Bokolia and Gadepalli
Bulletin of the National Research Centre (2023) 47:28
https://doi.org/10.1186/542269-023-01002-3

Bulletin of the National
Research Centre

Identification of consensus hairpin

®

Check for
updates

loop structure among the negative sense
subgenomic RNAs of SARS-CoV-2

Naveen Prakash Bokolia ® and Ravisekhar Gadepalli”

Abstract

Background SARS-CoV-2 is the causative agent of worldwide pandemic disease coronavirus disease 19. SARS-CoV-2
bears positive sense RNA genome that has organized and complex pattern of replication/transcription process includ-
ing the generation of subgenomic RNAs. Transcription regulatory sequences have important role in the pausing of
replication/transcription and generation of subgenomic RNAs.

Results In the present bioinformatics analysis, a consensus secondary structure was identified among negative sense
subgenomic RNAs of SARS-CoV-2. This consensus region is present at the adjacent of initiation codon.

Conclusions This study proposed that consensus structured domain could involve in mediating the long pausing of
replication/transcription complex and responsible for subgenomic RNA production.
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Background

The severe acute respiratory syndrome coronavirus type
2 (SARS-CoV-2) that causes the global pandemic illness
COVID-19 has a 29.9 kb positive sense single strand
RNA genome (Kim et al. 2020; Zhu et al. 2020a). Inside
the host environment, the RNA genome goes through a
complicated replication/transcription process. In order
to translate the viral proteins and package the RNA
genome into virion particles, the SARS-CoV-2 enters
the host cell and undergoes replication of the positive
sense RNA genome. In the process, the negative sense
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RNA genome is created. The 70-75% genome consists
of ORFla and ORF1b that encodes for non-structural
proteins and remaining ORFs encodes for structural
and accessory proteins (Fung and Liu 2021). The struc-
tural proteins are spike (S), membrane (M), envelope (E),
and nucleocapsid (N) proteins, whereas non-structural
proteins are nspl to nsplé (Kumar et al. 2019; Naqvi
et al. 2020). SARS-CoV-2 RNA genome bears conserved
transcriptional regulatory sequences (TRS) of 6-7
nucleotides (Yang et al. 2020). The TRS is present at the
immediate upstream of initiation codon, where replica-
tion/transcription complex is paused (Alexandersen et al.
2020; Kim et al. 2020). RNA-dependent RNA polymer-
ase (RdRp) is the nsp-12 that has the important prop-
erty to backtracking that causes long pausing at specific
site (Dulin et al. 2015; Malone et al. 2021). Therefore, in
addition to complete RNA genome, a nested set of nega-
tive sense subgenomic RNAs is also generated including
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S subgenomic, 3a subgenomic, E subgenomic, M sub-
genomic, 6 subgenomic, 7a subgenomic, 7b subgenomic,
8 subgenomic, N subgenomic and 10 subgenomic. These
canonical subgenomic RNAs are thought to be generated
through the complex mechanism that involves pausing of
negative sense RNA synthesis by RNA-dependent RNA
polymerase (RdRp) (Alexandersen et al. 2020; Kim et al.
2020; Mohammadi-Dehcheshmeh et al. 2021; Yang et al.
2020).

Although the conserved role of TRS has been identi-
fied/proposed in the pausing of transcription, the role
of RNA secondary structure has not been identified in
this perspective. Therefore, in this study investigation of
conserved secondary structure pattern was performed
nearby the initiation codon/TRS that might be important
in pausing of transcription during negative sense RNA
synthesis of the SARS-CoV-2 genome.

