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ABSTRACT	
  
	
  

 LIGs are a family of transmembrane proteins, containing a leucine-rich repeat (LRR) and 

an immunoglobulin-like (Ig) domain, important in cell interactions and signaling.  There are 36 

human LIG proteins, of which the AMIGO subfamily and NGL subfamily have sizeable 

intracellular domains for which minimal functional knowledge has been obtained.  Within 

intracellular regions of transmembrane molecules short linear motifs (SLiMs) that function as 

targeting signals, modification sites, and protein binding sites often exist.  Identification of  

motifs conserved across different species provides a phylogenetic approach to aid in the 

discovery of functional SLiMs.  In this study, orthologs of the AMIGO and NGL human proteins 

were identified in Mus musculus (mouse), Gallus gallus (chicken), Callorhinchus milii  (elephant 

shark) and used to identify putative SLiMs.  
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INTRODUCTION	
  
	
  

 Transmembrane proteins are essential for cell-cell interactions and cell signaling. LIGs 

are a subset of transmembrane proteins that with an extracellular domain, containing a set of 

leucine-rich repeats (LRRs) followed by an immunoglobulin-like (Ig) domain (s) and an 

intracellular domain of varying length (MacLaren et al., 2004). Figure 1 below shows a graphic 

image of one LIG protein, Kek1, whose function in Epidermal Growth Factor signaling has been 

well documented (Ghiglione et al, 1999; Alvarado et al. 2004). The image shows the LRRs in 

red, as well as the single Ig domain in blue. 

 

Figure 1. Kek1 LIG protein structure 

 There are 36 total human LIG proteins, including the LINGO, NGL, SALM, NLRR, Pal, 

ISLR, LRIG, GPR, Adlican, Peroxidasin-like proteins, Trk neurotrophin receptors, AAI11068, 

and AMIGO subfamilies (Homma et al. 2008). Figure 2 below shows the number proteins in the 

human proteome containing either LRRs only (350), Ig domains only (1100), or the combined 

presence of both (36). 
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Figure 2. Presence of LRRs and Ig domains in the human proteome. 

 Various studies have been completed on the functions of the proteins in cellular signaling 

and their extracellular domains, but not much is understood about the intracellular domains of 

these proteins. Of the human LIG proteins, the AMIGO subfamily and NGL subfamily have 

sizeable intracellular domains, and therefore were chosen for analysis in this study.  

The AMIGO subfamily of LIGs consists of three proteins, AMIGO1, AMIGO2, and 

AMIGO3 (Kuja-Panula et al., 2003). Structurally, the AMIGO proteins contain seven LRRs and 

one Ig domain. Figure 3 below shows the structure of AMIGO1. 

 

Figure 3. AMIGO1 LIG protein  
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AMIGO proteins appear to function as regulators for the phosphoinositide 3-kinase 

(PI3K) – 3-phosphoinositide-dependent kinase 1 (PDK1) – protein kinase B (Akt) signaling 

pathway (Park et al. 2015). This pathway is important for extracellular signaling that controls 

cell growth, survival, metabolism, angiogenesis, and protein translation. AMIGO2 specifically 

regulates localization of PDK1 at the plasma membrane, which in turn activates Akt. Improper 

regulation of this pathway is thought to be associated with various metabolic, cardiovascular, and 

neurological diseases. Additionally, other studies have found that improper activation of the 

pathway contributes to the likelihood of cancer, by tumor angiogenesis and metastasis (Park et 

al. 2015). Thereby, studying the cellular functions of the AMIGO proteins in the PI3K – PDK1 –

Akt signaling pathway is valuable in research for cancer prevention and therapy.  

 The NGL subfamily of LIGs also consists of three proteins, NGL1, NGL2, and NGL3. In 

contrast to the AMIGO family structure, NGL proteins contain nine LRRs and one Ig domain 

(Woo et al., 2009). Figure 4 below shows the structure of NGL1. 

 

Figure 4. NGL1 LIG protein  
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 NGL proteins function as trans-synaptic cell adhesion molecules (CAMs) that bind a 

family of Netrin-G ligands. NGL1 and NGL2 have been found to bind Netrin-G1 and Netrin-G2, 

respectively (Woo et al. 2009). Figure 5 below shows the proposed binding of NGL1 to Netrin-

G1. Netrin-G1 and G2 are structurally related to Netrins, a family of molecules important in 

axon guidance, but are distinct in that they are linked to the membrane by a glycosyl 

phosphatidyl-inositol (GPI) lipid anchor, rather than secreted like Netrins (Woo et al. 2009). 

Moreover, they also do not bind to the classical Netrin receptors, Deleted in Colorectal Cancer 

(DCC) and Unc5 (Woo et al. 2009). 

 

Figure 5. Netrin-G1/NGL1 binding 

 Cell adhesion molecules, or CAMs, have been found to be involved in many aspects of 

synapse development, including synapse formation, differentiation, trans-synaptic signaling, and 

structural and functional synaptic changes (Woo et al. 2009). As putative CAMs, due to their 

structure and membrane association, the Netrin-G/NGL complexes are thought to be associated 

with synaptic diversification and neural circuit functions in vertebrates, which is essential for 
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information processing in the brain (Matsukawa et al. 2014). Additionally, NGL1 and NGL2 

have intracellular postsynaptic density-95/ disks large/ zona occludens-1 (PDZ) binding sites 

found in many synaptic proteins that interact with scaffolding proteins (Matsukawa et al. 2014). 

Understanding the cellular functions of the NGL proteins in the Netrin-G/NGL complexes may 

provide better insight to the functions of the vertebrate brain and open avenues for new therapies 

for diverse brain dysfunctions.  

 Because of the presence of LRRs and Ig domains, well-defined sequence elements, the 

extracellular regions of LIG proteins are generally well understood. In contrast, due to the lack of 

analyses on intracellular regions of LIG proteins the contribution of the intracellular regions to 

LIG function and cell signaling are less clear. In these intracellular regions, the absence of 

previously defined domains or repeats suggests that they may function in mechanisms distinct 

from many canonical signaling pathways.  One hypothesis is that there are many short linear 

motifs (SLiMs), which are small regulatory interfaces of ~3-10 amino acid residues that function 

as targeting signals, modification sites, and protein binding sites (Edwards et al. 2007; Davey et 

al. 2012). Identifying such motifs, or SLiMs, within the intracellular region of LIGs is a key step 

in understanding the contribution of their intracellular regions to cell signaling.  

 In order to identify potential intracellular motifs conserved between members of the 

AMIGO and NGL families in different species, orthologs of the human proteins were identified 

and compared to several other jawed vertebrate species. Of these, the comparison included two 

bony vertebrates – a mammal, Mus musculus (mouse) and a reptile, Gallus gallus (chicken), and 

a cartilaginous fish, Callorhinchus milii (elephant shark). Evolutionary comparisons of the 

intracellular domains of these species were made for the both the AMIGO and NGL families in 

order to identify putative conserved motifs and potential cellular significance. 	
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MATERIALS	
  AND	
  METHODS	
  

	
  

Identification of members of the LIG family in jawed vertebrates 

For approximately half of the human LIG family (appendices) accession numbers from Table 1 

of Gene Expression Patterns (Homma et al. 2008) were entered into the NCBI Protein database 

(https://www.ncbi.nlm.nih.gov/protein) to obtain the respective LIG protein sequences. The 

FASTA sequence representing the complete sequence of each protein was downloaded and 

saved. 

The human AMIGO and NGL FASTA protein sequences for each member of the subfamilies 

were then entered into the BLAST protein database to find putative orthologs in the mouse, 

chicken, and elephant shark genomes. The FASTA sequences were entered on 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins and the following tax IDs representing 

sequence databases for the respective species were entered in the organism box for individual 

searches: Mus musculus (Tax ID10090), Gallus gallus (chicken) (Tax ID 9031), and 

Callorhinchus milii  (elephant shark) (Tax ID7868). Putative orthologs for a particular LIG were 

identified as the cross species match with the highest identity to the human protein query and 

then further confirmed by a reciprocal BLAST of that highest scoring protein match back to the 

human genome. Matches that reciprocally identified the initial human LIG protein query as the 

highest match were defined as orthologs. 

 Identification of intracellular domains using CCTOP 

The human, mouse, chicken, and shark AMIGO and NGL protein sequences were entered into 

the CCTOP prediction server (http://cctop.enzim.ttk.mta.hu/?_=/jobs/submit) to identify the 

putative signal peptide, extracellular, transmembrane, and intracellular regions. Protein 
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sequences were color coded to distinguish the extracellular (green), transmembrane (blue), and 

intracellular (red) domains. 

Alignment of intracellular domains using Clustal Omega and Boxshade 

To create protein sequence alignments, the human, mouse, chicken and shark AMIGO and NGL 

intracellular domain sequences were entered into the Clustal Omega sequence alignment 

program (http://www.ebi.ac.uk/Tools/msa/clustalo/) with a >”LIG Name” before each 

intracellular domain. For example for NGL1 the following was entered for each species followed 

by their IC Domains: >HsNGL1, >MmNGL1, >GgNGL1, >CmNGL1 

The Pearson/FASTA output format was selected and the alignments were run with standard 

parameters and saved.  

Next, the AMIGO and NGL alignments were entered into the Boxshade software 

(http://embnet.vital-it.ch/software/BOX_form.html). Consensus line with letters was chosen and 

1.0 was checked for the fraction of sequences option, representing 100% conservation among the 

input proteins. Boxshade was run and the output was saved for each LIG. Each boxshade 

alignment was subjected to visual analysis to identify motifs. Motifs were defined as being at 

least 4 consecutive conserved amino acids, motifs were considered distinct if there were several 

nonconserved amino amino acids between them. The motifs were highlighted in yellow in the 

consensus line and labeled for each LIG. 

Creation of graphic for motifs with weblogo 

The AMIGO and NGL motifs were entered into the Weblogo3 software 

(http://weblogo.threeplusone.com/create.cgi). PDF output was selected, protein for sequence 

type, and error bars were unselected. Custom color scheme was selected and the symbols and 
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colors for the standard Chemistry amino acid classification scheme (Figure 6) was used for 

graphical representation were entered.   

 

 

Polar G,S,T,Y,C green 

Neutral Q,N purple 

Basic K,R,H blue 

Acidic D,E red 

Hydrophobic A,V,L,I,P,W,F,M black 

 
Figure 6. Chemistry Amino acid classification scheme 
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RESULTS 

	
  
 To gain better insight to the mechanism by which LIG family members transduce 

extracellular cues into cellular responses, analyses of the intracellular domains of two LIG 

subfamilies, AMIGO and NGL, were performed to identify potential SLiMs.  In order to identify 

any such motifs, a phylogenetic approach was undertaken and is outlined in a flow chart below 

(Figure 7).  The overall approach relied on the notion that functionally important sequences are 

conserved, while sequences not under functional constraints diverge.  

 

 
 

Figure 7. Steps in Identification of Motifs 

Identification of members of LIG family in jawed vertebrates 

 In order to find orthologs for specific human LIGs, the full amino acid sequences of all 

LIGs was obtained (Materials and Methods and D. Anina, personal communication). The 

remainder of the analyses focused on the AMIGO and NGL subfamilies, both of which contain 

Graphic	
  representation	
  of	
  putative	
  SLiMs	
  -­‐	
  WebLogo	
  	
  

Phylogenetic	
  conservation	
  of	
  intracellular	
  domains	
  -­‐	
  Clustal	
  	
  

DeYining	
  intracellular	
  domains	
  -­‐	
  CCTOP	
  	
  

IdentiYication	
  of	
  AMIGO	
  &	
  NGL	
  families	
  in	
  vertebrates	
  -­‐	
  BLAST	
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three members in the human genome. The human AMIGO 1, 2, and 3 sequences can be seen in 

appendices A, B, and C, respectively. The human NGL 1, 2, and 3 sequences can be seen in 

appendices D, E, and F, respectively. The full amino acids sequences for the rest of the human 

LIGs identified can be found in appendix G. 

 In order to find orthologs of phylogenetic utility to the human LIG’s, species that were 

evolutionarily distinct enough to allow time for sequence selection and divergence needed to be 

selected. However, if the species that were too distant with respect to evolutionary time were 

chosen, this might prevent the accurate identification of a given set of orthologs for a specific 

LIG. To prevent this, a sequential approach was taken, initially orthologs for the human 

AMIGOs and NGLs were screened for in two bony vertebrates representing a close relative - the 

mouse genome (~75Myr), and a more distant relative - the chicken genome (~310Myr), followed 

by a significantly more distant vertebrate relative from the cartilaginous fishes – the elephant 

shark genome (~450Myr)  (Waterston et al., 2002; ICGSC, 2004;  Venkatesh et al., 2014). 

