDHSPEFSQTSYWASVGRDYPTGNSILKVTA

TDQDSGSFGEITYELLNSQDRSRFSLDSNTGVLSFPNSLPARRYQLRVQASDR

AQKSNEIRRTEVDVFVTVYLPGTGIIVFDPPLFPKAIREDITINTQVKLVSTRGA

SNIKYSIVGGNTNNAFRIGSNNGQILVQKALDRETQSKYTLVIRAEESTSNVAT

Development: doi:10.1242/dev.174623: Supplementary information
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EANFIISVTDVNDNPPMITFMEVQPKNIAIEDFSPPGSPVIRVIATDRDTGAAAA

IKYSISIGTPFSINEDNGLITAAREIRKTERSTWDLTVTARDSGTPSQSSAPYRLR

IHVTDGLQAPQLQPRFSVNVNENEQVGNVVKDISPVQKNPNFKYSILSGNRD

DAFCINHAGMISVAKPLDRERVNSYILRVSASVGNKISNSTVSVTIADQNDDA

PQFTRTVYTFEVREDLPQGREVGRVLAIDRDDGTNGQVSYSLLYTVDVNSKF

TVDGATGAVVTGSVLDFEEIRQHILYVKAEDKGRPLRTSIAKVIVNVKDVND

RSPKFSADSYVTKVSLDEVIGTQVLLVSATDLDSGDNSVVVYNITAGNEEGAF

EIDPDTGAIKVKKSLTTVSASKFSLRVEAKDKGNPPKMTLTTVQLNVFLPDGP

PKFVVKPVVEERFEGIAANGRVMVVKAATSEALTYEIISGNEDGLFRIEPTTGE

IKVTRVLDYEEASEHRLVVRVMDTRDRSDRVTVILKVKNINDNEPQFPGESN

GFVERKVEDDFQIGDAAARLSAYDKDAGDSISYQLSANALSLFSIDNEGFLIA

KKPRSEIQSPVKFELVAKDNGVPQRQTTVQVRLVFVSYRGDQQPVRVYVRED

KEVGSVIARVPRFFPGGTLSIIFPQKANFTVDNSGRIRMTTAFDFEQSQFYRLT

VREQEPAPGRRTNDIDVEINVVDVNDNKPKFTMIDFFGRVNTNSRPGTSAYQ

LKAEDKDGGLSGTVGYQMLSQGVPFGINPISSVVETDATLQDRGGYNITVFPF

DFGVPREFGAAVSLDIKTVNFKPQFSESAYTFQVFENAPPGVIVGEVNATSLS

GARLGFSVSLGDPSKKFEVHNSGEIRLNSRLDHEKQSIYNLKVKATELIPGGY

SNEVEVQVTVTNANEYYPRFIPNVYDKTVDENVAAGEIVLRVTANDNDCGIT

GKCEAGLLKFSVEGTSLFKIDPRTGDVSVGSTPLDYEKQREHVFTIVVEDFGE

KIYKSRGFVTIFVRNTDDEKPQFLESDYTISIAEDAETGRPLAAILARDADGDP

VKYSITSGDSGGIFQINPTTGVLSLKSSIKGNPRTQYTLQVKASNSAQDSRFDE

VRVVVNIEDSNDNRPVFTDCPPEVSVEENKPKGHRVYTVIAQDTKDRGRNKE

IEYFLVTGGERLFEIDNTTGVIKTLTSLDRETKDQHTLIIMAEDGGHGRNSAER

LLSYCILDVKVVDQNDNFPFFLTRTYYASVWQRASVNTEVLTVRAADMDTR

VNANIDNSEVQYQLVNADDKFQVELATGVIKTKTTLVSYVGKVQLQIRAINK

QPMAISEERPRTSTTTVEINVEKDKPPAFTSSAVYKSAIREDVRIGKEVQRIVA

TSQVDSKNKIVYSFVKSNPEGEQKFQIDPSSGNITTASTLDYEQVKEYRLQFR

ATDIATNLYATCVVIISLIDVNDDTPTFKLEEYTARVPENAAVDFNVITIEADD

RDTGLSGQVGYTLEDSSDGQFFAINGQTGVIITKKSFDREDPKHIPKYNVFAE

AKDKGVPPLAAKVTISVAIVDQNDQPPIFANPRYEVSVQEDAGIGTSVGEFTA

TDADIGDNARLDYFISSGDASHIFKMESVYGDKNFGILILAGKLDFETKKTYNI

SVTATDRKDSATVPVVVNVLDTNDNIPQFRNLIYEATIPENSPPGQRVAKVSA

TDLDSPKIQNDLRYSLDADGQRNFAVDAVSGQITTANQRLDREVNPVVTFTA

FAFDGKHRGQALIRVTLQDVNDNSPYFPNPPYVGYVEENLDPGASVMVIQAF

Development: doi:10.1242/dev.174623: Supplementary information
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DLDFGSNGEIVYSLDDSSNNKFKIDSNSGLVTTVETMEKETAVNSFTIVVKAT

DKGSPPLSGTVTATIRVSDGNDQAPVFNPREYRQKVPEDSPPGFLVTQVKATD

QDEGYNAELEFTITAGNDPYQFYIDPKTGEILVSGMLDFDHGKKFYNLTVMV

RDRGVRPKQAPEPALVYITIVDSNDNPPVFVPAEYSIKVTEGTKPGDTVQLVT

AVDQDTGTNALFTFGIADGDDADMFGIRPDPKNSSIGFIYTVLQLDRETVPQY

NLTVTATDTGGLQGVALVRITVLDTNDNGPWFQPRYYEGSITVTSDSSSQQEI

TTVKVFDPDEPSNGPPFSFSIESTKPATDATRFGLRKDPKEPQTANEVYSIGAF

TRQVPEWELTIKAVDSGKPVAMSNSTLVFVYVVDDKNLNEPFDGALTIIVNA

YDDKFAGGIIGKAYYQDVDYMGDENTYSMSKQEYFTLGELTGDISAAANIPV

GLYKFEIEVLEQRLRPNTNTFKTVTSSVSVIVQSVPRAAILQSVAVQILAFRRP

ALFVADIYTNFRQKLAGIFGVQEADILIFSVQRAPSKRVPLADVFGVEIQLAVR

SSGSSFMDKMDVVRGIVEGKAELEALSLKIGDIGIDVCAAEQQDVGVCNNKV

EASSAFTVVSGDIGQIEPSKSSLTVVSIDITLKAVYTSILLPDINCTTGTPCLHGG

TCHNAVPKGIICECGRDYLGPECQSTTRTFRGNSYLWLDKLASYERSSISLQF

MTGSANGLLLYQGPLYNGANNGLPDSIALYLVDGFAKLVIALGPHPMTPLEL

YMNKGDRLDDRTWHTVQVIRERKKVVLRIDKCSYSKIVEDYGQIVEDRSSCE

IKGEIWGSAIYLNGLGPLQIGGVENSISDMKINFTGFSGCIRNIYNNGRMYDLF

NPLKEVNTELGCRLNNQCPNCNGRGYCEPFWNYAICVCDLGFGGANCDSRT

QANWYRANSFTQYRVKQVKRKRRELVPAPVSMANEFYTNIALQVRVSPNSS

NVVIFLASNSLGTEFNRIDVKNHVLRYVFRLGDRMKILKIPQLNVTDDKYHTV

IVKREGNRASLQIDYRGKVEGTTGGLHKLLNMGGGSFFTGGLPNITEVRVVE

AFVNSGGNAVLRTAEGNIISSGMGSAYTGIGSYMSNVITVNNFGGVDVSYGV

SGAPHVQRTIKTKSSIFTGSSGVITRISVSRGHSVEFMNSRFFTRKTKQKQKVII

SSSGGSVSGGSGGASGGSGGASGSGGSVGVSGGGGASVGGSILGSSASMDTK

GNLRSYGSGFGTWTIAGAGPNEAGDVQVIGDFGGCTASNSYNGLDLDSDPTI

EARRQNVEFPCPCGSNFCRHGGTCVSADPPYCLCPVGWSGPVCESIVKDPRP

GQRPSSRWANPAVIACILVILLAILVIIGAVLLKRRPQPTVVAVVEDGHVHDN

VRPYHDEGAGEEDNFGYDISTLMKYTYVENGVAGTGGVGHGKFKNGGSSGE

EEFTATETKPLLQGAMPDADLHFKTTTITKRKVVHPDSIDVKQFIDTRVSEAD

GEYILSIDELHIYRYEGDDSDVDDLSELGDSDEEPDEEEEQEFAFLQDWGKKF

DNLNRIFNEDE 

>Acropora_millepora.1_ami_gi|379113423|gb|JT011093.1|_e_9.1e-27 

MRGINAIVGFLLCFCLLHRINTAVQFKQEILEEGKSAGYVVLSLPLPPSNEIYTF

FQAQDSGSRDALLLFQISESGVIKTTKPITYEIGQKNYYDLVAIRRQRGEKVGG

Development: doi:10.1242/dev.174623: Supplementary information
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IPTSIRIVIKDTNNFSPTFPQHLYYGRVKERSPDNTVVMGLENCFAEDRDTGGI

QSYSISSGNDKGYFKTSMTTVNDRKFLVLKTTNVPILIDTTPEINLTVRAYDGA

NSATTGITVKIIDENDNSPVFEKKSYATTVNEDTPLLTSVLRVRATDKDLGTN

GGVYYYLNGAQYFSVDAITGVIKVVRQLPDQPRIVLDVKATDRGTPSKTASV

QVTIDINGIPDYPPPDSSNPGVNTVPVFQEESYTASVREDFPINAALLVIHAIDR

DPPGRNRQIRYSLSSSGTFEIDQFSGVVKLVGRLNYDSKKQYNLFVRATDQAL

TPLVASASLKVTVQEVDKNRNTPVFSPANPQQRMVSIKENMPASTQVGSLIT

ATDADGNQGPDGQIAYSIFSGSGLPYFQINKDTGRLETVIRLDRERQSQYDLIV

EARDKALYPLFSHVYLMINIDPEEDNNPDFSKVVYTANVPEKAPRDTFVTVIH

ATDRDGASVSYSIQNAGSAFAIRAETGVIVTARVLDASIGDTDFTLFVTASAG

TKKSESQINVTIVSKQDSPPTFKNAPYSVTVPENLGKIDNLLCIAAYGVRGTAV

SYSIASAAVGKFAVDIDSGRFSATSSFDYEQVLGGEYPVQVQASTSPQQVATA

GITVRVTDDKDPPTFSRSSYTFDIDENTPGGTTILPKNADGSSGGLLISDEDTAI

TQFDCTIENVPGNVFDHFRVVNPDNSVRECKLVTVRGFNFVENPSFQFEVRAT

DRNYRNMFASAQVKVVIKDTNNHSPEFSQTSYWASVGRDYPTGNSILKVTAT

DQDSGSFGEITYELLNTQDRSRFSLDSNTGVLSFPNSLPARRYQLRVQASDRA

QKSNEIRRTEVDVFVTVYLPGTGIIVFDPPLFPKAIREDITINTQVKLVSTRGAS

NIKYSIVGGNTNNAFRIGSNNGQILVQKALDRETQSKYTLVIRAEESTSNVATE

ANFIISVTDVNDNPPRITFMEAQPKNIAIEDFSPPGSPVIRVIATDPDTGAAAAIK

YSITIGTPFSINEDNGLITAAREIRKTERSTWDLTVTARDSGTPSRNSAPYRLRI

HVTDGLQAPQLQPRFSVNVNENEQVGNVVKDISPVQKNPNFKYSILSGNRDD

AFCINHAGMISVAKPLDREKVNSYILRVSASVGNKISNSTVSVTIADQNDDAP

QFSRTVYTFEVREDLPQGREVGRVFAIDRDDGTNGQVSYSLLYTVDVNSKFT

VDGATGAVVTGSVLDFEEIRQHILYVKAEDKGRPLRTSIAKVIVNVKDVNDR

SPKFSADSYVTKVSLDEVIGTQVLLVSATDLDSGDNSVVVYNITAGNEEGAFE

IDPDTGAIKVKKSLTTVSASKFSLRVEAKDKGNPPRMTPTTVQLNIFLPDGPPK

FVVKPVVEERFEGIAANGRVMVVKAATSEALTYEIISGNEDGLFRIEPTTGEIK

VTRVLDYEEASEHRLVVRVMDTRDRSDRVTVILKVKNINDNEPQFPGESNGF

VERKVEDDFQIGDAAARLSAYDKDAGDSISYQLSANALPLFSIDNEGFLIAKK

PRSEIQSPVKFELVAKDNGVPQRQTTVQVRLVFVSYRGDQQPVRVYVREDKE

VGSVIARVPRFFPGGTLSIIFPQKANFTVDNSGRIRMTTAFDFEQSQFYRLTVR

EQEPAPGRRTNDIDVEINVVDVNDNKPKFTMIDFFGRVNTNSRPGTSAYQLK

AEDKDGGLSGTVGYQMLSRDVPFGINPISGVVETDATLQDRGGYNITVFPFDF

GVPREFGAAVSLDIKTVNFKPQFSESAYRFQVFENAPPGVIVGEVNATSLSGA

Development: doi:10.1242/dev.174623: Supplementary information
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RLGFSVPLGDPSKKFEVHNSGEIRLNSRLDHEKQSIYNLKVRATELIPGGYSNE

VEVQVTVTNANEYYPKFEPNLYFKVVNENVAAGQSVLRVTAIDKDCGTTSK

CEAGLLKFSVEGTSLFKIDPRTGDVSVGSTPLDYEKQREHVFTVVVEDFGEKI

YKSRGFVTIDVRNTDDEKPQFLESDYTISIAEDAETGRPLAAILARDADGDPV

KYSITSGDSGGIFQINPTTGVLSLKSSIKGNPRTQYTLQVKASNSAQDSRFDEV

RVVVNIEDSNDNRPVFTDCPPEVPVEENKPRGHRVYQVVAQDTKDRGRNKEI

EYFLVTGGERLFEIDNTTGVIKTLTSLDRETKDQHTLIIMAEDGGHGRNSAER

LLSYCILDVKVVDQNDNFPFFLTRTYYASVWQGAPVNTEVLTVRAADMDTR

VNANIDNSEVQYQLVNADDKFQVELATGVIKTKATLVSFVGKVQLQIRAINK

QPMAISEERPRTSTTTVEINVEKDKPPAFAPSAVYKSAINEDVKIGKEVQQILAI

SQVDRKNKIVYSFVKSNPEGEQKFQIDPATGNITTASTLDYEQVKEYRLQFRA

TDIATNLYATCVVIISLIDVNDDTPTFKLEEYTARVPENAAVDFNVITIEADDR

DTALSGQVGYTLEVSDSSEGQFFAINGQTGVMITKKSFDREDPKHIPKYNVFA

VATDKGVPPLAAKVTISVAIVDQNDQPPIFPKPSYEVSVQEDAGIGTSVGEFTA

TDADIGDNARLDYFISSGDASHIFKMESVYGDNNFGILILAGKLDFETKKTYNI

SITATDRKDSATVPVVVNVLDTNDNIPKFDNLIYEAIIPENSPPGQRVETVSAT

DLDSPKIQNDLRYSLDADGQKNFAVDAVSGLITTANQRLDREVNPVVTFTAF

AFDGKHRGEALIRVTLRDVNDNSPYFPNPPYVGYVEENLDPGASVMVIQAFD

LDSGIDGEIVYSLDDSSNNKFKIDRISGLVTTVETMEKETAVNSFTIVVKATDK

GSPALSGTVTATIRVSDGNDQAPVFNPREYRQKVPEDSPPGFLVTQVKATDQ

DEGYNAELEFTITAGNDPYQFYIDPKTGEILVSGMLDFDHGKKSYNLTVMVS

DRGVPPKQAAKPAFVYITIVDSNDNPPVFVPAEYSIKVTEGTKPGDTVQLVTA

VDQDTGTNALFTFGIADGDDADMFGIRPDPKNSSIGFIYTVLQLDRETVPQYN

LTVTATDTGGLQGVAVVRITVLDTNDNGPWFQPRYYEGSITVTSDSNSQQEIT

TVKVFDPDEPSNGPPFSFSIESTKPATDATRFGLRKDPKEPQTANEVYSIGAFT

RQVPEWELTIKAIDSGKPVAMFNSTLVFVWVVDDKNLNEPFDGALTIIVNAY

DDKFAGGIIGKAYYQDVDYMGDENTYSMSEQEYFTLGELTGDISAAANIPVG

LYKFEIEVLEQRLRPNTNTFKTVTSSVSVIVQSVPRAAILQSVAVQILAYRRPA

LFVADIYTNFRQKLAGIFGVQEADILIFSVQRAPSKRVPLADVFGVEIQLAVRS

SGSSFMDKMDVVRGIVEGKAELEALSLKIGDIGIDVCAAERQDVGVCNNKVE

ASSAFTVVSGDIGQIEPSKSSLTVVSIDITLKAVYTSILPPDINCTTGTPCLHGGT

CHNAVPKGIICECGRDYLGPECQSTTRTFRGNSYLWLDKLASYERSSISLQFM

TGSANGLLLYQGPLYNGANNGLPDSIALYLVDGFAKLVIALGPHPMTPLELY

MNKGDRLDDRTWHTVQVIRERKKVVLRIDKCSYSKIVEDYGQIVEDRSSCEI

Development: doi:10.1242/dev.174623: Supplementary information
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KGEIWGSAIYLNGFGPLQIGGVENSISDMKINFTGFSGCIRNIYNNGRMYDLFN

PLKEVNTELGCRLNNQCPNCNGRGYCEPFWNYAICVCDLGFGGANCDSRTQ

ANWYRANSFTQYRVKQVKRKRRELVPAPVSMANEFYTNIALQVRVSPNSSN

VVIFLASNSLGTEFNRIDVKNHVLRYAFRLGDRMKILKIPQLNVTDDKYHTVI

VKREGNRASLQIDYRGKVEGTTGGLHKLLNMGGGSFFTGGLPNITEVRVVEA

FVNSGGNAVLRTAEGNIISSGMGSAYTGIGSYMSNVITVNNFGGVDVSYGVS

GAPHVQRTIKTKSSIFTGSSGVITRISVSRGHSVEFMNSRFFTRKTKQKQKVIIS

SSGGSVSGGSGGASGGSGGASGSGGSVGVSGGGGASVGGSILGSSASMDTKG

NLRSYGSGFGTWTIAGAGPNEAGDVQVIGDFGGCTASNSYNGLDLDSHPTIE

ARRQNVEFPCPCGSNFCRHGGTCVSADPPYCLCPVGWSGPVCESIVKDPRPG

QRPSSRWANPAVIACILVILLAILVIIGAVLLKRRPQPAVVAVVEDGHVHDNV

RPYHDEGAGEEDNFGYDISTLMKYTYVENGVAGTGGVGHGKFKNGGSSGEE

EFTATETKPLLQGAMPDDDLHFKTTTITKRKVVHPDSIDVKQFIDTRASEADG

EYILSIDELHIYRYEGDDSDVDDLSELGDSDEEPDEEEEQEFAFLQDWGKKFD

NLNRIFNEDE 

>Acropora_millepora.2_ami_gi|379080076|gb|JR977745.1|_e_3.9e-13 

MEGSVTGNILNVVATDADSGDNARISYSFQPGVDRTVFGLKPDGWIFIKHTL

DRERQAVYRFGVTASDQGNPPKSSKANVVVHVDDANDNDPKFSQNQFFFPV

AENKSNRTKVGQVSATDSDAGLNAKIVYSLVSQSPQFVIDPDTGIIRTNQVLD

REVQASYDLMVEARDQGASPRTDKSKVTVVVKDVNDNSPTFRNRSYSQAVP

EDIPLGSFVIRVVADDPDFGKNGEISYNLTSGHIVDKIAMFRIDRRTGEITTAQR

LDREQIHRYILFVVAEDHGTPPKDHVVIVSVEVLDANDNPPRFVNNSFFVNVA

EKLPVGTVVTTVTAKDIDAGNNGQVRYTIDQGNAGGSFGINDTSGVITLLKQ

LDYENKKKYQLRVEARDLGQNSRRSYLFVTVYVLDSNDNTPIFDKNPVTVAL

REGVPNYFNVTTIKAHDYDSGQNSRIWYSVDSQSPGPPKFKVNRETGVVQTV

GPIDRESVDEYTLTIRATDQAFTESERLSSTLTVLIIVLDINDNKPDFVSPDRTF

VLEDEPFGYPIITITSIDRDQGSNAEVRYSIVQGNSGIFSLDPNSGLLKLHGTLD

YERKPTYILKISATDLGTPPQTSHQTLTIDLVDVNDNAPQFNQSLFLGNVYEN

EPVGTPVMNVTAHDPDSGSNGALSYNIPRGEVIPRFVIDPKSGLISTNSTLDRE

EKDVYILTVSASDNAFPFRVATCTVKITVLDTNDHSPVFNPTRLNLTVMENRA

PFMFYVMSAQDPDVGRNGRLRYSLRSGNEDNKFTISEFTGELSTTAELDREKT

PRYDLHVVASDITPPFYNSSAHVSVFVGDANDNRPSFLRASYDVNIRELTPINT

AIFNVSAVDRDVGLNGEVVYSLSNKTFGIFRVDSRTGVIYTQRQFDFSVKQAY

TFNCYATDRGVVPRRGSTEIRVLIIDENNHAPVFRRLPYRQQIQPSFPQGMLVL

Development: doi:10.1242/dev.174623: Supplementary information
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TVSATDQDSPSITQMSYRLIGNSSYFLLTSSGELQVKHGVYSIPNGTYVLNILA

DDGGGLSGRGVAEITVGPIMDNPPVFVNSTPANVSIPENSPNDHEVARVIATR

SGSSSGIVYSIINGNDGSPFKINRQSGVVTVANTALLDFERLRYFRIQVIASLESI

SSPNAYLTLNVYLLDVNDNRPLFNPADISVQLAEDDALHSSGFNARTVVMVT

ATDLDSGSNQQITYELDSGNVNQRFAIDSKTGVITTTKLIDREVRPFYRLVVK

ATDHGNPPLSSTSDVSVNIVDVNDNIPSFSGPYTAEVVEDVKVGYVVKRVAA

SDRDASPNLVYSFSNGMSNKDLFHIDRSAGVVSVSDSLDYELTKSFVLNINVT

DGTYQSQTTLTVNVKDVNDNAPRFLNSSYRATLSEDSAAGAFILRVSAVDKD

SGTNGEITYAFVTDVPQFTIHADTGSIHTAQKIEVGAQESLFFVVVSATDRGVP

RQRAYVNVKIQISRTPKFTSPSYAASIPENTAPGTEVVTVGASVIDGTRIGFFIT

NDQDSIFRIGRRTGIIEVNQPRLNYEKDKNYLLLVEARDDVTKRSVVVGVNITI

TDVNDNPPKFSRKQYTTNVPEDVSIGTTILQVTASDDDSGMNGRVVYSIDSG

NDKNSFMINGTTGEIVTVKTLDYENMKRHLLSVQATDQGSNSLKGFASVAID

VTDLNDNIPVFHTVNPLSIAVEENSEVGTQFYQVLAVDTDSGINRELTYSITGG

SGENLFIIDHKSGYLRTNASFDYETKSFYFLLIKAVDSGSPPLSNEINITVYIKSV

DEYEPAFLNSTYKFEVPGNAKIGDFVGQVSAVDKDGGEDGVVRYSFESSNAK

VFGINATSGVIFVNKSLGEVESKRKRRSIERYEQGVGSRRVRRNTDLEIVSLKI

RAHSGKSGSKFSTVNAEVAVDFACPGCIPGRVDTQSGNALSPIIVLVITVSGIIF

IVIVVVIAAIAIYKRNKRKRGRPSSRSGFDGSFDPISVYPSLNGNVNHVESSLD

NVSTPRSASQERSPLNVPSDSPTRRTNSTDSPNSASSGRGSSDGVDFEVDHPAT

LAKGDLGSLHSENYVRTLIAPDSGIHQDSDQASQLTISDTSSVLQGEGLGVDK

RQDKIDKILARLGSQESLHVFGEEGGGEADGGVEVGNLLYARLSEVDADEDE

SIIDGIRPFVDEGHDHPSYGGSLSSIVGSREELTGSYNWDYLLDWGPQFQPLA

DVFLEIGKMKDDSPPKKAMSLSLQSSRDLRNLPAGVVTTDMLSSISSLPRSPIS

PPSTRYTSPAFSPNFTPAITPLVTRSPSVSPLDTGTSTPAFTPASATPKSGSRPAS

MHVLQLRRESHDGSNSDLTHSPSISDNESNLEVDV 

>Anemonia_viridis.3_avi_comp10000_c0_seq1_len=3652_e_7e-13 

VMTVQATENARNIPLARISYVIESGNFLNKFRIGQRSGTISINSPLDYETEDHY

QLVVRASDDVNPSKEVKVTVLINVTDVNDLKPEFRKAQYLAQWDESVKVGT

IVMNVSASDGDTGMNGKVWYSIESGDDKDSFSIDRNLGIIRTIKPLDHDAINT

HHLSVRATDEGNPPLHSEVSVTIQVLDLNDNPPVFHIPNPGQVKVPENSPISTV

FYNLTARDKDSDSNGRITYSIIGGDGKGLFLIDPLTGWLKTNAEFNYEDKSSYI

LQVKAIDSGSPPLQSNITITVYIQSVDEYFPSFVKSQYAFTVPGNAEIGDVVGQ

VSATDEDGGEDGMLFYSFIDPKSDALKINRTSGVITVNRTLNDGSSLLKRERR

Development: doi:10.1242/dev.174623: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



SIDSNDGLSIESLHRRVRRETTKENEQIYLRVTADSGKPKSKSAIVYVVATVD

YTCPGCGIVTKGRQTGGGSISGTSLVIIVALAVLAGVILLVLVVVMLLIYSHRK

RKRARKNPRLKFDGSFDEITVHPPSGNSNHAAVSAESIPGRTFPQEYTPLNRTT

DTSNNVTSTDASETPGSASSGRGSSDGEFEEVPPSIRNGDVGSLHSDNYAVKT

VIADSGIQQDDEDQISQLTISDGSGILHVDENKPYRNDKILSRMEYQSQESMH

VFGEEGGGEADGGHDVGNLLYAKLAEVDADDESIAEVPRSFTEEGRDRAPY

AGSLSSIIGSKEELSGSYNWDYLLDWGPQFQPLAEVFLEIGRMKDNVDTKKV

AMRSSGSIPSSRLQAQLPGIATTDMLSSVSSLPRSPISPPSTQYTSPAFSPNFTPA

ITPLITRSPSVSPLDTAAVSPSFSPHGSRPTSTHINSTIRLRRDSEGDSNSELSHSP

SISDNESNLEIDV 

>Anemonia_viridis.1_avi_comp16780_c0_seq1_len=3703_e_1.5e-10 

GVPEGNVVLKVTATDKDSGTNAKIGFTITKGNEDDLFKVEPDPNDPNVALVK

TRLPLDREKIPVHHLEITATDSGGLKDTADVWLTLEDVNDNGPWFQPSFFVG

TVKENLNAAQFVTLLSAYDPDSPTNGGPFTYSIVNGTLNNNFKLVEPATYKN

ATSIVNSDGIFDREVTPIWKIGVAAEDSGKPPKTNFTYLYVDVMDDNDNEPFD

GEMLIILNAYKGEFIGGPIGKPYYKDADYDGDVNTYTLNSQSPGTYFQVDPNS

GNITADPNIPVGEYNLDIKVTESSSGSSPRTNAVNFPKTVTSSVTVLVRRIDPV

AVTHSVALQFTDLRKVAYFVGEFYDPVVSAISAALDVSKDKVEVFSVQKAPD

RPLSVNAQIAVKNGDSYMKPKDVIDKLNPVKSRLALGLKVGAIGIDNCAKEK

KHVGKCVNVVKTSSAYHVASGDYGKVPAPDSTISIVSMDVVLKAQYETIFTP

QGNCSYNNPCLNGGTCHNSVPYGYMICECPREYRGPRCEQTTRTFYGNSYIW

LPKLSAYDIGEISFEFMTQEKDGLMLYQGPLTKGGNNGIKDFMAVLLRNGRV

MVMVSLGSDAITINMTKGPRLDDREWHTIQITRDLFDRKMVRVIIDKCEKASI

VEENGLVIENRETCEVTKRVFGRKTYLDGFGPLQIGGASTDLSFLGIPTQGFD

GCIRNIIDIYTMYDLRYPLKVVNAPEGCEPAPKCADKCNEKGYCEPGLKKSIC

VCDIGYDGRTCGDRSQASFYLANSFSQFLLNTIRARRDLIPPPESLTNEFYTSIA

LKVRVDPGSKDCVLFLSSNSLGTEFNRIDIKNNVIRYIFRLGDRMKILSIPQMNI

TDGKYHNVVVKREGNYASMQIDYDGFVAGNTGGVHKLLNMGGGSFFTGGL

PNITEIRVIEAIIQSGGNAILRTADGRVLASGIGSSRSGTSFGSGMASSLITVSYS

GKLDVKDVVDSQALFASGAGVRGVAIESFKQNMTSIEVLNGRTNGKFGTAIG

AQGVSIKNKYINSGPYEGGVPIYDINGNEISTYGSGIKWLLPSGGIQTGAAAGG

SSGAVHVIGNFEGCTAANRFNGVNLENDESIDKRRQNVVDGCPCETGFCLHG

GTCVLAGPQYCICPPAWTGVRCETIVTNPNPGQRPGSRWQNPAVIAMVLVVL

Development: doi:10.1242/dev.174623: Supplementary information
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LAVMIIMLAVLLKRRQAPAVVPVALEDGHVHDNIRPYHDEGAGEEDNFGYDI

TQLMKYTYIEGGGGAGGYGAG 

>Anemonia_viridis.2_avi_comp709_c0_seq1_len=4393_e_5.6e-29 

VFDREAQPTWKIGVLATESNPPKNTNFTYIYVDIEDENDKEPNDGSLRIIVNSY

NGSFKGGVIGKPYYKDDDFDGDQNIYKLDSQSPGSYFSVNENTGDITAQKNIP

LGDYKLKFAITESSATTGPRKNAVDFPKTVASNVDVLVRRIDPVAVKNSVAM

QFIDMRKVGYFVGDFHDTFVSTVGSILGKSSEDVKVFSVQKAPDRIVSVNTFF

AVSSGDDEYMPPLDVINALVKKEESLEDLGLKIGAIGIDECAKEKHKIGKCTN

LVKASPAYTVASGDYGKVPAPASSLTIVSMDVVLKANYTVIFPPIRRCKPLSP

CLNGGTCFTTVPECPGFVCKCPPGYHGPRCELTTRTFYGNSHIWLPKLAAYE

MSDIEFDFITLSPDGLLLYQGPLEKDSNNGAKDFIAVPLVDGRIQVHLSLGHEP

VVVKMDKGPRLDDGEWHTVHVARRHKKVEVIIDRCSTAVLVRKLDGHIEEN

RDSCHVYGRTLGRSVYLDGFGPLQIGGVTNPDLAYPDIPYKGFRGCIRNIKDN

SVMYDLKNPLKVVNAPEGCELAKPCPNCNNQGYCEPLLARNSICVCNVGYS

GNNCKGRGPATFYLDNSYTQYLVKTSRRKRRELVPAPKSLLNKYYTAITLHV

KVEPDASDVVVFLASNHMGTEFQRVDVKDHKLRYILRLGNRMLVLGFPQIN

ATDNVYHTVVVRRQGNRATLQLDYKGYQLGNTRGERTLLDMGGGTLFAGG

LPNVTVVRIVEAILLHDGNIISSDSTDMALGSGFGAGVSANLESLEQYFKVAR

DSAGFAAVADNVKGVSLKGLHVSSGEAGGQHERSKREAQAVSVLGDFGGCI

AGVNVNGADLANDPSVTVRDQNVITGCPCLTNHCLHGGTCVNAMPPYCICP

SGWTGPRCETIVTQPNPGTRPGSRIISPGVIAMILVVLIAVLIIVAALLIKKRPVI

APVVVTDHEEGHVHDNVRLYHEEGGGEEDNFGFDITKLMKYTYIETTIPPRH

PDSRITEGDVDVPESAPLLQGAAPPPSSGPTFGMTGKPGPKMPKYMEGDDIGD

FITTRVTITNREVYLAVDELHIYRYEGDDSDVDDLSEIEDGGDEDDEYEQEFEF

LKQWGTKFDKLSKMYEGVDD 

>Clytia_hemispherica_che_XLOC_017037_e_8.2e-26 

GMEIYTVKATDKDRGTNGQIKYSITETISPGKNDNPFRMDEDTGKITLARQLN

YEAAGEYFVTVKAEDQGPMKHYALQELKIVVKDINDELPTFSETIYSEVISMT

QKPGQSLLHVFASDLDSGLNGKVQYQIVNGDYDGTFTIDSATGIITLRKPIALL

QDKDGKLIKTFTLNIKAKDSGSVALSGQAVVQFRAVIKEGPPKFALPKFVFTT

KENKDPSLSLGRATAVSVDELKYTIHKGNENGLFKINANTGTIYPTRALDAEE

NTKYLIYVRATDLSERFAESSIEINVENVNDNLPKFRNAVNSLIEAIVPRDSPV

NTIIVKIDGYDLDIGDRVKYNIIGSARNYFQIGPYNGVIRSLKSFQGLAVGTNQ

YTFQVQATDTGGFESAAQVRVLLVNKLPGEEIRSVSESVALTDSSIIRKVGGR

Development: doi:10.1242/dev.174623: Supplementary information
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YINSVFKIIYPDENPFYIDDQSSGNVRIRSKIDYESTKEYTIFIEETNTDDVSDYV

