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Abstract

Five VOCs of SARS-CoV-2 mainly caused million deaths worldwide and named as B.1.1.7 (UK.), B.1.351 (South
Africa), P1 (Brazil), B.1.617.2 (India), and B.1.1.529 (Africa). In HIV mediated pathogenesis, small trans activator
proteins (TAT, NEF, REV) modulate transcription of cellular genes. Similarly, preliminary reports indicated that corona
virus ORF8 protein acts as histone mimics disrupting chromatic structure with many epigenetic changes and immune

modulator functions. ORFS8 protein had also some similarities to immunoglobulin domains and inhibited HMC-1 and
IFN-beta functions.

During evolution a 382-nucleotide deletion (A382) in the ORF8 region of the corona virus genome leads to weak virus
load and weak pathogenicity (accession no.MT374101). We BLAST searched deletion boundary and was selected few
ORF8 protein truncated mutants. The C>T base change at 27972nt and another A>T base change at 28095nt created
two termination codons (CAA=TAA and AAA=TAA) to produce 26AA and 67AA4 long ORF8 truncated proteins. Similar
Blast-N search with oligonucleotides selected at the mutation boundaries gave many ORF8 mutants with distinct S24L,
V32L, P38S, R521, A65V, Y73C, L84S, K92E and V100L mutations with or without TAA termination mutations.

Major mutations found in B.1.1.7 lineage which had spike 69HV and 145Y mutations and ORFlab polyprotein
3675KSF deletion. However, one ORF8 mutant (accession no. OW221449) belongs to Omicron BA.2 variant with
24LPP spike deletion and others to Omicron BA.5 variants (accession nos. OP733645 and OP671680) with 24LPP and
69HYV deletion in the spike protein. One termination codon mutant (accession no. OP711842) has also 63nt ORF7a/b
deletions. Mutation did not change the hairpin structure in the ORF8 gene and ORF8 protein formed dimeric stable
globular 3-D structure to interact with many host proteins. Clearly, generation of such abundant B.1.1.7 lineage ORF§
protein truncated mutants may be one of the causes for the extinction of Alpha variant of corona virus in 2021. Roles
of ORF8 mutants as host proteins modulator were explained in light of other deletions and mutations in corona virus
genome.
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Introduction

The SARS-CoV-2 is the causative agent of the coronavirus disease
2019 (COVID-19), a large global outbreak with severe public
health consequences and about million deaths [1]. The MERS-
Cove, responsible for several outbreaks since 2012 also has been
well characterized. The novel SARS-CoV-2 shares nearly 96%
similarity to the bat coronavirus isolate RaTG13, suggesting these

animals are the likely natural reservoir of the virus [2].

Thus, different animal, birds and whale corona viruses were
known since 2003 but human corona viruses were appeared in
December, 2019 at Wuhan province of China. Within 2 years few
thousand variants were sequenced and divided into Alpha, Beta,
Delta, Gamma as well as Omicron variants [3]. Analysis suggested
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that spike protein (1273AA) of COVID-19 had gone extensive
mutations and deletions than large polyprotein ORF1ab (7096aa).
The LPP, HV, VYY, FR, L and Y were major deletions occurred
in the spike whereas EPE insertion was also reported in Omicron
BA.1 variant.

Among the ORFlab deletions, KSF deletion in nspl domain
was found only in omicron BA.4 sub-variants and LSG deletion
found in omicron BA.l sub-variant whereas SGF deletion in
nsp6 domain was found in most Omicron and Alpha variants [4]
Dominant point mutations D614G and N501Y were important that
increased transmission and pathogenicity whereas ~30 mutations
mostly in the RBP domain were reported that were not found
in deadly B.1.1.7, B.1.617.2 and AY.103 variants. The E484A,
T478K, L452R and K417N/T, were very immune-modular
However, Omicron variants were less pathogenic and usually
did not require oxygen support and hospitalization unless co-
morbidity. Still pneumonia, cough and cold, chest pain, confusion
and headache were different symptoms that affected >630 million
peoples worldwide.

SARS-CoV-2 is a large positive-stranded RNA virus with~30000
nucleotides genome. It has structural proteins Membrane (M),
Envelope (E), Nucleocapsid (N), Spike (S) coded from 3’-1/3 part
of the virus independently but RNA-dependent RNA polymerase
was coded from nsp12 domain of ORF1ab polyprotein coded from
2/3 of the 5’-parts of the genome and such polyprotein was degraded
into sixteen polypeptides (nspl-nspl6) [5] The nsp2 protein is
RNA topoisomerase whereas Nsp3 and nsp5 are proteases. The
nsp6, nsp7, nsp8, nsp9 and nspl0 were small accessory proteins
involved in RNA polymerase replication complex [5].

The nsp14 and nsp15 are nucleases and nsp16 is methyltransferase
(C and as well as nsp13 is RNA helicase [6, 7]. Nspll is a small
peptide and function was not known. ORF3a, ORF6, ORF7a/7b,
ORF8 and ORF10 small proteins also coded from 3’ end of the
genome and have roles in regulating cellular genes [8]. Many
drugs were discovered against proteases and RNA polymerases
but vaccines were only important remedy that halted the corona
virus spread.

Attenuated virus vaccine was developed but engineered spike

protein DNA vaccine was very successful whereas mRNA vaccine
was also reported. Here, we reported that small ORFS8 protein
synthesis was hampered due to creation of TAA termination
codon in mRNA creating 26AA truncated ORFS8 protein. This
phenomenon was shown to reduce corona virus load and less
severe pathogenicity and likely virus was cleared by host immune
system.

Methods

We searched PubMed to get idea on published papers on ORFS8 and
also searched SARS-CoV-2 NCBI database using BLAST-N and
BLAST-X search methods. Multi-alignment of protein was done by

Multiline software [9] and multi-alignment of DNA by CLUSTAL-
Omega software (Sievers, F et al., 2011). 1st impression of ORF8
mutants was gained by Blast search of deletion boundary of 120nt
sequence and analyzing the sequences with 90-100% similarities.

Blast search of ORF8 full length gene used to get mutant ORF8
proteins with or without termination codon [10]. Then, the other
ORF8 mutants were detected by Blast-N search of TAA mutant
oligos as well as other oligos selected from point mutation
boundaries. Hairpin structure of ORF8 gene 222nt 5’-terminal
sequence was done by Oligoaniline 3.1 software (Integrated DNA
Technologies). The protein 3-D structure was determined by
SWISS-Model software (https://swissmodel.expasy.org/) [11].

Results

The genes and proteins in the corona virus (~30kb) and the sequence
of ORF8 protein were shown in figure-1. BLAST-N search first
selected three ORF8 gene TAA termination mutants (accession
nos. MZ212478, MZ294172 and OK234981) using A382 deletion
oligo. There was a G>T mutation at 27972nt causing CAA change
to 1st TAA termination codon and only 26AA ORF8 protein was
produced instead 121 AA. There was a 2nd termination codon
created at 68K amino acid codon (AAA=TAA) causing 68AA
ORF8 protein.

In accession nos. OP735325, OP735327 and OP735334, there was
a C>T mutation at 27964 causing ORF8 S24L mutation. However,
there was a creation of another G>T mutation at 28048nt in
termination mutants (accession nos.MZ212478, MZ294172 and
OK234981) causing R521 AA change. Another Y73C mutation
in the ORF8 protein was located nearby 2nd termination codon
(figure-2).

Then, we used 1st termination oligo and 2nd termination oligo
(Table-1) to select more termination mutants and multi-aligned
together (Figure-2A; accession nos. OP711844 and OP711836).
The 30kb corona virus genomes alignment was huge (>100
pages) so only the desired portions of the alignment were
shown in figures. Figure-2B showed unusual GHVMYV deletion
(5’-GGTCATGTTATGGTT-3") in the ORFlab polyprotein in
one termination mutant (accession no. OP711844) while all five
termination mutants had SGF deletion.

In figure-2C, we demonstrated that all five TAA mutants had HV
and Y deletions in the spike protein indicating Alpha (B.1.1.7)
variant type. Surely such variant also contained N501Y and
D614G dominant mutations in the spike protein required for
enhanced transmission and disease severity (data not shown). We
further aligned the spike proteins to confirmed the above finding
through genetic alignment that indeed 69HV and 145Y deletions
occurred (figure-2D).
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Table 1: Oligos selected at the TAA termination, point mutation and deletion boundaries used for BLAST-N search

1** Termination oligo

5’-agtcatgtacttaacatcaacc-3’

2% Termination oligo

5’-atgaggctggttcttaatcacccattcagt-3’

A382 deletion oligo

5’-tctatttgtg ctttttagec tttctgetat tecttgtttt aattatgctt attatctttt ggttctcgac gttegtgttg ttttagattt
catctaaacg aacaaactaa aatgtctgat-3’

L84S boundary oligo

5’-tacagtttcctgttcaccttttacaatta-3’

S24L plus 1st TAA codon oligo

5’-gtttacagttatgtacttaacatcaacca-3’

Y73C plus 2nd TAA codon oligo

5’-atgaggctggttcttaatcacccattcagtgcatcgatatcggt-3°
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Figure 1: Structure of 29980nt SARS-CoV-2 genome and its protein components. Complete sequence of ORF8 gene was given.

