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THINK AGAIN

Insights & Perspectives

SARS-CoV-2’s claimed natural origin is undermined by issues
with genome sequences of its relative strains

Coronavirus sequences RaTG13, MP789 and RmYNO2 raise multiple questions to be
critically addressed by the scientific community

YuriDeigin’@ | Rossana Segreto?

1 Youthereum Genetics Inc., Toronto, Ontario,
Canada

Abstract
RaTG13, MP789, and RmYNO2 are the strains closest to SARS-CoV-2, and their exis-

tence came to light only after the start of the pandemic. Their genomes have been
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them exhibit several issues. We specifically address the presence in RmYNO2 and
closely related RacCSxxx strains of a claimed natural PAA/PVA amino acid insertion
at the S1/S2 junction of their spike protein at the same position where the PRRA
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) insertion in SARS-CoV-2 has created a polybasic furin cleavage site. We show that
equally to this study.

RmYNO2/RacCSxxx instead of the claimed insertion carry a 6-nucleotide deletion in
the region and that the 12-nucleotide insertion in SARS-CoV-2 remains unique among
Sarbecoviruses. Also, our analysis of RaTG13 and RmYNO2’s metagenomic datasets
found unexpected reads which could indicate possible contamination. Because of their
importance to inferring SARS-CoV-2’s origin, we call for a careful reevaluation of
RaTG13, MP789 and RmYNO2 sequencing records and assembly methods.
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INTRODUCTION

ring SARS-CoV-2’s origin. Upon close examination, all three of these
sequences and/or the papers where they have been first described are
SARS-CoV-2 has drastically changed the world, causing catastrophic flawed by several issues that should be carefully addressed by the sci-
loss of life and immense economic disruption. Establishing its origins entific community.
is therefore of utmost importance, but more than a year since the out-
break in Wuhan, the scientific community has yet to provide a defini-

THE ADDENDUM TO THE PAPER DESCRIBING

tive answer. The search for SARS-CoV-2's origins in nature relies on

finding closely related coronavirus (CoV) sequences in primary or sec-
ondary hosts, as a possible source of zoonotic spill-over to humans.
RaTG13/[1 MP789,2] and RmYNO2!3! are among the CoVs most
closely related to SARS-CoV-2 identified so far, and their existence
came to light only after the beginning of the pandemic. Countless scien-

tific publications refer to these key sequences in their attempts of infer-

FIRST RATG13 OPENS MORE QUESTIONS THAN
THE ONES ANSWERED

Shortly after the beginning of the pandemic, Zhou et al.ll] have pub-
lished a key paper first describing RaTG13, which is SARS-CoV-2’s clos-

est relative found so far (96.2% identity). Very little information on
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sampling site and sequencing methods was released by the authors
at the time. Zhou et al.!%] stated: "We then found that a short region
of RNA-dependent RNA polymerase (RdRp) from a bat coronavirus
(BatCoV RaTG13)—which was previously detected in Rhinolophus
dffinis from Yunnan province—showed high sequence identity to 2019-
nCoV. We carried out full-length sequencing on this RNA sample.”
Intriguingly, in the preprintl4! for the above article, the quoted sen-
tence originally said “which we previously detected” rather than “which
was previously detected”. It is unclear why the authors chose to further
distance themselves from the collection of RaTG13 in the final version
of their paper.

After repeated requests for clarifications from several scientists
and journalists and more than 9 months later, the Zhou et al.!] paper
has been amended with an Addendum,[1! which provides some missing
information on RaTG13, most of it previously discovered and made
public by an independent research group named “DRASTIC’S]
and published by Rahalkar and Bahulikarl®! and Segreto and
Deigin.[”]

While the Addendum clarifies some crucial points, such as exact
sampling location of RaTG13, and mentions the original paper describ-
ing it,[8] the information released is still incomplete and partially in con-
flict with data previously provided. In this regard, the Addendum clari-
fies that RaTG13 has been fully sequenced in 2018!5! and not after the
beginning of the pandemic, as seemingly implied by Zhou et al.[%] as a
result of them having matched SARS-CoV-2 to that short RdRp region.
It is important to notice that if the full genome of RaTG13 was present
in their database since 2018, it would have immediately come up as the
best match to SARS-CoV-2 when queried in 2020, with no need to men-
tion the match to its short RdRp region.

Moreover, the Addendum confirms our suggestion!”] that RaTG13’s
partial RdRp mentioned by Zhou et al.[1! could have been previously
named RaBtCoV/4991,[8] which is a sample collected in 2013 in a mine
where six workers—three of whom died—contracted pneumonia with
very similar symptoms as SARS-CoV-2, and later four of whom were
confirmed by WIV to carry antibodies against SARS.[67]

It should be mentioned that the peer-review process of the Zhou
paper!! failed to ensure that the authors numerically define their
stated “high sequence identity” of RaTG13'’s partial RdRp to SARS-
CoV-2, as instead was done by Chen et al.l! in a paper submitted in the
same period, which reports 98.7% identity of RaBtCoV/4991 to SARS-
CoV-2 MN988668 and MN988669.

In addition, new information revealed by the Addendum is that
eight other beta-SARSr-CoVs distantly related to SARS-CoV were also
isolated from the same Mojiang mine, and sequenced together with
RaTG13, but neither their genomes, nor information about their sam-
ple names and eventual accession numbers is provided. It is not known
how these sequences relate to RaTG13. The Addendum also fails to
release details about the number and kind of samples collected from
the mine workers, their storage conditions, methods used for each test
described and specification of the results obtained.

In addition, the Addendum fails to address and/or contradicts the
statements in an MScl10] and a PhDI[1112] theses which have previ-
ously described in detail the miners’ pneumonia symptoms and stated
that SARS Immunoglobulin G (IgG) antibodies were detected by the

Wuhan Institute of Virology (WIV) in all four of the miners’ samples
tested.

Various preprints!13-16] have questioned the validity of the metage-
nomic dataset upon which RaTG13 is based. For an independent anal-
ysis of the raw data used for RaTG13’s assembly, we ran NCBI BLAST
(blastn suite) using RaTG13 (MN996532.2) as query sequence against
RaTG13’s raw reads (SRX7724752) and amplicons (SRX8357956). The
first 14 nucleotides (nt) of the 5’ end of RaTG13 had no sequence
matches, which is unexpected not only because the Genbank entry for
RaTG13 has been edited on 13 October 2020!7! and the 5’ end was
added without support from raw data, but also because the sample was
stated to have been fully depleted during its sequencing carried out
in 2018.[18] |n the same update, a small number of nucleotides were
also edited, possibly fixing assembly errors of the first genome release.
As all these modifications were introduced without explanations and
without uploading further sequencing data, we call for information
on the assembly process of the first RaTG13 genome to be released
together with the reads supporting the bases that contradict sequenc-
ing data.