TYEVRIQVTDENDNSPVFTMKDLIGKVNRNAQLGTTVLQISVEDEDSGDAGTI

DLQLEPDTIPFSIDPFTSEIKTSSWEINQEWYNVTIKATDRGKPRRTTRQNVYIK

TGENPPEFQKDVYHFVARENAEPGDFIGRVSARSLSGIPVRYDIESGNQKNLFS

IDSQGLITLQGRLDYESGSALFDLIVLAKEHSKSPLESRVNVAIQVTNENDNAP

EFTTFSYRPPQPISESLGIGSTILTVTATDKDCGEFGKCAGGLLTYSINQFKDIF

KIDPITGAITNIGKLDYETHKEYRFQVEVFDNGDSPLKGVTDVVIPIKNANDN

HPIFKPKMADLSMVELIKSGTVIFTVQASDPDNDELTYSIESGGDSNFEIGPKT

GVVQITTKGTPSFTQHNYVLNISAYDGLYKDYFALKIRIDDVNDNSPLFEDCA

KYKPSVLEQASVGAYVIRVTATDGDRGRNGEIEYELQEPQQEQGALVEPAFRI

DNATGEISTNRIFNREQKSSYIVLVIALDGGNGRSTAERNSASCQLEIKIEDIND

HVPVFSNPSYDISISEDTSIDQVVIEVSAQDADEGTNAEIVYSIKQASLTPEFKID

PNTGAVSVAQSLIGKNQDWYKFQVEARDKGARPNFASIEIDINVRSSNPPRFK

QPSYKTRLSEDVGAGSEVLTVEAVSQDTKTTGKVYYSLLPGNFPSTNKPKTFT

IDPETGVIKTSRLLDYEKLKKYDLTVSAKDERGMKSHIKVEIEIFDVNDNSPIFI

TNYEFGKVSENKPPGQIVEQVNATDLDSGKFGQVTYSLVNSKEGRMFSIDPV

TGVIKTKVRFDREQTPRVTFNVRATDGADPPLDNSVAVTVQITDVNDSPPVFL

YKQYNKTVMEDVKIGSNVLEIEARDKDAGENARLNYYIVSGNDKGYFGTKSI

HRTDGKSIGFVTVEKELDREETETFVLKIAASDYKYDDTTTVIINVKDVNDNN

PRFLKPLYNATVPENSAPGIYVTTVAAVDADSPETQQPITYQLAKEATGYFTI

DKNKGIITTGPVPFDREEKPIYKFLVFATDGIRFGQSVIKVNVLDRNDEKPVFL

DGPYIRKVEENKEPGKAVGYVLAKDRDEKDNAMITYSLRRHTDRFRIEPNTG

LIRTKVKLDRESNDNHFKVIVRATDHGEPPLHGETEVTILVDDANDQYPYFEK

DVTRVQVPECYNFGDTVTRVVARDNDLGKNAELFYAIARGNSPRHFRIDNK

KGIITVARSLDYETEKKRFELFISVRDGGYIELISKKNASVIIDIQDCNDNAPRFS

KATYKTNISEDANIGTVVIKVSAQDADSGVNKEFDFFIVNPDENYQFDIRRDE

NNAEIGIVTLAWKLDRETLSEHIIQIGARDRGDAPKTGYAQLTVLVNDVNDNP

PSFRPPDFCGHVEEELTGTQQLVTTVHITDPDDPVKNQCPCTFDLIDPYGLFTI

DYNKADSYKAFIKTKPNAKFDRDVKDQQLYKIKVKAIDRGGLESTTNVYVE

VGDKNDNKASNGGKMTFDVLSYNGKIKNAEIGRVLIIDNDRGLNHTYKHRL

EPKSESFTINEFGVVQVTELGAEEGNYQFKVVSRDLSGQDVTSSIDINVANIPD

EVVQNGFPLRMRGLRKPLTCNEIKYVDFASIISKVLRVDRSQVVVFSVQEARS

VYRGVDIWFTILKKVGADSGYDDVEYMSYMELLTKISEKREELERETGSEILS

IGIDACSKETCRDGFCSNVIQGSSKYTTVSNENGIIPAQKSGKSIVTFDVQVLSR

Development: doi:10.1242/dev.174623: Supplementary information
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CTKQAKGPDLCTSLNSKACLNGGICVPLGSNGYRCKCPSGFDGPQCQVTTRH

IKDNGYFWLDTLSSFYEGEIEFEFATQRQSGLLLYHGPITKWQKTDISDFLAID

LDNGQLRISVSQGERKVFQKTLKSVHSTLADGVFHHVRIYKREKFIKVVLDR

CRYAAIEESWDKPSIQDKSKCELTGTIPGRWKFINGIYPLQVGGVRDYTLGYP

NRDVNDRTHRFMPFKGCIRNIIDNGRMYDLRFPLLNYNTELGCSLFTNMFCP

ACYNGICDMSMLNVMTKSYACQCSHGWMGSNCDQRVEAYTYMSNSYSKY

TITKQPVTWYDRYVTHYKVQVRTKGDGVILHEEGSRFQRRFEFSTLEIIDRRL

HYHFNLGDGNKTLVLSNANITDGMWHNITVHRIGNQATLEMTSNNEIVGRV

TGSKGRHQLLDTSGVLYVGGNLYKINGDVEVVDNFRGCIAHNTYQGNYLDR

KIGPGKVEQESKYVEIYRENVYKNCSCDAGAASLCLNGGVCIAGSPPYCLCY

FGWSGPFCGIKPGDAPLGAAPAMGSNGMTILVVLVLAFLLVLVLVALAVANL

SKKNKAIPIYVDDNGRENIMPYNDEGAGEDDFENYDLEKLLMHTGGRDLIFM

DEYRDEADALARANVAKKSAMAAGGTASSNIAVSGADGSGFAGAASALFG

ASTKSQFIQKDEENQQLLQAETAVQTENIETTFTSSFKESESAARARFERSRAD

DIDVAAFINANLTDANNDDAYHPKDTLLHYGYEGQDSDVEDLSDLDFDPDD

YDEDDFTFLRQFGAKFYEINILYNPEDFYEEDDV 

>Exaiptasia_pallida.2_epa_XP_020900069.1_e_6.5e-29 

MASYGVNSVLLLAILPVALFITSIRTVDGRQIIPITIDEGRPKDYAVYTFDSSSG

DTFSFYKPTESKAGSWLKISDSGSITTTTELPYNVGEKNVYDITVIQKPSKQTD

GGKAHTLRLTVRDVNNFSPSFAHPVYYAHVAEGSPTGVIVDGLEKCYAEDR

DSPQAGSVQSYSISSGNEKGYFAASFNEKDGRKFLVLKTTSTVIKRDPKNPDI

VLTIEAKDGGSPPLIGTTKISIRVRDSNNNAPVFQPTTYSANIDENKPVLSKVLR

VSATDADVSTNGAIYYYMSTLDPSFSVDAITGDIXVARPLDYSVKXXHTLTIM

AIDRGFPRKISAAATVKITINRDLPDYPPTDTPNPGQNTKPYFSQPKYSFSIAED

FPTKGALLFMRASDNDPVGPNKRLTYSLSGGDGKFRIDPNSGLVTLASQVDY

NTAPAGKAYTVTITATDQGNPVQQTTTNLVIDIQEVNKNRNFPIFDEQQVAKT

IDESARKGDAVYKATAKDADSGDDGKVVYSIEAGSGLGYFKIDPNTGSITVD

APLDREKESYYDLVIRASDSATFPLDTRMFLMINLKDINDNNPYFTQPMYLAK

VPEQSGDDTFVTLVSAKDPDEDPKISYSLDTFSQLFDIDSQTGIVRTSRALTGN

LLKKKYELLVSASSSGAKAGGQINITITSEEDKPPVFKNLEDNSYKVAVPENM

GPIPNLKCIAAVDSNGKPVSYRISSGADNIFGLDENSGRLYSTKGFDYEEVDR

YNLRIEASTGSSSDQVASVPVAITVKDSPDPPKFLKSSYVVSISENTGVGTTISA

RLVIDDRDTSTDQFDCSLENVNSPKVTEYFRVVLSGGECKLVIKKKLDSYDV

KEFKFDVQATDENFRHMYARASLVVKVDDVNDHKPVFSKTSYWVSIASGFK

Development: doi:10.1242/dev.174623: Supplementary information
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TGTKLVELSAVDRDTGTNGEVRYDLVRSQDSQKFRILNNDLLSAVTLAPNVR

YQVQVTASDIASTPQSSKVTVYVSVYDPSESPVVFDKSKYTKSLSEEAAKNTP

VFKVRATKSGVTTGITYELVGGHKDLDGKTLFKIDSSGQVLLDSKLDRETASS

HTIYIRATYLGKPVAMATDVEGVITVTDVNDNSPEFTFEGSSKIITVDNYTPQD

SLVIKALAFDADDGPNGKVSYSIAVGGGSPPFKIDSNTGEIKASREIVFSSGAK

YAIKIRSSDGGSPQKSTDFTLNIEVVNTPRPPRFKDNSYQFSVNEITEPGTKVGP

GIQAEYSKAGTFLKYSFVEGNKDNTFCIDATGQLYLARRLDREKVSSYRLKV

RVELGKSSDDTIVNVNVDDFNDDPPHFDKSVYQLKIEENKKGTLVPPVTAVD

HDSGTNGEITYSILQSIRTPSKGFFKIDTTTGQLSVDTELDREKAAEHVLFIQAK

DKGNPSLTSIAQVNIDVQDVNDNTPKFAAASYRAKIALDAAIDRSVIRVQASD

LDKKGTPNGDLEFTILSGNNGDAFKINNQGVISIKKPLTTVADDRFTLDVRAS

DKGNPPRKADITAQINVYLPDGPPKFVVSPVTVYVTEGVTAGNRVTGVKAAT

SEALTYSIISGNEDLMFKINPSTGQLDATRTLDYEEKQRYELEIEARDTRDRSA

AVKLIINVVNVNDNKPTFRGEQDGVVNRKAIGTCRPTNIIPGEIVASLGVTDK

DKGDNVTFELDDQGKKYFEVDPKGNLRAKQPLTGIPSPFTFKVKAKDDGKPP

QENEVDLRIVFVYYRPDQDPVRVDVREDRPVGSVIARXPRYLPNGTIALLYPE

KANFSIQSNGDVILLSGLDYETQRFHSITVREKQPGTDLTNDVDVEITVLDVN

DNAPYFTPAPRFAQVNTNSRAGAKVYQLNAEDDDGGSSGLVGYQLDKPETN

ARRRRRSLPQSPFTINPNTKQLEVAGPVGDKRYKMPVEAFDYGIPRLRSSPIVL

NLDASKAGQVSPRFSQVSYSFKVREDAPYLTVIGTVKARSISGARLEYTIVEG

NVGDKFKALENGNIVLNSLLDFERDQSVYKIKVRATEQIPDGLFSVVDVRIDV

IDANDHVPYFSQMLYSVQIPENTGSGKIIHNARAYDCDCTPNCLCPSGKLRYS

LFPNKEEGGNFAIDSNSGQVSVDKVLDYEVKKWHLIKIIASDSGKKVYRGICY

LNVTLTNINDNSPAFSQGSYNFHIAEKASVGVPLAVVRANDPDGDVATYKGG

NQQFKVESNTGVISLKSSLPSSKTQYTFQVGAEDPGGKNNFVSVRIDIDDAND

NRPIFKDCKTKSVNIEENLPKGHRLTKIEATDKDRGKNGRITYTIMDAKSQSLF

QIDSNTGEIRTLASLDRENKEIVSGPLFVIIKAEDGTINQRPSERLLDYCFLMVN

VLDVNDNRPYFAEVKYYGSVINTAKNGTAVMTVQATDNDIGPNAEVKYSLL

KDEGGLFRIDPNTGVVSTNADLTKYTKKTFNLKVAARDKQPRAGEQPGQNK

LYSTDIEIXVSSRAPPKFTQSTYQGQVYENVDIGTVITTVKATPSTPGSQILYQA

VNTNPLANELFRVDPNSGVISTGAEGIDYETITNPKKEYEIHVIAKETGADALY

STCKVIIKVLDRNDFTPKFKMGVKTANARVLENKNPGETVIEMVAYDKDTGT

GKDITYSLKDPNNPNFAINSKTGLITTKTKLDREVTPGYVVTVIATDGGGNAQ

PASVDIIVVDQNDQPPVFKPKVYQGSVAEDAKIGTSILSVYATDKDIGDNAAI

Development: doi:10.1242/dev.174623: Supplementary information
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RYFISKGDPTGRFDVRTEGGGKEGVVFVNGKLDYEAVKSYPNIEITATDGKY

SDTATVSITITDVNDIGPVFIQPMYTAVLSENTKPDVAVTTVKATDVDGPLPL

KYSLDDNGKGYFVIDSNGAIKTGTTPLDREESPVKAFGVIASDGVHSTKAEVL

VNLTDVNDNAPRFPSSPYIGYVKENKPAGTSVMYVQAVDDDDPFAGDNAKV

TYSLTDSAGGKFKINPDTGKITTLATFDRETPPDRFKVKVKATDGGNPKLSGT

VDATIIVTDENDFAPEFTEETYKGTVSERAPPGFRVTAVSATDKDTGPNAEFE

FVVIDGNYPHAFYVDPYNGSVLVSGELDYETKKNYRLTVEVYDRGNPPKKG

KKLAYVEIEVLDANDNAPIFVPKKYDKTIPETNDVGKEILKVTAIDKDSGTNG

NITFSITGGNIDDIFEIKSDPKNRSIGIITNRLPVDREAIPVHKLEVTAKDPGGLT

GTGDVTLTVSDVNDNAPWFVPPVFISRIRENTNNRQFVTKLSAIDPDEYVDGR

TITFTLVNGTQGDNFRIDTSTYTNDSVDVYAYGSFNREANPVWKIGVLATEN

LPPKLTNFTYIYVDVLDENDNSPSDGSMRIIVNAYNGKFKGGIIGKPYYKDDD

HEGDTNTYTLDSQSPGNYFKLNSNTGDITAPENIPLGRYKLITTIKQGGSTVKS

NVQVLVRRIDPEAVKHAVAMQFMDMRKPGYFVGDYYDKFVEVMSGILGVS

SDAVQVFSVQKAKDNLISVDVFFAVSDGDNKYKKPLEIINDVVDKQDRVKNL

GLKLSAIGIDECAKEKRKIGKCENIVFASPDYSVASGDYGKVPAPDASLTVVS

MDVHLKANYSPIFPKVKTCNPENPCLNGGTCHPTVPECPGYVCKCPPGYHGP

LCELTTRTFYGNSYIWVPKLTAYEMSDIEFEFTTQTADGLLLYQGPLKEGSNN

GAKDFIAVALVGGRIQTHISLGHEPVVINMDKGPRLDDGEWHIVQVSRNHKV

VEVIIDQCSNAVIVRKVDGTIDEDRRSCHVYGKVLGRSVYLDGFGPLQIGGVR

YPNLKYPKIPYKGFRGCIRNIKDNGRMYDLENPLYVNNAPKGCALAKPCPNC

NGKGYCEPNIARDSICVCNLGHSGKNCGGRGKASFYQANSYTQYLVRTSRRK

RRELLPPPKALLNKYYTNIALQVKIEPDASDVVVFLSSNRMGTEFQRVDVKD

HKIRYILRLGKRVLILSFPQLNVTDNVYHTVIIKREGNRASFQLDYNGYELGST

RGERTLLDMGGGTLFAGGLPNVTIVRIVEATLSDPNNLVISIGEDSVNRVARS

VRSLASYMKLASDSTGLTAVVDQAKGVSLENLHVFSSNEKPKRRSKRDAPIS

VLGDFGGCISGASVNGADLESDPSIVVKRQNVVDGCPCVNNHCLNGGTCVN

AMPPYCICPPYWTGPRCGVIITKPNPGPRGSRWANPAVISTILVVLIAVLAIIGA

VLLKRRPEPLVVPVDTQDAGHVHDNIRLYHDDGGGEEDNLGYDITKLMKYT

YIETTGPARPRGPRVNEELVDVPEKTPLLQSAPPGDGPTFGFTGTRPPSKMPK

YVDGDDVGDFITSRVKITDREVFLAVDEIHIYRYEGDDSDVDDLSEIEDEEDE

DDEYEQEFEFLKQWGTKFDKLAKLYDEVDE 

>Exaiptasia_pallida.1 epa_XP_020900065.1_e_2.2e-26 
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MVARHTGLCAVTIIILSSSXIFCNGQTNTIISEEVMENQKTGSVVYRFQRPPSG

QEYKLIRSYDEDTAYRLFAVSSDGAVTTQQPLVYTIDRPNKYALTIVRRPQGQ

DEGGIAWTLEVTVKDIDNYQPTFGANVYEGRVREGSPANTIVDGLEKCFAED

RDTSGIDQYKIVSGNEKKYFQIETVKKDRTFVVLKTTNVPIVRDPDDPYITLTV

QAKQARKPAKIKIYIEDANDNEPKFAKSSYTEIVDENAAVQSSVVRVTANDP

DVGTNGGLYYYLQPLNDYFMVDAITGLIKVAQTLDYAKGQSNSLTLYARDR

GNPTKSSSTTVTVNIQRDIAGYPPPDSSDPGTNTKPIFPQDSYTTSIREDFPIGGV

LLLINAVDNDPPGPNKRLTYTLSGSGSTDFNINSGSGLVTLAKTVDYKLSGSN

QYTLNVRAQDGNGLTADTQLIIDVLDVDENYHAPRFNPQQKLVEVSEDVAK

GTSVTTVSATDQDTGGPDKQIVYSIIQGSGMGIFKVDPNTGEVQTDALLDREG

RTWYDMVIKAEDKATFPKSGNLYLMVNVKDKDDNNPXFTEPMYVAKVPEK

APENTFVTVVRAEDPDKNPTISYSITNSQTAFKIESSTGVIRTRRSLEISRGEIEF

ELTIQATSSGKTAAGQVNVTVTSRADSAPTFMNTAAYKSVSVPENQGPVSNIL

CIAAVDSSLSPVAYQLSKLSSELNVFAINKNSGRLSSTKSFNYDENDQYQIQVE

AQSLTSKKTASADIVISVLSQKDPPTFSKQDYSVSVLESKPVGTTIRTGIKIIDQ

DTAPEQFICSLENINDLKILEYLSAKRDGDQCNVVTKKTLDTSVTPQFQFAMR

ATDKNLYNLYAQADVTLEVKDENNNDPVFSQTSYWVSVYSDIAKDANVLTI

SATDRDKGTFGEVTYQLVTANNWFDLDVNTGVMSTASKLTVNTVFEVKVK

ATDGGGRAAEVVVKVSSYDRSDTPVKFDQDSYTASILEDKPLNTEVVRVTAT

KSGSSSGITYELVGGYKEGGTAIFRINGNGQVFLDSSLDRERKSSYTLIIRAKH

SGGSIELVKNVECVVTVGDVNNKVPQFTFEKNPKYYTVDNYSPADTVFGRA

KAIDLDAGNNGKVTYSIDSSSGGINLFKIDGEKGTLMTKTKLTKVETYTNVVL

VASDGGSPQKTSKTTVTIEVVKAFPAPKFKESSYSASVQENARVGELVTTVK

AEYDDSSAFLQYSFLSGNTDSAFCVDSNGKITVARPLDREKVSQYTLKLQVA

RGKDKATSTVVISVTDINDDSPVFEKNLYQFKVKENAAISTTVGKVVAKDFD

SGSFGEVTYKVLQSVDIESKDMFQVGAKXGIITTQKTLDYEDIKKHILFIKAED

NGMTRLGAVTEVQIEVEDVNDNPPKFSAPLYRAKVALDAAVGHHVVQVAA

TDLDSPKNAQPMYSVVSGNDEKAFEVNRENGLITVAKSLTTVAADKFILRIK

AKDRGDQPKSDEVNVEINVFLPDGPPKFVVSPIVVKVTEGLAANKRVAVAKA

ATSEALKYEIISGNTNGMFKINPATGVILTTRELDYEEATKYSLXIVAMDTRD

RRAQVEVNLQIINTNDNKPMFPGEIDGQIDRKVSGPFSKGVVVTSLAAIDKDQ

GDMVKYKLSPPSVYDNFDIDSQGQLIAKGNLRNIPSPYRYKIIATDSGSPAQVS

TADVRMVFVNYRPKQQPVRAMVPESTPVGSNITRVPKYFPSGVFEIIFPEKSN

FTIDNKGIVRLVGQLDFEKQAFHLITVXEKQTVDSKLTNDVDVEIYVXDLND

Development: doi:10.1242/dev.174623: Supplementary information
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NKPYFTMTSLKASINRNARAGANVFQLSARDLDSGSNGQIGYQLLNSSFPFTI

NPFTSKIEVGKALLGASFRPEALPFDYGKPGNNGSKATINIETTQTPPIFSRASY

QFTVSERAPIGYSIGKIEARSASGARLDFKIKEGDPNNRFFVKSDGTVVLNSLM

KNSPAQFKLKVEAIEQIPNPLSSTVEVVIDVLNGNDFYPYFEKLLYTVTLSEDQ

GIGSVIVTVKALDCDCSSACQCKRGLLKYQIEPREYFVVDEDTGQVMISKTLD

FETKTEHLLKVSATDTGVVKYTAAAYVFVTVTNTNDNKPVFSSNAYEFRVTE

NAETTANLGAVVASDDDGGQVDYSIISGSEFKIISNTGVLRLSQXIPKDNKKN

EFTVTVRAKDQNNNYGPDAVVRFNVDHVNTVRPTFXSCGKATVQEHRSKG

QVVTKVEATDNDKGRYGEVEFSLQPVGGQNFFKINNRTGEITTTASLDREKR

SSYTVIVRAEDGGHGKLPEERLLTYCFLTVEVLDTNDNSPKFEARPYIATTQIG

QGKGKEVVTVNAVDADVGTNAKIRYSLKTSSDKFTIDQNSGTISTKVDLKSQ

DVGKVLLTVACSNVPAAQDSQTPEHEKETVVEIYISDQPPPKCKEPKGFLFEV

SEAVATGEDVGTIVATAQAPGSSIVRYSPVKANSYVDERFSVSPSTGKITTAA

QLDYEALPQDDKTFRLQVRAQQDGTNLFTTCEVTIRLTDVNDDKPTFDLGSY

DARVLENAKXGTTVVKIMAKDRDHGSAGEVQYSIVGNDPNFQINSATGVITT

RQVFDRETKDVYSITVQATDKGTNPGALSEEVTVRILIVDQNDNGPKFSKPVY

TVSIPENIQKGTVVYSELEATDKDIGDNALITYFISGGDMSGTFTVNTVTGKKT

YGALVVNRKLDYEKKKTYQLQVSASDGMASASATIDVTISNINDVAPKFQNP

VYATKVAEGXREGVFVLRLTATDVDSTAITYSLQSSAQGFFTIRTEKTGSTFA

GIIETGSTKLDREKTPLMTFEVYASDGQYKGKAEVQINVTDINDSPPRFPDDQ

VYVGYILENVKAGSSVMYVQAVDDDFQYAGGNADIKYDLTNNAGNSFKINP

NTGLVSSLKVFNRDTDKSPLTITVRATDQGKNPQSATRDATIFILDGNNHKPE

FTKXVYRGTVPEHAPPGYRIAAVSATDKDTGPNAELEYVVESGNDPHVFYLD

PYNGTVHVSGIIDXEVKRSYELTVKVSDRGVPVLAADXTAKVIITVTDTNDNP

PVFSPKEYKKSVPENXQVGTVIVKVTASDADSGNNAKFDFSITKGDPTDLYEI

VPDSKNPNIGLIKNRLPLDRETTPVSELEVTATDTGGLQGKARAVITIDDVND

NGPWFVPPYFEGKIKENIDNAQFVTRLSAYDPDTTANGKPFTYSIYNGTVNDN

FKLVEPATLKDVTSNMNSYGRFNREEKSTWKIGVTAVDNGNPKKSNFTYVY

VDVEDENDNEPFDGSLKIVVNAFKGQFLCGSIGKPYYQDNDFDGDVNTYTIE

TQKPGNYFKIDPNTGIMTADKEIPMGRYTLSVKITETNRGSNTKSVRSMISVS

VRRVDPDAVKXGVTLQFLNLRKVEYFVGDYYEKTVDLIGSFLEASIEMFSIQK

ATNNSMAVNVHFAAKKGGSYVKPLDVINNLSGKKKEFNNIGLEVGSIGIDAC

AMEKRKVGKCINEIEPSSKCTVASGDYGKVPAPTSSISVVSMDVTLKDKYVS

VITPQGKCATSNPCRHGGTCHDSVPYGYMLCQCAREYRGPHCEVTTRXFYG

Development: doi:10.1242/dev.174623: Supplementary information
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NSLIWLPKLSAYDLRDISFEFMTEKPDGLMLYQGPLKEGGNNGEKDFLAVFL

QGGYVVMMVSFGSEPTTISVTKGPRLDDKEWHVVTIKRDMVDRKLVRLIIDR

CEKATIVEQNGRVFENRDNCEASKKVFGQKTYLNGFGPLQIGGVDTDVSWL

GVKTKGFDGCIRKIIDYETMYDLQDQPLKVVNSVTGCQPAATCPNCNNNGY

CEPGLKKSICVCDIGYMGSDCTARSPANYYKANSFSQYLLNSARARRDLVQP

PKSLTNEFYTSIALKVKIDRDMENCVIFLSSNSLGTEFNRIDLKDRVLRYIFRLG

DRLKILSIPQMNITDGKYHTVVVKREGNYASMQIDYDGLVAGNTGGINKLLN

MGGGSFFSGGLPNITEVRVIEAIVRSGGNTVLRTADGRVLASGIGTDGSGGMS

FGTGLTSTMITVMPSGKTVVDSFSDPRGLFVSGMGVRGISIDKTTXDGKEIVE

VYNGRRTVSGFGTAIGAQGNVIKNKYPSTGPYIDGVPIYNVKGTQILTYGGGI

PWTLETGXATSESKPVAVIGDFGGCTASNRFNGVDLDKDDAVDIRRQNVDPG

CPCTTGFCKNGGSCVNGDPPYCICPPGFIGTRCETVVTKPNAGQRPGSRMILP

GVLALILVVVFAVLAIMLFVFLKKRAPPPVVPVTLEDGHVHDNIRPYHDDGA

GEEDNFGYDITQLMKYTYVEGGGGGGYGYGAGGGYGKGGGAGYGGGGGG

GGNGNGIEENITVAEDKPLLQGAFNGNGQQFGVTTITRRRVINPDSMDVGNFI

NQRVGEANGEYFIAHDSLHMFRYEGDDSDVDDLSELGDSDNEEDDDEQSFD

FLQRWGRKFESLNRIYNIDS 

>Hydra_vulgaris_hvu_XP_012558722.1_e_5e-27 

MKIVKHTFFSYLIVISKMFSIKLIKFFITIILIVSSVNSNFLTVNVDESSVIGSKIHE

FPSPKNGFQYITYQWGDPDGLALFRVEPNGNVVLKGQLNFELDKPNYYFLTV

VLRNKNKKYGGTAYTRKFQVIDSNNHSPKFSKKEMYVGEIEEGLPAGSIVSG

LEDCFATDLDSSGIKDYSITEGNNKNEFELSVRDVNGIKLLVVRTLKSIDRDEI

RYTPFLDLGIQANDGGIGENQKFVKQTIRIHIRDVNDNPPVFIYNSLRRSVQEN

AKISSSVMKVSASDNDEGPNSEIYYYFEKQVDDFYINPSTGEIRVASNLNANV

KSSYELVVIAQDKSNEPRSAKSNVYIQVIDVSNYPPENTNKRPPIHFSQNQLSV

TIREDLPVKSFVYIVLTDADYNSKLEYSLSGDSDNLFYISKKSGVITLAKSLKT

AKQQEYMLVITVKDGFGIYSVSLTVKIQQYNFNMYSPQFNPSTVCIDILQNTNI

NTQLDVTVKATDKDSGINGEVSYYAVGGSGIGYFRVDKQTGAVTTNTIFKNI

GSYSLYIKAQDNGKFQRYGMMFLQVNVRPSFQSPPIASRTMMTETIDEGEDQ

DSFVGAVFARSPGFGRKVIYEISGNSPRGLALDRETGVITTTRQLDFEQDAYLF

MEITIRVEGSQQFTKTALYTEIINLNDNPPEFFRSAVTVYVKENSGIIPSLLCLF

ATDKDGNEALKYSIESGNIGNVFQINSETGQLNVKNLDYETRNAYNLVVSVN

DGLYDAKASVNVIVKDSNDPPIFDSDFYTAKVEELANENTIVKRLGVTSELSG

KHTCIWGVENLTPEILSLFILKTEPRACLVSVRNKEKLVWRKEKNVFEFNLHA

Development: doi:10.1242/dev.174623: Supplementary information
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VNVDNRNEFSSAILQVTIEDKNNNKPIFSQESYAISVIGSIPLGKSVVQVNATD

EDGGVNGRITFDIQEGPDSNLFNINPSGDIMVKSSVEKNRLYLITVNARDQGV

PSLMSSTVVKIIVLDETVALPVFNSPSGPLFLSESLSVGAAVTQISVNEVGSSFE

IVGGNKGGTFGITSDKIILKKKLDYEMDTTYRIVIQATLSDPQRFTDKIIIFQIED

SNDNSPVFVVEDPSVAMEIYVDKYSPEGSIVAKLKAVDDDSGLNGQIEYTLE

GVVPFVIDAEGVITCSREINDAIASKFIFTVTASDKSQSVRRSTKISIIAQVKDGI

RPPIFTQSFYRGSLVDNVPVGESIVTISTNEVDSSSTTSFRIISSNLSNNFCIDFSK

TLFTQKAMDYDLARNNKFPVTIEMINGYQTSKTTVLLTWSDENDNIPFFTNG

VGPIVREVSETQNVGYVIFRAEAKDQDAGDNGRITYSISQVISSGRSENLFKID

PVTGDLSIAKLLNFEETSEHTIIIKAEDNGDTIKRFTLQEVKVVVKDENDERPT

FSESNYNGFISINSQTGTEVIKVFAADFDSGAFGKVEYAIIGSDYAGTFVIGKSD

GIIYLKKPIALLNEQTFSLKLKATNMNMEGQAMVYLTAVTEEGPPKFVLNKF

TFNVSENNNPKDVLGNCKAISLDTITYSIERGNDLKLFEIDTRNGNLRSTSSLD

AEKQVQYIIYIRAADLSERFAEASVEINVINVNDNSPFFRAAINNVIEVIVLRSL

AVGIPIVDVQGVDNDVGDSLSYKINSGPARGIFHIDNNGVIRSLTSLKMLSLDT

NVNEFEISAKDSQGLESSAQIRVVLVNYRPGGIIVRSVGEMHLPSHGEIIKDLG

NQYPRASFKIVSPLYNPFIIDESTGYISLKEQLDYEKTTQYTIIVQERNTQSEHE

YVNYNVRIQVLDYNDNAPKFYMTSFLGKVNKNAQPGTPVIKLIAKDEDSGD

AGIFGFEIISENIPFSIDPVTSEIKTTSFYLTENWYNISVIASDKGQPSLSSSPVTIFI

KTGENPPEFQKDLYQFSVKENSHAGYTIGVVSARSLSGITIQYSIEGNVDNLFV

INAQGAITLQGALDFESGDSSYSLTVQASEISSKPLKSITNVIIQVINVNDNSPEF

SMAEYRSKSIMENVPVGHTVMKVEATDCDCSQTCECAGGLLVYSMDKFSDT

FRIDHVTGEIKIIRSLDYEAISEYRFQVKVKDTGVNTNTGLADVVINVANVND

NSPKFTPDNGVVSIAENIQRGTIVITVQAQDLDGDVVKYDLSSQDNNNFEIGK

DTGVVRITTVNNPSFLRDDYILNITATDGINIGYFALKVIIEDVNDNSPIFRKCS

QYKATVPEQMPINTKVIQVSASDLDRGRNGEVEYDIQETQKDNPNKFSADFKI

DNTTGVITTNKVFDREIKSSYIVLVIALDGGHGRDPAERNSGSCQLEIQIEDIND

HSPIFSVQKYDISIAENTPIDSVVLEVSAQDQDEGKNALITYSIKPNVITSNFKID

SSSGVILVAESLIGKQERYSFQVLATDSGTPSASSNVEVVIYVQPSNPPKFTML

SFKASIQEDRKPGENVLKLEAKSQIEGDLENKIFYSILPGNLPSTNKPPTFIVDS

ASGEIKIAKILDYEALNSYVLTVSAADKRGMKTNAKVFIQIIDVNDNTPLFVLS

TYEFGKVAEGKSAGVIVEQVNATDADSDINGKVLYSLEPSAEADMFSIDPVT

GQIRTKVVFDREITPKLTFNVKAEDQAIGKRLSSVVYVTIQITDVNDNEPYFEK

KIYNETLDENKKIGSKILELLAKDKDAGEHSKLNYYIISGNERGYFGTESVHR

Development: doi:10.1242/dev.174623: Supplementary information
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VDGSSIGFVTVAKALDREDIEEFALQITASDSKYNAFAWVYIKIRDVNDNDPV