Ace.no. Date of siclation
MZ2123478-12-4-2021
ME254172-14-5-2021
OR234%81-3—&€-2021
OP71183€-2nd
OFT1lE44-1=t
MZE11574-12—-23-2021
OASB21TE-10—-5-2020
MR553415-20-5-2020
B—HT_DQEEJ.E. 2-12-201S
QPT7a5325-30-123-2020
op7353as—8—-1-2021
oPp735327-20-12-2020

I

MZIZ2124978-12-4-2021
MZIZ54173-14-5-2021
OR234581-3-€-2021
OP71183€-2nd
OF711844-1st
MZIE11574-12-2-23021
ORSAZLTE-LO-9—2020
HWS553415-20-5-2020
BE-WC 045512 2-12-2015
OPFT7252325-320-12-2020
OP735325-8-1-2021
op7asaaT-a0-1a-a0ao

ORFEregion
agtcatgtactiaacatcaac ::t:tg—t:.g—ttg:t;:.:: cgtgtoctattoacttotatt—2 79595
agtcatgtactiaacatcaaccatatgtagttgatgaocoocgtgtcctattcacttotatts—28000
agtcatgtactiaacatcaaccatatgtagttgatgacococgtgtocctattocacttotatts—2 7520
agtcatgtacttaacatocaaccatatgtagttgatgaoocogtgtoctattoacttotate—2T75408
agtcatgtactiaacatcaaccatatgtagttgatgaoococgtgtoctattcacttotats—27532
agtCcatgtactcaacatcaaccatatgtagttgatgaooogtgtocctattcacttotatt—27574
agtcatgtactcaacatcaaccatatgtagttgatgacococgtgtocctattocacttotatt—28020
agtcatgtactocaacatcaaccatatgtagttgatgaoocogtgtoctattoacttotate—27578
agtcatgtactcaacatcaaccatatgtagttgatgaoococgtgtoctattcacttotatt—20020
agtsatgtactcaacatcaaccatatgtagttgatgacoocgtgtcctattcacttoctatt—2T5082
agtsatgtactcaacatcaaccatatgtagttgatgacococgtgtocctattocacttoctatt—27502
agtsatgtactocaacatcaaccatatgtagttgatgaoocogtgtoctattoacttotats—2 75682

ARE BAEAAARAR ARAASRARARAARAARARARAREARARAEEARAARRAARE SRR RS

atgaggotggttcttaatoaccocattoagtgoatogatatoggtaattatacagtttoct—26 115
atgaggotggttc ttaatcaccocatto agtgcatcgatatoggtaattatacagtttoct—20120
atgaggctggttcttaatacccattcagtgratocgatatocggtaattatacagtttoct—208050
atgaggctggttcttaatcaccocattcagtgoatocgatatocggtaattatacagtttoct—200E0
atgaggotggttctaaatoaccocattocagtgoatogatatoggtaattatacagtttoct—208052
atgaggotggttctaaatoaccocattocagtacatogatatoggtaattatacagtttoct—20054
atgaggctggtictaaatoaccocattcagtacatocgatatoggtaattatacagtttoct—20140
atgaggctggttctaaatcaccocattcagtacatcgatatocggtaattatacagtttoct—28 058
atgaggotggttctaaatoaccocattoagtacatogatatoggtaattatacagtttoct—28 140
atgaggotggtictaaatcaccocattcagtacatocgatatocggtaattatacagtttoct—26 102
atgaggctggttctaaatocacccattcagtacatocgatatocggtaattatacagtttoct—26 102
atgaggctggtictaaatcaccocattcagtacatocgatatocggtaattatacagtttoct—268102

AEBESEAARARERSE BARSEAABEESREEE AESERRGEESEREREAARREEERARERES

Figure 2A: Multi-alignment of COVID-19 sequences demonstrating ORF8 gene TAA Ist termination codon (CAA=TAA) of which
four have also 2nd termination codon (AAA=TAA).
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Acc.no. Date of isclation

HZ213478-12-4-3031
HZ2541723-14-5-3031
OF2324581-3-€-2021
OPTl182€—2nd
OP7118449-1st
HMZ€11574-13-3-3031
OASA2LTE-10—5—2020
HN553415-20-5-20a0
B-RC 045512.2-13-301%
OF725325—30—12-2020
op7asaas-a-1-202l
OP735327T-a0-1a-3020

ORFlab region

acgttoggatgrtocgaactyoacctcatygtocatgttatggyttgagotggtagragaact—537
acgttoggatgotogaactgoacctocatggtocatgttatggttgagoctggtagoagaact—538
acgttoggatgotogaactgoacctocatggtocatgttatggttgagoctggtagoagaact —4 68
acgttoggatgotocgaactgracctcatggtcatgttatggttgagctggtagoagaact—40 €
acgttoggatgotogaactgoacctoat———HL-————— gagoctggtagoagaact—471
acgttoggatgotogaactgracctocatggtcatgteatggttgagotggtagragaact—501
acgttoggatgotogaactgoacctocatggtocatgttatggttgagotggtagoagaact—540
acgttoggatgrtocgaactyoacctcatygtocatgttatggyttgagctggtagoagaact —3 58
acgttoggatgotogaactgoacctocatggtocatgttatggttgagoctggtagoagaact—540
acgttoggatgotogaactgoacctcatggtocatgttatggttgagoctggtagoagaact —502
acgttocggatgotogaactgoacctocatggtocatgttatggttgagctggtagoagaact—302
acgttoggatgrtocgaactyoacctcatggtcatgttatggyttgagotggtagoagaact—503

MZ2123478-12-4-2021 tagtttg——IE ————aagctaaaagactgtgttatgtatgoatcagotgtagtgttact—11320

MZ2594172-14-5-2021 tagtttg———————— aagrtaaaagactgtgttatgtatgocatcagotgtagtgttact—11325
OR234581-3-€-3031 tagtttg———————— aagrtaaaagactgtgttatgtatgoatcagotgtagegttact—11355
OP71183€—-2nd tagtttg—————— aagrtaaaagactgtgttatgtatgratcagotgtagtgttact—11377
OF7118449-1at tagttbtg—————— aagrtaaaagactgtgttatgtatgoatcagotgtagtgttact—112E62

MZ€11574-12—3-2021
OASBILTE-10—5-2020
HN553415-20-5-20a0
B-WC 045512 2-12-2015
OPT735225—320-12-3020
op7asaas-a-1-202l
OP735327T-a0-1a-3020

tagtttgtctoggttttaagrtaaaagactgtgttatgtatgoatcagotgtagtgttact—11301
tagtttgtoctggttttaagrtaaaagactgtgttatgtatgoatcagotgtagtgttact—11240
tagttttctogttttaagrtasaagactgtgttatytatgratcagoctgtagegttact—1135%8
tagtttgtctoggttttaagrtaaaagactgtgttatgtatgoatcagotgtagtgttact—11340
tagtttgtctoggttttaagrtaaaagactgtgttatgtatgoatcagoctgtagtgttact—11302
tagtttgtoctggttttaagotaaaagactgtgttatgtatgoatcagotgtagtgttact—11203
tagttttoctogttttaagrtasaagactgtgttatytatgratcagoctgtagegttact—11303

Figure 2B: Deletion in the ORF1ab protein in few ORF8 TAA termination codon mutants.

Ace.No. Date ef isolation
HE2123478-12—-494-2021
HE254172-14-5—-2021
OR2234%81—-3—€-2021
OP711836—2nd TAA
OPT71lla44=-1=t THE
MZEL11574-12-2-2021
OARSE2ZLTE-10-5—2020
MKS53415-20-5—-2020
B—HC_UQEEJ.E. 2-12-201%
QOF725325—-20-12-2020
OP735325—-8-1-2021
OP735327-30-12-2020

HMZ213478-13-49-32031
HMZ254173-14-5-3021
OFR234581-3-€-2021
OP71l183€-2nd
OP711844-1st
HZE1l1574-13-3-32031
OASB217E-10-5-2020
HN552415-20-5-2020
B-WC_045512_2-12-2015
OPF735325-30-12—-2020
OP735825-8-1-2021
OF7a53aT-a0-12-30a0

