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Abstract. Noroviruses with the GII.P16 polymerase gene have long been considered rare. However, since 2015, there 

have been reports from different geographical regions about the spread of new recombinant strains of norovirus in which 

GII.P16 polymerase is associated with a capsid protein of various genotypes. In the autumn of 2016, a sharp increase in 

the frequency of detection of noroviruses was observed in Nizhny Novgorod, which coincided with the appearance of 

new recombinants GII.4_Sydney and GII.2 – with GII.P16 polymerase. Based on the sequences of the RNA-dependent 

RNA polymerase gene present in the GenBank database, a phylogenetic analysis of noroviruses with GII.P16 specificity 

was performed by constructing Bayesian phylogenetic trees. Analysis of amino acid sequences showed that representa-

tives of the novel variant of the GII.P16 polymerase gene had five substitutions compared to earlier strains. These sub-

stitutions are located near sites responsible for the enzyme activity of polymerase and could affect the transmissivity of 

the virus. Acquisition of a novel variant of the GII.P16 polymerase gene by noroviruses with different capsid protein 

genotypes probably provides certain advantages for recombinants and creates prerequisites for their wide distribution. 
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Introduction 

Noroviruses belong to the family Caliciviri-

dae, genus Norovirus. Caliciviruses infect a 

wide range of vertebrate species, including hu-

mans, causing acute gastroenteritis. According 

to the new classification, noroviruses are di-

vided into ten genogroups (GI-GX). Based on 

the analysis of the amino acid sequence of the 

main capsid protein VP1, 48 genotypes are iso-

lated. Based on nucleotide diversity in the 

RdRp region, noroviruses are divided into 60 P-

types (Chhabra et al., 2019; Chhabra et al., 

2020). 

The human norovirus genome is a linear sin-

gle-stranded RNA of positive polarity, approx-

imately 7.5-7.7 kb in length, is organized into 

three open reading frames (ORFs) (Bull et al., 

2010). ORF1 encodes a large polyprotein, pre-

cursor of six non-structural proteins (NS1/2 – 

NS7), including RNA-dependent RNA poly-

merase (Lee et al., 2019). ORF2 encodes the 

major structural protein of the VP1 capsid, 

while ORF3 encodes the minor structural pro-

tein of the capsid VP2, which is located inside 

the viral particle and is involved in the assembly 

of the capsid and encapsulation of the genome 

(Vongpunsawad et al., 2013). 

At the junction of reading frames encoding 

non-structural and structural proteins, there is a 

«hot spot» in which recombinations often occur 

in the norovirus genome; therefore, a dual no-

menclature was adopted, taking into account 

the genotypes of noroviruses in two reading 

frames. For typing, the ORF1 region encoding 

the RNA polymerase and the ORF2 regions en-

coding the N/S domain and the P domain of the 

capsid protein VP1 are most often used (Krone-

man et al., 2013). 

RNA-dependent RNA polymerase plays a 

critical role in the replication of the norovirus 
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genome. The region encoding the polymerase 

changes quite quickly, while there is a differ-

ence in the rate of accumulation of mutations 

for different genotypes (Ozaki et al., 2018). No-

roviruses containing the GII.P16 polymerase 

gene have long been considered rare. However, 

since 2015, there have been reports from differ-

ent geographical regions about the spread of 

new recombinant strains of norovirus in which 

GII.P16 polymerase is associated with a capsid 

protein of various genotypes (Bidalot et al., 

2017; Ruis et al., 2017; Han et al., 2018; Hata 

et al., 2018, Zhirakovskaya et al., 2020). 

In the autumn of 2016, an increase in the fre-

quency of detection of noroviruses was observed 

in Nizhny Novgorod, which coincided with the 

appearance of new recombinants GII.4_Sydney 

and GII.2 – with GII.P16 polymerase. 

The purpose of this work was to analyze re-

combinant genotypes of noroviruses carrying 

the gene of RNA-dependent RNA polymerase 

with the GII.P16 specificity, presented in the 

GenBank database. 

 

Materials and Methods 

The basis for the selection of sequences for 

the study was taken from the previously formed 

database of nucleotide sequences NoroGen, 

containing complete nucleotide sequences of 

the genome of noroviruses, as well as partial ge-

nome sequences of noroviruses identified in the 

territory of the Russian Federation, extracted 

from the GenBank database by the keywords 

«Norovirus complete genome» as of 2 June 

2021 (Epifanova & Epifanov, 2021). The Noro-

Gen database for this study was supplemented 

with full-genome sequences deposited in Gen-

Bank in the period from 3 June 2021 to 28 May 

2022. Next, sequences of noroviruses with 

GII.P16 polymerase were filtered, uploaded in 

a format convenient for subsequent phyloge-

netic analysis, and partial sequences of GII.P16 

noroviruses identified outside the Russian Fed-

eration that are not included in NoroGen were 

added. In total, the analysis included 400 se-

quences of noroviruses circulating in the terri-

tories of different countries in the period 1975–

2021, including 241 full-genome and 159 par-

tial sequences. 

