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Abstract

Summary: Genome Detective is a web-based, user-friendly software application to quickly and
accurately assemble all known virus genomes from next generation sequencing datasets. This
application allows the identification of phylogenetic clusters and genotypes from assembled genomes
in FASTA format. Since its release in 2019, we have produced a number of typing tools for emergent
viruses that have caused large outbreaks, such as Zika and Yellow Fever Virus in Brazil. Here, we
present The Genome Detective Coronavirus Typing Tool that can accurately identify the novel severe
acute respiratory syndrome (SARS) related coronavirus (SARS-CoV-2) sequences isolated in China
and around the world. The tool can accept up to 2,000 sequences per submission and the analysis of
a new whole genome sequence will take approximately one minute. The tool has been tested and
validated with hundreds of whole genomes from ten coronavirus species, and correctly classified all
of the SARS-related coronavirus (SARSr-CoV) and all of the available public data for SARS-CoV-2.
The tool also allows tracking of new viral mutations as the outbreak expands globally, which may help
to accelerate the development of novel diagnostics, drugs and vaccines to stop the COVID-19
disease.

Availability: https://www.genomedetective.com/app/typingtool/cov
Contact: koen@emweb.be and deoliveira@ukzn.ac.za
Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

We are currently faced with a potential global epidemic of a new
coronavirus that has infected thousands of people in China and is
spreading rapidly around the world. In the end of January 2020, the
WHO has declared it a global emergency (WHO, 2020). The novel
coronavirus (SARS-CoV-2), first isolated in Wuhan China, has already
caused more infections than the previous severe acute respiratory
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syndrome (SARS) outbreak of 2002 and 2003. The virus is a SARS
related coronavirus (SARSr-CoV), and it is genetically associated with
SARSr-CoV strains that infect bats in China (Zhu et al., 2020, Lu et al.,
2020). It causes severe respiratory illness, which the WHO recently
named COVID-19 disease. It has high fatality rate (Huang et al., 2020),
can be transmitted from person to person, has infected over 70,000
individuals and has spread to over 30 countries in less than two months
(WHO, 2020).
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This coronavirus outbreak has been unprecedented; so too is the
way that the scientific community has responded to it. They have
openly and rapidly shared genomic and clinical data as never
seen before allowing research results to be released almost
instantaneously. This has helped the understanding of the
transmission dynamics, the development of rapid diagnostic and
has informed public health response. Here, we present a new
contribution that can speed up this communal effort. The
Genome Detective Coronavirus Typing Tool is a free-of-charge
web-based bioinformatics pipeline that can accurately and
quickly identify, assemble and classify coronaviruses genomes.
The tool also identifies changes at nucleotides, coding regions
and proteins using a novel dynamic aligner to allow tracking
new viral mutations (Figure 1).
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Figure 1: Genome Detective Coronavirus Typing Tool assembles
genomes from next generation sequencing (NGS) in FASTAQ format or
assembled genomes in FASTA format. A user can submit up to 1Gb of
NGS data or 2,000 assembled genomic sequences. For each assembled
genomic sequence, the tool identifies the virus species, constructs a
phylogenetic tree and identifies phylogenetic clusters, which includes the
novel coronavirus identified in Wuhan China in 2019 (SARS-CoV-2).
The tool identifies changes at nucleotides, coding regions and proteins
using a novel dynamic aligner and display all of the mutations in detailed
tables and reports.

2 Systems and Methods

A reference dataset of previously published coronavirus whole genome
sequences (WGS) was compiled from the Virus Pathogen Resource
(VIPR) database (www.viprbrc.org). This dataset consisted of 386 whole
genome sequences (WGS) of nine important coronavirus species. These
included 132 sequences of Severe Acute Respiratory Syndrome related
Coronavirus (SARSr-CoV), 121 sequences of Beta coronavirus, 97
sequences of Middle East Respiratory Syndrome related Coronavirus
(MERSr-CoV), 19 sequences of Human Coronavirus HKUI, 9
sequences of Murine Hepatitis Virus, 4 of Rousettus Bat Coronavirus
HKU9, 3 of Rat Coronavirus and one WGS of Tylonycteris Bat
Coronavirus HKU4, Zaria bat coronavirus and Longquan Rl Rat
coronavirus). To this reference dataset, we added 47 whole genomes of
the current Coronavirus 2019 (SARS-CoV-2) outbreak that originated in
Wuhan, China, in December 2019. The SARS-CoV-2 sequences were
downloaded from the GISAID database (https://www.gisaid.org)
together with annotation of its original location, collection date and
originating and submitting laboratory. The SARS-CoV-2 data generators
are properly acknowledged in the acknowledgements section of this
paper and detailed information is provided in Supplementary Table 1.

The 431 reference WGS were aligned with MUSCLE (Edgar 2004). The
alignment was manually edited until a codon alignment was attained in
all coding sequences (CDS). A Maximum likelihood phylogenetic tree,
1000 bootstrap replicates was constructed in PhyML (Guidon & Gascuel
2003; Lemoine et al., 2018) and a Bayesian tree using MrBayes
(Ronquist & Huelsenbeck 2003) were constructed. The trees were

visualized in Figtree (Rambaut 2018). We selected 25 reference
sequences that represent the diversity of each well-defined phylogenetic
cluster (with bootstrap support of 100% and posterior probability of 1).
We identified five well supported phylogenetic clusters with more than
two sequences of SARSr-CoV and used them to set up our automated
phylogenetic classification tool. Cluster 1 included SARS strains from
the 2002 and 2003 Asian outbreaks. In our tool, we named this cluster
SARS-CoV Outbreak 2000s but may rename it as SARS-A if a new
proposed naming system for SARSr-Cov is adopted in the near future
(Rambaut 2020). Cluster 2 (provisionally named as SARS related CoV)
includes 7 sequences from bats which did not cause large human
outbreaks. Cluster 3 (named as Bat SARS-CoV HKUS3) includes three
WGS sampled from Rhinolophus sinicus (i.e. Chinese rufous horseshoe
bats). Cluster 4 (Bat SARS-CoV ZXC21/ZC45) includes two SARSr-CoV
sampled from Rhinolophus sinicus bats in Zhoushan, China. Cluster 5
(virus named SARS-CoV-2 by the ICTV committee and disease named
COVID-19 by the WHO) includes three public sequences from the
outbreak. We identified this cluster with many sequences from GISAID
but kept only three ones as these were the first GenBank sequences. The
first whole genome of SARS-CoV-2 was kindly shared by Prof. Yong-
Zhen Zhang and colleagues in the virological.org website. Detailed
information about the phylogenetic reference datasets are available in
Supplementary Table 2.