To verify the criticisms expressed about RaTG13’s low number of
bacterial reads being unexpected for a fecal swab, we performed a
taxonomic analysis of the raw reads using the NCBI SRA Taxonomy
Analysis Tool. Only 0.65% of the raw reads were composed of bacteria
and a significant quantity of sequences unexpectedly belonged to
species with habitats well outside of Yunnan Province, China (4.6%
Rousettus aegyptiacus; 4.6% Marmota marmota marmota; 3.6% Marmota
flaviventris). The anomalously low bacterial quantity is striking when
compared with the raw reads from Rhinolophus affinis's fecal swab
(SRR11085736) uploaded to Genbank by the WIV on the same day
as RaTG13'’s dataset (13 February 2020) and which contains 91%
bacteria.

Zhang! 13! and Singlal15! further identified in RaTG13’s raw reads
the presence of uncommonly abundant telomere-like sequences.
Telomeres are DNA-protein structures composed of tandem repeats
which are located at the end of chromosomes and usually represent
only a minor fraction of total cellular RNA extracted from a biologi-
cal sample. We calculated with TelomereCat!1?] that the RaTG13 raw
reads (Genbank accession SRX7724752) are composed of 14% fully
telomeric sequences. The origin of these repeats is unexplained and a
more thorough investigation of telomere-like sequences in the dataset
is warranted.

We then ran BLASTh for randomly selected raw reads from
RaTG13’s dataset against the NCBI Nucleotide Collection Database
using a minimum similarity of 95% until we recorded 1698 hits. Sur-
prisingly, 10% of the sequences identified matched the Homo sapi-
ens genome, indicating significant contamination of RaTG13’s dataset,
which might have happened during sequencing or purification from
human cell cultures.

Considering that RaTG13 has been presented as evidence that
SARS-CoV-2 may have naturally originated in bats!!! and that it shares
many novel features with SARS-CoV-2’s genome—among them the
presence of multiple inserts in the spike protein1!—it should not be
used to draw conclusions about SARS-CoV-2’s natural origin until its

reliability is proven.
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THE SAME PANGOLIN CORONAVIRUS SEQUENCE
MP789 HAS BEEN CITED BY SEVERAL
PUBLICATIONS UNDER DIFFERENT NAMES

The identification of an RBD very similar to the one present in SARS-
CoV-2 in CoV isolated from a batch of pangolins smuggled from
the Guangdong province (GD, China) in March 2019[2] have raised
speculations that pangolins could have been a possible host for SARS-
CoV-2beforeits jump to humans, although its overall genome similarity
is lower to SARS-CoV-2 than that of RaTG13.1201 Upon close examina-
tion of the assembled genomes and raw data, Chan and Zhan!2!] have
discovered that this particular RBD was found only in two pangolin
samples out of 13 collected (#7 and #8) and that the same resulting
assembled genome has been differently named by Liu et al.[2! and Xiao
et al.[29] (respectively MP789 and GD_1). Considering the rarity of this
special RBD in the pangolin samples analyzed, Chan and Zhan!21! con-
clude that pangolins could have been infected by other animals during
trafficking and other authors even suggest possible contamination of
the pangolin dataset by human sequences!?2] or cell cultures.!?3] Based
on these findings, the “U.S. Right to Know” association has requested
detailed clarifications!24! on the pangolin dataset from the authors Liu
et all2] and Xiao et al.[20] and the editors of PLoS Pathogens and Nature,
which have published several papers based on the same dataset.[25.26]
Many questions still await an answer but as a result of the inquiry a
note has been added to Xiao et al.,[20] alerting readers about the sam-

ple’s ongoing issues:

“Editor’s Note: Readers are alerted that concerns have
been raised about the identity of the pangolin samples
reported in this paper and their relationship to previ-
ously published pangolin samples. Appropriate editorial
action will be taken once this matter is resolved.”

However, several papers have already relied on MP789 for their
analysis, namely the widely cited “The Proximal Origin of SARS-CoV-
2" paper published in Nature Medicine by Andersen et al.127] that con-
cludes that SARS-CoV-2 most likely originated in nature. Recent anal-
yses have questioned the possibility of pangolins as possible interme-
diate hosts for SARS-CoV-2,[2829] therefore Andersen et al.[27] and
other authors relying on MP789 should carefully re-evaluate their con-
clusions. SARS-CoV-2’s RBD, which appears to be highly adapted to
human ACE2[3%]—even more than the one developed by severe acute
respiratory syndrome (SARS-CoV) in 2002/2003,31] remains a very

peculiar feature.

THE CLAIMED PAA/PVA INSERTION IN
RmYNO2/RacCSxxx STRAINS IS HIGHLY DOUBTFUL

Zhou et al.l3! reported the discovery of a novel CoV strain RmYNO2,
which the authors claim to contain a natural PAA amino acid inser-
tion at the S1/S2 junction of the spike protein at the same position as

the PRRA insertion which has created a polybasic furin cleavage site
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(FCS) in SARS-CoV-2. Likewise, the same group of authors has also
recently labeled as an insertion a very similar PVA fragment in a newly
reported cluster of Thai CoVs (RacCS203, RacCS264, RacCS271, col-
lectively referred to as RacCSxxx hereinafter).[32]

Zhou et al.[3! have come to their conclusion based on a multiple
sequence alignment of RmYNO2 with several beta coronavirus strains,
namely SARS-CoV-2, SARS-CoV GZ02, RaTG13, ZC45, ZXC21, Pan-
golin/GD/2019 (MP789), and Pangolin/GX/P5L/2017. Their findings
are reported in a single amino acid alignment diagram where the sup-
posed PAA amino acid insertion is placed between the 680 (serine) and
685 (arginine) amino acids of SARS-CoV-2's spike protein. The authors
do not provide details about the algorithm applied to obtain the align-
ment and if alternative alignments were generated during their anal-
ysis. Considering that no single algorithm can always achieve the best
alignment for a given dataset,!33] conclusions should be drawn based
on several alignment methods, as well as validation of the results by a
trained human eye.

