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SUMMARY 

 

The large (L) proteins of non-segmented, negative-strand RNA viruses are multifunctional 

enzymes that produce capped, methylated and polyadenylated mRNAs and replicate the viral 

genome. A phosphoprotein (P), required for efficient RNA-dependent RNA polymerization from 

the viral ribonucleoprotein (RNP) template, regulates function and conformation of the L protein. 

We report the structure of vesicular stomatitis virus L in complex with its P cofactor determined 

by electron cryomicroscopy at 3.0 Å resolution, enabling us to visualize bound segments of P. 

The contacts of three P segments with multiple L domains show how P induces a closed, 

compact, initiation-competent conformation. Binding of P to L positions its N-terminal domain 

adjacent to a putative RNA exit channel for efficient encapsidation of newly synthesized 

genomes with the nucleoprotein and orients its C-terminal domain to interact with the RNP 

template. The model shows that a conserved tryptophan in the priming loop can support the 

initiating 5'-nucleotide. 
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INTRODUCTION 

 

The large (L) protein encoded by the genomes of nonsegmented, negative-sense (NNS) RNA 

viruses carries out all the various catalytic steps associated with transcription and replication. A 

virally encoded phosphoprotein (P) is an essential cofactor, both for incorporation of L into 

virions and for regulating replication and transcription. In addition to its RNA-dependent RNA 

polymerase (RdRp) activity, L caps and methylates the 5' ends of transcripts. 

 

The vesicular stomatitis virus (VSV) genome encodes an untranslated (and uncapped) 5' leader 

sequence and five proteins, in the order of N, P, M, G, and L. The template for transcription is a 

full-length ribonucleoprotein (RNP) -- that is, a genome-sense RNA fully coated with protein N. 

Each N subunit accommodates nine nucleotides of RNA in a groove along the waist of an 

elongated, two-lobe protein. Transcription of successive genes (with about 70% efficiency) 

initiates upon termination and polyadenylation of the upstream transcript, produced by stuttering 

on a U7 sequence at the end of each gene (Iverson and Rose, 1981). 

 

We described four years ago the structure of a VSV L-P complex from a cryo-EM reconstruction 

at 3.8 Å resolution (Liang et al., 2015). The multifunctional L protein, a single, 2109 amino-acid 

long polypeptide chain, folds into three catalytic and two structural domains (Figure 1A and Data 

S1). The N-terminal RNA-dependent RNA polymerase domain (RdRp) together with a capping 

domain (Cap), which follows in primary sequence and has polyribonucleotidyl transferase 

(PRNTase) activity, form the core of the structure (Figure 1B). Negative-stain electron 

microscopy (EM) images had shown previously that in the absence of P, the three remaining 

domains -- the connector domain (CD), the methyltransferase (MT), and the C-terminal domain 

(CTD) -- have no fixed position with respect to the RdRp-Cap core structure, and the full 

molecular model from cryo-EM showed particularly long linker segments between Cap and CD 

and between CD and MT (Liang et al., 2015; Rahmeh et al., 2010). 

 

The polymerase catalytic site faces a cavity at the center of the RdRp domain (Liang et al., 

2015). Channels between this cavity and the surface of the molecule allow entry and exit of the 

template RNA strand and entry of NTPs. A loop from the Cap domain, projecting into the RdRp 

catalytic cavity, appears to be a priming loop to support the initiating nucleotide. Analogous 

loops are present in other viral RNA-dependent RNA polymerases that do not initiate on a 

polynucleotide primer (Lu et al., 2008; Tao et al., 2002). The priming loop must shift out of the 
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way to allow elongation, as seen in the transition from initiation to elongation in the reovirus 

polymerase (Tao et al., 2002). In the case of VSV L, suitable reconfiguration would allow the 

leading end of the elongating product strand to move into a cavity in the Cap domain that 

includes its active-site residues.  

 

The capping reaction catalyzed by the L proteins of non-segmented, negative-sense RNA 

viruses proceeds through intermediates different from those of the mammalian-cell capping 

process (and different from the related and well characterized capping mechanism of double-

strand RNA viruses). Instead of an attack by the 5' end of the RNA on a GMP covalently 

attached to a lysine side chain, the monophosphoylated 5' end of the transcript attaches 

covalently to a histidine side chain, and resolution of this intermediate through attack by GDP or 

GTP results in a guanylated 5' terminus. The Cap domain is thus a polyribonucleotide 

transferase (PRNTase). 2'-O methylation and 7-N methylation, both reactions carried out by the 

single active site on the MT domain, complete the modification.  

 

The resolution of the L-P reconstruction resulted in a few regions of uncertain chain trace and 

did not allow us to identify features corresponding to P (Liang et al., 2015). It was clear, 

however, that binding of a P fragment including residues 35-106, the sequence between the 

conserved N-terminal segment (PNTD) and the oligomerization domain (POD) (Figure 1A and 

Data S2), induced a “closed” structure of L, in which the three terminal domains had well 

defined positions on the RdRp-Cap structure (Figure 1B). We interpreted the observed 

conformation as a preinitiation complex. Poor density in the region between the active sites of 

the RdRp and Cap domains prevented any direct analysis of the coupling of transcription and 

capping. 

 

We have now extended the resolution of the VSV L-P structure to 3.0 Å, from new images 

recorded on a Titan Krios microscope. The new reconstruction has allowed us to trace three 

segments of P bound to L, and to correct a few small errors in the previous model. The 

molecular L-P interactions explain how P binding leads to a closed structure. The improved 

definition of several parts of the Cap domain and a clearer trace of the connections into and out 

of the connector domain have together allowed us to identify a channel leading from the 

polymerase active site to a potential genome and anti-genome exit site at a position appropriate 

for acquisition of N, held close to that site by interaction with the N-terminal segment of P. Direct 

deposition of N onto the emerging RNA could afford prompt encapsidation and maximal 

All rights reserved. No reuse allowed without permission. 
was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint (which. http://dx.doi.org/10.1101/792960doi: bioRxiv preprint first posted online Oct. 3, 2019; 

http://dx.doi.org/10.1101/792960


 5 

protection. Better definition of the Cap active-site cavity also allows us to consider possible 

conformational changes that accompany formation of the covalent pRNA intermediate and its 

transfer to GDP. 

 

RESULTS AND DISCUSSION 

 

Structure of VSV L-P from Cryo-EM Reconstruction at 3.0 Å Resolution 

We prepared the VSV L-P complex for cryo-EM imaging as described previously (Liang et al., 

2015), recorded images (Figure S1A and B), and carried out the image processing steps as 

described in Methods. The final map used for the modeling and interpretation reported here 

(Figure 1C) had an overall resolution of 3.0 Å as determined by the spatial frequency at which 

the Fourier shell correlation (FSC) between half maps dropped below 0.143 (Figure S1C). The 

data quality not only allowed us to improve the overall resolution of the reconstruction, but also 

to better classify out a more homogenous set of particle images, resulting in a density map in 

which all domains were equally well resolved.  

 

We could place our previous model (PDB-ID 5A22) in density without any major adjustments. 

We traced connections into and out of the connector domain more clearly than with the previous, 

lower resolution reconstruction, corrected a local chain trace error associated with these 

connections, corrected a few errors in assigning sequence register to segments poorly defined 

in the previous map, and adjusted many side-chain rotamers, which were generally well defined 

in the new map. Data collection, model refinement and validation statistics are in Table S1. The 

positions of various differences between updated and original coordinates are shown in Figure 

S2 and S3, and listed in Table S2. 

 

Interactions of the P Subunit with L 

The most important new feature was interpretable density for parts of P, enabling us to model 

three ordered segments from residues 49 to 56, 82 to 89, and 94 to 105 (Figure 2A and B). The 

density is well defined for those segments (Figure S4). The first segment binds in a shallow 

pocket on the outward-facing surface of the CTD. The interactions are mostly hydrophobic 

around a conserved tyrosine residue PTyr53 that also hydrogen-bonds to the side chain of 

LAsp1981 (Figure 2C). P then wraps around the CTD with a stretch of flexible residues that we 

can only partially see in low-pass filtered density maps (Figure S4B). The second segment 

binds between the CTD and the RdRp and interacts with the C-terminal arm as it inserts along 
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the edge of the RdRp. Here we observe five hydrogen bonds. On the P side, they all involve 

main chain atoms, either the amino nitrogen or carbonyl oxygen. These interactions do not 

directly depend on side chain residues and explain the somewhat relaxed conservation of 

segment two residues. Binding is further stabilized by hydrophobic contacts of PVal84 and 

PPhe87, and a salt-bridge between PGlu85 and the CTD residue LLys2022 (Figure 2D). The third 

segment lies in the groove between the CTD and the connector. We count two salt-bridges and 

two hydrogen bonds at this binding site. One hydrogen bond, between PGlu99 and LGly1199, 

connects to the CTD. The PTyr95 side chain is stacked between LArg1419 and LTyr1438. A 

conserved PVal102 is accommodated in a hydrophobic L pocked, and a conserved PTyr104 

stacks on LPro1535 (Figure 2E). Taken together, the CTD is functionally an adaptor domain of L 

for its association with P, which then reinforces the interdomain contacts stabilizing the closed 

conformation we have described. 

 

VSV P dimerizes through a domain (POD) that extends from residue 109 to residue 170 (Figure 1 

and Data S2). We analyzed, by projection matching with the present structure (Figure S5 and 

Data S3), images of the negatively stained L-P dimers described in much earlier work (Figure 

3A) (Rahmeh et al., 2010). We found that the mean distance between residues 105 on the P 

chains of the two matched complexes (60 Å) (Figure 3B) agreed very well with what we expect 

from the known structure of the dimerization domain (Ding et al., 2006), allowing for extension of 

the short segment from 105 to 109 on each of the dimerized complexes (Figure 3C). The good 

agreement validates the polarity of the P chain trace and the assignment of residues in segment 

3. 

 

In segment 1, tryosine PTyr53 fits snugly into a pocket on the outward-facing surface of the CTD. 

For a series of mutations at position 53, we found that the mutants greatly decreased RNA 

synthesis in cells transfected with L, P, N and infected with particles expressing a reporter 

template (Figure 3D). When incorporated into virions, the mutations resulted in no growth (Y53A 

and Y53D) or substantially attenuated growth (Y53F) (Figure 3E). They did not, however, affect 

in vitro transcription by L-P (Figure 3F). Anchoring of the P N-terminus at the apex of the CTD 

(Figure 3G) thus contributes to RNA synthesis during viral infection but does not influence the 

RNA polymerase activity directly. The most plausible interpretation of these results is that the 

defect is in replication, perhaps because of failure to deliver N to the nascent RNA. 

 

Priming, Initiation, and Elongation 
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The loop between residues 1152 and 1173 in the Cap domain projects into the catalytic cavity of 

the RdRp and appears to be a priming loop to support the nucleotide that initiates 

polymerization. As shown in Figure 4A, superposition of the catalytic residues of L on 

corresponding residues of the reovirus λ3 initiation complex (Tao et al., 2002) (Table S3 and 

Figure S6) places the initiating nucleotide so that it stacks directly on a prominent tryptophan 

(LTrp1167) at the tip of the VSV L priming loop. Mutation of this tryptophan to alanine severely 

restricts initiation at the end of the genome or antigenome; mutation to tyrosine or phenylalanine 

has a smaller effect (Ogino et al., 2019). Mutation of the homologous tryptophan in rabies virus 

(RABV) L also compromises end initiation, but it appears not to affect internal initiation of 

transcripts, nor does it prevent capping (Ogino et al., 2019). 

 

Further polymerization requires retraction of the priming loop or, potentially, displacement of the 

entire Cap domain. Recently determined structures of the human metapneumovirus (HMPV) 

(Pan et al., submitted) and the respiratory syncytial virus (RSV) (Gilman et al., 2019) 

polymerases show a fully retracted priming loop, with no substantial displacement of the rest of 

the Cap domain. The priming loops of the two enzymes and the catalytic cavities of the Cap 

domains are very similar, and we can show by superposition that the VSV priming loop can also 

retract without any major rearrangements in the rest of the Cap domain (Figure 4B). Moreover, 

when we model the VSV L priming loop based on the HMPV L protein structure, we find that a 

twisting tunnel connects the RdRp catalytic site with an opening where the CTD, RdRp and MT 

all meet (Figure 4C). We suggest that this tunnel might be the exit pathway for uncapped 

products -- i.e., the full-length antigenome and genome during replication and the uncapped 

leader during transcription --, which bypass the active sites of the Cap and MT domains. 

 

The N-terminal segment of P (PNTD) binds a single subunit of N, forming the so-called N0-P 

complex. The likely function of this complex is to deliver N to the nascent genome and 

antigenome as they emerge from the polymerase. About 15 residues connect the P-binding 

element (residues 6-34) with the segment of P docked onto the outer face of the CTD. The N0 

passenger could therefore lie close to the proposed exit site for upcapped products. A possible 

explanation for the defect in Y53 mutants is release of the docked N-terminal region of P from 

its site on the CTD, causing inefficient delivery of N to the replication products. This defect 

would not affect transcription. 
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At the other end of the P polypeptide chain, a small C-terminal domain (PCTD) interacts with RNP. 

The binding site is at the C-terminal lobe of the N proteins (Green and Luo, 2009). Together with 

a presumptive interaction of RNP with L at the template entry site, the contact with P could 

facilitate passage of the template strand through the enzyme. We have proposed previously that 

the subunits of N (probably three) that need to separate from the RNA template as it threads 

through the polymerase do not dissociate from each other and instead processively rebind the 

RNA as polymerization proceeds. The N-N interaction creates a chain-like array, with an N-

terminal arm and a C-proximal loop contacting the two neighboring subunits in the chain (Ge et 

al., 2010; Green et al., 2006). Interaction with the C-terminus of L-bound P could then ensure 

correct reassociation of this putative chain of N subunits with exiting RNA (see Figure 3G). 

 

Transcription of all products except the uncapped leader requires a different sequence of events. 

One possibility is that the immediately upstream transcript leaves and the priming loop snaps 

back into the position seen in our current structure. Internal initiation does not appear to depend 

on LTrp1167, however, and another possibility is that the 3' end of the departing transcript, still 

base paired with a few residues of the oligo-U tract at the 3' end of the upstream gene, supports 

the initiating NTP instead. The interaction would need to take the intergenic GA sequence on 

the template into account. Further polymerization would then displace the upstream transcript 

(Shuman, 1997). 

 

Acquisition of the guanylate cap occurs when the transcript length has reached at least 31 

nucleotides (Tekes et al., 2011). If we suppose that formation of the covalent intermediate with 

histidine LHis1227 occurs before addition of the thirty-first nucleotide to the transcript, then 

approximately 30 nucleotides of transcript would need to fit into the combined active-site 

cavities of RdRp and Cap. The volume of the Cap active-site cavity, marked with an asterisk in 

Figure 4C, is 1.2×104 Å3. Assuming a volume occupied per Dalton (Da) of RNA (Vm) of 2.1 to 

4.6 Å3 and an average mass of 340 Da per nucleotide (Speir and Johnson, 2012), the interior of 

the Cap domain could accommodate between 8 and 17 transcript nucleotides, in addition to the 

~10 nucleotides still based-paired with template in the RdRp catalytic cavity. These relatively 

generous estimates suggest that addition of the guanylate to the 5' end of the transcript requires 

opening of the multi-domain assembly from the closed conformation present in our structure. A 

plausible transition would be release of the CD, MT and CTD from their docked positions, as 

indeed occurs in the absence of P. If that transition also enabled a guanine nucleotide to access 

the RNA-protein covalent linkage, release of the capped 5' end would allow it to diffuse 
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efficiently into the MT active site, since both the transcript (still anchored to the RdRp at its 

growing, 3' end) and the MT (linked to RdRp-Cap through the CD) cannot move far from each 

other. 

 

STAR METHODS 

 

Cryo-EM Structure Determination 

The VSV L-P protein complex was prepared for structural analysis as previously described 

(Liang et al., 2015). Briefly, 3 µL of protein at ~0.35 mg/mL were applied to a C-flat grid (CF-

1.2/1.3-4C, Protochips) that had been glow discharged at 40 mA for 30 s. Grids were plunge-

frozen with an Vitrobot Mark II (FEI Company) after blotting for 3 s at 4°C and ~85% relative 

humidity. 3307 movies of vitrified protein solution were collected using SerialEM (Mastronarde, 

2005) on a Titan Krios electron microscope (ThermoFisher) at 300 kV and 59,000 nominal 

magnification, on a K2 Summit detector (Gatan, Inc.) operated in counting mode, resulting in a 

calibrated pixel size of 0.485 Å. Each movie contained 50 frames, collected in a 10 s exposure 

at 2 electrons/Å2/frame. Most micrographs showed well-dispersed particles (Figure S1A). 

Movies were aligned and exposure-filtered using Unblur (Grant and Grigorieff, 2015). 3235 

movies were selected for further processing based on the frame motion traces, excluding 

movies with traces suggesting large and zig-zag motion. The contrast transfer function (CTF) 

was determined using CTFFIND4 (Rohou and Grigorieff, 2015). CTF fringes on many 

micrographs were fitted to better than 3.0 Å resolution (Figure S1B). 188,004 particles were 

picked with IMAGIC (van Heel et al., 1996), command PICK_M_ALL. Particles were windowed 

into 400x400 pixel images and aligned using cisTEM (Grant et al., 2018) against the pixel size-

adjusted 2015 map (EMD-6337) at an initial resolution of 8.0 Å, then refined at successively 

higher resolution, up to a resolution limit of 5.5 Å. Refinement was continued with 3D 

classification of two classes, at increasing resolution up to 4.0 Å, resulting in two reconstructions 

at 3.6 and 3.2 Å resolution (69,312 and 118,692 particles, respectively). Particles assigned to 

the 3.2-Å reconstruction were further refined at 4.0-Å resolution, and classified again into two 

classes with reconstructions at 3.8 and 3.1 Å resolution (34,713 and 83,979 particles, 

respectively). Further refinement of the best class at 4.0 Å resolution resulted in the final 3.0 Å 

reconstruction. The reconstruction was sharpened using cisTEM’s sharpening tool, amplifying 

signal at high resolution with a B factor-equivalent of 75 Å2. 

