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Extended DataFig. 6 | Increased lethality and pathogenicity of HIN1 PR8 in
GALNT2-/- mice. a, Using CRISPR/Cas9-mediated gene editing technology, two
single guide RNAs (sgRNAs) were designed targeting the second exon and the
region between the second and third exons of the GALNT2 gene. b, Sequencing
analysis revealed the complete knockout of the second exon of GALNT2.

¢, WT (n=5) and GALNT2-/- (n = 4) C57BL/6 mice were intranasally treated

by 2 pg IFN-a2. Lungs were harvested at 3 d.p.i. GALNT2 protein expression
levels were determined by western blot. Western blots were representative of
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three independent biological repeats.d, WT (n =5) and GALNT2-/- C57BL/6
(n=5) mice were intranasally infected with 350 FFU of PR8 HINL. Lungs were
harvested at 3 d.p.i. e, Quantitative PCR analysis of II-13 mRNA in the lungs
from (d). f, HE staining of the infected lungs of WT (n = 5) or GALNT2-/- (n =5)
C57BL/6 mice infected with PR8 HIN1at 3 d.p.i. The scale bars are indicative of
100pum and 1000pm respectively. Data are mean + s.d. P values from two-tailed
Student’s t-test in (b), (d). ((ns): no significant, *P < 0.05, **P < 0.01, ***P < 0.001,
***+p < (0.0001).
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7| Overexpression of GALNT2 alleviates pneumonia
induced by IAV and SARS-CoV-2infection. a, Groups of C57BL/6 mice (n=2)
were either transduced with 3.3x1011 GC of AAV9-EV or AAV9-hGALNT2
intranasally. Lungs were harvested at 14 d.p.i. GALNT2 protein expression levels
were monitored by western blot. Western blots were representative of three
independent biological repeats. b-c, AAV9-EV or AAV9-GALNT2 transduced
C57BL/6 mice (n =5 or 6) infected with 1000 FFU PR8 HIN1. Three days post
infection, GALNT2 expression levels (b) and PR8 M (c) gene mRNA in the lungs
were analyzed by qPCR. Two of five mice in AAV9-GALNT2 group could not be

detected by RT-qPCR (RT-qPCR Cq values above 38 were considered as negative).

d, AAV9-EV or AAV9-GALNT2 transduced C57BL/6 mice infected with 1000 FFU
PR8 HINL. Three days post infection, lungs were harvested. Representative
images of infected lungs were shown. e, HE staining of the lungs from (d). The

scale bars are indicative of 1000pm and 500pm respectively. f, Quantitative
PCR analysis of II-13 mRNA in the lungs from (b). g-h, Groups of C57BL/6 mice
were either transduced with 3.3x1011 GC of AAV9-EV or AAV9-GALNT2 (n=5or
6) intranasally and subsequently transduced with 2.5x108 FFU of Ad5-hACE2
after 9 days post AAV transduction. Five days after secondary transduction, mice
were infected with 1x105 FFU of SARS-CoV-2 (WT). GALNT2 and SARS-CoV-2N
genes mRNA expression levels in the lungs were determined by qPCR. RT-qPCR
Cqvalues above 38 were considered as negative. i, Representative images of
infected lungs from (g-h).j, HE staining of the lungs of from (g-h). The scale
barsareindicative of 100pm and 1000pum respectively. k, Quantitative PCR
analysis of [I-13 mRNA in the lungs from (g-h). Data are mean + s.d. P values from
two-tailed Student’s t-test. ((ns): no significant, *P < 0.05, **P < 0.01, ***P < 0.001,
P < 0.0001).
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8| Overexpression of GALNT2 in A549 has aminimal
impact onhost genes. a, Scatter plot showing relative up- and down-regulated
genes, identified by RNA-seq analysis of GALNT2-overexpressing A549 cells.
GALNT2 expression was validated by western blots (Extended Data Fig. 4g).

