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1. SUPPLEMENTARY METHODS

Nasopharyngeal samples from the immunocompromised patient were tested in our
university hospital institute (Méditerranée Infection;
https://www.mediterranee-infection.com/) from September 2020 to December 2021 for
SARS-CoV-2 infection by real-time reverse-transcription-PCR (qPCR) using the BGI
real-time fluorescent RT-PCR assay (BGI Genomics, Shanghai Fosun Long March
Medical Science Co., Ltd., Shenzhen, China) or the NeuMoDx SARS-CoV-2 assay
(NeuMoDx, Ann Arbor, Michigan). Cycle threshold values for qPCR positivity was 35.
Outside our institute (medical biology laboratory Alphabio, hopital Européen, France),
SARS-CoV-2 gPCR was performed using the BD MAX System (Becton Dickinson, Sparks,
MD, USA).

2. SUPPLEMENTARY RESULTS
2.1. Virological follow-up by SARS-CoV-2 real-time reverse-transcription-PCR (gPCR)

SARS-CoV-2 qPCR performed on nasopharyngeal samples was positive between
September 2020 and January 2021, then negative once in February 2021 but positive again
on the next sample tested in April 2021. Between May 2021 and August 2021, qPCR
remained almost always positive being only transiently negative for <3 days. Then qPCR
was consistently positive when performed between October and December 2021.

2.2. Nucleotide diversity at positions harboring signature mutations of the B.1.160 or Alpha
variants

Regarding the SARS-CoV-2 genomes obtained from the respiratory samples, which
were obtained with the Illumina technology except for the sample collected in August
2021 for which the genome was obtained with the Nanopore technology, nucleotide di-
versity at the 35 positions harboring signature mutations of the B.1.160 or Alpha variants
differed according to the time of sample collection. It was low in September 2020, with a
mean (+standard deviation) value of 0.2+0.5%, increased to reach high values in May 2021
(20.1+16.4%), June 2021 (14.7£14.3%), July 2021 (19.8+18.2%), and August 2021




(13.2+8.9%), then decreased to low values again in October 2021 (1.1+3.9%) and Novem-
ber 2021 (3.1+6.8%) (Figure 2 of the main text). The low nucleotide diversity observed for
genomes obtained in October and November 2021 indicated that the mosaicism consist-
ing in the presence of signature mutations of the two variants was not explained by a
co-infection by these two variants or by a contamination of the samples prior or during
the next-generation sequencing procedure.

Regarding the genomes obtained from the culture supernatants, which were all ob-
tained with the Illumina technology, nucleotide diversity at positions harboring signa-
ture mutations of the B.1.160 or Alpha variants was low, indicating that these genomes,
including those recombinants, were generated from a single viral isolate. Indeed, mean
nucleotide diversity ranged between 0.6+2.0% and 4.3+6.4% (Figure 2 of the main text).
The viral genomes obtained from the culture of the respiratory samples collected in No-
vember and December 2021 were highly similar to the viral genome obtained directly
from the respiratory sample collected in November 2021.

2.3. Generation of additional sequence reads

Sequencing of reverse-transcription-PCR-targeted regions: We attempted to gener-
ate sequence reads that are hybrids of the B.1.160 and Alpha variants from the respiratory
sample collected in August 2021 by PCR amplification of the regions overlapping re-
combination sites then next-generation sequencing with the Oxford Nanopore Technol-
ogy (ONT) on a GridION instrument (Oxford Nanopore Technologies Ltd., Oxford,
United Kingdom). Amplicons corresponding to positions 3,100-4,570 (in reference to the
genome of the Wuhan-Hu-1 isolate GenBank accession no. NC_045512.2) were amplified
using the following primers (in 5-3’ orientation): Forward: TTCAACCTGAAGAA-
GAGCAA; reverse: TGGCATTGTAACAAGAGTTT. Amplicons corresponding to posi-
tions 24,813-29,074 were amplified wusing the following primers: Forward:
ATGGAAAAGCACACTTTCCT; reverse: GCTTTAGTGGCAGTACGTTT. For the am-
plicons corresponding to positions 3,100-4,570, 56% and 87% of the reads were chimeras
harboring both Alpha (C3267U) and Marseille-4 (C4543U) signature mutations from the
respiratory samples collected in May 5th and in August 12th, 2021, respectively (Sup-
plementary Material: Figures S3, S4). For the amplicon corresponding to positions
24,813-29,074, 70% of the reads were hybrids harboring Alpha (G24914C) and B.1.160
(G25563U, C25710U, C26735U, U26876C and G28975C) mutations, and 24% were hybrids
harboring Alpha mutation G24914C and B.1.160 mutation G28975C (Supplementary
Material: Figure S5).