Figure 8 below shows a phylogeny of this vertebrate lineage, where sharks are represented by 

elephant shark in the figure, reptiles by chicken, and mammals by humans and mice. 
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Figure 8. Phylogeny of Vertebrate Lineage (Adapted from Smith et al. 2015) 

 In Figure 8, sharks, reptiles, and mammals are represented on different branches of the 

phylogenetic tree, denoting evolutionary relationships. Thereby, looking for orthologs of human 

LIG’s in these lineages provides time for protein divergence, but less comparatively to lampreys 

and lancelets. Since the aim was to identify orthologs that had significant divergence relative to 

human LIG’s, the mouse genome is a less useful comparison because they are still within the 

mammalian lineage and exhibit minimal sequence divergence. However, taking a stepwise 

approach by identifying a close ortholog in mouse followed by sequentially more distant 

orthologs allowed for more confidence in ortholog predictions in the chicken and elephant shark 

genomes.  Looking at the chicken genome is a useful comparison within the reptile lineage as 

Gallus gallus was the first avian genome to be sequenced and has evolutionary distance to 

humans useful in determining functional elements (Schmutz et al. 2004). Finally, looking at the 

elephant shark genome is a useful comparison both due to its distance from humans and the fact 
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that C.milli has been found to have the slowest evolving genome of all vertebrates, making it a 

good model for understanding evolutionary change (Venkatesh et al. 2014).   

 Using the Blast protein database the human AMIGO and NGL protein sequences were 

used to find matches in the mouse, chicken, and elephant shark. These AMIGO 1, 2, and 3 

orthologs can be seen in appendices A, B, and C, respectively. The NGL 1, 2, and 3 orthologs 

can be seen in appendices D, E, and F, respectively.  Table 1 and 2 below summarize the 

AMIGO and NGL orthologs that were found across all four species. Interestingly, orthologs of 

Amigo 3, NGL 2, and NGL3 were not found in chicken, but were present in the more distantly 

related C. milli. 

	
   Homo	
  sapiens	
   Mus	
  musculus	
   Gallus	
  gallus	
   Callorhinchus	
  milli	
  

AMIGO1	
   +	
   +	
   +	
   +	
  
AMIGO2	
   +	
   +	
   +	
   +	
  
AMIGO3	
   +	
   +	
   -­‐	
   +	
  

Table 1. AMIGO Orthologs (+/- is presence/absence of protein) 

 

 

	
   Homo	
  sapiens	
   Mus	
  musculus	
   Gallus	
  gallus	
   Callorhinchus	
  milli	
  
NGL1	
   +	
   +	
   +	
   +	
  
NGL2	
   +	
   +	
   -­‐	
   +	
  
NGL3	
   +	
   +	
   -­‐	
   +	
  

Table 2. NGL Orthologs (+/- is presence/absence of protein) 

 

Identification of Intracellular Domains 

 In order to identify conserved intracellular motifs within the orthologs of the AMIGOs 

and NGLs, the intracellular regions of the proteins had to be defined next. Conservation of 
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intracellular sequences among the different orthologs can help in discovery of functional SLiMs. 

Using the CCTOP protein software the intracellular domains of the orthologs were defined. 

CCTOP is a program used to predict the location of the transmembrane region of proteins, 

thereby predicting the location of the extracellular and intracellular domains. There are many 

programs that use different algorithms of hydrophobicity, structural information, and ranking 

residues to predict these domains. While the programs have different algorithms, a 

transmembrane domain is generally an alpha-helical stretch of about 18 hydrophobic residues; 

CCTOP finds a consensus among those algorithms.  

 The AMIGO and NGL protein sequences were color-coded using the CCTOP output to 

distinguish the extracellular (green), transmembrane (blue), and intracellular (red) domains. The 

color-coded sequences of the AMIGO and NGL orthologs can be seen in appendices A-F. The 

CCTOP was run for all the human LIGs and the corresponding color-coded sequences are in 

appendix G. 

 Looking at the length of the intracellular domains is useful because the longer the 

intracellular domain, the more likely SLiMs will be found in those intracellular domains.  The 

lengths of the intracellular domains of the AMIGO and NGL orthologs were calculated and are 

summarized in Tables 3 and 4. Given a general length of ~100 residues for their intracellular 

domains and a typical length of ~3-10 residues for a SLiM, the AMIGOs and NGLs are likely to 

each contain a number of SLiMs. 

 

	
   Homo	
  sapiens	
   Mus	
  musculus	
   Gallus	
  gallus	
   Callorhinchus	
  milii	
  
AMIGO1	
   98	
   99	
   101	
   95	
  
AMIGO2	
   102	
   99	
   101	
   97	
  
AMIGO3	
   97	
   101	
   0	
   97	
  

Table 3. AMIGO IC Domain Lengths  
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   Homo	
  sapiens	
   Mus	
  musculus	
   Gallus	
  gallus	
   Callorhinchus	
  milii	
  

NGL1	
   93	
   93	
   93	
   91	
  
NGL2	
   106	
   106	
   0	
   93	
  
NGL3	
   117	
   114	
   0	
   94	
  

Table 4. NGL IC Domain Lengths 

 

Identification of conserved Intracellular Sequences  

 With the intracellular regions defined, orthologs for a given set AMIGO or NGL proteins 

were aligned using the Clustal Omega alignment software to reveal conserved sequences that 

represent putative SLiMs. The Clustal alignments for the AMIGO and NGL intracellular 

domains can be seen in appendices H and I, respectively. After performing Clustal alignments, 

Boxshade was used to shade identical amino acids found in all four species black and similar 

amino acids grey. From the Boxshade outputs, putative motifs in each set of AMIGO and NGL 

orthologs were determined based on stretches of conserved amino acids between the four 

species. These were then compared between subfamily members to identify motifs conserved 

within the subfamily as well. The boxshade outputs and identified motifs for each set of AMIGO 

and NGL orthologs were highlighted and labeled (Figures 9-14).   
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Figure 9. AMIGO1 Conservation and Motifs 

 

Figure 10. AMIGO2 Conservation and Motifs 

 

Figure 11. AMIGO3 Conservation and Motifs 
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Figure 12. NGL1 Conservation and Motifs 

 

Figure 13. NGL2 Conservation and Motifs 

 

Figure 14. NGL3 Conservation and Motifs 

 

This resulted in the identification of six distinct motifs in the AMIGO subfamily and six distinct 

motifs within the NGL subfamily as well. Tables 5 and 6 below show which of the six motifs can 

be found in each of the AMIGO and NGL proteins, respectively. 

 

	
   Motif	
  1	
   Motif	
  2	
   Motif	
  3	
   Motif	
  4	
   Motif	
  5	
   Motif	
  6	
  

AMIGO1	
   +	
   +	
   +	
   -­‐	
   -­‐	
   -­‐	
  
AMIGO2	
   +	
   +	
   +	
   +	
   -­‐	
   -­‐	
  
AMIGO3	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   +	
   +	
  

Table 5. AMIGO Motifs (+/- is presence/absence of motif) 
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   Motif	
  1	
   Motif	
  2	
   Motif	
  3	
   Motif	
  4	
   Motif	
  5	
   Motif	
  6	
  

NGL1	
   +	
   +	
   +	
   -­‐	
   -­‐	
   -­‐	
  
NGL2	
   +	
   -­‐	
   +	
   +	
   -­‐	
   -­‐	
  
NGL3	
   +	
   -­‐	
   +	
   -­‐	
   +	
   +	
  

Table 6. NGL Motifs (+/- is presence/absence of motif) 

 
 
 
Graphical Representation of Motif Conservation 
 To better characterize conservation within the motifs, WebLogo was used to represent the 

frequency and biochemical properties of each amino acid in the motifs. The software generates a 

graphical representation that shows the amino acids with various sizes depending on how many 

of the four species they are found in. The amino acids are also color coded based on functional 

properties (corresponding colors can be seen in Figure 6 from the Methods). The resulting 

outputs are shown for each motif of the AMIGO’s and NGL’s in Figures 15-26. 
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DISCUSSION	
  

 To gain a better understanding of the role of LIGs in cellular signaling, identification of 

SLiMs in two LIG subfamilies, AMIGO and NGL, was undertaken. Using a phylogenetic 

approach the intracellular domains of the AMIGO and NGL protein orthologs for four 

evolutionary distinct species, Homo sapiens (human), Mus musculus (mouse), Gallus gallus 

(chicken), and Callorhinchus milii  (elephant shark), were compared. Based on conservation of 

amino acids within the intracellular domains between these species, motifs were determined for 

each LIG. A total of six different conserved motif sequences each were identified for the 

AMIGO and NGL proteins.	
  All	
  of	
  the	
  six	
  motifs	
  for	
  each	
  LIG	
  display significant conservation 

across the four selected species. The identification of SLiMs and their degree of conservation 

strongly suggests that there is biological significance for these motifs.  

 However, contrary to the assumption that the species more closely related would likely 

have more conserved regions with each other, chickens, which are more closely related to 

humans than elephant shark, did not have orthologs to the human AMIGO 2, NGL 2, and NGL 3 

proteins, while the elephant shark did. This suggests the possible loss of functionality/necessity 

of these proteins for the chickens, while the proteins were still biologically relevant for the 

elephant shark.   

 Additionally the six motifs for each LIG were found and compared amongst the three 

proteins of each LIG subfamily (AMIGO 1, 2, and 3; NGL 1, 2, and 3). It was found that only 

AMIGOs 1 and 2 contained motifs 1, 2, and 3, suggesting that AMIGO 3 did not need these 

motifs for functionality. On another note, only AMIGO 2 contained motif 4 and only AMIGO 3 

contained motifs 5 and 6, suggesting that these motifs are functionally significant, specifically 

for those AMIGO proteins.  
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 Similarly for the NGL subfamily, only NGL 1 contained motif 2, only NGL 2 contained 

motif 4, and only NGL 3 contained motifs 5 and 6, suggesting their biological relevance to those 

proteins. The NGL motifs 1 and 3 were found in all three NGL proteins so they are conserved 

among NGLs and are not likely to serve a specific significance to just one NGL, but may 

represent a level of functional redundancy among the proteins. 

 The identification and characterization of a set of SLiMs in this study confirmed that 

there are significant areas of evolutionary conservation within the AMIGO and NGL LIG 

proteins’ intracellular domains. This conservation strongly supports a functional role for these 

motifs and provides insight into possible functional specificity and redundancy across family 

members. Guided by their identification, further analysis on each of the motifs will help in 

determining the essential role of these motifs in the functionality of each protein and its 

relevance to cellular communication.	
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APPENDICES	
  

Appendix A AMIGO 1 Orthologs 

Adhesion molecule with Ig-like domain 1 [Homo sapiens] 

>gi|26454838|gb|AAH40879.1| Adhesion molecule with Ig-like domain 1 [Homo sapiens] 
MHPHRDPRGLWLLLPSLSLLLFEVARAGRAVVSCPAACLCASNILSCSKQQLPNVPHSLPSYTALLDLSHNNLSRLR
AEWTPTRLTQLHSLLLSHNHLNFISSEAFSPVPNLRYLDLSSNQLRTLDEFLFSDLQVLEVLLLYNNHIMAVDRCAF
DDMAQLQKLYLSQNQISRFPLELVKEGAKLPKLTLLDLSSNKLKNLPLPDLQKLPAWIKNGLYLHNNPLNCDCELYQ
LFSHWQYRQLSSVMDFQEDLYCMNSKKLHNVFNLSFLNCGEYKERAWEAHLGDTLIIKCDTKQQGMTKVWVTPSNER
VLDEVTNGTVSVSKDGSLLFQQVQVEDGGVYTCYAMGETFNETLSVELKVHNFTLHGHHDTLNTAYTTLVG 
CILSVVLVLIYLYLTP 
CRCWCRGVEKPSSHQGDSLSSSMLSTTPNHDPMAGGDKDDGFDRRVAFLEPAGPGQGQSGKLKPGNTLPVPEATGKG
QRRMSDPESVSSVFSDTPIVV 

amphoterin-induced protein 1 isoform a precursor [Mus musculus] 