Moreover, no nucleotide alignment of the same region is provided
by Zhou et al.l3! that could allow the reader to identify the underly-
ing nucleotides (CCT GCA GCG) coding for the claimed PAA insertion
in RmYNO?2 in relation to the other strains analyzed. We have thus
performed a CLUSTAL W34 multiple nucleotide sequence alignment
of the strains reported in Zhou et al.l3] but were unable to observe
the claimed insertion (Figure 1A). RmYNO2 instead appears to con-
tain a 6-nucleotide deletion at the S1/S2 junction when compared
to the other strains, and the only insertion observed when aligning
the same genomes as used by Zhou et al.l3! is the well-known 12-
nucleotide insertion CT CCT CGG CGG G (PRRA) in SARS-CoV-2. The
6-nucleotide deletion in RmYNO2 at the S1/S2 junction is even more
apparent when SARS-CoV-2 is excluded from the multiple sequence
alignment (Figure 1B).

We believe that including SARS-CoV-2 in the input to a multi-
ple alignment algorithm together with RmYNO2 and other strains, as
Zhou et al[3] have done, is methodologically incorrect, because the
implied underlying hypothesis which their analysis is meant to test
is whether SARS-CoV-2’s PRRA insertion is of natural origin. Thus,
including SARS-CoV-2 in the alignment not only biases the alignment
algorithm, but also pre-supposes the conclusion that the PRRA insert is,
indeed, natural. To prove that inserts like PRRA occur naturally, strains
that exhibit similar inserts must be compared to their relative strains,
excluding SARS-CoV-2 from the analysis.

Our analyses show that RmYNO2 does not contain an insertion
at the S1/S2 junction when compared to its closest relatives and
the claimed PAA insertion is more likely to be the result of muta-
tions. Pairwise comparisons between RmYNO2 and its closest rela-
tives (RaTG13, ZC45, ZXC21) confirm this hypothesis when either
RmYNO2 (Figure 1C) or ZC45 (Figure 1D) are used as an anchor, and
instead produce a 2-nt deletion in the coding region for PAA (Fig-
ure 1D). If RmYNO2 truly had an insertion comparable to the PRRA
insertion in SARS-CoV-2, we would have expected such an insertion
to be clearly observable in pairwise comparisons to RmYNO2’s clos-
est relatives, such as RaTG13, ZC45, ZXC21, and Pangolin/GD/2019
(Figure 1E).
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cov pid 23601
1 GZ@2_AY390556.1 100.2% 100.e%
2 pangolin/Guangxi/P2V/2017 |EPI_ISL_410542 99.7% 78.4%
3 ZC45_1MG772933.1 99.6% 80.2%
4 ZXC21_MG772934.1 99.5% 80.3%
5 RmYNO2 99.3% 78.8%
6 hCoV-19/pangolin/Guangdong/1/2@19|EPI_ISL_410721 99.7% 78.5%
7 SARS2_MT019529.1 99.8% 78.9%
8 RaTG13 MN996532.1 99.7% 78.8%

B cov pid 23601
1 GZ@2_AY39@556.1 100.2% 100.0%
2 pangolin/Guangxi/P2V/2017|EPI_ISL_410542 99.6% 78.4%
3 ZC45_1MG772933.1 99.6% 80.2%
4 ZXC21_MG772934.1 99.5% 80.3%
5 RmYNO2 99.2% 78.6%
6 RaTG13_MN996532.1 99.7% 78.8%
7 hCoV-19/pangolin/Guangdong/1/2@19 |EPI_ISL_410721 99.8% 78.6%

TATGAGTGTGACAT

Query range 261: 23401 to 23490
Query 3401 TAT

RmYNO2 2
MN998532.1 23522 ...

RaTG13

zcas MG772933.1 23457 .......

zxc21 MG772934.1 23388 .......

TCTATATTACGC
R AR

Query range 262: 23491 to 23580 iS=l1=t=—n:]

NG772938.1 23422
Query_32016 23435
CCTGCAGCE
[ P A _A]
MNO96532.1 23556 .C..C..T..T..G..TCAAA...-...... | T T
\
{
10 Query_32017 23540 ....C..T..T..G..TCARA...-...... I O
\
|
14

RmYNO2 0.03996

FIGURE 1

23491 GTGCTAGCTACCATACGGCTTCTATATTACGCAGTACAAGCCAGARAGCTATTGTGGCTTATACTATGTCCCTTGGTGCTGAGAACTCTA

TeeeedATeeCoiCovnennndAee

-———n

....... AT.CoeCevennnccAicnneeecAiALLT. . AG

. 23680

RaTG13

RmYNO2

23580
23511
23518

ceeeasALLALLT.LAG 23645

23629

GZ02_AY390556.1 0.12708
pangolin/Guangxi/P2V/2017|EPI_ISL_410542 0.08268
ZC45_MG772933.1 0.01304

ZXC21_MG772934.1 0.01225

RaTG13_MN996532.1 0.02907
hCoV-19/pangolin/Guangdong/1/2019|EPI_ISL_410721 0.054

(A) Clustal W multiple sequence alignment of RmYNO2 with the strains used in Zhou et al. for comparison. RmYNO2’s nucleotides

coding the PAA amino acids (CCT GCA GCG,) are surrounded by a red box. No insertion in RmYNO2 is visible; on the contrary, a deletion splitting
the nucleotides coding for PAA is observed. (B) Clustal W multiple sequence alignment of RmYNO2 with the strains used in Zhou et al. for
comparison, with the exception of SARS-CoV-2. The deletion characterizing RmYNO2 at the S1/52 junction appears to cause a split of the first
nucleotide from the rest of the sequence coding for the PAA amino acids (CCT GCA GCG, surrounded by a red box). (C) Pairwise comparisons of
RmYNO2 (anchor) to RaTG13, ZC45, and ZXC21. No PAA insertion is observed in RmYNO2 in these comparisons. (D) Pairwise comparisons of
ZC45 (anchor) to ZXC21, RmYNO2, RaTG13, and Pangolin/GD/2019. RmYNO2'’s nucleotides coding the PAA amino acids (surrounded by a red box)
are aligned as mutations relative to ZC45 rather than insertions. (E) Phylogenetic tree of SARS-GZ02, Pangolin/GX/2017,ZC45,ZXC21, RmYNOQ2,
RaTG13, and Pangolin/GD/2019 produced by CLUSTAL W based on the alignment of their genomes as in (B)

A close examination of the S1/S2 region reveals that in RmYNO?2 it
is six nucleotides (two amino acids) shorter than those of its related
strains RaTG13, Pangolin/GD/2019, ZC45, and ZXC21. Therefore, to
support the claimed PAA insertion not only a 9-nucleotide insertion,
but also a 15-nucleotide deletion must have occurred. While this is

theoretically possible, we propose two alternatives of more parsimo-

nious alignments which do not have any insertions (versions 1 and 2 in
Figure 2). The alignment proposed by CLUSTAL W (Figure 1B) also did
not produce any insertions (ver. “Clustal W” in Figure 2).