Metagenomic sequencing: Next-generation sequencing was also carried out using a
metagenomic approach with the Nanopore technology on a GridION instrument (Oxford
Nanopore Technologies Ltd.) to attempt obtaining long sequence reads and detect addi-
tional reads that are hybrids of the B.1.160 and Alpha variants. For the first recombina-
tion site, four reads with a length ranging between 1,855-11,979 nucleotides were ob-
tained, which harbored signature mutations of the Alpha (C3267U) and B.1.160 (C4543U)
variants. For the third recombination site, four reads with a length comprised between
1,486-8,143 nucleotides were obtained that harbored signature mutations of the Alpha
(G24914C) and B.1.160 (C25563U) variants (reads are available from URL:
https://www.mediterranee-infection.com/sars-cov-2-recombinant/).

2.4. Viral culture

Cytopathic effects were observed between 4 and 8 days after the inoculation of the
nasopharyngeal samples on Vero E6 cells as previously described [1] (Table 2 of the main
text).
2.5. Phylogenetic analyses based on SARS-CoV-2 genomes and spike gene sequences

Phylogeny reconstructions were performed based on viral genomes or spike genes,
which included sequences obtained directly from the nasopharyngeal samples and from

the cultures, and their best BLAST hits from the IHU Méditerranée Infection sequence
database that were classified as B.1.160 or Alpha variants [2]. The genome obtained from



the nasopharyngeal sample collected in September 2020 was clustered with genomes of
the B.1.160 variant, apart from the other genomes obtained from the case-patient (Figure
3a of the main text). Other genomes obtained from the nasopharyngeal samples collected
since May 2021 and those obtained from cultures of the nasopharyngeal samples col-
lected since May 2021 were also clustered with genomes of the B.1.160 variant, but they
were clustered together, apart from the other genomes. The Alpha variant genomes were
clustered apart from all other genomes. Spike gene phylogeny showed the clusterisation
with sequences of the B.1.160 variant of the sequences obtained from the case-patient ei-
ther directly or post-culture from samples collected between September 2020 and June
2021 (Figure 3b of the main text). In contrast, sequences obtained from the case-patient
either directly or post-culture from samples collected since August 2021 were clustered
with Alpha variant sequences.

3. SUPPLEMENTARY FIGURES

Supplementary Figure S1. Virological follow-up by real-time reverse transcription PCR (qPCR)
targeting SARS-CoV-2 RNA for the patient.

Time points of collection of nasopharyngeal samples used for direct next-generation
sequencing are indicated by *; time points of collection of samples from which positive
culture was obtained leading to next-generation sequencing from the culture supernatant
are indicated by #.

Nasopharyngeal samples from the immunocompromised patient were tested in our
university hospital institute (Méditerranée Infection;
https://www.mediterranee-infection.com/) from September 2020 to December 2021 for
SARS-CoV-2 infection by real-time reverse-transcription-PCR (qPCR) using the BGI
real-time fluorescent RT-PCR assay (BGI Genomics, Shanghai Fosun Long March
Medical Science Co., Ltd., Shenzhen, China) or the NeuMoDx SARS-CoV-2 assay
(NeuMoDx, Ann Arbor, Michigan). Cycle threshold values for qPCR positivity was 35.
Outside our institute (medical biology laboratory Alphabio, hopital Européen, France),
SARS-CoV-2 gPCR was performed using the BD MAX System (Becton Dickinson, Sparks,
MD, USA).
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Supplementary Figure S2. Majority nucleotides and nucleotide diversity for sequences obtained
from the respiratory samples and the culture supernatant at nucleotide positions of the
SARS-CoV-2 genome that harbor signature mutations of the B.1.160 or Alpha variants and at any
other positions that harbor mutations (a), and sequencing depth at nucleotide positions (b).

Del, nucleotide deletion.