Computer analysis of nucleotide sequences 

to determine the norovirus genotype was per-

formed using the web service for automatic no-

rovirus genotyping Norovirus Genotyping Tool 

Version 2.0 (Kroneman et al., 2011, http: 

//www.rivm.nl/mpf/norovirus/typingtool), for 

identification closely related strains of human 

noroviruses using the BLAST software package 

(Altschul et al., 1990). Nucleotide sequences 

alignment and genetic analysis were performed 

using MEGA X software, version 10.0.5 (Ku-

mar et al., 2018). 

Phylogenetic analysis using molecular 

clocks was carried out by constructing Bayes-

ian phylogenetic trees based on the Markov 

chain Monte Carlo algorithm and the SRD06 

substitution model implemented in BEAUti 

1.10 programs.4. and BEAST 1.10.4. and visu-

alized in FigTree v1.4.4 (Suchard et al., 2018). 

The amino acid substitutions on the RdRp of 

GII.P16 strains were mapped on the structural 

model of the GII.4 virus (PDB number 4QPX 

(Zamyatkin et al., 2014)) using UCSF Chimera 

v 1.16 (Pettersen et al., 2004). 

The protocol of the study was approved by 

the Local Ethics Committee of the Academi-

cian I.N. Blokhina Nizhny Novgorod Scientific 

Research Institute of Epidemiology and Micro-

biology of the Federal Service for Surveillance 

on Customers Rights Protection and Human 

Wellbeing the Russian Federation. 

 

Results 

Phylogenetic analysis 

The full-genome nucleotide sequences of 

GII.P16 noroviruses selected for the study were 

labeled according to the year and country of de-

tection of the isolate, as well as genotype by the 

capsid protein gene VP1. After alignment, re-

gions with a length of 1533 nucleotides corre-

sponding to the complete RNA-dependent 

RNA polymerase gene were used for further 

analysis. When constructing the phylogenetic 

tree (Fig. 1), these sequences were divided into 

three large groups – lines A, B and C, whose 

common ancestor existed around the end of the 

60s of the last century.  

The common ancestor of the noroviruses 

forming line A existed around 1977. Line A 
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contains sequences of non-recombinant no-

roviruses GII.16[P16], including isolate 

AY772730 (Hu/NLV/GII/Neustre-

litz260/2000/DE), identified in 2000 in Ger-

many and currently considered a reference 

strain for the type specificity of GII.16 both by 

the capsid gene and by the gene polymerases. 

Single noroviruses GII.16[P16], identified in 

2005-2008 in Russia, Thailand, and Paraguay, 

are also located here. The remaining sequences 

of this line belong to recombinants, including 

single ones, with the type specificity of the cap-

sid protein GII.5 (Russia, 2010), GII.17 (Japan, 

2002, Great Britain, 2014) and more numerous 

with capsid GII.2 circulating in Japan from 

2009 to 2016. and forming a clearly differenti-

ated subline. 

The common ancestor of noroviruses, whose 

sequences form the B line, existed around 2003. 

Line B contains one non-recombinant norovirus 

GII.16[P16], identified in Russia (Novosibirsk) 

in 2012, as well as recombinants with capsid 

GII.2 (Canada, USA, Japan, Brazil, 2011–

2014), GII.3 (Russia, Brazil, USA, Peru, 2011–

2013) and GII.13 (Thailand, USA, Japan, Rus-

sia, 2012–2016). At the same time, clustering of 

polymerase sequences on a subline is observed 

according to the genotypes of capsid protein as-

sociated with it. 

Line C began to form around 2013 and im-

mediately split into two large sublines. One of 

them, which we called «subline GII.2», in-

cludes sequences associated with the GII.2 cap-

sid gene. These recombinant noroviruses, in all 

probability, did not evolve from the previously 

circulating recombinants GII.2[P16] belonging 

to the A and B lines, but arose anew as a result 

of a recombination event between the parent 

strains that have not yet been established. No-

roviruses of this subline, detected since 2016, 

are widely circulating in the world and have 

been found in China, Japan, Thailand, Aus-

tralia, the USA, Canada, Russia, and the UK.  

