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Fig. 2. Infection and growth of SARS-CoV-2 S gene mutants in different cell lines

(a) Vero, Vero-TMPRSS2, Caco-2 and Calu-3 cells were inoculated with SARS-CoV-2 WT or S gene 
mutants at a multiplicity of infection (MOI) of 1. At 24 h post infection, cells were stained with anti-
SARS-CoV-2 S antibody (green) and Hoechst 33342 nuclear dye (blue); scale bars, 50 μm. White 
arrowheads indicate cell syncytia. (b) Cells were inoculated with SARS-CoV-2 WT or S gene mutants at 
an MOI of 0.1. Culture supernatants were harvested at 24, 48 and 72 h after inoculation. Virus titration 
was performed by plaque assay. The values shown are mean � standard deviation (SD) of triplicate 
samples.
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Fig. 3. Infection and growth of SARS-CoV-2 S gene mutants in 293T and 293T-ACE2 cells

(a) 293T and 293T-ACE2 cells were inoculated with SARS-CoV-2 WT or S gene mutants at an MOI of 1. 
At 24 h after inoculation, cells were stained with anti-SARS-CoV-2 S antibody (green) and Hoechst 
33342 nuclear dye (blue); scale bars, 50 μm. (b) Cells were infected with SARS-CoV-2 WT or S gene 
mutants at an MOI of 0.1. Culture supernatants were harvested at 24, 48 and 72 h after inoculation and 
titration of infectious virus was determined by plaque assay. The values shown are means � SD of 
triplicate samples.
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Fig. 4. Impact of biochemical inhibitors on cellular entry of SARS-CoV-2 S gene mutants

(a) Vero-TMPRSS2 cells were infected with SARS-CoV-2 WT or del2 mutant in the presence of varying 
concentrations of the TMPRSS2 inhibitor, camostat, or the cathepsin B/L inhibitor, E-64d, for 1h. At 6 h 
post-inoculation, the relative levels of viral N protein RNA were evaluated quantitatively by qRT-PCR. 
(b) Vero-TMPRSS2 and Vero cells were infected with SARS-CoV-2 WT or S gene mutants in the 
presence of 50 μM camostat and/or 25 μM E-64d for 1 h. At 6 h post-inoculation, the relative levels of 
viral N protein RNA were quantified by qRT-PCR. Cellular β-actin mRNA levels were used as reference 
controls. The values shown are mean � SD of triplicate samples. One-way analysis of variance with 
Dunnett’s test was used to determine the statistical significance between the responses to treatment with 
inhibitors and the no-treatment controls; *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 5. Frequencies of S gene mutants detected during SARS-CoV-2 propagation

SARS-CoV-2 was serially passaged in (a) Vero-TMPRSS2, Vero cells or (b) Calu-3, Caco-2 and 293T-
ACE2 cells, each with three biological replicates. Nucleotide sequence diversity at viral S1/S2 cleavage 
site was determined by deep-sequencing.
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Supplementary Figure S1

Position  2021      2031      2041      2051      2061      2071      2081
|         |         |         |         |         |         |                  

SARS-CoV-2 (WT) ATCAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGC
SARS-CoV-2 (del1) ATCAGACTCAGACT------------------------------AGTCAATCCATCATTGC
SARS-CoV-2 (del2) ATCAGACTCAGACTAATTCTCCTCGG---------------------CAATCCATCATTGC
SARS-CoV-2 (del3) ATCAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCT---------ATCATTGC
SARS-CoV-2 (R685H) ATCAGACTCAGACTAATTCTCCTCGGCGGGCACATAGTGTAGCTAGTCAATCCATCATTGC

Fig. S1. Multiple nucleotide sequence alignment of S1/S2 cleavage site of wild type and isolated 
SARS-CoV-2 mutants

Nucleotide substitutions and deletions are shown as gray boxes. Sequence encoding the polybasic 
cleavage motif (RARR) at the S1/S2 cleavage site is highlighted in red.
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Supplementary Figure S2

Position  2021      2031      2041      2051      2061      2071      2081
|         |         |         |         |         |         |                  

SARS-CoV-2 (WT) ATCAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGC
SARS-CoV-2 (del1) ATCAGACTCAGACT------------------------------AGTCAATCCATCATTGC
SARS-CoV-2 (del2) ATCAGACTCAGACTAATTCTCCTCGG---------------------CAATCCATCATTGC
SARS-CoV-2 (del4) AT---------------TCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGC
SARS-CoV-2 (R682P) ATCAGACTCAGACTAATTCTCCTCCGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGC

Position  661       671       681       691       701       711
|         |         |         |         |         |

SARS-CoV-2 (WT) ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNS
SARS-CoV-2 (del1) ECDIPIGAGICASYQTQT----------SQSIIAYTMSLGAENSVAYSNNS
SARS-CoV-2 (del2) ECDIPIGAGICASYQTQTNSPR-------QSIIAYTMSLGAENSVAYSNNS
SARS-CoV-2 (del4) ECDIPIGAGICASY-----SPRRARSVASQSIIAYTMSLGAENSVAYSNNS
SARS-CoV-2 (R682P) ECDIPIGAGICASYQTQTNSPPRARSVASQSIIAYTMSLGAENSVAYSNNS

a

b

Fig. S2. Multiple sequence alignment of S1/S2 cleavage site of wild type and SARS-CoV-2 variants

Multiple (a) nucleotide and (b) amino acid sequence alignments were constructed based on the sequence 
of WT and SARS-CoV-2 variants identified by deep-sequencing (related to Fig. 4). Infectious viruses of 
del4 and R682P were not isolated in this study. Nucleotide substitutions and deletions are shown as gray 
boxes. Sequence encoding the polybasic cleavage motif (RARR) at the S1/S2 cleavage site is highlighted 
in red.
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Fig. S3. Frequencies of S gene mutants detected during SARS-CoV-2 propagation in Vero cells in 
the presence of trypsin

SARS-CoV-2 was serially passaged in Vero cells in serum free DMEM containing trypsin with three 
biological replicates. Nucleotide sequence diversity at viral S1/S2 cleavage site was determined by deep-
sequencing.
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