The phylogenetic reference dataset was used to create an automated
Coronavirus Typing Tool using the Genome Detective framework
(Vilsker et al., 2019, Fonseca et al., 2019). To determine the accuracy of
this tool, each of the 431 test WGS was considered for evaluation (i.e.
384 reference sequences from VIPR and 47 public SARS-CoV-2
sequences). The sensitivity, specificity and accuracy of our method was
calculated for both species assignment and phylogenetic clustering of
TP

SARSr-CoV. Sensitivity was computed by the formula7pzy,
o TN TP +TN

specificity by 7y + rp and accuracy by 75+ rp + Fyv + 7> Where TP = True

Positives, FP = False Positives, TN = True Negatives and FN = False

Negatives.

Classifying query sequences in an automated fashion involves two steps.
The first step enables virus species assignments and the second, which is
restricted to SARSr-CoV, includes phylogenetic analysis. The first
classification analysis subjects a query sequence to BLAST and AGA
analysi. AGA is a novel alignment method for nucleic acid sequences
against annotated genomes from NCBI RefSeq Virus Database. AGA
(Deforche 2017) expands the optimal alignment algorithms of Smith-
Waterman (Smith & Waterman 1981) and Gotoh (Gotoh 1982) based on
an induction state with additional parameters. The result is a more
accurate aligner, as it takes into account both nucleotide and protein
scores and identifies all of the polymorphisms at nucleotide and amino
acid levels. In the second step, a query sequence is aligned against the
phylogenetic reference dataset using -add alignment option in the
MAFFT software (Katoh & Standley 2013). In addition, a Neighbor
Joining phylogenetic tree is constructed using the HKY distance metric
with gamma among-site rate variation with 1,000 bootstrap replicates
using PAUP* (Swofford). The query sequence is assigned to a particular
phylogenetic cluster if it clusters monophyletically with that clade or a
subset of it with bootstrap support >70%. If the bootstrap support is
<70%, the genotype is reported to be unassigned.

The result of the phylogenetic and mutational analysis performed by
AGA is available in a detailed report. This report contains an interactive
phylogenetic tree and genome mapper (Supplementary Figure 1). It also
presents the virus species and cluster assignments and a detailed table
that provides information about open reading frames (ORFs), CDS and
proteins. This table can be expanded to show nucleotide and amino acid
mutations that differentiate a query sequence from their species RefSeq
or from a sequence in the phylogenetic reference dataset. All results can
be exported to a variety of file formats (XML, CSV, Excel, Nexus or
FASTA).
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3 Testing and Validation

The Genome Detective Coronavirus Typing Tool correctly classified all
of the 175 SARSr-CoV sequences at species level, i.e. specificity,
sensitivity and accuracy of 100%. Furthermore, all of the 47 SARS-CoV-
2 WGS that were isolated in China (n=36), USA (n=5), France (n=2),
Thailand (n=2), Japan (n=1) and Taiwan (n=1) were correctly classified
at phylogenetic cluster level as SARS-CoV-2, which may be renamed as
SARS-B. In addition, we classified with very high specificity, sensitivity
and accuracy (i.e. 100%) all of the 112 SARS outbreak WGS of 2002
and 2003. We also achieved perfect classification (i.e. specificity,
sensitivity and accuracy of 100%) for all of Beta coronavirus,
Human_coronavirus HKU1, MERS-CoV, Rousettus Bat coronavirus
HKU9 and Tylonycteris_bat coronavirus HKU4 at species level. For a
detailed overview of assignment performance, please refer to the
Supplementary Table 3.

Our tool also allows detailed analysis of coding regions and proteins for
each of the coronavirus species. For example, the analysis of the first
released SARS-CoV-2 sequence, the WH_Humanl China 2019Dec
(GenBank: MN908947) demonstrated at genome level , the nucleotide
(NT) identity was 79.0% to the reference strain of SARSr-CoV
(ACCESSION: NC_004718.3) and that the Envelop Small Membrane
Protein (protein E) is the most similar protein. In total, 94.8% (73/77) of
the amino acids were identical; the four amino acid differences were
located at positions 55 (T55S), 56 (V56F), 69 (69deletion) and 70
(G70R). The spike protein (protein S), which can be associated with
virulence, was 76.2% identical to the reference strain of SARSr-CoV
(Supplementary Table 4A). Interestingly there were four amino acid
insertions at position 237 (A237_F238insHRSY, genome NT position
22202 22203insCATAGAAGTTAT)), which is just upstream from a
cleavage site. There is also a four amino acid insertion PRRA at the
spike protein at positions 681 to 684.This is at the junction of S1 and S2
and creates a new polybase cleavage site. Our tool also allows us to
compare mutations with other related sequences, such as the Pangolin,
Bat RaTG13, the Bat SARS-CoV and SARS Sin940 (Picture 2 and
supplementary table 2). The most diverse coding regions were the CDS
Sars8a and Sars8b. In these two regions, only 30% of the amino acids
were identical. Sars8b protein was truncated early and its CDS had four
stop codons (Supplementary Table 4sA).
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Figure 2: Output from Genome Detective Coronavirus Typing Tool showing: A)
SARS-CoV-2 complete genome map. Top bar represents the genome (nucleotide
positions 1 to 29,903). Bottom segments represent the open reading frames (ORFs).
B) Amino-acid alignment of the spike protein highlighting a four amino acid
insertion (PRRA), which creates a new polybase cleavage site (RRAR) for SARS-
CoV-2. Amino acid (aa) alignment is compared with four related coronaviruses.
The tool also calculates the percentage aa identities with reference to SARS-CoV-2
as shown here for the complete (1,274 aa) spike protein.

Our Coronavirus Typing Tool also allows a query sequence to be
analysed against a sequence in the phylogenetic reference dataset. For
example, the WH_Humanl China 2019Dec (GenBank: MN908947) the
identity was 87.5% to the Bat sequence bat SL_CoVZXC21 (Genbank:
MG772934). This was one of the Bat-CoV sequences that were most
related to n2019-CoV (Lu et al. 2020). The Envelop Small Membrane
Protein (protein E) was 100% identical (Supplementary Table 4B). When
the SARS-CoV-2 isolated from France (BetaCoV/France/IDF0373/2020)

was analysed with our tool and compared with the SARS-CoV-2
WH_Humanl China 2019Dec strain (Accession: MN908947), this
sequence was 99.9% identical and had only two NT mutations
(Supplementary Table 4C). These two differences were located on
positions: 22551G>T & 26016G>T), which caused three amino acid
mutations (E2 glycoprotein Protein mutation: V354F (22551G>T) ,
sars3a protein mutations: G250V (26016G>T) and sars3b protein
mutations: VI10F (26016G>T)) (Detailed in Supplementary Table 4C-
II). The analysis of a WGS in FASTA format takes approximately 60
seconds.

