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ABSTRACT

We investigated the evolution of 691 full-length genome sequences obtained from patients
diagnosed with SARS-CoV-2 between February and August 2020. We show that the
sequences of the past epidemic (February-May) majoritarily disappeared and those of the
current epidemic (June-August) belong to new genotypes exhibiting a dramatically higher

mutation rate.
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TEXT

The SARS CoV-2 outbreak that started in Wuhan, China, in December 2019, has rapidly
spread around the world (1) (https://coronavirus.jhu.edu/map.html). In Marseille, southeastern
France, the first case was diagnosed on 02/27/2020 (2). At IHU Méditerranée Infection, we
have been monitoring the daily number of SARS CoV-2 PCR tests and positive cases since
then (https://www.mediterranee-infection.com/covid-19/). We implemented a systematic
testing strategy and carried out (as on 09/03/2020) 212,194 PCRs for 147,813 individuals. Of
these, 10,192 were positive (Figure 1). This led us to perform culture inoculation for >5,000
samples (3) and next-generation sequencing (NGS) (4) for 1,380 samples, particularly from

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

The study

From 29 January 2020, we diagnosed SARS-CoV-2 infections by PCR by testing
nasopharyngeal swab fluids sent to the clinical microbiology laboratory of IHU Méditerranée
Infection, as previously described (5). Monitoring of the epidemic in Marseille shows that
around 20 May, SARS-CoV-2 cases showed an almost total disappearance, and a re-increase
was observed during July to reach in early September between 100 and 150 diagnoses per
day. The number of patients tested and positive cases were 86,358 and 6,858, respectively,
between February and May, and 60,768 and 3,337, respectively, between June and
September. These data do not appear to be biased because the proportion of positive tests was
in the same order of magnitude in February-April (7.9%) and July-August (5.5%), and we
continuously tested voluntary peoples regardless of whether they were symptomatic or
asymptomatic since the first case in Marseille (Figure 1).

We performed whole genome sequencing for PCR positivity with a cycle threshold
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(Ct) value < 30. SARS-CoV-2 genomes were obtained from nasopharyngeal swab fluid by
next-generation sequencing using Illumina technology with the Illumina Nextera XT Paired
end strategy on a MiSeq instrument (Illumina Inc., San Diego, CA, USA), as previously
described (2) (Appendix). 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.

Sequences from 691 complete genomes (Appendix: supplementary File S1) that
were obtained were analyzed using the Nextstrain web-tool (https://clades.nextstrain.org/) (6).
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/)
(Appendix). Analysis of full-length SARS-CoV-2 genomes showed that a particular genotype
that we named “Marseille 1a” appeared in July, which has not been described in the literature.
It combines eight new mutations (Figure 2) whose association is unknown and arises as a
long branch on the phylogenetic tree built with all genomes obtained in our laboratory. Based
on this finding, we accelerated SARS-CoV-2 genome sequencing performed from PCR-
positive samples collected in July and August because we believed that a new genotype had
set in, and we designed a qPCR specific for the Marseille 1 genotype. However, after
analyzing 691 full-length genomes, we were able to demonstrate that there were in fact seven
new clades (named “Marseille 1” to “Marseille 7”) (Figures 3A-B) that emerged since June,
only viruses of 4 genotypes observed between February and May being found since July
(Table 1). Sequences from the same genotype than three of these clades (2, 5 and 6) were
found in the GISAID database (https://www.gisaid.org/). The first observed clade (Marseille

1a) seems to have almost disappeared after July. The index case was imported from North
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Africa, and the first cases thereafter diagnosed were linked to ships connecting North Africa
to Marseille; other cases did not appear to have a specific origin.

