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Abstract
	We propose the establishment of seven new genera in the Rhabdoviridae to accommodate 16 new species for viruses discovered in invertebrates. These viruses are phylogenetically divergent from those assigned to genera that have been proposed to be classified to the subfamilies Alpharhabdovirinae, Betarhabdovirinae and Gammarhabdovirinae. The new genera will be Alphacrustrhavirus (2 species for crustacean viruses), Alphadrosrhavirus (2 species for fly viruses), Alphahymrhavirus (4 species for wasp viruses), Betahymrhavirus (2 species for wasp viruses), Betapaprhavirus (2 species moth viruses), Betanemrhavirus (2 species for roundworm viruses) and Betaricinrhavirus (2 species for hard tick viruses).


Text of proposal
	
	We have proposed elsewhere (2020.016M) the establishment of three new subfamilies to accommodate all existing and currently proposed genera of rhabdoviruses. In that proposal, we identified a diverse and phylogenetically distinct set of invertebrate rhabdoviruses, many recently discovered by metagenomics, that do not fall within the three proposed subfamilies. Here, we address the classification of some of those viruses by proposing the formation of seven new genera to accommodate 16 new species. Viruses assigned to each genus form a distinct monophyletic group based on well-supported Maximum Likelihood trees inferred from complete L sequences.

A. Genus Alphacrustrhavirus

The new genus Alphacrustrhavirus comprises viruses that have been detected in marine crustaceans.
 
Viruses to be assigned

Wenling crustacean virus 10 (WlCV-10; strain WLJQ101844) and Wenling crustacean virus 11 (WlCV-11; strain WLJQ201798) were each discovered by HTS in a pool of marine crustaceans (multiple families) collected in Zhezhang Province, China, in 2014 [8]. The near-complete genome sequence of each virus has been determined (WlCV-10, 11,938 nt; WlCV-11, 11,560 nt), including complete coding sequences but incomplete 3' and 5' termini [8]. We propose to assign Wenling crustacean virus 10 to the new species Wenling alphacrustrhavirus and Wenling crustacean virus 11 to the new species Zhezhang alphacrustrhavirus.

No isolates are currently available for either of these viruses.

Genome organization and expression

Alphacrustrhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L) (Figure 1). In WlCV-11, the P gene contains an alternative open reading frame (ORF) of 297 nt encoding a highly basic 11.9 kDa protein (Px) (Figure 1). The Px ORF commences near the start of the P ORF but it is not known if the protein is expressed.

A Clustal X alignment indicates that alphacrustrhavirus G proteins share identifiable sequence identity and are similar in structure and length. Alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates conservation of many of the 12 cysteine residues that form disulphide bonds in the folded protein [7, 10] (Figure 3). Disulphide bridge CII-CIV appears to be absent and cysteine CIX appears to have formed a new unique pairing.

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, alphacrustrhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Amino acid sequence divergence between WlCV-10 and WlCV-11 in pair-wise alignments (p-distances) are 71.7% in the N proteins, 79.0% in the G proteins and 57.4% in the L protein.

Species demarcation criteria

Viruses assigned to different species within the genus Alphacrustrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C and D. As no virus isolates are currently available neutralisation tests have not been conducted (criterion E). As the viruses were each detected in the same mix of diverse crustaceans, no information is yet available on any possible differences in ecology (criterion F).

Derivation of the genus name

Alphacrustrhavirus is derived from the alpha group of crustacean rhabdoviruses.

Type species

Wenling alphacrustrhavirus is designated as the type species of the genus (for no particular reason).

B. Genus Alphadrosrhavirus

The new genus Alphadrosrhavirus comprises viruses that have been detected in flies (Drosophilidae). They are distant phylogenetically from those rhabdoviruses detected in flies of various species that have been assigned to an existing genus (Sigmavirus).

Viruses to be assigned

Shayang fly virus 3 (SyFV-3; strain SYY1-1) was discovered by HTS in a pool of oriental latrine flies (Chrysomya megacephala) collected in Hubei Province, China, in 2012 [4]. The near-complete genome sequence (15,462 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [4]. We propose to assign Shayang fly virus 3 to the new species Shayang alphadrosrhavirus.

Wuhan house fly virus 2 (WhHFV-2; strain SYY4-5) was discovered by HTS in a pool of houseflies (Musca domestica) collected in Hubei Province, China, in 2013 [4]. The near-complete genome sequence (14,731 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [4]. We propose to assign Wuhan house fly virus 2 to the new species Hubei alphadrosrhavirus.

No isolates are currently available for either of these viruses.

Other related viruses

Drosophila sturtevanti rhabdovirus 1 (DstuRV-1; strain 1) discovered by HTS in a pool of flies (Drosophila sturtevanti) collected in Grenada, Spain, in 2009 [5]. Only partial genome sequence (7,658 nt) has been determined, including the complete L gene [5].

Wuhan fly virus 3 (WhFV-3; strain SYY2-5) discovered by HTS in a pool of houseflies (Musca domestica) collected in Hubei Province, China, in 2012 [5]. Only partial genome sequence (7,785 nt) has been determined, including the complete L gene [5].

Based on the available L protein sequences, each of these viruses clusters phylogenetically with the alphadrosrhaviruses. However, as only partial genome sequences are currently available, they are not proposed for classification at this time.

Genome organization and expression

Alphadrosrhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L) (Figure 1). They share the common characteristic of an additional gene (U1 in SYFV-3 and U2 in WhHFV-2) between the G and L genes in which there are two overlapping ORFs. Each of these ORFs (U1a and U1b in SYFV-3; U2a and U2b in WhHFV-2) encodes a small hydrophobic protein with a strongly predicted transmembrane domain (see Appendix A). In WhHFV-2, there is also an additional gene (U1) between the P gene and M gene containing a single ORF of 492 nt encoding an 18.2 kDa protein (Figure 1). Small alternative or overlapping ORFs also occur in the P genes of each virus but it is not known if they are expressed.

A Clustal X alignment indicates that alphadrosrhavirus G proteins share identifiable sequence identity and are similar in structure and length. Alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates conservation of 10 of the 12 cysteine residues that form disulphide bonds in the folded protein [7, 10] (Figure 4). Only disulphide bridge CIX-CXI appears to be absent. Two additional cysteine residues in each virus appear to be available to form an additional disulphide bridge.

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, alphadrosrhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Amino acid sequence divergence between SyFV-3 and WhHFV-2 in pair-wise alignments (p-distances) are 73.1% in the N proteins, 64.1% in the G proteins and 53.4% in the L protein.

Species demarcation criteria

Viruses assigned to different species within the genus Alphadrosrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C, D and F. As no virus isolates are currently available neutralisation tests have not been conducted (criterion E). 

Derivation of the genus name

Alphadrosrhavirus is derived from the alpha group of fly (Drosophilidae) rhabdoviruses.

Type species
Shayang alphadrosrhavirus is designated as the type species of the genus (for no particular reason).

C. Genus Alphahymrhavirus

The new genus Alphahymrhavirus comprises viruses that have been detected in hymenopteran insects (Hymenoptera). They are distant phylogenetically from those rhabdoviruses detected in hymenopteran insects of various species that will be assigned to another new genus (Betahymrhavirus; see below).

Viruses to be assigned 

Lasius neglectus virus 2 (LnegV-2; strain Cambridge) was discovered in the transcriptome of invasive garden ants (Lasius neglectus) collected in the United Kingdom, in 2016 [3]. The complete genome sequence (12,041 nt) has been determined [3]. We propose to assign Lasuis neglectus virus 2 to the new species Neglectus alphahymrhavirus.

Hymenopteran rhabdo-related virus 38 (HyRRV-38; strain OKIAV38) was discovered in the transcriptome shotgun assembly (TSA) of a leaden spider wasp (Pompilus cinereus) collected in Germany, in 2011 [2]. The near-complete genome sequence (12,368 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2]. We propose to assign Hymenopteran rhabdo-related virus 38 to the new species Cinereus alphahymrhavirus.

Hymenopteran rhabdo-related virus 46 (HyRRV-46; strain OKIAV46) was discovered in the TSA of a leaden cuckoo wasp (Chrysura radians) collected in Turlin, Italy, in 2012 [2]. The near-complete genome sequence (11,807 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2]. We propose to assign Hymenopteran rhabdo-related virus 46 to the new species Radians alphahymrhavirus.

Hymenopteran rhabdo-related virus 109 (HyRRV-109; strain OKIAV109) was discovered in the TSA of leaden cricket-hunting wasps (Chlorion hirtum) collected in Israel, in 2013 [2]. The near-complete genome sequence (11,801 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2]. We propose to assign Hymenopteran rhabdo-related virus 109 to the new species Hirtum alphahymrhavirus.

Other related viruses

Wuhan ant virus (WhAV; strain WHMY02) was discovered in pool of a Japanese carpenter ants (Camponotus japonicus) collected in Hubei Province, China, in 2013 [4]. Only partial genome sequence (7,702 nt) has been determined, including the complete L gene [4].

Based on the available L protein sequences, WhAV clusters phylogenetically with the alphahymrhaviruses. However, as only partial genome sequence is currently available, the virus not proposed for classification at this time.

Genome organization and expression

Alphahymrhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L) (Figure 1). In HyRRV-109, the P gene contains an alternative open reading frame (ORF) of 207 nt encoding a highly acidic 8.0 kDa protein (Px) (Figure 1). The Px ORF commences near the start of the P ORF but it is not known if the protein is expressed.

A Clustal X alignment indicates that alphahymrhavirus G proteins share identifiable sequence identity and are similar in structure and length. Alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates conservation of six of the 12 cysteine residues that form disulphide bonds in the folded protein [7, 10] (Figure 5). Disulphide bridge CII-CIV, CVI-CVII and CIX-CXI appears to be absent. Various other cysteine residues in each virus appear to be available to form additional disulphide bridges.

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, alphahymrhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Pairwise sequence identities (p-distances) calculated in MEGA7 from Clustal W alignments indicate amino acid sequence divergence of 41.9% – 76.1% in the N proteins, 57.5% – 81.3% in the G proteins and 35.3% – 60.0% in the L proteins (Tables 1, 2 and 3).

Species demarcation criteria

Viruses assigned to different species within the genus Alphahymrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C, D and F. As no virus isolates are currently available neutralisation tests have not been conducted (criterion E). 

Derivation of the genus name

Alphahymrhavirus is derived from the alpha group of hymenopteran (Hymenoptera) rhabdoviruses.

Type species

Neglectus alphahymrhavirus is designated as the type species of the genus as complete genome sequence appears to be available.

D. Genus Betahymrhavirus

The new genus Betahymrhavirus comprises viruses that have been detected in hymenopteran insects (Hymenoptera). They are distant phylogenetically from those rhabdoviruses detected in hymenopteran insects of various species that will be assigned to another new genus (Alphahymrhavirus; see above).

Viruses to be assigned

Hymenopteran rhabdo-related virus 23 (HyRRV-23; strain OKIAV23) was discovered in the TSA of a cuckoo wasp (Chrysura austriaca) collected in Germany, in 2010 [2]. The near-complete genome sequence (13,158 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2]. We propose to assign Hymenopteran rhabdo-related virus 23 to the new species Austriaca betahymrhavirus.

Hymenopteran rhabdo-related virus 22 (HyRRV-22; strain OKIAV22) was discovered in the TSA of a cuckoo wasp (Chrysis sp.) collected in Israel, in 2012 [2]. The near-complete genome sequence (13,040 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2]. Based on amino acid sequence identities (see below) we consider HyRRV-22 to be a second isolate of HyRRV-23 and so it should be assigned to the same species.

Hymenopteran rhabdo-related virus 24 (HyRRV-24; strain OKIAV24) was discovered in the TSA of a leaden spider wasp (Heterodontonyx sp.) collected in Western Australia, in 2011 [2]. The near-complete genome sequence (12,564 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2]. We propose to assign Hymenopteran rhabdo-related virus 24 to the new species Heterodontonyx betahymrhavirus.

Genome organization and expression

Betahymrhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L) (Figure 1). They also each have an additional gene between the M gene and G gene in with two overlapping reading frames with a “slippery” sequence in the overlap region that would allow expression of the second ORF by ribosomal frame-shift.   (Figure 1).

A Clustal X alignment indicates that betahymrhavirus G proteins share identifiable sequence identity and are similar in structure and length. They share 14 conserved cysteine residues which are likely to form seven disulphide bridges in the folded protein [7, 10]. However, alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates that few if any of these cysteine residues are commonly conserved (Figure 6). 

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, betahymrhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Amino acid sequence divergence in pair-wise alignments (p-distances) between viruses representing the two species are 47.9% – 48.2% in the N proteins, 52.3% – 52.5% in the G proteins and 42.0% – 42.3% in the L protein (Tables 4, 5 and 6).

Species demarcation criteria

Viruses assigned to different species within the genus Betahymrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C and F. The viruses share a similar genome organisation (criterion D). As no virus isolates are currently available neutralisation tests have not been conducted (criterion E). 

Derivation of the genus name

Betahymrhavirus is derived from the beta group of hymenopteran (Hymenoptera) rhabdoviruses.

Type species

Austriaca betahymrhavirus is designated as the type species (for no particular reason).

E. Genus Betanemrhavirus

The new genus Betanemrhavirus comprises viruses that have been detected in roundworms (Nematoda). They are distant phylogenetically from those rhabdoviruses detected in nematodes of various species that have been assigned to the existing genus Alphanemrhavirus.

Viruses to be assigned

Shayang ascaridia galli virus 2 (SyAGV-2; strain HC21241) was detected in a pool of roundworms (Ascaridia galli and Ascaris suum) sampled in Hubei Province, China, in 2014 [8]. The near-complete genome sequence (13,277 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [8]. We propose to assign Shayang ascaridia galli virus 2 to the new species Shayang betanemrhavirus.

Hubei rhabdo-like virus 9 (HbRLV-9; strain WHZHC73015) was detected in a pool of large pig roundworms (Ascaris suum) sampled in Hubei Province, China, in 2014 [8]. The near-complete genome sequence (13,776 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [8]. We propose to assign Hubei rhabdo-like virus 9 to the new species Hubei betanemrhavirus.