 

Model Building and Refinement 
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We used the program O (Jones et al., 1991) to adjust our previously determined VSV L protein 

structure (PDB-ID 5A22, determined at 3.8 Å resolution) (Liang et al., 2015) to fit the 3.0 Å 

resolution cryo-EM map. We modeled the P protein residues de novo. We refined coordinates 

and B factors with phenix.real_space_refine (version 1.16-3549) (Afonine et al., 2018). In 

addition to the standard chemical and grouped B factor restraints, we used secondary structure, 

rotamer, and Ramachandran restraints (weight=1.0, nonbonded_weight=500, rama_weight=6.0). 

We used phenix.mtriage (Afonine, 2017) and MolProbity (Chen et al., 2010) to calculate the 

validation results shown in Figure S1C and Table S1. The final VSV L-P model comprises L 

protein residues 35–1211, 1217–1332, 1339–1590, and 1596–2109; P protein residues 49–56, 

82–89, and 94–105; and two zinc atoms. 

 

Projection Matching of Negative-Stain Class Averages 

We extracted 20 negative-stain class averages of L-P dimers from a screenshot of a previously 

published figure (Fig. S4C) in (Rahmeh et al., 2010) using RELION-3 (Zivanov et al., 2018). 

From those dimer images we manually extracted 40 subparticles, one of each protomer, and 

masked them with a soft spherical mask. We obtained rotation angles for reference projections 

of our reconstruction with healpy (http://healpy.readthedocs.org), the Python implementation of 

the HEALPix library of routines for equal area sampling of a sphere (Górski et al., 2005). 

Because the L-P complex has no symmetry and we did not allow mirroring of reference 

projections in the subsequent alignment step, we sampled angles on the entire sphere. We 

aligned the subparticle images to the reference projections with e2simmx.py from EMAN2 (Bell 

et al., 2016). Alignments were scored by calculating a cross-correlation coefficient (CCC). 

Because information in the negative-stain class averages is restricted to low resolution, 

reference projections from very different angles resulted in similar CCCs, and the “correct” 

solution was not always the top scoring projection. We therefore looked at the top five alignment 

peaks, which we located with the CCP4 program PEAKMAX (Winn et al., 2011), and then 

manually selected for further analysis the one whose reference projections most closely 

matched the particle image as judged by eye (Figure S5). To calculate the distance between the 

P protein C termini of the two promoters, we transformed the model coordinates according to 

the determined alignment parameters. A representative example of the analysis results for class 

average 1 is shown in Figure S5. The analysis results for all class averages can be found in 

Data S3. 

 

Functional Assays 
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Cells – BSR-T7 cells (a kind gift from K. Conzelmann) (Buchholz et al., 1999) were maintained 

in Dulbecco’s modified Eagle’s medium (DMEM; Corning Inc., 10-013-CV) containing 10% fetal 

bovine serum (FBS; Tissue Culture Biologicals, TCB 101) at 37 °C and 5% CO2.  

 

Plasmids – For mammalian expression, plasmids expressing Y53 mutants were generated by 

site-directed mutagenesis using the Q5 polymerase (New England Biolabs) on the parental P 

expressing plasmid (pMB-NS) (Pattnaik and Wertz, 1990) with dedicated primers (for Y53A: 

TAGGCCCTCTGCGTTTCAGGCAGC and GTATGCTCTTCCACTCCG, for Y53D: 

TAGGCCCTCTGATTTTCAGGC and GTATGCTCTTCCACTCCG, for Y53F: 

CATACTAGGCCCTCTTTTTTTCAGGCAGC and AGAGGGCCTAGTATGCTC, for deltaY53:  

TTTCAGGCAGCAGATGATTC and AGAGGGCCTAGTATGCTC). For bacterial expression and 

purification, fusion proteins made of a 6 histidine tag followed by the maltose-binding protein 

(MBP), the human rhinovirus type 14 (HRV) 3C protease cleavage site and the P protein, were 

cloned into a pET16b plasmid. The MBP tag was added to increase P solubility. A PCR product 

containing the 6xHis-MBP fragment was amplified from pET16b-MBP-MACV-Z (Kranzusch and 

Whelan, 2011) using AAGGAGATATACATATGGCTCACCATCACCATCACC and 

CTGGAACAGTACTTCCAAACCAGAACCCTCGATCCCGAGGTTG, and one containing the 

HRV_3C-P fragment was amplified from pET16b-P (Rahmeh et al., 2012) using 

GAAGTACTGTTCCAGGGTCCTATGGATAATCTCACAAAAGTTC and 

GTTAGCAGCCGGATCCA. Both were inserted into pET16b-MBP-MACV-Z digested with NdeI 

and BamHI using the Infusion kit (Takara) to form pET16-6xHis-MBP-3Cc-P. Y53 mutations 

were introduced in pET16-6xHis-MBP-3Cc-P by site-directed mutagenesis with primers 

described above. To rescue viruses expressing P_Y53 mutants, Y53 mutations were introduced 

into pVSV1(+)-eGFP backbone (Whelan et al., 2000). 

 

Protein purification – L and P proteins were purified as previously described (Rahmeh et al., 

2012). MBP-P were purified from Rosetta cells (EMD Millipore) after induction with 0.3 mM 

IPTG overnight at 18 °C. Cells were then pelleted and resuspended with 5 mL cold lysis buffer 

per gram of pellet (50 mM HEPES (pH 7.4), 100 mM NaCl, 5% glycerol, 5 mM imidazole, 5 mM 

2-mercaptoethanol and 1X protease inhibitor cocktail [cOmpleteTM, Roche Cat. # 4693116001]). 

After sonication, 40 mL cell lysate were clarified by centrifugation at 20,000 x g for 20 min, and 

the supernatant was incubated with 2 mL of Ni-NTA beads (Qiagen) overnight at 4 °C. Beads 

were washed three times with lysis buffer (without protease inhibitor), and MBP-P proteins were 

eluted in 5 mL elution buffer (50 mM HEPES (pH 7.4), 100 mM NaCl, 5% glycerol, 5 mM 
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imidazole and 5 mM 2-mercaptoethanol). The eluate was concentrated with a centrifugal filter 

(Amicon) and passed through a Superdex S200 size exclusion chromatography column (GE 

Healthcare) in storage buffer (20 mM HEPES (pH7.4), 100 mM NaCl, 5% glycerol and 5 mM 2-

mercaptoethanol). MBP-P proteins eluted in a single peak and were kept at -80 °C in storage 

buffer. 

 

Virus – Attempts to rescue viruses expressing P_Y53 mutants, were performed as previously 

described (Whelan et al., 1995) using pVSV1(+)-eGFP-P_Y53x plasmids. VSV-eGFP-P_Y53F 

was the only mutant virus forming plaques. It was amplified and titered on BSR-T7 cells. 

 

N-RNA purification – Nucleocapsid template was purified essentially as described previously 

(Ongradi et al., 1985). To limit background activity due to residual P bound to N-RNA, 

nucleocapsids were extracted from a recombinant VSV expressing a monomeric P protein 

whose oligomerization domain has been deleted (VSV-P∆OD). Briefly, 10 mg of gradient purified 

virions were disrupted on ice for 1 h in 10 mL of virion disruption buffer (VDB: 20 mM Tris-HCl 

(pH 7.4), 0.1% Triton X-100, 5% glycerol, 1 mM EDTA, 2 mM dithioerythritol and 600 mM 

NH4Cl). Lysed virions were centrifuged at 240,000 × g for 3.5 h through a glycerol step gradient 

of 0.25 ml each of 40, 45, and 50% glycerol in VDB. Pellets were resuspended overnight in 0.5 

ml of 10 mM Tris-HCl (pH 7.4), 100 mM NaCl, 1 mM EDTA and 1 mM DTT, and disrupted again 

on ice for 1 h after mixing with 0.5 mL of 2X high salt VDB (1X HSVDB: 20 mM Tris-HCl (pH 

7.4), 0.1% Triton X-100, 5% glycerol, 1 mM EDTA, 2 mM dithioerythritol and 1.5 M NH4Cl). 

Nucleocapsids were isolated by banding on a CsCl gradient. In a 5 mL tube, 1 mL of disrupted 

virions was added at the top of a step gradient of 2 mL of each 20 and 40% (wt/wt) CsCl in 

HSVDB. After centrifugation at 190,000 × g for 3 h, N-RNA were recovered by side puncture 

and diluted fivefold in NaCl-Tris-EDTA-DTT buffer (NTED: 10 mM Tris-HCl (pH 7.4), 100 mM 

NaCl, 1 mM EDTA and 2 mM DTT). N-RNA was then centrifuged through a 0.5-ml cushion of 

50% glycerol in NTED buffer, resuspended overnight in NTE buffer and stored in aliquots at -

80°C. 

 

Production of minigenome particles – Production of transcription competent minigenome 

particles was as described previously with minor modifications (Pattnaik and Wertz, 1990; Wertz 

et al., 1994). BSR-T7 cells were plated in a 60mm dish and infected the next day with a vaccinia 

virus expressing T7 polymerase (vTF7-3) (Fuerst et al., 1986) at MOI 3 for 1 h in Dulbeco’s 

Phosphate Buffered Saline liquid (DPBS; Sigma Cat# 59300C). Cells were then transfected 
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using Lipofectamine 2000 with plasmids expressing N (5.5 µg), P (1.6 µg), M (1.25 µg), G (2.5 

µg), L (0.5 µg) and a minigenome containing an eGFP reporter gene (7.5 µg). Four hours later, 

the medium was replaced with 3 mL DMEM containing 2% FBS. The cell supernatant containing 

the DI particles (DI stock) was harvested 2 days after transfection.  

 

Cell-based gene expression assay – BSR-T7 cells were plated in a 96-well plate and infected 

the next day with a vaccinia virus expressing T7 polymerase (vTF7-3) at MOI (multiplicity of 

infection) 3 for 1 h in DPBS. Cells were then transfected with plasmids expressing N (91 ng), P 

(26 ng) and L (7.5 ng) using Lipofectamine 2000. Four hours later, cells in each well were 

infected with 3 µL DI stock in 30 µL DMEM for 1 h. Two days after transfection, GFP signal was 

measured using a Typhoon FLA 9500 scanner (GE Healthcare).  

 

In vitro transcription assays – RNA synthesis assay on naked RNA was described previously 

(Morin et al., 2012). Briefly, purified L (100 nM) was incubated with purified P or MBP-P (250 

nM) and a 19nt-long RNA corresponding to the first nucleotides of the genomic promoter (1.4 

µM). Reactions were performed in 10 µL at 30 °C for 5 h in presence of radiolabeled GTP (32P-

αGTP, PerkinElmer) and analyzed on a 20% polyacrylamide/7M urea gel. The gel was exposed 

overnight to a phosphor screen (GE Healthcare), which was scanned on a Typhoon FLA 9500 

scanner. The transcription assay on encapsidated template was carried out as described 

elsewhere (Li et al., 2008) by incubating 1 µg of purified L protein with or without 0.5 µg of P or 

1.2 µg of MBP-P proteins and 5 µg of N-RNA purified from VSV-P∆OD virions. Reactions were 

performed in 100 µL in the presence of 1 mM ATP, 0.5 mM CTP, GTP, and UTP, 15 µCi of 

radiolabeled GTP (32P-αGTP, PerkinElmer), 30% vol/vol rabbit reticulocyte lysate (Promega), 

0.05 µg/µL actinomycin D (Sigma) in transcription buffer (30 mM Tris-HCl pH 8.0, 33 mM 

NH4HCl, 50 mM KCl, 4.5 mM Mg(OAC)2, 1 mM DTT, 0.2 mM spermidine and 0.05% Triton X-

100) at 30 °C for 5 h. RNA was extracted with Trizol reagent (Invitrogen Cat# 15596018) 

following manufacturer’s protocol, boiled at 100 °C for 1 min, incubated on ice for 2 min, mixed 

with a 1.33 X loading buffer (33.3 mM citrate pH 3, 8 M urea, 20% sucrose and 0.001% 

bromophenol blue) and analyzed on a 25 mM citrate pH 3, 1.75% agarose, 6 M urea gel run for 

18h at 4 °C and 180 V. Gels were fixed (in 30% methanol and 10% acetic acid), dried, and 

exposed overnight to a phosphor screen (GE Healthcare), which was scanned on a Typhoon 

FLA 9500 scanner. 

 

Superposition of Atomic Models 
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To compare the VSV L-P structure to other viral polymerases, we used the program LSQMAN 

(Kleywegt and Jones, 1997) for superposition, except for the structure of the reovirus λ3 

polymerase initiation complex, for which we also used the program O (Jones et al., 1991) to 

focus the alignment on the RdRp active site. Superposition statistics are summarized in Table 

S3, and superposed models are shown in Figure S6. 

 

Cavity Volume Calculation 

We used the program VOIDOO (Kleywegt and Jones, 1994) to calculate the volume of the Cap 

active site cavity (Figure 4C, marked by and asterisk). The radius of the probe sphere was 1.4 Å. 

The calculated volume corresponds to the probe-occupied volume. We closed off the cavity of 

interest at the constrictions leading to the RdRp and MT active sites cavities, respectively, with 

dummy atoms. 

 

Figure Preparation 

We used MAFFT to calculate the amino acid multiple sequence alignments (Katoh et al., 2002). 

We prepared the figures with PyMol (The PyMOL Molecular Graphics System, Version 2.1 

Schrödinger, LLC), Pov-Ray (www.povray.org), matplotlib (Hunter, 2007), and ESPript (Robert 

and Gouet, 2014).  

 

Accession Identifiers of Density Maps and Atomic Coordinates 

We have deposited the cryo-EM maps in the Electron Microscopy Data Bank with accession 

identifier EMD-20614 and the atomic coordinates of the VSV L-P complex in the Protein Data 

Bank with accession identifier PDB-ID 6U1X. 

 

SUPPLEMENTAL INFORMATION 

 

Supplemental Information can be found online. 
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FIGURE CAPTIONS 

 

Figure 1. Structure of the VSV L Protein in Complex with the Phosphoprotein. 

(A) Linear domain organization scheme for the VSV L and P proteins. Numbers for domain 

boundaries are shown. L protein domains are colored as follows: RNA-dependent RNA 

polymerase domain (RdRp), cyan; capping domain (Cap), green; connector domain (CD), 

yellow; methyltransferase (MT), orange; C-terminal domain (CTD), red. Catalytic residues are 

shown on top. CR I–VI are conserved regions within L proteins of non-segmented negative-

strand (NNS) RNA viruses. The L protein scheme is adapted from (Liang et al., 2015). The P 

protein’s N-terminal domain (PNTD), oligomerization domain (POD), and C-terminal domain (PCDT) 

are colored gray. The L protein-binding domain (PL) is colored magenta. 

(B) Cryo-EM structure of the L-P complex determined at 3.0 Å resolution. Full-length L protein 

was incubated with a P protein fragment comprising residues 35–106. Domains are colored as 

in (A). Flexible PL residues, connecting the three L-bound segments that are not modeled in the 

structure, are indicated by dashed lines. 

(C) Close-up view of the cryo-EM density map. The region shows one of two bound zinc atoms. 

Tetrahedral coordination is with two histidine and two cysteine residues of the Cap. 

 

Figure 2. Molecular Details of Phosphoprotein Interactions with the L Protein. 

(A) Multiple sequence alignment of phosphoprotein amino acid sequences from different viruses. 

For sequence accession identifiers see Data S2. The alignment is shown for VSV 

phosphoprotein residues included in the expression construct only. Magenta solid bars at the 

bottom of the sequences are residues modeled in our structure, magenta dashed lines are 

residues included in the expression construct. Binding motifs 1, 2, and 3 are labeled. 

(B) Overview of phosophprotein binding to the L protein. The P protein is shown as a magenta 

tube. The L protein is colored as in Figure 1. Motif 1 binds on the outer surface of the CTD. Motif 

2 binds between the CTD and the RdRp, and also interacts with the L protein C-terminal arm. 

Motif 3 interacts with the CD and the CTD. 

(C, D and E) Molecular interactions of phosphorprotein motifs 1 (A), 2 (B) and 3 (C) with the L 

protein, respectively. The L protein backbone is shown in ribbon representation and colored as 

in Figure 1. Interacting residues (main chain and/or side chain atoms) are shown as gray sticks. 

P protein residues are shown as magenta sticks. Hydrogen bonds and salt bridges are indicated 

with yellow dashed lines. 
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Figure 3. Characterization of Phosphoprotein Binding and Function. 

(A) Projection matching of VSV L-P dimer negative-stain class averages. Top, representative 

negative-stain class average (Rahmeh et al., 2010). Middle, projection image of our 

reconstruction obtained from two aligned protomers. The scale bar corresponds to 100 Å. 

Bottom, two aligned protomers of the L-P structure shown in surface representation. The last 

modeled P protein residues (PThr105) are shown as large magenta spheres. See Figure S5 and 

Data S3 for details of the projection matching analysis. 

(B) Statistical analysis of the distance between P protein binding motif 3 C-terminal residues 

(PThr105) in the negative-stain class averages of VSV L-P dimers. For each of the 20 class 

averages the distance obtained from the projection matching analysis is shown as a magenta 

dot. The average distance is shown as a black dot. 

(C) Structural model of the P protein oligomerization domain (POD). The dimer structure is from 

PDB-ID 2FQM (residues 111–171) (Ding et al., 2006); residues 105–110 were modeled in 

extended conformation. The distance between PThr105 residues is 59 Å. 

(D) Cell-based assay using a eGFP reporter as a readout for L activity when RNA synthesis is 

reconstituted with the various P mutants. 

(E) Plaque assay with VSV-eGFP-P_wt and VSV-eGFP-P_Y53F. GFP signal was monitored 24 

hours post-infection. 

(F) Reconstituted RNA synthesis in vitro on naked RNA (left) and an N-RNA template (right). 

