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Abstract

RNA polymerase from human influenza viruses is a heterotrimeric enzyme and performs the crucial functions of both
transcription and replication for multiplication of the viruses in human cells. The heterotrimeric enzyme is made up of
two basic protein subunits (PB1 and PB2) and an acidic protein subunit (PA). All the three subunits perform well-
defined function(s) in the transcription and replication processes in the human cells. The basic protein subunit PB1 is
shown to possess the polymerization activity, whereas the PB2 and the PA subunits are found to be involved in the cap-
snatching and proofreading (PR) activities, respectively. The polymerase activity in the catalytic subunit, PB1, is found
to be an RNA-dependent RNA polymerase (RdRp). Multiple sequence alignment (MSA) analysis of the PB1 subunits
from all the three human influenza viruses, A, B and C shows large number of highly conserved peptides, amino acid
motifs and invariant amino acids. Site-directed mutagenesis (SDM) analysis and X-ray crystallographic data have shown
that two completely conserved motifs, viz. -GDN- and -SDD-, are involved in binding to the catalytic Mg+ ion. These
data are in close agreement with the MSA analysis data of the polymerases from all the three human influenza viruses.
Furthermore, two highly conserved polymerase catalytic regions are identified in the PB1 subunits by sequence
similarity to other DNA/RNA polymerases and hence, are proposed to function in the nucleotidyl transfer activities.
Presence of the two catalytic regions suggest that the polymerase may function in a dual mode, i.e., in phase |, in
association with the cap-snatching subunit PB2, it could be involved in the synthesis of mRNAs (transcription mode)
and once enough proteins are made from the mRNAs, in the second phase, in association with PR exonuclease subunit
PA, it could switch to the replication mode to synthesize error-free, exact copies of the viral genome. For both the
activities, it could use the same invariant catalytic Mg2*-binding -GDN- and -SDD- motifs.

Keywords: Human Influenza viruses; RNA polymerase; Polymerase Basic Protein subunit PB1; Catalytic Metal-binding
motifs; Polymerase active sites; Mechanism of action

1. Introduction

A large number of human and animal viral pathogens belong to RNA viruses. They cause major global health-care crisis
and unprecedented economic losses. Attempts have been made to prepare vaccines and synthesize novel antivirals to
contain the spread of these viruses. Whereas the vaccines are targeted mainly to the viral surface protein(s), the
antivirals are targeted to the crucial enzymes that are involved in the lifecycle of these viruses. As all RNA viruses employ
the crucial enzyme, viz. the RdRp for their multiplication in human cells, most of the antiviral drugs are targeted to this
enzyme. As the RdRps perform both the transcription and replication processes in these RNA viruses (except retro
viruses), the RdRps have been the main target for antiviral drug development to control the spread of RNA viral
pathogens, in general. However, these efforts are hindered by limited structural information on the RdRp catalytic
core(s) and its catalytic mechanism. In this analysis, attempts are made to understand the catalytic core(s) of this
polymerase from all the three human influenza viruses and its possible catalytic mechanism.
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Influenza, commonly known as "the flu", is an infectious disease caused by influenza viruses which also belong to (-)
strand RNA viruses. Influenza viral infection is an airborne, highly contagious disease that generally causes acute
respiratory illness resulting in variable degrees of systemic symptoms from mild fatigue to respiratory failure and death.
Therefore, influenza viral infections have become a major public health-care concern worldwide. The influenza viruses
are enveloped viruses of 150-200 nm diameter and belong to the family, Orthomyxoviridae. Out of the four genera (A-
D) only influenza A, B and C viruses infect humans and the D virus infects livestock. Among them, infection by influenza
Avirus is the most dangerous and is the causative agent for the worldwide flu pandemics. For example, influenza A virus
has caused four pandemics so far that have occurred in the last 100 years; in 1918, 1957, 1968 and 2009. Both influenza
B and A viruses are also reported to cause seasonal epidemics each year and affect approximately 5-10% of the adult
and 20-30% of the pediatric population. According to the World Health Organization, influenza epidemics lead to 3-5
million cases of severe illness and ~2,90,000-6,50,000 respiratory deaths each year (This estimate does not take into
account of deaths from other diseases such as cardiovascular disease, which can be influenza-related). While influenza
A virus shows animal to human transmissions, influenza B and C viruses show very limited host range and appear
predominantly in humans [1]. Out of the three human influenza viruses, only the influenza A and B viruses cause
substantial morbidity and mortality in humans, whereas the influenza C virus does not cause epidemics/pandemics, but
is involved in sporadic outbreaks, causing only mild upper respiratory infections [2]. In contrast to influenza A virus,
influenza B and C viruses do not have animal reservoirs, [3] suggesting the pandemic nature of the influenza A virus.
Their genomic structure, surface proteins, serotypes, transcription and replication processes are already described by
Palanivelu [4].

1.1. Salient Features of the Human Influenza Viral RNA Polymerases

Influenza viruses are (-) strand RNA viruses and replicated by the viral RNA (VRNA) polymerase in the host cell nucleus.
Within a viral ribonucleotide particle (vVRNP), a single RNA polymerase captures both the 3'- and 5'-termini of the viral
RNA (vRNA) and forms a pseudo-circularized structure of the vRNA. The viral RNA polymerase is a heterotrimer and
all three subunits are shown to perform well-defined function(s) in viral transcription and replication processes. For
example, the PB1 subunit performs the polymerizing function, the PB2 subunit performs the cap-snatching function for
priming the mRNA transcriptions [4] and the PA subunit has been suggested to perform the PR exonuclease function

[5].

Though the RNA viruses are highly divergent in nature, but their key enzyme, i.e, the RdRp, is structurally and
functionally very similar. For example, all the RdRps exhibit a characteristic cupped right-hand structure with the three
major domains, viz. fingers, palm and thumb, similar to DNA-dependent DNA polymerases (DdDps) and many DNA-
dependent RNA polymerases (DdRps). The X-ray crystallographic structures of the complete heterotrimeric viral
polymerase have been reported by many investigators [6-8]. The X-ray structures revealed the PB1 subunits of the flu
polymerases also showed the canonical closed right-handed fold, possessing the typical fingers, palm, and thumb
domains [6-8]. Furthermore, the polymerase forms a compact structure with PB1 at its centre, capped on one face by
PB2 and clamped between the two globular domains of the PA [6-8] (Fig. 1)

PB2 FE1 PA
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Figure 1 A schematic diagramme showing the various subunits of the influenza viral polymerase. (The number of
amino acids are given in brackets and are from influenza A virus)
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Adapted from Pflug et al. and Fan et al. [6,8]
Figure 2 Domain Architecture of the PB1 catalytic subunit of the RNA polymerase from human influenza A virus.

NTD, N-terminal domain; CTD, C-terminal domain; (K235, K237 and R239 form the finger priming loop); Palm (K308, K480 and K481,
G304, D305, N306, S444, D445, D446; the Mg2+- binding -304GDN- and -444SDD- motifs are in the palm domain)
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As discussed elsewhere, the influenza viral RNA polymerase (EC 2.7.7.48) performs the crucial steps in the viral
multiplication, i.e., it involves both in the transcription and replication processes. As RdRps are not found in mammalian
cells, it is suggested that they are an excellent target for designing antiviral compounds.

1.2. Influenza Viral Transcription and Replication

Initiation of transcription is primer-dependent and the primer with the cap is snatched from nascent host mRNAs by
the PB2 subunit of the polymerase by a process known as ‘cap-snatching’. With the capped primer, the polymerase goes
for elongation and at the end of the elongation process, the transcription is terminated at a track of five to seven U
residues (a poly-U track) near the 5'-end of the vRNAs, where polyadenylation occurs by a stuttering mechanism [9].
Now the 5’-capped and 3’-tailed viral mRNAs are ready for translation by the host ribosomes in the cytoplasm.

Unlike transcription, the replication is an end-to-end synthesis of the vVRNAs. The vRNAs are synthesized in two steps:
in the first step, the complementary RNAs (cRNAs; (+) strands) are synthesized using the vRNAs, as templates, and in
the second step, the progeny vRNAs, (-) strands, are produced using the cRNAs as templates. In the context of the
polymerase, the ten nucleotides at the 5’-termini of both vRNAs and cRNAs fold back into a hook-like structure which
is bound tightly in a site formed by the fingers domain of the PB1 subunit and C-terminal of the PA subunit (PA-C) [6].
The initiation of replication starts with the synthesis of a pppApG dinucleotide to the opposite nucleotide positions Ui1-
C:z of the 3'-vRNA terminus. This process requires support from the priming loop, a flexible region of the PB1 subunit
that protrudes into the active site of the polymerase and controls the position of the template and initial dinucleotides.
It is interesting to note, that for the synthesis of cRNAs and the subsequent synthesis of progeny vRNAs, the polymerase
does not follow the transcription signals and thus, the same RdRp acts in different modes during the replication and
transcription processes.

Figure 3 shows a schematic diagramme and suggested role(s) of the other two subunits in the transcription, replication
processes. The PB2 subunit involves in the cap-snatching for initiation of transcription and the PA subunit is involved
in PR and thus, maintaining genome stability. The replication mode is dependent on intracellular nuclear capsid protein
(NC) concentrations. In this mode, the polymerase replicates the whole viral genome without recognizing the
transcriptional signals, and the replicated genome is not caped or polyadenylated.
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v

_—

Wiral Entry and Uncoating

Freed Viral Genomes (8) with their Polymerases (PB1+PB2+PA)

uclear Import = = -
= L] 3\.
PE]+ PE2 . Cap-snatching -\Viral mRNA production [Transcription)- (Allows genstic variants)-1
NC
PE1+[PA— Viral gRMNA praduction (Replication)- (PA maintains genome stability)-2 HNUCLE
oy =y 2 mt  m e
= rll- T [ = gy [

—_ 1 mRMNAz —» Viral Proteins (HA, NA, PE1, FB2Z, PA
T '\'\__ - NC, M1, M2, NSP1, NSP2, etc.)

+ gRMNAs CYTO!
Viral Assembly

Viral Exit

gRNA, genomic RNA; NC, Nuclear capsid protein (moves from the cytoplasm to nucleus through the nuclear pores), HA, Hemagglutinin,
NA, Neuraminidase, PB1, PB2 & PA, polymerase subunits; M1, Matrix protein, M2; Ion channel;
NSP1 & NSP2 (NEP), Non-structural proteins 1 & 2. NEP, Nuclear export protein.
Figure 3 A schematic diagram showing the proposed role(s) of each of the polymerase subunits in the production of
viral mRNAs and gRNAs

In this communication, the PB1 subunit of the RNA polymerase from all the three human influenza viruses are analyzed
for their active sites and reported. The catalytic metal-binding motifs already confirmed by SDM experiments and X-ray
crystallographic techniques are further corroborated by the MSA analysis. Furthermore, the MSA analysis has also
shown the possible catalytic amino acids involved in the nucleotide transfer reactions during the polymerization
reactions. Based on these results, a catalytic mechanism for the human influenza viral polymerases is proposed.
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2. Material and methods

Protein sequence data of the RNA polymerase basic protein subunit, PB1, from all three human influenza viruses, A, B
and C were obtained from PUBMED and SWISS-PROT databases. The advanced version of Clustal Omega was used for
protein sequence analysis. The highly conserved motifs identified by the bioinformatics analysis, and along with the
data already available from biochemical, SDM and X-ray crystallographic analyses on the PB1 subunits, the possible
amino acids that make up the polymerase active sites are proposed. Expasy tool was used for pl calculations of the PB1
subunits of the RNA polymerases.

3. Results and discussion

3.1. MSA Analysis of the Polymerase PB1 subunit of Influenza Virus A

Figure 4 shows the MSA of the PB1 subunits of the polymerase from several subtypes of the human influenza A virus
(only the required regions for the discussions are shown here). The HIN1 subtype of the influenza A virus (Puerto Rico,
1934) is used as the standard and it showed a theoretical pl of 9.39. It is clear from Figure 4 that the PB1 subunits of
influenza A viral strains from different regions are highly conserved from N- to C-terminals. Strikingly, five highly
conserved motifs are identified in all the PB1 subunits of the human influenza A viral subtypes: Motif I (Finger priming
loop) -235KLKRR-; Motif Il -303TGDN306-; Motif III -403LSPGMMM?#09GMF*12-; Motif [V -438WDGLQSS**4DDFALI*50- and
Motif V (end of the palm domain) -#474GINMSKKK4#815Y483]- (highlighted in yellow, dark and light green). Several
mutations in the above 5 conserved motifs from I to V of the PB1 protein were analyzed for their ability to replicate in
human and chicken cells [10]. They found that replacement of the invariant amino acids, $444—P, D445-G and D446—>N
in motif IV -(SDD-), and K*81-E/T/N mutants in motif V, abolished polymerase activity completely. Furthermore, by
minireplicon assays, they confirmed that any mutation altering the -SDD- sequence rendered the polymerase
nonfunctional. Moreover, in human cell replication assays, they found that the Y483—H mutation showed only 0.5% of
the activity, the N306>T of -GDN30%6- motif mutant showed only 2.4% of the activity and the M4°°-T mutant showed no
activity. They suggested that such conserved residues comprising the polymerase modules may serve as potential
targets for anti-influenza drugs that can attenuate infection by inhibiting influenza polymerase activity and hence, viral
replication. In contrast, the natural mutation K480—R (Motif V) observed in several pandemics causing HIN1 human
and swine influenza viruses, slightly increased transcription/ replication activity relative to the wild-type. The proposed
amino acids in the catalytic regions and the highly conserved fingertip priming loop are highlighted in yellow. A -YAQ-
triad (highlighted in yellow) was observed and a similar -YAN- triad was found to be involved in NTP selection in Severe
acute respiratory syndrome-related Coronaviruses -(SARS-CoVs). The nuclear localization signals (NLSs) are
highlighted in orange. The C-terminal ends in the triad -RQK in all.

3.1.1. CLUSTAL O (1.2.4) MSA of the PB1 catalytic subunits of the RdRp from influenza A viruses

=p |QO0TFET IRDRP IScR3 TGRPOQLNPIDGPLFPEDNE PSd’:’TC"Z DCVLEARMAFLEESHPGIFENSCIETMEVVOQTRVD 120
spl|P03431 |RDRP_ I34A1 TGAPOLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESHPGIFENSCIETMEVVOOTRVD 120
sp |Q9Q0VO IRDRP_ISEAD TGAPOQLNPIDGPLPEDNEPSH DCVLEAMAFLEESHPGIFENSCLETMEVVCOQTRVD 120

Er |AOAOM3WGEZ |AOAOM3WGEZ_ O9INFA TGAPOQLNPIDGPLPEDNEPSH
tr |AOALJOFCDS IAORLJOFCDS_9INFA TGAPOLNPIDGPLPEDNEFPSH
tr |AOAO23MOTIE |A0ROZ3MOIE_SINFA TGAPOLNPIDGPLPEDNEFPSH

DCVLEAMAFLEESHPGIFENSCLETMEVVCOQTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVCOOTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVZOTRVD 120

=p |QORZDY |IRDRP_IE6RO TGRPOLNPIDGPLFEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVQQTRVD 120
tr |AOADZ23M258 |AO0ADZ23M258_ 9INFA TGAPOQLNPIDGPLPEDNEPSH DCVLEAMAFLEESHPGIFENSCLETMEVVCOQTRVD 120
splQ2VCO2 IRDRP_IS0AZ TGAPOLNPIDGPLPEDNEPSGH DCVLEAVAFLEESHPGIFENSCLETMEVIQOTRVD 120
sp|Q30NP3 |IRDRP_ITSA0 TGAPOLNPIDGPLPEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVOOTRVD 120
splQ910D& IRDRP_I6EEA4 TGAPOLNPIDGPLPEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVOOTRVD 120
=plPleS0c |[RDRP IGERSD TGRPOLNPIDGPLFEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVIQQTRVD 120

tr |ROR1ZIX1STIRORIZ1X1S T7_S9INFA TGAPOQLNPIDGPLPEDNEFPSH
sp|Q20NV3 |RDRP_ISO0AD TGAPOQLNPIDGPLPEDNEPSH

DCVLEAMAFLDESHPGIFENSCRETMEVVOQTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVCOQTRVD 120

splQ0A440 |[RDRP_I45a1 TGAPOLNPIDGPLPEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVOOTRVD 120
=p |QO0ARZGE |RDRP_ISORO TGRPOLNPIDGPLFEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVQQTRVD 120
=p |QOAZHY |RDRP_I83AS TGAPOQLNPIDGPFLFEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVQOQTRVD 120
splPle511 |RDRP_ISTAS TGAPOQLNPIDGPLPEDNEPSH DCVLEAMAFLEESHPGIFENSCLETMEVIQQTRVD 120
sp | Q20PL& IRDRP_IT7TOAT TGAPOQLNPIDGPLPEDNEPSH DCVLEAMAFLEESHPGIFENSCLETMEIVCOQTRVD 120
sp|lQ0RAZFT7 |IRDRP _IS3Rn4 TGAPOLNPIDGPLPEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVOOTRVD 120

tr |ROR1ZIXTEL|RORIZIXTE 1 SINFR TGRPOLNPIDGPLPEDNEFPSH
tr |RORLZIWYRT |[RORIZIWYRT_9INFA TGAPOQLNPIDGPLPEDNEFPSH
Er |ROALUSWATS |AORLIUSWETS_O9INFA TGAPOQLNPIDGPLPEDNEPSH
tr |AOALUSWEI3IAORLIUSOW4EIZ OINFA TGAPOLNPIDGPLPEDNEFPSH

DCVLEAMAFLEESHPGIFENSCLETMEIVQOQTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVOQTRVD 1z0
DCVLEAMAFLEESHPGIFENSCLETMEVVCOQTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVCOOTRVD 120

splQ0A451 |IRDRP_I66A1 TGAPOLNPIDGPLPEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVOOTRVD 120
splQ0A429 |[RDRP_IS6EAZ TGAPOLNPIDGPLPEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEIVOOTRVD 120
tr |ROROFEZDRT |IROROFEZDRT_S9INFR TGRPOLNPIDGPLFEDNEFPSH DCVLEAMAFLEESHPGIFENSCLETMEVVQQTRVD 120
tr |ROROFEWVQE |ROROFEWVOE_OINFA TGAPOQLNPIDGPLPEDNEPSH DCVLEAMAFLEESHPGIFENSCLETMEVVCOQTRVD 120

sp|Q0A206 IRDRP_ISSA3 TGAPOLNPIDGPLPEDNEPSGH
splPl&503 IRDRP_ITTAF TGAPOLNPIDGPLFEDNEFPSH
=p |QO0A3Q1 IRDRFP_IT7ERC TGRPOLNPIDGPLFEDNEFPSH
sp|QO8IIS |IRDRP_IS0AE TGAPOQLNPIDGPFLFEDNEFPSH
spl|P1lE513 |RDRP_ISO0AS TGAPOQLNPIDGPFLFEDNEFPSH
tr |lAOAQO23LWCLIAOROZ3ILWCL_ SINFA TGAPOLNPIDGPFLPEDNEPSHYAC

ke ke ok ek ok ok Rk ok ok ok ok o Rk ok ok ok ok ok

DCVLEAMAFLEESHPGIFENSCLETMEVVCOOTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVOOTRVD 120
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DCVLEAMAFLEESHPGIFENSCLETMEVVQOQTRVD 120
DCVLEAMAFLEESHPGIFENSCLETMEVVQOQTRVD 120
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N-terminal g —p Fingers
A