DISCUSSION

We developed and released the Genome Detective Coronavirus Typing
tool as a free-of-charge resource in the third week of January 2020 in
order to help the rapid characterization of COVID-19 infections. This
tool allows the analysis of whole or partial viral genomes within minutes.
It accepts assembled genomes in FASTA format or raw NGS data in
FASTQ format from Illumina, Ion Torrent, PACBIO or Oxford
Nanopore Technologies (ONT) can be submitted to the Genome
Detective Virus Tool (Vilsker et al., 2019) to automatically assemble the
consensus genome prior to executing the Coronavirus Typing Tool. User
effort is minimal, and a user can submit multiple FASTA sequences at
once.

The tool uses a novel and dynamic aligner, AGA, to allow submitted
sequences to be queried against reference genomes, using both
nucleotide and amino acid similarity scores. This allows accurate
identification of other coronavirus species and the tracking of new viral
mutations as the outbreak expands globally. It also performs detailed
analysis of the coding regions and proteins. Moreover, it can easily be
updated to add new phylogenetic clusters if new outbreaks arise or if the
classification nomenclature changes. The tool has been able to correctly
classify all the recently released SARS-CoV-2 genomes, as well as all
the 2002-2003 SARS outbreak sequences

In conclusion, the Genome Detective Coronavirus Typing Tool is a web-
based and user-friendly software application that allows the
identification and characterization of novel coronavirus genomes.
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SEQUENCE ASSIGNMENT

Name  MN908947.3

Length 29820
VIRUS ASSICNMENT
Virus assignment  Severe acute respiratory syndrome-related coronavirus
CLADE AND GENOTYPE RESULT
Clade assignment  SARS-CoV-2 (2019 outbreak)

Supported with phylogenetic analysis and bootstrap 100.0 (>= 70.0)
GENOME REGION

Sequence starts at position 1 and ends at position 29820 relative to the NC_045512.2 reference sequence for Wuhan seafood market pneumonia virus
(taxon:2697049),
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PHYLOGENETIC ANALYSIS DETAILS (GENOTYPE)

= Assignment: SARS-CoV-2 (2019 outbreak)

= Bootstrap support: 100.0, bootstrap inside 147.1, bootstrap outside 0.0
» Download the alignment (NEXUS format, FASTA format)

= Phylogenetic Tree (export as PDF, NEXUS Format)
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Alignment Details and Genome Mapper:
ALIGNMENT DETRILS
GENOME REGION

Sequence starts at position 1 and ends at position 29677 relative to the NC_004718.3 reference sequence for Severe acute respiratory syndrome-related
coronavirus (taxon;694009).

ALICNMENT DETRILED STATISTICS
Begin End Coverage Score Concordance Matches Identities DIM/E" Stop Codons

NT 1 29677 100% 34510 59% 29591 (99%) 23621 (79%) 229/86



Nucleotide (NT) and Coding Regions (CDS) Mutational Analysis

SHOW MUTATIONS

Begin End Coverage Score Concordance Matches Identities /D/M/F* Stop Codons
NT 1 29677 99.8% 34510 58.6% 29591 23621 229/86
(98.9%) (79.0%)
cDs
1_orflab 1 7074 100% 44034 89.0% 7068 (99.5%) 6126 (86.2%) 29/6/0/0 1
2 orflab 1 4383 100% 25297 83.9% 4377 (99.2%) 3553 (B0.5%) 29/6/0/0 1
s 1 1256 100% 7176 81.6% 1249 (97.5%) 976 (76.2%) 25/7/0/0 1
4_sars3a 1 275 100% 1490 75.5% 275 (99.6%) 200 (72.5%) 1/0/0/0 1
5_sars3b 1 155 100% 519 52.9% 155 (99.4%) 89 (57.1%) 1/0/0/0 5
6.E 1 77 100% 447 96.3% 76 (98.7%) 73 (94.8%) 01/0/0 1
M 1 222 100% 1419 92.9% 222 (99.6%) 202 (90.6%) 1/0/0/0 1
8_sars6 1 64 100% 300 74.6% 62 (96.9%) 43 (67.2%) 0/2/0/0 1
9_sars7a 1 123 100% 758 89.3% 122 (99.2%) 105 (B5.4%) 0/1/0/0 1
10_sars7b 1 45 100% 252 83.7% 44 (97.8%) 36 (80.0%) 0/1/0/0 1
11_sarsBa 1 40 100% 100 33.8% 39(90.7%) 13 (30.2%) 3/1/0/0 0
12_sars8b 1 85 100% 26 4.2% 81(81.8%) 30 (30.3%) 14/4111 4
13_N 1 423 100% 2645 91.3% 420 (99.3%) 383 (90.5%) 0/3/0/0 1
14_sars9b 1 99 100% 451 72.9% 98 (99.0%) 72 (72.7%) 0/1/0/0 1
Protein Analysis (from UNIPROT RefSeq):
Proteins
orflab polyprotein... 1 7074 100% 44034 89.0% 7068 (99.5%) 6126 (86.2%) 29/6/0/0 1
leader protein (NP... 1 180 100% 1059 87.4% 180 (100%) 152 (84.4%) 0/0/0/0 0
counterpart of MH_. 1 638 100% 3197 71.2% 638 (100%) 436 (68.3%) 0/0/0/0 0
nsp3-ppla/pplab .. 1 1922 100% 10415 80.4% 1916 (98.2%) 1486 (76.2%) 29/6/0/0 0
nsp4-ppla/pplab .. 1 500 100% 3038 85.4% 500 (100%) 400 (80.0%) 0/0/0/0 [1]
3C-like proteinase ... 1 306 100% 2172 97.4% 306 (100%) 294 (96.1%) 0/0/0/0 0
nsp6-ppla/pplab .. 1 290 100% 1813 89.9% 290 (100%) 253 (87.2%) 0/0/0/0 [1]
nsp7-ppla/pplab .. 1 B3 100% 508 98.6% 83 (100%) 82 (98.8%) 0/0/0/0 0
nsp8-ppla/pplab .. 1 198 100% 1210 97.6% 198 (100%) 193 (97.5%) 0/0/0/0 0
nsp%-ppla/pplab .. 1 113 100% 752 96.9% 113 (100%) 110 (97.3%) 0/0/0/0 [1]
formerly known as... 1 139 100% 1061 97.7% 139 (100%)  135(97.1%) 0/0/0/0 0
RNA-dependent R.., 1 932 100% 6561 97.1% 932 (100%) 898 (96.4%) 0/0/0/0 0
nsp13-pplab (ZD, .. 1 601 100% 4241 99.9% 601(100%) 600 (99.8%) 0/0/0/0 0
3'to-5" exonucleas... 1 527 100% 3864 96.5% 527 (100%) 501 (95.1%) 0/0/0/0 0
endoRNAse (NP_8.. 1 346 100% 2174 92.6% 346 (100%) 307 (88.7%) 0/0/0/0 0
2'-0-ribose methylt... 1 298 100% 1968 95.4% 298 (100%) 278 (93.3%) 0/0/0/0 0
orfla polyprotein (... 1 4383 100% 25297 83.9% 4377 (99.2%) 3553 (B0.5%) 29/6/0/0 1
nsp1i-ppla (NP_9.. 1 13 100% 7 89.9% 13 (100%) 11 (84.6%) 0/0/0/0 0
E2 glycoprotein pr... 1 1256 100% 7176 81.6% 1249 (97.5%) 976 (76.2%) 25/7/0/0 1