No isolates are currently available for either of these viruses.

Genome organization and expression

Betanemrhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L) (Figure 1) and an additional gene (U1) between the P and M genes (Figure 1). Proteins encoded in the U1 genes vary in size but appear to be homologous. In HbRLV-9, there is also a unique additional gene (U2) between the M and G genes (Figure 1). 

A Clustal X alignment indicates that betanemrhavirus G proteins share identifiable sequence identity and are similar in structure and length. Alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates likely conservation of 10 of the 12 cysteine residues that form disulphide bonds in the folded protein [7, 10] (Figure 7). Only disulphide bridge CIX-CXI does not appear to be conserved in the betanemrhaviruses. Conservation of eight additional cysteine residues in only the betanemrhavirus ectodomains suggests there may be four additional disulphide bridges that are not present in VSIV.

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, betanemrhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Amino acid sequence divergence between SyAGV-2 and HbRLV-9 in pair-wise alignments (p-distances) are 72.0% in the N proteins, 59.2% in the G proteins and 54.8% in the L protein.


Species demarcation criteria

Viruses assigned to different species within the genus Betanemrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C and F. The viruses have similar genome organisations (criterion D). As no virus isolates are currently available neutralisation tests have not been conducted (criterion E).

Derivation of the genus name

Betanemrhavirus is derived from the beta group of nematode rhabdoviruses. The alpha group of nematode rhabdoviruses form the genus Alphanemaprhavirus and are phylogenetically distant from the betanemrhaviruses.

Type species

Shayang betanemrhavirus is designated as the type species of the genus (for no particular reason).

F. Genus Betapaprhavirus

The new genus Betapaprhavirus comprises viruses that have been detected in lepidopteran insects (Lepidoptera). They are distant phylogenetically from those rhabdoviruses detected in lepidopterans of various species that are to be assigned to the genus Alphapaprhavirus (see proposal 2020.014M).

Viruses to be assigned

Spodoptera frugiperda rhabdovirus (SfruRV; strain Sf) was detected initially in the Sf9 cell line derived from the fall armyworm moth (Lepodoptera: Noctuidae) and then in the corresponding parental cell line (Sf21) [6]. The near-complete genome sequence (13,534 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [6]. We propose to assign Spodoptera frugiperda rhabdovirus to the new species Frugiperda betapaprhavirus.

Lepidopteran rhabdo-related virus 34 (LeRRV-34; strain OKIAV34) was detected in the TSA of the orange moth (Triodia sylvina) collected in Germany in 2011 [2, 11]. The near-complete genome sequence (13,262 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [2, 11]. We propose to assign Lepidopteran rhabdo-related virus 34 to the new species Sylvina betapaprhavirus.

No isolates are currently available for either of these viruses.

Other related viruses

Lepidopteran rhabdo-related virus 32 (LeRRV-32; strain OKIAV32) was detected in the TSA of the longhorn moth (Nemophora degeerella) collected in Austria, in 2011 [2]. Only partial genome sequence (6,486 nt) has been determined, including the complete L gene [2].

Lepidopteran rhabdo-related virus 35 rhabdovirus (LeRRV-35; strain OKIAV35) was detected in the TSA of the pine-tree lappet (Dendrolimus pini) collected in Germany, in 2012 [2]. Only partial genome sequence (4,109 nt) has been determined, including the partial L gene [2].

Lepidopteran rhabdo-related virus 33 (LeRRV-33; strain OKIAV33) was detected in the TSA of the speckled wood butterfly (Pararge aegeria) collected in Germany, in 2011 [2]. Only partial genome sequence (2,016 nt) has been determined, including the partial L gene [2].

Based on the available L protein sequences, each of these viruses clusters phylogenetically with the betapaprhaviruses. However, as only partial genome sequences are currently available, they are not proposed for classification at this time.
 
Genome organization and expression

Betapaprhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L) as well as an additional gene (U1) between the G and L genes (Figure 1). The U1 genes encode small basic proteins (12.6 -13.6 kDa) with identifiable sequence homology (Figure 1).

A Clustal X alignment indicates that betapaprhavirus G proteins share identifiable sequence identity and are similar in structure and length. Alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates conservation of six of the 12 cysteine residues that form disulphide bonds in the folded protein [7, 10] (Figure 8). Only disulphide bridges CI-CXII, CIII-CV and CVIII-CX appear to be conserved in the betapaprhaviruses.

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, betapaprhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Amino acid sequence divergence between SfruRV and LeRRV-34 in pair-wise alignments (p-distances) are 68.6% in the N proteins, 64.9% in the G proteins and 54.0% in the L protein.

Species demarcation criteria

Viruses assigned to different species within the genus Betapaprhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C and F. The viruses have similar genome organisations (criterion D). As no virus isolates are currently available neutralisation tests have not been conducted (criterion E).

Derivation of the genus name

Betapaprhavirus is derived from the beta group of lepidopteran (papilionem, latin butterfly) rhabdoviruses. 

Type species

Frugiperda betapaprhavirus is designated as the type species of the genus as Spodoptera frugiperda rhabdovirus virus was the first of proposed members of the genus to have been reported and is present in insect cell cultures.

G. Genus Betaricinrhavirus

The new genus Betaricinrhavirus comprises viruses that have been detected in hard ticks (Ixodidae). They are distant phylogenetically from those rhabdoviruses detected in hard ticks of various species that are to be assigned to the genus Alpharicinrhavirus (see proposal 2020.0101M).

Viruses to be assigned

Chimay rhabdovirus (CRV; strain Chimay-1) was detected in a pool of hard ticks (Ixodes ricinus) sampled in Belgium in 2009. The near-complete genome sequence (13,706 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini. We propose to assign Chimay rhabdovirus to the new species Chimay betaricinrhavirus.

Blacklegged tick rhabdovirus 1 (BLTRV-1; strain RTS95.16) was detected in pools of hard ticks (Ixodes scapularis) sampled in Connecticut and New York, USA, in 2016 [9]. The near-complete genome sequence (13,841 nt) has been determined, including complete coding sequences but incomplete 3' and 5' termini [9]. We propose to assign blacklegged tick rhabdovirus 1 to the new species Scapularis betaricinrhavirus.

No isolates are currently available for either of these viruses.

Other related viruses

Fairlight virus (FLTV) and Quarantine Head virus (QHV) were each detected in pools of hard ticks (Amblyomma moreliae) sampled from a bluetongue lizard in New South Wales, Australia in 2016 [1]. Only partial genome sequences comprising complete or near-complete G gene and L gene sequences are presently available for these viruses [1]. 

Although QHV and FLTV cluster phylogenetically with CRV and BLTRV-1, they are not proposed for classification at this time. 

Genome organization and expression

Betaricinrhavirus genomes contain the five canonical rhabdovirus structural protein genes (N, P, M, G and L). In the N genes of each virus, a small open reading frame (Nx) overlaps the N ORF. In the P genes, an alternative open reading frame (Px) occurs within the P ORF (Figure 1).

A Clustal X alignment indicates that betaricinrhavirus G proteins share identifiable sequence identity and are similar in structure and length. Alignment with the G protein of vesicular stomatitis Indiana virus (VSIV) indicates likely conservation of 10 of the 12 cysteine residues that form disulphide bonds in the folded protein [7, 10] (Figure 9). Only disulphide bridge CIX-CXI does not appear to be conserved in the betaricinrhaviruses. Additional cysteine residues in CRV, QHV and FLTV G proteins appear to be unpaired.

Phylogeny and sequence relationships

Based on ML trees generated from complete L protein sequences, betaricinrhaviruses form a well-supported monophyletic clade that is distinct from all currently assigned genera and other currently unassigned rhabdoviruses (Figure 2). Amino acid sequence divergences between CRV and BLTRV-1 in pair-wise alignments (p-distances) are 58.6% in the N proteins, 56.5% in the G proteins and 23.1% in the L protein (Table1).

Species demarcation criteria

Viruses assigned to different species within the genus Betaricinrhavirus have several of the following characteristics: A) minimum amino acid sequence divergence of 10% in N proteins; B) minimum sequence divergence of 10% in the L proteins; C) minimum amino acid sequence divergence of 15% in G proteins; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in vertebrate hosts and or arthropod vectors.

The proposed members of the new genus meet demarcation criteria A, B, C and F. The viruses have similar genome organisations (criterion D). As no virus isolates are currently available neutralisation tests have not been conducted (criterion E).

Derivation of the genus name

Betaricinrhavirus is derived from the beta group of tick rhabdoviruses derived from ricinus (Latin, tick). The alpha group of tick rhabdoviruses which form the proposed new genus Alpharicinrhavirus (in the proposed new subfamily Alpharhabdovirinae) are phylogenetically distant from the betaricinrhaviruses.

Type species

Chimay betaricinrhavirus is designated as the type species of the genus as Chimay rhabdovirus was the first of proposed members of the genus to have been reported.
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Figure 1. Genome organisations of viruses to be assigned to seven new genera. Each genome contains long open reading frames (ORFs) in the N, P, M, G and L genes (open arrows). Additional long ORFs occur in some viruses either as additional genes or as alternative or overlapping reading frames. ORFs encoding cognate proteins are shown in the same colours. 
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Figure 2.  The evolutionary history was inferred from a Clustal W alignment of 247 complete L protein sequences of 165 animal rhabdoviruses currently assigned or recently proposed for assignment to species in the proposed subfamilies Alpharhabdovirinae, Betarhabdovirinae and Gammarhabdovirinae, and unclassified rhabdoviruses that are proposed here to be assigned to seven new genera. Phylogenetically informative sites were selected from the alignment using Gblocks resulting in 398 positions in the final dataset. The tree was inferred in MEGA7 by using the Maximum Likelihood method based on the Whelan and Goldman + Freq. model. The tree with the highest log likelihood (-78271.98) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Joining and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. Bootstrap values (100 iterations) are shown for each node.
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Figure 3. A Clustal X alignment of the VSIV G protein with the alphacrustrhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and alphacrustrhavirus G proteins are shaded in blue.
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Figure 4. A Clustal X alignment of the VSIV G protein with the alphadrosrhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and alphadrosrhavirus G proteins are shaded in blue.
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Figure 5. A Clustal X alignment of the VSIV G protein with the alphahymrhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and alphahymrhavirus G proteins are shaded in blue.
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Figure 6. A Clustal X alignment of the VSIV G protein with the betahymrhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and betahymrhavirus G proteins are shaded in blue.
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Figure 7. A Clustal X alignment of the VSIV G protein with the betanemrhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and betanemrhavirus G proteins are shaded in blue.
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Figure 8. A Clustal X alignment of the VSIV G protein with the betapaprhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and betapaprhavirus G proteins are shaded in blue.

[image: ] [image: ] 

[image: ]

Figure 9. A Clustal X alignment of the VSIV G protein with the betaricinrhavirus G proteins. Conserved cysteine residues in the VSIV G protein are marked (CI-CXII). Cysteine residues that are likely to be conserved in VSIV and betaricinrhavirus G proteins are shaded in blue. The N-terminal region of the QHV G protein sequence appears to be incomplete.




Table 1. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphahymrhavirus N protein sequences.

	
	LnegV-2
	HyRRV-38
	HyRRV-46
	HyRRV-109

	LnegV-2
	
	
	
	

	HyRRV-38
	36.2
	
	
	

	HyRRV-46
	27.3
	24.2
	
	

	HyRRV-109
	24.2
	23.9
	58.1
	




Table 2. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphahymrhavirus G protein sequences.

	
	LnegV-2
	HyRRV-38
	HyRRV-46
	HyRRV-109

	LnegV-2
	
	
	
	

	HyRRV-38
	24.4
	
	
	

	HyRRV-46
	18.7
	21.8
	
	

	HyRRV-109
	18.7
	20.3
	42.5
	




Table 3. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of alphahymrhavirus L protein sequences.

	
	LnegV-2
	HyRRV-38
	HyRRV-46
	HyRRV-109

	LnegV-2
	
	
	
	

	HyRRV-38
	49.5
	
	
	

	HyRRV-46
	41.9
	40.0
	
	

	HyRRV-109
	41.3
	40.2
	64.7
	



Table 4. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of betahymrhavirus N protein sequences.

	
	HyRRV-22
	HyRRV-23
	HyRRV-24

	HyRRV-22
	
	
	

	HyRRV-23
	93.9
	
	

	HyRRV-24
	51.8
	52.1
	



Table 5. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of betahymrhavirus G protein sequences.

	
	HyRRV-22
	HyRRV-23
	HyRRV-24

	HyRRV-22
	
	
	

	HyRRV-23
	89.2
	
	

	HyRRV-24
	47.5
	47.7
	



Table 6. Percentage amino acid identities (p-distance) of a CLUSTAL W alignment of betahymrhavirus L protein sequences.

