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ABSTRACT 23 

 24 

We investigated the evolution of 691 full-length genome sequences obtained from patients 25 

diagnosed with SARS-CoV-2 between February and August 2020. We show that the 26 

sequences of the past epidemic (February-May) majoritarily disappeared and those of the 27 

current epidemic (June-August) belong to new genotypes exhibiting a dramatically higher 28 

mutation rate. 29 

 30 

  31 



3 
 

TEXT 32 

 33 

The SARS CoV-2 outbreak that started in Wuhan, China, in December 2019, has rapidly 34 

spread around the world (1) (https://coronavirus.jhu.edu/map.html). In Marseille, southeastern 35 

France, the first case was diagnosed on 02/27/2020 (2). At IHU Méditerranée Infection, we 36 

have been monitoring the daily number of SARS CoV-2 PCR tests and positive cases since 37 

then (https://www.mediterranee-infection.com/covid-19/). We implemented a systematic 38 

testing strategy and carried out (as on 09/03/2020) 212,194 PCRs for 147,813 individuals. Of 39 

these, 10,192 were positive (Figure 1). This led us to perform culture inoculation for >5,000 40 

samples (3) and next-generation sequencing (NGS) (4) for 1,380 samples, particularly from 41 

patients with a low cycle threshold (Ct) value (<20) of the PCR test. 42 

 43 

The study 44 

From 29 January 2020, we diagnosed SARS-CoV-2 infections by PCR by testing 45 

nasopharyngeal swab fluids sent to the clinical microbiology laboratory of IHU Méditerranée 46 

Infection, as previously described (5). Monitoring of the epidemic in Marseille shows that 47 

around 20 May, SARS-CoV-2 cases showed an almost total disappearance, and a re-increase 48 

was observed during July to reach in early September between 100 and 150 diagnoses per 49 

day. The number of patients tested and positive cases were 86,358 and 6,858, respectively, 50 

between February and May, and 60,768 and 3,337, respectively, between June and 51 

September. These data do not appear to be biased because the proportion of positive tests was 52 

in the same order of magnitude in February-April (7.9%) and July-August (5.5%), and we 53 

continuously tested voluntary peoples regardless of whether they were symptomatic or 54 

asymptomatic since the first case in Marseille (Figure 1). 55 

We performed whole genome sequencing for PCR positivity with a cycle threshold 56 
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(Ct) value < 30. SARS-CoV-2 genomes were obtained from nasopharyngeal swab fluid by 57 

next-generation sequencing using Illumina technology with the Illumina Nextera XT Paired 58 

end strategy on a MiSeq instrument (Illumina Inc., San Diego, CA, USA), as previously 59 

described (2) (Appendix). Genome consensus sequences were generated with the CLC 60 

Genomics workbench v.7 by mapping on the SARS-CoV-2 genome GenBank Accession no. 61 

MN908947 (Wuhan-Hu-1 isolate) with the following thresholds: 0.8 for coverage and 0.9 for 62 

similarity. 63 

Sequences from 691 complete genomes (Appendix: supplementary File S1) that 64 

were obtained were analyzed using the Nextstrain web-tool (https://clades.nextstrain.org/) (6). 65 

They were compared to sequences available in the GISAID database 66 

(https://www.gisaid.org/). Phylogenetic trees were reconstructed by using the nextstrain/ncov 67 

tool ( https://github.com/nextstrain/ncov ) and visualized with iTOL (https://itol.embl.de/) 68 

(Appendix). Analysis of full-length SARS-CoV-2 genomes showed that a particular genotype 69 

that we named “Marseille 1a” appeared in July, which has not been described in the literature. 70 

It combines eight new mutations (Figure 2) whose association is unknown and arises as a 71 

long branch on the phylogenetic tree built with all genomes obtained in our laboratory. Based 72 

on this finding, we accelerated SARS-CoV-2 genome sequencing performed from PCR-73 

positive samples collected in July and August because we believed that a new genotype had 74 

set in, and we designed a qPCR specific for the Marseille 1 genotype. However, after 75 

analyzing 691 full-length genomes, we were able to demonstrate that there were in fact seven 76 

new clades (named “Marseille 1” to “Marseille 7”) (Figures 3A-B) that emerged since June, 77 

only viruses of 4 genotypes observed between February and May being found since July 78 

(Table 1). Sequences from the same genotype than three of these clades (2, 5 and 6) were 79 

found in the GISAID database (https://www.gisaid.org/). The first observed clade (Marseille 80 

1a) seems to have almost disappeared after July. The index case was imported from North 81 
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Africa, and the first cases thereafter diagnosed were linked to ships connecting North Africa 82 

to Marseille; other cases did not appear to have a specific origin.  83 

 Mutations observed in these seven different viral genotypes are located in most SARS-84 

CoV-2 genes including structural and non-structural genes among which nsp2, nsp3 85 

