
SARS-CoV-2 Samples from Same Early COVID-19 Patients Were 

Sequenced Repeatedly with Errors Distorting Phylogenetic Trees 

 

When the bat RaTG13 coronavirus is used as the outgroup for a SARS-CoV-2 phylogenetic study, 

the resulting phylogenetic tree is rooted near a virus strain isolated from the first patient in the 

United States [1]. The patient had traveled to and from Wuhan, but the strain has not yet been 

found in the city. It was postulated that there had been a lack of sequencing efforts in early days 

of the outbreak, and that newer strains gained competitive advantage during later days. The 

hypothesis has aroused substantial public interests and debates. Hence it is worthwhile to 

understand the availability and quality of viral genomic sequences from early patients. 

 

In this exercise, I examined SARS-CoV-2 genomic sequences from China National Center for 

Bioinformation (CNCB, https://bigd.big.ac.cn/ncov/network?lang=en) [2]. It incorporates data 

from many sources, including pointers to GISAID, and offers convenient data download and a 

user-friendly visualization of haplotype trees as shown in Fig 1.  

 

The CNCB site returned 24 complete SARS-CoV-2 genomic sequences when limited to samples 

collected on or before Jan 1, 2020 in Wuhan, with data released by March 8, 2020. There were 

only 41 confirmed SARS-CoV-2 patients publicly reported by Jan 1, 2020 [3]. Hence age and 

gender information is mostly sufficient for matching patient identity, unless rejected by 

published orthogonal information. GISAID was used to retrieve the patient age, gender, 

sequencing platform and assembly method for each sequence. The combined information is 

tabulated in Fig 2. Excluded from the study is the grey row for an incomplete genome, and the 

italic rows for suspected duplicated submissions with identical end indel variants. A ‘U’ in the 

‘AgeGender’ column means Unknown. The 41M1 and 41M2 indicates two separate 41-year-old 

male patients, differentiated by admission dates and whether they work in the Huanan Seafood 

Wholesale Market where the outbreak had started [4, 5]. 

 

The SARS-CoV-2 sample isolated from a 49-year-old female (49F) patient was sequenced at least 

5 times, with three other individuals (52F, 61M and 32M) each contributing to at least 2 

sequences. The grouping by 49F, 52F and 61M is confirmed by independent news articles [6, 7]. 

While repeated sequencing facilitates the following error assessment, such duplicated efforts 

shrunk the small data size even further for any meaningful SARS-CoV-2 early evolutionary or 

epidemiology study. The impact on a haplotype tree is shown in Fig 3. 

 

Sequencing and/or assembly errors were evaluated conservatively with these rules, with end 

indels ignored: 



1. When there are only two genomic sequences of a sample, their divergence is the total 

error count of the two sequences. 

2. Because of the high quality and wide acceptance of the SARS-CoV-2 reference Wuhan-

Hu-1, a genomic sequence is considered error-free if it is a perfect match to the reference. 

3. Sequences that are perfectly matched to each other and not duplicated submissions are 

considered error-free. 

4. Once a first error-free sequence of a strain is established, other sequences of the same 

sample are measured by divergence from the first sequence. 

5. Sequences that cannot be evaluated by the above rules were abstained. 

 

As shown in Fig 4, in the 16 genomic sequences evaluated, at least 17 errors were counted in 7 

(44%) sequences. Except for the rule 1, the errors can be located and compared to variants in 

other strains. All located errors are unique to the affected sequences. The sequence with the 

most (6) errors was flagged by CNCB’s QC pipeline as containing densely clustered mutations. 

The farthest tip in Fig. 4 is also flagged but abstained from evaluation.  

 

In summary, samples from at least 4 early COVID-19 patients in Wuhan were sequenced 

repeatedly, with 1-6 errors in estimated 44% of the resulting genomic sequences. The errors can 

cause apparent false branching of phylogenetic trees. The finding supports the necessity of 

sequencing more early strains with higher quality in order to trace the evolution of SARS-CoV-2. 
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Figure1. The full haplotype tree on CNCB SARS-CoV-2 web page. 



 

Figure 2. Combined data table from CNCB and GISAID. 

 

 

Figure 3. Grouping of early viral genomic sequences by patients. 



 

Figure 4. Counting sequencing and/or assembly errors. 


