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Validation

For animal study, sample size were selected based on mean and standard deviations observed in our previous vaccine studies in these animal
models, and ability to detect statistical differences between experimental groups of this size https://doi.org/10.1128/JVI

.01722-17) Additionally, previous reports relevant to our study have used similar group sizes with comparable significance of the results
(https://doi.org/10.1038/s41586-020-2622-0).

In vitro studies were performed with replicates and repeated several times based on our previous experience. (https://doi.org/10.1016/
j.cell.2020.06.035)

No data was excluded.

All experiments in the study were successfully replicated at least 2-3 times. The number of replicates is described and /or shown for each
dataset, and supports the reproducibility of the findings.

For experiments involving mice, animals with the same gender, similar age and weight are randomly assigned to each group. For in-vitro
study, randomization is irrelevant.

One operator prepared vaccine samples. Different operators were blinded to group allocation for vaccination and collection of specimens
from animals. The investigators were also blinded to group allocation during data acquisition and analysis such as the measurements of serum
IgG, NAb titers, lung viral RNA titers and splenic cellular immune response.

HRP-labeled Goat Anti-mouse IgG (Santa Cruz, Cat: sc-2005, Lot: D2915) 1 in 5000 l,

HRP-labeled Goat Anti-mouse IgG (Abcam, Cat: ab97265, Lot: GR3195192-8) 1 in 10000 l,

HRP-labeled Goat Anti-mouse IgG1 (Abcam, Cat: ab97240, Lot: GR168230-1) 1 in 10000 l, HRP-labeled Goat Anti-mouse IgG2a
(Abcam, Cat: 97245, Lot: GR174542-3) 1 in 10000 l,

PE anti-mouse CD3 antibody (Biolegend, Clone: 17A2, Cat: 100206, Lot: B277602) 0.25 in 50 l,

Percp-cy5.5 anti-mouse CD8a antibody (Clone 53-6.7, Biolegend, Cat: 100734, Lot: B289962) 1 in 50 l,

APC-cy7 anti-mouse CD4 antibody (Clone RM4-5, Biolegend, Cat: 100526, Lot: B282355) 1 in 50 l,

FITC anti-mouse IFN- antibody (Clone XMG1.2, Biolegend, Cat: 505806, Lot: B243512) 1 in 50 l,

Rabbit MAb anti-SARS-CoV-2 Nucleocapsid antibody (Clone 019, SinoBiological, Cat: 40143-R019, Lot: HA14FE1703) 1 in 100 l,

HPR-labeled Goat Anti-rabbit IgG (H+L) (Abways, Cat: ab0101, Lot: F300405) 1 in 500ul.

All commercially available antibodies used are validated.

ELISA

HRP-labeled Goat Anti-mouse IgG (Abcam, Cat: ab97265): specific for mouse IgG, suitable for ICC, IHC-P, ELISA and WB. Manufacturer
website provides the datasheet “Goat Anti-Mouse IgG Fc (HRP) ab97265”. The datasheet states this antibody was used in 23
citations.

HRP-labeled Goat Anti-mouse IgG1 (Abcam, Cat: ab97240): specific for mouse IgG1, suitable for ICC, ELISA, IHC-P and WB.
Manufacturer website provides the datasheet “Goat Anti-Mouse IgG Fc (HRP) ab97240”, The datasheet states this antibody was used
in 49 citations.

HRP-labeled Goat Anti-mouse IgG2a (Abcam, Cat: ab97245): specific for mouse IgG2a, suitable for IHC-P, ELISA, WB and ICC.
Manufacturer website provides the datasheet “Goat Anti-Mouse IgG Fc (HRP) ab97245”, The datasheet states this antibody was used
in 24 citations.
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Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication
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Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Methodology

Sample preparation

Western Blot

HRP-labeled Goat Anti-mouse IgG (Santa Cruz, Cat: sc-2005): specific for mouse IgG, suitable for WB. Manufacturer website provides
the datasheet “goat anti-mouse IgG-HRP: sc-2005”, The datasheet states this antibody was used in 927 citations.

Flow Cytometry

PE anti-mouse CD3 antibody (Clone 17A2, Biolegend, Cat: 100206): Reactivity, Mouse; Application, Flow cytometry (Quality tested);
this antibody was used in 48 citations.

Percp-cy5.5 anti-mouse CD8a antibody (Clone 53-6.7, Biolegend, Cat: 100734): Reactivity, Mouse; Application, Flow cytometry
(Quality tested); this antibody was used in 81 citations

APC-cy7 anti-mouse CD4 antibody (Clone RM4-5, Biolegend, Cat: 100526): Reactivity, Mouse; Application, Flow cytometry (Quality
tested); this antibody was used in 25 citations

FITC anti-mouse IFN- antibody (Clone XMG1.2, Biolegend, Cat: 505806): Reactivity, Mouse; Application, Intracellular staining for
Flow cytometry (Quality tested); this antibody was used in 53 citations

IHC

Rabbit MAb anti-SARS-CoV-2 Nucleocapsid antibody (Clone 019, Sino Biological, Cat: 40143-R019): specific for SARS-CoV-2
nucleocapsid protein, suitable for WB, ELISA. Manufacturer website states that IHC application has not been validated. However, this
antibody used for IHC assays was reported (https://doi.org/10.1016/j.ekir.2020.04.002). Manufacturer website provides the
datasheet “SARS-CoV-2 (2019-nCoV) Nucleocapsid Antibody, Rabbit MAb”, The datasheet states this antibody was used in 8 citations.

HRP-labeled Goat Anti-rabbit IgG (H+L) (Abways, Cat: ab0101): Reactivity: Rabbit; Application: WB and IHC. Manufacturer website
provides the datasheet “Goat Anti-Rabbit IgG (H+L) HRP”.

HEK293T cells: ATCC, CRL-3216;

Vero E6 cells: ATCC, CRL-1586.

Huh7 cells was purchased from Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences (Cat#
3111C0001CCC000679; RRID: CVCL_0336).

The cell lines were not authenticated since they were purchased commercially and are not commonly misidentified.

The cells were not tested for mycoplasma contamination.

The cell lines used in this study do not appear on the ICLAC register.

Specific pathogen-free (SPF) female BALB/c and C57BL/6 mice aged 6-8 weeks were purchased from Beijing Vital River Animal
Technology Co., Ltd. (Beijing, China). The female hACE2 transgenic mice aged 6-8 weeks were kindly provided by Professor Zhengli Shi
from Wuhan Institute of Virology, CAS (Wuhan, China).

Study did not involve mild animals.

Study did not involve samples collected from the field.

All of the animal experiments were reviewed and approved by the Committee on the Ethics of Animal Experiments of the Institute of
Microbiology, Chinese Academy of Sciences.

Mouse spleens were removed from vaccinated C57BL/6 mice at four weeks post immunization, and splenocytes were