(predicted phosphoesterase), nsp5 (membrane glycoprotein), nsp12 (RNA-dependent RNA 86 

polymerase), S (Spike glycoprotein), ORF3a, E (membrane glycoprotein), M (membrane 87 

glycoprotein), ORF8 and N (Nucleocapsid phosphoprotein) (Figure 2). Analysis of the 88 

heterogeneity of the 204 sequences produced from June to August compared to the 487 89 

sequences produced from February to May shows a large difference (mean ± standard 90 

deviation for genetic distance: 7.6 x 10
-4 

± 3.8 x 10
-4

 vs. 2.3 x 10
-4 

± 1.1 x 10
-4

, respectively; p 91 

< 2.2 x 10
-16

; Appendix: supplementary Figure S1), which indicates that the virus mutation 92 

rate is accelerating dramatically. The more distant genome relative to that of the Wuhan-1 93 

isolate exhibited 29 mutations and was of clade Marseille 5. Interestingly, but preliminary, the 94 

mortality of SARS-CoV-2-positive patients hospitalized since mid-June is lower than that of 95 

those hospitalized between February and May [9 deaths/1,958 cases (0.5%) vs. 162 96 

deaths/5,929 cases (2.7%), respectively (https://www.mediterranee-infection.com/covid-19/; 97 

(5)); p = 6.6 x 10
-11

)], whereas the proportion of positive and ambulatory patients was similar 98 

for these two time periods. There is no bias regarding the comparison of the mortality rate 99 

between these two periods because our testing strategy and clinical and therapeutic 100 

management have remained the same (5). This reduced mortality rate appears to be a general 101 

phenomenon in France and Europe with a low fatality rate of this summer outbreak compared 102 

to the one that occurred from February to May (https://covid19-country-103 

overviews.ecdc.europa.eu/; https://github.com/CSSEGISandData/COVID-19 ). It seems that 104 

the current genotypes are at the origin of epidemic bursts, which we do not know if they will 105 

relapse and continue, but the first detected became minoritary in August when we could 106 
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distinguish some others (Figure 3B; Table 1). In addition to the complete genomes described 107 

in this work, the identification of Marseille 1 variant based on specific real-time qPCR 108 

(Appendix) allowed us to estimate that they were involved in 65 (23%) of 259 infections 109 

during the period July–mid August.  110 

 111 

Conclusions 112 

Overall, as recently pointed out by Tomaszewski et al. (7) who described for viral genomes 113 

available until May 2020 a mutational shift from the spike and replication complex to genes 114 

encoding other non-structural proteins that interact with host defense pathways, it appears that 115 

the mutation rate of SARS-CoV-2 is accelerating since May, mostly involving C-to-U 116 

mutations. The SARS-CoV-2 mutation rate increase generates viral genotypes more distant 117 

from the initial Wuhan strain than observed from March to April. This seems to result in 118 

epidemics of limited duration, at least for the first new genotype that we identified, and is 119 

associated with less severity overall at this stage of the development of this new epidemic. 120 

 121 
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FIGURES 188 

 189 

Figure 1. Number of PCR tests, positive diagnoses, and deaths from February to 190 

September  191 

A. Number of PCR tests performed at IHU Méditerranée Infection; B: Number of PCR-192 

positive patients performed at IHU Méditerranée Infection; C: Number of deaths among 193 

SARS-CoV-2-positive patients in Marseille public hospitals (Assistance Publique-Hôpitaux 194 

de Marseille). 195 

 196 

Figure 2. Microarray showing the distribution along the viral genome and in viral genes 197 

of mutations observed for the various viral genotypes 198 

Sequences from complete genomes that were obtained were analyzed using the Nextstrain 199 

web-tool (https://clades.nextstrain.org/) (6). They were compared to sequences available in 200 

the GISAID database (https://www.gisaid.org/). 201 

Representation is adapted from Nextclade sequence analysis web application output 202 

(https://clades.nextstrain.org/results ). 203 

a
 In reference to genome GenBank Accession  no. NC_045512.2 (Wuhan-Hu-1 isolate);

b 
204 

green: U; yellow: G; blue: C; red: A. 205 

3CL: 3C-like proteinase; E: Envelope protein; H: NTPase/helicase domain; M: Membrane 206 

glycoprotein; N: nucleocapsid phosphoprotein; nsp9: ssRNA-binding protein; nsp14: 3'-to-5' 207 

exonuclease; nsp15: EndoRNase; PLpro: Predicted phosphoesterase; RdRp: RNA-dependent 208 

RNA polymerase; S: Spike glycoprotein; Syn.: synonymous.
 
