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Abstract. Coronavirus (CoV) is a virus that causes respiratory and gastrointestinal diseases in animals and
humans. It belongs to the Orthocoronavirina. The nucleocapsid protein (N) plays multiple roles in virus
assembly, RNA transcription, and interaction with host cells. This study aimed to analyse the N protein by
identifying conserved residues and exploring the gene and protein relationships within the
Orthocoronavirinae. Therefore the results of this study are expected to help identify conserved regions of N
protein in SARS-CoV-2 which can be used as probes for the virus identification process and can be used as
target areas in vaccine development. We used 159 N gene and protein sequences, including 64 from Alpha,
51 from Beta-, 11 from Delta-, and 20 from Gammacoronavirus genera of the Orthocoronavirinae. Three
sequences from Tobaniviridae were used as outgroups. Multiple sequence alignment (MSA) and
phylogenetic tree analysis were performed using the neighbour-joining and Maximum Likelihood. The MSA
results revealed several conserved residues, ranging from 18 to 41, were located in the N-terminal and C-
terminal domains, the linker region, Nuclear Localization Signal (NLS), Nuclear Export Signal (NES)
motifs, and Packing Signal (PS) binding sites. The phylogenetic tree analysis indicated that
Gammacoronavirus and Deltacoronavirus were closely related to Betacoronavirus, while Alfacoronavirus
showed the most distant relationship. Furthermore, the study identified 23 conserved residues involved in
RNA binding, including amino acids such as Ser89, Vallll, Prol112, Gly124, Tyr125, Phel50, Tyrl51,
Gly154, Thrl55, Gly156, Trp180, Vall81, Gly409, Arg411, Asn419, Gly421, and Pro443. These residues
interacted with phosphate groups, nitrogenous bases, and pentose sugars and exhibited non-specific
interactions with RNA. In summary, this study investigated the N protein in the Orthocoronavirinae
subfamily, providing insights into its function, structure, and evolutionary relationships.
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(IBV) which causes infectious bronchitis in birds [4].
1 Introduction Until now, IBV is spread throughout the world and affects
the ability of poultry to produce meat and eggs [5]. This
causes economic losses, especially in countries that have
intensive poultry industries [6].

TGEV and IBV are two examples of the many
coronaviruses that cause disease in mammals and birds.
In mammals, the coronavirus also infects mice, cats, dogs,
cattle, beluga sharks, porcupines, camels, horses and
civets [7 — 15]. In poultry, the coronavirus infects poultry,
turkeys, and some birds, namely the nightingale, thrush,
bondol, white-eye, finches, magpie robin, night heron,
wigeon, and common morhen [16, 17] Several

. . coronaviruses in mammals and poultry have caused
since the early 20th century. One of the earliest known massive economic losses, threatening zoonoses,

coronaviruses was the transmissible gastroenteritis virus especially in several viruses that are spread throughout the
(TGEV) which infected plgS in the early 20th Century. world (IBV MHYV. FIPV. CCoV. BCoV. FCoV, MERS-
TGEV is causing epidemics and pig deaths in the United CoV, PHEV and PDCoV), which have caused epidemics
States, especially because the mortality rate is up to 100%. (TGEV PHEV. PEDV. PDCoV. SeACoV. TCoV. and
This causes economic losses to the pig industry [2, 3]. CCoV), and those with hosts with close human
After being discovered in pigs, in 1930 a coronavirus was interactions (MHV, LRNV, FIPV, FCoV, CCoV
discovered in birds, namely the infectious bronchitis virus CRCoV MERS-CO\’/ FRSC\; FREC,V and E’COV). [2’

Coronaviruses are a group of viruses with RNA and
membrane genetic material. Coronaviruses have a wide
distribution, and are distributed among mammals and
birds. Coronavirus is a member of the Orthocoronavirinae
subfamily in the Coronaviridae family. The
characteristics of the coronavirus are its large positive
sense single-stranded genome which is around 26.4-31.7
kilobases, polyadenylated and has a stamp at the 5' end,
has a viral membrane, and a spike protein shaped like a
beater [1].

Coronavirus infection in animals was discovered
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5,9,10,13, 15, 18-27]. MERS-CoV is a zoonotic product
of camels which causes epidemics with a case fatality rate
of 28-35%. In addition, studies by Lednicky and Vlasova
revealed successive infections of PDCoV and CRCoV in
humans [28, 29] although, it is necessary to re-examine
whether these viruses cause disease in infected patients,
and can transmitted to other humans or not. Therefore,
coronaviruses in animals can have a negative impact on
the economy, health, and even human survival.