Rather than a complete 12-nucleotide deletion of the region in
RmYNO2 that corresponds to QTQT in RaTG13 as proposed by Zhou
et al.,[3] we believe a more parsimonious scenario is just a 3-nucleotide
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CONSERVED REGION

VARIABLE REGION

SARS-CoV-2 G A G I Cc A T N S P R R A R S v A = S Q S I i
ggt gca ggt ata tgc gct act aat tc a cgt agt gta gct -—- agt caa tcc atc att
RaTG13 G A G i Cc A iy N S = = = = R S v A = S Q S I iz
ggt gca gga ata tgc gcec act aat tca -—— --- -—— --- cgt agt gtg gcc --- agt caa tct att att
RShSTT182/200 (Cambodia) G A G it Cc A T N S = = = = R S v T = S Q S I it
(identical here) ggt gca ggt ata tgc gcc act aat tca -—— -—- —— -—- cgt agt gta acc --- agt caa tcc att att
Pangolin/GD/2019 G A G I C A 3 N S = = = = R S v S = S Q A I I
ggt gca gga ata tgt gcc act aat tca -—— --- -——— --- cgt agt gtt tca --- agt caa gct att att
RmYNO2 Zhou et al. G A G v Cc A N s P = A A R v G = T N s at i
gg: gco ggt oty tgt gee aa- tca == cgt gta ggt --- act aat tcc att att
RmYNO2 Clustal W G A G v C A s 22 N s A = = = =~ A R v G = T N s I I
gg+ gcu ggt oto tgt gec agt tac fa calc oAt gt gta ggt -—— act aat tcc att att
RmYNO2 YD&RS ver. 1 G A G v c A S 24 P A = = = = R ~ v G = 5 N S I il
gg= gcg ggt oto tgt gec agt tac | a [@ct ea |cct|fa]ocy --- --- --- --- cgt --- gta ggt --- act aat tcc att att
RmYNO2 YD&RS ver. 2 G A G v (o] A S ae = N S P A A = = = = R = v G = b e N S I aE
gg- gco ggt oto tgt gecec agt tac |-—- a ca [cct a|geg —— --- —— —--- cgt ——- gta ggt ——— act aat tcc att att
RacCS203 (Thailand) G A G v C A S 2 = N S P v A = = = = R = v G = Y N S it I
gg: gca ggt oto tgt gecec agt tat |--—- a ca |cct|gffalgca --x --- -—- --- cgt --- gta ggt --- act aat tct att att
RacCs264 (Thailand) G A G v Cc A S Y = N S P v 2 = = = = ? = 2 2 = 2, Q S aE 15
gg- gca ggt oto tgt gecc agt tat|--- a cal [cct|dtal| Sca -—- -t- -—— -—- cRt --- KKR SRY --- Mcg caa tcc att att
RacCs271 (Thailand) 2 ? 2 v (o] A S 2 e = N S P v = - = = R = v G = iy N S I i
NNN NNN NNt oto tgt gec agt tat |—- a ca |cct|gtalgca —— —— L —————— cgt --- gta ggt --- act aat tct att att
PrC31 (Yunnan) G A G i C A S S H T A P 1 L = 4 = = R S x S = Q K A I v
ggt gct ggt att tgt gct agc tac feat acg gct [cet|ata|tta -——— -~- -—— --- cgt agt aca agc --- cag aag gct att gtg
Rc-0319 (Japan) G A G i C A T ve H T P S M L = = = = R S A N N N K R 1T v
ggc geca ggo atc tge get aca tat eac acg cca t¢t atg cta -<- --- --—— -—- cgt agc gca a ¢ aac aat aag aga att gtt
Pangolin/GX/2017 G A G I ¢c A s Y|a s M |[s [SsfFF - - - - R S V N - Q@ R S I I
ggt gct ggc ata tgt gea agt tac|cat ‘e tc al ttt — —— — —- cgt agt gtc aac — cag c tca ato att
Rs3367 & RsSHC014 G A G it Cc A S Y H o v S S L = = = SR S i S = o K S i v
(identical here) gg-: gct ggc att tgt gct agt tac|cat aca g t fct al tta —— -——— —— ——- cgt agt act agc ——— caa aaa tct att gtg
Zc45 ¢ A 6 I ¢ A s Y|B T A s\f|]L - - - - R S T S - Q@ K A I V
ggt gct ggt att tgt gct agc tac fcat acg gct tect Jta|tta -—— -—- -—- --- cgc agt aca agc --- cag aaa gct att gtg
ZXC21 G A G I c A S Ve H o A S T L = = = = R S S G = Q K A I v
ggt gct ggt att tgt gct agc tac|cat acg gct tet ata| tta -—— -—— —— —--—- cgt agt aca ggc -—— cag aaa gct att gtg
RmYNO1 G A G I Cc A s Y H o A s L L = = = = R N y i G = Q K s it v
ggt gca ggc att tgt gect agt tac|cat aca gct te tt tta -—— -—— —— -——- cgt aat aca ggc -—- cag aaa tca att gtg
LYRall G A G it Cc A s v H i A s L L = = = = R N T D = Q K s 1t v
ggt gct ggc att tgt gct agt tac|cat aca gct tet ctc tta -—— -——- -——— —--- cgt aat aca gic —-—— cag aaa tca att gtg
Rf4092 G A G I Cc A S v H o A S ¥ L = = = = R G v G = (o] K S I v
ggt gct ggc att tgt gct agc tac|cat aca gct tet act cta —— -——— -——— ——- cgt ggt gta ggt ——— cag aaa tcc att gtg
Black = common for all
Purple = unique to SARS-CoV-2
Green = differences mostly found in strains shaded in pink (RmYNO2 or RacCSxxx)
Blue = differences mostly found in strains shaded in purple (ZC45, Rs3367, LYRall, etc.)
= differences mostly found in Pangolin/GX/2017
Red = other differences