	
	HyRRV-22
	HyRRV-23
	HyRRV-24

	HyRRV-22
	
	
	

	HyRRV-23
	92.8
	
	

	HyRRV-24
	58.0
	57.7
	




References

1.	Harvey E, Rose K, Eden JS, Lo N, Abeyasuriya T, Shi M, Doggett SL, Holmes EC (2019) Extensive diversity of RNA viruses in Australian ticks. J Virol 93:e01358-01318. PMID: 30404810  DOI: 10.1128/JVI.01358-18
2.	Kafer S, Paraskevopoulou S, Zirkel F, Wieseke N, Donath A, Petersen M, Jones TC, Liu S, Zhou X, Middendorf M, Junglen S, Misof B, Drosten C (2019) Re-assessing the diversity of negative strand RNA viruses in insects. PLoS Pathogens 15:e1008224. PMID: 31830128  DOI: 10.1371/journal.ppat.1008224
3.	Kleanthous E, Olendraite I, Lukhovitskaya NI, Firth AE (2019) Discovery of three RNA viruses using ant transcriptomic datasets. Arch Virol 164:643-647. PMID: 30415391   DOI: 10.1007/s00705-018-4093-2
4.	Li CX, Shi M, Tian JH, Lin XD, Kang YJ, Chen LJ, Qin XC, Xu J, Holmes EC, Zhang YZ (2015) Unprecedented genomic diversity of RNA viruses in arthropods reveals the ancestry of negative-sense RNA viruses. Elife 4:e05378. PMID: 25633976  DOI: 10.7554/eLife.05378
5.	Longdon B, Murray GG, Palmer WJ, Day JP, Parker DJ, Welch JJ, Obbard DJ, Jiggins FM (2015) The evolution, diversity, and host associations of rhabdoviruses. Virus Evolution 1:e014. PMID: 27774286  DOI: 10.1093/ve/vev014
6.	Ma H, Galvin TA, Glasner DR, Shaheduzzaman S, Khan AS (2014) Identification of a novel rhabdovirus in Spodoptera frugiperda cell lines. J Virol 88:6576-6585. PMID: 24672045  DOI: 10.1128/JVI.00780-14
7.	Roche S, Bressanelli S, Rey FA, Gaudin Y (2006) Crystal structure of the low-pH form of the vesicular stomatitis virus glycoprotein G. Science 313:187-191. PMID: 16840692  DOI: 10.1126/science.1127683
8.	Shi M, Lin XD, Tian JH, Chen LJ, Chen X, Li CX, Qin XC, Li J, Cao JP, Eden JS, Buchmann J, Wang W, Xu J, Holmes EC, Zhang YZ (2016) Redefining the invertebrate RNA virosphere. Nature 540:539-543. PMID: 27880757  DOI: 10.1038/nature20167
9.	Tokarz R, Sameroff S, Tagliafierro T, Jain K, Williams SH, Cucura DM, Rochlin I, Monzon J, Carpi G, Tufts D, Diuk-Wasser M, Brinkerhoff J, Lipkin WI (2018) Identification of novel viruses in Amblyomma americanum, Dermacentor variabilis, and Ixodes scapularis ticks. mSphere 3:e00614-00617. PMID: 29564401  DOI: 10.1128/mSphere.00614-17
10.	Walker PJ, Kongsuwan K (1999) Deduced structural model for animal rhabdovirus glycoproteins. Journal of General Virology 80:1211-1220. PMID: 10355768  DOI: 10.1099/0022-1317-80-5-1211
11.	Webster CL, Waldron FM, Robertson S, Crowson D, Ferrari G, Quintana JF, Brouqui JM, Bayne EH, Longdon B, Buck AH, Lazzaro BP, Akorli J, Haddrill PR, Obbard DJ (2015) The discovery, distribution, and evolution of viruses associated with Drosophila melanogaster. PLoS Biology 13:e1002210. PMID: 26172158  DOI: 10.1371/journal.pbio.1002210




2

image4.emf
VSIV G
W1CV-10 G
WlCv-11 G

VSIV G
W1CV-10 G
W1CV-11 G

VSIV G
W1CV-10 G
W1CV-11 G

VSIV G
W1CV-10 G
WlCv-11 G

VSIV G
W1CV-10 G
W1CV-11 G

VSIV G
W1CV-10 G
WlCV-11 G

VSIV G
W1CV-10 G
W1CV-11 G

VSIV G
W1CV-10 G
W1CV-11 G

Signal domain CI CII

MKCLLYLAFLFIGVNCKFTIVFPHNQ----- KGNWKNVPSNYHYEPSSSDLNWHNDLIGTALQVKMPKSHKAIQADGWMEHASK
M--TLFILLVLIPLTACERIDFPDHSPIFYYERELPPLSLGFPVRDP@LANNLKPETFKRDNITVLTPDTSLLTLKGLSISKVE
iy EFLVAAAGLISLPPSTPLEFYPLSSYR--DYPIPIPER@LVSSSQASETFPSKVSLLVPDVSVHLLTATIWSVIE
* . . * . % . .

CIII CIV cv

WVTTCDFRWYGPKYITHSIRSFTPSVEQEKESIEQTKQG——TWLNP———GFPPQS GYATVTDAEAVIVQVTPHHVLVDEYTGE
TKTS®IFYFFGSKEHTILSQYHLPLLPSDKEFLEQALTNDSKWTPP---SEELYD@AWTGETIKETQAYEVKPITITVKGNLKI
TRTSPTVYFFGAQEQMILTRRNADPR DAEHLVDRLLVEDPASTIEEDLDKEDMYS SWTGTYEKTSYRLVSQNISLSLSSSGKV

* .k e ek . K e

CVII CVIII
WVDSQFIDGK!SN DIf@-—-——---— PTVHNSTTWHSDYKVKGL{®D
LTPSGFDT IHGRK YSQEDRLLIHWTGSISLGDG——FEPGLKVAISHPGHIYKEPNKGTIVEIPDLSLRFYIKKEAEEI S
LSPASLSS DESTSRK@ISPTKNSVYIGSRLFKPLETSVL@EGLKIAFVQPMRVGYDNGIHRVWSETET-LEFYVRSNSTGP@D

*

CXI
SNLISMDITFFSE———DGELSSLGKEGTGFRS————NYFAYETGDK KMQY KHWGVRLPSGVWFEMADKDLFAAARFPEI
GVLMDENGYFLSSTKFTAIHNTTPLKDTSILG- MRKVFHKKQT LKS KEKFA@SS LSQANTNWESEFDTERFLSTHGFSPRL
DLFVSEEGYLLH———FNPSLLSLPLTNSSLDHPDTEMFYEDVQ LTPSD GVRRHSSSQKKKTWDEWKLLHNFQSRL
. . . *
CXII
EGSSISAPSQTSVDVSLIQDVERILDYSLOOET---WSKIRAG-————-—-—-—-—-—-———— LPISPVDLSYLAPKNPGTGPAFTIING

TLSESELDYVSEHISQLTSLRLGQLAIEVEKTRNYQWIQALVTSDANQLARLISGESLALGVLKDGVLYVVLPKQAKAVVLLQOK
TLTEAEVQAAHSVNEAQTQSDVSQLOSALGNLRHLLWSSFQSTRSGTLAAQYITGTPYHLGTFTGRYIRVWDSARAKNVRIDPS
. * * . . .

HEgH

TLK--YFETRYIRVEIAAP--ILSRMVGMISG---—-— TTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFP---LYMIGHGMLD
LPNDSHFHVEYLTVNGSQQSGELQPNTGLILEIDQILTTGLKSFLAPWGPNMIKDLISGQVFATPTLIQSSSPNHYTFSHEVLT
VVKGSTVKAIYVTEAGEEQIGGLTLG GFIISGLSGRQNSIPAGFVPFGNDSYIEIIGRTVRKTPGLFNIATPSHLSFPDQNLY
* * . * . * * . .
Transmembrane domaln
SD----LRLSSKAQVFEHPHIQDAASQLPDDE-TLFFGDTGLSKNPIELVEGWFSG-WKSSIASFFFIIGLIIGLFLVLRVSIY
TLGDIWMAIQSQGOWTNQRITEGHLVNILNG--KTSNPDLSKVLYPFEWIASMARGGFSTLIGALIGVLALILLVVIILKCGKG
TPGELTNGSEGILEALADIQIGDSLVRLSSGQOGVLGNHRASNLLAPLKSFETWVNTTWMNWVVGEFFTVILGIFFCTCGIRCIQ-

* .. . . .. .. * .

LCIKLKHTKKRQIYTDIEMNRLGK------
ICEKQPGSRLSLKHFKQDGEKEVYTLKATIS
VCWRMGKAPAPVERMSHRV-——-==-==——-—

. %









            Signal domain                               CI                                CII    

VSIV_G      MKCLLYLAFLFIGVNCKFTIVFPHNQ-----KGNWKNVPSNYHYCPSSSDLNWHNDLIGTALQVKMPKSHKAIQADGWMCHASK 

WlCV-10_G   M--TLFILLVLIPLTACERIDFPDHSPIFYYERELPPLSLGFPVRDPCLANNLKPETFKRDNITVLTPDTSLLTLKGLSISKVF 

WlCV-11_G   M---------EFLVAAAGLISLPPSTPLFYPLSSYR--DYPIPIPERCLVSSSQASETFPSKVSLLVPDVSVHLLTATIWSVIE 

            *          : : .   * :*          .             .   . : .         :  . .     .        

               CIII                    CIV                         CV                            

VSIV_G      WVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQG--TWLNP---GFPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTGE 

WlCV-10_G   TKTSCIFYFFGSKEHTILSQYHLPLLPSDKEFLEQALTNDSKWTPP---SEELYDCAWTGETIKETQAYEVKPITITVKGNLKI 

WlCV-11_G   TRTSCTVYFFGAQEQMILTRRNADPR-DAEHLVDRLLVEDPASIEEDLDKEDMYSCSWTGTYEKTSYRLVSQNISLSLSSSGKV 

              *:* . ::*.:      :       . :. :::                   .*.::      :         : :.      

            

 

 

                     CVI  CVII                                                             CVIII 

VSIV_G      WVDSQFIDGKCSN-DIC-----------------------------------------------PTVHNSTTWHSDYKVKGLCD 

WlCV-10_G   LTPSGFDTCEIHGRKFCYSQEDRLLIHWTGSISLGDG--FCPGLKVAISHPGHIYKEPNKGTIVEIPDLSLRFYIKKEAEEICS 

WlCV-11_G   LSPASLSSCDFSTSRKCISPTKNSVYIGSRLFKPLETSVLCEGLKIAFVQPMRVGYDNGIHRVWSETET-LEFYVRSNSTGPCD 

               : :   .    : *                                                    .  ::   :    *.   

                                                          CIX    CX                          CXI 

VSIV_G      SNLISMDITFFSE---DGELSSLGKEGTGFRS----NYFAYETGDKACKMQY-CKHWGVRLPSGVWFEMADKDLFAAARFPECP 

WlCV-10_G   GVLMDENGYFLSSTKFTAIHNTTPLKDTSILG-MRKVFHKKQTCLKSCKEKFACSSCLSQANTNWESEFDTERFLSTHGFSPRL 

WlCV-11_G   DLFVSEEGYLLH---FNPSLLSLPLTNSSLDHPDTEMFYEDVQCQNACLTPSDCAQCGVRRHSSSQKKKTWDEWKLLHNFQSRL 

            . ::. :  ::          :    .:.:       :.      ::*     *     :  :.   :   .       *     

                                        CXII                                         

VSIV_G      EGSSISAPSQTSVDVSLIQDVERILDYSLCQET---WSKIRAG--------------LPISPVDLSYLAPKNPGTGPAFTIING 

WlCV-10_G   TLSESELDYVSEHISQLTSLRLGQLAIEVCKTRNYQWIQALVTSDANQLARLISGESLALGVLKDGVLYVVLPKQAKAVVLLQK 

WlCV-11_G   TLTEAEVQAAHSVNEAQTQSDVSQLQSALCNLRHLLWSSFQSTRSGTLAAQYITGTPYHLGTFTGRYIRVWDSARAKNVRIDPS 

              :. .     .      .     *   :*:     * .                    :. .    :    .  .  . :    

             

VSIV_G      TLK--YFETRYIRVEIAAP--ILSRMVGMISG-----TTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFP---LYMIGHGMLD 

WlCV-10_G   LPNDSHFHVEYLTVNGSQQSGCLQPNTGLILECDQILTTGLKSFLAPWGPNMIKDLISGQVFATPTLIQSSSPNHYTFSHEVLT 

WlCV-11_G   VVKGSTVKAIYVTEAGEEQIGGLTLG-GFIISGLSGRQNSIPAGFVPFGNDSYIEIIGRTVRKTPGLFNIATPSHLSFPDQNLY 

              :   ... *:          *    *:*        .        :.     ::    *  *.   : .      : .  *  

                                                                       

Transmembrane domain 

VSIV_G      SD----LRLSSKAQVFEHPHIQDAASQLPDDE-TLFFGDTGLSKNPIELVEGWFSG-WKSSIASFFFIIGLIIGLFLVLRVSIY 

WlCV-10_G   TLGDIWMAIQSQGQWTNQRITEGHLVNILNG--KTSNPDLSKVLYPFEWIASMARGGFSTLIGALIGVLALILLVVIILKCGKG 

WlCV-11_G   TPGELTNGSEGILEALADIQIGDSLVRLSSGQGVLGNHRASNLLAPLKSFETWVNTTWMNWVVGFFTVILGIFFCTCGIRCIQ- 

            :        ..  :   .    .   .: ..         .    *:: .       : . : .:: ::  *:     ::     

 

VSIV_G      LCIKLKHTKKRQIYTDIEMNRLGK------ 

WlCV-10_G   ICEKQPGSRLSLKHFKQDGEKEVYTLKAIS 

WlCV-11_G   VCWRMGKAPAPVERMSHRV----------- 

            :* :   :       .               

 


image5.emf
VSIV G
SYFV-3 G
WhHFV-2_G

VSIV G
SyFV-3 G
WhHFV-2_G

VSIV G
SyFV-3 G
WhHFV-2_G

VSIV_ G
SyFV-3 G
WhHFV-2_G

VSIV G
SyFV-3 G
WhHFV-2_G

VSIV G
SYFV-3 G
WhHEV-2 G

VSIV G
SyFV-3 G
WhHFV-2_G

VSIV G
SYFV-3 G
WhHEV-2 G

Signal domain CI
M-K----CLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSN-—--——-——-- YHYEPSSSDLNWHNDLIGTALQVKMPKSHKAIQA
M-RN-FNKIFFVTSLOLSILVLLNINYGNSLSNHSLVIKSS—=--——--—-— SEELPYPQPDLTWRIFKFDFHSPLFRAIPAKPZER
MNRHSFMAPSKRTTLVLPFVVGILSIFIQPASSRPMTTGSEDMANSRGKT FALPESAEDWDIKVYDMSMSVDHPIPSRP

*  x : . * . * . .