Nucleotide positions are in reference to the genome of the Wuhan-Hu-1 isolate GenBank
accession no. NC_045512.2. Nucleotide diversity is the proportion of sequence reads that
do not harbor the consensus (majority) nucleotide.




Supplementary Figure S2a.
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Supplementary Figure S2a (continued)
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Supplementary Figure S2b (continued)
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Supplementary Figure S2b (continued)
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Supplementary Figure S3. Detailed content of amplicons corresponding to positions 3,100-4,570 of the SARS-CoV-2 genome and retrieved from respiratory samples
collected on May 5%, 2021. Amplicons were first sorted in order to keep continuous reads for analysis. The number and percentage of each type of reads are
indicated. B.1.160 variant regions are indicated by a blue color; Alpha variant regions are indicated by a green color; patient-specific mutations are indicated by a

red color. Reads were visualized using the IGV software [3].
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Supplementary Figure S4. Detailed content of amplicons corresponding to positions 3,100-4,570 of the SARS-CoV-2 genome and retrieved from respiratory samples
collected on August 12, 2021. Amplicons were first sorted in order to keep continuous reads for analysis. The number and percentage of each type of reads are
indicated. B.1.160 variant regions are indicated by a blue color; Alpha variant regions are indicated by a green color; patient-specific mutations are indicated by a

red color. Reads were visualized using the IGV software [3].
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Supplementary Figure S5. Detailed content of amplicons corresponding to positions 24,880-29,010 of the SARS-CoV-2 genome and retrieved from respiratory
samples collected on August 12th, 2021. Amplicons were first sorted in order to keep continuous reads for analysis. The number and percentage of each type of
reads are indicated. B.1.160 variant regions are indicated by a blue color; Alpha variant regions are indicated by a green color; patient-specific mutations are

indicated by a red color. Reads were visualized using the IGV software [3].
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4. SUPPLEMENTARY TABLES

Supplementary Table S1. List of GISAID identifiers for sequences used in the present study.

All genomes were obtained in our laboratory (University hospital institute Méditerranée Infection,
Marseille, France). The GISAID sequence database is accessible at: (https://www.gisaid.org/) [4].

Source sample GISAID identifier

Respiratory samples

Case-patient’s sequences EPI_ISL_10816731
EPL_ISL_10816733
EPI_ISL_10816742
EPI_ISL_10816743
EPI_ISL_10816744
EPI_ISL_11030507
EPI_ISL_6332079

Most similar sequences from our database EPI_ISL._10816729
EPI_ISL_10816740
EPI_ISL_2757096
EPI_ISL_3054898
EPI_ISL_3054899
EPI_ISL_3055037
EPI_ISL_3055223
EPI_ISL_3055225
EPI_ISL_3055227
EPI_ISL_3055234
EPI_ISL_3055235
EPI_ISL_3830105
EPI_ISL_3830215
EPI_ISL_3831874
EPI_ISL_3933559
EPI_ISL_3933565
EPI_ISL_3933569
EPI_ISL_3933571
EPL_ISL_3933572
EPI_ISL_3934656
EPI_ISL_3934682
EPI_ISL_3934683
EPI_ISL_4394365
EPI_ISL_4944362
EPI_ISL_4944364
EPI_ISL_4951784
EPI_ISL_4951785
EPI_ISL_6737742
EPI_ISL_7376142
EPI_ISL_7376355




Supplementary Table S1 - continued

Culture supernatants

Case-patient’s sequences

EPI_ISL_8321213
EPI_ISL_8321223
EPI_ISL_8321228
EPI_ISL_8321229
EPI_ISL_8321241
EPI_ISL_8321242
EPI_ISL_8321256
EPI_ISL_8709907
EPI_ISL_8709910
EPI_ISL_8711731
EPI_ISL_9773781
EPI_ISL_9774389
EPI_ISL_9774894
EPI_ISL_9774895

EPL ISL_10816730
EPI_ISL_10816732
EPI_ISL_10816734
EPI_ISL_10816735
EPL_ISL_10816738




Supplementary Table 52.

Sampling time and location for sequences used in the present study.

