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ABSTRACT 

Replication and transcription of genomes in the human pathogenic viruses, viz. Marburg, Ebola and Nipah are 
accomplished by a virally encoded RNA-dependent RNA polymerase (RdRp). The enzyme performs this dual function 
with a polymerase cofactor, VP35, in Marburg and Ebola viruses and a phosphoprotein, P, in Nipah and its related 
viruses. As RdRp is indispensable for the viral lifecycle, it is one of the most attractive molecular targets for the 
development of broad-spectrum antiviral therapeutics to control the spread of these viruses. However, until now, little 
is known about the RdRp of these viruses, especially with respect to their active sites, polymerase catalytic centre and 
its catalytic mechanism, which are considered the most promising molecular targets for drug development initiatives. 
In this study, multiple sequence alignment (MSA) was integrated with structural information from X-ray 
crystallography, cryo-electron microscopy (cryo-EM) and site-directed mutagenesis (SDM) studies to identify the 
putative catalytic and metal-binding sites of the RdRp from Marburg, Ebola and Nipah viruses. MSA analysis suggests 
that the RdRp from these viruses uses an -LA/VG- as the template-binding pair, an invariant K, as the proton abstractor 
which initiates the catalysis and an invariant R at -4 from the catalytic K, as the nucleotide discriminator, all of which 
are highly or completely conserved.  Besides, the Marburg and Ebola viruses contain an additional second putative 
polymerase catalytic core within the N-terminal domain (NTD), which is absent in the Nipah virus polymerase. The 
identified catalytic residues exhibit strong structural similarity to the conserved polymerase catalytic site architectures 
already reported in numerous RNA- and DNA-dependent polymerases, supporting a common catalytic framework. The 
catalytic magnesium-binding sites are also completely conserved among these viruses and consist of two invariant 
aspartate-containing motifs, -GDN- and -TDL-. This arrangement differs slightly from that what is reported for several 
other non-segmented negative-sense RNA viruses, including influenza, rabies, mumps and measles, which typically use 
-GDN- and -G/SDD- motifs for catalytic magnesium-binding. Furthermore, the RdRp domains of all three viruses contain
two putative zinc-binding motifs (ZBMs), suggesting an important structural role in polymerase stability and function.
Interestingly, the RdRp of Marburg and Ebola viruses, members of the Filoviridae family, possess an additional putative
HNH-endonuclease motif(s) that is absent in the Nipah virus polymerase, a member of the Paramyxoviridae family.
Collectively, these findings reveal conserved structural and catalytic features of the polymerases from these bat-borne
human pathogens, and provide new insights into their evolutionary relationships, and also identify potential molecular
targets for rational antiviral drug design.
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1 INTRODUCTION 

Viruses are ubiquitous in nature and infect organisms across all kingdoms of life. Based on their genetic material, they 
are broadly classified as RNA and DNA viruses. Both groups cause severe infectious viral diseases of both endemic and 
pandemic proportions, highlighting the need for a deeper understanding of their pathogenic mechanisms and 
replication strategies in their respective host cells in order to develop effective antiviral therapeutics [1]. However, the 
majority of emerging and reemerging human and animal diseases of endemic and pandemic potential are caused by the 
RNA viruses such as SARS-CoVs, Marburg, Ebola, Nipah, Rabies, etc.  [2]. For example, the ongoing Ebola outbreak, 
caused by the Ebola (Bundibugyo strain) in the Democratic Republic of the Congo, for which no licensed vaccine or 
approved specific therapeutic is currently available, has resulted in 2378 deaths and about 5000 confirmed cases as of 
19th August 2026 [Reuters]. The DNA and RNA polymerases which involve in the replication of their genomes are 
collectively referred to as DNA and RNA replicases, respectively. Their primary function is to ensure accurate replication 
of their respective genomes so that genetic information is faithfully transmitted to the next generation. Analyses of the 
active sites of hundreds of DNA and RNA polymerases from viruses to humans, have revealed a remarkable degree of 
structural and functional conservation. It is interesting to note that in spite of their evolutionary diversity, almost all 
these DNA/RNA polymerases adopt the same overall 3D structure with a characteristic cupped ‘right hand’ architecture 
comprising three conserved subdomains, viz. palm, fingers, and thumb, suggesting the chemical basis for designing the 
active sites using the same or functionally similar amino acids to perform the polymerization reactions in all organisms.  
Each of these subdomains performs a distinct, yet highly coordinated function during template recognition, nucleotide 
selection, and catalysis during the polymerization process in all organisms [3, 4]. Genome replication by DNA and RNA 
polymerases is generally associated with two fundamental functions: sequential addition of nucleotides on a template 
following Watson-Crick base pairing and proofreading; the latter ensures replication fidelity by removing 
misincorporated nucleotides [3-7]. The RdRp of these highly pathogenic bat-borne human viruses is unique in that the 
single enzyme performs dual function, that is, it replicates the viral genome and also transcribes the viral genes and 
thus, making the enzyme central to the viral lifecycle. Its indispensable role in viral transcription and replication make 
the enzyme as one of the highly attractive targets for the development of broad-spectrum antiviral drugs. 

All three bat-borne viruses possess a negative-strand RNA genome. The negative-strand RNA viruses are broadly 
classified into segmented and non-segmented viruses. Examples of families of non-segmented, negative-strand RNA 
viruses (nsNSVs) with a single-stranded RNA genome belong to the order Mononegavirales and include the following 
families: Filoviridae (e.g., Marburg virus (MARV) and Ebola virus (EBOV), Paramyxoviridae (e.g., Nipah virus), 
Pneumoviridae (e.g., respiratory syncytial virus), Rhabdoviridae (e.g., rabies virus), Bornaviridae (e.g., Borna viral 
diseases, Nyamiviridae (e.g., nyaviruses that infect birds and reptiles), Mymonaviridae (e.g., mycoviruses that infect 
fungi), etc. The order Mononegavirales includes many of the important human pathogenic viruses, such as rabies 
(RABV), MARV, EBOV, Nipah (NiV), measles (MeV), mumps (MuV), etc.  The MARV and EBOV are enveloped, bat-borne 
nsNSVs, capable of causing severe human diseases with potentially fatal outcomes.  They cause filovirus disease 
characterized by severe haemorrhagic fever with up to 90% fatalities [8]. However, the other bat-borne virus, the Nipah 
virus, is also enveloped nsNSV from the Henipavirus genus, and causes lethal encephalitis with a mortality rate of 
approximately 90%. (However, the SARS-CoVs, MERS-CoV and other human CoVs are also enveloped viruses and 
possess a non-segmented, but positive-strand RNA genome). The classification of these bat-borne viruses, their natural 
reservoir(s) and their intermediary hosts are discussed in the previous publication by the author [7].   

The MARV and EBOV which belong to the Filoviridae family, consists of two genera: EBOV with five distinct species, 
including the Zaire Ebolavirus (EBOV) and the Marburgvirus (MARV) with a single species. The RNA genomes of EBOV 
and MARV are approximately 19 kb in length and encode seven structural proteins (Fig. 1).  The proofreading (PR) 
function in these three bat-borne viruses was found to be associated with the PRNTase domain and a detailed analysis 
of the PR domain has already been reported [7]. In this communication, a structural and functional analysis of the 
replicase/transcriptase systems of these bat-borne human pathogenic viruses is reported.  

1.1 Genome organization of Marburg, Ebola and Nipah Viruses 

As mentioned above, the MARV and EBOV genomes are approximately 19 kb in size and encode seven viral proteins in 
tandem. They include: nucleoprotein (N) and other viral proteins such as VP35, VP40, glycoprotein (GP), VP30, VP24, 
and a large protein (L) (Fig. 1A) [9, 10]. They produce monocistronic mRNAs, corresponding to each of the viral genes 
with the ‘gene-start (GS) and gene-end (GE)’ signals on the viral RNA. 



World Journal of Advanced Research and Reviews, 2026, 31(02), 1171–1190 

1173 

 

Figure 1A: Schematic diagram showing the organization of viral genes in EBOV and MARV genomes (~19 kb);     
(Zaire EBOV-18,957 nts; Lake Victoria MARV-19,111 nts). , intergenic regions (IRs) 

Ebola and Marburg viral genes are arranged in a linear order (3ꞌ -NP-VP35-VP40-GP-VP30-VP24-L-5 ꞌ) (Fig. 1A). The 
genes are flanked by conserved GS and GE signals that either overlap or are separated by short IRs, generating each 
mRNA with a 5’-cap and 3’-polyadenylated tail. However, during replication the polymerase synthesizes a full-length 
complementary antigenome as an intermediate for genomic RNA production regardless of the transcriptional signals. 
The cofactor VP35 is a multifunctional protein which is not only required for suppression of the host’s innate immune 
response, but also cooperates with the L protein to perform viral genome replication and mRNA transcription [10, 11]. 
NP, VP35, and L, were found to be essential and sufficient for replication. In contrast to MARV, the EBOV-specific 
transcription is dependent on the presence of a fourth nucleocapsid protein, VP30 [12]. Located at the ends of the 
genomes are the 3ꞌ leader (Le(−)) and the 5ꞌ trailer (Tr(−) [10]. 

On the other hand, the NiV genome consists of six transcriptional units, encoding Nucleoprotein (N), Phosphoprotein 
(P), Matrix protein (M), Fusion protein (F), Glycoprotein (G), and the large protein (L). These genes are transcribed in a 
sequentially attenuated order with the consensus ‘gene-start (GS) and gene-end (GE)’ sequences generating each mRNA 
with a 5’-cap and 3’-polyadenylated tail similar to MARV and EBOV [13]. Located at the ends of the NiV genome are the 
3ꞌ leader (Le(−)) and the 5ꞌ trailer (Tr(−) as in MARV and EBOV genomes. However, during replication, the polymerase 
synthesizes a full-length complementary antigenome as an intermediate for viral genomic RNA production regardless 
of the transcriptional signal sequences as in MARV and EBOV. It is interesting to note that the ‘P’ ORF also encodes 
three more non-structural proteins, viz. C, V and W, which play key roles in NiV’s pathogenicity [14] (Fig 1B). 

 

Figure 1B: Schematic diagram showing the organization of the genes in the NiV genome (~18 kb; 18, 246 nts). 

The RNA of the P gene is edited to generate the V and W proteins, when additional guanines are inserted at the RNA editing site due 
to the stuttering of the RNA polymerase during transcription. Thus, the P, V, and W proteins share a common N-terminal domain, but 
each has a unique C-terminal domain. On the other hand, the C protein is encoded in an alternative reading frame of the P gene [15]. 

1.2 Organization of the L protein in Marburg, Ebola and Nipah Viruses 

The L protein is extensively studied and has a molecular mass of ~250 kDa, and consists of at least seven discernible 
domains, viz. a N-terminal domain (NTD), an RdRp domain, a Guanosine diphosphate Polyribonucleotidyl Transferase 
(PRNTase) domain, a Polymerase proofreading exonuclease (PR Exo) domain, a Connector domain (CD), a 
Methyltransferase (MTase) domain, and a C-terminal domain (CTD). These enzymes and domains are organized 
contiguously on the L protein as shown in Fig. 2. In MARV, EBOV and NiV, both transcription and replication are mainly 
accomplished by the same enzyme, i.e., by an RdRp, (EC 2.7.7.48).  Other enzymes and functional domains of the L 
protein also play a key role in the transcription and replication. For example, the PRNTase performs capping of the 
mRNAs and the MTase is a bifunctional enzyme and exhibits dual specificity, i.e., it methylates the ribose at 2′-O position 
on the first nucleotide of the transcript and then methylates the capped 5’-guanylate at N-7 position. The CD and the 
CTD, both with nonenzymatic functions, flank the MTase.  It is found that the PRNTase domain also harbours the 
proofreading 3’→5’exonuclease function [7]. In MARV and EBOV, the VP35 acts as a non-catalytic cofactor for the RdRp 
whereas a phosphoprotein, P acts as a non-catalytic cofactor for the RdRp of NiV. Interestingly, all these essential 
enzymes are considered for the development of potential antiviral drugs for effective control of these viruses, which is 
further elaborated in the following sections. 

The replication and transcription of viral genomes are mediated by a polymerase complex consisting of two proteins: L 
and its cofactor VP35/P [16,17]. The polymerase cofactor VP35 acts as a trimer in MARV and EBOV RdRps, and the 
cofactor P (~80 kDa), a phosphoprotein, acts as a tetramer in NiV RdRp [18]. The entire NTD, up to amino acid ~380 is 
required for strong VP35–L/ P-L binding.  

 

of the viral genes with the gene-start (GS) and gene-end (GE) signals on the viral RNA. 
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Figure 1A Schematic diagram showing the organization of genes in EBOV and MARV  

in NiV’s pathogenicity [Uchida et al 2018 [14] (Fig 1B). 
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Figure 1B Schematic diagram showing the organization the genes in the NiV genome 
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Figure 2: Organization of the enzymes and domains of the L protein in Marburg (2331), Ebola (2212) and Nipah 
(2244) viruses. 

In the first phase of their lifecycle, the viruses enter the host cell via receptor binding and membrane fusion (Both MARV 
and EBOV share an essential intracellular endosomal receptor called Niemann-Pick C1 (NPC1), and in NiV, the G protein 
binds to the cell-surface receptor, viz. ephrin-B2 or -B3). The viral ribonucleoprotein complex, (consisting of the 
genomic RNA encapsidated by the nucleoprotein), is released into the cytoplasm of the host cells. After uncoating, the 
viral RNA acts as a template for synthesis of viral mRNAs, which is followed by protein synthesis using the protein 
synthetic machinery of the host cells.  In nsNS RNA viruses, the RNA genome is encapsulated by NP and further forms a 
ribonucleoprotein (RNP) complex with L protein and its RdRp cofactor VP35/P (and additionally with the VP30 in 
EBOV). In the transcription mode, the polymerase initiates at the 3′ genome promoter and produces capped, methylated, 
and polyadenylated monocistronic mRNAs by recognizing ‘gene-start’ and ‘gene-end’ signals that flank each gene. In 
replication mode, the same enzyme bypasses the regulatory signals to synthesize a full-length (+) strand antigenome 
which serves as the template for the synthesis of new (−) sense strand viral genomic RNAs. Assembly of viral particles 
begins with the formation of RNPs which accumulate in the perinuclear region and are transported by the microtubules 
to the budding sites on the plasma membrane. 

The mode of replication and transcription is very similar for these viruses. For example, the transcription and 
replication are accomplished by the promoter at the 3’-leader region of the genome and antigenome. (It is interesting 
to note that the nsNS RNA genomes possess complementary nucleotides at their 3’- and 5’-terminals. And because of 
this complementarity, the promoters at the genome and the antigenome are almost identical to each other. Therefore, 
the transcription and replication start from the same promoter element at the 3’-leader of the genomic and the 
antigenomic RNAs). RNA synthesis by multiprotein complexes of EBOV, human influenza B, RSV and monomeric 
enzymes of hepatitis C and Zika viruses require a 5'-phosphorylated primer with a minimum primer length between 
two and three nucleotides. During the replication mode, the RdRp with NP, VP35/P bound to the viral RNA becomes 
super processive, and ignores the regulatory sequences and replicates the entire viral genome without any pause. Thus, 
the viral RNA replication is a two-step process, i.e., in the first step, a full-length copy of the genome with positive 
polarity is synthesized, which is also known as the antigenomic RNA. The antigenomic RNA, that is the plus-strand 
intermediate RNA, is concurrently encapsidated by the viral nucleocapsid protein N. The encapsidated antigenome now 
serves as a template for the synthesis of viral genomic RNA, i.e., the negative-strand RNA [7]. It has been shown that the 
replication and transcription of viral genomes are mediated by a polymerase complex essentially consisting of two 
proteins: L protein and its cofactor VP35 in MARV and EBOV which is analogous to the P protein of other nsNSVs [17,18].  

1.3 The viral RdRp as a potential drug target in Marburg, Ebola and Nipah viruses 

Consistent with their shared genome structure, the nsNS RNA viruses have evolved similar ways to transcribe their 
genomes into mRNAs and then to replicate to produce new genomes. A single viral RdRp (of the L protein) performs 
both functions. The transcribed viral mRNAs are then capped, methylated by the other two enzymes (PRNTase and 
MTase) of the L protein. The poly-A tails are added to the mRNAs at their 3’-ends by a stuttering mechanism at a slippery 
stop-site present at the end of the viral genes. The capped and tailed mRNAs are then translated into viral proteins in 
the cytoplasm using the host cell machinery. In the transcription mode, the polymerase performs the sequential 
transcription of all the mRNAs using a ‘termination-reinitiation’ mechanism that responds to ‘GS and GE’ signals. Some 
polymerases could also disengage from the template at each gene junction, resulting in decreasing abundance of 
transcripts from the 3' to the 5' end of the genome. Once enough nucleocapsid proteins (N) are made from its mRNA, 
the viral RNA is now tightly encapsidated by the N and thus, the RdRp switches from transcription to the replication 
mode, which is tightly linked to the intracellular concentrations of N. As discussed elsewhere, in the replication mode, 
the polymerase replicates the entire viral genome without recognizing the transcription signals, and the replicated 
genome is not capped or polyadenylated. Thus, the RdRp of these RNA viruses plays a dual role, first as a transcriptase 
and then as a replicase (except in retroviruses) in animal and human cells. Therefore, RdRp from these viruses has been 
the main target for antiviral drug development to control their proliferation in animal and human cells.  

2 MATERIALS AND METHODS 

 Full-length L protein sequences from the MARV, EBOV and NiV were obtained from the PubMed and Swiss-Prot 
databases. The advanced version of Clustal Omega was used for MSA analysis [19, 20]. The conserved motifs and 
sequence similarities identified by the bioinformatics analysis are integrated with the data already available from 
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        P    NTD      RdRp            PRNTase/PR-exo           CD              MTase     CTD   

          1                                                                                                                           2331 

Figure 2 Schematic organization of different domains of the L-protein in 

Marburg (2331), Ebola (2212) and Nipah (2244) viruses. 
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biochemical, SDM, cryo-EM, and X-ray crystallographic analyses on these enzymes to arrive at the potential polymerase 
active site amino acids in the RdRps of the MARV, EBOV and NiV. 

3 RESULTS AND DISCUSSION 

Figure 3 shows a part of the NTD and RdRp domains in the L protein of different strains of the MARV (only the region 
required for the discussion is shown here). The MARV (MARV/Mus) is a highly virulent variant of the MARV which was 
identified from a human case in 1980 in Kenya and is used as the standard strain and is highlighted in yellow. Besides, 
Musoke is a cornerstone strain for understanding filovirus infections in general, which is characterized by a severe, 
often fatal, haemorrhagic fever and multi-organ failure in humans and non-human primates [21]. The tentative region 
that harbours the RdRp domain is shown by arrows. The region is highly conserved with a large number of conserved 
peptides from the N-terminal to the end of the RdRp domain. The NTD harbours a putative -DH- type HNH-endonuclease 
motif except in Dianlovirus menglaense L protein (highlighted in magenta).  Interestingly, a complete set of putative 
conserved amino acid residues constituting the polymerase catalytic core was identified by sequence similarity within 
the RdRp domain and is highlighted in yellow. This catalytic core identification is strongly supported by the data from 
RNA/DNA polymerases from viruses to humans (Table 1). Interestingly, all the strains of the MARV use the same 
completely conserved catalytic core, viz.- 561NIGR-4TFGK568LPYRVRNVQTLAEALLADGLAK- as shown in Fig. 3. In most 
of the RNA/DNA polymerases the template-binding pair is -Y/F/V/LG-. However, an -LA- pair is identified here by 
sequence similarity and distance conservations. The metal-binding motifs, viz. -634TDL- and -744GDNQ- are completely 
conserved in all. These data are further confirmed by the cryo-EM map of the MARV polymerase [16]. The invariant Ds 
in these motifs are implicated in the catalytic Mg2+-binding. (Interestingly, a tripeptide tandem repeat is observed within 
the polymerase catalytic core (marked by arrows) (Table 1). The NTD of the MARV also harbours a putative polymerase 
catalytic core region (highlighted in yellow).  Additionally, a completely conserved -FDD -motif (highlighted in light 
green) is also found in the RdRp of all strains (Fig. 3). Other interesting features of the MARV RdRp are the presence of 
a putative -HH- type HNH-endonuclease motif (highlighted in magenta) and two putative Zinc-binding motifs (ZBMs) 
(highlighted in orange) [22]. The HNH-endonuclease motif and its relevance are discussed elsewhere.  

CLUSTAL O (1.2.4) MSA of the NTD and RdRp domains from different strains of MARV and from various regions. 