>gi|51988879|ref|NP_001004293.1| amphoterin-induced protein 1 isoform a precursor [Mus musculus] 
MQPQRDLRGLWLLLLSVFLLLFEVARAGRSVVSCPANCLCASNILSCSKQQLPNVPQSLPSYTALLDLSHNNLSRLR
AEWTPTRLTNLHSLLLSHNHLNFISSEAFVPVPNLRYLDLSSNHLHTLDEFLFSDLQALEVLLLYNNHIVVVDRNAF
EDMAQLQKLYLSQNQISRFPVELIKDGNKLPKLMLLDLSSNKLKKLPLTDLQKLPAWVKNGLYLHNNPLECDCKLYQ
LFSHWQYRQLSSVMDFQEDLYCMHSKKLHNIFSLDFFNCSEYKESAWEAHLGDTLTIRCDTKQQGMTKVWVSPSNEQ
VLSQGSNGSVSVRNGDLFFKKVQVEDGGVYTCYAMGETFNETLSVELKVYNFTLHGHHDTLNTAYTTLV 
GCILSVVLVLIYLYLT 
PCRCWCRGVEKPSSHQGDSLSSSMLSTTPNHDPMAGGDKDDGFDRRVAFLEPAGPGQGQNGKLKPGNTLPVPEATGK
GQRRMSDPESVSSVFSDTPIVV 

Aamphoterin-induced protein 1-like [Gallus gallus] 

>gi|971451924|ref|XP_015130504.1| PREDICTED: LOW QUALITY PROTEIN: amphoterin-induced protein 1-like 
[Gallus gallus]  
MAVPGAVLAVLAVLAVPAVPSAGSCPPRCVCASNILSCSRAALSSVPAPLPRFTSVLDLSHNNISRLRADWAAGRLA

HLHALLLAHNGLAFVSTEAFGHVPHLRHLDLSSNRLRALEENLFSDLPELEVLLLYNNEISAVDRSAFDNLSRLRKL

YLGRNHIARFPLELLRDGSRPPQLSLLDLSSNRLRSLPAAELQALPAWLRDRLYVHGNPLGCDCPLYRLVARGRHRR

LSAVLDFQEELRCQLPAAPGRAPVAVLELGSPELLNCSEAREAVLEAYLGDSVTLGCDSRLRAAHGRHWVTPGGDRV

PEEGGNGSAAVLANGSLQLRALRPEDGGTYACRVSGPAFNETLYVELLVHNFTLHGPHDGLNTAYTTLVG 

CILSVVLVLIYLYLTP 

CRCCCRAAEKPSAPPATTASFVRAQRHPRPRRRGAAAPPRARGGAGHRGAAGGQNGRYKAGGSPPTAAVAVGAPREG

PRAQRKVSDPDSVSSVFSDTPIVV 
 

amphoterin-induced protein 1 [Callorhinchus milii] 

>gi|632962942|ref|XP_007897606.1| PREDICTED: amphoterin-induced protein 1 [Callorhinchus milii]  
MWKSSALGFRLTILALFGCWANVAALTCHPDCICASNIVSCSKKELVAIPNSIPEYTAILDLSYNSLSRLRAEWTSV

HLNKLHTLFFSHNGLIFISEEAFSRVLHLRYLDLSSNKLRTLEELHFHELEELEVLLLYNNQISQIDKTAFEGTSKL

QKLYLSQNQISRFPLELVVKKTRSPELELLDVSGNKIKSLPIAELNSLPAFLKNSLYLHDNPLLCDCPLYLLLTQWH

ARQLNSAVDFRDEFQCVLPLNHKLSIRLFNLQSDYMNCSVPNDSELEAFLEDTLTIHCDTKLRNMTKVWMTPSNETI

QAGQGNQSAQVLPNGSLQLRELRPEDSGTYTCFAISSHFNETISVQLKVHNSSAIVGYEGLNTAYTTLV 
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GCVASVVLVLIYLYLT 

PCHCWCRKKAETQQEESIHSSSLSTTPTHQAEAEKEALDMRVAFIDPARCGLGQNGKVQPNAVEQFEDKRLSATSRK

KSDSESFSTVLLDSPVVV 

 
Appendix B AMIGO 2 Orthologs 

Adhesion molecule with Ig-like domain 2 [Homo sapiens] 

>gi|28839672|gb|AAH47595.1| Adhesion molecule with Ig-like domain 2 [Homo sapiens] 
MSLRVHTLPTLLGAVVRPGCRELLCLLMITVTVGPGASGVCPTACICATDIVSCTNKNLSKVPGNLFRLIKRLDLSY
NRIGLLDSEWIPVSFAKLNTLILRHNNITSISTGSFSTTPNLKCLDLSSNKLKTVKNAVFQELKVLEVLLLYNNHIS
YLDPSAFGGLSQLQKLYLSGNFLTQFPMDLYVGRFKLAELMFLDVSYNRIPSMPMHHINLVPGKQLRGIYLHGNPFV
CDCSLYSLLVFWYRRHFSSVMDFKNDYTCRLWSDSRHSRQVLLLQDSFMNCSDSIINGSFRALGFIHEAQVGERLMV
HCDSKTGNANTDFIWVGPDNRLLEPDKEMENFYVFHNGSLVIESPRFEDAGVYSCIAMNKQRLLNETVDVTINVSNF
TVSRSHAHEAFNTAFTTLA 
ACVASIVLVLLYLYLT 
PCPCKCKTKRQKNMLHQSNAHSSILSPGPASDASADERKAGAGKRVVFLEPLKDTAAGQNGKVRLFPSEAVIAEGIL
KSTRGKSDSDSVNSVFSDTPFVAST 

Amphoterin-induced protein 2 precursor [Mus musculus] 

>gi|30017449|ref|NP_835215.1| amphoterin-induced protein 2 precursor [Mus musculus]  
MSLRFHTLPTLPRAVKPGCRELLCLLVIAVMVSPSASGMCPTACICATDIVSCTNKNLSKVPGNLFRLIKRLDLSYN

RIGLLDADWIPVSFVKLSTLILRHNNITSISTGSFSTTPNLKCLDLSSNRLKSVKSATFQELKALEVLLLYNNHISY

LDPAAFGGLSHLQKLYLSGNFLTQFPMDLYTGRFKLADLTFLDVSYNRIPSIPMHHINLVPGRQLRGIYLHGNPFVC

DCSLYSLLIFWYRRHFSSVMDFKNDYTCRLWSDSRHSHQLQLLQESFLNCSYSVINGSFHALGFIHEAQVGERAIVH

CDSKTGNGNTDFIWVGPDNRLLEPDKDMGNFRVFYNGSLVIENPGFEDAGVYSCIAMNRQRLLNETVDIMINVSNFT

INRSHAHEAFNTAFTTLAA 

CVASIVLVLLYLYLTP 

CPCKCKAKRQKNTLSQSSAHSSILSPGPTGDASADDRKAGKRVVFLEPLKDTAAGQNGKVKLFPSETVIAEGILKST

RAKSDSDSVNSVFSDTPFVAST 

Amphoterin-induced protein 2 precursor [Gallus gallus] 

>gi|313760565|ref|NP_001186479.1| amphoterin-induced protein 2 precursor [Gallus gallus]  
MSLNCRTLPIQLGACKVNCRALVCLLVFAVSVSGSAPGMCPTTCICASDIISCTNKNLSRVPGNLYRSMKRLDLSYN

RIGFLEPEWVPVLFEKLNTLIINHNSISSIITGSFSTTPNLKYLDLSSNSLKTLGSPVFQELGTLEVLLLYNNQITH

IESSAFGGLYKLQKLYLSYNFLLHFPLDLFVGKHKLTELILLDISFNHIQSMPIQRLSSVPAKHLSGVYLHGNPFYC

DCTLYSMLIFWYQRHFSSVVDFKSEYTCLLRSDPRGYNKQLLLHDNFLNCSESTINSSFQAFGFIHDAQVGDRLIVH

CDSRISDAGTHFVWVSPENKLLEPDMETDKFRVFHNGSLEITDAQLEDSGLYSCTAINKRRLLNETIEVRINVSNFT

VNRPHAHEAFNTAFTTLAA 

CVASIVLVLLYLYLTP 

CPCQCKTKRKKRKLNQSSAHTSILNSTPPQELPADEKKASTGKRVVFLEPVHEPKHSQNGKVKLFPNDNVIAESILK

TTRTKSDSDSVNSVFSDTPFMPST 
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Amphoterin-induced protein 2 [Callorhinchus milii] 

>gi|632937805|ref|XP_007901161.1| PREDICTED: amphoterin-induced protein 2 [Callorhinchus milii]  
MTCSHHKAYSAVDRALTLKCQRFVLLLLCVCMAGNAALICPPVCICASDIVTCTNRNLNSVPRTLHKVATSLDVSYN

SISLLTSNWAPVSLDRLRTLNLNHNNINAISRGAFCSAPQLKYLDLSSNRLTALDDSLFEDLNSLETLLLYNNQIAR

VSTGAFEGLHKLQKLYLSQNLISHFPLQLYMGRSKLPLLELLDLSFNKLTSVPVLQLSALPARLQSGLYLHANPFTC

DCSFYTMVTYWYKRQFTSVMDFKDDYSCNLQLDSKRTVSLLLMRDDLLNCSNSTINGSFHALGLMYEAHIGDRIVVN

CDSKILDLNTNVLWVTPTNESLQSGIQYQGLQVFLNGSLEIQQVQPEDEGIYSCIAINSRRMLNETIEVTLKVHNFT

QERHRSQTFNTAFTTLSAC 

LASIILVLIYLYLTPC 

RCWCKSKQRHRKPPGNSARSSILSTTPSHDVNTERKASTCKRVVFLEPVKEPLKGQNGKIKFQPHHHIVTEKILRAK

RAKCDSDSISSVFSDNLIVA 
 

Appendix C AMIGO 3 Orthologs 

Adhesion molecule with Ig-like domain 3 [Homo sapiens] 

>gi|111493932|gb|AAI10419.1| Adhesion molecule with Ig-like domain 3 [Homo sapiens] 
MTWLVLLGTLLCMLRVGLGTPDSEGFPPRALHNCPYKCICAADLLSCTGLGLQDVPAELPAATADLDLSHNALQRLR
PGWLAPLFQLRALHLDHNELDALGRGVFVNASGLRLLDLSSNTLRALGRHDLDGLGALEKLLLFNNRLVHLDEHAFH
GLRALSHLYLGCNELASFSFDHLHGLSATHLLTLDLSSNRLGHISVPELAALPAFLKNGLYLHNNPLPCDCRLYHLL
QRWHQRGLSAVRDFAREYVCLAFKVPASRVRFFQHSRVFENCSSAPALGLERPEEHLYALVGRSLRLYCNTSVPAMR
IAWVSPQQELLRAPGSRDGSIAVLADGSLAIGNVQEQHAGLFVCLATGPRLHHNQTHEYNVSVHFPRPEPEAFNTGF
TTLLGC 
AVGLVLVLLYLFAPPC 
RCCRRACRCRRWPQTPSPLQELSAQSSVLSTTPPDAPSRKASVHKHVVFLEPGRRGLNGRVQLAVAEEFDLYNPGGL
QLKAGSESASSIGSEGPMTT 

Amphoterin-induced protein 3 precursor [Mus musculus] 

>gi|28893353|ref|NP_796249.1| amphoterin-induced protein 3 precursor [Mus musculus] 
MAWLVLSGILLCMLGAGLGTSDLEDVLPPAPHNCPDICICAADVLSCAGRGLQDLPVALPTTAAELDLSHNALKRLH

PGWLAPLSRLRALHLGYNKLEVLGHGAFTNASGLRTLDLSSNMLRMLHTHDLDGLEELEKLLLFNNSLMHLDLDAFQ

GLRMLSHLYLSCNELSSFSFNHLHGLGLTRLRTLDLSSNWLKHISIPELAALPTYLKNRLYLHNNPLPCDCSLYHLL

RRWHQRGLSALHDFEREYTCLVFKVSESRVRFFEHSRVFKNCSVAAAPGLELPEEQLHAQVGQSLRLFCNTSVPATR

VAWVSPKNELLVAPASQDGSIAVLADGSLAIGRVQEQHAGVFVCLASGPRLHHNQTLEYNVSVQKARPEPETFNTGF

TTLLGC 
IVGLVLVLLYLFAPPC 

RGCCHCCQRACRNRCWPRASSPLQELSAQSSMLSTTPPDAPSRKASVHKHVVFLEPGKKGLNGRVQLAVAEDFDLCN

PMGLQLKAGSESASSTGSEGLVMS 
	
  

No gallus gallus Amigo 3 

 
 

 



	
   33	
  

Amphoterin-induced protein 3 [Callorhinchus milii] 