Mutations observed in these seven different viral genotypes are located in most SARS-
CoV-2 genes including structural and non-structural genes among which nsp2, nsp3
(predicted phosphoesterase), nsp5 (membrane glycoprotein), nsp12 (RNA-dependent RNA
polymerase), S (Spike glycoprotein), ORF3a, E (membrane glycoprotein), M (membrane
glycoprotein), ORF8 and N (Nucleocapsid phosphoprotein) (Figure 2). Analysis of the
heterogeneity of the 204 sequences produced from June to August compared to the 487
sequences produced from February to May shows a large difference (mean + standard
deviation for genetic distance: 7.6 x 10+ 3.8 x 10 vs. 2.3 x 10*+ 1.1 x 10, respectively; p
< 2.2 x 10™; Appendix: supplementary Figure S1), which indicates that the virus mutation
rate is accelerating dramatically. The more distant genome relative to that of the Wuhan-1
isolate exhibited 29 mutations and was of clade Marseille 5. Interestingly, but preliminary, the
mortality of SARS-CoV-2-positive patients hospitalized since mid-June is lower than that of
those hospitalized between February and May [9 deaths/1,958 cases (0.5%) vs. 162
deaths/5,929 cases (2.7%), respectively (https://www.mediterranee-infection.com/covid-19/;
(5)); p = 6.6 x 10™)], whereas the proportion of positive and ambulatory patients was similar
for these two time periods. There is no bias regarding the comparison of the mortality rate
between these two periods because our testing strategy and clinical and therapeutic
management have remained the same (5). This reduced mortality rate appears to be a general
phenomenon in France and Europe with a low fatality rate of this summer outbreak compared
to the one that occurred from February to May (https://covid19-country-
overviews.ecdc.europa.eu/; https://github.com/CSSEGISandData/COVID-19 ). It seems that
the current genotypes are at the origin of epidemic bursts, which we do not know if they will

relapse and continue, but the first detected became minoritary in August when we could
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distinguish some others (Figure 3B; Table 1). In addition to the complete genomes described
in this work, the identification of Marseille 1 variant based on specific real-time gPCR
(Appendix) allowed us to estimate that they were involved in 65 (23%) of 259 infections

during the period July—mid August.

Conclusions

Overall, as recently pointed out by Tomaszewski et al. (7) who described for viral genomes
available until May 2020 a mutational shift from the spike and replication complex to genes
encoding other non-structural proteins that interact with host defense pathways, it appears that
the mutation rate of SARS-CoV-2 is accelerating since May, mostly involving C-to-U
mutations. The SARS-CoV-2 mutation rate increase generates viral genotypes more distant
from the initial Wuhan strain than observed from March to April. This seems to result in
epidemics of limited duration, at least for the first new genotype that we identified, and is

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

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

A. Number of PCR tests performed at IHU Méditerranée Infection; B: Number of PCR-
positive patients performed at IHU Méditerranée Infection; C: Number of deaths among
SARS-CoV-2-positive patients in Marseille public hospitals (Assistance Publique-Hopitaux

de Marseille).

Figure 2. Microarray showing the distribution along the viral genome and in viral genes
of mutations observed for the various viral genotypes

Sequences from complete genomes that were obtained were analyzed using the Nextstrain
web-tool (https://clades.nextstrain.org/) (6). They were compared to sequences available in
the GISAID database (https://www.gisaid.org/).

Representation is adapted from Nextclade sequence analysis web application output
(https://clades.nextstrain.org/results ).

% In reference to genome GenBank Accession no. NC_045512.2 (Wuhan-Hu-1 isolate);"
green: U; yellow: G; blue: C; red: A.

3CL: 3C-like proteinase; E: Envelope protein; H: NTPase/helicase domain; M: Membrane
glycoprotein; N: nucleocapsid phosphoprotein; nsp9: ssRNA-binding protein; nsp14: 3'-to-5'
exonuclease; nsp15: EndoRNase; PLpro: Predicted phosphoesterase; RdRp: RNA-dependent

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

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

the two epidemics from February to May and from June to August and monthly

10
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proportions of the newly-identified viral genotypes

A: Phylogenetic trees based on SARS-CoV-2 full-length genomes obtained during the two
epidemics from February to May and from June to August. Phylogenetic trees were
reconstructed by using the GISAID TreeTool in v2.0 (https://www.gisaid.org/epiflu-
applications/upcoming-features-in-v20/treetool-app/) that performs an initial approximate
maximum likelihood phylogeny reconstruction using FastTree then a refinement by RaXML.
Al: Phylogenetic tree was reconstructed from 691 full-length viral genomes obtained from
clinical samples collected from February to August 2020; this tree can be visualized at a
greater size in a separate file available in the Appendix (supplementary Figure S2). A2, A3:
Phylogenetic trees were reconstructed from 487 and 304 full-length viral genomes obtained
from samples collected from February to May 2020 (A2) and from June to August 2020 (A3),
respectively. Genomes from February, March, April, May, June, July, and August are labeled
with green, orange, light blue, pink, yellow, red, and blue backgrounds, respectively.

