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Materials and Methods 

 

Quantitative RT-PCR testing 

Quantitative reverse transcription-polymerase chain reaction (RT-PCR) testing for 

SARS-CoV2 was performed by the US Centers for Disease Control and Prevention (CDC), 

California Department of Public Health (CDPH), University of California, San Francisco 

Clinical Microbiology Laboratory (UCSF), or Santa Clara County Public Health Department 

(SCCPHD). At UCSF, samples were extracted on a Magna Pure 24 Viral Kit (Roche 

Diagnostics, Indianapolis, USA) or an EZ1 Viral Mini Kit (Qiagen, Hilden, Germany). At the 

CDC, CDPH, or SCCPHD, samples were extracted using Qiagen DSP Viral RNA Mini Kit with 

carrier RNA added (Qiagen). Samples were tested for SARS-CoV-2 using the FDA EUA-

approved 2019-nCoV CDC Real-Time RT-PCR Diagnostic Panel assay (16), which targets the 

N1 and N2 regions of the nucleoprotein gene. The cutoff for a confirmed positive sample was 

determined to be a cycle threshold (Ct) value of 40 cycles, with a positive result requiring 

detection of both the N1 and N2 targeted regions of the nucleoprotein gene. 

 

Clinical SARS-CoV-2 samples 

Nasopharyngeal and/or oropharyngeal swabs in universal transport media (Copan 

Diagnostics, Murrieta, CA, USA) from RT-PCR positive COVID-19 patients were obtained from 

the UCSF Clinical Microbiology Laboratory, CDPH, and SCCPHD. Patient samples were 

randomly selected for broad representation of the 9 counties in Northern California and the 

Grand Princess cruise ship. 
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Next-generation sequencing library preparation and PCR confirmation of the G29711T SNV 

Extracted RNA from nasopharyngeal (NP) swab samples in universal transport medium 

was reverse transcribed to complementary DNA (cDNA) using the MSSPE method as previously 

described (15). The custom-designed 13-nucleotide (nt) SARS-CoV-2 primers (IDT 

Technologies) were constructed using an alignment of 30 SARS-CoV-2 genome references 

available in the NCBI GenBank database as of end of February 2020 (Table S3). Barcoded 

sequencing libraries were constructed from cDNA by Nextera tagmentation (Ilumina), followed 

by 12 cycles of amplification per the manufacturer’s protocol. A second round of amplification 

(14 cycles) was used to boost the yield of cDNA library due to low RNA yield in general from 

low-input samples such as NP swabs (33). The final libraries were pooled and sequenced on the 

MiSeq, NextSeq, or HiSeq 1500 (Illumina Inc., San Diego, USA) as 1x150 single-end or 2x150 

paired-end reads. For some genomes with low coverage (<50%), tiling amplicon PCR using 

SARS-CoV-2 primers generated from the Primal algorithm (Table S4) was used to increase 

genome coverage according to the published protocol (17). To confirm that UC15 and UC25 

belong to the SCC1 lineage, we performed specific PCR using designed primers to amplify a 

region containing the lineage defining G29711T SNV, followed by Sanger sequencing to 

confirm the presence of this SNV (Table S5). 

 

 

Phylogenetic analysis 

Raw reads were first screened via BLASTn (BLAST+ package 2.9.0) (34) for alignment 

to SARS-CoV-2 reference genome NC_045512. They were then aligned to the reference genome 

with LASTZ version 1.04.03. For libraries generated using the MSSPE protocol (15), single-end 
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reads were trimmed using Geneious version 11.1.3 by removal of 13 nucleotides (nt) (the length 

of the MSSPE primer) and low-quality reads from the ends, followed by removal of duplicate 

reads. Trimmed reads were then mapped to reference genome NC_045512 in Geneious with no 

gaps allowed and a maximum of 5% mismatches per read. The assembled contig was then 

manually annotated, and a consensus genome was generated using a majority threshold criterion. 

For libraries generated using tiling multiplex PCR (Primal) protocol (17), paired-end reads were 

processed using the BBTools suite, version 38.82 (https://sourceforge.net/projects/bbmap/). 