>gi|632946798|ref|XP_007888736.1| PREDICTED: amphoterin-induced protein 3 [Callorhinchus milii]  
MRGPGSAGSVLWWLSVGLLWEQFIGKSGASLHVCPAVCICASDLLSCVSQNLSVVPARLPETATSLDLSHNLLLQLH

DNRLSHLPRLTTLRANHNRIARIAEAAFPSGSLITHLDLSTNRLYSVEKHFFRELTHLEELLLYNNQIARVDEGALA

RLSSLQKVYLSWNQLTHFPFGSLHESTLPRLKIVDISSNWFSSIPVDQVIALSHNVKNGLYLHNNPLVCDCVLYSML

LHWEKYQFSSIYDFQEEHTCRAAGQPRVSLRFLKHRKLFDNCTYASHGLLGLVDNNYVATVGESLLIVCNTSLQELH

TTYVWITPNKELIGYPGSFNKMFKLYPNGSLEIRRTQKDDSGIYICMATNKQLMRNESQEVNVTVLYRKSDGEGFNT

GLTTLL 

GCVVSLVLVLMYLYLT 

PCRCWCKTPPPHPTPPNECSAQSSILSATPPCNEDANRKTGGGKHVVFLEPVKDSQNGKIRLAVSEDFPDVKNPKIL

QLKSDSESITSVFSDTPIMS 
 

Appendix D NGL 1 Orthologs 

NGL1, LRRC4C protein [Homo sapiens] 

>gi|73909151|gb|AAH41374.3| LRRC4C protein [Homo sapiens] 
MLNKMTLHPQQIMIGPRFNRALFDPLLVVLLALQLLVVAGLVRAQTCPSVCSCSNQFSKVICVRKNLREVPDGISTN

TRLLNLHENQIQIIKVNSFKHLRHLEILQLSRNHIRTIEIGAFNGLANLNTLELFDNRLTTIPNGAFVYLSKLKELW

LRNNPIESIPSYAFNRIPSLRRLDLGELKRLSYISEGAFEGLSNLRYLNLAMCNLREIPNLTPLIKLDELDLSGNHL

SAIRPGSFQGLMHLQKLWMIQSQIQVIERNAFDNLQSLVEINLAHNNLTLLPHDLFTPLHHLERIHLHHNPWNCNCD

ILWLSWWIKDMAPSNTACCARCNTPPNLKGRYIGELDQNYFTCYAPVIVEPPADLNVTEGMAAELKCRASTSLTSVS

WITPNGTVMTHGAYKVRIAVLSDGTLNFTNVTVQDTGMYTCMVSNSVGNTTASATLNVTAATTTPFSYFSTVTVETM

EPSQDEARTTDNNVGPTPVVDWETTNVTTSLTPQSTRSTEKTFTIPVTDINSGIPGIDEVMKTTK 

IIIGCFVAITLMAAVMLVIF 

YKMRKQHHRQNHHAPTRTVEIINVDDEITGDTPMESHLPMPAIEHEHLNHYNSYKSPFNHTTTVNTINSIHSSVHEP

LLIRMNSKDNVQETQI 
	
  

Leucine-rich repeat-containing protein 4C precursor [Mus musculus] 

>gi|224994244|ref|NP_848840.3| leucine-rich repeat-containing protein 4C precursor [Mus musculus] 
MLNKMTLHPQQIMIGPRFNRALFDPLLVVLLALQLLVVAGLVRAQTCPSVCSCSNQFSKVICVRKNLREVPDGISTN

TRLLNLHENQIQIIKVNSFKHLRHLEILQLSRNHIRTIEIGAFNGLANLNTLELFDNRLTTIPNGAFVYLSKLKELW

LRNNPIESIPSYAFNRIPSLRRLDLGELKRLSYISEGAFEGLSNLRYLNLAMCNLREIPNLTPLIKLDELDLSGNHL

SAIRPGSFQGLMHLQKLWMIQSQIQVIERNAFDNLQSLVEINLAHNNLTLLPHDLFTPLHHLERIHLHHNPWNCNCD

ILWLSWWIRDMAPSNTACCARCNTPPNLKGRYIGELDQNYFTCYAPVIVEPPADLNVTEGMAAELKCRASTSLTSVS

WITPNGTVMTHGAYKVRIAVLSDGTLNFTNVTVQDTGMYTCMVSNSVGNTTASATLNVTAATTTPFSYFSTVTVETM

EPSQDEARTTDNNVGPTPVIDWETTNVTTSLTPQSTRSTEKTFTIPVTDINSGIPGIDEVMKTTK 
IIIGCFVAITLMAAVMLVIF 

YKMRKQHHRQNHHAPTRTVEIINVDDEITGDTPMESHLPMPAIEHEHLNHYNSYKSPFNHTTTVNTINSIHSSVHEP

LLIRMNSKDNVQETQI 
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Leucine-rich repeat-containing protein 4C [Gallus gallus] 

>XP_004941608.1 PREDICTED: leucine-rich repeat-containing protein 4C [Gallus gallus] 
MLNKMTLHPQQIMIGPRFNRALFDPLLVVLLALQLLVVAGLVRAQTCPSVCSCSNQFSKVICVRKNLRDVPDGISTN

TRLLNLHENQIQIIKVNSFKHLRHLEILQLSRNHIRTIEIGAFNGLANLNTLELFDNRLTTIPNGAFVYLSKLKELW

LRNNPIESIPSYAFNRIPSLRRLDLGELKRLSYISEGAFEGLSNLRYLNLAMCNLREIPNLTPLVKLDELDLSGNHL

TAIRPGSFQGLMHLQKLWMIQSQIQVIERNAFDNLQSLVEINLAHNNLTLLPHDLFTPLRLERIHLHHNPWNCNCDI

LWLSWWIKDKAPSNTACCARCHTPPSLKGRYIGELDLNYFTCYAPVIVEPPADLNVTEGMAAEMKCRASTSLTSVSW

ITPNGSVMTHGAYRVRIAVLSDGTLNFTKVTVQDTGLYTCMVSNSVGNTTASATLNVTALDNPGYTYFSTVTVETVE

PSQDEAQTTEQVGPTPVTSWETTNMTTSLTPQSTRSTEKTFTIPVTDANNGIPGIDEVMKTTK 
IIIGCFVAITLMAAVMLVIF 

YKMRKQHHRQNHHAPTRTVEIINVDDELTGDTPIESHLPMPAIEHEHLNHYNSYKSPFNHTTTVNTINSIHSSVHEP

LLIRMNSKDNVQETQI 
 

Leucine-rich repeat-containing protein 4C [Callorhinchus milii] 

>XP_007885838.1 PREDICTED: leucine-rich repeat-containing protein 4C [Callorhinchus milii] 
MLNKMTLHPQQMMIGPKFNRAILDPLFVLLLALQLLVVAGLVRAQTCPSVCSCSNQFSKVICTRRNLREVPDSISIN

TRYLNLQENGIQVIKSDSFKHLRHLEILQLSKNHIRQIEVGAFNGLTNLNTLELFDNRLSTIPSGAFEYLSKLKELW

LRNNPIESIPSYAFSRVPSLRRLDLGELKRLEYISDRAFDSLSNLRYLNLGMCNLRDIPSLMTLLKLEELELSGNRL

SQIRPGSFQGLTNLQKLWMMHAQIQVIERNAFDDLQSLIELNLAHNNLTLLPHDLFTPLHHLERVHLHHNPWSCNCD

ILWLSWWLKEIVPSNTTCCARCHTPPNLKGSYIGELDQNKFNCYAPVIVEAPTDLNLTEGMAAELKCRASTSMTSVS

WITPNGTIMTHGAYKVRISVLNDGTLNFTNVTVQDTGLYTCMVSNSAGNTTASATLNVTATENSTFTYFTTVTVESM

EPSIQVHTSDDKFRPTPFSDWETTFVTTSLTPRSTKMTEKTATVAITDAGDNVMPGLDEVMKTTK 
IIIGCFVAITLMAAVMLIIF 

YKMRKQHHHQNHHAPIRTIEIINVDEEIARGTAVESHLTMPAIEHEDMNHYNSYKAPFNHTVNTINSIHSSVHEPLL

MRVNSKDNVQETQI 
	
  

Appendix E NGL 2 Orthologs 

NGL2 Leucine rich repeat containing 4 [Homo sapiens] 

>gi|109730363|gb|AAI11562.1| Leucine rich repeat containing 4 [Homo sapiens] 
MKLLWQVTVHHHTWNAILLPFVYLTAQVWILCAAIAAAASAGPQNCPSVCSCSNQFSKVVCTRRGLSEVPQGIPSNT

RYLNLMENNIQMIQADTFRHLHHLEVLQLGRNSIRQIEVGAFNGLASLNTLELFDNWLTVIPSGAFEYLSKLRELWL

RNNPIESIPSYAFNRVPSLMRLDLGELKKLEYISEGAFEGLFNLKYLNLGMCNIKDMPNLTPLVGLEELEMSGNHFP

EIRPGSFHGLSSLKKLWVMNSQVSLIERNAFDGLASLVELNLAHNNLSSLPHDLFTPLRYLVELHLHHNPWNCDCDI

LWLAWWLREYIPTNSTCCGRCHAPMHMRGRYLVEVDQASFQCSAPFIMDAPRDLNISEGRMAELKCRTPPMSSVKWL

LPNGTVLSHASRHPRISVLNDGTLNFSHVLLSDTGVYTCMVTNVAGNSNASAYLNVSTAELNTSNYSFFTTVTVETT

EISPEDTTRKYKPVPTTSTGYQPAYTTSTTVLIQTTRVPKQVAVPATDTTDKMQTSLDEVMKTTK 

IIIGCFVAVTLLAAAMLIVF 

YKLRKRHQQRSTVTAARTVEIIQVDEDIPAATSAAATAAPSGVSGEGAVVLPTIHDHINYNTYKPAHGAHWTENSLG

NSLHPTVTTISEPYIIQTHTKDKVQETQI 
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Leucine-rich repeat-containing protein 4 precursor [Mus musculus] 

>gi|124339785|ref|NP_619623.2| leucine-rich repeat-containing protein 4 precursor [Mus musculus] 
MKLLWQVTVHHTWNAVLLPVVYLTAQVWILCAAIAAAASAGPQNCPSVCSCSNQFSKVVCTRRGLSEVPQGIPSNTR

YLNLMENNIQMIQADTFRHLHHLEVLQLGRNSIRQIEVGAFNGLASLNTLELFDNWLTVIPSGAFEYLSKLRELWLR

NNPIESIPSYAFNRVPSLMRLDLGELKKLEYISEGAFEGLFNLKYLNLGMCNIKDMPNLTPLVGLEELEMSGNHFPE

IRPGSFHGLSSLKKLWVMNSQVSLIERNAFDGLASLVELNLAHNNLSSLPHDLFTPLRYLVELHLHHNPWNCDCDIL

WLAWWLREYIPTNSTCCGRCHAPMHMRGRYLVEVDQAAFQCSAPFIMDAPRDLNISEDRMAELKCRTPPMSSVKWLL

PNGTVLSHASRHPRISVLNDGTLNFSRVLLIDTGVYTCMVTNVAGNSNASAYLNVSSAELNTPNFSFFTTVTVETTE

ISPEDITRKYKPVPTTSTGYQPAYTTSTTVLIQTTRVPKQVPVPSTDTTDKMQTSLDEVMKTTK 
IIIGCFVAVTLLAAAMLIVF 

YKLRKRHQQRSTVTAARTVEIIQVDEDIPAAAPAAATAAPSGVSGEGAVVLPTIHDHINYNTYKPAHGAHWTENSLG

NSLHPTVTTISEPYIIQTHTKDKVQETQI 
	
  

No gallus gallus NGL 2 

Leucine-rich repeat-containing protein 4 [Callorhinchus milii] 

>XP_007907340.1 PREDICTED: leucine-rich repeat-containing protein 4 [Callorhinchus milii] 
MCHTMNLLWQVTVHHTWNAALVLLFYLSARMWSVCAASGREQSCPTICSCSNQFSKVVCTRRGLREVPQGIPSNTRY