=p |QO7FHT |RDRP_ISEA3 ITTHFJREREVE| NVTKKMVTQRTIGEKKHKLDQSYLIRALTLNTMTKDA ER REZ 240
sp|P03431 |RDRP T34m1 ITTHFQRERREVRDNMTERFMITCRT IGRREQRLNERS YLIRALTLNTMTEDA 240
sp | Q900vV0 |RDRP:196AD IITHFRERRVRPMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
tr |R0RAOM3WGE2 |R0AOM3WGEZ_9INFA ITTHFJREREVRDMMTEFMITQRT I GRREQRLNEES YL I RALTLNTMTEDA 240
tr|A0A1J0FCDS |A0ALJOFCDS_SINFA ITTHFJREREVRDMMTEFMVTCQRT IGRREQRLNEES YL T RALTLNTMTEDA 240
tr|AOR023MOIS |AOAOD23M0OIS SINFA ITTHF$REREVRPNMTEFMVTORT I G YLIRALTLNTMTEDA 240
sp |Q0A2DS |RDRP_IGERO ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
tr|ROR0Z3M258 |A0R023M258 SINFA ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
sp |Q2VC92 |RDRP_IBOR2 ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
sp |Q30NP3 |RDRF I75R0 ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
sp|Q910DE |RDRE‘:168A4 ITTHF$REREVRDHMMTEFMVTORT I G YLIRALTLNTMTEDA 240
sp|P1E506 |RDRP_IE8AS ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
tr|A0R151X1S7 |A0RLZ1X1ST SINFA ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
sp |Q20NV3 |RDRP_IBORD ITTHFRERBVRDMMTEFMVTORT I GRERQRLNEFG VLT RALTLNTMTEDA 240
sp |Q0A440 |RDRP_I49A1 ITTHFRERRVRDMMTEFMITORT IGE YLIRALTLNTMTEDA 240
sp|Q0A2GE |RDRE_ISSR0 ITTHFQREREVEDNTI TEFMVTORT I G RS YLITRALTLNTMTEDL 240NLS
sp |QOA2HS |RDRP IB3RAS ITTHFRERRVRDMMTEEMVTORT IGE YLIRALTLNTMTEDA 240
sp|P1lE511 |RDRP:15?A5 ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
sp |Q20PLE |RDRP_IT9RT TTTHFREREVRPMMTEFMVTORT T GRERQRLNERS Y1, TRATL TTLNTMTEDZ 240
sp |QOA2F7 |RDRF IB3R4 ITTHFRERRVRDMMTEFMVTORT IGE YLIRALTLNTMTEDA 240
tr|BOBR1Z1XTEL |EOALZLXTE1_91NFA ITTHFQRERRVEDNMTEFMVTORT IGE YLIRALTLNTMTEDA 240
tr|A0R1Z1WYRT |ROR1Z1WYRT SINFA ITTHFJREREVRDMMTEFMVTCQRT I GRREQRLNEES YL T RALTLNTMTEDA 240
tr|B0R1USWATS |AOA1U9W4?5:91NE‘A ITTHFJREREVRDMMTEFMVTCQRT I GRRREQRLERES YL T RALTLNTMTEDA 240
tr|RORIUSWAIZ |RORIUSWAI3 SINFR ITTHFPRERRVRPMMTEFMVTCQRT I GRERQRLHERE]S YL T RALTLNTMTEDA 240
sp|Q0RA451 |RDRP IGER1L ITTHFJREREVRDMMTEFMVTCRT IGRREQRLNERS YL I RALTLNTMTEDA 240
sp |Q0R429 |RDRP:156A2 ITTHFJREREVRDMMTEFMVTCQRT I GRREQRLNERS YL I RALTLNTMTEDA 240
tr|AOROFEEDRT |ROROFEEDRT STNFA ITTHFJRE DMMTEFMVTCORT I GRERQRLNERS YLT RALTLNTMTEDA 240
tr |BROROFEWVOE |AOAOE‘6WVQ6:SINE‘A ITTHFJRE DMMTEFMVTCORT I GRERQRLNERS YLT RALTLNTMTEDA 240
sp |QOA20Q6 |RDRP_IBSA3 ITTHFJRE DMMTEFEMVTCRT I GRERQRLNERS YL.T RALTLNTMTEDA 240
sp|P1E503 |RDRE_I77AF ITTHFJRE DMMTEFMVTCRT I GRERQRLNRRS YL T RALTLNTMTEDA 240
sp |QOA3Q1 |RDRP_ITBAC ITTHFQRE DNMTEFMVTQRT I GRERQRLNERS YL T RALTLNTMTEDA 240
sp|Q08IIS |RDRP_IS0ORE ITTHFJRE DMMTEFMVTCORT I GRERQRLNERS YLT RALTLNTMTEDA 240
sp|P1E513 |RDRP_IS0AS ITTHFJRE DMMTEFMVTCORT I GRERQRLNERS YLT RALTLNTMTEDA 240
tr|A0R023IWCL |AOROD23LWCL SINFA ITTHF R DNMTRFMVTCRT I GRERCRLNERS YLT RALTLNTMTRDA 240FPLoop
* ok k ok ******w*:**:*:******k**:: P _***************

sp |QU7FHT IRDRP_IQGAB TI’.I‘KWNEN@JPRME‘LM‘IITYITKNQPEWE‘RNILSIAPIME‘SNIQ‘!ARLGKGH‘IFESK 3e0
sp|P03431 |RDRP_I34A1 TITGINTEWNENCNPEMELAMT TYMTENQPEWERNVLS TAP TMF SNEMARTLGEGYMEFESE 3a0
sp | QoQ0OVD IRDRP_IQEAD TT EWNENONPRMFLAMT TYTI TRNQPEWFENVLS TAPTMFSNEMARTLGEGYMFESE 360
tr |AOAOM3WGE2 |ADADM3WG62_9INER TI FWNENONPEMFLAMITYITENQPEWERENVLSIAP IMESNEMARLGEGYMEESE 380
tr|R0R1JOFCDS IAOAlJOFCDS_QINm TI FEWNENCNPEMFLAMITYITENQPEWERNVLSIAP IMEFSNEMARTLGEGYMEFESKE 3e0
tr|AORO23MOTIE |AORO2 BMOIS_QINEA TI EWNENONPRMFLAMI TYI TRNQPEWFENVLS IAPTMF SNFEMARLGEGYMEFESKE 3e0
sp|QORA2DY IRDRPiIGGAD TT EWNENCNPEMFLAMT TYTI TRNQPEWFENVLS TAPTMFSNEMARTLGEGYMFESE 360
tr|ADADZ23M258 |ADADZ23M258 YINFA TT EWNENOWNPRMFLAMTI TYI TRNQPEWFENVLS IAPTMEFSNEMARTLGEGYMEFESE 3e0
sp|Q2vCe2 IRDRP_IS on2 TI EWNENCNPEMFLAMITYI TENQPEWERENVLSIAP IMFSNEMARLGEGYMEFESKE 3e0
sp | Q30NE3 IRDRP_IT 5R0 TI FEWNENONPEMFLAMITYITENQPEWERNILSIAPIMEFSNEMARTLGEGYMEFESKE 3e0
sp|Q910D6 IRDRP_I cBnd TI FWNENONPRMFLAMI TYI TENQPEWFENVLS IAPTMF SNFMARLGEGYMEESE 360
sp|P1le506 |RDRP_I6EAS TT EWNENONPRVEFLAMI TYI TRNQPEWFENVLS IAPTMF SNEMARLGEGYMEFESE 3e0
tr|RAORIZ1IX1ST |AORALR leS'."_QINEIﬁ, TI EWNENCNPEMFLAMITYITENQPEWFENVLSIAP IMESNEMARLGEGYMLESKE 3e0
sp|Q20NV3 IRDRP_IS 0RD TI FWNENCNPEMFLAMITYI TENQPEWERNVLSIAP IMEFSNEMARLGEGYMEESKE 3e0
sp|QOR440 IRDRPiIti SRl TT EWNENCNPEMFLAMT TYTI TRNQPEWFENVLS TAPTMFSNEMARTLGEGYMFESE 360
sp|Q022GS IRDRPiIS SR0 TT EWNENONPRMFLAMTI TYTI TRNQPEWFENILSTAPTMFSNEMARLGEGYMFESE 360
sp|QUAZHS IRDRP_IS 3R5 TI FWNENONPEMFLAMITYITENQPEWERENVLSIAP IMESNEMARLGEGYMEESKE 380
sp|Ple511l IRDRP_IS?‘AS TI FEWNENCNPEMFLAMITYI TENQPEWERNVLSIAP IMEFSNEMARTLGEGYMFESKE 3e0
sp|Q20PLE IRDRP_IT Sn7 TI FWNENONPRMFLAMI TYI TRNQPEWFENVLS IAPTMF SNFEMARLGEGYMEESE 360
sp |QOR2FE7 IRDRELIB 2n4 TI FWNENONPRMFLAMI TYI TRNQPEWFENVLS IAPTMF SNFEMARLGEGYMEESE 360
tr|AODALZ1XVEL |AOALIZ1XTE]L YINFA TT EWNENOWNPRMFLAMTI TYI TRNQPEWFENVLS IAPTMEFSNEMARTLGEGYMEFESE 3e0
tr|ROR1IZIWYRT |AORALE lWYRT_QINE?\ TI EWNENCNPEMFLAMITYI TENQPEWERENVLSIAP IMFSNEMARLGEGYMFESKE 3e0
tr |R0RAIUSWATS |AORIUSWAT S_QINE‘A TI EWNENONPRMFLAMTI TYI TRNQPEWFENVLS IAPTME SNFMARLGEGYMEFESKE 3e0
tr |RORTUSWAT |ADA1U9W4I37QINEIA TT EWNENCNPEMFLAMT TYTI TRNQPEWFENVLS TAPTMFSNEMARTLGEGYMFESE 360
sp| Q02451 IRDRP_IGEAl TT EWNENONPRMFLAMT TYTI TRNQPEWFENVLS TAPTMFSNEMARTLGEGYMFESE 360
sp|QUOR42G IRDRP_156A2 TI FWNENONPEMFLAMITYITENQPEWERENVLSIAP IMESNEMARLGEGYMEESE 380
tr |AO0ROF6ZDRT IAOAOE‘GZDRT_QINER TI FEWNENCNPEMFLAMITYITENQPEWERNVLSIAP IMEFSNEMARTLGEGYMEFESKE 3e0
tr |A0ROFEWVQE IADADE‘GWVQﬁiglNFA TI FWNENONPRMELAMTI TYI TRNQPEWFENVLS IAPTMF SNFMARLGEGYMEESE 360
sp|QOAZ06 |RDRP_IBSA3 TT EWNENONPRMFLAMTI TYI TRNQPEWFENVLS IAPTMF SNEMARLGEGYMEFESE 3e0
sp|Ple503 IRDRP_IT TAF TI EWNENONPEMFLAMITYITENQPEWEENVLSIAP IMESNEMARLGEGYMEESKE 3e0
sp|QOA3Ql IRDRP_IT 8AC TI EWNENCNPEMFLAMITYI TENQPEWERENVLSIAP IMFSNEMARLGEGYMEFESKE 3e0
sp|QOBIIS IRDRP_IB one TI EWNENONPRMFLAMI TYI TRNQPEWFENVLS IAPTMF SNFMARLGEGYMEFESE 3e0
sp|P16513 IRDRP_IS 0R8 TT EWNENONPRMFLAMT TYTI TRNQPEWFENVLS TAPTMFSNEMARTLGEGYMFESE 360
tr|AOAD23LWCL |AORDZ3LWC l_9INE}5, TI FWNENONPEMFLAMITYITENQPEWERENVLSIAP IMESNEMARLGEGYMEESE 380
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SMELRTQIPAEMLANIDLEYFNDSTERRIERIRPLLI DGTPIS Ls PGMH.HGMF}JMLS TVLG

Fohk ok kk ok hkd 2 ok k kk ok ok ok ok ko

kkkkkk zr kksokkk s kKA

sp|CQ0TFHT |[RDRP_I96A3 420
sp|P03431|RDRP_I34A1 SMELRTQIPAEMIASIDLEYFNDSTRRRIERIRPLLIEGTASLS PGMMMGMFNMLSTVLG 420
sp|CQ9C0VO |RDRP_IS6R0 SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AOAOMIWGEZ |A0AIM3WGEZ SINFA SMELRTCIPAEMLASIDLEYFNESTERRIENIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AOAL1JOFCDS |AOAL1JOFCDS SINFA SMELRTCIPAEMLASIDLEYFNESTERRIENIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AOAO23MOIE |A0A023MOIE_SINFA SMELRTCIPAEMILASIDLEYFNESTERRIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|CQ0A2DY |[RDRP_I66RA0 GMELRTCIPAEMILASIDLEYFNDSTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
tr|AOAO23M258 |A0A023M258 SINFA SMELRTCIPAEMILASIDLEYFNDSTERRIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|Q2VCY2 |[RDRP_IB0AZ SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|CQ30NE3 |[RDRP_IT5A0 BEMELRTQIPAEMIASIDLEYFNESTRERIERIRPLLIDGTASLS PGMMMGMFNMISTVLG 420
sp|C0910D6 |[RDRP_I68RA4 SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|P16506 |[RDRP_I68AS SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTVYSLS PEGMMMGMFNMLSTVLG 420
tr|AOALIZ1X187 |AOA1Z1X1ST SINFA SMELRTCIPAEMILASIDLEYFNESTRERIENIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|Q20NV3 |[RDRP_IBOAD SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|C0A440|RDRP_TI45A1 SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|CQ0A2GE |[RDRP_ISSA0 SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|CQ0AZHY |[RDRP_IB3AS SMELRTCIPAEMIATIDLEYFNDSTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|P16511|RDRP_ISTAS SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTYSLSPGMMMGMFNMLSTVLG 420
sp|CQ20PLE |[RDRP_ITSAT SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|CQ0AZFT |RDRP_I83R4 SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
tr|AORAIZIXTEL |AOA1Z1XTE]l SINFA SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AORIZIWYRT |AOAIZIWYRT SINFA SMELRTCIPAEILASIDLEYFNESTRERIENIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
tr|AORAIUSWATS |A0AIUSWATS SINFA SMELRTCVPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AORIUSWAI3 |A0AIUSWAI3 SINFA SMELRTCVPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|C0RA451 |RDRP_I66A1 SMELRTCIPTEMLASIDLEYFNEPTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|CQ0A429 |[RDRP_IS6AZ SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AOAOF6ZDRT |A0AOFEZDRT_SINFA SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
tr|AOROFEWVOE |A0AOFEWVOE SINFA SMELRTCIPAEMLASIDLEYFNESTRERIERIRPLLIDGTASLS PEMMMGMFNMLSTVLG 420
sp|CQ0A206 |[RDRP_IB5A3 SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|P16503 |RDRP_ITTAF SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|CQ0A3QL |RDRP_ITEAC SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|CQ08IIS|RDRP_IB0AE SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
sp|P16513|RDRP_IB0AS SMELRTCIPAEMIANIDLEYFNESTRERIERIRPLLIDGTASLS PEGMMMGMFNMLSTVLG 420
tr|AOAOZ23LWC] |AOAO23LWC]1 SINFA SMELRTQIPAEMIANIDLEYFNESTRERIERIRPLLIDGT SLSPG.MH.EMF NMLSTVLG 420
hkdkdkkk s kadk s kdk kkkkAkkks kokkkk kkkkdkk.kdk [RER Ak kR Rk Rk ok ok k kR
sp|QOTFHT | RDRP ISER3 VSILNLGQKRYTKTTYWWDGI.thLIﬂ?NAPNYAGIQAGVDRFYRTCKLLEINMsa 480
sp|P03431|RDRP I34A1 vSILNLGQKRYTKTTYWDGLQSSDDEMIWAPNHEGIQAGVDRFYRTCKLLGINMSKK 430
sp | Q9Q0v0| RDRP:IQGA'D VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIEAGVDRFYRTCELV] 480
tr|ADAOMIWGE2 | AOAOM3WGEZ2 OINFA VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|AOA1JOFCDS | AOA1JOFCDS SINFA VSIINLGOERYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|AOAO23MOTIS |AOAOD23MOTIE SINFA VSIINLGOEKYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
sp|QOAZDS|RDRP_T6ER0 VSTINLGOERYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
tr|AOROZ3M258 |AORO2Z3M258 9INFA VSILNLGOERYTKTTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
Sp|Q2VCS2 | RDRP_IS0A2 - VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
sp|Q30NP3|RDRP I75A0 VSIINLGOEEYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
sp|QS10D6| RDRP T6ER4 VSIINLGOERYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
sp|P1l6506| RDRP_TI68AS5 VSIINLGOEKYTETTYWWDGLQS IVNAPNHEGI QAGVNRFYRTCELV] 480
tr|RAOATEIX1ST7 |AORIEIX1ST SINFA VSTINLGOERYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
Sp|Q20NV3|RDRP_IS0AD - VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
sp|Q0A440|RDRP_T49A1 VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
sp|QOAZ2GE | RDRP_I5%9A0 VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
sp|QOAZHG|RDRP I83A5 VSIINLGOERYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
sp|P16511|RDRF ISTAS VSIINLGOEKYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
splQ20PLE| RDRP:I—." on7 VSILNLGOERYTKTTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
Sp|QOAZF7|RDRP_I63A4 VSIINLGOKRYTETTYWWDGLOS IVNALNHEGIQAGVDRFYRTCELV] 480
tr|AOAlZ1XYEL |ADAIZ1XTE]L SINFA VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|AOA1ZIWYRT |AOAIZ1WYRT SINFA VSIINLGOERYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|AOAIUSWATS | AOAIUSWATS SINFA VSIINLGOERYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
tr|A0RI1USWATIZ |AORIUSWAIZ SINFA VSILMNLGOERYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
SplQ0A451|RDRP_I66A1 - VSILNLGOERYTKTTYWWDGLOS IVNAPDHEGIQAGVDRFYRTCELV] 480
SplQ0A425|RDRP_IS6A2 VSIINLGOKRYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|ADAOF6ZDRT | ADAOF6ZDRT 9INFA VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|A0AOFEWVQOE | AOAOFEWVQE SINFA VSIINLGOERYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
spl|QOR2Q6| RDRP I85A3 VSIINLGOERYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
splP1E503] RDRP:I? TAF VSTINLGOERYTETTYWWDGLQS IVNAPNHEGI QAGVDRFYRTCELV] 480
SplQ0A3QL1|RDRP_I78AC VSIINLGOKRYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
Sp|QOBIIS|RDRP_IS0A6 VSIINLGOKRYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
sp|P16513|RDRP I80AS VSIINLGOERYTETTYWWDGLOS IVNAPNHEGIQAGVDRFYRTCELV] 480
tr|AOAO23LWCL |AOAO231LWC]1 SINFA VSILMNLGOERYTETTYWWDGLQS IVNAPNHEGIQAGVDRFYRTCELV] 480
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A —» Thumb
spl OO?FH?IRDRP_IQGAB Y IbEkTFEFTSFFY YGFVANFSMELPSFGVSGVNESADMSIGVTVIENNMINNDLG 540
spl PO3431|RDRP_I34AJ. ESY |INRTGTFEFTSFEYRYGEFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIQQQOVOIRDRP_IQGAO YT TCEFTSFFYRYGFVANFSMELPSFGVSGINESADMSTGVTVIENNMMDNDT.G 540
tr|AOROM3NGEZ IHOAOMEWGGZ_QINFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tIIAOAlJOFCDSIHOAIJOFCDE\_QINFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr|AOROZ3M0IE IHOAOZEMOIS_QINFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOMDEIRDRP_IGGAO YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tI|AOA023M253|BOA023H258_91NFA YI|I TFEFTSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOZVCQZIRDRP_ISOPQ YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
Sp|O3ONP3|RDRP_I?5AO YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SplOQlODGIRDRP_IGSA4 YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
spl PlGSOGIRDRP_IGSAS YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr|AORIZ1X1ST IHOAIZIXIS?_QINFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
Sp|O2ONV3|RDRP_ISOAD Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOA440|RDRP_I49A1 Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOMGSIRDRP_ISQAO Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOMHEIRDRP7183A5 YII TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
spl P16511|RDRP_15?A5 YII TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOZOPLGIRDRP_I?QA? YII TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOMFTIRDRP_IS3A4 Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr|AORIZIXTEL IHOAIZIX?EI_QINFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tIIAOAlZlWYRTIAOAIZIWYRT_QINFA YII TFEFTSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr|AORIUSW4TS |HOA1U9W4?5_91NFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr|AORIUSW4I3 |HOA1U9W4I3_91NFA YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOA451|RDRP_166A1 YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOA429|RDRP_156A2 YI|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tIIAOAOFGZDRTIBOAOFGZDR?_BINFA YII TFEFTSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr| AOROFEWVQE IHOAOFGWVOG_QINFA Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOMOGIRDRP_ISEAfi Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
spl PlGSOEIRDRP_ITTAF Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOA.'iOlIRDRP_I?SAC Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
SpIOOSIIEIRDRP_ISOAG YII TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
spl PlGSlEIRDRP_ISOAS Y|I TFEFTSFFYHYGFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
tr|AOADZ3LWC]L IHOAOZELWCI_QINFA I I TFEFTSFFYHYGEFVANFSMELPSFGVSGINESADMSIGVTVIENNMINNDLG 540
* | & & kkkokokkk ik k k**t************: kkkkkkkkhkhkkhkhdhk ki H :****
sp|QO7FH7 | RDRP I96A3 IRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVSHKEIESVNDIAVMMWMEYDAV 660
spl|P03431 | RDRP_I34A1 IERNLHT PEVCLEWELMDEDYQGRL.CNPLNPFVSHEE I ESMNNAVIMMPRE HGP R FNMEY DRV 660P|00p
splQogovD | RDRP_I SER0 IENLHI PEAGLEWELMDEDYQGRLCNPLNPFVSHEEIESVNNAVVMPAHGPARKEMEY DAV 660
tr|AOAOM3WGE2 |AOROMIWGE2 SINFA TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAREMEY DAV 660
tr|AOA1JOFCDS |AOALJOFCDS SINFA IRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKE I ESVNNAVVMEAHGEAREMEY DAV 660
tr|AOAOZ23MOIE |AORDZ 3MDIB_91Nm IENLHIPEVCLEWELMDEDYQGRLCNPLNPFVSHEEIESVNYAVVMPAHGPARKEMEY DAV 660
sp| QOA2DS | RDRP I66A0 TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAREMEY DAV 660
tr|AOA023M258 |AORD23M258 SINFA IRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKEI ESVNNAVVMEAHGEAREMEY DAV 660
splQ2vCcez | RDRP_ISDAZ IENLHT PEVCIEWELMDEDYQGRLCNPLNPFVSHEEI ESVNNAVVMPAHGPRAEEMEY DAV 660
=p| Q30NP3 | RDRP_I75A0 TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAREMEY DAV 660
5p|Q910D6 | RORP I6824 TRNLHIPEVCLKWELMDED YQGRLCNPLNPFVS HKEI ESVNNAVVMEAHGPAREMEY DAV 660
sp|P16506 | RDRE_I68AS IRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKE I ESVNNAVVMEAHGEAKEMEY DAV 660
tr|AOA1Z1X1S7|ROAIZ1X1ST SINFA TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAKEMEY DAV 660
sp| Q20NV3 | EDRE_I80AD TRNLHIPEVCLKWELMDED YQGRLCNPLNPFVS HKEIES INNAVVMPAHGPAREMEY DAV 660
sp| QOA440 |RDRP_T49A1 TRNLHIPEVCIKWELMDEE YQGRLCNPLNEF ISHKEIESVNNAVVMEAHGEAKEMEY DAF 660
sp| QORZGE | RDRP_ISQAO IENLHIPEVCLEWELMDEDYQGRLCNPLNPFVSHEEIESVNNAVVMPAHGPARKEMEY DAV 660
=p| QOA2HG | RDRP_T83AS5 TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAREMEY DAV 660
sp|P16511 | RDRP_ISTAS TRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKEI ESVNNAVVMEAHGEAREMEY DAV 660
sp|Q20PLE | RDRP_I'.I‘ Sn7 IENLHIPEVCLEWELMDEDYQGRLCNPLNPFVSHEEIESVNNAVVMPAHGPARKEMEY DAV 660
sp| QOA2FT7 | EDRP_I83A4 TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEAHGPAREMEY DAV 660
tr|A0A12Z1X7EL |R0A1Z1XTEL SINFA TRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKEI ESVNNAVVMEAHGEAREMEY DAV 660
tr|AOALZIWYRT |AOALZIWYR] SINFA TRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKEIESVINAVVMEAHGEAKEMEY DAV 660
tr|AOA1UIWATS |ROAIUSHATS SINFA TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAKEMEY DAV 660
tr|AOALUSWAT3 |AOALUSWATII SINFA TRNLHIPEVCLKWELMDED YQGRLCNPLNPFVS HKEI ESVNNAVVMEAHGPAREMEY DAV 660
sp|QOA451 | RDRP_TI66AL TRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKE I ESVINAVVMEAHGEAKEMEY DAV 660
sp|QOR4Z29| RDRP_ISEPQ IENLHIPEVCLEWELMDEDYQGRLCNPLNPFVSHEEIESVNNAVVMPAHGPARKEMEY DAV 660
tr|AOAOF6ZIRT |AORDF6ZDR]_GINFA TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAREMEY DAV 660
tr| AOAOFEWVQE |AORDFEWVQE STNFA TRNLHIPEVCIKWELMDED YQGRLCNPLNEFVSHKEI ESVNNAVVMEAHGEAREMEY DAV 660
sp|QOA206 | RDRP I85A3 IENLHIPEVCLEWELMDEDYQGRICNPLNPFVSHEEIESVNNAVVMPAHGPARKEMEY DAV 660
sp|P16503 | EDRE_I77AF TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEPAHGPAREMEY DAV 660
sp| QOA3QL | RDRP_I78AC TRNLHIPEVCLKWELMDED YQGRLCNPLNPFVS HKEI ESVNNAVVMEAHGPAREMEY DAV 660
splQOBTIIS| RDRP_ISDAG IENLHT PEVCIEWELMDEDYQGRLCNPLNPFVSHEEI ESVNNAVVMPAHGPRAEEMEY DAV 660
sp|P16513 | RDRP_T80A8 TRNLHIPEVCLKWELMDEDYQGRLCNPLNPFVS HKEI ESVNNAVVMEAHGPARRMEY DAV 660
tr|AOA023LHCL |AOAD23LAC] SINFA IRNLHI PEVCLKWELMDEDYQGRLCNPLNPFVSHKE L ESVNNAVVMEAHGPAREMEY DAV €60