The second subline of line C, which we con-

ditionally called «subline GII.4», is heterogene-

ous and includes previously unknown recombi-

nants GII.4[P16], which have been widely dis-

tributed in the world since 2016 due to the suc-

cessful combination of a novel variant of poly-

merase P16 with a variant of the capsid protein 

GII.4_Sydney, which appeared in 2012. This 

subline includes sequences of noroviruses cir-

culating in China, Japan, Thailand, USA, Ar-

gentina, Russia in 2016–2020. The same sub-

line in the tree constructed on the basis of the 

complete sequence of the polymerase gene in-

cludes single recombinants associated with the 

capsid gene GII.1 (China, Russia, Canada, 

2017–2019), GII.3 (Russia, 2017), GII.12 

(USA, 2017–2018), GII.13 (Russia, 2017). 

The divergence of nucleotide sequences be-

tween lines A, B and C ranges from 7% to 13%, 

within line A – 0.9–10%, B – 0.2–10%, C – 

0.5–3.1%.  

Analysis of the complete gene of any of the 

viral proteins is the most informative for study-

ing the evolution of this gene. However, there 

are many partial sequences of certain viral 

genes in the GenBank database. To assess pos-

sible changes in the topology of the phyloge-

netic tree, a Bayesian tree was constructed 

based on the same sequences as in Figure 1, but 

containing only the 3´-end of ORF1 with a 

length of 264 nucleotides, which is usually used 

to determine the P-type of norovirus (Fig. 2).  

It can be observed that clustering of poly-

merase lines persists. There were no significant 

changes in line A, line B in this tree does not 

represent a monophyletic group, but the com-

pact arrangement of the sequences included in 

it has been preserved. In line C, there was a 

transfer of strains with the genotype of the cap-

sid protein GII.1, GII.3, GII.12 and GII.13 from 

subline GII.4 to subline GII.2. This means that 

for this region of the polymerase gene, they 

turned out to be closer to noroviruses having a 

capsid protein of genotype GII.2. Sublinia GII.4 

now contains only representatives of the GII.4 

genotype VP1. Thus, the analysis of a short re-

gion of the polymerase gene allows for ade-

quate differentiation of sequences into large 

clusters, but has limitations for assessing the re-

lationships of some single sequences. 

In order to extend the geographical represen-

tation of noroviruses and to cover more widely 

the time interval of their circulation, an ex-

panded version of the tree was constructed 

based on the nucleotide sequences of a region 
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Fig. 1. Phylogenetic analysis based on the complete polymerase gene (1533 nucleotides) of noroviruses  

(n = 241). Phylogenetic tree was constructed by the BEAST software. Branches were colored by VP1-type. 

Phylogenetic clusters based on lines: line A is represented by green, line B is red and line C is orange 

 

 

of the polymerase gene with a length of 264 nu-

cleotides, including an additional 159 se-

quences, among which 22 sequences from 

Nizhny Novgorod. The total number of ana-

lyzed sequences was 400 (Fig. 3). 

In the expanded tree, clustering on the poly-

merase line is traced according to a short re-

gion, while maintaining the general topology of 

the tree and increasing clusters by adding new 

isolates, including variants of the GII.10 geno-

type. 

Additional sequences of GII.16 noroviruses 

joined Line A, including isolate AB684676 

(Hu/GII/22-2/Tokyo/1975/JPN) identified in 

Japan in 1975, as well as isolates from France 

(1999) and China (2008). Among others, it is 

possible to note the GII.5 isolate from the USA 

(2005) and subline GII.2, which now contains, 
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Fig. 2. Phylogenetic analysis based on the polymerase gene region (264 nucleotides) of noroviruses (n = 241). 

Phylogenetic tree was constructed by the BEAST software. The set of sequences is similar to the one shown 

in Fig.1. Branches were colored by VP1-type. Phylogenetic clusters based on lines: line A is represented by 

green, line B is red and line C is orange 
 

 

in addition to isolates from Japan, also strains 

from Korea (2010, 2012), China (2010–2011) 

and Taiwan (2012). A subline containing vari-

ants of the GII.10 genotype, identified in India 

(2003 and 2013) and Korea (2012), is also pre-

sented here. 

Line B contains one norovirus GII.17, iden-

tified in South Africa in 2011, as well as addi-

tional recombinants with capsid GII.3 (Russia, 

Brazil, USA, Peru, Bangladesh, Spain, Italy, 

Germany, 2011–2015) and GII.13 (Thailand, 

Taiwan, Germany, USA, Japan, China, Spain, 

Italy, Russia, 2010–2016), there is one Nizhny 

Novgorod strain GII.13 (2016), GII.16 (China 

2013). 