GISAID identifier

Date

Location

EPI_ISL_3830215
EPI_ISL_10816729

EPL ISL_10816740
EPL_ISL_10816741
EPL_ISL_2757096
EPI_ISL_3054898
EPL_ISL_3054899
EPL ISL_3055037
EPL ISL_3055223
EPI_ISL_3055225
EPI_ISL_3055227
EPL_ISL_3055234
EPL_ISL_3055235
EPL ISL_3830105
EPL ISL_3831874
EPI_ISL_3933559
EPI_ISL_3933565
EPI_ISL_3933569
EPIL_ISL_3933571
EPL ISL_3933572
EPL ISL_3934656
EPI_ISL_3934682
EPI_ISL_3934683
EPL_ISL_4394365
EPI_ISL_4944362
EPL ISL_4944364
EPL ISL_4951784
EPI_ISL_4951785
EPL_ISL_6737742
EPL_ISL_7376142
EPL_ISL_7376355
EPL ISL_8321213
EPL ISL_8321223
EPI_ISL_8321228
EPL_ISL_8321229
EPL_ISL_8321241
EPL_ISL_8321242
EPL ISL_8321256
EPL ISL_8709907
EPI_ISL_8709910
EPL_ISL_8711731
EPI_ISL_9773781
EPI_ISL_9774389
EPL ISL_9774894
EPL ISL_9774895

2021-03
2020-11

2021-03
2021-11
2020-11-07
2020-09-11
2020-09-14
2020-09-12
2020-09-15
2020-09-15
2020-09-15
2020-09-17
2020-09-17
2021-03
2020-08
2020-11
2020-09
2020-08
2020-08
2020-08
2021-04
2021-04
2021-03
2021-04
2021-07
2021-07
2021-04
2021-04
2021-01
2021-01
2021-01
2020-10
2020-10
2020-10
2020-10
2020-10
2020-10
2020-10
2021-11
2022-01
2021-03
2020-03
2020-03
2021-04
2021-04

Europe / France / Provence-Alpes-Cote d'Azur /Marseille

Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille
Europe / France / Provence-Alpes-Cote d'Azur / Marseille

Europe / France / Provence-Alpes-Cote d'Azur / Marseille




Supplementary Table S3. Identifiers of raw data deposited in the European Bioinformatics Institute

(EMBL-EBI) sequence database (https://www.ebi.ac.uk/)

a.

Raw data EMBL-EBI identifier

GISAID identifier

Sampling date

Time from diagnosis

Next-generation sequencing

(days) technology, instrument
ERR9671577 EPI_ISL 6332079 September 18™, 2020 0 Illumina, NovaSeq
ERR9671578 EPI_ISL_10816743 May 5", 2021 229 Illumina, NovaSeq
ERR9671579 EPI_ISL_11030507 June 21%, 2021 276 Illumina, NovaSeq
ERR9671580 EPI_ISL_10816731 July 5™, 2021 290 Illumina, NovaSeq
ERR9692770 EPI_ISL 10816742 August 12, 2021 328 Nanopore, GridlON
ERR9671581 EPI_ISL 10816744 October 1, 2021 378 Illumina, NovaSeq
ERR9671582 EPI_ISL 10816733 November 24", 2021 432 Illumina, NovaSeq

b.

Raw data EMBL-EBI identifier

GISAID identifier

Sampling date of the

Time to cytopathic

Next-generation sequencing

nasopharyngeal sample effect (days) technology, instrument
ERR9671585 EPI_ISL_10816730 May 5%, 2021 8 Illumina, NovaSeq
ERR9671583 EPI_ISL_10816732 June 14", 2021 4 Illumina, NovaSeq
ERR9671584 EPI_ISL 10816734 August 13,2021 4 Illumina, NovaSeq
ERR9671586 EPI_ISL 10816735 November 24, 2021 5 Illumina, NovaSeq
ERR9671587 EPI_ISL 10816738 December 2™, 2021 7 Illumina, NovaSeq

Raw data EMBL-EBI identifier

GISAID identifier / pre-sequencing approach

Sequenced region

Sampling date

ERR9683059
ERR9683060

ERR9683061
ERR9738766

EPI_ISL 10816742 / RT-Klenow

EPI_ISL_ 10816743 / H2
EPI_ISL_ 10816742/ H3
EPIL ISL_10816742 / H2

Whole genome
3,100-4,570
24,813-29,074
3,100-4,570

August 12, 2021
May 5™, 2021
August 12, 2021
August 12, 2021
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