(G) Model for replication of a ribonucleoprotein (RNP) complex by VSV L-P. The N protein is 

colored beige. The RNA template accesses the RdRp active site after dissociation from about 

three N subunit of the RNP. P binding stabilized the closed conformation of L, leads to 

processive polymerization, and positions the N-terminal domain (PNTD) close to a putative 

product exit channel to encapsidate the emerging RNA by transferring N from N0-P. The C-

terminal domain of P (PCTD) can interact with the RNP and may guide the polymerase along the 

template. Dimerization of P through the oligomerization domain (POD) would lead to additional 

RNP and N0-P interactions. 

 

Figure 4. Model for RNA Synthesis by the VSV L-P Complex. 

(A) Model of an initiation complex. The VSV L protein priming loop of the Cap is shown in green, 

the RdRp hairpin harboring the catalytic GDN motif is shown in cyan. Template and transcript 

nucleotides are from the crystal structure of the reovirus λ3 polymerase initiation complex 

(ReoV) (PDB-ID 1N1H) (Tao et al., 2002) superimposed on the VSV L-P structure. The first 

phosphodiester bond of the transcript is formed between the nucleotide in the priming position 
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and the incoming nucleotide. LTrp1167 supports the priming nucleotide by stacking interaction 

with the base. 

(B) Model of an elongation complex. To allow passage of the growing template-transcript RNA 

duplex, shown here from the superimposed structure of transcribing rotavirus VP1 polymerase 

(RotaV) (PDB-ID 6OJ6) (Jenni et al., 2019), the priming loop may retract to a position similar to 

the one observed in the structure of the human metapneumovirus polymerase (HMPV) (PDB-ID 

6U5O). 

(C) Tunnels in the VSV L-P structure. The tunnel is cut open to allow view of the central cavities. 

The RNA template and transcript strands are from the rotavirus structure as in (B). The 

template-entry channel is at the bottom. The template-exit channel is at the back, bottom-left. 

Nucleotide substrates enter the catalytic site laterally from the right side (shown by an arrow). 

Catalytic sites with conserved residues for polymerization (RdRp), capping (Cap) and 

methylation (MT) are show by colored spheres. The tunnel was probed after omitting priming 

loop residues 1152–1173. Priming loop retraction into the space between the Cap and CD 

domains (shown by an asterisk) opens a continuous path for the transcript RNA (shown by a 

dashed line). 

 

Figure S1. Fourier Shell Correlation (FSC). Related to STAR Methods. 

(A) Micrograph of vitrified VSV L-P, showing well-dispersed particles. The scale bar 

corresponds to 100 Å. 

(B) Contrast transfer function (CTF) fringes calculated from the movie frames of the micrograph 

shown in A, with good match of the fitted pattern. 

(C) FSC curves for the VSV L-P cryo-EM reconstruction and refined model calculated with 

phenix.mtriage (Afonine, 2017). Correlations for the two half maps are shown in blue after 

applying a loose spherical mask (dashed line) and a tight mask based on the model (solid line), 

respectively. The correlation between the refined model and final map is shown as red solid line.  

 

Figure S2. Cα Distances between PDB-ID 6U1X and PDB-ID 5A22. Related to Figure 1 and 

STAR Methods. 

The plot shows the Cα distances for each of the L protein domains after superposing the 3.0 Å 

resolution structure reported here (PDB-ID 6U1X) onto our previously determined structure at 

3.8 Å resolution (PDB-ID 5A22). Domains are colored as in Figure 1. See also Table S2 for 

regions with most substantial modeling improvements. 
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Figure S3. Cryo-EM Density of Improved Model Regions of the VSV L-P Complex. Related 

to Figure 1 and STAR Methods. 

The density map (EMD-20614, B sharpened map) is shown as gray mesh. Carbon atoms of the 

protein domains are colored as in Figure 1. Nitrogen atoms are blue; oxygen, red; sulfur, orange. 

Acidic amino acid side chains (Asp and Glu) with characteristic absence of density in the cryo-

EM reconstruction are labeled with asterisks. 

 

Figure S4. Cryo-EM Density of the Phosphoprotein. Related to Figure 2. 

(A) Multiple sequence alignment as shown and described in Figure 2A. 

(B) A low-pass filtered map to 5 Å resolution of the VSV L-P reconstruction shows additional 

density for some less well ordered segments of the P protein (highlighted with arrows), 

corresponding to residues connecting the L protein-binding motifs. These residues are not 

above reasonable contour in the high-resolution map, and we therefore did not include them in 

the model of the complex. 

(C, D and E) The three L protein-binding motifs of the phosphorprotein model are shown as 

sticks (carbon, magenta; nitrogen, blue; oxygen, red). The density map (EMD-20614, B 

sharpened map) is shown as gray mesh, and around the phosphorprotein only (carving radius = 

2.0 Å). Note the absence of density for almost all acidic amino acid side chains (Asp and Glu, 

indicated by asterisks), which is characteristic of density maps obtained from cryo-EM 

reconstructions. 

 

Figure S5. Projection Matching of Negative-Stain Class Averages. Related to Figure 3 and 

Data S3. 

The two heat maps show the cross-correlation coefficient (CCC) after aligning each protomer of 

the dimer to reference images projected when viewed from all possible angles (phi = 0–360°, 

theta = 0–180°). The top five peaks in each heat map are indicated by green dots and 

numbered; the corresponding references projections are shown at the bottom, together with the 

negative-stain particle image. The “correct” reference projection, as judged by eye, is labeled 

with and asterisk. On the right, the original class average (top), the calculated projection form 

two aligned references (middle), and the aligned model of the dimer (bottom) are shown. P 

protein residues 105 (the last residue observed in our structure) are shown as large magenta 

spheres. The figure shows the results for negative-stain class average 1 only. Data for all other 

classes can be found in Data S1.  
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Figure S6. Superposition of Viral Polymerase Structures. Related to Figure 4, Table S3 

and STAR Methods. 

Structures were superimposed as described in the Methods section. The polymerase structures 

are from vesicular stomatitis virus (VSV), reovirus (ReoV), rotavirus (RotaV), and human 

metapneumovirus (HMPV). Protein Data Bank (PDB) accession identifiers for the structures are 

given. See Table S3 for details of the structures and superpositions. 

 

Data S1. L Protein Multiple Sequence Alignment. Related to Figure 1. 

L protein amino acid sequences from different viruswere aligned with MAFFT (Katoh et al., 

2002) and displayed with ESPript (Robert and Gouet, 2014). UniProt sequence accession 

identifiers are given in parenthesis: VSV_Indiana (P03523), vesicular stomatitis virus (Indiana 

strain); Morreton_virus (A0A0D3R1D1), Morreton vesiculovirus; Maraba_virus (F8SPF5), 

Maraba virus; Cocal_virus (B3FRL0), Cocal virus; Alagoas_virus (B3FRL5), vesicular stomatitis 

Alagoas virus; Carajas_virus (A0A0D3R1M8), Carajas virus; VSV_New_Jersey (P16379), 

vesicular stomatitis New Jersey virus; Isfahan_virus (P16379), Isfahan virus; Piry_virus 

(A0A1I9L1X2), Piry virus. Solid bars at the bottom of the sequences (domain-wise coloring as in 

Figure 1) are L protein residues modeled in our structure, dashed lines are residues included in 

our expression construct. Secondary structure elements assigned using DSSP (Kabsch and 

Sander, 1983) from our L protein structure are annotated in black on top of the sequences. 

 

Data S2. P Protein Multiple Sequence Alignment. Related to Figure 2. 

P protein amino acid sequences from different viruswere aligned with MAFFT (Katoh et al., 

2002) and displayed with ESPript (Robert and Gouet, 2014). UniProt sequence accession 

identifiers are given in parenthesis: VSV_Indiana (Q8B0I3), vesicular stomatitis virus (Indiana 

strain); Morreton_virus (A0A0D3R1G8), Morreton vesiculovirus; Maraba_virus (F8SPF1), 

Maraba virus; Cocal_virus (B3FRK7), Cocal virus; Alagoas_virus (B3FRL2), vesicular stomatitis 

Alagoas virus; Carajas_virus (A0A0D3R1C6), Carajas virus; VSV_New_Jersey (A0A222ZEJ1), 

vesicular stomatitis New Jersey virus; Isfahan_virus (Q5K2K6), Isfahan virus; Piry_virus 

(Q01769), Piry virus. Magenta solid bars at the bottom of the sequences are P protein residues 

modeled in our structure, magenta dashed lines are residues included in our expression 

construct. Gray solid bars at the bottom of the sequences are P protein residues of domains for 

which structures have been determined in isolation: N-terminal domain (PNTD, PDB-ID 3PMK), 

oligomerization domain (POD, PDB-ID 2FQM), and C-terminal domain (PCDT, PDB-ID 2K47). 
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Secondary structure elements assigned using DSSP (Kabsch and Sander, 1983) from those 

structures are annotated in black on top of the sequences. 

 

Data S3. Projection Matching of Negative-Stain Class Averages. Related to Figure 3 and 

Figure S5. 

This file contains the analysis results of projection matching for all 20 negative-stain class 

averages. See STAR Methods and Figure S5 for a description of the procedure and figure 

panels. 
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Table S1. Cryo-EM Data Collection and Model Statistics. Related to STAR Methods. 
 
 VSV L-P 

 
EMD-20614 
PDB-ID 6U1X 
 
Indiana strain 

  
Data collection  

Electron microscope Titan Krios 
Magnification    103092 
Voltage (kV) 300 
Defocus range (µm) a 0.5–2.0 
Pixel size (Å) 0.97 
  

Reconstruction  
Number of images 83979 
Box size (pixels) 400 
Symmetry imposed C1 
Map resolution (Å) b 3.0 
Estimated B factor (Å2) c 75 
  

Model statistics  
Refinement resolution (Å) 3.0 
CC (mask) 0.82 
Model composition 
    Non-hydrogen atoms 
    Protein residues 

 
16761 
2059 

Mean B factor (Å2) 70.7 
R.m.s. deviations 
    Bond lengths (Å) 
    Bond angles (°) 

 
0.004 
0.548 

 Validation 
    MolProbity clash score    
    Poor rotamers (%)  

 
3.7 
0.1 

 Ramachandran plot d 
    Favored (%) 
    Allowed (%) 
    Disallowed (%) 

 
99.7 
0.3 
0.0 

  
a Approximate range of underfocus. 
b Resolution where Fourier shell correlation (FSC) between half-maps drops below 0.143 after applying a loose 
spherical shell mask and scaling of the FSC to estimate what it would be for a tight mask (Grant, T., Rohou, A., and 
Grigorieff, N. (2018). cisTEM, user-friendly software for single-particle image processing. Elife 7).  
c The map was sharpened using cisTEM, with simple flattening of the power spectrum. Applying a sharpening B 
factor of -75 A2 to the unsharpened map would approximately reproduce the cisTEM-sharpened map. 
c Ramachandran restraints were used in the refinement target. 
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Table S2. Improved Model Regions of PDB-ID 6U1X (3.0 Å Resolution) Compared to PDB-
ID 5A22 (3.8 Å Resolution). Related to Figure 1 and STAR Methods. 
 
VSV L protein 
domain 

Residue range a Comment 
 

   
RdRp 61–64 Loop remodeled, sequence register shift of 60–64 

 414–430 Sequence register shift of 414–430 
 587–593 Loop remodeled, sequence register shift of 586–593 

   
Cap 958 Loop adjusted 

 1035–1046 Sequence register shift of 1035–1046 
 1072–1075 Loop remodeled 

 1100 Loop adjusted 
 1122–1125 Loop remodeled, sequence register shift of 1124–1126 
 1164–1170 Loop remodeled, sequence register shift of 1161–1170 
 1195–1232 Sequence register shift of 1195–1227 

 1262 Loop adjusted 
 1314 Loop adjusted 

 1321–1332 Region adjusted 
   
CD 1380–1395 Region remodeled, sequence register shift of 1379–1396 
 1498 Loop adjusted 

 1535–1539 Loop remodeled, sequence register shift of 1535–1538 
   

MT 1718 Loop adjusted 
 1806–1851 Sequence register shift of 1805–1841 

   
CTD 1952–1955 Loop remodeled, sequence register shift of 1950–1955 

 2006–2008 Shift in β hairpin tip 
 2066 Loop remodeled 

 2086–2094 Loop remodeled, sequence register shift of 2084–2094 
 2109 Cα in main chain density instead side chain density of 2108 

   
a Residue ranges with Cα distances larger than 3.0 Å between 6U1X and 5A22 are listed. 
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Table S3. Superposition Statistics of Viral Polymerase Structures. Related to Figure 4, 
Figure S6 and STAR Methods. 
 
Structure PDB-ID Program 

 
Statistics 
 

VSV L protein    
   Initiation-competent state 6U1X N.A. N.A. 
    
Reovirus λ3 polymerase    
   Initiation complex 1N1H LSQMAN a r.m.s. fit = 2.278 Å with 411 Cα atoms 
  O b r.m.s. fit = 2.263 Å with 242 Cα atoms 

Elongation complex 1N35 LSQMAN a r.m.s. fit = 2.263 Å with 409 Cα atoms 
    
Rotavirus VP1    
   Elongation complex 6OJ6 LSQMAN a r.m.s. fit = 2.134 Å with 381 Cα atoms 
    
HMPV L protein    
  Initiation-competent state 6U5O LSQMAN a r.m.s. fit = 2.015 Å with 858 Cα atoms 
a We obtained global alignments in LSQMAN with these commands: 

fast m1 A m2 A 50 25 100 ! initial brute-force structural alignment on a coarse grid 
im m1 * m2 *  ! intermediate-fit 
dp m1 a m2 a sq 3.5 10 ! final fit with Needleman–Wunsch algorithm 

b We obtained the alignment in O with these commands: 
 lsq_exp   ! initial superposition of active site residues (VSV L708–L719) 
 lsq_imp   ! improvement of the alignment by considering the whole structures 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure S1 
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Figure S2 
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Figure S3 
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Figure S4 
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Figure S5 
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Figure S6 
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                                                 iiiiiiii      iiii                                                                         X        X         X         X         X         X         X         X
VSV_Indiana          1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        DF             DF A A   DF A DEF DF DEEEEEEEEEEEEF  DEEF     DF  A  A M              E                 LN  DYNLNSPL  DD             P  W  K  E              D Y T   LN D RMT    A        IS  I  LIRK     I          VHDFETDEFNDFN  D A REF  P E   Y  H              DN    FNSLP  SM DS N

Morreton_virus       1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              E Y T   LN D RMT    A        IS  I  LLRR     V          VNDFEIDDQVTFD  D V QEF  P E   Y  H              DN    YNSMP  KM EN P

Maraba_virus         1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              D F T   LN E QMT    A        IS  I  LIKK     I          VNDFELHEDFALS  D V SEF  P D   Y  H              DF    YNHEQ  KM DV N

Cocal_virus          1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              E F N   LN D QMT    A        IS  I  LIKK     I          LNDFELEDKFDLS  D L REF  P E   Y  H              DY    YNSEQ  AM DA N

Alagoas_virus        1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              E Y S   LS E QMT    A        IS  I  LIKR     V          VHDFELEDNIELT  D A REF  N E   Y  H              DY    YNAEQ  GM SS S

Carajas_virus        1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              D F S   LD E RMT    A        IS  I  LSRK     I          FLPVEQEEDWGYA  D S SDY  F E   Y  Q              YY    FHSYG  PM NL E

VSV_New_Jersey       1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              S F L   LS E QMS    A        IS  M  IIKR     V          FDLIEDSANWEDD  D F RDI  Q D   Y  T              VY    MNHEE  PI RS E

Chandipura_virus     1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              E F S   LS E RIR    V        VS  L  LLDK     V          LN..PVDDAAELS  N F GK.  K C   G  S              TY    FKGKP  IR KM K

Isfahan_virus        1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        KG             KG B B   KG B KdG KG KddddddddddddG  KddG     KG  B  B M              E                 LN  DYNLNSPL  DD             P  W  K  D              E F T   YS E RIR    V        IQ  L  LMER     V          EY..SEEKWGDSD  S G GK.  D S   G  S              YY    VRGRP  PI KA N

Piry_virus           1 c              c                 cc  cccccccc  cc             c  c  c  c              c c c   cc c ccc    c        cc  c  cccc     c        JH             JH C C   JH C JIH JH JIIIIIIIIIIIIH  JIIH     JH  C  C M              E                 LN  DYNLNSPL  DD             P  W  K  D              E F N   LS D RIR    V        IS  V  LLKR     V          SV..DDFRDDFFL  N F GK.  K K   G  S              DN    SRGGN  RQ KK N

consensus>50 M#....e.ed.....Eed%...e.l..#e.m.yLN.aDYNLNSPL!sDDi.yl...y....!P..W..Kn
                                  zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW                                    

 iiiiiii i           iiiiiiii        iiiiiiiiiiiiiiiiiiiiiiiiiii              .                                                                       X         X         X         X         X         X         
VSV_Indiana         71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   A   A  A A  DF  A    DEEF A DEF   DEEEEF  DF DEEEEF  DEEEF DEEEEF A   W                     H W   W         QG  FL  VD     T   V  F   W         L  L T  QA  I    M K  G  LM   HDAS       E  KEA   FDV  T IRG  N    DGV EM . SC  NP STSQ    M S   SDN      YS  H      EI     E      G KPI

Morreton_virus      71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  L T  QA  L    I N  G  LM   HDTS       E  KEA   FDI  T LKG  G    EGV EM . SC  NP PSTK    M R   SDD      YS  H      EL     E      G CVI

Maraba_virus        71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  L T  QA  I    M K  G  LM   HDAS       E  KEA   FEV  T IRG  G    EGV EM . AC  SP LSST    V K   SDD      FS  H      DL     E      G REL

Cocal_virus         71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  L T  QA  V    M R  G  LM   HDAS       E  KEA   FEV  T VRG  A    DGV EM . AC  KP SSTT    L R   SDT      FC  N      EI     E      G REL

Alagoas_virus       71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  M R  QA  I    M K  G  IM   HDAS       E  RES   FEV  T IRG  G    DCV EM . SC  HP SSSS    M G   SEN      FG  N      EL     E      S KEV