SARS-CoV-2 Protein Mutations and Codon Mutations on E and Matrix Proteins as compared
with SARSr-CoV RefSeq (GenBank: NC_004718.3 ).

protein E (NP_828... 1 77 100% 447 96.3% 76 (98.7%) 73 (94.8%) 0/1/0/0 1
Protein mutations:  T55S (26279A>T 26281G>T), V56F (26282G>T), E69del (26321_26323de|GAA), GTOR (26324G=A)

Codon mutations:  GAABGAG (26140A>G), GTC29GTT (26203C>T), TTASICTT (26267 T>C 26269A>T), CCASACCT (26278BA>T), ACGSSTCT (26279A>T 262816>T), GTTS6TTT (26282G>T),
GTCS8GTT (26290C>T), TCGHOTCT (26296G>T), AACGEAAT (26314C>T), GAAGSdel (26321_26323delGAA), GGATOAGA (26324G>A)

matrix protein (NP... 1 222 100% 1419 92.9% 222 (99.6%) 202 (90.6%) 1/0/0/0 1

Protein mutations:  D3_N4insS (26405_26406insTTC), Q14K (26437C>A 26430A>G), AZOT (26482G>A 26484C>A), M32C (26491 A>T 26492T>G 26493G>T), S39A (26512T>G 26514T>C), V511
(26548G>A), V751 (26620G>A 26622G>C), IBEL (26653A>C), V6! (26683G>A), R124H (26768G>A 26760G>T), V1 28L (26779G>C), M133L (26794AC 26796G>A), 1144L
(26827A>C), M1501 (26B47G>T), $154H (26B57T>C 26858C>A 26850C>T), G187A (26057G>C 26058C>A), T188G (26959A>G 26960C>G), N196S (26084A>G 269B5C>T),
A210S (27025G>T), G211 (27028G>A), N213S (27035A>G 27036C>T)

Codon mutations:  GACIGAT (26405_26406insTTC), GACI_AACHiNSTCC (26405_26406insTTC), GAGT0GAA (26427G>4), CAAT4AAG (26437C>A 264394>G), CTG16CTT (264456-T), CTAZBCTT
(264814T), GCC29ACA (26482G>A 26484C>A), ATGIZTGT (26491A>T 26492T>G 26493G=T), TTAIICTT (26494T>C 2649645T), TCTIOGCC (26512T>G 26514T>C),
AATAQAAC (26517T>C), CGG41AGG (2651BC>A), AACAZAAT (26523C>T), TACA6TAT (26535C>T), ATA4BATT (265414T), CTTS0TTA (26545C>T 26547T>4), GTTS1ATT
(26548G>4), CTCS5CTG (26562C>G), TTGS6TTA (26565G=A), ACAGOACT (265774>T), CTTE1TTA (26578C>T 26580T>4), GTCEOGTT (26604C>T), ATTT2ATA (26613T=4),
GTG7SATC (26620G=A 26622G>C), ACTTEACC (26625T>C), GECTTGGT (26628C>T), GGGTBGEA (26631G>A), GLGBOGCT (26637G-T), ATTB1ATC (26640T>C), ATTBECTT
(266534>C), CTT92ZCTC (26673T>C), GTTOGATT (26683G>A), TCCIBTCT (26691C>T), AGG100AGA (26697G>A), GCT103GCE (26706T>G), ACC105ACG (26712C>G),
CGC106CGT (26715C>T), TCAT07TCC (26718A>C), AACT 1ZAAT (26733CT), ACAT1SACT (26742A5T), AAT120AAC (26757T>C), CCT122CCA (26763T=A), CGG124CAT
(26768G>A 26769G>T), GEGE125GEC (267726>C), ACA126ACT (26775A>T), GTG128CTE (26779G>C), CTC132CTT (26793C>T), ATG133CTA (26794A>C 26796GA),
CTT137CTC (26808T>C), GTCT38GTA (26811C=A), ATT130ATC (26814T>C), GET140GGA (26817T=A), ATTT44CTT (26827A>C), GGT146GGA (26835T>A), CAC147CAT
(26838C>T), TTG148CTT (26839T>C 26841G>T), CGAT40CGT (26844A>T), ATG150ATT (26847G=T), GCC151GCT (26850C>T), TCC154CAT (26857 T>C 26858C>A 26859C>T),
GEG156GGA (268656=A), ATT160ATC (26877T>C), CCA164CCT (268894>T), GAG166GAM (26895G>A), GTG169GTT (26904G>T), TTA1BOTTG (26937A>G), GCG182GCT
(26943G>T), GGC187GCA (26057G>C 26958C>A), ACT18BGGT (269594>G 26960C>G), GAT189GAC (26964T>C), AAC196AGT (269844>G 26985CT), CGT199AGE (26992C>A
26094T>G), GGAZ01GGC (270004>C), AAT206AAC (27015T>C), CAC209CAT (27024C>T), GCC210TCC (27025G>T), GGT211AGT (27028G=A), AAC213AGT (27035A>G
27036C>T), CTAZI9CTT (270544T)

SARS-CoV-2 Protein Mutations and Codon Mutations on E and Matrix Proteins as compared
with Bat SARS related CoV sequence, bat_SL_CovZXC21 (GenBank: MG772934)

protein E (NP_828,, 1 I 98.7% 474 100% 76 (100%) 76 (100%) 0/0/0/0 1
Protein mutations:  none
Codon mutations:  TTT23TTC (26185T=C), GTC29GTT (26203C-T), TTG75CTG (26339T-C)

matrix protein (NP... 1 223 100% 1521 98.6% 223 (100%) 220 (98.7%) 0/0/0/0 1
Protein mutations:  S2A (26401T>G), G3D (26405G>A), D3i15 (26405i2G>T 26405i3A>C)

Codon mutations:  TCA2GCA (26401T>G), GGT3GAT (26405G>A), GAC3I1TCC (2640512G>T 26405i34>C), ACC6ACT (26415C>T), TTAT6CTT (26443T>C 26445AT), GGAZ4GGT (26469A5T),
TTGZ6CTA (26473T>C 264756A), TTTZ7TTC (26478T>C), TTGIICTT (26494T>C 26496G-T), TTAZ4CTA (26497T>C), TAC4ETAT (26535C>T), CTTS6TTA (26563C>T
26565T=A), TGC6ITGT (26586C>T), AACTIAAT (26616C>T), ACTTBACC (26625T>C), GCCBOGCT (26637C>T), ATTB1ATC (26640T>C), GLCB4GCT (26649C>T), CTTIZCTC
(26673T=C), AGG100AGA (26697G>A), GCT103GCG (26706T=G), TTTI111TTC (26730T>C), AACT1ZAAT (26733C=T), TTG119CTC (26752T>C 26754G>C), COT122CCA
(26763T>A), CTT123CTC (26766TC), ACATZ6ACT (26775A>T), AGG130AGA (26787G=A), GAG1I4GAA (26799G>A), ATT139ATC (26814T>C), GCAT51GCT (268504-T),
CTG155CTA (26862G>A), CCC164CCT (26889C>T), GTA169GTT (26904A>T), GET201GEC (27000T>C), AATZ0ZAAC (27003T>C), TAC203TAT (Z7006C>T), AATZ06AAC
(27015T>C)