Spike protein region
cttgttottacctttottttccaatgttacttggttocatgotatc——HV——tctgggac—217€2

cttgttottacctttottttococaatgttacttggttoccatgotate—————— tctgggac—217E2
cttgttottacctttottttococaatgttacttggttoccatgotate—————— tctgggac—2LE52
cttgttottacctttottttococaatgttacttggttoccatgotate—————— tctgggac—21711
cttgttottacctttottttooaatgttacttggttooatgotato—————— totgggac—2 LESE
cttgttottacctttottttooaatgttacttggttooatgotato—————— totgggac—21725

cttgttottacctttottttoocaatgttacttggttooatgotatacatgtototgggac—2 1780
cttgttocttacctttottttoocaatgttacttggttcoatgotatacatgtotctgggac—2 17268
cttgttocttacctttottttoocaatgttacttggttcoatgotatacatgtotctgggac—2 1780
cttgttcttacctttottttocaatgttacttggttccatgotatacatgtoctotgggac—2 1742
CHHtECELACCHE Ottt tCCaatgttacttgttccatgctatacatgsotctgggac—2 1742
CHHtECELACCHE Ottt Coaatgttacttgttccatgctatacatgtotctgggac—2 1743
dsasdasassaiasasaadgsasigraadAd g araAAr A A A AR daassaaaaa

tcaattttgtaatgatcocatttttgggtgtt— Y —taccacaaaaacaacaaaagttggat—2 1555
tCaattttgtaatgatocattt sttt t———tacCacaaaaacraacaaaagttggat —2 2000
taattttgtaatgatoccatstttgoggbgtt———taccacaaaaacraacaaaagttggat—2 1520
tcaattttgtaatgatcocatttttgggtgtt———taccacaaaaacaacaaaagttggat—2 1540
tcaattttgtaatgatcocatttttgggtgtt——ttaccacaaaaacaacaaaagttggat—23 1522
tcaattttgtaatgatcoatttttgggtgtttattaccacaaaaacaacaaaagstggat—2 1575
tcaattttgtastgatooatttttgggtgtttattaccacaaaaacaacaaaagstggat—232020
tcaattttgtastgatooatttttgggtgtttattaccacaaaaacaacaaaagstggat—2 1578
tCaattttgtaatgatoccatttttgggtgtttattaccacaaaaacraacaaaagttggat—22020
tcaattttgtaatgatococatttttgggtgtttattaccacaaaaacaacaaaagttggat—21582
tCaattttgtaatgatococatttttgggtgtttattaccacaaaaacaacaaaagttggat—21562
GCAAtEEEItaatJatcCatttttgggtytttattacCacaaadaacaacaaaagttggat—2 1583

Figure 2C: Multi-alignment of SARS-CoV-2 sequences as in (figure-2A) to show the deletion in the spike protein of ORFS8 termination
codon mutants. Deletion of 69HV and 145Y indicated that ORF8 mutants were B.1.1.7 variant.

Int J Clin Med Edu Res 2022 Volume 1 | Issue 6 195



S=0PEA733=11=-2=M021
S=0P711B49=4=5=-2021
S=0K234501 - 3-6-2021

S=HZF941 F2-14-5-2021

S-rAZ213478-12-4-2021
S=0PF11EIE=3=-2=2021

S=0P 7352 P=30=12=202

S=(IP 735325 Fi= 1 2=2012

S=MC_045512, 2=12=-201
S-0PF35334-8-1-2021

S=HT374101-Del0RFR
S=AS6119Fd=13=3=021
S0P 719954=1 F=6=2022

Conzensus

HB=0PG7 Fid=11=2=M021
S=0PFLLBAd=d=5=2021
S=0K23458 1 -3-6-2021

S-HZE041T2-14-5-2021

S=HZ213470=12=-4=2021
S=0PF 7 L1EIG=3=-2=M021

G=DP FISFET=Fip=12=2102

S=DPFISF2G=3ip=12=2102

S=MC_045512, 2=12-201
S-0PF35TI4-R-1-M021

S=HT374101-0=l0RFE
S=AI6119F4=12=3=M021
S=lPF19954=1F=6E=022

Consensus

1 n 20 30 40 B0 B0 FLl B a0 10y

1 . . 5
AFYFLYLLPLYSSICYRL T TETULPPAY THSF TRGYYYPOEYF RSSYLESTRULFLPFF SHY THF HAL==5GTHG TKREFDNFYLPF RIGYYFASTEESHI
HFYFLYLLPLYSSOCYRL T TRTOLPPAY THSF TRGY YYPOKYF RSSVLESTODLFLPFF SHY TUFHAT==5GTHG TREFDNPYLPFHBGY YFAS TERSHI
HFVFLVLLPLYSSECYRLTTRTOLPPAY THSF TREY Y YPDEVERSSYLHRSTOD. FLPMFFSHVTUFHAT=—=5GTHG TERFDMP YL PFREGYYFASTEKSHI
HFVFLVLLPLYSSHCYRLTTRTOLPPAY THSF TREYTYPDEVFRSSVLHSTOM. FLPMFFSHVTEFHAT—S5GTHG TKRFDMPYL PFRIGYYFASTEKSHI
HFYFFYLLPLYSSHCYRLTTRTOLPPAY THSF TRGY TYPDEVFRSSYLHST R FLPFFSHYTHFHAT-—5GTHG TERFDHPYLPFRIGYYFRSTEKSHI
HFYFLYLLFLYSSHCYHLT TETOLPPAY THSF TRGYYYPOEYF RESYLESTROLFLFFF SHYTHFHAI==5GTHG TKRFDNFYLPFRIGYYFASTEESHI
AFYFLYLLPLYSSRCYRLT TRTOLPPHY THSF TRGY YYPDEYF RSSYLHS T FLPFF SHY THFHAIHVYSGTNG TEREF DHPYLPF HOGYYFRSTEESHL
AFVFLYLLPLVSSOCYRLTTRTOLPPAY THSF TRGY Y YPOKVFRSSVLHSTODLFLPFF SHYTHFHATHVSGTNG TRRFDNFYLPF NGV FFRS TERSHT
HFVFLVLLPLYSSBCYRLTTRTOLPPAY THSF TRGYTYPDEVFRSSYLHESTOM FLPMFFSHYVTHFHATHVSGTHG TEKRFDMPYLPFRIGYYFASTEKSHI
AFVFLYLLPLYSSEC VL TTRTOLPSAY THSF TRGY Y YPDEVFRSSYLES TR FLIPFF SHVTHFHATHVSGTHG TKRFDHPYL PFEOGYYFASTEKSHT
HFYFLVLLPLYSSRCYRLTTRTOLPPAY THSF TRGYYYPDEVFRESYLYS TR FLPFFSHYTHFHATHVSGETHG TKREFDHPYLPFRIGYYFRASTEKSHI
AFYFLYLLPLYSSRCYNLT TRTOLPPAY THSF TRGYYYPDEYF RSSYLHST DML FLMFF SHYTHFHAL==5GTHG TKEF DNPYLPF RIGYYFRSTEESHI
AFYFLYLLPLYSSOCYNL T TR T0===5Y THSF TRGYYYPOKVF RSSVLHSTODLFLPFF SHYTHFHATHYSGTNG TRRFDNPYLPFROGYYFRSTERSHI
HFVFLVLLPLYSSOCYHLE TRTOLppa Y THSF TRGYYYPOKVFRSSYLESTODLF LPFF SHYTHFHAThw SGTHG TRRFDNPYLPFRDGY YFASTERSHI

101 200
1 " . . . |
IRGHIFGTTLOSETUSLLIVRRATRYY IEYCEF UF CHOFF LGY T =HENHESHEE SEFEYTSSHARRC TFEYYS0PF LDLEGEQENF KHLEEFYF KHLDGY
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Figure 2D: Multi-alignment of Spike proteins of ORF8 mutants as discussed above. The LPP deletion but not HV deletion indicated
accession no. OP719954 belong to an Omicron BA.2 variant. The 69HV and 145Y deletions indicated B.1.1.7 lineage.

Figure-3 demonstrated the presence of R521 (AGA=ATA) mutation
in ORFS§ termination codon mutants while in figure-4 similar
Y73C mutation (TAC=TGC) located after 2" TAA termination
codon was presented (accession nos. MZ213478, MZ294172 and
0K234981). In figure-5, we also showed the S24L amino acid
change in ORF8 gene without creating TAA termination codons.
But in other search we found S24L mutants with creating ORF8
1st termination codon (see, figure-7B). Such findings were done by
BLAST-X search of 60nt sequence with distinct mutation selected
through multi-alignment.

Next, we demonstrated the abundant ORF8 protein L84S mutants
as well as one 119DF two amino acids deletion mutant without
generating TAA termination codons (figure-6A). No 1% (not
shown here) and 2™ (boxed) TAA termination codons were found
in ORF8 gene L84S mutants. These sequences were selected
through BLAST-N search using L84S oligo (Table-1). Further, we
confirmed the variant type of such mutants demonstrating ORF1ab
and spike proteins deletions (figure-6B). The data indicated the
presence of LPP and HV deletions in the spike as well as 31ERS
deletion in the nucleocapsid (N) protein of corona virus confirming
Omicron BA.S variants (accession nos. OP733645, OP671680).

While accession no. OW221449 had only 24LPP deletion in the
spike plus 31ERS deletion in the N protein being an Omicron
BA.2 variant. Note that no 141KSF ORFlab protein deletion was
found which was a character of Omicron BA.4 variant. Neither
EPE insertion in the spike was found which was a confirmation of
Omicron BA.1 variant. Surprisingly, three Omicron variants ORF8
L84S mutants had 26nt 3’UTR deletion and characterization of
such deletion never been discussed before [ 12]. The other accession
numbers had no 157FR deletion in the spike and such variant were
earlier variants like Beta and P.1 with D614G mutation.

However, A382 deletion mutant used to select first TAA mutants
had D614 indicating primitive (2020) variant and such big deletion
in the ORF8 gene was limited!