FDESLYNSSIIENSKSGIFVIKVHATDKDTASVQLPITYSLSLEIQGYFIIDKNTG

EISTGLMHFDREQKAMYTFTVYAFDGERTGSSTIKILITDVNDEAPKFNDGPY

LRVVQENQKEGAIVGYVTATDQDEGENSIITYSLLQSAERFVIDPNTGLIRTSK

VLDRESDKFNNFTIIVAATDHGGKNSLTSSVEVIILVTDANDQYPYFVPKVYE

ATLLECTFIGDHVTTVTAKDDDEINTVNTELIYSITSGNTPRRFRIDPDTGLITV

AHRLDYEKEKRYDLYISVRDKGLPQLIGKENATVTVLINDCNDNSPQFELPTY

QGDVKEDVKIGFVLIEATATDSDIGINGMFDFFIVDADENYHFTIVKKSSLEQN

IALIKVDWRLDREKQNQYTFRIAAKDHGEPPLTGYAQVIINIIDINDNGPIFVPP

DFCGKIKEEFKGEQMVTTIEVNDPDDKGSQCPCDFEIVEDPSKMFYLEKTNIN

NKAIIKTTSTSIFDRDMPNQQLYVLRVSAADSGSPPLKSFTYVYVEVEDVKDN

SIIEGGLLNIDLNAYNGKFIGGRIGYVYINDYDILLDSDHLIVTSGNAVKSKYFT

IDSSGMISATSLLPLGEHELKIQSTERKVNGKTVISKVIVSVKEVTEQATKNSIA

IRITGMQKNLTCKEIPYPDMAPFLAQLLNVDITQIKIFSAIEVPSLYRGVDIRFY

VRRFIESETEDYLLPIEIIAKLTPHIHEIEQFVGGQVHSVGVDPCAKEPCTVGFC

YNDIFASNQYTIVTDKNGIIPPKPSARIFISMDVHDVAVCVSEIRKVDLCKEGP

ENPCLNGGTCYPILPSGYRCKCMQGFDGLQCQLSTRYFEKDGFFLLKPISYFY

EGTISFEFSTLDSNGLIFYHGPTISDSDNRNKLLDFLAIDLVDGKVGISISQGEE

KIFRKIVVSGKNLNDGLFHNVNIFKRGKFIQVIIDHCKDFEITDTLSPLDTLNQQ

RDSCEITGTTPGRWRFLNGIYPLQIGGAKSYTLGGNVIVFESLKGCVRNIIDNG

IMYDLQSPLMQSKSGIGCPSYSTLCPVCINGRCILINSIRKCSCFFGWQGENCN

ERVQAYRYLGNSYSQYSLLDEDGLLRKLSWHKRYESHYMLQVKTFYDGVIL

YEEGSSGEFSLLEIRKGMLQYKYNLGDGVLTLALPGVNITNNEWHNISLIRKG

AFATLEVWNNGMISGNTYGSTGTHQLLDTNGIIYFGGMLTSDPSKKNSNKNG

IAVDPIKRIINKDGTVADPNKNNNDGLIADPFQGCITHGSYNHEYLDYRFSDSI

NPLVKVFRYNVDANCTCSLAEAKLCLNGEVCMAGSPPYCSCLTGSKCSSTDT

MKGQENNNSRFLTGTGMMVLIVLLLLFLGFLAVLALFTSGVFNKKKPIPIYVD

QTCRENVMLYADEGAGEDDFHNYDLEKLLQHAGGKNLSVVEDMNSFEMSEI

NKNGYSFIGGSQNDFSNERNSFIHDSNTRIYNSSNGEAYNATTARSVSNAFNS

SNNEAYNATTARSVSNAYNNSSQSAGEMYRATTARSTVTRNQQDQQENRFS

NQNESESLLRSDYNANTETANFTSRSQRQVSQSSRFDASQAEEINLALFIDEQL

LAADNSKNSHPRDTLLHYGYEGEGSDMSDLSELGESESETDDEDDFSFLADW

GPKFEFLDRLYNPRTDDSEEDV 

>Nematostella_vectensis_Cdh1 nve_Cdh1_e_8e-30 

Development: doi:10.1242/dev.174623: Supplementary information
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MSAGRLAAVLTTPLLFLSLLKTFQLAKAQDTLIEVNFDEGRPARSSVYLFDSS

SGDVFSLYQADPTVPLLFQISEVGHVTSTQEIEYEIGKTNKYDLTVLQRPRGET

LGGIAITLRITILDVNNFHPVFQLSQGEHYEGFVKEGTAENTIVEGLEQCHATD

RDTSGIRGYSIISGNEKGYFKVETVQIGSGVTSRKFLVLKTTGKPIVRDDNNPY

IMLTVQVTDGGNPSHSGTANIRVNVEDANDQTPVFESSQYRETIAENTPIQTS

VLRVRATDKDDGTNGGIYYYMKNPVNSYFTIDAITGVIRVAKTLDYNARDK

HTLYISARDRGDPPRTSAEATVEISLRENIQGWPLPDSADPKENTKPYFPQSRY

TFSIREDFPPKGALLVMRAADNDPIGPNKRLRYSLSGNGVSKFAIDPESGVVT

LTDSVDYENTPNNHVYDLTVTATDQGPGSLSATTQLLIEIQDVDENKNSPRFD

PQQAILEISENLKQNSLVTTVSATDSDSVGNPSSPDGKVVYSIVGGTGLGVFR

VDSNTGEVKVAVPSLDREGTSQYTLVVKASDNATFPRSSRLFLMINLLDEDD

NFPYFSQPIYIAQVPENQPSGTFVTVVVGRDADEGFNPSYTVITPGVPYKIEPST

GVIRTSKSLDQSELSTRELQVIVRVSTAGSKTADGQVNITVISKVNRPPVFKNT

PYSVKVPEEMGPLPNLFCIAAVDSLSRPVQYTLAPGADGLFEVDKDSGRLHT

KNSFNYENVDRYNLRIEARTSSVQEVASASLTVEVTEEKDLPKFSSDSYQLTV

DESAAPGTTLAPGLLIIDSDTSSDQFDCSMEAITSLHTLYNFEVTQQSGRCFLR

VQAGGKLDAHLASKYTFNVRATDRNFRNMFATAQVEVNVIDVNDHKPEFLQ

ESYWLSVPSSTPAGSSLVTVQAEDMDIGTNAQVRYELLRQENSERFILNDNN

QLSTASTLTPNVRYQLLIRASDSATRNPSSAQVPVYVSVYSPSESPIVFDKSSY

NQNLPEDSSANTLVFTAKATRSGSSSGITYELVGGYKQIGEAMFSIKPDTGQV

YLIKKLDFETKSYFPIAVRAKYSGGAIELASEVVAKVTIVDVNDNGPRFAFHE

SSKTVVIDSFSAKDTQLVQARALDADSGSLGEVTYGIDGGRSTSNLPFNINVK

TGMIFATREILYTQGSSYIIIVVATDGATDGSQKIQKFTVNVQVLDTPRPPSFPQ

KTYSAPVTETAGVGDTVTTVRAVYSKPNAFLKYTFVSGNEDNTFCVNGFGIIS

VAKSLDREKVAGYTLGMRVTLGQHVDDTTVYVNLTDINDDAPHFTSAIYRR

SIKEGLAEDTEILPPVIAVDHDFGSNGKILYSILSGVHPDWDKYFNIDSATGKIT

TKMTLDYETHKSHTLFIRAEDNGSPKRLSGIAQVDIDVIDRNDNSPVFAAAFY

RAKISLGAVKGTSVLQVHATDLDSGQNGQITYSIIQGNEEEAFTINEQGVILVD

KSLTTVAADKFSLKVEARDKNASPRSGSVTVEINVYLPDGPPMFVVSPVTVY

VKEGVPANHRVAGVKAATSEALTYTLLSGNEAGMFRINPSTGSLDATRELDY

EERRRYELKIEARDTRDRSAMVELIIIVVNINDNKPTFVDIVDGQIDRKAIGTCS

PTDIAEGEVITRLGAFDRDGDEITFIVPDDVKDLFKIDSRGVVTAKKPIEDLPKI

YPFNVKALDNGEPPQETDVKVRLVFVHYRPDQKHVRVNVREDTPTGSVIAT

VRRYFPNGIVSLLLPEKANFSVRANGDVILLTPLDYESQQFHRMTVREELGNQ

Development: doi:10.1242/dev.174623: Supplementary information
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TNDVDVEVVVLDVNDNRPIWMERERLARVNTNSRAGAQVYQLEARDEDDG

SSGLVGYQLKSPSNDAKRKRRSPPQHPFTINPKTRQMEVAGSLKDQRYDLDV

FAFDYGIPRLTSDTITLNVDGSAAGQLPPRFSKVSYHFMVSEDAKYLSLVGIIL

ARSISGARLDYKIVSGNVGDKFIAMGDGRILLNSLLDFERDQTQYNLKVKATE

QIPDGLDSTVDVKIDVINANDHFPYFDQQLYSVQIPESTAVGVLVQEVTAKDC

DCLSSCTCSPGFLTYSIEPSKEQGGKFYIDPATGKISVSVALDYEDQRYHLLKV

YATDKGKKSFQGLCFVNVTLTNVNDNRPTFLKSAYEFRVAEGAATGESLAIV

VAVDADGDAVTYSKAGGALQFSVDQSTGVITLNSALDPNKNQYTLQVMAK

DSGGLTSTVSVTFNVADANNNVPQFTNCGTVSIRENDPRDTKITQLTATDAD

RGQNGQITYSIEDASSQTLFSIEPRTGVVRSLTSLDRENKDSYNAIIKAEDGSSK

QDESERLLWYCYLTINVEDVNDNRPYFLAAKYFGSVFSSAPNGSNILTVQAT

DADSGSNAKIKYALLDSAGGLFRLDSSGILRTNTNPARLQLETGKKLLLEVSA

KDVESIAGTQPGKPTKYTTQIEILVSNEEPPKFSQQVYTASINENMETGSTVTRI

TATSSTGAEISYENVDTNPRAKILFRVQPDGYIITGDRPDYERGTTYNMQFAA

KDKKTLLYSTVKVVINIIDVNDVSPAFLLAINTRNARVLENKPAPTKVISMKAI

DDDGSEPHRRVTYEMKDNPNFQIDASTGMITTKTTLDREVTPKYDVEVTAKD

GVNKESAILYITVVDQNDQPPVFAPKSYAISVPEDSPIGTSVLDIYATDADVGE

NAKITYFISKGDPEGKFSIVTSPVKGELVVNGKLDFETKSSYTLEVTATDGKFS

DTAVVTVTIQDVNDLPPVFSSPLYESRIQENTGPGAGVVMVTASDIDSPTISFS

LDDRGKDYFQITPIRASGPGNVWVGDIRTGSKQLDREESPVKVFTVIANDGK

HTAQAEIRVNLTDVNDNAPRFPASPYIGYVEENKPSGTSVMYIQAVDDDDPL

AGGNAKLSYELTDSAGDKFSIDPLSGLIKTKVTFDREQTPNKFKVRVKATDA

GNPRLSASVDGIIHVSDANDHKPKFTEKFYRGSVAENAPPGYSVLRVTATDE

DVGPNAEFEFVVVQGNDPHAFYIDPFNGTVLVSGILDYEKKKEYTITLTVADR

GMPPLQGDETAYVVIEILDANDNAPEFIPKIYNASVLEDVGARQPVLTVTAVD

KDSGPNGNFTFAIDPRSDPDDAFTIEPNPNNASIGIIRTRVPLDQEKTPSFHLKV

TATDAGGLQGEGEVRINVIDVNDNGPWFVPPFFVGQIKEGVSARQFVTKLKA

YDPDAFVKDQVITFSIYNGTVGENFKLDPVSVTNESVDLHSYGVFDREAAPV

WKIGIEAVDNVGPKPQKNFTYVYVDVLDVNDNAPKDGSLLIIVNAYDGNFTG

GVIGKPYYQDDDFDGDENTYELNSQSPGSYFRVNEGNGDITAAPMIPMGEYN

LKIRVTEKKDSPSTVTSSVRVLVRRIDKEAVDNGVAVEFTDMRKVGYFVGDY

YKGFEDVLASTLGVPTGDIKIFSVQKAHDNGLAVVVFFTVAAKDSYMPHWD

VVSKLVDAKKPLESLGLKVSRLGMDECSKGNVGQSVGVAKNILVRSSNFSV

ASGDYGKVPAPASSLTIVSIDILPKCLYEAVFPPEKRCKPHNPCLHGGKCYETV

Development: doi:10.1242/dev.174623: Supplementary information
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PDCPGFVCKCPTGYHGPLCEMTTRTFYGNSYIWLPKLMTYSLSDLEFEFMTK

TADGLLVYQGPEREGANNGLKDFIAVVLRGGRVELFVSLGLDPVTVKMDKG

PRLDDGEWHTVQVLRNMKDIEIIIDRCSTALLEHKPDGTVVENRKSCHVYGR

MLGRSVFLDGFGPLQIGGVSNPNMDFPDIPYTGFKGCVRNIKDNHNLYDLKN

PLKVVNAPEGCQLASACPECKNDGYCEPLMARDSICVCNPGYSGKHCDGRG

KASYYLASSFTEYLVAARRRRREVVPPPTEIFNRFYTTLALQVKLDEDATNVV

VFLASNRMGTEFQRVDVKDSKIRYVLRLGARMLVLSFPQLNVTDGVYHSVIV

RRHGDYAIMQLDYSGYVIGSLHSQRTLLDMSGGEIFSGGLPNITIVRIIEAIVEN

DGSAVISTNVRNDGDGYAADVGGVHVRNLQLSGPLNLVSRKRRASGTVSVL

GDFGGCIAGTSVNGANMESDPSIKVHRQNVLDGCPCLSNFCANGGTCVDAM

PPYCICAPGWTGPLCTIVVTAPPVGERGTPFMHPAVIAIILVVMLAIFIIMGAVI

LKRRPEPVVVYADSTDTGHVHDNVRLYHDDGGGEEDNLGYDITKLMKYTYI

ETTIAPPSVAPSKASEDKISTSSDQPLLQGRPPDAVFGLTGKEPGPKMPKYME

GDDVGDFITTRVKITDREVFLAVDELHIYRYEGDDTDVDDLSEIEPDEEDEEY

EQEFDFLKQWGPKFDKLAKLYEDVDE 

>Nematostella_vectensis_Cdh3 nve_Cdh3_e_7.4e-29 

MGLDGSASLGFLVLFTLLSSLTITGHAQTIESASVPENEPEGFRVFSFPSPPSNEI

YSFFRALDTASQSALRLFDISEDGVVVTKNPLVYTDGEENLYVLTVLRRQRG

MTEGGIAWTLRITVTDTNNFQPTFGADLYLGYIAEEAAQGTTVGGLEKCHAE

DKDRSGIDRYEIVSGNERGYFVAETKTVGAQKFLVLKATNTRIVRDPARPSIT

LTVRANDGGGLHGTTRIQIDIQDTNNNPPVFEKSEYTVTVGEDTPVMTSILRV

RARDADIGRNGGIYYYLRNTQDFTIDAITGVIRPIRMLDFQSGQQRTLEVTAR

DRGSSPKAANVNVQVTIRSDISGYPPVVVPSSSSDRNRPPVFPEGSSFTLSIRED

FPVNGAIQVVKANDPDAGSTNGQLRYSLSGNNNFAIDSTSGVVTLQTQLEYK

GNPAQDVIDLVVTATDRNGQSGALSASVNLKIEVLDVDDNNNAPVFNPQQLE

LTVSEDSAVGRTIRRVSATDSDDGSDGQVVYSIIQGSGLGVFQVQATTGDLIV

AAPLDREKMSFYDLVIKAEDKATFPKSSNLYVMVKIQDVDDHFPQFTQPMY

YAKAPEKSPENTFVTVVKVVDHDLGESVSYSITGASSFKIVPTSGLILTTGPIDL

TTEPSTYELVVTATSTNYGTTKRATGQVNVEITSKTESPPVFKNTPYAVSVPE

NQGSIANLVCVAAIDTKGQPVIYSIESRGEPFGIDSKSGRFSSLQSFDYETADK

YRIQISAQSGTAPNIMTSSSDVAITIKDEKDPPQFSQSEYKVSVPEDASVRSTLS

RGIRFVDEDTLSTQLECSMEEMTSRIPLDYLSVVQDGGECKFVIEKTLDTFVA

SKFTFDMKVTDKNFPGMFATTKVEVTVTDTNTYTPVFSRTSFWASKPDTLPT

DTSVMQLSIIDKDMGSLGEVTYQLIDPTVSAGETSGYDRFRVDDSGMIESTNI

Development: doi:10.1242/dev.174623: Supplementary information
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LTANTLYKLQAKAKDGGSPALEATVDVFISVYPSSDTPVRFSQNPYSASIAEN

SPLNTEVFRATATKSGSSSGIAYSLVGGQIENGNTMFSIDSSGRVLLLRQLDRE

RTKSYKLYVRGTYTGGSLTLATDVECLVTVTDVNDNTPLFTFDRVNKQFVV

DNYAPANTIIATLRAVDSDEGANAQVTMSIQGTVPSNAPFTIDTPSNVLKTTT

KLSTVIDYQITVRATDKGSPPQYSETTVIVKVLNIQTPPVFGQAKYTVDVQEN

TKVGQQVISVKATYGDSNGLLQYSFVSGNLGDAFCIDSSGQITVAQPLDREVL

PSYTLRVRVALGNNEDFTEVFVSLTDINDDSPTFTKSVYEFFANEDISSGTSIG

KVAATDRDSGSHGQISYRFLYASDIQSMDKFDLDQTTGIISLASGKSLDYEDIS

MHVLFVRAEDNGANKLSAIAEVRIYLRDINDNDPKFSAASYHAKLSLDAPVL

EHVVQVTATDLDTANNGRIRYSIVAGNQEGAFQVLTDNGLIRVAKSLTTVAA

SSFLLTLEAADSGDPERKGSVNVQVNVFLPDGPPKFVLDPVIVNATEGIAANQ

RVAVAKAATSEALKYEILSGNTNDMFAINPSSGVILTTRELDYEEATGYIMNII

ARDTRDRSASVQVIINVVNINDNEPMFPGETNGQIDRKVAGPFAPGFIATRLT

AVDKDIGDRVYYKISIEAENYFTIDERGQLICKNDLKGIASPFRFTIEARDGGLP

QKVHTANVLLVFVKYRPKQQPVRVTVPETTRAGTVITRVPRYFPTGEFSIVYP

ENTNFTIDNDGNVTLNRPLDYEEIAFTLITVREKQASGPLENYIDVEITVLDVN

DNAPVFTMISTLGRVNSNSRAGATAFQLQARDLDSGSNGLIGFQLENIPTLFMI

NPLTRQIEVGQPRLQTSRYGLDIIPFDYGKPSVNGTKATVDIETVQSPPVFNES

SYTFTVSERAPTMTKIGDVTAVSVSGARLSYTIIEGNTGDKFLAKDNGDIVLN

SLLDFERDQSVFNLKVEAKEQIPKGLSSEVDVTITVINANDFHPYFDDPVYRL

KVPESRGVGDVIMTVTARDCDCPSDCTCQVGQLKYSVEAGTSFDIDQTGAIV

VARTLDYETSKVQVLKVMASDQGEKVFTAVTFVVVTLEDTNDNAPVFKRND

YLFRMTADASTGSMIGAVIARDQDQDDIEKVRYSVVSGTEFNVNTETGVLTV

AKDLSTGAKSEYSMEIRATDSTKSNDARVRVNVEYKNMYRPEFTKCGKATIQ

ENLLKGQLIATVTATDRDQGRNGEVEYKIVPVGGQDFFTINNKTGEVITTSSL

DRETKATYTVIITAEDGGHGKDPAERLMSYCFLEVEVQDVNDNYPSFITRAY

LGSIQNTKPIGTSVLTVSATDPDAGDNAKITYAFKSPNDKFEIDSTSGDIRTKV

ALTGTKDVNEKMTVVASNTEAIQGGDANNRDRETEVTIYITDLAPPVCDKNL

FTARILESLSVNSDVLKVSAQAPGGKSIVYSPVKANADIDEKFSVETNGQIKTA

SQLDYEQLSPGDKTFKLQVRAQEENTNLYSTCSVAITLEDVNDDKPTFDLGN

YDARVRENAPIGTTVITIKATDRDTGDAGVVTYFLKAGSDEHFAIDVNSGTLT

TKKSFDREGQSLFSVIVIARDKGNNPGALSEEVAVKVLVVDENDSPPQFDQAE

FQTSVSESATIGTSILEVVATDQDIGDNAKLEYFISGGDGRFWFAVQTISKSGR

TYGEVQVDARLDFETKSSYTIDVTATDGRFSATTRVLITITDANDIVPMFMTL

Development: doi:10.1242/dev.174623: Supplementary information
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TTPTLLSPIYTGRVSEMTGSGVEVLKVYAVDTDSPNIQYTLEGSSSYFTIAARQ

EGGKFVGIISTGSQPLDREATPIFSFNVLAKDGVHTGSAYIEINVTDINDNQPRF

PNSLYVGYVEENKAAGTSVMYVQAHDDDDPYLGGNAEIRYTLTDNAGGKF

KIDANTALVTTEEILDRETSPNSFTITVLATDQGANKLSTTKVATIYVTDANDH

APVFTKRIFRGTVSEDVRPGYVVTSVSATDTDTGPNAELEFVVTHGNEPAAFY

VDPSKGTVHVSGILNYTLRKSYNLTVTVSDRGMPVLSDNSPAYVLITITDAND

NAPIFIPNQYNKTVAEDLAVGSPVVVVTAVDYDSGDNAKFVFDITGGNPDDL

FEVVPNPDNSSLGIVRTRLPLDRETTPIHHLEITAKDTGGLTGKAHVWLTLLD

VNDNGPWFQPPFFVGKIKENVNVKQFVTKVSANDPDTKNNGAPFTYAIYNG

TVSGNFAFDIATITNVTTDMSSSGTFDRETMTTWTIGIAGTDSGRPAKSNFTY

VYVDVQDDNDNEPCDGRMTIIVNSYNGKFRGGPIAKTYYRDADYDGDVNTY

TLQSQTGGNFFTVDTTTGEISAAKDIPVGEYSLVISVTEVNTGNPPRANEVNFP

KTVTSRATVIVRDITSKAVSNSVALQISDMRKVEYFVGDYHDVVVGELSRMF

GVSSSGIEVFSVQPSPIKVMALDVQFAVKTGSDEYTKPYDVIRVVTDNRERLT

NLGLKVTSIGIDMCALERERVGKCINVVETSSAYKIASGDYGKVPAPASSITLV

SMDVVLRDKYVTIIEPGKNCSNENPCLNGGTCHDTVPAGWRVCQCPRGYRG

PHCEQTTRTFRGTSYIWLPKLTAYDIRELSFEFTTEFKDGLMLYQGPLKPGDN

NGAKDFLAVFLDEGHLVVRVSLGYEPITINMTRRPNLNDKEWHTVQIIRDVID

RKMIRVIIDRCQSAQIVEENGRVFEKRDTCEITGRVKGRSVYLNGFGPLQIGG

VETDLTFIGITTTGFRGCIRNIIDTEKMYDLRNPIKVVNAPEGCTLAGTCPNNC

NDKGYCEPSLMAGKSMCVCDLGYTGRACNDRSEANYYLENSFSQFLLTGIR

ARRELIQPPVPLMNEYYTHINLQVKLDPGTKDCVLFLSSNSLGTEFNRLDVKD

HMLRYIFRLGDRMKVLSIPQYNISDGKYHSVMVNREGNYAEMQIDYRAKMA

GTTGGVQKLLNMGGGSIFTGGLPNITEVRVVEAIVQSGGDVILRTEDGKVLTS

GIGVGGGMSFGAGSSVTLITIGSGVLTQRNILDSQSLFVRGIYKNGTVLYGSSS

SSTFGMNVDDQGIPFKSSDTSSNGNGGVQISQGNPMTYGAGIQWTLSNPGRT

QVGAGNSGGAVEVIGDMEGCTATNRFQGVSLEDSPDVEVRRQNVRKGCPCA

EGFCENGGTCVDGTPPYCLCSPGWTGPTCVLIVTAPNPGQRPGSRVVSPFVIA

CVAVVLLAVMVIMGAVLLKKRTPPPVIPVMVEDGHVHDNIRPYHDEGAGEE

DNFGYDITQLMKYTYVEGGGYGGGGGGYGGGGGGYGDGTGGAAFGSAYA

ADGGGKGGLGSGVEEVMVAEEKPLLQGAMEGYGQQHGIITITRRRMMNADS

VDVGNFINSRVGEADREYILSYDALHIYRYEGDDSDIDDLSELGSDDEGGDDA

EQSFDFLQDWGRKFENLNKIYNLDD 

>Stylophora_pistillata.1_spi_PFX34962.1_e_2.2e-27 

Development: doi:10.1242/dev.174623: Supplementary information
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MRDISVIVYSILCYFCLLHTAIGQGFDVTVNLEEGKDAGQPVHTFPLPASNEV

YTFFPAQDADSKAALTLFQISEQGVVTTTKPIDFEIGKKNNYDLVAVRRDRGD

KEGGVPLSIRIFITDTNNFGPTFPSNLYHGRVKEDSPVDTIVLGLENCFAEDRD

KEGSISYSISGGNEKGYFKAERRILSNINRVFLVLKTTNIRIERDVNTPEIILTVR

AFDGRRFGTTKVSITVLDVNNNDPKFDKDSYTATINEDTPLMTSVLRVRATD

ADVGTNGGIYYYISGGSPWFSVDAITGVMKVVGRLPNQAAVQLQVTAQDRG

RDSTRTHTADVEVNINLIADYPPADTANPGANTPPVFPEGSYSANVREDFPVG

AVVLVIHAVDRDPPGRNSRIRYRLSGDNAFQINQNNGVVSLRTNLDYSIKSSY

DLNVNAEDEAQSPLSATASLKITVQQVDKNRFAPEFQAPNKYQRQASIPENR

AINTKVGSSIIATDSDGSQRPEGQVMYSIASGSGLPYFKINENTGDLRSVAVLE

REKQPQYNLLIEARDKSLYPLKSNLYMVITVTGVEDNFPDFSQPVYEAEVPGN

APKGTFVTAIHAIDQDGDTVTYSIDNAGSAFTIQTDSGVITTARPLDPANEERN

FVLSVRATATNKDSLAQVIVDVVSEADSPPTFVNLPYRATVPENLGQIDSLLC

LAAKDSQGKPVTYSIASDTDGKFSVEQDSGRFSATGSFDYEAFTEGVYKVQA

SSGPQQIATESVTITVTDTKDPPKFSKSSYKFFIDEDTSAGTTITITNRDGSSGGL

VIEDADTTITNFECTIENIQSLAIENHFTIKLVTSNNNKNGECKLITQSSFDHFDT

PKFTFEVRATDKNYRNMYASAQVEVEIRDKNNNAPVFSQQSYWASVDKNFP

VRNSILKVTATDKDSGSFGEVTYQISRDTQDRNRFSLDSNTGVLSSASSLAEK

TYNLLIEASDRAQENNNIRKTRVSVQVYAPGTTYIQFDPASYSKDIAESAARD

TNVFKVTAKGPNSIRYSIVGGNINNAFKISQSGQVQVANSLDRETQATYKLVI

RANKDGTKLASEVTTTINVLDVNDFTPKITFMETEPKNLAVEDYSPKGSFVVK

VTAIDRDAGANGQVKYSITTSNTPFQIDQNTGVITASREIRRSEQQVWTVRVQ

ARDSKGLQSFYNLRFTVTEGLQAPQLSPTIPVSLDENKPVGFKVKDISPTTPNN

NYKYNILGGNTDEAFCINHDGVISVARPLDREKISSYSLKVSVSVGNKVSNTS

VDVTIRDKNDDAPRFTKAVYSFDVSEDRGFAQEVGKVSAEDKDTGDNGEVE

YRLLYTVNVNSKFNVDPKTGSISTIDAPVGSSPSARPLDFEQIKQHVLYIRAAD

NGIPSLSTIAKVMFNIKDVNDQTPKFSADSYVSKVALDAKVDSQVLLVVATD

LDSGDNGKVVYNITGGNEEEAFKIDPDTGVIKVKKSLTTVSASTFTLDVEAKD

KGNPPRSTIAKVDLNVFLPDGPPKFVVKPVVQEVTEGIKANNRVIVVKAATSE

ALTYEVVSGNEDGLFRINPSTGEIMVTRELDYEEARERKLVVRVMDTRDRSD

QVTVIFQIKNINDNAPTFPGEVDGYVERKVEDDFQVGDPVARLSAFDGDVGD

KITYTLSENARASFSIDKEGFLIAKKPRKEFPSPVKFNLTAKDNGSPPRESKVN

VQLVLVSYRPEQQQPVREYVREDKEVGSVVAIVPRYFPGSTLSIIYPRKANFT

VDDSGRVRMTRPFDFEARQFYTLTVREQEPAPLSRTNDVDVEINVIDINDNKP

Development: doi:10.1242/dev.174623: Supplementary information
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VMKMVEFFGRVNTNSRPGTSAYQLKAEDKDGGLSGRIGYQMVSRGIPFAINP

LTEVVETGGILEDRGGYNVTVFGFDFGVPRQFGDSVYLDIKTVNFKPQFSESS

YNFEVFENDLPGKVIGVVNATSASGARLGFSIVQGDTDNKFSIESTGELIVNSR

LDREKTSMYNLKVRTTEQIPRGDSNDVDVRISVKNANEYYPFFPLKVYEKSIN

EDVGSGASVLSVTAYDCDCTGCACKNAELKYSLEGTNVFKIDEVTGLISVGD

TPLDFETQRRHLFKVVVEDFGEKKFSSRSYVRVTVQNKNDEEPKFQRGEYSID

IAEDAATNKALAAILARDVDGDSSLYSITSGASSIFNIDGNTGVLSLAQSVRGQ

KKQYTLTVRATDTAPNPKYDEVRVVINIEDINDNRPVFTVCPNEVTVEENKPT

GERVIQVTAKDSDNGRNGEVEYKLVTGGERLFEINNSTGLITTITSLDRETAD

RHTLIVQAEDGGHGRNEAERLLSYCIIEVKVADVNDNYPVFFTRQYYGSVFH

KAPISTTVLTVSATDDDIGNNQKVVYSLVGSNDKFEVDGTTGSIRTIAVLSNFE

QTVQLKIRASNQATPTAPKTSSSETTVEINVVNKQPPKFEPSSVYTAEIQEDVE

VGTPVVTVKAESQVNSTNVIAYSLVKSYPSAEQNFKVDPGTGVISTASTLNFE

QQSSYTLQIRARENENDLYATCSVDIKLKDVNDDTPTFKLEEYSARVPEETAG

GFNAITVKADDRDTGLFGQVLYSLDASQKFRIVASNGTIFSREKFDREAEKTH

TVFATATDGGTPPLQAKVVVSVVVVDQNDEPPVFEKRKYTGNVQEDAPIGTS

ILDLSATDADIGDNARLEYFISGGGQSQLFRMETVYSPENKGILYLEGKLDFES

KSTYTIKVTATDRKDSDTVDVVITVINTNDNAPEFTALIYEETIQEETKAGEKV

AQVSATDSDSPGIKDTLVYSIDKTGQRYFSINSGTGEITTANEKLDREKDQTVS

FYVFAYDGKHRGEALVRVNLTDINDNAPYFPNPPYVGSVEENKNPGTSVMV

LQAVDLDTGVNAIIHYELEDNAGGKFKIDQDTGLVTTLETLEREGPENEFTIR

VRATNRQAGAPLLSGTVTATIKVSDGNDQSPVFDPLVYKADVPEDALPGYLV

TKVAATDKDVGPNAELEYTITAGNDPYEFYIDPRNGRILVSGLLDFDKGKKT

YNLTVTVSDRGNPPKSAPRPALVYINVLDANDNPPIFVPAEYNKKVSESVKPG

DTVLLVTAVDKDTGTNAQFQFSITDGDDANMFAVRSNVNNGSIGEIYTLLQL

DRETVPRYNLTVAATDSGGLQGIAVVHLTITDINDNGPWFKPRYYEGTVQAG

INPSQGQPVVILEAYDPDEASNGPPFTFSLVDADLSSRFKITKATDKTANMAA

FGEFNREVKQVWEVKVKAIDSGIPAKDNTTFAYIDVEDDRNRNEPFDGKLTII

VNAYNGRFAGGIIGKAYYRDDDYNGDQNKYSMDDQKFFTLTPETGDITAEA

NIPEGRYTFSVKVEETKQRPGNFPKIVTSDVTVIVQSVTNAAIQQSVAVLILEM

RKTSFFVADFYTKVQGVLANILTGGDTDRILIYSIQKAPVNRVPLADLFGVEIY

LSVKLSSGGIMDRLQVVNQLIQKKERLEGLGLVIGSIGIDACAYEQQQVGICR

NVVKAASAFTVVSGDYGQIPATQSSLTVVAINVNLQAEYTSIILPDKNCTTSTP

CFHGGTCHNAVPKGIICECGRDFRGPECQSTTRTFKGNSYLWLEKLTAYERST

Development: doi:10.1242/dev.174623: Supplementary information
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VSLQFMTGTADGLLLYQGPVSEGSNNGLPDVMAVMMVEGYIKLVLTLGPHP