CII CIII
DGWMEH —————————————————————————— ASKWVTT@®DFRWYGPKYITHSIR-————-——-—————— SFTPSVE KESIEQT
KPSDIQREQKTAIISLYSPRFSEFTRLAYRIDKVRLTSRCKKGFFGANEKDSPSRKRLILEDNDIKDMSN KNST[@HASSSNL
KPSEPLRTQIPAIISVFSPDFSEYSKVAYKFDKILIVTSIKGALLGSDDRMIIQKRKLLLTADDENTISK GPV QLYLKSI
. *
cv CVI CVII CVIII
KQG-TWLNPGFPPQS@GYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGK] SNDIIPTVHNSTTWHSDYKVKGL——(DS—
ILGESILYPSAEEYD@TWMQTNEKITDRFLITAISFQFNS-TGSLINPQLGSE] VFNSS VHRNKAYMLSFKTVTIDP@SVD
NPGESKIWPEPEEYSCKLFSTTKVESIRFIISSISMQINS DGSVVNPGVGS RVTGRN IHQRKQFGLAFHNITINE(AAK
* . .. .

CIX CX
—NLISMDITFFSEDGELSSLGKEGTGFRSN———YFAYETGDKA!KMQY KHWGVRLPSGVWFEMADKDLF--————————————
LKLIAPGIVSWTDN--RMEVDEKVYVTIPDHKLTFWFRQDYYSLPIRGTKYETNIRESSDGYLIGISSESKSNMDYRVDTLNLS
LKLIAPGVLSLPPSNLSDIHDEDSYVTLPEQMLSFWFRGRVSETKV NISGVPVRESADGYLIGISSVNNATRFPKSGELDKG

~k~k.
CXI CXII
AAARFPEEPEGSSIS—APSQTSVDVSLIQDVERILDYSLEQETWSKIRAGLPISPVDLSYLAPKNPG——TGPAFTIINGTLKYF
SPQOSLSLTLLRENLPRRATRDSTPSSFYDRSQRSYSRAELQFGLMQLHTEIQNMKRDLVYEQ@KVRSQMWDIAFGSLLTNPNLM
MLTALEQEPFRSLIHQTPKARKVRDTHLDKLQRSYSRAELQYGLDQIWSELKFLRKDINYE KVKAQLWDNAFIHLWDNPDIF
. . . . % * .. . .

* e % * * %

ETRYIRVEIAAPILSR-MVGMISGT---—-—-—-—-—-—-————-——————— TTERELWDDWAPYEDVEIGPN-—-—-—-—-—-—-——————-———
TQYLFPLEITKGVLINNKLQVSFGQRVSDI@IPRKFDFIGFYLIVHLHGOQPFWLRSSSGELLNTAPQFNKVPKINSFVIPTFPN
ANYLYPLEKVKGIFHNNMLKIIHGKRLSNA@IPRPPVIEGVYMKLMIKGQPHWLRASTGELLSTNPKESKAMAVASEVIPTLPQ
.k .. . . * . * . *

*

———————————————— GVLRTSSGYKFPLYMIGHGMLDSDLRLSSKAQVFEHPHIQDAASQLPDDETLFFGDTGLSKNPIELVE
GYYDIIDGSYISDDLPPLFEQGSNMSYLEFDTSEMYSIQETLVWNTNEFQQYETSIINSLDSITQODSLDPETTFEEYIINPISNGW
EGYDIIQDLVVNDHAGTYLHPMSNQSLYFSRDEMHTVQE-LSWIVTLOESEDKRIQDLSSR-ISSASVSGSFDEYVATPLKETW
. * . .. * * * * . * * .
Transmembrane domain
GWEFSGWKSSIASFFFIIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK---=====————
HSLSSEVKSFFQWTGSVSILITILGFILYALGGILIPLIKMKKKESYHKAKINLKEKKLQTEQYQLKPF
HSFSNSSKDLVHWT---LLGIGALVFLYLISHIVIPLYGIISRASLKRKSNALKEEKIKLNKVDLKAF

. % . % * . kK%









            Signal domain                                        CI 

VSIV_G      M-K----CLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSN---------YHYCPSSSDLNWHNDLIGTALQVKMPKSHKAIQA 

SyFV-3_G    M-RN-FNKIFFVTSLQLSILVLLNINYGNSLSNHSLVIKSS--------SDCLPYPQPDLTWRIFKFDFHSPLFRAIPAKPVCR 

WhHFV-2_G   MNRHSFMAPSKRTTLVLPFVVGILSIFIQPASSRPMTTGSEDMANSRGKTDCFALPESAEDWDIKVYDMSMSVDHPIPSRPQCK 

            * *  :      : * : .   :   : :  ...     *.              ...   *     .    :  . . :.    

               CII                                CIII                                 CIV 

VSIV_G      DGWMCH--------------------------ASKWVTTCDFRWYGPKYITHSIR-------------SFTPSVEQCKESIEQT 

SyFV-3_G    KPSDIQREQKTAIISLYSPRFSEFTRLAYRIDKVRLTSRCKKGFFGANEKDSPSRKRLILEDNDIKDMSNFCKNSTCHASSSNL 

WhHFV-2_G   KPSEPLRTQIPAIISVFSPDFSEYSKVAYKFDKILIVTSCKGALLGSDDRMIIQKRKLLLTADDENTISKACGPVGCQLYLKSI 

            .                                   .: *.    *..      :             *       *:   ..  

                          CV                                    CVI   CVII                CVIII 

VSIV_G      KQG-TWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGKCSNDICPTVHNSTTWHSDYKVKGL--CDS- 

SyFV-3_G    ILGESILYPSAEEYDCTWMQTNEKITDRFLITAISFQFNS-TGSLINPQLGSECNVFNSSFCVHRNKAYMLSFKTVTIDPCSVD 

WhHFV-2_G   NPGESKIWPEPEEYSCKLFSTTKVESIRFIISSISMQINS-DGSVVNPGVGSACRVTGRNHCIHQRKQFGLAFHNITINECAAK 

              * : : *     .*    ...  :  . ::.  . .:.  *. ::. . .     .    :*. . :   ::   :  .    

                                                     CIX   CX 

VSIV_G      -NLISMDITFFSEDGELSSLGKEGTGFRSN---YFAYETGDKACKMQYCKHWGVRLPSGVWFEMADKDLF-------------- 

SyFV-3_G    LKLIAPGIVSWTDN--RMEVDEKVYVTIPDHKLTFWFRQDYYSLPIRCTKYETNIRESSDGYLIGISSESKSNMDYRVDTLNLS 

WhHFV-2_G   LKLIAPGVLSLPPSNLSDIHDEDSYVTLPEQMLSFWFRGRVSETKVRCNISGVPVRESADGYLIGISSVNNATRFPKSGELDKG 

             :**: .:   . .      .:.     .:    * :.       ::          *.  : 

                  CXI                             CXII 

VSIV_G      AAARFPECPEGSSIS-APSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPISPVDLSYLAPKNPG--TGPAFTIINGTLKYF 

SyFV-3_G    SPQSLSLTLLRENLPRRATRDSTPSSFYDRSQRSYSRAELQFGLMQLHTEIQNMKRDLVYEQCKVRSQMWDIAFGSLLTNPNLM 

WhHFV-2_G   MLTALEQEPFRSLIHQTPKARKVRDTHLDKLQRSYSRAELQYGLDQIWSELKFLRKDINYEFCKVKAQLWDNAFIHLWDNPDIF 

                :      . :   ..  ..  :  :  :*  . :  *    :: : :     *: *   *  .   . **  :  . . : 

 

VSIV_G      ETRYIRVEIAAPILSR-MVGMISGT---------------------TTERELWDDWAPYEDVEIGPN----------------- 

SyFV-3_G    TQYLFPLEITKGVLINNKLQVSFGQRVSDICIPRKFDFIGFYLIVHLHGQPFWLRSSSGELLNTAPQFNKVPKINSFVIPTFPN 

WhHFV-2_G   ANYLYPLEKVKGIFHNNMLKIIHGKRLSNACIPRPPVIEGVYMKLMIKGQPHWLRASTGELLSTNPKESKAMAVASFVIPTLPQ 

                  :* .  :: .  : :  *                         :  *   :. * :.  *:                  

 

VSIV_G      ----------------GVLRTSSGYKFPLYMIGHGMLDSDLRLSSKAQVFEHPHIQDAASQLPDDETLFFGDTGLSKNPIELVE 

SyFV-3_G    GYYDIIDGSYISDDLPPLFEQGSNMSYLFDTSEMYSIQETLVWNTNFQQYETSIINSLDSITQDSLDPETTFEEYIINPISNGW 

WhHFV-2_G   EGYDIIQDLVVNDHAGTYLHPMSNQSLYFSRDEMHTVQE-LSWTVTLQESEDKRIQDLSSR-ISSASVSGSFDEYVATPLKETW 

                              :.  *. .  :       ::. *  . . *  *   *:.  *   ..            .*:.    

                       Transmembrane domain 

VSIV_G      GWFSGWKSSIASFFFIIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK------------ 

SyFV-3_G    HSLSSEVKSFFQWTGSVSILIILGFILYALGGILIPLIKMKKKESYHKAKINLKEKKLQTEQYQLKPF 

WhHFV-2_G   HSFSNSSKDLVHWT---LLGIGALVFLYLISHIVIPLYGIISRASLKRKSNALKEEKIKLNKVDLKAF 

              :*.  ..:  :     : *   ..*     : * *    .:      .     :             
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Signal domain CI CII

MK-CLLYLAFLFIGVNCKFTIVFPENQKGNWKNVPSNYHY[@PSSSDLNWENDLIGTALQVKMPKS - - -~ HKATQADGWMEHAS
M-ILLMTLILLVSMVEGGTD----ILTVKAYNLSPKIRIQVPSPPSEEQHPTSSSAKAQIVTFSTYTLNS SMATMNGN I LWKE
MHLMILCLLLALSHSHDEPN----GIKVKAFYLSPPMHGAVPAPPL@DSPNPKANPVTTHVVFQTYIINTTIPIMNGY IVWRE
M-LNTLLKTLLLGLVSG-—------ MRLSVYNMSTPFLIPLPSPPD@HSNKNHTNI SAEAVT IWN--IDTSQLAGEAIVLWTE
M-IMIACLFGLLGCWSTPCLSITQTPKVSIYEYAPPVLSPIPLPPM@SHSNNNSSYISGIVNLWK--INPDLLENVGLLYWDE
* . * .
CIII cIv cv
KWVTT@DFRWYGPKYITHSTRS———-- FTPSVEJ@KES TEQTKQGTWLNPGFPPQO- S@GYATVTDAEAVIVQVTPHHEVLVDEY

EIVAE@ISYFFGSKQOMNIRSQK-LIPLTLEEFNSIVPGVE--EVGTTRDLTTEPMY S®YWPGTQVKTTQRIYSKTVSVNPSLH

KIRTS@TMYFFGAQVTTITNRE-LVSLSIEELNQISFGPQ--SLGEIVDLSTETMFK@HWPGTTEHSTTRMFLKSVEILPSLH

QYETROSTNFWGNYLEEITSTE-LIPSAVPTVONMKLWSSRLOLYNTRSTTAESIYS®KWMSTITKTITKTWVKKSSLYYNSD

VIEV YSNFLGQESTTIVKRTNQLPLSLSHIEAEKRLKEL—ELGELRDTNDEPEESCSWLRETNRTTTRHWVQKIWVQRFVD
* . * . * . .

CVI CVII CVIII CIX
TGEWVDSQFIDGKESNDIEPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGDK KMQ
GGVMADGEVWTPMTLGLAYRS——GGKFLKISSVMQNRCPLIKQFSDLGFLSKPTGHSSEISHPARSLQFTFSHTNPLYS LDS
EGIMADGLLWRPIVKGVVYTR--GRKLLKVSSIFPAAGPLIEQLSATGFLSHPTPQTSEISEPNKNLQFSFSHDAPTYA®APS
GSLFSEGIEWKTKISDNIYQT--GLRFLYSSTSTLHAGPPLLKQTYPGVVQON-SDQFKFITIPQLOIQFNLIISSSHAV@KVN
GSVVGFGQSLPLSLGHPVDLTN—GHQHLYIPATQERICPFQIKESYPEVIKETRDDF—WITVPGVNLQFNLGKTSTVP EID

* *

CX CXI CXII
YEKHWGVRLPSGVWFEMADKDLFAAARFPEEPEGSSISAPSQTSVDVSLIQDVERILDYSLEQETWSKIRAGLPISPVDLSYL
QKQVYIS--DLGFLVEIVGTKTIDGSKASIVKALSGSNRLSDDLVDAEIQFDLK-ELAHSITINHQSISKYL@®KYRLREWKTI
KGNIYIS--DLGFFVEIKKLAKIIHKELPIIRALMGETSHPTDLIPSEVHYDLK-ELSRAITNNHYSVSRHLEKLROQVEWKRI

NTTLYQT--PEKYLVSLSSRTKDEG-—----——-— ISPMVSVNTDYSWSHILFDLN-ALEKMIESELELVEHET®LTROMLWKQM
KVRVFMT--PQGYAISSPSVNIKSEKK-—-——-— LEDLTSLRTDLVLSRVLYDIN-HLEQLVETELIEIEKEVOTIRRSLWNLA

*oe . * .

APKNPGTGPAFTIING--TLKYFETRYIRVEIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYM

LOKKDANALAAYVTGDEFSIGTFEGSKFYIQTRISDPIFIPLKNFHLDPPNSIYFRINQSLHKYEPVSGLIDSPRLSDPLIPP

MKDRDADAMATYLTGDEFAIGKFQKGTIQIQTRLPMAVEIPLEHFHLERPNTIKELINNTFHTYDSISGLIDLNRPISPETPP

FYARNPSLIAQYHSGNPWATGSFINGKIAIQIPKLVNSﬁETYPKMRHVNGTHMRVEHEKLGDVYISPWDNELSSNPENNITDY

AHLHNADLMAQFIDGDIFSRGRYSPSGVLIYRLVPSMRN@RFPDVRETKRGLLKIN@DN-DTVWITPLASVISTEAVNDTYSY
* . . . .