Next, we selected more S24L. ORF8 mutations with 1% termination
codon oligo plus S24L oligo by BLAST-N search (figure-7). In
figure-7A we showed the alignment of many accession numbers
with 100% homology and 100% cover with the oligo and many
1 TAA mutants of the ORF8 gene selected (figure-7B) whereas
no mutation in the 2™ termination area was found. Given to the
fact, we yet to get a 2nd termination mutant only without 1st TAA
mutation.

Because, presence of 1% TAA created only 26AA ORF8 protein
and need for the 2" TAA not required then. It may happen that
there is a sub-genomic initiation site upfront of 2" termination site
creating more smaller spliced ORF8 mRNA and proteins [13].

In figure-7C we confirmed that among the many S24L ORF8
mutants accession numbers ON113700 and OU200773 were
B.1.1.7 lineage with spike HV and 1Y deletions as well as SGF
ORFlab protein deletion. But no Delta variant and Omicron
variant were detected in this search and thus other accession
numbers might be primitive corona virus isolates. As we continued
our search for TAA termination ORF8 mutants, we used 2nd TAA
termination codon Y73C oligo. It appeared again that although
we used 2nd termination oligo, we selected both 1% and 2" TAA
tarnation codons (figure-8). All B.1.1.7 variants were selected with
SGF deletion in ORFlab protein as well as 69HV+145Y spike
deletions (data not shown).

Only OP711842 variant has 63nt deletion in ORF7a/7b region.
Our attempts to get mutant with only ORF8 2nd termination codon
was failed. We do not understand what is the necessary of 2
termination codon as active 1* termination codon means no ORF8
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protein generates. We found that search with R52I mutation oligo
could not generated with a termination codon mutant. Further, we
used full length ORF8 gene (normal vs TAA mutated plus point
mutation vs TAA repaired plus point mutation) to BLAST-X search
and identified few mutant ORF8 alleles which demonstrated in
Figure-9A and figure-9B. In this search, we got V32L, P38S, R52I,
A65V,Y73C, K92E and V100L mutations in the ORF8 gene.

Then, we aligned the ORF8 mutant protein as shown in Figure-10A
and a phylogenetic analysis shown in figure-10B. Similarly, we
addressed the RNA structure in the ORF8 gene region and found
that no basic changes in hairpin structure was occurred between
normal and TAA mutated RNAs (figure-11). We further addressed
the overall 3-D protein structures of mutated ORFS8 protein but
with limitation, a compact folding was found as compared to

Ace. no. Daze of izalarion ORFE region

animal corona virus ORF8 protein available (PDB ID:7F8I).
Ramachandran plot also confirmed the alpha-helical globular
structure of the ORF8 protein. Such compact folded structure of
ORF8 protein was necessary to interact with host proteins.

In summary, our search generated many ORF8 TAA 1% termination
codon plus TAA 2™ termination codon mutants (accession
numbers, MZ213478, MZ394172, OK234981, OP711836,
OP711844, OP683545, OP711842, OP711837, 0X020484,
OP585720 and OW999874). Similarly, we demonstrated few
only 1st TAA termination codon mutants (accession numbers,
MZ497707, ON113700, OU200773, MW98643, OP735332 and
ONO084987). This confirmed that such ORF8 mutation created
no ORFS protein and likely reduced the severity of corona virus
mediated pathogenesis.

MZ2134T78-13-4-2031
MZ254172-14-8=2021
OE234581-3-E-2021
MZE11574-12-3-2021
(4) GASA21TE=-10=-5=2020
4 HNSS341e-20=-8~2020
B-HC 045312 3-12-201%
SPTA8338-30-12=2020
OFTa%a23-0-1-2021
OPTA833T=30=12=2020

CULAlATggtidtd tEaAgdgraggigCtitdidatcagric LAt Tgaatngrgogugg ~20085
CrASATggEAtAtTAAgrAggagrritdddaT AT C IR TAAT TyAATEgEgegrgg ~2A 040
CUAAATggTATATEAgAgTAggAgCTitiddAT CAQrACCENnAAT T AT EgEgogugg = 2T EE0
CTAlATggrATATEAgJagrAgIAgCtifRadatcagriccEEnAAT LgAATEgEgoguog—2A 024
CTAAATOQTATATEAgAgEAQTAgCTigRAdAT CAQrACCEN AT TAATEOQEgogugg 2080
CTAMATOgTATATEAgAgrAGAgCTigRadAt CAQrAC R AT TyAATEQEgegugg-2A0a R
CLAlATggTAtATEAgAgTAggagCtighalatCAQEACCEE AT EJaATEgrgogrgg=2A080
CrAAATgQTAtatragagraggaigitigRidatcagraccntaattyaacegrgogrgg-2A042
CtilATggtatattagigraggigcrifiidatcagraccoutaantgaasegugogrgg 20042
CUAAATOQTATATEAgAgTAggAgCTigRAdAtCAQEACE LA EgaATEoEgegrgg=2A0d 2

D

MZ213478-12-4-2021
blascX-0ORF3

CLAAATgYTATATCAGAGTAGYAYCTATAAAAT CAYCACCEECAATEJAATEOEgCgTgg

28055

ORF8 protein [Severe acute respiratory syndrome coronavirus 2]

Sequence ID: UCOT5928 1 Length: 121.
Score Expect Methad
43.9 bits(102) Te-04
Query 3 EWYIRVGAIESAFLIELCV &35
. WY IRVGAIESAFLIELCV
(E) Sbhjct 44 HEWYIRVGAIKESAFLIELCY &2
B-HC 45512 _2-12-2015
blascX-Wuhan

Compaosition-based stats.

Positives

19/19(100%)

Identities

19/19(100%)

CCAAATgUTATATtAgAgTAJJAgCtAJAAAATCAgCACCETTAATEJAATEgEgegEgy 28080

ORF8 protein, partial [Severe acute respiratory syndrome coronavinus 2] Sequence I1D: UMC 21945 1 Length: T2.

Score Expect Method Identities Positives
43.5 bits{102) 2e-04 Compaosition-based stats. 19/19(100% ) 19/19(100%)
fuery 3 EWYIRVGARKSAPLIELCY 535

EWY IRVGARESAPLIELCY
Sbjet 44 EWYIRVGAFESAFLIELCV €2

Figure 3: Detection of R521 (AGA=ATA) mutation in ORFS termination codon mutants (accession nos. MZ213478, MZ294172 and

0K234981).

Int J Clin Med Edu Res 2022

Volume 1 | Issue 6 [197



Ace.no, Dare of isolaton ORFE 2nd TAA region v7Ic

MZ213478-13-4~2021 AR C LI CtAd T CACCCAT AT CAtCAtATCggrAAt TAtACATTEEC e 211
MZ254173=14-8~30321 AT ggTE e AT A S AT AT e AL E AT A S STIANERAT A Ry EReen =20 130
OF234591-3-€-2031 ATGAgICTgFTEct AT CACCCATECAEgCAtCqAtAtogTtaat taAtAcagEEEccE =20 050
MI€l1sT4-12-3-2021 atgRaggctgFttctasatoacoocaticagtacatogRtatogytaattatacagtroct —I90F4
ORS8217E-10-5-2020 atgaggctggttctaaatacccattcagtacatocgatatoggtaattatacagtttoct —28 140

() uwss2418-20-5-2020 AtEgQYCLPITiCtddatrAcCCAtiCajticatCgRtatogytaattatacageeccs —2A 068
B-HC 045513 2-13-301% AR C LTt CTdddtCAC CCAT S CAJtdCAtCAtATCogyaattatacageeeoos —2A 140
GP?J‘E&S E=30=12=23020 AR e e T AAA T CACCCAL S A TAC ARt AT QAR EATAC Ay EEee =2 102
OFT3#5334-8=-1-2021 AT AgYC Tt C T AAAT CACCCAT S ATTACATCATATCgTTAAT T AT ACAgEEECCE =20 102
QFT3532T7-309-12-2020 atEgFstyFttctaaatoacssaticagtacateg@tatogytaattatacagtttect ~ 20103

fhEsdddEaadnaas GEdEdBanadEaERa GGl EdEsEddiEdd s aE s ERadE Bl

MZI213478-12-4-2021 atgaggctggttcttaatcaccocattcagtgocatogatatoggtaattatacagettect 28119
blastX-0RF3

ORF8 protein [Severe acute respiratory syndrome coronavirus 2]
Sequence lD: QVU06321.1Length: 121.

Score Expect Method Identities Positives
39.3 bits(90) 0.030 Composition-based stats. 18/19(95%) 18/19(94%)
Quezy 32 EACS*SPIQCIDIGHYTIVSE &S

(8 EAGS SPIQCIDIGHYTVS

Sbjot €4 EAMGSESPIQCIDIGHNYIVS 82

B-NC_045512.2-12-201% atgaggcotggttcotaaatcacoocattocagtacatogatatoggtaattatacagtttoot 283140
blastX-Wuhan

ORF8 protein, partial [Severe acute respiratory syndrome coronavirus 2] 5equence ID: UHRS332 9. 1Length: 90.