NAPLELYMNRGDRLDDRQWHTVEVIRELKKVTVRIDLCSKAQVTEDDGQVV

ENRASCEIEGEVWGSNIYLNGFGPLQIGGVENKLNDAKISYAGFQGCIRNIKD

NNVMYDLLNPPFEKNTELGCKLENNPCPDCNDQGYCEPLWTNSICVCDLGFS

GPNCNSRTNANWYKPNSFTQYRIRQTARKRRELVPPPVSMSNEFFTNIALQVR

ISPNSSNVVVFLASNSLGTEFNRIDVKNHVLRYIFRLGDRMKILSIPQLNITDDK

YHTIVVKREGNQAKLQIDYDGKVEGTTGGIHKLLNMGGGSFFTGGLPNVTEV

RVVEAFVNSGGNAILRTADGNIISSGIGSGLAGYSSSDADLMGTMITVGRAGQ

VRLSSSYMKLYSSFGMRAVVGSSGRVFVGRTATTSTRTIIRSYGSYTPIGVKS

GGKVNVRVIPTNYNPSGGSIVVSSTKGGSAVGSSGGSGSAGGGSGASGGGGS

ASGEGGVVVGGSGGVVGGGSVGRGIGGQYVTGATVLGGASSADAYGQVNA

YGTSLVGWTLLGATPDGAKEVEVIGDFGGCTASNNYNGVDLDNDPGIEARR

QNVEFGCPCSSGLCLHGGTCVDAVPPYCMCPPGWTGPRCETVVTSPNPGTRP

GSKWANPAVIAIVLVVLLAILAIVGAVLLKRRPVPAVVAVVEDGHVHDNIRP

YHDEGAGEEDNFGYDITTLMKYTYVENGIAGTGGAGYGKFKDAGGIGEEEF

TVAENKPLLQGAMPGTGLQHGVTTLTKRRVVHPESIDVKQFIDTRVHEADGE

YILSIDELHIYRYEGDDSDVDDLSELGDSDEEPDEEEEQEFAFLQEWGKKFDN

LNRIFNEDD 

>Stylophora_pistillata.2_spi_PFX20816.1_e_2.6e-13 

MYDSQRTCILRNACQFKTERLRFYVAILWTACVFGLHRCSVSASITNYNNFN

VTEGLPKGTFVGSIANQQYDNLIHVYPHDDLILDPISKNITTKIVLDREKISVYII

DLLIQNPFEIISIFINVTDINDNIPTFPMSGYDFKFYEGNPVVVRVRAADDDLGS

YAVQNYSIVSGNTDNMFVLTEYIDTVGRLRAKIELQPGKQLDREQRDFYSLT

VSAADGGTPPQTGFGLVNITVLDLNDNDPVFNPKKYKANITENSKAFTPIVEV

YATDKDIGRYGKVEYAIIHDSSSDPDSHFILQTTERGLILNHAILDREKQDSYS

VRVLAHNPGLLGYYKQDSAYVTINVLDENDNSPEVTYTFYLDDAYQVYEDA

SVGTEVARVWVTDKDAGKNGEIESVTIQGGNGHLRIAYDAQNKVNIISLAKE

LDREKQPAFPVYIYAKDKGDPQQTTQDGFILNVGDINDNPPKFDQDVFIAVVS

ENATIGTSVVVAHATDKDIRLNAKLVYNISYTPQAAPYKTWFQIDQATGEIRT

GARLDREKFPRLEFLVTVTDSGVPPLGANCTVIVNITDANDNNPVFTKAVYSS

TVNENSANNTSVVQVLANDIDSGINGIVHYSLETQHRRVPFSINPNTGLLSTSG

QIDFEAQSLYMFNVVASDGGGRFDKSILNISVVDENDNYPVINPTTYDVSVYE

NLTIDDVIATVMAKDNDSGILSQLNFAFSNRNNDGLFFINSSTGIITLIKPLDRE

TKDFHRLEVQATDGGGLKSKNSAVIQVTVLDVNDEPPVFEPSSYKFTIYENSD

Development: doi:10.1242/dev.174623: Supplementary information
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VNTLLGSVYASSKDLGTNADIYYSISGGDIYNVFTINSTGTIFTQNNIDHERSPQ

LLLTIQAKDGGTPPLYGFANVSVAVNDLNDNAPSFESSVIDVNILEDTKVGEV

FYNVTAQDPDSGLFGRVRYTFLSNPNSTFQVNSSTGALTVTHSIDFEGPRLYFI

KVLAEDGGSPPLNSTATFRVTVVDVNDHTPKFSNTSYSTHVDELTSAGTNILN

VSATDADSGNNARISYSFQSGVDTSMFGLRSNGWLYITRQLDREQQEVYRFT

VVATDKGHIPKSSTADVVVYVDDINDNNPKFTQQSYIFSVDENQPNRTFVGQ

VPASDKDAGANAKISYTFEPPSLEFAIDHNTGIIRTNQVLNREQRSSYTLTVKA

NDHGASPRTGHASVTVTVQDINDNAPTFKKPFYEKTVSEDIPVNSPVLTVEAS

DPDAGSNGMITYFFASNPGVFTIDARTGVITTTARLDREKHDRYTLSIGAKDH

GNPNQSHVVFVTIHVLDVNDNPPRFVNNSIFVNIPEKQAIGTVVTTVTAKDKD

TGNNGKVRYTIDQGNGGKVFEINETSGVITLRKLLDFEKKSKYQLRIVARDRG

QNSQSSFLYVTVYVLDSNDNRPTFEMNPVTVQLREGVPLNSNVTTIKAHDYD

SGQNSWIRYSIDSQSPGPAKFKVDPSTGVVQTIGRIDREAVDEYTLNIRATDQ

AFTESERLSSTLTIFIIVSDVNDNKPIFVSPNETFVMEDEGFRYPIITITAIDDDLG

SNGKVKYKIEHDENGDSFKKFALNADTGLLELLGTLDHETMPKYVLNISVTD

GGTPPQSSFQLLTVFVVDVNDNAPEFNQSLFLGNVSENQPVGTPVMAVSAYD

LDSGENGALTYSIPRGNVNQKFAINGSSGVIYTHSTLDREEKDEYTLTVYAMD

NVYPRRVGTCTVKIKVLDVNDHRPIFIPSRLNLTVLEHSPPFDFHTLRAQDPDI

GQNGRLRYIIQHGNEDAKFSVGEFTGVLSTTAGLDRESKSRYDLVIEARNVV

VPFYNASIYVTIFVGDKNDNSPKFVNSSYSVNIRELTKIGTSILRVQATDSDSG

KNGEIAFSLSNEALGIFRIDSKTGTLYTLQEFDYDIKAVYNFLCRATDKGVAPR

ETSVGVTVSIIDENNHAPVFDVIPYEATISSGSSPPQNGLVTVRAKDKDSISITH

MTYRLANSSHPFFQLESNSGVVRVKQGVSSIPDKVYVLNIIADDGGNLTGRGI

VEITVGSVSPNQPMFVNNTPAFVSLPENSPKSREVARVLANRSNDVVYSIVDG

NSGNAFLINSQTGIVTVQNPAQLDFERLRDFRLRIIVSRKSQPSRNDYLTLYVN

LTDVNDNKPVFYPANISVQLLEDDGLQSSSFTSRSVASLTTTDKDSGKNQEVT

YKIIFGNVDDKFGIDAQLGVLTTKGFLDREKHAVYDLVVNATDKGTPSRSSV

SHVVVNIVDVNDNIPAFSGPYLVDVKEDLRVGSLVKRVVATDKDKHPKLMY

SFGNDKTSYDVFRIDQLTGDITLLESLDYERNTSYELNVTCSDGRYKSHTTVT

VNVKDVNDNAPKFLESSYQATLSEETAQGTSILKVSAEDRDDGSNRELTYAF

VTSLDVFRLNATSGVIYTAKKIETSNRDSLYFVVVSATDRGVPQQRAFVTVQI

RINRKPIFKEPVYRASIAEGTSPGTTVLTVSAADDSGMNVAKISYKFKFGNSEG

LFRIGLRNGIIKVNKFGLDYESEKNYLMGVEALDESTNNSVVVEVNITITDVN

DNPPVFDPTEYVKEVYENISIGTTILRVNATDKDSGTNGRLVFSILSGNDKQSF

Development: doi:10.1242/dev.174623: Supplementary information
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RINSRTGEIVTIKSLDHESIKEHMLSIQASDEGSKPETMLASVRIKVGDVNDNK

PEFHILHPEEVGVEENSPVGTLVYELIARDRDSGNNKVVVYSIIGGSGQGLFIID

SGSGELRTNATFDYEARNLYWLLVKAVDKGKPPLDNTVNLTVNIKSMDEFEP

IFENSSYEFEEVPGNAKIGYVVGQVAASDEDGGEDGRLRYSFDFVSEDGFAIN

ETTGIIFVNKSLSEVSSKRRKRKSVEETDDVSIESRRVRREIDVTKVKLRVQAD

SGQPKSFKGLASVEFGIDFACAGCASTGQRGNGDDEGISKNTYIIIGLAILVLVI

LIAFIVMAAIILRKRKNKRGRQHPPLRYDGSFDEITVYSAPNGNINHVDSSIEN

VSTPRGVSQEGSPLNGPSDSPACGTDSSDTPNSASSGRGSSEGVDFEDRRHPVI

VNGDIGSLHSENYVKTVVGPDSGIQQDSDQVSQLTISDASSMMQGEGLTIDK

HSDKIEKLLARLGSQESLHVFGEEGGGEADGGVDVSNLLYAKLAEVDADED

ESIIDGMRPFVEEGHDHPSYGGSLSSIVGSREELTGSYNWDYLLDWGPQFQPL

ADVFLEIGKMKDDAPPKKTLSLSLPSSRDSRNPQAGVVTTDMLSSVSSLPRSPI

SPPSTRYTSPAFSPNFTPAITPLVTRSPSVSPLDTGASTPAFSPTGTTPKSGSRPS

SMHVPVLHLRRDSHDGSNSDLTHSPSISDNESNLEIDV 

>Branchiostoma_floridae.2_Bf_Cdh 

MANRRALFPLTAGERTAALVISLFVFLASAASKDDVRTFGIPPQFSVFVPHDV

EPGYTVGRLVRPAFVSPHCEGARLFSVDIRTGEVTTRKSLAGHKDESVSLAVS

WPDGSRETDILYISVMDRQKLPTIPSDFHVGAIGENLPPGTAVGGLGNLWVHS

PAMGEHFPAAHNFTYHLISDTDLPFTLGHHATKEGETVEIYTTKMLDRETQG

EYDMTVTVSLGTEDENSGSKVWAWGWNSVARALIHVTVADDNDNPPVFTN

EQYEAEILATTDRKPVVQVHAVDPDNGNNATVVYSLSPSVPGFTIVPKTGQI

WTTGSAHLGTQNRHHLVIHARDSGDPSLVSQPASIIVQVVKSGDESDIDKSME

KSRSKRRALPNIQVSMAENAEVSSPILDVNNQPSDPVNDQFTIIYPEPSRRRVTI

DGSTGVVRVGKLLDREEQEWENVTVEITNPYRQTNRVNVNIRLTDLNDNSPQ

WTMVPFPYQAVVPVNAPRGTLVYQLTAEDKDLGENAEFQFFLESDGDGRFE

LDTSTGDVTTSGLPFTANQEYIVHGRARDTGRNESPQAVVSIIAGNRPPQFMQ

QTYDVTVPEETLDQYPVVQVEAMSFRGSRISYSLKSSMDMFAINRLNGQITLH

RGIDYETEQRQYTLSVEATETGVNPMSSIVQVRVTVADINDCTPEFANPIYSQ

RDVVENIPSTKAILQVSASDCDSDENQRITYSVDDDAHFRIASDGTIYPNSQLD

YEVPNNMYEFLVKAVDHGTPVLTGSATVRVRMANINDEPPVFSQRTYTTFV

AEDAEPGGLVATVHATDMDGDGITYAITGGNDGTFVIDAKDGIIRLSDNPSLQ

GSHYTLNVTATDDNASGGPGSLTGTAVVVVGINDINNNKPDFTQCAEYVPSV

PEGQPSGTFVIQVTASDADQGSNGRVTYSIVHREDSETMFNIDADSGEISTAV

VFDREERREHAVTVTATDNADNPLIGVCQLIVHITDVNDNDPVFENNKYAAV

Development: doi:10.1242/dev.174623: Supplementary information
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LSENTALHTSFLRVAAQDADMGTNAEILYSLSEEVPQYLGIDRQTGWLYVKS

AISQTQRIIRRVIATDGGGRSTSVRLDVAITDVENEPPMWEREYPAVTIPENTPI

DQVVATVKASSTLLDSRITYSLVDGQLPETNKPKRFYLRTNRATRTADICVFH

PLDFETTPRFELKIRAENAARIPLAAYTIVEIRLTDVNDEVPDFTAKSYAMSVA

EQSPKGTLVGQVTAVDADTGDAGKVTYSISPDPDPSLRDWEKFRIDPSTGEVF

TKDMFDREKKSFYLLEVKAEDGAVSDRVELSNVNIPNSREAYVRISISDVNDN

SPTFPRTQYEASVDEDKDVGYSVVTLTANDEDEGANAKLRYQITTGNVGGVF

DVVPEIGTIVVAAPLDFEAVQEYELQLVASDGKNENTTKVNIKVNNINDEEPE

FTRNEYTGSIREEDSNTPIPILQFYDVSQVTARDPDRGASDADIRYSLQGQGAN

DEFSINIITGQIYASKSLDREERAVWRFIALATDEKGRGLVGFSDVAISLGDIND

NAPEFNDEPYVGSVLENTAAGTSVMTVTATDADDPDVGRNAKLTYRITKNA

KQNRVNLFRIDRNTGKIFTTVGNLDRETTKEYTLVVRAEDGDGLWGTGTVT

VQVGDINDNPPAFNQRIYSTTMSEGLGKDGIVTTVAASDADVGDNARLFYSI

VGGNRNNQFRMDNSDNKGIVRVNRRVDYEEPTQRKFNLTLEVRDLDFTSRG

YCVINVLDYNDNPPVFNPVYYEKEIYENATVGTLLRILSATDRDTGNNAVFK

YSINPSSDPDQQFLIGAQNGILTVNKALDRETLPQHRLTIQATDIGPPSLVGNA

TFVVNLLDINDNGPVFKEDYRPAIPENTEGPLHVQLIEAVDYDSDPPNGRPFV

YAVPDPNPLARAFDFKDNGDDTAVVTTKRSFDRETQELYELLVIIWDSGQPQ

MSATNTLTVTIANENDNPHYGGTKEVTVYNFKGAMPDSPIGIVHAPDRDDGA

LVNPDVKTYIFESTEPKYFWLNESSGMAYIREKTPAGRHTFSVRVSDGIWPDA

VSSLVVNVKEVTEEQLVNSGSIRFDGTTAEEFITPGKDGQSKYDLFRQAIAKV

VGAQVQNVDIFSVLNVPSRRSVDVRYTAHGSPVYPAHKLNGLAAQNRQTLE

ELVGLTVAEVNVDPCVQEICQTGGCSSRLETSDTPTLVNSGSASFVSVTATMV

HECTCPQRAEVRGLCDSSPCYNGGTCINTPTGYRCKCRNGYDGIDCQQTKRS

FRANGFAWFDPLPQCLDTRISLEFITKHPDGLLLYTGPVAPLATGEPRDFMAV

ELVSGKPRLTINLGDGPLQLDIAVTTTVNDKKWHRLDIIRQGSTTRFMLDRCK

NSVITETVGTGRGTSAEDRTGCEAIGRVPGKSRFLNVLSPLQLGGIAQKSLPYP

TLTNLDFQGCIQNLVQDTKVIDLAEAQLSQNSEEGCTQTDANCQPNSFTPICG

PNGTCVGTWDSFYCTCHPGFHGDRCQQATPEYSFDSESWIRYQLRRPVSARN

TQHQLMFRTRVPNGLLTAAASRDRQEFTSLELMNGKVQYRFNIGNGVHIVRL

EDFTVDDGEWHVVNVERFGNEVSLKLDGGGGQREITIALGSHREILIDQNSVL

VGANVTRAAEEQNVYNDFIGCINDIRLNEEYLPMEGENAVAMATTEGIQPGC

WDHEECLSAPCVIPFVFLVLACVMYKKQLKAATTKYLAVDGHDDVRENIISY

NDEGGGEEDQESYDIRKLQKPDRESPTRSKRPLEPRIYVPPDDVPQMRPTLPQ

Development: doi:10.1242/dev.174623: Supplementary information
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GDNPDVADFIGARLHDADNDPTAPPHDSIQPYDYEGQGSTAGSLSSLTSASSE

DDQDYEYLDNWGPQFRNLADMYSGAGGGASA 

>Mus_musculus_Dsg3-203_desmoglein 3 [Source:MGI Symbol;Acc:MGI:99499] 

MTCLFPRALGSLALLMVVLLVQGELHVKPGGQHREDGTALQLAKRRYKRE

WVKFAKPCREREDNSRRNPIAKITSDFQKNQKITYRISGVGIDQPPFGIFVVDP

NNGDINITAIVDREETPSFLITCRALNALGQDVERPLILTVKILDVNDNPPIFSQ

TIFKGEIEENSASNSLVMILNATDADEPNHMNSKIAFKIVSQEPAGMSMFLISR

NTGEVRTLTSSLDREQISSYHLVVSGADNDGTGLSTQCECSIKIKDVNDNFPV

LRESQYSARIEENTLNAELLRFQVTDWDEEYTDNWLAVYFFTSGNEGNWFEI

ETDPRTNEGILKVVKALDYEQVQSMQFSIAVRNKAEFHQSVISQYRVQSTPVT

IQVIDVREGISFRPPSKTFTVQRGVSTNKLVGYILGTYQATDEDTGKAASSVR

YVLGRNDGGLLVIDSKTAQIKFVKNIDRDSTFIVNKTISAEVLAIDENTGKTST

GTIYVEVPSFNENCPSVVLEKKDICTSSPSVTLSVRTLDRGKYTGPYTVSLEEQ

PLKLPVMWTITTLNATSALLQAQQQVSPGVYNVPVIVKDNQDGLCDTPESLT

LTVCQCDDRSMCRAPIPSREPNTYGESSWRLGPAAIGLILLGLLMLLLAPLLLL

TCDCGSGPIGGAATGGFIPVPDGSEGTIHQWGIEGAQPEDKEITNICVPPVTTN

GADFMESSEVCTNTYAGGTMVEGASGMEMITKLGGATGATAALGPCSLGYS

GTMRTRHSTGGTLKDYAAPVNMTFLGSYFSQKSLAYAEEEDEREVNDCLLIY

DDEGEDAAPHSPTLSSCSIFADDLDDNFLDSLGPKFKKLAEICLGIDDEAKQA

KPGPKDSGSGADTCARSMEVPQSGSNRQYLFLLLPSNEEAGARIHRAPSTNPR

LLLLCLVHSEQRSVHSQYGSDAQGMNTL 

>Mus_musculus_Dsg3-201_desmoglein 3 [Source:MGI Symbol;Acc:MGI:99499] 

MTCLFPRALGSLALLMVVLLVQGELHVKPGGQHREDGTALQLAKRRYKRE

WVKFAKPCREREDNSRRNPIAKITSDFQKNQKITYRISGVGIDQPPFGIFVVDP

NNGDINITAIVDREETPSFLITCRALNALGQDVERPLILTVKILDVNDNPPIFSQ

TIFKGEIEENSASNSLVMILNATDADEPNHMNSKIAFKIVSQEPAGMSMFLISR

NTGEVRTLTSSLDREQISSYHLVVSGADNDGTGLSTQCECSIKIKDVNDNFPV

LRESQYSARIEENTLNAELLRFQVTDWDEEYTDNWLAVYFFTSGNEGNWFEI

ETDPRTNEGILKVVKALDYEQVQSMQFSIAVRNKAEFHQSVISQYRVQSTPVT

IQVIDVREGISFRPPSKTFTVQRGVSTNKLVGYILGTYQATDEDTGKAASSVR

YVLGRNDGGLLVIDSKTAQIKFVKNIDRDSTFIVNKTISAEVLAIDENTGKTST

GTIYVEVPSFNENCPSVVLEKKDICTSSPSVTLSVRTLDRGKYTGPYTVSLEEQ

PLKLPVMWTITTLNATSALLQAQQQVSPGVYNVPVIVKDNQDGLCDTPESLT

LTVCQCDDRSMCRAPIPSREPNTYGESSWRLGPAAIGLILLGLLMLLLAPLLLL

Development: doi:10.1242/dev.174623: Supplementary information
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TCDCGSGPIGGAATGGFIPVPDGSEGTIHQWGIEGAQPEDKEITNICVPPVTTN

GADFMESSEVCTNTYAGGTMVEGASGMEMITKLGGATGATAALGPCSLGYS

GTMRTRHSTGGTLKDYAAPVNMTFLGSYFSQKSLAYAEEEDEREVNDCLLIY

DDEGEDAAPHSPTLSSCSIFADDLDDNFLDSLGPKFKKLAEICLGIDDEAKQA

KPGPKDSGSGADTCARSMEVPQSGSNRYQTLPGSLEVTQTGSKICHTLSGNQ

ETSVMSTSGSVHPAVAIPDPLQLGNYLLTETYSTSGSFAQPTTVTFDPHVTQN

VTVTERVICPLPSASSSIVAPTELRGSYNMLYTKETCSHL 

>Mus_musculus_Dsg4_desmoglein 4 [Source:MGI Symbol;Acc:MGI:2661061] 

MDWLLFRNICLLILFMVVLGVNSEFIVEVKELDIENGTTTWQTVRRQKREWI

KFAAACREGEDNSKRNPIARIRSDCEVSQRITYRISGAGIDRPPYGVFTINPRTG

EINITSVVDREITPLFLIHCRALNSRGEDLERPLELRVKVMDVNDNPPVFTQNV

YTANIEENSDANALVVKLSATDADEDNHLNSKIAYKIISQEPAGAPMFMVNR

YTGEVRTMSNFLDREQHSMYNLLVRGSDRDGATDGLSSECDCRIKILDVNDN

FPILEKTSYSASIEENCLSSELIRLQAIDLDEEGTDNWLAQYSILSGNDGNWFEI

QTDPKTNEGILKVVKMLDYEQEPNIYLSIGVRNQAEFHHSVASQFQMHSTPV

RIQVVNVREGPTFSPSSMTFSLRGGMRGASLMNYVLGTYTAIDMDTGNPATN

VRYVIGHDAGSWLKVDSRTGEIQFSREFDMKSKYITDGIYAAQILAIDDGSGR

TATGTICIEIPDANDYCPVIYAESRSVCTHASSVRIYVNDHSFGSPFTFCVVDES

PDIANIWDIRSINGTSAILMTEQTLSPGPYQIPILVKDSHNRACELPQTVLLDAC

FCDDHHVCLHSSTTGIYTGDITWVTDDMYGTVTDDGVRQSNVGLGPAGIGMI

ILGLLLLLLSPLLLLMCCCKRRQPEGLGTRFAPVPEGGEGVMQPWRIEGAHPE

DRDVSNICVPMTASNTQDRIDSSEIYTNTYAGGGTVEGGVSGVELNTGVGTA

TGMVAAGATGTLRKRSSTIGTLREYQDTGMNMAFLDSYFSEKAYAYADEDE

GRPANDCLLIYDHEGAGSPVGSIGCCSWIVDDLDESYIETLDPKFRTLAEICLD

TEIEPFPSHQACIPISTDLPLLGPNYFVNESSGMTLSEAEFQAEMAAASEPMIHG

DIIVTETYTTSDPCVQPTTIVFDSQIPPNVVVTETVMAPVYDVQGNICVPAEIA

NTHNVYYAERVVASPGIPDMGNSNISDACIGPVMSGGILVGPEIQVTQMMSP

DIHISQTTGSTSPMTSQHRVTRYSNMHYSRQ 

>Mus_musculus_Dsg1b_desmoglein 1 beta [Source:MGI 

Symbol;Acc:MGI:2664357] 

MDWHSFRIAALLLTSLVVLEVNSEFQIQVRDHNAKNGTIKWHSIRRQKREWI

KFAAACREGEDNSKRNPIAKIHSDCAANQPVTYRISGVGIDQPPYGIFIINQKT

GEINITSIVDREVTPFFIIYCRALNAQGQDLENPLELRVRVMDINDNPPVFSMT

TFLGQIEENSNANTLVMKLNATDADEPNNLNSMIAFKIIRQEPSDSPMFIINRK

Development: doi:10.1242/dev.174623: Supplementary information
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TGEIRTMNNFLDREQYSQYSLVVRGSDRDGGADGMSAESECSITILDVNDNIP

YLEQSSYDIEIEENALHSQLVQIRVIDLDEEFSDNWKAIIFFISGNEGNWFEIEM

NERTNVGTLKVVKPLDYEAMKNLQLSIGVRNVAEFHQSIISQYRLTATMVTV

TVLNVIEGSVFRPGSKTFVVDSRMEANHRVGEFVATDLDTGRASTNVRYEM

GNNPENLLVVDSRTGIITLRNRVTMEQYQRLNGEYKGTVLSIDDSLQRTCTGT

IVIELSGTGWVPGSDGGGSSSGSGGNRDPVTNGYQGTSTVGPQRVTGSGGVT

SSGGGSGVNNTPGRQNPLDEPEPEPFDITEDNVHFGPAGIGLLIMGFLVLGLVP

FLLICCDCGGAPGGGAGFEPVPECSDGAIHTWAIEGPQPEPHDGITTICVPQMP

PGNANVIEYIDNSGVYTNEYCGREMQDLGGGERTTGFELMDGVKTSAAPEIC

QEYSGTLRRNSMRECRDGGLNMNFMESYFCQKAYAYADEDEGRPSNDCLLI

YDIEGVGSPAGSVGCCSFIGEDLDESFLDTLGPKFKKLADISLGKEIDSYPDPD

SSWPPQSTEPMCPQSTEPLGSGYPPISPHFGTTTVISENAYPSGPGVQHPLPIPD

PLGYGNVTVRESYATSGTLKPSVHFHDNQQASNVVVTERVVGPVPGADLHG

MLEIPDLRDGTNVIVTERVIAPGSSLPTSLTIPNPRETSNVVVTERVIQPTSGMI

GNLSMTPELSSAQNVIVTERVVSGAGMSGIAGTAGLGGVGGIGSSGLVSTTM

GAAGTGLNMGGTATIGHMRSSSDHHFSQTIGSASPNMARSRITKYSTVQYSK 

>Mus_musculus_Dsg1a_desmoglein 1 alpha [Source:MGI Symbol;Acc:MGI:94930] 

MDWHSFRIAALLLTSLVVLEVNSEFQIQVRDHNAKNGTIKWHSIRRQKREWI

KFAAACREGEDNSKRNPIAKIHSDCAANQPVTYRISGVGIDQPPYGIFIINQKT

GEINITSIVDREVTPFFIIYCRALNAQGQDLENPLELRVRVMDINDNPPVFSMT

TFLGQIEENSNANTLVMKLNATDADEPNNLNSMIAFKIIRQEPSDSPMFIINRK

TGEIRTMNNFLDREQYSQYSLVVRGSDRDGGADGMSAESECSITILDVNDNIP

YLEQSSYDITIEENALHSQLVQIRVIDLDEEFSDNWKAIIFFISGNEGNWFEIEM

NERTNVGTLKVVKPLDYEAMKNLQLSIGVRNVAEFHQSIISQYRLTATMVTV

TVLNVIEGSVFRPGSKTFVVDSRMEANHRVGEFVATDLDTGRASTNVRYEM

GNNPENLLVVDSRTGIITLRNRVTMEQYQRLNGEYKGTVLSIDDSLQRTCTGT

IVIELSGTGWVTGSESGGSSSGSGDDRDRVTNGYQGTSSTENPQRVTGSWGG

SGIDGTRPNTNPFQGDPDETLETPLYGDNVHFGPAGIGLLIMGFLVLGLVPFLL

ICCDCGGAPGGGAGFEPVPECSDGAIHTWAVEGPQPEPHEGITTICVPQMPPG

NANVIEYIDNSGVYTNEYCGREMQDLGGGERTTGFELMDGVKTSAAPEICQE

YSGTLRRNSMRECRDGGLNMNFMESYFCQKAYAYADEDEGRPSNDCLLIYD

IEGVGSPAGSVGCCSFIGEDLDESFLDTLGPKFKKLADISLGKEIDSYPDSDPS

WPPQSTEPMCPQHTEPLGSGHPPISPHFGTTTVISENAYHSGPGVQHPVPIPDP

LGYGNVTVRESYTTSGTLKPSVHFHDNQQASNVVVTERVVGPISGADLHGM

Development: doi:10.1242/dev.174623: Supplementary information
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LEIPDLRGGANVIVTERVIAPGSSLPTSLTIPNPQETSNVVVTERVIQPTSGMIG

NLSMTPELSSAHNVIVTERVVSGAGMSEIAGTAGLGGVGGIGSSGLVSTTMG

ASGTGLNMGGTATIGHMRSSSDHHFSQTVGSASPSMARSRITKYNTVQYSK 

>Mus_musculus_Dsg1c_desmoglein 1 gamma [Source:MGI 

Symbol;Acc:MGI:2664358] 

MDWHSFRIAALLLTSLVVLEVNSEFQIQVRDHNAKNGTIKWHSIRRQKREWI

KFAAACREGEDNSKRNPIAKIHSDCAANQPVTYRISGVGIDQPPYGIFIINQKT

GEINITSIVDREVTPFFIIYCRALNAQGQDLENPLELRVRVMDINDNPPVFSMT

TFLGQIEENSNANTLVMKLNATDADEPNNLNSMIAFKIIRQEPSDSPMFTINRK

TGEIRTMNNFLDREQYSQYSLVVRGSDRDGGADGMSAESECSITILDVNDNIP

YLEQSSYDITIEENTLHSQLLQIRVIDLDEEFSDNWKAIIFFISGNEGNWFEIEM

NERTNVGTLKVVKPLDYEAVKNLQLCIGVRNVAEFHQSIISQYRLTVTLITVT

VLNVVKGCVFQPGSKTFIVDSRMEANHTVGEFLATDCETGQATNKFKNVRY

RYVMGNNPENLLVVDSGIITLRNRVTMEQYERLNKRYEGTVLSIHDSLQRTC

TGTIIMVLCGFWTTTEHPTTSTEKPVTLSITPNVDNVHFGPAGIGLLIMGFLVL

GLVPFLLISCDCGGAPGGGAGFEPVPECSDGAIHTWAVEGPQPGGITTICVPQ

MPPGNANVIEYIDNSGVYTNEYCGREMQDLGGGERTTGFELMDGVKTSAAP

EICQEYSGTLRRNSMRECRDGGLNMNFMESYFCQKAYAYADEDEGRPSNDC

LLIYDIEGVGSPAGSVGCCSFIEDLDESFLDTLGPKFKKLADISLGKEIDSYPDP

DPSWPPQSTEPICPQHMEQLASGHPSISPHFGKTTVISENAYPSGPGVQHPMLI

PDPLGYGNITVRESYTTSGTLKPSVHFHDNQQASNVVVTERVVGPISGADLH

GMLEIPALRDGTNVIVTERVIAPGSSLPNSLTIPNPRETSNVVVTERVIQPTSGM

IGNLSIPP 

>Mus_musculus_Dsc1_desmocollin 1 [Source:MGI Symbol;Acc:MGI:109173] 

MAVACAAPGSTFSKQLLFFLLVLVLFCDACQKVSLHVPSHLKAETPVGKVNL

EECLKSPSLILSSDPAFRILEDGTIYTTHDLLLSSEKRGFSILLSDGQGQEQKKL

EVVLSAREKKVFRKRHTKEPVHNRSKRRWAPIPCSLMENSLGPFPQHIQQIQS

DAAQNYTIFYSISGPGVDKEPYNLFYIEKDTGDIYCTRSIDREQYDQFLVYGY

ATTADGYAPDYPLPLLFKVEDDNDNAPYFETKLTVFSVPENCRSGTSVGQVT

AIDKDEPGTLHTRLKYKILQQIPDQPKHFSIHPDTGVITTTTPLLDREKCDTYK

LVMEVRDMGGQPFGLFTTGTITISLEDENDNSPYFTQTSYTTEVEENRIDVEIL

RMVVHDQDLPNTPHSKAVYTILKGNENGNFKITTDPNTNEGVLCVVKPLNYE

VSRQVTLQIGVLNEAQFTNAANAQPPTMCTTTVTVKIKDRDEGPECQPPVKVI

QSKDGLPAGQELLGYKAVDPETSSGEGLRYEMVGDEDNWFEINKITGDLRTV

Development: doi:10.1242/dev.174623: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



KVLDRESKFVKNNQYNISVVATDTAGRSCTGTLVVLLEDFNDHPPQIDKEVTI

CQQEKDFAVLEPIDLDGPDNGPPFQFLLDNSSSKLWTLESQDGKRAILRQRHN

LNYNYYSVPIQIQDRHGFSAKHVLSVRVCDCTTPTECRMAVKEERDAKPNIIL

GKWAILAMVLGSALLLCILFTCFCVTTTKRTVKKCFPDDVAQQNLIVSNTEGP

GEEVTEANIRLPTQTANICDTSMSVGTLGGQGIKTQQSFEMVKGGHTLESHK

GGVLGAAEPGRYAYTDWQTFTQPRLGEKVYLCGQAEEHKHCEDYVRPYNY

EGKGSMAGSVGCCSDRQEEEGLEFLDQLEPKFRTLAKTCVKK 

>Mus_musculus_Dsc2_desmocollin 2 [Source:MGI Symbol;Acc:MGI:103221] 