                        

 

 

 

 

 

                                            NTD                     HNH  

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      AFLSNCSVLTLPFSSIWETLLNQFKIHSKNYNDVLNYLKIDEATSYANWDQEFLQSYLKT 120 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      TFLQNCSILTVPFHSIWDHIITSIQHDAINHINDFKYLLPSELIKYANWDNEFLRVFLNK 119 

sp|Q1PDC4|L_MABVR                   TFLQNCSILTVPFHSIWDHIITSIQHDAINHINDFKYLLPSELIKYANWDNEFLRVFLNK 119 

tr|Q1PDA3|Q1PDA3_9MONO              TFLQNCSILTVPFHSIWDHIITSIQHDAINHINDFKYLLPSELIKYANWDNEFLRVFLNK 119 

sp|Q6UY63|L_MABVO                   TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVKYANWDNEFLKTYLNK 119 

sp|P31352|L_MABVM                   TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVKYANWDNEFLKAYLNK 119 

tr|Q1PD47|Q1PD47_MABVA              TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVKYANWDNEFLKAYLNK 119 

sp|P35262|L_MABVP                   TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVKYANWDNEFLKAYLNK 119 

tr|G9HWE8|G9HWE8_9MONO              TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVKYANWDNEFLKAYLNK 119 

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

 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      AISDPDYLNSPKFPTDPDFAKRNNEYYHALILVHHLTQLARRVKSQRGSTRNHWELTSDN 180 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      ILRLDHAFTNSAKLQCEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGVD 179 

sp|Q1PDC4|L_MABVR                   ILRLDHAFTNSAKLQCEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGVD 179 

tr|Q1PDA3|Q1PDA3_9MONO              ILRLDHAFTNSAKLQREDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGVD 179 

sp|Q6UY63|L_MABVO                   ILRLDHVFPASARSQCEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGTD 179 

sp|P31352|L_MABVM                   ILGLDHVFSASARSQCEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGTD 179 

tr|Q1PD47|Q1PD47_MABVA              ILGLNHVFPTSARSQCEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGTD 179 

sp|P35262|L_MABVP                   ILGLDHVFPASARSQWEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGTD 179 

tr|G9HWE8|G9HWE8_9MONO              ILGLDHVFPASARSQCEDFSPKENPYYWGMLLLVHLSQLARRIKGQRGSLRSNWKFIGTD 179 

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

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      FSLFGIGDFFLVKIKLPLLLKAYKSLQDAIPNLRLWYGEQNLLEYYQTDEYLVSFASYES 240 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      LELFGIADFVIFKVPIKAIIRNATSLQASKPGLKTWYRDQNLTPYLCDDEFVVSIASYEC 239 

sp|Q1PDC4|L_MABVR                   LELFGIADFVIFKVPIKAIIRNATSLQASKPGLKTWYRDQNLTPYLCDDEFVVSIASYEC 239 

tr|Q1PDA3|Q1PDA3_9MONO              LELFGIADFVIFKVPLKAIIRNATSLQASKPGLKTWYRDQNLTPYLCDDEFVVSIASYEC 239 

sp|Q6UY63|L_MABVO                   LELFGIADFIIFKVPVKTIIRNAVSLQASKPGLRVWYRDQNLTPYLCDDEFIVSVASYEC 239 

sp|P31352|L_MABVM                   LELFGIADFVIFKVPVKTIIRNAVSLQASKPGLRIWYRDQNLTPYLCDDEFIVSVASYEC 239 

tr|Q1PD47|Q1PD47_MABVA              LELFGIADFVIFKVPVKTIIRNAVSLQASKPGLRVWYRDQNLTPYLCDDEFIVSVASYEC 239 

sp|P35262|L_MABVP                   LELFGIADFIIFKVPVKTIIRNAVSLQASKPGLRVWYRDQNLTPYLCDDEFIVSVASYEC 239 

tr|G9HWE8|G9HWE8_9MONO              LELFGIADFIIFKVPVKTIIRNAVSLQASKPGLRVWYRDQNLTPYLCDDEFIVSVASYEC 239 

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

 

 

                                              NTD               RdRp 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      QARYTPQQYCELFSLQKHWGH PCLHNDTALKKVRQHATSVKILKPKILFETFCTFKFIIA 420 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      QAKLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQSTKILKPKVMFETFCVFKFIVA 419 

sp|Q1PDC4|L_MABVR                   QAKLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQSTKILKPKVMFETFCVFKFIVA 419 

tr|Q1PDA3|Q1PDA3_9MONO              QAKLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQSTKILKPKVMFETFCVFKFIVA 419 

sp|Q6UY63|L_MABVO                   QARLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQATKILKPKVMFETFCVFKFIVA 419 

sp|P31352|L_MABVM                   QAKLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQSTKILKPKVMFETFCVFKFIVA 419 

tr|Q1PD47|Q1PD47_MABVA              QAKLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQSTKILKPKVMFETFCVFKFIVA 419 

sp|P35262|L_MABVP                   QGKLTPQQYCELFSLQKHWGH PVLYIDVALDKVKKHAQSVKILKPKVMFETFCVFKFIVA 419 

tr|G9HWE8|G9HWE8_9MONO              QAKLTPQQYCELFSLQKHWGH PVLYNDVALDKVKKHAQSVKILKPKVMFETFCVFKFIVA 419 

                                    *.: ***************** * *: *.**.**::** :.******::*****.****:* 
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Figure 3: MSA of the NTD and RdRp domains from different strains of MARV and from various origins 

Figure 4 shows a part of the NTD and RdRp domains from different strains of EBOV and from different geographical 
regions. EBOV (Zaire) is used as the standard and highlighted in yellow (only the region required for the discussion is 
shown here). The tentative region that harbours the RdRp domain is shown by arrow marks. The NTD is not highly 
conserved except for a region at the very beginning of the domain which shows a putative ZBM and a putative 
polymerase (Pol2) active site core (highlighted in yellow). However, the RdRp domain shows a large number of highly 
conserved peptides. Interestingly, a complete set of conserved polymerase catalytic core (Pol1) active site amino acids 
are identified in this region (highlighted in yellow). These identified catalytic core active site amino acids are in close 
agreement with a large number of RNA/DNA polymerases from viruses to humans (Table 1). Interestingly, all the strains 
of the EBOV use the same completely conserved amino acids in the catalytic core, viz.- 558NVGR-

4TFGK565LPYPTRNVQTLCEALLADGLAKAFP- as shown in Fig. 4. In most of the RNA/DNA polymerases the template-

A0A3Q8U7G4_9MONO RNA-directed RNA polymerase L, Dianlovirus menglaense 
A0A0U2VU68_9MONO RNA-directed RNA polymerase L, Orthomarburgvirus marburgense 

Q1PDC4|L_MABVR RNA-directed RNA polymerase L, Lake Victoria Marburgvirus (strain Ravn-87) 

Q1PDA3_9MONO RNA-directed RNA polymerase L, Lake Victoria Marburgvirus - DRC1999 

Q6UY63|L_MABVO RNA-directed RNA polymerase L, Lake Victoria Marburgvirus, (strain Ozolin-75) 

P31352|L_MABVM RNA-directed RNA polymerase L, Lake Victoria Marburgvirus (strain Musoke) 

Q1PD47_MABVA RNA-directed RNA polymerase L, Lake Victoria Marburgvirus (strain Angola 2005) 

P35262|L_MABVP RNA-directed RNA polymerase L, Lake Victoria Marburgvirus (strain Popp-67) 

G9HWE8_9MONO RNA-directed RNA polymerase L, Lake Victoria Marburgvirus – Leiden 

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

 

 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      RMEYLDDANRNFSFSLKEKELNVGRTFGKLVYSVRNVQTLCESLLADGLAKAFPSNMMVV 600 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

sp|Q1PDC4|L_MABVR                   KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

tr|Q1PDA3|Q1PDA3_9MONO              KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

sp|Q6UY63|L_MABVO                   KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

sp|P31352|L_MABVM                   KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

tr|Q1PD47|Q1PD47_MABVA              KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

sp|P35262|L_MABVP                   KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

tr|G9HWE8|G9HWE8_9MONO              KLEYLAPSYRNFSFSLKEKELNIGRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVV 599 

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

                                                                      HNH                    ZBM 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      TEREQKESLLHQASWHRNSASIGDNAIVRGASFVTDLEKYNLAFRYEFTKPFIDYCNQCY 660 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

sp|Q1PDC4|L_MABVR                   TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

tr|Q1PDA3|Q1PDA3_9MONO              TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

sp|Q6UY63|L_MABVO                   TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFINYCNRCY 659 

sp|P31352|L_MABVM                   TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

tr|Q1PD47|Q1PD47_MABVA              TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

sp|P35262|L_MABVP                   TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

tr|G9HWE8|G9HWE8_9MONO              TEREQKEALLHQASWHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCY 659 

                                    *******:********:******:*************************: **:***:** 

 

                                            ZBM 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      GVKNLFDWMHFLIPLCYMHVSDYYSPPYGLNAENRERPPECENGYYYHLGGIEGFQQKLW 720 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTENNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

sp|Q1PDC4|L_MABVR                   GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTENNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

tr|Q1PDA3|Q1PDA3_9MONO              GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTENNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

sp|Q6UY63|L_MABVO                   GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTEDNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

sp|P31352|L_MABVM                   GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTEDNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

tr|Q1PD47|Q1PD47_MABVA              GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTEDNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

sp|P35262|L_MABVP                   GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTEDNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

tr|G9HWE8|G9HWE8_9MONO              GVKNLFDWMHFLIPLCYMHVSDFYSPPHCVTEDNRNNPPDCANAYHYHLGGIEGLQQKLW 719 

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

                                                 ZBM 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      TCISCAQITLVELRTRLKLKSCVMGDNQCITTLSLFQMDTTPENQEKIAELNAARVAVEL 780 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVEL 779 

sp|Q1PDC4|L_MABVR                   TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVEL 779 

tr|Q1PDA3|Q1PDA3_9MONO              TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVEL 779 

sp|Q6UY63|L_MABVO                   TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVEL 779 

sp|P31352|L_MABVM                   TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVEL 779 

tr|Q1PD47|Q1PD47_MABVA              TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPVDAPNDYQENEAELNAARVAVEL 779 

sp|P35262|L_MABVP                   TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPDDYQENEAELNAARVAVEL 779 

tr|G9HWE8|G9HWE8_9MONO              TCISCAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPDDYQENEAELNAARVAVEL 779 

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

 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      ANITGFSGIFLKPEETFVHSGFIYFGKKQYLNGIQLPQSLKTMARCGPLSDSIFDDLQGS 840 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

sp|Q1PDC4|L_MABVR                   AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

tr|Q1PDA3|Q1PDA3_9MONO              AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

sp|Q6UY63|L_MABVO                   AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

sp|P31352|L_MABVM                   AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

tr|Q1PD47|Q1PD47_MABVA              AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

sp|P35262|L_MABVP                   AITTGYDGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

tr|G9HWE8|G9HWE8_9MONO              AITTGYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGS 839 

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

 

 

 

 

 

 

                             RdRP               PRNTase 
tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      LASIG TAFERGISETRHIFPSRWVAAFHSFTAVNLLNSTHLGFPANTSLDIVSLGKPLTY 900 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      LASIG TSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNHLGFPLGFSIDVSCFKKPLTF 899 

sp|Q1PDC4|L_MABVR                   LASIG TSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNHLGFPLGFSIDVSCFKKPLTF 899 

tr|Q1PDA3|Q1PDA3_9MONO              LASIG TSFERGASETRHIFPSRWIAAFHSMLAINLLNQNHLGFPLGFSIDVSCFKKPLTF 899 

sp|Q6UY63|L_MABVO                   LASIG TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLGFNIDISCFKKPLTF 899 

sp|P31352|L_MABVM                   LASIG TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLGFNIDISCFKKPLTF 899 

tr|Q1PD47|Q1PD47_MABVA              LASIG TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLGFNIDISCFKKPLTF 899 

sp|P35262|L_MABVP                   LASIG TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLGFSIDISCFKKPLTF 899 

tr|G9HWE8|G9HWE8_9MONO              LASIG TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNHLGFPLGFSIDISCFKKPLTF 899 

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

//End of Marburg viral L protein sequences 

tr|A0A3Q8U7G4|A0A3Q8U7G4_9MONO      ICKNHLIEKCCTNADQHLVKLDFLKNTTVAEEKFLNRIVGLIIMFPSGIN------- 2276 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      VCITHVDHECIGCERRLLLKLDFVRNTKIAEQKLLNRVIGYILFFPFGFSRPK---- 2327 

sp|Q1PDC4|L_MABVR                   VCITHVDHECIGCERRLLLKLDFVRNTKIAEQKLLNRVIGYILFFPFGFSRPK---- 2327 

tr|Q1PDA3|Q1PDA3_9MONO              VCITHVDHECIGCERRLLLKLDFVRNTKIAEQKLLNRVIGYILFFPFGFSRPK---- 2327 

sp|Q6UY63|L_MABVO                   VCIVHVDHECFGCEKRLLLKLDFIRNTKIAEQKLLNRVIGYILFFPFGLSKSRSLRA 2331 

sp|P31352|L_MABVM                   VCIVHVDHECSGCEKRLLLKLDFIRNTKIAEQKLLNRVIGYILFFPFGLFKSGSLRA 2331 

tr|Q1PD47|Q1PD47_MABVA              VCIVHVDHECFGCEKRLLLKLDFIRNTKIAEQKLLNRVIGYILFFPFGLFKSGSLRA 2331 

sp|P35262|L_MABVP                   VCIVHVDHECFGCEKRLLLKLDFIRNTKIAEQKLLNRVIGYILFFPFGLFKSESLTA 2331 

tr|G9HWE8|G9HWE8_9MONO              VCIVHVDHECFGCEKRLLLKLDFIRNTKIAEQKLLNRVIGYILFFPFGLFKSESLRA 2331 

                                    :*  *: .:*     : *:****::**.:**:*:***::* *::** *:         
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binding pair is -Y/F/V/LG-. However, an -LA- pair is found here by sequence similarity as in MARV RdRp.  The metal-
binding motifs, viz. -631TDL- and -741GDNQ- are completely conserved in all. Muhlberger et al. and Schmidt et al. [12, 23] 
provided the first experimental evidence to show that the -GDNQ- motif is indeed essential for both EBOV genome 
replication and transcription.  This was further corroborated by MSA of the RdRps from a large number of non-
segmented, negative strand viruses. When this motif was mutated by substituting of the -DNQ- sequence to 3 Ala 
residues, they found that this motif was essential for both viral genome replication and transcription.  Their finding was 
further corroborated by an additional SDM experiment where only the D in the -GD742NQ- was substituted to an Ala742 

and the EBOV D742→A mutant enzyme lacked the ability to extend the primer in the presence of Mg2+ [24]. The EBOV 
also harbours an additional putative Pol 2 catalytic core region at the NTD (highlighted in yellow). The 3D structure 
showed that the RdRp domain of EBOV L folds into the canonical right-handed fingers–palm–thumb architecture 
observed in most of the RNA viral polymerase structures [17]. They also further confirmed that the D742→A mutant did 
not produce any transcript. Additionally, as in MARV RdRp, an -FDD -motif is completely conserved (highlighted in light 
green) in all (Fig. 4). Recently, it was found that the MARV polymerase and the invariant Ds in these motifs are implicated 
in the catalytic Mg2+-binding by cryo-EM mapping [16]. Interestingly, a tripeptide tandem repeat is observed within the 
polymerase catalytic core (marked by arrows) as in MARV. Other interesting features of the EBOV RdRp are the presence 
of a putative HNH- endonuclease motif (highlighted in magenta) and two putative zinc-binding motifs (ZBMs) 
(highlighted in orange). The HNH-endonuclease motif and its relevance is discussed elsewhere.  

CLUSTAL O (1.2.4) MSA of the NTD and RdRp domains of different strains of EBOV and from different origins   

 

 

                                                       ZBM 
tr|G8EFI9|G8EFI9_9MONO              ---MQEAQYPDARLSSPIVLDQCDLVARACNLYSNYSYNPTLKKCRLPKHIYRLQYDIAV 57 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      ---MQEAQYPDARLSSPIVLDQCDLVARACNLYSNYSYNPTLKKCRLPKHIYRLQYDIAV 57 

tr|A0A343EQF6|A0A343EQF6_9MONO      -MASSHTQYPDARLSSPIVLDQCDLVTRACGIFSAYSLNPQLKSCRLPKHIYRLRYDPTV 59 

sp|Q05318|L_EBOZM                   -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSSYSLNPQLRNCKLPKHIYRLKYDVTV 59 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSSYSLNPQLRNCKLPKHIYRLKYDVTV 59 

tr|B8XCP4|B8XCP4_9MONO              -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSAYSLNPQLKNCRLPKHIYRLKYDTTV 59 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSAYSLNPQLKNCRLPKHIYRLKYDTTV 59 

tr|B8XCN5|B8XCN5_9MONO              -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSSYSLNPQLKNCRLPKHIYRLKFDATV 59 

tr|R4QUH5|R4QUH5_9MONO              -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSSYSLNPQLKNCRLPKHIYRLKFDATV 59 

sp|Q5XX01|L_EBOSU                   MMATQHTQYPDARLSSPIVLDQCDLVTRACGLYSEYSLNPKLKTCRLPKHIYRLKYDTIV 60 

sp|Q8JPX5|L_EBORR                   -MATQHTQYPDARLSSPIVLDQCDLVTRACGLYSSYSLNPQLRQCKLPKHIYRLKFDTIV 59 

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

 Pol 2 NTD 

tr|G8EFI9|G8EFI9_9MONO              TIGINTMIDLGTFHNSAKKILLNERIIDEAVTWLDLVVAARRARMNRGNTRSTWYASGEL 177 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      TIGINTMIDLGTFHNSAKKILLNERIIDEAVTWLDLVVAARRARMNRGNTRSTWYASGEL 177 

tr|A0A343EQF6|A0A343EQF6_9MONO      TTGSEEKEGNLTANPALKNVILKNEFLPQLYFWYDLAILARRGRLNRGNARSTWFVHDKL 179 

sp|Q05318|L_EBOZM                   NVGAQEDCVDEHFQEKILSSIQGNEFLHQMFFWYDLAILTRRGRLNRGNSRSTWFVHDDL 179 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      NVGAQEDCVDEHFQEKILSSIQGNEFLHQMFFWYDLAILTRRGRLNRGNSRSTWFVHDDL 179 

tr|B8XCP4|B8XCP4_9MONO              RAGVHNDHVDRDFGQKIRNLICDNEVLHQMFHWYDLAILARRGRLNRGNNRSTWFASDNL 179 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      RAGVHNDHVDRDFGQKIRNLICDNEVLHQMFHWYDLAILARRGRLNRGNNRSTWFASDNL 179 

tr|B8XCN5|B8XCN5_9MONO              HVGVHDDNVGKNFEPKIKALIYDNEFLQQLFYWYDLAILTRRGRLNRGNNRSTWFANDDL 179 

tr|R4QUH5|R4QUH5_9MONO              HVGVHDDNVGKNFEPKIKALIYDNEFLQQLFYWYDLAILTRRGRLNRGNNRSTWFANDDL 179 

sp|Q5XX01|L_EBOSU                   QIKTQEGVITDQLKQNIRRVIHKNRYLSALFFWHDLAILTRRGRMNRGNVRSTWFVTNEV 180 

sp|Q8JPX5|L_EBORR                   ATGAQDHLTNIATREKLKNEILNNDYVHQLFFWHDLSILARRGRLNRGNNRSTWFVHDEF 179 

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

 

tr|G8EFI9|G8EFI9_9MONO              IDILGYGDYIFWKIPLKLLPLNKRGVPHASAPWYDPTTFKSCSEGSTVVVSISTVEVLLM 237 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      IDILGYGDYIFWKIPLKLLPLNKRGVPHASAPWYDPTTFKSCSEGSTVVVSISTVEVLLM 237 

tr|A0A343EQF6|A0A343EQF6_9MONO      IDILGYGDYIFWKFPLSLLPMNENGIPHAAMDWYQRGLFQEAIQGYKYIVSVSTADVLIM 239 

sp|Q05318|L_EBOZM                   IDILGYGDYVFWKIPISMLPLNTQGIPHAAMDWYQASVFKEAVQGHTHIVSVSTADVLIM 239 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      IDILGYGDYVFWKIPISMLPLNTQGIPHAAMDWYQASVFKEAVQGHTHIVSVSTADVLIM 239 

tr|B8XCP4|B8XCP4_9MONO              VDILGYGDYIFWKIPLSLLPVDTQGLPHAAKDWYHESVFKEAIQGHTHIVSISTADVLIM 239 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      VDILGYGDYIFWKIPLSLLPVDTQGLPHAAKDWYHESVFKEAIQGHTHIVSVSTADVLIM 239 

tr|B8XCN5|B8XCN5_9MONO              IDILGYGDYIFWKIPLSLLSLNTEGIPHAAKDWYHASIFKEAVQGHTHIVSVSTADVLIM 239 

tr|R4QUH5|R4QUH5_9MONO              IDILGYGDYIFWKIPLSLLSLNTEGIPHAAKDWYHASIFKEAVQGHTHIVSVSTADVLIM 239 

sp|Q5XX01|L_EBOSU                   VDILGYGDYIFWKIPIALLPMNTANVPHASTDWYQPNIFKEAIQGHTHIISVSTAEVLIM 240 

sp|Q8JPX5|L_EBORR                   IDILGYGDYIFWKIPLSLLPVTIDGVPHAATDWYQPTLFKESILGHSQILSVSTAEILIM 239 

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

                                               NTD                RdRp 

tr|G8EFI9|G8EFI9_9MONO              LRAQQWCELFSIQKHWGHPVL HSELAIAKVKKHGTCLKVLRPSIMFDTFCVFKYMVGKHH 416 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      LRAQQWCELFSIQKHWGHPVL HSELAIAKVKKHGTCLKVLRPSIMFDTFCVFKYMVGKHH 416 

tr|A0A343EQF6|A0A343EQF6_9MONO      STPQQFCELFSIQKHWGHPIL HSERAIQKVKRHATIMKALRPIVIFETYCVFKYSVAKHY 419 

sp|Q05318|L_EBOZM                   MTPQQLCELFSIQKHWGHPVL HSETAIQKVKKHATVLKALRPIVIFETYCVFKYSIAKHY 419 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      MTPQQLCELFSIQKHWGHPVL HSETAIQKVKKHATVLKALRPIVIFETYCVFKYSIAKHY 419 

tr|B8XCP4|B8XCP4_9MONO              ATPQQLCELFSVQKHWGHPVL HSEKAIQKVKKHATVIKALRPIIIFETYCVFKYSIAKHY 419 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      ATPQQLCELFSVQKHWGHPVL HSEKAIQKVKKHATVIKALRPIIIFETYCVFKYSIAKHY 419 

tr|B8XCN5|B8XCN5_9MONO              STPQQLCELFSVQKHWGHPVL HSEKAIQKVKKHATVIKALRPVIIFETYCVFKYSIAKHY 419 

tr|R4QUH5|R4QUH5_9MONO              STPQQLCELFSVQKHWGHPVL HSEKAIQKVKKHATIIKALRPIIIFETYCVFKYSIAKHY 419 

sp|Q5XX01|L_EBOSU                   STPQQLCELFSIQKHWGHPVL HSEKAIQKVKNHATVLKALRPIIIFETYCVFKYSVAKHF 420 

sp|Q8JPX5|L_EBORR                   LSPQQFCELFSVQKHWGHPIL HSEKAIQKVKRHATILKALRPNVIFETYCVFKYNIAKHY 419 

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

 

tr|G8EFI9|G8EFI9_9MONO              IFIKDRATAVESICWDAVFEPNVLGYAPPMRFITKRVPEQFLAQEDFSLEAVISYAEKLQ 536 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      IFIKDRATAVESICWDAVFEPNVLGYAPPMRFITKRVPEQFLAQEDFSLEAVISYAEKLQ 536 

tr|A0A343EQF6|A0A343EQF6_9MONO      IFIKDRATAVEQTCWDAVFEPNVLGYNPPYRFTTKRVPEQFLEQENFSIDSVLNFAQSLD 539 

sp|Q05318|L_EBOZM                   IFIKDRATAVERTCWDAVFEPNVLGYNPPHKFSTKRVPEQFLEQENFSIENVLSYAQKLE 539 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      IFIKDRATAVERTCWDAVFEPNVLGYNPPHKFSTKRVPEQFLEQENFSIENVLSYAQKLE 539 

tr|B8XCP4|B8XCP4_9MONO              IFIKDRATAVEKTCWDAVFEPNVLGYNPPNKFATKRVPEQFLEQENFSIESVLHYAQRLE 539 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      IFIKDRATAVEKTCWDAVFEPNVLGYNPPNKFATKRVPEQFLEQENFSIESVLHYAQRLE 539 

tr|B8XCN5|B8XCN5_9MONO              IFIKDRATAVEKTCWDAVFEPNVLGYSPPNKFSTKRVPEQFLEQENFSIDSVLTYAQRLD 539 

tr|R4QUH5|R4QUH5_9MONO              IFIKDRATAVEKTCWDAVFEPNVLGYSPPNKFSTKRVPEQFLEQENFSIDSVLTYAQRLD 539 

sp|Q5XX01|L_EBOSU                   IFIKDRATAVEQTCWDAVFEPNVLGYSPPYRFNTKRVPEQFLEQEDFSIESVLQYAQELR 540 

sp|Q8JPX5|L_EBORR                   IFIKDRATAVEQTCWDAVFEPNVLGYNPPNKFSTKRVPEQFLEQEDFSIESVLNYAQELH 539 

                                    ***********  ************* ** :* ********* **:**:: *: :*: *  

 