IGHGMLDSDLRLS---—-—- SKAQVFEHPHIQDAASQLPD----DETLFFGDTGLSKNPIELVEGWFSGWKSSIASFF---FII
ILVLSNGSYLNLK---SHLISEEEFSLQGIEPHLRPMRR----DYTYYLEELGFQPQTPPLGKYESSNIFESTWNWITGEYKE
VVLLMNNSYLNLN———DHRIAREDFQLPGYDPQIRNLYR————MESLWTEVTGDHESIIPLKAPNVTTWFGFVWSWLEDEYMV
GFWFKSSSQLYVDYITGEVQSSTRENSISFPRFTEVNLN----KLTKYLONLPLENNLIALDAKISTTEHLSVSFHDIKQFVE

PPLVKMTEGIYVHYFSGEITIKSDHLETLTLOQGFKEVAMPNLYHLNELYQKDLSDNHPYLSHLTQSSEVSIDDDLEGEFIGKWKS

Transmembrane domain

GLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK--
VKIIMLITAGSGSILLGYKLIQCCCSRSNVSRATGTLSMPF
LKMSLLGTL-SVLILLVIILVRGRCRRTHF-----==-———-—
NIVHNIWSSFVMYIMITITIICYGIKQCFHSPGRKKPLY---
FLIQVIVILISIYLLSSFLKLFCNHKSPFYVGVPSSKI---









              Signal domain                           CI                                    CII 

VSIV_G        MK-CLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTALQVKMPKS----HKAIQADGWMCHAS 

HyRRV_46_G    M-ILLMTLILLVSMVEGGTD----ILTVKAYNLSPKIRIQVPSPPSCEQHPTSSSAKAQIVTFSTYTLNSSMAIMNGNILWKE 

HyRRV_109_G   MHLMILCLLLALSHSHDEPN----GIKVKAFYLSPPMHGAVPAPPLCDSPNPKANPVTTHVVFQTYIINTTIPIMNGYIVWRE 

LnegV-2_G     M-LNTLLKTLLLGLVSG--------MRLSVYNMSTPFLIPLPSPPDCHSNKNHTNISAEAVTIWN--IDTSQLAGEAIVLWTE 

HyRRV_38_G    M-IMIACLFGLLGCWSTPCLSITQTPKVSIYEYAPPVLSPIPLPPMCSHSNNNSSYISGIVNLWK--INPDLLHNVGLLYWDE 

              *          .                  :   .      * ..         .         .           . :   . 

                  CIII                         CIV                     CV 

VSIV_G        KWVTTCDFRWYGPKYITHSIRS-----FTPSVEQCKESIEQTKQGTWLNPGFPPQ-SCGYATVTDAEAVIVQVTPHHVLVDEY 

HyRRV_46_G    EIVAECISYFFGSKQMNIRSQK-LIPLTLEEFNSIVPGVE--EVGTTRDLTTEPMYSCYWPGTQVKTTQRIYSKTVSVNPSLH 

HyRRV_109_G   KIRTSCTMYFFGAQVTTITNRE-LVSLSIEELNQISFGPQ--SLGEIVDLSTETMFKCHWPGTTEHSTTRMFLKSVEILPSLH 

LnegV-2_G     QYETRCSTNFWGNYLEEITSTE-LIPSAVPTVQNMKLWSSRLQLYNTRSTTAESIYSCKWMSTITKTITKTWVKKSSLYYNSD 

HyRRV_38_G    VIEVKCYSNFLGQCSTTIVKRTNQLPLSLSHIEAEKRLKEL-ELGELRDTNDEPEESCSWLRETNRTTTRHWVQKIWVQRFVD 

                 . *   : *                   .:      .  .     .    .  .* :                 :      

                          CVI  CVII              CVIII                                      CIX 

VSIV_G        TGEWVDSQFIDGKCSNDICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGDKACKMQ 

HyRRV_46_G    GGVMADGEVWTPMTLGLAYRS--GGKFLKISSVMQNRCPLIKQFSDLGFLSKPTGHSSEISCPARSLQFTFSHTNPLYSCLDS 

HyRRV_109_G   EGIMADGLLWRPIVKGVVYTR--GRKLLKVSSIFPAACPLIEQLSATGFLSHPTPQTSEISCPNKNLQFSFSHDAPTYACAPS 

LnegV-2_G     GSLFSEGIEWKTKISDNIYQT--GLRFLYSSTSTLHACPPLLKQTYPGVVQN-SDQFKFITIPQLQIQFNLIISSSHAVCKVN 

HyRRV_38_G    GSVVGFGQSLPLSLGHPVDLTN-GHQHLYIPATQERICPFQIKESYPCVIKETRDDF-WITVPGVNLQFNLGKTSTVPFCEID 

               .    .                .             *          ....        .      .  :        *  . 

               CX                          CXI                           CXII 

VSIV_G        YCKHWGVRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPISPVDLSYL 

HyRRV_46_G    QKQVYIS--DLGFLVEIVGTKTIDGSKASIVKALSGSNRLSDDLVDAEIQFDLK-ELAHSITINHQSISKYLCKYRLREWKTI 

HyRRV_109_G   KGNIYIS--DLGFFVEIKKLAKIIHKELPIIRALMGETSHPTDLIPSEVHYDLK-ELSRAITNNHYSVSRHLCKLRQVEWKRI 

LnegV-2_G     NTTLYQT--PEKYLVSLSSRTKDEG--------ISPMVSVNTDYSWSHILFDLN-ALEKMIESELELVEHETCLTRQMLWKQM 

HyRRV_38_G    KVRVFMT--PQGYAISSPSVNIKSEKK------LEDLTSLRTDLVLSRVLYDIN-HLEQLVETELIEIEKEVCQIRRSLWNLA 

                  :         ..                                :  *::  *   :  :     :          .   

  

VSIV_G        APKNPGTGPAFTIING--TLKYFETRYIRVEIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYM 

HyRRV_46_G    LQKKDANALAAYVTGDEFSIGTFEGSKFYIQTRISDPIFIPLKNFHLDPPNSIYFRINQSLHKYEPVSGLIDSPRLSDPLIPP 

HyRRV_109_G   MKDRDADAMATYLTGDEFAIGKFQKGTIQIQTRLPMAVEIPLEHFHLERPNTIKCLINNTFHTYDSISGLIDLNRPISPETPP 

LnegV-2_G     FYARNPSLIAQYHSGNPWATGSFINGKIAIQIPKLVNSHCTYPKMRHVNGTHMRVECEKLGDVYISPWDNCLSSNPCNNITDY 

HyRRV_38_G    AHLHNADLMAQFIDGDIFSRGRYSPSGVLIYRLVPSMRNCRFPDVRETKRGLLKINCDN-DTVWITPLASVISTEAVNDTYSY 

                 .     *    ..  :   :    . :                      :                        .      

  

VSIV_G        IGHGMLDSDLRLS------SKAQVFEHPHIQDAASQLPD----DETLFFGDTGLSKNPIELVEGWFSGWKSSIASFF---FII 

HyRRV_46_G    ILVLSNGSYLNLK---SHLISEEEFSLQGIEPHLRPMRR----DYTYYLEELGFQPQTPPLGKYESSNIFESTWNWITGEYKE 

HyRRV_109_G   VVLLMNNSYLNLN---DHRIAREDFQLPGYDPQIRNLYR----MESLWTEVTGDHESIIPLKAPNVTTWFGFVWSWLCDEYMV 

LnegV-2_G     GFWFKSSSQLYVDYITGEVQSSTRFNSISFPRFTEVNLN----KLTKYLQNLPLENNLIALDAKISTTEHLSVSFHDIKQFVE 

HyRRV_38_G    PPLVKMTEGIYVHYFSGEIIKSDHLETLTLQGFKEVAMPNLYHLNELYQKDLSDNHPYLSHLTQSSEVSIDDDLFGFIGKWKS 

                     . : :            :.                     :                                :   

              Transmembrane domain 

VSIV_G        GLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK-- 

HyRRV_46_G    VKIIMLIIAGSGSILLGYKLIQCCCSRSNVSRATGTLSMPF 

HyRRV_109_G   LKMSLLGTL-SVLILLVIILVRGRCRRTHF----------- 

LnegV-2_G     NIVHNIWSSFVMYIMIIIIICYGIKQCFHSPGRKKPLY--- 

HyRRV_38_G    FLIQVIVILISIYLLSSFLKLFCNHKSPFYVGVPSSKI--- 

                :  :       :                            
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Signal domain CcI

MEISWKVVEVLTQIWVHYINDILSEKLLLHKAHPIPILAPYPGDVS@DIHATLSKWAQVSFYYPLEEIFHRPW® QELIRKK
MEISPNLIVITIAEILIHYTHHALPDQLLLHRAHSTPILAPYPGDVS@DTHATLSKWAQVSEFYYPLEEIFHRP OELIRKK
MRTHW------- LIMTTFIIELNCQOLLLHQAKTSPVLIPYPGEVS[E@GINSRNSKWAQISFYYPIHEYFDRP® KAIQRKT
* . . . .
CII CIII CIv cv

AIQADGWMEHASKWVTTEDFRWYGPKYITHSIRSFTPSVEQEKESIEQTKQGTWLNPGFPPQSHGYATVTDAEAVIVQVT———
EfY SN-FWGLTSENTISEVPAQVGEDSMKLVLNYLREKGLDDLLTAEYDNSFEI IPEGFIK@SWLRT IESSGRVIR@KVSY
E[YSN-FWGSTSENTISEIPAQVGGDSIOLVLNYLTEKRLDNLMSAEYDNSFEIIPEGFIK@SWLRT IESSGRVIREKVSS K

E@YSN-FIGOQTTTNTVSEIEETFTPDMOKRVMQYLKDNHESDLNHAQDGGTFEIIPEGY T SWLRTIEAIGVVL RVT
.. . .. . . . . * .
CVI CVII CVIII
—PHHVLVDEYTGEWVDSQFIDGKESN————DIEPTVHNSTTWHSDYKVKGLEDSNLISMDITFFSEDGELSSLGKEGTGFRSN

YSKGSLILPITKEGVSYKETSVLLNKAKGLFLYSPISNTSLST®
YSKGSLILPITKEGVSYKDISVILNKGKGLFLYSPISNSSLST®
FGRQGLLSPITMSNFQVSDVNGYSSQTTSLYFYAPISDNSHIDS

PFGLKGVDY@®SIGEFKNSSIETFVEATNKALFQIDHTIE
PFGLKGVDY@SIGEFKNNPVETFVOATNKALFQIDHTIE
PEFSLKGVDY@AIGIHONSSLETATGTASKTLFQIDESQS

* oo . Lt HE S LononEx .o Coe e H .. .
CIX CX CXI CXII
YFAYETGDKAKMQY[@KHWGVRLPSGVWFEMADKDLFAAARFPERPEGSSISAPSQTSVDVSLIQDVER--—-ILDYSLEOET

SHI®DLGTHKIFVSKTGEYVSRMVVSKSTNNVGHELTRIDONTKMDIRKSISSLSELNYVSNIIQEDTGNQYFFHNGLEFKHR
SHI®DLGTHKIFVSKTGEYVSRMVVSKSTNNVGHELTIIDONTKLDIRRSISSLSELNYISNIIQDDTGNQYFFHNOLEEFKQR
AFV| ISGRAIWLSKTGEYVSRQVVDKATNNVGHELVTTDSKTLLDIRKSVSSLSELNFISNVIQRDTGNQYFLE LKYKLOQ

Kook e Ko sk k

WSKIRAGLPISPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVEIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGP
WMSWALGYPSS[®@LAALALVSTHTYAG®RYTDNG--ILAYETSPEYVDSNDLHIDPGTGEAFYQONSSSLLY--IIPYIGIITNR

WMSWALGYPSS[®@LAALALVSTHTYAG®KYTDNG--ILAYETSPEYVDSDDLYIDPVTGEAFYHSSSSLLY--IIPYLGIITNR
WSQWAYGYPSSLLAALDLISTSRYA KYHEEG--ILAYETLPVLVPVSELKYNISTRTLEVLMSGVSFP--VIPYIGIIMNK
* oL Kookok o .. HE : . : HE * . . : : * K

NGVLRTSSGYKFPLYMIGHGMLDSDLRLSSKAQVFEHPHIQDAASQLPDDETLFFGDTGLSKNPIELVEGWEFS—----GWKSSTI

ALNNSYKTAPLPLIYPSSDGKYWSSVTRQSLDTFHHTTHLQLLDSKPTFIQHSYLITGFTVPFSSQQFSDRWSNHTMDYKAEV
ALNSSYKTAPLPLIYPLSDGKYWSSVTKQSLDTFHHTTHLQLLDSKPTFVQHSYLITGFTVPFSSQQFSDRWSNHTKDYKAEV
QLSSMSYESWEFPRIYPLMNGDYWSPERNIVIHSHHHFDELKLLTKKPEFENSLLNDLLMTVPEFSTHSFATIRFSNHTHDYKQEV
.k * * .. . . .k .k .
Transmembrane domain
ASFFF-IIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK----
LPLIIPSLGGMFNTLIWWVIFFVMLLILIKIIPLIFPSLSKSDRFKNLTYS
LPLILPSLGGMFNTLIWWVIFFVILLILIKVMSLVLPSLSKSDRFKNLTYS
LPVLLPGFGWISNSILWMIILLVLVFVLVKILSSVIPSFLRVDTYGPAKYV

ek . .. P









             Signal domain                                           CI                          

VSIV_G       -----------------MKCLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTALQVKMPKSHK 

HyRRV_22_G   MEISWKVVFVLTQIWVHYINDILSEKLLLHKAHPIPILAPYPGDVSCDIHATLSKWAQVSFYYPLEEIFHRPCLVCQELIRKK 

HyRRV_23_G   MEISPNLIVIIAEILIHYTHHALPDQLLLHRAHSTPILAPYPGDVSCDTHATLSKWAQVSFYYPLEEIFHRPCLVCQELIRKK 

HyRRV_24_G   MRTHW-------LIMTTFIIELNCQQLLLHQAKTSPVLIPYPGEVSCGINSRNSKWAQISFYYPIHEYFDRPCIMCKAIQRKT 

                                       *::      .:: *:  . .    .   ::.  *     .: :  ..:  :    :. 