Carajas_virus       71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  L K  QA  I    M K  G  LE   HDSA       E  KEA   YDL  T LKN  G    DGP EM . SC  DP PHDL    F T   DFD      IV  R      SE     D      A KSY

VSV_New_Jersey      71 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  L R  QA  M    M N  G  IQ   HDSA       E  KES   YDL  T LKG  G    DSP DM . GC  QP SHQE    F T   NIQ      FT  K      EM     S      V KDY

Chandipura_virus    68 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         L  L R  DL  L    L Q  A  ML   HGSK       T  EEA   FEV  S IRG  G    DSI DQ . KH  EY RPSD    F E   YSK      ED  K      SD     R      T GEI

Isfahan_virus       68 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   B   B  B B  KG  B    KddG B KdG   KddddG  KG KddddG  KdddG KddddG B   W                     H W   W         QG  FL  VD     T   V  F   W         I  V Q  RL  L    L S  A  LM   HDSS       E  KDS   YEV  S LRG  G    TET HL . ES  DY PTQK    Y E   EES      LA  K      LE     M      C GAP

Piry_virus          68 c                     c c   c         cc  cc  cc     c   c  c   c         c  c c  cc  c    c c  c  cc   cccc       c  ccc   ccc  c ccc  c   C   C  C C  JH  C    JIIH C JIH   JIIIIH  JH JIIIIH  JIIIH JIIIIH C   W                     H W   W         QG  FL  VD     T   V  F   W         L  M R  TI  R    L K  G  LL   FDYT       Q  KES   FEV  S LKG  G    DRP MW N NH  RF TSDT    F G   HKD      RQ  A      KE     S      V KDV

consensus>50 Wd..leml...cqa.p.....mH.W.g.Wlm..dhd..QG..FL.eVDk#...T%#vV.tF..gW.g...
zzzzzzzz zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

    lll iiiiiiiiiiiiiiiiiiiiiiii    iiiiiiiiii  jjjjk     jjjjjjk   jj                                                                      X         X         X         X         X         X         X         
VSV_Indiana        140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    DEF            DEEEEEEEEEEEEEEEEEF  DF  DEEEEF   A         DEEEEEEF     K             CQ FLDLH   L  N     E                           S G   IK             L  K     KLT IL AVS   L  LARTFK   R         RIRVP L  EY   ERWTDSFKILAY                   EV  LN      GKV RSSHGTNIC        P

Morreton_virus     140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   QK             L  K     KLT IL AVS   L  LSRTFK   R         RLRVP L  KF   EGFHDAFKVVAS                   QD  NN      GKN TANSGNIIT        P

Maraba_virus       140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   KR             L  K     KLT IM SVS   L  LAKNFK   R         RLRVP L  QY   DTFPDSFRVAAS                   EV  TN      GKN KAKSGNLIT        P

Cocal_virus        140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   RR             L  K     KLT IL SVS   L  LVKNFK   R         RLRTP L  KY   DAEGESYRVVAP                   DV  RN      GRT TTDRGTCIT        S

Alagoas_virus      140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   KR             L  K     KLT IL AVS   L  LLKNFK   R         RLRVP L  AH   DKCSETYRIVSF                   LD  DH      GKK LSTLGSPIA        P

Carajas_virus      140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   KA             L  K     KLT IL AVG   L  LLRTFK   R         RLRVP L  PY   ERYLDQMKIIGP                   PE  KN      GRT DLSTKDPCT        P

VSV_New_Jersey     140     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   KS             L  K     KIT IL AVS   T  LLATFK   R         RLRLP L  PF   NKEIDSMALVGP                   LG  KE      GKY MSCENIPIA        P

Chandipura_virus   137     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   VR             L  K     KLT LG AAT   L  LSKTFG   K         LIKLP L  NF   SG..KHMGYCAE                   DN  LQ      D.D IYKK....R        R

Isfahan_virus      137     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    KdG            KdddddddddddddddddG  KG  KddddG   B         KddddddG     K             CQ FLDLH   L  N     E                           S G   KK             L  K     RVI IM AST   L  LAETFQ   S         IITTP M  AY   EG..RHIAKIGS                   QM  SN      A.S VSKK.....        K

Piry_virus         138     c             cc ccccc   c  c     c                           c c   cc             c  c     ccc cc ccc   c  cccccc   c         ccccc c    JIH            JIIIIIIIIIIIIIIIIIH  JH  JIIIIH   C         JIIIIIIH     K             CQ FLDLH   L  N     E                           S G   QE             Y  R     KLT LM AST   Q  ILNTLR   K         ELSLK L  EF   TG..HLFKEAAQ                   AK  ES      VKN LEEG....V        K

consensus>50 .y..Ke...d.......lCQkFLDLHkltLilNav...El.nl..tfkg..r.........rlr.pS$G.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

jjjk  jjjk    jjk iiiiiiiiiiiiiiiiiii           iiiiiiiiiiiiiiiiiiii                                                                        X         X         X         X         X         X         X         
VSV_Indiana        210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  A      DF  A   A DEEEEEF DEEEEEEEEEEEEEF A A  A   DF  DEEEEEEEF DEEF D                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GT      AY  K   L    FL      I      V   V          DI  LLNI RI   IVER   FISEGW  FK LDI M       V               C I NL SEQ  FS         K    Q 

Morreton_virus     210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GA      VY  K   L    VL      I      I   I          DI  LLTI RI   IVER   FVTLGW  LK LDL F       I               G N AL SEQ  FT         R    L 

Maraba_virus       210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GA      VY  K   I    FL      I      I   I          DI  VLKI RI   ILER   FVTQGW  MK LEM M       L               S D NL SES  FT         K    Q 

Cocal_virus        210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GV      LY  Q   I    FL      I      I   I          DV  LLRI RI   VLKK   FVTQGW  VK LDM L       M               N D QM TES  FA         A    M 

Alagoas_virus      210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GV      LY  K   I    FL      I      L   I          DI  LLRI RI   ILVK   FLVKGW  VK LEM W       I               E E DM HEE  LS         S    Q 

Carajas_virus      210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GV      VY  K   L    FL      I      L   I          DF  LVNI RT   ILQE   FICKGW  IH HKI M       C               G S DA TQQ  FT         I    K 

VSV_New_Jersey     210                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GV      TY  K   L    FL      I      F   I          QI  LANV RI   ILEQ   FMCKGW  IH ERV M       C               G S NK SPD  YT         K    C 

Chandipura_virus   200                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GV      FI  D   L    FM      I      V   I          DI  LLKV ST   IIRK   IFDSGF  VL QRV M       M               S C DK SSK  DF         K    L 

Isfahan_virus      199                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  B      KG  B   B KdddddG KdddddddddddddG B B  B   KG  KdddddddG KddG K                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GM      AL  Q   I    FL      V      L   V          DI  LIKI QL   IIQS   EMSGQF  AY QKV L       M               S T DK SDG  SY         K    L 

Piry_virus         202                  ccc  cc ccc cccccc ccc  c c  c           c  cc      cc      cc  c   c    cc      c      c   c          cc  cccc cc   cccc  C      JH  C   C JIIIIIH JIIIIIIIIIIIIIH C C  C   JH  JIIIIIIIH JIIH J                 DRN  LM KDV IGRMQT LSM  R D  F           Y  GD      GV      IF  Q   I    FM      V      I   I          ET  LLQV KV   ILRS   VIVDQF  FP QLQ I       M               N S DK PEK  EY         M    L 

consensus>50 .f...gw.y.......mDRNf$LM.KDV!IGRMQT.LSM!.R.Dd.F.e.#i..ll.!YriGD.!....G
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

llliiii  iiiiiiiiiiiii          iiiiiiiiiiiiiii    iiiiiiiii     iiiii                                                                      X         X         X         X         X         X         X         
VSV_Indiana        280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc F  DEEEF DEEEEEEEF  DEEF DEEEF DEEEEEEEF DF A DEF   DF A   A DF  DEEEE   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   D    V  I   KL    RE   LV    H EN IK S  E AKI    R L     SV    LT  FS     M         MK    S     Q         T  D G   DRG  F HDQ M  KT     

Morreton_virus     280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   D    V  I   KL    RE   LV    H EQ IL S  E KKI    S L     SL    LT  QA     M         MN    Y     K         Q  Q A   DNG  Y HDQ L  QS     

Maraba_virus       280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LT   D    I  I   KM    RK   LI    H EK IA S  E SKI    E I     SI    LT  KG     M         MN    Y     T         D  K G   DKG  F YDH M  PG     

Cocal_virus        280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   D    V  I   KL    KV   LI    H ER IE S  E EKR    R L     SL    IT  QG     L         MK    Y     D         Q  L G   DKN  Y YQE M  KT     

Alagoas_virus      280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   D    V  I   KL    RV   MI    H ER IR T  N ANI    T L     NI    LT  QS     T         MK    F     D         T  R L   DSA  F FDE M  KT     

Carajas_virus      280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   D    V  I   KL    RE   LI    H EN VK A  E SKV    K L     GI    LV  LA     M         MK    Y     P         N  D Q   SRR  V FEL M  KN     

VSV_New_Jersey     280    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   D    I  I   KM    RL   KI    H EE VK S  E TQR    Q L     SM    LV  KA     M         ME    H     K         G  R L   SNR  T YDL M  KD     

Chandipura_virus   270    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   E    V  M   RL    RR   LI    H RR IE T  E SAK    R L     TS    ST  DG     T         SD    F     P         S  D L   TPL  E FSL D  PN     

Isfahan_virus      269    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc G  KdddG KdddddddG  KddG KdddG KdddddddG KG B KdG   KG B   B KG  Kdddd   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   E    I  M   RL    RE   LI    H RQ IE T  E RKK    V M     RT    IT  DG     T         SD    Y     E         G  S L   TAL  D FKM D  PG     

Piry_virus         272    c ccc  cc ccc    cc   cc  c cc c  c    c         c      c     cc  cc   c    c  c   cc    cc   cc    c cc cc c  c ccc    c c     cc    cc H  JIIIH JIIIIIIIH  JIIH JIIIH JIIIIIIIH JH C JIH   JH C   C JH  JIIII   Y LIK  EP CNL    LA   RP  P FP F  H    V         I      I     VD  LN   E    V  M   RL    RT   KI    R RA VQ T  E SEQ    K L     NT    IT  DG     T         SD    F     V         H  E L   SPL  D FDL D  PS     

consensus>50 n..Y#LIK.!EPiCNLk$m.LAr.yRPl!P.FPhFe.H!...V.#.......I..lfd.Im....VD.tL
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
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iii            iiiiiiiiiiii       iiiiiiiiiiiiiiiiiiiiiii                                                                                   X         X         X         X         X         X         X         
VSV_Indiana        350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   EEEEEEEEEEEEEEEEEEEEEEEF DEEF A DF DEEF DEEEEEEEEF DEEEF DEF DF   A   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         I            D YT  E  H   TM      S AK        I   QQ ND  K   N   L                           S    K D  V    A          F     H   F  GDL PHD

Morreton_virus     350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         V            D YA  E  H   TM      S AN        T   NQ NE  K   D   I                           K    E T  S    A          Q     H   F  EGL SAD

Maraba_virus       350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         I            N YE  E  H   TM      E AE        I   QQ NE  K   D   V                           K    P T  R    C          Q     H   F  VDK PQS

Cocal_virus        350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         I            D YA  E  H   SM      Q AA        I   QQ NE  K   D   I                           S    T N  T    A          Q     H   F  LKR PDK

Alagoas_virus      350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         V            D YE  K  H   TM      G AA        I   QQ SE  K   D   I                           H    P T  K    A          Q     N   F  KSA PKK

Carajas_virus      350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         I            D FE  N  H   TM      E AN        I   KQ DS  K   D   I                           K    S E  T    A          T     V   F  KTK PSA

VSV_New_Jersey     350 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         V            D FE  E  H   NM      E PQ        L   KQ SE  K   D   M                           T    E H  K    Q          N     S   F  PSK SPK

Chandipura_virus   340 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         V            N FE  E  H   TM      N SE        I   KE NE  Q   D   V                           K    E E  T    A          T     K   A  YHR PTN

Isfahan_virus      339 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   dddddddddddddddddddddddG KddG B KG KddG KddddddddG KdddG KdG KG   B   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         I            D FA  T  N   TM      E VA        I   KE NE  R   N   V                           S    G Q  D    C          T     K   S  YNL PQD

Piry_virus         342 c cccccccccccc c  cc cc  cc   c cc  c   ccccccc cc   c   c c c         c            c cc  c  c   cc      c cc        c   cc cc  c   c   c   IIIIIIIIIIIIIIIIIIIIIIIH JIIH C JH JIIH JIIIIIIIIH JIIIH JIH JH   C   V YGSFRHWGHPFI Y  GL KL  QV   K ID  Y   LASDLAR VL   F   K W V         I            D FK  E  H   TL      E AE        V   KE NE  K   D   V                           T    K E  S    A          T     K   A  LNK PKE

consensus>50 V!YGSFRHWGHPFI#Y%.GLeKLh.QVt$.K.ID.eYa.aLASDLARiVL..#Fne.KkWfV#...ip..
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

    iiii      iiiilll   lll                      jk   iiiiiiiiii                                                                            X         X         X         X         X         X         X         
VSV_Indiana        420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc DEF DEF  DEEEEEEEEEEEEF DF DEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEF DEF DF DEEHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    S V  N    A QV  F         IK FE    L   II         RSE L  VR N  TP    K   KE              K  E                                K   M  N   

Morreton_virus     420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    N I  N    A QV  F         IK FE    L   II         KSE L  VR N  TP    K   LE              K  H                                R   L  T   

Maraba_virus       420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    S M  N    A QV  Y         IK FE    L   II         RSE L  VR T  VP    K   KE              R  Q                                R   L  H   

Cocal_virus        420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    S I  N    A QV  F         TK FD    I   II         RSE L  VR S  TP    Y   KE              L  E                                R   N  N   

Alagoas_virus      420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    N I  N    A QI  F         TK FE    I   II         RSD L  VR S  TP    Y   TE              H  E                                R   N  N   

Carajas_virus      420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    K I  N    A QI  F         IK YE    I   II         RSE L  VR S  LP    F   MD              H  E                                G   R  H   

VSV_New_Jersey     420 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    E V  K    A KI  F         IQ FE    I   VI         KKE I  VR K  IP    Y   IN              N  K                                Q   S  N   

Chandipura_virus   410 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    N I  N    A VI  F         IQ FD    I   II         RSE L  VR K  TP    K   RD              H  E                                N   T  H   

Isfahan_virus      409 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc KdG KdG  KddddddddddddG KG KddddddddddddddddddddddddddddddG KdG KG KddHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    E I  N    P VI  F         TQ FE    I   II         RQD L  VK K  QP    H   RD              K  E                                N   R  D   

Piry_virus         412 ccc  c    cccc c  cc cc cc ccc  c  cccc ccc  ccccccccc   c  c    c   c    c c  c    c cc  c         cc cc    c   cc         ccc c  cc c  cc JIH JIH  JIIIIIIIIIIIIH JH JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH JIH JH JIIHPF  H    TWPT A  QD GD WH LPL  C  IPDL DPS  YSDKSHSMN   V  H    P   I    S I  N    A LI  F         IQ FE    I   VV         KKD I  IQ K  QI    Y   YD              N  R                                N   N  D   

consensus>50 HPF..Hi.#nTWPTaA.!QD%GD.WHeLPLi.C%#IPDLiDPS!!YSDKSHSMNrs#Vl.H!r..P..pI
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

  jkiiiiiii     iiiiiiiiiii       jk                    iiiiiiiiiiiiih                                                                      X         X         X         X         X         X         X         
VSV_Indiana        490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     EEEEEEEEEF A DEEF DEEF DEF DF  DEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  K   QT L T   N  E  K I E     D  I           L          K      I               D K    K    E   K  DD                                       

Morreton_virus     490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  R   QT L T   D  E  Q I E     D  V           L          R      I               D K    K    N   H  DE                                       

Maraba_virus       490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  R   QT L T   D  E  K I E     D  V           I          K      I               E K    K    K   E  ED                                       

Cocal_virus        490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  K   QT L T   N  E  N I K     E  V           L          K      I               D T    S    Q   Y  DD                                       

Alagoas_virus      490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  R   QT L T   N  E  S I K     E  V           L          K      I               E K    G    S   Y  EL                                       

Carajas_virus      490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  K   QT L T   N  E  E V K     D  I           L          K      I               D R    V    M   H  EK                                       

VSV_New_Jersey     490 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  K   QT L N   N  A  K I E     D  I           I          R      I               T R    K    D   N  DD                                       

Chandipura_virus   480 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  K   ES I K   N  E  E I K     E  V           I          K      V               D P    L    E   N  SD                                       

Isfahan_virus      479 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     dddddddddG B KddG KddG KdG KG  KddddddddddddddddddddddddddddddddddddddPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  R   QT I T   N  E  E I K     D  V           I          K      I               D P    L    E   N  SD                                       

Piry_virus         482 cc ccc  c    cc c  cc   c  cc   cc ccccccccccc cccccccccc cccccc ccccc  c   cc c c   c  c  c c c     c  c           c          c      c     IIIIIIIIIH C JIIH JIIH JIH JH  JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPS KVL  M    AT W  FL   D  GL   DL IGLKGKERELK AGRFFSLMSW LREYFV TEYLI  K   ET I N   N  E  E V K     D  I           I          K      I               N E    L    M   H  ED                                       

consensus>50 PS.KVL#tMldt.AT#W.eFL..!D..GLdd#DL!IGLKGKERELK.AGRFFSLMSWkLREYFV!TEYLI
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

hhhhlll         iiiiiiiiiii          jjjjjjjk          lll iiiiiiiiii                                                                       X         X         X         X         X         X         X         
VSV_Indiana        560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      EEEEEEEF DEEEEEEEEEEEEEEEEEEEEEEF  DEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  M         L A     LDS     L   EAI I               L  G V R              K                        KS                                   