   

 

 

tr|G8EFI9|G8EFI9_9MONO              IFIKDRATAVESICWDAVFEPNVLGYAPPMRFITKRVPEQFLAQEDFSLEAVISYAEKLQ 536 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      IFIKDRATAVESICWDAVFEPNVLGYAPPMRFITKRVPEQFLAQEDFSLEAVISYAEKLQ 536 

tr|A0A343EQF6|A0A343EQF6_9MONO      IFIKDRATAVEQTCWDAVFEPNVLGYNPPYRFTTKRVPEQFLEQENFSIDSVLNFAQSLD 539 

sp|Q05318|L_EBOZM                   IFIKDRATAVERTCWDAVFEPNVLGYNPPHKFSTKRVPEQFLEQENFSIENVLSYAQKLE 539 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      IFIKDRATAVERTCWDAVFEPNVLGYNPPHKFSTKRVPEQFLEQENFSIENVLSYAQKLE 539 

tr|B8XCP4|B8XCP4_9MONO              IFIKDRATAVEKTCWDAVFEPNVLGYNPPNKFATKRVPEQFLEQENFSIESVLHYAQRLE 539 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      IFIKDRATAVEKTCWDAVFEPNVLGYNPPNKFATKRVPEQFLEQENFSIESVLHYAQRLE 539 

tr|B8XCN5|B8XCN5_9MONO              IFIKDRATAVEKTCWDAVFEPNVLGYSPPNKFSTKRVPEQFLEQENFSIDSVLTYAQRLD 539 

tr|R4QUH5|R4QUH5_9MONO              IFIKDRATAVEKTCWDAVFEPNVLGYSPPNKFSTKRVPEQFLEQENFSIDSVLTYAQRLD 539 

sp|Q5XX01|L_EBOSU                   IFIKDRATAVEQTCWDAVFEPNVLGYSPPYRFNTKRVPEQFLEQEDFSIESVLQYAQELR 540 

sp|Q8JPX5|L_EBORR                   IFIKDRATAVEQTCWDAVFEPNVLGYNPPNKFSTKRVPEQFLEQEDFSIESVLNYAQELH 539 

                                    ***********  ************* ** :* ********* **:**:: *: :*: *  
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Figure 4: MSA of the NTD and RdRp domains of different strains of EBOV and from different origins 

 

 

                                                                    Pol RdRp 

tr|G8EFI9|G8EFI9_9MONO              YLEPVNRNFSFSLKEKELNIGRTFGKLPYLTRNLQTLCEALLADGLAKAFPSNMMVVTER 596 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      YLEPVNRNFSFSLKEKELNIGRTFGKLPYLTRNLQTLCEALLADGLAKAFPSNMMVVTER 596 

tr|A0A343EQF6|A0A343EQF6_9MONO      YLLPQYRNFSFSLKEKELNIGRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

sp|Q05318|L_EBOZM                   YLLPQYRNFSFSLKEKELNVGRTFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      YLLPQYRNFSFSLKEKELNVGRTFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|B8XCP4|B8XCP4_9MONO              YLLPEYRNFSFSLKEKELNIGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      YLLPEYRNFSFSLKEKELNIGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|B8XCN5|B8XCN5_9MONO              YLLPQYRNFSFSLKEKELNVGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|R4QUH5|R4QUH5_9MONO              YLLPQYRNFSFSLKEKELNVGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

sp|Q5XX01|L_EBOSU                   YLLPQNRNFSFSLKEKELNVGRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTER 600 

sp|Q8JPX5|L_EBORR                   YLLPQNRNFSFSLKEKELNIGRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

                                    ** *  *************:**:****** ***:************************** 

                                   

                                                                    HNH                ZBM 
                                                                   

tr|G8EFI9|G8EFI9_9MONO              EQKETLLHQASWHHEQGNLGDHVQVRGASFVTDLEKYNLAFRFEFTRPFIEYCNHCYNIK 656 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      EQKETLLHQASWHHEQGNLGDHVQVRGASFVTDLEKYNLAFRFEFTRPFIEYCNHCYNIK 656 

tr|A0A343EQF6|A0A343EQF6_9MONO      EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTSPFIEYCNRCYGVR 659 

sp|Q05318|L_EBOZM                   EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

tr|B8XCP4|B8XCP4_9MONO              EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVR 659 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVR 659 

tr|B8XCN5|B8XCN5_9MONO              EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

tr|R4QUH5|R4QUH5_9MONO              EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

sp|Q5XX01|L_EBOSU                   EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIKYCNQCYGVR 660 

sp|Q8JPX5|L_EBORR                   EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNHCYGVR 659 

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

                                         ZBM 

tr|G8EFI9|G8EFI9_9MONO              NAFNWMHYLIPSCYMHVSDYYNPPHGLTLENRGYPPEGPSSYRGHLGGIEGLQQKLWTSI 716 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      NAFNWMHYLIPSCYMHVSDYYNPPHGLTLENRGYPPEGPSSYRGHLGGIEGLQQKLWTSI 716 

tr|A0A343EQF6|A0A343EQF6_9MONO      NVFNWMHFIIPQCYMHVSDYYNPPHGLSLENRETPPDGPSAYRGHLGGIEGLQQKLWTSI 719 

sp|Q05318|L_EBOZM                   NVFNWMHYTIPQCYMHVSDYYNPPHNLTLENRDNPPEGPSSYRGHMGGIEGLQQKLWTSI 719 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      NVFNWMHYTIPQCYMHVSDYYNPPHNLTLENRDNPPEGPSSYRGHMGGIEGLQQKLWTSI 719 

tr|B8XCP4|B8XCP4_9MONO              NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENRENPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENRENPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

tr|B8XCN5|B8XCN5_9MONO              NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENREDPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

tr|R4QUH5|R4QUH5_9MONO              NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENREDPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

sp|Q5XX01|L_EBOSU                   NVFDWMHFLIPQCYMHVSDYYNPPHNVTLENREYPPEGPSAYRGHLGGIEGLQQKLWTSI 720 

sp|Q8JPX5|L_EBORR                   NVFNWMHYLIPQCYMHVSDYYNPPHNVNLSNREYPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

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

                                     ZBM   

tr|G8EFI9|G8EFI9_9MONO              SCAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARI 776 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      SCAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARI 776 

tr|A0A343EQF6|A0A343EQF6_9MONO      SCSQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESDPDEQELHAEDNAARVAASLAKV 779 

sp|Q05318|L_EBOZM                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKV 779 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKV 779 

tr|B8XCP4|B8XCP4_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKV 779 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKV 779 

tr|B8XCN5|B8XCN5_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKV 779 

tr|R4QUH5|R4QUH5_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKV 779 

sp|Q5XX01|L_EBOSU                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESSPNEQERCAEDNAARVAASLAKV 780 

sp|Q8JPX5|L_EBORR                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLKTDPEEQEQSAEDNAARVAASLAKV 779 

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

 

 

 

                                                                    Pol RdRp 

tr|G8EFI9|G8EFI9_9MONO              YLEPVNRNFSFSLKEKELNIGRTFGKLPYLTRNLQTLCEALLADGLAKAFPSNMMVVTER 596 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      YLEPVNRNFSFSLKEKELNIGRTFGKLPYLTRNLQTLCEALLADGLAKAFPSNMMVVTER 596 

tr|A0A343EQF6|A0A343EQF6_9MONO      YLLPQYRNFSFSLKEKELNIGRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

sp|Q05318|L_EBOZM                   YLLPQYRNFSFSLKEKELNVGRTFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      YLLPQYRNFSFSLKEKELNVGRTFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|B8XCP4|B8XCP4_9MONO              YLLPEYRNFSFSLKEKELNIGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      YLLPEYRNFSFSLKEKELNIGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|B8XCN5|B8XCN5_9MONO              YLLPQYRNFSFSLKEKELNVGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

tr|R4QUH5|R4QUH5_9MONO              YLLPQYRNFSFSLKEKELNVGRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

sp|Q5XX01|L_EBOSU                   YLLPQNRNFSFSLKEKELNVGRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTER 600 

sp|Q8JPX5|L_EBORR                   YLLPQNRNFSFSLKEKELNIGRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTER 599 

                                    ** *  *************:**:****** ***:************************** 

                                   

                                                                    HNH                ZBM 
                                                                   

tr|G8EFI9|G8EFI9_9MONO              EQKETLLHQASWHHEQGNLGDHVQVRGASFVTDLEKYNLAFRFEFTRPFIEYCNHCYNIK 656 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      EQKETLLHQASWHHEQGNLGDHVQVRGASFVTDLEKYNLAFRFEFTRPFIEYCNHCYNIK 656 

tr|A0A343EQF6|A0A343EQF6_9MONO      EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTSPFIEYCNRCYGVR 659 

sp|Q05318|L_EBOZM                   EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

tr|B8XCP4|B8XCP4_9MONO              EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVR 659 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVR 659 

tr|B8XCN5|B8XCN5_9MONO              EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

tr|R4QUH5|R4QUH5_9MONO              EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVK 659 

sp|Q5XX01|L_EBOSU                   EQKESLLHQASWHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIKYCNQCYGVR 660 

sp|Q8JPX5|L_EBORR                   EQKESLLHQASWHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNHCYGVR 659 

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

                                         ZBM 

tr|G8EFI9|G8EFI9_9MONO              NAFNWMHYLIPSCYMHVSDYYNPPHGLTLENRGYPPEGPSSYRGHLGGIEGLQQKLWTSI 716 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      NAFNWMHYLIPSCYMHVSDYYNPPHGLTLENRGYPPEGPSSYRGHLGGIEGLQQKLWTSI 716 

tr|A0A343EQF6|A0A343EQF6_9MONO      NVFNWMHFIIPQCYMHVSDYYNPPHGLSLENRETPPDGPSAYRGHLGGIEGLQQKLWTSI 719 

sp|Q05318|L_EBOZM                   NVFNWMHYTIPQCYMHVSDYYNPPHNLTLENRDNPPEGPSSYRGHMGGIEGLQQKLWTSI 719 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      NVFNWMHYTIPQCYMHVSDYYNPPHNLTLENRDNPPEGPSSYRGHMGGIEGLQQKLWTSI 719 

tr|B8XCP4|B8XCP4_9MONO              NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENRENPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENRENPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

tr|B8XCN5|B8XCN5_9MONO              NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENREDPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

tr|R4QUH5|R4QUH5_9MONO              NLFNWMHYTIPQCYIHVSDYYNPPHGVSLENREDPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

sp|Q5XX01|L_EBOSU                   NVFDWMHFLIPQCYMHVSDYYNPPHNVTLENREYPPEGPSAYRGHLGGIEGLQQKLWTSI 720 

sp|Q8JPX5|L_EBORR                   NVFNWMHYLIPQCYMHVSDYYNPPHNVNLSNREYPPEGPSSYRGHLGGIEGLQQKLWTSI 719 

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

                                     ZBM   

tr|G8EFI9|G8EFI9_9MONO              SCAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARI 776 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      SCAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARI 776 

tr|A0A343EQF6|A0A343EQF6_9MONO      SCSQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESDPDEQELHAEDNAARVAASLAKV 779 

sp|Q05318|L_EBOZM                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKV 779 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKV 779 

tr|B8XCP4|B8XCP4_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKV 779 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKV 779 

tr|B8XCN5|B8XCN5_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKV 779 

tr|R4QUH5|R4QUH5_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKV 779 

sp|Q5XX01|L_EBOSU                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESSPNEQERCAEDNAARVAASLAKV 780 

sp|Q8JPX5|L_EBORR                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLKTDPEEQEQSAEDNAARVAASLAKV 779 

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

 

 

                                     ZBM   

tr|G8EFI9|G8EFI9_9MONO              SCAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARI 776 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      SCAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARI 776 

tr|A0A343EQF6|A0A343EQF6_9MONO      SCSQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESDPDEQELHAEDNAARVAASLAKV 779 

sp|Q05318|L_EBOZM                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKV 779 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKV 779 

tr|B8XCP4|B8XCP4_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKV 779 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKV 779 

tr|B8XCN5|B8XCN5_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKV 779 

tr|R4QUH5|R4QUH5_9MONO              SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKV 779 

sp|Q5XX01|L_EBOSU                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESSPNEQERCAEDNAARVAASLAKV 780 

sp|Q8JPX5|L_EBORR                   SCAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLKTDPEEQEQSAEDNAARVAASLAKV 779 

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

 

                                                ZBM                   

tr|G8EFI9|G8EFI9_9MONO              TASCGIFLKPEETFVHSGFIYFGKKQYLNG VQLPQSLKTAARMAPLSDAIFDDLQGTLAS 836 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      TASCGIFLKPEETFVHSGFIYFGKKQYLNG VQLPQSLKTAARMAPLSDAIFDDLQGTLAS 836 

tr|A0A343EQF6|A0A343EQF6_9MONO      TSACGIFLKPEETFVHSGFIYFGKKQYLNG VQLPQSLKTAARMAPLSDAIFDDLQGTLAS 839 

sp|Q05318|L_EBOZM                   TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTATRMAPLSDAIFDDLQGTLAS 839 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTATRMAPLSDAIFDDLQGTLAS 839 

tr|B8XCP4|B8XCP4_9MONO              TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTATRIAPLSDAIFDDLQGTLAS 839 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTATRIAPLSDAIFDDLQGTLAS 839 

tr|B8XCN5|B8XCN5_9MONO              TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTATRIAPLSDAIFDDLQGTLAS 839 

tr|R4QUH5|R4QUH5_9MONO              TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTATRIAPLSDAIFDDLQGTLAS 839 

sp|Q5XX01|L_EBOSU                   TSACGIFLKPDETFVHSGFIYFGKKQYLNG IQLPQSLKTAARMAPLSDAIFDDLQGTLAS 840 

sp|Q8JPX5|L_EBORR                   TSACGIFLKPDETFVHSGFIYFGKKQYLNG VQLPQSLKTAARMAPLSDAIFDDLQGTLAS 839 

                                    *::*******:******************* :*********:*:***************** 

                                                                        RdRp          PRNTase 

tr|G8EFI9|G8EFI9_9MONO              IGTAFERAIAESRHIFPIRIMAAIQSYLAVKVLQENHLGFPKNT DLGVLALGKPISAKMI 896 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      IGTAFERAIAESRHIFPIRIMAAIQSYLAVKVLQENHLGFPKNT DLGVLALGKPISAKMI 896 

tr|A0A343EQF6|A0A343EQF6_9MONO      IGTAFERSISETRHILPCRIAAAFHTFFSVRILQHHHLGFNKGT DLGQLAISKPLDFGTI 899 

sp|Q05318|L_EBOZM                   IGTAFERSISETRHIFPCRITAAFHTFFSVRILQYHHLGFNKGF DLGQLTLGKPLDFGTI 899 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      IGTAFERSISETRHIFPCRITAAFHTFFSVRILQYHHLGFNKGF DLGQLTLGKPLDFGTI 899 

tr|B8XCP4|B8XCP4_9MONO              IGTAFERSISETRHVVPCRVAAAFHTFFSVRILQYHHLGFNKGT DLGQLSLSKPLDFGTI 899 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      IGTAFERSISETRHVVPCRVAAAFHTFFSVRILQYHHLGFNKGT DLGQLSLSKPLDFGTI 899 

tr|B8XCN5|B8XCN5_9MONO              IGTAFERSISETRHVYPCRVVAAFHTFFSVRILQYHHLGFNKGT DLGQLSLSKPLDFGTI 899 

tr|R4QUH5|R4QUH5_9MONO              IGTAFERSISETRHVYPCRVVAAFHTFFSVRILQYHHLGFNKGT DLGQLSLSKPLDFGTI 899 

sp|Q5XX01|L_EBOSU                   IGTAFERSISETRHILPCRVAAAFHTYFSVRILQHHHLGFHKGS DLGQLAINKPLDFGTI 900 

sp|Q8JPX5|L_EBORR                   IGTAFERAISETRHILPCRIVAAFHTYFAVRILQYHHLGFNKGI DLGQLSLSKPLDYGTI 899 

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

 

//End of Ebola viral L protein sequences 

tr|G8EFI9|G8EFI9_9MONO              DQAERKLLNRLVGLVQFFPDGL------ 2196 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      DQAERKLLNRLVGLVQFFPDGL------ 2196 

tr|A0A343EQF6|A0A343EQF6_9MONO      PESELKLLERVTGFLTLFPEGFQNPP-- 2210 

sp|Q05318|L_EBOZM                   QDSEVKLIERLTGLLSLFPDGLYRFD-- 2212 

tr|A0A0E3KN53|A0A0E3KN53_9MONO      QDSEVKLIERLTGLLSLFPDGLYRFD-- 2212 

tr|B8XCP4|B8XCP4_9MONO              QDSEIKLIDRLTGLLSLCPNGFFR---- 2210 

tr|A0A0U3BG92|A0A0U3BG92_9MONO      QDSEIKLIDRLTGLLSLCPNGFFR---- 2210 

tr|B8XCN5|B8XCN5_9MONO              QDSEAKLMERLTGFLGLYPNGINA---- 2210 

tr|R4QUH5|R4QUH5_9MONO              QDSEVKLMERLTGFLGLYPNGINT---- 2210 

sp|Q5XX01|L_EBOSU                   SDAEIKLMDRLTSLVNMFPEGFRSSSV- 2210 

sp|Q8JPX5|L_EBORR                   RDAEIKLIERLTGLMRFYPEGLIYSNHT 2212 

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

 

 G8EFI9_9MONO RNA-directed RNA polymerase L, Cuevavirus lloviuense 

A0ACD3VMI8_9MONO RNA polymerase, Cuevavirus lloviuense 

A0A343EQF6_9MONO RNA-directed RNA polymerase L, Bombali virus 

Q05318|L_EBOZM RNA-directed RNA polymerase L, Zaire Ebolavirus (strain Mayinga-76)  

A0A0E3KN53_9MONO RNA-directed RNA polymerase L, Ebola virus 

B8XCP4_9MONO RNA-directed RNA polymerase L, Tai Forest ebolavirus 

A0A0U3BG92_9MONO RNA-directed RNA polymerase L, Tai Forest ebolavirus 

B8XCN5_9MONO RNA-directed RNA polymerase L, Bundibugyo virus 

R4QUH5_9MONO RNA-directed RNA polymerase L, Bundibugyo virus 

Q5XX01|L_EBOSU RNA-directed RNA polymerase L, Sudan ebolavirus (strain Human/Uganda/Gulu/2000) 

Q8JPX5|L_EBORR RNA-directed RNA polymerase L, Reston ebolavirus (strain Reston-89)  
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Figure 5 shows the MSA of a part of the NTD and RdRp domains of NiV and its related viruses. Nipah and its related 
species. The NiV and its related Hendra virus are used as the standards and highlighted in yellow (only the region 
required for the discussion is shown here). The tentative region that harbours the RdRp domain is shown by arrow 
marks. The N-terminal region is not highly conserved and shows numerous of gaps and a few highly conserved large 
peptides are found in this domain (data not shown). However, the RdRp domain shows high conservations and a large 
number of highly conserved residues. Interestingly, a complete set of conserved, putative catalytic core active site amino 
acids are identified in this region and are highlighted in yellow. This catalytic core is in close agreement with a large 
number of RNA/DNA polymerases from viruses to humans (Table 1). Interestingly, all the strains of the Nipah and their 
related viruses use the same set of completely conserved amino acids in the catalytic core, viz. -548QAGR-

4LF553AK555MTYKMR561ACQVIAEALIASGVGKYF- as shown in Fig. 5 (the amino acids highlighted grey are from cryo-EM 
data). The two completely conserved metal-binding motifs, viz. -721TDL- and -830GDNQ- are found in the RdRp of NiV 
species as reported for the other two bat-borne viruses, viz. MARV and EBOV. Wang et al.  [25] have shown that the -
830GDN- motif is found to be in the active site region of the polymerase by cryo-EM analysis which is in agreement with 
the MSA analysis. Furthermore, they found that the six amino acids that line the channel, Lys474, Arg504, Arg542, Phe553, 
Arg561, and Lys804, are conserved among the EBOV, RSV, and NiV RdRp structures. They suggested that the five positively 
charged amino acids are likely to interact with the RNA backbone, whereas the sixth one, the Phe553, could interact with 
RNA bases (guanine in EBOV and cytosine in RSV, respectively) through π-π interactions [25]. It is interesting to note 
that these two amino acids, Phe553, Arg561 (highlighted in grey) are also found within the catalytic core of the NiV RdRp 
by MSA analysis (Fig. 5). The MSA analysis has also identified an additional DxD type metal-binding motif (highlighted 
in light green). 