The earliest coronaviruses found to cause infection in
humans were HCoV-229E and HCoV-OC43 in 1966 and
1967 respectively. Both of them together with HCoV-
NL63 which was discovered in 2004 caused mild
respiratory infections. HCoV-229E, HCoV-OC43, and
HCoV NL63 had case fatality rates of 25%, 9.1%, and
12.5%, respectively [30, 31]. HCoV-HKU1 was found in
a patient in Hong Kong in 2004 with a low case fatality
rate, usually death occurs because the patient has other
serious illnesses or his immune system is very weak or not
functioning properly [32].

This coronavirus is associated with several
respiratory diseases, from the mildest is common fever to
the most severe are pneumonia and bronchitis. SARS-
CoV and MERS-CoV caused epidemics, while SARS-
CoV-2 caused pandemics. All three cause acute
respiratory system syndrome (SARS) and respectively
have case fatality rates of 11%, 28-35%, and 7.3% [33-
35]. Of the seven coronaviruses that cause disease in
humans, HCoV-229E and HCoV-NL63 belong to the
Alfacoronavirus genus, while the others belong to the
Betacoronavirus genus. In addition, HCoV-OC43 and
HCoV-HKUI1 have natural hosts in rodents, while the
other five coronaviruses have natural hosts in bats. In
humans, the SARS-CoV-2 pandemic with a small case
fatality rate can affect economic stability [33].

Allegations regarding the re-infection of the

coronavirus in the future both to humans and other
animals became clearer when there were cases handled by
Lednicky and Vlasova regarding PDCoV and CRCoV
infections to humans [28-29] and epidemics SeACoV in
pigs in 2017 [25].
Interspecies transmission or cross-species transmission is
the transmission of an infectious pathogen from one
species to another. When a pathogen has been contracted
from another species, the pathogen can cause disease in
that species. Even these pathogens can be transmitted to
their own species and cause epidemics or pandemics. Two
transitional stages are necessary for the emergence of
interspecies transmission, namely human contact with
infectious agents, and interspecies transmission of these
agents. In addition, there are two transitional stages that
are important for a pathogen to cause a pandemic but do
not occur in many pathogens that have occurred zoonoses,
namely human-to-human transmission that supports, and
genetic adaptation to the host [36]

Interspecies transmission of coronaviruses is
supported by their long-term presence in nature, their
rapid mutagenesis, high diversity, the evolution of
coronaviruses within the host [37], as well as human
interactions with several coronavirus hosts [38].
Therefore, as a long-term solution to coronavirus
infection, the characterization of the genetic and

biological components of the coronavirus becomes very
important.

The coronavirus genome is single-stranded RNA, positive
sense, and is about 26.4-31.7 kilobases (International
Committee on Taxonomy of Viruses, 2012). The
coronavirus genome encodes four structural proteins,
namely spike protein (S), envelope protein (E), matrix
protein (M), and nucleocapsid protein (N). In addition, the
coronavirus genome also encodes 16 nonstructural
proteins (nspl-16) that form the replicase-transcriptase
complex (RTC) and accessory proteins [39].

The nucleocapsid (N) protein is a structural protein
measuring 43—46 kDa. The N protein plays a role in the
packaging of the RNA genome because it forms a
ribonucleoprotein, the efficiency of transcription and
processing of the viral RNA genome through its
interaction with nsp3, the assembly of viruses through its
interaction with the M protein, and influences host cells
and host cell cellular mechanisms by blocking the G1/S
phase transition [33, 40, 41]. Important characteristics of
N protein that can be used as vaccine candidates, a good
inhibitor target is highly immunogenic, expressed in large
quantities during infection, and can induce protective
immunity against SARS-CoV and SARS-CoV-2 [42].

Comprehensive characterization of the protein N
coronavirus in terms of sequence, phylogenetics, and
implications for its structure and function can provide
insight into potential treatment targets, epitopes for
vaccines, inhibitor targets, etc. that can be used long-term
for coronavirus infection in humans and animals. in the
future. Therefore, this study aims to identify which
residues are the most conserved from the N protein
sequences in the Orthocoronavirinae subfamily, analyze
the effect of these residues on the function and structure
of the domain, motif or sequence region in the N protein,
and analyze the kinship. Subfamily Orthocoronavirinae
using N protein and gene sequences.