b, Proteomics: Volcano plotillustrates GALNT2-regulated proteins from the
Stable Isotope Labeling By Amino Acids In Cell Culture (SILAC) experiment.
Greater than 2-fold change in abundance upon GALNT2 overexpression and

lower than 0.05 adjusted p value were set as the threshold criteria for GALNT2-
regulated proteins (see method). ¢, Glycoproteomics: Volcano plot illustrates
GALNT2-regulated O-glycosylation sites from the SILAC experiment. Greater
than 2-fold increase in abundance upon GALNT2 overexpression and lower than
0.05 adjusted p value were set as the threshold criteria for GALNT2-regulated
sites (see method). Pearson correlation coefficients and p-values by two-tailed
testareindicated.
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Extended Data Fig. 9| GALNT2-dependent O-linked glycosylation at S810/813
of spike. a, Soluble GalNAc-T1, T2, T3, T4, T5, T7, T11and T18 were overexpressed
in FreeStyleTM HEK293T cells and purified by Ni-NTA chromatography. All
proteins were analyzed by Western blots. Western blots were representative of
three independent biological repeats. b, MALDI-TOF analysis of GalNAcylation
reactions catalyzed by purified GaINAc-Ts on the synthetic spike S2' (TMPRSS2)
peptides. Reactions were performed and analyzed as described in the Methods.
Anincrease of 203 Da corresponds to addition of one GaINAc residue was

only detected O-glycosylation by GALNT2. ¢, Soluble GALNT2 (WT and four
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mutations) were overexpressed in FreeStyleTM HEK293T cells and purified

by Ni-NTA chromatography. All proteins were analyzed by Western blots.
Western blots were representative of three independent biological repeats.

d, MALDI-TOF analysis of GalNAcylation reactions catalyzed by purified GALNT2
onthe synthetic spike S2’ (TMPRSS2) peptides. Reactions were performed (3 h)
and analyzed as described in the Methods. Anincrease of 203 Da corresponds

to addition of one GalNAc residue was obvious detected O-glycosylation by WT
GALNT2, but an apparent decline in four mutants.
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | The S810/813I of spike evades GALNT2 antiviral
functionina SARS-CoV-2replicon system. a, Constructing a reverse genetic
complementary SARS-CoV-2replicon system. The N gene is deleted from the
viralgenome and replaced with a GFP reporter gene. Through in vitro ligation
and transcription, a SARS-CoV-2 RNA genome lacking the N gene but carrying the
GFPreporter geneis obtained. Then RNA genomeis electroporated into Caco2
cells stably expressing the viral N protein (Caco2-N, packaging cell line), allowing
the production of SARS-CoV-2-Ndel replicon. Here we generated 2 replicons,
comprising SARS-CoV-2 WT and S810/8131 spike mutations. b, Fluorescent

and bright field images of SARS-CoV-2 replicons, including WT or S810/813I.
Images were representative of three independent biological repeats. Scale bars
areindicative of 200 um. ¢, Caco2-N cells were infected by WT SARS-CoV-2 or
$810/813I replicon at MOl of 0.01 for 24 or 48 hin presence of EV or GALNT2. Viral

titres were determined by TCID50. Data are means + s.d. fromn =3 independent
experiments. P values from two-tailed Student’s t-test. d, Caco2-N cells were
infected with SARS-CoV-2_Ndel-WT and SARS-CoV-2_Ndel-S810/813l viruses at
MOI of 0.01for 48 hin presence of EVor GALNT2. Caco2-N cells were infected
with SARS-CoV-2_Ndel-WT and SARS-CoV-2_Ndel-S810/8131 viruses at MOl of
0.01for 48 hin presence of EVor GALNT2. The GFP-positive cells were quantified
of syncytiaamong total cellsin Caco2-N cells. Data are means +s.d.fromn=3
independent experiments. P values from two-tailed Student’s t-test. Images were
representative of three independent biological repeats. Scale bars are indicative
of 200 um. e, A schematic shows the S810/8131 and S810/813 A of SARS-CoV-2
recombinant viruses evaded GALNT2 antiviral activity, while reducing the viral
fitness due to reduced utilization of TMPRSS2 for viral entry.
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Data collection  For indirect immunofluorescence assay (cell line) and average infection ratio were measured by Celigo Image Cytometer (Nexcelom
Bioscience).
The numbers of SARS-CoV-2, OC43, 229E, IAV foci were calculated using an EliSpot reader (Cellular Technology Ltd.).

