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Summary:

2019-novel coronavirus (nCoV), the virus causing Covid19 disease, is a highly contagious virus and

has created a pandemic. In efforts to combat this virus, subunit vaccine designing using

immunoinformatics tools was undertaken. During  these studies, new hypotheses began to emerge, the

prominent among these was that the newly acquired ORF10 protein may be the key protein responsible

for its highly contagious nature. ORF10 is a hitherto unknown protein with no homology to any known

protein in organisms present till date. Through immunoinformatics studies, it has been observed that

among all ten 2019-nCoV proteins, ORF10 presents amongst the highest number of  immunogenic,

promiscuous CTL epitopes. These epitopes are part of a cluster with HTL epitopes, suggesting that

there is a high degree of epitope conservation in ORF10. Conservation of protein sequence across

organisms is not seen, and there is no known structural template on which to model and derive a

structure to get structural and functional insights. Because there is altogether no conservation of its



sequence, or structure, it may be presented as a novel protein to the immune system. Further, the

human body may not have been able to utilize any memory B and T cells generated against other

microorganisms to target ORF10 and fight this pathogen, contributing to its deadly, contagious nature. 



Introduction:

Novel coronavirus (nCoV) is highly contagious virus which first emerged in population in December 

2019, resulting in Covid-19 disease.  WHO has declared it as pandemic 

(https://www.who.int/emergencies/diseases/novel-coronavirus-2019) and there are concerted efforts to 

prevent and treat it as there is no cure available for it.  Based on newly available 2019-nCoV genome 

sequence, this study was understaken to design potential  vaccine candidates for subunit vaccine. On 

way to ranking and designing these epitopes on the basis of several immunological parameters, several 

useful insights into the deadly nature of this pathogen were found along the way and are detailed 

below.

Open Reading Frame 10 (ORF10) may be the reason for contagious nature of this virion

ORF10 is a predicted protein, 38 amino acids in length, and is located after the nucleocapsid region in 

the 2019-nCoV genome. This genome is 29882 nucleotides in length and ORF10 gene region is from 

29558..29674 nucleotides. The protein sequence is as follows: 

MGYINVFAFPFTIYSLLLCRMNSRNYIAQVDVVNFNLT. It has no known structure and function, 

and not much relevant information is available on it in literature. As per Swiss-Model webpage 

harboring the structures of all 2019-nCoV proteins 

(https://swissmodel.expasy.org/repository/species/2697049), HHblits identified zero significant 

templates for ORF10 and hence the model could not be built. HHblits is an iterative protein sequence 

search tool using HMM-HMM alignment. It is the only protein among all 2019-nCoV proteins which 

has no homologs for building even a low quality model. BLASTp and PSI-BLAST searches against 'nr'

database, too, identified no homolog. This is an interesting observation, given that this sequence is 



located towards the end of the 2019-nCoV genome. Had it been located in-between anywhere along the

genome, it would have been called an insertion sequence or a result of possible DNA rearrangement. 

Hence, this may be a novel event distinct from standard DNA rearrangement events such as 

transposition and recombination. Even there is no possibility of occurence of long terminal repeat 

sequences, since the ORF10 protein or nucleotide sequence is not a repetitive sequence as observed 

from GenBank sequence accession number MT106054.1/RefSeq sequence NC_045512.2, and there are

no flanking repeated sequences, either. Protein family search in UniProt or in MobiDB database for 

disordered proteins' function identified no known protein family. 

As there was no homology at all with any protein from BLASTp search, and no domains/family were 

predicted, the sequence was subjected to ab-initio modeling. Structural modeling using ab-initio web 

server QUARK (Fig. 1) showed the structure mostly comprised of middle α-helical region with 

disordered regions at both ends. 

Fig. 1: ORF10 protein structure modeled using ab-initio modeling webserver QUARK. 



All of the ten 2019-nCoV proteins, including ORF1ab replicase complex, were used to predict 

promiscuous cytotoxic T lymphocyte (CTL) and helper T lymphocyte (HTL) epitopes with high 

immunogenicity and conserved regions across SARS family of viruses (1) . 

During these present studies  towards designing subunit vaccines, upon identification of epitopes 

binding to all 12 HLA-I supertypes, a total of 9621 CTL epitopes were generated across ten 2019-

nCoV proteins which include ORF1ab polyprotein. It was found that ORF10 harbored the highest 

number of promiscuous epitopes among all proteins, apart from nsp7 of ORF1ab polyprotein region 

(Fig. 2). Sequence analysis showed most of the epitopes belonged to this α-helical region (Fig. 3). It 

has been widely recognized that T cell epitopes are mostly found in α-helical regions of a protein (2). 

Spike, membrane and nucleocapsid proteins had comparatively lower number of such epitopes. These 

11 out of 30 CTL epitopes generated for ORF10 were predicted to have higher TAP transporter 

binding, higher proteasomal cleavage as well as HLA-I binding capacity as well as being highly 

immunogenic among the top ranked candidates.
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Fig. 2: Number of promiscuous HLA-I binding epitopes across 2019-nCoV proteins studied

Fig. 3: Secondary structure plot of ORF10 protein, motifs β: β- turn, γ: γ- turn.