The analysis of negative sense subgenomic RNAs
was objectively performed in this study because of
following important reason. The negative sense RNA
is firstly generated through the replication/transcrip-
tion of positive sense RNA genome. The negative
sense RNA will serve as template for positive sense
RNA genome and subgenomic messenger RNAs (or
subgenomic RNAs) (Sawicki et al. 2007; Yang et al.
2020). According to previous research model, it was
suggested that strand exchange or 5’ leader (5" UTR)
sequence to body (RNA) fusion occurs at TRS during
negative sense RNA synthesis (Kim et al. 2020). There-
fore, the consensus secondary structural motifs nearby
the TRS might be important in several perspectives.
In the current study, the bioinformatics analysis of
negative sense subgenomic RNAs was performed that
revealed a consensus hairpin loop secondary struc-
ture. Simultaneously, we also validated the findings in
parallel comparison with SARS-CoV and MERS-CoV.
SARS-CoV-2 genome has 79.5% sequence similarity
with SARS-CoV and only 50% homology with MERS-
CoV (Lu et al. 2020; Zhu et al. 2020b). Within this
context, the present study aims to reveal the specific
hairpin domain structure at the adjacent of initiation
codon/TRS that is consistently present among sub-
genomic RNAs of both SARS-CoV-2 and SARS-CoV.
This is the novel finding where the consensus second-
ary structure has been identified within the perspec-
tive of replication/transcription of genomic RNA of
SARS-CoV-2. This study proposed the novel molecu-
lar mechanism of consensus hairpin loop secondary
structure that could mediate the transcriptional paus-
ing during the replication of genomic RNA and subse-
quent generation of subgenomic RNAs.
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Methods

Retrieval of genomic and subgenomic RNAs sequences

of SARS-CoV-2 and SARS-CoV

The complete genome sequence of SARS-CoV-2 isolate
Wuhan-Hu-1 (NCBI Reference Sequence: NC_045512.2)
was used in this study, and specific regions (upstream
and downstream) corresponding to particular sub-
genomic RNAs were retrieved from NCBI Virus resource
portal. The RNA sequences (positive sense) were format-
ted and converted in to negative sense subgenomic RNAs
by using Visual Gene Developer (Jung and McDonald
2011). The negative sense RNAs were used in alignment
and secondary structure prediction analysis. To analyze
the subgenomic RNAs of SARS-CoV, complete genome
sequence of Bat coronavirus (BtCoV/279/2005) was
retrieved from NCBI Virus resource portal and subse-
quently used in analysis.

RNA secondary structural similarity by using LocARNA
webserver

LocARNA-Alignment and Folding webserver align the
input RNA sequences and simultaneously fold them
(Raden et al. 2018; Will et al. 2012). This webserver was
used in the present study because it folds the RNA by
using very realistic energy models as used by RNAfold
of the Vienna RNA package. The sequences of nega-
tive sense subgenomic RNAs were aligned by using
LocARNA webserver. The alignment type was global and
in standard mode. The alignment was used to identify the
consensus secondary structures elements between nega-
tive sense subgenomic RNA sequences of SARS-CoV-2.

Secondary structure prediction by using Vienna RNA
webserver

Secondary structure prediction of subgenomic RNA
sequences was performed by using Vienna RNA web-
server (Hofacker 2003). The subset of aligned sequence
region (~285 nt) respective to each subgenomic RNA
was submitted for structure prediction by using Vienna
RNA webserver. The prediction results are included in
supplementary data file.

Results

The negative sense subgenomic RNAs bear conserved
hairpin domain at immediate downstream of initiation
codon

Previous research investigation determined the abun-
dance levels of subgenomic RNAs from the COVID-
19 patient samples (Alexandersen et al. 2020). Authors
mapped the NGS reads data to subgenomic RNAs in
order to identify the abundance of particular subgenomic
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Fig. 1 The figure presents the output of alignment result of negative
sense subgenomic RNAs of SARS-CoV-2 that was done through the
LocARNA webserver. The alignment result revealed the consensus
sequence and hairpin structure (with double headed arrow) among
negative sense subgenomic RNAs. This consensus structure is present
at the immediate downstream of initiation codon or TRS (mentioned
with double-headed arrow)

RNA from the patient samples (Alexandersen et al. 2020).
NGS reads mapped results revealed that Orf7a and N
subgenomic were in high abundance, whereas Orf8, Orf6,
and E subgenomic were relatively low (in an increasing
order). These subgenomic RNAs are present several fold
higher in comparison with whole genome fragments.
Therefore, the present study seek to identify the possible
conserved regions nearby the TRS or initiation codon
which could mediate significant roles in the generation or
expression of subgenomic RNAs.