F*kkkkk ok

Fk ok ko ok - ko k

F -k ko k -k kdkkkdk -k ok - kkok ok ok ok -
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sp|QO7FHT |RDRP I96A3
sp| P03431 |[RDRP_T34A1
sp| Q9QOV0 [RDRP_T96A0

sp| QOA2DY [RDRP_T66AD

sp|Q2VC92 |RDRP_I80A2
sp|Q30NP3|RDRP_I75A0
sp|Q910D6 |[RDRP I68A4
sp|P16506 |RDRP 168A5

sp|Q20NV3|RDRP_I80AD
sp|QOR440|RDRP T49A1
sp|QOA2GS |RDRP_I59A0
sp|QOAZHS |RDRP_I83A5
sp|P16511 |RDRP IS57AS
sp| Q20PLE |RDRP_I79A7
sp|QUA2F7 |RDRP_I83A4

sp| QOR451 [RDRP T66AL
sp| QOR429 [RDRE_T56A2

sp| QOR2QE [RDRP_T85A3
sp| P16503 [RDRP_T77AF
sp| QOA3Q1 [RDRP_T78AC
sp|QOBTIS [RDRP_T80A6
sp|P16513 |RDRP I80AS

tr|AOAOM3WGE2 | AOAOM3WGE2 SINFA
tr|AOA1JOFCDS|AOALIJOFCDS SINFA
tr|AOAO23MOIE | AOAOZ23MOIS SINFA

tr|AOAD23M258 | AQOADZ23M258 SINFA

trIADAlZleSTIEDAlZleST_QINER

tr|AOAIZ1X7EL|AOAIZ1XTE]l SINFA
tr|AOAIZ1WYRT|AOALIZ1WYR7 SINFA
tr|AOAIUSWA 75| AOATUSWATS SINFA
tr|AOAIUSWAI3|AOAIUSWAIZ SINFA

tr|AOAOF6ZDRT | AOAOF6ZDR7 SINFA
tr|AOAOFEWVQE| AOAOFEWVQE SINFA

tr|ADAD23LWC1IEDAD23LWC1_91NER

ATTHSWV
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWT
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWT
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI
ATTHSWI

ATTHSWI
ok ok ok ok

A C-terminal

PERNRSILNT SQRGILEDEQMYQRCCNLFEKFFPSSSYRREVGI S SMVEAMVS
PERNRSILNT SQRGVLEDEQMYQRCCNLFERKFFPSSSYRREVGLS SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNTNQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCSLFERKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCSLFERKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCSLFERKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS

PERNRSILNT SQRGILEDEQMYQKCCNLFEKFFPSSSYRREVGL S SMVEAMVS
hk ok ok s ok ok ko = k| ok ook koo ok o ook ook ok o ok ko
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720

/End of the PB1 subunits of the RdRp from Flu A Viruses

sp|QOTFHT |RDREF_ISEA3
sp|P03431 |RDRP_I34A1
sp|Q9Q0VO |RDRP_I96A0

tIlRGRGMSWG62|EGRGM3WG62_§INFR
tr |AOA1JOFCDS |AORLJOFCDS_SINFA
tr |AOAOZ23MOIS |AORO23MOIS_SINFA

sp|QOR2DS |RDRP I66R0

tI|ROA023H25S|EOR023M258_§INFR

sp|Q2VCS2 |RDRE_ISO0AZ
sp|Q30NP3 |RDRF_ITSAC
sp|Q910D6 |RDRP_I6SA4
sp|Pl€50¢ |RDRP_IESAS

tr |ROR1Z1X157 |AOR1Z1X15T7_SINFA

sp|Q2Z0NV3 |RDRP_ISOAD
D |QOA440 |RDRP_I4SA1
sp|QOR2GS |RDRP_ISSRO
sp|QOA2HS |RDRP_IS3IAS
sp|P16511 |RDRP ISTAS
sp|Q20PL6E |RDRP_ITSAT
sp|QOA2F7 |RDRF_IS3A4

tr |[ROR1Z1XTEL |[ROALZ1IXTELl SINFRA
tr |AORLIZIWYRT |AORIZIWYRT _SINFA
Tr |RORAITUSW4ATS |RORLIUSW4ETS SINFA
tIlRORlUEW&IS|EOR1U9W413:§INFR

sp|QORA451 |RDRP_T&6A1
sp|Q0R429 |RDREF_ISEAZ

tr |ROROFE6ZDRT |ROROFEZDRT_SINFA
tr |ROROFEWVQE |ROROFEWVQE_SINFA

sp|QOA20Q6 [RDRP_IS5A3
sp|P16503 |[RDRP_ITTAF
sp|QOA30Q1 [RDRP_ITEAC
sp|QOSIIS5 |[RDRP_ISOAE
sp|P16513 |RDRP ISOAS

tI|ROA023LWCl|EOR023LWC1_§INFR

RARIDRRIDFESGRIKKEEFREIMKTCSTIEDLdRQKl 757
RARIDARIDFESGRIKKEEFTEIMKICSTIEELRRQKE- 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRINEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMKICSTIEEL 757
RARIDARIDFESGRIKKEEFSEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIVEICSTIEEL 757
RARIDARIDFESGRIKEEEFSEIMEICCTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEKICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 758
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRVKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEI 757
RARIDARIDFESGRIKKEEFAEIMKICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEKICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKKEEFAEIMEICSTIEEL 757
RARIDARIDFESGRIKEEEFAEIMEICSTIEEL 757
R : :'J’ L : - :'l’ * .'J’ - HH
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QO7FH7|RDRP_I96A3 (China/Nanchang/11/1996/ HAN1)
P03431|RDRP_I34A1 (Puerto Rico/8/1934/ H1N1) (~pl = 9.39)
Q9QOVO|RDRP_I96A0 (Goose/Guangdong/1/1996/ H5N 1)
AOAOM3WGB2_SINFA (Black-headed gull/Netherlands/26/2009/ H168N3)
AOA1JOFCDS5_SINFA (Black-headed gull/Netherands/16/2009/ H16N3)
AOAO023MOIS_SINFA (Mallard Wisconsin/503/1976/ H12N6)
QOA2D9|RDRP_IBBA0 (Turkey/ Ontario/ 7732/1966/ H5N9)
AOA023M258_9INFA (Mallard/Wisconsin/214/1977/ H12N2)
Q2VC92|RDRP_I80AZ2 (Seal/ Massachusetts/ 1/1980/ H7N7)
Q30NP3|RDRP_I75A0 (Beijing/39/1975/ H3N2)

Q910D6|RDRP_I68A4 (Hong Kong/1/1968/ H3N2)

P16506|RDRP_IGSAS5 (Korea/426/1968/ H2N2)

AOA1Z1X1S7_SINFA (Black-headed gull/Netherands/43/2008/ H16N8)
Q20NV3|RDRP_IS0AD (Gull/Minnesota/945/1980/ H13N6)
QOA440|RDRP_I49A1 (Duck/Germany/1949/ H10N7)
QOA2G8|RDRP_I59A0 (Chicken/Scotiand/1959/ H5N 1)
QOA2H9|RDRP_I83A5 (Chicken/ Pennsylvania/ 1/1983/ H5N2)
P16511|RDRP_I57AS5 (Singapore/1/1957/ H2N2)

Q20PL6|RDRP_I79A7 (Grey teal/ Australia/ 2/1979/ H4N4)
QOAZ2F7|RDRP_I83A4 (Turkey/ Ireland/ 1378/ 1983/ H5N8)
AOA1Z1X7E1_SINFA/ Mallard duck/Sweden/139647/2012/ H15N5)
AOA1Z1WYRT7_SINFA (Black-headed gull/Netherlands/78/2008/ H16N3)
AOA1USW475_SINFA (Blue-winged teal/Guatemala/CIPO49H110-31/2012/ H14N3)
AOA1USW4I3_SINFA (Blue-winged teal/Guatemala/CIPO49H113-08/2013/ H14N4)
QOA451|RDRP_I66A1 (Turkey/Wisconsin/1/1966/ HON2)
QOA429|RDRP_I56A2 (Duck/England/1/1956/ H11N6)
AOAOF6ZDR7_SINFA (Environment/Maryland/060S5280/2006/ H7N3)
AOAOF6VWQ6_SINFA (Mallard/Maryland/060S2334/2006/ H12N5)
QOA2Q6|RDRP_I85A3 (Chicken/Victoria/1/1985/ H7N7)
P16503|RDRP_I77AF (Gull/Maryland/704/1977/ H13N6)
QOA3Q1|RDRP_I78AC (Turkey/ Minnesota/ 501/1978/ HENS8)
QO8I115|RDRP_IB0A6 /Duck/Hokkaido/8/1980/ H3N8)
P16513|RDRP_ISB0AS (Turkey/ Minnesota/ 833/1980/ H4N2)
AOAO0Z3LWC1_SINFA/ MallardMVisconsin/2080/1984(H8N4)

Figure 4 MSA of the PB1 catalytic subunits of the RdRp from human influenza A virus

Figure 5 shows the MSA of the catalytic subunits PB1 of the polymerase in different human influenza B viral strains from
different regions. The standard strain, Lee 1948, showed a theoretical pl of 8.78. The subunits from various strains are
completely conserved for the entire sequence with only a few amino acid changes (Fig. 5). The metal-binding regions
are highlighted in dark green and the proposed amino acids in the catalytic regions and the highly conserved fingertip
priming loop are highlighted in yellow. An invariant direct repeat is observed in influenza B viral strains and is marked
by arrows. All the five motifs identified in influenza A viral strains are also highly conserved in the B virus: Motif I -
KLKRR- Motif II -303TGDN3%6-; Motif III -403LSPGMMMGMF#12-; Motif IV -438WDGLQSSDDFALF*50-; Motif V-
474GINMSKKKSYC#84- (highlighted in dark and light green) suggesting their importance in the polymerase function. The
NLS region is highlighted in orange. Interestingly, the cold-adapted and wild-type strains differ only in three amino acids
and are marked with stars. Among them, two are conservative replacements, whereas only one is a non-conservative
type (Y—H), which is found at the C-terminal end. In influenza B virus, also the completely conserved -22YAQ- motif
(highlighted in yellow) is found as in influenza A viruses, suggesting its possible importance as in SARS-CoV-2 (YAN).
Besides, a zinc-binding domain is also found in the PB1 subunits of the B viral strains in the mRNA catalytic region.
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3.1.2. CLUSTAL O (1.2.4) MSA of the PB1 catalytic subunits of the RARp from human influenza B viruses

ek kk kel

Ek A A A A ok

ke ke ke ke ke kR ok

ok ke ke ke ke ke ok ok ok ok ok A R R R

tr|RORIZ6TPYS |AOR1Z6TPYS_9INFB TGCTMVDPTNGPLPEDNEFS. QOLDCVLEALDEMDEEH PGLFOARSONAMERTMVITVD 120
Er|IZEQOT1|IZEQT1_ SINFB TGCTMVDPTHNGPLPEDNEFRS. | DCVLEALDRMDEEHPGLEQAASOQNAMEATMVTTVD 120
tr|B4UQSS|B4UQS5_SINFB TGCTMVDPTHNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
tr |A3DQQE | A3DQOS_SINFB TGCTMVDPTHNGPLPEDNEFR S, | DCVLEALDEMDEEHPGLEQARSONAMEATMVITVD 120
tr |RO0A140ERCZ |AOR140ERC2Z_9INFB TGCTMVDPTHNGPLPEDNEFS. | DCVLEALDRMDEEH PGLFQALSOQNAMEATMVT TVD 1z0
tr |lA0Al126TR22 |A0AI26TR22_9INFB TGCTMVDPTHNGPLPEDNEFRS. | DCVLEALDRMDEEHPGLEQAASOQNAMEATMVTTVD 120
tr |A0RO59TB43 |A0R0S59TB43_9INFB TGCTMVDPTHNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
tr |RO0A140EMRY |AOR140EMRY S9INFB TGCTMVDPTHNGPLPEDNEFS. | DCVLEALDRMDEEH PGLFQALSOQNAMEATMVT TVD 1z0
tr |A0Al140EURS |A0A140EUR3_9INFB TGCTMVDPTHNGPLPEDNEFRS. | DCVLEALDRMDEEH PGLEFQARSQNAMEATMVTTVD 120
tr |AORLIZ6TSN3 |A0ARL26TSN3_9INFB TGCTMVDPTHNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
tr|ROR1Z6UR3T IROR1Z6UAR3T_SINFB TGCTMIDPTNGPLPEDNEFRS. | DCVLEALDEMDEEHPGLFOQARSONAMERTMVITVD 120
tr |RORODEASWO |RORODEASWO_S9INFB TGCTMIDPTNGPLPEDNEFRS. | DCVLEALDRMDEEH PGLEFQARLSONAMEATMVTTVD 120
spl036430| RDRP_INBPY TGCTMVDPTHNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
trlRSZ2I6IASZZI6_SINFB TGCTMVDPTNGPLPEDNEFS. | DCVLEALDRMDEEH PGLFOQARSONAMEARTMVITVD 120
tr |R4D52E|A4D528_SINFB TGCTMVDPTNGPLPEDNEFRS. | DCVLEALDRMDEEHPGLFQALSONAMEATMVTTVD 120
tr|A4D4U00|A4D4U0_SINFB TGCTMVDPTNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEFQAASONAMEATMVTTVD 120
tr |A3DRFO|R3DRFO:QINF‘B TGCTMVDPTHNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEQARSONAMEATMVTTVD 120
tr|A4D4V1|n4D4V1_ SINFB TGCTMVDPTHNGPLPEDNEFS. | DCVLEALDRMDEEH PGLFQALSOQNAMEATMVT TVD 1z0
tr|B4UQB0IB4UQB0_SINFB TGCTMVDPTNGPLPEDNEPS. | DCVLEALDRMDEEHPGLEFQAASONAMEATMVTTVD 120
tr |A4D4M4|R4D4M4:QINF‘B TGCTMVDPTNGPLPEDNEPS. }DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
sp|PO7E32IRDRP_INBLE TGCVMVDPTNGPLPEDNEP SAYROLDCVLEALDRMDEEHPGLFOAG SONAMEA TMVT TVD 120
tEr |IGTWTRE|GTWTRE_SINFB | DCVLEALDRMDEEHPGLFQALSONAMEATMVTTVD 120
tr |AOR2DIWONS |A0AZDIWONS SINFB | DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
tr |ROR2IC€BBP3 |IA0RZIEBBP3_9INFB | DCVLEALDEMDEEHPGLFOQARSONAMERTMVITVD 120
tr |RORLIISTNGE |RORLIISTNGE_SINFB | DCVLEALDRMDEEHPGLFQALSONAMEATMVTTVD 120
tr |A0RAOTSCCIY |A0ROTSCCTS _OINFB | DCVLEALDRMDEEHPGLEFQAASONAMEATMVTTVD 120
tr|S545Z€11545Z€l_SINFB | DCVLEALDEMDEEHPGLEQARSONAMEATMVITVD 120
tr |RORONTGD33 |RORONTGD33_9INFB | DCVLEALDRMDEEH PGLFQAASQNAMEATMVITTVD 1z0
tr | AO0A248XLRE |lA0R248XLRE OINFB | DCVLEALDRMDEEHPGLEFQAASONAMEATMVTTVD 120
tr |A0R28 6NMRZ |ROA286N’MR2:‘BINE‘B | DCVLEALDRMDEEHPGLEQARASONAMEATMVTTVD 120
tr |RORZDIWZ2J9 |A0RZDIWZJY_9INFB | DCVLEALDEMDEEHPGLFOQARSONAMERTMVITVD 120
tr |[R3DRO7|A3DROT_INBBE | DCVLEALDRMDEEHPGLFQALSONAMEATMVTTVD 120
tr |A3DQRS|AIDORY_SINFB | DCVLEALDRMDEEHPGLEFQAASONAMEATMVTTVD 120
tr|R4D4X3 |1 A4D4X3_SINFB | DCVLEALDEMDEEHPGLFOQARSONAMERTMVITVD 120
sp |P138T71|RDRP_INBAC | DCVLEALDRMDEEHPGLFQALSONAMEATMVTTVD 120
sp|P13872|RDRP_INEAD | DCVLEALDRMDEEHPGLEFQAASONAMEATMVTTVD 120
el ok ok ek ke ke ke ek ke ok ke ke ok Kok ok ok ke k ke ke Rk ke