B. Monthly proportions of the newly-identified viral genotypes. The monthly proportions of
viral genotypes correspond to that of full-length genomes obtained from samples collected
during a given month from June to August 2020 and classified in genotypes 1 to 7. B1:
Distribution of the proportions of genomes classified in Marseille clades 1-7 according to the
month for months from February to August. B2: A: Distribution of the proportions of
genomes classified in the various Marseille clades 1-7 and their subclades according to the

month for months from June to August

11
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TABLES

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

Clade nomenclature  Marszille Number of Number of Months Hallmark mutations
clade mutations  mutations relative |February March  April May June July August An
relative to the to the Wuhan-Hu- months
«clade original 1 gemome
Total number of zenomes 230 204 23 5 40 159 691
Genotypes that were present both between Februarv-AMav and June-Angust
20A15324U0 1 5 o 25 17 [1] [} [ 5 47
1 & o o 1 8 1 1] o 10 ---
1 5 1 0 1 0 0 1 0 ] -- AT0268G
3 7 0 13 13 0 0 8 10 54 -- G23881A G28882A GIEREIC
1 7 o 2 2 L] 1 1] r 7 -- Clo583U
Genotypes that disappeared between Februarv-AMay and June Augnst
194 /19B o 7 1] L[] o 1] o 7
RN 4 4 o 3 4 0 [1} 1] o 7 - C24U.C303 TU C14408U A23403 G
J0AS324U-1 1 6 0 3 2 2 0 1] 0 7 ---CI8oU
I0ATS324U-1a 7 o o 15 L] [} 1] o 15 - - G4105T7
6 0 8 ['] 0 1} [1] 0 8
6 o 1 1 L] 0 [ o 2
& o 4 8 [ [} Q o 10
5 o 10 L] 1 o 1] o 17
1 6 o 8 2 0 0 1] o 10
2 1 o o 1 L] [} 1] o 1
1 ° o 1 5 L] [} [ o 6
20A25563U- 1 10 o 4 5 [1] [} [ o L]
A25563U- 1 7 o 54 65 2 o ] o 121 GEITIU
20A25563 1 8 0 7 1 0 0 1] 0 8 - C26907A
I0ATZ, 2 2 o 1 5 0 o 1] o 6 - CODOETT, GIOT4TU
J0A255 1 2 o 1 4 0 0 1] o 5
J0AZ5563T- 1 o 2 3 1 [} 1] o 6
20A25563U- 2 o o o 5 [} [ o 5
20A25563U- 2 ° o 3 3 0 [} [ o 6
A25563U- g o o 1 L] o ] o 1
0AZ55630- 1 2 o 1 4 0 [} 1] o 5
0AZ5563U- 1 2 0 0 3 2 0 1] 0 5
A25563U-100 3 10 o 3 2 0 0 1] o 5
20A25563U-1c 4 10 o 5 1 ('] 1] [1] o ] 3338U.G15438U.C215070U.C2 119)
20B-1 1 2 o 11 1 L] [} [ o 12 1)
20B-1a 2 10 o 3 2 0 [} [ o 5 --- Gl9518U,G28845U
20B-1b 1 9 o 3 2 [ 1] 1] o 5 - - G249081
wc 1 6 o a 13 1 [} 1] o 51 - Closen
-1 1 7 o 4 1 0 0 1] o 5 -- CO286T
wc-3 2 2 0 5 1] [ 0 1] 0 5 - - UL3006C, C256880
20C-3a 1 ° o 1 5 0 [} [ o 6 [----- C143910
0Cc4 7 o 5 1 [1] [} [ o 6 - -- G2T906U
20C-5 7 o 14 [ 1 [} [ o 21 --G11083U0
Genotypes that appeared between February. and June Angust
J0ATSI24U-2 Marseille 3 7 12 1} 1] ('] [ [} 1 17 13 ---C1013U7.G5210A C17T470U.C21181T7 AT5148G. 5C.C288540
20A1887TU-1 1 7 o o o 0 [} 1 o 1 -- C267350
I0A1B8TTU-1a Marzeille 4 13 20 o o o 0 [} 1 55 56 |----- C4543U,G5620U,G9526U, C11407TU,G13993U,G15
J0AIBETTU-1a1 " 1 21 o 0 ('] 0 1} 1] 5 5
J0A20268G-1a Marseille 1 6 12 o o [1] 0 1 10 1 n -- G1181U,C1625U0,G22804A C25886U GIE 198U, G281
J0A20268G-1al " 1 13 o i} 0 0 0 5 5 w | ----- C22088U
20A20268G-1ala " 1 14 o o o 0 [} [ 5 5 - G5378A
20A20268G-1b Marzeille 7 3 ° 0 0 ['] '] 0 [ 5 5 -- CIT06U,C25T31U,G2T463C
20A5563U-1010 Marseille § i) 17 o o '] [ [} 1 5 6 [----- CO430U.ALS LC183050, A20622U, G20G23U AJ0624U.C U A3 10G.CO8854U.G20444A
20C-2a 2 9 o o 1] 0 2 2 0 i f----- CI7804U, C28830A
0C-2al Marseille § 17 26 o o [1] 0 o 1 ) n - -C30801, 40600, C4065T, CH0T0U, CT303 U, CT 564U, CO246U C102TOU,C10300A,
S1U,C14230A, G21800U,G27632U,G20402U, G207 790
20C-2al " 3 29 o o o 0 [} [ 6 6 TTU,GLE64TA
20C-2al " 1 27 0 0 0 0 1} [1] 5 5
0D Marzeille 2 11 o o o 0 [} [ 6 6 -- 5C,C6286U,G212 ,C22127U,C26801G,C28932U,G20645U
D1 " 1§ o o L] [ 0 o 7 7 - - - GH00EUL.CS1TOU,GI504A G113 2U,U26600C