Therefore, in order to identify the consensus sec-
ondary structure, negative sense subgenomic RNAs
were aligned by using LocARNA webserver. The sig-
nificant length of upstream and downstream region
(with respect to initiation codon) was considered for
the analysis, with the total length of ~ 420 nt. Sequence
alignment revealed a consensus hairpin domain (~ 35 to
60 nt; depending on the particular subgenomic RNA)
among different negative sense subgenomic RNAs
(Fig. 1, Table 1). This domain is present at the imme-
diate downstream of initiation codon. The important
features could be noted as the distance between ini-
tiation codon and consensus hairpin domain (Table 1).
The structured hairpin domain of negative sense sub-
genomic RNAs might have intrinsic functioning and
mediate the pausing/backtracking of RdRp at the imme-
diate downstream of initiation codon. The conserved
hairpin domain could also have role in template switch-
ing during transcription, although the role of conserved
TRS has only been identified in recombination events
(Yang et al. 2021). The conserved TRS is AACGAAC,
which is highlighted in green (as GUUCGUU; negative
sense) in the analyzed sequences of negative sense sub-
genomic RNAs (Additional file 1).

The Orf7a subgenomic, N subgenomic, E subgenomic, Orf6
subgenomic and Orf8 subgenomic bear distinct secondary
structure domain near the TRS

The sequence alignment of negative sense subgenomic
RNAs revealed a single hairpin domain. The probability
of hairpin domain formation of subgenomic RNAs was
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Table 1 The description of analyzed negative sense subgenomic RNAs

Sr.No Type of subgenomic  Location of hairpin Length of hairpin Hairpin structure Sequence alignment  Probability

RNA structure (from the loop structure with is distinct or not matches with of formation
downstream of probability (merged with predicted structure of distinct
initiation codon) different loop (probability) secondary
carrying initiation structure
codon)

1 S subgenomic Includes~28 ntof cod-  ~55nt No (merged with initia-  Yes Less
ing region tion codon)

2 *3a subgenomic ~10nt ~58nt Yes Yes Moderate

3 ***E subgenomic ~47 nt ~52nt Yes Yes High

4 *M subgenomic ~8nt Splits in three small No (first loop merged No (three distinct Moderate

hairpin loops with initiation codon)  hairpin structures)

5 **Orf6 subgenomic ~41nt ~47 nt Yes Yes High

6 ****Orf7a subgenomic ~ ~30nt ~35nt Yes Yes High

7 Orf7b subgenomic Includes ~6 nt of Splits in two hairpin No (first loop merged No (two distinct hairpin - Moderate
coding sequence loop structure with initiation codon)  structures)

8 **QOrf8 subgenomic ~20nt ~57nt Yes Yes Moderate

9 ****N subgenomic ~ 1" nucleotide of ~60 nt Yes Yes Moderate

initiation codon

The description is drawn from the combined output of sequence alignment followed by secondary structure prediction results. The number of asterisks (*) denotes to
the abundance level for each subgenomic RNA detected by NGS reads mapped to the sequences, and no asterisk is given to particular subgenomic that was detected
at very low or near zero level according to previous finding (Alexandersen et al. 2020). Single asterisk denotes low, two and three asterisk denotes moderate and four

asterisk denotes high abundance of particular subgenomic RNA (in relative context)

further determined at the level of secondary structure.
The secondary structure prediction was performed by
using Vienna RNA webserver, and determined whether
particular subgenomic RNA adopts a specific hairpin
structure or not. Data obtained from sequence align-
ment and secondary structure prediction indicate that
Orf7a subgenomic, N subgenomic, E subgenomic, Orf6
subgenomic and Orf8 subgenomic bear distinct and long
hairpin domain with the higher probability (Table 1,
Fig. 2A, Fig. 3). These structural features could pos-
sibly be correlated with the previous study by Alexan-
dersen et al. 2020, which described the high abundance
of Orf7a subgenomic and N subgenomic RNAs, whereas
Orf8 subgenomic, Orf6 subgenomic, and E subgenomic
were relatively low in abundance (Alexandersen et al.
2020). In addition, the remaining subgenomic RNAs
(S subgenomic, Orf7b, Orf3a and M subgenomic) were
reported to be very low or near zero level abundance
(Alexandersen et al. 2020). The underlying reason of low
level of NGS reads could be correlated with their respec-
tive hairpin structure (Fig. 2B) and other properties men-
tioned in Table 1. These features include: hairpin loop
splits in to subdomains, hairpin loop merged with ini-
tiation codon, length and probability of hairpin domain
formation. Overall, the formation of distinct hairpin

structure might be the underlying feature in the genera-
tion of negative sense subgenomic RNAs.