tr|AORLZETPYS|AOALIZETPYS_OINFB FFSVENYREELPARNEREFLIKRIPMEVKDRI SRLE YIKRALSLNTMTRDAE 240
tr|I2E0T1| I2ZE0T1_SINFB FFSVENJEEELPARNRELF LI KR IPMEVEDRI SRVE YT KRALSLNTMTEDAE 240
trlB4UQSS5 | B4UQSS_SINFB FESVENJEEELPAFRNREEFLIFRIPMEVEDRISRVEYIFRRALSLNTMTEDAE 240
tr|A3DO0S | A3DOOS SINFB FESVENJRERLPARNREEFLIFRIPMEVEDRISRVEYIFRALSLNTMTEDAE 240
triROA140ERC2|ROR140ERC2_SINFB FFSVENJEEELPARNREEF LT KR IPMEVEDRI SRVE YT KRALSLNTMTEDAE 240
tr|ROR1ZETR2ZZ|AOR1IZETR2Z SINFB FFESVENJRERLPARNREEFLIFRIPMEVEDRISREVEYIFRRALSLNTMTEDAE 240
trlROAROS9TB43|ROR0SSTB43_9INFB FFSVENJEEELPARNRELF LI KR IPMEVEDRI SRVE YT KRALSLNTMTEDAE 240
tr|AORl140EMROIRORI40EMRS SOINFB FESVENJEEELPAFRNREEFLIFRIPMEVEDRISRVEYIFRRALSLNTMTEDAE 240
tIIAOAlQOEU'R.'S|AOA140EUR3:QINFB FESVENJRERLPARNREEFLIFRIPMEVEDRISREVEYIFRALSLNTMTEDAE 240
tr|AORL26TSN3|AORL26TSNI_S9INFB FESVENJRERLPARNREEFLIFRIPMEVEDRISRVEYIFRALSLNTMTEDAE 240
trlAOR126eUA3TIARORLIZEUA3T SINFB FESVENYREERLPARNREEFLIFRIPMEVEDRISREVEYIFRRALSLNTMTEDAE 240
tr|RORODEASWO | AORODEASWO SINFB FFESVENJRERLPARNREEFLIFRIPMEVEDRISREVEYIFRRALSLNTMTEDAE 240
spl0o36430 | RDRP_INBPS - FFSVENJEEELPARNRELF LI KR IPMEVEDRITRVE YT KRALSLNTMTEDAE 240
trl|ASZ2IEC|IASZ2I6_ SINFB FESVENJEERFPARNREEFLIFRIPMEVEDRISREVEYIFRRALSLNTMTEDAE 240
tr|A4D528 | A4D528_UINFB FESVENJRERLPARNREEFLIFRIPMEVEDRISRVEYIFRALSLNTMTEDAE 240
trlA4D4U0|A4D4U0_YINFB FFSVENJEEELPARNREEF LT KR IPMEVEDRI SRVE YT KRALSLNTMTEDAE 240
tx|A3DRFO|A3DRFO_UINFB FFESVENJRERLPARNREEFLIFRIPMEVEDRISREVEYIFRRALSLNTMTEDAE 240
triR4D4v1|A4D4V1_9INFB FFSVENJEEELPARNRELF LI KR IPMEVEDRI SRVE YT KRALSLNTMTEDAE 240
tr|B4UQB0 | B4UQBO_9INFB FFSVENJEEELPARNRELF LI KR IPMEVEDRI SRVE YT KRALSLNTMTEDAE 240
trlrd4D4M4 | R4D4M4 S INFB FESVENYEEELPARNREEFFLIFRIPMEVEDRISREVEYIFRALSLNTMTEDAE 240
sp|PO7E32 | RDRP_INBLE FFEIVENIRERLPAFRNREGFLIRRIPMEVEDRITRVEYIFRALSLNTMTRDAERGELERRA 240NLS
tr|GTWTRE | GTWIRE_YINFB FFSVEN]EEELPARNEELEFLI KR IPMEVEDRITRVE YT KRALSLNTMT KDEEHGEKLERRE] 240
tr|AORZDIWONS | RORZDIWSNS OSINFB FESVENYRRRLPARNREEFFLIFRIPMEVEDEITEVEYIFRALSLNTMTRDAERGELERRAY 240
tr|AOR2I6BEP2IA0RZICBEP3_ OINFB FESVENJEEELPARNREEFLIFRIPMEVEDEITEVEYIFRALSLNTMTREDAERGELERRAY 240
tr|ROAIISTNGE | AORLIISTNGE SINFB FESVENIRERLPARNREEFLIFRIPMEVEDEITEVEYIFRALSLNTMTEDAFHGELERRAY 240
trlROR0TS5CCIS|ROROTSCCIS_OGINFB FFSVENYEEELPARNRELF LT KR IPMEVEDKITEVE YT KRALSLNTMT KDAEHGEKLERR A 240
trlS4Sz611545z61_9INFB FESVENJRERLPARNREEFLIFRIPMEVEDRITEVEYIFRRALSLNTMTEDAERGELERRAY 240
trlROAONTGD33|RORONTGD33_SINFB FFSVENYEEELPARNRELFLI KR IPMEVEDRITRVE YT KRALSLNTMT KDEEHGEKLERRE 240
tr|AORZ248XILREIA0ARZ48XLRE SINFB FESVENJEEELPARNREEFLIFRIPMEVEDEITEVEYIFRALSLNTMTREDAERGELERRAY 240
tr|ROAZSENMRZ|AOAZEENMRZ S INFB FESVENIRERLPARNREEFLIFRIPMEVEDEITEVEYIFRALSLNTMTRDAFHGELERR 240
trlROA2DIW2J9|ROAZDIW2IY_OINFB FFSVENYEEELPARNRELF LI KR IPMEVEDEITEVE YT KRALSLNTMT KDEEHGELERRE 240
trl|A3DROTIASDROT INBBE FESVENYIRERRELPARNREEFFLIFRIPMEVEDEITRVEYIFRALSLNTMTRDAERGELERRAY 240
tr|A3DORS|AIDORS SINFB FFESVENJRERLPARNREEFLIFRIPMEVEDEITRVEYIFRALSLNTMTRDAERGELERR 240
triR4D4X3|A4D4X3_9INFB FFSVENYEEELPARNRELFLI KR IPMEVEDRITRVE YT KRALSLNTMT KDEEHGELERRE 240
splP1l3871|RDRP_INBAC FFSVENYERRLPAENREEFLIFRIPMEVEDRITRVEYIKRALSLNTMTEDAERGELERR 240
spl|Pl3872|RDRP_INBAD FESVENYEREELFARNEREEFLIFRRIPMREVEDRITRVEYIFRALSLNTMTRDAEHGELERRAY 240Foop
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tr|AOA126TPY5|AOAL26TPYS 9INFB
tr|I2EOT1|I2EOT1 9INFB
tr|B4UQSS |B4UQS5 9INFB
tr|A3DQQ8 |A3DQQ8 9INFB
tr|AOA140ERC2 |AOAL40ERC2_9INFB
tr|AOA126TR22 |AOAL26TR22 9INFB
tr|AOA059TB43|AOA0S9TB43 9INFB
tr|AOAL140EMRY |AOAL40EMRY 9INFB
tr|AOA140EUR3 |AOAL140EUR3_9INFB
tr|AOA126TSN3|AOAL26TSN3 O9INFB
tr|AOA126UA37 |AOAL26UA37_ 9INFB
tr|AOAOD6ASWO | AOAOD6ASWO 9INFB
sp| 036430 |RDRP_INBPO
tr|A5Z2I6|A5%216 9INFB
tr|A4D528|A4D528 9INFB
tr|A4DAUO |A4D4AUO_9INFB
tr|A3DRFO|A3DRFO_9INFB
tr|A4DAV1|A4D4V1_9INFB
tr|B4UQBO |B4UQBO 9INFB
tr|A4DAM4 [A4D4MA 9INFB
sp|P07832 |RDRP_INBLE
tr|GTWTR6 | GTWTR6 O9INFB
tr|AOA2DIWIONO |AOA2DIWINY 9INFB
tr|AOA2I6BBP3|AOA2I6BBP3 9INFB
tr |AOALI9TNGS |AOALIITNGS 9INFB
tr |AOA075CCJI9|AOA075CCI9_9INFB
tr|S4SZ61|S45261 9INFB
tr|AOAON7GD33|AOAONTGD33 9INFB
tr|AOA248XLR8 |AOA248XLR8 9INFB
tr|AOA286NMR2 | AOA286NMR2 9INFB
tr|A0A2D1W2J9|AOA2DIW2J9 9INFB
tr|A3DRO7 |A3DRO7_ INBBK

tr |A3DQRY|A3DORY 9INFB
tr|A4DAX3|A4D4X3 9INFB
sp|P13871|RDRP_INBAC
sp|P13872|RDRP_INBAD

IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK] NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAK NEKKAKLSNAVAKMLSNCPPGGISM
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IATAGIQIRGFVLVVENLAKNICENLEQSGLPVGGNEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNLEQSGLHVGENEKKAKLSNAVAKMLSNCPPGGISM
VATAGIQIRGFVLVVENLAKNICHNLEQSGCGLHVGENEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNEQSGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNEQSGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNEQSGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNEQSGLHVGNEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNIEQSGLHVGENEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNIEQSGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNIEQSGCGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNIEQSGLHVGPNEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNLEQSGLHVGENEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNLEQSGLHVGENEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNEQSGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
IATAGIQIRGFVLVVENLAKNICHNIEQSGLHVG(NEKKAKLSNAVAKMLSNCPPGGISM
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tr |ACRA126TPYS|ACALIZETEYS_9INFB
tr|I2E0T] | I2E0T]1_SINFB
tr|B4UQSS | B4UQSS YINFB

tr |A3DO0S |A3DO0E_9INFB

tr |AOCA140ERC2Z|ACAL40ERCZ_9INFB
tr|AOA126TR22|AOAI26TR22_9INFE
tr|AOAOS9TB43|ADAOS9TB43_9INFE
tr|AOA140EMRY|AOAI40EMRS SINFB
tr|ADAL40EUR3|AOAI40EUR3_9INFE
tr|AOA126TSN3|ADAIZ6TSN3_9INFE
tr|AOA126UA37|AOAIZ26UA3T_9INFB
tr |ACAODEASWO | ACOACODEASWO SINFE
sp|036430 | RDRP_TNBPY
tr|ASZ2I6|A5Z2I6 YINFB
tr|A4D528 |A4D528_SINFB
tr|A4D4U0 | 24D4U0O_YINFB

tr |A3DRF0 |A3DRF(O_YINFB
tr|A4D4V1|A4D4AV1_SINFB
tr|B4UQB0 | BATUOBO_YTNFB
tr|R4D4M4 |R4D4M4 SINFB
sp|P07832 | RDRP_INELE
tr|GTWTRE | GTWIRE YINFB
tr|AOAZDIWYNY|AODA2DIWONG_ 9INFE
tr |ACA2I6EBP3|ACAZI6BEP3_ 9INFB
tr |AOAIISTNGE |AOALIISTNGE SINFBE
tr |AOADTSCCTY|ADAOTSCCTS_9INFE
tr|S4SZ6l|S4S561_ 9YINFB
tr|ADAONTGD33|AOAONTCD33_9INFE
tr|AOAZ48XLRE|ADA248XIRE_9INFE
tr|AODA286NMR2|AOA286NMR2_SGINFE
tr|ADA2DIW2JY|AOA2DIW2TS_ 9INFE
tr|A3DRO7 |A3DROT_INBBE
tr|A3DORY |A3DORY_YINFB
tr|A4D4X3|A4D4X3 SINFB
sp|P13871 |RDRP_TNBAC
sp|P13872 | RDRP_INEAD

EWNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNETARLGRGFMITSE
EWNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLEFSNETARLGRGFMVTSKE
EWNECLNERIFLAMTERITRDSPIWFRDFCSITAPVLFSNETARLGEKGFMVTSKE
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tr|20A126TPYS|AOAL26TPYS_9INFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|I2E0T1|IZEQT1_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FWMLSTVL 420
tr|B4UQS5|B4UCSS_YINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|A3D00CS |A3DO0E_SINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|A0AI40ERC2|A0AI40ERC2_9INFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|AOAl126TR2Z |AOA126TRZ2 SINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr |ROAOS9TE43 |ADADS9TB43_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|20A140EMRY |A0AI40EMRY_SINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr |ROAI40EUR3 |AOAL40EUR3_9SINFB TERLEAQIPCPDLFSIPLERYNEETRA FWMLSTVL 420
tr|A0A126TSN3|AOAL126TSN3_9INFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|ROAL26UA3T |AOAL26UA3T_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FWMLSTVL 420
tr |A0AOD6ASWO |A0AODEASWO_9INFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
sp|036430|RDRP_INBPY TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|ASZ2I6|A5Z22I6_Y9INFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|R4D528|A4D528 SINFB TERLEAQIPCPDLFSIPLERYNGETRA MLSTVL 420
tr|R4D4U0|A4D4U0_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|A3DRFO|A3DRFO_YINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|R4D4V1|A4D4V1_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FWMLSTVL 420
tr|B4UQEO|B4UQBO_YINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|R4D4M4 |A4D4M4_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
sp|P07832 |RDRP_INBLE TERLEAQIPCPDLFNIPLERYNEETRAKLEEKLEPFFNEEGTASLS PGMMMGM FNMLSTVL 420
tr |GTWTRE |GTWTRG_SINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr |A0A2DIWONG |A0A2DIWONG_9INFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|ROAZIE6BEP3 |AOA2I6BBP3_SINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr |ROAIISTNGE |AOALI9TNGS _SINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|20ADT5CCTY|AORA0TS5CCTY_9INFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|545261|545261_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr |A0AONTGD33 |A0AONTGD33_9TNFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|ROAZ48XLRE |ADAZ48XLRE_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FWMLSTVL 420
tr |A0AZB6NMR2 |A0A286NMR2_9TNFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|ROA2DIW2J9 |AOAZDIWZTY_9INFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr |A3DRO7 |A3DROT_INBBE TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
tr|R3DORY |A3DORY_SINFB TERLEAQIPCPDLFSIPLERYNEETRA MLSTVL 420
tr|R4D4X3 |A4D4X3_SINFB TERLEAQIPCPDLFSIPLERYNEETRA FMLSTVL 420
sp|P13871|RDRP_INBAC TERLEAQIPCPDLFNIPLERYNEETRA MLSTVL 420
sp|P13872 |RDRP_INBAD TERLEAQIPCPDLFNIPLERYNEETRA FMLSTVL 420
dkkk Rk AR A RK KA RE ARARREE Kk T T

tr|AORIZE6TPYS |ACALZ6TPYS SINFB GVAALGIKNIGNEEY] ARDEEVCMEGINDEFYRTCE 480
tr|I2EQT1|I2ZEQT]1_SINFB GVAALGIKNIGNEEY. ARDEERCMEGINDFYRTCE 480
tr |B4UQSS |B4UQSS_YINFE GVAALGIKNIGNEEY] ARDEETCMEGINDFYRTCE 480
tr|A3DQQE |A3DQQE_9INFEB GVAALGIKNIGNEEY] ARDEETCMEGINDEFYRTCE 480
tr|AOA140ERC2 |A0R140ERCZ_SYINFB GVAALGIKNIGNEEY. ARDEEACMEGINDFYRTCE 480
tr|AOA1Z26TR22 |ACA126TR2Z SINFB GVAALGIKNIGNEEY] ARDEEACMEGINDEFYRTCE 480
tr |AOROSSTB43 |A0ROSSTE43_YINFB GVAALGIKNIGNEEY. ARDEEACMEGINDFYRTCE 480
tr|AOA140EMRS |A0A140EMRS SINFE GVAALGIFKNIGNEEY] AFRDEEACMEGINDEYRTCE 480
tr|AOA140EUR3 |ACA140EUR3_SYINFB GVAALGIKNIGNEEY] ARDEEACMEGINDEYRTCE 480
tr|AOR126TSN3 |RAOR126TSN3_SINFB GVAALGTIKNIGNEEY] ARKDEEACMEGINDFYRTCE 480
tr|AOA1Z26UA3T |ACAL26UA3T SINFB GVAALGIKNIGNEEY] ARDEETCMEGINDEFYRTCE 480
tr |AORODEASWO |AORODEASWO SINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
sp|036430 |RDRP_INEPS GVAALGIKNIGNEEY] ARDEETCMEGINDFYRTCE 480
tr|ASZ2I6|ASZ2I6_9INFEB GVAALGIKNIGNEEY] ARDEETCMEGINDEFYRTCE 480
tr|A4D528 |A4D528_SINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr|A4D4U0 |A4D4U0_SINFB GVAALGIKNIGNEEY] ARDEETCMEGINDFYRTCE 480
tr|A3DRFO |[A3DRF0_ YINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr|A4D4V] |R4D4V]1_SINFE GVAALGIKNIGNEEY] ARDEETCMEGINDFYRTCE 480
tr |B4UQEQD |B4UCB(0_9INFEB GVAALGIKNIGNEEY] ARDEETCMEGINDEYRTCE 480
tr|A4D4M4 |R4D4M4_SINFE GVAALGTIKNIGNEEY] ARKDEETCMEGINDFYRTCE 480
sp|P0O7832 |RDRP_INELE 480
tr|GTWTRE |GTWTRE SINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr |AOA2DIWSNS |AOAZDIWSNS SINFB GVAALGIKNIGNEEY! ARDEETCMEGINDEYRTCE 480
tr |AOR2IGEBP3 |ACAZIEGBEP3_Y9INFB GVAALGIKNIGNEEY] ARDEETCMEGINDEFYRTCE 480
tr |AORAITSTNGS |AOR1TISTNGE SINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr|AOROT5CCTS |ACAQTSCCIS SINFB GVAALGIKNIGNEEY] ARDEETCMEGINDFYRTCE 480
tr|S45261|545Z6l1 YINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr |AORONTGD33 |ACAONTGD33_9INFB GVAALGIKNIGNEEY! ARDEETCMEGINDEFYRTCE 480
tr|AORA248XLRE |A0AZ48XLRE_SINFB GVAALGIKNIGNEEY] ARDEETCMEGINDEFYRTCE 480
tr |AORA286NMR2 |A0AZ8 ENMRZ_YINFB GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr|AOR2DIW2J5 |ACAZDIW2JS SINFB GVAALGIKNIGNEEY] ARDEETCMEGINDFYRTCE 480
tr|A3DRO7 |[A3DROT_INBBK GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480
tr|A3DORS |A3DCRY_SINFE GVAALGIKNIGNEEY! ARDEETCMEGINDEYRTCE 480
tr|A4D4X3 |A4D4X3_9INFB GVAALGIKNIGNEEY] ARDEETCMEGINDEFYRTCE 480
sp|P13871 |RDRP_INEAC GVAALGIKNIGNEEY. ARDEETCMEGINDFYRTCE 480%* (Cr)
sp|P13872 |RDRP_INEAD GVAAIGIKNIGN'EY D ARDEETCMEGINDEFYRTCE INMSEER 480* (WT)
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tr|AOAL26TPYS|AORI2ETPYS YINFB
tr|I2EQT1|I2E0TL_9INFB
tr|B4UQS5|B4UQSS UINFEB
tr|A3DQQS |A3DOQE_YINFB
tr|A0R140ERCZ|AOAI40ERCZ_SINFB
tr|A0A126TR22|A0A126TR22 9INFB
tr|AOAOSYTBA3|AOAOS9TEL3 SINFB
tr|A0A140EMRS |[R0OAI40EMRY_9YINFB
tr|A0A140EURS |A0A140EUR3_9INFB
tr|AOAL26TSN3|AOAI2E6TSN3 YINFB
tr|AOAl126UA37 |R0A126UA37_Y9INFB
tr|AORODEASWO |AOAODEASWO SINFE
spl036430 |RDRP_INBPY
tr|ASZ2I6|A5Z216_ YINFB
tr|A4D528 |A4D528_9INFB
tr|A4D4UO|A4DAUO_YINFB
tr|A3DRFO|A3DRF(0_YINFB
tr|A4D4V1|A4DAV1 UINFB
tr|B4UQBO|B4UQBO_YINFEB
tr|A4D4M4|A4D4M4 IINFB
sp|P07832 |RDRP_INELE
tr|GTWIRE|GTWTRE YINFB
tr|A0AZDIWING |ROA2DIWSNY_9INFB
tr|ADRZ2I6BBP3|ADA2IEBEP3_UINFB
tr|AOAIIYTNGS |[AOARII9TNGE SINFB
tr|A0ROT5CCIY|ADAOTSCCTS _SINFB
tr|S4Sz€1|s45261 UINFB
tr|AOAONTGD33 |AOAONTGD33_ SINFB
tr|A0A248XLRE |A0A248XLRE_9YINFB
tr|AO0A286NMR2 |[A0A286NMR2 9INFB
tr|AOA2D1W2J9|AOAZDIN2ZIY_SINFB
tr|A3DROT7|A3DROT_INBBK
tr|A3DQRY|AIDORY_UINFB
tr|A4D4X3|A4D4X3_YINFB
sp|P13871|RDRP_INBAC
sp|P13872|RDRP INEAD
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P13871RDRP_INBAC (Ann Arbor/1/1966 [cold-adapted])

P13872RDRP INBAD (Ann Arbor/1/1966 [wild-type])

Figure 5 MSA of the PB1 catalytic subunits from different strains of human influenza B virus
CA, cold adapted; WT, wild type

Figure 6 shows the MSA of the catalytic subunits PB1 of the polymerase of different human influenza C viral strains from
various regions. The theoretical pl of the standard Yamagata 1964 strain is 8.82 and highlighted in yellow. The PB1
subunits are completely conserved for the entire sequence with only a few changes and these subunits from the C virus
are the most conserved among the three human influenza viruses (Fig. 6). The metal-binding regions are highlighted in
dark green and the proposed amino acids in the catalytic regions and the highly conserved fingertip priming loop are
highlighted in yellow. All the five motifs identified in influenza A and B viral strains are also highly conserved in the C
virus: Motif I -KLQRR- (the middle K found in A and B viruses is replaced by Q) Motif II -305STGDN-; Motif III -
405SPGGMLMGMF-; Motif IV -43°WTGLQSSDDFVLF-; Motif V -475GINMSLEKSYG- (highlighted in dark and light green). The
NLS region is highlighted in orange. In striking contrast, the -YAQ- motif is not observed in the C viral strains.