SARS-CoV-2 comparison between sequences isolated in France, Jan 2020
(BetaCoV/France/IDF0373/2020) and Wuhan, China, Dec 2019 (GenBank: MN908947)

ALIGNMENT DETRILS

ALIGNMENT

Using NC_004718.3 (Severe acute respiratory syndrome-related coronavirus (taxon:694009)) as reference for alignment, numbering and genome

annotations.

refiNG D04718.31
WH-Human1 China 20..
BetaCoVFrancelDFO373.. -

refiNC_004718.3|
WH-Human1_China_20..
BetaCoVFrancelDFO373...

refiNC_004718.3|
WH-Human1_China_20..
BetaCoVFrancelDFO373..,

GENETIC DIVERSITY ANALYSIS

Showing genetic similarity and mutations of the sequence against a reference of choice.

Ref for di ity WH-Human1_China_2019-Dec 5
HIDE MUTATIONS
Begin End Coverage Score Concordance Matches Identities \/D/M/E Stop Codons
NT 20 29914 99.4% 59610 99.9% 29809 29807 0/0
(100%) (99.9%)
Mutations:  22551G>T, 26016G>T
E2 glycoprotein pr.. 1 1281 99.5% 8985 99.9% 1274 (100%) 1273 (99.9%) 0/0/0/0 1
Protein mutations:  V354F (22551G=T)
Codon mutations:  GTC354TTC (22551G=T)
hypothetical protet... 1 276 100% 1944 99.4% 276 (100%)  275(99.6%) 0/0/0/0 1
Protein mutations: G250V (26016G>T)
Codon mutations: GGT250GTT (26016G>T)
hypothetical protei.. 1 156 100% 964 99.6% 156 (100%)  155(99.4%) 0/0/0/0 5
Protein mutations:  V110F (26016G=T)
Codon mutations:  GTT110TTT (26016G>T)
protein E (NP_828... 1 77 98.7% 474 100% 76 (100%) 76 (100%) 0/0/0/0 1



Submission page: Input sequences in FASTA format

CORONAVIRUS TYPING TOOL

This tool is designed to use Blast and phylogenetic methods in order to identify the Coronavirus types and genotypes of a nucleotide
sequence.

The Coronavirus typing tool also includes a Wuhan Coronavirus genome, this sequence was generously shared by Professor Yong-Zhen
Zhang and colleagues via this post on virological.org. Professor Yong-Zhen Zhang and colleagues ask that you communicate with them if
you wish to publish results that use the sequence that they share in a journal. We gratefully acknowledge their contribution.

Note for batch analysis: The tool accepts up to 2000 sequences at a time.

INPUT

Submit one or more FASTA sequences to be typed individually. If you have raw NGS reads (short reads or long reads), please use the
Genome Detective Virus Tool to assemble first. Subtyping tools will be linked in the results.
Click here to load some sample data.

Sequence oR FILE

>MN9@8947.3 Wuhan seafood market pneumonia

virus isolate Wuhan-Hu-1, complete genome

ATTAAAGGTTTATACCTTCCCAGGTAACAAACCAACCAACTTTCGAT
CTCTTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTG
TCACTCGGCTGCATGCTTAGTGCACTCACGCAGTATAATTAATAACT
AATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAG
GCTGCTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTA
GGTTTCGTCCGGGTGTGACCGAAAGGTAAGATGGAGAGCCTTGTCCC
TGGTTTCAACGAGAAAACACACGTCCAACTCAGTTTGCCTGTTTTAC
AGGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAG
GTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGGCTT
AGTAGAAGTTGAAAAAGGCGTTTTGCCTCAACTTGAACAGCCCTATG
TGTTCATCAAACGTTCGGATGCTCGAACTGCACCTCATGGTCATGTT
ATGGTTGAGCTGGTAGCAGAACTCGAAGGCATTCAGTACGGTCGTAG
TGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAG

My A T S S e e

START FREE ANALYSIS CLEAR

Log in or register to experience the advantages of a premium account.



Supplementary Table 1: n2019-CoV GISAID Tested Sequences. GISAID acknowledges the Authors and the Laboratories for their sequence and
metadata shared through GISAID. All Originating laboratories are gratefully acknowledged for sharing the data and are cited in this table:

GISAID Accession ID Virus name Location Collection date Lab citation
EPI_ISL_402125 BetaCoV/Wuhan-Hu-1/2019 China 2019-12 1
EPI_ISL_405839 BetaCoV/Guangdong/20SF013/2031 China / Guangdong / Shenzhen 2020-01 2
EPI_ISL_406030 BetaCoV/Guangdong/20SF013/2032 China / Guangdong / Shenzhen 2020-01 2
EPI_ISL_402119 BetaCoV/Wuhan/IVDC-HB-01/2019 China / Hubei Province / Wuhan City 2019-12-30 3
EPI1_ISL 402120 BetaCoV/Wuhan/IVDC-HB-04/2020 China / Hubei Province / Wuhan City 2020-01-01 3
EPI_ISL_402121 BetaCoV/Wuhan/IVDC-HB-05/2019 China / Hubei Province / Wuhan City 2019-12-30 3
EPI_ISL 402123 BetaCoV/Wuhan/IPBCAMS-WH-01/2019 China / Hubei Province / Wuhan City 2019-12-24 4
EPI_ISL 402124 BetaCoV/Wuhan/WIV04/2019 China / Hubei Province / Wuhan City 2019-12-30 5
EPI_ISL_402127 BetaCoV/Wuhan/WIV02/2019 China / Hubei Province / Wuhan City 2019-12-30 5
EPI_ISL_402128 BetaCoV/Wuhan/WIV05/2019 China / Hubei Province / Wuhan City 2019-12-30 5
EPI_ISL_402129 BetaCoV/Wuhan/WIV06/2019 China / Hubei Province / Wuhan City 2019-12-30 5
EPI_ISL_402130 BetaCoV/Wuhan/WIV07/2019 China / Hubei Province / Wuhan City 2019-12-30 5
EPI_ISL_403928 BetaCoV/Wuhan/IPBCAMS-WH-05/2020 China / Hubei Province / Wuhan City 2020-01-01 4
EPI1_ISL_403929 BetaCoV/Wuhan/IPBCAMS-WH-04/2019 China / Hubei Province / Wuhan City 2019-12-30 4
EPI_ISL_403930 BetaCoV/Wuhan/IPBCAMS-WH-03/2019 China / Hubei Province / Wuhan City 2019-12-30 4
EPI_ISL 403931 BetaCoV/Wuhan/IPBCAMS-WH-02/2019 China / Hubei Province / Wuhan City 2019-12-30 4
EPI_ISL_402131 BetaCoV/bat/Yunnan/RaTG13/2013 China / Yunnan Province / Pu'er City 2013-07-24 6
EPI_ISL_406531 BetaCoV/Guangdong/20SF013/2037 China/Guangdong Province 2020-01-22 7
EPI_ISL_406534 BetaCoV/Guangdong/20SF013/2039 China/Guangdong Province 2020-01-22 7
EPI_ISL_406535 BetaCoV/Guangdong/20SF013/2040 China/Guangdong Province 2020-01-22 7
EPI_ISL_406536 BetaCoV/Guangdong/20SF013/2041 China/Guangdong Province 2020-01-22 7
EPI_ISL_406538 BetaCoV/Guangdong/20SF013/2042 China/Guangdong Province 2020-01-23 7
EPI_ISL_403932 BetaCoV/Guangdong/20SF012/2020 China/Guangdong, China 2020-01-14 7
EPI_ISL 403933 BetaCoV/Guangdong/20SF013/2020 China/Guangdong, China 2020-01-15 7