12



8
Il

2228 8 S
388888
M N N - -

Daily number of SARS-CoV-2 PCR tests
4000

Fig. 1

6/51
6/4

8/0¢
8/2¢2
8/vl
8/9

L6z
LIE
LigL
LIS

9/42
9/61
9k
9/

S/92
S/8l
s/olL
Sie

vive
/9L
vi8

€/LE
€/ee
£/51
€L

2/8e
z/oz
2z
ey

MLz

February-May
June-August

I |

\|

Wy

300
250
200
150
100

50

Daily number of SARS-CoV-2-positive PCR tests
400

- BivL
- &9

- 8/6¢C
-8/
-8/EL
- 8/S

- L/8e
- L/02
- LEL
=AY

- 9/9¢
- 9/81L

9/0L

- 92
|- G/S2

SiLL
S/6

-G/

v/ET
vISL
vl

- €/0€

g€ree
Eivi

- €9

clic

Daily number of deaths among SARS-CoV-2-positive patients

6/vT
6/9
8/6¢
8/1¢
8/ET
8/S
1/8¢
./0¢
/et
LIy
9/9¢
9/8T
9/0T
9/C
§/s¢
S/LT
§/6
S/T
viee
vIST
viL
€/0g
44
et
€/9

| zire
OO O~ O IO < M N +H O



ORF8
ORF7b  ORF9b

ORF7a
ORF6

Envelope glycoprotein

RNA-dependent RNA polymerase

Fig. 2

NTPase/helicase domain

nsp9
nsp8 nspl0

nsp7

ORF14

nspl5

3C-like proteinase

Spike glycoprotein ORF3a E

nspl6

Predicted phosphoesterase

....... o ---
o
- Q.
Lo
N
(%))
o
o
—
M o -
N
<
—
o
%]
c
o)
I
o o
o o
o CQ
n
@ —
I SaaERaEE e
Q.
[%2]
e.m |
-
O
™ o
....... o ...
—
o
=N =
[%2]
c
o
S
Qo
—
o
o
o
<
n
N
o
[%2]
c
- .-d
(o
2
....... o ---
c
RS
IS
-
o
c
c
[
()
IS
o
c
)
)