Recently, structural insights into the NiV RdRp complex have emerged at an unprecedented pace. It is interesting to note 
that Peng et al. [26] found  by cryo-EM analysis that one of the critical amino acids identified in the catalytic core (R551) 
by MSA analysis in the present study, is actually in the binding interface amino acid residues, viz. E291, K542, R551, K724, 
N833, and K893 which are conserved in all the nsNS RNA viruses, suggesting the broad-spectrum inhibition of suramin       
(a  synthetic molecule and a century-old medication primarily used to treat the early stage of African sleeping sickness 
and river blindness) against different nsNS RNA viruses could be by occluding the substrates from entering the active 
site.  A recent report by Sala and Hellen [27] found that the incoming nucleotide is stabilized within the active site groove 
through interactions with R551 from the fingers’ domain, the template C10 base, and a coordinated magnesium ion. Their 
findings further corroborate the MSA analysis result, in identifying R551 in the nucleotide discrimination site. In support 
of this conclusion, Hu et al. [28] found by cryo-EM mapping that the side chain of R551 interacts with the phosphates of 
the incoming nucleotide during RNA elongation, while the side chains of D832 of -GD832NE- motif and D722 of the -TD722L- 
motifs coordinate the active site metal ion. They also found that the D832→ A mutant was inactive. These findings were 
further confirmed by Balıkçı et al. [29] where substitution of the catalytic active site Asp with Ala at position 832 
(D832→A), resulted in the absence of any RNA product, indicating the loss of polymerase activity. Interestingly, a 
tripeptide tandem repeat is observed within the polymerase catalytic core (marked by arrows) as in MARV and EBOV.  

In addition to the above conserved motifs, two putative ZBMs are also found in this domain (highlighted in orange) 
which could play a role in maintaining the structural integrity of the RdRp. A marked difference between the MARV and 
EBOV RdRps is the absence of the HNH-endonuclease motif in the NiV RdRp (Fig. 4).  

CLUSTAL O (1.2.4) MSA of RdRp domains of Nipah and its related viruses. 

 
 

  NTD                RdRp 
tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      SNGFTDSDDINNFTRALIDIMSLDDIHCVSEFFSFFRTFGHPILE AITAAEKVRSHMQKP 383 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      NNGFTNPEDITTFTRALIDIMSIDDIHCVSEFFSFFRTFGHPILE AVTAADKVRSHMQKP 383 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      NNGFVHPQDAENLFDEFVEIMSLDDIHLVGEFFSFFRTFGHPTLE AITAADKVRSHMQKP 329 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      ANGFDDMNDIDDFTKRIINIMSLDDIHLIAEFFSFYRTFGHPTLE ALTAADKVRSHMQKP 383 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      NNGFTDIDDINDFTHRIINIMSIPDIHLIAEFFSFYRTFGHPTLE ALTAAEKVRSHMQKP 383 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      NNGFTEDSDISDFTSRIINIMSLSDIHLIAEFFSFFRTFGHPTLE ALTAADKVRSHMQKP 383 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      NNGFTDQADINDFTDRIINIMSLPDIHLIAEFFSFFRTFGHPTLE ALTAAEKVRGHMQKP 383 

tr|A0AAX3C928|A0AAX3C928_9MONO      KNGFNDEQDINEFTSRIINIMSIPDIHLVAEFFSFFRTFGHPTLE ALTAAEKVRTHMQKP 383 

tr|W8SYG1|W8SYG1_9MONO              KNGFHDEQDIEDFTSRIINIMSLPDIHLVAEFFSFFRTFGHPTLE ALTAAEKVRTHMQKP 383 

tr|H9M6P4|H9M6P4_9MONO              SNGFTDDEKIERFCDKLVNILNNNDIHMIAEMFSFFRTFGHPTLE AVTAASKVRDYMKAD 384 

tr|A0A185KRV3|A0A185KRV3_9MONO      ESKNYPEDEIKRFANDLINVMTCRDIHLVAEFFSFFRTFGHPILN AQTAARKVREYMLAD 540 

sp|Q997F0|L_NIPAV                   ECGFTDQKIRSMFIDDLLSILNIDNIHLLAEFFSFFRTFGHPILE AKVAAEKVREHMLAD 384 

sp|O89344|L_HENDH                   GCGFTDQKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFGHPILE AKTAADKVREHMLAD 384 

tr|G5CPP9|G5CPP9_9MONO              ECGFTDQKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFGHPILE AKTAADKVREHMLAD 384 

tr|F4YH99|F4YH99_9MONO              ECGFTDQKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFGHPILE AKTAADKVREHMLAD 384 

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

                                                    ZBM 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      KMLSYLPIMKAHAIFCGIIINGYRDRHGGSWPPLELPPHATSTIKRAHSNGEALTHEMCA 443 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      KMLTYLPIMKAHAIFCGIIINGYRDRHGGSWPPLELPAHAVSVIKRAHSNGEALTHEMCA 443 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      KMLEFLPIMKAHAIFCGIIINGYRDRHGGAWPPLTLPNHASPVIRRLQSNGESLTHAICV 389 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      KMLEFLPIMKAHAIFCGIIINGYRDRHGGAWPPLEFPEHVSPLIKRIYGNSEALTHEICC 443 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      KMLEFLPMMKAHAIFCGIIINGYRDRHGGAWPPVIFPDHVSPLIKRIYGNSEALTHEICC 443 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      KILEFLPIMKAHAIFCGIIINGYRDRHGGAWPPIEFPPHVSTVVRRLYSNSEALSHDICS 443 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      KILEFLPIMKAHAIFCGIIINGYRDRHGGAWPPVEFPAHVSPVIRRLYGNSEALSHEVCY 443 

tr|A0AAX3C928|A0AAX3C928_9MONO      KILEFLPIMKAHAIFCGIIINGYRDRHGGAWPPVVFPEHASVLIKRLHNSSEALTHEICC 443 

tr|W8SYG1|W8SYG1_9MONO              KILDFLPIMKAHAIFCGIIINGYRDRHGGAWPPVIFPEHVSVLIKRLHNSSEALTHEICC 443 

tr|H9M6P4|H9M6P4_9MONO              KVLEYETIMKGHAIFCGIIINGYRDKHGGVWPPLTFPKHVHQEIKRLQSSGERLTYEICI 444 

tr|A0A185KRV3|A0A185KRV3_9MONO      KILEYEPIMKGHAIFCAIIINGFRDRHGGVWPPLDLPKHCSKNIISLKNTGEGVTYEVAI 600 

sp|Q997F0|L_NIPAV                   KVLEYAPIMKAHAIFCGTIINGYRDRHGGAWPPLYLPAHASKHIIRLKNSGESLTIDDCV 444 

sp|O89344|L_HENDH                   KVLEYGPIMKAHAVFCGTIINGYRDRHRGAWPPLYLPSHASKHIIRLKNSGESLTVDDCV 444 

tr|G5CPP9|G5CPP9_9MONO              KVLEYGPIMKAHAIFCGTIINGYRDRHGGAWPPLYLPSHASKHIIRLKNSGESLTVDDCV 444 

tr|F4YH99|F4YH99_9MONO              KVLEYGPIMKAHAIFCGTIINGYRDRHGGAWPPLYLPSHASKHIIRLKNSGESLTVDDCV 444 

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

                                             ZBM  

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      TNWKSFCGLRFKCFMPLELDSDLSMYMKDKALSPICPEWDTVYPRENLKYSPPRLTTSRR 503 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      TNWRSFCGLKFKCFMPLELDSDLSMYMKDKALSPICSEWDTVYPRENLKYSPPRLTTSRR 503 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      NEWKSFCGLHFKCFMPLELDSDLSMYMKDKALSPLKSEWDTVYPKENMKYMTGVQSTSRR 449 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      QEWRSFCGFHFKCFMPLELDNDLSMYMKDKALSPIKSEWDSVYPKESMFYKVPPNTTSRR 503 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      QEWRSFCGFHFKCFMPLELDSDLSMYMKDKALSPIKSEWDSVYPKESMYYKVSPATTSRR 503 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      QEWKSFCGFKFKCFLPLELDNDLSMYMKDKALSPIKDEWDSVYPYDCMYYKPPASTTSRR 503 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      QEWKSFCGFHFKCFMPLELDSDLSMYMKDKALSPIKSEWDTVYPKESLMYKPPIQTSSRR 503 

tr|A0AAX3C928|A0AAX3C928_9MONO      QEWKSFCGFKFKCFLPLELDSDLSMYMKDKALSPIKDEWDSVYPSESMCYSPPNSTTSRR 503 

tr|W8SYG1|W8SYG1_9MONO              QEWKSFCGFKFKCFLPLELDNDLSMYMKDKALSPVKNEWDSVYPYESMCYNPPASTTSRR 503 

tr|H9M6P4|H9M6P4_9MONO              KHWKSFCGLNFKCFMDLNLDEDLSMYMKDKALAAIRNEWDSVYPKENLSYQPTKNTTPRR 504 

tr|A0A185KRV3|A0A185KRV3_9MONO      NNWRSFVGLKFKCFMGLNLDNDLSMYMKDKALSPLRDLWDSIYSREVMSYQPPRNKKSRR 660 

sp|Q997F0|L_NIPAV                   KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKDEWDSVYPREVLSYTPPKSTEPRR 504 

sp|O89344|L_HENDH                   KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKEEWDSVYPREVLNYTPPRSTEPRR 504 

tr|G5CPP9|G5CPP9_9MONO              KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKEEWDSVYPREVLNYTPPRSTEPRR 504 

tr|F4YH99|F4YH99_9MONO              KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKEEWDSVYPREVLNYTPPRSTEPRR 504 

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

                                                                                             

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      LVDVFIDDDKFDPYTLIQYVLSGEYKTDPDFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      LVDVFIDDDKFDPYTLIQYVLSGDYKNDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      LVDVFVNDGEFDPYNILNYVLSGEYINDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 509 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      LVDVFINDADFDPYNILNYILSGEYINDPEFNISYSLKEKETKQVGRLFAKMTYKMRACQ 563 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      LVDVFINDIDFDPYNILNYIISGEYINDPDFNISYSLKEKETKQVGRLFAKMTYKMRACQ 563 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      LVDVFINDPNFDPFDIINYVLSGEYKHDPAFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      LVDVFINDPDFDPNEIIEYVLSGTYKDDPDFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0AAX3C928|A0AAX3C928_9MONO      LVDVFVNDADFDPYEIIDYVLSGKYKTDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|W8SYG1|W8SYG1_9MONO              LVDVFVNDAEFDPYEIIDYVLSGRYIDDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|H9M6P4|H9M6P4_9MONO              LVDYFINDEDFDPYSMLQYVINGDYLNDPDFNVSYSLKEKETKEVGRLFAKMTYKMRACQ 564 

tr|A0A185KRV3|A0A185KRV3_9MONO      LVEVFVDDQDFDPVDMINYVLTGEYLRDDDFNASYSLKEKETKQVGRLFAKMTYKMRACQ 720 

sp|Q997F0|L_NIPAV                   LVDVFVNDENFDPYNMLEYVLSGAYLEDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

sp|O89344|L_HENDH                   LVDVFVNDENFDPYNMLEYVLTGDYLTDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

tr|G5CPP9|G5CPP9_9MONO              LVDVFVNDENFDPYNMLEYVLTGDYLTDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

tr|F4YH99|F4YH99_9MONO              LVDVFVNDENFDPYNMLEYVLTGDYLTDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

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

 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      VVAESLIANGIGKYFKENGMVKDEHELIKNLLQLSISSVPKAEVYNDDHWELRKKT---- 619 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      VVAESLIANGIGKFFKENGMVKDEHELIKNLLQLSISSVPKSEVYNNDHWELRKQS---- 619 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      VVAESLIANGIGRYFKENGMVKDEHELLKTLHQLSVSSVPKTESYNDDPWKINKES---- 565 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      VVAESLIANGIGKFFKENGMVKDEHELLKSLHQLSASSVPKNEGYNQDSWKLLKRA---- 619 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      VVAESLIANGIGRFFKENGMVKDEHELLKSLHQLSASAVPKNEGYNQDNWRLLKNT---- 619 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      VVAESLIANGIGKYFKENGMVKDEHELLKSLHQLSASAVPKNEGYDNDCWRLSKKS---- 619 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      VVAESLIANGIGRYFKENGMVKDEHELLRSLHQLSASSVPKNEGYNNDSWKIRKQL---- 619 

tr|A0AAX3C928|A0AAX3C928_9MONO      VVAESLIANGIGKYFKENGMVKDEHELLKSLHQLSASSVPKNEGFNEDNWKIDKKP---- 619 

tr|W8SYG1|W8SYG1_9MONO              VVAESLIANGIGKYFKENGMVKDEHELLKSLHQLSASSVPKNEGFNEDNWKISKRP---- 619 

tr|H9M6P4|H9M6P4_9MONO              VMAESLIAHGVGKFFKENGMVKDEQDLLKSLFQMSISGVPRGNIRGGAPSKMSQSERKMR 624 

tr|A0A185KRV3|A0A185KRV3_9MONO      VIAENLIAHGIGRYFHENGMVKDEHELSKSLFQLSISGIPRGNKNNKSTNDTIHESKIEN 780 

sp|Q997F0|L_NIPAV                   VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGNDPQSINN---IER 621 

sp|O89344|L_HENDH                   VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGRDSEFSNN---TEK 621 

tr|G5CPP9|G5CPP9_9MONO              VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGRDSEFSNN---TEK 621 

tr|F4YH99|F4YH99_9MONO              VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGRDSEFSNN---TEK 621 

                                    *:** *** *:*::*:********::* :.* *:* *.:*: :  .       :       
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  NTD                RdRp 
tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      SNGFTDSDDINNFTRALIDIMSLDDIHCVSEFFSFFRTFGHPILE AITAAEKVRSHMQKP 383 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      NNGFTNPEDITTFTRALIDIMSIDDIHCVSEFFSFFRTFGHPILE AVTAADKVRSHMQKP 383 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      NNGFVHPQDAENLFDEFVEIMSLDDIHLVGEFFSFFRTFGHPTLE AITAADKVRSHMQKP 329 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      ANGFDDMNDIDDFTKRIINIMSLDDIHLIAEFFSFYRTFGHPTLE ALTAADKVRSHMQKP 383 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      NNGFTDIDDINDFTHRIINIMSIPDIHLIAEFFSFYRTFGHPTLE ALTAAEKVRSHMQKP 383 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      NNGFTEDSDISDFTSRIINIMSLSDIHLIAEFFSFFRTFGHPTLE ALTAADKVRSHMQKP 383 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      NNGFTDQADINDFTDRIINIMSLPDIHLIAEFFSFFRTFGHPTLE ALTAAEKVRGHMQKP 383 

tr|A0AAX3C928|A0AAX3C928_9MONO      KNGFNDEQDINEFTSRIINIMSIPDIHLVAEFFSFFRTFGHPTLE ALTAAEKVRTHMQKP 383 

tr|W8SYG1|W8SYG1_9MONO              KNGFHDEQDIEDFTSRIINIMSLPDIHLVAEFFSFFRTFGHPTLE ALTAAEKVRTHMQKP 383 

tr|H9M6P4|H9M6P4_9MONO              SNGFTDDEKIERFCDKLVNILNNNDIHMIAEMFSFFRTFGHPTLE AVTAASKVRDYMKAD 384 

tr|A0A185KRV3|A0A185KRV3_9MONO      ESKNYPEDEIKRFANDLINVMTCRDIHLVAEFFSFFRTFGHPILN AQTAARKVREYMLAD 540 

sp|Q997F0|L_NIPAV                   ECGFTDQKIRSMFIDDLLSILNIDNIHLLAEFFSFFRTFGHPILE AKVAAEKVREHMLAD 384 

sp|O89344|L_HENDH                   GCGFTDQKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFGHPILE AKTAADKVREHMLAD 384 

tr|G5CPP9|G5CPP9_9MONO              ECGFTDQKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFGHPILE AKTAADKVREHMLAD 384 

tr|F4YH99|F4YH99_9MONO              ECGFTDQKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFGHPILE AKTAADKVREHMLAD 384 

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

                                                    ZBM 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      KMLSYLPIMKAHAIFCGIIINGYRDRHGGSWPPLELPPHATSTIKRAHSNGEALTHEMCA 443 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      KMLTYLPIMKAHAIFCGIIINGYRDRHGGSWPPLELPAHAVSVIKRAHSNGEALTHEMCA 443 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      KMLEFLPIMKAHAIFCGIIINGYRDRHGGAWPPLTLPNHASPVIRRLQSNGESLTHAICV 389 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      KMLEFLPIMKAHAIFCGIIINGYRDRHGGAWPPLEFPEHVSPLIKRIYGNSEALTHEICC 443 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      KMLEFLPMMKAHAIFCGIIINGYRDRHGGAWPPVIFPDHVSPLIKRIYGNSEALTHEICC 443 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      KILEFLPIMKAHAIFCGIIINGYRDRHGGAWPPIEFPPHVSTVVRRLYSNSEALSHDICS 443 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      KILEFLPIMKAHAIFCGIIINGYRDRHGGAWPPVEFPAHVSPVIRRLYGNSEALSHEVCY 443 

tr|A0AAX3C928|A0AAX3C928_9MONO      KILEFLPIMKAHAIFCGIIINGYRDRHGGAWPPVVFPEHASVLIKRLHNSSEALTHEICC 443 

tr|W8SYG1|W8SYG1_9MONO              KILDFLPIMKAHAIFCGIIINGYRDRHGGAWPPVIFPEHVSVLIKRLHNSSEALTHEICC 443 

tr|H9M6P4|H9M6P4_9MONO              KVLEYETIMKGHAIFCGIIINGYRDKHGGVWPPLTFPKHVHQEIKRLQSSGERLTYEICI 444 

tr|A0A185KRV3|A0A185KRV3_9MONO      KILEYEPIMKGHAIFCAIIINGFRDRHGGVWPPLDLPKHCSKNIISLKNTGEGVTYEVAI 600 

sp|Q997F0|L_NIPAV                   KVLEYAPIMKAHAIFCGTIINGYRDRHGGAWPPLYLPAHASKHIIRLKNSGESLTIDDCV 444 

sp|O89344|L_HENDH                   KVLEYGPIMKAHAVFCGTIINGYRDRHRGAWPPLYLPSHASKHIIRLKNSGESLTVDDCV 444 

tr|G5CPP9|G5CPP9_9MONO              KVLEYGPIMKAHAIFCGTIINGYRDRHGGAWPPLYLPSHASKHIIRLKNSGESLTVDDCV 444 

tr|F4YH99|F4YH99_9MONO              KVLEYGPIMKAHAIFCGTIINGYRDRHGGAWPPLYLPSHASKHIIRLKNSGESLTVDDCV 444 

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

                                             ZBM  

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      TNWKSFCGLRFKCFMPLELDSDLSMYMKDKALSPICPEWDTVYPRENLKYSPPRLTTSRR 503 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      TNWRSFCGLKFKCFMPLELDSDLSMYMKDKALSPICSEWDTVYPRENLKYSPPRLTTSRR 503 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      NEWKSFCGLHFKCFMPLELDSDLSMYMKDKALSPLKSEWDTVYPKENMKYMTGVQSTSRR 449 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      QEWRSFCGFHFKCFMPLELDNDLSMYMKDKALSPIKSEWDSVYPKESMFYKVPPNTTSRR 503 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      QEWRSFCGFHFKCFMPLELDSDLSMYMKDKALSPIKSEWDSVYPKESMYYKVSPATTSRR 503 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      QEWKSFCGFKFKCFLPLELDNDLSMYMKDKALSPIKDEWDSVYPYDCMYYKPPASTTSRR 503 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      QEWKSFCGFHFKCFMPLELDSDLSMYMKDKALSPIKSEWDTVYPKESLMYKPPIQTSSRR 503 

tr|A0AAX3C928|A0AAX3C928_9MONO      QEWKSFCGFKFKCFLPLELDSDLSMYMKDKALSPIKDEWDSVYPSESMCYSPPNSTTSRR 503 

tr|W8SYG1|W8SYG1_9MONO              QEWKSFCGFKFKCFLPLELDNDLSMYMKDKALSPVKNEWDSVYPYESMCYNPPASTTSRR 503 

tr|H9M6P4|H9M6P4_9MONO              KHWKSFCGLNFKCFMDLNLDEDLSMYMKDKALAAIRNEWDSVYPKENLSYQPTKNTTPRR 504 

tr|A0A185KRV3|A0A185KRV3_9MONO      NNWRSFVGLKFKCFMGLNLDNDLSMYMKDKALSPLRDLWDSIYSREVMSYQPPRNKKSRR 660 

sp|Q997F0|L_NIPAV                   KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKDEWDSVYPREVLSYTPPKSTEPRR 504 

sp|O89344|L_HENDH                   KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKEEWDSVYPREVLNYTPPRSTEPRR 504 

tr|G5CPP9|G5CPP9_9MONO              KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKEEWDSVYPREVLNYTPPRSTEPRR 504 

tr|F4YH99|F4YH99_9MONO              KNWESFCGIQFDCFMELKLDSDLSMYMKDKALSPIKEEWDSVYPREVLNYTPPRSTEPRR 504 

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

                                                                                             