MAAVGSMRSGSPAFGLGHLLTLAILALASDACKEVVLQVPSELPAEKFVGRV

NLMDCLKSADIVHLSDPDFQVLEDGSVYTTSSVVLSSGQRSFTIWLFSTDSQE

EREISVHLEGPVEVLNKRPHTEKVLSRAKRRWAPIPCSMLENSLGPFPLFLQQI

QSDTAQNYTIYYSIRGPGVDKEPLNLFYVERDTGNLYCTGRVDREQYESFELT

AFATTPDGYTPEYPLPLLIKIEDENDNYPIFTQKLYSFTVQENSRIGSIVGEVCA

TDLDEPDTMHTRLRYSILEQSPSPPMLFTMHPSTGVITTTSAQLDRELIDKYQL

LIKVQDMDGQYFGLHTTAKCIITIEDVNDNLPTFTRTTYVTSVEENTVNVEILR

LTVQDKDLVNSPNWRANYTILKGNENGNFKIVTDPKTNEGILCVIKPLDYEER

QQVTLQIGVVNEAPYTREASSKSPMSTATVTVTVTNQDEGPECIPPMQTVRIQ

ENVPVGTRNDGYKAYDPETRSSSGIRYRKLSDPRGWVTVNEDSGSITIFRALD

REAETVRNGIYNITVLALDADGRSCTGTLGIILEDVNDNGPFIPKQTVVICKAT

MSSAEIVAVDLDDPVNGPPFDFSLESSDSEVQRMWRLTRINDTAARLSYQND

PSFGSYAVPIRVTDRLGLSSVTTLNVLVCDCITESDCTLRSGERTGYADVRLGP

WAILAILLGIALLFCILFTLVCSVSRASKQQKILPDDLAQQNLIVSNTEAPGDD

KVYSTNGLTTQTMGASGQTAFTTMGTGVKSGGQETIEMVKGGQQTLDSRRG

AGYHHHTLDPCRGGHVEVDNYRHTYSEWYNFIQPRLGDKVQFCHTDDNQK

LAQDYVLTYNYEGKGSAAGSVGCCSDLQEEDGLEFLDHLEPKFRTLAEVCA

KR 

>Mus_musculus_Dsc3_desmocollin 3 [Source:MGI Symbol;Acc:MGI:1194993] 

MVVPEFRSPQCRALCTKLLLTLWVFSFVGEACKKVTFHVPSTLEADKIIGRVS

LKECLSSADGIMPSDPDFRVLDDGSVYPTRAVVLSDEKRSFTIQLSDSKMQTQ

KEIPVILEHKKKVLKKRHTKETVLRRSKRRWAPIPCSMQENSLGPFPLFLQQV

QSDAAQNYTVFYSISGRGADQEPLNWFFIERDTGNLYCTRPVDREEYDVFDLI

AYASTADGYSADLPLPLPIKIEDENDNYPLFTEAIYAFEVPEGSRLGTVVGTVC

ATDKDEPDTMHTRLKYSILEQTPPSPGLFSVHPDTGVITTVSHYMDREVVDK

YKLIMKVQDMNGQFFGLISTSTCIITVQDSNDNAPTFRQNTYETAVEENTYNV

Development: doi:10.1242/dev.174623: Supplementary information
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EILRIPVDDKDMINTANWKANFTILKGNENGWFKITTDPVTNEGVLCVVKPL

DYEENRQVTLEIGVNNEAPFIKDVANRIPTMNRAMVTVHVKDQNEGPECKPP

EQYVRIKENSAVGSKINGYKAYDPETKNSNGLRYKKLQDPKDWVSIEEVSGL

LTISKTLDREIMAPRNDMYNITVMAIDQEGKSCTGTLAVNIEDVNDNAPEIIQ

DYIVICKPKMGYTDISAVDPDEPIHGPPFQFNLANTSPEVNRIWTLNQVNDTA

ARLSYQKTADVQIYNVPVTVKDRAGQSATKILRVNLCDCTHPSQCPLRSRSA

GITLGKWAILAILLGIALLFSVLLTLVCGVVTARKGKHFPEDLAQQNLIISNTE

APGDDRVCSANGFTTHTANNSSQGFCGTMGSGMRNGGQETIEMMKGHQTL

DSCRVAGHHHTLDSGRGGHMDTDNCRYTYSEWHSFTQPRLGEKLHVCNQN

EDHIPSQDYVLTYNYEGRGSPAGSVGCCSEKQEEEGLDFLNNLEPKFLTLAET

CTKR 

>Mus_musculus_Mm_Cdh5 

MQRLTELATALGAFLGLLAVAAMAGPNFPQIDTPNMLPAHHRQKRDWIWN

QMHIDEEKNESLPHYVGKIKSNVNRQNAKYVLQGEFAGKIFGVDANTGNVL

AYERLDREKVSEYFLTALIVDKNTNKNLEQPSSFTVKVHDINDNWPVFSHQV

FNASVPEMSAIGTSVIRVTAVDADDPTVAGHATVLYQIVKGNEYFSIDNSGLI

FTKIKNLDREKQAEYKIVVETQDALGLRGESGTATVMIRLEDINDNFPVFTQS

TYTFSVPEDIRVGKPLGFLTVVDPDEPQNRMTKYSIMQGEYRDTFTIETDPKR

NEGIIKPTKSLDYEVIQQYTFYIEATDPTIRYEYLSSTSGKNKAMVTINVLDVD

EPPVFQRHFYHFKLPENQKKPLIGTVVAKDPDKAQRSIGYSIRKTSDRGQFFRI

TKQGNIYNEKELDRETYAWYNLTVEANELDSRGNPVGKESIVQVYIEVLDEN

DNPPEFAQPYEPKVCENAAQGKLVVQISATDKDVVPVNPKFKFALKNEDSNF

TLINNHDNTANITVKYGQFNREHAKFHYLPVLISDNGVPSLTGTSTLTVGVCK

CNEQGEFTFCEEMAAQAGVSIQALVAIFLCILTITVITLLIILRRRIRKQAHAHS

KSALEIHEQLVTYDEEGGGEMDTTSYDVSVLNSVRGGSTKPLRSTMDARPAV

YTQVQKPPRLAPGLHGGPREMATMIDVKKEEADNDGGGPPYDTLHIYGYEG

AESIAESLSSLSTNSSDSDIDYDFLNDWGPRFKMLAELYGSDPQEELII 

>Mus_musculus_Mm_Cdh6 

MRTYRYFLLLFWVGQPYPTFSNPLSKRTSGFPAKRKALELSANSRNELSRSKR

SWMWNQFFLLEEYTGSDYQYVGKLHSDQDRGDGSLKYILSGDGAGDLFIINE

NTGDIQATKRLDREEKPVYILRAQAVNRRTGRPVEPESEFIIKIHDINDNEPIFT

KDVYTATVPEMADVGTFVVQVTATDADDPTYGNSAKVVYSILQGQPYFSVE

SETGIIKTALLNMDRENREQYQVVIQAKDMGGQMGGLSGTTTVNITLTDVND

NPPRFPQSTYQFKTPESSPPGTPIGRIKASDADVGENAEIEYSITDGEGHEMFD

Development: doi:10.1242/dev.174623: Supplementary information
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VITDQETQEGIITVKKLLDFEKKKVYTLKVEASNPHVEPRFLYLGPFKDSATV

RIVVDDVDEPPVFSKLAYILQIREDARINTTIGSVAAQDPDAARNPVKYSVDR

HTDMDRIFNIDSGNGSIFTSKLLDRETLLWHNITVIATEINNPKQSSRVPLYIKV

LDVNDNAPEFAEFYETFVCEKAKADQLIQTLRAVDKDDPYSGHQFSFSLAPE

AASSSNFTIQDNKDNTAGILTRKNGYNRHEMSTYLLPVVISDNDYPVQSSTGT

VTVRVCACDHHGNMQSCHAEALIHPTGLSTGALVAILLCIVILLVTVVLFAAL

RRQRKKEPLIISKEDIRDNIVSYNDEGGGEEDTQAFDIGTLRNPEAMEDSKSRR

DIVPEALFLPRRTPTARDNTDVRDFINQRLKENDTDPTAPPYDSLATYAYEGT

GSVADSLSSLESVTTDGDQDYDYLSDWGPRFKKLADMYGGMDSDKDS 

>Mus_musculus_Mm_Cdh10 

MTIYQFLRLFVLWACLPHFCCPELTFRRTPGIQQMTAESRAPRSDGKILHRQK

RGWMWNQFFLLEEYTGSDYQYVGKLHSDQDKGDGSLKYILSGDGAGTLFII

DEKTGDIHATRRIDREEKAFYTLRAQAINRRTLRPVEPESEFVIKIHDINDNEPT

FPEEIYTASVPEMSVVGTSVVQVTATDADDPSYGNSARVIYSILQGQPYFSVE

PETGIIRTALPNMNRENKEQYQVVIQAKDMGGQMGGLSGTTTVNITLTDVND

NPPRFPQNTIHLRVLESSPVGTAVGSVKATDADTGKNAEVDYRIIDGDGTDM

FDIITEKDTQEGIITVKKPLDYENRRLYTLKVEAENTHVDPRFYYLGPFKDTTI

VKISIEDVDEPPVFSRSSYLFEVHEDIEVGTIIGTVMARDPDSTSSPIRFTLDRHT

DLDRIFNIHSGNGSLYTSKPLDRELSQWHNLTVIAAEINNPKETTRVSVFVRIL

DVNDNAPQFAVFYDTFVCENARPGQLIQTISAVDKDDPLGGQKFFFSLAAVN

PNFTVQDNEDNTARILTRKNGFNRHEISTYLLPVVISDNDYPIQSSTGTLTIRVC

ACDSQGNMQSCSAEALLLPAGLSTGALIAILLCIIILLVIVVLFAALKRQRKKEP

LILSKEDIRDNIVSYNDEGGGEEDTQAFDIGTLRNPAAIEEKKLRRDIIPETLFIP

RRTPTAPDNTDVRDFINERLKEHDLDPTAPPYDSLATYAYEGNDSVAESLSSL

ESGTTEGDQNYDYLREWGPRFNKLAEMYGGGESDKDA 

>Mus_musculus_Mm_Cdh9 

MRTYSCLQLVIWTCIFHMVDNSTLQGKDSSHFLRRIVNLKKDEGKMLHRAK

RGWMWNQFFLLEEYTGTDTQYVGKLHTDQDKGDGNLKYILTGDGAGNLFV

IDENTGDIHAAKRLDREEKSLYILRAKAIDRKTGRQVEPESEFIIKIHDINDNEP

KFTKDLYTASVPEMSGVGTSVIQVTATDADDANYGNSAKVVYSILQGQPYFS

VDPESGIIKTALPDMSRENKEQYQVVIQAKDMGGQMGGLSGTTTVNITLTDV

NNNPPRFPQSTYQFNSLESAPLGTHLGRIKANDPDMGENAELEYSIAEGEGSD

MFDVITDKDTQEGIITVKQNLDFEKKMLYTLRVDASNTHPDPRFLHLGPFKDS

AMVKISVEDVDEPPVFSKLSYLMEVDEDVKEGSIIGQVTAYDPDAMNNIIKYS

Development: doi:10.1242/dev.174623: Supplementary information
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VDRHTDMDRVFSIHSENGSIFTLKPLDRESSPWHNITITATEINNPKQSSQIPVFI

RILDINDHAPEFATYYETFVCENAKSGQLIQTISVMDKDDPPRGHKFFFEPVPE

FPLNPNFTIVDNKDNTAGIVTRKDGYSRNKMNTYLLPVLIFDNDYPIQSSTGT

LTIRVCACDNLGNMQSCNAEALMLAAGLSTGALIAILLCVVILLTLIVLFAAL

KRQRKKEPLIISKDDVRDNIVTYNDEGGGEEDTQAFDIGTLRNPEAREDSKLR

RDVMPETIFQIRRTVPLWENIDVQDFIHRRLKENDSDPSAPPYDSLATYAYEG

NDSVANSLSSLESLTADCNQDYDYLSDWGPRFKKLAEMYGGNDSDLN 

>Mus_musculus_Mm_Cdh7 

MKLGKVELCHFLQLIALFLCFSGMSQAELPRSRSKPYFQSGRSRTKRSWVWN

QFFVLEEYMGSDPLYVGKLHSDVDKGDGSIKYILSGEGASSIFIIDENTGDIHA

TKRLDREEQAYYTLRAQALDRLTNKPVEPESEFVIKIQDINDNEPKFLDGPYT

AGVPEMSPVGTSVVQVTATDADDPTYGNSARVVYSILQGQPYFSVEPKTGVI

KTALPNMDREAKDQYLLVIQAKDMVGQNGGLSGTTSVTVTLTDVNDNPPRF

PRRSYQYNVPESLPVASVVARIKAADADIGVNAEMEYKIVDGDGLGIFKISAD

KDTQEGIITIQKELDFEAKTSYTLRIEAANRDADPRFLSLGPFSDTTTVKIIVED

VDEPPVFSSPLYPMEVSEATQVGHIIGTVAAHDPDSSNSPVRYSIDRNTDLERY

FNIDANSGVITTAKSLDRETNAVHNITVLAMESQNPSQVGRGYVAITILDIND

NAPEFAMDYETTVCENAQPGQVIQKISAVDKDEPSNGHQFYFSLTTDMTNNH

NFSLKDNKDNTASILTRRNGFRRQEQSVYYLPIFIVDSGSPSLSSTNTLTIRVCD

CDADGIAQTCNAEAYVLPAGLSTGALIAILACVLTLLVLILLIVTMRRRKKEPL

IFDEERDIRENIVRYDDEGGGEEDTEAFDMAALRNLNAIRDSKTRRDVTPEIQF

LSRPTFKNIPDNVIFREFIWERLKEADVDPGAPPYDSLQTYAFEGNGSVAESLS

SLDSISSNSDQNYDYLSDWGPRFKRLAEMYGNGQESLYS 

>Mus_musculus_Mm_Cdh20 

MWTTGRMSNAKSWLGLGTSLYFWALMDLTATVLSSTPMPEVELETLFSGRS

QSHQRSKRSWVWNQFFVLEEYTGTDPLYVGKLHSDMDRGDGSIKYILSGEG

AGIVFTIDDTTGDIHAIQRLDREERAQYTLRAQALDRRTGRPMEPESEFIIKIQD

INDNEPKFLDGPYIATVPEMSPVGTSVIQVTATDADDPTYGNSARVVYSILQG

QPYFSVDSKTGVIRTALMNMDREAKEYYEVIIQAKDMGGQLGGLAGTTTVNI

TLSDVNDNPPRFPQKHYQMSVLESAPISSTVGRVFAKDLDEGINAEMKYTIVD

GDGADAFDINTDQNFQVGIITVKKPLSFESKKSYTLKVEGSNPHLEMRFLNLG

PFQDTTTVHISVEDVDEPPVFEPGFYFVEVPEDVTIGTTIQIISAKDPDVTNNSIR

YSIDRGSDPGRFFYVDITTGALMTARPLDREEFSWHNITVLAMEMNNPSQVG

SVAVTIKVLDVNDNAPEFPRFYEAFICENAKAGQLIQTVSAVDQDDPHNGQH
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FYYSLAPEAANNPNFTVRDNQDNTARILTRRSGFRQQEQSVFYLPILIADSGQP

VLSSTGTLTIQVCSCNDDGHVMSCSPEAYLLPVSLSRGALIAILACIFVLLVLV

LLILSMRRHRKQPYIIDDDENIHENIVRYDDEGGGEEDTEAFDIAAMWNPREA

QAGAAPKTRQDMLPEIESLSRYVPQTCAVSSTVHSYVLAKLYEADMDLWAP

PFDSLQTYMFEGDGSVAGSLSSLQSATSDSEQSFDFLTDWGPRFRKLAELYGA

SEGPAPLW 

>Mus_musculus_Mm_Cdh12 

MLTRNSLYLLLWILFDGGLLTPLQPQPQQTLATEPKENVIHLSGRRSHFQRVK

RGWVWNQFFVLEEYMGSEPQYVGKLHSDLDKGEGTVKYTLSGDGAGTVFTI

DETTGDIHAIRSLDREEKPFYTLRAQAVDIETRKPLEPESEFIIKVQDINDNEPK

FLDGPYVASVPEMSPVGAYVLQVKATDADDPTYGNSARVVYSILQGQPYFSI

DPKTGVIRTALPNMDREVKEQYQVLIQAKDMGGQLGGLAGTTVVNITLTDV

NDNPPRFPKSIFHLKVPESSPVGSAIGRIRAVDPDFGKNAEIEYNIVPGDGGNLF

DIVTDEDTQEGIIKLKKPLDFETKKAYTFKVEASNLHLDHRFHSAGPFKDTAT

VKISVLDVDEPPVFSKPLYTMEVYEDTPVGTIIGAVTAQDLDVGSSAVRYFID

WKSDGESYFTIDGTEGTIATNELLDRENMAQYNFSIIASKVSNPLLTSKVNILI

NVLDVNEFPPEISVPYETAVCENAKPGQIIQIVGAVDRDLSPAGQQFSFRLAPE

AVIKPNFTVHDFRNNTAGIETRRNGYSRRQQELYFLPIVIEDSSYPVQSSTNTM

TIRVCRCDSDGTILSCNVEAIFLPVGLSTGALIAILLCMVILLAIVVLYVALRRQ

RKKDTLMTSKEDIRDNVIHYDDEGGGEEDTQAFDIGALRNPKVIEENKIRRDI

KPDSLCLSRQRPQVEDNTDIRDFIHRRLQENDADPAAPPYDSLATYAYEGNGS

VAESLSSIDSLTTEADQDYDYLSDWGPRFKVLADMFGEEESYNPDNVT 

>Mus_musculus_Mm_Cdh8 

MPERLAETLMDLWTPLIILWITLPSCVYTAPMNQAHVLTTGSPLELSRQSEDM

RILSRSKRGWVWNQMFVLEEFSGPEPILVGRLHTDLDPGSKKIKYILSGDGAG

TIFQINDITGDIHAIKRLDREEKAEYTLTAQAVDFETNKPLEPPSEFIIKVQDIND

NAPEFLNGPYHATVPEMSILGTSVTNVTATDADDPVYGNSAKLVYSILEGQP

YFSIEPETAIIKTALPNMDREAKEEYLVVIQAKDMGGHSGGLSGTTTLTVTLT

DVNDNPPKFAQSLYHFSVPEDVVLGTAIGRVKANDQDIGENAQSSYDIIDGD

GTALFEITSDAQAQDGVIRLRKPLDFETKKSYTLKVEAANIHIDPRFSSRGPFK

DTATVKIVVEDADEPPVFSSPTYLLEVHENAALNSVIGQVTARDPDITSSPIRFS

IDRHTDLERQFNINADDGKITLATPLDRELSVWHNITIIATEIRNHSQISRVPVAI

KVLDVNDNAPEFASEYEAFLCENGKPGQVIQTVSAMDKDDPKNGHFFLYSLL

PEMVNNPNFTIKKNEDNSLSILAKHNGFNRQKQEVYLLPIVISDSGNPPLSSTS
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TLTIRVCGCSNDGVVQSCNVEAYVLPIGLSMGALIAILACIILLLVIVVLFVTLR

RHKNEPLIIKDDEDVRENIIRYDDEGGGEEDTEAFDIATLQNPDGINGFLPRKD

IKPDLQFMPRQGLAPVPNGVDVDEFINVRLHEADNDPTAPPYDSIQIYGYEGR

GSVAGSLSSLESTTSDSDQNFDYLSDWGPRFKRLGELYSVGESDKET 

>Mus_musculus_Mm_Cdh11 

MKENYCLQAALVCLSMLYHSQAFALERRSHLHPSFHGHHEKGKEGQVLQRS

KRGWVWNQFFVIEEYTGPDPVLVGRLHSDIDSGDGNIKYILSGEGAGTIFVID

DKSGNIHATKTLDREERAQYTLMAQAVDRDTNRPLEPPSEFIVKVQDINDNPP

EFLHEIYHANVPERSNVGTSVIQVTASDADDPTYGNSAKLVYSILEGQPYFSV

EAQTGIIRTALPNMDREAKEEYHVVIQAKDMGGHMGGLSGTTKVTITLTDVN

DNPPKFPQSVYQMSVSEAAVPGEEVGRVKAKDPDIGENGLVTYNIVDGDGIE

LFEITTDYETQDGVVKLKKPVDFETKRAYSLKIEAANVHIDPKFISNGPFKDTV

TVKISVEDADEPPMFLAPSYIHEVQENAAAGTVVGRVHAKDPDAANSPIRYSI

DRHTDLDRFFTINPEDGFIKTTKPLDREETAWLNISVFAAEIHNRHQETKVPVA

IRVLDVNDNAPKFAAPYEGFICESDHPKALSNQPIVTVSADDQDDTANGPRFI

FSLPPEIMHNPNFTVRDNRDNTAGVYARRGGFSRQKQDFYLLPIVISDGGIPP

MSSTNTLTIKVCGCDVNGALLSCNAEAYILNAGLSTGALIAILACIVILLVIVV

LFVTLRRQKKEPLIVFEEEDVRENIITYDDEGGGEEDTEAFDIATLQNPDGING

FIPRKDIKPEYQYMPRPGLRPAPNSVDVDDFINTRIQEADNDPTAPPYDSIQIY

GYEGRGSVAGSLSSLESATTDSDLDYDYLQNWGPRFKKLADLYGSKDTFDD

DS 

>Mus_musculus_Mm_Cdh18 

MRITSTSCICPVLVCLCFVQRCYGTAHHSSIKVTRNQTKHTEGETEVHHRPKR

GWVWNQFFVLEEHMGPDPQYVGKLHSNSDKGDGSVKYILTGEGAGTIFIIDD

TTGDIHSTKSLDREQKTHYVLHAQAIDRRTNKPLEPESEFIIKVQDINDNAPKF

TDGPYIVTVPEMSDMGTSVLQVTATDADDPTYGNSARVVYSILQGQPYFSVD

PKTGVIRTALHNMDREAREHYSVVIQAKDMAGQVGGLSGSTTVNITLTDVN

DNPPRFPQKHYQLYVPESAQVGSAVGKIKANDADTGSNADMTYSITNGDGIG

VFSISTDKDTREGILSLKKPLNYEKKKSYTLNIEGANTHLDFRFSHLGPFKDAT

MLKVIVGDVDEPPLFSMPSYVMEVYENAKIGTIVGTVLAQDPDSANSLVRYFI

NHSTEEERFFNIDANTGTIKTSKVLDREETPWYNITVTASENDNPDLLSHVSV

GIRVLDVNDNPPELAREYDIVVCENSKPGQVIHTITATDKDDFANGPRFHFFL

DERLPMNPNFTLKDNEDNTASILTRRRRFSRTMQDVYYLPIMISDGGIPSLSSS

STLTIRVCACERDGRVRTCHAEAFLSSAGLSTGALIAILLCVVILLAIVVLFITL
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RRGKKEPLIISEEDVRENVVTYDDEGGGEEDTEAFDITALRNPAAAEEFTYRR

DIRPEVKLTPRHQTLSTLESIDVQEFIKQRLAEADLDPSVPPYDSLQTYAYEGQ

RSEAGSISSLDSATTQSDQDYHYLGDWGPEFKKLAELYGEIESERTT 

>Mus_musculus_Mm_Cdh24 

MWGLVRLLLAWLGGWGCMGRLAAPVPAWAGSRGHSGPTLLRTRRSWVWN

QFFVIEEYSGPEPVLIGKLHSDVDRGEGRTKYLLTGEGAGTVFVIDEATGNIH

VTKSLDREEKAQYVLLAQAVDRASNRPLEPPSEFIIKVQDINDNPPVFPLGPYH

ATVPEMSNVGTSVIQVTAHDADDPSYGNSAKLVYTVLDGLPFFSVDPQTGVV

RTAIPNMDRETQEEFLVVIQAKDMGGHMGGLSGSTTVTVTLSDVNDNPPKFP

QSLYQFSVVETAGPGTLVGRLKAQDPDLGDNALVAYSILNGEGSEVFSISTDS

QGQDGLLTVRKPLDFETRRSYTFRVEATNTLIDPAYLRRGPFKDVASVRVTV

QDAPEPPAFTQATYHLAVPENKAPGTLVGQISASDLDSPASPIRYSILPHSDPE

RCFSIEPEDGTIRTAVRLDREARVWHNLTILATELDSSAQSSRVQVAIQTLDEN

DNAPQLAEPYDIFVCDSAAPGQLIKVIRALDRDEVGNSSQVSLQGPVGPDANF

TVRDNRDGSASLLLPSRPAPPRQAPYLIPIELWDWGQPALSSTATVTVSVCRC

RPDGSMASCWPEAQLSPTGLSTGALLAIVTCMGTLLALVVLFVALRRQKQEA

LMVLEEEDVRENIITYDDEGGGEEDTEAFDITALQNPDGAAPPAAGPPVRRDV

LPRTRAPRQPRPPGPADVVQLLALRLREADEDPSVPPYDSVQVYGYEGRGSS

CGSLSSLGSGSEAGGVPGPAEPLDDWGPLFRTLAELYGAKEPPAP 

>Mus_musculus_Mm_Cdh22 

MRPRPEGALRAGAALSPVLLFLLLLPLLGHLWAASTPAPSSLSPGAQEDNQLG

AGRVKRGWVWNQFFVVEEYTGTEPLYVGKIHSDSDEGDGTIKYTISGEGAGT

IFLIDELTGDIHATERLDREQKTFYTLRAQARDRATNRLLEPESEFIIKVQDIND

SEPRFLHGPYIGSVAELSPTGTSVMQVMASDADDPTYGSSARLVYSVLDGEH

HFTVDPKTGVIRTAVPDLDRESQERYEVVIQATDMAGQLGGLSGSTTVTIVVT

DVNDNPPRFPQKMYQFSIQESAPIGTAVGRVKAEDSDVGENTDMTYHLREES

GSGGDAFKVTTDSDTQEAIIVVQKHLDFESQQVHTVVLEALNKFVDPRFADL

GTFRDQAIVRVAVTDVDEPPEFRPPSGLLEVQEDAQVGSLVGVVTARDPDAA

NRPVRYAIDRDSDLEQIFDIDADTGAIVTGKGLDRETAGWHNITVLAMEADN

HAQLSRASLRIRILDVNDNPPELATPYEAAVCEDAKPGQLIQTISVVDRDEPQ

GGHRFYFRLVPEAPSNPHFSLLDIEDNTAAVHTQHVGFNRQEQDVFLLPILVV

DSGPPTLSSTGTLTIRICGCDSSGTIQSCNTTAFVMAASLSPGALIALLVCVLIL

VVLALLILTLRRHHKSHLSSDVDEDMRDNVIKYNDEGGGEQDTEAYDMSAL

RSLYDFGELKGGDPGGGAASPPQAASSSERHSLPRGPSSPEPDFSVFRDFISRK
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VALADADLSVPPYDAFQTYAFEGAGSPAASLSSLHSGSTGSEQDFAFLRAWG

PRFRPLAALYAGHRGDDEAPAS 

>Mus_musculus_Mm_Cdh19 

MNYCFLKHWILMIPLLWPCLKVSETLKAEKARRTVPSTWRAKRAWVWRPFV

VLEEMDDIQCVGKLRSDLDNGNNSFQYKLLGIGAGSFSINERTGEICAIQKLD

REEKSLYILRAQVIDTTIGKAVETESEFVIRVLDINDNEPRFLDEPYEAIVPEMS

PEGTFVIKVTANDADDPSTGYHARILYNLERGQPYFSVEPTTGVIRISSKMDRE

LQDTYCVIIQAKDMLGQPGALSGTTTVSIKLSDINDNKPIFKESFYRFTISESAPI

GTSIGKIMAYDDDIGENAEMEYSIEDDDSKIFDIIIDNDTQEGIVILKKKVDFEQ

QSYYGIRAKVKNCHVDEELAPAHVNASTTYIKVQVEDEDEPPVFLLPYYILEI

PEGKPYGTIVGTVSATDPDRRQSPMRYYLTGSKMFDINDNGTIITTNMLDREV

SAWYNLTVTATETYNVQQISSAHVYVQVFNINDNAPEFSQFYETYVCENAES

GEIVQIISAIDRDESIEDHHFYFNHSLEDTNNSSFMLTDNQDNTAVILSNRTGFN

LKEEPVFYMIILIADNGIPSLTSTNTLTIQVCDCGDSRNTETCANKGLLFIMGFR

TEAIIAIMICVMVIFGFFFLILALKQRRKETLFPEKTEDFRENIFCYDDEGGGEE

DSEAFDIVELRQSTVMRERKPQRSKSAEIRSLYRQSLQVGPDSAIFRKFILEKL

EEANTDPCAPPFDSLQTFAYEGTGSSAGSLSSLASRDTDQEDDFDYLNDLGPR

FKRLASMFGSAVQPNN 

>Mus_musculus_Mm_E-Cad 

MGARCRSFSALLLLLQVSSWLCQELEPESCSPGFSSEVYTFPVPERHLERGHV

LGRVRFEGCTGRPRTAFFSEDSRFKVATDGTITVKRHLKLHKLETSFLVRARD

SSHRELSTKVTLKSMGHHHHRHHHRDPASESNPELLMFPSVYPGLRRQKRD

WVIPPISCPENEKGEFPKNLVQIKSNRDKETKVFYSITGQGADKPPVGVFIIERE

TGWLKVTQPLDREAIAKYILYSHAVSSNGEAVEDPMEIVITVTDQNDNRPEFT

QEVFEGSVAEGAVPGTSVMKVSATDADDDVNTYNAAIAYTIVSQDPELPHK

NMFTVNRDTGVISVLTSGLDRESYPTYTLVVQAADLQGEGLSTTAKAVITVK

DINDNAPVFNPSTYQGQVPENEVNARIATLKVTDDDAPNTPAWKAVYTVVN

DPDQQFVVVTDPTTNDGILKTAKGLDFEAKQQYILHVRVENEEPFEGSLVPST

ATVTVDVVDVNEAPIFMPAERRVEVPEDFGVGQEITSYTAREPDTFMDQKIT

YRIWRDTANWLEINPETGAIFTRAEMDREDAEHVKNSTYVALIIATDDGSPIA

TGTGTLLLVLLDVNDNAPIPEPRNMQFCQRNPQPHIITILDPDLPPNTSPFTAEL

THGASVNWTIEYNDAAQESLILQPRKDLEIGEYKIHLKLADNQNKDQVTTLD

VHVCDCEGTVNNCMKAGIVAAGLQVPAILGILGGILALLILILLLLLFLRRRTV

VKEPLLPPDDDTRDNVYYYDEEGGGEEDQDFDLSQLHRGLDARPEVTRNDV
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APTLMSVPQYRPRPANPDEIGNFIDENLKAADSDPTAPPYDSLLVFDYEGSGS

EAASLSSLNSSESDQDQDYDYLNEWGNRFKKLADMYGGGEDD 

>Mus_musculus_Mm_P-Cad 

MELLSGPHAFLLLLLQVCWLRSVVSEPYRAGFIGEAGVTLEVEGTDLEPSQVL

GKVALAGQGMHHADNGDIIMLTRGTVQGGKDAMHSPPTRILRRRKREWVM

PPIFVPENGKGPFPQRLNQLKSNKDRGTKIFYSITGPGADSPPEGVFTIEKESG

WLLLHMPLDREKIVKYELYGHAVSENGASVEEPMNISIIVTDQNDNKPKFTQ

DTFRGSVLEGVMPGTSVMQVTATDEDDAVNTYNGVVAYSIHSQEPKEPHDL

MFTIHKSTGTISVISSGLDREKVPEYRLTVQATDMDGEGSTTTAEAVVQILDA

NDNAPEFEPQKYEAWVPENEVGHEVQRLTVTDLDVPNSPAWRATYHIVGGD

DGDHFTITTHPETNQGVLTTKKGLDFEAQDQHTLYVEVTNEAPFAVKLPTAT

ATVVVHVKDVNEAPVFVPPSKVIEAQEGISIGELVCIYTAQDPDKEDQKISYTI

SRDPANWLAVDPDSGQITAAGILDREDEQFVKNNVYEVMVLATDSGNPPTT

GTGTLLLTLTDINDHGPIPEPRQIIICNQSPVPQVLNITDKDLSPNSSPFQAQLTH

DSDIYWMAEVSEKGDTVALSLKKFLKQDTYDLHLSLSDHGNREQLTMIRAT

VCDCHGQVFNDCPRPWKGGFILPILGAVLALLTLLLALLLLVRKKRKVKEPL

LLPEDDTRDNVFYYGEEGGGEEDQDYDITQLHRGLEARPEVVLRNDVVPTFI

PTPMYRPRPANPDEIGNFIIENLKAANTDPTAPPYDSLLVFDYEGSGSDAASLS

SLTTSASDQDQDYNYLNEWGSRFKKLADMYGGGEDD 

>Mus_musculus_Mm_N-Cad 

MCRIAGAPRTLLPLLAALLQASVEASGEIALCKTGFPEDVYSAVLPKDVHEGQ

PLLNVKFSNCNRKRKVQYESSEPADFKVDEDGTVYAVRSFPLTAEQAKFLIY

AQDKETQEKWQVAVNLSREPTLTEEPMKEPHEIEEIVFPRQLAKHSGALQRQ

KRDWVIPPINLPENSRGPFPQELVRIRSDRDKNLSLRYSVTGPGADQPPTGIFII

NPISGQLSVTKPLDRELIARFHLRAHAVDINGNQVENPIDIVINVIDMNDNRPE

FLHQVWNGSVPEGSKPGTYVMTVTAIDADDPNALNGMLRYRILSQAPSTPSP

NMFTINNETGDIITVAAGLDREKVQQYTLIIQATDMEGNPTYGLSNTATAVIT

VTDVNDNPPEFTAMTFYGEVPENRVDVIVANLTVTDKDQPHTPAWNAAYRI

SGGDPTGRFAILTDPNSNDGLVTVVKPIDFETNRMFVLTVAAENQVPLAKGIQ

HPPQSTATVSVTVIDVNENPYFAPNPKIIRQEEGLHAGTMLTTLTAQDPDRYM

QQNIRYTKLSDPANWLKIDPVNGQITTIAVLDRESPNVKNNIYNATFLASDNG

IPPMSGTGTLQIYLLDINDNAPQVLPQEAETCETPEPNSINITALDYDIDPNAGP

FAFDLPLSPVTIKRNWTINRLNGDFAQLNLKIKFLEAGIYEVPIIITDSGNPPKS

NISILRVKVCQCDSNGDCTDVDRIVGAGLGTGAIIAILLCIIILLILVLMFVVWM
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KRRDKERQAKQLLIDPEDDVRDNILKYDEEGGGEEDQDYDLSQLQQPDTVEP