Morreton_virus     560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  M         L A     LDS     L   EAI I               E  G V R              K                        DN                                   

Maraba_virus       560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  M         L A     MDT     L   ESI I               E  G V K              K                        DN                                   

Cocal_virus        560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  M         L A     LDT     L   ESI I               E  G V R              K                        DN                                   

Alagoas_virus      560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  M         L A     MDT     L   DSI I               E  G V R              K                        DN                                   

Carajas_virus      560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  L         L S     LDS     I   SSV F               E  G V R              K                        DD                                   

VSV_New_Jersey     560 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  YY  L         L S     MDS     L   SSV L               E  G I R              K                        DD                                   

Chandipura_virus   550 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  L         M A     LES     L   ESV I               L  G V K              H                        TN                                   

Isfahan_virus      549 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      dddddddG KddddddddddddddddddddddG  KddddddddddddddddddddddddddddddddddKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  L         M A     LES     L   SAV I               R  E I K              H                        KD                                   

Piry_virus         552 cc  cc c ccccccc c ccccc   ccccc   c   c ccccccccccccccc cc c c cccccc  cc  c         c c     ccc     c   ccc c               c  c c c      IIIIIIIH JIIIIIIIIIIIIIIIIIIIIIIH  JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIKT  VP F GLTMADD T VIKKM   SSGQG   Y   C ANHIDYEKWNNHQRK SN P F VMGQFL  HF  L         M A     LES     L   SAV L               E  G V R              H                        SD                                   

consensus>50 KTh%VP$FkGLTMADD$TaVIKKM$#sSSGQGl.nY..!CiANHIDYEKWNNHQRKeSNgP!FrVMGQFL
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

        iiiiii  jjk       jjk    jjk      jjk          iiiiiiiiiiiiiii                                                                      X         X         X         X         X         X         X         
VSV_Indiana        630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        EEEEEF DEEEEEEEEEEEEF DEEEF A   DF DEF  DEEEEEEEEEEEEEEEEEEEEEEEEEEEEEG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y S                        V   TL  ST  R   Q  E           T L              E              G     R HNN  I   SQ                              

Morreton_virus     630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y S                        V   TL  AT  R   Q  A           S L              E              G     R SNN  V   NQ                              

Maraba_virus       630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y R                        V   SL  AS  N   E  A           S L              E              G     R RGN  V   SL                              

Cocal_virus        630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y N                        V   TL  RS  L   Q  A           S L              E              G     Q SGN  I   NQ                              

Alagoas_virus      630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y N                        V   TL  RT  N   Q  A           S L              E              G     R NGN  E   PL                              

Carajas_virus      630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y R                        V   TL  RT  R   E  A           S L              E              N     W NED  I   QQ                              

VSV_New_Jersey     630 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y S                        I   TL  ST  R   N  K           S V              E              G     T RNG  C   KH                              

Chandipura_virus   620 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y N                        V   IL  ST  R   N  A           S L              Y              E     K KNG  E   HQ                              

Isfahan_virus      619 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        dddddG KddddddddddddG KdddG B   KG KdG  KdddddddddddddddddddddddddddddG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE F N                        V   RL  TT  L   E  A           S L              S              G     K QDG  V   KQ                              

Piry_virus         622 c c cc cccccccccccccc ccccc        c     ccc cc ccccccccccc c cccccccc c c                        c   cc  cc  c   c  c           c c        IIIIIH JIIIIIIIIIIIIH JIIIH C   JH JIH  JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIG P LI RTHEFFEKSLIYYN RPDLM        N     VCW GQ GGLEGLRQKGW I NLLVIQRE Y N                        V   QI  NS  R   Q  A           S L              L              G     T RNG  E   NQ                              

consensus>50 G%P.LIeRTHEFFEKSLIYYNgRPDLM.!.n..l.N.t.q.VCW#GQaGGLEGLRQKGWsIlNLLVIQRE
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
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iiii   jjjjk    jjjjjjjjk     iiiiiiiiiiiiiiiiiiiiiiiiiiiii         jj                                                                      X         X         X         X         X         X         X         
VSV_Indiana        700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        EEEEEEEEEEEEEEEEEEEEEEEEEEF A  DEEF DF DEF DF  DF DEEEEF DEEEEEF DEEEE K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       K    V  Q A    V     I  A KI   K   L                                   S NV    G  N   S  EK  T      G       D     

Morreton_virus     700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       K    L  Q A    V     I  A KA   R   V                                   S ND    S  N   L  EH  N      G       D     

Maraba_virus       700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       K    I  K A    V     I  A KS   K   L                                   S ND    A  T   S  EM  S      E       D     

Cocal_virus        700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA V                       K    T  R A    V     I  A KE   K   V                                   S DD    S  K   S  EN  Q      G       D     

Alagoas_virus      700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       K    A  L A    V     I  A KQ   K   L                                   A ND    G  Q   S  ES  L      E       D     

Carajas_virus      700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       K    S  I A    V     I  E KK   K   L                                   S DQ    N  D   K  NK  E      S       D     

VSV_New_Jersey     700  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       K    L  R V    A     I  E KR   K   I                                   T SE    A  H   G  NK  E      E       D     

Chandipura_virus   690  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       Q    I  R A    A     I  A ES   K   L                                   Y ND    Q  N   A  DV  K      N       Q     

Isfahan_virus      689  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        ddddddddddddddddddddddddddG B  KddG KG KdG KG  KG KddddG KdddddG Kdddd K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQS I                       Q    T  R A    K     V  A ES   K   L                                   H NE    S  T   L  DA  K      N       Q     

Piry_virus         692  c ccccccccccccccccccccccc  c   cc   c cc  cc   c  c  cc  ccc cc cccccc c                       c    c  c c    c     c  c cc   c   c        IIIIIIIIIIIIIIIIIIIIIIIIIIH C  JIIH JH JIH JH  JH JIIIIH JIIIIIH JIIII K RNTAVKVLAQGDNQVICTQYKTK  R   EL   L QM  NN   M  I  GT  LGL IN DETMQA I                       Q    Q  A A    R     I  A EA   K   L                                   H DE    G  E   I  NT  E      N       Q     

consensus>50 aK!RNTAVKVLAQGDNQVICTQYKTKk.Rnd.EL..aL.QM..NN#.!M.aIk.GT.kLGLlIN#DETMQ
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

k  jjk    jjk  jk   iiiii               iiiiiiiiiiiiiii      iiiiiiiii                                                                      X         X         X         X         X         X         X         
VSV_Indiana        770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEF A DEEEEEEEEEESADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         I                         I     I S             E  I AMI Y Y                                                         A N           

Morreton_virus     770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         I                         I     I S             E  I AMI Y Y                                                         A N           

Maraba_virus       770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         V                         I     I S             E  V AII Y Y                                                         A N           

Cocal_virus        770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         I                         I     I S             E  V AMV Y Y                                                         A N           

Alagoas_virus      770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         I                         I     I S             K  I AMV Y Y                                                         A D           

Carajas_virus      770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         V                         I     L A             S  I SMI Y Y                                                         A N           

VSV_New_Jersey     770 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         I                         I     L S             E  I AMI Y Y                                                         A N           

Chandipura_virus   760 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         V                         L     L S             V  L AMI F F                                                         D H           

Isfahan_virus      759 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c dddddddddddddddddddddddddddddddddddddddddddddddddddddddG B KddddddddddSADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         V                         L     L S             V  L AMI Y Y                                                         D T           

Piry_virus         762 ccccccccc ccccccccccccccccccccccccc ccccc c cccccccccccc   c c   c c c         c                         c     c c             c  c ccc c c IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH C JIIIIIIIIIISADYLNYGK PIFRGVIRGLETKRWSRVTCVTNDQ PTCAN M SVSTNALTVAHF   P N   Q N F         V                         L     L S             T  I AMV Y Y                                                         D T           

consensus>50 SADYLNYGK!PIFRGVIRGLETKRWSRVTCVTNDQiPTCAN.MsSVSTNALTVAHFa.nPiNam!Q%N%F
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

iiiiiiiiii                      iiiiiiiii            llll       iiiiii                                                                      X         X         X          X         X         X         X        
VSV_Indiana        840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cEEEEEEEF DEEEEEF DEF DF      A A DEF DEEEEEEEEEEF DEEEEEEEEEEEEEEEEEEEG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  T A     M    L  S Y VQ      L S T   AM            MS       A     T  L        M       Q   E  DKI.PG H S   Y            S                    

Morreton_virus     840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  N A     M    L  S Y VQ      L S T   AM            MS       A     T  L        M       K   E  SSI.PG H I   Y            S                    

Maraba_virus       840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  T A     M    L  S Y VQ      L S T   SM            MS       S     T  L        M       I   E  SKI.PG H L   Y            S                    

Cocal_virus        840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  T A     M    L  S Y VQ      L S T   AM            TS       A     T  L        M       R   D  MII.PG H T   Y            S                    

Alagoas_virus      840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  T A     M    I  S Y VQ      L S T   AM            MS       A     S  L        M       R   E  LTI.PG H L   Y            S                    

Carajas_virus      840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  N S     M    L  S Y VQ      L S T   AM            MA       A     T  L        F       R   D  NEI.PG H K   Y            S                    

VSV_New_Jersey     840 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  T A     M    I  S Y VQ      L T T   AM            MA       A     T  L        F       Q   K  DKI.PG H R   Y            C                    

Chandipura_virus   830 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  N A     M    I  S N LK      V S G   AM            TA       S     T  L        I       Q   Q  GPN.IN H Y   V            C                    

Isfahan_virus      829 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cdddddddG KdddddG KdG KG      B B KdG KddddddddddG KdddddddddddddddddddG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  N S     M    V  S F LS      L S E   GV            TA       G     T  I        N       C   Q  QKHKID F F   V            C                    

Piry_virus         832 c c cccc  cccc c  c               cc   cccccccccc c  ccccccc ccccc cc  c c     c    c  c c cc      c c c   cc            cc       c     c  cIIIIIIIH JIIIIIH JIH JH      C C JIH JIIIIIIIIIIH JIIIIIIIIIIIIIIIIIIIG F RLLL  HDPA R  L               FK   LYLDPSIGGV G  LSRFLIR FPDPV ES  N S     F    I  T Y DS      F S A   GM            MA       S     T  L        E       T   S  LKH.LN K F   I            C                    

consensus>50 G.FaRLLL.mHDPA.R.sLyevq..i.pglhs.tFKyamLYLDPSIGGV.Gm.LSRFLIR.FPDPVtESl
                           zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz                                            

iiiiiiiii   iiiiiiiiii         llliiiiii            iiiiiiiiiiiiiii                                                                          X         X         X         X         X         X         X        
VSV_Indiana        909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccEEEEEF   DF   DEEF DEEEEF DEEEF DEF DEEEEEEEEEEEEEEF DEEEEEEEEF DEEEEE FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  RF    AR    KEM AV  N    K   T I   V        A     A    T V K  IESRQ      HVH  SEH    S      E     I   D                P          C      

Morreton_virus     909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  KF    TK    KEI AV  N    R   T I   V        A     A    T V K  IESRQ      HDH  EDH    S      D     L   D                P          C      

Maraba_virus       909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     A  KF    AR    KEI AV  N    R   T V   V        A     A    T V K  LESRQ      HSH  SDS    C      E     L   D                P          C      

Cocal_virus        909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  KF    AK    KEI IA  N    K   T V   V        A     A    T V K  IESRQ      YSH  SDT    C      D     L   D                P          C      

Alagoas_virus      909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     A  RF    SK    KEI SV  N    K   S V   M        A     A    T V K  LESRQ      YCH  SEL    S      D     L   D                P          C      

Carajas_virus      909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  KF    TD    KSL IA  N    K   E I   L        S     S    T V K  IENRT      HDH  DEY    S      D     L   S                P          C      

VSV_New_Jersey     909  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  KF    AS    RKM VM  D    K   E I   L        S     A    S V K  IESRS      YEH  EPH    A      P     I   N                P          C      

Chandipura_virus   899  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  KL    TS    KNL EQ  N    V   S I   L        S     A    T I K  LQKKS      HHS  DIR    S      K     E   E                A          N      

Isfahan_virus      899  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccdddddG   KG   KddG KddddG KdddG KdG KddddddddddddddG KddddddddG Kddddd FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     S  KV    TQ    KKL TA  N    Q   S I   L        S     A    S I K  LRKRR      YNN  DNR    C      K     Y   E                A          N      

Piry_virus         901  cc  c        c      cc c cc cc  c  cc cccccccc cccc  cccc c c  c     c  cc    cc    ccc cc  c    c   c c   c        c     c    c c c  cccccIIIIIH   JH   JIIH JIIIIH JIIIH JIH JIIIIIIIIIIIIIIH JIIIIIIIIH JIIIII FW  I        L      FG P IA FR  H  KL EDPTSLNI MGMS  NLLK E K  L     A  KL    TK    QRL LK  N    V   S I   L        A     A    T I N  LQRRS      YHT  NKE    S      K     S   D                P          N      

consensus>50 sFWkfI..h...e.Lk.....FG#P.IA.FR..H!dKL.EDPTSLNI.MGMSpaNLLKtE!KkcL.e.r.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

    iiiiiiiiiiii  iiiiiiiii     iiiiiiiii    iiiiiii      iiiiii   lll                                                                       X         X         X         X         X         X         X        
VSV_Indiana        979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    EF DEEEEEEEEEF  DF DEEEEEEEF DEEEEEEEEEEEEEEEEEF  DEEEEEEEEEEEEEEF     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     T   QVIK  TIYL   E RLRSF                S   L  A  LIS          S K      R           YH  D         N                   DG                KKYH

Morreton_virus     979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     S   QVIK  TIYL   E KLRSF                S   L  A  LIS          S R      K           YH  D         N                   DD                RKYH

Maraba_virus       979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     S   QIVR  TIYL   E KLRSF                S   I  A  LIS          S K      K           HH  D         T                   DG                KRYH

Cocal_virus        979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     Q   QIIR  TIYL   E TLRSF                S   L  A  LIS          S K      K           HH  D         N                   DG                KKYH

Alagoas_virus      979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     D   QIIK  TIYL   E KLRSF                S   L  A  LIS          S R      K           HH  E         N                   DG                RKYH

Carajas_virus      979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     S   DIIK  TIYL   E KLKSF                S   L  S  LIS          S K      R           NQ  A         N                   EG                GKYR

VSV_New_Jersey     979  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     S   EIIK  TIYM   E KLRGF                A   L  S  LIN          S K      K           HQ  E         K                   EG                KRYH

Chandipura_virus   969  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     S   QIVK  VYYI   D KLRTF                A   M  A  IVS          V R      G           HS  E         T                   SS                DYMS

Isfahan_virus      969  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    dG KdddddddddG  KG KdddddddG KdddddddddddddddddG  KddddddddddddddG     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     T   SIVR  VTYI   D KIRSY                S   M  A  VVS          V K      G           HS  E         N                   SS                DYMS

Piry_virus         971  c c    cc      c       cccc ccccccccccc ccc cc      cccccccccc c     c   cccc  cccc   c ccccc                c   c  c  ccc          c c    IH JIIIIIIIIIH  JH JIIIIIIIH JIIIIIIIIIIIIIIIIIH  JIIIIIIIIIIIIIIH     I N    DA      E       LWSI PLFPRFLSEFK GTF GV      LFQNSRTIRN F     T   RIVR  VFHV   D NIRAY                S   M  A  IVS          V K      R           HK  A         T                   DS                DYMS

consensus>50 .I.Nq!!.DAtiylh.E#dklrs%LWSI.PLFPRFLSEFKsGTFlGVad.l!sLFQNSRTIRNsFk..y.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
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iiiiiiiiiiiiiiiiiiii             iiiiiiiiiiiii           iiii    jk                                                                          X         X         X         X         X         X         X        
VSV_Indiana       1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c DEEF DEEEEEEEEF DF     A    DEF DEEF DF DF DEF A DEEEEEEEEEEF A    DF    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  REL    VR  VS          R    KM    AT A     K     VI   V             E     D          T  GKLHL RGSC   T    H  T  Y   G T            L PQHR  T

Morreton_virus    1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  REL    IK  VS          R    RI    ST A     K     VI   V             E     D          I  GKLQL RGAY   S    Q  T  Y   G T            L PHSK  G

Maraba_virus      1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  REL    IK  VS          R    RM    ST A     R     VI   V             E     D          M  GKLHL RGSV   T    Q  L  F   G S            L QHFK  T

Cocal_virus       1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  REL    VR  VS          K    KL    SS A     R     VI   V             E     D          T  GKLHI RGSG   R    H  D  Y   G T            L PHHK  T

Alagoas_virus     1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  KEL    IK  VS          K    KM    SQ A     K     VI   I             E     D          M  GKMHL RGSC   G    H  S  Y   G T            L SYHK  A

Carajas_virus     1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  KEL    VK  IS          K    KI    SS S     R     LV   I             E     H          K  GGIHF LGNG   G    Q  L  Y   G K            H AASP  A

VSV_New_Jersey    1049    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  KDL    IK  IS          R    QI    AS A     K     VV   V             E     E          S  GSMHY LGDN   S    R  I  Y   T K            H PPSK  R

Chandipura_virus  1039    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  QTI    VK  LT          R    GI    AE A     M     VL   V             S     D          E  SNYTD KGSG   G    Q  K  R   K P            H RGTL  P

Isfahan_virus     1039    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c KddG KddddddddG KG     B    KdG KddG KG KG KdG B KddddddddddG B    KG    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  SAI    TK  VN          V    QV    AS A     L     VL   I             N     E          E  CKYKG RNFD   K    Q  Y  R   G K            L AGTI  N