EPI_ISL_403934
EPI_ISL_403935
EPI_ISL_403936
EPI_ISL_403937
EPI_ISL_406533
EPI_ISL_402132
EPI_ISL_406592
EPI_ISL_406593
EPI_ISL_406594
EPI_ISL_406595
EPI_ISL_404227
EPI_ISL_404228
EPI_ISL_406596
EPI_ISL_406597
EPI_ISL_402126
EPI_ISL_406031
EPI_ISL_403962
EPI_ISL_403963
EPI_ISL_406223
EPI_ISL_406034
EPI_ISL_406036
EPI_ISL_404253
EPI_ISL_404895

BetaCoV/Guangdong/20SF013/2021
BetaCoV/Guangdong/20SF013/2022
BetaCoV/Guangdong/20SF013/2023
BetaCoV/Guangdong/20SF013/2024
BetaCoV/Guangdong/20SF013/2038
BetaCoV/Wuhan/HBCDC-HB-01/2019
BetaCoV/Guangdong/20SF013/2043
BetaCoV/Guangdong/20SF013/2044
BetaCoV/Guangdong/20SF013/2045
BetaCoV/Guangdong/20SF013/2046
BetaCoV/Guangdong/20SF013/2027
BetaCoV/Guangdong/20SF013/2028

BetaCoV/France/IDF0372/2020|EPI_ISL_406596
BetaCoV/France/IDF0373/2020| EPI_ISL_406597

BetaCoV/Kanagawa/1/2020

BetaCoV/Guangdong/20SF013/2033
BetaCoV/Guangdong/20SF013/2025
BetaCoV/Guangdong/20SF013/2026
BetaCoV/Guangdong/20SF013/2036
BetaCoV/Guangdong/20SF013/2034
BetaCoV/Guangdong/20SF013/2035
BetaCoV/Guangdong/20SF013/2029
BetaCoV/Guangdong/20SF013/2030

China/Guangdong, China
China/Guangdong, China
China/Guangdong, China
China/Guangdong, China
China/Guangzhou City
China/Hubei Province
China/Shenzhen
China/Shenzhen
China/Shenzhen
China/Shenzhen
China/Zhejiang, China
China/Zhejiang, China

France / lle-de-France / Paris
France / lle-de-France / Paris
Japan/ Kanagawa Prefecture, Japan
Taiwan/Kaohsiung City
Thailand/ Nonthaburi Province
Thailand/ Nonthaburi Province
USA / Arizona / Phoenix

USA / California / Los Angeles
USA / California / Orange County
USA / lllinois /Chicago

USA / Washington / Snohomish County

2020-01-15
2020-01-15
2020-01-17
2020-01-18
2020-01-22
2019-12-30
2020-01-13
2020-01-13
2020-01-16
2020-01-16
2020-01-16
2020-01-17
2020-01-23
2020-01-23
2020-01-14
2020-01-23
2020-01-08
2020-01-13
2020-01-22
2020-01-23
2020-01-22
2020-01-21
2020-01-19
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Citations and acknowledgements to original laboratories generating the data:

1 - National Institute for Communicable Disease Control and Prevention (ICDC) Chinese Center for Disease Control and Prevention (China CDC)

2 - The University of Hong Kong - Shenzhen Hospital




3 - National Institute for Viral Disease Control and Prevention, China CDC

4 - Institute of Pathogen Biology, Chinese Academy of Medical Sciences & Peking Union Medical College

5 - Wuhan Jinyintan Hospital, Wuhan Institute of Virology, Chinese Academy of Sciences

6 - Institute of Pathogen Biology, Chinese Academy of Medical Sciences & Peking Union Medical College

7 - Guangdong Provincial Center for Diseases Control and Prevention; Guangdong Provinical Public Health

8 - Wuhan Jinyintan Hospital, Hubei Provincial Center for Disease Control and Prevention

9 - Shenzhen Key Laboratory of Pathogen and Immunity, National Clinical Research Center for Infectious Disease, Shenzhen Third People's
Hospital

10 -Zhejiang Provincial Center for Disease Control and Prevention, Department of Microbiology, Zhejiang Provincial Center for Disease Control
and Prevention

11 - Department of Infectious and Tropical Diseases, Bichat Claude Bernard Hospital, Paris, National Reference Center for Viruses of
Respiratory Infections, Institut Pasteur, Paris

12 -Deptartment of Virology Ill, National Institute of Infectious Diseases

13 - Centers for Disease Control, R.O.C. (Taiwan)

14 - Bamrasnaradura Hospital, Department of Medical Sciences, Ministry of Public Health, Thailand, Thai Red Cross Emerging Infectious
Diseases - Health Science Centre, Department of Disease Control, Ministry of Public Health, Thailand

15 - Arizona Department of Health Services, Pathogen Discovery, Respiratory Viruses Branch, Division of Viral Diseases, Centers for Disease
Control and Prevention

16 - California Department of Public Health, Pathogen Discovery, Respiratory Viruses Branch, Division of Viral Diseases, Centers for Dieases
Control and Prevention

17 - Department of Public Health Chicago Laboratory, Pathogen Discovery, Respiratory Viruses Branch, Division of Viral Diseases, Centers for
sControl and Prevention

18 - Providence Regional Medical Center, Division of Viral Diseases, Centers for Disease Control and Prevention



Supplementary Table 2: Reference phylogenetic dataset sequences selected for the Genome Detective Coronavirus Tool.