                    CII      CIII                    CIV                    CV             

VSIV_G       AIQADGWMCHASKWVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVT--- 

HyRRV_22_G   ECYSN-FWGLTSENTISEVPAQVGEDSMKLVLNYLREKGLDDLLTAEYDNSFEIIPEGFIKCSWLRTIESSGRVIRCKVSSCK 

HyRRV_23_G   ECYSN-FWGSTSENTISEIPAQVGGDSIQLVLNYLTEKRLDNLMSAEYDNSFEIIPEGFIKCSWLRTIESSGRVIRCKVSSCK 

HyRRV_24_G   ECYSN-FIGQTTTNTVSEIEETFTPDMQKRVMQYLKDNHESDLNHAQDGGTFEIIPEGYIKCSWLRTIEAIGVVLRCRVTHCK 

                :: :   ::  . :        .     :. :  .  .     :       :  *:   *   :  : . .:  :*:    

                                   CVI      CVII              CVIII                              

VSIV_G       -PHHVLVDEYTGEWVDSQFIDGKCSN----DICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSN 

HyRRV_22_G   YSKGSLILPITKEGVSYKETSVLLNKAKGLFLYSPISNTSLSTCPFGLKGVDYCSIGEFKNSSIETFVCATNKALFQIDHTIE 

HyRRV_23_G   YSKGSLILPITKEGVSYKDISVILNKGKGLFLYSPISNSSLSTCPFGLKGVDYCSIGEFKNNPVETFVCATNKALFQIDHTIE 

HyRRV_24_G   FGRQGLLSPITMSNFQVSDVNGYSSQTTSLYFYAPISDNSHIDCPFSLKGVDYCAIGIHQNSSLETAICTASKTLFQIDFSQS 

               :  *:   * . .. .  .   .:     : ..: :.:   . : :**:  . :   . . ..     :.      ..  . 

                      CIX   CX                          CXI                                CXII 

VSIV_G       YFAYETGDKACKMQYCKHWGVRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVER----ILDYSLCQET 

HyRRV_22_G   SHICDLGTHKIFVSKTGEYVSRMVVSKSTNNVGHELTRIDQNTKMDIRKSISSLSELNYVSNIIQEDTGNQYFFHNCLEFKHR 

HyRRV_23_G   SHICDLGTHKIFVSKTGEYVSRMVVSKSTNNVGHELTIIDQNTKLDIRRSISSLSELNYISNIIQDDTGNQYFFHNCLEFKQR 

HyRRV_24_G   AFVCNISGRAIWLSKTGEYVSRQVVDKATNNVGHELVTTDSKTLLDIRKSVSSLSELNFISNVIQRDTGNQYFLENCLKYKLQ 

              .  : . :   :.   .:  *   .   : ..::*      .      *:*: *: .   .:**        : :    :   

                                          

VSIV_G       WSKIRAGLPISPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVEIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGP 

HyRRV_22_G   WMSWALGYPSSCLAALALVSTHTYAGCRYTDNG--ILAYETSPEYVDSNDLHIDPGTGEAFYQNSSSLLY--IIPYIGIITNR 

HyRRV_23_G   WMSWALGYPSSCLAALALVSTHTYAGCKYTDNG--ILAYETSPEYVDSDDLYIDPVTGEAFYHSSSSLLY--IIPYLGIITNR 

HyRRV_24_G   WSQWAYGYPSSCLAALDLISTSRYAGCKYHEEG--ILAYETLPVLVPVSELKYNISTRTLEVLMSGVSFP--VIPYIGIIMNK 

             * .   * * * :    * ..   :*  :   .  :  :**    *       .  .       :   :     ** .:  .  

  

VSIV_G       NGVLRTSSGYKFPLYMIGHGMLDSDLRLSSKAQVFEHPHIQDAASQLPDDETLFFGDTGLSKNPIELVEGWFS----GWKSSI 

HyRRV_22_G   ALNNSYKTAPLPLIYPSSDGKYWSSVTRQSLDTFHHTTHLQLLDSKPTFIQHSYLITGFTVPFSSQQFSDRWSNHTMDYKAEV 

HyRRV_23_G   ALNSSYKTAPLPLIYPLSDGKYWSSVTKQSLDTFHHTTHLQLLDSKPTFVQHSYLITGFTVPFSSQQFSDRWSNHTKDYKAEV 

HyRRV_24_G   QLSSMSYESWFPRIYPLMNGDYWSPERNIVIHSHHHFDELKLLTKKPEFENSLLNDLLMTVPFSTHSFAIRFSNHTHDYKQEV 

                     .    :*   .*   *          ..  .::   .:    :            . . .   :*    .:* .: 

                          Transmembrane domain 

VSIV_G       ASFFF-IIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK---- 

HyRRV_22_G   LPLIIPSLGGMFNTLIWWVIFFVMLLILIKIIPLIFPSLSKSDRFKNLTYS 

HyRRV_23_G   LPLILPSLGGMFNTLIWWVIFFVILLILIKVMSLVLPSLSKSDRFKNLTYS 

HyRRV_24_G   LPVLLPGFGWISNSILWMIILLVLVFVLVKILSSVIPSFLRVDTYGPAKYV 

              ..::  :* : . ::   : : : : * :     : :  . :         
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VSIV
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Signal domain CcI
M---KCLLYLAFLFIGVNCKFTIVFP------~- HNQKGNWKN-—---~ VPSNYHYIPSSSDLNWHNDLIGTALQVKMPK
MYGIKIVIILTLTAFSFKLVKGLLPGDPFGPVRARDYALWDIRSSGPGLSSPIPKRPEETAISHRDKTRVEGQVTIWKI
MCCKRLCLVVNIVSFLTGCHTQSWLDDPFGPVQHHSNPVWD@KTAGPGIVNPIPQRPN@TAIITSPLRRSDVVIQKWKV
. . . . . * * . .
CII CIIT
SHKAIQADGWMEHASKWVTT DFRWYGPKYITHSIRSFTPSVE KESIEQTKQGTWLNPG
DTSLWKV E®FSETVTAT®VSPLFGLESKSTKREFSPANYTY] LQ LDIDSGSLTQSEIHGVIVSGKDPEYD@P-M
DLSSWTV EPFTEIIHA DNPLFGVPIKTHWVEFTATSLEE IN NDRSDKKMTQSGTVGVLTEDIKPEYKCPFL
. . *

*

CVI CVII CVIII
ATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGK@SN--DI@PTVHN-STTWHSDYKVKG{@DSN-LISMDITFFSE
WGTRSVIVTITSVMRLTLIVDHDSDVMTGAVNFARPEKYNETK@PTVKGGEFVEFWKQLMKPSD NLKATGLSEIISLHG

MGTSITTTKILSVSKLRLIVDHIELTVTGPVGFSRICKYTDE KTTKLGYVTWRKTLNLTS NLVPAYDPEL[®TIYG
* ok sk x . * .
CIX CX
DGELSSLGKEGTGFRSNYFAYETGDKA!KMQY‘KHW—G ——————— VRLPSGVWFEMADKD--=-=-—=—=———————-—— LFA
DTELSIH@PLTKAIYHLGHHQIIPTVA----- @S-WVGNESKIDVYKTLEGVWISGRSKAGGNLVDWIKTHQQGDQSVV
ADNHLVQ BPLSKSLYHLSDTSASMKTI-—-—--- eM- FKS——TPAVVVKSLEGTWLSAYNQS———ITAILKLHS——NTSRN
* . * * .
CXI CXII
AARFPEEPEG —————————————————— SSISAPSQTSVDVSLIQDVERILDYSLEQETWSKIRAGLPISPVD —————

FTOSSPKTNGSHILGLTGPQLAWLEDSWVKKSSEERSYLELQUEREAQHSWDLAWNLRHIAPMAAASIWTKTPHTIST
LVRVDPNVEG--LFAEVNSHLSWLAKEWLSRSREERIRVELGIH{ELDAQRLWDAAWNIRELVPQAAAAIWTGNQNAVAT
c e k. *

.k * . e e e K

—————————————— LSYLAPKNPGTGPAFTIINGTLKYFETRYIR----------VEIAAPILSRMVGMISGTTTERE
LFSGFVLSWPEKEVYQYRFLKNEN@SENWPIEYSDGIAIHTGFLEPVSYRITQRRGRMS[@RISPGFLFRINDSHVVNL
VEFSGFILSWPE@KQIYQYRFLMNP SENWPIEYATGISVETGFVEPVSFKITYQPGRMS RVSPGFLLPINETHSLNL

* *

LWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLRLSSKAQVFEHPHIQDAASQLPDDETLEFFGDTGLSKN
ATRDFSPVPESYFAVDPVPVFHSHVFYSPSLYSVEELGGQOSQYETLVELHHD-HLRQAIYALSNSHEISTDEKLDALA
ASRQFTPKPKSYFSIELSNADKSEIYSAPSLYTISELGGTSRLEELVMLHHN-HLRQAVKAVSGSYEIATIEEHIDQLA
o e ek . . * . * . . Kook . . .
Transmembrane domain
PIELVEGWFSGWK-SSIASFFFIIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK--——==—=—=——————
PIDKATSIIGHYLGSTMDKILNSITLVITLVILL-MTIVYVAKCFCTCYFTPFNCIKYARRPKSSSNENIPLRRRY-
AVKSTYSLFGHWIGSTADSIVNSIAGIVSLCILIYITGLIVAMCLSKATWCRTALMCWKSKSAPGLGQSYNTDTKEL

* . . * ..ox









          Signal domain                                          CI 

VSIV      M---KCLLYLAFLFIGVNCKFTIVFP-------HNQKGNWKN------VPSNYHYCPSSSDLNWHNDLIGTALQVKMPK 

HbRLV-9   MYGIKIVIILTLTAFSFKLVKGLLPGDPFGPVRARDYALWDCRSSGPGLSSPIPKRPNCTAISHRDKTRVEGQVTIWKI 

SyAGV-2   MCCKRLCLVVNIVSFLTGCHTQSWLDDPFGPVQHHSNPVWDCKTAGPGIVNPIPQRPNCTAIITSPLRRSDVVIQKWKV 

              :  : : :  :                   ..   *.               *..: :                  

                    CII      CIII                    CIV                             CV 

VSIV      SHKAIQADGWMCHASKWVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQGTWLNPG---------FPPQSCG-Y 

HbRLV-9   DTSLWKVEACECFSETVTATCVSPLFGLESKSTKREFSPANYTYCLQSCLDIDSGSLTQSEIHGVIVSGKDPEYDCP-M 

SyAGV-2   DLSSWTVAACECFTEIIHARCDNPLFGVPIKTHWVEFTATSLEECINVCNDRSDKKMTQSGTVGVLTEDIKPEYKCPFL 

          . .   . .  *.:.   : *    :*    :   .  ...   * :   : .. .  :.           *  .*    

                                             CVI    CVII               CVIII 

VSIV      ATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGKCSN--DICPTVHN-STTWHSDYKVKGLCDSN-LISMDITFFSE 

HbRLV-9   WGTRSVIVTITSVMRLTLIVDHDSDVMTGAVNFARPCKYNETKCPTVKGGFVFWKQLMKPSDRCNLKATGLSEICSLHG 

SyAGV-2   MGTSITTTKILSVSKLRLIVDHIELTVTGPVGFSRICKYTDEVCKTTKLGYVTWRKTLNLTSHCNLVPAYDPELCTIYG 

            .  . . * .*    ::**.     ...  :   *.     * *.:   . *:.  : .. *:       ::  :   

                                    CIX   CX 

VSIV      DGELSSLGKEGTGFRSNYFAYETGDKACKMQYCKHW-G-------VRLPSGVWFEMADKD----------------LFA 

HbRLV-9   DTELSIHCPLTKAIYHLGHHQIIPTVA-----CS-WVGNESKIDVYKTLEGVWISGRSKAGGNLVDWIKTHQQGDQSVV 

SyAGV-2   ADNHLVQCPLSKSLYHLSDTSASMKTI-----CM-FKS--TPAVVVKSLEGTWLSAYNQS---ITAILKLHS--NTSRN 

            :        ..:                  *             :  .*.*:.  .:                     

               CXI                                             CXII 

VSIV      AARFPECPEG------------------SSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPISPVD----- 

HbRLV-9   FTQSSPKTNGSHILGLTGPQLAWLEDSWVKKSSEERSYLELQLCREAQHSWDLAWNLRHIAPMAAASIWTKTPHTIST 

SyAGV-2   LVRVDPNVEG--LFAEVNSHLSWLAKEWLSRSREERIRVELGLCLDAQRLWDAAWNIRELVPQAAAAIWTGNQNAVAT 

           .:     :*                   . *  .:  ::: *  :.::  * :   .      *.   :         

 

VSIV      --------------LSYLAPKNPGTGPAFTIINGTLKYFETRYIR----------VEIAAPILSRMVGMISGTTTERE 

HbRLV-9   LFSGFVLSWPCKEVYQYRFLKNENCSENWPIEYSDGIAIHTGFLEPVSYRITQRRGRMSCRISPGFLFRINDSHVVNL 

SyAGV-2   VFSGFILSWPCKQIYQYRFLMNPNCSENWPIEYATGISVETGFVEPVSFKITYQPGRMSCRVSPGFLLPINETHSLNL 

                         .*    * . .  :.*  .    ..* ::.           .::. : . ::  *. :   .  