membrane glycoprotein

Mutations P / Amino acid substitutions @

Number of
mutations 2

Clade

Nucleocapsid phosphprotein

AVEH ‘71440 “1/81S N/ NEESBTI

AL9T 71440 A0Z2Y N / NZ€6829
108/ NGH96Z9 . s /neLL6ey
....................... -~ L0V NJWBBEBZD - - T
407 ¥1440 :waw%.nﬂ%.wu. T PN N T 0626820 1 :.:HD% UAS / Virv0629
AVEH 71440 “1/81S N/ NEESBZD  «LYD :IHHO ‘T¥6LS N/ N¥58829 1681d 71440 YIA98LS N/ V0E88ZD ;owmumo
........... SG9V 7 N980875 === : ‘ 8829
STIIIIIIiiiiiiiiiiiiiis 129
oeeo___.__uks [ OGZLLTN
UAS 1 9108920 -~ =T
— o “ukS [ 961E9TY
TTIITTIIITITTIITITTIIoo UAS 060992 TTIIIITII eveeeree B
4591S / 1988520 '
1€2.L / N0SLETD
9v19a / DL0vELY —
UAS | V6870 s 625N / O8Y1LECY zkvma i
10111 nesozzo | ey I nieezed A080/N008LZD
N —
e s A A 98€20 / NYZ90TY.
“UkS | 989202V UkS / 9892027
UAS / N2L88LD AEYOLY / NSEESLO
URS | NOLPLLD ===
ar8ila/ N6LoLLD
VLN 968891V | [UAS/ VLY991E) s
. WksyLEOVO T
149N 1 N99LGLD S
“ukg/ NPEesLo =
TrLed / NSOYYLD
1652d / Y0EZr10
S9LLY / NEBBELD
UAS / NL6YLLD 189ZEW / N1S8L1LD
||||||||||||||||||||||||||||| e mmmmmmmmbRemmm s e mmm e m e m e mmmmm A ———————
SEZ98Y / NZELLLO 4527EN 1 N8890LO —
“UAg / :Nmmovo — T
...................................................... -uk ‘ oo —
Sllnee=01d SP9EED / VI00LD
1280€IN / N92569
LY662Y | NOY76) s
ST S / N0EH69
................................................................. UASOEPIBN- - - i
H20.2D / N1LESE:
‘ukS Y95
‘uks 1 NE0ELD
UAS 1 98299 ]
ILv1}9 | V#0§5D UAS / N6Z9S9 S / N0£092
SGOLLD | V8LEGD s = —_— |
ok 16Y91Y M0LZ6D —
LSHINOLED uks / nErsro 129511 / NS96+D
NLVZIN | 9000 ==
ks / NLE0ED ISY6. / N660ED
17580V N90LTD =
“ukS 1 N9LYZD
UAS 1 N2161Y ==
V5P / G291 sy |
HO0SN NI8IIO s _
159217 1165010
UAS [ NIPZD  UAS [ OGH1I) e
moe G F D S e Y e~ § Hie o 5§ 4R~ 5 e
i =)
g & § w - = F 2 2 3
0 o 5> 5D 2 22 > 5 S5 W
o o = = - T - T ] 3 o
=] =L [t ] [N - = = = - fe] 0 L3 =L
=l ] [Se] o3 =) [£s] =] [£s] — — i L ol
=] =] [¥e] [Fe] o o o o il il [l i [*s] =]
o o T nd B - N S
e S8 8/ 22 823888 ¥ 88 &8
& SmiE A S8 H 8 & & &8 &85 &8 &8 &G 8 8
I [ ] I [ ]
[ | I [ |
— N ™ < n © N~
Q@ Q@ Q@ Q@ Q@ oL o
D T D T T D @
o o % o o [
] ] © [+ [ [ [
= = = = = = =