Piry_virus        1041    c cc  cc  cc cc            c cc    c cc  cc c   ccc cccccc c    c  ccc    cc  cc          c    cc    cc c     c     cc   c             c JIIH JIIIIIIIIH JH     C    JIH JIIH JH JH JIH C JIIIIIIIIIIH C    JH    D LI  SE  SL HL            W CS    D LR  SW R   GTT PHPLEM G    K  YTI    VK  IT          R    KI    AT A     Q     VL   I             T     D          E  CSYES PTPS   G    Q  M  R   T K            E KGVI  N

consensus>50 .elDdLIvkSEvsSL.HLg......g....W.CS...aD.LRy.SWgR.viGTT!PHPLEM.G....Ke.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

   iiii    jjjjjk               jk                      iiiiiilllll                                                                          X         X         X         X         X         X         X        
VSV_Indiana       1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             A A  A   DEEF  A DF  DF DEF DEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEF D    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  A         V       I  VF S   LP     K   S        R   V LIK           PC P NT GFN    HC D  HD  S   P                                      S 

Morreton_virus    1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  V         V       I  VF S   LP     K   S        R   V LIK           PC A NA GFN    YC S  NN  L   P                                      S 

Maraba_virus      1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  S         V       I  VF S   LP     K   S        R   V LIK           PC A NI GLD    HC N  HD  E   P                                      S 

Cocal_virus       1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  V         V       I  VF S   LP     K   S        R   V LIK           PC A QS GFT    HC K  HD  A   S                                      S 

Alagoas_virus     1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  L         V       I  VF S   LP     R   S        K   V IIR           PC E NT GFT    HC R  TS  Q   P                                      S 

Carajas_virus     1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  T         I       I  VF R   LP     K   T        K   V IVR           PC L NC GLT    HC K  TE  S   P                                      S 

VSV_New_Jersey    1119     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  Q         I       I  VF R   LP     N   S        K   I IIK           PC L NS GLT    HC K  ID  N   P                                      S 

Chandipura_virus  1109     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  K         I       L  VL G   LP     K   S        K   I IIR           LS C KE RMD    HI E  NK  D   S                                      H 

Isfahan_virus     1109     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             B B  B   KddG  B KG  KG KdG KddddddddddddddddddddddddddddddddddddG K    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  T         I       I  VL E   MA     K   S        K   I IIK           SS C EH GQD    FC K  SN  I   P                                      H 

Piry_virus        1111     c  c   c cc  c c       cc   ccccc ccc cccccccc ccc c   ccccccccc c  c         c       c  cc c   cc     c   c        c   c ccc             C C  C   JIIH  C JH  JH JIH JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH J    C  S   Y SV  P G       RG   AYLGS TSE TSILQPWE ESK P   RATRLRDAI W  K         I       L  IL S   LP     K   S        K   I MVR           LS C DN AQD    HC K  VN  D   D                                      H 

consensus>50 pc..Cn.Sg..Y!SVhcP.Gi.d!f..RGp$pAYLGSkTSEsTSILQPWE.ESK!P.!.RATRLRDAIsW
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

        iiiiiiiiiii                                    iiii   jjk                                                                            X         X         X         X         X         X         X        
VSV_Indiana       1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       EF A A DEF DF DF DEEEEEF  DF DEEEEEEEEEEEEEEEEF DEF DEF A DEEEEEEEEEF F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      AM       S    E   RQ  F          S   M      S        LM         E D K   T  S  H       TK  H                  H   A   T A           R

Morreton_virus    1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      AK       A    E   KQ  F          S   M      S        LM         D N N   T  D  H       SK  H                  H   A   T A           R

Maraba_virus      1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      AS       A    E   KQ  F          S   M      S        LM         S D N   T  K  N       SK  H                  H   A   T A           R

Cocal_virus       1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  I      SK       A    E   KQ  F          S   M      A        LM         D E N   V  K  N       SK  I                  H   A   T A           R

Alagoas_virus     1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      SQ       A    E   KQ  F          S   M      A        MM         D D N   T  K  T       SK  I                  H   A   T A           R

Carajas_virus     1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  I      AQ       S    E   RQ  Y          S   M      S        LI         D D T   S  D  K       GG  H                  N   A   P A           H

VSV_New_Jersey    1189 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  I      ST       A    D   KQ  F          S   M      S        MI         P E P   C  N  Q       SS  H                  N   A   P T           R

Chandipura_virus  1179 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      AR       S    K   AL  Y          S   V      S        MM         D D N   S  N  E       EG  K                  H   S   P C           R

Isfahan_virus     1179 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       dG B B KdG KG KG KdddddG  KG KddddddddddddddddG KdG KdG B KdddddddddG F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      AK       A    E   SL  F          T   M      A        MM         E S N   S  Q  T       GS  E                  H   C   P A           S

Piry_virus        1181 c  c c c   cc cc  cccc c     c cccccccccc ccc c ccc  cc c ccc  cccccc  c      cc       c    c   cc  c          c   c      c        cc       IH C C JIH JH JH JIIIIIH  JH JIIIIIIIIIIIIIIIIH JIH JIH C JIIIIIIIIIH F  P S L   IL NI  LTGE W     G KRTGSALHRF TSR S GGF  QS A LTR  ATTDTM  V      AK       S    D   SI  F          T   V      A        MM         E D N   S  L  K       GN  Q                  H   S   P A           G

consensus>50 F!dPdSnLa..IL.NI..LTGEeW...q.G%KRTGSALHRFsTSRmShGGFa.QS.AaLTR$mATTDTMr
zzzzzzzzzzzzzzzzzzzzzzzWWWWWzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

llll      iiiiiiiiiiiiiii       jjjjjk                                                                                                       X         X         X         X         X         X         X        
VSV_Indiana       1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccA    DEEEEEEF DEEEF DEEEEF     A A DEEEEF  DEF DEF  A A   A   DF  DEEE     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     F  L      YA  TTTVAR     S    Y IA    L   E     S   Y       V KT LGDQ        T     I      DGWIT C D      KS   P   IT D SMD TPP  SH    

Morreton_virus    1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  L      YA  TTTVVR     S    Y IT    L   E     S   Y       V KT LGDQ        T     I      NGYLS C D      RS   T   VT D TMD SPP  SH    

Maraba_virus      1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  L      YA  TTTVVR     S    Y IT    L   D     S   Y       V QS LGEQ        T     I      NGSFH C D      KS   A   IT D AME SPP  SS    

Cocal_virus       1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  L      YS  TTTVVR     S    Y IT    L   N     T   Y       V KS LGDQ        T     V      ENTKT C D      KT   P   IT D PME NPP  SS    

Alagoas_virus     1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  L      YA  TTTVAR     S    Y IT    L   S     T   Y       V KS LGDQ        T     M      NNVAF C D      KS   T   IT D PMV DPP  SH    

Carajas_virus     1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  M      YA  TTSISR     A    Y VR    I   Q     T   Y       V TK YGDK        S     M      WGHVG C D      DS   E   IE N GVQ SPP  SY    

VSV_New_Jersey    1259      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  M      YG  TTSISR     S    Y IR    I   E     T   Y       I EK FGTK        S     M      YGTPG C D      KG   E   VE N SLE KTP  SH    

Chandipura_virus  1249      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  M      YS  TSSVIL     S    F VT    I   T     S   Y       V AK YAQL        S     M      MGTTV N I      RK   E   PM E PRE RGK  HL    

Isfahan_virus     1249      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccB    KddddddG KdddG KddddG     B B KddddG  KdG KdG  B B   B   KG  Kddd     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  D     Y  M      FS  TTSVLL     S    F TR    V   E     S   L       V AS YAKD        C     I      LETTI N V      IN   K   PW E PSV QSK  SN    

Piry_virus        1251      c cc ccc cc  c              c c c  c  c c c c  c         cc   c  c     c  c      cc  cccccc     c    c cc    c   c     c   c       c ccC    JIIIIIIH JIIIH JIIIIH     C C JIIIIH  JIH JIH  C C   C   JH  JIII     N DF FQA LL  Q              T H H  C  C R I E  L         DV   L  N     F  M      YS  STSIML     S    F TR    I   E     S   Y       I TK YATK        C     M      ENTQT N V      LG   E   PT E PGL KGQ  HQ    

consensus>50 #.gd.N%DF$FQA.LL%.Q.tt.!.r.....scTdH%Hi.C..C.R.IeEi.L#...ey..pDVs.!L..
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

                          iiiiiiiiiiiiiiiiiiiiii   lll      lll     ii                                                                       X         X         X         X         X         X         X        
VSV_Indiana       1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   EEEEEEEEF DF DF DEEF A  A DEEEEF DEF DEEEEEEEF DEF  DEEEEEEEEEEF DEEEEW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GEGS   EI QI  LE     L  A Q    G  I   Y D A RK    E   L  L    RI            Q  K  Y    N KN A      Q   C         Y   TH            G     

Morreton_virus    1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GEGS   EI QI  VE     L  A Q    G  I   Y D A RK    D   L  L    RI            Q  K  Y    D KT S      Q   C         Y   SH            N     

Maraba_virus      1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GEGS   EV QI  VE     L  V Q    G  I   F D A RK    D   M  L    KV            H  K  Y    D RG S      Q   C         Y   SH            N     

Cocal_virus       1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GEGS   EV QI  IE     L  T Q    G  I   F D A RK    D   L  L    RV            H  K  Y    D NK P      Q   C         Y   SH            N     

Alagoas_virus     1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GEGS   EV QL  RE     L  A Q    G  I   F D T RK    D   L  L    RI            Q  K  Y    I SD S      Q   C         Y   TH            N     

Carajas_virus     1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GSGS   VT QL  KE     L  A Q    G  I   Y D V KK    D   L  L    KV            T  K  I    N TV S      Q   C         H   HQ            H     

VSV_New_Jersey    1329 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R NTGS   QI QL  AE     L  V Q    A  I   Y E T KK    D   L  L    KV            H  K  K    N ES S      Q   C         H   RQ            L     

Chandipura_virus  1319 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR K SSNG   TL LL  VE     I  V K    G  L   Y D K QN    D   I  L    RL            E  Q  K    D DT P      H   I         S   SR            M     

Isfahan_virus     1319 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   ddddddddG KG KG KddG B  B KddddG KdG KdddddddG KdG  KddddddddddG KddddW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GGGS   QL QL  LK     L  A K    G  L   F D T QS    D   L  L    RL            E  H  K    D EI T      H   T         G   IR            K     

Piry_virus        1321 c c    cc       c  c c    c c cc c c  ccc c c    c  c ccc cc ccc   ccc c cccc   cc cc  cc     c  c c    c  c   c c c cc    c   c  c    cc   IIIIIIIIH JH JH JIIH C  C JIIIIH JIH JIIIIIIIH JIH  JIIIIIIIIIIH JIIIIW N    WG       P  G W    P E SY V R  GFL G L    S  A DSS FP SIQ   RGR R GQGS   EV QL  RE     L  A K    G  L   Y D V QS    E   I  V    RV            C  N  S    D ES S      H   T         G   HR            S     

consensus>50 WrNg.gsWG.evkq..P.eGdW..l.P.EqSYqVgRciGFL%G#L...kS..A#DSSlFPlSIQ.rvRGR
zzzz                                                                                           zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz    WWWWWWzzzzzzzzzzzzzzz                                             
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iiiiiiiiiiiiiiiiii           iiiiiiiiiiiiiiii   iiii      iiiiii                                                                             X         X         X         X         X         X         X        
VSV_Indiana       1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   EEEEEEEEEEEEEF DEEEEEEEEF DEEEEEEEEEEEF DEEEEEEF  DEEF A DEEF DEEEEEEEGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   K LL  LM A          LA  KR    V   L    DKLSV    LS      I    ETI                 C          H             Y        PP    T S    D        

Morreton_virus    1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   K LL  LM A          LA  KR    V   L    DKISA    LS      L    ETV                 C          H             Y        AP    T S    S        

Maraba_virus      1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   K LM  LM A          LA  KR    V   L    DKLSA    LS      L    ETV                 C          H             Y        AP    T H    E        

Cocal_virus       1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   K LM  LM A          LS  KR    V   V    DKLSA    LS      L    ETV                 C          H             H        AP    T S    L        

Alagoas_virus     1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   K LL  LM A          LA  KR    V   V    ERISA    LS      I    ETV                 C          Q             F        AP    T T    L        

Carajas_virus     1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   K LL  IM A          VA  KR    V   V    DKLSM    LS      I    ENV                 C          T             F        AP    T T    E        

VSV_New_Jersey    1399 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   R LL  LM S          VS  KR    V   L    DKLSA    LS      I    EQV                 C          T             Y        SP    V T    Q        

Chandipura_virus  1389 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   R IL  LV A          VA  SK    I   L    DKISA    TT      I    SSI                 A          L             Y        TS    C D    E        

Isfahan_virus     1389 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   dddddddddddddG KddddddddG KdddddddddddG KddddddG  KddG B KddG KdddddddGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   R VL  LV A          LT  KR    V   L    DKISA    IN      I    SSI                 A          Q             F        ST    C D    E        

Piry_virus        1391 ccc c  cc  c c cccccccc   c  cccc ccc c cc     c  c  c c cc c cc   ccc   c cc  cc c          cc  cc    c   c    ccccc    cc      c    ccc   IIIIIIIIIIIIIH JIIIIIIIIH JIIIIIIIIIIIH JIIIIIIH  JIIH C JIIH JIIIIIIIGFL G  DG  R S CQVIHRRS   L  PANA YGG I LI     S  F  L R GP R EL   PHK   R IL  LI A          IA  IK    I   L    DKIGS    IN      L    SSI                 A          T             F        PS    C D    H        

consensus>50 GFL.Gl$DGlmRaScCQVIHRRS.a.LkrPANA!YGGlIyLI#k.saS.pFlsL.R.GP.R.ELe.!PHK
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

        iiiiiiiiiiiiiiii                  lll  iiiiiiiiiiiiiiiiii                                                                            X         X         X         X         X         X         X        
VSV_Indiana       1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cEEEEEEEEEEEEEF DEEEEEEEEF DEEEEEEF    DEEEEEEEEF DEEF DEEF DF  DEF DEF   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNR M V V   FKY  R I K K RS    L     VLSI FI   SI T LL    K F S              I          L        HYSQ          D    F    T  QI   P   

Morreton_virus    1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNR M I V   FKY  R I K K KT    L     VLSI FL   SI T LM    K S S              I          Q        HYTQ          D    L    I  TL   Q   

Maraba_virus      1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNR M V V   FKY  R V K R KT    L     VLSI FL   SI S LL    K T S              I          L        HYPQ          D    L    T  GI   Q   

Cocal_virus       1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNR M V V   FKY  R V R K KT    I     VLSI FL   SI T LL    K A S              I          L        HYPQ          D    L    S  DT   P   

Alagoas_virus     1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNR M V V   FKY  R I K Q KS    I     VLSI FM   SI S LL    K S S              I          L        HYPQ          D    L    S  SL   P   

Carajas_virus     1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L MPA    NNR L M V   FKY  R I R Q KS    I     VLSV FI   SL S LM    K S S              T          I        HYPT          D    M    G  RL   N   

VSV_New_Jersey    1469    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L MST    NIR L S V   FKY  R V R N KT    I     VLST FI   AI S LL    R S T              I          P        CYNQ          E    M    S  RL   P   

Chandipura_virus  1459    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNS M L I   LKF  K V L K QS    L     VMTS IA   AL T IL    K A S              H          T        DIKD          N    F    K  KC   P   

Isfahan_virus     1459    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cdddddddddddddG KddddddddG KddddddG    KddddddddG KddG KddG KG  KdG KdG   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNA L L I   FKF  K V L K QS    L     LLSS FA   AL S VL    K S S              H          S        DLED          G    Y    K  KS   P   

Piry_virus        1461    cccc   c c   ccc   cc   c c c       ccccc       cc   c      cc   c ccc    ccc c c c   ccc  c c c c cc    c     cccc cc   cc c cc    c c cIIIIIIIIIIIIIH JIIIIIIIIH JIIIIIIH    JIIIIIIIIH JIIH JIIH JH  JIH JIH   SYPT   D G   RNY   QC   E G Y       WLFSD       GP   S      LY   L IPT    SNI M L I   LRY  K V L K KS    L     LMTV FA   SL T IL    K T S              C          S        DISD          E    F    K  KC   P   

consensus>50 iptSYPTsnrD$G..!RNYfk%QCr.!E.G.Yk..y.q.WLFSDv$sidf.GP.s.S..l$..LYkp.Ls
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

iiiiiiiiiiiiiiiiii        llll           lll                                                                                                 X         X         X         X         X         X         X        
VSV_Indiana       1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   DEEEEEEEEEEEF DEF A A  A DEEEEF DEEF DEEEEEEEEEF A A        A  A  A   D    R     S   RS   W            L C  E RHACKFGI            W  E       KNEL ELANL S L   E    I VKFFTK I L  E I         K N              G GK             L   G G ED H      D    P           A D NKDMSYPP GR SR T

Morreton_virus    1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       KNEL ELANL S L   E    V VKFFSR I L  E I         K I              G AR             L   G G EE H      D    P           A E NTESYYPP EK VT P

Maraba_virus      1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       KNEL ELANL S L   E    I VKFFSK T L  E I         K S              G SR             L   G G ED H      D    P           A E AVLSYYPP SQ SY G

Cocal_virus       1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       RNEL ELANL S L   D    I VKFFSK T L  E I         R V              G SH             L   G G ED H      E    S           V E IDSTYYPE EK AV G

Alagoas_virus     1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       KNEL ELANL S L   E    V IKFFSK T L  E I         K V              G SK             Y   G G DD H      D    S           Y E FSTSSYPT GS AF A

Carajas_virus     1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       KNEL DLANL S L   E    I VKFFSQ L F  Q I         R K              G KK             L   G E DD H      D    S           I D VSLEVDHG GK AY G

VSV_New_Jersey    1539   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       REEL ELAAL S L   E    S IKFFSN L F  Q I         K N              G KK             N   G D DD H      D    S           K D EDITFYPN GT YI N

Chandipura_virus  1529   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       RNNI KISNF K M   L    T SEFITS I V  E I         K S              G QK             M   Q S DP S      Q    N           P L LKFD.DPV GP DY L

Isfahan_virus     1529   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   KdddddddddddG KdG B B  B KddddG KddG KdddddddddG B B        B  B  B   D    R     S   RS   W            L C  E RHACKFGI            W  E       RNNI KLGAL R L   E    L KEFLTS L L  E V         K V              S RR             L   H N SE H      Q    Q           P N SAKS.SMV GK AV Y

