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 533 
Figure 1. SARS-CoV-2 ORF3b is a potent IFN-I antagonist 534 
(A) Maximum likelihood phylogenetic tree of full-length Sarbecovirus sequences. 535 
The full-length sequences (~30,000 bp) of SARS-CoV-2 (Wuhan-Hu-1 as a 536 
representative), SARS-CoV-2-related viruses from bats (n=4) and pangolins (n=4), 537 
SARS-CoV (n=190), SARS-CoV-related viruses from civets (n=3) and bats (n=54), 538 
and outgroup viruses (n=2; BM48-31 and BtKY72) were analyzed. Accession 539 
number, strain name, and host of each virus are indicated for each branch. Note that 540 
the branches including SARS-CoV (n=190) and SARS-CoV-related viruses from 541 
civets (n=3) were collapsed for better visualization. The uncollapsed tree is shown 542 
in Figure S1, and the sequences used are summarized in Table S1. Asterisks 543 
indicate bootstrap values >95%. A scale bar indicates 0.1 nucleotide substitutions 544 
per site. NA, not applicable. 545 
(B) Comparison of the protein lengths of Sarbecovirus ORFs. The amino acid 546 
numbers of ORF1a, S (ORF2), ORF3a, ORF3b, E (ORF4), M (ORF5), ORF6, 547 
ORF7a, and N (ORF9a) of Sarbecoviruses are shown. The viral sequences used 548 
correspond to those in A. Bars indicate average values, and each dot represents 549 
one viral strain. ORFs with low similarity (e.g., ORF8 and ORF9b) were excluded 550 
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from this analysis. 551 
(C) Potent anti-IFN-I activity of SARS-CoV-2 ORF3b. HEK293 cells were 552 
cotransfected with five different amounts of plasmids expressing HA-tagged SARS-553 
CoV-2 ORF3b, SARS-CoV ORF3b, and IAV NS1 (50, 100, 200, 300, and 500 ng) 554 
and p125Luc, a plasmid encoding firefly luciferase under the control of the human 555 
IFNB1 promoter (500 ng). 24 h post transfection, SeV was inoculated at MOI 10. 556 
24 h post infection, the cells were harvested for Western blotting (top) and luciferase 557 
assay (bottom). For Western blotting, the input of cell lysate was normalized to TUBA, 558 
and one representative result out of X independent experiments is shown. The band 559 
of each viral protein is indicated by a white arrowhead. kDa, kilodalton. In the 560 
luciferase assay, the value of the SeV-infected empty vector-transfected cells was 561 
set to 100%. The average of three independent experiments with SEM is shown, 562 
and statistically significant differences (P < 0.05) compared to the SeV-infected 563 
empty vector-transfected cells (#) and the same amount of the SARS-CoV-2 ORF3b-564 
transfected cells (*) are shown. E, empty vector. 565 
See also Figure S1 and Table S1.  566 
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 567 
Figure 2. C-terminal truncations increase the IFN-antagonistic activity of 568 
ORF3b 569 
(A) Maximum likelihood phylogenetic tree of Sarbecovirus ORF3b. The ORF3b 570 
sequences of SARS-CoV-2 (Wuhan-Hu-1), all reported SARS-CoV-2-related viruses 571 
from bats (n=4) and pangolins (n=4), representatives of SARS-CoV (Tor2), SARS-572 
CoV-related viruses from civets (civet007) and bats (Rs7237, Rs4231, YN2013 and 573 
Rm1), and two outgroup viruses (BM48-31 and BtKY72) were analyzed. Strain name 574 
and host of each virus are indicated for each branch. Bootstrap value; *, >80%; **, 575 
>95%. 576 
(B) Illustration or protein lengths of all Sarbecovirus ORF3b isolates used in this 577 
study (top) and the protein lengths of SARS-CoV ORF3b mutants (bottom). 578 
(C) Anti-IFN-I activities of different Sarbecovirus ORF3b proteins. HEK293T cells 579 
were cotransfected with a plasmid expressing one of 11 HA-tagged Sarbecovirus 580 
ORF3b proteins (summarized in B; 100 ng) and p125Luc (500 ng). 24 h post 581 
transfection, SeV was inoculated at MOI 10. 24 h post infection, cells were harvested 582 