3.1.3. CLUSTAL O (1.2.4) MSA of BP1 catalytic subunits of the RARP from Flu C Viral strains

splP19703 |[RDRP_INCJJ VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLIRALT INTMAEDGEHGELOR 240
splQY9IMP4 |RDRP_INCJH IRFEEVEIVVRRERDERSGEEIRTEVPVMGIDSIEHDEFLIRALTINTMAEDGEHGELOR 240
trla0Rl93PPLE IEOR193PPLS_‘QORTO IRFEEVEIVVRRERDERSGEEIRTEVPVMGIDSIEHDEFLIRALT INTMAEDGEHGELOR 240
trla0al93PPME |R0RL193PPME 90RTC VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLVRALT INTMAEDGEHGELQOR 240
tr|A0Al93PPPE |RAORLG3PPEE SORTO VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLVRALT INTMAEDGEHGELQOR 240
trla0R193PPPO |ROR193PPPO:90RTO VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLIRALT INTMAEDGEHGELOR 240
splQ6I7C3 |RDRP_INCARR VEFREVETMVERERDERSGREIRTEVPVMGIDSIEHDEFLIRALTINTMAEDGEHGELOR 240
trla0RlI93PPLT IEOR193PPL7_‘QORTO VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLIRALT INTMAEDGEHGELOR 240
trla0Rl93PQ43|A0R193P043 INCES VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLIRALT INTMAEDGEHGELOR 240
tr|A0R193PPPS |AOA193PPPS:INCM3 VEFREVETMVERERDERSGEEIRTEVPVMGIDSIEHDEFLIRALT INTMAEDGEHGELOR 240
tr|a0A193P033|A0R193PQ33_INCYE VEFREVETMVRRERKDERSGEEIRTEVPVMGIDSIKEHDEFLIRALTINTMAEDGERGELQOR 240
tr|A0R193PQ35|A0R1IO3PQ35_OCRTO VEFREVETMVERERDERSGREIRTEVPVMGIDSIEHDEFLIRALTINTMAEDGEHGELOR 240Floop
B L E
splP19703 |[RDRP_INCJJ EATATPGMIVRPFSEIVETVAQENCHENRE SGLHVGENEREAELET TVT S LNARMNSDOF 300
splQY9IMP4 |[RDRP_INCJH REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr|A0R193PPLS |ROAL93PPLE_SCRTO REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr|A0R193PPMS |ROR193PPME_SCORTO REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr|A0RL93PPPE|RORIO3PPPE_SCRTO REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr|A0R193PPPO|RORLIO3PPPO_SCRTO REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300Rep
splQEITC3 |RDRP_INCAR REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr|A0RL93PPLT |ARORLO3PPLT_SCRTO REATATPGMIVEPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr|A0R193PQ43|A0R1O3PQ43_INCES REATATPGMIVREPFSEIVETVAQRICHENFE SGLHVGENE ELETTVI SLNARMNSDOF 300
tr |R0RL93PPPS |ROR1O3PPPE_INCM3 EATATPGMIVRPFSEIVETVAQRICHENFESGLHVGENE] FELETTVI SLNARMNSDOF 300
tr|A0A193PQ33|A0R193PO33_INCYE RAIATPGMIVRPFSEIVETVAQEICEELEESGLEVGGNEREARLETTVIS LNARMNSDOF 300
tr|A0RL93PQ35|A0R1O3PQ35_SCRTO R.IATPGMIVRPFSKIVETVAﬁ'C EURESGLYVGENEERAELHTTVT SLNARMNSDOF 300
L2 EEEE R T TR B A PR B P -»-»*****1»-&-&-»-»-»-»-»-»-»-»-»-»-»-»
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tr|A0R1S3PPLT |AORLIS3PPLT_9CRTO
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/End of the PB1 catalytic subunits of the RdRp from human influenza C Viral strains

sp|P19703 |RDRP_INCJJ RARMERDIGATEDSEYEETIKDITRDAKKARTESR 754
sp|QYIMP4 |RDRP:INEJH RAFMERDIGATEDSEYEETKDITRDAKFKARLESR 754
tr|AOR1S3PPLE |AQA1S3PPLE_SQORTO RAFMERDIGAIEDSEYEEIRDIIRDARFARIESR 754
tr|A0A1S3PPMS |A0A1S3PPME_SORTO RAFRMERDIGATEDSEYEETRDITRDARRARIESR 754
tr|AOA1S3PPP6 |AOALIS3PPPE SORTO RARMERDIGATEDSEYEETIKDITRDAKKARTESR 754
tr|AOR193PPPO |AOALS3PPP0_YORTO RAFMERDIGATEDSEYEETKDITRDAKFKARTESR 754
sp|QEITC3 |RDRP_INCRAR RAFMERDIGAIEDSEYEEIRDIIRDARFARIESR 754
tr|A0A1S3PPL7 |AOALS3PPLT_SORTO RAFRMERDIGATEDSEYEETRDITRDARRARIESR 754
tr|ROR193PQ43 |ROR193P043 INCES RAFMERDIGATEDSEYEETIKDITRDAKKARTESR 754
tr|AOALIS3PPPE |RORAL S‘SPPPS:INCMB RAFMERDIGATEDSEYEETKDITRDAKFKARTESR 754
tr|AOALI93P033 IADMQBPQBB_INCYG RAEMERDIGATEDSEYEETKDITRDAKRARTESR 754
tr|A0A1S3P035 |AOALIS3PO35 SORTO RAFRMERDIGATEDSEYEEIRKDITRDARKARTIESR 754

Fhkkkhkhkkhkhkhhkhkh bk bbb hh b hbhhdh. kkx

P19703|RDRP_INCJIJ (strain C/ JJ/1950)
Q9IMVMP4RDEP_INCIH (strain C/ Johannesburg/1/1966)
AMO0A193PPLE 9QO0RTO (strain C/ Paris/1/1967)
A0A193PPME_90ORTO (strain C/ Kyoto/1/1979)
A0A193PPP6_90ORTO (strain C/ Miyagi/8/1996)
A0A193PPPO_SORTO (strain C/ Yamagata/4/1992)
Q6I7C3RDRP_INCAA (strain C/ Ann Arbor/1/1950)
IA0A193PPL7_9ORTO (strain C/ Georgia/1/1969)
A0A193PQ43_INCKS (strain C/ Kansas/1/1979)
A0A193PPP8_INCMS3 (strain C/ Miyagi/5/1991)
ADA193PO33 TNCYS (strain C/ Yamagata/1964)
A0A193PQ35 9ORTO (strain C/ Yamagata/9/1988)

Figure 6 MSA of the PB1 catalytic subunits of the polymerase from different human influenza C viral strains

Figure 7 shows the ‘Mix and Match’ MSA of the PB1 catalytic subunits from all the three human influenza viruses. Only
a few peptides show complete alignment. Interestingly, all the five motifs, Motif I -235KLK/QRR- Motif II -305TGDN-;
Motif III -4 PGGMLMGMF-; Motif IV -43°WTGLQSSDDFVLF-; Motif V -47SGINMSLEKSYG- (highlighted in dark and light
green) are highly conserved and aligned in all. Furthermore, a striking conservation and alignment is found in the
proposed replication catalytic core in all. The proposed replication catalytic pair is highly conserved in all except an -
NL- pair is found in B virus instead of a —-KL- pair found in A and C viruses. The finger-priming loop in Motif-I is highly
conserved in all except a Q replaces the K in C virus. However, the proposed transcription catalytic region is mostly
found in the thumb regions. In contrast to the finger-priming loop which is highly conserved in all the three viruses
(highlighted in yellow), the suggested priming loop (highlighted in grey) is not conserved in all but for 4 amino acids. It
is interesting to note that both the catalytic metal-binding sites are preceded by an invariant hydroxy amino acid, T/S
in all the three human influenza viruses, suggesting its possible role in metal-binding. Three striking differences among
the subunits are, the -YAQ- triad, the -KLKKLK- repeat and a zinc-binding motif (ZBM). The PB1 subunit of the B virus
shows a typical ZBM (highlighted in orange) in the mRNA catalytic region and a -KLK- triad repeat (highlighted in grey)
preceding the Met cluster at the template entry site and the -YAQ- in the N-terminal region (Fig. 7). The PB1 subunit of
the A viruses show two additional metal-binding sites, one in the replication and the other in the mRNA catalytic regions.

The -YAQ- triad is found only in influenza A and B viruses which is similar to the invariant -YAN®91- found in SARS-CoV-
1, SARS-CoV-2 and other SARS-related CoVs. It is located in the palm domain and suggested to be involved in the
nucleotide selection [11,12]. The N/Q of the triad -YAN/Q- with the dual hydrogen bonding capacity can recognize the
2’-OH group of incoming NTPs and thus, discriminate NTPs and dNTPs during RNA synthesis. It is interesting to note
that the YAN/Q type of motif is also found in the RdRps of Dengue, Zika, and Yellow Fever viruses too (data not shown)
(11). However, it is intriguing to know that a similar triad is not found in the influenza C virus. The NLSs are found in
the N-terminal region in all the three viruses and is highlighted in orange and the metal-binding regions are highlighted
in dark green.

Interestingly, a completely conserved peptide with 3 to 4 Met residues, -49°°GMMMGMX:ML- (MxMxMXz2ML) is found in
all the three human influenza viruses. This characteristic methionine-rich loop (-49°GMMM409GMF), is found at the
template entry site [Pflug et al. [6]. It is interesting to note that a similar characteristic, highly conserved methionine-
rich peptide -8°”GHMLDMYSVML- or (-X2MX2MX3M-) is also found in the RdRps of SARS-CoV-1, SARS-CoV-2 and other
SARS-related CoVs. This methionine-rich motif at the template entry site is suggested to be involved in stabilizing the
base pair between the template and the incoming NTP [6, 11].
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3.1.4. CLUSTAL O (1.2.4) Mix and Match MSA of the PB1 catalytic subunits of the RNA Polymerases all three human

influenza viruses

sp|P19703] RDRP INCJJ FNIPEREFCNCLEDEDDLVEPTGNVDI SSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120 )
sp|QSIMP4 |RDRP_INCJH FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120
tr |A0ORlIS3PPLE |AOA193PPL3_5‘ORTO FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120
tr|A0OARlS3PPME |AOA193PE‘MS_5‘ORTO FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120
tr |A0RlS3PPPE |RORL1S3PEP G_B‘ORTO FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120 :Q
sp|QEITC3 |RDRP_INCAA FNIPEREFCNCLEDEDELVEPTGNVDI SSLLGLAEMMEERMGEGFFEHCVMEAETE T LEM 120
tr |A0R1S3P043 |R0R1S3PO4 3_INCKS FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120
tr |A0RLIS3PPPE |AOA193PPP3_INCM3 FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120
tr |A0R1S3PC33 |AOA193PQ33_INCYG FNIPEREFCNCLEDEDELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE TLEM 120
tr |A0RL1S3PPPO |AOA193PPPO_5‘ORTO FNIPERREFCNCLEDENELVEPTGNVDISSLLGLAEMMEERMGEGFFEHCVMEAETE T LEM 120
sp|P07832] RDRP INBLE TGECVMVDPTNGPL-—-PEDNEPSAYVALDCVLEALDEMDE-EHPCGLFQAGS ONAMER TMVT 1177
tr |A0RODEASWO |AOAOD6A5WO_9INFB TGCTMIDPTNGPL-—-PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117
tr |ACOROS9TE43 |A0ADSSTES 3_ SINFB TGCTMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117
tr |A0ROTS5CCTS |AORDT SCCJB‘_S‘INFB TGCTMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117
tr |A0RO24CNDE |A0R0D24 CN'DS_B‘INFB TGCTMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117 _B
tr |ACRONTGD33 |A0RAONT GD33_5‘INFB TGCTMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117
sp 036430 RDRP INEP ] TGCTMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117
tr |A3DROT |A3DR07_INBBK TGCTMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMERATMVT 117
sp|P13871] RDRP INBAC TGCAMVDPTNGPL-—PEDNEPSAYAQLDCVLEALDEMDE-EHPGLFCRAS CNAMEATMVT 117
sp|P13872] RDRP INBARD TGECAMVDPTNGPL-—-PEDNEPSAYVALDCVLEALDEMDE-EHPGLFORAASCONAMER T.MVT 117
sp|P03431| RDRP_I34A1 TGAPOULNPIDGPL--PEDNEPSHYATDCVLEAMAFLEE-SHPGIFENSCTIETMEVVQQT 1177
sp |Q9QOVO | RDRP T SER0 TGAPOULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCQT 117
sp|Q30NE3| RDRP_I'_.I' SA0 TGAPOULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCQT 117
sp|P1E511] RDRP_ISTAS TGAPULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVIQQT 117
sp |QUR2FT | RDRP_I3 R4 TGAPOULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCQT 117 j\
sp|PLES03] RDRP_I'_.I' TAF TGAPULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCOT 117
sp|PL1E513| RDRP_I3 0R8 TGAPOULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCQT 117
sp|QO8IIS| RDRP_I3 RE TGAPOULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCQT 117
sp|QOA3QL| RDRP_I'_.I' 8AC TGAPOULNPIDGPL--PEDNEPSEYAQIDCVLEAMAFLEE-SHEGIFENSCLETMEVVQCQT 117
sp|QOR451 | RDRP T GER1 TGAPOULNPIDGPL-—-PEDNEPSHYAQTDCVLEAMAFLEE-SHPGIFENSCLETMEVVQQT 117 _|
- - -k . - -k - koo .. -

A —
Sp|Pl9703|RDRP INCJJ EVKFRKVKTMVRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLO 239 HOOp
sp|Q9IMP4|RDRP71NCJH EIKFKKVKTVYRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLQ 239
tr|AOA193PPL8\XOAl93PPL8 90RTO EIKFKKVKTVYRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLQ 239
tr|AOA193PPM8\AOA193PPM8:9ORTO EVKFRKVKTMWRREKDKHSGKE IKTKVPVMGIDSIKHDEFLVRALTINTMAKDG | ERGKLQ 239
tr|AOA193PPP6|AOAL193PPP6 90RTO EVKFRKVKTMVRREKDKHSGKE IKTKVPVMGIDSIKHDEFLVRALTINTMAKDG | ERGKLQ 239 >C
sp|Q6I7C3 |RDRP_INCAA - EVKFRKVKTMVRREKDKHSGKEIKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLQ 239
tr |AOA193PQ43|A0A193PQ43 INCKS EVKFRKVKTMRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLQ 239
tr|AOA193PPP8\A0A193PPP871NCM3 EVKFRKVKTMYRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLQ 239
trlAOA193PQ33\A0A193PQ3371NCY6 EVKFRKVKTMRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLQ 239
tr|AOA193PPPO\AOA193PPPO:9ORTO EVKFRKVKTMWRREKDKHSGKE IKTKVPVMGIDSIKHDEFLIRALTINTMAKDG | ERGKLO 239
sp|P07832 | RDRP INBLE EMIFFTVKNIKKKLPAKNRKIGFLTIKRIPMKVKDRITRVEYIKRALSLNTMTKDA | ERGKLK 23?
tr | AOAOD6ASWO \XOAOD6A5WO 9INFB EMTFFSVKNIKKKLPAKNRKIGFLTIKRIPMKVKDRISRVEYIKRALSLNTMTKDA | ERGKLK 237
tr | AOAO59TB43 \AOAO59TB4379INFB EMTFFSVKNIKKKLPAKNRKIGFLTIKRIPMKVKDRISRVEYIKRALSLNTMTKDA | ERGKLK 237
trlAOA075CCJ9\AOAO75CCJ9_9INFB EMTFFSVKNIKKKLPARKNRKIGFLIKRIPMKVKDKITKVEY IKRALSLNTMTKDA | ERGKLK 237
tr|AOA024CNDS8 \AOA024CND8:9INFB EMTFFSVKNIKKKLPAKNRKIGFLIKRIPMKVKDKITKVEY IKRALSLNTMTKDA | ERGKLK 237 >_B
tr | AOAON7GD33 |AOAON7GD33 9INFB EMTFFSVKNIKKKLPAKNRKIGFLTIKRIPMKVKDKITKVEYIKRALSLNTMTKDA | ERGKLK 237
sp| 036430 | RDRP INBPY - EMTFFSVKNIKKKLPAKNRKIGFLTIKRIPMKVKDRITRVEYIKRALSLNTMTKDA | ERGKLK 237
tr |A3DRO7| A3DR67 INBBK EMTFFSVKNIKKKLPAKNRKIGFLTIKRIPMKVKDKITRVEY IKRALSLNTMTKDA | ERGKLK 237
sp|P13871 | RDRP IﬁBAC EMTFFSVKNIKKKLPAKNRKIGFLIKRIPMKVKDRITRVEY IKRALSLNTMTKDA | ERGKLK 237
sp|P13872 IRDRP:INBAD EMTFFSVKNIKKKLPAKNRKIGFLIKRIPMKVKDRITRVEY IKRALSLNTMTKDA | ERGKLK 237J
sp|P03431 |RDRP I34A1 EMGITTHFQRKRRVRDNMTKKMITQRT IQKKKORLNKRSYLIRALTLNTMTKDA | ERGKLK 237
sp | Q900VO | RDRP:I96AO EMEIITHFQRKRRVRDNMTKKMVTQRT IJQKKKORLNKRSYLIRALTLNTMTKDA | ERGKLK 237
spl Q30NP3 |RDRP I75A0 EMEITTHFQRKRRVRIDNMTKKMVTQRTIJKKKQORVNKRSYLIRALTLNTMTKDA | ERGKLK 237
spl P16511]| RDRP:I 57A5 EMEITTHFQRKRRVRIDNMTKKMVTQRTIJKKKORLNKRSYLIRALTLNTMTKDA | ERGKLK 237
Sp|QOA2F7 |RDRP_I83A4 EMEITTHFJRKRRVRDNMTKKMVTORT I JKKKQRLNKRS} L IRALTLNTMTKDA | ERGKLK 237(A
sp|P16503 | RDRP _I77AF EMEITTHFQRKRRVRDNMTKKMVTQRT IJKKKORLNRRSYLIRALTLNTMTKDA |ERGKLK 237
sp|P16513| RDRP:ISOAS EMEITTHFQRKRRVRDNMTKKMVTQRT IJQKKKORLNKRSYLIRALTLNTMTKDA |ERGKLK 237
spl QO8IIS5|RDRP I80A6 EMEITTHFQRKRRVRIDNMTKKMVTQRTIJKKKQRLNKRSYLIRALTLNTMTKDA | ERGKLK 237
spl QO0A3Q1| RDRP:I 78AC GMEITTHFQRKRRVRIDNMTKKMVTQRTIJKKKQRLNKRSYLIRALTLNTMTKDA | ERGKLK 237
sp|Q0A451 |RDRP_I66A1 EMEITTHFJRKRRVRDNMTKKMVTQORT I JKKKQRLNKRS} LIRALTLNTMTKDA |ERGKLK 237) FPloop
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sp|P19703|RDRP_INCJIJ RRAIATPGMIVRPFSKIVETV]OKCRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299 |
sp|Q9IMP4 | RDRP_INCJH RRRIATPGMIVRPFSKIVETVAQK JCHKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299
tr|AOA193PPL8|A0AL93PPLE 9ORTO RRRIATPGMIVRPFSKIVETVAQK JCHKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299
tr|AOA193PPM8|AOAL93PPME8 9ORTO RRRIATPGMIVRPFSKIVETVAQK JCHKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299
tr|AOA193PPP6|AOAL93PPP6_9ORTO RRATATPGMIVRPFSKIVETV QR JCRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299 LC
Sp|Q6I7C3|RDRP_INCAA RRATATPGMIVRPFSKIVETV O JCRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299 [Rep
tr|AOA193PQ43|AOAL93PQ43_INCKS RRATATPGMIVRPFSKIVETV QR JCRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299
tr|AOA193PPP8|AOAL93PPP8_INCM3 RRATATPGMIVRPFSKIVETVOKJCRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299
tr|AOA193PQ33|AOAL93PQ33_INCY6 RRATATPGMIVRPFSKIVETV O |CRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299
tr|AOA193PPPO|AOAL93PPPO_9ORTO RRATATPGMIVRPFSKIVETVOKCRKLKESGLHVAGNEKKAKLKTTVTSLNARMNSDQ 299~
sp|P07832|RDRP_INBLE RRATATAGIQIRGFVLVVENIKNCRNTEQSGLHVAGNEKKAKLFNAVAKMLSNCPPGG 297
tr|AOAOD6ASWO |AOAODGASWO_9INFB RRATATAGIQIRGFVLVVENI KN CANLEQOSGLHVAGNEKKAKL FNAVAKMLSNCPPGG 297
tr|AOAOS9TB43 |AOA059TB43_9INFB RRATATAGIQIRGFVLVVENIKNCANLEQSGLHVAGNEKKAKL ENAVAKMLSNCPPGG 297
tr|AOAO75CCT9|AOA075CCT9_9INFB RRATATAGIQIRGFVLVVENIAKNJCHNLEQSGLHVAGNEKKAKL §NAVAKMLSNCPPGG 297
tr|AOAO24CNDS |AOA024CND8_9INFB RRATATAGIQIRGFVLVVENIAKNJCHNLEQSGLHVAGNEKKAKL §NAVAKMLSNCPPGG 297 LB
tr|AOAON7GD33 |AOAON7GD33_9INFB RRATATAGIQIRGFVLVVENIAKNJCHNLEQSGLHVAGNEKKAKL §NAVAKMLSNCPPGG 297 [Rep
Sp|036430 | RDRP_INBPY RRATATAGIQIRGFVLVVENIAKNJCHNLEQSGLHVAGNEKKAKL §NAVAKMLSNCPPGG 297
tr|A3DRO7|A3DRO7_INBBK RRATATAGIQIRGFVLVVENIKNCANLEQSGLHVAGNEKKAKL NAVAKMLSNCPPGG 297
sp|P13871|RDRP_INBAC RRATATAGIQIRGFVLVVENI KN CANLEQSGLHVAGNEKKAKL fNAVAKMLSNCPPGG 297
sp|P13872|RDRP_INBAD RRATATAGIQIRGFVLVVENIKNCRNTEQSGLHVAGNEKKAKL FNAVAKMLSNCPPGG 297
sp|P03431|RDRP_I34Al RRRIATPGMOIRGEVYFVETIARS JICHKLEQSGLHVYGNEKKAKLANVVRKMMTNS 297
Sp|Q9Q0V0 | RDRP_I96A0 RRRIATPGMOIRGEVYFVETIAR$ JCHKLEQSGLHVAGNEKKAKLANVVRKMMTNS 297
Sp|Q30NP3|RDRP_I75A0 RRRIATPGMOIRGEVYFVETIARS JCHKLEQSGLHVAGNEKKAKLANVVRKMMTNS 297
Sp|P16511|RDRP_I57A5 RRRIATPGMOIRGEFVYFVETIAR$ JCHKLEQSGLHVAGNEKKAKLANVVRKMMTNS 297
Sp|QOA2F7|RDRP_I83A4 RRRIATPGMOIRGEVYFVETIAR$ JCHKLEQSGLHVAGNEKKAKLANVVRKMMTNS 297 LA
Sp|P16503|RDRP_I77AF RRATATPGMQIRGFVYFVETIARS JCHKLEQSGLHVGGNEKKAKLANVVRKMMTNS 297 Rep
sp|P16513|RDRP_I80A8 RRATATPGMQIRGFVYFVETIHR$ ICRKLEQSGLHVEENERKAKLANVVRKMMTNS 297
Sp|Q08II5|RDRP_IS0AG RRATATPGMQIRGFVYFVETIARS JCHKLEQSGLHVAGNEKKAKLANVVRKMMTNS 297
sp|Q0A30Q1 | RDRP_I78AC IATPGMOIRGEVYFVETIAR$ JCHKLEQSCLHVAGNEKKAKLANVVRKMMTNS 297
Sp|Q0A451 | RDRP I66A1 FPloop RRATATPGMQIRGEVYFVETIAR$JCHKLEQSGLHVAGNEKKAKLANVVRKMMTNS 291

