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Attachment to be posted on HP

International Urgent Collaborative Projects
Regarding the Coronavirus Disease (COVID-19) within the J-RAPID Program

1. Title of the Project : ”Investigation of the roles of SARS-CoV-2-encoding genes on the
COVID-19 pathogenesis and viral cross-species transmission“
2. Research/Investigation Period :  2020.7 ~ 2021.3
3. Main Investigators :
Japanese Team (up to 6 people including Principal Investigator)

Name Title Affiliation Project role
Principal Kei Sato Associate | Institute of Medica | Virology, mol
Investigator Professor I Science, the Uni | ecular phylog
versity of Tokyo enetic
Collaborator Jumpei Ito Assistant P | Institute of Medica | Bioinformatics
rofessor I Science, the Uni
versity of Tokyo
Collaborator Yoriyuki Kon | Graduate st | Institute of Medica | Virology
no udent I Science, the Uni
versity of Tokyo
Collaborator Kizumi Kimur | Graduate st | Institute of Medica | Virology
a udent I Science, the Uni
versity of Tokyo
Collaborator Keiya Uriu Graduate st | Institute of Medica | Virology
udent I Science, the Uni
versity of Tokyo
Total Number of participating researchers in the project: 5

Counterpart Team (up to 6 people including Principal Investigator)

Name Title Affiliation Project role
Princip | Massimo Director (Professor) MRC-University Virology
al Palmarini of Glasgow Centre
Investi for Virus Research
gator
Collabo | Robert Senior Research | MRC-University Bioinformatics,
rator Gifford Fellow of Glasgow Centre | molecular
for Virus Research | phylogenetic
Collabo | Sam Wilson | Senior Research | MRC-University | Virology
rator Fellow of Glasgow Centre
for Virus Research
Collabo | David Professor MRC-University Bioinformatics,
rator Robertson of Glasgow Centre | molecular
for Virus Research | phylogenetic
Total Number of participating researchers in the project: 4

4 . Obijectives and Challenges

Although SARS-CoV infection causes acute and severe pneumonia, SARS-CoV-2 infection may
be asymptomatic or result in flu-like symptoms such as fever, cough and fatigue. Also, compared to
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SARS-CoV and influenza A virus infections, a hallmark of SARS-CoV-2 infection, COVID-19, is
the poor induction of a type I interferon (IFN). Notably, impaired IFN responses are associated with
the severity of COVID-19. However, the molecular mechanisms underlying the inefficient IFN
responses in SARS-CoV-2 infection remain unclear.

5. Results of the research/survey activities
5-1. Results of joint research. Expected future development, ripple effect on society

By comparing the sequences of SARS-CoV-2-encoding genes to those of SARS-CoV, we found
that the gene length of SARS-CoV-2 ORF3b is clearly shorter than that of SARS-CoV ORF3b.
Because the ORF3b of SARS-CoV is known as a viral antagonist against IFN production, we
hypothesized that the difference on the length of ORF3b gene between SARS-CoV-2 and
SARS-CoV may differ their anti-IFN activity and further may explain the difference of the
symptoms of these viral infections.

Surprisingly, SARS-CoV-2 ORF3b is a potent IFN antagonist than SARS-CoV ORF3b.
Phylogenetic analyses and functional assays revealed that SARS-CoV-2-related viruses from bats
and pangolins also encode shorter ORF3b gene products with strong anti-IFN activity.

Furthermore, analyses of approximately 17,000 SARS-CoV-2 sequences identified a natural
variant, in which a longer ORF3b reading frame was reconstituted. This variant suppresses IFN even
more efficiently than ORF3b of parental SARS-CoV-2 strain. In agreement with an association of
IFN suppression with disease severity, the two patients in Ecuador harboring SARS-CoV-2 with the
extended ORF3b variant were critically ill; one was treated in an intensive care unit and the other
one died of COVID-19. Importantly, however, there is no direct evidence indicating that the viruses
detected in these two COVID-19 patients in Ecuador are more pathogenic than the reference strain.

5 -2. Added Value from International collaborative work

Although we cannot tell whether this variant is associated with a different outcome in disease, it
might be plausible to assume that naturally occurring length variants of ORF3b potentially
contribute to the emergence of more pathogenic SARS-CoV-2 variants. Thus, it will be important to
continue monitoring viral sequences to see whether novel ORF3b variants emerge during the current
pandemic. To our knowledge, this study is the first investigation revealing the role of
SARS-CoV-2-encoding protein that can associate with the progression of COVID-19.



6 . Organized workshops/seminars, presentations, papers and other deliverables

+ Organized workshop/seminar: Title, date

- Presentation: Presenters, title, conference

- Papers :  Authors, title, journals, vol, page, publish year
+ Other deliverables:

+ Media

Paper

Yoriyuki Konno, 1zumi Kimura, Keiya Uriu, Masaya Fukushi, Takashi Irie,
Yoshio Koyanagi, Daniel Sauter, Robert J. Gifford, USFQ-COVID19
consortium, So Nakagawa & Kei Sato*. SARS-CoV-2 ORF3b is a potent
interferon antagonist whose activity is further increased by a naturally occurring
elongation variant. Cell Reports 32(12):108185, 2020. Equal contribution;
*Corresponding author. Selected to "Editor's pick™ and "Most Read" in Cell
Reports.