Subline GII.2 in line C is heterogeneous and 

includes new recombinants associated with  

the capsid gene: GII.13 (Spain 2020), GII.2, de-
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Fig. 3. Expanded phylogenetic analysis based on the polymerase gene (264 nucleotides) of noroviruses (n = 

400). Phylogenetic tree was constructed by the BEAST software and including 241 full-genome and 159 

partial sequences. Branches were colored by VP1-type. Phylogenetic clusters based on lines: line A is repre-

sented by green, line B is red and line C is orange 
 

 

tected from 2014 to 2021 and found in China, 

Japan, Thailand, Australia, USA, Argentina, 

Canada, Russia, Great Britain, Belarus (Nizhny 

Novgorod isolates are located together with 

strains from Russia, USA and China). In sub-

line GII.12, Nizhny Novgorod strains formed a 

separate group, which included the Belarusian 

isolate (2021), isolates from the USA (2018) 

and Brazil (2020) are also represented here. 

Subline GII.4 in line C includes sequences of 

norovirus circulating in China, Korea, Japan, 

Thailand, Taiwan, Great Britain, Canada, USA, 

Argentina, Brazil, Paraguay, France, Russia in 

2015–2020. Isolates of GII.4 from Nizhny Nov-

gorod (2016–2017) are located together with other 

Russian strains (isolates from Novosibirsk 2016). 

Thus, the addition of short sequences to the 

tree made it possible to increase the analysis in-
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terval for the period from 1975 to 2021, extend 

the geography of the study, in particular due to 

isolates from a number of European countries, 

and show that representatives of the A and B 

lines have not been found since 2016, and all 

currently circulating noroviruses with P16 pol-

ymerase belong to line C. 

 

Analysis of nucleotide substitutions 

The strain GII.P16 – AY772730 

(Hu/NLV/GII/Neustrelitz260/2000/DE from 

Germany) was used as a reference for compari-

son. 

Fig. 4 shows the nucleotide substitutions 

detected along the polymerase lines and are in-

formative (they were found in more than 10% 

of the sequences). Substitutions in positions 

C519G, T877A, G994A, A1069C, A1078G 

are nonsynonymous, since they lead to substi-

tutions in the amino acid sequence of polymer-

ase, and also differentiate line C from lines A 

and B. 

For line A, differences from the reference 

strain are observed in such positions as C144T, 

T603A, G831A. For line B – C105T, C483T, 

A792G. For line C – A54T, T225C, C492A. 

Within line A, subline GII.16 has character-

istic substitutions in positions A227G, C645T, 

A864G; subline GII.2 in positions C72A, 

A234G, C495T; subline GII.17 – A159G, 

T612A; subline GII.5 – T240C, C594T, 

T1186G. 

The line B in the sublines also have distinc-

tive substitutions: GII.2 – G30A, G204A, 

C1158T; GII.3 – C273T, C838T, C1365T; 

GII.13 – T957C, A1380G. 

In line C, substitutions in sublines are pre-

sented as follows: for GII.1 – A313T, G591A, 

T634A; for GII.2 – T418C, C1140T, A1161T; 

for GII.3 – G117A, A459G, A969G; for GII.12 

– G360T, C367T, T1065C. 

In the short region of 264 nucleotides indi-

cated in Figure 5, it is possible to observe the 

preservation of differentiation on the line and 

subline, for example, subline GII.4 has a re-

placement in position A1530G, which is char-

acteristic only for it in line C, while GII.2, GII.3 

– common in position T1302C, GII.12 has a 

characteristic replacement in position A1308G, 

and GII.1 – in A1404G. Line C and B have a 

common replacement in position G1505A, and 

line A has characteristic replacements in posi-

tion G1284A, C1416T. Therefore, the analysis 

of a short region of the gene (264 nucleotides) 

of the polymerase is correct, but has limitations 

when differentiating on sublines. 

 

Analysis of amino acid replacement 

When analyzing the derived amino acid se-

quences, representatives of a novel variant of 

the GII.P16 polymerase gene, which has been 

globally distributed in the world since 2015, re-

vealed five substitutions (D173E, S293T, 

V332I, K357Q, T360A) compared to earlier 

strains (Fig. 5). Moreover, the last four substi-

tutions are the most significant, since they are 

near sites responsible for the enzyme activity of 

polymerase and could affect the transmissivity 

of the virus. 