FIGURE 2 Nucleotide and amino acid alignments of RmYNO2 with SARS-CoV-2, RaTG13, RShSTT182/200 (Cambodia), RacCS203/264/271
(Thailand), Pangolin/GD/2019, RmYNO1, RP3, Rf4092, LYRa11, Rs3367, RsSHC014, ZC45, and ZXC21 at the S1/S2 junction of the spike protein.
For RmYNO2, three alternative versions are provided, besides the ones proposed by Clustal W and Zhou et al

deletion: either just a deletion of the first Q codon (version 2 in Fig-
ure 2) or adiscontinuous 3-nt deletion split among the nucleotides cod-
ing for QTQ that preserves in RmYNO2 and RacCSxxx the continuous
span of ACTCA nucleotides from their relative strains but turns QTQ
into NS (version 1in Figure 2, preserved nucleotides are marked by the
topmost red box). Such deletions could result from RdRp stutter and
could be tolerated as long as they do not shift the coding frame.
Another possibility, proposed by CLUSTAL W, is a 6-nucleotide dele-
tion in the middle of the nucleotides coding for QTN, turningitintoa P.
However, we view this proposed alignment as unlikely because the P
(coded by CCT) in RmYNO2 and RacCSxxx anchors well to the P (also
coded by CCT) in the PrC31 (EPI_ISL_1098866) strain (marked by a

blue box in Figure 2).

The amino acid | (coded by ATA) following P in PrC31 also aligns
well with the amino acid V (coded by GTA) following P in the RacCSxxx
strains. The same amino acid | (coded by ATA) is also observed in the
ZC45 and ZXC21 strains in the identical position (marked by the bot-
tom red boxes in Figure 2).

Similarly, the amino acid A (coded by GCA) following P in RmYNO2
aligns well with the amino acid S (coded by TCA) in the Pan-
golin/GX/2017, Rs3367, and RsSHCO014 strains (marked by the green
box in Figure 2).

Finally, preceding the P amino acid of the PAA/PVA fragments in
RmYNO2/RacCSxxx is the amino acid S (coded by TCA) which aligns
well with the amino acid P (coded by CCA) in the Rc-0319 strain
(marked by a yellow box in Figure 2).
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A conclusive proof of any novel insertion is the existence of closely
related strains without it. In the case of SARS-CoV-2, the PRRA
insertion is obvious because closely related strains RaTG13 or Pan-
golin/GD/2019 do not have the PRRA fragment while still having the
nearly identical nucleotides around the same locus where SARS-CoV-
2 has the insertion. In the case of RmYNO2/RacCSxxx, the purported
PAA/PVA insertion is always coupled with a purported 4 amino acid
deletion just preceding the NSPAA/NSPVA fragment. This deletion
corresponds to a QTQT fragment in SARS-CoV-2, RaTG13 and Pan-
golin/GD/2019. If PAA/PVA truly was an insertion, one would expect
to see closely related strains that do not yet have that insertion but
already have the purported 4 amino acid deletion. In the absence of
such strains, the more parsimonious explanation for the PAA/PVA frag-
ments is not a 3-aa insertion combined with a 4-aa deletion, but point
mutations and a 1-aa deletion instead.

Taken together, the above observations conclusively show that the
PAA/PVA fragments in RmYNO2/RacCSxxx do not represent novel
insertions but instead align well to existing PIL/SIL fragments in
closely related strains, and no alignment of RmYNO2 or RacCSxxx pro-
duces anything that might support the hypothesis proposed by Zhou
et al.l3) of a combined 15-nt deletion and 9-nt insertion in RmYNO2/
RacCSxxx.

As an aside, we would like to hypothesize that the observed 6-
nucleotide deletion at the S1/S2 junction in RmYNO2 and Thai CoV
RacCSxxx strains might not be a deletion per se, but instead an ancestral
feature, and it could be the other strains, which are 6-nt longer here,
who have had their ancestor(s) develop a 6-nt insertion at this locus.

While further virus collecting expeditions might produce unantici-
pated discoveries, to date SARS-CoV-2 remains unique among its Sar-
becovirus relatives not only due to a polybasic furin site at the S1/52
junction, but also due to the length of the locus surrounding the 12-
nucleotide insertion that has created the furin site: SARS-CoV-2 is at
least 12 nucleotides longer at that junction than any of its Sarbecovirus
relatives. Its PRRA insertion is beyond any doubts, and was not accom-
panied by any deletions, which stands in sharp contrast to what is
observed in RmYNO2. We demonstrated that RmYNO2 cannot be used
to support a natural origin of the furin cleavage site in SARS-CoV-2, and
as a consequence of SARS-CoV-2 itself, as concluded by Zhou et al.[3!]

To verify the observation of Signuslél of the unusually high
content of a single 3’-ETS (External Transcribed Spacer, a piece
of non-functional RNA) sequence from Homo sapiens in the meta-
transcriptomic sequencing dataset used for RmYNO2's assembly
(SRR12432009), we ran BLASTn for randomly selected raw reads from
SRR12432009 against the NCBI Nucleotide Collection Database using
a minimum similarity of 95% until we recorded 4428 hits. Surprisingly,
we found that 75% of the reads matched the Genbank sequence “Homo
sapiens external transcribed spacer 18S ribosomal RNA gene”, while
2.5% matched Chiroptera or bat CoV sequences. The dominant pres-
ence of a single human RNA gene in the dataset used for RmYNO2's
assembly suggests that also RmYNO2's metagenomic dataset is clearly
contaminated, as found for RaTG13, and it should not be relied upon

for research purposes until verified.

In closing, we would like to point out another improper alignment
in the Zhou et al.!32] preprint: in Fig. 4, the authors mistakenly shift
the RSANNN fragment of Rc-0319 by one amino acid to the left, align-
ing it with the ARSVAS fragment of SARS-CoV-2. However, as a quick
look by a trained eye at the underlying nucleotides will show, the
RSANNN fragment of Rc-0319 best aligns with the RSVN-Q of Pan-
golin/GX/2017 in the same Fig. 4. Further proof of this alignment is pro-
vided by PrC31, Rs3367, and RsSCHO014 in our analysis (Figure 2).

One final minor point that we would like to make is that RmYNO2'’s
assembled sequence is presently only available in the GISAID database,
which is password protected and requires registration. We would pro-

pose that RmYNO2 should also be made available at GenBank.