Importantly, the highest similarity (and intermedi-
ate alignment) was observed between Orf7a and N sub-
genomic RNAs, as both subgenomic RNAs were placed
together in guide tree. It provides significant relevance
and correlation from the previously reported high abun-
dant reads of N and Orf7a subgenomic (Alexandersen
et al. 2020). In this perspective, we propose that con-
served secondary structural elements might be a deter-
mining factor in transcriptional pausing and backtracking
of RdRp that leads to subgenomic RNA production.

Analysis of consensus secondary structure prediction

in SARS-CoV and MERS-CoV subgenomic RNAs

It is important to validate or examine the possibility of
consensus secondary structure in closely related envel-
oped viruses (beta-coronaviruses). Within this context,
we further analyzed the subgenomic RNA sequences
of SARS-CoV and MERS-CoV. We identified a distinct
hairpin structure domain from the sequence align-
ment of subgenomic RNA sequences of SARS-CoV and
MERS-CoV (Additional file 1: Figure S1 and 2). The
SARS-CoV and MERS-CoV subgenomic RNAs bear a
distinct hairpin domain at the immediate downstream
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Fig. 2 Secondary structure of consensus sequence of respective
negative sense subgenomic RNAs. The secondary structure of

each sequence was predicted by using Vienna RNA webserver. The
respective portion of hairpin loop is shown with probability in color
coding from 0 to 1. Secondary structure of consensus alignment
sequence of each subgenomic RNA is shown in panel A and B.
Panel A involves consensus secondary structure from subgenomic
RNAs those have been detected or mapped at considerable level
through NGS reads mapping (Alexandersen et al. 2020). Panel B
involves consensus structure of subgenomic RNAs those have been
detected at very low or zero level through NGS reads mapping. The
complete secondary structure of each subgenomic RNA is provided
in supplementary data file

of TRS, as observed in the case of subgenomic RNAs of
SARS-CoV-2 (Additional file 1). However, after analysis
it was observed that an additional domain could be con-
sidered in the case of some of the subgenomic RNAs of
SARS-CoV as it falls at the immediate upstream of TRS,
whereas for some of the specific subgenomic RNAs
the second downstream domain could additionally be
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considered (as the consensus region falls at the immedi-
ate downstream of TRS).

Discussion

Coronaviruses have conserved sequence of 7-8 nt that
has important role in template switching during the
replication/transcription of SARS-CoV-2 RNA genome
(Kim et al. 2020). In this study, we identified the con-
sensus secondary structure among the negative sense
subgenomic RNAs of SARS-CoV-2 that also involve
the conserved TRS motif. The consensus secondary
structure is present at the adjacent of TRS, therefore,
indicates the additional role in transcriptional paus-
ing that could be mediated by specific secondary struc-
ture at 5" end. It has been thought or hypothesized that
conserved TRS (TRS-B) increases the probability of
template switching of RdRp that is mediated by hybridi-
zation with identical core sequence in the TRS-L (Sola
et al. 2015; Zaniga et al. 2004). However, additional sec-
ondary structure elements could have role in recombi-
nation events, and experimental investigations could be
made, where the effect of deletion in consensus second-
ary structure (Fig. 3) could be made, and subsequent
impact on the production of subgenomic RNAs could be
studied.

Moreover, such secondary structures could also have
additional role in halting the exoribonucleases (Xrn2)
and maintaining the stability of subgenomic RNAs.
Exoribonuclease-resistant RNAs (highly structured)
have already identified in flaviviruses and dianthovi-
ruses that prevents the noncoding region from degra-
dation (Pijlman et al. 2008; Steckelberg et al. 2018a, b).

Conclusions

The present finding revealed the conserved hairpin
structure that is present in negative sense subgenomic
RNAs of SARS-CoV-2. The significance of conserved
hairpin structure could be of twofold reasons. Firstly,
the particular hairpin loop secondary structure could
have intrinsic functioning in the pausing of replica-
tion/transcription of negative sense subgenomic RNAs
mediated by RdRp. In addition, the conserved second-
ary structure could facilitate template switching (by
unknown mechanism) at TRS during transcription that
involves the joining of 5'UTR to RNA body sequence.
Further experimental studies could be performed to
identify the much precise role of the conserved second-
ary structure nearby the initiation codon/TRS in the
generation of negative sense subgenomic RNAs and
maintenance of viral infection.
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[A] Orf6- subgenomic