DAIKPVGIRRLDERPIHAEPQYPVRSAAPHPGDIGDFINEGLKAADNDPTAPPY

DSLLVFDYEGSGSTAGSLSSLNSSSSGGDQDYDYLNDWGPRFKKLADMYGG

GDD 

>Mus_musculus_Mm_R-Cad 

MTTGSVLPLLLLGLSGALRAHREDLTVREACKAGFSEEGYTALISPNVLEGEK

LLKVEFSSCVGTKGMQYETNSLDFKVGADGTVFATRELKIPSEQVAFTVTAR

ERQSAEQWAAMVRLLVAQTSSAHSEHKKGQTVALDPSQPPNDTLLPWPQHQ

SSGGLRRQKRDWVIPPINVPENSRGPFPQQLVRIRSDKDNDIPIRYSITGVGAD

QPPMEVFNIDSMSGRMYVTRPMDREERASYHLRAHAVDMNGNKVENPIDLY

IYVIDMNDNRPEFINQVYNGSVDEGSKPGTYVMTVTANDADDSTTANGMVR

YRIVTQTPQSPSQNMFTINSETGDIVTVAAGLDREKVQQYTVIVQATDMEGN

LNYGLSNTATAIITVTDVNDNPPEFTTSTFAGEVPENRIETVVANLTVMDRDQ

PHSPNWNAVYRIISGDPSGHFSVRTDPVTNEGMVTVVKAVDYELNRAFMLT

VMVSNQAPLASGIQMSFQSTAGVTISVTDVNEAPYFPSNHKLIRLEEGVPAGT

ALTTFSAVDPDRFMQQAVRYSKLSDPANWLHINTSNGQITTAAILDRESLYTK

NNVYEATFLAADNGIPPASGTGTLQIYLIDINDNAPQLLPKEAQICERPGLNAI

NITAADADMDPNIGPYVFELPFIPTTVRKNWTITRLNGDYAQLSLRILYLEAG

VYDVPIIVTDSGNPPLSNTSVIKVKVCPCDENGDCTTVGAVAAAGLGTGAIVA

ILICIVILLIMVLLFVVWMKRREKERHTKQLLIDPEDDVRDNILKYDEEGGGEE

DQDYDLSQLQQPEAMEHVLSKTPGVRRVDERPVGAEPQYPVRPVVPHPGDIG

DFINEGLRAADNDPTAPPYDSLLVFDYEGSGSTAGSVSSLNSSSSGDQDYDYL

NDWGPRFKKLADMYGGGEED 

>Mus_musculus_Mm_M-Cad 

MGSALLLALGLLAQSLGLSWAVPEPKPSTLYPWRRASAPGRVRRAWVIPPIS

VSENHKRLPYPLVQIKSDKQQLGSVIYSIQGPGVDEEPRNVFSIDKFTGRVYLN

ATLDREKTDRFRLRAFALDLGGSTLEDPTDLEIVVVDQNDNRPAFLQDVFRG

RILEGAIPGTFVTRAEATDADDPETDNAALRFSILEQGSPEFFSIDEHTGEIRTV

QVGLDREVVAVYNLTLQVADMSGDGLTATASAIISIDDINDNAPEFTKDEFF

MEAAEAVSGVDVGRLEVEDKDLPGSPNWVARFTILEGDPDGQFKIYTDPKTN

EGVLSVVKPLDYESREQYELRVSVQNEAPLQAAAPRARRGQTRVSVWVQDT

NEAPVFPENPLRTSIAEGAPPGTSVATFSARDPDTEQLQRISYSKDYDPEDWL

QVDGATGRIQTQRVLSPASPFLKDGWYRAIILALDNAIPPSTATGTLSIEILEVN

DHAPALALPPSGSLCSEPDQGPGLLLGATDEDLPPHGAPFHFQLNPRVPDLGR
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NWSVSQINVSHARLRLRHQVSEGLHRLSLLLQDSGEPPQQREQTLNVTVCRC

GSDGTCLPGAAALRGGGVGVSLGALVIVLASTVVLLVLILLAALRTRFRGHS

RGKSLLHGLQEDLRDNILNYDEQGGGEEDQDAYDINQLRHPVEPRATSRSLG

RPPLRRDAPFSYVPQPHRVLPTSPSDIANFISDGLEAADSDPSVPPYDTALIYDY

EGDGSVAGTLSSILSSLGDEDQDYDYLRDWGPRFARLADMYGHQ 

>Drosophila_melanogaster_Dm_N-Cad 

MAARRCLNQLRQRYITNRFNICTCAIFLISLPFILAIEETTFAGLSAENAARMLA

GSPGDVEKSSLSHHSEMSLVLPHDTYPGFSIKKFKTHPVKINGSSHSGAAAYH

MLDTDYSKYFTVLEDGVVMTTADISPLVNRPVQLVVVEQTPNATNTHNLQL

FVMHRNDMLRFSGSLLDASGEVRENQPAGTRVRGVPLMQAFSGSILDEELAT

PKKVRYTIIDGNVDDAFALQERKANKNIQISAKSLVINGDDESGVWLVTNRPL

DREERAHYDLSVEASDVDGLDRTVSKIQITVLDENDNRPIFKSLDYKFAIAGQ

KSASMESNSSVTYQRFAIMGKVEATDADGDKIAYRLKSPSNVVIIVPQTGEIM

LAGEPTSNELLIEVIAHDLRYPSLVSAKPAKVLLEFLAAEPVSFIMQHLEHDDI

NNHSHHREKRRVTRAVRPTKRIEFTEADGDTEGKSVFQLEKETDKETFKIRDD

NPWVTVETNGAVRVKKKWDYEELGPEKTIDFWVIITNMGHNAGIKYTDNQR

VIILVKDVNDEPPYFINRPLPMQAVVQLNAPPNTPVFTLQARDPDTDHNIHYFI

VRDRTGGRFEVDERSGVVRTRGTDLFQLDMEYVLYVKAEDQNGKVDDRRF

QSTPEERLSIVGGKRAPQFYMPSYEAEIPENQKKDSDIISIKAKSFADREIRYTL

KAQGQGAGTFNIGPTSGIVKLAKELDFEDLRQPHVYSLIVTATEDSGGFSTSV

DLTIRVTDVNDNAPKFELPDYQAHNVDEDIPLGTSILRVKAMDSDSGSNAEIE

YLVSDDHFAVDSNGIIVNNKQLDADNNNAYYEFIVTAKDKGEPPKSGVATVR

VYTKNKNDEEPKFSQQVYTPNVDENAGPNTLVTTVVASDKDGDNVRFGFVG

GGTSSGQFVIEDITGVIRLHNKAISLDKDKYELNVTAMDDGSCCVNGDQTIHT

STAVVVVFITDVNDNKPVFKDCSTYYPKVEEGAPNGSPVIKVVATDEDKGVN

GQVKYSIVQQPNQKGTKFTVDEETGEVSTNKVFDREGDDGKFVSVTVKATD

QGDPSLEGVCSFTVEITDVNDNPPLFDRQKYVENVKQDASIGTNILRVSASDE

DADNNGAIVYSLTAPFNPNDLEYFEIQAESGWIVLKKPLDGCYPRDRYRLRVS

ASDKGTPASAADVDVELDVVDRNNKPPIWDKSIYGPIHIRENVTVGTVVTSV

KASSGIEGNPTVFYRLMPGSTAQTNKFHTFYLQQRPDNGDTWADIKVNHPLD

YESIKEYNLTIRVENNGAQQLASEATVYIMLEDVNDEIPLFTEREQETVLEGEP

IGTKVTQVNAIDKDGTFPNNQVYYYIVDSPRNEGKEFFEINLQSGEIFTKTVFD

REKKGAYALEVEARDGAPSARPNSNGPNSVTKFIRIGIADKNDNPPYFDKSLY

EAEVDENEDIQHTVLTVTAKDHDESSRIRYEITSGNIGGAFAVKNMTGAIYVA
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GALDYETRRRYELKLVASDSLNENQTTIVINVRDVNDLPPQFPQTSYERTLDE

GMTNTPFTIMQVTATDGDKDRPQNIVYFLTGQGIDPDNPANSKFDINRTTGEI

FVLKPLDRDQPNGRPQWRFTVFAQDEGGEGLVGYADVQVNLKDINDNAPIFP

QGVYFGNVTENGTAGMVVMTMTAVDYDDPNEGSNARLVYSIEKNVIEEETG

SPIFEIEPDTGVIKTAVCCLDRERTPDYSIQVVAMDGGGLKGTGTASIRVKDIN

DMPPQFTKDEWFTEVDETDGTALPEMPILTVTVHDEDETNKFQYKVIDNSGY

GADKFTMVRNNDGTGSLKIVQPLDYEDQLQSNGFRFRIQVNDKGEDNDNDK

YHVAYSWVVVKLRDINDNKPHFERANVEVSVFEDTKVGTELEKFKATDPDQ

GGKSKVSYSIDRSSDRQRQFAINQNGSVTIQRSLDREVVPRHQVKILAIDDGSP

PKTATATLTVIVQDINDNAPKFLKDYRPVLPEHVPPRKVVEILATDDDDRSKS

NGPPFQFRLDPSADDIIRASFKVEQDQKGANGDGMAVISSLRSFDREQQKEY

MIPIVIKDHGSPAMTGTSTLTVIIGDVNDNKMQPGSKDIFVYNYQGQSPDTPIG

RVYVYDLDDWDLPDKKFYWEAMEHPRFKLDEDSGMVTMRAGTREGRYHL

RFKVYDRKHTQTDIPANVTVTVREIPHEAVVNSGSVRLSGISDEDFIRVWNYR

TQSMSRSKMDRFRDKLADLLNTERENVDIFSVQLKRKHPPLTDVRFSAHGSP

YYKPVRLNGIVLMHREEIEKDVGINITMVGIDECLYENQMCEGSCTNSLEISPL

PYMVNANKTALVGVRVDTIADCTCGARNFTKPESCRTTPCHNGGRCVDTRF

GPHCSCPVGYTGPRCQQTTRSFRGNGWAWYPPLEMCDESHLSLEFITRKPDG

LIIYNGPIVPPERDETLISDFIALELERGYPRLLIDFGSGTLELRVKTKKTLDDGE

WHRIDLFWDTESIRMVVDFCKSAEIAEMEDGTPPEFDDMSCQARGQIPPFNEY

LNVNAPLQVGGLYREQFDQSLYFWHYMPTAKGFDGCIRNLVHNSKLYDLAH

PGLSRNSVAGCPQTEEVCAQTETTARCWEHGNCVGSLSEARCHCRPGWTGP

ACNIPTIPTTFKAQSYVKYALSFEPDRFSTQVQLRFRTREEYGELFRVSDQHNR

EYGILEIKDGHLHFRYNLNSLRTEEKDLWLNAIVVNDGQWHVVKVNRYGSA

ATLELDGGEGRRYNETFEFVGHQWLLVDKQEGVYAGGKAEYTGVRTFEVY

ADYQKSCLDDIRLEGKHLPLPPAMNGTQWGQATMARNLEKGCPSNKPCSNV

ICPDPFECVDLWNVYECTCGEGRIMSPDSKGCMDRNECLDMPCMNGATCINL

EPRLRYRCICPDGFWGENCELVQEGQTLKLSMGALAAILVCLLIILILVLVFVV

YNRRREAHIKYPGPDDDVRENIINYDDEGGGEDDMTAFDITPLQIPIGGPMPPE

LAPMKMPIMYPVMTLMPGQEPNVGMFIEEHKKRADGDPNAPPFDDLRNYAY

EGGGSTAGSLSSLASGTDDEQQEYDYLGAWGPRFDKLANMYGPEAPNPHNT

ELEL 

>Drosophila_melanogaster_Dm_E-cad 
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MSTSVQRMSRSYHCINMSATPQAGHLNPAQQQTHQQHKRKCRDLGRRLIPA

RLLLGVIVAISLLSPALALHSPPDKNFSGDNRKPAFKNCAGYAPKVKEEQPEN

TYVLTVEAVDPDPDQVIRYSIVQSPFERPKFFINPSTGVIFTTHTFDRDEPIHEK

FVFVTVQATDNGLPPLDDVCTFNVTIEDINDNAPAFNKARYDESMSENAQPD

AVVMTISASDFDDGNNSLVEYEILRERDFQYFKIDKESGIIYLKRPIDKRPGQS

YAIIVRAYNVVPDPPQDAQIEVRIRVVESSIKPPSFVNPIDTPIYLKENLKNFTH

PIATLRAVSNMPDKPEVIFELNTGRTEQTNSKNTFVFNQIGNEVTISLGKTLDY

EAITDYTLTMIVRNTHELGTEHQIKIQVEDVNDNIPYYTEVKSGTILENEPPGT

PVMQVRAFDMDGTSANNIVSFELADNREYFTIDPNTGNITALTTFDREERDFY

NVKVIASDNSPSSLFDNGEPNRGHQVFRISIGDKNDHKPHFQQDKYLAERLLE

DANTNTEVIEVKAEDEDNASQILYSIESGNVGDAFKIGLKTGKITVNQKLDYE

TITEYELKVRAFDGIYDDYTTVVIKIEDVNDNPPVFKQDYSVTILEETTYDDCI

LTVEAYDPDIKDRNADQHIVYSIHQNDGNRWTIDNSGCLRLVKTLDRDPPNG

HKNWQVLIKANDEDGVGTTVSTVKEVTVTLKDINDNAPFLINEMPVYWQEN

RNPGHVVQLQANDYDDTPGAGNFTFGIDSEATPDIKTKFSMDGDYLHANVQ

FDREAQKEYFIPIRISDSGVPRQSAVSILHLVIGDVNDNAMSEGSSRIFIYNYKG

EAPETDIGRVFVDDLDDWDLEDKYFEWKDLPHDQFRLNPSTGMITMLVHTA

EGEYDLSFVVTEDSMFVPRHSVDAYVTVVVRELPEEAVDKSGSIRFINVTKEE

FISVPRDFQSPDALSLKDRLQLSLAKLFNTSVSNVDVFTVLQNENHTLDVRFS

AHGSPYYAPEKLNGIVAQNQQRLENELDLQMLMVNIDECLIEKFKCEESCTN

ELHKSSVPYMIYSNTTSFVGVNAFVQAQCVCEAPLMRRCLNGGSPRYGEND

VCDCIDGFTGPHCELVSVAFYGSGYAFYEPIAACNNTKISLEITPQIDQGLIMY

LGPLNFNPLLAISDFLALELDNGYPVLTVDYGSGAIRIRHQHIKMVADRTYQL

DIILQRTSIEMTVDNCRLSTCQTLGAPIGPNEFLNVNAPLQLGGTPVDLEQLGR

QLNWTHVPNQKGFFGCIRNLTINEQTYNLGMPSVFRNIDSGCQQSVAVAFSF

GIDRNFIIAIIVCLALLLIILLAVVVQKKQKNGWHEKDIDDIRETIINYEDEGGG

ERDTDYDLNVLRTQPFYEEKLYKDPHALQGNMRDPNDIPDIADFLGDKKENC

DRDVGATTVDDVRHYAYEGDGNSDGSLSSLASCTDDGDLNFDYLSNFGPRF

RKLADMYGEEPSDTDSNVDDDQGWRI 

>Drosophila_melanogaster_Dm_dachsous 

MKATLDSVVASETMTRVTFTGNHESKDFAIFHRCRRRSNIKSLYSPPALHPSH

MLRSSLLILLAIVLLGSSQAASHDQERERKLEVFEGVAVDYQIGYIGDFGGIDS

GPPYIIVAEAGVETDLAIDRATGEIRTKVKLDRETRASYSLVAIPLSGRNIRVL

VTVKDENDNAPTFPQTSMHIEFPENTPREVKRTLLPARDLDLEPYNTQRYNIV
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SGNVNDAFRLSSHRERDGVLYLDLQISGFLDRETTPGYSLLIEALDGGTPPLR

GFMTVNITIQDVNDNQPIFNQSRYFATVPENATVGTSVLQVYASDTDADENG

LVEYAINRRQSDKEQMFRIDPRTGAIYINKALDFETKELHELVVVAKDHGEQP

LETTAFVSIRVTDVNDNQPTINVIFLSDDASPKISESAQPGEFVARISVHDPDSK

TEYANVNVTLNGGDGHFALTTRDNSIYLVIVHLPLDREIVSNYTLSVVATDK

GTPPLHASKSIFLRITDVNDNPPEFEQDLYHANVMEVADPGTSVLQVLAHDR

DEGLNSALTYSLAETPETHAQWFQIDPQTGLITTRSHIDCETEPVPQLTVVARD

GGVPPLSSTATVLVTIHDVNDNEPIFDQSFYNVSVAENEPVGRCILKVSASDPD

CGVNAMVNYTIGEGFKHLTEFEVRSASGEICIAGELDFERRSSYEFPVLATDR

GGLSTTAMIKMQLTDVNDNRPVFYPREYKVSLRESPKASSQASSTPIVAVVAT

DPDYGNFGQVSYRIVAGNEAGIFRIDRSTGEIFVVRPDMLSVRTQPMHMLNIS

ATDGGNLRSNADAVVFLSIIDAMQRPPIFEKARYNYYVKEDIPRGTVVGSVIA

ASGDVAHRSPVRYSIYSGDPDGYFSIETNSGNIRIAKPLDHEAKSQVLLNIQAT

LGEPPVYGHTQVNIEVEDVNDNAPEFEASMVRISVPESAELGAPLYAAHAHD

KDSGSSGQVTYSLVKESGKGLFAIDARSGHLILSQHLDYESSQRHTLIVTATD

GGVPSLSTNLTILVDVQDVNDNPPVFEKDEYSVNVSESRSINAQIIQVNASDLD

TGNNARITYRIVDAGVDNVTNSISSSDVSQHFGIFPNSGWIYLRAPLDRETRDR

YQLTVLATDNGTPAAHAKTRVIVRVLDANDNDPKFQKSKYEFRIEENLRRGS

VVGVVTASDLDLGENAAIRYSLLPINSSFQVHPVTGEISTREPLDRELRELYDL

VVEARDQGTPVRSARVPVRIHVSDVNDNAPEIADPQEDVVSVREEQPPGTEV

VRVRAVDRDHGQNASITYSIVKGRDSDGHGLFSIDPTSGVIRTRVVLDHEERSI

YRLGVAASDGGNPPRETVRMLRVEVLDLNDNRPTFTSSSLVFRVREDAALGH

VVGSISPIERPADVVRNSVEESFEDLRVTYTLNPLTKDLIEAAFDIDRHSGNLV

VARLLDREVQSEFRLEIRALDTTASNNPQSSAITVKIEVADVNDNAPEWPQDP

IDLQVSEATPVGTIIHNFTATDADTGTNGDLQYRLIRYFPQLNESQEQAMSLFR

MDSLTGALSLQAPLDFEAVQEYLLIVQALDQSSNVTERLQTSVTVRLRILDAN

DHAPHFVSPNSSGGKTASLFISDATRIGEVVAHIVAVDEDSGDNGQLTYEITG

GNGEGRFRINSQTGIIELVKSLPPATEDVEKGGRFNLIIGAKDHGQPEPKKSSL

NLHLIVQGSHNNPPRFLQAVYRATILENVPSGSFVLQVTAKSLHGAENANLSY

EIPAGVANDLFHVDWQRGIITTRGQFDRESQASYVLPVYVRDANRQSTLSSSA

VRKQRSSDSIGDTSNGQHFDVATIYITVGDVNDNSPEFRPGSCYGLSVPENSEP

GVIHTVVASDLDEGPNADLIYSITGGNLGNKFSIDSSSGELSARPLDREQHSRY

TLQIQASDRGQPKSRQGHCNITIFVEDQNDNAPRFKLSKYTGSVQEDAPLGTS

VVQISAVDADLGVNARLVYSLANETQWQFAIDGQSGLITTVGKLDRELQASY
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NFMVLATDGGRYEVRSATVPVQINVLDINDNRPIFERYPYIGQVPALIQPGQT

LLKVQALDADLGANAEIVYSLNAENSAVSAKFRINPSTGALSASQSLASESGK

LLHLEVVARDKGNPPQSSLGLIELLIGEAPQGTPVLRFQNETYRVMLKENSPS

GTRLLQVVALRSDGRRQKVQFSFGAGNEDGILSLDSLSGEIRVNKPHLLDYD

RFSTPSMSALSRGRALHYEEEIDESSEEDPNNSTRSQRALTSSSFALTNSQPNEI

RVVLVARTADAPFLASYAELVIELEDENDNSPKFSQKQFVATVSEGNNKGTF

VAQVHAFDSDAGSNARLRYHIVDGNHDNAFVIEPAFSGIVRTNIVLDREIRDI

YKLKIIATDEGVPQMTGTATIRVQIVDVNDNQPTFPPNNLVTVSEATELGAVI

TSISANDVDTYPALTYRLGAESTVDIENMSIFALDRYSGKLVLKRRLDYELQQ

EYELDVIASDAAHEARTVLTVRVNDENDNAPVFLAQQPPAYFAILPAISEISES

LSVDFDLLTVNATDADSEGNNSKVIYIIEPAQEGFSVHPSNGVVSVNMSRLQP

AVSSSGDYFVRIIAKDAGKPALKSSTLLRVQANDNGSGRSQFLQNQYRAQISE

AAPLGSVVLQLGQDALDQSLAIIAGNEESAFELLQSKAIVLVKPLDRERNDLY

KLRLVLSHPHGPPLISSLNSSSGISVIITILDANDNFPIFDRSAKYEAEISELAPLR

YSIAQLQAIDADQENTPNSEVVYDITSGNDEHMFTIDLVTGVLFVNNRLDYDS

GAKSYELIIRACDSHHQRPLCSLQPFRLELHDENDNEPKFPLTEYVHFLAENEP

VGSSVFRAHASDLDKGPFGQLNYSIGPAPSDESSWKMFRVDSESGLVTSAFVF

DYEQRQRYDMELLASDMGGKKASVAVRVEIESRDEFTPQFTERTYRFVLPAA

VALPQGYVVGQVTATDSDSGPDGRVVYQLSAPHSHFKVNRSSGAVLIKRKL

KLDGDGDGNLYMDGRDISLVISASSGRHNSLSSMAVVEIALDPLAHPGTNLA

SAGGSSSGSIGDWAIGLLVAFLLVLCAAAGIFLFIHMRSRKPRNAVKPHLATD

NAGVGNTNSYVDPSAFDTIPIRGSISGGAAGAASGQFAPPKYDEIPPFGAHAGS

SGAATTSELSGSEQSGSSGRGSAEDDGEDEEIRMINEGPLHHRNGGAGAGSD

DGRISDISVQNTQEYLARLGIVDHDPSGAGGGASSMAGSSHPMHLYHDDDAT

ARSDITNLIYAKLNDVTGAGSEIGSSADDAGTTAGSIGTIGTAITHGHGVMSSY

GEVPVPVPVVVGGSNVGGSLSSIVHSEEELTGSYNWDYLLDWGPQYQPLAH

VFSEIARLKDDTLSEHSGSGASSSAKSKHSSSHSSAGAGSVVLKPPPSAPPTHIP

PPLLTNVAPRAINLPMRLPPHLSLAPAHLPRSPIGHEASGSFSTSSAMSPSFSPS

LSPLATRSPSISPLGAGPPTHLPHVSLPRHGHAPQPSQRGNVGTRM 

>Mus_musculus_Mm_Cdh26 

MDTRGCAWLLLLLSLPQGQSHQPLHRSKRRWVLTTLELQEEDPGPFPKLVGE

LFNNMSNNVSLIYLIRGPGVDEFPEIGLFSIEDHQSGKIYVHRPVDREVTPSFM

VHFDAVDRSTGKVVDESLIFNIRIRDVNDHAPQFPEKEFNISVKESQAAGQPIF

QLLTVDLDQENTPNSQVLYFLVSQTPLLRESGFRIDLISGEVRLSGCLHYETAP
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LFTLIVRASDCGEPSLTSTATIHVSVEDSNNHMPTFMEDRYEIRISEGQVEQGV

LYLPVQDGDSPFTPAWRTQFNIWDGNEEGHFDIVTDPETNQGLLSIIKPLDYES

QVAHSLVVVVENQEQLFVCTEGQLQPLRKAMASTMVSVQVLDTNDPPAFHP

QSFIVSEEDGAWPAIQLGYFNATDPDRADSQIRYKLVHDPENWVTVDEKSGV

VTTKKQIDRESPHVNDSFYTIIVHAVDNGLPPLTGTGTLMLFLSDVNDNAPTL

RPHSRHLEVCESAGSQPLLIEAEDADLDPYADPFTFDLDNAQGDVEETWMLR

TKQGEGHSAELTMLRSVPPGDYLVPLFIADRQGLAQKQTVHVRICSCRSGSEC

EEPSDTWLLWWALSPVGAALMVLSAALLCLLRCSCTFGPKRLRGFIPSDSGH

QTLIVYNEESKVPSAQGCDTFFEPRGVKTLLSSTPVYLDRMVPRQQPLQLLEG

RVVEAWSQKLQSIDVLEGDTGYLPHVYREEGECEGAETLSSLTFLEQDLSPKL

LGCSGSKSTPSEAMCFTSRVPS 

>Nematostella_vectensis.1 

MARIWRFGLATRNIKDQLWMRFVLVLYIHALGFHASSATSEVRTFYIPEGSPT

GTEVGRIPVRVQSILLASGIPADLEYNAGVITTKTVLDREKVSAYNLTIVEFST

PPKSYTVLVYVQDLNDNSPSFVRGTSAKLVVFENDKDFRQKLIAVDSDFGSN

STQSYTIVSGNVGNVFKLISKRDTDGDLYADLVVNASSIGVDRERLDSYVLNI

SASDGGNPANHGFLRLSITVEDTNDNKPEFSNVSYSGTIPENIDVGTSILQVSA

SDKDIGTNAEIQYSIETHSDPQAIFGIHPTTGVIVNNVRLDYEAKRSYLIVVKA

EDKGSSHQLSSSAIVRIEVLDVNDNNPVIHVSYTLGGSYQVTENATIGTQVAR

VSVSDADSGKNGEVNVTLEGGDGYFSMKFDVLNDESIIAVGQSLDRETHDHF

FLKAVCIDKGDPPRTTEKSFRINVGDVNDCAPKFDRHTYETRVWENATVNTL

VAIVNAVDQDFGSNSELVYTIANTTESRSYLHWFAIDPSSGMITTATDLDREQI

PQVVLTVLVHDRGSPPLSDNCSVIVNLTDSNDNDPYFNQSSYNASLFENSPSG

SPVVQLLAQDPDIGENSLILYSILTPNTPFFLDPRKGLVTNSRTLDHEVQSSYTF

QVAATDGGGRSCNATVHVSLTDLNDNQPVFDPSSYSVEYFENTRIGQSICQL

KAIDRDSPKFAITRFIIEQGNADEVFSVDGSGLITLAKLLDRETQDNYLLTVKA

VDGGGQDSVNKAIVNITVLDVNDEPPIFSKAEYNFTIQEHSQALSVIGHVHAIS

RDKGTNAEVVYSISKGNTDNIVLINSTGTLYLQSEVDHEKIPSLYLTVQAKDK

GTPPLFGYANVTIAVIDINDNSPQFNSSSILVRLPEDTPIGHTFYTVSVFDADSG

VLGRVSFSLLSNPGTLFNLDSNTGALSLTKLIDYGNSARSYTLPVQAQDGGSP

PRSSTAMLELKVVDVNDYSPVFGNWSYTAHVLETTPPDSNIIEVVATDVDSG

ENGRISYAFDSKVDTSKFGLRNGGKIFIKSKLDREDIEEYNLKVIAIDHGTPRR

SSSADVKVIVDDVNDNNPHFQQASYAFFVKENEPVATYLGAVSASDSDEGSN

GHVTYRFDTQVAQFIVDKQTGKITTSQVLDREAKASYVFSIVATDGGSSPRVD
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KTQVTVIVRDVNDCSPKFSKNKYSVTVNEDLPVGSSLLTLIATDDDQQGPNS

DITYMIVAGPKAFSLNQVTGVLTLVSPLDREVTHRHILHVVASDKGGNQSLET

ITYIEINVLDVNDNYPVFINETTFKTVPEKLPIGSVVAAVLAVDSDQGDNGKV

RYKIVNGNTDGTFKINETTGVISTLRALDFEVTNRYVLRVSATDMGKKQQKT

SYQLVTIYVEDANDNRPTFDKNPIITWIYENVPINTNVTTIKAHDDDSGLNSRI

WYTIDSQSPRAHFKINSETGLIQTTHPIDREEISEYSLKVRATDQAFTEQDRLY

NTATLKIIIQDLNDNAPKFVSRNLTYVMEDEPFNFQVTSITALDPDTGQGGNV

EYRIVSPDTGKFSLDLKTGVLKLIGSLDYEDVPQYTLHISATDLGSPPLTSYQL

FNVVVVDVNDNPPEFTRDLFIGTVSENKPTGTSVVKVTAYDRDSGSNAELTY

SIPSGVEMDKFSIDKHSGLIVTNSILDREKKDTYFLTVHATGVSYPFRVSSTSV

RINVMDRNDNPPKFISPVVTLKVPENSPARLIYTLTVQDLDYGNNTKVLYSIM

SGNTDGAFTIGRSTGELSTTTKLDRETKASYQLSVQAKDITPPYYTAFANITIFI

EDQNDNPPVFQQSLYSSTISELTPPGTSILNLTASDKDSGSNGNIVYTLSNDTY

GVYSIDSRTGIVYSAARFETSIKQEYNFFCIAKDQGQDPKMAIVPVRIKIEDKN

NHAPQFTKTPYEVHIFPNTSASALVTMVTATDADTDKSTNGKVTYRLDDSKN

STSLFVVESNTGSVRTSAGFSNPPQGRHALYIIAEDHGSPPLRGYGIVQIVIGNI

QDDPPRFLNQTPARVSIPENSKVGSYITTVRARASSDAQVTYSIISGNKGRAFY

VDPFTGVISVASADALDYESTKNFRLHLVATPQGWVSLNGYMILDINVIDRN

DNSPAFHPSNMLAQLAEDTGAFKPRFVVKVTATDVDSGTNGKVTYSIWTGN

EAGVFTIDSTTGEITTAKLLDRETTASFDLVIRGTDSGIPPKSTNCQVKVVVTD

LNDNPPLFDPLSEVNIREDTRTGAVVTSVVATDTDKESRLTYNLKSASTPGMF

SVGRFNGAVSLLKRLDYEKTNKYSLNIAVSDGLHSAEKTLTINVLDTNDNTP

KFLNSSYQVTLSKTIPAGRAILRVSATDQDSGSNAQIKYSFPITNSDQIDYKIDA

DTGVISARRTIDVRIRDSFIQIPVQAMDQGVPPQRALVYVRIIITREPKFELPSYF

GKVPENAMMGTSVLTVRVTDNAAGLPLGRISYNIENSNYFRIGQRSGVISVN

KPLDYETKRRFLLVVSAIDDTAPSKPVRVPVYINVSDVNDEKPVFGQSGYMA

QWSEGIPVGTIVVNVSAADKDSGANGRVWFAIQSGDDKGSFAIDRKTGVIRT

QRALDHETIKTHHVSVRATDEGSPPMHTDVSVTIRVLDLNDNPPVFRVPGPN

DVQVLENLPLNSRLYEINATDRDSGANARLSFTVIGGTGQGLFLIDKFSGWLT

TNITFDYENTAVYQYSLTIKATDAGNPPLSSNITIIVNVADEDEYDPSFNRMDY

KFDVPGNAKIGDFVGQVTATDRDSGDQGRVFFVFYNPTSNALKMNATTGIIS

VNRTLNDGSSLETRARRSLDELLIGFEIGSSRSRMRRSAESQELRYTIRAYSGKI

GSERFADVPASVLVDFTCPGCMVPTTGAREGDPITGTALALIVGLAVLAGVIL

LAFVVVLLFIYSHRKKRRTRQNPPLRFDGSFDEITVHPRTTGNANYVSAESISP
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RAFPAEYSPLSRNTDSNSTPSGTDASDTPGSSGSASSGRGSSEGDFDEQPVAIV