CONCLUSION

RaTG13, MP789 and RmYNO2 are among SARS-CoV-2’s closest rel-
atives and therefore of utmost importance as key tools for infer-
ring SARS-CoV-2's phylogenetic relationships and to identifying SARS-
CoV-2’s specific genetic features, with the final aim of uncovering its
origin. These sequences have been widely used to support a natu-
ral origin of SARS-CoV-2 but after a close examination, all of them
exhibit issues which should be specifically addressed and clarified. It
should be also noted that amplicon and raw data connected to these
sequences have been made available only after request from scien-
tists willing to verify the assembled published genomes. Lack of accu-
racy and missing or conflicting information in the papers describing
these key sequences should have been resolved during a thorough
peer review process. Considering the criticisms expressed by several
researchers about these sequences and related papers, alternative
analyses based only on sequences released before the beginning of
the pandemic should be taken into account when drawing conclusions
about SARS-CoV-2's origin. In conclusion, we propose that the review
process of all papers describing SARS-CoV-2’s closest relatives which
could contribute to identify SARS-CoV-2’s origin should made pub-
lic, allowing an open and critical evaluation by the entire scientific

community.

ACKNOWLEDGEMENTS

We are grateful to the D.RASTIC. (Decentralised Radical
Autonomous Search Team Investigating COVID-19) Twitter group for
all their work in uncovering most of previously unpublished facts about
SARS-CoV-2 and its relative strains. We are especially grateful to
Daoyu Zhang and Adrian Jones for their help with analysis of RaTG13

and RmYNO2’s raw sequencing data.

CONFLICT OF INTEREST

The author declares no conflict of interest.

DATA AVAILABILITY STATEMANT
Source code for all analyses can be found at https://github.com/

bioscienceresearch/Genome_Sequence_Reliability


https://github.com/bioscienceresearch/Genome_Sequence_Reliability
https://github.com/bioscienceresearch/Genome_Sequence_Reliability

DEIGIN anD SEGRETO

ORCID

Yuri Deigin
Rossana Segreto

https://orcid.org/0000-0002-3397-5811
https://orcid.org/0000-0002-2566-7042

REFERENCES

1.

10.

11.

12.

Zhou, P, Yang, X.-L., Wang, X.-G., Hu, B., Zhang, L., Zhang, W., Si, H.-
R., Zhu, Y., Li, B,, Huang, C.-L., Chen, H.-D., Chen, J., Luo, Y., Guo, H.,
Jiang, R.-D., Liu, M.-Q,, Chen, Y., Shen, X.-R., Wang, X., Zheng, X.-S.,
Zhao, K., Chen, Q.-J., Deng, F., Liu, L. L., Yan, B., Zhan, F.-X,, Wang, Y.-
Y., Xiao, G.-F., Shi, Z.-L. (2020). A pneumonia outbreak associated with
anew coronavirus of probable bat origin. Nature, 579, 270-273. https:
//doi.org/10.1038/s41586-020-2012-7

. Liu, P, Chen, W.,, & Chen, J. P. (2019). Viral metagenomics revealed

Sendai virus and coronavirus infection of Malayan Pangolins (Manis
javanica). Viruses, 11(11), 979. https://doi.org/10.3390/v111109
79

. Zhou, H., Chen, X., Hu, T,, Li, J., Song, H., Liu, Y., Wang, P, Liu, D., Yang,

J.,Holmes, E. C., Hughes, A. C., Bi, Y., & Shi, W. (2020). A novel bat coro-
navirus closely related to SARS-CoV-2 contains natural insertions at
the S1/S2 cleavage site of the spike protein. Current Biology, 30,2196~
2203.e3. https://doi.org/10.1016/j.cub.2020.05.023

. Zhou, P, Yang, X.-L., Wang, X.-G., Hu, B, Zhang, L., Zhang, W,, Si, H.-R,,

Zhu, Y., Li, B., Huang, C.-L., Chen, H.-D., Chen, J., Luo, Y., Guo, H., Jiang,
R.-D., Liu, M.-Q,, Chen, Y., Shen, X.-R., Wang, X., Zheng, X.-S., Zhao, K.,
Chen, Q.-J,, Deng, F, Liu, L.-L., Yan, B., Zhan, F.-X.,, Wang, Y.-Y., Xiao,
G., Shi, Z.-L. (2020). Discovery of a novel coronavirus associated with
the recent pneumonia outbreak in humans and its potential bat origin.
BioRxiv. https://doi.org/10.1101/2020.01.22.914952

. Colaiacovo, M. (2020). The origin of SARS-CoV-2 is a rid-

dle: Meet the Twitter detectives who aim to solve it. https:
//mygenomix.medium.com/the-origin-of-sars-cov-2-is-a-riddle-
meet-the-twitter-detectives-who-aim-to-solve-it-5050216fd279

. Rahalkar, M. C., & Bahulikar, R. A. (2020). Lethal pneumonia cases in

Mojiang Miners (2012) and the mineshaft could provide important
clues to the origin of SARS-CoV-2. Frontiers in Public Health. https://doi.
org/10.3389/fpubh.2020.581569

. Segreto, R., & Deigin, Y. (2020). The genetic structure of SARS-CoV-

2 does not rule out a laboratory origin: SARS-COV-2 chimeric struc-
ture and furin cleavage site might be the result of genetic manipula-
tion. Bioessays, 43, 1-9. https://doi.org/10.1002/bies.202000240

. Ge, X. Y., Wang, N., Zhang, W., Hu, B, Li, B., & Zhang, Y. Z., Zhou, J.-

H., Luo, C.-M,, Yang, X.-L., Wu, L.-J., Wang, B., Zhang, Y., Li, Z-X,, &
Shi, Z.-L. (2016). Coexistence of multiple coronaviruses in several bat
colonies in an abandoned mineshaft. Virologica Sinica, 31, 31-40. https:
//doi.org/10.1007/s12250-016-3713-9

. Chen, L, Liu, W, Zhang, Q, Xu, K., Ye, G., Wu, W., Sun, Z, Liu, F,, Wu,

K., Zhong, B., Mei, Y., Zhang, W., Chen, Y., Li, Y., Shi, M., Lan, K., & Liu,
Y. (2020). RNA based mNGS approach identifies a novel human coron-
avirus from two individual pneumonia cases in 2019 Wuhan outbreak.
Emerging Microbes & Infections, 9, 313-319. https://doi.org/10.1080/
22221751.2020.1725399

Xu, L. (2013). The analysis of é patients with severe pneumo-
nia caused by unknown viruses (Master’s Thesis). Kunming Med-
ical University, Emergency Medicine (professional degree).
http://eng.oversea.cnki.net/Kcms/detail/detail.aspx?filename=
1013327523.nh&dbcode=CMFD&dbname=CMFD2014

Huang, C. (2016). Novel virus discovery in bat and the exploration of
receptor of bat coronavirus HKU9. (PhD Thesis). Chinese Center for Dis-
ease Control and Prevention. http://eng.oversea.cnki.net/kcms/detail/
detail.aspx?dbcode=CDFD&dbname=CDFDLAST2018&filename=
1017118517.nh