LNLMENDIQLIQADTFRHLYHMEVLQLGRNSIRQIEVGAFNGLTSLNTLELFENRLTVIPSGAFESFSKLRELWLRN

NPIESIPSYAFNRVPSLLRLDLGELRKLAYISEGAFAGLINLKYLNLGMCNLRDMPNLTPLVGLEELEMSSNHFPQI

QPGSFLGLKSLRKLWLMNSQISVIERNAFDDLTDLVELNLAHNNLSSLPHDLFAPLRYLVQLHLHHNPWNCTCDILW

LAWWLREYIPNNFTCCGRCHTPAHMRGKYVTEVDPGSFQCSGPVILEPPQNVNISEGRTVKLRCRTADMASVRWLLP

NNTELSHGSAHPRLSVFNNGTLHFLHVLLTDAGTYTCTVANMVGASAASALLHVTMAEINTANYTYFSTVTVETTPE

TVRTKVPPFLSTPPTYKPVFISTPTVLLQSTRSPRPALVVPTPDSSDLIRASLDEVMRTTK 
IIIGCFVAVTLLAAAMLIIF 

YKLRKRHQQRSTVAAARTIEIINVEEEMAGGGPGEGGGGSVPSVHDHMNYNTYKPAHRAHWTDNSLGNSLHTTIPEP

FIIQTHNKDKVQETQI 
	
  
	
  

Appendix F NGL 3 Orthologs 

NGL3 NP_001073926.1 [Homo sapiens] 
>gi|122937309|ref|NP_001073926.1| leucine-rich repeat-containing protein 4B precursor [Homo sapiens] 
MARARGSPCPPLPPGRMSWPHGALLFLWLFSPPLGAGGGGVAVTSAAGGGSPPATSCPVACSCSNQASRVICTRRDL
AEVPASIPVNTRYLNLQENGIQVIRTDTFKHLRHLEILQLSKNLVRKIEVGAFNGLPSLNTLELFDNRLTTVPTQAF
EYLSKLRELWLRNNPIESIPSYAFNRVPSLRRLDLGELKRLEYISEAAFEGLVNLRYLNLGMCNLKDIPNLTALVRL
EELELSGNRLDLIRPGSFQGLTSLRKLWLMHAQVATIERNAFDDLKSLEELNLSHNNLMSLPHDLFTPLHRLERVHL
NHNPWHCNCDVLWLSWWLKETVPSNTTCCARCHAPAGLKGRYIGELDQSHFTCYAPVIVEPPTDLNVTEGMAAELKC
RTGTSMTSVNWLTPNGTLMTHGSYRVRISVLHDGTLNFTNVTVQDTGQYTCMVTNSAGNTTASATLNVSAVDPVAAG
GTGSGGGGPGGSGGVGGGSGGYTYFTTVTVETLETQPGEEALQPRGTEKEPPGPTTDGVWGGGRPGDAAGPASSSTT
APAPRSSRPTEKAFTVPITDVTENALKDLDDVMKTTK 
IIIGCFVAITFMAAVMLVAF 
YKLRKQHQLHKHHGPTRTVEIINVEDELPAASAVSVAAAAAVASGGGVGGDSHLALPALERDHLNHHHYVAAAFKAH
YSSNPSGGGCGGKGPPGLNSIHEPLLFKSGSKENVQETQI 
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Leucine-rich repeat-containing protein 4B precursor [Mus musculus] 

>gi|38016190|ref|NP_937893.1| leucine-rich repeat-containing protein 4B precursor [Mus musculus] 
MAQAHIRGSPCPLLPPGRMSWPHGALLLLWLFSPPLRAGGGGVAVTSAAGGGSPPATSCPAACSCSNQASRVICTRR

ELAEVPASIPVNTRYLNLQENSIQVIRTDTFKHLRHLEILQLSKNLVRKIEVGAFNGLPSLNTLELFDNRLTTVPTQ

AFEYLSKLRELWLRNNPIESIPSYAFNRVPSLRRLDLGELKRLEYISEAAFEGLVNLRYLNLGMCNLKDIPNLTALV

RLEELELSGNRLDLIRPGSFQGLTSLRKLWLMHAQVATIERNAFDDLKSLEELNLSHNNLMSLPHDLFTPLHRLERV

HLNHNPWHCNCDVLWLSWWLKETVPSNTTCCARCHAPAGLKGRYIGELDQSHFTCYAPVIVEPPTDLNVTEGMAAEL

KCRTGTSMTSVNWLTPNGTLMTHGSYRVRISVLHDGTLNFTNVTVQDTGQYTCMVTNSAGNTTASATLNVSAVDPVA

AGGPGGGGPGGGGGAGGAGGYTYFTTVTVETLETQPGEEAQQPRGTEKEPPGPTTDGAWGGGRPDAAAPASASTTAP

APRSSRPTEKAFTVPITDVTENALKDLDDVMKTTK 
IIIGCFVAITFMAAVMLVAFY 

KLRKQHQLHKHHGPTRTVEIINVEDELPAASAVSVAAAAAVAGGAGVGGDSHLALPALERDHLNHHHYVAAAFKAHY

GGNPGGGCGAKGPGLNSIHEPLLFKSGSKENVQETQI 

 
No gallus gallus NGL 3 

Leucine-rich repeat-containing protein 4B-like [Callorhinchus milii] 

>XP_007882747.1 PREDICTED: leucine-rich repeat-containing protein 4B-like [Callorhinchus milii] 
MMMMRMMKVHHSQRMRASLGRTVSRLVLLSLWAASLGAGLAGAHVCPEGCSCSNQFSKVICTRHELREVPASISTNT

RYLNLQENVIQVIKADTFKQLRHLEILQLSKNLIRHIEVGAFNGLSNLNTLELFDNRLTMVPSGAFEFLSKLRELWL

RNNPIESIPSYAFNRVQSLRRLDLGELKKLEYISDAAFEGLMNLRYLNLGMCNLVEIPNLTPLSRLEELELSGNRLE

IIQPGSFQGLTSLRKLWLMHAQIQLIERNAFDDLQSLEELNLSHNNLTSLPHDLFTPLHRLDRVHLNHNPWHCNCDV

LWLSWWLKETVPSNTTCCARCHSPANLKARYIGELDQSHFTCYAPVIVEPPADLNVTEGMAAELKCRAATSMTSVNW

MTPNGTLMTHGSYRVRISVLHDGTLNFTNVTMQDTGLYTCLVSNSAGNATASATLNVSAVDTTNSYSYFTTVTVETV

EVVDEPKGAEFEPGPTPSGGWDASYSTTSLAPRSTRTTERVFTVPITTEVMDNIMAGLDDVMKTTK 
IIIGCFVAITFMAAVMLIIFY 

KLRKQHQLHKHHGQARTIEIINVEEDLGEPTTGDNCLALPAVEHGPLNHYTAYKAHYNNNTSALNCTKNPLHNSVHE

PLLFKSSSKENVQETQI 

 

APPENDIX G 
 

GPR124 protein [Homo sapiens] also called ADGRA2 
>gi|300934750|ref|NP_116166.9| adhesion G protein-coupled receptor A2 precursor [Homo sapiens] 
MGAGGRRMRGAPARLLLPLLPWLLLLLAPEARGAPGCPLSIRSCKCSGERPKGLSGGVPGPARRRVVCSG 
GDLPEPPEPGLLPNGTVTLLLSNNKITGLRNGSFLGLSLLEKLDLRNNIISTVQPGAFLGLGELKRLDLS 
NNRIGCLTSETFQGLPRLLRLNISGNIFSSLQPGVFDELPALKVVDLGTEFLTCDCHLRWLLPWAQNRSL 
QLSEHTLCAYPSALHAQALGSLQEAQLCCEGALELHTHHLIPSLRQVVFQGDRLPFQCSASYLGNDTRIR 
WYHNRAPVEGDEQAGILLAESLIHDCTFITSELTLSHIGVWASGEWECTVSMAQGNASKKVEIVVLETSA 
SYCPAERVANNRGDFRWPRTLAGITAYQSCLQYPFTSVPLGGGAPGTRASRRCDRAGRWEPGDYSHCLYT 
NDITRVLYTFVLMPINASNALTLAHQLRVYTAEAASFSDMMDVVYVAQMIQKFLGYVDQIKELVEVMVDM 
ASNLMLVDEHLLWLAQREDKACSRIVGALERIGGAALSPHAQHISVNARNVALEAYLIKPHSYVGLTCTA 
FQRREGGVPGTRPGSPGQNPPPEPEPPADQQLRFRCTTGRPNVSLSSFHIKNSVALASIQLPPSLFSSLP 
AALAPPVPPDCTLQLLVFRNGRLFHSHSNTSRPGAAGPGKRRGVATPVIFAGTSGCGVGNLTEPVAVSLR 
HWAEGAEPVAAWWSQEGPGEAGGWTSEGCQLRSSQPNVSALHCQHLGNVAVLMELSAFPREVGGAGAGLH 
P 
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VVYPCTALLLLCLFATIITYIL 
NHSSIRVSRKGWH 
MLLNLCFHIAMTSAVFAGGIT 
LTNYQMV 
CQAVGITLHYSSLSTLLWMGV 
KARVLHKELTWRAPPPQEGDPALPTPSPMLR 
FYLIAGGIPLIICGITAAVNI 
HNYRDHSPYCWLVWRPSLG 
AFYIPVALILLITWIYFLCAGL 
RLRGPLAQNPKAGNSRASLEAGEELRGSTRLRGSGPLLSDSGSLLATGSARVGTPGPPEDGDSLYSPGVQLGALVTT
HFLYLAMWACGALAV 
SQRWLPR 
VVCSCLYGVAASALGLFVFTH 
HCARRRDVRASWRACCPPASPAAPHAPPRALPAAAEDGSPVFGEGPPSLKSSPSGSSGHPLALGPCKLTNLQLAQSQ
VCEAGAAAGGEGEPEPAGTRGNLAHRHPNNVHHGRRAHKSRAKGHRAGEACGKNRLKALRGGAAGALELLSSESGSL
HNSPTDSYLGSSRNSPGAGLQLEGEPMLTPSEGSDTSAAPLSEAGRAGQRRSASRDSLKGGGALEKESHRRSYPLNA
ASLNGAPKGGKYDDVTLMGAEVASGGCMKTGLWKSETTV 

 
GenBank: AAI46775.1 (splicing isoform??) 
>gi|148922284|gb|AAI46775.1| GPR124 protein [Homo sapiens] 
MRGAPARLLLPLLPWLLLLLAPEARGAPGCPLSIRSCKCSGERPKGLSGGVPGPARRRVVCSGGDLPEPP 
EPGLLPNGTVTLLLSNNKITGLRNGSFLGLSLLEKLDLRNNIISTVQPGAFLGLGELKRLDLSNNRIGCL 
TSETFQGLPRLLRLNISGNIFSSLQPGVFDELPALKVVDLGTEFLTCDCHLRWLLPWAQNRSLQLSEHTL 
CAYPSALHAQALGSLQEAQLCCEGALELHTHHLIPSLRQVVFQGDRLPFQCSASYLGNDTRIRWYHNRAP 
VEGDEQAGILLAESLIHDCTFITSELTLSHIGVWASGEWECTVSMAQGNASKKVEIVVLETSASYCPAER 
VANNRGDFRWPRTLAGITAYQSCLQYPFTSVPLGGGAPGTRASRRCDRAGRWEPGDYSHCLYTNDITRVL 
YTFVLMPINASNALTLAHQLRVYTAEAASFSDMMDVVYVAQMIQKFLGYVDQIKELVEVMVDMASNLMLV 
DEHLLWLAQREDKACSRIVGALERIGGAALSPHAQHISVELSAFPREVGGAGAGLHP 
VVYPCTALLLLCLFATIITYILNHSSIRVSRKGWHMLLNLCFHIAMTSAVFAGGITLTNYQMVCQAVGITLHYSSLS
TLLWMGVKARVLHKELTWRAPPPQEGDPALPTPSPMLRFYLIAGGIPLIICGITAAVNIHNYRDHSPYCWLVWRPSL
GAFYIPVALILLITWIYFLCAGLRLRGPLAQNPKAGNSRASLEAGEELRGSTRLRGSGPLLSDSGSLLATGSARVGT
PGPPEDGDSLYSPGVQLGALVTTHFLYLAMWACGALAVSQRWLPRVVCSCLYGVAASALGLFVFTH 
HCARRRDVRASWRACCPPASPAAPHAPPRALPAAAEDGSPVFGEGPPSLKSSPSGSSGHPLALGPC 
KLTNLQLAQSQVCEAGAAAGGEGEPEPAGTRGNLAHRHPNNVHHGRRAHKSRAKGHRAGEACGKNRLKAL 
RGGAAGALELLSSESGGLHNSPTDSYLGSSRNSPGAGLQLEGEPMLTPSEGSDTSAAPLSEAGRAGQRRS 
ASRDSLKGGGALEKESHRRSYPLNAASLNGAPKGGKYDDVTLMGAEVASGGCMKTGLWKSETTV 

 
 