 

VSIV      LWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLRLSSKAQVFEHPHIQDAASQLPDDETLFFGDTGLSKN 

HbRLV-9   ATRDFSPVPESYFAVDPVPVFHSHVFYSPSLYSVEELGGQSQYETLVELHHD-HLRQAIYALSNSHEISTDEKLDALA 

SyAGV-2   ASRQFTPKPKSYFSIELSNADKSEIYSAPSLYTISELGGTSRLEELVMLHHN-HLRQAVKAVSGSYEIAIEEHIDQLA 

             :::*  .  :. :      *    .  :     *..  : .  . :... *:::*   :...  :   :       

                         Transmembrane domain 

VSIV      PIELVEGWFSGWK-SSIASFFFIIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK-------------- 

HbRLV-9   PIDKATSIIGHYLGSTMDKILNSITLVITLVILL-MTIVYVAKCFCTCYFTPFNCIKYARRPKSSSNENIPLRRRY- 

SyAGV-2   AVKSTYSLFGHWIGSTADSIVNSIAGIVSLCILIYITGLIVAMCLSKATWCRTALMCWKSKSAPGLGQSYNTDTKFL 

          .:. . . :. :  *:  .:.  *  :: * ::: ::         .        :                      
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Signal domain CcI

M-KCLLYLAFLFIGVNCKFTIVFPHN-——————— === —— - ——mm oo QKGNWKNVPSNYHY@PSSSDL

MTSSFAILGMLKIHILLILGMEFPSIGAGVINLGENMTISLPFGKDSRN-ETVHPLDHLLKLRENSTVEYKPFPLEPISEKL

M----VFLSLSTIIFILSLRAVTCSN--——--——--- PLSYPNGILTNNSTHNHPLSDFYIFYENSSLTYTQFPVAPDESST

* . * . * . * . * .
CII CIII cIv

NWHNDLIGTALQVKMPKSHKAIQADGWMEHASKWVT DFRWYGPKYITHSIRSFTPSVEQEKESIEQTKQGTWLN ——————

MTSDQPQTPVTIAIWKADYHNVDHLGFLVWAEAISTQ@SFGFFGEKATSITQTSLVKLNQEPSLSQFDKLRDQDVDVAMELE

LDTRDEQYPTTVTLWKVDQESQAEWGLLLWQERIDT SWNFWGNYKGSIVSKSSVPLKDIPSGSARNGYWALSNDEVQEID
* . *  x . .k . * . * . .

CV CVI CVI CVII CVIII
-PGFPPQS GYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGKESNDIIPTVHNSTTWHSDYKVKG——LFDSNLISMD
DLSWDLRYY Y RNDYPNTYKMTMGKKVLVTRYPDGSLRTP--PGSWEPTESGILSDGMRYLKVLKPKDRLS@GFLIHDVK
HVPYNLRYY] Y RNEYPGSFYMRYVKKVRIIRNPDGSIKTP——RGSWVHELDNLWGDQMRYLVIRRFGGESSCPLKIYDVR

. . ek . . . * . . . .
CIX CX CXI
ITFFSEDGELSSLGKEGTGFRSNYFAYETGDK. KMQYEKHWGVRLPSGVWFEMADKDLFAAARFPEEPEGSSISAPSQTSV
AAIKTVNPNGEIILSVPSSHHQFSIVQGDNAMK®NERKATYDVYKSMGGYLISLSGNDEKLVGQAFASPKIRQASRKGRSVP
AGVLSKSRSNFILVSLPSLNLQFSVSLESTETK@SFGDKTYDIVQSMGGYLLSIDIGNANWRGPWDPTPQHPGRERRSIMEF
. . . . . . * . . . * .

CXII
DVSLIQDVER-———= === === m - m ILDYSLE@OETWSKIRAGLPISPVD
AVQLDQLTWRLFQFLS-PRKRRDLDEREFFSNLRSSYDYSQLRFEQTFIVSQINKNLALIQKNI@®DTOKLKWLS---LSPPN
PDQTSFRYNQFINYHSSPRHKRHDQEFEFPLSLKSSYDYAQFRYEQNFIIRQINKNFGLLQKSICDIQFSKWQN———LSPPN

oK. **

LSYLAPKNPGTG--PAFTIINGTLKYFETRYIRVEIAAPILSRMVG---MISGTTTERELWDDWAPYEDVEIGPNGVLRTSS
LARKVADYYTTEGFSIGETWNGVYKITNTQPIALSYRVVLPIRISHGMFQLINKITGEINWVEPVTGILFENATFTHYSLIA
LAMKIAHYVTGSIHSIGGVHHGSYSIQRTEKSITKVNLVFPIVIVHGMYKEQREPSKEVVWAEPVTGILFKSPIPTHFSLSS

. . . * . . .

* . .k *

GYKFPLYMIGHGMLDSDLRLS----SKAQVFEHPHIQDAASQLPD---———-— DETLFFGDTGLS--KNPIELVEGWFSGWKS
TWVPGKFGTGLNLVTGEITKPNLSPHHLKLINQAQALSPVTLYSQNEMSGSLDERREFYSDRKLPPQONPDPWTKEIWGIGIH
SWLPGVNGSSIVPLTGQILLPEITMDHLEVVQQVEAKMVKSMYTNVELFGSTEEFQRYQTQGITSDEQSN TVNPWIGLLIH

Transmembrane domaln
SIASFFFITIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK--———==———
ILISIIVGILLIICGPSLLRLASVCVMREEETIEDTLFKRKAASSRTQTLLNP---—
GGVSIATGILVALLIPSILKLFRHITEKGEASLEERLHLRETSRKEFVKVRGKPWGV

* . * e . ek e









           Signal domain                                                              CI 

VSIV       M-KCLLYLAFLFIGVNCKFTIVFPHN-----------------------------------QKGNWKNVPSNYHYCPSSSDL 

LeRRV-34   MTSSFAILGMLKIHILLILGMEFPSIGAGVINLGENMTISLPFGKDSRN-ETVHPLDHLLKLRENSTVEYKPFPLEPICEKL 

SfruRV     M----VFLSLSTIIFILSLRAVTCSN-----------PLSYPNGILTNNSTHNHPLSDFYIFYENSSLTYTQFPVAPDCSSI 

           *   :  *.:  * .   :                                             * .   . :   * ...: 

                                    CII       CIII                     CIV 

VSIV       NWHNDLIGTALQVKMPKSHKAIQADGWMCHASKWVTTCDFRWYGPKYITHSIRSFTPSVEQCKESIEQTKQGTWLN------ 

LeRRV-34   MTSDQPQTPVTIAIWKADYHNVDHLGFLVWAEAISTQCSFGFFGEKATSITQTSLVKLNQEPSLSQFDKLRDQDVDVAMELE 

SfruRV     LDTRDEQYPTTVTLWKVDQESQAEWGLLLWQERIDTTCSWNFWGNYKGSIVSKSSVPLKDIPSGSARNGYWALSNDEVQEID 

               :   ..  .    . .     * :   .   * *.: ::*    :    * .   :  . *  :       :       

                   CV  CVI                               CVI  CVII                CVIII 

VSIV       -PGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGKCSNDICPTVHNSTTWHSDYKVKG--LCDSNLISMD 

LeRRV-34   DLSWDLRYYCYYCRNDYPNTYKMTMGKKVLVTRYPDGSLRTP--PGSWEPTESGILSDGMRYLKVLKPKDRLSCGFLIHDVK 

SfruRV     HVPYNLRYYCYWCRNEYPGSFYMRYVKKVRIIRNPDGSIKTP--RGSWVHELDNLWGDQMRYLVIRRFGGESSCPLKIYDVR 

              :  :   *   .:          ::* : . ..  : :    *.          :   :    :  .   *   : .:  

                                           CIX   CX                          CXI 

VSIV       ITFFSEDGELSSLGKEGTGFRSNYFAYETGDKACKMQYCKHWGVRLPSGVWFEMADKDLFAAARFPECPEGSSISAPSQTSV 

LeRRV-34   AAIKTVNPNGEIILSVPSSHHQFSIVQGDNAMKCNFRKATYDVYKSMGGYLISLSGNDEKLVGQAFASPKIRQASRKGRSVP 

SfruRV     AGVLSKSRSNFILVSLPSLNLQFSVSLESTETKCSFGDKTYDIVQSMGGYLLSIDIGNANWRGPWDPTPQHPGRERRSIMEF 

             . : . .   : .  :   .  .        *.:   .:   :  .*  :.:   :    .     *:    .  .     

                                                                          CXII 

VSIV       DVSLIQDVER------------------------------------------------ILDYSLCQETWSKIRAGLPISPVD 

LeRRV-34   AVQLDQLTWRLFQFLS-PRKRRDLDEREFFSNLRSSYDYSQLRFEQTFIVSQINKNLALIQKNICDTQKLKWLS---LSPPN 

SfruRV     PDQTSFRYNQFINYHSSPRHKRHDQEFEFPLSLKSSYDYAQFRYEQNFIIRQINKNFGLLQKSICDIQFSKWQN---LSPPN 

             .      :                                                ::: .:*:    *      :** : 

 

VSIV       LSYLAPKNPGTG--PAFTIINGTLKYFETRYIRVEIAAPILSRMVG---MISGTTTERELWDDWAPYEDVEIGPNGVLRTSS 

LeRRV-34   LARKVADYYTTEGFSIGETWNGVYKITNTQPIALSYRVVLPIRISHGMFQLINKITGEINWVEPVTGILFENATFTHYSLIA 

SfruRV     LAMKIAHYVTGSIHSIGGVHHGSYSIQRTEKSITKVNLVFPIVIVHGMYKCQREPSKEVVWAEPVTGILFKSPIPTHFSLSS 

           *:   ..       .     :*  .  .*.    .    :   :           : .  * : ..   .:          : 

 

VSIV       GYKFPLYMIGHGMLDSDLRLS----SKAQVFEHPHIQDAASQLPD-------DETLFFGDTGLS--KNPIELVEGWFSGWKS 

LeRRV-34   TWVPGKFGTGLNLVTGEITKPNLSPHHLKLINQAQALSPVTLYSQNEMSGSLDERRFYSDRKLPPQQNPDPWTKEIWGIGIH 

SfruRV     SWLPGVNGSSIVPLTGQILLPEITMDHLEVVQQVEAKMVKSMYTNVELFGSTEEFQRYQTQGITSDEQSN-TVNPWIGLLIH 

            :       .   : .::  .     : ::.:: .     :  .:       :*   :    :.  ::.   .:   .     

           Transmembrane domain 

VSIV       SIASFFFIIGLIIGLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK--------- 

LeRRV-34   ILISIIVGILLIICGPSLLRLASVCVMREEETIEDTLFKRKAASSRTQTLLNP---- 

SfruRV     GGVSIATGILVALLIPSILKLFRHIIEKGEASLEERLHLRETSRKEFVKVRGKPWGV 

              *:   * : :    :*::      : : : :  :.                    
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MKCLLYLAFLEFIGVNC — = === == === == = m — - — o m
MTSLENFSILLLVAVPLVELSKKEGWVGY LKDPLTPG= === ===——= === === ———— o~ ETRLEQPPLGAHQK
MRTIONRRVLLVAWLLISPSTGATWI SEGGDSSSPG————==========—————————————————— STKAGQPSTGHHKK
MGLCQSRKMVIMLEFLLLESLCLESVESSTEQSSETTSPPPANHTPSLDFSSTQAQFTKWVTREST SELANQATLOTAKDL TRK

————————————————————————————————————————————————————————————— KFTIVFPHNQKGNWKNVPSNY
LSTAEMVTEGLVNSTHFLVQFPSVGRWFYLPR----—--— VLAPPPLPPSVTVVHSHALVLDSRDKVSSVRGPNSLEFLPSTEAL
ISTKGLKIEGPINKTHSLIRLPYANRWFIIPS---—--- QLLKSQIPEAVNLISTRLSTEVRNPSLPLITTSQGHILPSLPNL
TFKRVVDILDSSNPSSTLILAPQAVRDWIKGVGDEEEYGLFHTLTQGILGGVSKTSTTPSPRITVSQANDSTSRISIDSTKL
————————————————— MVLAPQAVRDWIKGVGDEEEYGLFHTLTQGILGGTRKTSTTPSPRITVSLANQSDSFINIDATRL
CI CII CIII
HY----===——————————] PSSSDLNWHNDLIGTALQVKMPKSHKATIQADGWMOHASKWVTT@DFRWYGPKYITHSIRSFEF
REFFPFSPQLTSSPQLIPPIS@OLTENPQ---LVPGVLRVWGPPAHSSTLEGTLVT@KTKSE--N@TKYFFGAEQISLDWD-K

NFFPLTENFTSKPTLAPPLN@ETENSSS---LMPGVLRIWGPPSSSKTVEGRLVS[@YTKLE--N@TKYFFGSEQISTLYD-R
HWYSNDTRTWLKFAPLPPPHEOPPOKDQYQ-YVPGVVSLWGPKTVHHSFSAIVYQEWDLKV--AGTVYFFGEKMIRELGDSL

HWYSNDTRTWMKFAPLPPPP@OTPEKDONQ-YVPGVVSMWGPKTIHHSFSALVFQEWDLKV--A@TVYFFGEKMIRELGDSL
. * . * . * .ok . *
CIv cv CVI
TPSVEQEKESIEQTKQG —————— TWLNPGFPPQS@GYA-TVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGK@S—NDI -—

PTSEEQFHKSLISQHKSKLKTEQTLTIP—LVQAPCLWTGTQTKSEDYLFSQRVKVILSADGYVSYPPG—F——SL RAFNDSA

KTEGNSYHLOQVMDENIPQIWNSIQWTHP-NVQAP@LWTGTQSVREDYIHSEKVNVILSSDGFVSFPLG-M--SF@PAFQQTS
ITQTTPLTGPPVDVNPDPAQGWVPVSRP---QPY@KWTGEQVSGGHYWKVAAITGNINQQRIISTPPG-F--SH@DPYSLDI
LTQANPITGPPVDLSPDPSQGWVPVSRP---QPY@KWTGEQVSGGHYWKTAAITGNINQQGVISTPPG-F--SH@DPYSLDI

* * . . . *

CVII CVIII CIX CX

PTVHNSTTWHSDYKVKG--1J DSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGDKAEK—MQY KHWGV-=-———-—