2 Materials and Methods

2.1 Classification and Sequence Alignment of
Current Orthocoronavirinae

Data retrieval from the National Center for
Biotechnology Information (NCBI) website is based on
only the N gene sequence manually. A total of 156 cDNA
sequences of the N gene were taken from members of the
four genera in the Orthocoronaviriae subfamily. Sampling
was carried out for each complete sequence, annotated on
the N gene, and differed in terms of host and country of
origin of the sample. Based on data collection of samples
taken, 64 sequences out of 156 sequences came from the
genus Alfacoronavirus, 61 sequences came from
Betacoronavirus, 11 sequences came from the genus
Deltacoronavirus, and 20 sequences came from the genus
Gammacoronavirus.

Next translation of the N gene sequence was carried
out using EMBOSS Transeq on the EMBL-EBI website.
After the translation is done, check again whether the
reading frame is correct with Jalview 2.11.0.
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Furthermore addition of outgroups is carried out only
for compilation of sequences that will be used for the
construction of phylogenetic trees, while for compilation
of sequences used for the identification of sustainable
amino acid residues it is not added. As many as 3 outgroup
individuals, namely bovine torovirus from the
Tobaniviridae family. The Tobaniviridae family is in the
same order as the Orthocoronavirinae subfamily, namely
Nidovirales.

Additionally multiple Sequence Alignment of gene
and protein N sequences was carried out both in sequence
compilation to identify sustainable amino acid residues
and in constructing phylogenetic trees using
ClustalOmega on the EMBL-EBI website.

2.2 Construction and Visualization of

Phylogenetic Tree

The construction of the phylogenetic tree was carried out
by compiling cDNA and protein sequences with the
addition of outgroups. The construction of phylogenetic
trees was carried out using MrBayes and MEGA X. The
method used in MrBayes is Bayesian, while the methods
used in MEGA X are Neighbor Joining (NJ) and
Maximum Likelihood (ML). The writer choose MEGA X
because MEGA X is a versatile tool that covers a broader
spectrum of molecular biology tasks, including sequence
alignment and basic phylogenetic analysis. Moreover it is
known for its user-friendly interface. On the other hand,
Mr. Bayes is a specialized software specifically designed
for Bayesian phylogenetic inference, offering a high level
of flexibility and accuracy [43].

The parameters used in MEGA X for building NJ trees
are gamma rates, including transitions and transversions,
and 1000 times bootstrap with default configuration. The
difference between the model for cDNA and protein
sequences is that the model for cDNA sequences uses
Maximum Composite Likelihood (MCL), while the
model for protein sequences is the Jones-Taylor-Thornton
(JTT) model. In building ML trees, the parameters used
are gamma distributed rates with invariant sites (G+1), use
of all sites, the ML heuristic method is Nearest Neighbor-
Interchange (NNI), and bootstrap 1000 times. The ML
tree of cDNA sequences was constructed using the GTR
model and estimation of the pairwise distance matrix
using MCL, while for protein sequences using the JTT
model and estimation [43].

Label color modification based on genus, appearance
of bootstraps, and leaf sorting on phylogenetic trees were
used using iTOL

2.3 Identification of Conserved Amino Acid
Residues

Identification of conserved amino acid residues was
carried out using Jalview 2.11.0 on the MSA-produced
protein sequences. The sequence identity thresholds used
were 80%, 90%, 95%, 97.5%, and 100%. After that, using
WebLogo 2.8.2, a visualization of the sustainability of
each amino acid residue in the protein sequence from
MSA was made.

2.4 Analysis and Comparison between

Phylogenetic Tress with Reference

Lastly from Figure 1 analysis of the conserved residue
data was carried out by identifying the domains, motifs,
and regions present in the N protein sequence that have
conserved residues. After that, estimation of the location
of the domains, motifs, and regions contained in the N
protein sequence was carried out using the results of MSA
and the characterization of the N protein in several
coronaviruses. Some of the coronaviruses whose
characterization results are used as references are MERS-
CoV,HCoV-229E, IBV, MHV, NL63, OC43, PEDV, and
HKUI. Then, a literature study was carried out regarding
the effect of these conserved amino acid residues on the
structure and/or function of a domain, motif, and region
contained in the N protein sequence. Comparison of
phylogenetic trees was carried out between phylogenetic
trees that had been made and with reference trees that had
been made by Tabibzadeh [43].