- * ke Kk Kk ok *: :* * '**. : A * :* :************** LLx L T,
SplP19703|RDRP_INCJJ NNECQQPEAYLALLAYITEDS SDLMEKDLCSVAPVLFCNEEFVELGQGIRL 359
SplQ9IMP4|RDRP_INCJH ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AOAIS3PPLE |ROR193PPLE YORTO ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AOAIS3PPME |ROR193PPM8 YORTO ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AOAIS3PPPE|RORI93PPPE_YORTO ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
SplQ6ITC3|RDRP_INCAA ENNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AORI93PQ43|A0R193PQ43 INCKS ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AORIS3PPPE |AORI93PPPE INCM3 ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AORI93PQ33|A0RIG3PQ33 INCYE ENNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
tr|AOAIS3PPPO|AORI93PPPO_YORTO ENNECOQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNRFVELGQGIRL 359
sp|P0T832|RDRP_INBLE ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGFMI 357
tr|AOROD6ASWO |AORODEASWO SINFB ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGFMI 357
tr|AOAOS9TB43 |A0R059TB43 9INFB ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGEMV 357
tr|AOROTSCCJIY|AROR0TSCCIY SINFB ENNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNRIARLGRGFMI 357
tr|AORO24CNDE |AOR0Z4CNDE 9INFB ENNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNRIARLGRGFMI 357 L
tr|AORONTGD33 |AORONTGD33 9INFB ENNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNRIARLGRGFMI 357
Spl036430|RDRP_INBPY ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGFMI 357
tr|A3DROT|A3DROT_INBBK ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGFMI 357
SplP13871|RDRP_INBAC ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGFMI 357
SplP13872|RDRP_INBAD ENNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNRIARLGRGFMI 357
SplP03431|RDRP_I34A1 ENNENQNPRMFLAMITYMTRNQPEWFRNVLSIAP IMFSNEMARLGRGYME 357
SplQ9Q0VO|RDRP_IS6A0 ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAP IMFSNEMARLGRGYME 357
SplQ30NP3|RDRP_IT5A0 ENNENQNPRMFLAMITYITENQPEWFRNILSIAPIMFSNEMARLGRGYME 357
SplP16511|RDRP_ISTAS ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAPIMFSNEMARLGRGYME 357
Sp|QOA2FT|RDRP_I83A4 ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAP IMFSNEMARLGRGYME 357
SplP16503|RDRP_ITTAF ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAP IMFSNEMARLGRGYME 357
SplP16513|RDRP_IB0AS ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAP IMFSNEMARLGRGYME 357
SplQO8IIS|RDRP_IB0AG ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAP IMFSNEMARLGRGYME 357
SplQOA3Q1|RDRP_IT8AC ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAPIMFSNEMARLGRGYME 357
SplQOA451|RDRP_I66A1 ENNENQNPRMFLAMITYITRNQPEWFRNVLSIAPIMFSNEMARLGRGYME 357
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* ek EEXEEE