GPR125 protein [Homo sapiens] also called ADGRA3 
>gi|59823631|ref|NP_660333.2| adhesion G protein-coupled receptor A3 precursor [Homo sapiens] 
MEPPGRRRGRAQPPLLLPLSLLALLALLGGGGGGGAAALPAGCKHDGRPRGAGRAAGAAEGKVVCSSLEL 
AQVLPPDTLPNRTVTLILSNNKISELKNGSFSGLSLLERLDLRNNLISSIDPGAFWGLSSLKRLDLTNNR 
IGCLNADIFRGLTNLVRLNLSGNLFSSLSQGTFDYLASLRSLEFQTEYLLCDCNILWMHRWVKEKNITVR 
DTRCVYPKSLQAQPVTGVKQELLTCDPPLELPSFYMTPSHRQVVFEGDSLPFQCMASYIDQDMQVLWYQD 
GRIVETDESQGIFVEKNMIHNCSLIASALTISNIQAGSTGNWGCHVQTKRGNNTRTVDIVVLESSAQYCP 
PERVVNNKGDFRWPRTLAGITAYLQCTRNTHGSGIYPGNPQDERKAWRRCDRGGFWADDDYSRCQYANDV 
TRVLYMFNQMPLNLTNAVATARQLLAYTVEAANFSDKMDVIFVAEMIEKFGRFTKEEKSKELGDVMVDIA 
SNIMLADERVLWLAQREAKACSRIVQCLQRIATYRLAGGAHVYSTYSPNIALEAYVIKSTGFTGMTCTVF 
QKVAASDRTGLSDYGRRDPEGNLDKQLSFKCNVSNTFSSLALKNTIVEASIQLPPSLFSPKQKRELRPTD 
DSLYKLQLIAFRNGKLFPATGNSTNLADDGKRRTVVTPVILTKIDGVNVDTHHIPVNVTLRRIAHGADAV 
AARWDFDLLNGQGGWKSDGCHILYSDENITTIQCYSLSNYAVLMDLTGSELYTQAASLLHP 
VVYTTAIILLLCLLAVIVSYIY 
HHSLIRISLKSWH 
MLVNLCFHIFLTCVVFVGGIT 
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QTRNASICQ 
AVGIILHYSTLATVLWVGVTA 
RNIYKQVTKKAKRCQDPDEPPPPPRPMLR 
FYLIGGGIPIIVCGITAAANI 
KNYGSRPNAPYCWMAWEPS 
LGAFYGPASFITFVNCMYFLSI 
FIQLKRHPERKYELKEPTEEQQRLAANENGEINHQDSMSLSLISTSALENEHTFHSQ 
LLGASLTLLLYVALWMFGALAV 
SLYYPLD 
LVFSFVFGATSLSFSAFFVV 
HHCVNREDVRLAWIMTCCPGRSSYSVQVNVQPPNSNGTNGEAPKCPNSSAESSCTNKSASSFKNSSQGCKLTNLQAA
AAQCHANSLPLNSTPQLDNSLTEHSMDNDIKMHVAPLEVQFRTNVHSSRHHKNRSKGHRASRLTVLREYAYDVPTSV
EGSVQNGLPKSRLGNNEGHSRSRRAYLAYRERQYNPPQQDSSDACSTLPKSSRNFEKPVSTTSKKDALRKPAVVELE
NQQKSYGLNLAIQNGPIKSNGQEGPLLGTDSTGNVRTGLWKHETTV 

ISLR/Meflin Immunoglobulin superfamily containing leucine-rich repeat [Homo sapiens] 

>gi|83405860|gb|AAI11014.1| Immunoglobulin superfamily containing leucine-rich repeat [Homo sapiens] 
MQELHLLWWALLLGLAQACPEPCDCGEKYGFQIADCAYRDLESVPPGFPANVTTLSLSANRLPGLPEGAF 
REVPLLQSLWLAHNEIRTVAAGALASLSHLKSLDLSHNLISDFAWSDLHNLSALQLLKMDSNELTFIPRD 
AFRSLRALRSLQLNHNRLHTLAEGTFTPLTALSHLQINENPFDCTCGIVWLKTWALTTAVSIPEQDNIAC 
TSPHVLKGTPLSRLPPLPCSAPSVQLSYQPSQDGAELRPGFVLALHCDVDGQPAPQLHWHIQIPSGIVEI 
TSPNVGTDGRALPGTPVASSQPRFQAFANGSLLIPDFGKLEEGTYSCLATNELGSAESSVDVALATPGEG 
GEDTLGRRFHGKAVEGKGCYTVDNEVQPSGPEDNVVIIYLSRAGNPEAAVAEGVPGQ 
LPPGLLLLGQSLLLFFFL 
TSF 

 

Linx Immunoglobulin superfamily containing leucine-rich repeat 2 [Homo sapiens] 

>gi|156230954|gb|AAI52430.1| Immunoglobulin superfamily containing leucine-rich repeat 2 [Homo sapiens] 
MFPLRALWLVWALLGVAGSCPEPCACVDKYAHQFADCAYKELREVPEGLPANVTTLSLSANKITVLRRGA 
FADVTQVTSLWLAHNEVRTVEPGALAVLSQLKNLDLSHNFISSFPWSDLRNLSALQLLKMNHNRLGSLPR 
DALGALPDLRSLRINNNRLRTLAPGTFDALSALSHLQLYHNPFHCGCGLVWLQAWAASTRVSLPEPDSIA 
CASPPALQGVPVYRLPALPCAPPSVHLSAEPPLEAPGTPLRAGLAFVLHCIADGHPTPRLQWQLQIPGGT 
VVLEPPVLSGEDDGVGAEEGEGEGDGDLLTQTQAQTPTPAPAWPAPPATPRFLALANGSLLVPLLSAKEA 
GVYTCRAHNELGANSTSIRVAVAATGPPKHAPGAGGEPDGQAPTSERKSTAKGRGNSVLPSKPEGKIKGQ 
GLAKVSILGETETEPEEDTSEGEEAEDQILADPAEEQRCGNGDPSRYVSNHAFNQSAELKPHVFELGVIA 
LDVAEREARVQLTPLAARWGPGPGGAGGAPRPGRRPLRLLYLCPAGGGAAVQWSRVEEGVNAYWFRGLRP 
GTNYSVCLALAGEACHVQVVFSTKKELPSL 
LVIVAVSVFLLVLATVPLLGAAC 
CHLLAKHPGKPYRLILRPQAPDPMEKRIAADFDPRASYLESEKSYPAGGEAGGEEPEDVQGEGLDEDAEQGDPSGDL
QREESLAACSLVESQSKANQEEFEAGSEYSDRLPLGAEAVNIAQEINGNYRQTAG 

LINGO1 protein [Homo sapiens] 

>gi|46250264|gb|AAH68558.1| LINGO1 protein [Homo sapiens] 
MLAGGVRSMPSPLLACWQPILLLVLGSVLSGSATGCPPRYECSAQDRAVLCHRKRFVAVPEGIPTETRLL 
DLGKNRIKTLNQDEFASFPHLEELELNENIVSAVEPGAFNNLFNLRTLGLRSNRLKLIPLGVFTGLSNLT 
KLDISENKIVILLDYMFQDLYNLRSLEVGDNDLVYISHRAFSGLNSLEQLTLEKCNLTSIPTEALSHLHG 
LIVLRLRHLNINAIRDYSFKRLYRLKVLEISHWPYLDTMTPNCLYGLNLTSLSITHCNLTAVPYLAVRHL 
VYLRFLNLSYNRISTIEGSMLHELLRLQEIQLVGGQLAVVEPYAFRGLNYLRVLNVSGNQLTTLEESVFH 
SVGNLETLILDSNPLACDCRLLWVFRRRWRLNFNRQQPTCATPEFVQGKEFKDFPDVLLPNYFTCRRARI 
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RDRKAQQVFVDEGHTVQFVCRADGDPPPAILWLSPRKHLVSAKSNGRLTVFPDGTLEVRYAQVQDNGTYL 
CIAANAGGNDSMPAHLHVRSYSPDWPHQPNKTFAFISNQPGEGEANSTRATVPFPFDIKT 
LIIATTMGFISFLGVVLFCLVLLFL 
WSRGKGNTKHNIEIEYVPRKSDAGISSADAPRKFNMKMI 

LINGO2 protein [Homo sapiens] 

>gi|187953591|gb|AAI37515.1| LINGO2 protein [Homo sapiens] 
MLHTAISCWQPFLGLAVVLIFMGSTIGCPARCECSAQNKSVSCHRRRLIAIPEGIPIETKILDLSKNRLK 
SVNPEEFISYPLLEEIDLSDNIIANVEPGAFNNLFNLRSLRLKGNRLKLVPLGVFTGLSNLTKLDISENK 
IVILLDYMFQDLHNLKSLEVGDNDLVYISHRAFSGLLSLEQLTLEKCNLTAVPTEALSHLRSLISLHLKH 
LNINNMPVYAFKRLFHLKHLEIDYWPLLDMMPANSLYGLNLTSLSVTNTNLSTVPFLAFKHLVYLTHLNL 
SYNPISTIEAGMFSDLIRLQELHIVGAQLRTIEPHSFQGLRFLRVLNVSQNLLETLEENVFSSPRALEVL 
SINNNPLACDCRLLWILQRQPTLQFGGQQPMCAGPDTIRERSFKDFHSTALSFYFTCKKPKIREKKLQHL 
LVDEGQTVQLECSADGDPQPVISWVTPRRRFITTKSNGRATVLGDGTLEIRFAQDQDSGMYVCIASNAAG 
NDTFTASLTVKGFASDRFLYANRTPMYMTDSNDTISNGTNANTFSLDLKT 
ILVSTAMGCFTFLGVVLFCFLLLFV 
WSRGKGKHKNSIDLEYVPRKNNGAVVEGEVAGPRRFNMKMI 

 
 

LINGO3 protein [Homo sapiens] 

Genbank: NP_001094861.1 

>gi|157426829|ref|NP_001094861.1| leucine-rich repeat and immunoglobulin-like domain-containing nogo 
receptor-interacting protein 3 precursor [Homo sapiens] 

MTCWLCVLSLPLLLLPAAPPPAGGCPARCECTVQTRAVACTRRRLTAVPDGIPAETRLLELSRNRIRCLN 
PGDLAALPALEELDLSENAIAHVEPGAFANLPRLRVLRLRGNQLKLIPPGVFTRLDNLTLLDLSENKLVI 
LLDYTFQDLHSLRRLEVGDNDLVFVSRRAFAGLLALEELTLERCNLTALSGESLGHLRSLGALRLRHLAI 
ASLEDQNFRRLPGLLHLEIDNWPLLEEVAAGSLRGLNLTSLSVTHTNITAVPAAALRHQAHLTCLNLSHN 
PISTVPRGSFRDLVRLRELHLAGALLAVVEPQAFLGLRQIRLLNLSNNLLSTLEESTFHSVNTLETLRVD 
GNPLACDCRLLWIVQRRKTLNFDGRLPACATPAEVRGDALRNLPDSVLFEYFVCRKPKIRERRLQRVTAT 
AGEDVRFLCRAEGEPAPTVAWVTPQHRPVTATSAGRARVLPGGTLEIQDARPQDSGTYTCVASNAGGNDT 
YFATLTVRPEPAANRTPGEAHNETLAALRAPLDLTT 
ILVSTAMGCITFLGVVLFCFVLLFV 
WSRGRGQHKNNFSVEYSFRKVDGPAAAAGQGGARKFNMKMI 

LINGO4 Leucine rich repeat and Ig domain containing 4 [Homo sapiens] 

GenBank: AAI37221.1  (NP_001004432.1) 
>gi|187953489|gb|AAI37221.1| Leucine rich repeat and Ig domain containing 4 [Homo sapiens] 
MDAATAPKQAWPPWPPLLFLLLLPGGSGGSCPAVCDCTSQPQAVLCGHRQLEAVPGGLPLDTELLDLSGN 
RLWGLQQGMLSRLSLLQELDLSYNQLSTLEPGAFHGLQSLLTLRLQGNRLRIMGPGVFSGLSALTLLDLR 
LNQIVLFLDGAFGELGSLQKLEVGDNHLVFVAPGAFAGLAKLSTLTLERCNLSTVPGLALARLPALVALR 
LRELDIGRLPAGALRGLGQLKELEIHLWPSLEALDPGSLVGLNLSSLAITRCNLSSVPFQALYHLSFLRV 
LDLSQNPISAIPARRLSPLVRLQELRLSGACLTSIAAHAFHGLTAFHLLDVADNALQTLEETAFPSPDKL 
VTLRLSGNPLTCDCRLLWLLRLRRHLDFGMSPPACAGPHHVQGKSLKEFSDILPPGHFTCKPALIRKSGP 
RWVIAEEGGHAVFSCSGDGDPAPTVSWMRPHGAWLGRAGRVRVLEDGTLEIRSVQLRDRGAYVCVVSNVA 
GNDSLRTWLEVIQVEPPNGTLSDPNITVPGIPGPFFLDSRG 
VAMVLAVGFLPFLTSVTLCFGLIALW 
SKGKGRVKHHMTFDFVAPRPSGDKNSGGNRVTAKLF 