Data analysis H&E imagine were process by CaseViewer_2.4 software.
Raw data were analyzed using Microsoft Excel software(Microsoft 365), GraphPad PRISM (Versions 9)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Reporting on sex and gender Participants were not excluded based on sex or gender.

Reporting on race, ethnicity, or  No socially constructed or socially relevant categorization variables were used in this manuscript.
other socially relevant

groupings

Population characteristics Population characteristics are described in Supplementary table 1.

Recruitment In this study, patients were recruited with PCR-confirmed COVID-19. Participants were recruited from a hospital located in
Guangzhou, Guangdong, China, named the First Affiliated Hospital of Guangzhou Medical University from January 2020 to
January 2023. Informed consent was obtained from all participants prior to sample collection. Bronchoalveolar lavage fluid
(BALF) samples and peripheral blood mononuclear cells BPBMCs) were obtained by trained clinicians from two cohorts:
healthy donors and individuals who had tested positive for SARS-CoV-2 and diagnosed with COVID-19. All methods were
performed according to the relevant guidelines and regulations.

Ethics oversight All human subjects research was approved by the First Affiliated Hospital of Guangzhou Medical University (Ethics ID:

ES-2020-65,ES-2023-015-01). All study participants have provided written informed consents and did not received
compensation for taking part in this study.
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Sample size In Fig 3 and Fig 6, for SARS-CoV-2 and IAV infection, six- to eight-week old C57BL/6 mice were infected. From 4 to 12 mice per group in our
study and displayed the number in the figures. In Fig 3 and Extended Data Fig 1, for SARS-CoV-2 infection, six- to eight-week old BALB/c mice
were infected, with 3 mice per group.

The determination on the sample sizes in in vivo study is based on the expected variations in the disease model and 3R principles
(Replacement, Reduction and Refinement).
In vitro: no special considerations

Data exclusions  No data were excluded
Replication All experiments were repeated in at least duplicates except indicated. Similar findings were obtained from all repeats.
Randomization  There was no allocation except for the grouping of the animals. Animals were randomly allocated to the groups.

Blinding No blinding was done. Blinding was not relevant to the study because the results are quantitative and objective, and does not require a
subjective judgment.
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Data collection

Timing and spatial scale
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Reproducibility
Randomization
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study

Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging
Animals and other organisms
Clinical data

Dual use research of concern
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Plants

Antibodies

Antibodies used SARS-CoV / SARS-CoV-2 Nucleocapsid Antibody (Cat. No.: 40143-R004, Sino Biological, Inc. Beijing)
SARS-CoV-2 Nucleocapsid Antibody, Rabbit
HCoV-229E Nucleocapsid Antibody, Rabbit PAb (Cat. No.: 40640-T62, Sino Biological, Inc. Beijing)
HCoV-0C43 Nucleocapsid Antibody, Rabbit PAb (Cat. No.: 40643-T62, Sino Biological, Inc. Beijing)
Pan Influenza A Nucleoprotein Antibody, Rabbit mAb (Cat. No.: 40208-R010, Sino Biological, Inc. Beijing)
HRP-labelled goat anti-rabbit secondary antibody (Cat. No.: 111-035-144, Jackson ImmunoResearch Laboratories@l
Goat anti-Rabbit 1gG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor™ Plus 488 (Jackson ImmunoResearch
Laboratories, 711-545-152, Inc. West Grove,PA)
ACE2 Polyclonal Antibody, Rabbit PAb (Cat. NO.:21115-1-AP, Proteintech, Inc. Wuhan)
SARS-CoV-2 (2019-nCoV) Spike S2 Antibody, Rabbit PAb (Cat. NO. 40590-T62, Sino Biological, Inc. Beijing)
HRP-conjugated GAPDH Antibody, Mouse mAb (Cat. NO. AC035, ABclonal, Inc. Wuhan)
HRP-conjugated Goat Anti-Mouse 1gG (H+L) Secondary Antibody, Goat mAb (Cat. NO. SAO0001-1, Proteintech, Inc. Wuhan)
HRP-conjugated Goat Anti-Rabbit IgG (H+L) Secondary Antibody, Goat mAb (Cat. NO. SAO0001-2, Proteintech, Inc. Wuhan)
APC anti-HA.11 Epitope Tag Antibody, Mouse mAb (Cat. NO. 901523, Biolegend)
All primary antibodies were used at a dilution of 1:1000 for immunoblotting, 1:2000 for immunofluorescence and focus forming
assay
All secondary antibodies were used at a dilution of 1:2500 or 1:5000 for immunoblotting, 1:1000 for immunofluorescence, 1:5000 for
focus forming assay.
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Validation All primary and secondary antibodies used are commercial antibodies reported by the manufacturer to be validated for use