Score Expect Method Identities Fositives
43.9 bits(102) 3e-04 Composition-based stats. 19/19(1009%) 19/19(100%)
Cuezy 2 EACSESPIQNIDIGHYIVS &S
EAGSESPIQYIDIGHYIVS

Ebjot €4 EARGSESPIQNIDIGHNYIVE 82

Figure 4: Demonstration of ORF8 gene Y73C mutation (TAC=TGC) located after 2nd TAA termination codon. (A) Multi-alignment of
ORF8 mutants and (B) BlastX search to get mutant AA.

2nd terminatjon codon

Acc. po. Date of isclarion ORFE protein region
HI3134TE-13-4-2031 AT AT AT AAS AT M C AT AL AT E AR COgUGT e AR TS ACTRCTATT S TR IR
HIZF41TI=14=8~2021 AFEEARFTACTLAMCARCAM CATALTIATIEA RS CEgUFtECTAT R AR R AR I B000
CRII4FEL-3-E-2031 AR ATgTACTIAMC AT CAM CATATSTATEgATGAC CoguETEcTATECACERCRARE I TRID
HZE11$74-13=3~2021 AFECARgUACTCAMCATCALCCATALTIAUEAAC COgUtCCTATRC AR rAR R I THTY

[A) CASE82LTE-10-5~2020 A ATgTACECAACATCAACCATATTEATTEFATAC CEgETECTATECACERERATE 28020
HEASI4L=20=8=2020 A AT AL AR A C A C A AL AT EgAT AL CEQUgIEECTATE LA ErEAnE 2T 5TH
B~-WC 043813.3-13-201% AgECAtgtACtSAACATCARCCATATgEAgTEATgAC CCgETCCtATECacsecrans 28020
OF725328-20=12=2020 AT ALgTACECAAC AL LA A AL AT EJATgRA L CEQUgIEcatcrarsErEase 27582
SPT38334-0-1-2021 AgTtatgtiCtCaAACAtCARCCATALgEAgtEAt A COgEICCtATECacsEcsans 2 THA2
OFT2833T-20-12-2020 AT ATgrACECAAC ATCAMC CATA LgLAJTEgATgAC COQEQUCC At CCACTECEaAnE 2 T 503
s as Ilf_-llil' IR RS R LI R R R R RIS R R T ERER SRR EERLEEEEE ]

HIZ1MT8-13-4-2021 aﬂji TLAACATCAMCCATALGIAJIEQATQAC COQUyTECE AT CACEECEATL I THES
blastX-0RFS
ORF8 protein, partal [Severe acute respiratory syndrome coromnavirus 2] Sequence ID: UAM184 14.1 Length: 55,

Scone Expect Method Identities Posiives

() 42.0 bits(97) 0.001 Compositional matrix adjust. 18/19(95%) 18/19(94%)

Quezy 3 @ SCIYHQPYWDDRCPINFY &5
SCT HOPYWDDPCPFIHFY
Skgetr 24 SCIQHOPYWDOPCPIHFY &2

QPTINIT-30-13-32030 A AT AL AL AT AL C A A AT AR CE g IC S T AR TS AR EL TATE 2 TEED
blascX-0RF8
ORF8 protein, partial [Severs acute respiratory syndrome coronavirus 2] Sequence ID: UDHESZ30.1Length: 84.
Scone Expec Method Identities Positives
() 454 bits(106) 8e-05 Compositional matrix adjust. 19/19(100%) 19/19(100% )
Cuezy 3 LCTCHOPYWODDRPCPIHEY &5
LCTOHOPYWIDDPCPIHTY

Sbjet 24 LOIQHQFYWDDPCPIHEY 42

Figure 5: Demonstration of S24L amino acid change in ORF8 mutant without creating TAA termination codons. But in other search we
found S24L mutants with creating ORFS 1st termination codon (see, figure-7B).
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e
Figure 6A: Demonstration of abundant ORF8 protein L84S mutants as well as one 119DF deletion mutant without generating TAA
termination codons. No 1st termination codon (not shown here) and 2nd termination codon (boxed) were found in ORF8 gene L84S
mutants.
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gtttgtgggooctragattraactggragtaaccagaatg—— """ """ gtggggogog 28308
gtttggtggaccotcagattcaactggoagbaaccagaatggagaacgcagtggggogogy 20311
gtttggtggaccctcagattoaactggoagtaaccagaatggagaacgoagtggggogog  2022€E
gtttogtggaccctcagatttaactggoagtaaccagaatggagaacgoagtggggogeg 28332
gtttogtggaccotcagattmaactggragtaaccagaatygagaacgoagtygggogogy  363ES
gtttggtggaccotcagattcaactggoagbaaccagaatggagascgoagtggggogogy 20365
gtttggtggaccctcagattcaactggoagtaaccagaatggagaacgocagtggggogog 20280

gggaggacttgaaagagocaccacattttoacc as707
gggaggacttgaaagagocaccacattbboaco 25E55
gggaggacttgaaagagocaccacattttoaco 25EE2

gggaggacttgaaagagcoaccacattttraccgaggyoracacggagracgatogagtgt 39651
gggaggacttgaaagagocaccacattbtboaccgaggocacgoggagtacgatogagtgt 25706
gggaggacttgaaagagocaccacattticaccgaggocacacggagtacgatogagtgt 28712
gggaggacttgaiagagccaccacattttaccgaggocacacggagtacgatogagtgt 25749
gggaggacttgaaagagooaccac cocgaggccacacggagtacgatocgagtgt 25749
gggaggacttgaaagagcoaccacattttoaccgaggos =:q:qq'=qt.a:qat.:q=.gtqt. 357TED

Figure 6B: Demonstration of differential ORF1lab, S, N and 3’-UTR deletions in ORF8 L84S mutants. The accession nos. OW221449,
OP732645, OP671680 were Omicron variant with ERS N-protein deletion. The OW221449 is omicron BA.2 with no 69HV deletion
whereas both OP732645 and OP671680 are omicron BA.5 as no 141KSF deletion for BA.4 variant and no EPE insertion for BA.1
variant. However, we did not find B.1.1.7 variant here.
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Figure 7B: Selection of more S24L ORF8 mutant with 1st TAA termination codon oligo but no 2nd termination codon was generated

here.

At PRGN

ARG
ChCEar 1
L
WEITITBE N

rHT Y
MIITMATY
QUITT)
SR
WL812IT5 1
LRt 1
DURideTR Y
MITRGES
AL
Sl 1
LA# B i

Sequences producing significant alignments Download ~  Selectcolumns ~ Show | 100 | @
B scloct ol 100 sequsnces sencna Genflank Graphes  [Distance oo of oty MSA Viewer
- - - -
B Sovescube seitaion sysdoess Comnaine, vl SAS Colt I nenandISANEAOTAT 20T ORF Rk ooy Sotsacsiaces - S8 SBO |900% | Jed4 | MOON TR
B Sacern scule sesciaton sytdkacss Coranivive I nclate SARS Colf 2 human ST MRO000 ORF Tab oobver - Seesvaacetares S0 SAD [ 06% | Jeod | w0 00% [eT
B Sooesscue reseiatan sosdeses Corsaina I incloe SARS-Col-2hwmandiEARCe tH USA D WVREF ] Seeceacsteres S50  SHO | 908N | Je3S | MOS0 FRETS
B S scuts st sovdrens corsmanine § notine SARS-Cov-Minman SANN COCEORIEIEIN  Sramacaeces W6 SBE |1t | Dedd | HOBON fieta
) Soece acule seseiahon: sveskeess corseuing ! bolele SASS Lot MumnUSANYISSAM OB abe  Seoaceaceleces WO SBO | 400% | Je-04 | HOMO% RS
B Srs eoute seded oy vsdeee corgnavine § it SARS Gl Mneman UDAMY NP 1 MAHETE Srmmacsteres M0 S0 | BN | Jeld | OMN [BNER
B Grvern scute soies stoty yymdegess forsnarre [ petae ayiesbdy theemonorm 1 Srmaacasres M8 BAG | BN | Jedd | WOMN FRBL
u S L ISR S TRE I R e BT TS T et I EED e s e Seapiacdsres - 89 SA0 |0 | 2edS | MOW% el
B GSoomwecue cosianon poderees Conandne 2 oloe SARS-Colr IiumanSAR -COCLOMTISIOAN O Soaadiares S8  SBO | 900N | Jeds | MOWN FiNE
B Gooeects cosed eten sveders Coritana L et avieslt e smaar 1 Srmmacasres . MO RS | 0N | Jedd | HOMN PR
B Grees ot seves phon pysdepes fovnarien Joggeders synemily fompioty greces monogaty Sromesdsres S0 A0 | | Je-dd | HOMN B
) Gwers acule cossiraborn pesdepess Corpindngs  inolite SARS Co Mwman USACO COC MRS 1V Seemacderes S8 588 [1iew | dedd | Wdcew e
Er v L ST S TR Pt B T T et PR e G e s ) TGS S0 S80 | TON | JelS | MOMON FeEl
SeaniE L oubE Fr RO NS O e aaamhly chremenaera 1 Sooamaceteces W0 SR | 00N | 2e0d | MOBON RSR
B Sooenecus e s vedeeee Corstadina, 2 st SSAE-Col I nman ANSATE-COCASCIIMO I HEDY  Sramacaderes M0 SAO0 [100% | 2edd | MOWON FeSE

Figure 7A: Selection of more S24L. ORF8 mutation with 1st termination codon oligo by BLAST-N search.