[B] Orf7a- subgenomic
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[C] N- subgenomic

Fig. 3 The panel involves the secondary structures of representative subgenomic RNAs. The consensus secondary structure of respective
subgenomic RNA (Orf6é subgenomic, Orf7a subgenomic, N subgenomic, and S subgenomic) is shown in a distinct box (dotted blue line)
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Nsp Non-structural protein

TRS Transcriptional regulatory sequence
ORF Open reading frame

MERS-CoV  Middle East respiratory syndrome-related coronavirus
Xrn-2 Exoribonuclease-2

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/542269-023-01002-3.

Additional file 1: Title of Data: Negative sense Subgenomic RNAs
sequences of SARS-CoV-2 used in this study for alignment. Description

of Data: This section includes negative sense subgenomic sequences of
SARS-CoV-2 those were used alignment. Title of Data: Negative sense
subgenomic RNAs of SARS-CoV. Description of Data: This section includes
negative sense subgenomic sequences of SASR-CoV those were used
alignment.

Acknowledgements
Not applicable

Author contributions

Author NPB conceptualized the idea and worked on bioinformatics analysis
and wrote the manuscript. Author RSG was involved in writing and improve-
ment/revision of the manuscript. All authors have read and approved the
manuscript.

Funding
Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included in this published
article and its supplementary files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.


https://doi.org/10.1186/s42269-023-01002-3
https://doi.org/10.1186/s42269-023-01002-3

Bokolia and Gadepalli Bulletin of the National Research Centre

Competing interests
The authors declare that there are no competing interests.

Received: 29 October 2022 Accepted: 13 February 2023
Published online: 23 February 2023

References

Alexandersen S, Chamings A, Bhatta TR (2020) SARS-CoV-2 genomic and
subgenomic RNAs in diagnostic samples are not an indicator of active
replication. Nat Commun 11:6059

Dulin D, Vilfan ID, Berghuis BA, Poranen MM, Depken M, Dekker NH (2015)
Backtracking behavior in viral RNA-dependent RNA polymerase provides
the basis for a second initiation site. Nucleic Acids Res 43:10421-10429

Fung TS, Liu DX (2021) Similarities and dissimilarities of COVID-19 and other
coronavirus diseases. Annu Rev Microbiol 75:19-47

Hofacker IL (2003) Vienna RNA secondary structure server. Nucleic Acids Res
31:3429-3431

Jung S-K, McDonald K (2011) Visual gene developer: a fully programmable
bioinformatics software for synthetic gene optimization. BMC Bioinform
12:340

Kim D, Lee JY, Yang JS, Kim JW, Kim VN, Chang H (2020) The architecture of
SARS-CoV-2 transcriptome. Cell 181(914-921):e910

Kumar S, Nyodu R, Maurya VK, Saxena SK (2020) Morphology, genome
organization, replication, and pathogenesis of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Coronavirus Dis (COVID_19)
30:23-31. https://doi.org/10.1007/978-981-15-4814-7_3

Lu R, Zhao X, Li J, Niu P Yang B, Wu H, Wang W, Song H, Huang B, Zhu N, BiY,
Ma X, Zhan F,Wang L, Hu T, Zhou H, Hu Z, Zhou W, Zhao L, Chen J, Meng
Y, Wang J, Lin Y, Yuan J, Xie Z, Ma J, Liu WJ, Wang D, Xu W, Holmes EC, Gao
GF, Wu G, Chen W, ShiW, Tan W (2020) Genomic characterisation and
epidemiology of 2019 novel coronavirus: implications for virus origins
and receptor binding. Lancet (London, England) 395:565-574

Malone B, Chen J, Wang Q, Llewellyn E, Choi YJ, Olinares PDB, Cao X, Hernan-
dez C, Eng ET, Chait BT, Shaw DE, Landick R, Darst SA, Campbell EA (2021)
Structural basis for backtracking by the SARS-CoV-2 replication-transcrip-
tion complex. Proc Natl Acad Sci 118:€2102516118

Mohammadi-Dehcheshmeh M, Moghbeli SM, Rahimirad S, Alanazi IO, Shehri
ZSA, Ebrahimie E (2021) A transcription regulatory sequence in the 5’
untranslated region of SARS-CoV-2 is vital for virus replication with an
altered evolutionary pattern against human inhibitory microRNAs. Cells.
https://doi.org/10.3390/cells10020319