Latest Goronavirus
dlassification source
DNA of Coronavirus
nucleocapsid datamining

e Sequence
CDNA sequence translation Pl
Outgrup addition

MSA results of cDNA MSA results of protein
sequence sequence

Phylogenetic trees creation with
MEGA X

Modification and visualization of
phylogenetic trees

Data analysis

from domain, motif, and protein N trees and reference

Identification of conserved residue Gomparison between phylogenetic
sequence region

Literature study of the influence of
the identification results on the
structure and function of domains,

Fig. 1. Research Workflow

3 Results and Discussion

3.1 Predicted Conserved Amino Acid Residues

Preservation analysis is one of the most widely used
methods in the prediction of functionally important
residues in protein sequences [44]. From Figure 2 of the
N protein sequence length of around 400 residues in the
analyzed coronavirus, residues that exceed the 80%
sequence identity threshold have 41 residues or around
10%. In addition, 18 residues with 100% sequence
identity were found in the sample sequences tested. By
knowing that the N protein has a low sequence identity
but has the same modular organizational structure, this
can prove that there are conserved residues used by N
protein to maintain its function.

When compared with the MSA performed by Laude
& Masters, it can be seen that the residues that were
sustainable in Laude & Masters [45] but not preserved in
the results of the MSA performed were two arginine
residues, leucine, histidine, two alanine residues, aspartic
acid, and valine.
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0OC43 which play a role in direct interaction with the 2'-
hydroxyl group in pentose sugar RNA. The Tyr residue at
the 151st site is also the Tyr126 residue in HCoV-OC43
which plays a role in its interaction with nitrogenous bases
[46].

In addition, this residue along with the arginine
residue at the 133th site is a Tyr94 and Arg76 residue in
IBV which play a role in binding RNA. The aromatic
properties of the tyrosine residues and the alkaline
properties of the arginine residues play a role in binding
RNA by creating a large surface that is in contact with the
viral gRNA [47].

Although not confirmed, we can see that in the Table
1. Tyr residues at sites 125, 151, 152, and tryptophan at
site 180 which correspond to residues Tyr87, Tyrl12,
Tyr113, and Trp133 in SARS-CoV are on the same f3-
sheet surface and play a role in packaging RNA and is a
residue that plays a role in forming hydrophobic pockets
in HCoV-0OC43 which can orient nitrogenous bases on the
protein surface, rather than selecting a protein-RNA
sequence [46, 48]. The B-hairpin structures are similar in
structure but vary in electrostatic surface and topology,
which may indicate a specific adaptive function. As we
can see from the Table 2. This structure motif plays a
functionally important role in the N-NTD for binding
RNA [46] and neutralizing the phosphate group [47], in
this structure there is an arginine residue at the 133th site
and glycine at the 133th site. 139th site. The -sheet core
consists of the secondary structure B1B2B5B6B7. In this
structure there are conserved residues that occupy 5 and
B6. The role of the B-sheet core structure is to "hold" the
RNA by neutralizing the phosphate groups of the RNA,
and the aromatic amino acid residues in this section
interact with the base portion of the RNA [47, 49] In the
border area between NTD and LKR, namely at sites 213
to 245 on MSA results, Schuster (2020) said that this area
is the result of recombination that also occurs in several

BioMIC 2023
50 coronaviruses, namely Pangolin-CoV MP789, Bat-CoV
41 RaTG13, and bat-SL-CoVZXC21.
40
30 Table 1. Conserved residues in the domain in the N protein
30 s 22 24 based on their location on the MSA result site
20
Domain/Motif/Region Residue
10
SER89, VAL111, PRO112,
0 _ GLY124, TYRI25, TRP126,
Conserved Residue ARG133, GLY139, TRP148,
) PHE150, TYR151, TYR152,
0>100% B0>97,5% 0>95% ©0>90% O>80% NTD (N-terminal GLY154, THR155, GLY156,
, R domain) PRO157, GLY177, TRP180,
Fig. 2. Conserved residues and sustainability thresholds based VAL181. GLY185. ALA186
on MSA results GLY197, ARG199, PHE213,
PRO220, SER237
3.2 Implication of Conserved Residues on LKR (linker region) SER241, ARG242, LEU330
Function and Structure
LYS393, ARG394, PHE408,
As we can see in Figure 3. The visualization of the MSA CTD (C-terminal GLN409, ARG411, ASN419,
in the N-terminal domain, serine residues in the 89th site domain) PHE420, GLY421, GLY429,
and arginine in the 200th site in the visualization of the ALA439, PRO443, ALA447,
MSA results are Ser64 and Argl64 residues in HCoV- PROA89, ALA504

Table 2. Conserved residues in the motifs and regions in
protein N based on their location on the MSA result site

Motif/Region Residue

NLS1 (Nuc'lear Localization LYS393, ARG394

Signal 1)