SARSr-CoV Cluster Sequence Name Accession Number Location Host
Bat SARS-CoV HKU3 HKU3_3 DQO84200 China Bat
Bat SARS-CoV HKU3 HKU3_6 GQ153541 China Bat
Bat SARS-CoV HKU3 HKU3_9 GQ153544 China Bat
Bat SARS-CoV ZXC21/2C45 bat_SL_CoVZXC21 MG772934 China Bat
Bat SARS-CoV ZXC21/ZC45 bat-SL-CoVZC45 MG772933.1 China Bat
SARS related CoV As6526 KY417142 China Bat
SARS related CoV BtCoV2732005 DQ648856 China Bat
SARS related CoV BtCoV2792005 DQ648857 China Bat
SARS related CoV Rs3367 KC881006 China Bat
SARS related CoV Rs4237 KY417147 China Bat
SARS related CoV Rs9401 KY417152 China Bat
SARS related CoV Wiv1i KF367457 China Bat
SARS-CoV Outbreak 2002-3 BJ182_12 EU371564 China Human
SARS-CoV Outbreak 2002-3 HKU_39849 AY278491 Hong Kong Human
SARS-CoV Outbreak 2002-3 LC4 AY395001 China Human
SARS-CoV Outbreak 2002-3 NC_004718 NC_004718 Canada Human
SARS-CoV Outbreak 2002-3 SARS_ExoN1_2010 KF514393 USA N/A
SARS-CoV Outbreak 2002-3 SARS_WTic_2009 KF514394 USA N/A
SARS-CoV Outbreak 2002-3 SARS_WTic_2010 KF514388 USA N/A
SARS-CoV Outbreak 2002-3 Sin842 AY559081 Singapore Human
SARS-CoV Outbreak 2002-3 Sin848 AY559085 Singapore Human
SARS-CoV Outbreak 2002-3 Sin850 AY559096 Singapore Human
SARS-CoV Outbreak 2002-3 TW7 AY502930 Taiwan Human
Wuhan 2019-nCoV WH-Human1_China_2019-Dec MN908947 China Human




2019nCoV_USA_AZ1 2020 2019nCoV_USA_AZ1 2020 MN997409 USA Human
2019 _nCoV_WHUO02 2019_nCoV_WHUO02 MT019532 China Human

Supplementary Table 3: Evaluation of the Genome Detective Coronavirus Typing Tool to classify coronavirus complete genomes. The
classification results were compared to manual phylogenetic analysis . In this table, the following abbreviations are used: TP, total positives;
TN, total negatives; FP, false positive; FN, False negative; Sens, sensitivity; Spec, specificity; PPV, positive predicted value; NPVs negative
predicted value, ACC, accuracy.

Virus species Known TP TN FP FN SENS SPEC ACC
Betacoronavirus 121 121 311 0 0 100% 100% 100%
Human Coronavirus HKU1 19 19 413 0 0 100% 100% 100%
Longquan Rl rat coronavirus 1 0 432 0 1 0% 100% 100%
MERSr-CoV 97 97 335 0 0 100% 100% 100%
Murine Hepatitis Virus 9 9 423 0 0 100% 100% 100%
Rat Coronavirus 3 3 429 0 0 100% 100% 100%
Rousettus bat coronavirus HKU9 4 4 428 0 0 100% 100% 100%
SARSr-CoV 176 176 256 0 0 100% 100% 100%
Tylonycteris bat coronavirus HKU4 1 1 431 0 0 100% 100% 100%
Zaria_bat_coronavirus 1 0 432 0 1 0% 100% 100%
Total 432
SARSr-CoV Clusters Known TP TN FP FN SENS SPEC ACC
Bat SARS-CoV HKU3 8 8 424 0 0 100% 100% 100%
Bat SARS-CoV ZXC21/ZC45 2 2 430 0 0 100% 100% 100%
SARS related CoV 6 6 426 0 0 100% 100% 100%
SARSr-CoV outbreak 2002-3 112 112 320 0 0 100% 100% 100%
Wuhan 2019-nCoV 47 26 406 0 0 100% 100% 100%
Total 176
Total sequences 432




Supplementary Table 4A: Nucleotide and protein mutational analysis performed by Genome Detective Coronavirus Typing Tool. This table
compares an n2019-CoV query sequence (GenBank Accession Number MN90847) to the reference strain of SARS (NC_004718.3: GenBank). In
the table, the following abbreviations are used: Begin, first nucleotide position that reference sequence; End, last nucleotide position that

matches the reference sequence;

Coverage: coverage of reference sequence genome; Score, nucleotide and amino acid score of AGA,;

Matches, number of matches; Identities, number of identical nucleotides; |, insertions; D, deletions; M, misaligned; F, Frameshifts; Stop
codons, number of stop codons and CDS, coding sequencing.

Ref: SARS: NC_004718.3 Begin End Coverage Score Concordance Matches Identities 1/D
Query: n2019-CoV: MN908947 1 29677 99.8% 34510 58.6% 29591 (98.9%) 23621 (79.0%) 229/86

CDS Begin End Coverage Score Concordance Matches Identities I/D/M/F C::ic::s

1 orflab 1 7074 100% 44034 89.0% 7068 (99.5%) 6126 (86.2%) 29/6/0/0 1

2 orflab 1 4383 100% 25297 83.9% 4377 (99.2%) 3553 (80.5%) 29/6/0/0 1

3.S 1 1256 100% 7176 81.6% 1249 (97.5%) 976 (76.2%) 25/7/0/0 1

4 sars3a 1 275 100% 1490 75.5% 275 (99.6%) 200 (72.5%) 1/0/0/0 1

5 sars3b 1 155 100% 519 52.9% 155 (99.4%) 89 (57.1%) 1/0/0/0 5

6_E 1 77 100% 447 96.3% 76 (98.7%) 73 (94.8%) 0/1/0/0 1

7 M 1 222 100% 1419 92.9% 222 (99.6%) 202 (90.6%) 1/0/0/0 1

8 sarsb 1 64 100% 300 74.6% 62 (96.9%) 43 (67.2%) 0/2/0/0 1

9 sars7a 1 123 100% 758 89.3% 122 (99.2%) 105 (85.4%) 0/1/0/0 1

10_sars7b 1 45 100% 252 83.7% 44 (97.8%) 36 (80.0%) 0/1/0/0 1

11 sars8a 1 40 100% 100 33.8% 39 (90.7%) 13 (30.2%) 3/1/0/0 0

12 sars8b 1 85 100% 26 4.2% 81 (81.8%) 30 (30.3%) 14/4/1/1 4

13_N 1 423 100% 2645 91.3% 420 (99.3%) 383 (90.5%) 0/3/0/0 1

14_sars9b 1 99 100% 451 72.9% 98 (99.0%) 72 (72.7%) 0/1/0/0 1




Supplementary Table 4B: Nucleotide and protein mutational analysis performed by Genome Detective Coronavirus Typing Tool. This table
compares an n2019-CoV query sequence (GenBank Accession Number MN90847) to the Bat SARS related CoV sequence, bat_SL CovZXC21
(MG772934: GenBank). In the table, the following abbreviations are used: Begin, first nucleotide position that reference sequence; End, last
nucleotide position that matches the reference sequence; Coverage: coverage of reference sequence genome; Score, nucleotide and amino
acid score of AGA; Matches, number of matches; Identities, number of identical nucleotides; I, insertions; D, deletions; M, misaligned; F,
Frameshifts; Stop codons, number of stop codons and CDS, coding sequencing.