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) African green monkey kidney Vero cell (Vero E6)(CRL-1586), THP-1 (TIB-202), Calu3 (HTB-55), A549 (CRM-CCL-185), MDCK
(CCL-34),293T (CRL-3216), Caco2 (HTB-37),and HRT-18 (CCL-244) cells were obtained from ATCC. Huh7 (JCRB0O403) cells was
obtained from JCRB Cell Bank.

Authentication All cell lines were frequently checked for cellular morphologies, growth rates and functions. All purchased cell lines were
available in commercial company.

Mycoplasma contamination All cell lines used were tested (by PCR) and were mycoplasma free.

Commonly misidentified lines o commonly misidentified lines were used in this study.
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance

Specimen deposition

Dating methods

|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight

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




Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals For SARS-CoV-2 and IAV infection, specific pathogen-free 6-8-week-old WT C57BL/6 mice were purchased from GemPharmatech
Co., Ltd. (Jiangsu, China). GALNT2 KO mice were purchased from Gempharmatech Co.. IFNAR-/- BALB/c mice were generated by
backcrossing IFNAR-/- BALB/c with WT BALB/c mice for at least ten genrations. STAT1-/- mice were purchased from Jackson
Laboratories.

Wild animals No wild animals were used in the study.
Reporting on sex

Field-collected samples  No field collected samples were used in the study.
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Ethics oversight All animal experiments were complied with relevant ethical regulations regarding animal research. The animal study was reviewed
and approved by Institutional Animal Care and Use Committees of the First Affiliated Hospital of Guangzhou Medical University
(2022114) and Guangzhou Customs Inspection and Quarantine Technology Center (IQTC202306).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

OO0Ooodoods
Ooodoogo

Any other potentially harmful combination of experiments and agents
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Plants

Seed stocks no

Novel plant genotypes  no

Authentication no

ChlP-seq

Data deposition
|:| Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|:| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links
May remain private before publication.

Files in database submission

Genome browser session
(e.g. UCSC)

Methodology
Replicates
Sequencing depth
Antibodies
Peak calling parameters

Data quality

Software




Flow Cytometry

Plots
Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|:| All plots are contour plots with outliers or pseudocolor plots.

|:| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation
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Instrument

Software

Cell population abundance
Gating strategy

|:| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures
Acquisition

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI [ ] Used [ Not used

Preprocessing

Preprocessing software
Normalization
Normalization template
Noise and artifact removal
Volume censoring
Statistical modeling & inference
Model type and settings
Effect(s) tested

Specify type of analysis: [ | whole brain || ROI-based | | Both




Statistic type for inference

(See Eklund et al. 2016)
Correction

Models & analysis

n/a | Involved in the study
|:| |:| Functional and/or effective connectivity

|:| |:| Graph analysis

|:| |:| Multivariate modeling or predictive analysis

Functional and/or effective connectivity
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Graph analysis

Multivariate modeling and predictive analysis