splPlQ?O.’iIRDRP_INCJJ EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
sp|Q9IMP4 IRDRP_INCJH EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
tr|AOA193PPL3|AOA193PPL3_§0RTO JENNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNEFVELGQGIRL 359
tr|AOA193PPH3|AOA193PPH3_§0RTO EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
tr|AOA193PPP6|AOA193PPP6_§0RTO EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
sp|QeITC3 IRDRP_INCAA EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
tr|AOA193PQ43|AOA193PQ43_INCRS EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
trIAOAIQBPPPS|AOA193PPP3_INCH3 EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
tr|AOA193PQ33|AOA193PQ33_INCY6 EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
tr|AOA193PPPO|AOA193PPPO_§0RTO EFNECQQPEAYLALLAYITEDSSDLMEDLCSVAPVLFCNREVELGQGIRL 359
sp|P0?332|RDRP_INBLE KNNECLNPRIFLAMTERITRDSPIWNFRDFCSIAPVLFSNEIARLGEGFMI 357
trIAOAODGASWOIAOAODGASWO_‘BINFB KNNECLNPRIFLAMTERITRDSPIWNFRDFCSIAPVLFSNEIARLGEGFMI 357
tr|AOA059TB43|AOA059TB43_§INFB FENNECLNPRIFLAMTERITRDSPIWNFRDFCSIAPVLFSNEIARLGREGFMV 357
trIAOAOTSCCJQIAOAOTSCCJQ_QINFB KNNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNEIARLGEGFMI 357
tr|AOA024CND3|AOA024CND3_91NFB KNNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNEIARLGEGFMI 357
trIAOAON?GD.'%E|AOAONTGD33_§INFB KNNECLNPRIFLAMTERITRDSPVWFRDFCSIAPVLFSNEIARLGEGFMI 357
sp|036430|RDRP_INBP9 KNNECLNPRIFLAMTERITRDSPIWNFRDFCSIAPVLFSNEIARLGEGFMI 357
trIAEDROTIA.’iDROT_INBBR KNNECLNPRIFLAMTERITRDSPIWNFRDFCSIAPVLFSNEIARLGEGFMI 357
sp|P133T1|RDRP_INBAC KNNECLNPRIFLAMTERITRDSPIWFRDFCSIAPVLFSNEIARLGEGFMI 357
sp|P133T2|RDRP_INBAD KNNECLNPRIFLAMTERITRDSPIWNFRDFCSIAPVLFSNEIARLGEGFMI 357
sp|P03431 IRDRP_134A1 EFNENQNPEMFLAMITYMTRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|Q9Qovo IRDRP_IQGAO EFNENQNPEMFLAMITYITRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|Q30NP3 IRDRP_ITSAO KFNENQNPEMFLAMITYITENQPENFRNILSIAPIMFSNEMARLGEGYMF 357
sp|P1l6511 IRDRP_ISTAS KFNENQNPEMFLAMITYITRNQPEWFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|QORAZFT IRDRP_133A4 EFNENQNPEMFLAMITYITRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|P16503 IRDRP_IT?AF EFNENQNPEMFLAMITYITRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|P16513 IRDRP_ISOAS EFNENQNPEMFLAMITYITRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|QO08IIS IRDRP_ISOAG EFNENQNPEMFLAMITYITRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|Q0a3Ql IRDRP_ITSAC KFNENQNPEMFLAMITYITRNQPEWFRNVLSIAPIMFSNEMARLGEGYMF 357
sp|Q0adsl IRDRP_IGGAI EFNENQNPEMFLAMITYITRNQPENFRNVLSIAPIMFSNEMARLGEGYMF 357
..... H i I TFIL Tri. FrEELoE FEn cEEE
splPlQ?OEIRDRP_INCJJ SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKYIQEDVCFLP GEMLMGMENMES 41?1“
spIQQIHP4IRDRP_INCJH SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|AOA193PPL3|AOA193PPL3_90RTO SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|AOAI193PPMB |A0AI93PPME 90RTO SNERETEEVMIKAEEMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|AOA193PPP6|AOA193PPP6:90RTO SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
spIQGI?CEIRDRP_INCM SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|AOA193PQ43|AOA193PQ43_1NCKS SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|AOA193PPP3|AOA193PPP3_INCH3 SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|A0A193PQ33|A0RA193PQ33 INCYE SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKY IQEDVCFLP GEMLMGMENMES 417
tr|AOA193PPPO|AOA193PPPO:90RTO SNERETEEVIIEAEKMGEKYK-NLMREEYKENLFEPL-EKYIQEDVCFLP GEMLMGMENMES 417
sp|P0?332|RDRP_INBLE TSKTERLEAQIPCPDLENIPLERYNEETRA PFFNEEGTASLSPEMMMGMENMIS 417
trIAOAODGASWOIAOAODGASWO_QINE‘B TSKTERLEAQIPCPDLESIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
tr|AOADSO9TB43 |A0AQOS9TE43 9INFB TSKTERLEAQIPCPDLESIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
trIAOAOTSCCJQIAOAOTSCCJQ:QINE‘B TSKTERLEAQIPCPDLESIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
tr|AOA024CND3|AOA024CND3_91NE‘B TSKTERLEAQIPCPDLESIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
trIAOAONTGDEE|AOAON?GD33_91NFB TSKTERLEAQIPCPDLFSIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
sp|036430 |RDRF INBPS TSKTERLEAQIPCPDLESIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
trIAEDROTIAEDRa?_INBBK TSKTERLEAQIPCPDLESIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
splPlES?lIRDRP_INBAC TSKTERLEAQIPCPDLENIPLERYNEETRA FFNEEGTASLSPEMMMGMFNMES 417
sp|P133T2|RDRP_INBAD TSKTERLEAQIPCPDLENIPLERYNEETRA PFFNEEGTASLSPEMMMGMENMYS 417
sp|P03431|RDRP_I34A1 ESESMELRTQIPAEMLASIDLEYFNDSTREKEIEKIRPLLI-EGTASLS PEMMMGMENMES 416
sp|Q9Q0V0 |RDRE I96R0 ESESMELRTQIPAEMIASIDLEYFNESTREKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
spIQEONPBIRDRP:ITSAO ESERMELRTQIPAEMIASIDLEYFNESTRKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
splPlﬁSllIRDRP_ISTRS ESESMELRTQIPAEMIASIDLEYFNESTRKEIEKIRPLLI-DGTVSLS PpMMMGMENMES 416
spIQOMF?IRDRP_133A4 ESESMELRTQIPAEMIANIDLEYFNESTRKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
sp|P16503 |RDRE ITTAF ESESMELRTQIPAEMIANIDLEYFNESTRKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
splPlﬁSlBIRDRP:ISOAS ESESMELRTQIPAEMIANIDLEYFNESTRKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
spIQOSIISIRDRP_ISOAG ESESMELRTQIPAEMIANIDLEYFNESTRKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
splQOAEQlIRDRP_ITSAC ESESMELRTQIPAEMIANIDLEYFNESTRKEIEKIRPLLI-DGTASLS PEMMMGMENMES 416
sp|QOA451|RDRP _I66A1 S 416
*
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sp|P19703|RDRP_INCJJ ETLCYMDEELKARGCEWTG FAVASNWSNIHWT IRRH 477
sp | QSIMP4|RDRP_INCJH ETLCYMDEELKARGCEWTG FAVASNWSNIHWT IRRH 477
tr|AOA193PPLE | A0A193PPLS_SORTO ETLCYMDEELKARGCEWTG FAVASNWSNIHWTIRRH 477
tr|AOA193PEME | A0A193PFM8 SORTO BT LCYMDEELKAKGCEWT] FAVASNWSNIHWT IRRH 477
tr|AOA193PPPE|AOR193PPPE_SORTO BT LCYMDEELKAKGCEWT] FAVASNWSNIHWT IRRH 17 LC
sp|QEITC3|RDRP_INCRA ETLCYMDEELKARGCEWTG FAVASNWSNIHWT IRRH 477
tr|AOA193PQ43 |AOR193PQ43 INCKS ETLCYMDEELKARGCEWTG FAVASNWSNIHWT IRRH 477
tr|AOA1S3PEPS |AOA193PPPS INCM3 BT LCYMDEELKAKGCEWT] FAVASNWSNIHWT IRRH 477
tr|AOA193PQ33 |A0A193PQ33 INCY6 ETLCYMDEELKARGCEWTG FAVASNWSNIHWT IRRH 477
tr|AOA193PPP0|A0A193PPP0_SORTO ETLCYMDEELKARGCEWTG FAVASNWSNIHWT IRRH 477 |
sp|P07832|RDRP_INBLE LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
tr|AOAODEASWO | AORODEASWO SINEB LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
tr|AOAOS5STB43 | AOR059TB43 SINFB LT - GIKNIGNEEY LW FVNARDEEACMEGINDFYRTCEL] 475
tr|A0R075CCTY|AOR0OTSCCTS SINFB LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
tr|AOAO24CNDS | A0R024CND8_SINFB LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475 LB
tr|AOAONTGD33 | AOAONTGD33 SINFB LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
sp|036430|RDRP_INBPS LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
tr|A3DRO7|A3DRO7 INBBK LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
sp|P13871|RDRP_INBAC LT - GIKNIGNEEY LW FVNARDEETCMEGINDFYRTCEL] 475
sp|P13872|RDRP_INBAD LT - GIKNIGNREY LW FVNARDEETCMEGINDFYRTCEL] 475 |
sp|P03431|RDRP_I3421 B T LNLGQERYTETTYWW] IVNAPNHEGIQAGVDRFYRTCEL] 176
sp | Q9Q0VO|RDRP_I9620 B T LNLGQERYTETTYWW] IVNAPNHEGIEAGVDRFYRTCELL 176
sp | Q30NE3|RDRP_I7520 B T LNLGQRKYTETTYWW] TVNAPNHEGI QAGVDRFYRTCELL 176
sp|P16511|RDRP_ISTA5 B T LNLGQRKYTETTYWW] IVNAPNHEGI QAGVDRFYRTCELL 176
sp | QOA2F7|RDRP_I8324 B T LNLGQERYTETTYWW] IVNAINHEGIQAGVDRFYRTCELVL 176 SA
sp|P16503|RDRP_I772F B T LNLGQERYTETTYWW] IVNAPNHEGI QAGVDRFYRTCELL 176
sp|P16513|RDRP_IB0AS B T LNLGQERYTETTYWW] IVNAPNHEGI QAGVDRFYRTCELL 176
sp|QOBIIS|RDRP_IB0A6 B T LNLGQERYTETTYWW] IVNAPNHEGI QAGVDRFYRTCELL 176
sp | QOA3Q1|RDRP_I78AC B T LNLGQERYTETTYWW] IVNAPNHEGI QAGVDRFYRTCELL 176
sp|QOA451|RDRP_I66A1 B T LNLGQERYTETTYWW] IVNAPDHEGIQAGVDRFYRTCEL: 476
* - * - * - - *
Palm g— — Thumb
sp| P19703| RDRE_IRCTT 4 LPELFEFTSMFFDGEFVSNLAMEL PAFT TRGVNEGVDETRAMS I TKTHMIH 53T
sp| QY THPS |RTRP THOTH TLPELFEFT SMFFDGEFV SNLAMEL PAFT TASVHE SV FTAAMS T TETHMTH 537
tr|A0AL93PFLE | A0R1S3PFLE_SORTO 5 LEELFEFT SMFFDGEEV SHLAME L PAFT TRG VHEGVDETAAMS T T ETHMIH 537
tr|A0A1 S3PEME | AOR1G3PEME GORTO LPELFEFTSMFFOGEFVSNLAMELPAFT TRGVNEGVDETAAMS I TRKTHMIH 537
tr|A0ALS3IFPRE | AOALGIPERPE SORTO 4 LPELFEFTSMFFDGEFVSNLAMEL PAFTTASVHEGVDFTAAMS T TRTHMI N 537 |C
Sp|QELTCI | RDEE INCAR SLPELFEFT SMFFDGEFVSHLAMELPAFT TAGVHEGYDETAAMS T T KTHMIN 537
£r|AOALGIPO4T | RORLG3PO4T THORS TLPELFEFT SMFFDGEFV SNLAMEL PAFT TASVHE SV FTAAMS T TETHMTH 537 ImRMA
tr|A0AL93PEEE | AORLS3PERR_INCM3 5 LEELFEFT SMFFDGEFVSHLAMEL EAFT TRGVHEGVDETAAMS T TETHMIH 537
tr|A0A1H3PQ33 | AOR1GIPQ3T_INCYE LPELFEFTSMFFOGEFVSNLAMELPAFT TRGVNEGVDETAAMS I TRKTHMIH 537
tr| AORL SIPFRO | AOAL WIFFRI_SORTD S LPELFEFT SMFFDGEFVSNLAMEL PAFT TAGVHEGVDETAAMS T TRTHMIH 537 |
sp| POTE3Z | RORF INBLE BE|| CHETGMFEFT SMF YRDGFVSHFAMELPSFGVAGVNESADMAT GMT T TENNMIN 535
tr| R0ANDERSWD | ADRODEATW] _SINEE PRl CHE T MPERT SME YRDGEV SNEAMET PSEGVAGVENESADMAT GMT I 1 HNNMIH 535
tr|RIADSSTEAS | ROROSSTE4T_YIHEB BE|| WET RIFEFT SUF YRIGEVSNERME T FSFEVRG VHESADMAT G4T T TERNMIH 535
L | BOANTSC0TY | AOADTSCCTY 9THFR ERl| CHET MFEFT SMFYRING PV SHFAME L P SFEVAGVHESADMAT SHT T TENNMIN 535
tr| A0ADZ4CKDS | AOROZ4CHDE _SINEB CHET G4FEFTSUF YRDGEVENEAMELESFGVAGVHESADMAT CHT T TERNMIN 53518
tr| AOADNTEDEE | ADAONTEOAE YTHER CNETGMFEFT AMF TRDGFVSHFAMEL PSFEVAGVHESADMAT EHT T TERNMIH 535
sp| 036430 | EDRE INBED (HET GMFEFT SMF YRDGEVSHEAMET ESFGVAGVHE SADMAT GHT T TENHMIN 5353
tr|AIDR0T|ASDRDT_INBEE FEl|HET QUFES T SUE YRDGEFV SHEAMELE SEGVAG VI ESADMAT CMT T TFNNMLH 535
=p| P13671|RORP_INEAC BE] | WET MFEFT SMF YRIGFV SNERME LPSFEVAG VHNESADMAT GMT T TERNMI N 535
sp| P13BT2|EDRE THBAD FE| [CHETGMFEET SMF YRDGFVSHFAMELE SFGVAGVNESADMAT GMT I T EHNMIH 535
=p| PO3431 | RORE_T3401 34 FrANE SME LESFEVEG INESADMET GVT VI ERNMIN CIE
sp| Q900VD | ROEEP IS6AD Y| FUANFSMELESFGEVEE INESADMST VTV T ENHMMD 536
spl 3 0HE3 | BDRE_ 17540 b | VANESMELESEGVSG INGESADMST GVITVIENNMIN 536
spl P1ESLL|BOHE 13745 b | PV ANESMELESEGYSS INESADMST GVTV LENNMIN 536
sp| QOAZET|BORE 13354 b | VANESMELESFGVEE INESADMST GVTVIENNMIN 536 1A
sp| P1E503 | RORE_IT7AF | T FEFTSFFYHY GFVANF SMELPSFGVSG INESADMET GVT VI ERNMIN 536 [mRMA
sp| P16512 | RDRE TADAR 4 ST FEFTSFFYHY GFVANFSMELESFEVSS INESADMST GVTV T ENNMIH 536
sp|QOETTS|RORP TAORE T RTFEFTSFFYHY GFVARFSMELPSFEVEE THESADMST GWVTVTERNMIH 536
spl Q0A3QL | BOHE 1TEAC b¥| I PEET SEFYHY GFVANESMELPSEGVSS INESADMS] GVTV L ENNMIN 536
sp|ROa451|BDRF_I66A1 be| T FEFTSFFYHY GFVANE SMELPSFGVSG INESADMET VTV I ERNMIN 536 |
=3
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splPLYT03 |IRDRP _INCJJ NSLSPSTAIMALRICLOQEFRATYRVEPWDSEVEGGRMEIINEFIKTIESKDGLLIADGGE 597
SpIQQIMP4IRDRP_INCJH NSLSPSTALMALRICLOEFRATYRVHEHPWDSEVEGGEMEKIINEFIKTIENEDGLLIADGGE 597
tr|AOALI93PPLE |AOAIS3PPLE 90RTO NSLSPSTAIMALRICLOQEFRATYRVHPWDSEVEGGRMEIINEFIKTIENKDGLLIADGGE 597
tr|ROR193PPM8|ROR193PPM8_90RTO NSLSPSTAIMALRICLOEFRATYRVHPWDSEVEGGEMEI INEFTETIENKEDGLLIADGGE 597
trIAOAISEPPPGIAOAIBEPPPE_SORTO NSLSPSTALMALRICLOEFRATYRVEHPWDSEVEGGEMEKIINEFIKTIENEDGLLIADGGE 597
spIQEITC3IRDRP_INCAA NSLSPSTAIMALRICLOEFRATYRVHPWDSRVEGGRMEI INEFTETIENEDGLLIADGGE 597
tr|AOA193PQ43|AOA193PQ43_INCKS NSLSPSTALMALRICLOEFRATYRVEHPWDSEVEGGEMEKIINEFIKTIENEDGLLIADGGE 597
tr|A0A193PPPE |AOALIS3PPPE INCM3 NSLSPSTAIMALRICLOQEFRATYRVHEPWDSEVEGGRMEIINEFIKTIENKDGLLIADGGE 597
tr|AOA193PQ33|AOA193PQ33_INCY6 NSLSPSTALMALRICLOEFRATYRVHEHPWDSEVEGGEMEKIINEFIKTIENEDGLLIADGGE 597
tr |AOALI93PPPO|AOAIS3PPPO 90RTO NSLSPSTAIMALRICLOQEFRATYRVHPWDSEVEGGRMEIINEFIKTIENKDGLLIADGGE 597
Sp|P0?832|RDRP_INBLE NGMGPATAQTAIQLFIADYRYTYKCHRGDSEVEGKEMKI IKELWENTEGRDGLLVADGGP 595
tr |A0AODEASWO |AORODGASWO 9INFB NGMGPATAQTAIQLFIADYRYTYKCHRGDSEVEGKRMEIIKELWENTEGRDGLLVADGGE 595
tr|ROR059TB43|ROA059TB43_91NFB NGMGPATAQTATIQLFIADYRYTYKCHRGD SEVEGKRMEI IKELWENTEGRDGLLVADGGE 595
trIAOAOT5CCJ9IAOAOT5CCJ9_91NFB NGMGPATAQTAIQLFIADYRYTYKCEHRGDSEVEGKEMKI IKELWENTEGRDGLLVADGGP 595
tr|ROR024CND8|ROA024CND8_QINFB NGMGPATAQTATIQLFIADYRYTYKCHRGD SEVEGKRMEI IKELWENTEGRDGLLVADGGE 595
tr|AGAONTGD33|AOAONTGD33_91NFB NGMGPATAQTAIQLFIADYRYTYKCHRGDSEVEGKRMKITKELWENTEGRDGLLVADGGPE 595
5pl036430 |IRDRP INBPY NGMGPATAQTAIQLFIADYRYTYKCHRGDSEVEGKRMEIIKELWENTEGRDGLLVADGGE 595
trIASDROTIASDROT_INBBK NGMGPATAQTAIQLFIADYRYTYKCHRGDSKEVEGKEMKI IKELWENTEGRDGLLVADGGP 595
sp|P138T1|RDRP_INBAC NGMGPATAQTATIQLFIADYRYTYKCHRGD SEVEGKRMEITKELWENTEGRDGLLVADGGE 595
Sp|P138T2|RDRP_INBAD NGMGPATAQTAIQLFIADYRYTYKCHRGDSEVEGKEMKI IKELWENTEGRDGLLVADGGPE 595
sp|P03431 |RDRP I34Al NDLGPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWEQTRSKAGLLVSDGGE 596
SpIQQQOVOIRDRP_IBEAO NDLGPATAQMALOLFIEDYRYPYRCHRGDTQIQTRRSFELEKLWEQTRSEAGLLVSDGGP 596
sp|Q30NP3 |IRDRP IT75A0 NDLGPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELKKLWEQTRSKAGLLVSDGGE 596
SplPlESllIRDRP_I5TB5 NDLGPATAQMALOLFIKDYRYTYRCHRGDTQIQTRRSFELEEILWEQTRSKAGLLVSDGGP 596
spIQOAZFTIRDRP_183A4 NDLGPATAQMALOLFIEDYRYTYRCEHRGDTQIQTRRSFELEKLWEQTRSEAGLLVSDGGP 596
sp|P16503|RDRP_ITTAF NDLGPATAQMALOLFIKDYRYTYRCHRGDTQIQTRRSFELERLWEQTRSKAGLLVSDGGE 596
sp|P16513|RDRP_180A8 NDLGPATAQMALOLFIEDYRYTYRCEHRGDTQIQTRRSFELEKLWEQTRSEAGLLVSDGGP 596
5p|QOBIIS |RDRP I80A6 NDLGPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELEKLWEQTRSKAGLLVSDGGE 596
Sp|QOA3Q1|RDRP_ITSAC NDLGPATAQMALOLFIKDYRYTYRCHRGDTQIQTRRSFELEKLWEQTRSEAGLLVSDGGP 596
splQOA451 |RDRP I66A1 NDLGPATAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELKRKLWEQTRSKAGLLVSDGGE 596
L L L A L o L, FEEgaaEA
sp|P19703 |RDRF_INCJJ LMNNT STLHI PEEVLEFEEMDEQYRNRVFNPENPFTNFDE -~ ——— TIDIFﬂ;EEEhRVEE 652 |
spIQQIHP4|RDRP_INCJH LMNNISTLHI PEEVLEFEEMDEQYRNRVENPENPFTNFDEK-————— TIDIFRAHGPIRVEE 652
trIAOAIQSPPLB|AOA193PPL3_90RTO IMNNISTLEI PEEVLEFEEMDEQYRNRVFNPENPFTNFDE-———— TIDIFRAHGHIEVEE 652
trIAOAIQSPPHSIAOAIQSPPHS_QGRTG IMNNISTLHI PEEVLEFEEMDEQYRNRVENPENPFTNFDE-————— TIDI GHIEVEE 652
trIAOAIQSPPPG|AOA193PPP6_90RTO ILMNNI STLHVPEEVLEFEFMDEQYENRVEFNPENPFTNFDE--——--TIDI GHILRVEE 652 >§
SpIQGI?CSIRDRP_INCRR IMNNISTLHI PEEVLEFERMDEQYRNEVENPENFPFTNFDE-————— TIDI GHIEVEE 652
tr|AOA193PQ43 |RORI93PQ43 INCKS LMNNT STLHI PEEVLEFEEMDEQYRNRVFNPENPFTNFDE -~ ——— TIDT GHIRVEE 652
tr |A0A193PPPE |ADALS3PPPR INCM3 IMNNISTLEI PEEVLEFEEMDEQYRNRVENPENPFTNFDE-——--TIDI GHIRVEE 652
trIAOAIQSPQES|AOA193PQ33:1NCY6 IMNNISTLEI PEEVLEFEEMDEQYRNRVENPENPFTNFDE-——--TIDI GHIEVEE 652
trIAOAIQSPPPOIAOAIQEPPPO_QORTO IMNNISTLEHI PEEVLEFEEMDEQYRNRVFNPENPFTNFDE-————— TIDI GHIRVEE 652 |
sp|P0?832|RDRP_INBLE NLYNLENLHT PEITLEYNIMDPEYEGRLLHPQNPFVGHLS IEGIKEADI THAHGHI KEMD 65§ﬁ
tr|AOAOD6A5WOIAOAODGASWO_QINFB NIYNLENLHIPEIVLEYNLMDPEYEGRLLHPQNPFVGHLSIEGIKEADI THAHGHVREMD 655
tr|BOB059TB43|BOR059TB43_91NFB NIYNLENLHIPEIVLEYNLMDPEYEGRLLHEPQNPFVGHLSIEGIKEADI THAHGHVEEMD 655
tr|AOR0T5CCJIY |RORDT5CCIY 9TINFB NIYNLENLHI PEIVLEYNLMDPEYEGRLLHPQNPFVGHLS IRGIEREADT THARGHVEEMD 655
tr|AOA024CND8|AOA024CND8_91NFB NIYNLENLHIPEIVLEYNLMDPEYEGRLLHPQNPFVGHLS IEGIKEADI THAHGHVEEMD 655 ,E
trIAOAONTGDSSIAOAON?GD337SINFB NIYNLENLHI PEIVLEYNLMDPEYEGRLLHPQNPFVGHLS IEGIKEADI THAHGHVEFMD 655
sp|036430|RDRP_INBP9 NIYNLENLHI PEIVLEYNLMDPEYEGRLLHPQNPFVGHLS IEGIKEADI THAHGHVEFMD 655
tIIA3DROTIA3DRO?_INBBR NIYNLENLHIPEIVLEYNLMDPEYEGRLLHEPQNPFVGHLSIEGIKEADI THAHGHVEEMD 655
Sp|P138?1|RDRP_INBBC NIYNLENLHIPEIVLEYNLMDPEYEGRLLHEPQNPFVGHLSIEGIKEADI THAHGHVEEMD 655
splPlESTZIRDRP_INBAD NIYNLENLHI PEIVLEYNLMDPEYEGRLLHPQNPFVGHLSIEGIKEADI THAHGHI KEMD 655
sp|P03431 |RDRP I34A1 NLYNIENLHI PEVCLEWELMDEDYQGRLCNPLNPFVSHEEIE SMNNAVMMH ENME 656 )
spIQQQOVOIRDRP:IQGAO NPYNIENLHI PEAGLEWELMDEDYQGRLCNPLNPFVSHERE IESVNNAVVMBAHGHAKSME 656
spIQSONPSIRDRP7175AO NLYNIENLHI PEVCLEWELMDEDYQGRLCNPLNPFVSHEKE IESVNNAVVMHBAHGHAKSME 656
5p|P16511|RDRP_15?A5 NLYNIENLHI PEVCLEWELMDEDY QGRLCNPLNPFVSHEEIE SVNNAVVMHAHGHAKSME 656
sp |QORZFT|RDRP_T83A4 NLYNTRNLHI PEVCLEWELMDEDY QGRLCNPLNPFVSHEE IR SVNNAVVMHARGHARSME 656 }ﬂ
sp|P16503|RDRP_I??AF NLYNIRNLHI PEVCLEWELMDEDYQGRLCNPLNPFVSHEKEIE SVNNAVVMBAHGHAKSME 656
splPlGSlSIRDRP_IBOAS NLYNIENLHI PEVCLEWELMDEDYQGRLCNPLNPFVSHEE IE SVNNAVVMBAHGHAFNME 656
spIQOSIISIRDRP_IBOAG NLYNIERNLHI PEVCLEWELMDEDYQGRLCNPLNPFVSHEREIE SVNNAVVMBAHGHAKSME 656
spIQOASQllRDRP7178AC NLYNIRNLHI PEVCLEWELMDEDYQGRLCNPLNPFVSHEE IE SVNNAVVMBAHGHAKSME 656
sp|QOA451|RDRP_166A1 NLYNIENLHI PEVCLEWELMDEDY QGRLCNP LNPFVSHEEIE SVNNAVVMHA HRESME 656 )
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sp|P19703 | RDRP_INCJJ NEAVVSTHSFRTRANRTLLNTOMRAMMAEERRYOMVCDIFESVFESADINPPIGAMSIGE TIEH
spl|Q9IMP4|RDRP_INCJH NEAVVSTHSFRTRANRT LLNTOMEAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE 712
tr|AOAI93PPLE |AOALIS3PPLE_90RTO NEAVVSTHSFRTRANRT LLNTOMRAMMAFE KR YOMVCDMFESVFESADINPPIGAMSIGE 712
tr|AOALI93PPME | AOALS3PPME_ 90RTO NEAVVSTHSFRTRANRT LLNTOMEAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE 712
tr|AOALI93PPPE|AOALS3PPPE_90RTO NEAVVSTHSFRTRANRT LLNTOMEAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE 712 gL
spl|Q6ITC3 | RDRP_INCAA NEAVVSTHSFRTRANRT LLNTOMERAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE 712
tr|AOALI93P043|A0ALIS3PO43_INCES NEAVVSTHSFRTRANRT LLNTOMEAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE 712
tr|AOALIS3PPPE | AOALIS3PPPE_INCM3 NEAVVSTHSFRTRANRTLLNT DMRAMMAEE FRYOMVCDMFESVFESADINPPIGAMSIGE 712
Er|AOALI93P033|A0ALIS3PO33_INCYE NEAVVSTHSFRTRANRT LLNTOMEAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE 712
tr|AOALIS3PPPO|AOALS3PPP0_90RTO NEAVVSTHSFRTRANRT LLNTOMEAMMAEERRYOMVCDMFESVFESADINPPIGAMSIGE T12 |
sp|P07832| RDRP_INELE YDAVSGTHSWRTE PORNMILEE B FNSASYREPVGQHEMLE ?fg
tr|AOAODEASWO | AORODEASWD 9INFB YDAVSGTHSWRTE PORNMILEE = FNSASYREPVGQHEMLE 715
tr|AOAOS9TBA3|A0ADS9TE43 9INFB YDAVSGTHSWRTE PORNMILEE = FNSASYREPVGQHEMLE 715
tr|AOAOTSCCTY|AOADTSCCIY 9INFB YDAVSGTHSWRTE PORNMILEE = FNSASYREPVGQHEMLE 715
tr|AOAOZ4CNDE | AOAD24CNDE_9INFB YDAVSGTHSWRTE PORNMILEE = FNSASYREPVGQHEMLE 715 ;L
tr|AOAONTGD33 | AORONTGD33_9INFB YDAVSGTHSWRTE PORNMILEE = FNSASYREPVGQHEMLE 715 MRNA
spl036430| RDRP_INBPY YDAVSGTHSWRTE PORNMILEE = MLE 715
tr|A3DROT|AIDR0T_INBBE YDAVSGTHSWRTE PORNMILEE = MLE 715
sp|P13871| RDRP_INBAC YDAVSGTHSWRTE PORNMILEE = FNSASYREPVGQHEMLE 715
sp|P13872| RDRP_INBAD YDAVSGTHSWRTE PORNMILEE B FNSASYREPVGQHEMLE 715
sp|P03431|RDRP_I34A1 YDAVATTHSWIPKENRSILNTSQRG DECMYQRCCNLFERFFPSSSYRRPVGISSMVE ?fg
splQ%00V0|RDRP_I96A0 YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
spl|Q30NP3|RDRP_IT5A0 YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
splP16511|RDRP_ISTAS YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
spl|QOAZFT|RDRP_I83R4 YDAVATTHSWT PERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716 JL
splP16503 | RDRP_ITTAF YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
splP16513 | RDRP_IB0A8 YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
sp|QOS8IIS|RDRP_IB0AE YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
spl|QOA3CQ1|RDRP_ITSAC YDAVATTHSWIPERNRSILNT SORGINEDEOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
spl|QO0A451|RDRP_T66A1 YDAVATTHSWIPERNRSILNT SQORGINEDEIOMYOECCNLFERFFPSSSYRRPVGISSMVE 716
:** ***: **::***_ * * *::*: * *:_ *:* *: *
/End of the catalytic PB1 subunits of the all three human influenza viruses A,B& C
splP1ST03 IRDRP_INCJJ AIEEFLLERAFMERDIGAIEDSEYEEIEKDIIRDAEKEARIESR 754 ]
spIQQIMP4IRDRP_INCJH ATEEFLLERAFRMERDIGAIEDSEYEEIRDIIRDAREARLESER 754
tIIRORlQEPPLSIAORIBSPPLS_QORTO AIEEFLLERAFRMERDIGAIEDSEYEEIRKDIIRDARFARIESE 754
tr |[ROR193PPMS |[AOR193PPME_S0RTO ATEEFLLERAFRMERDIGAIEDSEYEEIRKDIIRDAREARIESER 754
tIIROBlQEPPPEIAORIQSPPPG_QORTO AIEEFLLERAFMERDIGAIEDSEYEEIEKDIIRDAEKEARIESR 754 ,Q
splQ6ITC3 IRDRP_INCRR ATEEFLLERAFRMERDIGAIEDSEYEEIKDIIRDAEKEARIESR 754
tI|n0hl§3PQ43|AOR193PQ43_INCKS ATEEFLLERAFRMERDIGAIEDSEYEEIRDIIRDAREARIESR 754
tIIRORlQEPPPSIAORIBSPPPS_INCMS AIEEFLLERARMERDIGAIEDSEYEEIRDIIRDARFARIESE 754
tr|RO0A193P033|A0R193P033 INCYE ATEEFLLERAFMERDIGAIEDSEYEETIKDITRDARKARIESR 754
tI|n0hl§3PPPOIAOAIQBPPPO:QORTO ATEEFLLERAFRMERDIGAIEDSEYEEIRDIIRDAREARIESR T54_
splP0T832 IRDRP INBLE AMAHRLEMDARLDYESGEMSEEDFEEAMAHLGEIGYM-————- 7527 )
tIIAOAODGASWO|EOROD6A5WO_QINFB AMAHRLEMDARLDYESGEMSEDDFEREAMAHLGEIGYT————- 752
tI|ROROS§TB43IAORO59TB43_QINFB AMAHRLEMDARLDYESGEMSEDDFERAMAHLGEIGYT ————— 752
tr |[AR0R0TSCCJIY |ADROTSCCIY 9INFB AMAHRLEMDARLDYESGEMSEDDFEEAMAHLGEIGYI————- 752
tr|A0R0Z24CNDE |AQAQZ4CHNDE_SINFB AMAHRLEMDARLDYE SGEMSKEDDFERAMAHLGEIGYI-———— 752 :E
tr |[RORONTGD33 |A0RONTGD33 9INFB AMAHRLEMDARLDYESGEMSEDDFEEAMAHLGEIGYI————- 752
spl036430 |RDRP_INBPY - AMAHRLEMDARLDYESGEMSEDDFEREAMAHLGEIGYI————- 752
tr |[A3DROT |A3DROT INBBK AMAHERLEMDARLDYESGEMSEDDFERAMAHLGEIGYI - —-——— 752
splPL3871 |IRDRP INBAC AMAHRLEMDARLDYESGEMSEDDFEEAMAHLGEIGYI————- 752
spIPl3872IRDRP:INBAD AMAHRLEMDARLDYESGEMSEDDFERAMAHLGEIGHI - ———- 752__
sp|P0343l|RDRP_I34Al AMVSRARIDARIDFESGREIFRKEEFTEIMEICSTIEELREQE - 757 )
sp 1Q9Q0V0 IRDRP I%cal AMVSEARIDARIDFESGRIFKREEFAEIMEICSTIEELGROR - 757
sp|Q30NP3IRDRP:ITSAO IMVSRARIDARIDFESGRIFRREEFSEIMEICSTIEELRRQE - 757
splPLES1I1IRDRP_ISTAS AMVSRARIDARIDFESGREIFRREEFAEIMEICSTIEELREQE - 757
splQOR2FT|RDRP_183A4 AMVSEARIDARIDFESGEVEREEFAEIMEICSTIEELREQE - 757 ,&
Sp|P16503|RDRP_ITTAF AMVSRARIDARIDFESGEIRREEFAEIMEICSTIEELREQE - 757
splPLl6513 |RDRP IBOAS AMVSEARIDARIDFESGRIFRREEFAEIMEICSTIEELREQE - 757
spIQOEII5IRDRP:ISOA6 IMVSRARIDARIDFESGREIRREEFAEIMEICSTIEELREQE - 757
sp |Q0A30Q1 IRDRP ITS8AC AMVSERARIDARIDFESGREIFRREEFAEIMEICSTIEELREQE - 757
splQ0A451 IRDRE_I6EAL 757 _J

AMVSRARIDARIDFESGRIEKREEFAEIMEICSTIEELRROR -
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Human Influenza C Viral Strains

P19703 RDRP_INCIJ (strain C/ JJ/1950)
QIIMP4|RDRP INCIH (strain C/ Johannesburg/1/1966)
IAOA193PPL8_90ORTO (strain C/ Paris/1/67)
IAOA193PPM8 90ORTO (strain C/ Kyoto/1/1979)
IAOA193PPP6_90ORTO (strain C/ Miyagi/8/1996)
QG6I7C3|RDRP_INCAA (strain C/ Ann Arbor/1/1950)
LAOA193PQ43 INCKS (strain C/ Kansas/1/1979)
IAOA193PPP8_INCMS3 (strain C/ Miyagi/5/1991)
lA193PQ33 INCYS6 (strain C/ Yamagata/1964)
IAOA193PPPO_90ORTO (strain C/ Yamagata/4/92)

Human Influenza B Viral Strains

[PO7832RDRP_INBLE, (strain B/ Lee/1940)
IADAODGASWO_9INFB (strain B/ Gumma/13G022/2014)
IAOAO059TB43_9INFB (strain B/ Thailand/ VIROAF3/2012)
IAODAO075CCTI9_9INFB (strain B/ Santa Cruz/761/2012)
IAOAO024CNDS8_9INFB (strain B/ Nicaragua/AGB2-12/2012
IAOAONT7GD33_9INFB. (strain B/ Hawaii/11/2015)

036430 RDRP_INBPO (strain B/ Panama/45/1990)
IASDRO7_INBBK, (strain B/ Bangkok/163/1990)

P13871 RDRP INBAC, (strain B/ Ann Arbo1r/1/1966 [cold-adapted])
P13872RDRP_INBAD, (strain B/ Ann Arbor/1/1966 [wild-type])

Human Influenza A Viral Subtypes

P03431 RDRP_134A1 (strain A/ Puerto Rico/8/1934/ H1IN1)
QI9QOVORDRP_ I96A0 (strain A/ Goose/Guangdong/1/1996/ H5N1)
Q30NP3RDRP I75A0 (strain A/ Beijing/39/1975/ H3N2)

P16511 RDRP_I57AS (strain A/ Singapore/1/1957/ H2N2)
QOA2F7|RDRP I83A4 (strain A/ Tukey/ Ireland/ 1378/ 1983/ H5NS8)
P16503 RDRP_I77AF (strain A/ Gull/Maryland/704/1977/ H13N6)
P16513RDRP_IS0AS8 (strain A/ Turkey/ Minnesota/ 833/1980/ H4N2)
QOBIIS|RDRP I80A6 (strain A/ Duck/Hokkaido/8/1980/ H3N8)
QOA3QI1RDRP_I78AC (strain A/ Turkey/ Minnesota/ 501/1978/ H6INg
QO0A451|RDRP_I66A1 (strain A/ Turkey/Wisconsin/1/1966/ HON2)

Figure 7 Mix and Match MSA of the PB1 subunits of the RNA polymerases of all the three human influenza viruses

3.2. Active site Analyses of the Catalytic Subunit PB1 of Human Influenza Polymerases

3.2.1. Analyses of Metal-Binding Sites in RdRps of RNA Viral Human Pathogens

Human RNA pathogens mostly possess either (+) strand or (-) strand RNA genomes. The (+) RNA strand viruses,
including the pandemic causing SARS-CoVs, are known to use two invariant Ds, one from the -A/SDD- and the other
from the -GDD- motifs for catalytic metal-binding and are confirmed by SDM experiments and X-ray crystallographic
techniques. For example, Sankar and Porter [13] have shown that the point mutations generated by SDM experiments
in the metal-binding motif -GD332D- drastically affected the polymerization activity of RdARp of encephalomyocarditis
virus, a small non-enveloped, (+) strand RNA virus (the causative agent of not only myocarditis and encephalitis, but
also neurological diseases, reproductive disorders and diabetes in many mammalian species). Their results showed that
all three amino acids of the -GDD- motif are important in maintaining the structure and function of the catalytic metal
(Mg?*)-binding (the G in the -GDD- motif is known to generate tight bends in the structure) (Table 1).