Acc.no. Date of isolation
HZ457707-24-4-2021
OM113700-30-3-2021
OU200773=3=5=2021
HW73133€-11-2-2021
HWSE€243=0-3-2021
0P735332-8-1-2021
OMN02498T=T=10=2020
HC 045512 _2-12-2019

HZ457707-24-4-2021
QH113700-20-3-2021
oU200773-3-5-2021
HW73133€=-11=-2=2021
HWSBES843=8-3-2021
OFT35332-8-1-2021
OMND24527-T7-10-2020
HC 045812 2-12=-201%

MI4597707-24-4-2021
OM113700-30-3-2021
QU200773=3=5=2021
HW731336-11-2-2021
HWSEE€243=2-3-2021
OP735332-8-1-2021
CH0B458T=7=10=-2020
RC_045512 .2-12-2019

HZ457707-24-4-2021
OH113700-30-3-2021
oUzZ00773-3-5-2021
HW731336-11-2-2021
HWSE8E843=2-3-2021
OF735332-8-1-2021
ONO24527-T-10-2020
HC 045512 .2-12-201%

Sz‘“'!l ‘ 1zt termination codon generared in most

agttatgtacttaacatcaaccatatgtagttgatgaccogtgtoctattcacttctatt
AgtTATgTACTTAACATCAASCATATTAgTTAtJACSCgEgE O TATECASTTSCATE
agttatgtacttaacatcaaccatatgtagttgatgaccogtgtoctattcacttotatt
agtyatgtactyaacatcaaccatatgtagttgatgaccocgtgtoctattcacttChatt
agttatgtacttaacatcaaccatatgtagtigatgaccogtgtortattcactictast
agttatgtactcaacatcaaccatatgtagttgatgaccogtgtoctattcacttotate
AgtTAtgTACT T AACATCAACCATAL T AQLTgATacCogEgtoCtATECASTTCTALE
agroatgtactcaacatcaaccatatgtagttgatgaccogtgtoctattcactootatt
L CE R LR R R R
ctaaatggtatattagagtaggagotagaaaatcagocacctttaattgaattgtgogtgg
CTAATIYTATATTAgAgTATJAgCTAT AR AATCAJCACCT L AAT QAT T goTTYY
ctaaatggtatattagagtaggagotataaaatcagoacctttaattgaattgtgogtggy
CTARATTgTATATTAgAgTATGAGCTAKAAAATCAQCACCTTTAAT TOAATTOTgCTT Y
ctaaatggtatattagagtaggagctagaaaatcagocacctttaattgaattgtgogtgg
CLARATggTATATLAJAgTAggAgCLAJAARAT CAQCACCELLAAT L JAAT CTgogLgy
ctaaatggtatattagagtaggagotagaaaatcagoacctttaattgaattgtgogtgy
CLAAATIgTATATEAgANTAYgAgCTATAAMAT CAGCACCEETAAT L QAAT SO OY
EEA RN RN R AR AR AR R A AT R AR RN AR AR RN AN AR NN

Region of 2nd rermination codon but ne A>T mutarion here

atgaggotgytictidaatcacccattcagtacatogatatoggtaattatacagittoct
atgaggctggttctaaatcacccattcagtgoatogatatoggtaattatacagttooct
atgaggotggttctaaatcaccoattcagtgoatogatatoggtaattatacagrttoct
atgaggctggttctaaatcacccattcagtrcatogatatcggtaattatacagtttoct
atgaggctgytictasatcaccoattcagracatogatatogytaattatacagrttoct
atgaggcotggttotaaatcacccattocagtacatogatatcggtaattatacagtttoct
ATAg eIt et AAAT CASCCAT AT ACATCTATAT OOt AAT AT ACATTEECCT
atgaggotggttotaaatcacccattoagtacatogatatocggtaattatacagtttoct
AENTAFEAEEERAEA AT REBEE TN RO NN SR AAA R AN EAEEEA RN EOE AN
cgttctatgaagactttttagagtatcatgacgttogtgttgttttagattttatctaaa
LT CTATJAAgAS T LI TAAg AT CATJACgTECgTEEgT T ETAgAT TTCATCT A4S
ogttotatgaagactttttagagtatcatgacgttogtgttgttttagatttocatctaaa
COL oAt gAMgAS LA Ag AT CATJASgTESgTyE LS CTAQAT T ECAT ST AAR
cgttctatgaagactttttagagtatcatgacgttogtgttgttttagatttcatctaaa
COttChatgJaagactttttagagtatCatgacgtiogugtogtttiagattooatctaaa
cgttctatgaagactttttagagtatcatgacgttogtgttgttttagatttcatctaaa
cgttotatgaagactttttagagtatcatgacgttogogtogttttagatttoatotaaa

28008
27963
279712
28017
278990
27582
27524
28020

28068
28023
28032
28077
28050
28042
28044
28080

28128
28083
28082
28137
28110
28102
28104
28140

28248
28203
28212
28287
28230
2g222
28224
28260

ORFE cermindfion codon
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Ace.no. Date of izolation ORFlab protein region

MZ457707-24-4-2021 tagtttgtcotggttttaagctaaaagactgtgttatgtatgoatcagotgtagtgttact 11328
OHL13T)0=30=3=2021 CAJTLLg===SG === AR gCT AR AAGACT QT T AT gTATQCAT CAgC T T A TYTTACT L1252
OO200773-3-5-2021 tagtttg——————= aagctaaaagactgtgttatgtatgoatcagotgtagtgttact 11301
MW731336-11-2-2021 CAgTTTgTCTgY T T TAAgCT AR AAgACTUIgTTATgTATgCAT CAgCTyTAgTgTTace 11337

MWS8EB43=8-3-2021 tagtttgtctggttttaagctaaaagactgtgttatgtatgeatcageotgtagtgttact 11310

OFT38332=8=1=2021 TagttIgTCoLgyTittaagctaaaagactgigrtatgratgeatcagengtagtgrracs 11302

oM0E84987-7-10—-2020 tagtttgtotggttttaagctaaaagactgtgttatgtatgoatcagotgtagtgttact 11304

HC 045512.2-12-201% Cagttigtolgyttttaagciadaagactgigttatgratgcatcagotgtagtgrracs 11340
L O O T T O O T O A AR A T

f Spike protein region

HMZ457T07=-24-4-2021 cttgttottacCctttottttocaatgttactoggtcocatgotatacatgtctotgggas 21768

OHL13700-30-3-2021
oU200773=-3=-5-2021
MW73133€=11-2-2021
HWSBE843ma-3-2021
QF735332-8-1-2021
OHOB4587=-T=-10-2020
RC_ 045512 .2-12-2015

HZ457707-24-4-2021
CHL13700-30-3-2021
OU200773-3-5-2021
HWi3l33e-11-2-2021
HWSBE843=8-3-2021
QF735332-8-1-2021
OM084987=-7-10-2020
HC 045512 .2=12=2015

Accno, Date of izolation
RC_045512.2-12-2015
OPeg3545-27-6~-2021
OFT1l1842-13-4-2021
OFTLlLB3T-3-2-2021
OX020424-24-4-2021
OF585720=1=1=2021
OWS559874-26-2-2021

HC_045512.2-12-2015%
OP633545-27-6-2021

cttgttocttacctttotittocaatgttactiggttoccatgectate-HV---tctgggac
cttgttcttacctttottttocaatgttacttggttocatgetate———=~ tctgggac
cttgttottacctttottttocaatgttacttggttocatgoetatacatgtototgggac
CLEg L e L ACC T L e L L CAAT gL ACTLggLtCCATgCTATACATI Lo CTgggac
cttgtitcttacctttottticcaatgttacttggttocatgotatacatgtotoctaggac
gL A eI O L L CAAT YL ACT gL CCATgCT ATACATY T CTCTgggac
cttgttottacctttottttocaatgttacttggttocatgotatacatgtototgggac
N o Ak EE A e
tCcaattttgtaatgatccatttttgggtgtttattaccacaaaaacaacaaaagrttggat
CCAATLTLTAATgATCCATI IS LggETgtt=Y~taccacaanaacaacassagerggac
tcaattttgtaatgatocatttttgggtgtt———taccacaaaaataacaaaagttggat
LCRAtLTTYTAATgaAtCCATt T L EYgUTgtitattaccacadaaacaacaaaagooggac
CCAAtLtTgtaatgatoCcatttttyggtgtttattaccacaaaaacaacaaaagttggat
TCARatIiTgtaalgatocatttitgggtgtitattaccacadaaacaacaaaagorggat
CCAAttttgtaatgatocatttTtgygtgtttattaccacaaaaataacaaaagrtggat
tcaattttgtaatgatocatttitgggigtttattaccacaaaaacaacaaaagtoggat

I O O O A A A U O A U A A LU I O A I O R U O

ORFE gene region of SARS-CoV-2
agtcatgtactcaacatcaaccatatgtagttgatgaccogtgtootatiocacttictatt
agTcatgtacttaadcatsAACCATATgTAgTEgATJACC ST oo TATESASTECTATT
agtcatgtacttaacatcaaccatatgtagttgatgaccogigtootaticactictatt
AgTCATgTACT T AACATCAACCATATOLAgTLgATgACCOgTTOCTATTCACTLCTATT
agtcatgtacttaacatcaaccatatgtagtigatgaccogigtootattcactictatt
AT CATgTACT L AACATCAACCATATLAgLLgATgACCCOQEgTOCTLATCCACTLCTALT
agtcatgtacttaacatcaaccatatgtagtigatgaccogigtooctaticacttctatt
F R I E R I O T R E R R R R E R R R r  F R R R  F E R I E R I EF R I F IR TR NS

Termination codon
CTAAATOUTATATTATATT ATYATCTATAAAATCATCACCT ST AAT S JAAC Ot Y
ctaaatggtatattagagtaggagotataaaatcagoacctitaattgaattgogogtgg

2172¢
21735
21777
21750
21742
21744
21780

22008
215€3
21572
22017
21550
=L8e2
21584
22020

Figure 7C: Deletions in ORFlab and spike proteins of S24L mutants to demonstrate few ORF8 S24L mutants are Alpha variant
(accession nos. ON113700 and OU200773) but not Delta or Omicron variants.