Piry_virus        1531   c    c     c   cc   c            c c  c cccccccc            c  c       cccc ccccc c c   c    c cccccc c c  c c         c c              c   JIIIIIIIIIIIH JIH C C  C JIIIIH JIIH JIIIIIIIIIH C C        C  C  C   D    R     S   RS   W            L C  E RHACKFGI            W  E       RTNI KISSF R L   E    S REYLTA L V  E V         K L              G KH             V   Q A EE Y      N    R           L D TEKE.GPR GR AT T

consensus>50 ..D.n#lRelanlSsl$RSge.Wed.hvk%f..#.L.C.#E!RHACKFGI.kd.......p.Wg.E..g.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz                                                                                zzzzzzzzzzz                                                 zzzWWWWWzz           

jjjjk                     iiiii         iiiiiiiii        jjjk     iiii                                                                       X         X         X         X         X         X         X        
VSV_Indiana       1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     A DEEF   A A    DEEEEEEEEEEEEEEEEEEEEEEF DF    A  DF A  DEEEEEEEF              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V YTTT     L     I N LL  I            I  IL    I  R  L          AITTIP Y    PYP M EMPP                        S  HGMG HY  F SC         

Morreton_virus    1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      I YTTV     L     V N LL  L            I  II    I  K  L          AITIHP Y    PHP I DSPP                        S  RGLK HF  V CC         

Maraba_virus      1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V FSTR     L     V N LV  L            I  IV    L  R  L          AITSIP Y    KYP I DVPP                        S  KNKN RY  F SC         

Cocal_virus       1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V YSTK     L     I N LL  L            L  LL    I  R  L          AIYVHS C    QYP L SCPP                        C  AKLK AY  F SC         

Alagoas_virus     1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V YSTR     L     V N LL  L            L  IL    V  R  L          AISSQP F    ESR C DTPP                        S  RQLH NY  F SC         

Carajas_virus     1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V YRSQ     L     I N II  L            I  II    I  Q  L          ACTVLP F    IYK S TVPP                        S  MTLK NY  F SC         

VSV_New_Jersey    1609               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V YRAQ     I     I N LM  L            M  IV    I  H  L          AVIDIP F    NVK D KVPP                        A  FRLK PY  F AC         

Chandipura_virus  1598               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V YSSQ     L     I N SI  F            L  IL    I  R  L          AIWSIP D    SVP N KPCP                        S  RKKN HY  A CG         

Isfahan_virus     1598               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     B KddG   B B    KddddddddddddddddddddddG KG    B  KG B  KdddddddG              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V FTSQ     L     I D TI  L            I  IL    I  R  L          AVLDIP E    KQT H NACP                        T  NAYN KC  V CG         

Piry_virus        1600               c      c c c  cc cccccccccccc c           c    cccccccc      c cccc     c     c c cc  c            c  cc    c  c  c          c     C JIIH   C C    JIIIIIIIIIIIIIIIIIIIIIIH JH    C  JH C  JIIIIIIIH              K      R Q P  SG RLGQLPTGAHYK R           D    GDGSGGMT      V FRNK     L     V N TI  L            L  IV    I  Q  I          SLLSID F    AVQ R KVPM                        T  HQKK GY  A CG         

consensus>50 i...p!f%......K.l..ppR!Q#P..SGlRLGQLPTGAHYK.R.i.....i.y.D.l.cGDGSGGMTa
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

iiiii     jjjk                  lllll    lll      lll       iiiiiiiiii                                                                       X         X         X         X         X         X         X        
VSV_Indiana       1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    DF A  DF DEEEEEEF DEEEEEEEEEEEEEEEEF   DEEEEF  DEEF DEEF   DEF DEF D  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      L EL GSVMR A  E   A   L   KS  V   T    P      R     L  AL  E VH  G        S                  GGD      GE    Y    CDP   D   R 

Morreton_virus    1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     S  S      L EL GSIMR A  E   A   L   KR  V   T    P      K     L  AL  E RH  A        S                  GDD      GS    H    SDT   D   Q 

Maraba_virus      1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      L EL GSLMR A  E   A   L   RS  V   T    S      E     L  AL  E RQ  G        A                  GQE      GS    Y    SQK   D   R 

Cocal_virus       1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      L EL GAIMR A  E   G   L   RR  V   T    P      A     V  AL  Y RM  G        S                  GQE      GD    H    SDP   D   K 

Alagoas_virus     1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      L DL GTVMR A  E   A   L   RV  I   T    P      R     S  SL  E RH  G        S                  GSE      GS    H    SDP   K   K 

Carajas_virus     1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      L EL GALMR S  E   A   L   RT  V   T    P      N     I  CL  L PN  G        D                  GSQ      GG    H    SDP   K   G 

VSV_New_Jersey    1679   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      L DL DTMLR S  E   A   L   RV  V   S    P      N     L  AL  Y RT  G        S                  GGE      GD    H    SDE   K   H 

Chandipura_virus  1668   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  A      I DF GSTMK A  D   A   V   RT  V   S    P      R     K  AV  Y LK  A        D                  VNG      AE    N    SEQ   D   F 

Isfahan_virus     1668   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    KG B  KG KddddddG KddddddddddddddddG   KddddG  KddG KddG   KdG KdG K  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     Y  S      I EF GSSMK S  D   A   V   MV  V   T    P      R     L  AC  Y SN  A        D                  DQG      AT    N    SQE   D   H 

Piry_virus        1670   cc     c cccc c        c cc ccc ccc      cc c   ccc  ccc    cc cc  c     c  c      c cc ccccc c  c   c   c   cc  c   c    c      c     c    JH C  JH JIIIIIIH JIIIIIIIIIIIIIIIIH   JIIIIH  JIIH JIIH   JIH JIH J  LR     R IFNS L        G SP PPS LET      RC N   CWE  SDL    TW YF  L     N  S      I EF GSALK T  D   A   V   LK  V   T    P      N     L  ML  W KG  C        D                  QNG      AK    N    SDP   E   A 

consensus>50 alLR.n..sR.IFNSlL#l.g..$rG.SP#PPSaLETlg.e..RC!Ng.tCWE.pSDLs#..TWdYF..L
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz
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iiii     jjjk      iiiiiiiiiiii  iiii     jjjjjjkiiiiii    iiiiiiiijjj                                                                       X         X         X         X         X         X         X        
VSV_Indiana       1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cEF   A DEEEEEEEEEEF DEF  DF  DF  A  DF   A DEEEEEEF A A   DEEF DF  A DK        LI  DMEV        IE          L   G LIYKTY         N     G  F   A   L ID  VM    RD STS      VR  V  I            GT I E    AVT L     T  GLG Q            S   LK  TN  NY HR  DEQ V        Y C SEK    I  PM K 

Morreton_virus    1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   N   L LD  VM    RD IIS      VR  M  L            GT L S    ILT A     S  GLG Q            P   QK  YN  HY HR  DQN V        Y Q ITQ    I  PL R 

Maraba_virus      1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   R   L VD  TM    RD NTS      LK  L  I            GT I T    ILT I     T  GLG T            P   LM  KN  VY HQ  EPT V        H A QTD    I  PF E 

Cocal_virus       1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   K   L LD  VM    RD SMS      LR  I  L            GT L E    VLT L     R  GTG C            P   LK  QN  HN HN  QQE T        H V AEE    L  PY Q 

Alagoas_virus     1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   R   L ID  TM    RD SIT      LK  L  L            GT I E    ILT I     Q  DVG T            P   KL  MN  SH YE  EQE T        Y T FDD    M  PF Q 

Carajas_virus     1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   R   L IN  TM    RD VIS      IR  L  L            GT L E    ILT V     T  GLG Q            P   HK  AN  AF YD  DPE T        Y A EER    E  PL H 

VSV_New_Jersey    1749 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   K   M IN  TM    QD VIS      VR  V  L            GT I T    SLT I     S  GCG S            S   YK  SL  QY PV  ESD C        Y A QED    L  SL H 

Chandipura_virus  1738 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   T   L ID  VL    RD AIS      VR  V  I            GS I A    AVV I     S  HHG K            F   AS  KC  HN SS  EED V        T A ESS    N  VL E 

Isfahan_virus     1738 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cdG   B KddddddddddG KdG  KG  KG  B  KG   B KddddddG B B   KddG KG  B KK        LI  DMEV        IE          L   G LIYKTY         N     G  F   K   M ID  IL    RD QIS      LR  I  L            GT I S    VLT L     S  SFN K            F   KL  GN  LK SK  EKN T        I C ETS    T  PL H 

Piry_virus        1740 c        cc  cccc        cc          c   c cccccc         c     c  c   c   c cc  cc    cc ccc      cc  c  c            cc c c    ccc c     cIH   C JIIIIIIIIIIH JIH  JH  JH  C  JH   C JIIIIIIH C C   JIIH JH  C JK        LI  DMEV        IE          L   G LIYKTY         N     G  F   K   L ID  VL    RE TIS      IR  V  L            AK I E    ALT I     S  EFT N            P   QK  QC  QY SK  SPK T        W A LDI    V  PL E 

consensus>50 K...g$.i#LI.$DMEVr#..is..IE.n.r.....lLe.eG.LIYKTYgt.i.....N.lt..GplF..
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

jjjjjk        jjjjjjjjk          lll iiii        iiiiiiiiiiii                                                                                X         X         X         X         X         X         X        
VSV_Indiana       1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c F DEEF DEEEEEEEEF A A DF  DEF   DF  A   A DF  A     DF DF  A    DF DEF    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LV T F  SQ   V  V K LK  I E       I     NL         F  A  V    T   I  D    E          M C G  KL   PNP  SS NES K  YA QSSEQ  A  KK STYF  T   

Morreton_virus    1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LV T F  SQ   V  V Q LK  I E       L     QL         F  A  M    T   I  D    E          C C G  NM   PHV  SL RDR N  YA QTEEQ  I  KK CQRD  T   

Maraba_virus      1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LV S Y  SQ   V  V R LR  V E       L     SI         F  A  V    S   I  D    E          F G G  SH   PWV  PS MDN R  YA HDPTT  I  KK CEID  I   

Cocal_virus       1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LV T Y  SQ   V  V R LK  V E       L     SM         F  A  I    T   I  E    D          F G G  NH   PWV  SF EDT T  FA QTAEK  A  KG MARD  R   

Alagoas_virus     1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LV T F  SQ   I  V R LK  V A       L     TQ         F  A  F    T   I  D    E          F G R  RH   PWV  SF HDT R  YA RSSVQ  V  SK LKKD  S   

Carajas_virus     1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PT LV T Y  AQ   V  V R LK  A Q       L     RL         F  A  L    T   I  D    I          C C R  KY   QHV  SL TDG S  YA SVNRL  Q  QS RKLD  Q   

VSV_New_Jersey    1819     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LV T L  SN   L  V R LK  V T       L     KQ         F  A  L    T   I  Q    D          L C G  DY   PFV  IE YDN E  YA RSFKD  Q  QS TPET  I   

Chandipura_virus  1808     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV LI T Y  TS   V  Y R IK  V A       L     KL         F  S  V    S   I  E    E          M C K  KF   PHP  IS DYY S  LC RSYKE  F  YE SRKE  K   

Isfahan_virus     1808     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c G KddG KddddddddG B B KG  KdG   KG  B   B KG  B     KG KG  B    KG KdG    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV IV T Y  SF   V  L S QK  V S       L     KL         F  A  I    S   I  Y    G          V F K  SF   PYV  GS QYN E  AC RNPRQ  K  LR RSSR  M   

Piry_virus        1810     c   cc  ccc c          c    cc      c     c     c  c         c c cc cc c c  cc   c  c c cc  c c       c     cc         c  c  c    c   c H JIIH JIIIIIIIIH C C JH  JIH   JH  C   C JH  C     JH JH  C    JH JIH    Q   SS  TSE Y          D    DW      W     F     E  R         L G PV IN T F  SQ   V  V T QK  V V       L     KL         Y  A  V    T   V  S    I          M C K  GF   GYV  DD QYH D  FC KDVYQ  Q  KE SYLD  Q   

consensus>50 vdlvQteySSsqTSEvY.v...lk..vD.p.vDW..l.d.W..lyaF....qE%.Ra......dtL.G!P
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

lll   iiiiiiiiiii    iiiiiiiiiiiii     iiiiiiiiiiiiiii                                                                                       X         X         X         X         X         X         X        
VSV_Indiana       1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            DEEEEF DEEEEEEEF DEEEEEEF DF   A    A DF DF    DEF  DEF DF       DEEE  F PD  VN ET  Q  G P G  H                                        PPSD Q I  P   I  ML I  V T VS  AA   S    D LT SL    IIS  NIN IR           S      F         F        A  LKS DRPA L  I  FYMA   YY   H  VGPIPPN    

Morreton_virus    1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD Q I  P   L  IL I  V T VA  AA   S    E VT SL    IIS  NLN LR           A      F         F        S  LTA SHPN L  V  FFMT   YY   H  KSPSVPP    

Maraba_virus      1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD Q I  P   L  ML I  V T VS  AA   S    Q VT SI    LVS  NVN IR           A      F         V        A  LLS QYPN L  T  FYMT   YY   H  RSPKPFS    

Cocal_virus       1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD Q I  P   L  ML I  V T VA  AA   S    E VT SI    LVS  NIN IR           R      F         A        S  LKA EHPG L  L  FYMT   YY   H  RSPVEPS    

Alagoas_virus     1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD Q I  P   L  ML I  V T VS  IA   S    E VT AI    TVS  NIN IR           S      F         F        L  LKA DHPT L  L  FYMI   YY   H  IYPEKPN    

Carajas_virus     1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD F I  P   A  LL I  V T IS  AV   S    Q IT GI    LIS  TMN IR           S      F         A        T  LHG LHSE L  L  FFCA   HH   I  ISPVPPS    

VSV_New_Jersey    1889   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD Q V  P   L  LF I  V T VA  IT   L    K IS AI    VIS  TIN IR           P      G         A        G  HHI QSKD L  N  GSMC   HF   T  TTDSMPG    

Chandipura_virus  1878   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD S I  P   L  LL I  V S IS  LA   K    T IT AM    MIA  TLD TK           N      L         A        Q  IDI ESQL Q  A  VLCG   NY   V  .KRDSYN    

Isfahan_virus     1878   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            KddddG KdddddddG KddddddG KG   B    B KG KG    KdG  KdG KG       Kddd  F PD  VN ET  Q  G P G  H                                        PPSD S L  P   L  LL I  V S VS  LV   K    S LS AI    LIS  TLD TK           S      L         S        Q  TDV SSGA G  S  GLLG   HF   V  LYVQEYR    

Piry_virus        1880   c cc  cc cc  c  c c c  c                                        cccc c c  c   c  cc c  c c cc  cc   c    c cc cc    ccc  ccc cc            JIIIIH JIIIIIIIH JIIIIIIH JH   C    C JH JH    JIH  JIH JH       JIII  F PD  VN ET  Q  G P G  H                                        PPSD A L  A   L  LM L  I T IS  LG   K    S IS AV    LIT  ALD IR           A      C         S        Q  LEF SGLC S  Y  SMMG   QF   T  IQTAEYA    

consensus>50 ..FiPDp.VNlETllQi.G!PtG!sH...l........lvt..i..m..!s.y..#.ir.......PPSD
    zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz                                                                  

   iiiiiiiiiiiiiiiiii  iiiiiiiiiiii     jjjjk      jjjjk     jk                                                                              X         X         X         X         X         X         X        
VSV_Indiana       1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccF DF   DEEEEF DEEEF   A  A  A DEEF DEEEEEF DF      DF        A DF DEEF           G   W S    D  L          S P R                      KD R   G AQ   IAIT I F L L         Q LAVI Q F I W AV      KQ        L     ISD I  NVG      S     MEK IP YQ C    Q       E  SVKGGY  KWSTRGDG P  T    

Morreton_virus    1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G AQ   VSFV I L L L         R LRAI T F I L TV      KL        I     ISD I  NVG      S     IEL LK YK S    R       E  RVLDGY  RWHVHGLG P  C    

Maraba_virus      1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G SQ   SAIV L F V L         Q LGAI T F I W SV      TQ        I     LSD V  NIG      S     MEN LG YK A    K       S  QTKDGF  EWRTKGNG P  C    

Cocal_virus       1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G SQ   SAIV I F L L         K LRAI E F I W VI      QQ        I     LSD E  QVG      S     IEN IP YK S    K       D  KIKDTY  IWNTFGPG P  S    

Alagoas_virus     1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G AQ   GAIV L L V L         R LKSI T F I W SV      QQ        V     LSD M  NVG      S     MEK VQ YE S    H       M  PVPNGY  IWDTYGRG S  C    

Carajas_virus     1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G IS   SAIT I F V L         S LSII R F I W KN      SQ        I     LND S  RMC      L     VEK LT YN L    Q       Y  KEKNGW  CWGANGDG P  T    

VSV_New_Jersey    1959            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G VN   SALI T F L W         T LRSI K M V W RT      SQ        I     LGD D  KMC      C     MES LN YK C    M       F  LKNEKW  KWDCKGDA P  S    

Chandipura_virus  1947            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   G LI   AALV I F I V         E EQIL R F I W LS      TT        N     LSG R  RMS      S     KYY KE NF L    S       M  HNYLFW  ...KKGFR A  V    

Isfahan_virus     1948            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccG KG   KddddG KdddG   B  B  B KddG KdddddG KG      KG        B KG KddG           G   W S    D  L          S P R                      KD R   N LI   SAIT I Y I I         A TSVI K F I W LI      SV        R     LSD R  KMA      S     AYH QQ NQ L    K       G  NHRLHW  ...SDRFH S  V    

