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Generation of consensus genomes

Paired-end sequences were first cleaned with Trimmometic (java -jar trimmomatic-0.39.jar PE -phred33
file_R1.fastq file_R2.fastq file_R1_paired file_R1_left file_R2_paired file_R2_left ILLUMINACLIP:TruSeq3-
PE-2:2:30:10 LEADING:30 TRAILING:30 SLIDINGWINDOW:4:20 MINLEN:40), then aligned to SARS-CoV-2
reference genome with BWA-MEM (bwa mem -M -t 12 SARS-CoV-2_ref_genome.fasta file_R1_paired
file_R2_paired >file_aligned.sam. Samtools was used to convert sam files into indexed and sorted bam files,
which were then dereplicated with PICARD (java -jar picard.jar MarkDuplicates -I sorted_file.bam -M
file_metrics --REMOVE_DUPLICATES true --REMOVE_SEQUENCING_DUPLICATES true --
VALIDATION_STRINGENCY SILENT -O dereplicated_file.bam). Samtools was then utilised to generate
mpileup files (samtools mpileup -f SARS-CoV-2_ref_genome.fasta dereplicated_file.bam -B-Q0-d0-a-o
file.mpileup), necessary for variant calling with VarScan without imposing any filter (java -jar
VarScan.v2.3.9 jar mpileup2cns file.mpileup --min-coverage 0 --min-var-freq 0 --output-vcf 1
>no_filter_file.vcf). Then, an in-house Python script selected reliable mutations applying more stringent
filters to low coverage samples and taking into account of mutation frequency and support of forward and
reverse reads. Eventually, the consensus genome was obtained with beftools (cat SARS-CoV-
2_ref_genome.fasta | beftools-1.17/bcftools consensus -H A cons.vcf.gz -0 consensus.fasta).
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Figure S1. Frequency of the emerged non-synonymous mutations in GISAID. The heatmap reports the monthly frequency of
SARS-CoV-2 sequences available in GISAID and carrying either NSP3_Q701H, NSP4_T419N, S: D420A, 519_524del or
510_518del. Frequency is expressed as the number of sequences carrying the mutation of interest divided by the total number of
available sequences for that month. Only complete sequences sampled in humans, with high coverage and with the date including year
and month were considered, according to GISAID metadata.
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Figure S2. Minor variants reproducibility. Overlap coefficient of minor variants identified in both replicates of the 17 samples that
were sequenced twice. For a minor variant to be called, its frequency must be at least 1% and lower than 50%. a) Venn diagrams
showing the overlap coefficient per each sample sequenced twice. The name of each sample is reported on top of Venn diagrams, while
the median coverage of each replicate is provided below the relative circle. b) Overlap coefficient correlation with median coverage.
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Figure S3. Correlation between minor variants and median coverage. The correlation between the number of minor variants
called and the sequencing depth of the sample was investigated on a) all the samples sequenced twice, b) on the samples with median
coverage below 600 reads per genomic position, c) on the samples with median coverage equal or greater than 600 reads per genomic
position. The Spearman correlation with the relative p value is provided for each scenario.
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Figure S4. Delta and Omicron minor variants are comparable in number and type. a) Number of minor variants identified at
TO in immunocompromised subjects that were infected with Omicron variant compared with the ones identified in subjects infected
with Delta variant (Npew=4, Medianpea=116.5, Nomicron=3, Median omicon=121.0, p=0.8, Mann-Whitney test). b) Principal
component analysis of the minor variants detected in Delta and Omicron samples. The variation explained by each PC is provided
along the relative axis.
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Table S2. Full list of samples ID, collection data, consensus sequence availability and fulfilment of criteria for minor variants analysis.
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Figure S5. Age does not affect minor variants’ number and type. a) Comparison of the number of minor variants identified at
any timepoint in subjects with less than 65 years, depicted in green, and older, reported in yellow (N<65=7, Mean<65 =127.3,
N265=11, Mean>65=105.5, p=0.10, unpaired t test). b) Principal component analysis comparing the minor variants detected at b)
any timepoint, c) at TO and d) at T7 in subjects less than 65 years old and older subjects. The variation explained by each PC is

provided along the relative axis.
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Figure S6. Treatments do not affect minor variants’ number and type. a) Comparison of the number of minor variants
identified at any timepoint in subjects treated with monoclonal antibodies, depicted in light blue, treated with remdesivir, indicated
in pink, and treated with a combination thereof, reported in green (Nmar=4, Meanmav =129.7, Nremdesivir=13, Meatnremdesivi=108.7,
p=0.21, unpaired t test). b) Principal component analysis comparing the minor variants detected b) at any timepoint, c) at TO d) and
d) at T7 in subjects receiving remdesivir, monoclonal antibodies or a combination thereof. The variation explained by each PC is
provided along the relative axis.