28020
27563
27884
27548
22002
27548
28002

28080
28023

OP7ll842=13=4=2021 CLAAATOTTATATEASAS T ASTASCTA AAAAT CAJCACCITEAAT T TAAT IOy 27544
OPTL1837-3-2-2021 ctaaatggtatattagagtaggagcotataaaatcagoacctttaattgaattgtgogtgy 28008
ORO20424-24-4-2021 CTAAATgYTATATIAJAgT AJYAgCTAT AAAATCAgCACCTIEAAT T JRAT T gogL gy 28062
OP585720-1-1-2021 ctaaatggtatattagagtaggagotataaaatcagoacctttaattgaattgtgogtgy 28008
OWS559874=-26-2=-2021 ctaaatggtatattagagtaggagotataaaatcagoaccittaattgaatigogoggy 28062
R A o A i o A o A A A O A O T A O I O
Foint mutation and no terminatin codon
HC 045512 2=-12-2015 atgaggotggttotaaatcaccCcattCcagtacatcgatatoggtaattatacagettoct 28140
OPEE3545-27-6-2021 atgaggotgyttcttaatcacccattcagigoatcgatatogytaattatacagtttoct 28083
DOPF711842-13-4-2021 atgaggctggttottaatcacccattcagtgoatogatatoggtaattatacagottoct 28004
OF71l1837-3-2-2011 atgaggcotggttottaatcacccattcagtgoatogatatoggtaattatacagtttoct 28088
OX020484-24-4-2021 atgaggctggttottaatcaccCcattCcagtgoatogatatoggtaattatacagettoct 28132
OF585720-1-1-2021 atgaggotggttocttaatcacccattcagtgoatogatatoggtaattatacagtttoot ZE0E8
OW9595874-26-2-2021 atgaggotggttottaatcaccCcattCcAgtgcatogatatoggtaattatacagoetect 28122

L O L e

Iirmd.nr:ign codon point mucation

Figure 8: Selection of ORF8 mutants using 2nd TAA termination codon oligo with Y73C mutation. All B.1.1.7 variants were selected
with 3675SGF deletion in ORF1ab protein as well as 69HV+145Y spike deletions (data not shown). Only OP711842 variant has 63nt
deletion in ORF7a/7b region. We found that R521 mutation could not generated with a termination codon.
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B~KC 045%13.2=13=201% (Fuhan cerona vizus ORFD gene)

AT ETTCE T TR Lt T Agaat CatSac aa T Tagitgcat ticatCaagRatJtags taca gt atgractcaltatcaacCatatgragtrgatgacce
b ot T e e e ot e LR b e b el B R E R AR e e s A e R e R o e e b p o sty Bl s b e R R Tt 2
agtacatogatatoggtasttatacaghtsorgtttaccttttacaattaattooraggaacctazattgggragtoTtegtagrgoghtgttogrictatgaagas
BELLEAGAgEALSAL A gL EgLg T L TR L AQAT L ECARE LA

&

ORFE prodein [SARS-CoV-2, Accossion no. NC_045512 2] Sequence ID; ¥P 008724396 1 Length: 121,

Seera Epaxct Method [ebertitias Postives
251 kit={G42) Teebi Compositional matrix adjust. 123/121(100%) 121124 (1009)
Quaery 1 HRD LV LI I T VAR L T F W VIDPC P I SRR T IRV AR FIARLIEL 100

L LG I T A T L S L O S CTOH O PV DR T R TV W T IRV RARR S AR L IEL
Sbjet 1 MR E LV LI TTTVAAFHCEC LS CTOHOMY VU IDRCT INEFY SR Y IRVCARFSADLIEL &0

Query 181 COMEAMGERIEIQYIDI@NTYICLFFTINCQEEFIGALYVRCSEYEDFLEVHDWRYVIEEL JE1
ARSI ID IR TV AL IT INCQEFFILGI LV VRO IEDT LEXHDVENY VLDTT
Sbjee €1 CMOEAGSREPIOYIDI RN TVICLAMITINCOEFRLES LVVRCIVEDLEXHDVENVVLIET 131

CRZI34501=3=£=3031 (CRIE gene with tws TAA mermination Sodens)
AT TR g T e R T T faaATCa b c A c g tgratr teacEaaRatJtagrrtacagraatgractradcatclaccatatgragergatgaoce
b - A T b R S e e b E - R b e R o e A R - b E o = e A Tl ko

agtg £ gtaattatacagttbtoctgbtttaccttttaraattasttgooaggaacctasatbgggtagtottgtagtgogttgttogttctatgaagae
LA AR A gL O g G EE L AR L B ARE Y A

ORFE prodein [SARS-CoV-2, Acoession ne. OLTISEET] Sequence I0: UFXBETSS 1 Length: 131,
Soore Expeact Methed Idantities Pasitives
243 bits{519) 1==80 Compasitional matrixc adjust. 119/121(98%) 1197121 (38%:)
Query 1 HR LV L I I T A C LT O F WV DDEC P INMY SR IRV RAIFALELIEL. 10D
MLV LG I I TVAAMHEECSLOSCT HoPY VW DDPCPIHEY ST IRYGAIRSAPLIEL
Objet 1 LY LI I TV AA PHCEC S L OSSR Y EORC P INEY SN Y IRV GATRSARLIEL €0

Quezy 181 COVDEAGE'EIFIQCIDIGMYTVECIFEIINCIERFEIGILVVRCSEIEDFLEYHDARNVIDEL J€1
CVDEAGS SPIQCIDIEN TV L ITINCEFFLGI LV VRO IEDT LEXNDVEN VLDET

Sbjct €1 COVDEARGSFIPICCIDIGNTVSCLPITINCOERPRIESIVVRCETYEDILEMDVENVIOFT 121
ORFE profein [SARS-CoV-2, Acosssion no. MEZMIENT] Sequence ID: QUEZIS4AE {Length: 121.
Scora Expeact Mathod Idantities Positivas
229 bits(610) 2=-79 Composiional mrskro: adjust. L1TFL2L{57%%:) 118/ 121(573%%:)

Quazy 1 HFRFLVFLGITTTYAAFHCECELCSC T  HORYUVIDECRINFYSENY IRPGAIFSARLIEL. 18D
HRFLVFPLGITITVAAFHCECTELGACT HOFYSTDDECFIHFYSENYIRYRA FAARLIEL
Jejee 1 HR LV LG I I TV AR C L O TN FYLVDDEC P INCY SFEN L IRV-ABFAAELIEL 50
VIzL E321
Gasry 18L CVDEAGS SPICCIDIGNTIVECLIPFTINCQERFLGELVVRCEFYEDFLEYHIVENVLINFT  2€l
CVOEAES SRIGCIDIGN TV LT INCGE FRIGS LV RCSF T EDE LE TR VLLET
Objes €L VDEAGIR AT e IO I Ty B L PFT INCEFFLGALVVRCST Y EDFLEYHDWRYVIOET 131
DRFE prodein [SARSCoV-2, Acosssion ne. MZ31636 Sequence ID: QWERATIZ ILengih: 121,
Score Expaact Method Identities Positives
239 bits{510) 22-749 Cormpasitional mabrbs adjust. 1171215788 ) 1187121 (578
Quezy 1 HRFLV LG I TT TVAAFHOEC LGS CT  HOFY WV DR CFINFY SFN Y IRFGATFIARLTEL.  1HD
HRTLVILGIIITVAANNECTLGICT HOFYWVDDECP I AW TIRY A FAAFLIEL
Sbist 1 MLV LI T TVRAFHGEC L OSCTORG MYV DIRCPINEY SEWY IRVGARESARLIEL &0

Quezy 181 OMEMSSZRIQCTDIANTYICIPETINCOERFLGILYTRCSTYEDFLEVHDARYVIEET Q&L
CVDEASS IPIQCIDIGNN TV ICLPIT INCO* EFIGALVVRCE IEDF LEYIDWRYVILOTT
Jbjce €1 OV EAGIFIFIOC ID IS TVICLPITINOORFFLGILVVRCH TEDTLEMMDVEVVLIT T 121
ES2E