Quality scores were recalibrated, and reads were trimmed for removal of adapters and low-

quality sequences using BBDuk. Subsequently, mate pairs were aligned with BBMap, and 

duplicate pairs removed on the basis of mapping to the same nucleotide positions. Mapped reads 

containing deletion events or multiple (>2) substitution events unsupported by any other read 

were removed to reduce overall noise, and soft clipping was applied to reduce the impact 

specifically of artifactual noise near read ends. Variants were called with CallVariants and 

applied to the genome using a depth cutoff of 3 to yield the final assembly. Regions with depth 

of less than 3 were represented by N. 

We downloaded all 762 complete (>29,000 bp), high-coverage SARS-CoV-2 genomes 

that had been deposited into GISAID as of March 20, 2020 (31, 32), and then added the 36 

genomes in the current study to generate an initial dataset of 798 genomes. This dataset was then 

trimmed by removal of low-quality genomes and known duplicate genomes from the same 

patient, yielding a final dataset of 789 genomes. Sequences were aligned using MAFFT v7.427 

(35) using default settings and multiple sequence alignments were manually curated for 

accuracy. Phylogenetic maximum likelihood trees were constructed in PhyML v3.3 (36) under 

an HKY+Γ4 substitution model (37, 38), after trimming the ends of the alignment. To compute 

https://sourceforge.net/projects/bbmap/
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branch support values we used the aLRT (approximate likelihood ratio test) method, 

implemented in PhyML (39), which is better suited than bootstrapping to data sets with few 

informative sites per taxon. 

For the separate WA1 lineage phylogenetic analysis in Figure 2B, we discarded all 

genomes of the WA1 lineage, leaving 88 genomes. We further removed 4773 nucleotide sites 

from the alignment that were either ambiguous or unknown in more than one genome. As above, 

the phylogenetic WA1 lineage subtree was constructed in PhyML v3.3 under an HKY+Γ4 

substitution model. The locations of SNVs and gaps shown in Figure 3 were extracted from an 

alignment of 154 sequences from the US, aligned to the reference sequence (NC_045512), using 

custom scripts (30). 
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Fig. S1. SARS-CoV2 genome coverage versus cycle threshold for respiratory swab samples 
from COVID-19 patients (n=34) in this study. The x-axis designates the virus titer based on 
the reported real-time RT-PCR Ct value (higher values correspond to lower viral loads), while 
the y-axis designates genome coverage in percentage. The data points are color coded to 
designate either the patient’s county of residence in Northern California or whether the patient 
was a passenger or crew member aboard the Grand Princess cruise ship. 
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Fig. S2. Initial phylogeny of the WA1 lineage pruned from the global phylogenetic tree of 
789 SARS-CoV-2 genomes. Light blue circles denote the genome sequences obtained in this 
study, while gray circles denote sequences from Washington State (WA). The 3 key SNVs 
defining the WA1 lineage are highlighted in red, while an additional 2 SNVs found in viral 
genomes from the Grand Princess passengers and crew as well as the majority of the WA1 
lineage viruses are highlighted in black. The WA1 virus from Washington State (first reported 
COVID-19 case in the US) is positioned at the root of the tree and is closely related to Fujian and 
Chongqing viruses from China. Bootstrap values (converted from the approximate likelihood 
ratio test, or aLRT score) are displayed at each node, with a value of 1 indicating 100% support. 
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Table S1. (separate file in Excel format) List of all 62 SARS-CoV-2 samples analyzed in the 
study along with sequencing controls.  

Table S2. (separate file in Excel format) Patient epidemiologic metadata and sequencing 
metrics for 36 SARS-CoV-2 genomes recovered from COVID-19 infected patients. 

Table S3. (separate file in Excel format) Custom primer sequences for the MSSPE method. 

Table S4. (separate file in Excel format) Tiling multiplex PCR primers. 

Table S5. (separate file in Excel format) PCR primers and Sanger sequencing reads obtained 
for confirmation of SNV G29711T from SARS-CoV-2 respiratory nasal swab samples. 

Data S1. (separate file in Nexus tree format) Tree file for the global phylogeny of 789 SARS-
CoV-2 genomes. 
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