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      LVDVFIDDDKFDPYTLIQYVLSGEYKTDPDFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      LVDVFIDDDKFDPYTLIQYVLSGDYKNDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      LVDVFVNDGEFDPYNILNYVLSGEYINDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 509 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      LVDVFINDADFDPYNILNYILSGEYINDPEFNISYSLKEKETKQVGRLFAKMTYKMRACQ 563 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      LVDVFINDIDFDPYNILNYIISGEYINDPDFNISYSLKEKETKQVGRLFAKMTYKMRACQ 563 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      LVDVFINDPNFDPFDIINYVLSGEYKHDPAFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      LVDVFINDPDFDPNEIIEYVLSGTYKDDPDFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|A0AAX3C928|A0AAX3C928_9MONO      LVDVFVNDADFDPYEIIDYVLSGKYKTDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|W8SYG1|W8SYG1_9MONO              LVDVFVNDAEFDPYEIIDYVLSGRYIDDPEFNISYSLKEKETKQAGRLFAKMTYKMRACQ 563 

tr|H9M6P4|H9M6P4_9MONO              LVDYFINDEDFDPYSMLQYVINGDYLNDPDFNVSYSLKEKETKEVGRLFAKMTYKMRACQ 564 

tr|A0A185KRV3|A0A185KRV3_9MONO      LVEVFVDDQDFDPVDMINYVLTGEYLRDDDFNASYSLKEKETKQVGRLFAKMTYKMRACQ 720 

sp|Q997F0|L_NIPAV                   LVDVFVNDENFDPYNMLEYVLSGAYLEDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

sp|O89344|L_HENDH                   LVDVFVNDENFDPYNMLEYVLTGDYLTDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

tr|G5CPP9|G5CPP9_9MONO              LVDVFVNDENFDPYNMLEYVLTGDYLTDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

tr|F4YH99|F4YH99_9MONO              LVDVFVNDENFDPYNMLEYVLTGDYLTDEQFNVSYSLKEKETKQAGRLFAKMTYKMRACQ 564 

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

 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      VVAESLIANGIGKYFKENGMVKDEHELIKNLLQLSISSVPKAEVYNDDHWELRKKT---- 619 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      VVAESLIANGIGKFFKENGMVKDEHELIKNLLQLSISSVPKSEVYNNDHWELRKQS---- 619 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      VVAESLIANGIGRYFKENGMVKDEHELLKTLHQLSVSSVPKTESYNDDPWKINKES---- 565 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      VVAESLIANGIGKFFKENGMVKDEHELLKSLHQLSASSVPKNEGYNQDSWKLLKRA---- 619 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      VVAESLIANGIGRFFKENGMVKDEHELLKSLHQLSASAVPKNEGYNQDNWRLLKNT---- 619 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      VVAESLIANGIGKYFKENGMVKDEHELLKSLHQLSASAVPKNEGYDNDCWRLSKKS---- 619 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      VVAESLIANGIGRYFKENGMVKDEHELLRSLHQLSASSVPKNEGYNNDSWKIRKQL---- 619 

tr|A0AAX3C928|A0AAX3C928_9MONO      VVAESLIANGIGKYFKENGMVKDEHELLKSLHQLSASSVPKNEGFNEDNWKIDKKP---- 619 

tr|W8SYG1|W8SYG1_9MONO              VVAESLIANGIGKYFKENGMVKDEHELLKSLHQLSASSVPKNEGFNEDNWKISKRP---- 619 

tr|H9M6P4|H9M6P4_9MONO              VMAESLIAHGVGKFFKENGMVKDEQDLLKSLFQMSISGVPRGNIRGGAPSKMSQSERKMR 624 

tr|A0A185KRV3|A0A185KRV3_9MONO      VIAENLIAHGIGRYFHENGMVKDEHELSKSLFQLSISGIPRGNKNNKSTNDTIHESKIEN 780 

sp|Q997F0|L_NIPAV                   VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGNDPQSINN---IER 621 

sp|O89344|L_HENDH                   VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGRDSEFSNN---TEK 621 

tr|G5CPP9|G5CPP9_9MONO              VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGRDSEFSNN---TEK 621 

tr|F4YH99|F4YH99_9MONO              VIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQGRDSEFSNN---TEK 621 

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

                                                                                                 

                                                       ZBM 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      IRNEDKYDTISSFLTTDLQKFCLNWRYESTALFAQRMDEIYGLPGFFNWLHNRLENCVLY 756 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      TKTEDKYDTISSFLTTDLQKFCLNWRYESTALFAQRMDEIYGLPGFFNWLHNRLEKCVLY 756 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      IRSDDKYDTISSFLTTDLQKFCLNWRYESTALFAARMDEIYGLPGFFNWLHNRLERSVLY 706 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      DRSDDKYDTISSFLTTDLQKFCLNWRYESTALFAERVDEIYGLPGFFNWLHKRLENCVLY 758 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      ERSDEKYDTISSFLTTDLQKFCLNWRYESTAIFAERVDEIYGLPNFFNWLHKRLERCTLY 758 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      TKSVDKYDTISSFLTTDLQKFCLNWRYESTAIFAERVDEIYGLPGFFNWLHNRLENSTLY 758 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      DKSETKYDTISSFLTTDLQKFCLNWRYESTAIFAERVDEIYGLPGFFNWLHNRLERCTLY 758 

tr|A0AAX3C928|A0AAX3C928_9MONO      DKSEEKYDTISSFLTTDLQKFCLNWRYESTALFAERVDEIYGLPGFFNWLHNRLENCTLY 758 

tr|W8SYG1|W8SYG1_9MONO              DRSDDKYDTISSFLTTDLQKFCLNWRYESTALFAERVDEIYGLPGFFNWLHNRLERCTLY 758 

tr|H9M6P4|H9M6P4_9MONO              EENNIKYDVISSFLTTDYKKFCLNWRHESVAIFARRMDEIYGLPNFFNWMHKILDKSTIY 773 

tr|A0A185KRV3|A0A185KRV3_9MONO      KEDEERYDVISAFLTTDLRKFCLNWRHESIGIFARRMDEIYGLPGFFNWMHRRLERSVLY 1019 

sp|Q997F0|L_NIPAV                   DNTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLERSVIY 765 

sp|O89344|L_HENDH                   DGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLEKSVIY 765 

tr|G5CPP9|G5CPP9_9MONO              DGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLEKSVIY 765 

tr|F4YH99|F4YH99_9MONO              DGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLEKSVIY 765 

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

 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      VADPYCPPNLSKHIDLKDTEDKGIFIHRPMGGIEGYSQKLWTIITIPFLFLSGLETNTRI 816 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      VADPYCPPNLDKHIDLAETEDRGIFIHKPMGGIEGYSQKLWTIITIPFLFLSGLETNTRI 816 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      VADPYCPPSFDKHLDLDEVPDEGMFIHNPMGGIEGYSQKLWTIITIPFLFLSGVETNIRI 766 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      VSDPYCPPNEYVHKELDDTEDQGIFIHHPMGGIEGYSQKLWTIITIPFLFLSGVETNIRV 818 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      VADPYCPPDEKEHIELDDIRDEGIFIKHPMGGIEGYSQKLWTIITIPFLFLSGVETNIRV 818 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      VADPHCPPSFDKHYDLDDVPDEGMFIKHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRI 818 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      VADPHCPPPFTEHYELDDVPDEGMFIRHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRV 818 

tr|A0AAX3C928|A0AAX3C928_9MONO      VADPYCPPPFTAHIDLDDVPDEGMFIRHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRV 818 

tr|W8SYG1|W8SYG1_9MONO              VADPHCPPPFTDHLELDEVPDEGIFIRHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRV 818 

tr|H9M6P4|H9M6P4_9MONO              VADPNCPPSNRSHVDLDFQPDDHIYIVHPKGGIEGYSQKLWTIITIPFLFLSAYETGTRI 833 

tr|A0A185KRV3|A0A185KRV3_9MONO      VADPHCPPSINEHIDLNDSPERDIFIHHPKGGIEGYSQKLWTIATIPFLFLSAHETNTRI 1079 

sp|Q997F0|L_NIPAV                   VADPNCPPNIDKHMELEKTPEDDIFIHYPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

sp|O89344|L_HENDH                   VADPNCPPDIGKHINLDDTPEDDIFIHSPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

tr|G5CPP9|G5CPP9_9MONO              VADPNCPPDIGKHINLDDTPEDDIFIHSPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

tr|F4YH99|F4YH99_9MONO              VADPNCPPDIGKHINLDDTPEDDIFIHSPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

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

 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      AAVVQGDNQSIAITYKVHPNISYLEKKRISAERAQAYFVKLRENLAALGHNLKATETIIS 876 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      AAVVQGDNQSIAITYKVHPNISYLEKKRISAERAQAYFIRLRDNLAALGHNLKATETIIS 876 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      AAVVQGDNQSIAITHKVHPHLSYKVKKDISAQQAQIYFKKLRENLGALGHNLKLTETIIS 826 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      AAVVQGDNQSIAITHKVHPNLSYQRKKDLSAEQAKIYFKQLRKNLAALGHNLKLTETIIS 878 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      AAVVQGDNQSIAITHRVHPNLSYQAKKDISAEQAKIYFKALRRNLAALGHNLKLTETIIS 878 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      AAVVQGDNQSIAITHKVHPHMSYQAKKEASAQKAKIYFARLRDNLSALGHNLKLTETIVS 878 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      AAVVQGDNQSIAITHKVHPNLSYLAKKDASARRAKIYFENLRNNLAALGHNLKLTETIIS 878 

tr|A0AAX3C928|A0AAX3C928_9MONO      AAVVQGDNQSIAITHRVHPNMSYIAKKNVSAEKAKIYFERLRSNLDALGHNLKLTETIIS 878 

tr|W8SYG1|W8SYG1_9MONO              AAVVQGDNQSIAITHKVHPNMSYIAKKDVSAEKARIYFERLRTNLDALGHNLKLTETIIS 878 

tr|H9M6P4|H9M6P4_9MONO              AAVVQGDNQSIAITTKVHPSLPYKIKKEISASKAKEYFYRLRDNLRSLGHDMKATETVIS 893 

tr|A0A185KRV3|A0A185KRV3_9MONO      AAVVQGDNQSIAITHKVHPHLPYKMKKELSAMQAKKYFSRLRHNMKALGHELKATETIIS 1139 

sp|Q997F0|L_NIPAV                   AAIVQGDNESIAITQKVHPNLPYKVKKEICAKQAQLYFERLRMNLRALGHNLKATETIIS 885 

sp|O89344|L_HENDH                   AAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNLRALGLNLKATETIIS 885 

tr|G5CPP9|G5CPP9_9MONO              AAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNLRALGHNLKATETIIS 885 

tr|F4YH99|F4YH99_9MONO              AAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNLRALGHNLKATETIIS 885 

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

 

                                                                         ZBM 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      THFFVYSKRIYYDGMVLSQSLKTISRCVFWSETLVDETRSACSNISTAVAKSIETGLSKD 936 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      THFFVYSKRIYYDGMVLSQSLKTISRCVFWSETLVDETRSACSNISTAVAKSIETGLSKD 936 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      THFFVYSKRIYYDGMVLSQALKTLSRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 886 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      THFFVYSKRIYYDGMVLSQSLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      THFFIYSKRIYYDGMVLSQGLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      THFFVYSKRIYYDGMVLSQGLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      THFFVYSKRIYYDGMVLSQGLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAX3C928|A0AAX3C928_9MONO      THFFVYSKRIYYDGMVLSQGLKSVSRCVFWSETLVDETRSACSNISTSIAKAIENGMSKD 938 

tr|W8SYG1|W8SYG1_9MONO              THFFVYSKRIYYDGMVLSQGLKSVSRCVFWSETLVDETRSACSNISTSIAKAIENGLSKD 938 

tr|H9M6P4|H9M6P4_9MONO              TNFFIYSKRIYYDGVMLSQGLKTISRCVFWSETLVDETRSACSNISTAITKSIENGIDHR 953 

tr|A0A185KRV3|A0A185KRV3_9MONO      THFFIYSKKIHYDGAVLSQSLKSMARCVFWSETLVDETRAACSNISTTIAKAIENGYSRR 1199 

sp|Q997F0|L_NIPAV                   THLFIYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

sp|O89344|L_HENDH                   THLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

tr|G5CPP9|G5CPP9_9MONO              THLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

tr|F4YH99|F4YH99_9MONO              THLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

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

                                               RdRp                 PRNTase     

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      VGYGLNILKTIQQLHISLQFSINE TMTKDVVTPLINNQSWFLSACLMPAPLGGFNYLNLS 996 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      VGYGLNILKTIQQLHIALQFSINE TMTKDVVMPLIQNQSWILSACLLPAPLGGFNYLNLS 996 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      FGYALNILKTLQQLVLSLKFTINE TLTPDITSPIINNPLWLLTATLVPAPLGGFNYLNMS 946 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      IGYALNILKTIQQICISLKFSINE TMTPDVTNPILHNVNWLLTACIMPASLGGFNYLNLS 998 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      IGYSLNILKTLQQVCISLKFSINE TMTPDVTNPILHNINWLLTACLMPASLGGFNYLNLS 998 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      IGYALNILKTIQQLTISLKFSINE TMTPDITNPLIQNIDWLLTACLVPASLGGFNYLNIS 998 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      IGYALNILKTLQQLVISLKFSINE TMTPDVTNPLIQNINWLLTACLVPSSLGGFNYLNIS 998 

tr|A0AAX3C928|A0AAX3C928_9MONO      VGYSLNILKTIQQIVVSLKFSINE TMTPDVTNPLIQNVNWLLTACLMPASLGGFNYLNLS 998 

tr|W8SYG1|W8SYG1_9MONO              IGYSLNVLKTIQQIIVSLKFSINE TMTPDVTNPLIQNINWLLTACLMPASLGGFNYLNLS 998 

tr|H9M6P4|H9M6P4_9MONO              FGFCLNYLKTMQQLSISLNFSINE TITDDIKMAFTNHPEWYKISSMIPAALGGFNYLNVS 1013 

tr|A0A185KRV3|A0A185KRV3_9MONO      SGYLINVLKTIQQINISLSFNINE CMTDDIIRPFRDNPNWIKHAALIPASLGGLNYMNMS 1259 

sp|Q997F0|L_NIPAV                   VGYCINILKVIQQLLISTEFSINE TLTLDVTSPISNNLDWLITAALIPAPIGGFNYLNLS 1005 

sp|O89344|L_HENDH                   VGYCINVLKVIQQLLISTEFSINE TLTADVTSPISNNLDWLVTASRIPAPIGGFNYLNLS 1005 

tr|G5CPP9|G5CPP9_9MONO              VGYCINVLKVIQQLLISTEFSINE TLTADVTSPISNNLDWLVTASLIPAPIGGFNYLNLS 1005 

tr|F4YH99|F4YH99_9MONO              VGYCINVLKVIQQLLISTEFSINE TLTADVTSPISNNLDWLVTASLIPAPIGGFNYLNLS 1005 

                                     *: :* **.:**: :: .*.***  :* *:   : .:  *   :  :*: :**:**:*:* 
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Figure 5: MSA of the NTD and RdRp domains of NiV and its related viruses 

3.1 ‘Mix and Match’ MSA analysis of the NTD and RdRp domains of all three bat-borne viruses: MARV, EBOV 
and NiV  

Figure 6 shows the ‘Mix and Match’ MSA of part of the NTD and RdRp domains of all the three bat-borne human 
pathogenic viruses, viz. MARV, EBOV and NiV (only the region required for the discussion is shown here). The 
representative strains of the three viruses are highlighted in yellow. The tentative RdRp domain in all three viruses is 
marked by arrows. The conserved motifs and amino acids in the catalytic core are highlighted in yellow. The typical, 
proton abstractor K and the nucleotide discriminator R at -4 from the catalytic K are completely conserved in all and 
the template-binding pair is highly conserved and is completely aligned from all three viral RdRps (Fig. 6). Only the 
MARV and EBOV harbour an additional putative polymerase catalytic core at the NTD (highlighted in yellow), but absent 

                                                                                                 

                                                       ZBM 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      IRNEDKYDTISSFLTTDLQKFCLNWRYESTALFAQRMDEIYGLPGFFNWLHNRLENCVLY 756 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      TKTEDKYDTISSFLTTDLQKFCLNWRYESTALFAQRMDEIYGLPGFFNWLHNRLEKCVLY 756 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      IRSDDKYDTISSFLTTDLQKFCLNWRYESTALFAARMDEIYGLPGFFNWLHNRLERSVLY 706 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      DRSDDKYDTISSFLTTDLQKFCLNWRYESTALFAERVDEIYGLPGFFNWLHKRLENCVLY 758 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      ERSDEKYDTISSFLTTDLQKFCLNWRYESTAIFAERVDEIYGLPNFFNWLHKRLERCTLY 758 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      TKSVDKYDTISSFLTTDLQKFCLNWRYESTAIFAERVDEIYGLPGFFNWLHNRLENSTLY 758 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      DKSETKYDTISSFLTTDLQKFCLNWRYESTAIFAERVDEIYGLPGFFNWLHNRLERCTLY 758 

tr|A0AAX3C928|A0AAX3C928_9MONO      DKSEEKYDTISSFLTTDLQKFCLNWRYESTALFAERVDEIYGLPGFFNWLHNRLENCTLY 758 

tr|W8SYG1|W8SYG1_9MONO              DRSDDKYDTISSFLTTDLQKFCLNWRYESTALFAERVDEIYGLPGFFNWLHNRLERCTLY 758 

tr|H9M6P4|H9M6P4_9MONO              EENNIKYDVISSFLTTDYKKFCLNWRHESVAIFARRMDEIYGLPNFFNWMHKILDKSTIY 773 

tr|A0A185KRV3|A0A185KRV3_9MONO      KEDEERYDVISAFLTTDLRKFCLNWRHESIGIFARRMDEIYGLPGFFNWMHRRLERSVLY 1019 

sp|Q997F0|L_NIPAV                   DNTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLERSVIY 765 

sp|O89344|L_HENDH                   DGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLEKSVIY 765 

tr|G5CPP9|G5CPP9_9MONO              DGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLEKSVIY 765 

tr|F4YH99|F4YH99_9MONO              DGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPGFFNWMHKRLEKSVIY 765 

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

 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      VADPYCPPNLSKHIDLKDTEDKGIFIHRPMGGIEGYSQKLWTIITIPFLFLSGLETNTRI 816 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      VADPYCPPNLDKHIDLAETEDRGIFIHKPMGGIEGYSQKLWTIITIPFLFLSGLETNTRI 816 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      VADPYCPPSFDKHLDLDEVPDEGMFIHNPMGGIEGYSQKLWTIITIPFLFLSGVETNIRI 766 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      VSDPYCPPNEYVHKELDDTEDQGIFIHHPMGGIEGYSQKLWTIITIPFLFLSGVETNIRV 818 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      VADPYCPPDEKEHIELDDIRDEGIFIKHPMGGIEGYSQKLWTIITIPFLFLSGVETNIRV 818 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      VADPHCPPSFDKHYDLDDVPDEGMFIKHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRI 818 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      VADPHCPPPFTEHYELDDVPDEGMFIRHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRV 818 

tr|A0AAX3C928|A0AAX3C928_9MONO      VADPYCPPPFTAHIDLDDVPDEGMFIRHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRV 818 

tr|W8SYG1|W8SYG1_9MONO              VADPHCPPPFTDHLELDEVPDEGIFIRHPMGGIEGYSQKLWTIITIPFLFLSGVETNTRV 818 

tr|H9M6P4|H9M6P4_9MONO              VADPNCPPSNRSHVDLDFQPDDHIYIVHPKGGIEGYSQKLWTIITIPFLFLSAYETGTRI 833 

tr|A0A185KRV3|A0A185KRV3_9MONO      VADPHCPPSINEHIDLNDSPERDIFIHHPKGGIEGYSQKLWTIATIPFLFLSAHETNTRI 1079 

sp|Q997F0|L_NIPAV                   VADPNCPPNIDKHMELEKTPEDDIFIHYPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

sp|O89344|L_HENDH                   VADPNCPPDIGKHINLDDTPEDDIFIHSPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

tr|G5CPP9|G5CPP9_9MONO              VADPNCPPDIGKHINLDDTPEDDIFIHSPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

tr|F4YH99|F4YH99_9MONO              VADPNCPPDIGKHINLDDTPEDDIFIHSPKGGIEGYSQKTWTIATIPFLFLSAYETNTRI 825 

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

 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      AAVVQGDNQSIAITYKVHPNISYLEKKRISAERAQAYFVKLRENLAALGHNLKATETIIS 876 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      AAVVQGDNQSIAITYKVHPNISYLEKKRISAERAQAYFIRLRDNLAALGHNLKATETIIS 876 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      AAVVQGDNQSIAITHKVHPHLSYKVKKDISAQQAQIYFKKLRENLGALGHNLKLTETIIS 826 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      AAVVQGDNQSIAITHKVHPNLSYQRKKDLSAEQAKIYFKQLRKNLAALGHNLKLTETIIS 878 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      AAVVQGDNQSIAITHRVHPNLSYQAKKDISAEQAKIYFKALRRNLAALGHNLKLTETIIS 878 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      AAVVQGDNQSIAITHKVHPHMSYQAKKEASAQKAKIYFARLRDNLSALGHNLKLTETIVS 878 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      AAVVQGDNQSIAITHKVHPNLSYLAKKDASARRAKIYFENLRNNLAALGHNLKLTETIIS 878 

tr|A0AAX3C928|A0AAX3C928_9MONO      AAVVQGDNQSIAITHRVHPNMSYIAKKNVSAEKAKIYFERLRSNLDALGHNLKLTETIIS 878 

tr|W8SYG1|W8SYG1_9MONO              AAVVQGDNQSIAITHKVHPNMSYIAKKDVSAEKARIYFERLRTNLDALGHNLKLTETIIS 878 

tr|H9M6P4|H9M6P4_9MONO              AAVVQGDNQSIAITTKVHPSLPYKIKKEISASKAKEYFYRLRDNLRSLGHDMKATETVIS 893 

tr|A0A185KRV3|A0A185KRV3_9MONO      AAVVQGDNQSIAITHKVHPHLPYKMKKELSAMQAKKYFSRLRHNMKALGHELKATETIIS 1139 

sp|Q997F0|L_NIPAV                   AAIVQGDNESIAITQKVHPNLPYKVKKEICAKQAQLYFERLRMNLRALGHNLKATETIIS 885 

sp|O89344|L_HENDH                   AAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNLRALGLNLKATETIIS 885 

tr|G5CPP9|G5CPP9_9MONO              AAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNLRALGHNLKATETIIS 885 

tr|F4YH99|F4YH99_9MONO              AAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNLRALGHNLKATETIIS 885 

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

 

                                                                         ZBM 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      THFFVYSKRIYYDGMVLSQSLKTISRCVFWSETLVDETRSACSNISTAVAKSIETGLSKD 936 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      THFFVYSKRIYYDGMVLSQSLKTISRCVFWSETLVDETRSACSNISTAVAKSIETGLSKD 936 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      THFFVYSKRIYYDGMVLSQALKTLSRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 886 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      THFFVYSKRIYYDGMVLSQSLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      THFFIYSKRIYYDGMVLSQGLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      THFFVYSKRIYYDGMVLSQGLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      THFFVYSKRIYYDGMVLSQGLKSISRCVFWSETLVDETRSACSNISTSIAKSIENGLSKD 938 

tr|A0AAX3C928|A0AAX3C928_9MONO      THFFVYSKRIYYDGMVLSQGLKSVSRCVFWSETLVDETRSACSNISTSIAKAIENGMSKD 938 

tr|W8SYG1|W8SYG1_9MONO              THFFVYSKRIYYDGMVLSQGLKSVSRCVFWSETLVDETRSACSNISTSIAKAIENGLSKD 938 

tr|H9M6P4|H9M6P4_9MONO              TNFFIYSKRIYYDGVMLSQGLKTISRCVFWSETLVDETRSACSNISTAITKSIENGIDHR 953 

tr|A0A185KRV3|A0A185KRV3_9MONO      THFFIYSKKIHYDGAVLSQSLKSMARCVFWSETLVDETRAACSNISTTIAKAIENGYSRR 1199 

sp|Q997F0|L_NIPAV                   THLFIYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

sp|O89344|L_HENDH                   THLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

tr|G5CPP9|G5CPP9_9MONO              THLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

tr|F4YH99|F4YH99_9MONO              THLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNISTTIAKAIENGLSRN 945 

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

                                               RdRp                 PRNTase     

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      VGYGLNILKTIQQLHISLQFSINE TMTKDVVTPLINNQSWFLSACLMPAPLGGFNYLNLS 996 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      VGYGLNILKTIQQLHIALQFSINE TMTKDVVMPLIQNQSWILSACLLPAPLGGFNYLNLS 996 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      FGYALNILKTLQQLVLSLKFTINE TLTPDITSPIINNPLWLLTATLVPAPLGGFNYLNMS 946 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      IGYALNILKTIQQICISLKFSINE TMTPDVTNPILHNVNWLLTACIMPASLGGFNYLNLS 998 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      IGYSLNILKTLQQVCISLKFSINE TMTPDVTNPILHNINWLLTACLMPASLGGFNYLNLS 998 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      IGYALNILKTIQQLTISLKFSINE TMTPDITNPLIQNIDWLLTACLVPASLGGFNYLNIS 998 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      IGYALNILKTLQQLVISLKFSINE TMTPDVTNPLIQNINWLLTACLVPSSLGGFNYLNIS 998 

tr|A0AAX3C928|A0AAX3C928_9MONO      VGYSLNILKTIQQIVVSLKFSINE TMTPDVTNPLIQNVNWLLTACLMPASLGGFNYLNLS 998 

tr|W8SYG1|W8SYG1_9MONO              IGYSLNVLKTIQQIIVSLKFSINE TMTPDVTNPLIQNINWLLTACLMPASLGGFNYLNLS 998 

tr|H9M6P4|H9M6P4_9MONO              FGFCLNYLKTMQQLSISLNFSINE TITDDIKMAFTNHPEWYKISSMIPAALGGFNYLNVS 1013 

tr|A0A185KRV3|A0A185KRV3_9MONO      SGYLINVLKTIQQINISLSFNINE CMTDDIIRPFRDNPNWIKHAALIPASLGGLNYMNMS 1259 

sp|Q997F0|L_NIPAV                   VGYCINILKVIQQLLISTEFSINE TLTLDVTSPISNNLDWLITAALIPAPIGGFNYLNLS 1005 

sp|O89344|L_HENDH                   VGYCINVLKVIQQLLISTEFSINE TLTADVTSPISNNLDWLVTASRIPAPIGGFNYLNLS 1005 

tr|G5CPP9|G5CPP9_9MONO              VGYCINVLKVIQQLLISTEFSINE TLTADVTSPISNNLDWLVTASLIPAPIGGFNYLNLS 1005 

tr|F4YH99|F4YH99_9MONO              VGYCINVLKVIQQLLISTEFSINE TLTADVTSPISNNLDWLVTASLIPAPIGGFNYLNLS 1005 

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

 

//End of the L-protein sequences from Nipah and their related viruses 

tr|A0AB38ZJS4|A0AB38ZJS4_9MONO      LRKKAREVGVKSAWVIKLETREIKQWWKLISYSLVL------ 2291 

tr|A0A9Y2E3U6|A0A9Y2E3U6_9MONO      LRKKSREVGMKTAWVIKLDTREIKQWWKLISYSIIV------ 2291 

tr|A0AAT9TTJ8|A0AAT9TTJ8_9MONO      MFKRIKDSGFKTCWRFKLLTKEVKIWWKLISYAPIFHNNN-- 2189 

tr|A0AB38ZKA8|A0AB38ZKA8_9MONO      YFKRIKKNSFKQNWILELETKEIKMWWKLISYVPIYNSEYHP 2271 

tr|A0AAE9HRD4|A0AAE9HRD4_9MONO      YYKRIKKNSFKQNWLIELETKEIKMWWKLISYVPIYNS---- 2273 

tr|A0AAU0QM20|A0AAU0QM20_9MONO      YYKRMKKNKFKQNWIIDLKTKEIKLWWKLISYVPVFKDNR-- 2257 

tr|A0AAE8XQP5|A0AAE8XQP5_9MONO      YYKRIRRGKFKQNWMVELQTKEIKLWWKLISYVPIYKTITVT 2261 

tr|A0AAX3C928|A0AAX3C928_9MONO      YYKRIKKGKFKQSWMISLATKEIKLWWKLISYVPVFRKIV-- 2277 

tr|W8SYG1|W8SYG1_9MONO              YYKRINKGKFKQNWMISLTTKEIKLWWKLISYVPIFNKTT-- 2277 

tr|H9M6P4|H9M6P4_9MONO              LRERVHTALENSIHIINLERVIQKRWWKIVGYTGIL------ 2250 

tr|A0A185KRV3|A0A185KRV3_9MONO      LRERGDSKGMKSIWFTKLTSQEVKRWWKMISYIVIISNP--- 2501 

sp|Q997F0|L_NIPAV                   MQERREKNGFKEVWIVDLSNREVKIWWKIIGYISII------ 2244 

sp|O89344|L_HENDH                   MKERREKSGFKEIWIFDLSNREVKIWWKIIGYLSLV------ 2244 

tr|G5CPP9|G5CPP9_9MONO              MKERREKSGFKEIWIFDLSNREVKIWWKIIGYLSLI------ 2244 

tr|F4YH99|F4YH99_9MONO              MKERREKSGFKEIWIFDLSNREVKIWWKIIGYLSLV------ 2244 

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

A0AB38ZKA8_9MONO RNA-directed RNA polymerase L, Jingmen Crocidura shantungensis henipavirus 

A0A9Y2E3U6_9MONO RNA-directed RNA polymerase L, Crocidura tanakae henipavirus 

A0AAT9TTJ8_9MONO RNA-directed RNA polymerase L, Chodsigoa hypsibia henipavirus  

A0AB38ZJS4_9MONO RNA-directed RNA polymerase L, Jingmen Crocidura shantungensis henipavirus 

A0AAE9HRD4_9MONO RNA-directed RNA polymerase L, Melian virus  

A0AAU0QM20_9MONO RNA-directed RNA polymerase L, Lechcodon virus  

A0AAE8XQP5_9MONO RNA-directed RNA polymerase L, Wenzhou Apodemus agrarius henipavirus 

W8SYG1_9MONO RNA-directed RNA polymerase L, Mojiang virus 

A0AAX3C928_9MONO RNA-directed RNA polymerase L, Langya virus  

H9M6P4_9MONO RNA-directed RNA polymerase L, Ghana virus 

A0A185KRV3_9MONO RNA-directed RNA polymerase L, Cedar virus 

Q997F0| NIPAV RNA-directed RNA polymerase L, Nipah virus  

O89344|L_HENDH RNA-directed RNA polymerase L, Hendra virus (isolate Horse/Australia/Hendra/1994) 

G5CPP9_9MONO RNA-directed RNA polymerase L, Henipavirus hendraense 

F4YH99_9MONO RNA-directed RNA polymerase L, Henipavirus hendraense 
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in the NiV. Another significant finding is the presence of an additional -DH- type putative HNH-endonuclease motifs 
(highlighted in magenta) in the NTD of MARV (highlighted in magenta), but not in the EBOV and NiV [22].  

The HNH-endonucleases are essentially involved in a metal ion-mediated cleavage of DNAs resulting in single-stranded 
breaks (nicking) or double-stranded cuts. The HNH-endonuclease motifs are ubiquitous in biological systems and have 
been reported from both prokaryotes and eukaryotes. They are known to be involved in many important functions like, 
DNA packaging in double-stranded DNA viruses and herpesviruses, DNA homing where it acts as mobile genetic 
elements encoded by introns and inteins (where it creates double-stranded breaks on DNAs that drive the self-
propagation and horizontal transfer of these elements), restriction, repair, chromosome degradation, etc. One of the 
main functions of these endonucleases is to promote the lateral transfer of their own coding and flanking DNA regions 
between genomes, by a recombination-dependent process known as ‘homing’ [22]. The presence of HNH-endonuclease 
motif has been already reported in the DNA polymerases of poxviruses like smallpox and monkeypox viruses, which are 
linear, double-stranded DNA viruses [30] and in the PB1 subunit of the RNA polymerase of human influenza viruses A, 
B and C which are segmented, negative-strand RNA viruses, in the CRISPR-Cas9 system (a bacterial defense mechanism 
against any invading phages or genetic elements), colicins and pyosins (types of bacteriocins), group I and group II 
introns, inteins, etc. by Palanivelu [22, 31].  

CLUSTAL O (1.2.4) ‘Mix and Match’ MSA of the NTD and RdRp domains from MARV, EBOV and NiV and their related 
viruses. 

 

 

  
  
  
  
   

 

 

tr|A0A185KRV3|A0A185KRV3_9MONO      KNYYHVPYPECNRDLFLISDDKIAFKLSKIMDN-----SNKLFDGLERKLSRLISNVDNQ 137 

sp|O89344|L_HENDH                   KEFLHVSYPECNKSLFSLKSPGMTSKLSNIMKK-----SFKAYNIVSRKIIEMLQNITRN 135 

tr|G5CPP9|G5CPP9_9MONO              KEFLHVSYPECNKSLFSLKSPGMTSKLSNIMKK-----SFKAYNIVSRKIIEMLQNITRN 135 

tr|F4YH99|F4YH99_9MONO              KEFLHVSYPECNKSLFSLKSPGMTSKLSNIMKK-----SFKAYNIVSRKIIEMLQNITRN 135 

sp|Q997F0|L_NIPAV                   KEFMHIAYPECNNILFSITSQGMTSKLDNIMKK-----SFKAYNIISKKVIGMLQNITRN 135 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      KEFMHIAYPECNNTLFSITSQGMTSKLDNIMKK-----SFKAYNIISKKVIGMLQNITRN 135 

tr|Q1PDA3|Q1PDA3_9MONO              RNSTALK-------TFLQNCSILTVPFHSIWDHIITSIQHDAINHINDFKYLLPSELIK- 128M 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      RNSTALK-------TFLQNCSILTVPFHSIWDHIITSIQHDAINHINDFKYLLPSELIK- 143 

sp|Q1PDC4|L_MABVR                   RNSTALK-------TFLQNCSILTVPFHSIWDHIITSIQHDAINHINDFKYLLPSELIK- 135 

tr|G9HWE8|G9HWE8_9MONO              RNSTALK-------TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVK- 131 

tr|Q1PD47|Q1PD47_MABVA              RNSTALK-------TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVK- 137 

sp|P31352|L_MABVM                   RNSTALK-------TFLQNCSILTVPFHSIWDHILTSIQYDAINHVDDFKYLLPSELVK- 137M 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      QYDIAVN-------EFLAGVPLSTLPIDYLVPLIINANTDSIKIQDQPSIKNHIKDGIS- 103 

sp|Q5XX01|L_EBOSU                   KYDTIVL-------RFISDVPVATIPIDYIAPMLINVLADSKNVPLEPPCLSFLDEIVN- 106 

tr|A0A343EQF6|A0A343EQF6_9MONO      RYDPTVA-------QFLSDVPVATLPIDYILPVLLRAISEGEYCPLEPRCKQFQNEILD- 105 

sp|Q05318|L_EBOZM                   KYDVTVT-------KFLSDVPVATLPIDFIVPVLLKALSGNGFCPVEPRCQQFLDEIIK- 105 

tr|B8XCP4|B8XCP4_9MONO              KYDTTVT-------EFLSDVPVATLPADFLVPTFLRTLSGNGSCPIDPKCSQFLEEIVN- 105 

tr|R4QUH5|R4QUH5_9MONO              KFDATVT-------KFLSDVPIVTLPIDYLTPLLLRTLSGEGLCPVEPKCSQFLDEIVS- 105 

                                    :    :         *       :     :                .       .:     

 

tr|A0A185KRV3|A0A185KRV3_9MONO      LLNATSLHNNSEMDRKGKEHPCFPEKSTIDDVRQQRQTRDFPKNSTREGRSPKHPDAGPT 197 

sp|O89344|L_HENDH                   LITQD------------------------------------------------------- 140 

tr|G5CPP9|G5CPP9_9MONO              LITQD------------------------------------------------------- 140 

tr|F4YH99|F4YH99_9MONO              LITQD------------------------------------------------------- 140 

sp|Q997F0|L_NIPAV                   LITQD------------------------------------------------------- 140 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      LITQD------------------------------------------------------- 140 

tr|Q1PDA3|Q1PDA3_9MONO              YANWD------------------------------------------------------- 133M 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      YANWD------------------------------------------------------- 148 

sp|Q1PDC4|L_MABVR                   YANWD------------------------------------------------------- 140 

tr|G9HWE8|G9HWE8_9MONO              YANWD------------------------------------------------------- 136 

tr|Q1PD47|Q1PD47_MABVA              YANWD------------------------------------------------------- 142 

sp|P31352|L_MABVM                   YANWD------------------------------------------------------- 142M 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      FALHD------------------------------------------------------- 108 

sp|Q5XX01|L_EBOSU                   YTVQD------------------------------------------------------- 111 

tr|A0A343EQF6|A0A343EQF6_9MONO      YTLQD------------------------------------------------------- 110 

sp|Q05318|L_EBOZM                   YTMQD------------------------------------------------------- 110 

tr|B8XCP4|B8XCP4_9MONO              YTLQD------------------------------------------------------- 110 

tr|R4QUH5|R4QUH5_9MONO              YVLQD------------------------------------------------------- 110 

                                                                                                                                                                                     

      

tr|A0A185KRV3|A0A185KRV3_9MONO      FLFWFTVKTELRACQKE--NYKRKNRKLGIITSIKGSCYK---------LILNQNLVAIF 366 

sp|O89344|L_HENDH                   FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMKDNNME---------IVMNPNLVCIY 218 

tr|G5CPP9|G5CPP9_9MONO              FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMKDNNME---------IVMNPNLVCIY 218 

tr|F4YH99|F4YH99_9MONO              FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMRDNNME---------IVMNPNLVCIY 218 

sp|Q997F0|L_NIPAV                   FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMRDKSTE---------IILNPNLICIF 218 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMRDKSTE---------IILNPNLICIF 218 

tr|Q1PDA3|Q1PDA3_9MONO              MLLLVHLSQLARRIKGQRGSLRSNWKFIGVDLELFGIADFVIFKVPLKAIIRNATSLQAS 232 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      MLLLVHLSQLARRIKGQRGSLRSNWKFIGVDLELFGIADFVIFKVPIKAIIRNATSLQAS 247 

sp|Q1PDC4|L_MABVR                   MLLLVHLSQLARRIKGQRGSLRSNWKFIGVDLELFGIADFVIFKVPIKAIIRNATSLQAS 239 

tr|G9HWE8|G9HWE8_9MONO              MLLLVHLSQLARRIKGQRGSLRSNWKFIGTDLELFGIADFIIFKVPVKTIIRNAVSLQAS 235 

tr|Q1PD47|Q1PD47_MABVA              MLLLVHLSQLARRIKGQRGSLRSNWKFIGTDLELFGIADFVIFKVPVKTIIRNAVSLQAS 241 

sp|P31352|L_MABVM                   MLLLVHLSQLARRIKGQRGSLRSNWKFIGTDLELFGIADFVIFKVPVKTIIRNAVSLQAS 241 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      AVTWLDLVVAARRARMNRGNTRSTWYASGELIDILGYGDYIFWKIPLKLLPLNKRGVP-- 204 

sp|Q5XX01|L_EBOSU                   LFFWHDLAILTRRGRMNRGNVRSTWFVTNEVVDILGYGDYIFWKIPIALLPMNTANVP-- 207 

tr|A0A343EQF6|A0A343EQF6_9MONO      LYFWYDLAILARRGRLNRGNARSTWFVHDKLIDILGYGDYIFWKFPLSLLPMNENGIP-- 206 

sp|Q05318|L_EBOZM                   MFFWYDLAILTRRGRLNRGNSRSTWFVHDDLIDILGYGDYVFWKIPISMLPLNTQGIP-- 206E 

tr|B8XCP4|B8XCP4_9MONO              MFHWYDLAILARRGRLNRGNNRSTWFASDNLVDILGYGDYIFWKIPLSLLPVDTQGLP-- 206 

tr|R4QUH5|R4QUH5_9MONO              LFYWYDLAILTRRGRLNRGNNRSTWFANDDLIDILGYGDYIFWKIPLSLLSLNTEGIP-- 206 

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

 

                                                       Pol2  NTD (Ebola) 

                                                                                NTD                RdRp 

 

tr|A0A185KRV3|A0A185KRV3_9MONO      CKGHLHTTEDKPIIVPDTRYIQNHESNNDIFPKKEKKFCKLPPSSDNLTKIMVNSKWYNP 317 

sp|O89344|L_HENDH                   -----------------------------I---------YEQDRLSNIGKYMSQSQWYEC 169 

tr|G5CPP9|G5CPP9_9MONO              -----------------------------I---------YEQDRLSNIGKYMSQSQWYEC 169 

tr|F4YH99|F4YH99_9MONO              -----------------------------I---------YEQDRLSNIGKYMSQSQWYEC 169 

sp|Q997F0|L_NIPAV                   -----------------------------I---------HECRRLGDLGKNMSQSKWYEC 169 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      -----------------------------I---------HECRRLGDLGKNMSQSKWYEC 169 

tr|Q1PDA3|Q1PDA3_9MONO              -----------------------ILRLDHAFTNSAKLQR--------EDFSPKENPYYWG 172 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      -----------------------ILRLDHAFTNSAKLQC--------EDFSPKENPYYWG 187 

sp|Q1PDC4|L_MABVR                   -----------------------ILRLDHAFTNSAKLQC--------EDFSPKENPYYWG 179 

tr|G9HWE8|G9HWE8_9MONO              -----------------------ILGLDHVFPASARSQC--------EDFSPKENPYYWG 175 

tr|Q1PD47|Q1PD47_MABVA              -----------------------ILGLNHVFPTSARSQC--------EDFSPKENPYYWG 181 

sp|P31352|L_MABVM                   -----------------------ILGLDHVFSASARSQC--------EDFSPKENPYYWG 181 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      -----------------------IGINTMIDLGTFHNSA---------KKILLNERIIDE 146 

sp|Q5XX01|L_EBOSU                   -----------------------IKTQEGVITDQLKQNI---------RRVIHKNRYLSA 149 

tr|A0A343EQF6|A0A343EQF6_9MONO      -----------------------TGSEEKEGNLTANPAL---------KNVILKNEFLPQ 148 

sp|Q05318|L_EBOZM                   -----------------------VGAQEDCVDEHFQEKI---------LSSIQGNEFLHQ 148 

tr|B8XCP4|B8XCP4_9MONO              -----------------------AGVHNDHVDRDFGQKI---------RNLICDNEVLHQ 148 

tr|R4QUH5|R4QUH5_9MONO              -----------------------VGVHDDNVGKNFEPKI---------KALIYDNEFLQQ 148 

                                                                                          .      