NES1 (Nuclealr)Export Signal PHE213
NES2 LEU330

. . LYS393, ARG394,

P TStk | pigdos Ldos
g & ARG411

3.3Gene and Protein N Phylogenetic Tree
Analysis

As we can see in the Figure 4 the phylogenetic tree
obtained from the cDNA data, that the two trees have high
similarity. This can happen because the resulting NJ tree
can produce the correct topology [50] and the use of the
Maximum Composite Likelihood (MCL) model on the
Neighbor Joining tree is robust in consistency with the
Maximum Likelihood Estimation (MLE), also in terms of
efficiency and overall the computation. When compared
with the Tabibzadeh tree [43], which uses cDNA data
using the Neighbor Joining method, you can see the
similarities to the two trees from the cDNA data
generated. The similarity is that the Betacoronavirus
kinship is close to Gammacoronavirus, and
Alfacoronavirus is the genus that is most distantly related.
Meanwhile, the difference is in the tree topology which
can be caused by the number of different samples,
outgroups and Deltacoronavirus samples which are not
present in the Tabibzadeh tree [43] but are present in the
created tree
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Fig. 3. Visualization of conserved residues in MSA results with WebLogo. Conserved residues are indicated by the triangle above the
residue illustration. The color of the triangle above the residue indicates that the residue has exceeded the residue identity threshold a)
blue: 80%, b) green: 90%, c) orange: 95%, d) purple: 97.5%, and e) red: 100% Motifs and domains that have conserved residues are
mentioned in the visualization. The site numbering on the MSA results is below the residuals.
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Fig. 4. The phylogenetic tree obtained from (A) the Neighbor Joining method and (B) the Maximum Likelihood method from cDNA
data.
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Fig. 5. The phylogenetic tree obtained from (A) the Neighbor Joining method and (B) the Maximum Likelihood method from protein
data.
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In the phylogenetic tree obtained from the protein
data, it can be seen from Figure 5 that the two trees tend
to be dissimilar. The similarities between the two trees are
only found in their kinship structure, where
Gammacoronavirus is closely related to Deltacoronavirus,
then both are close to Betacoronavirus, and the most
distantly related is Alfacoronavirus. However, the
difference with other trees is that the genera closest to the
outgroup, the cDNA tree and the ML tree from the protein
data show that the closest to the outgroup is
Alfacoronavirus, not Deltacoronavirus as in the NJ tree
obtained from protein data. Errors in the Neighbor Joining
method are caused significantly by zero-length branches
in the tree [51]. In the generated NJ tree, a large number
of zero-length branches can be seen, especially in
sequences with the same virus species.

The ML tree obtained from the protein data is similar
to both the Tabibzadeh tree [43] and the tree constructed
with cDNA data in terms of the genus arrangement in the
tree. This is because the resulting tree from the ML
method has the advantage of having low variance
compared to other methods, being robust against
violations of assumptions in the evolutionary model,
being able to outperform the performance of the
parsimony or distance methods even though the
sequences used are very short, evaluating different tree
topologies, using all the information on the sequence.
Compared to the distance method, and is better for
calculating branch length [52].

4 Conclusions

It is concluded that the most conserved residues in the
nucleocapsid protein of the coronavirus are Ser89,
Vallll, Proll2, Glyl24, Tyrl25, Phel50, Tyrl5l,
Glyl154, Thrl55, Glyl56, Trpl80, Vall81, Gly409,
Argdl1, Asn419, Gly421, and Pro443. Second, 2. Ser89
and Arg200 play a role in their interaction with the 2'-
hydroxyl group pentose sugar. Tyr151 plays a role in its
interaction with nitrogenous bases. Tyr125, Tyrl51, and
Trp180 play a role in orienting bases on the protein
surface and RNA packaging. Phe150, Tyr151, and Trp180
and Vall81 can "grasp" RNA by neutralizing the
phosphate group of RNA. Arg411 plays a role in binding
negatively charged oligonucleotides based on non-
specific interactions. Gly409, Arg411, Asn419, Gly421
play a role in binding packing signal (PS). Pro443 plays a
role in hydrophobic interactions. Finally, the genera
Deltacoronavirus and Gammacoronavirus are the most
closely related, followed by the genus Betacoronavirus,
while the genus Alfacoronavirus is the most distant. The
results of this study are expected to help identify
conserved regions of N protein in SARS-CoV-2 which
can be used as probes for the virus identification process
and can be used as target areas in vaccine development.
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