Latham, J., & Wilson, A, A Chinese PhD Thesis sheds impor-
tant new light on the origin of the COVID-19 coronavirus.
https://www.independentsciencenews.org/commentaries/a-chinese-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

B?oEssaysm

phd-thesis-sheds-important-new-light-on-the-origin-of-the-covid-
19-coronavirus/

Zhang, D. (2020). Anomalies in BatCoV/RaTG13 sequencing and
provenance. Zenodo. http://doi.org/10.5281/zenodo.4064067
Rahalkar, M. C., & Bahulikar, R. A. (2020). The anomalous nature of
the fecal swab data, receptor binding domain and other questions
in RaTG13 genome. Preprints. https://www.preprints.org/manuscript/
202008.0205/v3

Singla, M., Ahmad, S., Gupta, C., & Sethi, T. (2020). De-novo assem-
bly of RaTG13 genome reveals inconsistencies further obscuring
SARS-CoV-2 origins. Preprints. https://www.preprints.org/manuscript/
202008.0595/v1

Signus, J. Anomalous datasets reveal metagenomic fabrication pipeline
that further questions the legitimacy of RaTG13 genome and the asso-
ciated Nature paper. viXra. https://vixra.org/abs/2010.0164

Bat coronavirus RaTG13, complete genome, NCBI. https://www.ncbi.
nim.nih.gov/nuccore/MN996532.1 replaced by https://www.ncbi.nlm.
nih.gov/nuccore/MN996532

Cohen, J. (2020). Wuhan coronavirus hunter Shi Zhengli speaks out.
Science, 369, 487-488. https://doi.org/10.1126/science.369.6503.
487

Farmery, J. H. R, Smith, M. L., N. BioResource - Rare Diseases, &
Lynch, A. G. (2018). Telomerecat: A ploidy-agnostic method for esti-
mating telomere length from whole genome sequencing data. Scientific
Reports, 8, 1300. https://doi.org/10.1038/s41598-017-14403-y

Xiao, K., Zhai, J., Feng, Y., Zhou, N., Zhang, X., Zou, J., Li, N., Guo, Y., Li, X.,
Shen, X,, Zhang, Z., Shu, F.,, Huang, W., Li, Y., Zhang, Z., Chen, R.-A., Wu,
Y.-J., Peng, S.-M., Huang, M., ... Shen, Y. (2020). Isolation of SARS-CoV-
2-related coronavirus from Malayan pangolins. Nature, 583, 286-289.
https://doi.org/10.1038/s41586-020-2313-x

Chan, A. Y., & Zhan, H. S. (2020). Single source of pangolin CoVs with
anear identical Spike RBD to SARS-CoV-2. BioRxiv. https://doi.org/10.
1101/2020.07.07.184374

Hassanin, A. (2020). The SARS-CoV-2-like virus found in captive pan-
golins from Guangdong should be better sequenced. BioRxiv. https:
//www.biorxiv.org/content/10.1101/2020.05.07.077016v1

Zhang, D. (2020). The Pan-SL-CoV/GD sequences may be from con-
tamination. Zenodo. http://doi.org/10.5281/zenod0.4395025)
USRTK. (2020). Altered datasets raise more questions about reliability
of key studies on coronavirus origins. https://usrtk.org/biohazards-
blog/altered-datasets-raise-more-questions-about-reliability-of-
key-studies-on-coronavirus-origins/

Liu, P, Jiang, J. Z,, Wan, X. F, Hua, Y., Li, L., Zhou, J., Wang, X., Hou,
F., Chen, J., Zou, J., & Chen, J. (2020). Are pangolins the intermediate
host of the 2019 novel coronavirus (SARS-CoV-2)? PLoS Pathog, 16,
€100842. https://doi.org/10.1371/journal.ppat.1008421

Lam, T. T. Y, Jia, N,, Zhang, Y. W., Shum, M. H. H,, Jiang, J. F,, Zhu,
H. C., Tong, Y.-G., Shi, Y.-X,, Ni, X.-B., Liao, Y.-S., Li, W.-J,, Jiang, B.-G.,
Wei, W,, Yuan, T.-T,, Zheng, K., Cui, X.-M,, Li, J., Pei, G.-Q., Qiang, X.,
... Cao, W.-C. (2020). Identifying SARS-CoV-2 related coronaviruses
in Malayan pangolins. Nature, 583, 282-285. https://doi.org/10.1038/
s41586-020-2169-0

Andersen, K. G,, Rambaut, A, Lipkin, W. I., Holmes, E. C., & Garry, R. F.
(2020). The proximal origin of SARS-CoV-2. Nature Medicine, 26, 450~
452. https://doi.org/10.1038/s41591-020-0820-9

Frutos, R, Serra-Cobo, J., Chen, T., & Devaux, C. A. (2020). COVID-19:
Time to exonerate the pangolin from the transmission of SARS-CoV-
2 to humans. Infection, Genetics and Evolution, 84, 104493. https://doi.
org/10.1016/j.meegid.2020.104493

Lee, J.,, Hughes, T, Lee, M.-H,, Field, H., Rovie-Ryan, J. J,, Sitam, F. T,
Sipangkui, S., Nathan, S. K. S. S., Ramirez, D., Kumar, S. V., Lasimbang,
H., Epstein, J. H., Daszak, P. (2020). No Evidence of Coronaviruses or
Other Potentially Zoonotic Viruses in Sunda pangolins (Manis javan-
ica) Entering the Wildlife Trade via Malaysia. EcoHealth, 17(3), 406~
418. http://doi.org/10.1007/510393-020-01503-x