Naqvi AAT, Fatima K, Mohammad T, Fatima U, Singh IK, Singh A, Atif SM,
Hariprasad G, Hasan GM, Hassan MI (2020) Insights into SARS-CoV-2
genome, structure, evolution, pathogenesis and therapies: structural
genomics approach. Biochim et Biophys Acta Mol Basis Dis 1866:165878

Pijlman GP, Funk A, Kondratieva N, Leung J, Torres S, van der Aa L, Liu WJ,
Palmenberg AC, Shi P-Y, Hall RA, Khromykh AA (2008) A highly structured,
nuclease-resistant, noncoding RNA produced by flaviviruses is required
for pathogenicity. Cell Host Microbe 4:579-591

Raden M, Ali SM, Alkhnbashi OS, Busch A, Costa F, Davis JA, Eggenhofer F,
Gelhausen R, Georg J, Heyne S, Hiller M, Kundu K, Kleinkauf R, Lott SC,
Mohamed MM, Mattheis A, Miladi M, Richter AS, Will S, Wolff J, Wright PR,
Backofen R (2018) Freiburg RNA tools: a central online resource for RNA-
focused research and teaching. Nucleic Acids Res 46:W25-W29

Sawicki SG, Sawicki DL, Siddell SG (2007) A contemporary view of coronavirus
transcription. J Virol 81:20-29

Solal, Almazan F, Zufiga S, Enjuanes L (2015) Continuous and discontinuous
RNA synthesis in coronaviruses. Annu Rev Virol 2:265-288

Steckelberg A-L, Akiyama BM, Costantino DA, Sit TL, Nix JC, Kieft JS (2018a)
A folded viral noncoding RNA blocks host cell exoribonucleases
through a conformationally dynamic RNA structure. Proc Natl Acad Sci
115:6404-6409

Steckelberg A-L, Vicens Q, Kieft JS (2018b) Exoribonuclease-resistant RNAs
exist within both coding and noncoding subgenomic RNAs. MBio
9:202461-02418

Will S, Joshi T, Hofacker IL, Stadler PF, Backofen R (2012) LocARNA-P: accurate
boundary prediction and improved detection of structural RNAs. RNA
(New York, N.Y.) 18:900-914

(2023) 47:28

Page 7 of 7

Yang Y, Yan W, Hall AB, Jiang X (2020) Characterizing transcriptional regulatory
sequences in coronaviruses and their role in recombination. Mol Biol Evol
38:1241-1248

Yang 'Y, Yan W, Hall AB, Jiang X (2021) Characterizing transcriptional regulatory
sequences in coronaviruses and their role in recombination. Mol Biol Evol
38:1241-1248

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, ShiW, Lu R,
Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G, Gao GF, Tan W (2020a) A novel
coronavirus from patients with pneumonia in China, 2019. N Engl J Med
382:727-733

Zhu Z, Lian X, Su X, Wu W, Marraro GA, Zeng Y (2020b) From SARS and MERS to
COVID-19: a brief summary and comparison of severe acute respiratory
infections caused by three highly pathogenic human coronaviruses.
Respir Res 21:224

ZUniga S, Sola |, Alonso S, Enjuanes L (2004) Sequence motifs involved in the
regulation of discontinuous coronavirus subgenomic RNA synthesis. J
Virol 78:980-994

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/978-981-15-4814-7_3
https://doi.org/10.3390/cells10020319

	Identification of consensus hairpin loop structure among the negative sense subgenomic RNAs of SARS-CoV-2
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Retrieval of genomic and subgenomic RNAs sequences of SARS-CoV-2 and SARS-CoV
	RNA secondary structural similarity by using LocARNA webserver
	Secondary structure prediction by using Vienna RNA webserver

	Results
	The negative sense subgenomic RNAs bear conserved hairpin domain at immediate downstream of initiation codon
	The Orf7a subgenomic, N subgenomic, E subgenomic, Orf6 subgenomic and Orf8 subgenomic bear distinct secondary structure domain near the TRS
	Analysis of consensus secondary structure prediction in SARS-CoV and MERS-CoV subgenomic RNAs

	Discussion
	Conclusions
	Acknowledgements
	References


