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SARS-CoV-2 with transcription regulatory sequence motif mutation poses a greater threat
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Abstract: Objective To analyze the mutations in transcription regulatory sequences (TRSs) of coronaviruss (CoV) to provide
the basis for exploring the patterns of SARS-CoV-2 transmission and outbreak. Methods A combined evolutionary and
molecular functional analysis of all sets of publicly available genomic data of viruses was performed. Results A leader
transcription regulatory sequence (TRS-L) usually comprises the first 60-70 nts of the 5' UTR in a CoV genome, and the body
transcription regulatory sequences (TRS-Bs) are located immediately upstream of the genes other than ORFla and 1b. In each
CoV genome, the TRS-L and TRS-Bs share a specific consensus sequence, namely the TRS motif. Any changes of nucleotide
residues in the TRS motifs are defined as TRS motif mutations. Mutations in the TRS-L or multiple TRS-Bs result in super-
attenuated variants. The spread of super-attenuated variants may cause an increase in asymptomatic or mild infections,
prolonged incubation periods and a decreased detection rate of the viruses, thus posing new challenges to SARS-CoV-2
prevention and control. The super-attenuated variants also increase their possibility of long-term coexistence with humans.
The Delta variant is significantly different from all the previous variants and may lead to a large-scale transmission. The Delta
variant (B.1.617.2) with TRS motif mutation has already appeared and shown signs of spreading in Singapore, which, and even
the Southeast Asia, may become the new epicenter of the next wave of SARS-CoV-2 outbreak. Conclusion TRS motif mutation
will occur in all variants of SARS-CoV-2 and may result in super-attenuated variants. Only super-attenuated variants with TRS
motif mutations will eventually lose the abilities of cross-species transmission and causing outbreaks.
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Figl Jumping transcription and TRS motifs in SARS-CoV-2. The elements used to represent the SARS-
CoV-2 genome (GenBank: MN908947.3) were originally used in the previous study”. A TRS-L usually
comprises the first 60-70 nts of the 5' UTR in a CoV genome, while TRS-Bs with varied lengths are located
immediately upstream of genes except ORFla and 1b. In each CoV genome, the TRS-L and TRS-Bs share a
specific consensus sequence, namely the TRS motif (e.g. ACGAAC for SARS-CoV-2). Any changes of
nucleotide residues in the TRS motifs are defined as TRS motif mutations. TRS-L: Transcription
regulatory sequence in the leader; TRS-B: Transcription regulatory sequence in the body; gRNA(+):
genomic RNA; gRNA(-): Antisense genomic RNA; sgRNA(+): Subgenomic RNA; sgRNA(-): Antisense
subgenomic RNA. nsp12: RNA-dependent RNA polymerase (RARP); nsp15: Nidoviral RNA uridylate-

specific endoribonuclease (NendoU).

Order

Nidovirales

Family Arteriviridae

Coronaviridae

Mesoniviridae  Roniviridae

Subfamily Coronayirinae

Torovirinae

Genera

TRS Motif  ACTAAAC

AlphaCoV BetaCoV GammaCoV DeltaCoV Bafinivirus Torovirus
AACAAAA

ACACCAA

| | |

TRS Motif ATCTAMAC | acomc |
B2 BRmETAmSERATHERTRSER

Fig.2 Canonical TRS motifs of viruses in Coronaviridae. Embecovirus,
Sarbecovirus, Merbecovirus, Nobecovirus and Hibecovirus are also defined
as subgroups A, B, C, D and E. In the present study, we only list canonical TRS

motifs (in red color) of viruses in Coronaviridae.
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Tab.1 TRS motifs in white bream virus genome

TRS Motif Region Position Gene (Start-End)
AACACACAACAAG TRS-L 24 Orflab (906-21523)
AACACAGCACTACA TRS-B 21506 S (21525-25187)
ACACAGCACTACA TRS-B 25194 M (25214-25897)
AACACTACAGCC TRS-B 25899 N (25915-26400)
AACACACACCCATACA TRS-B 26404

All TRS motifs in the genome of white bream virus (RefSeq: NC_008516) were annotated in the present

study: The first column is the TRS motif; The second column is the region which contains the TRS motif;

The third column is the genomic position of the first nucleotide residue in the TRS motif; The fourth column

is the nearest downstream gene of the TRS motif. This virus does not has the gene E.
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Fig.3 Recombination regions in the Spike protein of SARS-CoV-2. To initiate a CoV infection, the S protein encoded by

the S gene needs to be cleaved into the S1 and S2 subunits for receptor binding and membrane fusion. RC3-7 are
recombination regions in the genomes of betacoronavirus subgroup B. Three recombination regions (RC3, RC4 and

RCS5) are localized in the N-terminal domain (NTD) of the S1 subunit, while two other recombination regions (RC6 and
RC?7) are localized in the receptor binding domain (RBD) of the S1 subunit. A: Only mutations in RBD regions across
SARS-CoV-2 lineages are represented, based on the data from 2,678,671 SARS-CoV-2 genomes downloaded from
outbreak. info on August 8th, 2021. B: The elements used to represent the structure of the S protein were originally

used in a previous study ™. RBD (in blue color) and NTD (in blue color) are two domains of the S1 subunit.
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Tab.2 TRS motif mutations in several SARS-CoV-2 variants

HERRRYES

Position/Wild GISAID ID Collection date Mutant Strain
EPI_ISL_1229164 2021/3/4 AMGAAC B.1.524
EPI_ISL_1489724 2021/3/23 ASGAAC B.1.1.7
71C EPI_ISL_2349776 2021/5/5 AMGAAC B.1.1.7
EPI_ISL_2508657 2021/5/14 AMGAAC B.1.617.2
EPI_ISL_2508861 2021/5/22 AYGAAC B.1.617.2
EPI_ISL_462431 2020/3/21 ACRAAC B.1.1
EPI_ISL_483591 2020/5/2 ACRAAC B.6.6
EPI_ISL_1816969 2021/4/23 ACRAAC B.1.617.2
72G EPI_ISL_2349852 2021/5/11 ACRAAC B.1.617.2
EPI_ISL_2508633 2021/5/16 ACAAAC B.1.617.2
EPI_ISL_2508830 2021/5/20 ACRAAC B.1.617.2
EPI_ISL_ 2508981 2021/5/27 ACRAAC B.1.617.2
73A EPI_ISL_2508907 2021/5/24 ACGWAC B.1.617.2
75C EPI_ISL_500540 2020/6/22 ACGAAT B.6.6

GISAID £l ZE 1 20204F 1 A 27 H~20214E5 7 6

The first column is the position of the nucleotide residue in the SARS-CoV-2 genome (GenBank: MN908947.3)
and its wild type; The second column is the identifier of the record in the GISAID database; The third column is
the sample collection date; The fourth column is the mutant of the TRS motif ACGAAC in the TRS-L (the
mutated nucleotide residue is highlighted); The fifth column is the classification of the virus according to
GISAID. EPI_ISL 2508633 is defined as the reference genome of the Delta variant with TRS motif mutation. M
isAorC;SisGorC;YisTorC;RisAorG;and Wis TorA.
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