https://orcid.org/0000-0002-3397-5811
https://orcid.org/0000-0002-3397-5811
https://orcid.org/0000-0002-2566-7042
https://orcid.org/0000-0002-2566-7042
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.3390/v11110979
https://doi.org/10.3390/v11110979
https://doi.org/10.1016/j.cub.2020.05.023
https://doi.org/10.1101/2020.01.22.914952
https://mygenomix.medium.com/the-origin-of-sars-cov-2-is-a-riddle-meet-the-twitter-detectives-who-aim-to-solve-it-5050216fd279
https://mygenomix.medium.com/the-origin-of-sars-cov-2-is-a-riddle-meet-the-twitter-detectives-who-aim-to-solve-it-5050216fd279
https://mygenomix.medium.com/the-origin-of-sars-cov-2-is-a-riddle-meet-the-twitter-detectives-who-aim-to-solve-it-5050216fd279
https://doi.org/10.3389/fpubh.2020.581569
https://doi.org/10.3389/fpubh.2020.581569
https://doi.org/10.1002/bies.202000240
https://doi.org/10.1007/s12250-016-3713-9
https://doi.org/10.1007/s12250-016-3713-9
https://doi.org/10.1080/22221751.2020.1725399
https://doi.org/10.1080/22221751.2020.1725399
http://eng.oversea.cnki.net/Kcms/detail/detail.aspx?filename=1013327523.nh&dbcode=CMFD&dbname=CMFD2014
http://eng.oversea.cnki.net/Kcms/detail/detail.aspx?filename=1013327523.nh&dbcode=CMFD&dbname=CMFD2014
http://eng.oversea.cnki.net/kcms/detail/detail.aspx?dbcode=CDFD&dbname=CDFDLAST2018&filename=1017118517.nh
http://eng.oversea.cnki.net/kcms/detail/detail.aspx?dbcode=CDFD&dbname=CDFDLAST2018&filename=1017118517.nh
http://eng.oversea.cnki.net/kcms/detail/detail.aspx?dbcode=CDFD&dbname=CDFDLAST2018&filename=1017118517.nh
https://www.independentsciencenews.org/commentaries/a-chinese-phd-thesis-sheds-important-new-light-on-the-origin-of-the-covid-19-coronavirus/
http://doi.org/10.5281/zenodo.4064067
https://www.preprints.org/manuscript/202008.0205/v3
https://www.preprints.org/manuscript/202008.0205/v3
https://www.preprints.org/manuscript/202008.0595/v1
https://www.preprints.org/manuscript/202008.0595/v1
https://vixra.org/abs/2010.0164
https://www.ncbi.nlm.nih.gov/nuccore/MN996532.1
https://www.ncbi.nlm.nih.gov/nuccore/MN996532.1
https://www.ncbi.nlm.nih.gov/nuccore/MN996532
https://www.ncbi.nlm.nih.gov/nuccore/MN996532
https://doi.org/10.1126/science.369.6503.487
https://doi.org/10.1126/science.369.6503.487
https://doi.org/10.1038/s41598-017-14403-y
https://doi.org/10.1038/s41586-020-2313-x
https://doi.org/10.1101/2020.07.07.184374
https://doi.org/10.1101/2020.07.07.184374
https://www.biorxiv.org/content/10.1101/2020.05.07.077016v1
https://www.biorxiv.org/content/10.1101/2020.05.07.077016v1
http://doi.org/10.5281/zenodo.4395025
https://usrtk.org/biohazards-blog/altered-datasets-raise-more-questions-about-reliability-of-key-studies-on-coronavirus-origins/
https://usrtk.org/biohazards-blog/altered-datasets-raise-more-questions-about-reliability-of-key-studies-on-coronavirus-origins/
https://usrtk.org/biohazards-blog/altered-datasets-raise-more-questions-about-reliability-of-key-studies-on-coronavirus-origins/
https://doi.org/10.1371/journal.ppat.1008421
https://doi.org/10.1038/s41586-020-2169-0
https://doi.org/10.1038/s41586-020-2169-0
https://doi.org/10.1038/s41591-020-0820-9
https://doi.org/10.1016/j.meegid.2020.104493
https://doi.org/10.1016/j.meegid.2020.104493
http://doi.org/10.1007/s10393-020-01503-x

gofs | B?oEssays

30.

31
32.

33.

DEIGIN aND SEGRETO

Piplani, S., Singh, P. K., Winkler, D. A., & Petrovsky, N. (2020). In sil-
ico comparison of spike protein-ACE2 binding affinities across species;
significance for the possible origin of the SARS-CoV-2 virus. arXiv. http:
//arxiv.org/abs/2005.06199

Wang, Y., Liu, M., & Gao, J. (2020). Enhanced receptor binding of SARS-
CoV-2 through networks of hydrogen-bonding and hydrophobic inter-
actions. Proceedings of the National Academy of Sciences of the United
States of America, 117, 13967-13974. https://doi.org/10.1073/pnas.
2008209117

Zhou, H., Ji, J,, Chen, X,, Bi, Y., Li, J., Hu, T,, Song, H., Chen, Y., Cui, M.,
Zhang, Y., Hughes, A. C., Holmes, E. C., & Shi, W. (2021). Identifica-
tion of novel bat coronaviruses sheds light on the evolutionary origins
of SARS-CoV-2 and related viruses. BioRxiv. https://doi.org/10.1101/
2021.03.08.434390

Chatzou, M., Magis, C., Chang, J. M., Kemena, C., Bussotti, G, Erb, I., &
Notredame, C. (2015). Multiple sequence alignment modeling: Meth-

34.

ods and applications. Briefings in Bioinformatics, 17, 1009-1023. https:
//doi.org/10.1093/bib/bbv099

Thompson, J., Higgins, D., & Gibson, T. (1994). CLUSTAL W: Improv-
ing the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix
choice. Nucleic Acids Research, 22, 4673-4680. https://doi.org/10.
1093/nar/22.22.4673

How to cite this article: Deigin, Y., & Segreto, R. (2021).
SARS-CoV-2's claimed natural origin is undermined by issues
with genome sequences of its relative strains. BioEssays,
43:¢2100015. https://doi.org/10.1002/bies.202100015


http://arxiv.org/abs/2005.06199
http://arxiv.org/abs/2005.06199
https://doi.org/10.1073/pnas.2008209117
https://doi.org/10.1073/pnas.2008209117
https://doi.org/10.1101/2021.03.08.434390
https://doi.org/10.1101/2021.03.08.434390
https://doi.org/10.1093/bib/bbv099
https://doi.org/10.1093/bib/bbv099
https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1002/bies.202100015

	SARS-CoV-2s claimed natural origin is undermined by issues with genome sequences of its relative strains
	Abstract
	INTRODUCTION
	THE ADDENDUM TO THE PAPER DESCRIBING FIRST RATG13 OPENS MORE QUESTIONS THAN THE ONES ANSWERED
	THE SAME PANGOLIN CORONAVIRUS SEQUENCE MP789 HAS BEEN CITED BY SEVERAL PUBLICATIONS UNDER DIFFERENT NAMES
	THE CLAIMED PAA/PVA INSERTION IN RmYN02/RacCSxxx STRAINS IS HIGHLY DOUBTFUL
	CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMANT
	ORCID
	REFERENCES