)SS——-SFQVLMLDHLIDDPSS@KSLEVKLISKSEFVQVDKTKNGTLHLIGIKDPQHQLGFSLEGAK--KV@TKEGHQYTHQLL

KS—--KSQVLFLKSLIKDPSGE®DSLEIKMISKVFISLROQFNKTNFIMSSIKDPNHQLGFSLENAK--QI@HKDGKQFFHSLL

@1.SSDKTTYLLIQHPPEKGAL®SSLE IKLVAAGAASQDKEGN--—-~- AVVNLPREELSYFLPKNTSSFS@SG----HQIVVA
LSSDKTTYLLIRHPPEKSSL@ASLEMKLVAAGAVSQDKSGN- -~~~ AVVSIPRHHLSYFIPKNTSSFSCSG----HQIIVS
. * % . .
CXI
——————————————————————————————— RLP--SGVWFEMADKD-----------------—-LFAAARFPESPEGSSI

LTKSSYLISLFLLPDNST-TLNISNTPNVVRDLPEDLTYWKDLKSKNQPSPSSHHSISMAIHQWKLHHKIPLRTHYSESEMI
LTKSLYILSLLPLDKKENGTLGLESLSTWVRDLOQEDEDYWKSHHPENNTETSDPKDQTASAHQWRIHHKIPIRTVFTEAEIT

PSGHLISVSKEAPNSTSSR-——-—=—————————— PYKTFWKSLHSDDPPHYDYQE----—-— NGWMVVNQIPIQPDFTSAELF
PSGHLISVSKEAPNSTSSR-——-—-——————-—-—-——— PYKAFWKSLNSDDPPHYDYQE---——-— NGWMVVNQIPIQPDFTSAELF
* . .
CXII
SAPSQTSVDVSLIQDVERILDYSL@QO---ETWSKIRAGLPISPVDLSYLAPKNP-—----— GTGPAFTIINGTLKYFETRYIR

YGLSELSEKTSRAMYALFSE---LO®RMSSQIWKLAFQSWTLNPTLMAQVLTKDPTVIGENRAGRLIIHHSLPSGPILIPKDT

YGLNQLSDLTEKAIQQVYLE---V@KLTRTIWQLAVQTWKTNPTEFVAQLISKSNNVIGENRNGTLLIHHSVPAGPLELKLPL

HGLLAVSERDSSEFQMSAYL---S LLKMESWHLAKAIMHLNPTPIARISSGHP;ELGALDQGNFYLLFPHLVKSIALIHPL

HGLLAVSERDSSEFQMSAYL---S@LLKMESWHLAKAIMHLNPTPTARISSGHPFELGAVDQGNFYLLFPHLVKSVITIHHPL
* . * Kk ee . *

VEIAAPILSRMVGMISGTT--—----- TERELWDDWAPYEDVEIGP---—-——----——-— NGVLRTSSGYKFPLYMIGHGMLDSD
TERGDWMFVQMFNVTDQTYAPVWLQKVSGFIVPFTP—KIPISVHPENFLIPFNQTHFFDILQKDFLMSLPQNTFKWNHTLPF
EFRGNWVKASMMNPEFSRNAQVVWIQRISGFIVNHTPRATPSTMPPPDFLIPENQTHYFNILDGSPLVSELITGEFMWNSSSAF
KRKGDWVQGTAS--VEGQTRDVWVQSLTGVVMDSPSPALTSSLGP--VYLPLLNGKYVDVTHPGDPGQLGITNYSPGIISPE
QORKGDWVLGRAS--IEGQVRDVWIQSLTGVVMDLPSPALMSSLGP--IYLPLLNGKYVDVTHPGDPGQLGITNYSPGVISPE

* ot

LRLSSKAQVFEHPHIQDAASQLPDDETLFFG-—-------—-—=——————— DTGLSKNPIELVEGWEFSGWKSSIASFFFITIGLIT
FSSDLTLERSEITSLEYVSRILDEISLPPTSNDLPQKK-—-——--— DRDQGVDISRHWKNFADWISDFFLSWRVVVEFIIVEIL
FSSSLTLERQDTNALEQISKILDEVAQPPSQETVPVP-———---- DRGRGIDISHHWQODEFVIWITSLFSSWKLYFALILITLC

VLSSISLGAMYIPHPKSPGQGSIDAAASLSFLDYHLKDGRIPPISGLDGTDISREVSSAWGSLESWWSTAKHWEFLLIFCLIT
VLSTISLGSMYVPHPQSPSPGSIDAAASLSFLDYHLRDGRIPPITGLDGTDISREVGSAWGSLESWWTTAKHWELLIFCLVI
. . ok . . . . ko
GLEFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK-—-—-----—-—
YALFRVGKRALTCCTGKEVPPPPASPLHG-PWEFSTG---RQASPV
VLIIRCIYSKFR--TSRVIPLEPSSPLSFHSWVSHEPSTQLSSPV
AALVIWGITKLAPLCKRKPSATSETPVIQMGQLMKEINEHRV---
AAFLLWGVVKLAPLCRKREQSTPEAPIIQMGQLMKDINEHRV---









VSIV         MKCLLYLAFLFIGVNC------------------------------------------------------------------ 

CRV          MTSLKNFSILLLVAVPLVLSKKEGWVGYLKDPLTPG--------------------------------EIRLEQPPLGAHQK 

BLTRV-1      MRTIQNRRVLLVAWLLISPSLGAIWISEGGDSSSPG--------------------------------SIKAGQPSTGHHKK 

FAIV         MGLCQSRKMVWMLFLLLESLCLLSVFSSTEQSSETTSPPPANHTPSLDFSSIQAQFTKWVTRECTSCLANQALQTAKDLTRK 

QHV          ---------------------------------------------------------------------------------- 

 

VSIV         -------------------------------------------------------------KFTIVFPHNQKGNWKNVPSNY 

CRV          LSTAEMVTEGLVNSTHFLVQFPSVGRWFYLPR------VLAPPPLPPSVTVVHSHALVLDSRDKVSSVRGPNSLFLPSTEAL 

BLTRV-1      ISTKGLKIEGPINKTHSLIRLPYANRWFIIPS------QLLKSQIPEAVNLISTRLSTEVRNPSLPLITTSQGHILPSLPNL 

FAIV         TFKRVVDILDSSNPSSTLILAPQAVRDWIKGVGDEEEYGLFHTLTQGILGGVSKTSTTPSPRITVSQANDSTSRISIDSTKL 

QHV          -----------------MVLAPQAVRDWIKGVGDEEEYGLFHTLTQGILGGTRKTSTTPSPRITVSLANQSDSFINIDATRL 

                                                                          . .:       .          

                                 CI                                CII      CIII 

VSIV         HY------------------CPSSSDLNWHNDLIGTALQVKMPKSHKAIQADGWMCHASKWVTTCDFRWYGPKYITHSIRSF 

CRV          RFFPFSPQLTSSPQLIPPISCQLTENPQ---LVPGVLRVWGPPAHSSTLEGTLVTCKTKSE--NCTKYFFGAEQISLDWD-K 

BLTRV-1      NFFPLTENFTSKPTLAPPLNCETENSSS---LMPGVLRIWGPPSSSKTVEGRLVSCYTKLE--NCTKYFFGSEQISTLYD-R 

FAIV         HWYSNDTRTWLKFAPLPPPPCQPPQKDQYQ-YVPGVVSLWGPKTVHHSFSAIVYQEWDLKV--ACTVYFFGEKMIRELGDSL 

QHV          HWYSNDTRTWMKFAPLPPPPCQTPEKDQNQ-YVPGVVSMWGPKTIHHSFSALVFQEWDLKV--ACTVYFFGEKMIRELGDSL 

             .:                  *           : *.           :...             *   ::* : *        

                  CIV                          CV                                     CVI 

VSIV         TPSVEQCKESIEQTKQG------TWLNPGFPPQSCGYA-TVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFIDGKCS—NDI-- 

CRV          PTSCNQFHKSLISQHKSKLKTEQTLTIP-LVQAPCLWTGTQTKSEDYLFSQRVKVILSADGYVSYPPG-F--SLCRAFNDSA 

BLTRV-1      KTECNSYHLQVMDENIPQIWNSIQWTHP-NVQAPCLWTGTQSVREDYIHSEKVNVILSSDGFVSFPLG-M--SFCPAFQQTS 

FAIV         ITQTTPLTGPPVDVNPDPAQGWVPVSRP---QPYCKWTGEQVSGGHYWKVAAITGNINQQRIISTPPG-F--SHCDPYSLDI 

QHV          LTQANPITGPPVDLSPDPSQGWVPVSRP---QPYCKWTGEQVSGGHYWKTAAITGNINQQGVISTPPG-F--SHCDPYSLDI 

              ..         .              *      *  :                  :  :   .   .      *    

            CVII                CVIII                                      CIX    CX  

VSIV         CPTVHNSTTWHSDYKVKG--LCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGDKACK-MQYCKHWGV------- 

CRV          CSS--SFQVLMLDHLIDDPSSCKSLEVKLISKSFVQVDKTKNGTLHLIGIKDPQHQLGFSLEGAK--KVCTKEGHQYTHQLL 

BLTRV-1      CKS--KSQVLFLKSLIKDPSGCDSLEIKMISKVFISLRQFNKTNFIMSSIKDPNHQLGFSLENAK--QICHKDGKQFFHSLL 

FAIV         CLSSDKTTYLLIQHPPEKGALCSSLEIKLVAAGAASQDKEGN-----AVVNLPRHHLSYFLPKNTSSFSCSG----HQIVVA 

QHV          CLSSDKTTYLLIRHPPEKSSLCASLEMKLVAAGAVSQDKSGN-----AVVSIPRHHLSYFIPKNTSSFSCSG----HQIIVS 

             * :  .          .    * *  :.:      .                                      

                                                                                       CXI 

VSIV         -------------------------------RLP--SGVWFEMADKD-------------------LFAAARFPECPEGSSI 

CRV          LTKSSYLISLFLLPDNST-TLNISNTPNVVRDLPEDLTYWKDLKSKNQPSPSSHHSISMAIHQWKLHHKIPLRTHYSESEMI 

BLTRV-1      LTKSLYILSLLPLDKKENGTLGLESLSTWVRDLQEDEDYWKSHHPENNTETSDPKDQTASAHQWRIHHKIPIRTVFTEAEII 

FAIV         PSGHLISVSKEAPNSTSSR---------------PYKTFWKSLHSDDPPHYDYQE------NGWMVVNQIPIQPDFTSAELF 

QHV          PSGHLISVSKEAPNSTSSR---------------PYKAFWKSLNSDDPPHYDYQE------NGWMVVNQIPIQPDFTSAELF 

                          * .   .:                       .  .  .... : 

                                   CXII 

VSIV         SAPSQTSVDVSLIQDVERILDYSLCQ---ETWSKIRAGLPISPVDLSYLAPKNP------GTGPAFTIINGTLKYFETRYIR 

CRV          YGLSELSEKTSRAMYALFSE---LCRMSSQIWKLAFQSWTLNPTLMAQVLTKDPTVIGENRAGRLIIHHSLPSGPILIPKDT 

BLTRV-1      YGLNQLSDLTEKAIQQVYLE---VCKLTRTIWQLAVQTWKTNPTFVAQLISKSNNVIGENRNGTLLIHHSVPAGPLELKLPL 

FAIV         HGLLAVSERDSSEFQMSAYL---SCLLKMESWHLAKAIMHLNPTPIARISSGHPLCLGALDQGNFYLLFPHLVKSIALIHPL 

QHV          HGLLAVSERDSSEFQMSAYL---SCLLKMESWHLAKAIMHLNPTPIARISSGHPFCLGAVDQGNFYLLFPHLVKSVIIHHPL 

              .    *   .            :       *         .*. :: : .           *            .       

 

VSIV         VEIAAPILSRMVGMISGTT-------TERELWDDWAPYEDVEIGP------------NGVLRTSSGYKFPLYMIGHGMLDSD 

CRV          TCRGDWMFVQMFNVTDQTYAPVWLQKVSGFIVPFTP-KIPISVHPENFLIPFNQTHFFDILQKDFLMSLPQNTFKWNHTLPF 

BLTRV-1      EFRGNWVKASMMNPFSRNAQVVWIQRISGFIVNHTPRATPSTMPPPDFLIPFNQTHYFNILDGSPLVSELITGFMWNSSSAF 

FAIV         KRKGDWVQGTAS--VEGQTRDVWVQSLTGVVMDSPSPALTSSLGP--VYLPLLNGKYVDVTHPGDPGQLGITNYSPGIISPE 

QHV          QRKGDWVLGRAS--IEGQVRDVWIQSLTGVVMDLPSPALMSSLGP--IYLPLLNGKYVDVTHPGDPGQLGITNYSPGVISPE 

                .  :        .              :    .      : *             .:   .   .        .   .  

 

VSIV         LRLSSKAQVFEHPHIQDAASQLPDDETLFFG-----------------DTGLSKNPIELVEGWFSGWKSSIASFFFIIGLII 

CRV          FSSDLTLERSEITSLEYVSRILDEISLPPTSNDLPQKK------DRDQGVDISRHWKNFADWISDFFLSWRVVVFFIIVFIL 

BLTRV-1      FSSSLTLERQDTNALEQISKILDEVAQPPSQETVPVP-------DRGRGIDISHHWQDFVTWITSLFSSWKLYFALILITLC 

FAIV         VLSSISLGAMYIPHPKSPGQGSIDAAASLSFLDYHLKDGRIPPISGLDGTDISREVSSAWGSLFSWWSTAKHWFLLIFCLII 

QHV          VLSTISLGSMYVPHPQSPSPGSIDAAASLSFLDYHLRDGRIPPITGLDGTDISREVGSAWGSLFSWWTTAKHWFLLIFCLVI 

             .    .         :  .    :                        . .:*:.  .      . : :    . :*:  :   

 

VSIV         GLFLVLRVSIYLCIKLKHTKKRQIYTDIEMNRLGK---------- 

CRV          YALFRVGKRALTCCTGKEVPPPPASPLHG-PWFSTG---RQASPV 

BLTRV-1      VLIIRCIYSKFR--TSRVIPLEPSSPLSFHSWVSHEPSTQLSSPV 

FAIV         AALVIWGITKLAPLCKRKPSATSETPVIQMGQLMKEINEHRV--- 

QHV          AAFLLWGVVKLAPLCRKREQSTPEAPIIQMGQLMKDINEHRV--- 
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