Piry_virus        1950            c   c c    c  c          c c c                      cc c   c cc   cccc c c c c         c cccc c c c c cc      cc        c     cccH JH   JIIIIH JIIIH   C  C  C JIIH JIIIIIH JH      JH        C JH JIIH           G   W S    D  L          S P R                      KD R   G LV   SALV I I L L         R MEII N F I W VE      NT        R     IND K  HMS      C     EYN PG NA C    H       R  NQRLTW  ...YDETF S  V    

consensus>50 g.......a.vGisfW.Sl.e.D..Ly...l..i..SfP!Rw............w...g....KD.Rlsd
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

 iiiiiiiiiiiiiii         iiiiiiiii         iiii   iiiii             jk                                                                       X         X         X         X         X         X         X        
VSV_Indiana       2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc DF DEEEEF  DEF        A   A  DF       DF   A  DEEF   A   DEF DEEEF DE  A IGNWIR   L                         L        TG            D S      L          E V        F   L  QL        K   L  N  M   I   ISK  R IL LKS  P      SL   RNQVRLNP NEI FN  CRTVDNH  WSN RR    IEW NRR   E     M  

Morreton_virus    2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      L          E I        F   L  QL        K   L  Q  V   L   VSI  K IL TRS  A      AL   RNQSNQKP CER FN  CRLVDYH  WST RD    RDW TGH   N     I  

Maraba_virus      2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      L          E V        F   L  QF        K   L  R  I   L   ISS  K IL TKS  Q      AM   RNKTRQSG SET FD  CGLADHH  WRK GN    IDW NNR   I     V  

Cocal_virus       2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      L          E V        F   R  EM        S   L  S  I   L   VST  K IL VKA  N      SL   RNKVSQER STS FN  CRIVDYH  WRS .R    QNW SGR   I     I  

Alagoas_virus     2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      L          E V        F   L  SL        S   L  K  I   L   IAS  K II IKS  A      AM   RNKTSQSA DQH MN  LKLIDHH  WRE .K    KHW VGR   L     T  

Carajas_virus     2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      M          E L        F   L  RL        T   V  K  L   L   ISQ  R VA VRS  N      AM   CNKTAQMP SPK FN  AAQYDRE  WKK LA    ADL TGQ   I     N  

VSV_New_Jersey    2029   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      L          E I        F   V  AL        S   I  S  I   L   IDL  Q IL VQS  N      AW   RNGNKSEP DSM AE  PKSVDKS  WRK SK    PRL NSD   V     N  

Chandipura_virus  2014   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      M          E L        L   E  TT        K   I  Q  I   W   VAS  R LM VKN  N      CM   H..LPPGS SKD VT  CGKYIRN  YSV LQ    IDL KSR   D     E  

Isfahan_virus     2015   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc KG KddddG  KdG        B   B  KG       KG   B  KddG   B   KdG KdddG Kd  A IGNWIR   L                         L        TG            D S      L          E M        F   E  MI        N   I  R  I   L   FSI  R LM ITC  G      GM   K..LPAGM SHK VN  LSKYIRG  YHT SS    LEI KSQ   I     T  

Piry_virus        2017   c cccccc   c                         c        cc            c c      c          c c        c   c  cc        c   c  c  c   c   ccc  c cc cc JH JIIIIH  JIH        C   C  JH       JH   C  JIIH   C   JIH JIIIH JI  A IGNWIR   L                         L        TG            D S      M          Y M        L   E  SV        N   M  R  V   L   ISK  K LL IAK  N      GM   R..MRPGP NDN VD  TRKYIKG  AQH KK    FSL QKK   K     H  

consensus>50 .$A.IGNWIR.meL.rn......f.....n......d..L.w......TGi.d.l...is..D.Sil.v.
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

All rights reserved. No reuse allowed without permission. 
was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint (which. http://dx.doi.org/10.1101/792960doi: bioRxiv preprint first posted online Oct. 3, 2019; 

http://dx.doi.org/10.1101/792960


       jk                                                                                                                                    X                                                                    
VSV_Indiana       2099         c                                                             cc   cc  c                                                            EF   DF DF                                                                    W                                                             SD   EN  R                                                              LHE  S  D                                                           

Morreton_virus    2099         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             SD   EN  R                                                              VHD  S  S                                                           

Maraba_virus      2099         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             SD   EN  R                                                              LHD  S  E                                                           

Cocal_virus       2098         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             SN   EE  R                                                              PIA  S  A                                                           

Alagoas_virus     2098         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             SD   EN  R                                                              IMD  S  D                                                           

Carajas_virus     2099         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             SE   EN  Q                                                              PSN  S  D                                                           

VSV_New_Jersey    2099         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             ID   NQ  Q                                                              IVE  A  N                                                           

Chandipura_virus  2082         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             TE   SE  V                                                              FIE  H  D                                                           

Isfahan_virus     2083         c                                                             cc   cc  c                                                            dG   KG KG                                                                    W                                                             TD   SS  T                                                              NIQ  D  D                                                           

Piry_virus        2085         c                                                             cc   cc  c                                                            IH   JH JH                                                                    W                                                             SD   SE  V                                                              TIK  H  E                                                           

consensus>50 s#..een.W.d                                                           
zzzzzzzzzzz                                                           
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                 iiiiiiiiiiiiiii                                                                                                            X         X         X         X         X         X         X         
VSV_Indiana         1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c A     DEEF A  A  A  DF DF  DEEEF DF A    A         DEEF             A M             Y             E                      P Y                      KVRE L     L  AV EI  I AQR EK N    Q          S F             I  DNL.T    Y KS SR DQ  G  DE     D  S YELF EDGVEEHTK    QAADDSDTESEPE .

Morreton_virus      1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      KVRE L     L  AV EM  L AQR EK N    Q          S Y             E  DNL.A    Y KT SR DQ  Q  DD     E  T YELF EEGIDIQNH    QAAADESSDSEEE M

Maraba_virus        1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      KVKE L     L  AV EM  I SQR EK N    Q          S Y             S  DQL.S    F KT AQ DQ  Q  DD     E  T FDLF EEGLEIKEK    RAD.EEEIDSDED V

Cocal_virus         1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      KVKE M     L  AV EI  M SNR EK N    Q          S Y             E  ESL.N    H KS SK DD  Q  DD     E  T FDLF EEGIDVHAI    QNQEDDDEDGFTD .

Alagoas_virus       1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      QLKE M     L  AV EI  L SKR EK N    Q          S Y             E  NSL.D    Y KT TQ DD  H  DE     E  T FELF DEGLELKAA    GTIDDEELSDSEE L

Carajas_virus       1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      KLKE M     L  AL DA  S ESR EK N    D          S Y             E  DNL.S    Y GT TH DS  Q  NE     D  S FDLF EESKEV.AR    SAI.DEESDQEET S

VSV_New_Jersey      1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      RLKT L     L  AL DA  S ERR DK L    I          S Y             A  DSI.D    Y AT DN DS  Q  NE     E  Y QDLF EDQGD.KPT    QEEESSDSDTDYN .

Chandipura_virus    1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      QLYQ L     L  TL SI  L DDT SE S    E          S Y             E  ED..S    A KN PK QD  D  EN     K  P .... CGSPTERGI    LAEELDECEEEDS .

Isfahan_virus       1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c B     KddG B  B  B  KG KG  KdddG KG B    B         KddG             B M             Y             E                      P Y                      RLNQ L     L  TT EI  M SSL DD I    S          Q Y             D  ....S    I KD PL EA  S  ES     A  V T... NDDEIQSVS    LRDMFKASITEGP .

Piry_virus          1 c             c             c                      c c                      cccc c     c  cc cc  c ccc cc c    c          c c             c C     JIIH C  C  C  JH JH  JIIIH JH C    C         JIIH             C M             Y             E                      P Y                      AIQK L     F  TL AL  M EQT KS S    T          E F             V  SSRGR    A AN PD NQ  S  NE     E  F T..F TLSASNGSS    LGSMLKESDESES .

consensus>50 Md.......e.$k.Y..l#qa..e.#e.E..reek...dlfqee..e....PsY%......e.d.e....
      zzzzzzzzzzzzzzzzzzzzzzzzzzzzz                                                                      WWWWWWWWWWWWWWzzzzzzzzWWWWWWWWWWWW 

                                                   jjjjk  jjjjk                                                                                  X         X          X          X           X         X         X
VSV_Indiana        69                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            DF                 A DEF   DF  DEEF     DF A  A  D                                       V F     W               L  P  L                    VE                    TS    K  ELKS     TL        ....EDNQGLYVPDPE.AEQ  GFIQG.PLDDYADEEVD V   ..D  QP    DEHGK  R TL EG 

Morreton_virus     70                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    VE                    TS    K  ELES     TL        LEAYDVTEDQHKTIS..TDE  GYIAE.PSDDYADDEVN V   ..D  QP    DGNGK  R TM EG 

Maraba_virus       69                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    IE                    TS    K  ELES     TL        ....DDAQDLGIRTS..TSP  GYVDE.EQDDYEDEEVN V   ..D  QP    DGDGK  R TI DG 

Cocal_virus        69                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    VE                    TS    K  ELES     TL        .......ESAEVSSEDRKSA  GYEDE.EADDYVDDEVP V   ..N  QP    SGDGK  L TV EG 

Alagoas_virus      70                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    VE                    TS    K  ELES     SL        ...........AETPLGNPN  GYNED.ARDSSEEDDVE A   ..E  LP    DSTGK  K FI DN 

Carajas_virus      68                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    VD                    AR    S  VMES     TL        D...DPDEELNDSNA..HGA  GWDETLNENSQPDDNVS E   ..T  TP    SSEGK  H AM DG 

VSV_New_Jersey     68                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    ID                    SD    T  VMKE     SL        .......EHLTMLSP..DER  KWEEDLPELEKIDDDIP T   ...  QP    NGGEK  S FP VG 

Chandipura_virus   64                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    TV                    EA    K  IETE     KF        ....DDDDNLPTEIP..DPP  DMLEAIMEDEIDDTAYQ H   KQT  PV    GNERG  T SV QN 

Isfahan_virus      63                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            KG                 B KdG   KG  KddG     KG B  B  K                                       V F     W               L  P  L                    VE                    AE    T  TQKN     NL        ...........DDFPP.VPE  ..NDIILDDDEEYDGYK D   ARP  AL    IDGRM  E MA EN 

Piry_virus         68                                        c c     c               c  c  c                    cc                    cc    c  cccc     cc                            JH                 C JIH   JH  JIIH     JH C  C  J                                       V F     W               L  P  L                    VE                    EE    S  VQKT     VA        ....DDDESVNDDLSP.ENA  PYKGSEGEDSFGDKDET F   DLP  AM    VNGKL  E SA QG 

consensus>50 .......e............ve...e....dd..ddev.V.F.....W..p.l......k.l.L..PegL
                                                zzzzzzzzzzzzzzzzzzzzzz    WWWWWWWWWWWW WzzzzzzzzW WWWzzzzzzzzzzzzW                          

 iiiiiiiiiiiiiiiiiiii  lll jjjk    jjjk                                                                                                              X         X         X         X         X                    
VSV_Indiana       131    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   F  A  DF  DF DF DEEF  DF A A     A A  DF  DEF    DF                      Q  QW                                                              S         TI AV QSAK  NL E T     E V  EE  MTP    VT                    GE KS  LS  K  V    YW  A C FEASR G IM  RQ   DVYK  ...................

Morreton_virus    135    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              S         TI AV QSAK  NI E T     S V  KE  MTP    VT                    NE QS  LS  K  V    YW  A C LESTK G VM  RQ   DVYK  ...................

Maraba_virus      130    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              T         TI AV QSAK  NI E S     Q V  RE  MTP    VT                    GE KS  LA  K  V    YW  S C FESYE G LI  RQ   DVYK  ...................

Cocal_virus       129    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              T         TI AL QSAK  NI E T     Q I  KE  MTP    GT                    TE RT  NA  K  V    YW  A C VEDID G MM  RQ   DVYK  ...................

Alagoas_virus     126    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              T         TI AL QSAR  NI E S     Q I  KE  MTP    VT                    QE KS  IA  E  V    YW  A C VEKTS G TL  RQ   DVYK  ...................

Carajas_virus     131    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              N         TV AL ESAK  NL E R     E V  KE  MTP    VT                    PD VA  LQ  K  F    YW  S C MEVLL G LI  RQ   DLQK  ...................

VSV_New_Jersey    126    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              T         TI AV ESSK  NL E Q     N L  KG  MTP    SI                    KV TD  MK  E  C    YW  S C IMNSG C IL  RV   DCSS  ...................

Chandipura_virus  128    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              S         GI AL ERLG  RL Q S     D I  TV  ETP    AS                    AL LL  ET  H  A    GC  L I TRGTR G EF  R.   CVSP  DPI................

Isfahan_virus     119    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   G  B  KG  KG KG KddG  KG B B     B B  KG  KdG    KG                      Q  QW                                                              T         SV SI TISR  RL Q E     S L  IE  MIP    TS                    DA YK  VE  S  M    QI  H A IMDTS G LI  N.   SIGR  .....EFKSI.........

Piry_virus        133    c  cc                                                              c         cc cc cccc  cc c c     c c  cc  ccc    cc                   H  C  JH  JH JH JIIH  JH C C     C C  JH  JIH    JH                      Q  QW                                                              T         SV AL DLSK  RL S K     S L  TE  MSS    TA                    PK LS  TD  L  M    NI  S A IDYLA G KI  H.   CFSS  PPLLKEFQPVTLSHRDTSP

consensus>50 ...Q..QW..t!.a..qs.kywn..ec..e...qgv...er.mtpdv.......................
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz                              

                                                               jjjjjk                                                                                                        X                       X           X
VSV_Indiana       182                           c  c                      cc   c    c  c   c                          A  A                      DF   A    A  A   D                          V  T                      SD   L    T  T   K.........................P MN HPSQSE..............AV  VWS SK.. SM FQP 

Morreton_virus    186                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          V  N                      TD   L    V  S   R.........................P LN PSSIEE..............TP  VWS CQ.. SV FTP 

Maraba_virus      181                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          V  A                      QD   L    T  T   K.........................P LN PPVQMT..............AN  VWS SS.. PF FLP 

Cocal_virus       180                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          V  A                      SD   L    K  T   R.........................P KA PPSSPE..............AP  VWA CG.. TK FPA 

Alagoas_virus     177                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          S  A                      QD   L    K  T   K.........................P PN PEPADH..............LN  VWT SR.. TQ FLA 

Carajas_virus     182                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          K  N                      MD   A    Q  T   K.........................P PN PPPESM........PCDPLPPA  VWE AS.. VY LEP 

VSV_New_Jersey    177                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          S  S                      TS   L    T  Q   K.........................K QN MQSSESLSSSHSPGPAPKVTES  LWD KS.. EV LIS 

Chandipura_virus  181                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          S  Q                      AN   M    K  I   I...PST..........SRSSSIASNV TR TESPGS..KSNTSLGIPE..AP  LID GAID EF LAA 

Isfahan_virus     174                           c  c                      cc   c    c  c   c                          B  B                      KG   B    B  B   K                          S  R                      SD   M    K  R   V..........PEHIPPSPTSDHTTPP SL SDTPSQ..TSSSSMGLPDVSSA  WSG IN.. KI IPP 

Piry_virus        202                           c  c                      cc   c    c  c   c                          C  C                      JH   C    C  C   J                          S  T                      KD   I    R  S   LERGPSSRPSRPTVMPPARTLILENTP TP PESTSS..ASGSPLNLPEIKPP  WAS AI.. EF LNP 

consensus>50 .........................p...........................d.w.l............
                                                    zzzzzzzz  zzzzzzzz

      jjjk lll   iiiiiiii       iiiiiiiiiii  iiiiiiijk                                                                                               X         X         X         X         X                    
VSV_Indiana       211           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               F        DF  DF A  DEEF       A A DF DEEF A DEEEEEEEF A                         L                           GL      N  R                    K        S   LF S  EFIS       S K AI L  R K LY QA VKY L                ASLQPLTI  DE  S RG    VGGNGRM H E  L    Y K         S .....          

Morreton_virus    215           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    K        S   LF S  EFIS       S K AI L  R K LY QA VKY L                SGIQPFVI  EE  N RA    VGGNGKM H E  L    Y K         N G....          

Maraba_virus      210           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    K        S   LF T  EFIS       S R AI L  R K LY QA LKY L                QGVTPLTM  EE  N RG    LGGNGKM H E  I    H K         N A....          

Cocal_virus       209           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    K        T   LF S  EFIS       S K AI L  R K LY QA VKY L                AGVTPLVV  EE  S RG    VGGHGKM L E  I    H R         N V....          

Alagoas_virus     206           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    K        S   LF S  EFIS       T K AI L  R K LY QA VKY L                SGVSPLTI  EE  S RG    VGGHGLM H D  L    H R         H .....          

Carajas_virus     217           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    R        K   LF S  EFLS       S K AI L  R K LY QA LKY L                ANLAPMDV  KD  S RA    VGGSPQM W E  I    Y K         S .....          

VSV_New_Jersey    220           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    R        K   FF S  EYYS       D M AI M  K K LF QA MKY L                AGVKDMMV  TD  R ED    VCPEGAP L G  I    H K         R .....          

Chandipura_virus  234           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    S        T   LF S  SFEQ       S K LV A  K K IY RI IRC L                PSDPPYKN  RN  G GD    YNQTGIY L E  I    R G         H EPQFN          

Isfahan_virus     230           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               G        KG  KG B  KddG       B B KG KddG B KdddddddG B                         L                           GL      N  R                    V        T   LY S  AALD       D R AV S  K R IY RI IQY I                SSKSPYEF  SD  G NQ    YLSGSGM L T  C    Q G         K TPEFV          

Piry_virus        268           c                           cc      c  c                    c        c   cc c  cccc       c c cc c  c c cc cc ccc c               H        JH  JH C  JIIH       C C JH JIIH C JIIIIIIIH C                         L                           GL      N  R                    S        T   LF S  SALQ       S K ML A  R K IF KI IKY L                GDGPQYKG  AR  G LE    YANGGNP T D  I    R G         F DPIYD          

consensus>50 .....p....L.el%.s..ef.s....g.ms.keai.lGLr.k.l%NqaRvky.l.....          
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz               
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