NADIGSFHSDNNAKTIVADSGIQQDDDDQISQLTLSDGSGILHVDTLNGSESKS

DKTDKILARLEFQSVESMHVFGEEGGGEADGGHDVGNLLYAKLAEADADDE

SIVDGPRSYIDEGHDHPSYGGSLSSIIGSQEELTGSYNWDYLLDWGPQFQPLAE

VFLEIGRMKDEGGDKKEVTRNGSIPSSSRLRPNLSGIATVDMLSSMSSLPRSPV

SPPSTQYSSPAFSPNFTPAITPLITRSPSVSPLDTGNVSPAYASRGVTPNGSRPTS

THIVKLQNEDDAYSELSHSPSISDNESNAEIDV 

>Branchiostoma_floridae.1_bfl_jgi|Brafl1|120347|estExt_fgenesh2_pg.C_430149_e_

7e-13 

MFSAIIRCLGSGCNGFKGIGIKIRTQQVKTRGCTRVVKSFVQMRRLITVAGPLN

SGVQSVHNLVVSATDGGGLVSQVNANVAVSVIGTGEMPPVFSQARYSFSVPE

DAARQHTVGTVMASHSDPGKTDPITYSIHSGDRQGYFAIDPTTGRIYTQLNLD

HETVSSLLLNIQASSGNPPVYGRAQVNITILDINDNRPEFTVATESVAITENVSP

GTIIFVASAQDQDAGSNGLVRYSLLNNQDNLFSVNSISGEVKILRSVDADDDN

PLRYELKIMAHDQGTPQRFSNLTLLVIIQDENDNGPMFSPTFYDVQVPESASV

NYRFLQVTALDRDSGLNEFITYYLSNSADSPNFGMFPDGWLYVKHRLDRELR

DSYFLQVVARDNGSPPRNATANVRVTVTDDNDNDPRFTQESYHFSLVENLPT

GTTVGTVFAVDADIGNNGDLDFSIIPNNSSFIITTGHQRGVIKTKRPLDRETTA

RYDLVLKVRDRGTPPRTATATLHIVVEDMNDNAPYFSHSGQYLGEVEEHQP

NGTEVIRVLADDPDNGENGTITYRLVTSTPGMNGEEMFNIHSQSGLITTNAPL

DREQKPTYVLSVAAVDGGTPPRERTTFVHIHVTDSNDNAPVFVNSTISIEVEE

GLEAGSTIGSVHALDNDEGENGRVSYEIMQGNLYGTFGVDRNTGRIFTAKEL

DFELNARYRLIVQAQDNNARSQKSSTIYVNVNVIDINDNAPTFRSDPVMFGLQ

ENTAVNSTVWTFSATDVDSGRNGAVRYRIMDQLPNGNNFRIDSVTGALQTTT

PIDREQTSQFTLVVEATDQPVNLSHARTKTTTARILVEDVNDNTPVFVSRTET

YVMEDEPVGYHVMYVIAVDDDFGDNGRVTYQIVSGNQGGKFLLDPNTGLL

AIERRLDRETESRYVLNITATDHGTPSRSASHLITIHVRDVNDNQPRFLQDTYQ

ASVSENQSPGTSVIQITALDADAGTNGVLTYNIPRGVAEDRFTIEEQTGVIRTA

FRLDREEKDSYIVTAYARDGAYPSRFGFTSVVVSVLDTNDHAPVFKDAEYM

MTVPENQPNYGVIHTVVAYDADIGTNGQVRYEIIDGNVGGKFAVDAVTGELS

VISDQALDRETVPLYHLIVQAHDNTDAPRTSTTNITVAVSDENDNNPIFTDPSY

QQTIQEDVSVGSTVIRVTAQDRDEGVNGEVFYFLSNETNGMFRIDNTSGIITTT

RLLDREKQSVYSFDAYASDRGPFGPRTSNVRVTVDISDVNDNAPVFTQVPFET

TIERNIGVNQQVVTVTAEDKDTGSNAEILYRFDSSNANSQKFNIGPQSGIITTQ

Development: doi:10.1242/dev.174623: Supplementary information
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VSLVGDSANIFRLQVIAEDQGSPAKSSTGLVVITMSDSSMTTLRFDNGTYSAYI

SENAIANTDIISVSASREDGQPASVTYSFASGNDDESFEINPTSGLITVKDSTNL

DFETAQRVRLIVTAQATTPSLYGYATVWVNLRDENDNAPRFDQDRYTTSVW

EGNDRGMFVIQVSATDADSGTNSEVQYSIVSGNHDNAFVIDRDRGIISTNVRM

DREVRDSYRLELRAVDKGTPRLTGSATLRISVVDINDNRPTFPEPYPPVNVLE

GAEVGSELALVTANDIDTDPTITYTFTTHGNPGGVFSIDRYSGKVTLAQPLDR

ESVQSYIITIMASDEVHTDQTNVEINVLDENDNPPVFDQQTYQVDIAEMVPPH

YSVATVTATDRDAGSNAEITYSMTVAPVEGFYVDPRNGTIFTNKTIEINRMQS

TIQLVIEARDHGVPSLASVVAVRIQVNDINNHAPQFTAGQYEEHVSEAAPRGT

TVATVTATDADQSHDNSNIHFGIVQGNEDGKFQIETIEPSPNSDQYMGKIILFQ

AIDREEVPMYTLRVLASDRGTPERNSTVTVYVLVDDVNDHSPIFNSTQYVAQI

SEEAVIGAFVVRVFAFDADSGPNADIHYEITSGNDDSLFAINSQSGVITVANPL

DYDTVAQHNLTIRAKDSTSDGAKHTITSVLINLIDENDNPPDFPVLMYLEDVP

EGRPVGTLVFTAEARDKDAGIYGTLSYVILDRDVTNDGTSDVAQGKDAFEID

SSTGEVRTREVFDYETQNTYGFYIRATDTGGLSTDVQVGVSIQSVDEFPPVFT

QDNYIFTVIANADVGTFVGQVEATDADGGPDGIVSYSIRNDKFAINESGVITV

KASLLEGNTVTDPSRRKRRQAENEDQINLIVEASSGRPGSLSEQKAISVKIDRS

CPGCNPSAQSALSPLTPLSLALILIFALIAVILCVVLIVLKFKRRKQRPPPTSFDG

SFDTVVVQNTHSFGRDGSQKQSQQLRMFKGHPSFATADNSADMGTLTRTDIS

EHSNNSQSSGRGSSEVDEDEEIRKINETPASISPNSDQHKVREIPDSGIQHDEDA

MSEMSVKDTADLISRLAVTSNQGSQINTMISKSVESMHVFRDEGGGEAGGD

MDIGNLIHQKLHEVGMEENEAIMDGTRDFVLIDDGQPSVAGSLSSIVASEEEL

RGSYNWDYLLDWGPQYQPMADVFLEIAKLKDETVAKRQIHHPKSAFTPKVR

THPPPLITNLPQSSVSTIAPIALGGSSRTSQATSISSLPRSPISHESTFTSPALTPSF

SPSLSPLATRSPSVSPLVTGPNSGASTPHRRSAYSSTFMTRVPSPTGSEQELRI* 

>Ornithorhynchus_anatinus_Cdh9 oan_XP_001508795.2_e_1.1e-59 

MKTCYCLTLCIWTCMLHTVHPTQLQERIPWYSQPPRIVGLSGNDKQVLHHRV

KRGWMWNQFFLLEEYTGTDSQYVGKLHTDQDKGDGNLKYILTGDGAGSLF

VIDENTGDIHAAKKLDREEKALYVLRAKAIDRKTGRQVEPESEFIIKIHDINDN

EPKFGQDVYTASVPEMSAVGTSVIQVLATDADDANYGNSAKIVYSILQGQPY

FSVDPDSGIIKTALPDMSRENREQYQVVIQAKDMGGQMGGLSGTTTVNITLT

DVNDNPPRFPQSTYQFRCLESVPLGTSLGRIKANDPDLGSNAEMAYGVTEGD

GADLFEIITDKDTQEGILTVKKQLDFENKMLYALKAEVRNTHLDPRFYHLGPF

KDTALVKIFVDDIDEPPVFSNNSYLLEVHEDAKEGSIIGQVTARDPDAIKNLIK

Development: doi:10.1242/dev.174623: Supplementary information
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YSVDRHSDMDRMFNIHSGNGSIFTLKSLDREASPWHNISIIATEINNPKQSSHV

PVFIRILDINDHAPEFSRYYETFVCENAKPGQLIQTISVMDKDDPPQGHRFFFES

VPEFPLNPNFTIVDNKDNTAGILTRKDGYSRGQMSVYLLPVLIFDNDYPIHSST

GTLTIRVCSCDRRGNVRSCNAEALILSAGLSRGALIAILLCIVILLVLVVLFAAL

KRQRKKEPLIISKDDVRDNIVTYNDEGGGEEDTQAFDIGTLRNPEAREESKLR

RDVIPETIYQIRRTAPLWENIDVQDFIHRRLKENDTDPSAPPYDSLATYAYEGN

ASIASSLSSLESLTVDGNQDYGYLGEWGPRFKKLADMYGGEDSDQD 

>Ornithorhynchus_anatinus_Dsg4 oan_XP_001515314.3_e_3.6e-12 

MVQAVKSEFFVEVREEDNENGTAKWHTVRRQKREWIKFAAACREGEDNSK

RNPIARIRSDCEVNQKITYRISGVGIDRPPFGVFTVDSRTGEINITSVVDREITPM

FLIYCRALNSRGEDLESPLELRVKVMDINDNPPVFTQNVYTAGIEENSPANTL

VVKLSATDADEENNLNSKIAFKIISQEPAGAPMFILNRYTGEIRTMTNFLDREQ

HSSYNLLVRGSDRDGAPDGMSTQCDCRIKVIDINDNFPTLEETSYSASIEENCL

NSELLRFRAIDLDEEYTDNWLADFFFVSGNEGNWFEIDTDPRTNEGILRVVK

MLDYEQMPNMFVSIGVKNKAEFHPSVASQYRIQSTPVRIRVINVREGAIFNPN

SMSFSIRDGIRGDALLNYVLGTYTATDLDTGIAAKNVRYVMGHDAGSWLKV

DSRTGEIRFSKEFDRKSKYIHNGIYTAELLAIEDGSGRTATGTICVEVPDISDYC

PVIFSDSRSVCGASPSAIISIRDVNDYSFGSPFTYCVADQPQGTATLWEIRSINA

TAAILSTGQLLSSGSYQIPILVKDSLDRTCEMPQILQLDVCECDVNQMCLFYST

TGIYAGGTGITMITDDGYGTITDDRVGESNSGLGPAGIGLIALGLLLLLLSPLLL

LICCCKRRTPADMGTRFAPVPEGGEGVIQSWGIEGAQPEDQDVSNICVPMTAS

NTQERMDSSEIYTNTYAGGGIVEGGISGIELNTGAGEAMGLGAAGYSGTTRR

RSSTMGTFREFAETGVNMAFLDSYFSEKAYAYADEDEGRPANDCILIYDHEG

VGSPVGSIGCCSWIADDLDDDYLETLGPKFRTLAEITLDTEIEPFPSPHQAWMP

ISTDLPLLGSHYVNVSESSAMSLTEAGLRAEMAMPESMFHGDIIVTESYTTSD

QCLQPTTIVFDPHLASNVVVTETMLAPAYGVQGNLCVPVEANNTHNVIYTER

VDHVAGMSSSSMTGGGTGDCEVIGPEIHVNQMVDPDLHVVVPDIHISHMVSP

DIHVSQTIGPGSPLATHRRITQYSTIQYAQ 

>Ornithorhynchus_anatinus_Dsg1 oan_XP_001515334.3_e_2.1e-12 

MDWLPCRTTAVLFIFMVVVVEVNSNFQIQVRDYNSKNGTIKWHSIRRHKRE

WIKFAAACREGEDNSKRNPIAKINSDCSANEQITYRISGVGIDQPPYGVFIVNP

KTGDINITSIVDRELTPFFTIYCRALNSRGEDVERPLELRVRVLDINDNPPVFSQ

TEFVGGIEENSYPNTLVMTLNATDADEPNNLNSKIAFKIISQEPAGAPMFILNR

HTGEIRTMSNSLDREQQSSYSLVVQGADRDGASDGQSSQCDCRIKIIDVNDNF

Development: doi:10.1242/dev.174623: Supplementary information
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PYLEQSSYSVSIEENILNSELIRFRAIDLDEEFSDNWLAQFFFISGNSGNWFEIVT

DSRTNEGILRVIKPLNYEDAQSMVLSVGVRNVAEFHHSVRSQYRVQGSSITV

KVINVVEGSVFTPASKTFILQRGMGANSLIGSYQAIDLDTGRPSTTVRYIIGSNP

GDLLAVNSRTAEITFKRQVTREIYSQVNGRYVGTILSIDDAAQRTCTGTIVLDL

NDVFDINDSNNSGGQAGGQGSSTGGGGPGGPGGPEGTATVGPSGFTDSSFQG

SSTSGGSDKDTNTESPGYDGGRGNGKAYFGPAGIGLLILGFLMLLLVPFLLMT

CDCGGASAVGGGFQPVPECTPEGAIHSWAVEGPQPEDRDITNICVPMTTTNE

GMDTCGVYTNEYGGREVRDIGGGGMGGGASGLEMTTGVKTSVVPEVCPGH

SGTLLRNSMMDYREGGVNSNFVKNYFCQKAFAYADEDEGRPSNDCLLIYDIE

GVGSSAGSIGCCSFIGEDLDDSFLDTLGPKFKRLADISMGKDVESFTETEHQW

TTESAEPSYPSQGPDTLVNGCPPVPPPFGTTTVVSETTYPSGPGVQPATPIPDPL

GYGNVTVTESYTTSGMTLQPSAHVHDPRHGSNVVVTERVLGPMSGSDFHGM

LDVPNLRDSSNVIVTERIIAPNSRLPNTLTLPDPRDSSNVVVTERVIRPSSGLMG

NINIHPELSGAHNVIVTERVVSGAGTTSGGLGGGSLIDTSMGGGGMSLSGGTL

GMSGVGGGSSGLSGAGMSGSATIGHMRTSDHFNQTIGSASPSASRSRITKYST

LQYSK 

>Ornithorhynchus_anatinus_Cdh18 oan_XP_007653688.1_e_1.1e-57 

MRITSTSCLCPVLVCLCFVQRCHGTAHHSSIKATGNQTKHVEGETEVHHRPK

RGWVWNQFFVLEEHMGPDPQYVGKLHSNSDKGDGSVKYILTGEGAGTIFIID

DTTGDIHSTKSLDREQKTHYVLHAQAIDRRTNKPLEPESEFIIKVQDINDNAPK

FTDGPYIVTVPEMAEMGTSVLQVTATDADDPTYGNSARVVYSILQGQPYFSV

DPKTGVIRTALHNMDREAREHYSVVIQAKDMAGQVGGLSGSTTVNITLTDV

NDNPPRFPQKHYQLYVPESAQVGSAVGKIKANDADTGSNADMKYTIINGDG

AGIFSISTDKETREGILSLKKPLNYEKKKSYILNIEGANTHLDFRFSHLGPFKDV

TMLKIIVGDVDEPPLFTKPSYIMEVYENAKIGTVVGTVTAHDPDSANSLVRYF

IDHNPKEDRYFSIDANTGTIRTTKVLDREETPWHNITVAASEKDNLGLLSHVA

VGIRVLDVNDNPPELAMEYDVVVCENSKPGQVIHTISAVDKDDFANGPRFHF

FLDESHSVNPNFTLKDNEDNSASILTKRRRFSRTSQDVYHLPVVIADGGLPSLS

SSCTLTIRVCACERDGRVRTCHADAFLSSAGLSTGALIAILLCVVILLAIVVLFI

TLRRSKKEPLIISEEDVRENVVTYDDEGGGEEDTEAFDIAALRNPSAAEELRY

RRDVQPDVKPPTPPPPSEPHRPSPHLGGLDVQEFIRRRLAEADVDPSVPPYDSL

QTYAYEGRRSEAGSISSLDSATTHSDQDYGYLGDWGPEFRKLAELYGDIESER

TT 

>Ornithorhynchus_anatinus_Cdh12 oan_XP_007653690.1_e_2e-59 

Development: doi:10.1242/dev.174623: Supplementary information
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MLTRNCLSLLLWVLFHGGLLTPLQPLPPQTSAADSRENVIAMSGRPLPAQRV

KRGWVWNQFFVLEEYMGSEPQYVGKLHSDLDKGVGSVKYTLSGDGAGTIFT

IDETTGDIHAIRSLDREEKPFYTLRAQAVDIDTRKPLEPESEFIIKVQDINDNEP

KFLDGPYVASVPEMSPVGAYVLQVKAMDADDPTYGNSARVVYSILQGQPYF

SIDPKTGVIRTALPNMDREVKEQYQVLIQAKDMGGQLGGLAGTTTVNITLTD

VNDNPPRFPKSIFHLKVPESSPVGSAIGRIRAVDPDLGKNAEIEYNIVPGDGGN

LFDIITDENTQEGVIKLKKPLDFETKKAYTFKVEASNLHLDHRFLSVGPFKDT

ATVKISVLDVEEPPVFSKGLYTMEVYEDTPVGTIIGAVTAQDLDLGSSAVRYF

LDWKNDGDSYFTIDATEGTIATNELLDRESASQYNFSIIASKVSNPLLTSKVNV

LINVLDVNEFPPEIFVPYETTVCENAKPGQVIQLIGAADRDLSPAGQLFSFRLSP

EATLKPNFTVHDYKNNTAGVETRRNGYSRRKQELYFLPIVIEDSSYPVQSSTN

TMTIRVCRCDSDGTLLSCNVEAIFLPVGLSTGALIAILLCIIILLAIVILYVALRR

QKKKDTLMTSKEDIRDNVIHYDDEGGGEEDTQAFDIGALRNPKVIEENGMRR

DIKPEPLCLPHQRPPAEDNTDIRDFIHQRLQENDMDVSAPPYDSLATYAYEGN

GSIAESLSSIDSLATDADQDYDFLVDWGPRFKVLADMFGEEESCNPDKVT 

>Ornithorhynchus_anatinus_Cdh2 oan_XP_007665830.2_e_8.9e-58 

MCPGKGPRLPLLLLLLLLNALHQAPIEATGEGAFCRTGFPEDVYNAVLSRGM

REGQRLLNAMFNNCNGDRRVQYASSEPADFRVDEDGVVYAARGFQTPPEQA

EFTIYAHDVETEEKWQMAIKLTLEPTGMESALPEKSLQERQKIEEIVFPHQPPK

QTSHLQRQKRDWVIPPINLPENSRGPFPQELVRIRSDRDKNLSLRYSVTGPGA

DQPPTGIFIINPISGQLSVTKPLDRELIARFHLRAHAVDINGNQVENPIDIVINVI

DMNDNRPEFLHQVWNGTVPEGSKPGTYVMTVTAIDADDPNAQNGMLRYRI

LSQAPNTPSPNMFTINNETGDIITVAAGLDREKVQQYTLIIQATDMEGNPTYG

LSNTATAVITVTDVNDNPPEFTAMTFYGEVPENRVDVIVANLTVTDKDQPHT

PAWNAIYRITGGDPTGRFAIQTDPNSNDGLVTVVKPIDFETNRMFVLTVAAEN

QVTLAKGIQHPPQSTATVSVTVIDVNENPYFVPNPKLVRQEEGLRAGTMLTTF

TAQDPDRYMQQNIRYTKLSDPANWLKIDPINGQITTVAVLDRESPNVKSNMY

NATFLATDNGIPPMSGTGTLQIYLLDINDNAPQVLPQEAETCETPDPNSINITA

LDYDIDPNAGPFAFDLPTNPATIKRNWTITRLNGDFAQLNLKIKFLEAGIYEVP

IIITDSGNPPKSNTSILRVKVCQCDSNGDCTDVDRIVGAGLGTGAIIAILLCIIILL

ILVLMFVVWMKRRDKERQAKQLLIDPEDDVRDNILKYDEEGGGEEDQDYDL

SQLQQPDTVEPDAIKPVGIRRLDERPIHAEPQYPVRSAAPHPGDIGDFINEGLK

AADNDPTAPPYDSLLVFDYEGSGSTAGSLSSLNSSSSGGEQDYDYLNDWGPR

FKKLADMYGGGDD 

Development: doi:10.1242/dev.174623: Supplementary information
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>Ornithorhynchus_anatinus_Cdh22-like oan_XP_028905409.1_e_3.9e-40 

MALRPARPAFLARVPLTLGLVLFYYCFSIGITFYNKWLMKSFHFPLFMTLLHL

AVIFASSALARTALSRFQARARVVLGWPDYLRRVAPTALATVLDVGLSNWSF

LYITVSLYTMTKSSAILFILMFSLIFRLEEPRAGLVLVVVLVAAGLFLFTYKSTQ

FDADGFALVLAASFVGGARWTLTQMLLQKAELGLQNPIDTMFHLQPLMFLG

LFPLFAAVEGLPLSTSRKLFRAEGAGALAGVLCALLGGGLLAFGLGFSEFLLV

SRTSSLTLSIAGIFKEVCTLLMAAHWLGDQINLLNWLGFAICLSGISLHVTLKA

LSAKGEPDPRTPKGAHADPDLELLLWSREDDDDDDPEDEDGPPRDRGGGEA

AGARFMLWVSEREPRFYSLLGSRPSKQLHEAAVGPAPAAGESSRGPLVPPQP

LDFEAQASHTLLLEAANKYLDPRFSGRDQAVVRVTVTDVDEPPEFRPPGGPL

EVAEDARVGSLVATVTALDPDATNSPIRYAIDPASDSERIFDIDAYTGAVVTG

KGLDRETAGWYNITVLAMEADNHAQISRAVLRIQILDVNDNPPELTAPFEVA

VCEDAQPGQLIQTISVVDRDEPQGGHQFYFRLVPETGHDADFSLLDIKDNTAA

LHTRRTGYSRGAGGVFLLPVLVSDGGRPALSSTGTLTVRVCLCDRAGRVHSC

NATADHPARHRTPARLGPGALSALLVALLILTVFALLILTLKRHHKGPRGPDE

DEDTRDNVIKYNDEGGGEQDTQAYDMTALRGLYEPGAAGGEGVPEGLPGVL

ALLPRGRPPSPEPDFGLFRDLLSRKVALADSDPWVPPYDALRTYDEEGGASPA

ATLSPLPSPSSASDPDPDPDLPFAFLDAWGPRFRPLAALYAGLPPGEDFQGDG

GQES 

>Ornithorhynchus_anatinus_Cdh11 oan_XP_028906277.1_e_7.5e-62 

MKENYCLHAALACLGLLCASQALATEKLNRFQLPLHAHHEMGKEGQVLHRS

KRGWVWNQFFVIEEYTGPDPVLVGRLHSDIDSGDGNIKYILSGEGAGTIFVID

DKSGNIHATKTLDREERAQYTLMAQAVDRDTNRPLEPPSEFIVKVQDINDNPP

EFLHENYHANVPERSNVGTSVIQVTASDADDPTYGNSAKLVYSILEGQPYFSV

EAQTGIIRTALPNMDREAKEEYHVVIQAKDMGGHMGGLSGTTKVTITLTDVN

DNPPKFPQSVYQMSVSEASVPGEEVGRLKAKDPDIGENGLITYNIIDGDGVDM

FEITTDYETQEGVVKLKKPVDFEAKKAYSLKVEAANVHIDPKFISNGPFKDTV

TVKIAVEDADEPPVFLAPSYVHEVQENAAAGTVVGRVHAKDPDAANSPIRYS

IDRHTDLDQFFNINPEDGLIKTTKPLDREETAWLNISVFATEIHNRHQEAKVPV

AIRVIDVNDNAPNFATTYEAFICESDQTKPLSNQPFITISADDKDDTANGPRFIF

SLPPEIIHNPNFTLRDNRDNTAGVYVRRGGFSRQKQDLYLLPIVISDGGAPPMS

STNTLTIKVCGCDHNGSLLSCNAEAYVLNAGLSTGALIAILACIVILLVIVVLF

VTLRRQKKEPLIVFEEEDVRENIITYDDEGGGEEDTEAFDIATLQNPDGINGFIP

Development: doi:10.1242/dev.174623: Supplementary information
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RKDIKPEYQYMPRPGLRPAPNSVDVDDFINSRIQEADNDPTAPPYDSIQIYGYE

GRGSVAGSLSSLESATTDSDLDYDYLQNWGPRFKKLADLYGSKDTFDDDS 

>Ornithorhynchus_anatinus_Cdh5 oan_XP_028907692.1_e_5.5e-48 

MARPILLLSLIVAGAGARLAGGDGEGAPSGGQRVERAPAPRRLKREWIWNQL

HIMEEINTPLPHHVGKITSSVNNKNAKYVLQGPYVETIFKVKEDTGDIYAYEK

LDREKIAEYHLTALIIDKYTNRNLEPPSNFTIKVYDVNDNVPEFVQKEFNGSVP

EMSPVGTSVTRVTAVDADDPTVAGHAIVQYTIISGQKYFMVDPTGLISTAVN

DLDREKQSFYEIVVQAKDSPGLYGGDSSTATVKITLTDINDNFPKFTQTRYRF

NVSEDIRVGNQVDSLTVEDIDEPQNRKTKYNFVQGDYRDTFEIEADALANKG

IIKAKKPLDYESIKSYKFTVEASDPTIVHHGRQTPHYKSNAEVIIHVLDVDEPP

VFFRPYYVYTLKENIKVNVIGRVVATDPDAEKRTIRYSIRSHSDKGNFFKISKQ

GDISNTKPLDRETQPWYNLTIEAREINRDGSPTDKESIVQVHIEVLDENDNAPE

FAQPYEPKVCENAAPGTLVMRISAADKDKMPPGAKFKYSLGTGDSNFTLTEN

HDNTANITIRFGQFDREKAKVHYLPVVISDNGTPDLTSTNTLVISVCKCNEQG

EFTFCDEPVKQVGVSIQALVAIFLCILTIIVITLLIILRRRQRREAKVLRKSGAEI

HEQLVTYDEEGGGEMDTTSYDVSVLNSVRKNGLKPPRPALEARPSLYAQVQ

KPPRHVNAGTGEMAVMIEVKKDEADHDGGGPPYDTLHIYGYEGAESIAESLS

SLGSDSSSSDIDYDFLNDWGPRFKMLAELYGSEARPKVGY 

>Ornithorhynchus_anatinus_Cdh8 oan_XP_028908032.1_e_1.3e-59 

MSERLVVMLLDLWTPLMLLWITVVPQMSMAPLNHSQLLPTDSNVELDGLID

DQRVLNRSKRGWVWNQMFVLEEFSGPEPILVGRLHTDLDPGSKKIKYILSGD

GAGTIFQINDITGDIHAIKRLDREEKAEYTLTAQAVDWETSKPLEPPSEFIIKVQ

DINDNAPEFLNGPYHATVPEMSVLGTSVTNVTATDADDPVYGNSAKLVYSIL

EGQPYFSIEPETAIIKTALPNMDREAKEEYLVVIQAKDMGGHSGGLSGTTTLT

VTLTDVNDNPPKFAQSLYHFSVPEDVGLGATIGRVKANDQDIGENAQSSYDLI

DGDGTALFEITSDSQTQDGIIRLRKPLDFETKKSYSLKVEASNIHIDPRFSSRGP

FKDTATIKIVVEDADEPPVFSSPTYLLEVHENAAINSVIGQVTARDPDVTASPI

RFSIDRHTDLERQFNINAEDGRVTLATALDRETNMWHNITVIATEIRNHSQISR

VPVAIKVLDVNDNAPEFASEYEAFLCENGKPGQVIQTVSAIDKDDPKNGHFFL

YSLLPEMANNPNFTIKKNEDNSLSILTKHSGFNRQKQEVYLLPIIISDSGNPPMS

STSTLTIRVCGCSSDGVVQSCNVEAYVLPIGLSMGALIAILACIILLLVIVVLFV

TLRRHKNEPLIIKDDEDVRENIIRYDDEGGGEEDTEAFDIATLQNPDGINGFLP

RKDIKPDLQFMPRQGLAPVPNGVDVDEFINVRLHEADNDPTAPPYDSIQIYGY

EGRGSVAGSLSSLESSTSDSDQNFDYLSEWGPRFKRLGELYSVGESDKET 

Development: doi:10.1242/dev.174623: Supplementary information
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>Ornithorhynchus_anatinus_Cdh20 oan_XP_028909513.1_e_2.6e-47 

MSGVQRWLGLGVSLYVCGLLEPSTVVRPGPAAASLGTPEDPSADGPHPRAKR

SWVWNQFFVLEEYTGTEPLYVGKLHSDMDRGDGSIRYILSGEGAGAVFTIDD

ATGDIHATQRLDREERPQYTLRAQALDRRTGRPMEPESEFVIKIQDINDNEPRF

PDGPYVATVAEMSPVGTSVIQVTATDADDPSYGSSARVVYSILQGQPYFSVD

SKTGLIRTALMNMDREAKESYEVIIQAKDMGGQLGGLAGTATVNISLSDVND

NPPRFPQKHYQMSVSESAPVSSTVGRVFAKDPDEGINAEMTYSLLEGDGLDA

FDISTDPDFQVGIITVRKPLSFETKRSYTLKVEGANRHSELRFLSLGPFQDTAT

VHISVEDVDEPPVFELGTYFVEVPEDVEIGATVRTLSAADPDVTNNSIRYSIDR

SSDPGRFFYVDITTGALMTARPLDREEVPWHNLTVLAVEMNNPAQIGSVSVT

VKVLDVNDNAPEFPGFYEAFVCENARAGQVIQTLSAVDQDDPQDGQHFFYS

LGPEAANNANFTLWDNRDNTARVLTRRSGFRQLEQKTFQLPILVADGGRPPL

SSTGTLTVHVCSCDEHGDVLSCDAEALGLPASLSPSALIAVLACVFVLLVLVL

VVLSWRRRRKRPCVPDDEENVHENIVRYDDEGGGEEDTEAFDIAAMWNPRE

ARAAGGMAGGCGDPSPEIASLSGQVAWGGGGVQGYVLAKLHEADADLWAP

PFDSLQTYVFEGAGSAAQSLSSLHSAAGSDSDQSFDFLTGWGPPFQKLAAMY

GVSEARGPPW 

>Ornithorhynchus_anatinus_Cdh6-like oan_XP_028909822.1_e_1.8e-61 

MQTNATNCRHDSNLDPAAKLSSEPRAEDVRWREDEAGEAALRPSPGGGGGR

RQRRGGRGRTRRAAAALLMPARMRAHHCLWLLFWLGQPHPSTSSPLPRRISS

LEEQGPVPAGSLNSHGGQGLSRSRRSWMWNQFFLLEEYTGSDYQYVGKLHS

DQDRGDGSLKYILSGDGAGDLFIINENTGDIQATRRLDREEKPVYVLRAQAV

NRRTGRPVEPESEFVIKIHDINDNEPLFSEDVYTATVPEMADLGTFVVQVTAT

DADDPTYGNSARVVYSILQGQPYFSVESETGIIRTALLNMDRENREQYQVVIQ

AKDMGGQMGGLSGTTTVNITLTDVNDNPPRFPQSTYQFRTPESAPPGTPIGRI

KAHDADVGENAEIEYRIADGEGSDMFDVSTDQETQEGILMVKKVLDFEKKR

AYSLRVEASNPRTESRFLHLGPFQDATTVRVAVEDVDEPPVFGRRAYILQVRE

DAPLNSTVGSVDAQDPDGAKNAVRYSVDRHTDMDRIFNIDSVNGTVFTSKPL

DRETLQWHNITVIATEIGNPRQSSRVPLFIKVLDVNDNPPQLDQAYETFVCEK

ATAEQLIQTLSAVDKDDPHGGHQFSFSLPPEAVNSANFTVQDNRDNTAGIFTR

KNGYSRHEMSAHFLPVVIADGEHPAQSSTGTVTVRVCACDRHGNMQSCSAE

ALVHPAGLSTGALMAILLCGVILLVTVVLFAALRRQRKKEPLIISKEDIRDNIV

SYNDEGGGEEDTQAFDIGTLRNPEAIDDKKLRRDIVPEALLLPRRTPAVRENT

Development: doi:10.1242/dev.174623: Supplementary information
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DVRDFINQRLKENDLDPGAPPYDSLATYAYEGSGSVAESLSSLGSVTTDGDQ