for Western blotting (top) and luciferase assay (bottom). Note that the amino acid 583 
sequences of ZXC21 and ZC45 are identical. 584 
(D) Anti-IFN-I activity of C-terminally truncated SARS-CoV ORF3b. HEK293T cells 585 
were cotransfected with two different amounts of plasmids expressing HA-tagged 586 
SARS-CoV ORF3b WT and K135* (50 and 100 ng) and p125Luc (500 ng). 24 h post 587 
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transfection, SeV was inoculated at MOI 10. 24 h post infection, the cells were 588 
harvested for Western blotting (top) and luciferase assay (bottom). 589 
For Western blotting, the input of cell lysate was normalized to TUBA. One 590 
representative blot out of three independent experiments is shown. In the luciferase 591 
assay, the value of the SeV-infected empty vector-transfected cells was set to 100%. 592 
The average of three independent experiments with SEM is shown, and statistically 593 
significant differences (P < 0.05) compared to the SeV-infected empty vector-594 
transfected cells (#) and the same amount of either SARS-CoV-2 ORF3b (Wuhan-595 
Hu-1)-transfected cells (*, C) or SARS-CoV ORF3b WT-transfected cells (*, D) are 596 
shown. E, empty vector.  597 
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 598 
Figure 3. Enhanced anti-IFN-I upon reconstitution of the cryptic SARS-CoV-2 599 
ORF3b 600 
(A) Schemes illustrating the genomic regions encoding ORF2, ORF3a, ORF3b and 601 
ORF4 of SARS-CoV-2 and SARS-CoV. Open squares with dotted red lines indicate 602 
a cryptic ORF3b reading frame in SARS-CoV-2 that is similar to SARS-CoV ORF3b. 603 
Asterisks indicate stop codons in the ORF3b frame. 604 
(B) SARS-CoV-2 ORF3b derivatives characterized in this study. (Top) WT SARS-605 
CoV-2 ORF3b as well as four derivatives with mutated stop codons (57*, 79*, 119* 606 
and 155*) are shown. Asterisks indicate the stop codons in the original ORF3b frame. 607 
(Bottom) A natural ORF3b variant detected in two sequences deposited in GISAID 608 
(accession IDs: EPI_ISL_422564 and EPI_ISL_422565; herein designated an 609 
“Ecuador variant”) are shown. 610 
(C) Anti-IFN-I activity different SARS-CoV-2 ORF3b derivatives. HEK293T cells 611 
were cotransfected with two different amounts of plasmids expressing the indicated 612 
HA-tagged SARS-CoV-2 ORF3b derivatives (WT, 57*, 79*, 119* and 155*; 50 and 613 
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100 ng) and p125Luc (500 ng). 24 h post transfection, SeV was inoculated at MOI 614 
10. 24 h post infection, the cells were harvested for Western blotting (top) and 615 
luciferase assay (bottom). 616 
(D) Enhanced anti-IFN-I activity of an “Ecuador variant” ORF3b. HEK293T cells were 617 
cotransfected with two different amounts of plasmids expressing HA-tagged 618 
“Ecuador variant” ORF3b or parental SARS-CoV-2 ORF3b (50 and 100 ng) and 619 
p125Luc (500 ng). 24 h post transfection, SeV was inoculated at MOI 10. 24 h post 620 
infection, the cells were harvested for Western blotting (top) and luciferase assay 621 
(bottom). 622 
For Western blotting, the input of cell lysate was normalized to TUBA. One 623 
representative blot out of three independent experiments is shown. A highly exposed 624 
blot visualizing the band of the 155* mutant is shown in Figure S2. kDa, kilodalton. 625 
In the luciferase assay, the value of the SeV-infected empty vector-transfected cells 626 
was set to 100%. The average of three independent experiments with SEM is shown, 627 
and statistically significant differences (P < 0.05) compared to the SeV-infected 628 
empty vector-transfected cells (#) and the same amount of the SARS-CoV-2 ORF3b 629 
WT-transfected cells (*) are shown. E, empty vector. 630 
See also Figure S2. 631 
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