	
  
SALM1 Leucine rich repeat and fibronectin type III domain containing 2 [Homo sapiens] 
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GenBank: AAI42617.1 (NP_065788) 
>gi|148745628|gb|AAI42617.1| Leucine rich repeat and fibronectin type III domain containing 2 [Homo sapiens] 
METLLGGLLAFGMAFAVVDACPKYCVCQNLSESLGTLCPSKGLLFVPPDIDRRTVELRLGGNFIIHISRQ 
DFANMTGLVDLTLSRNTISHIQPFSFLDLESLRSLHLDSNRLPSLGEDTLRGLVNLQHLIVNNNQLGGIA 
DEAFEDFLLTLEDLDLSYNNLHGLPWDSVRRMVNLHQLSLDHNLLDHIAEGTFADLQKLARLDLTSNRLQ 
KLPPDPIFARSQASALTATPFAPPLSFSFGGNPLHCNCELLWLRRLERDDDLETCGSPGGLKGRYFWHVR 
EEEFVCEPPLITQHTHKLLVLEGQAATLKCKAIGDPSPLIHWVAPDDRLVGNSSRTAVYDNGTLDIFITT 
SQDSGAFTCIAANAAGEATAMVEVSIVQLPHLSNSTSRTAPPKSRLSDITGSSKTSRGGGGSGGGEPPKS 
PPERAVLVSEVTTTSALVKWSVSKSAPRVKMYQLQYNCSDDEVLIYRMIPASNKAFVVNNLVSGTGYDLC 
VLAMWDDTATTLTATNIVGCAQFFTKADYPQCQSMHSQI 
LGGTMILVIGGIIVATLLVFIVILMV 
RYKVCNHEAPSKMAAAVSNVYSQTNGAQPPPPSSAPAGAPPQGPPKVVVRNELLDFTASLARASDSSSSSSLGSGEA
AGLGRAPWRIPPSAPRPKPSLDRLMGAFASLDLKSQRKEELLDSRTPAGRGAGTSARGHHSDREPLLGPPAARARSL
LPLPLEGKAKRSHSFDMGDFAAAAAGGVVPGGYSPPRKVSNIWTKRSLSVNGMLLPFEESDLVGARGTFGSSEWVME
STV 

SALM2 Leucine rich repeat and fibronectin type III domain containing 1 [Homo sapiens] 
Genbank:Q9P244.2 

>gi|189028858|sp|Q9P244.2|LRFN1_HUMAN RecName: Full=Leucine-rich repeat and fibronectin type III domain-
containing protein 1; AltName: Full=Synaptic adhesion-like molecule 2; Flags: Precursor 
MAPGPFSSALLSPPPAALPFLLLLWAGASRGQPCPGRCICQNVAPTLTMLCAKTGLLFVPPAIDRRVVEL 
RLTDNFIAAVRRRDFANMTSLVHLTLSRNTIGQVAAGAFADLRALRALHLDSNRLAEVRGDQLRGLGNLR 
HLILGNNQIRRVESAAFDAFLSTVEDLDLSYNNLEALPWEAVGQMVNLNTLTLDHNLIDHIAEGTFVQLH 
KLVRLDMTSNRLHKLPPDGLFLRSQGTGPKPPTPLTVSFGGNPLHCNCELLWLRRLTREDDLETCATPEH 
LTDRYFWSIPEEEFLCEPPLITRQAGGRALVVEGQAVSLRCRAVGDPEPVVHWVAPDGRLLGNSSRTRVR 
GDGTLDVTITTLRDSGTFTCIASNAAGEATAPVEVCVVPLPLMAPPPAAPPPLTEPGSSDIATPGRPGAN 
DSAAERRLVAAELTSNSVLIRWPAQRPVPGIRMYQVQYNSSVDDSLVYRMIPSTSQTFLVNDLAAGRAYD 
LCVLAVYDDGATALPATRVVGCVQFTTAGDPAPCRPLRAHFLG 
GTMIIAIGGVIVASVLVFIVLLMI 
RYKVYGDGDSRRVKGSRSLPRVSHVCSQTNGAGTGAAQAPALPAQDHYEALREVESQAAPAVAVEAKAMEAETASAE
PEVVLGRSLGGSATSLCLLPSEETSGEESRAAVGPRRSRSGALEPPTSAPPTLALVPGGAAARPRPQQRYSFDGDYG
ALFQSHSYPRRARRTKRHRSTPHLDGAGGGAAGEDGDLGLGSARACLAFTSTEWMLESTV 

 
SALM3 Leucine rich repeat and fibronectin type III domain containing 4 [Homo sapiens] 
GenBank: AAH15581.2 (NP_076941) 

>gi|22800525|gb|AAH15581.2| Leucine rich repeat and fibronectin type III domain containing 4 [Homo sapiens] 
MAPPLLLLLLASGAAACPLPCVCQNLSESLSTLCAHRGLLFVPPNVDRRTVELRLADNFIQALGPPDFRN 
MTGLVDLTLSRNAITRIGARAFGDLESLRSLHLDGNRLVELGTGSLRGPVNLQHLILSGNQLGRIAPGAF 
DDFLESLEDLDLSYNNLRQVPWAGIGAMPALHTLNLDHNLIDALPPGAFAQLGQLSRLDLTSNRLATLAP 
DPLFSRGRDAEASPAPLVLSFSGNPLHCNCELLWLRRLARPDDLETCASPPGLAGRYFWAVPEGEFSCEP 
PLIARHTQRLWVLEGQRATLRCRALGDPAPTMHWVGPDDRLVGNSSRARAFPNGTLEIGVTGAGDAGGYT 
CIATNPAGEATARVELRVLALPHGGNSSAEGGRPGPSDIAASARTAAEGEGTLESEPAVQVTEVTATSGL 
VSWGPGRPADPVWMFQIQYNSSEDETLIYRIVPASSHHFLLKHLVPGADYDLCLLALSPAAGPSDLTATR 
LLGCAHFSTLPASPLCHALQAHV 
LGGTLTVAVGGVLVAALLVFTVALLV 
RGRGAGNGRLPLKLSHVQSQTNGGPSPTPKAHPPRSPPPRPQRSCSLDLGDAGCYGYARRLGGAWARRSHSVHGGLL
GAGCRGVGGSAERLEESVV 
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SALM4 Leucine rich repeat and fibronectin type III domain containing 3 [Homo sapiens] 
GenBank: AAH03578.1 (NP_078785.1) 

>gi|13097762|gb|AAH03578.1| Leucine rich repeat and fibronectin type III domain containing 3 [Homo sapiens] 
MAILPLLLCLLPLAPASSPPQSATPSPCPRRCRCQTQSLPLSVLCPGAGLLFVPPSLDRRAAELRLADNF 
IASVRRRDLANMTGLLHLSLSRNTIRHVAAGAFADLRALRALHLDGNRLTSLGEGQLRGLVNLRHLILSN 
NQLAALAAGALDDCAETLEDLDLSYNNLEQLPWEALGRLGNVNTLGLDHNLLASVPAGAFSRLHKLARLD 
MTSNRLTTIPPDPLFSRLPLLARPRGSPASALVLAFGGNPLHCNCELVWLRRLAREDDLEACASPPALGG 
RYFWAVGEEEFVCEPPVVTHRSPPLAVPAGRPAALRCRAVGDPEPRVRWVSPQGRLLGNSSRARAFPNGT 
LELLVTEPGDGGIFTCIAANAAGEATAAVELTVGPPPPPQLANSTSCDPPRDGDPDALTPPSAASASAKV 
ADTGPPTDRGVQVTEHGATAALVQWPDQRPIPGIRMYQIQYNSSADDILVYRMIPAESRSFLLTDLASGR 
TYDLCVLAVYEDSATGLTATRPVGCARFSTEPALRPCGAPHAPF 
LGGTMIIALGGVIVASVLVFIFVLL 
MRYKVHGGQPPGKAKIPAPVSSVCSQTNGALGPTPTPAPPAPEPAALRAHTVVQLDCEPWGPGHEPVGP 

SALM5 Leucine rich repeat and fibronectin type III domain containing 5 [Homo sapiens] 

GenBank: AAH43165.1 (NP_689660.2) 
>gi|28175743|gb|AAH43165.1| Leucine rich repeat and fibronectin type III domain containing 5 [Homo sapiens] 
MEKILFYLFLIGIAVKAQICPKRCVCQILSPNLATLCAKKGLLFVPPNIDRRTVELRLADNFVTNIKRKD 
FANMTSLVDLTLSRNTISFITPHAFADLRNLRALHLNSNRLTKITNDMFSGLSNLHHLILNNNQLTLISS 
TAFDDVFALEELDLSYNNLETIPWDAVEKMVSLHTLSLDHNMIDNIPKGTFSHLHKMTRLDVTSNKLQKL 
PPDPLFQRAQVLATSGIISPSTFALSFGGNPLHCNCELLWLRRLSREDDLETCASPPLLTGRYFWSIPEE 
EFLCEPPLITRHTHEMRVLEGQRATLRCKARGDPEPAIHWISPEGKLISNATRSLVYDNGTLDILITTVK 
DTGAFTCIASNPAGEATQIVDLHIIKLPHLLNSTNHIHEPDPGSSDISTSTKSGSNTSSSNGDTKLSQDK 
IVVAEATSSTALLKFNFQRNIPGIRMFQIQYNGTYDDTLVYRMIPPTSKTFLVNNLAAGTMYDLCVLAIY 
DDGITSLTATRVVGCIQFTTEQDYVRCHFMQSQFL 
GGTMIIIIGGIIVASVLVFIIILMI 
RYKVCNNNGQHKVTKVSNVYSQTNGAQIQGCSVTLPQSVSKQAVGHEENAQCCKATSDNVIQSSETCSSQDSSTTTS
ALPPSWTSSTSVSQKQKRKTGTKPSTEPQNEAVTNVESQNTNRNNSTALQLASRPPDSVTEGPTSKRAHIKPNALLT
NVDQIVQETQRLELI 

LRIG1 protein [Homo sapiens] 
GenBank: AAH71561.1 

>gi|48734697|gb|AAH71561.1| LRIG1 protein [Homo sapiens] 
MARPVRGGLGAPRRSPCLLLLWLVLVRLEPVTAAAGPRAPCAAACTCAGDSLDCGGRGLAALPGDLPSWT 
RSLNLSYNKFSEIDPAGFEDLPNLQEVYLNNNELTAVPSLGAASSHVVSLFLQHNKIRSVEGSQLKAYLS 
LEVLDLSLNNITEVRNTCFPHGPPIKELNLAGNRIGTLELGAFDGLSRSLLTLRLSKNRITQLPVRAFKL 
PRLTQLDLNRNRIRLIEGLTFQGLNSLEVLKLQRNNISKLTDGAFWGLSKMHVLHLEYNSLVEVNSGSLY 
GLTALHQLHLSNNSIARIHRKGWSFCQKLHELVLSFNNLTRLDEESLAELSSLSVLRLSHNSISHIAEGA 
FKGLRSLRVLDLDHNEISGTIEDTSGAFSGLDSLSKLLLLEPSQSAGCSSPSQPHMSAGGRTLFGNKIKS 
VAKRAFSGLEGLEHLNLGGNAIRSVQFDAFVKMKNLKELHISSDSFLCDCQLKWLPPWLIGRMLQAFVTA 
TCAHPESLKGQSIFSVPPESFVCDDFLKPQIITQPETTMAMVGKDIRFTCSAASSSSSPMTFAWKKDNEV 
LTNADMENFVHVHAQDGEVMEYTTILHLRQVTFGHEGRYQCVITNHFGSTYSHKARLTVNVLPSFTKTPH 
DITIRTTTMARLECAATGHPNPQIAWQKDGGTDFPAAQTPSLVVPLEDRVVSVGETVALQCKATGNPPPR 
ITWFKGDRPLSLTERHHLTPDNQLLVVQNVVAEDAGRYTCEMSNTLGTERAHSQLSVLPAAGCRKDGTT 
VGIFTIAVVSSIVLTSLVWVCII 
YQTRKKSEEYSVTNTDETVVPPDVPSYLSSQGTLSDRQETVVRTEGGPQANGHIESNGVCPRDASHFPEPDTHSVAC
RQPKLCAGSAYHKEPWKAMEKAEGTPGPHKMEHGGRVVCSDCNTEVDCYSRGQAFHPQPVSRDSAQPSAPNGPEPGG