Upon further ranking of peptide epitopes, using immunogenicity screening, 9 out of 11 CTL epitopes 

from ORF10 were found to be highest in number among high scoring epitopes. HLA-II binding  studies

across all proteins showed that all the epitopes of ORF10 binding to key DRB1 alleles were predicted 

to be weak binders. As HTL epitopes are required for helper T cells to boost antibody responses, it is 

surmised from the presence of weak binders that this may be a contributing factor towards low 

neutralizing antibody levels in 2019-nCoV infected patients in the initial days of infection, as reported 

in literature (3, 4).

Clustering analyses utilizing  both HLA-I and HLA-II binding epitopes showed that all of those CTL 

epitopes from ORF10 that were high scoring in immunogenicity prediction had higher number of 

clusters with HTL epitopes. This led to high number of  consensus epitopes among proteins 

incorporating both CTL and HTL epitopes (Fig. 4). Many epitopes belonging to other proteins were not

a part of a cluster. Taken together, these analyses show that the CTL epitopes of ORF10 may be highly 

immunogenic. It may well function like miniprotein scaffolds used to boost the immune response by 



displaying binding epitopes in medical applications (5). Like these miniproteins, which are generally 

less than 40-50 amino acids in length, ORF10 also has a well defined hydrophobic core and an alpha 

helical segment harboring immunogenic epitopes.  Hence, together with the non-conservation of 

ORF10 at the sequence and structural level, this may all be the reason the human body may mount a 

high immune response to 2019-nCoV resulting in immunopathological conditions and subsequent 

consequences. 

Fig. 4: Number of promiscuous immunogenic HLA-I binding epitopes across 2019-nCoV proteins 

studied clustered with HLA-II binding epitopes

Furthermore, there is no sequence conservation of ORF10 in other closely related SARS and MERS 

viral species. In view of this, this region may be considered an inserted tail region in the 2019-nCoV 

genome which may be responsible for the contagious nature of 2019-nCoV. The molecular events 

leading to the accumulation of such nucleotides appear to be novel and so, need to be studied in greater 
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detail. These key theoretical studies await further confirmation by in vitro and in vivo experiments.

Materials and Methods:

Genome sequence:

RefSeq sequences of all ten 2019-nCoV proteins were retrieved. Specifically, the accession numbers 

were as follows: ORF10 protein (YP_009725255.1), nucleocapsid phosphoprotein (YP_009724397.2), 

ORF8 protein (GenBank: QID21074.1), ORF7a protein  (YP_009724395.1), ORF6 protein  

(YP_009724394.1), membrane glycoprotein  (YP_009724393.1), envelope protein  (YP_009724392.1),

ORF3a protein  (YP_009724391.1), surface glycoprotein (YP_009724390.1), ORF1ab (Polyprotein 

accession number YP_009724389.1 and the proteins therein.

Cytotoxic T cell epitopes prediction:

Nonameric peptide epitopes were selected using NetCTLpan version 1.1 

(http://www.cbs.dtu.dk/services/NetCTLpan/ (6)) and PickPocket version 1.1 

( http://www.cbs.dtu.dk/services/PickPocket/(7)) with default parameters. NetCTLpan uses a combined

version of three different methods to identify immunogenic epitopes: HLA-I binding, TAP transporter 

binding and C-terminal cleavage predictions. PickPocket works on the basis of  position-specific 

weight matrices and NetCTL uses neural network algorithm. Epitopes common to both these 

algorithms were fished out. 12 HLA supertypes as present in both algorithms were used.

Helper T cell epitope prediction:



NetMHCIIpan version 3.2  (http://www.cbs.dtu.dk/services/NetMHCIIpan/(8)) was used to predict and 

design helper T cell epitopes across several HLA-DRB1 alleles.  Quantitative MHC-peptide binding 

affinity data obtained from the Immune Epitope Database is used in this algorithm to generate 

predictions. From a consensus list of 15 amino acids long  epitopes, top ranked epitopes were sorted 

using descending order of percent rank.

Immunogenicity prediction:

 All the CTL epitopes were predicted for their immunogenicity using IEDB Immunogenicity tool (9).   

Physicochemical properties of amino acids  and their positions in the predicted peptide, including 

amino acids with large and aromatic side chains and positions 4-6 are used to predict potential epitopes.

Clustering

 IEDB epitope cluster analysis tool was applied to group all HLA-I and HLA-II epitopes in clusters 

(10).  Minimum sequence identity threshold was 70% and cluster-break algorithm was applied.

Structural Modeling

Ab-initio modeling conditions were applied to the ORF10 RefSeq sequence in view of no homology. 

The web server QUARK (https://zhanglab.ccmb.med.umich.edu/QUARK/ ) which predicts a structure, 

as per their paper (11), "replica-exchange Monte Carlo simulation under the guide of an atomic-level 

knowledge-based force field" is applied.
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