 

 

 

 

tr|A0A185KRV3|A0A185KRV3_9MONO      FLFWFTVKTELRACQKE--NYKRKNRKLGIITSIKGSCYK---------LILNQNLVAIF 366 

sp|O89344|L_HENDH                   FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMKDNNME---------IVMNPNLVCIY 218 

tr|G5CPP9|G5CPP9_9MONO              FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMKDNNME---------IVMNPNLVCIY 218 

tr|F4YH99|F4YH99_9MONO              FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMRDNNME---------IVMNPNLVCIY 218 

sp|Q997F0|L_NIPAV                   FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMRDKSTE---------IILNPNLICIF 218 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      FLFWFTIKTEMRAVIKN--SQKPKFRSDSCIIHMRDKSTE---------IILNPNLICIF 218 

tr|Q1PDA3|Q1PDA3_9MONO              MLLLVHLSQLARRIKGQRGSLRSNWKFIGVDLELFGIADFVIFKVPLKAIIRNATSLQAS 232 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      MLLLVHLSQLARRIKGQRGSLRSNWKFIGVDLELFGIADFVIFKVPIKAIIRNATSLQAS 247 

sp|Q1PDC4|L_MABVR                   MLLLVHLSQLARRIKGQRGSLRSNWKFIGVDLELFGIADFVIFKVPIKAIIRNATSLQAS 239 

tr|G9HWE8|G9HWE8_9MONO              MLLLVHLSQLARRIKGQRGSLRSNWKFIGTDLELFGIADFIIFKVPVKTIIRNAVSLQAS 235 

tr|Q1PD47|Q1PD47_MABVA              MLLLVHLSQLARRIKGQRGSLRSNWKFIGTDLELFGIADFVIFKVPVKTIIRNAVSLQAS 241 

sp|P31352|L_MABVM                   MLLLVHLSQLARRIKGQRGSLRSNWKFIGTDLELFGIADFVIFKVPVKTIIRNAVSLQAS 241 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      AVTWLDLVVAARRARMNRGNTRSTWYASGELIDILGYGDYIFWKIPLKLLPLNKRGVP-- 204 

sp|Q5XX01|L_EBOSU                   LFFWHDLAILTRRGRMNRGNVRSTWFVTNEVVDILGYGDYIFWKIPIALLPMNTANVP-- 207 

tr|A0A343EQF6|A0A343EQF6_9MONO      LYFWYDLAILARRGRLNRGNARSTWFVHDKLIDILGYGDYIFWKFPLSLLPMNENGIP-- 206 

sp|Q05318|L_EBOZM                   MFFWYDLAILTRRGRLNRGNSRSTWFVHDDLIDILGYGDYVFWKIPISMLPLNTQGIP-- 206 

tr|B8XCP4|B8XCP4_9MONO              MFHWYDLAILARRGRLNRGNNRSTWFASDNLVDILGYGDYIFWKIPLSLLPVDTQGLP-- 206 

tr|R4QUH5|R4QUH5_9MONO              LFYWYDLAILTRRGRLNRGNNRSTWFANDDLIDILGYGDYIFWKIPLSLLSLNTEGIP-- 206 

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

 

                                                   Pol2 in NTD MARV & EBOV 
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                                                                                NTD              RdRp 

tr|A0A185KRV3|A0A185KRV3_9MONO      GDLFEELRESKNYP------EDEIKRFANDLINVMTCRDIHLVAEFFSFFRTFG HPILNA 526 

sp|O89344|L_HENDH                   KEIHQELIGCGFTD------QKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFG HPILEA 370 

tr|G5CPP9|G5CPP9_9MONO              KEIHHELIECGFTD------QKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFG HPILEA 370 

tr|F4YH99|F4YH99_9MONO              KEIHQELIECGFTD------QKTRSIFIDDLLSVMNIDNIHLLAEFFSFFRTFG HPILEA 370 

sp|Q997F0|L_NIPAV                   KEMHQELSECGFTD------QKIRSMFIDDLLSILNIDNIHLLAEFFSFFRTFG HPILEA 370 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      KEMHQELSECGFTD------QKIRSMFIDDLLSILNIDNIHLLAEFFSFFRTFG HPILEA 370  

tr|Q1PDA3|Q1PDA3_9MONO              KSYYDELRSLNLKLQIPDNRTECAQNFIKTIIQAK—LTPQQYCELFSLQKHWG  HPVLYN 409 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      KSYYDELQSLNLKLQIPDNRTECAQNFIKTIIQAK—LTPQQYCELFSLQKHWG  HPVLYN 424 

sp|Q1PDC4|L_MABVR                   KSYYDELQSLNLKLQIPDNRTECAQNFIKTIIQAK—LTPQQYCELFSLQKHWG  HPVLYN 416 

tr|G9HWE8|G9HWE8_9MONO              KSYYDELCSLNLKFQISGNKAECAQNFIKTIIQAK—LTPQQYCELFSLQKHWG  HPVLYN 412 

tr|Q1PD47|Q1PD47_MABVA              KSYYDELCCLNLKLQISDNKAECAQNFIKTIIQAK—LTPQQYCELFSLQKHWG  HPVLYN 418 

sp|P31352|L_MABVM                   KSYYDELHDLNLKLQISDNKAECAQNFIKTIVQAK—LTPQQYCELFSLQKHWG  HPVLYN 418 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      VALLKDLAERTKGRELTLYQQTKIRSFHQILFRLK—LRAQQWCELFSIQKHWG  HPVLHS 379 

sp|Q5XX01|L_EBOSU                   LAVIQTLRELLLNRGLKKSQLSKIREFHQLLLRLR—STPQQLCELFSIQKHWG  HPVLHS 383 

tr|A0A343EQF6|A0A343EQF6_9MONO      LAVIHTLEELLNGRNLKTFQLQKIREFHQIIVRLR—STPQQFCELFSIQKHWG  HPILHS 382 

sp|Q05318|L_EBOZM                   LAVNHTLEEITEMRALKPSQAQKIREFHRTLIRLE—MTPQQLCELFSIQKHWG  HPVLHS 382 

tr|B8XCP4|B8XCP4_9MONO              LAVNHTLEELTGSRELRPQQIRKVREFHQMLINLK—ATPQQLCELFSVQKHWG  HPVLHS 382 

tr|R4QUH5|R4QUH5_9MONO              LAVNHTLEELIEGRGLKSQQDWKMREFHRILVNLKS TPQQLCELFSVQKHWG  HPVLHS 382 

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

                                                           

tr|A0A185KRV3|A0A185KRV3_9MONO      GRLFAKMTYKMRACQVIAENLIAHGIGRYFHENGMVKDEHELSKSLFQLSISGIPRGNKN 765 

sp|O89344|L_HENDH                   GRLFAKMTYKMRACQVIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQ 609 

tr|G5CPP9|G5CPP9_9MONO              GRLFAKMTYKMRACQVIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQ 609 

tr|F4YH99|F4YH99_9MONO              GRLFAKMTYKMRACQVIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQ 609 

sp|Q997F0|L_NIPAV                   GRLFAKMTYKMRACQVIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQ 609 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      GRLFAKMTYKMRACQVIAEALIASGVGKYFKENGMVKDEHELLKTLFQLSISSVPRGNSQ 609 

tr|Q1PDA3|Q1PDA3_9MONO              GRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVVTEREQKEALLHQAS--------- 637 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      GRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVVTEREQKEALLHQAS--------- 652 

sp|Q1PDC4|L_MABVR                   GRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVVTEREQKEALLHQAS--------- 644 

tr|G9HWE8|G9HWE8_9MONO              GRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVVTEREQKEALLHQAS--------- 640 

tr|Q1PD47|Q1PD47_MABVA              GRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVVTEREQKEALLHQAS--------- 646 

sp|P31352|L_MABVM                   GRTFGKLPYRVRNVQTLAEALLADGLAKAFPSNMMVVTEREQKEALLHQAS--------- 646 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      GRTFGKLPYLTRNLQTLCEALLADGLAKAFPSNMMVVTEREQKETLLHQAS--------- 607 

sp|Q5XX01|L_EBOSU                   GRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTEREQKESLLHQAS--------- 611 

tr|A0A343EQF6|A0A343EQF6_9MONO      GRTFGKLPYLTRNVQTLCEALLADGLAKAFPSNMMVVTEREQKESLLHQAS--------- 610 

sp|Q05318|L_EBOZM                   GRTFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTEREQKESLLHQAS--------- 610 

tr|B8XCP4|B8XCP4_9MONO              GRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTEREQKESLLHQAS--------- 610 

tr|R4QUH5|R4QUH5_9MONO              GRAFGKLPYPTRNVQTLCEALLADGLAKAFPSNMMVVTEREQKESLLHQAS--------- 610 

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

                                                                                          

tr|A0A185KRV3|A0A185KRV3_9MONO      RGKTYNESHSLGKFSKEDEERYDVISAFLTTDLRKFCLNWRHESIGIFARRMDEIYGLPG 1004 

sp|O89344|L_HENDH                   -----TETSDFSKYDDGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPG 750 

tr|G5CPP9|G5CPP9_9MONO              -----TETSDFSKYDDGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPG 750 

tr|F4YH99|F4YH99_9MONO              -----TETSDFSKYDDGTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPG 750 

sp|Q997F0|L_NIPAV                   -----TEAAVLSRYEDNTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPG 750 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      -----TEAAVLSKYEDNTGTKFDTVSAFLTTDLKKFCLNWRYESMAIFAERLDEIYGLPG 750 

tr|Q1PDA3|Q1PDA3_9MONO              ----------WHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCYGVKN 687 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      ----------WHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCYGVKN 702 

sp|Q1PDC4|L_MABVR                   ----------WHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCYGVKN 694 

tr|G9HWE8|G9HWE8_9MONO              ----------WHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCYGVKN 690 

tr|Q1PD47|Q1PD47_MABVA              ----------WHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCYGVKN 696 

sp|P31352|L_MABVM                   ----------WHHNSASIGENAIVRGASFVTDLEKYNLAFRYEFTRHFIDYCNRCYGVKN 696 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      ----------WHHEQGNLGDHVQVRGASFVTDLEKYNLAFRFEFTRPFIEYCNHCYNIKN 657 

sp|Q5XX01|L_EBOSU                   ----------WHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIKYCNQCYGVRN 661 

tr|A0A343EQF6|A0A343EQF6_9MONO      ----------WHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTSPFIEYCNRCYGVRN 660 

sp|Q05318|L_EBOZM                   ----------WHHTSDDFGEHATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVKN 660 

tr|B8XCP4|B8XCP4_9MONO              ----------WHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVRN 660 

tr|R4QUH5|R4QUH5_9MONO              ----------WHHTSDDFGENATVRGSSFVTDLEKYNLAFRYEFTAPFIEYCNRCYGVKN 660 

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

                                                                   HNH 

 

 

                                                                   
tr|A0A185KRV3|A0A185KRV3_9MONO      IPFLFLSAHETNTRIAAVVQGDNQSIAITHKVHPHLPYKMKKELSAMQAKKYFSRLRHNM 1124 

sp|O89344|L_HENDH                   IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNL 870 

tr|G5CPP9|G5CPP9_9MONO              IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNL 870 

tr|F4YH99|F4YH99_9MONO              IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNL 870 

sp|Q997F0|L_NIPAV                   IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICAKQAQLYFERLRMNL 870 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICAKQAQLYFERLRMNL 870 

tr|Q1PDA3|Q1PDA3_9MONO              CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 807 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 822 

sp|Q1PDC4|L_MABVR                   CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 814 

tr|G9HWE8|G9HWE8_9MONO              CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPDDYQENEAELNAARVAVELAITT 810 

tr|Q1PD47|Q1PD47_MABVA              CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPVDAPNDYQENEAELNAARVAVELAITT 816 

sp|P31352|L_MABVM                   CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 816 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      CAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARIT 777 

sp|Q5XX01|L_EBOSU                   CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESSPNEQERCAEDNAARVAASLAKVT 781 

tr|A0A343EQF6|A0A343EQF6_9MONO      CSQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESDPDEQELHAEDNAARVAASLAKVT 780 

sp|Q05318|L_EBOZM                   CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKVT 780 

tr|B8XCP4|B8XCP4_9MONO              CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKVT 780 

tr|R4QUH5|R4QUH5_9MONO              CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKVT 780 

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

  
tr|A0A185KRV3|A0A185KRV3_9MONO      KALGHELKATETIISTHFFIYSKKIHYDGAVLSQSLKSMARCVFWSETLVDETRAACSNI 1184 

sp|O89344|L_HENDH                   RALGLNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|G5CPP9|G5CPP9_9MONO              RALGHNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|F4YH99|F4YH99_9MONO              RALGHNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

sp|Q997F0|L_NIPAV                   RALGHNLKATETIISTHLFIYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      RALGHNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|Q1PDA3|Q1PDA3_9MONO              GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 867 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 882 

sp|Q1PDC4|L_MABVR                   GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 874 

tr|G9HWE8|G9HWE8_9MONO              GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 870 

tr|Q1PD47|Q1PD47_MABVA              GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 876 

sp|P31352|L_MABVM                   GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 876 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      ASCGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTAARMAPLSDAIFDDLQGTLASI 837 

sp|Q5XX01|L_EBOSU                   SACGIFLKPDETFVHSGFIYFGKKQYLNGIQLPQSLKTAARMAPLSDAIFDDLQGTLASI 841 

tr|A0A343EQF6|A0A343EQF6_9MONO      SACGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTAARMAPLSDAIFDDLQGTLASI 840 

sp|Q05318|L_EBOZM                   SACGIFLKPDETFVHSGFIYFGKKQYLNGVQLPQSLKTATRMAPLSDAIFDDLQGTLASI 840 

tr|B8XCP4|B8XCP4_9MONO              SACGIFLKPDETFVHSGFIYFGKKQYLNGVQLPQSLKTATRIAPLSDAIFDDLQGTLASI 840 

tr|R4QUH5|R4QUH5_9MONO              SACGIFLKPDETFVHSGFIYFGKKQYLNGVQLPQSLKTATRIAPLSDAIFDDLQGTLASI 840 

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

                         RdRP                 PRNTase 
tr|A0A185KRV3|A0A185KRV3_9MONO      S TTIAKAIENGYSRRSGYLINVL------KTIQQINISLSFNINECMTD-DIIRPFRDNP 1237 

sp|O89344|L_HENDH                   S TTIAKAIENGLSRNVGYCINVL------KVIQQLLISTEFSINETLTA-DVTSPISNNL 983 

tr|G5CPP9|G5CPP9_9MONO              S TTIAKAIENGLSRNVGYCINVL------KVIQQLLISTEFSINETLTA-DVTSPISNNL 983 

tr|F4YH99|F4YH99_9MONO              S TTIAKAIENGLSRNVGYCINVL------KVIQQLLISTEFSINETLTA-DVTSPISNNL 983 

sp|Q997F0|L_NIPAV                   S TTIAKAIENGLSRNVGYCINIL------KVIQQLLISTEFSINETLTL-DVTSPISNNL 983 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      S TTIAKAIENGLSRNVGYCINIL------KVIQQLLISTEFSINETTL-DVTSPISNNL 983 

tr|Q1PDA3|Q1PDA3_9MONO              G TSFERGASETRHIFPSRWIAAFHSMLAINLLNQNH-LGFPLGFSIDVSCFKKPLT--F 923 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      G TSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNH—LGFPLGFSIDVSCFKKPLT--F 938 

sp|Q1PDC4|L_MABVR                   G TSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNH—LGFPLGFSIDVSCFKKPLT--F 930 

tr|G9HWE8|G9HWE8_9MONO              G TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFSIDISCFKKPLT--F 926 

tr|Q1PD47|Q1PD47_MABVA              G TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFNIDISCFKKPLT--F 932 

sp|P31352|L_MABVM                   G TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFNIDISCFKKPLT--F 932 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      G TAFERAIAESRHIFPIRIMAAIQSYLAVKVLQENH—LGFPKNTDLGVLALGKPIS--A 893 

sp|Q5XX01|L_EBOSU                   G TAFERSISETRHILPCRVAAAFHTYFSVRILQHHH—LGFHKGSDLGQLAINKPLD--F 897 

tr|A0A343EQF6|A0A343EQF6_9MONO      G TAFERSISETRHILPCRIAAAFHTFFSVRILQHHH—LGFNKGTDLGQLAISKPLD--F 896 

sp|Q05318|L_EBOZM                   G TAFERSISETRHIFPCRITAAFHTFFSVRILQYHH—LGFNKGFDLGQLTLGKPLD--F 896 

tr|B8XCP4|B8XCP4_9MONO              G TAFERSISETRHVVPCRVAAAFHTFFSVRILQYHH—LGFNKGTDLGQLSLSKPLD--F 896 

tr|R4QUH5|R4QUH5_9MONO              G TAFERSISETRHVYPCRVVAAFHTFFSVRILQYHH—LGFNKGTDLGQLSLSKPLD--F 896 

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

                                                           

//End of the L protein sequences from all the three viruses  

tr|A0A185KRV3|A0A185KRV3_9MONO      P--------- 2501 

sp|O89344|L_HENDH                   ---------- 2244 

tr|G5CPP9|G5CPP9_9MONO              ---------- 2244 

tr|F4YH99|F4YH99_9MONO              ---------- 2244 

sp|Q997F0|L_NIPAV                   ---------- 2244 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      ---------- 2244 

tr|Q1PDA3|Q1PDA3_9MONO              GFSRPK---- 2351 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      GFSRPK---- 2366 

sp|Q1PDC4|L_MABVR                   GFSRPK---- 2358 

tr|G9HWE8|G9HWE8_9MONO              GLFKSESLRA 2358 

tr|Q1PD47|Q1PD47_MABVA              GLFKSGSLRA 2364 

sp|P31352|L_MABVM                   GLFKSGSLRA 2364 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      GL-------- 2196 

sp|Q5XX01|L_EBOSU                   GFRSSSV--- 2210 

tr|A0A343EQF6|A0A343EQF6_9MONO      GFQNPP---- 2210 

sp|Q05318|L_EBOZM                   GLYRFD---- 2212 

tr|B8XCP4|B8XCP4_9MONO              GFFR------ 2210 

tr|R4QUH5|R4QUH5_9MONO              GINT------ 2210 
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Figure 6: ‘Mix and Match’ MSA of Marburg, Ebola, Nipah and their related viruses 

3.2 Conservation of the catalytic core region in the RNA/DNA polymerases from viruses, prokaryotic and 
eukaryotic organisms 

Table 1 shows that the polymerase catalytic core is highly conserved in all organisms from viral (bacterial and animals), 
prokaryotic, (Eubacterial and Archaebacterial) and eukaryotic (plants and animals) RNA/DNA polymerases (only the 
representative organisms are shown in the Table 1). It is clear from the table, that invariably, all these polymerases 
possess three highly conserved catalytic core components, viz. a basic catalytic amino acid, R/K for proton abstraction 
from the growing 3’-OH to enable nucleotide addition, an R/Q/N at -4 from the proton abstracting K/R for nucleotide 
discrimination and a template-binding pair -YG- (the template-binding pair shows small variations). Interestingly, by 
sequence similarity, all three conserved elements are observed among the three human pathogenic bat-borne viruses, 
viz. MARV, EBOV and NiV. 

 

 

                                                                   
tr|A0A185KRV3|A0A185KRV3_9MONO      IPFLFLSAHETNTRIAAVVQGDNQSIAITHKVHPHLPYKMKKELSAMQAKKYFSRLRHNM 1124 

sp|O89344|L_HENDH                   IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNL 870 

tr|G5CPP9|G5CPP9_9MONO              IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNL 870 

tr|F4YH99|F4YH99_9MONO              IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICARQAQLYFDRLRMNL 870 

sp|Q997F0|L_NIPAV                   IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICAKQAQLYFERLRMNL 870 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      IPFLFLSAYETNTRIAAIVQGDNESIAITQKVHPNLPYKVKKEICAKQAQLYFERLRMNL 870 

tr|Q1PDA3|Q1PDA3_9MONO              CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 807 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 822 

sp|Q1PDC4|L_MABVR                   CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 814 

tr|G9HWE8|G9HWE8_9MONO              CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPDDYQENEAELNAARVAVELAITT 810 

tr|Q1PD47|Q1PD47_MABVA              CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPVDAPNDYQENEAELNAARVAVELAITT 816 

sp|P31352|L_MABVM                   CAQITLVELKTKLKLKSSVMGDNQCITTLSLFPIDAPNDYQENEAELNAARVAVELAITT 816 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      CAQISLAELRSGFKTRSAVMGDNQCITVLSVFPDHYQEDLQELEAEDNAARVAAILARIT 777 

sp|Q5XX01|L_EBOSU                   CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESSPNEQERCAEDNAARVAASLAKVT 781 

tr|A0A343EQF6|A0A343EQF6_9MONO      CSQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLESDPDEQELHAEDNAARVAASLAKVT 780 

sp|Q05318|L_EBOZM                   CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDADEQEQSAEDNAARVAASLAKVT 780 

tr|B8XCP4|B8XCP4_9MONO              CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETESSEQELSSEDNAARVAASLAKVT 780 

tr|R4QUH5|R4QUH5_9MONO              CAQISLVEIKTGFKLRSAVMGDNQCITVLSVFPLETDSNEQEHSSEDNAARVAASLAKVT 780 

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

  
tr|A0A185KRV3|A0A185KRV3_9MONO      KALGHELKATETIISTHFFIYSKKIHYDGAVLSQSLKSMARCVFWSETLVDETRAACSNI 1184 

sp|O89344|L_HENDH                   RALGLNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|G5CPP9|G5CPP9_9MONO              RALGHNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|F4YH99|F4YH99_9MONO              RALGHNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

sp|Q997F0|L_NIPAV                   RALGHNLKATETIISTHLFIYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      RALGHNLKATETIISTHLFVYSKKIHYDGAVLSQALKSMSRCCFWSETLVDETRSACSNI 930 

tr|Q1PDA3|Q1PDA3_9MONO              GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 867 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 882 

sp|Q1PDC4|L_MABVR                   GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 874 

tr|G9HWE8|G9HWE8_9MONO              GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 870 

tr|Q1PD47|Q1PD47_MABVA              GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 876 

sp|P31352|L_MABVM                   GYSGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTMARCGPLSDSIFDDLQGSLASI 876 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      ASCGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTAARMAPLSDAIFDDLQGTLASI 837 

sp|Q5XX01|L_EBOSU                   SACGIFLKPDETFVHSGFIYFGKKQYLNGIQLPQSLKTAARMAPLSDAIFDDLQGTLASI 841 

tr|A0A343EQF6|A0A343EQF6_9MONO      SACGIFLKPEETFVHSGFIYFGKKQYLNGVQLPQSLKTAARMAPLSDAIFDDLQGTLASI 840 

sp|Q05318|L_EBOZM                   SACGIFLKPDETFVHSGFIYFGKKQYLNGVQLPQSLKTATRMAPLSDAIFDDLQGTLASI 840 

tr|B8XCP4|B8XCP4_9MONO              SACGIFLKPDETFVHSGFIYFGKKQYLNGVQLPQSLKTATRIAPLSDAIFDDLQGTLASI 840 

tr|R4QUH5|R4QUH5_9MONO              SACGIFLKPDETFVHSGFIYFGKKQYLNGVQLPQSLKTATRIAPLSDAIFDDLQGTLASI 840 

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

                         RdRP                 PRNTase 
tr|A0A185KRV3|A0A185KRV3_9MONO      S TTIAKAIENGYSRRSGYLINVL------KTIQQINISLSFNINECMTD-DIIRPFRDNP 1237 

sp|O89344|L_HENDH                   S TTIAKAIENGLSRNVGYCINVL------KVIQQLLISTEFSINETLTA-DVTSPISNNL 983 

tr|G5CPP9|G5CPP9_9MONO              S TTIAKAIENGLSRNVGYCINVL------KVIQQLLISTEFSINETLTA-DVTSPISNNL 983 

tr|F4YH99|F4YH99_9MONO              S TTIAKAIENGLSRNVGYCINVL------KVIQQLLISTEFSINETLTA-DVTSPISNNL 983 

sp|Q997F0|L_NIPAV                   S TTIAKAIENGLSRNVGYCINIL------KVIQQLLISTEFSINETLTL-DVTSPISNNL 983 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      S TTIAKAIENGLSRNVGYCINIL------KVIQQLLISTEFSINETTL-DVTSPISNNL 983 

tr|Q1PDA3|Q1PDA3_9MONO              G TSFERGASETRHIFPSRWIAAFHSMLAINLLNQNH-LGFPLGFSIDVSCFKKPLT--F 923 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      G TSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNH—LGFPLGFSIDVSCFKKPLT--F 938 

sp|Q1PDC4|L_MABVR                   G TSFERGASETRHIFPSRWIAAFHSMLAVNLLNQNH—LGFPLGFSIDVSCFKKPLT--F 930 

tr|G9HWE8|G9HWE8_9MONO              G TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFSIDISCFKKPLT--F 926 

tr|Q1PD47|Q1PD47_MABVA              G TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFNIDISCFKKPLT--F 932 

sp|P31352|L_MABVM                   G TSFERGTSETRHIFPSRWIASFHSMLAINLLNQNH—LGFPLGFNIDISCFKKPLT--F 932 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      G TAFERAIAESRHIFPIRIMAAIQSYLAVKVLQENH—LGFPKNTDLGVLALGKPIS--A 893 

sp|Q5XX01|L_EBOSU                   G TAFERSISETRHILPCRVAAAFHTYFSVRILQHHH—LGFHKGSDLGQLAINKPLD--F 897 

tr|A0A343EQF6|A0A343EQF6_9MONO      G TAFERSISETRHILPCRIAAAFHTFFSVRILQHHH—LGFNKGTDLGQLAISKPLD--F 896 

sp|Q05318|L_EBOZM                   G TAFERSISETRHIFPCRITAAFHTFFSVRILQYHH—LGFNKGFDLGQLTLGKPLD--F 896 

tr|B8XCP4|B8XCP4_9MONO              G TAFERSISETRHVVPCRVAAAFHTFFSVRILQYHH—LGFNKGTDLGQLSLSKPLD--F 896 

tr|R4QUH5|R4QUH5_9MONO              G TAFERSISETRHVYPCRVVAAFHTFFSVRILQYHH—LGFNKGTDLGQLSLSKPLD--F 896 

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

                                                           