	
   42	
  

SDQEHSPHHQCSRTAAGSCPECQGSLYPSNHDRMLTAVKKKPMASLDGKGDSSWTLARLYHPDSTELQPASSLTSGS
PERAEAQYLLVSNGHLPKACDASPESTPLTGQLPGKQRVPLLLAPKS 

LRIG2 Leucine-rich repeats and immunoglobulin-like domains 2 [Homo sapiens] 

GenBank: AAI17371.1 (NP_055628) 
>gi|109658890|gb|AAI17371.1| Leucine-rich repeats and immunoglobulin-like domains 2 [Homo sapiens] 
MAPAPLGVPEEQLLGCRSRVLSRLLFIAQTALLLLPAAGAGLCPAPCSCRIPLLDCSRRKLPAPSWRALS 
GLLPPDTAILDFSHNRLSNWNISLESQTLQEVKMNYNELTEIPYFGEPTSNITLLSLVHNIIPEINAQAL 
QFYPALESLDLSSNIISEIKTSSFPRMQLKYLNLSNNRITTLEAGCFDNLSSSLLVVKLNRNRMSMIPPK 
IFKLPHLQFLELKRNRIKIVEGLTFQGLDSLRSLKMQRNGISKLKDGAFFGLNNMEELELEHNNLTRVNK 
GWLYGLRMLQQLYVSQNAIERISPDAWEFCQRLSELDLSYNQLTRLDESAFVGLSLLERLNLGDNRVTHI 
ADGVFRFLSNLQTLDLRNNEISWAIEDASEAFAGLTSLTKLILQGNQIKSITKKAFIGLESLEHLDLNNN 
AIMSIQENAFSQTHLKELILNTSSLLCDCHLKWLLQWLVDNNFQHSVNVSCAHPEWLAGQSILNVDLKDF 
VCDDFLKPQIRTHPETIIALRGMNVTLTCTAVSSSDSPMSTVWRKDSEILYDVDTENFVRYWQQAGEALE 
YTSILHLFNVNFTDEGKYQCIVTNHFGSNYSQKAKLTVNEMPSFLKTPMDLTIRTGAMARLECAAEGHPA 
PQISWQKDGGTDFPAARERRMHVMPEDDVFFIANVKIEDMGIYSCMAQNTAGGLSANASLTVLETPSFIR 
PLEDKTVTRGETAVLQCIAGGSPAPRLNWTKDDGPLLVTERHFFAAANQLLIIVDAGLEDAGKYTCIMSN 
TLGTERGHIYLNVISSPNCDSSQSSIGHEDDGWTTVG 
IVIIVVVCCVVGTSLIWVIVI 
YHMRRKNEDYSITNTEELNLPADIPSYLSSQGTLSEPQEGYSNSEAGSHQQLMPPANGYIHKGTDGGTGTRVICSDC
YDNANIYSRTREYCPYTYIAEEDVLDQTLSSLMVQMPKETYLVHPPQDTTALESLIPSANREPSAFPTNHERISEKK
LPSTQMSGETLQRPVWNINRELGLPHPPFSQQPVHESPQLHQNEGLAGREPDCSASSMSCHRLQDHAFDFSRTRNIQ
DGSEGT 

LRIG3 

Leucine-rich repeats and immunoglobulin-like domains 3 [Homo sapiens] 

GenBank: AAI26170.1 (NP_700356) 
>gi|116496819|gb|AAI26170.1| Leucine-rich repeats and immunoglobulin-like domains 3 [Homo sapiens] 
MSAPSLRARAAGLGLLLCAVLGRAGRSDSGGRGELGQPSGVAAERPCPTTCRCLGDLLDCSRKRLARLPE 
PLPSWVARLDLSHNRLSFIKASSMSHLQSLREVKLNNNELETIPNLGPVSANITLLSLAGNRIVEILPEH 
LKEFQSLETLDLSSNNISELQTAFPALQLKYLYLNSNRVTSMEPGYFDNLANTLLVLKLNRNRISAIPPK 
MFKLPQLQHLELNRNKIKNVDGLTFQGLGALKSLKMQRNGVTKLMDGAFWGLSNMEILQLDHNNLTEITK 
GWLYGLLMLQELHLSQNAINRISPDAWEFCQKLSELDLTFNHLSRLDDSSFLGLSLLNTLHIGNNRVSYI 
ADCAFRGLSSLKTLDLKNNEISWTIEDMNGAFSGLDKLRRLILQGNRIRSITKKAFTGLDALEHLDLSDN 
AIMSLQGNAFSQMKKLQQLHLNTSSLLCDCQLKWLPQWVAENNFQSFVNASCAHPQLLKGRSIFAVSPDG 
FVCDDFPKPQITVQPETQSAIKGSNLSFICSAASSSDSPMTFAWKKDNELLHDAEMENYAHLRAQGGEVM 
EYTTILRLREVEFASEGKYQCVISNHFGSSYSVKAKLTVNMLPSFTKTPMDLTIRAGAMARLECAAVGHP 
APQIAWQKDGGTDFPAARERRMHVMPEDDVFFIVDVKIEDIGVYSCTAQNSAGSISANATLTVLETPSFL 
RPLLDRTVTKGETAVLQCIAGGSPPPKLNWTKDDSPLVVTERHFFAAGNQLLIIVDSDVSDAGKYTCEMS 
NTLGTERGNVRLSVIPTPTCDSPQMTAPSLDDDGW 
ATVGVVIIAVVCCVVGTSLVWVVII 
YHTRRRNEDCSITNTDETNLPADIPSYLSSQGTLADRQDGYVSSESGSHHQFVTSSGAGFFLPQHDSSGTCHIDNSS
EADVEAATDLFLCPFLGSTGPMYLKGNVYGSDPFETYHTGCSPDPRTVLMDHYEPSYIKKKECYPCSHPSEESCERS
FSNISWPSHVRKLLNTSYSHNEGPGMKNLCLNKSSLDFSANPEPASVASSNSFMGTFGKALRRPHLDAYSSFGQPSD
CQPRAFYLKAHSSPDLDSGSEEDGKERTDFQEENHICTFKQTLENYRTPNFQSYDLDT 

 
APPENDIX H AMIGO Clustal Alignments  
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AMIGO1 
>GgAmigo1  
-CRCCCRAAEKPSAPPATTASFVRAQRHPR--PRRRGAAAP--PRARGGAGHRGAAGGQN 
GRYKAGGSPPTAAVAVGAPREGPRAQRKVSDPDSVSSVFSDTPIVV  
>CmAmigo1  
PCHCWCRKKAE--TQQEESIHSSSLSTTPTHQAE---AEKEALDMRVAFIDPARCGLGQNGKVQPNAVEQFEDKR------
LSATSRKKSDSESFSTVLLDSPVVV  
>HsAmigo1  
-CRCWCRGVEKPSSHQGDSLSSSMLSTTPNHDPMAGGDKDDGFDRRVAFLEPAGPGQGQSGKLKPGNTLPVPEA-------
TGKGQRRMSDPESVSSVFSDTPIVV  
>MmAmigo1  
PCRCWCRGVEKPSSHQGDSLSSSMLSTTPNHDPMAGGDKDDGFDRRVAFLEPAGPGQGQNGKLKPGNTLPVPEA-------
TGKGQRRMSDPESVSSVFSDTPIVV 
AMIGO2 
>CmAmigo2  
--RCWCKSKQRHRKPPGNSARSSILSTTPSHDVN-TERKASTCKRVVFLEPVKEPLKGQN 
GKIKFQPHHHIVTEKILRAKRAKCDSDSISSVFSDNLIVA— 
>GgAmigo2  
-CPCQCKTKRKKRKLNQSSAHTSILNSTPPQELPADEKKASTGKRVVFLEPVHEPKHSQN 
GKVKLFPNDNVIAESILKTTRTKSDSDSVNSVFSDTPFMPST  
>HsAmigo2  
PCPCKCKTKRQKNMLHQSNAHSSILSPGPASDASADERKAGAGKRVVFLEPLKDTAAGQN 
GKVRLFPSEAVIAEGILKSTRGKSDSDSVNSVFSDTPFVAST  
>MmAmigo2  
-CPCKCKAKRQKNTLSQSSAHSSILSPGPTGDASADDRKA--GKRVVFLEPLKDTAAGQN 
GKVKLFPSETVIAEGILKSTRAKSDSDSVNSVFSDTPFVAST 

AMIGO3 
>CmAmigo3  
-----------PCRCWCKTPPPHPTPPNECSAQSSILSATPPCNEDANRKTGGGKHVVFL 
EPVKDSQNGKIRLAVSEDFPDVKNPKILQLKSDSESITSVFSDTPIMS  
>HsAmigo3  
----RCCRRACRCRRWPQ----TPSPLQELSAQSSVLSTTPPDA--PSRKASVHKHVVFL EPGRRGLNGRVQLAVAEEFD-
LYNPGGLQLKAGSESASSIGSEGPMTT  
>MmAmigo3  
RGCCHCCQRACRNRCWPR----ASSPLQELSAQSSMLSTTPPDA--PSRKASVHKHVVFL EPGKKGLNGRVQLAVAEDFD-
LCNPMGLQLKAGSESASSTGSEGLVMS 

 
 

APPENDIX I NGL Clustal Alignments  
	
  

NGL1	
  
>CmNGL1  
YKMRKQHHHQNHHAPIRTIEIINVDEEIARGTAVESHLTMPAIEHEDMNHYNSYKAPFNH  
T--VNTINSIHSSVHEPLLMRVNSKDNVQETQI  
>HsNGL1  
YKMRKQHHRQNHHAPTRTVEIINVDDEITGDTPMESHLPMPAIEHEHLNHYNSYKSPFNH 
TTTVNTINSIHSSVHEPLLIRMNSKDNVQETQI  
>MmNGL1  
YKMRKQHHRQNHHAPTRTVEIINVDDEITGDTPMESHLPMPAIEHEHLNHYNSYKSPFNH 
TTTVNTINSIHSSVHEPLLIRMNSKDNVQETQI  
>GgNGL1  
YKMRKQHHRQNHHAPTRTVEIINVDDELTGDTPIESHLPMPAIEHEHLNHYNSYKSPFNH 
TTTVNTINSIHSSVHEPLLIRMNSKDNVQETQI 
 
NGL2	
  
>HsNGL2  
YKLRKRHQQRSTVTAARTVEIIQVDEDIPAATSAAATAAPSGVSGEGAVVLPTIHDHINY 
NTYKPAHGAHWTENSLGNSLHPTVTTISEPYIIQTHTKDKVQETQI  
>MmNGL2  
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YKLRKRHQQRSTVTAARTVEIIQVDEDIPAAAPAAATAAPSGVSGEGAVVLPTIHDHINY 
NTYKPAHGAHWTENSLGNSLHPTVTTISEPYIIQTHTKDKVQETQI  
>CmNGL2  
YKLRKRHQQRSTVAAARTIEIINVEEEMAGG----------GPGEGGGGSVPSVHDHMNY NTYKPAHRAHWTDNSLGNSLHT--
-TIPEPFIIQTHNKDKVQETQI 
	
  
NGL3	
  
>CmNGL3  
-KLRKQHQLHKHHGQARTIEIINVEEDLGE----------------PTTGDNCLALPAVE 
HGPLNHY----TAYKAHYNNNTSALNCTK--NPLHNSVHEPLLFKSSSKENVQETQI  
>HsNGL3  
YKLRKQHQLHKHHGPTRTVEIINVEDELPAASAVSVAAAAAVASGGGVGGDSHLALPALE 
RDHLNHHHYVAAAFKAHYSSNPSGGGCGGKGPPGLNSIHEPLLFKSGSKENVQETQI  
>MmNGL3  
-KLRKQHQLHKHHGPTRTVEIINVEDELPAASAVSVAAAAAVAGGAGVGGDSHLALPALE RDHLNHHHYVAAAFKAHYGGNP-
GGGCGAKG-PGLNSIHEPLLFKSGSKENVQETQI 

	
  
 
 
 
 

 

 

 

	
  


