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Supplementary Methods 

SARS-CoV-2 detection by qPCR. The RNA of nasopharyngeal or oropharyngeal swabs, 

collected in DNA/RNA Shield medium (Zymo Research, USA), was extracted using the Quick-

DNA/RNA Viral MagBead kit (Zymo Research, USA) and eluted in 40 μl of nuclease-free water. 

The RT-PCR assays included of 3 single reactions to detect the viral N gene (NIID_2019-

nCov_N_F2, NIID_2019-nCov_N_R2ver3, and NIID_2019-nCov_N_P2 as described by (1)), the 

viral E gene (E_Sarbeco_F, E_Sarbeco_ R, and E_Sarbeco_ P1 as described by (2)) and the human 

control RNAse P gene (as described by (3)). All assays were performed in hard-shell thin-wall 

384-well PCR plates (Bio-rad, USA) with a total volume of 10 μl per reaction, including 4 μl of 

eluted RNA and using the Luna Universal Probe One-Step RT-qPCR kit (NEB, USA). The PCR 

cycling protocol included 45 cycles and an annealing and elongation step at 58°C. A sample was 

considered positive for SARS-CoV-2 if one or both of the viral targets were detected with a Ct 

value <40, and the RNAseP Ct < 38.  

Sanger sequencing of N gene fragment. The 28,928-29,521 nt genomic region of SARS-CoV-2 

(NC_045512), containing the N gene fragment detected in our RT-PCR assay, was PCR-amplified 

using 5’-CTTGCTTTGCTGCTGCTTGA-3’ as the forward primer and 5’-

TGAGTCAGCACTGCTCATGG-3’ as the reverse primer for 30 cycles using an annealing 

temperature of 67°C. Amplicons were purified using AMPure XP beads (Beckman Coulter, USA) 

at a ratio of 1.5, and sent to Genewiz (USA) for Sanger sequencing.  

Whole genome sequencing and phylogenetic analysis of SARS-CoV-2 samples. We randomly 

selected 20 samples with increased ΔCt(N-E) (suspected mutants) and 11 samples with a minimal 

ΔCt(N-E) (suspected wild-types) from a subset of Madera County samples that showed E gene Ct 



values <30. SARS-CoV-2 genome sequences from Madera County samples were recovered via 

Primal-Seq Nextera XT version 2.0 (modified from (4)), with the ARTIC Network v3 primers (5)), 

followed by paired-end 150bp sequencing on the Illumina platform. Reads were aligned to the 

reference genome (genbank accession MN908947.3) with minimap2 (6), samtools (7) to generate 

a pileup, and ivar (8) to trim primers. A phylogenetic tree was estimated with Nextstrain’s ncov 

repository (9), using MAFFT (10), IQ-tree (11) and treetime (12); specific parameter settings are 

documented in the configuration files available on Github. Additional samples from GISAID were 

selected by searching CoV-GLUE for sequences with the Q289H mutation, and by using 

Nextstrain’s sparse subsampling scheme to select additional wildtype samples for context. The 

figure of the phylogenetic tree was generated with the R package ggtree (13). Sequence data 

downloaded from GISAID is available in Supplementary Table 3, all code and sequences used for 

analyses and figure generation is publicly available (14). 

 

Supplementary Results 

Madera County is currently experiencing significant community spread of COVID-19, with a 14-

day incidence rate of 378 cases per 100,000 population during July 1 — July 14, when the first 

mutant sample was observed (15). Out of 202 total samples from this county, 45 (22.3%) carried 

the G29140U mutation. These originated from four of thirteen mobile community testing sites in 

Madera County that covered both residential and also rural areas where primarily agricultural 

workers reside, suggesting broad geographic distribution of cases within the county. Nine of the 

samples originated from a single outbreak at a skilled nursing facility. Limited case investigation 

data from Madera County patients indicate that 17 of 19 individuals reporting symptom status did 



exhibit COVID-19 symptoms (89%) with two deaths (4.8%). Cases occurred in individuals in a 

mix of professions [out of 14 reporting: 1 healthcare worker (7%); 1 laborer (7%); 2 craftsman 

(14%); 2 retired (14%); 3 unemployed (21%); 4 farmworkers (29%)] and predominantly among 

Hispanic or Latinx persons [13/18 (72%)]. These data support that the G29140U variant is 

replication-competent in this specific genetic background and adequately transmits within and 

between different communities. 
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