Figure 9A: Demonstration of new ORF8 mutation by BLAST-X search of full length ORF8 gene. (A) Wuhan corona virus ORF8 gene
analysis and (B) two TAA termination ORF8 gene analysis.
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OR234581-3-€-2021 repaired two termination codons (full length orff genel
itgaaatttottgttttottaggaatcatmacdactgragitycatttcaccaaguatyragrttacagtcatgtadctcaacatcaactatatgragrtgatgacco

(&1 QEQEoCtAtECaCt o tattCadatggtatat tagagraggagrtatddadatCagracctttaat tJadt gt gCgtJRatgagyctggttctadatcaCcCater
AgTJCAtCgatadtCggTaat At AcaAgr N gt S EAr C T T ECACA AT TAAL LU CAggaacc taAaAt LU ragt Lt Egtagtgcgrt Lt Cgrectat gaagac
TECETAgAQEAECATACTEE OO LT EJTEE TAQACEBATETAA

ORFE protein [SARSCoV-2, Accession no. MWELA35S] Sequence ID: ORXEDERE 1Length: 121,
Seore Expact Mathod Identities Positives

250 bits{539) 1e-83 Compositional metrix adjust. 121/121{100%) 121/121{100%%)
Query 1 HE LY LG I TVAAFHEC S L SCTOHO P VDDECPIHFY AN Y IRVGATESAPLIEL 180
LG T T AAFH O S L S TG P DD C P THF Y SR Y IRVGATRSAPLIEL
fbjece 1 R LI T TVAARHECA LOSCTORO P VDS P IHFY SN Y IRVGATRSATLIEL  £40
) uery 181 CVDEAGSKSRIOCIDIGHYTVACLEFI THOOEFRIGSLVVRCAFYEDPLEMEOVRVVIORT 361
OV DEAGIR S F IO LD Iy TV L L INCQEFRLOELVVRCSE YEDTLEMIVEVVLDEL
Sejee €1 CVDEAGISFEAFIQUIDIANIVECLFIT INCOEFELGILVWRCSYEDTLE MIWRVVLDEL 121

ORFE protein [SARS-CoV-2, Acce ssion no. MWTE1335] Sequence ID: QTD14049 1Length: 121,
Score Expact Mathod Idantiies Posttives
245 bits{625) le-81 Compositional matric adjust. 119/121(98%) 115/ 121 (98%:)
Suary 1 MLV LI I TVAAN ECILOSCTOHOFIVVDDFCFIHND Y AN Y IRVGAIFRIAFLIEL 120
MLV LG I TV AAF S L ST P W DDFCFIHE Y SEN Y IRVGEAIRSAFLIEL
Tejee 1 HROLVELGI I TVAANHECI L SCIOHQF T WWRDFCFIHEY AN IRVEAIRIAFLIEL €0
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Figure 9B: Selection more ORF8 mutants by BLAST-X search using mutant ORF gene but repairing two TAA mutations. Here,
MW644355 mutant may be B.1.1.7 lineage.
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Figure 10A: Multi-alignment of mutated different ORFS proteins of COVID-19. However, “ARKS” domain (green boxed) similarities
with histones was abolished in R521 mutants lowering the interaction with host chromatin (Kee, J et al., 2022). This could be stabilize
the corona virus load increasing virus severity.
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Figure 10B: A phylogenetic tree of corona virus ORF protein mutants.
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Figure 11: Demonstration of identical hairpin structure of 222nt ORF8 gene of normal and termination mutant of SARS-CoV-2.
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Figure 12: Model structures of Mutated ORF8 proteins (below) and a model of bat ORF8 protein (7F8I) with 98% similarity (upper)
and Ramachandran plot to show stable structure of ORF8 dimer (SWISS-Model)
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Discussion

Over time, the coronavirus has undergone mutations and deletions
and different variants reported in different parts of the world with
different time since December, 2019. These variants and mutants
are Alpha (B.1.1.7), B.1.177, B.1.258, Beta (B.1.351), Gamma
(P.1/B.1.1.28.1), Delta (B.1.617.2), Kappa (B.1.617.1), Epsilon
(B.1.427/B.1.429), Zeta (P.2); Eta (B.1.525), B.1.1.20, Iota
(B.1.526) and B.1.1.298 (Mink Variant). These mutations are of
major health concerns, as they reportedly exacerbate the infectious
rate of the virus [4]. We found here major ORFS truncated mutants
were B.1.1.7 lineage. Interestingly, RNA recombination generated
few omicron lineages with ORF8 protein TAA termination codon
mutants.

Initially we selected few TAA termination mutants (figure-2)
but BLAST-N search with mutant oligos selected many of such
mutants. Whereas, BLAST-X search with mutated full length
ORF8 gene contributed more such mutants to characterize. In truth
hundred of TAA termination codon mutants detected in the NCBI
Database but many of them were partially sequenced and we
avoided such sequences in our multi-alignment data (see, figure-
6A; figure-7B). RNA sequencing was done extensively and Delta,
BA.2.75, BA.4.6, BA.5.2.1, BF.7 and BE.1.1 were predominantly
circulating now. We have attempted to characterize the 121 AA
long ORFS protein in the database and such protein was not
expressed in many corona virus variants[14].

The ORFS8 L84S mutant was more stable and more soluble than
wild type and in higher temperature it existed as aggregated
conformation. Moreover, ORF8 precipitated at acidic pH and this
precipitation was reversed when the solution pH was shifted to
neutral [15]. However, we did not find TAA termination codon
mutant in L84S mutants but L24S mutants. Preliminary study
indicated few dozen proteins like PVR, IRF3, ATF6, Belin 1,
FK506-binding protein 10, EDEM, vitronectin, OPJ94, Sec62163,
VIP36, TRFT3 and PLAT etc interacted with ORF8 protein
regulating protein folding, apoptosis and interferon production.
Such process likely favours COVID-19 survival in host cells
inhibiting immune control mechanisms [16]. Genetic analysis
pointed a severe deletion in ORF8 (A382) caused less severe
corona infections likely due to low viral load and increased
immune clearance [17-20]. However, in cell culture study with
such deletion mutant contradicted the finding of lower viral load
with no change of cellular transcriptional profile [21].

A recent study suggested that ORF8 mediates immune evasion by
downregulating MHC-I molecules like HLA-A2 [22,23] and such
finding clearly established the IgG domains similarity of ORF8
to modulate host immune functions and chromatin structure [24].
Dominant mutation of small regulatory protein ORF7a limits viral
suppression of the interferon response [25] and we detected one
such 62nt deletion abolishing the production of both ORF7a and
ORF7b proteins (see, accession no. OP711842).

The ORFS protein also activates the IL-17 and NLRP3 signalling

pathways, upregulates proinflammatory factors and inhibits the
production of IFN types I and Ianthe study also investigated
the ability of compounds isolated from C. voluble leaves to
interact with the initiation and termination codons of ORF8
mRNAs isolated from the whole genome of SARS-CoV-2 using
computational tools.

The ORF8 mRNA sequences of the translation initiation sites and
translation termination sites encoding ORF8 amino acids were
retrieved from the full genome of SARS-CoV-2. Molecular docking
studies revealed strong molecular interactions of the isolated
compounds with the ORF8 mRNA. The immunomodulatory
potentials of the isolated compounds were investigated on
neutrophil phagocytic respiratory bursts using luminol-amplified
chemiluminescence technique [26].

There are also reports that ORF8 modulates vesicular traffic
through the unfolded protein response and, therefore, ER stress by
stimulating the ATF6 and IRE1 pathways through the upregulation
of the GRP78 and GRP94 chaperones [27]. Another small corona
virus protein ORF9b interacted with Tom70 mitochondrial
chaperone as revealed by cryo-electron microscopy [28]. Similarly,
study indicated ORF3a also has trans activator function interacting
MHC molecules [29].

Computational analysis of targeted ORF8 RNA device could
inhibit the replication of SARS-CoV-2 [30]. Thus, ORFS is a
hotspot for genetic variation in coronaviruses [31]. The clinical
effect of deletions in this region appears to be a milder infection
with less systemic release of proinflammatory cytokines [32]. An
RNA-RNA interaction was reported between SARS-CoV-2 spike
and ORF8 genes suggesting ORF8 gene silencing may be required
for immune-escape and virus spread 33-54.

Conclusion

Our preliminary study confirmed the presence of many ORF8
truncated mutants in B.1.1.7 lineages of SARS-CoV-2. Although
contradictory, we found ORF8 protein L24S mutation in TAA
termination codon mutants but no association of L84S mutation
was detected. It appeared that such changes neither changed the
RNA tertiary structure nor globular interface of ORF8 protein.
However, R521 mutation may destroy the histone mimics of ORF8
protein as “ARKS” AA sequence appeared conserved in cellular
histones as well as in ORF8 protein of corona virus. None the less,
our study indicated a vivid self-destruction process of corona virus
due to point mutations eliminating functions of ORFS protein.
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