B) bat_SL_CoVZXC21:
MG772934 Begin End Coverage Score Concordance Matches Identities 1/D
n2019-CoV: MN908947 1 29741 99.5% 44750 75.6% 29638 (99.3%) 26108 (87.5%) 182/17
CDS Begin End Coverage Score Concordance Matches Identities 1I/D/M/F C::i(::oems
1_orflab 1 7078 99.9% 47593 96.4% 7071 (99.6%) 6767 (95.3%) 28/1/6/0 1
2 orflab 1 4387 99.9% 28933 96.3% 4380 (99.3%) 4197 (95.2%) 28/1/6/0 1
3.S 1 1253 99.4% 7104 83.8% 1243 (97.6%) 1015 (79.7%) 29/2/10/0 1
4 _sars3a 1 276 100% 1847 93.7% 276 (100%) 254 (92.0%) 0/0/0/0 1
5 sars3b 1 156 100% 755 75.1% 156 (100%) 124 (79.5%) 0/0/0/0 5
6_E 1 77 98.7% 474 100% 76 (100%) 76 (100%) 0/0/0/0 1
7_M 1 223 100% 1521 98.6% 223 (100%) 220 (98.7%) 0/0/0/0 1
8_sars6 1 64 96.9% 369 86.6% 62 (100%) 58 (93.5%) 0/0/0/0 1
9 sars7a 1 123 99.2% 776 91.0% 122 (100%) 108 (88.5%) 0/0/0/0 1
10_sars7b 1 45 97.8% 288 93.8% 44 (100%) 41 (93.2%) 0/0/0/0 1
11_sars8a 1 43 97.7% 331 98.5% 42 (100%) 40 (95.2%) 0/0/0/0 0
12_sars8b 1 99 96.0% 453 74.0% 95 (100%) 73 (76.8%) 0/0/2/0 4
13_N 1 422 99.5% 2707 94.6% 419 (99.5%) 396 (94.1%) 1/1/0/0 1
14_sars9b 1 99 99.0% 446 72.3% 98 (100%) 72 (73.5%) 0/0/0/0 1




Supplementary Table 4C: Nucleotide and protein mutational analysis performed by Genome Detective Coronavirus Typing Tool. This table
compares an n2019-CoV query sequence, BetaCoV/France/IDF0373/2020|EPI_ISL_406597, isolated in France, Jan 2010, (GISAID Accession
Number ISL_406597) to the first n2019-CoV sequence, isolated in Wuhan, Dec 2019 (MN908947: GenBank). The following abbreviations are
used: Begin, first nucleotide position that reference sequence; End, last nucleotide position that matches the reference sequence; Coverage:
coverage of reference sequence genome; Score, nucleotide and amino acid score of AGA; Matches, number of matches; Identities, number of
identical nucleotides; |, insertions; D, deletions; M, misaligned; F, Frameshifts; Stop codons, number of stop codons and CDS, coding

sequencing.

C) n2019-CoV: MN908947 Begin End Coverage Score Concordance Matches Identities 1/D
- . 2
n2013-CoV: 20 29914 99.4% 59606 99.9% 9809 29806 (99.9%) 0/0
BetaCoV/France/IDF0373/2020 (100%)
. . t
CDS Begin End Coverage Score Concordance Matches Identities 1I/D/M/F C: d(:)':s
1 orflab 1 7103 99.9% 49596 100% 7097 (100%) 7097 (100%) 0/0/0/0 1
2 orflab 1 4412 99.9% 30277 100% 4406 (100%) 4406 (100%) 0/0/0/0 1
35 1 1281 99.5% 8985 99.9% 1274 (100%) 1273 (99.9%) 0/0/0/0 1
4 sars3a 1 276 100% 1944 99.4% 276 (100%) 275 (99.6%) 0/0/0/0 1
5_sars3b 1 156 100% 964 99.6% 156 (100%) 155 (99.4%) 0/0/0/0 5
6_E 1 77 98.7% 474 100% 76 (100%) 76 (100%) 0/0/0/0 1
7_M 1 223 100% 1538 100% 223 (100%) 223 (100%) 0/0/0/0 1
8 sars6 1 64 96.9% 400 100% 62 (100%) 62 (100%) 0/0/0/0 1
9 _sars7a 1 123 99.2% 846 100% 122 (100%) 122 (100%) 0/0/0/0 1
10_sars7b 1 45 97.8% 316 100% 44 (100%) 44 (100%) 0/0/0/0 1
11_sars8a 1 43 97.7% 339 100% 42 (100%) 42 (100%) 0/0/0/0 0
12_sars8b 1 99 96.0% 608 100% 95 (100%) 95 (100%) 0/0/2/0 4
13 N 1 423 99.3% 2860 99.9% 420 (100%) 419 (99.8%) 0/0/0/0 1
14 sars9b 1 99 99.0% 618 100% 98 (100%) 98 (100%) 0/0/0/0 1




Supplementary Table 4C-ll: This table compares an n2019-CoV query sequence, BetaCoV/France/IDF0373/2020|EPI_ISL_406597, isolated in
France, Jan 2010, (GISAID Accession Number ISL_406597) to the first n2019-CoV sequence, isolated in Wuhan, Dec 2019 (MN908947:
GenBank). The French isolated sequence has two nucleotide (NT) mutations at genome position 22551 (G to T) and 26016 (G to T). These
mutations affect three proteins: E2 glycoprotein (Uniprot Accession Number: NP_828851.1), Hypothetical protein sars3a (Uniprot Accession
Number: NP_828852.2) and Hypothetical protein sars3b ((Uniprot Accession Number: NP_828853.1). Please note that NT mutation 26016G>T
affects two open reading frames that code two hypothetical proteins, sars3a and sars3b.

Mutations NT 22551G>T, 26016G>T

Proteins Mutations:

E2 glyco (NP_828851.1) Protein mutations:
V354F (22551G>T)
Codon mutations:
GTC354TTC (22551G>T)

sars3a (NP_828852.2) Protein mutations:
G250V (26016G>T)
Codon mutations:
GGT250GTT (26016G>T)

sars3b (NP_828853.1) Protein mutations:
V110F (26016G>T)
Codon mutations:
GTT110TTT (26016G>T)
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