Fig. 3

L dj1estep 41-989202/V0C L 8lliesiei

9 9||18sie 0La1-NEISSZVOZ 9 Slliesiely
41e2-00¢ G ®lliesiepy |
G 9|l1esiely B|BeZ-002 G dlllesiep
\ez-00Z Galleseen |
palliesiepy 1B1-NL/88ILVOT ¥ 8lliesiely »
el-12/881v0Z valesien [ >
golasiely  cNPeeshvoz ¢ olesiepy [ 2
4 1A0Z ¢ alliestep
g ¢ SlliosiEm aoz zalesen [
0 B1B|-989202/V0C | dlllesiely
m | dlj1esiely 1B1-989202/V0Z | dlllesten
Q B|-989202/V0T | 8lllesie
o 1 9|l19sIe\ q1-989202/V0Z / elllesiely
= 9 dj|1es.iep 0191-NE9SS2/VOC 9 dlliesIely
q1ez-00¢ G alliesien
G 9||tese|y B1BZ-007 G 8lllesiel
1BZ-002 & allieste
v oI9S e FS.:me:/Mom v alliesiey >
N e}-n2/88L/v0z v allesien [l 5
¢ 9||1as ey C-NYZESLVOZ € dlllesiey [ "~
130C ¢ alliesieny
a[lasie _
¢ W aoc ¢ ollesiepy
B|B|-98920¢/V0C | dlllesiepy
®|-089202/V0Z | dlllesielN  LBL-989202/V0C | 8lliesie
| dll1esiey
- L 9||iasiep q1-989202/V0Z L 8lliesie
w 9 9||19sIey 01d1-N€9SS/VOC 9 dlliestep
= q1eZ-00Z G alllesie
< G 9||1esiep BLBZ-007 G ®llIesIep
% 1BZ-00Z G Slllesie
> i o
3 - ELNLLBBINOC b RIS | g
,,,,,,é,,.,,) 1 €1-N..88L/VOC v llIeSIel 5
,,,,,,o/,,,,,,,,, iy | ¢ 9|lIesiep -1Y2eSIIVOT € dlliesiepy |
‘%% ; Z allIas el 10T ¢ 8lltesiey
0.,///// %\\\\% ) aoz ¢z alliesiely
& B181-D89202/V0Z | aliosiepy
™ | dlj1es.iely 181-989202/¥0C | Sllissien
< L e1-989202/v0 | eltesien [N
@f./.l/ N o Lo o Lo o Lo o Lo o [o] o
ny .w o n - « o Mo N N 4 -
%. E m (9%) sswouab ayy Jo uoniodoud
M o
=
| _
i
=
|
E ©
9
o}
o
# $
g %, ‘%w
S _
s N\, o gy,
© ty, W g 'y,
3] gy @ W Uy,
T o ' 4 \ N\
% \.\\§_§. _2,_,2&,/‘ %@/ \ @
- g T w b\ U/ 2
o b : 2 1Y \%_m\\ L
a - 4 NG e\
< WW 4 =~ wm ol &
: & /7 -
[\ =X > / - &
AN \ p 4 <
m \\\&%\@ %
M \%% %%%/é/
o L o | =
T 2
[&]
3]
x g
= <
>
S
o| 2
o]
()
LL
o o o o o o o o
. ~ © D < ™ I3V —
—
m (96) sswouab ayj jo uoniodolid
< n)

mMarseille 3_20AM153241-2

oMarseille 5_20C-2a1

OMarseille 6_20A255631-1010

mMarseille 1_204A202680G-1a1a

oOMarseille 2_2001
miMarseille 4_20AM3877U-1a1

oMarseille 5_20C-2a1b

mMarseille 1_20A20268G-1a1

oMarseille 2_20D
mMarseilled_20AM88771-1a

oMarseille 5_20C-2ala

mMarseille 7T_20A20268G-10

mMarseille 1_204A20268G-1a

B Marseille 1 OMarseille 2 BMarseille 3
B Marseille 4 OMarseille 5 OMarseille 6

B Marseille 7



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 pL 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 gQ°PCR

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.



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: S’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



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.

References

1.  Colson P, Lagier JC, Baudoin JP, Bou KJ, La ScolaB, Raoult D. Ultrarapid diagnosis,
microscope imaging, genome sequencing, and culture isolation of SARS-CoV-2. Eur J
Clin Microbiol Infect Dis. 2020;39:1601-3.

2.  Hadfield J, Megill C, Bell SM, Huddleston J, Potter B, Callender C, et al. Nextstrain:
real-time tracking of pathogen evolution. Bioinformatics. 2018;34:4121-3.

3. R Core Team. R: A language and environment for statistical computing. R Foundation

for Statistical Computing, Vienna, Austria 2020.



Suppl. Fig. S1

0.0Ms

0.0010

.
[ ]
i

Genetic distance

0.0005

0.0000

February-May June-August
Period



Tree scale: 0.0001 ————




	Ms_Raoult_SARS-CoV-2_EID_Sep2020_vLL2
	Fig_Raoult_CoV-2_EID_Sep2020_vLL2
	Fig3_Raoult_CoV-2_EID_Sep2020_vD2
	SM_Raoult_SARS-CoV-2_EID_Sep2020_vL
	FigS2_Raoult_CoV-2_EID_Sep2020_vLL