Similar experiments have also shown that a slightly different -GDN- catalytic metal-binding motif is essential for
catalysis in the (-) strand RNA viral pathogens. The (-) strand human RNA viral pathogens such as influenza, measles,
mumps and respiratory syncytial viruses and Ebola virus (EBOV) also use Mg2* as a co-factor for RdRp reaction. By MSA
analysis, SDM experiments and minigenome assays [14] Schmidt and Hoenen, [14] have shown that -GDN- is the
invariant motif in all the (-) strand RNA viral RdRps like Ebola, influenza, rabies, measles and mumps (Table 1).
Furthermore, by SDM experiments, Schmidt and Hoenen [14] have confirmed that the triple mutation, -741GDNQ-— -
741GAAA- in Ebola viral RdRp abolished both the replication as well as transcription activities. In addition to the above
findings, present MSA analysis has shown that all the (-) strand RNA viral pathogens possess the invariant -GDN- in
their RdRps, indicating that this motif is absolutely essential for genome replication, transcription, or both. Tchesnokov
etal. [15] found that the D742—A mutant in the -GD742N- motif of Ebola viral RdRp lacked the ability to extend the primer
in the presence of Mg2* and hence, the Ebola viral RARp mutant D742—A abolished the catalytic Mg2+*-binding activity
which resulted in the absence of polymerase activity. Similar observations were made by Schnell and Conzelmann [16]
on another human pathogenic (-) strand RNA virus, viz. the rabies virus. They found by SDM experiments that any
modification of the -7286GDN- motif by conservative and non-conservative amino acids resulted in complete loss of the
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RNA polymerase activity. In addition to this motif, the (-) strand RNA viral pathogens also possess a regular -G/SDD-
motif as found in (+) strand RNA viral RdRps (Table 1) which provides the second D for the catalytic Mg2*-binding.

Metal-Binding Sites in Human Influenza Viruses

Human influenza viruses, as typical (-) strand RNA viruses, possess both the invariant catalytic Mgz*-binding -GDN- and
-SDD- motifs in their RdRps (Table 1). These two metal-binding motifs were extensively analyzed by Biswas and Nayak
[17] in human influenza A virus. They found that the -DD- in the -##4SDD- motif was absolutely critical for influenza A
viral polymerase activity. When either of these -DD- residues were mutated, D4*>->H/E, or D446>Y/N/E, the mutated
PB1 polymerase subunit became nonfunctional. Furthermore, the polymerase containing an active-site mutation
D445—-A/D446—A (also known as PB1a) of the -#44SDD- motif in influenza A virus has been used as a polymerase-
negative strain in experiments [18]. When the -S$#44 of the above -444SDD- motif was mutated to G, modifying the
sequence to —-444GDD- as is found in (+) strand RNA viral RdRps, the polymerase activity was drastically reduced (1.9%),
suggesting that the influenza A viral PB1 polymerase subunit cannot accommodate G in this position (Table 1). The
second invariant metal-binding motif is the -GDN- motif in all (-) strand RNA viruses. When the -D395 in the —-GD305N-
motif was mutated to a conservative amino acid Q, it showed only feeble polymerase activity, suggesting its involvement
in the metal-binding. These findings were further corroborated by the SDM analysis of the -GDN- motif of Ebola virus
RdRp, again a (-) strand RNA virus like influenza viruses as discussed elsewhere. Further insights were provided by the
X-ray crystallographic analysis of the influenza A viral polymerase PB1 subunit by Pflug et al. [6]. They found that the
conserved active site -D395 of ~GD305N- motif, together with -D*45 and -D*4¢ of the -#44SDD- motif coordinate binding to
metal ions and promote catalysis [6, 15]. Thus, it is clear from the above SDM experiments, X-ray crystallographic and
MSA analyses that the invariant -GDN- and -SDD- are the signature metal-binding motifs in all three human influenza
viral RdRps (Table 1) [19].

3.2.2. Analyses of the Catalytic Core Regions of the Polymerase Subunit PB1

In addition to the two invariant catalytic Mg2*-binding motifs, viz. -GDN- and -SDD-, (Fig. 7 and Table 1), all the three
influenza viruses also possess two highly conserved catalytic cores. The catalytic cores consist essentially three
components, viz. a template-binding pair and a catalytic amino acid for initiating catalysis by proton abstraction from
3’-OH and usually a basic amino acid at -4 to -5 position from the catalytic amino acid which has been proposed in
nucleotide selection. Interestingly, two different catalytic cores are identified in human influenza viruses, suggesting
one for the viral gRNA and the other for mRNA syntheses. An invariant -VG- pair is identified as the template-binding
pair for the replication in all three human influenza viruses. However, the catalytic pair for the replication is found to
be a -KL- in influenza A and C viruses and an -NL- for the influenza B virus. The nucleotide selection amino acid at -5
position is R/K/Q, respectively. It is interesting to note that the replication catalytic core of human influenza viruses are
very similar to the other viral, prokaryotic and eukaryotic replicase enzymes (Table 2). The additional catalytic core
identified in the PB1 subunits comprises of an -YG/A pair for the template-binding, a RT/NT/KL catalytic pair for
initiating the catalysis and the nucleotide selection amino acid at -5 position is found to be K/N/N, respectively. The
second catalytic core is similar to mRNA synthesis (Table 2), and hence could be involved in transcription.

The next conserved motif is a -KK- dyad (K*8° and K*81), at the end of the palm domain in influenza A and B viruses.
These two residues are found in the NTP entry site and are suggested to be involved in NTP binding [6]. This putative
NTP tunnel directly leads to the tip of the putative priming loop which is composed of highly conserved basic residues
R#5, K235, K237 and R239 (the last three amino acids form the finger-tip subdomain), -K3%8 (of the -GDNTK3%8-motif), and
K#80 and K*81 (of the palm domain) [6]. The catalytic core encompasses the polymerase active site, which is connected
to the exterior by several channels, including channels for the template entry and NTPs as well as for the exit of the
template and product. Near the active site, the priming loop is a feature that is essential for primer-independent
initiation on the vRNA templates, but that is not required for primer-dependent transcription and, surprisingly, also not
for primer-independent initiation on the cRNA templates [20] as also proposed here.
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Table 1 Catalytic metal-binding sites in viral RNA-dependent RNA polymerases

Ebola -MG"“'DNQC-
Ebola -MGD™*’NQC-
Rabies -QGD'#NQV-
Nipah -QGD2NES-
Mumps -QGD"°NQA-
Measles -QGD’NQT-

Influenza A -TGD¥NTK-
Influenza B -TGD*NTK-
Influenza C -TGD"NSK-

Encephalomyocarditis @~ = ==------

—  .YGDDL-

RdRps (EC 2.7.7.48) of (-) Strand RNA Viruses

& -HTSDD*'"FG-

& ”

& -LESDD"*®N|-

& -IDSDD"*#NI-

& -SSGDD'"**KF-

& -AYGDD'?*DS- &
-LIGDD™’D- & -ESDED'5*V-

RdRps (EC 2.7.7.48) of (-) Strand Segmented RNA Viruses

& -QSSDD**FA-
& -QSSDD*“FA-
& -QSSDD**'FV-

Organism Metal-biding site(s) Method and Reference
RdRps (EC 2.7.7.48) of (+) Strand RNA Viruses

SARS-CoV-2 -LSDD’A- & -QGDD®%Y- X-ray [21]
SARS-CoV-1 -LSD’®’DA- & -QGDD®*®Y- SDM [22]
MERS-CoV -LSDD%?A- & -QGDD6Y- By seq. similarity
Polio e -YGDD%- X-ray [21]
Hepatitis-<C = e -NGDD*- X-ray [21]
Dengue -YADD***TA- & -SGDD®“CV- X-ray [23]

Zika -YADD***TA- & -SGDD®¢CV- By seq. similarity
Yellow Fever -YADD#“TA- &-SGDD*'"CV- By seq. similarity
Rubella -LGDD*A- & -QGDD®*'M- By seq. similarity

SDM [13]

SDM [14]
SDM [15]
By seq. similarity
By seq. similarity
By seq. similarity

By seq. similarity

SDM [17]
By seq. similarity

By seq. similarity

Adapted from Palanivelu [11]
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Table 2 Catalytic region(s) in the viral, prokaryotic and eukaryotic (nuclear and organellar) polymerases

Polymerase Type Catalytic Region(s)

SSU RNA and DNA Polymerases

Viral T7 SSU RNA pol -s20WLAY IGVTRASVTF R 'SVMTLAR'GS- [24)

Viral SPE S5U RNA Pol -512WDSHG I TR4SLTKK'PVMTLPY!GS-

Mitochondrial 35U ENA pol (Yeast) TR KVVK QT TWVM TNVY GV --

Chloroplast SSU pol (ARATH) -DRAKLVEKQ' TVM TSV YEGWY -

E. coli DNA pol | {(S5U) RS AR A NFGLIEGM- [25]

Initiation Subunits of Prokaryotic and Eukaryotic MSU DdRps (mRNAs)

E. coli MSU RNAP B subunit s TRPERAGFEVRDWHPTHY ' GRVsss.

5. careviziaa MSU RNAP |l Rpb2 subunit 151 FR SSLFFR &Y MDOEKKY*GMSlare-

Human M3U RMNAP |l Rpb2 subunit aniFR SVFY RS "YKEQESKK*GFDQaas-

Elongation Subunits of Prokaryotic and Eukaryotic MSU DdRps (mRNAs)

E. colfi MSU RNAP B’ subunit NSV "DAVENVR SNWVSC DTDFGYC “AHC Y1 G " RDLas.
5. cerevisiae MSU RMAP Il Rpb1 subunit ssDPRELGSIDRN'LKC QTC QEGMNECPGHF G H la4

Human MSU RMNAF [l Rpb1 subunit saDPREQGVIERT'GRC*QTC AGNMTEC “PGHF ™G "H |ze.
Active Site Regions in Prokaryotic and Eukaryotic DNA Polymerases#

T7 DMA polymerase (Rep) Say oV TRASVTIE RSV TLAR *G*SKEFG [26]

P. furiosus DNA polymerase -4zslLLDYR SO KA IKL'LANSFY ' GY Y SY AK-

Yeast DNA polymerase a (Rep) -33:RVOCDIRAOQALKL" TANSMY ' GCLGY WN-

Human DMNA palymerase a (Reg) -ulLQYDIR*OKALKL TANSMY GCLGFSY-

Human DNA polymerase 5 (Rep) -::RQVLDGRSQLALKV'SANSVY GFTGAQV-
(Catalytic subunit)

Human DNA polymerase € (Rep) S0 DELAHLAHKCILNSFY GVWYIMR-
(Catalytic subunit)
Yeast DNA polymerase e (Rep) -1y DS Q- LAHK T ILNSFF Y GE Y WM R- [27]

(Catalytic subunit)
Human DMA polymerase v (Rep) 017 T TWEISRAEHAKITFNY GRIY*GAGOPFAER-

(+) Strand RNA Viruses- _

RdR NSP12

SARS-CoV-1 -STMTNR*QFHQKL'LKSIAATRGATWWIGTSKFY?'GGsar-
SARS-CoV-2 -STMTNRSGFHQKL'LKSIAATRGATWIGTSKFIGGser- [13]
MERS-CoV -STMTNR SQYHQKM'LKSMAATRGATCVIGT TKFY?'G Gsap-

-} Strand RNA Viruses-
PEBE1 Catalytic Subunits of the RdRps

Human influenza A virus “SEETLARSSICEKL'EQSGLPVEGGN- gRNA
SATTM SKKK-*SYINR T'GTFEFTSFFY RY PGFV- FRNAE
Human influenza B virus STEEMNLAK SNICENL'EQSGLPVEGGN- gRMNA
SEERTKRNRSILN T DARNMILEEQCY VAKCCX:C F- MRNES
Human influenza C virus -SHETVAQK-#ICEKLTKESGLPVEGGN- gRMNA

454 RRFN-4AVCKL'IGINMSLEKSY'*GSL - RNEE

Adapted from Palanivelu [11,27].
gRNA, genomic RNA; Rep, Replicase. P. furiosus, Pyrococcus furiosus; The amino acids confirmed by SDM and by other techniques in the
active sites are highlighted in dark blue; *The catalytic region of the human influenza viruses is arrived at by sequence similarity with
other DNA/RNA polymerases. In the human influenza viruses, two such possible catalytic regions are found: one similar to RNA
polymerases may involve in transcriptions and the other one similar to SSU DNA/RNA polymerases and eukaryotic replicases may
involve in viral genome replications.

Table 3 shows the effect of mutations in SDM and natural mutations in the conserved motifs of the PB1 catalytic subunit
of the human influenza A virus and their effects on polymerase activity/ replicative ability in human cells.
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Table 3 Effect of mutations by SDM and natural mutations in the conserved motifs of the polymerase subunit PB1

Metal-binding site Polymerase activity (%) Reference

Metal-Binding Site-1 (-***SDD-)

a45ppssp A 0 [18]
s G 1.9 [17]
450 H/E 0 [17]
445D _LY/N/E 0 [17]
g p 0 [10]
15p_,G 0 [10]
416D _,N 0 [10]
Metal-Binding Site-2 (-*°GDN-)

305D ,Q Feeble [17]
306N T 2.4 [10]

Metal-Binding Site-2 (-*'GDNQ-), Ebola virus- a (—) Strand RNA virus

-""GDNQ—""'"GAAA 0 [14]
Te2p L a 0 [15]

Polymerase Active Site

4T6N LATTM—T (DM) 0 [10]
4TEN TH7ES T (DM) 0 [10]
4785 L, TIR 0 [10]
480K R 117.2 [10]
481K E/T/N 0 [10]
483Y_,H 0.5 [10]

4. Proposed Mechanism of Action of the Polymerase Catalytic Subunit PB1 of Human Influenza
Viruses

It is interesting to note that all DNA and RNA polymerases, irrespective of their sources, possess not highly conserved
active sites but also very similar 3D structures, suggesting a similar catalytic mechanism [4, 28,29]. The finding that the
PB1 subunit alone could transcribe RNA templates in vitro, suggested it possessed all the required active sites to
synthesize a new strand of RNA from vRNA templates and possesses similar active sites and 3D structure [6, 30, 31].

A minimal number of steps involved in the catalytic cycle of the DNA/RNA polymerases are i) NTP selection and Watson-
Crick base pairing with the complementary nucleotide to the template, ii) Addition of the nucleotide to the growing
primer, iii) Inorganic pyrophosphate formation and iv) Restoration of the active site and translocation.

The catalysis is initiated by the proton abstraction by the catalytic amino acid from the 3’-OH of the primer, which is
followed by an electrophilic-nucleophilic attack between the a-phosphate of the Watson-Crick base-paired NTP at the
active site and the 3’-Oxyanion of the growing primer, resulting in the phosphodiester bond formation with the
subsequent release of pyrophosphate. The proton abstracted in the first step is transferred to the pyrophosphate
resulting in the formation of inorganic pyrophosphate (ppi). The active site is restored and translocated for the next
addition.

Based on the data available, Figs. 8 and 9 describe plausible mechanisms of action of the PB1 polymerase subunits of
the human influenza viruses.
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Figure 8 Proposed steps in the replication of viral genomic RNAs
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Figure 9 Proposed steps in the transcription of viral mRNAs

Step 1. Enzyme with the Watson-Crick base-paired NTP at the Entry Site: In replication, the initiation step of
RNA synthesis begins at the 3'- end of the vVRNA template by means of a primer-independent mechanism. The
primer-independent initiation consists in the addition of a GTP to the 3'-OH of the first initiating ATP and is
followed by the next base (Fig. 8). Viral mRNA synthesis is primer-dependent and the primer is obtained from
the host mRNAs by the cap-snatching method using the PB2 subunit. The primer is base-paired with the U at
the 3’ end of the viral RNA. The Y residue in the YG template-binding pair is suggested to be involved in base
stacking as well as hydrogen bonding to the ribose moiety at the 3’- growing end and the G provides the
necessary kink for the effective positioning with the template. The catalytic site amino acid R48¢ is positioned
near the 3’- growing end for proton abstraction. The invariant K*8! is shown to be involved in the NTP selection.
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(The epsilon group of K#81 could form the necessary hydrogen bonds with the substrate in the ternary complex).
The catalytic Mg2* is shown coordinating with the catalytic D#4> and D446, D305 shielding the (8- and y- phosphates
of the incoming NTP and exposing the a-phosphate to the electrophilic- nucleophilic attack at the polymerizing
site (Figs. 8 and 9).

e Step 2. Proton abstraction by the active site amino acid K265 (R#8¢in transcription site) with the simultaneous
electrophilic-nucleophilic attack at the polymerase site. Formation of phosphodiester bond between the 3’-
Oxyanion and the a-phosphate of the NTP.

e Step 3. Proton transfer from the active site amino acid K265 (R486in transcription site) to the pyrophosphate and
formation of inorganic pyrophosphate.

e Step 4. Restoration of the active site and translocation of the enzyme to the next nucleotide (Figs. 8 and 9).

5. Conclusions

The human influenza viral RNA polymerase is a heterotrimeric enzyme and made up of three different subunits, viz. two
basic protein subunits (PB1 and PB2) and an acidic protein subunit (PA). The PB1 polymerase subunits of the viruses
contain the active sites for nucleotide polymerization and perform the synthesis of both the mRNAs and gRNAs. The
two typical invariant catalytic metal-binding motifs, viz. -GDN and -SDD- reported in (-) strand RNA viruses are also
found in the PB1 polymerase subunits. Furthermore, MSA analysis shows two possible catalytic regions in the
polymerase PB1 catalytic subunits from all the three human influenza viruses. The two possible catalytic regions suggest
that the polymerase may follow a dual mode, i.e., it could use one for mRNA synthesis (transcription) and the other for
viral gRNA synthesis (replication) depending upon its association to the cap-snatching PB2 (for mRNA synthesis,
transcription) or its association with the proofreading PA subunit for gRNA synthesis (replication). It could use the same
metal-binding motifs for both the mRNA and gRNA syntheses. Thus, all the three human influenza viruses exhibit
common and distinct features among them. These data throw more light on the functioning of the key enzyme and may
help in designing structure-based antiviral drugs targeting the PB1 subunit’s active sites for the treatment of flu in the

future.
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