//End of the L protein sequences from all the three viruses  

tr|A0A185KRV3|A0A185KRV3_9MONO      P--------- 2501 

sp|O89344|L_HENDH                   ---------- 2244 

tr|G5CPP9|G5CPP9_9MONO              ---------- 2244 

tr|F4YH99|F4YH99_9MONO              ---------- 2244 

sp|Q997F0|L_NIPAV                   ---------- 2244 

tr|A0A7L5MR62|A0A7L5MR62_NIPAV      ---------- 2244 

tr|Q1PDA3|Q1PDA3_9MONO              GFSRPK---- 2351 

tr|A0A0U2VU68|A0A0U2VU68_9MONO      GFSRPK---- 2366 

sp|Q1PDC4|L_MABVR                   GFSRPK---- 2358 

tr|G9HWE8|G9HWE8_9MONO              GLFKSESLRA 2358 

tr|Q1PD47|Q1PD47_MABVA              GLFKSGSLRA 2364 

sp|P31352|L_MABVM                   GLFKSGSLRA 2364 

tr|A0ACD3VMI8|A0ACD3VMI8_9MONO      GL-------- 2196 

sp|Q5XX01|L_EBOSU                   GFRSSSV--- 2210 

tr|A0A343EQF6|A0A343EQF6_9MONO      GFQNPP---- 2210 

sp|Q05318|L_EBOZM                   GLYRFD---- 2212 

tr|B8XCP4|B8XCP4_9MONO              GFFR------ 2210 

tr|R4QUH5|R4QUH5_9MONO              GINT------ 2210 

                                               

 A0A185KRV3_9MONO RdRp of L protein, Cedar virus 

O89344|L_HENDH RdRp of L protein, Hendra virus (isolate, Horse/Autralia/Hendra/1994) 

G5CPP9_9MONO RdRp of L protein, Henipavirus hendraense 

F4YH99|F4YH99_9MONO RNA-directed RNA polymerase L, Henipavirus hendraense 
Q997F0|L_NIPAV RdRp of L protein, Nipah virus  

A0A7L5MR62_NIPAV RdRp of L protein, Nipah virus 

Q1PDA3_9MONO RdRp of L protein, Lake Victoria Marburg virus, (DRC1999) 

A0A0U2VU68_9MONO RdRp of L protein, Orthomarburgvirus marburgense 

Q1PDC4|L_MABVR RdRp of L protein, Lake Victoria Marburgvirus (strain Ravn-87) 

G9HWE8_9MONO RdRp of L protein, Lake Victoria Marburgvirus (Leiden) 

Q1PD47_MABVA RdRp of L protein, Lake Victoria Marburgvirus (strain Angola/2005) 

P31352|L_MABVM RdRp of L protein, Lake Victoria Marburgvirus (strain Musoke-80) 

A0ACD3VMI8_9MONO PdRP of L protein, Cuevavirus lloviuense 

Q5XX01|L_EBOSU RdRp of L protein, Sudan Ebolavirus (strain Human/Uganda/Gulu/2000)  

A0A343EQF6_9MONO RdRp of L protein, Bombali virus 

Q05318|L_EBOZM RdRp of L protein, Zaire Ebola virus (strain Mayinga-76) 

B8XCP4_9MONO RdRp of L protein, Tai Forest ebolavirus 

R4QUH5_9MONO RdRp of L protein, Bundibugyo virus. 
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Table 1: Conservation of polymerase catalytic region(s) in the viral, prokaryotic and eukaryotic RNA/DNA polymerases 
(Proposed and Confirmed). 

 

Polymerase Type                                              Catalytic Core Region(s) 

1. BACTERIAL VIRUSES 

SSU RNA POLYMERASES: SSU DNA-dep RNAPs  

Viral T7 SSU RNA pol                         -620WLAY-8GVTR-4SVTK631RSVMTLAY8GS- ] 

Viral SP6 SSU RNA pol                              -612WDSI-8GITR-4SLTKKPVMTLPY8GS- 

Viral T3 SSU RNA pol                                  -WLAY-8GVTR-4SVTKRSVMTLAY8GS642-    

Viral BPK11 SSU RNA pol                           -WLQY-8GVTR-4KVTKRSVMTLAY8GS634-  

2. HUMAN VIRUSES 

(+) Strand RNA Viruses (SARS-Coronaviruses) 

RNA-dep RNAPs (NSP12) 

SARS-CoV-1                              -STMTNR-5Q-4FHQKLLKSIAATRGATVVIGTSKFY21GG597- 

SARS-CoV-2                              -STMTNR-5Q-4FHQKLLKSIAATRGATVVIGTSKFY21GG597-  

MERS-CoV                                -STMTNR-5Q-4YHQKMLKSMAATRGATCVIGTTKFY21GG598-  

3.  PROKARYOTIC AND EUKARYOTIC MSU DNA-dep RNAPS (mRNAs) 

a)  MSU RNAP Family (Prokaryotic and Eukaryotic Initiation subunits: (β and Rpb2 subunits)  

E. coli MSU RNAP β subunit                        -539TRER-6AGFEVRDVHPTHY7GRV558- 

S. cerevisiae MSU RNAP II Rpb2 subunit         -851FR-5SLFFRSYMDQEKKY9GMS869- 

S. pombe MSU RNAP II Rpb2 subunit              -840FR-5SIFYRTYTDQEKKI9GMT858- 

A. thaliana MSU RNAP II Rpb2 subunit     -819FRSYR-5DEEKKMGTLVKEDF9GRP840- 

Human MSU RNAP II Rpb2 subunit                  -806FR-5SVFYRSYKEQESKK9GFDQ825- 

b)  MSU RNAP Family (Prokaryotic and Eukaryotic  Elongation subunits: (β’ and Rpb1 subunits) 

E. coli MSU RNAP β’ subunit                 -833NSV-6DAVKVRSVVSC6DTDFGVC13AHC16Y16GRDL861- 

S. cerevisiae MSU RNAPII Rpb1 subunit-55DPR-6LGSIDRNLKC5QTC8QEGMNEC15PGHF18GHI84- 

P. pastoris MSU RNAPII Rpb1 subunit    -55DPK-6LGSIDRNFKC5QTC8GEGMAEC15PGHF18GHM84- 

A. thaliana MSU RNAPII Rpb1 subunit    -54DTR-7LGTIDRKVKC4ETC7MANMAEC14PGHF17GYL83- 

H. sapiens MSU RNAPII Rpb1 subunit    -59DPR-6QGVIERTGRC5QTC8AGNMTEC15PGHF18GHI88- 

4. ORGANELLAR SSU RNAPs (NEPs) 

Mitochondrial (S. cerevisiae)                        -TR-4KVVKQTVMTNVY8GV1024- 

Mitochondrial (Arabidopsis thaliana)                  -QVDR-4KLVKQTVMTSVY8GV762-  

Mitochondrial (Nicotiana sylvestris)                    -QVDR-4KLVKQTVMTSVY8GV788-   

Mitochondrial RNA pol (H. sapiens)                         -TR-4KVVKQTVMTVVY8GV1001-           

Chloroplast (Oryza sativa, Japonica)                  -QVDR-4KLVKQTVMTSVY8GV739- 

Chloroplast (Arabidopsis thaliana)                      -QVDR-4KLVKQTVMTSVY8GV779- 

 
5. HUMAN and ANIMAL DNA VIRUSES ( DNA-dependent RNAPs) 

Smallpox RNA pol    (DdRp)            -SR-4YPDRDSMVCHRILTY11GK364-  

Mpox virus RNA pol (DdRp) -SR-4YPDRDSMVCHRILTY11GK364- 

Cowpox virus RNA pol (DdRp) -SR-4YPDRDSMVCHRILTY11GK364- 

 
6.  VIRAL and PROKARYOTIC DNA POLYMERASES 

T7 phage DNA pol          -509NQIAAELPTR-4DNAK522TFIYGFLY8GAG  

Smallpox DNA pol         -647TEKAIYDSMQ-4YTYK660IIANSVY7GLM-   

Vaccinia DNA pol          -648TEKAIYDSMQ-4YTYK661IVANSVY7GLM-   

Mpox DNA pol                       -648TEKAIYDSMQ-4YTYK661IVANSVY7GLM- 

 

DNA pol I (E. coli)@     - 745PLETVTSEQR-4RSAK758AINF762GLIY8GMS-              
Taq pol I (T. aquaticus)      -650PREAVDPLMR-4RAAK663TINFGVLY8GM-       

Pfu DNA pol (P. furiosus)                              -478ILLDYRQ-4KAIK488LLANSFY7GYYGYAK-     
Desulfurococcus DNA pol                                     -481YRQ-4RAIK487ILANSYY7GYYAYA- 

Thermococcus gorgonarius DNA pol                    -481YRQ-4RAIK487ILANSFY7GYYGYA- 
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                Palanivelu and references therein [32].  

➢ Pol, Polymerase; NEPs, Nuclear Encoded Polymerases; Repl, Replicase. 
➢ Pfu, Pyrococcus furiosus; SIV, Simian Immunodeficiency Virus 

➢ The confirmed active site amino acids (by SDM, X-ray crystallography and active site-directed inhibitors) are highlighted 
in dark blue and those from the cryo-EM data are highlighted in light blue. 

➢ #Eukaryotic replicative DNA polymerases, viz. α pols act as primase, whereas the ε and δ pols involve in leading and 
lagging strand syntheses, respectively.  

➢ @ DNA pol I and II are not the replicative pols, but only pol II possesses the two typical conserved motifs, -SLYPS- and –
YGDTDS- as those in eukaryotic replicative DNA pols α and δ suggesting a separate evolutionary pathway. It should be 
noted that these two motifs are also found in the poxviral DNA pols.  However, they are not found in the bacterial DNA pol 
I, bacterial replicative pol III and in the eukaryotic ε pol, suggesting their separate evolutionary pathway. In E. coli DNA pol 
I, replacement of the conserved catalytic core amino acid, K758 with A758 caused a 1,000-fold reduction in kcat. In Taq pol I, 
the conserved catalytic core amino acids, R659 and K663 were immutable.  

➢ ^Present work. A tripeptide tandem repeat (marked by arrows) is seen within the proposed polymerase catalytic core 

regions of MARV, EBOV and NiV. 

 

 

 

DNA pol II (E. coli)@                     -480AKRQGNKPLS-4QALK493IIMNAFY7GVL-  
DNA pol III MSU (Replicase, E. coli)      -661ISYPDVQWQH-4ESLK674PVLEPTY7GII-            

6. EUKARYOTIC DNA POLYMERASES#  

Yeast α DNA pol (S. cerevisiae)                    -931HKRVQCDIRQ-4QALK944LTANSMY8G952CL-  
Yeast α DNA pol (A. thaliana)                        -980LKYWELDIRQ-4QALK993LTANSMY8GCL-  
Animal α DNA pol (H. sapiens)                 -937DLILQYDIRQ-4KALK950LTANSMY8GCL-      

Yeast ε DNA pol (S. cerevisiae)                  -797MIVLYDSLQ-4LAHK809VILNSFY7GYV-   
Plant ε DNA pol (A. thaliana)   -770MVVVYDSLQ-4LAHK782CILNSFY7GYV-  
Animal ε DNA pol (H. sapiens)    -812MEVLYDSLQ-4LAHK824CILNSFY7GYV-   

Yeast δ DNA pol (S. cerevisiae)               -688FKRDVLNGRQ-4LALK701ISANSVY7GFT-   
Plant δ DNA pol (A. thaliana)    -679LEKAVLDGRQ-4LALK692ISANSVY7GFT-   
Animal δ DNA pol (H. sapiens)                681LRRQVLDGRQ-4LALK694VSANSVY7GFT-  

8.   Organellar DNA POLYMERASES 

S. cerevisiae Mitochondrial DNA pol γ (Repl)                 -741LGCSR-4NEAK749IFNYGRIY8GAG- 
A. thaliana Mitochondrial DNA pol γ (pol 1)                           -872ER-4RKAK877MLNFSIAY8GK- 
A. thaliana Mitochondrial DNA pol γ (pol 2)                           -874ER-4RKAK879MLNFSIAY8GK- 
H. sapiens Mitochondrial DNA pol γ (Repl)                 -917TTVGISR-4EHAK947IFNYGRIY8GAG- 

A. thaliana Chloroplast DNA pol IA                       -873ER-4RKAK878MLNFSIAY8GK- 
A. thaliana Chloroplast DNA pol IB                       -857ER-4RKAK862MLNFSIAY8GK- 

E. coli DNA pol I  (cf)                                                  -748TVTSEQR-4RSAK758AINFGLIY8GMS- 

9. Human Immunodeficiency Viruses (HIVs), (RNA Viruses) RdDp 

HIV-1 Reverse transcriptase   -255N-4DIQK259L1VGKLNWASQIY12PG273- 
HIV-2 Reverse transcriptase   -256N-4DIQK260L1VGVLNWASQIY12PG274- 
SIV Reverse transcriptase   -266N-4DIQK270L1VGKLNWASQIY12SG284- 

10. Segmented, Negative-strand RNA Viruses (RdRp) 

Human Influenza A Virus (PB1 subunit)  -258LAR-5SICEKL1EQSGLPV8GGN-  
Human Influenza B Virus (PB1 subunit) -258LAK-5NICENL1EQSGLPV8GGN- 
Human Influenza C Virus (PB1 subunit)     -260VAQ-5KICEKL1KESGLPV8GGN- 

11. Non-segmented, Positive-strand RNA Viruses (RdRp) 

SARS-CoV-1 RdRp (NSP12) -STMTNRQ-4FHQKL1LKSIAATRGATVVIGTSKFY21GG597
-  

MERS-CoV   RdRp (NSP12) -STMTNRQ-4YHQKM1LKSMAATRGATCVIGTTKFY21GG598- 
SARS-CoV-2 RdRp (NSP12) -STMTNRQ-4FHQKL1LKSIAATRGATVVIGTSKFY21GG597-  

12. Non-segmented, Negative-strand RNA Viruses (RdRp) 

Respiratory syncytial virus  (RdRp) -291CLN-4TLNKS1LGLRCGFNNVILTQLFLY18GD- Catalytic core-1 

               ,,  (RdRp)  -640QVQ-5ILAEKM1IAENILQFFPESLTRY17GD- Catalytic core-2 

13. Non-segmented, Negative-strand RNA Viruses (RdRp) ^ 

Marburg Virus- RdRp (Pol1)                    -596GR-4TFGK601L1PYRVRNVQTLAEALLADGL20AK- 
Marburg Virus (Pol2 at NTD)                       -196QR-4GSLR201S1NWKFIGVDLELF13GIA-              
Ebola Virus- RdRp (Pol1)         -560GR-4TFGK565L1PYPTRNVQTLCEALLADGL20AK- 
Ebola Virus- RdRp (Pol2 at NTD)         163RLNR-4GNSR170S1TWFVHDDLIDIL13GYGDY- 
Nipah Virus- RdRp           -550GR-4LF553AK555M1TYKMR561ACQVIAEALIASGV20GK- 
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3.3 Conservation of the catalytic metal-binding sites in the RNA/DNA polymerases from viruses, 
prokaryotic and eukaryotic organisms 

Table 2 shows the conservation of the catalytic metal-binding sites of the RNA/DNA polymerases from viruses to 
humans (only the representative organisms are shown here). In all these polymerases, the metal-binding sites are 
invariably composed of two to three invariant Ds. The positive-strand RNA viruses use -S/ADD- and -GDD- motifs for 
catalytic Mg2+-binding, whereas the negative-strand RNA viruses use -SDD- and -GDN- motifs. The three bat-borne 
viruses use -GDN- and -TDL- motifs (arrived at by sequence similarity and in the case of EBOV the metal-binding site 
amino acids are also confirmed by SDM experiments). HIVs use -LDV- and -MDD- in the catalytic metal-binding site. 
Interestingly, the DdDps from poxviruses and eukaryotic replicative polymerases (α and δ) use the same metal-binding 
sites having invariant Ds.  The SSU RNA polymerases from mitochondria, chloroplasts and bacteriophages use -DGS/T- 
and -HDS- as metal-binding sites.  Based on the highly conserved catalytic Mg2+-binding sites, the DdDps (EC 2.7.7.7) 
maybe broadly classified into two evolutionary families: one with the -YGDTD- type with an invariant -SLYPS- motif and 
the other with the -DTD- type. Both types use one more invariant D, as shown in Table 2. DNA polymerases from 
bacteriophages, bacterial pol II type, poxviruses, eukaryotic replicative α and δ pols. pox viral DNA pols, etc. belong to 
the -YGDTD- type, whereas the eubacterial pol I type, archaebacterial and eukaryotic replicative ε pol, etc. belong to the 
-DTD- type, further corroborating their distinct evolutionary pathway. It is interesting to note that both types do not 
differ much in their catalytic core amino acids. The single-subunit (SSU) organellar and bacteriophage RNA polymerases 
use different types of metal-binding sites, viz. -Q/FDGS/T- and -HDS- motifs.  

Table 2: Conserved catalytic metal-binding sites in various RNA/DNA polymerases (RdRps, RdDps  DdDps and DdRps) 
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 Palanivelu [5], and references therein.; Pol, polymerase; Repl, Replicase. ; Sc, Saccharomyces cerevisiae; Os, Oryza sativa; Hs, Homo sapiens; At, 

Arabidopsis thaliana; P. furiosus, Pyrococcus furiosus; Most of the metal-binding sites were confirmed by X-ray crystallography, cryo-EM, SDM and 
other techniques. ; ^ Present work. The metal-binding sites confirmed by SDM are highlighted in dark blue and by cryo-EM in light blue. 

4 CONCLUSION 

While a number of experimental therapeutics against these highly pathogenic human viruses target the viral RdRp, 
there are still significant gaps in our knowledge on this crucial viral enzyme, which is indispensable for the virus lifecycle 
as it mediates the two crucial activities, viz. replication and transcription. Until now, the experimental evidences are not 
complete in identifying the catalytic centre(s) of these viral RdRps. The present findings reveal for the first time that 
these highly pathogenic, human bat-borne RNA viruses, viz. MARV, EBOV and NiV, though they belong to two different 
families, yet possess the same structural organization of their RdRp and exhibit similar function(s) in performing the 
two essential activities, viz. transcription and replication. The high degree of conservation observed within the active-
site architecture provides strong support for the development of polymerase-targeted antiviral agents capable of 
inhibiting viral multiplication and limiting the spread of these deadly pathogens in humans. Furthermore, the highly 
conserved active site structures of the RdRps of these viruses highlight their evolutionary significance and suggest that 
these catalytic domains have been highly conserved throughout evolution. Such comparative structural and functional 
analyses of RdRps of human pathogenic RNA viruses can potentially deliver a common platform for the rational design 
of broad-spectrum antiviral therapeutics. Future experimental studies, including SDM and other techniques of the 
predicted polymerase catalytic residues are warranted to validate their functional roles during polymerization. The 
apparent absence of the putative HNH-endonuclease motif in the NiV RdRp is intriguing. 
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