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Supplementary Figure 1. Schematic representation of the NS chimeric gene construct, 

Related to Figure 1. (A) A NS-split construct was used for virus rescue experiments [S1]. The 

NS1 and NEP coding sequences were separated by the porcine teschovirus-1 2A autoprotease 

cleavage site (PTV-1 2A). (B) Distribution of amino acid mutations per clone in the NEP mutant 

library was analyzed by next-generation sequencing and is shown as a bar plot. (C) Correlation 

of fitness values of individual mutations between two independent biological replicates is shown 

as a scatterplot. (D) Correlation between fitness values of individual mutations and their titer in 

virus rescue experiments is shown as a scatterplot. Here, virus rescue titer was normalized by 

subtracting the virus rescue titer of WT from that of each mutant, since the data were from two 

virus rescue experiments with two different batches of cells (Figure 2A-B). 

  



Supplementary Figure 2. Sequence conservation of influenza NEP, Related to Figure 1. The 

natural variants of NEP residues are represented by a sequence logo. The analysis includes 

sequences with the full length of NEP (121 amino acid residues) from all influenza strains on 

Influenza Virus Database [S2]. The amino acid residues mentioned in the main text are indicated.   



Supplementary Figure 3. Analysis of defective interfering particles (DIPs), Related to 

Figure 2. (A) Frequency of DIPs across viral gene segments in infected cells was analyzed by 

total RNA sequencing. Each data point represents the mean Transcripts Per Million (TPM) of three 

replicates. (B) Ratio of infectivity titer (I) to total titer (T). Non-infectious particles were measured 

using the hemagglutinin assay, while infectious particles were quantified using the TCID50. The 

I/T ratio was computed by dividing the infectivity titer (Log10 TCID50/50 μL) to the total titer (HA/50 

μL) [S3]. Each bar represents the mean of two independent virus stocks. The differences between 

different mutants and WT are not statistical significance based on one-way ANOVA with Turkey’s 

honestly significant difference post hoc test.  



Supplementary Figure 4. Impact of mutations in N-terminal domain of NEP on cellular 

responses, Related to Figure 4. (A) Growth curves of wild-type (WT) and NEP mutant viruses 

in MDCK-SIAT1 cells. MDCK-SIAT1 cells were infected at an MOI of 0.001 with the indicated virus. 

Infectious particles in the supernatant were harvested at the indicated timepoints and quantified 



by the TCID50 assay. Each bar represents the mean of three independent biological replicates. 

Statistical significance was analyzed by one-way ANOVA with Turkey’s honestly significant 

difference post hoc test: ***P < 0.001. (B) Activation of NF-kB activity was measured in mock- 

and IAV-infected A549 cells expressing dual reporters for NF-kB and IRF activities. Each bar 

represents the mean of three independent biological replicates. Statistical significance was 

analyzed by one-way ANOVA with Turkey’s honestly significant difference post hoc test: **P < 

0.01. (C) Western blot analysis of NEP protein expression. Flag-tagged NEP was transiently 

expressed in HEK293T cells and detected by an anti-Flag antibody. NEP protein expression was 

quantified by ImageJ image processing program [S4]. Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) was used as an internal control to normalize data. Each bar represents 

the mean of three independent biological replicates. (D) A549 cells were infected by the indicated 

recombinant viruses at an MOI of 0.1. Cell death was assessed using phase contrast microscopy 

at 24 hpi. Scale bar: 200 μm. 

  



Supplementary Figure 5. Comparison of NEP fitness, Related to Figure 1. The fitness values 

between NEP mutations that would have altered the NS1 amino acid sequence and those would 

not in the context of WTnon-NS-split were compared using two-tailed Student’s unpaired t-test: *P < 

0.05.   
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