DYDYLSDWGPRFKKLADLYGGADSDRGS 

>Ornithorhynchus_anatinus_Cdh10 oan_XP_028909918.1_e_2.9e-60 

MTTPRVPLLLLLWIGLPHLCSTEMFFRRVSEHQAKVLMAHSPASDGKVLHRQ

KRGWMWNQFFLLEEYTGSDYQYVGKLHSDQDKGDGSLKYILSGDGAGTLFI

IDEKTGDIHATRRIDREEKAFYTLRAQAINRRTLRPVEPESEFVIKIHDINDNEP

TFPEEIYAASVPEMSVVGTSVVQVTATDADDPSYGNSARIIYSILQGQPYFSVE

PETGIIRTALPNMNRENREQYQVVIQAKDMGGQMGGLSGTTTVNITLTDVND

NPPRFPQNTVHLRVPESSSVGTAVGSVKATDADTGKNAEVQYRIVDGDGTD

MFDIMTQKETQEGILTVRKPLDYESRRLYTLKIEAENTHVDPRFYYLGPFKDT

TIVKISIEDVDEPPVFSRSSYLFEVHEDIEVGTIIGTVMARDPDSASSPIRFSLDR

HTDLDRIFNIHAGNGSIYTSKSLDRELSQWHNLSVIAAEINNPKETTRVSVFVR

ILDVNDNAPQFAVFYDTFVCENARPGQLIQTISAVDKDDPLGGQKFFFSLAAV

NPNFTVQDNEDNTARILTRKNGFSRHEISSYLLPVVISDNDYPIQSSTGTLTIRV

CACDNQGNMQSCSAEALLLPAGLSTGALIAILLCIIILLVIVVLFAALKRQRKK

EPLILSKEDIRDNIVSYNDEGGGEEDTQAFDIGTLRNPAAIEDKKLRRDIIPETL

FIPRRTPSAPDNTDVRDFINERLKEHDVDPTAPPYDSLATYAYEGNDSIAESLS

SLGSGTTEGDQNYDFLREWGPRFNKLAEMYGGGESDKDS 

>Ornithorhynchus_anatinus_Type III Cdh oan_XP_028918106.1_e_2e-15 

MSSWGQGQESLQIDPATGWLYVSHPVSQVPRIGCRIVATDGGNRSSTMELNV

TVTGVLQPPPVWEQGDYWISIPENTTRGTRIMTLKAISPFGDPRVTYDLEEGRI

LEANTPIHFYLKPNRLDGSAALLVAESLDFETTPFFTLRVRARNLAPVPLASFT

TVYINVTDVNDNVPFFTSSTYEAAVPEGAKIGTAVVQVLATDFDSDLHGKVQ

YVILKDPAGDHQFFTINPRTGVIFSEASFDREEKGCYLIEVQSRDSSESAKPGM

LGQPNTDRACVRIWVIDVNDNAPAFLQPIYKARIEEDKKRGHAVITVTAKDK

DEGPSTKLRYQITSGNERGTFDMDRQVGTVFVAQALDYEQERLYRLRLVVSD

GKWESHTEVLIHVVNQNDEAPLFSQKEYHLHVLEELRELPIGILQVFAMDPD

QEADQTALRYSLRGQGTGGEFLIDEVTGQLSSWKSLDREKRSVWHFLVLATD

ENGEGLTGFADVVVKVDDINDQAPFFLCATDDCFVGHVPEDAPAGTAVLDM

AAVDLDDPRAGKNAALAYRISHSAQNDTYLDLFSVHPTTGTIYTLRKSLDRE

ERDEYLVVVEVRDGGGLTGTGTATILVSDVNDHAPVFTRDVYTASVSESADP

GSQVAVVSATDWDEGENAAVTFSILEGDPERKFFMETDRGSRRGWIHLRKKL

DFERPHERVFNLTLRVEDADFFSLSRCVVQVEDANDHVPTFSPPRYDVPALRE

DVALGTVIAQVSAVDLDSGPNGRVSYHLQDQPYAGGRFSVDGDGRVKVAGP

Development: doi:10.1242/dev.174623: Supplementary information
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LDREAVGQHRLVILAVDEGRPALTGSATVLVTLRDVNDHAPTFEVPYRPVV

WENTAAPRVVPMNETSPLLYAMDRDSAAHGAPFSFHLLSGTAPFSLRDLHNG

SALLTALSTFDREVQETFHLPILITDSGDPHLSATHMLTVTVGDRNDHAHAPG

HLECLVYAFEGNLPTMVLGQVHALDVDVWDEKTYHLEGKASRHFFLNGTSG

ILSIKEGIPPATYNLEVKVSDGVWPDVISTVKVIVKEIKEDAIRNAGSIRIPNLT

AEDFIFQPPGQDSKYNQVKKVLSEIIPVQPENIDLFSVLDHQGQSQGIDIWFAA

GGSSYYKAEKLNGNVAAAKTQLESLLGVDITQVGIDECANVNCSQGTGCVSS

SDHSPVPSVVTAGNVSLASITMLNSAQCFCAARESRHLSCSTYKTDPCLNGGT

CVDTELGFRCRCPVGFRGPECQQTQRTFRGVGYAWFPRIKPCSENHISLEFITE

ERDALLLYNGPVAEVQPGEAEDFIALELRDGVPCLMLNRGSGPLFLQLSPEVN

VADRHWHHLKIFTNGKKVKLILDHCINASAKEESEKASWGESSHCEVSEEIPG

SKRFFNIQQPLQLGGVKKFLPYHSAETHLRGFVGCVRNLVVNSKVYDLEQPA

ESLHSSPGCGVTDGMCGEDGDSPCGPHGTCTGEWSSFSCSCQPGYTGAKCDK

VLPEWSFGRDSWLRFKLKGPLSAHQTHVQLMVRTRASSGTLLSLASAAGPG

HIRLEVVNGHFGMDFSLGEEKHTVQLPTPRVDHGQWVLLQLERYAQEFTLR

VNDGGGDREATLVTGTRWRFEIDQEGVLLGNHLLNHSESDFQGCMRDVQLN

GRPLLVESKSAGFGLILGSQGVTVGCHSRACSIKPCYSPFHCVDLWRKYECRC

PAGRVELIDGLTGLKQCSPPPCEPGSCRNGGTCVGRSPEKFICRCLDGFRGKW

CEISRAKTASPGGLSSGSILAISMGLLVFLALLVSYTVWSQWGRARFQKGEVY

RVPKKHESREDARGNIFNSNEEGGGEHELISRAADEFKRPRPPGCIPQPLSDLS

PQEPHPGPGKDTQLTCVIHPQPREANLAAASGPDATDSASPGAEEAGSEGQNL

PGDTLYGVRFGGWGTLAGSPSSLGSPKKVGDVDDDSLKESGSDFDPLKDLYE

LSEGQL 

>Ornithorhynchus_anatinus_Cdh7 oan_XP_028922565.1_e_2.2e-60 

MKLGRVEFCHLLQIIGLFLCLSGTNQVELSRSKSKPYFQSGKSRTKRSWVWN

QFFVLEEYMGTDPLYVGKLHSDVDKGDGSIKYILSGEGASSIFIIDENTGDIHA

TKRLDREEQAYYTLRAQALDRLSNKPVEPESEFVIKIQDINDNEPKFLDGPYT

AGVPEMSPVGTSVVQVTATDADDPTYGNSARVVYSILQGQPYFSVEPKTGVI

KTALPNMDREAKDQYLLVIQAKDMVGQNGGLSGTTSVTVTLTDVNDNPPRF

PRRSYQYNVPESLPVASVVARIKAADADVGPNAEMEYKIVDGDGLGVFKISV

DKETQEGIIAIQKELDFESKTSYTLRIEASNKHVDPRFLSLGPFSDMTTVKIIVE

DVDEPPIFSSRLYRMEVSESTQVGNIIGTVAAHDPDSSNSPVRYSIDRNTDLER

YFNIDANSGVITTAKSLDRETNAVHNITVLAMESQNPSQVGRGYVAISILDVN

DNAPEFAMDYETTVCENAQPGQVIQKISAVDKDEPLNGHQFYFSLAAEAANN

Development: doi:10.1242/dev.174623: Supplementary information
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HNFSLKDNKDNTASILTRRNGFRRQEQSVFYLPVFIVDSGSPSLSSTNTLTIRV

CDCDADGVAQTCNAEAYILPAGLSTGALIAILACVLTLLVLVLLIVTMRRRKK

EPLIFDEERDIRENIVRYDDEGGGEEDTEAFDMAALRNLNIIRDTKSRRDVTPE

IQFLSRPTFKSIPDNVIFREFIWERLKEADVDPCAPPYDSLQTYAFEGNGSVAES

LSSLESISSNSDQNYDYLSDWGPRFKRLADMYGPGQDSLYS 

>Ornithorhynchus_anatinus_Dsg3 oan_XP_028924267.1_e_1.9e-07 

MDWLSSRVVGVLLILTVVLEVNSELHVKVNEEKDLAPWPSIRRHKREWVKF

ARPIRERDDNSKRNPIATIHSDFQEKQHIKYRISGVGIDRPPYGVFIIDENTGAIN

ITAIVDREEIDTYLINCRAVNDWGQDVENLLVLRVKVLDINDNPPIFSQSVFSG

QVEENSPTNTLIMAVNATDADEPNTLNSKIAFKIISQEPAGAPMFILNRHTGEV

RTMTNTLDREQFSSYRLLVRGSDLDGAEHALSSDSEIKIEIKDVNDNFPFFQHS

EYFAQIEENSLSSELIRLKVTDWDETFSDNWLAEFFFTSGNEGKWFEIHTDKIT

NEGILSVVKTLDYEQMQNVQLGIAVKNVAEFHYSVIHQYKIQSTPVKIKIINV

KEGIVFKPPVKKFTVQRGISGQAFINYILGTYVAIDEDTGRAATSIRYIMGRNE

GGLLAVDSRTAEIRFVKVVERDSIFIINKTFTAEILAIDESGKTATGTVLVEIPDF

SESCPIIGIDRKTVCSKLPSIIVTARAPGSNQNQGPFTFSVSNQPPRQLLWTIQAL

NATAAEVRAQQPLSLGTHSVSLFVKGGQDQNCEASETLTLLVCDCDSNQRCI

DQGTTVPTTSLPGGKTSDRKGWKRARLGPAGIGLIILGLLLLLLVPLLLLFCDC

GAGTFPGVGAGFIPVPEDPDGGLHKWGIEGAQPKDKEMGQVCGSTTIVANGT

ECVENSGEVCTNAYAGGAVVEGASGMEMTTCSRHVTASGFEVTNGLAGFCG

TRSRHSTGGTLRECAEESVNMAFLDSYFSQKALACSDEDDVHRVNDCLLIYD

DEGIEAPKSPTGSVGCCSFIADDLDDSFLDDLGPKFKKLAAISLGLDDENQAT

QSSMLTPGSQCQALSPHLPCAGSPSPTPCVSVCDPLPMAPVSDPLHQGNFLVT

ETYTSSGSFCQVPAGTIDSRNMVVTERVFCPVPSSRGNLGTSPELSRSRNVIYS

EEPCSVLI 

>Ornithorhynchus_anatinus_Dsc1 oan_XP_028925097.1_e_6.4e-10 

MAAAGGASGRSILCLPFLCSVLVLSSFCEACKKVVLKVPSHLQAGTLVGKVD

LDECLTSANIILSNDPDFRVLEDGSVYATNTIRLSSEQKAFTILLSDTQKSEQKE

LEILLLPQGEKTRIKRQAKNTVLKRTKRKWAPIPCSLMENSLGPFPQQIQQIQS

DAAQNYTIYYSIGGPGVDKEPFNLFYIERDTGDIYCTRSVDREQYESFQIIGYA

TTPDGYTPEHPLPLLIKVEDDNDNAPYFENQVNSYSVMENCRVGMTVGQVT

AKDKDEPHTLHTRLKYTILKQIPDTHRAFTIHPESGVITTTTNLLDREECHTYQ

LIVQAQDMGGQPFGLRGTGTVTITLEDENDNSPVFTQASYIAQVEENTVNVEI

LRLRVEDKDIPNSPHSRANYTILKGNENGNFRITTDPRTNEGVLCVVKALNYE

Development: doi:10.1242/dev.174623: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



EIRQMLLVIGVVNEARFSKGGNSRGVTMCTTEVTVNVRDQDEGPECNPPIKVI

QSKDGLKVGSEIFGYQAVDPETGNSEGLRYQKLSDKDNWFEINESTGTLRTV

KELDRESKFVKNNQYNVTVSARDAVGRTCTGTLVVLMEDINDNAPRIIQNDV

IICHPANDFVELKAVDFDEPENGPPFSFALDNSAIKFWTIEKKTDTTAQLHLRE

TLKYDNYSVPIMVTDRHGHGKMTPLKVRVCQCTVPSECPRGVQKGSSSSDIR

LGRWAILAIVLGSALLLCVLLTCVCATAKRTVQKCFPEDIAQQNLIISNTEGPG

EEVMDANIRLPNQSISICDPVCVGTLGGQGIKTGGHQNFEMVKGGGHHTLES

CKGGGQSMMDTGRYAYTDWHCFTQPRLGEKVYLCGQDEEHKHSEDYVLSY

NYEGKGSAAGSVGCCSDQQEEEGLEFLVHLEPKFKTLAKTCLKQ 

>Ornithorhynchus_anatinus_Dsg2 oan_XP_028925151.1_e_3e-09 

MEGRGARLGALLLLLLLLLLICFDVGKGLHFEILKSREGKGWRSHRTHLGRQ

KREWITAPVTLMEEEDLSDKNPIAKIQTDHVQNKNLKVEYRITGKGITKAPFN

VFNYSKYTGELFVLKKLDREKEAMYQLTCVAVDENDHVLEKPLELRIKVLD

KNDNRPNFTESVFVGQVEESSPPGTSVMQISATDADEPNTLNSRITYMISRVSD

LQKPFKINNETGEIRTLGSHLDRETQSSYTLTVEVTDLPGNIGSHPPITAQALIK

ILDVNDNFPKAEEEMYEGTIEENQVNVTVMRIKVTDKDEKDSDNWLANFTF

VSGNEGNYFQIETDPETNEGIITLVKSVDYEELENIDLSILVTNKAPFHPSLKYR

PKPISIKIKVKDVDEGIYLKNPFQVVHVRESKEETPPLNVIGKFVAYSRDTGKI

AAAKYVKGEDRGGWITVDSVTSEIRFAKAPDYESRFVQNGVYTVKILAIKES

LPQNTATGTLEIHVVDINDNCPKLVDPVKTLCEGEEFVNVTAVDLDDFPNSAP

FTFTVIDDPPGIANVWIIGHQESNSVLLQPKHLKLGRSQVQLSVKDNQGLNCP

EKQFLKLTVCQCVSGGGCLYPHRSLNVQLGSGAITLMILALLLLLLVPLLLLV

CQCGERTKGFTAITDGPVEMLRLWNNEGAPPEDKSLPPVLLDHNETFSRTEA

RLNITEIDTSAGKGRLTMANGGWEEHAGFVGTINSKMSDGAMKPYEYPGAA

TVQNEETLRKFLVDKAAAYAEEDQAHTAQDCLLVYSQEENEGSPAGSIGCCS

FIEGDLDDCFLDDLGDKFKTLAEICSESLHAASRVAGASWSSYDERSRSGAGA

SSLPGPWAGAETNAEALSRQAIAERSSSQQVAAALSPPLTLGVRNVTATDAA

YSGASLQSPRHGAEAHPEALTRQVITETSSSKQAMAFAPSLPETRATRSALAT

EISYSSSLQPPQPLSETHTTHQVITEISSSNQGAAFSPTLPRSFPNGNVLVTEKSY

TSSSGLQPGTLILDSQLPQKLVVAESVLAPGSRLVENNIVVTETVVNDCGPVG

SVLSVQDLADSRYVVVRETESVLTPTSALPLPN 

>Ornithorhynchus_anatinus_Dsc2 oan_XP_028925568.1_e_8.9e-10 

MATSSSSSSSSSSSSSAGRGRLLRGALRPLPPPLLPILLCLGFLSFACEACKTVT

LNVPSKLEAEQFVGRVNLEECLKTANLIHSVDPDFRVLEDGSVYTTNAIVLSS

Development: doi:10.1242/dev.174623: Supplementary information
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EEKTFTIELTDTQKQDQKKIVVLLAPQIQTPKKRHAKEKALKRAKRRWAPIPC

SITENSLGPFPMFLQQVQSDTQQNYTIFYSISGPGVDREPINLFHIERDTGNLYC

NRPVDREQYECFELTAYATTSDGYSPELPLPLLIKVEDENDNTPVFTQLIYNFN

VTEHSRPGTIVGQVCATDADEPDTLHTRLKYQILEQYPSSPRLFSINTKTGVIT

TASSQLDRERLDKYTMILKVQDMDGQHFGRWSTATTVVCIGDVNDNPPVFT

KSSYTASVEENTVNVEILRMTVEDKDLINTANWRANYTIVKGNENGNFRIVT

DPKTNEGVLGVVKSLNYEETRQVLLQVGACNEAPFFRDGTSKTVSMATAAV

TVNVLNQDEGPECVPAVQFTRVKENVPVGTRINGYSAKDPESKASTGIRYQG

LSDPKHWFTVDENTGSITTTKLLDREAPGIVNNLYNITVLSKDQSGRSCTGTL

AVILEDVNDNAPIIPTTYATICKTSLGSAEIWAIDPDEPNNGPPFEFTLGSGSDV

QKMWSLTRINDTAARLRHRNDPPFGSYIVPIVVKDRLGLASTNTIKVNLCNCV

TVGECTDRDINTGNGVVAKLGKWAILAMILGAALLGCILFTLICGAAGSKKD

VKTFPDDLAQQNLIISNTEAPGDDRVCSTNGFSTQATNTCGHVCGGTLGPAV

KNGGQECFEMVKGGHQTLDSCRGCHQTLDSCRGGHQTLDSCQGGHHTLDS

CRGGQVETDNCRYTYSDWQSYTQPRLGEKVNLCNQDEEHKHAQDYVLSYN

YEGKGSAAGSVGCCSDRPEEEGLEFLDHLEPKFRTLAEACIKR 

>Ornithorhynchus_anatinus_Cdh26-like oan_XP_028926502.1_e_3.8e-07 

MCFLQEHHNTSQEEEWTTGKIWVSLFKRRRLYGSLATEHSVALTIPALGRLA

FHRSVKQQMYLQLLCGSWVVIKCFEICGWKAFVAPRNPRQFMRGQAVSRRP

PVLRGPLLLQMLLLLLLQISVLDTLFEVTDNLLKKFGEECLQPLQRSRRRWIIT

TFELEEEDQGPFPKFVGKLFNNISFSISVKYFINGPGVNEYPEFGLFSIDDDLGN

IYVQRTIDREKTPYFMVRLDALEKTTGNIVDKSLIFKVGIKDINDNAPQFSEKE

YNISIKESHNSSISIFQVVAVDIDQKNTLNSQVTYLLVSQXPSQKEIRFRIDQNN

GKIQFSGCLDYETVNLFKLLIQASDNGNPQQTSTTVVNVKVEDGNNHAPVFT

KENHEIQIYKGQTSQDVLRLLVQDGDSPHTLSWAAKYKIVTGNEKKHXSIVT

DPETHQGILNIIKPLDYEIFPKKKLVISVENEDPLFLCERGILRNLTEAPRHTTV

NVELVNRNDPPQFHPAILIVREVEGTNPGKSLGIYKATDPDGYEDNIRYKLAH

DPAGWVRVNESSGEVVTEKQVDRESPYVNNSIYTIIVHAVDNGVPPETATGT

LMLFLFDKNDNSPTLISSSVDICKMEEMGPIMVKAEDKDLHPFSGPFTFELED

VSGNIKDTWKLGKYYGHSVELLILKSLPKGIYPVPFNIQDKQGLSNKQTLYVR

ICFCPDGHACEEQKDPIMGVGGAITVLVCACFLVLAVVLLSLLWCHFGSRTK

GTLVQIPYDEGIQTLIKYNIESEKTLSQVWTDFEDQFSPQPLYSVTEKGKQNTQ

NSIKGKSSLESKKLFEMINVGDVVMEKLYDISTQDDDTGTYQPHIYMEEGDS

DRAESLSSQDFSENVLPSDFLESLETKFSALENIYLKSALILRN 

Development: doi:10.1242/dev.174623: Supplementary information
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>Ornithorhynchus_anatinus_Cdh4 oan_XP_028926899.1_e_6.8e-56 

MSPGSGMVLVALSFFGSLTAHNGDLTVRPVCKPGFSEDDYTALVSPNILEGQ

KLLKVKFSSCSGTKAVHYETNNLGFKVGSDGTVFAAHQMQLPPKQIAFKVT

AWDRQALKRWDTLVRLFVGEKPLLHTGHKQKGKKSTSLDLLQQPSVTLFPW

PQHQNSNGLRRQKRDWVIPPINVPENSRGPFPQQLVRIRSDKDNDIPIRYSITG

VGADQPPMEVFSIDSMSGRMYVTRPMDREERASYHLRAHAVDMNGNKVEN

PIDLYIYVIDMNDNRPEFINQVYNGSVDEGSKPGTYVMTVTANDADDSTTAN

GMVRYRIVTQTPQSPSQNMFTINSETGDIVTVAAGLDREKVQQYTVIVQATD

MEGNLNYGLSNTATAIITVTDVNDSPPEFTATTFSGEVPENRVEVVVANLTVT

DGDQPHSPNWNAVYRIISGDPSGHFSIRTDPVTNGGMVTVVKAVDYEMNRA

FMLTVMVSNQAPLASGIQMSFQSTAGVTISVMDVNEAPYFPSNHKLIRLEEG

VPTGTVLTTFSAVDPDRFMQQAVRYSKLSDPANWLNINATNGQITTAAVLDR

ESVYIKNNVYEATFLAADNGIPPASGTGTLQIYLIDINDNAPELLPKEAQVCEK

PNLNVINITAADADIDPNIGPYVFELPFMPSAVRKNWTITRLNGDYAQLSLRIM

YLEAGVYDVPIIVTDSGNPPLSNTTVIKVKVCPCDENGDCTTIGAVAAAGLGT

GAIIAILICIIILLTMVLLFVVWMKRREKERHTKQLLIDPEDDVRDNILKYDEEG

GGEEDQDYDLSQLQQPETMDHVLNKAPGVRRVDERPIGAEPQYPVRPVVPH

PGDIGDFINEGLRAADNDPTAPPYDSLLVFDYEGSGSTAGSVSSLNSSSSGDQ

DYDYLNDWGPRFKKLADMYGGGDED 

>Ornithorhynchus_anatinus_Cdh1 oan_XP_028931226.1_e_6.7e-54 

MGTKRGCFCSLPSLAVSFLLLLIQAAPRQCEEVGGCQPGFSSDSYVFTVLRPH

LERDQVLGQVSFEDCSGSRRTAYLLEDTRFKVATNGVVAVKHPVWLHNLEM

SFNIHAWDATGNKLSTKVTLKRAAQHHHHQESSPGEHSKVLLFPQSHSGLKR

QKRDWVIPPINCPENEKGPFPKNLVQIKSNRDKETRVYYSITGQGADKPPMGI

FTIERESGWLKVTEPLDREKIPKYILQSHAVTSDGKTVEEPMEIVITVTDQNDN

KPQFTQEVFEGSVVEGSSPGTSVMQVNATDKDDPNTYNAALVYSIVSQDPKD

PQDNIFTINPTSGMITLLTSGLDRETIPQYKLIVQVADMNGEGLSTTATAVINV

ADSNDNPPIFDSPVYVGQVRENEVNAEIVRLKVTDADVPNTKAWKAVYSVN

NEDGFFVVTTDPGTNEGILKTAKGLDFETKNKYTLYVTVVNEDPFAIELHTST

ATVTVDVMDENEAPVFVPPVKKVEVPEDFAVGQEITTYEAQDPDKFLQQKIT

YRIWRDDAKWLEINPDSGLISPRASMDRENIEYVKNNTYTALIVAVDNGNPA

TTGTGTLLLTLSDVNDNGPIPDPRKMDFCQRDYQAHTIHIIDKDLPPNTYPFQ

AELTHGAGVNWTLKMNTETRDELTLIPKKSLEVGEYKINLKLTDNQNKDQV

TTLEVYVCDCEGTVTNCKKIGPIAASSMGVPAILGILGGILALLLLLLLLLLFV

Development: doi:10.1242/dev.174623: Supplementary information
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RRRHVVKEPLLPPEDDTRDNVYYYDEEGGGEEDQDFDLSQLHRGLDARPEV

TRNDVAPTSMSVPQYRPRPANPDEIGNFIDENLKAADSDPTAPPYDSLLVFDY

EGSGSEAASLSSLNSSGSDQDQDYDYLNEWGNRFKKLADMYGGGEDD 

>Ornithorhynchus_anatinus_Cdh3 oan_XP_028931957.1_e_1.7e-51 

MGLGLLPFAILLQVSGQCAGQEPCPAVFRRTEVTWAVPRSQLEPGQVLGQVS

PVSCPGQAAVQMSTDDDHFIVTSSGMVLVNGRVDLGGYERTFSVYARDAAG

QEFSTAVTLKSQETSLEKENWTPKSWGPKLLRFSPPRHGLKRQKREWVVPPL

SIPENGKGPYPLKLTQLKSNMDKSSKIFYSITGPGADRPPEGIFTIMKETGWLM

VMQPLDREERDRYHFYGHAVSENGKAVEAPMDIYVTVTDQNDNRPQFTQDL

FRGAVIEGSLPGTSVMRVSATDADDEINTYNGVIAYSILNQEPKEPHDHMFTV

DPGTGTIRLIVSGLDREKVAVYNLTIQAADMNGTGLSTTASAMIEITDANDNA

PNFDPQTYSTEVPENQAGYEVERLSVTDADAPGSPAWNAVYQIVRGDEGGH

FAVTTDLKSNDGIVTTKKALDFETKNQFTLHIEVTNEIPFVVNLPTSTATVTVV

VRDLNEPPVFLPPTKAEAVPEDVPVGTRISSYPARDPDKRQNQKLSYRIVSDP

AGWLAIHPESGDITTRALLDREDVQFVRNNTYKAIVEAADDGSPPATGTGTFL

MTLLDVNDHGPVPQPQQITVCNHNPVPQVLNITDQDQPPNTTPFRAQLTHDS

DIHWTAEINERGDAVALSLKKVLTKDTYNVYLTLYDNQDKDQLTVIKATVC

DCEGYVKVCPEPWKAGFVLPILGIILALLIFLLALLLLVRRKRRVKEPLLLPED

DTRDNVFYYGEEGGGEEDQDYDITQLHRGLDSRPEVIFRNDVVPTFTPPPLYR

PRPANPDEIGNFIIENLKAANGDPTAPPYDSLLVFDYEGSGSDAGSLSSLTTSD

ADQDQDYNYLNEWGNRFKKLADMYGGGEDD 

>Ornithorhynchus_anatinus_Cdh15 oan_XP_028931988.1_e_6.4e-54 

MGISLLVALCLLTQELGFSEGTPPTRFPWRRPAGLSRVKRAWVIPPISVSENYK

RLPYALVQIKSDKQQPGGVIYSIKGPGVDEEPKGIFSIDKFTGKVFLNAMLDRE

KNDRFRLKAFALGLGGTTLEDPTDLEIVVVDQNDNRPLFREKVITGHVLEGAI

PGTYVTKAEATDADDPDTDNAALRYSILEQGGAEIFSIDGSTGEIRTVQVGLD

REVVGVYNLTLQVADLHGDGLTNTATAVIYIDDVNDNPPEFETDKFSVEVAE

ATAGVDVVRLSVQDRDLPGSPNWVAKFTIVDGDPEGAFAVRTDPKTNEGILS

VVKPLDHETRERYQLTVSVQNLSPLQASAAQTAPALASVTVKVQDVNEPPVF

HGNPRRVSMAEGAPAGSEVTTFSASDPDLQQQQQQLSYLKDYDPEDWLLVD

PHSGRIQTKRTLSHKSPFLKDGWYRAIILASDNATPARTATGTLSIEILEVNDH

APILTPPAGALCREPGQGGGLVLSATDEDLPPHGAPFLFQLHPSFPELSRNWTI

SPVNMTHAVLRVRPGGQEGLYTLPLLLSDSGQPPQQREQLLNVTVCHCGEAG

GCVPEAAALLSGRAGISLSALVIVLASVILLLALILLVATLERFRQRAREKGLL
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DGLQDDDVRDNVLNYDEQGGGEEDQDAYDINQLRHPVAGLPPPSPRARPAL

RRDAPYNFIVPQHPRKPPAGPSDIANFISDGLAVADSDPSVPPYDTALIYDYEG

SGSPAGTLSSILSSQGDEDQDYDYLSDWGPRFLRLADLYGQ 

>Ornithorhynchus_anatinus_Cdh24 oan_XP_028933163.1_e_2.2e-48 

MWGLVQLLLAWLGGWGCAGRLGPPARAGDPGEPGTLLLRARRSWVWNQF

FVIEEYAGPEPVLIGRLHSDVDRGEGRTKYLLTGEGAGTVFVIDEATGNIHVT

KSLDREEKAQYVLLAQAVDRASNRPLEPPSEFVIKVQDINDNPPVFPLGPYHA

TVPEMSNVGTSVIQVTAQDADDPSYGNSAKLVYTVLDGLPFFSVDPQTGVVR

TAIPDMDRETQEEFLVVIQAKDMGGHMGGLSGSTTVTVTLSDVNDNPPKFPQ

SLYQFSVVETAGPGALVGRLRALDPDLGDNALMAYSILEGDGEGAETFSVSA

DAHGRDGLITIRKPLDFESRRSYAFRVEATNTLIDPAYLRRGPFKDVASVRVT

VQDAPEPPAFSRPAYRLAVPENSAPGTLVGRVSAADLDAPASAVRYSILPHSD

PERCFSIGPEDGAIRTAVPLDREVRAWYNLTVLATELDSPAQASRVQVAIQAL

DENDNAPQLAEPYDTFVCDTAAPGQLIQVVWAVDRDEGGNGSRVTLRSPRG

TEANFTIQDNRDGSANLLLPPRLAPPRRAAYLVPIELRDGGQPALSSTATVTVS

VCRCRADGTVAACGPEALLAPAGLSTGALLAILACGATLLALGVLFAALRRQ

KAEALMVLEEEDVRENIITYDDEGGGEEDTEAFDIAALQNPDGAAPGPAPAP

APAPAPPRPPGRRDVLPRARSPRRPRPRPPAPADAAQLLALRLREADEDPGVP

PYDSVQVYGYEGRGSSCGSLSSLGSASEAGGGPGPAEPPEDWGPLFRTLAEL

YGAQEPPAP 
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Fig. S1.  Phylogenetic analysis of classical cadherins. Extended version of the tree 

in Fig.1. Dachsous cadherin proteins were used as an outgroup. The phylogenetic tree 

was constructed with the maximum likelihood method in IQ-tree. The number at the 

nodes indicates the bootstrap support from the maximum likelihood method.  
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Fig. S2. cdh1 and cdh3 expression in adults and juveniles. (A-B) cdh3 is expressed 

in the ectoderm of the pharynx, septal filaments and ciliated tract and in the oocytes. 

(C-I) cdh1 is expressed in the endoderm, ciliated tract, ciliated lobe of the pharynx – 

siphonoglyph and small oocytes. Scale bar A-D, I: 100 µm.  Scale bar E-H: 50 µm.  
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Cdh3 antibody 1
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Cdh3 antibody 2
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Cdh1 antibodies 1 and 2 (against extracellular domain)
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Fig. S3. Protein alignment of the full-length sequences of the Cdh1 and Cdh3. 

Cdh1 and Cdh3 antibody epitopes and transmembrane protein regions are underlined 

and recognized with the colors. Transmembrane regions were identified with the 

SMART protein domain annotation resource. Alignment was performed with the 

Clustal Omega Multiple Sequence Alignment tool. 

transmembrane

region Cdh1 antibody 3 (against intracellular domain)
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Fig. S4. Custom antibodies generated in different animals against different 

protein domains result in the same staining pattern. Cdh1 antibody1:domain1 

(extracellular) and Cdh1 antibody2:domain1 were raised in rats; Cdh1 

antibody3:domain3 (intracellular) was raised in a rabbit. All three custom Cdh1 

antibodies show the same staining result. Monoclonal Cdh3 antibody1 and Cdh3 

antibody2 were generated against different Cdh3 peptides and result in the same 

staining pattern.  
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Fig. S5. TEM of the ectoderm of the apical organ. (A,B) Apical side of the 

ectodermal cells of the apical organ. (C) Basal side of the apical organ ectoderm. AJ 

apical junctions; Ec ectoderm; BP basal protrusions; BM basal membrane Scale bar 

A,C: 5 µm. Scale bar B: 1 µm. 
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Fig. S6. β-Catenin is localized to the apical and basal adhesion junctions of the 

body wall ectoderm. β-Catenin antibody and phalloidin staining of vibratome 

sections of the 4 day old planula to exclude a possible penetration problem of the β-

Catenin antibody. Please note that in vibratome sections, the β-Catenin antibody 

detects the basal junction in the ectoderm, but has a tendency to show unspecific 

staining in nematocytes and other subcellular structures. Scale bar 50 µm.   
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Fig. S7. TEM of the apical adherens junctions of the ectoderm and the 

endoderm. (A,B) ectoderm, 2 dpf planula; (C,D) endoderm, 2dpf planula; (E,F) 

ectoderm, 4 dpf planula; (G,H) endoderm, 4 dpf planula.  Scale bar 2 µm. 

Fig. S8. Cdh1 and Cdh3 expression upon Cdh1 MO knockdown. (A-H) Cdh1 MO 

injected planula. (I-M) Uninjected control planula. Scale bar 50 µm.  

Development: doi:10.1242/dev.174623: Supplementary information
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Movie 1 Std MO aggregate development. Time indicates hours and minutes.

Movie 2 Cdh3 MO aggregate development. Time indicates hours and minutes. 

Development: doi:10.1242/dev.174623: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.174623/video-1
http://movie.biologists.com/video/10.1242/dev.174623/video-2
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