Lysine at position 291 (К291) is important 

for polymerase, since it was shown that this var-

iant of the residue allows to increase the repli-

cation rate (Bull et al., 2010), therefore, poly-

merase GII.P16 underwent additional muta-

tions during its evolution (5 more substitu-

tions), which allowed it to become widespread. 

 

Discussion 

The acquisition of alternative RNA polymer-

ases by recombination is an important mecha-

nism for the evolution of norovirus (Kim et al., 

2014). Recombination of genomes of various 

norovirus strains occurs mainly at the junction 

of open reading frames encoding non-structural 

(ORF1) and structural proteins (ORF2 and 

ORF3). 

Analysis of the nucleotide sequences of the 

norovirus GII.P16 polymerase gene available in 

the GenBank database showed that this gene 

was present in recombinants with different cap-

sid protein specificity detected in the world 

since the 70s of the last century. At the moment, 

it is known that GII.P16 polymerase is associ-

ated with 11 different capsids VP1 (GII.1, 

GII.2, GII.3, GII.4, GII.5, GII.10, GII.12, 

GII.13, GII.16, GII.17, and variant GII.21 is 

only in the CDC collection (Barclay et al., 

2018)), although recombination events with are 



 

 
 

Fig. 4. Comparative analysis of the nucleotide sequences of GII.P16 gene relative to the reference strain (GenBank number AY772730 (Hu/NLV/GII/Neustre-

litz260/2000/DE from Germany)) 

  substitutions leading to changes in amino acids in the region of the active center of polymerase   
  

  

  nucleotide substitutions characteristic of lines   nucleotide substitutions characteristic of sublines 

Substitutions leading to changes in amino acids in the region of the active center of polymerase are indicated by orange, nucleotide substitutions character-

istic of lines indicated by blue, nucleotide substitutions characteristic of sublines indicated by green 
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Fig. 5. Structural model of amino acid substitutions in GII.P16 norovirus based on polymerase GII.4 (PDB 

number 4QPX). The structural model was visualized using Chimera v.1.16. Amino acid substitutions are 

indicated in yellow. Residue K291, which affects the replication rate (Bull et al., 2010), is indicated in red. 

D – Aspartic acid, S – Serine, V – Valine, K – Lysine, T – Threonine, E – Glutamic acid, I – Isoleucine,  

Q – Glutamine, A – Alanine 

 

 

most often recorded GII.2, GII.4 and GII.13 

(Kendra et al., 2022). 

According to the data obtained by Barclay et 

al. (2018), the phylogeny of GII.P16 polymer-

ases showed the presence of three different 

lines of GII.P16 polymerase: «existing A», «ex-

isting B» and «new». Our phylogenetic analysis 

confirmed the existence of three lines, which 

we named A, B and C. 

Strains of the A and B lines descended from 

a common ancestor, and early representatives 

of the A line were found in the period from 

1975 to 2002 among viruses with capsid GII.16 

and GII.17. and continued to circulate until 

2014. The first strains of line B appeared in 

2010 in association with capsid GII.2 and then 

in the form of recombinants with different types 

of capsid protein (GII.2, GII.3 GII.13, GII.16 

and GII.17) were detected up to 2016. No-

roviruses of line C have a common ancestor 

with line B, have been detected since 2014 to 

the present in association with capsids of geno-

types GII.1, GII.2, GII.3, GII.4, GII.12 and 

GII.13 with the predominance of GII.4[P16] 

and GII.2[P16] recombinants both in Nizhny 

Novgorod and around the world. 

The data obtained on the presence of amino 

acid substitutions in representatives of a novel 

variant of the GII.P16 polymerase gene are 

consistent with the hypothesis of Ruis et al. 

(2017) that the worldwide distribution of 

strains with a novel variant of polymerase is 

associated with changes that occurred in the 

active center of polymerase, which could in-

crease the transmissivity of norovirus (Zhira-

kovskaya et al., 2020). In addition to the fre-

quency of mutations, the replication rate is 

considered another important factor determin-

ing the fitness of the virus, and the K291 resi-

due contained in the motif located in the «fin-

ger» domain of the enzyme contributes to this 

(Bull et al., 2010). 

Thus, the acquisition of a new variant of the 

GII.P16 polymerase gene by noroviruses with 

different genotypes of the capsid protein prob-

ably provided certain advantages to recombi-

nants and created prerequisites for their wide-

spread distribution. 

Further study of various mutations occur-

ring in polymerase will contribute to a better 

understanding of emerging features affecting 

the transmissivity of noroviruses (Tohma et 

al., 2017).  It is planned to continue this study 

and expand it by including the complete poly-

merase GII.P16 genes identified in Nizhny 

Novgorod. 
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