 209 

 210 

Figure 3. Phylogenetic trees based on SARS-CoV-2 full-length genomes obtained during 211 

the two epidemics from February to May and from June to August and monthly 212 
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proportions of the newly-identified viral genotypes 213 

A: Phylogenetic trees based on SARS-CoV-2 full-length genomes obtained during the two 214 

epidemics from February to May and from June to August. Phylogenetic trees were 215 

reconstructed by using the GISAID TreeTool in v2.0 (https://www.gisaid.org/epiflu-216 

applications/upcoming-features-in-v20/treetool-app/) that performs an initial approximate 217 

maximum likelihood phylogeny reconstruction using FastTree then a refinement by RaXML. 218 

A1: Phylogenetic tree was reconstructed from 691 full-length viral genomes obtained from 219 

clinical samples collected from February to August 2020; this tree can be visualized at a 220 

greater size in a separate file available in the Appendix (supplementary Figure S2). A2, A3: 221 

Phylogenetic trees were reconstructed from 487 and 304 full-length viral genomes obtained 222 

from samples collected from February to May 2020 (A2) and from June to August 2020 (A3), 223 

respectively. Genomes from February, March, April, May, June, July, and August are labeled 224 

with green, orange, light blue, pink, yellow, red, and blue backgrounds, respectively. 225 

B. Monthly proportions of the newly-identified viral genotypes. The monthly proportions of 226 

viral genotypes correspond to that of full-length genomes obtained from samples collected 227 

during a given month from June to August 2020 and classified in genotypes 1 to 7. B1: 228 

Distribution of the proportions of genomes classified in Marseille clades 1-7 according to the 229 

month for months from February to August. B2: A: Distribution of the proportions of 230 

genomes classified in the various Marseille clades 1-7 and their subclades according to the 231 

month for months from June to August 232 
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TABLES 233 

Table 1. Number of genomes per genotype and month from February to May and from June to August 234 

 235 



Fig. 1 
Daily number of SARS-CoV-2 PCR tests A. Daily number of SARS-CoV-2 PCR tests 

B. Daily number of SARS-CoV-2-positive PCR tests 
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Dramatic increase in the SARS COV-2 mutation rate and low mortality 

rate during the second epidemic outbreak in summer in Marseille 

 

APPENDIX 

 

METHODS 

 

Genome sequencing 

SARS-CoV-2 genomes were obtained from nasopharyngeal swab fluid by next-generation 

sequencing as previously described (1). Briefly, viral RNA was extracted from 200 µL of 

nasopharyngeal swab fluid using the EZ1 Virus Mini Kit v2.0, and it was reverse transcribed 

using SuperScript IV (ThermoFisher Scientific, Waltham, MA, USA) prior to cDNA second 

strand synthesis with Klenow Fragment DNA polymerase (New England Biolabs, Beverly, 

MA, USA). The generated DNA was purified using Agencourt AMPure XP beads (Beckman 

Coulter, Villepinte, France) and sequenced using Illumina technology with the Illumina 

Nextera XT Paired end strategy on a MiSeq instrument (Illumina Inc., San Diego, CA, USA). 

Genome consensus sequences were generated with the CLC Genomics workbench v.7 by 

mapping on the SARS-CoV-2 genome GenBank Accession no. MN908947 (Wuhan-Hu-1 

isolate) with the following thresholds: 0.8 for coverage and 0.9 for similarity. 

Marseille 1 variant specific qPCR 

The fragment of the gene encoding the nucleocapside and harboring two mutations separated 

by 17 nucleotides concurrently present in the Marseille 1 genotype was used as a target for the 

design of a real-time qPCR assay with a hydrolysis probe specific to the Marseille 1 genotype. 
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The sequences of primers and probes are as follows: Pri_28833-51_F5 (forward): 

CAAGCCTCTTCTCGTTCCTT; Pri_28833-51_R5 (reverse): 

GCCAGCCATTCTAGCAGGA; Probe_28833-51_4: 5’FAM-

ACGTAGTCGCAACATTTCAAGAAA-3’TAMRA. 

Genome sequence analyses 

Sequences from complete genomes that were obtained were analyzed using the Nextstrain 

web-tool (https://clades.nextstrain.org/) (2). They were compared to sequences available in 

the GISAID database (https://www.gisaid.org/). Phylogenetic trees were reconstructed by 

using the nextstrain/ncov tool ( https://github.com/nextstrain/ncov ) and visualized with iTOL 

(https://itol.embl.de/). Distance estimation was performed using MEGA 6 (version 6.06) using 

the maximum composite likelihood method with uniform rates among sites and partial 

deletion set at 5%. Genome nucleotide heterogeneity was represented in a box-and-whisker 

plot of the distributions of nucleotide distances that compared genomes collected from 

February to May and from June to August using Welch Two Sample t-test. Statistical tests 

were done using R 4.0.2 (3).  

 

SUPPLEMENTARY FILE 

 

Supplementary File S1:  contains the 691 complete genomes that were obtained at IHU 

Méditerranée Infection. 

 

SUPPLEMENTARY FIGURE LEGEND 

 

Supplementary Figure S1. Box-and-whisker plot of the distance distributions of genomes 

collected from February to May and from June to August 
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Distance estimation was performed using MEGA 6 (version 6.06) using the maximum 

composite likelihood method with uniform rates among sites and partial deletion set at 5%. 

Genome nucleotide heterogeneity was represented in a box-and-whisker plot of the 

distributions of nucleotide distances that compared genomes collected from February to May 

and from June to August using Welch Two Sample t-test. Statistical tests were done using R 

4.0.2 (3).  

 

Supplementary Figure S2. Phylogenetic tree was reconstructed from 691 full-length viral 

genomes obtained from clinical samples collected from February to August 2020. 
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